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Overview

This report is the result of a request from the Upper Saranac Foundation to the Adirondack Watershed
Institute to collect, collate, organize, digitize and analyze over 20 years of scientific data accumulated by
both the Foundation and the Upper Saranac Association.

The goal was to identify those indicators and their measurements critical to the health of Upper Saranac
Lake’s Water Quality, and, more importantly, to closely track those that could foretell possible threats to
this Water Quality.

In addition, the readings from Upper Saranac Lake will now be able to be compared to similar data from

other lakes in the region. Negative trends in surrounding waters could be forerunners of threats to
Upper Saranac Lake.
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Executive Summary

Upper Saranac Lake is one of the most intensively monitored of the large Adirondack lakes. The first
water quality data was collected in 1930, the second in 1971, and the lake has been monitored
continuously since 1989. During this time period 29,703 observations were collected on 30 separate
water quality indicators, with the data collected by six different organizations. These organizations
produced 27 water quality reports. All of the raw data on Upper Saranac Lake and its major tributaries
have been entered into one Excel database and all of the reports have been scanned and saved as PDF
documents. This report describes the water quality dataset, provides an overview of the indicator
variables that have been measured over the years, provides a brief summary of the long term trends in
the key trophic indicators, and recommends a plan for the on-going monitoring program.

The surface and bottom waters of the lake have been monitored consistently since 1989, and complete
records exist for total phosphorus, chlorophyll a in the epilimnion, and Secchi transparency. Note,
though not complete, there are multiple measurements of chloride, total nitrogen, calcium, and color
that span the monitoring period and can be used to examine long term trends in these indicators. Ten
tributaries to Upper Saranac Lake have data available for most of the indicators, but most of these
tributaries have been monitored only occasionally. The exceptions are Fish Creek and Little Clear Outlet,
both of which have total phosphorus data available from 1989 to 2011. Total phosphorus, conductivity,
chloride, and chlorophyll a data are available for several tributaries for the initial (1989-90) and recent
years (2007-11), so changes from the initial conditions can be examined. The remaining indicators have
limited data available and some haven’t been measured in over 20 years.

Time series plots and means and ranges at the beginning and later years of monitoring for total
phosphorus and chlorophyll a show that improvements in these trophic indicators have occurred since
1989, while Secchi transparency has trended down over time. The counter trend in Secchi transparency
illustrates the importance of measuring other variables to help interpret the long term trends. Stream
monitoring data shows a clear reduction in total phosphorus input to the lake from Fish Creek and Mill
Brook, with the reduced input from Mill Brook corresponding with reduced phosphorus discharge from
the fish hatchery. The close correspondence between the input measured from Mill Brook and the
discharge reported for the fish hatchery illustrates that the program has adequately tracked changes in
inputs from the tributaries.

Eighteen water quality indicators are recommended for monitoring in the Upper Saranac Lake
watershed. Six of the indicators are recommended for tracking compliance with the NYS DEC regulatory
criteria established for Class AA water bodies, the official classification for Upper Saranac Lake. Most of
the remaining indicators are recommended for interpreting changes observed in the regulated
indicators. Based on analyzing the variation within and between years for key water quality indicators
we recommend sampling the north and south basins of the lake 6 times per year and sampling the main
tributaries 10 times per year. These sampling frequencies should be sufficient to detect a 2ppb change
in total phosphorus, which is near the analytical minimum concentration of phosphorus than can be
reliably detected in a water sample.
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1. Narrative Description of Historical Database

There were 29,703 observations collected on 30 separate water quality indicators from 1971 to 2011
(Table 1). The data were collected by six different organizations, with 44 percent of the data collected
by Paul Smith’s College through the Microcosmic Ecosystem Research Institute (MERI), the Adirondack
Aquatic Institute (AAl), and the Adirondack Watershed Institute (AWI1), 31 percent of the data collected
by the NYS DEC, and the remaining 25 percent of the data collected by four other organizations and
programs.

Table 1. List of indicators measured and total number of observations by data source*, 1971 to 2011.

Indicator PSC CSLAP CE DEC DOH UFI Total
Chemical Environment
Conductivity (CD)t 1,033 163 236 683 9 163 2,287
pH 838 167 236 682 9 163 2,095
Alkalinity (ALK) 838 85 236 682 9 0 1,850
Chloride (Cl) 272 0 0 143 9 146 570
Arsenic (As) 0 8 0 0 0 0 8
Iron (Fe) 110 16 0 0 0 0 126
Manganese (Mn) 0 16 0 0 0 0 16
Physical Environment
Dissolved Oxygen (DO) 1,848 252 294 1,302 0 462 4,158
Water Temperature (WT) 1,848 252 294 1,302 0 462 4,158
Nutrient Availability
Total Phosphorus (TP) 1,502 206 251 594 9 326 2,888
Soluble Total Phosphorus (STP) 0 0 0 96 0 0 96
Ortho Phosphorus (OP) 590 0 0 511 0 282 1,383
Total Nitrogen (TN) 429 59 50 441 0 0 979
Soluble Total Nitrogen (STN) 98 0 0 435 0 39 572
Ammonia /Ammonium (NH4) 353 161 50 458 0 260 1,282
Nitrate+Nitrite (NOx) 790 137 241 508 0 247 1,923
Sulfate (SO4) 205 0 0 0 9 0 214
Calcium (Ca) 112 39 0 6 9 0 166
Silica (Si) 0 0 0 142 0 0 142
Magnesium (Mg) 112 0 0 0 9 0 121
Potassium (K) 112 0 0 0 9 0 121
Sodium (Na) 111 0 0 0 9 0 120
Trophic Indicators
Chlorophyll a (CHA) 496 97 54 175 0 292 1,114
Field Turbidity (FT) 767 0 0 271 0 0 1,038
Total Suspended Solids (TSS) 186 0 0 415 0 162 763
Color (COL) 317 71 67 46 0 162 663
Secchi Transparency (SEC) 234 83 53 148 6 21 545
Dissolved Organic Carbon (DOC) 0 0 0 144 0 0 144
True Color (TC) 0 24 0 91 0 0 115
Lab Turbidity (LT) 0 0 0 46 0 0 46
Total 13,201 1,836 2,062 9,321 96 3,187 29,703
% of Total 44 6 7 31 1 11 100

*PSC, Paul Smith’s College; CSLAP, Citizens Statewide Lake Assessment Program; CE, Ceder Eden, LLC; DEC, NYS Department of
Environmental Conservation; DOH, NYS Department of Health; UFI, Upstate Freshwater Institute
tLetters in parenthesis are abbreviations used in Table 2
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Sampling Locations and Years of Available Data

The sampling locations and years of available data for each water quality indicator are shown in Tables
2a and 2b, and the sampling locations are shown in Figure 1. Table 3a shows data for Upper Saranac
Lake and its outlet and Table 3b shows data for the tributaries to Upper Saranac Lake. Routine
monitoring of Upper Saranac Lake and its tributaries began in 1989, though we were also able to obtain
original data for several indicators measured by the NYS Department of Health in 1971.

All of the indicators listed in Table 1 have been measured at least one time in Upper Saranac Lake (Table
2a). The shaded boxes in Table 2a highlight indicators that have data available for some months
(generally May to September) in all years from 1989 to 2011. Note that conductivity (CD), pH, dissolved
oxygen (DO), and water temperature (WT) are highlighted, but are missing data from 2001. This missing
data probably exists in the database of Cedar Eden, LLC, the organization that collected the data that
year. The epilimnion (surface waters) and hypolimnion (bottom waters) of the north and south basins of
Upper Saranac Lake have been monitored consistently since 1989, and complete records for total
phosphorus, chlorophyll a in the epilimnion, and Secchi transparency exist for these locations. Note,
though not complete, there are multiple measurements of chloride (CL), total nitrogen (TN), calcium
(Ca), and color (COL) that span the monitoring period and can be used to examine long term trends in
these indicators. The remaining indicators have limited data available and some haven’t been measured
in over 20 years.

Ten tributaries to Upper Saranac Lake have data available for most of the indicators, but most of these
tributaries have been monitored only occasionally (Table 2b). The exceptions are Fish Creek and Little
Clear Outlet, both of which have total phosphorus data available from 1989 to 2011. Total phosphorus,
conductivity, chloride, and chlorophyll a data are available for several tributaries for the initial (1989-90)
and recent years (2007-11), so changes from the initial conditions can be examined. The remaining
indicators have limited data available and some haven’t been measured in over 20 years.

