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Abstract

The Idaho Divison of Environmenta Quality, Southwest 1daho Regiond Office (DEQ) was notified that
high levels of arsenic had been detected in two private wellsin Washington County. The arsenic
concentrations in these two wells were 240 micrograms per liter (i g/l) and 9501 g/l. The arsenic was
detected through the 1daho Department of Water Resources (IDWR) Statewide Ground Water Quality
Monitoring Program. These high levels of arsenic led to concern for public hedth and resulted in an
interagency organizationa meeting convened for the purpose of developing appropriate follow-up
activities. The state's Ground Water Quality Plan directs DEQ to perform activities, including regiona
and loca monitoring, to evaluate areas of ground water contamination.

The project gods outlined at the interagency meeting were:

@ Assure that immediate public hedlth issues are addressed by contacting homeowners with
known devated arsenic in their drinking water.

2 Delineate an area of concern with respect to eevated arsenic by sampling ground weter from
selected domestic wells. This information will also be used as a basdline for evauating the need
for long-term research that will aid in more precisdly determining the source of devated arsenic
in the ground water.

3 Determine gppropriate public notification procedures based on the anadytical results.

Goal #1 was addressed by IDWR performing follow-up contacts with the two homeowners with the
highest arsenic detections. This report presents the findings of this study and addresses goal #2 and a
portion of goa #3. A secondary objective of evauating potentia sources of elevated arsenic in the
ground water is aso briefly discussed.

The study areaiis located approximately eight miles northeast of Weiser, 1daho, in the lower Mann
Creek and Monroe Creek drainages. Agricultura activities congtitute the dominant land use. The
geology is characterized as Holocene to Pliocene-aged, poorly to well-sorted lacugtrine and fluviatile
deposits of clay, slt, sand, and some gravel. These sediments exceed 1,500 feet in thickness near
Weiser.

Sampling and comprehensive chemica andyses of 14 domestic wells and one surface water location
were performed in January, 1995. The digtribution of arsenic-rich ground weter in the sudy areawas
found to be random at the scale of thisinvestigation. Some correlation between elevated arsenic
concentrations and the elevation of the water-producing strata may exist. Clay-rich sedimentswhich
generaly occur below coarser-grained dluvia deposits may produce arsenic-rich ground water.
Elevated arsenic dso gppears to be correlated with higher concentrations of sodium, usudly above two
milliequivalents per liter or 46 milligrams per liter. No evidence was obtained to suggest that elevated
concentrations of arsenic in ground water in the study area are caused by human activity (i.e, the
gpplication of arsenic-containing pesticides).




Introduction

In November, 1994, the Idaho Divison of Environmental Quality, Southwest 1daho Regiond Office
(DEQ), was noatified that high levels of arsenic had been detected in two private wells in Washington
County. Twenty six wellsin the County have been sampled since 1990 as part of the Idaho
Department of Water Resources (IDWR) Statewide Ground Water Quaity Monitoring Program. This
program was established to comply with the requirements of the state's Ground Water Quality
Protection Act of 1989. The Statewide Ground Water Quality Program is designed to address three
main objectives (Crockett, 1995):

(1) Characterize the ground water qudity of the state's aquifers.
(2) Identify potential problem aress.
(3) Identify trends and changes in ground water quality within the state's aguifers.

These objectives are met by sampling a network of wells for acomprehensive chemicd analyss (for a
description of the network design, see Nedly, 1994). The two highest arsenic levelsin ground water
detected through the Statewide Ground Water Qudity Monitoring Program occur within two miles of
each other in an area gpproximately eight miles northeast of Weiser, 1daho in Washington County. The
two wells of concern provide water for domestic purposes and contain concentrations of arsenic of 240
micrograms per liter (i g/l) and 9501 g/l. The current maximum contaminant level (MCL) dlowed in
public water sysemsis501 g/l. Thewdlsare 70 and 75 feet deep, respectively.

The detection of these extreme arsenic levels led to concern that other domestic wells in the area may
contain unsafe concentrations of arsenic and that most homeowners would not be aware of the potentia
hedlth concerns. Upon recalving notification of the elevated arsenic, DEQ organized a meeting of locd,
date, and federa agencies that could provide assistance in developing the best-possible response to a
possible public hedth problem. The agencies represented at the organizationad meeting included:

. DEQ

IDWR

Idaho Department of Heath and Welfare, Divison of Hedth (DoH)

Idaho Department of Agriculture (IDA)

Southwest Digtrict Health Department (SWDHD)

Environmenta Protection Agency

United States Geologica Survey (USGS)
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Representatives from these groups provided valuable information and expertise on the occurrence of
arsenic in the environment and on the associated hedlth risks due to exposure to arsenic. Threemain
response god's were identified during the meeting. Starting with the most important god firg, they are:

(1)  Assurethat immediate public hedlth issues are addressed by contacting homeownerswith
known devated arsenic in ther drinking water.

2 Ddineate an area of concern with respect to devated arsenic by sampling ground water from
sected domestic wells. Thisinformation will also be used as a basdline for evaluating the need
for long-term research that will aid in more precisaly determining the source of devated arsenic
in the ground water.

3 Determine gppropriate public notification procedures based on the andytica results.

To achieve these gods, a course of action for each participating agency was outlined. Goa #1 was
addressed by IDWR performing follow-up contacts with the two homeowners with the highest arsenic
detections. Hedth-related issues were discussed and a recommendation was made to have family
members vist a physician to assess whether any arsenic-related hedth effects exist. Toxicologists from
IDA and DoH provided technicd assstanceto IDWR. The DoH aso developed an arsenic "fact
sheet" to provide environmenta and hedth information to affected homeowners and other interested
individuds.

