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ABSTRACT

A group of nine investigators at the University of Mich-
igan Biological Station conducted a study integrating research
on on-site wastewater disposal with an environmental management
program. The objectives of the study were to:

1. assess the ability of several groundwater sampling
techniques to monitor on-site wastewater disposal
systems.

2. identify soil factors and septic system characteristics
that influence nutrient loading to the groundwater.

3. educate lakeshore communities on lake protection and
management.

The physical and chemical limitation of porous ceramic cup
(PCC) lysimeters, sand point wells, silicon carbide lysimeters,
and polyvinyl chloride (PVC) membrane lysimeters were assessed
on four test plots from a range of soil texture and moisture
conditions. Problems with the assembly and installation of
silicon carbide and PVC membrane lysimeters rendered them un-
suitable for field use. Sand point wells functioned in a
severely restricted range of texture and moisture conditions.
PCC lysimeters demonstrated substantial variablity among samples
in several water quality tests, but were the best available
method for monitoring groundwater in the subsequent septic
system study.

Quality of groundwater adjacent to nine lakeside septic
systems was monitored. Concentrations of ammonia, nitrate,
phosphorus, and chloride were measured from groundwater samples
collected from an array of PCC lysimeters between the septic
system drainfield and the lake shore. Excessive nitrogen
(greater than 10 mg/1l Tot-N) and phosphorus (greater than 1 mg/
1 TDP) levels were detected at two sites. At a third site, high
nitrogen concentrations but no phosphorus loading were found.

_ Results indicate that septic systems built in undistrubed
soils affected groundwater less than those systems constructed
in fill materials. Application of large effluent loads

(greater than 600 gpd) resulted in measurable deterioration of
groundwater quality.

Presentations and workshops on wastewater management,
septic system monitoring, and wetland ecology were given to lake
associations, county commissioners and public health officials.
Innovative programs for septic system maintenance and water
quality monitoring were implemented.
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Introduction

About 10,000 years ago, the Wisconsin Glaciers left northern
lower Michigan with a wealth of inland lakes and streams. The
water resources of the area have made it a popular vacation land
for much of the last century. During the past decade, the appeal
which historically attracted tourists has now begun to stimulate a
dramatic migration of summer and year-round residents to the area
from the heavily populated southern part of the state. The
population increase during the 1970-1974 period in the northern
counties averaged 24 percent, (see Fig,1), and much of that growth
occurred around the inland lakes an& rivers (Marans 1977).

What impact will increasing numbers of people have on the quality
of the inland lakes? Water pollution, resulting from rapid and
unplanned shoreline development, threatens the same environmental
features that make ngrthern lower Michigan so attractive today.

If, however, development is directed through sound land use planning,
the impacts of growth on the natural features of the area can be
minimized.

Water pollution in northern lower Michigan is caused primarily
by nutrient enrichment (Gold and Nagel 1978, Richardson 1978).
Nutrients (nitrogen and phosphorus) act as fertilizer for algae and
other aquatic plants. With proper land use planning, the amount of
nutrients coming into the lakes and streams can be minimized;

water quality can thereby be maintained at a high level.
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Septic tanks in shoreline areas are a potentially significant
contributor of nutrients to a lake (Ellis and Childs 1973). A
review of several domestic wastewater studies concluded that 45 mg/g
Total-N and 25 mg/? Total-P are estimates of "typical'" nutrient
concentrations in septic tank effluent (Dudley and Stephenson 1973).
A1l of the homes surrounding the study area, Burt Lake, and 72% of
the households in the region are currently served by septic systems
(NEMCOG, 1978). These on-site systems depend on the soil to absorb
and treat septic system effluent. A properly performing septic
system should be able to adequately protect nearby surface waters
from nutrient contamination.

When a septic system fails to absorb effluent, ponding of
untreated water on the soil surface creates an obvious nuisance
and public health hazard. A septic tank that absorbs effiuent
quite well but fails to treat it adequately is more difficult to
detect; polluted groundwater flows from the system to the lake
unnoticed. Identifying this type of failing system requires sampling
and analyses of shallow groundwater beneath and surrounding the
disposal field. Health departments and other agencies responsible
for wastewater disposal have expressed great interest in monitoring
the effects of septic systems on groundwater quality in this way.

Several methods of obtaining groundwater for nutrient analysis
are available to health departments interested in monitoring
septic systems; one objective of this study was to assess the
strengths and limitations of several of these methods. A second

objective of this study was to investigate relationships between



the nutrient removal performance of septic systems and soil properties,
septic system design, and wastewater loading. A better understanding
of these relationships based on quantitative data will assist in
water quality protection planning efforts in the future.

Water quality preservation efforts in northern lower Michigan
must receive public support if they are to be successful. A third
objective of this study was therefore to set up a comprehensive
environmental communications program coordinated with the Clean
Water Management Planning Agencies of the region to improve the

"water quality awareness'" of those who live on or use the lakes.






Literature Review

As the population shifts from urban centers to rural areas,
pressures mount on rural environments. In order to manage and
protect the resources of these areas, we must understand the
physical, chemical and biological processes and the sensitivities
of ecosystems supporting increasing popu1a£ions. In rapidly growing
rural areas that rely on the soil to treat wastes, the potential
for contamination of water resources has stimulated research
designed to determine the treatment performance of on-site waste-
water disposal systems.

Although new methods of waste disposal for use in unsewered areas
have become available in recent years ( aerobic and chemical toilets,
grey water recycling systems, etc.), soil absorption comprised of
a septic tank and drainfield remains the dominant method of waste
treatment. The performance of these systems has traditionally been
judged on the following criteria: Is the rate of infiltration into
the soil sufficient to prevent surfacing of effluent? Is the soil
effectively removing fecal indicators and pathogens from the effluent
before it reaches the groundwater? The concept of treatment has
broadened because of the growing concern over the potential for
accelerated eutrophication of lakes and rivers caused by nutrient
enrichment from septic seepage. The high concentration levels of
nitrogen and phosphorus in wastewater must be reduced before
percolating effluent reenters the water cycle. These nutrients ( most

commonly phosphorus) are limiting factors for algal growth in lakes,



and additional inputs from septic systems must be checked if

deterioration of water quality is to be avoided.

Nitrogen and Phosphorus in Soils:

Nitrogen and phosphorus occur in the soil environment in a variety

of organic and inorganié compounds. The more complex of these compounds
are generally quite insoluble and are largely unavailable for plant
uptake. Simpler compounds are more readily used, and are active agents
in nutrient cycling ( Brady, 1974).

The amount of nitrogen in soils of humid regions typically range
from 0.02 to 0.05% by weight ( Brady, 1974). Sources of nitrogen
include plant residues and animal wastes, precipitation, and fixation
of atmospheric nitrogen by specialized plants and microorganisms.

The bulk of the nitrogen is tied up in organic compounds and cannot

be taken up by plants. Phosphorus is supplied to the soil from organic
materials and inorganic sources through the weathering of phosphorus-
bearing minerals, such as apatite.

Nitrogen exists in the soil in three forms:

1. Organic-N in soil humus.

2. C(Clay-fixed nonexchangeable ammonium ion ( NHg).

3. Soluble ammonia and nitrate ( NOz) compounds ( Brady, 1974).
Through the biochemical process of mineralization, organic-N 1is
transformed into ammonium salts. Ammonium will either be used by
vegetation, fixed into the lattice structure of clays, or be trans-

formed to nitrate compounds by a process called nitrification. The



Teactions and responsible agents are outlined below:

2 3
e N02-+ NO
where step 1 occurs via non-specialized organisms, step 2
via nitrosomonas, and step 3 via nitrobacter. Step 1 is
termed mineralization, and steps 2 and 3 are termed
nitrification ( Black, 1957).

1
Organic-N -=+ NH

Nitrification occurs to a more complete degree if aerobic conditions
exist in the soil. Nitrate compounds are highly soluble and move
easily through the soil. In a reducing environment, nitrates may
be transformed to gaseous nitrogen through the process of de-
nitrification.

The amount of phosphorus in humid region soils typically range
from 0.01 to 0.20% by weight. As stated, phosphorus is supplied
to the soil from both organic and inorganic sources. The ionic
character of phosphorus ( as ortho-phosphate) is determined by the

pH of the soil solution.

- -2 -3
H PO HPO PO
2 4 4 4
strongly mildly alkaline
acidic acidic

Although the H,PO, is readily available for plant uptake, it vigor-
ously complexes with other soil ions and minerals that render it
unusable.( Brady, 1974). In acidic conditions, the phosphate ion
combines with Fe and Al cations and/or participates in an anion
exchange with Fe and Al hydrous-oxides (gibbsite, goethite, boehmite)
to form insoluble hydroxy-phosphates ( Brady, 1974). Under mildly

acidic conditions, the concentration of Fe and Al ions drops, but



phosphate ion readily reacts with silicate clays to form similar
hydroxy-phosphates.

In soils that have developed from limestone-bearing parent
material, phosphate ions react with available Ca ions and with
CaCOz. As these calcium phosphates form, cohtinued reaction with
Ca ions in solution results in the formation of increasingly in-
soluble apatite minerals.

Soils of different mineralogies and textures and with soil
solutions over a range of pH values demonstrate a tremendous ability
to absorb phosphorus. Only in coarse non-calcareous sands and in
soils with high organic matter/mineral ratios would phosphorus
movement be anticipated under natural field conditions (Craddock,
1977; Dudley and Stephenson, 1973). Laboratory determined phosphorus
absorption capacities of Michigan soils range from 231 1lbs./per acre-3ft.
(Dune Sand) to 2915 1bs./acre-3ft. (Warsaw Loam) (Ellis and Erickson,
1969). In a phosphorus loading study on some Arizona soils (Lance,
1977), phosphate absérption continued to be extremely effective after
60,000 kg-P had been applied to an hectare of calcareous sand over a

seven year period.

Nutrient Movement from Septic Systems

A basic principle inherent in septic system treatment of waste-
water is that a relatively small volume of soil receives tremendous
quantity of water and waste to absorb and treat. Wastewater entering
the soil from drainfields acts as a concentrated source of nutrient

supply to the soil/soil-water system. Gannon and Paddock (1974)



estimate that the average per person contribution of N and P in
wastewater is 5.4 kg-N and 0.45 kg-P annually ( P value excludes
input from phosphate detergents which add an additional 1 kg/person-
year). These nutrients either accumulate over time in the soil
surrounding the drainfield or they move away from the drainfield
through the soil ( Hook et al., 1978).

As effluent leaves the zone of saturation around the drainfield,
ammonia is converted to nitrate provided that the groundwater level
is sufficiently deep. The soil has no capacity to absorb nitrate,
so the soluble anion will percolate freely through the soil down to
the water table if not taken up by vegetation. If nitrate moves into
a new zone of saturation ( such as a perched water table) before
reaching the normal groundwater level, denitrification may result
and nitrogen will be lost to the atmosphere ( Miller, 1974). Other-
wise, nitrate moves freely with the flowpath of the groundwater, and
mechanisms for lowering nitrate Concentration are limited to dispersion
and dilution in the surrounding waters ( Hook et al., 1978).

Nitrate 1s the most frequently observed contaminant moving from
the septic system into the groundwater. Studies have documented
nitrate concentration in excess of drinking water standards ( greater
than 10 ppm NOz-N) in groundwater at considerable distances from the
septic system drainfield. Polkowski and Boyle (1970) found nitrate
concentrations as high as 21 ppm at 15 feet from the drainfield.
Concentrations remained above 10 ppm N03~N within 100 feet in some
cases. Ellis and Childs (1973) followed the horizontal and vertical

path of nitrate migration from drainfields at homesites on Houghton



Lake, Michigan. On a septic system located on a well-drained sandy
soil that had been used by a family of six for 15 years, nitrate
concentrations of 15.6 ppm and 8.0 ppm were found at distances of
100 feet ( 10 feet below the water table) and 330 feet ( 16 feet
below the water table) respectively, from the drainfield.

Adsorption and precipitation reactions between phosphorus and
several soil constituents greatly restrict the movement of P from
soil absorption systems ( Jones, Lee, 1977). Soil characteristics
that determine the P-adsorption capacity of soils include the presence
of clay minerals, Fe and Al oxides, availability of a calcium source,
and pH of the soil solution. Models of phosphate retention have
allowed for estimates of field P-adsorption capacities for specific
soils ( Craddock, 1977; Sawhney, 1977; Ellis and Erickson, 1969).

Gannon and Paddock (1974) and Ellis and Childs (1973) assume
that once the P-adsorption capacity of the soil has been saturated,
phosphorus will travel through the soil and into groundwater and
nearby surface watefs. In a subsequent study, however, Childs (1974)
states that phosphorus retention mechanisms continue to operate after
phosphorus has moved into the soil below the water table. Further
tests ( Beek, 1977; Sawhney, 1977; Lance, 1977) have shown that long-
term retention of phosphorus often greatly exceeds calculated adsorp-
tion capacities, and in some soils can be considered to be almost

limitless under normal loading conditions ( Lance, 1977).

Review of Research

Bouma et al. (1972) monitored five septic systems in Wisconsin of



different ages and in varying soil types. Six to 17 wells per site
were placed adjacent to and at distances from the drainfield to trace
the movement of nutrients and fecal indicators. Results of their
investigations led to several conclusions about the fate of nitrogen
and phosphorus entering the soil from drainfields:

- Crusting occurs on the bottom of seepage beds after a few
years of use and inhibits infiltration. Provided that the groundwater
level is greater than 3 feet below the drainfield, an unsaturated
zone 1is created, fostering quite complete nitrification of ammonia
in the effluent to nitrate.

- Phosphorus was effectively removed from effluent in each system.
Four of five systems failed to reduce nitrogen concentrations to non-
contaminating levels. Concentrations of 30 mg/l-NO3 were found at
depths of 12 feet in the water table below the drainfield of one
system.

Reneau (1977) monitored nitrogen movement from a septic system
in a sandy loam with a fluctuating water table. Average reduction
of NH, with distance was from 23 mg/l to 4 mg/l at 1.5m and 12m,
respectively. Nitrate concentrations rose from 0.03 mg/l in the
drainfield to 2.92 mg/l at a distance of 3.05 m. Under similar
water table condidtions, Preul (1966) noted a similar ammonia
decrease (60ppm to 4 ppm NH4—N) and nitrate increase (0 to 40 ppm)
from the drainfield to a test well 6 m away. Decreases of total-N
can be attributed to the fixation of NH4y on soil particles ( high
NH; concentrations were found in the fine fraction of the soil) and
to denitrification as the soil solution moved from aerobic to anaerobic

zones.



Phosphorus loading studies by Lance (1977) and Sawhney (1977)
established firm evidence that a soil's ability to retain phosphorus
exceeds calculated adsorption capacities. Lance suggests that there
is a strong correlation between loading rate and P removal efficiency.
After an initial period in which phosphorus adsorption is independent
of loading rate and retention time, slower absorption and precipitation
reactions that continue to pull phosphorus out of solution are time-
dependent. For a 200 day period, P-removal was 90-95% effective
regardless of the rate of phosphorus loading. P-adsorption with
continued loading dropped from 73% to 58% as the infiltration rate
increased from 18.2 to 22.3 cm/day. The phosphorus concentration
could be raised or lowered by speeding or slowing the infiltration
rate.

Evidence of the regeneration of P-adsorption sites when the soil
columns were allowed to dry was indicated by concentration minimums
that occurred after the initiation of loading after columns were
allowed to dry five days ( Lance, 1977). 1In a series of laboratory
tests, 100% of the original P-adsorption capacity of sixteen Michigan
soils was recovered three months after initial P-saturation ( Ellis
and Erickson, 1969). The regeneration is thought to occur as new Ca
ions ( in alkaline soils) or Fe and Al ions ( in acidic soils) are
released by weathering of parent materials. Lance (1977) noted that
minimum concentrations of phosphorus in effluent coincided with peak
Ca cation concentrations.

Sawhney (1977) also concluded that P-adsorption occurs in two

stages. Initial rapid adsorption on mineral surfaces is followed by



slower uptake and precipitation as Al and Fe phosphates. Adsorption
capacities determined through short term loading experiments fail to
account for the slower retention mechanisms, and therefore under-
estimate the soils' ability to adsorb phosphorus.

Loading columns of a fine sandy loam and a silt loam at rates of
8.5 ml/hr and S ml/hr, respectively (2 x 10 %M P), Sawhney (1977)
noted that "phosphorus breakthrough" occurred at 300 hrs (fsl) and
1000 hrs (sil), after which the P-concentration in column effluent
increased with continued loading. Though effluent P-concentrations
never equalled influent concentrations, Sawhney acknowledged the
potential for shallow groundwater contamination after prolonged
septic system use in soils with low P-adsorption capacities.

