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ABSTRACT 

On February II, 1981 a major rainstorm swept over upstate New York. 
The effects of this storm on the water quality of Smith Bay, Lake 
George, were monitored. Water was sampled at several depths from four 
(4) sites from the shore to the mouth of the bay. In addition, two 
(2) sites on the stream which drain into the bay were sampled. Samples 
were collected the evening before the storm, daily for the next three 
(3) days and then two (2) weeks after the storm. Analysis of nutrient 
concentrations, as well as pH, conductivity and chlorophyll, showed that 
the storm had a major but transient influence on the water quality of 
the bay. The lake chemistry was influenced most strongly near shore 
where very high nutrient concentrati~ns were recorded. 

INTRODUCTION 

Nutrient additions to oligotrophic lakes from allochthonous sources 
can rapidly and seriously alter the trophic status of these lakes 
(Wetzel, 1975) by increasing rates of primary production. Consequently, 
numerous research efforts have been directed at studying nutrient inputs 
from sources such as municipal sewage, urban runoff, non-point agricul
tural runoff and snow melt. Unusual weather conditions in New York 
State in February, 1981 provided an opportunity to evaluate the effects 
of a heavy winter rainstorm on a bay in oligotrophic Lake George. 

On February 2 a rainstorm struck New England and prompted us to 
consider mid-winter rain as a natural cause of allochthonous nutrient 
additions. A week later (February 10), the weather service forecast 
a major rainstorm. Spring snow melt has been extensively studied, par
ticularly in regard to acid inputs (Overrein, Seip, and Tollan, 1980), 
but the effects on a lake of mid-winter runoff through an intact snow
pack and ice cover have not been studied in unperturbed basins. Even 
though the Fresh Water Institute (FWl) was already engaged in a monthly 
monitoring program on Lake George, we chose to initiate an intensive 
series of analyses on nearby Smith Bay to test the effects of the winter 
rainstorm on the Bay and Lake George. 
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The watershed of Smith Bay is dominated by the course of a small 
stream which drains the fields belonging to the FWI and the forested 
hill b~hind the laboratory. The soil along this small stream is Palms 
Muck, an organic muck mixed with fine sandy loam and occasional marl 
outcrops. The FWI is situated on the sandy loams of the Hollis-Charlton 
association, with numerous Hollis-Rock outcrops along the south shore 
of the bay. Southeast of the bay shore is a forested area of Vergennes 
silty clay loam which also drains into Smith Bay (Winkley, 1975). 
Except for the occasional marl outcrops in the Palm muck, the shallow 
bedrock is dominated by granite. 

During the rainstorm of February 11 the ground was frozen, covered 
with ca 10 cm of snow, and the lake surface was frozen to a depth of 
ca 45 em. The stream was mostly covered with ice except in a few places 
where open water was available. On February 10 it began to snow at 
2100 h. By 2300 h it had warmed to OoC and turned to a drizzle. The 
gentle rain continued all night. Conditions changed rapidly at about 
1000 h on February 11. The temperature rose to 100C and a heavy rain 
began. Wind gusts of ca 80 km h- l were reported during the sampled 
period. A record high atmospheric pressure was reported by the National 
Weather Service in nearby Burlington, Vermont at this time. The wind 
subsided and the rain stopped by 2000 h. The total rainfall was 2.75 cm. 
The temperature plunged from 100C to -SoC in a 20 minute period. By the 
next morning, the temperature had fallen to -12 0C and the lake surface 
was solid ice again. 

The runoff entered the lake from the stream as ground water under 
the clear ice. Additional runoff came directly from the bay shore and 
ran out over the ice until it entered the water near docks which were 
equipped with "bubblers" to prevent ice damage. Some water entered the 
sampling holes as well. The runoff was brown with suspended se.diments 
and was seen to move out in·to the bay in a wave during the afternoon of 
February 11. 

Air temperature fluctuated around OOC for the next several weeks. 
On February 24, when additional samples were collected, a light rain 
was falling. 

