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Harney County contains defining characteristics of regions containing arsenic within the 

groundwater such as its location in the western United States, unique closed basin geography, 

complex geology, and seasonal groundwater level fluctuations.  Confirmation of arsenic 

concentrations above the Maximum Contaminant Level Drinking Water Standard of 10 µg/L has 

been observed on a recurring basis.  Private land owners within the Harney Basin solely depend 

on private wells for domestic, agricultural, and livestock water supply and are not required to test 

for or meet the 10 µg/L MCL water quality standards for public water systems, as established by 

the United States Environmental Protection Agency.   

The purpose of this study was to expand on previous arsenic investigations to determine 

if a relationship exists between arsenic occurrence and the geography, hydrology, and geology 

within the Harney Basin.  The effects of well depth, latitude/longitude, and hydrogeologic units 

were analyzed to create a regional depiction of arsenic occurrence through a conceptual model.  

For each sample, total arsenic, pH, and conductivity was measured. A total of 140 samples were 



 

 

evaluated, 91 were integrated from previous studies and 49 were collected throughout the Harney 

Basin as part of this study.  For each of the 49 samples collected in this study, total arsenic was 

quantified by Inductively Coupled Plasma Mass Spectrometry (ICP-MS), and semi-quantitative 

arsenic field screening tests were also performed for comparison. 

These data were used to determine if a link exists between groundwater arsenic 

occurrence, geology, and the source aquifer.  The secondary purpose of this study was to assess 

the accuracy and precision of the field tests to inform the community if a more available and 

less-expensive option than ICP-MS could be used for routine monitoring.  Data acquisition was 

challenging due to citizen concerns about anonymity, difficulty contacting land owners, and their 

perceived effects on land values.   

The analysis identified that arsenic contamination is widespread throughout the valley.  

While one hydrogeologic unit provided statistically higher concentrations of arsenic, there is no 

single clear geogenic source of arsenic.  The results from the field test produced questionable 

results, with both overestimates and underestimates of concentrations compared with the ICP-

MS analysis.  

The results of this research will be informative to groundwater users and public health 

officials and the results will be confidentially shared with stakeholders. Communities reliant on 

private well water with similar geologic characteristics may utilize this report to understand the 

importance of arsenic testing. 
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CHAPTER 1: HYDROGEOGRAPHIC ANALYSIS 

 
1.1. INTRODUCTION 

 

Arsenic is an odorless and tasteless metalloid element. It is a natural byproduct 

from volcanoes, geologic formations, and geothermal waters.  Arsenic exposure may also 

result from anthropogenic sources entering drinking water from mining, herbicides, 

insecticides, and industrial effluents (Nordstrom, 2002).  It may also bioaccumulate in 

plants and enter the food web.  The greatest human exposure is from drinking water 

(World Health Organization, 2010).   

Drinking water is derived from a variety of sources such as surface water (rivers, 

lakes, reservoirs and ponds), groundwater (aquifers), and rain water contain variable 

arsenic exposure risks.  Smedley (2001), cites that high arsenic concentrations are mainly 

found in groundwater, where the greatest number of exposure sources are likely to be 

found.  

Arsenic and arsenic compounds are a Group 1 Carcinogen (IARC, 1994).  The 

European Union recognizes them as “human genotoxic carcinogens and that there is no 

identifiable threshold below which these substances do not pose a risk to human health” 

(European Parliament, 2004).  Chronic exposure to arsenic in drinking water is causally 

related to increased risks of hyperkeratosis; Type II Diabetes; low birth weight; stroke; 

and skin, lungs, bladder, and kidney cancers (IPCS, 2001; Yoshida, 2004; Huyck, 2007).   

Once ingested, soluble forms of arsenic are absorbed (60% to 90%) through the 

gastrointestinal tract (ATSDR, 2000).  Oxidation-reduction reactions result in some 

conversion of As(V) and As(III).  A portion of As(III) is methylated, predominantly in 

the liver, to methylarsonic acid and dimethylarsinic acid. Methylation is the body’s 
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principal mechanism of detoxification, resulting in metabolites that are less toxic and 

more readily excreted. 

ATSDR (2005) indicates that after absorption through the lungs or gastrointestinal 

tract, arsenic initially accumulates in the liver, spleen, kidney, lungs, and gastrointestinal 

tract. Clearance from these tissues, however, is rapid. Within two to four weeks after 

exposure ceases, most of the arsenic remaining in the body resides in keratin-rich tissues 

such as skin, hair, and nails. Arsenic is excreted primarily through the kidneys. After low-

level exposure to inorganic arsenic, most of the urinary arsenic is present as methylated 

metabolites.  However, methylation efficiency in humans appears to decrease at high 

arsenic doses. When the methylating capacity of the liver is exceeded, exposure to excess 

levels of inorganic arsenic results in increased retention of arsenic in soft tissues. 

Arsenic does not break down as an element.  The Agency for Toxic Substances 

and Disease Registry (ATSDR, 2005) Division of Toxicology and Environmental 

medicine explain that arsenic can be found in inorganic and organic compounds, as 

different species and oxidation states (e.g., arsenite (As(III)), arsenate (As(V)), 

monomethylarsonic acid (MMAV), dimethylarsinic acid (DMAV), MMAIII, DMAIII).  

As(III) is usually more prevalent under reduced environmental conditions (e. g., flooded 

soils). As(V) is usually more prevalent under oxidized conditions (e. g., drained soils). 

However, both oxidation states of arsenic often co-occur in soils, because of the 

sometimes slow rates of transformation between oxidation states.  

A variety of natural processes affect its fate and transport in soil and water, 

including chemical reactions (e.g., oxidation-reduction reactions), ligand exchange 

reactions, and metabolism by living organisms (ATSDR, 2005). Inorganic arsenic has 
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been shown to readily migrate through soil to groundwater (ATSDR, 2005; WHO, 1981), 

with the ability to persist in soil over 45 years (Wolz, 2003).  However, arsenite (As(III)), 

being charged, does not migrate as readily (ATSDR, 2005).  

Smith and Steinmaus, (2009) consider arsenic in drinking water to have more 

serious health effects than any other environmental contaminant.  High arsenic 

concentrations in groundwater are present throughout the world and have devastating 

impacts on communities in developing countries.  Central and southeastern Asian 

countries, such as: Bangladesh, Vietnam, Thailand, China, and India have extensive 

groundwater contamination, but limited treatment resources.   

The rural Peruvian town of Carancas, has had over 8 years of international 

attention.  However, the exclusive installation of arsenic removal devices have proven to 

be ineffective.  The inability to integrate supplemental operation and maintenance 

training, community education, and cultural sensitivities have caused the treatment 

systems to not be used properly (Panca, 2014; Liter, 2012).   

Developed countries, including: France, Russia, Japan, New Zealand, Canada, 

and the United States also contain regions with high levels of arsenic in groundwater.  

The western United States in particular is broadly affected by groundwater arsenic 

concentrations (Figure 1) stemming from both anthropogenic and geogenic sources. The 

Maximum Contaminant Level (MCL) for drinking water established by the United States 

Environmental Protection Agency (EPA) for total arsenic was lowered in 2001 (effective 

2006) from 50 μg/L to 10 μg/L due to the health effects of ingesting arsenic.  

Treatment of groundwater can vary depending on the concentration of arsenic, the 

oxidation state, and other geochemical factors.  The oxidation state of arsenic (arsenate in 
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the +5 state, or arsenite in the +3 state) affects how easily the arsenic is removed from 

drinking water using treatment systems (reverse osmosis, adsorptive media distillation), 

with arsenate more easily removed. The pH of the water affects the solubility of 

inorganic arsenic compounds (ASTDR, 2005; EPA, 2000). 

Harney County’s location in the western United States, unique hydrologically 

closed basin geography, alluvial and volcanic geology, and seasonal groundwater level 

fluctuations is typical of regions containing groundwater arsenic (Eawag, 2015). The 

county relies on groundwater for livestock rearing, agricultural production, and domestic 

water consumption. Private wells are not required to test for arsenic or other 

contaminants.  Therefore, users are at a greater risk of arsenic exposure since water 

quality testing is non-compulsory, and therefore, enforceable arsenic drinking water 

standards do not have to be met.  

In a thorough description of the aquifers in Eastern Oregon, Gonthier (1985) notes 

that, “some volcanic tuffs and deposits derived from volcanic vents may contain 

excessive concentrations of arsenic…”  A subsequent water quality investigation by the 

United States Geological Survey, the Oregon Health Authority, and independent 

sampling revealed that the Harney Basin contains an average groundwater arsenic 

concentration of 50 μg/L, or 5 times the Maximum Contaminant Level (MCL) 

established for public water systems (Figure 2). Most recently, in 2013, the Harney 

County Health Department (HCHD) and Oregon State University’s Environmental 

Health Sciences Center coordinated private property well testing and found arsenic levels 

significantly above EPA’s drinking water MCL ranging from 0 to 268 μg/L. The results 

displayed an ambiguous relationship between well location and arsenic concentration. 
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Figure 1: Distribution of Arsenic within the United States (Modified from Ryker, 2001) 
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Purpose and Scope 

The purpose of this study is to examine the heterogeneous distribution of groundwater 

arsenic concentrations throughout the Harney Basin (Figure 3) and to pair these data with 

inferences of likely geogenic drivers in order to develop best management practices (e.g., 

well location, depth, etc.) for water quality safety in the valley.  The following sections 

will provide an analysis of the methodology, outline the regional geography, geology, 

hydrology, and discuss the findings. A hydrogeographic conceptual model illustrating the 

regional geography and associated well stratigraphy is presented.   

Figure 2: Harney County averages 5 times the MCL for 

arsenic in groundwater supplies (adapted from Fleming, 

2007; data from USGS and ODHS) 
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A secondary purpose of this research is to provide public health information to the 

community.  In addition to voluntary arsenic testing on private and public property, this 

research aims to educate the local community about their geographic, geologic, and 

hydrologic settings.  The conceptual model and cross section that is presented in this 

report facilitates both scientific and public knowledge of regional hydrogeographic 

characteristics. 
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Figure 3: Harney Basin Research Study Area (Perkowsk, 2015) 
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1.2. GEOGRAPHY, HYDROLOGY, AND GEOLOGY OF THE HARNEY BASIN 

 

1.2.1. Geography of Harney County 

Harney County (Figure 4), the largest county in Oregon, situated in southeastern 

Oregon comprises an area of 10,226 mi2.  According to the 2010 Census (U.S. Census 

Bureau, 2011), there are 7,422 residents in Harney County, a 2.5% decrease since the 

2000 census.  Public lands (federal, state, and county) account for about 77 percent of the 

land area in Harney County. The remaining 23 percent is privately owned, and contains 

mainly farms and forests.  Forest products, manufacturing, livestock, and agriculture are 

the fundamental economic drivers of the area.    

Figure 4: Harney County encompasses the High Lava Plains and Basin and Range 

Geomorphic Regions of Oregon (Modified from Piper, Robinson, and Park, 1939) 
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Divided into the High Lava Plains and Northern Basin and Range, it is generally 

classified a Level III Ecoregion (EPA, 2013).  Harney County also includes a number of 

Level IV Ecoregions, such as the High Desert Wetlands, Sagebrush Steppe Valleys, 

Semiarid Uplands, Partly Forested Mountains, Salt Shrub Valleys, Barren Playas; 

Continental Zone Highlands, and Closed Basins.  Due to the diversity of landforms 

within these ecoregions, major variations in hydrology and land use exist.   

