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NITRATE CONTAMINATION OF GROUNDWATER 

IN PENINSULA TOWNSHIP

INTRODUCTION

The Northwest Michigan Regional Planning and Development Commission 
has been active in water quality problems for the past four years.
In 1978 the Commission adopted a Regional Clean Water Plan. The U.S. 
Environmental Protection Agency has given conditional approval to that 
plan. In 1979 the Commission, working toward full approval, completed 
an evaluation of groundwater problems, which identified Peninsula Town
ship in Grand Traverse County as having an unusually high incidence of 
nitrate contamination. This report is a further investigation into 
that contamination.

The Commission met with the Michigan State University Resource Depart
ment, the Cooperative Extension Service, and Michigan Sea Grant officials 
in August of 1979. A  panel of groundwater experts, soil scientists, and 
agriculturalists concluded that a full scale study of the nitrate problem 
would have to be a cooperative effort in several phases. The Commission 
decided it would provide the baseline research needed to document the 
extent of the contamination. We would sample as many private water wells 
as possible, determine land use changes and fertilizer practices over the 
past 40 years, conduct a literature search on nitrate contamination and 
compile a bibliography, and determine the groundwater contours of the 
peninsula.

STUDY AREA

Peninsula Township is a narrow strip of land bordered by the east and 
west arms of Grand Traverse Bay. The peninsula is 22 miles long with an 
average width of one mile and has a total of 19,072 acres. The north
ernmost tip of the peninsula is on the 45th parallel.

The surface features and subsurface geology of the study area were formed 
during the periods of advance and retreat of the continental glaciers 
which occurred approximately 10,000 years ago. The glacier formed the 
Manistee moraine, which includes Peninsula Township. The final retreat 
of the glacier left an uneven landscape with the highest point 840 feet 
above sea level and 260 feet above Grand Traverse Bay. Deep glacial 
scouring formed East and West Grand Traverse Bays. The West Bay is 330 
feet deep at the north end of Elmwood Township, and the East Bay is 500 
feet deep at the north end of Acme Township.

The bedrock underlying the study area is Antrim Shale formation, in which 
the water is limited and more than likely to contain salts. A geologic 
map would show the peninsula as having up to 550 feet of glacial drift



overlying the bedrock. A  cross-section would show a mixture of sand, 
gravel, clay, and silt. This glacial drift is a water-bearing formation.

All water users on the peninsula draw from this water-bearing drift for 
drinking water, industrial use, and irrigation. One deep private well 
on Peninsula Drive di'd appear to have penetrated the bedrock groundwater; 
the water was extremely hard, and had over 500 parts per million of 
chloride. This water was so brackish as to be unusable.

GROUNDWATER

Throughout Michigan there are two types of groundwater storage systems, 
or aquifers: , glacial-drift aquifers, and bedrock aquifers. The avail
ability of water from either source is dependent upon the soil mixture 
or type of bedrock that holds the water. Gravel and sand mix glacial drift 
aquifers produce more water than glacial drift aquifers containing large 
amounts of clay. Similarly,, the type of bedrock determines the avail
ability of groundwater. A sandstone aquifer, because of its porous nature, 
produces great quantities of water in contrast to non-porous bedrocks such 
as granite. The well-mixed glacial, drift of the peninsula produces large 
quantities of water. The Antrim Shale bedrock rates low in both the quan
tity and the quality of water produced.

The groundwater table is defined technically as that subsurface plane above 
which the soil and rock pores are filled with a mixture of air and water, 
and below which those pores are completely filled with water. Water tends 
to seek its own level, but when underground the water cannot flow as freely 
or as quickly, and the "table" is not flat. A plotting of the location of 
the watertable will show a surface with hills and valleys. Although more 
slowly, the water still flows downhill, so the subsurface groundwater 
drainage patterns are determined by examining these contours. To under
stand the movement of contaminants underground it is necessary to plot 
their course, so to speak, by using such contour maps of the watertable.

The Commission evaluated the groundwater contours of Peninsula Township as 
part of this study. Water-well drillers are required to keep well logs on 
all drilling operations pursuant to the State of Michigan’s Public Act 294 
of 1965, and file them with the county health departments. The Commission 
evaluated and mapped the two hundred and fifty nine available well logs for 
Peninsula Township.

The procedure we used to determine the height of the groundwater table was 
to locate the well on a township topographic contour map. The well log has 
a record of the water level at the top of the groundwater. By subtracting 
the depth to the groundwater from the surface elevation of the well, we 
determined the height of the groundwater table above sea level. The eleva
tion of the groundwater table for the peninsula is 582 feet (with a stan
dard deviation of plus-or-minus 28.3 feet). In other words, we found no 
distinct contours to the groundwater table for the peninsula; the ground
water table appears to be relatively flat throughout the entire peninsula, 
with an average elevation equal to that of Lake Michigan*.