From studies of phosphate movement through soils on a sewage
farm after 50 years of sewage disposal, Beek et al. (1977) found
that phosphate adsorption was still 96% effective. Accumulation
of phosphorus in the soil was limited to the upper 75 cm of the soil
profile, and predominantly in the upper 50 cm. Although a number of
precipitation and adsorption reactions contributed to P-adsorption,
chemical analysis of the soil revealed that Al-bonding reactions
leading to the formation of Al-phosphates was the dominant retention
mechanism.

A four year study of migration of nutrients, ions (Cl1~,Na*, Ca*Z,
Mg+2), and other water quality parameters from a septic system installed
in a sandy Wisconsin soil asserted that phosphorus mirgration was so
limited that it presented no threat to groundwater and surface water

quality ( Jones and Lee, 1977). Concentrations of conservative chemical



tracers in monitoring wells showed that effluent did reach the ground-
water and move downgradient from the septic system, but at no time did
phosphate concentrations in any of the samples collected from the 15
sample stations rise significantly. Nitrate concentrations began to
rise in some of the wells after one year, but the rise was inconsistent
with respect to time. The investigators felt that increased aquatic
growth from nitrogen contamination from septic systems might occur

in nitrogen-limited lakes.

Other studies have reached different conclusions about the movement
of phosphorus from the drainfield to the groundwater. Dudley and
Stephenson (1973) encountered significant levels of phosphorus (greater
than 1 mg/1 Tot-P) in groundwater at four of the eleven sites they
sampled. Phosphorus concentrations as high as 12.2 mg/l Tot-P occurred
fifteen feet from one disposal field. Phosphorus concentrations in
groundwater above background levels extended over 100 feet at several
septic system sites investigated by Ellis and Childs (1973). On a
soil characterized b& poor drainage and slow permeability, phosphorus
concentrations of 11.6 ppm-P and 8.8 ppm-P occurred 75 feet and 120
feet from the drainfield. The depth of maximum phosphorus concentration
ranged from two to six feet.

Four soils in Northern California used to treat spray effluent at
a National Park were studied by Craddock (1977). Calculating P-
adsorption isotherms in four strata ( to a depth of 65 cm) in two of
the spray field areas, Craddock estimated the time until P-saturation
would occur to be 90 years and 380 years (for a soil 160 cm deep).

The soils were moderately acidic, and contained significant amounts of
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Fe and Al-oxides. These estimates were considered to be conservative
because of the nature of the P-adsorption tests.

Nitrate levels in runoff near one of the irrigation sites had
risen by a factor of 3 over baseline values, and indicated that 1/3
of the nitrogen added by the spray effluent was reaching the drainage
streams.

Craddock (1977) highlighted the role that ammonium ion might play
in P-adsorption and precipitation reactions by maintaining acidic
conditions in the soil as nitrification occurred. The soils at one
site are coarse and shallow, and have little potential for long-term
nitrogen removal. Deeper soils with greater storage capacity, more
vegetation, and an argillic horizon ( capable of fixing NH4+) released
nitrates at a much lower level.

The studies reveiwed are in general agreement with regard to
retention and mobility predictions of nutrients in soils. The
investigators' conclusions about potential contamination problems
(nutrient enrichment) from septic seepage are not entirely consistent.
Leaching of nitrates into groundwater was recognized as a pollution
hazard in each study. The degree to which nitrogen addition threatens
water quality raises a question about the conditions under which
nitrogen is the limiting nutrient for aquatic plant growth in lakes.
When the nitrogen/phosphorus ratio is less than 7:1, nitrogen may
then be the limiting factor. Typically, the concentration of nitrogen
is an order of magnitude or more than the concentration of phosphorus
( Wetzel, 1975).

Evidence of a soil's long-term ability to remove phosphorus under
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intermittent loading conditions and/or reduced loading rates ( Lance,
1977; Sawhney, 1977) suggest that the use of dual drainfields and
dosing pumps would facilitate extended effective P-adsorption. Seasonal
populations where the septic system gets 'rested'" each year should
increase the time to P-saturation.
Engineering and hydraulic modifications of disposal systems can
be designed to maximize nutrient removal. Introduction of calcareous
materials to boost precipitation of phosphorus and construction of a
clay barrier to adsorb both phosphates and ammonium and promote
denitrification are feasible measures that deserve attention. Mound
installations using these materials might prove to be very effective
treatment systems. Legal measures, such as minimum setback requirements
and zoning ordinances that limit or prohibit disposal in sensitive
areas with poorly suited soils, can be effective if properly enforced.
Through a greater understanding of the soil's ability to treat
wastes, on-site wastewater disposal methods can become increasingly
more effective. Innovations in design and materials can be tailored
to meet expected loading demands on a particular soil. The next phase
in rural wastewater research should focus on applying the principles
énd processes that govern nutrient movement‘in soils towards developing

improved soil absorption systems.
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Groundwater Sampling Techniques

Materials and Methods
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Section I
Groundwater Sampling Techniques

Material and Methods

No standard collection method has been proposed for groundwater
quality research. Several collection instruments have been used in
investigations into the effects of on-site wastewater disposal on
groundwater, and concern over the reliability of collection methods
has been expressed in some of these studies ( Hansen and Harris, 1975,
Childs, 1974).

Four groundwater sampling instruments were tested to assess their
potential for use in septic system monitoring studies. These were:

Galvanized steel, #60 mesh sandpoint wells

Porous ceramic cup (PCC) tension lysimeters ( Parizek, Lane, 1970)

PVC membrane filter tension lysimeters ( Appendix I)

Silicon carbide tension lysimeter ( Post, 1976)

The instruments were evaluated on the following criteria:

chemical variability in groundwater samples attributable to the
collection method

- range of soil texture and soil moisture conditions over which
the collection method functions

- cost

- time and energy requirements for installation of the instrument
and sample collection

The performance of the instruments was tested on four soil plots
and in the laboratory. Plots were selected to represent a range of
conditions in soil texture, soil moisture and groundwater nutrient
concentration. It was assumed that the plots approached internal

homogeneity in their groundwater distribution and groundwater chemistry.
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Test Plot Descriptions

Site 1

Nine PCC's and 3 well points were placed in a 12 m? plot in an
Eastport sand ( sandy, mixed, frigid Spodic Udipsamment). PCC's were
placed at depths of 0.5 m and 1.0 m to compare collection ability
under saturated and unsaturated conditions. Wellpoints were driven
to depths of 1.5-2.0 m. Permeability of the soil is rapid and water
holding capacityAis low.

Site 2

Twelve PCC's and 3 wellpoints were placed in a 9 m?2 plot adjacent
to the University of Michigan Biological Station septic system drain-
field. Wastewater from 200 Biological Station summer residents is
absorbed in the field area from June through August. PCC's were
placed at depths of 60 cm and 1 m. Well points were driven to various
depths down to 5 m. The soil is a Rubicon sand ( sandy, mixed, frigid
Entic Haplorthod). Though permeability is rapid and water-holding
capacity is low, innundation from septic tank effluent keeps the soil
saturated during the summer months.

Site 3

Six PCC's, 3 wellpoints, and 3 PVC membrane lysimeters were
installed in a 12 m? plot in a Tawas muck ( sandy, mixed, euic Terric
Borosaprist). The soil is characterized by a 30 cm organic surface
horizon over a sandy subsoil. Groundwater is at the soil surface
throughout most of the summer.

Site 4

Eight PCC's and two wellpoints were placed in a 12 m2 plot in a
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Location of Test Sites

.

Figure 2
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Nester loam ( fine, mixed, Typic Eutroboralf). The soil series is
characterized by a well developed argillic horizon from 20 to 60 cm
with 80% clay in the B horizon. The groundwater table was 1.5 m deep
in early June. Permeability of the soil is moderately slow and its

water holding capacity is high ( SCS, 1973).

Field Methods

Problems with the assembly and installation of silicon carbide
lysimeters made them unsuitable for field use. The PVC membrane
lysimeters ( Appendix I) was also eliminated from further study because
of repeated clogging problems. As a result, all groundwater samples
tested in this study were obtained from PCC lysimeters and sand point
wells.

The lysimeters used in the study were constructed of 18 inch, 1.5
inch I.D. PVC pipe. At one end was attached a porous ceramic cup ( 1 um
pore size). At the opposite end was attached a #10, 2-hole rubber
stopper. Three-sixteenth inch O0.D. polyethylene tubing was inserted
through the holes. One piece extended to the bottom of the lysimeter
( inside the ceramic cup, almost touching the bottom). The other piece
of tubing ended just below the rubber stopper. Both polyethylene tubes
extended outside the lysimeter a distance sufficient to reach the
surface after the lysimeter was inserted into the ground. To the
outside ends of both polyethylene tubes were attached short lengths of
flexible plastic tubing ( Tygon, I.D. 3/16 inch). Each piece of Tygon
tubing was fitted with a screw-type pinch clamp, used to occlude the
inside of the lysimeter from the atmosphere when pumping a vacuum and

when drawing a sample. All connections were sealed with epoxy cement.
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Ceramic cup lysimeters were placed in the ground by first augering
a 2 inch diameter hole at an angle of 20 to 30 degrees from the vertical
and then inserting the lysimeter. The purpose of this was to ensure
that the ceramic cup -- the intake portion of the lysimeter -- was
beneath an undisturbed soil profile. The holes were backfilled to
prevent the augered bore from acting as a channel for infiltrating
water. A string was tied to the top of the PVC pipe and supported with
duct tape. The string extended to the top of the polyethylene tubing
and was used to aid in the removal of the lysimeter once sampling ﬁad
been completed. A wire mesh was placed over each lysimeter to prevent
animals from chewing on the exposed tubing.

Once the lysimeters were in the ground, a water sample was collected
by pumping a vacuum into the lysimeter and then allowing the initial
pressure gradient to reach equilibrium with the outside soil moisture
tension. First the flexible plastic tubing connected to the shorter
length of polyethylene tubing was closed off by means of its attached
pinch clamp. The longer polyethylene tube was then connected to a
two-way hand pump with tension gauge. To minimize the variability
between ceramic cups due to screening and sorption of phosphorus, the
lysimeters were activated with a consistent vacuum of 70 cm Hg. The
vacuum drew groundwater into the lysimeter through the porous cup until
the vacuum inside the lysimeter had diminished to the point that it
equalled the surrounding soil moisture tension plus the atmospheric
pressure ( approximately 0 psig).

The water was removed from the lysimeter for analysis by attaching
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the exit valve of the two-way pump to the shorter polyethylene tube.
When a pressure was exerted with the pump, the sample was pushed up
the longer tube and collected in test tubes.

Sandpoint wells were constructed of galvanized steel, 1.25 inch
I.D., length 24 inches, 18 inches of which consisted of #60 screen
mesh. They were pounded into the ground with a two-handled insertion
hammer. Additional lengths of 1.25 I.D. pipe were added to the top of
the sandpoint well so that it could be driven further into the ground
to reach saturated soil. Unlike the ceramic cup lysimeter, a sand-
point well is only capable of drawing a groundwater sample if the
soil is saturated and its permeablility is rapid.

A sample was taken from a sandpoint well by attaching a screw-on
pitcher pump to the top of the uppermost pipe. The pump was primed
and water was drawn out until it flowed continuously.

All samples were collected in 20X200 mm, acid-washed test tubes
and then covered with Parafilm to prevent contamination or spillage.
Samples were immediapely placed on ice to preserve them until they
reached the lab, at which point they were refrigerated at 4 C.

All ceramic cup lysimeters were washed with acid to remove loose
ions that may have been adsorbed to the lysimeter surfaces. The ceramic
cups contain Ca* and Mg2+, which are able to complex with PO43',
leading to an underestimated total phosphorous concentration ( Hansen
and Harris, 1975). Acid washing also removes phosphate ions which
this study found to be present in new ceramic cups ( Appendix 2 ).

The cleaning procedure involved soaking all segments of the partially
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assembled lysimeter ( except for the polyethylene tubing) in 10% HC1
for three hours. They were then soaked in deionized water twice for
one hour each, followed by an additional five minute rinse.

Evidence from Phase I of this study indicated that chloride had
been retained by the lysimeter ( most likely in the ceramic cups) after
cleaning, giving elevated chloride readings, especially in the first
samples taken. To abate this error, the instruments were cleaned
prior to Phase II just as they were before Phase I, except 10% sulfuric
acid was utilized in place of hydrochloric acid.

The polyethylene tubing used in the lysimeters was washed by
drawing 1 liter of 10% H,SO, through 50 foot lengths. This was followed
by drawing three liters of deionized water through each length of tubing.

A1l glassware was washed in 10% H,SO4 followed by three rinses in
deionized water to remove any phosphate adsorbed to the surfaces.
Autoanalyzer polystyrene disposable sample cups were also cleaned with
acid to prevent interference from dissolved ions. Because the sample
cups have small openings, they were especially difficult to rinse
properly. To ensure cleanliness, the sample cups were rinsed four
times instead of the normal three. In order to further prevent possible
contamination, the chloride determinations used only cups washed with
sulfuric acid. Likewise, the two nitrogen tests ( nitrate and ammonia)
utilized only cups Qashed in hydrochloric acid, because sulfuric acid
is known to contain nitrogen as a contaminant ( Technicon).

Samples obtained from the sandpoint wells were filtered through
glass filter paper to eliminate interference from turbidity within the

sample., Filter paper was soaked in four deionized water baths for one
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hour each to remove any contaminants that may have been present.
However, the ceramic cups used in this study had pore sizes of 1 micron,
which thus acted as a built-in filter. Consequently, it was unnecessary

to filter samples obtained with the lysimeters.

Laboratory Methods

Groundwater samples were analyzed for four constituents: nitrate-
nitrogen, ammonia-nitrogen, total soluble phosphorus, and chloride.
Water samples were analyzed for nitrate and ammonia forms of nitrogen,
the two types primarily used by algae and other aquatic plants. In
addition, these two forms are present at high concentrations in septic
outflow, making them easily detectable.

Most nitrogen in human wastes is initially in organic form (primarily
urea, but also nucleic acids, amino acids, polypeptides, proteins and
synthetic organic materials). However, for several reasons, tests
for organic nitrogen were not performed. First, the procedure generally
used, the kjelkahl method, determines nitrogen only in the trinegative
oxidation state. It includes inorganic ammonia-nitrogen, but does not
encompass any of the following nitrogen forms: azide, azine, azo,
hydrazone, nitrate, nitrite, nitrile, nitro, nitroso, oxime, and semi-
carbazone. This method also requires elaborate digestion procedures
not necessary when analyzing only inorganic forms of nitrogen. Further-
more, most organic nitrogen in wastewater is converted into ammonia
fairly rapidly by the hydrolysis of urea and the deamination of amino

acids such that septic effluent contains nitrogen largely in the form

of ammonia.
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Plants utilize phosphorus in the form of orthophosphate. However,
the other common forms of phosphorus -- metaphosphates, polyphosphates,
and organically bound phosphates -- are easily interconvertible into
orthophosphate and thus they are all potential sources of plant-
labile phosphorus. For this reason samples have been analyzed for
total soluble phosphorus, which includes all nonparticulate-bound
ortho-,meta-,poly-, and organic phosphates.

Chloride is present in human waste at high levels, and remains
in soil solution without significant removal through precipitation
or adsorption, thus serves as a good tracer species for nutrients
discharged from septic systems. It also has the advantage over the
measurement of nutrients directly, in that chloride is stable in
aqueous solution indefinitely.

The concentrations of these four constituents in water samples
were determined using a Technicon Autoanalyzer II. All determinations
were made using standard methods ( APHA, 1976; EPA, 1976, Technicon).
Every fifth sample was analyzed in duplicate and every twentieth
sample was tested in triplicate in order to evaluate errors that may
have occurred due to equipment and technique.

Nitrate-nitrogen concentrations were determined using the auto-
mated cadmium reduction method. Nitrate is first reduced to nitrite
followed by a colorimetric determination of the nitrite present. Thus
the procedure used actually measures the sum of both nitrate and nitrite
present in the sample. However, nitrite is usually present only at
very low levels even in wastewater treatment plant effluent ( Sawyer

and McCarthy, 1978), and therefore virtually all nitrogen measured
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by this method is due to the nitrate present.

Ammonia concentrations were measured with the automated colori-
metric phenate method. Intake air was scrubbed with 5% H»S04 to
remove any ammonia which may have been present.

To convert meta-, poly- and organic phosphates into measurable
orthophosphate the samples were digested with 5% potassium persulfate
solution. Six ml of persulfate solution was added to 8 ml of each
sample. These were then heated for a minimum of 45 minutes at 15 psig
in a steam autoclave. Then the total amount of soluble phosphorus
( in the form of orthophosphate) was determined using the automated
ascorbic acid method.

