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The control and prevention of undesirable algal growths in lakes and reser-

voirs has become a prime concern in recent years. \Jndesirable effects of algal 

growths may be both direct and indirect. The direct effects are the production 

of a large number of one or a few species of algae, commonly called a "bloom". 

This is usually accompanied by a visual coloration which is generally green al-

though it may take on other colors such as red and brown. Besides the aesthetic 

consideration, the algae tend to increase the clogging rate of filters where the 

water serves as a supply for human usage. but ~n some extreme cases. the algae 

may also cause toxic effects upon certain other biological systems. Indirect 
I 

effects are usually the result of the decompos~tion of large masses of algae 

after they have completed their life cycle. This decomposition, which is ac-

companied by the consumption of dissolved o~g~n, is a particular problem in 
I 

lakes which undergo thermal stratification during the summer months. Since re-

aeration from the surface is prevented by the $tratification, the dissolved 
I 

oxygen in the deeper areas is depleted, thus d¢creasing the number of species 

of fish which can survive in the lake. 

1. This is FWI Report 72-32 and International Biological Program Contribution 
No. 56. 
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In general, algae are photoautotrophs which convert carbon dioxide 

. and water into cell material and oxygen using sunlight as an energy source. 

In addition, small amounts of nitrogen and phosphorus and trace quantities 

of numerous other elements are essential to this process. Since nitrogen 

and phosphorus are essential elements needed in large quantities, they 

have received considerable attention with respect to controlling excessive 

algal growths. If the proper combination of the essential nutrients is 

not maintained, algal growth is hindered. The ratios of required carbon 

to nitrogen to phosphorus may vary for each individual species.· However, 

a generally accepted ratio is considered to be 100:15:1.(1) Thus, in the 

study of algal productivity in .Lake George" the first elements considered 

were nitrogen and phosphorus. 

In order to restrict the excessive growth of algae, the sources of 

the nutrients responsible must be identifi~d and subsequently controlled. 

The report of the task group on "Sources of Nitrogen and Phosphorus in 

Water Supplies,,(2) has designated various $ources of nutrients, some of 

which are: the earth itself, fertilizers, domestic wastes with special 

reference to synthetic detergents, in·dustrtal wastes, fuels, precipi ta

tion and runoff (both rural and urban), farm animal wastes, wild animal 

wastes, and precipitation of atmospheric d~sts. In addition, certain 

algae are capable of fixing atmospheric nitrogen which is dissolved in 

water. Not all of these sources can be cO$trolled. Based 
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on the estimates prepared by the task group, Rohlich and uttormark(3) have 

estimated that industrial and domestic wastewaters account for about 10 to 20% 

of the nitrogen and 20 to ~O% of the phosphotus entering natural waters in the 

United States. Therefore, the task group recommends that since not all the 

sources can be adequately contrOlled, "incre;!lsed effort must be devoted to the 

development of better methods for prevention of algal growth in reservoirs". 

Rohlich and uttormark( 3) have indicated: means of treating wastewater for 

the reduction of nitrogen and phosphorus. of all the sources of nitrogen and 

phosphorus to waterways, wastewater is the one which is most amenable to treat-

ment. Techniques for removal of nitrogen and phosphorus are understood and may 

be varied according to the individual needs. The cost is not prohibitive in 

most cases. However, there are instances in'which complete removal of nutrients 

or even diversion of the entire waste dischatge from a former receiving water 

(Lake Waubesa) has not resulted in significant reduction of the productivity of 

that lake. A conclusion reached by the authors was that "we cannot wait until 

we completely understand the eutrophication process before we act to protect 

and improve the quality of lakes" • 

D (4) d • h eevey an F~s er, et al. (5) discuss$d the atmosphere as a source of 

nitrogen and phosphorus. Their studies have shown an average concentration of 

total nitrogen in the precipitation to be in the range of 900 to 2100 ~g/l. 

Although these authors do not consider the cbntribution of phosphorus from 

rainwater to be Significant, the AWWA task g~oup(2) has reported phosphorus 

concentrations in precipitation to be in the: order of 10 to 90 Ilg/l. 

