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Abstract

Water is essential to human life and the health of the environment. Physical and chemical properties of water
quality vary in response to climate, soils, geology, land use and land cover. In addition, pollutants and
nutrients carried by surface runoff could be flushed into stream flow to disturb water quality. The objectives
of this research are to sample water quality during and after storm events and examine the impacts of
changed stream flow on water quality parameters including water temperature, conductivity, pH, dissolved
oxygen, nitrate and total orthophosphate. The study site was located in the Upper Esopus Creek Watershed
(Ulster and Greene Counties, NY) which is dominated by forest. The results show there were nonlinear
relationships between stream flow and water quality. With increased stream flow, dissolved oxygen and nitrate
increased, but pH, temperature, conductivity decreased. Within the forested watershed, surface runoff is not
the dominant stream flow generation process, which leads to less nutrient pollution being flushed into
streams. The increased stream flow from storm events may have a diluting influence on water quality and
shorter residence time of pollution and changed water quality parameters, which mitigates the impacts of
water quality disturbance on aquatic ecosystem.
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1. Introduction

Clean water is essential for ecosystems and for societies. The importance of water quality has been a top
priority for environmental health, especially in aquatic ecosystems. In response to differences of climate, soils,
geology, land use and land cover, natural water quality varies spatially and temporally. Pollution from point sources
and nonpoint sources due to human activities are other disturbances to water quality (Carpenter et al., 1998). Most
point source pollution is from industrial and sewage treatment plants. Nonpoint source pollution occurs when surface
runoff, as a proxy for the energy associated with soil erosion and sediment transport, moves over land, picks up
natural or human-made pollutions, and eventually flushes the pollution into water bodies (EPA, 1996; Kalkhoff et al.,
2016). Surface runoff was recognized as the most critical energy factor for transports of sediment and sediment-
attached nutrients such phosphorus and nitrogen according to empirical observations at field scales (Sharpley, 1982;
Sharpley and Syers, 1979; Vadas et al., 2004; Williams, 1975). When the surface runoff generated from storm events
combines with base flow, the water quality of stream flow can be disturbed by surface pollutants.

In addition, physical and chemical properties of water can be influenced by changed stream flow. Physical
properties of water quality include temperature and turbidity. Chemical characteristics involve parameters such as
conductivity, pH, and dissolved oxygen (DO). Previous studies have shown that water quality including sediment,
nutrients, microorganisms, and physical and chemical properties can change significantly during storm events (Chen
and Chang, 2014; Goéransson et al., 2013; McCarthy et al., 2012; Rostami et al., 2018).
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To elucidate the impacts of changed stream flow on variations and changes in water quality, water quality
sampling is necessary. Although the relationships between stream flow and water quality have been investigated in the
literature, due to the fact of the geography and site-specific nature of water quality the objectives of this research were
therefore to 1) sample water quality during or after storm events and 2) examine the impacts of changed stream flow
on water quality. Water quality parameters focused on in this paper include water temperature, conductivity, pH, DO,
nitrate and total orthophosphate (TPostho)-

2. Methods
2.1 Study site

Our study area is located in the upper Esopus Creck Watershed (UECW) and its sub-watershed, the Stony
Clove Creek (SC) watershed. The UECW is located in the Catskill Mountains of New York. The upper Esopus Creek
(EC) is the main stream flowing into the Ashokan Reservoir, which provides 40% of the water supply to New York
City. The confluence of SC and EC is located at Phoenicia, NY. The outlet of the upper Esopus Creek Watershed is
located at USGS gauging station #01362500 with a drainage area of 497 km?2 Water quality samples wete collected at
USGS gauge station 01362370 at SC, Chichester, NY and 01362200 at EC, Allaben, NY, with drainage areas of 80.03
km? and 164.98 km?, respectively (Figure 1). The Geology of the UECW is composed of sedimentary bedrock
including sandstones, shales and conglomerate. The broken sedimentary rock is the source of stream sediment, which
was deposited by glaciers during the most recent glaciation of 12,000 — 25,000 years ago (CCEUC, 2007). Analysis of
climate data shows the mean average temperature for the area to be approximately 8 °C and mean annual total
precipitation for the area to be approximately 1200 mm at Ashokan reservoir and 1600 mm higher in the mountains.
The main land use and land cover is forest covering over 95% of the watershed. Development associated residences,
businesses, and town centers are concentrated along Route 28 and roads along the tributaries.
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Figure 1: Map of the study site.
2.2 Water quality samplings and analysis

