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ABSTRACT 

The Croton Watershed (New York State, USA) is a semi-urban region that provides 10% of the drinking water for the 
City of New York. Nonpoint source contamination in the watershed is a major concern for managers because the water 
supply is currently unfiltered water. Results are reported from three synoptic studies of surface water quality from 98 
wetland-containing sub-catchments in the Croton Watershed designed to broadly characterize, at a reconnaissance level, 
the geochemical controls on water quality, in particular as it relates to wetlands. Total dissolved organic carbon concen-
trations in surface waters draining wetlands correlated well (average R2 of 0.93) with standard Gelbstoff (g440) color 
measurements, although there is very little correlation between dissolved organic carbon concentrations and wetland 
areas in the sub-catchments. This may be a potential indication of other sources of colored organic material. Concentra-
tions of dissolved sodium and chloride, while related to road length, stochiometrically had more chloride than expected 
for pure road-salt dissolution. This offset is likely due to cation exchange and sorbtion of sodium by wetlands in the 
Croton watershed. The results show contamination in the Croton hydrologic system that should addressed in ongoing 
management policies and decision-making. 
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1. Introduction 

The characterization of nonpoint source contaminants 
and chemical processes in large natural hydrologic sys- 
tems is difficult because reaction rates, reagents, and 
pathways vary spatially and temporally. In order to asses 
and manage these systems methods and tools are needed 
that can incorporate natural variability and the processing 
of solutes over large heterogeneous areas. An example of 
a nonpoint source contaminant is dissolved road salt used 
for deicing roads [1]. Road salt is applied to roads to 
lower the freezing point of ice and snow, thereby melting 
accumulated snow and ice from roads. Once applied onto 
a road, there are numerous pathways for this contaminant 
to enter aquatic systems which result in increased chlo- 
ride concentrations in groundwater and surface water [2]. 
Other examples of nonpoint source contaminants include 
agricultural fertilizers, septic waste in urban and rural 
areas, and deposition of airborne contaminants. 

In semi-rural areas, such as the outskirts of large de- 
veloped cities, nonpoint source contamination is a major 
concern due to increased reliance on water wells for do- 
mestic water supply. In addition to human sources of 

contaminants, land use changes and development can 
degrade natural aquifers and wetlands, which will poten- 
tially lead to a decline in water quality. In areas where 
there are extensive, discontinuous wetlands, the influence 
of nonpoint source contaminants is more complicated. 
Wetlands can process surface water, and potentially 
mitigate some nonpoint source contaminants. In addition 
to mitigation, wetlands can also degrade water quality by 
adding dissolved organic carbon (DOC) and color to wa- 
ter. It is well established that the amount of dissolved 
organic matter in wetland waters depends on the resi- 
dence time of the water, the degree to which soil organic 
matter is humified, wetland landscape position, and the 
degree of urbanization which could contribute organics 
from waste streams [3]. Wetland dissolved organic car- 
bon significantly contributes to surface-water color be- 
cause short wavelengths in the visible spectrum are ab- 
sorbed, giving the water a typical yellow tint measured as 
“Gelbstoff” g440, herein referred to as color [3,4]. 

The Croton Reservoir is a prime example of a water- 
shed where nonpoint source contamination is a major 
concern for environmental managers. The reservoir is 
part of the City of New York’s water supply, one of the 
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most famous and extensive water supply systems in the 
world [5,6]. During the 1990’s the water quality in the 
Croton reservoir became degraded because of residential, 
commercial, and industrial development within the wa- 
tershed [7]. Although the water is not filtered for domes- 
tic distribution, it is disinfected by chlorination. Even 
by-products from the chlorination, such as trihalome- 
thanes and haloacetic acids, are sometimes present in the 
water and during late fall the water may even exceed 
drinking water standards [8]. 

Heisig [8] first addressed nonpoint source contamina- 
tion in the Croton reservoir system by studying the con- 
trols of baseflow in several sub-catchments. He found 
that the surface water chemistry appears to be dominated 
by road salt dissolution. Nitrate concentrations are clo- 
sely related to the density houses not connected to a mu- 
nicipal sewer system (i.e. having a septic-field system), 
and nitrate concentrations were lowered by riparian wet- 
lands. However, his studies were in largely urbanized 
areas of the watershed.  

