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ABSTRACT: The study of the nitrog n and phosphorus 
content of Lake George was continu d. There was no 
significant variation of these nut ients with depth. 
Nitrates increased during ice covel' and dropped off 
rapidly during the summer. The ph sphorus appears 
to vary by a factor of 10 during a 48 hr. cycle. 
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Although the actual dates for this rellort are recorded as June 1, 1971 -

August 31, 1972, the data reported include results obtained under support 

by OWRR Contract No. 14-31-0001-3387 of wh1ch the first sample taken during 

the year was secured on Feb. 7 through the ice cover. The actual sampling 

dates are listed in Table 1. 

It must also be noted that complete 1 boratory data are not available 

at the present time for all of the samples. secured. Due primarily to the 

reduction in funding, there was insufficie t support to complete all of the 

desired laboratory analyses. The samples secured remain either 

frozen or refrigerated and it is anticipat in the near future at 

least total nitrogen and total phosphorus determined in all these 

samples. This report will include only 

completed up to the time of the writing 

th1 laboratory data 

of this report. 

which have been 

! 



Year 

1971 

1972 
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Table 1 

LAKE GEORGE SAMPLING DATES SPORTED 
BY IBP UNLESS OTHERWISE N TED 

Day Date 

Sun. 2/7 
Sat. 3/6 
Fri. 3/26 
Mon. 5/17 

Mon. 5/24 
Wed. 6/9 

Wed. 6/30 

Tues. 7/6 

Wed. 7/14 

Wed. 7/21 
Wed. 8/11 
Wed. 8/25 

Wed. 5/31 

Wed. 6/21 

Wed. 7/12 

Tues.-Thurs. 7/18-20 

Wed. 8/2 

Tues. -Frio 8/22-25 

Wed. 9/13 'i~ 

Wed. 10/4 ,', 

Tues. 11/7 i, 

* Not included in this report. 

Remarks 

OWRR s upporte d 

" 11 

" " 

" " 
" " 

OWRR supported 

Transect 

Transect 

48 hr. sampling 

72 hr. sampling 
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The ~sults were secured in three b sic types of sampling. One type 

of sampling was the continued periodic s pIing approximately every three 

weeks at Stations I, 3, 4, SA, 6, and 7. This sampling was continued 

throughout both years in order to con tin e the established routine for 

analytical results so that results may b compared from one year to another. 

During this period of time, the depth of samples secured evolved into the 

scheme presently being used. During som of the earlier 1971 sampling, the 

depths sampled were 3, 9, and 15 m. AnO]her series was 2, 10, and 1 m. 

above the bottom, and a third system was 0.5, 5, and 1 m. above the bottom. 

The final technique evolved for the 1972 sampling period was 0.5 m. and 

every 5 m. thereafter to and including 1 m. above the bottom. This last 

regime is the one presently being employ d for routine concentrated samp-

ling. However, where time and laborato facilities were limited, in some 

instances samples were taken at only the 5 m. depth during the latter part 

of 1972. 

The second regime for sampling was series of two transects which 

proceeded along a line between two point with samples being secured ap-

proximately every 500 m. at a depth of 0 5 m. and at 5 m. intervals to the 

bottom, thereafter. These studies were ade to determine any significant 

spatial variations in a short distance. 

In the third system, in addition to the regular sampling, samples were 

secured over an extended period of timejt two stations. In the first of 

these studies, samples were secured eve four hours at Stations 5 and 6 

over a 48 hr. period. In the second stu y of this type, samples were se-

cured every six hours over a 72 hr. peri d at Stations 1 and 6. These 

studies were performed primarily to dete mine if there are any observable 
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short-term. cycles underway in Lake George. A cycle of any period up to 

72 hrs. could be determined by this sampli g procedure. 

The sampling locations for the first nd third systems are shown in 

Fig. 1. As compared to previous studies(l , the only change is that for 

all these studies, the location of Station 6 was moved to just off Burnt 

Point, immediately adjacent to the Fresh W ter Institute (formerly the 

Lake George Water Research Center). This s approximately one mile south 

of the former location of Station 6. This move should make no significant 

difference in comparing previous years' re ults with those reported here. 

The locations for the two transects are sh wn in the discussion of that 

section. 

A.- ROUTINE PERIODIC SAMPLING 

In a continuing effort to evaluate th nutrient content of the waters 

of Lake George, periodic samples were take every three weeks during the 

summer of 1971 and 1972. This information is to be used for: 1) observing 

the existing quality of the waters; 2) obs rving any significant variations 

with depth and location; 3) observing any rend with time during the entire 

season; 4) evaluating any annual changes i concentration of nutrients; and 

5) providing information for the use of ot er investigators, particularly 

with regard to the activities of the producers. As indicated in 

Table 1, routine samples were secured only in 1971 and eight times 

in 1972 (however, the last three sampling sults are not included in this 

report due to the fact that they were cond cted after the expiration date 

of this particular research project). The few number of samples in 1971 

was the result of the feeling of other inv stigators (particularly the pri

mary producers), that they had sUfficient ata to evaluate their results and 



-5-

FI GURE 1 

LAKE GEORGE 
SHOWING 

SAMPLING LOCATIO S 
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did not need any more chemical data. Si ce sampling is a cooperative effort 

involving many different research groups, when several groups no longer 

needed the data, there were insufficient personnel available in 1971 to con

duct the sampling. Thus, the prime use f the 1971 data was for the satis

faction of other researchers in the prog am. 

In order to make the data reasonab1 significant, the results of 

samples secured under OWRR Contract No. 4-31-0001-3387 are also included 

in this data. One of the major features of the OWRR samples is that they 

were taken during the period of ice cove by sampling through the ice. 

