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Abstract: 

The purpose of this study was to; (1) determine the extent of well water 

contamination with nitrate and pesticides, and to understand the relationships among 

nitrate, pesticide, dissolved chloride, dissolved sulfate, well age, and well depth in the 

southern Willamette Valley, Oregon; and, (2) to investigate local residents’ perceptions 

and opinions regarding water quality issues.  Three data sets were used.  First, the 

Oregon Department of Environmental Quality (ODEQ) sampled untreated well water 

for nitrate contamination from 500 households in the winter of 2000-2001.  Second, a 

100 household subset of the original 500 households were re-sampled in the summer of 

2002 to be tested again for nitrate and further analyzed for pesticides, dissolved sulfate, 

and dissolved chloride.  The third data set included responses to a mail survey from a 

stratified subset of residents of the original 500 households whose well water was 

sampled by the ODEQ. 

Concentrations of nitrate during the 2000-2001 sampling period had a mean of 4.0 

mg/L, and ranged from .05 to 22.60 mg/L in 476 sample wells.  Concentrations 

exceeded the national standard of 10 mg/L in 7.4% of these samples, which increased to 

9.3% in wells less than 45 ft. deep.  Mean nitrate concentrations for wells sampled in 

2002 were 10.8 mg/L, with 48% exceeding the national standard.  Eighty-one of the 100 

wells tested were found to contain at least 1 pesticide, and 34% of the wells had at least 

4 pesticides.  However, no pesticides exceeded their established health standards.  The 

most common pesticides found were atrazine (73% of the wells) and its breakdown 



product desethylatrazine (80% of the wells).  No significant linear association was 

found between nitrates 2000-2001 levels and either well depth or well age.  Well depth 

and well age were found to have a statistically significant inverse relationship.  

Dissolved sulfate and nitrate (2002 sampling period) were significantly associated, 

suggesting that there may be a common source (ammonium sulfate).  Nitrate 

concentrations were not significantly correlated with any of the other independent 

variables.  Although, moderately strong relationships did exist between atrazine 

concentrations and well age, and dissolved sulfate and well age.   

The response rate for the surveys was 51%.  Seventy-two percent of the respondents 

do not use a water treatment device and 28% do use treatment devices.  Overall, there 

was no difference in the use of water treatment devices based on nitrate concentrations 

in the well water.  Respondents who used activated charcoal treatment devices had 

significantly lower nitrate concentrations than respondents who used reverse osmosis 

treatment systems.  Sixty-nine percent of respondents in the high nitrate category (> 10 

mg/L) reported not using any water treatment device.  Sixty-nine percent of respondents 

also believed there well water was either excellent or good.  There was no significant 

association between respondents’ description of well water quality (excellent, good, 

fair, poor, and not sure) and nitrate concentrations.  Fifty-five percent of the respondents 

strongly agree or agree with concerns over agricultural fertilizer use negatively 

impacting well water quality.  There was a significant association between respondents’ 

concern over agricultural fertilizer use negatively impacting well water quality and 

nitrate contamination levels.  Those who strongly agree that agricultural fertilizer use 

negatively impacts well water quality had significantly higher nitrate contamination 



levels than those who agree or were not sure.  Moreover, respondents who did not own 

agricultural land were more likely than those who owned agricultural property to 

indicate concern over agricultural fertilizer and pesticide use harming well water 

quality.  Seventy-four percent of the respondents expressed concern over septic systems 

negatively impacting well water quality, although no significant relationship was found 

between nitrate contamination levels and the frequency of septic tank pumping, the 

distance of the septic tank from the well head, or the distance from the septic tanks 

drain field.  Nitrate contamination levels were found to be significantly different 

between geologic units.  Nitrate levels in geologic unit Qg1 (Pleistocene sand and 

gravel) were significantly higher than all other geologic units, with the exception of 

Qalc (Holocene alluvium).  Typically, households located in areas where the Holocene 

alluvium of the Willamette River and the Pleistocene sand and gravel post-Missoula 

flood deposits dominated the geologic structure were at greater risk of high nitrate 

contamination levels.   
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well head, or the distance from the septic tanks drain field.  Nitrate contamination levels 
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geologic unit Qg1 were significantly higher than all other geologic units, with the 

exception of Qalc.  Typically, households located in areas where the Holocene alluvium 

of the Willamette River and the Pleistocene sand and gravel post-Missoula flood 

deposits dominated the geologic structure were at greater risk of high nitrate 

contamination levels.   
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An Analysis of Well Water Quality and Local Residents’ Perceptions of Drinking 
Water Quality in the Southern Willamette Valley 

 
INTRODUCTION 

 
Concerns over the sustainability of our water resources are a strong motivation 

for an effort to better understand the consequences of water quality and usage problems.  

Groundwater contamination is one of the leading areas of concern for many regions of 

the world, particularly those areas with limited supplies.  In the United States it is 

estimated that 50% of the population uses groundwater for drinking water.  This figure 

is typically as high as 90% in rural populations (Office of Technology Assessment, 

1990).  In Oregon, over 70% of the state’s population uses groundwater at least some of 

the time, and 95% of the rural population is dependent on groundwater resources 

(Oregon Department of Environmental Quality, 2001).  The number of people who rely 

on groundwater is expected to increase over time due to increases in the population of 

rural areas.  Although much of the population is dependent on groundwater for their 

drinking water, the majority of Oregon’s groundwater is used for irrigation of 

agricultural lands. 

 As a result of limited monitoring, very little is known about the quality Oregon’s 

groundwater.  As of 1999, Oregon’s Department of Water Resources has evaluated 15% 

of the state’s groundwater resources; in addition, only 6.4% of the state has had 

groundwater quality studies performed (Oregon DEQ, 1999).  Some data exist from 

individuals selling property with a private well, because of legal requirements to test for 

nitrates and total coliform bacteria when selling a property.   

 Groundwater underneath areas of intense agricultural activity can be particularly 

susceptible to non-point source contamination from the widespread use of fertilizers and 
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pesticides in the agricultural industry.  Some of the more stable chemicals can be 

dissolved in rain, or irrigation water, and carried into the underlying aquifer.  Overall, 

groundwater moves very slowly, but depending on soil, geological, and chemical 

characteristics, the actual rate of groundwater flow will vary.   

Contamination of groundwater with nitrate and pesticides is the focus of much 

attention throughout the country.  In Oregon, the two most common groundwater 

contaminants are nitrate and pesticides, followed by volatile organic compounds and 

bacteria (Eldridge, 2002).  Due to its water solubility and ability to persist and 

accumulate in the groundwater for decades, nitrate is one of the more problematic and 

widespread of the contaminants.  Sources of nitrate contamination are nitrogen 

fertilizers, septic systems, animal feedlot operations and barnyards, and application of 

wastewater to the ground.   

 Nitrate was first found to be a cause for concern because of the harm it causes 

infants.  When infants less than six months of age consume excessive amounts of nitrate 

in drinking water they are at risk of developing methemoglobinemia, or “blue baby 

syndrome.”  In the 1940s, Minnesota experienced a 30-month time period during which 

there were 144 recorded cases of infant methemoglobinemia, and of those, 14 were fatal 

(Johnson et al., 1990).  More accurate estimates of methemoglobinemia incidence could 

be made if states’ departments of health required mandatory reporting.  Since the time 

groundwater contamination with nitrate was correlated with incidence of 

methemoglobinemia in the 1940s, its incidence in the United States has declined, 

although it is still a serious threat to areas in the developing world.  Nitrate, or 

metabolic compounds derived from it, have more recently been associated with 



 3

prematurity and intrauterine growth restriction (Bukowski et al., 2001), recurrent 

respiratory tract infections (Gupta et al., 2000), non-Hodgkin’s lymphoma 

(Weisenberger 1991), bladder cancer (Weyer et al., 2001), hypertrophy of the thyroid 

(van Maanen et al., 1994), gastric cancer (Cuello et al., 1976), spontaneous abortions 

(MMWR, 1996), and the formation of mutagenic compounds. 

 In 2000–2001 the Oregon Department of Environmental Quality (DEQ) selected 

an area in the southern Willamette Valley between north Eugene and Albany, Oregon, 

as part of an extended look at groundwater contamination.  The boundaries of the study 

area include the Cascade Range to the east, the Oregon Coast Range to the west, the 

Salem Hills to the north, and the city of Eugene’s urban growth boundary to the south.  

This area roughly approximates the limits of the Quaternary alluvium in the southern 

Willamette Valley, which is also known to contain a sensitive aquifer (Eldridge, 2002).  

In this study they collected approximately 500 groundwater samples from domestic 

wells and tested them for nitrate.  While reviewing this data, the DEQ chose to resample 

100 of the initial 500 wells because they exhibited higher than expected contamination 

levels in relation to the other wells sampled.  This second sampling event took place 

during the spring and summer of 2002.  In addition to retesting for nitrate, these wells 

were also tested for, dissolved chloride, dissolved sulfate, and a variety of pesticides. 

Purpose of the Study 

The purpose of the study was twofold: (1) to research the concentrations and 

associations between nitrate, selected pesticides, dissolved chloride, dissolved sulfate 

well depth, and well age in residential wells from an area within the southern 

Willamette Valley; and, (2) to survey the residents whose wells were sampled to 
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determine their attitudes and perceptions of drinking water quality.  The region in the 

Willamette Valley between north Eugene and Albany has been under intensive 

agricultural production for many decades.  This area also has many older homes that 

rely on well water, and often the wells are shallow (< 75 ft. deep).  Current data indicate 

extensive groundwater pollution from nitrate in some areas within this region.   

Research Questions 

1) What water treatment devices, if any, have participants installed in order to   

    treat contaminated well water?   

2) Is there a relationship between participants’ concerns about their 

    drinking water quality, and levels of contamination in their drinking    

    water? 

3) Is there a relationship between the frequency of septic tank pumping 

    and contamination with nitrate? 

4) What is the spatial relationship between nitrate contamination and     

    geologic units? 

Research Hypotheses 

1) There is no relationship between the nitrate levels found in the 2000-2001   

      study and the following independent variables: well depth, and well age. 

2) There is no relationship between the nitrate levels found in the 2002 study 

      and the following independent variables: dissolved chloride, dissolved       

      sulfate, atrazine, well age, and well depth.    
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Significance of the Study 

 The contamination of the groundwater with nitrate is an ongoing problem, 

especially in agricultural areas.  The majority of residents in rural agricultural areas 

depend on clean groundwater supplies as their primary source of drinking water.  

Within the southern Willamette Valley there have been a limited number of large-scale 

surveys that follow high quality control/quality assurance standards to assess drinking 

water quality, and there have never been questionnaires sent to area residents to 

ascertain this population’s knowledge, perceptions, and drinking water practices.  Due 

to the potential for adverse impacts on the population’s health from well water 

contamination, it is important to understand the contamination levels, their distributions, 

changes in these parameters in comparison to previous studies, and the relationship 

among contaminants in well water.  This data would likely improve the scientific basis 

for making future policy decisions.     

 Assessments of natural resources often focus on the technical aspects of a 

particular situation.  An integrative approach to the management of groundwater 

resources should also include an assessment of the affected population’s knowledge, 

perceptions, and drinking water practices.  Past studies have shown that there is not 

always a concordance between actual risks and the publics’ perception of that risk 

(Burger et al., 1997).  This study was designed to measure participants’ perceptions of 

well water quality, the influence of land use on well water quality, the performance of 

various parties in the management of well water quality, and personal water use 

practices.  Gaining a better understanding of the population’s perspective will help 

management agencies to make better decisions on public education, manage potential 
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conflicts of opinion among stakeholders, build consensus, and help guide their approach 

to forming future water quality regulations. 

Delimitations 

 1) The analysis of well-water samples focused on the region in the southern 

      Willamette Valley between north Eugene and Albany. 

 2) The participants selected to complete the questionnaire represented a   

                 subset of those individuals whose well-water was sampled by the Oregon   

                 Department of Environmental Quality. 

Definition of Terms 

Aquifer:  An underground layer of porous rock, sand, or gravel that is saturated with 

water and capable of yielding water to a well or spring. 

Groundwater:  Water that occurs in an underground layer of porous rock, sand, or 

gravel. 

Methemogloin (metHb):  A type of hemoglobin that contains an oxidized form of iron 

incapable of combining with and transporting oxygen. 

Non-point source:  A reference to the origin of a pollutant or contaminant; a source that 

has a diffuse origin, not any one place. 

N-nitroso compounds:  Category of chemical compounds formed by the reaction of 

nitrates, nitrites, or nitrogen-oxide precursors with amides or amines to produce 

nitrosamines and nitrosamides; compounds that are found in the environment and which 

have been shown to be formed in animal bodies, including humans.  N-nitroso 

compounds are known to cause cancers in many animal species and are suspected of 

causing cancers in humans.           
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Southern Willamette Valley:  The lowlands of the Willamette Valley extending from 

Eugene to Albany in Lane, Benton, and Linn Counties.  It is bounded on the east by the 

Cascade Range, to the west by the Oregon Coast Range, to the north by the Salem Hills, 

and to the South by the city of Eugene’s urban growth boundary. 

Alluvium:  sediment deposited by flowing water, as in a riverbed, flood plain, or delta. 

Quaternary:  of, belonging to, or designating the geologic time, systems of rocks, and 

sedimentary deposits of the second period of the Cenozoic Era from the end of the 

Tertiary Period through the present, characterized by the appearance and development 

of human beings and including the Pleistocene Epoch and the Holocene Epoch. 

Fluvial:  of, relating to, or inhabiting a stream or river. 

Lacustrine:  of or relating to lakes. 

Clast:  a rock fragment or grain resulting from the breakdown of larger rocks. 

Facies:  a rock or stratified body distinguished from others by its appearance or 

composition. 
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LITERATURE REVIEW 
 
 This next section includes the background and context necessary to have a full 

understanding of the research topic.  It is organized into the following sections: (1) a 

brief history the area, (2) the geology and hydrogeology of the region under study, (3) 

land use patterns, (4) understanding the nitrogen cycles and nitrate contamination in the 

soil and groundwater, (5) human exposure to nitrate, (6) the health effects of nitrate 

exposure, (7) and the use of public opinion surveys for groundwater issues. 

History of Land Use Patterns in the Willamette Valley 

 Settlement of the Willamette Basin by non-Native Americans began with the 

establishment of an over-land route by Meriwether Lewis and William Clark in 1806.  