God #2 was addressed by DEQ performing sampling and analysis of private domestic wells and
surface water. This report presents the findings of that study and thereby addresses a portion of god #3
aswell.

Purpose and Objectives

The purpose of this report isto present the findings of the well and surface water sampling project
introduced above. Fourteen private domestic wells ranging in depth from 45 to 325 feet were sampled.
In addition, one surface water sample was obtained to determine whether surface water could be
directly influencing the qudity of the ground water. The objective of the sampling Sudy isto ddineste
an areawith arsenic-rich ground water and to provide basdline data for additiond studies. A secondary
objective isto provide an evaluation of potentia sources of the arsenic-rich ground water, if possible,
given the limited data collection associated with this sudy. This sampling study and report dso satisfy
DEQ's responghility to perform follow-up sampling of identified contamination in accordance with the
Idaho Ground Water Quality Plan (1992).
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Literature Review

An abundance of published scientific investigations related to ground water qudity in Washington
County does not appear to exist. The primary references used in this investigation include a study by
Young €. d. (1977) titled Water Resources of the Weiser River Basin, West-Central 1daho and
more recent ground water quality results from the Statewide Ground Water Quality Monitoring
Program. Thereport by Young et. d. (1977) provides va uable geologic and hydrogeologic
information. The study aso includes a cursory evauation of ground water quaity in the Weiser River
Basin. Within the sudy area, 11 well Sites were sampled as part of the Statewide Ground Water
Quadlity Monitoring Program between the years 1991 and 1994. Thisinformation provides
comprehensve chemica data for ground water in the study area.

Welch et. a. (1988) present results from a comprehensive literature review and evauation of databases
containing more than 7,000 andyses of ground water samples for arsenic. They conclude that natura
occurrences of ground water with arsenic in excess of 501 ¢/l is common throughout much of the
western United States. They found that elevated arsenic is usually associated with one of four
geochemicd environments. (1) basin-fill deposts of dluvid-lacugtrine origin, particularly in semiarid
areas, (2) volcanic deposits, (3) geotherma systems, and (4) uranium and gold-mining aress. In the firgt
two environments, arsenic gppears to be associated with sediments derived from volcanic rocks of
intermediate to acidic composition.

It is not common to find high arsenic levelsin river water without significant contribution from geothermd
waters or highly minerdized areas. The Maheur River in southeastern Oregon, for example, contains
arsenic concentrations above 50 1 ¢/l during lon-flow conditions. Findly, Welch et. d. (1988) state
that arsenic concentrations tend to be eevated in volcanic glass, duminosilicate minerads, and igneous
rocks containing iron oxide.

Goldblatt et. d. (1963) describe the occurrence of elevated arsenic in ground water in Lane County,
Oregon. They describe the arsenic-rich water as being soft, exhibiting high pH and high boron
concentrations. It is postulated that pyroclastic debris deposited on the land contained high arsenic
concentrations. Many of the origina mineras were subsequently converted to clay due to interaction
with circulating ground water. The clays, having a high cation exchange potentid, removed calcium and
magnesium (elements that contribute to water hardness) from the water system which resulted in
increased sodium and arsenic.

A report by the Washington State Department of Health and the Snohomish Hedlth Didrict
(Environmental Health Programs, 1991) describes the findings of a 12-month study of ground water
near Granite Falls, Washington. Eighteen of 26 wellsincluded in this study contained arsenic over the
MCL of 501 g/l, ranging up to a concentration of 30,0001 g/l. The arsenic concentrations varied with
time; the range of variability was from 1.2-fold to 23-fold. The report concluded that in generd, the
higher the concentration, the greeter the variability. Although gold, silver, copper, lead, and zinc mining
activities took place in the past, none of the elevated arsenic concentrations found during this
investigation were attributed directly to impacts from this activity.
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Study Area

The study areais located northeast of Weiser, I1daho, in the lower Mann Creek and Monroe Creek
drainages (Figure 1). The numbering system for identifying locations of wells and surface water
sampling Stesin thisreport is based on the common subdivision of lands into townships, ranges, and
sections (Figure 2). The location based on the township-range system is referenced to the Boise
basdline and meridian. The first ssgment represents the township north of the Boise basdline, the
second segment represents the range west of the Boise meridian, and the third is the section number.
The three letters following the section number indicate the quarter-quarter-quarter section (10-acre
tract) within the section. Quarter sectionsare labeled A, B, C and D in counterclockwise order starting
with the northeast quarter of the section. A numera following the | etters indicates the order in which
wdlswithin the 10-acre tract were sampled. An"'S' following the numera indicates that the sampling
location is a suface water body rather than awell.

Sampling locations are found in the following townships, ranges, and sections:
. Township 11 north, Range 4 west, Section 6.
. Township 11 north, Range 5 west, Sections 3, 10, and 15.
. Township 12 north, Range 4 west, Sections, 19, 30, and 31.

. Township 12 north, Range 5 west, Sections 24, 25, and 36.

Climate

The climate of the study areais described as semiarid with warm, dry summers and cool, wet winters.
Mean annual temperatures are 10.7° C at Weiser. The freeze-free growing season at Welser is about
150 days. Mean annud precipitation is about 10 inches. Highest mean monthly precipitation occursin
December and January. The lowest mean precipitation occursin July and August (Young et. d., 1977).