The fact that the, groundwater table for Peninsula Township appears to be a 
continuation of the bay level has several interesting ramifications. First,

* In June of 1980 the level of Lake Michigan was 579.67 feet above sea 

level as reported by the Army Corp of Engineers.



the groundwater table is likely to be very sensitive to yearly changes in 
bay elevation. Second, the groundwater table has no significant flow 
activity such as we described earlier, and therefore tracking contamination 
to its source would be difficult. Third, contaminants would not be re
stricted to low areas; they would have the opportunity to spread throughout 
the entire watertable.

NITRATE CONTAMINATION

Nitrogen is a very common element found in the environment and it is es
sential to the life function of all plants and animals. A complicated 
nitrogen cycle occurs in the environment, where nitrogen from the atmo
sphere is used by plants and animals and released to the soil's as urea, 
amino groups, and ammonium. These forms of nitrogen waste are changed by 
bacteria in the soil and returned to the nitrogen cycle as free nitrogen 
gas. Nitrate is the form of nitrogen most used by plants and animals. 
Undisturbed, nitrogen does not tend to concentrate during any phase of the 
cycle. Nitrates generally occur in trace quantities in surface waters, but 
may attain high levels in some groundwater. These high nitrate levels in 
groundwater are usually attributable to man's interference with the natural 
cycle of nitrogen.

NITRATE AND HEALTH

What do nitrates in drinking water mean to public health? The main concern 
with nitrates in drinking water is their effect on infants. Nitrate in the 
water can cause a blood disorder called methemoglobinemia (blue bal:y) , 
especially in infants under six months of age. The condition is serious and 
can be fatal. Nitrate, when ingested, converts to nitrite which will cause 
the hemoglobin of the blood to convert to methemoglobin which does not have 
the ability to transport oxygen. The symptom of methemoglobinemia is the 
skin turning blue.

Nitrate in drinking water was first associated with methemoglobinemia in 
1945. Since that time over 2000 cases have been reported from North America 
and Europe, with approximately 140 associated deaths. This number of cases 
is misleading because the disease need not be reported. One paper speculates 
that the 2000 figure represents only 10% of the true number of actual observed 
cases (Sattlemacher, 1962).

Serious and occasionally fatal poisonings in infants has occurred following 
ingestion of water containing nitrate at concentrations greater than 10 
milligrams per liter. In 1962 the United States Public Health Service 
recommended 10 roe/l"as the safe drinking water limit, and it has also been 
adopted by the Michigan Department of Public Health.

Nitrates, nitrites, and nitrosamines have recently received publicity as pos
sible cancer-causing agents. Nitrates and nitrites have been listed as 
posing a health hazard by virtue of their ability to combine with amines to 
form nitroso-carcinogens through a process called nitrosation. Limits are 
currently being applied by the United States Food and Drug Administration 
for the use of nitrates and nitrites as meat preservatives.



HISTORY OF CONTAMINATION

Nitrate was first detected in Peninsula Township in the early 1970's.
The Tri-County Health Department has records of 17 wells that approached 
or exceeded the 10 mg/1 limit. Bay East Subdivision, in section 19 of 
Peninsula Township, historically has had high nitrate readings for most 
wells.

Christine M. Iversen, a groundwater geologist with the Michigan Department 
of Natural Resources, undertook a special study to evaluate the nitrate 
problem for Bay East Subdivision. Because of insufficient data Mrs. Iversen 
was unable to determine the source(s) of nitrate contamination. Mrs.
Iversen was also involved in trying to determine the cause of a high nitrate 
reading at a private home in section 28 of Peninsula Township. The highest 
recorded value for nitrate at that site was 38 mg/1. Her conclusion was 
"although there appears to be an abundance of data, we cannot use this data 
to determine a source for the nitrate levels found in this well."

Ragaswamy Rajagopal, presently an assistant professor at the University of 
Washington, did his PhD dissertation in 1974 in Grand Traverse County. Part 
of his study deals with nitrate contamination in an area that included the 
Peninsula. The following is the abstract of his findings (R. Rajagopal,78) .

Investigations in townships surrounding the Grand Traverse Bay of 
Michigan show identifiable geographic relationship between ground
water quality and land use. Wells averaging 32 m deep in thinly 
populated areas (cherry orchards) measured an average of 3.75 ppm 
nitrate-N, indicating the effect of prolonged years of fertilizer 
application. Wells averaging 19 m deep in predominantly residential 
areas had an average of 1.31 ppm nitrate-N, indicating possible con
tamination from septic tank effluents. An average of 0.18 ppm of 
ammonia-N was detected in marshy wetlands.