Native Americans made the Willamette Valley their home before then primarily 

because of the mild climate, and the abundance of water, game, and trees (Woodward et 

al., 1998).  In 1806, Captain William Clark wrote in his journal, “the Cal-lar-poe-wah 

Indian Nation are very numerous and inhabit the country on each side of the Multnomar 

(present day Willamette River) from its falls as far up as the knowledge of those people 

extend” (Woodward et al., 1998).   In 1825, Dr. John McLoughlin (sometimes referred 

to as the father of Oregon) and a party of Hudson Bay fur trappers built a trading 

outpost near the confluence of the Columbia and Willamette rivers.  Soon after in 1829, 

Dr. McLoughlin allowed a group of French Canadian settlers to travel further south 

down the Willamette River to establish farms nearby what is today names St. Paul 

(Uhrich et al., 1999).  Word of the long growing season, a wide variety of cultivatable 

crops, the level to gently rolling terrain, and rich soil, spread fast.  By 1860 about 
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53,000 had started the long journey westward to Oregon via the 2,000 mile Oregon 

Trail (Uhrich et al., 1999). 

 The central contributor to the Oregon frontier development was the agricultural 

industry, and by the mid-1800s the Willamette Valley had begun to develop distinct 

regions of agricultural production.  The northern Willamette Valley supported a variety 

of vegetable crops, potatoes, perishable produce, and dairy products.  In the lowlands of 

the central Willamette Valley, grain crops, such as wheat and oats, were some of the 

largest and most important crops grown anywhere in the valley.  Beef and swine were 

second largest agricultural product in this region (Uhrich et al., 1999).  Farther south the 

farms were smaller and not as well established; the most common products included 

potatoes, grains, livestock, and swine.  Aside from the agricultural industry, both 

forestry and mining also played a role in the later development of Oregon, and the 

Willamette Basin.   

Geology and Hydrology of the Study Area 

  The southern Willamette Valley is a broad alluvial plain situated in 

northwestern Oregon.  It is bounded to the west by early Tertiary marine sedimentary 

and volcanic rocks of the Coast Range, and to the east by Tertiary and Quaternary 

volcanic and volcaniclastic rocks of the Cascade Range (O’Connor et al., 2001).  Within 

this area many tributaries and perennial streams drain the adjacent mountain ranges and 

valley into the Willamette River.  As it flows northward on its way to the Columbia 

River, the Willamette River winds through an extensive lowland, typically below 150 m 

above sea level, that is approximately 18 to 30 miles wide (O’Connor et al., 2001).   
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 Over extensive tracts of geologic time, the basins of the Willamette Valley have 

undergone significant change.  Changes which have most influenced the dynamics of 

groundwater in today’s southern Willamette Valley began with the agglomeration of 

roughly 500 m of Neogene and Quaternary fill from the surrounding mountains and the 

Columbia River Basin, and periods of tectonic lowering of the valley (O’Connor et al., 

2001).  Today this fill underlies the main valley and lowland floors, and contains most 

of the groundwater used in the Willamette Valley today.  Generally, the valley 

sediments include fine-grain Miocene and Pliocene fluvial-lacustrine deposits at the 

bottom of the basins, and in the upper 0 to 100 m there are coarse-grained fluvial 

deposits of the Quaternary age, which originated from the Cascade Range and Missoula 

Flood sediment (O’Connor et al., 2001).  As a result of the sequence of geological 

events and the processes of time, four major units of Quaternary-age sediment, which 

can be further divided into five distinct surficial geologic units, underlie the southern 

Willamette Valley.  Each of these deposits has unique characteristics that can have a 

substantial influence over groundwater flow and soil characteristics.  The following 

section will discuss the characteristics associated with the geological and 

hydrogeological units that are present in the southern Willamette Valley. 

The Pleistocene sand and gravel was deposited during two separate periods, one 

before the Missoula Floods (Qg2) and one after (Qg1).  Both periods of sediment 

deposition can be characterized as having channel instability, high sediment supply, 

having sediment derived from the Cascade and Coastal Ranges (O’Connor et al., 2001).  

In the southern Willamette Valley these coarse-grain proximal alluvial fan and braided 

stream deposits make up the majority of today’s Willamette aquifer.  The deposits are 
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typically located within the upper 10 to 50 m of fill throughout the lowland.  In the 

valleys of major Cascade Rivers emptying into the Willamette lowland, the deposits are 

up to 100 m thick (O’Connor et al., 2001).  How the groundwater moves through this 

geologic unit, as well as all others, is primarily a function of clast size and how the 

sediments have been sorted.  The composition of these deposits varies from cobbly, 

sandy gravel in the tributary valleys to silt and sand in the distal portions of the valley 

lowlands (O’Connor et al., 2001).  Secondary influences affecting hydrogeologic 

properties are the processes of compaction and cementation of the deeper and older 

deposits.  Of the two Pleistocene deposits, unit Qg1, which was deposited after Qg2, is 

generally the more permeable of the two, because it has experienced less weathering 

and compaction (O’Connor et al., 2001). 

The Missoula Flood deposits generally referred to as the Willamette Silt 

hydrological unit, also influence groundwater dynamics in the southern Willamette 

Valley.  They are a result of multiple catastrophic floods from the Glacial Lake 

Missoula between 15 and 12.7 thousand years ago.  This deposit is composed of bedded 

clay, silt, and sand that cover the central Willamette Valley in as much as 35 m of fine-

grained sediment, but thins toward the margins and in the southern Willamette Valley 

where the deposits are less than 10 m (Woodward et al., 1998).  The city of Harrisburg, 

Oregon is located near the southernmost section of this deposit; south of this location 

the geologic unit has little influence over groundwater flow.  Where the Willamette Silt 

does exist, its thickness plays a significant role in groundwater recharge, discharge, and 

flow.  Due to its fine-grained sediment, it forms a poorly drained, low-permeability 

hydrogeologic unit, which acts as a leaky confining layer above the sand and gravel it 
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overlays (Woodcock, 2002).  Any precipitation, or for that matter irrigation, percolates 

through the top layers of soil, but then is slowed and held in large quantities for future 

discharge into surface waters and the Willamette Aquifer (Woodcock, 2002).  It is only 

a minor source of groundwater for the valley population, but the clay and silt left behind 

by these ancient floods provide a rich substrate for agriculture (O’Connor et al., 2001).  

The final geologic unit relevant to this study in the southern Willamette Valley 

is the floodplain deposit of the Willamette River and its major tributaries (Qalc).  Along 

the lowland bottoms, and on either side of the Willamette River up to a width of ~ 6 km, 

the Willamette Silt unit has been eroded away, and in its place is the Holocene alluvium 

of sand, silt, and gravel (O’Connor et al., 2001).  As with the Pleistocene sand and 

gravel units discussed earlier, Qg1 and Qg2, the Holocene alluvium of the floodplain 

constitutes a major portion of the Willamette Aquifer.  This geologic unit is also 

governed by similar hydrogeologic characteristics; however, because it is much younger 

than Qg1 or Qg2, compaction and cementation have not had a major influence on 

groundwater dynamics.  Generally, the coarse-grained facies are well sorted, loose, and 

can be expected to be quite permeable (O’Connor et al., 2001).      

Modern Land Use Practices 

Today agriculture production accounts for 22% of the land use in the Willamette 

Basin, second only to forested land (70%).  In 1993 the Willamette Basin accounted for 

approximately 50% of the gross farm sales, which stemmed from approximately 200 

different agricultural commodities (Uhrich et al., 1999).  Agricultural commodities 

produced within the Willamette Valley are some of the most diverse in the United 

States.  Oregon produced more grass seed, Christmas trees, blackberries, boysenberries, 
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loganberries, black raspberries, hazelnuts, and peppermint in 1992 than any other state 

in the Nation (Uhrich et al., 1999).  Within the study area most of the crops are 

irrigated, and include grains, hay mint, hops, grass and vegetable seeds, fruits, nuts, and 

nursery crops.  Even though the majority of the land in the Willamette Basin is covered 

in forest, significantly, 68% of the agricultural land is underlain by alluvial geologic 

units, which are generally expected to have moderate to high permeability (Hinkle, 

1997).  Livestock production is also common in the study area, and includes 33 

confined animal feeding operations (CAFOs) permitted by the Oregon Department of 

Agriculture (Eldridge, 2002).  The production of timber in Oregon has surpassed that of 

any other state in the nation since 1938, and the majority of this has come from within 

the bounds of the Willamette basin (Uhrich et al., 1999).  Before World War II the 

extraction of minerals also played a significant role in the Oregon economy.  However, 

today the only ore produced in the Willamette Basin is a small amount of gold.  Most 

mining in the basin today is that of sand, gravel, and crushed rock, with a total of 28 

million tons (3 million tons from waterways) (Uhrich et al., 1999).  In comparison with 

the rest of the State, this makes up 53% of the total mineral production. 

Fundamentals of Nitrate in the Environment 

 Nitrates make up a group of ubiquitous chemicals in the environment.  These 

chemicals include ammonia (NH3), ammonium ion (NH+
4), nitrogen gas (N2), nitrite ion 

(NO-
2), and nitrate ion (NO-

3).  They exist in the air, soil, and water, are an integral 

component of proteins, and are essential to the normal growth of plants and animals.  

Nitrogen’s movement and change in chemical form through the biosphere is called the 

nitrogen cycle.  In the gaseous form, nitrogen makes up approximately 79% of the 
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atmosphere.  For this gaseous form to be useful to plants and animals it must undergo a 

process called nitrogen fixation.  Nitrogen fixation involves combining either an oxygen 

or hydrogen molecule with nitrogen to form organic nitrogen.  The bacterium, 

Rhizobium sp., lives in a symbiotic relationship inside certain plants’ root systems and 

is responsible for performing this chemical process, which provides an organic form of 

nitrogen to plants (Nadakavukaren, 2000).  Other types of nitrogen fixation include 

atmospheric fixation by lightening, and industrial fixation with fertilizer.  Also an 

important aspect of nitrogen transformation is the decomposition of animal wastes, and 

dead plant or animal matter, which is the beginning of ammonification.  This refers to 

the change from organic nitrogen to a mixture of ammonia and ammonia ion (Canter, 

1997).  The ammonia is then assimilated by plants and is utilized to form proteins.  

Ammonium ions are further transformed via a biological oxidation process called 

nitrification.  This is a 2-step process; the first step involves the formation of nitrites – 

which are oxidized again to form nitrates.  Nitrates are either taken up by plants to help 

form plant proteins, or are broken down (denitrification) by the actions of heterotrophic 

bacteria in the presence of an organic carbon source to form nitrogen gas that returns to 

the atmosphere (Canter, 1997).   

Beginning in the early 20th century human intervention, through industrial 

nitrogen fixation, has played a significant role in changing the nitrogen cycle.  The most 

influential human activities include vast cultivation of nitrogen fixing leguminous crops 

such as soybeans and alfalfa, and the industrial nitrogen fixation for fertilizer 

production (Nadakavukaren, 2000).  The burning of fossil fuels further contributes to 

the amount of nitrogen released into the atmosphere.    
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Nitrate Contamination of the Groundwater 

The occurrence of nitrate in the groundwater is most often associated with the 

following four sources, or combinations of them: 1) Waste water disposal/septic 

systems, 2) natural geological sources, 3) row crop agriculture, and 4) irrigated 

agriculture (Cantor, 1997).  Non-crop agriculture such as concentrated livestock 

operations can also contribute large amounts of nitrate infiltrate to the groundwater.  

Agricultural sources of nitrate contamination of groundwater far exceed the overall 

amount of nitrate released from natural sources and septic system leakage (Puckett, 

1994).  Since the early 1950s green revolution agricultural practices have transformed 

traditional agricultural practices into large monoculture crops that rely heavily on 

agrichemicals.  As a result, farm yields have increased dramatically, but at the cost of 

having to use large amounts of fertilizer, and pesticides.  By 1960s the amount of 

fertilizer being applied by farmers in the U.S. had reached approximately 2.5 million 

tons, and by 1981 this figure had risen to as high as 11.9 million tons of fertilizer 

(Berry, 1994).  After peaking at 12.6 million tons in 1994, fertilization rates actually 

decreased to 11.7 million tons in 1995.   

Actual plant uptake of the nitrogen applied to agricultural lands varies 

considerably depending on the crop planted.  Generally, for arable crops the percent that 

reaches the plants ranges from 40 to 60%, under current agricultural practices.  In 

grasslands this percentage can reach as much as 80% recovery of nitrate (Thornton et 

al., 1999).  This implies that as much as 50% of the nitrogen applied as fertilizer on 

agricultural lands will remain in the soil system, and is likely available to be leached 

into the groundwater.  Since nitrate has a negative charge it does not easily bind to soil 
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particles, and instead moves through the soil with water.  As a result, the time of year 

with the highest rainfall and/or irrigation is the period when unused nitrogen from the 

last summer crop is most likely to percolate into the underlying soil and groundwater 

(Feaga et al., 2002).  Some studies conducted in the last decade have shown that 

significant reductions in fertilizer rates can be made without endangering crop yields 

(Hallberg, 1991).  In 1993 the Board on Agriculture of the National Research Council 

of the National Academy of Sciences reviewed the issue of excessive fertilization rates 

and concluded that each year in the U.S. there are six to nine million tons more nitrogen 

fertilizer added to crops than can actually be utilized (EWG, 1996).  In light of this, it is 

tempting to apply standard rates of fertilization that will maximize plant growth and 

minimize environmental contamination, however; natural processes and seasonal 

variations make this approach difficult (Feaga et al., 2002).  A comprehensive formula 

for calculating nitrogen efficiency in a given crop should sum the sources of nitrogen, 

including fertilizer N, residual mineral N, mineralization of organic N, and N from 

irrigation or rainfall, which is then be divided by total N in a the mature crop (Feaga et 

al., 2002).  All of these factors should be included because up to a half of available 

nitrogen can come from sources other than nitrogen fertilizer.  For instance, after 

harvest, broccoli, hops, and grass seed crops leave more nitrogen in the crop residue 

than is taken in the harvest (Feaga et al., 2002).  The difficulty is in accurately 

measuring the other sources of nitrogen all ready in the soil so that fertilization rates can 

be properly adjusted. 

