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Conversion Factors, Abbreviations, and Vertical Datum 

 

Inch/Pound to SI 

Multiply By To obtain 

Flow rate 

gallon per minute (gal/min)  0.06309 liter per second (L/s) 
 
 
Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) 
by use of the following equation:  °F = 1.8(°C) + 32. 
 
Abbreviated water-quality units used in this report:  Chemical concentrations and water 
temperature are given in metric units.  Chemical concentration is given in milligrams per liter 
(mg/L) or micrograms per liter (µg/L).  Milligrams per liter is a unit expressing the concentration 
of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of 
water.  One thousand micrograms per liter is equivalent to one milligram per liter.  For 
concentrations less than 7,000 mg/L, the numerical value is approximately the same as for 
concentrations in parts per million.  
 
Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius 
(uS/cm).  This unit is equivalent to micromhos per centimeter at 25 degrees Celsius (µmho/cm) 
formerly used by the U.S. Geological Survey. 
 
Stable isotope ratios are indicated by use of the delta symbol (δ) coupled with the atomic mass 
and chemical symbol, such as δ15N, and are expressed in parts per thousand (per mil). The isotope 
itself is simply expressed as 15N. 
 
Turbidity is expressed in nephelometric turbidity units, abbreviated as NTU. 

Vertical datum: In this report, vertical coordinate information refers to the National Geodetic 
Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived from a general adjustment of 
the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 
1929. 
 
Altitude as used in this report refers to distance above the vertical datum. 
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Ground-Water Quality Data from Elk Creek Watershed 

near Trenton, Ohio, 2003 

By Bruce A. Pletsch1 and Thomas L. Schumann 

 

Abstract 

The U.S. Geological Survey and the Miami Conservancy District completed this study to 

help define the extent of nitrate concentrations in the glacial aquifer near Trenton, Ohio, by 

collecting and analyzing ground-water samples for nitrogen content.  Another objective of this 

study was to identify the source(s) of nitrate in the buried-valley aquifer near Elk Creek by 

analyzing nitrogen-isotope ratios of nitrate.  Information regarding nitrate source identification will 

be presented in future reports.  This report presents field and laboratory data from the first round of 

samples collected in the Elk Creek Watershed.  Ground-water samples were collected from 18 

glacial wells from September to December 2003.  Nitrate concentrations ranged from less than 

0.041 to 11.4 mg/L.  δ15N  and δ18O isotope ratios ranged from -6.2 to 13.4 and -6.3 to 7.9 per mil 

respectively 

Introduction 

Nitrogen inputs to the environment have increased since the 1970s to present because of  

_________________ 

1 Miami Conservancy District 
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certain activities.  In public water supplies, nitrate concentrations have exceeded acceptable levels 

in some areas, largely because of overuse of fertilizers and contamination by human and animal 

waste.  Nitrate contamination in shallow ground water is a public-health concern in areas where  

ground water is used as a source for drinking water.  Elevated concentrations of nitrate in drinking 

water have been associated with adverse health effects, especially in children (Ohio Environmental 

Protection Agency, 2005). 

The City of Trenton, Ohio, currently withdraws water from a buried-valley aquifer 

underlying the southeast part of the Elk Creek Watershed (fig. 1).  The City of Trenton sampled 

ground water in preparation for a new production well.  These samples contained nitrate 

concentrations in excess of the Environmental Protection Agency (EPA) drinking water maximum 

contaminant level (MCL) (United States Environmental Protection Agency, 2003).  The source of 

the nitrates is not known, but on the basis of land use in the area, possible nitrate source-groups in 

the watershed include commercial organic and inorganic fertilizers, animal waste, natural organic 

material, and nearby septic tanks. 