The Croton watershed is notable for having extensive 
wetlands that cover 6% of the total watershed area [9]. 
While these wetlands have important hydrologic func- 
tionality, many questions remain regarding their interac- 
tion with nonpoint source contaminants. This study fo- 
cuses on the interaction of wetlands with these types of 
contaminates, and in particular water coloration and road 
deicers. Water coloration affects the public’s perception 
of water quality [10] and is an indicator of some aspects 
of ecosystem function related to oxygenation [11], resi- 
dence time, and degree of biodegradable material in 
catchments [12,13]. Road deicers (also known as road 
salt), primarily in the form of sodium chloride or calcium 
chloride, are spread directly onto the road surface during 
winter and enter the environment as surface runoff or 
spray resulting from plowing and vehicle splashing. Al-
though there are numerous studies documenting the det-
rimental and increasing effect of road salt on groundwa-
ter and surface water [1,8,14,15] there is little research 
on how wetlands affect the fate and transport of road salt. 

We used a synoptic sampling approach over the Cro- 
ton Watershed in an attempt to understand the function 
and interaction of wetlands on water chemistry, including 
water coloration and road salt contamination. The Croton 
Watershed was chosen because of its water resource 
value, extensive size, and range of conditions within 
sub-watersheds, including urbanization and wetland cov- 
erage. Additionally the study tested the applicability of 
synoptic sampling as a monitoring tool and for studying 
impacts on water quality. The approach included a large 
number of samples capturing different seasonal pictures 
of chemical and coloration variability. Within a large 
watershed such as the Croton Reservoir, sampling many 
places for water quality parameters within local land- 

scapes can link water quality changes with landscape 
change, broad hydrogeochemical processes and geospa- 
tial data tied to landscape changes [16]. 

2. Experiment Design 

2.1. Study Area 

The Croton Reservoir is a semi-rural area with a popula- 
tion of more than 175,000 [17] and contains three con- 
trolled lakes and twelve reservoirs built on the Croton 
River which provide 10% of the drinking water to the City 
of New York [18,19]. Discharge from the Croton Water- 
shed flows either to the New Croton Reservoir, the New 
Croton Aqueduct, or to maintain flow in the Croton River. 
More than 100 wetlands cover about 6% of the Croton 
Watershed [9], with the remaining area covered by for- 
ested uplands, urban development, lakes, and reservoirs. 

The wetlands discharge to reservoirs and streams that 
flow southward across the watershed. Of the included 
wetlands, 70% by area are classified as palustrine, cov- 
ered by trees, shrubs, persistent emergent plants, emer- 
gent mosses, and lichens. These systems are underlain by 
glacial till and covered by organic-rich soil and peat less 
than 50 cm deep. Freshwater wetlands comprise 30% of 
the remaining wetlands, with just traces of riverine wet- 
lands in some of the sub-watersheds. The wetlands usu- 
ally constitute less than 25% of their watersheds (Figure 
1; unpublished data from N.Y. City Department of Envi- 
ronmental Protection). 
 

 

Figure 1. Map of the Croton Watershed, including the 
sub-watersheds, for which the outflow was sampled as part 
of the synoptic sampling. The sampled sub-watersheds are 
shaded by percent wetland area. 
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The glacial till that overlies bedrock in the Croton wa- 
tershed consists of mostly silicate and aluminosilicate 
minerals [20-22]. Silicate minerals dissolve slowly com- 
pared to carbonate minerals [23] and wetlands in the 
Croton watershed have total dissolved solids concentra- 
tions generally less than 150 mg/L, much less than in 
regions underlain by carbonate minerals. Consequently, 
road salt and domestic contaminants that might enter 
wetland watersheds should be clearly identifiable. 

2.2. Sampling and Analytical Methods 

The Croton watershed was divided into 103 sub-catch- 
ments ranging in area from 0.1 to 78.8 km2, with an 
average of 5.8 km2. These basins were chosen based on 
site access and variability of urbanization, wetland cove- 
rage, and geology. The total wetland coverage of the 103 
sub-basins contains 80% of the total Croton wetland area 
(Figure 1). Surface water samples were collected at the 
outflow of these sub-basins, timed to capture the major 
points in wetland hydroperiods; summer (June 13, 2000), 
baseflow before leaf fall (October 12, 2001), and in early 
winter (November 30, 2001). The number of samples 
collected during each campaign was not exactly the same 
due to road access, number of investigators available to 
sample, and time constraints. 

