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ABSTRACT 

Organic contamination is associated with inorganic contamination 

in a plume resulting from acidic mine drainage water in an area of 

copper mining, Globe, Arizona. The level of dissolved organic carbon 

(DOC) is low, but is eight times the 0.5 mgC/1 background. The source 

is probably organic reagents used in mineral processing. 

DOC fractionation using XAD-8 resin sorption chromatography gave a 

hydrophobic acid fraction (humic substances) of 1.0 mgC/1, and the 

hydrophobic neutral fraction was also anomalous, being as high as 49% of 

DOC. The fractionation data matched that for a waste-solution lake, 

believed to be a source of the aquifer contamination. Loss of DOC is 

occurring downgradient in the aquifer, based on comparison of DOC/ 

chloride ratios. Loss occurs as the pH increases to over 4 or 5. Sorp

tion onto metal precipitates being formed, particularly of the 

hydrophilic fraction, may be occurring. 
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CHAPTER ONE 

INTRODUCTION 

The area of study lies within the Globe-Miami copper mining 

district in eastern Arizona (Fig. 1.1). An aquifer system along Miami 

Wash and Pinal Creek contains acidic water high in sulfate, iron, and 

other trace-metals (Eychaner and Stollenwerk, 1985). Contamination of 

the aquifer system extends upgradient to at least the town of Miami, at 

the head of Miami Wash, and downgradient along Pinal Creek the full 

extent of the aquifer for a total distance of 17 km. 

This study involves the characterization of the dissolved organic 

matter which is present in the Miami Wash-Pinal Creek aquifer system. 

Measurements of the level of total organic carbon (TOC) in contaminated 

ground water were made by the United States Geological Survey (USGS) 

before this study began. These measurements indicated that the concen

tration of organic matter is higher than expected for ground water. 

When this study began, the most likely source for organic contamination, 

if present, was thought to be the organic reagents used in ore process

ing in the area. 

The objectives of this research were as follows: 

(a) To measure and characterize organic matter present in 

the aquifer system; 

(b) To determine the distribution and fate of the organic 

matter in the aquifer; 

(c) If organic contamination can be shown to be present, 

to determine its sources and relate measurements made 
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to specific organic reagents that may have been used 

in the mineral processing which took place in the 

area. 

The contamination plume in the Miami Wash-Pinal Creek drainage has 

been monitored since 1984 by the USGS in 23 observation wells located at 

six sites near the stream channels (Fig. 1.1). The wells at each site 

are completed at depths ranging from 10 to 68 m with only a 0.9-m 

screened interval for each well (Fig. 1.2). 

Most of the water samples analyzed in this study were collected 

from the USGS monitoring wells. From observation well sites shown in 

Figure 1.1, 11 wells were sampled. These wells were: from the MP1 site 

--well no. 1; from the XI site--well nos. 1, 3, 4, and 5; from the X3 

site--well no. 3 from the X4 site--well nos. 2, 3, and 4; and from the 

X5 site--well nos. 1 and 3. Another ground-water sample was collected 

from an upgradient, uncontaminated USGS monitoring well not shown in 

Figure 1.1. One stream sample was collected where downgradient ground

water discharge occurs near well site X5. A sample was obtained from a 

waste-water collection lake, known as Webster Lake, which resulted from 

mineral processing. The dissolved organic carbon (DOC) of all of these 

samples were determined. 

A general organic characterization of most of these samples was 

done by DOC fractionation (Leenheer and Huffman, 1979). This method 

uses column chromatography with adsorption by XAD-8, a macroreticular 

resin made of methylmethacrylate polymer. Only the hydrophobic solutes 
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are sorbed by the resin; those which do not sorb are called hydrophilic 

solutes. 

The hydrophobic and hydrophilic solutes are each divided into 

acid, base, and neutral fractions. The hydrophobic acid fraction 

includes only those hydrophobic solutes which desorb from the resin when 

the column is eluted with base. Those which do not desorb are included 

in the hydrophobic neutral fraction. 

The hydrophobic acid fraction includes humic and fulvic acids plus 

low molecular-weight specific hydrophobic acids. The term "humic sub

stances" is also used for this fraction (Thurman, 1985), although used 

strictly, this term includes only the humic and fulvic acids. 

Because of the high metals content and total dissolved solids 

(TDS) of the acidic water samples, the hydrophobic bases, if present, 

could not be determined and are included with the hydrophilic solutes. 

Because of this, the hydrophilic organic matter could not be subdivided 

into acid, base, and neutral fractions. 

Specific hydrophobic compounds were identified using gas chromato-

graphic-mass spectrometry (GC-MS) analysis of one of the ground-water 

samples. Extraction for the GC-MS analysis was done by using bonded-

phase, C-18, extraction columns. A literature review on this technique 

and DOC fractionation is given in the section on experimental techniques 

later in this chapter. 

Information on the ore processing activity in the Globe-Miami 

mining district is important background to this study. This activity 

was researched through general mining industry literature, review of 



mining literature specific to the Globe-Miami area, and personal con

tacts with those familiar with the activity and history of the area. 

The rest of this chapter includes a literature review and is 

divided into three sections. The first section describes two studies in 

which the fate of organic matter in contaminated water was determined; 

the conclusions reached in these studies will be related to the fate of 

organic matter in the Globe area, as discussed in a later chapter. The 

next gives a summary of reagents used in copper mineral processing and 

discusses their potential for ground-water contamination. The last 

section gives information from the literature on experimental techniques 

which are used in this study. 

1.1 Fate of Organic Matter in Contaminated Water 

At Otis Air Base, located 100 km southeast of Boston, Massachu

setts, rapid infiltration of secondary-treated sewage effluent for at 

least 30 years resulted in a ground-water contamination plume (Barber et 

al., 1988). The vadose zone in the area is 6.5 m thick. The aquifer is 

30 to 40 m in thickness and is composed of sand and gravel with a low 

level of solid organic carbon. The FOC, which is the fraction of solid 

organic carbon by weight, is only .0001 to .0025. 

The DOC was found to drop off rapidly from 11 mg/1 in the infil

tration ponds to 3 mg/1 after only 400 m of travel in the aquifer. This 

large reduction occurred in spite of only minor dilution of the infil

trated water by uncontaminated ground water directly downgradient from 
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the ponds. Most of this reduction was attributed to biodegradation 

taking place near the infiltration beds. 

In the downgradient portion of the plume, biologically labile DOC 

had been depleted, and the system was carbon limited, retarding micro

bial activity. Even though there was still dissolved oxygen present 

here (0.2 to 5.0 mg/1), potentially degradable but refractory compounds 

were still present. The DOC of 4.0 mg/1 in the downgradient portion of 

the plume was 10 times the uncontaminated ground-water DOC (0.4 mg/1). 

This DOC level (10 times above background) is characteristic of ground

water contamination at rapid infiltration sites. 

In another study, the Snake River in central Colorado, contami

nated with mine drainage, had 3 mg/1 of dissolved aluminum and a pH of 

3.5 (Thurman, 1985). At the confluence with an uncontaminated stream, 

the pH rose and the aluminum was precipitated as aluminum hydroxide. 

The DOC decreased from 2 mg/1 to only 0.2 mg/1 because of adsorption and 

precipitation caused by the formation of the aluminum hydroxide precipi

tate. Hydrophobic humic substances and simple organic acids were inter

preted to be the components of the DOC being sorbed. This study of 

stream water shows that the precipitation of metal hydroxides causes 

sorption of dissolved organic matter and can be the dominant factor 

controlling the fate of organic matter. 

1.2 Reagents Used in Copper Mineral Processing 
and their Potential for Ground-water Contamination 

Two important methods of copper ore processing at the mines of the 

Globe-Miami district are flotation concentration and leaching in which 
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the copper is recovered by the solvent extraction-electrowinning method 

(CAAG, 1983). Organic compounds are used in both processes and may 

potentially escape into ground water. 

Most of the organic reagents used in copper mineral processing are 

those used in the concentration of copper sulfide ores by flotation. 

Non-sulfide minerals are not processed by flotation in the Globe-Miami 

area. Commonly-used flotation reagents for both sulfide and non-sulfide 

minerals are shown in Figure 1.3 (Mining Engineering, 1982). Collectors 

and frothers used for sulfide mineral concentration are all organic 

chemicals. Modifiers are mostly inorganic in nature, except for some 

resurfacing agents. Flocculation and dispersion reagents are organic 

and are probably used mostly in solid-liquid separations, such as in 

filtering and thickening. 

In the recovery of copper from leachate by the solvent extraction 

method, a kerosene-type solvent is used. This solvent contains organic 

reagents which complex with the copper. 

The potential exists for the organic reagents used to remain with 

the tailings water or waste solutions and to be preserved and trans

ported to tailings ponds or waste-water collection areas and, ultimat

ely, to the ground water. Flotation is as much of an art as a science, 

and matching the amount of reagent to be used for an ore can be a com

plicated task with uneven results. This is because of changes which 

occur in the mineral content of the ore as new rock is mined. In one 

concentration or another, each reagent will eventually be found in the 

tailing ponds (Albert, 1984). 
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Once an organic compound is present in tailings dumps, tailings 

ponds or waste water ponds or lakes, many factors can affect whether or 

not it is preserved and transported to ground water. The most important 

factors are: 

(1) The pH of the water may be an important factor. Low 

pH prevents the growth of heterotrophic microbes, 

which may degrade the organic matter. However, the pH 

used in the flotation of copper is from 8.5 to 12.5 

(Mining Engineering, 1982) so biodegradation may be 

effective in tailings ponds. 

(2) The dissolved oxygen content may control the removal 

of organic matter through either spontaneous oxidation 

or aerobic biodegradation. In fairly permanent water 

bodies of sufficient depth, if abundant algal growth 

occurs in the upper layer, anoxic conditions may 

develop in bottom waters or sediments, tending to 

preserve the contained organic matter. These condi

tions probably do not develop in tailings ponds 

because of their ephemeral nature and shallow water 

depth. 

(3) The sorption of organic matter to suspended solids in 

the water column or bottom sediments may effectively 

prevent further migration (Davies et al., 1976). 

Given time, solids will settle and become sediments. 
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(4) The rate of infiltration is an important factor. The 

sooner organic matter is transported into the vadose 

zone or ground water, the better the chance for 

preservation. The oxidation of pyrite in deposited 

tailings may lower the pH and tend to deplete oxygen. 

Even under natural conditions, there is a tendency 

toward the depletion of oxygen in ground water (Freeze 

and Cherry, 1979). 

(5) For hydrophobic organic matter, the amount of solid 

organic carbon present in bottom sediments, soil, and 

alluvium or aquifer material is important because of 

the loss of the organic matter through sorption onto 

or into this organic phase (called 'partitioning'). 

In areas with arid to semi-arid climates such as 

Arizona, the organic carbon content of soils is 

usually very low, and this type of sorption is prob

ably not much of a factor. 

In the following sections, each of the major categories of rea

gents will be discussed. 

1.2.1 Collectors 

Collectors are surface-active reagents that adsorb at the surface 

of the desired mineral, making the mineral hydrophobic so that an air 

bubble can attach to its surface (Fuerstenau and Urbina, 1988). The 



collector used most widely in copper sulfide flotation has been the 

xanthate group. Others which are used are dithiophosphates, thiono-

carbamates, and xanthate derivatives (Mining Magazine, 1978). For 

copper-molybdenum ores from copper porphyry deposits, fuel oil is used 

as a collector for the separation of molybdenum from copper sulfides. 

This separation is performed on the final copper grade concentrates 

produced from the copper flotation circuits (Apian and Chander, 1988). 

Along with many other sulfhydryl collectors, xanthates are not 

stable under acidic conditions, decomposing rapidly below pH 2 to 3 

(Apian and Chander, 1988). They decompose to carbon disulfide, which 

very volatile (Albert, 1984), and an alcohol. There appears to be 

little potential for contamination of ground water with xanthates, 

particularly if the ground water is acidic. 

Collectors concentrate at the water-mineral interface and stay 

with the froth product during flotation as opposed to the waste solu

tion, if used in the proper amounts. Davis et al. (1976) present evi

dence that shows collector concentration in tailings water is limited 

(typically near 0.1 mg/1). 

1.2.2 Frothers 

Frothers are surfactants which lower the surface tension of a 

solution and allow for the formation of stable bubbles, which collect 

into a froth at the surface of a flotation cell. They concentrate at 

the air/water interface. 
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Frothers used in sulfide flotation are shown in Figure 1.4 

(Klimpel and Hansen, 1988). These are nonionic or neutral frothers. 

The first group, the alcohol types, have a hydroxy1 group as an active 

component, which is the hydrophilic portion of the molecule. 

Included in the cyclic alcohol type is alpha-terpineol, which is 

the major component of pine oil. Pine oil is the product name of what 

is used. It is derived from the fractionation of crude sulfate turpen

tine. The aromatic alcohol type is commonly called cresylic acid. 

Cresylic acids are mixtures of predominately cresols or xylenols with 

higher boiling phenols (Kirk-Othmer, 1983) and are a higher boiling 

fraction of crude coal tar acids. They also include "water-insoluble 

tars, pyridine, and some aromatic or aliphatic hydrocarbons, as well as 

other substances" (Jones and Woodcock, 1988). Many different grades and 

compositions are available. 

Usage of natural frothers, such as pine oil and cresylic acids, 

has dropped off in recent years (Mining Magazine, 1978). In the initial 

years of froth flotation, they were the frothers primarily used. Since 

1975 or earlier, they are being replaced by synthetic frothers such as 

the polyglycol ethers, known as PGE (Group 3, Fig. 1.4), and methyl 

isobutyl carbinol, known as MIBC (aliphatic alcohol type, Group 1, Fig. 

1.4). MIBC is the single most common frother in use today (Klimpel and 

Hansen, 1988). Cresylic acid is also used in flotation as a component 

of liquid dithiophosphates, a collector- (Jones and Woodcock, 1988). 

The amount of frother added during the flotation process is mini

mal, ranging from 0.01 to 0.5 lb/ton of ore (Davis et al., 1976). 
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Figure 1.4 Frothers used in flotation, from Klimpel and Hansen 
(1988, Table 1). 



25 

Normal usage is 0.08 lb/ton (Albert, 1984). For MIBC, it is only 0.04 

lb/ton. 

The phenols that are present in cresylic acid are subject to 

chemical and biological oxidation. Preservation of phenols in samples 

may be attained by acidification to pH 4.0 with H3P04 (Jones and Wood

cock, 1988). 

Davis et al. (1976) cited experimental results which suggest that 

frothing reagents stay with the float product, associated with the solid 

phase. These results indicate that frother molecules are adsorbed at a 

collector-coated mineral surface. However, no analyses of mill tailings 

water for frothers were given. 

1.2.3 Polymeric Dispersants and Flocculants 

Polymeric dispersants and flocculants used in mineral technology 

can be natural or synthetic, and they can be nonionic, anionic, 

cationic, or ampholytic in nature. Flocculants are more commonly used 

than dispersants and will be the only type discussed in the following. 

Polymeric flocculants are typically very long-chained molecules 

with molecular weights of one million or greater (Krishnan and Attia, 

1988). Natural flocculants include starches, gums, cellulose, 

alginates, and chitin. However, synthetic polymeric flocculants domi

nate in the use of flocculants in the mineral industry. 

The synthetic polymeric flocculants are almost invariably based on 

polyacrylamides (Krishnan and Attia, 1988). Anionic polymers can be 

divided into three structural types which are carboxylic, sulfur-con
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taining, and phosphonic (Krishnan and Attia, 1988). The type containing 

the carboxyl groups is by far the most important type of anionic poly

mer, both in the high- and low-molecular weight ranges. Polyacrylic 

acid and polyacrylamides are examples of this type. Polyacrylamides 

contain relatively few carboxylate groups, in a random distribution along 

the chain. Because of this, these polymers are relatively weakly 

ionized. In contrast, salts of polyacrylic acids are highly ionized 

under alkaline conditions. They have an approximate acidity constant, 

pK,, of 4.5 (Fuerstenau and Urbina, 1988). This acidity constant means 

that 50% of carboxyl groups are ionized at pH 4.5. 

The most commonly-used cationic polymeric flocculants contain 

amino, imino, or quaternary amino positively-charged groups (Krishnan 

and Attia, 1988), and are made from acrylamide and a cationic monomer. 

Nonionic polymers are fewer in number than the charged types. Most 

commercial "nonionic" polyacrylamides have one to two percent hydrolyzed 

amide groups, making them slightly anionic. 

An important application of flocculants is in solid-liquid separa

tion by settling, filtration, thickeners or centrifugation for tailings 

disposal, and the recovery of process water. Anionic polymeric flocc

ulants have been used in large copper concentrators for dewatering the 

concentrates through filtration (Krishnan and Attia, 1988). 

The majority of particles comprising soil and sediment bear nega

tive charges and, because of this, the potential for transport of 

cationic polymeric flocculants down to and through an aquifer is prob

ably low. Anionic polymeric flocculants may be transported through 
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porous media, if the molecule is not too large. The large molecule may 

be fragmented at one time or another, such as during pumping (Wills, 

1979). 

1.2.4 Solvent Extraction Reagents 

The carrier for solvent extraction reagents is kerosene or a 

kerosene-type solvent (CAAG, 1983). The reagents in the solvent are 

chelating agents which complex with the copper. Oxine (8-hydroxyquino-

line) is a commonly-used reagent. This compound has a hydroxyl group 

and a nitrogen atom, which is substituted into one of the two aromatic 

rings, and they bind a copper atom between two oxine molecules (Chapman 

and Hall, 1982). 

