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Abstract:

The purpose of this project was to gather the data necessary to determine the environmental
acceptability of placing tire chips below the groundwater table. The study was divided into three
parts: (1) laboratory TCLP leaching tests; (2) laboratory reactor simulation of ground conditions; and
(3) small scale field trials with 1.5 tons of steel belted tire chips buried below the groundwater table in
glacial till, marine clay, and peat.

The TCLP tests showed that tire chips are not a hazardous waste. The levels of TCLP regulated
metals and organics were well below their TCLP limits. The reactor study showed that barium,
chromium, copper, lead, iron, manganese, and zinc leached from tire chips. Low levels of some
volatile and semivolatile compounds also leached from tire chips.

The small scale field trials showed that the levels of metals with a primary dnnking water standard
were all below their applicable limits. The levels of iron and manganese, which have secondary
drinking water standards indicating that they are of aesthetic concern, were increased to well above
their applicable standard. Thus, tire chips should be used below the groundwater table only where
higher levels of iron and manganese can be tolerated. Zinc was also increased by tire chips, however,
the levels were well below its secondary drinking water standard. Low levels of some volatile and
semnivolatile compounds were detected. However, scatter of the data made it impossible to determine
if the levels were high enough to constitute a potential health hazard. Monitoring of organic levels
will be continued to clarify the presence or absence of a potential hazard.

Key words: tires, tire chips, tire shreds, waste materials, environmental considerations, groundwater



WATER QUALITY EFFECTS
OF USING TIRE CHIPS BELOW THE GROUNDWATER TABLE

By: Lisa A. Downs, Dana N. Humphrey, Lynn E. Katz, and Chet A. Rock

Department of Civil and Environmental Engineering
University of Maine
Orono, Maine

EXECUTIVE SUMMARY

Many of the 240 million scrap tires generated in the United States each year are
disposed of in landfills or open piles. This uses valuable landfill space, creates fire
hazards, and provides a breading place for disease carrying mosquitoes. Alternate uses of
scrap tires have been sought including using tires cut into chips as lightweight and
insulating fills in roadways, embankments, and retaining walls. These applications may
bring tire chips in direct contact with groundwater, raising concerns of possible
contamination. The focus of this research was to evaluate the effects of tire chips placed
below the water table on groundwater quality.

This study was divided into three parts: (1) laboratory toxicity characteristics leaching
procedure (TCLP) tests; (2) laboratory reactor simulation of ground conditions; and (3)
smal} scale field trals. The TCLP tests were used to evaluate potential pollutants from
tire chips. The laboratory simulation of ground conditions was a batch reactor study that
compared the long-term leachability of tire chips and soil. Finally, small scale field trials
were used to evaluate the long-term effect on groundwater quality of using tire chips as a
construction material. In these trials 1.5 tons of tire chips were buried below the water
table in each of three Maine soil types: marine clay, glacial till, and peat.

TCLP tests are used to determine if a waste is a significant hazard to human health
due to leaching of toxic compounds. In addition, TCLP results can be used to give an
indication of potential pollutants that may leach from a waste. In this study, the following
four tire chip samples were subjected to TCLP testing: unwashed mixed glass and steel
belted chips, washed mixed steel and glass belted chips, unwashed glass belted chips, and
washed glass belted chips. Samples were tested washed and unwashed to examine the
possibility that pollutants from tire chips could be due to dirt and debris on the surface of
the tires rather than the tire itself Prior to testing, the tire chip size was reduced to
passing the 9.5-mm (0.375-in.) sieve as required by the TCLP test protocol.

TCLP results showed that tire chips are not a hazardous waste since concentrations
of metals and organics were well below applicable TCLP regulatory limits. Arsenic,
mercury, selenium, and silver were below detection limits for ail samples. However, low
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levels of barium, cadmium, chromium, and lead were detected in leachate extracts from
each of the four samples. Thus, tire chips have the potential to leach these compounds.
The presence of these compounds was investigated further in subsequent laboratory and
field tests. The only TCLP regulated organic compound found in the TCLP extracts was
1,2~dichloroethane with concentrations ranging from ND' to 7 pug/L, which is well below
the TCLP regulatory limit of 500 pg/L.. Several compounds not regulated by TCLP were
also found in the extracts. The volatile compound dichioromethane was found at
concentrations ranging from 5 to 10 pg/L. In addition, five semivolatile compounds were
tentatively identified: 1-(2-butoxyethoxy)-ethano! (ND to 143 pg/L); benzothiazole (200
to 286 pg/L); 1H-isoindole-1,3(2H)-dione (ND to 286 ng/L); 2(3H)-benzothiazolone
(100 to 286 pg/L);, 2,5-cyclohexadiene-1,4-dione (ND to 114 pg/L); and 4-(2-
benzothiazolythio)-morpholine (ND to 143 pg/L). Thus, tire chips have the potential to
leach some organic compounds. The presence of these compounds was investigated
further in subsequent laboratory batch reactor and field tests.

The laboratory simulation of ground conditions was a batch reactor study. The study
was designed to allow direct comparison of the levels of metals and organic compounds
that leach from tire chips to the levels that ieach from soil. Eight reactors were set up.
The reactors were 20 L (5 gal) Pyrex glass jars. Three reactors were controls that
contained only soil and water. The three soil types were marine clay, glacial till, and peat.
The soil was obtained from each of the three sites chosen for the small scale field trials.
Another three reactors were set up with tire chips, soil, and distilled water, one
corresponding to each of the controf reactors. Two additional reactors contained only tire
chips and distilled water. The reactors were stored at ambient temperature in the dark for
approximately ten months. The reactors were not mixed or disturbed during that time. At
the completion of the storage period, water and soil samples were collected from the
reactors. The water samples were analyzed for total and dissolved metal, and volatile and
semivolatile organic compounds. The soil samples were digested and analyzed for total
metals.

Leaching of metals from tire chips was examuned by analyzing soil and water samples
taken from the reactors. Results from the soil digestates showed that presence of tire
chips increased the concentrations in the clay of manganese, in the till of copper and zinc,
and in the peat of barium, chromium, copper, lead, iron, manganese, and zinc. This was
evidenced by the concentrations of these metals being higher in digested soil samples taken
from reactors with mixtures of soil and chips than for digested soil samples taken from the
corresponding control reactors (no tire chips). It appears that peat has a greater tendency
to sorb metals released from tire chips than either clay or till.

The water sample results from the laboratory batch reactors showed that the
concentration of several metals were increased by leaching from tire chips or leaching
from soil due to the environmental conditions created by placing tire chips in contact with
soil and water. In some of the tire chip or tire chip/soil mixture reactors, the
concentrations of arsenic, barium, chromium, and copper were increased but the levels

! ND = not detected
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were well below the applicable primary drinking water standards. For all reactors, the
levels of cadmium, mercury, and lead were below the test method detection limit. The
concentration of iron and manganese were above their secondary, or aesthetic, drinking
water standards in reactors containing tire chips or tire chip/soil mixtures. The
concentration of zinc was increased, but the levels were well below its secondary drinking
water standard. Tire chips also increased the pore water concentrations of calcium,
magnesium, and sodium which do not have drinking water standards. The source of the
increased levels of chromium, iron, manganese, and zinc appeared to be the tire chips. For
barium, calcium, magnesium, and sodium, it could not be determined if the increased
levels were due directly to the tire chips or leaching from the soil in response to
environmental conditions created by the tire chips. These results suggest that tire chips
will not cause primary drinking water standards to be exceeded. However, it is likely that
tire chips will cause the secondary drinking water standards for iron and manganese to be
exceeded. These laboratory resuits should be confirmed for field conditions.

The water taken from the reactors was also analyzed for volatile and semivolatile
organic compounds. The following volatile compounds and range of concentrations were
found in the samples from the tire chip and tire chip/soil mixture reactors but were not
found in the reactors containing only soil: benzene (2.5 to 5 pg/L) and cis-1,2-
dichloroethene (ND to 3.2 pg/L). The following compounds were below detection limits
for all but one sample: bromomethane (one sample had 1.6 pg/L); 1,1-dichloroethane
(one sample had 0.6 pug/L); trichloromethane (one sample had 0.8 pg/L); and naphthalene
(one sample had 5.3 pg/L). Additional testing would be required to determine if these
compounds are leached from tire chips at very low concentrations or if the results could be
attributed to testing anomalies. Dichloromethane was found at concentrations ranging
from 0.5 to 1.8 pg/L in the soil reactors compared to ND to 1 pg/L in the tire chip and
tire chip/soil mixture reactors. Likewise, toluene was found at concentrations ranging
from 0.9 to 1.1 pg/L in the soil reactors and the blank, compared to 1.1 to 3.6 pg/L in the
tire chip and tire chip/soil mixture reactors. Further testing would be required to determine
if dichloromethane and toluene are released from tire chips at low concentrations or if the
results could be attributed to testing anomalies. None of the volatile compounds were
above drinking water standards (where applicable). Dichloromethane was the only volatile
organic compound found in the reactor study that was also found in the TCLP extracts

Some semivolatile compounds were detected in the reactor study. Aniline was
detected in water taken from the reactors with tire chips and tire chip/soil mixtures at
concentrations ranging from ND to 47.7 pg/L. In addition, the following semivolatile
compounds were tentatively identified in some of the water samples taken from reactors
with tire chips and tire chip/soil mixtures: 4-acetyl-morpholine, benzoic acid, and 2(3H)-
benzothiazolone. The estimated concentration of these compounds ranged from non-
detect to 600 pg/L. The compound 2(3H)-benzothiazolone was also found in the TCLP
extracts.

Small scale field trials were constructed to examine the effect of tire chips on
groundwater quality in three Maine soil types: glacial till, marine clay, and peat. At each
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site a backhoe was used to excavate a 1.7 m (5.5 ft) to 1.8 m (6 f&) deep trench. The
trenches were typically 0.6 m (2 ft) to 0.9 m (3 ft) wide, and 3.3 m (10.8 ft) to 4.6 m (15
ft) long. Approximately 1.4 metric tons (1.5 U.S. short tons) of tire chips were placed in
each trench. The tire chips were a mixture of steel and glass belted chips with a majority
of the chips having steel wires protruding from the cut edges. About 0.3 m (1 ft) of soil
was placed over the tire chips. At the peat site, the tire chips were below the water table
for the entire year, however, at the clay and till sites, the water table dropped during the
summer resulting in the upper part of the tire chip zone being above the water table for
part of the year. At each site, a control well was installed upgradient of the trench, one
well was installed directly in the tire chips filling the trench, and wells were installed about
0.6 m (2 ft) and 3 m (10 ft) downgradient of the trench. At the peat site, an additional
two wells were installed 0.6 m (2 ft} downgradient of the trench.

Water samples taken from the small scale field trials showed that tire chips increased
the levels of some metals with a primary drinking water standard but the concentrations
were all below their applicable regulatory limits. Dissolved barium levels as high as 57
ng/L were measured in samples taken from the tire chip filled trenches, however, the
drinking water standard for barium is 2000 ug/L, so the measured levels are much too low
to be of concern. Dissolved chromium levels ranged from <2 to 7 pg/L in the tire chip
filled trenches compared to <2 to 3 pg/L in the control wells. Thus, tire chips may slightly
elevate the levels of chromium but the levels are well below the drinking water standard of
100 pg/L. The levels of dissolved arsenic, cadmium, and lead were below the method
detection limit for all wells. The levels of dissolved copper were generally below the
detection limit or the concentration was higher in the control well that in the well in the
tire chips. In summary, for the near neutral pH conditions present in this study, there is no
concern that tire chips will release harmful levels of metals with a primary drinking water
standard.

The field trials showed that the levels of iron and manganese, which have secondary
dnnking water standards indicating that they are of aesthetic concern, were increased to
levels considerably above their repsective standard. Levels of dissolved iron ranged from
4210 to 71700 pg/L in the tire chip filled trenches, which is well above its secondary
drinking water standard of 300 pg/L. For comparison, the iron levels in the control wells
ranged from 18 to 3160 pg/L.. Levels of dissolved manganese ranged from 724 to 3430
pg/L in the tire chips compared to its drinking water standard of 50 pg/L and levels in the
control wells of 27 to 666 pug/L. The elevated levels of manganese showed some tendency
to migrate downgradient, however, this was not the case for iron. Thus, tire chips should
be used below the groundwater table only where higher levels of iron and manganese can
be tolerated. Zinc was also increased by tire chips, however, the levels were well below
its secondary drinking water standard. Dissolved zinc levels in the tire chips ranged from
5 to 123 pg/L which is much less than its dnnking water standard of 5000 pg/L. For
comparison, the zinc levels in the control wells ranged from <2 to 9 pg/L. The levels of
silver, aluminum, calcium, magnesium, and sodium were not significantly affected by the
presence of the tire chips.
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Low levels of some volatile organic compounds were detected. Dichloromethane
was detected in all samples, including the control wells and blanks. Additional sampling
will be performed to determine if this is a laboratory contamination problem. The
following additional volatile compounds were detected in wells located in the tire chip
filled trench: 1,1 dichloroethane (ND to 14.3 pg/L); cis-1,2-dichloroethane (6 to 85.5
ug/L); 1,1,1-trichloroethane (ND to 5.6 ng/L); benzene (ND to 1.8 pg/L); trichloroethene
(ND to 0.6 pg/L); and toluene (ND to 1.8 pg/L). There is some consistency with the
laboratory reactor study which also found low levels of 1,1-dichioroethane, cis-1,2-
dichloroethane, benzene, and toluene. For compounds with a drinking water standard, the
levels were below the standard except for one sampling date for cis-1,2-dichloroethene
when the standard was slightly exceeded. A few other compounds were found in the
laboratory blanks at concentrations higher than in the sample wells. These were attributed
to laboratory contamination.

Semivolatile organic compounds were also detected at low levels in some wells. The
following compounds were present in two or more samples: aniline (ND to 91 pg/L),
phenol (ND to 55.2 pg/L); p-cresol (ND to 86 pg/L); benzoic acid (ND to 100 pg/L); and
2(3H)-benzothiazolone (ND to 100 pug/L). This is consistent with the laboratory reactor
study which found aniline, benzoic acid, and 2(3H)-benzothiazolone as well as 4-acetyl-
morpholine which was not found in the field. However, further sampling is required to
clarify the level of release of these compounds. In addition, the following compounds
were reported in one well on a single sampling date: cyclohexanol (one sample had 40
ng/L), benzothiazole (one sample had 50 pg/L), 2,6-bis-(1,1-dimethylethyl)-2,5-
cyclohexadiene-1,4-dione (one sample had 40 pg/L); 1H-isoindole-1,3(2H)-dione {one
sample had 40 pg/L); 4-(2-benzothiazolylthio)-morpholine (one sample had 50 pg/L); N-
(1,1-dimethylethyl)-formanide (one sample had 30 pg/L); and butanoic acid (one sample
had 100 pg/L). Further sampling will be required to determine if these compounds are
present in trace amounts or if their presence in a single sample is an experimental anomaly.

In summary, for near neutral pH environments, there is no concern that tire chips will
release harmful levels of metals with a primary drinking water standard. However, tire
chips placed below the water table do leach iron and manganese at levels that will cause
their secondary (aesthetic) drinking water standards to be exceeded. Thus, tire chips
should be used below the groundwater table only where higher levels of iron and
manganese can be tolerated. Tire chips placed below the water table leach low levels of
some volatile and semivolatile organic compounds. However, the short monitoring period
and scatter of the data made it impossible to determine if the levels were high enough to
constitute a potential health hazard. Monitoring of organic levels will be continued to
clarify the presence or absence of a potential hazard.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Approximately 240 million scrap tires are generated in the United States each year
(EPA. 1991). The most common disposal methods for scrap tires are landfilling and
placement in open piles. Recent estimates indicate that there are between two and three
billion scrap tires in piles scattered about the United States (EPA. 1991). The world's
fargest known tire pile which consists of approximately 34 million tires is in Stanislaus

County, California (McPhee, 1993).

Tires represent one percent of municipal solid waste. Landfill space is becoming
mncreasingly limited and valuable and, due to their size and shape, tires use a
disproportionate amount of space. They tend to trap landfill gases, and may come to the
surface and penetrate the landfill cap after landfill closure. In addition, the value of the tire
as fuel or a recycled material i1s lost. Each scrap passenger tire contains over two and a
half gallons of petroleum (McPhee, 1993). Most landfills are now refusing to accept tires

or will accept only shredded tires (Dennis, 1991).

Problems resulting from storage of scrap tires in open piles include degradation of
the landscape, serious fire hazards, and health problems caused by mosquito vectored
diseases. Fires are a major concern with tire piles since they can burn for days, weeks, or
even months and are notoriously difficult to extinguish. Tire fires emit clouds of noxious
black smoke, carbon black, gas, oil, polynuclear aromatic hydrocarbons (PAHs), sulfur
oxides, nitrogen oxides, carbon monoxide, arsenic, cadmium, chromium, lead, zinc,

dioxins, furans, polychiorinated biphenyls (PCBs), and benzene (McPhee, 1993; Takallou,



1992; SCS Engineers, 1989). These contaminants are released during burning to the air,
water, and soil. Tire pile fires should not be fought with water because the oil released
during a tire fire will be carried with the water and can become a threat to surface water

and groundwater as well as a soil contaminant (McPhee, 1993; Takallou, 1992).

Another concern with tire storage in piles is disease. Tire piles are excellent
habitats for many small vermin, such as rats, and scrap tires are ideal breeding grounds for
mosquitoes. Due to their shape, scrap tires wili hold water and will never dry out.
Mosquito vectored diseases of concern include yellow fever, I.a Crosse virus, Sepik fever,
Ross Ruver fever, St. Loius enchephalitis, and Japanese encephalitis (McPhee, 1993; SCS
Engineers, 1989). One Ohio study showed that 80 percent of the children suffering from

one such mosquito vectored disease lived within 1030 yards of a tire pile (Takallou, 1992).

Many of the problems created by storage of scrap tires in tire piles can be solved
by recycling or reuse of scrap tires. Many uses for scrap tires have been suggested.
Examples include use as tire derived fuel, processing into crumb rubber, use of whole tires
in highway applications, and placement in ocean waters to make artificial reefs. Scrap
tires that have been cut into 75 mm by 300 mm chips can serve as lightweight or insulating
fill in roadways, embankments, and retaining walls. Tire chips offer an advantage in wet
and swampy areas because they are much lighter than traditional fills, such as gravel,
which can cause excessive settlement of underlying soils. 1n addition, tire chips are good
thermal insulators which can reduce the depth of frost penetration beneath roads in cold

climates.

More than 300,000 scrap tires have been used as tire chip fill in three smal] test
projects in Maine roads (Humphrey and Nickels, 1994, Humphrey and Eaton, 1995).

However, this application brings tire chips into direct contact with groundwater raising



potential concerns of contamination. Water quality monitoring has been performed at two
tire chip fili installations above the groundwater table: in Richmond, Maine (Humphrey
and Katz, 1995a) and in North Yarmouth, Maine (Humphrey, et ai., 1997). The focus of
this research was to investigate the water quality effects of tire chips placed below the

groundwater table.

1.2 SCOPE OF STUDY

The primary goal of this project was to evaluate the effect on water guality of tire
chip fills placed below the groundwater table. This goal was met using three objectives.
The first objective was to evaluate the long-term effects of using tire chips in construction
applications below the groundwater table using smaii scale field tnals. Since tire chips
could be especially useful in applications below the groundwater table it was necessary to
evaluate their effects on groundwater quality. The second objective was to simulate field
conditions in the laboratory. This objective was met using a reactor study. The purpose
of the reactor study was to allow direct comparison of the concentrations of contaminants
contributed by tire chips to the concentration of contaminants present under control
conditions using only soil. The third objective was to use the toxicity characteristic
ieaching procedure (TCLP) (EPA Method 1311) to determine potential contaminants

from tire chips.

1.3 THESIS ORGANIZATION

This thesis is organized in seven chapters including the introduction. Chapter 2 is
a review of previous research on the environmental effects of using tire chips in
construction applications. In addition, Chapter 2 describes the chemical makeup of rubber
tires. Chapter 2 is divided into sections on tire ingredients, laboratory studies, and field

studies, Chapter 3 describes the methods used in this study. The sample collection,



handling, and storage techniques are discussed, along with analytical methods used. The
methods used for the laboratory leaching tests, laboratory simulation of ground conditions,
and small scale field trials are presented. The resuits of the toxicity characteristic leaching
procedure testing are presented in Chapter 4. The reactor study results are presented in
Chapter 5. Chapter 6 presents the results of the small scale field trials. A summary of this

research is presented in Chapter 7.



CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

This literature review begins with a sununar:y of the chemical composition of tires.
This forms the basis for identifying compounds that could possibly leach from tires into
the groundwater. Compounds found in water samples from subsf:quent laboratory and
field testing portions of this project will be compared to the chemical makeup of tires to
evaluate the possibility of tires being the source of the contaminants. Previous field and
laboratory leaching studies on scrap tires and tire chips are summarized. The summary
will be the basis for comparison of the results of previous studies to the results of this
study. The three major studies summarized are the Minnesota Pollution Control Agency
Study performed by Twin City Testing Corporation (1990), the Wisconsin Department of
Transportation Study performed by Edil et al. (1990 and 1992), and the Scrap Tire
Management Council Study performed by Radian Corporation (1989). Additional work
includes the Virginia Department of Transportation Study by Ealding (1992) and the
[llinois Department of Energy and Natural Resources Study by DTC Laboratones,
Incorporated (1990). Also, data from the Tire Pond in Hamden, Connecticut
(Environmental Consulting Laboratory, 1987) and toxicity studies by Abernethy (1994)
and Nelson (1994) are discussed. These studies include laboratory leaching, field,

biological, and toxicity components.

The levels of pollutants from scrap tires are compared to EP Toxcity regulatory
limits, Toxicity Charactenistic Leaching Procedure (TCLP) regulatory limits, and to

drinking water standards. Tables 2.1 and 2.2 present TCLP repulatory limits for metals



and organics. Tables 2.3a, 2.3b, and 2.4 present EPA drinking water standards for metals
and organics. Maine’s drinking water standards are the same as those used by EPA (State
of Maine, 1994). Regulated pesticides and herbicides have been excluded from these

tables because they are not a concemn with scrap tire or tire chip leaching.

This chapter is organized in six sections. The introduction is followed by sections
discussing tire ingredients, laboratory studies, field studies, and biological and toxicity

studies. The final section of the chapter is an evaluation of previous studies.

Table 2.1
TCLP Regulatory Limits for Metals
(Adapted from LaGrega et al., 1994)

Compound _ Regulatory Level in TCLP
Extract (mg/L)
Arsenic 5.0
Barium 100.0

Cadmium 1.0
Chromium 5.0
Mercury 0.2
Lead 5.0
Selenjum 1.0
Silver 5.0




Table 2.2
TCLP Regulatory Limits for Organics
(Adapted from LaGrega et al., 1994)

Compound Regulatory Level in TCLP
Extract (mg/L)
Benzene 0.5
Carbon Tetrachloride 0.5
Chlorobenzene 100.0
Chloroform 6.0
o-Cresof” 200.0
m-Cresol* 200.0
p-Cresol® 200.0
1,4-Dichlorobenzene 7.5
1,2-Dichloroethane 0.5
1,1-Dichloroethylene 0.7
2. 4-Dinitrotoluene 0.137
Hexachlorobenzene 0.137
Hexachloro-1,3-butadiene 0.5
Hexachloroethane 3.0
Methyl Ethyl Ketone 200.0
Nitrobenzene 2.0
Pentachlorophenol 100.0
Pyridine 5.07
Tetrachloroethylene 0.7
Trichloroethylene 0.5
2,4,5-Trichlorophenol 400.0
2,4,6-Trichlorophenol 2.0
Vinyl Chloride 0.2

Notes: * If o-, m-, and p-cresol concentrations cannot be differentiated, the total

cresol concentration is used. The regulatory level for total cresol (D026) is

200 mg/L. '
TQuantitation limit {i.e., the minimum concentration that current laboratory
procedures can reproducibly measure).



Table 2.3a
Primary Drinking Water Standards for Metals
(Adapted from Fetter, 1992; Viessman and Hammer, 1985; and 40 CFR 141)

Compound Level (ug/L)
Arsenic 50
Barium 2000

Cadmium 5
Chromium 100
- . Copper 1300
Lead 15
Mercury 2
Nickel 100
Selenium 50

Table 2.3b
Secondary Drinking Water Standards for Metals

(Adapted from Fetter, 1992; Viessman and Hammer, 1985; and 40 CFR 141)

Compound Level (ng/L)
Aluminum 50-200
Iron 300
Silver 50
Manganese 50
Zinc 5000




Table 2.4

Drinking Water Standards for Organics

(Adapted from Fetter et al., 1992 and 40 CFR 141)

Compound EPA Regulatory Level! (ug/L)
Benzene 5
Carbon Tetrachloride 5
Dibromochloropropane 0.2
1,2-Dibromoethane 0.05
o-Dichlorobenzene 600
p-Dichlorobenzene 75
1,2-Dichloroethane
1,1-Dichloroethylene 7
cis-1,2-Dichloroethylene 70
trans-1,2-Dichloroethylene 100
Dichloromethane 5
1,2-Dichloropropane 5
Ethylbenzene 700
Hexachlorobenzene 1
Monochlorobenzene 100
Pentachlorophenol 1
Styrene 100
Tetrachloroethylene 5
Toluene 1000
1,2,4-Trichloro-benzene 70
1,1, 1-Trichloroethane 200
1,1,2-Trichloro-ethane 5
Trichloroethylene 5
Vinyl Chloride 2
10000

Xylenes (total)




2.2 TIRE INGREDIENTS

Tires are a composite product made of rubbery components, chemicals, fillers, and
cords. They are designed to meet the mobility requirements of vehicles: load carrying
capability, vehicle control, vehicle handling, ride smoothness, traction, and dAurabi!ity.
The tire components (tread or cap, innerliner, sidewall, carcass, and bead) are made up of
individual compounds. A cross-section of a passenger tire is presented as Figure 2.1.
Each component has a set of performance requirements. The production of the
components requires the selection of elastomers, vulcanization chemicals, materals for
processing and manufacturing, and materals for in—séwice performance (Waddell et al.,
1990). Vulcanization is the process of chemically treating crude or synthetic rubber to

improve its elasticity, strength, and durabifity.

Tires are made up of natural and/or synthetic rubbers; chemicals that function as
antidegradants, curatives, and processing ﬁids; reinforcing fillers such as carbon black,
silica, or clay; and textile, fiberglass, or steel wire (usually brass or bronze coated). cords
(Waddell et al., 1990). Steel tire cord and beadwire is made from high carbon steel which
typically contains the following minor constituents: carbon, manganese, silicon,
phosphorus, sulfur, and trace amounts of copper, chromium, and nickel (Dunlop Tire
Corporation, 1990). Zinc, copper, and tin are often present as coating on the wire. The

percentages of each of these components in tire cord and beadwire are listed in Table 2.5.

In a material safety data sheet (MSDS) for scrap tires (whole) the chemical name is
given as rubber compound (mixture) containing natural and synthetic rubber that is
physically/chemically bound with carbon black, clay, titanium dioxide, zinc oxide, sulfur,

and petroleum hydrocarbons. A copy of the MSDS is included as Appendix A. The

10
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Table 2.5
Steel Composition of Tire Cord and Beadwire
(Dunlop Tire Corporation, 1990)

Compound Tire Cord (%} Beadwire (%)
Carbon 0.67-0.73 0.60 min,
Manganese 0.40 - 0.70 0.40 - 0.70
Silicon 0.15-0.30 0.15-0.30
Phosphorus 0.03 max. 0.04 max.
Sulfur 0.03 max. 0.04 max.
Coating Brass Bronze
66 % Copper 98 % Brass
34 % Zinc 2% Tin

hazardous ingredients and their percentages as listed on the MSDS are as follows: carbon
black 16 - 36 %; clay <1.0 %; titanium dioxide <1.5 %; zinc oxide <2.0 %; sulfur <1.5 %,
and petroleum hydrocarbons 5 - 13 %. All of these ingredients are listed with health
hazard status of irritant, with the eﬁception of petroleum hydrocarbons which are listed as

irritants and carcinogens.

The classes of chemicals used in the rubber industry are presented in Table 2.6 and
are discussed further in the following paragraphs. Examples of compounds in each of

these classes are presented in Appendix B.

Antidegradants account for the largest volume of chemicals used in the rubber
industry (Fishbein, 1991).  Antidegradants include antioxidants and antiozonants.
Antioxidants act by interrupting chemical chain reactions or by preventing free-radical
function. Antidegradants protect the polymer during processing and protect the finished

product from weathering. Accelerators are rubber additives that speed the vulcanization

12



Table 2.6
Classes of Chemicals Used in the Rubber Industry
{Adapted from Fishbein, 1991)

Antidegradants Accelerators

Activators Retarders

Processing Aids Plasticizers

Bonding Agents Reinforcing Agents, Fillers,
Diluents

Miscellaneous Agents Solvents

process by aiding the cross-linking of rubber polymer chains with sulfur. Activators are
used to form intermediate complexes to make accelerators more effective. Retarders are
used to prevent early vulcanization of the rubber during mixing, calendering, or other
processing steps. Calendering is the process by which materials are pressed between
roliers or plates into thin sheets. Plasticizers are used to reduce the viscosity of rubber,
which aids in processing and incorporating fillers and other compounding ingredients.
Processing aids are used to make cured rubber softer and more readily mixed, extended,
or calendered. Reinforcing agents and fillers are used to improve tensile strength, to
improve abrasion resistance, and to reduce costs. Bonding agents are used to bond rubber
to the steel or textile used in the construction of tires. A wide variety of organic solvents
are used in rubber compounding and processing. The miscellaneous agents group includes

flame retardants, emulsifiers, mould release agents, and colourants (Fishbein, 1991).

Because many of the chemicals used in tire manufacturing are potentially
hazardous, one of the concerns with scrap tire disposal is the potential leaching of these

compounds. As a result a number of leaching studies have been performed.



2.3 LABORATORY LEACHING STUDIES

2.3.1 Minnesota Pollution Control Agency Study

Twin City Testing Corporation {TCT) conducted a study for the Waste Tire
Management Unit of the Minnesota Pollution Control Agency (Minnesota Poiiution
Control Agency, 1990). This study emphasized laboratory leaching tests, The project
also included limited field studies and biological surveys that will be discussed later in

Sections 2.4.1 and 2.5.1.

Tire materials and a typical bituminous concrete sample were subjected to a variety
of rigorous leaching environments. The purpose of the bituminous concrete sample was
to allow comparison of scrap tire leachability to leachability of a common road
construction material. To prepare samples, seven old tires (15 to 20 years old) and seven
new tires (5 to 10 years old) were collected from a tire dump. The old and new tire
samples contained both steel and glass belted tires. Separate composite samples of old
and new tires were prepared as follows: two inch cross-sections were cut from each tire,
then each cross-section was cut into four pieces. One piece was put into each of four
composite samples, resulting in four composite samples of old tires and four composite
samples of new tires with seven tire pieces in each sample. The bituminous concrete
sample was provided by TCT's Construction Materials Department. Four leaching
conditions were used for bot’ﬁ the bituminous sample and the tire samples (Minnesota
Pollution Controi Agency, 1990):

= Leach Test #1
SW-846 Method 1310 (with modification of sample weight and extraction fluid);

extraction fluid pH adjusted to approximately 3.5 with acetic acid

14



* Leach Test #2
SW-846 Method 1310 (with modification of sample weight); extraction fluid pH
maintained at approximately 5 with acetic acid

* Leach Test #3
Similar technique as above but uses 0.9% sodium chloride solution for extraction
fluid; no pH adjustment attempted

» Leach Test #4
Used a mixture of ammonium hydroxide and ammonium acetate for extraction

fluid to maintain a pH of 8.0; no pH adjustrﬁent required.

Each leaching condition was used for three samples: new tires composite, old tires
composite, and asphait. The concentrations of 15 metals in the leachate were measured:
aluminum, arsenic, barium, calcium, cadmium, chromium, iron, magnesium, mercury, lead,
selenium, silver, sulfur, tin, and zinc. In addition, the concentrations of total petroleum
hydrocarbons and polynuclear aromatic hydrocarbons (PAHs) were measured. A

summary of the results is presented below with detailed results presented in Appendix C.

The results of the metals analysis generally indicated that metals are leached at
higher concentrations under low pH conditions (Minnesota Pollution Control Agency,
1990). A summary of the normalized results for barium, cadmum, chromium, iron, lead,
selenium, and zinc is given in Tables 2.7 through 2.10. The results were "normalized" to
allow direct comparison of the results for each leaching condition for each sample and are
expressed in milligrams of constituent of concern per kilogram of tire or parts per million
(ppm). In this study, the highest metals concentrations were found at pH 3.5 (Leach Test
#1). This behavior is expected for cationic metals, since they tend to sorb to solid material
at high pHs. Generally, asphalt samples leached higher concentrations of metals than did

scrap tires under all leaching conditions. For some samples and some leaching conditions,

15



Table 2.7

Minnesota Pollution Control Agency Study

Leach Test #1

pH 3.5

"Normalized' Metals Results

Units: micrograms constituent per kilogram of tire (ng/Kg) and

micrograms constituent per liter of leachate (ug/L)

Ba Cd Cr Fe Pb Se Zn
ng/Keg | ng/Kg | ng/Kg | ng/Kg | pg/Kg | ng/Kg | ng/Kg
ug/L pg/L pg/L /L g/L pg/L ug/L

New Tires | 1080 240 310 763400 | 920 230 41000

488 110 142 346000 | 417 106 18600

Old Tires 440 270 510 | 1081080 ] ND 440 50000
205 125 235 500000 | <47 203 23500

Asphalt 16600 ND 180 471510 ND 2370 3000
734 <3 8 20850 <47 105 135

Note: ND = non-detect

16




Table 2.8

pH 5.0
"Normalized" Metals Results

Units: micrograms constituent per kilogram of tire (ng/Kg) and

Minnesota Pollution Control Agency Study
Leach Test #2

micrograms constituent per liter of leachate (png/L)

Ba Cd Cr Fe Pb Se Zn
ng/Kg | peg/Kg | png/Kg | ng/Kg | pg/Kg | pg/Kg | ng/Kg
pg/L neg/L ng/L pg/L pe/L pe/L ng/L
New Tires 440 10 ND 87550 ND ND 18000
205 7 2 41200 <51 <54 8525
Old Tires 130 ND ND 49520 ND ND 37000
62 <6 <2 23300 <51 <54 17500
Asphalt 6880 ND ND 31800 ND ND 1000
344 <6 <2 1590 <51 <54 63

Note: ND = non-detect

17




Table 2.9
Minnesota Pollution Control Agency Study

Leach Test #3

pH 7.0
0.9% Sodium Chloride Solution

"Normalized" Metals Results

Units: micrograms constituent per kilogram of tire (ng/Kg) and

micrograms constituent per liter of leachate (ng/L)

Ba Cd Cr Fe Pb Se Zn
ng/Kg | ng/Kg | pg/Kg g/Kg | ng/Kg | ng/Kg | ng/Kg
pe/L ne/L, /L /L pg/L pe/L ug/L
New Tires 190 ND ND 320 ND ND 3000
48 1950 <5 80 <38 <45 824
01d Tires 700 ND ND 2120 ND ND 13000
174 <5 <5 531 <38 <45 3380
Asphalt 760 ND ND 400 ND ND <1000
38 <5 <5 20 <38 <45 24

Note: ND = non-detect

18




Table 2.10
Minnesota Pollution Control Agency Study

Leach Test #4

pH 8.0
"Normalized" Metals Results

Units: micrograms constituent per kilogram of tire (ug/Kg) and

micrograms constituent per liter of leachate (ng/L)

Ba Cd Cr Fe Pb Se Zn
ng/Keg | ng/Kg | ng/Kg | ng/Kg | ng/Kg | ng/Kg | ng/Kg
pe/L ng/L ng/L peg/L ng/L pe/L, ng/L
New Tires 1.06 ND ND 0.10 ND ND NVR
265 <5 <2 25 <39 <28 <5
Old Tires 0.43 ND ND 2.87 ND ND NVR
107 <5 <2 718 <39 <28 <5
Asphalt 7.88 ND ND 0.32 ND ND NVR
394 <5 <2 16 <39 <28 <5

Note: ND = non-detect

NVR = no value reported
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arsenic, cadmium, chromium, seienium, and zinc exceeded the Recommended Allowable
Limits (RALs) set by the Minnesota Department of Health for drinking water. The
highest level of lead was 417 pg/l. (Minnesota RAL=20 pg/L), the highest level of
cadmivm was 125 ug/L (Minnesota RAL=5 pg/L), the highest level of chromium was 235
pg/L (Minnesota RAL=120 pg/L), the highest level of selenium was 203 pg/L (Minnesota
RAL=45 pg/L), and the highest level of zinc was 23,500 pg/L. (Minnesota RAL=5000
pe/L). Some of the Minnesota RALs are different from the EPA drinking water standards
which are: lead 15 pg/L, cadmium 5 pg/L, chromium 100 pg/L, selenium 50 pg/L, and
zinc 5000 pg/l.. Iron was leached at levels above the secondary maximum contaminant
fevel (SMCL) for all leachate samples, with the highest levels leached at pH 3.5 and the
concentration decreasing with increasing pH. The highest level of iron in the tire leachate
samples was 500 mg/L. (SMCL=0.03 mg/L). The study stated that concerns with iron
may be more aesthetic than health related because the drinking water standard for iron is a
secondary maximum contaminant level which is based on aesthetics. None of the
laboratory leachate samples exceeded the EP Toxicity criteria or the TCLP criteria (see

Tables 2.1 and 2.2).

Based on the results of the inorganics analysis, TCT concluded that future
monitoring of scrap tires should include analysis for barium, cadmium, chromium, lead,
selenium, and zinc. The detection limits for future monitoring of the parameters should be

below the RALs for each compound.

The results of the analysis for organics indicate that total petroleum hydrocarbons
(TPH) and polynuclear aromatic hydrocarbons (PAHs) are leached at highest
concentrations under basic conditions (Leach Test #4, pH = 8.0) (Nﬁnnesota Pollution
Control Agency, 1990). Asphalt samples leached similar or higher levels than scrap tires

under all conditions. The RALs generally were exceeded for List 1 PAHs (carcinogenic)
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and List 2 PAHs (noncarcinogenic) under all conditions for both tire composite samples
and asphalt samples. Based on the results of the organics analysis, TCT concluded that

future monitoring of scrap tire sites should include analysis for List 1 and List 2 PAHs.

TCT recommended that use of scrap tires in roadway construction be limited to
the unsaturated zone. In addition, the roadway design should hmit infiltration of water
through the scrap tires and should promote surface water drainage away from the scrap
tire subgrade (Minnesota Pollution Control Agency, 1990).  Moreover, TCT
recommended that scrap tires only be used where pH extremes are not expected, and that
additional field studies be performed to evaluate new or existing roadways with tire

installations (Minnesota Pollution Control Agency, 1990).

2.3.2 Wisconsin Department of Transportation Study

The University of Wisconsin - Madison performed a study for the Wisconsin
Department of Transportation (Edil et al., 1992). The Wisconsin study consisted of two
parts: a laboratory leaching study and a field study involving a test embankment. The
laboratory leaching tests used a neutral leach (pH 7). The test embankment had lysimeters
installed for sampling. The goal of this study was to determine if shredded scrap tires
would be classified as hazardous waste. The laboratory portion of this study is discussed

below while the field portion is discussed in Section 2.4.2.

To evaluate potential environmental problems, duplicate AFS (American
Foundrymen’s Society) leaching {neutral leach) (Kunes, 1975; Ham et al., 1978) and EP
Toxicity tests were performed on tire chip samples. The resulting data is presented in
Appendix D. The shredded tires appeared to leach no base-neutral regulated organics.
Most substances that were detected, showed dechning concentrations with continued

leaching (Edil et al., 1990). However, barium, iron, manganese, and zinc showed
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increasing concentrations with continued leaching. The AFS leaching data for barium,
chromium, iron, manganese, lead, selenium, and zinc are summarized in Table 2.11.
Barium was present in the extraction fluid at constant or slightly increasing concentrations
(3 AFS elutions were used) of approximately 110 pg/L. Zinc and manganese levels in the
extraction fluid increased with continued leaching with the highest levels (630 ug/L and
300 pg/L, respectively) in the third elution. The highest level of iron found (230 pg/L)
was also in the third elution. In contrast, the highest level of lead found (15 pg/L) was
during the first elution. The highest concentrations of iron and manganese were at or
above their applicable drinking water standards while the highest concentrations of barium

and zinc were well below their applicable drinking water standards.

Based on the AFS leaching results, Edil et al. (1990) concluded that shredded
automobile tire samples show no likelihood of being a hazardous waste. In addition, it
was concluded that scrap tires leached very small amounts of substances compared to
other wastes and that shredded scrap tires have kittie or no likelihood of having effects on

groundwater.

2 3.3 Scrap Tire Management Council Study

The Radian Corporation (Radian) was contracted by the Rubber Manufacturers
Association (RMA) and a subsidiary group, the Scrap Tire Management Council, to assess
the levels of TCLP pollutants that are leached from representative cured and uncured
products manufactured by RMA members (Radian, 1989). RMA was interested in the
extent to which rubber products leach hazardous constituents when placed in landfills.
Seven products from tire manufacturers were tested: one truck tire, two light truck tires,

and four passenger car tires. Radian also performed a comparison of the resuits of the
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Table 2.11
Wisconsin Department of Transportation Study
Summary of AFS Leaching Results (Metals})

Units; micrograms constituent per liter of leachate (ug/l,)

Ba Cr Fe | Mn | Pb Se Zn
AFS Elution 1 110 <3 <50 84 15 <5 38
AFS Elution 2 110 <3 <50 89 3 <5 54
AFS Elution 3 110 <3 230 | 300 <3 <5 360

AFS Dup Elution 1 97 <3 50 82 14 <5 40

AFS Dup Elution2 | 97 <3 | <50 | 87 <3 <5 22

AFS Dup Elution3 | 120 | <3 160 § 250 | <3 <5 | 630

Note: Dup = duplicate
TCLP analyses to the results of EP Toxicity testing. In this study ground and unground
samples were tested. To produce ground sampies, the size of the particles were reduced
to pass the 9.5-mm (0.375-in.) sieve. The particle size of the unground samples was not
given, As required by TCLP testing methods, the samples used in TCLP testing had the
particle size reduced to passing the 9.5 mm (0.375-in.) sieve. The samples used for TCLP
testing were cured samples (actual tires). The data from this study is presented in
Appendix E. Summaries of the TCLP metals and organics results for the seven tire
products are included as Tables 2.12 and 2.13, respectively. TCLP regulatory limits were
not exceeded by any compound. Most compounds were found at trace levels ranging
from ten to 100 times lower than the TCLP regulatory limits. Many TCLP hsted
chemicals were not detected in cured or uncured samples. The data showed no consistent
differences in the levels leached by cured or uncured samples using TCLP extraction
procedure or EP Toxicity extraction procedure (Radian, 1989). The comparison of
ground to unground samples was made for metals and semivolatile organics. Radian

(1989) concluded that the differences in results for ground versus unground samples could

23



Summary of TCLP Metals Resuits

Table 2.12
Scrap Tire Management Council Study

Units: pg/L (ppb)

As Ba | Cd Cr Ho Pb Se
Tire Product 1 83 * 48 0.2 * *
Tire Product 2 65 * 26 * 16 *
Tire Product 3 150 * 12 * 9 *
Tire Product 4 * * 35 * 14 *
Tire Product 5 570 * 37 0.4 2 *
Tire Product 6 590 * 25 * 2 *
Tire Product 7 21 * 47 * 16 *

Note: * = not detected or detected below the method detection limit

Table 2.13
Scrap Tire Management Council Study

Summary of TCLP Organics Results
Units: pg/L (ppb)

Carbon Methyl Ethyl Toluene Phenol
Disulfide Ketone
Tire Product 1 34 * 11 13
Tire Product 2 35 * 7 10
Tire Product 3 67 21 50 *
Tire Product 4 - 17 * 10 22
Tire Product 5 * * 190 46
Tire Product 6 * * * 45
Tire Product 7 * * 20 *

Note: * = not detected or detected below the method detection limit
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be attributed to differences in sample consistency or analysis methods rather than the
ground versus unground ieaching approach. The cured samples were tire product samples
that were already processed to make them ready for use. In this case the rubber was
vulcanized, which is the process of treating rubber chemically to give it useful properties
such as elasticity, strength, and durability. Compounds that were found at levels below
the TCLP regulatory limits for tire products include: carbon disulfide, methyl ethyl ketone,
phenol, toluene, 1,1,1-trichloroethane, arsenic, barium, chromium, lead, mercury, and
selenium. Chromium was the only compound found in all the tire products tested,
however even the highest level (48 pg/L) was well below the TCLP limit (5000 pg/L).
Barium and lead were found in six of the seven tire products tested, with the highest levels
being 590 pg/L and 15 pg/L, respectively. Mercury was detected in only two of the tire
products samples at 0.2 pg/L and 0.4 ng/L. The highest level of carbon disulfide was 67

g/L.: carbon disuifide was detected in four of the seven samples. Methyl ethyl ketone
was detected 1n one tire product sample at 21 pg/L.. Phenol was found in five of the seven
samples tested with the highest concentration being 46 ng/L. The highest level of toluene

measured was 190 pg/L: toluene was detected in six of the seven tire products samples.

2.3.4 Virginia Department of Transportation Final Report on {.eachable Metals in
Scrap Tires

The Virginia Departiment of Transportation {VDOT) Materials Division performed
a long term study of the leachable metals in scrap tires (Ealding, 1992). The study
consisted of two parts: long-term leaching at pHs 4, 7, and 8 and TCLP testing. For the
pH 4 extraction, deionized water was used with the addition of acetic acid to maintain the
pH between 4 and 5. The pH 7 extraction used a 0.9% sodium chloride solution to mimic
the use of road salt. The pH 8 extra;ction used a 1% ammonium acetate solution adjusted
to pH 8 by addition of ammonium hydroxide (Ealding, 1992). Samples were collected

from the long term leaching study over the time interval from one hour to one year.
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Samples were analyzed for 16 elements: aluminum, arsenic, barium, cadmium, calcium,
chromium, copper, iron, lead, magnesium, mercury, nickel, selenium, silver, tin, and zinc.

The data from this study is presented in Appendix F.

Metals leached most readily at pH 4, which is consistent with previously published
findings (Minnesota Pollution Control Agency, 1990; Ealding, 1992). This data also
follows the expected behavior of cationic metals: sorption to the solid phase at high pHs.
A summary of the long term leaching test resuits for pH 4 is presented in Tables 2.14 and
2.15. The metal found at the highest concentration in the extract was iron. Iron reached a
saturation concentration of about 30,000 mg/L. within two weeks. Zinc was readily
leached at pH 4. The zinc concentration reached 150 pg/I. after two months. This
corresponds to a concentration of 120 pg/L in the porewater volume at scrap tire
subgrade (Ealding, 1992). The porewater volume is the volume of water that fills the
spaces that remain between the tire chips when the tires are placed as a fill. The
Secondary Maximum Contaminant Level (SMCL) for zinc is 5 mg/L. Other metals
leached less, resulting in lower concentrations, especially at higher pHs (7 and 8) (Ealding,

1992).

A great deal of carbon black was extracted at higher pH, especially pH 8. In
addition some oily material was extracted. This is consistent with the findings of Twin
City Testing (1990) that organics are more readily ektracted under basic conditions
{Minnesota Pollution Control Agency, 1990). Also, some gas generation was observed
after two weeks of leaching at pH 4. The gas production may have been due to bactenal

activity (Ealding, 1992).