Soils

The soilsfound in the study area are described in a preliminary Soil Survey of Adams-Washington
Areg, 1daho, Parts of Adams and Washington Counties (Natura Resources Conservation Service, in
press). Thediscussion of soils below is based on this reference.
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The soils associated with the ground water sampling locations are formed on dluvid fans, fan terraces,
flood plains, stream terraces, and foothills. Most of the soils are derived from mixed sources of dluvium
or lacugtrine deposits, or from the resduum of volcanic tuff. A lesser amount of soil in the study arealis
derived from basaltic aluvium and colluvium. The characteristics of the dominant soils are described as
moderately deep to very deep and range from poorly-drained to well-drained. The soilsin the area
include the Baldock, Bissdll, Deshler, Glasgow, Greenleaf, Harpt, Lankbush, Newell, and Shoepeg
series.

Geology and Hydrogeology

Geology in the study areais characterized as Holocene to Pliocene-aged, poorly to well-sorted
lacudtrine and fluvidtile deposits of clay, Sit, sand, and some gravel. Some surficid deposits of dluvium
and colluvium exist. These sediments exceed 1,500 feet in thickness near Weiser. In addition, the
region north of the study area contains flood- type basdts of the Pliocene and Miocene Columbia River
Basalt Group. These basdts are light to dark gray, dense and include crude columnar jointing in some
locations (Young et. d., 1977). A north-south trending fault paralding the lower reach of Mann Creek
with the downthrown side to the east is reported to exist.

Ground water flow direction based on water level measurements in existing wells described by Y oung
et. d. (1977) is generdly to the south or southwest. Young et. d. (1977) caculated an average
trangmissvity of 2,670 ft*/day based on specific capacity estimated from drillers logs. Therma ground
water is present in severa areas of the Weiser River basin. Thermd springsissue from basdt or from
dluvium in proximity to basaltic outcrops. The Weiser Hot Springs and Crane Creek Hot Springs areas
are located gpproximately five miles northwest and 12 miles east of Weiser, respectively.

Land Use

Land usein the areais dominated by agriculture. Farming and ranching activities are both common.
Livestock congsts mainly of cattle and horses. Both irrigated and norirrigated farming practices are
employed. Sprinkler and surface irrigation are both used with surface and ground water sources
supplying water for irrigation. The primary crop typesinclude livestock feed crops such as hay, pasture
grasses, and grains. A significant number of the residents who participated in this study had purchased
amadl acreages on which to retire. The owners of these small "ranchettes’ commonly maintain small
numbers of cattle or horses and other domestic animals as pets.

Historicdly, orchard rearing was more prevaent in the sudy areathan it istoday. An articlein The
Weiser Sgnal-American (May 15, 1986) describes a commercia apple growing operation on Mann
Creek that was begun in 1868. The apple trees were reported to exist until the middie 1920s.




Materials and Methods

A survey of wdl drillers logs ontfile with IDWR was performed in order to evaluate potentia ground
water sampling locations. Representatives of DEQ, IDWR, and SWDHD met to make the fina
determination on the wells to be sampled. Wells were selected based collectively on criteria that
included the existence of adriller'slog, the reported depth, the detail of the lithologic descriptions, and
the location of a particular well with respect to other wells sdlected. An attempt was made to sample
primarily shdlow wellsin and around the vicinity of previoudy-detected high arsenic concentrationsin
ground water. The rationale for this decison was that the two wells known to produce arsenic-
contaminated ground water are 70 and 75 feet deep (relatively shalow). A few deeper wellswere dso
sected in aninitid effort to compare andytical results between shallow and deeper ground water
systems. Three of the wells chosen for sampling have been sampled previoudy as part of the Statewide
Ground Water Quality Monitoring Program. The basis for including these previoudy-sampled wells
was to assess differences in sample collection and anaytical techniques.

The names of well ownerslisted on the drillers logs were then correlated with county records to
determine current property owners. Permission to sample the targeted list of wells was then obtained
from the current owners. A ligt of 18 potentia wells for sampling was compiled. Logistica constraints
including the denid of access and other physica condraints resulted in the fact that only 14 wells were
sampled. One sample was aso collected from Mann Creek near one of the sampled wells to assessthe
possible direct influence on the shdlow ground water from surface weter.

The samples were collected over athree-day period beginning January 11, 1995. Only wellswith
existing operable pumps were sampled. Samples were collected as close to the wellhead asfeasible
from locations not influenced by any water treestment devices. Field water qudity parameters (fied
parameters) were measured at each site using a Horiba U-10 Water Quality Checker. The measured
field parameters were temperature, pH, specific conductance, and dissolved oxygen. Prior to collecting
samples, each well was purged until the field parameters stabilized to within pecified limits. The
dabilization criteria used were:

gpecific conductance................ 5%

6] 1S 0.1 unit
temperature...........cocceeeeierene 0.2 degrees Celsius
dissolved oxygen.........cccceeunene 0.1 mg/l

Continuous flow conditions were maintained for the measurement of the field parameters by routing part
of the full water flow from the sampling tap into an overflowing plagtic bucket. This procedure resulted
in good gahilization of dl four fidd parameters after about 25 minutes of purging for most wells. The
Mann Creek surface water sample was collected in grab fashion from the middle of the siream. The
area chosen for sampling was free from visble debris. Field parameters were dso measured &t this Ste
by immersing the indrument probe in ardatively dow moving portion of the current.
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Each sampling location was plotted on a 7.5-minute USGS topographic map by thefield team. In
addition, a Trimble Pathfinder Basic globa positioning system receiver was used to collect digital
location data for mapping purposes.