Pregnant leachate is an acidic solution of copper sulfate derived 

from the leaching of ore. The copper is extracted from this solution by 

mixing with the organic phase (solvent) and then separating this phase 

from the solution. The solution after extraction is referred to as 

raffinate and, after addition of acid, it is pumped back and reused in 

the leaching process (CAAG, 1983). Separation of the organic phase from 

the solution is not complete. Ten to 50 ppm of the organic phase can 

still be present in the raffinate (Hiskey, B., 1989). 

Because of the low pH and rapid infiltration of raffinate leaching 

solution, the potential for contamination of an aquifer is probably 

high, if the solutions are not completely contained in the leaching 

system. Containment is not present in the dump leaching or in-situ 

leaching methods, unless low-permeability bedrock bounds the area being 
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leached (CAAG, 1983). In the heap leaching method, containment can be 

achieved by using impermeable bedrock or an impermeable pad upon which 

the ore is placed. 

1.3 Experimental Techniques 

1.3.1 DOC Fractionation 

In the method of DOC fractionation, a sample that has been 

filtered and acidified to pH 2 is passed through a XAD-8 resin column 

(Leenheer and Huffman, 1979). The column is then eluted with base to 

obtain the hydrophobic acid fraction of the organic matter. The hydro

phobic neutral fraction remains sorbed to the resin. The content of 

this fraction in the original sample is calculated by difference using 

the original sample DOC minus the hydrophobic acid DOC minus the DOC of 

the column sample effluent. 

For a given column size containing a given volume of XAD-8 resin 

(bed volume), the volume of sample to process through the column must be  

calculated. This volume is the volume for which quantitative recovery 

of 'hydrophobic' organic matter can be made upon elution. It is deter

mined through the use of a column distribution coefficient, k', which 

applies to a hypothetical solute that is 50% retained and 50% eluted at 

the hydrophobic-hydrophilic break (Leenheer, 1981). The k' commonly 

used for natural waters to define this hydrophobic-hydrophilic break is 

50. Use of a k' of 100 or less gives quantitative adsorption of aquatic 

humus (Thurman and Malcolm, 1981). Malcolm indicated that the value for 

k' in this 1981 paper should have been 50 instead of 100 (Malcolm, 
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1988). The sample volume to be used is given by the following equation 

(after Leenheer, 1981): 

Vef - 2V0 (1+k') 

where Ve, is the sample effluent volume and V0 is the resin void volume. 

For XAD-8 resin, the void volume equals about 60% of the column bed 

volume. 

The different classes of compounds likely to be contained in each 

organic solute fraction are shown in Table 1.1 (Leenheer and Huffman, 

1979). In this Table, when the number of carbons are referred to, it is 

the number per functional group in the molecule, with the molecule 

containing any number of functional groups. The upper limit of nine 

carbons for hydrophobic acids is probably too low. Other literature 

places this limit at 11 or 12 carbons (Thurman, 1985). 

1.3.2 GC-MS Analysis 

The isolate recovery efficiency was determined in a study of 

bonded-phase extraction columns, which are used for GC-MS analysis 

(Rostad et al., 1984). Four different types of bonded-phase available 

in the columns were compared for the extraction of ground water spiked 

with representative compounds indicative of creosote contamination, and 

the n-octadecyl (C-18) phase exhibited the best recovery considering all 

the different compounds present. In addition, it showed the least bias 

toward acidic or basic compounds. The recovery of the C-18 cartridge 
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Table 1.1 Compound classes in organic solute fractions, from Leenheer 
and Huffman (1979, Table 1). 

Hydrophobic bases: One and two-ring aromatic amines except 

pyridine. 

Hydrophobic acids: Aliphatic carboxylic acids of five to nine 

carbons, one and two-ring aromatic car

boxylic acids, one and two-ring phenols, ful-

vic acid. 

Hydrophobic neutrals: Hydrocarbons; aliphatic alcohols, amides, 

esters, ketones, and aldehydes >five carbons; 

aliphatic carboxylic acids and aliphatic amines 

>nine carbons; aromatic carboxylic acids 

and aromatic amines of three rings and 

greater. 

Hydrophilic bases: Aliphatic amines < nine carbons, amino acids, 

pyridine. 

Hydrophilic acids: Aliphatic acids of < five carbons, poly-

functional acids. 

Hydrophilic neutrals: Aliphatic amides, alcohols, aldehydes, esters, 

and ketones < five carbons; polyfunctional 

alcohols; carbohydrates. 
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was determined using 100 ml of natural ground water spiked with the pol

lutant compounds to a 100 mg/1 concentration. The recovery of nine 

polycyclic aromatic hydrocarbons (PAH compounds), which are hydrophobic 

neutral, averaged 72% (Rostad et al., 1984). 

Of all the sorbents (phases) available, C-18 exhibits the best 

retention for isolates being retained by a non-polar mechanism and is 

the least selective (Van Home, 1985). There is potential for polar 

interactions with C-18, but it is the least significant of all the 

sorbents. 

In another study, which compared the bonded-phase extraction 

column technique to the EPA Method 625 (Chladek and Marano, 1984), an 

evaluation of 22 neutral compounds on the priority pollutants list was 

made. For these compounds, the octyl (C-8) phase demonstrated the best 

overall performance. Recoveries were significantly better than with the 

C-18 phase. In this study of organic matter in ground water in the 

Globe area, the C-18 bonded-phase extraction columns are used. 
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CHAPTER TWO 

DESCRIPTION OF FIELD STUDY SITE 

2.1 Geohvdrologv of the Study Area 

Most of this geohydrological description is taken from Eychaner 

and Stollenwerk (1985) and Eychaner (1988), where a more detailed 

description of some aspects can be found. The aquifer of interest lies 

along sections of Miami Wash and Pinal Creek in an area just north of 

the towns of Globe and Miami, Arizona. The north-flowing drainage lies 

just east of a major north-trending fault zone which is downthrown to 

the east. Younger sedimentary formations occur on the east side of the 

fault zone. 

The aquifer is bounded to the east, west, and north by low-

permeability rocks in the study area, as shown in Figure 1.1. It 

consists of two units, a lower conglomerate, the Gila Conglomerate, and 

an upper layer of unconsolidated alluvium. The alluvium unit is present 

only in a small portion of the study area, occurring along the drain

ages . 

The Gila Conglomerate ranges in thickness from 100 to 1200 m and 

is broken into three major blocks by east-trending faults. It is an 

alluvial fan deposit and consists of unsorted angular rubble, well-

rounded pebbles and cobbles, and firmly-cemented sand and silt 

(Peterson, 1962). Fine-grained lake bed deposits occur in the northern

most block. The calcite content of the conglomerate unit, which is 

mostly cement, is about 1.5 per cent. 
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The alluvium unit, a valley fill deposit, occupies a band that is 

300 to 800 m wide along Miami Wash and north of the mouth of Miami Wash 

along Pinal Creek. It is as much as 50 m thick. It usually overlies 

the Gila Conglomerate and consists of material eroded from the con

glomerate and older rocks. Fine sand to coarse gravel is the most 

common grain size, but beds of finer and coarser material, including 

clay, are present. 

Arrows giving the generalized direction of regional flow in the 

aquifer are shown in Figure 1.1; flow is from the east, southeast, and 

southwest. Stream flow in Miami Wash and Pinal Creek upstream of the X5 

site is ephemeral and, below the X5 site in Pinal Creek, it is peren

nial. Discharge from the aquifer into the stream bed began about 80 m 

upstream from the X5 site as of June 1988. Flow in the aquifer is 

usually from the conglomerate unit to the alluvium. An exception is 

during recharge episodes, when flow from the alluvium unit to the 

conglomerate occurs (Eychaner and Stollenwerk, 1987). Aquifer flow 

under Pinal Creek and Miami Wash generally parallels these drainages. 

Although the Gila Conglomerate and alluvium form a single aquifer, 

the hydraulic conductivity of each is quite different. In the alluvium, 

it is on the order of 200 m/d; in the conglomerate, it is 0.03 m/d. 

However, if may be much larger in the conglomerate in discontinuous 

zones of coarse material, but flow through these zones is impeded in 

some places because of offset along faults. 

Complete loss of the aquifer occurs before the stream gauging 

station on Pinal Creek is reached, which is 6 km downstream from the X5 
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well site; all of the flow in the aquifer discharges (Eychaner and 

Stollenwerk, 1985). This discharge at the gauging station has been 

measured to be 0.2 to 0.4 m3/sec during 1980-86 (Eychaner, 1988). 

The water table in the area where alluvium is present is typically 8 m 

or less below land surface but varies widely between wet and dry climate 

cycles. The ground-water gradient is similar to the gradient of the 

stream bed and is limited by this surface. The ground-water flow 

velocity in the alluvium has been estimated to be 4 to 5 m/day (1.5 

km/year). This estimate was made using the total aquifer discharge, the 

ground-water gradient, and the cross-sectional area of the alluvium 

(Eychaner, 1989). 

2.2 Mining Activity. Globe-Miami Area 

The history of mining in the Globe-Miami area is complex and goes 

back more than 100 years. A study giving a good summary of past and 

current major mining activities in the area was done by the Central 

Association of Governments (CAAG, 1983). Copper porphyry deposits are 

present, and mining on a large scale, in which flotation separation was 

used, began in 1915. 

Since 1931, most of the major mining activity in the Globe-Miami 

district has been in an area which is bounded on the east side by Miami 

Wash and the south side by Bloody Tanks Wash, and which lies within 

three to four miles of the town of Miami, which is located on Bloody 

Tanks Wash (Fig. 2.1). Large mining complexes that are located in this 

area include the Inspiration, Miami, Copper Cities, and Bluebird. The 
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largest is Inspiration. Although all of these mines are listed under 

current mining activities by the CAAG report (CAAG, 1983, METF-2), some 

may no longer be active. 

Most of the major ore processing facilities in this area fall 

within two miles of the town of Miami just to the north of Bloody Tanks 

Wash. Facilities include the Inspiration, Miami, and Bluebird leaching 

plants, the Inspiration and Miami concentrators, and the International 

Smelter (Fig. 2.1). The Inspiration concentrator has been inactive 

since 1988. At least four large tailings ponds lie to the northeast of 

the town of Miami near the concentrator plants, and many large tailings 

and waste piles are also present in the area. Concentrator and leaching 

plants are also present at the Copper Cities complex, which is three 

miles to the north of Miami, but all operations here ceased in 1982 

(CAAG, 1983). 

Both copper sulfide and oxide ore are present in the Globe-Miami 

area and have been mined. The leaching method of ore processing is used 

on oxide or oxide/sulfide ores. It appears to have been the most 

commonly-used method. Leaching uses dilute sulfuric acid solutions to 

free the copper, and then the copper is recovered from the pregnant 

leach solution using precipitation with scrap iron or solvent extrac

tion. Four methods of leaching used in the area are dump leaching, vat 

leaching, in-situ leaching, and heap leaching (CAAG, 1983). The 

leaching process produces acidic waste solutions high in dissolved 

sulfate, iron, and other metals (Eychaner, 1988). These solutions may 

or may not be reused. 
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Webster Lake, which is located six km upgradient from the MP1 well 

site along Miami Wash and Webster Gulch, was an area where acidic waste

water collected because Webster Gulch was dammed up by waste and 

tailings piles. This unlined lake had a pH as low as 0.7 (Envirologic 

Systems, 1983). In 1986, the pH was 2.7, and its volume was nearly six 

million cubic meters (Eychaner, 1988). The lake was drained by pumping 

starting in late 1986. The discharge from the pumping was sprayed on 

top of tailings piles for the purpose of evaporation. 

The first use of the solvent extraction-electrowinning method of 

recovery of copper from leach solutions was at the Bluebird mine in 

1968. Since then it has been installed and used at the Inspiration and 

Miami mines. 

The sulfide ores are concentrated through milling and froth 

flotation prior to smelting. Frothers that have been used in the Miami 

area are pine oil, MIBC, and PGE (Mining Magazine, 1978). Molybdenum, 

present in the porphyry copper ore of the area, was recovered, at least 

at the Inspiration concentrator, through flotation (CAAG, 1983). The 

tailings piles that result from the processing of sulfide ores may 

produce acidic seepage water high in iron, sulfate, and other metals 

because of oxidation of the remaining sulfide minerals such as pyrite 

(Eychaner, 1988). 

The average amount of water recycled in the copper flotation 

concentration process in Arizona is 79% (CAAG, 1983). At the Inspira

tion concentrator (Inspiration Consolidated Copper Company), almost 80% 

of the water was recycled, i.e., 20% of the water was lost on each cycle 
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through the plant (CAAG, 1983). Water is recovered from the tailings 

first in thickeners and then in the tailings pond after solids have 

settled out. 

2.3 Inorganic Ground-Water Contamination 

Seepage of acidic mining and milling process solutions has 

degraded the ground water in the Final Creek basin for at least the past 

40 years (Envirologic Systems, 1983). A ground-water plume of acidic 

mine-drainage with total dissolved solids as high as 16,400 mg/1 and pH 

as low as 3.5 is present in the Miami Wash-Pinal Creek drainage 

(Eychaner and Stollenwerk, 1985). 

Water analysis data, representative of various zones in the 

ground-water system, are shown in Table 2.1. Shown are the analyses for 

uncontaminated ground water from X4-W4 below the plume, acidic contam

inated water from MPl-Wl, neutralized contaminated water from X5-W1, and 

neutralized contaminated stream water from the gauging station on Pinal 

Creek. MPl-Wl and MP1-W3 are the most contaminated of the 23 USGS 

observation wells. 

A study done by Envirologic Systems, Inc. for CAAG defined the 

extension of the acidic ground-water plume upgradient of the MP1 site 

(Envirologic Systems, 1983). Contour mapping of sulfate, iron, and 

other metals shows that the axis of the plume extends up Miami Wash 

along the west side of the valley and then up into Bloody Tanks Wash. 

The area of highest concentration as shown by sulfate (up to 9000 mg/1) 

and iron extends from around the intersection of Miami Wash and Bloody 



Table 2.1 Representative chemical analyses, from Eychaner 
(1988, Table 1). 

(Dissolved concentrations in mg/L except as noted. < - less than 0.05 mg/L.] 

Property 
Well number 

X4W4 MP1W1 X5W1 

Gaging 

Station 

Sample date 
Water type 
Geologic unit 
Depth, m 

8-20-87 
Uncontaminated 

Conglomerate 
55 

8-18-87 

Acidic 
Conglomerate 

35 

8-19-87 
Neutralized 

Alluvium 

17 

7-30-87 
Neutralized 

pH 7.6 

Temperature, *C 19 

Conductance, jiS/cm 420 

Calcium (Ca) 40 

Magnesium (Mg) 13 

Sodium (Na) 27 

Bicarbonate (HCO^) 230 

Sulfate (SO,) 18 H 
Chloride (CI) 8.3 

Silica (Si02) 32 

3.6 6.1 8.0 

18 18 25 

11,000 3,800 3,200 

440 610 520 

390 150 120 

210 75 68 

0 140 200 

8,800 2,000 1,900 

340 110 97 

100 70 60 

Oxygen (Oj) 5.9 

Aluminum (Al) < 
Cadmium (Cd) < 

Cobalt (Co) < 

Copper (Cu> < 

Iron (Fe) < 

Manganese (Mn) 0.1 
Nickel (Ni) < 

Strontium (Sr) 0.2 
Zinc (Zn) < 

0.5 0.8 7.7 

250 < < 
0.6 < < 
13 < < 

150 < < 

2,800 < < 
75 45 22 
3.1 0.2 < 

1.3 2.3 2.0 
22 < < 
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Tanks Wash, up Bloody Tanks Wash around 1 to 1.5 miles. From this point 

further up Bloody Tanks Wash, concentrations drop off rapidly. 

The most likely source for the contamination is the area of 

intensive mining and ore processing (discussed above) close to the town 

of Miami. Most of the contaminated ground water probably flowed into 

Bloody Tanks Wash from Webster Gulch, which is now full of tailings and 

waste rock. 

The highest concentration of dissolved solids and lowest pH in the 

Miami Wash-Pinal Creek aquifer, as shown by chloride concentration, 

occurs in the lower portion of the alluvium or upper part of the 

conglomerate (Fig. 2.2). Chloride concentration in the aquifer gener

ally correlates with sulfate concentration, as will be shown later in 

this section. 

The data shown in Figure 2.2 are also given in Appendix A, where 

the date of sample collection is given. This date varies by almost a 

year. The 11 wells highlighted in the figure were sampled in June 1988. 

During the same sampling trip, these same 11 wells were sampled for 

organic analysis as a part of this study. The remaining ten wells shown 

in Figure 2.2 were sampled in August 1987. The data for all of the 

additional figures in this chapter use the same samples and are also 

given in Appendix A. 

Contamination down into the conglomerate is limited, but contam

ination of at least the top 25 m of conglomerate occurs at most sites. 

The X4-W4 well, which is 24 m below the top of the conglomerate, is 

uncontaminated. 
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The entire downgradient extent of the aquifer along Pinal Creek is 

contaminated, but contamination laterally away from the drainage valley, 

from the alluvium into the conglomerate is limited (Eychaner and 

Stollenwerk, 1985). Water being discharged from the aquifer is also 

contaminated. High concentrations of sulfate and manganese are present 

in the stream water (Table 2.1). 

Changes in pH exhibit a strong control on the concentration of 

many of the metals in the plume. The pH increases gradually from the 

MP1 and XI sites to the area between the X4 and X5 sites, from 3.5 to 4. 

It then increases at a more rapid rate up to almost 6 at the X5 site 

(Fig. 2.3). The location of pH 5 water in the aquifer is referred to as 

an acid front; it was located 2 km upgradient from the X5 site in late 

1987 (Eychaner, 1988). 

This acid front is moving downgradient at a rate of 0.2 to 0.3 

km/year, a rate which is much lower than the ground-water flow velocity. 