TCLP testing followed EPA Method 1311, with modification: the sample particle

size was not reduced to passing the 3/8 inch sieve and a larger mass of tire sample was
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Table 2.14
Virginia Department of Transportation Study
Long Term Leaching Test Results for

Silver, Aluminum, Barium, Cadmium, and Chromium

atpH 4
Ag Al Ba Cd Cr
Time pe/L pg/L ng/L pe/k ng/L
1 hr 2.3 185 87 1.9 6.3
2 hr 2 321 78 2.6 <4.0
1 day 1.5 23 25 3.5 7.0
2 days ND ND ND ND ND
1 week 2.5 746 422 3.5 <4.0
2 weeks ND ND ND ND ND
1 month 3.2 177 1262 <12 82.4
2 months ND ND ND ND ND
6 months 52 <24 2083 <1.2 12.6
1 year 10 491 1537 2.1 152

Note: ND = Not Determined
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Table_2.15

Virginia Department of Transportation Study

Long Term Leaching Test Results for
Copper, Iron, Nickel, Lead, and Zinc

at pH 4

Cu Fe Ni Pb Zn
Time uo/L mg/L ng/L ng/L, mg/L

1 hour 109 5.3 <20 <20 13.2
2 hours 188 8.5 <20 <20 18.6
1 day 192 96.1 48.1 <20 252
2 days ND 1845 ND ND 15.1
1 week 328 13992 2116 492 102.1
2 weeks ND | 31622 ND ND 112.0
1 month 13 30668 2460 <30 127.4
2 months ND 30314 ND ND 153.7
6 months <12 31344 647 <30 62.5
1 year 159 18788 928 138 124.7

Note: ND = Not Determined
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used as particle size reduction was felt impractical in this case, The actual size of the tire
chips used was not stated. The resulting volume extraction ratio was 2.84 (rather than the
twentyfold ratio specified by the method). This results in a leachate that is approximately
seven times more concentrated than usual TCLP extracts. However, the stronger leach
may be wholly or partially offset by the use of larger particles than the method calls for.
The results of this modified TCLP metals testing are presented in Table 2.16. The
concentrations of metals in the leachate are well below the TCLP regulatory limits. The
concentrations of cadmium, chromium, and lead in the extract were 1.55 ug/L, 2.8 ng/L,
and 19.6 pg/L, respectively. The levels of iron and zinc were 120 mg/L and 10.6 mg/L
respectively. These levels of iron, lead, and zinc exceed the drinking water standards for

these parameters.

2.3.5 Iimois Department of Energy and Natural Resources Study

In the Hlinois Department of Energy and Natural Resources Study, shredded tires
were subjected to EP Toxicity testing by DTC Laboratories Inc. (Hutchings, 1990; DTC
Laboratonies, Inc., 1990). The resulting data is presented in Appendix G. Metals levels
were reported as EP TOX and total. Levels of the organic compounds analyzed were
below the detection limits in all cases. None of the metals were above the EP TOX limits
for the EP TOX tests. However, total metals were also measured, which is not part of the
EP Toxicity test. Lead and chromium had total values of 36.55 ppm and 50.79 ppm,
which are above the EP TOX limit. No meaningful conclusions could be drawn from the

Illinois data (Hutchings, 1990).
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Virginia Department of Transportation Study

Table 2.16

TCLP Metals Results
Element Conc. in Conc. in tires,
exiract, ng/L pe/Ke
Ag <1.0 <2.8
Al 148 420
Cd 1.55 4.4
Cr 2.8 7.9
Cu 83 235
Ni 38,7 113
Pb 19.6 55.6
Sn <25 <71
Conc. in Conc. in tires,
Extract, mg/L, mg/Kg
Ca 1.00 2,84
Fe 120 341
Mg 0.108 0.307
Zn 10.6 30
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2.4 FIELD STUDIES

2.4.1 Minnesota Pollution Control Agency Study

The goal of the field sampling program was to coliect soil and groundwater
samples at existing tire sites and analyze them for parameters identified in the laboratory
leaching portion of the study (Minnesota Pollution Control Agency, 1990). Two sites
were selected where roadways were constructed over wetland areas using scrap tires. In

addition, surface soil samples were collected at existing tire stockpiles.

Soil and groundwater samples were collected at both roadway sites. However, a
background groundwater seimple to serve as a control could be collected at only one of
the roadway sites. Surface soil samples @ere taken at two existing tire piles where
surficial soils were silty sands. The borings were done using a four inch flight auger. The
soil samples were collected from auger flights. The groundwater samples were collected
from the open boreholes. One groundwater sample was collected from each borehole,

then the boring was backfilled with native material.

The data from this study is presented as Appendix C. The data from groundwater
sampling i1s summanized in Table 2.17. The results of the field studies indicated that
barium, cadmium, chromium, and lead exceeded the RALs in the groundwater sample
collected at the Floodwood Road site (a background sample was collected in which none
of the RALs were exceeded). In addition, the samples at the Pine County Site exceeded
the RALs for List 1 carcinogenic and List 2 non-carcinogenic PAHs. This data indicated
that scrap tires may impact groundwater quality. Based on these results, TCT concluded
that additional field studies should be conducted and should include installation of
groundwater momitoring wells, with samples repeatedly collected and analyzed for barium,

cadmium, chromium, and lead.
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Table 2.17
Minnesota Pollution Control Agency Study
Groundwater Sampling Results

Units: mg/L, ppm

Al Ba Ca Cd Cr Fe Mg Pb
PC-Tire 1.8 <0.01 14.4 <0.003 | <0.01 4.4 2.8 <0.02
FL-Tire 180 1.93 1080 0.032 0.35 298 383 0.23
FL-Back 4.3 0.04 36,6 | <0.003 | <0.01 5.8 6.2 <0.02
RAL NA 1.5 NA 0.005 0.120 0.3 NA 0.020

Note: PC-Tire = Pine County Road Site sample taken from tire area
FL-Tire = Floodwood Road Site sample taken from tire area
FL-Back = Floodwood Road Site background area
RAL = Recommended Allowable Limit
NA = Not Applicable

2.4.2 Wisconsin Department of Transportation Study

The field study involved collecting samples from a test embankment that was
constructed with eight tire-chip-filled-cells, each 6.1 m (20 ft) long. The embankment was
11 m (36 ft) wide at the base, 3.6 m (12 ft) wide at the crest, and had a total thickness of
1.8 m (6 ft). The two lysimeters for sample collection were installed in Sections 2 and 5.
The fill material in the two sections were 1.5 m (5 ft) of tire chips topped with a 0.30-m
(12-in.) thick conventional soil cap. The tire chips used in Section 2 were from a different
source than the tire chips used in Section 5. This study had no control section for
sampling an area with no tire chips. Over approximately two years, samples were
collected from the two lysimeters ten times. The data from this study is presented in

Appendix D.
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Many observations were made based on the data from the field study. The
interpretation of the data was complicated by several factors; paving of the embankment
with asphalt during the study, calcium chloride treatment of the embankment for dust
control, suspectéd improper sampling techniques, flooding of one of the lysimeters by
surface water, the base course material may have been treated with salt to prevent
freezing, and the embankment and an upstream landfill were treated with fertilizer to help
them support vegetation. Many elements that were observed in the lysimeter samples can
be leached from soil as well as from tire chips. Unfortunately there was no control section
(without tire chips) with a lysimeter to evaluate the contribution of the soils to the

concentrations of the contaminants present.

Cationic and anionic compound parameters were observed at high levels. For
example, calcium was present at 100 to over 300 mg/L. in all samples, magnesium was
present at 100 to nearly 400 mg/L in all samples, chloride concentrations were as high as
1400 mg/L, and sulfate concentrations ranged from 100 to 450 mg/L. It is difficult to
separate the contribution to these levels by tire chips, soil, or other sources, I.eading Edil et
al. (1992) to conclude that leaching of tire chips may be heavily masked or overwhelmed
by leaching of other materials used in the embankment construction. The data for both
lysimeters for barium, iron, manganese, lead and zinc are presented as Tables 2.18 and
2.19. Edil et al. (1992) felt that the data indicated that there is little or no likelihood of
significant leaching of tire chips for substances that are of specific public health concern
such as lead or barium. The lead levels in the samples from the East Lysimeter equaled or
exceeded the EPA primary drinking water standard of 15 pg/L for two sampling events.
In addition, leaching potential for manganese and zinc was indicated, but no expected
levels were given. The highest level of manganese found in the lysimeter samples was
3200 pg/l, while the highest level of zinc observed was 750 pg/L. The secondary

drinking water standards for manganese and zinc are 50 pg/L and 5000 pg/L, respectively.



Table 2.18
Wisconsin Department of Transportation Study

Test Embankment - West Lysimeter

Ba Fe Mn Pb Zn

Date ppb ppm ppb ppb ppb

4/11/90 240 0.05 170 <3 19

5/9/90 240 <0.05 200 <3 12

6/6/90 230 0.24 220 <3 17
7/5/90 210 0.57 350 <3 ND
8/3/90 360 0.26 2500 <3 780
9/4/90 470 4 2100 <3 830
12/14/90 690 0.25 1900 <3 1100
3/28/90 430 0.96 1200 5 1500
10/10/90 430 0.13 45 <3 1500
6/1/90 160 0.56 2600 <3 2100

Note: ND = non-detect

Table 2.19
Wisconsin Department of Transportation Study

Test Embankment - East Lysimeter

Ba Fe Mn Pb In
Date ppb ppm ppb ppb ppb
4/11/90 220 1.3 230 9 84
5/9/90 210 <0.05 270 <3 46
6/6/90 240 0.12 300 5 44
7/5190 190 0.54 1200 4 540
8/3/90 270 5.3 1700 15 560
9/4/90 310 0.36 2300 6 120
12/14/90 NVR | NVR | NVR | NVR | NVR
3/28/90 350 0.7 3200 22 560
10/10/90 190 0.15 3200 <3 84
6/1/90 570 1.6 1300 <3 33

Note: NVR = no value reported
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Manganese and zinc may also leach from soil. By comparing the tire leach data with the
lysimeter data Edil et al. (1992) concluded that the high concentrations of cationic and
anionic compound constituents are probably due to another source. The leach test data
indicated that tire chips may have contnbuted organic compounds to the lysimeter
samples, but are not likely to be responsible for the constant presence of the levels of BOD

and COD observed (Edil et al., 1992).

2.4.3 The Tire Pond

The Tire Pond is operated by Hamden Tire Salvage in Hamden, Connecticut for
the disposal of whole tires. The tire pond is a 32 acre body of water that was previously a
quarry. About fifieen million tires have been added to the Pond which is now half full
(McPhee, 1993). Although the preblems of mosquitoes and other vermin and fire hazards
are eliminated, the tire pond has become a controversial scrap tire disposal alternative
because the tires and the energy that they represent are permanently lost (McPhee, 1993).
The State of Connecticut has reciuired testing of the surface water in the tire pond and
testing of the groundwater. Tire Pond sampling data is presented as Appendix H. This
data is also included in the State of Vermont Department of Environmental Conservation’s
Report on the Use of Shredded Scrap Tires in On-Site Sewage Disposal Systems
(Envirologic, 1990). The samples collected were tested for metals, pesticides, herbicides,
volatile organics, inorganics, and PCBs by Environmental Consulting Laboratory, New
Haven, Connecticut (1987). The results of the chemical analyses showed that most
compounds tested were below detection limits. Compounds that were detected but were
below regulatory limits (where applicable) include: ammonia-N, nitrate-N, nitrite-N,
suifate, mnickel, zinc, trans-1,2-dichloroethylene, 1,2-dichloropropane, trichloroethylene,

tetrachloroethylene, toluene, mixed xylenes, and benzene. A summary of the highest
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levels of the organic compounds found is presented in Table 2.20. Iron was the only
compound found in concentrations that exceeded drinking water standards. Table 2.21
presents a summary of the iron, nickel, and zinc data for five sampling events for the tire
pond surface water and three groundwater wells adjacent to the tire pond. This data

indicates that scrap tires may affect surface water and/or groundwater.

Table 2.20

Tire Pond

Summary of the Highest Levels of Organics Found

Units: ppb
Compound Level, ppb Location

Trichloroethylene 343 Groundwater
Toluene 18 Pond Water

Mixed Xylenes 36 Pond Water
Tetrachloroethylene 9 Groundwater
Benzene below MDL Groundwater
trans-1,2-dichloroethylene 51 Groundwater
I,2-dichloropropane 2 Groundwater
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Table 2.21

Tire Pond Metals Data

Units: ppm
GW1 GW2 GW 3 Pond
Sampling 1
Fe 0.14 2.04 32,75 0.26
Ni 0.010 0.009 <0.005 <0.005
Zn 0.27 0.04 0.10 0.03
Sampling 2
Fe <0.05 5.32 29.26 0.38
Ni <0.005 <0.005 <0.005 <0.005
Zn 0.04 <0.02 0.03 <0.02
Sampling 3
Fe 1.60 11.8 55.2 0.195
Ni <0.005 0.155 <0.005 <0.005
Zn 0.062 0.102 0.024 0.020
Sampling 4
Fe 0.197 22.0 16.8 0.052
Ni <0.040 0.673 <(.040 <0.040
Zn 0.038 2.88 0.022 <0,020
Sampling 5
Fe 19.14 <0.05 0.38 1.83
Ni <(.005 <0.005 <0.005 <0.005
Zn 0.04 <0.02 0.03 <(.02

Note: GW = groundwater sampling well

Pond = surface water sample from the tire pond
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2.5 BIOLOGICAL AND TOXICITY STUDIES

251 I\/ﬁnnesot.a'Pollution Control Agency Bioiogical Surveys

The Minnesota Pollution Control Agency Study (1990) biological surveys were
intended to serve as a qualitative indicator of environmental impacts from the use of scrap
tires at existing sites. Two study areas with scrap tire fill were chosen; a minimum
maintenance road and a gravel road. At the minimum maintenance road site, a general
vegetation survey was conducted by lowering a pick and recording the first vegetation
type encountered at twenty-nmne randomly placed points. The breakdown of the
vegetation encountered was: 52% grasses, 21% forbs, and 27% litter (Minnesota Pollution
Control Agency, 1990). TCT felt that an acceptable control area could not be found at
this site because of variation in the vegetation at the sample site. However, another tire
area along the same road was visually inspected and no major differences between tire

areas and non-tire areas were observed at the second site,

At the gravel road site a similar general vegetation survey was conducted.‘ For a
total of forty randomly placed points at the scrap tire area the vegetation composition was
60% grasses, 15% forbs, 2% shrubs, and 8% litter. For a total of twenty-four points
randomly placed at the control area, the vegetation composition was 67% grasses, 8%
forbs, 4% shrubs, and 21% litter. Differences in the overall vegetation composition at this

site were not observed (Minnesota Pollution Control Agency, 1990).

The results of the biological survey indicated no observable difference in either of
the study areas when compared to the control areas. Based on these results, TCT
concluded that future biological surveys would likely indicate no observable differences at
tire sites when compared to background sites (Minnesota Pollution Control Agency,

1990).
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2.5.2 Tire Water Toxicity

In a study by Abemnethy (1994), tire contaminated water caused 100% mortality in
Oncorhynchus mykiss (rainbow trout) fiy in static acute lethality tests usually within 48

hours. Three other species were tested but showed no lethality: Daphnia magna,

Ceriodaphnia dubia, and Pimephales promelas (fathead minnows). The study data is

presented in Appendix I. The tire contaminated water was prepared by submersing a
passenger tire for 10 to 14 days in 300 liters of dechlonnated tap water under continuous
and vigorous aeration. To reduce the toxicity and to gather information about the
toxicant, samples of tire water were subjected to aeration, addition of acid, addition of
base, addition of anti-oxidant, addition of activated carbon, and addition of a metal
chelating agent. Activated carbon completely removed the toxicity, while none of the
other measures had any effect on the toxicity except storing the sample under light for

seven days which reduced the toxicity shightly (Abernethy, 1994),

Of the 143 compounds targeted, only zinc was found. The levels of zinc found
were 23 and 25 pg/L). The presence of zinc is consistent with the chemical makeup of
tires since zinc oxides are used in the rubber and the bead and tread wire is often zinc
coated (Fishbein, 1991; Abernethy, 1994). According to the MSDS for zinc (MDL
Information Systems, Inc., 1994), patients ingesting zinc at 10 times the recommended
daily allowance for months and years have not shown any adverse reactions. Ingestion of
approximately 85.7 mg/Kg/day for 2 days caused lethargy, lightheadedness, staggering,
and difficuity in writing clearly. Two people who ingested 40 mg/L in drinking water for
several months experienced lack of concentration, drowsiness, mental and physical fatigue,
pain in the arms and legs, headache, stiffness, muscle pains, loss of appetite, nausea,
weight loss, and lassitude. A decrease in the HDL cholesterol level resulted from 90 mg/

in the diet for five weeks. Pancreatic abnormalities have also been seen.
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Other non-target compounds were detected using gas chromatography mass
spectroscopy (GC/MS). Up to 62 organic contaminants were detected in individual
samples, most of which could not be identified, but some could be placed into .chemical
classes. Most of these compounds were arylamines or phenols. This is consistent because
these chemicals are used in the rubber processing industry (Fishbein, 1991). Four organic
compounds were found in all of the tire Water samples: aniline, 4-(1-methyl-1-
phenylethyl)-phenol; benzothiazole; 4-(2-benzothiazolythio)-morpholine. The toxicant in
this study could not be confirmed. The toxicant is water soluble, relatively persisterit, and
nonvolatile and is thought to be some rubber processing chemical or combination of
chemicals dissolving from the rubber into the water (Abérnethy, 1994). Due to the nature
of the toxicant, Abernethy (1994) concluded that there is significant potential for aquatic

contamination from tire structures.

In a study by Nelson et al. (1994), tire contaminated water was acutely toxic to

Ceriodaphnia dubia but was not to Pimephales promelas. The study data is presented in

Appendix J. The tire leachate was prepared by soaking 29 plugs cut from tires in 16 liters
of Lake Mead, Nevada water for 31 days under gentle aeration. The resulting “loading”
was 181 grams of tire material per liter of water. Toxicity reduction tests using sodium
thiosulfate, EDTA, and solid phase extraction (SPE) indicated cationic metal toxicity.
None of the organic analytes tested for were detected (the detection limit was 1 pg/L).
Zinc was found to be present at potentially toxic levels: the Lake Mead dilution water
contained 8.7 pg/L. zinc while the tire leachate samples contained 751 pg/L and 755 pg/L
zinc (Nelson et al., 1994). Cadmium, copper, and lead were also present at levels
significantly above background. Cadmium was present in the dilution water at 0.2 pg/L
and in the tire leachate samples at 0.6 pg/L. The copper concentration in the dilution

water was < 5.0 pg/L while the concentrations in the tire leachate were 6.7 pg/L and 5.7
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ne/l. The concentration of lead in the dilution water was <1.0 pg/L. and in the tire
leachate water the lead level was 6.7 pg/L in both samples. Further testing indicated that

zinc was the main toxicant (Nelson, 1994).

2.6 EVALUATION OF PREVIOUS STUDIES

The purpose of this section is to compare and evaluate the results of the studies
discussed in Chapter 2. Tables 2.22 through 2.24 present a summary of the metal
concentrations from the laboratory leaching studies reviewed above. Tables 2.25 and 2.26
present a summary of the metal concentrations from the field studies reviewed. The
results summarized here are presented in two sets of units. For comparison of results
from study to study the concentrations are presented in micrograms of the constituent of
concern per kilogram of tire sample used (ug/Kg). For comparison to regulatory limits,

the results are presented in micrograms of constituent of concern per liter of extraction

fluid used {(ug/L).

2.6.1 Evaluation of Laboratory Studies

The laboratory leaching test results indicate that the metals of concern are: aluminum,
barium, cadmium, chromium, iron, manganese, mercury, lead, selenium, and zinc. As seen
in Tables 2.22 and 2.23, tires have shown potential to leach these metals on a pg/Kg basis.
Although the concentrations of the metals of concern listed in Tables 2.22 and 2.24 are
below the TCLP regulatory limits, they do raise concerns that groundwater quality may be
degraded by using tire chips as fill material. Metals leach at highest concentrations under
fow pH conditions (Minnesota Pollution Control Agency, 1990; Ealding, 1992). The
results of the studies reviewed consistently show that tire chips are not classified as a
hazardous waste. None of the metals studied exceeded the TCLP regulatory limits in the

faboratory leachates. The highest levels of organics are leached under basic conditions
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(Minnesota Pollution Control Agency, 1990; Ealding, 1992). Observed leaching of
polynuclear aromatic hydrocarbons and suspected toxicity due to organics in the studies
reviewed warrants further research on organics leaching from tire chips. Although scrap
tires are not a hazardous waste, the data summarized here indicate that scrap tires have the

potential to adversely affect groundwater quality. This warrants further laboratory study.

Table 2.22
Summary of Metals Results for Laboratory Leaching Studies
Pollutants with Primary Drinking Water Standards

As Ba Cd Cr Cu Hg Ni Pb Se
ng/Ke | ug/Kg | ne/Ke | ng/Ke | ng/Kg | ng/Kg | ng/Kg | pg/Ke | ng/Kg
(ppb) | (ppb) | (ppb) | (ppb} | (ppm) { (ppb) | (ppb) | (ppb) | (ppb}
Virginia DOT
TCLP NA NA 4.4 7.9 235 | NA 113 55.6 NA
Cong in Tires
Virginia DOT
(fong term)pH | <25 | 2083 | 3.5 152 | 328 <1l | 2460 | 138 | <30
4
Max Conc
Minnesota
Old Tires :
pH 3.5 ND 440 270 510 NA ND NA ND 440
Normalized
Conc
Minnesota
Old Tires,pHS5§ ND 130 ND ND NA ND NA ND ND
Nornalized
Conc
As Ba Cd Cr Cu Hp Ni Pb Se
ueg/L | pg/L | pg/L | pp/l | e/l | pg/l | pg/L | pe/l | pgl
(ppb) | (ppb) | {ppb) | (ppb) | (ppm) | (ppb) | (ppb} | (ppb} | (ppb)
TCLP
Regulatory 3000 | 100000 | 1000 5000 - 200 - 5000 1000
Limit
Virginia DOT
TCLP NA NA 1.55 2.8 83 NA 39.7 19.6 NA
Conc in
extract
Wisconsin
AFSElution3 § <10 110 NA <3 <20 NA NA <3 <5
{neutral) )
Scrap Tire
Mngmnt 2 390 ND 48 NA 0.4 NA 16 ND
TCLP
Max Conc

Notes: NA = pot available, that is not measured or not reported for that study
ND = non-detect
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Table 2.23
Summary of Metals Results for Laboratory Leaching Studies
Pollutants with Secondary Drinking Water Standards

"Normalized" Concentration in Tire Material

Ag Al Fe Mn Zn
ng/Kg | ng/Kg | mg/Kg | pg/Kg | mg/Kg
(ppb) | (ppb) | (ppm) | (ppb) | (ppm)

Virginia
poT <2.8 420 341 NA 30
TCLP
Conc in
Tires

Virginia
DOT 10 746 {31622 | NA 153.7

(long term)
pH 4
Max Conc
Minnesota
0Old Tires

pH3.5 ND | 2020 | 1081 NA 50

Normalized
Conc
Minnesota
Old Tires, ND 750 | 4952 | NA 37
pH 5
Normalized
Conc

Notes: NA = not availabie, that is not measured or not reported for
that study
ND = non-detect
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Table 2.24
Summary of Metals Results for Laboratory Leaching Studies
Pollutants with Secondary Drinking Water Standards

Concentration in Extract

Ag Al Fe Mn Zn
pg/L | pg/L | mg/L | pg/L | mg/L
(ppb) { (ppb) | (ppm) | (ppb) | (ppm)
SMCL 1002 | 50- | p3a | 502 54
2008
TCLP
Regulatory | 5000 | - - - -
Limit
Virginia
DOT <1.0 | 148 120 | NA | 10.6
TCLP
Conc in
extract
Wisconsin
AFS Elution | NA | NA | 0.23 | 300 | 0.36
3
(neutral)
Scrap Tire _
Mngmnt ND | NA NA NA NA
TCLP
Max Conc
Notes: NA = not available, that is not measured or not reported for
that study

ND = non-detect
2 Viessman and Harmer, 1985
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Table 2.25
Summary of Results for Field Studies

Pollutants with Primary Drinking Water Standards

As Ba Cd Cr | Cu | Hg Ni Pb Se
pg/l | wg/l | po/L | pe/l | pe/L | ug/L | po/L | pe/L | pg/l
MCL 502 | 20000 5b 100® | 1300c] 2Y 100b 15¢ 500
Minnesota FL <100 1930 32 350 | NA <1 NA 230 | <100
Groundwater
Minnesota PC <100 | <10 <3 <10 NA <] NA <20 i <100
Groundwater
Wisconsin
East Lysimeter | NA | 570 { NA | NA | NA | NA | NA | 22 | NA
Max Conc
Wisconsin
West Lysimeter | NA | 690 | NA | NA | NA | NA | NA 5 NA
Max Conc
Tire Pond
Surface Water NA NA <2 NA | <25 § NA | <40 | NA | NA
Max Conc

Notes: NA = not available, not measured or not recorded {or that study

ND = non-detect
2 Federal Register, July 1, 1993; 40 CFR Ch. 1, section 141.11
b Federal Register, July 1, 1993; 40 CFR Ch. 1, section 141.62
€ Federal Register, July 1, 1993; 40 CFR Ch. 1, section 141.80
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Table 2.26
Summary of Results for Field Studies

Other Parameters

Al Ca Fe | Mg | Mn | Zn | §Q42-
ng/l | mg/L i mg/Ly mg/l} pg/l | ug/ll | o

SMCL 50-2002 - 0.32 - 508 | 50002 2502

Minnesota FL 180000 § 1080 | 298 383 NA 870 NA
Groundwater

Minnesota PC 1800 | 144 | 44 2.8 NA | <10 NA
Groundwater

Wisconsin
East Lysimeter NA 340 { 53 | 390 {3200 560 450
Max Conc

Wisconsin
West Lysimeter NA 300 4 320 | 2600 | 750 150
Max Conc

Tire Pond
Surface Water NA NA | 1.83 | NA | NA 30 17
Max Conc

Notes: NA = not available, not measured or not recorded for that study
ND = non-detect
2 Viessman and Hammer, 1985.
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2.6.2 Evaluation of Field Studies

The resuits of the field studies reviewed above indicate that the metals of concern
are: aluminum, barium, cadmium, chromium, iron, lead, manganese, and zinc. -Organic
compounds were detected in the Pond water and the groundwater during monitoring at
the Tire Pond and polynuclear aromatic hydrocarbons were found in groundwater samples
taken as part of the Minnesota Study. Iron levels consistently exceeded the SMCL of 0.3
mg/L for all the field data reviewed; the highest concentration observed being 298 mg/1L.
_Levels of manganese above the SMCL of 50 pg/l. were observed in the Wisconsin Study
test embankment for all but one sample, with the highest concentration being 3200 pg/L.
In addition, aluminum exceeded the SMCL at both field sites investigated in the Minnesota
Study. The primary drinking water standards of 5 pug/L and 100 pg/L for cadmium and
chromium, respectively, were exceeded at the Fioodwood Road site in the Minnesota
“Study. The MCL for lead (15 pg/L) was exceeded at the Floodwood Road site and in the
Wisconsin Study test embankment, These levels are high enough to warrant further field
study, especially considering the lack of control samples for both field studies. None of
the studies reviewed above have data for tire chips used in field applications below the

groundwater table.

2 6.3 Health and Aesthetics

Serious health problems are associated with exposure to some metals found in the
laboratory and field studies cited in the previous sections. However, it is not clear from
these studies if the levels would be high enough under field conditions to be of concern.
Cadmium and lead are classified as probable human carcinogens, chromium VI is a known
human carcinogen, and the carcinogenicities of barium and selenium have not been
classified due to lack of evidence (Tate and Arnold, 1990). Chronic exposure to barium

may contribute to hypertension, chronic exposure to cadmium causes renal failure, and
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lead exposure is associated with a plethora of patho-physiological effects including
anemia, kidney damage, impaired reproductive function, impaired cognitive performance,
and elevation of blood pressure (Tate and Amold, 1990). Chromium VI is toxic and
produces liver and kidney damage, internal hemorrhage, and respiratory disorders. In
addition, subchronic and chronic effects of chromium VI include dermatitis and skin
uiceration (Tate and Amold, 1990). Dermatitis, hair loss; abnorma!l nail formation, and
psychological disturbances have all been attributed to chronically high selenium intakes

(Tate and Armnold, 1990).

In addition to the health effects discussed above, some of these metals pose
aesthetic problems with drinking water. Iron and manganese ions are sources of color in
water. Taste and odor problems are caused by iron, manganese, and zinc. The taste
thresholds for these three metals are listed in Table 2.27. Staining of laundry and
household fixtures can occur with water having iron and manganese in solution (Tate and
Amold, 1990). Iron, manganese, and zinc are essential to human nutrition at low doses.
However, in excess, zinc has been reported to cause muscular weakness and pain,
irritability, and nausea: the zinc levels associated with these symptoms was 40 mg/L over a

long period (Tate and Amold, 1990). The SMCL of 5 mg/L for zinc is based upon taste.

Table 2.27
Taste Thresholds for Iron, Manganese, and Zine

(Adapted from Tate and Armold, 1990)

Metal Taste Threshold (mg/L)
Fe 0.04-0.1
Mn 4-30
Zn 4-9
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CHAPTER 3
METHODS

3.1 INTRODUCTION

A description of the detailed sample collection, handiing, and storage techniques
used for the three phases of this project will be provided in this chapter. The discussion of
the sampling program will be broken into four parts: volatile organic compounds,
semivolatile organic compounds, metals, and other tests. In addition, the sample analysis
techniques and methods and where the analyses were done will be discussed. Finally, the
details of the methods used to set up and carry out the laboratory leaching tests, the
laboratory simulation of ground conditions, and the small scale field trials will be

described.

3.2 SAMPLE COLLECTION, HANDLING, AND STORAGE

3.2.1 Volatile Organics Samples

The sample containers used for collecting samples to be analyzed for volatile
organics were clear 40 mL borosilicate glass vials with polypropylene closures and Teflon
faced silicone septa. The samples were preserved by adding 4 drops of hydrochloric acid
(HC1) to each vial before collecting the samples. Ultrex II ultrapure hydrochloric acid
(HCI) was used. Hydrochloric acid (HCl) was the only preservative required because
none of the samples were chlorinated. The samples were stored in coolers upon collection
and at 4°C in the laboratory until they were shipped. Coolers and blue ice were used to
ship all samples. The maximum hold time for volatile organic Samples is seven days. The
maximum time that any organic samples were held in our laboratory before shipping was

one day.
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3.2.2 Semivolatile Organics Samples

Samples to be analyzed for semivolatile organics analysis were collected in 1 L
amber borosilicate glass bottles with polypropylene closures with Teflon Eine.rs. No
sample preservation Is required for semivolatiles samples. The samples were stored in
coolers upon collection and at 4°C in the laboratory until shipping. Coolers and blue ice
were used to ship all samples. The maximum hold time for semivolatiles samples is seven
days, The maximum time that any semivolatile samples were held in our laboratory before

shipping was one day.

3.2.3 Metals Samples

Samples to be analyzed for metals were collected in 1 L or 0.5 L high-density
polyethylene {HDPE) bottles with HDPE closures. All metals samples were stored in
coolers upon collection and kept at 4°C in the laboratory until analysis or further
preparation for analysis. Samples for all metals except mercury were preserved with 1.5
mL nitnc acid (HNO3) per liter of sample. Ultrex II ultrapure nitnic acid (HNO3) was
used. Samples to be analyzed for mercury were preserved with 2 mL 20% potassium
dichromate (K7Crz07) solution (prepared in 1+1 nitric acid) per liter of sample. Samples
to be analyzed for dissolved metals were filtered within 2 hours of collection, upon
returning to the laboratory. The filters used were Coming disposable stenle filters with
0.45 pm cellulose acetate filters. The maximum hold time for metals samples is 6 months,

with the exception of mercury which has a maximum hold time of 28 days.
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3.2.4 Other Samples

Samples collected to be analyzed for other parameters were collected in 1 or 0.5 L
HDPE bottles with HDPE closures. All samples were stored in coolers upon collection
and kept at 4°C in the laboratory until analysis. In addition to refrigeration, sarﬁples for
COD analysis were acidified by adding 2 mL nitric acid (HNQO3) per liter of sample.
Samples for alkalinity, BOD, chloride, and sulfate analysis required no preservation other
than refrigeration. The maximum hold time before analysis for BOD samples was 48
hours. The maximum hold times before analysis for COD and alkalinity were 7 days and
14 days, respectively. The maximum hold time before analysis for chloride and sulfate

samples was 28 days.

3.3 ANALYTICAL TECHNIQUES

3.3.1 Analysis at Plant. Soil. and Environmental Sciences [.aboratory

The University of Maine Department of Plant, Soil, and Environmental Sciences
Analytical Laboratory analyzed samples for the following metals: aluminum, barium,
calciﬁm, chromium, copper, iron, magnesium, manganese, mercury, sitver, sodium, and
zinc. All of these metals, except for mercury, were measured in both dissolved and total
forms. EPA Method 7471 Mercury in Solid or Semisolid Waste (Manual Cold-Vapor
Technique) (EPA, 1987) was used for the sample preparation technique for total mercury.
The sample preparation technique outlined in EPA Method 200.7 (Inductively Coupied
Plasma - Atomic Emission Spectrometric Method for Trace Element Analysis) (EPA,
1991) was used for all other metals listed above. The samples were analyzed according to
manufacturers instructions for the instrument used. Mercury was measured using a
Thermo Jarrell Ash Atomic Absorption Spectrometer Model Scan-1 with an Atomic
Vapor Accessory Model 880. Silver was measured using a Thermo Jarrell Ash Atomic

Absorption Spectrometer Model Scan-1. All other metals listed above were measured
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using a Thermo Jarrell Ash Model 975 Plasma Atomcomp Inductively Coupled Plasma

Emission Spectrometer.

~y

3.3.2 Analysis at Environmental Chemistry Laboratory

The University of Maine Environmental Chemistry Laboratory analyzed samples
for the following metals: arsenic, cadmium, and lead. Both dissolved and total forms of
these metals were measured. Sample preparation followed that outlined in EPA Method
200.9 (Determination of Trace Elements by Stabilized Temperature Graphite Furnace
Atomic Absorption Spectrometry) (EPA, 1991). The analytical methods used were: EPA
Method 7060 Arsenic (Atomuc Absorption, Furnace Techmique); EPA Method 7131
Cadmium (Atomic Absorption, Fumace Techmque); EPA Method 7421 Lead (Atomic
Absorption, Furnace Technique);, and EPA Method 7740 Selenium (Atomic Absorption,
Fumace Technique) (EPA, 1987).

In addition to metals, total organic carbon (TOC), chloride, and sulfate were
measured at the Environmental Chemistry Laboratory. The method used for TOC was
EPA Method 415.1 (Organic Carbon, Total) (EPA, 1993). The method used for chioride
and sulfate was EPA Method 300.0 (Determination of Inorganic Anions by lon

Chromatography) (EPA, 1983).

3.3.3 Analysis at Environmental Research Institute

Organics analysis for this project was done at the Environmental Research Institute
(ERI), University of Connecticut in Storrs, Connecticut. The analytical methods used for
determining organics concentrations were: EPA Method 8260 (Determination of Volatile
Organics by purge-and-trap capillary column GC/MS) and EPA Method 8270

(Determination of Semivolatile Organics by capillary column GC/MS). In addition, TCLP
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testing and subsequent analysis was done at ERI. EPA Method 1311 (EPA, 1991) is the
Toxicity Characteristic Leaching Procedure (TCLP). The analytical methods used for
metals determination in the TCLP extracts were: EPA Method 3010 (Acid Digestion of
Aqueous Samples and Extracts); EPA Method 6010 (Inductively Coupled Plasma Atomic
Emission SpectrOSCOpy); EPA Method 7060 Arsenic (Atomic Absorption, Fumace
Technique); EPA Method 7421 Lead (Atomic Absorption, Fumace Technique); EPA
Method 7740 Selenium (Atomic Absorption, Furnace Technique); and EPA Method 7470

Mercury in Liquid Waste (Manual Cold -Vapor Technique) (EPA, 1987).

3.3.4 Analysis at Civil and Environmental Engineering Department and in the Fieid

Sample pH and conductivity were measured and recorded in the field upon sample

collection. Portable pH probes and conductivity meters were used.

Chemical oxygen demand (COD) was measured using HACH prepared COD tubes
(HACH Chemical Company, 1980). Two milliliters of acid preserved refrigerated sample
were added to each vial and then the vials were heated in a COD reactor for 2 hours, A
Bausch and Lomb Spec 20 with COD attachment was used to measure the COD. The

method used for determining BOD was that outlined in Standard Methods for the

Examination_of Water and Wastewater (APHA, AWWA, WPCF, 1989). Raw influent
waste from the Orono Municipal Waste Treatment Plant was used to seed the samples.
Alkalinity was measured using the method given in Standard Methods (APHA, AWWA,
WPCF, 1989).

3.4 LABORATORY LEACHING TESTS

Toxicity Characteristic Leaching Procedure (TCLP) (EPA Method 1311} is used

to determine if a waste is a hazardous waste. TCLP is meant to determine if a waste is a



significant hazard to human health due to leaching of toxic compounds. TCLP represents
the worst case scenario of acid rain falling on a landfill, percolating through the waste, and
exiting as leachate. The compounds regulated under TCLP include pesticides, herbicides,
metals, semivolatile organics, and volatile organics. Leaching of volatile organics takes
place in a zero headspace extractor (ZHE), while leaching of semivolatile organics,
pesticides, and metals takes place in a containment jar. Pesticides and herbicides were not
looked at in this study because leaching of pesticides and herbicides is not a concern with
scrap tires. The TCLP testing and subsequent analysis was done by Environmental
Research Institute (ERI) at the University of Connecticut in Storrs, Connecticut. Four
samples were subjected to TCLP testing and subsequent analysis for this study. Two
samples were mixed steel and glass belted chips from Pine State Recycling in Nobleboro,
Maine. The other two samples were glass belted chips from F&B Enterprises in New
Bedford, Massachusetts. One sample of each type of chip was washed. The washing
procedure was to rinse the tire chips (before particle size reduction) under warm water for
approximately 10 minutes. During the rinsing, surface debris, dirt, and oil were removed
either by hand or with a laboratory glassware brush. Only loose and easily removed
material was washed or brushed from the surface. No detergent was used. The other two
samples (one of each type of chip) were tested unwashed. The purpose of testing washed
and unwashed samples was to determine if the leached contaminants could be due to dirt

and debris on the surface of the tire chips rather than to the tire chips themselves.

TCLP requires particle size reduction to passing the 9.5 mm (0.375 in.) sieve. A
representative sample of each of the four types of tire chips was selected. The tire chips
were super-cooled by placing them in a shipping dewar that had been charged with liquid
nitrogen. The tire chips were not in contact with the liquid nitrogen at any point during
this process. The chips were left in the dewar for several minutes. After being cooled the

tire chips were placed in a plastic bucket. A modified Proctor compaction hammer was
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dropped on the chips to shatter them into particles. The resulting particles were collected
from the bucket. Particles that still did not pass the 9.5 mm (0.375 in.) sieve would be
cooled again and the process repeated. Some of the chips required that the exposed belts
be snipped with wire cutters to separate small particles of tire chip after the initial
smashing with the compaction hammer. The matenal resulting from the size reduction
process were subjected to TCLP testing. This included both bits of rubber and bits of
belts. A total of 200 grams of each type of tire chip sample was prepared. The samples

were stored in glass jars and were shipped to ERI for analysis.
3.5 LABORATORY SIMULATION OF GROUND CONDITIONS

3.5.1 Set-up

The laboratory simulation of ground conditions was a reactor study. The reactors
were 20 L (5 gal) PYREX glass bottles that were sealed with rubber stoppers and stored
in the dark at ambient temperature (15 °C to 20 °C) for approximately ten months. A
total of eight reactors were set up. The tire chips used in the reactor study were -mixed
steel and glass belted chips from Pine State Recycling in Nobleboro, Maine. The
maximum tire chip size used in the reactors was approximately 7.5 ¢m by 7.5 ¢cm (3 in. by
3 in.). Distilled water was added to the reactors. Two reactors contained only tire chips
and water: one washed sample and one unwashed sample. The washing method was the
same as that used for the TCLP study. Three reactors were set up with soil and water
only. The three soil types were clay, till, and peat. The soil samples used were bulk
samples collected from each of the three field sites used for this project. The final three
reactors contained mixtures of soil, unwashed tire chips, and water. One reactor was set
up using tire chips and each of the three soil types: clay, till, and peat. The purpose of this

set-up was to allow direct comparison of the metals, semivolatile organics, and volatile
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organics found in the jars with soil and water only, to the same parameters in the jars with

mixtures of soll, tire chips, and water. No pH adjustment was made in the reactors.

When setting up the reactors, the goal was to maintain the same soil to water ratio
in each of the soil/water jars as in the corresponding soil/tire chip/water jar. Also, the tire
chip to water ratio in the tire chip/water jars and the soil/tire chip/water jars was the same.
The solid material was added to the reactors first and the water was added after the solid
materials were placed. The soil and tire chips were placed in the mixed reactors in
alternating layers. The bottom layer was tire chips. Three layers of tire chips and three
layers of soil were used in each reactor. The reactors were filled and sealed on April 13,

1994, Table 3.1 summarizes the contents of each jar.

Tabie 3.1

Contents of Reactors

Reactor Soil Tire Chips Water Soil/Water Tire
Description (grams) (grams) {Liters) (grams/Liter) | Chips/Water
{grams/Liter)
Peat + Water 3055.0 0 19.6 156 0
Peat + Water 22500 6001.1 148 152 405
+ Tire Chips
Till + Water 13744 8 0 16.5 833 0
Till + Water 10500.1 6000.0 12.6 833 476
+ Tire Chips
Clay + Water 133501 0 15.0 890 0
Clay + Water| 10500.0 5999.6 11.8 890 508
+ Tire Chips
Washed 0 7877.1 15.5 0 508
Tire Chips
Unwashed 0 7876.7 15.7 0 502
Tire Chips
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3.5.2 Sampling Methods

The reactors were sampled on February 22, 1995. Samples were collected to be
analyzed for volatile organic compounds, semivolatile organic compounds, and metals.
The sample volume collected from each reactor was: 2 L for semivolatiles, 2.5 L for
metals, and three 40 ml vials for volatiles. In addition, approximately 500 grams of soil
was collected from each reactor that contained soil. The soils samples were stored in

separate sealed plastic bags.

The first step in sampling was to siphon the required water samples from the
reactors. After the water samples were collected the siphoning was continued to remove
as much water as possible without disturbing the solid contents of the reactors. Next the
reactors containing only soil were tilted or laid on their sides and soil samples were
collected using a scoop. Sampies of the soil were taken randomly at different depths in

the reactor and from different locations over the cross-section of the reactor.

After the water was removed from the reactors containing soil and tire chips, each
reactor was placed in a large bucket and the reactor was broken so that soil samples could
be collected. The broken glass was removed from the top of the sample and soil samples
were collected from each layer of soil in the reactor. After sampling randomly over the
cross-section of each layer of soil, the tire chups under that layer of soil were removed to
expose the next layer of soil. The waste from the reactors was separated into glass, soil,

and tire chups for disposal.

The soils samples collected were vigorously mixed in porcelain dishes to ensure

homogeneity. A portion of each soil type sample was used to determine the water
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content. The water content of the soil samples is needed so that the metal concentrations
found during the subsequent analysis of digestates can be reported on a dry weight of soil
basis. The soils samples were subjected to digestion (in triplicate). The digestates were
analyzed for metals. The till samples were treated differently from the clay and peat
samples because the till samples contained a coarse fraction, while the others contained
only fines. The entire till samples was dried and then sieved. The sample was separated
into two portions: that retained on the No. 4 sieve and that passing the No. 4 sieve. The
sample of matenal passing the No. 4 sieve was used for further analysis (that is digestion
and metals determination). This method was used for the till samples due to sample size
restrictions used for digestion. The mass of the sample used in the digestion (EPA
Method 3050) (EPA, 1987),is 1 gto 2 g. Since the till sample had single particles that
would exceed the mass required for the sample to be digested, it was necessary to divide
the sample in some way. Most sorption takes place on the small particles, due to high
surface area to volume ratio; therefore, it was reasonable to digest a sample of only the

fine fraction of the sample.

3.6 SMALL SCALE FIELD TRIALS

3.6.1 Site Selection

Three sites were chosen for the small scale field trials. One tnal was conducted in
each of three Maine soil types: glacial marine clay (locally known as Presumpscot
Formation), glacial till, and fibrous peat. The search for the sites was initially limited to
University property. However, a suitable peat site could not be found on University of
Maine property; therefore, a site was chosen on private property. The two critena used in
the site search were soil type and topography. United States Department of Agriculture
Soil Survey maps for Penobscot County, Maine were used to make a preliminary

identification of the desired soil types. Copies of the relevant soils maps are included as
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Figures 3.1 and 3.2, The legend of symbols for the USDA Soil Survey Maps is included
as Appendix K. United States Geological Survey 7.5 minute quadrangle maps with 20 ft
contour intervals were used to ascertain general topography. Copies of the pertinent
USGS topographical maps are included as Figures 3.3 and 3.4, Using these maps,
possible sites were chosen and visited. Hand auger borings or test pits were made at
potential sites to confirm the desired soil type and position of the groundwater table. The
desired conditions were high groundwater table for as much of the year as possible at sites
that could be reasonably accessed with the equipment required to install the tire chips and
monitoring wells. The clay and till sites are on University of Maine property in the Dwight
B. DeMeritt Forest (University Forest) in Old Town, Maine, while the peat site is in
Bangor, Maine on property owned by Doug Schmidt. The Umiversity Forest manager
approved our application for use of University Forest land for research purposes: a copy
of the application is included as Appendix L. Verbal permission was received from the
private land owner, Doug Schmidt, to perform research on his land. The verbal agreement
was followed with a letter stating our intended use of his land: a copy of the letter is

included as Appendix M.

3.6.2 Site Description

The clay site is located in the University Forest, Old Town, Maine. The site is
located approximately 180 m (200 yds) south of the intersection of Sewall and Logan
Roads. These are gravel surfaced forest roads that are cabled off so that they are not
accessible by vehicle to the public. The positioning of the clay site is shown on Figures
3.1 and 3.3. The subsurface conditions at the clay site are 0.2 m (0.8 fi} of topsoil,
underlain by 1.0 m (3.4 ft) of moist gray silty fine sand, which is underlain by very moist
gray silty clay with a trace of fine sand. The depth of the hand auger boring made at the

site was 2.7 m (8.8 ft). The boring log for the clay site is included as Figure 3.5. The
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eroundwater table varied from approximately 0.2 m (0.5 ft) to approximately 0.9 m (3 ft)

below the ground surface from July 1993 to November 1993,

The till site is also located in the University Forest, Old Town, Maine. The site is
approximately 230 m (250 yds) west of the Logan Road. The positioning of the till site is
shown on Figures 3.1 and 3.3. The subsurface conditions at the till site are 0.2 m (0.5 ft)
of topsoil underlain by approximately 0.7 m (2.2 ft) of silty clay, which is underlain by
clayey sand with some gravel and some cobbles. The depth of the test pit at the till site
was 2 m (6.7 ft). The boring log for the till site is included as Figure 3.6. The
groundwater table varied from approximately 0.2 m (0.5 fi} to approximately 1.7 m (5.5

ft) below the ground surface from July 1993 to November 1993.