Due to the fact that both OWRR and BP data have been included in this 

report, and that even within the IEP dat , sampling depths were changed, 

the sampling depths are designated as to , mid-depth, and bottom. The 

samples that are considered in the top a e generally those at a half meter, 

but also include those labelled as "surf ce", and down to 1 m. Those samples 

indicated as mid-depth are those at appr ximately 10 m. This includes some 

data at 9 m. and others at 12 m. Those amples designated as bottom are 

generally at the 20 m. depth or at a dep h indicated as "I meter above the 

bottom". In some instances, the points lotted in the figures are an average 

of more than one value. Using this desi ation, a greater evaluation of the 

existing data can be made. 

The results of the analyses for tot 1 phosphorus in Lake George during 

1971 are shown in Figs. A-I and A-2. At Station 1 (Fig. A-I) the concentra

tion of total phosphate increased immedi tely after the disappearance of ice 

from the lake. There was no significant correlation of concentration with 

depth. The highest concentration of pho phate determined was 7.8 )lg/l as P 

at the surface sample secured on May 17. 



i. 
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Samples were secured at Station 6 at similar times as at Station 1 

during 1971 (Fig. A-2). At this station, I:here was a general trend of de

creasing phosphate concentration between t~e time of ice cover in March and 

the clearing of ice in May. There was no ignificant trend of concentration 

with depth and the greatest concentration of phosphate found was 8 ~g/l at 

the surface on March 6. 

The total soluble (filtered) phosphat in Lake George during 1971 is 

shown in Figs. A-3 through A-6. At Statio 1 (Fig. A-3), the soluble phos-

phate was generally low with the exception of one high value of 14 Ug/l at 

the mid-depth on July 21. The significanc of this one high value is not 

immediately clear but it should be noted well above the 10 ~g/l 

as P which is frequently considered(2,3) t, e critical concentration above 

which excessive algal growths may occur. 

At Station 3 (Fig. A-4) analyses were completed on samples taken at the 

mid-depth and at the bottom on June 9 only. In both cases, the results were 

relatively low with a somewhat higher conc ntration of phosphate at the 

bottom depth. 

Fig. A-S shows the soluble phosphate t Station 4. Here the values 

were generally low at the top and mid-dept locations but they were consider-

ably higher on all occasions in the bottom samples. On three occasions, the 

concentration of phosphorus in the bottom amples exceeded the .10 Mg/l level 

with one high value of 19 pg/l on June 30. The sample at mid-depth on July 21 

also showed a concentration above 10 ~g/l (10.8). 

Complete results for the total solubl phosphorus at Station SA are 

available for only the Aug. 11 sample (Fig. A-6). On this date, the sample 

from the bottom showed a concentration of 2.5 ~g/l as P. 
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Although there are insufficient data 0 reach a positive conclusion, 

in general, the concentration of soluble p osphorus at the bottom exceeded 

that at shallower depths. On numerous occ sions, the concentration ex

ceeded the 10 pg/l level considered critic 1(2,3) for the development of 

abundant algal growths. These concentrati DS occurred at all stations with 

no particular trends from one end of the 1 ke to the other. 

The other nutrient with data complete sufficient for interpretation 

is the total nitrate content during 1971 w ich is shown for the various 

stations in Figs. A-7 through A-12. 

At Station 1 (Fig. A-7), it becomes mediately obvious that the con

centration of nitrate appears to build up der the ice, is decreased to 

an intermediate value during the sampling n May 24, and throughout June, 

July and August approaches a low value at oth the top and mid-depth lo

cations. At the bottom, the concentration follows a reasonably similar 

pattern but at a higher concentration. Th highest concentration occurred 

on Aug. 11 with a concentration of 77.7 ~g 1. A second high of 68 ~g/l 

occurred during the period of ice cover on March 26. 

At Station 3 (Fig. A-8) samples were ecured only during the summer 

months. Generally, the concentrations at 11 depths were quite low although 

there was a slightly greater concentration of nitrate in the bottom samples. 

The highest concentration was in the botto sample on June 30 with a value 

of 23.3 ~g/l as N. 

At Station 4 (Fig. A-9) samples were ecured only during the summer 

months. The concentrations at the top and mid-depth were quite similar with 

slightly higher values in the bottom sampl s. The highest concentration was 

19.5 ~g/1 in the bottom sample on June 13. 
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At Station 5A (Fig. A-IO) values were low during all four sampling 

dates during the summer with no particular trend with depth. The highest 

concentration of nitrate-N was found in th surface sample on July 21 with 

a value of 17 pg/l. 

Figure A-II shows the total nitrate-N content at Station 6. Generally, 

the concentrations during March under the ce cover were higher than during 

the summer months with intermediate values being secured in the samples 

taken on May 24. The concentrations were uite similar at all three depths. 

The highest concentrat ion recorded was 31 gil at the bottom on March 26. 

At Station 7 (Fig. A-12) the highest alue obtained was 18.2 pg/l at 

the bottom on Feb. 7 during the period of ce cover. During June, the con

centrations at all depths were low but th re was a slight increase at all 

depths in the sample secured on July 21. 

The nitrate values showed a definite rend of increasing during the 

period of ice cover, a reduction during th end of Ma~ and low values 

during the summer months. At all stations the concentrations at the top 

and mid-depth were approximately the same ut at Stations 1, 3, and 4, the 

concentrations in the bottom samples were lightly but significantly greater 

than at the upper depths. There appeared 0 be a slight trend of lower 

average values of nitrate proceeding north ard through the lake (Fig. A-13). 

However, certain individual values at Stat on 1 during the summer were as 

low as similar individual values at other tations. The highest concentra

tion ever observed was 77.7 pg/l at the bo tom at Station 1 on Aug. 11, 1971. 