The concentrations of dissolved Fe and A1 decrease to less than 1 mg/1 

before the ground water reaches this front. These and other metals are 

lost through precipitation or adsorption as the pH rises. 

Occurring with concentrations of almost 3000 mg/1, iron is by far 

the dominant cation in the acidic contaminated water. In the acidic 

water, all of the iron is in the Fe(II) state with over 40% complexed 

with sulfate (Eychaner and Stollenwerk, 1985). As the pH rises, the 

following reaction proceeds more rapidly to the right, if ample dis

solved oxygen is present in the ground water: 
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4FeJ* + 0, + 10H20 - 4Fe(0H)3(s) + 8H* 
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This reaction begins to become effective at reducing the concentration 

of iron in the ground water at a pH of less than 4. The furthest 

downgradient position of pH 4 water is between the X4 and X5 sites in 

the lower portion of the alluvium (Figs. 2.3 and 2.4). 

Virtually all of the dissolved oxygen in the contaminated ground 

water is depleted. In the contaminated ground water, the dissolved 

oxygen is typically only 0.5 mg/1. In the downgradient, neutralized 

contaminated water, it is even less. At X5-W1 and X5-W3, it was 

recorded as not detected with a detection limit of 0.1 mg/1 for the June 

1988 sampling trip. 

It appears that the above reaction, which results in the loss of 

iron from the water, is still occurring even with the low concentration 

of oxygen in the system. However, oxidation of the iron by some other 

oxidant or precipitation as a mineral such as iron carbonate may also be 

occurring. 

The loss of Al(III) with the rise of pH occurs at a slightly lower 

pH as compared to Fe(II) (Eychaner, 1988). In the Miami Wash-Pinal 

Creek aquifer, loss begins well below pH 4. Again, hydroxides of Al are 

a likely precipitate being formed, but Eychaner and Stollenwerk (1985) 

indicate that kaolinite becomes supersaturated as pH rises and is 

important in limiting the concentration of Al. The maximum concentra

tion of Al is 221 mg/1, occurring at MP1-W1. 
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Other metals of significant concentration which could be lost as 

hydroxides or oxides are Cu(II), Mn(II), and Zn(II). These metals are 

highest in concentration at MP1-W1, where Cu is 144 mg/1, Mn is 67 mg/1, 

and Zn is 20 mg/1. According to solubility calculations (Eychaner, 

1988), Cu remains in solution longer than either Fe or Al, with the 

first loss occurring at a pH of 5.5, but all of the Cu has been lost 

from the ground water at the X5 site (pH - 5.7), and some has been lost 

at the X4 site (pH - 4 to 4.9). Therefore, the first loss of Cu may be 

occurring at a pH of 5. Mn does not precipitate from the ground-water 

system until the pH has reached well over 6. 

A plot of chloride concentration versus sulfate concentration 

shows there is a good correlation between the two in the aquifer, with 

chloride increasing as sulfate increases (Fig. 2.5). Using linear 

regression analysis gives a correlation coefficient (r squared value) of 

0.917 and a y intercept value (sulfate concentration) of 20 mg/1. This 

correlation indicates that the ratio of the input concentrations of 

these two constituents in the source area was constant through time, and 

the correlation line represents dilution in the aquifer from the most 

contaminated to least contaminated wells. Some of the points which fall 

below the correlation line, such as X1-W5 and X5-W3 probably represent 

where there has been loss of sulfate as a precipitate because of 

reaction with calcite or some other mineral. Both of these points are 

downgradient of the acid front. Gypsum is the primary mineral control

ling sulfate solubility in the aquifer (Eychaner and Stollenwerk, 1985). 
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Two data points lie above the correlation line in Figure 2.5. 

These points, which are X4-W3 and X3-W3, are both shallow wells and may 

indicate there is a secondary source of contamination in which the 

chloride to sulfate ratio is lower than in the source area represented 

by the correlation line. 

Assuming that chloride is a conservative solute, a dilution factor 

can be calculated for the ground-water system. The chloride concentra

tion at MP1-W1 is 436 mg/1, whereas it is 126 mg/1 at X5-W3. This 

results in a 3.6 to 1 dilution factor assuming dilution with uncon-

taminated ground water with a chloride concentration of 9 mg/1. A part 

of this dilution may be occurring at or just below the X3 site because 

of mixing of Pinal Creek ground water with Miami Wash ground water. 

Water analysis of wells at the X2 site shows that ground water in the 

Pinal Creek area, just upgradient of the mouth of Miami Wash, is 

relatively uncontaminated (pH - 6.8 and dissolved solids concentration -

1,480 mg/1; see Appendix A). 



49 

CHAPTER 3 

FIELD AND LABORATORY TECHNIQUES 

This chapter starts with the sampling protocol and sample collec

tion technique used in the field. Then, laboratory analysis techniques 

are described and discussed starting with DOC measurement, then DOC 

fractionation, and finally the GC-MS analysis. 

3.1 Field Techniques 

Except for one sample taken during the drilling of a well, all 

ground-water samples were collected using a stainless steel, submersible 

pump, operated by the USGS, from PVC cased and screened monitoring 

wells. 

At least three casing volumes were pumped before sampling began. 

Pumping rates during sampling generally ranged from 4 to 10 gal/min. 

PVC riser pipe was used from the downhole pump to a PVC valve on the 

wellhead, and tygon tubing was used from there to the filtering appa

ratus . 

The following water sampling protocol was followed: 

1. For GC-MS analysis: Unfiltered water was collected in 

two, one-quart, amber glass bottles with teflon-lined 

screw caps. Only a small head space was left in the 

neck of the bottles. These bottles were pre-rinsed 

with methylene chloride and dried. The caps were 

wrapped with elastic electrical tape to further reduce 

possible gas exchange with the atmosphere. After 



sealing, the bottles were stored at 4°C (on ice in the 

field) until extraction. 

Sample filtration: Filtered water was collected for 

the next two samples using a Skougstad filtration 

apparatus with a 0.45 micrometer cellulose acetate 

filter (142 mm in diameter). The filter was pre-

flushed with at least 500 ml of the sample water 

before sample collection. Pressure for the filtering 

came directly from the downhole pump, except for the 

one surface water sample, which was filtered using a 

portable peristaltic pump. 

Large sample for DOC fractionation: A 2.5-gallon 

plastic container was filled with filtered water 

leaving a small head space, and the sample was acidi

fied using concentrated HCL to a pH of 2.0, as 

measured with pH paper. The caps were wrapped with 

electrical tape 

Small sample for DOC measurement: Two 250-ml glass 

bottles with teflon-lined screw caps were filled with 

filtered water leaving a small head space and stored 

at 4°C. The caps were wrapped with electrical tape. 

Cleanup after each sampling: The filtering apparatus 

was taken apart and rinsed with Milli-Q water, and the 

filter paper was changed. 
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For the ground-water sampling done during the drilling of a well 

(X5-06 at the X5 site), samples were obtained by using a hand-operated 

bailer when the auger core drill string was pulled out of the hole. 

Only a sample for DOC measurement was obtained. 

Two stream samplings were made near the X5 site. For the first 

(6-16-88), all of the samples listed above in the sampling protocol were 

collected by using a portable peristaltic pump, and the sampling was 

done in Pinal Creek at the same position along the creek as the X5 site. 

For the second sampling (12-14-88), a two-foot deep hole was dug in the 

dry creek bed just above the point of ground-water discharge. Ground 

water seeped in and filled the hole. For this second sampling, only a 

sample for DOC measurement was obtained. 

3.2 Laboratory Techniques 

The reagent water used in this study was Milli-Q water, processed 

through a Milli-Q, four-chamber water purification system made by Milli-

pore. This water has been purified by ion-exchange and reverse osmosis. 

Additional purification was required for any reagent water that was used 

for contact with column sorbent or resin either as pure reagent water or 

as dilution water for solutions. This water was also distilled prior to 

flow through a Milli-Q system and was obtained from the Civil Engineer

ing Department, Environmental Section at the University of Arizona; it 

will hereafter be referred to as distilled Milli-Q water. 

All glassware used in this study was cleaned for low level organic 

work. First, the glassware was soaked for several hours in hot water 
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with laboratory soap. Then, it was scrubbed inside and out (if the 

inside surface was accessible) and rinsed well in tap water (at least 

three times). After a final rinse with Milli-Q water, the item was 

immersed in an acid bath. Nitric acid was used in a one-part concen

trated acid to three parts reagent water ratio. After soaking in the 

acid for at least two hours, the item was rinsed four times with Milli -Q  

water and set out to drain and dry. 

3.2.1 DOC Measurement 

The first step in analyzing a sample for DOC was to measure 10 ml 

of filtered (0.45 micrometer) sample into a 4-dram glass vial. The 

glass vials were acid-washed and had teflon-lined screw caps. Once this 

portion of the sample was transferred, these vials were refrigerated at 

4°C, if measurement of DOC was not done immediately. The remaining 

portion of the sample was also saved. 

The instrument used most often to analyze for DOC was a Dohrmann 

DC-80, which uses the ultraviolet promoted, persulfate oxidation method 

to measure dissolved organic carbon. A description of the procedures 

used in analyzing a sample on this instrument is as follows: 

In order to remove inorganic carbon, the samples in the vials were 

pretreated. They were acidified by adding two drops of 15% phosphoric 

acid (by volume) to the 10-ml sample and sparging with nitrogen for six 

minutes. Some of the samples produced through DOC fractionation con

tained 0.1 N NaOH and required additional acidification before adding 

the phosphoric acid. This was done by adding two drops of concentrated 
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sulfuric acid from a 1-ml pipette immediately after the sample was 

transferred to a vial. 

Calibration of the instrument was done using a 10-mg C/l organic 

carbon standard and pretreating as described above. At this calibration 

level, one milliliter of sample or standard was injected using a 1000-

microliter syringe. The optimal sample concentration range for this 

calibration level is from 0.1 to 20 mgC/1. A calibration curve was made 

using organic carbon standards with 4, 2, 1, and 0.5 mg C/l concentra

tions in addition to the 10 mg C/l standard. For standards at least 

three runs (injections from the same vial) were done, and the average 

was taken as the analytical result. 

The precision of the Dohrmann organic carbon analyzer is good. 

Using the standards, the coefficient of variation (standard deviation 

divided by the mean expressed as a percent) for the instrument was 

determined. At low levels of organic carbon concentration, 0.5 to 1.0 

mg C/l, the coefficient was approximately 5%. At 10 mg C/l, the coeffi

cient was only 2%. 

For samples two to three runs were done, depending on how close 

the first two were. Generally, if the coefficient of variation was 

greater than 3% for the first two runs, then another run was done. 

Samples run on the Dohrmann should not be high in chloride or 

other oxidizable inorganic ions, such as Fe(II), because of the inter

ference caused by these ions during the sample run. After this was 

known, any sample which had a significant amount of Fe (greater than 1 

mg/1) was treated to remove the Fe prior to analysis on the Dohrmann. 
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This was done by raising Che pH to precipitate metals. Six normal NaOH 

was added to a 100-ml sample, while stirring with a magnetic stir bar, 

until a pH of 11 was reached. The sample was allowed to settle over

night, and then 10 ml of clear liquid was taken off the top for DOC 

analysis. 

Several samples were also run on a Beckman model 915A TOC analy

zer. Samples which are high in Fe(II) can be analyzed on this instru

ment. The Beckman instrument uses high temperature (950°C), a contin

uous flow of pure 0,, and a molybdenum catalyst to convert all carbon 

forms to COj. Calibration of this instrument was done using organic 

carbon standards with concentrations of 25, 10, 4, 2, and 1 mg C/l that 

had been acidified and sparged in the same way as described above for 

the Dohrmann. The matrix effect of the samples (the effect of high 

concentrations of inorganic constituents on readings) was not accounted 

for in the standards. The volume of samples and standards injected was 

100 microliters. 

3.2.2 DOC Fractionation Measurement 

The method used in this study to fractionate the dissolved organic 

matter is a modification of the method used by Huffman Laboratories 

(Leenheer and Huffman, 1979). Only the hydrophobic organic matter could 

be subdivided into fractions because of the high specific conductance 

and low DOC of the samples. Cation- and anion-exchange resins are used 

to subdivide the hydrophilic organic matter, and the high metal ion 

content of the sample water would cause interference with these resins. 
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In addition, the hydrophobic base fraction could not be determined 

because of precipitation of metals upon raising the pH. If present, 

this fraction will be included in the hydrophilic fraction. 

3.2.2.1 Preparation of XAD-8 resin. The extensive use of Soxhlet 

extraction to clean the XAD-8 resin is recommended in the literature 

(Thurman and Malcolm, 1981). In this study, this step in the cleaning 

process was avoided through the purchase of Alltech, residue free, XAD-8 

resin, which has already been purified by Soxhlet extraction. However, 

it was determined during test for column contamination that this resin 

was still not completely clean. Leaching of organic matter occurred 

when NaOH eluting solution was used in the column. Because of this, 

extensive cleaning of the resin was done using NaOH. 

The cleaning procedure for the Alltech XAD-8 resin was similar to 

that described by Thurman and Malcolm (1981), without the part involving 

Soxhlet extraction. The first batch of resin cleaned was 140 ml in 

volume, and the second was 100 ml. First, the resin, which had been 

stored in methanol, was rinsed several times in reagent water in a large 

beaker. Then, as much water as possible was decanted, and the resin was 

soaked for five successive days in a 0.1 N NaOH solution. The solution 

was replaced daily. 

Additional resin cleaning was done by using a large column made of 

half-inch PVC tubing (1.52 cm I.D.). To the bottom of the column, 

another PVC section with a valve was tightly attached with a threaded 

joint and teflon tape. On top of this lower section, a glass frit was 

attached to retain the resin in the column. 



First, to clean all residual methanol from the resin, a rinse of 

at least 100 bed volumes (total volume of resin in the column) of rea

gent water through the column is recommended (Malcolm, 1988). In this 

study, it was found that a 50 bed volume rinse was adequate. The flow 

rate employed here was approximately 10 bed volumes per hour (approxi

mately 20 ml/min for 140 ml of resin) using gravity feed. The final 

cleaning step involved flushing the column with 0.1 N NaOH. The rate 

used was approximately two bed volumes per hour (5 ml/min for 140 ml of 

resin) for a total flow of 30 bed volumes (4 liters for 140 ml of 

resin). The NaOH solution was then flushed from the column using rea

gent water, and the cleaned resin was stored separately in 0.01 N HCL. 

3.2.2.2 Column setup and procedures. During the design and con

struction of a column suitable for this study, many changes were made, 

mostly in an attempt to minimize the contamination coming from the 

column, tubing, and resin. These changes and their results are dis

cussed in the following section ("Contamination control and blanks", 

Section 3.2.2.3). The final, resulting column setup, which was used to 

run all of the samples, is described in this section (Section 3.2.2.2) 

as follows: 

Transparent plastic (non-PVC) columns with 1.5 cm I.D. and plastic 

bottom frits were modified for use in this study. The large side of a 

quick-disconnect connector for tygon tubing was cut, and the remaining 

collar gave a tight fit inside the top of the plastic column. This 

collar was sealed to the column with epoxy cement, only on the outside. 

The smaller side of the quick-disconnect could then be placed tightly 
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inside of the top of the column, and 1/8" I.D.(1/32" wall thickness) 

tygon tubing, type R-3603, attached to the top of the connector. A 

plastic valve was placed on the bottom of the column. This valve fit 

tightly on the bottom of the column (non-threaded joint), but was also 

sealed on the outside with epoxy cement. Tygon tubing, the same as used 

above, was attached to the bottom of the valve. The column and valve 

are acid/base resistant. 

A diagram of the complete column setup is shown in Figure 3.1. A 

Manostat cassette, peristaltic pump with four pump heads was used to 

pump fluids through the column. This variable speed pump can pump at 

rates as low as a fraction of a ml per minute. Special tubing was used 

in the pump itself. This tubing, called C-Flex thermoplastic elastomer, 

is flexible yet resistant to chemicals including dilute NaOH and acid. 

The size of this tubing used was 1/8" I.D. and 1/32" wall thickness. 

The C-Flex tubing was connected to the tygon tubing coming from the 

column using a plastic connector; the other end of the C-Flex tubing was 

fit over a 10-inch long piece of 4 mm O.D. glass tubing which was placed 

in the upstream, 1-liter, glass bottle. 

The plastic columns are premarked with volumetric graduations, and 

10 ml of XAD-8 resin was placed in the column through the top. This 

measurement was made after the resin had settled and packed in the 

column; the resin was then fixed in place with a plug of glass wool, 

which filled the remaining space inside the column. The plastic tubing 

connector was placed in the top of the column, taking care that no air 

became trapped in the column or resin, and then the connector was sealed 
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in place on the outside with epoxy cement. This was to ensure an air

tight seal. 

After each sample run, this upper seal was broken and the column 

was emptied and repacked with new, clean resin. The used resin was not 

reused in this study. It can only be reused if it is cleaned by soxhlet 

extraction. 

The volume of sample to process through the column, Ve,, was cal

culated using the equation Ve( - 2V0 (1+k') described in section 1.3. 

For a bed volume of 10 ml and a k' of 50, Ve( equals 612 ml. Three 

resin void volumes (60% of bed volume) of 0.1 N NaOH solution were used 

for eluting the column after the sample was run (Thurman and Malcolm, 

1981). For the bed volume of 10 ml, this gives 18 ml of eluate, and the 

ratio of sample effluent to eluate, which is 612 ml to 18 ml, gives a 

concentration factor of 34 for the hydrophobic acid fraction. 

