
, 

DISTRIBUTION OF METALS IN LAKE SEDIMENTS 

OF mE ADIRONDACK REGION OF NEW YORK STATE 

by 

Sherman L. Williams 
Donald B. Aulenbach 
Nicholas L. Clesceri 

Abstract 

Sediment cores were obtained from several lakes of the Adirondack 

Mountain Region of New York State and the concentrations of cadmium. cobalt. 

chromium. ·copper. nickel and zinc were measured at several levels in the 

sediments and the overlying water. The differences in metal concentrations 

are evaluated in respect to their location in the cores. the lithology of 

the lakes' drainage. basins. the geographic location of the lakes, and 

finally, the trophic states of the lakes. 

The results show that each of the above factors has an effect on one 

or more of the metals in the sediment.s with the trophic state of the lake 

showing the most consistent overall effect. 
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INTRODUCTION 

Studies were made of seven lakes in or n.,ar the Adirondack Park of 

upper New York State as shown in Figure 1. Saratoga Lake is the only laKe 

not located within the boundaries of the Adirondack Park, but this lake lies 

approximately 21 km (13 miles) from the boundary of the park and was in

cluded because considerable information is available concerning this lake. 

The lakes chosen exhibit various degrees of nutrient inputs and pollution, 

thereby presenting a wide variety of conditions under which the metals in 

the sediments can be compared. Lake Champlain is a very large lake and the 

only section of this lake ·included in the study is Ticonderoga Say. This 

area exhibits the influence of an industrial waste, specifically, the pro-

tracted discharge of lumber m~ll and paper manufacturing wastes which were 

placed into Ticonderoga Creek which £lows into this bay. The bay is not 

necessarily representative of the qua.lity of the major portion of Lake 

Champlain. 

Aside from Lake Champlain, the largest lake in the study is Lake George, 

with Saratoga Lake representing a relatively large lake. Lake George repre-

sents an oligotrophic lake whereas Saratoga Lake represtlnts a highly eutrophic 
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lRke. Witt, this wide variety of types and sizes of lakes, an attempt will 

be made to correlate the metals in the sediments with various lake para

meters. 

Geographical and Morphological Characteristics 

The geographical and morphological characteristics of the lakes studied 

are shown in Table 1. The lakes are listed in the tables in approximate 01'.](,1' 

of increasing trophic states. The most northerly lake is Bass Lake and the 

most southerly is Saratoga Lake. Bass Lake is at the highest elevation. 

The lower lakes include Lake George and Saratoga Lake and the lowest of all, 

Lake Champlain. Th~ shapes of the lakes are indicated by the length and width 

with Lake George being a relatively long thin lake and the other lakes of a 

more uniform length and width. The deepest lake is Lake George, both in 

. maximum and average depth. The shallowest lake is Lake of the Pines, with 

an average depth of,only 1.2 meters. Ticonderoga Bay in the area of interest 

is also very shallow. Lake George is the largest lake, remembering that only 

the area of Ticonderoga Bay is considered in the portion of the study of Lake 

Ch~plain. It is interesting to note that despite the fact that Lake George 

is the largest lake, Saratoga Lake has a greater drainage basin area. 

Ticonderoga Bay has the largest drainage basin area of the lakes studied; all 

of Lake George drains into Ticonderoga Bay. Also, in terms of ratio of the 

drainage basin area to thl" surface of the lake, Lake George has the lowest 

ratio. The ratio of the drainage basin area to the size of the lake is, an 

important factor ill considering the nutrient and metal inputs to a lake. The 

larger the drainage basin area, the greater is the opportunity to carry these 

dissolved and suspended materials into the lakJ. 

3 



TABLE 1 

GEOGRAPHICAL AND MORPHOLOGICAL CHARACTERISTICS OF LAKES STUDIED 

SURF. DRAIN- RATIO ELEV. AGE DRaINAGE 
m MAX. AVG. MAX. AVG. SURF. BASIN BASIN: APPROX. LATITUDE LONGITUDE ABOVE LENGTH WIDTH DEPTH DEPTH AREA AREA LAKE VOLUME ,. LAKE N W SEA LEVEL km -km km2 km2 m m SURFACE 106 m3 

