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Abstract

Water quality and hydrologic data collected in and arovad Onondaga Lake, New
York, between 1968 and 1990 are compiled and analyzed. Data sources include
Onondaga County Department of Drainage and Sanitation (D&S), Onondaga County
Department of Health, New York State Department of Environmental Conservation
(DEC), Upstate Freshwater Institute, and United States Geological Survey. The data are
screened and assembled into a single data base to support future statistical analyses,
modeling, and management decisions. While screening and statistical analyses are focused
on measurements related to eutrophication, the data base also includes measurements of
other water-quality constituents (bacteria, inorganic species, carbon species, solids
fractions, trace metals). The data base contains a total of 185,768 water-quality
observations. Analytical and field methods employed by each agency are documented.

Statistical methods, graphical methods, and limnological reasoning are applied to
identify and flag anomalous data values, which are subsequently verified against source
materials. Parametric and nonparametric statistical methods are applied to samples
paired in time and space to identify consistent differences in results among monitoring
agencies. Based upon these comparisons, methods documentation, and limnological
factors, certain data are flagged as unreliable. These include D&S field measurements of
dissolved oxygen, temperature, and pH between 1976 and 1981 and DEC field
measurements of conductivity between 1981 and 1988. Because of the time periods and
constituents involved, rejection of these data does not have a significant impact on the
value of the data set as a whole to support ongoing lake-restoration efforts. Other,
relatively minor agency-related variations are identified and discussed.

The seasonal Kendall test (Hirsch & Slack, 1984) is used to test for longterm
trends in data subsets defined by agency, variable, depth interval, year interval, and
season. Significant improvements in eutrophication-related water-quality conditions are
detectable over longterm (1968-1990), 10-year (1981-1990), and 5-year (1986-1990)
periods. Although the lake is still eutrophic, symptoms of improving water quality in
epilimnion include decreasing trends in phosphorus, particulate kjeldahl nitrogen, and
chlorophyll-a and an increasing trend in transparency. Symptoms of improving water
quality ia the hypolimnion over the 1986-1990 period include an increasing trend in
dissolved oxygen (spring) and decreasing trends in phosphorus species, ammonia nitrogen,
Kjeldahl nitrogen, and sulfides. Construction of statistical models to filter hydrologically-
induced variance from water-quality time series is recommended to improve resolution of
trends and tracking of longterm water-quality variations.

Spatial and temporal variance componeats of lake trophic-state indicators are
estimated and used to investigate effects of alternative sampling frequencies on the
precision of longterm geometric means, precision of yearly geometric means, and power
for detecting longterm trends. Results indicate that the existing biweekly sampling
frequency employed by D&S is adequate to support tracking of longterm variations, trend
analysis, and application of empirical eutrophication models. Higher temporal and spatial
frequencies may be required to support dynamic modeling. Horizontal variations in water
quality are such that data from the South station are adequate for tracking longterm
variations in the trophic state of the lake open waters. Recommendations for future
monitoring are formulated based upon results of the data analyses.
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Introduction

This report describes the compifation and review of water quality and hydrologic
data collected in an around Onondaga Lake between 1968 and 1990. Sources of data
include:

(1) Lake and tributary water quality monitoring conducted by Onondaga
County Department of Drainage and Sanitation (D&S) between 1968 and
1990, as a continuation of a research program conducted jointly with the
U.S. Environmental Protection Agency between 1968 and 1969
{Onondaga County, 1971);

2) Lake water quality monitoring conducted jointly by the Onondaga County
Department of Public Health (DOH) and the New York State
Department of Environmental Consesvation (DEC) between 1975 and
1990 (OCDOH,1975-1990);

& Lake water quality monitoring conducted by Upstate Freshwater Institute,
Inc. (UFI) between 1978 and 1990; and

@) Tributary flow and lake surface-elevation measurements recorded daily by
the U.S. Geological Survey (USGS) in Water Years 1968-1990,

General features of the three water-quality monitoring programs are summarized in Table
L

These data previously existed at various locations in handwritten, printed, and/or
computer-accessible forms. The primary purpose of this study is to compile and organize
the information into a consistent framework which can be used to suppost future
statistical analyses, modelling efforts, and management decisions. Although the compiled
data set includes all water quality components reportedly monitored by each agency,
validation, screening, and analytical efforts are focused on nutrients and related water-
quality components measured at lake stations.

Sample counts, field methods, and laboratory methods are documented for each
investigator, water quality variable, and time period. Statistical methods and limnological
principles are applied to screen the data in the following ways:

()] to identify and flag individual anomalous values, which may reflect
unrepresentative sampling, analytical errors, errors in data transcription,
or unusual lake events; where possible, errors in data transcription are
corrected by referring to original field and laboratory records;

2) to identify discrepancies among independent sources of data for the same
water quality parameter, station, depth interval, and time period; where
possible, potential sources of such discrepancies (e.g., differences in
analytical procedures, problems with monitoring equipment) are
identified and discussed, with reference to lab records, field notes, and
other independent evidence.

Uses of the data in tracking lake conditions are demonsirated. The seasonal Kendall test
(Hirsch & Slack, 1984) is applied to test for the presence of trends in data subsets defined
by agency, depth interval, year interval, season, and water quality variable. Yearly,
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Table 1

General Features of Onondaga Lake Water Quality Monitoring Programs

Agency:
Laboratories:
Purpose:

Stations:
Frequency:
Depth Interval:
Pd of Record:

Agency:
Laboratories:
Purpose:
Stations:
Frequency:
Depth Interval:
Pd of Record:

Agency:
Laboratories:

Purpose:

Stations:
Frequency:
Depth Interval:
Pd of Record:

Onondaga County Dept of Drainage & Sanitation {D&S)
D&S, Private Contractors (O0B&G, S&W, WTL, M3A)
Track Longterm Variations in Lake Water Quality
in Response to Watershed and Wastewater
Management Activities

Lake South (Primary), Lake HNorth, 12 Tribs
Biweekly (Monthly in Winter)

0-18 m @ 3-m intervals

1968-1990

Upstate Freshwater Institute, Ine. (UFI)

UFX

Support Research & Model Development
Lake South (Primary), Lake North
Weekly-Biweekly

0-20 m @ 1-m intervals (field)
1978-1982, 1985-1990

Onondaga County Dept of Health {DOH)

NYSDEC (sample collection, field measurements)
DOH Local Lab {bacteria)

DOH State Lab (other water quality)

Track Longterm Variations in Lake Water Quality
Provide Data on Suitablility for Recreational
Use (Particularly Bathing)

12 Lake Stations

Monthly {(April-September)

Surface

1975-1990

Monltored Water Quality Varlables:

Dissolved Oxygen

Temperature
pH
Transparency

Phosphorus Species
Nitrogen Species

Carbon Species
Phytoplankton
Alkalinity
Chlorides
Sulfate
Cations
Turbidity
Sulfides
Methane

iron

Solids
Bacteria
Trace Metals

D&sS UFI DOH
X X X
X X X
X X X
X X X
x X X
X X X
X
X X
X X
X X X
X X
X X

X X
X x

X
X X
X
X X X
X

I A G o b =0 v =
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seasonal, and spatial variance components of trophic state indicators are estimated. The
analyses provide a basis for evaluating the adequacy of the historical data base for
tracking lake conditions and sensitivity to monitoring frequency. Horizontal variations in
water quality are assessed. Recommendations are made for future monitoring and
analyses to support these applications.

Data Compilation

The data compilation has been conducted as a joint effort by Stearns and Wheler,
Inc., (S&W), Upstate Freshwater Institute, Inc. (UFI), and the author. S&W has been
responsible for providing data from lake and tributary monitoring programs conducted by
D&S and DOH in a computer-readable format. UFI has been responsible for providing
UFI monitoring data in a computer-readable format. This involved locating the data in
various hard-copy formats, entering the data into computer spreadsheets, verifying data
entry, flagging anomalous values, and reconciling such values against original laboratory or
field records (when available),

Where possible, the data base has been translated directly from existing computer
files (D&S data, 1985-1990). This minimizes risk of error associated with manual
transcription, but assumes that the existing files accurately reflect the measurements. For
portions of the D&S water quality data (Table 2), printouts of previous computer files
(not available in machine-readable form) provided the only available record for
constructing the data base. In these cases, it has been possible to verify data transcription
against printouts, but not against original laboratory or field records. The entire DOH
record has been transcribed from tables (often handwritten) contained in DOH
monitoring reports. While a reasonable effort has been made to minimize errors in
transcribing from the DOH reports, the original entries have not been verified against
original [aboratory or field records.

Lotus-123 (Releases 2.01-2.3, Lotus Development Co.) worksheets have been used
for data entry in formats which were convenient for each source. Data have been
extracted from these worksheets and merged into a common data base for subsequent
screening and analysis.

Data base structure and components are illustrated in Figure 1. Three basic file
types are included:

(1) Index Files define the agencies, stations, parameter codes, and remark
codes referenced in the data base.

(2) Water Quality Data Files contain water quality data referenced by
agency, station, date, depth, and parameter code.

3) Hydrology Files contain tributary flow and lake elevation measurements
collected by the USGS and summarized at daily and moathly intervals.

To facilitate file construction and transfer, most of the files are Lotus-123 worksheets,
Because of their size, raw water quality files are in ASCII (text) format, accessible using a
text editor or Fortran retrieval software provided with the data base. In its current form,
the data base consists of a collection of independent files. These files could provide the
building blocks for a fully relational data base using a variety of commercial data-
management software packages, most of which can import Lotus-123 worksheets or ASCII
files,
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Table 2 '
Data Sources by Year
D&S Lake and Tributary Data '
DATA PRIMARY
YEAR SOURCE  RECORD ENTRY SOURCE DATA
Lake Data I
1968 WW OB&G Printout Manual Ko
1969 WW OBAG Printout Manual No
1970 WW 0B&G Printout Manual No
1971 W OB&G Printout Manual No
1972 WWw 0BAG Printout Manual No
1973 W 0B&G Printout Manual No
1974 W 0B&G Printout Manual No
1975 YW 0B&G Printout Manual No .
1976 Saw 54W Fleld & Lab Records Hanual Yes
1977 SawW SEW Printout Manual No
1978 SawW S84 Printout Manual No
1979 SawW S&W Printout Manuval No
1980 S&W S&W Printout Manuzl No '
1981 S&wW S&W Printout Manual Ko
1982 S&wW D&3 Field & Lab Records Manual Yes
1983 S&W D&S Field & Lab Records Manual Yes
1984 D&S D&S Computer Files Translated Yes
1985 D&S D&S Computer Files Tranzlated Yes :
1986 D&S D&S Computer Files Translated Yes
1987 D&S D&S Computer Files Translated Yes
1988 D&S Di&S Computer Files Translated Yes
1989 D&S DiS Computer Files Translated Yes
1990 D&S DiS Computer Files Translated Yes
Lake Tributary Data
1968 Suwmaries Only Missing No .
1969 Summaries Only Missing No
1970 Summaries Only Missing No
1971 Supmaries Only Missing No
1972 Summaries Only Missing No
1973 UFI D&S Lab Sheets None Yes
1974 UF1 D&S Lab Sheets None Yes
1975 UFI/S8W D&S Lab Sheets, SIW Tap None Yes
1976 UFI D&S Lab Sheets None Yes
1977 UFI/8&W D&S Lab Sheets, S53W Printout None Yes l
1976 UF1/S&W D45 Lab Sheets, S&W Printout None Yes
1979 UFI/S8W O&S Lab Sheets, S&W Printout None Yes
1980 UFI1/SAW D&S Lab Sheets, SAW Printout None Yeos
1981 UFI/SAW D&5 Lab Sheets, S3W Printout None Yes
1882 UFI D&S Lab Sheets None Yes
1983 UFL D&S Lab Sheets None Yes
1984 UFI D&S Lab Sheets None Yes
1985 D&S D&S Computer Files Translated Yes
1986 D&S DAS Computer Files Translated Yes .
1987 D&s D&S Computer Files Translated Yes |
1988 D&S DAS Computer Files Translated Yes
1989 D&S Das Computer Files Translated Yes
1950 D&S D35S Computer Files Translated Yes '
DATA ENTRY CODES:
Missing No Raw Data Source Available
None Data Available (Hard Copy) But Not Entered into Data Base
Manual Keypunched from Printouts, Field or Lab Records |
Translated Translated frow Existing Computer File |
SOURCE CODES listed in Appendix A '
PRIMARY SOURCE DATA CODES:
Yes oOriginal Lab & Fleld Records Available for Verification
No original Lab & Field Records Mot Available l
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Figure 1

Data Base Structure

Onondaga Lake Data Base
\J i L4
index Files Water Quality Data Files Stream o e eeation
Lake Water Quality Data
Agencles 1 File/YearfAgency » USGS Station ndex »
AGENCY.WK1 R 1 Record/Meastremert USGSWK1
AYYYY 0BS
D&S Lake Data
Lake Stations Daily Values
! 1 Record/Sample =
LSTAWKI DESWK? DHYDROWK] [
- DOH Lake Data
Tributary Stalions Morihly Values
TSTAWKE - 1 “g%'h'ﬁf{“"'e B muﬁgo.wm -
UFt Lake Data
Quality Parameters
| 1 Record/Sample Ll
PARAMWK) OFLWK
D&S Tribuary Data
Remark Codes
el 1 Record/Sample L
REMARKS.WK1 TRIBS WKA
Flagged Data
FLAGGED.WK1 [
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Appendix C describes current field and laboratory analytical methods employed
by each agency, as compiled by S&W and UFI. D&S methods are further described as a
function of time period. Information on DEC field methods has not been supplied.

The locations of lake and tributary monitoring stations included in the data base
are shown in Figure 2. Results of data compilation are summarized in the following
appendices:

Appendix A - Index File Listings

Appendix B - Data Inventories

Appendix C - Analytical Methods

Appendix D - Water Quality Time Series Plots

Appendix E - Hydrologic Data

The data base contains a total of 185,768 lake water quality measurements (B-1).

The following data are thought to exist in some form, but are not included in the
compiled data base:

1) D&S Field Measurements (Temperature, Dissolved Oxygen, Field pH,
Coaductivity) at ~ 1 meter intervals. The current data base includes field
measurements recorded at the 3-meter depth intervals (coincident with
collection of lab samples).