The rates used for both sample extraction and column elution are 

considerably lower than what is recommended in the literature (e.g., 

Thurman and Malcolm, 1981) and for the Huffman method. For small 

columns (less than 100 ml), Malcolm (1988) recommends that the sample 

rate be no more than 5 bed volumes/hr., and that for elution the rate be 

one-fourth of the sample flow rate. In this study, 6 bed volumes/hr for 

the sample flow rate and approximately 2.4 bed volume/hr (0.4 ml/min for 

10 ml column) for the elution rate were used. During the last two 

sample fractionations made, a slightly lower elution rate was used, 

which was 1.8 to 2.1 bed volumes/hr (0.3 to 0.35 ml/min for 10 ml 

column). 



60 

Eluting the column in a direction reverse of the sample flow 

direction gives better recovery of the hydrophobic acids (Thurman and 

Malcolm, 1981). Reverse elution in this study was done by placing the 

pump on what was the downstream side of the column during sample extrac

tion. In contrast, the Huffman method does not call for a reversal of 

flow direction for elution. 

After all of the premeasured sample had been pumped out of the 

upstream reservoir bottle, the entire system was flushed in the same 

direction with 0.01 N HCL to ensure that all of the sample had passed 

through the resin. To do this, two system displacement volumes were 

used. 

The pH of solution coming from the column must be carefully moni

tored during elution. When the elution front arrives, the pH changes 

rapidly from 2 to 10 or 11 and eventually to 13 (0.1 NaOH ), and collec

tion of eluate must begin promptly at this pH change. A piece of pH 

paper was taped to the side of the tygon tubing at the outlet of the 

system, and each drop that flowed out had to flow down the front of the 

pH paper. When the first color change occurred on the pH paper, indi

cating the rapid pH change, the pH paper was removed and the tubing was 

quickly transferred to a graduated cylinder for eluate collection and 

measurement. 

The following are the detailed procedures used for a 10-ml column 

run. Usually only three columns were run at a time because one of the 

four pump heads on the pump was not working properly: 



61 

1. Load column with resin using 0.01 N HCL. Make sure no 

air remains in the column. Seal column shut at the 

top with epoxy cement. Displace all air out of tubing 

before and after hooking up to C-Flex pump tubing. 

2. Do final cleaning of resin by pumping the following 

fluids in the given order. Volumes are for one 

column: 

(a) 50 ml of reagent water at maximum pump setting (3.8 

ml/min); 

(b) 75 ml of 0.1 N NaOH at 3.5 pump setting (1.0 

ml/min); 

(c) 50 ml of 0.1 N HCL at maximum pump setting (3.8 

ml/min); 

(d) 50 ml of reagent water at max. pump setting (3.8 

ml/min). 

3. Follow immediately with 612 ml of sample, which has 

been premeasured into a dry, acid-washed, 1-liter 

glass bottle using volumetric glassware (500-ml volu

metric flask and 100-ml graduated cylinder). Pump 

sample at 3.5 pump setting (1 ml/min). Start collect

ing effluent from column into another 1-liter glass 

bottle after discarding first 50 ml of effluent. 

4. After all sample has been pumped out of inlet bottle, 

stop pump and remove outlet bottle (hydrophilic frac-
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tion). Add 40 ml of 0.01 N HCL to the inlet bottle 

and pump out at same rate as for sample. 

5. Begin elution immediately. Flip pump tubing end for 

end. Hook up what was downstream tygon tubing to pump 

tubing and displace air. Start pumping 0.1 N NaOH out 

of glass inlet reservoir at 2.0 pump setting (0.4 

ml/min). Monitor pH at tubing outlet with pH paper 

taped to tubing. At first color change on pH paper, 

immediately remove pH paper and switch outlet tubing 

over to clean, dry graduated cylinder (displacement 

volume is approximately 18 ml). Collect 18 ml of 

eluate, mix well and extract 10 ml of sample into 

glass sample vial. Neutralize 10-ml sample with 2 

drops of concentrated H,S04 from 1-ml pipette. 

6. Displace system with 50 ml of 0.1 N HCL at maximum 

pump setting. 

Even though the resin has been extensively cleaned, as described 

in the section above on resin preparation, final cleaning of resin once 

it is inside of the 10-ml column, and just prior to running the sample, 

is required as described in Step 2 above.• This is because the resin 

continues to hydrolyze at a low rate even in weak acid. The base-acid-

reagent water cycle in Step 2 is from Leenheer (1981). 

3.2.2.3 Contamination control and blanks. In the Huffman method, 

as in this study, reagent water blanks are run with procedures identical 



to those used for a sample, and the DOC value for each fraction is 

subtracted from the corresponding fraction value for the sample (Leen-

heer and Huffman, 1979). In this study, DOC blank values were taken 

from two places in the system, the NaOH eluate and the column effluent. 

The reagent water used for the blanks and for any solution which 

contacted the resin was the distilled Milli-Q water. When this water 

was collected in a acid-washed glass bottle and then run through the TOC 

instrument, a fairly consistent DOC value of approximately 0.2 mg/1 was 

obtained. When NaOH pellets (Mallinckrodt AR) are added to this water 

to make up a 0.1 N NaOH solution, the DOC increases to about 0.5 mg/1, 

because of organic impurities in the NaOH and the concentrated sulfuric 

acid used to neutralize the NaOH sample. 

The first blank and sample were run using a 10-ml column made from 

one-quarter inch PVC (I.D. of 0.81 cm). This was before the transparent 

plastic column described in the above section ("column setup and proced

ures") was built. In this initial setup, tygon tubing was used in the 

pump as well as at the ends of the column. The Alltech XAD-8 resin had 

not been cleaned by batch soaking and the large column as described 

above in the section on resin preparation (Section 3.2.2.1). Only the 

methanol was removed by a large volume flush of reagent water through a 

column. The DOC value for NaOH eluate obtained for this blank was 12 

mg/1, which was unacceptably high. 

The first component of the initial column setup to be tested was 

the tygon tubing (1/8" I.D., 1/32" wall thickness, R-3603) in the pump. 

Reagent water was cycled through the pump from a beaker back into the 
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same beaker at 2 ral/min for five hours. The DOC increased from 0.2 to 

1.2 mg/1. Later, using the same type of tubing, a pump test was made 

with 0.1 N NaOH. The solution was pumped through only once before being 

sampled and at a rate of 0.4 ml/min (elution flow rate). The DOC of 

NaOH solution increased from 0.33 to 2.2 mg/1. The need to find better 

tubing became obvious, tubing that wouldn't bleed organic matter because 

of the compression of the tubing by the rollers in the pump. The C-Flex 

tubing, described under the column setup and procedures section, was 

obtained and tested with NaOH in the same way as above (pumped through 

only once). One liter of reagent water was pumped through before 

switching to the NaOH to simulate sample pumping. With this tubing, 

there was no increase in the DOC of the NaOH. 

The next component to be checked for contribution to the large 

blank value was the column itself. The 10-ml PVC column was tested 

empty (no resin and no glass wool plugs) by using gravity feed instead 

of the pump. Flowing 0.1 N NaOH at 1 ml/min through the column gave a 

substantial increase in DOC, from 0.5 to 2.1 mg/1 (the sample was 

collected after 200 ml of the NaOH solution had already flowed through). 

An empty 20-ml transparent plastic column with the same type of 

tubing, valve, and connections as used in the PVC column was also tested 

with the NaOH solution at the same flow rate by gravity feed. It gave 

only a 0.1 mg/1 increase in DOC. This showed that the PVC column itself 

was a major source of contamination when NaOH is used. PVC plastic is 

supposed to be resistant to acids and bases. The most likely source of 

contamination was the PVC cement used to attach the threaded adapters 
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onto the ends of the PVC tubing when the column was built. Some of this 

cement squeezed out into the inside of the column and could not all be 

scraped out after drying. 

The majority of the contamination given by the blank elution of 

the 10-ml PVC column was from the resin itself. This was shown by using 

a 10-ml plastic column with the Alltech resin and eluting at a 1 ml/min 

rate using gravity feed. The DOC of the NaOH solution increased to 8.2 

mg/1. 

The glass wool used in this study was purified by placing it in a 

muffle furnace for three hours at 400°C. Enough of this purified glass 

wool was placed in a small beaker to fill it to the 50-ml mark. Then, 

the beaker was filled up to the same mark with 0.1 N NaOH and allowed to 

sit for two hours. The NaOH solution was then sampled. It showed no 

increase in DOC. 

The second elution blank value, a DOC of 4.1 mg/1, was obtained 

using the 10-ml sealed, transparent plastic column described in the 

previous section, but with tygon tubing used in the pump. The resin 

(Alltech) had been soaked in 0.1 N NaOH but not cleaned in the large PVC 

column. Substantial contributions from the resin and the tygon tubing 

in the pump were still evident. 

Additional resin cleaning using the large PVC column as described 

under the section on resin preparation was performed (the first cleaning 

batch which was 140 ml in volume). The C-Flex tubing was obtained for 

the pump, and a 10-ml plastic column described in the previous section 

was used. The third elution blank then gave a DOC of 2.7 mg/1 on 
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11/8/88. This is the value that was used for most of the samples run in 

this study. Later, another blank was run on 11/27/88 using resin from 

the same cleaning batch, and it gave a DOC of 2.9 mg/1. Then, the 

second batch of Alltech resin (100 ml) was cleaned using both batch 

soaking and large column cleaning as before. A blank run on 2/14/89 

using resin from this new batch gave a DOC of 2.6 mg/1. 

When the resin was being cleaned in batch in the large PVC column 

using the 0.1 N NaOH flowing at a rate of 2 bed volumes/hr (same as 

elution rate), a sample of the effluent was collected at the end of the 

flush. This flush took 13.3 hours to complete. The sample gave a DOC 

of only 1.25 mg/1. This shows that the rate of bleed of organic matter 

from the resin in NaOH depends on how long the NaOH has been flowing 

through the resin just prior to sample collection. 

The other system blank, the blank for column effluent, was also 

minimized. An early test showed very little increase in the DOC of 

reagent water flowing through a column. A 20-ml plastic column filled 

with resin was tested using gravity feed. The resin had been cleaned by 

NaOH batch soaking, but not by large PVC column flow. The flow for the 

reagent water was 12 bed volumes/hr and, after one liter, the DOC of the 

outflowing water was only 0.21 mg/1 versus an inflowing value of 0.2 

mg/1 (distilled Milli-Q water). 

On the last blank run (2/14/89), the DOC of the column effluent 

for the blank was measured as well as the specific blank reagent water 

used for the blank. A sample of the column effluent was taken after all 

the effluent had collected, and it gave a DOC of 0.31 mg/1. The inflow



ing blank water had a DOC of 0.09 mg/1. The difference, which is 0.23 

mg/1, is the hydrophilic fraction blank value, and this value was used 

to correct the column effluent DOC value for all the DOC fractionation 

sample runs. 

3.2.3 GC-MS Analysis 

Traditional isolation of organic compounds in water for GC-MS 

analysis is done using acid/base/neutral liquid-liquid extraction (EPA 

Method 625). An alternative method that uses small, bonded-phase 

columns for extraction was used in this study. Use of these columns 

simplifies procedures, saves time and labor, uses less sample, and 

reduces the potential for contamination. 

3.2.3.1 Bonded-phase extraction column technique. Analytichem 

International bonded-phase extraction columns (Bond Elut cartridges) 

were used in this study. Specifically, 500-mg, n-octadecyl (C-18) 

cartridges were used. The procedures used generally follow those used 

by Rostad et al. (1984), where acetonitrile and methylene chloride are 

used to elute the cartridge. No contact of the sample with tygon tubing 

or any other plastic container was allowed prior to flow through the 

cartridge (except for the cartridge housing itself). 

The laboratory setup for sample extraction is shown in Figure 3.2. 

A large glass funnel was found which fit tightly into the top of the 

column to serve as a reservoir for the sample, and 1/8" I. D. tygon 

tubing also fit tightly at the bottom of the cartridge. An adjustable 

household vacuum (a faucet attached to the laboratory bench) was used to 
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draw the sample through the column at a low rate. All glassware was 

given a final rinse with methylene chloride before using. The following 

are the detailed procedures used for the extraction, elution, and con

centration of a sample: 

1. Cartridge conditioning: Condition the cartridge by 

passing through the following in the given order at a 

low flow rate (approximately 10 ml/min): 

(a) 5 ml of methylene chloride 

(b) 5 ml of methanol 

(c) 5 ml of reagent water (distilled Milli-Q 

collected in a glass bottle). 

2. Sample pass: Follow reagent water immediately with 

100 ml of premeasured sample at same vacuum setting. 

Maintain vacuum for five minutes after sample has 

passed to dry cartridge. 

3. Water removal: Remove remaining water by placing 

cartridge in centrifuge tube, covering tube with 

aluminum foil and centrifuging at 2000 rpm for 10 min

utes. (Water in the cartridge should be removed to 

reduce its presence in the eluate.) 

4. Elution: Place section of 8-nun glass tubing tightly 

in top of cartridge. Add the following aliquots in 

the order given into glass tube. Allow the first 

aliquot to remain on top of sorbent for a few minutes. 

Start flow through sorbent by using pipette bulb to 
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apply pressure on top of the 8-ram glass tubing. Let 

gravity feed take over or continue slowly with pipette 

bulb (measured rate of approximately 0.5 ml/min): 

(a) 1 ml of acetonitrile 

(b) 2 ml of methylene chloride 

(c) 2 ml of methylene chloride 

Collect all 5 ml of eluate in 4-drara glass vial with 

teflon-lined screw cap. 

5. Residual Water Elimination from eluate: Build micro

column using a truncated pasteur pipette filled with 

two inches of purified Na2S04. Purify both the Na2S04 

and glass wool by baking in a muffle furnace for three 

hours at 400°C. Pack Na2S04 in column using glass wool 

plugs on top and bottom. Use another pasteur pipette 

to introduce into column. Pass eluate through micro

column using gravity feed and pipette bulb. Collect 

eluate in 1.5-dram glass vial with teflon-lined screw 

cap. 

6. Volume reduction: Reduce eluate volume by slowly 

evaporating from 5 ml to 0.1 ml using a dry stream of 

N2 gas. Use teflon septum screw cap to insert N2 and 

outlet needles. Measure final volume by comparing 

with another vial of the same size filled with 0.1 ml 

of methylene chloride. 



3.2.3.2 GC-MS instrumentation. The analysis was performed on a 

GC-MS at the University Analytical Center, Chemistry Department, Univer

sity of Arizona. The system consists of a Hewlett-Packard model 5890 

gas chromatograph, a model 5970 mass selective detector (mass spectrom

etry), and an RTE-6/VM data system. 

The GC uses a Hewlett-Packard Ultra 2 gas chromatographic column, 

which is a fused silica capillary column with a crosslinked 5% phenyl 

methyl silicone stationary phase, 0.33-micrometer film thickness, 0.20-

mm internal diameter, and 25-m length. For analysis, the GC oven was 

held at 50°C for two minutes and increased at a rate of 15°C/min up to 

300°C and held for three minutes. The analyzer temperature was 300°C. 
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CHAPTER FOUR 

RESULTS 

4.1 DOC Analysis 

In addition to the DOC analyses made in this study, TOC data from 

the USGS are used in the characterization of DOC in the aquifer. DOC 

data for all the samples analyzed in this study are shown in Table 4.1. 

The first and second columns show the values obtained with different 

methods of sample collection. The USGS analyses, which are for the same 

well samplings (except for X1-W3 taken in 1987), are shown in the last 

column and are TOC analyses, since the sample water was not filtered. 

The average of the USGS data (column 3, Table 4.1) is 1.77 mgC/1, 

and for the corresponding values under column 2 in Table 4.1, the 

average is 1.78. This agreement indicates that the amount of particu

late organic matter in these ground-water samples is negligible. The 

data in column 2 were used for the DOC fractionation calculations 

(except for X4-W4), because water from these samples (the plastic 10-

liter bottles) was used for the fractionation analyses. 

Except for one analysis on sample XI-Wl, for all of the DOC 

analyses shown in Table 4.1, the sample was not pretreated for Fe by 

raising the pH to precipitate metal. The agreement between the DOC data 

and USGS TOC data suggests that the interference caused by the high 

concentration of Fe (greater than 200 mg/1) in some samples during 

analysis by the Dohrmann was not significant. In addition, for Xl-Wl, 

the agreement between the analysis by Huffman and the Dohrmann analysis 

without pretreatment is good. The Huffman analysis was made from a 
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Table 4.1 DOC analyses data. 

SAMPLE 
(date taken) 

DOC mgC/L 
glass-250 ml 
refrigerated 

DOC mgC/L 
plastic-10 L 

acidified 

TOC mgC/L 
U.S.G.S. data 

run 11-22-88 

WEBSTER LAKE (2-1-88) 

MP1-W1 (6-13-88) 

Xl-Wl (6-14-88) 
Xl-Wl (6-14-88) 
Xl-Wl (6-14-88) 

Huffman Analysis 
X1-W3 (6-14-88) 

X1-W4 (6-14-88) 

X1-W5 (6-14-88) 

X3-W3 (6-16-88) 

X4-W2 (6-15-88) 

X4-W3 (6-15-88) 

X4-W4 (6-15-88) 

X5-W1 (6-16-88) 

X5-W3 (6-16-88) 

3 . 4  

1 . 4  

1.6 

1.2 

0 . 3  

1.1 

0 . 9  

1.8 

6 . 0 °  

4 . 2  

3 . 2  
2.6 a 

2 . 2  

1 . 4  

1.6 

1 . 3  

1.8 

1.2 

1.1 

1 . 3  

3 . 9  

3 . 3  

2 . 2  b  

1 . 4  

1 . 9  

1.1 

1.0 

0.6 

1.2 

1.1 

X5-06 (12-14-88) 
from 14' to 19' 
during drilling 

ST R E A M  ( 6 - 1 6 - 8 8 )  2 2 . 6  3 . 8  
near X-5 site 

STREAM (12-14-88) 1.8 
from pit near X-5 site 

No. 010 (3-14-89) 1.1 
upgradient background 
well in sec. 34, TIN, R 15 E on Russell Gulch. 

aj precipitation of metals performed prior to DOC measurement. 
b) sample analyzed by U.S.G.S. taken on 4-30-87. 
c) organic carbon concentration determined using 

Beckman model 915A TOC analyzer. 
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portion of the XI-W1 sample sent to Huffman Laboratories in Golden, 

Colorado for DOC fractionation. 