MATERIALS AND METHODS 

Six sites were selected for intensive study in the Smith Bay water
shed. Two of the sites, 81 and S2, were located on the stream which 
drains much of the basin (Fig. 1). Sl was at the headwater of the 
stream, as it flowed over granitic rocks of the Hollis-Rock series. 82 
was down in the Palm Muck lowland, below the confluence with a small 
creek. Four sites, BI-B4, along a transect from the shore to the mouth 
of Smith Bay were selected to monitor the water quality of the bay. 
The depths at each site were as follows: Bl - 1.5 m, B2 - 3.5 m, B3 -
11 m, B4 - 20 m. Samples were taken with a Van Dorn bottle at each 
site 1 m below the surface of the ice. B2 was also sampled at a depth 
of 3 m. B3 and B4 were sampled at 6 and 10 m in addition to the 1 m 
samples. Thus 11 samples were collected on each date at approximately 
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Figure 1. Location of sampUng sites in the S/Ilith Bay. Lake George watershed. 
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Figure 2. Conductivity in umhos of water samples taken from sites at SlIIith Bay 
011 the dates indicated. The ban; withJn Hie stylized bay profile 
WCTe ta!-;en from the bay at the :Indicated depths, 
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1100 h. In addition, some data was collected at B4 as part of the 
routine FWI Lake George monitoring program on January 27 and February 
17 via an integrating 10 m hose sampler. 

Lake water chemistry samples were collected from the Van Dorn 
bottle into 1~ PVC bottles which were acid-washed, rinsed with distilled 
water, and rinsed twice with sample water before they were filled with 
samples. The stream samples were collected by hand; care was taken to 
collect water upstream of any sediments which had been disturbed by 
walking to the site. Rainwater was collected using a aerochemetric 
sampler. Chemistry samples were carried to the laboratory where 
aliquots were analysed for phosphate, conductivity and pH within 1 h 
of collection. Specific FWI methodologies for analyses are found else
where in this volume (Dean et al.). 

The remainder of the water samples were vaccum filtered through 
Nuclepore 0.4 cm filters which were first washed with sample water. 
The following ions were d,etermined in the filtered water: Ca, Ha, K, 
N03-N, NH3-N, Cl, and S04. The metals were analyzed by direct aspiration 
with a Perkin-Elmer 403 atomic absorbtion spectrophotometer. N03 , NH3 , 
Cl and S04 were determined colorimeterically with Technicon AAl auto
analyzers. Since all of the chemistry was completed within 24 h of 
collection, no preservation, except for refrigeration overnight, was 
provided. 

Chlorophyll a and pheophytin were concentrated with glass fiber 
filters from ca 6 £ of water tollected at 1 m from sites Bl, B2, and 
B4. After extraction pigment absbrbance was measured with either 
Beckman DU-2 or Bausch & Lomb Spectronic 70 Spectrophotometers through 
low volume 10 cm cells. In addition, several water samples were 
collected from B2 and B4 on February 14 and 24 and gently filtered 
through 0.45 ~m membrane filters to concentrate plankton. Algae were 
prepared for examination and enumerated on membrane filters according 
to Standard Methods (American Public Health Association, 1976). 

RESULTS 

The water which entered the lake as runoff from the stream was 
highly modified from the rain. Total ionic concentration, as estimated 
by conductivity (Fig. 2), was very low in the rain (22 ~mhos), but 
increased dramatically in the streams. Both Sl and S2 had higher con
ductivities before the storm (169 and 211 ~mhos) than during the storm 
(126 and 104 ~mhos), indicated that the rain and snow melt diluted the 
runoff. Conductivities in the stream rose to their earlier levels 
after the rain stopped and fell again during the rain on February 24. 
All of the 1 m samples from the bay reflected this same dilution effect. 
The deeper samples were unaltered with -respect to conductivity. Site 
Bl, near shore, had consistently higher conductivities (ca 140 ~mhos) 
than the lake average (105 ~mhos) throughout the study. 

Similar trends were noted with respect to the pH (Fig. 3). The 
rain had a pH of 5.56 (2.75 ~eq R+). The stream at Sl was somewhat 

86 



I D. . J 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

alY 1 .Iy 2 Bay 3 ._ 4 

1 

.. j CloOooD ~ 3 

'" ! 275

1 

"aln 
:t • 

~ • ! . • 000000 _DOOrn • 
Str.am 1 Str.am 2 

:1000000 000_00 _DoDD _00000 j10 
HUH 
.......... jo,l-- ---- ---- ---------0" 101 Q •• 

Figure J, pH in ueq of n+ of water aamplea taken from altea at Smith Bay 
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+ alkaline at all times (pH ~ 7.5 or 3.2 ~eq H ) but S2 showed more of 
an influence from the rain. It was at about pH 7.6 (2.5 ~eq ~) 
before and after the storm, but fell to pH 7.39 during the rain (4.07 
~eq H+), which represents an increase in ~ concentration of 60%. 
The pH of the surface samples were depressed to a smaller degree 
(Fig. 3) and the deep stations were unchanged by the storm. 

