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Abstract 

The Marcellus Shale has become of particular interest to those interested in natural gas 

production using the now economically feasible hydraulic fracturing (fracking) technique.  The 

Otsego County Soil and Water Conservation District has begun monitoring local watersheds so 

that a baseline for various parameters (pH, turbidity, total dissolved solid, temperature, and 

electrical conductivity) can be set.  This way, if the Marcellus Shale in New York State is 

selected for natural gas extraction using hydraulic fracturing methods, the water quality can be 

compared to pre-gas extraction levels to insure the integrity of the water quality and ecosystem.  

The goal of this study was to determine the current concentrations of strontium in surface water 

in Otsego County, NY as it is an indicator of brine water input to freshwater ecosystems.  Brines 

are associated with flowback and production waters of natural gas extraction after fracking 

operations, and thus, can indicate a mishandling of such fluids on the surface.  Additional goals 

of this study included monitoring of field parameters and anion content of the collected samples. 

Surface water samples were collected every three to four weeks for five months among 47 sites 

in Otsego County.  These samples were filtered, preserved, and then analyzed for anion content 

using ion-chromatography, and strontium concentration using atomic absorption spectroscopy.  

We found that the watersheds are clean and strontium concentrations (averaged by sub-

watersheds) range from 28.4 to 320. ppb between September 2012 and January 2013. 
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IntroductioN 

The Marcellus Shale has become of particular interest to those interested in shale gas 

exploration and natural gas production because the hydraulic fracturing (fracking) technique 

became an economically feasible method of increased gas extraction and the Marcellus Shale 

contains a large amount of natural gas, i.e. methane.  The Otsego County Soil and Water 

Conservation District has begun monitoring local watersheds so that a baseline for various 

parameters (temperature, pH, turbidity, total dissolved solids, and electrical conductivity) can be 

determined.  This way, if the Marcellus Shale in New York State is selected for natural gas 

extraction using hydraulic fracturing methods, the water quality can be compared to pre-gas 

industry levels to insure the integrity of the water quality and ecosystem and to intervene in a 

timely manner if problems arise.  This study is a continuation of the water quality monitoring 

work done by the Otsego County Soil and Water Conservation District with added parameters.  

The overall goal of this study was to contribute to the general monitoring efforts of the 

water quality in Otsego County, NY (the Upper Susquehanna River Basin).  The specific interests 

of this study were the determination of 1) the current strontium (Sr2+) concentrations in surface 

water, as it is an indicator of brine water input from mishandling of flowback and/or production 

waters after fracking operations; and 2) the current anion content of surface waters. In addition, 

field parameters were monitored and recorded.   

Surface water samples from forty seven sites in Otsego County were collected 

approximately every three to four weeks for five months and field parameters were measured on-

site.  The collected samples were filtered, preserved, and then analyzed for anion and strontium 

concentrations using ion chromatography and atomic absorption spectroscopy, respectively. 
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Geological Background 

 The Marcellus Shale is a Middle Devonian age (416-359.2 Million years), black, low 

density, organic rich shale that lies under most of New York, Pennsylvania, West Virginia and 

Ohio State (1 mile or more depth, in Otsego County), covering an area of 95,000 mi2 (Kargbo et 

al., 2010).  Below the Marcellus Shale (2,500-7,000 feet) is the older Utica Shale (Kargbo et al., 

2010).  Recent data suggests that there could be as large as 439 trillion cubic feet of recoverable 

Marcellus Shale reserves, making it the most expansive shale gas area in the U.S.; thus, 

interesting the energy industry (Kargbo et al., 2010).  During shale formation, small grains (mud) 

accumulate, and then pressurized compaction causes the layers to flatten and form thin laminar 

bedding, which lithifies into shale rock (Kargbo et al., 2010).  Shale is different from mudstone 

because it is finely laminated and it splits easily along the laminations (Kargbo et al., 2010). 

When the organic materials in these deposits degrade anaerobically natural gas can form (Kargbo 

et al., 2010).  The Marcellus Shale has thermogenic gas that formed under enough heat and 

pressure to produce mostly dry natural gas (Kargbo et al., 2010).  

Surface rocks of Otsego County largely consist of shale, with a small amount of 

limestone in the north, and a small amount of sandstone in the south (Figure 1). Several shale 

units underlie the surface rocks including the Marcellus and Utica shale’s that make Otsego 

County potentially prosperous for gas extraction using fracking.  All bedrocks underlying Otsego 

County dip from north to south due to previous tectonic activities of this region, including the 

shale units (Diachishin et al., 1970). The Marcellus Shale outcrops in the northern part of Otsego 

County and closer to the southern portion of the county it is found at more than 2000 feet depth 

which makes gas extraction feasible using fracking methods (Diachishin et al., 1970).   
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Figure 1. Bedrock Geology of Otsego County, NY. Limestone is predominant in the northern 

part of the county, whereas shale, siltstone, and sandstone are predominant in the southern part 

of the county (USDA et al., 2006). 
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River valleys in Otsego County, like the Unadilla and Susquehanna River, were abraded 

and scored out of the bedrock by glaciers and have been transformed by the rivers since 

(Diachishin et al., 1970).  Lakes in Otsego County, like the Otsego and Canadarago Lake, were 

gouged by glaciers (Diachishin et al., 1970).  The main valley floor between Richmondville and 

Oneonta (30 miles between the two towns in Otsego County) is covered with 200-300 feet of 

drift sediment (till) coming from a glacial lake (Van Diver, 1985). 

Water Chemistry 

The geology naturally affects the water chemistry.  Watersheds with limestone typically 

have high electrical conductivity because limestone, which is made of carbonate minerals, 

dissolves easily, supplying a large amount of calcium and bicarbonate/carbonate ions to the water 

(Allan et al., 2007).  Carbonates in water neutralize acids and raises pH, increasing alkalinity 

(Kotz et al., 2009).  Therefore total dissolved solids (TDS), electrical conductivity (EC), and pH 

will usually be high in limestone watersheds.  A prior study of surface water quality in Otsego 

County, NY supported this hypothesis (Crosier, 2012).  

Otsego County is part of the Upper Susquehanna River Basin, which, overall, has healthy 

water quality parameters (Montz, 2008).  The Upper Susquehanna River Basin loads into the 

Chesapeake Bay, the nation’s largest estuary, and accounts for 15% of the nitrogen, 24% of the 

phosphorus, and 14% of the total sediment load to the Chesapeake Bay (Montz, 2008). Previous 

water analyses determined that calcium, magnesium, and sodium are the most abundant cations, 

and chloride, sulfate, nitrate, and bicarbonate are the most abundant anions in the Upper 

Susquehanna River Basin (Montz, 2008). 
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 In 2008, to meet the requirements of the Clean Water Act, a water quality report was 

issued on the Susquehanna River Basin water (Hoffman, 2008).  In this report, it was determined 

that the major causes of any stream impairment had to do with effects of abandoned mine 

drainage, including elevated metals and sulfate concentrations and depressed pH levels greatly in 

the Pennsylvania portion of the watershed  (Hoffman, 2008).  Excess sediment and nutrient 

enrichment were also noted as causes of stream impairment for the Susquehanna River Basin 

(Hoffman, 2008).  Other sources of impairment have to do with agricultural and urban runoff 

problems (and some impacts from sewage treatment plants), such as habitat alternation and 

increased nutrient levels (Hoffman, 2008). 

Hydraulic Fracturing 

Hydraulic fracturing is associated with various drilling processes.  With the improvement 

of directional drilling and other technologies it has become the next prosperous natural gas 

extraction method from shale gas formations all over the world (FracFocus, 2013).  Hydraulic 

fracturing is creating and/or restoring small fractures in geological formations to increase the 

porosity of the rock in order to stimulate production from a new or existing gas (or oil) well 

using fluids and proponent material (FracFocus, 2013). Before hydraulic fracturing can take 

place a well must be drilled and installed (FracFocus, 2013).   The drilling starts vertically with 

traditional methods, then using directional drilling techniques the bore hole is turned into the 

gas-bearing rock and continued horizontally within the range of the gas-bearing rock (Watershed 

Council, 2013).  When the bore hole is completed and the casing is installed, fracking fluid is 

pumped through at a high pressure so that already existing rock fractures expand, and new 

fractures form perpendicular to the least stress in the rock unit (Watershed Council, 2013; Figure 

2).  
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Finally, the pressure is released and water is allowed to flow back (flowback water) and 

the flow of natural gas with mixed in water (production water) travels to the surface, where the 

fluids are collected and separated for gas and liquid phases (FracFocus, 2013).  

The composition of fracturing fluid varies at different sites depending on the local 

geology. Generally, a fracking fluid is a mixture of water (90%) and a proppant agent, usually 

sand (9.5%), to keep the fractures open after the fluid is pumped back and so that the gas is able 

to travel upward in the well (Energy From Shale, 2012). In addition, a small percentage (0.5%) 

of chemicals is added to improve the drilling efficiency, prevent overheating of the pipes and 

drill heads, and prevent the growth of microbes in the boreholes (Energy from Shale, 2012; 

Appendix A. Table A1).  The advantage of horizontal drilling is that it allows reaching targets, 

intersecting fractures and maximizing productivity of gas and oil wells, while reducing the 

footprint of above ground drill pad development and increasing the length of the “pay zone” in a 

well (Joshi, 1991).  However, there are concerns with the lack of disclosure of the chemical 

make-up of the fracking fluids with respect to contamination of groundwater and surface water 

resources (Watershed Council, 2013).  Management of water and wastewater is also a concern a) 

as a large volume of water is required for the process which puts a stress on the existing clean 

water supplies, and b) the flowback and production water (waste) also need to be handled on the 

surface, which can result in accidental surface spills and leaks of storage tanks, thus 

contaminating the surface water resources (Kargbo et al., 2010). 

 



7 
 

 

Figure 2. The process of fracking as explained by the Tip of the Mitt Watershed Council 

Petoskey, MI. (The figure is modified from http://www.watershedcouncil.org.) 

 

Why Strontium?   

Strontium is an indicator of brine water input to freshwater ecosystems (Stewart et al., 

2011). Brines are associated with flowback and production waters of natural gas extraction after 

fracking operations and thus it can indicate a mishandling of such fluids on the surface (Stewart 

Drinking water 
zone around 200 
to 300 feet 

Marcellus shale 
zone around 
2000 to 5000 feet 
in Southern 
Otsego County 



8 
 

et al., 2011).  Pressure from the fracking fluid causes the natural strontium in the rock formations 

to be released into the fluids due to enhanced dissolution of the rock; this is likely the main 

source of elevated strontium concentrations in the flowback and production waters (Cornell, 

2012). Strontium is naturally occurring in rocks, soil, dust, coal, and oil (ATSDR, 2004).  

Strontium is found in water most commonly as celestite (strontium sulfate; SrSO4), followed by 

strontianite (strontium carbonate; SrCO3; Lenntech, 2012). All forms of strontium are safe to 

humans at low levels of exposure.  The Environmental Protection Agency (EPA) has set a limit 

of 4000 micrograms (4,000,000 ppb) of strontium per liter of drinking water in order to protect 

human health.  Strontium exists in the environment in four stable isotope forms, 84Sr, 86Sr, 87Sr 

and 88Sr (ATSDR, 2004).  Isotopes and their ratios can be used as tracers to determine the origin 

of the water or its contact with geologic formations (Chapman, 2012). However, due to lack of 

instrumentation, isotope analyses were not conducted in this study. 

METHODS 

Field Sampling 

The employed field sampling methods are all approved of and described by the United 

States Geological Survey (USGS) in the National Field Manual for Collection of Water-Quality 

Data (2006).  Water samples from 47 sites (contingent on their accessibility based on various 

factors such as construction and weather) around Otsego County, New York, were collected 

approximately every three to four weeks for five months (Figure 3; Table 1).   

Each site was at a bridge or close to it, allowing for all year-round sampling and easy 

access to the stream water; the sampling locations were predetermined by the Otsego County 
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Soil and Water Conservation district.  All measurements and samples were collected on the 

upstream side of the bridges to eliminate any direct input from the bridges (common practice).   

Subwatershed 
ID Hydrologic Unit Code (HUC) List 

100 20501010102, 20501010103 
200 20501010201, 20501010202, 20501010203, 20501010204 
300 20501010301, 20501010302, 20501010303, 20501010304 
500 20501010501, 20501010502, 20501010503, 20501010504 
600 20501010602, 20501010603, 20501010604, 20501010605, 20501010606 
700 20501010701, 20501010702, 20501010703 
800 20501010801, 20501010802, 20501010803 
900 20501010910, 20501010905 

1100 20501011101, 20501011102, 20501011103, 20501011105 
 

Table 1. Subwatersheds identified for this study included several Hydrologic Units that are listed 

here.  

At each field site, temperature, pH, electrical conductivity (EC), and dissolved oxygen 

(DO) levels were measured by using an YSI 556 multi-meter system, which was directly lowered 

into the streams.  The data was saved into the instrument memory after the parameters stabilized 

(after about 10 minutes); the values were also recorded in a “Rite in the Rain” notebook.  After 

EC was measured, the total dissolved solids (TDS) value was calculated by multiplying the EC 

value by the conversion factor (650) of the instrument.  EC is the measured value and an 

indicator of TDS, but TDS is a more commonly reported value in mg/L.   

Photographs of the sites were taken for reference, and the picture file number, along with 

all other data, was recorded in the “Rite in the Rain” notebook.  When collecting the water 

sample, at each site the sample collection apparatus (a 1000 mL Nalgene® bottle attached to a 

rope) was lowered from the bridge or tossed in from the bank of the stream and rinsed with water 

from the site three times to reduce cross-contamination.   
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Figure 3. Map of Otsego County showing the water sampling locations (blue dots) and 

identification numbers of the subwatersheds (large blue numbers; see Table 1). The map was 

provided by Fickbohm, OCSWCD. 
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The sample collection bottles (a 1000 mL Nalgene® bottle labeled with the site 

identification number) were also rinsed the same way as the collection apparatus in order to 

reduce any residual cleaning agent remained in the bottle. After the rinsing, the sample was taken 

by using the sample collection apparatus to lift water from the stream, and then pouring the 

sample into the sample collection bottle.  Each sampling day a field blank, a 1000 mL Nalgene® 

bottle filled with type-1 (metal free) deionized water (labeled DIW), was placed in the car and 

carried with all other samples and later processed as a sample.  This blank was essential because 

it was exposed to the same environment as all other bottles/samples, thus, it allowed for 

corrections for any effects of the bottle and environmental factors.   

Laboratory Preparation 

The employed laboratory preparation methods are approved of and described by the 

American Public Health Association (APHA), American Water Works Association (AWWA), and 

Water Environment Federation (WEF) in Standard Methods for the Examination of Water and 

Wastewater (2012).  After the samples were collected, they were transported to the laboratory at 

Hartwick College and kept refrigerated at 4oC until further processing. Within one day of the 

collection, the samples’ turbidity was measured in triplicates using a HACH turbidimeter (model 

number 2100Q) after vigorous shaking of each sample bottles.  Once the turbidity was recorded 

the samples were filtered using a 0.45 μm pore size Millipore® Nylon filter membrane (Figure 

4). 
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Figure 4. A vacuum filtration apparatus set up and water collection, cation, and anion bottles. 

 The filtrate was divided into two aliquots. One for anions, stored in 22 mL scintillation 

vials filled about 75% and placed into the freezer until analysis. The second aliquot for cations 

was acidified below a pH of 2 using 0.5 mL concentrated nitric acid per 100 mL of sample and 

stored at room temperature in 125 mL or 250 mL Nalgene® bottles until analysis.  The bottles 

were labeled with the site number, and either “cation” or “anion,” collection date, initials of the 

people whom collected and processed the samples, and what was done to the sample, i.e. filtered, 

acidified. 

Analytical Instruments 

The operation instructions of Atomic Absorption Spectroscopy for both flame (AAS) and 

graphite furnace (GFAAS) modes and Ion Chromatograph (IC) are described in Appendix A.  

This information was gleaned for each instrument from the appropriate user manual 

(PelkinElmer Instrument LLC, 1964-2000, PelkinElmer Instrument LLC, 2000, and Dionex DX-

120, 1998). 
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A single-column IC (Dionex-120) with an SRS suppressor was utilized (Dionex DX-120, 

1998) for determination of anion composition of the surface water samples.  Ion chromatography 

is based on a stoichiometric chemical reaction between ions in a solution (your sample) and the 

carrier fluid (your eluent; Skoog et al., 2006).  The different affinities of the ions in your sample 

to the functional groups in the eluent allows for separation, and thus, detection (Skoog et al., 

2006).  Three main quality control measures were taken for the IC: running laboratory blanks, a 

selected standard, and a replicate sample after every 5 or 10 water samples during the sequence 

(APHA, et al., 2012). 

Each sequence started by running five standards to determine the calibration curve for the 

run using peak heights and the known concentrations.  After that, five samples were run, a 

replicate sample followed, and then the selected standard ran as a sample to monitor 

reproducibility of the data and instrumental drifts (APHA, et al., 2012).  After every ten samples, 

a laboratory blank was also run (Type-1 deionized water; APHA, et al., 2012).  The laboratory 

blank ensured that the instruments tubing was clean and that the column did not have residual 

ions adsorbed and released after sample runs that would cross-contaminate the samples (APHA, 

et al., 2012).  The above described quality control measures helped to monitor the instrumental 

drifts and any contamination that could be caused by the sampling or storage bottles, filtering 

apparatus, or preservation and analytical work, and ensured the reproducibility of the acquired 

data (APHA, et al., 2012). 

  The chromatogram recorded the peak height and peak areas as a function of residence 

time of each of the ions released (Dionex DX-120, 1998). Peak identification is based on the 

retention time determined from the standards (Dionex DX-120, 1998). Using the constructed 

calibration curves of each run and the identified peak heights of the samples based on retention 
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time of the anions, the concentration of each sample was calculated (Dionex DX-120, 1998). 

Then corrections of concentrations were made using the field and lab blanks and the selected 

standard (APHA, et al., 2012). 

Atomic Absorption Spectroscopy was used to detect the presence of metals in liquid 

samples; two modes were used, AAS (flame mode) and GFAAS (graphite furnace mode; Skoog 

et al., 2006).  In both modes the samples were vaporized (atomized), exposed to light, and then 

the instrument measured a change in light intensity of the metal of interest in the sample 

(PelkinElmer Instruments LLC, 1964-2000).  The AA WinLab software converted the change in 

light intensity into an absorbance reading using the peak area of the signal recorded by the 

detector (PelkinElmer Instruments LLC, 1964-2000).  The AAS and GFAAS rely on the use of 

Beer-Lambert’s law which states that absorbance is directly proportional to a solution’s 

concentration: A=λbc (where A is absorbance, λ is the characteristic absorptivity, b is the 

pathway in the cell, and c is the sample concentration; PelkinElmer Instruments LLC, 1964-

2000).  Therefore, when the AA Winlab software converted the change in light intensity to an 

absorbance, this absorbance was then used in conjunction with the calibration curve to determine 

the concentration of metal within the sample. 

AAS (Perkin Elmer AAnalyst 300):  The AAS is a flame technique and uses either 

acetylene-air or nitrous-oxide gases to produce different temperature flames to vaporize the 

aspired samples (PelkinElmer Instruments LLC, 1964-2000).  Strontium was analyzed in an 

acetylene-air flame.  A light with a characteristic wavelength of 460.7 nm (blue/purple) produced 

by the hollow-cathode lamp of strontium traveled through the gas-phased sample and if 

strontium was present in the sample this light was absorbed, reducing the light’s intensity that 
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was recorded by a detector (PelkinElmer Instruments LLC, 1964-2000). The AAWinlab software 

converted the intensity measurement to absorbance that was shown on the output graphs and the 

peak area was recorded and saved (PelkinElmer Instruments LLC, 1964-2000). The 

recommended setting for strontium analysis was followed and standards were run in the 

indicated linear range of 0.1 to 5 ppm (PelkinElmer Instruments LLC, 1964-2000). The same 

quality control measures were employed for the AAS as were for the IC; laboratory blanks, a 

selected standard, and a replicate sample were analyzed after every 10 water samples during the 

sequence (APHA, et al., 2012). Each sample was analyzed three times. 

GFAA (Perkin Elmer GFA-850): The GFAAS uses a graphite furnace to atomize the 

samples into a gas-phase through a stepwise gradual heating process (Appendix B. Table B1; 

PelkinElmer Instruments LLC, 2000).   Absorbance of the 460.7 nm light is recorded for 5 

seconds when the furnace is at its highest temperature (2600 oC; PelkinElmer Instruments LLC, 

2000). The process is the same as the AAS mode (for details see the section above).  The GFAAS 

is 10 to 1000 times more sensitive than the AAS technique and thus it can be utilized to 

determine concentrations of strontium in a low ppb range (Creed et al., 1994).  A predetermined 

method of strontium analysis was tested on known concentration standards and then modified to 

accommodate our need for optimization of the signal (PelkinElmer Instruments LLC, 2000). 

Linear range was achieved between about 5 and 20 ppb without overloading the system.   The 

samples were diluted to allow measurements within the linear range of this method.  For this 

experiment, a 1 to 10 dilution was made based on preliminary testing results.  The analytical 

sequence was set up similarly to the AAS sequence and the same quality control measures were 

used (APHA, et al., 2012). Samples were injected into the graphite furnace with a Perkin Elmer 
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AS-800 autosampler in order to provide 20 L of sample for each analysis consistently 

(PelkinElmer Instruments LLC, 2000).  Every sample was run in triplicates. 

Data Analysis and Interpretation 

 Calculations were made for concentration, standard deviation, and percent relative 

standard deviation (%RSD).  Standard deviation is a measure of how closely a particular data 

point or set of data points are clustered around the mean (a small deviation means the data is 

closer to the mean), i.e. showing reproducibility and natural variations (Harris, 2010).  Standard 

deviation was calculated on Excel® using the “=stdev” command.  The %RSD is the standard 

deviation notated as a percentage of the mean value (Harris, 2010).  Concentration of the 

measured ions was estimated from either absorption (cations) or intensity (anions) values 

utilizing Excel® by using the linearity equations of the calibration curves. A calibration curve 

was made from the standard concentrations and their respective peak areas (GFAAS and AAS) or 

peak heights (IC) to assess the linearity of the relationship between the ion concentration and the 

collected signal, assuming Beer-Lambert’s Law in order to estimate the values of unknown 

concentrations.  Concentration values on the x-axis and peak height or peak area on the y-axis 

were plotted on scatter plots in Excel®, then a linear trendline was added to assess the difference 

between the modeled values (trendline) and the actual measurements (data points). While the 

equation of the line and the fitting of the line (R2) were displayed along the trendline, intercept 

(using command =intercept), and slope (using command =slope) were also calculated in order to 

make the handling of the concentration calculations easier. The results were expressed in 

concentration unit; mg/L (ppm) or g/L (ppb). 
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  Corrections of the raw concentration results were made by subtracting the average of the 

laboratory blanks from the initial concentrations, and then subtracting the appropriate laboratory 

blank corrected field blank (DIW) values.  This yielded the final concentrations of a selected ion. 

In cases where dilution of the sample was necessary, the corrected concentration value needed to 

be multiplied by the dilution factor to achieve the final results. For most samples analyzed for 

strontium content the dilution factor was 10, for a few samples it was 100.    

 %error (𝑎𝑐𝑡𝑢𝑎𝑙−𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑

𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑
) ∗ 100 and %RSD (𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑎𝑣𝑒𝑟𝑎𝑔𝑒
) ∗ 100 were computed to 

determine the precision of instrument readings and the natural variation of the water collected in 

each subwatershed %RSD was calculated for all sites where any type of replicate was taken 

(instrument, day, site), and %error was calculated for the standards that were used throughout the 

instrument runs.  Deviations and errors within 10% are acceptable values and considered to be 

similar. 

One possible method of data analysis/interpretation is to investigate spatial variations.  

The sites were grouped by their hydrological units (sites from the same subwatershed were 

placed in the same group).  This allowed for similarities and differences within and among 

watersheds to be evaluated.  This way, watersheds at large could be compared (by taking 

averages) which allows for geographic and regional differences (what industry is in the area, 

population, amount the roads are traveled) to be considered. 

Another method of data analysis/interpretation is to investigate changes over time.  This 

allowed for seasonal differences to be considered and for the effect of rainfall and water level 

fluctuations to be monitored.  If utilizing this option, averages of data could be taken by date of 

collection, and then compared.   
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Laboratory Safety 

The hazards associated with the chemicals that were utilized for this study are listed in 

Table C1 of Appendix C.  The chemistry department’s safety rules were followed; see details in 

Appendix D.  As a general overview of the safety rules, one must work in pairs, only work when 

the supervisor or an approved substitute is in the building, wear gloves and glasses when 

appropriate; follow proper waste disposal protocol, and only acidify samples or work with any 

volatile materials when the hoods are in proper operation.  More specially, there were safety 

measures that were taken with laboratory protocols such as IC and AA standard preparation and 

operations of the instruments.  For standard preparation gloves were worn (for the AA the 

standards are toxic), any waste were disposed of in the proper waste container, and spills were 

cleaned with caution.  For the AAS precautions were taken due to the hot flame, such as no 

flammable or combustible material was placed near the flame, hair needed to be put up, and 

during sample injection a safe distance was maintained between the flame and the injector.  For 

the GFAAS, when the sample was running it was advisable not to look into the glowing furnace 

because ultraviolet light was produced which could be harmful to the eyes. 

In case of an emergency (which did not happen during this project), a protocol was in 

place to call campus safety, 911, and the chemistry supervisor.  Working alone in the laboratory 

was only allowed when the supervisor or substitute was on the same floor.  Outside of business 

hours work was only permitted when at least two people were working in the laboratory together 

and a permit was acquired from the supervisor. Working partners were responsible to help each 

other in any emergency situations.  The location of the first aid kits, spill kits, fire extinguisher, 

fire blanket, and pull showers were identified during initial training on laboratory safety and 

basic operations of all safety equipment were discussed with the supervisor.   
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Field Safety 

  The geology department’s safety rules were followed; see details in Appendix E.  In 

brief, at least two people worked together during water sampling and only during approved days.  

