






















































































































































































with long-term water-quality problems and could impact public health as well 
as local economies. If this is happening, are widespread control measures 
necessary to alleviate this contamination? To answer such questions, more 
fundamental issues must be addressed first: Where are the karst areas? What 
are their relationships to the ground-water flow system? Is there any evi­
dence for regional degradation of ground-water quality? Until this study 
there has been no systematic analysis of Iowa's karst areas or the 
potential regional water-quality problems that might be associated with them. 
This study focused on 22 counties in northeast Iowa, which include the princi­
pal karst areas of Iowa. 

Distribution of Sinkholes in Northeast Iowa 

Using detailed, modern, soil survey maps, IGS well and quarry records, other 
field records, and IGS color-infrared aerial photography, the distribution of 
sinkholes, areas of bedrock outcrop, and the depth to bedrock was mapped. 
Over 12,700 sinkholes were mapped in the area. One township had more than 
1,000 sinkholes. The actual number of sinkholes is not static, however, as 
new sinkholes continue to form every year. 

There are three main areas of sinkhole concentrations: 1. In the area of ex­
posure of the Galena rocks, in southwestern Allamakee County and adjacent 
areas; 2. Along the topographic escarpment of Silurian rocks in southern 
Clayton County and adjacent areas; and 3. In the outcrop area of Middle 
Devonian age limestones adjacent to the Cedar River particularly in Mitchell 
and Floyd Counties. The Galena rocks are an important source of ground water 
locally in northeast Iowa, and the Silurian-Devonian rocks form one of eastern 
Iowa's most important aquifers. 

A review of the soil and well record information shows several things. First, 
sinkholes only appear in areas where there is less than about 30 feet of 
unconsolidated-soil materials over the bedrock. Within the study area the 
depth to bedrock varies from 0 to nearly 500 feet. The depth-to-bedrock maps 
compiled for this analysis are the most complete maps of their kind ever pro­
duced in Iowa. These maps will have utility for other environmental and 
engineering purposes. 

Using all this geologic information, the study area was subdivided into three 
geologic regions: 1. Karst--areas with significant concentrations of sink­
holes; 2. Shallow Bedrock--areas where bedrock occurs within 50 feet of the 
land surface, but which are not marked by numerous sinkholes; 3. Deep 
Bedrock--areas where bedrock is deeply buried, more than 50 feet beneath 
the land surface. These subdivisions were used to evaluate the potential 
hazards to the carbonate aquifers from surficial contamination, and to evalu­
ate the ground-water quality data. Both the Karst and Shallow Bedrock areas 
present potential hazards to the bedrock aquifers, because of the shallow 
depth to bedrock. Because of the sinkholes the potential problems in the 
Karst areas are greater, but the Shallow Bedrock areas must also be dealt with 
cautiously. This view is supported by other studies on water movement and 
water quality in analogous areas, as well as the water quality data in this 
report. 
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Ground-Water Quality 

All pertinent and readily access i b 1 e data on ground-water qua 1 ity were com­
piled for analysis. The data evaluated were restricted to nitrate concentra­
tion and coliform bacteria, because these two parameters are the most widely 
available, they are related to health standards, and are uniquely related to 
ground-water contamination from surface sources. The data set used most 
extensively was provided by the University Hygienic Laboratory (UHL) and 
included over 6,000 nitrate analyses and over 8,000 bacterial analyses from 
the study area. All were from well water samples within the study area which 
were analyzed by UHL during 1977 through 1980. Various other data were 
analyzed, including the WATSTORE data file, and a variety of published and un­
published studies which provided greater geologic controls, but were limited 
in number and areal extent. Extensive data stratification and statistical 
tests were applied to the UHL data. 

Many conclusions can be drawn from the various data sets evaluated. The con­
centration of nitrate or bacteria in the ground water may fluctuate seasonal­
ly, where a water source (the well or the aquifer) interacts with surface 
activities. This seasonal fluctuation can seriously affect the conclusions 
drawn from some data sets. Local studies demonstrate that the degree of ni­
trate and/or coliform contamination for a given well may be related to on-site 
factors such as poor well placement and/or construction. Poor well placement 
and/or construction is not always just an individual problem; such wells may 
allow contaminants to spread into the aquifer as well, dependant on the hydro­
logic setting. A review of the various water-quality data pointed out that 
there is no readily availabale data that is adequate for assessing long-term 
changes in water-quality. The data was usable for assessing the present prob­
lems of the karst areas, however. 

The frequency-distribution of nitrate values shows two features, in all the 
data sets. The nitrate values always exhibit a modal value of zero (or less 
than detectable), and the frequency of observations decreases with increasing 
nitrate value. This was true for any breakdown of the data used (i.e., by 
geologic setting, by aquifer, by well-depth classes, etc.). Also, in all data 
sets evaluated, nitrate concentrations decrease with increased well depth, 
regardless of the aquifer involved. 

The potential contributions of nitr.ate from natural sources were reviewed and 
these sources are not likely to be significant. The fact that the modal con­
centration of nitrate for all the geologic regions, well depth classes, etc., 
was zero (or less than detectable) clearly indicates that the background level 
of nitrate from natural sources is very low. The elevated levels of nitrate 
found in water supplies can be attributed to various surficial sources, such 
as infiltration and runoff from barnyards, feedlots, septic systems and other 
forms of waste disposal, and of course the widespread use of nitrate fertil­
izers. 

Although there are many problems in the analysis of the water-quality data 
(such as the seasonal variations) the large number of samples in the UHL data 
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set will overcome many of these problems. The UHL data was compiled over a 
four-year period and effectively integrates many of these variations. Because 
the UHL samples cannot be accurately located (i.e., to legal coordinates) the 
data was aggregated by rural route postal addresses. The data was assigned to 
247 sample centers--or towns which constituted the rural route postal sta­
tions. The data for each of the sample centers was aggregated into categories 
by well depths. Further, using the maps which characterized the physical set­
ting of the region, each sample center was classified as part of either the 
Karst, Shallow Bedrock or Deep Bedrock geologic setting. 

The data analysis shows that coliform bacterial contamination of rural water 
supplies is widespread; 35% of all the UHL analyses record unsatisfactory or 
unsafe levels of coliform. However, the distribution of elevated bacterial 
levels is relatively uniform among all geologic settings and well depths. 
This suggests that bacterial contamination is introduced from the well or the 
water-system and not as a result of aquifer contamination. The UHL data con­
sists largely of "tap" water samples, not samples directly from the well, so 
these variables cannot be adequately addressed. Also, the MPN method for 
coliform counts, used by UHL, makes statistical analysis difficult, and the 
results vague. Further research is needed because case studies indicate,that 
bacterial contamination of ground water can be a problem in the Karst areas. 
Overall the bacterial data does indicate that water-system problems which in­
troduce bacteria are very common and present a serious potential health prob­
lem. 

The results of the analysis of the nitrate data are much more clear. Statis­
tically, the concentration of nitrates clearly decreases with increasing well 
depth. In general, the highest nitrate values occur in samples from wells 
less than 50 feet deep. Data from wells between 0 and 49 feet deep uniformly 
show high median nitrate values, regardless of the geologic region they come 
from. Data analyzed for the state as a whole show identical results. This 
indicates that shallow wells in Iowa--regardless of the aquifer involved--are 
susceptible to contamination by nitrates, and indeed are exhibiting signifi­
cantly high levels of nitrate. 
In the Karst and Shallow Bedrock regions, where the soil cover is thin over 
the carbonate aquifers, significantly high levels of nitrate occur to depths 
of 150 feet in the bedrock aquifers. Ground-water supplies in the Karst 
region in wells from 50-150 feet in depth show significantly higher levels of 
nitrate contamination (summarized in Table 13}. In the 50-99 foot well depth 
group the median value for nitrate in the Karst regions (34 mg/1} is 1.8 times 
higher than in the Shallow Bedrock regions (19 mg/1) and nearly 6 times 
greater than in the Deep Bedrock regions (6 mg/1). These differences are 
highly significant statistically. As evident in the median nitrate values 
(Table 13} the Karst areas show the greatest nitrate contamination, and are 
followed closely by the Shallow Bedrock region. 

