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EXECUTIVE SUMMARY 

The Inshore Chemical Monitoring Program was instituted in 1986 

and designed to evaluate near-shore water quality and quantify the 

effects of various land uses on near-shore water chemistry. 

Sampling locations were selected to be representative of predominant 

land uses in the basin; including areas with high human population 

density, high density commercial usage, marina operations, and 

little or no human impact. 

Results from this program have shown that inshore waters have 

higher levels of orthophosphorus and total phosphorus than mid-lake 

sites. Soluble silica concentrations were less at inshore sites 

while other nutrient levels (nitrogeneous compounds) were generally 

comparable to offshore levels. Sites with human activity were 

significantly higher in specific conductance, total phosphorus and 

nitrate concentration than sites in undeveloped areas. Marinas 

produced the highest concentrations of total phosphorus, however 

results were not significantly different from other sites with 

moderate human activity. Differences in nutrient levels were 

attributed to resuspension from the sediments in the shallow water 

areas where the sampling sites were located and increased impact 

from terrestrial runoff. 

iii 
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INTRODUCTION 

The sources of the elevated levels of nutrients in the southern 

basin of Lake George have been the subject of a number of studies 

(Gibble, 1974; Ferris and Clesceri, 1975; Au1enbach, 1979; Wood 

and Fuhs, 1979; Sutherland ~ al., 1983; and Dillon, 1983). Although 

estimates vary on the precise amounts of nutrient loading from 

various sources, all investigators agree that atmospheric deposition 

(rain, snow, and dryfall) and surface runoff are the major sources 

of nitrogen and phosphorus to the lake. The Lake George Chemical 

Monitoring Program was instituted in 1980 to document any long term 

changes in nutrient dynamics. The nine years of data collection 

indicate stable levels of the principle plant nutrients (nitrogen 

and phosphorus) in the open waters of the lake. Low levels of 

dissolved oxygen in the deeper water of the South Basin over the 

last few years however, may be a signal of impending change. This 

observation, coupled with results from the Coliform Monitoring 

Program, strongly suggests the need for more intensive study of 

the inshore waters to detect changes in nutrient levels at an 

earlier stage. 

During the winter of 1985 - 1986, data generated by the Lake 

George Chemical and Coliform Monitoring Programs over the previous 

six years were reviewed to assess the ability of these programs to 

monitor and protect the "health" of Lake George. Although long-term 

goals were being met by the scope of present programs, there was 

a desire to document short-term chemical effects of human activities 

(e.g., nutrient additions such as nitrogen, silica and phosphorus) 



2 

along the lake shore as well as to compliment coliform data 

collected by the Fresh Water Institute (Eichler and Boylen, 1985a, 

1986a). These discussions resulted in the formulation of a 

near-shore chemical monitoring effort. 

The Inshore Chemical Monitoring Program was instituted in 1986 

and designed to evaluate near-shore water quality and quantify the 

effects of various land uses on near-shore water chemistry. 

Sampling locations were selected to be representative of predominant 

land uses in the basin; including areas with high human population 

density, high density commercial usage, marina operations, and 

little or no human impact. Samples were collected in water depths 

of one meter or less to maximize the ability to detect shoreline 

inputs and reduce the effects of dilution. A fixed time interval 

sampling schedule, which provided an assessment of "ambient" 

chemical water quality, was selected for use in the initial years 

of this program. 

Although precipitation event-based sampling is generally 

considered a more effective method for observing rapid changes in 

nutrient concentrations associated with surface runoff, a much 

larger committment of staff and equipment was required than was 

available. Event-based sampling, at least on a small scale, may 

be used in future years if deemed appropriate. 

During 1986, inshore sites in the North Basin were found to 

be different chemically from sites with comparable land uses in 
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the South Basin (Eichler and Boylen, 1988a). Differences in the 

concentrations of various chemical constituents, notably phosphorus 

and nitrogen compounds, in the surface waters of the two basins 

of Lake George have been reported in depth (Long ~ al., 1981; 1982; 

Eichler et al., 1984; Eichler and Boylen, 1985b; 1986b; 1987; 

1988a). These between-basin differences were found to make 

interpretation of results from various shoreline land uses 

difficult. In order to reduce between-basin effects, the sampling 

program was moved to a geographically restricted area (Bolton Bay) 

in 1987. 
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SAMPLING SITES AND METHODS 

Eight sampling sites were selected to be representative of 

predominant land uses in the South Basin. Those included areas 

with: high human population density, high density commercial usage, 

marina operations, little or no human impact. The sites are 

characterized by adjacent land use and are described in Table 1. 

Figure 1 is a map of Huddle Bay pinpointing the sampling sites (see 

Appendix 2). Where possible, sampling sites were located in areas 

adjacent to the open water sites used in the Lake George Chemical 

Monitoring Program (Eichler and Boylen, 1988a). 

At each site, two stations were established; one where water 

depth was 0.5 meters and a second where the depth was 1.0 meter. 

Sites were sampled biweekly from June 14 through October 11, 1988. 

This time interval coincides with the period of summer 

stratification of Lake George. At each site, surface grab samples 

were collected for analysis of pH, conductivity, chloride, silica, 

chlorophyll ~, calcium, nitrate, ammonia, total phosphorus, total 

filterable phosphorus, and orthophosphorus. Sample preparation and 

analytical techniques have been discussed at length in previous 

reports (Eichler and Boylen, 1986b). A list of analytical 

techniques employed in this study is included as Appendix 1. 
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Table 1. Sampling Site Namea and Locations. All sites are 
located in the Town of Bolton. 