Upper Saranac Lake Page 2
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Table 2a. Sampling locations and years of available data for each indicator measured in Upper Saranac Lake and its outlet. Continuous records for
1989 to 2011 are highlighted with shaded boxes.

Indicator North Basin Middle Basin South Basin Outlet
Epi* | Hypot Epi | Hypo Epi | Hypo
Chemical
cD 71, 89-00, 02-11 71, 89-00, 02-06, 11 95-97 95-97 71, 89-00, 02-11 71, 89-00, 02-06, 11 89-90, 92, 95-96, 98-
99, 02-06, 08
pH 71, 89-00, 02-11 71, 89-00, 02-06, 11 71, 95-97 95-97 71, 89-00, 02-11 71, 89-00, 02-06, 11 89-90, 92, 95-96, 98-
99, 02-06, 08
ALK 71, 89-00, 02-06 71, 89-00, 02-06 71, 95-97 95-97 71, 89-00, 02-06 71, 89-00, 02-06 89-90, 92, 95-96, 98-
99, 02-06
cl 71, 91-92, 95-96, 08, 71,91, 95-96, 10-11 71, 95-96 71,91-92, 95, 08, 10- 91, 95, 10-11 08, 10-11
10-11 11
As 10-11 10-11
Fe 09-11 09-11 11
Mn 09-11 09-11
Physical
DO 89-00, 02-11 89-00, 02-11 95-97 95-97 89-00, 02-11 89-00, 02-11
WT 89-00, 02-11 89-00, 02-11 95-97 95-97 89-00, 02-11 89-00, 02-11
Nutrients
TP 71, 89-11 71, 89-11 71, 95-97 95-97 71, 89-11 89-11 89-90, 92, 95-96, 98-
99, 02-11
STP 91-92 91 91-92 91
OP 89-96, 07-08 89-96, 07-08 95-96 95-96 89-96, 07-08 89-96, 07-08 89-90, 92, 95-96, 07-08
TN 89-92, 95-96, 05, 07, 89-92, 95-96, 05 89-92, 95-96, 05, 07, 89-92, 95-96, 05 89-90, 92, 95-96, 05
09-11 09-11
STN 91-92, 94-96, 08 91, 94-96 95-96 95-96 91-92, 94-96, 08 95-96, 08
NH4 91-96, 05-11 91-96, 05-06, 09-11 95-96 95-96 91-96, 05-11 91-96, 05-06, 09-11 92, 95-96, 05-08
NOx 90-96, 98-00, 02-11 90-96, 98-00, 02-06, 95-96 95-96 90-96, 98-00, 02-11 90-96, 98-00, 02-06, 90, 92, 95-96, 98-99,
10-11 10-11 02-08, 10-11
SO4 71,10-11 71, 10-11 71 71, 10-11 10-11 10-11
Ca 71, 96, 06-07, 09-11 71,96, 11 71, 96 96 71, 96, 06-07, 09-11 96, 11 11
Si 91-92, 95-96 91, 95-96 95 95 91-92, 95 91, 95
Mg 71 71 71 71 11
K 71 71 71 71 11
Na 71 71 71 71 11

Upper Saranac Lake
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Table 2a - continued

Indicator North Basin Middle Basin South Basin Outlet
Epi* Hypot Epi Hypo Epi Hypo
Trophic
CHA 89-11 89-90, 92-93, 95-96, 95-97 95-96 89-11 89-90, 92-93, 00, 06, 89-90, 92, 07-08
00, 06, 11 11
FT 89-92 89-92 89-92 89-92 89-90, 92
TSS 92,08 92 92,08 92,08 92, 95-96, 08
COoL 91-93, 97-00, 02, 06- | 91-93, 97-00, 02, 06 97 97 91-93, 97-00, 02, 06-10 | 91-93, 97-00, 02, 06 92, 89-99, 02, 06, 08,
10 06, 08
SEC 71, 89-11 71, 95-97 71, 89-11 92
DOC 91-92, 95-96 91, 95-96 95 95 91-92, 95-96 91, 95-96
TC 91-92, 95-96, 11 91, 95-96, 11 95 95 91-92, 95, 11 91,95, 11
LT 91-92 91 91-92,91

*Epi, epilimnion, or surface waters
tHypo, Hypolimnion, or waters near the bottom

Upper Saranac Lake
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Table 2b. Sampling locations and years of available data for each indicator measured in the tributaries to Upper Saranac Lake.

Indicator Black Swamp Brandy Brook Cranberry Brook Fish Creek Indian Carry Lake Clear Out Little Clear Out Mill Brook Pork Bay Spider Creek
Chemical
CcD 89-90,95-96,08 89-90,95-96,08 89-90,08 89-96,98-99,02- 08 89-96,98-99,02- 89-96,98-99,02- 89-91, 95-96,98- 89,08 89-90,94-96,05-
06,08 06,08 06,08 99,08 06
pH 89, 95-96, 08 89-90, 95-96, 99, | 89-90, 08 89-06, 08 08 89-06 89-06, 08 89-90, 95-99, 08 89, 08 89-90, 94-96, 05-
08 06
ALK 89, 95-96 89-90, 95-96, 99 89-90 89-06 89-06 89-06 89-90, 95-99 89 89-90, 94-96, 05-
06
Cl 08, 10-11 08, 10-11 08, 10-11 91, 08, 10-11 08, 10-11 91-92 91-92, 08, 10-11 91, 08, 10-11 08
As
Fe 11 11 11 11 11 11 11
Mn
Physical
DO 07-08 07-08 05, 07-08 07-08 05, 07-08 05 07-08 05
WT 07-08 07-08 05, 07-08 07-08 05, 07-08 05 07-08 05
Nutrients
TP 89, 95-96, 07-11 89-90, 95-96, 99, | 89-90, 07-11 89-11 07-11 89-06 89-11 89-91, 95-99, 07- | 89, 07-08 89-90, 94-96, 05-
07-11 11 06
STP 91 91-92 91-92 91
oP 89, 95-96, 07-08 89-90, 95-96, 07- | 89-90, 07-08 89-96, 07-08 07-08 89-96 89-96, 07-08 89-91, 95-96, 07- | 89, 07-08 89-90, 94-96
08 08
TN 89, 95-96 89-90, 95-96 89-90 89-90, 92, 95-96, 89-90, 92, 95-96, | 89-90, 92, 95-96, | 89-90, 96 89 89-90, 95-96, 05
05 05 05
STN 95-96, 08 95-96, 08 94-96, 08 94-96 94-96, 08 08 94-96
NH4 95-96, 07-08 95-96, 07-08 07-08 92-96, 05-08 07-08 92-96, 05-06 92-96, 05-08 95-96, 07-08 07-08 94-96, 05-06
NOx 95-96, 07-08, 10- | 90, 95-96, 99, 90, 07-08, 10-11 90-92, 95-08, 10- | 07-08, 11 90-92, 95-06 90-92, 95-08, 10- | 90-91, 95-99, 07- | 07-08 95-96, 05-06
11 07-08, 10-11 11 11 08, 10-11
S04 10-11 10-11 10-11 10-11 10-11 10-11 10-11
Ca 11 11 11 11 11 11 11
Si 91 91-92 91-92 91
Mg 11 11 11 11 11 11 11
K 11 11 11 11 11 11 11
Na 11 11 11 11 11 11 11
Trophic
CHA 89, 07-08 89-90, 07-08 89-90, 07-08 89-90, 92, 07-08 07-08 89-90, 92 89-90, 92, 07-08 89-90, 07-08 89, 07-08 89-90
FT 89 89-90 89-90 89-94 89-94 89-94 89-91 89 89-90, 94
TSS 95-96, 08 95-96, 08 08 91-96, 08 08 91-96 91-96, 08 95-96, 08 08 94-96
coL 08 99, 08 08 92, 98-02 08 92, 98-02 92,98-02, 08 98-99, 08 08
SEC 92 92 92
DOC 91 91-92 91-92 91
TC
LT
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Subwatershed and Stream Monitoring Sites in the
Upper Saranac Lake Watershed
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Figure 1. Subwatersheds, tributary network, and sampling locations in the Upper Saranac Lake
watershed.
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The historical database also contains 27 reports published related to Upper Saranac Lake since 1930