Nitrate contamination in the Karst regions is most pronounced to a depth of 
100 feet. At greater depths the median nitrate concentrations in the Karst 
areas decrease and are similar to those in the Shallow Bedrock Area. This 
suggests that the diffuse infiltration of nitrates, the process which 
dominates in the Shallow bedrock regions, is a significant factor and is the 
process which produces the elevated levels of nitrate found to depths of 150 
feet in the carbonate aquifers. The significance of the sinkholes and better 
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Table 13. Summary of median nitrate values (in mg/l) from UHL analyses from 
study area. 

Geologic Setting 
Well Depth Shallow Deep 
Category Karst Bedrock Bedrock Total 

(feet) Median Median Median Median 

50 - 99 34 19 6 18 

100 - 149 23 16 0 7 

150 - 499 3 5 0 0 

over 500 0 0 0 0 

Unknown 22 7 0 5 

Total excluding 
less than 50 feet 
and unknowns. 18 9 0 3 

developed solutional conduits in the Karst regions may be viewed as the pro­
nounced difference in median nitrate concentrations (15 mg/1) between the 
Karst and Shallow Bedrock regions in the 50-99 foot depth range. Thus, if 
management strategies are developed to try to improve or protect ground-water 
quality in the carbonate aquifers, the entire Shallow Bedrock area, as well as 
the Karst areas, must be included in the considerations. The entire Shallow 
Bedrock and Karst hazard area constitute 53% of the study area, or over 6,800 
square miles of important recharge area for these bedrock aquifers. 

As a matter of perspective, it must be pointed out that all of these median 
nitrate values are below the 45 mg/1 nitrate drinking water standard. How­
ever, a median of 34 mg/1 in the 50-99 foot range in the Karst areas also 
means that 50% of all the analyses in this group are in excess of 34 mg/l. 
For the study area as a whole, 18% of all the samples exceeded the 45 mg/l 
threshold. Within the different geologic settings, 25% of analyses from the 
Karst areas, 19% in the Shallow Bedrock, and 15% in the Deep Bedrock areas ex­
ceeded 45 mg/1. 

As noted above, local well-placement and construction affect the degree of ni­
trate and coliform contamination recorded by an individual well sample. As 
discussed, local factors seem to strongly affect the results of the analysis 
of the bacterial data. The high, significant correlations of the nitrate data 
with geologic setting however, indicate regional aquifer effects, not just 
water-system problems. This is supported by the many reports of newly­
drilled wells in the carbonate aquifers which have high nitrate levels, and by 
the presence of nitrates in water samples from karst springs. The nitrate 
concentration recorded from any particular well will likely be a function of 
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the regional level of nitrate in the aquifer, and the local source effects. 
Wide variations in nitrate levels will occur in local areas because of these 
variables. Wells which only intercept small fractures in the carbonate rocks 
will tend to have lower nitrate concentrations and lesser seasonal fluctua­
tions than wells which are open to larger conduits. This is related to the 
nature of ground-water flow in the carbonate aquifer system. In this regard 
there are many unanswered questions, such as, will nitrate concentrations in 
the carbonate aquifers continue to increase? Or have these concentrations 
reached an equilibrium with current land use and recharge factors? A long 
term, ground-water quality monitoring network will be needed to answer such 
questions. 

Another issue of concern is whether or not the significant nitrate contamina­
tion noted in the Karst regions is symptomatic of contamination by other 
widely used chemicals. Few data are available. What little data there are, 
clearly shows that pesticides are also entering the carbonate aquifers. The 
fate of these chemicals in the ground-water system is unclear, as are the 
health effects of small concentrations of these chemicals. Although further 
research is needed, this clearly is not a desirable situation. 

Ground-Water Flow Systems 

Ground-water flow systems in carbonate aquifers are complicated because of the 
complexities of flow through solution conduits, and the intimate interaction 
that develops between the surface-water and ground-water systems. The volume 
and extent of the conduit systems tend to decrease markedly with depth below 
the piezometric surface in a carbonate aquifer. This may "decouple" the shal­
low conduit system from the deeper portions of the aquifer which are marked 
more by diffuse flow through much smaller openings. This decoupling takes 
place because of the contrast in hydraulic conductivity between the shallow, 
open, conduit flow-system and the deeper diffuse flow-system. From the extant 
data the overall nature of the ground-water flow systems in the carbonate 
aquifers can be generalized. 

By relating the sinkhole distribution to the ground-water flow system some in­
ferences about water quality conditions can be made. In the interior of the 
Silurian-Devonian aquifer area the majority of the sinkholes occur in the 
proximity of discharge areas, such as the Cedar River. Surface contaminants, 
such as nitrate, should likely be contained in the shallow part of the flow 
system. This may, in part, explain why significant nitrate contamination is 
confined to relatively shallow depths (150 feet) in the Karst areas. An 
alternative which must be considered, because of the lack of detailed vertical 
head data in the aquifer, is that there has not been enough time for the ni­
trates to diffuse into the deeper portions of the aquifer. The available 
evidence suggests that the majority of the surface contaminants should be con­
fined in the shallow portion of the aquifers. 

The most notable exception to this is in the Karst area in the Galena aquifer. 
Data on the physical setting of the Galena suggest that prominent karst solu­
tional conduits will extend to relatively greater depths, and some of the 
nitrate data support this likelihood. 
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The effects of the prominent sinkhole terrain along the Silurian escarpment 
are confined to a narrow belt of shallow local flow systems, which drain 
toward the escarpment and the Turkey River. Surface contaminants in this area 
may penetrate relatively deeply into the Silurian rocks, because of the steep 
hydraulic gradient and because there is relatively little saturated thickness 
in the aquifer near the escarpment. 

Because of the interaction with the land surface in the Karst areas, the car­
bonate aquifers are very susceptible to contamination from a wide variety of 
hazardous substances which may be locally spilled or discharged at the land 
surface. However, on the regional level, nitrates, bacteria and pesticides 
are the three general contaminants derived from the land surface, which are of 
concern for public health, in the ground water in the Karst areas. A variety 
of sources for these contaminants can be identified. 

Sources of Ground-Water Quality Problems 

Two processes must be considered in the delivery of these contaminants: down­
ward leaching of material with percolating recharge water; and runoff from the 
land surface which may enter the karst ground-water system through sinkholes. 
A number of general point sources can be identified such as: the dumping of 
various wastes into sinkholes; the disposal of creamery wastes into streams 
and sinkholes, which has been a recurrent problem in northeast Iowa; occa­
sional discharge from municipal sewage treatment facilities and industrial 
effluents into surface waters which drain into the bedrock aquifers; runoff 
and infiltration from feedlots and livestock operations agricultural drainage 
wells (particularly in the Floyd-Mitchell County area); road drainage into 
sinkholes; the direct discharge of home sewage effluent into sinkholes; and 
the indirect seepage of home sewage effluent into the carbonate bedrock. 
There are many rules and regulations which already exist to control these 
point sources. Some are effective, some are not. Some of these practices 
continue, partly out of ignorance of the potential impact on drinking water, 
partly because some of the rules are impossible to enforce. 

With the present state of knowledge it is impossible to quantify the relative 
inputs from point sources. The nature of land use in northeast Iowa and 
studies of agricultural drainage wells suggest that the major source of con­
taminants is from non-point sources related to agricultural land. However, 
even if point sources are very minor contributors they should be eliminated 
whenever possible through control measures, through expanded, effective public 
education, and with innovative practices. For example, in the Karst areas 
there are many examples where home sewage effluent is discharged directly into 
sinkholes. In part this continues because of a lack of understanding of the 
consequences. Alternative home sewage treatment systems should be encouraged 
in shallow rock areas where even properly designed septic systems with lateral 
fields may leach effluent into the rock. 

Non-point sources from agricultural lands are likely the major concern for 
ground-water quality in the Karst areas. These sources are also the most 
difficult to resolve. Of primary concern is the infiltration of water, the 
discharge of tile-drainage water, and direct land-surface runoff of water and 
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eroded soil, which contain nitrates and pesticides. Given the complex inter­
action of climate and farming practices some delivery of these contaminants 
into the ground-water in the Karst areas is unavoidable. Tile drainage may be 
an especially significant factor. Tile drainage water nearly always exceeds 
45 mg/1 nitrate, and volumetrically may be a major contributor to the flow of 
small streams which lose water to the karst aquifers. Many tile lines drain 
directly into sinkholes as well. 