The watershed was in drought conditions throughout 
most of the sampling period. The hydrological conditions 
prior to and during each synoptic sampling were com- 
pared to long-term data from the National Oceanic and 
Atmospheric Administration’s National Climatic Data 
Center from the Yorktown Heights and Danbury mete- 
orological stations (NCDC Cooperative Network Index 
Numbers 309670 and 61762 respectively), presented in 
Table 1 with station locations on Figure 1. 

The amount of precipitation prior to the first sampling 
was slightly above historical averages, and was below 
average before the second and third samplings. The 
antecedent meteorological conditions had only a minor 
influence on the synoptic sampling; e.g. during the Oct- 
ober 2001 synoptic sampling stream discharge was not- 
ably lower for some sampling points, and a few of the  

smaller wetlands had little to no measurable outflow. 
For each synoptic sampling campaign all of the water 

samples and field measurements were collected within a 
24-hour period. At each sample collection point, field 
measurements were made of pH, specific conductance, 
and color. Collected samples were kept at 4˚C and 
analyzed shortly after delivery to analytical facilities. 
Concentrations of Na, Ca, Fe, silicon and other base 
metals were measured by direct current plasma spectr- 
oscopy in the Department of Earth Sciences at Syracuse 
University. Concentrations of dissolved organic carbon, 
major anions, and nitrate were measured at the State 
University of New York, College of Environmental Sci- 
ence and Forestry using ion chromatography and other 
standard methods. Color was assessed using the “Gel- 
bstoff” wavelength of 440 nm of absorption (g440), a 
standard indicator of the “concentration” of yellow pro- 
ducing organic matter in water, and was measured on 
filtered (0.45 um) water with a spectrophometer. Values 
for HCO3 were not measured directly for the October and 
November samplings and are calculated as the sample 
charge balance difference. Replicates, duplicates, and 
analysis of standards indicate a precision of ~3% and 
accuracy of ~7% for all of the analyses. 

Geospatial data was provided by the NY State Depart- 
ment of Environmental Protection and was analyzed using 
ESRI ArcInfo to delineate sub-watershed boundaries. For 
each sampled sub-watershed, the area, housing density, 
total road length and wetland area were calculated. 

3. Results and Discussion 

3.1. Major Chemistry 

The three synoptic sampling campaigns collected surface 
water at the outlets of 88, 86, and 103 sub-catchments in 
June, October, and November, 2001 respectively from 
within the Croton Reservoir area. Table 2 lists summary 
statistics for the measured variables for each synoptic 
sampling. Figure 2 presents the major ion chemistry data 
on a Piper Plot [23,24], a graphical representation of hy- 

rochemical data where ion chemistry from individual d 
 
Table 1. Summary of precipitation records at the Yorktown Heights and Danbury meteorological stations prior to the three 
synoptic samplings. Values are in inches of water. Station locations are on Figure 1. 

Synoptic Sampling 

Total Pre-
cipitation 
Previous 5 
Days (Dan-

bury) 

Total Pre-
cipitation 

Previous 14 
Days (Dan-

bury) 

Total Pre-
cipitation 
Previous 5 

Days 
(Yorktown 
Heights) 

Total Pre-
cipitation 

Previous 14 
Days 

(Yorktown 
Heights) 

Monthly 
Total, 

(Danbury)

Monthly 
Average, 

(Danbury)

Monthly Total, 
(YorktownHeights) 

Monthly Average, 
(YorktownHeights)

#1—June 13, 2000 1.3 5.6 0.7 3.8 6.6 (June) 4.0 5.4 (June) 4.4 

#2—October 12, 
2001 

0 .8 0.0 0.6 1.1 (Oct) 3.7 1.2 (Oct) 3.9 

#3—November 30, 
2001 

.1 .9 0.8 1.1 1.2 (Nov) 4.5 1.3 (Nov) 4.5 
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Table 2. Summary statistics of parameters measured in the three synoptic samplings. 