The peat site is located in Bangor, Maimne adjacent to the Veazie Railroad
Easement. The Easement intersects Forest Avenue approximately 2.4 km (1.5 miles) west
of the intersection of Stillwater Avenue and Forest Avenue. The site is located
approximately 1.9 km (1.2 miles) southwest of the intersection of Forest Avenue and the
Easement. The site is approximately 18 m (20 yds) northwest of the Easement. The
positioning of the site ts shown on Figures 3.2 and 3.4. The subsurface conditions at the
peat site are 4 m (13.2 ft) of black fibrous peat underiain by gray silty clay. The depth of
the hand auger boring at the peat site was 4.4 m (14.4 ft). A copy of the boring log for
the peat site is included as Figure 3.7. The groundwater table varied from 0.2 m (0.5 ft)

to 0.3 m (1.0 ft) below the ground surface from July 1993 to November 1993.

3.6.3 Preliminary Site Data

A hand auger was used to install piezometers at the clay and peat sites. Hand

augering was not possible at the till site. The preliminary wells (piezometers) were used
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to determine the elevation of the groundwater table at the sites. Each site was surveyed to
define the topography that would be surrounding the trench and the groundwater
monitoring wells. The topographic site maps generated from survey data are included as
Figures 3.8 through 3.10. The groundwater elevation data was used with the survey data
to determine the desired positioning of the trenches and the groundwater monitoring
wells. The trenches were positioned perpendicular to the inferred direction of
groundwater flow, with monitoring wells within each trench, upgradient, and
downgradient of each trench. A schematic of this arrangement is presented as Figure

3.1

3.6.4 Soils Data

The grain size distribution for a bulk sample of soil from the clay site is presented
as Figure 3.12. The Unified Soil Classification System {(USCS) classification for the clay
was CL. The plastic limit was 16.5 and the liguid limit was 25.0. The field moisture of
the bulk samples was approximately 21%. The grain size distribution for a bulk sample of
soil from the till site 1s included as Figure 3.13 (the analysis was done twice therefore there
are two curves on the graph). The field moisture of the bulk samples was approximately

10%. The soil at the till site is a sand, with a USCS classification of SM or SC.

3.6.5 Tire Chip Installation

Approximately 1.5 tons of tire chips were installed at each of the field sites. The
tire chips were mixed steel and glass belted chips donated by Pine State Recycling in
Nobleboro, Maine. The chips were transported to the field sites using a skid pulled by a

small farm tractor or skidder.
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Figure 3.9
Local Topography from Survey Notes

Till Site
1205 -
-rj.q ’44', 50. 0
AN A \
wJ o A4 \
v proposed 50
trench
44 location
4809 .
40 AL 42,24 A

Scale: 1" =30

70



Figure 3.10
Local Topography from Survey Noles
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A trench approximately 3 m (10 ft) long, 1.8 m (6 ft) deep, and 0.6 m (2 f) wide
was dug with a small backhoe at each site for tire chip placement. The trenches were dug
perpendicular to the inferred direction of groundwater flow. A non-woven geotextile (SD
Teratex) pocket was placed in each trench to surround the tire chips and aid in their
removal at the end of the study. Approximately 1.5 m (5 ft) of tire chips were placed in
each trench, the geotextile was folded over the top and the remaining foot was backfilled
with native material. The purpose of this arrangement was to keep the tire chips below
the groundwater table for as much of the year as possible. A schematic of the trench and
eeotextile placement is presented as Figure 3.14. Monitoring wells were installed at each
site; one well within the trench, one coptroI well upgradient of the trench, and two or
more wells downgradient of the trench. A plan view of the trench and wells at each site is
presented in Figure 3.15. Table 3.2 summarizes the dates of the field installations for this
study.

Table 3.2

Dates of Field Installations

Site Tire Chips Instalied Monitoring Wells Installed
Till 12/17/93 2/3/94

Clay 12/31/93 3/11/94

Peat 1/6/94 3/16/94 and 3/25/94

3.6.5.1 Clay Site
Since the clay site is quite wet and had considerable standing water at the time of
the tire chip installation, it was necessary to place a small berm alongside the trench to
create a staging area for the spoils removed by the backhoe. The berm was constructed
with hay bales and geotextile, which helped keep the excavated soil in a poéitioﬁ where it
can easily be used for backfill upon removal of the tire chips. The actual dimensions of the

trench at the clay site were 1.8 m (6 ft) deep, 4.1 m (13.5 ft) long, and approximafely 0.6
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Figure 3.14
Section View of Trench
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Figure 3.15
Schematic of Well Layout at Each Site
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m (2 ft) wide at the bottom. The width of the trench varied somewhat as it flared out at
the ground surface and there was a bulge in one side of the trench. The width at the ends
of the trench (at the ground surface) was approximately 0.8 m (2.5 ft) and at the widest
point (also at the ground surface) the trench was 1.2 m (4 ft) wide. The monitoring well
within the trench was placed at approximately the widest point which was 1.4 m (4.5 fi)
from one end of the trench. A plan view of the trench as-installed is included as Figure

3.16.

3.6.5.2 Till Site

At the till site, significant groundwater flow into the trench caused caving of the
sidewalls during excavation. This caused the shape of the trench to be somewhat
irregular. A plan view of the trench as-installed is presented in Figure 3.17. The depth of
the trench before the caving started was 1.8 m (6 ft). After the caving, the depth vaned
from 1.8 m (6 ft)to 1.1 m (3.5 ft). The widths of the trench at the ends were 0.9 m (3 ft)
and 0.5 m (1.7 ft). At the widest point after caving the trench was 1.8 m (6 ft) wide. The
trench was 4.6 m (15 ft) long. One monitoring well was installed in the trench at the time
of the tire chip installation (in the end away from the caving) and a second well was driiled
in the op-posite end of the trench at the same time the upgradient and downgradient wells

were installed by Maine Test Borings, Inc., Brewer, Maine.

3.6.5.3 Peat Site
A plan view of the trench as-installed at the peat site is included as Figure 3.18.
The width of trench varied from 0.8 m (2.6 ft) to 0.7 m (2.3 ft). The depth of the trench
varied from 1.2 m (4 fi) to 1.7 m (5.5 fi). The peat site trench had fairly uniform
dimensions and no problems due to caving were encountered. The trench filled with
groundwater very rapidly. One monitoring well was installed in the tire chip trench at the
time of installation of the tire chips. Since the peat site was very flat, it was difficult infer

the direction of groundwater flow. This required that more monitoring wells be instalied
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Figure 3.16
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Fioure 3.17
Sketch of Tilt Site Trench
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Figure 3.18
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downgradient of the tire chips to be sure that wells were in position to intercept any
leachate plume that developed. Three monitoring wells were placed in a honzontal line
parallel to the trench, and an additional well was placed further downgradient,

approximately in-line with the well in the center of the trench.

3.6.6 Well Instaljation

The momitoring wells at the clay and peat sites were installed by hand using a 15
cm (6 in.) diameter bucket auger. The wells at the till site were drilled by Maine Test
Borings, Inc. of Brewér, Maine. The drilled wells had a diameter of 10 cm (4 in). A
schematic of a typical monitoring well is presented as Figure 3.19. The casing used for the
monitoring wells was 5 ¢cm (2 in.) PVC pipe manufactured by Monoflex. To minimize
vandalism and possible contamination, a section of 4 inch PVC pipe with clean-out type
cap was used as a protective casing around the portion of the 5 c¢m (2 in.) pipe that
extended above the ground surface. The bottom 0.76 m (2.5 fi) of each well was
screened, using slotted pipe screen with opening size 0.010 inch (Monoflex). The end of

the well screen was covered with a slotted PVC cap.

For the wells placed in soil, clean uniform silica sand (50 grit) was used as a filter
pack. Gravity emplacement (free-fall) was used to piace the artificial ﬁlter packs. The
depths of the well holes were such that the bottom of the well screen would coincide with
the approximate bottom of the tire chip installation. Before placing the well casing, 15 cm
(6 in.) of sand was placed in the bottom of the well. After placing the well casing, the
filter pack was placed surrounding the well screen and extending 0.3 m (1 ft) above the
top of the screen. The annular space above the filter pack and extending to the ground
surface was sealed. Bentonite chips were used to seal the wells at the peat site. The

bentonite chips were placed by gravity, with tamping to eliminate bridging and clumping
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Figure 3.19
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of the chips. Powdered bentonite (approximately 10%) and cement (approximately 90%)
grout slurry was used for the annular seals at the clay and till sites. Since the groundwater
table was near the ground surface at both sites, a tremie pipe was used to place the grout
seals. Bentonite chips were appropnate for the peat site because the water table is at the
ground surface or within 0.3 m (12 in.) of the ground surface throughout the year. At the
clay and till sites the water table could be below the seal during the drier portions of the
year. For this situation a grout slurty is appropriate since it 1s less susceptible to cracking

when it dries.

The wells within the tire chip trenches were placed directly into the tire chip
matrix. The bottom 0.76 m (2.5 ft) of the wells were screened as with the other wells.
No filter packs were needed since there were very little fines in the tire chips, and the

turbidity of the samples from the trenches was expected to be low.

3.6.7 Well Development

The wells were developed during May and June of 1994. The monitoring welis
were developed by bailer. Separate decontaminated HDPE bailers and nylon lines were
used for each well. Surging action was created each time the bailer was introduced or

removed from the well.

The goal of well development was to remove the fines from the filter pack. Since
the surrounding soil formations for all of these wells contained substantial amounts of
fines, well development was difficult. Some of the wells did not show any improvement in
sample clarity upon bailing. In addition, the till and clay formations in which the tire chips
were placed are low yield formations. Thus, the wells at these sites were often very slow

to recharge, requiring that the development efforts continue over several days. Ideally, the
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development by bailer would continue until the water removed from the well was clear.
Since the fines content of the surrounding formations was so high, it was impractical and
impossible to obtain clear water from the wells. Development was continued until no

noticeable improvement of water clarity was observed.

The volume of water removed from each well was measured in well volumes. The
volume of each well was calculated by measuring the depth of groundwater in the well and
knowing the inside diameter of the well casing. There was marked improvement in the
clarity of the water from the upgradient well at the clay site (well C1) after 50 well
volumes were removed. The 50 volumes were removed in one day. The water from the
well within the trench (well C2) was comparatively clear: eight well volumes were bailed
from this well. The down gradient wells at the clay site showed little improvement in
visual quality after two days of bailing. A total of 50 and 17 well volumes were removed
from the first and second downgradient wells (wells C3 and C4) respectively during the
two days. At the till site, 50 well volumes were removed from each of the wells within the
trench (wells T2 and T3}, with significant turbidity in the drilled well (well T2) within the
trench. The turbidity in this well withun the trench was probably due to dnlling too deeply
into the underlying soil formation. A total of 14 well volumes were removed from the
upgradient well (well T1) over five days. A total of 14 and 10 well volumes were bailed
from the first and second downgradient wells (wells T4 and T5) respectively over four
days. The second downgradient well (well T5) showed the most improvement in water

quality after bailing.

3.6.8 Monitoring Plan

The monitoring wells installed at the three field sites were sampled quarterly.

Metals samples were collected in early June 1994, late September 1994, mid-November
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{994, and late April 1995. Organics samples were collected in mid-August 1994, mid-

November 1994, and late April 1995.

3.6.9 Sampling Methods

Field samples were collected using an HDPE bailer and nylon line dedicated for
each well. The bailers were left hanging in the wells (at the top) between sampling events.
Before sample collection, it 1s recommended that three well volumes be bailed from the
each well to ensure that the samples collected are a fresh inflow of groundwater. Three
well volumes were bailed from all the wells at the peat site and the wells within the
trenches at the till and clay sites before samples were collected. For the other wells at the
till and clay sites the wells recharged very slowly; therefore, one well volume was bailed or
the well was bailed dry before samples were collected. The sample coliection, handling,

and storage methods used were discussed in Section 3.2 above.
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CHAPTER 4
TCLP STUDY OF TIRE CHIP LEACHABILITY

4.1 INTRODUCTION

For the laboratory leaching portion of this study four tire chip samples were
subjected to the toxicity characteristic leaching procedure (TCLP). The four samples
were: washed mixed steel and glass belted chips, unwashed mixed steel and glass belted
chips, washed glass betted chips, and unwashed glass belted chips. The washing
procedure is discussed in Section 3.4. TCLP was used to characterize the leaching
potential of tire chips and to determine whether scrap tires are a hazardous waste. The

results of the TCLP testing will be discussed in two parts: metals and organics.

TCLP (EPA Method 1311) is designed to determine the mobility of both organic
and inorganic compounds present in liquid, solid, and muitiphasic wastes (EPA, 1990). In '
this study, the waste (tire chips) was 100% solid. When using TCLP, leaching of metals,
semivolatile organic compounds, pesticides, and herbicides takes place in an extraction
vessel. A 100 gram sample is added to the extraction vessel and the appropriate amount
of extraction fluid is added, then the extraction vessel is rotated on a tumbler at 30+2
revolutions per minute (rpm) for 18+2 hours. The le.aching of volatile organic compounds
takes place in a zero headspace extractor (ZHE), which is also rotated on a rotary tumbler
at 30+2 revolutions per minute (rpm) for 18+2 hours. The purpose of the ZHE is to allow
the leaching and subsequent separation of the waste and the exiraction fluid without
exposing the contents to air. The extraction fluid used s 0.1 M acetate buffer at pH 4.9
for acidic wastes and at pH 2.9 for alkaline wastes. The ratio of the extraction fluid to the

solid phase of the waste is 20:1. Afier tumbling, the exiraction fluid is filtered and further
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analyzed for contaminants of concern. For this study, the analytes were metals and

semivolatile organic compounds and volatile organic compounds.

TCLP requires particle size reduction of the solid phase of the waste to passing the
9.5 mm (0.375 in.) sieve. The solid portion of the waste must be crushed, ground, or cut
to meet the above criteria. When volatile organic compounds are of interest the waste and
the particle size reduction equipment should be refrigerated, if possible, to 4 °C prior to
size reduction. The exposure of the waste to the atmosphere should be minimized to
avoid the loss of volatiles. The particle size reduction method used for the tire chips was
to super cool them and then break them into smaller bits using a modified Proctor
compaction hammer. The size reduction process was difficult due to the belts within the
tires. Exposed belts that held bits of rubber were snipped with wire cutters. The size

reduction process used is further detailed in Section 3.4.

The required chemical analyses and regulatory levels for TCLP are listed in Tables
2.1 (metals) and 2.2 (organics). Of the organic compounds listed in Table 2.2, methyl
ethyl ketone, pyridine, and m-cresol were not tested for in the TCLP extracts in this study

due to a miscommunication with ERI,

4.2 METALS RESULTS

The metals regulated under the toxicity charactenstic (EPA Method 1311) are:
arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver. The results for
the TCLP metals for the four samples are summarized in Table 4.1. The results include
the concentration of each metal in the TCLP extract and the concentration expressed as
ug of contaminant per Kg of tire chips. The results are converted from concentratioh in
ng/L in the extract to pg of contaminant per kilogram of waste (in this case, tire chip

sample) by multiplying the concentration (ug/L) by the volume of extract (L) and then
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Table 4.1
Toxicity Characteristic Leaching Procedure (TCLP}
Metals Results
Samples: Unwashed Mixed Chips, Washed Mixed Chips, Unwashed Fiberglass Belted Chips,
Washed (Glass Delted Chips
Note: Mixed Chips include Steel and Glass Belted Chips,

ND=Not Detected

Units: ug/L (ppb)

Concentration Total Normalized TCLP
in Extract Theoretical | Concentration Regulatory
{ug/L) Leaching From Tires Limit
Potential {ug/Kg) {ug/L)
Unwashed Mixed Sample (ug)
Arsenic ND ND ND 5000
Barium 149 298 2980 100000
Cadmium 107 214 2140 1000
Chromium 84 168 1680 5000
Lead 34 68 680 3000
Mercury ND ND ND 200
Selenium ND ND ND 1000
Silver ND ND ND 5000
Washed Mixed Sample
Arsenic ND ND ND 5000
Barium 185 370 3700 100000
Cadmium 114 228 2280 1000
Chromium 82 164 1640 5000
Lead 32 64 640 5000
Mercury ND ND ND 200
Selenium ND ND ND 1000
Silver ND ND ND 5000
Unwashed Fiberglass Sample
Arsenic ND ND ND 5000
Bariom 357 714 7140 100000
Cadmium 20 40 400 1000
Chromium 34 68 680 5000
Lead 216 432 4320 5000
Mercury ND ND ND 200
Selenium ND ND ND 1000
Silver ND ND ND 3000
Washed Fiberglass Sample
Arsenic ND ND ND 5000
Barium 259 518 5180 100000
Cadmium 15 30 300 1000
Chromium 36 72 720 5000
Lead 111 222 2220 5000
Mercury ND ND ND 200
Selenium ND ND ND 1000
Silver ND ND ND 5000
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dividing by the mass of tire chip sample (Kg). To convert this data, these operations
reduce to multiplying the concentration in the extraction fluid by 20, which is also the ratio
of the extraction fluid to the solid phase of the waste. Expressing the concentration in the
form of pg of contaminant per Kg of tire chips allows comparison of the results from these
TCLP tests to results from other studies that used a different test procedure. Arsenic,
mercury, selenium, and silver were not detected in the leachates of any of the four samples
tested. Although barium, cadmium, chromium, and lead were detected .in all four samples,
the concentrations were well below the TCLP regulatory limits. Lead and barium levels
were higher in the leachates of the glass belted chip samples, while cadmium and
chromium levels were higher in the leachates of the mixed chip samples. Since only one
sample of each type was tested it was not possible to determine if these differences are due
to the presence of steel belts in the mixed sample or other differences in the chemical

makeup of the samples.

The process of washing the tire chips had relatively little effect on the
concentrations of metals. The major exception was lead in the giass belted chip samples.
In this case, lead was only about half (2220 png/Kg vs. 4320 pg/Kg) in the washed
samples. However, in the mixed chip samples, lead was virtually the same (640 ng/Kg vs.
680 pg/Kg) for both washed and unwashed samples. Conflicting results were obtained
with bariﬁm, which was 38% lower in the washed glass belted sample, but was 20%
higher in the washed mixed chip sample when compared to the respective unwashed

samples.
These results indicate that tires have the. potential to leach barium, cadmium,

chromium, and lead. It is recommended that field and laboratory studies include analysis

for these four metals.
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4.3 ORGANIC RESULTS

The organic results are quantified as both the concentration in the TCLP extract
and the concentration from the tire chips, as with the metals results. The only organic
compound regulated by TCLP detected in the extracts was 1,2-dichloroethane. As shown
in Table 4.2, 1,2-dichloroethane was detected in the unwashed mixed chips (140 pg/Kg),
unwashed glass belted chips (140 pg/Kg), and washed glass belted chips (54 pg/Kg). 1,2-
Dichloroethane was not detected in the washed mixed chip sample. The regulatory limit
for 1,2-dichloroethane in the TCLP extract is 500 pg/L. The highest level of 1,2-
dichloroethane found. in extracts from the four tire chip samples was 7 pg/L.. The organic
compounds regulated by TCLP but not detected in the extracts along with their regulatory -

limits are listed in Table 4.3.

In addition to the organics regulated by TCLP, the samples were tested for other
volatile organic compounds. The only additional volatile organic compound detected was
dichloromethane, which was found in all four samples (Table 4.4). The concentrations of
dichloromethane found in the TCLP extracts ranged from 4 pg/L to 10 pg/L, which
corresponds to concentrations from the tire chips of 69 pg/Kg to 195 ug/Kg, respectively.
Those additional volatile compounds not detected in the TCLP extracts are listed in Table

45.

Semivolatile organics not regulated by TCLP but detected in the extracts are listed
with their concentrations expressed as pg per L of extract and pg per Kg of tire chips in
Table 4.6. Aniline was detected in the unwashed mixed'chips sample extract (19.4 pg/L)
and in the washed glass belted chip sample extract (9.1 pg/L). Other semivolatile organic
compounds that were tentatively identified were 1-(2-butoxyethoxy)-ethanol;

benzonthiazole; 1H-isoindole-1,3(2H)-dione; 2(3H)-benzothiazolone; 4-(2-
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Table 4.2
Toxicity Characteristic Leaching Procedure (TCLP)
Volatile Organics Results
TCLP Volatile Organic Compounds Detected
1,2-Dichloroethane
Detection Limit = 2.5 ug/L

Sample TCLP Concentration | Normalized
Regulatory in Extract Concentration
Limit (ug/L) from Tires
(ug/L) (ug/Kg)

Unwashed Mixed Chips 500 7 140
Washed Mixed Chips 500 ND ND
Unwashed Glass Chips 500 7 140
Washed Glass Chips 500 3 54
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Table 4.3

Toxicity Characteristic Leaching Procedure (TCLP)
Organic Compounds Not Detected

Note: *=Quantitation Limit
NA=Not Applicable

Compound TCLP Drinking
Regulatory Water
Limit Standard
{ug/L) (ug/L.)
Benzene 500 5
Carbon Tetrachloride 500 3
Chlorobenzene 100006 100
Chloroform 6000 NA
0-Cresol 200000 NA
p-Cresol 200000 NA
1,4-Dichlorobenzene 7500 NA
1,1-Dichloreethylene 700 7
2,4-Dinitrotoluene 130% NA
Hexachlorobenzene 130* 1
Hexachloro-1,3-butadiene 500 NA
Hexachloroethane 3000 NA
Nitrobenzene 2000 NA
Pentachlorophenol 100000 |
Tetrachloroethylene 700 5
Trichloroethylene 500 5
2,4,5-Trichlorophenol 400000 NA
2.4,6-Trichlorophenol 2000 NA
Vinyl Chloride 200 2
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Table 4.4

Toxicity Characteristic Leaching Procedure (TCLP)
Volatile Organics Results

Compounds Detected but Not Regulated by TCLP

Compound Sample Concentration | Normalized
in Extract Concentration

(ug/L) in Tires

(ug/Kg)
Dichloromethane Unwashed Mixed Chips 6.0 120
Dichloromethane Washed Mixed Chips 10.0 195
Dichloromethane | Unwashed Fiberglass Chips 5.0 95
Dichloromethane Washed Fiberglass Chips 4.0 69
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Table 4.5

Toxicity Characteristic Leaching Procedure (TCLP)
Volatile Organics Results

Compounds Not Detected Not Regulated by TCLP
For All TCLP Samples

Compound MDL Compound MDL

(ug/L) (ug/L)
Dichlorodifluoromethane 5.0 Ethylbenzene 2.5
Chloromethane 5.0 m-Xylene+p-Xylene 2.5
Bromomethane 5.0 o-Xylene 2.5
Chloroethane 5.0 Styrene(ethyl-benzene) 5.0
Trichlorofluoromethane 5.0 Bromoform 2.5
(E)-1,2-Dichloroethene 2.5 1so-Propylbenzene 2.5
(Z)-1,2-Dichloroethene 2.5 1,1,2,2-Tetrachloroethane 2.5
1,1-Dichloroethane 25 1,2,3-Trichloropropane 2.5
MTBE 2.5 Bromobenzene 2.5
2,2-Dichloropropane 2.5 n-Propylbenzene 2.5
Bromochloromethane 2.5 2-Chlorotoluene 2.5
1,1,1-Trichloroethane 2.5 1,3,5-Trimethylbenzene 2.5
1,1-Dichloropropene 2.5 4-Chlorotoluene 2.5
1,2-Dichloropropane 2.5 tert-Butylbenzene 2.5
Dibromomethane 2.5 1,2,4-Trimethylbenzene 2.5
Bromodichloromethane 5.0 sec-Butylbenzene 2.5
{Z)-1,3-Dichloropropene 2.5 4-iso-Propyltoluene 2.5
Toluene 2.5 1,3-Dichlorobenzene 5.0
(E)-1,3-Dichloropropene 2.5 n-Butylbenzene 5.0
1,1,2-Trichloroethane 2.5 1,2-Dichiorobenzene 2.5
1,3-Dichloropropane 2.5 1,2-Dibromo-3-chloropropane 5.0
Dibromochloromethane 2.5 1,2,4-Trichlorobenzene 5.0
1,2-Dibromoethane 2.5 Naphthalene 2.5
1,1,1,2-Tetrachloroethane 2.5 1,2,3-Trichlorobenzene 2.5
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Table 4.6

Detected

Toxicity Characteristic Leaching Procedure (TCLP)
Semivolatile Organics
Compounds Detected but Not Regulated by TCLP

Notes: *=Tentatively Identified, **=Estimated Concentration (ug/L/ug/Kg), ND=Not

Unwashed Mixed Chips**

Unwashed Glass Belted Chips**

Washed Glass Belted Chips**

E Washed Mixed Chips**

Compound
1-(2-Butoxyethoxy)-ethanol* 143 /2860 ND ND /ND 40/ 800
Benzothiazole* 286 /57201 214 /4280 | 286 /5720 | 200/4000
1H-Isoindole-1,3(2H)-dione* 286/5720 | ND/ND | ND/ND | 50/1000
2(3H)-Benzothiazolone* 143 /2860 | 143 /2860 | 286/5720 | 100/2000
2,5-Cyclohexadiene-1,4-dione* ND /ND ND/ND | 114/2280 | ND/ND
1-(2-Benzothiazolythio)-morpholine ND/ND ND/ND | 143 /2860 | 100/2000
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benzothiazolylthio)-morpholine; and 2,5-cyclohexadiene-1,4-dione. The estimated
concentrations for these compounds were higher than the concentrations of aniline. The
highest estimated concentration was 286 nug/L for benzothiazole, 1H-isoindole-1,3(2H)-
dione, and 2(3H)-benzothiazolone. The compound 4-(2-benzothiazolythio)-morpholine is
a main ingredient in a commercial blend used as a delayed-action accelerator in rubber
processing (Taylor and Son, 1982). According to Abemethy (1994), 2,5-cyclohexadiene-
1,4-dione is likely an oxidation product of aniline or hydroquinone. Therefore, it seems
reasonable to expect leaching of these compounds when using tire chips as construction
materials. Table 4.7 lists the additional semivolatile organic compounds not detected in
the TCLP extracts for the four tire chip samples. None of the TCLP regulatory limits

were exceeded for organic compounds.

4.4 COMPARISON TO PREVIOUS STUDIES

4.4.1 Metals

Two previous studies in which TCLP testing for metals was done are the Scrap
Tire Management Council Study by Radian Corporation (1989) (see Table 2.11) and the
Virginia Department of Transportation Study by Ealding (1992) (see Table 2.15). The
Scrap Tire Management Council Study tested for arsenic, barium, cadmium, chromium,
lead, mercury, selenium, and sitver. The Virginia DOT Study tested for the TCLP metals
cadmium, chromium, lead, and silver. Additional metals tested in that study were
aluminum, calcium, copper, iron, magnesium, nickel, tin, and zinc. None of the TCLP
metals tested in those studies exceeded the TCLP regulatory limits, which is consistent

with the findings of the University of Maine Study.

Lead, chromium, and barium were found consistently in the extracts in the
University of Maine Study and in the Radian Study. The lead levels in the University of
Maine Study varied from 32 pg/L to 216 pg/L, in the Radian Study from 2 pg/L to 16
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Table 4.7
Toxicity Characteristic Leaching Procedure (TCLP)
Semivolatile Organics
Compounds Not Detected Not Regulated by TCLP
Note: MRL=Method Reporting Limit (ug/L)

Cempound MRL Compound MRL
(ug/L) (ug/L)
2-Chlorophenol 7 3-Nitroaniline 36
bis(2-Chlorgethyl}ether 7 2.4-Dinitrophenol 36
phenol 7 Dibenzofuran 36
1,3-Dichlorobenzene 7 2,4-Dinitrotoluene 7
1,4-Dichiorobenzene 7 4-Nitrophenol 36
1,2-Dichlorobenzene 7 Fluorene ) 7
bis{2-Chloroisopropyl)ether or 2,2' 7 4-Chloropheny! phenyl ether 7
2-Methylphenol or o-Cresol 7 Diethyl phithalate 14
Hexachloroethane 7 4-Nitroaniline 36
n-Nitrosode-n-propylamine 7 4 6-Dinitro-2-methylphenol 14
4-Methylphenol or p-Cresol 14 n-Nitrgsodiphenylamine 7
Nitrobenzene 7 4.Bromopheny! phenyl ether 7
Isophorone 14 Hexachlorobenzene 7
2-Nitrophenol 7 4-Aminobiphenyl 7
2,4-Dimethylphenol 7 Pentachlorophenol 36
a,a-Dimethylphienethylamine 7 Phenanthrene 7
bis(2-Chloroethoxy)methane 7 Anthracene 7
2.4-Dichlorophenol 7 Carbazole 7
1,2,4-Trichlorobenzene 7 di-n-Butyl phthalate 7
Naphthalene 7 Fluoranthene 7
4-Chloroaniline 14 Pyrene 7
Hexachlorobutadiene 7 Butyl benzy! phthalate 7
2-Methylnaphthalene 7 benzo(a}Anthracene 7
4-chloro-3-Methylphenol 7 Chrysene 7
Hexachlorocyclopentadiene 7 3,3-Dichlorobenzidine 14
2 .4,6-Trichlorophenol 7 bis(2-Ethylhexyl)phthalate 14
2,4,5-Trichlorophenol 7 di-n-Octyl phthalate 14
2-Chloronaphthalene 7 benzo(b)Fluoranthene 7
Safrole 7 benzo{k)Fluoranthene 7
2-Nitroaniline 36 benzo(a)Pyrene 7
Acenaphthylene 7 indeno(123-cd)Pyrene 7
Dimethyl phthalate 14 dibenzo(a,h)}Anthracene 7
2,6-Dinitrotoluene 7 benzo(ghi)Perylene 7
Acenaphthene 7
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pe/L, and was found at 19.6 pg/L in the Virginia Study. Chromium levels in the Radian
Study varied from 12 pg/L to 48 pg/L, in the University of Maine Study from 34 pg/L to
84 pg/L, and was detected at 2.8 pg/L in the Virginia Study. The barium levels found in
the Radian Study varied from 21 pg/L to 590 pg/L, while the barium levels in the
University of Maine Study varied from 149 ug/L to 357 ug/L. Cadmium levels in the
extracts in the University of Maine Study varied from 15 pg/L to 114 pg/L and was
present at 1.55 pg/L in the extract in the Virginia Study, however, cadmium was not
detected in the Radian Study. Mercury was detected in two of the Radian Study tire
products, but was not detected in any of the samples in the University of Maine study.
Silver, arsenic, and selenium were not detected in any of the tire product extracts in the
Radian Study, which is consistent with the findings of the Maine Study. Silver was also
not found in the Virginia DOT Study. The additional metals tested for in the Virginia
Study aluminum, calcium, copper, iron, magnesium, nickel, tin, and zinc were found at
concentrations of 148 pg/L. 1.00 mg/L, 83 pg/L, 120 mg/L, 0.108 mg/L, 39.7 po/L, <25

ne/L, and 10.6 mg/L, respectively.

The resuits of these studies consistently show that scrap tires do not exceed TCLP
regulatory limits for metals. Although the levels of the metals are below TCLP regulatory
limits, the studies indicate that the TCLP metals of concern with tire leaching are: barium,

cadmium, chromium, and lead.

4 4 2 Oreganics

The Radian Study also included analysis for organic compounds. The compounds
detected below the TCLP regulatory limits in the Radian Study were carbon disulfide,
methyl ethyl ketone, toluene, 1,1,1-trichloroethane, and phenol. None of these
compounds were found in this study. The only TCLP organic compound found below the

TCLP regulatory limit for this study was 1,2-dichloroethane and its concentrations were
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well below the TCLP regulatory limit (500 pg/L). Aniline was also detected in two of the
four samples studied in this project, but aniline is not regulated by TCLP. Several other
semivolatile organics were tentatively identified in the extracts. Of the identified or
tentatively identified semivolatile organic compounds, aniline; benzothiazole; 2(3H)-
benzothiazolone; 4-(2-benzothiazolylthio)-morpholine; and 2 5-cyclohexadiene-1,4-dione
were also identified in a toxicity study by Abemethy (1994). Aniline and 2,5-
cyclohexadiene-1,4-dione are used as antidegradants in the rubber industry, while

benzothiazoles are used as accelerators (Fishbein, 1991).

The results of these studies show that tires do not exceed the TCLP regulatory
limits for organic compounds. However, they do indicate that tire chips have the potential

to leach organic compounds.

4.5 SUMMARY

In this study and in the studies reviewed, none of the TCLP regulatory limits were
exceeded for metals or organics; therefore, tire chips are not classified as a hazardous
waste based on the toxicity characteristic. The TCLP testing does however indicate
leaching potential for some organic compounds and some metals. The metals of concern
with scrap tire leaching indicated in the TCLP portion of this study were barium,
cadmium, chromium, and lead. These metals were also cited as likely metals of concern in
previous studies, and in addition, one study aiso indicated leaching potential for mercury.
Leaching potential of organic compounds used as accelerators (benzothiazoles) and
antidegradants (aniline and 2, 5-cyclohexadiene-1,4-dione) in the rubber processing
industry was also indicated by the TCLP portion of this study. In addition,
dichloromethane, 1-(2-butoxyethoxy)-ethanol, and 1H-isoindole-1,3(ZH)-dione were

detected in the TCLP portion of this study.
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CHAPTER 5
LONG TERM LABORATORY STUDY OF TIRE CHIP LEACHABILITY

5.1 INTRODUCTION

The long term study of tire leachability was a batch reactor study in which field
conditions were simulated in the laboratory. The reactors used were 20 L (5 gal) glass
Pyrex bottles. The reactors were sealed with rubber stoppers and held at ambient
temperature (15°C to 20°C) in the dark for approximately ten months. Eight reactors
were set up: three control reactors that contained soil and distilled water; three mixed
reactors that contained soil, tire chips, and distilled water; and two reactors that contained
tire chips and distilled water. Three types of soil were used in the batch reactor study:
glacial manne clay (locally known as Presumpscot Formation), glacial till, and fibrous
peat. The soil samples were bulk samples collected from the three field sites used in this
project. The tire chips had a maximum nominal size of 75 mm (3 in.), and were made
from a mixture of steel and glass belted tires. The chips were donated by Pine State
Recycling in Nobleboro, Maine. The purpose of this experiment was to allow direct
comparison of the metals, semivolatile organics, and volatile organics found in the jars
with soil and distilled water only to the corresponding jars with mixtures of soil, tire chips,
and distilled water. The procedure used when setting up the reactors and a summary of

the contents of each reactor are included in Section 3.5.1.

During the ten month storage period, the reactors were not mixed or disturbed.
The reactors that contained tire chips and distilled water and the reactors that contained
mixtures of soil, tire chips, and distilled water produced gas. Some of the reactors,
particularly the reactor that contained peat, tire chips, and distilled water, produced
sufficient gas to dislodge the rubber stopper from the top of the reactor. The gas
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production was probably due to microbial activity. In addition to gas production, the
reactors that contained tire chips also formed an orange residue around the neck of the
reactor bottles. This residue was absent in the control (soil and distilled water only)
reactors. The sampling methods used to collect water and soil samples from the reactors

are discussed in Section 3.5.2.

Both dissolved and total metals were measured in the reactor water samples.
Dissolved metals are those metals measured after the sample has been passed through a
0.45 pm filter. The sample is acidified after the filtration. Samples to be analyzed for total
recoverable metals are not filtered and are subjected to rigorous digestion. Total metals
include all metals that are organically or inorganically bound both in dissolved and
particulate form. In the reactor study, total metals will include metals that are associated
with particulate matter in the samples. The source of these metals may be the tire chips or

the soil particles.

The mass of soil and tire chips and the volume of distilled water added to each
reactor were known, so by comparing to the control reactors containing only soil and
water, the tire chip contribution to the concentrations of metals in the mixed reactors
could be estimated. The contributions of the soil and the tire chips could be expressed as

g of contarmnant per Kg of material (either soil or tire chips). To convert the
concentration in the water to concentration from the soil (or tire chips), the concentration
(in pg/L) was multiplied by the volume of water (in liters)} added to the reactor and then
divided by the mass of soil (in Kg) (or mass of tire chips in Kg) added to the reactor. The
results expressed in pg of contaminant per Kg of tire chips (or soi) could then be

compared to the results of other laboratory leaching studies.
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5.2 METALS RESULTS

5.2.1 Soil Samples

For the reactor study, soil samples from each of the reactors that contained soil
were digested in trplicate according to EPA Method 3050 (EPA, 1987). The soil digests
results for metals with pnmary drinking water standards are presented as Table 5.1. The
soil digest results for metals with secondary drinking water standards and metals without
drinking water standards are presented as Table 5.2, The results in Tables 5.1 and 5.2 are
presented as the average and standard deviation of the three concentrations for each metal
tested for each reactor. Since soil samples were digested in triplicate it is possible to use
statistical analysis to determine whether the data for the samples from the reactors that
contained tire chips came from the same population as the data for the samples from the
control reactors (soil only). Since the sample size was three, this analysis must be used

with caution. A larger sample size 1s preferred.

The first step in the analysis was to test each set of three data points (three digests
per reactor) for normality. The Shapiro-Wilk Test was used to test for normality (Shapiro
and Wilk, 1965). The null hypothesis was that the data is normally distributed. A 95%
confidence interval was used. Any sets of data (n=3) that had two values that were the
same were not from a normal distribution. Several of the data sets failed the Shapiro-Wilk
test, meaning that the null hypothesis was rejected, and the data was not from a normal
distribution. The data sets that were not normally distributed were 1)till: sodium, copper,
and cadmium 2) till and tire chips: aluminum and 3) clay: copper. For these samples the
Wilcoxon-Mann-Whitney Rank Sum Test (Smith, 1988) was used to test the null
hypothesis that the data sets for the reactors containing tire chips and soil came from the
same distnibution as the data from the corresponding control reactor. The null hypothesis

was accepted for each of these test cases. This indicates that there was no statistically
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Table 5.1
Laboratory Simulation of Ground Conditions
Reactor Study
Soil Digests Samples (in triplicate)
Results Presented as Average and Standard Deviation

Total Metals with Primary Drinking Water Standards

Note:* indicates approximate average and standard deviation for samples with
concentrations below the method detection limit

As Ba Cd Cr Cu Pb
(mg/Kg) | (mg/Kg) | (ug/Kg)} | (mg/Kg) | (mg/Kg) | (mg/Kg)
Clay
Average Concentration 13.8 49.43 <513%* 36.47 40.6 8.9
Standard Deviation 1.757 2669 | <101.65*| 0.666 23.3 0.6245
Clay and Tire Chips
Average Concentration | 16.97 46.9 <504* 33.37 21.93 7.583
Standard Deviation 7.975 10.39 | <146.37*%| 2.219 1.626 0.9866
Till
Average Concentration | 7.87 27.3 <3895% 25.2 13.77 5.173
Standard Deviation 1.49 1.916 | <91.82* | 1.082 0.2309 0.625
Tiil and Tire Chips -
Average Concentration | 7.383 26.23 1<395.67*| 236 15.13 4.883
Standard Deviation 0.5181 1.504 1<66.154*| 0.9165 | 0.8327 0.2
Peat
Average Concentration | <5.47% | 33.57 <1823.3*! <0.892 6.233 2.063
Standard Deviation |<0.9617%| 2.926 |<318.96%| <0.1065 1.42 0.1701
Peat and Tire Chips
Average Concentration | <7,95* 40.53 | <2646.7%| 5.743 21.83 11.19
Standard Deviation | <1.534% 1.06 |<512.48*| 0.792 0.8083 1.22
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Table 52

Laboratory Simulation of Ground Conditions

Reactor Study

Soif Digests Samples (in triplicate)
Resuits Presented as Average and Standard Deviation

Total Metals with Secondary Drinking Water Standards or with no Standard
Note: * indictaes approximate average and standard deviation for samples with concentrations below the

method detection Iimit

Ag Al Ca Fe Mg Mn Na Zn
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg} | (mg/Kg) | (mg/Kg} | (mg/Kg)
Clay
Average Concentration 1.07 18433 | 27367 | 17567 | 4846.7 | 175.67 | 351.67 | 56,733
Standard Deviation 0.6956 | 404.15 | 20.817 | 34429 | 72342 | 47258 | 27.647 | 8.6431
Clay and Tire Chips
Average Concentration 101 16900 | 2676.7 18733 | 4466.7 | 188.67 | 352.67 | 60.067
Standard Deviation 08848 | 1637.1 | 25502 | 26062 | 11504 | 56862 | 31.086 | 1.3614
Till
Average Concentration | 0.6033 11023 2350 14400 4510 315 342.33 | 35.867
Standard Deviation 0.3 1140.5 280 1600 219.32 18.52 10.97 0.6429
Tili and Tire Chips
Average Concentration | <0.3317*%1 10600 | 22233 | 14067 | 44067 | 35533 301 42.9
Standard Deviation | <0.056* { 173.21 | 86.217 | 19553 | 35642 | 32.532 1044 3.3422
Peat
Average Concentration |  5.01 3380 16600 3010 1643.3 § 14933 | 44533 | 37.933
Standard Deviation 2.827 33045 | 1216.6 | 286.88 1193 13317 | 11096 | 9.9299
Peat and Tire Chips
Average Concentration | <2.463* | 3623.3 | 15500 | 36467 | 1556.7 | 302.67 587 395
Standard Deviation | <0.435* | 72342 | 79373 | 42099 | 45.092 | 13.051 | 75.305 | 15.524
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significant difference in the concentrations from the reactors with tire chips when
compared to the control reactors for 1) aluminum, cadmium, copper, and sodium for the

till samples and 2) copper for the clay samples.

The remainder of the data sets were normally distributed. The t-statistic {Smith,
1988) was used to test the null hypothesis that the data from the mixed reactors came
from the same population as the data from the control reactors (i.e. the mean of the three
results for the control reactor would equal the mean of the three results for the
corresponding mixed reactor for each of the three soil types for each of the metals tested).
The assumptions made when using the student t test are that the data is normally
distributed and that the population standard deviations are equal. The rejection criteria
was set at a 95% confidence interval. The null hypothesis (Hg) was that pc=p where pc
is the mean of the control (soil and distilled water only) and pc is the mean of the mixed
sample with soil, tire chips, and distilled water (i.e. the data is from the same population).
The alternate hypothesis (H;) was that p1c<pic (i.e. the control mean is less than the mean
of the mixed samples with tire chips and therefore tire chips may have an effect on the
metal concentrations). The pooled sample vanance and the t-statistic for each set of
reactors for each metal are presented in Table 5.3. The pooled sample varance is the
combined vanance estimate of the samples. The individual vanances are combined in
proportion to their degrees of freedom. Also noted in Table 5.3 for each case is reject or

not reject the null hypothesis.

5.2.1.1 Metals with Primary Drinking Water Standards
The data analysis described above showed that barium, chromium, copper, and
lead sorbed to the soil were increased in the mixed reactor containing peat, tire chips, and
distilled water when compared to the control reactor that contained peat and distilled

water. Copper was the only metal with a primary drinking water standard that was sorbed
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Table 5.3
Laboratory Simulation of Ground Conditions
Reactor Study
Soil Digests Samples (in triplicate)
Resulis for Student t Test
95% Confidence Interval
: (95 = -2.132
Notes: NA=Not Applicable, Rej=Reject the nuli hypothesis, No rej=Cannot reject the null hypothesis

L0l

As Ba Cd Cr Cu Pb Ag Al Ca IFe Mg n Na Zn
Clay
Sph2 33.345 | 57.607 NA 2.683 | 272,74 | 0.6817 | 633331 | 1E+006 | 25533 | 9E+06 | 92333 | 27.333 | 865.33 | 38278
t -0.6716( 0.4091 NA 2.317 1384 1 19531} 0.0923 | 1,575 | 04599 | -0.4682 | 4.843 | -3,0454 | -0.04161 -0.8578
No Rej | No Rej NA NoRej | NoRej | NoRej | NoRej | NoRej | NoRej | NoRgj | No Rej Rej NoRej | No Rej
Till
Sph2 1.244 | 2,967 NA £.005 | 03733 | 02153 § 46569 | 665317 42917 | 3E+06 | 87567 | 700.67 | 114.67 | 5.7917
1 0.5344 1 0.7584 | NA 1.955 | 2739 | 0.7654 {1 1.541 | 0.6356 ] 0.7488 | 0.2285 | 04277 | -1.866 | 4.727 | -3.379
NoRej | NoRej| NA | NoRej Rej NoRej | NoRej | NoRej | NoRej | NoRej | NoRej | NoRej | NoRej Rej
Peat
Sph2 NA 4.843 NA 0.3194 § 1335 | 1.335 | 4E+06 | 57217 | 1E+06 } 9E+06 | 81333 ¢ 173.83 | 9006.7 | 169.8
t NA -3.877 NA | -10.514 ] -16.337 | -16.537 1 1.542 | -1.246 | 1.312 [ -13.733} 1177 {-14.2431 -1.828 | -35.56
NA RRej NA Rej Rej Rej | NoRegj | NoRej| NoRej Rej No Rej Rej NoRej | Rej




to the soil in higher concentrations in the mixed till, tire chips, and distilled water reactor
samples when compared to the samples from the control reactor containing till and
distilled water. In the clay there was no statistically significant increase in metals with
primary standards that were sorbed to the soil. This indicates higher mobility of metals in
clay due to less sorption to the soil particles. These results indicate that in peat, and to a
lesser extent in till, the tire chips were leaching metals with primary standards that were
sorbing to the soils under the conditions in the reactors. The metals were leached from the
tire chips and then sorbed to the soil particles, therefore increasing the metal

concentrations seen in the digestates of the soil samples.

The control reactor sample digest data indicated that several metals with primary
drinking water standards could leach from the soils. At the clay and till sites arsenic,
barium, chromium, copper, and lead were found in the soil. The peat samples contained

barium, copper, and lead.

5.2.1.2 Metals with Secondary Drinking Water Standards or with No Standard

The data analysis described above showed that iron, manganese, and zinc were
significantly higher in the soil samples from some of the mixed soil and tire chip reactors
than in the soil samples from the corresponding control reactors. Iron, manganese, and
zinc sorbed to the soil were significantly higher in the samples from the mixed peat, tire
chips, and distilled water reactor than in the samples from the control reactor that
contained peat and distilled water. The manganese concentration was also greater in the
mixed clay reactor samples and the zinc concentration was increased in the mixed till

reactor samples, when compared to the corresponding control reactor samples,

Analysis of the contro} reactor digestates indicated that all of the metals with
secondary standards were naturally present in all three soil types. The metals tested were

aluminum, calcium, iron, magnesium, manganese, silver, sodium, and zinc.
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5.2.2 Water Samples

The reactor samples were analyzed for eight metals that have primary drinking
water standards. The measured concentrations are summarized in Table 5.4. In addition,
the reactor water samples were analyzed for five metals with secondary drinking water

standards and three metals with no standard. These results are summarized in Table 5.5.

5.2.2.1 Metals with Pimary Drinking Water Standards

Dissolved chromium was detected in three of the eight reactor water samples. The
highest level of dissolved chromium found was 14 pg/L (till and tire chips sample), which
is approximately 14% of the primary drinking water standard for chromium {100 pg/L).
In each of the control reactors {soil and distilled water only), dissolved chromium was
below the method detection limit (2 pg/L), while in the mixed reactors (containmg soil,
tire chips, and distilled water) chromium levels ranged from 2 pg/L to 14 pg/L. Dissolved
chromium was not detected in the samples from etther of the reactors that contained only

tire chips and distilled water. The concentration of chromium from the tire chips ranged

from <4 pg/Kg to 29 pg/Ke.