As a result of these problems, more attention is being paid to sustainable 

agricultural practices that account for the protection of groundwater quality.  Some 
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agricultural practices that could be used to reduce the amount of nitrate reaching the 

groundwater include, no autumn nitrogen application, crop rotation, stream buffers, 

control of invasive species, nitrification inhibitors and slow release nitrogen, 

improvement in irrigation system performance and management, prevention of aquifer 

contamination at the wellhead, irrigation scheduling, the establishment of realistic yield 

goals, frequent testing of soil, adjusting nitrogen fertilization rates to account for 

existing soil nitrogen, and plant tissue testing (OSU Department of Bioengineering).  

More information on best management practices is available in Appendix E.    

 Of all the forms of nitrogen, nitrate is the most soluble, and leaches easily into 

the groundwater.  The downward movement of nitrate through the soil strata is 

influenced by a number of factors and agricultural practices. These include, 

hydrogeological factors, the physical structure of the soils (fine-grained vs. coarse-

grained), chemical structure of the soils (redox potential), amounts of precipitation in 

the region, irrigated verses non-irrigated crops, and the type of crop (Thornton et al., 

1999).  These factors may help explain the spatial and temporal variability in 

contamination patterns.  The risk of groundwater contamination is generally higher 

when regional characteristics include irrigated agricultural land use, a permeable soil 

structure (coarse grained soils), and the presence of an unconsolidated aquifer.  

However, the absence of one or more of these factors may alter the rate of nitrate 

movement through the soil, and delay or prevent the contamination of underlying 

groundwater reserves.  A study of shallow groundwater quality in the Willamette Basin 

found that water underlying a large cumulative thickness of clay soil might be 

representative of water that was recharged longer ago.  Water in this area was 
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associated with lower nitrate concentrations, which is likely to be related to lower 

nitrate fertilization rates in the past, and/or the soil’s ability to reduce nitrate into 

nitrogen gas that escapes into the atmosphere (Hinkle, 1997).  Depending on the depth 

of the well tested, it is also possible that the vertical flow of the nitrate is very slow, 

which has delayed the contamination of groundwater in that area.  Some studies have 

also suggested that shallower wells are associated with increased levels of well water 

contamination (Squillace et al., 2002, Kross et al., 1993, Mitchell et al., 1996).  

Research conducted by Squillace et al. (2002) has found a consistent relationship 

between shallower well depths, unconfined aquifers, and the occurrence of volatile 

organic compounds, pesticides, and anthropogenic nitrate, in domestic wells throughout 

the United States.   

 Nitrates are often not the only contaminant in groundwater.  Pesticides are used 

extensively in agricultural areas, and are significant sources of non-point source 

groundwater contamination.  Along with the increased use of pesticides for both 

agricultural and nonagricultural purposes, the last few decades has shown an increase in 

the detection of pesticides in groundwater.  Nationwide, about 143 pesticides and 21 

pesticide byproducts have been detected (Barbash et al., 1994).  Pesticides that have 

been detected most frequently are typically those used in the greatest amounts, and 

include the triazine and acetanilide herbicides (atrazine, simazine, alachlor, and 

metolachlor).  Others that are known to be widespread groundwater contaminants 

include aldicarb and its byproducts, DBCP, and ethylene dibromide (Barbash et al., 

1994).   
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Some of the factors that increase the likelihood of nitrate contamination are also 

influencing the occurrence of pesticides, such as; high agrochemical use on surrounding 

land, high groundwater recharge by precipitation or irrigation, high soil permeability, 

and unconfined aquifers (Williamson et al., 1998).   

Groundwater studies typically use nitrate as an indicator for groundwater quality 

due to its stability and solubility in water.  Nitrate concentrations above 3 mg/L in the 

groundwater are representative of anthropogenic sources (Madison et al., 1985).  A few 

studies have noted a relationship between the detection of nitrates and the occurrence of 

pesticides in well-water samples.  In a United States Geological Survey (USGS) study 

of groundwater quality in the Willamette Basin, it was found that nitrate concentrations 

in samples that also contained pesticides were statistically greater than nitrate 

concentrations in samples without pesticides (Hinkle, 1997).  Another study conducted 

by the Washington State Department of Health and the USGS also looked at nitrate and 

pesticide co-occurrence, and found a correlation between nitrate concentrations at or 

above 2.7 mg/L and pesticide detection (Williamson et al., 1998).  In this study, 

pesticides were detected in 58% of the wells with a nitrate concentration of 2.5 mg/L or 

more, whereas pesticides were found in only 28% of the wells with nitrate 

concentrations less than 2.5 mg/L (Williamson et al., 1998).  Conversely, the Illinois 

State Water Survey assessed the extent to which nitrates and pesticides were 

contaminating wells in agricultural areas, and found no correlation between the elevated 

nitrate levels and the presence of pesticides (Charbeneau, 1995).   

In another study conducted by the USGS it was found that volatile organic 

compounds and pesticides were detected without the presence of nitrate in 43% of the 
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samples analyzed (Squillace et al., 2002).  Squillace et al. (2002) raise the point that 

commonly found pesticides in a particular region may be a better screening tool than 

nitrate.  The example suggests that the presence of atrazine or desethylatrazine predicts 

the presence of other pesticides up to 82% of the time (Squillace et al., 2002).  The 

differences in these findings are probably related to unique characteristics associated 

with the regions the studies were conducted, and should not be indicative of other 

regions. Complicating factors that could modify these findings include the type of 

pesticides used in the regions, the relative amounts dispersed on the land, and their 

chemical behavior in the soil system.  If nitrate contamination were found to 

consistently predict the presence of pesticides at certain concentrations, it would reduce 

the costs of having to analyze for both nitrates and pesticides in domestic well-water 

analyses.  Similarly, testing for one pesticide commonly used in the region may also be 

an efficient means of screening for more general pesticide contamination.   

Correlations among nitrates, dissolved chloride, and dissolved sulfate will also 

be analyzed.  It has been suggested that nitrate, dissolved sulfate, and dissolved chloride 

would occur together because they have some common sources, nitrogen-based 

fertilizers (ammonium sulfate) and chloride from the application of potassium chloride 

(Hinkle, 1997).  Poorly maintained septic systems and animal wastes might also 

contribute to levels of both nitrate and chloride.  Dissolved sulfate in the groundwater 

may be from natural sources; however, many nitrogen-based fertilizers are combined 

with sulfate to produce ammonium sulfate (IDEQ, 2001).     
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Human Exposure to Nitrate 

 Exposure to nitrate occurs through three primary paths, which include ingestion 

with contaminated drinking water, ingestion with food, and from endogenous synthesis; 

and, as a result exposure is highly variable and predominantly dependent on the safety 

of the water source and dietary patterns.  Nitrate is one of the most commonly detected 

pollutants in water systems.  It has been estimated that as many as 4.5 million people in 

the United States consume water that has been contaminated with nitrate at levels 

exceeding the EPA’s 10 mg/L standard (Nolan et al., 1998).  In northeastern Oregon a 

study was conducted that assessed the population’s exposure to various levels of nitrate 

in drinking water.  The results of the study found that 57% of the population was 

exposed to nitrate concentrations between 0.2 and 4.9 mg/L nitrate-N, and 23% were 

exposed to concentrations from 10.0 to 40.0 mg/L nitrate-N (Mitchell et al., 1996).  The 

Environmental Working Group (EWG) reviewed 150,000 test results for nitrate at the 

community water level, and found 1,077 water systems where the source of drinking 

water exceeded 10 mg/L since 1993.  These wells served approximately 12.4 million 

people (EWG, 1996).  The majority of these detections occurred in community water 

system wells that were located in areas with large amounts of agricultural activity.  

Groundwater samples from 1255 domestic wells distributed across the U.S. were taken 

by the USGS as a part of the National Water-Quality Assessment (NAQWA) from 1992 

to 1999.  The results of this study indicate that 11% of the domestic wells tested above 

the EPA’s 10 mg/l limit for nitrate-N (Squillace et. al., 2002).  Since the 1980s Iowa’s 

state laboratory has tested 10,000 to 12,000 water samples per year for nitrate, with 

most of the samples coming from private wells.  Throughout this time period analyses 
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have consistently found that 15% to 24% of all well samples have exceeded the 

recommended health advisory for nitrate.  A statewide study of 104 wells in Kansas 

also found that 28% of the nitrate levels exceeded the 10 mg/l health advisory (Kross et. 

al., 1993).  The most recent assessment of groundwater quality (following high quality 

control standards) in the Willamette Basin, Oregon was conducted in the summer of 

1993 by the USGS.  Seventy domestic wells less than 75 ft. deep were chosen 

throughout the Willamette Basin using a random process, with the majority of the wells 

located in agricultural areas.  The results of the study indicate that 9% of the wells 

exceed the EPA’s health advisory for nitrate (Hinkle, 1997).   

 Dependent on how food is grown or processed, it may also be a significant 

source of nitrate/nitrite.  Vegetables, including spinach, beets, collards, kale, and 

Chinese red and white cabbage, can be significant sources of nitrates in the diet.  These 

vegetables also contain antioxidant vitamins and pigments that serve to reduce the 

amounts of potentially harmful levels of nitrate or nitrite consumption.   

Before the addition of nitrites was prohibited, meats were a particularly common 

source of nitrites in the diet.  Nitrite is added to processed meat products in order to 

maintain the reddish color of the product, to maintain the texture of a product with a 

long shelf life, and to inhibit the growth of anaerobic bacteria (Epley et al., 1992). 

Nitrates can also be formed endogenously.  One study shows that excretion of 

nitrate in humans exceeded the amount of ingested nitrate (Tannenbaum et al., 1978).  

Some of the absorbed nitrate from foods and water is transported to the salivary glands 

were it is secreted in the saliva.  Of the amount of nitrate excreted in the saliva, some is 

then reduced to nitrite.  It is estimated that 80% of the nitrite that enters the stomach 
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comes from reduced salivary nitrate.  Although, it is considered less significant than 

dietary intake of nitrite because it does not consistently increase the gastric nitrite levels 

when nitrosatable compounds are available (van Loon et al., 1998).   

Human Health Risk Associated with Exposure to Nitrate 

The predominant health concern associated with excess nitrate intake is 

methemoglobinemia, or “blue baby syndrome”.  This condition usually affects infants 

less than 6 months old due to unique physiological factors in that age group.  These 

factors include a higher pH in their digestive system that allows increased numbers of 

bacteria to convert nitrate to nitrite.  Also, infants lack the enzyme methemoglobin 

reductase that reduces the methemoglobin to hemoglobin in the blood (Knobeloch et al., 

2000).  As levels of methemoglobin in the blood increase, the amount of oxygen 

delivered to the tissues decreases.  This conversion of hemoglobin to methemoglobin 

usually begins to occur when 10% of the available hemoglobin is converted (Canter, 

1997).  To help reduce incidence of methemoglobinemia, water quality standards for 

nitrate were set at 10 mg/L.  This is based on the observation that increases in 

methemolgobin levels in the blood begin to occur at levels of 10 to 20mg/l nitrate.  

Since these standards have been implemented it seems that fewer cases of 

methemoglobinemia have been reported.  However, it is not required that 

methemoglobinemia be reported to state or federal health agencies, so it is difficult to 

be sure.  Some researchers have also suggested that illness or death due to nitrate-

induced methemoglobinemia often goes unrecognized or even misdiagnosed as 

congenital heart disease or sudden infant death syndrome (Johnson et al., 1990). 
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 Surprisingly little is known about the chronic or reproductive health outcomes 

resulting from the ingestion of nitrates, even though 2 million U.S. families are exposed 

to levels higher than 10 mg/L (EWG, 1996).  Some researchers suggest that pregnant 

women should be advised not to drink contaminated water.  This is in response to a 

study in Indiana that found high nitrate levels in wells used by pregnant women who 

experienced miscarriages (MMWR, 1996).  Consumption of nitrates has also been 

associated with the incidence of gastric, bladder, non-Hodgkin lymphoma, brain and 

central nervous system cancers, and ovarian cancer (Xu et al., 1992; Morales-Suarez-

Varela et al., 1995; Yang et al., 1998; van Maanen et al., 1996; Mueller et al., 2001; 

Weyer et al., 2001).  Due to particular study designs, conflicting studies, and lack of 

consistent reproducibility, there is significant uncertainty in the interpretation of these 

results.  The proposed mechanism in these instances is related to the simultaneous 

ingestion of nitrite or nitrate and amines, which results in the formation of nitrosamines 

in the stomach.  The most potent of the nitrosamines are dimethyl- and 

dithethylnitrosamine, both of which have caused liver and kidney tumors in rats 

(Shibamoto et al., 1993). 

Endogenous nitrosation has been shown in human populations by using the 

NPRO test.  This test has shown a consistent association between nitrate intake and 

endogenous nitrosation of proline, particularly in area with high rates of gastric cancer 

(Ohshima et al., 1981; M∅ller et al., 1989).  Studies in which food frequency 

questionnaires have been used have shown a small protective effect of estimated nitrate 

intake and gastric cancer (van Maanen et al., 1996).  It is assumed that this is due to the 

presence of antioxidants in the diets of the study population.  Studies of populations 
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exposed to high levels through their well water, without concurrent high antioxidant 

intake from foods, have shown neoplastic changes in the stomach tissue (Xu et al., 

1992).  Another study evaluated the use of the HPRT (hypoxanthine-guanine 

phosphoribosyltransferase) variant frequency (VF) test in lymphocytes as a biomarker 

for genetic risk of humans consuming different levels of nitrates in their drinking water.  

This study concluded there was a genetic risk associated with drinking water 

contaminated with high levels of nitrate (van Maanen et al., 1996).    

 So far the majority of the studies have focused only on exposure to nitrates, even 

though part of the difficulty in interpretation of some of these studies is that nitrates are 

typically not the only contaminant present in groundwater.  Often groundwater in 

agricultural areas is contaminated with pesticides as well.  An ecologic study in Ontario, 

Canada evaluated the relationship between atrazine and nitrate in the drinking water and 

incidence of gastric cancer.  This study found an association between atrazine and colon 

cancer, but no relationship with nitrates and/or gastric cancer (Van Leeuwen et al., 

1999).  The authors acknowledge that the limited number of samples studied may have 

confounded the outcome, and that there was no direct testing of the water supplies or 

individuals.  Another study tested endocrine, immune, and behavioral effect of aldicarb 

(carbamate), atrazine (triazine), and nitrate mixtures at groundwater concentrations.  

