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NITRATE IN GROUNDWATER ON THE OLD MISSION PENINSULA: 

WHERE IS IT COMING FROM?

S U M M A R Y  R E P O R T

THE PROBLEM AND POSSIBLE CAUSES

In 1980 the Northwest Michigan Regional Planning and Development 
Commission surveyed a large number of wells on the Old Mission 
Peninsula and found that approximately 11% of the 1,212 wells 
sampled exceeded the Federal drinking water standard for nitrate 
concentration* Nitrate concentrations of greater than 10 ppm N 
in drinking water are of public health concern since they may 
result in methemoglobinema (blue baby disease)> particularly for 
infants under six months of age.

Once nitrate has been found in wells 4 as deep as 200 feet it is 
difficult to determine the source of the nitrate with any degree 
of accuracy. But it is very important to try to identify the 
source, so that management steps may be taken to prevent in
creased groundwater contamination in the Peninsula or in other 
areas with similar characteristics*

On the Old Mission Peninsula several possibilities exist:

1* Most of the sites of high nitrate concentrations were located 
close to soils currently or previously used for orchard opera
tions. Agricultural tilling can cause the oxidation of soil 
humus which can release nitrate. The Peninsula area has been 
tilled many years, dating back to the early 1900*3. Also, 
nitrate fertilization rates in the area have generally been 
of the order of 300 to 400 pounds of ammonium nitrate per 
acre per year. Growers have used commercial fertilizers 
since the 1950’s.

2. Septic systems are known to discharge nitrogen compounds 
which readily convert to nitrate in soils* The fact that 
septic systems are continuously adding water makes them more 
likely to produce movement of nitrate and other contaminantes 
deep into the soil. Again, areas that have contaminated 
wells also are located close to operating septic systems, and 
in one case the system was from a school, and therefore a 
rather large system.

3. Similar to agricultural tilling, reshaping land surfaces 
(which has occurred in both the orchards and in developing 
subdivisions) will expose organic matter in the soil to the 
air and speed up its decomposition rate. The net result is 
the release of nitrogen which converts to nitrate and then 
may move down in the soil*
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4. Nitrate may be geologic in origin.

5, Nitrate may be from industry process waste*

The possibility of nitrate pollution from industry being signifi
cant on the Old Mission Peninsula appears small, since industry 
sources are reported to discharge waste containing less than 1.5 
ppm N as nitrate. The geologic source is much more difficult to 
identify, and although its impact could be significant it is 
nearly impossible to reduce.

HOW DID WE LOOK FOR AN ANSWER?

We used four approaches in this total attempt to determine the
source of nitrate in the groundwater of Peninsula Township.

1. On the basis of geographic distribution and previous nitrate 
analyses of 1,212 wells, the Northwest Michigan Regional Plan
ning and Development Commission collected groundwater samples 
in the spring of 1981 from 38 wells wfcich it previously found 
to have high levels of nitrate* The Commission contracted 
with Dr. Charles W. Lindau and his associate Dr. Roy F. 
Spalding, of the University of Nebraska, to determine the 
nitrogen isotope composition ( S ^ N )  0 f the nitrate in the 
samples. The technique had been used successfully in other 
studies to determine if samples were contaminated by agricul
tural-related nitrate (leaching from fertilizer application 
or oxidation of soil humus) or by animal (including human) 
waste nitrates. According to Gormly and Spalding (1979) 
values of -2.5 to 2.0 indicate fertilizer nitrogen, values of 
4.0 to 9.0 indicate unfertilized soil nitrate or soil organic 
nitrogen sources, and values greater than 9.0 indicate animal 
or septic sources of nitrogen. This method of determining 
nitrate sources has not been totally accepted by the 
scientific community because many soil factors may cause 
changes in the values, making their interpretation 
difficult, but they do give one piece of information to 
carefully compare with other work.

2. Dr. Ellis obtained deep soil samples (up to 50 feet deep) 
under areas that had been reshaped for new orchard use, and 
determined the nitrate content.

3. Dr. Ellis and Ms. Hughes set up two orchard plots on the 
Peninsula and applied different rates of fertilizer (50, 100, 
150, 200, and 250 pounds of nitrogen/acre/year as commercial 
fertilizer). They monitored nitrate in the surface six feet 
of soil under the orchard plots monthly from April 1981 
through October 1981. They collected a final sample in April 
1982 to determine the change in nitrate over the winter.

4. Dr* Ellis collected samples of the water leaching from three 
septic drainfields, in both warm and cold months, and 
determined the nitrate content.



RESULTS OF THE FOUR STUDIES

1. Isotope Study

The average value of the 38 samples collected on the Penin
sula was 5*5 permii (°/oo). Lindau concluded in his report that 
the for nitrate well water in the Peninsula Township area
was moderately low, which suggests that oxidation of soil humus 
and/or nitrogen fertilizer were the predominate sources of ni
trate contamination in the groundwater of the investigated area. 
Other factors such as the downward rate of water movement need to 
be explored to determine the possible magnitude of each source.