Water quality samples were collected once a week at the USGS gauge stations. Daily stream flow data is
available at these two USGS gauge stations for the study period. When storm events were expected, water quality was
sampled during or after storm events. Water quality variables including water temperature (°C), DO (mg/L), pH
(range 1-14), and conductivity (uS/cm) were measured in situ using a YSI Pro2030 with a
temperature/DO/pH/conductivity combined meter. At each site visit, 3 samples of water quality were collected and
bought back to the laboratory to analyze TPormho and nitrate (NO3") (both in mg/L). TP, and Nitrate were measured
using automated colorimetry according to EPA Method 365.1 and EPA Method 353.2, respectively (O'Dell 1993a;
O'Dell 1993b). The mean data from three samples was used for our analysis.
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Figure 2 shows the time of water samples at streamflow hydrographs at SC and EC from 06/01/2016 to
08/23/2016. Thete were 18 water quality samples at SC and 19 water quality samples at EC duting the study petiod.
The first and last water quality samples were on June 9 and August 8, 2016, respectively at both SC and EC. There
were four major storm events from June 1 to August 23, 2016. The first and last water quality samples were collected
after the first and third storm event, respectively. Most of water samples were collected at discharge decline.
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Figure 2: The time of water quality samples in streamflow hydrograph from 06/01/2016 to 08/23/2016.

Coefficient of determination (R?) was used to represent the proportion of the total variability in water quality
parameters that is explained by the regression. The value of R? varies from 0 to 1. A value of zero would indicate that
no variability has been explained. A value of 1 would imply that all of the residuals are zero and the regression line fits
perfectly through all of the observed points.

3. Results
3.1 Statistics of flow and water quality variables

Table 1 shows the summary statistics for streamflow and water quality variables. The mean streamflow was
0.51 and 0.89 (m3/s) at SC and EC, respectively. The mean pH was 7.46 at SC and 7.29 at EC. EC had higher mean
conductivity as 84.91 (uS/cm) in compatison to 74.53 (uS/cm) at SC. The mean, maximum, and minimum water
temperature were 19.26, 25.20, 11.80 (°C) at SC and 19.37, 24.30, and 12.00 (°C) at EC. The mean DO was 7.38
(mg/L) at SC and 7.35 (mg/L) at EC. The mean Nitrate and TP were 0.93 and 0.04 (mg/L) at SC, respectively and
1.75 and 0.12 (mg/L) at EC, respectively. To understand the difference of water quality at SC and EC, the null
hypothesis that there was no mean difference between water quality vatiables at SC an EC was tested with paired-
samples t test. Since the significance value of streamflow, pH, and conductivity is less than 0.05, the null hypothesis
cannot be supported. Thus, SC and EC are significantly different at the 95% confidence level for difference in
streamflow, pH, and conductivity (Table 2). The significance values were greater than 0.05 for temperature, DO,
Nitrate, and TPormo so the null hypothesis cannot be rejected. We conclude that at the 95% confidence level there is
no significant difference in temperature, DO, Nitrate, and TP between SC and EC (Table 2).

Tablel: Statistics of flow and water quality variables

Stony Clove Creek Esopus Creek
Units Mean Maximum Minimum Mean Maximum Minimum
Streamflow m3/s 0.51 0.96 0.23 0.89 1.30 0.62
pH 1-14 7.46 8.20 6.80 7.29 7.90 6.70
Conductivity uS/cm  74.53 98.20 41.80 84.91 107.30 41.50
Temperature °C 19.26 25.20 11.80 19.37  24.30 12.00
DO mg/L 7.38 9.29 6.13 7.35 9.18 6.07
NO3 mg/L 093 2.03 0.07 0.71 1.75 0.07

PO4 mg/L  0.04 0.10 0.00 0.04  0.12 0.00
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Table 2: t statistic using paired-samples t test between water quality variables at Stony Clove Creek (SC) and Esopus

Creck (EC).