Control programs or BMPs must take into account many complex variables as well 
as the nature and needs of particular farm operations. Conservation measures 
which reduce water runoff, thus reducing sediment, nutrient, and pesticide 
losses in surface water, may also increase tile drainage and nitrate losses 
through tile discharge. Any program to alleviate these problems must consider 
the nature and extent of existing tile drainage. 

Although more research is needed in this area, such measures as incorporation 
of pesticides and better N-management recommendations are a must. Such 
measures will take the integrated cooperation of many agencies. Many of these 
measures can only be achieved through effective public education. 
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RECOMMENDATIONS 

The research and conclusions presented in this report indicate that there is 
significant, regional, nitrate contamination of ground water in the carbonate 
aquifers of northeast Iowa. This contamination is related to surface activi­
ties and occurs in areas where there is thin protective soil cover over the 
carbonate bedrock, and is enhanced where sinkholes conduct surface drainage 
directly into the ground-water system. Although these regional problems were 
addressed in this project, many important details have not been adequately re­
solved. These details are important elements which must be considered if an 
effective, long-term management scheme for the protection of these ground­
water resources is to be developed. 

The recommendations outlined here fall into three general categories: 1. 
Water-quality data base needs; 2. Further research needs; and 3. Considera­
tion of control measures. Although particular recommendations may be categor­
ized, these groupings overlap and are clearly interrelated. Many of the 
recommendations are considerations which must be addressed by agencies other 
than DEQ or IGS. Some of these items should be addressed by a consortium of 
agencies and/or experts because the technical issues are complex and they 
necessarily must be merged with equally complex social, economic and political 
issues. 

Water-Quality Data Base Needs 

Monitoring of ground-water quality should be expanded. As noted, existing 
water-quality data sets are inadequate for the evaluation of many problems. 
For example, extant data do not allow clear assessment of water quality 
changes over time. A baseline of water-quality information must be estab­
lished so that future problems can be evaluated. A carefully designed, state­
wide sampling network should be developed in conjunction with existing sam­
plfng programs. The following items, at least, should be addressed in such a 
program. 

1. The network wells should be available for long-term monitoring. 

2. 

3. 

Accurate information on the 
local environmental factors 
wells sampled. 

well construction, geology, water system, 
and pumping should be available for the 

The network should be comprised of wells finished at various depths, 
within various aquifers. Preferably wells should allow access for 
water-level measurements to be made through time. 

4. The network must include more than municipal wells. The network must 
include all aquifers of significant areal extent and/or importance. 
Municipal wells alone are not satisfactory as they are often drilled 
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to obtain deeper, better quality water supplies, and 
provide data which reflects the conditions of rural 
Thus, private wells and/or drilled research wells are 

often wi 11 not 
domestic wells. 
needed a 1 so. -

5. Water-quality parameters tested should include a variety of standard 
biological, chemical and radiological analyses. Pesticide analyses 
should be included occasionally where appropriate. 

6. Sampling frequencies must take into account seasonal variations in 
water-quality particularly from wells in shallow aquifers, and Karst­
carbonate aquifers. 

7. The network should clearly include shallow wells from a variety of 
water sources, particularly in alluvial and carbonate aquifers. 

8. To further evaluate some of the problems in the Karst and Shallow 
Bedrock regions outlined in this report, the sampling network should 
include wells nested at different depths in the carbonate aquifers. 
This would provide badly needed data on the vertical head distribu­
tion in these aquifers, as well as allow the monitoring of possible 
water quality changes in the deeper parts of the carbonate aquifers. 

Another consideration in developing a data base is to make existing sampling 
programs, such as the UHL analyses of domestic wells, more useful. There­
search results presented here has shown that, in spite of inherent data con­
trol problems, the UHL data is important for research purposes. The large 
number of samples and their wide geographic distribution makes them invalu­
able. However, the utility of the UHL data could be greatly enhanced. 
Several considerations are outlined: 

1. Of particular benefit would be to improve the locational accuracy of 
the sample sites, by asking for the legal location (township, range, 
section) of the well. Many rural residents know this information, 
but perhaps the help of County Cooperative Extension Service person­
nel could be enlisted to aid residents where needed. 

2. Asking for information on well construction and the water-system 
would also be useful. For example--Is the well cased? Is there a 
pit around the well head? Is a cistern used for water storage? An­
swers to these questions would enhance the utility of the data and 
could also allow UHL to provide more useful information to the rural 
resident about the nature of a water-quality problem. 

3. Confidentiality of the individuals submitting the samples is an im­
portant issue. Certainly this can be maintained while making this 
data more usable for public benefit. The research presented here 
demonstrates that this data can be utilized while preserving the in­
dividual's right to privacy. 

4. The UHL data should be computerized for greatest utility. A mecha­
nism to facilitate a change towards computerizing the data and main­
taining it for many years should be sought. 
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5. Consideration should be given to changing the method of bacterial 
analysis. The currently used MPN method produces data which are 
somewhat difficult to evaluate. This is particularly true for Class 
5 (MPN >16) which aggregates a large number of analyses, and does not 
give extreme bacterial values an accurate representation. If an 
economic method could be used which would provide an actual numerical 
count it would provide much more usable data for future studies. UHL 
is currently considering this change, and is conducting tests of its 
feasibility. 

Further Research Needs 

Many of the water-quality data base needs address long term monitoring for the 
assessment of Iowa's water resources. If a management scheme is to be devel­
oped for the particular problems of the carbonate aquifers, addressed in this 
report, there are more immediate, detailed research questions which must 
be answered. These research needs must focus on the details of issues which 
are raised in this report. Among the needed considerations are: 

1. Detailed water-sampling is needed in a karst area where the many var­
iables affecting the water-quality analyses can be controlled and/or 
evaluated. The sampling should be done in concert with detailed in­
formation on: 

a. geology and hydrogeology and distribution of karst features 
of the area. 

b. well depth and water source. 

c. well and water system construction. 

d. local environmental conditions in relation to well placement. 
This will facilitate sorting out the influence of local fac­
tors from the regional water quality. 

2. Sampling for nitrate and bacteria should be done frequently to exam­
ine the temporal variations in these parameters in relationship to 
seasonal changes. 

3. Other water-quality constituents should be analyzed. Particularly 
the fate of pesticides should be evaluated in relation to the inter­
action of the surface-water and ground-water systems. 

4. The problem of bacterial contamination in the karst aquifers should 
be evaluated. This will necessitate isolating water quality changes 
between the aquifer and individual water-system effects (see item lc 
and ld above). 

5. The role of land-use in relation to the Karst and 
areas and ground-water quality should be evaluated. 
tionship of point/non-point sources with diffuse and 
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to the aquifer is necessary to begin evaluating specific control 
measures, as well as their relative effectiveness. 

6. The depth of ground-water contamination in the carbonate aquifers is 
an important issue. The observations presented in this report sug­
gest that over most of the extent of the Silurian-Devonian aquifer 
the nitrate contamination is contained above a depth of about 150 
feet. This should be further evaluated. We must try to determine 
how permanent this change is; if contaminant levels are at a "steady­
state" or if they are likely to slowly increase at greater depths. 
This is a difficult task and would likely require the installation of 
nested research wells (see item 8, water quality data needs). 

Many of these items are currently being addressed in the second phase of this 
research program. This second phase is being conducted near Elkader, in 
Clayton County, in cooperation with DEQ, U.S.D.A., Soil Conservation Service, 
the Iowa Conservation Commission, and I.G.S. 

Consideration of Control Measures 

Definition of specific control measures and best management practices to pro­
tect the carbonate aquifers in the Karst and Shallow Bedrock areas is diffi­
cult. Before control measures can be fully evaluated, further research is 
necessary to answer some of the detailed questions outlined in the preceeding 
section. The development of a management strategy must meld the scientifical­
ly defined system with existing social, political and economic realities. 

One general conclusion seems obvious, however. Public education and coopera­
tion will have to play a major role in any meaningful management strategy. 
The hazard area is large, and the sources of contaminants are diverse and 
widespread. They range from infiltration and runoff from row-crop land, to 
problems with domestic water systems, home sewage disposal systems, industrial 
discharges, and to tile-drainage systems. Rules and regulations exist for 
many of the point sources, but they are not all enforceable on a consistent 
and continual basis. 