LAKE GEORGE 43°50 '13" 73"25'50" . 97.2 51 2.3 58 18 114 492 4.3 2,100 

CRYSTAL LAKE 43°39' 73°44' 290.5 0.69 0.32 15.2 7.6 0.215 3.10 14.4 1.604 

SECOND LAKE 43°20' 73°50' 191.4 0.39 0.19 12 5.9 0.072 57.08 793 0.425 

BASS LAKE 44°34' 74°5' 526 0.463 0.10 7.01 3.05 0.046 0.605 13.2 0.141 

LAKE OF 43°40'40" 75°16'30" 375 0.550 0.25 6 1.2 0.139 13.8 99.3 0_166 .... THE PINES 

SARATOGA LAKE 43°06'10" 73°38'12" 62 7.2 2.4 29 8 15.6 544 34.9 125 

TI CONDEROGA BAY 43°50' 73°24' 29 0.81 0.42 
OF LAKE 

1.5 1 0.34 574 1,688 0.34 

CHAMPLAIN 

• 



Chemical Characteristics 

Representative chemical characteristics of the lakes studied are shown 

in Table 2. It must be remembered that the values in this table are in-

cluded to give a general evaluation of the lake quality. The individual 

parameters vary with the seasons and with depth; therefore, in many instances, . 

the actual results may be· somewhat misleading. Also, the results reported 

in this table for Ticonderoga Bay represent only a Single day of sampling. 

Lake George represents approximately seven years of study; although the 

results reported here are the mean values for 1973. Crystal Lake, Second 

Lake, Bass Lake, and Lake of the Pines are a part of a full year study being 

conducted by the Fresh Water Institute and the numbers represent mean values 

of approximately the first 9 months' results. Studies at Saratoga Lake have 

covered a period of two years and thus more data are available for calcu

lating mean values. 

The most acid lake encountered was Bass Lake with a mean pH over a period 

of a year of 4.74. In general, pH values at all lakes were higher during the 

period of summer stagnation due to the activity of the algae in utilizing 

carbon dioxide and raising the pH. Lake of the Pines and Second Lake may be 

considered slightly acid, whereas Crystal Lake is approximately neutral. 

Lake George and Saratoga Lake exhIbited alkaline conditions. The pH of 

Saratoga Lake· is influenced considerably by the prolific algal growths which 

occur during the summer months. 

The DO saturation in ~he epilimnion is controlled by wind and wave action 

as well as photosynthetic activity. Second. Lake, Bass Lake and Lake of the 

Pines exhibited 'Significant depletion of DO in the epUimnion. This may be 

caused by the very frequent cloudiness which was encountered during the per

iod of sampling.· The DO of 120% of saturation in the epilimnion of Saratoga 
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TABLE 2 

REPRESENTATIVE CHEMICAL CHARACTERISTICS Of·LAKESSTUDIED 

D.O. DURING SU~ER 
STRATIFICATION NH3-N TKN N03-N ORTHO TOTAL CHLOROPHYLL 

EPIUM. HYPOLIM. P P a 
LAKE .Jili.... % SAT'N % SAT'N. ug/1 !!9Ll ug/l Ug/l Ug/1 ug/l 

LAKE GEORGE 7.58 100 70 25 210 47 1.87 ,6.3 2.3 

CRYSTAL LAKE 6.90 100 30 35 260 24 1.56 11.3 2.2 

SECOND LAKE 6.77 90 10 48 229 72 2.l2 !l.ll .. 3.9 

BASS LAKE 4.74· 85 176 658 61 3.61 21.1 14.8 

LAKE OF THE 6.52 80 30 497 37 . 3.03 29.4 31.7 
PINES 

SARA TOGA LAKE 7.55 120 0 70 380 603 27.9 97.7 VERY HIGH 

TICONDEROGA BAY 100 37 550 107 2.0 32.5 HIGH .. 
OF LAKE 
CHAMPLAIN 
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Lake represents the algal bloom which occurs du:':'ing the summer. There is 

relatively little DO depletion in the hypoli~lion in Lake, George. There,i, 

a serious depletion of dissolved oxygen in the hypolimnion of Crystal Lake 

and a greater depletion in Second Lake. ~le to their shallowness, Bass Lake 

and Lake of the Pines do not have a hypolimnion, thus nohypolirnnetic DO re

sults are included. There is total depletion of di~solved oxygen during the 

summer below the thermocline in Saratoga Lake. Ticonderoga Bay itself is tou 

shallow for a thermocline. 

The various nitrogen and phosphorus concentrations within the individual 

lakes are also shown in Table 2. The 0nly lake which showed any significant 

ammonia content was Bass Lake. This value rna;r be high due to the limited 

dilution of this shallow lpKe. The total Kjeldahl nitrogen was highest in 

Bass Lake with relatively high values being observed in Ticonderoga Bay and 

Lake of the Pines. The highest nitrate content was found in Saratoga Lake. 

Crystal Lake and Lake George were low in nitrate content. With the exception 

of Ticonderoga Bay. the phosphate concentrations in the lakes increased eS:',>n

tially in the order of their listing on this table. It is these nutrient con

centrations which result from nutrient inputs which encourage greater biolog

ical productivity with a lake. 