(Table 3).
Table 3. Reports published on water quality of Upper Saranac Lake.
1930 | A biological survey of the Champlain watershed: NYS Conservation Dept, Albany,
Supplement to Nineteenth Annual Report, 1929 NY
1972 | Investigation of Upper Saranac and Lower St. Regis Lakes NYS Dept. of Health,
Environmental Health Center
Special Investigation No. 1/72
1984 | Upper Saranac Lake: Water Quality Assessment Summary NYSDEC Division of Water, Lakes
Services Section
1991 | The Trophic History of Upper Saranac Lake: Final Report C.J. Stager, Paul Smith’s College
1991 | Upper Saranac Lake Association Water Quality Study Microcosmic Environmental
Research Institute of Paul
Smith’s College
1992 | The Sediment Record of Eutrophication in Upper Saranac C.J. Stager, Paul Smith’s College
Lake, NY
1992 | Upper Saranac Lake 1991 Study Progress Report #7 Microcosmic Environmental
Research Institute of Paul
Smith’s College
1992 | The Limnological Condition of Upper Saranac Lake NYSDEC Division of Water, Lakes
Services Section
1993 | The Limnological Condition of Upper Saranac Lake, Final Adirondack Aquatic Institute at
Report of the 1992 Monitoring Program and Analysis of Paul Smith’s College
Historical Trends in Water Quality
1994 | The Limnological Condition of Upper Saranac Lake, Final Adirondack Aquatic Institute at
Report of the 1993 Monitoring Program Paul Smith’s College
1995 | The Limnological Condition of Upper Saranac Lake, Final Adirondack Aquatic Institute at
Report of the 1994 Monitoring Program Paul Smith’s College
1997 | Assessing the Impacts of Past Human Activities on Water J.C. Stager, P.R. Leavitt, and S.
Quality in Upper Saranac Lake, N.Y. Dixit. Lake Reserv. Manage.
13(2):175-184
1998 | Management Plan for Upper Saranac Lake Citizens Advisory Committee for
the Upper Saranac Lake
Diagnostic/Feasibility Study
1998 | The State of Upper Saranac Lake, NY Adirondack Aquatic Institute at
Paul Smith’s College
1999 | The Water Quality of Upper Saranac Lake, 1998 Monitoring | Adirondack Aquatic Institute at
Program Paul Smith’s College
2002 | Feasibility Analysis for the Restoration of Oxygen to the F.X. Browne, Inc.
Hypolimnion of the North Basin of Upper Saranac Lake
2003 | Report on the Water Quality Status and Long Term Water Cedar Eden Environmental, LLC
Quality Trends for Upper Saranac Lake, 2002 Monitoring
Season

Upper Saranac Lake
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Table 3 - continued
Year Title Source

2004 | Report on the Water Quality Status and Long Term Water Cedar Eden Environmental, LLC
Quality Trends for Upper Saranac Lake, 2003 Monitoring
Season

2005 | Report on the Water Quality Status and Long Term Water Cedar Eden Environmental, LLC
Quality Trends for Upper Saranac Lake, 2004 Monitoring
Season

2004 | Upper Saranac Lake Phosphorus Budget and Water Quality Cedar Eden Environmental, LLC
Response — A Report to the Upper Saranac Lake Foundation

2007 | New York Citizens Statewide Lake Assessment Program 2006 | NYSDEC Division of Water
Annual Report — Upper Saranac Lake

2008 | New York Citizens Statewide Lake Assessment Program 2007 | NYSDEC Division of Water
Annual Report — Upper Saranac Lake

2008 | Water Quality Monitoring of Upper Saranac Lake and Upstate Freshwater Institute
Tributary Streams, 2007
2009 | Water Quality Monitoring of Upper Saranac Lake and Upstate Freshwater Institute

Tributary Streams, 2008

2009 | CSLAP 2009 Lake Water Quality Summary: Upper Saranac NYSDEC Division of Water

Lake

2010 | CSLAP 2010 Lake Water Quality Summary: Upper Saranac NYSDEC Division of Water
Lake

2011 | CSLAP 2011 Lake Water Quality Summary: Upper Saranac NYSDEC Division of Water
Lake

Upper Saranac Lake Page 8
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2. Brief Review of Water Quality Indicators

The indicators in Table 1 are grouped into categories that identify their general role in water quality and
aquatic ecosystem health. The following is a brief overview of each of the indicators listed in Table 1.

Conductivity — pure water is a poor conductor of electricity. The ability of water to conduct electricity
increases as the concentration of dissolved ions in the water increases. Thus, conductivity is measured
as an indicator of dissolved ions and is a very useful surrogate when the relationships between ion
concentrations and conductivity are known. For example, conductivity can be used to estimate sodium
and chloride concentrations (Daley et al. 2009).

pH and Alkalinity — pH measures the concentration of hydrogen ions in solution, and is considered a
master variable for its influence on chemical processes and aquatic life. Neutral waters have a pH of 7,
pH’s less than 7 are acidic and pHs greater than 7 are basic. The optimum pH range for most aquatic life
is between 6.5 and 8. Alkalinity measures the buffering capacity of a lake, which is the ability of the lake
to resist a change in pH. High alkalinity lakes are well buffered against changes in pH, while low
alkalinity lakes are poorly buffered against changes in pH. Thus, a high alkalinity lake would have a more
stable pH compared to a low alkalinity lake, and a more stable pH is less stressful to aquatic life.
Alkalinity largely depends on the concentration of calcium carbonate in the water, and lakes with less
than 10 ppm calcium carbonate are highly sensitive to acidification, while lakes with greater than 20
ppm calcium carbonate are not sensitive to acidification (Godfrey et al. 1996).

Chloride — an anion that can have negative effects on aquatic life when at high concentrations (Corsi et
al. 2010), and can impart an undesirable taste to drinking water, also when at high concentrations. The
US EPA has a drinking water guideline of 250 ppm for salty taste, but this is not an enforceable standard.
The principal source of chloride in lakes in our region is road salt (Kelting et al. 2012).

Arsenic, Iron, and Manganese — metal and semi-metal elements in the periodic table that have negative
effects on drinking water. These elements enter drinking water supplies from natural geologic deposits
or from agricultural and industrial practices. Arsenic has been linked to several human health problems,
and the US EPA has set a drinking water standard of 10 ppb to protect the public from long-term chronic
exposure to this element. Iron and manganese can impart undesirable colors and odors to drinking
water and the US EPA has set a drinking water standard of 300 ppb for both of these elements.
Additionally, iron and manganese are also micronutrients required by plants, but they are generally not
limiting in aquatic systems and thus do not contribute to algae blooms. Iron and manganese also play
an important role in internal phosphorous loading (White et al. 2008).

Water Temperature — strong seasonal variation in air temperature in our region results in stratification
of deeper lakes, with less dense warmer waters overlying more dense colder waters during the summer.
This stratification limits the cycling of nutrients, oxygen, and other materials during the summer. The
lack of cycling results in accumulation of mineralized nutrients (e.g. phosphorus) and depletion of
dissolved oxygen in the colder bottom waters. The surface waters cool during the fall to spring time
period, which results in mixing (lake turnover) and enrichment of surface waters with nutrients from the
bottom and replenishment of bottom waters with oxygen.

Upper Saranac Lake Page 9
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Dissolved Oxygen — needed for survival and health of many forms of aquatic life, as well as affects the
availability of phosphorus. Dissolved oxygen is consumed during respiration and decomposition and
replenished by photosynthesis and diffusion from the atmosphere. The lack of cycling during summer
stratification inhibits the replenishment of dissolved oxygen to bottom waters in the summer, resulting
in depletion of dissolved oxygen as previously mentioned. Depletion of dissolved oxygen in bottom
waters may result in increased release of phosphorus from the dissolution of iron-phosphates contained
in the sediment (Katsev et al. 2006).

Phosphorus — a macronutrient that is often the limiting nutrient for algae growth in lakes and widely
considered as the most important contributor to reduced water quality in lakes (Sgndergaard et al.
2003). Natural weathering releases phosphorus from rocks and soils, and it also enters our watersheds
in fertilizers, human waste, and atmospheric deposition. The plant available form is ortho-phosphate,
which is generally present in very small quantities as it is rapidly assimilated into biomass. High ortho-
phosphate concentrations are indicative of waste inputs (e.g. failing septic systems) or release of bound
phosphorus from sediments (internal loading). Soluble total phosphorus is the fraction of total
phosphorus that passes through a 0.45 micron filter. Total phosphorus is all of the inorganically and
organically bound phosphorus combined, so it represents phosphorus in living tissues, detritus, and
ortho-phosphate. The total phosphorus concentration in the surface waters is used as an indicator of
lake trophic or productivity status; lakes with less than 10 ppb are considered oligotrophic or low
productivity, lakes with 10 to 20 ppb are considered mesotrophic or moderate productivity, and lakes
with greater than 20 ppb are considered eutrophic or high productivity. Total phosphorus near the lake
bottom (Hypolimnion) is monitored to understand the importance of internal loading, the release of
phosphorus accumulated in sediments which replenishes surface water phosphorus when lakes turn
over.