Also, Fisher, et al. (5) measured the nitrogen content of· streams. Gen-

erally, they found a reduction in the total nitrogen content during the growing 

season which they attributed to the uptake Of nitrogen by terrestrial plants. 
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The total ni tt'ogen content of stt'eams flowiu!!I from forested areas inct'eased 

considet'ably during the non-gt'owing season, Plarticulat'ly dut'ing pet'iods of 

high runoff. Values t'anged to as high as 20010 )1g/l of nitt'ogen in the stream 

t'unoff. 

Vollenweidet' (6) has noted that nitt'ogen ~and phosphot'us may be t'emoved 

ft'om the soluble fom via chemical and biologiical precipitation. The regen-

et'ation of these nutt'ients in the bottom muds! vat'ies accot'ding to the fom of 

the precipitant. Pt'imarily, the organic fom/!! may be decomposed by the bac-

teria and regenerated into the ovet'lying watep. Depending upon conditions of 

stt'atification within the lake, these may or ~ay not be cat'ried into the photic 

zones. Generally, the inorganic pt'ecipitants are more stable than the organic 

ones. The degt'ee of regeneration is a .diffic\ll t measure to establish due to 

the fact that ~he regenerated materials may b¥ taken up immediately by further 

algal growth. It is felt(l) that in deep lakfs losses of nutrients by sedimen-

tation to the hypolimnion gt'eatly exceed the regeneration of the nutrients to 

the overlying watet's. 

Lake George (Figure 1) is a relatively l'!lrge oligott'ophic/mesotrophic lake 

located.in the eastern Adit'ondack Mountains Of New York State. The physical 

characteristics of this lake are shown in Table 1. It can be seen that the ratic 

of drainage basin surface area (492 km2) to l~e surface at'ea (114 km2) is 4.3. 

Thus, the catchment at'ea for Lake George is r¢latively small for a lake of this 

size. The discharge of the lake is to the nofth at Ticonderoga ovet' a man-made 

dam into Lake Champlain, whose surface elevat~on is 68 m (224 ft.) below that 

of Lake George. The lake consists of two mai~ basins (North and South), both 

approximately equal in volume, separated at t~e midpoint by a section called 

The Narrows. The majot' sources of nutrients que to human activities are in the 

southern end of the lake. 
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TABLE 1 

PHYSICAL CHARACTERISTICS OF LAKE GEORGE (7) 

Length 32 miles 51 kilometers 

Mean Breadth 1.4 miles 2.3 kilometers 

Maximum Breadth 2.4 miles 4.0 kilometers 

Mean Depth 59 feet 18 meters I m 
I 

Maximum Depth 187 feet 57 meters 

lia:te=hed Mea- 2<14 -square miles ~ square kilometers 

Lake Surface Area 44 square miles 114 square kilometers 

Lake Volume (at 97.2m/319 ft) 0.5 cubic miles 2.1 cubic kilometers 

Shore Length 131.0 miles 209.6 kilometers 
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Since 1967, various studies have been canducted on Lake George by associates 

of the Fresh Water Institute. From the initial studies dealing collectively with 

the plankton and nutrients in Lake Geo.rge, thll research effort has expanded to 

include many other facets and input from numetous other research groups. Cur~ 

rently, a major investigation measuring the macro-nutrients, primarily nitrogen 

and phosphorus, in Lake George is being condu~ted. For the research reported 

herein, support was received from the International Biological Program (lBP) 

starting with a lead time study in 1968 and continuing more extensively since 

h 
• (8) t at t~me. .. 

Nitrogen and phosphorus are frequently t~e limiting nutrients for algal 

growth in natural waters. Studies conducted ~y the New York State Department of 

Health(l) indicated that both nitrogen and ph~sphorus, as well as carbon, may be 

limiting during certain periods of the year i~ Lake George. Further, with the 

occurrence of the first recorded significant algal growth(9) in the southern 

basin of Lake George during early May, 1972, approximately two weeks after iCe

out, it became imper'ative that the sources of nutrients to Lake George be iden-

tified. The material presented herein repres~nts efforts to identify the sources 

of nitrogen and phosphorus into Lake George. 

Analytical Methods 

The values of all results are recorded as the element, nitrogen or pho8-
, 

phorus, regardless of the form being measured. 

The total nftrogen includes primarily the nitrate and the ammonia content. 

In the instances where organic (Kjeldahl) nit~ogen was determined, this was 

usually found to be small and did not signifiQantly change the total results. 