Itinerary of collection routes were released to the supervisor (or substitute), who was “on call” 

during the day of sampling events. Orange traffic vests were worn for visibility, and the car was 

parked off the road.  Cell phones were carried at all times and most of the sampling locations 

were within cell phone reception.  Weather appropriate clothing was worn and collection was not 

executed during unsafe weather.  Permits were obtained to allow for collection on private 

property (Fickbohm, personal communication).  Efforts were made to minimize environmental 

footprint, i.e. sampling conducted from bridges, any litter/garbage was picked up and all 

equipment was accounted for.   

RESULTS 

The collected field parameters and measured results show that overall, the watersheds of 

the Upper Susquehanna River Basin in Otsego County, NY is clean. All values are below the 

EPA recommendations of Maximum Contaminant Levels (EPA, 2012). 

 Field Parameters 

The pH and EC values are relatively consistent over time and show a similar spatial 

pattern, i.e. lower pH coincide with lower EC (Figure 5). 
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Figure 5. Subwatershed averages of pH (A) and EC (B) are shown; error bars represent 

standard deviation. 

Dissolved oxygen values generally increase over time along with decreasing water 

temperatures (Figure 6A).  Turbidity values are consistently low (ranging from 0-4 NTU) with 

only two outliers, one from the 200 watershed and the other from the 1100 watershed, (Figure 

6B).   

 

Figure 6.  Subwatershed averages of DO (A) and turbidity (B) values are shown; error bars 

represent standard deviation.  

Anions 

Bromide, nitrite, and fluoride were all below the detection limit of our methods by the IC. 

Phosphate concentrations (averaged by subwatersheds) range from detection limit to 7.89 ppm 

A B 

A B 
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between September and January (Figure 7).  October values for phosphate are high 

comparatively. 

 

Figure 7.  Subwatershed averages of phosphate concentration are shown; error bars represent 

standard deviation. 

Sulfate concentrations (averaged by subwatersheds) range from 2.78 ppm to 24.8 ppm 

between September and January (Figure 8). Subwatersheds 100, 600, and 900 consistently had 

the highest sulfate values between September and January.  

 

Figure 8. Subwatershed averages of sulfate concentration are shown; error bars represent 

standard deviation. 
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Chloride concentrations (averaged by subwatershed) range from 5.60 ppm to 50.8 ppm 

between September and January (Figure 9). Subwatershed 600 consistently had the highest 

chloride levels between September and January. 

 

Figure 9. Subwatershed averages of chloride concentration are shown; error bars represent 

standard deviation. 

 

Figure 10. Subwatershed averages of nitrate concentration are shown; error bars represent 

standard deviation. 

Nitrate concentrations (averaged by subwatershed) range from detection limit to 8.81 

ppm between September and January (Figure 10).  October values are high for nitrate 

0

10

20

30

40

50

60

70

80

100 200 300 500 600 700 800 900 1100

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Subwatersheds

Chloride Concentrations September
October
November
January



23 
 

comparatively.  Subwatershed 600 fairly consistently had the highest nitrate levels between 

September and January. 

Strontium 

Strontium concentrations (averaged by subwatershed) range from 28.4 ppb to 320. ppb 

between September and January (Figure 11).  Subwatersheds 100, 600, and 900 consistently had 

the highest strontium levels between September and January. 

 

Figure 11. Subwatershed averages of strontium concentration are shown; error bars represent 

standard deviation. 
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800, and 1100) because the calcium-carbonate (calcite) minerals of the limestone supply a large 

amount of calcium and carbonate ions in the water that neutralizes the acids and raises the pH.  

Therefore TDS, EC, and pH will usually be high in limestone dominated watersheds.  A previous 

study of the Upper Susquehanna River Basin focusing on the Susquehanna River water 

determined that the river is slightly basic, averaging between 7.5 and 8.5 (Balogh-Brunstad, 

2009).  My data shows the same trend with all values falling between 7.0 and 8.5 (Figure 5A).  

This is further confirmed by Putnam (2010) who found the pH to range from 7.3 to 8.3 during 

2010 and Waterfield (2009) who found the pH to range from 7.7 to 8.5.  

The average measure of EC in the 2009 study was about 220 µS/cm and the average EC 

of my results is 222 µS/cm (the same; Figure 5B).  Putnam (2010), however, found means that 

EC ranged from 250 µS/cm (Whites Creek) to 540 µS/cm (Mount Wellington).   

The 2009 study found turbidity to vary substantially due to several rain events (Balogh-

Brunstad, 2009).  On the other hand, the current results show invariable turbidity measurements 

between 0-4 NTU, with only 2 outliers (Figure 6B).  This difference is likely because sampling 

dates in this study were chosen based on weather patterns to minimize the effects of high 

discharge and surface runoff, thus samples were only collected when the hydrograph showed 

base-flow and rain events were avoided.   

The 2009 study also found that the Susquehanna River always had sufficient dissolved 

oxygen concentrations, above 5 mg/L, and that dissolved oxygen levels were highest when the 

water temperatures were the lowest (Balogh-Brunstad, 2009). This correlation was expected 

because water is able to hold higher concentrations of dissolved gases at lower temperatures 

(Ebbing et al., 2011).  The results of this study find that the river always provided above 8 mg/L 
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of dissolved oxygen, and affirmed that DO levels were highest when the water temperatures were 

the lowest.  The variation between the 2009 study and our results regarding the minimum DO 

provided is a result of the timing of the water collections.  This study only covers months 

between September and January, while the focus of the 2009 study was between June and 

October.  Therefore, the water temperatures were higher in the 2009 study causing the lower 

minimum DO concentrations.  Putnam (2010) affirms this range in DO showing the White Creek 

region to have a mean of 3.60 mg/L and the Shadow Brook region to have 9.42 mg/L while 

Waterfield (2009) found the range to be from 5.80 mg/l (Hayden Creek region) to 10.16 (Shadow 

Brook region).  

Anions 

The source of sulfate is most likely chemical weathering of shale and limestone bedrocks, 

no significant temporal changes are detected, but there is some variation among the sites (Figure 

8).  The three subwatersheds with the highest sulfate concentrations (100, 600, and 900) have 

predominantly limestone bedrock that might also have some sulfate mineral and organic matter 

inclusions.  Studies of groundwater in Otsego County have revealed that the average sulfate 

concentration was 6.5 ppm (Hasbargen et al., 2012), while this surface water study found 9.3 

ppm sulfate (Figure 8).  On the other hand, sulfate is also a component of general fertilizers for 

any crop production and for golf courses, so agricultural input should also be evaluated in future 

studies.  About 27% of the land in Otsego County is used for agriculture, mainly dairy related 

(Fickbohm, 2010). 

The study of groundwater in Otsego County also revealed that the average concentration 

of phosphate in groundwater was 0.2 ppm (Hasbargen et al., 2012), while this study found an 
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average of 1.1 ppm phosphate in the surface waters (Figure 7).  Both of these studies indicate 

that the phosphate concentrations in ground and surface waters of Otsego County are very low.  

Phosphate concentrations increase over the months from September to January, with the 

exception of October where the levels spiked (Figure 7).  The higher phosphate concentrations in 

October might be caused by harvest activities that could mobilize the stored nutrients. This 

hypothesis needs further investigation.  

Our study revealed an average of 1.6 ppm nitrate in the surface waters and Hasbargen et 

al. (2012) showed an average of 1.4 ppm in the groundwater, which are very similar and indicate 

major groundwater input to surface waters during baseflow conditions (Figure 10).  Nitrate 

levels, like phosphate, had elevated levels in October which again could be related to harvest 

activities (Figure 7 and 10). Goodale et al. (2009) looked into nitrate rates in the Upper 

Susquehanna River and found that nitrate concentration correlated inversely with discharge on 

the date of sampling; days with low discharge had high NO3
-
 concentrations and days with high 

discharge had low NO3
- concentrations.  This pattern held true except for the month of October 

and during snowmelt periods (Goodale et al., 2009).  Goodale et al. (2009) found that between 

2005 and 2006 October nitrate values sharply decreased in comparison to the summer months.  

Our study does not have data from the summer months as a comparison; however, we would 

assume that discharge rates would be higher during our study because between 2005 and 2006 

New York State experienced a drought that could cause lower nitrate values.  However, our 

results do not show a decrease in nitrate values in October.  Fickbohm (2010) conducted a study 

in Otsego County and sampled at fourteen of the current sampling sites and found very low 

concentrations of nitrate from May 2009 to May 2010, with a range from 0.20 ppm to 0.79 ppm.  
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Therefore, the results of Fickbohm (2010), Goodale et al. (2009), and of this study, affirm that 

nitrate levels are low throughout the watersheds of Otsego County, NY. 

The chloride concentrations tend to be the highest among the anions, which was expected, 

because chlorine is a minor constituent in most rocks and also found in plant material (Lovett et 

al., 2005). In addition, atmospheric deposition can also contribute to chloride in watersheds 

(Figure 9; Graedel and Keene, 1996). The chloride data of this study should be handled as an 

estimate because the intensity measurements of most of the samples fell outside of the linear 

range of the calibration curves of chloride.  All samples need to be reanalyzed with dilutions to 

determine a more accurate value for chloride in each sample. However, there are some trends 

that are visible within the chloride results. During the fall months chloride concentrations are the 

highest, and in January chloride concentrations are the lowest. According to Lovett et al. (2005) 

mineralization of soil organic matter may play an important role in determining the chloride 

concentrations in a watershed.  His long-term study at Hubbard Brook Experimental Forest in 

New Hampshire points out that chloride accumulated in vegetation during the 1960s and 1970s 

when atmospheric deposition was significant due to acid deposition (rain and dry deposition), 

and now it can be released through organic matter decomposition (Lovett et al., 2005). As snow 

cover decreases the surface runoff could cause lower concentrations of chloride in the surface 

water samples because the released chloride stays in the soils and might flush out during the 

spring. These results underscore the importance of long-term monitoring because ecosystem 

disturbance (through acid rain, for example) affects watersheds long term, even many years after 

the events.  Further investigation of chloride dynamics is needed.  
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Strontium 

Strontium values were low, as was expected (Jantzen et al., 2013). The highest strontium 

concentration found was 320.2 ppb (Figure 11).  The EPA’s limit is 4000 micrograms of 

strontium per liter of drinking water (or 4,000,000 ppb) in order to protect human health and our 

values fall much lower.  A study looking at strontium levels in the German River and North Folk 

Shenandoah River in Virginia found the strontium values to be 90 and 80 ppb, respectively 

(Jantzen et al., 2013). The overall average is 89.9 ppb in Otsego County which is similar in 

values to the Virginia study (Jantzen et al., 2013).  The strontium in these watersheds is most 

likely the result of dissolution of calcite and other calcium minerals within the watersheds. The 

top half of the county is primarily limestone with some shale, and the southern half is primarily 

shale, siltstone, and sandstone with minor amount of limestone.  The three subwatersheds that 

had the highest strontium averages (100, 600, and 900) are all located in the top half of the 

county, where limestone resides (Figure 11).   Limestone is mostly calcium carbonate (CaCO3).  

Strontium and calcium behave similarly, so strontium can substitute for calcium in calcite and 

other calcium mineral structures. Thus, strontium can be used as a tracer for calcium sources. 

Overall, the strontium concentrations are low and there are no significant temporal and spatial 

variations found in the subwatersheds of Otsego County, NY (Figure 11). 

Increased strontium concentrations in the surface waters of Otsego County could indicate 

connection with brine water from deep aquifers, which would be a result of mishandling 

flowback and production waters during natural gas extraction (Stewart et al., 2011).  Thus, 

monitoring strontium concentrations could help to pinpoint industrial contamination.  
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Relationship between Sr2+ and Field Parameters 

Strontium analyses can be expensive and time-consuming; therefore, alternative 

indicators are also investigated in relation to strontium concentrations. A positive linear 

relationship is found between strontium and pH, and EC (or TDS) during most sampling months 

(Figures 12 &13; and Appendix J).  A linear relationship between pH and strontium was 

expected, because in limestone watersheds dissolution releases calcium ions as well as strontium 

ions into solution, the buffering capacity increases, and acids are neutralized and pH rises.  Also, 

EC (or TDS) is higher in limestone watersheds due to the high concentrations of ions that are the 

result of the high dissolution rate of limestone and other carbonate minerals. As strontium readily 

substitutes calcium in the mineral structure it will also contribute to the dissolved solids, i.e. EC.   

As strontium concentrations increase so do the pH and the EC, which allows simple monitoring 

of pH and EC of surface water. When change occurs in these values further investigation of 

chemical makeup of surface water is warranted.  

 

Figure 12. Strontium concentrations and pH are graphed for the subwatershed averages of 

November 2012. There is a moderate linear correlation between the values. 
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Figure 13. EC and strontium concentrations are graphed for the subwatershed averages of 

November. There is a strong linear correlation between the values. 

Summary and Conclusions 

Overall, the watershed of the Upper Susquehanna River Subbasin in Otsego County, NY 

is clean.  We began building a baseline of data for anions and strontium concentrations in Otsego 

County, NY in addition to the continuation of the field parameters database of the Otsego County 

Soil and Water Conservation District. The natural variation in strontium values between 

September of 2012 and January of 2013 is between 20.00 and 320.2 ppb, thus, if levels reach 

above 320.2 ppb it will indicate contamination of surface water resources. However, to get a 

better understanding of the geochemistry of the surface waters in Otsego County, NY water 

sample collection should be continued for a minimum of a calendar year and the samples should 

also be analyzed for strontium and other cations along with the field parameter collection and 

anion (nutrient) content determination.  
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APPENDIX A. Table A1. List of chemicals used most often as additives to fracking fluid (Frac 
Focus). 
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APPENDIX B. Step-by-step instructions of the operation of atomic absorption spectroscopy 

(AAS), ion chromatography (IC) and field equipment. 

 

AA – Flame mode 

Have the samples, the standards (minimum 4) ready in 50 ml volumetric flasks; have two flasks 

for the optimizing concentration 

Step by step instructions: 

1. Check and Preparation: 

- Check the lamps and place/replace the element of interest into the holder 

- Have a large beaker with DI water to flush the sample lines and extra wash bottles of DI water 

- Check on the waste liquid container – attachment and fullness 

2. Logbook: 

- Fill out the logbook for the required information – check in prior to start. Turn on the gas – 

good around 200 (unless it is getting low) 

3. Turn on: 

- Turn on the instrument – computer should be running 

- Open the program – Win Labs 

- Open Menus and Tool Bars – turn on lamps, and flame, background 

- Methods – set up methods or select an existing one 

4. Optimize: 

- In Tools – open continuous graphics 

- Use “auto zero” with aspiring DI water 

- Use your optimizing solution (selected for your element and method) to optimize the flame 

moving the three possible knobs under the flame (up and down; side to side; and turn/tilt) until 
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the continuous graph looks flat and close to the value what should respond to your optimizing 

solution – 10% error is acceptable if the line is flat – check the zero and optimizing line couple 

of times until you are satisfied with the outcome – may take 5 to 10 minutes. 

5. Analyze – advised to run your standards and generate calibration curves instead of using the 

calibration function: 

- Open Manual analyses 

- Open Results 

- Analyze Blank 

- Analyze Samples – put in sample ID 

 

AA – Furnace Operation 

1. Change out the flame unit for the furnace unit 

- remove the tray and door 

- remove the flame by pulling out the plug in the back and press down on the bottom 

- put in the furnace by turning in the unit then pushing in hard and tighten the little knobs 

- make sure that rinse solution (either DI or other filtered solution) and waste bottle properly 

hooked up 

2. Turn on the cooling unit and the furnace unit 

3. Turn on Argon gas to about 50-58 Psi 

4. Open the software and switch it to furnace – wait for self-check of connections  

5. Align the furnace details will be explained 

6. Align the tip (new window) 

- Unlocked above the tube 

- Depth control wheel (up-down); adjustment button – lower; left side (right – left); front (in-out) 
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- Put the tip just above the hole, but not into the tube yet 

- hit the unlocked above the tube (new window – yes) 

- hit in tube (should go back to prior position) 

- use the mirror to adjust the tip in the hole using the depth control wheel ~ 2 mm from 

the bottom - hit in tube again – yes, save the position 

- Unlocked above rinse – hit again to save – adjust with the depth wheel 

- in sample cup – set depth (small cups for samples and large cups for standards - hit again to 

save 

- Check “in tube” [Note: white collar is broken, so it might cause some problems] 

- hit exit 

7. Light the lamp (turn on) 

8. Log book – record the energy level – repeat 

9. Background correction (depends on the program) 

10. Method editor – Open analyze and results windows 

 

                      Furnace Program 
Step Temp °C R Time 
1 100 5 
2 140 15 
3 1300 10 
4 2600 0 
5 2600 1 
6   
Takes 20 μl sample / analysis 

 
Table B1.  GFAAS stepwise gradual heading process for strontium analytical work. 
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Ion-Chromatograph Instructions 

Start up the IC: 

- Turn on the instrument, if it is not on (should be on) 

- Check if there is enough eluent, if not prepare new and vacuum filter to remove gases 

o To make eluent, use the DIONEX AS22 eluent concentrate, dilute 100 times 

(pipet 10 ml concentrate into a 1000 ml class A volumetric flask and fill up with 

DIW to the mark, invert 17X to mix well) 

o Remove gases, pass the eluent through a vacuum filter then pour the eluent into 

the reservoir bottle (2 L capacity) 

- Place the eluent reservoir into its place on top and make sure the cap is tight 

- Check the waste column in the corner, if it is full, empty it 

- Turn on Helium – make sure your turn on both valves (top of the tank and the “outlet”), 

pressure should be between 40-50 Psi 

- Turn on Eluent Pressure 

- Turn on pump – wait until the pressure rises, check if the eluent is passing though 

- Turn on SRS 

- Record date, time, flow rate, pressure and your initials in the log book – remember the 

display flow rate is lower than actual – according to measurements on Jan 15th, 2013 the 

1.3 ml/min flow rate on display is equals about 1.4 ml/min – keep this setting 

- Open Chromaleon Program on the computer – if it is not open 

- To find the acquisition window from the root menu.  

- Click Connect, now the display should say “remote” and everything is controlled through 

the computer 
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Setting up a New Program (at the first time or any time when you want to make modifications) 

- Open New, select Program, follow the step-by-step instructions on the set-up, use source 

DX-120; run time 8 minutes; make sure effluent pressure, pump and SRS clicked as on, 

save it to a known location 

- The same program can be run all the time, if no change needed 

Setting up a New Sequence – need to do it every time you run samples 

- Open new, select Sequence with Wizard, follow the step-by-step instructions; select the 

program that you created; enter the number of standards (e.g. Standard#1) and samples 

(e.g. Susq#1 or KMW#1 or leave it as “samples”) that you will run, save the file with a 

new name to a known location (your folder) 

- NOTE: You are not able to enter exact IDs for each standard and sample, so you need to 

take good notes into your notebook, every time you need to set up a “sample run by date” 

table in your notebook 

Example: Today’s Date: Jan 1st, 2013; “R” repeat” 

Standard ID 
on file 

Standard ID 
on  bottle 

Check when 
ran is done 

Sample ID 
on file 

Sample ID on  
bottle 

Check 
when ran is 
done 

Standard#1 Blank  Sample#1 KMW#1  

Standard#2 0.1 mg/L Cl-  Sample#2 KMW#2  

Standard#3 0.5 mg/L Cl-  Sample#3 OLO053110  

Standard#4 1 mg/L Cl-  Sample#4 SAB053110  

Standard#5 5 mg/L Cl-  Sample#5 KMW#1R  

Standard#6 10 mg/L Cl-  Sample#6 OLO053110R  
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Run samples: 

- Click on batch to start acquisition, add your sequence (remove any old sequence from the 

window), do a ready check and if it is OK click start 

- Inject the first standard (about 0.5 to 1 ml) and click OK 

- When 8 minutes is done a window come up and ask for the next standard/sample, inject 

and then click OK 

- Repeat this until all standards then all samples are done 

- Follow the order that you have in your sequence and your “sample run by date” table 

Shut down – reverse of starting up:  

- When the sequence is done, click on the connect bottom again to disconnect from the 

computer and return to “local” display mode or click the “remote/local” bottom on the 

display 

- Turn off SRS 

- Turn off pump 

- Turn off eluent pressure 

- Close the valves on the Helium tank (both of them) 

- Now the display should show “0 Psi” pressure – leave it that way 

- In the log book record the time of the shut down and take a note of any problems that you 

encountered during run or if everything worked well, write that down 

Retrieve the data: 

- Minimize the acquisition window, do not close it 

- Maximize the sequence window 

- Double click on the first standard to open the saved data file 
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- On the top bar click on “Printer Layout” bottom to see the data in “excel” style  

- Go to “save as” from the file option, enter the name of the file, select excel option, then 

click save 

o I recommend naming your files as the following 

o Date of the run + “standard/sample name” (e.g. 2013Jan17_Std1 or 

2013Jan17_605d) 

o Save it into your folder (named after you) on the desk top  

- Repeat for each standard and sample you ran that day 

- When you are done save all of your data to your USB flash drive (the port is in the front) 

- You do not need to disconnect the printer cable at the front of the computer, just attach 

your flash drive in to the front port  

- Open the flash drive folder and your data folder from the desk top and select the files you 

need and drag it over to the flash drive window 

- You should have the same number of file than samples you have run on a given day, 

because the computer saves each sample run separately 

Printing Option: 

- Each file can be printed on the printer attached at the front, each run will be 2 pages – use 

a lot of paper, but some of us are old fashioned the like things in print 
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YSI Model 556 Calibration Instructions 

Starting every calibration 

1) Turn on instrument  

2) Place correct amount of calibration standard into a clean, dry or pre-rinsed calibration cup 

3) Immerse the probe into the solution; make sure the senor to be calibrated is adequately 

covered.  

4) Allow at least one minute for temperature to stabilize 

Calibrating specific conductivity 

1) Using a standard of 495 ppm or 500 ppm of NaCl or KCl 

2) Main Menu, select Calibrate 

3) Select conductivity, then select specific conductivity 

4) Enter value of 1 for the standard being used, press enter 

5) Observe the readings and when they show no significant change for 30 seconds, press 

enter  

a. Calibration will be accepted 

6) Press enter again to return to the Calibration screen  

Calibration for pH 

1) Using a standard of 4, 7 and 10 pH buffer solutions 

2) Main Menu, select Calibrate 

3) Select pH, then select 3-point calibration  

4) Enter value of 7 (always start with 7 buffer) for the standard being used, press enter 

5) Observe the readings and when they show no significant change for 30 seconds, press 

enter  
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a. Calibration will be accepted 

6) It will ask for a second buffer value, repeat steps 4-5 for ph of 4 and 10 

7) After the last point, press enter again to return to the Calibration screen  

Calibration for DO 

1) Place approximately 3 mm of deionized water in the bottom of the calibration cup. Do 

not tighten cup, allow for ventilation  

2) Do this calibration last, the instrument needs 10 minutes for the DO sensor to stabilize 

3) Main Menu, select Calibrate 

4) Select Dissolved Oxygen, then select DO%  

5) Enter the current local barometric pressure, press enter 

6) Observe the readings and when they show no significant change for 30 seconds, press 

enter  

a. Calibration will be accepted 

7) Press enter again to return to the DO Calibration screen  

Turbidity  

Power on 

Press Verify Calibration button 

 Shake and wipe the 10.0 NTU standard 

 Line up arrow when inserting the 10.0 NTU standard 

 Press down until you here the click of the cover 

 Press read button 

o If calibration verification passes continue with samples 

o If calibration verification does NOT pass then recalibrate  
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 Press done to return to screen  

Recalibrate 

Press Calibrate button 

 Follow the on-screen instructions 

 Shake and wipe the 20.0 NTU standard 

 Line up arrow when inserting the 20.0 NTU standard 

 Press down until you here the click of the cover 

 Press read button 

o Follow the above process for the 100 NTU standard and then the 800 NTU 

standard, then the 10 NTU standard to see if the calibration verification passes.  If 

it passes, continue with the sampling.  If it fails, repeat the above process. 

Continuing with samples 

 Put sample in sample cell past line 

 Shake and wipe the sample 

 Line up arrow when inserting 

 Press read button 

 Write down measurements 

 Press done 

 Take out sample 

 Continue for each sample 

 *After every few samples wipe sample cell with oil 
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APPENDIX C. Table C1. Hazards associated with utilized chemicals. 
 

Chemicals Uses Hazards

Hydrochloric 

Acid (HCl) Acid Wash

corrosive, 

irritant, 

permeator

Nitric Acid 

(HNO3)

Preserving 

Cations

corrosive, 

irritant, 

permeator

Buffer Solution 

for pH 4 Calibration

eye irritation, 

corrosive

Buffer Solution 

for pH 7 Calibration irritant

Buffer Solution 

for pH 10 Calibration irritant

Sodium Chloride 

(NaCl) Calibration low hazard

Strontium (Sr) AA Standard

toxic, 

flammable, 

irritant

IC Standard IC Standard toxic, irritant

Alcanox Acid Wash irritant

DI Water Type 1 

and 2

Washing, 

standard 

preparation, 

method and 

field blank no hazard  
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APPENDIX D. Chemistry Department Safety Policy 

Updated October 3, 2012 

SECTION I. GENERAL SAFETY POLICY 

1. Students working in a chemistry laboratory must be supervised. 

 In 100-level laboratory courses, laboratory work must be directly supervised by the 

laboratory instructor or an approved substitute who is physically present in the laboratory 

while students are working. 

 In 200+-level laboratory courses, laboratory work can be directly supervised as stated above 

or indirectly supervised by the laboratory instructor or an approved substitute who is present 

on the same floor of the building as the laboratory. The designated substitute must be 

notified that students are working in the laboratory. 

 In research courses (292, 391, 392, 490, non-course-based summer research, etc.), students 

can be supervised directly, indirectly, or by following the instructions provided in Section II. 

2. Students working in a chemical laboratory must wear department-approved eye protection 

when chemical, projectile, and/or laser hazards are present. The laboratory instructor is 

responsible for determining whether eye hazards are present and for enforcing the eye 

protection policy. 

 CHEM 107L, 108L, 109, 201L, and 202L: splash-proof safety goggles 

 Other laboratory courses: splash-proof safety goggles or safety glasses (as determined by 

the laboratory/course instructor). 

3. Personal items: 

 Eating, drinking, chewing gum or tobacco, or applying cosmetics are not allowed in the 

lab. Do not put anything in or on your mouth while working in the chemistry lab. 
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 Students must not use headphones when working in the lab 

 Students must wear close-toed shoes that cover the entire foot and clothing that covers 

the torso and legs. 