Just as the sources of the problem are diverse, so are the people and agencies 
involved in the resolution, including various governmental entities, rural 
residents, farmers, well drillers, plumbers, tiling contractors, county engi­
neers and sanitarians, agribusiness people, etc. Each has to understand the 
effects their actions can have on their water supplies and each has to be made 
aware of recommended practices as well as rules which can help protect their 
resources. Further, cooperation is necessary among the various scientific and 
engineering groups who study the problem. They must work together to 
succesfully integrate a management plan. Many of these problems are not real­
istically controllable through rules and regulations. Effective implementa­
tion must address incentives (such as cost-sharing conservation measures) and 
a concerted effort for effective public education. It seems that a working 
group comprised of representatives from the natural resources, health and ag­
ricultural agencies--particularly including the Cooperative Extension Service 
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and the U.S.D.A.-Soil Conservation Service, and perhaps 
agribusiness and farm organizations, should be formed to 
of education and cooperation. 

representatives from 
address these issues 

Some specific areas for consideration can also be outlined. 
problems these particular items should be addressed: 

For point source 

1. Existing rules and regulations regarding dumping and waste disposal 
in sinkholes need to be clarified. Some legal decisions have cited 
the definition of "sinkhole" as too vague. Further, should streams 
which lose water totally or partially into the carbonate aquifers be 
included in such rules? 

2. The enforcement of rules regarding home-sewage treatment systems 
needs to be addressed. The use of "alternative systems" should also 
be reviewed. 

3. The need for better well construction, better water system design, 
and better well-placement criteria deserves attention. There is also 
a need for better well abandonment procedures. These issues can be 
addressed through rules and regulations and/or with professional and 
public education. 

In the complex area of non-point source problems, certain general topics must 
be addressed in the consideration of BMP's: 

1. Appropriate ways to affect better N-fertilizer and pesticide applica­
tion and management, to reduce losses. 

2. Consideration and review of land-treatment practices, both structural 
and non-structural, to find appropriate measures for the unique set­
ting of the Karst regions. 

3. These considerations must include the effects and relationships with 
existing tile-drainage systems. 

4. These considerations should also include practices related to the 
smaller, unregulated livestock operations. 

5. An evaluation should be made of the effectiveness of filling sink­
holes as a land treatment practice. 

Again, the evaluation and design 
inputs from an interdisciplinary 
sources disciplines. 

of non-point BMP's will clearly require the 
group from various agricultural and water re-
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Appendix 1. Soil survey reports and maps used for mapping of bedrock outcrops 
and sinkholes (only categories 1 and 2 below, could be used for sinkhole 
mapping). 

1. Modern soil surveys; surveys compiled on an aerial photographic base, 
since 1950, scale of maps 1:15, 840. 

Benton Co. -Brown, M.D., 1975, Soil survey of Benton Co., Iowa, Advance 
Report, Part I and II: U.S.D.A., Soil Conserv. Ser., and Ia. Agric. 
Home Econ. Exp. Sta., 179 p., plus maps. 

Blackhawk Co. -Fouts, W.L., 1973, Soil survey of Blackhawk Co., Iowa, 
Advance Report, Part I and II: U.S.D.A., Soil Conserv. Ser., and Ia. 
Agric. Home Econ. Exp. Sta., 111 p., plus maps. 

Bremer Co. -Buckner, R.L., 1967, Soil survey of Bremer County, Iowa: 
U.S.D.A~Soil Conserv. Ser., and Ia. Agric. Home Econ. Exp. Sta., 118 
p., plus maps. 

Buchanan Co. - Ceolla, D.J., and Fouts, W.L., 1978, Soil survey of Buchanan, 
Co., Iowa:-Advance Report Part I and II: U.S.D.A., Soil Conserv. Ser., 
and Ia. Agric. Home Econ. Exp. Sta., 172 p., plus maps. 

Butler Co. -Highland, J.D., and Buckner, R.L., 1978, Soil survey of 
Butler County, Iowa, Advance Report, Part I & II: U.S.D.A., Soil Conserv. 
Ser., and Ia. Agric. Home Econ. Exp. Sta., 187 p., plus maps. 

Clayton Co. -Kuehl, R.J., 1978, Soil survey of Clayton County, Iowa, 
Advance Report, Part I and II: U.S.D.A., Soil Conserv. Ser., and Ia. 
Agric. Home Econ. Exp. Sta., 184 p., plus maps. 

Clinton Co. -Boeckman, L.E., and Sabata, L.R., 1978, Soil survey of 
Clinton Co., Iowa, Advance Report, Part I and II: U.S.D.A., Soil Conserv. 
Ser., and Ia. Agric. Home Econ. Exp. Sta., 210 p., plus maps. 

Dubuque Co. - Soil survey in progress; unpublished information provided 
L.E. Boeckman and R. A. Greenough, U.S.D.A., SCS. 

Delaware Co. - Soil survey in progress; unpublished information provided 
by R.J. Wisner and R.A. Greenough, U.S.D.A., S.C.S. 

Fayette Co. -Kuehl, R.J., and Highland, J.D., 1978, Soil survey of 
Fayette County, Iowa: U.S.D.A., Soil Conserv. Ser., and Ia. Agric. 
Home Econ. Exp. Sta., 184 p., plus maps. 

Grundy Co. -Andrews, W.F., 1977, Soil survey of Grundy, County, Iowa: 
U.S.D.A., Soil Conserv. Ser., and Ia.Agric.Home Econ. Exp. Sta., 86 
p., plus maps. 

Howard Co. -Buckner, R.L., and Highland, J.D., 1974, Soil survey of 
Howard County, Iowa: U.S.D.A., Soil Conserv. Ser., and Ia. Agric. Home 
Econ. Exp. Sta., 131 p., plus maps. 
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Jones Co. -O'Neal, A.M., and Devereaux, R.E., 1928, Soil survey of 
Jones County, Iowa: lJ.S.D.A., Bureau of Chern. and Soils, and Ia. Agric. 
Exp. Sta., Series 1924, No. 9, 40 p., plus map. 
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Appendix 2 List by counties showing assignment of sample centers 
to geologic settings. 

COUNTY 

ALLAMAKEE 

BENTON 

BLACKHAWK 

BREMER 

BUCHANAN 

BUTLER 

CHICKASAW 

CLAYTON 

CLINTON 

DELAWARE 

DUBUQUE 

FAYETTE 

FLOYD 

GRUNDY 

HOWARD 

JACKSON 

JONES 

LINN 

MARSHALL 

MITCHELL 

TAMA 

WINNESHIEK 

Sample Centers in 
Karst areas. 

Waukon 

Waverly 

Bristow, 
Clarksville, 
Greene 

Nashua 

Elkader, Farmers­
burgr. Luana, 
Monona, St. Olaf 
Strawberry Pt. 

Andover 

Colesburg, 
Delaware, Delhi, 
Hopkinton 

Richardsville 

Fayette 

Floyd 

Chester~ Crescoe~ 
Lime Springs 

Baldwin 

Anamosa 

Robins 

Little Cedar, 
Mitche 11 , Osage 

Burr Oak 
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Sample Centers in areas where bedrock 
is near the land-surface. 

SHALLOW BEDROCK 

Dorchester. Harpers Ferry, Lansing, New Albin, 
Postville, Waterville 

Shellsburg, Urbana, Vinton 

Frederika, Janesville 

Brandon, Fairbank, Hazelton, Independence, Jesup 
Lamont, Littleton, Quasqueton 

Aplington, Austenville, Dumont 

Basset 

Clayton, Edgewood, Elkport~ Garber, Garnavillo, 
Guttenberg, Littleport9 Marquette, McGregor~ 
Volga City 

Bryant, Calamus, Camanche, Charlotte, Clinton~ 
Elwood, Low Moor, Teeds Grove 

Dundee 

Bernard, Cascade~ Dubuque~ Durango, Epworth 

Arlington, Clermont, Elgin, Randalia. St. Lucas, 
Wadena, Waucoma~ West Union 

Charles City, Marble Rock, Nora Spring, Rockford, 
Rudd 

Andrew, Bellevue, Green Island, Hurtsville, 
La Motte, Maquoketa, Miles, Monmouth, Preston, 
Sabula, Spragueville, Springbrook, Swingle 

Scotch Grove~ Stone City, Monticello, Olin, 
Onslow, Wyoming 

Cedar Rapids, Center Point, Central City, Coggon, 
Ely, Hiawatha, Springville, Toddville, Troy Mills, 
Viola 

Ferguson 

Carpenterj Orchard, St. Angsgar, Stacyville 

Montour 

Calmar~ Decorah, Ft. Atkinson, Freeport, Hesper, 
Spillville 



COUNTY 

ALLAMAKEE 

BENTON 

BLACKHAWK 

BREMER 

BUCHANAN 

BUTLER 

CHICKASAW 

CLAYTON 

CLINTON 

DELAWARE 

DUBUQUE 

FAYETTE 

FLOYD 

GRUNDY 

HOWARD 

JACKSON 

JONES 

LINN 

Sample Centers in areas 
where the bedrock is 
buried beneath a 
significant thickness 
of Pleistocene deposits 
(till and loess). 