Nitrite was determined in only a few instances: and found to be negligible. 

Whereas on a routine.basis, portions of the samples were filtered to differentiate 
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between the soluble and the total values, all; of the values recorded here are 

as total nitrogen. 

Phosphorus may consist of orthophosphate I and total phosphorus, both soluble 

and unfiltered. The results recorded here ar$ the total unfiltered phosphorus, 

as P. 

All of the analytical techniques reporte~ here were performed according to 

Standard Methods, 13th Edition. (10) 

Results 

The results, summarized in Table 2, are Values representing the best infor

mation available to date. In most cases, the results are obtained by multiplying 

the total quantity of water from the individu~l source times the average of the 

concentrations of nitrogen and phosphorus in these individual sources. Further 

resolution of such estimates will be made when more specific information is 

available. For example, at this time little ~nformation is available on nutrient 

concentrations in an individual storm as a function of duration of the event. 

However, it is felt that the values presented· are sufficiently reliable for a 

first approximation of the inputs of nitrogen i and phosphorus to the Lake George 

drainage basin. The results are divided into the sources and sinks of nitrogen 

and phosphorus, and their standing amounts wUhin the waters of Lake George. 

A. Sources 

1) Precipitation 

The total precipitation on the enti~e Lake George basin was calculated 

to be 0.547 km3 Jyr. (11) Measurements have I shown that the precipitation at 

the northern end of the lake is less than that at the southern· end; however, 

an average value for precipitation over th~ entire basin was used for the 

present calculations. Measurements for niirogen and phosphorus were made in 



TABLE 2: ESTIMATED ANNUAL NITROGEN AND PHOSPHORUS SOURCES AND SINKS IN LAKE GEORGE 

Nitrogen PhosEhorus 
% of % of 

Quantity Conc. Tot.wt. Total Add'n. Conc. Tot.wt. Total Add'n. 
km3/y'r }..I!;l/l k~/xr to Lake Jl~/l k~/y'r to Lake 

Sources 

Precipitation * Directly on Lake 0.105 1,350 1'+2,000 79 10 1,050 6 
Surrounding Land 0.'+'+2 1,350 596,000 10 .'+,420 
Entire Basin 0.5'+7 1,350 738,000 10 5,'+70 

Runoff 
Streams 0.181 80 14,450 8 7 1,267 7 

Wastewater , 
STP

9 x 10-'+ 
<0 

Lake George Vil. 8.198 10,000 8,198 '+ 6,000 '+,920 28 , 
Remainder of Lake 10,000 13,130 7 ** 10,150 58 
Total 21,328 11 15,070 86 

To'tal 0.286 177,780 100 17,387 100 

Sinks 

Discharge at Ticonderoga 0.225 92.5 20,812 11 6 1,350 7 
Bottom Sediments *** 156,968 89 16,037 93 

Nitro~en Phosphorus 
% of % of 

Quantity Cone. Tot.wt. Total Add'n. Conc. Tot.wt. Total Add'n. 
km3 p.~/1 kg to Lake u/l!/l k/l! to Lake 

Standing Amount 

Water of Lake George 2.1 100 210,000 118 7 14,700 8'+ 

* Includes wet and dry fallout 

** Based on 3g P/cap-day 
*{~* By difference 

9 Sewage Treatment Plant 
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the precipitation from approximately 50 individual storms. Since open rain 

gages were used. the results represent the total of both wet and dry fallout. 

The total nitrogen concentration in the precipitation was rather·high, 

being 1.350 ~g/l. This represents a total potential input of 738.000 kg of 

nitrogen per year to the entire basin. Similarly, the phosphorus content of 

10 Ilg/.l in the precipitation represents a potential input of 5,470 kg of 

phosphorus per year to, the entire b.asin. 

However. not all of the precipitati~n which falls on the basin reaches 

the water directly. On the basis of the 114 km2 (44 mi2) of surface area of 

the lake, a calculation was made to show that the total amount of precipita

tion which falls directly on the lake (and which would produce a direct input 

of nitrogen and phosphorus to the lake) was 0.105 km3/yr. Thus. it has been 

calculated that the direct precipitation contribution of nitrogen into the 

lake is 142,000 kg/yrand of phosphorus is .1,050 kg/yr. The remainder of 

the precipitation (0.442 km3/yr) falls on t!.he land area of the watershed. 

