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I. ABSTRACT

The designation of Presque Isle Bay (PIB), Erie PA, as an Area of Concern in 1991 due to two
impaired uses prompted a 1994 study of its sediments. This study found, among other pollutants, the
presence of heavy metals, including arsenic.

Arsenic was of particular concern for certain members of the Erie County Department of Health
for two reasons: the presence of skin tumors observed on PIB brown bullheads and the fact that skin and
other cancers had been attributed to arsenic from laboratory and epidemiological studies.

This study was designed to investigate the presence of arsenic in the pond and lagoon sediments of
Presque Isle State Park, which creates PIB. It was hoped that this information would assist in the
understanding of arsenic with regard to: its source (natural or anthropogenic or both), its vertical
distribution in the sediment, seasonal variation and pond age.

Sediment samples were collected from 14 sites in both the fall of 2000 and the spring of 2001. In
each site, a sample was obtained from the topmost 2-3 cm of sediment and from the sediment below this
level. Samples were digested (USEPA method 3050B) and analyzed via Graphite Furnace Atomic
Absorption Spectrophotometry for arsenic.

The averaged fall and spring upper sediment values contained arsenic at concentrations greater
than the New York State Department of Environmental Conservation’s Severe Effect Level (SEL) of 33.0
mg/kg for 13 of the 14 sites and the US Environmental Protection Agency's Probable Effects Level (PEL)
of 41.6 mg/kg for 11 of the 14 sites. The averaged fall and spring lower sediment values contained arsenic
at concentrations greater than the SEL for 7 of the 14 sites and the PEL for 6 of the 14 sites.

Upper versus lower sediment arsenic concentrations of both fall and spring were found to be
significantly different from each other (P = 0.0010 to 0.0483) with arsenic tending toward higher
concentrations within upper sediments.

Fall versus spring upper sediment concentrations were found to be significantly different at the
90% level, however this study was not able to sufficiently explain reasons for this difference. No
significant relationships based on pond age were established.

It is recommended that further research be conducted to better establish the source(s) of Presque
Isle State Park sediment arsenic, whether natural or anthropogenic; the dominant specie(s) of arsenic,
whether inorganic (trivalent or pentavalent) or organic; the exact seasonal relationship(s) of sediment

arsenic concentrations and their causes; and whether or not relationships exist related to pond age.
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1. INTRODUCTION

A 1994 study conducted on the sediments of Presque Isle Bay, Erie, Pennsylvania, revealed the
presence of heavy metals such as copper, cadmium, nickel, zinc and arsenic. Though each of these
elements exhibits toxic effects within various areas of the environment, it is the presence of arsenic that has
aroused particular concern in certain members of the Erie County Department of Health (Diz, 2000).

Presque Isle Bay was designated an Area of Concern (AOC) in 1991 by the US Department of
State. The impairment of two beneficial uses of the bay, the presence of tumors in fish and restrictions on
the dredging of sediments (due to contamination) warranted the designation, AOC (Diz, 2000).

Tumors (of the skin and liver) established in one specific species of fish, the brown bullhead, were
of distinction because of the specie’s bottom-dwelling nature and resulting proximity to, and theorized
hibernation in, Presque Isle Bay's sediments. Studies performed on the brown bullhead in 1992, 1995 and
1997 noted a decreased incidence in liver tumors. However, in the 1997 study, tumors were only shown in
bullheads >15 years old. Combined with the recent trend toward a younger overall age distribution in
brown bullheads (also shown in these three studies), tumor incidence may remain just as high in older
individuals (Diz, 2000).

Though no direct linkage has been established between any one pollutant and fish tumors, arsenic
(inorganic) was placed in a “weight-of-evidence group A, human carcinogen” category by the US
Environmental Protection Agency in 1991. Epidemiological evidence exists for the correlation of arsenic
concentrations in drinking water to increased incidences of skin cancers (including squamous cell
carcinomas and multiple basal cell carcinomas) as well as liver, bladder, respiratory system and
gastrointestinal tract cancers. Occupational exposure has shown a direct linkage between arsenic exposure
and lung cancer mortality (Lewis, 1998; Opresko, 1992).

The first part of this study attempts to establish the fall and spring sediment distributions of
arsenic in 14 of the ponds and lagoons of Presque Isle State Park via sampling and laboratory testing. The
second part explores various relationships, attempting to explain or identify the following: arsenic’s
derivation, whether natural, anthropogenic or both, arsenic’s vertical sediment distribution, arsenic’s fall
and spring seasonal variation, and variation in concentration related to pond age.

Gathered information from this study may be useful in establishing arsenic’s role or non-effect in
regional environmental degradation. This may also provide insight, should arsenic levels be found in

unnatural excess, into how or why levels became thus observed.



2. BACKGROUND
2.1. ARSENIC

2.1.1. Elemental Arsenic, Basic Chemistry (O’Neill, 1990; Ashworth, 1991; Buckingham, 1984; Goessler,
et al., 1997; Heilman, 1998; Lippmann, 2000; Thornton and Farago, 1997)

Arsenic (As) is classified as a metalloid and lies in the middle of the nitrogen group (nitrogen,
phosphorous, arsenic, antimony and bismuth), series VA of the periodic table. Metalloids possess
properties of both metals and nonmetals; however, arsenic possesses weak electronegativity insufficient to
form cations. Arsenic generally behaves as a nonmetal in soils, involved covalently in compounds and/or
in anionic species. Of its three prominent allotropic forms, “gray arsenic” exhibits metallic properties,
while “yellow arsenic” and “black arsenic” do not. At atmospheric pressure, arsenic’s boiling point is
lower than its melting point, resulting in arsenic sublimating directly from a solid to a gas. Table 2-1 lists
the chemical properties of arsenic.

Table 2-1. Chemical Properties of Arsenic

Atomic Number: 33 Density: 5.72 g/mL

Atomic Weight: 74.9216 u Melting Point: 1091 K

Electron Configuration: [Ar] 8'°4s°4p®>  Boiling Point: 886 K

Valency: 3 and 5 Heat of Vaporization: 34.76 kJ/mol
Coordination Number: 2, 3, 4, 5, 6 Heat of Fusion: N/A

Atomic Radius: 1.33 A Specific Heat: 0.33 J/gK

lonization Potential: 9.81 V Crystal Shape: Rhombohedral
Bonding Radius: 1.2 A Electronegativity: 2.18

2.1.2. Geochemistry, Hydrogeochemistry, Soil Chemistry and Arsenic Cycling

2.1.2.1. Overview

Arsenic exists ubiquitously in rock, soil, dust, water, air and biological tissues. The elementis a
major constituent in over 200 minerals, ranging in concentrations from a few parts per million to
percentage quantities. These are classified as arsenates (60%), sulfides and sulfosalts (20%), with
arsenides, arsenites, oxides, silicates and elemental arsenic composing the remainder. Some common

arsenicals are shown in Table 2-2 (O’Neill, 1990).

Table 2-2. Common Arsenicals (Lippmann, 2000; Thornton and Farago, 1997)

Arsenates  Scorodite FeAsPH,O
Mimetite PR(AsQ,).Cl
Sulfosalts  Tennantite (Cu,Fe)128s
Energite CyAsS,
Sulfides Realgar AsS, 5S,
Orpiment AsS;
Arsenopyrite FeAsS
Arsenites Trippkeite CuA®8,




Arsenic is common in many mineral deposits, such as iron pyrite, galena, chalcopyrite and less
commonly, sphalerite. Arsenopyrite is the most abundant arsenic mineral (Thornton and Farago, 1997;
O’'Neill, 1990).

2.1.2.2. Arsenic in Rock

Arsenic is generally uniformly distributed throughout major rock types. Most igneous rock ranges
in arsenic concentration from <1-15 mg/kg, averaging 2 mg/kg overall. Sedimentary rocks, especially finer
grained argillaceous rocks (shales, mudstones and slates) tend to contain much higher concentrations,
ranging from <1-900 mg/kg. Arsenic is commonly found where iron or sulfide deposits exist. Arsenic has
a propensity to bind to sulfur ligands and form precipitates. Consequently, arsenic precipitates of Fe and S
may occur in elevated levels in sedimentary rock, iron deposits and sedimentary iron ores and in many
mineralized areas. It may also be in high concentrations in manganese nodules. Arsenic has been shown to
possess low organic affinities in various coal samples, though it was found in all organic fractions of the
coal. Table 2-3 highlights arsenic concentrations in various rock types (Kabata-Pendias and Pendias, 1984;
O'Neill, 1990; Thornton and Farago, 1997).

Table 2-3. Arsenic in Major Rock Types (Kabata-Pendias and Pendias, 1984)

Rock Type [As] (ppm)
Magmatic Rocks
Ultramafic Rocks (Dunites, peridotites, pyroxenites) 0.5-1.0
Mafic Rocks (Basalts, gabbros) 0.6-2.0
Intermediate Rocks (Diiorites, syenites) 1.0-2.5
Acid Rocks (Granites, gneisses) 1.0-2.6

Acid Rocks, Volcanic (Rhyolites, trachytes, dacites) 1.5-25
Sedimentary Rocks

Argillaceous sediments 13.0

Shales 5.0-13.0
Sandstones 1.0-1.2
Limestones, dolomites 1.0-2.4

2.1.2.3. Arsenic in Soil

Parent materials (underlying bedrock and weathered materials from other areas) are the primary
sources of arsenic in soil. The process of weathering may free arsenic from rock in the form of arsenious
acid (trivalent arsenic in solutionzAsO;, H,AsO; or HAsG, ) and arsenic acid salts. Generally, soils
contain higher levels of arsenic than rocks. Unpolluted soils typically contain from 1-40 mg/kg of arsenic.
Due to the affinity of arsenic toward organic matter, sandy soils and soils derived from granite may have
lower concentrations while alluvial and organic soils may have much higher levels. Soils in proximity to
sulfide ore deposits have been shown to contain up to 8000 mg/kg arsenic. The roasting of arsenic-
containing sulfide ores and the burning of arsenic-containing coal leads to the emission of arsenic trioxide
gas. The gas reacts with basic atmospheric oxides, such as alkaline earth oxides, to form arsenates that

redeposit to the earth. The plume resulting from these processes has increased arsenic levels to 0.1 to 1.0%



or more, by weight, in affected soils. Soil and groundwater affected by geothermal activity tends to have
higher concentrations of arsenic indicating that geothermal heat can also force arsenic from minerals in the
ground (Kabata-Pendias and Pendias, 1984; O’Neill, 1990; Thornton and Farago, 1997).

Arsenic binds to ligands other than oxygen in soils, giving it stability bound with a number of
different elements, especially sulfur and iron. The main natural sources of arsenic are oxysalts and sulfur
containing minerals. In aerobic environments, ferric arsenate precipitates in soils. Arsenic typically makes
up to 0.5% of pyrite, substituting for sulfur in the lattice structure. Soils containing the weathered products
of pyrite have been observed to contain arsenic up to several hundred mg/kg via sorption to secondary iron
oxides. Bauxites high in iron have shown@slevels up to and above 500 mg/kg (O’Neill, 1990;

Thornton and Farago, 1997).

Trivalent forms of arsenic tend to predominate in reducing soil conditions. However, normal
weathering at the Earth’s surface takes place under oxidizing conditions, forming oxyanions of the
pentavalent oxidation state, and the reduction of arsenate (+5) to arsenite (+3) is slow and soil levels may
be under kinetic control and not at equilibrium. In terms of thermodynamic stability, the pentavalent forms
of arsenic acid (BAsO,, H,AsO,, HAsO,? and AsQ?) predominate at normal soil pH values of 4-8. Eh
values of less than +300 mV at pH =4 and —100 mV at pH = 8 (in the absence of complexing species and
methylating organisms) tend toward the thermodynamic stability of arsenious gas¢HH,AsO; and
HAsO;?) of the trivalent oxidation state (O’Neill, 1990; Thornton and Farago, 1997). Figure 2-1
summarizes arsenic speciation in soil under various Eh-pH value¥Cati2atmosphere (Ringwood,

1996).

Eh (V)

Figure 2-1. Arsenic Speciation Diagram with Respect to Eh-pH Values



Inorganic arsenicals may also change oxidation states (solely or in combination with the inorganic
processes described above) via metabolism by soil microorganisms, including yeasts and bacteria. This
metabolism occurs on the surfaces of soil particles or suspended particles in agueous environments.
Resulting products under aerobic conditions may be monomethylarsonic aghs(@BH)),
dimethylarsinic acid (or cacodylic acid, (@EAsO(OH)) and trimethylarsenic oxide ((gkAsO), and
under anaerobic conditions, volatile and highly toxic and flammable methylarsine gases: trimethylarsine
((CHy)3As) and dimethylarsine ((Gh3AsH). (Trimethylarsine gas is spontaneously flammable in air.
(Chapman and Hall, 1984)) This biomethylation, however, depends on the microorganisms, soil conditions
and arsenic species present. Some microorganisms can methylate a wide variety of arsenicals within a
broad range of pH values while others are much more limited in their methylating capacity for various
arsenicals at varying pH values (Kabata-Pendias and Pendias, 1984; O’Neill, 1990; Thornton and Farago,
1997).

Clay minerals, organic matter and the presence of iron and aluminum oxides interfere with
arsenic’s oxidation rates and solubility and, consequently, leaching rates. Vice versa, arsenic’s oxidation
states largely govern its soil reactions with the above factors. Mobility is dependent on the stability of the
parent minerals and the electrochemical properties of the elements involved. Reducing environmental
conditions are shown to allow arsenic medium mobility with variable potential. Strongly adsorbed arsenic
in soils is unlikely to ever become desorbed, with accumulation occurring over time. Arsenic sorbed to Fe
and Al is the exception to this, becoming available if these soils are hydrolyzed with the reduction of soil
potential (Kabata-Pendias and Pendias, 1984; O'Neill, 1990).

Studies regarding the sorption mechanisms for arsenate and arsenite upon soil minerals have
theorized three main mechanisms. One mechanism, predominantly with Fe and Al oxides, involves the
entire surface of the oxides having bonding sites with uniform attraction toward arsenicals. This surface
attraction may explain a small percentage of total bound arsenic (for example, up to 0.5 mmol As(lll)/g
Fe(OH)). A second mechanism may explain larger percentages by the ability of hydrated arsenic ions to
freely diffuse throughout loose and hydrated Fe and Al compounds (for example, greater than 50 mmol
As(V)/g Fe(OH}). Soil pH values are critical for these mechanisms in terms of sorption capacity, with
maximum sorption at pH = 4 for pentavalent arsenicald$8, the dominant species) and pH = 7 for
trivalent arsenicals as;NsO;. Overall, pentavalent arsenicals have shown a greater capacity for sorption
than trivalent arsenicals. A third theory has been used for soils containing a diversity of mineral types,
each with their own attraction energies and quantities of surface hydrated oxides of Fe, Mn and Al (Kabata-
Pendias and Pendias, 1984; O'Neill, 1990).

Humic acids also possess sorptive abilities toward arsenic with maximum sorption of pentavalent
arsenicals occurring at pH = 5.5 and that of trivalent arsenicals at higher pH values with a more varied
relationship with regard to humic acid type. Monomethylarsonates are sorbed to soil components similarly
to pentavalent arsenicals while dimethylarsinates are less strongly sorbed. Arsenic in the presence of

sulfide in soils at low redox potentials tends to form arsenic sulfide minerals, however, it is rare for soils to



possess sulfides as they are rapidly leached out as sulfate due to the tendency for soils to possess high redox
potentials. This is not the case in aqueous sediments where lower redox potentials allow for the presence of
sulfide that can form the precipitate,8gin the presence of arsenic. These precipitates are susceptible to
greater solubility in the form of oxidized sulfates if water is drained and sediments are aerated. Generally,
arsenic sorption is directly inversely proportional to soil particle size, in that as particle sizes decrease,
arsenic sorption increases. Arsenic concentrations of some acid sulfate soils in Canada have shown
concentrations in the clay at 4 times the amount in the silt fraction (Kabata-Pendias and Pendias, 1984;
O’Neill, 1990).

It is important to note that our knowledge of the properties of trace heavy metals in soils,
including arsenic, is far from complete and much conflicting or perplexing evidence exists from studies and
from what has been observed in nature. Much uncertainty remains as to the ultimate fate of arsenic given
any soil. A complete and universal understanding of microbial methylation as well as arsenic’s mobility
from solid to gaseous phase and solid to solution phase does not exist (Kabata-Pendias and Pendias, 1984;
O’Neill, 1990).

Ranges of arsenic concentrations for various US soils along with the respective mean arsenic

concentration for each soil type are reported in Table 2-4.

Table 2-4. Arsenic in Surface Soils of the United States (Kabata-Pendias and Pendias, 1984)

[As] Range [As] Mean

Soil Type (ppm dry wt.)  (ppm dry wt.)
Sandy soils and lithosols on sandstones <0.1-30.0 5.1
Light loamy soils 0.4-31.0 7.3
Loess and soils on silt deposits 1.9-16.0 6.6
Clay and clay loamy soils 1.7-27.0 7.7
Alluvial soils 2.1-22.0 8.2
Soils over granites and gneisses 0.7-15.0 3.6
Soils over volcanic rocks 2.1-11.0 5.9
Soils over limestones and calcareous rocks 1.5-21.0 7.8
Soils on glacial till and drift 2.1-12.0 6.7
Light desert soils 1.2-18.0 6.4
Silty prairie soils 2.0-12.0 5.6
Chernozems and dark prairie soils 1.9-23.0 8.8
Organic light soils <0.1-48.0 5.0
Forest soils 1.5-16.0 6.5
Various soils <1.0-93.2 7.0

2.1.2.4. Arsenic in Air

Atmospheric arsenic is thought to make up a substantial portion of the global arsenic cycle due to
the high volatility of various arsenicals. (Thirty-five percent of atmospheric arsenic is estimated to be
derived from low temperature volatilization, making this process the primary contributor to atmospheric
arsenic concentration.) However, due to the affinity of arsenic to particulate matter it is estimated that only
7% of atmospheric arsenic exists in the gaseous phase while the remainder is associated with the particulate

phase. Several varying atmospheric estimates have been made, the most recent of which maintains an



overall arsenic load of 73540 t As/yr with a ratio of natural to anthropogenic sources of 60:40. Other
estimates have reported 18800 t As/yr, 31400 t As/yr with a ratio of 25:75 and 296470 t As/yr with a ratio
of 70:30 (O'Neill, 1990).

Volcanic activity is the second-leading natural contributor to atmospheric arsenic. Anthropogenic
sources are dominated by copper smelting making up 40% of the total, followed by the combustion of coal
with 20%. These two sources vary widely in relation to a population’s degree of industrialization coupled
with that country’s natural arsenic content of the copper ore and coal deposits, as well as their efficiency in
pollution control (O’Neill, 1990).

Overall atmospheric deposition of arsenic in rural areas of the UK has been estimated at 0.8-5.5
mg/nflyr. Given an average deposition rate of 1.0 mMiyfman average soil content of 10 mg/kg As and a
soil density of 1.4 g/cithe average increase in mass due to arsenic is estimated at 0.15% in the first 5 cm
of sail in these areas with a value of 0.1% annually after being corrected for subsequent losses to
volatilization. The world mass increase average due to deposition using these figures has been estimated at
0.05% for the Northern Hemisphere and 0.02% for the Southern Hemisphere (O'Neill, 1990).

2.1.2.5. Arsenic in Water

Unpolluted freshwater typically ranges from 14i@L of arsenic. Levels may increase to 100-
5000 ug/L near areas of high sulfide mineralization or up to 35 mg/L in areas associated with hydrothermal
activity. Under oxidizing conditions, arsenic exists in its pentavalent (arsenate) forms (above). In most
reducing conditions, (acidic or mildly alkaline), trivalent (arsenite) specids®, dominate. The
concentration of arsenic in solution depends on its co-precipitation with Fe, Ba, Co, Ni, Pb, and Zn.
Arsenic sorbs to suspended particulate matter (Thornton and Farago, 1997; O'Neill, 1990).