Extensive chlorophyll a measurements were made, on four of the seven lakes 

in the Adirondack Park (Crystal Lake, Second Lake, Bass Lake and Lake of the 

Pines). However, general evaluati9ns of the chlorophyll levels in the other 

lake's were observed as indicated. The lowest biological productivity was 

found in Crystal Lake and Lake George and the highest in Saratoga Lake. 

Saratoga Lake exhibits an almos~ COI,stant bloom throughout the entire summer 

period. Furthermore, there are many rooted aquatic plants in Saratoga Lake. 
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Other physical and chemical parameters were measured but it was felt 

that these listed give a representative evaluation of the chemical qualities 

of each of the lakes studied. 

Metal Concentrations in Lake Water and Sediments 

Table 3 summarizes typical summer metal concentrations in the surface 

waters of the seven lakes investigated. Measurements were obtained by atomic 

absorption spectrometry after concentrating 2 liters of lake water acidified 

with redistilled HCl to SO ml by slow evaporation in a clean room. Two lo

cations were sampled in each lake with duplicate samples being taken for. 

each location. 

It can be noted from Table 3 that the cadmium concentrations in the lake 

waters were below the limit of detection in all but the most eutrophic lakes 

(Lake of the Pines, Saratoga Lake and Ticonderoga Bay). The highest cadmium 

values were found in the polluted Ticonderoga Bay. Water from this bay also 

showed the highest concentration of other metals with the exception of zinc. 

The oligotrophic lake (Lake George) exhibited the .highest level of zinc in. 

the lake water. These high levels have been consistently observed over sev

eral years and have also been noted in a small, undeveloped oligotrophic

mesotrophic lake (Jabe Pond) located in the Lake George drainage basin. The 

more acidic soft water lakes (Bass Lake, Second Lake and Lake of the Pines) 

also showed higher levels of zinc in their waters than the other higher pH 

lakes. Relatively large differences in zinc concentrations were also noted 

between the two locations in Lake George and Second Lake and Bass Lake. 

Copper appears slightly higher in Lake Geo:;ge and Second Lake while cobalt is 

slightly higher in the more eutrophic Lake of the Pines, Saratoga Lake and 

Ticonderoga Bay. Chromium and nickel show no trend except for their higher 

concentrations in the polluted waters of Ticonderoga Bay. 
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TABLE 3 

METAL'CONCENTRATIONS IN LAKE SURFACE WATER, SUMMER 1975 

(ug/1) 

Cd Co Cr Cu Ni 

LAKE GEORGE 
NORTH < 0.1 0.2 < 0.1 3.0 0.8 
SOUTH < 0.1 0.1 < 0.1 3.4 0.5 

CRYSTAL LAKE 
NORTH < 0.1 < 0.1 < 0.1 0.4 1.1 
SOUTH < 0.1 0.3 < 0.1 0.9 0.6 

SECOND LAKE 
NORTH 0.1 0.4 0.5 2.6 0.6 
SOUTH < 0.1 < 0.1 < 0.1 6.6 1.1 

BASS LAKE 
NORTH < 0.,1 < 0.1 0.4 2.0 0.5 
SOUTH < 0.1 < 0.1 < 0.1 0.2 0.6 

LAKE OF THE PINES 
NORTH 0.1 0.6 < 0.1 0.9 0.5 

SOUTH 0.1 0 • .6 < 0.1 0.2 0.8 

SARA TOGA LAKE 
NORTH 0.2 0.5 0.3 1.8 0.4 

SOUTH 0.1 0.7 , 0.2 2.2 0.7 

TICONDEROGA BAY 
OF LAKE CHAMPLAIN, 

NORTH 0.5 1.3 2.3 2.6 14.8 

SOUTH 1.1 0.8 1.2 3.1 12.2 
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Zn 

41.8 
32.7 

3.8 
2.9 

12.1 
3.6 

12.3 
5.9 

6.5 
4.7 

O,,:i 
1.1 

< 0.2 
< 0.3 



Table 4 lists the concentration of acid extractable metals in the sur-

face sediments obtained from the top horizon of a 0.5 meter sediment core. 

and in the sediments at the bottom horizon of this core. Sediment cores were 

taken with SCUBA in 7.6 em diameter clear plastic tubes. Approximately 10 r: 

of the sediments. after drying, 'representing 5 em horizons along the core 

were weighed and extracted with a hydrochloric-sulfuric acid mixture2 and the 

metals analyzed in the extract 'by atomic absorption. Multiple extractions 

were performed to insure r~oval of all extractable metals. Duplicate sedi

ment cores were taken at each location from which water samples were secured 

and similar equivalent horizons of each core extracted and the metals measured. 