The Dohrmann DOC results for Xl-Wl are 3.2 mg/1 without pretreat-

ment for iron and 2.6 with pretreatment. This indicates that some loss 

of organic matter by coprecipitation with the metals is occurring (20% 

loss). 

TOC analysis was also run on nine other wells not sampled in this 

study (Appendix A, USGS analytical data). Most of these analyses were 

done on samples collected in 1987, but three of the samples were 

collected in 1985 (X3-W1, X3-W2, and X4-W1). These additional USGS data 

were used in the interpretation of DOC in the aquifer in the following 

chapter. 

The range in DOC values of ground-water samples is from 4.2 mg/1 

at MP1-W1 to 0.1 mg/1 at X5-W2. The highest value was from the refrig

erated glass bottle sample of the stream near the X5 site (taken 

6/16/88), with a DOC of 22.6 mg/1. 

The Webster Lake sample, although listed under column 2 in Table 

4.1, was not acidified or filtered in the field. It had a pH when 

collected by the USGS of only 2.7 and was later filtered just before DOC 

analysis. 

4.2 DOC Fractionation 

A total of 17 DOC fractionations.were made, and the results are 

shown in Table 4.2A-B. Table 4.2A lists measured values, and Table 4.2B 

lists calculated values, including the percent of DOC for each fraction. 
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Table 4.2A DOC fractionation data. 

SAMPLE 
(date run) 

1 
Total 

DOC 
mgC/1 

2 
Eluate 

mgC/1 

2A 
Eluate 
Blank 
mgc/l 

3a 

H.Phil. 
Corrected 

mgC/1 

WEBSTER LAKE 
(2-14-89) 

MP1-W1 (10-17-88) 
MP1-W1 (12-6-88) 

6.0 c 

4.2 
4.2 

42.2 

28.6 
34.9 

2.6 

4.1 
2.7 

2.8 D 

2.1b 
2.7 C 

Xl-Wl HUFFMAN 
Xl-Wl (9-8-88) 
Xl-Wl (11-8-88) 

3.4 
3.2 
3.2 

NR 
27.3 
24.3 

NR 
12.1 
2.7 

1-1 h 
1.6 b 

1.2^ 

X1-W3 (11-8-88) 2.2 19.5 2.7 1.4 c 

X1-W4 (11-27-88) 1.4 14.6 2.7 0.7 b 

X1-W5 (12-6-88) 1.6 14.0 2.7 0.8 

X3-W3 (11-15-88) 1.3 13.6 2.7 0.7 b 

X4-W2 (11-8-88) 1.8 16.3 2.7 0.9 

X4-W3 (11-15-88) 1.2 12.6 2.7 0.4 

X4-W4 (12-6-88) 0.3 4.8 2.7 0.6 d 

X5-W1 (11-27-88) 1.1 11.8 2.7 0.4 

X5-W3 (11-15-88) 
X5-W3 (2-14-89) 

1.3 
1.3 

11.2 
12.9 

2.7 
2.6 

0.4 
0.4 

STREAM (11-15-88) 3.8 17.5 2.7 2.6 

a) Column 3: Hydrophilic fraction value minus hydrophilic blank value of 0.23 mgC/1. 
b) Precipitation of metals performed prior to DOC measurement by raising pH. Value 

may be low. 
c) Organic carbon concentration determined using Beckman model 915A TOC analyzer. 
d) Hydrophilic value is too high. Value used in calculations is corrected 

by assuming there is no hydrophobic neutral fraction. 
NR - not reported. 
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Table 4.2B DOC fractionation data. 

1 4 a 5 6 7 8 
SAMPLE Total H.Phob. H. Phob.Neu. Percent Percent Percent 

(date run) DOC Ac. Col 1-3--4 H.Phob.Ac. H. Phob.Neu. H.Phil 
mgC/1 mgC/1 mgC/1 Col 4/1 Col 5/1 Col 3/1 

WEBSTER LAKE 6.0 1.16 2, .1 19 34 46 
(2-14-89) 

HP1-W1 (10-17-88) 4.2 0.71 1. .3 17 32 51 
MP1-W1 . (12-6-88) 4.2 0.95 0. ,6 23 13 64 

Xl-Wl HUFFMAN 3.4 0.20 1. ,5 6 44 50 
Xl-Wl (9-8-88) 3.2 0.45 1. .2 14 37 50 
Xl-Wl (11-8-88) 3.2 0.63 1. .4 20 43 37 

X1-W3 (11-8-88) 2.2 0.49 0. .4 22 17 61 

X1-W4 (11-27-88) 1.4 0.35 0. .3 26 22 52 

X1-W5 (12-6-88) 1.6 0.33 0. .5 21 31 48 

X3-W3 (11-15-88) 1.3 0.32 0. .2 25 18 57 

X4-W2 (11-8-88) 1.8 0.40 0. ,5 23 27 50 

X4-W3 (11-15-88) 1.2 0.29 0. .5 25 43 32 

X4-W4 (12-6-88) 0.3 0.06 0. ,0 b 19 0 b 81 b 

X5-W1 (11-27-88) 1.1 0.27 0. .4 24 38 38 

X5-W3 (11-15-88) 1.3 0.25 0. ,6 20 49 31 
X5-W3 (2-14-89) 1.3 0.30 0. 6 24 47 29 

STREAH 1 (11-15-88) 3.8 0.43 0. 7 12 18 70 

a) Column 4: Hydrophobic acid concentration calculated as follows: 
(column 2 - column 2A) / concentration factor. 
Concentration factor = 612/18 = 34. Where sample size =• 612 ml and eluate size = 18 ml. 

b) Values which are questionable for X4-H4 because hydrophilic fraction 
concentration is too high (column 3). 

Abbreviations: H.Phob.Ac. is hydrophobic acid fraction. 
H.Phob.Neu. is hydrophobic neutral fraction. 
H.Phil, is hydrophilic fraction. 



77 

Repeat runs were made on three samples which are MP1-W1 (two runs), XI-

W1 (three runs), and X5-W3 (two runs). For the purpose of comparing 

results, one of the fractionations on XI-W1 was done by Huffman Labora

tories in Golden, Colorado. 

Some of the hydrophilic fraction samples (Table 4.2A, column 3) 

contained a high concentration of Fe and had to be pH adjusted prior to 

DOC measurement, as described in Chapter 3. The hydrophilic concentra

tions for samples MP1-W1 (2nd run) and XI-W3 were determined using the 

Beckman organic carbon analyzer as well as the Dohrmann, and the values 

shown in Table 4.2A are from the Beckman. 

The eluate blank value is used in calculating the hydrophobic acid 

concentration of a sample (Table 4.2B, column 4). Because of high 

eluate blank values, the calculated hydrophobic acid concentration is 

too low for the first two runs made. These runs are MP1-W1 on 10/17/88 

with a blank value of 4.1 mgC/1 and Xl-Wl on 9/8/88 with a blank value 

of 12.1 mgC/1. 

For the 12 sample runs made from 11/8/88 to 12/6/88, resin from 

the first cleaning batch (140 ml of resin) was used, and the eluate 

blank measurement of 2.7 mgC/1 made on this resin was used in cal

culating the hydrophobic acid concentration. For the two sample runs 

made on 2/14/89, resin from the second cleaning batch (100 ml of resin) 

was used, and the eluate blank measurement of 2.6 mgC/1 made on this 

resin was used. 

The fractionation results of the background sample, X4-W4, 

presented a problem because the corrected hydrophilic value obtained 
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(column 3, Table 4.2A) was higher than the DOC value. The DOC obtained 

for this sample may be too low. The USGS TOC value obtained for this 

sample was 0.6 mg/1 versus the DOC of 0.3 determined in this study and 

used for the fractionation calculation. The problem was handled by 

assuming that there is no hydrophobic neutral fraction in the sample, so 

that the DOC minus the hydrophobic acid fraction value gives the 

hydrophilic value. 

4.2.1 Experimental Error 

Once thorough cleaning of XAD-8 resin was performed by both NaOH 

soaking and large PVC column flush, as described in the section on 

preparation of resin (Section 3.2.2.1), the eluate blank measurement 

became repeatable. This is shown by the last three blank values 

obtained, which are 2.7, 2.9, and 2.6 mgC/1 (see Section 3.2.2.3). The 

first two of these measurements were made on the first batch of resin 

cleaned (140 ml of resin), and the third measurement was made on the 

second batch (100 ml of resin). 

Two runs were made on the X5-W3 sample, and the hydrophilic 

concentrations obtained for these two runs are 0.40 and 0.37 mgC/1. 

However, the hydrophobic acid values obtained were not as repeatable. 

The sample eluate concentration (Table 4.2A, column 2), which is used to 

calculate the hydrophobic acid concentration, is 15% higher in the 

second run. A difference in elution rate may explain most of this 

difference in concentration. For all of the runs listed in Table 4.2, 

except the second X5-W3 and Webster Lake runs (both run on 2/14/89), the 
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elution rate used was 0.4 ml/rain. However, for these last two runs, a 

slightly lower rate of 0.3 to 0.35 ml/min was used. The lower rate, 

which results in more efficient removal of sorbed organic matter, may 

explain why the sample eluate concentration for the second X5-W3 run is 

higher. 

Differences in elution rate can also explain, at least in part, 

the large difference in the hydrophobic acid concentration between the 

analysis by Huffman of the XI-W1 sample and the second XI-W1 sample run 

done in this study. The concentration values for these two measurements 

are 0.2 and 0.63 mgC/1, respectively. In the Huffman method, the 

elution rate used was calculated to be 20 bed volumes/hr (Leenheer and 

Huffman, 1979); however, in this study, the rate used was only 2.4 bed 

volumes/hr. 

Another possible reason why the recovery of hydrophobic acids in 

the Huffman analysis is lower is because, in the Huffman method, the 

direction of flow during elution is the same as during sample pass. 

Organic matter sorbs at the upstream end of the column during sample 

pass and is more efficiently desorbed by elution in the reverse direc

tion. 

The hydrophilic concentration of 1.7 mgC/1 from the Xl-Wl analysis 

by Huffman is significantly higher than the 1.2 mgC/1 value obtained for 

the second Xl-Wl run in this study. The sample rate through the column 

in the Huffman method is about six times greater than in this study; 

this difference may explain some of the difference in the concentration 

values. 
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The loss of organic matter because of pH adjustment prior to 

measurement of organic carbon (pretreatment) probably better explains 

the difference. The Xl-Wl sample is high in metal concentration, and a 

large amount of precipitate forms when the pH is raised to 11. Compar

ison of the unfractionated DOC values for this sample, both with and 

without the pretreatment, showed a 20% loss upon pretreatment, as 

discussed previously. Therefore, there is reason to believe that there 

is significant loss of the hydrophilic fraction of Xl-Wl upon pretreat

ment as well. 

Other hydrophilic concentration values may be too low also because 

of pretreatment. The hydrophilic concentration of X1-W5 was measured 

both with and without this pretreatment. Although only 0.7 mg/1 of Fe 

is present in X1-W5, some white precipitate formed when the pH was 

raised to 11. The concentration for the X1-W5 hydrophilic fraction 

without pretreatment was 1.0 mgC/1 and, with pretreatment, it was 0.9 

mgC/1. Of the hydrophilic fraction samples which were pretreated, 

Webster Lake and Xl-Wl had a large amount of Fe (greater than 200 mg/1), 

and the loss of organic matter in these samples due to the pretreatment 

would be expected to be greater than in the X1-W5 sample. 

The experimental error for a DOC measurement using the Dohrmann 

analyzer was discussed in Section 3.2.1. The coefficient of variation 

(C.V.) ranges from 2% to 5%, depending on the level of concentration of 

the sample. 

The experimental error of a hydrophobic acid measurement can be 

estimated using eluate blank measurements and the two runs on the X5-W3 
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sample. The C.V. of the last three eluate blank values run is 6%. The 

C.V. for the two X5-W3 hydrophobic acid concentration values is 13%, but 

as discussed, much of the difference between these two values may be 

explained by a difference in the elution rate used. An average value of 

the C.V. for the hydrophobic acid concentration used later in this 

report is 10%. Again, using the two X5-W3 runs, the C.V. for the 

hydrophilic concentration is 5.5%. 

4.2.2 Range of Values 

The hydrophobic acid concentration is lowest in the uncontaminated 

X4-W4 sample, where it is 0.06 mgC/1. The highest ground-water value of 

0.95 comes from MP1-W1. However, the Webster Lake sample is even higher 

at 1.16. As a percent of DOC, the hydrophobic acid fraction is fairly 

consistent for the ground-water samples, where it varies from 19% at X4-

W4 to 26% at X1-W4. However, for the stream sample, it is only 12%. 

The hydrophobic neutral fraction, the fraction which remained on 

the column after elution, ranges as a percent of DOC from 18% at X3-W3 

to 49% at X5-W3. Correspondingly, the hydrophilic fraction as a percent 

of DOC varies in the ground water from 31% at X5-W3 to 57% at X3-W3. In 

the stream sample, this fraction is 70%. 

4.3 GC-MS 

The most highly-contaminated sample, MP1-W1, was run on the GC-MS. 

Two blanks were also run. For one of the blanks, the C-18 cartridge 

used was not preconditioned nor was any reagent water passed through 
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prior to elution. For the other blank, the complete procedure was 

followed using distilled Milli-Q reagent water instead of sample. 

Shown on the chromatogram that resulted from the run on the MP1-W1 

sample are 16 prominent peaks which were analyzed (Fig. 4.1). Three of 

these peaks were also present in the chromatogram for the reagent water 

blank (Table 4.3, peaks 1, 10, and 16). For the mass spectrum of each 

peak, as many as five matches were made with spectrums for known 

compounds in the library data system, and the probability of each match 

was given. The matching compounds and associated probabilities are 

listed in Table 4.3. Even a high probability of match is only an 

indication of the presence of a compound. A standard must be run to 

prove or disprove the actual presence of a compound. 

A standard containing 30 to 40 EPA 625 priority pollutants was 

run. A definite match was made with three of the MP1-W1 sample peaks, 

and concentrations were determined (Table 4.3). These peaks are peak 4 

(naphthalene), peak 12 (acenaphthene), and peak 14 (fluorene). The 

operator of the GC-MS concluded that at least six to ten polycyclic 

aromatic hydrocarbons (PAH) were present in the sample in the 1-10 ppb 

range. Thus, there was less than 100 ppb or 0.1 mg/1 of identifiable 

hydrophobic organic matter in the sample using this GC-MS method. 

In the Rostad study, the recovery of the C-18 cartridge was 

determined using natural ground-water samples spiked with pollutant 

compounds to a 100 mg/1 concentration. The sample and cartridge size 

(500 mg of bonded phase) and brand of cartridge used in the Rostad study 

were the same as were used in this study. Recovery of nine PAH com-
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Figure 4.1 Chromatograra for sample MPl-Wl. 
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Table 4.3 GC-MS peak identifications for sample MP1-W1. 

PEAK # COMPOUND PROBABILITY CONC.3 
OF MATCH ppb 

1° Methane, dimethoxy- 52 

2 Fenchone 95 

3 Benzene, ethynyl-
Ethy1-N-N-Butylea rbamate 
Carbamic acid, butylmethyl-, methyl ester 

36 
31 
30 

4 Naphthalene 97 7 

5 Cyclohexane, (1,3-dimethylbuty1)-
Cyclohexane, (l-methylpropyl)-

52 
52 

6 Acetamide 15 

7 Naphthalene, 2-methyl-
Naphthalene, 1-methyl-

89 
88 

8 Naphthalene, l-methyl-
Naphthalene, 2-methyl-

96 
83 

9 None found 

10 b Naphthalene, 2-ethenyl-
Pentadecane 

41 
40 

11 Naphthalene, 2,3-dimethyl-
Naphthalene, 1,2-dimethyl-

96 
96 

12 Acenaphthylene, 1,2-dihydro- 95 4 

13 Dibenzofuran 89 

14 9H-Fluorene 89 2 

15 5-Pyrimidinamine, 2-chloro-4-ethoxy-
Quinoline, 1-oxide 
1(2H)-Isoquinolinone 
7-Quinolinol 

60 
30 
25 
25 

16 b 1,2-Benzenedicarboxylic acid, 3-nitro- 93 

a) based on comparison with standard run containing EPA 625 compounds. 
b) Peak present in blank. 

I 
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pounds, the hydrophobic neutrals, averaged 72% (Rostad et al., 1984). 

Given the much lower concentration of identifiable compounds in the MP1-

W1 sample, the recovery may be lower. 

Recovery may also have been low because of the 10 ml/min sample 

rate through the cartridge used in this study. This rate may be high as 

compared to the rate resulting from the recommended vacuum of 5 mm Hg in 

the procedures followed (Rostad et al., 1984). The household vacuum 

used in this study did not have a gauge, but the resulting flow was the 

lowest that could be obtained. 
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CHAPTER FIVE 

DISTRIBUTION AND FATE IN THE AQUIFER 

This chapter deals with distribution, transport, and fate of DOC 

in the aquifer and the three fractions of DOC which, in order of discus

sion, are the hydrophobic acid fraction, hydrophilic fraction, and 

hydrophobic neutral fraction. Discussion of transport will deal with 

dilution and loss or gain of organic matter. Finally, the section on 

the fate of organic matter discusses the most probable explanations for 

the changes found. 