Site Name 
Bolton Landing 

Sweetbriar Bay 

East Huddle Bay 

Stewart Brook 

West Huddle Bay 

Hiawatha Bayl 

Green Island 

Clay Island 

~ 
C,HD 
MARINA 

C, HD 
MARINA 

R, HD 

R, HD 

C, MD 

C, MD 

U 

R, LD 

Location 
West shore of Bolton Bay, 250 
meters south of the Green Island 
Bridge. Adjacendt to a marina 
operation with high density 
commercial uses. 

West shore of the bay on the 
property line of a marina and a 
restaurant. Moderate sized paved 
areas drain into the lake in this 
area. 

East shore of Huddle Bay, 200 
meters north of the southeast corner 
of the bay. A vegetated zone (lawn 
and trees) is maintained along the 
shoreline. 

West shore of Bolton Bay, 150 
meters south of the Town of Bolton 
Pier. An area of moderate to high 
residential development. 

West shore of Huddle Bay, 50 meters 
north of the mouth of Huddle Bay 
Brook. Moderate commercial (motels) 
and residential use. 

West shore of Bolton Bay, in a 
small bay with moderate commercial 
use (motels). A shallow slope 
and large lawn areas. 

West shore of Green Island approx­
imately 100 meters north of the DEC 
facility. This section of the island 
a maintained trail system but no 
habitation. 

Northwest tip of the island. 
Relatively undisturbed land with 
a flat slope and no vehicular 
traffic. 

R = Residential; C = Commercial; HD = High Density; U = Undeveloped 
MD = Moderate Density; LD = Low Density 

1 This site corresponds to the West Bolton Bay site reported in 
Eichler and Boylen, 1988b. 
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RESULTS 

The past year was marked by below average amounts of 

precipitation in the spring of the year (Figure 2)*. Above average 

precipitation was recorded in both July and August with single storm 

events contributing a substantial portion of each month's rainfall 

(NOAA, 1988). A single storm, occurring between July 19 and 

21, generated 3.29 inches of rain or 56% of the total monthly 

precipitation. A similar occurrence on August 28 and 29 produced 

3.66 inches of rain or 54% of the total monthly precipitation. 

PreCipitation in September and October was substantially below 

normal with a 63% deficit in September and a 35% deficit in October. 

The pH results for all inshore samples were near neutral 

(pH = 7). Values ranged from a low of 7.16 at the Bolton Landing 0.5 

meter site to a high of 7.81 found at the Clay Island 1.0 meter 

site (Appendix 3). The mean pH for each of the 0.5 meter sites 

was comparable to the mean pH for their associated 1.0 meter sites. 

The samples from marina sites (Bolton Landing and Sweetbriar Bay) 

and the West Huddle Bay commercial site (means of 7.44 and 7.45, 

respectively) were somewhat lower in pH than other inshore sites 

(mean of 7.55). Results for pH were found to differ significantly 

(P < 0.001) between sampling sites and sampling dates. Seasonal 

trends however, were not apparent. The pH values for inshore 

sampling sites were not substantially different from those reported 

for adjacent offshore sites (Eichler and Boylen, 1989). 

* All Figures are included as Appendix 2. 
Appendix 3. 

Tables are included as 



Conductivity results ranged from 92 to 126 umhos (Appendix 

3 and Figure 3). The marina sites, Bolton Landing and Sweet briar 

Bay, generally had higher conductivity results (mean = 102 umhos) 

than other sites with the exception of the Clay Island 0.5 meters 

site (mean = 100.2 umhos). A single conductivity of 126.0 umhos 
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at the Clay Island 0.5 meter site on July 12th however, may have 

unduly biased this result, since neglecting this one value reduced 

the mean for this site to a level comparable to other non-marina 

sites (96.5 umhos). Marina sites however, were found to differ 

significantly (P <0.001) from other sites. The Sweetbriar Bay 1.0 

meter site in routinely displayed the highest conductivity values. 

The specific conductance of samples from inshore sites was slightly 

higher than for comparable offshore sites. 

Chloride concentrations were highest at the Sweet briar Bay 

0.5 and 1.0 meter sites (range 7.4 - 9.5 ppm Cl). High chloride 

concentrations were generally observed in samples collected on 

July 12th. Marina sites produced the greatest mean chloride 

concentration, 8.2 ppm, while commercial and undeveloped sites 

shared a comparably low mean chloride concentrations, 7.8 ppm. 

Residential sites were intermediate with a mean of 8.0 ppm. 

Nitrate and ammonia concentrations (Appendix 3 and Figures 

5 and 6) were routinely below the limit of detection for our 

laboratory (0.01 mg Nil). Early in the sampling season (June 

14th) detectable levels of nitrate were present at most sites 

adjacent to developed areas (range 0.01 to 0.14 mg Nil). 
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Measureable concentrations of nitrate were not observed at sites 

without development. Ammonia concentrations at inshore sites were 

only rarely above the detection limit of our laboratory with a maximum 

level of 0.02 mg Nil found in six samples. The commercial site 

at West Huddle Bay was the only site to routinely have measureable 

concentrations of both nitrate (mean 0.03 mg Nil) and ammonia (mean 

0.01 mg Nil). 

Concentrations of Total Phosphorus (TP) were highest at the 

sites in developed areas (Appendix 3 and Figure 7). TP 

concentrations in samples from inshore waters ranged from 3 to 50 

ug P/I. The marina site at Bolton Landing, 1.0 meter, produced 

the highest single (50 ug P/I) and mean (11.3 ug P/I) TP 

concentrations. Removal of the single excessively high value 

yielded a mean of 5.7 ug PII which is within the range of other 

developed sites. With the exception of Bolton Landing and West 

Huddle Bay, the 1.0 meter sites had TP concentrations which 

were comparable to results from the adjacent deeper water (0-2 m 

and 0-10 m) sites in the Offshore Chemical Monitoring Program 

(Eichler and Boylen, 1989). 