Inasmuch as no samples were secured at thi station at a later date during 

this year, it is not ce!'tain whether this ne individual high value is an 

anomaly or an actual value. 
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Even though the data are rather mea er, an attempt has been made to 

determine the approximate mean values of the nitrate content at the various 

stations during the summer months of 197 The values used in the mean do 

not include those determined under the i e cover or during the sampling on 

May 24. The results of the approximate ean values of total nitrate nitro-

gen in Lake George during 1971 are compa ed with those in 1970 in Fig. A-13. 

There is a slight increase in N03-N cont nt during the period of the ensuing 

year. The increase varies from 1 - 2 Mg 1 at each station. Inasmuch as the 

values are higher during 1971 at all sta ions, this does seem to indicate 

a possible trend of an overall increase 'n nitrate content in Lake George. 

During 1972 the use of the availabl funds for analytical work was 

directed toward evaluating the 48 hr. and 72 hr. concentrated sampling per-

iods. Therefore, the data for the routi e three week interval sampling 

are not yet available. The samples have been stored and arrangements are 

presently being made to have as , total nitrogen and total phos-

phorus determined in the stored samples, However, these analyses are not 

yet complete and therefore cannot be inc uded in this report. The completed 

analytical data are discussed in Part C, Extended Continual Sampling. 

B - TRANSECTS 

As indicated in Table 1, transects hrough portions of the lake were 

taken on July 14 and Aug, 25, 1971, Dur'ng this sampling, extensive measure-

ments were made, with temperature and di solved oxygen (DO) being determined 

at every meter depth and samples being s cUl~d for measurement of primary 

productivity and the corresponding nutri[nt levels at lesser depth intervals. 

Horizontal spacing of samples was approx'mately 500 m, One of the goals of 

these transect samplings was to determin if there are any significant 
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variations in either primary productivity r nutrient content in a small 

space of distance and/or depth l<ithin the ake. This was to resolve the 

question of l<hether or not algae are pres t in Lake George as "clouds" or 

l<hether there is a smooth transition from ne concentration to another. 

Similarly, an evaluation of the nutrient 1 vels must be made to determine 

the correlation betl<een the primary produc ivity and the nutrients avail-

able. These studies l<ere conducted primar ly for the benefit of the pri

mary productivity group under the directio of Dr. Ray Stross. 

As of the present time, the data avai able are not yet in the computer. 

Raw data of temperature and DO have been s cured for the Aug. 25 transect 

out from Lake George Village. However, no even this information is avail-

able for the July 14 Northwest Bay transec Dr. Stross l<as contacted re-

questing this data sometime ago. He claime1d he had neither the personnel 

nor the money immediately available to proluce copies, but would proyide 

them as soon as possible. Since this data~Las not been provided up to the 

present time, very little information on thr results of the transects can 

be revealed in this report. I 

The first transect was secured on July 14, 1971 in the Northwest Bay 

area. The sampling locations are shown in he map, Fig. B-1. Samples l<ere 

secured approximately every 500 m. from the mouth of Northl<est Bay Brook in 

a direct line approximately through the cen er of Northwest Bay to a point 

on land at Bolton Landing just inside Green Island. Samples secured for 

this transect are listed as the 200 series. The only data available at the 

present time are the depth of the lake at e ch sampling location as shown 

in Fig. B-2(b). The maximum depth waS appr ximately 24 m. located at ap-

proximately the midpoint betl<een the two en s of the transect. 
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The locations of the samples of the Lake George Village transect on 

Aug. 25 are shown in Fig. B-3. These sa pIes are listed as the 300 series. 

The depth of the lake at each sampling 1 cation is shown in Fig. B-2(a). 

Inasmuch as this transect proceeded in a north-northwest direction, from 

the mouth of West Brook through approxim tely the center of the South basin 

of South Lake George, the depth progress vely increased with distance 

reaching a maximum depth of about 32 m. t station designation 307. This 

location is approximately 500 m. north 0 Tea Island which is the routine 

sampling station No.1. The temperature variations with distance at each 

depth are shown in Fig. B-4. The temper ture at the 10 m, depth was ap

proximately the same as that at the 5 m. depth and all of these were simi

lar to the surface temperature. The te erature at the 15 m. depth was 

approximately 6°C lower than that at the surface indicating that the thermo

cline is someWhere above 15 m. The temp rature at the 20 m. depth was in 

the range of 12°C, 

The corresponding DO values in the ake George Village transect are 

shown in Fig, B-5. The highest values w re observed in the surface samples 

with slightly lower values at the 5 m, d pth. The values for the 10 m, and 

the 15 m. depth were very similar and bo h slightly below the concentration 

at the 5 m. depth. At the 20 m. depth, 000 m. offshore, a significant de

crease in the DO level was noted and a sight decrease was noted at the 

stations still farther out from shore. he lowest value of 8.2 mg/l at a 

temperature of 12°C indicates a DO satur tion of 76%, At the surface, the 

mean value of 9.6 mg/l of DO at a mean t mperature of 20°C represents a DO 

saturation of 105% or slightly super-sat rated. 
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C - EXTENDED CONTINUAL SAMPLING 

The routine sampling scheme for 197 was to conduct a sampling series 

once every three weeks securing samples t 0.5 m. and every 5 m. depth there

after to the bottom at Stations 1, 3, 4, 5A, 6, and 7. Many questions may 

arise as to the validity of sampling onc every three weeks. The original 

basis for this sampling was to have an 0 rlap of at least three samples 

within each season. Statistically, this is required in order to confirm 

that anyone sampling is representative f the conditions within the lake 

during that period of time. There may b many variations in the nutrients 

over a much shorter period of tim~ such s daily. Thus, the time of day 

of sampling would be significant in the esults obtained. There could be 

many other cycles of somewhat longer per ods which would have a greater in

fluence than the seasonal cycle for whic the three week sampling period 

was established. Therefore, arrangement were made to sample at much shorter 

intervals over an extended period of tim 

The first of the two extended conti ual sampling series was conducted 

beginning at 1000 EDT, July 18, 1972 and concluded at 1600, July 20. During 

this period of time, samples were secure on a 4 hr. interval when possible. 

