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ABSTRACT

TheIowaDepartmentof Natural Resources (DNR), in conjunction with the University of Iowa,
Center for Health Effects of Environmental Contaminants (CHEEC), conducted the State-
Wide Rural Well-Water Survey (SWRL) between April 1988 and June 1989. The SWRL
survey provided astatistically valid assessment of the proportion of private rural wells and rural
Iowaresidents affected by various environmental contaminants. Previous reportsreviewed the
SWRL design, water-quality results, and relationships among individual site characteristics
and water-quality. Few site factors occur in isolation, hence, this report focuses on analysis
of combinations and interactions of site characteristics, well-siting and well-construction
features, and their relationship with water-quality, to refine possible causal associations. This
assessment also uses “gradient” measures to evaluate the associations of various factors at
varying distances from a well. If a point source is a major causal factor, its association with
contamination should be stronger as proximity to the well increases. Many trends and
associations are not statistically significant (at 95% confidence) but are presented if logically
consistent.

While several site/well system factors are associated with water quality, most are subordinate
to, or interrelated with the overriding factors of well (and casing) depth and well-construction
type. Shallow (<50 feet deep) wells of any construction type show the greatest proportions of
all contaminants. Large-diameter seepage wells, which are typically open to the water table,
account for over half of the wells that are <50 feet deep. Thus, they exhibit greater proportions
of contamination, particularly for total coliform positives. Drilled, cased wells are generally
much deeper and exhibit lower contamination rates. Drilled wells with less than 50 feet of
casing are functionally shallow wells, regardless of depth, and have contamination rates for
chemical constituents similar to state-wide averages. Drilled wells that are cement grouted are
generally deeper wells and show statistically better water quality. Older wells are often
presumed to produce water with greater contamination than younger wells, because of aging
effects on the well materials and/or less rigorous construction and siting considerations. But
this trend is inconsistent, not significant, and is confounded because older wells are also more
shallow and because a large percentage are seepage wells. There is no indication that wells
constructed after 1982 (initiation of new well-construction standards) produce any better water
quality than older cohorts, though the sample size of newer wells is small and little analysis
possible.

Sites with sealed wellheads show somewhat less contamination than average, while unsealed
wellheads are characterized by somewhat higher contamination rates. Large-diameter seepage
wells, even with a sealed well head or with pitless adapter (buried-slab) construction, still show



greater than average proportions of most contaminants. For drilled wells the difference between
sealed and unsealed conditions was more significant, but this accounts for only a small portion
of contaminated wells (about 1%). Water distribution and storage systems did notsignificantly
affect water-quality results, with the exception of the high proportion of coliform positives that
are associated with cisterns and other outside water-storage structures (even concrete tanks).
Sites where more than one operable well is present showed greater than average occurrences
for NO;-N >10mg/L and coliform positives. However, this is largely a function of the use of
multiple seepage wells at the majority of these sites. Sites with only one operable well were
dominated (70%) by deeper drilled wells.

Previous analysis of the SWRL datashowed minor differences in the rates of some contaminants
at sites with abandoned wells, no septic systems, or chemical storage on the property. When
these factors are stratified by distance to the water-supply well, and by number of abandoned
wells, consistent proximity effects are not apparent. For example, wells located within 15 feet
of chemical storage and handling areas are uncommon, occurring at <0.6% of rural sites, and
none of these wells contained pesticides or NO3-N >10mg/L. One of the most striking
associations is that water quality is significantly better in non-farm, suburban housing tracts
than agricultural areas. Even though the suburban wells are located closest to septic systems
they had significantly fewer sites with >10mg/L NO;-N and coliform positives. A prime
example of the confounding of variables is that wells with the greatest distance (>200 feet) from
septic tanks and chemical storage and handling areas often exhibited the greatest degree of
contamination. This relationship results from the high proportion of seepage wells in the
greatest distance categories. These wells tend to be located along waterways, or other areas
with a high water table (to promote seepage), often quite distant from houses, cattle-yards,
storage buildings and chemical-mixing sites. Site studies show that these wells are located an
average of one-quarter of a mile from such likely point-sources. While such wells are highly
susceptible to impacts from accidents and point sources, the majority are located so far from
such sources that there is limited potential for direct impact. Hence, these wells are “under-
represented” in point-source cases.

The effects of sinkholes or agricultural drainage wells (ADWSs) are not significant in a state-
wide context. Sinkholes were identified in the vicinity of only 2.1% of sites and only 0.6% of
sites were near ADWs. No sites with ADWs had pesticide detections or NO3-N >10 mg/L.

Onsite disposal of home and farm refuse shows no effect on water-quality in the SWRL survey.
For farmed sites neither the crop nor livestock enterprises, rates of N-fertilization, nor the
herbicides applied were reflected in the water quality at the on-farm well. However, these
patterns are relatively ubiquitous in Iowa. Neither methods norlocations of disposing of excess
pesticide formulation, rinseate, or pesticide containers exhibited any significant association
with water-quality results. Wellslocated in feedlots showedsignificantly higher concentrations
of nitrate, but not bacteria problems. Such sites comprise only about 3% of wells state-wide,
and account for only about 1% of the wells with >10 mg/L. NO;-N.

Sites thatreported the formulation of pesticides at a hydrant at or near the wellhead and/or spills
of pesticides wererelated to greater than state-wide averages for pesticide detections. However,
when the results are stratified by distance from the well, and by well depth and well type,
consistent proximity trends are absent. Sites where residents reported that all the herbicides



were custom applied showed the same proportion of pesticide detections as those where they
mixed all the herbicides on-site.

About 5.4% of farms reported spills, back-siphoning, or other accidents with pesticides and/
or fertilizers near their wells. As expected, these sites show a greater proportion of pesticide
detections. However, of the detections at these sites, only 36% contained the pesticide
involved in the mishandling incident. The relationship between the proximity (i.e., the actual
potential for an effect on the well) of mixing and handling of pesticides to the well-head and
pesticide detections, while inconsistent, does indicate a significant association within a
distance of about 50 feet. The high proportion of pesticide detections at sites where pesticides
are mixed (and spilled) within 50 feet of the well head stands up throughout the analysis of the
many confounding variables, e.g., the sites are not dominated by seepage wells or inordinately
shallow wells. This relationship is a strong indication that such handling, over time, haslikely
impacted these wells adversely. Spills and mixing near the wellhead still only explains a small
portion of the total occurrence of pesticides, however. When all detections from wells within
50 feetof mixing sites are considered, they account for about 1.5% of pesticide detections state-
wide; combined with other known spill and accident sites (whether the compound found was
related to the spill or not), they account for about 3-3.5% of detections state-wide (of the 13.6%
measured). Such detailed analysis is requisite for understanding the magnitude of such
impacts. While there islittle question that point-source problems (e.g., spills, back-siphoning,
repeated mishandling near a well) occur and contaminate wells, it is easy to overstate their
occurrence from anecdotes. The estimates of the extent of such incidents derived from the
detailed data collected in the SWRL study are similar to the values derived from other detailed
field investigations inTowa. The review of sites where pesticide concentrations exceeded HALs
provided similar insights: 25%, were clearly “point- source” cases, one a spill and one back-
siphoning accident; the majority, 62.5%, were probable nonpoint sources related to pesticide
occurrences in shallow groundwater; 1 case, 12.5%, was equivocal.

Neither simple proximity nor susceptibility are cause and effect. Neither the proximity of
handling and mixing to a well, nor the use of a susceptible well-type dictate that point sources
are the cause of a pesticide detection. The continuing analysis of the SWRL survey data
reinforce prior findings, that: 1. point-source problems clearly contribute to the occurrence of
pesticides in water-supply wells; but, 2. they account for a small portion of the problems; and,
3. nonpoint sources also account for many pesticide detections in water-supply wells, which
is supported by other detailed research.






INTRODUCTION

As part of the implementation of the Iowa
Groundwater Protection Act of 1987 the Iowa
Department of Natural Resources (DNR), in con-
junction with the University of Iowa, Center for
Health Effects of Environmental Contaminants
(CHEEC), conducted a survey of the quality of
private drinking-water supplies used by rural Io-
wans. Overall responsibility for project manage-
ment was shared by principal investigators from the
DNR and The University of Iowa, Department of
Preventive Medicine and Environmental Health
(PM&EH). The State-Wide Rural Well-Water
Survey (SWRL) was conducted between April
1988 and June 1989. Previous reports have pre-
sented the SWRL survey design and implementa-
tion (Hallberg et al., 1990), reviewed details of the
hydrologic conditions during the survey, the water-
quality results, statistical and hydrological rela-
tionships among water-quality parameters, and the
first-stage analysis of relationships amongsite char-
acteristics and water-quality findings (Kross etal.,
1990, 1992). Results were presented on both a
state-wide basis, and by individual hydrogeologic
regions. This report discusses further relational
analysis among site characteristics, well-siting and
construction features, and the water-quality data.

SWRL Review

A brief review of SWRL findings provides an
introduction and background for the further analy-
sis presented in this report. The SWRL survey was
designed to provide a statistically valid assessment
of the proportion of private rural wells and rural
Iowa residents affected by various environmental
contaminants. The survey was asystematicsample,
stratified by rural population density. SWRL de-
mographic data indicate the sample is clearly repre-
sentative of rural Iowans.

Primary samples were analyzed for total colif-
orm bacteria; nitrate (+nitrite)-N, ammonium-N,
and organic-N; major inorganic ions; 27 pesticides,
and 5 pesticide metabolites. Existing agency and
laboratory USEPA quality assurance, quality con-

trol plans were utilized and verified for SWRL.
SWRL collected and analyzed 1,048 water samples
from 686 sites.

The SWRL data provide a population-based
summary of the drinking water used by rural Io-
wans, and a cross-section of the quality of Iowa
groundwater. The variations in water quality ex-
hibited in the SWRL data, both regionally and
particularly with depth, show consistent and pre-
dictable geochemical patterns, which are related to
natural processes, contaminant sources, transport,
and age effects. Iowa well waters show near neutral
pH values, and dissolved ions are dominated by
calcium, magnesium, bicarbonate, and occasion-
ally sulfate. Mean concentrations for all ions,
except chloride (Cl) and nitrate (NO5-N), increase
or remain fairly constant with depth. The higher
concentrations of Cl and NO,-N at shallow depths
are related to their surficial sources. State-wide,
1.3 % of private well waters exceeded the USEPA
maximum contaminant level (MCL) for fluoride
(F), and 2.5% exceeded the secondary standard of
2 mg/L.

About 18% of Iowa’s private, rural drinking-
water wells contained NO;-N >10 mg/L, the rec-
ommended health advisory level (HAL); 37% of
wellshave >3 mg/L, typically considered indicative
of anthropogenic pollution. Approximately 14% of
wells had detections of pesticides: 16 pesticide
compounds were detected, including 11 parentcom-
pounds and 5 environmental metabolites; 16 pesti-
cides were not detected. Atrazine and its metabo-
lites were found in 8% of wells. Multiple residues
were detected in all regions of the state. The mean
concentrations were generally <1 ug/L. Lifetime
HALswereexceededin 1.2 % of private, rural wells
in Jowa.

Approximately 45% of the sites tested positive
for total coliform bacteria. Total coliforms are
ubiquitous constituents of soils, surface water, and
shallow groundwater and cannotbe equated to fecal
coliforms. Only 7% of water systems were positive
for fecal coliform bacteria. The only sound, general
interpretation of a persistent presence of total col-
iforms is that the water system is allowing interac-
tion with soil, soil-water, shallow groundwater, or
possibly surface water. This can indicate that the



system is prone to other forms of contamination.

Individually, or in combination, nearly 55% of
rural water supplies exhibited total coliform posi-
tives, NO;-N >10 mg/L, and/or pesticide detec-
tions. For fecal coliforms, this reduces to about
30% of well-water supplies. Basedon 1980 Census
data, about 130,000 rural Iowa residents consume
drinking water from private wells with >10 mg/L,
NO;-N; 94,000 use water with one or more pesti-
cides; 5,400 use water with a pesticide concentra-
tion above an HAL.

Statistical analyses show significant associa-
tions between many water-quality parameters (€.g.,
between nitrate-N and pesticides) but based on
state-wide data these associations are not strong
predictors. By far the most significant factor
explaining water-quality variations is well depth.
An apparent relationship among total coliforms,
NO;-N, and pesticides is primarily a function of
their co-occurrence in shallow wells. Total colif-
orm bacteria are very poor predictors of these
chemical contaminants. If a prediction were based
on the presence of total coliform, the probability is
better that they would notoccur in the water supply.

The effects of sinkholes or agricultural drainage
wells are not significant in a state-wide context.
Sinkholes were identified in the vicinity of only
2.1% of sites and only 0.6% of sites were near
agricultural drainage wells (ADW). No sites re-
porting ADWs had any pesticide detections or
NO;-N >10 mg/L. Non-farm, suburban housing
tracts exhibited the most significant association
between landuse and water quality; proportion-
ately, these areas showed substantially fewer wells
with >10 mg/L NO;-N and total coliform bacteria.
Wells located <50 feet from septic systems, showed
lower nitrate and significantly fewer positives for
total and fecal coliform bacteria. These sites were
dominantly in the “suburban” areas as opposed to
agricultural areas.