A wide range of TP concentrations were observed in inshore 

samples when compared to offshore results for similar areas. 

However, most 0.5 meter sites had higher TP concentrations than 

either the associated 1.0 meter sites or nearby deeper water sites. 

The 0.5 meter site at Clay Island (mean = 4.3 ug P/I) had the lowest 

average TP concentration. The 0.5 and 1.0 m sites at Green Island 



also had low mean concentrations of TP (4.8 and 4.5 ug P/1, 

respectively). Both Green Island and Clay Island sites are 

relatively undeveloped areas. 
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Total Filterable Phosphorus (TFP) concentrations were highest 

at the West Huddle Bay 0.5 and 1.0 meter sites followed by 

Sweetbriar Bay and Bolton Landing (Appendix 3 and Figure 8). TFP 

concentrations at all sites ranged from 2 to 10 ug P/l with a median 

value of 2 ug P/l. Highest TFP values were recorded on June 14th. 

Sample results for all other dates were substantially lower in TFP 

concentration. Differences in TFP concentrations between shoreline 

uses were not found to be statistically significant. With the 

exception of West Huddle Bay, TFP concentrations at inshore sites 

were comparable to offshore sites. 

Orthophosphorus (OP) concentrations (Appendix 3 and Figure 9) 

at all sites were near the detection limit of our laboratory (1.0 

ug P/l). Unlike open water areas of Lake George, mean 

concentrations of OP were above 1.0 ug P/l at all sites. Maximum OP 

concentrations were observed at the West Huddle Bay 0.5 meter site, 

with a range from less than 1 to 4 ug P/l. The 0.5 meter sites 

generally exhibited greater concentrations of OP than their 

associated 1.0 m sites, although differences were not large. 

Differences in OP concentrations between shoreline uses were not 

found to be statistically significant. 

Concentrations of soluble reactive silica ranged from 0.76 

to 1.99 mg Si/1 through the period of sampling, and were similar at 
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the 0.5 and 1.0 m sites at all locations (Appendix 3). Highest 

average silica concentrations were observed at the West Huddle Bay 

site, 1.17 mg Sill (Figure 10). Samples from the East Huddle Bay 

site also contained soluble reactive silica concentrations slightly 

higher than other sites, with mean concentrations of 0.88 and 0.86 

mg Sill for the 0.5 and 1.0 meter stations, respectively. Mean silica 

concentrations for all other sites ranged between 0.82 and 0.84 

mg Sill. Silica concentrations in inshore samples were generally less 

than in adjacent offshore sampling sites with the exception of West 

Huddle Bay. 

Calcium concentrations were variable between sites (Appendix 

3). The greatest mean calcium concentrations were found at the 

0.5 meter station at Bolton Landing (10.6 mg Call). The 0.5 meter 

stations generally had higher calcium concentrations than their 

related 1.0 m stations (Figure 11). Calcium concentrations 

generally increased over the sampling season. 

Concentrations of chlorophyll a were highly variable and 

differences were not statistically significant between dates or 

between sites (Appendix 3). The low levels of chlorophyll ~ present 

in the samples (range 0.5 to 3.1 ug chl~/l) coupled with the 

variability of the data, makes any discussion of trends highly 

speculative. 
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DISCUSSION 

Sampling strategy and frequency appears to be adequate for 

the original program goals, however, a comparison of event based 

versus fixed interval sampling may be considered in future studies. 

Runoff event based sampling is timed to precipitation or rapid snow 

melt episodes when large amounts of runoff occur. Precipitation 

and runoff are major sources of nutrients to Lake George. Rapid 

changes in water chemistry (Singer ~ al., 1981; Sutherland ~ al., 

1983) and bacterial abundance (Eichler ~ al., 1987; 1988) of 

tributaries to Lake George following precipitation events have been 

observed. These changes were generally of short duration (24 to 

48 hours), indicating that they may not be detected by a fixed 

interval sampling program. High intensity recreational use such 

as that occuring on holiday weekends, may also cause substantial 

short term perturbations of near shore water chemistry. The impact 

of this type of activity should also be considered in event based 

sampling. 

A comparison of major precipitation events and sampling dates 

indicates that sampling during this study generally occurred shortly 

before a major rainfall with a lapse of 4 to 13 days before a 

subsequent sampling. The lack of any consistent trends in nearshore 

nutrient chemistry relative to major rainfall events and subsequent 

runoff may dictate the need for event based sampling. Significant 
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differences in nutrient concentrations in inshore waters between 

sampling dates were seen, but these differences were not correlated 

to precipitation events. The inability of this study to correlate 

changes in nutrient concentrations in nearshore waters to major 

precipitation events (Figures 11 and 12) is in all probability due 

to the sampling regime rather than the lack of occurrence of this 

phenomena. 

Inshore sampling sites were found to have higher levels of 

orthophosphorus and total phosphorus than found at offshore sites. 

Soluble silica concentrations were lower at inshore sites while 

levels of nitrate exceeded offshore concentrations during the spring 

of the year, but declined to comparable levels as the summer 

progressed. 