The highest cadmium levels in the surface sediments are found in Lake 

George. Second Lake. Saratoga Lake and Ticonderoga Bay with evidence in most 

cases of increasing levels of cadmium in the surface sediments as compared to 

the underlying sediments. These lakes are also the most easterly of the lakes 

investigated with a significant portion of their rainfall carried up ,the 

Hudson River Valley from the south. The sediments of polluted Ticonderoga Bay. 

in addition to having, the highest cadmium content. have the highest levels of 

chromium and zinc. If this polluted bay is excluded. the more oligotrophic 

lakes (Lake George, Crystal Lake. and Second Lake) show significantly highc~ 

levels of zinc in the surface sediments than do more eutrophic lakes. Second 

Lake and Lake George both consistently have higher concentrations of zinc in 

their surface sediments than in the uiiderlying sediments. while in Crystal ,L'ake 

this is not the case. Bass Lake and Lake of the Pines also show slightly 

higher zinc concentrations in their surface sediments even though the absolute 

concentrations are low. The more oiigotro;,>hic lakes (Lake George and Crystal 

Lake) generally have higher copper concentrations in their surface sediments 

than do the other lakes. The nickel in the surface sediments of Lake George 
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TAdLE ·4 

, ACID EXTRACTABLE ~ETAL CONTENT ]N LAKE SEDIMENTS 
(ug/!) SEDHiENT) 

• 

Cd Co -k_ Cu Ni _?!L 
LAKE GEORGE 

5* NCRTH 0.3 0:5 0.5 0.7 1.8 10 .. 7 
B* < 0.1 < 0.1 0.2 0.6 0.4 ~, .. -. , 

SOUTH 5 0.3 1.9 0.4 2.1 2.9 19.9 
B 0.2 1.9 0.3 0.7 2.3 16.1 

CRYSTAL LAKE 
NORTH 5 0.1 < O. 1 0.2 0.4 0.3 5.2 

B 0.1 0.4 0.7 1.7 0.8 8.6 
SOUTH S < 0.1 0.1 < 0.1 1.5 0.3 11.6 

B < 0.1 < 0.1 0.3 1.4 0.1 10.9 

SECOND LAKE 
Im:UH S 0' .. , 1.'1 0.5 . 0.1 0.7 37.3 

B 0.1 < 0.1 0.3 0.1 0.3 1.4 
SOUTH S 0.2 0.2 1.3 0.3 0.5 12.9 

B 0.2. 0.3 103 0.2 0.3 2.4 

BASS LAKE 
NORTH S < 0.1 0.1 0.2 0.1 0.2 1.7 

B < O. 1 0.1 • < 0.1 0.1 0.3 1.0 
SOUTH S 0.2 0.2 0.2 0.1 0.5 5.7 

B 0.2 0 •. 3 0.4 0.1 0.8 2.4 

'.AKE OF THE PINES 
NORTH (#3,4) S 0.1 0.3 . 0.3 0.2 1.1 2.9 

B < 0.1 0.2 .' 0.4 0.1 0.5 1. B 

SOUTH (8,9) S < 0.1 0.2 0.5 0.4 0.8 <, G 
B < O. 1 < 0.1 0.8 O. l' 0.4 . " r 

( .':". 

SARATOGA LAKE 
NORTH S 0.3 0.8 0.5 0.4 1.2 5.0 

B 0.1 G,r, 0.4 1.2 0.5 4 •. 3 
SOUTH S 0.2 LO 0.4 0.1 0.8 2.3 

B 0.1 1.1 0.8 2.0 2.9 7.9. 

TICONDEROGA BAY 
OF LAKE CHAMPLAIN 

NORTH S 0.4 0.9 56.3 0.3 2.9 78~7 

• SOUTH S 0.4 0.4 72.5 0.3 5.0 53.2 

* S = SURFACE HORIZON OF SEDIMENT CORE 
B = BOTTOM HORIZON OF SEDIMtNT CORE 
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is also higher than in the other lakes with the exception of Ticonderoga Bay. 

No particular trend is shown by either chromium or cobalt in the lake sedi-

mentsother than the high chromium concentration in Ticonderoga Bay sediments. 

