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Nitrate in Private Rural Water Supplies: 
Building Local Data Bases 

By David B . Baker 

Information on nitrate (N03) contamination in local areas can support the development of 
locally appropriate responses to concerns regarding agricultural contamination of 
groundwater. Often, local data are unavailable. Since N03 contamination is so variable, 
national, statewide and even county average data may be of little use in optimally 
addressing local groundwater issues. Cooperative well testing programs provide a rapid, 
efficient and low cost means to develop local data bases. 

I S C O N T A M I N A T I O N o f p r iva te 
dr inking water supplies wi th N 0 3 a prob
lem in your county, i n your neighborhood, 
or your own well? Can you respond to 
these concerns as they relate to nitrogen 
(N) fert i l izer rates, sources of N , and N 
use eff ic iency? Can you support your 
answers wi th relevant data? The answers 
may have a s ignif icant impact on the 
future choices you w i l l have i n N fert i l izer 
management. 

To help a g r i c u l t u r a l organiza t ions 
develop local data bases on the extent of 
N 0 3 and pesticide contamination, our lab
oratory, i n cooperation wi th the American 
Farm Bureau Federation, has developed 
the Cooperative Private Well Testing Pro
gram. In this program, local organizations, 
such as soil and water conservation dis
tricts or Farm Bureau groups, sponsor a 
county-wide well testing program. Ind i 
vidual residents, who volunteer to part ici
pate, pay a relatively low fee to have their 
wells tested and receive a confidential 
report on their w e l l . The sponsoring 
organizat ions receive summaries and 
maps of the results f r o m all wells tested i n 
their county. 

Since 1987, 34,000 rural residents f r o m 
276 counties and 15 states have submitted 
water samples to our laboratory for testing 
as part of this program. The kinds of data 
generated are illustrated in this report. A l l 
N 0 3 concen t ra t ions are r e p o r t e d as 
NO,-N. 

Overall Results 

The distribution of N 0 3 - N concentra
tions in the entire data set is shown in 
Figure 1. Nitrate concentrations in excess 
of the safe dr inking water standard were 
present in 3.8 percent of the wells tested. 
The standard is 10 mill igrams per liter 
(mg/L) or 10 parts per mi l l i on (ppm). I n 
another 11.9 percent, N 0 3 - N concentra
t ions f e l l be tween 3.0 and 10 p p m . 
Together, these two groups represent the 
fraction of wells in which N 0 3 - N concen
trations are l ike ly to be re f lec t ing the 
effects of various human activities. I n 21.3 
percent of the wells tested, N 0 3 - N concen
trations fe l l between 0.3 and 3.0 ppm, 
while i n the remaining 63 percent, con
centrations were less than 0.3 ppm. On a 
nationwide basis, the U.S. Environmental 
Protection Agency (EPA) has estimated 
that N 0 3 - N exceeds the safe d r i nk ing 
water standard i n about 2.4 percent of the 
approximately 10.5 mi l l i on rural domestic 
wells. 
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Figure 1. Distribution of N03-N concentrations 
in 33,753 private water supplies. 

Dr. Baker is Director of the Water Quality Laboratory at Heidelberg College, Tiffin, OH 44883. 
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State-to-State Variability 

Extensive testing of private water sup
plies by state agencies is largely confined 
to those states wi th greater vulnerability 
to NO3-N contamination, such as Iowa and 
Nebraska. Recent studies in Iowa suggest 
that NO3-N exceeds 10 ppm in about 18 
percent of that state's private wells. I n 
Nebraska, about 20 percent of the well 
samples tested for N 0 3 - N exceed 10 ppm, 
although Nebraska data don't necessarily 
reflect statewide conditions. 

As part of our program, extensive p r i 
vate wel l testing has been extended to 
states which are less vulnerable to N 0 3 - N 
contamination. In Table 1, the extent of 
NO3-N contamination i n the eight states 
wi th the largest participation is summa
rized. For most of these states, only a 
small proportion of the counties has been 
tested, and consequently, the N 0 3 - N con
centration data are not necessarily repre
sentative of the entire state. I n Ohio, 
Indiana and Kentucky, the three states 
wi th the largest data sets, the portion of 
wells exceeding 10 ppm N 0 3 - N was only 
3.0 percent, 3.5 percent and 4.6 percent, 
respectively. 

