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Summary

Land use in the Kendig Creek watershed is mostly for agriculture purposes. Kendig
Creek has relatively high concentrations of nitrate, total kjeldahl nitrogen and total suspended
solids when compared to other watersheds in central New York State. Kendig Creek is also an
event responsive watershed, i.e. a majority of the discharge, nutrient and solids lost from the
watershed to the stream ecosystem occurs during precipitation or melting events. Stressed stream
analysis has identified several agricultural sites that are contributing nutrients and soil to the
stream ecosystem. Linking these three facts together suggest that agricultural practices allowing
nutrients and soil to runoff into the creek are having a major impact on the loadings from Kendig
Creek. The high loss of phosphorus from the watershed into Kendig Creek also indicate that the
Creek is fairly polluted, when compared to other streams in western and central New York State.
A remedial action plan and best management plan are suggested as the next logical step in

developing a water quality program for this watershed.

Introduction
Freshwater resources have historically played an instrumental role in community
development and economic sustainability. Management of this resource depends largely on the
identification of both the cause and effect of elements likely to reduce the economic and social
value of that resource. Kendig Creek is located in the north central portion of Seneca County,
New York on the northeast eI;d of Seneca Lake. The relatively large watershed encompasses 51.4
km?” and flows into the Seneca River east of Waterloo. Land use in the Kendig Creek watershed

is mostly agriculture (approximately 70% agriculture, Massirer 1990). The Seneca County Soil

and Water Conservation District chose to monitor Kendig Creek because it is representative of



most other watersheds in the county. Non-point source pollution resulting mainly from various
land uses, as well as point sources, within the 51.4 km* watershed have the potential to

significantly alter the water quality of Kendig Creek and reduce its value as a resource.

Determination of sources and magnitude of nutrient loading from watersheds is
prerequisite to remedial action and essential to making cost-effective land management decisions
as it reduces the likelihood of costly miscalculations based on the assumption of nutrient sources
and modeling rather than their actual identification. Watershed monitoring of Kendig Creek
from 1990 to 1994 has resulted in a compilation of data on priority nutrients and soil loss
degrading water quality, as well as priority subbasins in which to focus remedial efforts. The
use of automated, event-responsive gaging stations, allowed for accurate nutrient loading
estimates and increased our ability to determine conditions which generate significant nutrient

and sediment losses from the surrounding watersheds.

Th¢ Seneca County Soil and Water Conservation District has monitored Kendig Creek
since 1990 in collaboration With the State University of New York at Brockport's Center for
Applied Aquatic Science and Aquaculture (CAASA). Monitoring efforts have included the
installation of a permanent gauging and sampling station located at Marshall Road (marked
Station on Figure 1) on the main branch of Kendig Creek. SUNY Brockport has provided
analytical services for water quality parameters as well as consulting services on the direction of
the monitoring program. This report sumfnarizes the discharge, water chemistry, and nutrient
loading data that was provided by Seneca County Soil and Water Conservation District for the

1990 to 1994 period.



Methods

From 1990 to 1994, the Kendig Creek Monitoring Station was maintained (stage height
and daily discharge) by Seneca County Soil and Water Conservation District (SCSWCD)
personnel. The Station is located on Marshall Road in Seneca County, New York (Figure 1) and
continuously measures the water level in the creek using a bubbler system connected to
Campbell Scientific CR10 datalogger equipped with a Druck pressure transducer. The rating
curve to convert stream level to discharge for Kendig Creek was calculated by the SCSWCD.
The CR10 controls an American Sigma automatic sampler which is programmed to take a
300-mL sample after every 10,000 m’ of discharge (i.e., flow proportional sampling). These
300-mL samples are automatically composited by the Sigma sampler. Composite samples were
manually divided into "baseline" and hydrological "event" samples (elevated discharge) for

chemical analysis.

Weekly baseline and event samples were transported to SUNY Brockport for water
chemistry analysis for soluble reactive phosphorus (SRP), total phosphorus (TP), total kjeldahl
nitrogen (TKN), nitrate + nitrite and total suspended solids (TSS) (see detailed methods below).
Nutrient and sediment loadings from the watershed were calculated by multiplying the weekly
discharge by the concentration of the nutrient or solids for that week's water sample. Event
loadings were calculated using the event chemistry values. If no event chemistry sample was

taken, the weekly chemistry concentrations were used.