Total chromium was detected in all eight of the reactor samples. Total chromium
levels were five to 13 times higher in the samples from the reactors that contained soil and
tire chips than the samples from the reactors that contained only soil. The highest
chromium level found was 67 pg/L in the sample from the mixed clay and tire chips
reactor, the total chromium concentration in the corresponding control reactor (clay‘and

distilled water only) was 12 pg/L. The concentration of total chromium from the tire
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Table 5.5

Laboratory Simulation of Ground Conditions
Reactor Study
Water Samples
Metals with Secondary Drinking Water Standards or with no Standard
Units: ug/L (ppb)
Notes: NA=Not Applicable, SDWS=Secondary Drinking Water Standard

Ag Al Ca Fe Mg Mn Na Zn
Diss/Total | Diss/Total Diss/Total Diss/Tatal Diss/Total | Diss/Total | Diss/Total | Diss/Total
SDWS 100 50-200 NA 300 NA 50 NA 5000
Detection Limit 5 150 100 100 100 2 500 3
Sample

Clay <5/<5 254 /6960 5610/ 11100 7276350 1270/ 3550 <2 /31 2700 /4560 <3/3
Clay and Tire Chips <5/<5 165 /23600 | 105000/ 2150001 12700 /75500 119200 /46600] 241074960 1 9420/ 18800 15/544
Peat <5/<5 358 /838 10000 / 19900 779 /1660 2640/ 5490 04 /189 511079760 <3/<3
Peat and Tire Chips <5[/<5 144 /933 | 55800/ 117000 { 43000/ 113000 115600 /33100 1030/2100 111800 /229001 18/427
Till <5 /<5 446 / 4920 2920/ 5550 301 /6050 1350 /4320 3/87 2570/ 4890 <3/<3
Till and Tire Chips <5/<5 112 /3850 | 777007 160000 | 10600 /67700 |23800 75080019120/ 15500{ 10200 /20700 <3/52
Unwashed Tire Chips <5 7«5 a1/339 26200 /52700 | 36600/ 103000 | 2270/4640 437 /868 | 7500/ 15700 67112
Washed Tire Chips <5 /<5 1727195 15400 /31000 | 52700/ 1130001 1790/3630 | 783 /1570 { 7040/ 13600 15/176




chips ranged from 4 pg/Kg in the samples from the reactors containing only tire chips, to

108 pg/Kg in the mixed tire chips and clay reactor sample.

Table 5.6 compares the concentrations of metals found in the reacter water
samples to the total theoretical leaching potential of the metals from the soils and the tire
chips. The theoretical leaching potential from tires was determined using the resuits of the
TCLP study (Chapter 4). The concentrations of metals in pg/Kg of tire chup were used
knowing the mass of tire chips added to each reactor to determine the total theoretical
mass of a particular metal that could have come from the tire chips. The soils digest data
were used in a similar manner to determine the total theoretical leaching potential from the

soiis.

Chromium 1s a trace component of steel tire cord and bead wire (Dunlop Tire
Corporation, 1990). Though the concentrations of chromium in the reactors that
contained only tire chips were below the detection limit, the chromium data show that
under the environmental conditions where the tire chips are in contact with the soils,
chromium is increased. For the till and clay reactors the source of the chromium cannot
be identified because, as seen n Ta_ble 5.6, the theoretical total leaching potential from
both the soil and the tire chups is greater than the concentration of chromium that was
actually present. However, there is no leaching potential for chromium from the peat,
based on the soil digest data. Hence the increase in chromium in the peat reactor must be
due to the tire chips. Based‘on these data it can be concluded that, under some
conditions, tire chips will leach low levels of chromium. In addition, the environmental
conditions created by placing tire chips in contact with soil and water may cause increases

in chromium due to release from the soil matrix.

112



£l

Table 5.6

Laoboratory Simulntion of Grdund Conditions

Reactor Study

Water Samples

Metals with Primary Drinking Water Standards
Notes: x=Concentration From Tire Chips, y=Mass From Tire Chips, NA=Not Applicable

Actual Actual Actunl Actual Thearetical Theoretical
Concentration | Concentration | Concentration Concentration Concentration Potential Potential
in Water From Soil From Soil From Tire TFrom Tire Concentration | Concentration
Diss/Total Diss/Total Diss/Total Chips Chips From Soil From Tire
{ug/L} {up/Kg) {ug) Diss/Total Diss/Total {up) Chips
{(ug/Kg) {ug) {ug)
Arsenic
Clay <15 /<15 <16.8/<16.8 <225 /<225 184000
Clay and Tire Chips 18.9/38.4 3.9<x<18.9/42.5<x<75.6 { 23.4<y<ii3 /255<y<d5q 145000 ]
Peat <15/<15 NA /NA NA /NA 102000
Peat and Tire Chips <15 /<15 NA /NA NA /NA 75500 0
Till <15/<13 NA /NA NA /NA 375000
Till and Tire Chips <15 /<15 NA/NA NA /NA 287000 0
Unwashed Tire Chips <15/ <15 NA /NA NA /NA NA /NA NA /NA NA 0
Copper
Clay <4/15 NA /17 <60 /225 542000
Clay and Tire Chips <4 /32 NA /33 NA /198 426000 NA
Peat _ <4 [ <4 NA /26 <472 /378 19000
Peat and Tire Chips <4 /14 NA [ 25<x<35 NA / 150<y<210 14000 NA
Till <4 /5 NA/6 <66/ 82.5 189000
Til and Tire Chips <4 /<4 NA /NA NA /NA 144000 NA
Unwashed Tire Chips <4 <4 NA/NA NA /NA NA /<8 NA /<63 NA NA
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Table 5.6 Continued
Laborntery Simulation of Ground Conditions
Reactor Study
Water Samples
Metals with Primary Drinking Waoier Standards

Notes: x=Concentration From Tire Chips, y=Mass From Tire Chips

Actual Actual Actual Actual Theoretical Theoretieal
Concentration | Concentration | Concentration | Conceniration Concentration Paotential | Potential
in Water From Soil From Soil From Tire From Tire Concentration Concentration
Diss/Total Diss/Total Diss/Total Chips Chips From Seil From Tire
(up/L} {ug/Kg) {ug) Diss/Tatal Diss/Total {up) Chips
(ug/Kg) {ug) {ug)
Bariem

Clay <i/24 <l.t/27 <{5 /360 660000

Clay and Tire Chips <l /72 NA /54 NA / 564 519000 17879
Peat 3/10 20 /64 597196 102000

Peat and Tire Chips 31/94 69 /207 $14 /1242 75500 17880
Till <l /19 <1.2/23 <i6.5/<314 375000

Till and Tire Chips 2/30 2ax<d [ 23 12<y<24/ 138 287000 17883

Unwashed Tire Chips 111/228 NA /NA NA /NA 111 /228 874 /1796 NA 23470

Chromium

Clay <2/12 <22/13 <30/ 180 487000

Clay and Tire Chips 8767 12<x<16/ 108 T2<y<96 [ 648 383000 10079

Peat ) <2/<2 <]3 /<13 <39 [ <39 NA
Peat and Tire Chips 2/27 O<x<5 [ 62<x<67 | D<y<30/372<y<402 NA 10080
Till <2/6 <2d4/7 <33 /99 346000 .
Till and Tire Chips 14740 25<x<29/71 150<y<174 / 426 265000 10081
Unwashed Tire Chips <2/2 NA /NA NA / NA <4 /4 <31.5/31.5 NA 13230




Barium was detected in five of the eight reactor water samples. The highest
dissolved barium level (57 pg/l) was found in the unwashed mixed tire chip reactor
sample, with that level being less than 6% of the primary drinking water standard of 2000
ug/L for barium. Dhssolved barium was not detected in either of the reactors that
contained clay, but was detected in both samples from the reactors that contained peat (3

g/L. for peat alone and 31 pg/L for peat and tire chips), and in the sample from the
reactor that contained till and tire chips (2 pug/l.). The concentration of banium expressed
in terms of mass of tire chips ranged from <2 pg/Kg (clay and tire chip sample) to 221

pg/Kg (unwashed mixed tire chip sample).

Total barium levels were 1.5 to 9 times higher in all the mixed soil and tire chip
reactors samples than in the corresponding control reactor (soil and distilled water only)
samples. The highest level of total barium found was 228 pg/l.. The concentration of
total barium from the tire chips ranged from 23 pg/Kg for the till and tire chip reactor

samples to 454 pg/Kg for the unwashed tire chips reactor sample.

The TCLP testing indicated leaching potential for barium from tire chips (Taﬁle
4.1). The analysis of the samples from the reactors that contained only tire chips supports
the TCLP data. Barium was increased also in each of the three soil types. As seen in
Table 5.6, the theoretical leaching potential from both tire chips and the soils is great
enough to account for the increases in barium. Under the conditions created in the
reactors, barium is released frorﬁ the soils or the tire chips or both, but the source cannot
be identified based on this data. There is potential for barium levels to increase under
conditions where tire chips are placed in contact with soil and water. Barium levels could
also be expected to increase where tire chips are in contact with water in the absence of

soil.
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Dissolved arsenic was less than the method detection limit for all samples tested,
while total arsenic was less then the method detection fimit of 15 pg/L for the samples
from all the reactors except the mixed reactor containing clay, tire chips, and distilled
water. The level of arsenic in that reactor water sample was 38.4 pg/L, with the primary
drinking waier standard for arsenic being 50 pg/L. This would result in an apparent
concentration of arsenic from the tires of 67.3 pg/Kg. However, the results of the TCLP
testing showed that there was no potential for leaching of arsenic from tires (Table 4.1).
In this case, it appears that environmental conditions were created in the clay and tire chip
reactor that favored release of arsenic from the soil. It is not likely that the tire chips are

the source of the increase in arsenic,

Dissolved copper was below the method detection mit (4 pg/L) for all samples
tested. The levels of total copper were higher in the mixed reactors that contained clay
and tire chips and peat and tire chips than each of the corresponding control reactors (soil
and distilled water only). The highest level of total copper found was 32 pg/L. The
primary drnking water standard for copper is 1300 pg/l.. The concentration of total
copper from the tire chips ranged from 8 pg/Kg in the samples from the reactors
containing only tire chips and distilled water, to 33 pg/Kg in the mixed tire chips and clay

reactor sample.

Leaching of copper is not part of the TCLP test, therefore leaching potential data
for copper from tire chips is not available. As seen in Table 5.6, the theoretical leaching
potential from the soil samples is high enough to account for the increases in total copper.
Neither dissolved copper or total copper were detected in the samples from the reactors
that contained only tire chips. Copper 1s a trace constituent in steel tire cord and beadwire

(Dunlop Tire Corporation, 1990). This reactor study shows that conditions can be created
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that favor increases in total copper. However, the source of the copper cannot be

identified as the soil or the tire chips.

Dissolved lead, mercury, and copper levels were below the method detection limits
of 5 ug/L, 0.0001 pg/L, 5 pg/L, respectively for the samples from all the reactors. Total
lead and total cadmium levels were below the method detection limits of 5 pg/L for the

samples from all the reactors.

5.2.2.2 Metals with Secondary Drinking Water Standards or with No Standard

The dissolved iron levels in the mixed reactors (soil, tire chips, and distilled water)
samples were 35 to 76 times higher than the dissolved iron levels in the corresponding
reactors that contained oniy soil and distilled water. All samples had dissolved iron levels
above the secondary drinking water standard of 300 pg/l, except for the sample from the
reactor that contained only clay. The highest level of dissolved iron was 52,700 pg/L,
which was in the sample from the reactor that contained only washed mixed tire chips and
distilled water. The concentrations of dissolved iron expressed in terms of mass of tire
chips ranged from 21,600 pg/Kg in the till and tire chips reactor sample to 104,000 pe/Kg

for the washed tire chips sample and the peat and tire chips reactor samples.

Total iron in the mixed soil and tire chip reactors was approximately 11 to 68
times higher than the total iron concentration in the corresponding control reactor (soil
and distilled water only) sample. The maximum concentration of total iron from the tire
chips was 274,000 pg/Kg. The concentrations in terms of mass of tire chips in the

samples from the reactors that contained only tire chips were 205,000 pg/Kg and 222,000
hg/Ke.

Increased iron concentrations can be expected when steel belted tire chips are in

contact with water or with water and soil. Since iron is not one of the TCLP metals, the
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theoretical leaching potential for iron could not be computed. However, the samples from
the reactors that contained only tire chips had high levels of dissolved and total iron. As
seen in Table 5.7, the theoretical leaching potential for iron from the soil is significant. In
each case, for the three different soil types, the iron concentration is higher when tire chips
are included in the reactor. Iron levels much higher than the secondary drinking water

standard can be expected when using tire chips below the groundwater table.

Levels of dissolved manganese in the mixed soil and tire chips reactor samples
were much higher than the levels of dissolved manganese in the corresponding control
reactors (soil and distilled water only). The secondary drnking water standard for
manganese is 50 pg/L.. The secondary drinking water standard was exceeded by all of the
samples from the mixed soil and tire chip reactors and by the samples from the reactors
that contained only tire chips. The only control reactor sample that exceeded the drinking
water standard was the peat reactor. The highest dissolved manganese level was 9120
ng/L (clay and tire chips mixed reactors). Dissolved manganese was approximately 10
times higher in the mixed peat reactor than in the reactor with only peat, while it was
approximately 1000 times higher in the mixed clay reactor than in the reactor with only
clay and was approximately 3000 times higher in the mixed till reactor sample than in the
reactor with only till. The concentration of dissolved manganese expressed in terms of
mass of tire chips from the reactors that contained only tire chips were 870 ng/Kg and
1540 pp/Kg. The levels of manganese in the mixed reactors were higher than the additive
expected effects from the soil and tire chip contributions when considered separately. The
expected level could be approximated by adding the concentrations from the tires alone to
the concentration from the soil alone. The highest manganese concentration from the tire

chips found was 19,200 pg/Kg.
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Table 5,7 Continued
Laboratory Simulation of Ground Conditions
Reactor Study
Water Samples

Mectals with Secondary Drinking YWater Standards or with no Siandard

Notes: x=Concentration IFrom Tire Chips, y=Mass From Tire Chips, NA=Not Applicable

Actunl Actual Actual Actual Theoreticai Thearetical
Concentration | Concentration | Concentration Concentration Concentration Potential Potentiat
in Water From Soil From Soil IFrom Tire From Tire Concenfration Concentration
Diss/Total Diss/Total DissfTotal Chips Chips From Soil From Tire
{ug/L) {up/Kg) {up} Diss/Total Diss/Tatal (ug) Chips
{ug/Kp) {ug) {ug)
iron
Clay 72 /6350 8177130 1083 /95200 234000000
Clay and Tire Chips 12700 /75500 24800 / 136000 149000 / 816000 184000000 NA
Peat 7797 1660 4990 / 10600 15300 /32500 9200000
Peat and Tire Chips 43000 /113000 104000 / 274000 | 624000/ 1640000 6770000 NA
Till 301 /6050 361 /7260 4970 / 99800 198000000
Till and Tire Chips 10600 /67700 21600/ 12900 130000 / 77400 151000000 NA
Unwashed Tire Chips | 36600/ 103000 NA f NA NA [ NA 14900 / 205000 117000/ 1610000 NA NA
Sodium
Clay 2700 / 4560 303075120 2700/ GB400 4690000
Clay and Tire Chips 9420 7 18800 13200/ 28000 79200 / 168000 3620000 NA
Peat 5110/9760 32800 /62600 | 100000/ 191000 IL36()O{}O
Peat and Tire Chips 11800 /22900 16500 /23200 99000 / 139000 1000000 NA
Tili 2570 7 4890 3080/ 5870 42400 / 80700 4700000
Till and Tire Chips 10200 / 20700 16000 /33200 96000 / 199000 3590000 " NA
Unwashed Tire Chips 7500/ 15700 NA [ NA NA /NA 14900 /31300 89400 / 188000 NA NA
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Table 5,7 Continued
Laboralory Simulation of Ground Conditions
Reactor Study
Water Samples
Metals with Secondary Drinking Water Stondards or with no Standard
Notes: x=Concentration Froin Tire Chips, y=Mass Irom Tire Chips, NA=Not Applicable

Actun} Actual Actual Aciunl Theoretical Theoretical
Concentration | Concentration | Concentration Concentiration Concentration Potential Potential
in Water [From Soil From Soil From Tire From Tire Conceniratisp Concentratinn
Diss/Total Diss/Totul Diss/Total Chips Chips From Sei! From Tire
(ug/L) {ug/Kg) {up) DissfTotal Diss/Total {up) Chips
[up/Kp) {ug) (ug)
Muagnesium

Clay 1270/ 3550 1430 /3990 19000 / 53200 64700000

Clay and Tire Chips 19200 / 46600 35200 / 84600 211000/ 508000 50960000 NA
Peat 2640 / 5490 16000 /35200 | 51700/ 108000 5020000

Peat and Tire Chips 15600 /33100 32000 / 68100 192000 / 409000 3700000 Na
TiHl 1350/ 3420 1620/4100 22300 / 56400 62000000

Till and Tire Chips 23800 / 50800 47000 / 99600 282000 / 2450000 47400000 NA

Unwashed Tire Chips 2270/ 4640 NA /NA NA /NA 4520 /9240 35600/ 72800 NA NA

Manganese

Clay <2731 <2.2735 <30/ 465 2340000

Clay and Tire Chips 2410/ 4960 4740 / 9700 28400 /58200 1840000 NA

Peat G4 /189 602 /1210 1840 / 3700 4356000

Peat and Tire Chips 103072100 2310/ 4720 13900 / 28300 336000 NA
Tilk 3/87 3.6/104 49.5 / 1440 4330000

Till and Tire Chips 09120/ 15500 19200 /32400 1150007 194000 3310000 NA

Unwashed Tire Chips 437 / 868 NA [ NA, NA JNA, 870 /1730 6850/ 12600 NA NA




Table 5.7 Continued
Laboratory Simulation of Ground Conditions
Reactor Study
Water Samples
Metals with Sccondary Drinking Water Standards or with no Standard
Notes: x=Concentration From Tire Chips, y=Mass From Tire Chips, NA=Not Applicable

[AA!

Actual Actun} Actual Actual Theoretical Theorcetical
Concentration { Concentration Concentration Concentration Concentration Potential Potential
In Water IFrom Sofl From Soll From Tire From Tire Concentration Concentration
Diss(Total Diss/Total Diss/Total Chips Chips ['rem Soi} From Tire
{up/L} (up/Kg) () Diss/Tutal Diss/Total {ng) Chips
{ug/Kp) {tag) (ug)
Zinc
Clay <3/<3 <34 /<34 <45/ <d5 757000
Clay and Tire Chips 15/ 544 2d<x <30/ 1060<x<1070 Fdd<y<1B0 / 6360<y <120 596000 NA
Peat <3/<3 <19 /<19 <588 /<58.8 116000
Peat and Tire Chips 18 /427 37 <x<dd [ 1050 222<y<264 /6300 85300 NA
Til <3/<3 <3.6/<3.6 <499/ <d9.9 493000
Till and Tire Chips <3/52 NA [ 103<x<108 NA [ 618<y<B54 377000 NA
Unwashed Tire Chips 6/112 NA /NA NA [ NA 12/223 94.5 /1760 NA NA




The total manganese levels in the mixed soil and tire chip reactors were
approximately 11 to 168 times higher than the manganese levels in the corresponding
control reactors (soil alone). The maximum concentration of manganese expressed in
terms of mass of tire chips was 32,400 pg/Kg. The concentration of total manganese from

the tires in the samples from the reactors that contained only tire chips were 3450 pg/Kg

and 6080 pg/Kg.

The results show that when tire chips are in contact with soil and water, there is a
significant potential for leaching of manganese. As with iron, the theoretical leaching
potential for manganese based on TCLP testing is not available, but manganese was seen
tn the samples that contained only tire chips. It is possible that the environmental
conditions created in the reactors favored release of manganese from the soil and from the
tire chips. Manganese is present in steel tire cord and beadwire at concentrations of
0.40% to 0.70% (Dunlop Tire Corporation, 1990). Manganese levels in groundwater are
expected to be well above the secondary drinking water standard when using tire chips in

construction applications below the groundwater table.

Dissolved zinc was detected in four of the eight reactors. Dissolved zinc was not
detected in any of the control reactors or in the reactor containing mixed till and tire chips.
The levels in the reactors containing only tire chips were 6 pg/L and 15 pg/L. The
concentrations of dissolved zinc in the mixed clay and mixed peat reactors were 15 pg/L
and 18 pg/L, respectively. All the values were much less than the secondary drinking

water standard for zinc (5000 pg/L).

The highest level of total zinc was in the mixed clay and tire chips reactor. The

level was 544 pg/L which corresponds to a concentration in terms of the mass of tire chips
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of approximately 1060 ug/Kg. The highest level of 544 pg/L is approximately 11% of the
secondary drinking water standard of 5000 pg/L.. The levels of total zinc in the mixed
reactors were much higher (approximately 17 to 181 times higher) than the levels in the

corresponding control reactors. The concentrations in terms of mass of tire chips ranged

from 103 ug/Kg to 1060 pg/Kg.

As seen in Table 5.7, the leaching potential from the soil itself is great enough to
account for the increase in total zinc levels. However, dissolved and total zinc were found
in the samples from the reactors containing only tire chips. Again, it appears that
conditions were created in the reactors that favored the release of zinc. The source of the
zinc cannot be identified, both the soils and the tire chips have the potential to increase the
zinc concentration. Based on this research, the composition of tires, and previous
research, it is reasonable to expect increased zinc levels when using tire chips, but it is

unlikely that the levels will exceed the secondary drinking water standard.

Dissolved aluminum levels were higher in the reactors that contained only soil than
in the corresponding mixed reactor that contained soil and tire chips. The secondary
drinking water standard for aluminum is a range, from 50 pg/L to 200 pg/L. The
concentrations of aluminum in all the reactors that contained soil only exceeded 200 pg/L.
The dissolved aluminum concentrations in all samples tested exceeded 50 pg/l.. The
concentration of aluminum in terms of mass of tires in the samples from the reactors that
contained only tire chips were 338 pg/Kg and 181 png/Kg for the washed mixed tire chips

and the unwashed mixed tire chips, respectively.

Unlike dissolved aluminum, the total aluminum concentrations in two of the mixed
soil and tire chips reactors (clay and peat) were greater than the aluminum concentrations

in the corresponding comtrol reactors (soil and distilled water). The total aluminum
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concentrations in terms of mass of tire chips were 675 pg/Kg and 388 pg/Kg in the

samples from the reactors that contained only tire chips and distilled water.

Based on the aluminum data in Table 5.7, it appears that tire chips leach aluminum.
However, the leaching potential for aluminum from the soil matrix is significant. The
source of the aluminum increases could be the soil or could be a combination of the soil
and the tire chips. It is likely that the largest contributor to the aluminum concentration is
the soil, especially at the clay and till sites, since the structure of clay molecules often

include aluminum atoms.

The dissolved calcium levels were higher in the mixed soil and tire chips reactor
than in the corresponding control reactors (soil only). There is no drnking water standard
for calcium. The dissolved calcium concentration expressed in terms of mass of tire chips
for the samples from the reactors that contained only tire chips were 52,200 pg/Kg and
30,300 ug/Kg. The highest concentration of dissolved calctum from the tires was 209,000

pg/Kg in the mixed reactor that contained clay and tire chips.

Total calcium levels were also higher in the samples from the reactors that
contained tire chips than in the corresponding control reactors. Both the soils and the tire
chips show high potential for leaching calcium (Table 5.7). The source of the increased
calcium here cannot be identified, however, the environmental conditions created in the

reactors promote the release ‘of calcium.

Levels of dissolved magnesium in the mixed soil and tire chip reactors were much
higher than the levels of dissolved magnesium in the corresponding control reactors (soil
and distilled water only). There is no drinking water standard for magnesium. Dissolved

magnesium was approximately 15 times higher in the mixed peat and tire chips reactor

125



than in the reactor with peat alone, while it was approximately 6 times higher in the mixed
clay and tire chips reactor than in the reactor with clay alone, and was approximately 18
times higher in the mixed till and tire chips reactor than in the reactor with till alone. The
concentration of dissolved magnesium expressed in terms of mass of tire chips from the
samples from the reactors that contained only tire chips and distilled water were 4520
ng/Kg and 3520 ug/Kg. Magnesium showed similar behavior to manganese in that levels
of magnesium in the mixed soil and tire chips reactor samples were higher than the
expected additive effects from the soil and tire chip contnbutions when considered
separately. The highest magnesium concentration from the tire chips found was 47,200
ng/Kg in the mixed till and tire chips reactor. The contributions from the tire chips were

higher in the mixed reactors than in the reactors containing only tire chips.

Total magnesium showed similar behavior to dissolved magnesium in that levels of
magnesium in the mixed soil and tire chips reactors were higher than the expected additive
effects from the soil and tire chip contributions when considered separately. The
concentrations of total magnesium expressed in terms of mass of tire chips from the
reactors that contained only tire chips were 9240 pg/Kg and 7140 ug/Kg. The highest
total magnesium concentration from the tires was 99,600 pg/Kg (mixed till and tire chips

reactor).

The dissolved sodium concentration for the control reactors (soil and distilled
water only) was highest in the sﬁmple from the peat reactor. There is no drinking water
standard for sodium, however, high sodium levels in drnking water are of concern for
individuals with hypertension. The concentration from the tire chips ranged from 13,800
ug/Kg to 16,500 pg/Kg. Unlike the magnesium and manganese behavior, the sodium
results from the mixed reactors are approximately equal to the summation of the expected

contributions from the tire chips and the soil. The behavior for total sodium was similar to
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that of dissolved sodium. However, the levels for total sodium were approximately double

those for dissolved sodium.

Dissolved and total silver levels were below the method detection limit of 5 pg/L
in all the reactors. The drinking water standard for silver is 100 pg/L.. The TCLP testing

also supports this data since no silver was found in the TCLP extracts.

5.3 ORGANICS RESULTS

5.3.1 Semivolatile Organmic Compounds Results

The semivolatile organic compounds analyzed in the reactor water samples are
listed in Table 5.8. Table 5.8 includes those compounds detected and those not detected.
The concentrations of the semivolatile organic compounds that were detected are
presented in Table 5.9. The semivolatile organic compounds found in the three mixed
reactors containing soil, tire chips, and distilled water were 4-acetyl-morpholine, and
2(3H)-benzothiazolone. Aniline was found in three of the five reactors that contained tire
chips. In addition, benzoic acid was found in the mixed peat, tire chips, and distilled water
reactor. No semivolatile organic compounds were found in the control reactors. The
semivolatile compounds other than aniline found in the reactor water samples were
reported as tentatively identified compounds with estimated concentrations in pg/L. The
tentatively identified compounds in the reactor that contained unwashed tire chips and
distilled water were benzoic acid, benzenepropanoic acid, and 2(3H)-benzothiazolone with
estimated concentrations of 200 pg/L, 400 pg/L, and 400 pg/L, respectively. The
tentatively identified compounds in the reactor that contained washed tire chips and
distilled water were 4-acetyl-morpholine (200 pg/L), benzothiazole (200 pg/L), benzoic
acid (400 pg/L), benzenepropanoic acid (400 pug/L), and 2(3H)-benzothiazolone (400

pg/L). Aniline was found in the mixed reactors that contained clay and tire chips and tili
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Table 5.8
Laboratory Simulation of Ground Conditions
Reactor Study
Semivolatile Organics
Water Samples
Notes: MRL=Method Reporting Limit (ug/L), D=Detected, NA=Not Applicable, Empty boxes
indicate that the compound was not detected
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= 3 i = =

o | 2w | X + | | 2

2lE 5|5 |=|=2|2|2

Compound MRL | T O & & = o = =

Aniline 10 D D D

2-Chlorophenol 10
bis{2-Chlorosthyi}ether 10
phenol 10
1,3-Dichlorobenzene 10
1,4-Dichlorobenzene 10
1,2-Dichlorobenzene 10
bis(2-Chloroisopropyljether or 2,2 10
2-Methylphenol or o-Cresol 10
Hexachloroethane 10
n-Nitrosode-n-propylamine 10
4-Methyiphenol or p-Cresol 20
Nitrobenzene 10
Isophorone 20
2-Nitrophenol 10
2 4-Dimethylphenol 10
a,a-Dimethylphenethylamine 10
his(Z-Chloroethoxy)methane 10
2 ,4-Dichlorophenol 10
1,2 4-Trichorobenzene i0
Naphthalene 10
4-Chloroaniline 20
Hexachlorobutadiene 10
2-Methylnaphthalene 10
4-chloro-3-Methylphenol 10
Hexachlorocyclopentadiene 10
2,4,6-Trichlorophenol 16
2 4,5-Trichlorophenol 10
2-Chloronaphthalene 10
Safrole 10
2-Nitroaniline 50
Acenaphthylene 10
Dimethyl phthalate 20
2,6-Dinitrotoluene 10
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Table 5.8 Continued
Laboratory Simuiation of Ground Conditions
Reactor Study
Semivolatile Orpanics
Water Samples
Notes: MRL=Method Reporting Limit {(ug/L), D=Detected, NA=Not Applicable, Empty boxes
indicate that the compound was not detected
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Compound MRL| & | D |& | & |&alE S5 1{=®
Acenaphthene 10
3-Nitroaniline 50
2 A-Dinitrophenol 50
Dibenzofuran S0
2 4-Dinitrotoluene 10
4-Nitrophenol 50
Fluorene 10
4-Chlorophenyl phenyl ether 10
Diethyl phthalate 20
4-Nitroaniline 50
4,6-Dinitro-2-methylpheno! 20
n-Nitrosodiphenylamine 10
4-Bromopheny! phenyl ether 10
Hexachlorobenzene 10
4-Aminobiphenyl 10
Pentachlorophenol S50
Phenanthrene 10
Anthracene 10
Carbazole 10
di-n-Butyl phthalate 16
Fluoranthene 10
Pyrene 10
Butyl benzyl phthalate 10
benzo(a)Anthracene 10
Chrysene 10
3,3-Dichlorobenzidine 20
bis(2-Ethylhexyl)phthalate 20
di-n-Octyl phthalate 20
benzo{b)Fluoranthene 10
benzolk)Fluoranthene 10
benzo(a)Pyrene 10
indeno(123-cd)Pyrene 10
dibenzo(a,h)Anthracene 10
benzo(ghi)Perylene 10

4-Acetyl-morpholine NA D D D D

2(3H)-Benzothiazolone NA D D D D D

Benzoic Acid NA D D b

Benzenepropanoic Acid NA D D

Benzothiazole NA b
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Table 5.9

Laboratory Simulation of Ground Conditions

Reactor Study

Semivolatiie Organics Detected

Water Samples

Notes: MRL=Method Reporting Limit (ug/L}, NA=Not Applicable, ND=Not Detected
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Compound MRL | O O & & o £ - =
Aniline 10 ND [477] ND | ND | ND | 294 | 24.6 | ND
4-Acetyl-morpholine NA | ND | 400§ ND | 200 | ND | 200 | ND | 200
2(3H)-Benzothiazolone NA | ND | 600 { ND | 400 | ND | 400 | 400 | 200
Benzoic Acid NA | ND{ ND | ND | 200 | ND | ND | 200 | 400
Benzenepropanoic Acid NA | ND | ND | ND | ND | ND | ND | 400 | 400
Benzothiazole NA { ND|{ND|ND|ND| NDi ND | ND| 400
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and tire chips (47.7 pg/L and 29.4 pp/L, respectively) but was not found in the mixed
reactor that contained peat. Aniline was also found in the unwashed mixed chip reactor
(24.6 pg/L) but was not found in the washed mixed chip reactor. Aniline, benzothiazole,

and 2(3H)-benzothiazolone were also found in the TCLP extracts in this study.

Many of the compounds found in the batch reactor samples can be identified as
rubber processing chemicals or as end products of other chemicals used in rubber
processing. Aniline is used as an antidegradant, benzoic acid is used as a retarder, and
benzothiazoles are used as accelerators (Fishbein, 1991). Two compounds found that are
probable stable end products of 2-mercaptobenzothiazole (MTB) are 2(3H)-
benzothiazolone and benzothiazole (Brownlee et al., 1992). MTB was not found in the
reactor water samples but it is used as an accelerator. The stable end products of MTB

are formed by methylation, photolysis, and oxidation processes (Brownlee et al., 1992).

5.3.2 Volatile Organic Compounds Results

The volatile organic compounds analyzed in the reactor water samples along with
their detection himits are presented in Table 5.10. Table 5.10 lists the compounds detected
and the compounds not detected. The concentrations of the compounds that were
detected are presented in Table 5.11. Toluene was found in all the reactor water samples
and was also found in the blank (1.1 pg/L) that was shipped with the samples. The
drinking water standard for toluene is 1000 pg/l, all ievels of toluene found were well
below the drinking water standard (the highest level found was 3.6 pg/L). Benzene and
cis-1,2-dichloroethene were found in the mixed soil, tire chips, and distilled water reactors
but were not found in the corresponding control reactors. Benzene and cis-1,2-
dichloroethene were also found in the sample from the washed mixed tire chips and
distilled water reactor but were not found in the unwashed mixed tire chips and distilled

water reactor. The drinking water standard for benzene is 5 pg/L. The concentration of
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Table 5.10

Laboratory Simulation of Ground Conditions

Reactor Study
Water Samples

Yolatile Organic Compounds

Notes: MDL=Method Detection Limit (ug/L), D=Detected, Empty boxes indicate that the
compound was not detected ;

: -
2 2 <1813
e - - E )
S < S & |2
= g e | g | &
= = E| 5|3
=2 + o =
E | F|E|8l8|l=|=|E|28
Compound MDL 1 = | O |0 | & lalElE || E
Dichlorodiflucromethane 1.0
Chloromethane 1.0
Chloroethene 1.0
Bromomethane 1.0 D
Chloroethane 1.0
Tricholorofluoromethane 1.0
1,1-Dichloroethenes 0.5
Dichloromethane 0.5 D D D D D D D
MTBE 0.5
trans-1,2-Dichloroethene 0.5
1,1-Dichloroethane 0.5 D
cis-1,2-Dichloroethene 0.5 D D D D
2,2-Dichloropropane (.5
Bromochloromethane 0.5
Trichloromethane 0.5 D D
1,1,1-Trichloroethane 0.5
1,1-Dichloropropene 0.5
Tetrachloromethane 1.0
Benzene 0.5 b D D D D
1,2-Dichloroethane 05
Trichloroethene Q.5 D
1,2-Dichloropropane . 0.5
Dibromomethane 0.5
Bromodichloromethane 1.0 D
{Z)-1,3-Dichloropropene 0.5
Toluene 0.5 D D D b D. D D D D
{E)-1,3-Dichloropropene 0.5
1,1,2-Trichloroethane 0.5
1,3-Dichloropropane 0.5
Tetrachloroethene 0.5
Dibromochioromethane 0.5
1,2-Dibromoethane 0.5
Chlorobenzene 0.5
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Laboratory Simulation of Ground Conditions

Table 5.10 Continued

Reactor Study
Water Samples

Notes: MDL=Method Detection Limit (ug/L), D=Detected, Empty boxes indictae that the

compound was not detected

2|

t& g_ w 5 '%

= o B @ O

O O = = pel

s e ] = =

= = @ g | E

n e E|% |3

a2 ¥ + + o =

g = = | &8 s = P z =

Compound MDL | 2 | D10 & |& & |E o |B
1,1,1,2-Tetrachloroethane 0.5
Ethylbenzene 0.5
m-Xylene+p-Xylene 0.5
o-Xylene 0.5
Styrene(ethyl-benzene) 1.0
Bromoform 0.5
iso-Propylbenzene 0.5
1,1,2,2-Tetrachloroethane 0.5
1,2,3-Trichloropropane 0.5
Bromobenzene 0.5
n-Propylbenzene 0.5
2-Chlorotoluene 0.5
1,3,5-Trimethylbenzene 0.5
4-Chlorotoluene 0.5
tert-Butylbenzene 0.5
1,2 4-Trimethylbenzene 0.5
sec-Butylbenzene 0.5
4-iso-Propylioluene 0.5
1,3-Dichiorobenzene 1.0
1,4-Dichlorobenzene 0.5
n-Butylbenzene 1.0
1,2-Dichlorobenzene 0.5
1,2-Dibromo-3-chloropropane| 1.0
1,2,4-Trichlorobenzene 1.0
Hexachlorobutadiene 0.5

Naphthalene 0.5 D

1,2,3-Trichlorobenzene 0.5
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Table 5.11

Laboratory Simulation of Ground Conditions

Reactor Study

Water Samples

Volatile Organic Compounds Detected

Notes: MDL=Method Detection Limit {ug/L), ND=Not Detected

w ) n G .g'
P p &) = =
jae e @ "=
= = R -
o + + + g | 2
ElElEleglEgl=z|= 2 | B
Compound MDL | & | T |0 |l 18 |l&E | ]|E
Bromomethane 1.0 ND|ND|ND{NDJ| 16| ND{ND| ND| ND
Dichloromethane 0.5 ND | 1.8 1 07 ND{ 05| 08} 061009
1,1-Dichloroethane 0.5 ND|ND|ND|ND|ND|ND|{ND| ND{ Q6
cis-1,2-Dichloroethene 0.5 ND | ND | 1.2 | ND 1 ND | 32 ND | 23
Trichloromethane 0.5 ND |31t NDIND{ND{106| ND | ND | ND
Benzene 0.5 ND|ND} 25| ND{25{ND| 5 341 26
Trichloroethene 0.5 ND|ND | ND|ND|ND|ND|{ND|ND| OB
Bromodichloromethane 1.0 NDJI3IND|ND|ND|ND|ND| ND}|ND
Toluene 0.5 1.1 1.1 181 11 [36;09 | 1515116
Naphthalene 0.5 ND|ND|ND{ND| 53 {ND|ND|ND|ND




benzene in the mixed till and tire chips reactor was 5 ug/L. The ievels of benzene in the
other samples were below the drinking water standard. The drinking water standard for
(Z)-1,2-dichloroethene is 70 ug/L, the concentrations found in the reactor water samples
were well below the drinking water standard. Other volatile organic compounds detected
were dichloromethane, trichloromethane, bromodichloromethane, naphthalene, 1,1-
dichloroethane, and trichloroethene. The drinking water standards for dichloromethane
and trichloroethene are 5 pg/L. None of these compounds were found at concentrations
above the drinking water standards {where applicable). Dichloromethane was the only

volatile organic compound detected here and also in the TCLP extracts.

5.4 COMPARISON TO PREVIOUS STUDIES

Tables 5.12, 5.13, and 5.14 summarize the laboratory leaching study results for the
University of Maine Studies and previous laboratory leaching studies. The results are
presented in two sets of units: ug/LL of extraction fluid and pug/Kg of tire chips. The
University of Maine laboratory studies showed that the metals that have the potential to
leach from tire chips were barium, cadmium, chromium, iron, lead, manganese, and zinc.
As expected, metals tended to leach at higher concentrations at lower pHs. Barium levels
were found to increase with increased leaching in the Minnesota Pollution Control Agency
Study (1990) and were found above the drinking water standard in the Virginia DOT long
term leaching study (Ealding, 1992). Banum was found at concentrations below the
drinking water standard in the Scrap Tire Management Council Study (Radian, 1989) and
was indicated as a pollutant of concern in the Minnesota Study. Cadmium was found in
the Minnesota Study above the Recommended Allowable Limit set by the Minnesota
Department of Health for drinking water as were chromium, lead, and zinc. Cadmium was
also detected in the Virginia DOT Study, but was below the drinking water standard.

Chromium was detected in the Scrap Tire Management Council Study below the drinking
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Table 5.12
Summary of Metals Results for Laboratory Leaching Studies
Pollutants with Primary Drinking Water Standards

As Ba Cd Cr Cu Hg Ni Pb Se
pe/Ke | pe/Ke | ug/Kg | pe/Ke | ng/Kg | pp/Kg | ne/Ke | pe/Ke | ng/Ke
{ppb) | (ppb) § (ppb) | (ppb) { (ppm) | (ppb) : (ppbd) i (ppb) | (ppb)
Virginia DOT .
TCLP NA NA 4.4 7.9 235 NA i3 55.6 NA
Conc in Tires
Virgimia DOT
(long term) pH 4 <25 2083 3.5 152 328 <] 2460 138 <30
Max Conc
Minnesota
Old Tires
pH3.35 ND 440 270 510 NA ND NA ND 440
Nonnalized Conc
Minnesota
New Tires, pH 3.5 ND 108 24 31 NA ND NA o2 23
Nommnalized Conc
Maine TC Below
GWT ND 7140 2280 1680 NA ND NA 4320 ND
TCLP Max Conc
from Tires
Maine Lab
Stmulation Study, 67.3 434 NA 108 33 NA NA NA NA
Max Conc
from Tires .
As Ba Cd Cr Cu Hg Ni b Se
pg/L | opp/l | opg/l | opgl § pgll ng/L g/l | pnel | pel
(ppb) | (ppb) | (ppby | (ppb) | (ppm) | (ppb) | (ppb) | (ppb) | (ppb)
TCLP Regulatory
Limit 5000 | 100000 { 1000 5000 - 200 - 5000 1000
Virginia DOT
TCLP NA NA 1.55 2.8 83 NA 39.7 19.6 NA
Cong in extract
Wisconsin ,
AFS Elution 3 <10 110 NA <3 <20 NA Na <3 <5
{neutyal)
Scrap Tire Mngmnt
TCLP 2 590 ND 48 NA 0.4 NA 16 ND
Max Conc
Maine TC Below
GWT ND 357 114 84 NA ND NA 216 ND
TCLP, Max
Conc in extract
Maine Lab
Simulation Study, 34.2 228 <5 67 32 <0).0001 NA <15 NA
Max
Canc in extract

Notes: NA = not available, that is not measured or not reported for

that study

ND = non-detect
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Table 5.13
Summary of Metals Results for Laboratory Leaching Studies
Pollutants with Secondary Drinking Water Standards
Units of Pollutant per Kilogram of Tire Material

Ag Al Fe Mn Zn

ne/Kg | pe/Kg i mg/Kg | pg/Kg | mg/Kg
(ppb) | (ppb) | (ppm) | (ppb) | (ppm)

Virginia DOT
TCLP <2.8 420 341 NA 30

Conc in Tires
Virginia DOT
(long term) pH 4 10 746 | 31622 | NA 153.7
Max Conc
Minnesota
0Old Tires
pH3.5 ND 2020 | 1081 NA 50
Normalized Conc

Minnesota
New Tires, pH 3.5 ND 225 | 7634 | NA 4]
Normalized Conc
Maine TC Below

GWT ND NA NA NA NA
TCLP

Max Conc from Tires
Maine Lab Simulation
Study NA | 32760 | 274 | 32400 | 1.07
Max Conc from Tires
Notes: NA = not available, that is not measured or not reported for
that study
ND = non-detect
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Table 5.14
Summary of Metals Results for Laboratory Leaching Studies
Poliutants with Secondary Drinking Water Standards
Units of Pollutant per Liter of Extract

Ag Al Fe Mn Zn
pe/l | pg/L | mgL | pg/l | mgll
(ppb) | (ppb) | {(ppm) ; (ppb) | (ppm)
SMCL 1008 50- 032 502 5a
2002
TCLP Regulatory
Limit 5000 - - - -
Virginia DOT
TCLP <10 148 120 NA 10.6
Conc in extract
Wisconsin
AFS Elution 3 NA NA 0.23 300 0.36
(neutral)
Scrap Tire Mngmnt
TCLP ND NA NA NA NA
Max Conc
Maine TC Below
GWT ND NA NA NA NA
TCLP
Max Conc in extract
Maine Lab
Simulation Study <5,0 | 23600 113 | 15500 0.54
Max Conc in extract
Notes: NA = not available, that is not measured or not reported for
that study

ND = non-detect
2 Viessman and Hammer, 1985
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water standard, and in the Virginia DOT Study above the drinking water standard. Iron
levels consistently exceeded the secondary drinking water standard in the Minnesota,
Wisconsin, and Virginia DOT Studies as in the University of Maine Study.
Concentrations of lead were found above the primary drinking water standard in the
Minnesota, Scrap Tire Management Council, and Virginia DOT Studies. In the Wisconsin
Study manganese concentrations increased with continued leaching and were above the

secondary drinking water standard, as in the Umversity of Maine Study.

Of the semivolatile organic compounds identified here, several were also found in a
toxicity study by Abernethy (1994). Aniline, benzothiazole, and 2(3H)-benzothaizolone
were found in the University of Maine TCLP and laboratory reactors studies and in the
study by Abernethy (1994). Aniline is used as an antidegradant and benzothiazoles are

used as accelerators in the rubber processing industry (Fishbein, 1991).

5.5 SUMMARY

The reactor study resuits for metals indicate that iron, manganese, and zinc
concentrations can be expected to increase when using scrap tires. Levels of iron and
manganese consistently exceeded the secondary drinking water standards of 300 pg/L and
50 pg/L, respectively, in the reactor water samples. The zinc levels were below the
secondary drinking water standard for zinc (5000 pg/L). It was also shown that scrap
tires leach chromium to the environment. In addition, the reactor study results indicate
that concentrations of barium, chromium, copper, iron, lead, manganese, and zinc were
increased in some of the mixed (soil, tire chips, and distilled water) reactor soil samples

when compared to the corresponding control reactor soil samples.

Comparisons of the metal results from the long term laboratory study to the results

of the TCLP study discussed in Chapter 4 can be made. The likely metals of concern
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indicated in the TCLP study were barium, cadmium, chromium, and lead. Lead and
cadmium were not detected in the water samples from any of the eight batch reactors,
however, barium and chromium were found in the reactor water at levels below the
primary drinking water standards of 2000 pg/L and 100 pg/L, respectively. -Arsenic,
mercury, selenium, and silver were not detected in any of the TCLP extracts in the
University of Maine study. Arsemc was found in the clay, tire chips, and distilled water

reactor water sample at 38.4 pg/L, but the source of the arsenic is most likely the soil.

Semivolatile organic compounds were detected only in the samples from the
reactors that contained tire chips. Compounds that were found include: 4-acetyl-
morpholine, 2(3H)-benzothiazolone, aniline, benzenepropanoic acid, benzothiazole, and
benzoic acid. The concentrations of aniline found ranged from 24.6 pg/L to 47.7 pg/L.
Many of the semivolatile organic compounds found in the reactor samples are chemicals
used in tire compounding. Some of the semivolatiles found are likely end-products of tire

ingredients,

" Volatile organic compounds detected in the reactor water samples included:
bromomethane, benzene, trichloroethene, toluene, cis-l,Z-dic}ﬂoroethene;,
bromodichloromethane, dichloromethane, tnchloromethane, naphthalene, and 1,1-
dichloroethane. Benzene and cis-1,2-dichloroethene were found in the mixed soil, tire
chips, and distilled water samples, but not in the corresponding control reactors. None of
the volatile organic compounds ‘found were above the dnnking water standard (where

applicable).
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CHAPTER 6
SMALL SCALE FIELD TRIALS

6.1 INTRODUCTION

Small scale field trials were used to investigate the water quality effects of tire
chips placed below the groundwater table. Three sites were chosen for the field portion of
this study. One trial was constructed in each of three Maine soil types: glacial marine clay
{locally known as Presumpscot Fon_nation), glacial til}, and fibrous peat. The two cnteria
used in the site selection were soil type and topography. Possible sites were chosen using
United States Department of Agriculture Soil Survey Maps for Penobscot County, Maine
and United States Geological Survey 7.5 minute quadrangle maps with 20 foot contour
intervals. Copies of the relevant maps are included in Chapter 3. Hand auger borings or
test pits were done at potential sites to confirm the desired soil type and that the
groundwater table was near the ground surface for as much of the year as possible. It was
necessary that each site be reasonably accessed with the equipment required to instali the
tire chips and momnitoring wells. The site selection process is described in detail in Section

3.6.1. A description of each site is given in Section 3.6.2,

At each site, approximately 1.4 metnic tons (1.5 short tons) of mixed steel and
glass belted tire chips donated by Pine State Recycling of Nobleboro, Maine were installed
in a small trench lined with non-woven geotextile. The trenches were approximately 0.6 m
(2 ft) wide, 3 m (10 ft) long, and 1.8 m (6 ft) deep, and were dug using a small backhoe.
Approximately 1.5 m (5 ft) of tire chips were placed in each trench, the geotextile was
folded over the top and the remaining 0.3 m (1 ft) was backfilled with native soil. The

purpose of this arrangement was to keep the tire chips below the groundwater table for as
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much of the year as possible. The tire chip installation is described in detail in Section

3.6.5.