Irrigation with water containing high levels of arsenic may increase soil levels via the build up of
arsenic left behind as the water evaporates. This process has led to the increase of arsenic from 26 to 150
pg/L in a shallow aquifer in Montana due to the irrigation of the overlying, sandy-soiled area with water
containing 5Qug/L (O’Neill, 1990).

Similar to the reduction of arsenicals in soils, the shift in oxidation state in aqueous systems is a
slow process, and species that do not correspond to given Eh/pH values may be found (O'Neill, 1990;
Thornton and Farago, 1997). Table VI-I (located in Appendix VL.II.I) lists the solubilities of some
arsenicals that may be found in the freshwater sediments of concern in this study. Figure 2-2 shows typical

cycling and speciation of arsenic under different parameters in an aquatic system.
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Figure 2-2. Arsenic Speciation and Cycling in an Aquatic Environment (Ringwood, 1996)

2.1.2.6. Arsenic in Plants

The tissue of edible plants reflects low levels of arsenic, often at or below the limits of detection,
even when grown in arsenic-contaminated soils. Overall, however, arsenic uptake is specific to plant
specie. Plants grown in smaller particle soils (clays and silts with higher clay-mineral and Fe/Al contents)
will contain less arsenic than when grown in larger particle soils (sands or sandy loams) when all soil types
contain the same arsenic concentrations. This trend follows that of the soil characteristics described above
(Section 2.1.2.3) in that smaller particles and Fe/Al oxides sorb arsenic more strongly than in other
instances. Plant uptake of arsenic may bypass the soil-root route by absorption through foliage of airborne,
arsenic-containing residues from arsenic-pesticides, however, overall plant concentrations remain low
(O'Neill, 1990).

Though quantities of arsenic uptake vary widely relative to species, arsenic levels in terrestrial
plants are generally much lower than that of their soils, while some aquatic macrophytes may accumulate
arsenic levels similar to that of their sediments (concentrations over 1000 mg As/kg fresh weight have been
observed). Grasses inhabiting piles of arsenic-contaminated (up to 26530 mg/kg) spoil piles from old
arsenic mines in England have shown arsenic levels up to 3460 mg/kg dry weight and those in some urban
soils (20 mg As/kg) possessed levels at 3 mg As/kg dry weight. Crops grown in dredged spoil (8 mg
As/kg) showed the following results in descending order of relative concentration factors (obtained on a dry
weight comparison): radish (1.0) > grass (0.33) > lettuce (0.26) > carrot (0.17) > potato tuber (0.07) >
spring wheat grain (0.04). Table 2-5 lists various plant species accompanied by excessive arsenic
concentrations due to excessive levels in their soils from various industrial processes (Kabata-Pendias and
Pendias, 1984; O’'Neill, 1990).



Table 2-5. Excessive Levels of Arsenic in Plants Grown at Contaminated Sites (Kabata-
Pendias and Pendias, 1984)

Mean or Range of

Plant Specie Arsenic
Site and Pollution Source Or Type Plant Part (ppm dry wt.) Country
Mining or mineralized area Douglas Fir ~ Stems 140-8200 Canada
Grass Tops 460-6640 Great Britain
Metal-processing industry Grass Whole 0.5-62 Canada
Tree Foliage 27-2740 Canada
Rice Leaves 7-18 Japan
Hay Whole 0.3-2.6 Norway
Battery manufacturer Tree Foliage 16-387 Canada
Sludged or irrigated field Brown rice Grain 1.2 (max.) Japan
Application of arsenical pesticides Turnip Roots 1.08 Canada
Potato Tuber peels 1.10 Canada
Carrot Roots 0.26 Canada

Arsenic uptake is also dependent on arsenic species. Studies with bean roots have shown the
following uptakes in descending order beginning with the specie most assimilated: arsenate > arsenite >
monomethylarsonate > dimethylarsinate. It is theorized that arsenic uptake is performed passively with the
uptake of water. Table 2-6 lists common food plants (of humans and animals) and arsenic concentrations
(Kabata-Pendias and Pendias, 1984; O’Neill, 1990).

Table 2-6. Arsenic Concentrations in Common Food Plants (Kabata-Pendias and Pendias, 1984)

[As]

Plant Tissue Sample (ppb dry wt.)
Barley Grains 3-18
Oats Grains 10
Wheat Grains 50, 3-10
Brown rice Grains 110-200
Sweet corn Grains 30-400, 30
Snap beans Pods 7-100
Cabbage Leaves 20-50
Spinach Leaves 200-1500
Lettuce Leaves 20-250
Carrot Roots 40-80
Onion Bulbs 50-200
Potato Tubers 30-200
Tomato Fruits 9-120
Apple Fruits 50-200
Orange Fruits 11-50
Edible mushroom Whole 280
Clover Tops 20-160
Grass Tops 280-330

*Commas distinguish between varying arsenic concentrations reported from different sources.

Arsenic availability to plants tends to increase at pH values of 5.5 and below, corresponding to
acidities in which Fe and Al oxides become more soluble, however, there is evidence to support increased



arsenic uptake in lettuce grown in higher pH soils (arsenic values were 3-4 times higher in lettuce grown in
soil with a pH = 8 than in pH = 6) (O’Neill, 1990).

Arsenic’s phytotoxicity is largely dependent on plant specie (mainly the specie’s ability to
translocate arsenic to less sensitive areas or decrease absorption), soil characteristics and water availability.
Translocation moves arsenic throughout the plant (i.e. from plant to grain) and occurs throughout plant
tissues, but the highest concentrations (in plants grown in highly contaminated soils) exist in older leaves
and roots. Five different sources have labeled concentrations of arsenic as “phytotoxically excessive” at
50, 25, 30, 20 or 15 ppm dry weight. Beans are one of the most sensitive plants to arsenic (Kabata-Pendias
and Pendias, 1984; O'Neill, 1990).

Due to the low assimilation of arsenic in terrestrial plants from their soils, arsenic uptake in
vegetative consumers is also low and most of the arsenic ingested by grazing livestock is derived directly
from the ingestion of the soil itself (Kabata-Pendias and Pendias, 1984; O’Neill, 1990).

2.1.3. Toxicology

Arsenic toxicity is largely dependent on the concentration of soluble arsenic in the environment;
sorbed arsenic is largely unavailable (Section 2.1.2). Each arsenical possesses a different level of toxicity
and a hierarchy of toxicity exists among them. Arsenic in its gaseous state, arsine gas, is the most toxic and
trivalent arsenicals are more toxic than pentavalent arsenicals. Of its trivalent forms, arsenic trioxide
(As,03) predominates in nature, while the other compounds (salts or arsenious acid) are more toxic. Due to
its insolubility in water, and, thus, bodily fluids, the metallic form of arsenic is thought to be nontoxic, and
the toxicity of organic forms is low (Goldfrank, 1994; Lippmann, 2000).

Arsenic can be absorbed through gastro-intestinal (Gl), respiratory, and dermal routes. Solubility
greatly affects the absorption of inorganic arsenic salts. The Gl absorptive rate 80e868ts for most
trivalent and pentavalent arsenicals according to human and animal studies. Chronic exposure may occur
in populations through drinking water supplies with higher levels more likely in areas with higher
concentrations of arsenic in the soil or air. Symptoms include hyperkeratosis (localized overgrowth of the
outermost layer of skin (MedTerms, 2000)), white striae of the cutica, cardiovascular irregularities,
myocardial ischemia (inadequate blood supply to the heart (MedTerms, 2000)), hypertension, liver
dysfunction, hematological changes, blackfoot disease, Raynaud’s syndrome (abnormal spasms of blood
vessels causing diminished bloagpply (MedTerms, 2000)), skin epithelima, and other cancers
(Lippmann, 2000). Chronic ingestion of low levels of arsenic yields high concentrations in the hair, nails
and skin, tissues rich in the amino acid cysteine. Chronic accumulation also occurs in lungs, heart, uterus,
skin, bone, muscle and in the fetus, as arsenic is trans-placentic (Goldfrank, 1994; Lippmann, 2000).

Dermal absorption through intact skin into the body is minimal but prolonged topical exposure
may cause skin irritation, which may promote systemic absorption. Mucous membrane absorption can be
significant and administration via enema has resulted in fatality (Goldfrank, 1994; Lippmann, 2000).
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Chronic arsenic exposure via inhalation may result in lesions to the skin and mucous membranes,
as well as alterations of the nervous and respiratory systems. Ultimately, lung cancer may result
(Goldfrank, 1994; Lippmann, 2000).

The metabolism of inorganic arsenicals occurs via methylation. Each subsequent methylated
product is less reactive and easier to eliminate from the body via renal excretion due to higher water
solubility and lower lipid solubility. Miniscule amounts of arsenic are eliminated via sweating and skin
(Goessler, et al., 1997; Goldfrank, 1994; Lippmann, 2000).

Trivalent and pentavalent arsenicals possess different mechanisms of toxicity. Primarily, trivalent
arsenic (A% inhibits the citric acid cycle and final adenosine triphosphate (ATP) production. This ability
suggests that primary poisoning from acute exposure is due to the rapid cessation of organ function. The
toxicity of arsenate (AS) is due in part from its transformation to arsenite’{pis the body, however it
works to decrease ATP production also (Goldfrank, 1994; Lippmann, 2000).

Treatments for arsenic poisoning include dialysis and the administration of chelating agents such
as British antilewisite (BAL or §40S,) (Lippmann, 2000).

2.1.4. Carcinogenicity and Teratogenicity

The carcinogenicity of arsenic has not been conclusively established and its role in carcinogenesis
has not been defined (Lippmann, 2000).

Laboratory studies utilizing rodents have consistently yielded higher incidences of pulmonary
tumors and/or carcinomas and lymphocytic leukemia and malignant lymphomas (Lippmann, 2000). In
humans, epidemiological studies have shown inorganic arsenic to be carcinogenic, showing higher
incidences of respiratory, skin and liver cancers and correlations to neoplasms of the lymphatic and
hematopoietic tissues and cancers of the Gl tract (Opresko, 1992; Lippmann, 2000).

The contradictions (not discussed here) between the results of animal and human studies indicate
that arsenic is a co-carcinogen rather that a primary carcinogen. Pentavalent arsenic has been shown to
inhibit host-resistance factors, possibly increasing the chances of developing cancer due to other agents.
Cancer susceptibility may also be increasedN#\ repair inhilition due to As or a theorized depletion of
selenium concentrations in the body (Lippmann, 2000).

Teratogenic effects have not been extensively studied but exposures to arsenic have been
correlated with a variety of fetal effects in ewes and hamsters. Teratogenic effects have not been exhibited

in humans (Lippmann, 2000).

2.1.5. Genotoxicity and Mutagenicity

Arsenic has shown genotoxic effects in many bacterial cells, demonstrating strong clastogenic
(causing breaks in chromosomal compounds (CancerWEB, 1998) effects that exhibit dabiége to
synthesis and DNA itself. Positive results were obtained with NgA&gD,, AsCk, As,Os, and the

organoarsenical dimethyldithio-carbamate, while other organic arsenicals, such as sodium methyl arsenate
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and calcium methyl arsenate, showed negative results. Non-bacterial studies determined that non-lethal
doses of As@had clastogenic effects in mammalian somatic cells. There exists a linear dose-response
curve for both trivalent and pentavalent arsenic for total chromosomal aberration frequency (Lippmann,
2000).

2.1.6. Anthropogenic Uses for Arsenic and Related Sources of Exposure

It is mainly through natural processes that humans come in contact with arsenic. It has been
estimated that in the global cycling of arsenic, natural sources of arsenic added 45,000 t As/year to the
atmosphere while anthropogenic sources added 28,000 t As/year. Natural weathering of rocks and minerals
are also the major source of groundwater arsenic concentrations. However, arsenic has been used
extensively in the past and is still quite common in a number of manufactured products, processes and
wastes and may thus interact with organisms (Hogue, 2001; O'Neill, 1990).

Arsenic in products most commonly occurs today in pesticides, as a wood preservative (used in
combination with chromium and copper in a preservative known as CCA) and as a growth nutrient for
poultry and pigs. It may also be introduced today through herbicides, desiccants and fertilizers, the latter
being indirectly imbued with arsenic. Recent worldwideeates for the above report: 8000 t As/yr as
herbicides, 12000 t As/yr as a cotton desiccant, 16000 t As/yr as wood preservatives, 2-4 kg As/ha as
pesticides with increases of up to three times this amount if dimethylarsinic acid is used, and 10-50 mg
As/kg in livestock feed (Kabata-Pendias and Pendias, 1984; O'Neill, 1990).

Arsenic has historically been used in products such as pesticides (herbicides, rodenticides,
fungicides, bactericides and parasiticides), defoliantscciesis, pharmaceuticals, catalysts, corrosion
inhibitors, tanning agents, in semiconductors and to make light emitting diodes. It has also been used in the
industrial processes of smelting, alloying (for hardening lead and other metals) and glass manufacturing to
enhance the clarity of finished products (Ashworth, 1991; Lewis, 1998).

Arsenic has been commonly used in pesticides and herbicides over the past hundred years and has
only recently been reduced (approximately halved) durin@@7@s and 80s. Popular forms included (and
still include) lead arsenate, used as a pesticide in orchards, and sodium arsenite, used as a herbicide for
aquatic weeds and as a defoliant for seed potatoes. The most toxic arsenical products in this category due
to their possession of large percentages of soluble arsenic are sodium arsenate and arsenic trioxide which
are typically used as herbicides (Kabata-Pendias and Pendias, 1984; O’'Neill, 1990).

Though the use of arsenic-containing wood preservatives (as copper chromium arsenate or
ammonium copper arsenate) has become quite prevalent (16000 t/yr), large-scale contamination derived
from these sources does not appear to directly influence soil levels significantly. Though typical levels of
contamination may be significant (10-220 mg/kg) in the soil adjacent to treated wood, these levels decrease
to background levels within a few centimeters. Besides direct contamination of soil near treated wood,
arsenic may be introduced from this source via the combustion of treated wood. Proper disposal at

hazardous landfill sites is recommended (O’Neill, 1990).
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Animal studies involving rats, goats and miniature pigs have shown that arsenic is an essential
micronutrient causing growth retardation, and elevated mortality in these animals fed an arsenic-deprived
diet. (An arsenic deficiency has not been proven in humans, however, due to low intake requirements
(theorized at 11g/day) that are difficult for humans to avoid given arsenic’s ubiquity (the average human
dietary intake for US adults has been estimated by the Food and Drug Administration to be from 25-35
pg/day with approximately 90% derived from seafood) (Thornton, 1996)).

Small amounts of organic arsenicals (10-50 mg As/kg feed) are added to the feed of turkeys,
chicken and pigs. This arsenic is excreted with little chemical change and amounts are reflected in the
manure of supplemented animals with concentrations of 30-40 mg/kg dry wt. having been found. These
levels do not seem to significantly affect the As content of crops grown in soils supplemented with this
manure. Agricultural sources of arsenic contamination in soils have resulted in the following values in
ppm: 2-26 in sewage sludges, 2-1200 in phosphate fertilizers, 0.1-24.0 in limestones, 2.2-120 in nitrogen
fertilizers, 3-25 in manure and 22-60 in pesticides (Kabata-Pendias and Pendias, 1984; O'Neill, 1990).

Arsenic and related arsenicals are also introduced as a byproduct of a number of industrial
processes. The smelting of ores to extract various metals (especially, in descending order of arsenic
guantity, copper, lead, gold and silver) is a major source of arsenic contamination. Arsenic used to be
purposefully obtained via its extraction from simple As-containing minerals but its prevalence as a
byproduct of smelting is to such a degree that it has become the primary process toward As-ascertainment
while mineral extraction has become secondary. Levels of arsenic per various unit metal smelted have
been observed at 1.5 kg As/t Cu, 0.4 kg As/t Pb and 0.65 kg As/t Zn produced. Arsenic contamination via
wind and re-deposition surrounding a single smelter has shown 21,000 mg As/kg at 0.28 km, 10,000 mg
As/kg at 0.08 km and 600 mg As/kg at 8 km (O’Neill, 1990).

In addition to the levels of arsenic contributed to the atmosphere via coal combustion (Section
2.1.2), arsenic is also found in the fly ash produced by coal combustion. Typical values range from 7-60
mg/kg with highs sometimes exeding 200 mg As/kg. This byproduct is often used in the reclamation of
land used for sand/gravel extraction. The solubility of the arsenic contained in fly ash is critical as it
determines the potential for relatively rapid reintroduction or migration. Estimates of 4% soluble arsenic
were determined for fly ash in the US using a high liquid/solid ratio (O’Neill, 1990).

Sewage sludge may also be a considerable source of arsenic contamination (dependent on an
area’s degree of industrialization and pollution awareness/prevention) with moderate to large contributions
of arsenic derived from residential runoff (rinsing atmospherically deposited arsenic as well as pesticide
residues into treatment plants) and industrial effluents (containing highly variable arsenic concentrations,
with metal-industry effluents sometimes contributing significant amounts) as well as smaller amounts from
phosphate detergents. Sludges of the UK have shown ranges of arsenic at 0-188 mg/kg dry weight, lending
to the addition of up to 30 times the contribution of phosphate fertilizers in the first 20 cm of soil if sludge
is disposed of via land distribution. However, the application of sludge in the UK results in 2.5 t As/yr
while that of phosphate fertilizer delivers 6.1 t As/yr (O'Neill, 1990).
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Tailings or gangue from mining may also be significant sources of arsenic depending on the
content of the original rock from which the mining occurs. Levels of up to 40000 mg As/kg in Virginia
have been established. Depending on the stability of the gangue, the arsenic contained therein is
susceptible to significant distribution via wind-blown dust and may result in high levels of arsenic within
the proximity determined by the settling distance of the dust. This area of Virginia, it should be noted, was
colonized by limited vegetation types. Arsenic’s distribution in soil depth due to contamination from a
metalliferous mine, beginning with a concentration of approximately 150 ppm at O cm, has been shown to
decrease to about 8 ppm at 25 cm where concentrations remain roughly uniform to 50 cm and then to about
3 ppm down to 100 cm (Kabata-Pendias and Pendias, 1984; O'Neill, 1990).

Levels of arsenic average 50 mg As/kg in oil shale used in the derivation of petroleum and nearly
100% remains in the byproduct shale (O'Neill, 1990).

The build-up of arsenic is reported to be less severe in soils than in aquatic sediments unless
contamination is due to lead arsenate. Possible reasons include, in soils, the opportunity for leaching as
well as the formation, via microorganism metabolism, of volatile arsenicals sgtissato the atmosphere
and, in agquatic sediments, the inhibition of As mobility due to the presence and bonding potential of
hydrated iron oxides and/or sulfides as well as arsenic’s propensity to sorb to particulate matter which tends
to have long residence times in aquatic systems (O’Neill, 1990). Table 2-7 lists actual contamination of

arsenic in various countries by industrial and agricultural sources.

Table 2-7. Arsenic Contamination of Surface Soils (Kabata-Pendias and Pendias, 1984)

[As]

Site and Pollution Source (ppm dry wt.) Country
Nonferric metal mining 90-900 Great Britain
Metal-processing industry 33-2000 Canada

38-2470 Japan

69 Hungary

72-340 Norway

10-380 United States
Chemical works 10-2000 Hungary
Application of arsenical pesticides 10-290 Canada

38-400 Japan

31-625 United States

&= EDTA soluble
= HNO; soluble

2.2. GEOLOGY OF ERIE, PA AND ASSOCIATED LAKE ERIE

The following Section 2.2 is adapted from Shultz (1999). Erie, PA is located in the northwestern
reaches of the state and is bordered to the northwest by Lake Erie, creating 47 miles of shoreline. Most of
this shoreline is made up of narrow beaches in front of 15 to 170 ft bluffs cut into Pleistocene and early
Holocene glacial and lacustrine sediments atop Devonian shale bedrock. Streams draining northwestern

PA, the small percentage of the state draining to the Atlantic Ocean via the St. Lawrence Seaway, have
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eroded overlying sediments down to the shale bedrock (estimated at a depth of 2400 ft) creating the
majority of breaks in the nearly uniform bluff-face shoreline.

