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Nitrate Sources in Groundwater 

Naturally occurring 

nitrate in groundwater is 

typically below 

detectable levels  

http://garden.lovetoknow.com/wiki/Image:Fertilizing-lawn-i.jpg


Surface water 

Groundwater Moves! 

Barnyard, yards, dumps, mines, septic systems, etc. 
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From U.S. Geological Survey 



Nitrate Drinking Water Standards 

ÅPrimary MCL = 10 mg/L as NO3-N 

 

Å45 mg/L as NO3 

 

Å3.0 mg/L often cited as human influenced 

 



Nitrate 

ÅOne of the most controversial standards! 

 

ÅArgument to relax standard 
o Lack of methemoglobinemia cases 

o Costs of treatment for public water supplies 

 

ÅArguments to tighten standard 
o Possible links to bladder cancer 

o Prevalence of the problem 



Data Sources 
ÅStatewide Survey ς 1989-1991 

o Penn State (Swistock, Sharpe and Robillard)  

o 1,600 wells, springs and cisterns across PA 

 

ÅSpruce Creek Watershed Study ς 2005 
o Penn State University (Swistock and Sherwin) 

o 50 water wells intensively studied in a central PA watershed 

 

ÅCenter for Rural PA Statewide Project 
o Penn State (Swistock et al. 2007) 

o 701 samples across PA 

 

ÅPenn State Ag Analytical Laboratory  
o 2,040 samples across PA from 2007 through 2016 

o Samples submitted by homeowners and farmers 



NO3-N in Private Water Systems 
(1989-1991) 
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NO3-N by Water Supply Type 
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NO3-N and Distance to Active Field 
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NO3-N by Well Depth 

0

50

100

150

200

A
ve

ra
g
e

 W
e

ll 
D

e
p
th

 (
ft
) 

> 10 mg/L

< 10 mg/L



Spruce Creek Well Sampling Project 
Penn State Center for Watershed Stewardship 



Spruce Creek Well Sampling 

Å50 private water supplies 
o Sampled February 22 - April 7, 2005 

o 48 drilled wells, 2 springs 

o Drilled between 1950 and 2002 

 

ÅWell depths 
o Average depth = 220 feet 

o Range 35 to 725 feet 

 

ÅWell construction 
o 44 of 48 had casing above ground, 4 were in buried pits 

o 13 of 48 had a sanitary well cap 

o 5 of 48 had been grouted  

o Only three wells had both a sanitary cap and grout seal 



Summary of Testing Results 
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Nitrate Results 

Å10% exceeded drinking water standard 

 

ÅMaximum concentration 13.3 mg/L 

 

ÅNone of the 5 homes with high nitrate had treatment equipment 

 

ÅWeak correlation with distance to cornfield and barnyard 
o Farm well average NO3-N = 3.98 mg/L 

o Rural home well average NO3-N = 2.80 mg/L 

 

ÅNo correlation with distance to septic  

 



Nitrate Correlations 

0

2

4

6

<100 ft 100-500 ft 500-1000 ft >1000 ft

Cornfield

Barnyard

Septic

A
ve

ra
g
e

 N
itr

a
te-

N
 c

o
n

ce
n
tr

a
tio

n
 (

m
g

/L
) 

Distance to Activity 



2006-2007 Study 

ÅFunded by The Center for 
Rural Pennsylvania and the 
Pennsylvania Water 
Resources Research 
Center  
 
ÅMWON volunteers and 

Penn State Staff collected 
samples  



Methods 

Å 701 private wells throughout PA 

 

Å Wells had to be at least one mile apart 

 

Å Raw water samples collected by trained Master Well Owner 
volunteers and Extension personnel 

 

Å Analyzed for coliform bacteria, E. coli pH, lead, arsenic, nitrate, 
triazine pesticides and hardness 

 

Å Homeowner survey and volunteer survey were used to collect 
information about the well and management 

 



172 volunteers collected samples, Of the 701 well samples, 79 were from MWON volunteer 

Wells and 622 were homeowner Wells 

Location of 701 Private Wells 



Wastewater Characteristics 

o 89% have on-lot wastewater systems 

Å72% traditional septic system 

Å14% sand mound 

Å2% alternative system 

Å1% donôt know what happens to their wastewater  

 

o Septic tank pumping 

Å28% never pumped   

Å33% pumped > every four years 

Å39% at least every three years 
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Prevalence of Health-Related Pollutants in Rural 
Drinking Water Supplies 



 

Overall = 2% exceed MCL 

Important Variables 

Explaining Nitrate 

Occurrence 

ÅGeology 

ÅDistance to cornfield  

ÅDistance to other crop fields 

ÅWell depth 

 

 

 

 

 