All sampling bottles were pre-coded so as to ensure exact identification of the particular
sample. All filtration units and other processing apparatus were cleaned routinely with
phosphate free RBS. Containers were rinsed prior to sample collection with the water being

collected. In general, all procedures followed EPA standard methods (EPA 1979) or Standard




Methods for the Analysis of Water and Wastewater (APHA 1995). Sample water for dissolved
nutrient analyses (SRP, nitrate + nitrite) was filtered immediately with 0.45 pm MCI Magna
Nylon 66 membrane filters and held at 4°C until analysis. Subsequent analyses were always

completed within 24 hours of collection.

Nitrate + Nitrite:  Dissolved nitrate + nitrite nitrogen was performed by the automated

(Technicon autoanalyser) cadmium reduction method (EPA 1987).

Soluble reactive phosphorus (SRP): The automated (Technicon autoanalyser) colorimetric

ascorbic acid method was used for soluble reactive phosphorus (APHA 1995).

Total Phosphorus: The persulfate digestion procedure was used prior to analysis by the

automated (Technicon autoanalyser) colorimetric ascorbic acid method (APHA 1995).

Total Kjeldahl Nitrogen: Analysis was performed using a modification of the Technicon

Industrial Method 329-74W/B. The following modifications were made:

1. In the sodium salicylate-sodium nitroprusside solution, sodium nitroprusside was

increased to 0.4 gm/L
2. The reservoir of the autoanalyser was filled with 2M H,SO, instead of distilled water.
3. Other reagents were made fresh prior to analysis.

Total Suspended Solids: APHA (1995) Method 2540D was employed for this analysis.

QUALITY CONTROL

The Water Chemistry Laboratory at SUNY Brockport is certified through the New York

State Department of Health's Environmental Laboratory Approval Program (ELAP - # 11439).




This program includes biannual proficiency audits, annual inspections and good laboratory

practices documentation of all samples, reagents and equipment.

Results and Discussion
Discharge:
Mean daily discharge (Figure 2) for the period 1 January 1990 to 31 July 1994 for Kendig
Creek was 44,279 m’/day (8.61 m’/ha/d, Table 1). Discharge was highest during the winter
(53.7%) and spring (27.6%) seasons and lowest in the summer (Figure 3). No flows were
observed during the summers of 1991 and 1993. Considerable variability in discharge was
evident from year to year (Figure 4). Hydrologic events accounted for 69% of the discharge

from 1990 to 1994 (Figure 5).
Chemistry:

Results of the weekly water quality parameters for Kendig Creek from September 1990 to
July 1994 are summarized in Table 2. The results of the 30 event sampled are summarized in

Table 3.
Nitrate

The sources of nitrate in the environment are many and include barnyard waste and
fertilizer. Nitrate (actually nitrate + nitrite) is a measure or soluble forms of nitrogen that are
used readily by plants for growth. Normally, there is little or no nitrite in surface water. The
mean nitrate concentration for thg monitoring period for weekly samples was 2.89 mg N/L
(range = ND to 32.44 mg N/L, Table 2). Mean event concentrations (3.45 mg N/L) of nitrate
were considerably higher than the weekly baseline concentrations. The loss of nitrate from the

watershed or nitrate loading to downstream ecosystems averaged 159 kg N/day (30.8 g N/ha/day)




(Table 1). Nitrate loss from the watershed was highest during the winter and spring (50.9% and
27.9%, respectively) for the years with full annual cycles (1991 to 1993) (Figure 6). The loss of
nitrate was highest in 1992 (544 metric tons) followed by 1993 (327 metric tons) and 1991 (200
metric tons) (Figure 7). Most of the nitrate lost from the watershed occurred during events