t df Sig. (2-tailed)
Pair 1  Streamflow_SC - Streamflow_EC -42.196 17 .000
Pair 2 pH_SC - pH_EC 3.318 17 .004
Pair 3 Conductivity_SC - Conductivity EC  -2.404 17 .028
Pair 4 Temperature_SC - Temperature_EC  1.408 17 177
Pair 5 DO_SC-DO_EC -.887 17 .387
Pair 6 Nitrate_SC - Nitrate_ EC 1.381 16 .186
Pair 7 TP_SC-TP_EC -1.422 16 174

3.2 The response of water quality variables in response to changed streamflow

Figure 3 shows the relationships between streamflow and water quality variables including pH, conductivity,
water temperature, DO, Nitrate, and TPorno at SC and EC. Generally the responses of all water quality variables in this
study to changed streamflow were nonlinear. Streamflow has an inverse relationship with pH, conductivity, and
temperature. When streamflow increases due to rainstorm runoff, pH, conductivity, and temperature decrease at both
SC and EC sites (fig. 3). Nonlinear regressions were developed between streamflow and water quality variables; the R?
was 0.4264 and 0.4348 for regression between streamflow and pH at SC and EC, respectively. For conductivity, the
R2 was 0.3659 at SC and 0.5415 at EC. For the regression line between streamflow and temperature, the R? is 0.5105
at S, decreasing to 0.4251 at EC. Streamflow and water quality variables including DO and Nitrite have positive
relationships, in which increased streamflow caused higher DO and Nitrate concentration in mg/L. R2 of nonlinear
regression between streamflow and DO were 0.4683 and 0.4797 at SC and EC, respectively. For Nitrate, R? was
0.6494 at SC and 0.5148 at EC. Figure 3f shows the weak regression relationship between streamflow and TPosmo. R?
of nonlinear regression was 0.0401 at SC and 0.2042 at EC.
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Figure 3: The relationships between streamflow and different water quaity variables including (a) pH, (b)
conductivity, (c) temperature, (d) dissolved oxygen, (e) nitrate, and (f) total orthophosphate at Stony Clove Creek
(blue) and Esopus Creek (red).
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4. Discussion

Our results show that streamflow had positive nonlinear regression relationships with DO and nitrate but
negative nonlinear regression relationships with pH, conductivity, water temperature, and TP at both SC and EC.
Water temperature had inverse nonlinear regression relationships with temperature but positive nonlinear regression
relationship with pH at SC and EC.

4.1 pH and streamflow

Orographic lifting brings the UECW in the southeastern Catskills the highest annual rainfall in the New York
State (CCEUC, 2007). The decreased pH with increased streamflow likely results from the acid rain. The Northeastern
United States suffers the greatest acidity in rain because of cities, power and industrial plants, and accumulation of air
pollution brought by the prevailing westerlies (USGS, 2018). Rain is naturally acidic with an average pH of about 5.6,
which is caused by carbonic acid from the dissolving of atmospheric CO; in water. Additionally sulfur dioxide (SO»)
from burning of fossil fuels causes the rain to be more acidic (Chen and Driscoll, 2004). Our sampling results show
the streamflow is relatively neutral with mean pH 7.46 at SC and 7.29 at EC, which is consistent with previous work
(Stoddard, 1991), but pH in streamflow decreased in high streamflow conditions. The results suggest acid rain is still
an environmental issue especially in Catskills.

4.2 Conductivity and streamflow

Conductivity is an indicator of changed water quality due to pollution. Discharge from sewage systems raises
conductivity because of the presence of chloride, phosphate, and nitrate. Since 1997 New York City Department of
Environmental Protection (DEP) has replaced pootly performing septic systems in areas of the West of Hudson
Watershed including UECW to protect New York City’s high-quality drinking water supply (NYCDEP, 2016). In
addition, 95% of the land use and land cover of the UECW is forest, which suggests the influence of discharge from
sewage system is limited. Previous studies showed that water quality variations could be caused by the dilution
influence of storm events especially in the forested watershed (Pike et al., 2010; Whitfield et al., 1993). The dilution
influence may explain the decreased conductivity with increased streamflow in the UECW dominated by land use and
land cover of forest.