2) Stream Runoff 

Colon (12) monitored the stream flows' into the waters of Lake George 

from approximately 45% of the drainage basir surface area. With these meas

urements. it was estimated that the total aiverage stream flow into the lake 

was approximately 0.181 km3/yr. On the basis of land and open water areas 

and the total precipitation over the watershed. 0.442 km3 of precipitation . 

falls on the land area during the year. Th,e difference between this value 

and the 0.181 km3 which appeared as streamflow may be attributed to sub

surface ground flow into the lake and/or eVapotranspiration of the water 

before i~ reaches the lake and/or overland Wlow directly to the lake. This 

indicates that on an annual basis, approxim~tely 40% of the precipitation on 
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the land appears as stream runoff. This i$ a reasonable value fora rocky 

area with relatively steep slopes, such as, the Lake George basin. 

The New York State Department of Health conductedextensi ve measurements 

of the nitrogen and phosphorus content of these stream flows.during 1970 to 

1971. Although the concentrations of nitrbgen and phosphorus varied consider-

ably from stream to st.ream and during diff\>rent periods of the year, average 

values of 80 ~g/l of nitrogen and 7 ~g/l of phosphorus appeared to be the 

best estimates of the concentrations of these nutrients in the stream flow. (1~ 

The 80 ~g/l of nitrogen in the runoff represents a significant reduction from 

the 1,350 ~/gl of nitrogen in the rainfalL The reduction in phosphorus from 

10 jlg/l to 7 Ilg/1 in the runoff is not as significant as the reduction in the 

nitrogen. The combination of the reduction in concentration of nutrients as 

well as the reduction in flow represents a significant reduction in the total 

amounts of nitrogen and phosphorus which actually reach the lake as compared 

to the potential in the rainfall. Thus, stream runoff contributes 14,450 

kg/yr of nitrogen and 1,267 kg/yr of phosphorus to the lake. 

3) Wastewater 

Considerable effort has been devoted to evaluating the total contributi 

from domestic wastes due to the potential controversy over the influence of 

man on the lake. The contribution from the Lake George Village sewage treatme 

plant is relatively easy to calculate. The flow for the year June 1, 1971 thl 

3 May 31, 1972 was measured ,to be 216,610,000 gal (0.0008198 km ) from the flow 

char~s at the treatment plant. Numerous analyses of the nitrogen and phos-

phorus content of the effluent from the tr\eatment plant were made during the 

(14) 
years of 1968 and 1969. At that time the average nitrogen content of the 

sewage effluent was 10 mg/l and phosphorusl was 8 !rig/I. However, more recent 
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measurements of phosphorus have indicated that the effluent from the treat

ment plant contains more nearly 6 mg/l. This reduction in phosphorus may 

be due to two factors. One is that since that time the State of New York 

has reduced the allowable concentration of phosphorus in detergents to a 

pr'esent value of 8.7%, (it will be totally ibanned effective July 1, 1973), 

and the other is that the local homeowners ". group (Lake George Association) 

has made a concerted effor't to persuade res.idents of the Lake George drainage 

basin to use only detergents containing no iphosphates for their washing. It 

is possible that these two efforts have resulted in a 25% reduction of the 

phosphorus in the wastewater effluent. Thl1s, the best figures available 

indicate that the content of nitrogen from ;the Lake George sewage treatment 

plant is 8,198 kg/yr and phosphorus is 4,92:0 kg/yr. 

The Lake George Village sewage treatment plant is somewhat unusual in 

that the sewage receives normal primar>y sed~mentation and treatment on 

standard-rate trickling filters followed by secondar>y sedimentation. The 

effluent from this operation is discharged without chlorination onto natural 

sand beds. The ultimate fate of the treatetl effluent which has been applied 

to the sand beds is still unknown. Studies by Glavin and Romero(14) indicated 

that whereas new sand beds exhibit some pho$phorus removal, the sand beds whicr 

have been in continuous use for about a yea~ exhibit little or' no phosphorus 

removal. Neither old nor' new beds exhibite& any removal of total nitr'ogen. 