The northern portion of the county consists of the High Lava Plains that extend 

just south of Harney Lake, bordering the southwest Blue Mountains.  As described by the 

name, this region consists of level lava plains with volcanic buttes.  The basin measures 

about 160 miles from north to south and 100 miles from east to west. About 81 percent of 

the basin lies in Harney County, nine percent in Lake County, with smaller areas lying in 

Malheur, Grant and Crook Counties.  A high proportion of the Harney Basin is wetlands, 

due to water spreading for irrigation and fluctuating lake levels.  

Within this region, 10-20 inches of precipitation fall on average per year as 

compared to over 40 inches in the mountainous Cascades to the west of the county.  The 

Basin and Range region extends south to Mexico.  Within this region, the Brothers Fault 

Zone that extends south is characterized by narrow block faulted mountain ranges with 

intervening basins, which are covered with alluvium and dry or ephemeral lakes.  Figure 

5 depicts the flat alluvial basin outlined by volcanic buttes.  The Harney Basin is an 

endorheic, or closed basin, with no outlet to the sea.  All Harney Basin drainage flows 

toward Malheur and Harney Lakes. 
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Figure 5: Harney Valley’s Basin Fill sedimentary deposits bordered by basalt formations 
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The Harney County Comprehensive Plan (Harney County Planning Department, 

2009) summarizes the surface water hydrology of the greater Harney Basin as fed by 

three separate stream systems - the Silvies River, Silver Creek, and the Donner und 

Blitzen River - and by a number of smaller creeks that usually are intermittent. They cite 

that, “the Silvies River is the longest with a length of about 180 miles from its headwaters 

in the Strawberry Range. Emigrant Creek is the largest tributary, joining the Silvies 

River at river mile 29. Silver Creek drains the northwestern part of the Malheur Lake 

drainage basin. It has a length of almost 80 miles from its headwaters on Big Mowich 

Mountain. The Donner und Blitzen River and its major tributary, the Little Blitzen River, 

have a total length of about 72 miles, draining the western slope of Steens Mountain. All 

of the streams have steep slopes in the upper elevations and flatten out to rather gentle 

slopes from approximately 50 miles above their mouths. The Silvies River and the Donner 

und Blitzen River are tributaries to the Malheur Lake while Silver Creek is a tributary to 

Harney Lake.”  These drainage basins were formed from volcanic lava flows, eruptive 

airborne materials, and a mixture of sedimentary and volcanic deposits.   

1.2.2. Geology of Harney County 

Piper, Robinson, and Park (1939) were the first experts to investigate the 

relationship between groundwater and geology within the Harney Basin.  Leonard 

(1970), Walker (1979), Whitehead (1994), Gonthier (1985), and Aquaveo et al. (2012) 

performed subsequent hydrogeologic investigations throughout the region.  Greene et al. 

(1972) corroborated the geologic findings.  Geologic interpretations have remained 

consistent and an increased focus on the variable geochemistry was placed within the 

valley.  
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The Harney Basin is both structural and erosional, with the uplands heavily 

faulted (Leonard, 1970).  Aquaveo et al. (2012) describes the initial formation of the 

Basin and Range as a response to extensional tectonics, with movement along northerly 

trending faults beginning in the Miocene (5-23 Ma). As a result of extensional faulting 

and caldera collapse, the Harney Basin is a structural basin extending north to south from 

just north of Burns to Diamond, a distance of approximately 45 miles (72 kilometers), 

and east-west from approximately Princeton to Riley, a distance of approximately 52 

miles (84 kilometers).  The eastern portion of the structural basin is the lowest portion of 

the basin and consists predominantly of the Harney Valley, which is a plain with minimal 

relief that slopes very gently south toward Malheur and Harney Lakes.  Much of the 

western and southern portions of the structural basin have been filled with Late Miocene 

to recent basaltic lava flows, cinders and palagonite tuff.  

A geologic map of the Burns Quadrangle, published in 1972 by Greene, Walker 

and Corcoran, illustrates the basic geology across the Harney Basin (Figure 6).  Within 

this publication, the faulting across the valley was depicted (Figure 7).   A generalized 

cross section of the northern part of the Harney Basin (Figure 8) illustrates an extremely 

complex geologic system.  A generalized cross section of the Harney Basin depicts the 

shallow unconsolidated deposits with a deeper volcanic aquifer (Figures 9 and 10).   

Tertiary and Quaternary rocks and deposits lie within the basin.  Basalt, andesite, 

rhyodacite of Crow Camp Hills-Volcanic, pyroclastic and sedimentary rocks comprise 

the only Tertiary formations, whereas basalt, palagonized tuff, and cinder cones were 

deposited in both the Tertiary and Quaternary periods.  Alluvium and Basin Fill (also 
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referred to as Valley Fill) accumulated during the Quaternary period. Visually, rocks and 

sediment of volcanic origin provide the Harney Basin with a resistant border.
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Figure 6: Geologic map of the Burns Quadrangle, Oregon (Modified from Greene, Walker, Corcoran, 1972) displays 

complex surface geology 
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Figure 7: Faults Overlaying the Geologic Map of the Burns Quadrangle (Modified from Leonard, 1970 and Greene, Walker, Corcoran, 

1972) show extensive faulting throughout region. 
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Figure 8: Sketch Diagram showing relations of major units in north part of Burns Quadrangle. (Greene, 1979) Not to scale. 
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Figure 10: Conceptual Models of the Basin and Range Geology of the Harney Basin (Modified from Gonthier, 1984) 

Figure 9: Aquifers of the Harney Basin (Modified from Gonthier, 1984) indicate a central unconsolidated deposit aquifer 

surrounded by a broad volcanic and sedimentary aquifer with zones of Pliocene and younger basaltic rocks. 
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The deposited Basin Fill forms an unconfined aquifer comprised of clay approximately 250 

feet (76 meters) thick with gravel composition increasing up to 500 feet moving south toward 

Malheur Lake.  The extensive clay may form localized, confined aquifer settings.  To the northeast 

of the valley, sand and gravel beds within this aquifer are able to produce yields from 300 to 1,000 

gallons per minute (gpm).  As the gravel layers deepen toward the southern edge of Harney and 

Malheur Lakes, the clay and tuff form a confined bed approximately 500 feet (152 meters) below 

the surface.  Piper, Robinson, and Park (1939) assert that during the latter part of the Pleistocene, 

the valley was relatively deep before it was dammed by lava at Malheur Gap near Princeton, while 

others claim an extensive lake was responsible for the deposition of thin pumice within the 

alluvium (Walker, 1979). The alluvial materials are similar to the underlying unconsolidated 

sediments and are difficult to distinguish from most well log descriptions. 

Within the underlying confined unit, volcanic, pyroclastic, and sedimentary rocks form the 

bedrock.  Layers of tuffaceous and sedimentary beds of varying thickness can be traced laterally for 

miles, while some less-resistant tuff remains localized. In the northwest part of the valley, volcanic 

rocks and coarse sediment is present.  To the northeast, finer-grained sediment can be found at 

varying thicknesses.  The Pliocene volcanic and sedimentary rocks generally have the potential to 

transmit large quantities of water.  

The aquifer systems are comprised of four stratigraphic units of varying dimensions.  The 

following formations are listed in order of increasing depth: Basin Fill (Holocene-Pleistocene), 

Harney Formation (Pliocene), Danforth Formation (Pliocene), and Steens Basalt (Miocene).  The 

Harney structural basin extends beyond the valley to the South and West and in these areas the 

primary hydrogeologic units are: Basin Fill; Tuffaceous and Volcaniclastic Sediments; Harney 

Formation; Intra-Basin Basalts and Cinders; Steens Basalt; Diamond/Voltage Basalt; and 



20 

 

Volcaniclastic Sedimentary Rocks.  Based on Green’s geologic map and key publications (Piper et 

al., 1939; Leonard, 1970; Walker, 1979; Gonthier, 1984; Whitehead, 1994; Welch, 2000; and 

Aquaveo et al., 2012), well log stratigraphy was categorized to produce a hydrogeologic map and 

cross section of the region (Figure 11).  As shown, the valley structure consists of pyroclastic rocks 

of Cinder Cones.  Basin Fill covers the valley floor with underlying Tuffaceous and Volcaniclastic 

Sediments and Steens Basalt.  To the west of the valley, the Harney Formation becomes more 

predominant.  Table 1 provides details for each hydrogeologic unit within the Harney Basin.  
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Figure 11: Conceptual Model of the Hydrogeography of the Harney Basin 
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Table 1: Harney Basin Hydrogeologic Unit (Modified from Aquaveo et al., 2012)

Hydrogeologic Units Aquifer Region Lithology Epoch Well 
Yields 
(gpm) 

Specific 
Capacity 
(gal/ft) 

Estimated 
Hydraulic 

Conductivity 
(gal/day/ft2) 

USGS 
Geologic 

Map I-680 
Symbols 

Valley (Basin) Fill Valley floor and up 
the major tributary 

valleys 

Gravel, sand, silt, 
clay, sandy-clay, 

clayey-sand, gravel, 
and clayey-gravel 

Holocene-
Pleistocene 

20 – 2,500 0.4 to 41 200 to 700 Qs, Qal, 
Qp, Qf 

Tuffaceous and 

Volcaniclastic 

Underlies Basin Fill Clay, claystone, 
minor sand, 

sandstone, pumice 

Miocene 800 0.1 to 50 2 to 600 Tst 

Sediments Directly south of 
Malhuer Lake 

Lava flows, cinders, 
and vent complexes 

Holocene-
Pleistocene 

800 to 
900 

81 to 200 2,700 to 
7,800 

Qb, Qlb, 
Qmv 

Diamond/Voltage 

Basalt, includes 

Mafic Vent 

Complexes 

West of Harney 
Valley and within the 

Harney structural 
basin 

Lavas flows, 
pyroclastics, 

palagonite, cinders 

Pleistocene-
Pliocene 

50 to 
1,600 

33.3 1,000 QTb, QTp, 
QTps 

Intra-Basin Basalts 

and Binders 

West of Harney 
Valley and within the 

Harney structural 
basin 

Sandstone, claystone, 
conglomerate, sand 

and gravel 

Pliocene 10 to 490 0.1 to 3.3 30 to 80 Tst 

Harney Formation North, east and 
southeast outside 

the structural basin 

Rhyolitic siltstone, 
claystone, 
sandstone, 

conglomerate 

Miocene 15 to 150 1.5 to 7.5 20 to 600 Tts, Tsts 

Volcaniclastic 

Sedimentary Rocks 

North, east and 
southeast outside 

the structural basin 

Lava Flows Miocene 15 to 
1,100 

1.7 to 510 300 to 
46,000 

Tba 
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1.2.1. Hydrology of Harney County 

The majority of the groundwater within the valley originates from infiltration of 

precipitation within the surrounding highlands and by spring snowmelt runoff when 

surface waters flood parts of the valley. In the Harney Basin, groundwater generally 

moves southward toward Malheur Lake and either becomes evaporated, evapotranspired, 

or discharged into Malheur and Harney Lakes (Leonard, 1970). Dissolved minerals in the 

surface and the groundwater are concentrated by evaporation, which results in saltwater 

lakes, ponds, and marshes, and salty groundwater at shallow depths in the ponding areas. 