The Devonian covered a broad geologic history (50 million years) and was a time of thriving
biological activity dominated (in early Devonian) by the reefs of stromatoporiods and corals and a “rapid
adaptive radiation of fishes.” Later Devonian is designated by the first land vertebrates, the rise of land
plants and primitive forests and an important mass-extinction. Major constituents of the Devonian bedrock
of northwestern PA are siltstones, sandstones and conglomerates.

Four major glaciations dominated northwestern PA depositing what now overlays the bedrock in
that area. Erie country is theorized to predominantly retain the diamict (tills, flow tills and debris-flow
deposits) of the late Wisconsinan glaciation.

Erie’s bluff makeup has been described as complex, typically consisting of 10-40 ft of “massive to
stratified silt and pebble diamict overlain by up to 130 ft of interbedded silt, clay, sand and gravel.” This
creates typical bluff heights of 50-100 ft and maximums up to 170 ft. Portions of the better-stratified
deposits are thought to have resulted from the deltaic and quiet-water deposits of proglacial lakes
intermixed with some early sandur and beach environments.

The Devonian shale bedrock is typically exposed at the water level of the lake either cut back
flush with the bluff face or forming a wave-cut platform just below the water level. Beaches lie in front of
exposed bedrock and bluff face as a function of lake level and quantity of eroded material, generally gravel
and cobbles, imported from the bluffs or stream alluvium. Streams may import larger-grained particles
while bluff material is largely fine-grained with some locations being >80% silt.

Shoreline erosion is widely variable as a function of weather patterns, lake levels and shoreline
composition. It can have a wide variance in time and space, ranging up to 3 ft/yr in some areas. Most
erosion generally occurs during spring and fall storms. Wave power may be greater during winter storms
but ice buildup usually ameliorates substantial wave damage. Bluff erosion is dependent on wave activity
and involves the removal of sediments within wave reach, acting to steepen the bluff face and leading to
several mass-movement and landslide processes. These include the toppling of joined blocks of diamict,
liquefaction and flow of well-sorted silts and sands and the slumping of chunks of land adjoined by tree
roots. Groundwater outflow from within bluffs to the lake is another important factor in bluff erosion
creating cylindrical pipes through bluffs, creating instability. Pipes may grow up to 20 ft in diameter and
recess tens of ft into the bluff, causing large-scale embayments on the topside of the bluff when pipes

collapse.

2.3. GEOLOGY OF PRESQUE ISLE STATE PARK, ERIE, PA

Presque Isle is a compound recurved sandspit peninsula that lies in Lake Erie. It is attached at its
southwest end to the shore at Erie, Pennsylvania and proceeds northeastward from the shore to its tip.

From attachment to its tip, named Gull Point, the peninsula extends approximately 10.1 km (6.25 miles) in
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length, possessing varying widths ranging from several hundred meters at its neck to 2 km (1.25 miles) at
its widest point (DCNR-1, 1991; Kormondy, 1969; Shultz, 1999).

The underlying geologic structure of the peninsula is mainly derived from a large deposit of
glacial till, called a moraine, left atop the shale bedrock of the area by glaciers of the Pleistocene period.
Because early lake levels were much shallower than current levels (Lake Erie filled to its current levels
from 12,000 to 3,500 years ago), this moraine was deposited as a ridge lying transverse the bed of what
would become Lake Erie connecting the present day peninsula with Long Point, Ontario, Canada. Initially,
a stream flowed through the area carved out by the glacier (Figure 2-3). This stream eroded a channel
through the middle of the ridge. The stream then began to expand, creating Lake Erie. As lake levels rose,
waves eroded the bluffs along the shore and transported sediment to the portion of the ridge along the south
shore of the lake. This ridge became the spit that is now Presque Isle and is believed to be 4000-5000 years
old (DCNR-1, 1991; Shultz, 1999).

CHTARSD

Figure 2-3. Map of the Central Lake Erie Basin (Shultz, 1999)

Presque Isle’s natural topical nourishment is largely sand derived from the deposition of eroded
rocks originating along the lakeshore, west of the peninsula, and littorally, via northeastward longshore lake
and wind currents, transported onto or around the peninsula. The bulk of these eroded particles originated
from the bluffs of Ashtabula, Ohio, approximately 50 miles west of Erie. Prevailing westerly winds,
occurring approximately 60% of the time, sweep across Lake Erie, creating waves that transport sands
easterly along the southern shore of the lake. Generally, the larger an expanse of water, the longer wind
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can influence waves and increase wave energy, enabling them with more erosive power. Westerly winds
traveling over the largest expanse of Lake Erie end up at Erie, PA. Winds from the north and east occur
roughly 40% of the time; thus wave energy is lower than that of westerly wind-caused waves due to a
shorter expanse from this direction. Consequently, sediment deposition accrues at Erie, helping to form
and maintain Presque Isle (DCNR-1, 1991; Kormondy, 1969; Shultz, 1999).

Wave activity causes several sediment transport processes on Presque Isle. Generally, strong
storm wave activity influences the peninsula by pulling sand from the beaches into deeper water via
undercurrents. Some sediment is pulled into water deep enough to prevent further influence by wave
energy. The majority, however, remains shortly offshore and moves parallel to the land, tending to move
landward again by gentler wave activity. Swash transport results from waves striking the shore of the
peninsula at an incoming westward angle, due to the peninsula’s angle and direction from the mainland, but
water returns from the shore directly downhill. This creates a zigzag pattern of sediment transport as sand
is moved diagonally towards the beach and straight down the shore to the lake. The largest percentage of
sand moves past the peninsula driven by longshore lake currents in a system of troughs and sandbars that
lie 150 to 600 ft from shore (DCNR-1, 1991).

Wind influences the movement of sand across the land portion of the peninsula and the
combination of sediment transport results in an ever-changing structure that stages the geological and
ecological succession of the area. The extent of this change may be evidenced by the presence of an
extensive shoal extending approximately 5 miles (8 km) west of the peninsula’s base. This is thought to be
the original location of the peninsula roughly 1000 years ago. Numerous maps dating from the 1700’s also
show the various changes of the peninsula’s shape including the passing/creating of ponds, lagoons and
beaches as well as the breakage of the peninsula’s connection to land at least 3 times (DCNR-1, 1991,
Kormondy, 1969).

Various anthropogenic structures have been built from as far back as 180 years ago in order to
decrease the erosion of the peninsula. The following four methods are employed (DCNR-1, 1991).

Groins are structures made of wood, metal sheet piling, rock, concrete or combinations of these
that are placed perpendicular to the beaches in order to physically interrupt the longshore transport of sand.
This interruption forces sand to deposit on the current-facing or updrift side of the groin, but causes nearly
reciprocal erosion on the downdrift side of the groin. Coastal revetments, or seawalls, are structures
designed to physically diminish waves and their erosive power. Revetments have been built of cement and
stone on the neck of and at Sunset Point on the peninsula attached directly to shore. Fifty-eight detached
breakwaters have been built a short distance offshore from the majority of the lakeside peninsula. These
are piles of stone that protect the shore by diminishing wave activity. Additionally, sand accrues on the
downdrift side while it is more heavily eroded from the updrift side. The last method employed is beach
nourishment. This involves the mass addition of sand to the beaches from other areas and has been
performed by the Army Corps of Engineers. Ciritical factors with this method involve adding optimal grain

sizes to prolong this new sand’s retention on the beach and balancing this input with the export of sand
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from the beach due to wave activity. While the previous three methods act to retain sand in their
immediate vicinity, sands still erodes from the northeasternmost portion of the peninsula (Gull Point). This
area would erode and eventually dissipate underwater to its east if it was not consistently replenished with
the sand added to the peninsula from beach nourishment. A balance of give-and-take is established along
the entire area of the peninsula due to this method (DCNR-1, 1991; DCNR-2, 1999)

2.4. POND AND LAGOON BACKGROUND ANALYSES, PRESQUE ISLE STATE PARK

The following Section 2.4 is adapted from Kormondy (1969). Presque Isle’s internal ponds and
lagoons were and are still created by the lacustrine shore processes described above. They are all
moderately to well buffered systems due to high levels of carbonates (mostly in the bicarbonate form) in
solution and are classified into beach and lagoon ponds. Beach ponds tend toward lower pH values and
increased carbonates while lagoon ponds tend toward lower pH values and decreased carbonates.

Lagoon ponds form in the shelter of the recurved sandspit as sand is moved to the northeast
extension of the peninsula. Occasional storm wave activity curves the tip of the peninsula upon itself,
forming an elliptical pond from the lake water that may extend up to 1.5 km in length and range from 50-75
m in width. Beach ponds form along the lakeside of the peninsula as storm wave activity creates sandbars
high enough to section off a portion of lake water on the beach or provide a retention basin for rainwater.
These ponds are elongate, running parallel to the beachfront, and seldon?&gceeth length or 20-40
m in width. While lagoon ponds may persist in contact with lake water for some years as they become
sealed off, beach ponds are usually partitioned permanently from the lake when they form. Both types
generally possess a uniform slope to the deepest point, seldom greater than 1 m in depth, lying in the center
of the pond or eccentrically nearer to the lake. The pond floor is made up of partially decomposed organic
detritus overlaying the sand bottom; depth varies with pond age with young ponds having little to no
organic matter and older ponds possessing detritus depths up to 0.8 m.

As ponds age, both surface area and depth decrease due to the influx of windblown sediment and
accumulating organic detritus. These reductions may be substantial, reducing small ponds to a lifetime of
only a few years or large ponds to an overall reduction in size of up to 95% in 75 years. Rates of filling due
to vegetation and biomass vary due to biochemical and physical factors. Higher nutrient levels fuel faster
vegetational filling rates with peak vegetation turnover and plankton density occurring in late July to early
August. Physical factors such as lake levels influence vegetational filling as pond levels rise or fall in
accordance to lake levels (due to the high permeability of the sandy peninsula), lower water levels result in

faster rates of peripheral vegetational encroachment.

2.4.1. Age Determination of Sampled Ponds

The following Section 2.4.1 is adapted from Kormondy (1969) unless otherwise cited.
Approximate ages of Presque Isle’s ponds can be determined by comparing old maps, using techniques

such as tree corings or comparing pond stages of ecological succession to known patterns of development.
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Whereas map and successional stage comparisons are a good age indicator in the absence of specific tools,
tree corings offer more specific results.

Cottonwood trees are the most helpful species in determining pond age via coring. Cottonwoods
exist in abundance on the peninsula and disseminate their cottony, wind-blown seeds ubiquitously over the
area each year. The loose, moist sand lining the shore of a newly formed pond is ideal for the quick burial
and germination of the seeds. Older ponds possess more densely packed shore sediments that impede
burial. The loose sand of beaches and dunes is heavily affected by mechanical erosive forces as well as the
possibility of becoming too dry. The shorelines of newly formed ponds quickly become inhabited by
cottonwood seedlings which frequently grow to maturity, in effect standing to mark the original perimeter
of both beach and lagoon ponds for their lifetimes. The corings of these trees can then be used to
accurately estimate the age of the pond. The aging of a pond doesesstarily identify the time when a
pond became wholly isolated, but partially isolated as only thiscsssary for enabling the cottonwood’s
germination. Lagoon ponds may exist for extended periods of time as partially isolated. During this time,
lagoon water is significantly different from lake water as it is not significantly mixed (in the absence of
large storms) with lake water, lending to the pond’s warmer temperatures, reduced turbidity, dearth of
nutrient mixing and a greater diurnal temperature range.

Pond age estimates were ascertained for this study using a variety of sources, including previous
studies (Table 2-8). Kormondy and Zagorski & Gance were originally published in 1969 and 1971,
respectively. Some of the ponds used in their studies were also used in this study and the age estimates of
those ponds are cited and adjusted for 2001. Kormondy listed two different age estimates for Site 1, Ridge
Pond, in his study, one at 200 years and the other at 250 years. Consequently, a range is given in Table 2-8.

The use of maps has also been incorporated to visually establish approximate age ranges for all
ponds not listed in the above studies. Maps of the peninsula were obtained from 1884 (Maguire), 1923
(Lydecker et al.), 1957 (USGS) and 1990 (FWS).

The West and East Settling Ponds, sites 6 and 7, were created around 1904 from two natural
“Chimney Ponds” located at those sites (Walker, 2000). The Chimney Ponds are located on the 1884 map
and are thus at least 117 yrs of age (Maguire, 1884) but it is difficult to estimate how old the settling pond
sediments are. The West Settling Pond, site 6, retained a natural bottom while the East Settling Pond, site
7, had a cement bottom installed when it was built. Marina Lake, site 8, was dug out in 1956 (Walker,
2000).

The last method used to estimate these pond ages was based on the trend that, geologically
speaking, the peninsula becomes older towards its neck and younger as it nears its reaches due to the
geophysical influences discussed previously (Section 2.3). Using “Terrain Navigator” software
(Maptech, 1998), measurements were taken from site 15, the tip of Gull Point, thought to be the youngest
area of the peninsula, to every other site on the map. Therefore, ponds with shorter distances to site 15 are
thought to be younger while those with longer distances are thought to be older. This data is not shown in
Table 2-8 but is shown in Table 5-6 (Section 5.1.4).
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Table 2-8. Approximate Ages of Sampled Ponds

Pond Age

Site # Identification (Years)

1 Ridge Pond 232-282300

2 Niagara Pond > 187

3 Unnamed, Gull Point pond 82

4 Cranberry Pond > 117

5 Unnamed, just east of Horseshoe Pond 4 BIy

6 West Settling Pond, Natural Bottom 997

7 East Settling Pond, Cement Bottom 997

8 Marina Lake 45

9 Duck Pond 106117

10 Horseshoe Pond > 117

11 Boat House Pond > 117

12 Big Pond > 117°

13 Long Pond > 1P7°

14 Unnamed, newly formed pond, beach 11 210

15 New Sand, tip of Gull Point shoreline <10

&= Kormondy, 1969 ¢ = Zagorski & Gance, 1971 © = Maguire, 1884 9= Walker, 2000

= Lydecker et al., 1923 ¢ = USGS, 1957 "= FWS, 1990

2.5. ATOMIC ABSORPTION SPECTROPHOTOMETRY

The following Section 2.5 is adapted from Beaty and Kerber, 1993. Atomic absorption
spectrophotometry (via graphite furnace) was used to analytically determine the arsenic concentration of
the sample digestates.

Atomic absorption spectrophotometry depends upon the excitation and decay of electron
configurations. Atoms naturally exist at their lowest energy, or ground, state, with their electrons existing
in certain configurations within ordered rings called orbitals. When an atom absorbs energy, it is said to
become excited, and excitation may be sufficient to displace electrons from their ground state to higher-
energy orbitals. This higher energy state is unstable and the electrons immediately “decay” back to their
ground configuration. The energy released from this decaying process equals the energy they were excited
by in the form of a specific wavelength of light energy. This wavelength is specific to each atom’s
individual electron configuration, thus, each element has emits its own wavelength.

In atomic spectroscopy, either the energy absorbed by the excited atoms or the energy emitted
from decay is analyzed. Atomic absorption measures the amount of light, at the specified wavelength,
absorbed by the ground state electrons of the element undergoing testing. The amount of absorbance is
directly correlated to the amount of atoms in the analyte that respond to the administered wavelength.
Because only the atoms of the specified element will respond to the administered wavelength, a
guantitative analysis can be determined even in the presence of atoms of other elements.

Analysis by atomic absorption can only occur after the atoms are freed from the analyte by the
disassociation of molecular bonds. This is done using thermal energy. Sufficient energy must be

administered under conditions that allow the atoms undergoing analysis to remain in their ground state.
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The initial intensity, J, of the specified wavelength is focused on the ground state atoms
undergoing analysis. This intensity is then diminished respective to the quantity or concentration of
corresponding atoms while the light continues into a receptor that measures the amount of light absorbed
by comparingdto the final intensity, I. Transmittance is a term that corresponds to “the ratio of the final
intensity to the initial intensity” and represents the fraction of light that passes through the analyte and into
the receptor. Transmittance may be expressed byimalewr a percentage:

1. T=llo
2. %T =100 (1)

Percent absorbance is the complement to percent transmission and is the fraction of light that is
absorbed by the analyte. Absorbance is derived from a mathematical equation and is generally regarded as
the most convenient unit of measure for atomic absorption because it follows a linear relationship with
concentration as defined by Beer’s Law. Percent absorbance and absorbance are expressed:

3. %A =100-%T
4. A=log (W)

Beer’s Law states that the absorbance is related to the concentration of the analyte given a set of

instrumental conditions and is expressed:
5. A=abc

Where A is absorbance; a is the absorption coefficient, a constant unique to the atoms of the
analyte at a specified wavelength; b is the distance the light travels as it is intercepted by the analyte; and c
is the quantity or concentration of the analyte.

Standards of known concentration are analyzed and the absorbances obtained are plotted against
their respective concentrations. The resulting calibration curve is then used to match sample absorbances
with their corresponding concentrations of analyte. Beer’s Law is valid only over the linear portion of the

calibration curve.
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3. OBJECTIVES

This study maintains the following objectives:

a. To obtain an understanding of the overall distribution of arsenic in Presque Isle’s pond and
lagoon sediments.

b. To obtain an understanding of whether arsenic in Presque Isle’s ponds and lagoons is
naturally occurring, anthropogenically introduced or a combination of both.

c. To establish whether or not relationships exist with regard to the following areas:
1. The vertical sediment distribution of arsenic
2. The seasonal variation of arsenic in pond and lagoon sediments

3. The concentration of arsenic with regard to pond age.
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4. METHODS
4.1. SAMPLE COLLECTION

Samples were collected in the fall and spring seasons to enable later comparisons of seasonal
differences. Fall sampling occurred from October 11-25, 2000 and spring sampling from April 5-12, 2001;
these sampling trials are abbreviated as “Fall 2000” and “Spring 2001” in this text. Sites were numbered 1-
15 (Figure 4-1) according to the order of sample collection in fall 2000. All pacdssed by waders
(sites 1-5) were sampled first, followed by the two sites (6 &@@ssed by canoe and the remaining sites
(sites 8-13) ecessed by motorboat. Site 14, the New Sand#ite) and all three shale sites (all of spring
2001) were ecessed by foot. Shale sites (Section 4.1.4) are not shown in Figure 4a and aratedbrev
hereafter as Cascade Creek Shale (CCS), Mill Creek Shale (MCS) and Walnut Creek Shale (WCS). Table
VI-1I (located in Appendix VL.IV.I) lists the sampling site numbers with their dates sampled and sampling
vehicle used.
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Figure 4-1. Map of Presque Isle State Park with Sampling Locations

For all sites, a handheld Global Positioning Syst&fS) unit was used to record the exact
location of sediment sampling. Table 4-1 lists these sampling sites with their corresgaR&ing
coordinates for fall 2000 and spring 2001. It is worth noting that the seconds of the GPS readouts due to
the sensitivity of the portable GPS unit may not be wholly significant figures. Separate GPS readouts on
different days in the exact same location (visually verified by this researcher) averaged a variance of 8
seconds (standard deviation = 7.3, n = 5) for North latitudes and 6 seconds (standard deviation = 4.7, n = 5)

for West longitudes.
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Table 4-1. Sampling Sites, Names and Corresponding GPS Coordinates

GPS Coordinates GPS Coordinates

Site # Pond Identification Fall 2000 Spring 2001
1 Ridge Pond N 42.09.81 N 42.09.81
W 080.05.65 W 080.05.65
2 Niagara Pond N 42.09.92 N 42.09.92
W 080.05.19 W 080.05.19
3 Unnamed, Gull Point pond N 42.10.26 N 42.10.26
W 080.04.84 W 080.04.84
4 Cranberry Pond N 42.09.77 N 42.09.77
W 080.06.82 W 080.06.82
5 Unnamed, just east of Horseshoe Pond N 42.09.62 N 42.09.62
W 080.04.71 W 080.04.71
6 West Settling Pond, Natural Bottom N 42.08.95 N 42.08.96
W 080.07.89 W 080.07.91
7 East Settling Pond, Cement Bottom N 42.08.88 N 42.08.86
W 080.07.99 W 080.08.00
8 Marina Lake N 42.09.31 N 42.09.31
W 080.07.36 W 080.07.37
9 Duck Pond N 42.09.49 N 42.09.50
W 080.07.31 W 080.07.34
10 Horseshoe Pond N 42.09.37 N 42.09.36
W 080.04.76 W 080.04.73
11 Boat House Pond N 42.09.62 N 42.09.62
W 080.05.95 W 080.05.95
12 Big Pond N 42.09.34 N 42.09.33
W 080.05.87 W 080.05.87
13 Long Pond N 49.09.40 N 42.09.40
W 080.06.43 W 080.06.41
14 Unnamed, newly formed pond, beach 11 N/A N 42.09.71
W 080.04.66
15 New Sand, tip of Gull Point shoreline N/A N 42.10.28
W 080.03.98
CCS Cascade Creek Shale N/A N 42.07.52
W 080.06.63
MCS  Mill Creek Shale N/A N 42.05.59
W 080.04.25
WCS  Walnut Creek Shale N/A N 42.04.47
W 080.14.19
FB1 Field Blank 1 N 42.08.88 N/A
W 080.07.99
(Near)
FB 2 Field Blank 2 N/A N 42.10.26
W 080.04.84
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Two methods of sample collection were employed depending on pond or lagoon depth. Sampling
equipment varied with respect to pond depth. Table 4-2 lists the materials used for all sites and the site-
specific materials.