 Sleeveless shirts and halter-tops do not sufficiently cover the torso and will not be 

permitted. Laboratory aprons and gloves are provided for students who wish to use them 

but they are not a substitute for appropriate clothing. 

 Long hair should be pulled back. 

 Students who are pregnant or nursing, or with a medical condition that could cause harm 

to themselves or another person while in the laboratory should notify their lab instructor 

immediately. 

 Students who are not clothed appropriately will be removed from lab. 

4. Handling chemicals and glassware: 

 Perform no unauthorized experiments. 

 Place glassware and chemicals under/in a fume hood when working with volatile 

chemicals. 

 Do not leave lit Bunsen burners unattended. 

 Do not place flammable chemicals near an open flame. 

 Clamp all apparatus firmly, especially when heating, cooling, or performing vacuum 

filtration. 

 Unused chemicals that have been removed from a reagent bottle should be placed in an 

appropriate waste container.  

 Glass waste (broken glass) must be placed in the broken glass container.  
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 Keep your face away from reaction vessels when noting the odor of fumes, when mixing 

reagents, and when applying heat to a reaction vessel.  

 Wear gloves when handling toxic or corrosive chemicals.  

 Do not use mouth suction in filling pipettes.  

 Do not force glass tubing into rubber stoppers – protect your hands with a towel and 

lubricate the glass tubing with glycerol or other lubricant. 

5. Accidents in the lab: 

 If chemicals come into contact with your skin or eyes, flush immediately with copious 

amounts of water and inform your instructor. 

 Mercury spills and major acid or base spills must be brought to the attention of the 

laboratory instructor immediately. 

 In case of fire or accident (cuts, burns, inhalation of fumes, etc.), inform your laboratory 

instructor immediately. 

 Laboratory instructors will arrange for student transportation to the Health Center when 

necessary. 

 An Incident report must be filed in the event of an accident (form attached as Appendix 

III). 

6. Chemical etiquette: 

 Coats, backpacks and other personal items should be placed in designated areas, away 

from the laboratory workspace. 

 Keep the balances clean – after using a balance, clean any spilled chemicals immediately.  
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 At the end of the lab period, return reagents to the appropriate location and clean your 

workspace with a sponge or wet paper towel. 

 Follow any specific cleanup instructions provided by your laboratory instructor. 

 Always wash your hands before leaving the lab. 

7. Penalties for non-compliance: 

 Persons found violating the Chemistry Department Safety Rules will be penalized. 

 Penalties can include but are not limited to a verbal warning, expulsion from the 

laboratory for the duration of the laboratory period, expulsion from the laboratory course, 

mandatory safety re-training, and/or loss of laboratory and instrument use privileges. 

SECTION II. RESEARCH STUDENTS AND DEPARTMENT VISITORS 

1. Research students and department visitors (non-chemistry/biochemistry/environmental 

chemistry majors, other Hartwick and non-Hartwick students, faculty or staff) are expected to 

follow the safety rules in Section I. Violation of the Safety Rules in Section I will result in 

penalties as described in Section I. 

2. Faculty supervising research students and department visitors must follow the guidelines 

below: 

 Faculty supervisors must properly train students and department visitors working under 

their supervision in the safety procedures appropriate for their area of research. 

 Faculty supervisors must ensure that students and department visitors working under their 

supervision are trained in the safe and correct use of chemistry department instruments 

that will be used in the research project(s). 

 Faculty supervisors are responsible for determining the level of supervision required for a 

research student or department visitor, and will make that determination using their 
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knowledge of the possible hazards involved in the research project and hazards that might 

exist in the laboratory spaces used by the student/visitor. 

 Faculty supervisors must complete an Instrumental Training form (Appendix I) with any 

student/visitor who will make use of a department instrument as part of a research 

project. The form must be posted in a visible location in the room where the instrument is 

housed. 

 Faculty supervisors who choose to give a student or visitor permission to work without 

direct supervision during non-traditional working hours (such as evenings and/or 

weekends) must fill out an Advance Permission for Laboratory Work form (Appendix II) 

for each instance of such work. It is the responsibility of the faculty supervisor to arrange 

laboratory access for the student/visitor and to ensure that all safety rules are followed. 

3. Students working on independent research projects must follow the guidelines below: 

 Students must be properly trained before working independently in the laboratory and 

before using chemistry department instrumentation. 

 At no time can a student work in the laboratory without the permission of their faculty 

supervisor. 

 No hazardous work (as defined by the faculty supervisor) will be permitted without direct 

supervision. 

 Students will only be given access to laboratory spaces during non-traditional working 

hours (evenings/weekends) if they (1) receive advance permission from the faculty 

supervisor, (2) follow all safety rules in Section I, and (3) have received an Advance 

Permission for Laboratory Work form from the faculty supervisor. The Advance 
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Permission for Laboratory Work form must be carried with the student at all times when 

in the laboratory spaces during non-traditional working hours. 

 Students permitted to work independently without a faculty supervisor present during 

non-traditional working hours must be accompanied by an approved substitute who (1) 

has been pre-approved by the faculty supervisor and (2) is always within sight of the 

student working in the laboratory. The approved substitute must be capable of and 

educated in the procedures for seeking help in the event of an emergency. If the approved 

substitute is positioned inside a laboratory space, the safety rules in Section I apply to that 

person. 

4. Visitors must obey the safety rules in Section I and follow the guidelines below: 

 All visitors must be properly trained by a chemistry faculty supervisor before working 

independently in the laboratory and before using chemistry department instrumentation. 

 At no time can a visitor work in the laboratory without the permission of their chemistry 

faculty supervisor. 

 No hazardous work (as defined by the faculty supervisor) will be permitted without direct 

supervision. 

 Visitors will only be given access to laboratory spaces during non-traditional working 

hours (evenings/weekends) if they (1) receive advance permission from the faculty 

supervisor, (2) follow all safety rules in Section I, and (3) have received an Advance 

Permission for Laboratory Work form from the faculty supervisor. The Advance 

Permission for Laboratory Work form must be carried with the visitor at all times when 

in the laboratory spaces during non-traditional working hours. 
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 Visitors permitted to work independently without a faculty supervisor present during 

non-traditional hours must be accompanied by an approved substitute who (1) has been 

pre-approved by the faculty supervisor and (2) is always within sight of the student 

working in the laboratory. The approved substitute must be capable of and educated in 

the procedures for seeking help in the event of an emergency. If the approved substitute is 

positioned inside a laboratory space, the safety rules in Section I apply to that person. 
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APPENDIX E.  Department of Geology and Environmental Sciences Safety Policy 

Draft August 2012 

1. Supervision:  

Students working in a geology or environmental science laboratory must be supervised. 

 100 and 200 - level laboratory work must be directly supervised by the laboratory 

instructor or an approved substitute who is physically present in the laboratory while 

students are working. 

 300 and 400 - level laboratory work can be directly supervised as stated above or indirectly 

supervised by the laboratory instructor or an approved substitute who is present in the 

building. The designated substitute must be notified that students are working in the 

laboratory. 

 Independent research students and visitors (anyone outside of the Department of Geology 

and Environmental Sciences) can be directly, or indirectly supervised, or by following the 

guidelines below.   

 Students/visitors must be properly trained before working independently in the 

laboratory and before using chemistry department instrumentation.  

 At no time can a student/visitor work in the laboratory without the permission of 

their supervisor/departmental personnel. 

 Permission must be granted in advance for each instance of work when 

departmental personnel are not in the building.  

 No hazardous work will be permitted without direct supervision.   

 All students/visitors who are permitted to work independently without a 

supervisor or approved substitute present must be accompanied by a “responsible 
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person” who is within sight while the student/visitor is working in the laboratory. 

This person can be another student who capable of seeking help in the event of 

an emergency. The “responsible person” must obey appropriate safety policies if 

they are located within the laboratory space.   

2. Protective Equipment: 

 Students working in a geology or environmental science laboratory must wear eye 

protection when chemical, projectile, and/or laser hazards are present.  The laboratory 

instructor is responsible for enforcing the eye protection policy and determining whether 

eye hazards are present. 

 Students working in the rock storage and saw rooms (JSC220&222) and/or preparing 

samples for x-ray fluorescence spectroscopy in JSC 218 must wear eye, hand and foot 

protection, and aprons/laboratory coats when operating any of the saws and/or polishing 

equipment, or present in the room when these equipment are in operation. Respiratory 

mask is also required in cases of grinding and sieving that produce fine silica and other 

dust.  

3.  Personal items – while working in JSC 212, 220, 222 and 305 rooms: 

 Eating, drinking, chewing gum or tobacco, or applying cosmetics are not allowed during 

work in the above listed laboratories and during exercises when chemicals are in use in the 

integrated lecture and laboratory rooms (JSC 218 and 226). Do not put anything in or on 

your mouth while working with chemicals. 

 Students must wear close-toed shoes that cover the entire foot and clothing that covers the 

torso and legs. Sleeveless shirts and halter-tops do not sufficiently cover the torso and will 



57 
 

not be permitted. Laboratory aprons and gloves are provided for students who wish to use 

them but they are not a substitute for appropriate clothing. 

 Long hair should be pulled back. 

 Students who are pregnant or nursing, or with a medical condition that could cause harm to 

themselves or another person while in the laboratory should notify their lab instructor 

immediately. 

 Students who are not clothed appropriately will be removed from lab. 

4. Material Handling: 

 Perform no unauthorized experiments and operations. 

 Place glassware and chemicals under/in a fume hood when working with volatile 

chemicals. 

 Do not leave lit Bunsen burners and turned on hotplates unattended. 

 Do not place flammable material near an open flame and an operating hotplate. 

 Clamp all apparatus firmly, especially when heating, cooling, or performing vacuum 

filtration. 

 Unused chemicals that have been removed from a reagent bottle should be placed in an 

appropriate waste container. 

 Place all toxic waste into the appropriate waste containers provided by the instructor. 

 Glass waste (broken glass) must be placed in the broken glass container, located in room 

212. 

 Wear gloves when handling toxic or corrosive chemicals. 

 Do not use mouth suction in filling pipettes. 
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 Do not force glass tubing into rubber stoppers – protect your hands with a towel or heavy 

duty work gloves and lubricate the glass tubing with glycerol or other lubricant.  

 Always protect your hands, eyes, foot and torso when using equipment in room 220&222. 

 Keep away from blades and moving objects when using equipment.  

 Wear flame resistant gloves to touch anything hot. 

 Do not touch any electrical outlet, plug and switch with wet hands to avoid electrical 

shock. 

5. Accidents in the laboratory: 

 If chemicals come into contact with your skin or eyes, flush immediately with copious 

amounts of water and inform your instructor. 

 Mercury spills and major acid or base spills must be brought to the attention of the 

laboratory instructor immediately. 

 In case of fire or accident (cuts, burns, inhalation of fumes, etc.), inform your laboratory 

instructor immediately. 

 Laboratory instructors will arrange for student transportation to the Health Center when 

necessary. 

 Incident report should be filed when accidents happen (from attached as Appendix I). 

6. Laboratory etiquette: 

 Coats, backpacks and other personal items should be placed in designated areas, away 

from the laboratory workspace. 

 Keep the balances clean – after using a balance, clean any spilled chemicals immediately. 
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 At the end of the lab period, return reagents and all used equipment and tools to the 

appropriate location and clean your workspace with a sponge or wet paper towel. 

 Follow any specific cleanup instructions provided by your laboratory instructor. 

 Always wash your hands before leaving the lab. 

7. Field Safety and Etiquette 

Preparing for emergency: 

 The department chair and the division secretary are provided with a field exercise agenda, 

location, time, name of participants, and their phone numbers. 

 Each participant submit an emergency contact, health insurance information and any 

medical condition that is relevant in a sealed envelope that is only opened in case of 

emergency.  

 The group carries an updated first aid kit and the instructor is trained in first aid. 

 The second-in command person is selected and everyone knows his/her identity before 

leaving for the field exercise. 

 Each participant carries a cell phone, and trained what to do in case of emergency, phone 

numbers of local hospital, urgent care facilities, and a map how to get to them are 

provided in the exercise handouts. 

Minimizing Risks and Hazards: 

 The participants are instructed to be prepared for any weather conditions and required to 

have appropriate footwear that meet the conditions.  

 Sun protection, drinking water, water or disinfecting hand gels for cleaning hands are 

carried to the site. 
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 No smoking is allowed in the vicinity of gas powered pump or fuel containers – normally 

no smoking is allowed during class and laboratory time. 

 Participants must follow the safety (any) instruction given by the course instructor or the 

person second in command.  

 Risky behavior is not tolerated such as running into the creek, climbing outcrops or not 

following instruction or improper usage of any equipment or accessories, no throwing of 

anything is allowed. Students are sent home if do not comply with instructor’s guidance. 

 Students work in groups of 2 or 3, not alone and only perform any activities when the 

course instructor is present or authorized the work. 

 Measures are taken to minimize any environmental impact.  
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APPENDIX F. Tabulated Results – Field Parameters 
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DO Date 2012 2012 2012 2013 2013

Sample ID Sept Oct Nov 15-Jan 29-Jan

Unit mg/L mg/L mg/L mg/L mg/L

1 102B 9.17 9.28 12.31

2 102C 9.7 9 12.73 13.97

3 102D 10.37 8.69 13.87 14.01

4 103B 9.5 10.94 11.48 14.94

5 103C 10.1 11.08 12.61 14.53

6 201 9.76 9.87 10.63 14.26 9.93

7 202 9.79 11.3 11.43 13.76

8 203B 8.47 8.63 10.39 13.98 9.85

9 203c 11.47 14.75

10 204B 10.31 11.43 11.4 14.27

11 301 9.84 9.14 10.77 13.52 9.68

12 302 10.46 9.9 11.16 14.14 9.95

14 303C 9.56 8.47 10.64 13.52 9.84

15 303D 10.32 9.1 10.96 14.27

16 303E 10.4 9.49 11.18 14.42

17 304B 9.55 8.06 11.3 13.73 10.09

18 304C 10.3 9.58 11.6 13.83 10.02

19 501 9.88 10.3 11.14 14.5 10.14

20 502 10.58 10.93 11.11 14.47 9.98

21 503B 6.72 7.76 10.77 14.44

22 503C 9.5 10.97 11.16 14.7

23 504B 9 11.14 11.34 14.65

25 602 8.57 10.41 12.8 14.32

26 603B 9.14 11.96 12.58 14.84 10.23

27 603C 10.32 12.63 13.27 14.33 10.15

28 603D 11.75 11.35 12.19 9.77

29 604B 10.32 11.94 11.91 14.5 10.27

30 604C 9.85 11.13 11.66 14.43 10.21

32 605B 10.25 11.47 10.73 14.43 10.24

33 606_1 9.21 11.33 13.71 10.05

34 606_2 9.56 9.4 13.01 14.21

35 606_3 11.44

36 701 8.82 8.93 11.74 13.83

37 702 11.01 9.11 12.27

38 703B 9.97 9.61 11.19 14.22 10.05

39 801 9.84 9.05 11.6 13.94 9.91

40 801B 7.77 11.49 14.21 10.18

41 802 10.41 9.93 11.22 14.39 10.36

42 803B 9.96 9.36 11.25 14.28 10.33

43 803C 11.43 8.81 10.82 14.32 10.3

44 803D 10.64 9.74 11.05 14.25 10.27

45 901B 9.39 9.54 11.41 14.37 9.59

46 905B 9.11 9.14 11.27

47 905C 13.55 8.57 11.81 13.79 9.71

48 1101 9.9 10.02 11.83 13.99

49 1101B 11.56 9.75 12.05 14.38

50 1102B 8.41 11.62 13.9

51 1103B 11.03 9.55 11.63 14.21

52 1105B 9.98 8.56 12.35 14.46 10.91

DIW 0 0 0 0 0
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APPENDIX G. Tabulated Results – Anions 

  

Watersheds Concentration (mg/L) Watersheds Concentration (mg/L)

Sample ID Sample ID

102b 0.000 102b 0.000

102c 0.017 102c 0.000

102d 0.002 102d 0.000

103b 1.170 103b 0.000

103c 0.229 103c 0.000

201 0.000 201 0.000

201R 0.000 203b 0.000

203b 0.000 203b [R] 0.000

204b 0.000 204b 0.000

202 0.000 202 0.000

202[R] 0.000

301 0.000

301 0.000 302 1.697

302 0.426 303b

303b 0.313 303c 0.011

303c 303d 0.000

303d 1.532 303d [R] 0.000

303e 0.000 303e 1.827

303e[R] 0.000 304b 1.954

304b 1.718 304c 0.000

304c 0.000 304c[R] 0.425

304c[R] 0.000

501 0.000

501 0.166 502 0.000

501 [R] 0.166 502R 0.000

502 1.333 503b 1.726

503b 0.569 503c 0.000

503b [R] 0.037 504b 0.000

503c 0.047

504b 0.175 602 0.000

504bR 0.022 603b 0.000

603c 0.000

602 0.000 603d 0.000

602 [R] 0.000 604b 0.000

603b 0.000 604c 0.000

603c 0.000 604c [R] 0.000

604b 0.000 605b 0.000

604c 0.000 606_1 0.000

605b 1.315 606_2 0.000

606_1 0.011

701 0.000

701 0.000 702 0.000

702 0.000 702 [R] 0.000

703b 0.039 703b 0.000

703b [R] 0.000

801 0.166

802 0.012 801 0.000

802 [R] 0.081 801b 0.000

803b 1.445 802 0.000

803b [R] 0.136 803b 0.000

803c 0.152 803c 0.000

803d 1.546 803d 0.000

803d[R] 0.002 803d [R] 0.000

901b 1.682 901b 0.000

901b[R] 0.034 905b 0.000

905b 0.002 905b [R] 0.000

905c 0.011 905c 0.000

1100

1101 0.002 1101 0.000

1101b 0.192 1101b 0.000

1103b 0.000 1101b R 0.000

1105b 0.026 1102b 0.000

1102b [R ] 0.000

1103b 0.000

1105b 0.000

Phosphate (September) Phosphate (October)
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Watersheds Watersheds

Sample ID Concentration (mg/L) Sample ID Concentration (mg/L)

102b 0.000 102b

102c 102c 0.000

102d 0.000 102d 0.000

103b 0.000 103b 0.000

103c 0.000 103b[R] 0.000

103c 0.000

201 0.000

202 0.000 201 1.790

203b 0.000 201R 0.420

203c 0.000 202 2.440

203c [R] 0.000 202[R] 2.450

204b 0.510 203b 2.520

203c 0.000

301 0.000 203c[R] 0.090

302 0.000 204b 0.020

303c 0.000

303d 0.130 301 2.440

303d[R] 0.000 301[R] 2.440

303e 0.050 302 2.440

304b 2.070 303c 2.450

304c 0.320 303d 0.130

303e 0.420

501 0.000 304b 2.530

501[R] 0.290 304c 2.480

502 0.060

502 [R] 0.000 501 0.000

503b 1.970 502 0.000

503c 0.070 503b 2.510

504b 0.000 503c 2.750

504bR 0.000 504b 1.810

504bR[R] 0.540 504bR 0.000

504b[R] 0.290

602 0.000

603b 0.000 602 0.000

603b[R] 0.000 603b 0.000

603c 0.000 603b [R] 0.000

603c[R] 0.000 603c 2.440

603d 0.000 603c[R] 2.440

604b 0.000 603d 0.000

604c 0.000 604b 2.440

605b 0.590 604c 0.000

606_1 0.000 605b 0.000

606_2 0.000 606_1 2.440

606_3 0.000 606_2 2.430

701 0.000 701 2.440

701 [R] 0.000 702

702 0.000 703b 2.430

703b 0.000

703b[R] 0.000 801 0.000

801b 2.440

801 0.000 801b[R] 2.540

802 0.000 802 2.430

801b 0.000 803b 2.940

802[R] 0.000 803c 2.530

803b 0.000 803d 2.430

803c 0.000

803d 0.000 901b 2.580

905b

901b 0.000 905c 2.430

905b 0.000 905c[R] 2.430

905c 0.000

1101 2.450

1101 0.000 1101b 0.060

1101b 0.000 1102b 4.380

1101b [R] 0.000 1103b 0.100

1102b 0.000 1103b[R] 0.050

1103b 0.190 1105b 1.510

1105b 0.000

Phosphate (January)Phosphate (November)
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Subwatersheds Concentration (mg/L) Subwatersheds Concentration (mg/L)

Sample ID Sample ID

102b 9.895 102b 9.120

102c 16.866 102c 15.670

102d 82.328 102d 64.850

103b 8.506 103b 5.770

103c 6.217 103c 6.470

201 6.904 201 7.680

201R 8.514 203b 7.700

203b 8.630 203b [R] 7.700

204b 5.451 204b 5.410

202 13.686 202 16.110

202[R] 13.969

301 0.830

301 10.118 302 6.240

302 5.969 303b

303b 6.861 303c 6.000

303c 303d 0.000

303d 7.265 303d [R] 0.000

303e 9.659 303e 8.120

303e[R] 9.788 304b 6.700

304b 7.532 304c 5.860

304c 6.607 304c[R] 5.730

304c[R] 6.768

501 0.000

501 5.131 502 7.220

501 [R] 4.702 502R 6.330

502 7.317 503b 7.480

503b 5.439 503c 0.000

503b[R] 5.716 504b 7.760

503c 6.051

504b 6.640 602 13.370

504bR 6.911 603b 13.290

603c 58.820

602 20.612 603d 11.050

602 [R] 21.165 604b 0.610

603b 18.462 604c 7.990

603c 13.638 604c [R] 8.390

604b 7.805 605b 6.680

604c 11.318 606_1 10.850

605b 10.696 606_2 10.040

606_1 11.333

701 6.800

701 8.702 702 7.540

702 0.486 702 [R] 8.290

703b 7.034 703b 7.180

703b [R] 7.200

801 7.495

802 5.195 801 6.260

802[R] 5.204 801b 5.870

803b 5.078 802 6.060

803b[R] 5.172 803b 5.010

803c 5.513 803c 0.000

803d 6.490 803d 6.570

803d[R] 6.257 803d [R] 6.610

901b 7.432 901b 6.850

901b[R] 6.712 905b 1.480

905b 8.738 905b [R] 1.740

905c 52.545 905c 30.280

1100

1101 7.875 1101 6.400

1101b 5.879 1101b 0.000

1103b 7.163 1101b R 5.770

1105b 9.273 1102b 0.800

1102b [R] 6.800

Sulfate (October)Sulfate (September)
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Sample ID Concentration (mg/L)Sample ID Concentration (mg/L)

102b 6.387 102b

102c 102c 9.500

102d 14.634 102d 12.630

103b 5.650 103b 6.160

103c 5.425 103b[R] 6.160

103c 5.140

201 7.185

202 11.618 201 6.420

203b 5.729 201R 6.060

203c 5.606 202 9.700

203c [R] 6.164 202[R] 9.680

204b 5.153 203b 6.060

203c 5.130

301 6.614 203c[R] 5.140

302 6.482 204b 5.250

303c 4.629

303d 5.949 301 6.420

303d [R] 5.945 301[R] 6.430

303e 7.233 302 6.290

304b 6.379 303c 5.280

304c 6.990 303d 5.570

303e 6.150

501 5.156 304b 6.440

501 [R] 4.967 304c 6.600

502 5.585

502 [R] 6.501 501 5.570

503b 8.503 502 6.650

503c 5.585 503b 6.680

504b 7.161 503c 5.420

504bR 7.202 504b 7.210

504bR[R] 7.355 504bR 6.740

504b[R] 6.740

602 13.821

603b 15.112 602 8.300

603b[R] 15.514 603b 9.930

603c 13.423 603b [R] 10.810

603c[R] 19.694 603c 18.630

603d 6.849 603c[R] 19.060

604b 6.482 603d 6.980

604c 6.305 604b 6.210

605b 6.672 604c 5.590

606_1 9.171 605b 6.510

606_2 10.915 606_1 7.050

606_3 8.366 606_2 7.250

701 7.60 701 7.140

701 [R] 7.69 702

702 8.06 703b 6.590

703b 7.91

703b[R] 7.91 801 5.750

801b 6.090

801 5.79 801b[R] 5.200

802 5.88 802 6.220

801b 5.67 803b 5.930

802[R] 5.55 803c 6.610

803b 5.39 803d 7.680

803c 6.08

803d 6.74 901b 6.940

905b

901b 6.03 905c 26.380

905b 6.93 905c[R] 27.580

905c 26.25 1100

1100 1101 5.900

1101 4.53 1101b 5.680

1101b 5.25 1102b 6.220

1103b 5.91 1101b [R] 4.743

1103b(R) 6.41 1102b 5.833

1105b 8.24 1103b 5.160

1105b 7.784

Sulfate (November) Sulfate (January 15)

Watersheds Watersheds
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Watersheds Concentration (mg/L) Watersheds Concentration (mg/L)

Sample ID Sample id

102b -1.262 102b -0.078

102c 1.058 102c 1.432

102d -0.747 102d -0.092

103b 1.124 103b -1.201

103c -0.995 103c -0.154

201 1.574 201 -0.053

202 202 1.110

203b 5.996 203b 17.700

204b 0.059 204b -0.147

301 1.546 301 2.328

302 1.260 302 1.697

303c 303b 3.566

303d 1.453 303c 0.424

303e 1.801 303d 0.853

304b 1.077 303e 14.379

304c 0.328 304b 3.566

304c -0.533

501 -1.054

502 0.600 501 0.343

503b 0.619 502 0.562

503c -1.220 503b 1.065

504b -1.056 503c -0.159

504b 12.085

602 0.507

603b 1.694 602 5.085

603c 3.604 603b 47.047

604b 1.372 603c 6.621

604c 0.276 604b 0.898

605b 2.802 604c -0.086

606_1 2.157 605b 1.065

606_2 606 1.011

701 0.467

702 0.253 701 -0.084

703b 0.204 702 1.249

703b -0.092

801 -0.571

802 -1.043 801 25.201

803b 0.882 801b 1.968

803c -1.123 802 18.165

803d 0.077 803b 1.695

803c 0.124

901b -0.762 803d 0.415

905b -0.228

905c 0.038 901b -0.258

905b 0.477

1101 0.084 905c 1.899

1101b -1.385

1103b -0.326 1101 -0.191

1105b -0.345 1101b -0.186

1102b 0.625

1103b -0.092

1105b -0.289

Nitrate (September) Nitrate (October)
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Watersheds Concentration (mg/L) Watersheds Concentration (mg/L)