The greatest precipitation typically occurs during the winter months and early-

spring (January through May).  The recharge is delayed, most likely due to higher 

evapotranspiration rates during the summer months.  Figure 12 illustrates the yearly 

precipitation/recharge rates for the Water Years 1995-2004.  

Limitations on availability of groundwater for future development were analyzed 

in Leonard’s 1970 report (Leonard, 1970).  He first cited the deteriorating effects of 

magnetite on pumps from high-yield pumping that includes sand pumping.  The 

Figure 12: Annual Precipitation and recharge by water year for Harney Basin 

(Aquaveo et al., 2012) 



24 

 

remediation of this may be expensive and result in a lower water yield.  Secondly, he 

discussed mutual interference.  Mutual interference refers to the water level falling in one 

well when a nearby one is pumped, notoriously occurring southeast of the Burns airport.  

Observation wells showed seasonal “pumping depression” dissipates during the winter.  

While coordination can occur between landowners, the problem has the potential to grow 

if development and/or pumping rates increase regionally.  Also with increased pumping 

rates comes overdraft.  When a well is pumped repeatedly more than it is replenished, the 

water level will decline steadily over a number of years. The growing season (i.e., period 

of intensive groundwater pumping) in Harney County is from early-April through 

October (Taylor, 2014).   

Streamflow discharge data is useful tool for inferring recharge rates.  However, 

only one stream gage station exists in the area and is operated by the USGS in 

cooperation with U.S. Fish and Wildlife Service.  Figure 13 displays the current water 

year’s cumulative streamflow for the Donner Und Blitzen River, an intermittent stream 

sourced from lower southwest slopes of Steens Mountain, gaining discharge from springs 

as it flows north/northwest and descends into Malheur Lake.  As of July 2015, the 

Donner Und Blitzen River is in the 25th percentile of historical cumulative streamflow for 

the water year.   

The Donner Und Blitzen River is not the only river in Harney County whose 

discharge is below average.  Figure 14 illustrates the changes in average streamflow 

throughout Oregon in 2015 as compared to 2005.  Most of Harney County and all of the 

Harney Basin is currently below the 10th percentile of normal streamflow.   As Harney 

Basin is endorheic, streamflow is the best indicator of aquifer recharge for the region.  
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Figure 13: Donner Und Blitzen River, near Frenchglen, Oregon (USGS Stream Gage 

Station USGS 10396000) is in the 25th percentile for 2015 cumulative flow. 
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Figure 14: Average August streamflows from 2005 – 2015.  

August 2015 is below the 10th percentile  

(USGS Water Watch, 2015) 
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In July, 2015, the Governor of Oregon declared 23 out of 36 counties in Drought 

Status.  Four of which, including Harney County, were categorized as Extreme Drought 

Status. In June, 2015, OWRD halted all new agricultural well permits for Harney County 

due to increased groundwater withdrawal and decreased recharge rates (Figure 15).  They 

estimate 201,250 acre feet of groundwater rights are available for use each year, while 

only 170,800 acre feet of groundwater is available for use.  Because demand exceeds 

Figure 15: Potential Groundwater Depletion in Harney 

County (Draft from Oregon Water Resources Department, 

2015) 
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supply, to confront this issue, OWRD will conduct detailed geological mapping and 

widespread water level measurements in order to gain a better understanding of the 

hydrogeology before they allow new permits to be issued.  

Not all groundwater users are required to record their groundwater use.  Oregon 

State Statute, ORS 537.077, requires federal and state agencies, cities, counties, schools, 

irrigation districts and other special districts to report water use on an annual basis. 

However, owners of domestic wells are not required to report use.  Based on the limited 

data, primary users in the Harney Basin (City of Burns, City of Hines, and Rattle Snake 

Land & Cattle) used 1.16 billion gallons of groundwater annually.  In 2010, an estimated 

210 Million gallons/day (Mgal/d) was withdrawn for self-supplied irrigation, compared 

to 70 Mgal/d in 2000 (Maupin, 2014). 

Changes from 1936-1970 and 2010-2013 groundwater flow directions are 

depicted in Figure 16.  The Harney Basin Groundwater Study’s Groundwater Level 

Changes maps from 15 state observation wells and water level data from 95 private wells, 

all within the Basin Fill aquifer, only show small declines after 1990 until 2013.  The 

majority of these declines exist in the northeastern and southwestern portions of Harney 

Valley.  The Quaternary Basin Fill aquifer had minor changes in groundwater levels from 

the 1970s until the 1990s. From the 1990s to present day groundwater levels have 

declined by the greatest amount in the northeastern and southwestern portions of the 

greater Harney Valley. The most significant water level change has occurred in the area 

north of Harney Lake. 
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Figure 16: 1936-1969 and 2010-2013 Mean Groundwater Level Contour and Flow direction Maps (Aquaveo et al., 2012) 
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Aquaveo et al. (2012) completed a groundwater study for the Harney County 

Watershed Council in 2012. This analysis compiled existing data to characterize the 

groundwater system within the Harney Basin and develop management plans to support 

the people, wildlife, and habitat.  This study identified two main, and three minor, 

aquifers within Harney County.  The majority of the withdrawals are from the Basin Fill 

& Alluvial as well as the Volcanic and Sedimentary aquifers, both are primarily used for 

irrigation.  The minor aquifers are basalt, older volcanic, and igneous & metamorphic. 

The minor aquifers lay to the south of the Harney Basin perimeter and will not be 

discussed in detail since they are not within the range that is covered in this report. 

The main aquifer is generally referred to as Basin Fill (also Valley Fill) and 

thickness increases to 500 feet along the southern edge of Harney and Malheur lakes.  

With an annual recharge of 1-3 inches, the Basin Fill aquifer is estimated to produce 

water yields of 20-2,500 gallons per foot (gal/ft); specific capacity ranges from 0.4-41 

gallons per minute per foot (gpm/ft); hydraulic conductivity of 243-728 gallons per foot 

squared per day (gal/ft2/day); and, transmissivities ranging between 1,000-15,000 square 

feet/day (ft2/day) (Gonthier, J.B., 1985; Aquaveo et al., 2012).  This aquifer is primarily 

unconfined with semi-confined local conditions.  This yields inter-granular, fracture, and 

tabular (lava), porosity.  The permeability is typically low due to high clay content, but 

sand and gravel can be interlayered, which locally increases the formation’s permeability.  

This aquifer is typically bounded by the water table on top and the volcanic and 

sedimentary aquifer below. Central parts of the basin fluctuate between local to regional 

groundwater discharge areas creating shallow beds that may hydraulically connect to 

surface water.  Pumping in these shallow areas may reverse groundwater circulation 
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paths (Figure 17), thereby drawing surface water into the ground. Specifically within the 

Basin Fill aquifer, streams flowing into Harney Valley are expected to be the dominant 

source of groundwater recharge with other significant contributions from flood irrigation 

practices during periods of spring runoff. 

Generally referred to as the volcanic and sedimentary aquifer, the thickness 

ranges between ground level to 13,000 feet in depth.  Established in the Holocene and 

Miocene, this confined aquifer includes primarily the Harney Formation that is 

horizontally severed by numerous faults and volcanic vents.  This is a significant aquifer 

unit where infiltration primarily comes from precipitation and snowmelt runoff, resulting 

in an estimated annual recharge ranging from <1 to 20 inches.  Coarse-grained deposits 

underlie a productive hydraulic connection to the surface water.  Estimated specific 

capacity ranges from 5-40 gpm/ft; hydraulic conductivity of 10-500 gal/day/ft2; and 

aquifer transmissivities ranging between 1,000 –20,000 ft2/day.  Table 1 summarizes the 

hydrogeologic units, specific capacity, estimated hydraulic conductivity, and the 

lithology.  
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1.3. GEOCHEMISTRY AND POTENTIAL SOURCES OF ARSENIC IN THE HARNEY BASIN 

 

According to Hinkle and Polette (1999), naturally occurring arsenic commonly is 

found in a variety of solid phases as a component of volcanic glass in volcanic rocks of 

rhyolitic to intermediate composition, adsorbed to and co-precipitated with metal oxides 

(especially iron oxides), adsorbed to clay-mineral surfaces, and associated with sulfide 

minerals and organic carbon.  Table 2 provides common conditions that affect movement 

of arsenic in groundwater.  Hinkle and Polette further explain that groundwater arsenic 

exists as dissolved arsenic, usually defined as truly dissolved species (e.g. H3AsO3) and 

any colloids that are small enough to pass through a 0.45μm filter.  The ratio of 

particulate to dissolved arsenic is typically site specific.   

 Flow and diffusion in groundwater can both dissolve and mobilize these 

particles.  The speed, pressure, density, temperature, pH, and permeability of the water 

can affect the transport patterns.  Diffusion moves dissolved chemicals in liquids because 

of the concentration gradient.  Depending on the type of aquifer, the fate and transport of 

arsenic can change drastically.  In heterogeneous aquifers, arsenic compounds may show 

localized concentrations in fractured bedrocks, or irregular distributions due to 

stratification of clays and sands.  Therefore, modeling fate and transport can be a 

challenge.   

Changes in the condition of subsurface geologic materials are a potential catalyst 

for arsenic transport through aquifers. Ayotte, et al. (2011) evaluated the effects of 

human-induced alteration of groundwater flow patterns on concentrations of naturally 

occurring trace elements including arsenic within five hydrologically unique aquifer 

systems throughout the United States.  This showed that human activities including 
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various land uses, well drilling, and pumping rates/volumes can adversely impact the 

quality of water in wells when associated with naturally-occurring trace elements in 

aquifer materials. This occurs due to subtle - but significant - changes in geochemistry 

and associated trace element mobilization, as well as enhancing advective transport 

processes.  

Redox 
Condition 

Phases Processes 
Conditions that 
Affect Arsenic 

Mobility 

Oxic (Dissolved 
oxygen present) 

Iron Oxides 
Adsorption/desorption; 

precipitation 

High pH; high oxygen; 
high TDS; high sulfate; 
presence of competing 

adsorbent 

 
Sulfide 

Minerals Sulfide oxidation 
pH and microbial 

activity; oxygen and 
NO3 transport 

Post-Oxic 
(dissolved 

oxygen and 
sulfide not 
present) 

Iron Oxides 
Adsorption/desorption, 

precipitation, 
dissolution 

Oxidation state of As; 
pH; Presence of 
Organic Carbon 

Reduced 
 Reductive dissolution; 

desorption 
High pH 

 

Table 2: Common controlling or mobilizing processes for trace arsenic in groundwater 

(Modified from Ayotte, 2011 and Welch, 2000) 

Arsenic groundwater chemistry is mostly reliant on sorption, ion exchange, co-

precipitation, and precipitation (USGS, 2009).  Sorption of arsenic oxyanions on iron 

oxides is the dominant factor that concentrates arsenic in aquifers.  The pH can also play 

a large role in altering the reduction-oxygenation states of inorganic arsenic (Figures 17 

and 18).  Arsenic released from iron oxide, from desorption or dissolution, appears to be 

the most common cause of regionally high arsenic concentrations. Desorption can be 

promoted by high pH (Figures 17 and 18) or the introduction of a competing adsorbent in 

oxic and post-oxic groundwater.  The oxidation state of inorganic arsenic has an 
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important effect on mobility. In the presence of iron oxide, arsenic (III) is adsorbed to a 

lesser degree than arsenic (V) (Mohan et al., 2007). Depending on the pH, inorganic 

arsenic may be in the reduced or oxidized form.  Figure 19 shows the variations of redox 

conditions and the corresponding prevalence of As(III) and As(V).  Highly reduced 

conditions (low pE values) might occur under flooded conditions, such as in a rice paddy, 

whereas high pE values indicate oxidized conditions, as might occur when the soil is 

relatively dry.  Other common geochemical reactions effecting arsenic concentrations in 

aquifers are summarized in Table 3.  