Typical point-source problems affect a rela-
tively small proportion of wells state-wide. Wells
located in feedlots had significantly higher concen-
trations of nitrate, but not bacteria problems. Such
sites comprise only about 3% of wells state-wide,
and account for only about 1% of the wells with>10
mg/L NO;-N. Sites where herbicides have been

mixed within 15 feet of the well showed greater
pesticide detections, but again the proportion of
wells is low, about 3%, state-wide. Wells located
within 15 feet of chemical storage and handling
areas are uncommon, occurring at <0.6% of rural
sites, and none of these wells contained pesticides
or NO;-N >10 mg/L.

About 5.5% of private water wells inIowa have
experienced a spill or back-siphoning accident with
pesticidesor fertilizers. These sites exhibitagreater
proportion of pesticide detections and high nitrate
concentrations than average, as expected, but at the
majority of sites the pesticides detected were not
those involved in the accident. Sites exceeding
HALSs for pesticides occurred throughout the state.
These sites were dominated by shallow wells; one
deep well was involved and this was a point source
case which could affect a well of any depth. Two of
the sites, 25%, are clearly “point source” cases, one
a spill and one back-siphoning accident (alachlor
and trifluralin); the majority, 62.5%, are probable
nonpoint sources related to pesticide occurrences in
shallow groundwater (alachlor and atrazine); 1
case, 12.5%, is equivocal (atrazine).

Well depth is the major variable affecting the
potential for surficial contaminants to enter a well.
The degree of contamination is far greater in shal-
low wells and significant contamination occurs in
wells up to 100 feet deep. Wells <100 feet deep
comprise 50% of wells state-wide and account for
70% of total coliform positives, 80% of fecal
coliform positives, 64% of pesticide detections and
total atrazine detections, and 89% of wells with
NO;-N >10 mg/L. In NE Iowa contamination
extends to greater depth because of deeper ground-
water circulation (Fig. 1). The greatestproportions
of contaminated wells occur in the SC, SW, and
NW regions, paralleling theregional dependenceon
shallow wells. As alternative water sources are
limited in these regions nearly 75% of wells are
<100 feet deep and dominantly large diameter
seepage wells.

Certain factors of well construction or place-
ment may afford easy entry of shallow, contami-
nated groundwater, but these factors are not causes
of contamination. If the contaminants were not in
the environment they would not get into the soil
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Figure 1. Generalized hydrogeologic regions
(bold outlines) used to summarize data in the
SWRL reports.

water and groundwater, or the well. Remediation of
well construction or replacing current wells with
deeper wells would undoubtedly reduce nitrate and
pesticide contamination in many locations, but this
would not address the cause of the contamination.

DATA ANALYSIS AND
PRESENTATION

The data on site and well construction charac-
teristics were derived from on-site observations and
measurements by DNR and PM&EH staff who
conducted the field well-water sampling and from
detailed questionnaires filled out through inter-
views withsiteresidents (and/or siteowners). Table
1, repeated from Kross et al. (1990, Table 76), is

illustrative of the first-stage analysis presented in -

priorreports. Itsummarizes observationsby SWRL
field staff concerning local 1anduse surrounding the
wells in relation to summary water-quality results.
These observations illustrate some of the complexi-
ties of assessing environmental-site factors and
some conventions that will be used throughout this
report. The first-stage analyses presented results
for each factor individually, to begin to assess if
certain factors may be associated with well con-
tamination. Few factors occur in isolation, how-
ever. Typically there are many inter-related and
confounding variables. For example, most wells

with a feedlot in the adjacent vicinity will also have
rowcrops nearby; many wells with forested areas or
woodlots nearby will also be counted in some other
landuse category. This report will focus on interac-
tions, or combinations of factors, to further refine
and isolate possible associations. Many factors, or
categories of the site inventories, were set up to
provide a “gradient” analysis, as shownon Table 1.
If, for example, a given landuse occurring within a
0.5 mile radius exhibits a strong positive correla-
tion with nitrate contamination, this association
should be even stronger when that 1anduse is imme-
diately adjacent to the well. This is particularly the
case for well-head point sources.

To illustrate this initial assessment of possible
associations, the tables in this report (see Table 1)
show the state-wide proportions for the total SWRL
sample and for wells <50 feet deep affected by
various contaminants. The results shown for a
given category are the relative state-wide, popula-
tion-weighted proportions for that category only.
These relative proportions afford comparison with
the state-wide data. The state-wide proportion of
sites in a landuse or site-characteristic category is
also shown for perspective. While an association
between landuse and water-quality parameters may
have significance it may only explain a small por-
tion of the total state-wide occurrence. The results
summarized are also annotated with ++ and --
symbols. Data marked by a symbol are outside the
95% confidence interval (CI) for the state-wide
proportions; a single + or - indicates that the data
are between 1 and 5% outside the 95% CI (i.e.,
within a 90% CI); and two ++ or --, indicates they
are more than 5% outside the 95% CI. These
annotations provide aready summary of thelevel of
significance of the deviations shown. Various sta-
tistical methods were used to evaluate associations
and predictive relations, including: SAS-General
Linear Models; repeated measures analysis of vari-
ance; regression analysis, serial correlations;
Spearman rank correlations; t-tests; and logistic
probability analyses. The use of these methods is
described in more detail in Kross et al., 1990.

As shown on Table 1, aggregated landuse adja-
cent the SWRL wells is, in part, too complex, and,
in part, too invariant to provide definitive relation-



Table 1. Well-site landuse observations and water-quality data.

Proportion Wells with Wells with Welis with Waells with
of sites total coliform any pesticide any atrazine >10 mg/L
Well age/Well type in category detected detection detection nitrate-N
% % % % %
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3%
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1%
Landuse within a 0.5 mile radius Relative state-wide proportions in each category:
adjacent to the well:
feedlot; 40% 45% 15% 10% 26% +
farmland; 96% 45% 13% 8% 18%
rowcrop; 94% 44% 13% 8% 19%
pasture; 66% 47% 15% 8% 19%
forested; 22% 47% 14% 10% 18%
non-farm, "suburban”
houses; 6% 31% -- 17% 16% ++ 20%
chemical handling/
storage facility; 2% 56% ++ 24% ++ 14% + 29% ++
other; 15% 50% + 13% 5% - 22% +
Landuse in the area immediately
adjacent to the well:
feedlot; 29% 44% 15% 1% + 24% +
farmland; 79% 43% 14% 9% 20%
rowcrop; 72% 42% 15% 9% 20%
pasture; 47% 47% 1% 6% - 17%
forested; 13% 47% 7% - 6% 17%
non-farm, "suburban”
houses; 3% 14% - 13% 1% 8% -
chemical handling/
storage facility; <1% Can't compute, sample too small.
other; 23% 49% 13% 7% 20%

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95%
confidence intervals; + + and -- indicate proportions 5% above or below the 95% state-wide confidence

intervals.



ships between land use and water quality. A few
trends are apparent. The most prominent is the
contrast between wells in farmland and rowcrop
areas and those in suburban housing tracts. The
wells associated with suburban housing tracts show
significantly fewer detections of >10 mg/L NO;-N
and total coliform bacteria. This reduced occur-
rence becomes more pronounced moving from the
0.5 mile radius to the immediate vicinity of the
wells. Curiously, these same sites show somewhat
greater than average detectionsof atrazine atthe 0.5
mile radius, but when viewed from the immediate
vicinity of the wells this association is no longer
significantly different than the state average.

At the 0.5 mile radius, the occurrence of chemi-
cal handling and storage facilities is associated with
a greater proportion of all contaminants, coliform
bacteria, nitrate, and pesticides. There is no logical
relationship for the bacteria with such sites, how-
ever. Along the gradient to the immediate vicinity
of the wells, this association becomes unclear. As
shown on Table 1, there are too few sites with
chemical handling or storage in the immediate
vicinity of the wells (< 1%) to make meaningful
estimates. However, none of these sites had any
pesticides detected nor did any have NO,;-N >10
mg/L. This suggests that the 0.5 mile association is
a function of an inter-correlation with other factors,
such as well depth, for example. As noted, this
reportwill focusoninteractions, or combinations of
factors, to further refine and isolate such associa-
tions and possible causal factors.

WELL AND WATER SYSTEM
FACTORS

As discussed in previous reports (Kross et al.,
1990), well depth is one of the most important
factors affecting the quality of the derived well
water. This section will discuss other aspects of
well and water-supply systems that may have modi-
fied the effects of well depth, or otherwise affected
water quality results from the SWRL survey.

Well-Construction Type

Three general types of water-supply wells are
used in rural Jowa. These include small-diameter
(<8") drilled wells (approximately 62% of wells
state-wide),which are typically cased to some depth
with iron or plastic pipe; large-diameter (>18")
bored (or “dug”) wells (34%), which are generally
seepage wells completed in slowly permeable gla-
cial materials and lined with stacked concrete tiles
(seeKross etal., 1990); and driven sand-point wells
(4%). Virtually all of the driven sand-point wells
and large-diameter bored wells sampled were <100
feet deep. Approximately 90% of sand-points and
65% of the bored wells were <50 feet deep. Nearly
80% of all drilled wells were >100 feet.

Table 2 relates water quality to well-construc-
tion type and to well depth. Sites with drilled wells
had significantly lower detections of coliforms than
the state-wide proportions, regardless of well depth.
Proportions of pesticide detections and nitrate-N
>10 mg/L for samples from drilled wells <100 feet
deep were comparable to state-wide averages, but
were less than state-wide proportions for drilled
wells >100 feet deep. None of the drilled wells <50
feet deep contained detectable atrazine (compared
with 10% of shallow wells state wide), but very few
wells were in this depth/construction class.

Proportions of contaminated sand point and
bored wells exceeded the state-wide confidence
limits in nearly all cases, regardless of depth. One
exception is the small percentage (8%) of sand-
point wells <50 feet deep that contained coliform
bacteria. This may seem surprisingly low because
sand-point wells are generally very shallow and are
only used in areas with a shallow water table.
However, because of their ease of installation sand-
points are typically driven to some depth below the
water table, thereby reducing the likely occurrence
of generictotal coliforms. Forlarge-diameter bored
wells, total coliform detections were very high and
decreased only slightly with depth, from 87% of
wells <50 feet deep to about 70% of wells 100 to
150 feet deep. Pesticide detections and nitrate con-
centrations were somewhat greater from bored
wells in the 50-99 foot depth range than from those
<50 feet deep. Most large diameter wells, regard-



Table 2. Water-quality data summarized by well type and well depth.

Proportion Wells with Waells with Wells with  Wells with Mean
of sites total coliform any pesticide  any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
State-wide proportions from:
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:
Driven sand point wells:
less than 50 ft. 90.1% 8.3% -- 23.3% ++ 23.3% ++ 36.6% ++ 10.1
50-99 ft. 9.9% . * * * *
100 ft. or greater 0.0%
(Approx. 4% of wells state-wide) All 11.0% -- 23.0% ++ 19.0% ++ 36.0% ++ 9.6
Small diameter drilled wells:
less than 50 ft. 4.2% 32.0% -- 16.7% <0.1% -- 19.4% 4.9
50-99 ft. 16.2% 35.5% -- 11.9% 6.8% 15.8% 5.4
100 ft. or greater 79.6% 26.8% -- 9.2% - 5.4% 3.5% -- 1.4
(Approx. 62% of wells state-wide) All 27.0% -- 10.0% - 6.0% 7.0% -- 2.3
Large diameter bored or dug wells:
less than 50 ft. 64.3% 87.3% ++ 16.9% 8.0% 37.4% ++ 12.2
50-99 ft. 33.1% 73.6% ++ 20.7% + 17.4% ++ 45.3% ++ 16.6
100 ft. or greater 2.6% 68.9% ++ 18.9% + 18.9% ++ 18.9% 2.8
(Approx. 34% of wells state-wide) All 83.0% ++ 19.0% + 11.0% + 38.0% ++ 13.0
Proportion of well types used for water supplies by hydrogeologic region:
NE (1) E (2) SC (3) SW (4) NW (5) NC (6)
Driven sand point wells: 2.0% 5.0% 3.0% 9.0% 9.0% < 1.0%
Small diameter drilled wells: 97.0% 81.0% 25.0% 31.0% 29.0% 80.0%
Large diameter bored/dug wells: < 1.0% 14.0% 73.0% 59.0% 63.0% 20.0%
% wells , 100 feet deep: 9.0% 33.0% 79.0% 80.0% 74.0% 39.0%
(Approx. 49% state-wide)
Median well depth, feet: 190 130 40 40 40 130

(Approx. 110 feet, state-wide)

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence interval;
+ + and -- indicate proportions >5% above or below the 95% state-wide confidence intervals.
* Too few wells in category to calculate.
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Table 3. Proportion of wells by well depth; mean well depths; and mean casing depths; state-wide and by
hydrogeologic regions (for sites reporting both well depth and casing depth).