The rate of migration of water is likely to be from 4 to 7 feet 
per year on the sandy soils of the Old Mission Peninsula, and 
much slower on the finer textured soils. Therefore the nitrate 
in the deeper wells (over approximately 150 feet) is probably 
coming from oxidation of soil humus and primarily from pre-1950 
agricultural tilling. It does not rule out commercial fertili
zers as a source of nitrate contamiViation, but nitrate from those 
fertilizers has probably not yet reached the groundwater at those 
depths. Commercial fertilizers may be a source of the nitrate in 
shallow wells, however, and nitrate from fertilizers may be migra
ting toward the deeper groundwaters at this time.

Studies to date generally indicate that values of greater
than 9 indicates animal or septic waste. Only three of the 38 
values were equal to or greater than 9, indicating that septic 
systems were not a major source of nitrate contamination. One 
sample, however, collected by Dr. Ellis directly below a septic 
drainfield and analyzed by Dr. Lindau, had a value of 8.6
which is lower than anticipated and indicates that in the very 
sandy soils lower values may be obtained for the various sources 
of nitrate.

2. Land Reshaping

Land reshaping disturbs the natural organic matter which may re
lease nitrates. Ellis’ data from the deep profile samples showed 
that an increase in nitrate occured under areas where fill 
material had been placed, but only in one instance of a very 
heavy fill area was there an indication that the land reshaping 
had increased the nitrate levels to a point where they should be 
concern. Even at that location the area affected was small rela
tive to the remainder of the field, which indicated that it would 
not lead to serious problems.

The failure to find great increases in nitrate after land re
shaping may have been the result of good management practices. 
Areas that had been reshaped had also been seeded with a rapidly 
growing grass shortly after reshaping* The grass appeared to be 
accumulating the released nitrate in the grass and preventing it 
from being leached. Such management practice is excellent and 
should be continued.
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3# Nitrate From the Orchard Plots

Ellis concluded that heavy applications of fertilizer would 
result in nitrate leaching. Some loss of nitrate would 
apparently occur from applications above 70 pounds of nitrogen 
per acre (figure I). Less than 100 or possibly 120 pounds of 
nitrogen per acre, if applied in the spring, did not cause 
leaching of nitrate nitrogen at levels above the drinking water 
standard. The source of nitrogen used in these studies was 
ammonium nitrate, but it is not likely to make much difference if 
other soluble sources are used.

It was apparent from the data that nitrate that was in the soil 
from 1 to 5 feet deep in late October was leached by the next 
spring, which suggests that fall application of fertilizer should 
be either avoided or carefully studied. Any applications made 
before the ground froze in the fall would be subject to leaching 
and considerable loss. That would be* very expensive for the 
grower who is paying for the fertilizer that is leaching, and 
would also contaminate the groundwater.

4. Nitrates from Septic Systems

Ellis found that septic systems leach nitrate at a concentration 
between 20 and 40 ppm during all seasons of the year. The aver
age of three locations was 29.5 ppm nitrogen as nitrate. Thus 
for the average family residence of four people there would be 
about 34 pounds nitrogen per year, which would dilute to 11 ppm 
nitrogen if diluted evenly over a lot size of one acre. As is 
shown in figure 2 the final concentration would depend upon the 
lot size and the family size. It is also relevant that the 
yearly depth of movement will be much greater under septic sys
tems than under agricultural systems because they recieve a con
stant flow of water. It may be concluded that septic systems can 
be a major nitrate source on the Peninsula, especially in sub
divisions where small lot sizes and concentrated residences will 
reduce dilution from rain and snowmelt. The problem could also 
be compounded in the future if the water supply is already high 
in nitrates before even entering the house and being processed 
through the septic system.
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Fertilizer Nitrate Applied (ibs/acre)

Figure 1. Nitrate leaching from various application rates 
of nitrate fertilizer

Figure 2. Nitrate concentration in groundwater below sep
tic systems for various lot and household sizes



6

OTHER FACTORS TO BE CONSIDERED

In investigating a problem as complex as this, many factors have 
to be evaluated along with actual field data. The studies seera 
to point to multiple sources of nitrate—decomposed humus, fertil
izer, and septic wastes. The question then becomes, “for which 
source or sources should management techniques be developed and 
directed?" It is clear that fertilizer is the most controllable 
source. There are some 7,700 acres of orchard land on the Penin
sula. If the average fertilization rate is 100 pounds N/acre/ 
year, then *770,000 pounds of nitrogen are applied each year, and 
from 14% to 31% of it is probably lost by leaching, a loss which 
can be controlled by timely application at an appropriate rate.