The animals used were wild deer mice.  Researchers found that doses of single 

compounds at the MCL had no effect, but found significant changes when various 

mixtures were tested (Porter et al., 1999).  The authors give “special significance” to 

any mixture containing nitrates with one or both of the pesticides in relation to 

aggression scores, effects on body mass, effects on thyroid hormone balance, effects on 
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antibody production, and effects on final spleen weight (Porter et al., 1999).  Currently 

there is little known about the biological effects of commonly found pesticide and 

fertilizer mixtures, especially in human populations.      

Public Opinion Surveys and Well Water Quality 

  Few published surveys address the specifics of participant’s opinions and 

perceptions of well water quality issues.  Most reports are designed for a broader set of 

environmental concerns, water quality concerns and/or natural resource management 

issues.  A number of national surveys of public attitudes about health and the 

environment by the Roper Association Inc. in 1990 found a slow but consistent increase 

in the consumption of bottled water as a substitute for tap water (Baxter, 1990).  The 

reported concern in these surveys was over the purity and safety of their tap water, and 

not the taste of the bottled water.  The nonprofit organization, “Public Voice for Food 

and Health Policy”, conducted a national telephone survey in 1993 that surveyed 

American opinions concerning agrichemicals.  Their results suggest that Americans’ 

concern over agrichemicals negatively impacting the environment and public health is 

very strong and widespread, even exceeding recent publicity over food safety problems 

with bacterial contamination of meats (Morris et al., 1993).  When asked their level of 

concern about agrichemicals contaminating water supplies, 71% of participants 

responded as being very concerned (Morris et al., 1993).  Similarly, a 1996 survey of 

students and staff at Rutgers University studied participants’ level of concern and 

perceived risk of a broad range of environmental issues.  The environmental issues 

could be broken into a number of categories, including general ecological problems 

(cutting down of rainforests, polluting groundwater, trash along coasts, lead in drinking 
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water, and acid rain), radon and nuclear waste, fertilizers and pesticides, and 

electromagnetic waves (Burger et al., 1997).  An overall ranking of the results placed 

concern of groundwater pollution as the most pressing issue; however, concern over 

fertilizers/pesticides were ranked among the three lowest (Burger et al., 1997).  

According to a national survey conducted by the Water Quality Association in 1999, a 

national trade association, nearly three-quarters of Americans are concerned about their 

water supply’s safety.  This association also reports a 28% increase in the use of 

household water treatment systems between the years 1995 and 1999, and no concurrent 

increases in bottled water use (Water Quality Assoc., 1999).    

 Studies in Canada have also indicated an increasingly concerned public with 

regard to drinking water quality.  A study in 1981 by the Environmental Health 

Directorate of Health and Welfare Canada found 14% of 970 participants were not 

satisfied with their water quality (Auslander et al., 1993).  A more recent version of this 

survey in 1988 only showed a 4% increase in concern over water quality.  In Toronto, 

Canada, studies in 1983 and 1988, conducted by the Department of Public Health, 

showed an increase in daily bottled water use from 6% to 14% respectively, and an 

increase in point-of-use treatment devices from 1% to 11% (Auslander et al., 1993).  In 

both studies the predominant reason given for the use of alternative water sources was 

attributed to concern over the healthfulness of the water.  

 One study in the state of Wisconsin used a survey that was particularly similar to 

survey questions used in this study.  The purpose of the study was to ascertain the 

public response to elevated nitrate levels in drinking water wells in Wisconsin.  The 

study found that families living on farms using older and shallower wells were most 
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susceptible to being exposed to higher levels of nitrate in their drinking water (Schubert 

et al., 1999).  Also an important finding was that a majority of the families continued to 

use the nitrate contaminated well water as their primary source of drinking water, and 

they used it without implementing any measures to reduce their nitrate exposure 

(Schubert et al., 1999).  The greatest percentage of families who did take some action to 

reduce their level of nitrate exposure made up the lowest income group (i.e., < 

$25,000/y). 
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METHODS 

Subject Selection 

 This study used information from three data sets.  The first data set consisted of 

500 households in the southern Willamette Valley (parts of Linn, Benton, and Lane 

counties) that had their drinking water wells sampled by the Oregon Department of 

Environmental Quality (ODEQ) in 2000-2001 for nitrate concentrations and well depth.  

These wells were chosen by the ODEQ using a type of convenience sample called 

judgment-sampling (Lohr, 1998), indicating that the households were chosen based on 

previous research that suggested there was a well water contamination problem in this 

area.  While this will tend to bias the data toward higher nitrate contamination, the 

overall spatial distribution of wells sampled within this region is broad.   

The second data set consisted of a re-sampling of 100 households chosen from 

the original 500.  These households were re-sampled because higher than expected 

values of nitrate were found in the original sampling event.  The data included in the re-

sampling were nitrate levels, pesticide levels, dissolved chloride, and dissolved sulfate. 

  The third data set consisted of responses to a mail questionnaire from residents 

of the original 500 households whose water was sampled by the ODEQ.  The 

households were separated into three groups based on the level of nitrate contamination.  

The groups include low nitrate (0 – 2.99 mg/l), medium nitrate (3 – 9.99 mg/l), and high 

nitrate (10 – 28 mg/l).  Of the entire list of households, 228 were grouped into the low 

nitrate group, 214 were grouped into the medium nitrate group, and 34 were grouped 

into the high nitrate group.  Due to cost constraints the total number of questionnaires 
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sent to participants was limited to 200 households.  This total was separated into a 

random sample of 83 low nitrate households, and 83 medium households.  All 34 

households included in the high nitrate group were sent a questionnaire. All data sets 

originate from the initial 500 wells in the southern Willamette Valley sampled using 

judgment-sampling methods. 

 Sample size calculations ensuring 95% confidence for the questionnaire indicate 

the minimum number of returned questionnaires must be 85 out of 200 questionnaires.  

Before sending the survey the list of 500 households were verified for any invalid 

entries. 

Materials: Survey Development 

 Knowledge, concerns, and practices regarding well water quality were measured 

using a questionnaire developed for use in this study.  A review of the literature did not 

find an existing instrument that could be used to measure these parameters in relation to 

well water quality.  As a consequence, a variety of instruments that measured public 

opinion in relation to other natural resource issues were reviewed, and questions were 

adapted to address the specific concerns of well water quality in the southern 

Willamette Valley.  The mail questionnaire collected information regarding population 

demographics, socioeconomic status, participant’s association with the area under 

study, participant concerns regarding drinking water quality, participant’s opinions of 

water resource management by certain sectors of society, and specific information on 

the participant’s water system and usage practices.  This survey was developed with the 

help of the Oregon State University Survey Research Center, senior hydrologists from 

the ODEQ, an O.S.U. extension water quality specialist, and the groundwater 
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coordinator in the Department of Human Service’s Drinking Water Program (Appendix 

A).  In order to improve the instrument’s validity and reliability, the survey was pilot 

tested by 10 Corvallis area residents who rely on well water for their drinking water.  

Suggestions recommended by the participants were incorporated into the final survey 

questionnaire.  This included the deletion of 2 questions, and the rewording of an 

additional 2 questions to increase their clarity.  The Institutional Review Board for the 

Protection of Human Subjects approved the study.   

 A letter to introduce the participant to the survey was sent one week prior to the 

survey mailing (Appendix B).  Included with the survey mailing was a detailed letter 

explaining the nature of the study, indicating how their households were selected, and 

informing them that their participation was voluntary, and that their answers would be 

kept confidential (Appendix C).  A reminder letter asking participants to complete the 

survey if they have not already completed it was sent out one week after the initial 

mailing (Appendix D). 

Sampling Equipment and Protocol 

 All field sampling and laboratory analysis, including sampling procedures, 

sample documentation and custody, sample transport, laboratory data QA/QC, 

equipment calibration and maintenance, performance audits, and confirmatory sampling 

requirements were conducted according to the standard procedures outlined in Oregon’s 

Statewide Groundwater Monitoring Program Master Plan (Eldridge, 2002).  All 

laboratory analysis, with the exception of pesticide analysis, was performed in the 

ODEQ laboratory in Portland, Oregon.  Pesticide analysis was conducted in the Oregon 

Department of Agriculture laboratory. 
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The ODEQ field staff and I conducted the following tests:  Temperature, 

conductivity, and pH were analyzed using the YSI-conductivity and temperature meter; 

and, Beckman-φ 200 pH meter and thermometer.  Both of these measurement tools use 

EPA approved methods, and were calibrated before each sampling event.  All water 

samples were taken from the wellhead or from the spigot nearest to the wellhead 5 

minutes after purging the water system from previous usage.  Identical methods were 

used in the 2000-2001 and 2002 sampling periods.     

Data Analysis 

 The data collected from the initial 500 well water samples, the subsequent re-

sampling of 100 wells, and the questionnaire data was analyzed using descriptive 

statistics, probability plots, the Levene test of homogeneity of variance, and the 

Kolmogorov-Smirnov statistic to determine the distributional characteristics of the data.  

Descriptive statistics showed means, medians, proportions, frequency distributions, and 

cross tabulations.   

Prior to analyzing each research question and research hypothesis the 

distributional characteristics of the data were considered in order to determine whether 

parametric or nonparametric tests were most appropriate.  The statistics used for 

analyzing the research questions included the Mann-Whitney U test, Kruskal-Wallace 

test, one-way analysis of variance, and the chi-square test of independence.  The 

strength of the relationship for the Kruskal-Wallace test is measured by an index known 

as epsilon-squared, and to determine the nature of the differences a Mann-Whitney U 

test was used.  To measure the strength of the relationship for the chi-square test of 
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independence, the Cramer’s statistic was used.  Analyses using an analysis of variance 

test were followed by a Tukey’s HSD to discern where the differences are. 

The statistic used in the analysis of 2000-2001 and 2002 well water variables, 

including research hypotheses 1 and 2, was the Pearson’s correlation coefficient (r).  To 

improve the distributional characteristics of the data, all variables in this analysis were 

transformed using a natural log base e transformation.   

To measure the differences in nitrate contamination levels in households that 

have had both a winter nitrate test and a summer test to look for seasonal variation, the 

paired samples t-test was used.   

All statistical analyses were conducted using SPSS v.11 (SPSS Inc., 2001).  A 

two-tailed alpha level of 0.05 was used to evaluate the significance of all statistical 

tests.  A spatial representation of nitrate levels and area geological/hydrogeological 

units was created using Arview GIS 3.2a software (Esri Inc., 1996). 
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RESULTS 
 
 This chapter discusses the results of the study.  It is divided into an introductory 

section on descriptive statistics of the well water sampling parameters, survey 

population descriptive statistics, and followed by the results to the research questions 

and hypotheses. 

Descriptive Statistics of Well Water Parameters 

From 12/00 to 04/01 participants from 500 households in the southern 

Willamette Valley (S.W.V.) allowed the Oregon Department of Environmental Quality 

(ODEQ) to test their well water for nitrate.  Information on well depth was also 

collected for 279 of the wells tested.  Of the 500 households 476 water samples yielded 

valid results.  The data indicate that 47.7% of the samples had nitrate levels that were 

less than 3 mg/L nitrate-N, 45% of the samples fell between 3 and 10 mg/L nitrate-N, 

and 7.4% of the samples exceed the national standard of 10 mg/L nitrate-N.  The 

percentage of nitrate levels exceeding 10 mg/L increases to 9.3% in wells 45 ft. deep or 

less.  The mean nitrate-N level for this sampling period was 4.08 mg/L, and detection 

levels ranged from 0.01 to 22.60 mg/L.  The mean well depth was 52 ft., and ranged 

from 8 ft. to 325 ft.  In this study, wells less than 75 ft. deep were classified as shallow 

wells, which accounted for 86% of the wells in the study. 

 A second sampling period that included 100 households, 90 of which were a 

part of the first sampling period, occurred from 05/02 through 07/02.  These well water 

samples were analyzed for nitrate, pesticides, dissolved chloride, and dissolved sulfate.  

Table 1 provides descriptive statistics for the most commonly found parameters 

measured during both sampling periods.  Data from the second sampling period  
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Table 1.  Descriptive statistics for all substances measured during the 2000-2001 and 
2002 sampling periods. 

 

indicate that 6% of the samples had nitrate levels less than 3 mg/l nitrate-N, 46% of the 

samples were between 3 and 10 mg/ nitrate-N, and 48% of the samples exceeded the 

 
 

Total 
N 

Mean Median Min. Max. Std. 
Dev. 

Health 
Standard 

Nitrate-N 2000-
2001 (mg/L) 

476 4.1 3.3 .05 22.6 3.9 10.00 
mg/L 

Nitrate-N 2002 
(mg/L) 

100 10.8 9.9 .05 27.8 4.7 10.00 
mg/L 

Atrazine (ppt) 59 38.2 23.0 Present 192 39.5 3,000  
(MCL) 

Desethylatrazine 
(ppt) 

65 102.1 57.0 Present 776 140.1 3,000  
(MCL) 

Malathion (ppt) 12 38.1 29.5 Present 118 30.0 N/A 
Metribuzin (ppt) 4 135.0 122.0 56 240 83.0 N/A 
Simazine (ppt) 19 55.3 32.0 Present 238 55.9 4,000  

(MCL) 
Bromacil (ppt) 4 151.8 152.0 30 273 124.4 0.1 Rfd 

(mg/kg/ 
day) 

Triclopyr (ppt) 1 22.0 22.0 22 22 - N/A 
Terbacil (ppt) 7 119.4 131.0  Present 308 102.6 0.01 Rfd 

(mg/kg/ 
day) 

Metolachlor 
(ppt) 

7 20.0 15.0 Present 44 12.3 0.1 Rfd 
(mg/kg/ 
day) 

P,p’ DDE (ppt) 5 12.2 4.0  Present 44 17.8 N/A 

3,4-
dichloranaline 
(ppt) 

6 50.0 31.0 18 156 52.6 N/A 

Diazinon (ppt) 1 72.0 72.0 72 72 - 0.00009 
Rfd 
(mg/kg/ 
day) 

Dissolved 
Chloride  (mg/l) 

93 15.7 8.9 2.3 190 24.7 250 mg/L 

Dissolved 
Sulfate (mg/l) 

93 18 15.2 .71 62.6 10.7 250 mg/L 

Well Depth (ft.) 279 52 40.0 8.0 325 37.5 N/A 
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national standard of 10 mg/L nitrate-N.  For these households the mean nitrate-N level 

was 10.8 mg/l, and detection levels ranged from .10 to 27.8 mg/L.  Eighteen wells of 

the 90 wells common to both sampling periods increased to levels exceeding the 10 

mg/l standard in the second sampling period.  Sixty-two of the wells in the second 

sampling period had data collected on well depth.  The mean well depth was 45 ft. deep, 

and ranged from 15 ft. to 94 ft. deep.  Most wells, 90.3%, were less than 75 ft. deep.   