The analysis of chloride utilized the automated mercuric thicyanate
method. Instead of ferric nitrate, ferric ammonium sulfate was em-

ployed in the creation of the colored ferric thiocyaniate complex

formed during this procedure.
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Results and Discussion

A major limitation posed by both wellpoints and porous cups is
the limited range of soil texture and soil moisture conditions under
which the two instruments are effective. Although heavy loading
from wastewater saturated the soil surface at Site 2,»no samples
could be pumped from wellpoints driven to a depth of 4.5 m. Site
4 was situated on a low alluvial terrace with the groundwater table
less than 1.5 m below the soil surface. The clayey subsoil, however,
severely restricted water movement and wellpoints yielded no samples.
A partial sample set was collected from porous cups on Site 4 ( not
recorded). Subsequent 1 day, 4 day, and 10 day sampling periods
failed to yield sufficient sample volumes for analysis. Clogging of
cup pores by clay particles and capillary tension in the soil sur-
rounding the porous cup that were greater than the pull of the lysi-
meters are possible explanations.

Wellpoints require considerable effort to drive into the ground
and are difficult to remove. Soils must be coarse textured and
saturated for the wellpoint to function satisfactorily. When the
proper conditions exist, wellpoints provide representative samples
with less instrument-related variability than pourous cups. An in-
dividual wellpoint ( 24 inches long, I.D. 1.25 inches) costs
approximately $25.00, to which the cost of a pump and lengths of
pipe must be added.

Porous cups are relatively easy to use, but considerable time

is required to assemble and acid-wash the instruments before use in
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the field. Porous cups do not work well when soil moisture conditions
are well below field capacity or in clayey soils ( even when saturated).
The potential for instrument bias of samples make them best suited for
water quality investigations where trends are more important than
precise measurements and when large numbers of samples can be collected.
Vacuum leaks around pinch clamps present a problem with the porous cup
tension lysimeters and an improved design is suggest below. The cost
of materials for each instrument is about $5.00. A two-way hand pump
with tension gauge costs about $24.00.

The means and variances of wellpoint and porous cup samples were
compared. The variance of porous cup samples was greater than well-
point samples in each group (NOS—N, NH4-N,TDP,C1: Sites 1 and 3). An
F-test for equality of two variances showed that in one of the eight
comparisons (NOz-N, Site 1), the difference was statistically
significant and the hypothesis of equal variance was rejected at a=.05.
The seven remaining groups were compared, and a T-test for the equality
of means showed that the hypothesis of equal means was accepted at
a=.05 for all other groups at the two sites. It was therefore concluded
that wellpoints and porous cup samples were similar in their water
quality. See Table 1.

Although porous cups provide clear cost and feasibility advantages
over wellpoints, large variability in porous cup samples raise questions
concerning their use:

1. How much of the chemical variability is the result of changes

in the groundwater, and how much reflects bias of samples from

the PCC lysimeter?
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2. What are the sources of sample bias?

3. How can sample bias be minimized?

Nutrient concentrations in shallow groundwater are continually
changing, and significant variability is expected in groundwater
samples taken over time ( Hansen and Harris, 1975). If wellpoint
samples are assumed to more accurately represent groundwater
conditions, variability from PCC lysimeter sample bias is quite
large. While the sample bias makes the analysis of data more
complicated, interpretation of results is still feasible, as noted
above.

Hansen and Harris (1975) noted the following major sources of
variability and bias in PCC lysimeter samples: adsorption of P on
ceramic cup walls, sampler intake rate, plugging of pores, sample
depth, length of sample period, and type of vacuum system. Based
on their laboratory and field tests, it was suspected that the
ceramic cup portion of the lysimeter would remove phosphorus from
solution. Instead of finding significant losses from adsorption,
ceramic cups were found to contain extractable phosphorus, contributing
it to solution ( See Appendix 2).

Laboratory experiments to determine sample bias effects from
evacuation tubes in the PCC lysimeter showed that positive inter-
ference of phosphorus readings from copper tubing led to measurements
indicating phosphorus at levels higher than actually present ( See
Appendix 2). Polyethylene tubing was tested as an alternative to
copper tubing. The polyethylene did not adsorb phosphorus significantly

or detectably affect the measurement of phosphorus ( See Appendix 2),
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and was used to replace copper tubing in old PCC lysimeters and in
all new lysimeter construction.

Hansen and Harris (1975) recommend the following procedure for
reducing the variability of PCC lysimeters:

Group sampler by intake rate, use samplers of uniform length, use
short sampling intervals, and create constant intial vacuum for all
samplers. Acid washing of ceramic cups with 1IN HCl was recommended
by Grover and Lamborn (1970) to reduce phosphorus adsorption.
Phosphorus contributions rather than phosphorus adsorption from
ceramic cups was discovered, and acid washing with 10% HC1l reduced
but did not eliminate extractable phosphorus contained in the cup
( See Appendix 2).

The advantages and disadvantiges of wellpoints and PCC lysimeters
were weighed in choosing a sampling method for a septic system
monitoring study. The purpose of the study was to identify and
roughly quantify septic system pollution of ground water. Precise
representation in samples of groundwater nutrient concentrations was
desirable but not essential. In light of this fact and the favorable
cost and ease of use considerations, the PCC lysimeter was selected

as the sampling instrument for the study.
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Suggested Design Modifications for PCC Lysimeters

Porous Ceramic Cup, PVC pipe, and stopper assembly are as described in
Materials and Methods. The tube assembly is adjusted as follows:

Attach 10 cm pieces of 1/4 inch polyethylene tube -inside the two
flexible plastic tubes ( Tygon, I.D. 3/16 inch). Cut short ( 2.5 cm)
pieces of Tygon tubing, heat one side above a candle or another suitable
heat source, and seal it off by squeezing with a needle-nose pliers.

These Tygon "caps' provide an effective vacuum seal and are very
yg p p

economical.
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Section II

Nutrient Movement from Septic Systems

Introduction

Nutrient movement from septic system wastewater is thought to
be influenced by the texture of the soil around the drainfield, volume
of wastewater loading, age of the septic system, and the seasonal or
year round use of the septic system. A properly functioning septic
system absorbs and treats wastewater, preventing surfacing of effluent
and protecting groundwater from contamination. Soil texture is critical
to both processes. While sands and similar coarse textured soils are
able to rapidly absorb and transport large volumes of water, silt and
clay particles in the soil body increases the soil's capacity to remove
nutrients ( Ellis and Childs, 1969).

Over time, nutrients from wastewater are added to the soil around
the drainfield, filling exchange sites for ammonia and phosphorus
adsorption. Long term wastewater loading may result in phosphorus
migration through the soil ( Dudley and Stephenson, 1973).

Seasonal occupancy provides for periodic resting of the drainfield.
If the drainfield can dry out during periods of non-use, aerobic
decomposition of the organic crust will inhibit drainfield clogging
( Warshall, 1976), and regeneration of P-adsorption sites can occur

( Ellis and Erickson, 1969).

Site Selection
Seven conventional septic systems and two mound systems were
studied. All sites were located on the shore of Burt Lake, Cheboygan

County, Michigan (Fig. 3). Three factors were considered in the site



Figure 3

Site Locations

BURT LAKE

Crooked River
\527 Burt Township

Tuscarora Township

® X
~ ™o

Indian River X - Homesite
Sturgeon Riv%ﬁL;-

Scale

0 1

Miles



31

selection process: soil texture, age of septic system, and occupancy
( year round or seasonal). A shallow ( less than 1.5 m) groundwater

table was present at each site.

Materials and Methods

Soil texture was determined from composite auger samples collected
at each site. Sites with sand and/or loamy sand soil surface and sub-
surface horizons were compared to sites with finer textured horizons.
(It is worthwhile to note that the bottom of the drainfield is typically
.75 to 1.0 m below the soil surface in conventional septic systems.

Soil above this depth may not influence effluent treatment.) Texture

was determined by the hydrometer method ( Bouyoucos, 1936) followed

by sieve analysis of the sand fraction ( Table 2). Ages of septic
systems were obtained from health department files or from the residents.
Residents stated whether the home was occupied year round or seasonally.

Many factors important to septic system performance were not
considered in the site selection process. These factors include:
installation and maintenance of the system, houshold water use, lawn
fertilization and watering, size and design of the drainfield, and
others. Information on these factors was gathered through site
inspection and household survey.

At each site the location of the drainfield was determined. Two
porous ceramic cup ( PCC) lysimeters were installed in the soil up
gradient from the drainfield to obtain ambient nutrient concentrations
in the groundwater. Lysimeters were installed in holes augered with

a standard soil auger down to the zone of saturation. Prior to
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Table 2

Textural Analysis

%Sand

60
90

52
94

98
97

95

58
17

94

%$Silt
28
6

36
4

0
0

0

10
27

%Clay

Remarks

gravelly
organic

not analyzed
not analyzed
organic

same as site
same as site

same as site
same as site

~N

~N 3
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installation, lysimeters were acid washed and rinsed as described
in Section I.

Groundwater under the drainfield was assumed to flow towards the
lake. An arc of 4 to 9 lysimeters was placed between the drainfield
and the lake within 3 meters of the approximate perimeter of the
drainfield. Large volume and high nutrient concentrations in lysimeter
samples were used to better estimate the direction of flow and the
path of nutrient migration from the drainfield. A second arc of
lysimeters was subsequently placed in the estimated direction of flow
within five meters of the lake. Samples were taken at twenty four hour
intervals. Six sets of samples were obtained from sites 1-6. Four

sets of samples were obtained from sites 7-9.



Results and Discussion

Groundwater data from the nine homesites are presented in Table
3 and Figure 4. Information on the age of the septic system, seasonal
or permanent occupancy, soil texture, water use, and number of occupants
is given for each site. Daily water use and the average number of
residents were estimated from information contained in a survey filled
out by the residents during the sampling period. Water use was esti-
mated to be 50 gallons per person per day ( gppd) for homes with no
washing machine. Where a washing machine was in use less than once
a day, water use was estimated to 60 gppd, and 75 gppd where the wash-
ing machine was used more than once a day.

Mean values of TDP, NOz-N, NH4-N, and Cl for each sampler on each
site are given at the bottom of the columns in Table 3 and shown
graphically in Figure 4, along with the placement of the samplers.

On sites 1,2,3,7,8 and 9, samplers could be grouped according
to their positions with respect to the septic system drainfield ( on
sites 4,5, and 6, the‘placement of the samplers did not lend them-
selves to such groupings). A Control group included samplers up
gradient from the septic system drainfield and was used as an indicator
of background groundwater conditions. A Near group within 3 m of the
drainfield indicated groundwater conditions in the zone of maximum
influence from wastewater loading. A Far group of samplers within
5 m of the shoreline served as a measure of nutrient and chloride
concentrations in the groundwater as it entered Burt Lake.

The means and standard deviations of Control, Near and Far



Table 3 Burt Lake Data

B Estimated Avg. No.
- Site No. Age Occupancy Texture water use (gpd) residents
1 9 seasonal 0.5 m sandy loam 675 9
1.0 m sand
) TDPppb
Lysimeter No. 1 2 3 4 ' 5 6 7 8 9
Sample No. 1 30 * * 35 40 * x % * % * %
2 20 * * 70 70 * Kk L * %
3 ® * * 160 * * 137 77.5 72
4 68 * * 752 * * 216 - 95
5 * * 187 - x x 147 - 64
6 30 140 315 250 * 70 80 90 %
7 30 1960 2640 3280 1040 960 - 920 *%
Mean 35.60 1050 1047.3 757 383.3 515 145.0 362.5 77.0
NOS-Nppb
Lysimeter No. 1 2 3 4 5 6 7 8 9
Sample No. 1 212 * * 3200 14000 * k% k& k%
2 124 % * 9300 15500 * * ko Kk
3 * * 8900 18800 22000 * 10800 0 704
. 4 10 * * 10500 11000 * 500 — 200
' 5 * * 15000 — 16500 * 2480 80 1480
6 60 8200 9200 15000 13000 100 4700 12000 * %
7 55 775 5400 80 — 950 .= 85 * %
Mean 86.83 4487.5 o9¢75 9480 15,333 525 4620 4833 794

* Insufficient volume for analyses
**%* No sample attempted
— Sample lost



36

1R AY] 2°%9 S'6¢ Le SZ2°6¢ £€1°9¢ ee Ll ST 01°81
¥y 8¢ - 0¢ 02 ¢Z 81 ¢l 91
¥ ¥ - 1’24 S¢ Ve 0¢ S¢ LT YA\
S'¢¢ L°8¢ S'6¢% ¥ — - 0°6¢% ¥ ¥ .
S°6¢ - 5°9S§ ¥ - §°¢C¢ ¥ ¥ 6¢
021 Z°8S1T 0°8¢ ¥ - 9°vv - ¥ ¥
¥y ¥¥ ¥ ¥ % ce 9¢ ¥ ¥ el
¥y ¥ ¥ ¥y ¥ ov L°0T ¥ ¥ S°01
6 8 L 9 S 1 ¢ A T
Emgqu
817¢ 0SZL SLLT 9.2 6081 0Zvv 8Tt SHI SZ°1S§
¥ ¥ 0009 - 1% S1¢ 00011 S1¢ Aoa 0L
¥ ¥ — 011 09 SO0T 00001 LE 002 ST
0sZy 00S6 09L1 ¥ 0S¢ - ¢0T1 ¥ ¥
00S¢ - 00S¢ ¥ 00S¢ 0L2 ¥ ¥ 02T
y06¢ 0529 0¢L? ¥ 0002 0001 - ¥ ¥
¥y ¥y ¥y ¥ €62 0022 ¥ ¥ 0
¥¥ ¥y ¥¥ ¥ 002. 008 ¥ ¥ -
6 8 L 9 S 14 ¢ Z T
addy sy
“1,uU0) ¢ a1qey,

uesp

~ N M <N O~

*oN orduesg

*ON I93°9uTsAT

ueop

—~ 0y M) <t WO~

‘oN otdweg

*ON JX939WTsA]

3,uU0d |

"ON 911§



0°81¢2 9°S9T L6 L6 8°8L 8¢ ueop

- ovt - 0t ¥y ¥y L
S1¢ 0¢¢ ¥ - 0S 0¢ 9
- 69 61 S SOt 1A% S
0L¢ 061 01 0 SOT - 1/
5S¢ 00? 0 0 86 0¢ ¢
SZ1 SLT ¥ 0¢ 09 0T A _
x % ¥ ¥ ¥ ¥ ¥ ¥ SS SZ 1 ‘OoN eorduweg
9 S v € Vi 1 *ON X93°9WTSAT]
addy g4y
SL° V9 €°L8 8L°¢9 91°¢9 L' vy 9’1V ueap
¥ 0L - oy~ ¥ ¥ ¥y L
0¢ 0S ¥ SOT 97 4 9
¥ S¢ LS S¢ A% 2% A S
971 5S¢l 09 09 LOT - 17
€L 6L 08 69 5SS vy ¢
0¢ SST ¥ 0L 0¢ 0¢ A
¥¥ ¥ ¥ ¥¥ ¥y - 81 02 1T *ON atdues
9 S b 3 Z i *ON Io3outsAq
add 441
pues u Q°[
< S/ weoyl W G°Q [eUOSEBaS 02 Z
SJUdpISal (pd3) osn 1o3em 21n1Xxay Aouednoog ady *ON 931§
*ON ‘3Aay palewrlsy

"1,u0) ¢ arqey



38

Z6°9 €0°9 L°Z1 €9°9 Z0°S S6°¢
¥ 9°y - - ¥ ¥y
/AN SV - 0°¢ A YA 4
¥ L9 6°S 6°¢ 6"V AR
L"9 2’9 S°61 S°91 | Y -
0°L 8°8 - 9°t €S 'S
9°8 V'S ¥ '8 9°§ 0°T
¥y ¥y ¥¥ ¥y — -

9 S 14 e 4 T
Emmqu
QL 0L ¢TIl L9°86C A 2°2¢1 291
¥ 'SO1 - 0ST ¥¥ ¥y
09 0ST ¥ 021 09 08
¥ 8V 90¢ Z6 16 S8T
SL (18% 08¢ 50T 01T -
SL - SL 01¢ ovT STZ SLT
L 002 ¥ ¢el1 0LT SLT
¥ ¥¥ vy ¥y L9T S61
9 S 17 ¢ VA T
addy gy

"3,uU0) ¢ 9rqey,

ueap

~ AN MU0

*oN a1dueg

*ON 1913WTSsAq

ueop

~ NN <N O N

*ON ar1duweg

"ON JX939WTISsAT

31,u0d 7

"ON 931§



Table 3 Con't.