(2) D&S measurements of manganese and iron, conducted quarterly but
apparently not stored with the rest of the water quality data;

3) Phytoplankton Counts measured and compiled by Dr. Phillip Sze, as part
of the ongoing D&S monitoring program;

@ D&S tributary water quality record prior to 1985, portions of which exist
in hard copy form, as identified in Table 2;

&3] Tributary water quality data collected in special studies (e.g., combined
sewer overflow study), including some event-oriented sampling.

Future efforts could be directed at compiling and evaluating this information.
Data Screening

Data screening efforts have focused on water quality variables related to
eutrophication and vertical mixing in the Lake;

Phosphorus Species

Nitrogen Species

Chlorophyll-a, Transparency

Dissolved Oxygen, Temperature, Chlorides, pH
Iron, Manganese, Sulfides, Methane

E W A oy S G A Oh A e W
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Figure 2

Onondaga Lake Sampling Stations

Quilet

Mstro STP

Harbor Bk ;

(O Ninemite Ck Crucibie Allied Intake &
Discharge

1 Mile
1 Km

[ D&S$, UFI Lake Station
( D&S Tributary Station
/\ DOH/DEC Lake Station
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Tables 3, 4, and 5 list median concentrations reported by D&S, UFI, and DOH,
respectively, for each variable and year, based upon April-September, 0-6 meter samples.
The data base contains other water quality measurements (bacteria, trace metals, anions,

cations, carbon species, solids) which are graphed in Appendix DD, but have not been
screened or analyzed.

The first level of data screening has been conducted by S&W and UF]I in the
process of data entry from hard-copy source material into Lotus.123 worksheets.
Anomalous values have been flagged and, where possible, checked against original
laboratory or field records.

The second level of data screening has been conducted by the author after
merging the files provided by S&W and UFI into a common data base. Three basic
methods have been applied to each parameter and agency:

Q) Statistical: flagging zero values; flagging values > 3 standard deviations
from the mean; application of Rosen’s test for multiple outliers, both on
linear and logarithmic scales (Gilbert, 1987);

2 Mathematical: checking for internal consistency of reported values for
same sample, e.g, Total Kjeldahl N = Organic N + Ammonia N, Ortho P
<= Total Inorganic P;

3 Subjective: reviewing date vs. depth cross-tabulations for each
measurement to identify measurements which appear inconsistent with
others made in similar date and depth ranges.

A-typical values identified in this manner have been submitted to S&W and UFI for
verification against source material. This process has involved several iterations and
identified numerouns data-transcription errors which have been subsequently corrected.
Transcription errors often involved individual data points (e.g., misplacement of decimal
point) or collections of data points (errant dates, depths, parameter codes, substitution of
zero's for missing values, displacement of rows or columns in data-entry worksheets).
Despite efforts to identify and correct transcription errors, some such errors (particularly,
keypunching mistakes involving relatively small changes in numeric value) may have
escaped detection. Undetected transcription errors may also remain in the data base
because of the lack of original lab and field records for verification (Table 2).

Given the cost and importance of the monitoring data, a concerted effort should
be made to minimize transcription errors in future data sets, A direct-entry laboratory
computer system (eliminating the need for manual data transcription) would be helpful.
A double-entry system could be used to avoid errors in manually entered data sets.

The presence of errors arising from data transcription, as well as from normal
sampling and analytical procedures, does not necessarily limit uses of the data for tracking
lake conditions or modeling. The possibility of such errors should be recognized and
considered in designing applications. In particular, applications and conclusions should
not lean heavily on individual observations. Nonparametric statistical methods which are
robust to outliers should be used in summarizing the data and in testing hypotheses
(Gilbert, 1987).

In situations where questionable values identified using the above methods have
been traced to data transcription errors, these errors have been corrected, with reference
to source materials identified in Tables 1 and 2. Other values which appear




Table 3
Median Concentrations by Year - D&S Data
April-Septomber, 0-6 Meters, Lake South Station

0-P04 CHLOR TOTALN NH3-N NOX HO3 PART F TEMP Bod
YEAR CL ALK PHF COND TIP 8 TIP SECCT TRN ORG-N Ho2 - TEN  TKN TH/TIP Do
€8 1470 72 7.80 5150 0.6880 0,652 1.00 3.0 2.83 1.19 2.04 0.18 0.01 0.17 3.0 208 53 5.4
69 1400 164 7.70 4375 2,580 0.800 0.90 3.90 23.36 1.10 1.83 0.58 0.03 0.52 1.7 1.8 5.0 6.0
70 1450 164 7.80 4400 1,300 0,650 2.00 4,53 4.27 2.55 1.23 0.34 ¢.01 0.3) 3.5 2.0 3.7 2.4
71 1335 176 7.66 4500 3,070 2.230 1.80 5.40 2.40 3.15 0.28 21.0 4,3 3.8
72 1073 154 7.80 23380 0.265 0.205 24.8 1.00 3.35 2.46 1.24 1.25 0.30 0.09 0.18 9.5 19.1 7.1 $.4
73 1210 133 7.70 2950 0.200 0.100 19.0 1.00 2,00 2.68 1.92 0.90 0.18 0.08 0.10 14.9 20,0 5.8 6.2
74 1230 160 7.75 3300 0.140 0.070 2t.0 0.75 3,30 2.69 2.00 0.65 0.51 0.10 0.30 27.7 18,5 7.2 5.3
75 1180 148 7.70 ¢.110 0,030 24.0 3.11 2.79 1.20 1.10 0.34 0.15 0.1 206 18,0 6.6 7.5
76 1091 144 7.90 3310 0.150 0.050 0.100 0.75 3.21 2.20 1.05 1.40 1.05 0.16 0.8% 2.00 1.40 24.6 8.5 7.8 4.8
77 1370 136 7.60 4542 0.180 0.090 0,140 17.2 2.00 4.44 23.90 2.20 1.80 0.62 0.12 0.46 1.30 3.40 25.3 20.0 4.8 3.
76 1253 102 7.70 2950 0.080 0.0%50 38.1 1.50 4.41 2,15 1.80 1.40 0.90 0.28 0.69 2.45 40.1 20.0 6.8 5.3
79 1454 102 7.60 0. 110 0.030 0.030 41.3 1.50 4.11 2.90 1.50 1.50 0.91 0.28 0.58 .80 35.9 19.0 6.9 6.0
80 1688 67 8.10 0.047 0.018 0.018 26.9 1.40 4.11 3.00 1.10 1.70 1.11 0.25 0.83 0.90 1.70 84.0 22,0 7.1 §5.0
81 1659 84 T7.90 4545 0.159 0.049 0.060 34,1 1,00 4.41 2.55 1.05 1.556 1.4 0.6 1.21 0.85 1.95 I7.7 20.8 7.8 6.9
82 1500 106 7.80 4470 0.085 0.030 0.007 0.83 4.03 2.80 1.10 1.55 1.08 0.13 0.1 0.60 2.10 44.1 19.1 9.3 5.0
83 1480 77 7.10 4840 0.085 0.020 0.025 0.90 3.5% 2.60 .90 1.80 1.00 0.12 0.83 0.90 1.80 €0.8 8.0 10.5 6.0
64 1265 106 7.30 4310 0,085 0.030 0.063 40,1 0.80 3.05 2,00 0.8% 1.15 1.05 O0.11 0.87 0.60 1.55 324 19.8 o9 §.5
85 1538 83 7.00 5225 0,065 0.03% 0.050 39,2 0,80 3.80 2.80 1.50 1,10 1,10 0.12 0.94 0,60 2.20 60.7 19.9 10.0 5.5 '
86 B38 117 7.65 2990 0.104 0.045 0.068 14,7 0,70 4.02 2.7F 1.10 1,35 1,22 0,14 1,12 0,50 1,95 43.3 19.0 10.2 4.0 w
a7 620 134 7.70 2490 0.080 0.040 0.055 10,7 1.20 4,358 2.0 1,30 1,30 1,20 0.15 1,02 0,40 2.40 32,9 19.9 9.9 4.0 y
88 580 152 7.50 2500 0,090 0.04% 0.060 24.1 1.20 5,35 4.10 2,70 1.70 1.10 0.15 1,01 0.60 3.70 58,6 18,2 0.7 4.0
89 437 177 7.90 1095 0.068 0.032 0.034 13.4 1.30 4,71 3.12 1.43 t.28 1.30 (.16 t.28 0.534 2.51 74,3 18.3 &.90 3.0
90 425 190 7.80 1935 0.042 0.016 0.022 18.7 1.653.41 2.1t 1.08 0,75 1.48 0.96 1,22 0.33 t.60 81.3 19.6 6.4 3.0

All Years (1958-1890)...

Count 23 23 23 20 23 23 14 16 22 22 23 23 23 22 22 23 13 15 22 23 23 23
Hean 1198 133 7.67 0706 0.431 0,231 0,057 25.4 1.1 03,85 3.01 1.43 1.456 0.87 0.13 0.8% 0,76 2.17 38.¢ 19.6 7.6 5.1
Std Dev 275 35 0.25 1043 0.813 0,492 0.033 10.2 0.40 0,84 0.77 0.55 0.51 0.4 0.07 0.39 0.46 0,65 24,8 1.0 2.1 1.4
cy 0.31 0,27 0.03 0.20 1.89 2,12 0.58 0.40 0.34 0,17 0.26 0.37 0.3% 0.48 0.53 0.57 0.60 0,30 0.65 0.05 0.28 0,27
Min 425 87 7.00 1935 0.042 0.016 0.018 10.7 0.70 2,90 2.00 0.85 0.65 0.18 0.01 0.10 0,33 1.40 1.7 18.0 3.7 2.4
Wax 1686 190 8.10 5225 3.070 2,230 0.140 41.3 2.00 5,85 S5.40 2.70 23.15 1.48 0.28 1.52 2.00 3.70 84.0 22.0 0.5 8.1
Median 1265 136 7.70 3845 0.110 0.045 0.058 24.0 1.00 3.96 2.80 1.30 1.40 1.03 O.t4 0.8 0.60 1.5 36.8 19.8 7.2 5.2
Last 5 Years (1985-1090)...

Count 5 5 5 5 5 5 5 5 5 5 5 5 -] -] 5 5 5 5 5 5 5 5
Mean 580 154 7.7t 2382 0.077 6.035 0.048 16.3 1.23 4,37 2.98 1,52 1.28 t.,28 0.15 1.15 0.43 2.45 62,4 19,0 9.6 3.6
Std Dev 168 30 0.15 432 0,023 0.012 0.0190 5.2 0.34 0,73 0.73 0.68 0.34 0.15 0.0t 0.14 0.12 0.78 156 0.8 0.7 0.5
cv 0.20 0.19 0.02 ©0.18 0,30 0.34 0,40 0.32 0.28 0.17 0.24 0.44 0,27 0.12 0.04 0.12 0.27 0.32 0.25 0.04 0.08 0.13
Min 425 117 7.50 1935 0,042 0.018 0.022 10.7 0.70 3.41 2.1t 1.08 0.75 1.10 0.14 1.01 0.33 1.68 43.3 16.2 8.4 3.0
Max 838 190 7.90 2090 0.104 0.045 0,068 24.1 1,65 5.35 4.10 2.70 1.70¢ 1.48 0.18 1.32 0.60 2.70 81.9 19.9 10.2 4.0
Median 580 152 7.70 2400 0.080 0.040 0.055 t4.7 1.30 4,38 2.80 t.30 1.30 t1.22 0.5 1.12 0.40 2.40 58.¢ 19.0 9.9 4.0




Table 4
Median Concentrations by Year - UFI Data
Aprli-September, 0-6 Meters, Lake South Statlon

PHL T-P S ORTHOP PHAEO-L CHLT-P NH3-N NO2 TEWP
YEAR CcL TOP CHLA-L CHLA-P SECCI NoxX NO3 0o
78 1195 7.77 35.5 15.5 1.00 21.0 7.3
79 7.65 0.73 19.% 9.3
80 1560 7.80 0.80 20.5 10.8
8t 16068 7.75 0.98 20.4 9.5
a2 0.98 20,0 B8.A
85 1537 7.62 3.5 7.8 0.90 21.6 9.1
868 788 7.96 0.107 0.044 0.017 18.0 1.4 0.78 18.8 10.6
87 600 7.92 0.101 0.025 ¢.004 10.0 24,0 26.0 36.0 1.20 21.3 8.2
86 583 8.10 0.151 0.061 0,047 5.3 22.0 18,6 23.3 1.50 2.69 1,05 0.16 0.87 19.2 9.4
88 438 8.15 0.077 0.055 0.013 14,7 5.0 18.9 23.4 1.50 t.86 1.49 0.13 1,35 18,6 10.1
80 399 B.04 0.079 0.032 0.002 14.4 2.0 17.7 8.2 1.43 1.73 1.37 0.12 1,29 1.5 8.6
All Years (1978-1990)...
Count 9 10 5 5 5 7 7 4 4 1 3 3 3 3 11 1
Mean 967 7.87 0.103 0.043 0,047 18,8 11,1 20.3 25.21.07 2.09 1.30 0.14 1.17 19.9 9.3
Std Dev 507 0.19 0.030 0.045 0,018 9t.,5 9,4 3.9 7.60.28 0.52 0,22 0.02 ©¢.26 1.1 1.0 -
oV 0.52 0.02 0.29¢ 0.35 1.07 0.61 0.85 0.19 0.30 ¢.27 ©0.25 0.17 0.15 0.22 0.05 0O.11 o
Min 399 7.62 0.077 0.025 0.002 5.3 1.4 7.7 18.2 0.73 1.73 1.05 0O.12 0.87 18.% 7.3 !
Max 1606 8.15 0.151 0.061 0,047 35.5 24.0 26.0 36.0 1.50 2.69 1.49 0.16 1.35 21.6 10.8
Medlan 786 7.86 0.101 0.044 0,013 14,7 7.8 18,7 23.4 0.98 1.86 1.37 0,13 1,29 20.0 9.3
Last 5 Years (1986-1990)...
Count 5 5 5 5 5 § 5 4 4 5 3 3 3 3 5 5
Mean §61 8.03 0.103 0.043 0.047 12.5 10.9 20.3 25.21.26 2.09 1.30 0.14 1.17 19,3 9.6
Std Oev 154 0.10 0.030 0.015 0.048 4.9 11.2 3.9 7.60.31 0,52 0.22 0.02 0.26 1.2 0.9
oV 0.27 0,01 0.29 0.35 1.07 0.39 1.03 0.19 0.30 0.24 0.25 0.17 0O.t5 0.22 0.06 0.08
Min 399 7.92 0.077 0.025 0.002 5.3 t.4 17.7 18,2 0.78 1,73 1.05 ¢.12 0.87 18.5 8.6
Max 786 8.15 0.151 0.061 0.047 18.0 24.0 26.0 36.01.50 2.69 {.49 0.16 1.35 21.3 104.6
Median 583 ©.04 0.101 0.044 0.013 14.4 5.0 18,7 23.4 1.43 1.868 1.37 0.13 1.23 18.8 4.4
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Table 5
Medlan Concentrations by Year - DOH Data
April-September, Surface, Statlons 21-30