Synoptic Statistic    Solute Concentration (in ppm) 

  
G440  
(1/m) 

pH  
(ph Units) 

E.C.  
(us/cm) 

DOC HCO3 Ca Si Fe Sr Mg K Na Cl NO3 SO4

Mean 3.2 7.0 246.3 4.9 62.7 18.9 4.3 0.4 0.1 6.3 1.8 16.1 28.5 1.4 9.6
Standard  
Deviation 

2.5 0.3 108.2 2.5 34.5 8.6 1.8 0.7 0.1 3.3 0.8 9.4 17.6 1.8 3.7

Minimum 0.3 6.2 37.0 0.6 7.7 2.8 0.0 0.0 0.0 0.5 0.0 1.6 1.6 0.0 1.8

Maximum 12.2 7.7 597.0 14.8 208.9 46.7 7.5 6.7 0.4 19.1 4.7 60.8 99.6 9.3 21.3

13/06/2000 
(n = 88) 

Range 11.9 1.5 560.0 14.1 201.2 44.0 7.5 6.7 0.4 18.6 4.7 59.2 98.0 9.3 19.5

Mean 2.1 6.8 431.3 4.9 N/A 33.9 5.0 0.0 0.1 11.5 3.8 32.1 61.8 3.4 14.9
Standard  
Deviation 

1.8 6.6 186.8 4.0 N/A 14.5 2.1 0.1 0.1 5.5 2.8 23.7 42.4 8.1 11.2

Minimum 0.2 5.8 82.0 1.0 N/A 5.7 0.5 0.0 0.0 1.6 0.8 3.3 2.3 0.0 0.4

Maximum 11.0 7.5 919.0 30.5 N/A 66.5 13.4 0.6 0.2 27.2 21.3 115.0 229.7 59.6 73.7

12/10/2001 
(n = 86) 

Range 10.8 1.8 837.0 29.6 N/A 60.8 12.9 0.6 0.2 25.6 20.5 111.7 227.4 59.6 73.3

Mean 2.3 6.9 395.9 5.1 N/A 31.4 5.0 0.1 0.1 10.6 3.5 26.2 59.5 2.1 15.1
Standard  
Deviation 

2.4 6.8 189.7 4.2 N/A 14.7 2.0 0.1 0.0 6.2 1.9 19.5 41.1 5.3 9.0

Minimum 0.3 5.9 48.0 1.1 N/A 5.5 0.4 0.0 0.0 1.4 0.7 2.9 2.4 0.0 4.0

Maximum 16.1 7.6 1111.0 31.3 N/A 84.0 8.8 0.8 0.3 40.4 12.5 122.0 227.2 52.2 64.8

30/11/2001 
(n = 103) 

Range 15.8 1.7 1063.0 30.2 N/A 78.5 8.4 0.8 0.3 39.0 11.8 119.1 224.8 52.2 60.9

 
samples is projected onto the ‘Piper Diamond’. The loca- 
tion of a sample on this diamond provides information 
about sample source and potential mixing relationships. 
Commonly, waters with a Ca-Mg-HCO3 signature are 
thought to indicate a glacial till or carbonate rock source, 
the Ca-SO4 signature is indicative of gypsum dissolution 
or sulfide oxidation, and waters with a Na-Cl signature 
are indicative of brine or road salt contamination. For the 
October and November samples alkalinity is calculated 
by charge balance. 

The Piper Plot (Figure 2) shows that almost all of the 
water samples, independent of time of sampling, primarily 
fall on in a linear grouping that connects the Ca-Mg-HCO3 
apex to a point between the Na-Cl (60%) and Ca-SO4 
(40%) apexes. The trend in the data shows the mixing of 
road salt contaminated runoff with the regional groundwa- 
ter that is derived from surface glacial deposits and is a 
clear indicator of ubiquitous nonpoint source contamina- 
tion by road salt. The samples are mixed also by the 
Ca-SO4 apex, suggesting a sulfate source such as dissolve- 
ing gypsum or Ca, which is found in road deicers that are 
applied at colder temperatures.  

3.2. Controls on Water Color 

Water coloration can be a function of either DOC and/or 
Fe in the water column, therefore water samples were 
analyzed for g440, DOC, and Fe. The minimum and 
maximum measured g440 values were 0.3 and 16.1 1/m, 
with an average and standard deviation for all samples of 
2.5 1/m and standard deviation of 2.2. The average DOC 
concentration was 5.0 ppm, with progressively increasing 
standard deviations for each sampling. The Fe concen- 

trations were consistently near detection limits, with an 
average for all samples of 0.2 ppm, but with a standard 
deviation of 0.3. The highest Fe concentrations were 
observed in the June 2000 sampling, including 4 samples 
with Fe concentrations above 0.8 ppm. 