Estimated Avg. No.
Site No. Age Occupancy Texture water used residents
3 20 seasonal 0.5 m sand 120 gpd 2
1.0 m sand
TDP
ppb
Lysimeter No. 1 2 3 4 5 6 7 8 9 10 11
Sample No. 1 20 19 120 40 - - k% 70 k% *% * %
2 25 45 100 60 505 - * % 50 k% k% * %
3 104 122 ® 177 190 112 % 142 xk * % * %
4 26 54 k% * % * % 33 57 48 60 14 —
5 65 95 * % *k * % 90 65 65 80 50 65
6 — 45 k% ko * % 60 — 90 30 - 145
Mean 45,5 64.6 110 ° 92.3 347.5 73.75 61 77.5 56.6 32 105
NOS’Nppb

Lysimeter No. 1 2 3 4 5 6 7 8- 9 10 11
Sample No. 1 32 24 3 0 - - * % k% k% * % *%

2 8 6 84 0 8 0 * 150 * % * % * %

3 5 5 * 10 0 0 k% 550 k% * & * %

4 24 0 Xk * % * % 33 3 900 8 530 —

S 15 10 *% * % k% 90 0 150 0 135 0

6 — 18 *% * % * % 60 — 950 5 - 5
Mean 19.5 14.0 43 3.3 4 37.5 1.5 540 4.3 332.5 2.5

6¢
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Site No.

4 con't

Lysimeter No.

Sample No. 1
2
.3
4
5
6
7
Mean
Lysimeter No.
Sample No. 1
2
3
4
5
6
7
Mean

Table 3 Con't.

1 2 3 4 5 6 7 8 9 10
86 70 103 — 160 7 * % * % * % %%
186 192 . 666 450 * 55 * % * % ® % * %
126 167 - 8 2000 572 * % * % * % * %
130 150 — 15 70 170 175 60 * % * %
140 170 490 25 118 60 170 650 % * %
* & * % * % * % 600 % *k 327 55 4
* % * % * % * % 1500 X% k% 240 190 135
133.6 149.8 419.6 124.5 741.3 172.8 172.5 348 122.5 69.5

CLPPm
1 2 3 4 5 6 7 8 9 10
6.4 6.3 35 - 80 — %% * % %% *%
4.9 4.9 46.0 11.0 * 36 *% * % * % **
4.7 4.8 27.5 9.9 63.0 50.5 k% * % * % *%
4.0 4.1 — 9,2 50 31 11.6 25 * % * %
3.5 11.1 14 6.7 49 36 4,2 9.3 * %k k%
* % * % * % *% 3.9 %% * % 2.5 6.0 8.6
&% * % * % * % 38 * % * % 2.6 5.7 4.3
4.7 17.6 20.1 9.2 47.3 38.4 7. 9.8 5.85 6.4

v



Table 3 Con't.

Estimated Avg. No.
Site No. Age Occupancy Texture water use (gpd) residents
5 5 seasonal 0.5 m sandy clay loam 60 1
1.0 m clay
TDP
Ppb

Lysimeter No. 1 2 3 4 5 6 7
Sample No. 1 * * * 75 *% * % *%

2 265 - 160 * 166.5 * % *%

3 * 142 90 173 45 54 * %

4 160 7 14 85 272 112 k%

5 100 85 * 85 100 - *%

6 115 Ak - 75 140 80 115

7 * % * % 40 65 * & 30 165
8 * % X% 110 Rl * % 100 200

Mean 160 78 82.8 93 144.7 75.2 160

NOS_Nppb

Lysimeter No. 1 2 3 4 5 6 7
Sample No. 1 * 32 - 38 k% ' * % * %

2 0 1500 200 * 200 * % k%

3 * 2560 0 3500 620 0 k&

4 12 2550 750 4030 530 150 **k

5 15 3400 * 3500 500 - **
6 30 k% 1850 3700 520 33 3700
7 k% k& 1650 4100 % 900 850
8 il k% 1900 k% k% 800 310
Mean 19.0 2008.4 1058 3144.6 474 - 376.6 1620

307
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gite No.

7

Lysimeter No.

Sample No.

Mean

Lysimeter No.

Sample No.

Mean

Age

;i NN =

LSRN

Table 3 Con't.
Estimated Avg. No.
Occupancy Texture water use (gpd) residents
year round 0.5 m sand (fill) 100 2
1.0 m woody peat
TDP
ppb
1 2 3 4 5 6 7 8 9 10 11
135 130 1520 - 1000 - 3120 340 2280 k% * &
250 1250 1080 1280 1344 14720 3000 720 2200 * % * &
70 k& 880 800 — 11840 1720 560 2160 * % * &
120 k% k% 1040 325 9920 1000 800 * & 640 1200
- k% * % 2000 1080 9280 1240 840 * % 760 1280
143.75 690 1160 1280 937.25 11440 2016 652 2213.3 700 1240
NO3-Nppb

1 2 3 4 5 6 7 8 9 10 11
Lo 0 0 - 0 0 0 5 0 * * &
115 0 0 - 10 10 0 0 0 k% *k
12 *% o 1900 - 3 1 1 1 *% *k
12 * % * 270 8 4 4 2 * 3 -6
- * & * % 11 3 2 1 0 * 4 0
46.3 0 1.6 727 7 4.75 2 1.8 .3 3.5 3

LY



Site No. 7 con't

Lysimeter No.

Sample No.

Mean

Lysimeter No.

Sample No.

Mean

(o~ N S g

(S0 = T RS

NH, -N

Table 3 Con't.

ppb

1 2 3 4 5 6 7 8 9 10 11
- 7500 6250 19000 15750 - — 16750 11250 x % * %
450 1320 2530 5500 9790 38500 26400 26400 8800 % %
390 * % 2400 2750 — 26500 21900 11350 7600 * % * %
435 *k %% 3900 4350 39600 35200 12300 x% 6900 7350
- %k %% 4050 3950 22750 19800 10350 xx 4550 7000
425 4410 3726.7 7040 8460 31837 25825 15430 9216 5725 7175
. Clppm |

1 2 3 4 5 6 7 8 9 10 11
17.5 12.0 14.0 40 46 82 30 15 8 * % k%
8.4 20 11.4 40 34 65 27  14.8 5.9 *% x%
11 * % 12 33 - 66 22.5 16.0 25 % * %
45 &% X % 26 42.5 109  46.0 70 * & 38 18

- *% Ak 30 42.5 60 22.0 14.8 * % 38 18
20.5 16.0 12.5 33.8 41.25 76, 29.5 26.1 13.0 38 18

8t



Site No.

8

Lysimeter No.

Sample No.

Mean

Lysimeter No.

Sample No.

Mean

Age
2

Table 3 Con't.

: . Estimated Avg. No.
Occupancy Texture water use (gpd) residents
year round 0.5 m sand (fill) 150 2

1.0 m woody peat
TDP
pPb

1 2 3 4 5 6 7 8

- 135 2400 4080 * % * % * & * %
45 150 3840 435 k% kx * & * %

— * % —_ —_ * % XX % *%
60 k& - 3840 375 2320 880 1920
55 kK - 3680 400 2680 310 1640
53.3 142.5 3013.3 3008.7 387.5 2500 595 1780

1 2 3 4 5 6 7 8

- 65 10 5 * % * % * % ® %

2 220 50 5 k% * % * & * &

5 * % - 3 60 32 2 7

25 * & - 0 22 — — 30
10.6 142.5 30 3.25 41. 32 2 18.5

6v
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groups on the six sites are given in Table 4. An F-test for the

equality of variances between both Control v. Far and Near v. Far groups
showed that in 23 of 40 comparisons, the hypothesis of equal variance

was rejected at a=.05. The large difference in within group variances
indicated that a standard T-test would not be an appropriate test for

the equality of means between groups. The Behrens-Fisher test, which
does not rely on the assumption of equal variance, showed that in 24
Control v. Far comparisons the difference in the means between background
and lakeside groundwater conditions was statistically significant in
only five cases ( Table 4).

The data, with such large between group and within group variances,
does not lend itself to statistical interpretation ( Several sources of
the sample variance are discussed in Section 1). Several trends in
groundwater conditions at the sites are evident, however, and are
discussed below:

Site 1:

The septic system is constructed in well drained sandy loam soils
and is underlain by sand. Two seasonal homes contribute an estimated
675 gpd of effluent to the drainfield during the summer, the largest
volume of water use of all sites tested. Concentrations of ammonia
and nitrate in the groundwater increase by two orders of magnitude
from background to lakeside levels. The unexpected increase in ammonia
concentrations from Near to Far samples indicate that Near and Far
samplers intercept different groundwater tables in the solum. Far
samplers were located on a steep sideslope a meter below Near samplers,

and may be influenced by other sources of ammonia than the drainfield.
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Phosphorus concentrations rise much less than ammonia and nitrate but
the increase is considerable. An isolated zone of algal growth on the
rocks along the shore may be a response to nutrient loading from the
septic system.

Site 2:

The soil, slope, and groundwater conditions on site 2 are very
similar to those on site 1. The significant difference between the
septic systems is the wastewater load. Water use at this site is
limited to 75 gpd. The septic system here has no significant influence
on groundwater conditions.

Site 3:

Water use at this site is estimated at 130 gpd. The soil is sandy
and somewhat poorly drained. No significant nutrient loading is apparent.

Site 4:

This is a permanently occupied home with a mound system built in
gravelly sand fill material over an organic soil. Water use is estimated
at 225 gpd. Drainage ways on three sides of the mound and construction
on the site make it difficult to determine the direction of groundwater
flow. Sampler 9 and 10 near the lake indicate that nutrient loading is
minor.

Site 5:

This is a second mound system serving a permanently occupied home.
This is the only site in the study where clay soils are present. Water
use was estimated at 60 gpd, the least of all sites. High chloride
values may reflect inputs from a water softener. Nutrient loading is

apparently insignificant, but it should be noted that with only one



Site No.

]

~n

MEANS + STANDARD DEVIATIGNS OF CONTROL, NEAR,

Group

Control
Near
Far

*signif.

Control
Near
Far
signif.

Control
Near
Far
signif.

Control
Near
Far
signif.

Control
Near
Far
signif.

Control
Near
Far
signif.
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Table 4

AND FAR GROUPS ON HOMESITES 1-3, 7-9#=

Samplers

1
2-6
7-9

1-2

3-6

1-2

3-8
9-11

1-2
3-9
10-11

1-2
3-4
5-8

1-2

5-6

TOP ppb

35.6+ 18.6
748t 1015
190+ 269

47.1t+ 38.1

70.4+ 36.7

56.3t 36.1
109+ 105
63.4t 42

326+ 457
2789+ 3754
970+ 317

89+ 49

304541142

1315+ 946
X

368+ 366
249+ 156
255+ 7

NO3-N ppb
92.2+ 78.3
9870+ 6514
3002+ 4389

54.7+ 34.3

112+ 109

13.4¢ 10.0
157 .4+ 299
97.6t 196.9

28+ 49
80+ 360
3.25+ 2.5

63t 91
12+ 19
26t 21

553+ 1183
48+ 41
155+ 0

Ny ppb

51+ 54.8

1956+_3353

3850+ 2720
X

147.5¢ 52.3
144+ 79.7
80.9+ 65.9

500.7t 785
168.5+118.7

2019+ 3088
14845411211

6450+ 1281

1133+ 2166
103095157

5488t 6970

1107+1458

838t 963

19+ 5.4

#*: "X" indicates significant difference in Control and Far means

determined by Behrens-Fisher test,= = .05

Cl1 ppm

18.1+ 11.8

25.9¢ 9.4

57.6t 44.7
X

4.5¢ 1.4

7.3t 4.3

10.9¢ 8.8
17.3t 27.1
12.8¢ 15.2

18.9t 13.4
32.9t 23.5
28+ 11.5

33+ 31
32¢ 20
12+ 6.6

7.6+ 2.2
19+ 5.4
24.7+ 8.3

**distribution of samplers on homesites 4-6 unsuited for
Control, Near, and Far groupings
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sampler by the lake (7), statements about groundwater condition near
the lake bear a large measure of uncertainty.

Site 6:

This system is constructed in somewhat poorly drained soils high in
organic matter with 0.5 m of sandy loam on the surface. No samples were
collected near the lakeshore, but samples collected around the drainfield
indicated that nutrient movement through the orgainic-rich soil is limited.
This system is likely to experience soil absorption problems when used
during wet seasons.

Site 7:

This system has been constructed in poorly drained organic soil with
0.5 m of sandy fill material on the surface. The house is occupied year-
round. Control samples indicate that background nitrogen ( as ammonia)
and phosphorus levels are high ( 2019 ppb NH,-N, 326 ppb TDP). These
levels rise considerably around the drainfield ( 14,845 ppb NH4-N, 2789
ppb TDP). Low nitrate levels for all groups indicate that the soil is
saturated throughout, inhibiting nitrification. Ammonia ( 6450) and
phosphorus ( 970ppb) concentrations remain high enough to indicate sub-
stantial nutrient loading to Burt Lake.

Site 8:

Soil conditions, occupancy, and water use( 150 gpd) are similar to
site 7, and ammonia and phosphorus levels are similarly high. Ammonia
( 5488 ppb) and phosphorus ( 1315 ppb) concentrations in groundwater
samples near the lake indicate substantial nutrient loading.

Site 9:

Soil conditions and water use are similar to sites 7 and 8. Seasonal
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rather than year-round occupancy has apparently helped the soil maintain

its nutrient removal capacity, and nutrient loading to Burt Lake is minor.

Conclusions

Septic system wastewater disposal led to nutrient contamination of
groundwater at three of the nine homesites monitored. Sites 7 and 8
contribute excessive nitrogen ( greater than 10 mg/l Tot-N) and phosphorus
( greater than 1 mg/l TDP) to Burt Lake. Site 1 contributes substantial
nitrogen to the lake.

Large variability of nutrient concentrations in groundwater samples
generated data that resists statistical interpretation. Groundwater
quality trends, however, suggest the following relationships:

Septic systems constructed in fill materials overlying poorly
drained soils fail to provide adequate treatment of wastewater, even
under moderate loading conditions.

Application of large effluent loads ( 675 gpd) result in measurable
deterioration of groundwater quality, even in soils that are well-suited

for wastewater disposal and treatment.



Section III

- Communication and Management

Programs
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Section ITI

Communication and Management Programs

Environmental communication and management programs for inland
lake protection were integrated with septic system research efforts.
The scope of these programs went beyond the shoreline of Burt Lake
and septic system issues to include a broad spectrum of water quality
concerns 1in northern lower Michigan.

Communication programs aimed at enhancing public awarness of
lake ecology, the water quality status of the northern inland lakes,
and of how today's land use decisions will paint the water quality
picture of the future. The water quality awareness message was carried
through several channels. Slide presentations before lake associations,
township boards, and other interested groups covered such topics as
septic system treatment, wetland ecology, and the role of land use in
environmental protection. A number of '"investigative tours' on area
lakes served as floating forums where concerned citizens could view
their lake and its watershed from a more wholistic perspective.
Extensive newspaper coverage of the project helped to extend ideas
and information to a larger audience. A sample of newspaper articles
about the project are presented in Appendix 3.

Two conferences cosponsored by the project and the Regional '"'208"
Cleanwater Planners were held during the course of the project. A
conference on wetland ecology brought the '"208" planners and repre-
sentatives of state and county agencies and local officials together
to discuss wetland ecology and classification, the '"priority" wetlands

of the area, and legal aspects of wetland management.



68

A second conference on on-site wastewater system monitoring was
aimed at state and district health departments. Presentations covered
a range of monitoring techniques for evaluating septic systems. A
summary of the conference is presented in Appendix 4.

Management programs for septic system maintenance and water quality
monitoring were developed cooperatively with the residents of Burt
Lake. A group of homeowners in the septic system maintenance program
contracted to have their septic tanks pumped on a regular basis. The
tests involved in the water quality monitoring program include secchi
disc readings and chlorophyll a and dissolved oxygen measurements.
Pamphlets describing these programs are presented in Appendix S.
Pamphlets on greenbelts and zoning were also published.

Inland Lakes Expo '78 was the culminating event of the education
and management programs. '"Expo'" was a water quality carnival where
workshops and displays on lake ecology, wastewater treatment, community
strategies for lake profection, and several other water quality topics
were opened to the northern Michigan community. A copy of the Inland
Lakes Expo schedule and newspaper articles covering the event are
presented in Appendix 3.