Table 4-2. List of Sampling Materials: All Sites and Site Specific

All Site Materials Site Specific Materials
GPS Handheld Unit (Garmin Brand, GPS 45xL) Sites 1-5
Handheld Dissolved Oxygen and Temperature Syste®ediment Corer (3.75 in diameter, Lexan plastic)
(YSI Inc., YSI-95, model DBG-3853) - Corer End Cap (plastic)
Bucket (5 gal, plastic) - Corer Flanged End Cap (plastic)
Scoop (plastic) Chest Waders
Sample Bottles (500 ml, HDPE plastic)
Deionized Water (1000 ml, LDPE plastic squirt bottle) Sites6 &7
Cooler (Coleman CO., Model 5277) with Ice Canoe
Notebook with Pen -2 Oars

- 10 Ib. Lead Anchor with rope
Fishfindet’ Underwater Camera
Eckman Dredge (15x15x23) with Messenger

Sites 8-13

16 ft Lund’ Motorboat
- 6 Ib. Steel Anchor (Motor Boat)
Eckman Dredge with Messenger

4.1.1. Shallow Pond Sediments

A representative location in a given pond was determined by visual inspection of the site,
choosing a sampling area of an approximated average depth and physical characteristics that were deemed
typical of that site. The flanged top was removed from one end of the corer, while the other end retained its
non-flanged end cap. Choosing a spot within arm’s length, and undisturbed by the wading of the
researchers, the corer was immersed on its side, down to the surface of the sediment layer. The lower lip of
the corer’s open end was immersed further, approximately 1 in into the sediment, and pushed horizontally
along the surface, effectively removing the surface 1in of sediment by scraping it into the corer. The open
end of the corer was tilted upward to retain the surface sediment, and the corer was removed from the
water. Surface sediments were added to a 5-gal bucket. Two replicate surface sediment additions were
made to the bucket and mixed. This mixture was allowed to settle for approximately 3-5 min inside the
bucket. Top water was decanted from the sediment back into the pond, and the sediment was poured into
the collection bottle, labeled and stored in ice.

To obtain the lower pond sediments, the end cap was removed from the corer and the flanged top
was placed on one end. Selecting another undisturbed part of the pond benthos, the corer was immersed
vertically into the sediment, leading with the flanged top, until resistance became limiting. Limiting
resistance ranged from depths of 7-14 in below the surface sediment. Sediment was forced into the corer
through the flanges of the end cap, but prevented from egress due to the one-way, inward action of the
flanges. A representative sediment column was then brought to the surface. The topmost layer was

removed from the column by tilting the corer and allowing the topmost layer to pour out from the uncapped
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end of the corer, back into the pond. The remaining deeper sediment was added to a 5 gal plastic bucket.
This process was repeated two times, resulting in three separate replicates of deeper sediment in the bucket.
These replicates were then mechanically homogenized with a plastic spade, placed into the sample bottle,
labeled and stored in ice. The time this sediment was exposed to air was recorded. Each sampling site
resulted in two sample bottles, 1 of upper sediments and lower sediments.

Fall 2000 sampling varied little from spring 2001 sampling. Improvements were made in limiting
sediment exposure to air by keeping site water in the 5 gal bucket with the deeper sediments, until their
movement from the corer to the bucket.

For each shallow pond site, GPS coordinates were gathered and recorded at the time of sampling
using the handheld Garmin brand GPS unit. Dissolved oxygen (DO) and temperature were recorded
approximately 1 in from the sediment layer, or as near as possible without touching the sediment. (The DO
sensor was prevented from contacting sediments through visual inspection in the shallow pond and lagoon

sites.)

4.1.2. Deep Pond and Lagoon Sediments

A boat was used to travel to a representative area of the pond or lagoon. Representativeness
depended only on the visual characteristics above the surface of the pond or lagoon, assuring an uniform or
average area of the pond. A canoe was used in sites 6 and 7 due to the absence of a boat launch and
inaccessibility from outside water sources. At the representative area, a 10 Ib.-lead anchor was dropped
and the boat allowed to drift, away from any disturbed sediment from the anchor. The Eckman dredge was
lowered into the sediment, activated by a messenger, and redrawn to the surface with its captured sediment.
The Eckman dredge possessed a screen top underneath its two, outwardly hinged trap doors. These doors
act to retain captured sediment upon being drawn to the surface. The screens were removed from the
dredge prior to sampling in order for the surface 2-3 cm of sediment to be more efficiently separated from
deeper sediment within the dredged load. This removal was performed using a plastic spade, and the
surface 2-3 cm was placed into the sample bottle. The deeper sediments were released from the bottom of
the dredge and added to a 5 gal plastic bucket. Two additional replicate dredges were taken and added
directly to the sample bottle for surface sediments, and to the bucket for deeper sediments. The surface
sediment sample was labeled and stored in ice. The deeper sediments were mechanically homogenized
with a plastic spade, a representative portion was bottled, labeled and stored in ice. The amount of time
this sediment was exposed to air was recorded.

The procedure for sampling deep pond sites 8-13 was identical to that of sites 6 and 7, with
changes being made to use a motorboat and a 6 |b. steel anchor.

For each deep-water site, GPS coordinates were gathered and recorded identically to that of
shallow water sites. Dissolved oxygen and temperature were recorded approximately 1in from the
sediment layer, or as near as possible without touching the sediment. The position of the DO sensor was

visually assured using the Fishfindemderwater camera. The DO sensor was secured to the top of the
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camera with string, enabling the researcher to lower the sensor while observing its proximity to the
sediment from the boat above. When the camera indicated sediment proximity within 1 in, the readings for

dissolved oxygen and temperature were recorded.

4.1.3. All Sites

Pond depth over the sampling sites varied from site to site and from fall to spring. Table 4-3 lists
these depths at the various site locations for each sampling batch. Depth readings for sites 1-5, fall 2000
(italicized in Table), were taken 10/27/01, 16 days after samples were collected; water depths were noted to
have decreased significantly for these sites during that time. Depth readings for all other sites, batches 1

and 2, were taken at the time of sampling.

Table 4-3. Pond Depths at Respective Site Locations

Pond Depth (m) Pond Depth (m)

Site # Pond Identification Fall 2000 Spring 2001
1 Ridge Pond 0.15 0.30
2 Niagara Pond 0.13 0.20
3 Unnamed, Gull Point pond 0.03 0.13
4 Cranberry Pond 0.10 0.41
5 Unnamed, just east of Horseshoe Pond 0.01-0.03 0.10
6 West Settling Pond, Natural Bottom 4.5 4.5
7 East Settling Pond, Cement Bottom 4.0 4.9
8 Marina Lake 4.02 3.26
9 Duck Pond 0.61 0.20
10 Horseshoe Pond 2.15 1.98
11 Boat House Pond 0.30 0.25
12 Big Pond 0.61 0.20
13 Long Pond 0.30 0.46
14 Unnamed, newly formed pond, beach 11 N/A 0.23
15 New Sand, tip of Gull Point shoreline N/A 0.10

Dissolved oxygen (DO) was measured at each sampling site at the time of sampling, with the
exception of sites 1-5 (italicized in table), fall 2000 as described above, for both sampling batches. The
portable DO unit also measured water temperature but readings were only taken in spring 2001,
temperatures for fall 2000, however, were significantly warmer in the shallower sites. All dissolved
oxygen readings taken on 3/09/01 in spring 2001 (Sites 8-14) were higher than saturation would
theoretically allow at the altitude of sampling and were thus omitted as a factor of instrument malfunction.

Table 4-4 lists the data obtained from these measurements.
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Table 4-4. Dissolved Oxygen Readings and Water Temperatures at Respective Site Locations

Dissolved @ Dissolved @ Water Temp.
Fall 2000 Spring 2001  Spring 2001

Site # Pond Identification (mg/L) (mg/L) (°C)

1 Ridge Pond 16.49 14.06 10.0

2 Niagara Pond 13.75 15.33 9.3

3 Unnamed, Gull Point pond 19.74 14.25 11.6

4 Cranberry Pond 12.17 15.55 10.6

5 Unnamed, just east of Horseshoe Pond 5.26 10.55 10.1

6 West Settling Pond, Natural Bottom 2.42 10.02 7.5
7 East Settling Pond, Cement Bottom 5.40 8.05 6.6
8 Marina Lake 7.03 Inst. Malfunc. 10.3
9 Duck Pond 1.90 Inst. Malfunc. 13.0
10 Horseshoe Pond 4.24 Inst. Malfunc. 11.6
11 Boat House Pond 2.17 Inst. Malfunc. 15.8
12 Big Pond 4.45 Inst. Malfunc. 14.9
13 Long Pond 6.38 Inst. Malfunc. 14.7
14 Unnamed, newly formed pond, beach 11 N/A Inst. Malfunc. 7.6
15 New Sand, tip of Gull Point shoreline N/A N/A N/A

Sediment exposure-to-air duration times were recorded for both sampling batches. Times varied
among upper and lower sediments, sampling vehicle and batch times. The entire sampling duration (from
the start of sampling until the samples were placed in ice) was also recorded for upper and lower sediments,
the various sampling vehicles and batch numbers. Table VI-III (located in Appendix VLIV.1I) lists these

data as average duration times in minutes.

4.1.4. Shale Sample Collection

Mainland bedrock (shale) samples were obtained from three different creek bed locations: (from
west to east) Walnut Creek (Fairview Township), Cascade Creek (City of Erie) and Mill Creek (City of
Erie). Samples were extracted from exposed shale along the creek bed by hand. Care was taken to extract
unexposed shale along the water’s edge by breaking away exterior shale and taking the shale from
underneath. Sample weights were the following: Walnut Creek, 160 g, Cascade Creek, 190 g and Mill

Creek, 170 g. The shale was then stored in ice and, finally, refrigerafed.at 4

4.1.4.1. Shale Sample Preparation

Shale samples were dried in an oven af @for one week. A ceramic mortar and pestle was
used to grind the shale into finer particles. These particles were sieved through a #86)(6@0
Standard Testing Sieve and retained. Retained weights follow: Walnut Creek, 13.6 g, Cascade Creek, 25.7
g and Mill Creek, 10.0 g. Retained portions were stored in airtight film canistér€ at 4

4.1.5. Quality Control, Sample Collection

All sampling was done while stressing uniformity among sites. Specific duties, data recording,

sample extraction via corer, dredging from the canoe and dredging from the motorboat, were performed by
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the same sampler at all sampling sites, in both sampling batches. The duration of time from the start of
sampling to the end was recorded to compare uniformity of sampling times. One field blank was utilized
towards the middle of each sampling batch to test for contamination from field conditions. All sampling
instruments were thoroughly rinsed between the sampling of upper and lower sediments and between sites
to avoid cross contamination of samples. Rubber gloves were utilized throughout the sampling procedure
and rinsed between sites. Sample bottles (250 or 500 ml, HDPE plastic with screw-on cap, in accordance
with EPA specifications, Section 6.2) were washed with Alcordetergent solution, rinsed with tap

water, acid-washed for at least 24 h, and rinsed with deionized water prior to use. Field blank sand was
acid-washed in dilute HCI solution for 14 days, rinsed with acetone and dried@tfa03 days. In the

field, sample bottles were filled with site water, in addition to the sample, to eliminate air space, tightly
closed and placed in a cooler of ice as soon as possible after sampling. The duration of time samples
waited before being iced was recorded to compare uniformity. In fall 2000 sampling, the duration of time
sediments were exposed to air was minimized using efficient and rapid techniques. This duration was
recorded. Sediment-to-air time was eliminated in spring 2001 sampling because site water was placed in
the bucket with dredged sediments so that air exposure was negligible. The portable dissolved oxygen unit
was calibrated at the beginning of each sampling day in the lab, and the power was not shut off during the
sampling period in the field, as per the instructions of the unit. Weather conditions at the time of sampling
was recorded.

4.2. SEDIMENT DIGESTION

Acid Digestion of Sediments, Sludges, and Soils (EPA method 3050B), was used to obtain the
digestate acessary for arsenic analysis. This method, as described by EPA, is “not a total digestion
technique for most samples” but “a very strong acid digestion that will dissolve almost all elements that
could become ‘environmentally available.” (EPA, 1996)”

Analysis using a graphite furnace atomic absorption spectrometer (GFAA) or inductively coupled
plasma mass spectrophotometry is recommended by the EPA for arsenic and the method specific to using a
GFAA was followed. Appendix VLIV.IILI lists all deviations from the procedure, selections made from
options given for this procedure and describes the quality of the reagents used.

Fall 2000 sediment samples were digested from 1/9/01 - 1/27/01 and spring 2001 samples from
4/13/01 - 4/28/01. Table VI-IV (located in Appendix VLIV.III) lists the sample names with respective
digestion dates for fall 2000 (a) and spring 2001 (b).

A third batch of digestions was performed on 8/08/01 for purposes of quality assurance. Samples
Fall 2000 1-Lower, Fall 2000 5-Upper and Fall 2000 11-Upper were analyzed in duplicate and triplicate
and a pre-digestion spike was analyzed. Table 4-5 lists the quality control/quality assurance samples with

their arsenic concentrations (mg/kg).
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Table 4-5. Arsenic Concentrations (mg/kg) of Quality Control/Quality Assurance Samples

Sample Title [As] mg/kg Sample Title [As] mg/kg
Diluent Blank <4.0 mg/L Fall 2000 1-Lower* 8.3
Field Blank 1 <4.0 Fall 2000 5-Upper 161.0
Method Blank 1 <4.0 Fall 2000 5-Upper* 162.1
Nitric Acid Blank 1 <4.0 mg/L Fall 2000 5-Upper** 140.4
Nitric Acid Blank 2 <4.0 mg/L Fall 2000 11-Upper 189.5
Field Blank 2 <4.0 Fall 2000 11-Upper* 171.9
Method Blank 2 <4.0 Pre-Digestion Spike 2.23 mg/g
Fall 2000 1-Lower 8.2

* = Duplicate Sample, ** = Triplicate Sample

4.2.1. Quality Control, Sediment Digestion

In general, 3 method blanks, 1 spiked blank, 8 duplicates and 1 triplicate were performed for
purposes of quality control during the digestion procedure. EPA method 3050B recommends a
representative 1-2 g sample for digestion. Actual weights ranged from 1.7324 - 3.5299 g with a mean
weight of 2.2354 g and a standard deviation of 0.3532. Higher weights were required from samples with
higher moisture contents (allowed by 3050B). For all samples but one (Spring 2001-Walnute Creek Shale),
the minimum of 5 ml concentrated HN@as adequate for digestion; Walnut Creek Shale required one
repeated addition of 5 ml concentrated HNfDe to the presence of brown fumes after the first addition.
Brown fumes are the result sample oxidation by BNt it is unclear as to why Walnut Creek Shale
required another 5 ml of HNf@&nd the other three shale samples did not. Method 3050B requires the
refluxing of the sample with concentrated HNOr a duration of 2 h or until the digestate mixture
evaporates to 5 ml. All but 8 samples were refluxed for the minimum of 2 h. These samples averaged a
reflux duration of 2 h, 1 min with a standard deviation of 0.0066. The 8 samples remaining were all
digested on the same day (1/09/01) and evaporated to 5 ml in a range of times from 18 min to 1 h, 15 min.

Method 3050B requires the refluxing of the sample with 3Q@,kbr a duration of 2 h or until
the digestate mixture evaporates to 5 ml. All samples minus those performed on 1/09/01 averaged a reflux
duration of 2 h, 3 min for this step with a standard deviation of 0.0044. The 8 samples performed on
1/09/01 were refluxed for an average of 2 h, 44 min. These samples also received the minimum of 3 ml of
30% HO, while all other samples (minus Spring 2001-15-New Sand at Go#djved the maximum of 10
ml.

4.2.2. Sample Dry Weight Fractions

The dry weight fractions of each sample, fall 2000 and spring 2001, were ascertained in
accordance with the procedure described in EPA method 9071B, section 11.1. A tare was weighed (0.0000
g) and recorded. A representative portion of wet sample was added to the tare and recorded. The wet
sample was dried in a 106 oven overnight (shortest drying duration = 23.25 h), weighed again and
recorded. The tare was subtracted from this weight to obtain the dry weight of the sample. The dry sample

weight was divided by the wet sample weight to obtain the dry weight fraction. A duplicate of each sample
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was performed and an average dry weight fraction was obtained along with a relative percent difference.
The moisture content of the shale samples were not ascertained as the shale was dried’i@ ineeh05

for a duration of one week prior to its pulverization. Consequently, the moisture content of the
representative shale sample used for the digestion is assumed to be close to, if not, zero.

The relative percent difference for each duplicate was obtained by the equation:

[ (DW, — DW5) / [(DW; + DW5) / 2] ] x 100.

Dry weight fractions ascertained from each sample, fall 2000 and spring 2001 are recorded below
in Table 4-6. Each dry weight fraction recorded in the table is the average of two duplicate dry weight

fractions obtained from the same sample. The accompanying relative percent differences are also listed.

Table 4-6. Sample Dry Weight Fractions with Accompanying Relative Percent Differences

Dry Relative Dry Relative
Sample Title  Weight Percent  Sample Title Weight Percent
Fall 2000 Fraction Difference  Spring 2001 Fraction Difference

1-Upper 0.02 <0 1-Upper 0.04 <0
1-Lower 0.37 <0 1-Lower 0.51 <0
2-Upper 0.08 54.01 2-Upper 0.07 <0
2-Lower 0.35 <0 2-Lower 0.28 <0
3-Upper 0.08 0 3-Upper 0.06 6.94
3-Lower 0.32 <0 3-Lower 0.44 <0
4-Upper 0.03 <0 4-Upper 0.03 <0
4-Lower 0.07 <0 4-Lower 0.43 <0
5-Upper 0.04 10.71 5-Upper 0.04 13.4
5-Lower 0.30 <0 5-Lower 0.39 0.3
6-Upper 0.16 1.52 6-Upper 0.08 12.4
6-Lower 0.24 <0 6-Lower 0.16 <0
7-Upper 0.10 <0 7-Upper 0.14 0.7
7-Lower 0.24 <0 7-Lower 0.16 <0
8-Upper 0.10 7.65 8-Upper 0.30 15.6
8-Lower 0.15 6.49 8-Lower 0.50 5.6
9-Upper 0.08 <0 9-Upper 0.06 <0
9-Lower 0.09 <0 9-Lower 0.08 <0
10-Upper 0.10 5.59 10-Upper 0.13 1.2
10-Lower 0.15 <0 10-Lower 0.19 1.4
11-Upper 0.10 3.10 11-Upper 0.13 <0
11-Lower 0.11 <0 11-Lower 0.12 15.3
12-Upper 0.07 <0 12-Upper 0.08 <0
12-Lower 0.12 <0 12-Lower 0.09 0.79
13-Upper 0.15 17.73 13-Upper 0.03 2.36
13-Lower 0.25 <0 13-Lower 0.05 <0
14-Upper 0.57 10.11
14-Lower 0.59 <0
15 NS 0.76 <0
CCS 1.00 <0
MCS 1.00 <0
WCS 1.00 <0
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4.3. GRAPHITE FURNACE ATOMIC ABSORPTION ANALYSIS

Sediment digestates were analyzed using a Perkin-Elmer AAnalyst 600 Graphite Furnace Atomic
Absorption (GFAA) Spectrometer using a Perkin-Elmer Arsenic Lutihamp (Hollow Cathode), along
with AA WinLabO software (Perkin-Elmer Corp. 1996) and an 88 sample-capacity autosampler (Perkin-
Elmer AS-800). Prior to any analysis, the software requires the completion of a “method editor” file as
well as a “sample information file”. These files tell the GFAA the speatifins of how the analysis will
be run.