Nitrogen —a macronutrient that can be the limiting nutrient for algae growth in lakes, but it is generally
the second most limiting nutrient after phosphorus. Nitrogen enters our watersheds through biological
fixation, atmospheric deposition, fertilizers, and human waste. Nitric acid, a component of acid rain
produced by the combustion of fossil fuels, has contributed significantly to lake acidification (reduced
pH) in our region (Driscoll et al. 2003). The plant available forms of nitrogen are ammonium and nitrate,
which are generally present in very small quantities as they are rapidly assimilated into biomass. Most
of the nitrogen is bound in organic matter and is released as ammonium by microbial activity and
further converted to nitrate by microbes under aerobic conditions. Total nitrogen is all of the
organically bound nitrogen plus the ammonium and nitrate. Under nitrogen limiting conditions, which
may occur in lakes with high concentrations of phosphorus, nitrogen fixing cyanobacteria may
proliferate (Wetzel 2001). Cyanobacteria are the largest group of toxin producing algae, though not all
cyanobacteria produce toxins, and those that do produce toxins don’t do so all of the time (Carmichael
2008).

Sulfur — an essential element used by all living organisms which is generally abundant enough in most
aquatic systems to cause no limitations to biota and thus does not contribute to algae blooms. Natural
weathering releases sulfur from rocks and soils and it is also deposited via atmospheric deposition.
Sulfuric acid, a component of acid rain produced by the combustion of fossil fuels, has contributed
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significantly to lake acidification (reduced pH) in our region (Driscoll et al. 2003). Sulfate is the dominant
form of dissolved sulfur in freshwater lakes. Sulfate undergoes oxidation-reduction and under anaerobic
conditions (such as is often found near the sediments during summer stratification) it binds to reduced
iron, forming insoluble iron sulfate.

Silica — a naturally occurring element that is abundant in our rocks and soils and is released through
weathering. Silica is extremely significant to diatomaceous algae which assimilate it in large quantities,
and thus the availability of dissolved silica influences the growth and proliferation of algae (Wetzel
2001). Thus, silica availability can limit algal production much like phosphorus and nitrogen, but only for
diatoms.

Calcium, Magnesium, Potassium, Sodium — all essential elements for plant growth, but generally not
limiting in aquatic systems and thus do not contribute to algae blooms. Calcium, Magnesium, and
Potassium are macronutrients, and Sodium is a micronutrient. All are naturally occurring elements that
are released through rock weathering plus smaller quantities from atmospheric deposition. Though, the
rocks of the Upper Saranac Lake watershed have low concentrations of these elements, so they are
found in low concentrations in lakes under natural conditions. Road salting has elevated the sodium
concentration in Adirondack lakes and perhaps the concentrations of the other elements through
exchange processes occurring within the soil (Kelting et al. 2012). High concentrations of sodium in
drinking water may cause health problems for people with hypertension (Corsi et al. 2010), and thus the
US EPA has set a drinking water standard of 20 ppm for sodium, though there is debate over the validity
of this standard (it may be too low). Lake calcium concentration also relates to habitat suitability for
zebra mussels, as researchers have reported minimum calcium concentrations ranging for 8 to 20 ppm
to support a viable population (Cohen 2004). So, calcium is an important indicator to track to assess the
risk for zebra mussel infestation. Calcium may also be important to understand internal P loading, Ca-P
(Pollman and James 2011).

Chlorophyll a — the primary photosynthetic pigment found in all species of algae that is used as an index
of algal biomass (Wetzel 2001). Chlorophyll a is not a direct measure of algal biomass as the
concentration of chlorophyll varies somewhat by species and environmental conditions. This said,
increases in chlorophyll a are generally associated with increased algal production, and the
concentration of chlorophyll a is widely considered as the most direct measure of the trophic state of
lakes. Algal biomass is affected by nutrient availability, water temperature, and light, so there can be
considerable variation in chlorophyll a concentrations throughout the year depending on which of these
three factors is limiting growth at a particular time. Though, major changes in algal biomass (e.g. a
bloom) and thus chlorophyll a are usually related to changes in the availability of phosphorus, nitrogen,
and silica (Wetzel 2001).

Field and Lab Turbidity and Total Suspended Solids (TSS) — turbidity is a measure of water clarity that is
based on the scattering of light by particles in the water. Total Suspended Solids is measured as the
amount of material retained on a glass fiber filter disk after a known volume of water is filtered. Because
turbidity and TSS both measure particles in water, they are related and have been shown to be highly
correlated (Bertrand-Krajewski 2004). These particles include silt, clay, organic matter, plankton, and
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other organisms. Sources of turbidity and TSS include soil erosion in the watershed, algae production,
and decomposition of organic matter.

Color — can limit light penetration and plant productivity and reduces water clarity. Color is influenced
by the types and concentrations of suspended and dissolved particles in the water. Sources of these
particles include dissolved organic carbon, algae, minerals and soils. Tannins produced from
decomposition of plant and animal matter give water a tea color, particularly when associated with
wetlands. Algae produce a variety of colors that range from red to green, depending on the type.
Dissolved iron produces red to brown colors and dissolved manganese produces black, both of these
metals are abundant in Adirondack waters. True Color, measured on filtered water samples, is used by
the NYS DEC when interpreting total phosphorus concentrations in relation to eutrophication. A greater
percentage of the total phosphorus is bound to organic matter in darker colored waters, and thus is less
available compared to the total phosphorus measured in lighter colored waters.

Dissolved Organic Carbon — a food source for aquatic biota, plays a significant role in lake chemistry,
imparts color to the water (e.g. tea colored water is from humic substances), and affects water clarity.
Dissolved organic carbon enters streams and lakes from uplands or is produced in lakes and streams.
Forested watersheds in particular have been shown to export a significant amount of dissolved organic
carbon to lakes (Dillon and Molot 1997). Dissolved organic carbon concentrations in Adirondack lakes
have increased over the last 20 years, and this increase may relate to changes in acid deposition
(Monteith et al. 2007).

Secchi Transparency — widely used measurement of water clarity used as an index of lake trophic state
and is important to our perception of water quality. Secchi transparency is influenced by several factors
beyond algal productivity, including the eyesight of the reader, time of day of the reading, suspended
sediments, and dissolved organic carbon. Increases in suspended sediments from watershed runoff,
shoreline erosion, or mixing will reduce Secchi transparency, as will increases in dissolved organic
carbon from these same processes. Thus, the potential effects of suspended sediments and dissolved
organic carbon should also be considered when interpreting Secchi transparency data.

Lake Trophic Status - Lakes are typically assigned into one of three trophic or productivity classes based
on total phosphorus, total nitrogen, chlorophyll a, and Secchi transparency (Table 4). These four
indicators are known as trophic indicators. Under conditions when water clarity is largely a function of
algae biomass, there should be good correlations between chlorophyll a, Secchi transparency, and total
phosphorus and/or total nitrogen, depending on which of these two nutrients is limiting productivity.
For example, Bachmann et al. (1996) reported strong positive correlations between chlorophyll a and
both total phosphorus and total nitrogen, and strong negative correlations between Secchi transparency
and chlorophyll a, total phosphorus, and total nitrogen in a study of 65 lakes in Florida. But, if other
factors, such as suspended sediments (Davies-Colley and Smith 2001), dissolved organic carbon (Dillon
and Molot 1997), or complex food web interactions (Carpenter et al. 1985) are affecting water clarity,
then the correlations between trophic indicators can be diminished to non-existent. Thus, it is
important to measure all four trophic indicators to assess the trophic state of lakes and to interpret
them with full consideration of other factors that can affect water clarity, otherwise the interpretations
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may be misleading. The NYS DEC uses a true color threshold of 30 Ptu for interpreting total phosphorus
and Secchi transparency. The classification thresholds listed in Table 4 are only applied to lakes with
true color less than 30 Ptu, in recognition of the relationship between true color and phosphorus
availability and between true color and water clarity. The NYS DEC uses chlorophyll a to classify lakes
with greater than 30 Ptu true color.

Table 4. General trophic classification of lakes (adapted from Wetzel 2001) and NYS DEC assessment
criteria*.