DEEP-BEDROCK 

Sample Centers likely having a significant 
number of alluvial wells. 

ALLUVIAL 

Atkins, Belle Plaine, 
Blairstown, Garrison, 
Keystone, Luzerne, Mt. 
Auburn, Newhall, Norway, 
Van Horne, Walford, Watkins 

Harpers Ferry, Lansing, New Albin 

Belle Plaine, Luzerne, Norway 

Cedar Falls, Dunkerton, 
G11bertville, Hudson, La 
Porte City, Waterloo 

Denver, Plainfield, 
Readlyn, Sumner, Tripoli 

Aurora. Rowley, Stanley 
Winthrop 

Allison, Aredale, Kesley, 
New Hartford, Parkers­
burg, Shell Rock 

Alta Vista, Fredricksburg 
Ionia, Lawler, New 
Hampton 

Cedar Falls, Dunkerton, Hudson, Waterloo 

Frederika, Janesville, Plainfield, Sumner, 
Tripoli, Waverly 

Fairbank, Independence, Lamont, Littleton, 
Rowley 

Clarksville, Dumont, Green, Shell Rock 

Basset, No.shua 

Clayton, Elkport, Garber, Guttenberg, 
Littleport, Marquette, McGregor, Volga City 

Delmar, De Witt, Goose Camanche, Clinton, Goose Lake 
Lake, Grand Mound, Lost 
Nation, Welton, Wheatland 

Earlville, Greeley, Dundee, Hopkinton, Manchester, Masonville 
Manchester, Masonville. 
Petersburg, Ryan 

Dyersville, Farley, Holy Cascade, Dubuque, Dyersville, New Vienna 
Cross, Luxemburg, New 
Vienna, Peosta. Worthing~ 
ton 

Hawkeye, Maynard, Clermont, Elgin, Fayette, Oelwein, Wadena, 
Oelwein, Oran, Westgate Waucoma 

Colwell Charles Clty, Floyd, Marble Rock, Nora Spring, 
Rockford 

Beaman, Conrad, Dike Holland 
Grundy Center, Holland, 
Reinbeck, Wellsburg 

Elrna Chester, Elma, Lime Springs 

Center Junction, Mar­
telle. Morley, Oxford 
Junction 

Alburnett, Fairfax, 
Lisbon, Marion, Mt. 
Vernon, Palo, Walker 
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Bellevue, Green Island, Maquoketa, Miles, 
Preston, Sabula, Spragueville 

Anamosa, Stone City, Monticello, Olin, Oxford Junction 

Cedar Rapids, Center Point, Central City, Coggon, 
Ely, Fairfax, Palo, Robins 



COUNTY 

MARSHALL 

MITCHELL 

TAMA 

WINNESH!EK 

Sample Centers in areas 
where the bedrock is 
buried beneath a 
significant thickness 
of Pleistocene deposits 
(till and loess). 

Sample Centers likely having a significant 
number of alluvial wells. 

DEEP-BEDROCK ALLUVIAL 

Albion, Clemons, Gilman. Albion, Marshalltown, Melbourne 
Green Mountain, Laurel, 
Marshalltown, Melbourne, 
Rhodes, State Center 

Mcintyre, New Haven, little Cedar, Mitchell, New Haven, St. 
Riceville Angsgar. Stacyville 

Buckingham. Chelsea, Chelsea, Montour, Tama, Toledo 
Clutier, Dysart, 
Elberon, Gan~in, Glad-
brook, Lincoln, Tama, 
Toledo, Tracer, Vining 

Castalia, Ossian, Decorah, Ft. Atkinson, Freeport. Spillville 
Ridgeway 
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Appendix 3 . Water Quality analyses by county and city. Data was obtain-
ed from the University Hygienic Laboratory on analysis 
conducted between 1977 and 1980. 

Nitrate Bacteria 
Number 
found 

Number Number Number Unsatis-
Town of Exceeding of factory 

County Number City Analyses 45 mg/1 Analyses or Unsafe 

All amakee 1192 Dorchester 24 0 25 9 
1850 Harper' s Ferry 157 21 163 18 
2280 Lansing 36 3 37 14 
3020 New Albin 3 0 3 3 
3475 Postville 48 11 53 29 
4460 Waterville 15 4 18 9 
4475 Waukon 42 13 53 29 

Benton 0225 Atkins 23 1 26 8 
0355 Belle Plaine 28 5 27 13 
0415 Blairstown 16 0 20 11 
1305 Elberon 1 0 7 3 
1590 Garrison 10 0 15 6 
2165 Keystone 1 9 10 3 
2535 Luzerne 22 7 22 12 
2950 Mt. Auburn 45 4 22 47 
3030 New Ha 11 7 0 7 2 
3135 Norway 18 3 22 8 
3940 Shellsburg 24 2 28 10 
4325 Urbana 2 0 3 1 
4350 Van Horne 8 2 13 4 
4390 Vinton 97 6 114 43 
4415 Walford 4 0 5 1 
4463 Watkins 13 4 18 12 

Black Hawk 0665 Cedar Fa 11 s 2 1 22 2 
1235 Dunkerton 12 0 2 3 
1620 Gilbertville 3 0 2 0 
1980 Hudson 3 0 8 5 
2285 LaPort City 16 2 20 9 
4455 Waterloo 24 1 33 9 

Bremer 1120 Denver 34 2 39 10 
1545 Frederick 7 4 13 6 
2070 Janesville 47 13 54 13 
3405 Plainfield 40 9 52 14 
3575 Readlyn 14 0 20 3 
4145 Sumner 61 4 81 20 
4275 Tripoli 42 1 63 28 
4480 Waverly 218 36 264 75 
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Nitrate Bacteria 
Number 
found 

Number Number Number Unsati s-
Town of Exceeding of factory 

County Number City Analyses 45 mg/1 Analyses or Unsafe 

Buchanan 0250 Aurora 23 5 41 16 
0495 Brandon 9 3 10 6 
1425 Fairbank 37 3 40 12 
1905 Hazelton 18 2 22 9 
2020 Independence 117 17 187 57 
2080 Jesup 23 11 30 10 
2265 t.:amont 11 3 16 4 
2447 Littleton 2 1 4 1 
3525 Quasque 11 1 29 7 
3755 Rowley 32 5 61 19 
4070 Stanley 5 1 11 2 
4660 Winthrop 21 3 34 10 

Butler 0085 Allison 29 2 46 20 
0150 Aplington 19 2 28 6 
0165 Aredale 4 0 4 1 
0252 Austinville 4 2 5 1 
0520 Bristow 10 2 8 2 
0775 Clarkesville 77 31 88 25 
1220 Dumont 25 4 28 10 
1735 Greene 68 26 85 34 
2157 Kesley 33 44 53 11 
3040 New Hartford 9 1 11 1 
3335 Parkersburg 34 6 44 10 
3935 Shell Rock 21 3 26 5 

Chickasaw 0095 Alta Vista 17 5 20 8 
0305 Basset 1 0 1 0 
1540 Fredericksberg 37 6 42 5 
2035 Ionia 41 5 58 19 
3000 Nashua 61 13 80 30 
3035 New Hampton 68 5 104 25 
3144 Oak Grove 1 0 1 0 

Clayton 0780 Clayton 1 1 1 1 
1300 Edgewood 20 8 22 6 
1330 Elkader 42 7 54 22 
1345 Elk Port 6 2 7 4 
1445 Farmersburg 19 8 24 15 
1570 Garber 16 1 22 11 
1580 Garnavillo 33 6 37 22 
1790 Guttenburg 51 1 99 35 
2435 Little Port 2 0 5 0 
2510 Luana 14 3 15 7 
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Nitrate Bacteria 
Number 
found 