Monitoring wells were installed at each site: one well within the tire-chip-filled
trench, one control well upgradient of the trench, and two or more wells downgradient of
the trench. A plan view of the trench and wells at each site is presented as Figure 3.15.
The monitoring well installation and subsequent development are described in Sections
3.6.5 and 3.6.6, respectively. The monitoring wells installed 'at the three sites were
sampled quarterly. Samples for metal analysis were collected in early June 1994, late
September 1994, mid-November 1994, and late Apnl 1995. Samples for organics analysis
were collected in mid-August 1994, mid-November 1994, and late Apnl 1995. The

sampling methods used are discussed in Sections 3.2 and 3.6.9.

6.2 METALS RESULTS

The first set of samples for metals analysis were collected approximately five
months after the tire chips were installed at each of the three field sites. Samples were
analyzed for dissolved and total metals. Dissolved metals are defined as those metals of an
unacidified sample that pass through a 0.45 pm filter (APHA, AWWA, and WPCF, 1989).
Total metals are defined as the concentration of metals determined on an unfiltered sample
after vigorous digestion (APHA, AWWA, and WPCF, 1989). Total metals include all
metals organically or inorganiéally bound in both dissolved and particulate form. In this
case, the total metal concentlration should give a complete picture of the metals that are
present in dissolved or particulate form or that have become organically or inorganically
bound. The EPA drinking water standards are for dissolved metals; therefore, total
recoverable metals will not be compared to the drinking water standards, but will be used
as an indication of the effect of tire chips on water quality and on the environment. Since

the amount of particulates in the samples varied considerably from well to well, from
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sampling date to sampling date, and even from bailer to bailer, the total metals data is
difficult to interpret. The observed variations in total metal concentrations seen could be
due entirely to differences in the amount of particulate in the samples. This problem is
avoided however; in the samples from within the tire chip trenches, since those samples
are not installed within the soil matrix. Due to this variation, comparisons of total metals
in the upgradient and downgradient samples cannot be made. Dissolved metals will be

used for these comparisons.

6.2 1 Metals Naturally Occurring in Soil

Soil samples from each site were digested to determine what metals were naturally
present in the soils. The following metals were found in the soils from all three sites:
aluminum, barium, calcium, copper, iron, lead, magnesium, manganese, silver, sodium,
and zinc. In addition, arsenic and chronuum are naturally present in the soil from the clay
and till sites. These metals may leach from the soil matrix and, for tests for total metals,
may be present in the samples as soil sediment. This makes it difficult to identify the

contribution of the tire chips to the measured metals concentrations.

At the clay site, well development did not significantly improve the clarity of the
water sampies from the two downgradient wells. Improvement was seen in the control
well samples after development. The result is that the downgradient well samples carry
more sediment than the samples from the control well and the well from within the tire
chips. This may result in higher concentrations for some metals that may be present in the

soil, for example, aluminum, arsenic, and copper.

To develop the peat site wells, 50 well volumes were bailed from each well. The

yield of the surrounding formation at the peat site allowed the wells to recharge rapidly.
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The samples from each of the peat site wells had similar water clarity. None of the wells

could be identified as having samples that consistently carnied more sediment.

The well development at the till site faled to improve the clarity from the
downgradient well closest to the trench. The samples from this well carried more
sediment than the other samples from the till site, and this well consistently had higher
metals concentrations for some metals, such as aluminum, arsenic, barium, chromium,
copper, and magnesium. Improvement in the clanty of the samples from the upgradient

well and the second downgradient well was seen after development.

0.2.2 Results

The metals results presented here are separated into two groups 1) metals with
primary drinking water standards and 2) metals with secondary drinking water standards
or no drinking water standards. The results for each site are presented on separate tables:
Tables 6.1, 6.2, and 6.3 present the results for the metals with primary drinking water
standards for the clay, peat, and till sites, respectively. Tables 6.4, 6.5, and 6.6 present the
results for metals with secondary standards or with no standard for the clay, peat, and till

sites, respectively.

The clay site results for metals with primary drinking water standards are i)resented
in Table 6.1. The clay site results for other metals including metals with secondary
drinking water standards are presented in Table 6.4. A schematic of the clay site wells and
ture chip trench is presented as Figure 6.1. The well labeled C1 is the control well located
upgradient of the tire chips, while C2 is the well within the tire chip trench. The control
well is approximately 7.4 m (24.3 fi) from the well within the tire chip trench. Wells C3
and C4 are both downgradient of the tire chip trench. They are approximately 1.5 m (5 ft)

{C3) and 3.4 m (11.2 ft) (C4) from the well within the tire chip trench.
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Nofes: NA=Not Avatlable, PDWS=Primary Drinking Water Standard {ug/L)

Tabhle 6.1
Clay Site
Metals

with Primary Drinking Water Standards
Fleld Samples Units: ug/L (ppb)

As Da Cd Cr Cu Pb
{Dss/Total) {Diss/Total) {Diss/Total) (Diss/Total) {Diss/Total) {Diss/Total)
PDWS 50 2000 5 100 1300 15
Jun-94
C1/Control <15 /<15 547951 <5 /<5 3/49.1 5.3/34.8 <15/<l15
C2 <15 /<15 19.4 /78.2 <5/<5 <2 /247 <3/16.3 <15 /<15
C3 <15 /<15 48/119 <5/<5 <2/60.2 <3/40.2 <15 /<i5
C4 <15/20.6 387127 <5/<5 <2/65.8 <3/51.7 <15 /<15
Sep-94
C1/Control <15 /36,7 9 /246 <5 /<5 <2/ 101 <3 /51 <15/<15
C2 <15 /<15 367108 <5 /<5 3/26 <3/17 <l15/<l3
C3 <15/1224 8/508 <5/<5 3.1/317 <3 /171 <15/31.5
C4 <15/73.8 6 /407 <5 /<5 <2/231 <3/115 <15/259
Nov-94
C1/Control <i5/378 9 /255 <5/<5 <2/114 <3 /65 <i5/223
C2 <15 f<15 15/56 <5]<5 6/16 <3/17 <15/ <15
C3 <15/61.2 19 /384 <5 /<5 57205 <3 /112 <15/17.9
C4 <15/40 107225 - €53/ <5 <2 /105 <3 /64 <15 /200
Apr-95
Ci/Control <15/63.6 6/7248 <5 /<5 3/128 19 /78 <15/45.9
C2 NA [ <15 NA /77 NA /<5 NA /39 NA /14 NA /<15
ok <15/57.8 107221 <5/<5 47124 <4 /66 <15/3%.7
C4 NA /60.8 NA 225 NA /<5 NA /118 NA /61 NA /38.1




14

Notes: NA=Not Available, PDWS=Primary Drinking Water Standard (ug/L)

with Primary Drinking Water Standards

Table 6.2
Pent Stie
Metnls

Field Samples Units: ug/L (ppb)

As Ba Cd Cr Cn Pb
{Diss/Total) {Diss/Tolal) {Dlss/Tolal) (DissiTotal} {Diss/Tatah {Piss/Total
PDWS 50 2000 5 100 1300 I5

Jun-54

P1/Control <15 /<15 25.3/714 <5 /<5 <2/ 117114 <i5{<l5

P2 <15/<i5 41.6/ 109 <5 (<5 <217 <3 /{385 <15 (<13

P32 <15 /<15 36.1/159 <5 /<5 <2/44 5.7/28.8 <15/<13

P4 <j3 /<15 19.2/77.1 <5 /<5 2/2 <3/11.4 <15/<i3

P5 <15 /<15 18/92.8 <5 /<5 2/ <3 /40,2 <15/ <15

P& <15/ <l3 39.9/115 <5/)<5 <2/ <? <3 /18.1 <15/<l5
Sep-94

P1/Control <15 /<|5 33/83 <5/<§ <2]5 <3 /20 <15 /<l5

P2 <15/<15 571206 <5 /<5 <2722 <3/12 <l5/<l5

P3 <i5 /<13 377122 <51<5 <2f2 <3/12 <}5 /<15

P4 <i§ /<15 337104 <5 /<5 274 <3/10 <|5 /<15

PS5 <15/<i5 32/87 <5 /<5 <2/2 <3 /2 <i5/<l5

ps <15/ <15 377105 <5 /<5 <2/3 <3/10 <l5/<is
Nov-0d

P1/Control NA /NA NA/NA NA/NA NA/NA NA/NA NA/NA

P2 <15 f <15 35 /102 <5 /<5 <2/18 <3/23 <15/ <15

P3 <|5/<15 357140 <5/<5 <2/<2 <3/24 <15/<i5

P4 <15/<15 28 /87 <§ /<5 <2/8 <3/13 <15 /<15

P5 <15 /<15 34 /86 <5/<5 <2/4 . <3712 <157 <15

P& <15/<15 26192 <5 /<5 <2{2 <3{42 <i5 /<15
Apr-95

P1/Control <i5/<l§ 271104 <5/]<S <2/ 10 <4 |/ 40 <15/<15

P2 <i5 /<15 24 /85 <5]<5 5721 <4 {20 <i5/<13

73 <l15/<i5 34 /156 <5 /<5 <2/8 <4 /20 <15/22

P4 <15/ <15 22787 <5 /<5 <215 <4/6 <15 /<15

P35 <15 /<i5 31/68 <5/<5 5/3 4/<4 <15/<13

P6 <i5/<15 26 /68 <5 /<5 3/2 <4 /{17 <15/38.7
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Tablc 6.3
Till Site
Meinls

with Primnry Drinking Waier Standards
Tield Samples Units: ug/L (pph)
Notes: NA=Not Avnliable, PDWS=Primary Drinking Water Standard {1rg/L}, *=WVell conslstently high In

particulates

As Ba Cd Cr Cu Ph
{Diss/Total) {Diss/Total) {Diss/Total) (Diss/Total) (Diss/Total) (Diss/Total)
PDWS 30 2000 5 100 1300 15
Jun-94
T1/Control <15/<15 62/814 <5 /<5 <2/328 4.4 /242 <15 /<15
T2 <15/30.2 28.2 /230 <5/<5 4.4 /648 <3 /3583 <15/<15
T3 <15/<«15 22 /809 <5/<5 3/28.5 <3/178 <15 /<15
T4* <i5/103 7.9 /380 <5/<5 4.2 /249 1.1/172 <15/272
TS5 <i5/157 1447122 <5/<5 <2/37.5 <3 /56,5 <15/<15
Sep-94
THControl NA /NA NAJNA NA /NA NA /NA NA fNA NA /NA
T2 <15/24.4 22 1247 <5/<5 <2 /85 <3/49 <15/154
T3 NA /NA NA/NA NA/NA - NA /NA NA /NA NA /NA
T4+ NA /NA NA /NA NA /NA NA [NA NA /NA NA JNA
T3 NA/NA NA /NA NA/NA NA /NA NA /NA NA/NA
Nov-94
T/Control <15/28.1 11/227 <5/<5 <2/93 <3 /60 <15/<15
T2 <i5/<15 26/ 104 <5/<5 3/33 <3/23 <15 /<15
T3 NA /NA NA /NA NA /NA NA /NA - NA JNA NA /NA
Ti* <15/95.6 71380 <5/<5 <2 /248 <3/222 <15/<15
T5 <15/30 18 /276 <5/<5 <2792 18 /96 <15/ <15
Apr.95
THContral <15/41.8 67254 <5/<5 2/99 < [/ 56 <15/32.6
T2 <15/26 25 /240 <5/<5 7/114 4/51 <15/359
T3 NA/NA NA / NA NA /NA NA /NA NA /NA NA /NA
T4* <15/516 5/ 1850 <5/«5 271240 <4 /951 <15/356
TS <15/31.5 15 /204 <5 /<5 2/ 68 4 786 <157237%
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Tabie 6.4
Chay SHte
Metais

with Seeondary Drinking Water Standards or with no Standard
‘ Ficld Sampices Units: ug/L (pph)
Notes: NA*=Not Applicable, NA=Nat Available, SDWS=Sccondary Drinking Water Standard (ug/L)

Ap Al Ca Fe Mp Mn Na Zn
(Diss/Total) (Diss/Total) {(Diss{Tatal) (Diss/Total) (Diss/Total) (Diss/Total) {DissTotal) (Diss/Total)
SDWS 100 50-200 NA* 300 NA* 50 NA* 5000
Jun-04
C1/Control 14/18 <200 /22400 NA/NA 18.4 /25200 3060/ 12000 120 /503 6100/ 13000 <2 /100
C2 11 /<10 <200/ 6790 NA/NA 17300 /69400 | 5140/12500 /| 724 /1570 4900/ 11000 10/747
C3 <10/<10 <200 / 28000 NA/NA 21.6 /733600 5970/ 19600 322 /984 6100/ 13800 2.1 /198
4 <10/ <10 <200 /32000 NA/NA <10 /39700 4490 /17400 157 /468 7700/ 16000 <2/723
Sep-94
CHControl <10/<i0 <200/51400 § 17700746300 53 /57400 3150/ 19600 122 /1610 5570/ 14100 47167
C2 <0 /<10 <200 /2040 36300 /76300 1 56300 /2000001 6940/ 14800 1850 / 3R80 5570/ 14000 123 /675
C3 <i0/ <1} <200/ (48000 | 38200/ 110000} 35/ 1980060 8450 / 60300 890 /3590 6700/ 11600 <2 /531
C4 <iQ/ <10 <200/ 113000 | 22200 / 70500 33715100 4890 / 42900 633 /2530 5340/ 17990 <2 /341
Nay-94
CH/Control <5/<5 <200/ 52000 | 17200 /48400 | 476/75500 3400 /24400 82/ 1900 4530/ 11300 75152
C2 6/12 <200/ 1710 | 33000769400 | 56400/ 195000| 6510/ 14600 1400 /2830 5240/ 11400 20/95
Ci <5/12 <200 /90000 | 69700/ 1680001 300/111000 | 14500/60800 | 764 /2690 9930/ 22200 47298
C4 <5/<5 249 /475000 t 22800 /59800 1 318775400 | 472025800 44 { 1340 2340/ 18900 <2/132
Apr-95
C1/Control <19/20 <150/ 58500 | [3700/42800 | <100/77800 | 3100/27100 4971340 7310/ 14000 4 /183
2 NA/I19 NA /16300 MNA /53300 NA /109000 NA /16800 NA /1990 NA /10000 NA /107
C3 <19 /<1§ <150/ 54200 {48500/ 1150001 <100/76800 | 11700/43000 532 /1650 8420/ 18800 <3/171
C4 NA {28 NA /54400 NA /70100 NA /78000 NA /32300 NA /1060 NA /22200 NA /174
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The peat site results for metals with primary drinking water standards are
presented in Table 6.2. The results for metals with secondary drinking water standards
and other metals are presented in Table 6.5. A schematic of the well positioning with
respect to the tire chip trench is included as Figure 6.2. The weli labeled P1 is the control
well (upgradient) at the peat site. It is approximately 9.3 m (30.5 ft) from the well within
the tire chips. Well P2 is within the tire chip filled trench. Wells P3; P4 PS5, and P6 are ali
downgradient wells. Wells P3, P4, and P5 are placed in an approximately horizontal line
parallel to the tire chip trench. Well P4 is in the center and is approximately 1 m (3.3 ft)
from the well within the tire chips. Wells P4 and P5 are approximately 3.4 m (11.2 ft) and
2.4 m (7.9 ft) from well C2, respectively. Well P6 is the ﬁnal downgradient well and is

approximately 3.2 m (10.5 ft) from the well within the tire chips.

The results for primary metals at the till site are presented in Table 6.3. The results
for other metals including those with secondary drinking water standards are presented in
Table 6.6. A schematic of the layout of the wells and the tire chip trench is presented as
Figure 6.3. The control well at the till site (upgradient of the tires) is labeled T1. The
control well is approximately 6.4 m (21 ft) from the drilled well within the tire chips (T2).
Two wells were placed within the tire chip trench, they are labeled T2 and T3. After the
first round of sampling, well T3 was no longer sampled. Welis T4 and TS5 are
downgradient of the tire chips and approximately 2.4 m (7.9 ft) and 4.6 m (15 ft) from the
well within the tire chip trench. The elevation of the groundwater table varied
considerably from season to season at the till site. All the sampling wells except those
within the tire chip filled trench were dry at the time of the September, 1994 sampling;
therefore samples from the upgradient and downgradient wells could not be collected and

analyzed.
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6.2.3 Iron Results

The tire chips used in the small scale field installations were mixed steel and glass
belted chips. Since many steel belts are exposed and embedded in the rubber chips, it is
reasonable to expect tire chips that are placed below the groundwater table to leach iron
to the environment. The reactor study showed that tire chips significantly increased the
iron concentrations in the reactor water samples when compared to the iron
concentrations in the control reactors. In addition, the soil sample digests from the
reactors showed that iron was sigruficantly increased in the peat sample. As seen in Tables
6.4, 6.5, and 6.6, large increases in the dissolved iron levels were seen at the well within
the tire chip filled trench, when compared to the control well for each of the four sampling
events at all three sites. Figure 6.4 illustrates the increasing dissolved iron concentrations
at the tire chip trench for each of the three sites. The concentrations of dissolved iron in
the tire chip trench are much higher (up to two orders of magnitude) than the secondary
drinking water standard for iron (300 pg/L). Dissolved iron levels in the control well
samples and downgradient well samples were often above 300 pg/L.. The maximum iron
levels measured within the tire chip trenches was 86,900 pg/L for dissolved iron. While
the maximum iron levels measured in wells downgradient of the tire chip filled trenches

was 4110 pg/L for dissolved tron.

The taste threshold for iron 1s 40 pg/L to 100 pg/L (Tate and Arnold, 1990). The
iron concentrations in the field samples consistently exceeded the taste threshold levels.
Tire chips are increasing the iron concentrations in the groundwater at all three sites.
However, as seen in Figure 6.4, the concentrations of dissolved iron in the downgradient
wells are similar to the concentrations of dissclved iron in the control wells indicating that
for times up to 13 months from installation iron is not mobile in these environments due to

precipitation.
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Figure 6.4 Dissolved Iron
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The total iron concentration is higher than the dissolved iron concentration in the
samples from within the tire chip trenches. This indicates that there is iron associated with
the particulate material in the samples. This 1s expected because at these high levels of
iron, the solubility limit has been exceeded and iron should be present in solid form. Table
6.7 presents the solubility data for Fe(OH)3, Fe(OH)>, and FeCQs3 at the approximate pH
and alkalinity of the samples from the wells within the trenches. Ifiron is present as Fe3*,
Fe(OH)3 will readily precipitate. Since the wells are shallow and the groundwater table
fluctuates (clay and till sites) Fe3* is expected to be present. Since the wells within the
tire chip trenches were not installed in the soil matrix, but were instailed directly in the tire
chips, the source of the increased total iron is the tire chips. The maximum iron levels
measured within the tire chip trenches was 292,000 pg/L. for total iron. The maximum
iron levels measured in wells downgradient of the tire chip filled trenches were 817,000
pg/L for total iron. The highest concentration was found in a sample taken at the till site
from a well that was consistently high in particulate matter. The high total iron

concentration was likely associated with the soil particles.

Table 6.7
Solubility Data
Field Samples
Iron
System Solubility Limit Alkalinity pH
{mg/L) mg/L as CaCOj3

Fe(OH), 1.8 x 107 100 7
Fe(OH)3 9x10-3 100 7
FeCOs3 2 x 103 100 7
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6.2 4 Manganese Results

The typical composition of steel tire cord and beadwire includes 0.40% to 0.70%
manganese (Dunlop Tire Corporation, 1990). Thus, leaching of manganese from steel
belted tires used below the groundwater table can be expected. Manganesé has a
secondary drinking water standard of 50 pg/I.. A large increase in dissolved manganese is
seen when comparing the well sample from within the tire chips to the control well sample
at the clay and till sites. There is also an increase at the well within the tire chips at the
peat site, but it 1s less pronounced than at the other two sites. The concentration in the
wells downgradient of the tire chip trench was also increased (when compared to the
control wells), moving downgradient the concentration decreases as the distance from the
tire chips increases. Figure 6.5 illustrates these trends at each of the sites. All the
dissolved manganese concentrations for the samples from within the tire chip trenches
were above 50 pg/L. The maximum manganese levels measured in samples from within
the tire chips was 3430 pg/L for dissolved manganese. While the maximum manganese
concentrations in the samples from the downgradient wells was 3190 pg/L for dissolved
manganese. Levels of dissolved manganese above the solubility limit were measured since
the samples are not at equilibrium, The taste threshold for manganese is 4000 pg/L to
30,000 pg/L (Tate and Arnold, 1990). Manganese concentrations for this study were

close to or exceeded 4000 pg/L.

The total manganese concentration is higher than the dissolved manganese
concentration in the samples from the wells within the trench at each site. This shows that
the particulate material in the samples is contributing manganese. Since the wells within
the tires are not within the soil matrices, the tire chips can be identified as the source of the
increase in total manganese. The maximum manganese levels measured in samples from

within the tire chips were 7440 pg/L for total manganese. While the maximum manganese
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concentrations in the samples from the downgradient wells was 13,500 pg/LL for total
manganese. Tire chips are contributing significant levels of manganese to the groundwater

at the three sites,

6.2.5 Zinc Results

In rubber manufacturing, zinc oxides are used as activators, which make
accelerators more effective by forming intermediate complexes (Fishbein, 1991). In
addition, zinc is present as a coating on steel cord and beadwire (Dunlop Tire
Corporation, 1990). Therefore, leaching of zinc from tire chips placed below the
groundwater table could reasonably be expected based on the tire ingredients used. As
seen in Tables 6.4, 6.5, and 6.6 dissolved zinc concentrations were higher in the tire chip
trench sample than in the control sample for all sampling events for all sites. Figure 6.6
shows the dissolved zinc concentration increasing at the tire chip trench well for all four
' sampling events. Total zinc concentrations were higher than dissolved ziric concentrations
in the tire chip trench samples for all sampling events at each site. This increase in total
zinc is due to zinc associated with particulate material in the samples. The source of the
increase in zinc can be identified as the tire chips since the tire chip trench wells are
instalied directly in the tire chips rather than in the soil matrix. All dissolved zinc levels
were well below the secondary drinking water standard of 5000 pg/l.. The highest total
zinc concentration measured was 2390 pg/L. The taste threshold for zinc is 4000 pg/L to
9000 pg/L (Tate and Amold, 1990). No zinc concentrations measured in this field study
exceeded the taste threshold. Tire chips will increase the concentration of zinc in the
groundwater, however, the- concentrations of zinc are not likely to exceed the drinking
water standard. The “background” zinc concentration in the samples from the control
wells was less than 10 pg/L for all sampling dates for all sites. Since the dissolved zinc

concentrations in the downgradient well do not appear substantially different than the
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concentrations in the control wells, it appears that the zinc has limited mobility in these

environments.

6.2.6 Chromium Results

Chromium is present in steel tire cord and beadwire in trace amounts {Dunlop Tire
Corporation, 1990). Chromium was found in the TCLP extracts of all tire samples tested
in the laboratory leaching phase of this research. Therefore, chromium has the potential to
be present in the leachate. Chromium concentration patterns at the peat site were different
than at the clay and till sites. The dissolved chromium concentrations from the peat welis
were below or slightly above the method detection limit (2 pg/L). No pattern could be
identified in the dissolved chromium concentrations. However, the total chromium
concentrations were higher at the well within the trench than at the control well for each
of the sampling rounds (Table 6.2), as shown in Figure 6.7. When a sample of peat was
digested, no chromium was found in the digestate; therefore, the chromium found in the
peat well samples could not be attributable to soil leaching. However, as seen in Figure
6.7, chromium was detected in the control well for two sampling events. Surface flooding
of the peat site during most of the year could cause contaminants to be spread from the
tire chip trench to other wells. The highest level of total chromium found was 22 pg/L.

The tire chips installed at the peat site are increasing the chromium levels.

At the clay and till sites the dissolved chromium levels were all below or near the
method detection limit. However, the total chromium levels were considerably higher
(Tables 6.1 and 6.3). The highest concentration at the clay site was 317 pg/L, but this
concentration was found in the downgradient well that is closest to the tire chip trench.
This well appeared to consistently carried more sediment than the control well or the well
within the trench. The total chromium concentration was lower in the sample from within

the tire chips than in any of the other well samples (upgradient or downgradient). This
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indicates that the soil is influencing the chromium concentration more than the tires. At
the till site the total chromium results varied. For the June samples, the total chromium
concentration was higher at the well within the trench than at the control well (4.8 ug/L
vs. 32.8 up/L). The concentration was also slightly higher at the well within the trench for
the April, 1995 samples. For the November, 1994 samples, the pattern was similar to the
behavior at the clay site, where the sample from within the trench had the lowest
concentration of any sample. The chromium levels were consistently high in the samples
from the downgradient well closest to the tire chip trench. On a qualitative basis, the
samples from this well carmed more sediment than the other till site well samples.
Digestion of samples of both the clay and till showed that chromium was present in the
soil. At the ciay and till sites leaching of the chromium from the soil makes it difficult to
assess what levels of chromium are leaching from the tires. The results of the TCLP
portion of this study consistently show that tire chips leach chromium. It appears that tire
chips leach small amounts of chromium to the environment but there is little likelihood

that the primary drinking water standard (100 pg/L} will be exceeded.

6.2.7 Barium Results

Barium was indicated as a potential pollutant of concern in the laboratory leaching
portion of this study. Barium was found in the TCLP extracts in all four tire chip samples
tested. At the clay and till sites dissolved barium concentrations were higher at the tire
chip wells than at the control wells. At the peat site dissolved barium levels were higher in
the tire chip trench samples than in the control well for the June, 1994 and September,
1994 samples. Figure 6.8 illustrates the dissolved barium concentrations for each well for
each site. Total barium was higher than dissolved barium in the sample from within the
tire chips at each site. The source of the increased total barium is the tire chips. No

barium concentrations above the primary drinking water standard {2000 pg/L) for barium
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were found. Tire chips contribute low levels of barium to the groundwater, but the

drinking water standard is not likely to be exceeded.

6.2.8 Other Metals Results

TCLP testing results indicated that cadmium could potentially be leached from tire
chips. However, all samples from the field sites had cadmium (dissolved and total} levels
below the method detection limit (5 pg/L). All dissolved cadmium concentrations were
therefore below the pnmary drinking water standard (5 pg/L)}. Tire chips did not leach
cadmium to the environment at these three field sites. This is consistent with the findings
of the reactor study results where cadmium levels were below the method detection limit

(5 ng/L) for all water samples.

Lead was also indicated as a potential contaminant from tire chips by the TCLP
testing resuits and by the reactor study soil digest results (peat reactor and mixed peat and
tire chips reactor). The potential for lead to leach from the soil is confirmed by the soil
digest data: all three soil types contained lead. However, all samples had dissolved lead
concentrations below the method detection hmut (15 pug/L) and therefore are below the
primary drinking water standard (15 pg/L). In addition, all samples from the peat site had
total lead concentrations below the method detection limit. However, total lead
concentrations were above the method detection limits for some samples at the clay and
till sites. The highest concentrations of total lead found in the control and downgradient
wells were 45.9 ng/L and 356 pg/L at the clay and till sites, respectively. The till site
April, 1995 sample from within the tire chips had a total lead concentration of 35.9 pg/L,
which was shightly higher than the control sample concentration (32.6 pg/L). It is possible
that tire chips leach low levels of lead to the environment, however, the effects of the tires

are not clear due to leaching of lead that 1s naturally present in the soil.
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Arsenic was not found in any of the TCLP extracts from the laboratory leaching
portion of this project. however, potential for arsenic to leach from soil was indicated by
the soil sample digest data. Arsenic was found in the digestates of the till and clay
samples, but not in the digestate of the peat sample. All of the arsenic concentrations
(dissolved and total) in the peat site samples were below the method detection limit (15
pg/L). Dissolved arsenic was also below the method detection limits in all samples from
the clay and till sites; therefore, these concentrations are below the primary drinking water
standard (50 pg/L). However, total arsenic was above the method detection limit for
some clay and till site samples. The highest concentration of total arsenic found at the clay
site was 122.4 pg/l, and at the till site was 516 pg/L. In general, the arsenic
concentration was lower at the well within the trench than at the control well, with the
exception being the June samples at the till site. The arsenic in these samples is most likely

due to leaching from soil.

Copper is present in steel tire cord and beadwire in trace amounts (Dunlop Tire
Corporation, 1990). Copper was indicated as a potential contaminant in the soil digests
performed on the peat samples in the reactor study. Copper is naturally present in the
soils as indicated by its presence in the digestates of all three soil types. The dissolved
copper levels at all three sites were below the method detection limit or slightly above it.
In general, the copper concentrations were lower in the samples from within the tire chip
filled trench than in the control wells. The highest concentrations of total copper found at
each of the three sites (not at the trench) were 171 pg/L, 40.2 pg/L., and 951 pg/L at the
clay, peat, and till sites, respectively. It is likely that the levels of copper found in these
samples was due to the soil matrices. The primary drinking water standard for copper is
1300 pg/L. Tire chips may leach some copper but the levels were too low to distinguish

from levels naturally present in the soil.
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Total aluminum concentrations were lower in the samples from the tire chip
trenches than in any of the other samples at the clay site and were lower or the same as the
concentration from upgradient and downgradient wells at the peat site. At the till site, the
total aluminum concentrations were higher in the sample from within the tires for three of
the sampling events. The aluminum levels in these samples is most likely due to leaching
from the soil. The reactor study soil digests showed that there were significant levels of
aluminum in the soils. Tire chips did not appear to affect the aluminum concentrations at

the three field sites.

In general, the highest levels of dissolved and total calcium and magnesium were
found in the wells that carried the most sediment. This suggests that the calcium and
magnesium are naturally occurring and that the concentrations are not affected by the tire
chip installations. There are no drinking water standards for calcium or magnesium. It
appears that tires do not affect the concentrations of magnesium and calcium at the clay,

till, and peat sites in this study.

Silver (dissolved and total) was below or very close to the method detection limits
for all samples in this study (the method detection limit varied from 5 pg/L to 19 pg/L).
The secondary drinking water standard for silver 1s 100 pg/L. Silver was not found in any
of the TCLP extracts from the laboratory leaching tests. Silver was not indicated as a
contaminant of concern in the reactor study, low levels of silver were found in the soil
sample digests. Tire chips ar;a not expected to increase the silver concentrations in

groundwater.

Tires did not affect the concentrations of sodium at any of the field sites. Sodium
levels were relatively constant for the wells for each sampling event. Two possible

sources for the sodium present are naturally occurring sodium and sodium from the
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bentonite well seals used. Tire chips do not appear to affect sodium concentrations in the

groundwater,

6.3 ORGANICS RESULTS

The first set of organics samples were collected approximately seven months after
the tire chips were installed at each of the three field sites. Samples were collected twice

after the initial sampling (mid-November 1994 and late April 1995).

6.3.1 Volatile Organic Compounds Results

Data for volatile organic compounds found in the field samples s available for the
August 1994 and November 1994 sampling events. The data for the volatile samples
coliected in April 1995 were lost due to a laboratory equipment failure. The volatile
organic compounds analyzed in the field samples are listed in Tables 6.8 and 6.9 for the
August, 1994 and November, 1994 samples, respectively. These tables indicate which
compounds were detected and which were not detected for each sample. The
concentrations of those compounds detected are listed in Tables 6.10 and 6.11, for the

August 1994 and November 1994 samples, respectively.

Dichloromethane was found in all samples including the laboratory blank (prepared
at ERJ) and the blank that was shipped with the samples. The concentrations were 1.5
ne/L in the laboratory blank and 5.4 pg/l. and 7.6 pg/L in the blanks shipped with the
samples. Dichloromethane is used in the preparation of samples analyzed for semivolatile
organics. ERI confirmed that the same sample prep room is used for volatile and’
semivolatile organic samples; therefore, contamination of the samples is possible. In
addition, dichloromethane is used as a solvent in the rubber manufacturing industry,
making tire chips a possible source (Fishbein, 1991).  The total theoretical

dichloromethane concentration based on the results of the TCLP testing and knowing the
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Table 6.8 Continued
Ifield Samples
Volatile Organics

Samples Collected 8/17/1994
Notes: Sample volume from wells T1, Td, and TS5 were insufficient for volatiles analysis, Well T3 has been

abandoned),

MDL=Method Detection Limit (ug/L), D=Detected, Empty boxes indicate that the compound was not detected

—ta
F
IV -
- | 2
Compound MDL(ug/ly} &8 | @ [C1|C2|{C3|{C4{P1|P2|{P3|P4|P5|P6|T2
Dibromochloromethane 0.5
1,2-Dibromoethane 0.5 D
Chlorobenzene 0.5
1,1,1,2-Tetrachloroethane 0.5 D D D
Ethylbenzene 0.5
m-Xylene+p-Xylene 0.5
o-Xylene 0.5
Styrene(ethyl-benzene) 1.0
Bromoform 0.5 D
iso-Propylbenzene 0.5
1,1,2,2-Tetrachloroethane 0.5
1,2,3-Trichloropropane 0.5
Bromaobenzene 0.5
n-Propylbenzene 0.5
2-Chiorotoluene 0.5
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Table 6.8 Coniinucd
I'icld Samples
Volatile Organics

Samples Collected 8/17/1994
Notes: Sample volume from wells T1, T4, and T5 were insufficient for volatiles analysis, Well T3 has been

abandoned),

MDL=Method Detection Limit (ug/L), D=Detected, Empty boxes indicate that the compound was not detected

i
5
dE
Compound MDL (ug/L) | =& 5 CLiC2{C31C4 | P1L{P2|P3|{P4|P5 P6| T2
1,3,5-Trimethylbenzene 0.5
4-Chlorotoluene . 0.5
tert-Butylbenzene 0.5
1,2,4-Trimethylbenzene 0.5
sec-Butylbenzene 0.5
4-iso-Propyltoluene 0.5
1,3-Dichlorobenzene 1.0
1,4-Dichlorobenzene 0.5
n-Butylbenzene 1.0
1,2-Dichlorobenzene 0.5
1,2-Dibromo-3-chioropropane 1.0 D
1,2,4-Trichlorobenzene 1.0
Hexachlorobutadiene 0.5 A
Naphthalene 0.5 D D| D D| D DD
1,2,3-Trichlorobenzene 0.5
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Table 6.9 Continued

Field Samples
Yolatile Organics
Samples Collected 11/18/1994 and 11/19/1994

Notes: Sample volume from wells T1, Td, and 'S were insufficient for volatiles analysis, Well T3 has been

abandoned),

MDL=Method Detection Limit (ug/L), D=Detected, Empty boxes indicate that the compound was not detected

e
=
Compound MDL (ug/L) % Cl]C2i1C3|Ca) P2 | P3| P4d|PS|{P6]T1}|T2]Td]| TS5

1,1,1-Trichloroethane 0.5
1,1-Dichloropropene 0.5
Tetrachloromethane 1.0
Benzene 0.5
1,2-Dichlaroethane 0.5
Trichloroethene 0.5
1,2-Dichloropropane 0.5
Dibromomethane 0.5
Bromodichloromethane 1.0
cis-1,3-Dichloropropene 0.5
Toluene 0.5
trans- 1,3-Dichloropropene 0.5
1,1,2-Trichloroethane 0.5
1,3-Dichloropropane 0.5
Tetrachloroethene 0.5
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Table 6.10
Fletd Samples
Volatile Organtc Compounds
Samples Coliected 8/17/1994
Samples Analyzed: Blank, PL, 2, P3, P4, PS5, D6, CL, C2, C3, C4, and T2
(Notes: Sample volume from selis T'L, T4, and TS was insufficlent for volatiles analysis, Well T3 is no longer being sampled, Blank
prepared at UMaine = Blank, Diank prepared at BRI = LBL, ND = Not Detected)

Units: ug/L,
blank | LBL | P1 Pi P2 P3 P4 Ps Pa Cl C2 C3 C4 T2 .

Compond _l'\-\\g WaS )
dichloromethanc 54,7.6] 1.5 | 155 | 198 | 154 | 156.6] 60.5 | 80.9 1232.9] 29 | 55 | 126 | 47 | 24 & " & Coﬂ'ﬁ‘-\'\n-‘\a‘ﬁl
1,1-dichloroethane ND ND | ND | ND 2.5 ND | ND | ND | ND | ND 1.9 6.9 ND | 143 A

cis-1,2-dichloroethene ND ND ND ND 16.1 ND ND ND ND ND 9.2 ND ND { 334 PT"-“H!’W‘
1,1, I-trichiorocthane ND ND ND ND 5.6 ND ND ND ND ND 3 1.0 ND 4.9 , A
benzene ND | ND | ND | ND | 07 | ND | ND |"NB [ 'ND | ND | 14 | ND | ND | 1.8 | |iys Coper
trichioroethene ND ND ND | ND 0.7 ND ND ND ND NB ND 0.6 ND ND < ND
toluene ND ND | ND | ND 0.7 1.0 1.1 ND | ND | ND 0.5 1.1 0.7 1,8 wer
1,1,2,2-tetrachloroethanc ND 1.6 ND | ND ND 0.7 ND ND ND ND ND 0.6 ND ND &_\_ J\’(S“.S

naphthalene ND 47 1 ND | ND | ND | 2.1 0.8 ND 34 | ND 0.6 1.6 ND | 0.8

chloroethane ND ND | ND | ND | ND | ND | ND ND ND ND ND ND | ND .1 \\,.\ lcﬂg
1,2-Dibromoethane ND 07 | ND | ND | ND | ND ND { ND | ND | ND | NbD | ND | ND | ND

1,2-Dibromo-3-chloropropanet ND 6.6 ND | ND ND [ ND | ND I ND | ND ! ND | ND { ND { ND | Nb %‘

Bromeoform ND 0.6 ND | ND | ND | ND { ND | ND | ND| ND | ND | ND | ND | ND \qc\ go

Note: The extraction procedure used for the semi-volatites samples is extraction with dichloromethane. Since dichloromethane showed up in
all samples including the blanks, contamination is suspected. ERI conlirmed that the same prep room is used for volatiles and semi-volatites.

Pertinent Regulatory Limits;
Dichloronmethane: Sug/L (MCL)
Benzene: 5 ug/L (MCL)

Toluene; 000 ng/L (MCL) 40ug/L (SMCL)
1,1, t-trichloroethane: 200 ug/L (MCL)
cis-1,2-Dichloroethenc: 70 ug/L (MCL)

All of the volatite compounds found are on the EPA Priorily Pollutant Target List
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Table 6.11
Field Samples
Volatile Organic Compounds
Collected 11/18/1994 and 11/19/1994
Wells: P2, P3, P4, 5, IPg, C1, C2, C3, C4,T1, T2, Td, and T5
Notes: Sample volume from well P1was insufTicient lor volatile organic analysis (well 1 was frozen),
Well T3 has been abandoned, ND = Not Detecied
Units: ug/L

blank | P2 I3 P4 PS5 P6 Cl C2 C3 C4 T1 T2 T4 TS

Compound
Dichloromethanc 7 15 105 1 115} 13.5 6.5 38 | 58557 S50 j146.5) 316 | 16151 878 | 65.5
I, 1-Dichioroethane ND ND ND ND ND ND ND 7 5 ND ND 19 ND ND
cis-1,2-Dichlorocthenc ND 6 ND ND ND ND ND | 34.5 8.3 ND ND | 855§ ND ND

(Note: The extraction procedure used for the semi-volatiles samples is extraction with dichloromethane. ERT confirmed that the same prep room
is used for volaliles and scmi-volatiles)

Pertinent Regelatory Limits:
Dichloromethane! 5 ug/L (MCL)
cis-1,2-Dichiorgethene: 70 up/L (MCL)

All of the volatile compounds found arc on the EPA Priority Poltutant Target List

é P"I,,\n.c.'--‘b
wnate




mass of the tire chips installed at each field site is approximately 60 pg/L. Levels of
dichloromethane in the found in the field samples were much higher than 60 ng/i.. Thus,
it appears that laboratory contamination is causing erroneously high dichloromethane
concentrations in the samples; however, tire chips cannot be ruled out as a source of
dichloromethane, The primary dninking water standard for dichloromethane is 5 pg/L,
levels of dichioromethane in the samples vanied from 2.9 pg/L to 232.9 pg/L. Nine of the
12 samples exceeded the drinking water standard for dichloromethane, including two of
the samples from within the tire chip trenches. A pattern for increasing or decreasing
concentration with respect to the control well and the tire chip trench well could not be
identified. However, levels of dichloromethane in most of the field samples were much
higher than those in the blanks. In general, the samplés from the clay and till sites had
lower concentrations than the samples from the peat site. It appears that sample
contamination may be affecting the dichloromethane concentrations, but the tire chips

cannot be ruled out as source of dichloromethane.

Compounds that were found in the August, 1994 samples from within the tire chip
trenches were 1,1-dichloroethane; cis-1,2-dichloroethene; 1,1,1-trichloroethane; benzene,
toluene, and naphthalene. The dnnking water standard for cis-1,2-dichloroethane is 70
pg/L. The concentrations in the wells from within the tire chips were 16.1 pg/L, 9.2
ug/L, and 33.4 pg/L for the peat, clay, and till sites respectively. Some mobility of some
these compounds (1,1-dichloroethane; 1,1,1-tnchloroethane; toluene; and naphthalene) is
seen at the clay site as concentrations are found in the downgradient well closest to the
trench. All concentrations of naphthalene found in the samples were less than the
naphthalene concentration i‘n the laboratory (ERI) blank. Only dichloromethane
concentrations exceeded the drinking water standard. All the compounds detected are

listed as EPA Prionty Pollutants.
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Fewer compounds were found in the November samples than in the August, 1994
samples. The compounds detected were dichtoromethane, 1,1-dichloroethane, and cis-
1,2-dichloroethene. Dichloromethane was found in all samples tested, as in the August,
1994 samples. All samples tested exceeded the drinking water standard of 5 pg/L for
dichloromethane. In general the concentrations in the clay and till samples were higher
than the concentrations in the peat samples, which is the reverse of the resuits for the

August, 1994 samples. The sample concentrations varied from 6.5 pg/L to 878 pg/L.

(Subsequent testing showed that the presence of dichloromethane was due to laboratory
contamination, DNH, 6/22/98)

At the wells within the tire chips at the clay and till sites 1,1-dichloroethane, and
cis-1,2-dichloroethene were found. In addition, the first downgradient well at the clay site
contained concentrations of 1,1-dichloroethane, anﬂ cis-1,2-dichloroethene, which
indicates that these compounds are mobile in this environment. The well within the trench
at the peat site contained cis-1,2-dichloroethene in addition to dichloromethane. The till
site sample from within the tire chips had a concentration of cis-1,2-dichloroethene of 85.5
pg/L, which exceeds the primary drinking water standard (70 pg/L). 1,2-dichloroethene is

used in rubber manufacturing (Verschueren, 1983).

Table 6.12 presents the data for dichtoromethane, 1,1-dichloroethane, and cis-1,2-
dichloroethene. The downgradient mobility of dichloromethane, 1,1-dichloroethane, and
cis-1,2-dichloroethene was examined. The relative mobility of a compound can be gauged
by its octanol-water partition coefficient (log Kgw). Lower octanol-water partition
coefficients indicate that the cor‘npound 1s more hydrophilic and; therefore, more mobile
(will travel further with groundwater flow). The more hydrophobic compounds (higher
octanol-water coefficients) will tend to sorb to the organic material in the soil matrix, and
therefore will not migrate as rapidly with the groundwater flow. The compounds listed in

order of increasing octanol-water partition coefficient and therefore, decreasing mobility,

is dichloromethane (log Kow=1.15); 1,l-dichloroethane (log Kow=1.79); cis-1,2-
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Table 6.12
Ficld Samples
Volatile Organics
Dichioromethane, 1,1-Dichloroethane, and cis-1,2-
Dichloroethene
MDL=Method Detection Limit, ND=Not Detected,
MNA=Not Available

Units: ug/L

g

o = =

= = =

< joand £

2|8 | £

e = e

] = <

B - &

Compound fus) - G
Method Detection Limit (ug/L) 0.5 0.3 0.5
Blank-August 1994 4.5 ND ND
Blank-September 1994 7.0 ND ND
Cl-August 1994 2.9 ND ND
CI-September 1994 38 ND ND
C2-Aungust 1994 5.5 19 9.2
C2-September 1994 585.5 7 345
C3-August 1994 12.6 6.9 ND
C3-September 1994 50 5 8.5
C4-Aungust 1994 4.7 ND ND
C4-Septernber 1994 146.5 ND ND
Pl-August 1994 17.7 ND ND
P1-September 1994 NA NA NA
P2-August 1994 15.4 25 16.1

P2-September 1994 15 ND 6
P3-August 1994 156.6 ND ND
P3-September 1994 10.5 ND ND
P4-August 1994 60.5 ND ND
P4-September 1994 11.5 ND ND
P3-Aungust 1994 80.9 ND ND
P5-September 1994 135 ND ND
P6-August 1994 2329 ND ND
P6-September 1994 6.5 ND ND
T1-August 1994 NA NA NA
Ti-September 1994 316 ND ND
T2-Auvgust 1994 2.4 143 334
T2-September 1994 161.5 19 85.5
T4-August 1994 NA NA NA
T4-September 1994 878 ND ND
. T5-August 1994 NA NA NA
T3-September 1994 63.5 ND ND
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dichloroethane (log Kow=1.91). Dichloromethane was found in all samples, including
control, tire chip trench, and downgradient samples. This appears to be consistent with
the high mobility predicted by the low log Kyw; however, the overall validity of the data
for this compound is suspect because of the potential contamination problem discussed
above. Examining the data for the other two compounds, 1,1-dichlorcethane was seen in
the first downgradient well for the August 1994 and November 1994 samples. However,
cis-1,2-dichloroethene was seen in the downgradient well at the clay site only in the
November 1994 samples. This is consistent with partitioning theory, as described by Ko,

which would predict that 1,1-dichloroethane is more mobile than cis-1,2-dichloroethene.

The volatile organic compounds results indicate that organic compounds may be
leached from tire chips. In general, the levels were below the applicable regulatory limits.
However, the regulatory limit for cis-1,2-dichloroethene was exceeded for one sampling
date at the till site. In addition, mobility of 1,1-dichloroethane; 1,1,1-trichloroethane and
cis-1,2-dichloroethene was seen at the clay site, since these compounds were not detected
in the contro! sample but were seen at the well within the tire chips and at the
downgradient well closest to the tire chip trench. High levels of dichloromethane were
observed, however, this could have been caused by contamination during laboratory

testing. Additional testing is needed before conclusions on dichloromethane can be made.