Well depth Statewide ------------------ Hydrogeologic region - - - - - == ==-------------

NE (1) E (2) SC (3) SW (4) NW (5) NC (6)

_ Proportion of wells in well-depth category with reported casing depth
< 50 ft. 10% 2% 6% 30% 20% 6% 8%
50-99 ft. 18% 8% 18% 1% 31% 18% 24%
100-149 22% 19% 25% 37% 13% 17% 21%
150-199 14% 18% 20% 4% 0% 0% 13%
200-299 21% 25% 21% 0% 24% 23% 20%
> = 300 ft. 16% 28% 1% 18% 11% 35% 16%
mean well depth (ft) 183 290 167 149 176 240 177
mean casing depth (ft) 149 181 140 116 173 224 152

Mean casing depth (feet) by well-depth category

< 50 ft. 28 21 28 21 34 15 32
50-99 ft. 68 19 72 7 68 26 67
100-149 110 65 112 96 137 59 109
150-199 134 103 137 36 - - 123
200-299 193 106 173 - 245 228 225
> = 300 ft. '331 357 277 158 305 393 343

% wells that have a difference between well depth and casing depth of > 25 ft

29% 69%

26%

17% 9% 6% 27%

less of depth, are seepage wells that are open to the
water table and are therefore susceptible to any
contaminant that can move from the 1and surface to
the water table. In addition, the permeability of the
glacial deposits that these wells tap generally de-
creases with depth, and most of the groundwater
flowing into the bored wells typically comes from
near the water table. Therefore, the quality of water
from bored wells does not dramatically increase
with greater well depths.

Well Casing

The effect of well depth on water quality is
modified by the depth of casing present in the well.
As discussed in Kross et al. (1990), a majority of
rural residents give generally accurate information
on the depth of their well, but only a minority are
aware of the amount of casing in the well. Table 3
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summarizes the available information on casing
depths for SWRL wells. Large-diameter bored
wells are generally lined with concrete tiles, and are
not considered to be cased. Therefore, Table 3
summarizes information from small-diameter drilled
wells.

Casing depths were reported by residents for
about 35% of all wells state wide. Proportionately
more informationis available for the NE,E,and NC
hydrogeologic regions because of the higher per-
centage of drilled (and cased) wells in these areas.
State-wide, cased wells have an average depth of
183 feet, and have an average of 150 feet of casing.
Regionally, cased-well depths vary from 150 feetin
the SC region to 290 feet in the NE region. Casing
depths vary from 116 feet in the SC region to 224
feet in the NW region. The small number of cased
wells and therelatively great casing and well depths
for the SW and NW regions are a result of the



Table 4. WAKZ _8B. Visgiyssiowliphand casing depth (for sites reporting casing depth).

Iwin Wswith  Wells with Wells with  Wells with Mean
fis wwibm any pesticide  any atrazine >10 mg/L nitrate-N
Observations: oy datoted detection detection nitrate-N concentration
ook % % % mg/L
Total SWRL sample: :olqgewnple W Uik 13.6% 8.0% 18.3% 6.2
Wells < 50 ftdeep: :qee e¢ [ I 17.9% 9.6% 35.1% 11.2

Rdstive state-wide proportions in each category:

Well depth: hpindwels, by well-depth, for sites with reported casing depth;

all depths 005 308k .- 9.9% - 6.2% 8.7% -- 2.8
< 50 ft. W - 13.0% 4.3% - 17.4% 4.6
50-99 ft. % 95% 14.0% 14.0% + 23.3% + 6.6
> = 100 ft. 1% 8% 8.6% - 4.6% - 4.0% -- 1.4

houtusbyreported casing depth;

Casing depth:
< 50 ft. % 9% .. 15.8% 5.3% 21.1% 6.7
50-99 ft. 1% 0% - 13.2% 13.2% + 17.0% 4.4
> = 100 ft. % . 7.3% - 4.0% - 2.6% -- 1.1

+ and - indicate r ¥ ¥ ss—ateuinmintinikwen 1 and 5% above or below the state-wide 95% confidence
intervals; + + aness ——+ ai-piniidne or below the 95% state-wide confidence intervals.

geologic setting in - rxi  Z indeesluriinsin
these areas utilize = 91 z¢ Sill/ydnirwels,
becausebedrock aqur p s =< aqutmnsdyistirey
deeply buried. Whexo ol \PVhethniiligar] nis
or the Dakota aquik Ly p ss=aquir s rsmle
depths, drilled wel Iowwr  welsuwi el ae
generally cased frooxx R fuontudehieaier
because they penet-3o . rx==nel iy
tively fine-textured _ >o-x_ed gl bwdpsis
would cause wells 2 IT<lls bl i
uncased. Well deptis g - eplhsubiifl el caing
depths in these we~xr == welshum vl ipls
exceed casing depthrly = eplshymiliiNim
Here, competent caras D 3t catumkrtbiniiokis
present at relatively~g Io~a=elytnilialigos
ings are not as neces=29 = cesyirhsem
open. Some older waxr 1> _erweliiiuresioly
a short distance intO¥cxk = infomeodk fevel
boreisleftopento d> oF _ todpibiniimighe
well shaft.

12

Table 4 relates water quality to the depth and
casing depth of cased wells. Several overall trends
are apparent in the data. First, cased wells tend to
exhibit less contamination relative to state-wide
averages, particularly with respect to nitrate and
coliformbacteria. Second, contamination decreases
significantly with increasing well and casing depth.
Cased wells in excess of 100 to 150 feet deep, and
with over 100 feet of casing, are proportionately
less affected by nitrate, atrazine, or other pesticides,
relative to wells state wide. Shallower wells with
less casing show proportions of these contaminants
that are similar to state wide data. Cased wells in
general havelesscoliform contamination than wells
state-wide, but the proportion of wells with detect-
able coliforms is not strongly related to well or
casing depth.



Table 5. Well age observations (state-wide by decade) and water-quality data.

Proportion Wells with Wells with Wells with ~ Wells with Mean

of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N

Well age in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:

1982 to present 10.5% 18.4% -- 8.2% 6.1% 8.2% -- 3.0
1980 to present 16.7% 24.4% -- 12.8% 7.7% 9.0% -- 3.1
1970-1979 23.8% 32.7% -- 12.7% 6.4% 13.6% - 3.7
1960-1969 16.6% 40.3% 14.3% 7.8% 10.4% -- 5.0
1950-1959 15.3% 36.6% - 11.3% 9.9% 14.1% - 4.7
1940-1949 6.5% 46.7% 16.7% 10.0% 10.0% -- 3.3
1930-1939 7.5% 71.4% ++ 17.1% 8.6% 25.7% + 10.6
pre-1930 13.6% 63.5% ++ 11.1% 4.8% - 30.2% ++ 8.7

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

Well Age

As well and water systems become older, com-
ponents of the system may deteriorate. Defects,
such as cracked casings, may allow water at the
land surface or shallow groundwater to enter the
wells and introduce contaminants. This may mea-
surably affect the quality of the water older wells
produce, particularly if the volume of shallow water
entering the well is significant, relative to the vol-
ume of water pumped from the well. Relationships
summarizing the age of well installation by decade
are analyzed below. Summary data are also pre-
sented for wells installed before and after 1982. In
1982, new well-construction standards were estab-
lished in Iowa; presumably better well construction
should result in improved water quality (see Iowa
Administrative Code, Environmental Protection
[567]. Chapter 49, Nonpublic Water Wells).

There is an apparent relationship between well
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age and water quality, if the age of construction is
assessed inisolation. State-wide, wells constructed
before 1940 have the highest rates of coliform
detection and nitrate >10 mg/L (Table 5), but show
slightly lower atrazine detections than average.
There are, however, inter-relations with other well
factors. Table 6 summarizes the well age data by
hydrogeologic region and mean well depth. There
is no appreciable difference in the mean well age
among regions, though the SC, SW, and NW
regions have a greater proportion of pre-1940 wells
than other areas. In these areas about 28% of all
wells were installed before 1940. The mean well
depth is also lowest for the 1930-1939 and pre-
1930 classes. Hence, there is an interaction with
well depth and, as can be inferred from the regional
distribution, well construction type. For the pre-
and post-1982 wells, the 1982-to-present wells
actually are more shallow than average in four of
the six regions, particularly in the areas where



Table 6. Well age (year of construction) and mean well depth, by hydrogeologic region.

State-wide
Construction State-wide  ----------------- Hydrogeologic region - - - - - - - - - - - - - ---- mean well
year NE (1) E(2) SC (3) SW (4) NW (5) NC (6 depth, ft
1982 to present 10.5% 11.2% 12.9% 7.9% 7.9% 2.7% 12.8% 157
pre-1982 89.5% 88.8% 87.1% 92.1% 92.1% 97.3% 87.2% 147
1980 to present 16.7% 16.7% 20.0% 19.3% 11.9% 10.8% 15.5% 156
1970-1979 23.8% 18.3% 22.6% 22.6% 29.6% 21.6% 24.7% 174
1960-1969 16.6% 22.1% 16.7% 11.8% 13.6% 27.0% 14.2% 179
1950-1959 15.3% 19.5% 14.8% 13.1% 11.3% 10.9% 19.4% 152
1940-1949 6.5% 4.3% 6.5% 6.7% 5.8% 2.7% 10.5% 121
1930-1939 7.5% 9.3% 6.4% 7.9% 12.4% 16.2% 4.0% 87
pre-1930 13.6% 9.8% 13.0% 18.6% 15.4% 10.8% 11.7% 101
Mean construction year 1958 1959 1959 1956 1955 1957 1958
Mean well depth, feet
1982 to present 157 139 167 36 68 31 226
pre-1982 147 242 165 84 98 121 149

Table 7. Well age and well-construction type.

Well Age State-wide

(Year constructed)

Sand-point

Drilled

Large-diameter
Bored/dug

% of wells, by well type, in age class:

1982 to present 10.5% 31.6% 12.5% 3.1%
1980 to present 16.7% 42.1% 19.2% 7.0%
1970-1979 23.8% 10.5% 26.0% 19.4%
1960-1969 16.6% 5.3% 18.9% 13.2%
1950-1959 15.3% 21.1% 15.4% 14.7%
1940-1949 6.5% 15.8% 5.4% 7.0%
1930-1939 7.5% 5.3% 4.8% 14.7%
pre-1930 13.6% 0.0% 10.3% 24.0%

Mean well

depth, feet % of well types in well-age class:
1982 to present 157 13.0% 80.0% 6.9%
1980 to present 156 10.2% 79.3% 10.4%
1970-1979 174 1.9% 74.9% 23.2%
1960-1969 179 1.3% 75.8% 23.0%
1950-1959 152 5.7% 66.8% 27.6%
1940-1949 121 7.5% 63.2% 29.3%
1930-1939 87 3.2% 41.2% 55.6%
pre-1930 101 0.0% 51.3% 48.7%
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Table 8. Well age, well-construction type, and water-quality data.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Well age/Well type in category detected detection detection nitrate-N  concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:
1982 to present
Driven sand-point wells 13.0% 0.0% -- 0.0% -- 0.0% -- 0.0% - 3.3
Small-diameter drilled wells 80.0% 12.8% -- 7.7% - 5.1% 7.7% - 2.7
Large-diameter bored wells 6.9% 100.0% ++ 25.0% ++ 25.0% ++ 25.0% 7.5
pre-1982
Driven sand-point wells 3.2% 7.7% -- 23.1% ++ 23.1% ++ 38.5% 11.3
Small-diameter drilled wells 66.2% 28.9% - - 11.0% 5.9% 5.5% - 2.0
Large-diameter bored wells 30.6% 79.2% ++ 18.4% - 9.6% 37.6% 121

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

large-diameter seepage wells are dominant.

Table 7 shows the relationships between well
age and well construction type. About 50% of the
pre-1940 wells are large diameter wells, compared
to 34% state-wide (for all regions, all ages). Over
time, these large-diameter seepage wells have been
replaced in many areas by more modern drilled
wells. About 39% of all the large-diameter wells
predate 1940; about 46% were installed prior to
1950, compared to only about 20% of the drilled
and sand-point wells.

There is no indication that wells installed after
1982 are producing better quality water than their
older counterparts, though the sample size for the
newer wells is so small thatlittle analysis is possible
(Table 8). When theinteractionof age and well type
is reviewed in detail (Table 9) there is no clear
indication of a consistent trend of degrading water
quality with increasing well age, especially in the
case of large-diameter wells. For these seepage
wells, 90% of the samples from systems with wells
older than 1930 are positive for total coliform; 89%
of samples from wells installed since 1980 are

15

positive. While there is a greater proportion of the
oldest seepage wells with >10mg/L NO;-N, the
trend is not consistent (the 1940s group exhibits
lower proportions), and the proportion with pesti-
cide detections is lower. Small-diameter drilled
wells exhibit an inconsistent trend of increasing
coliform detections with age (by decade), but no
other apparent trends stand out (Table 9). Even
with this trend, the samples from pre-1930 wells
showed lower coliform positives than the 1930-
1939 or 1940-1949 groups. This relationship also
involves well depth; the average depth of wells in
the pre-1940 groups is less than the younger wells.