Recent studies have shown that nitrogen isotopes can be used to evaluate the contribution of 

various nitrate sources to the ground water (Komor and Anderson, 1993; Böhlke and Denver, 1995; 

Kendall, 1998).  Different sources of nitrate have typical ranges of nitrogen isotope fractions.  The 

isotopic composition of water samples can aid in the identification of land uses that have 

contributed to excess nitrates in the watershed.  Analyses of water samples can be complicated, 

however, by natural processes that result in additional isotopic fractionations, such as 

denitrification, ion exchange, and plant uptake.  A dual isotope approach, which uses both nitrogen 

(N) and oxygen (O) isotopes of nitrate, can help compensate for isotopic fractionations, because 

many nitrogen sources have distinctive δ18O and δ15N values (Kendall and others, 1995). 
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This study has two main objectives:  (1) identify the significant source groups of nitrates 

within the Elk Creek Watershed and (2) evaluate any spatial variation that may exist regarding the 

relative contribution of the various source groups to the total nitrate load.  These objectives will be 

achieved through analyses of data collected in two separate phases of water-quality sampling. 

This report documents methods and data collected from September to December 2003.  

Ground-water samples were collected from wells screened in glacial aquifers within the Elk Creek 

Watershed from near the confluence of Elk Creek with the Great Miami River to the confluence 

with the first major tributary, Dry Run, in the north (fig. 2).   

Description of the Elk Creek Watershed 

The study area, in northeast Butler County includes the City of Trenton and overlies a part 

of the Great Miami River Buried Valley Aquifer System (GMR-BVAS) (fig. 1 and 2).  This aquifer 

system provides most of the local potable water supply.  A number of heavy industries also rely on 

the buried-valley aquifer for industrial process water. 

According to the Ohio Department of Natural Resources (ODNR), ground-water yields from the 

Trenton to New Miami part of the GMR-BVAS range from 100 to more than 1,000 gal/min 

(Schmidt, 1986).  The GMR-BVAS near Trenton consists of highly permeable sand and gravel 

layers that were deposited by glacial meltwaters during several glacial events in southwest Ohio.  

Recharge to the sand and gravel aquifer includes infiltration of precipitation, inflow of ground 

water from adjacent uplands (Norris and Spieker, 1966) and may include induced infiltration near 

pumping wells (Sheets and others, 2002).
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Methods and Approach 

Water-quality samples were collected at 18 wells north of the City of Trenton.  Wells were 

sampled from September 30 to December 18, 2003.  All sampling and analyses were done by 

USGS or Miami Conservancy District personnel.  Standard USGS water-quality sampling and 

analytical methods as detailed in the “National Field Manual for the Collection of Water-Quality 

Data” (Wilde and others, 1999a and 1999b) were used in sampling all wells.  Site location and field 

ID were determined by global positioning system instrumentation or topographic maps.  

Photographs for future reference were taken of each site and are kept on file in the USGS 

Columbus, Ohio, office. 

Collection and analysis of ground-water data 

Ground-water samples were taken from 14 domestic wells, 1 industrial well, 1 recreation 

well, and 2 public-supply wells.  All samples were collected from the owners’ dedicated spigots 

and well pump systems.  Samples were collected at all sites prior to or bypassing any in-line water 

softeners and or any other water treatments.  USGS personnel inspected all of the systems that were 

sampled.   

Site Selection 

All chosen sites were in unconsolidated material within or adjacent to the drainage area of 

Elk Creek (fig. 2).  The sites were located geographically between the confluence of Elk Creek and 

the Great Miami River and upstream to the confluence with Dry Run, a major tributary.  The two 

public-supply wells from the City of Trenton were sampled because of their history of elevated 
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nitrate concentrations.  Other selection criteria included spatial distribution, availability of suitable 

well logs, and permission and access from property owners. 

Field Methods 

All water samples were collected after field personnel verified that the water quality 

characteristics pH, water temperature, dissolved oxygen, specific conductance, and turbidity had 

stabilized and that the well was purged.  Purging was accomplished by pumping at least three 

volumes of water from the well at the time of sampling, or verification by the well owner that three 

well volumes were pumped on the day of sampling through frequent use. Measurements of the 

above mentioned characteristics were made at all sites with a field-calibrated multiparameter probe 

and confirmed as stable after five sequential readings taken at 1-minute intervals.  Water was 

filtered through a 0.45 µm capsule filter for nutrient, isotope, dissolved organic carbon (DOC), and 

alkalinity analysis.  All samples were preserved by chilling on ice or acidification according to 

USGS requirements (Wilde and others, 1999b). 