5.1 Total Dissolved Organic Carbon 

A cross-section showing the distribution of DOC in the aquifer was 

constructed (Fig. 5.1). The DOC data used were the same as those used 

for the DOC fractionation calculations. In addition, the USGS TOC data 

were used for the wells which were not sampled in this study. The 

sample date for most of the TOC data is approximately one year prior to 

the June 1988 date for the samples collected is this study (DOC data), 

but for wells X3-W1, X3-W2, and X4-W1, the sample date of the TOC data 

is more than three years prior to June 1988 (Appendix A). 

The DOC cross-section shows that the highest DOC values occur 

where the highest concentrations of inorganic constituents occur, in the 

upper part of the conglomerate upgradient and in the lower part of the 

alluvium downgradient. A possible exception is shown by the analysis of 

sample X3-W2. 



SOUTHEAST 
mpi xi x3 x4 

NORTHWEST 

x5 

- IOm 

- 5 m  

I 

Water Tobla 

alluvium 

lx0.7 ? 

-J 
3 km 

4 ©0.3 

EmWftTIOH 

nd-no data 

4® - designates wells sampled in this study 

FLOW DIRECTION 

VERTICAL EXAGGERATION IOOX 

0601.8 

301.3 

3 01.3 

77777 

777777777777777777777, 
7 -l©4.2 

conglomerate 

5©l.6 

- 20 m 

2- -0 . I  

4 J-0.5 

numbers to left of wells are well identification 

1-70 

Figure 5.1 Cross-section showing the distribution of DOC in the 
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DOC decreases downgradient, and most of this decrease is likely 

the result of dilution. However, if the low DOC value of 1.1 mg/1 for 

X3-W2 is correct, more than dilution is occurring upgradient of this 

well, as will be shown below. Background, uncontaminated DOC, as shown 

by wells deep within the conglomerate (X4-W4 and X5-W4), is 0.3 to 0.5 

mg/1. 

In order to evaluate the effect of distance of transport in the 

ground-water system on DOC, a plot of DOC versus chloride concentration 

was made (Fig. 5.2). A dilution line was drawn on this plot using the 

most concentrated wells (MP1-W1, MP1-W3, and Xl-Wl) and the uncon

taminated background wells. Generally, the data fall in a trend along 

this line. These data illustrate that dilution is the dominant reason 

for the decrease in DOC with transport; however, there is some scatter 

in this trend. 

Error bars at each data point show the analytical error of DOC 

measurement. The height of the bars above and below a point is based on 

the coefficient of variation of the measurement, which was discussed in 

Section 4.2.1. A value of 5% was used for a DOC of greater than 2 

mgC/1, and 0.1 mgC/1 was used for less than 2 mgC/1. 

Data which plot at a distance of more than twice the coefficient 

of variation from the dilution line indicate a point in the aquifer 

where the changes in chloride concentration or DOC or both with trans

port cannot be explained only by mixing with uncontaminated water. 

These anomalous changes in concentration are more likely to have 

resulted from changes in DOC rather than chloride. Because chloride is 
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a conservative solute, loss of chloride iis not expected. In addition, 

the fairly good correlation between chloride and sulfate (Fig. 2.5 in 

Section 2.3) indicates that dilution only with water uncontarainated with 

chloride is occurring. 

Data which fall well to the left of the dilution line probably 

represent points for which there has been input of organic matter along 

the flow path. These data are X4-W3, X3-W3, and MP1-W4, and they are 

each the shallowest well at their respective sites. It seems likely 

that, at these points in the aquifer, water containing a higher than 

natural concentration of organic matter is coming in from above and 

mixing with the ground water in the upper part of the aquifer. Another 

possibility is that the water flowing in the upper part of the alluvium 

is separate from water in the lower part and has a higher organic 

concentration at the same chloride concentration than the deeper water. 

Data points which fall to the right of the dilution line probably 

represent points where there has been some loss of organic matter along 

the flow path. Both X3-W2 and X4-W1 appear out of place on the plot, 

however, and may represent TOC analyses that are too low. The contour

ing shown in Figure 5.1 also indicates these two values are too low. 

All of the points which fall to the right of the dilution line, 

except X3-W2, have a pH greater than 4.8. (Sample X3-W2 has a pH of 

only 3.9.). Points which fall to the left of the line have a pH of less 

than 5. This indicates that there is loss of organic matter with trans

port through some process which is pH-controlled, such as sorption. 
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5.2 Hydrophobic Acid Fraction 

The distribution of the hydrophobic acid concentration, as shown 

by the 11 wells from which samples were fractionated (Fig. 5.3), is 

similar to the distribution of DOC. However, the X5 site appears to be 

an exception where there is a slight decrease from X5-W1 down to X5-W3. 

The concentration decreases rapidly from MP1-W1 with 1.0 mgC/1 to Xl-Wl 

with 0.6 mgC/1. 

The hydrophobic acid fraction as a percent of DOC was. also mapped 

in cross-section (Fig. 5.4). Generally, the percentage decreases from 

25 in the shallow wells to near 20 in the deeper wells. This indicates 

that recharge water infiltrating down to the aquifer, either in the area 

of the cross-section or upgradient of it, has a higher fraction of 

hydrophobic acid as compared to the most contaminated part of the 

ground-water plume. The error for these percentage data is approxi

mately plus or minus 2 percentage points based on a 10% coefficient of 

variation for the hydrophobic acid concentration measurement. 

On a plot of chloride concentration versus hydrophobic acid 

concentration, a dilution line was drawn through the MP1-W1 datum and 

the uncontaminated well X4-W4 near the origin (Fig. 5.5). Data points 

which fall well to the left of this line are X1-W4, X3-W3, and X4-W3. 

These data represent points in the aquifer at which there may have been 

mixing with water with a hydrophobic acid concentration higher than the 

background concentration as shown by X4-W4. All of these samples are 

from the shallowest well at each of the three respective sites. This 
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water high in hydrophobic acid concentration may have originated from 

the leaching of humic substances from soil in the vadose zone. 

Points which fall to the right of the dilution line may represent 

a loss of hydrophobic acid along the flow path. All of these points, 

XI-Wl, XI-W5, and X5-W3 are deeper within the aquifer. Two of them, XI-

W5 and X5-W3, have a pH of approximately 6 and occur in neutralized con

taminated aquifer. 

5.3 Hvdrophilic Fraction 

As discussed in Section 4.2.1, there is reason to believe that the 

hydrophilic concentration value is too low for the samples which were 

pre-treated to remove metals before organic carbon measurement. The 

samples so affected are Xl-Wl and Webster Lake. Because of this, the 

Huffman hydrophilic concentration for Xl-Wl is believed to be more 

accurate and is used in the following analysis. 

The hydrophilic concentration values obtained for MP1-W1 and XI-

W3, which were measured using the Beckman TOC analyzer, appear to be too 

high as will be shown. Because of the high temperature used in the 

Beckman, these high readings may have resulted from the more efficient 

conversion of organic carbon compounds to C02 in the Beckman as opposed 

to the Dohrmann. This effect may be more pronounced if synthetic 

organic compounds are present in the sample being analyzed. The 

Dohrmann analyses may be less accurate than the Beckman analyses, but 

this is not a major problem since differences between DOC measurements 

are more important in this study than absolute values. 
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The distribution of the hydrophilic fraction concentration is 

similar to the distribution of DOC, at least as far as where the highest 

values occur (Fig. 5.6). However, it appears that the hydrophilic 

concentration may decrease more rapidly in the downgradient portion of 

the aquifer. This is seen in comparison of X4-W2 with X5-W1 and X5-W3. 

A rapid decrease is occurring from X4-W2 up to X4-W3. 

Contouring of the hydrophilic fraction as a percent of DOC is 

shown on the monitoring well cross-section (Fig. 5.7). Some of the 

highest values occur in the shallowest wells at the upgradient XI and X3 

sites. X1-W4 and X3-W3 have up to 57%. As with the hydrophobic acid 

fraction, recharge water in this area with a high percentage of the 

hydrophilic fraction may be affecting the uppermost part of the aquifer. 

However, the same is not true for the more downgradient X4 site, where 

the 32% at the shallowest well, X4-W3, is almost the lowest of all the 

samples measured. The other area where the percentage is low is 

downgradient of the pH 5 acid front at the X5 site. X5-W3 has only 31%. 

A plot of hydrophilic concentration versus chloride concentration 

was made to deal with the effects of dilution (Fig. 5.8). A dilution 

line was drawn using primarily the Xl-Wl Huffman analysis at high 

concentrations and the uncontaminated X4-W4 point near the origin. The 

offset of the X3-W3 point to the left of this line indicates an area in 

the aquifer where there is mixing with water with a higher than natural 

concentration of hydrophilic organic matter. 

Three points on the plot are depleted in hydrophilic organic 

matter with respect to the dilution line. These points, X5-W1, X5-W3, 
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and XI-W5, all have a pH of approximately 6. In addition, if a dilution 

line is drawn through the X3-W3 point, then it can be said that the X4-

W3 point is depleted in the hydrophilic fraction with respect to this 

line. The X3-W3 well is directly upgradient of X4-W3 and at about the 

same depth. X4-W3 also has a relatively high pH of 4.9. 

In order to assess the importance of pH changes that occur with 

transport on the hydrophilic fraction, a plot of pH versus the hydro

philic fraction percent of DOC was made (Fig. 5.9). The data on this 

plot show there is a decrease in the hydrophilic percent of DOC from 50% 

to 60% down to 30% to 40%. This decrease occurs within the pH range of 

4.2 to 4.9. Point XI-W5 is an exception with a percentage higher than 

expected at its pH. However, given the location of this well, the 

distance of transport from the acidic core of the plume is small and, 

because of this, a lower reduction of organic matter could be expected. 

The analysis for the XI-W1 sample done in this study and the one 

done by Huffman Laboratories are shown on the plot. The Huffman result 

plots with the higher percentage group. For the analysis done in this 

study, the position of the point shows that there was loss of organic 

matter because of coprecipitation with the metals upon pretreatment. It 

is of interest to note that this point is in the same percentage range 

as the group of points with the higher pH (greater than 4.2). 

5.4 Hydrophobic Neutral Fraction 

The hydrophobic neutral fraction, as a percentage of DOC, tends to 

be a reciprocal of the hydrophilic fraction percentage. This is because 
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of the way the hydrophobic neutral fraction is calculated, and because 

the hydrophobic acid fraction percentage is fairly constant. This 

reciprocality is shown by the contouring of hydrophobic neutral percent

ages on the monitoring well cross-section (Fig. 5.10). Where the 

hydrophilic percentage values are high, the hydrophobic neutral values 

are low and visa versa. 

An area of low hydrophobic neutral percentage is shown by shallow 

wells X1-W4 and X3-W3. Two areas of high hydrophobic neutral percentage 

are also present. One is shown by the shallow well X4-W3 and the other 

by the wells X5-W1 and X5-W3. These high areas resulted either from 

mixing with water that has a higher hydrophobic neutral percentage than 

what is present in the plume or from the depletion of the hydrophilic 

fraction, or both. 

Chloride concentration was plotted versus the hydrophobic neutral 

concentration (Fig. 5.11). A dilution line was drawn on this plot 

through the origin and a corrected Huffman value for Xl-Wl. This 

correction was made to the Huffman result by assuming that the Huffman 

hydrophilic value is correct and, that for the hydrophobic acid concen

tration, the value of 0.6 mgC/1 from the second Xl-Wl fractionation done 

in this study is correct. 

Two data points fall well to the left of the dilution line. They 

are X5-W3 and X4-W3. Their position indicates points in the aquifer 

where there has been mixing with water, containing hydrophobic neutral 

organic matter at a higher than natural concentration. As previously 

discussed, these two points are also in areas where the hydrophobic 
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neutral percent of DOC is high. It appears that both the loss of 

hydrophilic organic matter and the gain of hydrophobic neutral organic 

matter is occurring in these areas. 

All of the other data points on the dilution plot, except for XI-

W3 and MP1-W1, which are too low because of analysis on the Beckman, 

follow the dilution line fairly well. Significant loss of the hydro

phobic neutrals with transport or pH change does not seem to be occur

ring. 

5.5 Fate of Organic Matter 

After accounting for dilution, there are still losses in the con

centration of total dissolved organic carbon and two of the organic 

fractions at downgradient positions in the aquifer. For DOC, as much as 

80% has been lost. This number was arrived at by comparing the position 

of point X5-W2 with the dilution line in Figure 5.2. For X5-W3, only 

15% of the DOC has been lost. For hydrophobic acid, as much as 25% has 

been lost as shown by point X1-W5 in Figure 5.5; for the hydrophilic 

fraction, as much as 47% has been lost as shown by point X5-W3 in Figure 

5.8. 

It is possible to explain these losses by two well-documented 

processes: sorption or biodegradation. There are, however, several rea

sons why microbial degradation may not be important in explaining these 

losses. 

Most of the biodegradation may occur during infiltration or in the 

portion of the ground-water system close to the recharge area. A 
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parallel may be drawn In this respect between the fate of organic matter 

in this study and the fate of organic matter in sewage contaminated 

ground water at Otis Air Base that was described in Section 1.1. Some 

aquifer parameters in this study are similar to those for the Globe area 

aquifer. These parameters are aquifer thickness, lithology (sand and 

gravel), conductivity, fraction solid organic carbon (low), uncon-

taminated ground-water DOC, and thickness of the vadose zone. 

The low level of DOC and the potentially refractory nature 

(difficult to degrade) of the organic matter that may be present could 

mean that the system is carbon-limited, and biodegradation would not be 

occurring even if conditions in the aquifer were more favorable. Both 

humic and hydrophilic substances are generally resistant to microbial 

decay (Thurman, 1985). Synthetic organic matter may be more resistant 

to biodegradation and, as shown in the next chapter, much of the organic 

matter present is probably synthetic. 

Biodegradation in the aquifer may be further limited or prevented 

because of the low pH and nearly anaerobic conditions present. Low pH 

is toxic to many microorganisms. The lack or near lack of oxygen in the 

water would, in itself, slow down the rate of biodegradation. If all 

oxygen is depleted in a system, biodegradation by sulfate-reducing bac

teria could occur and HaS formed, imparting a characteristic odor to the 

water. In this study, this odor was not detected, indicating that this 

process is not occurring. In addition, the hydrophobic neutral fraction 

would normally be the most labile fraction, but it is the one fraction 

which is apparently not being depleted. 
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Sorption in the aquifer is probably more effective than biodegra-

dation at lowering the level of organic matter. Sorption to charged 

inorganic surfaces is more likely to be occurring than partitioning of 

dissolved organic matter into the immobile organic phase present in the 

aquifer. This is because of the low level of solid organic carbon that 

is probably present in most of the aquifer. This conclusion is 

supported by the apparent lack of loss of the hydrophobic neutral 

fraction in the aquifer (Fig. 5.11). 

An example of sorption of organic matter onto metal hydroxide 

surfaces was given in Chapter 1 (Snake River, Colorado, Thurman, 1985). 

The loss of 80% of the DOC occurred in this stream environment because 

of the rise in pH and the formation of aluminum hydroxide precipitates. 

This large loss occurred even with only 3 mg/1 of A1 present initially. 

The organic fractions interpreted to be lost include hydrophobic humic 

substances. Though not mentioned specifically, hydrophilic acids were 

probably also being lost, because such a large portion of the DOC was 

lost. (Simple organic acids were mentioned as being lost). In the 

Globe aquifer, the hydrophilic fraction and possibly the hydrophobic 

acid fraction are also apparently being lost through this same mechanism 

at certain places in the aquifer. 

Although separation of the hydrophilic organic matter into acid, 

base, and neutral fractions was not done in this study, it is may be 

that the majority of the hydrophilic organic matter is acid in nature. 

It is estimated by Thurman (1985) that in ground water, hydrophilic 

acids typically comprise 50% of DOC. Hydrophilic acids consist of 
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aliphatic or polyfunctional acids with five or less carbons per acidic 

functional group (Table 1.1). They are predominantly negatively charged 

at near neutral pH. 

The loss of hydrophilic organic matter as pH rises over 4.2 may be 

the result of sorption onto metal oxyhydroxide surfaces which are being 

precipitated at the same pH or are already present in the aquifer. The 

iso-electric point of all Al and Fe oxide and hydroxide mineral surfaces 

is at a pH of 6 or greater (Drever, 1988). Therefore, at a pH of less 

than 6 in the aquifer, most precipitated metal surfaces would be 

positive, and with negatively charged organic matter, sorption or even 

coprecipitation of this organic matter onto the surfaces would occur 

because of electrostatic attraction. 

The pH zone in the aquifer for the loss of hydrophilic organic 

matter, from 4.2 to 4.9, overlaps to some extent with the pH zone for 

precipitation of Fe and Al. Although both of these metals begin to 

precipitate below pH 4, significant amounts of at least Fe can still be 

in solution at pH 4.2. For example, sample X3-W3 has a pH of 4.19 and a 

concentration of Fe of 183 mg/1 (Appendix A). 

The initial pH at which loss of hydrophilic organic matter occurs 

(at least pH 4.2) may be related to the effective pKa of the hydrophilic 

acids in this fraction. The average pKj for humic substances is 4.2 

(Thurman, 1985). As discussed above, the hydrophilic acids include 

hydrophilic substances, which would be expected to have a similar pKa. 

The carboxyl functional groups predominate in both types of substances. 