(61.6%) (Figure 5).
Total Kjeldahl Nitrogen

Total kjeldahl nitrogen is a measure related to the organic nitrogen loss from the
watershed. The mean total kjeldahl nitrogen (TKN) concentration for the entire sampling period
(September 1990 to July 1994) was 1,001Aug N/L (range=12 to 2,820 pg N/L, Table 2). Mean
event concentrations of 1,725 pg N/L were considerably higher than baseline concentrations
(1,001 pg N/L). Seasonally, the largest lost of TKN from the watershed occurred in the winter
(46.4%) followed by spring (31.6%) (Figure 8). TKN loading to downstream ecosystems
averaged 47 kg/day or 9.2 g/ha/day on an areal basis (Table 1) with ~ 80% of the loss of TKN
from the watershed occurring during events (Figure 5). Nitrogen loss from the watérshed was
strongly correlated (r* = 0.83, Figure 9) with discharge suggesting that material may be being
washed off from the surface of the land during rain events. The loss of organic nitrogen
increased from 12.7 metric tons in 1991 to 14.1 metric tons in 1992 and 15.7 metric tons in 1993;

a slight increase in each year that an annual cycle was monitored (Figure 7).
Phosphorus

Phosphorus is an element required for plant growth whether on land or in the water. In
lakes, phosphorus is often the limiting factor of phytoplankton growth and is the cause of

eutrophication, or overproduction of lakes. Phosphorus may enter the watershed either in a



soluble or organic form from several sources including poor sewage handling and excess
application of fertilizers on lawns or agricultural lands. Watersheds that have streams with high
phosphorus concentrations are potentially the cause of increased phytoplankton and macrophyte

(rooted aquatic weeds) production.

The mean soluble reactive phosphorus (SRP) and total phosphorus (TP) concentrations
for Kendig Creek were 35.0 pg P/L and 143.0 pg P/L, respectively (Table 2). Mean event
concentrations of SRP and TP (83.9 pg P/L and 305.6 pg P/L) (Table 3) were considerably
higher than baseline concentrations. Phosphorus lost from the watershed was correlated with
increased runoff (r’=0.72, SRP; r’=0.76,TP, Figure 9). For the three full annual cycles (1991 to
1993) monitored, total phosphorus loading to downstream ecosystems were 3.2, 2.7 and 4.5
metric tons per year (Figure 7). This represents a daily rate of 11 kg/day (2.05 gm/ha/day) (TP)
of which 4 kg/day (0.78 gm/ha/day) was lost as biologically active SRP (Table 1). The winter
season comprised 68.2% and 51.7% of the annual loadings of SRP and TP, respectively (Figures

10 and 11).
Total Suspended Solids

The loss of suspended solids from a watershed is a measurement of loss of soil or erosion
from a watershed. The mean concentration of total suspended solids (TSS) was 74.4 mg/1 for the
entire monitoring period (Table 2). Mean event concentrations of TSS were considerably higher
at 304.9 mg/L (Table 3). The daily loss of TSS averaged 6,714 kg/day or 1,306 gm/ha/day (Table
1).' Annually, soil lost from the Kendig Creek watershed was 2,550, 1,351 and 4,300 metric tons

for the years 1991, 1992 and 1993, respectively (Figure 7). As with other parameters, most of the




loading (85.2%) to downstream watersheds occurred during events (Figure 5) with 64.2% of the

TSS loss from the watershed occurred during the winter season Figure 12.
How Does Kendig Creek Compare to Other Creeks in New York State?

The results from the monitoring of Kendig Creek allow comparisons to other watersheds
in New York State that have been monitored in a similar fashion. The various creeks of the
Irondequoit Bay watershed (Monroe County, NY) have been identified as grossly polluted prior
to remedial action (O'Brien and Gere 1983): Similarly, Northrup Creek (central Monroe County),
which receives effluent from a sewage treatment plant is known to be polluted and to possess a
higher loading of phosphorus than creeks in the Irondequoit Bay watershed (Makarewicz 1988).
The creeks that are in the Sodus Bay and Port Bay watersheds, as well as the tributaries to Lake

Neatahwanta in Oswego County, NY are also presented for comparative purposes (Table 4).