 

 
Figure 17: The dominant species in the solution is controlled by pH.  The inorganic 

As(III) species (arsenite) of arsenic include: H3AsO3°, H2AsO3
-, HAsO3

2-, and AsO3
3- 

(Bangladesh, 2015) 

http://water.usgs.gov/nawqa/trace/pubs/gw_v38n4/#ref54
http://water.usgs.gov/nawqa/trace/pubs/gw_v38n4/#tbl5
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Figure 19: The redox conditions affect the prevalence of the various As(III) and As(V) 

species.  Low pE values indicate reduced conditions, as in flooded areas.  High pE values 

indicate oxidized conditions, such as relatively dry soils (Bangladesh, 2015). 

Figure 18: The dominant species in the solution is controlled by pH.  Inorganic As(V) 

species (arsenate) of arsenic include: H3AsO4°, H2AsO4-, HAsO42-, and AsO43- 

(Bangladesh, 2015) 
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Table 3: Source or Processes Associated with High Arsenic Values (Welch et al., 2000) 

 

Source of arsenic 1 Hydrologic Units 
Sulfide minerals and Fe-oxide Bedrock2 

Fe-oxide (D) Paleozoic sandstone 
Sulfide minerals Glacial deposits, sandstone and shale 

Fe-oxide (D) Glacio-fluvial deposits 
Sulfide minerals Ordovician carbonate and clastic rocks 
Fe-oxide (D, P) Glacial deposits and shale 

Fe-oxide (D) Alluvium 
Fe-oxide (P) Volcanic ash (8) 
Fe-oxide (P) Sandstone and mudstone 

Black shale lithic fragments Glacio-fluvial deposits 
Geothermal water Volcanic rocks 

Fe-oxide (P) Basin Fill sediments, including volcanic, 
alluvial, and lacustrine deposits 

Fe-oxide (D, P) and evaporative 
concentration 

Basin Fill sediments, including alluvial 
and lacustrine deposits 

Geothermal water Volcanic rocks 
Fe-oxide5 (P) Alluvium 
Fe-oxide (D) Basin Fill deposits 
Fe-oxide (P) Felsic-volcanic tuff 

Fe-oxide and evaporative 
concentration 

Basin Fill sediments, including alluvial 
and lacustrine deposits 

1 Known or inferred. For areas with Fe-oxide as a source of arsenic, dissolution of 
the oxide and desorption are important processes that can release arsenic to 
groundwater. The letters `D' and `P' in parentheses refer to the processes of 
dissolution and pH-influenced desorption of arsenic, respectively. 
2 Arsenic concentrations in groundwater are generally higher in bedrock aquifers 
compared with overlying glacial aquifers. 
3 The sandstone contains arsenic rich pyrite, which may be a source of the arsenic 
in the overlying glacial aquifer. Pyrite has not been identified in the glacial 
deposits. 
4 May include a contribution of arsenic from underlying coal-bearing units. 
Arsenic-rich groundwater may extend into the upper Kankakee River basin within 
Indiana, as suggested by high arsenic in surface water, sediment and biota 
(Fitzpatrick et al., 1998; Schmidt and Blanchard, 1997). 
5 Arsenopyrite has been mentioned as a possible source of arsenic. However, high 
pH (the median pH of 11 samples with arsenic >50 µg/L is 8.25) and generally low 
sulfate concentrations (<25 µg/L; Ficklin et al., 1989) imply that sulfide mineral 
oxidation is limited, suggesting that the arsenic may be from Fe-oxide that was 
formed from the oxidation of arsenopyrite. The groundwater with the highest 
arsenic concentration (15,000 µg/L) also had the highest pH (9.23). 

http://water.usgs.gov/nawqa/trace/pubs/segh1998/#Foot1
http://water.usgs.gov/nawqa/trace/pubs/segh1998/#Foot2
http://water.usgs.gov/nawqa/trace/pubs/segh1998/#Foot5
http://water.usgs.gov/nawqa/trace/pubs/segh1998/#Ref10
http://water.usgs.gov/nawqa/trace/pubs/segh1998/#Ref36
http://water.usgs.gov/nawqa/trace/pubs/segh1998/#Ref9
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Erickson and Barnes (2005) show, however, that arsenic-rich aquifer materials do 

not always correlate with high levels of arsenic in the groundwater.  Mainly, reductive 

dissolution, desorption with bicarbonate-rich groundwater, evaporative concentration, 

and other natural processes can provide high amounts of arsenic in an arsenic-poor 

setting.  Dissolved iron, calcium, magnesium, boron, and most notably sodium play a 

significant role in the regional water quality; the Harney Valley contains high 

concentrations of dissolved solids (Figure 20).   

Sulfide minerals can be sink or a source of arsenic (Welch, 2000).  Oxidation of 

arsenic bound sulfide minerals produces high arsenic concentrations in many parts of the 

country, particularly where rocks have undergone mineralization. Except in very acidic 

water, where scorodite can form, the most common arsenic-complexed product is iron 

oxide. Precipitation of sulfide minerals, which can occur in sulfide-rich water, can 

precipitate arsenic from water. 
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Figure 20: Dissolved Solids Concentrations in Groundwater (Modified from Whitehead, 1994) 
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1.4. HISTORIC ARSENIC TESTING AND MONITORING 

Current and historic groundwater quality data for the Harney Basin is sparse. 

Only covering to surface water, the most-recent water quality index does not evaluate any 

water quality data within Harney County (Figure 21).  While outdated, there are basic 

reports which describe the groundwater quantity, quality, and geochemistry.   Harney 

County contains numerous characteristics indicative of pervasive arsenic concentrations.  

In desert environments, alkaline lake brine evaporates may concentrate the arsenic on the 

surface that may then leach into the subsurface.  Additionally, natural hydrothermal 

sources of arsenic such as in Idaho, Nevada (Welch et al. 2000) and Yellowstone (WY) 

have significantly contaminated groundwater.   

According to Leonard, 1970, the quality of the groundwater is excellent in the 

Harney Valley then deteriorates toward Malheur Lake.  The water becomes unsuitable to 

use, even for livestock due to mineralization.  Groundwater in the confined zones of 

Harney Valley ranges from low to medium calcium bicarbonate and low sodium chloride.  

Leonard (1970) analyzed 26 groundwater samples for total arsenic from deep wells and 

springs in Harney Valley ranging from 10-60 μg/L.  
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Figure 21: Oregon Department of Environmental Quality's Water Quality Index (2003-2012).  Harney Basin does not 

contain any recent water quality data. 
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Elevated arsenic concentrations have been documented in private wells in several 

states throughout the US (Frost et al., 1993; Kelly et al., 2005; Kim et al., 2003; Lewis et 

al., 1999; Nadakavukaren et al., 1984; Peters et al., 1999; Steinmaus, C., et al., 2005).  

Due to sparse sampling data, data from Harney County is compared with similar geologic 

regions in the subsequent section.  While no two systems are the same, inferences can be 

made. 

Seasonal variations of arsenic, influenced by well pumping for irrigation, has 

been studied in many they regions, but do not provide conclusive results. Nevada is 

representative of both the geology and land uses compared to Harney County.  Thundiyil 

(2007) concluded there was not a seasonal variation of arsenic levels in wells based on 

river flow or applied irrigation in Nevada.  However, in a study by Munk et al. (2011) in 

Anchorage, Alaska, arsenic was correlated with seasonality in glacio-fluvial and bedrock 

aquifers.  They found that arsenic was highest during recharge events.  They also 

discovered positive correlations between dissolved arsenic pH, dissolved Fe, So4
2-

4primarily due to the reducing condition of the aquifer. Higher arsenic values were likely 

caused by the reductive dissolution of Fe-oxides to which it sorbed to.  

1.5. SAMPLE DESIGN, COLLECTION & ANALYSIS METHODS 

1.5.1. Sampling Design 

 

Applying a forensic science approach, the identification of potential sources of 

arsenic in well water within the region utilizing both direct and indirect data collection 

methods, can be performed.  The commonplace, direct approach to identify the source(s) 

of contamination is to collect and analyze data from distinct georeferenced sampling 

locations such as wells and springs where the sampled aquifers can be determined from 

driller’s well logs or surface mapping. 
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An expansion of this approach employs indirect data collection methods by relying on 

generalized locations of occurrence, rather than pinpointing the precise sampling 

locations, to preserve the anonymity of the sampling location owner in exchange for the 

professional courtesy of permitting sampling their well or spring.  A forensic science 

approach merges these two techniques and therefore benefits from the strengths of both.  

The limitation of this method is that hydrologic cross sections will be identified based on 

a number of parameters, such as lithology, geography, depth, and hydrologic parameters.  

Therefore, assumptions may be made to specific locations based on similar locations. 

Many landowners within the study area voluntarily consented to having their 

wells tested.  Landowners were first approached by the local health department and by 

other community members, interested parties were referred to the OSU study.   Initial 

study participants were made aware of the project research goals and contact information 

through an arsenic outreach meeting coordinated by the Harney County Health 

Department and Oregon State University’s Environmental Health Sciences Center, during 

a Harney County Watershed Council Meeting, and by word-of-mouth.    Specifics about 

the study design and how the data would be used were provided to residents.  

Additionally, educational materials concerning acute and chronic health effects of arsenic 

were provided.   

Well logs were collected from as many participants as possible, the response rate 

was 20.4% (10/49 wells).  If well logs were unavailable, the property address or 

geographic coordinates were recorded in order to locate them within the Oregon Water 

Resource Department’s Well Log Database.  Due to concerns over confidentiality, 
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potentially decreased property and livestock value, sampling identifiers and 

georeferenced locations were not recorded in this study. 

Although Oregon property owners are not required to test their wells by law, if a 

property owner plans to sell the property the well must be tested for contaminants, 

including: arsenic, nitrate, and total coliform bacteria (ORS 448.271). Oregon Health 

Authority provided this transaction data for arsenic from 2007 to 2015. While the real 

estate transactions contained useful arsenic spatial data, many well logs were unavailable 

making it impossible to assess the depth and stratigraphy of the well.  Of the 91 OHA 

sampling locations, only 28 well logs were included, 20 more were found in the OWRD 

database, and 42 remain uncertain.  The 91 OHA sites in addition to the 49 sample sites 

from this study provide a basin-wide depiction of arsenic concentrations.   

 
1.5.2. Sample Collection Methods 

Prior to sample collection, inert high-density polyethylene (HDPE) bottles were 

soaked overnight and thoroughly washed with laboratory-grade detergent and water.  

They were then rinsed again, soaked for another four hours in 10% (v/v) nitric acid, and 

rinsed with deionized water.  The bottles were stored in a sealed bag until the sampling 

occured. 