6.3.2 Semivolatile Organics Results

There were three sampling events for semivolatile organic compounds. The
sampling was done in August 1994, November 1994, and April 1995. The compounds
analyzed in the field samples for each sampling event are listed in Tables 6.13, 6.14, and
6.15. Both detected and non-detected compounds are listed in the tables. The
semivolatile compounds that were detected are listed along with their concentrations in

Table 6.16. More compounds were found at each subsequent sampling date. Most
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Table 6.13
Field Samples

Semivolatile Organics
Samples Collected 8/17/1994
Notes: Sample volume from wells C4, T1, T4, and TS was insufficient for semivolatile
organics analysis, Well T3 was abandoned, MRL=Method Reporting Limit (ug/L),

D=Detected,

Empty boxes indicate that the compound was not detected

MRL

Compound ug/L [C1{C2|C3iPL|P2Z|P3{Pa4}P5|P6| T2
Pyridine 20
N-Nitrosodimethylamine 10
2-Picoline 20
N-Nitrosodiethylamine 10
Ethyl methanesulfonate 10
Pentachloro-ethane 10

Aniline 10 D D

2-Chlorophenol i0
bis(2-Chlorcethylether 10
Phenol 10
1,3-Dichlorobenzene 10
1.4-Dichiorobenzene 10
1,2-Dichlorobenzene 10
Benzyl alcohol 20
bis(2-Chloroisopropyl)ether 10
2-Methylphenol(o-Cresol) 10
Acectophenone 10
N-Nitrosopyrrolidine 10
Hexachloroethane 10
o-Toluidine 10
N-Nitrosomorpholine 10
N-Nitrosodi-n-propylarnine 10
4-Methylphenol(p-Cresol) 20
Nitrobenzene 10
N-Nitrosopiperidine 20
Isophorone 20
2-Nitrophenol 10
2 4-Dimethylphenol 10
a,a-dimethylphenethylamine 10
bis(2-Chloroethoxy)methane 10
0.0,0-Trethy! phosphorotiioate 10
2.4-Dichlorophenol 10
1,2.4-Trichlorobenzene 10
Naphthalene 10
2 6-Dichlorophenol 10
4-Chloroaniline 20
Hexachioropropene 10
Hexachlorobutadiene 10
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Table 6.13 Continued
tield Samples

Semivolatile Organics

Samples Collected 8/17/1994
Notes: Sample volume from wells C4, T1, T4, and T5 was insufficient for semivolatile
organics analysis, Well T3 was abandoned, MRL=Method Reporting Limit {ug/L),
D=Detected,
Empty boxes indicate that the compound was not detected

MRL

Compound ug/L 1 C1|C2|C3|[PL{P2;P3|{P4])P5|P6]| T2
p-Phenylenediamine 10
N-Nitrosodi-n-butylamine 10
Isafrole(1,3-benzodioxole-) 10
2-Methylnaphthalene 20
4-Chioro-3-methylphenol 10
1,2,4,5-Tetrachlorobenzene 10
Hexachlorocyclopentadiene 10
2.4,6-Trichlorophenol 10
2.4,5-Trichlorophenol 10
2-Chloronaphthalene 10
Safrole 10
2-Nitroaniline 50
1.4-Naphthoquinone 10
1.3-Diniirobenzene 10
Acenaphthylene 10
3-Nitroaniline 50
2 4-Dinitrophenol 50
Dibenzofuran 10
Pentachlorobenzene 10
1-Naphthylamine 10
2. 4-Dinitrotoluene 10
4-Nitrophenol 50
2-Naphthylamine 20
2.3.4,6-Tetrachlorophenol 10
Fluorene 10
4-Chloropheny! phenyl ether 10
Diethyt phthalate 20
5-Nitro-o-toluidine 20
4-Nitroaniline 50
4,6-Dinitro-2-methylphenol 20
N-Nitrosodiphenylamine 1
Diphenylamine 10
4-Bromopheny! phenyl cther 10
1,3,5-Trinitrobenzene 10
Phenacetin 10
Hexachlorobenzene 10
4-Aminobipheny! 10
Pentachlorophenol 50
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Table 6.13 Continued
Field Samples
Semivolatile Organics

Samples Collected 8/17/1994
Notes: Sample volume from wells C4, T1, T4, and T5 was insufficient for semivolatile
organics analysis, Well T3 was abandoned, MRL=Method Reporting Limit (ug/L),

D=Detected,

Empty boxes indicate that the compound was not detected

MRL

Compound ug/L |C1{C2{C3{P1|P2{P3|{P4|{DP5|P6; T2
Pentachloronirobenzenc 10
Phenanthrene 10
Anthracene 10
di-n-butyl phthalate 10
4-Nitroguinoline-1-oxide 10
Methapyrilene 10
Fluoranthene 10
Pyrene 10
p-(Dimethylamino)azobenzene 10
3,3-Dimethylbenzidine 10
Butyl benzyl phthalate 10
2-Acetylaminoflucrene 10
benzo(a)anthracene 10
Chrysene 10
3,3'Dichlorobenzidine 20
bis(2-Ethylhexyl) phthalate 20
di-n-Octyl phthalate 20
Benzo(b){luoranthene 10
Benzo(k)fluoranthene 10
7,12-Dimethylbenz{a)anthracene 10
benzo(a)pyrene 10
Hexachlorophene i0
3-Methylcolanthrene 10
indeno(1,2,3-cd)pyrene 10
dibenzo(a,h)anthracene 10
benzo(g.h.b)perylene 10
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Table 6.14
Field Samples
Semivolatile Organics
Samples Collected 11/18/1994 and 11/19/1994
Notes: Samples P1 and T1 were broken during shipping, Well T3 was abandoned, MRL=Method

Reporting Limit {ug/L}, D=Detected,

Empty boxes indicate that the compound was not detected

MRL
Compound ug/l, |CLIC2iC3|C4|P2iP3|P4|P5|P6|T2{T4!TS

Aniline 10 D D B
2-Chlorophenol 10
bis{2-Chloroethyl)ether 10

Phenol 10 D D D
1,3-Dichiorobenzene 10
1,4-Dichlorobenzene i0
1,2-Dichlorobenzene 10
bis{2-Chloroisopropyl)ether 10
Hexachlorgethane 10
N-Nitrosodi-n-propylamine 10
4-Methyiphenol{p-Cresol) 20
Niwrcbenzene 10
Isophorone 20
2-Nitrophenol 10
2,4-Dimethylphenol 10
aa-dimethylphenethylamine 10
bis(2-Chicroethoxy)methane 10
2,4-Dichiorophenol 10
1,2,4-Trichlorobenzene 10
Naphthalene 10
4-Chloroaniline 20
Hexachlorobutadiene i0
p-Phenylenediamine 10
4-Chloro-3-methylphenol 10
1,2,4,5-Terrachlorobenzene 10
Hexachlorocyclopentadiene 10
2.4,6-Trichlorophenol 10
2.4,5-Trichlorophenol 10
2-Chloronaphthalene 10
Safrole 10
2-Nitroaniline 30
Acenaphthylene 10
Dimethyl phthalate 20
2,6-Dinirrotoluene 10
Acenaphihene 10
3-Nitroaniline 50
2,4-Dinitrophenol 50
2.4-Dinitrotoluene 10
4-Niirophenol 50
Fluorene 10
4-Chlorophenyl phenyl ether 10
Diethyl phthalate 20
4.Niroaniline 50
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Table 6.14 continued
Field Samples
Semivolatile Organics
Samples Collected 11/18/1994 and 11/19/1994
Notes: Samples P1 and T1 were broken during shipping, Well T3 was abandoned, MRL=Method
Reporting Limit (ug/L}, D=Detected,
Empty boxes indicate that the compound was not detected

MRL

Compound ug/L1CL|C2IC3[Ca|P2|P3|P4IP5S|P6{T2]Td]|T5
4,6-Dinitro-2-methylphenol 20
N-Nirresodiphenylamine 10
4-Bromophenyl phenyl ether 10
Hexachlorobenzene 10
4-Aminobiphenyl 10
Pentachlorophenol 50
Phenanthrene 10
Anthracene 10
di-n-buty} phthalate 10
Fluoranthene 10
Pyrene 10
Butyl benzy! phthalate 10
benzo(a)anthracene 10
Chrysene 10
3,3 Dichlorobenzidine 20
bis(2-Ethylhexy!) phthalate 20
di-n-Octyl phthalate 20
Benzo(b)fiuoranthene 10
Benzo(k}flugranthene 10
benzo{a)pyrene 10
indeno(1,2,3-cd)pyrene 10
dibenzo(a,h}anthracene i0
benzo(g.h,i)perylene 10

188




Table 6.15

Field Samples

Semivolatile Organics
Samples Collected 4/24/1995 and 4/25/1995

Notes: Sample volume from well T5 was insufficient for semivolatile analysis, Weil T3 was abandoned,
MRL=Method Reporting Limit (ug/L}, D=Detected, ’

Empty boxes indicate that the compound was not detected, NA=Not Applicable

MRL
Compound ug/L { CL{C2|{C3{C4|P1|{P2| P3| P4{P5|{PG|T2]|T4

Aniline 10 D
2-Chlorgphenol 10
bis(2-Chioroethyl)ether 10

Phenol 10 D D D
1,3-Dichlorobenzenc 10
1,4-Dichlorobenzene 10
1,2-Dichlorobenzene 10
big(2-Chloroisopropyljether . 10
Hexachlgroethane 10
N-Nirrosodi-n-propylamine 10

4-Methylphenol(p-Cresol) 20 D D D
Nimobenzene 10
Isophorone 20
2-Nitrophenol 10
2 4-Dimethylphenol i0
a,a-dimethylphenethylamine 10
his(2-Chloroethoxy)methane 10
2,4-Dichlorophenol 10
1,2, 4-Trichlorobenzene 10
Naphthalene 10
4-Chloroaniline 20
Hexachlorobutadiene 10
p-Phenylenediamine 10
4-Chioro-3-methylpheno! 10
1,2.4 5-Tetrachlorobenzene 10
Hexachlorocyclopentadiene 10
2.4,6-Trnchlorophenol 10
2,4 5-Trichlgrophenol 10
2-Chloronaphthalene 10
Safrole 10
2-Nitroaniline 50
Acenaphthylene 10

Dimethyl phthalate 20 ]

2.6-Dinitrotoluene 10
Acenaphthene 10
3-Niroaniline 50
2.4-Diniwrophencl 50
2.4-Dinitrotoluene 10
4-Nirrophenol 50
Fluorene 10
4-Chloropheny! phenyl ether 10
Diethyl phihialaie 20
4-Nitroaniline 50¢
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Tabie 6.15

Field Samples
Semivolatile Orpanics
Samples Collected 4/24/1995 and 4/25/1995

Notes: Sample volume from well T5 was insufficient for semivolatile analysis, Well T3 was abandoned,
MRL=Method Reporting Limit (ug/L), D=Detected,
Empty boxes indicate that the compound was not detected, NA=Not Applicable

MRL
Compound ug/l, |CL{C2|C3|C4|PL|DP2{P3|P4{P5|P6{T2]| T4
4,6-Dinitre-2-methylphenol 20
N-Nitrosodipbenylamine 10
4.Bromophenyl phenyl ether 10
Hexachlorobenzene it
4-Aminobiphenyl 10
Pentachlorophenol 50
Phenanthrene 10
Anthracene 10
di-n-butyl phithalate 10
Fluoranthene 10
Pyrene 10
Buty! benzyl phthalate 10
benzo(a)anthracene 10
Chrysene 10
3,3 Dichlorobenzidine 20
bis(2-Ethylhexyl) phthalate 20
di-n-Octyl phthalate 20
Benzo(b)fluoranthene 10
Benzo(i)fluoranthene 10
benzo{a)pyrene 10
indeno(1,2,3-cd)pyrene 10
dibenzo(a,h)anthracene 10
benzo(g h,i)perylene 10
Cyclohexanol NA D
Benzoic Acid NA D D
Benzothiazole NA D
2,6-bis-(1,1-dimethylethyl)- NA
2,5-cyclobexadiene-1,4-dione NA D
HH-Isoindole-1,3(2H)-divne NA D
2{(3H)-Benzothiazolone NA DD D D
4-(2-Benzothaizolylthio)-morpholine| NA D
N-(1,1-Dimethyiethyl)-formamide | NA B
Buranoic Acid NA D
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Table 6.16
FField Samples
Semivolatile Organics Detected
Units: ug/L (pph)

Notes: Wells C2, T2, and P2 are within the tire chip filled trenches,
MRL=Method Reporting Limit {ug/L), NA=Not Applicable, ND=Not Detected,
In addition to the compounds tisted below there were unknown comounds in some of the samnples for the April samples: C2 1 unknown,

C3 5 unknowns, C4 3 unknowns, T2 2 unknowns, T4 2 unknowns, P2 2 unknowns

by <t <t oy

h f=a) [ =

oy = =t = =t = <+ =
&1 5|8 15l 8 215w 5|4
I 5| E |z 3| E (2 Z | E |2
W ) = @ b= ] o o= =] Py} b
21218 AEE 21 2|5 2518
AR A Xz )= <2< |z
Compound MRL 810108 CIl810 MNERSERS £ & E
Aniline 10 NA| 91 | ND ND ! ND | ND 57.6120.31 ND 31.3163.6] 40
Phenol 10 ND | 16 | 215 ND { ND { ND ND | 55.226.6 ND | 25.7} 50.7
p-Cresol 10 ND | ND | 42 ND | ND| ND ND { ND§{ 32 ND { ND | 86
Cyclohexanol NA ND | ND | 40 ND | ND | ND ND | ND | ND ND | ND { ND
Benzoic Acid NA ND | ND | 30 ND | ND | ND ND | ND | ND ND { ND | 100
Benzothiazole NA ND | ND | 50 ND { ND | ND ND { ND | ND ND | ND | ND

2,6-bis-(1,1-dimethylethyl)-

2,5-cyclohexadicne-1,4-dionc NA ND | NDt 40 ND | ND | ND ND | ND | ND ND } ND | ND
[ H-Isoindole-{,3(2H)-dione NA ND | ND | 40 ND | ND | ND ND ! ND I ND ND | ND | ND
2(31)-Benzothiazolone NA ND{ ND | 100 ND { ND | 100 ND | ND | 200 ND | ND | 100
4-(2-Benzothiazolylthio)-morpholine NA ND | ND i 50 ND | ND |} ND ND | ND | ND ND I ND | ND
N-(1,I-dimethylethyl)-Formamide NA ND I ND | ND ND | ND}{ 30 ND | ND [ ND ND | ND | ND
Butanaic Acid NA ND | ND | ND ND | ND | ND ND | ND | ND ND § ND {100




importantly, nine of tentatively identified compounds were found in the Apml, 1995
samples that were not found in the samples from the two previous sampling events. This
could indicate that some compounds are not immediately leached upon installation, but are

leached after a peniod of several months.

The only semivolatile organic found in the August, 1994 samples was anihine.
Aniline was found in each of the samples from within the tire trenches at each of the sites
for the November, 1994 samples. Aniline was found only in the tili site tire trench sample
in the April, 1995 samples. Aniline is used as an antidegradant in the rubber processing
industry (Fishbein, 1991). It was found in the samples from the wells within the trenches
at the till and peat sites (31.3 pg/L and 57.6 pg/L, respectively). Water quality standards
have not been developed for aniline; however, the Merck Index (Budavari et al., 1989)
indicates that the symptoms of acute exposure to aniline include cyanosis, vertigo,
headache, and mental confusion. The symptoms of chronic exposure include anemia,
anorexia, weight foss, and cutaneous lesions (Budavari et al,, 1989). Intoxication may
occur from inhalation, ingestion, or cutaneous absorption. Symptoms of illness occur at
20 ppm, and a level of 10 ppm is felt to be unacceptable (Verschueren, 1983). The mean
lethal dose may be between 15 and 30 grams of pure aniline (MDL Information Systems,

Inc., 1995).

Phenol was found in each of the samples from within the tire trenches at each of
the sites for the November, 1994 and Apnl, 1995 samples. The concentrations were less
than 55.2 pg/L for all samples. Water quality standards have not been developed for
phenol; however, ingestion of small amounts of phenol may cause many symptoms
including nausea, vomiting, convulsions, coma, and death from respiratory failure or
cardiac arrest (Budavari et al., 1989). A dose as low as 1 gram is fatal to humans; fatal

poisoning may also occur due to skin absorption (Budavari et al,, 1989). The effects of
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ingesting phenol contaminated well water have been diarrhea, dark urine, and sores and

burning in the mouth (MDL Information Systems, Inc., 1995).

For the April, 1995 samples, p-cresol was found in each of the samples from within
the tires at each of the sites. In addition, several tentatively identified compounds were
found, including cyclohexanol; benzoic acid; benzothiazole; butanoic acid; and 2(3H)-
benzothiazolone. Several of these compounds were also found in the TCLP extracts:
aniline; 2(3H)-benzothiazolone; 1H-Isoindole-1,3(2H)-dione; benzothiazole; and 4-(2-
benzothiazolylthio)-morpholine.  Also, the reactor samples water samples from the
reactors that contained tire chips also contained some of these organic compounds:
aniline; 2(3H)-benzothiazolone; benzothjazole; and benioic acid. These compounds can
be identified as tire ingredients or end products of tire ingredients. Each sample from
within the tire chips contained 2(3H)-benzothiazolone. Benzothiazoles are used as
accelerators in the rubber processing industry (Fishbein, 1991). The estimated
concentrations of 2(3H)-benzothiazolone ranged from 100 pg/L at two clay site wells (tire
chip trench well and downgradient well closest to the trench) and the till site well (tire chip
trench well) to 200 pg/L at the peat site well (within the tire chip filled trench). Benzoic
acid was found in the tire chip trench samples from the clay and till sites. Benzoic acid is
used as a retarder in making tires (Fishbein, 1991). Large doses of benzoic acid may
cause sore throat, gastric pain, nausea,\and vomiting, in one case a 67 Kg man ingested 50
grams with no adverse effects (MDL Information Systems, Inc., 1994). A daily intake of
4 to 6 grams produced no toxic effects other than gastric irritation (MDL Information
Systems, Inc., 1994). As with volatile organic compounds, mobility of one semivolatile
compound is seen at the clay site. The sample from the downgradient well closest to the
tire chip trench contained 2(3H)-benzothiazolone at the same estimated concentration as

the well within the tire chip trench.
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These semivolatile compounds do not have drinking water standards and their
threat to human health has not been quantified. Thus, the presence of these corﬁpounds is
a cause for concern. This warrants further field sampling to more accurately assess the
presence and persistence of these compounds. The data from the field study indicate that

one semivolatile compound may be mobile in some environments.

6.4 OTHER RESULTS

In addition to metals and organics other parameters that were studied in this
research were BOD, COD, TOC, alkalinity, pH, conductivity, chloride, and sulfate. As
seen in Table 6.17, the BOD of all samples tested was below 10 mg/L. Tire chips did not
appear to affect the BOD of the groundwater samples. BOD in groundwater samples
would be expected to be low since BOD is a measure of the amount of oxygen required by
microorgansms to breakdown decomposable organic matter. High BOD is generally seen
in samples that contain highly organic wastes, which is not the case in these groundwater
samples. As expected, the COD of the samples is higher than the BOD since almost all
organics are oxidized chemically but only a portion of the organics will be oxidized
biologically. The COD test measures biclogically oxidizable and inert organic matter.
The COD results of this field study are presented in Table 6.18. The COD was higher in
the samples from within the tire chip trenches when compared to the control well samples
for the June 1994 and September 1994 sampling events. The same trend was not seen in
the November 1994 and April 1995 samples. The TOC of the samples was lower than the
COD, as expected. Materials will be oxidized in the COD test that are not measured by
the TOC test. As seen in Table 6.19, TOC was higher in the samples from within the tire
chip trenches than in the control well for each of the three sites for both the September,
1994 and the Apnl, 1995 samples. TOC was only tested in September 1994 and April

1995,
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Table 6.17
BOD Results
Units: mg/L
Notes: *=Approximate Value
NA=Not Available

Date August 1994 September 1994 April 1995
mg/L mg/L mg/L.

Well

Cl1 1 NA 2%
C2 1 NA - 8*
C3 1 4 8*
C4 1 0 4%
T1 NA NA 2=
T2 1 NA g*
T3 NA NA NA
T4 NA NA NA
TS NA NA NA
1 | 3 1 5%
P2 2 NA 8*
P3 NA 3 7
P4 3 3 2=
P5 4 3 7*
P6 4 3 6*
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Table 6.18
COD Data

(average of three or more values for each sample)

Units: ma/L

Notes: NA=Not Available

Date June 1994 September 1994 November 1994 April 1993
mg/L mg/L mg/L mg/L

Well
C1 0 17 220 NA
Cz 54 220 220 44
C3 3.7 180 420 NA
C4 0 7.5 200 NA
T1 0 NA 250 NA
T2 260 54 230 540
T3 210 NA NA NA
T4 1.2 NA 470 NA
TS NA NA 200 NA
P1 140 330 NA 34
P2 250 550 340 240
P3 160 180 260 260
P4 130 320 230 250
P35 140 110 120 210
PG 130 220 250 190
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Table 6.19

TOC Data
Units: mg/L
Notes: NA=Not Available
Date September 1994 April 1995
TOC TOC
Well mg/L mg/L
C1 1.7 0.80
C2 64 23.0
C3 6.2 8.40
C4 1.3 2.0
T1 NA 6.60
T2 17 79
T3 NA NA
T4 NA NA
T5 NA NA
P1 15 17.0
P2 §7 430
P3 13 17
P4 12 18.0
P5 23 14.0
P6 17 30
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In comparison, typical untreated domestic wastewater, the ratio of BOD/COD is
0.4 to 0.8 and the BOD/TOC ratio varies from 1 to 1.6 (Metcalf and Eddy, Iné., 1991).
The BOD/COD ratio for these field samples would be much lower than that for typical
domestic wastewater. In this case the BOD/COD ratio varies from approximately 0.002
to 0.04. This reflects the low biodegradability of the organic matter and the comparatively

high COD of the samples.

The pH and conductivity results are presented in Table 6.20. The conductivity of
the sample from within the tire chip trench was higher than the conductivity of the control
sample for all sampling events for all sites, except the November, 1994 samples from the
till site in which the conductivities were equal. Increased conductivity at the tire chip
trenches is expected due to the significant increase in metals ions such as iron and
manganese that have leached from the tire chips. The peat site was the only site that had
an increase in pH due to the tire chip installation. Table 6.21 presents the average pHs for
the wells at the three sites. The groundwater pH was lower at the peat site than at the
clay and till sites. At the clay site the average pH of the samples from within the tires was
6.8. while the average for all other samples (upgradient and downgradient) was also 6.8.
The corresponding pHs at the till site were 7.0 and 6.9. At the peat site however, the
average pH for the samples from within the tire chips was 6.9 and the average pH for the

upgradient and downgradient samples combined was 6.1.

Alkalinity is a measure of a sample’s abilit-y to neutralize acids. It is expressed in
milligrams per liter as equivalent calcium carbonate. The alkalinity results for the field
samples are presented in Table 6.22. In general, alkalinities of 400 mg/L to 500 mg/L as
calcium carbonate are considered too high for public water supply (Jackson, 1993). All
alkalinity concentrations measured in this field study were well below 400 mg/L, the

highest being 180 mg/L. At the clay and till sites, the alkalinity increased at the well
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Table 6.20

pH and Conductivity Results
Units: pH standard units, Conductivity umhos/em

Notes: *=Data Suspect {(not considered reliable),
NA=Not Available

Date June September | November April
1994 1994 1994 1995

Well pH/Cond pH/Cond pH/Cond pH/Cond
C1 7.1/0.094 6.7/0.108 7.4/0.087 6.5/0.123
C2 7.4/0.196 | 6.6/0.397 6.6/0.294 6.7/0.282
3 6.9/0.140 | 6.6/0.208 6.7/0.298 6.3/0.335
C4 6.9/0.112 6.6/0.127 6.770.121 6.6 /0.208
T1 7.3 /0.093 NA 7.4/0.134 6.8 /0.133
T2 7.4/0.349 6.3/0.209 | 7.0/0.134 6.8/0.436
T3 7.5/0.344 NA NA NA
T4 7.1/0.133 NA 6.9/0.215 6.3/0.267
TS5 6.9/0.131 NA 6.9/0.196 6.5/0.265
P1 5.8/0.127 6.1/0.187 NA 6.1/0.245
p2 6.9/0223 { 7.0/0.423 6.9/0.285 7.5/0.477
P3 6.0/0.136 6.1/0.184 | 6.0%/0.135 { 6.4/0.244
P4 6.0/0.122 | 6.0/0.177 | 6.0*/0.130 | 6.6/0.233
P5 5.7 /0.092 5.9/0.123 | 6.0*/0.099 | 6.5/0.208
P6 6.0/0.128 6.0/0.172 | 6.0%/0.090 | 6.4/0.132
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Table 6.21

Averace pH Results

Units: pH standard units

Average of Average of
Average Average of Samples from Samples from
Site of Control Samples from Tire Chip All Wells Except
Well Samples All Wells Trench Wells | Tire Chip Trench
Wells
Clay 7.0 6.8 6.8 6.8
Till 7.2 6.9 7.0 6.9
Peat 6.0 6.5 6.9 6.1
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Table 6.22

Alkalinity Data
Units: mg/L as CaCO3

Notes: NA=Not Available

Date June September | November April
1994 1994 1994 1995
mg/L mg/L mg/L mg/L

Well

C1 50 68 74 56

Cc2 100 160 110 110
C3 100 NA 190 180
C4 94 82 100 120
T1 70 NA 100 48

T2 140 80 170 140
T3 130 NA NA NA
T4 76 NA 160 NA
TS NA NA 150 NA
PL 72 140 NA 120
P2 60 120 100 180
P3 70 120 100 110
P4 70 110 92 100
P5 56 82 70 80

P6 64 110 68 62
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within the tire chip trench when compared to the control well. The increase in alkalinity
could be due to an increase in hydroxides of metals ions that have leached from the tires.
In addition, the well seals may contribute sodium ions to the system which may also

increase the hydroxides present.

The final two parameters were chloride and sulfate. September 1994 and Apnil
1995 samples were analyzed for chloride and sulfate. As seen in Table 6.23, the levels of
chioride were all below 5 mg/L.. The drinking water standard for chlornde is 250 mg/L,
based on taste considerations (Jackson, 1993). The tire chips did not seem to affect the
chioride concentrations. The sulfate values were all below 20 mg/L, as seen in Table 6.23.
Sulfate should not be present in drinking water at levels above 250 mg/L due to laxative
effects on humans (Jackson, 1993). In general, the sulfate concentrations at the tire chip
trenches were lower than the suifate concentrations in the control wells. Tire chips are not

expected to increase sulfate concentrations in groundwater.

6.5 COMPARISON TO OTHER STUDIES

In the Minnesota Pollution Control Agency Study, barium, cadmium, chromium,
and lead exceeded the RALs set by the Minnesota Department of Health for drinking
water at an existing tire site (a background sample was collected in which none of the
RALSs were exceeded). The groundwater samples in the Minnesota study were taken from
open boreholes. The primary drinking water standard for lead was equaled or exceeded
for two sampling events at the East Lysimeter in the Wisconsin Department of
Transportation Study. The results for lead for the University of Maine Study were
inconclusive. Dissolved lead was below the method detection Lmit (15 ppb) for all
sampling events for all wells. Total lead in the samples from the wells within the tire chips
was less than the method detection limit (I5 ppb) or approximately equal to the

background levels for most sampling events. It could not be determined from this study if
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Tabhle 6.23

Chloride and Sulfate Data

Units: mg/L
Notes: NA=Not Available

Date September | September April April

1994 1994 1995 1995

ar so% ar SO%

Well mg/L mg/L mg/1. mg/L
C1 1.5 6.7 21 17
C2 2.9 0.95 1.9 5.2
C3 NA NA 2.6 7.6
C4 1.6 9.6 2.2 4.9
Tl NA NA 2.1 8.0
T2 2.2 22 3.1 4.5
T3 NA NA NA NA
T4 NA NA 3.8 10
T5 NA NA 1.8 12
P1 3.2 33 37 6.9
P2 3.8 0.12 3.3 3.1
P3 3.0 6.3 2.8 10
P4 34 3.6 3.1 3.6
P5 - 24 6.6 3.3 6.7
Po 3.2 27 2.6 6.5

203




lead was leached from tire chips. No cadmium was detected in the University of Maine
Field Study samples. Based on the results of the Maine Study, it appears that tire chips
feach low levels of chromium to groundwater, but the levels are unlikely to exceed the

drinking water standards.

The secondary drinking water standard for manganese (50 pg/L) was consistently
exceeded at the East and West Lysimeters in the Wisconsin Study. Manganese levels also
exceeded the secondary drinking water standard in the University of Maine Study. Iron
levels exceeded the secondary drinking water standard in the Wisconsin Study, in the

University of Maine Study, and in the surface water and monitoring wells at the tire pond.

In addition, the samples from a separate existing tire site exceeded the RALs for
List 1 (carcinogenic) and List 2 (noncarcinogenic) PAHs in the Minnesota Study. Organic
compounds were also found in the field samples from the University of Maine Study.
Additional sampling and analysis is needed to quantify the level of concemn posed by

organics.

The results of these field studies show that tire chips will adversely affect
groundwater quality due to leaching of unacceptable levels of metals and organics. Levels
of metals with primary dninking water standards are unlikely to exceed the drinking water
standards due to leaching from tire chips. However, levels of iron and manganese can be
expected to increase to well above the applicable secondary drinking water standards.
More sampling data is required to determine if organics are a concern with leaching from

tire chip installations below the groundwater table.

204



6.6 SUMMARY

In this study, tire chips were placed below the groundwater table to evaluate the
effects on groundwater quality. Three field sites were chosen, one in each of three Maine
soil types: glacial marine clay (locally known as Presumpscot Formation), glaciai. till, and
fibrous peat. Approximately 1.5 tons of tire chips were installed in a small trench.
Groundwater monitoring wells were installed within the trench, upgradient of the trench,
and dowﬁgradient of the trench. Samples were collected quarterly for one year to

evaluate the effects of tire chips on water quality.

The results of the field study show that high levels of iron leach from the tire chips,
which is expected due to exposed and embedded steel belts in the tire chips. The levels of
iron leached exceed the secondary drinking water standard (300 pg/L). In addition to
iron, manganese is leached from tire chips. Small percentages of manganese are part of
the composition of the steel tire cord and beadwire. Manganese concentrations also
exceeded the secondary dnnking water standard (50 pg/L). Manganese migration to the
downgradient wells was seen at the downgradient wells at each of the sites. Another
metal that is leached from tires, but at low levels, is zinc. Zinc oxides are used in the
rubber manufacturing process and zinc is present as a coating on steel bead and cord wire,
Zinc concentrations are increased by tire chip installations, but the drinking water standard
(5000 pg/L) is not likely to be exceeded since the background zinc level was very low.
Based on metals leaching, tires could be used at sites where the levels of contamination
expected could be accepted. Often groundwater that is to be used for water supply has to

be treated to remove iron and manganese.

Chromium is present in trace amounts in steel tire cord and beadwire. It appears

that tire chips leach low levels of chromium to the environment. The primary drinking
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water standard for chromium is 100 pg/L but it is unlikely that tire chips will cause this
level to be exceeded. Barium is also leached from tire chips, but at levels well below the
primary drinking water standard (2000 pg/L). Low levels of lead may leach from tire
chips, but the results for lead for this field study were inconclusive. Lead was detected in

some samples from within the tire chip trenches, but was near background levels.

In addition to leaching of metals, tire chips leached organics to the groundwater in
this field study. Volatile organic compounds that were found in the August, 1994
groundwater samples include: dichloromethane; 1,1-dichloroethane; (Z)-1,2-
dichloroethene; 1,1,1-trichloroethane; benzene; toluene; and naphthalene. The only
compound that exceeded its drinking water standard (5 ug/L) was dichloromethane. It
appears that sample contamination during laboratory preparation procedures was causing
the high levels of dichloromethane in the samples, but since dichloromethane is used as a
solvent in the rubber processing industry, leaching of dichloromethane from tire chips

could not be ruled out.

The November, 1994 samples analyzed for volatile organic compounds contained
fewer compounds: dichloromethane, 1,1-dichloroethane, and (Z)-1,2-dichloroethene. The
same behavior of dichloromethane was seen in the November, 1994 samples that was seen
in the August, 1994 samples. The till site sample from within the tire chips had a
concentration of (Z)-1,2-dichloroethene of 85.5 ug/L., which exceeds the drinking water
standard (70 pg/L). In addition, some mobility of these compounds was seen at the clay

site.
There were three sampling events for semivolatile organics: August 1994,
November 1994, and April 1995. More compounds were found upon each subsequent

sampling. A group of tentatively identified compounds were found in the April, 1995
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samples that were not found in the August, 1994 or November, 1994 samples. Aniline
was found in the samples from the tire chip trenches at the peat and till sites for the
August, 1994 sampling. Aniline is an antidegradant used in the rubber processing
industry. In addition to aniline, phenol was found in each of the November, 1994 samples
from within the tire chip trenches. Phenol and p-Cresol were found in the Apadl, 1995
samples from within the tire chip trenches. Aniline was found only in the till site tire
trench sample. In addition, a group of tentatively identified compounds were found in the
April, 1995 samples, including 2(3H)-benzothiazolone; 1H-Isoindole-1,3(2H)-dione;
benzothiazole; butanoic acid; benzoic acid, and cyclohexanol. These compounds can be

identified as tire ingredients or end products of tire ingredients.

These semivolatile organic compounds do not have drinking water standards.
Data on their threats to human health is too limited to determine if the levels found in this
study are high enough to cause concern. The data from the field study indicate that these
compounds may be mobile in some environments. Further sampling of the field sites is

needed to establish the presence and persistence of semivolatile organic compounds.
It is recommended that tire chip use in construction be limited to above the

groundwater table applications pending further sampling of the existing tire chip field tdal

installations.
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CHAPTER 7
SUMMARY

7.1 INTRODUCTION

Storage and disposal of the 240 million scrap tires that are generated in the United
States each year causes many problems. These problems include use of valuable and
limited landfill space, fire hazards, and health threats due to mosquito vectored diseases.
To avoid the disposal and storage problems, alternate uses for tires have been sought.
These uses include cutting scrap tires into chips to be used as lightweight and insulating
fills in roadways, embankments, and retaining walls. Use of tire chips as a construction
material would be especially advantageous in wet or swampy areas because they are much
lighter than traditional fills, such as gravel, which tend to cause problems with slope
stability and excessive settlement of the underlying soils. Tire chips are also good thermal
insulators, which can be used to reduce the depth of frost penetration in cold climates.
However, these applications may bring tire chips into direct contact with groundwater,
raising concerns of possible contamination. The focus of this research was to evaluate the

effects of tire chips placed below the groundwater table on groundwater quality.

A three part study was designed to meet the goal of the project. The three phases
of the project were: 1) labora’gory leaching tests; 2) laboratory simulation of ground
conditions; and 3) small scale field trials. The toxicity characteristic leaching procedure
(TCLP) was used to evaluate potential pollutants from tire chips. The 1aboratdry
simulation of ground conditions was a batch reactor study that investigated the long-term
leachability of tire chips and compared leaching of contaminants from soil to leaching of

contaminants from tire chips. Finally, small scale field trials were used to evaluate the
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long-term effects of using tire chips as a construction material below the groundwater

table. Each of the three phases of this study and their results are summarized below.

7.2 TOXICITY CHARACTERISTIC LEACHING PROCEDURE TESTING

TCLP is used to determine if a waste is a significant hazard to human healith due to
leaching of toxic compounds. In addition to this function, TCLP can also be used as an
indication of potential pollutants that may leach from a waste. In this study, four different
tire chip samples were subjected to TCLP testing and subsequent analysis. The four
samples were: unwashed mixed glass and steel belted chips, washed mixed steel and glass
belted chips, unwashed glass belted chips, and washed glass belted chips. The samples
were tested washed and unwashed to examine the possibility that pollutants from tire chips
could be due to dirt and debris on the surface of the tires, rather than to the tires
themselves. Particle size reduction is required by the TCLP testing method. The tire chip

size was reduced to passing the 9.5-mm (0.375-in.} sieve,

7.2.1 Metals Results

The TCLP regulated metals are: arsenic, barium, cadmium, chromium, lead,
mercury, selenium, and silver. Arsenic, mercury, selenium, and silver were not detected in
the leachates of any of the tire samples. Barum, cadmium, chromium, and lead were
detected in each of the tire chip sample leachates. The concentrations of these metals

were well below the TCLEP regulatory limits for all samples.

The results for comparing washed samples to unwashed samples were mixed. In
general, it appears that washing the tire chips did not significantly affect the metal
concentrations, however, to fully investigate the effects of washed vs, unwashed tire chip
leaching, more samples should be tested. The results of the TCLP metals testing shows

that the potential metals of concern are barium, cadmium, chromium, and lead.
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7.2.2 Oreanics Results

The only TCLP regulated organic compound-found in the TCLP extracts was 1,2-
dichloroethane. The highest concentration measured was 7 pg/L, which is well below the
regulatory limit of 500 pug/L. In addition, dichloromethane, which is not regulated by
TCLP, was found in each of the sample extracts. The levels of dichloromethane found
ranged from 4 pg/L to 10 pg/l. Several additional semivolatile compounds were
detected: aniline; 1-(2-butoxyethoxy)-ethanol; benzothiazole; 1H-isoindole-1,3(2H)-dione;
2(3H)-benzothiazolone; 4-(2-benzothiazolylthio)-morpholine; and 2,5-cyclohexadiene-1,4-
dione. These compounds can be identified as tire ingredients or the products of the
breakdown of tire ingredients, which 1s consistent with finding that they leach from tires.

None of the orgamc compounds exceeded TCLP regulatory limits.

7.2.3 TCLP Conclusions

Based on the toxicity characteristic leaching procedure, tire chips are not classified
as a hazardous waste. The TCLP testing indicated that barium, cadmium, chromium, and
lead are potential pollutants of concern with scrap tire leaching. In addition, leaching

potential for organic compounds, both volatile an semivolatile, was indicated.

When comparing the University of Maine Study with previous laboratory leaching
studies, the results seem reasonable. In addition to the metals of concern identified by the

Maine Study, mercury was also indicated in another leaching study.

7.3 LABORATORY SIMULATION OF GROUND CONDITIONS

The laboratory simulation of ground conditions was a batch reactor study. Eight
reactors were set up. The reactors were 20 L (5 gal) Pyrex glass jars, Three reactors

were controls that contained soil and water only. The three soil types used were clay, till,
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and peat. The soils were bulk soil samples that were collected at each of the three field
sites chosen for the small scale field trials. Three reactors were set up with tire éhjps, soil,
and distilled water, one each corresponding to the control reactors. Two additional
reactors contained only tire chips and distilled water. Designing the experiment.this way
allowed direct comparison of the metals, semivolatile organic compounds, and volatile
organic compounds found in the reactors with soil and water only to the same parameters
in the corresponding reactors that contained tire chips. The reactors were stored at
ambient temperature in the dark for approximately ten months. The reactors were not

mixed or disturbed during that time.

Water samples and soil samples were collected from the reactors. The water
samples were analyzed for total and dissolved metals, volatile organic compounds, and
semivolatile organic compounds. The soil samples were digested and analyzed for total

metals.

7.3.1 Metals Results

Leaching of metals from tire chips was examined by analyzing two types of
samples collected from the reactors: soil samples and water samples. Results from the
different types of analyses were compared to determine if the tire chips were the source of
the increase in concentrations. The results of the soil digests showed that tire chips
increased the metals concentrations in the digestates for barium, chromium, copper, lead,
iron, manganese, and zinc. The concentrations of these metals released from the soils
during a rigorous acid digestion procedure were higher than the concentrations of the
same metals released from the soils in the control reactors (no tire chips) during the same
digestion procedure. The water samples results showed that several metals are leached
from tire chips or are leached from soil due to the environmental conditions created by

placing tire chips in contact with water and soil. Metals that were increased due to the tire
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chips were chromium, iron, manganese, and zinc. Metals that may be leached from tire
chips but are also leached from soil were aluminum, barium, calcium, magneéium, and
sodium. The source of these compounds could not be identified as the soil or the tire
chips, but it is known that conditions were created that caused increases in those metals.
Chromium, copper, iron, and manganese can be expected to leach from tires because they

are components of the steel tire cord and beadwire.

7.53.2 Oreanics Results

The semivolatile organic compounds detected in the reactor water samples were:
aniline, 4-acetyl-morpholine, benzoic acid, and 2(3H)-benzothiazolone. None of these
compounds were found in the control reactor samples, therefore the source of the
compounds appears to be the tires. Thas is consistent with the results of the TCLP testing.
Some of these compounds were also found in the TCLP extracts. These -semivolatile

compounds are either tire ingredients or end-products of tire ingredients.

The volatile organic compounds detected in the reactor water samples include:
toluene {also found in the blank), benzene, naphthalene, dichloromethane, and cis-1,2-
dichloroethene. None of the compounds found were above the drinking water standard
(where applicable). Dichloromethane was the only compound found in the reactor study

that was also found in the TCLP extracts.

7.4 SMALL SCALE FIELD TRIALS

Three sites were chosen for the small scale field tnals, one each in marnine clay
(locally known as Presumpscot Formation), glacial till, and fibrous peat. The site selection
criteria were soil type and topography. The sites needed 1) to have the groundwater table
elevation near the ground surface for as much of the year as possible, 2) to ‘have the

desired soil type, and 3) to be reasonably accessed with the equipment required to install
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the tire chips and monitoring wells. At each site approximately 1.4 metric tons (1.5 short
tons) were installed in a small trench lined with non-woven geotextile. The size of the
trench at each site was approximately 3m (10 ft) long, 1.8 m (6 ft) deep, and 0.6 m (2 fi)
wide. The trenches were dug perpendicular to the inferred direction of groundwater flow.
Monitoring wells were installed within the trench, upgradient of the trench, and
downgradient of the trench at each site. The monitoring wells were sampled quarterly for

water quality parameters.

7.4.1 Metals Results

The tire chips increased the iron concentration at each of the sites. The iron
concentrations in the samples from within the tire chip trench are up to two orders of
magnitude higher than the secondary drinking water standard for iron (300 pg/L). The
iron does not appear to have migrated downgradient at any of the sites. Manganese is also
increased by the tire chips. The secondary drinking water standard for manganese is 50
ug/L and is consistently exceeded in the well within the tire chip trench. Unlike iron, the
manganese was observed to migrate downgradient with the groundwater flow. Zinc was
also increased by the tire chip installations; however, the concentration was well below the
drinking water standard (5000 pg/L). Chromium concentrations were increased by the
tire chups, but only at the peat site. The levels were all below the primary dnnking water

standard for chromium (100 pg/L).

It is recommended that tire chips only be used in locations where increased levels
of iron and manganese can be accepted. Groundwater is often high in iron and manganese

and is sometimes treated to remove these metals if it is to be used as a drinking water

supply.
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7.4.2 Organics Results

The volatile orgafn'c compounds detected in the field samples for both the August
1994 and the November 1994 samples were 1,1-dichloroethane, cis-1,2-dichloroethene,
and dichloromethane. Dichloromethane is used as a solvent in the rubber prlocessing
industry, making tire chips a possible source. The total theoretical dichloromethane
concentration based on the resuits of the TCLP te;;ting and knowing the mass of the tire
chips installed at each field site is approximately 60 pg/L.. Levels of dichloromethane in
the field samples were much higher than that. It is possible that environmental conditions
in the field are causing the high dichloromethane concentrations. However, it is also
possible that there is a laboratory contamination problem that is giving erroneously high
dichloromethane levels. Dichloromethane was detected in all samples tested including the
laboratory blank (prepared at ERI) and the blanks shipped with the samples. Levels of
dichloromethane were found that were significantly higher than those levels found in the
blanks. However, no pattern could be seen in the concentrations found with respect to
control well versus downgradient wells. Dichloromethane is used in the preparation of
samples analyzed for semivolatile organics. ERI confirmed that the same prep room is
used for volatile samples and semivolatle samples; therefore, laboratory contamination

cannot be ruled out.

The apparent downgradient mobility of the three volatile compounds found in both
sets of samples is typical of that of contamination situations. The most hydrophilic
compound (dichloromethane) travels the furthest with the groundwater flow and the least
hydrophilic compound (cis-1,2-dichloroethene) travels the least with the groundwater
flow, Based on this theory, the volatile organic compound data seems reasonable. Cis-
1,2-dichloroethene was measured at a concentration above the primary drinking water

standard (70 pg/L) in the till sample from within the tire chips on one sample date.
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Without additional data it is not possible to determine if significant levels of

dichloromethane and cis-1,2-dichloroethene leach from tire chips,

Semivolatile organic compounds that appear to be of concem based on the small
scale field trials are: aniline; phenol; p-cresol; benzothiazole; 1H-1soindole-1,3-(2H)-dione;
4-(2-benzothiazolylthio}-morpholine, and 2(3H)-benzothiazolone. All  of these
compounds but aniline and phenol were found only on the third sampling date. These
compounds can be identified as tire components or as end products of tire ingredients,
which is consistent with finding them in the leachate. These semivolatile organic
compounds do not have drinking water standards. Data on their threat to human health is

too limited to determine if the levels found in this study are high enough to cause concemn.

At present, it is recommended that tire chips used in construction be limited to
applications above the groundwater table. Monitoring of the small scale field trials should

continue to better identify what organic compounds are present.

7.5 RECOMMENDATIONS FOR FUTURE RESEARCH

7.5.1 Metals

Due to the complication of interpreting total metals results due to the significant
varation (qualitative) in the particulate content of the samples, total metals should only be
measured in the samples from within the tire chip trench. The exception to this would be
chromium at the peat site which should be measured in both forms. Continued monitoring
of dissolved metals should include: barium, chromium, iron, manganese, and zinc. To
determine the effects of the tire chips on the soil matrix directly, soil core samples should
be collected and analyzed. Control soil samples should be taken upgradient of the tire
chip trench at each site. Soil samples should be taken downgradient of the tire chip filled

trench at each site. One sample taken immediately downgradient from the trench, just
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outside the pocket of tire chips, and other samples taken at intervais further from the

trench between the trench and the well the furthest downgradient.

7.5.2 Organics

To investigate the potential laboratory contamination problem with
dichloromethane, two sets of volatile organic compound samples should be collected at
the next sampling date. One set of samples should be analyzed at ERI, and the second set
should be analyzed at a second independent testing laboratory. Monitoring and analysis of
volatile and semivolatile organic compounds should continue at the field tnal sites to get a
better understanding of the contamination potential due to organic compounds. Another
test to rule out or confirm the possibility of particulate rubber in the samples causing the
semivolatile organic compounds to be arificially high, would be to test filtered and
unfiltered samples. Caution must be used since sorption of organics to the filtering

apparatus and to the filter itself'is often a problem.
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Appendix A:
Scrap Tire Material Safety Data Sheet
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Bnlcmﬁm
MATFRIAL. SAFETY INTA SIEET

Fage 1
ND = Mot Determined NA = Not Applicable
(Wdaown)

SECOMN I JIPNTIFICATI(N

CHPHICAL RAHE  Rubber Compound (Hixture) containing matural and synthetic rubber that
is py=sicallys/chemically bouxd with carbon black, clay, titanium
dimdde, zinc eodde, sulfur and petroleum hyrdrocarbons.

OHH NAE Scrap Tire (Whole)

RANUPACTURERS TRAIFAMES BERCENCY TELEFAHE HD.

Scrap Tire (Whole)

SBCTIC IT BAZARDOE TS
EEALTH 0SOA (FEL)
OIRMICAL RAE CAS NHEER X BAD NCIH (TLY)  FOYSICAL BAZARD
Carbon black 133386 1635 Irrltant 3.5 meAr  Nen-hazardous
Clay 12141-46-7 Q.0 Irritent D Mon-hazardous
Ti tanium diexdide 13463-67-7 a5 Iciant 10 mght Non-hazardous
2inc oxide 1314-13-2 <.0 Irritant S.0mg/A  Nen-hazardous
Sulfur 7704-34-9 a.5 Irritant WD Mon-hazardous
Petroleum hydrocarbons 8002-28-7 513 Irritent 5.0 ng/H3 l\h‘l—ﬂalarﬁous
Carcinogen
SCOm 0 FITSICAL DATA
A'PEARANCE OOR  HELT POINT SPECIFIC GRVITT  BOLLDG POINT
Sol4d Black Rubber N/D 1.085-1.331 K/A
Rubber

BI1E DBSITT X VOULATIIE BY AIHE VARR DENSITY (AIR=1} VAPOR PFESS. X SOL. 20

N/A 0 H/A N/A Insoluble

ORER N/D
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Wole Scrap Tire
HATEHTAL SAFETY DWTA SOEET

Poge 2
N/D - Kot Detexmined  N/A = Mot Applicahle
(Unkanown)
SECTIN IV FIHE AND EXPLOGION HAZARD DATA
FlASH POINT 6 HETYED TNITION TEMP. PLAMARLE, 1THITS
LR WFTER
ND ND ND /D

FIRE EXTINGILSIIING AGENTS AND SPECTAL PROCEIURES

Ay of the folloving extinguishing agents may be used to combat fires of this material:
vater (dispersed vith fog nozzles), carbon dioxide, dry chemical, Halon or alcohol
foam. Water, dispersed wvith fog nozzles, may be used to cool fire-exposed containers
and to prevent pressure buildap.