The stations chosen for sampling were 5A and 6. The basis of the selection 

was that 5A is a relatively shallow area located close to a moderate source 

of nutrients (the community of Hulett's anding), whereas Station 6 is lo

cated off Burnt Point, adjacent to the F sh Water Institute and represents 

a somewhat deeper location primarily fre from any sources of local nutrient 

additions. It is realized that both sta ions are located in the North basin 

in Lake George and thereby represent con itions of higher quality of water 

with lower nutrient content than station located in the South basin. 
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However, one of the problems was the logi tics of securing samples with the 

limited facilities available at that. time

l
. The pure logistics of sampling 

on a 48 hr. basis at two different locati ns severely taxed the boat faci

lities of the Fresh Water Institute. Dur'ng some of the periods of time, 

a boat provided by the Hudson-Lake George Limnological Research Center, Inc. 

was also used for the sampling. Travel to Station5A, 

Station 6, sampling; return to the dock ank gassing up 

sampling; travel to 

the boat for the next 

sampling period consumed the major portion of four hours between the indi-

vidual samples. It was also found that th frequency and number of samples 

taxed the laboratory facility to the utmos However, a noble effort was 

made to keep the sampling program on sched Ie and within reason, this was 

accomp lished. 

The results were analyzed both from t e standpoint of depth and from 

the standpoint of time·. Figures C-I throu h C-8show the variation in the 

quality parameters with depth. 

The temperature profiles at Station 5 for the first 24 hra. of the 

sampling period are shown in Fig. C-l. Tht water temperature was constant 

for the first 3 m. and then showed a gradu 1 decrease in temperature with 

depth down to approximately the 10. m. dept Here"there was a rather sharp 

decrease in temperature with depth and the thermocline may be considered to 

exist between the 10. and 12 m. depth. Dee er than this, the temperature 

decreased at a much lower rate with depth. The temperature at the surface 

was approximately 25°C. The temperature ai the top of the thermocline was 

approximately 19°C, decreasing to approxim1telY 120 C at the bottom of the 

thermocline and then gradually decreasing 0 near lQoe at the bottom of 

the lake. 
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The dissolved oxygen (DO) profiles a Station 5A for the first 24 hrs. 

of this every 4 hr. sampling study are sh wn in Fig. C-2. It is realized 

that the more significant parameter is th percent of DO saturation. How-

ever,for the most part, all the samples 100% saturation and a 

greater variation for visual perception i gained by plotting the actual 

DO concentration rather than the percent Jaturation. Since the percent 

saturation is inversely proportional to t e temperature, the DO content 

should increase with the lower temperatur s at greater depths. That this 

is the case is visually shown in Fig. C-2. There was generally a gradual 

increase in DO with depth but the greatest rate of increase was between the 

10 and 12 m. depths which coincides with t e location of the thermocline. 

The lowest DO occuI'I'ed at the 0400 sample at approximately the 2 m. depth. 

Interestingly, the DO at the 12 - 15 m. debth was highest at that same time. 

The significance of the several points of low DO near the bottom is ques

tioned. Normally when the DO probe reaCher the bottom mud, it gives a very 

low reading. It is possible that at 0400 't was difficult to determine 

exactly when the probe was on the bottom a d several pseudo-samples were 

secured when actually the probe was on the bottom or had stirred up the 

bottom mud. 

The ortho-phosphate profiles at Stati n 5A for the first and second 

24 hr. periods are shown in Figs. C-3 and -4, respectively. It must be 

recalled that the greatest precision in th determination of phosphorus is 

! 0.2 pg/l. The expanded scale of the gra h accentuates minor variations. 

Whereas the phosphorus content appears to 'ary with time, it may be con-

sidered that there is little significant v riation with depth. It was the 

close inspection of these profiles which 1 d in part to the decision to 
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sample at only the 5 m. depth for phospho us analysis in subsequent extended 

continual samplings. 

At Station 6, the temperature profil s were relatively similar to those 

at Station 5A for the first 24 hrs. of th sampling period as shown in 

Fig. C-5. From the 1 m. depth to the 10 . depth, the temperature decreased 

from approximately 24°C to 22°C. From th 10 to the 13 m. depth, the temp-

erature decreased to approximately 1.3°C. At, the 25 m. depth, the water 

temperature was down to 7°C. What is int resting to observe in this figure 

is the slightly higher temperature in the first 5 m. during the 2100 and 

0100 sampling periods of July 18 and 19, espectively. At about the 5 m. 

depth, this temperature decreased rapidly to approximately the same temper-

ature as the other sampling time. It is heorized that this was the result 

of heating of the surface of the water du ing the daylight hours of July 18 

with little wind mixing so that the tempeJature of the water in the first 

5 m. was raised, but there was insufficiedt mixing to mix all of the water 

in the epilimnion. 

Figure C-6 shows the DO profile at St tion 6 during the first 24 hrs. 

of this sampling period. The curves on th figure indicate very dramati-

cally the rapid increase in DO with deere a ing temperature in the thermo-

cline, which apparently occurs between 10 d 12 or 13 m. depths. 

The ortho-phosphate profiles for the first and second 

24 hr. periods, are shown in Figs. C-7 and -8, respectively. Here again, 

the results show little significant variat'on with depth with very few ex-

ceptions. This is in general agreement wi h the results of the samples 

taken at Station 5A and gives further cred nee for the selection of 5 m. 

as a representative depth for future sampl ng. 
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The variations of these same parame ers with time are shown in Figs. C-9 

through C-14. 