The color of the waters, measured by g440, was closely 
correlated with the concentrations of dissolved organic 
carbon (Figure 3(a)). The Pearson Correlation Coefficient 
was r = 0.961, 0.895, and 0.921 for the June 2000, 
October 2001, and November 2001 synoptic samplings 
respectively. The range of observed DOC concentrations 
is similar to that found in small streams within the 
Croton Reservoir [8]. An alternative hypothesis that 
water color was related to Fe was not supported by the 
data; there is only a very weak trend of increasing g440 
with iron concentrations. Therefore, DOC is likely the 
primary control on color of wetland surface waters in the 
Croton Watershed, although the g440 method of meas- 
uring color may not be entirely effective to measure the 
color from iron precipitates and other colloidal material 
in water [9]. 

Iron does not appear to influence the water color, 
however Fe measured concentrations were relatively low 
for the three samplings with the exceptions of a few sam- 
ples from the June 2000 sampling (Figure 3(b)). These 
high values may be a result of the relatively wet antece- 
dent moisture conditions at the time of sampling. Flooding 
can lead to water logged soils and reducing conditions 
that increase mobilization and lead to higher concentra- 
tions of Fe [25].  

Sub-watersheds that have a large wetland area should 
contribute a greater amount of DOC per unit area than  
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Figure 2. Piper plot of geochemical data from the 3 synoptic samplings. 
 

  

(a) (b) 

Figure 3. (a) DOC versus g440 for each of the synoptic samplings. (b) DOC versus percent wetland area. 
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sub-watersheds with less wetland because of increased 
residence times in wetland soils, leading to a greater opp- 
ortunity for the dissolution of DOC due to organic oxi- 
dation and degradation. Most biodegradation processes 
follow first-order kinetics [21] and are fast when organic 
decomposition begins and labile carbon compounds are 
released. With time, the ratio of refractory carbon to la- 
bile carbon may increase as DOC, consisting mostly of 
colored organic acids in peatland settings, is discharged 
from the wetlands. 

The water chemistry results from the three synoptic 
samplings do not fully support the hypothesis that greater 
wetland area correlates with increased DOC and color, 
but rather that the link between wetland coverage, DOC, 
and color in the Croton watershed is complex, perhaps 
because residence time for surface water in many of the 
small wetlands are too short to produce large amounts of 
DOC in the waters, compared to wetlands in other wa- 
tersheds underlain by peat. An additional source of DOC 
load may be contribution from septic and sewage ineffi- 
ciency, which remains to be determined. 

3.3. Nitrate 

The quantification of septic discharges by direct or indirect 
measurement from seepage faces and other hydrologic 
discharge points from homes was not directly measured. 
Nonetheless, the ubiquity of septic contamination, even in 
the less developed regions of the Croton system, is clear 
from analysis of nitrate concentrations. Concentrations of 
nitrate (Table 2), ranging from non-detectable to 59.6 ppm, 
exceeding what normally is found in undeveloped water- 
sheds in the northeast of the United States, less than 1 
mg/L. In the Croton Reservoir, nitrate concentrations mea- 
sured in the synoptic sampling waters did not correlate to 
percent wetland area per sub-watershed area, absolute 
wetland area per sub-watershed area, nor housing density. 
Concentrations of nitrate were lower during the June 2000 

sampling compared to the other two samplings, likely due 
to dilution from precipitation (Table 1). The non-correl- 
ation between nitrate and simple geospatial data is likely a 
result of the sampling method where samples were taken 
from sub-basins with wetlands rather than near uplands 
where septic discharge would be more proximate. Addi- 
tionally there is likely denitrification by the time septic 
water reaches the sub-basin outlets [25,26]. 

3.4. Road Salt 

The mean sodium and chloride concentrations measured 
over the three synoptic samplings were 24.8 ppm and 
50.3 ppm respectively (Figure 4(a)). In contrast to the 
nitrate distribution, it was possible to identify that road 
salt or salt from water softeners was measurable in all of 
the sampled waters. The measured chloride concentra- 
tions in the study were similar in magnitude to those pre- 
viously reported for streams in the Croton Reservoir 
[8,27]. Chloride is a very good tracer in natural systems 
as it is relatively unreactive, and the dominate source 
should be road salt, with minor contributions from do- 
mesticwaste and water-softeners [28]. Sodium is the 
primary cation contributed from road salt dissolution, 
with minor contributions from calcium and magnesium 
depending on the type of deicer used and weather condi- 
tions [8,29]. Stoichiometrically, the sodiumchloride ratio 
of the collected samples should fall on a 1:1 line for the 
dissolution of pure halite, and less than one if sorbtion or 
cation exchange processes act as a sodium sink, and 
greater than one if there are other sources of sodium, 
such as domestic septic systems. Figure 4(a) shows that 
the measured chloride—sodium concentrations from the 
samples clearly have a slope less than one. 