While the effects of aging on wells and water
delivery systems can allow contaminants into an
otherwise sound well or water system, these effects,
on an aggregate basis, are overshadowed by the
simple factors of well-construction type and well
depth. Older drilled wells show somewhat greater
proportions of total coliform positives, as mightbe
expected. There is no apparent associationbetween
ageand chemical contaminants; well depthand well
type (which are also inter-related) remain the domi-



Table 9. Well age, well-construction type, and water-quality data.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Well age/Well type in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:
1982 to present
Driven sand-point wells 13.0% 0.0% -- 0.0% -- 0.0% -- 0.0% -- 3.3
Small-diameter drilled wells 80.0% 12.8% -- 7.7% - 5.1% 7.7% -- 2.7
Large-diameter bored/dug wells 6.9% 100.0% ++ 25.0% ++ 25.0% ++ 25.0% + 7.5
1980 to present
Driven sand-point wells 9.2% 0.0% -- 28.6% ++ 28.6% ++ 28.6% ++ 7.3
Small-diameter drilled wells 78.9% 16.7% - 11.7% 5.0% - 6.7% -- 2.3
Large-diameter bored/dug wells 11.8% 88.9% ++ 11.1% 11.1% + 11.1% - 4.0
1970-1979
Driven sand-point wells 1.9% 0.0% -- 0.0% -- 0.0% -- 50.0% ++ 9.2
Small-diameter drilled wells 75.0% 23.5% -- 12.3% 7.4% 6.2% -- 1.4
Large-diameter bored/dug wells 23.0% 64.0% ++ 16.0% 4.0% - 36.0% ++ 10.1
1960-1969
Driven sand-point wells 1.3% Sample too small to calculate 5.5
Small-diameter drilled wells 76.6% 27.1% -- 13.6% 8.5% 3.4% -- 1.6
Large-diameter bored/dug wells 22.1% 88.2% ++ 17.6% + 5.9% 35.3% ++ 10.6
1950-1959
Driven sand-point wells 4.3% 0.0% -- 33.3% ++ 33.3% ++ 33.3% ++ 5.3
Small-diameter drilled wells 68.6% 22.9% -- 4.2% -- 2.1% - 4.2% -- 2.3
Large-diameter bored/dug wells 27.1% 78.9% ++ 26.3% ++ 263% ++ 36.8% ++ 10.3
1940-1949
Driven sand-point wells 7.4% 0.0% -- 0.0% -- 0.0% -- 0.0% -- 8.9
Small-diameter drilled wells 63.0% 41.2% 59% -- 5.9% 59% -- 2.2
Large-diameter bored/dug wells 29.6% 75.0% ++ 37.5% ++ 12.5% + 12.5% - 3.8
1930-1939
Driven sand-point wells 2.9% Sample too small to calculate 9.1
Small-diameter drilled wells 42.9% 60.0% ++ 13.3% 0.0% -- 6.7% -- 2.2
Large-diameter bored/dug wells 54.3% 78.9% ++ 21.1% + 15.8% ++ 421% ++ 16.5
Pre-1930
Driven sand-point wells 0.0% No occurrences
Small-diameter drilled wells 50.8% 37.5% - 9.4% - 6.3% 9.4% -- 4.2
Large-diameter bored/dug wells 49.2% 90.3% ++ 12.9% 3.2% - 51.6% ++ 13.1

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;

+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.
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Table 10. Responses to Question 7h (“Is the well grouted?””), and water-quality data.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:
Is well grouted?
YES; 11.5% 26.3% - - 6.6% - 5.3% 3.9% -- 2.8
NO; 61.0% 54.4% ++ 16.7% 10.3% 24.8% -+ 7.7
DON'T KNOW 27.5% 31.7% -- 10.4% 4.9% - 10.9% - 4.5

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions >5% above or below the state-wide 95% confidence intervals.

nant factor associated with nitrate and pesticide
occurrence in well water supplies. In summary,
trends with age, either by decade or by year, were
not statistically significant in aggregate or within a
well-construction category.

Grouting

Wells that are “grouted” have cement (and/or
bentonite) placed in the annular space between the
well casing and the drilled bore hole. Grouting has
become a commonly-used method of sealing small-
diameter drilled wells. Grouting also serves to
support the casing, prevent soil or rock from caving
into the well, and to prevent water at the surface and
shallow groundwater from entering the well. Some
drilled wells, particularly older wells, were some-
times grouted with local soil materials. Large
diameter bored wells and sand points are, by nature
of their design, rarely grouted. Therefore, wells
described as grouted for SWRL are relatively new
drilled and cased wells. Newer bored wells are
sometimes constructed using techniques that seal
the wellhead and uppermost well bore in a manner
analogous to grouting.

Table 10 presents water quality data catego-
rized by the presence or absence of grout, based on
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owners comments and field inspection. Grouted
wellsproduced groundwater with significantly lower
coliform detections and nitrate concentrations, and
somewhat lower pesticide and atrazine detections.
Ungrouted wells showed higher than state-wide
proportions for these contaminants. Ungrouted wells
include virtually all bored and sand-point wells;
these are open to the water table and therefore
produce the most recently recharged, and most
likely contaminated, groundwater. Undoubtedly
morewellsinthe “no” category belonginthe “don’t
know” category, because of the uncertainties in
verifying the presence or absence of cement groutin
many intact operating wells. The trend does verify
an expected pattern of lower total coliform in
grouted wells, which are typically deeper.

Other Well-Head Features

Simple first-stage analysis showed some asso-
ciation between water quality and other well-head
features, such as pump type (€.g., Table 80, Kross
etal., 1990). Butmany water-system and well-head
construction features are directly related to the type
of well. For example, sand points are generally too
small indiameter to accommodatecommonly-avail -
able submersible pumps, and above-ground pumps



Table 11. Well head features, well type and water-quality parameters.

Proportion Wells with Wells with Wells with Wells with Mean
of sites total coliform any pesticide any atrazine > 10mg/L nitrate-N
Observations: in category detected detection detection nitrate-N conc.
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:
Well-head features and well type:
Large diameter bored/dug wells:
Pitless adapter present - YES; 25.2% 78.2% ++ 27.3% + 14.5% + 32.7% ++ 123
Pitless adapter present - NO; 74.8% 55.0% ++ 16.8% 10.8% 41.3% ++ 13.7
Well head sealed - YES; 36.7% 82.1% ++ 15.4% 9.0% 34.6% ++ 13.0
Well head sealed - NO; 63.3% 81.3% ++ 22.3% + 13.7% + 41.0% ++ 13.1
Sealed frost pit - YES; 22.4% 87.8% ++ 14.3% 14.3% + 44.9% ++ 14.2
Sealed frost pit - NO; 77.6% 80.1% ++ 21.1% + 11.1% + 37.4% ++ 13.1
Unsealed frost pit - YES; 14.9% 81.3% ++ 21.9% + 18.8% ++ 43.8% ++ 15.2
Unsealed frost pit - NO; 85.1% 81.9% ++ 19.1% + 10.6% 38.3% ++ 12.8
Small diameter drilled wells:
Well head sealed - YES; 90.4% 24.7% - 9.2% - 5.2% - 6.4% - 2.4
Well head sealed - NO; 9.6% 41.0% 12.8% 5.1% - 7.7% - 2.3
Pitless adapter present - YES; 58.0% 22.2% - 8.8% - 5.0% - 7.2% - 25
Pitless adapter present - NO; 42.0% 31.8% - 11.6% 6.4% 5.9% - 2.4
Sealed frost pit - YES; 26.9% 33.9% - 8.9% - 3.6% - 4.5% - 2.7
Sealed frost pit - NO; 73.1% 23.1% - 10.4% 6.4% 7.4% - 24
Unsealed frost pit - YES; 10.4% 26.7% .- 20.0% + 13.3% + 6.7% - 2.3
Unsealed frost pit - NO; 89.6% 26.0% - 8.8% - 4.7% - 6.6% -- 24

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence
intervals; + + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

are almost always used with these wells. Over 85%
of drilled wells and more than one-half of all bored
wells are equipped with some type of submersible
pump. A number of wells, from 5% to 16% by the
different well types, have a pump jack present.
These were commonly used in the past, in conjunc-
tion with wind-mills, to lift water to the surface.
Virtually all the windmills have since been replaced
by electric motors. Associations among such fea-
tures and water quality parameters are generally
explained by their inter-relationship with the well

type.
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Table 11 describes well-head features that may
more directly affect water quality. The results
require an explanation of some of the inventory
protocols. Multiple questions were used on the
inventory forms during the on-site inventory per-
formed by DNR and PM&EH field staff to cover
the range of conditions likely to be encountered.
These questions also provide some cross-checks on
the consistency of trends. Some inventory ques-
tions could have been answered in multiple fashion.
Yes answers to, “was there a sealed frost pit,”
should show results similar to no answers to “was



there an unsealed frost pit.” Both questions were
not always answered during all inventories because
oftheredundancies. Sometermshave varied usage,
as well. “Pitless adapter” style construction is
commonly used to refer to a drilled well, that has a
sealed well-head and a submersible pump, no frost
pit at the well head, and that uses no storage or
pressure tank (i.e., the pump automatically pro-
vides water pressure). Where used for large-
diameter bored wells it may refer to “buried-slab”
construction or other styles of improved, sealed
construction. Also, a large-diameter well may not
have what is commonly thought of as a frost pit,
typically used with a drilled well to protect a pump
and the pump rod at the well head from freezing.
But it may have a pit, larger than the well-bore
itself, that provides access into the well.

The multiple questions, as noted, provide some
cross checks on trends. The most consistent usage
by field crews were for the general observations of
a sealed, protected well head. About 70% of sand
points, 90% of drilled wells, and 37% of bored wells
have sealed well heads. Bored wells commonly
have a removable cover made of concrete or wood.
These may effectively isolate the well head, but as
the covers are removable these wells were not
described by field crews as sealed. About one-third
of the drilled and bored wells, and about one-half of
thesand-points, werelocated infrostpits. From 6%
to 14% of the wells, dependent upon type, were
located in unsealed frost pits. Five per cent of
drilled wells and 8% of bored wells had openings in
their casing within a frost pit.

For most categories there is a somewhat greater
proportion of wells with contaminants for unsealed
well heads, asmightbe expected (Table 11). Large-
diameter seepage wells still show greater propor-
tions of contaminants in nearly all categories, in-
cluding where the well head was sealed or where
pitless adapter type construction was used. For
drilled wells the differences between sealed and
unsealed conditions were more pronounced, but in
sum this accounts for only a small portion of
contaminated wells (1% or less).
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Water Distribution and Storage System

Table 12 gives the proportions of responses
given by residents when they were asked where the
water from their well is initially pumped to, within
the water storage and distribution system, and
relates the responses to the water quality data. Over
90% of the responses indicated a pressure tank was
used. Half of the sites had pressure tanks located
within the house and at 16% the tank was housed in
another building. Twenty-six per cent utilized a
pressure tank located within the well pit itself.

There was no general relationship between this
aspect of the water-supply system and the range of
water quality characteristics. However, siteswhere
water was stored outside of the house, either in a
storage structure or a pressure tank, consistently
showed greater than average occurrence of total
coliform positives (Table 12). Even sites with
pressure tanks located in a building other than the
house had a slightly higher proportion of coliform
detections, relative to the state-wide data. Where
the water storage/pressure tank was inside the
house there was a lower proportion of coliform
positives.

Cisterns were utilized at 4.2% of sites state-
wide, and as might be expected, a high proportion
(75%) of these had coliform detections. Detections
of atrazine and nitrate-N >10mg/L were signifi-
cantly lower at these sites relative to state-wide
proportions, however. This is illustrative of the
problems encountered when using total coliforms
as indicators of other water-quality problems, par-
ticularly the improper inference that they indicate a
well-construction problem. Total coliform posi-
tives often arise from points within the water sys-
tem, and are simply related to water storage condi-
tions.

Sample Collection Location

Table 13 relates water-quality observations to
the on-site location where the water samples were
collected. Sample-collection locations show little
general relationship to water quality, and appear
significant only where a small percentage of sites
were involved. Samples were collected after cis-



Table 12. Responses to “Where does the drinking water go from the pump?”, and water-quality data.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine > 10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative proportions in each category:
From the well pump the water goes to:
Below ground cistern-YES 4.2% 75.0% ++ 14.3% 3.6% - 7.1% -- 5.2
Concrete storage tank-YES 0.9% 66.7% ++ 16.7% 16.7% ++ 16.7% 3.5
Pressure tank in house-YES 49.3% 37.9% - 12.4% 7.6% 19.4% 6.4
Pressure tank in pit-YES 25.9% 45.7% 14.5% 8.7% 15.6% 6.1
Other storage-YES 20.5% 53.6% ++ 15.2% 9.4% 21.0% 7.2
Other storage-Pressure tank outside house 52.8% + 13.9% 9.3% 21.3% 7.7

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

terns at 2.3% of the sites, and over 80% of these
contained coliform bacteria. However, none of
these samples contained fecal coliforms. As noted
above, this is indicative of the problems involved
with using total coliforms as anything but a very
general indicator. Other studies have shown that
sampling after a cistern typically results in 80-90%
total coliform positives even whensamples from the
well head itself are negative (Hallberg et al., 1983;
Kross et al., 1990).

Kitchen taps were sampled at 5% of the sites,
and these samples curiously showed high rates of
nitrate exceedences and atrazine pesticide detec-
tions. These relationships are fortuitous and likely
inter-related with well-depth factors.