cL PH F COND T-P TURB NH3-N No2 TEMP

YEAR DS ALK PH L COND25 SECCI TKN HOX KO3 11]
75 2508 1200 118 7.70 8.00 3700 3120 0.70 5.0 1.20 23.0 10.8
76 2300 1070 t30 7.80 7.90 2945 23370 0.80 4.0 1.00 22.0 8.2
77 2956 1300 139 7.70 7.70 3875 4495 0.78 4.0 0.61 21.0 8.7
78 2768 1400 103 7.60 7.90 3650 4370 0.80 4.2 0.58 24,0 10.0
79 2698 1400 94 7.90 8.20 3050 3620 0.60 4.5 1.00 23.0 12.2
80 3283 1500 88 9.30 8.10 2775 3740 0.73 3.1 1.10 0.28 0.78 23.3 141
81 3316 1500 78 7.70 8.00 2650 4390 0.80 3.5 1.30 21,0 9.8
82 2700 1200 93 7.90 8.10 1100 4217 0.75 4.2 $.70 0.15 1,00 20.0 12.3
83 2816 985 83 71.88 8.10 1063 4026 0.088 0.70 4.5 0.66 0.09 0.61 20.0 13.8
84 2864 1000 103 7.98 7.80 1150 4287 0.082 0.75 4.8 0.68 0.11 0.46 21.0 10.4
85 3102 1100 100 7.85 7.80 1450 4983 0.041 0.80 3.0 .81 0.11 0,68 20.0 9.5
8¢ 1850 558 116 B8.25 B.10 2200 2824 0.070 0.70 5.0 1.02 0.12 0,85 20.0 8.5
87 1622 554 129 7.69 7.80 {1375 2308 0.090 1.25 2.6 1.55 0.93 1.13 0.16 0.73 20.0 8.2
88 1612 510 157 7.98 8.00 700 2295 0.130 1.25 3.0 3.10 2.00 0.85 0.23 0.60 23.0 8.1
89 1326 378 150 7.90 8.10 1913 1836 0,055 1.20 2.5 1,60 0.93 1.47 0.4 (.33 24,3 9,2

80 1188 362 {78 7.90 B.10 1824 1675 0,055 .50 4.0 t.,80 1.30 1.00 0.10 0,95 16.8 11,2 \

. =

All Years (1975.-1990)... -
Count 16 16 16 16 16 16 16 8 16 16 4 4 16 10 10 16 16
Mean 2432 101 14 7.93 7.98 2212 2472 0.07¢ 0,88 3.9 2.0 1.29 1.01 0.15 0.80 21.4 10.2
Std Dev 6957 403 32 0.40 0.15 104t 1026 0.028 0.26 0.8 0.73 0.5t 0.3t Q.06 0.25 2.0 2.1
cv 0.29 0.40 0.28 0.0% 0.02 0.47 0.30 0.37 0.30 0.2t 0.36 0.3% 0.31 o0.41 0.31 0.09 O.21
Min 1188 362 58 7.60 7.70 700 1675 0.041 0.60 2.5 1.55 0.93 0,58 0.09 0.46 16.8 6.7
Max 3316 1500 t78 9.30 B8.20 3875 4983 0.130 1,50 5.0 3.10 2.00 1.70 0.28 1.33 24.3 14.1
Median 2659 1085 110 7.88 8.00 2057 368D 0.076 0.79 4.0 1.70 1.11 1.00 0.13 0.75 21.0 9.8

Last 5 Years (1986-19390)...

Count 5 5 5 5 5 L & 5 5 5 4 4 5 5 5 5 L
Mean 1520 472 146 7.94 B.02 1602 2188 0,080 1.18 3.4 2,04 1.29 1.09 0.15 .09 20.8 9.0
S5td Dev 263 96 24 0.20 0,13 585 452 0.032 0,29 1.1 0.73 0.51 0.23 0.05 .28 2.9 1.3
cv 0.17 0,20 0,17 0,03 0.02 0.37 0.21 0.39 0.25 0.31 0.36 0.3% 0.21 0.34 0.31 0.14 0.14
Bin 118 362 116 7.69 7.80 700 1675 0.055 0.70 2.5 1.55 0.93 0.85 0,10 0.60 16.8 8.1
Hax 18560 558 178 ©.25 8.10 2200 2824 0.130 1.50 5.0 3.10 2.00 1.47 0.23 1.33 24.3 11.2
7.90 B8.10 1824 2205 0,070 1.25 3.0 4.70 1.11 1.02 0O.14 0.85 20.0 8.5

Medlan 1612 510 150
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"questionable”, but are accurately transcribed, have been tagged with the remark code *?"
in the ASCII data base (AYYYY.OBS in Figure 1). A listing of observations flagged as
such is contained in Appendix A (FLAGGED.WKI1 in Figure 1). These tags setve as
warnings to future users of the data. The statistical summaries, plots, and analyses
described below have been created using all of the relevant data (with data transcription
errors corrected, but without regard to remark code). For data sets with modest numbers
of apparent outliers or questionable values, use of robust statistical and graphical methods
applied to all the data is more defensible than a-priori rejection of individual data points
based upon subjective criteria.

Agency Contrasts

Partial overlap of water quality monitoring efforts by D&S, DOH, and UFI,
particularly at the Lake South station, permits identification of agency-related variations.
The objective is to identify consistent differences in results among agencies based upon
comparisons of samples collected in similar time periods and depth intervals. As a result
of random sampling and analytical variations, one would expect te find random
differences in results between two agencies with monitoring programs which are identical
with respect to sampling and analytical methods. This analysis searches for agency-related
"bias", or tendency for one agency’s results to be higher or lower than the other agency’s
results "on the average”.

Identification of agency-related bias is important for developing a fundamental
understanding of the data set and its potential uses. The presence or absence of such bias
would determine, for example, the desirability of pooling or combining data from different
agencies in testing hypotheses or models. Such pooling would not be desirable in
situations where significant agency-related bias is present. Even if no bias is detected,
multiple data sets can be more effectively used "in parallel” than "in series” (or pooled).
For example, showing that a trend is likely (or unlikely) in each of three independent data
sets is a much more powerful statement than showing that a trend is likely (or unlikely) in
one pooled data set, even though the pooled data set would contain more observations
and may span a longer period than any of the individual data sets.

The presence of a consistent difference in results from two agencies may reflect
differences in sampling methods or analytical methods. Tt would not necessarily indicate
that one agency’s results are "right” or "wrong”. For some water quality components, the
availability of data from three agencies provides a "tie-breaker”. Independent evidence
(methods documentation, QA/QC data, limnological consistency of results) is considered
before making judgments regarding data validity.

Figure 3 illustrates the algorithm used teo identify agency-related biases in the data
set. Four series of contrasts have been performed using data from the Scuth Lake
station:

1) D&S vs. DOH, Surface (0-1 meters)
) D&S vs. UFI, Surface (0-3 meters)
3) DOH vs. UF], Surface (0-1 meters)
“@) D&S vs. UFI, Bottom (12-20 meters)

. 'The first step is to retrieve all data for a given water quality component, agency, and
depih interval. The sampling period is divided into a series of 7-day intervals. A reduced
time series is formed by replacing all observations within each 7.day interval with a single
value equal to their median. The reduced time series contains either no values (no
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samples) or one value (interval median) for each 7-day period. This process is repeated
using data for the second agency involved in the contrast. The resulting reduced time
series are then aligned by date. A "paired sample" is formed by each 7-day interval

containing a median value for each agency. Pairing of samples in this way provides partial

control of temporal variations. In testing for bias, the null hypothesis is that the mean or
median of the differences between paired samples is zero. This is tested using both
parametric (paired t-test) and non-parametric (sign test} procedures (Gilbert, 1987).

Effects of using alternative time intervals for pairing samples have been
investigated. Using shorter time intervals {(e.g., 1-3 days) provides samples which are
more nearly "replicate”, but decreases the number of pairs available for statistical analysis.
Using longer time intervals (e.g., 14-30 days) increases the number of paired samples
available for analysis, but increases the effect of temporal variations in the lake,
Conclusions regarding the presence or absence of agency-related differences are generally
insensitive to interval lengths over a range of 7 to 14 days. Generally, intervals of at least
7 days are needed to provide a sufficient number of samples for hypothesis testing.

Graphical examination of paired samples plays an important role in the analysis
(Appendix F). As illustrated in Figures 4 and 5 for paired chloride samples, three types
of diagnostic plots are used to contrast the data:

(1) time series of concentrations, with lines representing data from the first
agency ("stratum 1"} and points representing data from the second agency
("stratum 2"); this compares the tracking of lake conditions by each
agency and depicts any agency-related variations in the context of
temporal variations;

) time series of paired differences ("stratum 2 - stratum 1") shown as points
in relation to a horizontal line at y=0; this highlights agency-related
differences as a function of time period;

3) scatter plots of paired concentrations ("stratum 2 vs. stratum 1%}, shown
as points in relation to a 45-degree line (stratum 2 = stratum 1); this
shows agency-related differences as a function of concentration level;
biases are reflected by consistent shifts above or below the 45-degree line;
differences in sensitivity (or standard deviation) are reflected by slope
deviations from 45 degrees.

Summary statistics and results of hypothesis tests applying to all paired data are given in
the upper right hand corner of each figure. To increase power, log,, transforms are used
for tests involving nutrients and other variables with skewed distributions.

Figure 4 is an example of a diagnostic plot which indicates no significant
differences between measurements of chloride reported by D&S ("Stratum 1%) and UFI
("Stratum 2") in the epilimnion. In contrast, Figure § indicates that chloride values
reporied by DOH ("Stratum 2"} tend to be lower than values reported by UFI ("Stratum
17), particularly between 1985 and 1990. Diagnostic plots are particularly useful for
identifying differences between agencies which are isolated to certain time frames. As
discussed below, shifts in agency contrasts from one time period to another sometimes
coincide with changes in laboratory methods or field instruments.

Table 6 summarizes results of agency contrasts as a function of water quality
component, agency pair, and year, The summary emphasizes tests where significant
differences among agencies have been identified, based upon review of diagnostic plots
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Figure 5
Contrast of UFl and DOH Epilimnetic Chloride Measurements
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Table 6
Agency Contrasts Based upon Data from Onondaga Lake South Station
BIAS BIAS (%)
MEDIANS AG2 - AGt AG2 - AG1 P-LEVELS

VAR VAR2  AGH AG2 DEPTHS FIG YEARS COUNT SCALE AGY AGZ  MEAN MEDIAN MEAN MEDIAN T-TEST SIGN T

Do Do D&S DCH 0-1 1 75-80 21 LINEAR 6,90 9.90 3.14 2.40 87% 29% 0.001 0.010
Do DO UFIL DOH 0-1 2 78-81 24 LINEAR 10.92 11,00 1.31 1.68 12% 15% 0.066 0.102
Do Do D&S UFI 0-3 3 78-81 39 LINEAR 7.55 9,22 2.50 1.52 30% 18% 0.000 0.006
0o 0o D&s UF1 $2-20 4 78-81 40 LINEAR 2.35 0.00 -2.05 -1.90 -174% -162% O.000 0.000
TEMP TEMP D&S DCH 0-1 S 75-81 21 LINEAR 22.00 23.00 1.82 1.00 8% 4% 0,000 0.00t
TEMP TEWP UFI DOH 0-1 6 78-81 256 LINEAR 22.10 23.00 0.87 0.00 4% 4% 0.007 0.164
TEMP TEMP  D3&S UFI 0-3 7 7881 43 LINEAR 20.25 20.55 0.83 0.35 3% 2% 0.007 0.274
TEMP TEMP  D&S UFI 12-20 8 78-81 42 LINEAR 13.00 10.49 .2.83 -2.68 -22% -23% 0.000 0.000

CL cL D&s DOH 0-1 9 80-90 26 LINEAR 713 522 -218 -G8 -34% -11% 0.010 0.000

ct CL UF1 DOH 0-1 10 80-90 38 LINEAR 805 563 -148 -87 -25% -17% 0.004 0.000

COND COND D&S DOH 01 14 81-88 14 LINEAR 3585 1195 -2246 -2300 -84%  -96% 0.000 0.001

COND  COND2S DOH DOH 0.1 15 81-88 28 LINEAR 1388 3771 2042 1783 70% 69% 0.000 0.000

PHF PHF D& DOH 0-1 16 75-80 40 LINEAR 7.70 7.80 0.23 0.21 3% ¥% 0.011 0.033

PHL PHL VUFL DOH 0.1 7 78-90 51 LINEAR 7.98 8.00 0.04 -0.01 0% -0% 0,404 0,777 i

PHF PHL DS UFI 12-.2¢ 21 78-81 42 LINEAR 7.70 7.17 -0.64 -0.36 -9% -5% 0.000 0.000 ~
L)

TP ™ D&S DOH 9-1 23 90-90 5 LOG -1.180 -1.260 -0.152 -0.100 -20%  -21% 0.042 0.025

TP TP UF1 OOH 0-t 24 86-90 23 LOG -1.031 -1.125 -0,080 -0.136 -17%  -27% 0.049 0.007

TP TP Das UFI 0-3 25 90-90 14 LOG -1.060 -1.011 -0.015 0.003 3% 1% 0.718 0.78¢

TP e D&S UFI 12-20 26 90-90 14 LOG -0.463 -0.436 0.024 0.035 6% 8% 0.289 0.109

HO3-H NO3-N D&S OOH

0 32 80-90 25 LOG 0.021 -0.086 -0.116 -0.028 -23% -8% 0.005 0.028
NO3-N HNO3-N UFI DOH 0

0

1

1

1 33 86-90 15 LOG 0.150 0.000 -0.087 -0.150 -18%  -29% 0,389 0,005
3 34 88-90 37 LOG 0.104 0.094 0.015 0.009 4% 2% 0.331 0.869
2-20 35 88-80 20 LOG -0.0411 -0.025 0©.094 -0.003 24% -1% 0.537 0.655

NO3-N NO3-N D&S UFL
NO3-N NO3-N D35 UF1

NH3-N NH3-N UF1 DOH 0-1 40 88-90¢ 16 LOG ¢.256 0.230 -0.09t1 -0.042 -19% -9% 0.022 0.012
NH3-N NH3-N D&S Dor 0-1 41 87-90 13 LOG 0.087 0.041 -0,098 -0.051 -20% -11% 0.082 0.162
NH3-H NH3-N D&S UFL 0.3 42 88-80 39 LOG 0.203 0,300 0.038 0.03 % 7% 0.015 0.057
NH3-N NH3-N D4S UFL 12-20 43 88-90 39 LoG 0.568 0.589 G.046 0.044 1% 10% 0.001 0.000

TKN TKN D&s DOH -1 44 87-90 13 LOG 0.387 0.279 -0.160 -0.163 % -M% 0.010 0.052

0
SECCT SECCI D&s DOH 0 45 77-80 12 LOG 0.176 -0.171 -0.319 -0.207 -52% -48% 0.000 0©.001
SECCI SECCI UFI DOH 0 46 78-80 19 L0G -0.01¢ -0.125 -0.108 -0.071 -22% -15% 0.013 0.029
SECCI SECCI DS UFI 0 47 78-80 25 L0G 0.176 0.000 -0.205 -0.176 -38%  -33% 0,000 0.000
S -] D&S UFL 12-20 50 86-90 43 LINEAR 3,20 5.33 3.26 1.78 76% 41% 0.000 0.004

Notes: Figure numbers refer to diagnostic plots in Appendix F (entire record)
Statistics refer to specified year range.
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and results of hypothesis tests. In situations where diagnostic plats suggest that agency
differences are confined to a certain time interval, statistical summaries and hypothesis
tests have been repeated using data exclusively from that interval. Detected biases
(defined at a significance level p<.05 for either the t-test or sign test) are expressed on an
absolute scale (e.g., mg/liter or log,, units) and relative scale (% of median).