Number Number Number Unsatis-
Town of Exceeding of factory 

County Number City Analyses 45 mg/l Ana lyses or Unsafe 

2565 McGregor 43 5 68 25 
2680 Marquette 3 0 4 3 
2885 Monona 28 6 37 20 
3835 St. Olaf 11 1 24 14 
4125 Strawberry Point 30 7 36 15 
4395 Volga City 6 1 19 10 

Clinton 0125 Andover 9 4 9 3 
0537 Bryant 7 1 9 1 
0575 Calamus 14 1 24 4 
0595 Camanche 42 13 43 8 
0710 Charlotte 15 0 23 6 
0810 Clinton 85 11 191 46 
1095 Delmar 33 2 49 18 
1140 Dewitt 81 14 92 23 
1373 Elwood 4 0 6 1 
1660 Goose Lake 5 1 9 4 
1690 Grand Mound 35 4 43 15 
2490 Lost Nation 20 1 27 16 
2505 Low Moor 4 1 4 0 
4187 Teeds Grove 1 0 4 2 
4520 Welton 7 0 8 3 
4600 Wheatland 15 2 19 4 

Del aware 0845 Colesburg 4 1 15 10 
1085 Delaware 4 1 3 3 
1090 Delhi 21 9 27 7 
1230 Dundee 19 7 27 7 
1280 Earlville 16 1 21 10 
1300 Edgewood 2 0 2 0 
1730 Greeley 5 1 5 2 
1960 Hopkinton 32 15 36 17 
2067 Jamestown 1 0 1 0 
2615 Manchester 129 36 147 37 
2715 Masonville 23 2 32 10 
3378 Petersburg 1 0 1 1 
3790 Ryan 14 0 15 7 

Dubuque 0385 Bernard 21 8 26 11 
0640 Cascade 23 8 27 11 
1215 Dubuque 42 5 62 11 
1245 Durango 
1255 Dyersville 38 12 48 20 
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Nitrate Bacteria 
Number 
found 

Number Number Number Unsatis-
Town of Exceeding of factory 

County Number City Analyses 45 mg/1 Analyses or Unsafe 

1390 Epworth 19 4 18 1 
1440 Fa rely 23 7 26 10 
1955 Holy Cross 12 1 . 23 11 
2530 Luxemburg 2 0 2 0 
3075 New Vienna 21 2 20 9 
3365 Peosta 4 0 7 0 
3632 Richardsville 2 0 3 0 
4695 Worthington 9 2 10 4 

Fayette 0180 Arlington 10 1 20 5 
0805 Clermont 18 3 25 15 
1325 Elgin 56 16 64 30 
1465 Fayette 44 4 75 36 
1895 Hawkeye 30 5 35 16 
2740 Maynard 11 0 15 3 
3165 Oelwein 47 3 82 26 
3213 Or an 5 0 9 3 
3550 Kandal ia 30 12 34 11 
3825 St. Lucas 2 0 5 2 
4400 Wadena 14 1 15 8 
4465 Waucoma 25 2 39 7 
4560 Westgate 10 0 18 2 
4590 West Union 164 11 185 68 

Floyd 0705 Charles City 168 35 226 70 
0880 Colwell 1 0 2 1 
1490 Floyd 34 4 58 20 
2655 Marble Rock 8 2 17 9 
3095 Nora Springs 33 9 48 20 
3690 Rockford 41 14 61 29 
3765 Rudd 21 8 27 15 

Grundy 0340 Beaman 25 9 16 5 
0890 Conrad 11 0 14 5 
1160 Dike 6 0 9 4 
1770 Grundy Center 20 1 24 6 
1945 Holland 6 0 6 4 
3600 Reinbeck 17 3 23 9 
4745 Wellsberg 24 7 21 6 

Howard 0735 Chester 4 1 4 0 
0965 Crescoe 81 9 llO 34 
1370 Elma 24 3 32 9 
2400 Lime Springs 30 12 44 20 
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Nitrate Bacteria 
Number 
found 

Number Number Number Unsatis-
Town of Exceeding of factory 

County Number City Ana lyses 45 mg/1 Analyses or Unsafe 

Jackson 0130 Andrew 3 1 10 2 
0275 Baldwin 10 1 12 5 
0360 Bellevue 49 4 74 16 
0385 Benard 14 1 22 11 
1745 Green Island 8 2 15 7 
2000 Hurtsville 8 7 9 7 
2270 La Motte 15 9 17 5 
2645 Maquoketa 136 39 181 62 
2805 Miles 13 6 16 6 
2880 Monmouth 13 1 24 12 
3495 Preston 16 5 25 12 
3795 Sabula 4 0 7 3 
4040 Spraguevi 11 e 12 4 21 7 
4045 Spring Brook 3 0 3 2 
4725 Zwingle 10 4 16 8 

Jones 0120 Anamosa 45 1 87 29 
0640 Cascade 4 0 5 0 
0675 Center Junction 8 0 10 3 
2690 Martelle 12 1 16 6 
2900 Monticello 101 25 114 39 
2930 Morley 3 2 6 1 
3190 Olin 19 1 27 9 
3210 Onslow 3 0 2 1 
3290 Oxford Juncti o·n 7 0 15 5 
3877 Scotch Grove 13 6 18 7 
4102 Stone City 3 0 3 1 
4700 Wyoming 11 0 19 5 

Linn 0060 Alburnett 1 0 2 0 
0670 Cedar Rapids 57 5 126 13 
0680 Center Point 8 1 8 2 
0690 Center City 10 1 12 4 
0835 Coggin 9 0 14 4 
1375 Ely 8 1 8 2 
1430 Fairfax 12 0 25 7 
1925 Hiawatha 2 0 2 0 
2425 Lisbon 20 3 26 6 
2670 Marion 13 1 20 5 
2670 Mt. Vernon 32 4 53 15 
3315 Palo 7 0 7 1 
3680 Robins 10 0 10 1 
4055 Springville 4 I 3 0 
4252 Toddville 5 0 6 0 
4278 Troy Mills 1 0 1 0 

108 



Nitrate Bacteria 
Number 
found 

Number Number Number Unsatis-
Town of Exceeding of factory 

County Number City Analyses 45 mg/1 Analyses or Unsafe 

4393 Viola 2 0 3 0 
4420 Wa 1 ker 7 0 22 5 

Marshall 0055 Albion 3 1 . 6 4 
0800 Clemons 3 0 5 2 
1475 Ferguson 1 0 1 0 
1625 Gilman 10 3 15 6 
1747 Green Mountain 5 0 8 1 
2305 Laurel 4 2 5 1 
2685 Marsha 11 town 86 11 141 62 
2760 Melbourne 5 1 5 4 
3620 Rhodes 6 1 10 7 
4085 State Center 14 3 21 13 

Mitchell 0620 Carpenter 11 2 16 7 
2433 Little Cedar 7 1 14 6 
2570 Mcintire 16 0 20 2 
2855 Mitchell 6 1 9 2 
3043 New Haven 4 0 4 1 
3220 Orchard 16 3 18 8 
3235 Osage 104 36 124 59 
3625 Riceville 16 2 32 13 
3810 St. Ansgar 16 4 18 5 
4060 Staceyvill e 7 0 7 4 

Tama 0542 Buckingham 14 3 15 5 
0725 Chelsea 8 0 13 10 
0825 Cultier 14 1 17 9 
1260 Dysart 22 2 27 10 
1305 Elberon 5 3 16 11 
1595 Garwin 20 1 29 12 
1635 Gladbrook 25 5 44 20 
2405 Lincoln 6 2 13 7 
2905 Montour 16 2 23 9 
4185 Tama 40 2 72 33 
4255 Toledo 53 0 61 30 
4285 Traer 45 4 62 35 
4385 Vining 3 0 3 0 

Winneshiek 0563 Burr Oak 7 0 8 5 
0585 Calmar 42 17 32 60 
0650 Castalia 11 2 15 7 
1065 Decorah 211 26 282 100 
1510 Ft. Atkins 35 8 47 22 
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Nitrate Bacteria 
Number 
found 

Number Number Number Unsatis-
Town of Exceeding of factory 

County Number City Analyses 45 mg/1 Analyses or Unsafe 

1551 Free Port 8 1 10 0 
1923 Hesper 5 1 6 0 
3250 Ossian 18 3 28 18 
3640 Ridgeway 33 4 39 21 
4030 Spillville 3 0 3 2 
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Appendix 4 . Results of Kolmogorov-Smirnov test on distributions of 
nitrate analyses. The data was stratified by both depth 
and geologic setting. Data was obtained from the Univer­
sity Hygienic Laboratory on analyses conducted between 
1977 and 1980. 