Table 13 also relates water quality data to
observable water-quality characteristics as docu-
mented by field crews. Observable water-quality
characteristics included turbidity (3.3% of sites),
color (7.4% of sites), and smell (4.7% of sites).
Wells producing groundwater with these character-
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istics showed proportionately less contamination
than the averages for wells state-wide, particularly
with respect to nitrate. Only 3.1% of the samples
with a noticeable smell contained detectable ni-
trates, and none of these exceeded 10 mg/L. Propor-
tions for samples with color or turbidity were also
more than 5% below the confidence limits for all
wells. Smells in well water are almost always the
resultofhydrogen sulfide gas and colorsresult from
the presence of reduced iron and/or manganese.
These compounds are present in anaerobic
groundwaters, and indicate that the requisite condi-
tions for denitrification likely exist. Denitrification
is abiogeochemical process that converts nitrate to
gaseous nitrogen compounds; the lower concentra-
tions of nitrate in well-water samples with notice-
ablesmells or color may result from this nitrateloss.
Additionally, these conditions are most prevalentin
deep wells drawing from older groundwaters —
those that recharged prior to the enhanced delivery
of nitrate to shallow groundwater in historic times.



Table 13. Water sample collection points, observed water-quality problems and relation to water-quality

results.
Proportion Wells with Wells with Wells with Wells with
of sites total coliform  any pesticide any atrazine >10 mg/L
Observations: in category detected detection detection nitrate-N
% % % % %
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3%
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1%
Relative proportions in each category:
Water samples collected:
After the cistern-YES; 2.3% 81.3% ++ 6.3% - 6.3% 12.5%
After water treatment-YES; 1.0% 28.6% -- 57.1% ++ 28.6% ++ 14.3% -
At the wellhead-YES; 11.7% 45.0% 13.8% 7.5% 17.5%
At hydrant near well-YES 48.4% 41.6% 14.8% 9.3% 17.8%
At outside tap-YES 32.4% 45.0% 10.8% 5.9% 18.0%
At kitchen tap-YES 5.0% 52.9% + 23.5% ++ 17.6% ++ 35.3% ++
At other house tap-YES 1.5% 50.0% + 20.0% + 10.0% 10.0% --
At other location-YES 5.7% 57.9% ++ 10.5% 2.6% - 15.8%
Obvious water quality problems:
Turbidity-YES 3.3% 43.5% 8.7% - 8.7% 4.3% --
Turbidity-NO 96.7% 44.7% 13.7% 7.9% 18.7%
Color-YES 7.4% 49.0% 15.7% 11.8% + 7.8% --
Color-NO 92.6% 44.3% 13.5% 7.7% - 19.1%
Smell-YES 4.7% 125% -- 9.4% - 0.0% -- 0.0% --
Smell-NO 95.3% 46.2% 13.9% 8.4% 19.1%
Other-YES 8.5% 50.0% + 10.3% 6.9% 6.9% --
Other-NO 91.5% 44.1% 14.0% 8.1% 19.3%

Responses to Field Measurement Form Question 9, "Where were the water samples collected?”, and 11, "Are

there any obvious water-quality problems?”
+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence
intervals; + + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

21



These waters likely contained little nitrate initially,
and arelatively minor loss of nitrate via denitrifica-
tion would readily produce the low concentrations
noted. Well waters having a noticeable smell also
had proportionally lower detections of coliform
bacteria, fecal coliforms, and pesticides, relative to
the state-wide proportions. This is consistent with
their deeper well, older groundwater origin.

The relatively low proportion of nitrate detec-
tions or exceedences in well waters described as
having observable turbidity is also of note. Turbid-
ity is general considered to arise from very small
particles suspended in the water, giving the water a
cloudy appearance. This is suggestive of well water
that has been affected by surface runoff or leakage
that is carrying sediment. However, the water
quality data do not provide evidence of this. De-
scriptions of turbid samples may have resulted from
some aspect of iron and/or manganese coloration.

Thetime of sampling after the well began pump-
ing was also evaluated for its association with
water-quality parameters. Before sampling, wells
were pumped (or water at the hydrant/faucet was
allowed to run) from a few minutes to over an hour.
Whenever possible, the wells were pumped until
on-site water-quality measures (temperature, con-
ductivity, and pH) stabilized, indicating a flow of
fresh water. The average time of pumping was
about 20 minutes. At some sites this wasn’t pos-
sible, because of the location or owner objections.
There was no relationship between pumping/sam-
pling time and chemical parameters. However,
samples that had to be collected in S minutes or less
showed a significantly greater proportion of total
coliform positives. The proportion of coliform
positives dropped considerably for times greater
than 5 minutes. This relationship reinforces the
standard protocols for letting a well/hydrant run for
10 minutes or more (if on-site measures aren’t
available) to obtain fresh water. Asnoted there was
no apparent affecton any parameter other than total
coliforms. This, again, indicates the complexity of
interpreting total coliform occurrence. The el-
evated presence of total coliforms in this case is
likely related to the occurrence of relatively stag-
nant water in the water system, or to the occurrence
of bacterial films in the water system, as is known

22

to complicate bacteria analysis is public water
supply systems (see Kross et al., 1990, for discus-
sion).

PAST
WATER-QUALITY PROBLEMS

Residents were asked whether they had experi-
enced any water-quality problems with their well in
the past. Their responses and related water-quality
dataaregivenin Table 14. Ingeneral, wellsthathad
produced water with noticeable tastes (11.4%) or
that caused iron-stains (30.3%) had better quality
water than the state-wide averages, particularly
with respect to nitrate. These generally are deeper
wells. Taste problems are generally related to iron
or hydrogen sulfide. As previously discussed, these
constituents indicate anaerobic groundwaters, where
relative age and/or denitrification result in lower
nitrate concentrations. The proportion of wells
without a history of iron stains but which exceeded
10 mg/LNO;-N during SWRL was greater than the
state-wide proportion.

Wells at 7.1% of the sites were reported to have
experienced problems with coliform bacteria in the
past; 62.5% of these contained coliforms during
SWRL. These wells also had nitrate-N >10 mg/L
and atrazine detections in proportions greater than
the state-wide proportions. Past high nitrate con-
centrations were reported to have occurred at 5.9%
of the wells, and 45% of these yielded water with
over 10 mg/L NO;-N during SWRL. These wells
also had a high proportion of coliform detections.
These two groups of wells — those with past
coliform problems and those with past nitrate prob-
lems — overlap to a significant degree.

WELL LOCATION
AND SITE FACTORS

Rural residences may have a number of possible
point sources of contamination present at varying
distances from the water-supply well. Such sources



Table14. Responses to “Have you had any past water quality problems?”, and water-quality data.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:

Reported past water quality problems:
Turbidity-YES 8.7% 50.8% + 13.6% 8.5% 11.9% 4.6
Turbidity-NO 91.3% 44.1% 13.8% 8.1% 19.0% 6.4
Taste-YES 11.4% 36.4% - 9.1% - 5.2% 6.5% -- 25
Taste-NO 88.6% 45.7% 14.4% 8.5% 19.9% 6.7
Iron stains-YES 30.3% 30.4% -- 8.8% - 5.9% 3.4% -- 1.5
Iron stains-NO 69.7% 50.9% + 16.0% 9.1% 24.9% + 8.2
Coliform bacteria-YES 7.1% 62.5% ++ 14.6% 12.5% + 25.0% + 7.2
Coliform bacteria-NO 83.8% 43.2% 13.3% 7.6% 17.5% 5.9
Coliform bacteria-DON'T KNOW 9.0% 44.3% 18.0% + 9.8% 21.3% 9.1
Elevated nitrates-YES 5.9% 62.5% ++ 12.5% 10.0% 45.0% ++ 14.2
Elevated nitrates-NO 85.2% 43.4% 13.2% 7.7% 16.6% 5.4
Elevated nitrates-DON'T KNOW 8.9% 45.0% 20.0% + 11.7% + 18.3% 8.2
Detectable pesticides-YES 0.3% 100.0% ++ 50.0% ++ 0.0% -- 50.0% ++ 4.3
Detectable pesticides-NO 89.2% 44.3% 12.8% 7.7% 17.6% 5.8
Detectable pesticides-DON'T KNOW  10.5% 46.5% 21.1% + 12.7% + 23.9% + 10.4
Other problem-YES 17.0% 42.1% 12.3% 7.9% 19.3% 6.0
Other problem-NO 74.6% 44.9% 13.1% 7.6% 17.1% 5.8
Other problem-DON'T KNOW 8.4% 47.4% 228% ++ 14.0% + 28.1% ++ 12.1

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

have the potential to negatively impact water qual-
ity. The affects of such point sources were dis-
cussed by Kross et al. (1990). This section will
further evaluate the role of point sources and the
placement of wells with respect to such sources.

Multiple Wells

Table 15 relates water quality to the number of
operable wells at SWRL sites. About 25% of the
sites sampled for SWRL had more than one oper-
able well; 80% of these had two wells, and 14% had
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three wells. Sites with more than one well showed
significantly higher nitrate concentrations and col-
iform detections than sites with only one well;
detections of atrazine and other pesticides were
comparable. Differences in well construction and
depth explain some of the water-quality differences
between these populations of sites. Table 16 de-
scribes the construction of the sampled wells, bro-
ken into categories of one, or more than one,
operable well. Over 60% of the sites that had more
than one well used large diameter bored wells (or
sand points) as their primary water supply. These



Table 15. Number of operable wells on site, depth of sampled well used as primary water supply and
water-quality data.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Well depth in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2

Relative state-wide proportions in each category:

One operable well: 74.7% 41.2% 13.5% 7.7% 13.7% - 4.8
less than 50 ft. 22.8% 68.3% ++ 17.8% + 8.9% 24.8% + 8.3
50-99 ft. 19.3% 55.3% ++ 20.0% + 15.3% ++ 27.1% ++ 7.9
100 ft. or greater 57.8% 25.3% -- 8.8% - 4.0% - 3.6% -- 1.4

(Mean well depth = 149 ft.)

More than one operable well: 25.3% 55.0% ++ 14.6% 9.4% 32.2% ++ 10.2
less than 50 ft. 42.6% 69.8% ++ 22.2% ++ 11.1% + 46.0% ++ 14.9
50-99 ft. 25.1% 54.1% ++ 8.1% - 5.4% 43.2% ++ 16.2
100 ft. or greater 32.3% 41.7% 16.7% 14.6% + 6.3% -- 1.7

(Mean well depth = 104 ft.)
+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

Table 16. Percentage of well construction types according to the
number of operable wells at the site.

One > 1
Well construction type operable operable
well well

Percentage in each well type category:

Driven sand-point 2.6% 7.8%
Small-diameter drilled 70.5% 38.1%
Large-diameter bored/dug 26.9% 54.1%
Other 0.4% 0.6%
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relatively shallow wells are open to the water table
and therefore are susceptible to contamination.
Large-diameter wells are common in areas where
no dependable aquifer is available at a reasonable
depth. These wells yield water relatively slowly,
and because they are shallow they are directly
affected by low water tables during dry years.
These factors explain why many sites that relied on
such wells had more than one available for use.
Large diameter or sand-point wells were used —
and therefore sampled — at less than 30% of the
sites with just one well. Drilled wells were used at
70% of the sites with only one well.

The tendency for greater contamination at sites
with more than one well is not consistent for all
contaminants, or across all well-depth ranges. The
occurrence of a greater proportion of contaminants
is largely explained by the greater number of shal-
low, large-diameter and sand-point wells used at
sites with more than one well.

Other On-Site Features

Table 17 relates water-quality data to the dis-
tance from abandoned wells, chemical storage ar-
eas, and septicsystems—potential point sources of
contamination. Past review showed that sites with
abandoned wells had slightly, but not significantly,
lower proportions of most contaminants, relative to
sites without abandoned wells (Kross et al., 1990).
Sites with chemical storage areas showed higher
proportions of pesticide, but not atrazine, detec-
tions. Sites without septic systems were character-
ized by a large proportion of nitrate contamination.
As noted initial analysis showed no relationship
among these factors: wells located <50 feet from
septic tanks had lower than average proportions of
coliform positives, no fecal positives, and nitrate-N
>10 mg/L; wells located less than 15 feet from
chemical storage showed no pesticide detections.
These data were analyzed compared to wells lo-
cated >50 feet and >15 feet from such sources.
Here we analyze these data in more detail, in
relation to a gradient of distances from the wells
estimated during on-site inspection.

There are no consistent relationships between
distance from these potential point sources and
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water quality (Table 17). As distances increase,
the proportions of wells with the various contami-
nants alternatively increase, decrease, or remain
unchanged in an inconsistent manner. There is not
any significant contamination from these potential
point sources apparent in the SWRL data as indi-
cated by the absence of distance-related trends.