4.3.1. Method Editor File Specifications for Arse@EAA Analysis

For this analysis, one method editor file was created and run on four separate occasions with four
different sample information files. The AAWinLab software breaks down the Method Editor files into six
main pages further broken down into subsequent dialog boxes. A summary of the method editor
specifications is included in Appendix VLIV.IV and follows the same order and naming used by the
software. All choices made specific to this analysis of arsenic are shown as italicized words/numbers and
are followed by short explanations where necessary. (The explanations are derived from the AA WinLab
Software Guide, Perkin-Elmer Corp. 1996.) Un-italicized choices are default settings. Awcgssary or

unused option boxes are omitted. All locations refer to selected locations in the auto sampler.

4.3.2. Sample Information Files for Arsenic GFAA Analysis

The AAWinLab software requires sample information files (SIF) to be used with the method
editor file (described above) for any analysis. These SIFs simply tell the computer information about the
samples to be analyzed such as names, dilutions, arrangements in the auto-sampler, etc. Before the final
SIFs were established and analyses performed, previous runs were needed to establish: a. what dilution of
sample digestates would bring arsenic concentrations into the optimal linear range based on the hardware
employed, and b. what matrix modifier would prove adequate, nickel nitrate (suggested by EPA arsenic
GFAA method 7060A) or a palladium/magnesium sulfate mixture recommended by the accompanying AA
WinLab software. It was discovered that a 1:2 dilution was favorable for most samples and nickel nitrate
produced more consistent results as a matrix modifier than did the palladium/magnesium mixture (both at
1:1 ratios).

4.3.3. GFAA Maintenance and Quality Control

Prior to analysis with the GFAA, certain procedures were performed to ensure optimal
performance of the hardware. Experimentation with optimizin@h&A for arsenic was performed by
obtaining preliminary results. These initial tests were used to establish which calibration curve was optimal
(linear or nonlinear), which calibration standards were optimal (2048Q0, which dilutions would bring
the samples into the linear range and which matrix modifier was optimal. Before the actual analyses for

arsenic were run, the graphite tube was replaced to ensure that no memory effects would occur for arsenic.
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Before each run, the GFAA pipette tip was aligned according to the hardware and software
specifications to ensure that the tip reached its desired destination and was not damaged through contact
with the inside of the graphite tube or other hardware. The tip was optimally aligned in four locations:
above the graphite tube, inside the graphite tube, above the rinsing cup and in the sample cup.

The arsenic lamp was allowed to warm up for the recommended 15 min prior to each analysis and
the corresponding lamp counts were verified for optimization. Lamp counts were optimized at an average
of 568 counts. The diluent was refilled whatessary with Fisher ScientifiOptima Grade water.

During each analysis, the hood was turned on to vent the volatilized sample and deionized water
was added to the autosampler tray in order to decrease the evaporation of the samples during analysis. The
arsenic lamp was programmed to turn off after the analysis was completed. All sample dilutions were
prepared with the deionized water described in Section 4.2.1. and Appendix VLIV.1ILI.

4.3.4. GFAA Arsenic Data

Five separate GFAA runs were required ttaobarsenic results for all sites ataptable relative
standard deviations (RSD, significance discussed later in Section 6.3.4.4). Table VI-V (located in
Appendix VLIV.V) lists the results of the arsenic analysis in its entirety, including the RSD values
associated with each sample and the number of times that sample was repea@®&Aitieobtain
acceptable RSD values.

The number of times a sample needed to be repeated in order to obipmalde RSD value
may or may not be significant. For an unknown reason, the GFAA had difficulty obtaining similar results
from the replicate tests of several samples, resulting in poor RSD values. The source for this trouble may
have been derived from the GFAA itself and its analytical hardware or from the sample and possible matrix
effects located only within that sample. If the latter is true, it may cast some amount of speculation on the
arsenic value reported for those samples.

Two samples, Fall 2000 1-Upper and Spring 2001-15-New Sand, were run several times without
obtaining a RSD value <25. Where applicable, final arsenic values are reported in mg/kg dry weight. The
minimum reportable limit for arsenic in this study has been established at 4.0 mg/kg dry weight. Arsenic
values less than or equal to this value tended to have higher and more variable RSD values, allowing for
greater error in the data and less reliability (Section 6.3.4.4). Therefore, all values less than 4.0 will be
reported as <4.0, meaning, below the limits of detection (LOD <4.0).

The AAWinlab software calculated RSD values from three replicate readings taken for each
sample. The value for the maximum allowable RSD (25.0) was adapted for this study from both the
Environmental Protection Agency quality control requirements which reported no criteria for precision in
this case, and the USEPA Contract Laboratory Program which reported a maximum of +/- 25% (Northeast
Analytical, Inc., 1998). Results were obtained according to the guidelines described in “Method Editor File
Specifications” (Section 4.3.1).
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4.4. STATISTICAL DISTRIBUTION OF ARSENIC CONCENTRATION VALUES

Upper and lower sediment arsenic concentration values for fall 2000 and spring 2001 were found
by the Shapiro-Wilk test to be log-normally distributed (P < 0.05) (Table 4-7). Values were positively
skewed for each group with skewness ranging from 0.35-1.51 (Table 4-7). Because these four data sets
were not normally distributed, non-parametric statistics were required for statistical comparisons. Thus, all

arsenic concentration data set comparisons utilized the Wilcoxon signed-rank test (paired data) (Tables 6-2

and 6-3).

Table 4-7. Statistical Analyses Results Pertaining to the Statistical Distribution of Arsenic Data

Shapiro-Wilk Test

Arsenic Data Set P-scores Skewness
Fall 2000

-Upper Sediments 0.0225 1.51

-Lower Sediments 0.0096 1.24
Spring 2001

-Upper Sediments 0.0312 0.35

-Lower Sediments 0.0019 1.14
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5. RESULTS

5.1. ARSENIC RESULTS

5.1.1. Arsenic Concentrations, Overall Summary

Arsenic concentrations (reported in terms of mg/kg dry weight) from fall 2000 sampling ranged

from 36.9 mg/kg to 325.4 mg/kg for upper sediments and 8.3 mg/kg to 206.3 mg/kg for lower sediments
(Table 5-1). Spring 2001 sampling revealed arsenic ranges from 17.5 mg/kg to 393.6 mg/kg for upper
sediments and 3.6 mg/kg to 327.3 mg/kg for lower sediments (Table 5-2).

Table 5-1. Site Identifications with Respective Upper and Lower Arsenic Concentrations (mg/kg), Fall

2000
[As] Upper  [As] Lower

Site # Pond Name Sediments  Sediments
1 Ridge Pond 60.8 8.3
2 Niagara Pond 131.0 40.8
3 Unnamed, Gull Point pond 74.4 18.2
4 Cranberry Pond 82.0 68.2
5 Unnamed, just east of Horseshoe Pond 154.5 41.2
6 West Settling Pond, Natural Bottom 49.0 30.6
7 East Settling Pond, Cement Bottom 211.9 148.9
8 Marina Lake 53.0 44.6
9 Duck Pond 325.4 206.3
10 Horseshoe Pond 36.9 27.6
11 Boat House Pond 180.7 193.9
12 Big Pond 75.0 71.7
13 Long Pond 90.6 71.5

Table 5-2. Site Identifications with Respective Upper and Lower Arsenic Concentrations (mg/kg), Spring

2001
[As] Upper  [As] Lower
Site # Pond Name Sediments  Sediments
1 Ridge Pond 59.5 3.6
2 Niagara Pond 309.9 27.0
3 Unnamed, Gull Point pond 73.8 10.2
4 Cranberry Pond 106.7 2.7
5 Unnamed, just east of Horseshoe Pond 266.1 17.4
6 West Settling Pond, Natural Bottom 363.9 236.6
7 East Settling Pond, Cement Bottom 64.7 37.5
8 Marina Lake 17.5 11.8
9 Duck Pond 359.5 188.4
10 Horseshoe Pond 37.2 23.8
11 Boat House Pond 285.5 237.7
12 Big Pond 113.6 109.4
13 Long Pond 393.6 327.3
14 Unnamed, newly formed pond, beach 11 5.4 4.3
15 New Sand, tip of Gull Point shoreline 4.6 N/A
CCs Cascade Creek Shale 7.5 N/A
MCS Mill Creek Shale 8.8 N/A
WCS Walnut Creek Shale 155 N/A
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When the arsenic concentrations for upper and lower sediments were averaged together from fall

2000 and spring 2001, they exhibited an average upper sediment range of 5.4 mg/kg to 342.4 mg/kg and an

average lower sediment range of 4.3 mg/kg to 215.8 mg/kg (Table 5-3). Overall, upper sediment

concentrations appeared to reflect higher arsenic concentrations than did lower sediment concentrations

(Figure 5-1)

Table 5-3. Average Arsenic Concentrations (mg/kg) for Upper and Lower Sediments, Fall 2000 and Spring

2001

Site #

Average Upper
[As] (mg/kg)

Identification

Average Lower
[As] (mg/kg)

Ridge Pond

Niagara Pond

Unnamed, Gull Point pond

Cranberry Pond

Unnamed, just east of Horseshoe Pond
West Settling Pond, Natural Bottom
East Settling Pond, Cement Bottom
Marina Lake

Duck Pond

Horseshoe Pond

Boat House Pond

Big Pond

Long Pond

Unnamed, newly formed pond, beach 11

60.1
220.4
74.1
94.3
210.3
206.5
138.3
35.3
342.4
37.0
233.1
94.3
242.1
5.4

5.9
33.9
14.2
35.5
29.3
133.6
93.2
28.2
197.4
25.6
215.8
90.5
199.4
4.3
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Figure 5-1. Average Arsenic Concentrations (mg/kg) for Upper and Lower Sediments, Fall 2000 and
Spring 2001

5.1.2. Arsenic Concentrations, Spatial Variation

Comparing the upper and lower sediment arsenic concentrations of fall 2000 (Figure 5-2a) and
spring 2001 (Figure 5-2b) side by side for each site revealed a trend for upper sediments being higher in

arsenic concentrations than their respective lower sediments within each sampling period.
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Figure 5-2. Upper and Lower Sediment Arsenic Concentrations (mg/kg) for Fall 2000 (a) and Spring 2001
(b)
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Ratios of upper to lower sediment arsenic concentrations showed that the upper sediment arsenic
concentrations for 11 out of 13 sites in fall 2000 samples ranged from about 1 to 4 times higher than those
of lower sediments. This also held true for 9 out of 14 sites in spring 2001 samples with the remaining 5

spring sites ranging from 7.2 to 39.2 times higher in arsenic concentration (Table 5-4).

Table 5-4. Ratios of Upper to Lower Sediment Arsenic Concentrations for Fall 2000 and Spring 2001

Site Upper to Lower Upper to Lower
# Ratios, Fall 2000  Ratios, Spring 2001
1 7.3t01 16.7t01
2 3.2t01 115t01
3 41to01 7.2t01
4 12t01 39.2to1
5 3.7t01 153t01
6 16tol 15t01
7 l4t01 1.7t01
8 12t01 15t01
9 16tol 19t01
10 13t01 16tol
11 1t00.9 12t01
12 10to1l 10to1
13 13to1l 12t01
14 N/A 13to1

Plotting the upper and lower sediment arsenic concentrations (mg/kg) of fall and spring samples
on top of one another for each site revealed that only 1 site out of 13 for fall samples and zero sites out of
14 for spring samples (Figures 5-3a and 5-3b, respectively) had higher arsenic concentrations in lower

sediments than upper sediments.
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Figure 5-3. Plot of Upper and Lower Sediment Arsenic Concentrations (mg/kg) for Fall 2000 (a) and
Spring 2001 (b)

5.1.3. Arsenic Concentrations, Seasonal Variation

From fall 2000 to spring 2001 in each respective sampling site, upper sediment arsenic
concentrations were shown to increase in 8 of the 13 sites, decrease in 2 and remain about the same (<4
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mg/kg difference) in 3 of the sites. Lower sediment arsenic concentrations across this time period were

shown to increase in 4 of the sites, decrease in 8 and remain about the same in only 1 site (Table 5-5).

Table 5-5. Seasonal Changes in Arsenic Concentration (mg/kg) from Fall 2000 to Spring 2001 for Upper
Sediments (a) and Lower Sediments (b)

(a) Upper Sediments (b) Lower Sediments
Site  As (mg/kg) As (mg/kg) Inc.or A Site  As (mg/kg) As (mg/kg) Inc. or A
# Fall 2000 Spring 2001  Dec. [As] # Fall 2000 Spring 2001  Dec. [As]
1 60.8 59.5 - -1.4 1 8.3 3.6 Dec. -4.7
2 131.0 309.9 Inc. 178.9 2 40.8 27.0 Dec. -13.8
3 74.4 73.8 - -0.6 3 18.2 10.2 Dec. -8.0
4 82.0 106.7 Inc. 24.7 4 68.2 2.7 Dec. -65.5
5 154.5 266.1 Inc. 111.7 5 41.2 17.4 Dec. -23.8
6 49.0 363.9 Inc. 314.9 6 30.6 236.6 Inc. 206.0
7 211.9 64.7 Dec. -147.3 7 148.9 375 Dec. -111.4
8 53.0 17.5 Dec. -35.5 8 44.6 11.8 Dec. -32.8
9 325.4 359.5 Inc. 34.1 9 206.3 188.4 Dec. -17.9
10 36.9 37.2 - 0.3 10 27.6 23.8 - -3.8
11 180.7 285.5 Inc. 1048 11 193.9 237.7 Inc. 43.8
12 75.0 113.6 Inc. 386 12 71.7 109.4 Inc. 37.7
13 90.6 393.6 Inc. 303.0 13 71.5 327.3 Inc. 255.8
14 N/A 5.4 N/A N/A 14 N/A 4.3 N/A N/A

* A dash (-) designates changes in arsenic concentration less than 4 mg/kg.
Site numbers arranged in order of greatest decrease to greatest increase of arsenic concentration

from fall 2000 to spring 2001 resulted in the following sequences: 7, 8, 1, 3, 10, 4, 9, 12, 11, 5, 2, 13, 6 for
upper sedimentsand 7, 4, 8, 6,9, 2, 3,1, 10, 12, 11, 6, 13 for lower sediments (Figure 5-4).
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Figure 5-4. Sampling Site Sequences Arranged According to Greatest Decrease to Greatest Increase in
Arsenic Concentration (mg/kg), Fall 2000 to Spring 2001, for Upper Sediments (a) and Lower Sediments
(b)
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5.1.4. Arsenic Concentrations: Pond Age

Age estimates for all Presque Isle ponds were established in two ways: researched from literature
sources (Kormondy, 1969; Lydecker et al., 1923; Zagorski & Gance, 1971; USGS, 1957; Maguire, 1884;
FWS, 1990; Walker, 2000; Table 2-8), and established from mapping software as functions of distances
from the youngest site, site 15 (Section 2.4.1). Comparisons between these two kinds of age estimates
show similarities with regard to the oldest ponds (>117 years and not including the human-made ponds,
Sites 6-8) being at least 1.7 km away from Site 15 and the younger ponds <100 being less than 1.3 km
away (Table 5-6). When arsenic concentrations (mg/kg) were arranged in descending order of research-
based ages, a rough bell-shaped curve seemed to be present for both upper and lower sediments (Figure 5-
5). When the same concentrations were arranged in descending order of distances from site 15, a slightly
visible downward trend occurs from older ponds to newer ponds with decreasing arsenic concentration
(Figure 5-6).

Table 5-6. Sampling Sites and Identifications with Respective Literature-Based and Distance-Based Age
Estimates

Literature- Distance-
Based Based
Estimates Estimates

Site # Identification (Years) (km from site 15)

1 Ridge Pond 232-282300 2.7

2 Niagara Pond > 187 1.6

3 Unnamed, Gull Point pond 82 11

4  Cranberry Pond > 117 3.7

5 Unnamed, just east of Horseshoe Pond 4 B 1.3

6 West Settling Pond, Natural Bottom 997 5.9

7 East Settling Pond, Cement Bottom 997 5.7

8 Marina Lake 45 4.7

9  Duck Pond 106117 4.6

10  Horseshoe Pond > 117 1.7

11  Boat House Pond > 117 2.7

12 Big Pond > 117° 2.9

13 Long Pond > 1P7° 3.5

14 Unnamed, newly formed pond, beach 11 210 1.2

15 New Sand, tip of Gull Point shoreline <10 0.0
&= Kormondy, 1969 ¢ = Zagorski & Gance, 1971 ° = Maguire, 1884 9= Walker, 2000
= Lydecker et al., 1923 %= USGS, 1957 "= FWS, 1990
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6. DISCUSSION
6.1. ARSENIC CONCENTRATION VALUES

6.1.1. Comparison of Arsenic Concentration with Reported Toxic Effects Levels

There are a variety of ecosystem toxicity guidelines for arsenic. For this study, three sources were
used: Long and Morgan (NYDEC, 1999), Persaud et al. (NYDEC, 1999) and the US Environmental
Protection Agency (Pope, 2000).

The NYDEC (1999) reported a Lowest Effect Level (LEL) of 6.0 mg/kg and a Severe Effect Level
(SEL) of 33.0 mg/kg derived from Persaud et al. (1992), and an Effects Range-Low (ER-L) of 33.0 mg/kg
and an Effects Range-Moderate (ER-M) of 85.0 mg/kg derived from Long and Morgan (1990). For the
NYDEC, sediment is moderately contaminated if the lowest criterion is exceeded and severely
contaminated if both criteria are exceeded. For summary purposes, the NYDEC used the lowest
concentrations in each category (low and high) to establish the guidelines for the State of NY: LEL = 6.0
mg/kg and SEL = 33.0.

The USEPA presents a Threshold Effects Level (TEL) and Probable Effects Level (PEL) which
are derived from both field and laboratory testing. The TEL indicates the threshold concentration of a
contaminant below which toxic effects are rare or minimal. The PEL indicates the threshold concentration
of a contaminant above which toxic effects are frequent and increasing concentrations between these two
thresholds reflect increasing toxic effects probabilities. The TEL and PEL for arsenic have been
established as of 1998 at 7.24 and 41.6 mg/kg, respectively (Pope, 2000).

The average arsenic data (mg/kg) for upper and lower sediments, fall 2000 and spring 2001 (Table
5-3), showed that 13 of 14 sitescerded the SEL of 33.0 mg/kg and 11 of 14 sites exceeded the USEPA
PEL of 41.6 mg/kg for upper sediments, while 8 of 14 sites exceeded the SEL and 6 of 14 sites exceeded
the PEL for lower sediments (Figure 6-1).
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6.2. INVESTIGATION INTO NATURAL OR ANTHROPOGENIC ARSENIC SOURCES

6.2.1. Natural Sources of Presque Isle Arsenic

Shale samples taken from the Erie, PA mainland surrounding Presque Isle were found to contain
arsenic concentrations ranging from 7.5 to 15.5 mg/kg, and the sample of sand taken from an area of
Presque Isle known to be the youngest on the peninsula, the tip of Gull Point, was found to contain 4.6
mg/kg (Table 6-1). (Note that the concentration for Cascade Creek Shale is the average of two duplicates,

one containing 5.9 mg/kg and the other 9.9 mg/kg.)