An analysis of tempored variations in groundwater quality with reference 
to precipitation, streamflow, and a trend component provided high as 
well as low R^ (0.92 to 0.12; R^ = square of the multiple correlation 
coefficient) producing regression models, indicating the effect of site 
specific conditions. A year-long observation of a sample well (43 m 
deep) surrounded by cherry orchards had an average of 18.25 ppm nitrate-N 
in a range of 13.09 to 20.64 ppm, almost double the standard considered 
safe for human consumption. Aiamonia-N and chloride measurements from 
a shallow well (12.5 m deep), surrounded by residential and commercial 
activities, showed synchronized variations over a year (correlation 
coefficient r = 0.75, significant at 1% level), suggesting the existence 
of a common source of contamination.

In summary, it is reiterated that the analysis of groundwater quality 
problems require a different philosophical approach from those of water 
quantity and surface water quality modeling.

No conclusive research has yet been completed to document the cause of the 
nitrate contamination for Peninsula Township.



NITRATE SOURCES

The sources of nitrate in drinking water can be contamination by human 
sewage, run-off from barnyards, highly fertilized agricultural lands, 
industrial wastes, or nitrate found naturally in the soil.

Nitrate ions are negatively charged and are repelled by negatively charged 
soil particles such as clay. Because of that repulsion, nitrates move 
freely through soils and can migrate down to groundwater tables that are 
overlain by many feet of soil.

Septic Tank Sources of Nitrate:

Nitrate is a waste associated with septic system effluent and can con
taminate groundwater as has been shown in Nassau County, New York (Smith 
and Baier, 1969), and other areas of the country. Nitrate contamination 
of shallow groundwater in Door County Wisconsin has also been proven.
Grand Traverse County has experienced a rapid population increase over the 
past 20 years, and Peninsula Township is no exception; the population of 
the Township has increased 78% since I960. The majority of the development 
pressure has been on the southern half of the township, with the lakeshore 
areas having the higher rate of development. This pattern of growth can 
be seen on the land use maps included in this report.

The use of septic systems by all residences of Peninsula Township to dispose 
of household wastewater could be contributing to the nitrate contamination 
of groundwater supplies in that area.
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FIGURE 1. Population increase of Peninsula Township 
over the past 20 years and forecast for the year 2000.

Geologic Sources of Nitrate:

Nitrate contamination of groundwater can occur naturally, from geologic 
sources. Decomposition of buried organic matter does produce, nitrate. 
Different types of sedimentary rock contain different levels of nitrogen.



Trask and Patnode (1942), worked with drilling cuttings from oil and gas 
fields, reported that the average nitrogen content was 600 parts per million 
for organic-rich shale deposits. Trask and Patnode also report that there 
is a remote chance that ammonium and nitrite might be present in significant 
concentration in dilute groundwater peripheral to oil fields. The Antrim 
Shale formation that underlies the peninsula is an organic-rich shale. The 
groundwater nitrate contamination on Peninsula Township could be geologic 
in origin, but further research would be needed to determine that.

Industrial Sources of Nitrate i

Four cherry processing plants are located in Peninsula Township. Gleason 
and Company and Old Mission Farms discharge their process waste to the 
surface of the ground. Peninsula Fruit Exchange and Kroupas Inc. use 
lagoons with spray irrigation for disposal of their process waste. During 
full production, Kroupas will have a flow of 36,000 gallons per day of 
process water along with 1,500 gallons per day of cooling water. That 
effluent was tested in August of 1977 and was shown to contain 1.5 mg/1 
nitrate as N. The Department of Natural Resources has not documented 
groundwater contamination at these sites.

Agricultural Sources of Nitrate:

All nitrogen fertilizer, regardless of the form in which it is applied, 
will ultimately change to the nitrate form of nitrogen in the soil by 
natural processes. Once nitrates leave the plant root zone they are no 
longer available to the plants (Edwards, 1972).

H. Nightingale (1972) studied nitrogen loss from fertilization under various 
types of crops. He concluded, "It is obvious that the concentration of soil 
NO^-N depends on the crop type, with soils under orchards 2.74 to 4.27 
meters (down) having greater concentration of NO^-N than under row and 
truck crops 78% of the time." He also concluded that "there appears to be 
some, relation between NO^-N concentration in the free soil water (groundwater) 
and nitrogen fertilization history."