We estimate the total potential contribution from septic systems 
to be 62,900 pounds of nitrogen as nitrate per year, or about 34 
pounds per average residence, Although that is not as large a 
total as for fertilizers, it is concentrated in a smaller area. 
Because of the nature of the residences on the Peninsula, this 
source of nitrate is not very controllable at a reasonable cost.

The distribution of high nitrate contamination on the Peninsula 
shows the relatively dense development area along the shoreline 
to have a lower frequency of wells with nitrate levels above 10 
ppm than the significantly less densely developed inland areas. 
If septic systems are a major contributor of the nitrates, one 
would expect more problems in the more densely populated shore
line area, particularly since many of those wells are shallow, in 
contrast to very few shallow wells inland.

The rate of water movement down through the soil to the ground
water is likely to be slow. Best estimates would indicate that 
the rate is between 4 and 7 feet per year for agricultural soils. 
Again, this would suggest that the nitrate presently found in 
deep wells (over approximately 150 feet) is from oxidation of 
soil humus, probably from pre-1950 agricultural tilling or geo
logic sources. The deep borings would also tend to reinforce 
that conclusion, since areas that had been in orchards for up to 
four years, and had been fertilized during that period, showed 
little nitrate deep in the profile.
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CONCLUSIONS

It appears from the information available that nitrate which is 
presently in the groundwater is from several sourcese Decompo
sition of soil organic matter is the most likely source in wells 
over approximately 150 feet and is probably from pre-1950 agricul
tural tilling. Leaching of fertilizer applied to orchards also 
may be adding nitrate to wells of less than approximately 150 
feet, and is the most significant threat to groundwater in the 
future if the rate of application is excessive* Septic systems 
are also a serious potential problem, especially in concentrated 
development areas* The sandy soils do little to eliminate ni
trate, and the continuous flow of water moves it to the ground
water within a few years.

RECOMMENDATIONS FOR THE FUTURE

Excessive application of fertilizer should be terminated. Cur
rent work by Dr. Kesner, District Horticulturist at the Northwest 
Michigan Horticultural Research Station, demonstrated that if 
nitrogen is applied through irrigation water only about 70 pounds 
of nitrogen per acre is tieeded per year. By spoon-feeding the 
cherry trees in that manner, little or no nitrogen will be lost 
by leaching. The conversion of orchards to irrigation offers an 
excellent opportunity to get efficient fertilisation for maximum 
production, and it is environmentally sound. In the meantime, 
rates of nitrogen up to 100 or perhaps 120 pounds of nitrogen per 
acre are acceptable.

The timing of the application of fertiliser appears to be criti
cal. One year's data is not enough to be positive as to the 
extent of nitrate losses from e a d y  fall applications, but the 
probability of losing fertiliser is clear. Until more data is 
available, applications should be made in the spring and not in 
the early fail.

The problem caused by septic systems is much more difficult to 
correct. Small lot sizes aggravate the problem, but larger lot 
sizes are helpful only to a point, because of the localised 
nature of the source. Close monitoring of the well water, parti
cularly in homes where children under the age of two years are 
living, is essential.

Although some unanswered questions remain, management programs 
can and should be initiated immediately based on what we have 
learned. Some program possibilities include:
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# A program promoting to orehardisfcs the recommended ferti
lizer application rates and time of application developed 
by Dr Ellis. The various agencies concerned with soil 
conservation (Soil Conservation District, Soil Conservation 
Service, Cooperative Extension Service) the Fruit Growers 
Association, and local planning agencies can all help in 
this effort.

# Residential lawn fertilization should also be managed. 
Although not investigated in our work or discussed in this 
report, lawn fertilisation is another potential nitrate 
source. Again the township should work through local plan
ning agencies and soil conservation agencies to develop a 
management program* Development of an information leaflet 
on why"a soil analysis is necessary to determine fertiliza
tion needs , and how to get one, should be part of the 
program.

<
# The Peninsula Township Planning Commission should give 

considerable weight to the septic system problem in 
determining what lot sizes are in the best interest of the 
community, recognizing that higher density development 
increases the potential for high nitrate levels in 
groundwater, particularly in areas of the Peninsula that 
already exhibit high groundwater nitrate concentrations.

Along with implementing these management programs at this time, 
additional research should continue both to support the manage
ment recommendations and to explore other related factors such as 
the rate of downward nitrate movement and possible geologic 
nitrate origins. As mentioned, the Northwest Michigan Horticul
tural Research Station already has a project underway in which it 
is applying reduced rates of nitrogen by using trickle irriga
tion. Some more definite results from that project should be 
available in a couple of years*

We hope that the work that has been done, is currently underway, 
or in our future will eventually lead to a full understanding of 
the Peninsula groundwater nitrate situation. Until that time, it 
is important that the management programs outlined here be im
plemented and that research projects continue.
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