Following is a discussion of agency-related variations identified in the data set,

with reference to diagnostic plots contained in Appendix F, summary statistics in Table 6,
and other figures discussed below:

@

D&S Dissolved Oxygen, Negative Bias in Epilimnion, Positive Bias in
Hypolimnion, 1976-1981, (Figures F-1,3,4)

Appendix C (p. C-19) indicates that D&S has measured dissolved oxygen
using four basic methods: Winkler (1968-1975), YSI probe (1976-1981),
Hydrolab 4041 monitor (1982-1989), and Hydrolab Surveyor 1I (1989-
1990). Comparisons with UFI and DOH data suggest that the sensitivity
of oxygen probe used by D&S between 1976 and 1981 was impaired. The
cause of this problem is unknown, but possibly related to corrosion of the
electrode upon prolonged exposure to hydrogen sulfide in the lake
hypolimnion. The following evidence supports rejection of the D&S
dissolved oxygen data during the 1976-1981 time interval:

(a) negative bias in the epilimnion, based upon comparisons
with both UFI data (1978-1981, median bias = -1.5 mg/l,
Figure F-3) and DOH data (1977-1981, median bias =
-2.4 mg/l, Figure F-1),

() positive bias (median = 1.9 mg/l) in the hypolimnion,
based upon comparison with UFI data between 1978 and
1981 (Figure F-4),

() a curious "blip" in the D&S summer hypolimnetic
dissolved oxygen time series between 1976 and 1981
(Figure D-9), which can otherwise be explained by a
temporary decrease in hypolimnetic oxygen demand
and/or temporary increase in vertical mixing, neither of
which is likely based upon lake history and other water
quality observations made during this period; Figure 6
shows that the 1976-1981 period coincides with use of a
YSI probe, which reported summer hypolimnetic
concentrations of 0.5 to 5.0 mg/liter in 1978-1981, when
UFI consistently reported 0.0 mg/liter;

(d) hypolimnetic dissolved oxygen levels reporied in the 0.5
to 5 mg/liter range under severely reduced conditions
indicated by the presence of hydrogen sulfide; UFI
reported summer-mediar sulfide concentrations of 6-7
mg/liter in the hypolimnion in 1980 and 1981 (Figure D-
21); because of the thermodynamic considerations and
rapid oxidation kinetics of hydrogen sulfide, dissolved
oxygen should not be detectable in the presence of
hydrogen sulfide;
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Diagnostic plots (esp. Figure 6) suggest that apparent problems with the
D&S oxygen probe became progressively worse from 1978 to 1980,
possibly due to cumulative effects of probe corrosion. The problems were
largely solved with deployment of a Hydrolab Inc. 4041 monitor in 1982;
this unit was equipped with a gold electrode to avoid sulfide exposure

problems (C-19). ' q8 N
D&S Dissolved Oxygen, Small Positive Bias in Hypolimnion,{9731988.

Small positive biases (<1 mg/liter) probably exist in the hypolimnetic
dissolved oxygen data reported by D&S between 1982 and 1988, based
upon the reported presence of dissolved oxygen (0-1 mgfiiter) during
periods when UFI recorded 0.0 mg/liter and when hydrogen sulfide was
detected by both agencies. Figure 7 plots paired measurements of
hydrogen sulfide and dissolved oxygen reported by D&S and UFI in the
hypolimnion between 1986 and 1990. Between 1986 and 1988, D&S
(Hydrelab 4041) reported dissolved oxygen levels of 0.1-0.8 mg/liter
coincident with sulfide concentrations of 1-12 mg/liter. Between 1989 and
1990, D&S (Hydrolab Surveyor II) consistently reported a dissolved
oxygen level of 0.0 mg/liter in the presence of sulfide, as did UFI between
1986 and 1990. This bias would only effect uses of the data which
depend upon resolving dissolved oxygen concentrations the 0-1 mg/liter
range and is not considered severe enough to support rejection of the
data. Over the 1975-1990 period, agency-related variations in dissolved
oxygen are apparently explained by changes in D&S instrumentation and
methodology.

Temperature, DOH > UFI > D&S, Epilimnion, 1975-1981, (Figures F-
5,6,7)

Small differences are detectable in the epilimnetic temperatures reported
by all three agencies betweea 1975 and 1981. DOH temperatures exceed
D&S temperatures by 1.0 deg-C (median bias) and exceed UFI
temperatures by 0.8 deg-C. UFI temperatures exceed D&S temperatures
by 0.35 deg-C. It is possible that these differences could reflect diel
temperature variations and small differences in sampling times, which are
recorded only in the DOH data base. A late morningfearly afternoon
sampling routine is reportedly typical of each agency. Failure to record
sampling times is one limitation of the D&S and UFI data sets, Agency-
related differences in epilimnetic temperature are not apparent after
1982,

D&S Temperature, Positive Bias in Hypolimnion, 1978-1981, (Figure F-
8)0

Hypolimnetic temperatures reported by D&S between 1978 and 1981
were above those reported by UFI (median bias = 2.7 deg-C).

Deviations were most pronounced during periods of peak stratification in
1979, 1980, and 1981. The maximum deviation was ~7 deg-C in Summer
1980. Such deviations could reflect problems with temperature sensors,
cable damage, or inclination of the temperature probe line in lake
currents. No differences in hypolimnetic temperature are detectable after
D&S deployment of a Hydrolab temperature sensor in 1982. The
correlation between the end of the bias period and the D&S instrument

"
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change suggests a problem with the early D&S temperature
measurements, particularly in 1979-1981.

Field pH, DOH > D&S, Epilimnion, 1984-1990, (Figure F-16).

Based upon the entire period of record (1975-1990), a median difference
of .2 units between the DOH and D&S field pH measurements is
detectable (DOH values higher). The pattern is more distinct in later
years (1984-1990) and less distinct in earlier years (1975-1983). This
could be attributed to differences in instrumentation, methods, and/or
time-of-day. Further investigation is precluded by lack of documentation
on DOH/DEC field methods, lack of recorded sampling times in the
D&S data base, and lack of diel pH studies.

Field pH, D&S, Positive Bias, Hypolimnion, 1979-1981, (Figure F-
16,17,21).

D&S is the only source of field pH measurements from the hypolimnion,
Pairing of D&S field pH with UFI lab pH (F-21) indicates that D&S field
values are higher in the earlier portion of the record (1979-1981, median
difference ~.8 units) and lower in the later portion of the record (1985-
1990, median difference ~ .4 vnits). No biases are detected in comparing
UFI and DOH lab pH values over the entire record (1978-1990, F-17).
D&S reported unusually high hypolimnetic pH values (>9.0) in 1980 and
1981; this is contrary to the general concept that hypolimnetic pH levels
are driven down by respiration processes. It is difficult to conceive of a
process which could drive bypolimnetic pH to these high levels. The
deviations between D&S field pH and UFI lab pH became more distinct
between 1978 and 1981. This pattern of increasing deviation is similar to
that observed in other D&S field measurements (temperature and
dissolved oxygen) between 1978 and 1981. Based upon these
considerations, D&S field measurements of pH in the hypolimnion
between 1979 and 1981 are suspect. Whatever its origin, the problem was
apparently solved after deployment of the Hydrolab 4041 monitor in
1982.

DOH Chloride, Negative Bias, 1980-1990, (Figures F-9,10,11,12).

Chloride measurements reported by DOH are lower than values reported
by D&S (median bias = 68 mg/liter or 11%) and by UFI (median bias =
97 mgfliter or 17%). Differences between UFI and D&S chloride
measurements are not detectable. No biases are apparent in the DOH
data between 1975 and 1979. The chloride method currently used by
DOH (automated ferricyanide) is reportedly identical to that used by
D&S since 1981 (Appendix C).

DOH Field Conductivity, Negative Bias, 19811988, (Figures F-14,15).

Field conductivity measurements reported by DOH/DEC between 1981
and 1988 are lower than values reported by D&S (median bias = 2300
uhmos or 96%). Good agreement is evident in other years with data
(1977, 1989, 1990). A similar pattern is observed in contrasting
DOH/DEC field conductivity measurements with DOH lab conductivity
measurements (Figure F-15). Field values are significantly below lab
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values from 1981 through 1988 (negative bias = 1783 umhos or 69%). A
smaller negative bias is evident in 1975-1980 and no bias is evident in
1989-1990. This suggests a problem with field conductivity measurements
reported by DOH/DEC in 1981-1988. Further investigation is precluded
by the lack of documentation on DOH/DEC field methods.

Total Phosphorus, DOH < D&S and UF1, 1986-1990, (Figures F-
23,24,25,26).

A relatively short period-of-record is available for comparing total
phosphorus measurements (1986-1990 for UFT & DOH aad 1990 for
D&S). Based upon data from 1990 (the only year with paired data),
differences between UFI and D&S total phosphorus measurements are
not detectable, either in the epilimnion or in the hypolimnion. DOH
epilimnetic phosphorus measurements are lower than D&S values (1990,
median bias = .10 log units or 21%) and UFI values (1986-1990, median
bias = .136 log units or 27%).

Nitrate Nitrogen, DOH < D&S and UFL 1986-1990, (Figures F-
32,33,34,35)

Based upon data from 1988-1990, consistent differences between UFI and
D&S nitrate nitrogen measurements are not detectable in the epilimnion
or in the hypolimnion. DOH nitrate nitrogen measurements are lower
than D&S values (1980-1990, median bias =.03 log units or 6%) and
lower than UFI values (1988-1990, median bias = .15 log units or 29%).
This pattern is similar to that observed for total phosphorus,

Ammonia Nitrogen, UFI > D&S > ~ DOH, Epilimnion & Hypolimnion,
1987-1990 (Figures F-40,41,42,43).

DOH ammonia nitrogen measurements in the epilimnion are lower than
those reported by UFI (1987-1990, median bias = .04 log units or 9%)
and Jower than those reported by D&S (1988-1990, median bias = .05 log
vnits or 11%). The latter difference is marginally significant {p=.162 for
t-test and p=.082 for sign test). D&S ammonia nitrogen values are lower
than UFI values in the epilimnion (1988-1990, median bias = .03 Jog
units or 7%) and in the hypolimnion (1988-1990, median bias = .04 log
units or 10%). As in the case of Kjeldahl nitrogen, the D&S/DOH and
UFI/DOH differences are distinct in earlier years (1987-1989), but not in
1990,

Total Kjeldahi N, DOH < D&S, Epilimnion, 1987-1989, (Figure F-44).

Based upon all paired samples (1987-1990), DOH total Kjeldahl nitrogen
measurements are lower than D&S values (median bias = -.16 log units
or 31%). Deviations are more distinct in the earlier years (1987-1989);
bias is not apparent in 5 paired samples from 1990.

Secchi Disk Transparency, D&S > UFI > ~DOH, 1977-1980, (Figures F-
45,46,47).

Secchi disk measurements reported by D&S between 1977 and 1980 were
above those reported by UFI (median bias = -.18 log units or -33%) and
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above those reported by DOH (median bias = -.29 units or -48%). UFI
values exceed DOH values slightly in this same period (median bias = -
07 log urits or -15%). Agency-related deviations in Secchi depth could
be attributed to differences in time-of-day and/or subjective factors. Such
differences are not apparent in the data collected after 1983.

(13)  Sulfides, D&S < UFI, 1986-1990, (Figure F-50). |

Sulfide measurements reported by D&S between 1986 and 1990 are lower
than those reported by UFI (median bias = 1.8 mg/liter or 76 %). The
maximum difference between paired samples (™20 mg/liter) occurs in
1986. Differences are less distinct in 1989 and 1990, when peak sulfide
concentrations reported by both D&S and UFI are lower than those
reported in 1986, 1987, and 1988. Lower hypolimnetic sulfide
measurements reported by D&S in 1972-1974 (Figure D-15) are
unreliable because samples were not preserved (Appendix C).

The above discussion describes major agency-related variations in lake water quality
measurements made between 1975 and 1990. The purpose of the analysis is to identify
apparent discrepancies in results and, when possible based upon independent evidence
(methods history, limnological reasoning), identify any data which should be classified as
invalid or unreliable. The following data are so classified and have accordingly been
flagged with the "R" remark code in the data base:

1) D&S Dissolved Oxygen, 0-18 m, 1976-1981;

2) D&S Temperature, 12-18 m, 1979-1981;

(3)  D&S Field pH, 12-18 m, 1979-1981;

4 D&S Sulfide, 0-18 m, 1972-1974;

(5) DOH/DEC Field Conductivity, 0 m, 1981-1988.