County-to-County Variability 

One of the more striking features of the 
data set is the extensive variabili ty among 
counties wi th regard to N 0 3 - N concentra
tions. Figure 2 illustrates the variabili ty 
for the 201 counties for which there were 
25 or more wells tested. In 71 counties, the 
average concentrations were between 0 
and 1.0 ppm. County average concentra
tions exceeded 3.0 ppm in 28 counties. 
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Figure 2. Distribution of county average 
NO3-N concentrations. 

Figure 3 illustrates the variabili ty among 
these same counties in the percentage of 
wells exceeding the safe dr inking water 
standard. I n 88 counties, N 0 3 - N exceeded 
10 ppm in less than 2 percent of the wells. 
In 23 counties, more than 8 percent of the 
wells tested exceeded 10 ppm. These 
graphs indicate that, for the large majori ty 
o f counties, N 0 3 - N con tamina t ion is 
uncommon. 
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Figure 3. Distribution of the percentage of 
wells exceeding the drinking water 
standard. 

Table 1. Summary of N03-N data for states with largest participation in the Cooperative Private 
Well Testing Program.  

State 
Counties 
tested 

Number of 
samples 

Average concentration 
NO3-N, ppm 

Percent over 
10 ppm NO3-N 

Illinois 8 286 5.76 19.9% 
Indiana 33 5,685 0.92 3.5% 
Kentucky 90 4,559 2.50 4.6% 
Louisiana 23 997 1.19 0.8% 
New Jersey 5 1,108 2.60 6.8% 
Ohio 80 18,202 1.32 3.0% 
Virginia 24 1,054 2.92 7.1% 
West Virginia 13 1,288 0.83 0.8% 

Totals 276 33,179 1.54 3.5% 
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Many of the counties wi th low levels of 
NO3-N contaminat ion are counties i n 
which row crop agriculture is the domi
nant land use. In Ohio, there is no correla
tion between county N fert i l izer sales and 
county average N 0 3 - N concentrations 
(Figure 4). For these same Ohio counties, 
there is a correlation between vulnerability 
to con tamina t ion , as est imated by a 
groundwater vu lne rab i l i t y model , and 
NO3-N contamination in wells (Figure 5). 
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Figure 4. Relationship of county N fertilizer 
sales and county average N03-N 
concentrations. 

Within County Variability 

Often NO3-N contamination is much 
more prevalent i n some areas of a county 
than i n other areas. Our testing program 
provides maps which illustrate the pat
terns of NO3-N concentration i n ind iv id
ual counties. Those famil iar wi th the soils, 
geology and land use i n a par t icu lar 
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Figure 5. Relationship between county aver
age NO3 -N concentration and county 
average vulnerability. 

county can often provide logical explana
tions for the NO3-N contamination pat
terns evident i n the county maps. 

Individual Well Characteristics 

Several characteristics of well construc
tion also influence the likelihood of N 0 3 - N 
contamination in private wells. Along wi th 
the water sample, each participant in this 
program submits a sheet containing infor
mation about well construction. Compari
sons of NO3-N concentrations wi th data 
f rom the information sheets illustrate these 
relat ionships (Table 2). As a whole , 
springs, dug wells and driven wells (e.g., 
sand point wells) have much greater levels 
of contamination than drilled wells. Shal
low wells and older wells are more likely 
to be contaminated than deeper wells 
and newer wells. 

Table 2. Summary of well characteristics in relationship to N03-N concentration. 