The temperature variation during th entire sampling period at Station 

SA is shown in Fig. C-9. The temperatu s at the surface reflect the weather 

during the sampling period. July 18 was a sunny, warm day. July 19 was a 

day of occasional thunderstorms accompan ed by high winds. One such windy 

storm occurred just at the end of the 1 00 sampling at Station 6. During 

the night of July 19 and 20, the weather was extremely calm and a heavy fog 

set in. This is reflected in the failur to secure a sample at 0400 at 

Station 5A. After the fog cleared, abou mid-morning, the weather on July 20 

became quite hot and clear. The tempera ure of the water at the surface 

followed the same pattern. Fairly conS,istentl.y, the lowest temperature 

occurred at 0800 prior to intense warmin~ by the sun. The temperatures at 

the S m. depth were approximately 2.SoC dooler and generally show the same 
, 

I 

pattern as at the surface. The temperat1.jre at the 10 m. depth showed sig-
, 

, 

nificant fluctuation. Part of this may l1e attributed to the fact that the 

10 m. depth is the start of the thermocl~ne and a very slight error in lo

cation of the thermometer or a movement qf currents in the water due to wind 

and wave action could have caused a sign:i;ficant variation in the temperature 

at this depth. At the lS m. depth, the -bemperature was somewhat more con-

sistent between 11 and 12°C. 
i 

Inasmuch as the DO is inversely pro~ortional to the temperature, the 

lines shown in Fig. C~lO for the DO vari1tion with time at Station SA are 

the inverse of those shown for the tempe~ature (Fig. C-9). Again, the 

greatest fluctuation was at the 10 m. depth which is approximately in the 

thermocline. Slight variations in the tl1ermocline or the depth of the 



-44-

I· 

., ::.L 

L , •• 

• <,.j 

,L.'i 1 

! 

", ,... 
.,,~ 

. \: i 
I 
I 
I 

I 

I 
... i 

I 

I 
I 



I 
~I 

I 
I 



-46-

sampling probe even due to bobbing of the oat, could result in the rather 

wide variations in DO at this depth.· 

To evaluate the DO saturation, the me n temperature at each depth is 

shown with its corresponding DO saturation value. 

Mean D.O. Sat. Mean D.O. 
Depth,m Temp. °C mg/l mg/l % Sat. 

0.5 25 8.38 9.1 108 

5 22.5 8.75 9.3 106 

10 19 9.35 9.9 106 

15 12 10.83 10.4 96 

Thus the DO is slightly super-saturated in the epilimnion and is only 

slightly below saturation in the hypolimni n at Station 5A. 

The ortho-phosphate variation with at Station 5A shows an unex-

pected trend as depicted in Fig. C-l1. At all depths the trend was similar, 

being relatively high (in the order of 1.4 l'g/l starting at 1000) July 18 

and declining to or below the minimum dete table limit of 0.2 pg/l during 

the mid-afternoon of July 19 and then incr asing again to values of approx-

imately 1. 7 IIg/l by 1600 on July 20. This trend was quite unexpected, but 

due to the fact that all values at all dep hs followed the same pattern, it 

must be considered that this is a real var ation and not one due to either 

sampling or analytical error. These resul s did confirm one thing: that 

the sampling every three weeks is subject 0 the variations in phosphate 

concentrations as observed during this con entrated sampling period. It is 

not certain what the duration of this cycl may be, but it is possible that 

it is in the order of 48 hrs. It may be. s en that this cycle is greater 

than the normal fluctuations in phosphorus observed during other routine 

sampling periods. 
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The variations with time at Station 6 are shown in Figs. C-12 through 

C-14. The temperature variation is shown 'n Fig. C-12. The temperature 

variations were similar to those found at tation 5A with fluctuations 

reflecting the weather conditions. The 10 est temperature of the surface 

oc'curred at 0900 on July 19, and at 0100 0 ,July 20. The temperature at 

the 5 m. depth was 0.5 to 1°C cooler than t the surface, indicating more 

mixing at the surface at Station 6 than at Station SA. The relatively wide 

fluctuation in temperature at the 10 m. de th again may indicate the influ

ence of the thermocline which begins at ap roximately this depth. The tem

peratures at the 15 and 20 m. depths were ather consistent and cold. 

Fig. C-13 shows that there was consid rably more variation in DO with 

time at Station 6 than at Station SA. The lowest values generally occurred 

at all depths at 0200 on July 19 and at 04 0 on ,July 20. The one abnormally 

high value of DO at the 10 m. depth at 040 on July 20 probably should have 

been eliminated from the curve line for DO as it was for the temperature. 

This point seems to be quite out of line a d could be attributed to adverse 

conditions of sampling during dense fog at this hour of the morning. To 

add to this, the generator used for light n the boat failed during this 

night of sampling, apparently due to the e moisture content in the 

dense fog. Consistently, the highest valu s of DO occurred during the after

noon hours,. 

Due to the rather wide fluctuation in DO values, it is somewhat dif

ficult to evaluate the DO saturation at St tion 6. However, an attempt to 

do this is shown in the following table: 
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Mean D.O. Sat Mean D.O. 
Depth,m Temp. °C m /1 mg/l % Sat. 