With the exception of nitrate, no seasonal trends in the 

measured parameters were observed. Early summer (June) 

concentrations of nitrate at inshore sites were higher than at 

adjacent offshore sites. Measureable nitrate concentrations have 

been characteristic of spring (pre-summer stratification) conditions 

in offshore waters, and has been generally attributed to runoff 

from snowmelt (Eichler and Boylen, 1986b; 1987; 1988). Johannes 

~ al. (1982) reported seasonal differences in nitrate 

concentrations of precipitation, with snow exhibiting greater 

concentrations of nitrate. Meltwaters derived from snowpack also 

contained substantial amounts of nitrate (Singer et al., 1981). 

During major snowmelt episodes, frozen soils allow the bulk of 



me1twaters to run off directly into streams or lakes without the 

benefit of nutrient removal generally associated with percolation 

through soil layers. 
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Runoff from the terrestrial portion of the lake's basin has 

been shown to account for a major fraction of the entire phosphorous 

budget of the lake (Sutherland ~ a1., 1983; Dillon, 1983). The 

nearshore areas receive the most concentrated runoff of phosphorous 

via both diffuse overland flow and concentrated flow from streams 

and stormwater drains. Dilution of this runoff by the inshore 

waters, sedimentation of particulate materials, and uptake of 

nutrients by the plant and animal communities of the lake, 

substantially reduce or alter the concentrations of nutrients in 

the water column. This process appears to occur rapidly with changes 

in nutrient concentrations of nearshore waters returning to 

"ambient" levels within several days of a major precipitation and 

runoff episode. 

Silica is derived principally from erosion in the terrestia1 

portion of the basin or from resuspension of lake sediments. Thus, 

higher levels would be expected near shore. Soluble reactive silica 

concentrations at the inshore sampling sites were generally less 

than nearby deeper water (0-2 m) locations. The commercial site 

at West Huddle Bay was an exception, in that the impact of a nearby 

stream on this site may account for the increased loading. The 

principle mechanism for soluble silica removal from the water column 

is through incorporation into the frustu1es (siliceous coating) 
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of diatoms. Whether the diatom populations and/or growth in inshore 

waters are substantially greater than those of adjacent deeper 

waters was not a part of this study, but this question should be 

pursued as a basic part of understanding nutrient flux in the lake. 

Significant differences were observed between sites with some 

form of development and those characterized as undeveloped. The 

principle differences were in pH, specific conductance and the 

concentrations of nitrate (Figure 13) and TP (Figure 14). Marina 

sites displayed lower pH and higher specific conductance than other 

sites. Concentrations of nitrate and TP were also higher at the 

marina sites than other inshore sites with the exception of the 

commercial site at West Huddle Bay. Elevated nutrients levels at 

marina sites could be caused in two ways; through resuspension from 

bottom sediments due to intensive recreational activities in these 

areas and/or enhanced stormwater runoff effects from reduced 

percolation of these waters into the ground. Resuspension of 

nutrients from bottom sediments due to recreational boat traffic 

has been reported (Yousef ~ al., 1980). The intensity of boat 

traffic within the environs of a marina would maximize the input 

of nutrients from this source. At marinas, limited percolation 

of runoff waters into the ground is caused by a predominance of 

impermeable surfaces, such as roofs and pavement, extending to the 

water's edge. Impermeable surfaces accelerate runoff and restrict 

infiltration, thus bypassing natural filtration by soils and 

vegetation. 

Other developed areas characterized as commercial or 



residential produced nearshore TP concentrations substantially 

higher than undeveloped areas (Figure 14), however concentrations 
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of TFP and OP were not significantly different between land uses. 

Thus, differences observed in total phosphorous concentrations in 

nearshore waters are attributable to phosphorus present in a 

particulate form. If these particulates are terrestrially derived, 

vegetative cover can be used as a "green belt" along the shore of 

the lake, acting as a fairly effective filter to remove particulates 

by slowing the flow of runoff waters. 

The commercial site at West Huddle Bay had high levels of 

nutrients, particularly silica. This site, sheltered by a number 

of docks which limited water circulation, had an abundant growth 

of aquatic plants. Lack of circulation coupled with aquatic plant 

nutrient uptake from the sediments may have accounted for elevated 

nutrient levels observed at this site. The presence of Huddle Bay 

Brook's outlet close by may have also affected nutrient levels, 

though the flow appeared to be diverted by the docks. The impact 

of this brook on nearshore water chemistry may be substantial given 

the history of bacterial and chemical contamination attributed 

to failing septic systems along its course (Eichler ~ al., 1987; 

1988). The elevated levels of nutrients and silica found are 

characteristic of streams draining into Lake George (Wood and Fuhs, 

1973; Sutherland et al., 1983; Eichler and Boylen, 1988; 1989). 

Therefore, this site's major controlling factor may be the proximity 

to Huddle Bay Brook and not adjacent land uses. 
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Ion concentrations at inshore sampling sites ranged more widely 

than at the adjacent deeper water locations. This phenomena was 

expected since previous investigators (Singer ~ al., 1981; 

Sutherland et al., 1983) have reported large shifts in concentration 

of a number of ions in streams and other shoreline drainage systems 

related to precipitation, surface runoff, and land use activities. 

Dilution of these inputs by the large volume of the lake tends to 

mediate long term changes in nutrient concentrations in the open 

waters. 