The response to these programs was a clear indication of the
public's committment to protect the quality of their water resources.
The project aimed at helping the public and the area agencies concerned
with water quality to develop their interests and carry them through

to implementation as ongoing water quality protection programs.
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Appendix 1: Experimental Design for
PVC Membrane Tension Lysimeter

’l ?unF
Tygqon Tabingem— |

(ﬁ”m‘ﬁsuwntauﬂﬂ i
F!o\u ——
Hipple I T}
— PVC )
pipe . | |
Y7277
Suﬂpav/
E'J—] Screen M ----- - --
1 .
‘-'iH;r uanit Protechie
Ve ohurm e Screen

Membrane Flter
Q-Ju porm dize

*FILTER HOLDER AND PVC MEMBRANES
FROM GELMAN INSTRUMENTS, ANN ARBOR

s0.D, 3.5 cm,, 2.0 cM. DEPTH
MEMBRANES 25 MM DIA. AND AVALLABLE
IN PORE s1zES 0.45 Microns TO 5.0

*NO TESTING HAS BEEN DONE






Appendix 2A
Appendix 2B
Appendix 2C

Additional Laboratory

Experiments

by

Brian Marshall
Project C.L.E.A.R.
Water Chemist







Appendix 2A

Phosphorus Contamination of Water

Samples Collected with Porous

Ceramic Cups







Appendix 2A
Phosphorus Contamination of Water Samples
Collected with Porous Cups
Foreward
Studies done by Hansen and Harris (1974) have indicated the
possibility that phosphorus may be removed from groundwater samples
because of adsorption and physical screening processes taking place
in the ceramic cup portion of tension lysimeters. If this were the
case, our analysis of nutrient concentrations in groundwater samples
taken from this type of lysimeter could underestimate the amounts of
phosphorus present. Consequently, I have tested new ceramic cups to
find out what influence they have on nutrient concentrations. This
report will present my experimental findings that unused ceramic cups
contain extractable contaminant phosphorus, and contribute, as well
as remove, phosphorus from water samples. Recommendations for further
study, aimed at finding an improved ceramic cup cleaning procedure,

are also given.

Summary

Based upon the results of laboratory tests conducted by Hansen and
Harris (1974), an experiment was performed to determine the extent that
ceramic cups remove phosphorus from groundwater samples obtained with
tension lysimeters. The following results and conclusions were obtained
from this test:

1. New ceramic cups actually contain phosphorus, contributing

phosphorus to groundwater samples instead of removing it as

expected from Hansen and Harris.
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2. Washing of the ceramic cup extracts some contaminating

phosphorus.

3. Washing with dilute acid removes more extractable phosphorus

than does washing with deionized water only.

4. Present cleaning procedures (dilute acid washing) are not

sufficient to remove contaminating phosphorus from the ceramic

cups.

5. Further experiments need to be conducted to determine a suit-

able cleaning procedure for the removal of phosphorus from

ceramic cups.

Methods

Preparations:

1.
2.

Unwashed: none.

Deionized water wash: Soak 3 times for 1 hr. each
in deionized water.

Dilute acid wash: Soak 1 hr. in 10% HCl1l, followed

by 3 times, 1 hr. each in deionized water.

Orthophosphate Solution Concentrations: 1. 50 ppb

Sample Times:

2. 300 ppb
Immediately prior to the time that the cermic cup
was placed in solution.
Immediately after the time that the ceramic cup was
placed in solution.
After 1 hour.
After 4 hours.
After 12 hours.

After 24 hours.
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Results and Discussion

The effects of nutrient retention by ceramic cup tension lysimeters
was initially examined by Hansen and Harris in 1974. Of significance
to our current groundwater monitoring program, was their discovery
that phosphate anions adsorb to excess calcium and magnesium cations
located on the surfaces of ceramic cups. This process, in conjunction
with physical screening of phosphorus molecules because of the small
ceramic cup pore sizes, could result in the underestimation of the
phosphorus content in groundwater samples obtained with a ceramic cup
tension lysimeter. For this reason, new ceramic cups were tested to
determine the magnitude of error that could be expected in our phos-
phorus analysis of samples taken from these lysimeters.

Twelve identical, new ceramic cups (1.5 inch diameter, 1 micron
pore size) were placed in beakers containing 500 ml of solution.
The ceramic cups were prepared by three different washing procedures
( unwashed, water washed, and dilute acid washed), and then placed
into solutions containing twd different concentrations of ortho-
phosphate ( 50 ppb and 300 ppb). Each combination of preparation and
solution concentration was run in duplicate. Two additional ceramic
cups were placed unwashed in 500 ml of deionized water to serve as
a control.

Six 10 ml samples were taken from each beaker at times ranging
from just before the cup was placed in solution until 24 hours after-
wards. The samples were analyzed for phosphate concentrations with

a Technicon Autoanalyzer II, utilizing Standard Methods.
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The results of the analysis are given in Table S5 as phosphate
concentration in parts per billion ( average of duplicate samples).
The following observations can be made from this date:

1. All solutions were found to significantly increase in
phosphate concentration instead of decreasing as was
expected. Even the control, in which there was no phos-
phorus initially present in the solution, contained
large quantities of phosphate after 24 hours.

2. Washed cups yielded less phosphate than unwashed cups.

3. Acid washed cups contributed less contaminating phos-
phorus than did water washed cups.

4. None of the procedures tested removed all of the
extractable phosphorus from the ceramic cups.

From these results it can be concluded that new ceramic cups
contain phosphorus, and that washing the cups removes some of this
phosphorus, acid washing being more effective than water washing.
However; the acid wash procedure, which is currently in use, is not
totally effective and should be meliorated. In order to find an
improved cleaning procedure for ceramic cups, further testing needs
to be designed with the following questions being considered:

1. How long does it take for the phosphorus in the ceramic

cup to come to equilibrium with the phosphorus in solution
( for solution concentrations from 0 ppb to 1000 ppb)?

2. How many one hour rinses in deionized water are required

to remove all of the extractable phosphorus contained in

the ceramic cup?
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3. What affect does the use of a stronger acid ( hot 1:1 HC1)

have on the removal of phosphorus from the ceramic cup?

Prepzration &
Concentration

Control

50 oob

unwashed
water washed

acid washed

300 oob
unwaéhed
water washed

acid washed

Table 5

(1) (2) - (3) (4) (5) (6)
Just before Just after After After Aftar After
in solution in solution 1 hr. 4 hr. 12hr. 24hr.
0 0 2 20 84 120

50 49 54 62 152 179

50 50 57 67 121 141

50 55 57 70 110 127

300 300 3¢S 335 202 435

3CC 2CC 306 334 370 401
300 302 30¢ 122 354 167
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Appendix 2B
Copper Tubing Interference of Phosphorus Analyses:
An Improved Porous Ceramic Cup Tension
Lysimeter Using Polyethylene Tubing
Foreward
Virtually all tension lysimeters in use today utilize copper
tubing.for the removal of groundwater samples collected by this
device. However, the copper tubing to be used in our lysimeters
was found to interfere with our phosphorus determinations. Because
of this recent discovery, fabrication of our major groundwater
sampling devices, ceramic cup tension lysimeters, has halted. If
we are to proceed with our groundwater nutrient monitoring project,
an alternative type of tubing must be used. We currently have suffi-
cient quantities of polyethylene tubing in stock to use instead of
the proposed copper tubing. But there exists some evidence in rele-
vant literature that polyethylene should not be used in conjunction
with phosphorus analyses, because it may extract the phosphorus out
of solution, leading to inaccurate concentration measurements.
Consequently, I have tested the polyethylene tubing to find out what
influence it has on phosphorus concentrations. This report will
present my experimental findings that polyethylene tubing does not
significantly remove phosphorus from water samples drawn through the
tubing. It also recommends the use of polyethylene tubing instead of

copper tubing in our tension lysimeters.

Summary

To assess the feasibility of using polyethylene instead of copper
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tubing for removing water samples from tension lysimeters, an experi-

ment was conducted to determine the extent to which phosphorus is

extracted from solution by polyethylene tubing. Phosphorus solutions
of a known concentration were drawn through polyethylene tubing and
the collected samples were analyzed for their phosphorus contents.

The following results, conclusions, and recommendation were
derived from this test:

Results: In a solution of phosphorus content, no significant
difference was found after it was drawn through a
polyethylene tube than from before it was drawn
through.

Conclusions: 1. Polyethylene tubing does not interfere with concentra-
tion measurements due to the extraction of phosphorus
from water samples.

2. Polyethylene tubing is preferable to copper tubing
for use in tension lysimeters when phosphorus measure-
ments will be conducted from the collected samples.

Recommendation: Construct ceramic cup tension lysimeters that will be
used for nutrient analysis with the polyethylene tubing
that exists in stock instead of the copper tubing as

previously planned.

Methods
Tubing Preparations
1. Unwashed: None

2. Deionized water-washed ( minimal cleaning procedure): Draw 500
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ml deionized water through tubing.
3. Dilute acid-washed ( standard cleaning procedure to remove
adsorbed ions): draw 300 ml 10% H,SO4 through tubing followed

by S ml deionized water.

Table 6
SAMPLE TIMES

77
Sample # 1 2 3 4
Tolume (ml.) 25 75 25 175 25 175 25
Cumulative 0 25 1C0 125 3C0 325 500 525

Volume (ml.)

Resultes and Discussion

The knowledge that the copper tubing we now have on hand inter-
feres with phosphorus analysis has halted the construction of our
major groundwater sampling devices, ceramic cup tension lysimeters.
This specific copper tubing has been used previously in the same type
of sampling instrument, so it is unknown as to whether the contami-
nation is due to phosphorus adsorbed directly to the inside of the
tubing, to corrosion in the tubing, or to positive interference of
the analytical method used by the copper itself. Of most importance,
however, is to find an alternative type of tubing that can be used
without interfering with our nutrient determinations. This has been
done as rapidly as possible to avoid any further delay in the con-

struction of lysimeters.
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We now have in stock ample amounts of polyethlene tubing which
could be used in place of the copper tubing. However, it has been
suggested in the literature that polyethylene could extract large
amounts of phosphorus from solution, leading to an underestimation
of the phosphorus concentration present. This is most commonly
noted with regard to storing samples in polyethlene bottles since
the phosphorus adsorbs to the bottles's walls when they are in con-
tact for long periods of time ( APHA, Standard Methods, 1l4th ed.).
Yet, because the water samples are in contact with the tubing only
the short time each sample is being removed from the lysimeter, the
affect of adsorption onto the polyethylene is not expected to be as
great as when storing samples in plastic bottles. This was found to
be the case through the following experimental procedure.

A solution of orthophosphate ( 40 ppb PO4-P) held in a 10 liter
glass container was drawn through each of six equal leng s ( 1 meter)
of new polyethylene tubing ( 3/16 inch 0.D.) with a hand-operated
vacuum pump. Each tube was prepared by one of three washing pro-
cedures ( unwashed, deionized water-washed, and dilute acid-washed),
in case the polyethylene tubing contained phosphorus from the manu-
facturing process. Each procedure was done in duplicate to detect
any variation within the experimental method that may be present.
Deionized water was drawn through two additional lengths of unwashed
tubing to serve as a control. Also one sample was taken before and
one after directly from the large container to see if the concentration

within this container, and thus the initail concentration of each

sample, changed with time.
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Four 25 ml samples were taken from each tube after specific

volumes had already been drawn through. These volumes ranged from

the initial 25 ml to 25 ml after 500 ml had already been pumped

through the tubing. This range corresponds to the approximate size

of a sample actually collected in the field by a tension lysimeter.

The samples were analyzed for phosphate concentrations with a Tech-

nicon Autoanalyzer II utilizing the ascorbic acid method following

Standard Methods.

Methods

The results of the analysis are given in Table 7 as phosphate

concentrations in parts per billion. Means, standard deviations,

and relative standared deviations are also given. The following

observations can be made frcm this data:

1.

All measurements were statistically consistant over volume

of sample drawn, within the error of the analytical machinery
used.

The relative standard deviation of the ascorbic acid analytic
procedure is 4.0 - 5.2% ( ALPHA, Standard Methods, 14th ed.).
All relative standard deviations are within this procedural
range ( except for the control).

The small mean of the control makes the large relative
standard deviation meaningless in this case. That is, it
does not indicate a large variation in this data.

No significant difference is seen between the various

washing procedures, or between the various washing procedures

and the entire sample set.




5. The concentration within the glass container has not changed

over time significantly.

4. Duplicate data points are within the expected deviation range.

From these results it can be concluded that phosphorus determinations

will not be notably affected by using polyethylene tubing to extract

samples from the lysimeters.

Polyethylene tubing is thus a preferable

alternative to copper tubing in groundwater sampling devices used for

nutrient assessment.

Consequently, we shold reinitiate lysimeter

fabrication, substituting the polyethylene tubing we have in stock for

the copper tubing originally proposed.
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Appendix 2C
Phosphorus Analyses Interfered with by High
Dissolved Copper (II) Ion Concentrations

Foreward

The copper tubing in our tension lysimeters has been recently
replaced with polyethylene tubing, because the copper tubing that was
originially to be used was found to interfere positively with our
phosphorus determinations. The reason why copper leads to higher
phosphorus results than are actually present, and the true cause of
the interference, are not precisely known. Nevertheless, because of
the widespread use of copper tubing in lysimeters for groundwater
sampling and nutrient analyses, it is important to find the exact
source of contamination. I have postulated that a possible source of
the exaggerated results comes from copper ions that have desorbed from
the copper surface into the sample solution, which, when tested, absorb
light at the wavelength for phosphorus determinations (880 nm),
interfering with the analytic method. To test this hypothesis, I have
analyzed solutions of copper (II) ions (Cu2+) by standard phosphorus-
determining analytic methods. This report will present my experimental
findings that copper (II) ions at high concentrations increase
phosphorus analytic results. Further study to find the extent that
Cu?* desorbs from the copper tubing into solution, and to examine

other possible contamination sources are recommended.

Summary

The positive interference from copper tubing in phosphorus
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determinations by automated spectrophotometric methods has been
hypothesized to be due to copper (II) ions desorbed from the tubing
surface. Mixtures of known phosphate and Cul* concentrations were
measured for phosphate present. Copper (II) was found to increase

the phosphate results, in accordance with Beer's Law, over the amounts
that were actually present. High concentrations.of Cul* are concluded
to interfere with this analytic method. However, it has not been
shown that the theoretical methods for the formation and desorption

of Cu?* from the surface of the tubing can actually account for a
large enough copper (II) ion concentration in solution to explain the
interference seen. Further study should be undertaken to determine the
extent to which Cu?* desorbs into solution, and to investigate possible

other contamination sources.

Introduction

Virtually all tension lysimeters in use today utilize copper
tubing for the removalfof groundwater samples collected by this device
in preparation of nutrient analyses. However, the copper tubing we
were to use was found to lead to higher than normal phosphorus meas-
urements when analyses were made by the automated ascorbic acid
reduction method in accordance with Standard Methods. As a result,
we tested polyethylene tubing and now use it as a viable alternative
to copper tubing. Yet the problem of contamination from copper tubing
may not be universal. It may be present only in old tubing, or perhaps,
only in ours. Nevertheless, because of the common use of copper in

lvsimeters, and because few lysimeter-users realize this potential
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source of error in phosphorus determinations, it is necessary to find
the source of contamination contained in the copper tubing.

The object of this study is to find out if the positive interference
could be caused by copper (II) ions dissolved in solution, assuming
that a mechanism exists for Cu?* to be formed at the surface and trans-
ported into solution. This report will briefly explain the basis and
theory behind Cu?* being the expected source of interference. It will
then present the experimental procedure, results, and conclusions,

followed by recommendations for further study.

Background
The problem of copper tubing leading to higher phosphorus measure-
ments than actually present became apparent during a previous quali-
tative study to determine if copper removed phosphorus out of solution
by adsorption. The test became qualitative when the contamination
drove the resulting measurements above the range of the analytic
equipment (autoanalyzer). This led to a search for suitable alternative
materials for removing samples from lysimeters. Polyethylene tubing
was found to be a satisfactory substitute and replaced the copper tubing.
The contamination was unexpected since both the Environmental
Protection Agency and the American Public Health Association Standard
Methods, as well as a representative from Technicon Instruments Corp-
oration, indicated that there should be no interference due to the
copper. However, they refer to low concentrations of copper -- less
than 10 ppm (APHA). Such low concentrations are found in most natural

waters. But where water samples come in direct contact with copper,
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. . . 2 . .-
as in the lysimeter, much higher Cu“* concentrations can be antici-
pated to be dissolved in solution.

For Cuz+

to positively interfere with the phosphorus measurements,
it must absorb light at the wavelength ﬁsed for phosphorus determi-
nations (880 nm), since the concentrations are measured by spectro-
photometric methods. The copper (II) ion is blué and will absorb
light at some wavelengths in accordance to Beer's Law. The extent

to which it absorbed 1light at 880 nm was unknown, but was expected to

2+ was not supposed to interfere significantly with

be small since Cu
the method.
Metalic copper (Cu) is essentially insoluble in water and must be

oxidized before it can be dissolved in water. This is done in the

presence of oxygen by the fhermodynamically favorable reactions (CRC):

Copper(I): 2Cu + %02 = Cu,0 H

Copper (II): Cu + %OZ = CuO H

-40.5 kcal/g-mole

-37.7 kcal/g-mole

CuZO and CuO are also mostly insoluble, but may, by various complicated
corrosion reactions, be converted into soluble species. One important
end-product, CuSOy, is the predominant species in the green patina
commonly found on old copper (Leidheiser). CuSO, has been used in this

study as the source of copper (II) ions.