0.5 25 8.38 9.2 110 

5 24 8.53 9.3 109 

10 20 9.17 9.7 106 

15 12 10.83 10.4 96 

20 9 11.59 I 10.7 92 

This indicates that the epilimnion is s~per-saturated and the hypolimnion is 

somewhat less than saturated with the 11west value of 92% saturation found 

at the 20 m. depth. J 
Phosphate variations with time aS~lhown in Fig. C-14, are quite similar 

to those at Station 5A (Fig. C-ll). Wi ~h the exception of one serie's of 

! 

samples at 1230 on July 19, which was i~ediatelY prior to a thunderstorm 

and during a period of high winds, the ,hosPhate concentration dipped to 

values at or below the minimum detectable limit from the period of 0800 to 

2200 on July 19. The first values, at 21200 ~n July 18, were approximately 

1. 4 pg/l and at 1600 on July 20, were approx~mately 1. 6 pg/1. These results 

confirm the cycle which was first apparer.t at Station SA. There appears to 

be a cycle of ortho-phosphate concentrat,ion which has a period of at least 

'+8 hrs., but whose maximum length cannojl be determined with the data avail-

able. I 

With the results of the 48 hr. ded continual sampling in hand, 

information was produced which indicate that another continual extended 

sampling was required. Variations were ade in this second extended con-

tinual sampling to take into account the observed shortcomings of the first 

sampling. The first change was to ue the sampling for a 72 hr. per-

iod. The main reason for this was to de ermine, if possible, the length of 

the phosphate cycle, assuming it may be ess than 72 hrs. The decision to 
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sample at only the 5 m. depth was made n the basis of the fact that there 

was very little change in phosphate con entration with depth at anyone 

particular station during any individua sampling period. In order to 

evaluate the conditions at a more highl enriched area, Station SA was re

placed with Station 1 at Tea Island. S ation 6 was retained both as a 

control from a less nutrified area and s a comparison with the previous 

extended continual sampling. In additi n to satisfying the research needs, 

this new sampling regimen was physicall capable of being conducted in both 

the field and the laboratory. In order to confirm that there was no sig

nificant variation in phosphate with de th, one sampling at the usual 5 m. 

depth interval was conducted and was co sidered to be a part of the regular 

sampling performed every three weeks. hus, by correlating the two types 

of sampling, a confirmation could be ma e of the assumptions under which 

this 72 hr. sampling was being conducte 

The temperature variation at Stati n 1 during this 72 hr. sampling is 

shown in Fig. C-15. It is interesting 0 note that the temperature is 2 to 

4 degrees cooler than during the 48 hr. sampling in July. The surface tem

perature reflects the general weather c nditions for the period in that it 

was sunny and warm during most of this ampling period. Therefore there is 

a general trend of increasing temperatu e over the 3-day period. Consis

tently, the lowest temperature occurred during the early morning hours and 

the highest during middle afternoon hou The temperature at the S m. 

depth was very similar to that at rface and was approximately only 

0.50C cooler than at the surface. Agai there was considerable variation· 

at the 10 m. depth due to the fact that it was still in a thermocline. It 

becomes evident that the thermocline ha maintained approximately the same 
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48 hr. sampling period 

at the 15 and 20 m. 

position over the period of five weeks ~etween the 

and the present sampling period. The t~mperatures 
depths were fairly constant at betweenr and 12°C. 

The variations of the DO at Statio 1 as shown in Fig. C~16 are some-

what unusual. In the epilirnnion low va ues generally occurred during the 

early morning hours with higher values uring the mid-afternoon. The values 

throughout the epilirnnion were quite si ilar on all three days. The lowest 

value observed during the night was 8.7 mg/l and the highest value observed 

during the day was 10 mg/I. The 15 and 20 m. depths represent the hypo lim-

nion which exhibited a DO content almos exactly the inverse of that in the 

epilimnion. Moreover, the values were onsiderably lower, unlike the values 

previously found at Station SA and 6. he highest values occurred during 

the early morning hours and the lowest lalues occurred during the middle of 

the afternoon. Since this occurrence w s repeated on all three days, it is 

considered to be a significant trend. he variation was also significant 

in that the lower values were 7 mg/l an the highest value 8.9 mg/l, a sig-

nificant variation. 

The DO saturation at Station 1 is hown in the following table. In 

the table, the high values and the low alues for each depth are taken re-

gardless of whether these occur at morn ng or afternoon time. 

Mean D.O. Sat .. D.O. m~/1 % Sat. 
Depth, m Temp. °C mg/l hi 10 hi 10 

0.5 22 8.83 10.0 9.0 113 102 

5 21 8.99 9.8 9.0 109 100 

10 17.5 9.64 9.7 B.8 101 91 

15 12 10.83 8.9 7.4 82 68 

20 10.5 11.20 8.7 7.0 78 63 
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It may be seen that in the surface and m. depths, the DO saturation is 

at or above 100% at all times, whereas t the 10 m. depth, it was varied 

between 91 and 101% saturation. At the 15 and 20 m. depths, the effects 

of the oxygen demand and the summer sta ation are beginning to take their 

toll with the lowest value of DO satura ion being 63% during the daytime 

of Aug·. 23 at the 20 m. depth. 

At Station 6 the temperature varia ion with time was somewhat similar 

to that at Station 1 as shown in Fig. C 17. The one major variation is 

that all of the water in the top 10 m. s in the epilimnion and the the:rmo~ 

cline is below this point. All values own to 10 m. were wi thin approxi-

mately 0.5°C of each other. There was he daily fluctuation of low in the 

morning and the high in the afternoond the overall 3-day trend of 

slightly increasing temperature with ti The 15 m. sample appeared to 

be below the thermocline although the v riation at this location indicates 

that it may be quite close to the therm cline. The temperature at the 

25 m. depth when it could be secured, r ged down to as low as 7°C. During 

this sampling period at Station 6, two samples were taken approximately one 

hour ap art. The first of these two samPlings showed results which were con

sistently lower than any other value an~ since there is another set of 

values obtained approximately one hour lrter, ~he earlier results are gen

erally ignored in plotting the points. rlith this. in mind, it appears gen

erally that fluctuations in temperature ·n the hypolimnion are directly 

inverse to those in the epilimnion in th t they are highest during the 

early morning sampling period and lowest during the mid-afternoon. 