Sample ID sample id

102b -0.3358 102b

102c 102c 3.518

102d -0.3034 102d 4.009

103b -0.0434 103b 1.703

103c -0.3358 103c 1.121

201 -0.0141 201 1.514

202 -0.0516 202 2.855

203b -0.0404 203b 3.602

203c -0.0516 203c 0.076

204b 0.5080 204b 1.097

301 -0.0391 301 2.504

302 -0.0025 302 5.273

303c -0.0492 303c 1.664

303d 0.0601 303d -0.201

303e 0.0457 303e 3.402

304b 2.0748 304b 1.852

304c 0.3155 304c 2.935

501 0.1042 501 0.541

502 0.0057 502 2.298

503b 1.9700 503b 2.355

503c 0.0658 503c 1.941

504b 0.1171 504b 1.617

602 -0.0839 602 6.397

603b -0.0251 603b 9.717

603c -0.0839 603c 5.433

604b -0.0428 604b 1.018

604c -0.0516 604c 1.373

605b 0.5877 605b 2.726

606 -0.5147 606 2.265

701 -0.3034 701 3.385

702 -0.2689 702

703b -0.2732 703b 4.227

800 800

801 -0.3358 801 2.729

801b -0.2115 801b 2.465

802 -0.2142 802 2.115

803b -0.3242 803b 3.404

803c -0.3034 803c 2.004

803d -0.2489 803d 3.135

901b -0.3242 901b 3.613

905b -0.3034 905b

905c -0.3034 905c 8.707

1101 -1.6557 1101 2.370

1101b -1.7021 1101b 0.544

1102b -1.6974 1102b 3.198

1103b 0.1908 1103b 2.045

1105b -1.7701 1105b 2.162

Nitrate (November) Nitrate (January)
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Watersheds Concentration (mg/L) Watersheds Concentration (mg/L)

Sample ID Sample ID

102b 10.48 102b 10.07

102c 31.30 102c 34.44

102d 54.77 102d 34.17

103b 7.45 103b 7.24

103c 13.44 103c 12.30

201 22.03 201 16.09

202 39.84 202 36.56

203b 19.72 203b 17.70

204b 12.59 203c

204b 11.00

301 43.55

302 7.02 301 48.73

303b 13.37 302 8.36

303c 303b 3.57

303d 2.38 303c 7.52

303e 16.74 303d 3.03

304b 2.40 303e 14.38

304c 15.46 304b 3.57

304c 17.14

501 7.53

502 33.18 501 1.01

503b 8.68 502 29.57

503c 20.49 503b 9.50

504b 14.88 503c 21.37

504b 16.91

602 27.70

603b 47.44 602 34.25

603c 99.00 603b 47.05

604b 31.10 603c 14.36

604c 38.04 604b 26.21

605b 5.34 604c 40.38

606_1 106.97 605b 5.17

606_2 606 95.25

701 15.14 701 11.81

702 20.50 702 17.29

703b 18.27 703b 13.08

801 15.28 801 25.20

802 11.91 801b 12.03

803b 16.67 802 12.09

803c 32.59 803b 16.53

803d 24.85 803c 37.42

803d 26.83

901b 8.70

905b 9.49 901b 8.66

905c 23.85 905b 9.66

905c 20.61

1101 17.60

1101b 13.92 1101 16.63

1103b 9.46 1101b 15.07

1105b 84.99 1102b 10.95

1103b 10.49

1105b 145.39

Chloride (September) Chloride (October)
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Watersheds Concentration (mg/L) Watersheds Concentration (mg/L)

Sample ID Sample ID

102b 5.68 102b

102c 102c 11.57

102d 13.73 102d 19.96

103b 4.17 103b 4.47

103c 4.40 103c 6.61

201 9.61 201 7.26

202 11.35 202 20.25

203b 5.46 203b 10.94

203c 5.62 203c 2.28

204b 4.89 204b 10.98

301 6.35 301 25.31

302 6.57 302 7.22

303c 2.13 303c 3.77

303d 1.64 303d 1.42

303e 4.13 303e 10.64

304b 6.11 304b 3.35

304c 12.29 304c 12.11

501 4.40 501 3.53

502 5.78 502 22.53

503b 10.56 503b 8.13

503c 5.32 503c 12.35

504b 13.38 504b 7.69

602 23.15 602 15.07

603b 23.80 603b 16.72

603c 17.02 603c 12.04

604b 6.22 604b 15.21

604c 6.04 604c 19.47

605b 4.13 605b 3.39

606 70.00 606 32.25

701 6.74 701 10.96

702 13.55 702

703b 13.38 703b 11.35

801 14.96 801 14.23

801b 4.98 801b 11.78

802 8.17 802 9.52

803b 13.93 803b 13.94

803c 5.18 803c 20.38

803d 6.00 803d 21.74

901b 5.67 901b 8.13

905b 6.04 905b

905c 25.35 905c 20.31

1101 10.60 1101 12.29

1101b 4.64 1101b 7.79

1102b 5.48 1102b 7.60

1103b 7.18 1103b 7.85

1105b 32.11 1105b 28.05

Chloride (November) Chloride (January)
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APPENDIX H. Tabulated Results – Strontium 
 

Strontium (Sept-Jan) 

Month Sample_ID                 Concentration (ppb) 

Sept 204b                      5.64 

Sept 701 144.14 

Sept 604c                      8.59 

Sept 1105b                     8.75 

Sept 103b                      11.20 

Sept 501 5.02 

Sept 304c                      4.23 

Sept 901b                      4.88 

Sept 803c                      7.52 

Sept 102c                      190.79 

Sept 503c                      49.33 

Sept 905b                      162.53 

Sept 801 69.35 

Sept 803b                      38.35 

Sept 802 39.32 

Sept 203b                      64.67 

Sept 503b                      39.86 

Sept 603c                      99.14 

Sept 703b                      79.31 

Sept 202 191.10 

Sept 702 116.96 

Sept 103c                      113.05 

Sept 303d                      32.59 

Sept 102b                      131.59 

Sept 604b                      73.90 

Sept 302 46.22 

Sept 1101b                     53.17 

Sept 201 62.25 

Sept 303e                      45.91 

Sept 304b                      25.83 

Sept 1103b                     55.56 

Sept 803d                      49.65 

Sept 303b                      37.35 

Sept 504b                      44.44 

Sept 1101 51.27 

Sept 502 66.90 

Sept 606_1                     83.94 

Sept 301 57.25 
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Sept 605b                      42.03 

Sept 102d                      1154.34 

Sept 905c                      493.14 

Sept 602 334.06 

Sept 603b                      653.27 

Oct 802 34.35 

Oct 602 265.31 

Oct 103c                      162.71 

Oct 301 66.60 

Oct 703b                      71.22 

Oct 102d                      903.72 

Oct 603b                      584.51 

Oct 303c                      53.94 

Oct 702 112.29 

Oct 803d                      49.88 

Oct 801 63.47 

Oct 803c                      65.62 

Oct 605b                      50.32 

Oct 1103b                     53.16 

Oct 606 87.41 

Oct 304b                      10.20 

Oct 1105b                     97.20 

Oct 302 42.41 

Oct 501 23.28 

Oct 202 219.71 

Oct 1102B                     41.82 

Oct 201 55.26 

Oct 603d                      196.91 

Oct 801b                      38.25 

Oct 303d                      19.31 

Oct 504b                      34.23 

Oct 203b                      45.26 

Oct 502 57.62 

Oct 1101b                     42.35 

Oct 603c                      630.11 

Oct 503c                      46.95 

Oct 803b                      40.65 

Oct 102c                      181.37 

Oct 701 113.84 

Oct 103b                      105.61 

Oct 905c                      538.91 
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Oct 905b                      107.33 

Oct 901b                      48.51 

Oct 303E                      105.61 

Oct 304C                      753.00 

Oct 1101 48.51 

Oct 503B                      92.32 

Oct 204B                      113.85 

Oct 102C                      149.91 

Oct 102b                      112.02 

Oct 604c                      75.35 

Oct 303c 53.94 

Oct 604b                      61.89 

Nov 302 32.46 

Nov 703b                      55.90 

Nov 303e                      34.91 

Nov 504b                      32.08 

Nov 1103b                     34.40 

Nov 802 34.50 

Nov 201 42.49 

Nov 605b                      33.50 

Nov 304c                      30.74 

Nov 1101 40.07 

Nov 503b                      35.22 

Nov 1105b                     38.08 

Nov 304b                      21.06 

Nov 501 29.14 

Nov 503c                      31.09 

Nov 803d                      33.94 

Nov 203b                      40.23 

Nov 803c                      50.44 

Nov 901b                      33.73 

Nov 204b                      31.67 

Nov 303c                      22.75 

Nov 801 47.26 

Nov 1101b                     28.35 

Nov 303d                      21.32 

Nov 803b                      35.88 

Nov 602 284.22 

Nov 603b                      695.99 

Nov 603c                      425.21 

Nov 603d                      170.54 
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Nov 606 72.99 

Nov 102b                      103.89 

Nov 103c                      80.91 

Nov 102d                      420.63 

Nov 803d  40.03 

Nov 701 86.29 

Nov 301 44.20 

Nov 905b                      84.69 

Nov 502 52.86 

Nov 702 77.52 

Nov 801b                      35.92 

Nov 1102b                     35.63 

Nov 203c                      33.37 

Nov 103b                      69.65 

Nov 604b                      50.47 

Nov 604c                      56.60 

Nov 905c                      465.98 

Nov 202 170.54 

10-Jan 303c 24.11 

10-Jan 304c                      26.92 

10-Jan 504b                      25.45 

10-Jan 701 76.17 

10-Jan 203c                      30.12 

10-Jan 901b                      30.52 

10-Jan 503c                      24.91 

10-Jan 803b                      24.61 

10-Jan 802 25.58 

10-Jan 303d                      19.17 

10-Jan 304b                      16.59 

10-Jan 503b                      26.05 

10-Jan 1101b                     26.91 

10-Jan 303e                      33.60 

10-Jan 801b                      25.90 

10-Jan 1102b                     25.77 

10-Jan 803d                      36.07 

10-Jan 203b                      34.24 

10-Jan 502 46.76 

10-Jan 803c                      36.83 

10-Jan 1101 34.83 

10-Jan 201 37.85 

10-Jan 103b                      68.91 
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10-Jan 102c                      155.76 

10-Jan 103c                      70.42 

10-Jan 606_1                     37.04 

10-Jan 602 510.33 

10-Jan 604b                      48.78 

10-Jan 604c                      56.63 

10-Jan 603d                      63.55 

10-Jan 605b                      41.11 

10-Jan 1105b     35.74 

10-Jan 501 26.32 

10-Jan 1103b                     29.89 

10-Jan 301 41.81 

10-Jan 204b                      29.58 

10-Jan 302 36.36 

10-Jan 202 131.23 

10-Jan 703b                      56.07 

10-Jan 801 46.43 

10-Jan 606_2                     42.38 

27-Jan 304c        22.28 

27-Jan 801 42.07 

27-Jan 901b                      25.69 

27-Jan 301 43.85 

27-Jan 302 36.78 

27-Jan 803d                      34.52 

27-Jan 905c                      80.98 

27-Jan 304b                      16.50 

27-Jan 203b                      42.52 

27-Jan 703b                      50.91 

27-Jan 303c                      23.29 

27-Jan 201 37.69 

27-Jan 501 33.48 

27-Jan 803c                      32.37 

27-Jan 802 24.69 

27-Jan 803b                      26.63 

27-Jan 1105b                     35.74 

27-Jan 801b                      28.47 

27-Jan 502 49.22 

27-Jan 606_1                     34.37 

27-Jan 603b                      594.58 

27-Jan 603c                      141.48 

27-Jan 603d                      43.00 
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27-Jan 604b                      53.26 

27-Jan 604c                      53.06 

27-Jan 605b                      42.98 
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APPENDIX I. Sampling site Locations (GPS coordinates and streams). 
 

 
  

HUC Lab ID Stream (Water Source) Town Bridge Latitude (N)
Longitude 

(W)

20501010102 102b Herkimer Creek Richfield State Hwy 28, south of Taylor Road 42.7887 75.0247

20501010102 102c Hyder Creek Richfield State Hwy 28, north of Wing Hill Road 42.8166 75.0197

20501010102 102d Oquiniuos Creek Richfield Elm Street, south of Town 42.8501 74.9908

20501010103 103b Fly Creek Otsego State Hwy 28/80 east of Village 42.7181 74.9818

20501010103 103c Lidell Creek Exeter State Hwy 28 south of Cty Hwy 16 42.7598 75.0278

20501010201 201 Pleasant Brook Roseboom State Hwy 165, North of Pleasant Brook 42.7692 74.7692

20501010202 202 Upper Cherry Valley Creek Roseboom State Hwy 165, East of Town 42.7401 74.7736

20501010203 203b O'Connel Brook Middlefield Moore Road, South off State Hwy 166 42.6908 74.8438

20501010203 203c Shellrock Brook Middlefield Hubble Hollow Road & State Hwy 166 42.7092 74.8189

20501010204 204b Unamed Blue line  Lower CV Middlefield State Hwy 166, north of Cty Hwy 52 42.6815 74.8681

20501010301 301 Upper Schenevus Creek Worcester Cty Hwy 39, South of State Hwy 7 42.5886 74.7499

20501010302 302 Elk Creek Maryland State Hwy 7, east of Valder Road 42.5450 74.8420

20501010303 303c Sparrowhawk Brook Maryland Race Street, south of State Hwy 7 42.5473 74.8251

20501010303 303d Palmer Creek Maryland State Hwy 7, west of Gohan road 42.5652 74.7846

20501010303 303e Decatur Creek Worcester State Hwy 7, east of Cty Hwy 39 42.5914 74.7539

20501010304 304b Potato Creek Maryland State Rt 7, east of Peterson Road 42.5028 74.9271

20501010304 304c Moorehouse Brook Maryland State Rt 7, east of Cty Hwy 42 42.5347 74.8955

20501010501 501 West Branch Otego Creek Laurens Cty Hwy 11, East of Cty Hwy 15 42.5908 75.0651

20501010502 502 Upper Otego Creek Hartwick Cty Hwy 11D, West of State Hwy 205 42.6164 75.0574

20501010503 503b Pool Brook Laurens Cty Hwy 11, South of Pool Brook road 42.5411 75.0809

20501010503 503c Lake Brook Laurens Brook Street, south of Town Hall 42.5333 75.0891

20501010504 504b Wharton creek Laurens Cty Hwy 11 and New Road 42.5112 75.1059

20501010602 602 Shadow Brook Springfield Mill Road, West of Cty Hwy 31 42.7907 74.8589

20501010603 603b Hayden Creek Springfield Cty Hwy 53, East of State 80 42.8213 74.8830

20501010603 603c Cripple Creek Springfield State Hwy 80, across from Bartlet Rd 42.8140 74.9005

20501010603 603d Trout Brook Springfield State Hwy 80, North of Cty Hwy 27 42.8067 74.9029

20501010604 604b Hinman Hollow Brook Milford State Hwy 28, south of Oxbow Road 42.5951 74.0457

20501010604 604c Chase Creek Middlefield State Hwy 28, across from SPCA 42.6579 74.9605

20501010605 605b Spring Brook Milford State Hwy 28, east of Cty Hwy 44 42.5301 74.9789

20501010606 606_1 Oneonta Creek Oneonta Fair Street, under J. Lettis Hwy 42.4557 75.0553

20501010606 606_2 Oneonta Creek Oneonta Fair Street, under J. Lettis Hwy 42.4557 75.0553

20501010701 701 Upper Wharton Creek Burlington Cty Hwy 19, East of State Hwy 51 42.6887 75.2419

20501010702 702 Middle Wharton Creek Edmeston State Hwy 80, South of Burdick Ave 42.7048 75.2447

20501010703 703b Mill Creek Edmeston Cty Hwy 20, across from Bert White Road 42.7047 75.2446

20501010801 801 Upper Butternut Creek New Lisbon Cty Hwy 12, East of State Hwy 51 42.5894 75.1932

20501010801 801b Stony/Mill Creeks New Lisbon Meyers Mill Rd, North of Cty Hwy 12 42.5925 75.1887

20501010802 802 Aldrich Brook Morris State Hwy 51, south Cty Hwy 49 42.5570 75.2285

20501010803 803b Morris Brook Morris St Hwy 51, across from Dimmock Hollow Rd 42.5088 75.2897

20501010803 803c Dunderberg Creek Butternuts Bloom Street, west of Butternut Creek 42.4723 75.3164

20501010803 803d Cahoon Creek Butternuts Bloom Street, east of Butternut Creek 42.4720 75.3145

20501010910 901b Rogers Hollow Brook Unadilla  Cty Hwy 1 & 1B 42.3418 75.3938

20501010905 905b Campbell Brook Plainfield Cty Hwy 18, south of Cty Hwy 21, X Pritchard 42.8239 75.2354

20501010905 905c Upper Unadilla River Plainfield Cty Hwy 18, north of Unadilla Forks 42.8425 75.2429

20501011101 1101 Otsdawa Creek Otego State Hwy 7, East of Cty Hwy 7 42.4000 75.1719

20501011101 1101b Flax Island Creek Otego State Rt 7, west of Flax Island Road 42.3897 75.1853

20501011102 1102b Brier Creek  Otego State Rt 7, west of Cty Hwy 5 42.3738 75.2177

20501011103 1103b Indian/Sand Hill Creeks Unadilla State Hwy 7, east of Cty Hwy 3a 42.3715 75.2638

20501011105 1105b Unamed Blue line Unadilla Watson Street, west of cemetary 42.3240 75.3116
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APPENDIX J. Additional figures  
 

 
 
Figure J1. pH and strontium concentrations are graphed for the subwatershed averages of 
September. There is a weak linear correlation between the values. 

 

 
Figure J2.  EC and strontium concentrations are graphed for the subwatershed averages of 
September. There is a strong linear correlation between the values. 
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Figure J3.  pH and strontium concentrations are graphed for the subwatershed averages of 
October. There is a weak linear correlation between the values.  
 
 
 

 
 
Figure J4.  EC and strontium concentrations are graphed for the subwatershed averages of 
October. There is a moderate linear correlation between the values. 
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Figure J5. pH and strontium concentrations are graphed for the subwatershed averages of 
January. There is a moderate linear correlation between the values. 

 
 
 
 
 

 

 
 
Figure J6. EC and strontium concentrations are graphed for the subwatershed averages of 
January. There is no linear correlation between the values. 
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Abstract 

 

The Marcellus Shale is a Middle Devonian age, black, low density, and organic rich shale 

that lies under most of New York, Pennsylvania, West Virginia and Ohio; it contains about 489 

trillion cubic feet of natural gas that could be extracted by horizontal hydraulic fracturing 

methods. The Otsego County Soil and Water Conservation District started a water quality 

monitoring process to build a baseline of various geochemical parameters that are currently 

found in the surface waters. The goals of this study were to monitor field parameters such as 

temperature, pH, electrical conductivity, turbidity and dissolved oxygen concentrations, and to 

determine the current concentrations of anions, arsenic and base cations in surface waters. The 

data show that the electrical conductivity and pH results are representative values for the geology 

of the area. Concentrations of fluoride, bromide and nitrite anions are below the detection limit 

of the method employed. There are some nitrate and phosphate anions found in the surface 

waters at low concentrations and the chloride and sulfate anions are dominant. Arsenic is not 

found in any of the samples above the 5.00 ppb detection limit of the graphite furnace atomic 

absorption spectroscopy method. The most abundant cation is calcium, but magnesium, sodium 

and potassium are also present in the samples as expected from the bedrock geology. Based on 

the results, the watersheds of Otsego County, NY are clean. However, further work is needed to 

complete baseline assessment of various geochemical parameters.  
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INTRODUCTION  

Baseline water quality monitoring is essential to show changing in water quality as a 

result of natural or anthropogenic processes. The Otsego County Soil and Water Conservation 

District is in the process of baseline monitoring their watersheds because of the interest in natural 

gas extraction from the Marcellus Shale (Figure 1). It is important to understand the different 

natural and anthropogenic variables currently present in the watersheds that can affect water 

quality and how they can interact with one another. The goal of this study was to measure field 

parameters, anion and cation concentrations, specifically arsenic, in the watersheds of Otsego 

County, NY. Surface water was sampled at 47 sites around Otsego County about every three to 

four weeks for five months. Field parameters were measured on-site and the water samples were 

filtered, preserved, and then analyzed for anion and cation concentrations using ion 

chromatography and atomic absorption spectroscopy, respectively. 

Geological Background 

 Most rocks found in Otsego County, NY were formed in the Devonian period (Isachsen 

et al., 2000). The principal layers of bedrock that underlies all of Otsego County are the 

Onondaga and Helderberg group, the Hamilton group, the Genessee group and the Sonyear 

group (Figure 2) according to the Otsego County Planning Board (1970). During the early 

Devonian Period, the Helderberg group formed in the northern part of the county and contains 

limestone, along with shale and sandstone (Figure 3; Isachsen et al., 2000; Titus, 1998).  During 

the middle Devonian Period, the Onondaga group and the Hamilton group formed and Onondaga 

group contains limestone whereas the Hamilton group contains shale and sandstone. During the 

late Devonian Period, the Genessee group and Sonyear group formed in the lower county and 

contain a mixture of shale, sandstone and siltstone (Isachsen et al., 2000). 
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The water systems formed mainly through glacial activities. The large river valleys in 

Otsego County, NY, such as the Unadilla River and the Susquehanna River, were abraded and 

scored out of the bedrock by glaciers. The lakes, such as the Otsego Lake and the Canadarago 

Lake, were gouged out of the bedrock by glaciers (Otsego County Planning Board, 1970).  

Water Chemistry and Land Use 

The type of bedrock, mineral content, glacial activity and chemical weathering rates are 

aspects in determining the natural water composition and water quality of Otsego County, NY. 

Furthermore, the interconnection between watersheds shows the water quality in Otsego County, 

NY affects the water quality of other watersheds. The Susquehanna River loads into the 

Chesapeake Bay and the Upper Susquehanna Subbasin, which accounts for 15 percent of the 

nitrogen, 24 percent of the phosphorus and 14 percent of the sediment load to the Chesapeake 

Bay (Montz, 2008). 

Overall, the Upper Susquehanna Subbasin, which includes the watersheds of Otsego 

County (Figure 4), has a healthy water quality and habitat (Maryland Department of 

Environment, 2003). A water quality study of the Upper Susquehanna Subbasin concluded the 

predominant cations were calcium, magnesium, and sodium; the predominant anions were 

chloride, sulfate, nitrate, and bicarbonate (Hetcher et al., 2004; Balogh-Brunstad, 2009). These 

concentrations of the cations and anions vary by seasons and bedrock composition (natural 

processes) as well as by land use and change of land use in the area (anthropogenic factors; 

Hetcher et al., 2004).  Otsego County conducted a water quality assessment from May to July in 

1968 in which field parameters (temperature, hardness, pH, and dissolved oxygen) and lab 

parameters (chloride and nitrate) were measured.  Temperature ranged from 30 to 75°F (-1 to 24 

oC) on average, pH ranged from 6.5 to 8.0, chlorine concentration ranged from 2.0 to 4.6 mg/L, 
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dissolve oxygen ranged from 9.0 to 14 mg/L, and nitrate ranged from 0.10 to 0.25 mg/L (Otsego 

County Planning Board, 1970). Changes of these concentrations over time are the result of a 

change in natural or anthropogenic processes.  

 Anthropogenic processes that can affect water chemistry include farming practices, urban 

development, and various industries (Figure 5). Upper Susquehanna River Subbasin is mostly 

undeveloped: forest land covers 71%, agricultural land covers 26%, combined water, 

commercial, transportation, and other land use covers 2%, and residential areas cover 1%. Both 

the forested land and the agricultural land are underlain by carbonate bedrock and/or 

noncarbonated shale, siltstone and sandstone (Hetcher et al., 2004). An agriculture practice, such 

as fertilization, contributes to the nitrate, phosphate, and sulfate anion concentrations in water 

quality (Manahan, 2010). All of these factors have an important contribution to the water 

composition.  

The importance of understanding the current water quality based on the current natural 

and anthropogenic processes impacts could help to detect changes that occur when a new natural 

or anthropogenic process impact arises. In this study, the potential impact of hydraulic fracturing 

and the consecutive natural gas production was evaluated on surface water quality.  

Hydraulic fracturing 

The Marcellus Shale is found at the lowest part of the Hamilton group in the southern 

part of the county (Isachsen et al., 2000). It is part of a group of black, organic rich shales. Based 

on these properties, it has a high affinity for natural gas. Natural gas production and use have 

increased popularity because it is a cleaner alternative to coal and oil, and it decreases the 

dependency on foreign energy sources. In addition, the potential use of hydraulic fracturing to 
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obtain the natural gas deep within the shale became economically feasible; therefore, it is utilized 

in several states and is under consideration in many others (Kargbo et al., 2010).   

The United States has abundant natural gas resources within its many shales. Together 

these shales have 1,744 trillion cubic feet (Tcf) of natural gas, which can supply the US for the 

next 90 years. The Marcellus Shale accounts for 489 Tcf of this total. This project focuses on the 

Marcellus Shale, which underlies the states of Pennsylvania, West Virginia, Ohio, Maryland and 

New York to cover an area of 240,000 km2 (Figure 1; Kargbo et al., 2010). 

 Natural gas was formed from degradation of organic materials during the pressure 

compaction of thinly layered shale rock (Kargbo et al., 2010). In this formation the natural gas 

was held in fractures and pore spaces deep within the shale (Stuart, 2012). To extract gas from 

the shale the method used is horizontal hydraulic fracturing (Figure 6).  First, a well is drilled 

vertically into the bedrock until reaching the shale, and then it continues horizontally through the 

shale (Helms, 2008). A cement casing surrounds most of the well within the bedrock to prevent 

contamination of the aquifers within the bedrock, which may be used for drinking water (Kargbo 

et al., 2010). Next, a mixture of water, proppant (usually sand) and fracking fluid (specialized 

chemicals) is injected under pressure (Congressional Digest, 2012). The pressure creates new 

fractures that will increase flow rates of gas and the proppant is used to hold the fractures open. 