All samples were analyzed for nutrients, including nitrate.  Samples were then analyzed for 

δ15N  and δ18O isotope ratios to evaluate the composition and origin of the nitrate.  Samples from 

each site were also analyzed for total coliform and Escherichia coli bacteria using the mI agar 

method (U.S. EPA, 2000c).  Two sites, BU-1170 and BU-1186, based on spatial location in the 

watershed, were sampled for major ions to provide a general characterization of the ground water.   

The USGS National Water Quality Lab (NWQL) in Denver, Colo., analyzed samples from 

all sites for nutrients and DOC and samples from two ground-water sites for major ions.  Bacterial 

analyses were done at the USGS microbiology lab in Columbus, Ohio.  The USGS Reston Stable 

Isotope Laboratory in Reston, Va., analyzed nitrates for nitrogen and oxygen isotopic composition.  

Nitrogen isotope ratios are reported in parts per thousand (per mil) relative to free nitrogen (N2) in 
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air (Mariotti, 1983). Oxygen isotope ratios are reported in per mil relative to Vienna Standard 

Mean Ocean Water (VSMOW) reference water and normalized on a scale such that Standard Light 

Antarctic Precipitation (SLAP) reference water is -55.5 per mil (Coplen, 1988, 1994). 

Quality Assurance/Quality Control for Water-Quality Measurements 

Appropriate quality-control/quality-assurance samples were collected to provide confidence 

in the data regarding bias and variability.  As a means of controlling variability from sampling 

irregularities, the same equipment, sampling crew, and field vehicle were used for all samples. 

Equipment blanks are used to test for bias from possible contamination of blank water and 

to verify that decontamination procedures and laboratory protocols are adequate (Koterba and 

others, 1995).  An equipment blank was collected prior to the onset of the project and consisted of 

deionized water free of inorganic compounds.  The deionized water was pumped through all 

equipment used for the environmental sample collection and processing.  There were no detections 

of nutrients or major ions in the equipment blank. 

Sequential replicate samples from two sites were analyzed for nutrients, DOC and alkalinity 

to estimate variability resulting from the sampling and analytical procedures.  These data are 

presented in table 2.  All bacterial samples included an equipment/procedure blank and a sequential 

replicate.   

Ground-Water Quality Data 

Physical characteristics including well depth, water level, aquifer type, land surface, and 

screened interval, where available, of wells sampled are listed in table 1.  Chemical and biological 

data for environmental water-quality samples taken from 18 wells are listed in table 2.   
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The public supply wells BU-1170 and BU-1171 had nitrate concentrations of 3.8 and 5.6 

mg/L, respectively (table 2).  Nitrate concentrations in samples collected during this study ranged 

from less than the detection limit of 0.041 to as much as 11.4 mg/L.  The Maximum Contaminant 

Level for nitrates established by the US EPA is 10 mg/L (U.S. Environmental Protection Agency, 

2003).  The δ15N isotope ratio ranged from 3.0 to 13.4 per mil for all sites except BU-1180, which 

had a ratio of -6.2.  The  δ18O isotope ratio ranged from -0.2 to 7.9 per mil for all sites except BU-

1180, which had a ratio of -6.3 (table 2, fig. 3).   

Samples from wells 1170 and 1186 were analyzed for major ions to provide a general 

characterization of the water.  The wells were selected based on location in the watershed. 