The results of this program indicate that elevated levels of 

nutrients coupled with lower pH are characteristic of the sampling 

sites with some form of development when compared to undeveloped 

areas. Since both marina sites are near a main highway (Route 9N), 

highway runoff may also be contributing to nutrient and salt levels 

at these sites. One of the two moderate density commercial sites, 

West Huddle Bay, also displayed elevated concentrations of 

nutrients. This site may be influenced by the outflow from Huddle 

Bay Brook, but the apparently stagnant conditions and density of 

submersed aquatic plants at this site may indicate other nutrient 

sources. 
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================================================================== 
Analysis Method Instrument 
================================================================== 

pH Electrometric Orion, Model 811 
(EPA Method 150.1) 

Specific Wheatstone Bridge type meter YSI, Model 31 
Conductance (EPA Method 120.1) 

Dissolved Membrane Electrode YSI, Model 54 
Oxygen (EPA Method 360.1) 

Chloride Automated Ferricyanide Technicon 
(EPA Method 325.2)1 Autoanalyzer II 

Nitrate Automated Cadmium Reduction Technicon 
(EPA Method 353.2)1 Autoanalyzer II 

Ammonia Automated Phenate Technicon 
(EPA Method 350.1) Autoanalyzer II 

Total Colorimetric Bausch & Lomb 
Phosphorus (EPA Method 365.2) Spec 710 

Total Colorimetric Bausch & Lomb 
Filterable (EPA Method 365.2) 
Phosphorus 

Spec 710 

Or tho Colorimetric Bausch & Lomb 
Phosphorus (EPA Method 365.2) Spec 710 

Calcium Direct Aspiration Perkin-Elmer 
(EPA Method 215.1) Model 403 

Soluble Automated Molybdate Technicon 
Reactive (Technic on Method) 
Silica 

Autoanalyser II 

Chlorophyll ~ Methanol Extraction Bausch & Lomb 
Spec 710 

================================================================= 

EPA Methods listed in this table are derived from: USEPA, Methods 
for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 
Cincinnati, OH. 
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Figure 4. Minimum, maximum and average nitrate concentrations 
at each inshore site. 



0.00 0.01 0.02 
NH4 (mg/I) 

0.03 0.04 0.05 

Bolton Landing 0.5 t 
Bolton Landing 1.0 t 
Hiawatha Boy 0.5 D 
Hiawatha Boy 1.0 t 
West HUddle Boy 0.5 ! 
West HUddle Bay 1.0 t 
East Huddle Bay 0.5 D 
East Huddle Bay 1.0 0 
Cloy Island 0.5 t 
Cloy Island 1.0 0 
S. Green Island 0.5 t 
S. Green Island 1.0 [[] 

Sweetbrlar Is 0.5 I * 
Sweetbrl or Is 1.0 0 
Stewart Brook 0.5 t 
Stewart Brook 1.0 t 

Figure 5. Minimum, maximum and average ammonla concentrations 
at each inshore site. 
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Figure 6. Minimum, maximum and average total phosphorus 
concentrations at each inshore site. 
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Figure 9. Minimum, maximum and average silica concentrations 
at each inshore site. 
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at each inshore site. 
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1988 

Site 

801ton Landing 

Htawatha Bay 

Nest Huddle Bay 

East Huddle Bay 

Cley Island 

S. Green Island 

sweetbrier Js 

StlWllrt Brook 

~ 
E 

• 

Depth 

D.S 

I.D 

D.S 

I.D 

D.S 

I.D 

D.! 

I.D 

D.S 

I.D 

D.S 

I.D 

D.S 

I.D 

D.S 

I.D 

OIl 

8/1.4 8/28 7/12 7/26 8/10 8/23 917 10/11 ___ .__ _ __ MM. ______ ______ ______ ______ ______ _ ____ _ 

7.62 7.67 7.16 7.20 7.5S 7.44 

7.61 7 •• S 7.37 7.40 7.8.4 7.5S 

7.Bl 7.7.4 7.6S 7.73 7.71 7.7S 

7.B6 7.70 7.64 7.B8 7.S9 7.80 

7.. 7 •• 2 7.22 7.38 7.Bl 7.B8 

YD 7.~ 7.31 7~ 7.~ 7.~ 

7.70 7.82 7."6 7.60 7 • .-& 7.67 

7.78 7.80 7."S 7.61 7.'" 7.64 

7.n 7.82 7."7 7.52 7.52 7.64 

7.81 7.63 7."7 7.62 7.80 7.70 

7.8B 7.33 7.63 7."8 7.B5 7.S3 

7.70 7.63 7.55 7.61 7.S5 7.B4 

7.71 7.116 7.24 7.28 7.42 7."S 

7.37 7.116 7.30 7.31 7.61 7.86 

7.S" 7.58 7."2 7.63 7.86 7.70 

7.83 7.B2 7.47 7.68 7.S2 7.8S 

***** Indicates no CSeta available 

7.24 7.31 

7."9 7.36 

7.88 7.6" 

7.64 7."S 

7.4B 7.27 

7.MI 7.29 

7.51 7.36 

7.110 7.3S 

7.59 7.AS 

7.68 7.32 

7.61 7.38 

7.61 7.33 

7 • .44 7.44 

7."4 7.41 

7."9 7.63 

7.60 7."3 

~~======================================================~ i • • 

1988 

Site 

Bolton Landing 

Hlewathe Bev 

Nest Huddle Bav 

East Huddle Bav 

Clav Island 

S. Green Island 

6WHtbrtar Js 

stewart Brook 

Depth 

D.S 

I.D 

D.S 

I.D 

D.S 

I.D 

D.S 

Conductlvltv tUlllhos) 

8/1" S/28 7/12 7126 S/10 8/23 917 10/11 

88.0 87.8 112.9 103.4 97.0 99.4 87.0 97.6 

88.0 88.6 114.3 106.0 87.0 

84.0 8S.1 107.9 87.3 8S.0 

85.0 87.2 110.0 8&.2 8.4.0 

83.0 8S.8 110.6 8S.0 87.0 

97.1 101.0 

86.2 89.0 

87.7 100.0 

89.2 100.0 

87.1 

8&.& 

8.4.9 

8&.6 

93.0 86.3 107.1 8a.3 82.0 87.3 89.0 87.4 

85.0 85.6 104.9 104.1 86.0 86.9 -88.0 97.0 

1.0 87.0 86 • .4 105.7 100.7 83.0 86.6 88.0 8.4.8 

D.S 

I.D 

D.! 