Pesticides were detected in 81 of the 100 wells tested.  The number of pesticides 

found per well ranged from 1 to 7, as is shown in Table 2.  All pesticide detections were 

measured at the parts per trillion levels (ppt).  Not all of the pesticides detected in this 

study have federal limits, established as Maximum Contaminant Levels (MCL), but for 

those that do, none exceeded the national standard.  Four of the pesticides (atrazine, 

simazine, bromacil, metolachlor) are classified as Group C, possible human 

carcinogens, based on the Environmental Protection Agency’s Guidelines for 

Carcinogen Risk Assessment (EPA, 2002). The other eight pesticides detected are 

classified as either Group D (not classified as to human carcinogenicity) or Group E 

(evidence of noncarcinogenicity for humans) (EPA, 2002).  The two most commonly 

found pesticides were atrazine and its breakdown product desethylatrazine. 

  

9 11.1

29 35.8

15 18.5

16 19.8

7 8.6

3 3.7

2 2.5

81 100.0

100

1

2

3

4

5

6

7

Total

Pesticide Detects

Total number of wells tested

Frequency Valid Percent

 
 Table 2.  The frequency of pesticide combinations. 
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Survey Population Demographics 

The response rate for the survey mailed in the winter of 2003 was 102 responses 

out of 200 participants, or 51% of deliverable surveys.  Eleven surveys were returned as 

undeliverable.  Response rates were very similar after stratifying participants into low 

(< 3 mg/L), medium (3-10 mg/L), and high nitrate (> 10 mg/L) categories, see Table 3.   

 # Of Non-Response # Of Responses Total  

Low nitrate (< 3 mg/L) 42 41 83 (49%) 

Medium nitrate (3-10 
mg/L) 

38 45 83 (54%) 

High nitrate (> 10 
mg/L) 

18 16 34 (47%) 

Total 98 102 200 (51%) 

Table 3.  Questionnaire response rates stratified by nitrate level. 

 The age distribution of the survey participants is shown in Figure 1.  The mean 

age was 61 years old, and the age range of participants was 24 to 86 years. 
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 Figure 1.  Age distribution of survey participants  
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Thirty-one percent of the population was >70 years old, while those less than 35 years 

old made up 3% of the participant population.  Participants in the youngest age 

category, 20-35 years old, and the most likely to have young children, did not have 

wells that were classified as high nitrate (> 10 mg/L).  The participants in the age 

category 51-65 had the greatest exposure to medium and high nitrate levels in their well 

water (Figure 2).   
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    Figure 2.  Age distribution relative to nitrate level 
 
The proportion of male (66%) and female (33%) participants disproportionately 

favored males.  The directions included in the survey mailing requested that the 

individual with the most knowledge of the household’s water system and usage 

practices should complete the survey, which may be reflected by the differences in 

gender response rates.     

 The mean length of residence for survey participants in the S.W.V. is 40 years, 

and 91% have lived in the S.W.V. for 10 years or more.  Most of the participants, 86%, 

state they own residential property, while 2% rent property.  The remainder own 
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agricultural property, but not residential property in the S.W.V., or commute to their 

place of employment in the S.W.V.  Fifty-three percent of the respondents reported 

owning agricultural land, and the remaining 47% owned residential property.   

 Household income distribution, representing 90 of the 102 reporting households, 

is shown in Figure 3.  Twelve households (13%) had yearly incomes of ≤ $20,000, and 

43 households reported incomes ≤ $40,000 per year.  A quarter of the households 

reported annual incomes of $50,000 to 74,999 per year, whereas 8 households (9%)     

reported incomes in excess of $100,000 per year. 
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                Figure 3.  Household income distribution (thousands) 
  

Survey participants were also asked about their highest level of education 

completed (Figure 4).  A quarter of the participants have not completed more than a 

high school level education, and just over a quarter (29%) had completed some college.  

Forty-one percent of the participants have completed at least an Associate of Arts 

degree. 
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                 Figure 4.  Participants’ education level 
 
 The source of drinking water for 89% of the survey participants is water from a 

domestic well. Another 6% reported drinking exclusively bottled water, and 4% had 

drinking water delivered to their home from another source.  One individual had their 

home attached to the local city water service since the water sampling had been 

performed. 

Research Question 1 

 The first research question sought to determine what water treatment devices, if 

any, participants installed in order to treat contaminated well water.  Ninety-nine of the 

102 survey respondents replied to the question of whether they used a water treatment 

device, with 72% answering “No” and 28% answering “Yes.”  Those who responded 

“No” had a slightly higher mean nitrate level than those who responded “Yes” (Table 

4).  A Mann-Whitney U test compared the difference in mean ranks of nitrate levels for 

participants who answered either “No” or “Yes.”  The mean ranks (53 for “No” and 
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Do you use a water 
purification system? 

 N Mean 
(mg/L) 

Std. 
Deviation 

95% 
Confidence 

Interval 
No 
 
Yes 

71 
 

28 

5.8 
 

4.5 

4.5 
 

5.1 

4.9- 6.7 
 

3.5 – 5.5 
Table 4.  Mean nitrate levels for participants relative to their use of water purification 
devices. 
 
 
42 for “Yes”) were not significantly different, Z = -1.71, p > .08.  This means that there 

were no differences in the use of water treatment devices based on concentration of 

nitrate in the well water.  This question was followed by asking those participants who 

responded “Yes” to indicate the type of treatment device(s) they used on their well 

water (see Figure 5). 
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                   Figure 5.  The type of purification system used in relation to nitrate  
                  concentration.  (Total n = 28) 
 

The largest percentage of participants with high nitrate levels used a reverse 

osmosis water purification system.  As Figure 6 illustrates, respondents with low nitrate 



 42

contamination levels typically used activated charcoal (38%) and ion exchange systems 

(31%).  Forty-three percent of the respondents categorized in the medium nitrate 

concentration range used reverse osmosis systems, 29% used activated charcoal, and 

29% used ion exchange systems.  A Kruskal-Wallis test was used to see if differences in 

nitrate 2000-2001 levels were significantly different between respondents who used 

activated charcoal systems (n = 8; mean rank = 9.4), ion exchange systems (n = 7; mean 

rank = 9.6), and reverse osmosis systems (n = 8; mean rank = 16.8).  The result was 

found to be statistically significant, χ2 (2, N = 23) = 6.05, p < .04.  The strength of the 

relationship, as indexed by epsilon-squared, was .28.  The Mann-Whitney U test was 

used as a follow up to determine which variables were significantly different.  This 

comparison found that nitrate levels for respondents using activated charcoal systems 

(mean rank = 5.9) were significantly lower than nitrate levels for respondents using 

reverse osmosis systems (mean rank = 11.1), Z = -2.21, p < .03. 

Research Question 2 

 The second research question analyzed the association between participants’ 

concerns about their drinking water quality and levels of nitrate contamination in their 

drinking water.  Sixty-nine percent of the survey respondents reported that they 

believed the quality of their well water was either “good” or “excellent” (Table 5).  An 

analysis of variance test sought to determine if there was a difference between mean 
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How would you  
describe the  
quality of your 
well water? 

N Mean 
mg/L 

Std. 
Deviation

95% Confidence 
Interval for the 

Mean 
ANOVA 

Excellent 35 (35%) 4.4 3.9 3.1 – 5.7 F = .86  
(p > .46) 

Good 34 (34%) 5.3 4.3 3.8 – 6.8 
Fair 23 (23%) 6.4 5.5 4.0 – 8.8 
Poor 8 (8%) 5.6 6.4 .30 – 10.9 
Total 100 5.3 4.6 4.4 – 6.2 

 

Table 5.  Participants’ responses to description of water quality relative to nitrate 
concentration. 
 
nitrate contamination levels and the response variables (excellent, good, fair, and poor).  

No significant differences were found, F (3, 96) = .86, p > .46; however, it was apparent 

that respondents’ descriptions of well water quality became less favorable as levels of 

nitrate contamination gradually increased.   

Respondents were also asked several questions related to their concern over 

agricultural fertilizer use negatively impacting their well water quality, agricultural 

pesticide use negatively impacting their well water quality, and poorly maintained 

septic systems negatively impacting their well water quality.  Fifty-five percent of the 

respondents either “strongly agreed” or “agreed” with the statement, “I am concerned 

that agricultural fertilizer use in the southern Willamette Valley will increase the level 

of nitrate in my home’s well water” (Table 6).  An analysis of variance was used to 

determine the relationship between mean nitrate levels and the response variables 

(strongly agree, agree, disagree, strongly disagree, and not sure).  This test was found to 

be statistically significant, F (4, 97) = 2.97, p < .02.  A post hoc Tukey HSD test 

indicated that the mean nitrate levels for those who responded “strongly agree” 
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Table 6.  Respondent’s concern over agricultural fertilizer use relative to nitrate 
contamination level. 
I am concerned that 
ag. fertilizer use in 
the s.W.V. will 
increase nitrate 
levels in my home’s 
well water. 

N Mean 
mg/L 

Std. 
Deviation 

95% 
C.I. 
for 
the 

Mean

ANOVA Tukey 
HSD 

Strongly Agree 22 
(22%) 8.1 5.2 5.7 – 

10.4 
F = 2.97 
(p < .02) 

.03a 

.03b 
Agree 34 

(33%) 4.4 3.9 3.0 – 
5.8 

Disagree 19 
(19%) 4.9 5.5 2.2 – 

7.6 
Strongly Disagree 8 

(7%) 5.4 3.9 2.1 – 
8.7 

Not Sure 19 
(19%) 3.9 3.1 2.4 – 

5.4 
Total 102 5.3 4.6 4.3 – 

6.2 

  

a Tukey HSD significance value for “strongly agree” by “agree.” 
b Tukey HSD significance value for “strongly agree” by “not sure.” 
 
 
(M = 8.1, SD = 5.3) was significantly greater than the mean for those who responded 

“agree” (M = 4.4, SD = 3.9) and for those who responded “not sure” (M = 3.9, SD = 

3.1).  Notably, 19% of the respondents reported not being sure if they believed 

agricultural fertilizers were negatively impacting their well water quality.  The same 

question of concern over agricultural fertilizer use having negative impacts on well 

water was cross-tabulated with ownership of agricultural property and analyzed using a 

chi-square test of independence (Table 7).  In this analysis the possible responses were 

condensed to “agree” or “disagree”, because 20% of the expected frequencies were less 

than 5.  The chi-square test was found to be statistically significant, χ2 (1, N = 84) = 

14.91, p < .00.  As indexed by the Cramer’s statistic, the strength of the relationship was 

.42.  Respondents who do not own agricultural property are more likely to agree with 
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the statement “I am concerned that agricultural fertilizer use in the southern Willamette 

Valley will increase the level of nitrates in my well water” than those respondents who 

do own agricultural property (Figure 6).   

  
Strongly Disagree

Disagree
Agree

Strongly Agree

P
er

ce
nt

 o
f P

op
ul

at
io

n

50

45

40

35

30

25

20

15

10

5

0

Farm Land Owner

No

Yes

15

28

24

15

9

45

30

 
 
     Figure 6.  Concern over agricultural fertilizer harming well water quality. 
 
 
 Thirty-six percent of the respondents either “strongly agreed” or “agreed” to the 

statement, “I am concerned that agricultural pesticide use in the southern Willamette 

Valley is having a negative impact on the quality of my home’s well water” (Table 7).  

Survey participants were not matched to households with pesticide detections; as a 

result no analysis was conducted on the levels of pesticide per well and survey response 

variables.  However, respondents’ concern over agricultural pesticide use in the  
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Table 7.  Participants’ responses to concern over agricultural fertilizer, pesticide, and 
septic systems impacting well water quality. 
 Strongly 

Agree Agree Disagree Strongly 
Disagree

Not 
Sure 

χ- 
square 

 
I am concerned 
that ag. fertilizer 
use in the s.W.V. 
will increase 
nitrate levels in 
my home’s well 
water. 

22 
(22%) 

34 
(33%) 

19 
(19%) 

8 
(7%) 

19 
(19%) 

14.911,2 
(p < .00)

I am concerned 
that ag. pesticide 
use in the s.W.V. 
is having a 
negative effect 
on my home’s 
well water.   

13 
(13%) 

24 
(24%) 

30 
(29%) 

14 
(14%) 

21 
(20%) 

8.552,3 
(p < .00)

I am concerned 
that poorly 
maintained septic 
systems will 
have a negative 
impact on my 
home’s well 
water. 

17 
(17%) 

58 
(57%) 

13 
(13%) 

5 
(5%) 

9 
(9%) 

1.932,4 
(p < .19)

1 A cross-tabulation between concern over agricultural fertilizer use negatively 
impacting well water and ownership of agricultural land. 
2 Participants’ responses were condensed to “agree” and disagree.” 
3 A cross-tabulation between concern over agricultural pesticide use negatively 
impacting well water and ownership of agricultural land. 
4 A cross-tabulation between concern over septic systems negatively impacting well 
water and ownership of agricultural land. 
 
southern Willamette Valley was cross-tabulated with ownership of agricultural 

property, and analyzed using a chi-square test of independence.  This analysis also 

condensed the responses to “agree” or “disagree” because 20% of the expected 

frequencies were less than 5.  The chi-square test was found to be statistically 

significant, χ2 (1, N = 81) = 8.55, p < .00 (Table 7).  The Cramer’s statistic found the 

strength of relationship to be .33.  Twenty percent of the respondents reported not being 
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sure if agricultural pesticides were negatively impacting their well water quality.  

Respondents who do not own agricultural property are more likely to agree with the 

statement, “I am concerned that agricultural pesticide use in the southern Willamette 

Valley is having a negative impact on the quality of my home’s well water”, than are 

respondents who do own agricultural property (Figure 7).    
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                Figure 7.  Concern over agricultural pesticide use harming well water quality. 
 