Quality Assurance and Quality Control

All water samples were collected in clean, one-liter polyethylene containers. Mgor ion, nutrient, and
metals anayses were performed by the Idaho Bureau of Laboratories (State lab). Table 1 liststhe
andytes and corresponding anaytical methods, sample preservation methods, and maximum holding
timesdlowed. Table 2 ligts the quality assurance objectives and detection limits for this study.

The following fied quality control samples were used in this study:

. One duplicate sample was collected at random by the field team and submitted asa
blind sample to the laboratory for analyss.

. One field blank was collected and andlyzed. The field blank conssted of andyte-free
water that was brought to the fidld from the laboratory, trandferred into sample
containers, and transported back to the laboratory for anadyss.

. Onetrip blank was analyzed for each day of sampling (three days). Each trip blank
consgsted of sample containers containing andyte-free water transported to the field and
back to the laboratory for andysis dong with al other samples collected that day.

Interna laboratory quality control checks were performed by the State |ab in accordance with their
standard operating protocols. The State |ab has verified that the accuracy gods for dl andyses have
been achieved. This determination is based on the results of andyses of lab-fortified reagent blanks.

Precison is evauated by comparing field duplicate andytica results. Caculations of the relative percent
difference (RPD) between afield sample and its corresponding duplicate are shown in Table 3. A
rough determination of whether the precison criteria are met is accomplished by comparing the RPD
vaues for each parameter with the acceptable precison range. Table 4 indicates that overdl precision
is acceptable. However, dkdinity and anmoniavauesin this particular evauation fell outside of their
respective acceptable precison range based on the RPD cdculations. A datistical evaluation of alarger
population of replicate or duplicate samples would be necessary for a thorough evaluation of precision.
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Table 1. Chemical Constituents Evaluated in Washington County Water Samples

Cool, 4°C

Parameter Method Container Preservation Holding Time
Calcium EPA 215.1 p Cool, 4°C 60 days
Magnesium EPA 242.2 P Cool, 4° C 60 days
Sodium EPA 273.1 P Cool, 4° C 60 days
Potassium EPA 258.1 P Cool, 4°C 60 days
Chloride EPA 325.3 P Cool, 4° C 28 days
Carbonate EPA 310.1 p Cool, 4° C 14 days
Alkalinity EPA 310.1 P Cool, 4° C 14 days
Bicarbonate EPA 310.1 P Cool, 4° C 14 days
Sulfate EPA 375.4 P Cool, 4° C 28 days
Silica EPA 370.1 P Cool, 4° C 28 days
Fluoride EPA 340.3 P Cool, 4° C 28 days
Ammonia EPA 350.1 P 2 ml/1 conc. H2SO4 28 days
Cool, 4° C

Nitrate EPA 353.2 P 2 ml/1 conc. H2SO4 28 days
Cool, 4° C

Total Dissolved EPA 160.1 P Cool, 4°C 28 days

Solids

Arsenic EPA 200.9 P 3 mi/l 1:1 dil. HNOs 60 days
Cool, 4° C

Manganese EPA 243.1 P 3mi/I 1:1 dil. HNOs 60 days
Cool, 4° C

Iron EPA 236.1 P 3ml/1 1:1 dil. HNOs 60 days
Cool, 4° C

Selenium EPA 200.9 P 3ml/l 1:1 dil. HNOs 60 days
Cool, 4°C

Lead EPA 200.9 P 3ml/1 1:1 dil. HNOs 60 days

P = Plastic (polyethylene)

10
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Table 2. Quality Assurance Objectives and Detection Limits

Parameter Detection Limit Accuracy Precision Completeness
Calcium 0.01 mg/|I 80-120% +/-10% 95%
Magnesium 0.01 mg/I 80-120% +/-5% 95%
Sodium 0.01 mg/I 80-120% +/-5% 95%
Potassium 0.01 mg/I 80-120% +/-5% 95%
Chloride 0.9 mg/I 80-120% +/-15% 95%
Carbonate 1.0 mg/I1 80-120% +/-5% 95%
Alkalinity 1.0 mg/I 80-120% +/-5% 95%
Bicarbonate 1.0 mg/I1 80-120% +/-5% 95%
Sulfate 4.0 mg/I 80-120% +/-15% 95%
Silica 0.01 mg/I 80-120% +/-10% 95%
Fluoride 0.1 mg/I 80-120% +/-10% 95%
Ammonia 0.005 mg/| 80-120% +/-10% 95%
Nitrate 0.005 mg/I 80-120% +/-10% 95%
Total Dissolved 6.0 mg/I 75-125% +/-20% 95%
Solids
Arsenic 0.01 mg/I 80-120% +/-15% 95%
Manganese 0.01 mg/|I 80-120% +/-10% 95%
Iron 0.01 mg/|I 80-120% +/-15% 95%
Selenium 0.005 mg/| 80-120% +/-15% 95%
Lead 0.005 mg/I 80-120% +/-18% 95%

Additiond evduation of andytica accuracy is accomplished by cdculating cation-anion balances for
each sample (Table 4). The baance errors ranged from zero to 13 percent. The average balance error
for the 15 primary samplesisfour percent. The suggested alowable balance error is generaly
consdered variable depending on the ionic concentration of the samples. A measure of theionic
concentration is conddered the filterable residue or totd dissolved solids (TDS) concentration. Asthe
ionic concentration increases, the allowable balance error decreases. Acceptable balance errors, given
the range of filterable residue concentrations, for this set of dataisthreeto five percent. Therefore, on
average, the acceptance criteriaare met. However, several samples significantly exceed the acceptable
baance error indicating ether andyticad errors or that certain Sgnificant ionic gpecies were not
accounted for in the anadlyses. The andyticd results for the fild blank and trip blanks do not indicate
any adverse affects from field sampling or sample handling and storage protocol.