Table 6-1. Arsenic Concentrations (mg/kg) of Erie, PA Shale Samples

[As]
Site Identification (mg/kg)
Cascade Creek Shale 7.5
Mill Creek Shale 8.8
Walnut Creek Shale 15.5
Gull Point Sand (Site 15) 4.6

The whole of Presque Isle did not exist until about 4,000 to 5,000 years ago as the sandspit seen
today. Rising from deposited sediments from the lake water and now surrounded by lake water, the

underlying material originated from another location and was transported to the peninsula by erosive forces

(Section 2.3).
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Historically, the major natural source of material to the peninsula is the bluffs along the shore of
Lake Erie to the west (Section 2.3). Transported sand continues to move eastward along or across Presque
Isle, nourishing beaches on the way and accumulating at Gull Point, the easternmost area of the peninsula.

The arsenic concentration in Gull Point sand is relatively low compared to other soils (Table 2-4),
within the range listed for sandy soils (<0.1-30.0 mg/kg), and quite close to the mean of these soils (5.1
mg/kg). Sandy soils tend to possess lower arsenic concentrations due to their relative lack of organic
material (Section 2.1.2.3). The Gull Point sample contained very little organic material, especially in
comparison to the pond sediments. It is reasonable to assume that arsenic found in the natural transport of
sand to the peninsula is low.

As discussed in Section 2.3, sand is imported onto Presque Isle for beach nourishment by the
Army Corps of Engineers (ACOE) from "a variety of local quarries" to Erie, PA (Potomac-Hudson, 1991).

A 1991 ACOE study of the peninsula’s “beachfill” sources revealed a mean arsenic content of 10.9 mg/kg
(with a range of 4-16 and a median concentration of 11) (Potomac-Hudson, 1991). Due to this, itis
reasonable to assume that arsenic found in beachfill sand is also low.

The parent rock of the surrounding area is shale. From Section 2.1.2.2, research has shown that
finer grained argillaceous rocks, such as shales, mudstones and slates, tend to contain arsenic
concentrations higher than other sedimentary rocks, ranging from <1-900 mg/kg (due to their derivation
from compressed sediments which tend to contain higher percentages of organic matter). The shale of the
Erie mainland was found to contain an average of 10.6 mg/kg, at the lower end of this range. The highest
of these arsenic concentrations (15.5 mg/kg) was in shale derived from Walnut Creek, located west of
Presque Isle and subject to the same natural erosive forces that import sand and other materials from the
west of the peninsula to the peninsula. It cannot be concluded from this data that shale located west of the
peninsula contains higher arsenic concentrations than shale located east of the peninsula. Additionally, this
may not be the only method of shale importation to Presque Isle or its sediments.

Because Presque Isle Bay is a relatively large expanse of water subject to wind and wave activity
with higher turbulence, it may be reasonable to assume that very fine particles, derived from Erie mainland
shale within the bay boundaries, could be transported across the bay via turbulence to the peninsula. There
are inlets from Presque Isle Bay to the lagoons that could allow the entry of these transported particles into
the quieter waters of the lagoons (Figure 4-1). Being much more sheltered than the open water of the bay,
any particles transported here would be likely to settle and incorporate themselves into the aquatic
sediments. Though shale is transported to the peninsula from the mainland, the arsenic transported with it
is low.

The low levels of arsenic found in the sources of sediment transported to Presque Isle may be
cause for higher levels in the ponds due to arsenic’s geophysical and chemical behavior and its movement
once on the peninsula. Factors affecting arsenic’s mobility are discussed in Sections 2.1.2.3 and 6.3.1. The
leaching of arsenic is dependent upon the stability of its complexes with other elements, the

electrochemical properties of those elements in complex with arsenic and the resulting solubility of the
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complex, and the presence of clay minerals, organic matter and iron and aluminum oxides. Biological
activity (uptake via plants, methylation due to microorganism metabolism and macroorganism ingestion
and excretion) and physical factors also play roles in arsenic mobility. Physical mobility is also a
significant factor as the erosive forces of wind, water and storm activity present on the peninsula influence
sand, sediment and soil migration on the peninsula. Thus arsenic brought to the peninsula by whatever
means can be distributed to areas of the peninsula other than its original places of deposition.

Though arsenic may immigrate to Presque Isle in low concentrations, its propensity for
incorporation and retention into soils and aquatic sediments may have allowed Presque Isle’s aquatic
sediment levels to gradually increase over time. As previously discussed in Section 2.1.2.3, it is known
that arsenic binds strongly via ligands to iron and sulfur, primarily enhancing its retention and secondarily,
by reducing leaching. Also, clay minerals, organic matter and the presence of iron and aluminum oxides
have also been shown to increase retention and decrease leaching rates. Specifically for aquatic systems,
inhibition of arsenic mobility is due to the presence and bonding potential of hydrated iron oxides and/or
sulfides as well as arsenic’s propensity to sorb to particulate matter which tends to have long residence
times in aquatic systems (O’Neill, 1990). Arsenic strongly adsorbed to soil/sediment particles is unlikely to
ever become desorbed, and may accumulate over time, showing up to 3 fqold/()50creases in
concentration in parts of a shallow aquifer receivingati@n water containing 50g/L arsenic in one
example (Section 2.1.2.3 and O’Neill, 1990). Therefore, the presence of one or more of these factors
(especially that of organic matter, known to exist in large amounts in the sampling sites of this study) may
have acted to retain and enrich arsenic in these sediments.

Arsenic imported to Presque Isle via weathering processes is likely to become part of the
peninsula’s soils. At Presque Isle’s earliest formation it was an unvegetated sand spit. As pioneer plant
species and other organisms contributed to soil formation, arsenic and other imported trace minerals may
have begun to become incorporated into those soils and be retained.

As the peninsula grew in size and ecosystems formed (beaches, fields, forests, aquatic systems,
etc.), the accumulation of arsenic may have continued along with the accumulation of soils. Because
bodies of water are sinks for sediments, the ultimate sinks for arsenic would also be bodies of water, in this
case Lake Erie, Presque Isle Bay and Presque Isle’s ponds and lagoons.

Leaching from upland soils is a possible factor for arsenic’s enrichment in aquatic sediments on
Presque Isle. Despite the fact that leaching rates may be decreased on Presque Isle by many of the factors
listed above, any leaching that does occur increases the likelihood that aquatic concentrations adjacent to
those areas of leaching will increase in arsenic. Solubility is the principle factor in the leaching potential of
arsenic in soils but it is difficult to conjecture the potential for arsenic’s leaching on Presque Isle. Leaching
potential related to the dissolution of complexes with iron and aluminum oxides increase at pH values of
5.5 and below (solubilities for various arsenicals are listed in Table VI.II.I1.1, located in Appendix VLI.1I.1).

Other factors affecting the leaching potential for arsenic in the soils of Presque Isle are unknown and pH
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values for soils were not obtained in this study. Thus it is difficult to determine the extent to which arsenic
is leached into Presque Isle’s aquatic systems although it is likely to occur.

Solubility is also linked to bioavailability, which may be an indirect factor in the accumulation of
arsenic in Presque Isle’s ponds and lagoons. If arsenic is bioavailable (soluble), the potential exists for
arsenic to move throughout the food chain and be redeposited elsewhere.

Arsenic is known to become more bioavailable as pH values increase (Pierzynski et al.). Section
2.1.2.6 discussed the extent to which arsenic is available to plants and animals. For example, certain grass
and clover (species unspecified) have shown the ability to assimilate relatively high amounts of arsenic into
their tissues, from 280-330 and 20-160 mg/kg dry wt., respectively (Kabata-Pendias and Pendias, 1984).
These plants are known to exist on Presque Isle and to be grazed upon by insects, rodents, etc., creating a
potential for arsenic contained in soils to be distributed through the food chain. Although arsenic is a
micronutrient for most organisms, ingested arsenic is usually excreted nearly completely (Section 2.1.6)
and bioaccumulation of arsenic is minimal. This indicates that arsenic delivered via the food chain is likely
to be re-deposited in the excretions of animals, contributing to transferal to Presque Isle’s aquatic systems.

The three mechanisms discussed above: soil erosion, leaching and bio-assisted mobility, may
result in large amounts of arsenic being deposited into the aquatic systems of Presque Isle over long time
frames. Because aquatic systems are more stable environments than terrestrial environments and because
they are sinks for many minerals and trace elements, there may be a tendency for arsenic to be transported

to these aquatic environments and accumulate.

6.2.2. Possible Anthropogenic Sources of Presque Isle Arsenic

The city of Erie, PA has historically supported a wide variety of industries, some of which have
produced and do produce arsenic in their waste (i.e. foundry ash, coke-plant exhaust and the Erie
wastewater treatment plant sludge incinerator (Potomac-Hudson, 1991)). Presque Isle Bay and portions of
Lake Erie are or were at one time polluted to varying extents. However, due to the control of State Parks
and wildlife preserves (Gull Point), solid wastes are refused entry to the peninsula. Additionally, routes of
water-borne pollutants to the peninsula are extremely limited due to isolation from the mainland by the
presence of Lake Erie and Presque Isle Bay.

Air pollution emissions are regulated at point sources, are affected by air currents, and can be
dispersed over broad areas. Smoke, dust, ash and other particulates containing arsenic derived from
various industrial plumes are known to have increased soil concentrations through the settling of
particulates and rain scour (Section 2.1.6 and Potomac-Hudson, 1991). As mentioned previously (Section
2.1.6), arsenic contamination via wind and deposition surrounding a single smelter showed 21,000 mg/kg at
0.28 km, 10,000 mg/kg at 0.08 km and 600 mg/kg at 8 km (O’Neill, 1990). Little information exists to
guantify the influence of arsenic on Presque Isle aquatic sediments, however, due to the predominant winds
over Erie being derived from the south and the fact that many point sources of air emissions exist in Erie

(50 were permitted in 1991), the potential exists for airborne deposition onto Presque Isle.
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Information regarding air-derived arsenic from point sources in Erie is lacking or at least
conflicting. It is known that the Erie wastewater treatment plant sludge incinerator flue gas contains
arsenic (as well as Cd, Cr, Pb and Ni) but pilot tests of its wet electrostatic precipitator, installed in 1989,
showed reductions of 96.6-98.5% for all metal emissions (except Ni at 74.1%) (Potomac-Hudson, 1991).
In January, 1996, solids of an unknown origin were found atop Presque Isle bay ice. Samples collected by
the Erie County Health Department were tested for a variety of metals and other constituents. Test results
showed 221 mg/kg of total arsenic (Wellington, 1996). Solids were sampled in a similar fashion at similar
locations on Presque Isle Bay by the Health Department in January of 2001. Concentrations were lower in

nearly every category than the 1996 results, with arsenic being reported at <2.0 mg/kg (Wellington, 2001).

6.3. DATA COMPARISONS

6.3.1. Vertical Distribution of Arsenic

It has been noted that upper sediments contained higher arsenic concentrations than the adjacent
lower sediments for most sampling sites in both fall 2000 and spring 2001 samples (Section 5.1.2).
Comparisons were made using a paired, non-parametric test (Wilcoxon sign-rank test) to determine if upper
and lower sediments were independent of each other. This test yielded a statistically significant difference
between upper and lower sediment concentrations for fall 2000 (P = 0.0037), and upper and lower sediment
concentrations for spring 2001 (P = 0.0010) (Table 6-2).

Table 6-2. Results of Paired Non-parametric Test (Wilcoxon Sign-Rank) for Spatial Comparisons of
Arsenic Concentration

P-score
Data Set Comparison Paired
Fall 2000 Sediments

-Upper v Lower 0.0037
Spring 2001 Sediments
-Upper v Lower 0.0010

Because upper sediment samples were collected from the surface 2-3 cm at the sampling site and
all lower sediment values resulted from the amalgam of sediment located below the surface 2-3 cm, it is
difficult to know the exact vertical distribution of arsenic for these sampling sites. Two hypothetical
arsenic distributions were constructed to illustrate this concept (Figure 6-2). The illustrations use the actual
arsenic data from sample Fall 2000-2-Upper and Lower (131.0 mg/kg and 40.8 mg/kg, respectfully).

The maximum depth from which lower sediments were extracted was approximately 30 cm. The
two hypothetical stratifications shown result in the same average lower sediment concentration (40.8
mg/kg) but represent the two likely situations in which this lower concentration might be distributed. (The
concentrations shown for the decreasing distribution (Figure 6-2b) were arbitrarily assigned so long as they

reflected the decreasing trend and resulted in the average concentration of 40.8 mg/kg.)
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Figure 6-2. Hypothetical Sediment Profile Distributions for Arsenic Showing Uniform Lower Sediment
Concentrations (a) and Decreasing Lower Sediment Concentrations (b)

The statistical difference between upper and lower arsenic concentrations ([As] upper > [AS]
lower) may be explained by an enrichment or increase of arsenic at or towards the sediment surface, or a
reduction in or a natural lesser concentration of lower sediment arsenic while surface arsenic concentrations
remain the same.

6.3.1.1. Oxidation/Reduction Effect on Solubility and Diffusion

Arsenic enrichment within upper sediments may occur as a function of the various solubilities of
arsenicals (Table VI-I). Sediments deeper than the surface 2-3 cm are generally anaerobic and thus
reducing environments. If reduced arsenicals have higher solubilities than their oxidized forms, then
potential exists for these reduced arsenicals to diffuse from the deeper, reducing sediments into the aeraobic,
oxidizing surface sediments. Here they may be oxidized and precipitate, enriching the surface sediments.
This mechanism would both enrich surface sediments and deplete arsenic from deeper sediments.

This study reported total arsenic concentrations only and did not differentiate any specific species
of arsenic. Hypotheses about which arsenic species may exist in Presque Isle’s pond and lagoon sediments
derive from what is known about the dominant species of arsenic in nature and what is extrapolated for the
general soil environment found on the peninsula (Section 2.1.2).

Ammoniummetarsenite (NFAsO,) is one example of an arsenic species that may participate in
this enrichment mechanism. In this, its reduced, form, ammomietaarsenite is reported by the CRC
(1991) as “very soluble”. Its oxidized form, ammoniarthoarsenate ((NFJ3AsO,* 3H,0) is reported as
“slightly soluble”. Thus it may follow that ammoniumetaarsenite, the dominant species in the reducing,
anaerobic sediments, diffuses up through these reducing sediments into the oxidizing, aerobic sediments
and becomes converted to the less soluble, oxidized ammontlnoarsenate, and enriches the aerobic

layer due to its reduced mobility.
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Other species that may participate in this enrichment mechanism are Magogkarsenite
(Mgs(As0Os),; reduced, “soluble”) and Magnesiwrthoarsenate (MgAsO;,),* 22H,0; oxidized,
“insoluble”) (Table VI-I).

6.3.1.2. Air Deposition

Though industry has existed for quite some time in the United States, air emission technologies
with regard to pollution prevention have been improved and enforced only during the latter portion of this
period. The city of Erie is no exception and has supported industries with known air emissions, some of
which contain or have contained arsenic (Section 6.2.2). If anthropogenically-derived arsenic did affect
Presque Isle’s aquatic sediments (Section 6.2.2), it is possible that this arsenic began to add to the ambient
arsenic concentrations of these sediments as industry began to grow in Erie.

Assuming that Presque Isle aquatic sediments have remained largely intact and undisturbed over
time, increasing depth should reflect an increase in the age of the sediments. Therefore, if
anthropogenically-derived arsenic from industrial air emissions began to add to ambient arsenic levels as
sediments accrued, an increase in arsenic concentration should have resulted within the sediment strata
reflecting the time of Erie’s industrialization. Though the rate of sedimentation is unknown on Presque

Isle, enriched sediments are likely to be located nearer to the surface sediments.

6.3.1.3. Vegetative Transport

Pierzynski et al. states that there are four ways trace elements may be removed from the soil
system: crop removal, erosion, leaching and volatilization. Two of these methods may reasonably be
extrapolated to aquatic sediments.

The concept of crop removal in terrestrial environments is similar in this aquatic case to rooted
plant growth and decay and may be an explanation for greater overall upper sediment arsenic
concentration. Ponds are defined as bodies of water shallow enough to allow the growth of rooted
vegetation along the entire bottom (Smith, 1992). It has been reported that some aquatic macrophytes may
accumulate arsenic to levels similar to those of their sediments with concentrations over 1000 mg As/kg
fresh weight having been observed (Section 2.1.2.6). Because sampling sites 1-13 possessed rooted
macrophyte vegetation to some degree (with higher densities in shallower sites), it may be hypothesized
that the bulk of any macrophytic arsenic uptake would be from lower sediments, thereby resulting in
arsenic’s transferal from lower sediments to macrophyte tissue. Regular dredging of vegetation does not
occur in any of the sampling sites and the ponds are generally undisturbed by vegetation-removing
processes. Therefore, if arsenic uptake occurs in these macrophytes, their tissues will collectively act as a
sink for arsenic so long as they remain intact (Section 2.1.2.6). As the cycle of growth, death and
biodegradation occurs, however, decaying plant material accumulates upon the surface and entrapped

arsenic in decaying biomass would be released to surface sediments.
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6.3.1.4. Microbial Volatilization

Volatilization may also be used as an explanation for greater upper sediment arsenic
concentration. Surface aquatic sediments tend to be more aerobic (despite organic decay and organism
respiration) due to their proximity to the water-sediment interface and the oxygen diffusion and mechanical
mixing that occurs there. Lower sediments tend to be more anaerobic due to the processes of decay and
respiration that occur there in the absence of adequate oxygen replenishment. From Section 2.1.2.3,
inorganic arsenicals may be metabolized by microorganisms into monomethylarsonic acid, dimethylarsinic
acid or trimethylarsenic oxide under aerobic conditions and volatile methylarsines (trimethyl and
dimethylarsines) under anaerobic conditions. Low-temperature volatilization of alkylarsines (methylated
products) is the largest natural emission source of arsenic to the atmosphere, estimated at 58% of the annual
45,482 tons (volcanic activity is second with 38%) (Ringwood, 1996), and microbial metabolism of arsenic
to volatile forms is currently being explored as a source of bioremediation for arsenic contaminated soils
(Pierzynski et al.). Therefore, arsenic present in these anaerobic (lower) sediments may be metabolized
into volatile products.

Pierzynski et al. states that in water the volatility of a given substance is controlled by its chemical
and physical properties such as solubility and vapor pressure (once at the water-atmosphere interface), its
interactions with sediments and suspended materials, the physical properties of the water body (depth,
velocity and turbulence) and the properties of the water-atmosphere interface. These factors for
methylarsines may be difficult to determine, however diffusion and mechanical disturbances (organism
movement through sediment, root development, turbulence, etc.) would assist in transporting methylarsines
from the sediment to the water and eventually to the atmosphere. This process would work to decrease the

concentration of arsenic in lower sediments (given that they are anaerobic).

6.3.1.5. Sorption

Humic acids, which result from the decay of organic material, sorb arsenic with maximum
sorption of pentavalent arsenicals occurring at pH = 5.5 and that of trivalent arsenicals at higher pH values
with a more varied relationship in regard to humic acid type (Section 2.1.2.3).

The presence of iron, sulfur and aluminum in the sediments of the sampling sites in this study
were not ascertained. This is recommended for future study due to the strong adsorptive qualities of these

elements with arsenic that result in arsenic’s retention and potential accumulation in sediments.

6.3.2. Seasonal Variation in Arsenic Concentrations

Comparisons of seasonal data were made using a paired, non-parametric test (Wilcoxon singed-
rank test) to determine if fall 2000 and spring 2001 upper sediment concentrations and fall 2000 and spring
2001 lower sediment concentrations were truly independent of each other. This test yielded a statistically
significant difference about the 90% confidence level between upper sediments of the fall and spring (P =
0.0869;a = 0.10) (Table 6-3).
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Table 6-3. Results of Paired Non-parametric Test (Wilcoxon Sign-Rank) for Seasonal Comparisons of
Arsenic Concentration

P-score
Data Set Comparison Paired
Fall 2000 and Spring 2001 Sediments
-Upper v Upper 0.0869
-Lower v Lower 0.8068

Whereas previous comparisons involving P-scores in this document were only recorded as
significant at the 95% confidence level, the difference between fall and spring upper sediments is
significant at the 90% level. It is generally accepted that lev&l8%fconfidence may be used for
comparisons of ecological data. The P-score of 0.0869 is recorded here as significant so as not to eliminate
the notion that there may exist seasonal variation of arsenic concentration in upper sediments, even if there
is a greater chance of this being incorrect.