 
Following up on the two previous questions concerning respondents’ concern 

over agricultural fertilizer and pesticide use, respondents were asked their opinion on 

how well certain types of landowners were managing their land in the southern 

Willamette Valley to ensure good water quality.   First, two questions were cross-

tabulated: 1) How well are farmers managing their land in the southern Willamette 

Valley to ensure good water quality; and, 2) I am concerned that agricultural fertilizer 
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use in the southern Willamette Valley will increase the level of nitrate in my home’s 

well water.  A chi-square test of independence was used for this analysis, and it was 

found to be statistically significant, χ2 (4, N = 84) = 24.39, p < .00 (Table 8).  As 

indexed by the Cramer’s statistic, the strength of the relationship was .54.  Respondents 

who believe farmers are doing an unfavorable job in managing their land to ensure good 

water quality are more likely to “strongly agree” with concerns over agricultural 

fertilizer use having a negative impact on well water quality than expected, and visa 

versa.  A similar result was found when comparing respondents’ opinions of farmers’ 

management of water quality on their land with concern over agricultural pesticide use 

in the southern Willamette Valley negatively impacting well water quality.  A chi-

square test of independence showed a statistically significant relationship, χ2 (4, N = 84) 

= 9.92, p < .04 (Table 8).  Cramer’s statistic was .34.  Respondents who believe farmers 

are doing an unfavorable job in managing their land to ensure good water quality are 

more likely to “strongly agree” with concerns over agricultural pesticide use negatively 

impacting their well water quality.     

 χ – square test 
of independence 

How well are farmers 
managing their land – BY –  
concern over agricultural 
fertilizer use negatively  
impacting well water quality. 

24.39 
(p < .00) 

How well are farmers 
managing their land – BY –  
concern over agricultural 
pesticide use negatively  
impacting well water quality. 

9.92 
(p < .04) 

          Table 8.  Cross-tabulation of participants concerns over agricultural chemical use      
          and how well farmers are managing their land to ensure water quality. 
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These same cross-tabulations were conducted using private residents as the 

landowner whose responsibility it is to ensure good water quality.  Neither chi-square 

test result was found to be statistically significant at an alpha level of .05.   

 Seventy-four percent of the respondents either “strongly agreed” or “agreed” 

with the statement, “I am concerned that poorly maintained residential septic systems 

will have a negative impact on my home’s well water”.  An analysis of variance was 

used to determine the relationship between mean nitrate levels and the question’s 

response variables (strongly agree, agree, disagree, strongly disagree, and not sure).  

This test was not statistically significant, F (4, 97) = .89, p > .47.  This question was 

then cross-tabulated with ownership of agricultural property and analyzed using a chi-

square test of independence.  The possible responses were collapsed to “agree” or 

“disagree” because 20% of the expected cell frequencies were less than 5.  The chi-

square test was not statistically significant, χ2 (1, N = 92) = 1.93, p > .19 (Table 7). 

Research Question 3    

 The third research question sought to determine the relationship between 

frequency of septic tank pumping, as reported by survey participants, and levels of 

nitrate contamination.  Seventy-one percent of the participants reported having their 

septic systems pumped within the last 5 years, and only 6% reported pumping their 

septic systems more than 10 years ago, or never at all.  The ranked data on frequency of 

septic tank pumping was correlated with the 2000-2001 nitrate contamination levels 

using Spearman’s rank-order correlation.  The observed correlations were not 

statistically significant, rs (100) = .006, p > .953.  Further analysis using a Spearman’s 

rank-order correlation tested the relationship between the distance of the septic tank 
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from the well head and nitrate contamination levels, and the distance of the septic tanks’ 

drain field from the household well head and nitrate contamination levels.  The 

observed correlations were not statistically significant, rs (91) = -.11, p > .30, and rs (89) 

= -.15, p > .17, respectively.   

Research Question 4 

 The fourth research question sought to determine the spatial relationship 

between nitrate contamination levels and geologic units in the region, and to determine 

if mean nitrate contamination levels were different between geologic units.  In the study 

area there are 10 different geologic units.  Five of these geologic units are especially 

important in this study because they contain 90% of the study’s households.  These 

units are: 1) Holocene alluvium of the Willamette River and its major tributaries (Qalc), 

2) Holocene alluvium of the Willamette River’s minor tributaries (Qalf), 3) Missoula 

flood deposits (Qff2), 4) Pleistocene sand and gravel post-Missoula flood (Qg1), and 5) 

Pleistocene sand and gravel pre-Missoula flood (Qg2).  A spatial analysis of the 

distribution of nitrate contamination is provided in Figures 8, 9, 10, and 11. 
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Figure 8.  Nitrate levels in the S.W.V. in relation to landmarks.   
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Figure 9.  The spatial distribution of low nitrate contamination levels (0-3 mg/L) in 
relation to geologic units in the S.W.V.  The legend provides the names of the 5 
geologic units that are especially pertinent to this study (O’Connor, 2001). 
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Figure 10.  The spatial distribution of mid-range nitrate contamination levels (3-10 
mg/L) in relation to geologic units in the S.W.V.  The legend provides the names of the 
5 of the geologic units that are especially pertinent to this study (O’Connor, 2001). 
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Figure 11.  The spatial distribution of high nitrate contamination levels (> 10 mg/L) in 
relation to geologic units in the S.W.V.  The legend provides the names of the 5 of the 
geologic units that are especially pertinent to this study (O’Connor, 2001). 
 
 The total number of households in each of the 5 geologic units evaluated in this 

study is presented in Table 9.  The largest total number of households occurs within the 

Qff2 geologic unit (n = 147).  This unit also contains more households that are classified 
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as having low nitrate contamination (n = 87) than any other unit.  The two units with the 

largest number of households that are classified as having high nitrate contamination  

 Frequency (%) 
Geologic          Qalc               
Unit                  Qalf 
                         Qff2 
                         Qg1 
                         Qg2 

                                       Total 

136  (32) 
13    (3) 
147  (34) 
72    (17) 
61    (14) 
429 

Table 9.  The number of households within each geologic unit. 
 
levels are Qalc (n = 13) and Qg1 (n = 13) for a combined total of 26 households out of a 

possible 35 total households in this category.  Approximately 82% of households with 

nitrate contamination levels ≥ 10 mg/l are located within or very near the Holocene and 

Pleistocene sand and gravel deposits that are associated with the Willamette aquifer. 
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          Figure 12.  Households within geologic units relative to nitrate                 
                  concentrations 
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 A Kruskal-Wallis test was conducted to evaluate the differences between mean 

nitrate rank contamination levels in 5 of the geologic units.  The independent variable, 

geologic unit, had five levels: Qalc, Qalf, Qff2, Qg1, Qg2.  The dependent variables were 

the nitrate concentrations conducted in 2000-2001.  The test, which was corrected for 

tied ranks, was significant, χ2 (4, N = 429) = 56.1, p < 00.  The strength of the 

relationship as indexed by epsilon-squared was .13, indicating the proportion of 

variability in the ranked dependent variable accounted for by geologic unit was 13%.  A 

Mann-Whitney U test was conducted to evaluate pairwise differences among the five 

groups; results are presented in Table 10.  The results indicate that mean nitrate ranks 

for geologic unit Qg1 were significantly higher than all other geologic units, with the 

exception of Qalc.  The geologic unit with the lowest mean nitrate ranks was Qff2.   

 
Geologic                 Geologic         
Unit (i)                    Unit (j) 

Difference in 
Mean ranks 

(i-j) 
Z-score Sig. 

(2-tailed) 

Qalc                       Qalf 
                               Qff2 
                               Qg1 
                               Qg2 

 

44.0 
53.0 

       -16.3 
12.5 

-3.51 
-5.44 
-1.86 
-1.42 

 

.00 

.00 

.06 

.16 

Qalf                        Qff2 
                                Qg1 
                                Qg2 

-23.3 
-26.7 
-20.9 

-1.74 
-3.59 
-3.17 

.08 

.00 

.00 
Qff2                         Qg1 
                                Qg2 

-51.9 
-30.8 

-5.70 
-3.36 

.00 

.00 
Qg1                         Qg2 19.2 -2.86 .00 
Table 10.  The pairwise results of a Mann-Whitney test of mean nitrate ranks between  
geologic units. 
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Research Hypothesis 1 

 The first research hypothesis stated that there was no relationship between 

nitrate 2000-2001 contamination levels and the independent variables well depth and 

well age.  To improve the distributional characteristics of the data, a natural log 

transformation was applied to nitrate 2000-2001 data, well age data, and to the well 

depth data.  Analysis of the scatterplot for nitrate 2000-2001 data and well depth 

showed no linear relationship (Figure 13).  However, the proportion of wells with 

higher nitrate concentrations is greater in shallower wells.  In wells that are ≤ 75 ft. 

deep, nitrate concentrations exceed 10 mg/L 9.4% of the time; whereas, in wells that are 

≥ 75 ft. deep, nitrate concentrations exceed 10 mg/L only 5.3% of the time.   
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             Figure 13.  Scatterplot of well depth and nitrate 2000-2001 levels 
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                       Figure 14.  Scatterplot of well age and well depth 
 

Pearson’s correlation coefficients were computed to assess the relationship between 

nitrate 2000-2001 and well age, and well depth and well age.  The correlation between 

nitrate 2000-2001 levels and well age was not statistically significant, r (88) = .19, p > 

.06.  Although not part of the research hypothesis, well depth and well age were found 

to have a statistically significant inverse correlation, r (86) = -.33, p < .00.  This 

indicates that the proportion of variability in well depth that can be explained by, or that 

is associated with, well age is .11 (11%) (Figure 14).  Because there was no statistically 

significant association between nitrates 2000-2001 levels and either well depth or well 

age, we fail to reject the first hypothesis. 
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Research Hypothesis 2 

 The second research hypothesis stated that there is no relationship between 

nitrate 2002 contamination levels and the independent variables dissolved chloride, 

dissolved sulfate, atrazine, well depth, and well age.  To improve the distributional 

characteristics of the data, natural log transformations were applied to all of the 

variables.  Pearson’s correlation coefficients were computed to assess the relationship 

among the variables (Table 11). 

  Nitrate 
2002 
(ln) 

Well 
age (ln) 

Well 
depth  
(ln) 

Dissolved 
sulfate  
(ln) 

Dissolved 
chloride 
(ln) 

Atrazine  
(ln) 

Nitrate 
2002 (ln) 

Pearson 
Correlation 
Sig.  
(2-tailed)  
N 

1 
 

. 
 

100

     

Well age 
(ln) 

Pearson 
Correlation 
Sig.  
(2-tailed) 
N 

.17 
 

.39 
 

29

1 
 

. 
 

88

    

Well 
depth (ln) 

Pearson 
Correlation 
Sig. 
(2-tailed) 
N 

-.23 
 

.07 
 

62

-.33** 
 

.00 
 

86

1 
 

. 
 

279

   

Dissolved 
sulfate 
(ln) 

Pearson 
Correlation 
Sig.  
(2-tailed) 
N 

.47** 
 

.00 
 

89

.49** 
 

.01 
 

29

-.42** 
 

.00 
 

61

1 
 

. 
 

              93 

  

Dissolved 
chloride 
(ln) 

Pearson 
Correlation 
Sig.  
(2-tailed) 
N 

.08 
 

.45 
 

89

.25 
 

.19 
 

29

-.15 
 

.24 
 

61

.13 
 

.23 
 

93

1 
 

. 
 

93 

 

Atrazine 
(ln) 

Pearson 
Correlation 
Sig.  
(2-tailed) 
N 

.15 
 

.25 
 

59

.57** 
 

.01 
 

22

-.09 
 

.60 
 

38

.33** 
 

.01 
 

58

.42** 
 

.00 
 

58 

1 
 

. 
 

59
Table 11.  Correlations for nitrate 2002 data 
 ** Correlation is significant at the .05 level (2-tailed) 
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 The correlation between nitrate 2002 contamination levels and dissolved sulfate 

was found to be statistically significant, r (89) = .47, p < .00, indicating the two 

variables are positively related.  However, the scatterplot of nitrate contamination levels 

and dissolved sulfate shows much of the correlation to be due to some outliers from 

wells were both nitrate and dissolved sulfate are low (Figure 15).  The proportion of 

variability in nitrate 2002 levels that can be explained by dissolved sulfate levels is .22 

(22%).  When analyzed without the outliers, the correlation between dissolved sulfate 

and nitrate 2002 contamination is reduced to a non-significant level, r (89) = .20, p > 

.06.  No other significant correlations between nitrate 2002 contamination levels and the 

other variables were found.  However, a Pearson’s correlation and scatterplot analysis 

between atrazine and well age, and dissolved sulfate and well age exhibited linear 

relationships and were significantly correlated (Figures 16 and 17).  Atrazine and well 

age are moderately correlated; as well age increases atrazine levels also increase.  

Dissolved sulfate levels were also moderately correlated with well age, as well age 

increased, dissolved sulfate levels increased too.  Because there was a significant 

association between nitrate 2002 levels and dissolved sulfate, the second hypothesis was 

rejected. 
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                 Figure 15.  Scatterplot of dissolved sulfate and nitrate 2002. 

 

Ninety households in the southern Willamette Valley have had two nitrate tests 

performed.  Of the 90 households’ common to both studies, 64 of them (71%) 

experienced increases in nitrate levels from the first sampling period in 2000-2001 to 

the second sampling period in 2002, eighteen of which changed from below the health 

standard to above the health standard of 10 mg/l nitrate.  To evaluate the change in 

nitrate levels from the first sampling period in the winter of 2000-2001 to the second 

sampling period in the summer of 2002 the mean nitrate levels were compared using a 

paired samples t-test.  This test was found to be statistically significant, t (89) = -3.66, p 

< .00, suggesting that mean nitrate levels for the summer 2002 sampling period (Mean = 

11.3, SD = 4.3) are higher than mean nitrate levels for the winter 2000-2001 sampling 

period (Mean = 9.9, SD = 3.3).  The strength of the relationship between the mean 
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nitrate levels for the two sampling periods was .13, as indexed by eta2.  The 95% 

confidence interval for the mean difference was -2.12 to -.63.   
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                  Figure 16.  Scatterplot of well age and atrazine levels.                   
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                Figure 17.  Scatterplot of well age and dissolved sulfate levels. 
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DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 
 

Discussion 

 The purpose of this study was twofold: (1) to research the concentrations and 

associations between nitrates, selected pesticides, dissolved chloride, dissolved sulfate, 

well depth, and well age in residential wells from an area within the southern 

Willamette Valley; and, (2) to survey the residents whose wells were sampled to 

determine their attitudes and perceptions of their drinking water quality.  The region in 

the Willamette Valley between north Eugene and Albany has been under intensive 

agricultural production for many decades.  This area also has many older homes that 

rely on well water, and often the wells are shallow (< 75 ft. deep).  Current data indicate 

extensive groundwater pollution from nitrates in some areas within this region.   