11
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Table 3. Duplicate Sample Results and Relative Percent Difference Calculations

Parameter 12N-04W-19CAC1 Diinlicate Relative Percent Precision Precision
Concentrations Concentrations Difference Criteria Criteria Met?

Calcium 25 mg/| 24 mg/| 4.1% +/-10% Yes
Magnesium 8 mg/I| 8 mg/I| 0% +/-5% Yes
Sodium 26 mg/| 26 mg/| 0% +/-5% Yes
Potassium 3.7 mg/I 3.5 mg/I 5.6% +/-5% Yes
Chloride 5.6 mg/I 4.6 mg/| 19.6% +/-15% Yes
Alkalinity 69 mg/I 104 mg/| 40.5% +/-5% No
Sulfate 41 mg/| 37 mg/| 10.3% +/-15% Yes
Silica 72.9 mg/| 71.8 mg/| 1.5% +/-10% Yes
Fluoride 0.71 mg/| 0.73 mg/| 2.8% +/-10% Yes
Ammonia 0.124 mg/| 0.155 mg/| 22.2% +/-10% No
Nitrate <0.005 mg/| <0.005 mg/| 0% +/-10% Yes
Total Dissolved 192 mg/I 227 mg/| 16.7% +/-20% Yes
Solids

Arsenic 421 g/l 401 g/l 4.9% +/-15% Yes
Manganese 2401 g/I 2401 g/I 0% +/-10% Yes
Iron 24801 g/| 20901 g/I 17.1% +/-15% Yes
Selenium <51 g/l <51 g/I 0% +/-15% Yes
Lead <51 g/I <51 g/I 0% +/-18% Yes

12
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Table 4. Cation-Anion Balance Errors

Sample Location

Total Cations

Total Anions

Cation-Anion

(meg/1) (meg/I) Balance Error (%)

11N-04W-06BCB1 1.47 1.35 4.3
11N-05W-03DCC1 11.74 10.08 7.6
11N-05W-10CDA1 14.51 12.08 9.1
11N-05W-15BDD1 7.86 7.76 0.6
12N-04W-19BAC1 2.58 2.82 4.5
12N-04W-19CAC1 3.13 2.39 13.4
12N-04W-31BAD1 6.81 6.28 4.1
12N-04W-31CAC1 4.76 5.05 3.0
12N-04W-31CBD1S 2.85 2.77 1.4
12N-04W-31DBC1 4.35 4.04 3.7
12N-04W-31DBD1 2.47 2.12 7.6
12N-05W-24ADC?2 4.01 3.98 0.4
12N-05W-25ADB1 6.28 6.28 0

12N-05W-25BAD1 7.4 7.52 1.9
12N-05W-36BBA1 4.29 4.13 1.9
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Results and Discussion

Andytica results of water samples, sample location information, and well depths are shown in the
gppendix at the back of thisreport. Arsenic concentrations are aso plotted next to the corresponding
sampling locations in map form on Plate 1 dso at the back of thisreport. The andyticd results were
hydrogeochemically evauated using a variety of techniques. The purpose of these evauations was to
determine whether correlations exist between eevated arsenic concentrations and any other parameter
that could aid in identifying the sources of the arsenic in the ground water sysem. The following
evauation tools were employed:

. Trilinear plot
. Composition plots (x-y scatter plots)

. Fingerprint (Schodler) diagram

. Comparison of arsenic concentrations with field parameters
. Comparison of arsenic concentrations with geologic features
. Comyparison of arsenic concentrations with the elevation of the water- producing zone

Each of these methodsis used to help identify trends or compositiond variationsin the water quality
data. The data from this specific investigation were aso compared to the results of other investigations
reported in the literature.

Under natura conditions, the mgor ion compaosition of ground weter is controlled by the soluble minera
in the aquifer and the resdence time of water in the aquifer. A generd relationship between the minerd
compogtion of the natural water and the solid mineras with which the water has been in contact is
expected. This smple relationship can be complicated by the mixing of water from interconnected
aquifers with different compostions. The system may aso be affected by chemicd reactions such as
cation exchange, adsorption of dissolved ions, and biologica influences (Hem, 1985).

Trilinear Plot

Figure 3isatrilinear plot used to display mgor ion water chemistry (Fiper, 1944). The diagram shows
concentrations in percent milliequivaents per liter (meg/l) of the mgor cations and anions for each water
sample. The mgor cations of each water sample (cacium, magnesium, sodium, and potassum) are
plotted on the left triangle. The mgjor anions of each water sample (carbonate, bicarbonate, chloride,
aulfate, and nitrate) are plotted on theright triangle. The plotted points for each water sample are then
projected to the upper diamond-shaped area to show cation and anion groups as a percentage of the
sample. Water samples with smilar chemigtry plot in the same area on the diagram. The trilinear
diagram indicates wide variahility in the compositions of the water samples. Sodium and cacium
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Results and Discussion

are the dominant cations. Bicarbonate is the dominant anion athough sulfate dso conditutes a
sgnificant percentage of the anions in some samples. Samples containing eevated arsenic do not plot as
agroup on the trilinear diagram.