4.3 Water temperature and streamflow

Water temperature is an important regulator of water quality and the health of aquatic ecosystems (Caissie,
20006; Coutant, 1999; Webb et al., 2008). Most aquatic organisms have distinct tolerable water temperate ranges, so any
changes in water temperature may influence the distribution, abundance and growth rate of aquatic organisms
(FWPCA, 1967). Water temperature is highly correlated with air temperature (Mohseni and Stefan, 1999; Mohseni et
al., 1998; Stefan and Preud'homme, 1993; Webb et al., 2003; Webb et al., 2008). Additionally streamflow, surface
runoff, snowmelt, and groundwater inflow may influence water temperature (Blaen et al., 2013; Ficklin et al., 2012;
Garner et al,, 2014; Lowney, 2000; van Vliet et al., 2011; Webb et al., 2003; Webb and Walling, 1997). The results
suggest that increased streamflow from storm events could decrease water temperature in the UECW. However, the
changed streamflow can only explain 51% and 43% of variability of water temperature at SC and EC, respectively.
The results suggest there should be other factors such as air temperature to explain the remaining variability in water
temperature.

4.4 DO and streamflow

For DO at SC and EC sampling sites, there was a positive relationship between streamflow and DO. The
result was consistent with previous studies in which low flow conditions may lead to low DO levels (Bosch et al.,
2002). Our results suggest increased streamflow with higher moving velocity tends to contain more DO than stagnant
water because oxygen from the air has more opportunities to mix into water. Only 47% and 48% variability of DO
could be explained by changed streamflow at SC and EC, respectively, which implies other variables contributing to
DO variability. Previous study shows a rainfall and nonlinear soil water storage were relatively more important than
other environmental variables to control a hydrological response including streamflow, suspended sediment, and
particulate phosphorus (Chien and Mackay, 2014). Figure 4 shows the response of DO to changed water
temperature. With increased water temperature, DO decreases. Water temperature can well explain the variation of
DO. R? were 0.9038 and 0.8518 for nonlinear inverse regression between water temperature and DO at SC and EC,
respectively.
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The results suggest increased streamflow causes lower water temperature and the subsequent increase in DO.
in the UECW.
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Figure 4: The regression relationship between temperature and DO at SC and EC .
4.5 Nitrate, TPorho, and streamflow

Nitrate is a compound containing nitrogen and oxygen. TPorno is known as reactive phosphorus in water. The
overuse of fertilizers rich in nitrogen and phosphorus can accumulate in soils and eventually be flushed into water
bodies through surface runoff, which is the main reason for eutrophication. Instead of surface runoff, subsurface flow
appears to be the dominant hydrological process contributing to streamflow in forested watersheds because of the
large infiltration capacities of forest soils (Hewlett et al., 1977; Mosley, 1979). In addition, forested riparian buffers
located along streams benefit water quality by providing nutrient retention and promoting the settling of sediment
(Anbumozhi et al., 2005). Previous research indicates that most phosphorus moves in particulate form attached to
sediment (Bottcher et al., 1981; David and Gentry, 2000; Hart et al., 2004; Haygarth and Sharpley, 2000; Prairie and
Kalff, 1986; Sonzogni et al., 1982). More than 95% of the land use and land cover of the UECW is forest, suggesting
little nitrogen and phosphorus were flushed into streamflow via surface runoff within the UECW, which results in
weak correlations between stream flow and TPoxho.

5. Conclusions

This research examined the impacts of changed streamflow on water quality parameters including pH,
conductivity, water temperature, DO, nitrate, and TPorno. The streamflow and water quality parameters could have
cither positive or negative nonlinear regression relationships, but the percentage of variability of water quality
parameters explained by changed streamflow varied. The results suggest that two or more variables could influence
the variability of water quality, which highlights the complexity of environmental systems even in a forest dominant
watershed.

The question of whether water quality suffers most at low or high streamflow depends on the water quality
parameters in question, as well as the characteristics of the watershed. High streamflow may decrease water quality
through increased sediment from bank erosion, disturbed streambed sediment, nutrients released from sediments, and
disturbance of the physical and chemical properties of water quality. In a forested watershed, the increased streamflow
from storm events may have a diluting influence on water quality and shorter residence time of pollution and changed
water quality parameters, which mitigates the impacts of water quality disturbance on aquatic ecosystem.
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