Geologic Setting and Depths Compared 

Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 

Karst & Shallow 
Karst & Shallow 
Karst & Shallow 
Karst & Shallow 
Karst & Shallow 
Karst & Shallow 
Karst & Shallow 

Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 

Shallow & Deep 
Sha 11 ow & Deep 
Shallow & Deep 
Shallow & Deep 
Shallow & Deep 
Shallow & Deep 
Shallow & Deep 

Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 

(all samples) 
(<50 feet) 

.{known depth samples >50 feet) 
{50 - 99 feet) 
{100 - 149 feet) 
( 150 - 499 feet) 
{>500 feet) 

(all samples) 
(<50 feet) 
(known depth samples >50 feet) 
(50 - 99 feet) 
{100 - 149 feet) 
( 150 - 499 feet) 
{>500 feet) 

{all samples) 
(<50 feet) 
(known depth samples >50 feet) 
{50 - 99 feet) 
(100 - 149 feet) 
{150 - 499 feet) 
( >500 feet) 

{all samples 
(<50 feet) 
(known depth samples >50 feet) 
(50 - 99 feet) 
{100 - 149 feet) 
( 150 - 499 feet) 
{>500 feet) 

(a 11 samples) 
{<50 feet) 
(known depth samples >50 feet) 
{50 - 99 feet) 
(100 - 149 feet) 
{150 - 499 feet) 
( >500 feet) 
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Significance Level 

. 00.1 
> ~ 1 

.001 

.001 

.001 

.001 
> .1 

.001 
> .1 

.001 

.001 

.10 
> .1 
> .1 

.001 
> .1 

.001 

.001 

.001 

.001 
> .1 

.001 

.025 

.001 

.001 

.001 

.001 
> .1 

> .1 
> .1 

.005 

.025 

.025 

.025 
> .1 



Alluvial & Non-alluvial (all samples) .001 
Alluvial & Non-alluvial (<50 feet) .001 
Alluvial & Non-alluvial (known depth samples >50 feet) .001 
Alluvia 1 & Non-a 11 uvia 1 (50 - 99 feet) . 001 
Alluvial & Non-alluvial (100 - 149 feet) .001 
Alluvial & Non-alluvial (150 - 499 feet) .01 
Alluvial & Non-alluvial (>500 feet) >.1 

Karst (50-99') & all samples (<50 feet) 

Karst (100-149') & Karst 
Karst (100-149') & Karst 
Karst (100-149') & Karst 
Karst (100-149') & Karst 

(<50 feet) 
(50 - 99 feet) 
( 150 - 499 feet) 
( >500 feet) 

Shallow (100-149') & Shallow (<50 feet) 
Shallow (100-149') & Shallow (50- 99 feet) 
Shallow (100-149') & Shallow (150- 499 feet) 
Shallow (100-149') & Shallow (>500 feet) 

Deep (100-149') & Deep (<50 feet) 
Deep (100-149') & Deep (50 - 99 feet) 
Deep (100-149') & Deep (150 - 499 feet) 
Deep ( 100-149') & Deep ( >500 feet) 

Karst vs. Shall ow (50 - 149 feet) 

Karst vs. Deep (50 - 149 feet) 

Shallow vs. Deep (50 - 149 feet) 
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>.1 

>.1 
.005 
.001 
.025 

.01 
> .1 
.001 
.001 

.001 

.001 

.01 
>.1 

.001 

.001 

.001 



Appendix 5 Results of Kolmogorov-Smirnov test on cumulative frequency 
distributions of total coliform analyses in each class. The 
distributions were taken data obtained from the University 
Hygienic Laboratory on analyses conducted between 1977 and 1980 
and were stratified by both depth and geologic setting. 

Geologic Setting and Depths Compared Significance Level 

Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 
Karst & Non Karst 

Karst & Sha 11 ow 
Karst & Shallow 
Karst & Shall ow 
Karst & Sha 11 ow 
Karst & Shallow 
Karst & Shall ow 
Karst & Shallow 

Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 
Karst & Deep 

Shallow & Deep 
Shallow & Deep 
Shallow & Deep 
Sha 11 ow & Deep 
Shall ow & Deep 
Shall ow & Deep 
Shall ow & Deep 

Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 
Karst & Alluvial 

(all samples) 
( 50 feet) 
(known depth samples 50 feet) 
(50 - 99 feet) 
(100 - 149 feet) 
(150 - 499 feet) 
( 500 feet) 

(all samples) 
( 50 feet) 
(known depth samples 50 feet) 
(50 - 99 feet) 
(100 - 149 feet) 
(150 -499 feet) 
( 500 feet) 

(all samples) 
( 50 feet) 
(known depth samples 50 feet) 
(50 - 99 feet) 
(100 - 149 feet) 
(150 - 499 feet) 
( 500 feet) 

(all samples) 
( 50 feet) 
(known depth samples 50 feet) 
(50 - 99 feet) 
(100 - 149 feet) 
(150 - 499 feet) 
( 500 feet) 

(all samples) 
( 50 feet) 
(known depth samples 50 feet) 
(50 - 99 feet) 
(100 - 149 feet) 
(150 - 499 feet) 
( 500 feet) 
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.025 
> .1 

.10 
> .1 
> .1 

.005 
> .1 

.005 
> .1 

.10 
> .1 
> .1 

.005 
> .1 

> .1 
> .1 
> .1 
> .1 
> .1 

.025 
> .1 

> .1 
> .1 
> .1 
> .1 
> .1 
> .1 
> .1 

.005 
> .1 
> .1 
> .1 
> .1 

.01 
> .1 



Alluvial & Non-alluvial (all samples) · .005 
Alluvial & Non-alluvial (<50 feet) > .1 
Alluvial & Non-alluvial (known depth samples >50 feet) > .1 
Alluvial & Non-alluvia 1 (50 - 99 feet) > .1 
Alluvial & Non-alluvia 1 ( 100 - 149 feet) > .1 
Alluvia 1 & Non-alluvial ( 150 - 499 feet) >.1 
Alluvial & Non-alluvial (>500 feet) >.1 

Karst (50-99') & all samples (<50 feet) >.1 

Karst (100-149') & Karst (<50 feet). > .1 
Karst ( 100-149') & Karst (50 - 99 feet) > .1 
Karst ( 100-149') & Karst (150 - 499 feet) > .1 
Karst (100-149') & Karst ( >500 feet) > .1 

Shallow ( 100-149 I) & Shallow (<50 feet) > .1 
Shallow (100-149') & Shallow (50 - 99 feet) > .1 
Shallow ( 100-149') & Shallow ( 150 - 499 feet) .001 
Sha 11 ow (100-149') & Shallow ( >500 feet) .001 

Deep (100-149') & Deep (<50 feet) . 05 
Deep (100-149') & Deep (50-99 feet) > .1 
Deep (100-149') & Deep (150 - 499 feet) >.1 
Deep (100-149') & Deep ( >500 feet) > .1 

Karst & Sha 11 ow (50 - 149 feet) > .1 

Karst & Deep (50 - 149 feet) > .1 

Shallow & Deep (50 - 149 feet) > .1 
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Appendix 6 . Number of sample centers in each geologic setting, grouped 
by the percentage of samples from each center with unsafe 
total coliform bacteria analyses (above class 0). 

For Wells Less Than 100 Feet Deep: 

0-4% 5-19% 20-34% 35-50% >50% Total 
(Number of sample centers with a given percentage 

Geologic Setting of samples above class 0.) 

Karst 6 1 5 6 8 26 
Sha 11 ow Bedrock 19 3 22 20 24 88 
Deep Bedrock 15 5 28 24 29 101 
Total 40 9 55 50 TI 215 

For A 11 Wells: 

0-4% 5-19% 20-34% 35-50% >50% Total 

Karst 2 1 13 7 7 30 
Shallow Bedrock 12 9 32 31 17 101 
Deep Bedrock 6 13 36 37 18 110 
Total 20 23 8T 75 42 241 
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Appendix 7 . Number of sample centers in each geologic setting, grouped 
by the percentage of samples from each center which exceeded 
45 mg/1 nitrate. 