Cultivated plants extract both water and nutrients, including nitrate, from 
the soil solution. Excess water passing through the soil is known as 
leachate, and will transport nutrients down past the root zone to where 
they cannot be utilized. Ultimately that nitrate will enter the ground
water table.

The Committee on Nitrate Accumulation (1972) concluded:

1) the crop recovery of applied nitrogen is only about 50 percent 
(and the potential for loss of nitrogen from soil and its entry 
into water is considerable).

2) Increments of increasing fertilizer applications provide diminishing 
increments in crop returns and contribute to greater losses of 
nitrogen to bodies of water. The low cost of fertilizers tends to 
encourage inefficient use of nitrogen fertilizer on the farm.

HISTORY OF FERTILIZER USE

Nitrogen is absolutely necessary for all living things, and is needed by 
plants in even higher amounts than are found naturally in the environment. 
Addition of nitrogen to field crops has a dramatic effect on production.



Pre-1950 agricultural production was limited by the lack of an inexpensive 
source of nitrogen fertilizer. However, with the development of the Haber 
process which synthesizes ammonia from the nitrogen gas in the air, the 
chemical industry was able to meet the demand for a cheap effective source 
of nitrogen.

The effect of increased nitrogen fertilization has been a change in American 
consumer demand for high protein foods (beef, poultry, eggs, etc.). The 
use of nitrogen increased from 8 million tons/year in 1930 to 20 million 
tons applied annually in 1970.

At the turn of the century the great lumbering era came to an end in the 
Grand Traverse Area. B.S. Morgan was one of the first entrepreneurs to 
recognize the profits to be made from planting cherries. The soil types, 
climatic condition, length of growing season due to the lake effect, and 
topography were all of major importance to the success of the new flour
ishing cherry industry. Cherry orchards have developed to such an extent 
that today the U.S. leads the world in production, and the Grand Traverse 
area far out-distances all other competitors in the U.S.

In the 1930*s most farmers on the Peninsula had very little money to 
spend on commercial fertilizers. Animal waste was the primary source of 
fertilization. In the 4 0 fs duck manure was shipped in from Hemlock 
Michigan for use in orchards. The Haber process made inexpensive nitrogen 
fertilization available after the second World War and was used by the 
cherry producers.

A.L. Kenworthy (1975) of the Michigan State University Cooperative Extension 
Services reports that nitrogen is the most important nutrient in fruit pro
duction in Michigan, and is more widely needed than any other nutrient. He 
recommends an application rate of 75 to 100 pounds per acre for initial 
nitrogen application on mature trees.

Application rates and time of year of application vary greatly from farm to 
farm. The rates of application are not public information, although the 
Cooperative Extension Service does provide a leaf analysis program, which 
will tell the farmer how much of the nitrogen he is applying is being used 
by the trees.

LAND USE CHANGES

Lee Taylor in 1980 studied Peninsula Township land use changes over the past 
42 years. Taylor determined that between 1938 and 1980, a total of 2000 
acres had been converted to residential use. The conversion of forest and 
agricultural lands to residential use accounts for 97% of the 2000 acres 
(the other 3% being open space), with 1122 acres of agricultural and 827 
acres of forestland being converted. As can be seen on the three land use 
maps in this report, the residential development occurred along shorelines, 
and mostly in the southern half of the township. This development pattern 
has not used up the hilliar central portion of the peninsula, the prime 
land for orchards.

PENINSULA TOWNSHIP LAND USE CHANGES 
(In Acres)

CATEGORY 1938 1957 1980
FOREST
AGRICULTURAL
URBAN
OPENSPACE

4,384 4,122 3,557
150 740 2,150 

8,813 8,526 7,691 
5,725 5,684 . 5,674

TOTAL,S 19,072 19,072 19,072
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NITROGEN BUDGET

A  nitrogen budget is a method of evaluating nitrogen use and loss for a 
given area. R. Rajagopal prepared a nitrogen budget for Grand Traverse 
County. He used estimates to determine the total nitrogen loss from agri
cultural cherry production and residential septic systems.

To determine the net loss of nitrogen from cherry orchards R. Rajagopal 
utilized statistics from the U.S. Department of Agriculture 1962, and 
Michigan Agricultural Statistics, 1972. From that information he determined 

that the average annual nitrogen loss per agricultural acre was 137 pounds. 
All of that nitrogen did not go into the groundwater. Some was transported 
across the soil to surface water, and some evaporated. From the land use 
information, he estimated the nitrogen loss per year from agricultural land 
in Peninsula township would be 1,053,677 pounds.

R. Rajagopal (1978) estimated that the total annual loss of nitrogen from 
residential septic tanks per acre was 150 pounds. This nitrogen lost to 
the soil, atmosphere, turf grass, and groundwater in Peninsula Township 
would total 322,500 pounds/year.