Composition Plots

Figures 4 and 5 present compostiona diagrams of the mgor ions plotted againgt the total dissolved ions
(TDI; the sum of mgor cations and anions). Figure 4 displays graphs of common cations versus TDI.
Figure 5 displays graphs of common anions versus TDI. Both axes represent concentrations in megyl.
Thistype of diagram is used to determine whether there are compositiond differences (water types) in
the sample sst. Datathat plot in linear trends represent mixing of water with low dissolved ion
concentrations and water with higher dissolved ion concentrations. Data that plot as one or more
clugters indicate separate types of water that are not mixed. A random didtribution of dataindicate that
many individud, unrelated water types exist or that the andytica qudity of the datais poor (Mazor,
1991). WeskK linear relationships are gpparent between calcium-TDI, bicarbonate-TDI, and sodium-
TDI. These types of trends show that the water samples vary considerably in their solute concentrations.
The linear trends dso indicate that water with low solute concentrations is mixing in varying percentages
with water of higher solute concentrations. The dominant water typein the overdl sysem is
caciunvsodium-bicarbonate, therefore, these ions show the strongest correlation with TDI. The
sodium-TDI graph on Figure 4 indicates an apparent grouping of samplesinto at least two aress of the
graph (agroup of low sodium concentrations and group of higher sodium concentrations). Two
individua samples gppear as outliers with high sodium and high TDI concentrations.

Figure 6 isavariaion of the sodium-TDI graph in Figure 4. Figure 7 is a comparison of sodium and
calcium vaues plotted on aan x-y graph. Figures 6 and 7 include the arsenic concentration (in 1 g/l) as
alabe next to the corresponding plotting point symbol. Both Figure 6 and 7 portray a potentialy useful
result. The seven samplesthat plot near the lower |eft-hand corner of the graphs have an average
arsenic concentration of 171 g/l. The other eight samplesthat plot higher on the graph (i.e., higher
sodium concentrations), including the two outliers, have an average arsenic concentration of 1701 g/l.
These graphs reved that al the samples that contain arsenic above the MCL of 501 g/l dso contain
sodium greeter than two megy/l. This fact may indicate that ion exchange processes are taking place that
result in increased sodium and arsenic in some samples sSimilar to the hypothesis described by Goldblait
(1963).

Fingerprint Diagram

Figure 8 isafingerprint diagram of the 15 primary ground water samples. The numbers labding the
lines correspond to the reference number for each sample found in the appendix spreadsheet. Each line
on the diagram is agraphica representation of the concentration of the mgjor ionic species of each
sample. Water samples containing higher concentrations of ions plot higher on the diagram than those
containing lower concentrations. Parallel linesindicate various dilutions of asmilar water type.
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An Evaluation of Arsenic in Ground Water

CALCIUM

MAGNESIUM

TOTAL DISSOLVED IONS

SODIUM

TOTAL DISSOLVED IONS

TOTAL DISSOLVED IONS

POTASSIUM

TOTAL DISSOLVED IONS

Figure 4. X-Y Plots of Major Cations Versus Total Dissolved lons
(axes represent concentrations in meq/l).
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BICARBONATE

SULFATE
pog

TOTAL DISSOLVED IONS

TOTAL DISSOLVED IONS

CHLORIDE

TOTAL DISSOLVED IONS

Figure 5. X-Y Plots of Major Anions Versus Total Dissolved lons
(axes represent concentrations in meg/l).
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Figure 6. Sodium Versus Total Dissolved lons (meq/l) with Corresponding Arsenic Concentrations (i g/l).
Arsenic-rich samples occur with sodium greater than two meqg/I.
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Figure 7. Sodium Versus Calcium (meg/l)
with Corresponding Arsenic Concentrations (i g/l).
Arsenic-rich samples occur with sodium greater than two meqg/I.
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Results and Discussion

Lineswith afan shape indicate mixing of two distinct water types (Mazor, 1991). The variability in
water composition is confirmed by the pattern of the lines on the fingerprint diagram. No clear
classfications of sets of pardld lines can be made.

Comparison of Arsenic Concentrations with Field Parameters

Figure 9 isacombination of x-y plots of arsenic concentration versus vaues of common field
parameters including temperature, dissolved oxygen, pH, and specific conductance. A discernable
trend in arsenic concentration versus any field parameter would provide a smple means by which to
predict the occurrence of eevated arsenic during well ingdlation. Unfortunately, no clear trends exist.

Comparison of Arsenic Concentrations with Geologic Features

Geologic controls on the occurrence of eevated arsenic in ground water in the study area were o
evauated. The north-south trending normal fault that paralels Mann Creek as described by Y oung et.
d. (1977) isapotentidly significant feature. However, wells producing elevated arsenic occur on both
sdes and at varying distances from the mapped surface expression of the fault. Thereisno discernable
correlation with the occurrence of the fault and wells producing water with elevated arsenic.

Comparison of Arsenic Concentrations with the Elevation of the
Water-producing Zone

Due to the high degree of variability in topography in the sudy area, a correlaion between well depth
and the occurrence of elevated arsenic isnot useful. However, when the eevation of the sampled
wellheads is consdered, a potentialy useful correlation becomes gpparent. Figure 10 showsthe
number of wells that produce elevated arsenic (as a percentage of the tota number of wells sampled)
versus the elevation of the water-producing zone. The eevation axis represents four different elevation
ranges: (1) 2,200 to 2,300 fest, (2) 2,300 to 2,400 feet, (3) 2,400 to 2,500 feet, and (4) 2,500 to
2,600 feet. The datum for the evation used in this comparison is mean sealevel. The eevation of
each sampled wellhead was estimated by plotting the wells on 7.5-minute USGS topographic
quadrangle magps. An evauation of the driller'slog for each well provided an estimate for the eevation
of the water-producing zone. The eevation of the center of the screened or open section of the wells
was used. When awell contained multiple water producing zones, the shallowest zone was used.
Figure 10 shows that wells that obtain water from lower devations (i.e., the 2,200 to 2,300 range)
contain the highest concentrations of arsenic. The drillers logs of four of the five wells that produce
arsenic over the MCL of 501 g/l indicate that the water-producing zone contains gray or blue clay or
shde. Locdly, these fine-grained deposits commonly caled "blue day™ are thought to represent fluvid
and lacustrine deposits of the
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Arsenic (ppb/1000)