Because of the time periods and parameters involved, it is unlikely that rejection of these
data has a significant impact on the value of the data set as a whole to support ongoing
lake management efforts. The remaining agency-related variations discussed above are
not considered grounds for rejection of data, but indicate that pooling of results from
different agencies for any purpose is ill-advised. In general, nutrient concentrations (Totat
P, Ammonia N, Nitrate N, Kjeldahl N) and chloride concentrations reported by DOH
tend to be lower than those reporied by D&S and UFL. The differences are less distinct
in 1990 than in previous years. Results of split sampling conducted in 1991 and
subsequent years should help to further define and resolve these differences, which may
reflect differences in sample preservation, holding times, and/or analytical methods.

Trend Analysis

A common objective of lake monitoring programs is to provide a basis for
detecting changes in water quality over time. Longterm changes are of primary interest,
sintce these are more likely to reflect anthropogenic impacts. A variety of statistical
procedures are available for estimating the likelihood and magnitude of longterm trends
in the presence of shorterm variations induced by climate, season, other natural
phenomena, sampling variation, and analytical variation (Gilbert,1987). These
procedures differ with respect to data set requirements, assumptions, applicability, and
power. The seasonal Kendall test (Hirsch et al.,1982; Hirsch & Slack, 1984) has been
recommended most frequently for application to water quality time series (Smith et
al,1982; Van Belle and Hughes,1984; Hipel et al,,1988; Berryman et al.,1988; Lofiis et
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al.,1989; Reckhow and Stow,1990; Walker,1991). Desirable properties of the test include
that is nonparametric and that it is applicable to time series containing values which are
missing, below detection limits, inflnenced by seasonal factors, and/or serially correlated.

Two versions of the seasonal Kendall test are used in screening Onondaga Lake
data sets for trends. One version (Hirsch et al,, 1982) assumes that there is no covariance
among seasons, or that there is no serial correlation ia the values from one time interval
to the next, once the effects of season and longterm trend have been removed. The
predicted significance levels for this test tend to be too low for serially correlated time
series (Hirsch et al.,1982); this may cause rejection of the null hypothesis at too high a
frequency or "false trends”. A second version of the test (Hirsch & Slack, 1984) accounts
for serial correlation. Simulation studies indicate that this test over-estimates significance
levels (causing rejection of the null hypothesis at too low a frequency or failure to detect
trends) for time series less than about 10 years in length (Hirsch & Slack, 1984).
Berryman et al. (1988) suggest that choice of test should be governed by the presence or
absence of serial correlation in the detrended, deseasoned time series. Although results

. of both tests are reported here, results from the second (more conservative) test are

emphasized.

The analysis involves testing the "null hypothesis” that the uaderlying distribution
of measurements is stable over time. Results are expressed in terms of a "significance
level” or "p level” for each test, which expresses the probability of encountering the test
result if the null hypothesis were true. Lower p levels indicate greater likelihood of
underlying trend. The reported significance Jevels are for "two-tailed” tests which do not
distinguish between increasing or decreasing trends. Significance levels should be divided
in half for one-tailed null hypotheses (no increasing trend or no decreasing trend). For
the purpose of summarizing results, two-tailed p levels less than .10 are taken to indicate
that an underlying trend is likely.

Application of the seasonal Kendall test to D&S Alkalinity measurements from
the Lake South Epilimnion (1981-1990) is illustrated in Table 7 and Figure 8. The data
are first classified by calendar year and season. In this example, seasons are defined at
monthly intervals, from April through September. The biweekly monitoring program at
three depths within the epilimnion (0, 3, 6 m) provides a total of 6 samples per month.
The median of these six samples is taken as a single representative value for each month.
Median values and observation counts are shown in Table 7. For each season, each pair
of medians is compared and a score of -1,0,+1 is recorded, depending upon whether the
later value is less than, equal to, or greater than the earlier value, The sum of scores
across all pairs within each season (S in Table 7) should approach @ if there is no
underlying trend in the data. The VS statistic represents the variance of § and depends
upon the number of years and number of ties in the data set (Hirsch et al.,1982). The
null hypothesis can be tested by comparing S and VS values within each season. The
overall test for trend is conducted based upon the S and VS values summed across all
seasons (Hirsch et al.,, 1982). The second method (Hirsch & Slack, 1984) augments the
total VS value to account for covariance among seasons and generally results in a higher
VS and higher significance levels (less likely trends).

The test accounts for seasonality by comparing observations collected in the same
season (or month). This accounts for systematic seasonal variations in concentration.
The test for an overall trend does not account for possible differences in trend slope
across seasons, however. A Chi-Squared test is conducted to test for homogeneity of
trends across seasoas {Gilbert, 1987). For example, it is conceivable that a positive trend
could exist in the summer months and that a negative trend (or no trend) could exist in
the winter months. In such a situation, it is desirable to conduct separate tests for
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Table 7
Seasonal Kendall Test Example

onondaga Lake South - D&S Data - Q-6 meters
Alkalinity (mg/l as CaC03), Total Observations = 351

Medians by Month and Year

Month
Year 4 5 € 7 8 9
81 150.5 106.0 94,0 71.5 56.5 62.0
82 174.0 1587.5 106.0 128,0 87.5 79.5
83 151.5 147.5 98.0 68.0 67.0 €8.0
84 145.0 148.5 106.0 90.5 96.0 104.0
a5 164.5 147.0 100.5 79.0 @82.0 67.0
1 168.0 1386.5 118.5 106.5 107.0 114.0
a7 188.0 178.0 142,5 127.5 113.,5 122.0
a8 192.5 170.5 168.0 149.5 113.0 135.5
89 194.0 188.0 186.0 175.0 130.5 125.5
20 200.0 197.5 204.0 169.5 160.5 149.,5

Counts by Month and Year

81 6 6 6 6 6 3
82 6 6 6 6 6 6
83 ] 6 3 6 - 6 6
B84 6 ] 6 6 6 6
a5 ] ] 6 & ] 6
a5 6 8 & 6 6 )
87 6 3 6 ] 6 &
8o 6 6 6 & 6 6
89 6 & ) ] 6 6
90 6 & & 6 6 )
Seasonal Kendall Test Trend 2-Tailed
Month  HNobs HNyrs s ¥S Median Slope Ra Sig
4 60 10 33.0 125.0 171.0 6.00 L1594 L0042
5 57 10 25.0 125.0 153.0 7.62 -.17 .0318
6 57 10 38.0 124.0 112.3 12.00 614 0009
7 60 10 29.0 125.0 117.0 12.93 .140 L0123
8 60 10 37.0 125.0 101.% 9.20 -.417 .0013

9 57 10 39.0 125.0 109.0 .33 -7 .0007
all 351 i¢ 201.0 749.0 129.3 8.16 .400 .0000 a
wjcov 351 10 201.0 3966.3 129.3 9.16 .400 .0015 b

ch12 Test for Homogeneity of Trend = 1.26, Prob =  ,939
Missing Value Frequency = 0.0%

KEY:
S = Sum of Scores for Paired Contrast of All Samples within Each Month
+1 : later observation higher
-1 : earllier observation higher
0 : values equal
Vs = Variance of 8§, from Mann-Kendall Yest (Hirsch et al.,1982)
Median = Median Observation For Season (Month)
Slope = Median Slope for All Observation Pairs within Each Month (mg/) / yr}
Trend = Slopefledian = 9.16/1258.3 x 100% = 7.1%/yr
Ra = First-Order Serlal Correlation of Detrended, Deseasoned Values
Significance levels: Probability of Larger S, Sign Ignored

a - Hirsch et al (1982), ignores serial correlation
b - Hirsch et al (1984), accounts for serial correlation

Corresponding Trend Plot Shown in Figure 8 { éiweekly Seasons )
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summer and winter months, since a single test could mask a trend which is present for
some months but not others,

The seasonal Kendall slope (median slope estimated from all pairs of
measurements within each season) is used as a robust indicator of trend magnitude. This
expression does not imply that the underlying trend is linear in time. The seasonal
Kendall test is for monotonic (generally increasing or generally decreasing) trends and
does not distinguish among alternative trend shapes (linear, exponential, step change,
complex).

The following series of tests have been conducted for each primary water quality
variable:

3 Agencies + D&S, UFI, DOH

3 Seasons : April-September, October-March, Annual
3 Depth Intervals 3 0-6 Meters, 12-20 Meters, 0-20 Meters

3 Time Intervals s Whole Record, Last 10 Years, Last 5 Years

To increase the power of the test, length of the "season” is adjusted to approximate the
average sampling frequency for each agency (2 weeks for D&S and UFI, 1 moath for
DOH). The 10-year time frame (1981-1990) is particularly relevant because it conforms
to the minimum interval recommended for application of the more conservative version of
the seasonal Kendall test (Hirsch & Slack, 1984) and, in the case of D&S measurements,
represents a period of relative uniformity in field methods and analytical procedures

(Figure 9).

For D&S and UFI, tests are performed using data from the Lake South station
(routinely monitored). The DOH program involves 12 stations, 10 of which have been
monitored more or less routinely since 1975. Tests are conducted separately for each of
the 10 stations and for all 10 stations combined. Applied to water quality components
monitored for at least 5 years by each agency, results of all tests are tabulated in
Appendix G. Appendix G also lists subsets of results indicating significant trends
identified within each season, time interval, and depth interval.

Given the emphasis on eutrophication-related variables, trends in the mixed layer
(0-6 m) during the growing season (April-September) are of primary interest. These are
summarized in Table 8 for 10-Year (1981-1990) and 5-year (1976-1990) periods of record.
Corresponding time-series plots are shown in Appendix H. Results generally indicate
improvements in eutrophication-related water quality conditicns with respect to
phosphorus species, chlorophyll-a, phacopigments, BOD, organic nitrogen, and
transparency, With the exception of chlorophyll-a and phaeopigments, these trends are
detected within both the 10-year and 5-year periods. Decreasing trends in conductivity
and/or chlorides are indicated over both time scales. Increasing trends ia alkalinity (10-
Yr, 5-Yr) and lab pH (10-YT) are indicated.

Trend maguitudes are summarized as a function of time period, season, and
depth interval in Tables 9 (D&S), 10 (UFI), and 11 (DOH). Results with significance
levels <.10 based upon the more conservative seasonal Kendall test (Hirsch & Slack,
1984) are listed. In general, the frequency of apparent trends is much greater than would
be expected based vpon chance at this significance level (10%). Results reflect the
importance of conducting trend tests separately by season and depth interval. For
example, based upon D&S data from 1981-1990, a significant decreasing trend in total
inorganic phosphorus (-6.2%/yr) is indicated when the analysis is'restricted to April-
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Figure 9
Analytical Method History - D&S Data
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Table 8
Results of Seascnal Kendall Tests for Trend
April-September, Onondaga Lake South Statlon Epllimnion

v+vssq.Longterm Trends...... .....5-Year Trends......
Agency D&S D&S UFI DOH D&S UFI DOH
Depths (m) 0-6 0-6 0-6 0 0-6 0-6 0
Period 68-90 81-90 78-90 75-90 86-90 86-90 86-90
TEMP (0) (0) -- - 0 0 o
DO (++) {0) 0 0 0 - 0
BOD - .- -
COND .- -- (=) .- (0)
COND (25) .- -
CL .- .- -- - -- -- -~
ALK - ++ + ++ ++
PH L ++ + 0 0
PH F . 0 0 + 0
TKN - 0 0
ORG-N - - -
NH3-N (] + )
NO3-N ++ ++ o 0 0
NO2-N + 0 0 0 0
TP 0 - .-
TDP - --
TIP -- .- .-
s TIP - - .-
0-P04 .. 0 --
S ORTHO P -
TN/TIP ++ ++ ++
SECCHI 0 ++ ++ ++ ++ + +
CHLOR - -- - 0 0
PHAEOPIG -- “- . - 0
blank insufficient data (< 5 years)
0 no trend indicated, p > .10
+,- incr., deer. trend, p < .10, (Hirsch et al. 1982)
++,-- diner., decr. trend, p < .10, (Hirsch & Slack 1984}
() trend analysis possibly influenced by rejected data

Trend Statistics and Plots Shown in Appendices G & H
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Table 9

D&S Data - Lake South Station

Trend Magnitudes ( % / year )

YEARS = 1968-1990 = Period of Record

MONTHS

DEFTHS

ALK

PHAEOPIG
5 TIP
SECCI
TEWP

TIP

TN
TN/TIP

MONTHS

DEFTHS

ALK
BOD
CHLOR
CL
COND
Do*

F TEN
NH3-N
NO2
NO3
0-PO4
ORG-N
PART TKN
PH F
PHAEOPIG
8 TIP
SECCI
TEMP
TIP
TKN
TN/TIP

4-9 4-9 4-3 10-3 10-3 10-3
SUMMER SUMMER SUMMER WINTER WINTER WINTER
0-6 12-18 0-18 0-6 12-18 0-18
EPIL HYPOL ALL  EPIL HYPOL ALL

-0.8
-1.8 -2.0
-2.6 .3.83 -3.% -3.1 -3.7 -3.4
-2.3 -2, -2.9 -2, 3.2 -3.0
3.2 2.9 4.8 6.3 4.8
2.5 3.1 -2.9
7.7 7.2 8.7
6.3 4.6 9.5 16.6 12.6
-19.3 -4.9 -13.8 -10.8 -10.4 -9.9
-11.4 -10.0 -8.4 -11.6 -16.1 -12.7
-8.9 -5.6 -5.1
-5.5 «8.7
-13.3 -5.5 -11.8  -8.4 -12.1 -9.6
-2.8 -2.,2 -2.5
7.9 5.6 7.6 7.8 8.6 8.8
YEARS = 1981-1990 = Last 10 Years
4.9 4-9 4-2  10-3 10-3 10-3
SUMMER SUMMER SUMMER WINTER WINTER WINTER
0.6 12-18 0-18 0-6 12-18 0-18
EPIL HYPOL ALL  EPIL HYPOL ALL
6.9 3.6 6.6 4.7 5.1
-6.7 -6.3
-16.7 -+12.9 -183.8 +16.0 -15.4 -16.4
-13.1 -13.3 -13.5 -i2.8 -14.5 -15.7
-5.4 9.9 -10.5 -12.4 12,1 -12.7
-12.0 -4.4
-0.0 -4.5
3.1
-7.5
-¢.6 -10.0 -10.0 -15.0 -16.4 -16.8
-16.1 -18.8¢ -15,3
6.9 6.9 5.6 5.6
-6.2 -13.5
8.4 5.2