I.D 

D.S 

96.0 88.2 126.7 

85.0 17.0 107.2 

86.0 87.1 108.3 

16.0 17.1 110.8 

8&.7 84.0 

88.1 86.0 

18.3 86.0 

H.S 8S.0 

86.4 

87.0 

86.3 

87.6 

89.0 

88.0 

88.0 

88:0 

8e.2 

84.8 

8&.3 

86.2 

118.0 102.8 112.3 106.8 102.0 8a.2 100.0 87.7 

1.0 85.0 103.7 112 •• 122.2 104.0 8e.9 101.0 87.7 

D.S 

I.D 

85.0 87.6 106.0 97.9 87.0 89.3 89.0 8B.l 

118.0 &7.2 108 • .4 117.8 87.0 8B.7 ,01.0 86.3 

***!* : 'ndtcates no CSeta avallabla 



1988 

SUe 

8olton Landing 

HI_tha Bay 

west Huddle Bay 

east Huddle Bay 

Clay Island 

S. Green Island 

SWeetbrlar Is 

Stewart BrOOk 

Depth 

0.' 

1.0 

0.0 

1.0 

0.0 

1.0 

0.' 
1.0 

0.0 

1.0 

0.' 
1.0 

0.' 
1.0 

0.6 

1.0 

" 'moI1I 

8/14 B/2B 7/12 7/2B 8/10 8/23 817 10/11 .. _--- ------ ------ ------ ------ ------ ------ ._----
7.8 7.1 8.5 

7.0 7.1 8.8 

7.4 7.B 8.3 

B.8 7.8 8.3 

7.7 7.6 8.1 

7.4 7.7 8.2 

7.7 7.7 10.2 

7.B 7.7 9.0 

7.8 7.7 8.1 

7.7 7.& 8.2 

8.0 7.9 8.1 

7.2 7.5 8.1 

7.7 8.8 8.9 

8.1 9.0 8.8 

7.7 8.0 8.4 

7.8 7.7 B.3 

8.2 

8.' 
7.2 

7.2 

7.' 
7.' 
7.2 

1.6 

7.4 

7.' 
7.B 

7.2 

•• 2 

•• B 

7.3 

7.4 

9.1 7.8 

8.1 7.8 

8.0 7.7 

7.8 7.8 

7.B 8.0 

7.8 7.8 

B.l 7.8 

7.8 8.0 

7.8 7.8 

7.9 7.8 

7.9 8.1 

7.9 7.8 

8.5 8.1 

9.1 7.4 

8.0 7.8 

7.9 7.8 

***** : Indicates no date I"at lable 

7 •• 

7 •• 

7.7 

7 •• 

7 •• 

7 •• 

7 •• 

•• 0 

7 •• 

7 •• 

•• 0 

•• 0 

•• 2 

7 •• 

7 •• 

•• 1 

..1 
'.1 
'.0 

'.1 
'.0 
•• 0 

'.1 
'.0 
7 •• 

8.1 

•• 1 

•• 1 

'.3 
'.3 
'.0 
•• 0 

~ ~~==================================~ 
• • · · i 
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1888 

Site 

Bolton Landing 

Hiawatha Bay 

West Huddle 8ay 

elst Huddle 8ay 

cley Island 

S. oreen Island 

Sweetbrlar Is 

stewart BroOk 

N03 IIlIg/1) 

Depth 8/14 8128 7/12 7/28 8/10 B/23 917 10/11 

9.6 -0.01 -0.01 -0.01 0.01 0.02 -0.01 -0.01 -0.01 

1.0 0.01 -0.01 -0.01 -0.01 0.01 -0.01 0.01 -0.01 

0.' 
1.0 

0.0 

1.0 

0.6 

0.01 -0.01 -0.01 -0.01 0.01 -0.01 -0.01 -0.01 

0.01 -0.01 -0.01 -0.01 -0.01 

0.13 0.04 0.03 -0.01 O.D! 

0.01 -0.01 -0.01 

0.01 0.02 -0.01 

0.14 0.02 0.02 -0.01 0.02 -0.01 0.02 -0.01 

0.02 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 -0.01 

1.0 -0.01 ·0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

0.' 
1.0 

0.' 
1.0 

D •• 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -,!.01 -0.01 -0.01 

0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

1.0 -0.01 -0.01 -0.01 -0.01 0.01 -0.01 -0.01 -0.01 

0.' -0.01 0.01 -0,01 -0.01 0.01 0.01 -0.01 -0.01 

1.0 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01' 

***"'* : Indtcates no date a"allable 



18BB 

stt~ 

Bolton Lendtng 

HtlWatha Bey 

west Huddle Bay 

East HUddle Bey 

Clay Island 

S. Green ISland 

sweetbrtar Is 

Stewart BrOOk 

I 
o 

Depth 

0.' 
1.0 

0.' 

NH4 (lIg/1) 

--!~!~ --!:~~ --!~!~ .. -!~~~ --~~!~ --~~~~ --~~!- -!~~!! 
-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

-0.01 -0.01 ***** -0.01 -0.01 -0.01 -0.01 -0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 

1.0 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

0.' 
1.0 

0.' 