DISCUSSION 

The concentrations of metals in the various Adirondack lakes are gener-

ally similar to the levels reported by other investigators for lakes of 5illl

ilar hardness and/or trophic state. For example, the lakes of northeastern 

Minnesota are very similar to Lake George and Bass Lake in' that they lie in 

Precambrian bedrock, have only a thin soil cover and are surrounded by mixed 

coniferous-deciduous forests. Most, of them have less anthropogenic influence 

than Lake George., BrightS studied these lakes intensively. He reports me,an 

,dissolved metal concentrations in these lakes of 6.2 ug/l Cu and 11.6 ug/1 Zn 

as well as values for iron and manganese. Hagen and Langeland4 report dis-

solved concentrations of 15 ug/l Zn and 10 ug/l Cu and a pH of 6.2 in Lake 

Flovatn, an oligotrophic Precambrian bedrock lake, in southern, Norway. Weiler 

'and ChawlaS report a mean concentration of 12 ug/1 Cu and 27 ug/l Zn in oligo

trophic Lake Superior. The factors affecting the concentrations of metals in , 

lakes of varying hardness and trophic state are discussed in more detail by 

Williams et aLL ---
Other investigators have also generally found lower concentrations of ' 

metals in the surface waters of mesotrophic-eutrophic lakes in limestone or 

sedimentary basins. Bright3,for example, found average concentrations of 

'copper and zinc to be 3.6 and 7.3 ug/l, respectively, in the surface waters 

of deciduous forest lakes with harder waters, and only 3.7 ug/l for both Cu 

and Zn in the harder water, more eutrophic prairie lakes, as compared with 

the values listed above for granitic basin lakes. 
, 6 
Kubota,~ al. reported 
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mean concentrations O. 6 ug/l Cu and 2.17 ug/l Zn in mesotrophic Ca~a Lake. 

These values are comparable to those fund in Crystal Lake, and Lake of the 

Pines. 

The high metal levels noted in the surface waters of polluted Ticonderoga Bay 

were similar to those reported by Chau ~ a1 7 for the regions of Lake .Ontario 

experiencing industrial pollution. Chau.!!! al reported concentrations of 

copper of 10 to 14 ug/l occurring in the regions .of industrial pollution in 

the western and northeastern part of Lake Ontario as compared to concentrations 

of 1 to 4 ug/l in the central part of the lake. Zinc was more variable than 

copper but showed the !lighest values in the region of industrial development, 

i.e_SO ug/l in the western region and 20 to 30 ug/l in the eastern region. 

The zinc in most of the lake was below 5 ug/l. The nickel concentrations in 

the lake were 'generallY between I and 3 ug/l with the highest concentrations 

of 8.5 ug/l near Hamilton. Similar high local concentrations of metals have 

been seen in Lake Erie and in certain portions of Lake Michigan where the ' 

high levels have also been related to industrial pollution. 

The enrichment of zinc and copper as well as certain other metals in the 

surface sediments of most of the lakes investigated is in agreement with the 

findings of Shimp.§.!; a18 in Lake Michigan sediments and of Schoettle and 

Friedman9 in the sediments of the southern part of' Lake George. These incre&.'es 
, 

are universally attributed to anthropogenic influences. No consistent rela-

tionship was noted in this work between the average metal concentrations in 

the overlying waters and in the sediments. except for the case of Ticonderoga 

Bay where there was a positive relationship with all of the metals except zinc .• 

The. zinc concentrations in the W'iter were very low while the zinc in the sedi- . 

ments was high, demostrating the effect of hardness and algal growth in lillli-

ting dissolved zinc levels in the surface waters. 
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SUMMARY 

There is no direct relation b<3tween metah in general in a lake 

and the trophic state. of that ;.ak~. ){owt!'vel', tl,exe de. s.eem to be rela" 

tionst>etweenspecific metal" an,} the tropfde shtss of the lakes 5 tudied. 

Although complete data are not ,wailahle, U:tll'tl. is an indication that 

hardnes .. plays an importantpal't ie thil;>, c~.clmium, cobalt,aml. chromium gene

rally showed an incl'ease with trophic sta.tes.r;mging r:i:om oU-gotrophic: to 

eut:::ophie, whereas zinc, with the exception of· Ticonderoga nay, sxhibited 

lower concentrations wi. th tl).i$. trend in trophic 5 tates, Excluding ncondt.,"()ga 

Bay, there were lIO trends in the copper and nickel concentrations in the lllk~s 

studied. Are.a:!, S'lCh?s Ticonderoga Bay, subj ect to pollution frNll industrial 

wastes llIay show varyinfl concentrati.ons of metals in both the overlying waters 

and the sediments depending upon the metals discharged in the wastes, In 

gene .. al the surface of the sediments indicated higher concentrations of all 

metals than approx, C!. Sm deep wi thin the sediments, .suggesting an incl'ease 

in sedimentation of the metals over a period of years. 
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