For Test Hesults with p,<.1

1-12
ALL

0-6
EPIL

1.
Cﬁ!\’l\)@
o by -

> o

1-12
ALL

0-8
EPIL
6.3
-5.7
-15.5

-13.0
-10.0

-10.6
-15.1
5.9

5.8

1-12
ALL

12-18
HYPOL

3.7
-11.5

«18.3
-10.1

'1205
-13.1

{Hirsch & Slack, 1984)

1-12
ALL

0-18
ALL
6.1

-5.0

-13.2

-13.5
-10.6

-10.0
-11.9
5.9
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Table 9 {(ci.)
Trend Magnitudes vs. Variable, Period, Depth Interval, and Season
D&S Data - Lake South Station

Trend Magnitudes ( % [ year )
For Test Results with p,<.1 (Hirsch & Slack, 1984)

YEARS = 1986-199C = Last 5 Years

MONTHS 4.9 4-9 4-¢  10-3 10-3 10-83 112 1-12 1-12
SUMMER SUMMER SUNMER WINTER WINTER WINTER  ALL ALL ALL

DEPTHS 0-6 12-18 0-18 0-6 12-18 0-18 0-6 12-18 0-18
EPIL HYPOL ALL EPIL HYPOL ALL  EPIL HYPOL ALL

ALK 9.3 5.4 5.8 4.4
BOD -20.0 -0.0 -16.7

CHLOR

cL -18.1 -18.4 -18.2 -14.3 14,5 -13.8 -15.9 -17.6 -18.0
COND -1t.1 -15.7 -11.8 -10.4 -15.0 -10.8 -10.7 -15.5 -11.4
DO* -12.8

F TKN -29.6 -27.2 -26.8

NH3-N -14.8 .28.3 -29.8 -29.8 -16.9

NO2 -3.7 -3.0
NO3 36.4 47.5 45.8 19.1

0-PO4 -25.7 -21.4 -15.0

ORG-N -27.2 -24.8

PART TKN -23.0 “17.1

PH F

PHAEOPIG

S TIP -23.0 -20.3 -24,2

SECCL 11.8 1.8 7.7 7.7
TEMP 5.5 3.6 7.4 3.6 5.6

TIP . -20.9 -12.5 -19.6 -18.6 -13.1

TKN -13.9 -27.1 -16.5

TN/TIP 19.3 13.1 14.3

* Results Tor DO inTluenced by instrument changes (see text).
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Table 10 ;
Trend Magnitudes vs. Varlable, Perlod, and Station
DOH Data, April-September, Surface

YEARS = 1975-1990 = Period of Record

STATION 21 ee
Marina Park

ALK

CL «7.0 -6.7

COND* -7.5 -6.9

COND25 -5.4 -5.2

Do

DS -4.4 4.5

NO2

NO2-NO3

NO3

PH F 0.3

PH L

SECCI 3.t

TEMP -0.6 0.7

TURB -3.8

YEARS = 1981-1990 =

STATION 21 22
Marina Park

ALK 8.9 8.9

CcL -17.7 -19.1

COND*

COND25 -11.9 -12.7

-4.7 -4.6

DS -11.2 -12.5

noz2

'NO2-NO3

NO3

PH F

PH L

SECCI 10.0 9.8

T-P

TEMP

TURB -6.,9

YEARS = 1986-1980 =

STATION 21 22
Marina Park

ALK 8.2 8.2

cL -19.6

COND*

COND25 -12.7

Do

DS -10.6

NOZ

NO2-NO3

NO3

PH F

PH L

SECCI

T-P

TEWP

TURB

=10.7
-10.5

* Field conductivity

23 24
Ley Metro
-6.4 -6.1
7.0 -8.1
-4.8 -4.1
4.1  -3.9
0.2

2.2 4.9
-0.5

-3.1 -4.3

Last {0 Years

23 24
Ley Metro
8.9 5.9

-21.5 +25.4
-12.0 -15.5
-5.4 -3.9
-12.2 -15.3
-0.5

5.3 6.1

Last 5 Years

23 24
Ley Metro
8.7

-8.,2
1.0 -7
-12.4 -6.0

25
Beds

-7.1
-8.1
-5.3

4,2

25
Beds
8.8
-19.0
-13.8

-5.4
-13.2

7.2

25
Beds

-17.9
-12.4
-10.3

26 27
Lakelnd Maple
2.9 3.1
-8.3 -6.8
-9.3 -8.0
6.3 -6.0
-5.4 -4.,9
0.2

1.8
0.6 0.7
26 27
Lakeind Maple
8.9 7.7
-18,5 -17.9
«11.8 «12.9
-3.6
«12.0 -11.6
26 27
Lakelnd Maple
8.8 7.7
«14.0
-11.7 -15.6
-9.4 -12.5
1.2

{Hirsch & Slack, 1984)

28 29
Outlet Hiaw
2.7 3.4
-8.7 -6.7
-7.6 -B.0
-5.0 -5.6
-4.2 -4.6
-0,8 -0.8
-2,2 -2.2
28 29
Outlet Hiaw
7.6 8.7
-17.0 -17.8
-11.9 -11.9
-11.8 -12.1
5.0 7.3
-4.3 -6.1
28 29
Outlet Hiaw
6.8 8.4
-15.5

-14.3 -11.7
-9.9 -11.41

results influenced by rejected data (see text).

30
South

-6.3
'7 09
-5.4

‘402

3.5

a0
South
8.7
-21.9
-12.9

-3.5
-12.9

8.5

30
South

<10.8
1.1

-10.1

-14.0

ALL
ALL

-6.8
-7.7
-5.3

-4.3

2.3
-2.2

ALL
ALL

-12.9
-12.0

-10.3
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Table 11
Trend Magnitudes vs, Variable, Period, Depth Interval, and Season
UFI Data - Lake South Station

Trend Ragnitudes ( % / year )
For Test Results with p.<.1 (Hirsch &_slack, 1984)

WONTHS 4-9 4-9 4-9 t0-3 10-3 10-3 1-12 1-12 1-12
SUMMER SUMMER SUMMER WINTER WINTER WINTER ALL ALL ALL

DEPTHS 0-6 12-20 0-20 0-6 12-20 0-20 0«6 12-20 0-20
EPIL HYPOL ALL EPIL HYPOL ALL EPIL HYPOL ALL

YEARS = 1978-1990 = Period of Record

CHLA-L -19.8 -13.8 -15.7 -14.4 -15.8
oL -13.7 -13.0 -16.2 -17.8 -14,3 -18.6 -14.3 -13.1 -16.8
Do +0.0 +0.0 +0.0 4.0
FE -7.6 7.4 «10.9 -11.4 7.1 -7.0
PH L 0.5 0.6 0.5 0.4 0.6 0.5
PHAEDQ-L

8 -13.5

SECCI 3.6 3.6 3.4 2.4
TEMP «1.4 «0.3 «1.6
YEARS = 1581-1990 = Last 10 Years

CHLA-L

CL .22, .28.9 -24.3 -20.6 -26.,9 -22.9 -22.4 -28.9 .24.7
Do +0.0 6.2 13.2 +0.0

FE -4.9 -8.2 -11.8 -11.4 -5.7 -8.3
PH L G.8 0.8 0.7 0.7 0.8 0.7
PHAEO-L

S -28.4 -25.3 -32.6 -30.2
SECCI 5.4 5.4 5.2 5.3
TEMP -2.3 -0.8 -2.7
YEARS = 1986-1990 = Last 5 Years

CHLA-L

CL -t7.5 -19.6 -18.9 -20.1 -17.3 -19.5 -18.6
Do +0.0 +0.0

FE -4.4

PH L

PHAEOQ-L

s -51.1 -52.% -46.1 -55.3 -57.1 -59.0
S OATHO -10.5 -42.7 -14.,2

SECCI

T-P -10.7 -35.5 -16.1

TDP -12.9

TEMP
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September, 0-6 meter samples, but not when the analysis is conducted using data from all
seasons and depths.

The sensitivity of trend detection to depth interval and sampling frequency is
fllustrated in Figure 10, based upon D&S data collected between April and September of
1981-1990. Results are shown for 9 variables; significant trends (p<.1) were not detected
at individual depths for other water quality variables. The darkly shaded bars indicate
trend magnitude (%/yr) for a biweekly sampling frequency; the lightly-shaded bars
indicate trend magnitude for a monthly sampling frequency (discarding every other
sampling date). Printed values adjacent to each bar indicate p levels for the more
conservative test (Hirsch & Slack, 1984). Generally, there is good replication of resufts
with the upper 6 meters (0-, 3-, 6-meter samples). Alkalinity and chloride trends are
evident throughout the water column (p<.01); although trend magnitudes decrease slightly
with increasing depth. Apparent decreasing trends in summer dissolved oxygen at 15 and
18 meters most likely reflect changes in instrumentation and/or calibration procedures,
which have resulted in more accurate reporting of dissolved oxXygen concentrations in the
0-1 mg/liter range since 1989 (see Agency Contrasts). A curious decreasing trend in
nitrite nitrogen develops between 6 and 12 meters, but disappears below 12 meters.

Sensitivity to sampling frequency is most apparent in the case of chlorophyll-a.
Biweekly sampling (dark bars) indicates significant (p<.1) trends at all four sampled
depths, whereas monthly sampling (light bars) indicates significant trends at two out of
four depths. This is consistent with the relatively high variance characteristic of the
chlorophyll-a measurements (see Variance Component Analysis). There is less distinction
between sampling frequencies, however, in the remaining variables. This suggests that, for
the purposes of detecting trends, a monthly sampling frequency would provide almost as
much information as does the existing biweekly frequency. Similarly, replication of resulis
with depth indicates that a single sample within the mixed layer would provide almost as
much information as does the current program involving samples at 0, 3 and 6 meters. As
compared with the current biweekly, 1-depth program, a monthly, 1-depth program would
cut the number of epilimnetic samples by a factor of 6. Such a change would reduce the
probability of detecting trends in water quality components which have relatively high
temporal variance (e.g., chlorophyll-a, bacteria). It would also limit use of the data for
other purposes (¢.g., detecting extreme events, dynamic modeling).

Figure 11 shows a longterm increasing trend in dissolved oxygen concentrations in
the Iake surface waters between 1968 and 1990, based upon D&S and UFI data collected
at the South station (all months). Two plots of D&S data are shown: one using all the
data and another excluding data from 1976-1981, which have been flagged as unreliable
(see Agency Contrasts). The presence of an overall increasing trend (3.2-3.6%/yr) is
indicated by both sets of D&S data at significance levels <.001. No overall trend is
indicated by UFI data collected between 1978 and 1990. Based upon running 5-year
trends, improvements in epilimnetic dissolved oxygen occurred primarily in the 1970’s, No
trends are evident in the last 10 years. It should be noted that the conclusion of an
overall trend in the D&S data relies on comparison of dissolved oxygen values determined
via wet chemistry (Winkler method, 1968-1976) with values determined by membrane
electrodes (Hydrolab instruments, 1982-1990). It is possible that some of the apparent
improvements in dissolved oxygen could reflect this change in measurement technique,
The timing of the apparent increase in surface dissolved oxygen is consistent with
reductions in external BOD loading associated with startup of Metro secondary
wastewater treatment facilities in June 1979.

Recent improvements in water quality are most evident in phosphorus and
dissolved oxygen measurements collecied by D&S and UFI near the lake bottom in Spring
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Figure 11

Trends in Dissolved Oxygen, All Seasons, 0-6 Meters
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(April-May, 12-20 meters, Figure 12). Seasonal Kendall tests indicate significant
increasing trends in dissolved oxygen and significant decreasing trends in total inorganic
phosphorus and total phosphorus, both over the last 10 years and over the last § years of
record. Trend slopes are relatively steep in the 1986-1990 period. These improvements
may reflect the combined effects of reductions in chloride-induced density stratification
after 1986 (promoting lake turnover), reduced phosphorus loadings from Metro STP, and
increases in runoff (Figure 13). Hypolimnetic water quality during the dynamic spring
period is sensitive to important lake processes, such as hypolimnetic oxygen demand and
vertical mixing. The sampling schedule in early Spring is critical to providing adequate
data for calculating oxygen depletion rates. At least two sampling dates with vertical
density stratification and hypolimnetic dissolved oxygen levels exceeding 2 mg/liter are
recommended.

Some of the apparent trends could be attributed to year-to-year variations in
hydrologic conditions (Figure 13), as well as to improvements in the METRO wastewater
discharge and reductions of industrial chloride loadings to the lake. Within this period of
record, it is unlikely that the lake would have fully responded to decreases in the METRO
phosphorus lead over time. Dilution of effluent with tributary runoff may also tend to
cause lower lake concentrations in years with higher runoff (until nonpoint-source runoff
concentrations approach that of the point source). Some of the apparent trends in the
last 5 years of record may have been influenced by increases in runoff between 1985 and
1990.

Causal investigation of trends is beyond the scope of this report. Correlation of
water quality measurements with antecedent hydrologic measurements (flow, water
elevation) and subsequent testing of residuals for trend is one technique that could be
applied to identify trends which can be explained based upon hydrologic variations, as
distinct from anthropogenic factors (Smith et al.,1982; Walker,1991). Empirical Mass-
balance modeling and more detailed mechanistic modeling of the lake are other
techniques that could be used to test causal hypotheses.

Variance Component Analysis

This section evaluates the impact of alternative lake sampling frequencies on the
uncertainty associated with summary statistics derived from the data set. Variance
component analyses are used to quantify relationships between sampling program design
parameters (temporal frequency, duration) and the following statistics calculated using
data from the Lake South station:

) Precision of yearly geometric mean;
(2) Precision of longterm geometric mean;

3 Probability of detecting changes of various magnitudes in the longterm
geometric mean, based upon comparison of data from two different time
periods;

Calculations are performed using a version of LRSD.WKI1 ("Lake & Reservoir Sampling
Design") spreadsheet (Walker, 1988a, 1988b), which incorporates procedures developed
primarily by Smeltzer et al. (1989), Knowlton et al. (1984), Walker (1980), and
Lettenmaier (1976). The spreadsheet has been modified to reflect recent work by Loftis
et al. (1991). :




Figure 12

Trends in Dissolved Oxygen and Phosphorus, April-May, 12-20 Meters
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Figure 13
Yearly Runoff and Metro Phosphorus Load

Runoff - Onondaga Creek at Dorwin Avenue
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‘The sampling regime evaluated is the South station epilimnion during the growing
season. The assumed objective is to quantify the central tendencies of the distributions of
total phosphorus, chlorophyll-a, and transparency values (key indicators of trophic state).
Because of skewness in the relevant distributions, the geometric mean (or arithmetic mean
of log-transformed values) is used as a measure of central tendency. For a lognormal
distribution, the geometric mean would equal the median and be less than the arithmetic
mean by a factor which can be estimated from the variance of the distribution (Gilbert,
1987). Estimates of the arithmetic mean are likely to be higher and less precise than
estimates of the geometric mean. The assumed objective is to estimate the geometric
mean at a given station using a sampling program characterized by the following:

n, =  number of years of monitoring
0, = number of sampling dates per year (growing season)
n, = number of depths sampled on each date within the epilimnion

The current D&S monitoring program employs n, ™ 13 (biweekly sampling for April-
September growing season) and n,~ 3 (sampling depths 0, 3, & 6 meters generally located
in epilimnion).