Spring sampling occurred from April 5-12, 2001, after the winter mixing of water strata, dissolved
oxygen and nutrients which occurs seasonally when the water temperature ré&cti@sidh, 1992).

Dissolved oxygen levels rose significantly in all ponds due to this cycling such that spring 2001 dissolved
oxygen counts were statistically different (P= 0.0015) from fall 2000 (Table 4-4). Although these levels
were significantly higher in the spring, it is not likely that dissolved oxygen levels alone are responsible for
the significant difference between fall and spring upper sediment arsenic concentration as only extremely
low levels (<2-3 mg/L) present limiting conditions for microbial activity in the sediment. It appears that no
conclusive cause-and-effect relationship may be drawn from this data to explain the reason for this
significant difference in seasonal, upper-sediment arsenic concentrations.

Site numbers arranged in order of greatest decrease to greatest increase of arsenic concentration
from fall 2000 to spring 2001 accompanied by the actual decrease or increase and that pond’s respective

age (Table 2.3.1) did not seem to yield any pattern in any arrangement (Table 6-4).
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Table 6-4. Site Numbers in Descending Order of Greatest Decrease to Greatest Increase in Arsenic
Concentration from Fall 2000 to Spring 2001 with Literature-based Age Estimates for Upper Sediments (a)
and Lower Sediments (b)

(a) Upper Sediments (b) Lower Sediments
Increase or Increase or

Site  Decrease Pond Age Site  Decrease Pond Age
# (%) (Years) # (%) (Years)
7 -147.3 97 7 -111.4 97
8 -35.5 45 4 -65.5 >117
1 -1.4 >232 8 -32.8 45
3 -0.6 82 5 -23.8 96

10 0.3 >117 9 -17.9  100-117
4 24.7 >117 2 -13.8 >117
9 34.1 100-117 3 -8.0 82

12 38.6 >117 1 -4.7 >232
11 104.8 >117 10 -3.8 >117
5 111.7 96 12 37.7 >117
2 178.9 >117 11 43.8 >117
13 303.0 >117 6 206.0 97
6 314.9 97 13 255.8 >117
14 N/A <20 14 N/A <20
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6.3.3. Variation in Arsenic Concentrations Related to Pond Age

Arsenic concentrations with regard to pond age seemed to exhibit few relationships (Section
5.1.4). Regressions were performed on various forms of the age-related data (Appendix VI.VLI). All
arsenic concentrations (fall 2000 and spring 2001, upper and lower sediments) were plotted against the
distance-based estimates for pond age (Table 5-6). Because arsenic concentrations were found to be non-
normal, the logarithms of all arsenic concentrations were also plotted against these estimated pond ages.
Two types of trendlines were obtained for each plot, linear and logarithmic. None of these combinations
produced strong correlations; linear trendlifes®ues ranged from 0.02-0.17 and logarithmic values from
0.01-0.21 (Table 6-5).

Regressions were repeated on all of the above data set combinations while excluding all
information from Sites 6, 7 and 8. These sites were created or greatly altered by human activity (Section
2.4.1) and may not have followed the trend used to obtain the distance-based age estimates for these ponds.
Overall, regression correlations were strengthened slightly by omitting these sites but still reflected weak
correlations; linear trendline’Ralues ranged from 0.16-0.42 and logarithmic values from 0.09-0.037
(Table 6-5). All regressions utilizing all sites are included in Appendix VI.VI.L.I while regressions omitting

sites 6, 7 and 8 are included in Appendix VI.VLLII.
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Table 6-5. Results of Regression Analyses for Age Comparisons of Arsenic Concentration

R? Value R? Value
Data Set Comparison Linear Trendline Logarithmic Trendline

Fall 2000 Sediments (All Sites)

-Upper v Distance from Site 15 0.0517 0.0452

-Lower v Distance from Site 15 0.1484 0.1834

-Log Upper v Distance from Site 15 0.0157 0.0136

-Log Lower v Distance from Site 15 0.1696 0.2028
Spring 2001 Sediments (All Sites)

-Upper v Distance from Site 15 0.0508 0.0592

-Lower v Distance from Site 15 0.1655 0.2062

-Log Upper v Distance from Site 15 0.0493 0.0691

-Log Lower v Distance from Site 15 0.1668 0.1831
Fall 2000 Sediments (Minus Sites 6-8)

-Upper v Distance from Site 15 0.2378 0.1470

-Lower v Distance from Site 15 0.4196 0.3705

-Log Upper v Distance from Site 15 0.1565 0.0944

-Log Lower v Distance from Site 15 0.3577 0.3215
Spring 2001 Sediments (Minus Sites 6-8)

-Upper v Distance from Site 15 0.2123 0.1885

-Lower v Distance from Site 15 0.3544 0.3625

-Log Upper v Distance from Site 15 0.2281 0.2316

-Log Lower v Distance from Site 15 0.1973 0.2033

Regression analysis could not be performed with the literature-based age estimates (Table 5-6)
because most of these estimated ages were ranges and could not be applied to a regression analysis.

The hypothesis that arsenic accumulated to current levels in Presque Isle’s aquatic sediments over
time was used in Section 6.2.1. If this hypothesis is applied here, it would logically follow that, in general,
older ponds contain more arsenic than younger ponds. From the regression analyses, however, this
hypothesis is not proven. Though it is not statistically supported, there remains the general trend for
decreasing arsenic concentrations while approaching the youngest ponds (Figure 5-5). The lack of
statistical support may introduce new ramifications on the hypothesis which is explained and backed by

evidence in Section 6.2.1.

6.3.4. Quality Control Samples

Table 6-6 presents the arsenic concentrations (mg/kg) and RSD values of all quality control
samples (Table VI-V, Section VLIV.V).
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Table 6-6. Arsenic Concentrations (mg/kg) of Quality Control Samples

[As]

Site ID (mg/kg) RSD
Diluent Blank <4.0 mg/L 60.42
Field Blank 1 <4.0 16.58
Method Blank 1 <4.0 48.18

Nitric Acid Blank 1 <4.0 mg/L 33.98
Nitric Acid Blank 2 <4.0mg/L  325.20

Field Blank 2 <4.0 77.31
Method Blank 2 <4.0 23.53
Fall 2000 1-Lower 8.2 13.24
Fall 2000 1-Lower* 8.3 23.80
Fall 2000 5-Upper 161.0 6.09
Fall 2000 5-Upper* 162.1 13.65
Fall 2000 5-Upper** 140.4 8.62
Fall 2000 11-Upper 189.5 8.64
Fall 2000 11-Upper* 171.9 5.45

Pre-Digestion Spike 2.23 mg/g 2.16
* = Duplicate Sample, ** = Triplicate Sample

6.3.4.1. Blanks

A variety of blanks were utilized in this study. One field blank was taken during both fall 2000
and spring 2001 sampling (Section 4.1.5). Field blanks 1 and 2 were shown to have arsenic concentrations
below the limits of detection in this study (4 mg/kg), indicating that any arsenic contamination occurring in
the field from sampling site to sampling site was negligible.

Both the water (diluent) and the nitric acid used throughout sample digestions and GFAA analyses
were tested for arsenic contamination according to EPA recommendations. Both were shown to have
arsenic concentrations below the limits of detection in this study, indicating that any arsenic contamination
due to the water or nitric acid used throughout the analytical procedures of this study was negligible.

Two method blanks were utilized throughout sample digestions to ensure that the digestion procedure did
not harbor contamination due to arsenic. Method Blank 1 was performed during fall 2000 sample
digestions and Method Blank 2 was performed during spring 2001 sample digestions. Both method blanks
were shown to possess arsenic concentrations below the limits of detection in this study, indicating that any

arsenic contamination due to the actual digestion and analysis procedures of this study was negligible.
6.3.4.2. Spikes

A spiked blank was utilized in order to test the percentage of arsenic recovered by the procedures
of this study. A known amount of arsenic (2 mg@g was added to 2.0515 g of arsenic-free sand
(Section 4.1.5) in order to compare the theoretical analysis results with the actual analysis results and

establish a percent recovery. Percent recovery (%R) was obtained via the following (APHA, 1998):

found value
true value

x 100% = % Recovery
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Analysis of the spiked blank revealed an arsenic concentration of 2.23 mg/g. The actual spike was
2 mg. The found value divided by the true value multiplied by 100% equals 111.25% recovery (+11.25%).
Acceptable %R parameters vary. The Guide To Environmental Analytical Methods (Northeast Analytical,
Inc., 1998) shows that Standard Methods, for its 3000 Series method procedures (this study would have
utilized method 3113, Metals by Electrothermal Atomic Absorption Spectrometry), requires a %R of +/-
15%. This Guide also shows that the USEPA Contract Laboratory Program’s (CLP) Inorganic Statement
of Work (Method 200 series CLP-M) requires additional quality control steps if %R is not within +/- 25%.
The %R for this spiked blank is acceptable under both of these requirements.

6.3.4.3. Duplicates and Triplicates

Duplicate and Triplicate digestions were utilized to ensure accuracy in representing the true
arsenic content of each sample and assuring the reproducibility of the digestion procedure. Of fall 2000
samples, 1-Upper, 5-Upper, 11-Upper and 13-Lower were digested in duplicate (5-Upper in triplicate) and
of spring 2001 samples, 5-Upper, 5-Lower, 12-Upper and Cascade Creek Shale were digested in duplicate.
Table 6-7 lists these samples along with the relative percent difference (%RPD) within each batch of
duplicates or triplicates. The acceptable %RPRQifplicates of EPA method 3050b is not specified by the
USEPA SW846 or by Standard Methods for any of its 3000 Series method procedures. The CLP Inorganic
Statement of Work (Method 200 series CLP-M) lists a %RPD control limit of 20% (Northeast Analytical,
Inc., 1998).

Table 6-7. Arsenic Concentrations (mg/kg) of Duplicate and Triplicate Quality Control Samples

Fall 2000 [As] Spring 2001 [As]

Site ID (mg/kg) %RPD Site ID (mg/kg) %RPD
1-Lower 8.2 1.05 5-Upper 241.6 18.45
1-Lower* 8.3 5-Upper* 290.7
5-Upper 161.0 6.84 5-Lower 16.8 6.66
5-Upper* 162.1 5-Lower* 17.9
5-Upper** 140.4 12-Upper 108.4 9.13
11-Upper 189.5 9.79 12-Upper* 118.8
11-Upper* 171.9 Cascade Creek Shale 5.8 45.46
13-Lower 72.6 3.17 Cascade Creek Shale* 9.2
13-Lower* 70.3

* = Duplicate Sample, ** = Triplicate Sample

All duplicate and triplicate samples hazteptable %RPD values except for Cascade Creek Shale.
Cascade Creek Shale may have shown a %RPD value greater than 20% because it was of a different matrix
than every other duplicate sample and may have incurred greater difficulty in analysis. It was also
relatively much lower in arsenic concentration which works to amplify the effects of any differences in
concentration.
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6.3.4.4. Relative Standard Deviation (RSD) Trends

The arsenic reading from a sample inside the graphite tube of the GFAA is known as the raw
arsenic concentration and does not reflect any corrections. In this study, it was programmed that the GFAA
would perform three replicates per sample resulting in three raw arsenic concentrations. Relative standard
deviations were then created from these three results as a measui@fAKis error involved in
analyzing that particular sample. An RSD value = 25 was used as the maximum threshold ofilggceptab
samples with RSD values higher than this threshold were repeated until acceptable RSD values were
obtained (meaning that the error in GFAA analysis was not excessive).

Lower concentrations of arsenic in the graphite tube of the GFAA generally tended to result in
higher RSD values reported for that sample’s replicate readings while higher concentrations tended to
result in lower RSD values. (Raw arsenic concentrations pgQ0resulted in memory effects within the
graphite tube, thus concentrations were kept below this concentration via dilution.) The denotation of this
pattern as a trend means that this is only generally true in this analysis and every value may not always fit
exactly and predictably into it (Table 6-8). The trend is shown for sediment samples onyc@RBEN)
and for sediment samples plus shale samples and field blanks ¢B8Bn). The corresponding number
of values averaged in each range (n) is also given. Graphing the RSD information against “n” clearly
shows how RSD values increase as raw arsenic concentrations decrease for sediment samples only (Figures
6-4a) and for sediment samples, shale samples and field blanks (6-4b).

Table 6-8. Average RSD Values for Raw Arsenic Concentration Ranges

Raw [As] Range Average Average

(Ho/L) RSDu RS, m np
150-200 5.98 6.20 15 16
100-150 7.75 7.75 8 8
80-100 5.56 8.22 6 7
60-80 9.95 10.99 11 12
40-60 11.37 1137 9 9
30-40 10.64 1064 1 1
20-30 23.18 2318 3 3
10-20 20.29 4377 2 3
<10 50.41 7774 1 3
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Figure 6-4. RSD Trends for Sediment Samples (a) and Sediment Samples, Shale Samples and Field Blanks
(b)

Samples Fall 2000-1-Upper and Spring 2001-15-New Sand did not ottejptable RSD values
(<25) despite repeated analyses. The analysis of sample Fall 2000-1-Upper was repeated 3 times and it was
the first of these that resulted in the lowest RSD value of 25.11 with an arsenic count of 60.82 mg/kg.
Spring 2001-15-New Sand was repeated 4 times and it was the second of these that resulted in the lowest
RSD value of 31.33 with an arsenic count of 4.56 mg/kg.

These high RSD values may be explained by the trend described above, as illustrated by the
following:

Sample ID Raw [As] Final [As] RSD
(Hg/L) (mg/kg)
Fall 2000-1-Upper 23.62 60.82 25.11
Spring 2001-15-New Sand 32.95 4.56 31.33

Because Fall 2000-1-Upper had a relatively lower raw arsenic concentration, a slightly higher
RSD value resulted. Spring 2001-15-New Sand was reported to have the highest raw arsenic concentration
of these three samples. It might follow that it should have an RSD value lower than that of Fall 2000-1-
Upper, however, the New Sand sample was of a different matrix (sand rather than sediment) and may not
have followed the trend described above accordingly.
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Overall

1.

7. CONCLUSIONS

With the averaged fall 2000 and spring 2001 arsenic concentration results, arsenic exists
in concentrations greater than the NYDEC SEL of 33.0 mg/kg for 13 of the 14 sites for
upper sediments and 7 of the 14 sites for lower sediments ranging from 1.1-10.4 and 1.1-

6.5 times the SEL in those sites, respectively.

With the averaged fall 2000 and spring 2001 arsenic concentration results, arsenic exists
in concentrations greater than the USEPA PEL of 41.6 mg/kg for 11 of the 14 sites for
upper sediments and 6 of the 14 sites for lower sediments ranging from 1.4-8.2 and 2.2-

5.2 times the PEL in those sites, respectively.

Spatial Conclusions

3.

Statistically significant differences (P = 0.0037, 0.0010) exist between upper and lower
sediment arsenic concentrations for fall (paired and unpaired tests, respectively) and
between upper and lower sediment arsenic concentrations for spring (P = 0.0483,
0.0346). In both cases, arsenic tends to exist in higher concentrations within the upper 2-

3 cm of aquatic sediment on Presque Isle State Park.

Seasonal Conclusions

4,

A statistically significant difference about the 90% confidence level (P = 0.0869) exists
between upper sediment arsenic concentrations of the fall versus spring, however it
appears that no conclusive cause-and-effect relationship may be drawn from this data to

explain the reason for this difference.

Age Related Conclusions

5.

Neither the literature-based age estimates or the distance-based age estimates showed

definitive correlations with regard to upper or lower arsenic concentration.
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8. RECOMMENDATIONS
8.1. RECOMMENDATIONS BASED ON THIS STUDY

The scope of this study sought to establish whether or not arsenic’s presence in the pond
sediments of Presque Isle State Park was due to natural or anthropogenic occurrences and what, if any, are
the spatial, seasonal or age-related relationships involving those concentrations. Obvious improvements
could be made by increasing sample sizes to incorporate more sampling ponds and more sites of sediment
extraction within each sampled pond. Arsenic concentration variance within the same pond was not
explored but is recommended to establish whether a quantifiable difference exists between the reported
arsenic concentration at one sediment extraction site and another reported concentration at another
extraction site some distance away in the same pond on the same sampling day. This would be beneficial
in understanding how well a reported arsenic concentration from one pond accurately represents the overall
arsenic concentration of the entire pond.

Regarding project outcomes, it has been shown in this study that the arsenic concentrations of
most of the sampling sites were above the USEPA’s PEL threshold, meaning that toxic effects from these
concentrations are probable to occur. A different outcome might involve speciating or differentiating the
various existing arsenicals in the field to better understand their overall toxicity to the ecosystem. It has
been shown in this study that there exists a wide variance in the toxicity of various arsenicals, (inorganic v
organic, pentavalent v trivalent, etc.). Through what is known about arsenic’s speciation in soil types of
varying chemical properties (i.e. oxidizing or reducing conditions, presence of various minerals, etc.), the
arsenic species may be estimated. Speciating the various existing arsenicals by various lab procedures or
expanding the field tests to incorporate more soil parameter tests to better estimate arsenic’s speciation
would both lend to a better understanding of what the speciation of arsenic on Presque Isle is and thus how
toxic conditions might be. Recommendations could then be based as to whether or not remediation

strategies might be warranted due to these overall toxicity findings.
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VI. APPENDICES
VI.II. BACKGROUND (SECTION 2)

VLILI. Arsenic in Water (Section 2.1.2.5)

Table VI-1. Solubilities of Various Arsenicals (CRC, 1991)

Arsenical Formula Solubility*
Aluminum orthoarsenate AlAsO,¢ 8H,0 Insoluble
Ammonium Calcium arsenate NH,CaAsQe6H,0 0.02
Ammonium Magnesium arsenate NH,MgAsOye 6H,0 0.038%°
Ammoniummetarsenite NHASO, Very Soluble
Ammoniumorthoarsenate (NH4)3As0Oy* 3H,0 Slightly Soluble
Ammoniumorthoarsenate di-H NH,AsO, 33.74
Ammoniumorthoarsenate mono-H (NHRHASO, Soluble
metaArsenic acid (HO)As® Decomposes
ortho-Arsenic acid HsASOye YoH,0 302'%°
pyro-Arsenic acid HAS,O, -
Arsenic disulfide (Realgar) AS, Insoluble
Arsenic pentasulfide AS. 0.0001368
Arsenic trisulfide (Orpiment) AS; 0.0000%?
Arsenic hydride (Arsine gas) AsH 20 mi
Arsenic monophosphide AsP Decomposes
Arsenic pentoxide ASs 150°
Arsenic trioxide AsO; 3.7°
Arsenic selenide ASe Insoluble
Arsenic pentafluoride AsF Soluble
Arsenic trifluoride Ask Decomposes
Hydrogen arsenide (solid) 2AS, Insoluble
Barium arsenide BAs, Decomposes
Bismuth Arsenate BiAsp 4.4 x 101
Boron arsenate BAsO Very Slightly Soluble
Cadmium Arsenate GEASOy), 2.17 x 10°
Calcium arsenide GAs, Decomposes
Calciumorthoarsenate G#ASOy)> 0.013°
Chromiummonarsenide CrAs Insoluble
Cobalt(Il) Arsenate Co3(Asp 6.79 x 107°
Copper arsenide GAs; Insoluble
Copper(ll) arsenate (Paris Green) 3@s0,), 7.93 x 10°
Copper(Il)orthcarsenite (Scheele's Green) CuHAsO Insoluble
Leadmetarsenate Pb(As(® Decomposes
Leadmetarsenite Pb(Asg» Insoluble
Leadortho,di-arsenate (Schultenite) PbHAsO Insoluble
Leadorthomono-arsenate Pb{AsOy), Decomposes
Leadorthoarsenate ROASO,), Very Slightly Soluble
Leadorthoarsenite Phy(AsOs),e xH,0O Insoluble
Leadpyroarsenate RlAs,0, Insoluble
Magnesium arsenide MAs, Decomposes
Magnesiunortho,mono-H-arsenate (Roesslerite) MgHAsQO,s 7H,O Decomposes
Magnesiunorthoarsenate Mgs(AsQOy),* 22H,0 Insoluble
Magnesiunorthoarsenate (Hoernesite) Mgs(AsO,),* 8H,0O -
Magnesiunorthoarsenite Mg(AsO;), Soluble
Manganese di-arsenide s Insoluble
Manganese mono-arsenide MnAs Insoluble
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Manganese tri-arsenide Miks, Insoluble