There was considerable variation in DO content with time at Station 6 

as shown in Fig. C-18. Whereas at all d pths the curves follow. generally 
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the same shape, they are not consistent i having low values in the early 

morning hours. and high values in .the afte noon hours. This situation was 

observed during the Aug;. 22 and 23 sampU g. However, after a noticeable 

rise during the morning of Aug. 24, there was a sudden decrease in the DO 

content of all the samples in the epiUmn on during that afternoon, with 

most of the values reported being lower t an at any other time during the 

entire sampling period. Following this, e DO content increased to a peak 

during the early morning hours of Aug. 25 and another depression during 

that afternoon. No immediate explanation can be given for this apparent 

reverse of expected conditions. Generall speaking, the three samples in 

the hypolimnion exhibited a similar trend although with a higher DO con-

tent. There was one exception which occu red during the early morning 

hours of Aug. 24 during which time there. as a noticeable increase in the 

DO content prior to the low value common 0 all points during the mid-

afternoon of Aug. 24 and 25. 

With these variations, it is somewha difficult to evaluate the DO 

saturation, but an attempt at this is sho n in the following table: 

Mean D.O. Sat. D.O. m!j/l % Sat. 
DeEth, m Temp. °C m!j/l hi 10 hi 10 

0.5 22 8.83 9.5 8.4 108 95 

5 22 8.83 9.6 8.5 109 96 

10 21 8.99 9.6 8.1 107 90 

15 13 10.60 10.6 8.5 100 80 

20 11 11.08 10.6 8.6 96 78 

25 7 12.17 11.2 8.5 92 70 

It appears that in the epilimnion. the DO saturation varies from 90 to 108%. 

In the hypolimnion, the lowest % saturati n observed was 70 at the 25 m. 
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depth and the highest was just saturati n at the 15 m. depth. Whereas there 

is some depletion of the DO at the grea er depth, it is apparent that the DO 

saturation at Station 6 is appreciably reater than that at Station 1. 

By sampling at only the 5 m. depth, the correlation of the phosphate 

concentration with time at both Station 1 and 6 can be shown in the same 

graph (Fig. C-19). At both stations, t e same conditions were observed as 

found during the 48 hr. sampling in JU1~, in 

which the orthophosphate content drops Jelow 

that there is a period during 

the minimum detectable limit 

of 0.2 pg/l for a period of approximatel 12 hI'S. It appears that this may 

be a 48 hr. cycle. Whereas the period ring which the orthophosphate con-

centration is the lowest, coincides at th stations, the peaks of phosphate 

concentration are displaced by 12 to 18 ours. Due to the limited duration 

of this sampling period, the exact signi icance and/or reproducibility of 

this phenomenon is unknoh~ at the presen time. The maximum orthophosphate 

concentration at Station 1 was 1. 7 /lg/l that at Station 6 was 

1. 3 pg/l. 

The repetition of this 48 hr. orth cycle appears to confirm 

that such a condition actually does exis in Lake George. It may be seen 

that this cycle variation exceeds any di ferences in variation between the 

various sampling stations from south to orth in Lake George. Thus, any 

conclusions as to the actual phosphate c ncentration at any location in 

Lake George must consider this ctuation. A sufficient number of 

random samples would of course achieve average value which'would show 

any significant difference between the n rth and south basins; however, in-

sufficient samples have been taken at th s time to achieve such a statistical 

average. The causes and significance of this phosphate fluctuation are not 
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yet understood. It is obvious that add'tional studies over an extended 

period of time must be conducted in order to confirm this apparent cyclic 

nature of phosphate concentration. If 

increased efforts will have to be made 

cance in the ecosys tem. 

DISCUSSION 

~It is confirmed in future studies, 

ill order to determine its signifi-

The 1971-72 sampling period is Charrcterized by a reduced number of 

samples and a lack of completed analyticrl data. The lack of a large num

ber of samples was created by the lack 0 need for the results by the pri-

mary productivity group with a conccmit lack of physical help from this 

group to assist in the sampling procedu , and also from the lack of suf-

ficient personnel to perform the laborat ry analyses. 

However, the extended continual sam ling during 1972 indicates that 

possibly the missing data are not so sig ificant as might originally had 

been thought. The 48 hr. and 72 hr. ext nded sampling periods have shown 

a phosphorus cycle of approximately 48 h s. which varies by a factor of 10. 

If this fluctuation is real (and appears to be so) then batch type sampling 

every three weeks could result in variat'ons in phosphate content of the 

same order depending upon the time the s mples were secured. In order to 

get a sufficient number of samples to pr vide a significant statistical 

evaluation, many more samples would have to be secured than the routine 

every three weeks sampling. This does n t mean that the routine every three 

weeks sampling is a waste of time; thes values do show the approximate 

levels of nitrogen and phosphorus in the lake at the time of sampling. How-

ever, these values must not be treated a absolute values, but as the gen-

eral range in which the concentration of these nutrients occurs. The results 
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do indicate that no great reliance should be placed on the so-called annual 

trend in nutrient content due to the fact that insufficient samples have 

been taken during any year to provide a s tisfactory statistical evaluation. 

Nevertheless, approximate values for the utrient levels are indicated by 

the results. 

The results do confirm that in the f ture, additional efforts should 

be made toward expanding the extended con inual sampling procedure and 

using the periodic sampling for times whe the extended sampling cannot be 

conducted. This would be especially true during periods of ice cover and 

immediately after ice-out, at which there appears to be a critical period 

within the lake so far as algal productiv'ty is concerned. 