Arsenic (ppb/1000)

N,

TEMPERATURE °C
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Arsenic (ppb/1000)

Arsenic (ppb/1000)

DISSOLVED OXYGEN (MGI/L)

AM\/\'

TDS (MG/L X 1000)

Figure 9. Arsenic Versus Temperature, Dissolved Oxygen, Specific Conductance, and TDS.
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Pliocene Glenns Ferry formation (Kimmel, 1982). The dark color isthought to be a result of deposition
in areducing or Oxygertpoor environment.

The occurrence of devated arsenic in welstha produce water from relatively low topographic
elevations may be controlled by the mineraogic, physica, and geochemical characteristics of dark (blue
or gray), fine-grained sediments. Additionaly, it may follow from Goldblatt's (1963) inference, that the
clay-rich deposits provide relatively high ion exchange capacity. Thiswould potentidly alow the
removd of cacium from circulating ground water and the enrichment of sodium. A smultaneous
increase in arsenic content may follow this naturd "weater softening” as chemica and minerdogica
processes dter parent volcanic rocksto clay. Shalower, or topographically higher, aquifer materias
representing different sedimentary conditions gppear to present alower risk of producing water with
elevated arsenic concentrations. This characteristic tends to support the idea that natural geologic
materias control the occurrence of eevated arsenic in ground water in the study arearather than some
near-surface anthropogenic source such as the gpplication of arsenic-containing pesticides.

It isworth noting that information obtained from drillers logs must be considered inexact in most cases.
Vaiaionsin the qudity of the lithologic descriptions found on the logs occurs due to inconsstency in
geologic experience and training of drilling professonds. It isdso difficult to corrdate drillers logs
found ont-file at IDWR with physica locationsin the study area. A given parcd of land often contains
more than one wdl and the location descriptions found on the logs are often not precise enough to dlow
corrdation with awell. The problem of corrdating drillers logs with wells resulted in well 12N-04W-
31DBD1 being sampled even though the corresponding driller'slog could not be located.
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Conclusion

At the scle of thisinvestigation, the ared distribution of eevated arsenic in ground water in the sudy
area appearsto be random. Therefore, the assgnment of boundaries around some area of concern
cannot be made with certainty. Some correlation between eevated arsenic concentrations and the
elevation of the water-producing stratamay exist. Estimates of the elevation of the water-producing
zones based on drillers logs and the corresponding arsenic concentrations indicate that |ower-elevation
(deeper) water-producing zones result in higher arsenic concentrations. This may be afunction of the
sedimentary dratigraphy. Specificdly, clay-rich sediments comprising the Glenns Ferry Formation of
the Idaho Group may provide geologic control on the occurrence of arsenic-rich ground water. The
clay-rich sediments generally occur Stratigraphicaly below younger coarser-grained dluvid deposits.
Ground water users throughout southwest |daho, especidly residents of the western Snake River Plain,
should be made aware of the potentia for arsenic-rich ground water due to the natural geologic setting.

The apparent correlation between arsenic-rich ground water and relatively deep water producing zones
suggests that eevated concentrations of arsenic in ground water may not be caused by human activity
(e.g., the gpplication of arsenic-containing pesticides). 1t must be explicitly noted that thisinference is
basad on limited data collected in alocalized study area. More detailed research that indudes adrilling
and soil sample collection program would be necessary to confirm this opinion.

It does not gppear that any field-measured parameter (e.g., dissolved oxygen, specific conductance,
temperature, or pH) can be used to predict the occurrence of eevated arsenic in the ground water.
However, an gpparent correlation between sodium concentrations and arsenic concentrations does
exig. Ground water enriched in sodium (roughly over two megy/l or 46 mg/l) tendsto aso contain

higher concentrations of arsenic. This gpparent corrdation provides little practica usefulness for
predicting the occurrence of elevated arsenic since laboratory analyses are required to quantify
concentrations of both sodium and arsenic. It does, however, provide abasis for the hypothesis that the
dteration of volcanic materidsto clay isdirectly or indirectly related to the occurrence of arsenic-rich
ground water. Detailed subsurface geologic characterization coupled with additional geochemica and
hydrogeochemica evauations are needed to assess the validity of this hypothess.