Experimental Methods

Mixtures of varying concentrations of orthophosphate and copper
(II) were mixed together and analyzed for phosphate concentrations with
a Technicon Autoanalyzer II (Technicon Instrument Corp., Tarrytown,

N.Y.), utilizing the ascorbic acid reduction method following Standard
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Methods. Three concentrations of phosphate were used in combination
with sixteen concentrations of copper (II). Each combination was
prepared in triplicate to detect variations within the experimental
method. All glassware for solutions was prepared by washing it with
10% H,S0, and rinsed four times with deionized water to remove all

contaminating residual ions.

Results and Conclusions

The results of the analyses are given in Figure 7 as parts per
billion phosphate phosphorus measured along the ordinate. Each re-
gression line represents a fixed concentration of phosphate with
varying concentrations of copper (II) in parts per million along the
abscissa. The following observations are derivable from the regression
lines on the graph:

1. The phosphate measurements are all increasing with increasing
copper (II) ion concentration, with the actual phosphate con-
centration held constant.

2. The copper (II) ion concentration-phosphate measurement curves
are all statistically linear with a correlation coefficient,
r=.99 for each phosphate concentration.

3. The slopes of the lines are approximately the same (m=.40,
m=.40, and m=.41).

4. The copper (II) ion concentrations that are needed to increase
the phosphate reading in the range orf parts per billion are
very large (parts per million range).

From these observations copper (II) are concluded to absorb light
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at the wavelength used in this phosphate analytical procedure (880 nm),
and could, at high enough concentrations, interfere positively with
phosphorus analyses. The first three observations are as expected
from the assumption that copper (II) ions absorb light at a wavelength
of 880 nm according to Beer's Law. However, these results only indicate
that copper (II) ions can interfere with the phosphorus analytic pro-
cedure, and not that concentrations will ever reach these levels from
contact with copper tubing. Consequently, the fourth observation
necessitates the substantiation that enough Cul* can desorb from the
tubing to cause the increased phosphate readings found with the copper
tubing.

Beer's Law theorizes that the linear relation shown by these results

+ -
2 concentration of zero. Thus even the

can be extended down to a Cu
slightest amount of copper (II) ions present will add to the phosphate
reading, yet the effect at low concentrations will be undetectable due

to experimental variability and the limits of experimental precision.

Recommendations for Further Study

Copper tubing used in lysimeters leads to exaggerated phosphorus
concentrations in samples taken from those lysimeters. Because of
the prevalent use of copper tubing for lysimeters, it is important to
find the source of contamination in the tubing. Experimental evidence
in this report has shown that if copper (II) ions are present in large
enough concentrations, a higher phosphate concentration is detected
than is actually present. Theoretical information has been presented

2+

on how the Cu could have gotten into solution. It has not been shown,
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however, that the theoretical mechanisms are sufficient to produce

enough ions to cause the increases shown in the laboratory test.

Furthermore, other possible sources of contamination have not been

thoroughly examined. These include:

1.

2.

Adsorbed phosphate or other forms of phosphorus themselves.
Other light-absorbing molecules that could adhere to the
copper and then be removed when water is drawn through the

tubing.

In order to definitively identify the source of contamination

form the copper tubing and to evaluate the future use of copper

tubing in tension lysimeters, the following questions should be

addressed:

1.

How much Cul* does the copper tubing actually desorb into
solution? Does this amount correspond to a detectable

level as shown in this report?

2. What other contaminants inside the copper tubing could
lead to the high phosphate readings? Do feasible
mechanisms exist for these contaminants to reach levels
in solution great enough to cause positive interference?

3. How does new copper tubing affect phosphate analyses?
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Project CLEAR Offers |
Hope for Our-Waters. .

On My Mind-

By Jan Morley

All of us in Northern Michigan owe Pro;ect CLEAR a vote of
. thanks.
Most of you have probably heard of the Umverslty of Mchigan

program, which stands -for Community Lake  Environment

- Awareness and Research. Some of you may have attended
Tuesday’s EXPO '78 — an environmental conference sponsored by
CLEAR students and ‘‘Clean Water Planners” A
Northeast and Northwest Michigan Councils of Government. But

-you might not know how diligently CLEAR students have workéd -

this summer to help all of us help ourselves in preserving and
protecting the lakes and streams of the North. -

To begin with, the CLEAR research team has been taking

ground water samples from a number of homes around Burt Lake
which use on-site septic systems. The purpose of their effortsisto .
find a way to see whether a septic system is doing its job of
keeping polluting nutrients out of the lake. The researchers also

want to be able to predict how septic systems work in different

types of soil, with different use patterns and at different ages.

Members of the CLEAR communications staff have worked
with residents of Burt Lake to begin a water quality monitoring
and septic system- maintenance program. I heard Plymouth
Beach resident Don Smith tell about the group septic system
maintenance program, and if the other residents of the Plymouth
Beach Association are half as enthusiastic as Don, you can be

,PETOSKEY NEWS-REVIEW Thursday, August 17, 1978-8

from -the )

sure they’ll be doing thex.r part to keep Burt Lake clean for a long
. time to come.

CLEAR students have been familmr faces at lake association
meetings throughout the area. They’ve scheduled workshops and
presentations’ describing lake protection strategies for Burt,
Crooked-Pickerel, Douglas and Walloon Lakes.

They have given a presentation on the value of wetlands in
Emmet -County -to ..the Emmet County Commission, and
they’ve met with the Cheboygan County Wetlands Task Force to
discuss and suggest wetlands protection strategies. They’ve given
a presentation on how to start a greenbelt at the County Extension
offices.

In the past couple of years, they ve written numnerous pam-
phlets and Teports on profiles of area lakes, the importance of
. protecting wetlands, on' wastewater - treatment a]temanvu
septxc system maintenance and other topics.

The people from Project. CLEAR have garnered a wealth of

information for us to use — to keep our lakes clean, to protect our

wetlands, to plan wisely for future growth and development. It's
there for the asking. We’d do ourselves and our environment a
favor by paying attention to what they have to say. For pamphlets
or answers your environmental questions, write to Project
CLEAR, University of Michigan Biological Station, Pellston,

49769, or call 616-539-8406.

Editorial

Must Plan Now to
Meet Challenges

As you will note, much of today’s editorial page is devoted to
environmental problems — many of them due to continual growth

"of the area.

You’ll also find, on page 11, several other stories pointing out
efforts people are making to preserve resources that have helped
make this a popular place to live and visit.

The News-Review for years has advocated long-range planning
and hard questioning on developments to make sure they are in
the best interests. We have been covering many facets of this
struggle and the work of planners, zoning boards, appeals boards,
waste water treatment, solid waste problems, air and water
pollution, energy, jobs, homes, business, highways, parking,
school needs and the many other ramifications.

Today we look at some of the efforts volunteers and public
agencies are doing here in preserving resources and meeting
people problems. Whether we, or you, like it or not, more and
more people want to live here. We are told this will increase in the
next decades. We'd better prepare for it and this takes advance
planning, firm policies, restrictions and enforcement. To do less
will see people problems destroy the north as we know it and why
so many of us love it.

|

EoITOUAS APPERRED ON SAME PALE AS "W HO CRRES ABOUT LWIETUSANS



(connnucp From “Tacawo Lies
Exfo $PREAGS Envimon. Knoviepée ")
the original Earth Day some
years ago, and said the most
important thing to remember
today is: ‘“‘Don’t expect
someone else to do the
monitoring of our environment.
Do it yourself!” He went on to
say that lake associations
should work closely with
township and county govern-
ments for, after all, “we are all
on the outside fringes of the

‘political groups.” l . ' - ;_ \. 

After a lunch break, par QR. JOHN GANNON (right), limnologist from the State University of New York
ticipants were given choices of discusses water qualityi problems with C.E. Trout, secretary of the Higgins Lake
three sets of workshops, set up Property Owners Association, and his wife, Becky. (NEWS"photo by Reg
at one hour intervals, so each Sha'ke}',’j& ’ ' '

e e

individual could attend as
many sessions as possible.
Sessions covered included:
greenbelts, water quality
monitoring, wetlands
protection, wetland field trips,
lake association effectiveness,
alternate wastewater treat-
ment, zoning and Project
CLEAR Findings.

There were displays covering
algae control, swimmer’s itch
and water quality analysis.

A significant thing to come Peroskey Newos- Revigw
out of the work that has been AocusT B, (9738
going on at the U of M I
 Biological Station is a resource
directory. According to Dr.
Gannon, it is the ‘bible’” by
which lake associations, lake
shore property owners and
government officials can find
out who, what and where to go
for help. The Resource
Directory is available at the
biological station and will
reduce confusion generated by
the different environmental
agencies.

THORSORY
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Building upon the accomplishments of previous research programs at the University of
Michigan Biological Station, Project CLEAR 1978 will research and promote public
awareness of three inland lake protection tools: effective on-site wastewater treat-
ment, wetlands protection, and greenbelting. Primarily a student effort, the

Project is funded through the National Science and the Kennedy Foundations.

Researchi

e Testing and comparing newly designed and existing ground water sampling techniques
e Sampling and analyzing groundwater near on-site septic systems around Burt Lake

® Assessing the relationship between ground water nutrient flow intc Burt Lake

and characteristics of shoreline home sites (soil, vegetation, slope, and age of the
septic system)

Publications

e A manual on ground water sampling/septic system monitoring techniques for
sanitarians, septic system installers, and community leaders

e Information packages for lakeshore residents on septic systems, wetlands, water
quality monitoring, and greenbelts (Greenbelts are protective buffers of vegetation
that encircle the shoreline of inland lakes.)

® Several short booklets on particular lakes that include biological information,
natural history, and water resource attitudes of lake residents.

e A final report to the National Science Foundation

Workshops and Presentations

e Slide-shows on lake ecology and inland-lake protection strategies

® Presentations and discussions with township and county planners about wetlands pro-
tection and model zoning ordinances (held in conjunction with local lake associations)
e Workshops and meetings with local sanitarians about our research project, septic
system monitoring, and alternative on-site wastewater treatment methods

e Workshops for the residents of study sites on Burt Lake

e A workshop for lake association officials from the region about what they

can do to facilitate lake protection

Environmental Education

e Radio spots and newspaper articles explaining what residents can do to reduce
their impact on lake-water quality
e Short television broadcasts on environmental topics of interest to lake residents

University of Michigan Bioiogical Station, Peliston MI 49769, 616/539 - 8406
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Appendix 4

MONITORING TECHNIQUES FOR ON-SITE WASTEWATER TREATMENT SYSTEMS

Summaxry

On Monday, August 14, a conference on Monitoring
Techniques for On-site Wastewater Treatment Systems was held
at the University of Michigan Biological Station. The purpose
of the conference was to explore methods for evaluating septic
system performance and to define the role of septic system
monitoring in the wastewater management planning process.
The following agencies were represented at the Conference:

District Health Department #1 - Lake City, Michigan
District Health Department #2 - Oscoda, Michigan

District Health Department #3 - Charlevoix; Petoskey, Michigan

District Health Department #4 - Alpena; Cheboygan; Rogers
City, Michigan

Tri-County Health Department - Beulah, Michigan
Michigan Department of Public Health - Lansing, Michigan

Michigan Department of Natural Resources - Lansing, Michigan
Environmental Photo Interpretation Center/EPA - Warrenton, VA

Northeast Michigan Council of Governments - Gaylord, MI

Northwest Michigan Regional Planning And Development Com-
mission - Traverse City, Michigan

State University of New York - Oswego, New York

University of Michigan Biological Station - Pellston, MI

Huron River Watershed Council - Ann Arbor, Michigan

The monitoring methods and the pertinent points of the
discussion are summarized here. Information is organized under
the following topics:

*On-site Monitoring Methods

*Role of Septic System Monitoring in 201 Facilities Plans

*Septic System Monitoring at the Local Level

*On-site Monitoring Methods
Community Septic System Survey
The results of a community septic system survey conducted

in Bolinas, California were presented by Project CLEAR, UMBS.
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The Bolinas survey was undertaken as a cooperative effort by
the residents of Bolinas and thelBolinas County Public Utilities
District under the direction of a-watershed consulting firm.

" An eight person Septic System Survey team visited 370 homes,
identified failing and problem systems, investigated water use
patterns, and gathered information on the age, design, loeation,
and history of repair on the septic system. A Soils and Drainage
team investigated and mapped the environmental features of
Bolinas that influence septic system performance. When a
faulty system was identified, the cause of the problem was
determined and corrective measures were taken. Ninety-eight
percent of the residents cooperated in the survey, and 69 of 74
problem systems were fixed. Three fourths of those systems
required only simple maintenance or minor repair. Costs for
ten year maintenance and up grading of on-site systems were
projected from survey data.

The great success of the Bolinas study was attributed to

the emphasis placed on community education and involvement

throughout the survey.

Aerial Photography

Conferees were treated to the premier showing of aerial
photo imagery from pilot studies of septic system monitoring
through remote sensing. Barry Evans of the Environmental
Photo Interpretation Center (EPIC) of EPA stated that the
aerial infra-red and color imagery from the initial flights
had proven to be an extremely accurate and efficient method

for detecting drainfields with drainage problems. In areas

of heavy tree cover or where onsite treatment problems were caused
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by excessive percolation rates the use of aerial photos was
somewhat limited. |
Aerial photo monitoring of septic systems has been slated

for use in the Environmental Impact Assessment process under
way on Crooked-Pickerel, Crystal, and five other lakes within EPA
Region V where wastewater management plans are being developed.
Mr. Evans indicated that the EPA might be willing to coordinate
flights and photo interpretation efforts in other areas of
northern Michigan. Questions concerning the use of aerial
photography for septic system monitoring may be addressed to:

Mr. Barry Evans

EPIC/EPA

Vint Hill Dr.

Warrenton, Virginia 22186
Dye Tests

The use of fluorescent dye tracers as a method for

detecting .failing septic systems was reviewed by Project CLEAR. .
Physical and chemical properties of the common dyes were discussed.
Rhodamine W.T. (A du Pont trade name. The same dye is available
through other companies under other names) was recommended
for septic system monitoring because of its low adsorption
potential in soils and its resistance to photochemical decay.
Fluorometers could be used with the dyes to provide much
greater sensitivity in dye detection. Groundwater studies
using fluorescent dyes could be used to determine .the rate and
direction of groundwater movement around the septic field.
Information on dyes and the use of fluorometers can be addressed
to: Turner Associates

2524 Pulgas Avenue

Palo Alto, California 94302

or
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E.I. du Pont de Nemours & Company
Dyes and Chemicals. Division
Wilmington, Delaware 19898

Algal Survey

Tom Weaver of the Northwest Regional Planning and Development
Commission (NWRPDC) presented preliminary findings of a
cladophora survey of Lake Leelanau. Cladophora is an easily
recognized attached macroscopic algae which flourishes in
reponse to. excessive nutrient inflows from fertilized lawns
or septic systems. A high correlation was found between neglected
septic systems and the presence of cladophora (72% of those
sites with severe problems had never pumped their septic tank).
Cladophora was seldom found where septic systems had been
properly maintained or where greenbelts existed between the
lawn and the lake. Two surveyors covered 30 miles of the
shoreline of Lake Leelanau in two and one half days. A limitation
of the Algal Survey is that cladophora will only grow where
there is a rocky shoreline.

For further information contact:

Northwest Michigan Regional Planning
and Development Commission

2334 Aero Park Court
Traverse City, Michigan 49684

SFroundwater Sampling

A method for collecting groundwater samples in order to
detect phosphorus loading from septic systems was described by
Project CLEAR. A tension lysimeter using a porous ceramic cup
attached to a PVC tube can sustain a vacuum aﬁd draw groundwater
samples from moist and wet soils. The lysimeter approach to

site monitoring was developed as part of a research project
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conducted at the Biological Station.. Groundwater phosphorus
concentrations of greater than 1b00ppb-P indicated significant
phosphorus contamination. Portable laboratories from the Hach
company provide an immediate and affordable means for sample
analysis.