Most carboxylic acid groups have a pKa of from 4 to 5 (Drever, 1988). 
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The sorption of a hydrophilic acid onto metal oxide surfaces has 

been well documented. Polyacrylic acid, a flocculant, sorbs onto 

hematite surfaces in the milligrams per gram of sorbent range 

(Fuerstenau and Urbina, 1988). The maximum sorption shown by isotherm 

curves dramatically increases as the pH is lowered from over 8 to 4. 

Polyacrylic acid has an approximate pK, of 4.5. 

The loss of hydrophobic acid in the aquifer may also be related to 

sorption onto positively charged metal oxide or hydroxide surfaces as 

shown by samples X1-W5 and X5-W3 (Fig. 5.5). These samples have a pH of 

approximately 6. However, sample Xl-Wl shows a 19% loss of organic 

matter in this fraction and has a pH of only 3.5. This indicates that 

loss by some other mechanism may be occurring. Because hydrophobic acid 

has a lower charge density than hydrophilic acid, sorption onto posi

tively charged surfaces may not be as effective. 

One interesting observation is that all of the samples with loss 

of the hydrophobic acid fraction are deep within the aquifer, near or 

below the contact between the alluvium and conglomerate. The same trend 

exists for DOC in the aquifer. Almost all of the samples which fall 

below the dilution line on the chloride versus DOC plot (Fig. 5.2) are 

also deep within the aquifer. However, all of these DOC points also 

have a pH over 4.8, except for X3-W2. 
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CHAPTER SIX 

ORGANIC CONTAMINATION IN THE STUDY AREA 

6.1 Evidence for Contamination 

This section discusses the evidence obtained in this study which 

shows that contamination is present. It will start with the DOC and DOC 

fractionation data for the ground water. Then, the GC-MF results will 

be given consideration. Finally, the analyses of the Webster Lake and 

stream samples will be discussed. 

6.1.1 DOC and DOC Fractionation Data 

The DOC for uncontaminated ground water deep within the aquifer, 

as discussed in Section 5.1, is 0.5 mg/1 or less. A new monitoring 

well, #010, was drilled by the USGS in December 1988 for the purpose of 

coring uncontaminated aquifer. This well is located 2.5 miles upstream 

of Miami Wash on Russell Gulch in Section 34, T 1 N, R 15 E, in an area 

which is upstream of any significant mining activity and human habita

tion. The DOC value obtained for a sample taken from this well in March 

1989 was 1.1 mg/1 (Table 4.1). The sample probably came from a thin 

layer of gravel near the alluvium/conglomerate contact at a depth of 

approximately 50 feet (Eychaner, 1989). 

These values obtained for uncontaminated ground water agree fairly 

well with published values for ground water. A median concentration for 

the DOC of ground water from a variety of climatic conditions and 

aquifer rock types is 0.7 mg/1 (Thurman, 1985). Considering the semi-

arid climate of the Globe area, this value may be a little high. 
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The DOC of the most contaminated ground-water sample, MP1-W1, at 

4.2 mg/1 represents a contamination level of eight times background 

using an uncontaminated value of 0.5 mg/1. This ratio is similar to the 

ratio of 10 which is characteristic of ground-water contamination at 

sites with rapid infiltration of sewage effluent (Barber et al., 1988). 

A mean value for the concentration of dissolved humic substances 

in ground water is 0.1 mg C/l (Thurman, 1985). This value is similar to 

the 0.06 mg C/l value obtained in this study for the hydrophobic acid 

concentration of the uncontaminated sample, X4-W4. The 0.95 mg C/l 

value for the hydrophobic acid concentration for MP1-W1 definitely 

indicates ground-water contamination. The hydrophobic acid fraction as 

a percent of DOC is also somewhat anomalous. The highest value found of 

26% (X1-W4) is higher than the normal value' for ground water of 14% (0.1 

mgC/1 divided by 0.7 mg C/l). 

The hydrophobic neutral fraction as a percent of the DOC for the 

ground water is higher than would be expected for natural conditions. 

The values determined in this study range from 18% to 49%, and not 

including MP1-W1, X1-W3 and X4-W4, they average 33%. For the identifi

able compounds fraction in ground water, a value of 25% is given by 

Thurman (1985). This fraction probably includes hydrophilic neutrals 

and bases and hydrophobic bases as well as hydrophobic neutrals. An 

average of 15% for the hydrophobic neutral fraction of stream water was 

obtained from three different articles in the literature (Malcolm et 

al., 1977; Leenheer and Huffman, 1976; Leenheer and Huffman, 1979). The 

value for stream water is normally 10 to 15% (Malcolm, 1989). The value 



112 

for ground water would be expected to be less than for stream water 

because of the sorption of hydrophobic neutrals expected in porous 

media. 

6.1.2 GC-MS Results 

The GC-MS analysis on MPl-Wl showed that there are at least six to 

ten PAH compounds present in the sample in the 1-10 ppb range. PAH 

compounds of the sort found in this sample (Table 4.3) do not occur 

naturally in water (Thurman, 1985). Furthermore, the level of con

centration of these aromatic hydrocarbons indicates significant con

tamination. Most individual hydrocarbons occur in water at the part per 

trillion level (Thurman, 1985). 

6.1.3 Webster Lake Sample 

Based on visual inspection at the time of sampling, Webster Lake 

was barren and lifeless (Eychaner, 1989). There was no sign of plant or 

algal growth in the water, on the lake bottom, or even onshore at least 

five or ten feet above water level. Because of the low pH and very high 

metals content of the water, only certain types of bacteria may have 

been present. Nonproductive lakes, lakes with no significant algal 

activity, have a DOC of 1 to 3 mg/1 (Thurman, 1985). The level of 

naturally occurring DOC in Webster Lake was probably less than this 

because of the lack of any kind of plant activity, even onshore. There

fore, the DOC measured for Webster Lake of 6.0 mg/1 shows there was 

significant organic contamination present. 
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The concentration of humic substances in oligotrophic lakes is 

similar to the concentration of the hydrophobic acid fraction found in 

Webster Lake (1.16 mg C/l), according to Thurraan (1985); but, as a 

percent of the DOC, Webster Lake at 19% is lower than what is normal for 

a lake (40%). The hydrophobic neutral fraction in Webster Lake is 34% 

of DOC, which as in the ground water, is higher than what should be 

present naturally. On the average, lakes have 24% of DOC as identifi

able compounds, a fraction which includes hydrophobic neutrals (Thurman, 

1985). This figure is probably lower for oligotrophic lakes. 

6.1.4 X5 Stream Sample 

Pinal Creek was sampled near the X5 site just downstream from the 

point of first discharge from the aquifer, and the values obtained for 

DOC are shown in Table 4.1. Measurement of the DOC for the two samples 

taken on 6/16/88 gave values of 22.6 and 3.8 mg/1. The low value 

probably resulted from the loss of volatile organic matter from the 

thin-walled plastic container used to collect this sample. The loss was 

probably also promoted by the lack of refrigeration of this sample. 

In order to confirm the high DOC value, another sample was taken 

on 12/14/88 (Table 4.1). Only this time, a one to two foot deep pit was 

dug in the stream bed just upstream of first discharge. The hole filled 

rapidly with ground water, which was sampled. A DOC value of only 1.8 

mg/1 for this sample indicates that the high value of 22.6 obtained from 

the stream resulted from the production of organic carbon within the 

stream itself. 
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The concentration of the hydrophobic acid fraction determined for 

the stream was 0.43 mgC/1, which is similar to that normally found in a 

mountain streams (Thurman, 1985). However, this fraction as a percent 

of the DOC in the stream sample is quite different from what is normal 

for streams. The value of 12% for the stream sample compares with 50% 

for typical streams and rivers (Thurman, 1985). 

Comparison of the hydrophilic fraction as a percent of DOC for the 

stream sample (70%) with an average value for streams and rivers shows 

that it is abnormally high. If the volatile organic matter lost from 

this sample is considered and assumed to be hydrophobic neutral in 

nature, the hydrophilic fraction percentage may be normal. 

The major source of organic matter in streams and rivers is 

allochthonous in nature, being derived from both plants and soil 

(Thurman, 1985). It appears that Pinal Creek at the X5 site is an 

exception to this rule, and the organic matter is autochthonous. The 

most likely source for this organic matter is the green algae observed 

to be growing in abundance in the creek bed along the edge of the 

flowing water. This growth indicates the presence of nutrients in the 

contaminated water. As discussed in the next section, there is some 

municipal sewage effluent present in the system, which could be the 

source of these nutrients. Algal growth produces DOC, and fatty acids 

and volatile compounds are some of the components of this DOC (Thurman, 

1985). 
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6.2 Sources of Contamination 

Two primary potential sources of organic contamination are present 

in the study area. They are sewage effluent produced in the Globe-Miami 

area and organic contamination produced through mining activity. 

6.2.1 Sewage Effluent 

Municipal effluent from the town of Globe is being discharged 

into Pinal Creek at a point about two miles upstream from the intersec

tion of Pinal Creek and Miami Wash. It creates a surface flow for one-

half to one mile before it all recharges into the aquifer or evaporates. 

This municipal effluent was sampled on 2/15/89, and a DOC of 6.0 mg/1 

was obtained. This is a relatively low value for sewage effluent and 

indicates that the sewage is treated. 

The municipal effluent from the town of Miami is presently being 

sprayed onto tailings piles for the purpose of evaporation and oxida

tion. Septic systems at housing tracts and trailer parks are also 

present in the immediate Miami area (lower Bloody Tanks Wash and lower 

Russell Gulch), and ground-water contamination from them is probable. A 

number of trailer parks are also present in the Pinal Creek valley along 

Highway 88, from a quarter of a mile upstream of the X4 site to at least 

a mile downstream of the site. 

Indications of at least some sewage contamination in the ground

water system were found in this study. The monitoring wells which are 

in the shallow part of the aquifer have a higher DOC than would be 

expected based on the dilution plot using chloride concentration as 
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discussed in Section 5.1 (Fig. 5.2). These wells are MP1-W4, X3-W3, and 

X4-W3. The additional DOC is more than would be expected if the water 

of dilution contained only natural organic matter with a DOC of ap

proximately 0.5 mg/1. 

Measurements of DOC of ground water near the ground-water table at 

the X5 site give a value of 1.8 mg/1 (from pit in stream bed and from 

X5-06; see Table 4.1). This value is also higher than would be expected 

given the DOC of the deeper water samples at this site (1.1 to 1.3 

mg/1)• 

The hydrophilic fraction concentration for at least well X3-W3 is 

also higher than expected, given its chloride concentration (Fig. 5.8). 

The X3 site is located just downgradient from the intersection of Miami 

Wash with Pinal Creek. The ground water received from Pinal Creek may 

have a tendency to stay on top of the contaminated, more dense ground 

water in Miami wash. Therefore, X3-W3, which is 23 feet below the water 

table, is in a good position to receive the influence of water that is 

contaminated with recharged municipal sewage effluent from the town of 

Globe. Even if the density contrast is not a factor, downward mixing of 

the recharged water into the aquifer may be slow. 

The hydrophobic neutral fraction is higher than expected at 

several downgradient wells, wells X4-W3, X5-W3, and X5-W1 (Fig. 5.11). 

The trailer parks present in the vicinity of the X4 site discussed above 

may be the source of this contamination. 

The contribution of sewage effluent to at least the areas of the 

highest organic contamination present in the aquifer is probably minor 
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in comparison to that derived from mining activity. The following is a 

list of reasons or evidence in support of this conclusion: 

(1) Given the population present in the Globe-Miami area, 

a large amount of sewage contamination would not be 

expected. The population of Globe was 7935 in 1979 

(CAAG, 1979). For Miami, it was only 3916 in 1979. 

If the contribution of sewage to contamination was 

major, most of it would have to be coming from the 

Miami area. 

(2 The level of DOC resulting from recharge of sewage 

effluent would be expected to be significantly lower 

than what is observed in the most contaminated wells. 

This can be seen in comparison of X2 well data with 

MPl well data. The distance between the X2 well site 

and the point of discharge of the municipal effluent 

from Globe is similar to the distance between the MPl 

site and the town of Miami (Fig. 1.1). Yet, the TOC 

of samples taken from two wells at the X2 site in 1985 

and 1987 was no higher than 0.7 mg/1 (Appendix A). 

(Of the two wells present at the X2 site, one has a 

sampling depth at approximately 40 ft and the other at 

61 ft.) 

(3) The association of the highest DOC in the plume with 

the highest inorganic constituent concentrations indi

cates that they were both derived from the same 
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source. The high TDS of the contaminated water may 

result in enough density contrast to retard mixing 

with shallow ground water contaminated with sewage 

effluent. 

(4) Low concentrations of nitrate were measured in both 

upgradient and downgradient wells. Nitrate concentra

tion as N0j+N03 was measured by the USGS for XI-W1 and 

X5-W1. Concentrations of less than 0.1 mg/1 as N were 

obtained for both samples, which were taken on 6/88. 

High nitrate concentrations are indicative of sewage 

contamination. However, if enough organic matter of a 

suitable type is present, denitrification could be 

occurring in the anaerobic or nearly anaerobic aqui

fer. The time of transit through the aquifer is 

large. 

(5) The similarity of the DOC level and DOC fractionation 

data for the most contaminated ground-water samples 

(MP1-W1 or Xl-Wl) and the Webster Lake sample indi

cates Webster Lake is a major source for the organic 

contamination in the ground water. The hydrophobic 

acid and hydrophobic neutral fractions as a percent of 

DOC are similar in both cases (30% to 34% for the 

hydrophobic neutral fraction). 

(6) Sewage effluent normally contains a high concentration 

of chloride (100 mg/1), and if mixing of the ground 
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water with a substantial amount of effluent has oc

curred the ratio of chloride to sulfate should in

crease over the ratio shown by the dilution line in 

Figure 2.5. However, this ratio for two of the shal

low wells, X4-W3 and X3-W3, has decreased, not 

increased, as compared to the dilution line; for 

another shallow well, MP1-W4, the ratio is close to 

the dilution line ratio (Fig. 2.5). 

6.2.2 Mining Activities 

The area of intensive mining activity around Miami (Fig. 2.1) is 

the most likely source for the organic contamination. The area of the 

aquifer sampled in this study is located on the ground-water flowpath 

for water draining this mining area and is not too far from it (the MP1 

well site is only 6 km downgradient from Webster Lake). 

Activities that are likely to result in the contamination are 

flotation at concentrators and leaching operations in which the solvent 

extraction method is used. Another source may be the fuels and lubri

cants used in the mining operations, either at the ore processing facil

ities or elsewhere. 

Webster Lake is one likely source for the contamination, and the 

dissolved organic matter which was present in this lake could have had a 

number of sources. With the low pH of the lake water and its proximity 

to leaching operations and facilities, contamination associated with 

leaching operations was perhaps the most likely source of the organic 
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matter. However, several concentrators are also close to the lake, and 

waste solutions from them may have also been discarded into the lake. 

The following sections are a discussion of how the analysis made 

in this study relate to specific organic reagents that were probably 

used in mineral processing in the Miami area. Conclusive evidence was 

not found that actually proves that a specific reagent used in mineral 

processing is actually present in the ground water. 

6.2.2.1 GC-MS analysis. PAH compounds are a common pollutant in 

water and have a large variety of sources. They commonly come from the 

combustion or partial combustion of fossil fuels such as coal, oil and 

gasoline (Thurman, 1985). 

However, there is a good indication that coal tar or a derivative 

of coal tar was present in the MP1-W1 water sample. A packed column gas 

chromatogram of a coal tar distillate boiling between 225° and 300°C 

(White, 1983) correlates well with the chromatogram of the MP1-W1 

sample. Seven out of the ten peaks identified on White's chromatogram 

match with peaks identified or tentatively identified on the MP1-W1 

chromatogram. These peak-compounds also have the same order of reten

tion time as in the MP1-W1 chromatogram. The matching compounds and 

their peak number on the MP1-W1 chromatogram (Table 4.3) are as follows: 

(4) naphthalene; (7) naphthalene, 2-methyl-; (8) naphthalene, 1-methyl-; 

(11) naphthalene, dimethyl-; (12) acenaphthene; (13) dibenzofuran; and 

(14) fluorene. All of these compounds were either confirmed or had a 

high probability of match. 
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All of these compounds except for naphthalene, dimethyl- (peak 11) 

are also listed as volumetrically important components of coal tar 

(Kirk-Othmer, 1983). 

Two other unconfirmed peaks on the MP1-W1 chromatogram can be 

related to components in coal tar. They are peak (3)-benzene, ethynyl-, 

which is similar to benzene, ethyl-, an important component of coal tar 

(Kirk-Othmer, 1983), and peak (15)-quinoline, 1-oxide which is similar 

to quinoline, the main basic component in coke-oven coal tars (Kirk-

Othmer, 1983). 

As discussed in Chapter One, cresylic acid, a frother used in 

flotation, is a higher boiling fraction of crude coal tar acids. If 

cresylic acid contamination is present in the ground water, its major 

component, which is cresol or xylenol, was either not present in the 

water because of loss through degradation or some other means, or was 

not picked up by the GC-MS extraction technique used. 

Fenchone is the match given for peak 2 on the chromatogram of MP1-

Wl, and the probability of match is high. Fenchone is an oxygenated 

terpene and is one of many components of pine oil (Kirk-Othmer, 1983). 

6.2.2.2 DOC Fractionation Results. Mineral processing reagents 

which could be present in each of the three DOC fractions determined in 

this study are listed in the following. 

Hydrophobic neutral fraction: The hydrophobic neutral fraction 

could contain a variety of reagents that may have been used in the Miami 

area for mineral processing. 
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(1) Frothers: Frothers can be extracted into either the 

hydrophobic neutral fraction or the hydrophobic acid 

fraction. Frothers which would probably be in the 

hydrophobic neutral fraction are pine oil, aliphatic 

alcohols such as MIBC, and if the molecular-weight is 

large enough, maybe the polyglycol type. 