Indicator Oligotrophic Mesotrophic Eutrophic

Total phosphorus (ppb)
Mean 8.0 26.7 84.4
Range 3.0-17.7 10.9-95.6 16 -386
NYS DEC <10 10-20 >20
Total nitrogen (ppb)
Mean 661 753 1875
Range 307 - 1630 361 - 1387 393 -6100
Chlorophyll a (ppb)
Mean 1.7 4.7 14.3
Range 0.3-45 3-11 3-78
NYS DEC <2 2-8 >8
Secchi transparency (m)
Mean 9.9 4.2 2.45
Range 5.4-283 15-8.1 0.8-7.0
NYS DEC >5 2-5 <2

*If the mesotrophic/eutrophic criteria are exceeded for any indicator Upper Saranac Lake would be
considered impaired based on its designated uses.
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3. Summary of Historical Trophic Indicator Data
Lake Basins

Time series plots for total phosphorus (Fig. 2), chlorophyll a (Fig. 3), and Secchi transparency (Fig. 4)
show the long term trends in these trophic indicators for both the north and south basins of Upper
Saranac Lake. Note, all three time series show a data gap in 2000/01 reflecting missing data for that
season and there was not sufficient data available to plot a meaningful time series for total nitrogen.
Total phosphorus concentration has been relatively stable and consistently low from the early 1990s
through 2011, though the within year data is more variable in recent years (2003 to 2011) compared to
the 1990s (Fig. 2). This increased variability may reflect adoption of more sensitive laboratory methods
in recent years. Chlorophyll a peaked in 1992/93 and has exhibited a downward trend since (Fig. 3).
Secchi transparency was highest in the early 1990s and has exhibited a downward trend since (Fig. 4).
Comparing the means and ranges for the trophic indicators from the early years of monitoring to the
current years of monitoring, it is clear that improvements in total phosphorus and nitrogen, and
chlorophyll a have occurred (Table 5). In the 1989 to 1992 time period 20% of the samples for total
phosphorus exceeded the eutrophic threshold value and 25% of the samples for chlorophyll a exceeded
the eutrophic threshold value, while in the 2008 to 2011 time period only 7% of total phosphorus and
6% of chlorophyll a samples exceeded their respective thresholds. While Secchi transparency has
trended down over time, none of the samples have exceeded the eutrophic threshold in recent years,
though the downward trend suggests future samples will exceed this threshold. The trend in Secchi
transparency is counter to the other trophic indicators and may reflect the effects of larger regional
factors on DOC, such as reductions in acid deposition (Montieth et al. 2007).
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Figure 2. Total phosphorus concentration in the surface water of Upper Saranac Lake, 1989 to 2011.
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Figure 3. Chlorophyll a concentration in the surface water of Upper Saranac Lake, 1989 to 2011.
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Figure 4. Secchi transparency in the surface water of Upper Saranac Lake, 1989 to 2011.
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Table 5. Comparison of surface water quality parameters between first and last four years of
monitoring the north and south lake basins in Upper Saranac Lake.

1989 to 1992 2008 to 2011
Indicator
min  mean max Eutrophic* min mean  max Eutrophic
Total P (ppb) 4 24 167 20% 6 12 28 7%
Total N (ppm) 0.1 1.3 4.8 0.1 0.3 0.8
Transparency (m) 2.0 4.0 7.0 4% 2.2 3.2 4.9 0%
Chlorophyll a (ppb) 0.0 4.8 16.2 25% 0.7 4.8 9.8 6%

*Eutrophic refers to the percentage of observations taken during the monitoring period that exceeded
the numerical threshold for the indicator being considered by NYS DEC (see Table 5).

Streams

Time series plots where developed for total phosphorus for Fish Creek (Fig. 5) and Little Clear Outlet
(Fig. 6), the only tributaries with a complete time series. Also, total phosphorus is the only indicator
with a complete time series, less two missing years of data. Please note the difference in scale on the y-
axis, Fish Creek ranges from 0 to 100ppb and Little Clear Outlet ranges from 0 to 250ppb. Both
tributaries show a reduction in total phosphorus from the late 1980s and both have been relatively
stable year-to-year for the past decade.

There was enough data available for the other tributaries to estimate their phosphorus loads to Upper
Saranac Lake for the initial and later years of monitoring (Fig. 7). During the 1989 to 1993 time period,
about 6,900 Ibs of phosphorus were added to the lake each year, with the annual load declining to
about 4,300 Ibs of phosphorus per year during the 2007 to 2011 time period. Fish Creek accounted for
about 40% of the total phosphorus load and Mill Brook accounted for about 27% of the total
phosphorus load during the 1989 to 1993 time period, thus these two tributaries together accounted for
about 67% of the total phosphorus load during the 1989 to 1993 time period. The large reduction in
total phosphorus load to the lake estimated for the 2007 to 2011 time period was from reduced loads
coming from Fish Creek and Mill Brook (Fig. 7).

The reduction in total phosphorus load to the lake from Mill Brook corresponds with the reduction in
annual phosphorus discharge reported for the fish hatchery during the monitoring period (Fig. 8). Thus,
it is highly likely that changes in management practices known to have occurred at the fish hatchery are
responsible for the reduction in total phosphorus load to the lake from Mill Brook. Note that the fish
hatchery discharges into Little Clear Outlet, which is a tributary to Mill Brook. The reduction in total
phosphorus load to the lake from Fish Creek may correspond with changes in waste water treatment
practices at Fish Creek and Rollins Pond campgrounds, though we have no quantitative monitoring data
to support this statement.
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Figure 5. Total phosphorus concentration in grab samples from Fish Creek, 1989 to 2011.
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Figure 6. Total phosphorus concentration in grab samples from Little Clear Outlet, 1989 to 2011.
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Figure 7. Estimated phosphorus loads to Upper Saranac Lake from the major tributaries for the
beginning and end of the monitoring period.
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Figure 8. Annual phosphorus discharge into Little Clear Outlet from the NYS Adirondack Fish Hatchery.
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4. Review of Water Quality Standards

The states are required under the Clean Water Act to (1) define the designated uses for the waters of
the state, (2) establish water quality standards for these uses, and (3) periodically monitor and report
water quality data. The US EPA approves the designated uses, standards, and monitoring and reporting
plan used by each state. When the criteria for a water quality standard are exceeded for a designated
use the water body is classified as impaired and reported to the US EPA as a 303(d) listed water body.
The state is then required to develop and implement a plan to reduce the input of the pollutant causing
the impairment to restore the designated use.

The designated uses for the waters of New York State are classified by the NYS DEC, with Upper Saranac
Lake classified as a Class AA water body. The uses of a Class AA water body are (1) a source of water
supply for drinking, culinary or food processing purposes, and (2) primary and secondary contact
recreation, and fishing. The use description also states that Class AA waters “shall be suitable for fish
propagation and survival; and that these waters, if subjected to approved disinfection treatment, with
additional treatment if necessary to remove naturally present impurities, will meet New York State
Department of Health drinking-water standards and will be considered safe and satisfactory for
drinking-water purposes”. Note, discharge of treated waters into Class AA water bodies is allowed in
New York State under a SPEDS permit as long as it does not impair the designated uses.

New York State uses a combination of narrative and numeric standards to regulate water quality.
Narrative standards describe a condition that must be met, while numeric standards give a specific
threshold value that cannot be exceeded. The narrative standards for Class AA water bodies are listed in
Table 6. Note the narrative standard for nitrogen and phosphorus, “None in amounts that will result in
growths of algae, weeds and slimes that will impair the waters for their best usages”. The US EPA has
encouraged the states to move from narrative to numeric water quality standards, and New York State
is currently working on developing numeric standards for nitrogen and phosphorus, and currently has a
statewide guidance value of 20 pg/L for phosphorus that applies to Class AA waters. The state also has
the following numeric standards for pH, dissolved solids, dissolved oxygen, and total coliforms that
apply to Class AA waters:

e pH - between 6.5 and 8.5

e Dissolved Solids - as low as practicable but never greater than 500 mg/L

e Dissolved Oxygen - minimum daily average greater than 5.8 mg/L and never less than 4.0 mg/L

e Total Coliforms (# per 100 ml) — monthly median value less than 50 and no more than 20% of
samples greater than 240

Upper Saranac Lake appears on the NYS Priority Waterbodies List and was identified as a 303(d) listed
waterbody in 2008. This listing is based on low dissolved oxygen suspecting to cause stress to aquatic life
and threatening recreational use of the lake. Upper Saranac Lake appears in the draft 2012 303(d) list as
“Listed Waterbodies Not Meeting Dissolved Oxygen Standards, Pending Verification of Use
Impairments/Pollutants/Sources”. The reason for this pending verification is that low dissolved oxygen
may result from factors such as natural lake stratification rather than excess nutrient loadings from
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human activities. Additionally, periodic low dissolved oxygen may not necessarily degrade the
designated uses of the water relative to aquatic life. Thus, the state is in the process of reviewing the
dissolved oxygen criteria and other biological data to determine actual impacts and from this review
they will decide on appropriate criteria relative to dissolved oxygen.