Higher than state-wide average coliform detec-
tions occurred in wells >200 feet from abandoned
wells, chemical storage areas, or septic systems.
This is aresultofthe high percentage (50% or more)
of shallow, large-diameter wells in this distance
category. Conversely, lower than average percent-
ages of the various contaminants in some distance
categories are also partly attributable to smaller
(than state-wide) proportions of large-diameter
wells. This pattern fits with other detailed work in
west-central Iowa. In Audubon County, an area
dominated by the use of large-diameter seepage
wells, detailed work shows that these wells are far
removed from possible point-source problems be-
cause they tend to be located along waterways or
other areas with a high water table (to promote
seepage). These areas are often quite distant from
areas preferred for the siting of houses, cattle-
yards, storage buildings and chemical mixing sites.
Site studies show that on average these wells are
located nearly one-quarter of a mile from such
likely point-sources (Seigley et al., in press), and
hence their dominance in the >200 ftcategory in this
analysis.

The absence of any significant trend in the
proportion of contaminated wells (for any of the
contaminants) with distance between these poten-
tial contaminant sources (abandoned wells, etc.)
and the well suggests that there is no direct, consis-
tent relationship between these factors. In fact,
when some of these factors are in the immediate
vicinity of the well water-quality parameters are
often much better than average. As noted, none of
the sites where chemical storage was at the well
head had any pesticides detected, regardless of
well-type. The generally better water-quality from
wells in proximity to these varied sources also is an
artifact of other relationships, as well as the lack of
any consistent source effect.



Table 17. Distance of abandoned wells, chemical storage areas, and septic systems from water supply well,
and water quality water data (see also, Kross et al., 1990, Tables 76 and 77).

Proportion ~ Wells with ~ Waells with Wells with ~ Wells with Mean
of sites total coliform any pesticide  any atrazine >10 mg/L nitrate-N

Observations: in category detected detection detection nitrate-N concentration

% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Welis < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Occurrence and distance from Relative proportions in each category:
water-supply well:
Abandoned well(s)
YES; 36.1% 43.4% 12.7% 6.1% 17.6% 6.4

1 abandoned well; 76.8% 41.8% 11.5% 4.9% - 17.0% 6.1
2 or more abandoned wells; 23.2% 49.1% 16.4% 10.9% 21.8% 7.7
1-24 ft. from well 16.7% 25.6% -- 2.6% -- 2.6% - 17.9% 9.1
25-49 ft. 8.6% 30.0% -- 20.0% + 10.0% 15.0% 45
50-74 ft. 7.3% 41.2% 11.8% 11.8% + 5.9% -- 45
75-99 ft. 4.3% 10.0% -- 0.0% -- 0.0% -- 0.0% -- 1.1
100-149 ft. 9.4% 31.8% -- 13.6% 4.5% - 18.2% 4.5
150-200 ft. 13.3% 35.5% -- 12.9% 3.2% - 19.4% 8.8
> 200 ft. 40.3% 63.8% ++ 16.0% 7.4% 21.3% 6.8

Chemical storage area(s) )

YES; 14.0% 48.9% 19.1% + 10.6% 19.1% 8.1
1-24 ft. from well 4.6% 50.0% + 25.0% ++ 0.0% -- 0.0% -- 0.0
25-49 ft. 4.6% 50.0% + 0.0% -- 0.0% -- 25.0% + 6.2
50-74 ft. 13.8% 58.3% ++ 41.7% ++ 8.3% 8.3% -- 11.8
75-99 ft. 2.3% 500% + . 0.0% -- 0.0% -- 50.0% ++ 12.0
100-149 ft. 17.2% 33.3% -- 26.7% ++ 26.7% ++ 20.0% 6.0
150-200 ft. 24.1% 47.6% 19.0% + 9.5% 23.8% + 10.2
> 200 ft. 33.3% 58.6% ++ 13.8% 10.3% 24.1% + 8.2

Septic systems

YES; 96.6% 44.9% 13.5% 8.1% 17.7% 6.1
1-24 ft. from well 2.9% 41.4% 11.1% 5.6% 22.2% 7.2
25-49 ft. 7.5% 27.7% -- 8.5% - 6.4% 19.1% 6.6
50-74 ft. 11.3% 32.4% -- 9.9% - 8.5% 11.3% - 4.2
75-99 ft. 10.2% 35.9% -- 15.6% 6.3% 7.8% -- 3.8
100-149 ft. 21.9% 41.3% 12.3% 8.7% 17.4% 5.1
150-200 ft. 18.4% 41.4% 12.1% 6.0% 14.7% 5.1
>200 ft. 27.8% 64.0% ++ 18.3% + 10.9% 24.0% + 8.7

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.
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Table 18. Relationships among refuse disposal, dumpsites on the property, and water-quality. Responses
to “Do you have refuse disposal dumpsites on your property?”, and method of disposal of household and

farm garbage/solid-waste.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:
Refuse dumpsite(s) on property 23.7% 40.9% 12.6% 8.2% 13.2% - 5.6
No refuse dumpsite(s) on property 76.3% 46.1% 14.1% 8.0% 19.9% 6.4
Dispose of garbage by:
Sending to county landfill-YES 45.7% 13.1% 8.3% 19.6% 6.9
Sending to county landfill-NO 44.0% 14.3% 7.7% 16.7% 6.5
Storing it on own property-YES 41.4% 15.9% 9.0% 10.3% -- 4.1
Storing it on own property-NO 46.0% 13.1% 7.8% 20.5% 6.9
Refuse pickup service-YES 37.6% - 16.5% 10.1% 14.7% 5.7
Refuse pickup service-NO 46.4% 13.2% 7.7% 18.9% 6.4
Burning it-YES 46.5% 13.7% 8.0% 18.4% 6.0
Burning it-NO 41.5% 13.5% 8.0% 18.0% 7.5
Other-YES 42.9% 14.3% 7.1% 22.9% + 7.2

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

On-Site Refuse Disposal

Table 18 relates water quality to the presence or
absence of refuse disposal dumpsites on the prop-
erty. For sites with dumpsites on the property
(24%), the proportions of wells with total coliform,
any pesticide, any atrazine, and nitrate-N >10 mg/
L are all within or below the state-wide 95% CI’s
for each of the contaminants. Comparing sites with
and without refuse disposal dumpsites, sites with
dumpsites actually have the smaller proportion of
wells with total coliform, any pesticide, and nitrate-
N > 10 mg/L. Thus, the data do not suggest any
correlation between presence of refuse disposal
dumpsites on the property and diminished water

quality.
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Table 18 also relates water quality to method of
disposal of household and farm refuse and garbage.
For all methods of disposal, the proportions of wells
with detections of coliform, pesticide, atrazine, and
nitrate-N > 10 mg/L are all within or below the
state-wide 95% CI for each contaminant. Sites
using refuse pickup service (16%) show coliform
detection slightly below the state-wide 95% CIL.
With this possible exception, there does not appear
to be any relationship between water quality and
method of disposing of household and farm refuse.

Other Landuse

In the first-stage analysis of landuse (Table 1),
a substantial percentage of sites had “other” uses



Table 19. Water-quality data for sites in “Other” category for “landuse in immediate adjacent area” to well
and for “Other” “landuse in 0.5 mile radius” (see Table 1, also).

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform any pesticide  any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative proportions in each category:
"Other"” use in "immediately
adjacent area.” 8.7% 44.8% 15.5% 6.9% 15.5% 4.2
"Other use in 0.5 mile radius. " 9.1%
% of "Other”
River, creek, floodplain, 72.9% 53.5% ++ 16.3% 23% - 23.3% + 7.3
wetland, lake
Yard/farmyard 11.9% 28.6% -- 0.0% -- 0.0% -- 14.3% - 6.3
Landfill, sewage lagoon, 8.5% 80.0% ++ 40.0% ++ 20.0% ++ 40.0% ++ 1.4
quarry, strip mine
Commercial buildings 6.8% 0.0% -- 0.0% -- 0.0% -- 0.0% -- 2.5

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

present than those specified in the survey format.
For most of the sites “other” was indicated in
addition to the standard classes. Where “other” was
indicated the SWRL field staff wrote in what the
“other” uses were. In this further analysis the
“other” category was examined in more detail,
reviewing the written records from the field inven-
tories. For the majority of sites the “other” uses
simply noted a clarification of landuse that was
present in a standard category (i.e., specifying the
typeofrow crop, noting CRP or forested pasture for
pasture or forest). These sites already were in-
cluded in their standard categories and hence the
assessment did not change any findings (as pre-
sented in Table 1). The remaining “other” uses
were then analyzed in this stage of the study.
Table 19 gives water-quality data for the re-
maining sites (9%) that responded “other” in de-
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scribing landuse in the immediate area around the
well. About 85% of these specified farmyard/yard/
house and yard. All water-quality data for these
sites are within the typical state-wide averages.

Table 19 also groups remaining “other” re-
sponses (9%) for “land in the surrounding 0.5 mile
radius” into four groups and gives water quality for
these groups; 73% of the “other” responses speci-
fied river, creek, floodplain, wetland, or lake. For
these wells, coliform detections and nitrate
exceedences were higher than the state-wide aver-
ages, while atrazine detections were lower. These
were dominantly sand-point and large-diameter
shallow wells.

Sites that specified “yard” and “commercial
buildings” (19% of “others”) had significantly bet-
ter water quality; all detections and exceedences
were significantly below state averages. These are



Table 20. Farm operation, farm enterprises, and water-quality data.

Proportion Wells with Wells with Wells with ~ Wells with Mean
of sites total coliform any pesticide any atrazine > 10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Farm Enterprises: Relative state-wide proportions in each category:
Corn-YES 92.4% 42.6% 15.3% 9.8% 20.2% 6.7
Corn-NO 7.6% 50.0% + 11.1% 8.3% 11.1% - 4.2
Soybeans-YES 79.2% 43.0% 15.7% 10.0% 20.5% 6.8
Soybeans-NO 20.8% 43.8% 12.5% 8.3% 15.6% 5.8
Alfalfa hay-YES 63.6% 43.7% 15.7% 9.6% 20.1% 7.3
Alfalfa hay-NO 36.4% 41.9% 14.0% 9.9% 18.6% 5.3
Dairy cattle-YES 11.1% 42.0% 10.0% - 8.0% 10.0% -- 3.0
Dairy cattle-NO 88.9% 43.1% 15.7% 9.9% 20.7% 6.9
Beef cattle-YES 50.9% 47.9% 17.2% + 10.1% 23.5% + 8.1
Beef cattle-NO 49.1% 37.9% - 12.8% 9.3% 15.4% 5.0
Poultry-YES 9.4% 35.6% -- 22.2% ++ 11.1% + 17.8% 7.7
Poultry-NO 90.6% 43.8% 14.3% 9.5% 19.8% 6.4
Swine-YES 51.8% 41.7% 13.8% 9.2% 20.0% 6.1
Swine-NO 48.2% 44.4% 16.4% 10.2% 19.1% 71

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

mainly suburban sites having less adjacent land
devoted to row-crop agriculture. Sites near land-
fills, sewage lagoons, quarries, and strip mines had
coliform, pesticide, and atrazine detections and
nitrate exceedences that were double the state-wide
proportions. However, these relations are also
confounded by well types, and <1% of all sites fall
in this category. Hence, these relationships are
tenuous, at best.

AGRICULTURAL MANAGEMENT
FACTORS

As noted in the initial analysis, agricultural
landuse in Iowa is so ubiquitous that there is no
apparentrelationship with water quality, except for
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the inverse relationship, showing better water qual-
ity innon-farm, suburban areas. To further test the
relationships Table 20 shows the relation of major
crops and livestock enterprises present on site to
water-quality parameters; Table 21 shows nitrogen
fertilizer rates applied to lands at each site for
continuous cornandcorn following soybeans; Table
22 shows the relation to farmers’ (well owner)
changes in fertilizer and insecticide use over recent
years. There is no consistent or logical relation-
ships among these factors and water quality. The
more significant water-quality patterns are often
inverse to what might be expected if these factors
actually influenced water quality in the well on-site.

Table 23 shows the percentage of sites where
pesticides were detected in relation to the pesticides
reported used at the sites during the year of, and the
year prior to, sampling. The compilation of active



Table 21. Nitrogen application rates to corn for most recent growing season, and water-quality data.

Proportion Wells with Wells with Wells with  Wells with Mean
of sites total coliform  any pesticide any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Lbs-N/acre applied: Relative state-wide proportions in each category:
Continuous corn
0-99 11.0% 36.8% - 0.0% -- 0.0% -- 15.8% 4.3
100-124 22.6% 47.4% 18.4% + 15.8% ++ 34.2% ++ 9.6
125-149 22.4% 38.5% - 17.9% + 12.8% + 17.9% 6.0
150-174 33.7% 34.5% -- 19.0% + 13.8% + 13.8% - 5.8
> =175 10.2% 33.3% -- 11.1% 5.6% 22.2% 14.1
Corn after soybeans:
0-99 15.1% 57.8% ++ 24.4% ++ 15.6% ++ 28.9% ++ 9.6
100-124 32.6% 46.5% 12.1% 9.1% 27.3% ++ 8.8
125-149 20.8% 42.6% 11.5% 6.6% 13.1% - 5.0
150-174 27.4% 29.1% -- 19.0% + 10.1% 15.2% 5.2
> =175 4.0% 33.3% -- 16.7% 16.7% ++ 16.7% 3.2

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

ingredients reported was compiled from product
and trade names reported by participants in the site
inventories. The low proportions of detections,
related to the number of sites where applied, relates
to the relatively low proportion of wells with detec-
tions. Atrazine was used at about 66% of the sites
where it (or its metabolites) was detected; which
means that it was not reported as used at about one-
third of all sites where it was detected. Alachlor (the
active ingredient in Lasso and other products) use
was not reported at any of the sites where detected,
as was the case for picloram and propachlor. These
relations may berelated to the pastuse and carryover
of residues at these sites, the transport through
groundwater of residues from other areas of use or
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possibly, of course, from errors in reporting. As
noted in previous discussion (Kross et al., 1990)
detailed investigations of sites where HALs were
exceeded also showed these relations. Sites withno
history of recent use (non-farms, for example) had
detections that could be related to the non-point
source, general use of these herbicides on surround-
ing land. In some settings pesticide occurrence in
rainfall may contribute to shallow groundwater
contamination, as well (Nationsand Hallberg, 1992).