At the time of collection, sample bottles were dry-labeled, rinsed three times with 

sample water, and then filled after the outflow had been purged for a minimum of five 

minutes.  Bottles were filled completely to minimize oxygen exposure before analysis. 

The pH (Thermo Electron Corporation Orion 4 Star pH Meter) was recorded from each 

sample and conductivity (YSI 30 Conductivity Meter) was measured for a subset of 

samples (n=14).  All instruments were calibrated with fresh multi-element calibration 

standards within 24 hours of collection.  Arsenic Absorption Standard 1000+/-2 µg/mL 



44 

 

was used to make a standard curve consisting of 1 μg/L, 5 μg/L, 10 μg/L, 50 μg/L, and 

100 μg/L standards.  Any samples exceeding 100 μg/L were diluted and reanalyzed. 

To prepare for the determination of total recoverable arsenic by ICP-MS, samples 

were not filtered, but acidified with (1:1) nitric acid to a pH <2 (normally, 3 mL of acid 

per liter of sample was sufficient for most samples). To avoid the hazards of strong acids 

in the field, transport restrictions, and possible contamination, the samples were 

preserved upon return to the laboratory. Suggested holding times for pre-acidified water 

ranges from 24 hours to two weeks.  All samples within this analysis were protected from 

direct sunlight, chilled, and acidified within four days of collection. Under a chemical 

fume hood, 200 µL of nitric acid was pippeted from a 1 mL Ultra Pure HNO3 glass vial 

into 100 mL sample.  The sample was mixed, held for at least 16 hours, and then verified 

to be pH <2  prior to direct analysis by ICP-MS. 

 
1.5.3. Analytical Methods 

ICP-MS sample collection was based on the EPA’s Standard Method (200.8), 

“Determination of Trace Elements in Waters and Wastes by Inductively Coupled Plasma-

Mass Spectrometry (Creed et al., 1994).  This method was used because it provided the 

greatest detail for sample collection, preservation, and analysis of total recoverable 

analytes for use with ICP-MS. The determination of the specific arsenic species As(III) 

(arsenite) and As(V) (arsenate) was not performed, therefore, the samples were not 

filtered.  Leaving the sample unfiltered is more representative of the water being 

consumed by the well owners and can be compared to the drinking water standards based 

on total arsenic consumption.  

The following procedures were summarized from the EPA Standard Method 

6020A on ICP-MS Analysis (EPA, 2007b) and the Standard Testing for Arsenic in 
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Water: ASTM Designation: D2972 – 08.  All laboratory testing was performed in the 

Oregon State University’s W. M. Keck Collaboratory for Plasma Spectrometry and the 

Institute for Water and Watershed’s Collaboratory.   

The method approved by the EPA for arsenic analysis is ICP-MS.  The limit of 

quanification is 0.1 μg/L.  According to the WHO report ‘Arsenic in Drinking Water’, 

ICP–MS is superior to other methods, such as Inductively Coupled Plasma Atomic 

Emission Spectroscopy, with respect to detection limits, multi-element capabilities and 

wide linear dynamic range. For quality control, an additional 10% of samples, which 

comprised a standard reference containing trace elements in water and reagent blanks, 

were also analyzed according to standard sample preparation methods. Indium, an 

internal standard was added to all samples analyzed to normalize the instrument’s 

detector counts to an absolute scale and to correct for any signal drift of the instrument.  

For each ICP-MS analysis, the sample background concentration, mean percent recovery, 

the standard deviation of the percent recovery and the relative percent difference between 

the duplicate fortified samples was determined (Appendix A). 

In order to confidently report the depth and spatial extent of arsenic 

concentrations, it was essential to categorize the hydrogeologic units.  Utilizing property 

and neighboring well logs, regional geologic and hydrologic investigations, and similar 

publications, it was possible to categorize the units.  This approach is not commonplace 

due to the high degree of uncertainty.  However, the data was rigorously sorted and 

stratigraphy was categorized based on key publications from Piper et al., 1939; Leonard, 

1970; Greene et al., 1972; Walker, 1979; Gonthier, 1984; Whitehead, 1994; Welch, 2000; 

and Aquaveo et al., 2012.  Given that well screens may penetrate more than one 



46 

 

formation, the well was assigned the hydrogeologic categorization based on the formation 

it opened into. 

1.6. STATISTICS AND DATA QUALITY 

 

To ensure an adequate sample size, Peduzzi, et al., 1996, recommends that the 

minimum number of cases to include is: N = 10 k / p where N is the minimum number of 

samples, k is the number of the number of covariates (the number of independent 

variables), and p is the smallest of the proportions of negative or positive cases in the 

population.  If each categorized hydrogeologic unit (e.g. Basin Fill, Harney Formation, 

etc.) were evaluated with this method.  

Hydrogeologic Units K  
number of 

independent 
variables 

P  
proportion of 

positive arsenic 
values 

N  
number of 
Samples 
Needed 

Valley (Basin) Fill 1 30/37= 0.81 13 

Tuffaceous and Volcaniclastic 
Sediments 

1 26/33= 0.79 13 

Diamond/Voltage Basalt, 
includes Mafic Vent Complexes 

1 2/2= 1.0 10 

Intra-Basin Basalts and Binders 1 2/2= 1.0 10 

Harney Formation 1 7/8= 0.89 12 

Volcaniclastic Sedimentary Rocks 1 1/1= 1.0 10 

Steens Basalt 1 5/5 = 1.0 10 

 Table 4: Peduzzi et al. (1996) suggests minimum number of cases to include to ensure a 

proper sample size.  According to this equation, only the Valley fill and Tuffaceous and 

Volcaniclastic Sediments possess enough samples to be compared. 

One-way analysis of variance (ANOVA) was performed to determine whether 

any significant differences between the medians of independent sample groups 

(hydrologic units) exist. The one-way ANOVA compares the variance of the log-log 

medians between groups and determines whether any of those medians are significantly 
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different from each other. Specifically, it tests the null hypothesis that all median arsenic 

concentrations between the hydrogeologic units are equal. 

The one-way ANOVA does not identify which specific groups were significantly 

different from each other, but only that at least two groups were significantly different. 

To determine which specific groups differed from each other, the post-hoc Tukey Test 

was performed. When doing all pairwise comparisons, this method is considered the best 

available when confidence intervals are needed or sample sizes are not equal.  

 

1.6.1. Data Quality 

The data gathered from this research followed all standard protocols for 

collection, preservation, and analysis.  Quality assurance/quality control measures were 

conducted to ensure accuracy (how close to the reference result) and precision (how 

reproducible) of the results.  Internal controls, including field blanks, field duplicates, and 

calibration blanks and standards were included.   All project field equipment blanks 

yielded arsenic concentrations below the Minimal Risk Level (MRL) of 1 µg/L.  

Accredited labs analyzed the data from the Oregon Health Authority; however, 

the property owner originally collected those samples. Therefore, the project data 

collected are considered to be of higher quality and the data from the OHA are 

considered to be of moderate quality.   

https://en.wikipedia.org/wiki/Confidence_interval
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1.7. RESULTS AND DISCUSSION 

 

Assembling and examining the well log information and discrete samples 

provided the basis for the forensic hydrogeographic analysis.  Water quality, 

physiochemical, hydrogeologic, geographic data, and well construction were scrutinized. 

An overview of the raw arsenic distribution through the region reveals that the 

majority of sample sites were below the MCL (10 μg/L), although 32% of samples were 

above the threshold – with some containing extremely high concentrations (max= 268 

μg/L) (Figure 22).  Figures 23-26 display the numerical and geographic distribution of 

arsenic throughout the study area.  Based on the groundwater samples collected, a distinct 

trend of high arsenic is present throughout the eastern part of the valley. 

pH was the only water chemistry measurement collected during this investigation 

(Figure 27).  Conductivity was collected from a subset of wells (29%).  The data were not 

incorporated into this discussion; the values are reported within Appendix A.  While 

arsenic speciation and mobility is not central to this research, it may be important to well 

developers and for treatment efficacy.  Factors such as high pH, the presence of 

competing anions (e.g., sulfate, phosphate, silicate, fluoride, vandate and humic acid), 

and reductive conditions are important in adsorption and desorption reactions that often 

control arsenic mobility.  As a result of the pH dependence of arsenic adsorption, changes 

in ground-water pH can promote adsorption or desorption of arsenic. When rock and 

water interact, the pH of groundwater tends to increase with residence time (Winter, 

1998). 
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Figure 22: Distribution of Arsenic concentrations from samples collected from the 

Harney Basin, Oregon (n=140) 
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Figure 23: Geographic Distribution of Arsenic in the Harney Basin, Oregon (n=140) 
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Figure 24: Concentration distribution of Arsenic within the Harney Basin, Oregon (n=140)
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Figure 25: Distribution of arsenic concentrations relative to latitude (n=140) 

  
 

Figure 26: Distribution of arsenic concentrations relative to longitude (n=140) 
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During site visits, wells containing high arsenic concentrations generally also 

contained prominent sulfide odors. The presence of sulfide in water indicates chemically 

reduced conditions. This suggests that many of the aquifers are reduced within the region. 

The high pH values and occurrence of reducing conditions (sulfur odors) are important in 

adsorption and desorption reactions that in turn often control arsenic mobility. 

To further narrow down the potential source of arsenic, the 3-dimensional nature 

of geology was examined.  To accomplish this, a Peak Analysis illustrated peaks within 

the well depths plotted against arsenic concentrations (Figure 28).  While there are 

defined peaks, there is no consistent trend relative to the well depth.  
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Based on this geographic distribution, a conceptual model was developed to 

display the basin geography and geology.  Well logs from sampled sites were collected 

from the Oregon Water Resources Department.  The construction year, well type, 

casing/screen depth, and flow rate were recorded if present. The stratigraphy was then 

categorized into hydrogeologic regions. 

Reviewing wells logs provides a forensic science perspective.  Many hydrologic 

details are on well logs, such as the age of the wells, water table depth, local geology, etc.  

Of the available well logs, all well construction occurred between 1962 and 2014, with a 

mean, median, and mode year of 2005, 2012, and 2014, respectively, indicating that there 

has been extensive new well drilling in recent years.  The static water levels ranged from 

approximately 8 to 365 feet in depth.  All high water tables are within the shallow, 

generally unconfined, Basin Fill aquifer system.  
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Figure 11: Conceptual Model of the Hydrogeography of the Harney Basin 
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The Cross Section F-F’ (Figure 29) was selected to demonstrate the hydrogeographic 

strata and associated arsenic concentrations.  The cross-section utilizes the 2-dimensional 

geologic map (Figure 6) and the conceptual model (Figure 11). 
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Figure 29: Cross Section F-F’ illustrating well construction and arsenic concentration
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Wells were drilled at a range of different depths throughout the basin, as 

displayed in Figure 29.  Some wells are shallow and do not cross through hydrologic 

layers, while others are drilled through multiple layers.  The hydrogeologic units that are 

typical across the Harney Basin are classified by the USGS as either Basin Fill or 

Tuffaceous and Volcaniclastic Sediment. 76% of the wells identified were categorized as 

either Basin Fill or Tuffaceous and Volcaniclastic Sediment. 

If the eight hydrogeologic units were separated into categories with at least 10 

groundwater samples per category, the Basin Fill, Harney Formation, Steens Basalt, and 

the Tuffaceous and Volcanic Sediment aquifers would remain.  Figure 30 compares the 

distribution of arsenic concentrations throughout these four hydrogeologic units.   