Table 6. Narrative standards for water classes defined by New York State.

Taste-, color-, and odor- AA, A, B, C, D, SA, SB, None in amounts that will adversely affect

producing, toxic and other SC, I, SD, A-Special, GA, the taste, color or odor thereof, or impair

deleterious substances GSA, GSB the waters for their best usages.

Turbidity AA, A, B, C, D, SA, SB, No increase that will cause a substantial
SC, I, SD, A-Special visible contrast to natural conditions.

Suspended, colloidal and AA, A, B, C, D, SA, SB, None from sewage, industrial wastes or

settleable solids SC, I, SD, A-Special other wastes that will cause deposition or

impair the waters for their best usages.

Oil and floating substances AA, A, B, C, D, SA, SB, No residue attributable to sewage,
SC, 1, SD, A-Special industrial wastes or other wastes, nor
visible oil film nor globules of grease.

Phosphorus and nitrogen AA, A, B, C, D, SA, SB, None in amounts that will result in
SC, I, SD, A-Special growths of algae, weeds and slimes that
will impair the waters for their best
usages.
Thermal discharges AA, A, B, C, D, SA, SB, See Part 704 of this Title.

SC, I, SD, A-Special

No alteration that will impair the waters

Flow AA, A, B, C, D, A-Special for their best usages.

In addition to the five numeric standards discussed above, there are 178 pollutants with numeric water
quality standards listed for Class AA surface waters (see Appendix |) that fall under the parameter
“Taste-, color-, and odor-producing, toxic and other deleterious substances” listed in Table 6. Of these
178 pollutants, 125 are listed because of their potential adverse effects on human health when lakes are
used as a drinking water source (e.g. the heavy metal, Arsenic), and the majority of the remainder are
listed because of effects on aquatic ecosystem health (e.g. the pesticide, trichlorobenzene). These
pollutants are a mix of inorganic and organic compounds and group into 17 general pollutant types
(Table 7). Over 80 percent of these pollutants are synthetic organic compounds and the rest are
inorganic compounds and elements. Pesticides are the largest type of pollutant followed by chemical
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intermediates and herbicides. Chemical intermediates are compounds that are used in the manufacture
of other products (e.g. the organic compound 1,3,5-Trimethylbenzene is used in making plastics).

Though the potential list of pollutants to monitor in Appendix | is very long, in reality, the principal
sources of contamination for most of these pollutants do not exist in the Upper Saranac Lake watershed.
The principal sources of pesticides and herbicides are direct runoff and contaminated groundwater from
agricultural operations, though some homeowners may use these chemicals in small quantities in the
Upper Saranac Lake watershed. The principal sources of chemical intermediates and the majority of the
rest of the pollutants are hazardous waste disposal sites and industrial/manufacturing facilities. If there
was any dumping of barrels, old batteries, or other waste products in the lake in the past there may be
localized higher concentrations of some pollutants that may warrant further investigation, particularly if
the water is used for drinking.

Two pollutant types that do occur in the Upper Saranac Lake watershed in significant quantities are
fertilizers and human/animal wastes, and road salt. In addition to phosphorus already mentioned the
fertilizer and human/animal waste pollutants include ammonia and ammonium, nitrate and nitrite, and
sulfate and sulfite. The numeric criteria for these compounds are for human health/water consumption,
and are orders of magnitude greater than the measured values of these substances in Upper Saranac
Lake, but these compounds have additional importance relative to eutrophication. The sources of
fertilizers and human/animal wastes are the SPEDS permitted facilities such as the Adirondack Fish
Hatchery and the septic systems of individual homeowners. The principal source of Na and Cl loadings
to lakes in the Adirondack Park is from salting of state roads (Kelting et al., 2012), thus state routes 3
and 30 are the major sources in the Upper Saranac Lake watershed.

Table 7. Summary of pollutant types with water quality standards for Class AA surface waters.

Pesticides 1 54 55
Chemical intermediates 1 45 46
Herbicides 17 17
Heavy metals 13 13
Fossils fuels 11 11
Fertilizers and human/animal wastes 6 6
Flame retardants 1 4 5
Metals 5 5
Drugs 1 3 4
Fragrances 3 3
Preservatives 3 3
Refrigerants 4 4
Biocides 2 2
Decomposition byproducts 1 1
Disinfectants 1 1
PCBs 1 1
Road salts 1 1
Grand Total 30 148 178
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5. Recommended Indicators and Monitoring Program
Indicators

Eighteen water quality indicators are recommended for monitoring in the Upper Saranac Lake
watershed (Table 8). The justification for measuring each indicator is provided in the table. Six of the
indicators are monitored to track compliance with the NYS DEC regulatory criteria established for Class
AA water bodies. Most of the remaining indicators are monitored to be able to interpret/explain
changes observed in the regulated indicators. All of these indicators are currently monitored through
either CSLAP or AWI, with the exception of dissolved organic carbon and silica, which are not currently
monitored. Ammonium and arsenic are currently monitored through CSLAP but would be dropped from
the monitoring program as their concentrations are often near the limit of quantification, or barely
detectable using current laboratory methods. Other indicators measured in previous years like ortho
and soluble phosphorus were frequently at their limits of quantification and thus are not reliable or
sensitive indicators and so are not recommended for routine monitoring. In addition to the
recommended indicators, we also measure conductivity, nitrate, sulfate, magnesium, and potassium on
all water samples for our own investigative purposes, so these additional data would be available. The
indicators would be measured in the epi- and hypolimnion of the north and south basins and in each
tributary, with the exception of chlorophyll a and Secchi transparency which would only be measured in
the epilimnion of the north and south basins. Dissolved oxygen and temperature would be profiled with
depth in the north and south basins.

Table 8. Recommended water quality indicators for Upper Saranac Lake.

Indicator Justification

Total Phosphorus* trophic indicator and regulatory standard criteria

Total Nitrogen* trophic indicator

Chlorophyll a* trophic indicator and regulatory standard criteria

Secchi Transparency* trophic indicator and regulatory standard criteria

pH* regulatory standard criteria

Dissolved Oxygen* regulatory standard criteria

Temperature* regulatory standard criteria

Alkalinity* Interpreting pH and buffering

Dissolved Organic Carbon | Interpreting transparency

True Color* Interpreting transparency and total phosphorus

Aluminum* Interpreting pH and phosphorus dynamics

Iron* Interpreting phosphorus dynamics and suitability for potable water
Manganese* Interpreting phosphorus dynamics and suitability for potable water
Calcium* risk/suitability for invasive mollusks like zebra mussel

Silica Interpreting chlorophyll a and transparency

Sodium* road salt contamination

Chloride* road salt contamination

Stream Discharge* estimate nutrient and contaminant loads

*denotes indicator is currently measured by CSLAP and/or AWI
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Sampling Frequency

Water quality monitoring programs are designed to establish baseline conditions and to detect
statistically significant changes in water quality indicators (Smeltzer et al. 1989). The number of samples
to collected each year to be able to detect a statistically significant change in an indicator depends on
the within and between year variability in the indicator. Variance component analysis is used to analyze
the variation to determine the effect of sampling frequency on the least significant difference (LSD), or
the smallest change in an indicator that can be declared to be significantly different from zero. This
analysis was performed on the historical database for the north and south basins of Upper Saranac Lake
for total phosphorus, chlorophyll a, and Secchi transparency (Table 9). We have been collecting 8
samples per summer, so the LSDs start with 8 for sampling frequency. With 8 samples per year we can
declare a 2ppb change in total phosphorus, a 2m change in Secchi transparency, and a 4ppb change in
Chlorophyll a as statistically significant. The 2ppb change in total phosphorus is an important threshold
analytically as it is near the limit of quantification for most laboratories (e.g. UFl reported an LOQ of 2.5
ppb), so there would be no benefit to sample more than 8 times per year. The 2ppb LSD holds down to
6 samples per year and then increases thereafter, with chlorophyll a showing the same response. Based
on this analysis we recommend sampling the lake basins 6 times per year from May through October.