Chemical Handling Factors

Considerable information was obtained at each
SWRL site dealing with pesticide use, handling



Table 22. Fertilizer and pesticide use since 1980, and water-quality data.

Proportion ~ Wells with ~ Wells with Wells with ~ Wells with Mean
of sites total coliform any pesticide  any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative state-wide proportions in each category:
Nitrogen fertilizer:
Reduced 23.5% 41.9% 15.2% 10.5% 19.0% 6.6
No change 68.9% 46.0% 14.9% 9.4% 20.1% 6.6
Increased 7.6% 32.4% -- 11.8% 8.8% 20.6% 7.2
P & K fertilizers:
Reduced 21.5% 42.7% 15.6% 11.5% + 21.9% 8.1
No change 68.8% 45.6% 15.2% 9.7% 18.8% 6.3
Increased 9.7% 34.9% -- 9.3% - 4.7% - 23.3% + - 6.2
Herbicide use:
Reduced 16.3% 44.6% 14.9% 8.1% 17.6% 8.0
No change 76.8% 44.0% 14.6% 9.9% 19.5% 5.9
Increased 6.9% 41.9% 16.1% 9.7% 29.0% ++ 10.3
Insecticide use:
Reduced 16.6% 43.4% 13.2% 7.9% 22.4% + 8.7
No change 81.6% 44.0% 14.8% 9.9% 19.2% 6.3
Increased 1.8% 50.0% + 25.0% ++ 12.5% + 25.0% + 4.4

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

practices, and specific locations of chemical-re-
lated activities. These were used to assess possible
relationships to water quality at the site. Table 24
reviews pertinent results from the first-stage analy-
sis (reported in Kross et al., 1990) as well as further
detailed results. The first-stage analysis pointed
outthatpoint-source problems clearly contribute to
the occurrence of pesticides in water-supply wells,
but that they only account for aminor portion of the
problems. As supported by other detailed research,
the findings also clearly point to the non-point
source for many pesticide detections. About 5.4%
of farms reported spills, back-siphoning, or other
accidents with pesticides and/or fertilizers near
their wells, and, as would be expected, these sites
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show a greater proportion of pesticide detections.
However, of the well samples that had pesticides
detected from these sites, only 36% contained the
pesticideinvolved in the mishandling incident. Sites
where residents reported they mixed all the herbi-
cides applied on-site and those where all the herbi-
cides where custom applied showed the same pro-
portion of pesticide detections. Sites where herbi-
cides were mixed at a hydrant within 15 feet of the
well did show greater-than-average pesticide detec-
tions than sites where mixing was done ata hydrant
further away. However, sites where mixing and
handling was not done near the well, where all
herbicides were reported as mixed in the field where
they were to be applied, also showed a greater than



Table 23. Percentage of sites where pesticides were detected in relation to

the active ingredients applied at the sites.

Active % of sites where % of sites where
ingredient ingredient was applied ingredient was detected

and detected that it was applied
2,4-D 0.6% 50.0%
alachlor 0.0% 0.0%
atrazine (total) 12.7% 65.8%
cyanazine 2.1% 35.8%
metolachlor 3.0% 56.2%
metribuzin 2.2% 18.8%
pendamethalin 5.7% 20.1%
picloram 0.0% 0.0%
propachlor 0.0% 0.0%
trifluralin 0.9% 50.0%

average occurrence of pesticides. If local mishan-
dling of pesticides were the only factor involved in
well contamination, sites where all herbicides are
custom applied or where all are mixed in the field
would be expected to show significantly less inci-
dence of herbicide contamination. In fact, such
sites exhibit proportions equal to, or greater than
state-wide averages.

About 64% of the reported spills took place
within 15 feet of the well head. Some of the wells
included in the spill sites are also in the category
“where mixing was done within 15 feet of the well.”
To further refine the understanding of these occur-
rences, the sites where herbicides were mixed at a
hydrant “near” the well (in italics, Table 24) were
further subdivided using on-site inventory data on
the distance between the hydrant used and the well
head, and were again subdivided by well depth and
well type.

Table 24 shows the relationship between water
quality and the distance between the drinking-water
well and the hydrant where pesticides were mixed.
In this summary table only wells with a known
depth are included to strengthen the analysis. De-
tections of coliform bacteria for wells that are 51 to
150 feet from the hydrant, and detections of nitrate-
N >10mg/L for wells that are less than 25 feet from
the hydrant, are well below the state-wide 95% CI’s
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for each. Inboth well groups, however, the propor-
tions of shallow (<100 feet deep) wells and large-
diameter wells are significantly smaller than the
state-wide proportions. This is important because,
state-wide, wells <100 feet deep account for about
70% of total coliform positives and 89% of wells
with nitrate-N >10 mg/L. Likewise, large-diameter
wells exhibit coliform and nitrate contamination
rates that are nearly double the state averages.

Wells that are 26 to 50 feet from the mixing
hydrant exhibit pesticide detections almost three
times greater than the state average, and even
greater proportions than the wells within 15 feet,
even though the proportions of shallow wells and
large-diameter wells in this group are less than the
state-wide average. Further breakdown of data in
this distance group shows greater than average
rates of detection in all the well-subgroups ana-
lyzed. Only about one-third are large-diameter
wells; of the drilled wells many are shallow or have
shallow casing, so that nearly all the wells are
effectively less than 150 feet deep, and, hence, are
logically susceptible to impact from such mishan-
dling. Sites with reported spills occur in both this
group and the 0-15 feet distance group. Deleting
these sites from the general analysis (Table 24) the
26-50 feet group still has a significantly greater
proportion of detections.



Table 24. Pesticide mixing, spills, distance from well, and water quality data.

Proportion Wells with Wells with Wells with Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
From first-stage relational analysis (see Kross et al., 1990, Table 78):
Relative state-wide proportions in each category:
Sites with reported pesticide or fertilizer spills
or back siphoning accidents: 5% 32% -- 29% ++ 14% + 27% ++
Mix all herbicides used on-site: 28% 45% 15% 9% 24% +
Don't mix all, mix some on-site: 14% 36% -- 18% + 13% + 14% -
All herbicides custom applied: 16% 42% 14% 8% 18%
Mix herbicides at hydrant within
15 feet of wall: 3% 53% ++ 23% ++ 13% + 7% --
Mix herbicides at hydrant "near” well,
BUT > 15 feet away: 25% 37% - 16% 8% 15%
Mix herbicides in field )
where applied: 22% 38% - 18% + 12% + 23% +
For those sites that mix at a hydrant within 15 feet, or "near” the well:
Relative proportions in each category:
Distance of hydrant from well,
for wells of known depth:
0-15 ft. 11.3% 43.8% 18.8% + 12.5% + 12.5% - 2.0
16-25 3.5% 40.0% 0.0% -- 0.0% -- 0.0% -- 3.2
26-50 15.5% 40.9% 409% ++ 13.6% + 45% -- 25
51-100 21.8% 22.6% -- 9.7% - 6.5% 12.9% - 2.8
101-150 12.7% 22.2% -- 11.1% 5.6% 22.2% 6.4
> = 151 ft. 35.2% 44.0% 12.0% 8.0% 22.0% 7.4
With reported spills removed:
0-15 ft. 10.6% 40.0% 13.3% 6.7% 13.3% - 2.1
26-50 14.1% 35.0% 35.0% ++ 10.0% + 0.0% -- 2.2

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

For the categories >50 feet from the well the
occurrence of many parameters is below state aver-
ages. The increase in total coliform, nitrate, and
pesticide occurrences in the sites >151 feet from the
well is related to the increased proportion of large-
diameter wells in this category. For the sites where
mixing was “near” the well, 59% of the large-
diameter wells are in the >151 ft from the well
category; these wells constitute about 39% of the
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wellsinthe category. Asnoted previously, detailed
studies onlarge-diameter seepage wells in Audubon
County also support this observation. Results from
a survey of over 200 wells in Audubon County,
indicate that <3% of the wells were within 50 feet of
the site used for mixing pesticides (Seigley etal., in
press); further detailed studies around the Blue-
grass watershed (Seigley and Hallberg, 1991) show
the average distance from such wells to mixing and



handling sites was nearly 0.25 miles. While such
wells are highly susceptible to contamination, be-
cause they are typically open to the water table,
their general placement in areas that enhance seep-
age-recharge has removed them from locations
prone to accidents or the impact of poor chemical
handling.

The elevated occurrences of pesticide detections
at sites where pesticides are mixed within 50 feet of
the well head stands up throughout the analysis of
the many confounding variables that can come into
play. This isastrong indication that such handling,
over time, has likely impacted these wells ad-
versely. However, this relationship explains only
a small portion of the total occurrences of pesti-
cides. Considering all the detections from the wells
within 50 feet of mixing sites accounts for about
1.5% of pesticide detections state-wide; combined
with known spills, this accounts for about 3-3.5%
of detections state-wide (of the 13.6% measured).
Such detailed analysis is requisite for understand-
ing the magnitude of such impacts. While there is
little question that point-source problems — spills,
back-siphoning, repeated mishandling near a well
— occur and contaminate wells, it is easy to
overstate their occurrence from anecdotal knowl-
edge. The estimates of the extent of such incidents
derived from the detailed data collected in the
SWRL study are essentially identical to the values
derived from other detailed field investigations in
Iowa, in the Big Springbasin, in Floyd and Mitchell
counties, Audubon County, and elsewhere. Neither
the proximity of handling and mixing to a well, nor
the use of a susceptible well-type dictate that point
sources are the cause of a pesticide detection, as
illustrated by the analysis above. The potential for
chemical handling to impact a well is affected by
many factors, such as the gradient from the site to
the well (“uphill” or “downhill”), the amount of
fluid involved, as well as the depth and nature of
construction of the well. A distance of 15 feet from
a well may be of little consequence if the point-
source is downhill/downgradient or if the well is
cased to significant depth and doesn’t allow inflow
around the well head. This is clear from the small
portion of wells exhibiting contamination where
chemical mixing sites were within 25 feetof the well
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relative those with mixing sites 25 to 50 feet away. _
As discussed, the vast majority of large-diameter
seepage wells, which are highly susceptible to
localized impacts, are located so far from chemical
handling and mixing sitesthat thereislittle potential
for a direct impact.

Pesticide Formulation and Rinse Disposal

In the first-stage analysis water quality findings
were related to the locations where “excess” pesti-
cide formulations were disposed. No relationships
were apparent from pesticide detections or other
water-quality parameters. Evenmoredetailed analy-
sis of various “other” categories show that all data
are within 95% CI’s or below the state-wide aver-
ages. The location(s) used to rinse tanks, equip-
ment, and/or pesticide containers and to dispose of
the rinseate was also evaluated. In the first-stage
analysis the only apparent association was slightly
greater proportions of pesticide and atrazine detec-
tions at sites where rinsing occurred within 15 feet
of the well. In addition, pesticides were mixed
within 15 feet of the well at nearly all of these sites.

The majority of farmers noted (for both condi-
tions) that they made another pass on the field,
sprayed on the road, road ditch, fence rows, or other
location distant from the well. For both categories
aportion indicated that the excess formula or rinse
water was sprayed or drained in the “farmyard” or
around farm buildings. Contrary to what mightbe
expected, these groups had the smallestproportions
of pesticide and atrazine detections of the groupings
analyzed, well below state averages. These data
indicate no outstanding relationship between loca-
tion of formulation or rinse disposal and water
quality at the scale of SWRL.

Pesticide Container Disposal

Table 25 relates water quality to the method of
disposing of pesticide containers. At the time of
SWRL, the vast majority of containers were either
burned (54%), sent to the county landfill (21%), or
returned to the dealer (14%). The proportion of
wells with pesticide or atrazine detections is within
the state-wide 95% confidence interval for all meth-



Table 25. Method of disposal of empty pesticide containers in relation to water quality data.