Nutrient additions caused by the storm were considerable. Nitrate 
was one of the principal anions in the rainwater at 0.26 mg 1-1. The 
level of N03 in the stream was below that of the rain before and after 
the storm but rose to slightly exceed the rainwater concentration during 
the storm and for 2 days after the storm. Levels in the lake were 
harder to explain (Fig. 4). The near-shore site, Bl, had elevated levels 
of N03 during the storm which peaked the following day at 0.20 mg 1-1. 
B2, at both the surfa~e and near the bottom at 3 m, had its highest 
nitrate levels during the rain, which can be explained by the large 
amount of rainwater swirling into the hole at this site during the sampling. 
The relativelY,high N03 level at 10 mat B3 might be explained by con
tamination from sediments disturbed by the influx of water. At the 
mouth of the bay, at site Bl, slight elevations in N03 were observed 
during the storm at the surface but the 6 m and 10 m samples were un-

,affected. Similar trends, to a lesser degree, were observed during the 
rain on February 24. 

Phosphate additions were not derived significantly from rainwater 
(Fig. 5), but leaching from the snow pack into the stream results in 
levels about 50 ~g 1-1 of tot~l P04 during both rainstorms in the stream 
water. Bl and B2 were affected by the runoff, but the more distant Sites, 
B3 and B4 were altered to a lesser degree. The relative amount of 
ortho-P04 decreased by the second rain, suggesting that the first heavy 
rain leached all of the easily mobilized P04. During and immediately 
after the rain, ortho-P04 was reported above the limit of detection 
(1.0 ~g 1-1) at all stations, and as high as 18 ~g 1-1 at Bl on February 
12. Ortho-P04 is rarely detectable in Lake George. 

Concentrations of other ions are displayed in Table 1. Ammonia 
was at or near the'limit of detection at all the sites on all the 
dates. Several values for calcium are missing, but this cation was in 
low concentrations in the rain (4.0 mg 1-1). Calcium at Bl was influenced 
by the runoff as shown by readings of around 14 mg 1-1 the two days after 
the rain, but the other sites had very stable levels of Ca. Throughout 
the study ~ followed the same distribution at Ca; it was low in the 
rain (0.1 mg 1-1), and higher in the streams (0.5 - 1.2 mg 1-1). All 
of the bay sites remained at about 0.6 mg 1-1 of K. Sulfate was homo
genous in distribution throughout the study. 

The concentration of chI a below the ice was strongly influenced 
by the rain (Fig. 6). Values dropped during the storm to as low as 
zero at Bl, due to dilution by rainwater. Levels returned to pre-storm 
concentrations the following day but fell twe weeks later on February 24, 
when it was raining again. On March 15 chI a went up, particularly at 
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Figure 5. Totsl (solid bar) and Ortho- (shaded) phosphate in uS 1-1 of water 
samples taken from sites at Smith Bay on the dates indicated. The 
bars within the stylized bar profile were taken from the bay at 
the indicated depths. 
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Table 1 

Concentrations of Several Ions in the Smith Bay, Lake George Watershed. 

Rainfall on February 11, 1981 .and February 24, 1981. 

81 1M 3M I 1M 6M 10M 1M 6M 10M 
ION5 DATE 51 52 1M 82 82 83 83 B3 B4 B4 B4 Rain 

ca++mgl· 1 
2/10 122 . 9 25.5 7.0 10. I 9.9 6.7 9.7 9.7 N.D. N.D. N.D. 
2/11 12.4 10.2 10.5 6.B 10.1 N.D. 9.3 5.3 9.4 9.1 9.2 <1.0 
2/12 17.3 17.0 114.5 9.2 9.0 9.2 B.9 9.2 9.2 9.2 9.1 
2/13 IB.4 21.2 13.3 11.3 9.2 B.9 9.2 9.1 B.6 9.3 9.2 
2/Z4 13.4 6.4 1'1.0 .• N.D. 10.0 6.2 9.0 9.0 7.9 9.D 9.0 
3/16 19.2 20.6 10.1 9.5 9.1 9.9 9.B 9.B 9.0 9.7 9.6 

50;j-mgl- 1 
2/10 >4.5 >4.5 3.B 3.6 3.B 3.B 3.E 3.8 N.D. N.D. N.D. 