Table 9. Least significant differences at alpha 0.05 for total phosphorus, Secchi transparency, and
chlorophyll a as a function of the number of samples collected each summer.

Number of Total P (ppb) Secchi Transparency Chlorophyll a (ppb)
Samples (m)
8 2 2 4
7 2 2 4
6 2 2 4
5 3 2 5
4 3 2 6
3 4 2 8
2 5 3 13
1 9 4 36

Stream water quality is inherently more variable compared to lake water quality. Owing to their larger
volumes, water quality in lakes changes more slowly than in streams, which exhibit wide variability in
water quality indicators based on season and events. Thus, streams should be sampled more frequently
than lakes, particularly when trying to estimate nutrient loads (as in the total phosphorus loads
presented in Fig. 7). Variance component analysis of total phosphorus concentrations from Fish Creek
and Little Clear Outlet (data shown in Fig. 5 and 6) indicates that 10 samples per year is sufficient to
attain an LSD of 2ppb, so 10 samples per year is the recommended sampling frequency for the
tributaries.

Algal toxins are an area of increasing concern and some monitoring programs have begun to track these
as well. Several genera of cyanobacteria produce toxins that can have significant (even fatal) health
effects, and cyanobacteria are recognized as the major harmful algal group for freshwaters (Carmichael
2008). Table 10 summaries some toxins and known effects for several genera of cyanobacteria. CSLAP

Upper Saranac Lake Page 23



Water Quality Database and Monitoring Program

samples are tested for microcystin, anatoxin, and cylindrospermopsin, with microcystin being the most

commonly occurring of the three and the one we know the most about. The whole area of hazardous

algae blooms is being intensively studied right now as numerous challenges exist in understanding these

toxins; not all blue-green algae product toxins, those that do don’t produce toxins all the time, a toxin

may be present one day and gone the next (and vice versa), and though there are confirmed deaths of

animals from toxins reported human deaths are very rare. It may be prudent to test samples collected

from blooms that occur in swimming areas or during peak use, though given the fickle nature of these

toxins one wonders what the results of the test would mean (probably more tests). Though, regardless

of whether USLF test for toxins or not, it is important for all lake users to know the potential dangers

and to minimize their risk of exposure by not being in skin contact with the water in or near algae

blooms and keeping their pets away from blooms.

Table 10. Cyanobacterial toxins, the freshwater taxa that produce them, and human health effects.
Not all species/clones of genera listed produce toxins. Environmental conditions may also influence
toxin production (from Lopez et al. 2008).

pneumonia, dermatitis

Microcystins Anabaena, Gastrointestinal, liver Tumor promoter, liver
Aphanocapsa, inflammation, and failure leading to death
Hapalosphon, hemorrhage and liver
Microcystis, Nostoc, failure leading to death,
Oscillatoria, pneumonia, dermatitis
Planktothrix
Nodularins Nodularia spumigena Similar to Microcystins Similar to Microcystins
Saxitoxins Anabaena, Tingling, burning, Unknown
Aphanizomenon, numbness, drowsiness,
Cylindrospermopsis, incoherent speech,
Lyngbya respiratory paralysis
leading to death
Anatoxins Anabaena, Tingling, burning, Cardiac arrhythmia
Aphanizomenon, numbness, drowsiness, | leading to death
Oscillatoria, incoherent speech,
Planktothrix respiratory paralysis
leading to death
Cylindrospermopsin Aphanizomenon, Gastrointestinal, liver Malaise, anorexia, liver
Cylindrospermopsis, inflammation and failure leading to death
Umezakia hemorrhage,

Cylindrospermopsin,
Microcystis, Nostoc,
Planktothrix

Lipopolysaccharide Aphanizomenon, Gastrointestinal, Unknown
Oscillatoria dermatitis

Lyngbyatoxins Lyngbya Dermatitis Skin tumors

BMAA Anabaena, Potential link to

neurodegenerative
diseases
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Appendix 1. Numeric water quality standards for taste-, color-, and odor-producing, toxic and other
deleterious substances in Class AA waters of New York State (NYSDEC, 2012). The letter codes in the
Type column refer the specific concern with: H(WS) —human health, drinking water source; H(FC) —

human health, fish consumption; A(C) — aquatic organisms, chronic health effects; A(A) — aquatic

organisms, acute health effects; W — wildlife health effects; E(WS) — aesthetic effects on drinking water;

E(FS) — aesthetic effects on fish; and R — recreational use effects.