Finally, the pressure is released and the proppant stays while the water (flowback fluid) returns 

back to the well (Stuart, 2012). Industrial estimates the volume of flowback fluid can range from 

more than 70 percent or less than 30 percent of the original fracture fluid volume (Congressional 

Digest, 2012). Usually the natural gas wells produce for a few decades and the remaining 

fracking fluid returns over time mixed with the gas (production water). 
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Although there are potential benefits to hydrofracking, there are also challenges. Due to 

the depth of the pipeline, there are higher temperatures that can cause the cement casing to 

become faulty (Kargbo et al., 2010). This can result in leaks or spills into ground waters, 

causing contamination (Olenych et al., 2011). In addition, fracking fluid reacts with bedrock, for 

example weathers minerals, to release chemicals that can cause contamination, in particular, 

arsenic (Olenych et al., 2011). The exact makeup of the fracking fluid is legally unknown and 

varies by regions, but potential additives include friction reducer, biocide, scale inhibitor, 

potassium chloride (KCl) substitute, surfactant, hydrochloric acid, acid inhibitor, iron control 

agent, gel, cross linker and breaker (McCurdy, 2011). The disposal of the flowback fluid through 

wastewater treatment plants is problematic due to the contaminants and very high total dissolved 

solid (TDS) content. Thus, many open ponds are used to hold flowback fluid until the water 

evaporates and the dry waste is disposed (Kargbo et al., 2010). This has potentials to 

contaminate surface water when fluids are mishandled, or when excesses precipitation causes 

flooding events. As well as, when production is completed the well is sealed to prevent any 

methane gas still left in the shale to release into the atmosphere and water. Ultimately, there is a 

lack of direct regulatory authority within cities and towns; it is the decision of the state. This is a 

great concern to the cities and towns where the water can become contaminated (Rush, 2010). 

Environmental activists and many citizens oppose to the application of hydraulic 

fracturing for natural gas production in NY State. One of the main concerns is the potential effect 

hydraulic fracturing and the following gas production processes have on surface and ground 

water quality. In order to understand potential effects of new industrial activities, the surface 

geology and current industrial and/or agricultural effects must be taken into account. To do this, 
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a current watershed scale baseline that consists of various compound concentrations must be 

constructed (Congressional Digest, 2012). 

Arsenic 

Arsenic occurs naturally in the environment. High concentrations can be found within 

bedrock such as shale (Nriagu, 1994a). Arsenic bearing minerals dissolved over time in certain 

rocks that has allowed it to enter into ground and surface waters (Glass et al., 2002). Also, 

arsenic can enter the environment from the anthropogenic processes such as agriculture, wood 

preservatives and the electronic industry.  

 In the soil, arsenic is widely distributed in combined states with other elements that include 

sulfides, oxides, arsenites, and arsenates. The adsorption characteristics of arsenic allow that it 

exchanges with Ca2+ and Mg 2+ on soil cation exchange sites. Both Ca2+ and Mg 2+ are found in 

the bedrock and soils of Otsego County, NY, which indicates that when arsenic enters the soils 

of Otsego County it most likely exchanges with these base cations and remain adsorbed to soil 

particles that potentially lengthen the residence time of the toxic substance, arsenic (Nriagu, 

1994a). 

 In water, arsenic occurs in both liquid and gaseous state and in organic and inorganic forms. 

Arsenic in surface waters is primarily inorganic ion, arsenate, as well as arsenites and methyl 

arsenicals. The speciation and solubility of arsenic in the water is based on redox potential and 

the pH. Other parameters that can affect the state of arsenic in the water are organic content, total 

suspended solids, temperature, and dissolved oxygen (Nriagu, 1994a).  

 In addition to naturally found arsenic, human impact can also increase arsenic content. Two 

substantial industries that potentially contribute to arsenic pollution of water bodies are farming 

and natural gas production. In farming, arsenic is found in pesticides, insecticides, preservatives, 
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and feeding additives mostly for chicken. These additives contaminate the soil as monosodium 

methylarsonaate (MSMA), disodium methylarsonaate (DSMA) and arsenic acid (Nriagu, 1994a). 

In natural gas production, the flowback fluid and production water could contain arsenic that is 

weathered out of the Marcellus Shale (Olenych et al., 2011). The increasing concentration of 

arsenic in watersheds is a concern of many people opposing to fracking because of its potential 

health effects even at low concentrations (10 to 50 ppb; Hopenhayn, 2006). Arsenic is a 

teratogen and carcinogen, thus toxic to mammals, including humans, and freshwater organisms. 

At high dosages, arsenic can cause poor growth, malformations, fetal death, and reduce survival 

(Nriagu, 1994b). At low concentrations arsenic can cause skin lesions, various cancer 

development, peripheral vascular disease, diabetes and influence reproductive health as it has 

been seen in Bangladesh, Bengal and Argentina where the groundwater is contaminated with 

arsenic (Hopenhayn, 2006; Morin et al., 2006). As a result, the Maximum Contaminant Levels 

(MCLs) for arsenic in drinking waters of the USA is 10 ug/L (or ppb) since 2001 (EPA). 

 

METHODS AND MATERIALS 

Field methods 

Water Sample Collection. Water samples were collected at 47 sites, in Otsego County, 

NY, in subwatersheds of the Upper Susquehanna River Watershed.  Sampling occurred about 

every 3 to 4 weeks from September 2012 to May 2013, but this thesis only analyzed data for five 

months. The sites selected were on low-order streams that were easily accessible from or next to 

a bridge (Crosier, 2012). Collection occurred from the upstream side of a bridge to avoid the 

effect of bridge runoff. Appendix A gives a detailed description of all the sites; including their 
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12-digit Hydrologic Unit Code (HUC) defined by the New York State Department Conservation 

(Crosier, 2012; NYS DEC) and Figure 7 shows a map of all sampling sites.  

Water sampling and sample processing required the usage of 1-liter, 250 mL, and 125 mL 

Nalgene® bottles. To allow trace element analysis and minimize contamination, these bottles 

were acid washed before each use. Generally accepted methods were followed to acid wash the 

bottles (USGS, 2008).  All equipment and back up equipment were packed and brought to the 

field sites. Also, due to the large amount of sampling sites a route was planned ahead of time to 

ensure efficiency.  A checklist of all the materials needed for the sampling routine was double 

checked at each sampling date (Appendix B).   

At each site, location GPS coordinates were recorded and photographs were taken to 

document the site. Photographing of the site locations was repeated in every season to record 

visual changes of the streams. Then, water samples were collected using a “homemade” 

sampling apparatus that reached the stream water from a bridge. The sampling apparatus entailed 

a long rope attached to a 1-liter Nalgene® bottle with duct tape. The apparatus was rinsed with 

water from the site, and then a 1-liter Nalgene® collection bottle, with the site identification, was 

also rinsed with the stream water before it was filled (USGS, 2008). At the end of the day the 

samples were refrigerated at 4o C until further processing (Rice, 2012).  

 Field Parameters. Each day before sampling the YSI 556 professional multi-meter 

instrument was calibrated following the instrument specifications. A 495 ppm NaCl standard 

solution was prepared from high purity NaCl salt and used for calibration of the electrical 

conductivity probe. The pH probe was calibrated using three pH standards (4, 7 and 10) and the 

dissolved oxygen was calibrated with type-1 deionized water in % mode (YSI Incorporated, YSI 
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556 MPS, 2004). The calibration solutions were also carried along the sampling days to allow 

recalibration of the field instrumentation when necessary (Appendix C).    

Field parameters were measured at each site directly lowering the YSI 556 professional 

multi-meter into the stream and pH, temperature (T), electrical conductivity (EC), and dissolved 

oxygen (DO) concentrations were recorded after the probe equilibrated with the stream water 

and the numbers stabilized. The measurements were saved into the multi-meter’s memory as 

well as written in a Rite in the Rain® notebook.  

Field Quality Control. Each sampling day a replicate sample from one site was collected 

to determine variation within the site. In addition, one sample was collected from a selected site 

each day, specifically site 606, as the “day” control. This sample was used to determine the 

environmental variations that occurred on a daily basis (Rice, 2012; USGS 2008). 

Another quality control for the field was a field blank, a 1-liter Nalgene® bottle filled 

with type-1 deionized water, which was carried throughout the day. Thus it was exposed to the 

same environmental factors as all the sample bottles taken out that day as well as the 

hydrochloric acid wash. This field blank was processed as a sample and compared to the stream 

samples to make the necessary adjustments for the environmental and bottle effects (Rice, 2012; 

USGS 2008).  

Laboratory Methods 

Turbidity measurements. Turbidity is a field parameter and it is used for estimation of 

total suspended solid (TSS) concentrations of water samples. Due to time constraints we elected 

to measure turbidity in the lab within 48 hours of sample collection. Turbidity of each sample 

was measured with a portable HACH turbidimeter (2100Q) after vigorous shaking of the water 

sample. The turbidimeter was calibrated at the beginning of each day using Nephelometric 
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Turbidity Unit (NTU) standards (10, 20, 100, 800 NTU) and following the specific instructions 

of the instrument (Appendix C). Every sample was measured 3 to 5 times and turbidity was 

recorded in NTU (O’Dell, 1993). 

Sample Storage and Preservation.  After turbidity was measured the samples were 

filtered using a 0.45 μm pore size Millipore® Nylon filter membrane within a week of sampling. 

The filtrate was divided into two aliquots for cation and anion analytical work. For anion 

analysis, ¾ of a 22 mL scintillation vial was filled, and then stored in the freezer until further 

processing. For cation analysis, a 125 mL or 250 mL acid washed Nalgene® bottle was filled, 

acidified below pH of 2 using 0.5 mL of nitric acid per 100 mL of sample in order to keep metals 

in solution and stored at room temperature until further processing. All storage bottles were 

labeled with the site identification number, date of sampling, initials of the handlers, the 

processes that were applied and the type of the sample (i.e. anion or cation; USGS, 2008) 

Analytical Work - Instruments 

The samples were analyzed with ion chromatography (IC) for anions and atomic 

absorption spectroscopy (AAS) or graphite furnace atomic absorption spectroscopy (GFAAS) for 

cations, specifically arsenic. The concentrations are crosschecked with the MCLs set by the 

Environmental Protection Agency to determine if the site water is deemed safe, i.e. clean (EPA). 

Ion Chromatography (IC). A Dionex-120 IC with a single-column and SRS suppressor 

was used for anion analysis. The computer software, Chromeleon, acquired and processed the 

data, specifically peak heights of the anions present as a function of residence time. The eluent 

fluid (DIONEX AS22 stock diluted 100 times) enters the system through a high-pressure pump. 

About 1 mL sample is injected, where it flows through the guard column, and into the ion-

exchange column. In the ion-exchange column separation of anions occurs based on their 
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exchange properties. Next, the eluent and analytes are delivered to the conductivity cell and ions 

released with specific retention times, which are then recorded. In order to increase response the 

suppressor increases the conductivity of the analytes and reduces the conductivity of the eluent 

(Rice, 2012). Specific operational instructions of the instrument are in Appendix C. 

Before each run of the IC, a sequence was made based on how many samples were run. 

The standard sequence started by running five standards with known concentrations of anions 

(Dionex seven anion standard; Appendix C, Table C1) to determine the calibration curve for the 

run using retention times and peak heights. Then, five samples were run, a replicate sample of 

one of the five samples analyzed, a selected internal standard, specifically 5 ppm nitrate, and a 

laboratory blank.  

 Laboratory Quality Control. The replicate sample was a laboratory duplicate; the same 

sample was analyzed separately using an identical procedure. This was used to determine 

precision of the IC procedure (reproducibility of the results). A laboratory blank, type-1 

deionized water (DIW) was analyzed after every 14 samples in the sequence. The laboratory 

blank helped to determine the cleanness of the instrument components, and evaluated potential 

cross-contamination between samples, in addition to helping with the determination of the lowest 

detection limit (USGS, 2008).  

Atomic Absorption. Both the AAS and GFAAS instruments detect the presence of cations 

in liquid samples. A hollow-cathode lamp of arsenic generates a characteristic wavelength (193.7 

nm) of light, which passes through the flame/furnace and the atomized samples within.  If there 

is arsenic present, it will absorb the characteristic wavelength light, and reduce the light’s 

intensity. The change in intensity is measured by a detector on the instrument and converted into 

absorbance through the AAWinLab computer program. The peak area is recorded for each 



12 

sample run. Based on Beer’s Law, peak area is directly proportional to the concentration of 

arsenic in the samples (Harris, 2007).  Calibration curves were constructed to determine the 

arsenic concentrations of the unknown (stream) samples from the concentrations of a set of 

standards within the linear range of the employed method and their absorbance. Then the 

equation of the calibration curve was used to estimate the concentration of the metal present in 

each sample (USGS, 2008).  

At the wavelength at which arsenic is analyzed, the light easily scattered which caused 

difficulties with achieving a good signal. A matrix modifier was added to all standards, blanks 

and samples to minimize interference effects and scattering of the light by selective volatilization 

of the sample or matrix components (Creed et al., 1994). For arsenic 1000 ppm (0.1%) nickel 

nitrate was added as a matrix modifier that greatly improved the readings. 

AAS. The AAS (PerkinElmer AAnalyst 300) uses either nitrous-oxide/air or acetylene/air 

flame to vaporize (atomize) the samples that are aspired through the nebulizer directly into the 

flame. Step-by-step instructions of running the AAS are found in Appendix C. The advantages of 

AAS are that it can detect moderate to high concentrations of cations and has a fast analysis time. 

The disadvantages of the AAS are that it cannot detect low concentrations at ppb levels and all 

refractory elements per determination.  

The cations that were measured on the AAS instrument were arsenic, calcium, 

magnesium, potassium, and sodium. The rage of detection in acetylene/air flame mode was 

between 5.0-45 ppm, 0.1-8.0 ppm, 0.05-0.60 ppm, 0.30-5.0 ppm, and 0.10-2.0 ppm, respectively, 

with our instrument (Rice, 2012). The standard sequence started by running 6 to 8 standards with 

known concentrations of a cation (standard and stock solutions and the dilutions; Appendix C, 

Table C2) to determine the calibration curve for the run using peak areas. Then, ten samples 
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were run, a replicate sample of one of the ten, a selected standard and a laboratory blank. Each 

sample was analyzed three times and the AAWinlab software gave the peak area that was 

recorded and saved for data analysis. An average value, standard deviation and %RSD were also 

calculated by the software. Some samples were too concentrated for the possible linear range of 

the analyzed elements and required dilution.  Depending on the sample a 1 to 10, 1 to 20 or 1 to 

50 dilution was necessary.  

Arsenic. A sample from each subwatershed in September was tested on the AAS flame 

mode. There was no arsenic found in any of the samples above 5.00 ppm, thus the GFAAS was 

employed (see in the section below). Other cations. Additional research was conducted to gain a 

baseline of selected cations (Na, K, Ca, and Mg) in specific subwatersheds with known 

anthropogenic practices. These subwatersheds were the 800 (influenced by agriculture) and the 

100 (influenced by tourism) and site 606 (city) was also analyzed. First, the samples were tested 

on the AAS and they required dilutions to fit into the linear range of detection for the base 

cations.  All four cations were detected and their concentrations were within the selected AAS 

methods, thus further testing was not required.  

GFAAS. The GFAAS (Perkin Elmer HGA-850) can detect up to 1000 times lower metal 

concentration than the flame mode, thus it has a much larger sensitivity at low concentrations. 

However, it detects less refractory elements per determination and has a slower analysis time 

than the AAS. Step-by-step instruction of running the GFAAS is found in Appendix C. The rage 

of detection was between 5.00 and 125 ppb of the arsenic with our instrument (Rice, 2012). For 

arsenic, samples from selected sites were tested using a Perkin Elmer AS-800 autosampler to 

provide 20 L of sample for each analysis consistently. A recommended heating sequence was 
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used (Appendix C, Table C3) to determine the presence of arsenic in the water samples. The 

sample sequence that was used was the same as in the AAS run.  

Laboratory Quality Control. The obtained concentrations were corrected for instrument 

drift using a selected standard that was run after every 10 samples if the difference exceeded 

10%. A replicate sample was used for determining reproducibility. A laboratory blank (type-1 

DIW without matrix modifier) was used for correction of concentrations in case the samples 

carried residual contaminants from the instruments themselves (tubing or the furnace) and the 

chemical modifiers such as acids and matrix modifiers (Rice, 2012).  

Data Analysis and Processing 

Data Analysis and Interpretation. The sites were categorized based on location in the 

subwatersheds to allow evaluation of land use and spatial difference among subwatersheds.  

Additionally, seasonal variations were also evaluated, because samples were collected over five 

months. This allowed monitoring the effects of temperature and base water level changes on 

chemical processes (reactions).  

Field Data Processing. The data recorded by the YSI 556 professional multi-meter was 

downloaded into Excel spreadsheets. The results were sorted by subwatersheds and collection 

time, corrections were applied where needed, and averages and standard deviations were 

calculated.  The EC (mS/cm) values were converted to TDS (mg/L) by multiplying the results by 

650 conversion factor of the YSI 556 instrument (YSI Incorporated, YSI 556 MPS, 2004). 

Turbidity values were determined from the average of 3 to 5 measurements and standard 

deviation was also calculated for these values.  A range of TSS values were estimated from of 

the averaged turbidity results for each site, because there is no direct conversion method between 
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turbidity and TSS. The most probable range of TSS is between 1 to 1.5X of the turbidity value 

(Rice, 2012).  

IC Data Processing. Chromatograms were recorded for each standard that included the 

peak heights and retention times of the seven analyzed anions. Based on the standards’ retention 

times, peaks were identified on the chromatograms of the samples. Then, sample anion 

concentrations were calculated through their recorded peak heights from calibration curves of 

known standard concentrations versus peak heights. Using the linear line equation (slope and 

intercept) of the calibration curves concentration of anions was estimated inputting the peak 

heights found on the chromatograms of the samples. The concentration results were corrected by 

subtracting the laboratory blank values from all values, and then the water sample results were 

also corrected for the field blank if it was necessary. Also, the necessity of correction for 

instrumental drift was determined from the internal standard results. Finally, the data of each 

sample site within each subwatershed were averaged along with the standard deviation. Here, the 

standard deviation represented the variation within the subwatersheds. 

AAS Data Processing. All standards, samples and blanks of the arsenic sequence 

contained matrix modifiers to suppress scattering and interference, i.e. enhance detection. 

Calibration curves were calculated similarly to IC results by plotting the known concentrations 

of arsenic versus peak area. Then, again using the line equation of the linear calibration curve 

concentration of arsenic was estimated from the peak area recorded for each water sample. Other 

cations analyzed followed the same procedure as arsenic, however matrix modifiers were not 

added.  

The concentration results were also corrected by subtracting the laboratory blank 

concentrations, with matrix modifier, from all ran samples, and then the water samples were also 
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corrected for the field blank if it was necessary. Again, the necessity of correction for 

instrumental drift was determined from the internal standard results. Percent of relative standard 

deviation (%RSD) was calculated from the three replicates of each sample run in addition to 

subwatershed averages and standard deviation.  The %RSD showed the variation within the 

sample, i.e. precision of the sample run and the standard deviation calculated for the 

subwatersheds showed the variation of cation concentrations within the subwatersheds.  

Safety 

Field. Safety protocols of the Department of Geology and Environmental Sciences of 

Hartwick College were followed (Appendix D). Briefly, two people were required to work 

together to collect samples at all times on predetermined and approved days. It was important to 

wear visible (orange vest) and weather appropriate clothing to reduce the possibility of injury. 

When the weather turned to unsafe and/or the site deemed unsafe water collection not conducted. 

At the site, the car needed to be parked off the road to minimize the disturbance of the traffic. In 

addition, measures were taken to minimize the environmental impact by always collecting any 

trash and all equipment. If there was a need to enter private property a permit was obtained 

(Fickbohm personal communication). In case of emergency, standard protocols were followed 

and advisor was also notified (Appendix D). 

Laboratory.  Hartwick College Department of Chemistry’s safety rules were followed 

while working in the laboratory (see details in Appendix D). The main points are that laboratory 

work required working in pairs as well as having a chemistry professor present when working, 

and were not allowed to do unauthorized work at any time. This project worked with hazardous 

chemicals (Appendix E) and therefore it was important to wear goggles, gloves, appropriate 

clothing and work under a hood when using volatile chemicals. The Material Safety Data Sheets 
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(MSDS) of each chemical were provided in a binder and were also available electronically. 

These sheets were reviewed prior to the first use of a chemical, and then they were kept in the 

laboratory where the chemicals were used.  

 

RESULTS 

 The analysis of the collected measurements shows that overall, the watersheds of Otsego 

County, NY are clean and all investigated parameters fall below the MCLs set by the EPA. All 

field parameters range within values typical of freshwater systems. The anion concentrations 

suggest the presence of both natural and anthropogenic processes. Most importantly, arsenic 

concentrations are found to be below 5.00 ppb, the detection limit of our analytical method.   

Field Parameters 

The collected field measurements include temperature (T), electrical conductivity (EC), 

dissolved oxygen (DO), pH, and turbidity. To determine the variation of these measurements, 

each site measurement is plotted against time and each subwatershed average is investigated over 

time. This analysis shows the change over time per site, and over time per subwatershed.  

Temperature. The values range from 0.01 to 18°C (Appendix F). Overall temperature 

decreases from September to January by site (Figure 8), as expected. However, subwatersheds 

100, 500, 600, and 700 show temperatures in November to be slightly higher than October 

(Figure 9). 

TDS. Measured concentrations range from 30.6 to 224 mg/L (Appendix F).  The overall 

trend shows a decrease from September to January by site (Figure 10). By subwatersheds there is 

the same trend, where the months of September and October are similar to one another and the 
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months of November and January are similar to one another. However, subwatersheds 200, 600, 

900, and 1100 have higher concentrations in October than September (Figure 11). 

DO. The concentrations range from 7.77 to 14.90 mg/L (Appendix F). The overall trend 

shows DO increases from September to January (Figure 12) as the temperature decreases. 

However, the majority of subwatersheds result in higher concentrations in September than 

October (Figure 13). 

pH. The values range from about pH of 7.5 to 8.5 (Appendix F). There is not a significant 

overall trend over time with pH by site (Figure 14). However, the subwatersheds data shows pH 

values decrease from September to October, then increase in November, then decrease in 

January (Figure 15).  

Turbidity. The values range from 0.00 to 4.00 NTU without exhibiting much seasonal or 

spatial variation and there are no trends seen over time by site or subwatershed (Figure 16; 

Figure 17; Appendix F).  

Anions 

The IC detected the presence of chloride, nitrate, phosphate, and sulfate, while fluoride, 

bromide, and nitrite are below detection limit of our IC methods.  The detected range for each of 

the anions at an R-squared value of 95% or higher is as follows: below the detection limit of the 

method up to 2.0 ppm for fluoride, 3.0 ppm for chloride, 10. ppm for nitrite, 10. ppm for 

bromide, 10. ppm for nitrate, 15 ppm for phosphate, and 15 ppm for sulfate.  

Chloride. The chloride concentrations are above the linear detection range of the IC 

method at concentrations ranging from 1.0 to 55 ppm (Appendix G). Thus the data must be 

interpreted with caution and used as qualitative instead of quantitative. The overall trend shows a 

decrease in chloride concentration from September to January. Subwatersheds 600 and 1100 
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show a significantly higher concentrations for September and October than the other 

subwatersheds (Figure 18). 

Nitrate. The majority of samples have nitrate concentrations between concentrations 

ranging from below the detection limit to 9.7 ppm (Appendix G). There is no trend over time by 

site or subwatershed. Subwatersheds 600 and 800 show a significantly higher concentrations for 

the months of October and subwatershed 900 shows a significantly higher concentrations for the 

month of January, compared to the other subwatersheds (Figure 19). 

Phosphate. Similar to nitrate, the majority of samples have phosphate concentrations 

between concentrations ranging from below the detection limit to 2.5 ppm (Appendix G). There 

is no trend over time by subwatershed. Yet, a higher concentration of phosphate is found in 

January compared to the other months for all subwatersheds except 100 (Figure 20). 

Sulfate. The concentrations range from below the detection limit to 15 ppm (Appendix 

G). There is no trend over time in sulfate concentration within the watershed. Seasonal and 

spatial variation is relatively low among the samples in most subwatersheds where the 

concentrations are within 5.0 ppm of each other during the sampling period. However, in 

subwatersheds 100 and 900, there are large changes in sulfate concentrations over time (Figure 

21).  

Cations  

There is no detection of arsenic in any of the samples, thus other cations (Na+, K+, Ca2+, 

and Mg2+) were tested in the subwatersheds 100 and 800 and the site 606. Each cation was tested 

on the AAS flame mode at an R-squared value of 99% and the linear range of detection is as 

follows: 3.00-45.0 ppm and 5.00-125 ppb of arsenic, 0.10-2.0 ppm of sodium, 0.30-5.0 ppm of 
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potassium, 0.01-8.0 ppm of calcium, and 0.05-0.60 ppm of magnesium. To analyze the variation 

of these measurements, the concentrations of the sites were plotted versus times. 

Arsenic. A sample from each subwatershed was tested on the AAS flame mode. There is 

no arsenic found in any of the samples above 3.00 ppm (detection limit of the flame mode), as a 

result the GFAAS was utilized. According to Martin et al. (2008), field injections of nitrates 

could rapidly mobilize arsenic; therefore a subset of sites with higher nitrate concentrations was 

used to identify possible sites containing arsenic. A subset of samples from each subwatershed 

was run on the GFAAS within the linear range of detection between 5.00 and 125 ppb. Yet 

again, there is no arsenic found in any of the samples above the lowest detection limit of 5.00 

ppb.  Although not every sample was tested for arsenic, based on the results of the randomly 

selected samples it is safe to conclude that there is no arsenic present in the surface waters of 

Otsego County, NY. 

 Sodium. The concentrations range from 0.22 to 1.8 ppm (Appendix H). The data show an 

overall decrease in concentrations over time. In subwatershed 100 the concentrations are higher 

in September than October, which does not follow the trend (Figure 22).  

Potassium. The concentrations range from 0.52 to 2.3 ppm (Appendix H). The overall 

trend shows a decrease in concentrations over time. The data show similar concentrations 

between subwatershed 800 and site 606(Figure 23). Subwatershed 100 differs because it has 

much higher concentrations in September and October than subwatershed 800 and site 606. Also, 

subwatershed 100 has higher concentrations in October than in September, which does not 

follow the overall trend. 

Calcium. The concentrations range from 0.52 to 8.2 ppm (Appendix H). The overall trend 

shows a decrease in concentrations over time (Figure 24).  The data shows similar concentrations 
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between subwatershed 800 and site 606. However, subwatershed 100 has higher concentrations 

than subwatershed 800 and site 606. 