-0.01 -0.01 0.01 -0.01 0.02 -0.01 O.Ol -0.01 

-0.01 -0.01 0.02 -0.01 -0.01 0.02 0.02 0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 "0.01 

1.0 -0.01 -0.01 -0.01 -0.01 -0.01 "0.01 0.01 -0.01 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

D •• 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

-0.01 -0.01 -0.01 0.01 -0.01 -0.01 -0.01 0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 0.02 -0.01 -0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 

-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

1.0 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 

***** : indtcates no data a ... enable 
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18BB 

Stte 

Bolton Landtng 

Htawatha Bay 

Nest Huddle Bay 

East Huddle Bay 

Clay Island 

S. Dreen 11 land 

sweetbrtar Is 

Stewart BrOOk 

Dapth 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

D •• 

1.0 

Totel PhosPhorus (ppb) 

6/14 B/2B 7/12 7/26 8110 8/23 817 10111 

•• 
•• 
•• 
•• 

11. 

11. 

•• 
6. 

6. 

•• 
•• 
•• 
•• 
7. 

•• 
•• 

, 

•• 
•• 
•• 
B • 

•• 
5. 

6. 

6. 

•• 
•• 
5. 

4 • 

7 . 

•• 
6. 

5. 

7 • 

50. 

•• 
•• 
•• 
7. 

6. 

6. 

•• 
•• 
4. 

3. 

•• 
7 • 

5. 

•• 

e. 
6 • 

•• 
6. 

12 • 

". 
7. 

7. 

4 • 

4 • 

5. 

4. 

5. 

6. 

6 • 

•• 

7. 

10. 

7. 

•• 
7. 
7. 

•• 
7. 

6. 

•• 
5. 

•• 
•• 
6. ... 
7. 

****II< indtcltes no data I ... anlbl' 

5. 

• • 
5. 

6. 

5 • 

5. 

•• 
5. 

4. 

• • 
•• 
5 • 

•• 
6. 

17. 
7. 

•• 
4. 

•• 
•• 
5. 
4. 

•• 
4. 

4. 

3 • 

4 • 

•• 
3 • 

4. 

•• • • 

•• 
4. 

6 • 

6 • 

6. 

6. 

B • 
6. 
4. 

6. 

•• 
4. 

7. 

•• • • 
B. 

---------------------~------------------



lsse 

SUe 

Bolton Landtng 

HiMoiatha Bay 

West Huddle Bay 

East Huddle Bay 

Clay ISland 

S. Green Island 

sweetbrtar Is 

Stewart BrOOk. 

o 

Depth 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0 •• 

1.0 

0 •• 

1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

•• 
•• 
•• 
•• 

10. 

B. 

•• 
B. 

•• 
•• 
•• 
•• 
•• 
6. 

•• 
•• 

3. ,. 
2. 

S. 

•• 
3. 

S. 
2. , . 
2. 

2. 

2. 

3. 

3. 

3. 

3 • 

Total filterable PhOSPhorus (ppb) 

•• 
S. 

2. 

2 • 
3. 

•• 
2 • 

2. 

2. 

2. 
2. 

2. 

•• 
3. 

2 • 

2. 

2. 

•• 
3. 

3. 

3. 

4. 

•• 
3. 

3. 

2. 

2. 

2. 

3 . 

3. 

2. 

2. 

3 • 

•• 
2. 

2. 

3. 

3 • 

S. 

2. 

2. 

2 • 

2. 

2. 

2. 

2 • 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 
3. _ 

2. _ 

3. .t. 

2. 2. 

2. 

a. 

•• 
2. 

a • 
2. 

2 • 

3. 

a. 
3. 

2. 

3. 

2. 

2. 

2. 
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1988 

SUe 

Bolton Land1ng 

Htawatha Bay 

west Huddle Bay 

East Huddle Bay 

Clay ISland 

S. Or"n Island 

SWeetbriar IS 

Stewart BrOOk 

Dapth 

0 •• 

1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

0.' 
1.0 

OrthoPhosPhate (ppb) 

8/14 8/28 7/12 7/26 8/10 B/23 8/7 10/11 ------ ------ ------ ------ ------ ------ .. ----
1. 

-I. 

-I. 

1. 

•• 
3. 

1. 

1. 

I. 

1. 

1. 

2. 

2. 

2. 

1. 

-1. 

2. 

·2. 

2. 

2. 
S. 
2. 

2. 

2. 

2. 

2. 
2. 

2. 
3. 

3. 

2. 

2. 

2. 

•• 
-I. 
-I. 

2. 

2. 

-I. 

1. 

-I. 

1. 

-I. 

-I. 

2. 

2. 

-I. 
-I. 

3. 

3 • 

2. 

3. 

2. 2. 

2. 2. 

.t. 2. 

4. 2. 

2. 2. 

2. 1. 

1. 2. 

1. 2. 

2. 4. 

2.· 1. 

3. 1. 

1. 

2. 

2. 

1. 

•• 
3. 

..... tndicat.s no elata available 

1. 

1. 

1. 

-I. 

2. 

1. 

1. 

1. 

1. 

1. 

2. 

2. 

2. 

1. 

4. 

1. 

-I. 
-I. 

-I. 

-I. 

-I • 

-I. 

-I. 

-1. 

-I. 

-I. 

-I. 

-I. 

-I. 

-I. 

-I. 

-I. 

-I. 

-I. 

-I. 
-I. 

-I. 

-I. 

-I. 

-I. 

-I. 
-I. 
-I. 

-I. 

-I. 

-I. 
-t. 

-I. 