Parameter Standard Type
Acenaphthene 20 pg/L E(WS)
Acetaldehyde 8 pg/L H(WS)
Alachlor 0.5 pg/L H(WS)
Aldicarb 7 ug/L H(WS)
Aldrin 0.001 pg/L H(FC)
Aluminum, ionic 100 pg/L A(C)
Ammonia and Ammonium as N 2,000 pg/L H(WS)
Aniline 5 pg/L H(WS)
Antimony 3 pg/L H(WS)
Arsenic 50 pg/L H(WS)
150 pg/L A(C)
340 pg/L A(A)
Azinphosmethyl 0.005 pg/L A(C)
Barium 1,000 pg/L H(WS)
Benzene 1 pug/L H(WS)
10 pg/L H(FC)
Benzidine 0.1 pg/L A(C)
Bis(2-ethylhexyl)phthalate 5 pg/L H(WS)
0.6 pg/L A(C)
Boron 10,000 pg/L A(C)
Bromochloromethane 5 pg/L H(WS)
Bromomethane 5 pg/L H(WS)
n-Butylbenzene 5 pg/L H(WS)
sec-Butylbenzene 5 ug/L H(WS)
tert-Butylbenzene 5 pug/L H(WS)
Cadmium 5 pug/L H(WS)
Carbofuran 15 pg/L H(WS)
1.0 ug/L A(C)
Carbon disulfide 60 pg/L H(WS)
Chlorodane 0.05 pg/L H(WS)
2x 107 pg/L H(FC)
Chloride 250,000 pg/L H(WS)
Chlorinated dibenzo-p-dioxins and 7x 107 pg/L H(WS)
Chlorinated dibenzofurans 7x107 pg/L H(FC)
6x 10™ pg/L W
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Parameter Standard Type
Chlorobenzene 5 pg/L H(WS)
400 pg/L H(FC)
5 pg/L A(C)
20 pg/L E(WS)
4-Chlorobenzotriflouride 5 pg/L H(WS)
Chloroform 7 pg/L H(WS)
2-Chloronaphthalene 10 pg/L E(WS)
2-Chlorotoluene 5 pg/L H(WS)
3-Chlorotoluene 5 pg/L H(WS)
4-Chlorotoluene 5 pg/L H(WS)
3-Chloro-1,1,1-trifluoropropane 5 pg/L H(WS)
Chromium 50 pg/L H(WS)
Chromium (hexavalent) 11 pg/L A(C)
16 pg/L A(A)
Cobalt 5 ug/L A(C)
Copper 200 pg/L H(WS)
Cyanide 200 pg/L H(WS)
9,000 pg/L H(FC)
5.2 ug/L A(C)
22 pg/L A(A)
p,p’-DDD 0.3 pg/L H(WS)
8 x 10” pg/L H(FC)
p,p’-DDE 0.2 pg/L H(WS)
7 x10° pg/L H(FC)
p,p’-DDT 0.2 pug/L H(WS)
1x10° ug/L H(FC)
1.1x 10" pg/L W
Demeton 0.1 pg/L A(C)
Diazinon 0.7 pug/L H(WS)
1,2-Dibromobenzene 5 pg/L H(WS)
1,3-Dibromobenzene 5 pg/L H(WS)
1,4-Dibromobenzene 5 pg/L H(WS)
1,2-Dibromo-3-chloropropane 0.04 pg/L H(WS)
Dibromodichloromethane 5 pug/L H(WS)
Dichlorobenzenes 3 ug/L H(WS)
5 pg/L A(C)
20 pg/L E(WS)
3,4-Dichlorobenzotriflouride 5 pg/L H(WS)
1,1-Dichloroethane 5 pug/L H(WS)
1,2-Dichloroethane 0.6 pg/L H(WS)
cis-1,2-Dichloroethene 5 pug/L H(WS)
trans-1,2-Dichloroethene 5 pug/L H(WS)
Dichloroflouromethane 5 pug/L H(WS)
2,4-Dichlorophenol 0.3 pg/L E(WS)
2,4-Dichlorophenoxyacetic acid 50 pg/L H(WS)
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Parameter Standard Type
1,1-Dichloropropane 5 pg/L H(WS)
1,2-Dichloropropane 1 pug/L H(WS)
1,3-Dichloropropane 5 pg/L H(WS)
2,2-Dichloropropane 5 pg/L H(WS)
1,3-Dichloropropene 0.4 pg/L H(WS)
2,3-Dichlorotoluene 5 pug/L H(WS)
2,4-Dichlorotoluene 5 pug/L H(WS)
2,5-Dichlorotoluene 5 ug/L H(WS)
2,6-Dichlorotoluene 5 ug/L H(WS)
3,4-Dichlorotoluene 5 pug/L H(WS)
3,5-Dichlorotoluene 5 pug/L H(WS)
Dieldrin 0.004 pg/L H(WS)
6x 107 pg/L H(FC)
0.056 pug/L A(C)
0.24 pg/L A(A)
Di(2-ethylhexyl)adipate 20 pg/L H(WS)
N,N-Dimethylaniline 1 pg/L H(WS)
2,4-Dimethylphenol 1,000 pg/L H(FC)
2,4-Dinitrophenol 400 pg/L H(FC)
Diquat 20 pg/L H(WS)
Dyphylline 50 pg/L H(WS)
Endosulfan 0.009 pg/L A(C)
Endrin 0.2 pg/L H(WS)
0.002 pg/L H(FC)
0.036 pg/L A(C)
0.086 pg/L A(A)
Ethylbenzene 5 pug/L H(WS)
Ethylene dibromide 6x 10 pg/L H(WS)
Fluoride 1,500 pg/L H(WS)
Formaldehyde 8 ug/L H(WS)
Heptachlor 0.04 pg/L H(WS)
2x10™ pg/L H(FC)
Heptachlor epoxide 0.03 pg/L H(WS)
3x10™ pg/L H(FC)
Hexachlorobenzene 0.04 pg/L H(WS)
3x10° pg/L H(FC)
Hexachlorobutadiene 0.5 pg/L H(WS)
0.01 pg/L H(FC)
1.0 ug/L A(C)
alpha-Hexachlorocyclohexane 0.01 pg/L H(WS)
0.002 pg/L H(FC)
beta-Hexachlorocyclohexane 0.04 pg/L H(WS)
0.007 pg/L H(FC)
delta-Hexachlorocyclohexane 0.04 pg/L H(WS)
0.008 pg/L H(FC)
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Parameter Standard Type
epsilon-Hexachlorocyclohexane 0.04 pg/L H(WS)
0.008 pg/L H(FC)
gamma-Hexachlorocyclohexane 0.05 pg/L H(WS)
0.008 pg/L H(FC)
0.95 pg/L A(A)
Hexachlorocyclopentadiene 0.45 pg/L H(WS)
1.0 pg/L A(C)
Hexachloroethane 5 pg/L H(WS)
0.6 pg/L H(FC)
Hydrogen sulfide 2.0 pg/L A(C)
Hydroquinone 2.2 pg/L A(C)
Iron 300 pg/L E(WS)
Isodecyl diphenyl phosphate 1.7 pg/L A(C)
2-lsopropyltoluene 5 pg/L H(WS)
3-Isopropyltoluene 5 pg/L H(WS)
4-Isopropyltoluene 5 pg/L H(WS)
Isothiazolones, total (isothiazolinones) 1 pug/L A(C)
Lead 50 pg/L H(WS)
Linear alkyl benzene sulfonates 40 pg/L A(C)
Magnesium 35,000 pg/L H(WS)
Malathion 0.1 pg/L A(C)
Manganese 300 pg/L E(WS)
Mercury 0.7 pg/L H(WS)
7 x10™ pg/L H(FC)
0.77 pg/L A(A)
0.0026 pg/L W
Methoxychlor 35 pg/L H(WS)
0.03 pg/L A(C)
N-Methylaniline 5 pug/L H(WS)
Methyl chloride 5 ug/L H(WS)
Methylene bisthiocyanate 1.0 ug/L A(C)
Methylene chloride 5 pug/L H(WS)
200 pg/L H(FC)
alpha-Methylstyrene 5 pug/L H(WS)
2-Methylstyrene 5 pug/L H(WS)
3-Methylstyrene 5 pug/L H(WS)
4-Methylstyrene 5 pug/L H(WS)
Metolachlor 10 pg/L H(WS)
Mirex 0.03 pg/L H(WS)
1x10” pg/L H(FC)
0.001 pg/L A(A)
Naphthalene 10 pg/L E(WS)
Niacinamide 500 pg/L H(WS)
Nickel 100 pg/L H(WS)
8.2 ug/L A(C)
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Parameter Standard Type
Nitrate (expressed as N) 10,000 pg/L H(WS)
Nitrate and Nitrite (expressed as N) 10,000 pg/L H(WS)
Nitrilotriacetic acid 3 pg/L H(WS)
5,000 pg/L A(C)
Nitrite (expressed as N) 1,000 pg/L H(WS)
Nitrobenzene 0.4 pg/L H(WS)
30 pg/L E(WS)
Octachlorostyrene 0.2 pug/L H(WS)
6x 10” pg/L H(FC)
Parathion 0.065 pg/L A(A)
Parathion and Methyl parathion 0.008 pg/L A(C)
Phenolic compounds (total phenols) 1 pug/L E(WS)
Phenols, total chlorinated 1.0 ug/L E(FS)
Phenols, total unchlorinated 5.0 pg/L E(FS)
Phenyl ether 10 pg/L E(WS)
3-Phenyl-1-propene 5 pug/L H(WS)
cis-1-Phenyl-1-propene 5 pug/L H(WS)
trans-1-Phenyl-1-propene 5 pug/L H(WS)
Polychlorinated biphenyls 0.09 pg/L H(WS)
1x10” pg/L H(FC)
1.2 x 10" pg/L W
n-Propylbenzene 5 pug/L H(WS)
Quaternary ammonium compounds 10 pg/L A(C)
Selenium 10 pg/L H(WS)
4.6 ug/L A(C)
Silver 50 pg/L H(WS)
0.1 pg/L A(C)
Simazine 0.5 pg/L H(WS)
Styrene 50 pg/L E(WS)
Sulfate 250,000 pg/L H(WS)
Sulfite 200 pg/L A(C)
Tetrachlorobenzenes 10 pg/L E(WS)
1,1,1,2-Tetrachloroethane 5 pug/L H(WS)
Thallium 8 ug/L A(C)
Theophylline 40 pg/L H(WS)
Toluene 5 pug/L H(WS)
6,000 pg/L H(FC)
Toxaphene 0.06 pg/L H(WS)
6 x 10° pg/L H(FC)
0.005 pg/L A(C)
1,2,4-Tribromobenzene 5 pug/L H(WS)
Trichlorobenzenes 5 pug/L A(C)
10 ug/L E(WS)
1,1,1-Trichloroethane 5 pug/L H(WS)
1,1,2-Trichloroethane 1 pg/L H(WS)
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Parameter Standard Type
Trichloroethene 5 pg/L H(WS)
40 pg/L H(FC)
Trichlorofluoromethane 5 pg/L H(WS)
2,4,5-Trichlorophenoxypropionic acid 10 pg/L H(WS)
1,1,2-Trichloropropane 5 pg/L H(WS)
1,2,3-Trichloropropane 0.04 pg/L H(WS)
cis-1,2,3-Trichloropropene 5 pg/L H(WS)
trans-1,2,3-Trichloropropene 5 pug/L H(WS)
alpha,2,4-Trichlorotoluene 5 ug/L H(WS)
alpha,2,6-Trichlorotoluene 5 ug/L H(WS)
alpha,3,4-Trichlorotoluene 5 pug/L H(WS)
alpha,alpha,2-Trichlorotoluene 5 pug/L H(WS)
alpha,alpha,4-Trichlorotoluene 5 ug/L H(WS)
1,1,1-Trichloro-2,2,2-trifluoroethane 5 pug/L H(WS)
1,1,2-Trichloro-1,2,2-trifluoroethane 5 ug/L H(WS)
1,2,3-Trimethylbenzene 5 pug/L H(WS)
1,3,5-Trimethylbenzene 5 ug/L H(WS)
Triphenyl phosphate 4 pg/L A(C)
Vanadium 14 pg/L A(C)
1,2-Xylene 5 pug/L H(WS)
1,3-Xylene 5 pug/L H(WS)
1,4-Xylene 5 pug/L H(WS)
Zinc 66 pg/L A(C)
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