A report on tension lysimeters and the results of Biological
Station research will be available this fall. For more information
write: Project CLEAR ‘

University of Michigan
Biological Station
4053 Natural Science
Ann Arbor, MI 48109
*The Role of Septic System Monitoring in 201 Facilities Plans

Dr. Randy Frykberg, Water Quality Director of Northeast
Michigan Council of Governments (NEMCOG) outlined recent policy
changes in Section 201 of the Clean Water Act. Federal funding
is now available for wastewater planning and construction that
include up-graded and improved on-site wastewater disposal
methods. Arthur Gold, of the University of Michigan Biological
Station, agreed that the revised funding policy was an important
step in the right direction, but stated that the Environmental
Impact Statement (EIS) being prepared on alternative wastewater
plans for Crooked-Pickerel Lakes was thus far inadequate.
Insufficient data on the status of lakeshore on-site wastewater
disposal systems and on the environmental features of the
region resulted in unrealistic alternatives that could

jepordize wetlands and foster accelerated growth. A concensus

was reached on the following points:
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Documentation of the source and magnitude of existing
on-site problems must be included as part of the 201
facilities planning process.
Septic system surveys, algal surveys, and dye, ground-
water, and aerial photo methods discussed at the con-
ference all had merit as part of an overall approach to
septic system monitoring.
Preparation of EIS's should include input from local
municipalities and sanitation experts at an early stage f
in the planning process.
*Septic System Monitoring on the Local Level
The point was made that lake associations and other groups
interested in assessing on-site wastewater problems may wish
to carry out septic system monitoring programs without applying
for 201 facilities grants. Septic system surveys and algal
surveys could meet this need as they require no special
equipment and limited technical assistance to conduct. More
detailed investigations would require a significant investment
in special equipment and.-technical direction. The role that
Health Departments might assume in such a program was not
resolved and will require further discussion. Bob Koch, of
NEMCOG, introduced the idea of initiating a '"lake technician"
program. Working with a large lake or several smaller lakes
within a watershed, the lake technician would provide the
expertise needed to assist lake residents in water quality pro-
tection efforts such as septic system monitoring. The
qualifications for a lake technician would include:
Background in limnology
Familiarity with on-site wastewater systems
Interest in working with lakeshore communities
and local government agencies

The suggestion was made that the lake technician should receive

some type of training from the District Health Department of
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the area.
Mr. Koch said that NEMCOG will submit a grant proposal

to fund such a program in the near future.

Conclusions

Conferees emphasized that continued research and wider
application of on-site wastewater monitoring methods are
necessary if the wastewater management needs of northern
Michigan are to be met. It was agreed that a summary of the
conference should be sent to those private interests and state
and federal units of government involved in the wastewater

management planning process.

For further information on
the conference .contact:

Mike Tilchin
The University of Michigan
Biological Station
4053 Natural Science
Ann Arbor, Michigan 48109






Appendix 5

Publications

Project CLEAR. 1978. Environmental Education Pamphlets:
""Septic System Maintenance"
"Water Quality Monitoring"
"Greenbelts"

"Zoning"

University of Michigan
Biological Station
Pellston, MI.
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More information

Public Health Educator

District Health Department No. 3

435 Lake St.

Petoskey, M1 49770

(for Antrim, Charlevoix, Emmet, Otsego counties)

Public Health Educator

"District Health Department No. 4
County Office Building

719 Chisholm St.
Alpena, M|

(for Cheboygan,
Alpena counties)

Presque Isle, Montmorency,

Also at your district health department:

Inland Lake Pollution Problems: Septic Systems
and Wastewater Treatment Alternatives (Lakeland
Report #14) by the University of Michigan
Biological Station

This pamphlet produced through the efforts of
Project CLEAR 1978 at the University of Michigan
Biclogical Station, funded by the Elizabeth

Kennedy and National Science Foundations,

Septic System Care -
Why Bother?

Many homeowners forget about their septic system
from the tirne it is installed until it begins to have
problems. Yet with regular septic system
maintenance: ‘
¢ the quality of the lake environment can be
preserved. When a septic system is maintained and
operates well, untreated wastes are prevented from
leaching into the groundwater and directly into the
lakes.

o the life of the septic system can be lengthened, -
saving the homeowner large repair and replace-

ment costs.

Maintenance of septic systems has generally been
considered an individual's responsibility, but the
lake pollution that results from failing systems
affects the community.
maintenance programs ave an effective strategy for
limiting pollution from diffuse sources like septic
systems. Not only do group maintenance programs

increase public awareness about septic system care

and operation, but they also provide cost, tirne and
energy saving advantages:

s small failures are corrected through regular septic
tank inspection before the homeowner needs costly
repairs.

¢ reduced group pumping rates.

¢ eligibility for federal grants to improve on-site
wastewater treatment.

If septic systerns are cared for and not abused, they
may be our most cost-effective and best engineered
on-site treatment facilities.

Group septic system-

~ e
AR
e

.i—t—.—:.z_'-

Maintenance Program

¢ Cortact the county sanitarian for details on
maintenance programs and a list of septic tank
pumpers in the local area.

e Promote water tonservation among program
participants. Water conservation helps septic per-
formance because waste treatment is more efficient
under drier conditions.

e Map the location of the septic sysiem and drain-
field. Mapping the location of the drainfield avoids
simp!e accidents like driving or planting trees over
it, and allows easy access to the tank covar which
can reduce inspaction and pumping Costs.

¢ Increase the success of the program by rnaking it
more visitle and enjoyable through news coverage ;
and presentations to other
associations.

property-owners o



107

"aje| 23 jo no syuainu daay
0] Uo }Iom 0} seale ay} pue Buiwod ale syuainu
Uyoiym woly seal2 ay} mouy nofA uasy] ‘sdew
(SOSN) 22ta12g (edtbo[oa9) sajelg panu() woly
poddew 2q ue> weans yoea I10j paysizjem ay]

‘syuanu Jo sjana| isaybiy
2yl yum sweanys ay) Ajquapt o) snioydsoyd pue
uaboliu 105 sajdwes azAjeue pjnom uldJUl Juapnjs
24 242 2y JO 12Juad 3y}l wolj pue ‘weans bug
-MOfJUl Yoed woy ‘lawwns ay) Suunp sawy a21y)
se[dwes 1ajum Buyda(jod saajoaul weibord sy

‘sa[dwes
I2jem BujzAjeue 10} diysulajul juapms e Buuajjo
ut paisataiul Ajis1aaiun 10 262(j02 e pue yzem Jad
simoy aay f[ajewixordde saunbal [ana] piuyr 2y

PR s

. A AF i
W:&I ©ed W A g Ek

e AJNJJI\J\JQ\:.)« o
M c\ﬂ_‘wcﬁv

MMQ.;? ,\:}}w TS

-ﬂ@w

‘BuiBe pajerasjpode siyy BuloSiapun st aye
2 uaym pipasd 0] Aem poob e si s1ajem wo0q au)

ur uabAxo PaAjosSIp JO UOHRIUIIUOD 3y} Buimouy] -

‘Buibe
2)e| pajria|adde pue Yimoib Buisneo ‘1ajem ayi yim
XiW uayl wonoq ayj woy sjuapny seaddesip
[ewalewl jo rafiel aapazjoid daap e ‘dn pasn
St 9ye| @Y} JO Wo0q 2y} 1» Ualifixo panjossip ayj ]

"UINJI2AO ([} f2)JJe pue ‘IaWwns-piw
“Jojuim aye| ur 221 ayy ytinoay) :ieah e sawy) daay}
el 2y} ul syjdap snopea je uabhxo paajossip jo
uofenuaduod ayy Buydwes sapnpuy wesboid sy

“lawuins Buimojjoy yoea 10§ 0g$ pue lowwins jsiy
2} 10 G/ ¢ S1502 pue ‘yaom 1ad sinoy 221y) sainbai

‘2u0 [2n3] sapn(oul BullojuoWw Jo [2A3] pPUODaS BY |

BIPIET] STLILY

‘wesBoud sy
He)s O} s|epajew pue uoneWIOjuUY 10§ 6__._&83 sy}
J0 ¥2Rq 2Y) uo ssaippe dl2|{-J[2G YN ay) o1 ajum

‘Yidap 1yooas 03 puodsaiiod

pInoys pue ‘Yyimoib 2eble Jo uonesipul ue st 1ajem

ayi ur e JjAydoroyo jo ainseaw y -syueld uoaib
[[® ul punoj adueisqns e st e |[Aydoiojy) ‘aebe jo
Yimolb o) anp ‘ssauipnopd sajeaiput yydap mojeys
V S 23] INOA uea[d> Moy jo uoyedIpUl e St Uaas aq
ued 1 yoym o) yidap ay( “1a1em ay) ojul paiamoj
SLJey) YSIp 2)lym pue 322[q (WS © S| 3sip 1y22s
a2yl ‘e [jAydorojyd pue yjdep 1yodas ‘swojduwifis
uonnjod jo si1s8) om) saajonur weiboid Siyy

"19}jealay)
Tawiwuns yoeas 10§ )z¢ pue ‘Jawuins Jsuyy ayj 10§ 0C$
0} 0Z$ 30 1509 e Je yoam 1ad sinoy omy Uy weiboid
.mc:ozcoE ajduwis e unu 2m>:u@:m ued uosiad au(Q

Qe Q _\Jh.../
Lﬁv

“2){e| A2} INOQR UOIRWICUL PaaU SIU2PIS2:
210ysaye| ‘SUOISIDZP 2SN PUR| 2ALD2Y2 DHIW T
,.(2I0YSANT] 2U) UC STIIN

2ARISUDS JSOW Y] 210 LAY, ..cPHURISUR W &%) 2y

ued juawdojanap Yyonw moy,, Auenb saiem 2
uo aney Guibpaip 10 yuawdojanap JIm 132552 IWUAY.,
. ) R

e uado-a1 0} 12al1 Buimoypjuy ue abpaip am §inoLg,.

jo juawdojanap jsuieBe suoz am v__).o_.

S IONVIO A
LRI R LE/AAN



108

'SUOHepUNO 22Ud(0g [eUoliRN pue Apauuay|
eqexz  ayi Aq papunj ‘uoneig [esiBojoig
uehiynpy Jo Ansiantuny ayj je 8L61 HVID 192f01g
jO siopo 2y ybnouyy paonpoid japydwed Sy

9268 IW ‘Buisue]

‘Bp|g uosepy ‘] suanajg

nun Juawabeueyy sase pueju;
weibouid dipH-jlag YNQ uebiyoiy

226G-9%6 (919)
YR96Y I ‘AnD @sianer]

HNoJ Mled olay peeg
uoissjuwioy) juauwidojanaq pue

Buruuely jeuoibay uebiydiy 1samyiioN]

16SE-2EL (L1S)

GELEY LN PO

LSV Xog "O'd

SjUaWUIaN00) JO [IDUNOYD ccmEu_Z ula)seayliopn]

‘wetbord Buuoyuow
e BuiuwiBaq ul njdipy aq pnom jey suojeaqnd
1O Js1| e 10j sy 1(MO[aq paist| sassoippe) uoibal
InoS ur slauueld 121ep URDID DY) [|Rd IO UM
‘Butopuow jo [2a3] Y2e23 U0 UOHRWIOMNI 210W 10.]

e

‘SIDUIUINS
Om] 10 2UO WOl sanfea dljels p10d21 0} JOU ‘sabueyd
juawinoop 0y st Butiojuoul Jo anjea [ea1 ay) 2sNLI2Q
1e2A 19)je 3k aUOp aq Im 2ins ale noA eyl
Buiylawos asooyry -uoneuiquiod ur 10 auoe un
aq ued Bulojiuour jo sfana| pojsabbns ay) jo yoey

weibos ] e asooy) ‘ysig
weiboid Sunojiuop] v Bulumbag

‘SUOIsIDap asn pue( Jatjjo Bupjew u
[njd[ay pue ‘ureSe os op oy jou 10 1aYIAYM Buipap
ut epuassa st yoym ‘Builbpalp 1ayung jo aje
oy p1paid uayy ues nox BuiBpaip ay jo 199))2 2y
JUawnoop 0} 2jqe aq Aew noA ‘pabpaip st 1aau Bul
~MOJJUL Ue JO (ynow ay) 1ajje pue a10jaq Bulysa) Ag

'$221N0S 2521)
ajeool djay ued Bunojuoly ‘@)el ay) ojul ulelp
jey) 1a1empunold pue sweans ‘s1antl a(} Buynijjod
woyj pajuanaid pue pajeso] aq jsnw paysiajem ay
Ul $221n0s liay) 'ave| ay) jo Jno sjualynu doay o]

"2Ye[ INOA OJUl SWLaLS pue Siaal yBnoay)
sutelp jey; ‘paysiajem 1o ‘pue; Buipunoins
2} WOl 2wod aye| INOA Ul sjualynu ay) jo ||y

Pedwi sewelp e sieau uonnjjod uaym nok
ulem uedj| ‘pajelajadde 10 Apea)s st | JaLjaym pue
‘BuiBe axef jo yoey) Buidaay jo Aem e si Bupiopuoy

‘Alaanewaid abe
10 Ul [[1} O} @¥e| INOA 2sned Ued Jey] YIMOoIb avebe
pue jued asned Az1)) a1am “12]em Ul [[am 00) ylom
Inq ‘pue| uo siaziniaf poob ale Kay | ‘snosoydsoyd
pue uaboxjiu ‘1aziniaj pue sajsem ondas ui punoj
Sjuaiinu om} Jo prollano ue st uebiydiy udyiou
ut sweans pue saye] uead o) jealy) 15a661q ay |

tofieiuIOU] papaaN sty s1aq)
Bupoyuoy Ajpengy 1a1emm

"2)(e] INOA jo 1o sjudLnu deay dpey [ ued Kay)
moy ue|dx3 sdnoib [ed0] o) synsal ok Bunuas:

-21d  AQ  $S2USNOIDSUOD-10]EM-URD|D  2]OWOI]
*sas5s2150.1d mc:o:coE ayj se

wayl uo synsas ay) ydesb pue Ajpunwiwor mos ui-
sjods Asnq je asayl Ing “A|jouq wesboid Buuonuow
2yl aquosap jey) axe[ InoA jo sidisod ool .
Il 12n02

o} Addey 2q Ajqeqoid |im Kayr pue ‘Buysaroju
st bupojiuowr Anjenb 1ajepy "matazoiul ue 10} yse,
pue 1aded [e20] 1n0A jo stoypa ayy e radedsmau
a1 Ut siynsar pue  webord oy 2zLYAN e
“1oded 20| INOA Jo 101IPI B O S1019)

Bunum pue sbuuvay dgnd ye Bulhpusor ey posn
2Q URD UOHRWLOJUL SIY | "S)NSAl INOK Judwndop

O} SHOJj2 INOA JO SADIS puR SIJOU V]
“welbord Bunopuow
e Buluunbaq ur pajsaidpiul aq Avwu uoNLIIOSSE

DU ], TUONRIDOSSE aMe| @ STY DU INOA JUINO Pui]
el ayl jo no studtnu Suidoay ut ajciouab

noA Jsaln arowr oyl pue ‘o Buuuns w 1B ued

NOA diay 101 D41 *SINSL S Inoqe 1eay pue uieif
-1 Al snoge oy oyw 2idoad alow

1 dajem,
LR woly arauag Spunwuwod I BRI R T AR

Hoj 3 Anunwuwon e Buptoyuory Gupyeyy



109

)}')]

SAOAUDDIS)

'SUOHRPUNO { 9JUBIDG [RUOIRN puR Apauuay
yiaqez|g 2yl Aq papunj ‘uonels (eabojoig
ueBiydiy jo Ansianiun ayrie /61 HYI1D 122lo1g
jo suoyja ayy ybnony padnpoud jaydwed sy

12L6Y I "uebAoqay]

Buippingy Aluno) uebhoqay)
221A12G UOISUd|X]

aaye1ado-07) Kluno) uebhogay)

GELOY IN "PiojfeD
LSt ¥od 'O'd
90IJW3IN

0LLOY IW “Aa3s012d
Buipping Ajuno) jauiwy
ad1a12G uoisualxy aaljerado-o0) Ajuno) jawwg

Y8961 IIW A1) astaner]
1D led-012y HEES
uoissiwwio?) uawdojana( puy

Buiuueld [euoibay uebiydi 1samylioN

‘NOILYWHOANI ¥3H1L¥N4 HO4

Pl 10§ 121j2ys pue pooy saptaoid pue pieA
annoele Ul Sajeald aioys 2yl buoje uonvjoban
jo duys e ‘1ajem Agieau jo uounjjod bunnwil pue
aoyoead punos A|jeaibojoda ue Butaq o) apisy

* * * * Ayjenb 121em uey) 210W UeIW $J[AQUIIIH

‘UOIDR 2neM puR JjO-unlt 1ajem
WIO}S “SpUIM O] JSO| [I0S JO JUnoule ay) Sulzitiuiul
Aq Buipoia woyy jos dady sjoos lay| syueq
Buidojs UO UOISO1d dUI[AI0YS [O1JUOD OS|e S}AQUIALS)

“ayje| a1 patajud Aay) a10jaq sjuatinu
paqiosqe aaey pinom jjaquaaib e ul uonejoban
a1} JO Sj001 AU "$ASED Yjoq U] “axv| ay) Buiyoeal
uteBe ‘1ajeapunold ay) oy ajelbiw sjuatynu pue
‘[1los ay) Aq palaiflj Jou St 1ajem ajsem ‘jiej suwiajshs
ondas uaypy “aye[ 3yl Ojul MO[j SNy} pue 1ajem
-punoib a1 o anow ‘sseib ayy Aq pasn Aiaid
-wod jou a1e ‘[10s ay) ojul ajejodtad ji ut sjuaLInu
ay} ‘sumej uo Ind sl 13ZYNId) ANISSAIND  UAYM