Yne total unfiltered phosphate in La e George showed no significant 

trends of variation with either depth or During the period covered 

by these analyses, the total phosphorus co centration remained below the 

critical value of 10 pg/l during the perio' from March 9 through May 17. 

Later in the summer however, the total soluble phosphate did exceed 

the 10 Mg/l value during several instances in the samples taken at the mid-

depth and bottom locations at Stations I, and 5. There were insufficient 

data available to evaluate any trends in t,e phosphorus concentration, either 

total or soluble, either during the course of the year or from one year to 

the next. 

There appears to be a general trend 0 buildup of nitrates under the 

ice cover. This decreases somewhat during the first month after ice-out 

and then decreases to a low value during t e warmer months. There was def

ini tely an increase in the nitrate content of the bottom samples at Station 

1 with lesser increases at the bottom of S ations 3 and 4. At Stations 5, 
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6, and 7, there was no significant difference between the nitrate-N content 

of the samples secured at any depth. 

The nitrate-N at all stations in L 

slightly greater in concentration 

from the 1970 data. Although the 

e George during 1971 appeared to be 

( 1) 
e previously reported values 

is slight, there may be some in-

dication of a trend toward an increased itrate content in Lake George. 

The level of nitrate is still quite low d does not represent an immediate 

hazard in Lake George. However, data fo amrrDnia nitrogen and organic ni-

trogen, which are a much more significan source of nitrogen to the biolog-

ieal system of Lake George, are not avai able at the present time. Without 

the results of the analyses of these oth r sources of nitrogen, no postula-

tion can be made of the effects upon pri ary productivity of this observed 

increase in nitrate content of Lake Geor e. 

At the present time, the results of the transects are inconclusive. 

As the data are placed in the computer d ta bank, they will be extracted 

and evaluated. The one observation was hat the DO at a location approxi-

mately off Tea Island at the 20 m. depth was only 76% of saturation on 

Aug. 25. This indicates deterioration 0 the DO content during the period 

of summer stratification. 

Significantly more useful data were obtained during the 48 hr. and 

72 hr. extended continual sampling. The differences between Stations 5 and 

6 were slight. However, significant dif erences were observed between 

Stations 1 and 6. Prime among these was the fact that the DO saturation 

reached a low of 63% at the 20 m. depth t Station 1 on Aug. 23. The lowest 

DO saturation at Station 6 at the same t me was 70% at the 25 m. depth. The 

DO saturation during the July sampling w s never less than 90% at any depth 
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reached at Station 5 or Station 6. The d fference in the DO saturation at 

Station 6 between the July and August sam ling represents the utilization 

of DO during the period of stratification 

The 48 hr. sampling study confirmed hat there is little significant 

difference in phosphorus concentration wi h depth in Lake George. Thus, 

considerable sampling and analytical time can be saved by making phosphorus 

analyses at a single depth. The 5 m. dep h was chosen as representative of 

all other depths. In order to reaffirm t is, occasional depth profiles must 

be secured. 

The most significant observation of he phosphorus data is the occur

rence of a cycle of phosphorus concentrat on which varies by a factor of 10 

over a period of approximately 48 hI's. e occurrence of this cycle raises 

questions as to the validity of the previ us phosphate analyses which were 

taken at random times. However, this doe not mean that the previous data 

are useless, merely that consideration of this phosphorus variation must be 

taken into account when evaluating any of the previous chemical data. 

The significance of this approximate y 48 hr. phosphorus cycle is not 

clear at the present time. It is possibl that this cycle is caused by a 

similar cycle in biological productivity tilizing the available phosphorus. 

On the other hand, one cannot at the pres nt time rule out the presence of 

some chemical cycle due to other factors ncluding physical factors in the 

lake. It is felt fairly certainly that t mperature and sunlight are not 

among the factors which cause this cycle. Weather conditions during the 

two periods in which this cycle was obser ed were sufficiently different 

that they could not have caused this cycl . The occurrence of this cycle 

on four different occasions on two differ nt days is considered sufficient tc 
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conclude that this cycle really does exst and is not the result of analyt-

ical variation. 

Another question which will have t be answered is whether or not this 

phosphorus cycle is typical of Lake Geo ge or occurs in other lakes. At 

this time, no information is available 0 the author as to the occurrence 

of such a cycle in any other lake. 

SUMMARY AND CONCLUSION 

During the summer of 1971, the totll soluble phosphorus content exceeded 

10 Ilg/1 on several occasions, particula ly at the bottom and occasionally at 

the mid-depth locations. Careful obser ation of the concomitant primary 

production during these periods of high hosphate content should be made. 

The nitrate content in the water 0 George increases during per-

iods of ice cover, decreases during the onth immediately following ice-out. 

and decreases to 

total content of 

a relatively low content during the summer months. The 

ni trate in Lake George during 1971 was approximately 1 to 

2 Ilg/1 greater than that during 1970. 

The data on the transects are inco lete at the present time. When 

the analyses are complete and the data filed in the computer for storage, 

further , analysis and interpretation may re made of the narrow spacial vari

ations of nitrogen and phosphorus in Lake George. 

Since there appears to be no signi)lcant variation in either phosphorus 

or nitrogen with depth, it is recommende that all future sampling for nutri-

ent content be made at the 5 m. depth wi h occasional depth profile sampling 

every 5 m. being made in order to confi this constancy of concentration 

with depth. 
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More extended continual sampling pro rams must be conducted in order 

to evaluate the existence and significanc of the 48 hr. phosphorus cycle. 

In order to meet the demand for anal of a greater number of samples 

over a concentrated period of time, addit'onal staff in the analytical 

laboratories will be required. 

• 
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