Procedures involved in the calculation are depicted in Figure 14. In estimating
variance components, measurements are assumed to be generated by the following
random-effects linear model (Snedecor & Cochran, 1989).

CQu=u+a +a,+a
where,
G, = measurement for yeary, date d, and deptﬁ z (natural log scale)
u= longterm mean |
a, =  year effect (mean = 0, variance = V)
a;=  date effect (mean = 0, variancé =V,
3,= ﬂeplh effect + random error (mean = 0, variance = V,)

Since replicates are generally not available at a given depth, the depth and random error
terms are lumped. The required variance components (V,, V,, & V,) are estimated by a
applying a nested analysis of variance (Snedecor & Cochran, 1989) to the log-transformed
monitoring data derived from the last 10 years of record at the South station (1981-1990).
Fixed seasonal effects and longterm trend are removed from the data prior to estimating
variance components. Fixed seasonal effects are removed by subtracting monthly medians
(computed from all years) from each sample. Longterm trend is removed by computing
the median of the deseasonalized values within each year, regressing yearly medians
against year, and applying the regression slope to the year associated with each sample.
The serial correlation of detrended, deseasoned, daily-median values is also calculated for
the purpose of estimating its effects on the precision of yearly and longterm summary
statistics using the LRSD.WKI1 program (Loftis et al., 1991; Muskens & Kateman, 1978).

Estimated variance components for each variable and agency are displayed in
Figure 15, expressed as log-scale standard deviations. Since only surface values are




-42.

Figure 14 - .
Methodology for Variance Component Analysis
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Figure 15

Variance Components - Trophic State Indicators
April-September, South Station, 0-6 Meter Samples
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reported, estimation of a depth variance component is not possible for the DOH data.
Two analyses are conducted using the DOH data. The first uses data from all 10
consistently-sampled stations and substitutes a random spatial variance term (station-to-
station variation on a given date) for the depth term in the above equation. The second
uses data only from the South station, and the depth term is ignored.

Figure 15 compares variance components for Onondaga Lake with median values
reported by Smeltzer et al,, (1989) for other reference data sets (inland Vermonat Lakes,
Lake Champlain, Corps of Engineer Reservoirs, Minnesota Lakes, and other midwestern
Iakes). Overall, Onondaga Lake variance components tend to be in the upper range of
values measured elsewhere. The relatively high variance may reflect the highly eutrophic
state of the Lake. Temporal variance in log-transformed chlorophyli-a levels (V,) has
been shown to increase with mean chlorophyll-a concentration in inland Vermont Lakes
(Walker, 1985b).

Variance components estimated from the more intensive D&S and UFI
monitoring programs are used below to examine relationships between sampling frequency
and precision in yearly and longterm geometric means. Modifying the classical result

(Shedocor & Cochran, 1989) to account for serial correlation (Muskens & Kateman,
1978), the precision of the log-mean for a given year is given approximately by:

V, = [Vy/ng + V,/(n4n,)]F,
Ccv, = V»*

where,

V, = variance of the log-mean for a given sampling year

CV, = coefficient of variation of geometric mean for a given year

F, = factor (< =1) accounting for positive serial correlation between adjacent
::;g;%l)mg dates, estimated from Equation VI, Muskens & Kateman

The first term in the equation for V, accounts for the effects of variations with date and
the second term, for the effects of variations with depth.

The precision of the longterm mean, estimated from n, years of sampling is given
approximately by: '

Vo= V,/n + [Vy/(gn)+ V,/(0ynsn) | F,

Cv, = v»
where,

V.= variance of the longierm mean estimated from n, years of sampling
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CV.= coefficient of variation of Jongterm geometric mean

The first term in the equation for V. accounts for the effects of variations with year, the
second term, for the effects of variations with date, and the third term, for the effects of
variations with depth. This equation assumes that year-to-year variations are random (not
serially correlated).

Figure 16 shows the precision of the loagterm (CV.) and yearly (CV,) geometric
mean values estimated using variance components derived from D&S and UFI monitoring
data. Results shown are for a biweekly monitoring program conducted over a 180-day
growing season with 3 sampling depths within the mixed layer (similar to historical D&S
monitoring program design). The precision of the longterm geometric mean is estimated
for a monitoring duration of 5 years. Shaded areas in Figure 16 reflect the relative
contributions of the year, date, and depth variance components to the overall variance in
each summary statistic.

Precision of longterm geometric means ranges from CV=8% to CV=23%. It is
controlled primarily by the year-to-year variance component and is thus relatively
insensitive to within-year sampling intensity (n, or n,). Because of similarity in variance
components, transparency precisions (longterm CV = 8%, yearly CV = 5%} estimated
from D&S and UFI data sets are identical. Results for phosphorus are also similar,
though slightly higher for D&S (inorganic phosphorus) than for UFI (total phosphorus).
The relatively low precision of the longterm mean chlorophyll-a concentration estimated
from UFI variance components (CV = 23%) reflects the high year-to-year variance in
chiorophyll-a estimated from the UFI data (Std. Dev. = .50) as compared with D&S data
(-27) and other lake/reservoir data sets (.18-.23). This, in turn, reflects fow chlorophyll-a
concentrations reported by UFI during 1987 and 1988. Trend analysis plots (H-9) show
that UFI reported unusually high phacopigment levels in these same years.

Figures 17-22 show the sensitivity of the following statistics to temporal sampling
frequency using each set of variance components:

® CV of Longierm Geometric Mean (estimated from 5 years of data) vs.
Sampling Frequency

2) CV of Yearly Geometric Mean vs. Sampling Frequency
3) CV of Longterm Mean vs. Years of Monitoring and Sampling Frequency

) Power = Probability of Detecting Change in Longtesmn Mean vs.
Magnitude of Change and Sampling Frequency (based npon 5 years pre-
change and 5-years post-change monitoring, estimated for t-test using
equations given by Lettenmaier(1976)).

Tested sampling frequencies include yearly, bimonthly, monthly, biweekly (current design),
weekly, and semi-weekly. Generally, results for statistics 1, 3, and 4 (all of which depend
upon precision of the longterm mean) indicate that there would be little benefit to
increasing sampling frequency beyond biweekly. In fact, results for the monthly and
biweekly frequencies are quite similar. This reflects the fact that year-to-year variations
primarily control the precision of the longterm mean estimate.

In contrast, precision of the yearly geometric mean continues to improve as
sampling frequency is increased. For example, Figure 16 shows that the CV of yearly TIP
values would be 12%, 6%, and 3% for monthly, biweekly, and weekly monitoring




-46-

Figure 16 -
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Figure 17

Precision and Power vs. Sampling Frequency - D&S Total Inorganic P
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Figure 19
Precision and Power vs. Sampling Frequency - D&S Secchi Depth
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Figure 20
Precision and Power vs. Sampling Frequency - UF| Total Phosphorus
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Figure 21

Precision and Power vs. Sampling Frequency - UF1 Chiorophyll-a
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Figure 22
Precision and Power vs. Sampling Frequency - UF| Secchi Depth
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frequencies. This rate of improvement is stronger than predicted based upon classical
sampling theory (~n"'?) because variance-reducing effects of serial correlation increase
with sampling frequency (Loftis et al,1991; Muskens & Kateman,1978).

The precision of yearly geometric means is relevant for tracking lake conditions
and for calibrating/testing models with annual time steps (e.g., empirical phosphorus-
balance models). Figure 16 shows that a biweekly program is expected to yield annual
geometric means with coefficients of variation ranging from 3% for total phosphorus, to
5% for transparency, to 11-14% for chlorophyll-a. Without lake-specific calibration,
empirical eutrophication models typically have error coelfficients of variation on the order
of 27% for total phosphorus, 28% for transparency, and 35% for chlorophyll-a (Walker,
1985a). This comparison suggests that the precision of yearly means derived from a
biweekly program is more than adequate to support empirical modeling. Reductions in
the relatively high CV for chlorophyll-a could be achieved by tracking uncorrected
chlorophyll-a or by increasing the chorophyll-a monitoring frequency from biweekly (CV
= 11-14%) to weekly (CV = 6-7%), as indicated in Figures 18 and 21.

Consideration should be given to tracking total chlorophyll-a concentrations
(corrected chlorophyll-a 4 phaeophytin), which would tend to have less variance than
corrected chlorophyll-a and could therefore be tracked with greater precision. Figure 23
shows that, as compared with corrected chlorophyll-a or phaeophyiin, total chlorophyll-a
has less vertical variance within the mixed layer and is more strongly correlated with
transparency, based upon D&S data for April-September, 1986-1990. Surface (0-meter)
total chlorophyll-a values explain 46% of the variance in transparency, while corrected
chlorophyll-a explains only 25%. As compared with corrected chlorophyll-a, total
chlorophyll-a can be more precisely tracked (because it is Jess variable) and is more
strongly correlated with aesthetic qualities.

Horizontal Variations

Analysis of paired samples collected by D&S between 1982 and 1990 reveals small
(<12%) differences in water quality between the North and South stations. Figure 24
shows that the North station epilimnion has slightly lower concentrations of nitrogen
species and ortho phosphorus and slightly higher pH. This most likely reflects the
alignment of these stations between the Metro STP and lake outlet. Based upon 1982-
1990 data, the North station hypolimnion has slightly cooler mean temperatitre (.21 deg
C) and higher BOD (.58 mg/liter); these differences in hypolimnetic water quality are less
evident, however, in data collected after 1986. No significant differences between the
North and Scuth stations are evident in the epilimnion or hypolimnion with respect to
primary trophic state indicators (Chlorophyll-a, Transparency, Total Inorganic
Phosphorus, Dissolved Oxygen). Thus, it seems that data from the South station are
adequate for tracking longterm variations in trophic state and are reasonably
representative of the lake open waters.

The slightly higher pH values (™ .09 units) recorded at the North station suggest
that this station might be important for tracking free ammonia levels. It is possible that
free-ammonia levels calculated for the South station would under-estimate the average
concentration in open lake waters. The apparent North-South difference in pH could be
related to systematic differences in time of sampling, however.

The 10-station network operated by the DOH/DEC provides greater spatial
resolution and important information on water quality conditions in areas adjacent to
potential recreational use, Spatial variations in transparency measured by DOH/DEC
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Figure 25

Spatial Variations In Transparency
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between 1986 and 1990 are depicted in Figure 25. The range of station geometric-mean
transparencies is .8 to 1.3 meters. Lower transparencies are evident at the shallower
stations located at the south end of the Lake (23 - Mouth of Ley Creek, 24 - Metro STP).
Higher transparencies are evident in the open lake (30 - South) and a other lakeshore
stations. A greater potential for spatial variation exists in water quality constituents with
more rapid kinetics (e.g., bacteria).

Conclusions and Recommendations

The "momentum"” associated with the historical D&S data set and its routine
sampling regime dictates that caution should be exercised in modifying the program to
satisfy short-term objectives or budgetary constraints. Reductions in scope or intensity or
significant changes in methodology should be implemented carefully because they may
jeopardize the value of the historical data base. Increases in scope or intensity may be
justified to support research or model-development efforts which may require higher
spatial and temporal resolution. Such increases should be designed, however, so that
historical lake survey design (e.g., biweekly at 3-meter intervals) is a subset of the future
survey design.

Trend analyses suggest that, as of 1990, the lake was still responding to significant
reductions in phosphorus and chloride loads which occurred over the previous several
years. Variance component analyses indicate that a monthly lake sampling frequency
would provide almost as much information for tracking longterm variations and detecting
trends in eutrophication indices as does the current biweekly frequency. Scaling back to a
monthly frequency may be feasible in the future, particularly once the mechanisms
controlling lake water quality are better understood (through continued research and
modeling) and the lake has reached an "acceptable” condition. The latter involves future
definition of goals and design/implementation of additional control measures to achieve
them. Considering that the cost of monitoring is likely 1o be a small fraction of the cost
of a control program, it would be unwise to scale back the monitoring program to a
monthly frequency for economic reasons, at least uatil the lake is "better understood” and
"under control” from a eutrophication perspective.

Recommendations for future monitoring are discussed below in relation to
temporal and spatial scales of variation:

(1) Longterm Variations

The existing biweekly monitoring frequency is more than adequate to track
longterm variations in lake water quality. Increasing the lake monitoring frequency from
biweekly to weekly would provide little benefit in terms of increased power for trend
detection or increased precision in longterm-average summary statistics for phosphorus,
chlorophyll-a, or transparency. This is because these applications are controlied primarily
by year-to-year variations. These applications are important becanse they relate to the
following types of questions which might be realistically addressed using the monitoring
data from the most recent 5-10 years:

(A)  Are lake water quality conditions improving, deteriorating, or
stable ?

®) What is the probability that a hypothetical management objective
(e.g., longterm-average, mixed-layer, growing-season total
phosphorus concentration < ?? ppb) has been achieved ?
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Improvements in resolution for these applications would not involve changes in the
current monitoring program. Instead, statistical models for explaining year-to-year
variations in water quality based upon year-to-year variations in climate and/or hydrology
should be investigated. Such models could be used to filter out "noise” associated with
climate or hydrology and thereby improve the resolution any underlying "signal® in water
quality. For example, correlations with runoff may explain some of the year-to-year
variations in lake total phosphorus concentration. This would provide a proportionate
decrease in the variance of longterm mean and an increase in power for trend detection.
Hydrologic adjustment may improve power for trend detection by reducing both variance
and serial correlation in water quality time series (Walker, 1991).