 
Figure 30: Boxplot analysis of four hydrogeologic Units 

Since the Basin Fill and Tuffaceous and Volcanic Sediment units contain the 

majority the samples, a sub-analysis was performed to determine if one aquifer contained 

significantly more arsenic than the others (Figure 31).  A One-Way Analysis of Variance 
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(ANOVA) was performed and Table 4 below illustrates that the Tuffaceous and 

Volcaniclastic Sediments were slightly more elevated in total arsenic. 

 
Figure 31: Boxplot of the arsenic concentration within the two major hydrogeologic units 

 

All data were log transformed to account for the large variance.  The null 

hypothesis was that there is no difference between the two hydrogeologic units.  The 

ANOVA analysis indicates a p-value of 0.022, as shown in Figure 32 and in Table 5.  

Therefore, the null hypothesis was rejected.  The substrates represent statistically 

different arsenic values with Tuffaceous and Volcaniclastic Sediments representing the 

greater probability of exceeding the arsenic MCL.     



62 

 

 
Figure 32: ANOVA Residual vs. Fitted Values 

 
 
 
 

             Df  Sum Sq  Mean Sq  F value Pr(>F)   
Hydro Unit     1 10.64 10.645 5.474 0.0222 
Residuals    68 132.24 1.945   

Table 5: ANOVA Output 

 

This suggests that a relationship between arsenic and hydrogeology exists within 

the Harney Basin, specifically a slight increase of arsenic values exists within the 

Tuffaceous and Volcaniclastic Sediment Aquifer. The median arsenic concentration in 

Tuffaceous and Volcaniclastic Sediment wells throughout the valley are expected to 

contain between 0.9 and 5.2 times the median arsenic concentration in Valley Fill wells.  
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1.8. CONCLUSIONS 

 

The forensic science approach created an in-depth view of the region.  A view of 

the relationship of arsenic to the regional geographic, geologic, and hydrogeologic 

contexts was established.  The significance of the findings will aid well owners and 

public health officials in making informed decisions regarding the nature of arsenic 

within the groundwater of the Harney Basin.   

The mean arsenic concentration of all sites during the 2014 study was more than 

twice the health standard.  The mean of the 140 sites was 21 μg/L, with a mean of 26 

μg/L for the samples collected in this study and a mean of 17 μg/L from the provided 

samples.  The potential for treatment is likely, but further investigation into the species of 

arsenic and geochemistry of the soils is needed. To promote public health and water 

quality awareness within the region, the results of this study will be presented at a 

stakeholder meeting in Harney County. 

An examination of the groundwater pH ranged from 6.0 to 10.2, with a mean 

value of pH 7.9.  Because of the relationship of pH and arsenic adsorption, changes in 

groundwater pH can promote adsorption or desorption of arsenic. The pH of groundwater 

tends to increase with residence time. Because surfaces containing iron-oxide retains 

adsorbed arsenate, changes in the groundwater to alkaline pH may induce desorption of 

arsenic.  While temporal changes in pH have not been evaluated for the region, speciation 

of the arsenic may shed light onto the factors that drive the occurrence of arsenic in the 

Harney Basin. 

Due to the broad distribution across the valley and deep penetration within 

confined aquifers, the source of arsenic is still considered to be geogenic in nature.  The 

Tuffaceous and Volcaniclastic Sediment aquifer contained the highest average arsenic 
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concentration (~30 μg/L) and a one-way ANOVA confirmed that the median Tuffaceous 

and Volcaniclastic Sediment Aquifer is greater than the Basin Fill.  However, the 

complete forensic analysis indicates that no single geologic formation or hydrogeologic 

layer is solely responsible for the arsenic contamination through the valley.   

All well owners who rely on groundwater for their personal consumption, 

livestock, and crop irrigation are advised to perform laboratory analysis on their 

groundwater supply due to the large distribution of arsenic throughout multiple aquifers.  

Because the Harney Basin is without reliable surface water supplies, it is imperative that 

the groundwater quality and quantity be understood.  

While it is confirmed that wells throughout the region are impaired by arsenic 

contamination, more analysis is needed to thoroughly understand the regional extent of 

arsenic and how wells are being used to confront public health issues.  The effects of 

pumping on arsenic concentration is based on the regional geochemistry. Prior studies 

explore the geochemistry of the Harney Basin, but extensive pumping and drought has 

the potential to significantly alter the geochemistry- and therefore the species and 

concentration of arsenic.  

Due to the voluntary nature of the study, it is possible that the wells tested either 

had previous arsenic issues or residents wanted to repeat and/or confirm pervious tests.  

This may introduce bias into the study; however, the study only represents ~1% of the 

total wells throughout Harney County, indicated a need for more extensive sampling.  

Because of the limited representation and the fact that the study recruited participants 

voluntarily, consistent and widespread exploration is key.  
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CHAPTER 2: EVALUATION OF ARSENIC FIELD TEST ACCURACY 

 
2.1. INTRODUCTION 

Most arsenic testing is coordinated by accredited laboratories, even though field 

kits are available. Inductively coupled plasma mass spectrometry (ICP-MS) is the gold-

standard for total arsenic (organic + inorganic) determination.  In addition to ICP-MS, 

inductively coupled plasma atomic emission spectrometry (ICP-AES), ion 

chromatography, gas chromatography, hydride generation (HG), and graphite furnace 

atomic-absorption (GFAA), have all been used to quantify arsenic concentrations. 

International and local organizations commonly provide arsenic field screening 

test kits to resource-limited communities that lack access to laboratory services.  Many 

semi-analytical field screening kits have been approved by the EPA and are rigorously 

tested for accuracy.  For these kits, laboratory tests conducted with arsenic standards 

must perform at a high degree of sensitivity and specificity.  However, conditions in the 

field may vary markedly from lab conditions.  Therefore, the geochemistry may influence 

the detection and concentration of arsenic.  On-site evaluations in the field suggest that 

arsenic tests may not be as accurate in measuring arsenic concentrations in natural ground 

water around the critical regulatory arsenic concentrations of 10 and 50 µg/L (Erickson, 

2003; Jalil and Feroze, 2003; Khandaker, 2004; Spear et al., 2006).   

From these reviews, it is understood that the kits should only be used as a 

screening tool in areas of concern. Due to the fact that field tests may be the only 

available option for arsenic determination, Khandaker (2009) suggests that a reasonable 

solution is to periodically crosscheck field test analyses against values assayed in the lab, 

especially when operating near the regulatory limits (i.e. 10 µg/L range).  Multiple field 
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screening kits are available for residents to purchase, with varying ranges of sensitivity 

and specificity.   

Purpose and Scope 

A comparison of ICP-MS and field screening kits accuracy and sensitivity was 

performed in a rural community solely dependent on groundwater for domestic, 

livestock, and irrigation use in southeastern Oregon.  Specifically, the results from the 

ICP-MS analysis were compared to the rapid field kits on field samples in order to assess 

if the field kits may perform suitably when in this region’s water chemistry (high pH, 

reduced environment), the potential to minimize or eliminate the costly and time-

consuming laboratory analysis exists.  If acceptable, the field tests would enable local 

residents to test their own wells, which should improve drinking water safety. 

The field tests utilized in this study, herein refereed to as Field Test I and Field 

Test II, are available to the public and are certified to detect arsenic concentrations above 

and below the enforceable arsenic drinking water standard of 10 ug/L.  Confirmation of 

detection limits (or ranges) and accuracy in these assays will be useful for residents, 

public health officials, and field test manufacturers. 

2.2. TEST METHODS 

2.2.1. Location & Sample Strategy 

 

The study’s geography extent consisted of Harney County, located in the western 

United States.  It is characterized as a hydrologically closed basin, containing alluvial and 

volcanic geology and seasonal groundwater level fluctuations.  These features are all 

defining characteristics of regions containing arsenic within the groundwater (Eawag, 

2015).  Except for the city of Burns, the County Seat, residents and businesses rely on 

groundwater for livestock watering, agriculture production, and domestic water 

consumption.  Residents that are not connected to a domestic water supplier are not 
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required to test for arsenic and other water quality parameters.  Therefore, they are at a 

greater risk of arsenic exposure. 

Participation in this study was voluntary and results were confidential.  Since data 

collection was limited to environmental samples, an IRB determination from Oregon 

State University concluded that the project did not meet the definition of research 

involving human subjects under the regulations set forth by the Department of Health and 

Human Services 45CFR46.102, therefore IRB approval was not required.   

Two field screening tests were used in combination with a color reflection 

densitometer to provide a semi-quantitate screening tool for total inorganic arsenic. All 

tests and screening tools are EPA/EVT Test Verified Performance.  Both Field Test I and 

II utilize a three-reagent technique taking approximately 15 minutes for each test.  

Reagent consists of 1) L-Tartaric Acid98.7%, Iron (II) Sulfate • 7H2O 0.7%, and Nickel 

(II) Sulfate • 6H2O  0.6%; 2) Potassium Peroxymonosulfate 43%; Potassium Bisulfate 

23%; Potassium Sulfate29%; Potassium Peroxydisulfate3%; Magnesium Carbonate 

2%;and 3) zinc.  The reaction test strips utilized mercury bromide to complete the 

analysis.   

Forty-nine field samples were screened using the semi-quantitative Arsenic Field 

Test I, sample splits were also analyzed by ICP-MS.  A subset of 14 samples were also 

screened using the Arsenic Field Test II.  Both kits rely on colorimetric changes related 

back to a standard.  In order to minimize subjective assessments of color, a densitometer 

was utilized to quantify the field test results. Standard calibrations and duplicate analyses 

were performed during each sampling (Figure 33; Appendix A & B).  All samples were 
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conducted in duplicates and averages of the values were recorded.  Blanks were 

conducted in the lab before each field sampling and after every 10 samples to assess drift 

According to the manufacturer, “Inorganic Arsenic compounds in the water 

sample are converted to Arsine (AsH3) gas by the reaction of Zinc Dust and Tartaric 

Acid. Ferrous and Nickel salts have been added to accelerate this reaction. The Arsine 

reacts with the Mercuric Bromide on the test strip to form mixed Mercury halogens (such 

as AsH2HgBr) that appear with a color change from white to yellow or brown. 

Potassium Peroxymonosulfate (second reagent) is added to oxidize Hydrogen Sulfide to 

Sulfate.” All water samples were analyzed between 22ºC - 28ºC (72ºF - 84ºF). The Field 

Test I tolerates up to 2 mg/L Hydrogen Sulfide without interference. No interference was 

found for this test kit for Iron, Sulfate, or Antimony up to 0.5mg/L.  All reagents and test 

strips were used within the allowed shelf life as marked on each package.   