On an areal basis, Kendig Creek has similar phosphorus loadings as Irondequoit Creek in
the early stages of remediation; that is, when Irondequoit Creek was receiving considerable
pollution from sewage treatment plants. Kendig Creek also has similar loading characteristics of
the largest creeks in both the Sodus Bay and Port Bay watersheds that mainly receive agricultural
runoff. Comparative analysis to other creeks in New York State suggest that Kendig Creek is a

fairly polluted stream and should be considered by county personnel for remediation.

What Are The Sources of Nutrients In The Kendig Creek Watershed?

Point and non-point sources of nutrients and solids were identified in the watershed in
1994 and 1995 using Stressed Stream Analysis (Makarewicz and Lewis 1996). Some of the

sources are as follows:
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Post Road Area at Kendig Creek: A drainage tributary that enters Kendig Creek at Post Road
is a source of total phosphorus, total kjeldahl nitrogen and nitrate. The tributary is a confluence
of surface runoff and drain tile from a large tilled field between Post Road and Route 96A and
possibly across Route 96A. A large chicken farm on the opposite side of Route 96A may also
be responsible for the elevated levels of nutrients observed. The values at Site 8 (Figure 1)
showed much higher concentrations of TP, TKN and nitrate that the main branch of the creek.
The overall effect of this tributary on Kendig Creek will depend on the amount discharge from

the tributary to the creek.

Main Branch Headwaters (Figure 1): The Main Branch of Kendig Creek has elevated nutrient
levels, supplemented by various point and non-point sources, along its entire length. The Main
Branch headwaters, upstream from Route 96A (Site 6) is a source of phosphorus. The
agricultural practices on the fields in this area seem to be sound with no evidence of erosion. The

fertilization application practices in this area should be reviewed with the farmers.

Ritter Road (Figure 1): A small farm on Ritter Road south of Marshall Road is a source of
phosphorus and nitrate to Kendig Creek. Figure 16 shows the total phosphorus and nitrate
concentrations on the two sample dates that the creek was sampled directly above (Site 3) and
below (Site 9) the farm. Although this operation was small, cattle did have direct access to the
stream. A review of waste management and stream access or buffer strips may be warranted in

this area.

Route 336 (Site 7 - Figure 1): This reach includes drainage from agricultural fields in soybeans
and corn. On 21 October 1995 the reach between these sites contributed high concentrations of

both TKN and nitrate suggesting that agricultural practices were affecting nutrients levels of

11



Kendig Creek (Site 7). Fertilizer application during this period seems a likely cause. The

application practices (amounts and timing) should be reviewed with the farmers in this area.

East of Post and Larson Roads (Figure 1): A small drainage ditch draining agricultural land
between Larson Road and County Road 120 seems to be a source of nitrate. The tributary itself

was not sampled because the landowner refused permission to access the site.
What To Do Next - Best Management Plans?

Many of the sources identified were agricultural in nature. Any remediation efforts that
address loadings during events (i.e. retention ponds, buffer strips, manure and fertilization
education and timing) will have the greatest impact on improving the water quality of Kendig

Creek and downstream systems such as the Seneca River.

Identified point and non-point sources of nutrients and solids can be remediated using
Best Management Practices (BMP). Whether or not management practices include a reduction
of cropland or fertilization, control of water movement can be a means of significantly reducing
non-point source pollution. Since water muét come in contact with the nutrient source and then
be transported to the surface (or subsurface) water body, the nutrients in water bodies are
functions of soil fertility and quantities of transporting water. Management practices which
reduce surface runoff have been shown to decrease dramatically the magnitudes of sediment and
chemical losses from land areas (Haith 1975). We would refer you to the Wayne County Soil

and Water Conservation District for advice. They have begun several demonstration BMP's.

12



Recommendations:

A Remedial Action Plan should be developed by the County to remediate the areas of
concern identified in the Stressed Stream Analysis and supported by this study.  The

Seneca County Soil and Water Conservation District would probably be the lead agency.

. Best management practices for reducing non-point source pollution should be
implemented at the sites identified in the Stressed Stream Analysis. Sources that are event
responsive should be given priority as they have the most impact on the water quality of

Kendig Creek.

. As BMP's are introduced, efforts should be made to carefully monitor their effects.