‘UOISOID |I0S pue ‘sain|ie wWajsds
ondas ‘uonezijipa) ssadxa woly syndur juatynu Jiuy
ued S12UMO3WOY aulja10ys ‘sjjaquaaib Buyueld Ag
“12]eM ay) 12)ud Ued Aay) a10jaq sjueinjjod juatunu
quosqe s)jaquaaib ‘sweals pue saye| 10j s1aifl Bul|
se Buioy aulj210ys ayj pue sume| udamaq saal
10 ‘sqnuys “sjueld pajealnd jo sduys ase sjjaquaalg

‘Ajaanjewald  abe | 10 ul (|1} 0} soxe|
asned ued jey) yimoib aebje pue jueld aejnwins
Sayl alaym 121em Ul j[2m 00} }IOm jnq ‘pue| uo
s1azi1112) poob ale sjuatiny ‘sfemiajem ojul MO O}
S[2>{1] 210U 21 SJUBLINU SSAIXD "S][aQUIB INOUIM

‘sasje| sayl jo uonnjjod juauinu ayy 0} ANQUIU0)
Sjuauaapeul sume| 2sayl utejulew oym SI2UM0
-2WoY “Aj2jeUnioju) Seale Juoipaiem ul UOWo)
a1e 210ys oY) o} Buipuajxa sumej paziiaj ‘ysn

uO0[}93101 JO U007



110

AR
& \\\\\

X

‘saoueUIpIO BuIUOZ 11aY) UIYIM
suoisinoid jjaquaaib jdope ued auoz 0) 1amod ay)
Yim SaIIUNWWOY) (UONI2J0d e  ui-ljiing., e

‘ssaualeme pue uladuod Apunw
-wod 2je|nuiys ‘awy awes ayj je pue ‘Supue|d
10 sjueld 10§ saoud dnoib,, 1amoj pue uotjedidted
abeinodua pinod layjabo) Bunjiopy siaquaaib
wBaq o1 sioqyBiau Yim 10 suoijeldosse axe| ybnoiyy
floayeradood yiopy :Bunjequaaiy dnoig) e

‘swesbouad jjaquaaib uibaq o} yoym
ybnouyy suoleziuebio andaje 2q ued sUolRIdOSSEe
aye] ‘sjuapisal 210ys 2aye| Buowe Anjenb 1ajem
Bunoajoid ul sjaquaaib jo aduepodwt ayy jnoqe
uonewiojul peaidg juawWan[oAul AjUNWWOY) e

140443 ALINNWWOO
V S1TINITHO ONIHVIA

AN\

v

NN

/)

“jelqey aaneu ay)
ut Buialy) Apeasje aie Aay) asnedaq addueuajuiew
api aunbar |im sjued asayj ‘eatze INoA jo
suonipuod [10s pue 1yby ayy 10§ sjued ajqelns jsow
ay) sapinoid ysuno|j oy juasard Apeaye yimoidb
piim ayy buimoje 10 uoyejaban aaneu Bunuejdsuer |

ysunoyjj o} uoyejaban [einjeu ay} Wojjy e

10| ANOA 0} tejiwis

puel jo 2’ad e woy uoyerjaban jueidsuer] e
siadedspue|

10 sauasinu Aqieau woiy sjueld ayy aseydind e
‘way} uiejqo

ued noA sfem [e1anas aie aiay) ‘Jjaquaaib inoA
2}ea1d [|Im Ydiym $221) 10 sqnuys ayy Buisooyd 1ayyy

'$1|2quUadI) Uo Z [«
poday puejase] uonelg |eabojoig uebiyoiy jo
Ansiantu) ayj o} 12ja1 10 ‘siadedspue| pue sauasinu
[220] 0} ¥je} ‘suonsabbns 104 -1yl [|am moib
pinom sjued jeym jno puy ‘passasse uaaq aaey
Auadoid ay) uo suoupuod [10s pue 1ybi ayl a2duQ

sjuelq ayl 122}

Y

AR e

“ume[ INOA UO papaau si 12211113} ‘Yonuw
MOY pue ‘ji apap 0} pasn aq osje ued ssadoid
a|dwis sy jo synsa1 ay] 'j10s inoAk ajdwes o) moy
INO puly 03 23jQ uoIsuaIXJ AJUN0) INOA 1aejU0Y)

‘slaumoatuoy oy weiboid
Buldwes [10s e suni ad1alag uojsuaixy aayelado
-0) Auno) ayj] -aiayl jsaq op pnod sjueld
yaym eapt ue aprioid pjnom aus e uo sisfjeue
jlos e ‘sadfy [10s utey1ad uo anuyy syueld awos asulg

pue|
1noA Jo suonipuod 10s pue 1yBij ay) ut |am molb
pinom sjueid jeym osje inq ‘Buiseajd Ajjeonayise
pulyj noA jeym AUO Jou uO paseq aq p|noYs
uoisidap 1noA ‘sjaquaaib 10} sjueid Buisooyd uaym

suoyipuo)) 10§ pue Jyby| ay) ssassy

“Aitadoud oA jo azis 10 Buidedspuey ay) 1y
0} payipow aq ued sitj} JNQ ‘papuawiwodal Kjensn
Sl apim j23} udaljij O} ua) wolj uoyejaban jo dins
V 'Sluauinu elixa wWwoij aye| ayl 1ajnq ||im auljaioys
pue ume| ayy usamiaq uonejaban Auy 1225 Suew
01 maj e woij abuel ued jaquaaib e jo Yipim ay|

‘Butwoib Apeaye
uoyejaban jo azis pue ‘adf) ay) ‘eaie ay 20N
ajisauioy oA 11y §saq pinom jjaquaaib e moy aag

piex INOA Malndy

fjradoid INOA uo }[2quaalg e Hupuelq



111

“Ajasim spoe Juawiuianob
Apunwwod ayy ji susaped a|qisuas  ‘a|qejoipaid
ur Inddo Ny sabueyd asn pue CApunwiwod
e 10 swa|qoid pajeasd sasn puej Bunoyjuor artoym
saduejsul lejiwis Jnoge peal Alqeqold aney noa

‘pooyioqybiau
paysiiqeisa 1apjo ue ur sawoy ayr sydnisip
sBuiamp Ajiwey-nw mau woly Apanoe paseaidu)

'S2WOY 10] |RAp) uRY) SS2] Bl SAYS 3Y) ‘asjou
241 0} an(] "uoneIO| |euisnpul [eap! ue U2aq daey
PINOm yoym puef swiepd podue ue punode Buisnopy

‘fi|e siajuny pue s1aydjem piiq Aq pafiofua
pale ue Bulmi ‘puepam e up ynq st eupew y

DNIINOZ

SUOIEPUNO.[ AOUAIG [PUONRN PUR Apauudy)
yaqezisl ayr Aq° papuny ‘uoneig  eoibojorg

uebIYIW O Ansaniti) ayl e /61 Yy I 10alo1]
jo suoyje ayy ybnomp paonpoid jajydued sy

‘sadA) Buisnoy uepad
JO UoISN|IXad JYBINO oYM ‘JuawuosAud |rinjeu
pue [e1d0s ) ddueyua |im 1dafod ay) jey) sainsua
SIYL ‘Spiepue)s asay) jaaw Aay) Ji 23s 0] pieog
Bujuoz ayy Aq pamalaal uay) ate sueid s adojanap
\ ‘@dueuipio Buuoz ay up papnpul pue jas aie
Spiepue)S J1Jayjsae pue (RJUAWUONAUD ‘[RIN)INIS
P20 yoym Aq anbiuyda; Buwoz aapesouul

ue stoSiyl ‘SGYVANVLS 3JONVWHO-AYId

"?e)s [eanjeu e uy §ya) a1e pue| ajqedojanap jo suoy
-10d 1210216 pue paniasuod si ABiaua ‘yuawdojanap
pataisnp siyy yim 1ayby st Ansuap uonejndod
ay) ybnoy)|y “1ayjoue auo o} aso)a sbutjjamp saoed
uoNINISU0d  WNIUIWopuo) ' SWNININOANOD

"Yimoib Ajunwwod ajeulpiood
10 widfied o) papuajui jou ate Aayy ‘Bujuoz axun
‘Inq ‘A1zjes ajowoid sapo)) ‘sjuowdojanap mau e
AQ J1aw aq snw Yoiym sprepueys uoionsuod aujw

-12)2p $apod yjjeay Asejues pue Buipiing :S3(J0D

"asn pajiwiad e aq jybiu auoz [eIdWIWod
e ulyiim awoy [enjuapisal e ‘ajdwexa 104 ‘pieoq
Buiuoz ayy woyy uoissiwtad uvapum jeads yYim
AJUO pamojje ale yoiym $aSN pue| ay) ale asay]
‘sasn papiuiad uiepad asey osje spwsip buuoz

jsow ‘sasn Areund puofiag :§35N0 ILLIWYIA

PISp
[e121AUIUOD ' uiypm 210)s Buiylop e aq pinom
apdwexa uy “auoz ay) LIyNm pamojje Ajjesnewojne
ale jey) sasn pue| pue saliande ay) Ale asay [ SAsN

Arewnd sery 151ysip Butioz yoeg :gygN AMVINIYG

Axesso|o) Buiuoyz y

a1y

Yyl 10} pan1asaid pue ‘sjjpuaq Jualayul 1A
10} pafofua ‘apise Jas aq osje ued spue| [eanjnoube
awpd 10 dUOJSIY  ‘2al)ISuas Afjejuawiuoninug
‘SasN  |PUIPISAL  puUR  [RIDIDWIWOD  ‘jRUSNpUL
10§ sa)s a[qenns ajenbape Buiniasar Aq Yimosh
d1u0ou0da diysumoy jsisse ued j) “Auadoad juaelpe
UO SASN puR| J|QRAISIPUN 10 [NjULIRY dINN} WOIJ
s1aumo Apadoid fenpinipur 10aj0ad djay ues Bujuoz
sjjjouag Auepy sepj Sujuoz

‘suotje)u)

eaie pue jyBiay uondnisuod  Burysiqejsa
Aq sButpunouns nay) ym ajquedwod pue
2Jes a1e S2INONUIS MU JRY) DINSUD SADUBUIPI()

'210YS 2¥e| B WOolj %2eqlas j00f ()()7
paunbat e uy se ‘Apadoad jo 2321d e uo sBuipjing
jo uoyedo| ayy Apdads ued adueuipio Buwoz ¢ e

‘paeubisap st ‘aseds-uado-jeinjeu 10 eI
-1aWuwod se yons * asn puey, tenojued e auoz yoea
10 “SPMSIp wopun 10 ‘sauoz oju diysumop e g
PAUIRIUOD PUR| AY) ||B APIAIP SadueuIPIO Buiuoy o

"noA o) ajqejdasie sasueuipio Buioz
Jo uonea ayy ut djedpiied o) NOA ajquua |(Im pue
‘SUOISIAP Buitioz yim padej uaym puodsal 1ajaq o)
NoA ajqeua jim Buluoz jo ssadoid pue punoibyoeq
ay) Buimouy “juawdojanap Apunuwwod
10§ Bunedard pue spiuod SN purp Buiajosan
L0) ooy Jai s diysumo) e oase sasduewpio Huoy



"anjond spaau pue sjeob ‘sjeapt

[2J0] @Y} Se ‘SadURUIPIO MU pue SjudWpUAWEe
ybnoay abueys pinoys Buiuoz ‘mej 3auiodaq
fay) 1aye sanuyuod sjeob Apunwwiod oy ajejas
sauoz ayl moy Buyenjeaa pue Buuueid ‘Ajeap)
sasueuipiQ ays sayepdn Bujuozay

"suopasp diysumo} ynm yonoj uj daay o)
papuale aq pjnoys pue dyqnd aie sbunaaw 5oy
Juepodwy Azan st pieoq sjeadde ay) jo ajor ayj

‘uon
-ejnBa1 Buluoz ay) ajejoin o) way} Buiqeud ‘s1aumo
fpnadoid oy sasueues juesb Aew jj ‘sadueuiplo
ay) sjaadiajul pue suolsap 1alsea smajnal sjeaddy
jo pieog Bujoz ayj -suonenbair Huuoz ay)
im 191jju0d Ul ase siYbis s jlenpiajpuy ue 21aym sased
maina1 o) paysiiqeIsa st STVIddY 40 QUvod Vv

"SUOYIR|OIA 10} S20UB)UaS [jef 10 SaUY) YIM 2oyj0d
ay) Aq 2|qe2d10§ua S| )] "me| 10 ddueulpio buoz
® sawod2q ) ‘sjuapisar ay) pue pieoq diysumo)
ay) Aq panoidde s| uonepuawwiodas Bujuoz e 23uQ

uopeNSUjUWIpY pue JUIWIIIoUTY

"Pl2Y 2q |im 2oueuiplo Bujuoz ay) uo

2104 OU 10 saf e ‘wnpualajas e bunsanbai uoyyad e
ubts s)uap|sa1 ay) Jo %G ‘uonide s pieoq diysumo)
ayy jo sfiep (f Ulyim ‘j| ‘wnpuaidjai e ybnoy)
1 0j2a 0} Anunpoddo ue ulejar suazyd ‘aduRUIpIO
Buiuoz e sanoidde pieoq diysumol ayy Jyy

‘preoq Buuoz ay) jo suoliepuawwodal
ay) afa1 10 ssed o) 1amod a2yl sey ‘'s?|qejsuod
pue sadsni} [v1ands  pue RECIRINN ‘10sin10dns
paaja uwr Jo SiSIsuod yaym “preoq diysumo) ay |

fenoaddy diysumoy],

‘malnal 10§ pieoq diysumoy
m.r__ O} Juas aile mCO:@—uCQEEOUQh _ﬂ:: m._u‘:uOD
ay ‘pajaidwod uaypy ‘suotbar Buwoz pasodoid
ay) 0} poeal o) suazyo 10§ sbuyaaw oqnd spjoy
pieoq ay] ‘diysumoj ay) 10j SUOIRPUIWUIOIDL
Bujuoz jeuy ojur uoluido Jyqnd sajerodiodur pue
*sapiqissod Buiuoz [je smainas ‘suolsabbns san1adal
'suazyd / o} p jo dnoib e ‘preoq ayj -uoissiw
-wod Bupuueid ay) jo suoyepuawwodds ay; buisn

sauoz [enuajod sajejnwioj GYYO™d ONINQZ W
‘ueid diysumoy 10 12jsew e jo uoyadwod buimoyo4

paeog Bujuoz ayj

s ued 13)sep,. 2yl pajjed Ajjuanbayy
‘wodar Buuueld e ur paysyiqnd ate sbuipuy s uots
-sjuwod ay) ‘pajajdwod s Apnis ay) uay “preoq
diysumoy ay} Aq pajuwodde are oym siaquidw
Anunwiwod g o) G jJo dnoib e St uoISSIIWOod aY |

‘saoiasas Jjqnd Butuueid pue
Buiuoz uy mojjoy o} diysumoy atji 10§ sautjapinb ojut
sBupuyy ay) Buytanuod pue Apnis sy Bunonpuod
10§ 3jqisuodsas st NOISSIWWOD ONINNVId dHL
©:susaped JWOUOI3 pue [RIDOS ‘jeinjeu s eale Ayl
jo Aanns e ‘Apms Buluueld e yBnoay) pauyap ate
sjeob asay | “Apunutuiod ayj Jo speob ay) ssaidxa
jsnw sadbueuipio Buuoz “mep ayp o1 Buipioaoy

Buluoyz jo siseg ayj si bujuuveg

‘saoueup1o Ajunod apasiadns suopenbai diysumo)
ay) ‘pauoz ase fjunod ay) pue diysumoy ayj tjloq
21aym sease u] "AI0NUA) IRjiuie) 10w ‘13)jeWs e
sanjoaul i 3duls Bujuoz Ajunod uey) aajsuas 210w
st Buwuoz diysumoy uayQ ‘suonenbar Buyuoz eus
ued uawuIaAob Alunod pue diysumoy ay yiog

“yuawdojanap
piezeydey pilose pue ymoib |edo] ajenbal
0) sadueulpio Buoz jyuem Aayy teyr ‘uonyad
uapum e up ‘1osinaadns diysumoy nayjy wiojul
s1aquiaw Ajunwwod uaym swbaq AjeoidAy bujuoyz

"S[erdyjo
Judwiuidnob pue ‘sisuueld
‘suazyid jo ndul ay} saulq
-w0d ssadoxd bBuruoz ayj









DO NOT REMOVE
0R
MUTILATE CARD












THE UNIVERSITY OF MICHIGAN

i DHONE 764-149%
0 REpAYE DUE

0CT 0 81996