Table 1.  Physical  characteristics of wells sampled in the Elk Creek Watershed, southwest Ohio.      
[--, unavailable for this well; NGVD29, National Geodetic Vertical Datum 1929]      
          

        Depth Water level Altitude of   Open Open 

    
of 

well, depth below land surface  interval interval 
Site ID Station Well  Sample total land surface above NGVD29 Aquifer  top bottom 

  name type Date (feet) (feet) (feet) material (feet) (feet) 

392917084265000 
BU-
1170 Public Supply 09/30/03 80 20.85 638 

sand and 
gravel 60 80 

392910084264900 
BU-
1171 Public Supply 09/30/03 58 25.9 643 

sand and 
gravel 43 58 

393001084274900 
BU-
1172 Domestic 10/08/03 43 23.22 681 

sand and 
gravel -- -- 

392944084273600 
BU-
1173 Domestic 10/09/03 31 19.75 675 

sand and 
gravel 28 31 

392924084265000 
BU-
1174 Domestic 10/16/03 45 20 640 gravel -- -- 

393002084275200 
BU-
1175 Domestic 10/16/03 38.3 25.33 689 

sand and 
gravel -- -- 

393023084275800 
BU-
1176 Domestic 10/20/03 40 -- 684 

sand and 
gravel -- -- 

392920084270300 
BU-
1177 Domestic 10/28/03 55 26.27 650 

sand and 
gravel 52 55 

392921084265500 
BU-
1178 Domestic 10/28/03 48 19.98 645 

sand and 
gravel 43 48 

393024084275700 
BU-
1179 Domestic 10/29/03 60 20 684 

sand and 
gravel -- -- 

393001084281400 
BU-
1180 Domestic 11/18/03 78.7 16.53 712 

sand and 
gravel -- -- 

392959084274000 
BU-
1181 Domestic 11/12/03 33.73 13.49 668 

sand and 
gravel -- -- 

392956084273600 
BU-
1182 Domestic 11/12/03 40 -- 665 

sand and 
gravel -- -- 

393007084271300 
BU-
1183 Domestic 11/19/03 13.31 9.18 745 sand   0 13.31 

393014084274400 
BU-
1184 Domestic 11/21/03 18 -- 676 

sand and 
gravel -- -- 

392801084303600 
BU-
1185 Domestic 11/25/03 42 19.92 684 

sand and 
gravel -- -- 

393128084275900 
BU-
1186 Recreations 12/18/03 34.29 14.29 713 

sand and 
gravel 24.29 34.29 

392855084270000 
BU-
1199 Industrial  10/09/03 120 33 651 

sand and 
gravel 110 120 
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Table 2.  Water-quality characteristics of water samples collected from the Elk Creek Watershed, southwest Ohio, September through  
December 2003           
[mg/L, milligrams per liter; µg/L, micrograms per liter; µS/cm, microsiemens per centimeter; δ, del notation; per mil, parts per thousand; NTU,    
nephelometric turbidity units; mL, milliliters; --, unavailable for this well; <, less than; >, greater than; E, estimated]     
           