Mercury(l) orthomono-H-arsenate HBASO, Insoluble
Mercury(ll) orthoarsenate HGASO,), Very Slightly Soluble
Nickel arsenide (Niccolite) NiAs Insoluble
Nickel orthoarsenate Ni3(AsOy),* 8H,0O Insoluble
Nickel orthoarsenite NizHg(ASO3)42 H,0O Insoluble
Platinum arsenide (Sperrylite) PtAs Slightly Decomposes
Potassium di-Hrthoarsenate KEASO, 19
Potassiunmetarsenite KAsSQ Soluble
Potassiummetarsenite KH(AsO,),* H,O Soluble
Potassium mono-tdtthoarsenate KHASO, 18.86
Potassiunorthoarsenate KASO, 18.87
Potassiunorthoarsenite KAsSO; Very Soluble
Silver orthoarsenite AgAsO; 0.0011%°
Silver(l) arsenate ARSO, 1.03 x 10
Sodium arsenate fluoride 2NaAsOye NaF 19H,0 10

Sodium arsenite NaAsO Very Soluble
Sodium arsenotartrate Na(AsO)GH,Oge 2%4H,0 6.5
Sodiummetarsenate NaAsO Very Soluble
Sodiumortho,di-H-arsenate NaH,AsO, H,O Soluble
Sodiumortho,mono-H-arsenate Na,HASO,e 7H,0O 5.46
Sodiumorthoarsenate NagAsOye 12H,0 38.9°°
Sodiumthioarsenate NagAsS,e 8H,O Very Soluble
Sodiumpyroarsenate N&ASs,O; Very Soluble
Strontium arsenate $ASO,), 4.29 x 10°
Strontiumorthoarsenite Sr(ASO3),0 4H,0 Slightly Soluble
Tin pyroarsenate SAs,0; Insoluble
Tungsten arsenide WAS Insoluble
Zinc arsenate AiAsOy), 3.12 x 1078
Zinc arsenate (Adamite) Zn3(AsOy), Zn(OH), -

Zinc arsenate (Koettigite) Zn3(AsQy),* 8H,0 Insoluble
Zinc arsenide Z8AS, Insoluble
Zinc hydrogerorthcarsenate ZnHAsO* H,0O Decomposes

*All solubilities that are not reported as constants (i.e. adjectives or numbers not in scientific notation) are
for cold water, exact temperature unknown’@5 unless specified by a superscript Celsius temperature
** Numbers not in scientific notation represent solubilities in grams per 100 cc water

VI.IV. METHOD SECTION (SECTION 4)

VLIV.l. Sample Collection (Section 4.1)
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Table VI-Il. Sampling Sites with Respective Date Sampled and Sampling Vehicle

Date Sampled Date Sampled  Sampling
Site # Fall 2000 Spring 2001 Vehicle
1 10/11/00 3/11/01 Waders
2 10/11/00 3/11/01 Waders
3 10/11/00 3/11/01 Waders
4 10/11/00 3/11/01 Waders
5 10/11/00 3/11/01 Waders
6 10/13/00 3/5/01 Canoe
7 10/13/00 3/5/01 Canoe
8 10/25/00 3/9/01 Motorboat
9 10/25/00 3/9/01 Motorboat
10 10/25/00 3/9/01 Motorboat
11 10/25/00 3/9/01 Motorboat
12 10/25/00 3/9/01 Motorboat
13 10/25/00 3/9/01 Motorboat
14 N/A 3/11/01 Waders
15 N/A 3/12/01 Foot
CCSs N/A 3/12/01 Foot
MCS N/A 3/12/01 Foot
WCS N/A 3/16/01 Foot

VLIV.II. All Sites (Section 4.1.3)

Table VI-lIl. Average Duration Times for Sediment Exposure-to-Air and Overall Sampling

Average Duration of

Average Duration of

Sediment Sampling Air Exposure Entire Sampling Time
Batch # Stratum Vehicle (Min) (Min)
Fall Upper Sediments Waders 0.0 28.5
2000
Canoe 10.5 26.5
Motorboat 7.8 8.5
Lower Sediments Waders 4.4 28.5
Canoe 10.5 26.5
Motorboat 7.8 8.5
Spring  Upper Sediments Waders 0.0 23.7
2001
Canoe 0.0 24.0
Motorboat 0.0 19.0
Foot 0.0 28.0
Lower Sediments Waders 0.0 23.7
Canoe 0.0 24.0
Motorboat 0.0 8.0
Foot 0.0 28.0
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VLIV.IIIl. Sediment Digestion (Section 4.2)

VLIV IIL.I. Deviations from and Specific Choices made to Acid Digestion of Sediments, Sludges, and Soils
(EPA method 3050B)

Method Section:

4.0 Apparatus and Materials
4.2 Non-ribbed watch glasses were used
4.3 A drying oven was unnecessary, wet sediments were used
4.4 Alcohol thermometers were used
4.8 Hot plates were used

5.0 Reagents

Water (de-ionized and filtered), obtained in the lab from a Barnstead
Thermolyne Corporation Brand, MEGA-PURBystem utilizing, in respective order, a
High Capacity deionization cartridge (B) and an Organic Removal (O) cartridge, both
rechargeable

Nitric Acid (Concentrated), Fisher Brand, Trace Metal grade

Hydrogen Peroxidé30%), Hach Brand, ACS grade

Arsenic Reference Solutigii mg/ml, +/- 1%), Fisher Brand, arsenic trioxide
dissolved in 10% nitric acid

7.0 Procedure

7.1 Homogenization of samples was achieved via mechanical mixing.
Representativeness was attended to by taking multiple portions of sample from different
locations within the sample container that added up to the desired 1-2 g, wet weight, of
sample needed for digestion.

7.2.4 Dilution of the final digestate occurred after filtration

8.0 Quiality Control

All minimum quality control recommendations were adhered to along with
additional measures such as the use of extra blanks, spikes and duplicates.
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Table VI-IV. Sample Titles and Digestion Dates for Fall 2000 Samples (a) and Spring 2001 Samples (b)
(Key: * = Duplicate Sample)

(a) Fall 2000
Digestion Digestion
Sample Title Date Sample Title Date

8-Lower 1/09/01  3-Upper 1/20/01
9-Lower 1/09/01  4-Upper 1/20/01
10-Lower 1/09/01 Method Blank #1 1/20/01
11-Lower 1/09/01  6-Upper 1/25/01
6-Lower 1/09/01  7-Upper 1/25/01
7-Lower 1/09/01  8-Upper 1/25/01
2-Lower 1/10/01  13-Upper 1/27/01
3-Lower 1/10/01  12-Upper 1/27/01
4-Lower 1/10/01  1-Lower 8/08/01
5-Lower 1/10/01  1-Lower* 8/08/01
12-Lower 1/10/01  5-Upper 8/08/01
13-Lower 1/10/01  5-Upper* 8/08/01
13-Lower* 1/10/01  5-Upper** 8/08/01
Field Blank 1 1/10/01  11-Upper 8/08/01
1-Upper 1/20/01  11-Upper* 8/08/01
2-Upper 1/20/01

(b) Spring 2001

Digestion Digestion
Sample Title Date Sample Title Date

2-Lower 4/13/01  4-Upper 4/16/01
4-Lower 4/13/01  3-Upper 4/16/01
1-Lower 4/13/01  5-Upper 4/16/01
3-Lower 4/13/01  5-Upper* 4/16/01
14-Lower 4/13/01  14-Upper 4/16/01
5-Lower 4/13/01  9-Upper 4/16/01
5-Lower* 4/13/01  12-Upper 4/16/01
Method Blank #2 4/13/01  7-Upper 4/26/01
7-Lower 4/13/01  11-Upper 4/26/01
9-Lower 4/13/01  10-Upper 4/26/01
11-Lower 4/14/01  6-Lower 4/26/01
12-Lower 4/14/01  8-Lower 4/26/01
13-Lower 4/14/01  10-Lower 4/26/01
13-Upper 4/14/01  Mill Creek Shale 4/26/01
12-Upper 4/14/01  Cascade Creek Shale 4/26/01
8-Upper 4/14/01  Cascade Creek Shale* 4/26/01
6-Upper 4/14/01  Walnut Creek Shale 4/26/01
1-Upper 4/16/01  New Sand 4/26/01
2-Upper 4/16/01  Field Blank 2 4/28/01

VLIV.IV. Method Editor File Specifications for Arsenic GFAA Analysis (Section 4.3.1)

Method Editor File Name: AsSamples

l. Instrument Page
A. Identification
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1. ElementAs
B. Spectrometer
- wavelength and slit width settings are default settings recommended by the software

for arsenic
1. Wavelength193.7
2. Slit Width:0.70
3. Modified SettingsNo
C. Signal
1. Type:BackgroundCorrectedAA
- measures both the background signal during analysis as well as the combined
signal of analyte + background and subtracts the background signal from the
combined signal for the final report
2. Measuremen®Peak Area
- measurement of area under peak in absorbance-seconds; values calculated by the
formula: Peak Area (A-s) ZA/f wherez A, = “the sum of individual
absorbance readings over the Read Timd @the measurement frequency”
D. Timing

1. Read Time (seck.0
2. Read Delay (sec).0
3. BOC Time (sec)2.0
- BOC is the amount of time the baseline is averaged before the analyte reading is
taken, 2.0 s is the default setting

I Calibration Page
A. Sample and Modifiers
1. Sample
a. Volume pL): 10.0
b. Diluent Volume |iL): 0.0
c. Diluent Location0
2. Matrix Modifiers
a. #1 Volume|fL): 10.0
a.1. Add to calibration blank and standarass
a.2. Add to reagent blank and sampies
b. Location:81
B. Equation, Units & Replicates
1. Calibration Equation
a. EquationZero Intercept: Linear
- chosen due to the linear range being optimum for arsenic betweenug/100
(Standard Methods), and the fact that the graphite tube for the AAnalyst 600
shows memory effects with arsenic at concentrations greater thaug/200
b. Maximum Decimal PlaceS:
c. Maximum Significant Figure&
2. Units
a. Calibrationug/L
b. Sampleug/L
3. Replicates
a. Fixedat3
- this specification commands that everything analyzed iGE®A (i.e.
standards, blanks, QC checks and samples) will be done in triplicate
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C. Standard Concentrations
1. Standard Concentrations

Identification Concentration ~ Auto Sampler Stock  Diluent
Location (uL) (nL)

Calibration Blank Calibration Blank - 1 10 0
Reslope Standard Reslope 100.0 3 5 5
Reagent Blank - - - - -
Standard 1 As Standard 1 10.0 2 2 8
Standard 2 As Standard 2 20.0 2 4 6
Standard 3 As Standard 3 50.0 2 10 0
Standard 4 As Standard 4 100.0 3 5 5
Standard 5 As Standard 5 200.0 3 10 0

. Furnace Page
A. Furnace Program

- all default settings. Gas flow is halted during the read step to increase the
GFAA’s measurement sensitivity to arsenic

Step# Temperature Ramp Hold Internal Gas Type Read
(°C) Time (sec) Time (sec) Flow (ml/min) Normal or Split
1 110 1 30 250 Normal -
2 130 15 30 250 Normal -
3 1200 10 20 250 Normal -
4 2000 0 5 0 Normal Read
5 2450 1 3 250 Normal -

a. Use fume extraction unites
b. Injection temperaturéQ): 20
c. Extra furnace clean-owtes
c.1. Run furnace step 2 times
c.2.Between blanks, samples or standards
B. Sequence
1. Autosampler and Furnace Sequence

Step Actions and Parameters
Pipette diluent + modifier 1 + spike +
sample/standard

2 Run furnace steps 1 to end

2. Pipette speed (96100

V. Checks Page
A. Calibration
1. Check Correlation Coefficientpes
a. Minimum Correlation Coefficien@.99500
b. If coefficient is less than minimum:
b.1. Repeat calibratiohtime and continue if OK
b.2. If still not OK:Print message and continue
2. Recalibrate Instrument Periodically®s
a. Run blank and reslope
b. Frequency: everyO samples
3. Analyze Standards at End of Run@:
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B. Analyses
1. Check Precision?o
2. Reanalyze Samples beyond Calibration Rangges?:
a. Over calibration limil15%o0f calibration range
b. Check range osamples
c. Dilute and reanalyze aftet:replicate
c.1. Alternate sample volumgsL(:
c.l.a10
c.1.b.5
c.1l.cO
3. Perform Matrix Check and Calculatiomiex
4. Perform Recovery Measurements@:

V. Quality Control Page
VI. Options Page
A. ID’s and Locations Page
1. QC Samples: Descriptions
- limits were established using the default value of +/- 15.00% the concentration
value
a. Concentration Unit€alibration (ug/L)

QCNo. 1 QC No. 2 QC No. 3
QC sample ID Calibration Calibration Standard Calibration Standard
Blank 50.0 200.0
Autosampler Locations 1 2 3
Count as a Sample - - -
Use Reagent Blank - - -
Concentration 0 50 200
Lower Conc. Limit 0.00 42.50 170.00
Upper Conc. Limit 0.00 57.50 230.00

a. Concentration Unit€alibration (ug/L)

VI. Options Page
A. Results Display/Printed Log
1. CustomSettings
- individually chosen to include the following data in each “results data set”:

a. Method Header
a.l.Method Name
a.2.Element
a.3.MethodDescription
a.4.Date
a.5.Technique
a.6.Wavelength
a.7.LampCurrent
a.8.Sampldnfo File Name
a.9.Calibration Equation
a.10.Slit Width
a.11.Energy
a.12.ResultData SetName

b. Results Header
b.1.Element
b.2.Sequenc&lumber
b.3.Autosampletocation
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C.

d.

b.4.Date
b.5.SampldD
Column Headings

c.1. Concentration Data
c.1.a.Concentration Sample Units
c.1.b.Concentration Calibration Units

c.2. Absorbance Data
c.2.aBlank Corrected Signal
c.2.b.Peak Area
c.2.c.Peak Height
c.2.dBackground Peak Area
c.2.eBackground Peak Height

c.3. Additional Parameters
c.3.aTime
c.3.b.Peak Stored Message

Data Categories

d.1. Data
d.1l.a.Replicate Data
d.1.b.Mean Data
d.1.c.Statistics

d.2. Peaks
d.1l.a.None Stored

d.3. Summary
d.3.a.Calibration Summary
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VL.IV.V. Arsenic Results (Section 4.3.4)

Table VI-V. Arsenic Values with Respective RSD Values and Number of Testing Repetitions

Site ID As # Site ID As #

Fall 2000 (mg/kg) RSD  Reps. Spring 2001 (mg/kg) RSD Reps.
1-Upper 60.82 25.11 3 1-Upper 59.47 14.24 1
1-Lower 8.238 13.24 1 1-Lower <4.0 8.41 1
1-Lower * 8.325 23.80 1 2-Upper 309.89 11.92 1
2-Upper 130.95 8.27 1 2-Lower 26.99 5.47 1
2-Lower 40.75 7.43 1 3-Upper 73.82 17.01 1
3-Upper 74.40 14.67 1 3-Lower 10.22 10.86 1
3-Lower 18.18 14.27 1 4-Upper 106.69 17.68 1
4-Upper 81.98 11.66 1 4-Lower <4.0 8.24 3
4-Lower 68.19 3.31 1 5-Upper 241.59 5.61 1
5-Upper 160.964 6.09 1 5-Upper * 290.68 5.17 1
5-Upper * 162.104 13.65 1 5-Lower 16.78 19.16 1
5-Upper ** 140.360 8.62 1 5-Lower * 17.94 7.68 1
5-Lower 41.20 6.97 1 6-Upper 363.91 8.82 1
6-Upper 49.04 13.48 1 6-Lower 236.58 12.86 1
6-Lower 30.57 7.38 1 7-Upper 64.67 11.91 1
7-Upper 211.94 11.53 1 7-Lower 37.45 7.50 1
7-Lower 148.85 5.25 1 8-Lower 11.80 1.22 1
8-Upper 52.99 18.44 1 9-Upper 359.47 6.89 1
8-Lower 44.57 6.66 1 9-Lower 188.41 4.43 1
9-Upper 325.39 3.00 1 10-Upper 37.20 13.51 1
9-Lower 206.32 0.21 1 10-Lower 23.75 9.32 1
10-Upper 36.88 7.61 1 11-Upper 285.48 4.36 1
10-Lower 27.55 11.38 1 11-Lower 237.71 5.57 1
11-Upper 189.534 8.64 1 12-Upper 108.38 3.80 1
11-Upper * 171.848 5.45 2 12-Upper * 118.75 9.62 1
11-Lower 193.93 2.06 1 12-Lower 109.37 3.26 1
12-Upper 74.97 1.53 1 13-Upper 393.57 4.92 1
12-Lower 71.68 7.26 1 13-Lower 327.26 2.90 1
13-Upper 90.55 7.35 1 14-Upper 5.39 10.64 1
13-Lower 72.59 2.28 1 14-Lower 4.29 16.12 2
13-Lower * 70.32 6.46 1 New Sand 4.56 31.33 4
Diluent Blank <4.0 mg/L 60.42 1 Cascade Creek Shale 5.82 20.84 3
Field Blank 1 <4.0 16.58 1 Cascade Creek Shale* 9.24 22.06 1
Method Blank 1 <4.0 48.18 2 Mill Creek Shale 8.76 15.84 1
Nitric Acid Blank 1 <4.0 mg/L 33.98 1 Walnut Creek Shale 15.52 9.39 1
Nitric Acid Blank 2 <4.0mg/L 325.20 1 Field Blank 2 <4.0 77.31 1

Method Blank 2 <4.0 23.53 1
Pre-Digestion Spike 2.23 mg/g 2.16 1
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VI.VI. DISCUSSION SECTION (SECTION 6)

VI.VL.1. Variation in Arsenic Concentration Related to Pond Age (Section 6.3.3)

VI.VL.L.I. Regression Plots for Sediment Arsenic Concentration (All Sites) v Distance from Site 15
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Figure VI-1. Regression Plot of Fall 2000 Upper Sediments (All Sites) v Distance from Site 15 Showing a
Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-1I. Regression Plot of Fall 2000 Lower Sediments (All Sites) v Distance from Site 15 Showing a
Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-lIl. Regression Plot of Fall 2000 Log Upper Sediments (All Sites) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-1V. Regression Plot of Fall 2000 Log Lower Sediments (All Sites) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-V. Regression Plot of Spring 2001 Upper Sediments (All Sites) v Distance from Site 15 Showing
a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-VI. Regression Plot of Spring 2001 Lower Sediments (All Sites) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-VII. Regression Plot of Spring 2001 Log Upper Sediments (All Sites) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-VIII. Regression Plot of Spring 2001 Log Lower Sediments (All Sites) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)

78



VI.VL.LII Regression Plots for Sediment Arsenic Concentration (Minus Sites 6-8) v Distance from Site 15
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Figure VI-IX. Regression Plot of Fall 2000 Upper Sediments (Minus Sites 6-8) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-X. Regression Plot of Fall 2000 Lower Sediments (Minus Sites 6-8) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-XI. Regression Plot of Fall 2000 Log Upper Sediments (Minus Sites 6-8) v Distance from Site
15 Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-XII. Regression Plot of Fall 2000 Log Lower Sediments (Minus Sites 6-8) v Distance from Site
15 Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-XIII. Regression Plot of Spring 2001 Upper Sediments (Minus Sites 6-8) v Distance from Site 15
Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-XIV. Regression Plot of Spring 2001 Lower Sediments (Minus Sites 6-8) v Distance from Site
15 Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-XV. Regression Plot of Spring 2001 Log Upper Sediments (Minus Sites 6-8) v Distance from
Site 15 Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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Figure VI-XVI. Regression Plot of Spring 2001 Log Lower Sediments (Minus Sites 6-8) v Distance from
Site 15 Showing a Linear Trendline (a) and a Logarithmic Trendline (b)
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