1888 ., lIng/ll 

S1te Deoth 8114 8/28 7/12 7/28 8/10 8/23 BI7 10111 ------ ------ -.---- ------ ------ ------ ------ -.----
Bolton Llndtng 0 •• 0.80 0.80 0.80 0.76 0,80 0.80 - 0.80 

1.0 0.90 0.80 0.90 0.76 0.80 0.80 0.80 0.80 

Hi_the Bay 0 •• 0.80 0.80 0.80 0.80 O,SO 0.90 0.80 0.80 

1.0 0.80 o.ao 0.80 0.80 0.80 0.80 0.80 0.80 

west HUCldle aay 0.' 1.70 1.00 1.00 1.88 1. to o.ao 0.80 0.80 

1.0 1.70 0.80 1.00 1.88 1.10 0.80 o.ao 0.80 

Eist HUddle eav 0 •• 0.80 0.80 0,80 0.80 0.80 0.80 0.80 0.80 

1.0 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 

Clay lSl.nCl 0 •• 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 

1.0 0.80 0.80 o.eO 0.80 o.ao 0.80 0.80 0.80 

S. Green Island 0.' O.BO 0.80 0.80 0.80 0.80 O.BO 0.80 0.90 

1.0 0.80 o.eo 0.80 0.80 0.80 O.BO o.ao 0.80 

sweetbrier Is 0.' 0.80 Q.80 0.80 0.77 0.80 0.80 O.BO 0.80 

1.0 0.80 0.80 0.80 0.77 O.BO 0.80 0.80 0.80 

Stewart BrOOk 0 •• 0.80 0.80 0.&0 0.&0 0.80 0.80 0.80 0.90 

1.0 0.90 0.80 0.80 0.80 0.90 0.80 0.80 0.90 - : tndtcates no data Ivai lable 

• , 
· · 0 

0 , 
0 · 1 , , 
• : 
: 
i 

198B ea (mall) 

SUe Depth B/14 8/2B 7/12 7/26 Bll0 8/23 BI7 10/11 ------ ------ ------ ------ ------ ------ ------ ------
Bolton Landtng 0.' )0.1 B.7 10.2 B.' 10.0 11.7 11.8 12.2 

1.0 B.B B.' 7 •• B •• B.7 " .8 11.3 11.8 

Ht_tha Bay 0 •• •• 7 10.2 10.B •• 7 B.O 10.7 10.8 11.6 

1.0 B.l 10.2 10.1 B.O B.3 10.8 10.6 11.3 

Ntst Huddle alY 0.' B.' ••• 10." •• 0 B.' 11.2 11.3 11.2 

1.0 B.' B.B 10.1 7.7 B.l 10.8 11.0 11.2 

East HUddle Bay 0.' B.7 10.1 B.7 •• 7 B.7 10.8 10.6 11.7 

1.0 B.' B.7 B.B B.O B.l 10." 10.2 11.8 

Clay Island 0.' B •• B.' B.' B.' 002 10." 10.2 11.6 

1.0 B.l B.' B •• • •• B •• 11.1 10.8 11.2 

S. oreen Is land 0 •• B.l - 10.1 •• B B.O 11.1 11.4 11." 

1.0 B.' B.B 10.3 ••• B.l 10.8 10.8 11.3 

sweetbrilr Is 0.' B.7 B.7 B.' 10.1 10.1 11.3 11.0 11.7 

1.0 - B •• 10.6 B.7 •• B " .3 11.8 11.6 

stewart BrOOk 0.' B.l B.B 10.7 10.0 10.8 11.7 10.6 11.8 

1.0 B.O B.7 B.B ••• 10.1 11.6 10.2 11.0 - : 'ndtCltes no dlta Iva' 'Ible 



1988 Cnl~a (ppb) 

SUe Deptn 6/14 8/28 7/12 7/26 8/10 B/23 '17 10/11 
~~~~-- ------ ------ -----. --~--- ------ -----~ --~---

Bolton l.aMln; 0.' 1.30 1.80 O.SO 1.00 0.80 1.00 0.80 O.BO 

1.0 1.30 1.10 2.20 1.20 1.30 0.80 1.30 O.BO 
Hlawetna Bay 0 •• 1.10 '.00 1.40 - 1.60 1.20 1.80 1.40 

1.0 1.60 1.80 0.80 1.&0 1.50 1.10 1.40 1.10 
Htst HuCk:lle Bay 0.' .. '" 1.00 1.00 '.00 1.00 0.70 1.20 1.30 

1.0 1.20 1.00 1.00 3.10 0.80 1.00 1.00 0.80 
East HuCk:lle Bay 0.' 0.80 1 •• 0 1.00 2.80 1.80 0.60 0.80 1.20 

1.0 1.10 1.30 1.20 1.BO 2.20 0.80 1.10 1.30 

Clay Island 0.' 0.80 1.10 O.BO 1.40 1.70 0.60 1.BO 1.20 

1.0 0.80 0.80 O.BO 1 •• 0 0.80 1.00 1.40 1.BO 

S. Green Island 0.' 0.70 1.80 0.70 1.30 0.80 1.20 1.30 1.30 

'.0 - 1.30 O.SO - 0.70 1.00 1.20 1 •• 0 

sweetbrlar IS 0.0 0.80 1.30 1 •• 0 1.80 1.20 1.40 1.10 0.80 

'.0 0.80 1.60 1 •• 0 1.80 1.10 1.10 0.80 1.30 

stewert BrOOk 0.' - 1 •• 0 0.70 1.10 1.30 1.40 1.30 1.10 
,.0 1.30 1.30 O.BO 2 •• 0 1.20 1.20 1.40 1.10 

-: IndIcates no data allallable 