Extent of Nitrate Contamination in the southern Willamette Valley 

In the southern Willamette Valley, concentrations of nitrate during the 2000-

2001 sampling event had a mean of 4.0 mg/l, and ranged from <0.05 to 22.60 mg/l in 

476 sample wells.  Nitrate concentrations exceeded the U.S. Environmental Protection 

Agencies (USEPA) Maximum Contaminant Level (MCL) of 10 mg/l in 7.4% of these 

samples.  In wells less than 75 ft. deep the percentage of nitrate concentrations 

exceeding the USEPA’s MCL increased to 9%.  This result is comparable to the results 

of a study conducted in the Willamette Basin in 1993, which also found 9% of wells 

less than 75 ft. deep to exceed the MCL (Hinkle, 1997).  It is also comparable to results 

of a nationwide study in the mid-1990s that sampled rural wells throughout the U.S. and 

found 11% of the 1242 nitrate samples to exceed the national health standard of 10 mg/l 

(Squillace, 2002).  Considerable monitoring of groundwater quality in agricultural areas 
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in mid-Western states has also found many wells with high nitrate concentrations.  In 

Iowa, a sample representative of domestic wells statewide found an average of 18.3% of 

the samples exceeding the health standard for nitrate, and in wells less than 45 ft. deep 

this percentage increased to 35%.  The percentage of nitrate concentrations above 10 

mg/l could vary considerably within specific regions of the state, even as much as 29% 

in one instance.  

Regional variability is also evident within the southern Willamette Valley.  In sharp 

contrast to the 2000-2001 sampling period, the mean nitrate concentration for the 100 

wells sampled in 2002 was 10.8 mg/l, with 48% of the wells exceeding the national 

standard.  The majority of the variation in these findings is likely a result of re-sampling 

wells with higher overall nitrate levels during the 2002 sampling period; however, there 

is evidence of increased susceptibility to increasing nitrate concentrations in specific 

areas.  Of the 90 households’ common to both studies, 64 of them (71%) experienced 

increases in nitrate levels from the first sampling period in 2000-2001 to the second 

sampling period in 2002, eighteen of which changed from below the health standard to 

above the health standard of 10 mg/l nitrate.  This may be a result of the different 

seasons in which sampling was conducted.  The 2000-2001 sampling event took place 

from 12/00 to 3/01, and the 2002 sampling event took place from 5/02 to 7/02.  These 

times of years have distinctly different precipitation patterns and irrigation practices, 

which may have influenced the rate and amount of nitrate entering the groundwater.  

Even though exposure to relatively high nitrate concentrations was widespread, with 

well water being the main source of drinking water for 89% of the participants, the 

likelihood of methemoglobinemia appears to be low because those exposed to high 
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nitrate concentrations (> 10 mg/l) were 50 years old or older.  However, this risk may 

change in the future as the population within this region grows.   

Ninety-one percent of the respondents have lived in this region for 10 years or 

more.  Studies of long-term exposure to nitrate from contaminated well water are still 

inconclusive as to what risk this poses.  A number of studies link nitrate ingestion to 

gastric cancer, bladder cancer, non-Hodgkin’s lymphoma, ovarian cancer, and brain and 

central nervous system cancers (Xu et al., 1992; Morales-Suarez-Varela et al., 1995; 

Yang et al., 1998; van Maanen et al., 1996; Mueller et al., 2001; Weyer et al., 2001).  

Moreover, toxicological science has traditionally focused on individual exposures.  As a 

result, very little is known about exposure to chemical combinations, such as nitrate and 

pesticides, and their effect on human health.  One such study of chemical combinations 

tested endocrine, immune, and behavioral effects of aldicarb, atrazine, and nitrate 

mixtures at typical groundwater concentrations.  The results, on wild deer mice, of the 

single compounds at each of their MCL found no effect, but found significant changes 

when various mixtures were tested (Porter et al., 1999).  The authors give “special 

significance” to any mixture containing nitrates with one or both of the pesticides in 

relation to aggression scores, effects on body mass, effects on thyroid hormone balance, 

effects on antibody production, and effects on final spleen weight (Porter et al., 1999). 

Many factors influence regional and local variation in nitrate concentrations, 

including cumulative soil thickness at the well, soil textures in the area surrounding the 

well, the depth of the well sampled, well construction, nitrate loading, poorly 

functioning septic systems near the well, groundwater flow, and the geology of the 

region.  This study retrospectively assessed the relationship between nitrate 2000-2001 
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concentrations and the geologic unit in which households were located, with interesting 

findings.  Results of this study are in agreement with the suggested theoretical 

differences in permeability of the 5 main geologic units in the region (O’Connor, 2001).  

The more permeable geologic units, Pleistocene sand and gravel post-Missoula flood 

(Qg1) and Holocene alluvium of the Willamette River and its major tributaries (Qalc), 

were much more likely to have nitrate concentrations ≥ 10 mg/l.  In comparison, the less 

permeable Missoula flood deposits (Qff2), were less likely to have wells with nitrate 

concentrations ≥ 10 mg/l.  Rather, this geologic unit had the largest percentage of wells 

with nitrate measurements between 0 and 3 mg/l.  This suggests that there may be a 

need for more targeted monitoring of well water in specific geologic regions, and 

perhaps groundwater quality management policies that account for significant regional 

variability.   

No significant linear correlation was found between nitrate 2000-2001 levels 

and either well depth or well age.  However, a nonlinear relationship existed between 

well depth and nitrate concentrations for wells included in the 2000-2001 sampling 

period.  Nitrate concentrations typically increased as the well depth decreased.  This 

finding supports similar results of previous reports.  A study representative of the state 

of Iowa found that wells greater than 45 ft. deep were very often less contaminated with 

nitrate than wells less than 45 ft deep (Kross et al., 1993).  Another study in rural 

northeastern Oregon found wells less than 50 meters in depth to be more likely to have 

nitrate concentrations exceeding 10 mg/L (Mitchell et al., 1993).  A study of drinking 

water wells in Wisconsin found that wells with greater than 12 mg/L nitrate were 

significantly shallower than wells with 0-2 mg/L nitrate (Schubert et al., 1999).  These 
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findings were not evident for the nitrate 2002 data, but this is likely due to the bias 

toward high nitrate levels in this sampling.  No relationship was found between well age 

and nitrate levels from either sampling period; however, well age and well depth were 

found to have a weak, but significant inverse relationship.  Well depth typically 

increases with newer wells.     

 Evaluation of the nitrate 2002 data sought to gain a better understanding of the 

relationship among nitrates, dissolved chloride, and dissolved sulfide, and to discern a 

possible connection to a common source.  High levels of dissolved chloride in the 

groundwater are often associated with leakage from poorly operating septic systems, or 

from confined livestock feeding operations where manure is the primary source.  On the 

other-hand, dissolved sulfates may be indicative of agricultural fertilizer (ammonium 

sulfate) applications leaching into the groundwater.  Natural sources of dissolved 

sulfates, however, may also exist.  The only significant correlation between the three 

nutrients that appeared in this study was found with nitrate 2002 concentrations and 

dissolved sulfate.  This finding may indicate that fertilizer use in the region is more 

likely to be the main source of nitrate in the well water, rather than contamination from 

septic systems or animal feedlots.  The Idaho Department of Environmental Quality in a 

study of domestic well water also found similar relationships among these nutrients.  

This study was conducted on drinking water wells in the Ashton, Idaho area, and found 

a strong correlation between dissolved sulfates and nitrate levels, but no relationship 

between dissolved chloride and dissolved sulfate (IDEQ, 2001).  The conclusion was 

that the elevated nitrate levels were most likely a result of one source. Additionally, the 
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age of the well was associated with levels of dissolved sulfates, which suggests older 

wells may be vulnerable to outside contamination.     

Pesticides were also detected in the domestic wells sampled in 2002.  A total of 

81 of the 100 wells tested were found to contain at least 1 pesticide, and although 

pesticide detections were widespread, none of the pesticides exceeded their MCL.  The 

most common pesticides found were atrazine (73% of wells) and its breakdown product 

desethylatrazine (80% of wells).  The combinations of pesticides detected ranged from 

1 to 7 per well, with as many as 35% of the wells containing at least 4 different 

pesticides in addition to high nitrate levels.  The presence of atrazine in wells was 

associated with the age of the well, suggesting that older wells in the southern 

Willamette Valley may be more susceptible to pesticide contamination.  Neither 

atrazine nor the numbers of pesticides found per well were correlated with nitrate levels 

in the 2002 sampling period.  The study conducted by Hinkle et al., (1997) on 

groundwater in the Willamette Basin also found no correlation between atrazine and 

nitrates, but did find that median nitrate levels were higher in wells with pesticide 

contamination.  A study in the Central Columbian Plateau, Washington and Idaho, also 

found an increasing occurrence of pesticides with increasing concentrations of nitrate 

(Williamson et al., 1998).  The inability of the current study to find a similar 

relationship may be due to the bias towards high nitrate wells in the 2002 sampling 

period, and the inability to compare wells with relatively low levels of nitrate 

contamination.   
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Use of Treatment Devices 

 A total of 28 out of 99 participants responded positively to the question 

concerning the use of water treatment systems.  An disturbing finding is that 11 of the 

16 participants (69%) classified as having high nitrate (>10 mg/l) levels in their well 

water responded “No” when asked if they use a water treatment device to purify their 

homes well water.  None of these respondents were younger than 50 years old, and as a 

result, the risk of the most acute medical condition associated with ingesting nitrate, 

methemoglobinemia, is extremely low.  Four of the participants in the high nitrate 

category (25%) that responded “Yes” to the use of water treatment devices chose a 

reverse osmosis system to remove the nitrate, and one of the participants reported 

having water delivered from an alternative source.  Another three participants in the 

medium nitrate category (3-10 mg/L) reported using reverse osmosis systems, as did 1 

participant in the low nitrate category.  The majority of the respondents in the low and 

medium nitrate contamination categories reported using activated charcoal filters or ion 

exchange systems, neither of which is capable of removing nitrate.  A survey of rural 

residents of northeastern Oregon found some similar results.  Thirty percent of the 

survey’s respondents reported using water treatment devices, with 32% of the 

respondents choosing a reverse osmosis treatment system (Mitchell et al., 1996). 

Participants’ Concerns Regarding Drinking Water Quality 

 Survey participants’ description of their well water quality was on the whole 

quite favorable, as 69% described the quality of their well water as either “excellent” or 

“good.”  No significant differences in mean nitrate contamination levels between the 

question’s response variables were found, but it was apparent that respondents’ 
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descriptions of well water quality became less favorable as levels of nitrate 

contamination gradually increased. 

 Participants’ responses to more specific questions regarding the influence they 

believed potential sources of contamination had on their well water quality exhibited 

interesting results.  With regard to concern over agricultural fertilizer use harming well 

water quality, 55% either “strongly agreed” or “agreed.”  Those who “strongly agreed” 

with the statement were also those with significantly higher mean nitrate levels in 

comparison to those who “agree” or were “not sure.”  This suggests that individuals 

with the highest nitrate contaminations may be attributing the contamination to 

agricultural fertilizers.  A smaller percentage of the participants agreed that agricultural 

pesticides were harming the quality of their well water (36%).  In both cases 

respondents who did not own agricultural property, 47% of the survey population, were 

much more likely to express concern over the effect of fertilizers and pesticides 

negatively impacting their well water than respondents who did own agricultural 

property.  The largest percentage of participants, 74%, expressed concern that septic 

systems were contaminating their well water, but there was no association between how 

the participants responded and nitrate contamination levels.  Interestingly, respondents 

who reported owning agricultural property expressed more concern over septic systems 

having a negative impact on water quality than either agricultural fertilizer or pesticide 

use.       

Septic System Pumping and Nitrate Contamination 

 Survey participants expressed some concern over septic systems having a 

negative impact on the quality of their well water, and appear to be taking proactive 
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measures to protect their water by having their septic tanks regularly pumped.  In many 

instances nitrate contamination can result when septic systems are not maintained, or if 

the household wellhead is positioned too closely to the septic system’s drain field.  

Densely packed communities that are not connected to a local wastewater treatment 

facility are especially at risk of nitrate contamination.  To attempt to determine the 

influence septic systems pose to households in this survey, participants reported the 

frequency with which they pump their septic systems, the distance of their wellhead 

from the septic tank, and the distance of the wellhead from the drain field.  No 

significant relationships or trends were found among these variables and levels of 

nitrate contamination in well water.  Moreover, no relationships were found among 

these variables and dissolved chloride, also commonly found in areas where septic 

systems are causing water contamination problems. 

Limitations of the Study 

This study represents a judgment sample of household wells in an area chosen 

by the Oregon Department of Environmental Quality (ODEQ), and with a general 

knowledge that a nitrate contamination problem exists.  The locations of household 

wells in this study were spread out over a broad spatial scale, as shown in Figures 8-11, 

but with some bias toward the Junction City and Coburg regions.  Therefore, the 

findings of the study are limited to the study area only.  The two water quality sampling 

periods occurred approximately a year and a half apart making correlations between 

nitrate 2000-2001 contamination levels and contaminants from the 2002 sampling 

period inappropriate.  Thus the sampling period with the largest number of sample wells 
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(N = 476), 2000-2001 sampling period, could only be correlated with more static 

variables such as well depth and well age.     

 The list of participants for the mailed survey was drawn from the judgment 

sample of households sampled by the ODEQ, primarily so that comparisons could be 

made between well water contaminant levels in the households and the perceptions of 

the sampled residents toward well water quality issues.  Response rates between low, 

medium, and high nitrate contamination categories were very similar, suggesting some 

similarity among the participants within the different categories.  As is the case with 

most surveys, the responses provided by participants may be influenced by current 

events, or a participant’s perception of some socially accepted behavior.  The results are 

subject to sampling error, and as a result the conclusions drawn are only representative 

of the 476 households included in the ODEQ study area. 

Conclusions 

 This study investigated well water contamination, primarily nitrate 

contamination, in household wells located in the southern Willamette Valley.  