Magnesium. The concentrations range from 0.13 to 0.49 ppm (Appendix H). The overall 

trend shows a decrease in concentrations over time. Subwatershed 800 has the highest 

concentration compared to subwatershed 100 and site 606 and site 606 has the lowest 

concentration (Figure 25). In site 606 there is a large decrease over time and there is higher 

concentrations compared to the subwatersheds in September and October. In subwatershed 100 

the trend over time is not as uniform as the other subwatershed and site. In subwatershed 100 

October is higher than September and January is higher than November, yet there is a decrease 

from September to January (Figure 25).  

 

DISCUSSION 

 The field and laboratory measurements could be used to determine how natural and 

anthropogenic processes affect water chemistry in Otsego County, NY. As well as could be used 

for precautionary measure (background/baseline level) for additional new industrial practices, 

such as methane production via utilizing hydraulic fracturing processes that may enter the county 

in the future.  

Field parameters 

 The results show that mainly the limestone and shale bedrock influences the field 

parameters. Specifically, the 100, 200, 600, 700, and 900 subwatersheds contain some limestone 

and have a higher conductivity, pH and EC (or TDS) than the 300, 500, 800 and 1100 

subwatersheds that contain mostly shale.  



22 

 Temperature. The change in temperature results in changes in the rate of chemical reactions 

(kinetics) that occur in the watershed. The measured field parameters are temperature dependent, 

thus it was important to calibrate the probe at the temperature of the environment on the field to 

improve the accuracy of the measurements (YSI Incorporated, YSI 556 MPS, 2004). Our results 

find that temperature changes with the seasons, i.e. decreasing from fall to winter (Figure 8).  

 TDS. This parameter is an indicator of the amount of dissolved ionic species in the 

water bodies. It was expected to see a trend of decreasing concentrations of TDS from 

September to January, because of decreased runoff due to snow cover and decreased dissolution 

rates caused by the colder temperatures during the winter months. Our study fit the fall to winter 

decreasing trend with the concentrations ranging from 30.6 to 224 mg/L (Figure 10). Also, 102b, 

102d, 602 and 603c sites have concentrations above the range, which indicates higher dissolved 

ion species. A similar study resulted in a range from 47.4 to 220. mg/L from the months of 

August 2010 to April 2012 (Crosier, 2012) that are much higher concentrations than our study.  

The discrepancy between the two studies can indicate interannual variations based on climatic 

variations between the years, which suggest that long-term monitoring would provide additional 

information to better understand watershed processes.   

DO. The measurement of oxygen in water systems can help to determine the ability of the 

survival of aquatic organisms in the watershed. It is also an indicator of organic pollution, i.e. an 

input of oxygen demanding compounds in the waterways (Manahan, 2010). The concentration of 

dissolved gases is inversely proportional to temperature, thus as temperature decreases the 

concentration of dissolved gases increases (Manahan, 2010). We expected and found 

increasing DO concentrations from September to January ranging from 7.77 to 14.90 mg/L 

(Figure 12). Although the trend is as expected, there were some difficulties with calibration of 
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the field instrument for DO when the temperatures reached zero degrees Celsius; the exchange 

membrane malfunctioned and lead to higher than anticipated concentrations (Figure 12). Even 

though the data is somewhat skewed other studies found results in similar ranges, 6-12 mg/L 

(Balogh-Brunstad, 2009), 5-13 mg/L (Otsego County Planning Board, 1970), and 4-14 mg/L 

(Susquehanna River Basin Commission and Watershed Assessment et al., 2003). 

 pH. The pH values ranging from 7.5 to 8.5 reflect a freshwater system that contains 

carbonate bedrock in the watershed, i.e. slightly basic composition (Figure 14).  Also, 102b, 

102d, 602 and 603c sites, located in the northern part of Otsego County, NY, have values 

ranging from 8.0 to 8.7, which indicate higher concentrations of limestone weathering, as 

expected. The Otsego County comprehensive intermunicipal water supply study showed pH 

values ranging from 6 to 8 between April and July in 1968 (Otsego County Planning Board, 

1970). Although this study was conducted 45 years ago the results are similar to the results of 

our measurements. Also, the latest study conducted by Croiser (2012) found pH values between 

7.56 and 8.74 in the watersheds of Otsego County. These are all consistent with findings of two 

studies conducted through the last decade in the Upper Susquehanna River Basin that found pH 

values between 7.5 and 8.5 (Balogh-Brunstad, 2009; Hetcher et al., 2004). Overall, no significant 

changes in pH are detected over time within the Upper Susquehanna River Basin, which indicate 

large buffering capacity of the watersheds caused by the presence of excess carbonate source 

(Eby, 2004).  

 Turbidity. It is a quick and low cost estimation of TSS that is an environmental health 

indicator (Manahan, 2010). Environmental processes, such as phytoplankton growth and surface 

runoff can lead to increase in TSS and anthropogenic process can amplify these effects through 

increasing runoff and nutrient content causing eutrophication especially in lakes (Manahan, 
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2010).  In this study, storm effect was avoided as much as possible, thus increased runoff and 

TSS was not found in the samples collected at baseflow situations when hydrograph was its 

lowest points. The consequence of our sampling plans result in consistently low turbidity 

measurements that fall between 0.00-4.00 NTU (Figure 16). These results are comparable to the 

Susquehanna River Basin results ranging from 0 to 9 NTU (Hetcher et al., 2004). The only 

outstanding number of 17.22 NTU was due to sampling after a light snow shower overnight 

between the two sampling days and subsequent melting in the 1100 watershed that caused an 

increase in runoff, transporting high amount of sediment to the streams.  Also, Balogh-Brunstad 

(2009) found a wide range of values for turbidity, because the sampling sequence did not avoid 

storm events, thus included high sediment load events. This underlines the urgency of studying 

of storm events to be able to estimate the actual contribution of the Upper Susquehanna River 

Basin to the sediment load to the Chesapeake Bay estuary. 

Anions  

 The major anions found were chloride and sulfate which was expected, as they are part of 

the bedrock. Also, the nutrient anions, such as nitrate and sulfate, concentrations are low, thus 

they are of no concern for the process of eutrophication (Manahan, 2010). For analytical work, 

only one set of standards was made for the three weeks of the analytical period that could have 

evaporated a little altering the calibration curves since the Nalgene® bottles do not seal perfectly. 

To ensure higher accuracy of results standards should be made frequently and stored in the fridge 

or freezer between analytical runs.  

 Chloride. The chloride sources are due to natural processes occurring in the shale, siltstone, 

and sandstone bedrock and an unknown anthropogenic process (Lovett, 2005). The 

concentrations of chloride were elevated during September and October, and then the 
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concentrations decreased through November to January (Figure 18). Subwatersheds 600 and 

1100 have the highest concentrations in the fall, and the 600 subwatershed still has higher 

concentrations during November and January than any other subwatersheds.  The acquired data 

fall outside of the linear range of the calibration curve used for the IC method, thus these 

concentrations should be treated as qualitative estimates. Regardless, these results are consistent 

with the chloride concentrations (3.3-48.1 mg/L) found in January 2001 in the Upper 

Susquehanna River Basin (Hetcher et al., 2004). In addition, since the laboratory and field blanks 

do not have significant amount of chloride in them, we are certain that the chloride did not come 

from the hydrochloric acid wash of the bottles.  

 Nitrate. It is expected to find nitrate present in agricultural areas due to usage of natural or 

synthetic fertilizers, as plant nutrients, and animal waste. However, high nitrate ion 

concentrations have negative effects because they do not bond strongly to the soil and thus 

readily can be carried by runoff to enter surface and ground waters (Manahan, 2010). This could 

be seen in the nitrate concentration increase of subwatersheds 600 and 800 for the months of 

October. However, the higher concentrations from subwatershed 900 for the month of January 

cannot be explained by runoff input (Figure 19). Also, nitrates can be from leaching septic tanks 

and natural erosion, all of which can enter the water system through runoff. Similar results are 

seen in the Upper Susquehanna Subbasin study, 0.53-2.79 mg/L, yet, at a lower overall range 

(Susquehanna River Basin Commission and Watershed Assessment et al., 2003).   

 Phosphate. In agricultural areas it is expected to find phosphate present due to fertilizers, as 

well as in cities due to detergent use. In alkaline soils, orthophosphate, from fertilizers, may react 

with calcium carbonates to form insoluble hydroxyapatite, which can be carried to the surface 

waters via runoff. This can occur in Otsego County, NY because the pH is slightly basic and the 
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bedrock has calcium carbonate (Manahan, 2010). Higher concentrations from October of the 

subwatersheds (200, 300, 500, 600 and 800) cannot be due to the dilution effect of snow. Also 

these subwatersheds have a mix of agriculture (800,600), city (600, 500, 300) and tourism (200), 

so the presence of phosphate was expected (Figure 23). There was phosphate present in the 

Upper Susquehanna River Subbasin study with lower concentrations, 0.302-1.46mg/L, which is 

explained by fewer sites and that these concentrations are only for January (Hetcher et al., 2004). 

 Sulfate. Sulfate ions are found in the shale bedrock and wastewaters. As well as found in 

boiler feedwaters, where the sulfate ions are used as oxygen scavengers. If the sulfate ions enter 

surface waters it can decrease the DO concentrations (Manahan, 2010). In subwatersheds with 

shale it is expected to find sulfate present due to chemical weathering of the bedrock. The results 

show high concentrations of sulfate in subwatersheds 100, 600 and 900, which are of 

predominantly limestone bedrock (Figure 21), thus sulfate might come from sulfate mineral 

inclusions or from organic matter decomposition. Sulfate was present in the Upper Susquehanna 

River Subbasin study with lower concentrations, 8.7-15.6mg/L, with fewer sites and only in the 

month of January (Hetcher et al., 2004).  

Cations 

 To properly evaluate water quality of surface waters cation (metal) concentrations are also 

necessary in addition to nutrients (major anions). In this study, arsenic was targeted and not 

found, therefore other metals were investigated such as Na, K, Ca, and Mg in specific 

subwatersheds with known anthropogenic practices.  

 Arsenic. This study was interested in the baseline concentrations of arsenic in surface water 

because fracking fluid can react with bedrock inducing enhanced weathering of minerals and 

thus releasing hazardous chemicals including arsenic (Olenych et al., 2011). Therefore, it is 
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important to know the current (pre-fracking) concentrations of arsenic in stream water. Arsenic 

can be naturally present in a watershed because the bedrock could contain some arsenic minerals 

(Vaughan, 2006) and in addition, several agricultural and industrial practices could release 

arsenic into the environment such as pesticides, fertilizers, growth additives for chickens and 

wood preservatives (Nriagu, 1994a). However, based on the results, arsenic is not found at or 

above of the detection limit (5.00 ppb) of the GFAAS. According to EPA, safe watersheds could 

consist of arsenic concentrations below 10 ppb. Thus the surface water in Otsego County, NY is 

deemed safe respect to arsenic. The absence of arsenic is beneficial to human health because it is 

considered a toxic metal. Also, it can be shown that even in agricultural areas that cover 27% of 

Otsego County, NY, that have higher concentrations of nitrate, arsenic is not found (Fickbohm, 

2010).  

 Sodium. The result shows that there are higher concentrations of sodium in the city, than 

agriculture and than tourism. Over time there is a slight decrease in the 800 subwatershed and the 

606 site that cannot be explained by road salt due to that opposite effect would occur if salts were 

added. In this study, the concentrations of sodium range from 0.22 to 1.8 mg/L (Figure 22). This 

is an addition to the previous findings in the Upper Susquehanna Subbasin where Hetcher et al. 

(2004) found a range from 2.4 to 7.3 mg/L in January 2001, and Balogh-Brunstad (2009) found a 

range from below the detection limit to 10 mg/L. These previous studies show higher 

concentrations of sodium than this study, which could be due to fewer sites measured and 

samples were analyzed from different seasons of the year, in addition natural variations. 

 Potassium. It was present in the water samples collected in the watersheds of Otsego 

County, NY, however, the concentrations of potassium are relatively low. Other studies of the 

Upper Susquehanna Subbasin also found low potassium concentrations in the surface waters 
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(Hetcher et al., 2004; Balogh-Brunstad, 2009). Generally, low potassium concentrations can be 

explained by that potassium is a macronutrient and is taken up by vegetation with high turnover 

rate and potassium can be also hold on the cation exchange sites of the soil material, thus it can 

be temporarily immobilized (Manahan, 2010). Higher concentrations in subwatershed 100 show 

that tourism, probably golf course maintenance, could increase concentrations of potassium in 

surface waters (Figure 23).  

 Calcium. In limestone bedrock calcium is present, which is consistent with the findings of 

this study, with concentrations ranging from 0.52 to 8.2 mg/L (Figure 24). This is an addition to 

previous findings in the Upper Susquehanna Subbasin where Hetcher et al. (2004) found a range 

of calcium from 6.0 to 4.6 mg/L and Balogh-Brunstad (2009) found a much higher range of 20 to 

50 mg/L. The subwatershed 100 has higher concentrations of calcium than the 800 subwatershed 

and site 606 probably due to higher portion of limestone present in the 100 subwatershed than at 

the other sites. 

 Magnesium. There is a presence of magnesium with concentrations ranging from 0.13 to 

0.49 mg/L (Figure 25). This is an addition to the previous findings in the Upper Susquehanna 

Subbasin ranging from 1.8 to 7.5 mg/L (Hetcher et al., 2004) and from 2 to 5 mg/L (Balogh-

Brunstad, 2009).The trend over time shows a slight decrease, with the outliers of September and 

October of site 606. Magnesium is mainly coming from bedrock weathering of magnesium 

containing minerals and a small portion is from precipitation, however, surface runoff contribute 

the river load of magnesium from anthropogenic sources.  
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SUMMARY and CONCLUSIONS 

The need to establish a water chemistry baseline of Otsego County, NY is of high 

importance because the county lies on the Marcellus Shale. This study provides specific 

measurements that can be affected by the entrance of hydraulic fracturing. The baseline includes 

field parameters, anions, and cations for the months of September 2012 to January 2013. Our 

results show that the watersheds are clean; meaning the concentrations are below the maximum 

contamination levels set by EPA. Electrical conductivity and pH results are representative values 

for the geology of the area. Concentrations of fluoride, bromide and nitrite anions are below the 

detection limit of the methods employed. There are some nitrate and phosphate anions found in 

the surface waters at low concentrations and the chloride and sulfate anions are dominant. 

Arsenic is not found in any of the samples above the 5.00 ppb detection limit of the graphite 

furnace atomic absorption spectroscopy method. The most abundant cation is calcium, but 

magnesium, sodium and potassium are also present in the samples as expected from the bedrock 

geology. Once a full year of collection and analysis is completed, baseline can be established for 

the environmental or anthropogenic processes that occur in the county currently; prior to 

hydraulic fracturing. Thus, if concentrations of any measurement increase the contamination is 

most likely caused by a new practice, such as hydraulic fracturing.  

 

FUTURE WORK 

 The challenges this study faced included detection ranges, time and analysis. The 

detection ranges for the anions, especially chloride, were smaller than the concentration ranges 

of the water samples, thus the measurements had very large error bars. The anion measurements 

can be improved by adjusting the sample concentrations via dilutions and refining the methods 
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on the instrument and/or using different analytical columns on the ion chromatograph. 

Regardless, the samples need to be re-analyzed to improve the values for chloride 

concentrations. The time constraints did not allow for a full year of collection and analytical 

work, thus the study must be continued by others to build a complete baseline database of 

various parameters for Otsego County, NY. 
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FIGURES WITH CAPTIONS 

 

 

Figure 1. The distribution of the Marcellus Shale (red). The shale underlies multiple states 

(modified from Secure Technology Integration, 2013). 
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Figure 2. Surface bedrock geology of Otsego County, NY. Indicate that the rock layers dip 

Southward  (USDA et al., 2006). 
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Figure 3. Bedrock Geology of Upper Susquehanna River Basin. In Otsego County, the northern 

part is predominant limestone and the southern part is predominant shale, siltstone, and 

sandstone (modified from Susquehanna River Basin Commission, 2013).  
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Figure 4. Watersheds of Upper Susquehanna River Basin and stars show the sampled 

watersheds (modified from Susquehanna River Basin Commission, 2013).  
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Figure 5. Land use in Upper Susquehanna River Basin. In Otsego County, the majority of land 

cover is forest, wetlands, hay pastures and row crops. This type of land allows for the farming 

and low impact development (Susquehanna River Basin Commission, 2013).  
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Figure 6. The process of fracking as explained by the Tip of the Mitt Watershed Council 

Petoskey, MI. (The figure is modified from http://www.watershedcouncil.org.) 
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Figure 7. Sampling locations (blue dots) and subwatersheds (blue numbers) of Otsego County 

(modified from Crosier, 2012).   
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Figure 8: Temperature values are shown per site over four sampling times. 

 

Figure 9: Temperature values are shown per subwatershed over four sampling times. The sites 

in each subwatershed was averaged. The error bars show the %RSD based on averages of sites, 

not replications of sites, to show the variation within each subwatershed.  
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Figure 10: Total dissolved solids (TDS) concentrations per site over time. Most of the sampling 

sites fit within the range that is shown by the black arrow. Two distinct groups always have high 

TDS (blue circles). 
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Figure 11: TDS values are shown per subwatershed over four sampling times. The sites in each 

subwatershed was averaged. The error bars show the %RSD based on averages of sites not 

replications of sites, to show the variation within each subwatershed.  
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Figure 12: Dissolved oxygen (DO) concentrations per site over time. The range is shown 

between the black lines.  

 

Figure 13: DO values are shown per subwatershed over four sampling times. The sites in each 

subwatershed was averaged. The error bars show the %RSD based on averages of sites, not 

replications of sites, to show the variation within each subwatershed. 
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Figure 14: pH values per site over time. The range is shown between the black lines. The high 

TDS sites (Figure 10) also have consistently higher pH than other sites.  

 

Figure 15: pH values are shown per subwatershed over four sampling times. The sites in each 

subwatershed was averaged. The error bars show the %RSD based on averages of sites, not 

replications of sites, to show the variation within each subwatershed. 
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Figure 16: Turbidity values per site over time. The range is shown between the black lines.  

 

Figure 17: Turbidity values are shown per subwatershed over four sampling times. The sites in 

each subwatershed was averaged. The error bars show the %RSD based on averages of sites not 

replications of sites, to show the variation within each subwatershed. 
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Figure 18.  Subwatershed averages of chloride concentrations are shown over the sampled 

months. Concentrations in the 600 and 1100 watersheds are significantly higher than other 

areas. 

 

Figure 19.  Subwatershed averages of nitrate concentrations over the sampled months. October 

values are generally higher than all other investigated months.  
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Figure 20. Subwatershed averages of phosphate concentrations over the sampled months. 

January values are the highest among all other investigated months.  

 

Figure 21.  Subwatershed averages of sulfate concentrations over the sampled months. The 100, 

600 and 900 subwatersheds have generally higher values than all other subwatersheds.  
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Figure 22.  Sodium concentrations are plotted by sites of 100 and 800 subwatersheds and site 

606 over five sampling times. Error bars represent 1% RSD value, thus they are smaller than the 

symbols.  

 

Figure 23.  Potassium concentrations are plotted by sites of 100 and 800 subwatersheds and site 

606 over five sampling times. Error bars represent 1% RSD value, thus they are smaller than the 

symbols.  
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Figure 24.  Calcium concentrations are plotted by sites of 100 and 800 subwatersheds and site 

606 over five sampling times. Error bars represent 3% RSD value, thus they are smaller than the 

symbols.  

 

Figure 25.  Magnesium concentrations are plotted by sites of 100 and 800 subwatersheds and 

site 606 over five sampling sites. Error bars represent 1% RSD value, thus they are smaller than 

the symbols.   
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APPENDIX A. A detailed description of all the sites; including their Otsego County unique 
code, site number, 12-digit Hydrologic Unit Code (HUC) defined by the New York State 
Department Conservation, GPS coordinates, and name of streams.  
 

 
 

HUC Lab ID Stream (Water Source) Town Bridge Latitude (N)

Longitude 

(W)

20501010102 102b Herkimer Creek Richfield State Hwy 28, south of Taylor Road 42.7887 75.0247

20501010102 102c Hyder Creek Richfield State Hwy 28, north of Wing Hill Road 42.8166 75.0197

20501010102 102d Oquiniuos Creek Richfield Elm Street, south of Town 42.8501 74.9908

20501010103 103b Fly Creek Otsego State Hwy 28/80 east of Village 42.7181 74.9818

20501010103 103c Lidell Creek Exeter State Hwy 28 south of Cty Hwy 16 42.7598 75.0278

20501010201 201 Pleasant Brook Roseboom State Hwy 165, North of Pleasant Brook 42.7692 74.7692

20501010202 202 Upper Cherry Valley Creek Roseboom State Hwy 165, East of Town 42.7401 74.7736

20501010203 203b O'Connel Brook Middlefield Moore Road, South off State Hwy 166 42.6908 74.8438

20501010203 203c Shellrock Brook Middlefield Hubble Hollow Road & State Hwy 166 42.7092 74.8189

20501010204 204b Unamed Blue line  Lower CV Middlefield State Hwy 166, north of Cty Hwy 52 42.6815 74.8681

20501010301 301 Upper Schenevus Creek Worcester Cty Hwy 39, South of State Hwy 7 42.5886 74.7499

20501010302 302 Elk Creek Maryland State Hwy 7, east of Valder Road 42.5450 74.8420

20501010303 303c Sparrowhawk Brook Maryland Race Street, south of State Hwy 7 42.5473 74.8251

20501010303 303d Palmer Creek Maryland State Hwy 7, west of Gohan road 42.5652 74.7846

20501010303 303e Decatur Creek Worcester State Hwy 7, east of Cty Hwy 39 42.5914 74.7539

20501010304 304b Potato Creek Maryland State Rt 7, east of Peterson Road 42.5028 74.9271

20501010304 304c Moorehouse Brook Maryland State Rt 7, east of Cty Hwy 42 42.5347 74.8955

20501010501 501 West Branch Otego Creek Laurens Cty Hwy 11, East of Cty Hwy 15 42.5908 75.0651

20501010502 502 Upper Otego Creek Hartwick Cty Hwy 11D, West of State Hwy 205 42.6164 75.0574

20501010503 503b Pool Brook Laurens Cty Hwy 11, South of Pool Brook road 42.5411 75.0809

20501010503 503c Lake Brook Laurens Brook Street, south of Town Hall 42.5333 75.0891

20501010504 504b Wharton creek Laurens Cty Hwy 11 and New Road 42.5112 75.1059

20501010602 602 Shadow Brook Springfield Mill Road, West of Cty Hwy 31 42.7907 74.8589

20501010603 603b Hayden Creek Springfield Cty Hwy 53, East of State 80 42.8213 74.8830

20501010603 603c Cripple Creek Springfield State Hwy 80, across from Bartlet Rd 42.8140 74.9005

20501010603 603d Trout Brook Springfield State Hwy 80, North of Cty Hwy 27 42.8067 74.9029

20501010604 604b Hinman Hollow Brook Milford State Hwy 28, south of Oxbow Road 42.5951 74.0457

20501010604 604c Chase Creek Middlefield State Hwy 28, across from SPCA 42.6579 74.9605

20501010605 605b Spring Brook Milford State Hwy 28, east of Cty Hwy 44 42.5301 74.9789

20501010606 606_1 Oneonta Creek Oneonta Fair Street, under J. Lettis Hwy 42.4557 75.0553

20501010606 606_2 Oneonta Creek Oneonta Fair Street, under J. Lettis Hwy 42.4557 75.0553

20501010701 701 Upper Wharton Creek Burlington Cty Hwy 19, East of State Hwy 51 42.6887 75.2419

20501010702 702 Middle Wharton Creek Edmeston State Hwy 80, South of Burdick Ave 42.7048 75.2447

20501010703 703b Mill Creek Edmeston Cty Hwy 20, across from Bert White Road 42.7047 75.2446

20501010801 801 Upper Butternut Creek New Lisbon Cty Hwy 12, East of State Hwy 51 42.5894 75.1932

20501010801 801b Stony/Mill Creeks New Lisbon Meyers Mill Rd, North of Cty Hwy 12 42.5925 75.1887

20501010802 802 Aldrich Brook Morris State Hwy 51, south Cty Hwy 49 42.5570 75.2285

20501010803 803b Morris Brook Morris St Hwy 51, across from Dimmock Hollow Rd 42.5088 75.2897

20501010803 803c Dunderberg Creek Butternuts Bloom Street, west of Butternut Creek 42.4723 75.3164

20501010803 803d Cahoon Creek Butternuts Bloom Street, east of Butternut Creek 42.4720 75.3145

20501010910 901b Rogers Hollow Brook Unadilla  Cty Hwy 1 & 1B 42.3418 75.3938

20501010905 905b Campbell Brook Plainfield Cty Hwy 18, south of Cty Hwy 21, X Pritchard 42.8239 75.2354

20501010905 905c Upper Unadilla River Plainfield Cty Hwy 18, north of Unadilla Forks 42.8425 75.2429

20501011101 1101 Otsdawa Creek Otego State Hwy 7, East of Cty Hwy 7 42.4000 75.1719

20501011101 1101b Flax Island Creek Otego State Rt 7, west of Flax Island Road 42.3897 75.1853

20501011102 1102b Brier Creek  Otego State Rt 7, west of Cty Hwy 5 42.3738 75.2177

20501011103 1103b Indian/Sand Hill Creeks Unadilla State Hwy 7, east of Cty Hwy 3a 42.3715 75.2638

20501011105 1105b Unamed Blue line Unadilla Watson Street, west of cemetary 42.3240 75.3116
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APPENDIX B. A detailed list of the materials needed for field sampling.  
 