Full protective clothing and HSHA/NICS! (Hine Safety and Health AdministrationMatiomal
Institute for Ocopatioml Safety and Bealth) approved, positive pressure,

self contained breathing apparatus should be used vhile firefighting. Thermal
decaposition by-products may present a bhealth hazard.

HUSAL EXPLOSTVE BAZARDS None

FROOUCTS EVOLVED VXN SIRJECTED TO ERAT OR ORBUSTI(H

Potentially carcinogenic materials (including nitrosamines), earbon oxtides (carbon
monaoddde and carbon dicdde), acrid fumes, and flammble hydrocarbons may be liberated
as a result of thermal decomposition or combustion. Avoid the smoke and fumes that
result from thermal deconposition or cambustion.

SECTIN ¥ EEALTH EFFECTS ~ Effects of Bxposure

LIG50 (RAL (INGESTION) LSO DPRMAL (SKIN OINTACT) LSO (TNIALATICN)

N/D ND ND

TIRESAAD LTHIT VAUE (TLV) FRIMAY ROUTE OF FEPOSLRE

N/D skin (dermml} contact

EFFECT OF AOTE (SIFT TYRY) EXPOSUHE:

No lnown health effects due to acute (short term) eposure.

EFFECT OF ORMNIC (FEPEATED) EXTOSREE:

This material contains untreated naplithenlc or arcmatic extender oil. This

01l could be released from the surface through sikdn contact. Prolonged contact vith
these ¢ils has been shown to cause skin cancer in laboratory studies wvith animals.
Untreated mophthenic and aromatic oils are classified as carcinogenic by TARC
(Intermational Agency for Research on Cancer). Prolonged or repeated contact may cause
sdn irritation or sensitization (allergic skin reaction).

MEECAL OONOITIONS ACCRAVATED BY EXPOSURE: Skin Disorders
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WMwnle Tire

HATPRTAL SAFETY DATA SIEET

; Page 3
KD = Not Detenmined N/A = Not Applicahle
{Unlmown)
SECTIMN VI BERGENCT AND FIRST ATD PROCEIARES

EYES: Not expected to be a problem.

FIN: Vash thoroughly vith scap and vater. If reddening or irritation develops,
obtain supportive medical attention.

JINCESTION: Not expected to be a problem.
TNOALATION:  Not expected to be a problem.

JIER BGIRCIIAQS:

Brployees vho have prolonged contact with material shoudd practice good personal
hygiene by frequent washing of hands and arms with soap and vater. Remove contaminated
clothing and launder before reuse. Shower at the end of each wvork day.

SECTIN VI CHEHICAL REACTIVITY
QROITIONS CAUSTRG INSTARRLITY Stable wnder normal conditions.
THOCHPATIEYLYTY (MATERIALS TO AVOID) None.

BAZARDOUS TEOOHPOSITION PRODUCTS

Potentially carcinogenic materials {(including nitrosamines}, carbon addes (carbon
monoxide and carbon dicdde), acrid fures, and flameble hydrocarbons may be liberated
as a result of thermal decomposition or combustion. Avoid the smoke and fumes that
resuli from thermal decomposition or combustion. :

SECTIN VITT SFILL., LEAK, AND DISPOSAL INPORMATION

SIEPS T0 BE TAKEN IN CASE MATERIAL IS SPIILED (R RELEASED

VASTE DISPOSAL:  Heclaim or recycle material if possible. Dispose of material-in
accordance vith applicable federal, state and local guidelines and
regulations.
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Wole Tire

HATERTAL SAFEIT DATA SEET

Foge 4
ND = Not Determined WA = Not Applicable
(Ukamoen)
SECIIN IX SPECTAL PROTECTION INPORHATION

211 rubber products should be handled so as 1o prevent eye oontact and excessive or
repeated sidn contact.  Appropriate sidn protection should be employed.

Intmlation of dusts should be avoided.
EXFS: Mot required for monml use.

SIN: Use of protective gloves is recommerded, Vash hands before eating, smoking or
using the restroom.

DNOALATI(N:  Uder normal conditions of use, respiratory protection should mot be
required.

ADOTTICNAL PERSINAL PROTECTION INPORHATION:

Brmployees viho have prolonged contact vith material should practice good persomal
hyglena by frequent vashing of hands and amms vith scap and vater. Remove oontamlnated
clothing and aunder before reuse. Shower at the end of each work day.

SECTIN X STIRACE INFTRHATION

FRECAJTI(RS TO BE TAKEN TN BANDLING AND STORING

Store indoors in a cool, dry, well ventilated area under arblent conditions.
{Temperarures: 32-100°F (0°-38°C)). Do pot store iIn direct sunlight. Store and
dispose of material in accordance vith applicable federal, state snd local guidelines
and regulations.

SECTI(N XTI AL OFHENTS

"

Components of this product are included in the EPA Toxdc Substances Control Act (TCSA)
Chemical Substances Inventory.

PR AIDTTIONAL TNAORHATTON

NAHE CMHPANY TELEPANE

S
Propared by: il

rlz/rud Mate: 15-Jun-199

225



Appendix B:
Examples of Compounds in Classes of Rubber Chemicals
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Examples of Compounds in Classes of Rubber Chemicals

(Adapted from Fishbein, 1991)

Antidegradants: aniline, cresols, hydroquinone, phenol, simple amines and
hydroxy derivatives of these compounds. There are ten structural classes of commercial
antidegradants:

a} aldehyde-amines
b) ketone-arnines
c¢) diaryldiamines
d) diaryl amines
e} ketone-diarylamines
f) substituted phenols
g) bisphenols
h) hydroquinones
i) amino phenols
j) phosphites
The most commonly used antioxidants are in the amines, phenols, and thioesters

categories.

Accelerators: sulfur, dithiocarbamates, guanidines, thiazoles, thioureas,

thiuramsnifides, sulfenamides, aldehyde/amines, xanthates, and thiophosphates.
Activarors: zinc oxide, litharge (PbO), red lead (Pb304), magnesium oxide, and
sodium carbonate. In addition, organic acids are used to increase the solubility of the

metals in the rubber formation (stearic acid or lauric acid).

Retarders: benzoic acid, salicyclic acid, phthalic anhydride, N-

nitrosodiphenylamine (NDDA), and N-(cyclohexylthio)-phthalimide (CTP).
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Blowing Agents: dinitro pentamethylenetetramine, azobisbutyronitrile,
azobisformamide, benzene sulfony! hydrazide, and para, para oxybis(benzenesulfonyl

hydrazide).

Plasticizers: phthalate esters, adipate esters, sebacate esters, and cumarone-

indene resins.

Processing Aids: paraffinic, naphthenic, and aromatic mineral oils. Talc, coal-tar
pitch, vegetable oils, organic phosphates, and polymerisates of unsaturated vegetable or
animal oils with sulfur or sulfur chloride.

Reinforcing Agents: carbon black, amorphous silica.

Fillers and Diluents: clay, calcium carbonate, barytes, magnesium carbonate,

barium sulfate, aluminum silicate, zinc carbonate, zinc sulfide, and titanium dioxide.

Bonding Agents: Proprietary mixtures believed to contain isocyanates and/or p-

dinitrosobenzene. Also, resorcinol-hexamethylene tetramine bonding systems.
Solvents: aliphatic hydorcarbons, acetone, methyl ethyl ketone, methylene

chloride, perchloroethylene, trichloroethylene, 1,1,1-trichloroethane, benzene, toluene,

xylene, tetrahydrofuran, and dimethyiformamide.
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Miscellaneous Agents:

Flame Retardants: antimony trioxide, aluminum hydrate.

Colourants: carbon black, titanium dioxide, chrome oxide, iron oxide,

zinc chromate, phthalocyanine, ultramarine blue.

Mould Release Agents: soaps, synthetic detergents, silicones, fluorinated

hydrocarbons, polyethylenes.

Emulsifiers: rosins, rosin-derivatives, tall oil mixed soaps, sodium lauryl

sulfate, sodium decylbenzene sulfonate, sodium salt.
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Appendix C:
Minnesota Pollution Control Agency Study Results
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TABLE 3: SUMMARY OF ANALYTICAL RESULTS FOR METALS TESTING OF
NEW TIRE COMPOSITES IN UG/L OF LEACHATE

TCT MNo. 144656 145000 145010 145020
Leach Leach Leach Leach
Analyte Test Test Test Test
#1 #2 #3 #4
Ag < 5 < 5 < 5 < 5
Al 1020 213 < 1B < 54
As < B3 34 < 18 < 53
Ba 488 205 48 265
Ca 27600 4560 1950 1712
Cd 110 7 < 5 < 5
Cr 142 2 < 5 < 2
Fe 3456000 41200 80 25
Hg < 05 <05 < 0.5 < Q.5
Mg 3530 1190 288 202
Pb 417 < 51 < 138 < 39
S 2440 2800 1630 1630
Se 166 < 54 < 45 < 2B
Sn < 630 73 115 < 330
n 18600 8525 824 < 5

TABLE 4: SUMMARY OF ANALYTICAL RESULTS FOR METALS TESTING OF
OLD TIRE COMPOSITES IN UG/L OF LEACHATE

TCT No, 144659 145005 145013 145021
Leach Leach Leach Leach

Analyle Test Test Test Test

#1 #2 #3 #4
Ag < 5 < 5 < 5 < 35
Al 934 351 36 < 54
As < 83 < 11 < 28 < 53
Ba 205 62 174 107
Ca 10900 5290 1820 2405
Cd 125 < 6 < 5 < 5
Cr 235 < 2 < 5 < 2
Fe 500030 23300 531 718
Hg < 05 < 0.5 < 05 < 0.5
Mg 1320 817 295 288
Pb < 47 < 51 < 38 < 39
S 3540 4390 1990 2710
Se 203 < 54 < 45 < 28
Sn < 630 i1 32 < 330
Zn 23500 17500 3380 < 5
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Minnesota Pollution Control Agency
February 19, 1990
Page 18

TABLE S: SUMMARY OF ANALYTICAL RESULTS FOR METALS TESTING OF

ASPHALT IN UG/L OF LEACHATE

TCT No. 144662 145008 145015 145024
Leach Leach Leach Leach
Analyte Test Test Test Test
#1 #2 #3 #4
Ag < 5 < 5 < 5 < 5
Al 3510 189+ < 18 < 54
As < 83 < 11 < 28 < 53
Ba 734 344 38 394
Ca 1110000 605000 12500 108960
Cd < 3 < 6 < 5 < 5
Cr 8 < 2 < 5 < 2
Fe 20850 1590 20 16
Hg < 05 < 0.5 < 0.5 < 0.5
Mg 474000 177000 1870 7109
Pb < 47 < 3 < 38 < 39
S 6030 3620 560 840
Se 105 < 54 < 45 < 28
Sn 1180 15 28 < 330
Zn 135 63 24 < 5
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Samle

Hurber Type Ag AL Ax
164858 Hew 1 v 2,25 Ko
1LLE59 otd =% u 2.02 Ho
1LLEA2 Asphalg kD T9.38 Hp
L5600 New €3 #p 0.i% 0,07
153005 oid B2 MD 0.73 LY
145808 Azphaly to 3.78 KD
145010 Heuw M3 ND KD HD
1013 old £} D0 0,1 KD
tLsa1s Asphaty D HO wo
££3020 Weu EL o (1] %D
163021 otd = %o HD HD
L5028 Asphalt D o WD
155099 PC-U-tire  <0.01 1.8 <0t
E5041L FL-U-tire «0.01 180 <0.1.
159121 §1-U-back <0,0% L3 «0.1%
159157 Si-5-tire  <0.0F 1170 ¢
159108 YE-S-back 0.0 4480 <2
15907 PC-S-tire «0,01 3300 <1
161251 Tire grabl <0.5 3Meg <5
181258 Tire grab2 «<0.5 3310 (3
159009 Field pi 4,1
5910 Field ph 4.9
159123 Ficld ph 6.6

RAL 0.050

Chronic 0,050 0.147 0.0%G

Co~disparal a.500 0.120

EP toxzicity 5.000 5.000

ToLe $.000 S.000

for samples TLL85&-145024 the
for sanrples 15P099-1461254 the
Moskg and mg/l wre equivalent
The equivsient concentrations
Cordition 1 = pH 3.5 lesch
Condition 22 = pH 5.0 leach

table & Hinnesota Pollution Centrol Agen

Surmary of Chemical Analysis - Metals February 19, 19
Uaste Tire #roject . Page
L233-90-177
Ba Ca od Ccr fe Hy Hg "o s Se Sn in
1.68 808,96 0,28 -0.31 T761.i0 ro 7.9 o.vz 5.38 0.23 KO (3}
0.4 231,57 0,27 0.55 0Bl.O0A 1] 2.85 KD T.45 0.l up 50.

t4.60 251071 96 o 0.8 471,51 KD 10719.22 KD 136,36 2.37 . 26.68 3.
0.44 e.49 001 HD 07.55 L] z.53 KD 5.95 HO 0.36 . B
0,13 1,20 "] e 4F.52 [ 1.74 W 9,33 uo o.e7 37,
4.88 12%00,00 -} [T 31.80 KD 15£0.00 Hp 72,40 Ko 0.30 H
0.19 7.80 %0 MO 0.3z .15 W0 452 ko 046 3.
0.70 7.28 D HO z.12 HD 1.18 KD 7.96 HD 0.13 13,
0.76 250.00 LDl HO 0.0 L) 37.40 WD 11,20 HD 0.%4 0.
1.04 &6.8% L] HD 0,%0 KD . D0.81 o 4.52 uo L]
0.L3 ©.62 ] 1] 2.87 WO 1.18 WD  10.BL HO =]

7.88 i0L4.00 KO ] 0,32 o 142,18 o 14.80 5] 5]

«0.01 1L «,003 «,01 .t < O0f 2.8 <02 633 <01 €35 -
1.93 1080 0.032 0.3% 298 <.001% 38} 0.2} 737 =<0_1% 0.37 i
0.0l 34,46 < 003 <,01 5.8 D.0DY 4.2 <0.02 586 <01 €35 ..

5 10700 «0.2 1.5 2240 <0.0t 1wer <t.0 1530 0.L $.5
h14 L9350 <0.2 B.3 7340 0,04 1530 «t.0 370 <1 <2.5
&6 4050 <02 5.& L4690 <0,04 11en [T 12,1, B Y 3 &0 1
23 &59 «D,2  4.F 52¢0 «0.26 &in &.9 8L <5 2.5 1
16 59 «0.6 6 1000 «0.2% 640 31 150 <% <2.% Z
1.500 ¢.00% 0,120 o.3oe 0.00% 0.020 0,045 5.C
{.000 0.00% 0.030  0.300 0.00% 5.0
10,000 0.100 0.500 3,040 0.020 0,500 0.500 0.%00 50.0
100,000 1.000 S.000 0.200 5.000 1.000
100.000 1.000 5.000 10.200 5.000 1.000

regults wcre expretted ag /g (milligrams per kilogram) of of tirec sacple (Yparmuli
results were cxpretsed as e/t of toll or mgsi (miltlgrams per liter) of water ot rec
to parts per miltion.

in the estimated poreuater volume are 0.8 timeg the (eachate values reported {sre page

fL £ Floodvood Road Site
PC = Pinc County Road Site

Condition #1 = O.¥X HaCl leach 3 e soil saeole

Condition &L = pH B.0 leach

= wvater samplc
Tire grab = goil sample vnder stockpile
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Table 7 Hinnesata Pallution Control Agcncy

February 19, 19gp

Summary of Chemical Analysis Page 22
Polyaucledr Aromatic }Iydrocarbor\s
and Total Petreloeum Hydrecarbans

Uaste Tirc Project

£231-90-177
Total Petroleum PAl (carcinogenic) PAH (non-Carcinogenic)
Hydrocarbons
Horcal {zed Normalized
Sarplce Karmal ixed Sum of Sun of Sum of Sun af
Humber Type 4181 L30.1 List 1 Lise t List 2 List 2
mg /1 mq/kg ng/l ng/kyg ng/kg ngskg
TLLE56 Hew £1 ND KD ND Ho £30 oLe
144659 0id =1 ND HO 230 £97 130 281
1LL8482 Asphalt 2.70 0.04 kD KD 153 3440
$£5000 Hew E2 KD HO 200 £25 Lon 1058
145005 otd 22 HD Ho 85 187 2458 527
145008 Asphalt HO HO HO ¥D 3L0 S800
145010 Hew &3 HD HD 339 1354 L7V 1716
145013 oid £3 HD HO 100 400 71 6BL
145015 Asphatt 17.50 0.35 36 728 L34 8716
145020 Hew &4 3%.30 0.1 7v0 3159 1271 5081
545021 atd =4 3i.50 0.13 21¢ Q5L 403 2L21
1435024 Asphalt 25.40 0.51 & 118 337 4330
159099 PC-U-tire ¢.5 LL 2257
159914 FL-U-tire <D.5 7 12
159123 FL-U-hack 1.8 3 1L
159117 FL-5-tire MR <550 ppb <550 pab
199108 fL-S-back HR <550 pgb <530 ppb
159071 PC-S-tire ] <550 ppb <553 pph
1561251 Tire grabt 17.6 <£10 ppb <10 ppb
141254 Tire grab? 55.5 <t30 ppb <L30 pob
159099 field p# &a.1
159116 Field ph 4.9
159121 Ficld pif 6.6
Qetection Limit 0.5 mg/ 4£-20 ppt L-20 ppt
RAL - 28 280
Chronic 21 280

ALt PAM concentrations expressed as ng/l {nanograms per liter) or

ng/kg {nancgrams per kilogram} which is equivalent to parts per trillion

For samcles 140596+ 145024, the concentrations are expressed in ng/kg (nanograms per kilogram} of tire materiat.
The equivalent concentrations in {h: estimated poreuat.:r volume arc 0.8 times the values reparted (see page 3T°

Condition £1 = pd 3.5 leach FL = #looduond Road Site
Condition 22 = pH 5.0 leach PC = Pine County Road site
Conditian 23 = 0.9X NaCil teach 5 = zoil sample

Condition #£ = pH 8.0 feach W = uater sample

Tire grab = soil somple under tockpiie
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Appendix D:
Wisconsin Department of Transpertation Study Results
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Table 10.1 Water Quality Data from West Lysimeter

Limits for
Primary
and
Secondary
SAMPLE Unit Drinking §4/11/90 | 5/9/90 [ &/6/90 { 7/5/0 | 8/3/90 | 9/4/90 | 12/14/90 [ 372891 | 10/1091 | &/1/92
Water .
Standards
pH sy 16 1.5 1.6 7.9 13 1.5 7.8 12 7.1 7.8
Alkalipity | mp/L 381 557 1 656 { 722 [ 110 | 126 760 729 766 910
Barium pg/l 1000 (7Y 240 240 230 210 360 470 690 434 430 160
BOD mg/L 41 15 <6 5.2 17 40 LA 4.1 <3 —
Caleium mg/l, 19¢ 180 160 140 120 110 160 240 200 300
Chloride me/l. 250(S5) 770 570 300 230 120 150 480 760 580 810
COoD mg/L 200 110 B4 120 140 230 280 140 71 240
Conduc- {uumhos/cm! 3880 2660 3100 260 {3340
uvity
s mefl, 0.3{5) 005 <0053 024 1057 § 026 4 0,25 0.96 0.13 0.56
Lead He/l 50{P) <3 <3 <3 <3 <3 <3 <3 5 <3 <3
Mammesiym!  mg/l 190 160 150 130 120 130 180 220 240 320
Manganese|  pp/l 50(5) 170 200 220 350 1 2500 | 2100 1900 1200 45 2600
Sodium mg/L 330 260 20 130 86 8% 140 87 58 230
Sulfate myg/l. 250 (5} 130 g7 130 150 140 {10 117.5 i40 85 42
Total sglids] mp/L S0 () 3010 { 2150 11400 | 1330 | 1180 | 1250 1850 614 1770 1240
Zinc ped. | 5003 (S5} i9 12 17 ND 16 A4 19 30 13 750
Hardness | mg/l. 1300 1 100 | 1000 { 900 | 780 ¢ 830 100 1500 1300 | 2100
Table 10.2 Water Quality Data from East Lysimeter
Limits for 1
Primary
and
Secondary
SAMPLE { Unit Drinking §4/11/90 | 5/9/90 | 6/6/90 { 7/5/30 { 8350 | 9/4/90 | 12/14/90 { 3/28/9} | 10/1091 | 6/192
- Waicr
Standards
pH sy 1.1 T4 18 15 73 13 13 7.4
Alkalinity | mp/l. 533 367 625 671 705 792 G616 657
Harium ugft. 1000 (P} 220 210 240 190 270 310 350 190 570
BOD mg/L 14 10 39 75 57 70 5.1 —
Calcigm mg/E " 200 170 184 110 130 140 340 290 180
Chlonde | mgll | 250(5) 460 | 340 { 130 | 170 | 200 1400 500 1 1200
COD mp/l 280 170 220 320 290 390 560 200 78
Canduc- {pmbosfem| 5150 3880 | 4820
nvily
Iron me/l. 0.3(SY 1.3 <0051 0.12 | 0.54 53 1036 0.7 0.15 L6
Lead pe/l. 50 (P) 9 <3 5 4 15 [ 22 <3 <3
Magnesiom:  mp/l 200G £50 150 96 110 120 390 240 21
Manganese]  ppfi. 50 {5} 230 270 300 41200 3 1700 | 2300 3200 3200 1300
Sodium mpfl. 280 220 260 a8 126 140 pivy] 210 210
Sulfate | mgh | 250(5) 140 | 140 | 92 | 150 | 3180 4350 250 | 260
Tatal solids]  mef, SHS) KK | 480 {1110 1 1290 | 1510 4630 2460 | 3080
Zinc prcfi SO0 (S) 84 46 44 540 560 120 S640 R4 33
Hardness g/l 300 F 1100 1 110G | 600 T30 860 2500 1700 1500
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., Medical Director
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Environmental Science Section (608) 262~345a DNR LAB ID 113133790
Inorganic chemistry (41 of 12 on 07/18B/89)

Id: Point/Well/..: Field §: BL1 Route: 0000
‘Collection Date: 05/12/89 Time: 00:00 County: 00 (Unknown}

From: AFS BLANK ELUTION {1

To: KOZIAR

BNR Source: Qther
MADISON
Account number: LHQO02 Collected by: KOZIIAR
Blank
Date Received: 05/13/89 Labslip #: I308627a Reported: 07/06/89

comment: Partial report; RESULTS ARE PROVISIONAL AND MAY CHANGE.

PH LAB 6.30 su
ALKALINITY 3. MG/L
ARSENIC, AA FURNACE <10 uG/L
BARIUM, ICP <40 UG/L
BOD 5 DAY *e] HG/L ¢l
analysis rejected
CALCIUM, ICP <1.0 MG/L
CHLORIDE <0.3 MG/L
CHROMIUM, AA FURNACE <3 UG/L
COD LOW LEVEL, COLORIMETRIC <5 MG/L
COPPER, ICP <20 OG/L
HARDNESS, CALCULATION HETHOD <6. HMG/L
IRON, ICP <0.05 MG/L
HAGNESIUM, ICP <1. MG/L
MANGANESE, ICP <40 O0G/L
RITRATE PLUS NHITRITE-N DISSOLVED, LOW RANGE 0.10 MG/L
TOTAL KJELDAHL NITROGEN 0.3 HG/L
SELENIUM, AA FURNACE <5 UG/L
S0DIUM, ICP <1 MG/L
SULFATE, LOW RANGE <1.0 MG/L
TITANIUM, ICP ND (Lob=3 UG/L)
2INC, ICP ND {LOD=10 UG/L)
~~- Footnotes ~m—

Remark §1: ACTUAL VALUE 1.3
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State lLaboratory ol nhygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madisaen, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Medical Director
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Environwental Science Section (60B) 262-23458 DNR LAB ID 112133730
Inorganic chemistry (2 of 12 on 07/1B/BS}

14a: Point/Hell/..: Field §: BLz2 Route: 0000
Collection Date: 05/12/89 Time: 00:00 County: 00 (Unknown)

From: AFS BLANK ELUTION §2

To: KOZIAR

DNR Source: Other
MADISON
Account npumber: LH002 Collected by: KOZIAR
Blank
Date Received: 05/15/8%9 Labslip i: I9086279 Reported: 07/06/89

Comment: Partial report; RESULTS ARE PROVISIONAL AND MAY CHANGE.

i A B e e s ik i s e S S o s . £ T TP P AT o o Lt ok S . e s .y ek e Lk AR TR =TT g o e W TR T T ke it e

PH LAB 6.00 SU
ALKALINITY 3. MG/L
ARSENIC, AA FURNACE . <10 UG/L
BARIUH, ICP <40 UG/L
BOD 5 DAY *<3 HMG/L 71
analysis rejected
CALCIUHM, ICP <1.0 MG/L
CHLORIDE <0.3 MG/L
CHROKIUHM, AR FURNACE <3 uG/L
COD LOW LEVEL, COLORIHETRIC <5 HG/L
COPPER, ICP <20 oG/L
HARDNESS, CALCULATION METHOD ~<6. HG/L
IRON, ICP <0.05 MG/L
LEAD, RA FURNACE <3 UG/L
HAGNESIUH, ICP <1. HG/L
MANGANESE, ICP <40 UG/L
NITRATE PLUS NITRITE~N DISSOLVED, LOW RANGE 0.20 MG/L
TOTARL KIJELDAHL NITROGEN 0.3 MG/L
SELENIUM, AR FURNACE <S5 uG/L
SODIuH, ICP 1. MG/L
SULFATE, LOW RANGE <l.0 HG/L
TITANIUM, ICP ND {LOD=3 UG/L)
ZINC, ICP ND (LOP=10 UG/L)
=-—-— Footnotes -~=-—

Remark #1: ACTUAL VALUE 1.8
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry HMall, Hadison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Medical Director
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Environmental Science Section (608} 262-1458 DNR LAB ID 1123133790

inorganic chemistry (§3 of 12 on 07/18/89)

Id: Point/Well/..: Field §: BL3 Route: 0000
collection Date: 05/12/89 Time: 00:00 County: 00 (Unknown}

From: AFS BLANK

To: KOZIAR

DHR Source: Other
HADISON
Account number: LHO0OZ Collected by:  KOZIAR
Blank
Date Received: 05/19/89% Labslip f#: IS086280 Reported: 07/06/89

Comment: Partial report; RESULTS ARE PROVISIONAL ARND MAY CHANGE.

L S ks e o i kb bk 44 b S e i ke b b b e e e T T T e e

PH LAB 6.25 5U
ALKALINITY 3. HG/L
ARSENIC, AA FURNACE <10 UG/L
BXRIUM, ICP <40 DG/L
BOD 5 DAY *<3 HG/L 41
analysis rejected
CARLCIUM, ICP <1l.0 HG/L
CHLORIDE <0.3 MG/L
CHROMIUM, AA FURNACE <3 UG/L
coD LOW LEVEL, COLORIMETRIC <5 HG/L
COPPER, ICP <20 UG/L
HARDNESS, CALCULATION HETHOD <G. HG/L
IROK, ICF <0.05 HG/L
LEAD, AA FURNACE <3 uG/L
MAGNESIUM, ICP <1l. MG/L
MANGANESE, ICP <49 uG/L
NITRATE PLUS NITRITE-N DISSOLVED, LOW RANGE 0.08 MG/L
TOTAL KJELDAHL NITROGEN 0.2 HG/L
SELENTIUM, AA FURNACE <5 uG/L
SODIUH, ICP <1 MG/L
SULFATE, LOW RANGE <1l.0 MG/L
TITANIUM, ICP ND (LoD=3 UG/L)
ZINC, ICP ND (LOD=10 0G/L}
mm= Footnotes =—w-~-

Remark #1: ACTUAL VALUE 1.5
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., Medical Director
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Environmental Science Section {608) 262-3458 DNR LAB ID 113133790
Inorganic chemistry (f4 of 12 on 07/18/89)

Id: Point/Well/..: Field 4: EPBL Route: 0000
Collection Date: 05/12/89 Time: 00:00 County: 00 ({Unknown)

From: EP TOXICITY TEST BLANK WASH TIRES

To: KOZIAR

DHNR Source: Other
MADISON
Account number: LH002 Collected by: KOZIAR
Blank
Date Received: 05/19/839 Labslip #: IS086281 Reported: 06/09/89

Comment: Partial report; RESULTS RRE PROVISIONAL AND MAY CHANGE.

BARIUM EP-TOXICITY TEST, ICP <1l MG/L
CADMIUM EP-TOXICITY TEST, ICP <0.2 MG/L
CHROMIUM EP-TOXICITY TEST, ICP <1 MG/L
EP~TOXICITY TEST Q00

LEAD EP-TOXICITY TEST, ICP <1 MG/L

MERCURY EP~-TOXICITY TEST <0.004 MG/L
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Hall, Madison, WI 53706
R.H. Laessig, Ph.D., Director §.L. Inhorn, M.D., Medical Director

Enviraonmental Science Section {608) 262-3458 DNR LAB ID 113133790

Inorganic chemistry (#5 of 12 on 07/18/89)

id: Point/Well/..: Field 1: EP1 Route: SWOO
Collection Date: 05/12/89 'Time: 00:00 County: 00 (Unknown}
From:; EP TCX TEST WASTE TIRES

To: KOZIAR
DHNR Source: Cther
MADISON
Account number: SW022 Collected by: KOZIAR
Date Received: 05/12/8%9 Labslip §: IS08B4288 Reported: 06/09/89

Comment: Partial report; RESULTS ARE PROVISIGNAL AND MAY CHANGE.

BARIUM EP~-TOXICITY TEST, ICP <1 HG/L
CADMIUM EP~-TOXICITY TEST, ICP <0.2 HMG/L
CHROMIWUM EP-~TOXICITY TEST, ICP <1l HG/L
EP-TOXICITY TEST . aoa

LEAD EP-TOXICITY TEST, ICP <1 MG/L
HERCURY EP-TOXICITY TEST <0.004 HG/L

State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessiqg, Ph.D., Director S.L. Inhorn, M.D., Medical Director

Environmental Science Section (608} 262-3458 DNR LAB ID 113133730
Inorganic chemistry (#6 of 12 on 07/1B8/89)}

Id: Point/Well/..: Field 1: EP2 Route: SWOO
Collection Date: 05/12/8% Time: 00:00 County: 00 (Unknown)

From: DUPLICATE EP TOX TEST ON WASTE TIRES

To: KOZIAR

DRR Source: Other
HADISON
Account number: SH0O22 Collected by: KOZIAR
Date Received: 05/12/8% Labslip §: IS0B4289 Reported: 06/09/89

Comment: Partial report; RESULTS ARE PROVISIONAL AND MAY CHANGE.

BARIUM EP-TOXICITY TEST, ICP <1 MG/L
CADMIUM EP-TOXICITY TEST, -ICP <0.2 MG/L
CHROMIUM EP-TOXICITY TEST, ICP <1l MG/L
EP-TOXICITY TEST aoo

LEAD EP-TOXICITY TEST, ICP <1 MG/L
HERCURY EP-TOXICITY TEST <0.004 HG/L
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director 5.L. Inhorn, M.D., Medical Director

Environmental Science Saction {60B) 262-~3458 DNR LAB ID 113133790

Inorganic chemistry (#7 of 12 on 07/18/89)

Id: Point/Well/..: Field #: 1-1 Route: SWOO
Collection Date: 05/12/B9 Time: 00:00 County: 00 (Unknown}

From: AFS ELUTION 1 WASTE TIRES

To: KOZIAR '

DNR Source: Other
HMADISON
Account number: SW022 Collected by: KOZIAR
Date Received: 05/12/8%9 Labslip #: IS0B4290 Reported: 07/13/8%9

Comment: Partial report; RESULTS ARE PROVISIONAL AND MAY CHANGE.

PH LAB 7.30 su
ALKALINITY 18. MG/L
ARSENIC, AA FURNACE <10 UG/L
BARIUM, ICP 110. UG/ L
BOD 5 DAY 22 MG/L
CALCIUM, ICP 7.0 MG/L
CHLORIDE 3.6 MG/L
CHROMIUM, AA FURNACE <3 uc/L
COD 1OW LEVEL, COLORIMETRIC 68. MG/L
COPPER, ICP <20 UG/L
HARDNESS, CALCULATION METHOD 19. MG/ L
IRON, ICP <0.05 MG/L
LEAD, AR FURNACE 15. UG/L
MAGNESIUM, <1. MG/L
MAMGANESE, ICP B4. uG/L
NITRATE PLUS NITRITE-N DISSOLVED, LOW RANGE 0.37 HMG/L
TOTAL KIELDAHL NITROGEN 3.0 MG/L
SAMPLE PREP/HAND I SA PB

SELENIUM, Aj FURNACE <5 uc/L
SODIUM, ICP 3. MG/ L
SULFATE, LOW RANGE 6.4 MG/L

TITANIUM, ICP

ZINC, ICP

detected between 10 (LOD) and 40 (LCQ)} UG/L
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., Medical Directer

Environmental Science Section (€0B) 262-3458 DNR LAB ID 113133790
Inorganic chemistry (8 of 12 on 07/18/89)

Id: Point/Well/..:
Collection Date: 05/12/89 Time: 00:00
From:; AFS ELUTIOCH 2 WASTE TIRES
To: KOZIAR
DHR Source: Other
HADISON
Account number: 5W022
Date Received: 05/12/B89

Field #: 1-2 Route: SHWOO
County: 00 {(Unknown}

Collected by: KOZIAR
Labslip #: I9084291 Reported: 07/13/8%

Comment: Partial report; RESULTS ARE PROVISIONAL AND MAY CHANGE.

PH LAB 7.38 50
ALKALINITY ‘18. MG/L
ARSENIC, AR TURNACE <10 UG/L
BARIUM, ICP 110. UG/L
BCD 5 DAY wx MG/L {1
analysis rejected
CATCIUM, ICP 6.0 MG/L
CHLORIDE 0.8 HG/L
CHROMIUHM, AA FURNACE <3 UG/L
COD LOW LEVEL, COLORIMETRIC J1. MG/L
COPPER, ICP <20 UG/ L
HARDNESS, CALCULATION METHCD 15. HG/L
IRON, ICP <0.05 HG/L
LEAD, AA FURNACE 3. UG/L
MAGNESIUM, ICP <1. MG/L
MANGANESE, ICP 89. UG/L
NITRATE PLOUS NITRITE~N DISSOLVED, LOW RANGE 0.29 MG/L
TOTAL KIELDAHL NITROGEN 1.5 HMG/L
SAMPLE PREP/HAND I 5S4 PB
SELENTUM, AA FURNACE <5 UG/L
SODIUM, ICP 1. MG/L
SULFATE, LOW RANGE 1.0 MG/L
TITANIUM, ICP ND (LoD=3 UG/L)
ZINC, ICP 54. UG/L
-« Footnotes ===

Remark #1: TOXIC {2ML POD61,25ML BCOD1B,100ML BOD13)
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Hall, Madison, WI 53706
R.H. lLaessig, Ph.D., Director S.L. Inhorn, M,D., Medical Director
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Environmental Science Section {60B) 262-~14S58 DNR LAB ID 1131313750
Inorganic chenmistry (49 of 12 on 07/18/89)

I4d: Point/Well/..: Field {: 1-3 Route: SWoOO
Collection Date: 05/12/85 Time: 00:00 County: 00 {Unknown)

From: AFS ELUTION 3 WASTE TIRES

To: KOZIAR

DHR Source: Other
MADISON
Account number: SW0O22 Collected by: KOZIAR
Date Received: 05/12/89 Labslip #: I90842952 Reported: 07/13/8S

Comment: Partial report; RESULTS ARE PROVISICHAL AND MAY CHANGE.

PH LAB 7.13 SU
ALKALINITY 15. HG/L
ARSENIC, AA FURNACE <10 UG/L
BARIUM, ICP 110. UGy L
BOD 5 DAY 6.4 HG/L
CALCIUM, ICP 5.0 MG/L
CHLORIDE 0.3 MG/L
CHROMIUM, AA FURNACE <3 UG/L
COD LOW LEVEL, COLORIMETRIC 27. HG/L
COPPER, ICP <20 UG/L
HARDNESS, CALCULATION METHOD 13. MG/L
IRON, ICP 0.23 HG/L
LEAD, AA FURNACE <3 UG/L
HAGNESIUM, ICP <1. HG/L
MANGANESE, ICP 300. UG/L
NITRATE PLUS NITRITE-N DISSOLVED, LOW RANGE ND {LOD=0.02 HG/L)
TOTAL KJELDAHL HITROGEN 1.3 MG/L
SELENTUM, AA FURNACE <5 UG/L
SoDIUM, ICP 1. HG/L
SULFATE, LOW RANGE 1.0 MG/L
TITANIUM, ICP ND {LOD=3 UG/L)
ZINC, ICP 360. UG/L
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State Laboratory of Hygiene

University of Wisconsin Center for Health Sciences

465 Henry Mall, Hadiscn, WI 53706
1.H. Laessig, Ph.D., Director

:pvironmental Science Section (608} 262-3458

Inorganic chemistry (410 of 12 on 07/18/89)

Id: Point/Well/..: Field #: D1

collection Date: 05/12/89 Time: 00:00

Route:
County: 00 {Unknown)

Froem: AFS DUPLICATE ELUTION 1 WASTE TIRES
Tos; KOZIAR
DHR Source: Other
MADISON
Account nhumber: SW022 Collected by: KOZIAR
pate Recejved: 05/12/89 Labslip #: I90842%93

Comment: Partial report; RESULTS ARE PROVISIONAL AND MAY CHANGE.

DHR LAB ID 113133790

Reported: 07/13/89

PH LAB
ALKALINITY

ARSENIC, AA FURNACE
BARIUM, ICP

BOD 5 DAY

CALCIUM, ICP
CHLORIDE

CHROMIUM, AR FURNACE

COD LOW LEVEL, COLORIMETRIC
COPPER, ICP

HARDNESS, CALCULATION METHOD
IRON, ICP

LEAD, AA FURNACE

HMAGNESTIUM, ICP

HANGANESE, ICP

NITRATE PLUS NITRITE-N DISSOLVED, LOW RANGE
TOTAL KJELDAML NITROGEN

SAMPLE PREP/HAND I

SELENIUM, AA FURNACE

SODIUM, ICP

SULFATE, L1LOW RANGE

TITANIUM, ICP
ZINC, ICP

245

7.43

sU
MG/L
UG/L
UG/L
MG/L

MG/L
MG/L
UG/ L
MG/L
UG/L

MG/L
MG/L
UG/L
MG/L
uG/L

MG/L
MG/L

UG/L
MG/L

MG/L

ND (LOD=3 UG/L)

40.

UG/L
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inharn, M.D., Medical Director

Environmental Science Section {608) 262-3458 DNR LAB ID 113133790

Inorganic chemistry (§#11 of 12 on 07/18/89)

Id: Point/Well/..: Field #: D2 Route: SW0O
collection Date: 05/12/89 Time: 00:00 County: 00 (Unknown)
From: AFS DUPLICATE ELUTION 2 WASTE TIRES

To: KOZIRR
DNR Source: Other
HMADISON
Account number: SW022 Collected by: ROZIAR
pate Received: 05/12/89 Labslip #: I9084294 Reported: 07/13/8%9

Comment: Partial report; RESULTS ARE PROVISIONAL AND MAY CHANGE.

PH LAB 7.17 50U
ALKALINITY 17. MG/L
ARSENIC, AA FURNACE <10 UG/L
BARIUM, ICP 37. UG/L
BOD 5 DAY h MG/L #1
analysis rejected

CALCIUM, ICP 6.0 MG/L
CHLORIDE 0.9 MG/L
CHROMIUM, AA FURNACE <3 UG/L
COD LOW LEVEL, COLORIMETRIC 32. HMG/L
COPPER, ICP <20 UG/L
HARDNESS, CALCULATION METHOD 1s. MG/L
IRON, ICP <0.05 MG/L
LEAD, AA FURNACE <3 UG/L
MAGNESIUM, ICP <1. HG/L
MANGANESE, ICP 87. UG/L
NITRATE PLUS NITRITE-N DISSOLVED, LOW RANGE 0.12 HG/L
TOTAL KJELDAHL NITROGEN 1.6 HG/L
SELENIUM, AA FURNACE <5 UG/L
SODIUM, ICP 1. MG/L
SULFATE, LOW RANGE 1.1 HG/L
TITANIUM, ICP ND (LOD=3 UG/L}
LINC, ICP 22. UG/ L

detected between 10 (10D} and 40 (LOQ} UG/L

~—= Faoptnotes -——
Repark #1: TOXIC {2MIL BODS5,25ML BOD20Q,100HML BOD14}
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Environmental Science Section (608} 262~3458 DNR LAB ID 113133790

Inorganic chemistry (#12 of 12 on 07/18/89)

1d: Point/Well/..: Field #: D3 Route: SWOO
Collection Date: 05/12/8% Time: 00:00 County: 00 {Unknown}

From: AFS DUPLICATE ELUTION 3 WASTE TIRES

To: KOZIAR

DNR Source: Other
MADISON
Account number: WS022 Collected by: KQZIAR
Date Received: 05/12/89 Labslip §: I9084295 Reported: 07/13/89

Comment: Partlal report. RESULTS ARE PROVISIONAL AND MAY CHANGE.