Participants concerns over well water quality issues and their exposure mediating 

practice were also evaluated.  The following list presents the major findings of the 

study: 

1) For the 2000-2001 sampling period 47.7% of the samples had nitrate levels that 

were less than 3 mg/L nitrate-N, 45% of the samples were between 3 and 10 

mg/L nitrate-N, and 7.4% of the samples exceeded the national standard of 10 

mg/L nitrate-N. 
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2) For the 2002 sampling period 6% of the samples had nitrate levels less than 3 

mg/L nitrate-N, 46% of the samples were between 3 and 10 mg/L nitrate-N, and 

48% of the samples exceeded the national standard of 10 mg/L nitrate-N.  

Eleven percent of households (53%) combined from both sampling periods had 

wells with nitrate contamination levels above the public drinking water standard. 

3) Pesticides were detected in 81 of the 100 wells tests.  

4) There was no significant difference in the use of water treatment systems based 

on concentration of nitrate in the well water. 

5)   Respondents who used activated charcoal water purification devices had 

significantly lower nitrate levels than respondents who used reverse osmosis 

water purification devices. 

6) There was no significant difference in respondents’ description of well water 

quality based on concentration of nitrate in the well water.  However, it was 

apparent that respondents’ descriptions of well water quality became less 

favorable as levels of nitrate contamination gradually increased. 

7) There was a significant difference in respondents’ level of concern over 

agricultural fertilizers having a negative impact on well water quality based on 

nitrate contamination level.  The mean nitrate levels for those who responded 

“strongly agree” was significantly greater than for those who responded either 

“agree” or “not sure.”   

8) Respondents who do not own agricultural property are more likely to agree with 

the statement “I am concerned that agricultural fertilizer use in the southern 
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Willamette Valley will increase the level of nitrates in my well water” than are 

respondents who do own agricultural property. 

9) Respondents who do not own agricultural property are more likely to agree with 

the statement, “I am concerned that agricultural pesticide use in the southern 

Willamette Valley is having a negative impact on the quality of my home’s well 

water”, than are respondents who do own agricultural property. 

10)  Respondents who believe farmers are doing an unfavorable job in managing 

their land to ensure good water quality are more likely to “strongly agree” with 

concerns over agricultural fertilizer and agricultural pesticide use having a 

negative impact on well water quality. 

11) The analysis of participants’ attitudes, perceptions, and knowledge shows 

difference in opinion between agricultural landowners and residents of the area.  

Both types of residents expressed some concern over groundwater quality, but 

differences in opinion about sources of potential contamination were apparent.  

Agricultural landowners typically assign less importance to agricultural sources 

of contamination than other residents.  This may difference may indicate a 

future cause of some conflict when solutions to groundwater contamination are 

proposed by state agencies.      

12) There was no significant relationship found between nitrate contamination levels 

and the frequency of septic tank pumping, the distance of the septic tank from 

the well head, and the distance from the septic tanks drain field. 

13) Nitrate contamination levels were found to be significantly different between 

geologic units.  The nitrate levels in geologic unit Qg1 were significantly higher 
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than all other geologic units, with the exception of Qalc.  Typically, households 

located in areas where the Holocene alluvium of the Willamette River and the 

Pleistocene sand and gravel post-Missoula flood deposits dominated the 

geologic structure were at greater risk of high nitrate contamination. 

14) No significant association between nitrate 2000-2001 levels and either well 

depth or well age was found, resulting in a failure to reject the first research 

hypothesis. 

15) A significant association existed between nitrate 2002 levels and dissolved 

sulfate, resulting in the rejection of the second research hypothesis.  

16) Household nitrate levels in the 2002 sampling period were significantly higher 

than the nitrate levels in the 2000-2001 sampling period.   

Even though exposure to relatively high nitrate concentrations was widespread, with 

well water being the main source of drinking water for 89% of the participants, the 

likelihood of methemoglobinemia appears to be low because those exposed to high 

nitrate concentrations (> 10 mg/l) were 50 years old or older.  However, this risk may 

change in the future as the population within this region grows.   

Ninety-one percent of the respondents have lived in this region for 10 years or more.  

Some participants are correctly using reverse osmosis treatment systems to remove 

nitrate from their drinking water, but others still do not perceive the need for any 

treatment.  Studies of long-term exposure to nitrate from contaminated well water are 

still inconclusive as to what risk this poses.  Moreover, toxicological science has 

traditionally focused on individual exposures, as a result very little is known about 
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exposure to chemical combinations, such as nitrate and pesticides, and their effect on 

human health.   

Recommendations 

 The potential risk of methemoglobinemia warrants continued public education 

of the risks involved with drinking well water contaminated with nitrate at levels > 10 

mg/L.  Clear evidence of nitrate’s long-term health effects is not conclusive, and until 

more is understood of nitrates role in the etiology of these chronic condition the 

consumption of water with high nitrate contamination should be as low as possible.   

Efforts should be made to inform the areas residents of the well water 

contamination problems, and advice should be given on how best to reduce exposure.  

Local health departments, medical offices (especially OB-GYN and Pediatricians), and 

extension offices in the area may be reliable sources of information for area residents.  

These resources could distribute fact sheets that describe areas of contamination, 

sources of contamination, general knowledge about areas of higher risk, how best to 

reduce exposure to contaminated well water, and recommendations explaining the 

importance of testing well water.  Having this information may encourage area residents 

to become more involved with local community meetings on groundwater management, 

and help agencies to craft policies that are inclusive of the regional stakeholders.  

 Future studies and continued monitoring of well water quality in the southern 

Willamette Valley should include variables that provide a measurement of soil type and 

thickness for each well sampled, sampling methods that stratify wells by geologic unit, 

and measurements of dissolved sulfate, dissolved chloride, and pesticides.  Including 

these variables in a representative study of nitrate levels in the southern Willamette 



 77

Valley would provide a richer interpretation of their relationships in well water, and as a 

result may elucidate possible predictor variables for contaminated well water.  Due to 

high nitrate levels, the current study suggests that monitoring of well water in specific 

geologic units is warranted. 

 Finally, measures should be taken to reduce the problem of nitrate 

contamination at the source.  Exact sources of nitrate contamination, non-point source 

pollution in general, are difficult to ascertain, but in areas with high agricultural land 

use and permeable soil structures it is highly likely that agricultural fertilizers are a 

major source of contamination.  Recognizing that there is a problem with the amount 

and distribution of well water nitrate contamination in the area suggests that there is a 

need for further research on strategies that reduce the amount of fertilizer needed, and 

reduce the amount lost from the soil.  More evidence on the source of nitrate would 

change perceptions about the influence of specific land use practices, and may provide 

more incentive to change.  Appendix E provides some of the strategies that could be 

used to protect groundwater from nitrate contamination.  The voluntary adoption of best 

management practices is only one possible solution to reducing nitrate contamination in 

the region.  Realistically, a number of strategies will be needed to influence change, 

including economic incentives and disincentives, zoning and land use restrictions, 

environmental regulations, and possibly bans on specific agricultural chemicals. 
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01/20/2003 
 
Dear Resident: 
 
Within the next week you will receive a voluntary survey from the Department of 
Public Health at Oregon State University.  This survey is a part of a graduate student’s 
thesis work, and it will ask you for your opinions of groundwater and drinking water 
quality issues in the southern Willamette Valley.  You are one of a group of randomly 
sampled residents in the southern Willamette Valley who has in the past been in contact 
with the Oregon Department of Environmental Quality, and who is being asked to give 
an opinion on these issues. 
 
The information you provide will help in understanding local residents’ understanding 
and perceptions of groundwater quality issues in this region.  It may also in the future 
help to make some regionally appropriate policy decisions concerning the protection of 
groundwater.  You can be sure that the opinions you provide on this survey will be kept 
fully confidential to the extent permitted by law. 
 
In advance, thank you for your time and participation. 
 
Sincerely, 
 
 
Aaron Kite-Powell 
Graduate Student, Environmental Health Manag. 
(541) 737-1281 
kitepowa@onid.orst.edu 
 

Anna K. Harding Ph.D. 
Chair and Associate  
Professor 
(541)737-3825 
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Letter that Accompanied the Survey Questionnaire 
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10/2002 
 
Dear Resident: 
 
Last week you were contacted by a graduate student, Aaron Kite-Powell, from Oregon 
State University’s Department of Public Health regarding your participation in filling 
out a voluntary survey.  The primary objective of the survey is to gain a better 
understanding of local residents’ perceptions and understanding of drinking water 
quality issues in the southern Willamette Valley.   
 
You are one of a group of randomly sampled residents in the southern Willamette 
Valley whose drinking water was tested by the Oregon Department of Environmental 
Quality (DEQ).  In order for the survey results to truly represent the thinking of all 
those residents who have had their water tested by the DEQ, it is important that each 
survey is completed.  Your responses, together with others, will be combined and used 
for statistical summaries only.  Your participation in this study is voluntary and you 
may refuse to answer any question.  Anyone in the household over 18 years of age may 
complete the survey.  If you choose to participate, this will help to assess your views of 
drinking water quality in the region.   
 
The answers you provide are strictly confidential to the extent permitted by law, and 
special precautions have been established to protect the confidentiality of your 
responses.  The number on your survey will be removed once your survey has been 
returned.  We use the number to contact those who have not returned their survey, so we 
do not burden those who have responded.  Your survey will be destroyed once your 
responses have been tallied. 
 
If you have questions about your rights as a participant in this study, please contact the 
Oregon State University Institutional Review Board (IRB) Coordinator at (541) 737-
3437, or by email at IRB@oregonstate.edu.  You may also call me at (541) 737-1281, 
or contact me by email at kitepowa@onid.orst.edu.  
 
We would appreciate it if you would take about 15 minutes to respond to the enclosed 
survey and return it in the postage-paid envelope provided.  The survey results will be 
presented as part of a masters thesis, and may be helpful in making future policy 
decisions concerning drinking water quality issues in the southern Willamette Valley. 
 
Thank you very much for your help. 
 
Sincerely, 
 

 
Aaron Kite-Powell 
Graduate Student, Env. Health Management 
 
Enclosures 

Anna K. Harding Ph.D. 
Chair and Associate  
Professor 
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Last week a voluntary survey seeking your opinion about drinking water quality issues 
in the southern Willamette Valley was mailed to you by a graduate student from Oregon 
State University’s Department of Public Health.  You are a part of a small sample of 
residents who have in the recent past had drinking water samples taken by the Oregon 
Department of Environmental Quality. 
 
If you have already completed and returned the questionnaire to us, please accept our 
thanks.  If not, please do so today.  This questionnaire has been sent to a small, but 
representative sample of residents, so it is extremely important that your answers are 
included as a part of the survey if the results are to accurately represent the opinions of 
all residents. 
 
We appreciate your help. 

 
 
 

 

 

 

Anna K. Harding Ph.D. 
Chair and Associate Professor

Sincerely, 
 
 
Aaron Kite-Powell 
Grad. Student, Env. Hlth. 
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Best Management Practices 
To Protect Groundwater from Nitrate Contamination 

 
(Adapted from Chris Vick - Department of Bioengineering)  

Oregon State University 
 
 

1.    No Autumn nitrogen application 
Apply nitrogen when crops need it most (i.e. in the spring). 
Source:  http://www.epa.gov.OWOW/NPS/Success319/OR.html 

 
2.   Crop Rotation 

Rotate nitrate leaching crops (i.e. onions) with nitrate scavenging crops (i.e. 
wheat and barley). 
Source:  http://www.epa.gov.OWOW/NPS/Success319/OR.html 

 
3.    Stream Buffers 

Buffers are instrumental in removing pollutants entering as either sheetflow 
or shallow groundwater from outside areas. 
Source:  http://www.forester.net/ec_0004_land.html 

 
4. Control of Invasive Plants 

Timely control of invasive plants may reduce the need for pesticides later in 
the growing season. 
Source:  http://www.deq.state.or.us/wq/WhpGuide/table3-7.htm 

 
5. Nitrification Inhibitors and Slow Release Nitrogen 

Inhibit the production of nitrate from ammonia based fertilizers, and apply 
fertilizers that release nitrogen over long time periods. 
Source:  http://www.dep.state.or.us/wq/WhpGuide/table3-7.htm 

 
6. Improve Irrigation System Performance and Management 

Efficient irrigation makes the best use of available water by minimizing 
negative effects on water quality introduced from deep percolation and 
surface runoff.  Good irrigation system performance is the result of carefully 
considered system design, prudent equipment maintenance, and proper 
irrigation water management.  Knowing when and how much to irrigate is 
important for effective management. 
Source:  http://biosys.bre.orst.edu/bre/docs/irrigation.htm 

 
7. Prevent aquifer contamination at wellhead 

Aquifer contamination can occur because of movement of nutrients or other 
chemicals from the surface through or along a well casing.  Activities near 
the wellhead may introduce contaminants, and those activities should be 
identified and curtailed. 
Source:  http://biosys.bre.orst.edu/bre/docs/irrigation.htm 
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8. Irrigation Scheduling 
Regular measurement of soil moisture is an accurate way of determining 
when to irrigate.  Irrigation water must be applied uniformly and accurately.  
Adjust water application amounts to meet varying crop water movement 
beyond the root zone. 
Source:  http://www.ext.nodak.edu/extpubs/h2oqual/watgrnd/ae1116w.htm 

 
9. Establish Realistic Yield Goals 

If yield goals are overly optimistic, the recommended application rates of 
nitrogen will be too high, resulting in excess nitrogen in both soil and 
groundwater. 
Source:  50 Ways Farmers Can Protect Their Groundwater 

 
10. Test the Soil 

Determine current nitrogen levels in the soil, applying only nitrogen 
necessary to satisfy crop demand. 
Source:  50 Ways Farmers Can Protect Their Groundwater 

 
11. Credit other Nitrogen Sources 

Adjust nitrogen application rates to account for nitrogen supplied by 
legumes, manure, and other organic wastes. 
Source:  50 Ways Farmers Can Protect Their Groundwater 

 
12. Plant Tissue Testing 

Analysis of the nutrient content of plant tissue, like soil testing, can provide 
growers with valuable management information.  Tissue tests are useful for 
monitoring general plant nutrition levels and diagnostic problems. 
Source:  http://www.inform.umd.edu/EdRes/Topic/AgrEnv/ndd/agronomy/ 

 
 
 
 

 
 

 
 

 