Additional studies presently being conducted concerned with the removal of 

the nutrients in the sand beds and the dire¢tion of the ground water flow 

after it has percolated through the sand beds should show more conclusively 

the actual contribution of nitrogen and pho~phorus to the waters of Lake George 

from the Village sewage tr'eatment plant. 
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In order to evaluate the potential contributions of nutrients from 

sewage from the remainder of the lake rela1ive to the contributions from the 

Village sewage treatment plant, population distribute ons were, tabulated as 

. (15) shown ~n T,able 3. The only other sewage treatme:.t plant in the basin is 

located at Bolton Landing. This treatment 'plant consists of Imhoff tanks 

with distribution of the Imhoff tank effluent onto sand beds in a manner sim-

ilar to that at the Lake George Village sewage treatment plant. The one main 

difference is that the sand beds at Bolton Landing are much shallower than 

those at Lake George Village. The data in Table 3 show that the total sewered 

population at Bolton Landing (Bolton Town) ,is slightly over 10% of that at 

Lake George Town. For this reason, the potential contributions from Bolton 

Landing are not separately considered, but are aggregated into the estimates 

for the possible contributions of nutrients from the remainder of the basin. 

Although the figures in Table 3 show the summer and winter populations 

of the various areas around the lake, they ,do not indicate the duration of 

the respective summer and winter periods. To determine these, calculations 

were made based on the summer and winter pqpulations contributory to the 

Lake George Village sewage treatment plant; the phosphorus content, and the 

total flow. Sawyer(19) has calculated a c~ntribution of 1.5 g of phosphorus 

per capita-day in sewage. This value was qbtained prior to the use of 

phosphate-containing detergents. It is no~mally accepted that detergents 

have contributed an equal amount of phosph~rus to sewage, increasing the 

total amount to 3g/capita-day. These valu~s are also supported by Carcich 

and Hetling(20), and Hamilton~21) Using this value .reduced by 25% to account 

for removal by sewage treatment, a population equivalent on the basis of 

phosphorus was calculated to be 5,990 people for Lake George Village. On the 



TABLE 3: LAKE GEORGE POPULATIONS 

Pennanent 
Year Round1 SUllIIler C~ Motel & Hotel(17,18) Total Average 
P~ulation P012ulation (16) Resort Population Summer P012ulation 

Total Sewered Total Sewered Total Sewered Total Sewered 

Warren County 
Lake George Town 2630 2130 2000 1500 10215 8661 l'f845 12291 
Bolton n 1165 800 2400 250 2343 450 5908 1500 
Hague " 640 0 1425 0 47 0 2112 0 
Queensbury " 410 0 2375 0 0 0 2785 0 
Lake Luzerne n 0 0 0 0 0 0 0 0 
Warrensburg " 0 0 0 0 0 0 0 0 
Horicon " 10 0 0 0 0 0 10 0 

Washington County 
Fort Ann Town 230 0 2000 0 0 0 2230 0 
Putnam n 15~ 0 700 0 0 0 850 0 
Dresden " 190 0 1050 0 0 0 1240 0 

Essex County -
Ticonderoga Town 150 0 30 0 0 0 180 0 ---

Total 5575 2930 11980 1750 12605 9111 30160 13791 

1. Data(lS) was adjusted to conform to drainage basin lines by the Env. Quality Research and 
Development Unit, New York State Dept. of Environmental Control. 

2. A normal summer occupancy of 5 persons per camp was assumed. 

I .... 
+ 
I 
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basis of 12,000 persons during the summer ~nd 2,000 during the winter in the 

Village, the. SUllmler period was calculated tlo be 11+1+ days. In a similar 

manner, based on a contribution of 100 gala/cap-day, the 1971-72 flow to 

the treatment plant resulted in a 'population equivalent of 5,930 persons or 

a summer period of 142 days. Since these tlwo methods of calculation arrived 

at very nearly the same results, calculatiqns for data presented in Table 2 

were based upon the values of population ghen in Table 3 for 141+ days of 

summer occupancy and 221 days of winter oc4upancy. 