Well characteristic Number of 
samples 

Average concentration 
N O 3 - N , ppm 

Percent over 
10 ppm NO3 -N 

Year Drilled Summary 

1800s 244 4.01 13.1% 
1900-1949 2,940 2.03 5.6% 
1950-1970 7,475 1.32 2.9% 
after 1970 10,377 1.12 2.3% 

Well Depth Summary 

< 50 ft. 5,042 2.45 8.5% 
50-100 ft. 10,167 1.42 3.5% 
over 100 ft. 8,250 0.94 1.6% 

Construction Type 

Drilled 12,750 1.43 3.5% 
Driven 1,263 2.84 8.8% 
Dug 1,080 4.75 12.5% 
Springs 1,550 2.91 5.7% 
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Temporal Variability 

Surveys of the type conducted in this 
program provide a "snapshot" in time of 
the N O 3 - N concentrations in water rural 
residents are consuming. How constant 
are the concentrations i n private rura l 
wells? In Ohio, we have conducted follow-
up studies in which we have monitored 
individual wells on a weekly or biweekly 
basis for a year. When we selected wells 
simply on the basis of existing levels of 
contamination (i.e., we wanted to be sure 
the wells in i t ia l ly contained N 0 3 - N ) , we 
found that there was a large month-to-
month variability in individual wells, and 
that the amount of variability increased 
w i t h increasing i n i t i a l concentrat ion. 
Nitrate concentrations in many wells were 
below the drinking water standard some 
of the time, but above the standard at other 
times. Seasonal effects were not evident. 
When we selected wells based on infor
mation regarding (1) the specific aquifer 
tapped by the wel l , (2) indications of 
proper we l l construct ion and (3) the 
occurrence of N 0 3 - N contamination, the 
choices of wells for study became quite 
restricted and the extent of var iabi l i ty 
observed was much less. 

These results suggest that, at least for 
Ohio, most contaminated wells are either 
tapping shallow aquifers that respond 
rather quickly to variations in weather 
conditions or are improperly constructed 
or maintained, such that contaminated 
surface water periodically enters the well . 

Trends in Nitrate Concentrations 

Whi le many wells in agricultural areas 
currently show essentially no evidence of 
NO3-N contamination, i t would be very 
useful to know whether or not a continua
tion of current agricultural N management 
practices in these same areas would even
tually lead to increasing levels of N 0 3 - N 
contamination. Information regarding cur
rent and future trends in N 0 3 - N contam
ination is very d i f f i cu l t to obtain. This 
question can be approached either through 
research on the fate of N wi th in the soil 
and unsaturated zone along groundwater 
recharge pathways or by the establishment 

of appropriate trend monitoring programs. 
Programs to address the issue of long-term 
trends in N 0 3 - N contamination are being 
initiated in several areas. I t is l ikely that 
the answers to this question w i l l also be 
site specific. 

Conclusions 

Informat ion on N 0 3 - N contamination 
in rura l private wells underscores the 
fol lowing: 

• The extent of N 0 3 - N contamination in 
rural wells varies greatly f rom region to 
region. 

• In most areas, N 0 3 - N contamination is 
uncommon. 

• M i n i m a l N 0 3 - N contamination is pre
sent in many areas of intensive row crop 
agriculture, while areas of more exten
sive contamination occur both in agri
cultural and nonagricultural regions. 

• Shallower and older wells are more 
likely to be contaminated than deeper 
and newer wells; and springs, driven 
wells and dug wells are more l ikely to be 
contaminated than dri l led wells. 

• Where contamination is present, N 0 3 - N 
concentrations often exhibit consider
able month to month variability, espe
c i a l l y when the wel ls are t app ing 
shallow aquifers and/or suffer f r o m 
faulty construction. 

• The question of appropriate N manage
ment in a given area depends not only 
on the current extent of N 0 3 - N contam
ination in that area, but also on local 
trends in contamination. 

Cooperative private well testing pro
grams offer a means to rapidly develop a 
local data base on the extent of N 0 3 - N 
contamination in private rural wells in a 
given area. The resulting information can 
be used to help assure that agricultural 
programs addressing groundwater con
cerns are appropriate for the local condi
t ions . R u r a l w e l l c o n t a m i n a t i o n is 
generally a local problem requiring local 
solutions, and local solutions often benefit 
f r om local data. • 
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