The estimated nitrogen discharge per acre is greater for residential areas, 
but R. Rajagopal pointed out an important difference: Septic tank effluents 
contain 40-60 mg/1 ammonia — N (Preul, 1967) and are discharged uniformly 
throughout the year, while inorganic fertilizers such as ammonium or sodium 
nitrates are used in orchards in one to four bulk applications.

NITRATE SAMPLING

To determine the extent of contamination, the Commission developed a sampling 
program to evaluate as many private wells as possible.

The Environmental Protection Agency's recommended procedures for nitrate 
analysis involves passing a water sample through a column of copperized 
cadmium granules which reduce nitrate (NOg) to nitrite (NO2) . The concentra
tion of nitrite is then determined by reaction with a color-forming reagent. 
For out field sampling we chose a Hach Chemical Company field-testing kit for 
nitrate that uses the recommended eadmium-reduction method. We used 250-mil
liliter polyethylene bottles to collect a sample at the well, then filled out 
a data aheet for each sample, recording the name of the occupant and address. 
When we analyzed the sample we recorded the results on the corresponding data 
sheet. We also recorded the number assigned to the data sheet on the field 
map showing the well location.

SAMPLING RESULTS

We sampled 1,212 wells out of an approximate 1,400 wells on the peninsula.
The readings are shown on the nitrate sampling maps. 1,102 wells had posi
tive readings, 734 of them in the range of 2 mg/1 to 9 mg/1, 137 wells had 
readings of from 10 mg/I to 28 mg/1, which means that 11.3% of the wells 
tested exceeded the safe drinking water standard for the State of Michigan.

The Distribution of Readings graph shows the number of wells with the same 
reading. The mean for these readings was 4,15 mg/1 with a standard deviation 
from the mean of 4.39 mg/1. Readings that were close to or in excess of 
10 mg/1 are shown on the Distribution Map. The shoreline areas do not have 
as many highly contaminated wells as do the inland areas.



DISTRIBUTION OF NITRATE CONTAMINATION IN PENINSULA TOWNSHIP
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CONCLUSIONS

The groundwater of Peninsula Township is contaminated with nitrogen. The 
groundwater being used by peninsula residences comes from a glacial-drift 
aquifer. The groundwater table is level, and at 580 feet above sea level, 
the level of Lake Michigan. We therefore concluded that the groundwater 
table for Peninsula Township is sensitive to yearly changes in the level 
of Lake Michigan, has no significant flow, and pollutants are more likely 
to spread in all directions than concentrate.

We did not determine the source of nitrate contamination in Peninsula 
Township, nor did we expect to. The potential sources of contamination 
are industrial, agricultural, human sewage, and/or natural occurrence.

We sampled 1,212 private wells for their nitrate content; 734 contained 
between 2 and 9 mg/1 nitrate, and 137 exceeded the safe drinking water 
standard of 10 mg/1 nitrate. In other words, water from the private wells 
in Peninsula Township contained nitrates, 11.3% of them exceeding the safe 
drinking water standard.

Nitrate is not a serious pollutant to a healthy adult, but the risk of 
methemoglobinemia affecting very young children is serious.

RECOMMENDATIONS

1. The State and federal government should sponsor further research to 
determine the specific location, nature, and source of the nitrate 
.contamination.

2. The Cooperative Extension Service and/or County Health Department should 
initiate an information program outlining the health hazards associated 
with nitrates. The program should be directed toward both the medical 
community in the Grand Traverse area, and expectant mothers living In 
Peninsula Township.

3. The Michigan State Health Department should randomly select 25 wells that 
contain greater than 10 mg/1 nitrate, and test for all inorganic, organic 
and microbiological parameters outlined for safe drinking water.



4. Various agricultural extension programs should be re-designed if necessary 
to ensure that fertilizers are applied with the full understanding of the 
local-nitrogen-release characterization of the soils, climate, expected 
time of plant uptake demands, and the anticipated temperature and rainfall 
in the area. The programs should also promote the leaf-analysis program 
of Michigan State University to assist farmers in determining the proper 
balance of nitrogen application and plant uptake.

5. Eliminating nitrogen loss from individual septic systems is not technically 
feasible (Some very costly experimental nitrogen-removal systems are 
being used for farm-animal waste). If, through further research, indivi
dual wastewater systems are found to be the cause of the groundwater 
contamination, the township should investigate the feasiblility of a 
central sewage collection system.

6. The Michigan Department of Natural Resources should re-evaluate all 
sources of industrial nitrate discharge to determine if one or more of 
them could be contributing to the groundwater nitrate problems.
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