Proportion Wells with Waells with Wells with  Wells with Mean
of sites total coliform any pesticide any atrazine >10 mg/L nitrate-N
Observations: in category detected detection detection nitrate-N concentration
% % % % % mg/L
Total SWRL sample: 100.0% 44.6% 13.6% 8.0% 18.3% 6.2
Wells < 50 ft deep: 27.9% 71.5% 17.9% 9.6% 35.1% 11.2
Relative proportions in each category:
Method of pesticide container disposal:
Send to county landfill-YES 20.8% 50.0% + 12.7% 6.4% 21.8% 8.1
Send to county landfill-NO 79.2% 41.6% 15.8% 10.2% 17.0% 5.7
Store on own property-YES 8.8% 45.8% 12.5% 6.3% 25.0% + 9.2
Store on own property-NO 91.2% 42.9% 15.4% 10.0% 17.2% 5.9
Return to dealer-YES 13.7% 35.6% -- 15.1% 9.6% 9.6% -- 2.9
Return to dealer-NO 86.3% 44.5% 14.9% 9.4% 19.3% 6.6
Place in garbage pickup-YES 3.1% 31.3% -- 18.8% + 125% + 6.3% -- 23
Place in garbage pickup-NO 96.9% 43.6% 14.8% 9.4% 18.4% 6.2
Burn them-YES 53.8% 41.8% 16.0% 10.8% 18.5% 6.0
Burn them-NO 46.2% 45.3% 13.6% 7.8% 17.3% 6.3
Other-YES 23.8% 46.8% 12.9% 7.3% 16.9% 5.6

+ and - indicate relative proportions that are between 1 and 5% above or below the state-wide 95% confidence intervals;
+ + and -- indicate proportions 5% above or below the 95% state-wide confidence intervals.

ods of disposal, with one exception. A slightly
greater-than-average proportion of sites thatplaced
containers in the garbage pickup had pesticide/
atrazine detections (2.5% above the 95% CI). This
unlikely association is probably fortuitous in light
of the small number of responses in this category
(3.1% of the total). The data do not suggest any
overall relationship between the method of disposal
of pesticide containers and pesticide detections in
the well waters.

SUMMARY AND CONCLUSIONS

This reportsummarizes further relational analy-
sis between site characteristics and water quality
for the SWRL data base. Table 26 summarizes
pertinent water-quality data from the SWRL sur-
vey, for all sites and by well-depth categories.
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While several site/well system factors are shown to
affect water quality, these factors are subordinate
to, or co-related to, the overriding factor of well
(and casing) depth and well-construction type.
Shallow (<50 feet deep) wells, of any construction
type, show the greatest proportions of all contami-
nants. Large-diameter seepage wells account for
over half of the wells that are <50 feet deep. Thus,
they have somewhat greater proportions of con-
tamination, particularly for total coliform positives
because they are typically open to the water table.
Most drilled, cased wells are generally much deeper
and, hence, exhibitlower contaminationrates. Cased
wells with less than 50 feet of casing are function-
ally shallow wells, regardless of depth, and have
contamination rates similar to state-wide averages
for chemical constituents. Coliform bacteria were
present in about 30% of the samples from cased
wells, regardless of casing depth. Drilled wells that
arecement grouted tend tobe deeper wells and show



Table 26. Summary of SWRL water-quality results.

All Wells Wells Wells
Parameter sites < 50 ft 50-99 ft > =100 ft
Deep Deep Deep
Wells:
% wells of known depth: 28% 21% 51%
Nitrate-N:
% wells >10 mg/L 18% 35% 32% 4%
% wells >3 mg/L 37% 67% 56% 15%
mean conc., mg/L 6.2 11.2 11.0 1.6
Total Coliform Bacteria:
% sites positive for TCB 45% 72% 52% 27%
Fecal Coliform Bacteria:
% sites positive for FCB 7% 8% 12% 2%
Pesticides:
% sites with any pesticide
detection 14% 18% 14% 9%
Atrazine (total)
% sites with detections 8% 10% 12% 6%
mean conc., ug/L 1.1 1.7 1.0 0.7
Atrazine (parent only)
% sites with detections 4% 5% 6% 3%
mean conc., ug/L 0.9 1.1 0.9 0.6

statistically better water quality than state-wide
averages for coliforms, pesticides and nitrates.
Older wells are often presumed to produce water
withagreater degree of contamination than younger
wells, because of aging effects to the well casing
and other features. But this trend is inconsistent,
not significant, and confoundedbecause older wells
tend to be more shallow and because a large per-
centage are large-diameter seepage wells. There is
no indication that wells constructed after 1982
(year of establishment of new well-construction
standards) are producing any better water quality
than their older counterparts, though the sample
size of newer wells is so small that little analysis is
possible.
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Sites with various categories of sealed well-
heads show somewhat lower proportions of con-
taminants than state-wide averages, while unsealed
wellheads are characterized by somewhat higher
contaminationrates. Large-diameter seepage wells
still show greater proportions of contaminants in
nearly all categories, including where the well head
was sealed or where pitless adapter (buried-slab)
type construction was used. For drilled wells the
differences between sealed and unsealed conditions
were more pronounced, but in sum account for only
a small portion of contaminated wells (1% or less).

Facets of the water distribution and storage
system, and locations of sample-collection points
within the system, do not significantly affect water-



quality results, with the exception of the high total
coliform rates that are associated with cisterns and
other outside water-storage structures (including
concrete tanks). High proportions of coliform
detections were also noted for wells that were
sampled after less than S minutes of pumping. Over
80% of sites using cisterns were positive for total
coliform but detections of atrazine and nitrate-N
>10 mg/L were significantly lower than average at
these sites. This is illustrative of the problems with
using total coliforms as indicators of other water-
quality problems, particularly the improper infer-
encethatthey indicate a well-construction problem.
Total coliform positives often arise from points
within the water system, and are simply related to
water storage conditions. Approximately 45% of
all sites were positive for total coliform bacteria.
Total coliforms are ubiquitous constituents of soils,
surface water, and shallow groundwater and cannot
be equated to fecal coliforms. Only 7% of water
systems were positive for fecal coliform bacteria.
The only sound, general interpretation of a persis-
tent presence of total coliforms is that the water
system is allowing interaction with soil, soil-water,
shallow groundwater, or possibly surface water.
This may indicate that the system is prone to other
forms of contamination.

Wells with observable or past water-quality
problems, such as odor, taste, and color have
significantly lower rates of contamination, which
are related to the presence of relatively old water
and/or conditions which degrade contaminants.
Wells with a history of high nitrates and coliform
positives showed high proportions of these con-
taminants during SWRL.

Sites where more than one operable well was
present showed higher than state-wide averages for
nitrate-N >10mg/L and coliform positives. How-
ever, this is largely a function of the use of multiple
shallow, large-diameter seepage wells at the major-
ity of these sites. Sites with only one operable well
were dominated (70%) by deeper drilled wells.

Previous analysis of the SWRL data (Kross et
al., 1990) showed minor differences in the rates of
some contaminants at sites with abandoned wells,
no septic systems, or chemical storage on the prop-
erty. When these factors are stratified by distance
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to the sampled well, and by number of abandoned
wells, there are no consistent proximity effects”
apparent. For example, wells located within 15 feet
of chemical storage and handling areas are uncom-
mon, occurring at <0.6% of rural sites, and none of
these wells contained pesticides or NO;-N >10 mg/
L. One of the most significant associations with
water quality is exhibited by the location of wells in
non-farm, suburban housing tracts. These sites
show substantially fewer wells with >10 mg/L
NO;-N and total coliform bacteria. Wells located
closest to septic systems, showed lower nitrate and
significantly fewer positives for total and fecal
coliformbacteria; these siteswere dominantly inthe
“suburban” areas as opposed to agricultural areas.
Of note is that the wells in the category indicating
the greatest distance (> 200 feet) from septic tanks
and chemical storage and handling areas often
exhibited the greatest degree of contamination,
particularly for total coliform. This relationship
results from the high proportion of large-diameter
seepage wells in the greatest distance categories.
These wells tend to be located along waterways, or
other areas with a high water table (to promote
seepage), often quite distant from areas preferred
for the siting of houses, cattle-yards, storage build-
ings and chemical-mixing sites. Site studies show
that, on average, these wells are located nearly one-
quarter of a mile from such likely point-sources.
While such wells are highly susceptible tolocalized
impacts from accidents and point sources, the ma-
jority are located so far from such sources that there
is little potential for direct impact.

The effects of sinkholes or agricultural drainage
wells are not significant in a state-wide context.
Sinkholes were identified in the vicinity of only
2.1% of sites and only 0.6% of sites were near
agricultural drainage wells (ADW). No sites with
ADWs had pesticide detections or NO;-N >10 mg/
L.

On-site disposal of home and farm refuse shows
no effecton water-quality in the SWRL survey. For
farmed sites neither the crop types, crop and live-
stock enterprises, rates of N-fertilization nor the
herbicides applied were reflected in the water qual-
ity at the on-farm well. Neither methods nor
locations of disposing of excess pesticide formula-



tion, rinseate, or pesticide containers exhibited any
significant association with water-quality results
from SWRL. Wells located in feedlots showed
significantly higher concentrations of nitrate, but
not bacteria problems. Such sites comprise only
about 3% of wells state-wide, and account for only
about 1% of the wells with >10 mg/L NO;-N.

Sites that reported the formulation of pesticides
at a hydrant near the wellhead and/or spills of
pesticides were related to greater than state-wide
averages for pesticide detections. However, when
the results are stratified by distance from the well,
and by well depth and well type, consistent proxim-
ity trends are absent. The continuing, detailed
analysis of the SWRL survey data reinforce prior
findings, that: 1. point-source problems clearly
contribute to the occurrence of pesticides in water-
supply wells; but, 2. they only account for a portion
of the problems; and, 3. nonpoint sources also
account for many pesticide detections in water-
supply wells, which is supported by other detailed
research.

About 5.4% of farms reported spills, back-
siphoning, or other accidents with pesticides and/or
fertilizers near their wells, and, as would be ex-
pected, these sites show a greater proportion of
pesticide detections. However, of the well samples
that had pesticides detected from these sites, only
36% contained the pesticide involved in the mis-
handling incident. Sites where residents reported
they mixed all the herbicides applied on-site and
those where all the herbicides were custom applied
showed the same proportion of pesticide detections.
Sites where herbicides were mixed at a hydrant
within 15 feet of the well did show greater-than-
average pesticide detections and greater propor-
tions than sites where mixing was done at a hydrant
further away. However, sites where mixing and
handling was not done near the well, where all
herbicides were reported as mixed in the field where
they were to be applied, also showed a greater than
average occurrence of pesticides. If local mishan-
dling of pesticides were the only factor involved in
well contamination, sites where all herbicides are
custom applied or where all are mixed in the field
would be expected to show significantly fewer
incidences of herbicide contamination. Infact, such
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sites exhibit proportions equal to, or greater than
state-wide averages.

The review of sites where pesticide concentra-
tions exceeded HALs provided similar insights
(Kross etal., 1990). The sites exceeding HALSs for
pesticides occurred throughout the state. These
sites were dominated by shallow wells; one deep
well was involved, and this was a point- source case
which could affect a well of any depth. Two of the
sites, 25%, were clearly “point- source” cases, one
a spill and one back-siphoning accident; the major-
ity, 62.5%, were probable nonpoint sources related
to pesticide occurrences in shallow groundwater; 1
case, 12.5%, was equivocal.

From the continued analysis reviewed in this
report, the relationship between the proximity (i.e.,
the actual potential for an effect on the well) of
mixing and handling of pesticides to the well-head
and pesticide detections, while inconsistent, does
indicate a significant association within a distance
of about 50 feet. The elevated occurrences of
pesticide detections at sites where pesticides are
mixed within 50 feet of the well head stands up
throughout the analysis of the many confounding
variables that can come into play, e.g., the sites are
not dominated by seepage wells or inordinately
shallow wells. This relationship is a strong indica-
tion that such handling, over time, has likely im-
pacted these wells adversely. Several of these sites
are known sspill sites as well. Spills and mixing near
the wellhead still only explains a small portion of
the total occurrences of pesticides, however. When
all the detections from the wells within 50 feet of
mixing sites are considered, they account for about
1.5% of pesticide detections state-wide; combined
with other known spill and accident sites (whether
the compound found was related to the spill or not),
they account for about 3-3.5% of detections state-
wide (of the 13.6% measured). Such detailed
analysis is requisite for understanding the magni-
tude of such impacts. While there is little question
that point-source problems — spills, back-siphon-
ing, repeated mishandling near a well — occur and
contaminate wells, it is easy to overstate their
occurrence from anecdotal knowledge. The esti-
mates of the extent of such incidents derived from
the detailed data collected in the SWRL study are



essentially identical to the values derived from other
detailed field investigations in Iowa.

Neither simple proximity nor susceptibility are
cause and effect. The potential for chemical han-
dling to impact a well is affected by many factors,
such as the gradient from the site to the well
(“uphill” or “downhill”), the amount of fluid in-
volved, as well as the depth and nature of construc-
tion of the well. A 15 foot distance from a well may
be of little consequence if the site is downhill/
downgradient or if the well is cased to significant
depth and doesn’t allow any inflow around the well
head. The complexities involved are evident from
the far smaller portion of wells exhibiting contami-
nation where chemical mixing sites occurred within
25 feetof the well, relative to those with mixing sites
2510 50 feetaway. Also, the vast majority of large-
diameter seepage wells, which are highly suscep-
tible to localized impacts, are located so far from
handling and mixing sites that thereislittle potential
for directimpact. Because of this distance relation-
ship, these wells are “under-represented” in the
point-source cases. Neither the proximity of han-
dling and mixing to a well, nor the use of a suscep-
tible well-type dictate that point sources are the
cause of a pesticide detection.
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