Checklist for field sampling 

To measure parameters on the field: 
- Multi-meter YSI 556 (pH, T, DO, EC, ORP) – calibrate all parameters prior to field 

measurements, each time of sampling 
- Standards and buffers for recalibration of instrument if needed  
- Hach pH and EC meter, T probe included, for back up 
- Old YSI DO meter, for back up 
- De-ionized water, a 10 liters carboy 
- Large plastic beaker for probe rinse 
- Kimwipes 
- Cups for back up instrument 

To collect samples: 

- [Cooler with ice if temperatures above 75 F] – not needed for this weather 
- One liter size acid washed Nalgene® bottles; one filled with DIW (Type 1) for field 

blank for each day; one extra for a replicate site for each day; few extras; about 56-58 
bottles for two days 

- “water collector apparatus”, i.e. rope + duck tapped bottle 
- Back up rope and duct tape 
- Tape for labeling and sharpies 
- Gloves 

Other: 
- Map with sampling locations, Description of sampling sites 
- GPS to record location, elevation  
- Camera to document each site – document thing that are different, and have each other 

photos in the orange vests 
- Water proof field notebook, a few pencils or water proof ink pens to record all 

measurements and information 
- A pair of chest waders or rubber boots – in case we need to get into the water 
- Bag for garbage 
- Crates for packing bottle around 
- Bug spray 
- Sun screen + hat 
- Weather appropriate clothing 
- ORANGE VEST 
- RECORD MILES DRIVEN 

Note 1: The instruments need to be calibrated before use each time, and possibly during the day 
if environmental parameters change dramatically, so make sure you do not forget the standards.  
Note 2: End of the sampling day, all collected samples need to be stored at 4oC in a refrigerator 
until further processing. 
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APPENDIX C. Step-by-step instructions of instruments used.  
 

YSI Model 556 Calibration Instructions 

 
Starting every calibration 

1) Turn on instrument  
2) Place correct amount of calibration standard into a clean, dry or pre-rinsed calibration cup 
3) Immerse the probe into the solution; make sure the senor to be calibrated is adequately 

covered.  
4) Allow at least one minute for temperature to stabilize 

Calibrating specific conductivity 
1) Using a standard of 495 ppm or 500 ppm of NaCl or KCl 
2) Main Menu, select Calibrate 
3) Select conductivity, then select specific conductivity 
4) Enter value of 1 for the standard being used, press enter 
5) Observe the readings and when they show no significant change for 30 seconds, press 

enter  
a. Calibration will be accepted 

6) Press enter again to return to the Calibration screen  
Calibration for pH 

1) Using a standard of 4, 7 and 10 pH buffer solutions 
2) Main Menu, select Calibrate 
3) Select pH, then select 3-point calibration  
4) Enter value of 7 (always start with 7 buffer) for the standard being used, press enter 
5) Observe the readings and when they show no significant change for 30 seconds, press 

enter  
a. Calibration will be accepted 

6) It will ask for a second buffer value, repeat steps 4-5 for pH of 4 and 10 
7) After the last point, press enter again to return to the Calibration screen  

Calibration for DO 
1) Place approximately 3 mm of deionized water in the bottom of the calibration cup. Do 

not tighten cup, allow for ventilation  
2) Do this calibration last, the instrument needs 10 minutes for the DO sensor to stabilize 
3) Main Menu, select Calibrate 
4) Select Dissolved Oxygen, then select DO%  
5) Enter the current local barometric pressure, press enter 
6) Observe the readings and when they show no significant change for 30 seconds, press 

enter  
a. Calibration will be accepted 

Press enter again to return to the DO Calibration screen 
 
Turbidity Instructions  
 
Power on 
 
Press Verify Cal(ibration) button 
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 Shake and wipe the 10.0 NTU standard 
 Line up arrow when inserting the 10.0 NTU standard 
 Press down till here the click on the cover 
 Press read button 

o If calibration verification passes continue with samples 
o If calibration verification does NOT pass then recalibrate  

 Press done to return to screen  
 
Recalibrate 

 Press Calibrate button 
 Put in 20.0 NTU standard, line up arrow when inserting 
 Press down till here the click on the cover 
 Press read button 
 Continue for 100.0 NTU and 800.0 NTU standards or till calibration is accepted 

Press Calibrate button 
 Follow the on-screen instructions 
 Shake and wipe the 20.0 NTU standard 
 Line up arrow when inserting the 20.0 NTU standard 
 Press down until you here the click of the cover 
 Press read button 

o Follow the above process for the 100 NTU standard and then the 800 NTU 
standard, then the 10 NTU standard to see if the calibration verification passes.  If 
it passes, continue with the sampling.  If it fails, repeat the above process. 

 
Continuing with samples 

 Put sample in sample cell past line 
 Shake and wipe the sample 
 Line up arrow when inserting 
 Press read button 
 Write down measurements 
 Press done 
 Take out sample 
 Continue for each sample 
 *After every few samples wipe sample cell with oil 

 

Ion-Chromatograph Operational Instructions 
 
Start up the IC: 

- Turn on the instrument, if it is not on (should be on) 
- Check if there is enough eluent, if not prepare new and vacuum filter to remove gases 

o To make eluent, use the DIONEX AS22 eluent concentrate, dilute 100 times 
(pipet 10 ml concentrate into a 1000 ml class A volumetric flask and fill up with 
DIW to the mark, invert 17X to mix well) 

o Remove gases, pass the eluent through a vacuum filter then pour the eluent into 
the reservoir bottle (2 L capacity) 



56 

- Place the eluent reservoir into its place on top and make sure the cap is tight 
- Check the waste column in the corner, if it is full, empty it 
- Turn on Helium – make sure your turn on both valves (top of the tank and the “outlet”), 

pressure should be between 40-50 Psi 
- Turn on Eluent Pressure 
- Turn on pump – wait until the pressure rises, check if the eluent is passing though 
- Turn on SRS 
- Record date, time, flow rate, pressure and your initials in the log book – remember the 

display flow rate is lower than actual – according to measurements on March 1st, 2010 the 
1.3 ml/min flow rate on display is equals about 1.5 ml/min – keep this setting 

- Open Chromaleon Program on the computer 
- Click Connect, now the display should say “remote” and everything is controlled through 

the computer 

Setting up a New Program (at the first time or any time when you want to make modifications) 
- Open New, select Program, follow the step-by-step instructions on the set-up, use source 

DX-120; run time 8 minutes; make sure effluent pressure, pump and SRS clicked as on, 
save it to a known location 

- The same program can be run all the time, if no change needed 

Setting up a New Sequence – need to do it every time you run samples 
- Open new, select Sequence with Wizard, follow the step-by-step instructions; select the 

program that you created; enter the number of standards (e.g. Standard#1) and samples 
(e.g. Susq#1 or KMW#1) that you will run, save the file with a new name to a known 
location 

- NOTE: You are not able to enter exact IDs for each standard and sample, so you need to 
take good notes into your notebook, every time you need to set up a “sample run by date” 
table in your notebook 
Example: Today’s Date: June 1st, 2010; “R” repeat” 
Standard ID 
on file 

Standard ID 
on bottle 

Check when 
ran 

Sample ID 
on file 

Sample ID 
on bottle 

Check when 
ran 

Standard#1 Blank  Sample#1 102b sept  
Standard#2 1 mg/L NO2

-  Sample#2 102c sept  
Standard#3 2 mg/L NO2

-  Sample#3 102d sept  
Standard#4 5 mg/L NO2

-  Sample#4 103c sept  
Standard#5 10 mg/L 

NO2
- 

 Sample#5 102c sept 
(R) 

 

 
Run samples: 

- Click on batch to start acquisition, add your sequence, do a ready check and if it is OK 
click start 

- Inject the first standard and click OK 
- When 8 minutes is done a window come up and ask for the next standard, inject and then 

click OK 
- Repeat this until all standards then all samples are done 
- Follow the order that you have in your sequence and your “sample run by date” table 
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Shut down – reverse of starting up:  
- When the sequence is done, click on the connect bottom again to disconnect from the 

computer and return to “local” display mode or click the “remote/local” bottom on the 
display 

- Turn off SRS 
- Turn off pump 

- Turn off eluent pressure 
- Close the valves on the Helium tank (both of them) 
- Now the display should show “0 Psi” pressure – leave it that way 
- In the log book record the time of the shut down and take a note of any problems that you 

encountered during run or if everything worked well, write that down 

Retrieve the data: 
- Minimize the acquisition window, do not close it 
- Maximize the sequence window 
- Double click on the first standard to open the saved data file 
- On the top bar click on “Printer Layout” bottom to see the data in “excel” style  
- Go to “save as” from the file option, enter the name of the file, select excel option, then 

and click save 
o I recommend naming your files as the following 
o “standard/sample name” + date of run (e.g. Blank060110) 
o Save it into your folder (named after you) on the desk top  

- Repeat for each standard and sample you ran that day 
- When you are done save all of your data to your USB flash drive 
- You need to disconnect the printer cable at the front of the computer and attach your flash 

drive there 
- Open the flash drive folder and your data folder from the desk top and select the files you 

need and drag it over to the flash drive window 
- You should have the same number of file than samples you have run on a given day, 

because the computer saves each sample run separately 

Printing Option: 
- Each file can be printed on the printer attached at the front, each run will be 2 pages – use 

a lot of paper, but some of us are old fashioned the like things in print 

Table C1. Dionex seven anion standard stock solution and dilution for IC 

 

Anion Stock

Std	1	100x	

dilution

Std	2	50x	

dilution

Std	3	20x	

dilution

Std	4	10x	

dilution

Fluoride 20	ppm 0.20	ppm 0.40	ppm 1.0	ppm 2.0	ppm

Chloride 30	ppm 0.30	ppm 0.60	ppm 1.3	ppm 3.0	ppm

Bromide 100	ppm 1.0	ppm 2.0	ppm 5.0	ppm 10.	ppm

Nitrite 100	ppm 1.0	ppm 2.0	ppm 5.0	ppm 10.	ppm

Nitrate 100	ppm 1.0	ppm 2.0	ppm 5.0	ppm 10.	ppm

Phosphate 150	ppm 1.5	ppm 	3.0	ppm 7.5	ppm 15	ppm

Sulfate 150	ppm 1.5	ppm 	3.0	ppm 7.5	ppm 15	ppm
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AA Flame Mode Instructions 
 
Preparation: 

- Have the samples, the standards (minimum 4 to ensure linear range) ready in 50 ml 
volumetric flasks; have two flasks for the optimizing concentration 

- Check the lamps and place/replace the element of interest into the holder 
- Have a large beaker with DI water to flush the sample lines and extra wash bottles of DI 

water 
-  Check on the waste liquid container – attachment and fullness 

Startup AA Flame mode: 
- Logbook  

o Fill out the logbook for the required information – check in prior to start. Turn on 
the gas – good around 200 (unless it is getting low) 

- Computer should be running 
o Open the program – Win Labs 
o Open Menus and Tool Bars – turn on lamps, and flame, background 
o Methods – set up methods or select an existing one 
o Label all the sample ids 

- Turn on AA Flame mode instrument  
o In Tools on computer– open continuous graphics 
o Use “auto zero” with aspiring DI water 
o Use your optimizing solution (selected for your element and method) to optimize 

the flame moving the three possible knobs under the flame (up and down; side to 
side; and turn/tilt) until the continuous graph looks flat and close to the value what 
should respond to your optimizing solution – 10% error is acceptable if the line is 
flat – check the zero and optimizing line couple of times until you are satisfied 
with the outcome – may take 5 to 10 minutes. 

Collect data: 
- Run standards and generate a calibration curve (do not use calibration function) 
- Open Manual analyses 
- Open Results 
- Analyze Blank 
- Analyze Samples  

 
Table C2. Stock solutions were diluted to make 6 to 8 standards for each cation to construct a 
calibration curve, which was in linear range of the instrument. 

 
 
AA Graphite Furnace Mode Instructions 
 
Preparation: 

- Change out the flame unit for the furnace unit 

Cation	 Stock Std	1 Std	2 Std	3 Std	4 Std	5 Std	6 Std	7 Std	8

Arsenic	(AAS) 1000	ppm 1.00	ppm 3.00	ppm 5.00	ppm 10.0	ppm 20.0	ppm 45.0	ppm ----- -----

Arsenic	(GFASS) 1000	ppm 5.00	ppb 10.0	ppb 25.0	ppb 50.0	ppb 75.0	ppb 100.	ppb 125	ppb -----
Potassium 1000	ppm 0.30	ppm 0.50	ppm 1.0	ppm 1.5	ppm 2.0	ppm 3.0	ppm 4.0	ppm 5.0	ppm

Sodium 10000	ppm 0.10	ppm 0.25	ppm 0.30	ppm 0.50	ppm	 0.75	ppm 1.0	ppm 1.5	ppm 2.0	ppm
Calcium 1000	ppm 0.10	ppm 0.20	ppn 0.50	ppm 1.0	ppm 2.0	ppm 4.0	ppm 8.0	ppm -----

Magnesium 1000	ppm 0.05	ppm 0.10	ppm 0.15	ppm 0.20	ppm 0.30	ppm 0.45	ppm 0.60	ppm -----
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o Remove the tray and door 
o Remove the flame by pulling out the plug in the back and press down on the 

bottom 
o Put in the furnace by turning in the unit then pushing in hard and tighten the little 

knobs 
- Have the samples, the standards (minimum 4 to ensure linear range) ready in 50 ml 

volumetric flasks; have two flasks for the optimizing concentration 
- Check the lamps and place/replace the element of interest into the holder 
- Have a large beaker with DI water to flush the sample lines and extra wash bottles of DI 

water 
-  Check on the waste liquid container – attachment and fullness 

 
Startup AA Graphite Furnace Mode Instructions: 

- Logbook  
o Fill out the logbook for the required information – check in prior to start.  

- Computer should be running 
o Open the program – Win Labs 
o Open Menus and Tool Bars – turn on lamps, and flame, background 

- Turn on AA Graphite Furnace Mode Instructions 
o Turn on the cooling unit and the furnace unit 
o  Turn on Argon gas to about 50-58 Psi 
o Open the software and switch it to furnace – wait for self-check of connections  
o Align the furnace details will be explained 
o Align the tip (new window) 
o Unlocked above the tube 
o Depth control wheel (up-down); adjustment button – lower; left side (right – left); 

front (in-out) 
o Put the tip just above the hole, but not into the tube yet 
o hit the unlocked above the tube (new window – yes) 
o hit in tube (should go back to prior position) 
o use the mirror to adjust the tip in the hole using the depth control wheel ~ 2 mm 

from the bottom - hit in tube again – yes, save the position 
o Unlocked above rinse – hit again to save – adjust with the depth wheel 
o in sample cup – set depth (small cups for samples and large cups for standards - 

hit again to save 
o Check “in tube” [Note: white collar is broken, so it might cause some problems] 
o Press exit 

 Light the lamp (turn on) 
 Log book – record the energy level – repeat 

o Background correction (depends on the program) 
o Methods – set up methods or select an existing one 
o Label all the sample ids 

Collect data: 
- Run standards and generate a calibration curve (do not use calibration function) 
- Open Results 
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Table C3. Furnace heating sequence for Arsenic. 
                      Furnace 
Program 

 

Step Temp °C R Time 
1 100 5 
2 140 15 
3 1300 10 
4 2600 0 
5 2600 1 
6   
Takes 20 μl sample / analysis  
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APPENDIX D. Departments Safety Instructions 
 
Chemistry Department Safety Policy 

 
Updated October 3, 2012 
SECTION I. GENERAL SAFETY POLICY 

1. Students working in a chemistry laboratory must be supervised. 
In 100-level laboratory courses, laboratory work must be directly supervised by the 
laboratory instructor or an approved substitute who is physically present in the laboratory 
while students are working. In 200+-level laboratory courses, laboratory work can be 
directly supervised as stated above or indirectly supervised by the laboratory instructor or 
an approved substitute who is present on the same floor of the building as the laboratory. 
The designated substitute must be notified that students are working in the laboratory. In 
research courses (292, 391, 392, 490, non-course-based summer research, etc.), students 
can be supervised directly, indirectly, or by following the instructions provided in Section 
II. 

2. Students working in a chemical laboratory must wear department-approved eye 
protection when chemical, projectile, and/or laser hazards are present. The laboratory 
instructor is responsible for determining whether eye hazards are present and for 
enforcing the eye protection policy. CHEM 107L, 108L, 109, 201L, and 202L: splash-
proof safety goggles Other laboratory courses: splash-proof safety goggles or safety 
glasses (as determined by the laboratory/course instructor). 

3. Personal items: Eating, drinking, chewing gum or tobacco, or applying cosmetics are not 
allowed in the lab. Do not put anything in or on your mouth while working in the 
chemistry lab. Students must not use headphones when working in the lab Students must 
wear close-toed shoes that cover the entire foot and clothing that covers the torso and 
legs. Sleeveless shirts and halter-tops do not sufficiently cover the torso and will not be 
permitted. Laboratory aprons and gloves are provided for students who wish to use them 
but they are not a substitute for appropriate clothing. Long hair should be pulled back. 
Students who are pregnant or nursing, or with a medical condition that could cause harm 
to themselves or another person while in the laboratory should notify their lab instructor 
immediately. Students who are not clothed appropriately will be removed from lab. 

4. Handling chemicals and glassware: Perform no unauthorized experiments. Place 
glassware and chemicals under/in a fume hood when working with volatile chemicals. Do 
not leave lit Bunsen burners unattended. Do not place flammable chemicals near an open 
flame. Clamp all apparatus firmly, especially when heating, cooling, or performing 
vacuum filtration. Unused chemicals that have been removed from a reagent bottle 
should be placed in an appropriate waste container. Glass waste (broken glass) must be 
placed in the broken glass container. Keep your face away from reaction vessels when 
noting the odor of fumes, when mixing reagents, and when applying heat to a reaction 
vessel. Wear gloves when handling toxic or corrosive chemicals. Do not use mouth 
suction in filling pipettes. Do not force glass tubing into rubber stoppers – protect your 
hands with a towel and lubricate the glass tubing with glycerol or other lubricant. 

5. Accidents in the lab: If chemicals come into contact with your skin or eyes, flush 
immediately with copious amounts of water and inform your instructor. Mercury spills 
and major acid or base spills must be brought to the attention of the laboratory instructor 
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immediately. In case of fire or accident (cuts, burns, inhalation of fumes, etc.), inform 
your laboratory instructor immediately. Laboratory instructors will arrange for student 
transportation to the Health Center when necessary. An Incident report must be filed in 
the event of an accident (form attached as Appendix III). 

6. Chemical etiquette: Coats, backpacks and other personal items should be placed in 
designated areas, away from the laboratory workspace. Keep the balances clean – after 
using a balance, clean any spilled chemicals immediately. At the end of the lab period, 
return reagents to the appropriate location and clean your workspace with a sponge or wet 
paper towel. Follow any specific cleanup instructions provided by your laboratory 
instructor. Always wash your hands before leaving the lab. 

7. Penalties for non-compliance: Persons found violating the Chemistry Department Safety 
Rules will be penalized. Penalties can include but are not limited to a verbal warning, 
expulsion from the laboratory for the duration of the laboratory period, expulsion from 
the laboratory course, mandatory safety re-training, and/or loss of laboratory and 
instrument use privileges. 

 
SECTION II. RESEARCH STUDENTS AND DEPARTMENT VISITORS 

1. Research students and department visitors (non-chemistry/biochemistry/environmental 
chemistry majors, other Hartwick and non-Hartwick students, faculty or staff) are 
expected to follow the safety rules in Section I. Violation of the Safety Rules in Section I 
will result in penalties as described in Section I. 

2. Faculty supervising research students and department visitors must follow the guidelines 
below: Faculty supervisors must properly train students and department visitors working 
under their supervision in the safety procedures appropriate for their area of research. 
Faculty supervisors must ensure that students and department visitors working under their 
supervision are trained in the safe and correct use of chemistry department instruments 
that will be used in the research project(s). Faculty supervisors are responsible for 
determining the level of supervision required for a research student or department visitor, 
and will make that determination using their knowledge of the possible hazards involved 
in the research project and hazards that might exist in the laboratory spaces used by the 
student/visitor. Faculty supervisors must complete an Instrumental Training form 
(Appendix I) with any student/visitor who will make use of a department instrument as 
part of a research project. The form must be posted in a visible location in the room 
where the instrument is housed. Faculty supervisors who choose to give a student or 
visitor permission to work without direct supervision during non-traditional working 
hours (such as evenings and/or weekends) must fill out an Advance Permission for 
Laboratory Work form (Appendix II) for each instance of such work. It is the 
responsibility of the faculty supervisor to arrange laboratory access for the student/visitor 
and to ensure that all safety rules are followed. 

3. Students working on independent research projects must follow the guidelines below: 
Students must be properly trained before working independently in the laboratory and 
before using chemistry department instrumentation. At no time can a student work in the 
laboratory without the permission of their faculty supervisor. No hazardous work (as 
defined by the faculty supervisor) will be permitted without direct supervision. Students 
will only be given access to laboratory spaces during non-traditional working hours 
(evenings/weekends) if they (1) receive advance permission from the faculty supervisor, 
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(2) follow all safety rules in Section I, and (3) have received an Advance Permission for 
Laboratory Work form from the faculty supervisor. The Advance Permission for 
Laboratory Work form must be carried with the student at all times when in the 
laboratory spaces during non-traditional working hours. Students permitted to work 
independently without a faculty supervisor present during non-traditional working hours 
must be accompanied by an approved substitute who (1) has been pre approved by the 
faculty supervisor and (2) is always within sight of the student working in the laboratory. 
The approved substitute must be capable of and educated in the procedures for seeking 
help in the event of an emergency. If the approved substitute is positioned inside a 
laboratory space, the safety rules in Section I apply to that person. 

4. Visitors must obey the safety rules in Section I and follow the guidelines below: All 
visitors must be properly trained by a chemistry faculty supervisor before working 
independently in the laboratory and before using chemistry department instrumentation. 
At no time can a visitor work in the laboratory without the permission of their chemistry 
faculty supervisor. No hazardous work (as defined by the faculty supervisor) will be 
permitted without direct supervision. Visitors will only be given access to laboratory 
spaces during non-traditional working hours (evenings/weekends) if they (1) receive 
advance permission from the faculty supervisor, (2) follow all safety rules in Section I, 
and (3) have received an Advance Permission for Laboratory Work form from the faculty 
supervisor. The Advance Permission for Laboratory Work form must be carried with the 
visitor at all times when in the laboratory spaces during non-traditional working hours. 
Visitors permitted to work independently without a faculty supervisor present during 
non-traditional hours must be accompanied by an approved substitute who (1) has been 
pre-approved by the faculty supervisor and (2) is always within sight of the student 
working in the laboratory. The approved substitute must be capable of and educated in 
the procedures for seeking help in the event of an emergency. If the approved substitute is 
positioned inside a laboratory space, the safety rules in Section I apply to that person. 

 

 

Department of Geology and Environmental Sciences Safety Policy 

 

Draft August 2012 
1. Supervision:  

Students working in a geology or environmental science laboratory must be supervised. 
 100 and 200 - level laboratory work must be directly supervised by the laboratory 

instructor or an approved substitute who is physically present in the laboratory while 
students are working. 

 300 and 400 - level laboratory work can be directly supervised as stated above or indirectly 
supervised by the laboratory instructor or an approved substitute who is present in the 
building. The designated substitute must be notified that students are working in the 
laboratory. 

 Independent research students and visitors (anyone outside of the Department of Geology 
and Environmental Sciences) can be directly, or indirectly supervised, or by following the 
guidelines below.   

 Students/visitors must be properly trained before working independently in the 
laboratory and before using chemistry department instrumentation.  
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 At no time can a student/visitor work in the laboratory without the permission of 
their supervisor/departmental personnel. 

 Permission must be granted in advance for each instance of work when 
departmental personnel are not in the building.  

 No hazardous work will be permitted without direct supervision.   
 All students/visitors who are permitted to work independently without a 

supervisor or approved substitute present must be accompanied by a “responsible 
person” who is within sight while the student/visitor is working in the laboratory. 
This person can be another student who capable of seeking help in the event of 
an emergency. The “responsible person” must obey appropriate safety policies if 
they are located within the laboratory space.   

 
2. Protective Equipment: 

 Students working in a geology or environmental science laboratory must wear eye 
protection when chemical, projectile, and/or laser hazards are present.  The laboratory 
instructor is responsible for enforcing the eye protection policy and determining whether 
eye hazards are present. 

 Students working in the rock storage and saw rooms (JSC220&222) and/or preparing 
samples for x-ray fluorescence spectroscopy in JSC 218 must wear eye, hand and foot 
protection, and aprons/laboratory coats when operating any of the saws and/or polishing 
equipment, or present in the room when these equipment are in operation. Respiratory 
mask is also required in cases of grinding and sieving that produce fine silica and other 
dust.  

3.  Personal items – while working in JSC 212, 220, 222 and 305 rooms: 
 Eating, drinking, chewing gum or tobacco, or applying cosmetics are not allowed during 

work in the above listed laboratories and during exercises when chemicals are in use in the 
integrated lecture and laboratory rooms (JSC 218 and 226). Do not put anything in or on 
your mouth while working with chemicals. 

 Students must wear close-toed shoes that cover the entire foot and clothing that covers the 
torso and legs. Sleeveless shirts and halter-tops do not sufficiently cover the torso and will 
not be permitted. Laboratory aprons and gloves are provided for students who wish to use 
them but they are not a substitute for appropriate clothing. 

 Long hair should be pulled back. 
 Students who are pregnant or nursing, or with a medical condition that could cause harm to 

themselves or another person while in the laboratory should notify their lab instructor 
immediately. 

 Students who are not clothed appropriately will be removed from lab. 

4. Material Handling: 
 Perform no unauthorized experiments and operations. 
 Place glassware and chemicals under/in a fume hood when working with volatile 

chemicals. 
 Do not leave lit Bunsen burners and turned on hotplates unattended. 
 Do not place flammable material near an open flame and an operating hotplate. 
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 Clamp all apparatus firmly, especially when heating, cooling, or performing vacuum 
filtration. 

 Unused chemicals that have been removed from a reagent bottle should be placed in an 
appropriate waste container. 

 Place all toxic waste into the appropriate waste containers provided by the instructor. 
 Glass waste (broken glass) must be placed in the broken glass container, located in room 

212. 
 Wear gloves when handling toxic or corrosive chemicals. 
 Do not use mouth suction in filling pipettes. 
 Do not force glass tubing into rubber stoppers – protect your hands with a towel or heavy 

duty work gloves and lubricate the glass tubing with glycerol or other lubricant.  
 Always protect your hands, eyes, foot and torso when using equipment in room 220&222. 
 Keep away from blades and moving objects when using equipment.  
 Wear flame resistant gloves to touch anything hot. 
 Do not touch any electrical outlet, plug and switch with wet hands to avoid electrical 

shock. 