    pH     Temperature, Temperature,   Calcium, Magnesium, Potassium, 
  field Specific Oxygen, air water  dissolved dissolved dissolved 
Station  Sample  (standard conductance dissolved (degrees (degrees Turbidity (mg/L as (mg/L as  (mg/L as  
name date  units) (µS/cm) (mg/L) Celsius) Celsius) (NTU) Ca) Mg) K) 
BU-1170 9/30/2003 7.2 693 2.8 -- 13.3 0.2 98.2 32.3 3.00 
BU-1171 9/30/2003 7.0 749 6.3 -- 13.5 0.2 -- -- -- 
BU-1172 10/8/2003 7.0 730 8.0 26 14.5 0.4 -- -- -- 
BU-1173 10/9/2003 7.1 697 7.7 26 16.0 9.8 -- -- -- 
BU-1174 10/16/2003 7.3 662 7.3 21 17.4 0.3 -- -- -- 
BU-1175 10/16/2003 7.1 647 6.3 -- 17.7 2.9 -- -- -- 
BU-1176 10/20/2003 7.1 808 4.4 -- 15.4 1.2 -- -- -- 
BU-1177 10/28/2003 7.3 738 7.3 11 13.1 1.1 -- -- -- 
BU-1178 10/28/2003 7.3 718 8.1 9 13.0 1.0 -- -- -- 
BU-1179 10/29/2003 7.0 767 5.6 11 15.7 1.6 -- -- -- 
BU-1180 11/18/2003 7.3 2100 -- -- 15.7 17.1 -- -- -- 
BU-1181 11/12/2003 7.4 636 0.1 -- 15.2 2.5 -- -- -- 
BU-1182 11/12/2003 7.1 848 4.9 20 15.2 3.0 -- -- -- 
BU-1183 11/19/2003 6.8 983 2.8 -- 13.7 0.3 -- -- -- 
BU-1184 11/21/2003 7.1 749 1.4 20 15.8 0.3 -- -- -- 
BU-1185 11/25/2003 7.5 587 1.6 6 13.6 0.5 -- -- -- 
BU-1186 12/18/2003 7.1 669 2.4 1 13.3 1.2 94.7 31.9 2.38 
BU-1199 10/9/2003 7.2 702 5.1 -- 14.2 0.2 -- -- -- 
BU-1182 11/12/2003 7.1 848 4.9 20 15.2 3.0 -- -- -- 
BU-1186 12/18/2003 7.1 669 2.4 1 13.3 1.2 -- -- -- 
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Table 2.  Water-quality characteristics of water samples collected from the Elk Creek Watershed, southwest Ohio, September through  
December 2003—Continued           
[mg/L, milligrams per liter; µg/L, micrograms per liter; µS/cm, microsiemens per centimeter; δ, del notation; per mil, parts per thousand; NTU,     
nephelometric turbidity units; mL, milliliters; --, unavailable for this well; <, less than; >, greater than; E, estimated]      
             

  Sodium, Alkalinity Bromide, Chloride, Flouride, Silica, Sulfate,   Ammonia,  Ammonia, 
Nitrite 
plus Nitrite, 

 dissolved 
Inc 

Titrate dissolved dissolved dissolved dissolved dissolved Residue on organic N water Nitrate,  dissolved 
Station  (mg/L as  (mg/L as  (mg/L as  (mg/L as (mg/L as  (mg/L as (mg/L as  evaporation dissolved dissolved dissolved (mg/L as  

name Na) CaCO3) Br) Cl) F) SiO2) SO4) (mg/L) 
(mg/L as 

N) 
(mg/L as 

N) 
(mg/L as 

N) N) 
BU-1170 11.2 283 0.04 25.8 <0.17 9.2 48 387.58 0.114 <0.041 3.8 E 0.004 
BU-1171 -- 299 -- -- -- -- -- -- E 0.096 <0.041 5.6 <0.008 
BU-1172 -- 309 -- -- -- -- -- -- 0.103 <0.04 11.4 <0.008 
BU-1173 -- 309 -- -- -- -- -- -- E 0.082 <0.04 4.6 <0.008 
BU-1174 -- 258 -- -- -- -- -- -- 0.126 <0.04 9.9 <0.008 
BU-1175 -- 257 -- -- -- -- -- -- 0.172 <0.04 5.0 <0.008 
BU-1176 -- 305 -- -- -- -- -- -- E 0.069 <0.04 3.0 <0.008 
BU-1177 -- 285 -- -- -- -- -- -- E 0.08 <0.04 8.8 <0.008 
BU-1178 -- 269 -- -- -- -- -- -- 0.108 <0.04 10.9 <0.008 
BU-1179 -- 323 -- -- -- -- -- -- E 0.064 <0.04 2.9 <0.008 
BU-1180 -- 279 -- -- -- -- -- -- 0.713 0.67 2.0 0.10 
BU-1181 -- 252 -- -- -- -- -- -- E 0.072 0.05 0.1 E 0.004 
BU-1182 -- 293 -- -- -- -- -- -- E 0.096 <0.04 9.3 <0.008 
BU-1183 -- 378 -- -- -- -- -- -- E 0.08 <0.04 E 0.041 <0.008 
BU-1184 -- 318 -- -- -- -- -- -- E 0.062 <0.04 1.5 <0.008 
BU-1185 -- 269 -- -- -- -- -- -- <0.1 <0.04 1.8 <0.008 
BU-1186 13.2 301 0.05 26.1 <0.17 8.8 35 360.69 E 0.095 <0.04 1.7 <0.008 
BU-1199 -- 267 -- -- -- -- -- -- E 0.05 <0.04 4.9 <0.008 
BU-1182 -- 303 -- -- -- -- -- -- 0.114 0.04 9.0 <0.008 
BU-1186 -- 291 -- -- -- -- -- -- 0.061 0.04 1.7 <0.008 
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Table 2.  Water-quality characteristics of water samples collected from the Elk Creek Watershed, southwest Ohio, September through  
December 2003—Continued          
[mg/L, milligrams per liter; µg/L, micrograms per liter; µS/cm, microsiemens per centimeter; δ, del notation; per mil, parts per thousand; NTU,  
nephelometric turbidity units; mL, milliliters; --, unavailable for this well; <, less than; >, greater than; E, estimated] 
         