For Wells Less Than 100 Feet Deep: 

0-4% 5-9% 10-19% 20-29% > 29% Total 
(Number of sample centers, with a given percentage 

Geologic Setting of samples with >45 mg/1 nitrate.) 

Karst 13 0 1 6 10 30 
Sha 11 ow Bedrock 50 1 10 11 29 101 
Deep Bedrock 49 1 8 8 44 110 
Total 112 2 19 25 83 241 

For A 11 Wells: 

0-4% 5-9% 10-19% 20-29% > 29% Total 

Karst 5 2 7 6 10 30 
Sha 11 ow Bedrock 27 14 20 17 23 101 
Deep Bedrock 39 17 27 15 12 110 
Total 7T 33 54 38 45 241 
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Appendix 8 . Percentage of total coliform bacterical analyses in classes by 
depth and geologic setting. Data was obtained from the Univer-
sity Hygienic Laboratory on analyses conducted between 1977 and 
1980. 

Class (%) 

Karst Area 
%N in 
Depth 

Depth 0 1 2 3 4 5 N Class 

0-49 66.7 5.9 2.0 7.8 4.9 12.8 102 7% 
50-99 59.8 7.9 5.3 6.0 5.3 15.8 266 18% 

100-149 63.5 8.2 3.9 4.7 3.6 16.2 364 25% 
150-499 61.0 7.4 5.9 5.2 4.6 16.1 461 32% 
500+ 72.2 11.1 5.6 11.1 18 1% 
UNKNOWN 57.2 10.5 9.6 4.4 3.9 14.4 229 16% 

Total 61.3 8.1 5.5 5.2 4.4 15.5 1440 

Sha 11 ow Bedrock 

0-49 59.6 6.0 5.1 5.4 2.7 21.1 332 9% 
50-99 59.9 10.0 5.0 4.7 5.4 15.1 558 15% 

100-149 60.0 7.9 6.4 5.1 4.1 15.6 567 15% 
150-499 71.3 6.0 3.8 3.4 3.2 12.2 ·1048 28% 
500+ 84.9 2.8 3.8 .9 1.9 5.7 106 3% 
UNKNONW 70.1 6.5 4.3 3,0 4.0 12.1 1084 29% 

Total 66.8 7.0 4.7 3.9 3.8 13.9 3695 

Deep Bedrock 

0-49 61.4 5.9 3.0 3.0 3.2 23.6 407 11% 
50-99 58.8 9.5 3.0 4.7 3.8 20.2 495 17% 

100-149 64.6 7.7 5.1 4.6 3.9 14.1 545 18% 
150-499 68.1 9.4 4.1 3.3 3.1 12.1 811 27% 
500+ 71.2 8.5 5.1 1.7 3.4 10.2 59 2% 
UNKNOWN 65.8 6.2 4.3 4.4 5.5 13.9 687 23% 

Total 64.5 7.9 4.0 3.9 3.9 15.8 2995 
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%N in 
Depth 

Depth 0 1 2 3 4 5 N Class 

Alluvial 

0-49 62.4 4.7 4.3 5.1 3.3 20.3 489 10% 
50-99 61.3 8.1 4.5 4.9 4.8 16.3 750 16% 

100-149 64.0 8.2 5.0 4.7 3.2 15.0 881 19% 
150-499 70.3 6.5 4.1 3.5 3.1 12.6 1270 27% 
500+ 82.8 4.0 4.0 1.0 2.0 6.1 99 2% 
UNKNOWN 68.7 6.7 4.8 3.4 3.7 12.7 1201 26% 

Total 66.7 6.9 4.5 4.0 3.5 14.3 4690 

Non-A 11 uvia 1 

0-49 59.9 7.7 2.8 3.7 3.1 22.7 352 10% 
50-99 56.9 11.1 4.0 4.9 4.8 18.3 569 17% 

100-149 60.3 7.6 5.7 5.0 4.9 16.5 595 17% 
150-499 65.4 8.7 4.6 4.1 3.9 13.3 1050 31% 
500+ 75.0 7.1 3.6 1.2 3.6 9.5 84 2% 
UNKNOWN 64.8 7.0 5. 1 4.1 5.7 13.4 790 23% 

Total 62.7 8.3 4.6 4.3 4.5 15.6 3440 

Non-Karst (Shallow and Deep Bedrock) 

0-49 60.6 6.0 3.9 4.1 3.0 22.5 739 11% 
50-99 59.4 9.8 4.1 4.7 4.7 17.5 1053 16% 

100-149 62.2 7.8 5.8 4.9 4.0 15.4 1112 17% 
150-499 69.9 7.5 3.9 3.4 3.2 12.2 1859 28% 
500+ 80.0 4.9 4.2 1.2 2.4 7.3 165 2% 
UNKNOWN 68.4 6.4 4.3 3.6 4.5 12.8 1762 26% 

Total 65.8 7.4 4.4 3.9 3.9 14.7 6690 

Total Area 

0-49 61.4 6.0 3.7 4.5 3.2 21.3 841 10% 
50-99 59.4 9.4 4.3 4.9 4.8 17.1 1319 16% 

100-149 62.5 7.9 5.3 4.8 3.9 15.6 1476 18% 
150-499 68.1 7.5 4.3 3.8 3.5 12.9 2320 29% 
500+ 79.2 5.5 3.8 1.1 2.7 7.7 183 2% 
UNKNOWN 67.2 6.8 4.9 3.7 4.5 13.0 1991 24% 

Total 65.0 7.5 4.6 4.1 4.0 14.9 8130 
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Appendix 9 0 Distribution of nitrate values (mg/1) at selected quantiles. 
Data was collected for 22 northeast Iowa counties from 
samples voluntarily sent to and analyzed by the University 
Hygienic Laboratory. 

Geologic setting and Quantil es 
Well Selecting Criteria 10% 25% 50% 75% 90% N 

Entire Study Area 

<50' 0 6 28 60 96 593 
50-99' 0 0 18 45 79 992 
100-149' 0 0 7 36 66 1082 
150-499 0 0 0 17 49 1726 
>500' 0 0 5 29 60 1522 

Total (all samples) 0 0 6 34 66 6040 

Karst area 

<50' 0 0 28 54 89 61 
50-99' 0 12 34 58 114 214 
100-149' 0 0 23 42 74 271 
150-499' 0 0 3 28 67 349 
>500' 0 0 0 19 50 14 
Unknown 0 0 22 43 85 195 

Total Karst 0 0 19 44 79 1104 

Bedrock, Shallow 

<50' 0 6 26 49 72 216 
50-99' 0 0 19 43 74 407 
100-149' 0 0 16 45 73 436 
150-499' 0 0 5 26 58 786 
>500' 0 0 0 3 21 71 
Unknown 0 0 7 30 58 803 

Total 0 0 9 36 65 2719 

Bedrock, deep 

<50' 0 6 33 69 Ill 316 
50-99 0 0 6 36 67 371 
100-149' 0 0 0 10 36 375 
150-499 0 0 0 0 16 591 
>500' 0 0 0 0 7 40 
Unknown 0 0 0 22 57 524 

Total 0 0 0 22 60 2217 
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Non-Karst 10% 25% 50% 75% 90% N 
(Bedrock Shallow & Deep) 

<50' 0 6 29 61 98 532 
50-99' 0 0 13 39 62 778 
100-149' 0 0 1 30 65 811 
150-499' 0 0 0 13 44 1377 
>500' 0 0 0 0 17 111 
Unknown 0 0 3 26 58 1327 

Total 0 0 5 30 64 4936 

Alluvial 

<50' 0 0 21 48 75 329 
50-99' 0 0 25 49 79 571 
100-149' 0 0 14 40 71 628 
150-499' 0 0 0 20 50 905 
>500' 0 0 0 0 17 63 
Unknown 0 0 7 31 63 897 

Total 0 0 12 40 71 2760 

Non-Alluvial 

<50' 0 9 40 71 111 264 
50-99' 0 0 9 39 76 421 
100-149' 0 0 0 28, 63 454 
150-499' 0 0 0 13 49 821 
>500' 0 0 0 4 31 62 
Unknown 0 0 0 29 58 625 

Total 0 0 3 30 67 2647 

All samples of known 
depth >50' 

Karst 0 0 18 42 77 848 
Bedrock, Shall ow 0 0 9 36 68 1700 
Bedrock, Deep 0 0 0 10 38 1377 

Total 0 0 3 30 63 3925 
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