The sample volume required for both test kits was 100mL.  For Field Tests I and 

II, the color chart shows the colors associated with arsenic concentrations up to 500 μg/L 

and 160 μg/L, respectively. Table 6 provides additional test kit and densitometer 

technical specifications.   
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Product 
Name  

EPA/ETV 
Test Verified 
Performance 

Optimum 
Range*  
µg/L 

Typical Color 
Chart Detection 
Levels µg/L 

Typical 
Accuracy** of 
Duplicates Using 
Arsenic Scan 
Instrument 

Field Test I Yes 10-200 

5, 10, 20, 30, 40, 
50, 60, 80, 100, 
150, 200, 250, 300, 
400, 500, >500 

 +/-18 µg/L or  
+/-30% 

Field Test 
II 

Yes 3-20 

<1, 2, 3, 4, 5, 6, 7, 8, 
10, 13, 20, 25, 30, 
40, >50, >80, >120, 
>160 

 +/-1.2 µg/L or  
+/-16% 

Arsenic 
Scan 
Instrumen
t 
 

Yes N/A 

0.01 to >1.00 color 
density µg/L 
(μg/L) 
 (as low as 0.2 
µg/L (μg/L) 
arsenic) 

(see above) 

*Range can be expanded by diluting the sample with Arsenic-free water. 
** As with any test, actual results will fall within a range around the actual value. 
The Typical Accuracy listed is from data generated by a technician in our lab using 
the Arsenic Scan instrument measuring interference-free aqueous arsenic 
standards. Kit expected accuracy is the larger of the two values listed.  

 
Table 6: Arsenic Field Test Specifications (modified from manufacturer) 



70 

 

 

 

 

Figure 33: Standard Curves for (a) Field Test I and (b) Field Test II 

 

(a) 

(b) 
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2.3. METHODS 

 
ICP-MS Method 

 

The ICP-MS sample collection was based on the U.S. Environmental Protection 

Agency’s Method 200.8, “Determination of Trace Elements in Waters and Wastes by 

Inductively Coupled Plasma-Mass Spectrometry (Creed, 1994).  This method provided 

the greatest detail for sample collection, preservation, and analysis of total recoverable 

analytes for use with ICP-MS. Procedures were summarized from the EPA Method 

6020A on ICPMS Analysis, (EPA, 2007b), World Health Organization’s Bulletin 

comparing ICP-MS and field tests (George, 2014), and the Standard Testing for Arsenic 

in Water: ASTM Designation: D2972 – 08.  All laboratory testing was performed in the 

Oregon State University’s W.M. Keck Collaboratory for Mass Spectrometry and the 

Institute for Water and Watershed’s Collaboratory.   

ICP-MS Analysis is the analytical method approve dby the EPA for arsenic 

analysis.  The detection limit is exteremely low, with reporting limits of 0.9 to 0.18 μg/L. 

For the purpose of data analysis, arsenic data were censored to 1 μg/L, the highest 

reporting limit.  According to the WHO Arsenic in Drinking Water: ICP–MS is superior 

to other methods, such as ICP–AES with respect to detection limits, multi-element 

capabilities and wide linear dynamic range. For quality control, an additional 10% of 

samples, which comprised a standard reference containing trace elements in water 

(1643e, National Institute of Standards and Technologies, Rockville, USA) and reagent 

blanks, were also analyzed according to standard sample preparation methods. Indium, an 

internal standard was added to all samples analyzed to normalize the instrument’s 

detector counts to an absolute scale and to correct for any signal drift of the instrument. 
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To prepare for sample collection, inert high-density polyethylene (HDPE) sample 

collection bottles were soaked overnight and thoroughly washing with laboratory-grade 

detergent and water, rinsed again, and soaked for four hours or more in 10% (V/V) nitric 

acid, followed by rinsing with reagent grade water.  

The determination of the specific arsenic species As(III) (arsenite) and As(V) 

(arsenate) was not performed; therefore, the samples were not filtered.  Leaving the 

sample unfiltered is more representative of the total organic and inorganic arsenic being 

consumed by the well owners and can be compared to the drinking water standards based 

on total arsenic consumption (10µg/L). 

At the time of collection, samples were dry-labeled, rinsed three times with 

sample water, and then collected directly from the closest outflow pipe after being purged 

for a minimum of five minutes.  Bottles were completely filled in order to minimize 

oxygen exposure before analysis.  pH (Thermo Electron Corporation Orion 4 Star pH 

Meter) and Conductivity were also at the time of collection.  All instruments were 

calibrated with fresh multielement calibration standards within 24 hours of collection.  

Arsenic Absorption Standard 1000+/-2 mg/mL was uses to make 1µg/L, 5 µg/L, 10 µg/L, 

50 µg/L, and 100 µg/L dilution standards. 

To determine total recoverable elements in aqueous samples by ICP-MS, samples 

are not filtered, but acidified with (1:1) nitric acid to pH <2 (normally, 3 mL of (1:1) acid 

per liter of sample is sufficient for most ambient and drinking water samples). To avoid 

the hazards of strong acids in the field, transport restrictions, and possible contamination, 

the samples were preserved upon receipt in the laboratory. Suggested holding times for 

pre-acidified water ranges from 24 hours to two weeks.  All samples within this analysis 
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were protected from direct sunlight, chilled, and acidified within four days of collection.  

Under chemical fume hood, 200 µg of nitric acid was pippeted from 1mL Ultra Pure 

HNO3 vial into 100 mL sample.  The sample was mixed, held for at least 16 hours, and 

then verified to be pH <2 just prior withdrawing an aliquot for processing or "direct 

analysis".  

For each ICP-MS analysis, the sample background concentration, mean percent 

recovery, the standard deviation of the percent recovery and the relative percent 

difference between the duplicate fortified samples was determined.  The correlation 

coefficients (R2) was 0.99 for each analysis and the calibration curves are displayed in 

Figure 34.
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Figure 34: ICP-MS Calibration Curves.  (R2=0.99 for each) 
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The portable scanning device reacts to the used test strip and reports a density 

value. The density value is then matched against a supplied look-up table with equivalent 

arsenic concentrations. The scanning tool has a 0.2 μg/L minimum detection with 0.1 – 

>1.00 μg/L color density. The use of the densitometer eiminated user-interpretation error.   

 

 
2.4. RESULTS AND DISCUSSION 

 

To assess method variance an indication of the variability of the test, non-detects 

for the zeros of Field Test I kit were removed from the data set and the mean and 

geometric mean of the percent differences was taken.  The results indicate variability of 

54.94% and 35.71%, respectively, between the ICP-MS and the initial field test (n=19).  

There were not enough arsenic-containing samples on the second field test to perform 

this analysis.  However, to display the direction in which the analysis is skewed, a Bland-

Altman plot was generated (Figure 35). 

A Bland–Altman plot, otherwise known as a Tukey mean-difference plot, was 

utilized to analyze the agreement between these two different assays.  In this plot, the 

mean (independent variable) is compared to the differences (dependent variable).  The 

mean difference calculated is the estimated bias, and the standard deviation of the 

differences measures the random fluctuations around the mean.  
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Figure 35: A Bland Altman Plot analyzes agreement within two assays: ICP-MS and the 

Field Test I.  This displays the relationship between the differences and mean arsenic 

values.  Lower mean values (< 65 µg/L) display a greater amount of differences between 

the Field Test I and ICP-MS Values.  

 

The results between the ICP-MS to the Field Test I were highly variable.  To 

ensure that the time of exposure to oxygen, or any other field condition, was not a factor 

in the variability, the ICP-MS/Field Test I ratio was plotted against time (days after kit 

was first opened).  Figure 36 shows that the kits were highly variable from the beginning, 

in fact becoming less variable over time.   
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Figure 36: To display the effect of the accuracy of the kit over time, the accuracy ratio 

percent (ICP-MS/Field Test I), displays a large range.  The 100% line indicates ideal 

precision for Field Test I. 

All samples with undetectable amounts of arsenic (< 0.1 µg/L) (n=9), as identified 

by ICP-MS also were confirmed as non-detects by the Field Test I field screening kit.  Of 

key importance to public health is the presence of false negatives.  30 fileld test samples 

underestimated the ICP-MS (false negatives).  Field test I had 11 instances that identified 

groundwater as safe when the ICP-MS itdentified the water as above the arsenic drinking 

water health standard of 10 µg/L (Table 7).  Of particular concern is the field test value of 

0 as compared to the ICP-MS value of 86 µg/L.  Figure 37 displays the percent difference 

between each category.  The values that were exact (rounded to the nearest digit), were 

all zeroes.  The overestimated values had an average difference of 76% and 

underestimated values an average of 160%. 
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ICP-MS ( µg/L) Field Test I  (µg/L) 
12 0 
12 0 
14 0 
17 0 
19 0 
32 0 
86 0 
21 2 
18 7 
24 9 

Table 7: Field Test I produced false negatives, as compared to the ICP-MS, within the 

arsenic drinking water health standard range of 10 µg/L.  
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Figure 37: Chart of the number of Field Test I sample estimations as compared with the 

ICP-MS results.  The average percent difference within each group is displayed above 

each category.   

 

The two field tests were conducted to determine the precision of the results as 

compared with laboratory analysis.  The linear regression comparing the ICP-MS 

analysis against the first field test (Figure 38) overestimates the arsenic values, especially 

within the lower range of concentrations.  The first field test proved an adjusted R2 value 

of 0.35; Pearson’s r=0.60.  While the second field test (Figure 39) has an adjusted R2 

value of 0.91; Pearson’s r=0.96, the results from the 14 samples indicate that the field test 

consistently underestimates the arsenic concentrations.  

A Receiver Operating Characteristic (ROC) analysis curve (Figure 40) was 

created to evaluate the efficacy of the Field Test I.  A 5% standard deviation from the 

ICP-MS analysis was the limiting parameter.  Given the Asymptotic Probability of 0.245, 

this method is not as effective tool for quantifyative assessments of arsenic.  
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Figure 38: Linear regression analysis of the ICP-MS results relative to the Field Test I analysis (n=49) 
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Figure 39: Linear regression analysis of the ICP-MS results relative to the Field Test II analysis (n=14). 

 

R² = 0.9125

y = 0.82x + 6.79

0

20

40

60

80

100

120

140

160

0 20 40 60 80 100 120 140 160

F
ie

ld
 T

e
st

 I
I:

 I
n

o
rg

a
n

ic
 

A
rs

e
n

ic
 (

µ
g

/
L

)

ICP-MS: Total Arsenic (µg/L)

1:1

MCL=10 µg/L



82 

 

 

 

 

 

 

 Area Std. Error Asymptotic 
Prob 

95% LCL 95% UCL 

"ICPMS" 0.75 0.08 0.00 0.60 0.91 
"Field Test I" 0.60 0.08 0.25 0.44 0.76 

 

 

 

Figure 40: ROC Curve evaluation of Field Test I sensitivity and specificity 

 

ICP-MS 

Field Test I 
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Many environmental factors may influence accurate measurements of arsenic 

such as temperature, pH, redox condition, etc.  The largest discrepancy between the field 

kits and ICP-MS is that the latter measures both inorganic and organic arsenic.  While 

organic arsenic may not be as prevalent or considered as toxic as inorganic arsenic in 

groundwater, it is still a potential threat due to arsenic cycling.  Geochemical processes 

contribute to arsenic cycling within aquifers, including microbial reactions (Maguffin, 

2015).  The field tests utilized detect free inorganic arsenic only, whereas ICP-MS 

methods detect inorganic and organic arsenic. Organic forms of arsenic are considered 

rare in drinking water (Eawag 2015), however microbial and geochemical interactions 

play a part in arsenic cycling and may transform arsenic species (Maguffin, 2015). If 

organic arsenic is present, the field screening results are expected to give lower values 

when compared to ICP-MS results.  Of the 49 samples conducted, 9 were exact 

measurements, 30 were under, and 10 were over. 