Since there were no specific data available on the concentration of 

nitrogen and phosphorus .in the sewage from I\on-sewered areas, the nitrogen 

in this sewage was assumed to be the same ~s that from the sewage treatment 

plant. The.phosphorus contribution from n~n-sewered areas was based upon 

the value of 3 grams of phosphorus/cap-day! as outlined above. The calcu

lated contributions from the remainder of the lake (excluding the effluent 

from the Lake George Village sewage treatm$nt plant) based upon the popula

tions shown in Table 3 and the summer:wint~r ratio shown above, were 13,130 

kg of nitrogen per year and 10,150 kg phos~horus per year. This res.ults in 

.a total potential nitrogen contribution tO,the lake from wastewater (or from 

man's activities) of 21,328 kg and of phos~horus of 15,070 kg/yr. 

4) Other Factore 

Consideration was made of the potential input from the use of ferti

lizers in .the basin.. At the present time iIlPproximately 2% of the entire 

basin is actively farmed. Thus, the input I from fertilizers used for farming 

appeare to be negligible. On the other ha~d, numerqus persons living along 

the lake do fertilize their lawns. Appare~tly, runoff from these fertilized 

lawns may have a significant effect upon local bays; however, the total effect 

upon the entire lake seems to be negligible. 



Separate consideration could be made 'i'f the stom run',ff from urbanized 

areas. Studies(2) have shown that there i~ a significant amount of ph~sphorus 

and nitrogen in the runoff from urban area~. However, in the case of the 

Lake George Village area, which does have ~eparate storm and sanitary sewers, 

a fair amount of the urban runoff reaches ~oth West Brook and English Brook. 

Thus, for the sake of this study, it is pr~sently assumed that the remaining 

urban runoff from the Lake George Village ~rea is insignificant with respect 

to the other inputs of nitrogen and phosph$rus to the lake. 

5) Total Added 

The total volume of water added to the lake on an annual basis is the 

sum of the precipitation on the lake and t~e stream runoff into the lake or 

3 0.286 km. The total input of nitrogen is :the sum of the precipitation on 
pot~ntial 

the lake, the stream runoff, and the totalAcontribution from sewage, which 

amounts to 177,780 kg/yr. The same source~ add a total of 17,387 kg of phos-

phorus per year to Lake George. 

B. Sinks 

1) Discharge at Ticonderoga 

In order to establish a balance bet~een input and output, some infor-

mation must be presented regarding the amo~nt of nutrients discharged with 

the lake outflow at Ticonderoga. Estimate$ of the total annual discharge are 

0.225 km3.(ll,12) The concentrations of 9~.5 pg/l of total nitrogen and 

6 pg/l of total phosphorus in this discharie are based upon the concentrations 

found in samples taken at Roger's Rock, th$ most northerly routine sampling 

station. This results in a discharge of 20,612 kg of nitrogen, and 1,350 kg 

of phosphorus per year. 
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2) Lake Sediments 

There are no known significant diversions of water from Lake George. 

Although Lake George waster is used for drinking by many residents, it gen~ 

erally remains within the basin and returns with the sewage flow. There may 

be some removal of biomass from the lake in the form of fish. However, this 

can represent only a small portion of the total nitrogen and phosphorus in 

the lake. Therefore, the difference between the amount of nitrogen and phos

phorus in the sources and that leaving the lake at Ticonderoga may be con

sidered as being stored within the lake in the form of bottom sediments. 

These may be formed either from direct chemical precipitation as an insoluble 

form, or indirectly as the formation of biomass which ultimately dies and 

settles to the bottom. For lack of quantitative data on the nitrogen and 

phosphorus in the sediments, the amount at~ributed to this sink has been 

calculated by the difference between the sum of the inputs and the outflow 

at Ticonderoga. These values amount to 156,968 kg/yr of nitrogen and 16,037 

kg/yr of phosphorus. 

C. Lake Water 

The total volume of water in Lake George is estimated to be 2.1 km3.(7) 

The concentrations of nitrogen and phosphoJtus indicated are the ave'rage of 

well over a thousand samples taken from 1ge8 to 1971. Whereas the concentra

tions of both nitrogen and phosphorus were slightly higher in the south basin 

than in the north basin, the values of 100 pg/l of total nitrogen and 7 pg/l 

of total phosphorus represent average values throughout the entire lake. The 

total standing amounts of nitrogen and pho$phorus within the waters of Lake 

George are 210',000 kg and 14,700 kg, respe¢tively. 
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Discussion 

There are two major points for discussio* of these data. The first is the 

major sources of the nutrients within the bas~n and the second is the establish

ment of a balance of the nutrients entering Q$d leaving the basin. 

