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Gl b ll illi f l d t h d d Geochemical Contribution: A variety of methods have been developed to remove arsenic fromGlobally, millions of people are exposed to hazardous and Geochemical Contribution: A variety of methods have been developed to remove arsenic from 
potentially deadly concentrations of arsenic in groundwater on a drinking waters. These techniques, their relative efficiency, cost, and potentially deadly concentrations of arsenic in groundwater on a 
daily basis Arsenic (As) is a naturally occurring element found in Understanding how arsenic operates in groundwater systems requires some knowledge of the chemical 

g q , y, ,
advantages/disadvantages are shown below in Table 1 Arsenic (III)daily basis. Arsenic (As) is a naturally occurring element found in g p g y q g

properties of the element Arsenic is a metalloid that can exist in a variety of oxidation states meaning
advantages/disadvantages are shown below in Table 1. Arsenic (III) 

t b th f f i hi h i b th h d t fbedrock and regolith that nearly all humans are exposed to via properties of the element. Arsenic is a metalloid that can exist in a variety of oxidation states, meaning 
th t th l t i bl t d t t hi hl i bl t f l t d it ll i th

proves to be the form of arsenic which is both harder to remove from g y p
food air water and soil Although exposure is inevitable the that the element is able to donate or accept a highly variable amount of electron density, allowing the water and the most toxic form in biological systems No system hasfood, air, water, and soil. Although exposure is inevitable, the 
hi h t t ti l f h lth ff t h b id tifi d i
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element to be able to form stable interactions in many compounds in varying conditions In Figure 3 we

water and the most toxic form in biological systems. No system has 
yet to be capable of completely removing arsenic from contaminatedhighest potential for health effects has been identified as arsenic element to be able to form stable interactions in many compounds in varying conditions. In Figure 3, we 

h f th d t i i i i diff i id ti t t h th
yet to be capable of completely removing arsenic from contaminated 

associated with drinking water. Arsenic has been widely are shown some of the compounds containing arsenic in differing oxidation states, where we see the water, only at so high of an efficiency, so water of high enough initial associated with drinking water. Arsenic has been widely 
recognized as highly toxic and carcinogenic to humans when specific state of arsenic being reliant on the factors of pH and redox potential (Eh) The specific
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concentration of arsenic may remain above the permitted level evenrecognized as highly toxic and carcinogenic to humans when specific state of arsenic being reliant on the factors of pH and redox potential (Eh). The specific 

h i l diti f i i h h i l iti t t bilit
concentration of arsenic may remain above the permitted level even 

ft t t tconsumed in an inorganic form. In the Willamette Basin of geochemical conditions of a given region, such as chemical composition, oxygen content, permeability, after treatment.   
Fi 2 M th d f i t t i th
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Western Oregon there are several localities that possess levels exposure to weathering, erosion, and various other factors, determine how pH and oxidation potential Figure 2. Methods of arsenic transport in the Western Oregon, there are several localities that possess levels 
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exposure to weathering, erosion, and various other factors, determine how pH and oxidation potential 
affect the adsorption or desorption of arsenic into gro nd aters Within regolith arsenic acts similarl to

environment [5] 
of arsenic in groundwater many times higher than maximum affect the adsorption or desorption of arsenic into ground waters. Within regolith, arsenic acts similarly to 
allowable concentrations recognized by the U.S. Environmental sulfur, and is found present in many sulfur containing compounds, such as pyrite (FeS2) at levels of upallowable concentrations recognized by the U.S. Environmental 
Protection Agency This study provides an overview of the toxic

sulfur, and is found present in many sulfur containing compounds, such as pyrite (FeS2) at levels of up 
to 10% arsenic Pyrites oxidize readily to release soluble sulfur and arsenic In other compoundsProtection Agency. This study provides an overview of the toxic to 10% arsenic. Pyrites oxidize readily to release soluble sulfur and arsenic. In other compounds 

effects associated with arsenic and examines the geologic factors containing high amounts of sulfur, such as coal, arsenic can be found in even higher concentrations. g g
that contribute to its presence in local aquifer systems

g g , , g
Coal mining and other human activities play a large role in exposing arsenic containing compounds suchthat contribute to its presence in local aquifer systems. Coal mining and other human activities play a large role in exposing arsenic containing compounds such 
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as pyrite and coal to oxidation and weathering, which allows arsenic to leach into groundwater through 