Figure 41 displays large range of pH values were found within the samples 

(n=39).  The pH ranged from 6.0 to 10.2, with a mean value of pH 7.9.  Because pH 

influences arsenic adsorption, changes in groundwater pH can alter the amount of free or 

bound arsenic. The pH of groundwater tends to increase with residence time.  Because 

surfaces containing iron-oxides adsorb arsenate, changes in the groundwater to alkaline 

conditions may induce desorption of arsenic.  While temporal changes in pH have not 

been evaluated for the region, speciation of the arsenic may shed light on the factors that 

drive the regional occurrence of arsenic.
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Figure 41: pH Distribution (n=39) 
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2.5. CONCLUSIONS 

The goal of this study was to determine if arsenic field test efficacy was high 

enough to be a useful tool for land owners in Harney County to use to assess their well 

water arsenic risk.  The benefit of having an on-site, publically-available screening tool 

that provides immediate results is protection of public health and safety with ease in a 

variety of environments. The added benefit of having access to an affordable option is of 

great importance within areas similar to the study area.  

The field tests were initially validated by the manufacturer (and subsequently 

approved by EPA) using surface water, standard concentrations of arsenic, and cite 

trained professionals utilizing the kits to ensure consistent results.  This study utilized 

only groundwater samples for the analysis.  Based on the results from 49 groundwater 

samples, the field tests are unlikely to be useful to quantify arsenic concentrations within 

this geographic area.  The underestimation and false negatives for these kits is 

particularly important from a public health perspective.   

Complex subsurface geochemistry can interfere with the ability for screening tests 

to determine the correct arsenic concentrations.  Particularly, pH, iron, and sulphur, and 

oxygen concentrations can cause fluctuations in arsenic availability, species, and test kit 

reactions.  While organic arsenic is generally considered less toxic than inorganic arsenic, 

all forms of arsenic still pose health threats and can cycle throughout aquifer systems.  

Therefore, tests that determine the total inorganic and organic concentrations (e.g. ICP-

MS) should always be utilized.   
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Appendix A 

Laboratory Data 

 

 
SampleId SampleDate AsResult WellTownship WellRange WellSection 

1 10/30/2014 53.2 22 32 26 

2 10/30/2014 153.6 23 33 7 

3 10/30/2014 21.0 23 33 17 

4 10/30/2014 45.7 24 33 14 

5 10/30/2014 109.3 24 33 3 

6 10/30/2014 32.5 24 33 3 

7 10/30/2014 10.0 24 33 13 

8 10/30/2014 6.0 25 34 7 

9 10/30/2014 3.0 24 34 31 

10 10/30/2014 9.4 24 34 31 

11 10/30/2014 12.5 24 34 31 

12 11/1/2014 24.2 24 33 13 

13 11/1/2014 18.0 26 33 12 

14 11/1/2014 14.0 26 34 7 

15 11/1/2014 71.6 26 33 35 

16 11/1/2014 86.5 27 33 5 

17 11/1/2014 3.4 27 35 17 

18 11/1/2014 12.0 26 34 32 

19 11/1/2014 7.6 25 33 12 

20 11/1/2014 5.9 24 33 22 

21 11/1/2014 4.0 24 33 22 

22 11/1/2014 71.6 24 33 23 

23 11/1/2014 40.7 24 33 35 

24 11/1/2014 21.5 24 33 34 

25 11/1/2014 24.3 24 33 34 

26 11/1/2014 19.4 24 30 2 
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SampleId SampleDate AsResult WellTownship WellRange WellSection 

27 11/1/2014 2.0 23 28 35 

28 2/14/2015 0.0 22 30 24 

29 2/14/2015 0.0 23 31 11 

30 2/14/2015 0.0 23 31 11 

31 2/14/2015 0.0 23 31 11 

32 2/14/2015 0.0 23 31 11 

33 2/14/2015 0.0 32 32-1/2 17 

34 2/14/2015 0.0 32 32-1/2 6 

35 2/14/2015 0.0 23 26 28 

36 5/20/2015 3.5 29 32 35 

37 5/20/2015 4.0 30 32 11 

38 5/20/2015 8.7    

39 5/20/2015 7.1 30 32 8 

40 5/20/2015 0.0 30 32 8 

41 5/20/2015 4.6 27 31 12 

42 5/20/2015 85.0 27 30 33 

43 5/20/2015 94.5 27 30 14 

44 5/20/2015 127.9 24 33 34 

45 5/20/2015 17.4 23 33 17 

46 5/20/2015 48.0 22 32 26 

47 5/20/2015 8.0 24 30 2 

48 5/20/2015 1.9 23 28 35 

49 5/20/2015 1.4 23 26 28 

50 9/17/2007 7.0 23 33 25 

51 3/28/2007 0.0 23 32-1/2 11 

52 4/16/2007 0.0 23 32-1/2 18 

53 2/10/2009 0.0 23 31 7 

54 2/16/2010 9.0 23 31 1 

55 5/26/2010 4.5 25 31 5 

56 8/2/2010 76.2 24 32 11 

57 8/2/2011 9.0 24 31 31 

58 8/15/2011 0.0 23 32 18 
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SampleId SampleDate AsResult WellTownship WellRange WellSection 

59 4/2/2010 0.0 24 30 9 

60 4/1/2010 0.0 22 31 33 

61 10/27/2010 29.6 23 32 3 

62 12/1/2010 8.0 20 35 26 

63 2/6/2011 0.0 22 32 26 

64 12/10/2013 4.8 24 31 32 

65 12/4/2013 0.0 22 30 10 

66 1/13/2014 5.3 22 31 33 

67 9/17/2013 3.1 24 32-1/2 10 

68 9/17/2013 7.9 24 31 31 

69 9/26/2013 5.0 25 34 7 

70 9/26/2013 3.5 25 34 7 

71 7/23/2013 45.9 27 29-1/2 28 

72 8/1/2013 0.0 25 31 5 

73 4/30/2013 0.0 23 31 3 

74 7/22/2013 0.0 24 32-1/2 7 

75 1/21/2014 2.1 39 35 23 

76 1/14/2014 0.0 22 31 33 

77 8/21/2013 9.0 23 31 33 

78 2/10/2014 20.3 25 36 2 

79 8/27/2013 5.0 27 29-1/2 28 

80 3/6/2014 215.0 23 32-1/2 5 

81 7/22/2013 0.0 23 31 7 

82 5/4/2013 8.2 24 31 2 

83 8/8/2013 0.0 24 30 4 

84 5/14/2013 19.4 23 33 17 

85 5/14/2013 0.0 23 30 13 

86 4/7/2014 40.5 24 32 5 

87 4/7/2014 10.3 23 32 13 

88 4/30/2013 0.0 21 31 33 
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SampleId SampleDate AsResult WellTownship WellRange WellSection 

89 4/30/2013 11.9 30 35 29 

90 4/30/2013 10.7 30 35 29 

91 4/4/2013 18.3 23 33 25 

92 3/28/2013 10.3 23 33 9 

93 12/13/2012 0.0 21 31 9 

94 12/13/2012 6.9 23 31 7 

95 7/23/2012 8.9 23 32-1/2 3 

96 4/7/2014 8.6 23 33 25 

97 4/20/2014 3.4 23 31 7 

98 7/18/2012 0.0 23 32-1/2 19 

99 5/14/2012 19.6 23 31 12 

100 6/26/2012 8.0 26 31 34 

101 5/14/2012 19.0 24 30 14 

102 4/25/2012 8.0 23 31 7 

103 4/25/2012 7.0 23 31 12 

104 2/28/2012 0.0 23 31 11 

105 3/18/2012 0.0 23 31 12 

106 10/12/2011 12.8 26 34 7 

107 4/17/2011 8.0 26 34 6 

108 3/20/2011 0.0 23 32 28 

109 3/20/2011 5.6 23 32 33 

110 3/20/2011 6.5 26 33 31 

111 11/1/2010 25.0 22 32 24 

112 11/1/2010 0.0 23 32 28 

113 10/26/2010 7.6 25 31 30 

114 4/6/2010 0.0 22 30 24 

115 8/24/2010 0.0 23 32-1/2 5 

116 7/2/2014 13.0 22 32-1/2 5 

117 9/3/2014 2.0 24 32 11 

118 8/5/2014 215.0 24 32-1/2 30 
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SampleId SampleDate AsResult WellTownship WellRange WellSection 

119 7/1/2014 49.4 32 35 18 

120 8/6/2014 51.9 32 35 18 

121 8/27/2014 4.3 23 32-1/2 11 

122 6/4/2014 12.8 27 34 5 

123 7/2/2014 5.6 25 31 34 

124 8/7/2014 11.7 23 33 5 

125 9/2/2014 18.2 23 33 5 

126 9/2/2014 9.3 23 33 5 

127 9/22/2014 1.5 27 29-1/2 28 

128 8/6/2014 1.8 24 29 10 

129 8/5/2014 4.3 24 30 2 

130 8/6/2014 1.4 32 35 18 

131 8/6/2014 1.3 32 35 18 

132 8/6/2014 92.5 24 29 2 

133 8/6/2014 10.3 23 33 5 

134 8/20/2014 5.8 25 31 31 

135 8/28/2014 0.0 21 31 9 

136 7/2/2014 1.5 23 30 13 

137 7/2/2014 268.0 24 32-1/2 30 

138 7/2/2014 7.8 24 32-1/2 30 

139 8/6/2014 5.7 25 35 21 

140 8/27/2014 7.2 23 32-1/2 11 
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Appendix B 

Field Test Data 

Sample 

Number 
ICPMS (µg/L) 

ICPMS 

Repeat 

Field 

Screening I 

(µg/L) 

Field 

Screening 

II (µg/L) 

Conductivity TDS 

1 53.2   22       

2 153.6   94       

3 21.0   2       

4 45.7   47       

5 109.3 109.3 110       

6 32.5   0       

7 10.0 22.5 136       

8 6.0   3       

9 3.0   0       

10 9.4   0       

11 12.5   0       

12 24.2   9       

13 18.0   7       

14 14.0   0       

15 71.6   53       

16 86.5   0       

17 3.4   30       

18 12.0   0       

19 7.6   0       

20 5.9   0       

21 4.0   0       

22 71.6   86       

23 40.7   225       

24 21.5   110       

25 24.3   110       

26 19.4   0       

27 2.0   0       

28 0.0   0       

29 0.0   0       

30 0.0   0       
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Sample 

Number 
ICPMS (µg/L) 

ICPMS 

Repeat 

Field 

Screening I 

(µg/L) 

Field 

Screening 

II (µg/L) 

Conductivity TDS 

31 0.0   0       

32 0.0   0       

33 0.0   0       

34 0.0   0       

35 0.0   0       

36 3.5 3.4 0 0 193 122 

37 4.0   0 0 243 153 

38 8.7   0 6 475 299 

39 7.1   0 4 192 121 

40 0.0   0 2 192 121 

41 4.6   0 0 320 202 

42 85.0   89 34 735 463 

43 94.5   94 40 575 362 

44 127.9 116.9 132 36 792 499 

45 17.4   0 10 4498 2834 

46 48.0   40 27 190 120 

47 8.0 7.5 0 7 260 164 

48 1.9   0 0 209 132 

49 1.4   0 0 220 139 

 

 

 

 

 

 