 Nitrate, Orthophos- Phosphor- Organic Escherichia Total Iron, Manganese, δ15N δ18O 

  dissolved phate, ous, Carbon, coli, MI coliform, MI dissolved dissolved 
in 

Nitrate 
in 

Nitrate 

Station  (mg/L as  dissolved dissolved dissolved 
(colonies 

per 
(colonies 

per (µg/L as (µg/L as fraction fraction 

name N) (mg/L as P) 
(mg/L as 

P) 
(mg/L as 

) 100 mL) 100 mL) Fe) Mn) 
(per 
mil) 

(per 
mil) 

BU-1170 3.8 <0.018 E 0.02 0.8 <1 <1 <8 E 0.3 5.3 2.9 
BU-1171 5.6 <0.018 <0.035 0.7 <1 <1 -- -- 4.8 2.6 
BU-1172 11.4 <0.18 0.11 0.9 <1 <1 -- -- 3.0 2.6 
BU-1173 4.6 E 0.01 <0.04 0.8 <1 34 -- -- 3.7 1.6 
BU-1174 9.9 <0.018 <0.04 0.7 <1 <1 -- -- 5.4 3.7 
BU-1175 5.0 0.067 0.08 0.5 <1 76 -- -- 3.5 2.9 
BU-1176 3.0 0.078 0.08 0.7 <1 E 19 -- -- 8.0 1.5 
BU-1177 8.8 <0.018 <0.04 0.6 <1 <1 -- -- 3.8 3.1 
BU-1178 10.9 <0.018 <0.04 0.7 <1 E 85 -- -- 4.7 4.1 
BU-1179 2.9 0.1 0.11 0.8 <1 <1 -- -- 6.3 2.0 
BU-1180 1.9 0.018 <0.04 0.5 <1 E 2 -- -- -6.2 -6.3 
BU-1181 0.1 <0.018 <0.04 0.5 <1 <1 -- -- 7.5 5.3 
BU-1182 9.3 0.13 0.14 1.0 <1 E 2 -- -- 6.4 3.2 
BU-1183 E 0.04 <0.018 <0.04 1.2 <1 >80 -- -- 8.7 -0.2 
BU-1184 1.5 <0.018 <0.04 1.1 <1 <1 -- -- 13.4 7.9 
BU-1185 1.8 <0.018 <0.04 0.6 <1 <1 -- -- 11.1 6.3 
BU-1186 1.7 <0.018 <0.04 0.8 -- -- 13 3.0 10.1 5.1 
BU-1199 4.9 <0.018 <0.04 0.9 <1 <1 -- -- 3.9 2.9 
BU-1182 9.0 0.132 0.14 0.8 <1 2 -- -- -- -- 
BU-1186 1.7 <0.018 <0.04 0.8 -- -- -- -- -- -- 
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