A histogram of the ratio of sodium versus chloride 
concentrations (Figure 4(b)) shows sodium concentra- 
tions decrease relative to chloride seasonally. Assuming 
deicers are primarily applied in December through March  
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Figure 4. (a) Sodium versus Chloride for each of the three synoptic samplings. (b) Histogram of sodium to chloride ratio for each 
of the three synoptic samplings, showing a decrease in the relative concentration of sodium with time from the winter season. 
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(snowfall), the observed progressive decrease in the me- 
dian sodium-chloride ratio from June to October to No- 
vember possibly indicates that with increased residence 
time there is increased sorbtion and cation exchange, the- 
reby decreasing the sodium concentration. 

Assuming a road-salt source, chloride concentrations 
in water from the sampled sub-watersheds should be re- 
lated to the length of roads per unit watershed area and 
there is such a relationship, albeit weak (R2 = 0.21, 0.07, 
and 0.07 for the June 2000, October 2001, and November 
2001 synoptic samplings respectively; Figure 5). The 
relationship between housing density and chloride is 
stronger (R2 = 0.28, 0.18, and 0.14 for the June 2000, 
October 2001, and November 2001 synoptic samplings 
respectively). Apparent salt contamination is present in 
remote areas also, although there the source for the salt 
may be septic systems.  

The maximum chloride concentrations are measured in 
the October 2001 and November 2001 samplings, with 
concentrations in excess of 225 ppm, whereas the maxi-
mum concentration observed in the June 2000 sampling 
is less than half of this at 99.6 ppm. These results likely 
indicate that wetland systems are being flushed by the 
wet ante- cedent moisture conditions, and the lower con-
centrations are a result of dilution by meteoric derived 
water. 

4. Summary and Conclusions 

The three synoptic studies were successful in character- 
izing contamination in the Croton Reservoir. In particular 
it was found that: 

1) The source of colored water, as measured by g440, 
within the Croton reservoir system is DOC. Considering 
the extent of the wetland spatial coverage, they should be 
the primary source of DOC is wetlands. There is not a 
strong correlation between DOC concentrations and wet- 
land cover, indicating that contributions from other sources, 
such as septic systems, may be significant. 

2) Salt contamination to the Croton watershed wetlands 
 

 

Figure 5. Chloride versus road length, showing a weak 
trend between increasing road length and chloride concen- 
trations in surface water. 

is ubiquitous, and by inference, probably is ubiqui- tous 
in other watersheds of the northeastern United States 
wherever roads are salted or water softeners are used. 
Road salt in all sub-watersheds discharges to the Croton 
system, even from watersheds that are relatively sparsely 
populated.  

3) Nitrate concentrations in wetlands in the Croton 
watershed are generally higher than expected for pristine 
wetlands, and consequently suggest discharge of leachate 
from septic systems. The wetlands in the Croton water- 
shed are incapable of completely processing this nutrient 
by denitrification because of short residence times.  

4) The Croton watershed is a very important compo- 
nent of the New York City drinking water supply, and is 
vulnerable from population increases potentially leading 
to increased septic system and water softener byproducts 
and increased road salt in surface water. From a policy 
standpoint, it is obvious that the protection and en- 
hancement of these wetlands is a critical component of 
maintained water quality. Our research suggests that sig- 
nificant amounts of nitrate and DOC are entering the 
surface water system from septic systems, though this 
was not the focus of the research nor were direct meas- 
urements of leachate made for comparison.  

The Croton watershed is potentially vulnerable to on- 
going degradation, due in large part to increasing popula- 
tion and development that will encroach on wetland areas, 
increase road density, and other land-use changes. Bal- 
ancing water protection policy between local zoning and 
regulations and the water quality for end users is difficult 
from a policy standpoint [29]. Recent research has shown 
a general increase in surface water DOC related primar- 
ily to decreases in acid deposition and climate change 
[29]. In the Croton watershed, the effect of climate 
change may be manifested as a lowering of wetland wa- 
ter-table elevations, leading to increased release of DOC 
[30]. Considering the close connection between DOC 
and color it is hypothesized that the presence of colored 
water in the Croton watershed will increase over time. 
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