2/ll 3.8 3.2 3.4 2.7 3. I 2.4 3.3 <2.0 3.9 3.7 3.1 <2.0 
2/12 4.2 >4.5 4.3 3.2 3.5' 3.4 3.3 3.4 3.3 3.3 3.3 . 
2/13 4.0 4.2 3.3 3.6 3.2 3.5 3.7 3.6 3.1 3.7 3.5 
2/24 4.2 4.2 3.3 3.4 3.7 2.5 2.7 2.B 3.3 3.6 3.7 
3/16 >4.5 >4.5 3.7 3.7 3.8 3.7 3.7 3.8 3.6 3.B 3.B 

CI-mgl- I 2/10 <3.0 <2.0 5.3 5.B 5.4 5.5 16•0 5.7 N.D. N.D. N.D. 

2/11 <3.0 <3.0 6.2 3.1 rc7.0 3.0 4.7 <3.0 5.1 5.2 4.2 <3.0 
2/12 <3.0 <3.0 <3.0 5.2 SA 5.B 5.2 5.7 5.7 5.1 5.5 
2/13 <3.0 <3.0 <3.0 4.C 5.0 4.7 4.8 5.7 5.2 4.6 5.7 

2/24 <3.0 <3.0 4.9 5.1 5.4 6.0 S.B 6.0 5.3 5.7 6.4 

3/16 <3.0 <3.0 5.5 SA 5.8 5.9 5.7 5.7 5.3 5.7 5.7 

K+mgl· 1 
2/10 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 N.D. N.D. N.D. 

2/11 O. g 1.2 0.6 0.5 0.7 0.3 0.6 OJ 0.6 0.6 0.6 0.10 

2/12 0.6 0.7 N.D. 0.7 0.6 0.8 0.6 0.7 0.6 0.6 0.6 

2/13 0.6 0.7 0.7 0.6 0.6 O.B 0.6 0.5 0.6 0.6 0.6 

2/24 0.8 0.8 0.6 0.5 0.6 0.5 0.6 0.6 0.5 0» 0.6 

3/16 0.6 0.5 0.6 O.S I 0.6 0.5 0.5 0.5 10. 5 1 0. 5 0.5 
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BS. The phytoplankton was dominated by diatoms. No single species 
prevailed but the following were most abundant: Cymbella sp., 
Cyclotella sp., Stephanodiscus sp., and Tabellaria sp. The number 
of samples was insufficient to quantify the plankton counts with any 
statistical reliability. It was observed incidentally during the 
filtration of ca 6 £ of water for chI a extraction that the larger 
zooplanktons were in very low abundance - not more than 2-3 copepods 
in 6 £ of water. 

DISCUSSION 

Nutrient loading of Smith Bay due to the February 11 storm was 
significant but transient. Phosphate levels reached record high levels 
for Lake George (Ferris and Clesceri, 1975). The impact on the trophic 
status of the littoral zone cannot be assessed because the nutrients 
were either diluted or incorporated into the sediments within a few 
days. The overall input to the nutrient budget may be significant but 
no records of runoff into the lake from storm events exists. 

All of the chemistry data suggest that the influence of the storm 
was confined to the bay. Nonetheless, an increase in chI a at BS was 
observed, indicating that the nutrient input may have reached beyond 
the bay, as either dissolved ions below detection limits, or after 
incorporation by phytoplankton. The observed increase in chI a was 
too early in the year to be explained by the normal spring bloom. Even 
if the nutrient loading was confined to the bay, productivity in the 
littoral zone is a major component ~f the total lake productivity, and 
the data from Smith Bay can be safely generalized to other undeveloped 
bays. Any attempts at modeling nutrient budgets by simply input/output 
analyses (Vollenwider, 1975) will be making serious underestimates if 
occasional storm events are not considered. 

Another consideration is the ameliorating influence of the runoff 
on the ~ inputs from precipitation. Lake George received precipitation 
which, on a weighed annual basis, has a pH of 4.4 (National Atmospheric 
Deposition Program, J. H. Givson, Director, 1979 pH isopleth map). The 
alkalinity of the stream, contributed by the Palms Muck marl outcrops, 
buffered the rainfall (pH 5.56) to a pH of 7.5 - 7.7. This alkalinity 
has kept Lake George (average pH 7.4) from undergoing the acidification 
characteristics of other Adirondack lakes which lie on higher, non
calcareous bedrock (Cogbill and Likens, 1974). Even during the rain, 
the pH of the lake remained stable, except right at the surface where 
the large quantities of runoff which was essentially unmodified rain
water entered the sampling holes. 

The results of this study point to flaws in water quality monitor
ing programs which are tied to the calendar (e.g., monthly samples), 
rather than to the natural events which really determine changes. More 
concern should be attached to designing programs which can respond to 
such events as major storms, ice-off, blooms, etc., in addition to 
performing analyses at standard times to promote year-to-year comparisons. 
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