Conclusions regarding adequacy of monitoring frequency may be different for
other water quality constituents. Higher frequencies may be dictated for tracking
longterm variations in bacteria, for example, because of greater variance induced by
sources (event-related), rapid kinetics, importance of mixing processes, potential
horizontal variations, etc... Alternative monitoring frequencies for bacteria and other
constituents could be investigated using the methodology applied above to trophic state
indicators.

2) Yearly Variations

The existing biweekly monitoring frequency is adequate to track year-to-year
variations in lake water quality. The precision of the yearly summary values derived from
a biweekly program is adequate to support empirical eutrophication modeling.
Reductions in the relatively high CV for chlorophyll-a could be achieved by tracking
uncorrected chlorophyli-a or by increasing the chorophyli-a monitoring frequency from
biweekly (CV = 11-14%) to weekly (CV = 6-7%).

Q) Vertical Variations

Within the 0-6 meter depth range, both chlorophyll-a and total phosphorus exhibit

unusually high variation with depth on a given sampling date, This variance has a small
impact on the precision of yearly and longterm summary statistics, but has a large effect
on the precision of mixed-layer average calculated for a given date. Such precision may
limit applications of dynamic models involving calibration/verification against daily mixed-
layer averages.

Sources of variation with depth should be further investigated. Vertically-
integrated sampling techniques (hose) may provide more reproducible data on mixed-layer
or photic-zone averages. Experiments could be designed to evaluate alternative sampling
methods.

@ Hourly Variations

Investigation of hourly variance components is preciuded by the current data set.
Sampling times should be routinely recorded in lake monitoring data sets. Diel variations
may be important for such variables as temperature, dissolved oxygen, pH, and free
ammonia. Especially considering the possible importance of free ammoaia toxicity in
assessing water quality impacts on aquatic life and in driving future wastewater-
management decisions (Effler et al.,, 1990), special studies should be undertaken to
quantify diel variations in the mixed layer on several sampling dates over the growing
seaso1.
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5 Horizontal Variations

Data from the South station is adequate for tracking longterm variations in the
trophic state of the lake open waters. Although the North station has slightly lower
concentrations of nitrogen species and ortho phosphorus, it is not distinguishable from the
South station with respect to primary of measures of trophic state (total inorganic
phosphorus, chlorophyil-a, transparency, dissolved oxygen). Slightly higher pH values
detected at the North station indicate that this station may be important for tracking free
ammonia levels, although this difference may reflect systematic differences in time of

sampling.

Based upon DOH/DEC monitoring data, lower transparencies are found at
shallow lakeshore stations adjacent to tributary inflows. These lower transparencies may
reflect higher levels of nonalgal turbidity introduced by tributaries and/or wind-induced
resuspension of lake bottom sediments in shallow areas. Coasideration of these spatial
variations should be given in defining a longterm management objective for the lake.
Achieving "acceptable” water quality at the Lake South station (based upon phosphorus or
transparency, for example) would not necessarily achieve acceptable water quality at each
recreational use point. Generally, however, spatial variations in trophic state indicators
are not pronounced. This may reflect the fact that rates of horizontal mixing are greater
than rates of chemical and biological processes involved in nutrient response. A greater
potential for spatial variation exists in water quality constituents with more rapid kinetics
(e.g., bacteria).

(6) Monitored Variables

Total chlorophyll-a (uncorrected for phaeophytin) should be routinely reported
and used (in addition to corrected chlorophyli-a) for tracking lake trophic state. This is
retrievable from the historical data base by adding corrected chlorophyll-a and
phaeophytin values. As compared with corrected chlorophyll-a or phaeophytin, total
chlorophyll-a has less vertical variance within the mixed layer and is more strongly
correlated with transparency.

Total phosphorus represents a more useful longterm indicator of lake trophic
state than does total inorganic phosphorus. In order to preserve the utility of the
historical data base for tracking purposes, however, analysis of both total inorganic
phosphorus and total phosphorus should continue for at least 5 years. Any attempts to
correlate TIP and Total P measurements should recognize that the relationship is
different for hypolimnetic waters, where TIP and Total P measurements are approximately
equal (Figure F-29) than for surface waters, where TIP tends to be lower than Total P
(Figure F-28), presumably because of the greater relative importance of the organic
fraction in the surface waters.

Fractionation of Kjeldahl nitrogen (filterable vs. particulate) appears to be useful.
Apparent decreasing trends in particulate TKN suggest that this may be a sensitive
indicator for tracking longterm variations in lake trophic state. This is probably an
alternative measure of phytoplankton density.

With a few exceptions, laboratory and field methods employed by D&S and its
contractors have been generally consistent over the past 10 years, Future changes or
improvements in methods should be done cautiously, so as not to jeopardize the value of
the historical record for trend detection,
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The magnitude and sources of apparent negative biases in DOH nutrient analyses
(total phosphorus, ammonia nitrogen, Kjeldahl nitrogen, nitrate nitrogen) should be
further investigated by split sampling with D&S and UFIL

Paired sample contrasts indicate that field pH measuremenis are generally lower
and more variable than lab pH measurements. The question of which measurement
technique is more relevant for characterizing ammonia toxicity should be asked of an
fisheries expert on ammonia toxicity. The lack of information on diel variations in pH is
perhaps equally as important as the choice of measurement method. The D&S should
begin routine reporting of lab pH in addition to field pH.

@ Tributaries

D&S tributary monitoring data for 1985-1990 have been translated from D&S
files. Magnitudes and trends in wastewater and tributary loadings are important for
interpreting lake variations, evaluating the effects of historical wastewater-treatment and
watershed-management activities, formulating future control strategies, and estimating the
probability of achieving specific lake water quality objectives. The precision of load
estimates derived from routine biweekly grab samples is an important factor which should
be evaluated. Tributary and hydrologic files provided with the data base (Figure 1) are
compatible with computer software designed for this purpose (FLUX, Walker, 1987,
1989). This software is also useful for detecting trends in concentration, load, and flow-
adjusted concentrations in lake tributaries.
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APPENDIX A
Index File Listings

AGENCY.WK1 - Agency/Investigator Index

LSTA.WK1 - Lake Water Quality Station Index
TSTAWK1 - Tributary Water Quality Station Index
USGS.WK1 - USGS Rydrologic Station Index
REMARK.WK!1 - Remark Code Index

PARAM.WK1 - Water Quality Parameter Codes
FLAGGED.WK1 - Flagged Water Quality Measurements
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AGENCY.WK1 - Agency/Investigator Index

AGENCY  DESCRIPTION

C&s Calocerinos & Spina

DEC New York State Department of Environmental Conservation
DOH Onondaga County Department of Health

D&S Onondaga County Department of Drainage and Sanitation
EPA United States Environmental Protection Agency

ME&A Moffa & Associates

0BG 0’Brien & Gere, Inc.

Saw Stearns & Wheler, Inc.

SZE Dr. Phillip Sze, Phytoplankton Counts

UFI Upstate Freshwater Institute, Inc.

USGS United States Geological Survey

WTL Water Testing Laboratory (Stearns & Wheler, Inc.)

ww William W. Walker, Jr., Ph. D. Thesis

LSTA.WK1 - Lake Water Quality Station Index

STATION DESCRIPTION AGENCY
1 D&S - Lake South D&S
2 D&S - Lake North Das
21 DOHO1 - Marina DOH
22 DOHOZ2 - Lake Park DOH
23 DOHO3 - Ley Creek Do
24 DOHO4 - Metro STP DOH
25 DOHOS - Waste Beds DOH -
26 - DOHOG6 - Lakeland DOH
27  DOHO7 - Maple Bay poH |—",
28 DOHOB - Sawmill DOH :
29 DOHO9 - Hiawatha DOH
30 DOH10 - Lake South COH
a1 DOH11 - Fort DOH
32 DOH12 - Ley Creek DOH—
41 UFI - Lake South UFI
42 UFI- Lake North UFI

TSTA.WK]1 - Tributary Water Quality Station Index

STATION CODE DESCRIPTION LOCATION
METRO 609 Metro STP Effluent Metro STP
ARBOR 951 Harbor Brook Hiawatha
ALLIEDF 952 Allied Chemical Discharge East Flume
CRUCIBLE 953 Crucible Steel Discharge Rt 48
NINEMILE 954 Ninemile Creek Rt 48
OUTLET2 955 Lake Outlet 2 Feet Depth Outlet
CUTLET12 956 Lake Outlet 12 Feet Depth Outlet
LEY 957 Ley Creek Park
SPENCER . 958 Onondaga Creek Spencer St
DORWIN 960 Onondaga Creek Dorwin Ave
ARBORJ), 961 Harbor Brook Velasko Rd ™
ALLIED 962 Allied Chemical Intake Allied Chem
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USGS.WK1 - USGS Hydrologle Station Index

WATER-YEARS
STATION CODE DESCRIPTION FIRST LAST
DORWIN 04239000 Onondaga Creek at Dorwin Avenue 1952 1990
SPENCER 04240010 Onondaga Creek at Spencer St 1971 1990
LEY 04240120 Ley Creek 1973 1990
HIAWATHA 04240105 Harbor Brook at Hiawatha Blvd 1971 1990
LAKELAND 04240300 Ninemile Creek at Lakeland 1971 1990

ONOND 04240495 Onondaga Lake Water Surface Elev 1971 1990

REMARK.WK1 - Remark Codes {2 Characters)
First Character - Remark Codes in Original Data Base

CODE DESCRIPTION

True Value Greater Than Indicated Value
True Value Less Than Indicated Value
Value Likely to be in Error

Value Known to be in Error

Value Questioned

8T (DOH Bacteria)

BG (DOH Bacteria)

WODCDAY

Second Character - Remark Codes Added In Screening Process

CODE DESCRIPTION
R Value Likely to be in Error
? Value Questioned
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PARAM.WK1 - Water Quality Parameter Codes

CODE

AIR

ALK

ALK (8.3)
BIOM

BOD

CA

CD

CH4
CHLA-L
CHLA-P
CHLOR
CHLT-P
cL

CLOUD
c02

COND
COND (25)
CR

cy
DIR

DO

DO (W)

DS

ECOLI

ECOLI (MPN)
F

F COLI
F NH3-N
F ORG-N
F STREP
F TKN

F TOC
FE

FLOW
GAGE
HARD

HG

K

MG

MN

NA

NH3
NH3-N
NO2
NO2-NO3
NO3
ORG-N
0-P04

P COLI
PART TKN
PART TOC
PB

PH F

PH L

* F % % % % *

* »

* R ¥ * % ¥

DESCRIPTION

air temperature

alkalinity to pH 4.5
alkalinity to pH 8.3

biomass

5-day biochemical oxygen demand
calecium

cadmium

methane

chlorophyll-a lorenzen method
chlorophyll-a parsons method
chlorophyll-a ( d&s )

total chlerophyll parsons method
chloride

cloud cover

carbon dioxide

conductivity (field)
conductivity at 25 € (lab)
chromium

copper

wind direction

dissolved oxygen - meter (field)
dissolved oxygen - winkler
total dissolved solids (180 C)
Escherichia coli (total coliform)
total coliform, MPN method
fluoride

fecal coliform (MF method)
filtered ammonia nitrogen as n
filtered organic nitrogen as n
fecal streptococcus

filtered total keldahl nitrogen
filtered total organic carbon
iron

flow

lake level

hardness

mercury

potassium

magnesium

manganese

sodium

ammonia nitrogen as nh3

ammonia nitrogen as n

nitrite nitrogen as n

nitrite + nitrate nitrogen as n
nitrate nitrogen as n

organic nitrogen as n
ortho-phosphate as p

fecal coliform (MPN method)

particulate total kjeldahl nitrogen

particulate total organic carbon
lead

pH measured in field

pH measured in lab

UNITS

deg C
mg/)l as cacod
mg/l as caco3
mg/l
mg/l
mg/l
mg/l
mg/l

ug/l

ug/l

ugfl

ug/l
mg/l
percentage
mg/l
micromhos
micromhos
mg/l

mg/l

res. wind dir
mg/l

mg/l
mg/l
#7100 ml
#7100 ml
activity
#1100 ml
mg/l
mg/l
#/100 ml
mg/l

mg/l

mg/l

nfa

feet

mg/l

ug/l

ngfl
mg/l
mg/l

mg/l
mg/l

mg/l

mg/l

mg/fl

mg/l

mg/l

mg/l
#/100 ml
mg/l

mg/l

mg/l

-log [h+]
-log [h+]}
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PARAM.WK1 - Water Quality Parameter Codes (ct.)

CODE DESCRIPTION UNITS
PHAEQOPIG *  phaeopigments (d&s) ug/l
PHAEQ-L *  phaeophytin - lorenzen method ug/l
S *  sulfide mg/l
§ ELEC * sulfide activity, ion-specific elec -log [S=]
S ORTHO P *  soluble ortho phosphate as p mg/l
S TIP *  soluble total irorganic phos as p mg/l
SECCI *  secchi depth meters
8102 silicon dioxide mg/l
S04 *  sulfate mg/l
TC total carbon mg/l
TDP *  total dissolved phosphorus as p mg/l
TEMP *  water temperature deg C
TIC total inorganic carbon mg/l
TIME time of sample collection hhmm
TIP *  total inorganic phosphate as p mg/l
TKN *  total kjeldahl nitrogen mgil
T0C total organic carbon mg/l
TS total solids mg/l
TSS total suspended solids mg/l
TURB turbidity ntu
TVS total volatile solids mg/l
T-P *  total phosphorus as p mg/l
VSSs volatile suspended solids mg/l
WIND 10-day avg resultant wind speed miles/hour
ZN zine mg/l

* data screened {others included in files but not screened)
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APPENDIX B .
Data Inventorles

Lake Sample Counts by Year and Agency

Sample Counts by Variable and Year - D&S Lake Data
Statistical Summary - D&S Lake Data

Sample Counts by Variable and Year - DOH Data
Statistical Summary - DOH Data

Sample Counts by Variable and Year - UFI Data
Statistical Summary- UFI Data







YEAR
68
69
70
7

72"

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
Q0
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Measurement Counts by Year and Agency

4823

TOTAL 99790

'AGENCY
DOH

COoOOO0OO0OQQ

1353
1644
1749
1653
882
883
840
722
1146
1095
1008
1068
1521
1224
1577
1840
19685

3826
7019
11127
6532
8756
8125
66293

TOTAL
4734
15780
5211
1739
4378
3406
8199
3450
agso
4929
12851
4928
9786
9550
5247
5160
5215
9930
13148
17344
12456
14949
14788
185768