A. Sources of Nutrients 

In order to assess the sources, eit~er real or potential, of the nu

trients, the individual additions have, beet) calculated as a percent of the 

total addition as shown in Table 2. Seven~y-nine percent of the nitrogen 

which enters the lake comes directly from the precipitation which falls on 

the lake surface. Another eight percent ente.rs the lake from the stream run

off and eleven percent from all of the sew~ge discharges. Thus, the major 

source of nitrogen is from the precipitatiqn. 

On the other hand, the major potent1al source of phosphorus to the 

lake is from sewage discharges, amounting ~o 86% of the total added to the 

lake. Of the total, 28% comes from the Lake George Village sewage treatment 

plant and 58% from sewage around the remainder of the basin. Only 6% is 

contributed by precipitation on the lake and an additional 7% from stream 

runoff into the lake. 

B. Nutrient Balance 

From hydrometric measurements, (11,12) it is estimated that 0.286 km3 

of water enters the lake and 0.225 km3 is discharged every year at Ticonderog, 

The difference, 0.061 km3/yr, represents e~aporation from the lake surface. 

From the measurement that the discharge is :approximately 10% of the total lake 

volume, it has been estimated that the ave~age hydraulic residence time is 

10 years. 

As seen in Table 2, of the total amQunt of.nitrogen added to the lake, 

only 11% (20,812 kg/yr) is di!lcharged at Tkonderoga. This means that the 
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other 89% somehow remains within the lake. I If there is no loss to the bottom 

sediments, there is the potential to doubl/l the concentration of nitrogen 

within the lake in slightly more than a on~ year period. Studies throughout 

the past few years indicate that the nitro&en content of the lake is not 

doubling every year; it has remained relat~vely constant (210,000 kg). There

fore , it can be assumed that the nitrogen ~s be ing tied up in the bottom sedi

ments of the lake. 

In contrast to the nitrogen, only 74 (1,350 kg/yr) of the phosphorus 

added to the lake is discharged at Ticonderoga. The total annual input of 

phosphorus to the lake (17,387 kg/yr) is greater than the amount which is in 

the lake (14,700 kg) at the present time. Thus, there is a potential to 

double .the concentration of phosphorus in the lake in less than a full year's 

time. Again, results over a period of yea):'S have indicated that the concen-

tration of phosphorus is not doubling each, year. The other way in which 

soluble phosphorus (16,037 kg/yr) is removed from the lake water is via 

sedimentation to the bottom. 

In the case of both the nitrogen and the phosphorus, it must be indi

cated that there is incomplete mixing in the lake; that is, slightly mDre 

nitrogen and much more phosphorus is potentially discharged to the southern 

basin than to the northern basin. Analyt~cal results have confirmed(8) that 

both nitrogen and phosphorus are higher in the southern basin, which is the 

location of the major population areas. 

Vollenweider(6) has indicated that ;300 )Ig/l nitrogen is the critical 

level for control of algal blooms in a la~e. The average concentration of 

total nitrogen in Lake George (100 ~g/l) ts well below this value, and even 

at the southern end of the lake, the averilige was only l30pg/1. On a few 
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occasions during Spring, the maximum value lof total nitrogen at the southern-

most station did reach 200 ug!l. 

The average concentration of phosph~rus in the southern basin has 

reached at least 8 ug!l, and in April 1970j two samples from the south end 

of the lake showed a total phosphorus cont~nt in excess of 10 ug!l. Thus, 

the concentration of phosphorus in South L~ke George is approaching the 

10 ug!l level which is considered to be the critical level above which algal 

blooms may occur. (6,19) Studies conducted iby Fuhs, et a1. (1) have indicated 

both nitrogen and phosphorus to be limiting nutrients in Lake George at 

least during certain times of the year. In: view of the aforementioned algal 

growth in May, 1972,(9) it is imperative that steps be taken immediately to 

reduce nutrient inputs to Lake George. Pr-Vority must be given to management 

of the phosphorus content of influents (viz!. wastewater) into the lake, since 

little can be done to lower meaningfully the nitrogen inputs inasmuch as pre-

cipitation is the main source of nitrogen. 