Introduction
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acid mine drainage at concentrations of 1000’s of micrograms per liter Arsenic is incorporated intoIntroduction acid mine drainage at concentrations of 1000 s of micrograms per liter. Arsenic is incorporated into 

A i t ll th 20th t b d t l t i
minerals in the formation of igneous rocks, and as metamorphic and sedimentary processes occur over 

Arsenic occurs naturally as the 20th most abundant element in 
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time the minerals become subjected to vast changes in conditions and exposure to geologic processes
regolith. The majority of Arsenic often remains in its solid state,

time the minerals become subjected to vast changes in conditions and exposure to geologic processes. 
O ti lith i d t t i i ft t dil h d t f t i lregolith. The majority of Arsenic often remains in its solid state, 

trapped within mineral complexes but under a variety of Overtime, as regolith is exposed to water, arsenic is often steadily washed out of materials or trapped within mineral complexes, but under a variety of g p y
transported Due to this arsenic is often found in higher concentrations in groundwater contained ingeochemical conditions the element can become mobilized in transported. Due to this, arsenic is often found in higher concentrations in groundwater contained in 
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ground water and make its way into aquifer systems Many newer rock formations, and those that have yet to be subjected to extensive weathering. Two of the other ground water and make its way into aquifer systems. Many 
f t ff t th bili ti f i d h i main aquifer systems that tend to accumulate high levels of arsenic are strongly reducing aquifers thatfactors affect the mobilization of arsenic, and much remains main aquifer systems that tend to accumulate high levels of arsenic are strongly reducing aquifers that 

d i d f ll i l di t d i l d l d b i i id i Th h i l f tunknown about the specific mechanisms that influence are derived from alluvial sediments, and inland or closed basins in arid regions. The geochemical factors unknown about the specific mechanisms that influence 
concentration in groundwater A variety of known conditions that of a given area can be utilized to help determine where and why arsenic is present in what Figure 3 Arsenic in varying forms dependentconcentration in groundwater. A variety of known conditions that of a given area can be utilized to help determine where and why arsenic is present in what 

concentrations
Figure 3. Arsenic in varying forms dependent 

H Eh [6]have been identified which will be discussed henceforth. These concentrations.    on pH versus Eh [6]

conditions differ highly across the Willamette Basin based on theconditions differ highly across the Willamette Basin, based on the 
h i t f th ti l i d b tl t Presence in the Willamette Valley Basin: Toxicology Overview: geochemistry of the particular region, and subsequently create 
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large differentiations in arsenic concentrations in groundwater. As compared to many other parts of the world, Western Oregon contains relatively low When inorganic arsenic is ingested, the body is able to large differentiations in arsenic concentrations in groundwater. 
concentrations of arsenic in groundwater, yet there are specific regions of the
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process up to 70% of the element and excrete it in urineconcentrations of arsenic in groundwater, yet there are specific regions of the 

Willamette basin that contain levels in waters much higher than the permitted amount
process up to 70% of the element and excrete it in urine 
without substantial harm to the system The additional 30% ofArsenic is present in each of our bodies, and plays a role in Willamette basin that contain levels in waters much higher than the permitted amount. 

I t d d t d b D i l J P l tt d St h R Hi kl [2] d t
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assisting a variety of biochemical processes on a daily basis but In a study conducted by Daniel J. Polette and Stephen R. Hinkle [2], groundwater arsenic remains within the body system, and accumulates in assisting a variety of biochemical processes on a daily basis, but 
th h hi h d il d f i th samples were collected at 728 locations across the Willamette basin, as shown in

y y
organs such as the kidneys and lungs as well as hair and Table 1 Removal techniques for inorganic arsenic [1]the average human consumes a higher daily dose of arsenic than samples were collected at 728 locations across the Willamette basin, as shown in 

Figure 1 Of the total samples collected near to 78% of sites tested contained waters
organs such as the kidneys and lungs, as well as hair and 
skin As the body interacts with the accumulated arsenic the

Table 1. Removal techniques for inorganic arsenic [1]

is required, due in large part to inorganic arsenic consumed in Figure 1. Of the total samples collected, near to 78% of sites tested contained waters 
th t ithi th t bl t ti f i b l t i

skin. As the body interacts with the accumulated arsenic, the 
i b i l l b h l d d
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is required, due in large part to inorganic arsenic consumed in 
drinking water In excess arsenic acts as a highly toxic and that were within the acceptable concentration range of arsenic below ten micrograms arsenic bearing molecules become methylated and 