(2) Reagents used in solvent extraction: Both fuel oil 

and probably the chelating agent (oxine) would be in 

the hydrophobic neutral fraction, if the chelating 

agent is complexed. 

(3) Oil and grease from the processing facilities and 

equipment. 

(4) Collectors: Fuel oil which is used in the flotation 

of molybdenum. 

(5) Flocculants: Polyacrylamide would be in this fraction 

if the number of carbons per functional group is 

greater than 11. 

Hydrophobic acid fraction: At least two reagents may at least 

partially account for the hydrophobic acid found in the ground-water 

samples and the Webster Lake sample. They are as follows: 

(1) Frothers: The cresols and xylenols present in 

cresylic acid would probably behave as hydrophobic 

acids because of the number of carbon atoms per mole

cule (one aromatic ring plus only one or two attached 
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carbons) and because of the phenolic OH which will 

deprotonate at high pH. Cresol has a pKa of 9.8 (Thu-

rman, 1985). 

(2) Flocculants: Anionic polyacrylamide that has between 

six and 11 carbons per functional group may be an 

important component of the hydrophobic acid fraction 

found in this study. 

Hydrophilic fraction: The hydrophilic fraction would contain any 

aliphatic or polyfunctional acids with less than six carbons per func

tional group such as polyacrylic acid, an anionic flocculant. This 

flocculant is a likely component of this fraction. 

The hydrophilic fraction also includes aliphatic amines with less 

than 10 carbons per functional group (see hydrophilic base fraction, 

Table 1.1) such as cationic flocculants. The polyglycol type frothers, 

such as polyglycol ether, may be included if the molecular-weight is not 

too large. 
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CHAPTER SEVEN 

CONCLUSIONS 

7.1 Characterizacion of Contamination 

Organic contamination of the ground water in this study is 

present, and the areas of highest contamination in the Miami Wash-Pinal 

Creek aquifer are in the lower part of the alluvium or the upper part of 

the conglomerate. High levels of inorganic contamination are associated 

with high levels of organic contamination. 

The level of organic contamination is low, but comparison with the 

uncontaminated concentration shows that it is significant. The highest 

DOC level is approximately eight times background. This ratio is 

similar to what is characteristic of groundwater plumes resulting from 

rapid infiltration of sewage effluent. The highest DOC measured was 4.2 

mg/1. 

DOC fractionation shows that the ground water has a higher portion 

of the hydrophobic acid and neutral fractions than expected for natural 

ground water. The hydrophobic acid fraction as a percent of DOC is as 

high as 26%, and the hydrophobic neutral fraction is as high as 49%. In 

addition, the concentration of the hydrophobic acid fraction is 

anomalous for ground water, being as high as 1.0 mgC/1. 

An unusually high DOC of 23 mg/1 was found in discharge from the 

aquifer, collected as stream water at the downgradient discharge point. 

Some of this organic matter is the result of contamination, but the 

great majority appears to be autochthonous, being produced by algal 

growth in the stream. 
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7.2 Sources of Contamination 

The contribution of sewage from municipal discharge or septic 

systems to the areas of highest organic contamination in the aquifer is 

minor, but sewage contamination may be present in the shallow part of 

the aquifer. 

The contribution from mining activity in the area around Miami 

probably accounts for most of the contamination. Reagents used in 

flotation and leaching with solvent extraction could accoupt for most of 

this contribution because concentrator and solvent extraction facilities 

are common in the Miami area. A major source for the contamination 

entering the ground-water system could have been Webster Lake, which 

served as a collection area for waste water produced primarily from 

leaching operations. 

GC-MS analysis of one ground-water sample showed that there are at 

least six to 10 polycyclic aromatic hydrocarbons present in the 1-10 ppb 

range. It also showed a strong possibility of the presence of a boiling 

fraction of coal tar such as cresylic acid, a frother used in the 

flotation process. There was also an indication that pine oil, another 

frother, may have been present. 

Reagents used in mineral processing, which may be present in the 

ground water, can be related to DOC fractionation. The widest variety 

of reagents could be contained in the hydrophobic neutral fraction. 

Frothers could be present in all three of the fractions, hydrophobic 

neutral, hydrophobic acid, and hydrophilic, but mostly in the first two. 

The hydrophobic acid fraction, a significant portion of the ground-water 
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DOC, could be accounted for largely by the anionic flocculant poly-

acrylamide and the major phenolic components of cresylic acid (cresols 

or xylenols). An important component in the hydrophilic fraction could 

be another flocculant, polyacrylic acid. The presence of this floc

culant would help to explain the fate of this fraction in the aquifer. 

7.3 Fate of Organic Contamination 

Loss of organic matter in the downgradient portions of the aquifer 

is occurring that cannot be explained by dilution. An example is X5-W2, 

where the TOC is only 0.1 mg/1 when it should be at least 0.6 mg/1. DOC 

fractionation shows that loss of the hydrophobic acid and hydrophilic 

fractions is occurring but not the hydrophobic neutral fraction. The 

loss of organic matter in most cases is pH-controlled. The highest DOC 

occurs upgradient in the most contaminated wells where the pH is as low 

as 3.5. The loss of dissolved organic matter begins as the pH increases 

downgradient to 4 or 5. Biodegradation is probably not too important in 

explaining the loss because of the low pH, low concentration of dis

solved oxygen, low DOC, and possibly refractory nature of the organic 

matter. 

Sorption best explains the loss, but loss through hydrophobic 

partitioning into solid organic matter in the aquifer is probably not 

too important in most cases. The most important mechanism appears to be 

the sorption of negatively charged organic matter onto positively 

charged metal hydroxide or oxide surfaces that form as the pH rises. 

The amount of metals precipitation in the aquifer is more than enough to 
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explain the loss. Fe and A1 precipitation is occurring mostly below pH 

5 and can explain the loss in organic matter occurring below this pH. 

Cu and Mn precipitation can explain the loss occurring at higher pH. 

Sorption by this mechanism is most evident in the hydrophilic 

fraction, probably because of the higher charge density of the organic 

matter as compared to the hydrophobic acid fraction. As much as 47% of 

this fraction has been lost. The most probable pKas of hydrophilic 

acids match the pH range of 4.2 to 4.9, at which sorption of this 

fraction begins. A possible component of the hydrophilic fraction, the 

anionic flocculant, polyacrylic acid, has a pKa of 4.5. 

7.4 Additional Work 

Extensive identification and quantification of specific organic 

compounds in the ground water was not done in this study. This kind of 

characterization would be the next logical step in the study of organic 

contamination in the Globe area ground water. Organic reagents used in 

mineral processing can consist of a mixture of compounds and, in some 

cases, only analysis for the dominant compound(s) present in the mixture 

can be made (e.g., alpha-terpineol for pine oil). 

An excellent description of different methods for the analysis of 

specific organic reagents in sulfide flotation liquors and effluents is 

given by Jones and Woodcock (1988). Specific organic reagents in the 

following groups are included: (a) collectors, (b) frothers, (c) 

polymeric flocculants (including polyacrylamides), (d) other surfactants 

such as anionic surfactants, and (e) other reagents which include fuel 
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oil. The most common types of analyses used in determining the concen

tration of these reagents are colorimetry, various types of spectrometry 

(especially UV spectrometry), and GC analysis. Various methods of 

extraction are used with spectrometry and gas chromatography. For ex

ample, several methods of extraction of cresylic acid for GC analysis 

are discussed. One uses Amberlite XAD-2 resin concentration with de-

sorption by methylene chloride. 

Difficulties may arise in the analysis for specific organic 

reagents in the ground water. Interferences and matrix effects can be a 

problem and may be caused by the high concentrations of iron, sulfate, 

chloride, and other inorganic constituents. Ground water at the Globe 

site is a complex mixture of organic compounds; some compounds, because 

of their similar behavior, may interfere with the measurement of the 

compound of interest. Another concern is the possible biotransformation 

of compounds during infiltration or transport in the aquifer. Modifica

tion or degradation may occur to the extent that detection is unlikely 

or inaccurate. 

Some methods may be able to measure the concentration of a 

compound at a low enough level to be useful during a future study. 

Frothers such as polyglycols, pine oil, and cresylic acid can be 

measured down to the 0.1 or .01 mg/1 level with gas chromatographic 

methods. The two-phase titration method for anionic surfactants can 

measure to within 0.01 mg/1, and extraction and spectrometry can measure 

at concentrations of less than 10"6 M (Jones and Woodcock, 1988). 
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Analysis for specific organic reagents in the hydrophobic acid 

fraction extracted through the use of XAD-8 resin may be done. In this 

case, the inorganic ions that may interfere with measurements are no 

longer present, and the concentration of organic matter is much higher. 

In addition, the organic mixture is less complex. However, one major 

disadvantage may be the organic bleed from the resin used in the 

extraction of this fraction, because this bleed has a concentration of 

at least one to two mgC/1. This source of contamination may result in 

the inability to interpret or use a gas chromatogram. 

Another area for additional work is the characterization of the 

hydrophobic acid fraction (humic substances) which is present. Humic 

substances characterization includes elemental analysis, functional 

group analysis, molecular-weight analysis, and spectroscopy (Thurman, 

1985). 

Under spectroscopy is solid state UC-NMR spectroscopy (nuclear 

magnetic resonance spectroscopy). This method gives a spectrum showing 

peaks for the different functional groups present in humic substances 

such as carboxyl, phenol, and hydroxyl, and these groups can be quanti

fied as well, at least as to the percent of total functional groups. 

Peaks are present for aliphatic carbon and aromatic carbon. In this 

method a large quantity of humic substances must be extracted through 

preparative concentration (Thurman and Malcolm, 1981). One hundred 

milligrams of solid humic substances must be obtained, requiring the 

processing of large volumes of sample water. Extraction must begin with 
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a large volume XAD-8 column, and the eluate from it is recycled through 

a smaller XAD-8 column, giving two or more stages of concentration. 

Determination of the types and quantities of the different 

functional groups present in the hydrophobic acid fraction should allow 

some interpretation of the source of this fraction to be made. For 

example, if this fraction is largely derived from anionic polyacryla-

mide, then carboxyl groups should predominate over other types, more 

than in natural humic substances. If characterization were done for 

upgradient and downgradient wells, comparison of the two may show if 

biotransformation is occurring in the aquifer. For example, an increase 

in the amount of aromatic carbon relative to aliphatic carbon or to the 

functional groups containing OH (carboxyl, phenol, and hydroxyl) would 

show that transformation is occurring (Barker et. al., 1986). I3C-NMR 

spectroscopy is probably the best characterization method for making 

these sort of interpretations. 
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APPENDIX A 

ANALYTICAL DATA FROM THE U. S. GEOLOGICAL SURVEY 

Most of the data listed in the following table are the results of 

inorganic chemical analysis. All of these data, except for the TOC 

data, are from K. G. Stollenwerk, USGS National Research Program, 

Denver, Colorado. Units are all in mg/1 except where noted. NM stands 

for not measured. The date of sample collection is given in column one. 

The second column is the depth to the top of screen in the well. 

The screen is 3 feet long and in most cases was set directly on bottom. 

The last two columns are TOC data and the date of sample collec

tion for the TOC data. This date is not always the same as the inor

ganic sample date. 

All of the analyses, both inorganic and TOC, are for the most 

recent sampling only, as of 1988. 



HELL 
(date) 

Depth to 
screen (ft) 

pH SpC 
uS/cm 

Dissolved 
Oxygen 

HC03 CI S04 A1 

Hebster lake - 2.7 13800 oxygenated 0 350 19500 850 
(1-88) 

MP1H1 (6-88) 106.7 3.71 8500 0.6 0 436 8700 221 

MP1W2 (8-87) 62 3.82 6500 0.5 0 200 4220 93.6 

MP1N3 (8-87) 88.3 3.78 9300 0.6 0 292 7300 190 

MP1H4 (8-87) 33.2 4.14 3600 0.5 0 112 2020 12.2 

X1H1 6-88) 115.4 3.49 7790 0.2 0 355 6600 180 

X1H2 8-87) 79.8 3.89 6500 0.5 0 200 4620 112 

X1W3 6-88) 59.7 3.51 5290 1.3 0 224 3940 86.5 

X1W4 6-88) 33.6 3.74 3180 0.6 0 115 1750 10.8 

X1H5 6-88) 155.2 6.18 4070 0.3 680 188 1850 < 

X2H1 8-87) 57.9 7.07 1900 5.3 222 47 700 < 

X2H2 8-87) 37.4 6.88 2900 1.8 203 68 1400 < 

X3H1 8-87) 191 6.71 3900 0.5 322 91 1910 < 

X3W2 8-87) 114.3 3.9 8100 0.6 0 248 5720 145 

X3H3 6-88) 44.1 4.19 3240 0 0 77 2020 3.99 

X3W4 8-87) 94.3 4 5950 0.5 0 150 3760 79.4 

X4H1 8-87) 109.3 4.83 4300 1 17 122 2830 13.8 

X4W2 6-88) 65.4 3.93 4730 0.2 0 154 3340 15.4 

X4H3 6-88) 39.7 4.92 3260 0.1 15 58.3 2030 < 

X4H4 6-88) 176.4 7.41 460 5.6 210 7.6 14 < 

X5H1 6-88) 50.8 5.81 3710 0 144 108 2260 < 

X5H2 8-87) 119.8 7.39 1250 3.8 187 26 572 < 

X5H3 6-88) 77 5.69 3720 0 113 126 2050 < 

X5W4 8-87) 222.1 7.65 420 5.9 235 9 18.5 < 



WELL 
(date) 

Ca Cd Co Cu 

Webster lake 509 NH 20.3 208 
(1-88) 

MP1W1 (6-88) 410 0.873 9.35 144 

MP1W2 (8-87) 444 0.266 6.1 66.6 

MP1W3 (8-87) 431 0.515 10.6 123 

MP1H4 (8-87) 443 < 1.77 16.8 

X1W1 6-88) 480 0.715 7.37 124 

X1W2 8-87) 448 0.303 6.08 74.8 

X1W3 6-88) 519 0.377 3.76 62.2 

X1W4 6-88) 439 0.09 1.31 18.3 

X1W5 6-88) 572 < < 0.03 

X2W1 8-87) 301 < < < 

X2W2 8-87) 467 < < < 

X3W1 8-87) 703 < < < 

X3W2 8-87) 411 0.342 7.96 86.6 

X3W3 6-88) 428 0.095 1.38 18.1 

X3W4 8-87) 404 < 4.04 56 

X4W1 8-87) 402 < 3.42 28 

X4W2 6-88) 529 0.242 2.83 33.9 

X4W3 6-88) 552 < 0.472 2.34 

X4W4 6-88) 42.4 < < < 

X5W1 6-88) 682 < < 0.023 

X5W2 8-87) 195 < < < 

X5W3 6-88) 658 < < < 

X5W4 8-87) 43.8 < < < 

Fe Mg Hn Na 

5971 726 102 240 

2505 348 67.2 192 

1086 230 52.4 145 

1908 332 68 181 

146 121 51.7 92.6 

1988 292 56.8 187 

1151 196 36.1 136 

901 185 44 145 

163 112 42.3 95 

0.747 155 10.7 274 

0.075 60.5 < 43  

< 102 < 75.7 

0.222 142 < 68.7 

1534 251 47.9 153 

183 112 38.8 92.3 

944 181 38.4 121 

521 162 57.1 95.6 

582 186 62.2 119 

2.71 123 37.3 79.4 

< 13.6 < 26.2 

0.081 157 53 84 

< 36.2 0.182 29.8 

< 151 62.7 81.3 

< 15.3 0.081 18.4 



HELL Hi Sr 
(date) 

Webster lake NH NM 
(1-88) 

MP1W1 (6-88) 2.79 1.16 

HP1W2 (8-87) 1.71 1.57 

MP1W3 (8-87) 2.62 1.17 

MP1H4 (8-87) 0.787 1.84 

X1N1 6-88) 2.52 1.47 

X1H2 8-87) 

CO H
 1.01 

X1H3 6-88) 1.38 1.64 

X1W4 6-88) 0.743 1.85 

X1H5 6-88) < 1.55 

X2H1 8-87) < 0.852 

X2W2 8-87) < 1.18 

X3H1 8-87) < 1.38 

X3N2 8-87) 2 1.19 

X3H3 6-88) < 1.62 

X3H4 8-87) 1.44 1.2 

X4H1 8-87) 1.24 1.92 

X4H2 6-88) 1.46 2.16 

X4H3 6-88) 0.482 1.89 

X4H4 6-88) < 0.255 

X5H1 6-88) 0.316 2.44 

X5W2 8-87) < 0.876 

X5W3 6-88) 0.485 2.31 

X5W4 8-87) < 0.305 

zn Si02 TOC Date 
mgc/l toc sanple 

32.2 NH 

20.2 100 3.9 6-88 

9.42 106 2.3 8-87 

17.6 96 3.3 8-87 

2.36 81 1.9 4-87 

16.6 107 3.3 6-88 

10.6 110 2.5 4-87 

8.33 111 2.2 4-87 

2.33 86.5 1.4 6-88 

0.044 52.1 1.9 6-88 

< NM 0.7 3-85 

< NM 0.7 8-87 

< NM 0.7 3-85 

11.8 KM 1.1 3-85 

2.79 78 1.1 6-88 

7.35 NH NH 

3.8 79 0.5 3-85 

4.67 83.8 NH 

1.07 46.3 1 6-88 

< 25.6 *0.6 6-88 

0.032 62 1.2 6-88 

< 37 0.1 8-87 

0.096 15 1.1 6-88 

< 35 0.5 4-87 
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