Success in identifying and remediating an area demonstrates the effectiveness of this

program to the public and state officials that support this program.

Other tributaries in Seneca County should be monitored and prioritized. Grab samples
could be taken at numerous streams during the same events and their water quality
analysed. From this data, the streams in Seneca County could be prioritized for
monitoring and Stressed Stream Analysis. Watersheds that have different land use

characteristics (i.e. urban or industrial) could also be chosen for monitoring.

13
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Table 1. Average daily loadings and areal loadings and mean concentrations of selected
parameters from Kendig Creek, Seneca County, NY. For comparative purposes, Sheldon,
Summerville and Ley Creeks from Oswego County and Sodus and Wolcott Creeks from Wayne
County are also presented (Makarewicz and Lewis 1994, Makarewicz et al. 1993). Annual
loading can be derived by multiplying values by 365. TP = total phosphorus, TSS = total

suspended solids, TKN = total kjeldahl nitrogen and NA = not available.

LOADING Discharge
(m*/d)

Kendig 44,279

Sheldon 96,831

Summerville 20,562

Ley 8,051

Sodus 147,119

Wolcott 197,909

AREAL Discharge

LOADING (m*/ha/d)

Kendig 8.6

Sheldon 71.4

Summerville 50.3

Ley 12.7

Sodus . 48.0

Wolcott 44.8

CONCENTRATION

Kendig

Sheldon

Summerville

Ley

Sodus

Wolcott

Nitrate
(kg/d)

158.5
128.4
8.7
6.0
104.2

241.2

Nitrate
(g/ha/d)

30.8
94.6
21.3
9.4
34.0

54.6

Nitrate
(mg N/L)
2.89
1.41
0.40
0.76
0.70

1.05

TKN
(kg/d)

474
160.0
11.66
6.54
130.1

130.9

TKN

(g/ha/d)

9.2

117.9

28.5

10.4

42.4

29.6

TKN

(ng N/L)
1,001

658
675
825
448

680

15

SRP
(kg/d)

4.0
NA
NA
NA
NA

NA

SRP

(g/ha/d)

0.78

NA

NA

NA

NA

NA

SRP

(ug P/L)

35.0

NA

NA

NA

25.7

67.4

TP
(kg/d)

10.5
37.20
2.24
2.37
34.6

22.1

TP
(g/ha/d)

2.1
274
5.5

3.7

5.0

TP
(g P/L)

143.0
102.4
115.3
278.8
56.7

117.4

TSS
(kg/d)

6,714
26,232
197
57
25,952

4,564

TSS
(g/ha/d)
1,306
19,331
482
90
8,467

1,033

TSS
(mg/L)

74.4
8.9
8.5
10.1

116.0

11.2

Watershed
(ha)

5,140
1,357
409
632
3,065

4,416




Table 2. Weekly chemistry summary for Kendig Creek for the period September 1990 to July
1994. ND = non-detectable.

Nitrate + Nitrite ~ Total kjeldahl ~ Soluble reactive Total phosphorus Total suspended

(mg N/L) nitrogen phosphorus (ug P/L) solids
(ng N/L) (ug P/L) (mg/L)
Mean + S.E. 2.89+0.27 1001 +39 350+3.5 143.0 +10.9 74.4 £ 8.5
Minimum ND 12 ND 8.0 ND
Maximum 32.44 2,820 464.7 847.0 800
Count 179 177 179 179 178

16



Table 3. Mean event chemistry parameters for the period September 1990 to July 1994 for
Kendig Creek, Seneca County, NY.