Conclusiondrinking water. In excess, arsenic acts as a highly toxic and per liter. The remaining 22% of the samples were above the allowed range for safe
g y

bioactivated into reactive radicals that interact destructively Conclusioncarcinogenic substance that can cause a variety of health 
per liter. The remaining 22% of the samples were above the allowed range for safe 
drinking water with 8% of the samples being above 50 micrograms per liter These

bioactivated into reactive radicals that interact destructively 
with tissues The metabolic pathway that occurs as arsenic isg y

conditions and diseases The EPA recognizing this hazard has
drinking water, with 8% of the samples being above 50 micrograms per liter. These 
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with tissues. The metabolic pathway that occurs as arsenic is 

d b h b d i h b l i Fi 5 Siconditions and diseases. The EPA, recognizing this hazard, has 
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results are expressed in Figure 4. From analyzing the geological aspects of the valley processed by the body is shown below in Figure 5. Six In the regolith and aquifer systems beneath our feet, to the water 
set a legal standard of 10 micrograms per liter in drinking water basin, it was identified that high levels of arsenic in the region are primarily correlated
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different arsenic bearing compounds are formed through the
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that comes out of our tap the toxic and carcinogenic metalloidfor most developed countries. The methods which the body

basin, it was identified that high levels of arsenic in the region are primarily correlated  
with the Fisher and Eugene formations as well as undifferentiated tuffaceous

different arsenic bearing compounds are formed through the 
process each possessing its own toxicological effects The

that comes out of our tap, the toxic and carcinogenic metalloid 
i b f d Thi ifi t ti f thi l tfor most developed countries. The methods which the body 

uptakes and transforms arsenic as well as the specific
with the Fisher and Eugene formations, as well as undifferentiated tuffaceous
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process, each possessing its own toxicological effects. The 
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arsenic can be found. This specific concentration of this element uptakes and transforms arsenic, as well as the specific sedimentary rocks. The Fisher and Eugene formations are relatively young as high number of immensely reactive intermediates produced 
p

in groundwater has been shown to be reliant on a large variety oftoxicological effects of arsenic are to be discussed to express the compared to the surrounding landscape and consist primarily of rhyolitic volcanic rock,
g y p

by interactions with arsenic contributes to its highly toxic
in groundwater has been shown to be reliant on a large variety of 
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dangers of ingesting high levels of arsenic
compared to the surrounding landscape and consist primarily of  rhyolitic volcanic rock, 
relatively high in arsenic content Groundwater within these formations frequently rises

by interactions with arsenic contributes to its highly toxic 
nature Prolonged exposure to arsenic can cause a variety of geochemical conditions. In local aquifer systems of Western dangers of ingesting high levels of arsenic. relatively high in arsenic content. Groundwater within these formations frequently rises 
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nature. Prolonged exposure to arsenic can cause a variety of 
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Oregon high levels of arsenic are found in select locationsabove 100 micrograms per liter, which can be clearly correlated to the geochemical disorders, including conjunctivitis, melanosis, hyperkeratosis, Oregon, high levels of arsenic are found in select locations, 
ff t d i l t b l l l d h ti iti Thconditions of mineral type, relative age, and exposure as were discussed above.
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skin lesions and many others affected in large part by local geology and human activities. The conditions of mineral type, relative age, and exposure as were discussed above. skin lesions, and many others. 

consumption of high levels of inorganic arsenic in drinking waterconsumption of high levels of inorganic arsenic in drinking water 
has been sho n to ha e e tensi e negati e health affects thathas been shown to have extensive negative health affects that 
cause disease and death around the world.cause disease and death around the world.

Due to the vast array of conditions that are known and not yetDue to the vast array of conditions that are known and not yet 
known to affect the mobilization of arsenic into aquifer systemsknown to affect the mobilization of arsenic into aquifer systems, 
determining whether a specific aquifer system will contain g p q y
arsenic remains difficult and requires extensive testing As morearsenic remains difficult and requires extensive testing. As more 
awareness and testing of arsenic in groundwater occurs, we may g g , y
begin to better understand the mechanisms and conditions thatbegin to better understand the mechanisms and conditions that 
l d t i t i ti i if tlead to arsenic contamination in aquifer systems.q y
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