5. Accidents in the laboratory: 
 If chemicals come into contact with your skin or eyes, flush immediately with copious 

amounts of water and inform your instructor. 
 Mercury spills and major acid or base spills must be brought to the attention of the 

laboratory instructor immediately. 
 In case of fire or accident (cuts, burns, inhalation of fumes, etc.), inform your laboratory 

instructor immediately. 
 Laboratory instructors will arrange for student transportation to the Health Center when 

necessary. 
 Incident report should be filed when accidents happen (from attached as Appendix I). 

6. Laboratory etiquette: 
 Coats, backpacks and other personal items should be placed in designated areas, away 

from the laboratory workspace. 
 Keep the balances clean – after using a balance, clean any spilled chemicals immediately. 
 At the end of the lab period, return reagents and all used equipment and tools to the 

appropriate location and clean your workspace with a sponge or wet paper towel. 
 Follow any specific cleanup instructions provided by your laboratory instructor. 
 Always wash your hands before leaving the lab. 

 
7. Field Safety and Etiquette 
 
Preparing for emergency: 

 The department chair and the division secretary are provided with a field exercise agenda, 
location, time, name of participants, and their phone numbers. 

 Each participant submit an emergency contact, health insurance information and any 
medical condition that is relevant in a sealed envelope that is only opened in case of 
emergency.  
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 The group carries an updated first aid kit and the instructor is trained in first aid. 
 The second-in command person is selected and everyone knows his/her identity before 

leaving for the field exercise. 
 Each participant carries a cell phone, and trained what to do in case of emergency, phone 

numbers of local hospital, urgent care facilities, and a map how to get to them are 
provided in the exercise handouts. 

Minimizing Risks and Hazards: 
 The participants are instructed to be prepared for any weather conditions and required to 

have appropriate footwear that meet the conditions.  
 Sun protection, drinking water, water or disinfecting hand gels for cleaning hands are 

carried to the site. 
 No smoking is allowed in the vicinity of gas powered pump or fuel containers – normally 

no smoking is allowed during class and laboratory time. 
 Participants must follow the safety (any) instruction given by the course instructor or the 

person second in command.  
 Risky behavior is not tolerated such as running into the creek, climbing outcrops or not 

following instruction or improper usage of any equipment or accessories, no throwing of 
anything is allowed. Students are sent home if do not comply with instructor’s guidance. 

 Students work in groups of 2 or 3, not alone and only perform any activities when the 
course instructor is present or authorized the work. 

 Measures are taken to minimize any environmental impact.  
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APPENDIX E. A list of chemicals used and their hazards.  
 
Chemicals Uses Hazards 
Hydrochloric Acid Acid Wash corrosive, irritant, 

permeator 
Nitric Acid (HNO3) 
 

Preserving Cations 
 

corrosive, irritant, 
permeator 
 

Buffer Solution for pH 4 
 

Calibration 
 

eye irritation, corrosive 
 

Buffer Solution for pH 7 
 

Calibration 
 

irritant 
 

Buffer Solution for pH 10 
 

Calibration 
 

irritant 
 

Sodium Chloride (NaCl) 
 

Calibration 
 

low hazard 
 

Arsenic AA Standard  
IC Standard 
 

IC Standard 
 

toxic, irritant 
 

Alcanox 
 

Acid Wash 
 

irritant 
 

DI Water Type 1 and 2 
 

Washing, standard 
preparation, method and 
field blank preparation 
 

no hazard 
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Appendix F. Tables of field parameter value data of each site per month. 
 Table F1. Temperature Data by site over months.  

 

September October November January

Unit °C °C °C °C

102b 17.46 8.03 9.67

102c 14.98 7.78 9.18 0.16

102d 15.08 7.92 8.59 0.45

103b 12.77 7.96 8.64 0.13

103c 15.03 8.16 9.59 0.02

201 12.97 9.79 8.70 0.71
202 13.85 9.90 8.25 0.54

203b 13.98 11.70 9.04 1.18

203c 7.90 0.02

204b 12.65 7.11 7.81 0.87

301 12.86 11.04 8.32 0.86

302 13.15 11.55 8.41 0.01

303b

303c 13.42 13.93 9.08 0.79
303d 12.43 11.69 9.06 0.01

303e 13.36 11.91 8.14 0.01

304b 12.35 12.05 7.34 0.90

304c 13.30 12.34 8.32 0.65
501 16.28 8.61 9.14 0.46

502 16.43 8.90 9.72 1.12

503b 15.97 11.07 8.84 0.55

503c 14.88 7.85 8.51 0.05

504b 16.03 7.44 8.29 0.01

504c

602 13.28 7.86 9.04 0.22

603b 12.88 6.79 8.68 0.72
603c 12.06 7.23 8.85 1.82

603d 6.14 8.02 5.58

604b 12.35 7.78 8.09 0.03

604c 12.68 8.60 7.95 0.10

604d

605b 12.47 9.19 9.45 0.01

606_1 13.71 10.11 10.08 1.25

606_2 12.85 9.82 11.82 1.27
606_3 7.51

701 13.98 8.25 9.51 0.16

702 14.62 8.75 9.24

703b 14.80 8.74 9.75 0.38

Field	Parameter:	Temperature
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September October November January
Unit °C °C °C °C
801 14.12 9.15 9.39 0.54
801b 10.76 8.85 0.16
802 12.97 8.59 9.87 0.02
803b 13.15 9.32 9.64 0.20
803c 17.32 15.21 9.60 0.07
803d 15.64 12.02 9.28 0.28
901b 13.39 9.36 8.60 0.09
905b 14.21 8.90 9.79 0.91
905c 16.20 8.78 8.28
1101 13.45 11.96 6.99 0.46

1101b 13.39 12.32 6.69 0.02
1102b 15.06 6.86 0.62
1103b 12.61 11.48 6.75 0.31
1105b 13.46 14.56 6.50 0.35

Field	Parameter:	Temperature
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Table F2. TDS Data by site over months.  

 

Field	Parameter:	TDS

September October November January

Unit mg/L mg/L mg/L mg/L

102b 223.6 208 173.55

102c 346.45 354.9 306.15 277.55

102d 404.95 401.7 324.35 294.45

103b 174.2 189.15 136.50 128.05

103c 189.8 160.55 120.90 109.85

201 114.4 112.45 76.05 69.55
202 265.85 303.55 226.20 212.55

203b 122.85 109.2 75.40 66.3

203c 61.75 55.9

204b 96.2 94.9 62.40 66.95

301 143 153.4 106.60 102.7

302 73.45 73.45 61.75 44.2

303b

303c 76.7 64.35 40.95 36.4
303d 42.25 42.9 31.20 30.55

303e 96.2 91 71.50 68.9

304b 41.6 40.3 35.75 31.2

304c 71.5 74.1 59.80 55.25
501 72.8 70.2 53.95 46.8

502 153.4 150.15 118.30 108.55

503b 74.75 69.55 64.35 52.65

503c 91.65 92.95 66.30 57.2

504b 89.7 87.1 63.05 45.5

504c

602 335.4 364.65 317.85 298.35

603b 378.3 412.75 340.60 332.8
603c 416 375.7 287.95 278.85

603d 250.9 238.55 100.75

604b 98.8 136.5 96.20 92.95

604c 177.45 189.8 121.55 112.45

604d

605b 91 94.9 66.30 65.65

606_1 256.75 257.4 178.10 92.3

606_2 251.55 240.5 183.95 107.9
606_3 341.90

701 199.55 198.25 172.90 145.6

702 190.45 178.1 150.15

703b 141.05 119.6 109.85 83.2
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Field	Parameter:	TDS

September October November January
Unit mg/L mg/L mg/L mg/L
801 126.75 123.5 96.20 81.25
801b 73.45 55.90 46.8
802 68.9 67.6 59.15 47.45
803b 74.1 79.95 72.80 61.75
803c 146.9 142.35 121.55 82.55
803d 113.75 114.4 100.75 82.55
901b 80.6 79.95 69.55 53.95
905b 182 170.95 138.45 326.3
905c 357.5 378.95 365.95

1101 100.1 98.15 75.40 61.1

1101b 80.6 94.25 60.45 50.05
1102b 76.05 59.15 46.15
1103b 99.45 91.65 56.55 52.65
1105b 115.05 321.75 109.20 96.2
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Table F3. DO Data by site over months. 

  
 

Field	Parameter:	DO

September October November January

Unit mg/L mg/L mg/L mg/L

102b 9.17 9.28 12.31

102c 9.70 9.00 12.73 13.97

102d 10.37 8.69 13.87 14.01

103b 9.50 10.94 11.48 14.94

103c 10.10 11.08 12.61 14.53

201 9.76 9.87 10.63 14.26
202 9.79 11.30 11.43 13.76

203b 8.47 8.63 10.39 13.98

203c 11.47 14.75

204b 10.31 11.43 11.40 14.27

301 9.84 9.14 10.77 13.52

302 10.46 9.90 11.16 14.14

303b

303c 9.56 8.47 10.64 13.52
303d 10.32 9.10 10.96 14.27

303e 10.40 9.49 11.18 14.42

304b 9.55 8.06 11.30 13.73

304c 10.30 9.58 11.60 13.83
501 9.88 10.30 11.14 14.50

502 10.58 10.93 11.11 14.47

503b 6.72 7.76 10.77 14.44

503c 9.50 10.97 11.16 14.70

504b 9.00 11.14 11.34 14.65

504c

602 8.57 10.41 12.80 14.32

603b 9.14 11.96 12.58 14.84
603c 10.32 12.63 13.27 14.33

603d 11.75 11.35 12.19

604b 10.32 11.94 11.91 14.50

604c 9.85 11.13 11.66 14.43

604d

605b 10.25 11.47 10.73 14.43

606_1 9.21 11.33 13.71

606_2 9.56 9.40 13.01 14.21
606_3 11.44

701 8.82 8.93 11.74 13.83

702 11.01 9.11 12.27

703b 9.97 9.61 11.19 14.22
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Field	Parameter:	DO

September October November January
Unit mg/L mg/L mg/L mg/L
801 9.84 9.05 11.60 13.94
801b 7.77 11.49 14.21
802 10.41 9.93 11.22 14.39
803b 9.96 9.36 11.25 14.28
803c 11.43 8.81 10.82 14.32
803d 10.64 9.74 11.05 14.25
901b 9.39 9.54 11.41 14.37
905b 9.11 9.14 11.27 13.79
905c 13.55 8.57 11.81
1101 9.90 10.02 11.83 13.99

1101b 11.56 9.75 12.05 14.38
1102b 8.41 11.62 13.90
1103b 11.03 9.55 11.63 14.29
1105b 9.98 8.56 12.35 14.49
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Table F4. pH Data by site over months. 

 

Field	Parameter:	pH

September October November January

Unit

102b 8.36 8.02 8.56

102c 8.29 7.98 8.37 8.06

102d 8.24 7.92 8.49 8.21

103b 7.96 7.91 8.19 8.17

103c 8.38 7.94 8.56 8.00

201 7.35 7.35 7.36 7.45
202 8.00 8.07 7.98 7.97

203b 7.03 7.01 7.22 7.40

203c 7.86 7.77

204b 7.96 7.70 7.77 7.80

301 7.33 7.35 7.16 7.18

302 7.73 7.68 7.33 7.21

303b

303c 7.20 7.11 7.26 7.48
303d 7.69 7.55 7.45 7.32

303e 8.00 8.08 7.64 7.57

304b 6.88 7.09 7.33 7.55

304c 7.31 7.28 7.29 7.19
501 7.74 7.41 7.53 7.47

502 8.03 7.66 7.74 7.80

503b 6.61 6.85 7.35 7.45

503c 7.86 7.44 7.72 7.48

504b 8.51 7.65 7.89 7.79

504c

602 8.14 8.10 8.35 8.23

603b 8.18 8.11 8.46 8.45
603c 7.97 7.98 8.38 8.21

603d 8.06 8.53 8.03

604b 7.89 7.92 8.14 7.75

604c 7.79 7.63 8.07 7.78

604d

605b 7.75 7.85 7.65 7.76

606_1 7.60 7.50 8.43 7.92

606_2 7.30 7.41 9.11 7.90
606_3 7.46

701 8.00 7.89 8.28 8.16

702 8.33 7.88 8.41

703b 7.93 7.74 8.04 7.88
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Field	Parameter:	pH

September October November January
Unit
801 7.55 7.37 7.75 7.70
801b 6.69 7.44 7.53
802 7.68 7.50 7.74 7.49
803b 7.40 7.29 7.70 7.52
803c 7.29 6.95 7.70 7.62
803d 7.21 7.30 7.48 7.56
901b 7.49 7.40 7.70 7.61
905b 8.26 7.92 8.36 8.39
905c 8.56 8.01 8.21
1101 7.44 7.88 7.48 7.42

1101b 8.66 8.36 7.52 7.48
1102b 7.42 7.26 7.47
1103b 8.20 7.82 7.41 7.68
1105b 8.48 8.15 7.46 7.78



76 

Table F5. Turbidity Data by site over months.  

 
 

Field	Parameter:	TDS

September October November January

Unit mg/L mg/L mg/L mg/L

102b 224 208 174

102c 346 355 306 278

102d 405 402 324 294

103b 174 189 137 128

103c 190 161 121 110

201 114 112 76.1 69.6
202 266 304 226 213

203b 123 109 75.4 66.3

203c 61.8 55.9

204b 96.2 94.9 62.4 67.0

301 143 153 107 103

302 73.5 73.5 61.8 44.2

303b

303c 76.7 64.4 41.0 36.4
303d 42.3 42.9 31.2 30.6

303e 96.2 91.0 71.5 68.9

304b 41.6 40.3 35.8 31.2

304c 71.5 74.1 59.8 55.3
501 72.8 70.2 54.0 46.8

502 153 150 118 109

503b 74.8 69.6 64.4 52.7

503c 91.7 93.0 66.3 57.2

504b 89.7 87.1 63.1 45.5

504c

602 335 365 318 298

603b 378 413 341 333
603c 416 376 288 279

603d 251 239 101

604b 98.8 137 96.2 93.0

604c 177 190 122 112

604d

605b 91.0 94.9 66.3 65.7

606_1 257 257 178 92

606_2 252 241 184 108
606_3 342

701 200 198 173 146

702 190 178 150

703b 141 120 110 83.2
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Field	Parameter:	TDS

September October November January
Unit mg/L mg/L mg/L mg/L
801 127 124 96.2 81.3
801b 73.5 55.9 46.8
802 68.9 67.6 59.2 47.5
803b 74.1 80.0 72.8 61.8
803c 147 142 122 82.6
803d 114 114 101 82.6
901b 80.6 80.0 69.6 54.0
905b 182 171 138 326
905c 358 379 366

1101 100 98.2 75.4 61.1

1101b 80.6 94.3 60.5 50.1
1102b 76.1 59.2 46.2
1103b 99.5 91.7 56.6 52.7
1105b 115.1 321.8 109.2 96.2
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Appendix G. Tables of anions concentration data of each site per month.  
Table G1. Chloride Data by site over months.  

 

September October November January

Unit mg/L mg/L mg/L mg/L

102b 10 10 5.7

102c 31 34 12

102d 55 34 14 20

103b 7.4 7.2 4.2 4.5

103c 13 12 4.4 6.6

201 22 16 10 7.3
202 40 37 11 20

203b 20 18 5.5 11

203c 5.6 2.3

204b 13 11 4.9 11

301 44 49 6.3 25

302 7.0 8.4 6.6 7.2

303b 13 3.6

303c 7.5 2.1 3.8
303d 2.4 3.0 1.6 1.4

303e 17 14 4.1 10.6

304b 2.4 3.6 6.1 3.4

304c 15 17 12 12
501 7.5 1.0 4.4 3.5

502 33 30 5.8 23

503b 8.7 10 11 8.1

503c 20 21 5.3 12

504b 15 17 13 7.7

504c

602 28 34 23 15

603b 47 47 24 17
603c 99 14 17 12

603d

604b 31 26 6.2 15

604c 38 40 6.0 19

604d

605b 5.3 5.2 4.1 3.4

606_1 107 95 70 32

606_2
606_3

701 15 12 6.7 11

702 21 17 14

703b 18 13 13 11

Anion:	Chloride
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September October November January
Unit mg/L mg/L mg/L mg/L
801 15 25 15 14
801b 12 5.0 12
802 12 12 8.2 10
803b 17 17 14 14
803c 33 37 5.2 20
803d 25 27 6.0 22
901b 8.7 8.7 5.7 8.1
905b 9.5 10 6.0
905c 24 21 25 20
1101 18 17 11 12

1101b 14 15 4.6 7.8
1102b 11 5.5 7.6
1103b 9.5 10 7.2 7.8
1105b 85 145 32 28

Anion:	Chloride
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Table G2. Nitrate Data by site over months. 

 

Anion:	Nitrate

September October November January

Unit mg/L mg/L mg/L mg/L

102b -1.3 -0.08 -0.34

102c 1.1 1.4 3.5

102d -0.75 -0.09 -0.30 4.0

103b 1.1 -1.2 -0.04 1.7

103c -1.0 -0.15 -0.34 1.1

201 1.6 -0.05 -0.01 1.5
202 1.1 -0.05 2.9

203b 6.0 18 -0.04 3.6

203c -0.05 0.08

204b 0.06 -0.15 0.51 1.1

301 1.5 2.3 -0.04 2.5

302 1.3 1.7 0.00 5.3

303b 3.6

303c 0.42 -0.05 1.7
303d 1.5 0.85 0.06 -0.20

303e 1.8 14 0.05 3.4

304b 1.1 3.6 2.1 1.9

304c 0.33 -0.53 0.32 2.9
501 -1.1 0.34 0.10 0.54

502 0.60 0.56 0.01 2.3

503b 0.62 1.1 2.0 2.4

503c -1.2 -0.16 0.07 1.9

504b -1.1 12.1 0.12 1.6

504c

602 0.51 5.1 -0.08 6.4

603b 1.7 47 -0.03 9.7
603c 3.6 6.6 -0.08 5.4

603d 1.4 0.90 -0.04

604b 0.28 -0.09 -0.05

604c 2.8 1.1 0.59 1.0

604d -0.51 1.4

605b 2.7

606_1 2.2 1.0 -0.30 2.3

606_2 -0.27
606_3 -0.27

701 0.47 -0.08 3.4

702 0.25 1.2 -0.34

703b 0.20 -0.09 -0.21 4.2
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Anion:	Nitrate

September October November January
Unit mg/L mg/L mg/L mg/L
801 -0.57 25 -0.21 2.7
801b 2.0 -0.32 2.5
802 -1.0 18 -0.30 2.1
803b 0.88 1.7 -0.25 3.4
803c -1.1 0.12 2.0
803d 0.08 0.41 -0.32 3.1
901b -0.76 -0.26 -0.30 3.6
905b -0.23 0.48 -0.30
905c 0.04 1.9 8.7
1101 0.08 -0.19 -1.7 2.4

1101b -1.4 -0.19 -1.7 0.54
1102b 0.62 -1.7 3.2
1103b -0.33 -0.09 0.19 2.0
1105b -0.34 -0.29 -1.8 2.2
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Table G3. Phosphate Data by site over months. 
 

 

Anion:	Phosphate

September October November January

Unit mg/L mg/L mg/L mg/L

102b 0.00 0.00 0.00

102c 0.02 0.00 0.00

102d 0.00 0.00 0.00 0.00

103b 1.2 0.00 0.00 0.00

103c 0.23 0.00 0.00 0.00

201 0.00 0.00 0.00 1.8
202 0.00 0.00 0.00 2.4

203b 0.00 0.00 0.00 2.5

203c 0.00 0.00

204b 0.00 0.00 0.51 0.02

301 0.00 0.00 0.00 2.4

302 0.43 0.00 2.4

303b 0.31

303c 0.00 0.00 2.5
303d 1.5 0.00 0.13 0.13

303e 0.00 0.00 0.05 0.42

304b 1.7 2.0 2.1 2.5

304c 0.00 0.00 0.32 2.5
501 0.17 0.00 0.00 0.00

502 1.3 0.00 0.06 0.00

503b 0.57 1.7 2.0 2.5

503c 0.05 0.00 0.07 2.8

504b 0.18 0.00 0.00 1.8

504c

602 0.00 0.00 0.00 0.00

603b 0.00 0.00 0.00 0.00
603c 0.00 0.00 0.00 2.4

603d 0.00 0.00 0.00

604b 0.00 0.00 0.00 2.4

604c 0.00 0.00 0.00 0.00

604d 1.3 0.00

605b 0.01 0.00 0.59 0.00

606_1 0.00 2.4

606_2 0.00 2.4
606_3 0.00

701 0.00 0.00 0.00 2.4

702 0.00 0.00 0.00

703b 0.04 0.00 0.00 2.4
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Anion:	Phosphate

September October November January
Unit mg/L mg/L mg/L mg/L
801 0.17 0.00 0.00 0.00
801b 0.00 0.00 2.4
802 0.01 0.00 0.00 2.4
803b 1.4 0.00 0.00 2.9
803c 0.15 0.00 0.00 2.5
803d 1.5 0.00 0.00 2.4
901b 1.7 0.00 0.00 2.6
905b 0.00 0.00 0.00
905c 0.01 0.00 0.00 2.4
1101 0.00 0.00 0.00 2.4

1101b 0.19 0.00 0.00 0.06
1102b 0.00 0.00 4.4
1103b 0.00 0.00 0.19 0.10
1105b 0.03 0.00 0.00 1.5



84 

Table G4. Sulfate Data by site over months.  

 
 

Anion:	Sulfate

September October November January

Unit mg/L mg/L mg/L mg/L

102b 10 9.1 6.4

102c 17 16 9.5

102d 82 65 15 13

103b 8.5 5.8 5.7 6.2

103c 6.2 6.5 5.4 5.1

201 6.9 7.7 7.2 6.4
202 14 16 12 10

203b 8.6 7.7 5.7 6.1

203c 5.6 5.1

204b 5.5 5.4 5.2 5.3

301 10 0.8 6.6 6.4

302 6.0 6.2 6.5 6.3

303b 6.9

303c 6.0 4.6 5.3
303d 7.3 0.00 5.9 5.6

303e 10 8.1 7.2 6.2

304b 7.5 6.7 6.4 6.4

304c 6.6 5.9 7.0 6.6
501 5.1 0.0 5.2 5.6

502 7.3 7.2 5.6 6.7

503b 5.4 7.5 8.5 6.7

503c 6.1 0.0 5.6 5.4

504b 6.6 7.8 7.2 7.2

504c

602 21 13 14 8.3

603b 18 13 15 10
603c 14 59 13 19

603d 7.8 11 6.8 7.0

604b 0.61 6.5 6.2

604c 11 8.0 6.3 5.6

604d

605b 11 6.7 6.7 6.5

606_1 11 11 9.2 7.1

606_2 10 11 7.2
606_3 8.4

701 8.7 6.8 7.6 7.1

702 0.5 7.5 8.1

703b 7.0 7.2 7.9 6.6
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Anion:	Sulfate

September October November January
Unit mg/L mg/L mg/L mg/L
801 7.5 6.3 5.8 5.8
801b 5.9 5.7 6.1
802 5.2 6.1 5.9 6.2
803b 5.1 5.0 5.4 5.9
803c 5.5 0.0 6.1 6.6
803d 6.5 6.6 6.7 7.7
901b 7.4 6.9 6.0 6.9
905b 8.7 1.5 6.9
905c 53 30 26 26
1101 7.9 6.4 4.5 5.9

1101b 5.9 0.00 5.3 5.7
1102b 0.80 5.8 6.2
1103b 7.2 6.1 5.2 5.9
1105b 9.3 7.1 7.8 8.2
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Appendix H. Tables of cations concentration data of each site per month. 
Table H1. Sodium Data by site over months.  

 
 
Table H2. Potassium Data by site over months. 

 
 
 
 
 
 
 
 
 
 
 

Cation:	Sodium

September October November January
Unit mg/L mg/L mg/L mg/L
102b 0.74 0.60 0.53

102c 1.1 0.91 0.68 0.91

102d 1.1 1.7 0.92 0.22
103b 0.46 0.45 0.36 0.32
103c 0.93 0.63 0.48 0.45

606 1.7 1.8 1.4 1.1
801 0.89 1.0 0.79 0.82
801b 0.49 0.54 0.53

802 0.66 0.47 0.49 0.56
803b 0.90 0.62 0.77 0.72
803c 1.2 1.2 1.3 0.93
803d 1.4 1.0 0.48 1.0

Cation:	Potassium

September October November January
Unit mg/L mg/L mg/L mg/L
102b 1.6 1.9 1.0

102c 1.7 1.4 1.0 1.2

102d 2.0 2.2 1.4 0.78
103b 1.6 1.4 1.0 0.52
103c 1.2 1.1 0.73 0.55

606 1.1 1.1 0.92 0.59
801 1.2 1.0 0.78 0.54
801b 0.91 0.66 0.57

802 0.82 0.84 0.76 0.92
803b 1.2 1.0 1.2 0.85
803c 1.0 1.3 1.2 0.85
803d 1.1 1.0 0.94 0.74
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Table H3. Calcium Data by site over months. 

 
 
Table H4. Magnesium Data by site over months.  

 
 

Cation:	Calcium

September October November January
Unit mg/L mg/L mg/L mg/L
102b 5.2 4.6 4.0

102c 7.6 7.1 6.8 6.3

102d 8.2 6.9 7.0 2.6
103b 4.1 3.9 2.8 2.1
103c 4.2 3.4 2.8 0.8

606 2.6 2.6 2.0 1.0
801 2.0 1.8 1.5 0.52
801b 1.0 0.85 0.54

802 1.0 0.92 0.76 0.59
803b 1.0 1.0 1.0 0.92
803c 2.3 2.1 1.6 0.92
803d 1.4 1.3 1.1 0.87

Cation:	Magnesium

September October November January
Unit mg/L mg/L mg/L mg/L
102b 0.29 0.26 0.22

102c 0.31 0.36 0.35 0.29

102d 0.49 0.42 0.34 0.43
103b 0.22 0.24 0.17 0.17
103c 0.23 0.21 0.15 0.16

606 0.43 0.41 0.30 0.18
801 0.21 0.22 0.16 0.17
801b 0.20 0.14 0.13

802 0.22 0.21 0.15 0.14
803b 0.24 0.23 0.19 0.17
803c 0.32 0.33 0.23 0.19
803d 0.30 0.27 0.22 0.20


	Daniels_FinalThesis2013
	Shorkey_FinalThesis2013