Mean Standard Minimum Maximum
Error

Nitrate (mg N/L) 3.45 0.52 0.36 10.39
Total kjeldahl nitrogen (ug N/L) 1725 202 750 6900

Soluble reactive phosphorus (pg P/L) 83.9 15.3 18.2 464.7
Total phosphorus (ug P/L) 305.6 34.0 33.3 847.0
Total suspended solids (mg/L) 304.9 76.3 13.6 2220.0
Conductivity (umhos/cm) 361 32 166 1084

Turbidity (NTU) 150.9 49.8 8.8 1522.0
pH 7.60 0.17 3.04 8.22

Calcium (mg/L) ‘ 4419 2.48 22.90 75.28
Magnesium (mg/L) 8.98 0.52 4.32 16.66
Potassium (mg/L) 4.47 0.33 2.27 10.37
Sodium (mg/L) 10.03 0.82 4.06 22.08
Sulfate (mg/L) 31.8 2.8 10.7 70.1

Alkalinity (mg CaCQ,/L) 91.37 5.44 0.00 164.94
Chloride (mg/L) 32.8 5.8 12.1 182.4
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Table 4. Comparison of phosphorus loading in subbasins of the Irondequoit Bay watershed,
other Monroe County creeks, tributaries of Sodus and Port Bays ,Lake Neatawanta tributaries
and Kendig Creek. Irondequoit basin data are from 1980-81 (O'Brien and Gere 1983). Data
from other Monroe County creeks are from 1987-88 (Makarewicz 1988). Wayne County creek
data from 1990-91 are from Makarewicz et al. 1991, Makarewicz et al. 1992 and Makarewicz et
al. 1993, Lake Neatahwanta data from Makarewicz and Lewis (1994).

Subbasin or Creek Total Phosphorus Total Phosphorus
Loading Loading
(kg P/d) (g P/ha/d)

Irondequoit Watershed
Irondequoit Creek at Browncroft
Blvd. 1975-77 (pre-diversion) 220 5.60
1978-79 (post-diversion) 78 2.00
Irondequoit Creek at Blossom Road
(remedial action)

1979 85 2.30

1982 34 0.92

1985 . 28 0.76
Monroe County Creeks
Larkin 2.20 0.70
Buttonwood 3.60 1.58
Lower Northrup 12.40 6.64
Upper Northrup 340 . 3.23
Wayne County Creeks 1990-91 1991-92 1992-93 1990-91 1991-92 1992-93
First 0.13 0.09 0.17 0.11
Second 0.49 0.38 0.19 0.15
Third 0.60 0.47 0.50 0.39
Clark 0.04 0.03 0.03 0.22
Sodus West 049 035 0.60 0.43
Sodus East 21.47 26.27 34.58 7.01 8.57 11.28
Port Bay Watershed 199091 1991-92 1992-93 1990-91 1991-92 1992-93
Wolcott 17.24 12.73 22.13 3.90 2.88 5.01
Bobolink 0.01 0.02
Clapper ' 0.39 1.97
Sanford 0.25 1.11
Williams ) ‘ 0.24 0.27
Lake Neatahwanta Watershed 1993-94 1993-94
Sheidon 37.20 27.41
Summerville 2.24 5.47
Ley ) 2.37 3.75
Seneca County 1990-94 1990-94
Kendig Creek 10.52 . 2.05
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began in September and 1994 discharge monitoring ended in July.
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Figure 7 . Loading of event and baseline total phosphorus (TP), nitrate, total suspended solids
(TSS), total kjeldahl nitrogen (TKN) and soluble reactive phosphorus (SRP) for Kendig
Creek during the years with full annual monitoring cycles (1991 to 1993).
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Figure 8. Pefcent seasonal total kjeldahl nitrogen (TKN) loading for Kendig Creek, 1990 to
1994. Note : 1990 loading began in September and 1994 discharge monitoring ended in
July.
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Figure’ 9. Regressions of discharge versus loading of total phosphorus (TP), nitrate, total
suspended solids (TSS), total kjeldahl nitrogen (TKN) and soluble reactive phosphorus
(SRP) for Kendig Creek during 1990 to 1994.
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Figure 10. Percent seasonal soluble reactive phosphorus (SRP) loading for Kendig Creek, 1990
to 1994. Note : 1990 loading began in September and 1994 discharge monitoring ended in
July.
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Figure 11. Percent seasonal total phosphorus (TP) loading for Kendig Creek, 1990 to 1994.
Note: 1990 loading began in September and 1994 discharge monitoring ended in July.
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Figure 12. Percent seasonal total suspended solids (TSS) loading for Kendig Creek, 1990 to
1994. Note: 1990 loading began in September and 1994 discharge monitoring ended in July.
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