There are two generally accepted wayis of removing the soluble foms of 

nitrogen from lake waters. One is chemical precipitation and the other is 

incorporation into cell material which ultjJmately sediments. Chemical precipi· 

tat ion probably plays a small role in the ~emoval of nitrogen from the system, 

since many of its inorganic forms are solub'le. However, incorporation into 

cell material may result in the removal· of large amounts of nitrogen from 

the overlying water to the lake bottom. In: the latter case, bacterial action 

may be responsible for the reintroduction df nitrogen to the overlying water 

as mentioned earlier. From the preliminary' nitrogen balance presented herein, 

however, it may be assumed that this doesn't occur to a large degree in Lake 

George. Instead, a net buildcp of nitrogen in tile lPttCl1l sediments appears to occur. 
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Whereas this is beneficial to the overlying: water, it is detrimental in that 

it results in the accumulation of sediments on the bottom of the lake. 

With phosphorus as with nitrogen, both chemical precipitation and in-

corporation into cell material may take pla~e. Phosphorus forms insoluble 

complexes with numerous metals, primarily iron and aluminum, which may be 

present in small amounts in the lake water.: In addition, insoluble calcium 

phosphate complexes may form; however, these normally form at higher pH values. 

Similar to nitrogen, phosphorus may be incorPorated into cell material and 

settle out as an insoluble organic form, potentially to be regenerated from 

the bottom sediments to the overlying water I 

Vollenweider(S) has summarized information on retention of nutrients 

in lakes. Nitrogen and phosphorus retention varies considerably from one 

lake to another and even from one location Ito another within a lake. Nitrogen 

retention ranging·from 15% in upper Lake Constance to 89% in Lake Tahoe has 

been reported; Similarly, a 25% phosphorus; retention has been recorded in 

Zurich Lake and a 93% phosphorus retention ~n Lake Tahoe. Recognizing that 

there are some similarities between Lake Geprge and Lake Tahoe, it is not 

too surprising to note that the nitrogen and phosphoX\us retentions in Lake 

George are the same as those indicated for Lake Tahoe. 

It is generally considered(S) that upder aerobic conditions, retention 

by sediments is practically irreversible. ~owever, when anaerobic conditions 

develop at the water-sediment interface, tl\ere may be a release of the nutri-
, 

ents from the sediments back into the overlWing water. Inasmuch as the hypo-

limnetic waters in Lake George contain oxy~en at all times even during the 

period of summer stratification, it may be ,considered that the retention of 

these nutrients is relatively permanent in this lake. During the summer of 
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1972, the lowest dissolved oxygen (DO) sa~uration recorded in Lake George 

was 63% in the samples taken at 20 m. at ~he southern end of the lake. Al

though this is still considered to be aerqbic, it does indicate some reduc

tion in DO due to the exertion of carbonaqeous biochemical oxygen demand (BOD. 

The DO concentration should be observed c~refully and precautions should be 

taken to control the BOD loading to the l~e so that this DO saturation level 

is not decreased appreciably. 

Thus, it may be seen that for both ~itrogen and phosphorus, additional 

information must be gained as to the inco~oration of these nutrients into 

insoluble forms with their removal from tl1e water, as well as the potential 

for regeneration from the sediments. Stu~ies of this nature are presently 

underway at Lake George. 

Conclusions 

Since the major source of nitrogen to the waters of Lake George is from 

precipitation on the lake surface, and the amount potentially contributed by 

sewage effluent is very small compared to thi's amount, it becomes apparent 

that treating sewage effluents for nitrogen r~moval before discharge into the 

basin will be ineffective in reducing the tot~l nitrogen content of Lake George. 

The major potential source of phosphorus: to Lake George is from domestic 

wastes. Techniques are known for the removal! of phosphorus from sewage in 

waste treatment plants; therefore, it would be expedient to remove the phos

phorus along with the normal waste treatment ~rocess. This should result in 

decreasing the total phosphorus input to Lakei George. 

Inasmuch as the total contents of nitrog~n and phosphorus in Lake George 

are not increasing at the rate of their inputl to the lake, it must be concluded 

that both nitrogen and phosphorus are removed' from the system and ultimately 
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accumulate in the sediments in the bottom of the lake. Further studies of the 

amount of this accumulation and its permanency are presently underway. 
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