The results of thisinvestigation will be reported to the gppropriate Washington County officids,
representatives of the SWDHD, and other water resource agencies. The water resource agencies
should investigate whether specidized well completion techniques are needed to avoid the production of
arsenic-rich ground water. For instance, water-bearing zones exhibiting high-clay content may need to
be isolated from other production zones. Voluntary water testing on the part of citizens living in suspect
areas provides the best assurance that long-term adverse hedlth affects are avoided. Also, owners of
exiging wells that produce arsenic-rich water should be urged to consider the use of effective trestment
devices or to use other sources of water for drinking and cooking. A continuing public education
process will be required to accomplish this.
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Reference Sample Latitude
Number Location (north)
1 11N-04W-06BCB1 44°19'17"
2 11N-05W-03DCC1 44°18'39"
3 11N-O5W-10CDA1 44°17'54"
4 11N-O5W-15BDD1 44°17'24"
5 12N-04W-19BAC1 44°22'00"
6 12N-04W-19CAC1 44°21'31"
7 12N-04W-31BAD1 44°20'15"
8 12N-04W-31CAC1 44°19'50"
9 12N-04W-31CBD1: 44°19'48"

10 12N-04W-31DBC1 44°19'43"

11 12N-04W-31DBD1 44°19'39"

12 12N-05W-24ADC1 44°21'46"

13 12N-05W-25ADB1 44°21'02"

14 12N-05W-25BAD1 44°21'08"

15 12N-05W-36BBA1 44°20'21"

DUPLICATE 12N-04W-19CAC1 44°21'31"

FIELD BLAN 11N-O5W-15BDD1 44°17'24"

TRIP BLANK

TRIP BLANK

TRIP BLANK

Longitude
(west)

116°52'06"
116°55'22"
116°55'29"
116°55'30"
116°52'00"
116°52'08"
116°51'50"
116°52'03"
116°52'06"
116°51'40"
116°51'31"
116°52'39"
116°52'42"
116°53'02"

116°53'21"

116°52'08"

116°55'30"

Well Depth
(feet BGS)
85

70

70

161

100

85

75

surface watt

65

60
45
65

325

100

Sample Water Temp.
Date (degrees C)

T 10.8
HH 13.7
T 11.9
T 13.0

T 13.1
HH 14.3
T 12.8
T 12.8
T 2.0

HH 13.5
T 13.6
T 15.6
T 11.5
HH 12.6
T 20.6
A

T

T

A

A

Field Measurements

Specific
Conductance
(umhos/cm)

178
1100
1440

846

308

345

691

535

269

489

288

417

659

736

523

pH
(standard
units)
6.8
7.0
7.0
7.5
7.3
6.7
6.9
7.1
7.7
6.8
6.9
6.9
7.2

7.1

Dissolved
Oxygen
(mg/1)
5.3

3.1

6.9

1.3
0.0

3.2

12.7
6.8
5.2
6.4
0.2
1.8

1.9

Alkalinity
(total as
CaCO03)
(mg/1)
54
386
287
237
87
69
258
212
98
150
77
188
253
338

67

104

Bicarbonate
Alkalinity
(as CaCO3)

(mg/1)

54

380

285

237

87

69

258

212

98

150

77

188

253

338

67

104

Ammonia
(total as N)
(mg/1)
0.009
<0.005
<0.005
1.510
0.042
0.124
<0.005
2.140
0.360
<0.005
<0.005
<0.005
0.797
<0.005

0.649

0.155
0.007
0.017
0.006

0.014

Arsenic
(g/1)
17

150

55
11
42
95
920
<10
17
13
<10
11
23

65

40
<10
<10
<10

<10

Calcium
(mg/1)

11.0
82.0
132.5
61.0
20.0
25.0
59.0
25.0
24.0
47.0
19.0
41.0
41.0
56.0

33.0

24.0
<0.1
<0.1
<0.1

<0.1

Chloride
(mg/1)
3.7
34.1
57.4

23.1

5.6
4.6
4.6
3.7
15.7
7.4
1.9
6.5
2.8

25.9

4.6
0.9
0.9
0.9

1.1

Fluoride
(mg/1)
0.24
0.57
0.57

0.61

0.71
1.10
0.11
0.15
0.32
0.53
0.17
0.56
0.53

0.60

0.73
<0.10
<0.10
<0.10

<0.10

Iron
(ng/N)

<20
130
<20
710
7840
2480
<20
2150
13750
700
60
<20
13150
<20

100

2090
<20
<20
<20

<20

Laboratory Measurements

Lead
(ng/N)
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5

<5

<5
<5
<5
<5

<5

Magnesium
(mg/1)

3.2

19.5

20.0

11.0

8.0
17.0
5.5
11.0
12.5
6.5
18.0
13.0
13.5

1.8

8.0
<0.1
<0.1
<0.1

<0.1

Manganese

(ng/)

<10

10

<10

400

160

240

<10

350

420

20

<10

<10

240

<10

90

240

<10

<10

<10

<10

Nitrate
(total as N)

(mg/1)
3.700
16.500
22.000
<0.005
<0.005
<0.005
2.780
<0.005
1.090
2.250
6.130
0.778
<0.005
2.550

<0.005

<0.005
<0.005
<0.005
<0.005

0.046

Potasssium
(mg/1)
3.7
1.7
37.0
8.3
5.2
3.7
4.8
7.4
8.7
6.0
4.7
1.9
4.5
4.5

2.4

3.5
<0.1
<0.1

0.1

<0.1

Selenium
(ng/N)

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

<5

Silica
(as Si02)

(mg/1)
66.0
54.3
51.3
61.2
58.9
72.9
67.6
33.1
26.3
68.1
70.1
37.9
29.5
32.6

10.4

71.8
<0.2
<0.2
<0.2

<0.2

Sodium

(mg/1)
13.0
138.0
122.0
85.0
21.0
26.0
54.0
66.0
12.0
19.0
20.0
10.0
70.0
74.0

56.0

26.0
<0.1
<0.1

0.1

<0.1

Sulfate
(as SO4)
(mg/1)

73
229
114

47

41

48

33

34

29

18

50
33

99

37

Filterable
Residue
(TDS)
(mg/1)
144
669
938
505
221
192
421
225
180
299
195
238
354
420

278

227
10
11
<3

<1
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