PH LAB 7.18 sU

ALKALINLITY 1a. MG/ L
ARSENIC, AA FURNACE <10 UG/L
BARIUM, ICP 120. UG/ L
BOD 5 DAY 6.6 MG/L
CALCIUM, ICP 5.0 MG/L
CHLORIDE <0.3 MG/L
CHROMIUM, AA FURNACE <3 UG/L
COD LOW LEVEL, COLORIMETRIC 24. MG/L
COPPER, ICP <20 UG/L
HARDNESS, CALCULATION METHOD 13. MG/L
IRON, ICP 0.16 MG/L
LEAD, AA FURNACE <3 UG/L
MAGNESIUM, ICP <1. MG/L
MANGANESE, ICP 250. DG/L
RITRATE PLUS MITRITE~N DISSOLVED, LOW RANGE 0.06 HG/L
TOTAL KJELDAHL KRITRCGEN 1.2 HG/L
SELENIUM, AR FURNACE <5 UG/L
SODIUM, ICP 1. MG/L
SULFATE, LOW RANGE <1.0 MG/L
TITANIUM, ICP ND {(LOD=3 UG/L)
ZINC, ICP 630, UG/L
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465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., Medical Director

Enpvironmental Science Section {608} 262-2797 DNR LAB ID 113133780

organic chemistry (¥1 of 17 on 06/27/8%9, unseen}

id: Point/Well/..: Field 4: BL~1 Route: S5SWO00
collection bDate: 05/12/89 Time: 00:00 County: 00 {Unknown)

From: AFS BLANK, ELUTION #1

Description: INORGANIC SAWMPLE 86278

To: KOZIAR
DNR, SW/2 Source: Other
MADISON

Account number: SWO02J) Collected by: '

Date Received: 05/19/89 Labslip #: 0900363% Reported: 06/20/89%9
ACENAPHTHENE <2.0 UG/L
ACENAPHTHYLENE <2.0 uG/L
ANTHRACENE <2.0 UG/L
BENZO {B&K) FLUORANTHENE <10. UG/L
BENZO (A) ANTHRACENE <5.0 UG/ L
BENZO {G,H,I} PERYLENE <40. UG/L
BENZO (A) PYRENE <10. UG/L
CHRYSENE <2.0 UG/L
DIBENZO (A,H) ANTHRACENE <40. UG/L
FLUORENE <2.0 UG/L
FLUORANTHENE <2.0 UuG/L
INDENO (1,2,3-CD) PYRENE <40. uG/L
HAPHTHALENE <2.0 uG/L
PHENANTHRENE <2.0 UG/L
PYRENE <2.0 UG/L
BUTYL BENZYL PHTHALATE <2.0 UG/L
2-CHLORONAPHTHALENE <2.0 uG/L
1,2-DIPHENYLHYDRAZINE <2.0 UG/L
1,3-DICHLOROBENZENE <2.0 UG/L
1,4-DICHLOROBENZENE <20. uG/L
1,2-DICHIOROBENZENE <6.0 UG/L
DIMETHYL PHTHALATE <2.0 UG/L
DIETHYL PHTHALATE <20. UG/L
DI-N-OCTYLPHTHALATE <10. uG/L
DI-N~BUTYL PHTHALATE <2.0 UG/L
2,4~-DINITROTOLUENE <5.0 UG/L
2,6~«DINITROTOLUENE <2.0 UG/L
BIS (2~-CHLOROETHYL) ETHER <5.0 UG/L
BIS (2~-ETHYL HEXYL) PHTHALATE <10. UG/L
4-CHLOROPHENYL PHENYL ETHER <2.0 uG/L
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Environmental Science Section {608} 262-27897 DNR LAB ID 113113790

.. continuing Labkslip 4 09003639, Field { BL-1

4~-BROMOPHENYL PHENYL ETHER <2.0 UG/L
BIS {2-CHLOROETHOXY) METHANE <2.0 UG/L
BIS {2~CHLORDISOPROPYL) ETHER <2.0 UG/L
HEXACHLOROBENZENE <3o. UG/ L
HEXACHLOROETHANE <2.0 UG/L
HEXACHLOROBUTADIENE <2.0 UG/L
HEXACHLOROCY CLOPENTADIENE <10. UG/L
ISOPHORONE <2.0 UG/L
NITROBENZENE <2.0 UG/L
N-NITROSCDIMETHYLAMINE <2.0 UG/L
N~-NITROSODIPHENYLAMINE <2.0 UG/L
N~NITROSODI-N-PROPYLAMINE <2.0 . UG/L
1,2, 4~TRICHLOROBENZENE <2.0 UG/L
BENZIDINE NA
3,3~DICHLOROBENZIDINE NA

PRIORITY POLLUTANTS ~ BASE NEUTRAL PREP - GCMS c
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University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., Medical Director

Environmental Science Section (608} 262-27%97 DNR LAB ID 113133750
Oorganic chemistry (42 of 17 on 06/27/B9, unseen)

Id: Point/Well/..: Field #: BL-2 Route: SWOO
Ccollection Date: 05/12/83 Time: 00:00 County: 00 {(Unknown}

From: AFS BLANK ELUTIOHN §2

pescription: INORGANIC SAMPLE 86279

To: KOZIAR

DNR SW/2 Source: Other
MADISON

Account number: SW023 Collected by:

Date Received: 05/13/89 Labslip §: 09003640 Reported: 06/20/8%
ACENAPHTHENE <2.0 UG/L
ACENAPHTHYLENE <2.0 uG/L
ANTHRACENE <2.0 UG/L
BENZO (BEK) FLUORANTHENE <10. uG/L
BENZO (A) ANTHRACENE <5.0 UG/L
BENZO (G,H,I) FERYLENE <40. UGc/L
BENZO (A) PYRENE <10. UG/L
CHRYSENE <2.0 UG/L
DIBENZO (A,H) ANTHRACENE <40. UG/L
FILUOREKE <2.0 UG/L
FLUORANTHENE <2.0 UG/L
INDENO (1,2,3-CD) PYRENE . <40, uG/L
NAPHTHALENE <2.0 uc/L
PHEMNANTHRENE <2.0 UG/L
PYRENE <2.0 UG/L
BUTYL BENZYL PHTHALATE <2.0 UG/L
2~-CHLORONAPHTHALENE <2.0 UG/L
1,2~DIPHENYLHYDRAZINE <2.0 UG/L
1,3~-DICHLOROBENZENE <2.0 uG/L
1l,4~-DICHLOROBENZENE <20, uG/L
1,2-«DICHLOROBENZENE <6.0 UG/L
DIMETHYL PHTHALATE <2.0 uG/L
DIETHYL PHTHALRATE <20. uG/L
DI-N-OCTYLPHTHALATE <10. UG/L
DI-N-BUTYL PHTHALATE <2.0 UG/L
2,4-DINITROTOLUERE <5.0 uc/L
2, 6~DINITROTOLUENE <2.0 UG/L
BIS (2-CHILOROETHYL} ETHER <5.0 UG/L
BIS (2-ETHYL HEXYL) PHTHALATE <10. UG/L

4~CHLOROPHENYL PHENYL ETHER <2.0 UG/ L
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gnvironmental Scierice Section {808) 262-2757 DNR LAB ID 113133750

. continuing Labslip § 03003640, Field { BL-2

4~-BROMOPHENYL PHENYL ETHER <2.0 UG/L
BIS (2-CHLOROETHOXY) METHANE <2.0 UG/ L
BIS (2~CHLOROISOPROPYL) ETHER <2.0 us/L
HEXACHLOROBENZENE <30. UG/L
HEXACHLOROETHANE <2.0 OG/L
HEXACHLOROBUTADIENE <2.0 UG/L
HEXACHLOROCY CLOPENTADIENE <10. UG/L
ISOPHORONE <2.0 UG/L
NITROBENZENE <2.0 UG/L
H-NITROSODIMETHYLAMINE <2.0 UG/L
H-NITROSODIPHENYLAMINE <2.0 uG/L
HN-NITROSODI~N-FROPYLAMINE <2.0 UG/L
1,2,4~TRICHLOROBENZENE <2.0 UG/L
BENZIDINE HNA
3,3-DICHLOROBENZIDINE NA

PRIORITY POLIUTANTS ~ BASE NEUTRAIL PREP - GCMS C
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Environmental Science Section (608) 262-27397 DNR IAB ID 1131233790

Organic chemistry (43 of 17 on 06/27/B%, unseen}

Id: Point/Well/,.: Field $#: 1-1 Route: SWOOQ
Collection Date: 05/12/89 Time: 00:00 County: 00 (Unknown)

From: AFS - ELUTICON 1

Description: WASTE TIRES - INORGANIC SAMPLE E4290

To: PAUL KOZIAR

DNR SW/2 Spurce: Other
MADISON

Account number: SW023 Collected by: KOZIAR

Date Received: 05/17/89 Labslip #: 03003580 Reported: 06/20/E9
ACENAPHTHENE <2.0 uG/L
ACENAPHTHYLENE <2.0 uG/L
BANTHRACENE <2.0 uG/L
BENZO (B&K} FLUORANTHENE <10. uG/L
BENZO (A) ANTHRACENE <5.0 uG/L
BENZO (G,H,I) PERYLENE <40. UuG/L
BENZO (A) PYRENE <10. oG/L
CHRYSENE <2.0 uG/L
DIBENZO (A,H) ANTHRACENE <40. uG/L
FLUORENRE <2.0 0G/L
FLUORANTHENE <2.0 oG/L
INDENO (1,2,3-CD) PYRENE <40. oG/L
NAPHTHALENE <2.0 oe/1
PHENANTHRENE <2.0 uG/L
PYRENE <2.0 uG/L
BUTYL BENZYL PHTHALATE <2.60 UG/L
2-CHLORONAPHTHALENE <2.0 uG/L
1,2~DIPHENYLHYDRAZINE <2.0 uG/L
1,3-DICHLOROBENZENE . <2.0 uG/L
1,4-DICHLOROBENZENE <20. UuG/L
1,2-DICHLOROBENZENE <6.0 uG/L
DIMETHYL PHTHALATE <2.0 uG/L
DIETHYL PHTHALATE <240. uG/L
DI-N-OCTYLPHTHALATE <10. uG/L
DI-N-BUTYL PHTHALRTE ) <2.0 uG/L
2,4-~DINITROTOLUENE <5.0 UG/L
2,6-DINITROTOLUENE <2.0 - UG/L
BIS (2-CHLOROETHYL) ETHER <5.0 uG/L
BIS (2-ETHYL HEXYL} PHTHALATE <10. uGc/L
4~CHLORCPHENYL PHENYL ETHER <2.0 uG/L
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r.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Medical Director

gnvironmental Science Section (608) 2622797 DNR LAB ID 1131211790

.. continuing Labslip {4 09001580, Field § 1-1

4-BROMOPHENYL PHENYL ETHER <2.0 UG/L
BIS (2~CHLOROETHOXY) HMETHANE <2.0 UG/L
BIS (2-CHLOROISOPROPYL) ETHER . <2.0 UG/L
HEXACHLOROBENZENE <10. UG/L
HEXACHLOROETHANE <2.0 UG/L
HEXACHLOROBUTADIENE <2.0 UG/L
HEXACHLOROCYCLOPENTADIENE <10. OG/L
ISOPHORONE <2.0 UG/L
NITROBENZENE <2.0 UG/L
N-NITROSODIMETHYLAMINE <2.0 UG/L
N-NITROSODIPHENYLAMINE <2.0 OG/L
N-NITROSODI-H-PROPYLAMINE <2.0 UG/L
1,2, 4~TRICHLOROBENZ ENE <2.0 UG/L
BENZIDINE NA

3,3-DICHLOROBENZIDINE NA

PRIORITY POLLUTANTS -~ BASE NEUTRAL PREP - GCMS c
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Environmental Science Section (608) 262-2737 DNR LAB ID 113133720

Organic chemistry (#4 of 17 an 066/27/89, unseen)

1d: Point/Hell/..: Field ¢#: D-1 Route: SWOQ
Collection Date: 05/12/8% Time: 00:00 County: 00 (Unknown)

From: AFS DUP ELUTION 1

pescription: WASTE TIRES — INORGANIC SAMPLE 84253

Ta: PRUL KOZIAR

DNR SWH/2 Source: Other
MADISON

Account number: SW02Z3 Collected by: RKOZIAR

Date Received: 05/17/8B9 Labslip #: 080603581 Reported: 06/20/BS
ACENAPHTHENE <20 uG/L
ACENAPHTHYLENE <2.0 UG/L
ANTHRACENE <2.0 UG/L
BEN2ZO (B&K) FLUORANTHENE <10. UG/L
BENZO (A} ANTHRACENE <5.0 uG/L
BENZO (G,H,I} PERYLENE <40. UuG/L
BENZO (A} PYRENE <10. us/L
CHRYSENE <2.0 uG/L
DIBENZO (A,H) ANTHRACENE <40, uG/L
FLUORENE <2.0 uG/L
FLUORANTHENE <2.0 uG/L
INDENO (1,2,3-CD} PYRENE <40, uG/L
NAPHTHALENE . <2.0 uG/L
FHENANTHRENE <2.0 UG/L
PYRENE . <2.0 uG/L
BUTYL BENZYL PHTHALATE <2.0 uc/L
2-CHLORONAPHTHALENE <2.0 UG/L
1,2~-DIPHENYLHYDRAZIKE <2,0 UG/L
1,3~DICHLOROBENZENE <2.0 UG/ L
1,4-DICHLOROBENZENE <20, UG/L
1,2«DICHLOROBENZENE <5.0 uG/L
DIMETHYL PHTHALATE <2.,0 uG/L
DIETHYL PHTHALATE <20. UG/L
DI~N~-OCTYLPHTHALATE <10. uGc/L
DI-N~BUTYL PHTHALATE <2.0 uG/L
2,4-DINITROTOLUENE <5.0 UG/L
2, 6~-DINITROTOLUENE <2.0 UG/L
BIS {2-CHLOROETHYL) ETHER <5.0 UG/L
BIS {2-ETHYL HEXYL} PHTHALATE <10. UG/L
4~CHLOROPHENYL PHENYL ETHER <Z.0 uG/L
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Environmental Science Section (508) 262-2797 DNR LAB ID 113133790
Organic chemistry (#5 of 17 on 06/27/89%, unseen}

Id: Point/Well/..: Field #: D-2 Route: SWaQO
Collection Date: 05/12/89 Time: 00:00 County: 00 {(Unknown}

From: AFS DUP ELUTION 2

Descripticn: WASTE TIRE -~ INORGANIC SAMPLE 842354

To: PAUL KOZIAR

DNR S5W/2 Source: Other
MADISON

Account number: SW023 - Collected by: ROZIAR

Date Received: 05/1%/B9 Labslip #: 09003641 Reported: 06/20/8%
ACENAPHTHENE <2.0 UG/L
ACENAPHTHYLENE . <2.0 UG/L
RNTHRACENE <2.0 UG/L
BENZO {B&K)} FLUORANTHENE <10. UG/L
BENZO (A} ANTHRACENE <5.0 UG/L
BENZD (G,H,I) PERYLENE <40. UG/L
BENZO (A} PYRENE <10. UG/ L
CHRYSENE <2.0 uG/L
DIBENZO (A,H) ANTHRACENE <40. UG/L
FLUORENE <2.0 uG/L
FLUORANTHENE <2.0 UG/L
INDENO {1,2,3—CD} PYRENE <40, UG/L
NAPHTHALENE <2.0 uG/L
PHENANTHRENE <2.0 uG/L
PYRENE <2.0 UG/L
BUTYL BENZYL PHTHALATE <2.0 UG/L
2-CHLORONAPHTHALENE <2.0 UuG/L
1,2~DIPHENYLHYDRAZINE <2.0 UG/L
1,3-DICHLORQOBENZENE <2.0 oG/ L
1,4~DICHLOROBENZENE <20. UG/ L
1,2~DICHLOROBENZENE <6.0 UG/L
DIMETHYL PHTHALATE <2.0 UG/L
DIETHYL PHTHALATE <20. UG/L
DI-N-QCTYLPHTHALATE <10. UGc/L
DI-N-BUTYL PHTHARLATE <2.0 UG/ L
2,4«DINITROTOLUENE <5.0 oG/L
2,56-DINITROTOLUENE <2.0 UG/L
BIS (2~CHLOROETHYL} ETHER <5.0 UG/L
BIS (2-ETHYL HEXYL) PHTHALATE <10, oG /L
4~CHLOROPHENYL PHENYL ETHER <2.0 UG/L
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k.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., Medical Director
Environpental Science Section {608) 262-2737 DNR LAB ID 113133790-
... continuing Labslip # 05003641, Field § b-2

4-~-BROMOPHENYL PHENYL ETHER <2.0 UG/L

BIS {2~CHLOROETHOXY)} METHANE . <2.0 UG/L

BIS {2~CHLOROISOPROPYL) ETHER <2.0 uG/L
HEXACHLOROBENZENE <30. UG/L
HEXACHLOROETHANE <2.0 UG/L
HEXACHLOROBUTADIENE <2.0 UG/L
HEXACHLOROCYCLOPENTADIENE <10. UG/L
ISOPHORONE <2.0 uG/L
HITROBENZENE <2.0 UG/L
H-NITROSODIMETHYLAMINE <2.0 uUG/L
N~«NITROSODIPHENYLAMINE <2.0 UG/L
N-NITROSODI-N-PROPYLAMINE <2.0 UG/L
1,2,A-TRICHILOROBENZENE <2.0 uG/L
BENZIDINE NA
3,3~-DICHIOROBENZIDINE NA

PRIORITY POLLUTANTS - BASE NEUTRAL PREP — GCHMSB C
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director 8.L. Inhorn, M.D., Medical Director

Environmental Science Section (608) 262-~2797 DNR LAB ID 113133790

organic chemistry (#6 of 17 on 06/27/8%, unseen)

1d: Point/Well/..: Field 4: 1-2 Route: SWOO
Collection Date: 05/12/82 Time: 00:00 County: 00 (Unknown)

From: AFS5 ELUTION 2

pescription: WASTE TIRES INORGANIC SAMPLE 84291

To: PAUL KOZIAR

DNR, SwW/2 Source: Other
MADISON

Account number:; SW023 Collected by: KOZIAR

Date Received: 05/1%/B9 Labslip #: 09003642 Reported: Q6/20/89
ACENAPHTHENE <2.0 uG/L
ACENAPHTHYLENE <2.0 UG/L
ANTHRACENE <2.0 UG/L
BENZQ (B&K} FLUORANTHENE <10. UG/L
BENZO (A} ANTHRACENE <5.0 UG/L
BENZO (G,H,I) PERYLENE <40. oG/L
BENZO (A} PYRENE <10. uG/L
CHRYSENE <2.0 UG/L
DIBENZO (A,H)} ANTHRACENE <40. UG/L
FLUORENE <2.0 UG/L
FLUORANTHENE <2.0 UG/L
INDENC (1,2,3-CD) PYRENE <40. ue/L
NAPHTHALENE <2.0 uG/L
PHENANTHRENE <2.0 UG/L
PYRENE <2.0 uc/L
BUTYL BENZYL PHTHALATE <2.0 UG/L
2-CHLORONAPHTHARLENE <2.0 UG/L
1,2~DIPHENYLHYDRAZINE <2.0 UG/L
1,3~-DICHLOROBENZENE <2.0 OG/L
1,4~DICHLOROBENZENE <20. UG/L
1,2-«DICHLOROBENZENE <6.0 UG/ L
DIMETHYL PHTHALATE <2.0 UG/L
DIETHYL PHTHALATE <20. UG/L
DI~N-OCTYLPHTHALATE <10. UG/L
DI-N-BUTYL PHTHALATE <2.0 uG/L
2, 4~-DINITROTOLUENE <5.0 UG/L
2, 6~DINITROTOLUENE <2.0 UG/L
BIS {2-CHLOROETHYL} ETHER <5.0 uG/L
BIS (2-ETHYL HEXYL) PHTHALATE <10. Uc/L
4~-CHLOROPHENYL PHENYL ETHER <z.0 UG/L
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. State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madiscon, WI 53706

R.H. Laessig, Ph.D., Director 5.L. Inhorn, M.D., Medical Director
Environmental Science Section {60B) 262~2797 DNR IAB ID 113133790
... continuing Labslip 4§ 09003642, Field # 1-2

4-BROMOPHENYL PHENYL ETHER <2.0 uG/L

BIS (2-CHLOROETHOXY) METHANE <2.0 uG/L

BIS {2~CHLOROISOPROPYL} ETHER ) <2.0 uG/L
HEXACHLOROBENZENE <30. UG/L
HEXACHLOROETHANE <2.0 uG/L
HEXACHILOROBUTADIENE <2.0 UG/L
HEXACHLOROCYCLOPENTADIENE <10. uUG/L
ISOPHORONE <2.0 uG/L
NITROBENZENE <2.0 9G/L
H-HITROSCODIMETHYIAMINE : <2.0 UG/L
N-NITROSODIPHENYLAMINE <2.0 0G/L
N-HITROS50DI~N~PROPYLAMINE o €2.0 0G/L
1,2,4-TRICHLOROBENZENE <2.0 uUsG/L
BENZIDINE NA
3,3~-DICHLOROBENZIDINE NA

PRIORITY POLIUTANTS -~ BASE NEUTRAL PREP - GCMS C
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State Labeoratcry of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry HMall, Madison, WI 53706 .
R.H. Laessiq, Ph.D., Director S§.L. Inhorn, M.D., Medical Director
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Environmental Science Section {608) 262-2797 DNR LAB ID 1131131790
organic chemistry (47 of 17 on 06/27/89, unseen}

1d: Point/Well/..: Field §: BL-3 Route: SWOO
Collection Date: 05/12/85S Time: 00:00 County: 00 (Unknown)

From: AFS BLANK ELUTION i3

pescription: INORGANIC SAMPLE 86280

To: KOZIAR
DHNR, SW/2 Source: Qther
MADISON

account number; 5W023 Collected by: KOZIAR

pate Received: 05/25/89 Labslip #: 09003693 Reported: 06/20/89
KLCENAPHTHENE <2.0 oG/L
ACENAPHTHYLENE <2.0 OG/L
ANTHRARCENE <2.0 uG/L
BENZO (BsK) FLUORANTHENE : <10. 0G/L
BENZO (A) ANTHRACENE : <5.0 uG/L
BENZO (G,H,I} PERYLENE <40, UG/L
BENZO {A) PYRENE <10. uG/L
CHRYSENE <2.0 UG/L
DIBENZO {A,H) ANTHRACENE <40. uG/L
FLUORENE <2.0 UG/L
FLUQRANTHENE <2.0 UG/L
INDENO (1,2,3~CD) PYRENE <40. UG/L
NAPHTHALENE <2.0 UGc/L
PHEHANTHRENE <2.0 uG/L
PYRENE <2.0 UG/L
BUTYL BENZYL PHTHALATE <2.0 UG/L
2-CHLORONAPHTHALENE <2.0 UG/L
1,2~-DIPHENYLHYDRAZINE <2.0 UG/L
1,3~-DICHLOROBENZENE <2.0 UG/L
1,4~DICHLOROBENZENE <20. UG/L
1,2~DICHLOROBENZENE <6.0 UG/L
DIMETHYL PHTHALATE <2.90 UG/L
DIETHYL PHTHALATE <20. UG/L
DI~-N-OCTYLPHTHALATE <1l0. ueG/L
DI~N-BUTYL PHTHALATE <2.0 uG/L
2,4-DINITROTOLUENE <5.0 UG/L
2,6-DINITROTOLUENE <2.0 UG/L
BIS (2-CHLOROETHYL) ETHER <5.0 uGc/L
BIS (2-ETHYL HEXYL) PHTHALATE <1l0. UG/L
4-CHLOROPHENYL PHENYL ETHER <2.0 UG/L
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madison, WI 53706
R.H. Laessig, Ph.D., Director S5.L. Inhorn, M.D., Hedical Director

Environmental Science Section {608} 262-2797 DNR LAB ID 113133790

... continuing Labslip # 09003693, Field { BL-3

4-BROMOPHENYL PHENYL ETHER <2.0 UG/L
BIS (2-CHLOROETHOXY) HETHANE <2.0 UG/L
BIS (2-CHLOROISOFROPYL) ETHER <2.0 UG/L
HEXACHLOROBENZENE <30. uG/L
HEXACHLOROETHANE <2.0 UG/L
HEXACHLOROBUTADIENE <2.0 uG/L
HEXACHLOROCYCLOPENTADIENE <10. uG/L
ISOPHORONE <2.0 UG/L
NITROBENZENE <2.0 UG/L
N~-NITROSODIMETHYLAMINE <2.0 uG/L
N~NITROSODIFHENYLAMINE <2.0 UG/L
N~-NITROSODI~N~PROPYLAMINE <2.0 UG/L
1,2,4~TRICHLOROBENZENE <2.0 UG/L
BENZIDINE NA

3, 3~DICHLOROBENZIDINE NA

PRIORITY POLLUTANTS - BASE NEUTRAL PREP - GCMS c
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Hall, Hadison, WI 53708
R.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., Medical Director

aam w7 . e b . e s i 4 2 e TR T TR Y . e . e e o ok S s TR R . e e e e s b e o P S sl PR, R R A .. e i S S R T TS L AR e S H4m o o o rm

Environmental Science Sectiaon (608} 262~2757 DNR LAB ID 113133790
organic chemistry {(#8 of 17 on 06/27/B9, unseen)

Id: Point/Well/..: Field ¢&: Route: SWO0O
Collection Date: 05/12/8% Time: 00:00 County: 00 (Unknown)

From: AFS ELUTION 3

Description: WASTE TIRES - INORGANIC SAMPLE 84292

To: PAUL KOZIAR

DNR, SW/2 Source: Other
MADISON

Account number: SWO023 Collected by: KOZIAR

Date Received: 05/25/89 Labslip #: 09003694 Reported: 06/20/89
ACENAPHTHENE <2.0 UG/L
ACENAPHTHYLENE <2.0 UG/L
ANTHRACENE <2.0 UG/L
BENZO (B&K) FLUORANTHENE <10. UG/L
BENZO (A) ANTHRACENE <5.0 UG/L
BENZO (G,H,I) PERYLENE <40. UG/L
BENZO (A} PYRENRE <10. UG/L
CHRYSENE <2.0 UG/L
DIBENZO (A,H} ANTHRACENE <40. UG/L
FLUGRENE <2.0 UG/L
FLUORANTHENE <2.0 UG/L
INDENG (1,2,3-CD) PYRENE <40. UG/L
NAPHTHALENE <2.0 UG/L
PHENANTHRENE <2.0 UG/L
PYRENE <2.0 UG/L
BUTYL BENZYL PHTHALATE <2.0 UG/L
2~-CHLORONAPHTHALENE <2.0 UG/L
1,2-DIPHENYLHYDRAZINE <2.0 UG/L
1,3~-DICHLOROBENZENE <2.0 UG/L
1, 4~-DICHLOROBENZENE . <20. UG/ L
1,2~-DICHLOROBENZENE <6.0 UG/L
DIMETHYL PHTHALATE <2.0 UG/L
DIETHYL PHTHALATE <20. UG/L
DI-N-OCTYLFHTHALATE <10. UG/L
DI-N—-BUTYL PHTHALATE <2.0 uG/L
2,4—-DIKITROTOLUENE <5.0 UG/L
2,6~DINITROTOLUENE <2.0 UG/L
BIS (2~CHLOROETHYL) ETHER <5.0 UG/L
BIS (2«~ETHYL HEXYL) PHTHALATE <10. UG/L
4~CHLOROPHENYL PHERYL ETHER <2.0 UG/L
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State Laboratory of Hygiene

University of Wisconsin Center for Health Sciences

465 Henry Mall, Madison, WI 53706

R.H. Laessig, Ph.D., Director S.L. Inhorn, M.D., HMedical Director
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Environmental Science Section (608) 262-2797

... continuing Labslip § 09003694

4~BROMOPHENYL PHENYL ETHER
BIS (2~CHLOROETHOXY)} METHANE
BIS (2~CHLOROISOPROPYL} ETHER
HEXACHLOROBENZENE
HEXACHLOROETHANE

HEXACHLOROBUTADIENE
HEXACHLOROCYCLOPENTADIENE
ISOPHORONE

HITROBENZENE :
H-NITROSODIMETHYLAMIN

N~NITROSODIPHENYLAMINE
N-~-NITROSODI-~-N—-PROPYLAMINE
1,2,4-TRICHLOROBENZENE
BENZIDINE
3,3~-DICHLOROBENZIDINE

PRIORITY POLLUTANTS ~ BASE NEUTRAL PREP -~ GCMS
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DNR LAB ID 113133750

<2.0
<2.0
<2.0
<30.
<2.0

<2.,0
<10.
<2.0
<2.0
<2.0

<2.0
<2.0
<2.0

NA

UG/L
UG/L
UG/L
UG/L
UG/L

UG/L
UG/L
UG/L
UG/L
UG/L

UG/L
UG/L
UG/L



State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, HMadison, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Medical Director

Environmental Science Section {c0B) 262~2797 DNR LAB ID 113133790
organic chemistry (§9 of 17 on 06/27/89, unseen}

Id: Point/Well/..: Field §: D~3 Route: SWOO
Collection Date: 05/12/89 Time: 00:00 <County: 00 (Unknown}

From: AFS DUPLICATE #3

Description: WASTE TIRES INORGANIC SAMPLE B4295

To: PAUL KOZIAR

DNR, SW/2 Source: Other
MADISON

Account number: SWO23 Collected by: KOZIAR

Date Received: 05/25/89 Labslip #: 08003695 Reported: 06/20/89
ACENAPHTHENE <2.0 UG/L
ACENAPHTHYLENE <2.0 uG/L
ANTHRACENE <2.0 UG/L
BENZO (B&K) FLUORANTHENE <10, uG/L
BENZO (A} AMNTHRACENE <5.0 UG/L
BENZO (G,H,I} PERYLENE <40. uG/L
BENZO {A} PYRENE <10. UG/L
CHRYSENE <2.0 UG/L
DIBENZO (h,H) ANTHRACENE <40. UG/L
FLUORENE <2.0 uG/L
FLUORANTHENE <2.0 UG/L
INDENQ (1,2,3~CD) PYRENE <40. UG/L
HAPHTHALENE <2.0 UG/L
PHENANTHRENE <2.0 0G/L
PYRENE <2.0 uG/L
BUTYL BENZYL PHTHALATE <2.0 . UG/L
2~CHLORONAPHTHALENE <2.0 uG/L
1,2~DIPHENYLHYDRAZINE <2.0 uG/L
1,3~DICHLOROBENZENE <2.0 UG/L
1,4-DICHLOROEBENZENE <24. uG/L
1,2~-DICHLOROBENZENE <6.0 UG/L
DIMETHYL PHTHALATE <2.0 uG/L
DIETHYL PHTHALATE <20. UG/L
DI~H-OCTYLPHTHALATE <10. uG/L
DI-H~BUTYL PHTHALATE <2.0 uG/L
2,4-DINITROTOLUERE <5.0 UG/L
2,6~DINITRCTOLUENE <2.0 UG/L
BIS (2~CHLOROQETHYL) ETHER <5.0 uG/L
BIS (2~ETHYL HEXYL) FHTHALATE <10. UG/L
4~CHLOROPHENYL. PHENYL ETHER <2.0 UG/L
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State Laboratory of Hygiene
University of Wisconsin Center for Health Sciences
465 Henry Mall, Madiscn, WI 53706
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D,, Medical Director
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Environmental Science Sectien {608} 26227537 DNR LAB ID 1131337290

... continuing Labglip # 0300236595, Field I D-3

4-BROMOPHENYL PHENYL ETHER 2.0 UG/L
BIS (2-CHLOROETHOXY) METHANE <2.0 UG/L
BIS (2-~CHLOROISOPROPYL} ETHER <2.0 UG/L
HEXACHLOROBENZENE <30. UG/L
HEXACHLOROETHANE <2.0 UG/L
HEXACHLOROBUTRDIENE <2.0 UG/L
HEXACHLOROCYCLOPENTADIENE <10. UG/L
ISOPHORONE <2,0 UG/L
NITROBENZENE <2.0 UG/L
N-NITROSODIMETHYLAMINE 2.0 UG/L
N~-NITROSODIPHENYLAMINE <2.0 UG/L
H-NITROSODI~N~PROPYLAMINE <2.0 UG/L
1,2,4-TRICHLOROBENZENE <2.0 UG/L
BENZIDINE Na

3,3~-DICHLOROBENZIDINE NA

PRIORITY POLLUTANTS - BASE NEUTRAL PREP - GCMS c
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Appendix E:
Scrap Tire Management Council Study Results
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The list of TCLP compounds not found in the uncured samples was

substantial and included:

TCLP Listed Chemicals Not Found In
Uncured Samples

Metals

S8ilver Cadmium
Hercury

Volatile Organics
Acrylonitrile Benzene
Carbon Tetrachloride Chlorobenzene
Chloroforn 1,2-Dichloroethane
1,1-Dicholorethene Isobutanol
Hethylene Chloride 1,1,1,2~Tetrachloroethane
Tetrachloroethylene 1,1,1~Trichloroethane
1,1,2-Trichloroethane Trichloroethylene

Vinyl chloride
Semivolatile Organics

Bis(z—chloroethyl}ether o,m,p~Crescls
1,2~Dichlorobenzene 1,4~Dichlorobenzene
2,4-Dinitrotocluene Hexachlorobenzene
Hexachlorobutadiene Hexachloroethane
Nitrobenzene Pentachlorophenol
Pyridine 2,3,4,6-Tetrachlorophenol
2,4,6-Trichlorophenol 2,4,5~Trichlorophenol

Not detected at or above method detection limits

TCLP Listed Chemicals Not Detected In
Onground Samples#*

Hetals
Silver Cadmium

Semivolatile Organics

Bis (2~chlorcethyl)ether o,m,p-Cresols
1,2~Dichlorobenzene 1,4-Dichlorobenzene
‘2,4-Dinitrotoluene Hexachlorobenzene
Hexachlorobutadiene Hexachloroethane
Nitrobenzene Pentachlorophencol
Pyridine 2,3,4,6~Tetrachlorophencl
2,4,6-Trichlorophenol 2,4,5-Trichlorophenol

Not detected at or above method detection limits
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TCLP Listed Chemicals Not Detected+ In
cured Samples, Cont.

Semivolatile Organics

Bis{2~chloroethyl}ether o,m,p~Cresols
1,2-Dichlorcbenzene 1,4~Dichlercbenzene
2,4=~Dinitrotocluene Hexachlorobenzene
Hexachlorocbutadiene - Hexachloroethane
Nitrobenzene Pentachlorophencl
Pyridine 2,3,4,6-Tetrachlercphenol
2,4,6~Trichlerophenal 2,4,5~Trichlorophenol :

Not detected at or above method detection limits

TCLP IListed Chemicals Not Detected* In
Cured Samples

Metals
Bilver

Volatile Grganics
Acrylonitrile 1,2--Dichlorocethane
Benzene 1,1~Dicholoerethene
Ccarbon Tetrachloride Iscobutanol
Chlorobenzene Methylene Chloride
Chloreform 1,1,1,2-Tetrachlorcethane
1,1,2,2~Tetrachlorcethane Tetrachloroethylene
1,1,1~Trichloroethane 1,1,2z-Trichlorcethane
Trichlorcethylene Vinyl Chloride

Semiveolatiles

This-1ist continues following Table 1.

Not detected at or above method detection limits
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TABLE 1,

TGLP PADTCCOL TEST -~ POSITIVE RESULTS

UHITE: mgil

MDL = Mothod Doteciton Limits
adiw= TCLP cuied

SEMI-
VOLATILES VOLATILES METALS
Catbon Maoth¥ Ethyt
Disuttida Xolona Toluens Phenct Arsanic Batium Csdmlum Chiomlum  Lead Morcury Solenium
6,005 o 0,005 2.0 4.00% 2.01 0.005 9.0t 0.002 0.9002 9,002
14.4 7.2 144 4.4 5 100 ] & [ 0.2 1
TIRE PRODUCTS
0.934 . 0.01% 0,013 M 0.083 * 0.048 * 0.0002 *
0.035 * o.007 0.030 - 0,085 * 0.0z8 0.018 * *
o.087 0.021 0,050 . * 0.150 ’ 0.012 0,000 * -
0.047 * 0,010 0.022 . " * 0.035 0.04 ‘ *
* * 0.190 0.048 - 0.510 * 0.037 0.002 0.0004 *
* * * 0.045 . 0.600 * 0.025 0.002 * M
* ‘ 0.020 * * 0.021 * ©.047 0,018 * *
AQOOFING PRODUCTS
0,180 N 0,007 * * 0.045 * * 0.014 * ¢ ]
BELTS/HOSE
0.620 v £.038 £.30 * 0.580 * . 8.005 * M
0.032 * 0.000 * * 0.0t2 * ' 0,290 * N
0.780 * 0,240 0.904 9.007 0012 - 0,006 * 0,003 * 0.003
MOLOED PRODUCTS
0.480 * 0,053 * > 0.038 * * M . *
0,320 * 0.074 . * 0.540 . * 0.007 * *
0.035 - - . * £.002 0.018 * * 0.008 * *
SEALANTS
[raessns ¢ . - : 0.004 0.018 . 0,030 0.030 . |
PRINTING ROLLS
f15a: 2.80 7.00 0,038 . : v . ‘ 0.008 : ]

These compounds wore not dotosted of dolocied balew method datection limits,
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TABLE 2.

TGLP PROTQCOL: A COMPARISON OF CURED AND UNGCURED SAMPLES : _.: MDL = METHOD DETECTION LIMIT
e % = TCLP {tutad)
b = TCLP {uncused)

UNITS: engil

SEMI-
VOLATILES VOLATILES METALS
E(:mbr.w-u athyf Ethyf $.4,1-Td 1,1,2,2-Tolta I ]Phonnl Arssnle Botlum Chiomium  Load Morcuzy Salenlum
Disullide  Kelono Chloioathans Chorosthane Toluane
0.005 0.1 0.005 0,005 0.005 0.04 0.00% oM 0.01 0.002 0.co02 0,802
14.4 7.2 a0 1.3 14.4 §4.4 5 100 5 ] 0.2 t
TIRE PRODUCTS
0.087 0.021 * * 0.050 * * 0450 0.012 0,009 * *
0.012 * 0.005 * 0.017 * * 0,012 0.023 0.008 * *
M . * ¢ 0,190 0.048 ., 0.570 - M 0.0004 s
* . M * 0,120 0.058 0.002 0.038 0.025 0,005 . *
AQOFING i
0,160 * . . 0.007 ¢ * 6.045 * 9.014 * M
0,810 b * ©.008 0.0t7 * 0.004 ©.004 N 0.010 * 0.008
BELTS/HOSES
0.520 * * ¢ 0.038 1.30 * 0690 M 0.006 M :
0.009 * * * 0.160 £.088 0.601 0.089 0.015 * * *
MOLDED PRODUCTS
0.035 B " ' < * ' 0.002 0.018 * 0.000 B N
0.8080 * * * 0.022 * 0.605 0.047 0.010 0.010 * 0.003
SEALANTS
* . . * M < * ’ D.004 0.018 0.030 0,038 - M
M * * * 0.012 * 0.002 0.000 M * * M
PRINTING ROLLS
2,80 1.0 - . 0.0t8 * * * - 0,008 - .
1,20 23 . " 0.017 G.012 4,004 0,080 * 0.032 * *

* Thowo compounds wore not dalocted of detectad bakw mothod dstestion limits



TABLE 2.

TCLP PROTOCOL TEST MDL = Mathod Detection Limit
A COMPARISON OF GROUND AND UNGROUND SAMPLES a = TCLP (cured)
UNITS: mg/l. ¢ = TCLP {unground, cuted}

SEMI-
VOLATILES METALS
gMmanic Barlum Chromium Load Mercury Ssinniun!
0.001 0.01 0.01 0.002 0.0002 0.002
5 100 5 5 0.2 1
TIRE PRODUCTYS
- 0.150 0.012 0.008 . .
. 0.140 . 0.019 N *
* 0,570 0.037 . 0.0004 .
- 0-029 - - - -
ROOFING
- hd 0.045 * 0014 " .
- . 0.540 0.010 * . 0.009
BELTS/HOSES *
1.30 * 0.580 . Q.005 . *
0.580 . 0.088 . . . B
MOLDED PRODUCTS
. 0.002 0.018 - 0,008 * *
* 0.004 0.031 . 0,008 b 0.003
SEALANTS
* 0.004 0.018 0.020 0.038 * *
- - 0.530 - - - -
PARINTING ROLLS
* - * - 0,608 b *
- - 0.600 - - - -

* Theoe compounde wera not detected or wate detacted balow method dotection limita
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TABLE 4.

TCLP AND EP TOX METALS ~ COMPARING CURED AND UNCURED SAMPLES

UNITS: mg/it.

MOL = METHOD DETECTION LIMIT
a = TCLP {curad)
d = EP Tox {curad)

8 = EP Tox (uncured} METALS
iSa'fth’!é_'li : IArsenic Barium Chromium Lead Marcury Salenium !
¢.001 Q.00 0. 0.002 0.0002 Q.0a2
5 100 5 5 0.2 h]
TIRE PRODUCTS
* 0.150 0.012 0.009 " v
M 0.073 h 0.016 - *
- 0.047 N 0.030 - -
- 0.570 0.037 0,002 0.0004 M
- b " 0.005 - 0.002
- - - 0.004 h -
AOOFING
- 0.045 - 0.014 v -
- - " 0.007 - c
- M - 0.0:0 M *
BELTS/HOSES
0.5%0 - 0.065 " -
- N 0.003 * -
0.017 i 0.004 - -
MOLDED PRODUCTS
0.018 b 0.008 * M
- - 0.002 b .
- - Q.005 * -
SEALANTS
0.018 0.030 0,038 - “
- Q0.028 0.005 " -
PRINTING ROLLS
M - 0.008 N =
0.019 Q.015 0.007 N -
0.013 i 0.037 * "

* Thesa caompounds were not datected of dolected beiow mathod delection limits.
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Appendix F:
Virginia Department of Transportation Final Report on Leachable Metals in Scrap
Tires Results
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TABLE II--metals leached at pi 4

Time Avg pH Zn mg/kg Fe my/kg Ca mg/kg Mg mg/kg
1 hour 4.10 13.2 5.3 0.8 0.4
2 hoﬁrs 4.03 18.6 8.5 1.7 N
1 day 4.18 25.2 96.1 3.4 0.6
2 days 4.28 15.1 184.5 6.5 0.4
1 week 4.2p 102.1 13992 7.9 1.2
2 weeks 4.44 112.0 31622 8.8 1.8
1 month 4.45 127.4 310668 15.1 1.5
2 months 4.67 153.7 30314 24.2 .
6 months | 4.55 62.5 31344 18.5 3.o
1l year 4.74 124.7 18788 128.4 5.8
Time Avg pH cd ug/kg Cr ug/kg Nl ug/kg Fb ug/kyg
1 hour 4.10 1.9 6.3 <20 <20
2 hours | 4.03 2.6 <4.0 <20 <20
1 day 4.18 3.5 7.0 48.1 <20
2 days 4,28 nd nd nd nd
1 week 4.28 3.5 <4,0 2116 49.2m
2 weeks 4.44 nd nd nd nd
1 month 4.45 <1l.2 82.4 2460 <30
2 months 4.67 nd nd nd nd
6 manths 4.55 <1l.2 12.6 647 <30
1 year 4.74 2.1 152 928 138
Time Avg pH Cu ug/kg | Al ug/kg | Ba ug/kg | Ag ug/kg
1 hour 4.10 109 185 87 2.3
2 hours 4.03 188 321 78 2
1 day 4.18 182 23 25 1.5
2 days 4.28 nd nd nd nd
1 week 4.28 328 746 422 2.5
2 weeka | 4.44 nd nd nd nd
1 month 4.45 13 177 1262 3.2
2 months 4.67 nd nd nd nd
& months 4.55 <12 <24 20813 5.2
1 year 4.74 159 491 1537 10
nd = not determined
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TABLE II {continued}--metals leached at pH 4

Time Avg pH Sn ug/kg | As ug/kg | Hg ug/kyg Se ug/kyg

1 hour 4.10 <40 nd nd nd

2 hours 4.03 <40 nd nd nd

1 day 4.18 <40 nd nd nd

2 days 4.28 nd nd nd nd

1 week 4.28 <50 nd nd nd ]

2 weeks 4.44 nd nd nd nd

1 month 4.45 <60 nd nd nd

2 months 4.67 nd nd nd nd

6 months | 4.55 <60 nd nd nd

1 vear 4.74 <60 <25 <1 <30 ]
TABLE TII--metals leached at pH-7

Time Avg pH Zn mg/kg Fe mg/kyg Ca mg/kg Mg mg/kyg

1 hour 5.99 6.6 11.4- 1.4 0.2

2 hours 5.87 14.3 29.2 2.6 0.3

1 day 6.00 14.7 83.1 3.8 0.5

2 days 5.87 6.0 B7.4 3.0 0.3

1 week 6.01 4.1 B5.7 3.3 0.4

2 weeks | 6.02 2.7 79.6 4.1 0.5

1 month 6.00 2.3 91.7 5.1 0.8

2 manths 6.15 0.3 103 8.5 1.2

5 wmonths 6.32 0.2 73.8 10.8 1.8

1l year 6.69 0.6 B4.3 6.8 1.6

Time Avy pH cd ug/kg | Cr ug/kg | Ni ug/kg Pb ug/kg

1 hour 'L5.99 nd nd nd nd

2 hours 5.87 nd nd’ nd nd

1 day 6.00 27.6 5.3 138 <20 *

2 days 5.97 nd nd nd nd |

1 week 6.01 <1.0 4.6 40 nd o

2 weeks 6.02 nd nd nd nd |

1 month 6.00 <]1.0 <4.0 81 21 ]

2 months 6.15 nd nd nd nd

¢ months 6.32 ~.48.2 <4.0 31 <20

1 year 6.69 <1.0 16 is <20

nd = not determined
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TABLE IIT {(continued)--metals leached at pH 7

Time Avg pH Cu ug/kg | Al ug/kg Ba ug/kg Ag ug/kg
1 hour 5.99 nd nd nd nd
2 hours 5.87 nd nd nd nd
1 day 6.00 146 <20 290 nd
2 days 5.97 nd nd nd nd
1 week 6.01 15.7 269 300 nd
2 weeks 6.02 nd nd nd nd
1 month 6.00 <10 79 339 nd
2 months 6.15 nd nd nd nd
6 months 6.32 <10 <20 776 nd
1 year 6.69 35 213 415 nd
Time Avg pH Sn ug/kg i As ug/kg | Hg ug/kyg Se ug/kg
1 hn.ur 5.99 nd nd nd nd
2 hours 5.87 nd nd nd nd
1 day 6.00 <40 nd nd nd
2 days 5.97 nd nd nd nd
1 week 6.01 <40 nd nd nd
2 weeks 6.02 nd nd nd nd
1 maonth 6€.00 <40 nd nd nd
2 months { 6.15 nd nd nd nd
6 monihs 6.32 <40 nd nd nd
1l year 6.69 <40 <15 <0.7 <19
TABLE IV--metals leached at piH B8
Time Avg pH Zn mg/kg Fe mg/kg Ca mg/kg Mg nmg/kg
1 hour 7.98 5.4 1.6 4.2 | 0.3
2 hours 8.00 6.8 1.3 4.5 0.4
1 day 7.97 10.5 1.4 3.9 Q.4
2 days 7.92 8.4 4.9 4.1 Q.7
1 week 7.80 2.2 11.5 12.5 1.1
2 weeks '.1.34 0.6 131 12.7 1.8
1 maonth 7.81 <0.1 41.1 15.6 2.0
2 months 7.63 <0.1 134 15.3 1.9
6 months 7.63 0.2 214 l16.9 2.4
1 year 7.59 0.6 75.7 21.4 3.1
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TABLE IV (continued)--metals leached at pH 8

Time l\vg pH cd ugfkg {Cr ug/kg | Hi ug/kg | Pb ug/kyg

1 hour 7.98 nd nd nd nd

2 hours 8.00 nd nd nd nd

1 day 7.97 2.6 6.8 39.4 <20

2 days 7.92 nd nd nd nd

1 week 7.80 <1.0 <4.0 94.2 <20

2 weeks 7.84 nd nd nd nd i

1 month 7.81 <1.0 <4.0 81.2 <20

2 months { 7.63 nd nd nd nd

6 months 7.63 <1.0 4.6 22,0 <20

1l year 7.59 3.3 2.1 111.3 <20

‘Eime Avg pﬁ Cu ug/kg Al ug/kg Ba ug/kg Ag ug/kg

1 hour 7.98 <400 * nd nd nd

2 hours 8.00¢ 687 * nd nd nd

1 day 7.97 2582 * <20 148 61

2 days 7.92 1546 * nd nd nd

1 week 7.80 759 * 1283 211 2.3

2 weeks 7.84 <400 * nd nd nd

1 month 7.81 <10 271 181 2.0

2 months | 7.63 nd nd nd nd

-6 months 7.63 <10 <20 190 2,2

1 year 7.5%9 21 122 1073 1.1

Time Avg pH Sn ug/kg | As ug/kg Mg ug/kg Se ug/EE;x

1 hour 7.98 nd nd nd nd

2 hours 8.00 nd nd nd nd

1 day 7.97 <40 nd nd nd 1

2 days 7.92 nd nd nd nd

1 week 7.80 <40 nd nd nd

2 weeks 7.84 nd nd nd nd ]

1 month 7.81‘ <40 nd nd nd |

2 months 7.63 nd nd nd nd

6 months | 7.63 <40 nd nd nd

1 year 7.59 <40 <16 <0.8 <20 ]
nd = not determined

* Cu analyels by flame
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TABLE V

TCLP Metals

Element Conc. in extract,ppb | Conc. in tires, ug/Kg
‘ cd 1.55 4.4
cr 2.8 7.9
FPb 19.6 55.6
Ag <1.0 <2.8
N 39.7 113
Al 148 420
cu 83 235
Sn <25 <71
Conc. in extract,ppn Conc. in tires,ng/Kg
Fe 120 341
in 10.6 30
Mg 0.108 0.307
Ca 1.00 2.8B4
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Appendix G:
IHlinois Department of Energy and Natural Resources Study Results
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DTC Laboratories, Inc.

4590 INDUSTRiAL DRIVE
SPRINGFIELD. ILLINQIS 62703

{217) 529-.9191
ANALYTICATL R EPORT
CLIENT: I)l. Department of Energy & Natural Resources
DATE RECEIVED: 3-20-90
SAMPLE DESCRIPTION: Shredded Tires
LOG NO.: 4B01-90
REPORT DATE: 4801-980
ITEM RESUOLT
Phencl 21.8B ug/g (FPM}

fal

EP TOX Arsenic 0.06 mg/l {PPM]}
EP TOX Barium 0.02 mg/l (PPM)
EP TOX Cadmium 0.01 mg/1 {PPM)
EP TOX Chremium 0.01 mg/l {PPM}
EF TOX Chromium, Hexavalent 0.t mg/l {PPM}
EPF TOX Lead 0.05 mg/1 {PPM}
EP TOX Mercury 0.05 mg/l {PPM)
EP TOX Selenium 0.06 mg/l (PPM)
EP TOX Silver 0.01 mg/l (PPM]
EP TOX Zinc 0.42 mg/1 (PPM)
Arsenic, Total 1.76 ug/g (FPM}
Barium, Total 0.12 ug/g {(PPM}

AA AN N AN

NA

Cadmium, Total < 0.12 ug/g (PFPH}
Chromium, Total 50.79 ug/g {(PPM)
Lead, Total 36.55 ug/g (PPM}
Mercury, Total < 0.05 ug/g (PPM}
Selenium, Total < 0.42 ug/g {PPH)}
Silver, Total < 0.1B ug/g (PPM)
Zinc, Total 6640. ug/g {FPFM)
Iron., Total 192000. ug/g (PPM}
EP TOX Iron 0.06 mg/l {PPM)

et 0 el Ay (i |

Gerald 0. Mack
Chiaf Scientist
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ANALYTICBAL REPORT

Client: Illincis Department of Energy & Natural Resources
Date Received: 3-20-90

Sample Description: Shredded Tires

Log Number: 4801-90

Report Date: 04-23-90

Compound Name Detaction Limit Result
{Method 8240} ug/ka (PPH) ug/kg (PPB)

10
10
10
10
5

Chloromethane 10
Bromomethane 10
Vinyl cChloride io
Chlorocethane 10
Acetone

carbon Disulfide
1,1-Dichloroethene
1,l1-Dichlorocethane
trans~1,2-Dichloroethene
Chloroform
1,2~Dichlorcethane
2~Butanone
1,1,1-Trichlorethane
carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,1,2,2~Tetrachloroethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromechloromethane
1,1,2~Trichloroethane
Benzene
cis~1,3~Dichloropropene
2-Chlorethyl Vinyl Ether
Bromoform

2-Hexane

4-~Methyl 1-2-pentancne

wn

=
Q
o
pud
Q
o

=
o

mowvumubuuLunuboUWow;inhv
)
o

5]
mouunybubuunupoiowthinthubn

)

AAAAAANAAANMAMNMAMNAMMAAMNAMAMAARNANAANARA
H w

tnn
oo
U
(=] =}

ANALYTICAL REPORT
{Continued)

Client: Illinois Department of Energy & Natural Resources
Date Received: 3-20-90

Sample Description: Shredded Tires

Log Number: 4801-90

Report Date: 04-23-90

Comnpaund Nama Detection Limit Result
{Method 8240} va/kg (PPH) uva/kg {PPB)
Toluene 5 < S
chlorobenezene 5 < S
Ethyl Benzene 5 < S
Styrene 5 < 5
Tatal Xylenes ] < 5

w/éinggfafﬁﬂkﬂfé

Gerald 0. Mack
Chief Scientist
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Appendix H:
Tire Pond Sampling Data
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Hamden Tire Pond May 12, 1987

fage 2

Sample Type: Hater ]
Collected By: E.C Labs
Date Received: 5/12/87
Client §.D.: Pond NY i NEZ SW3
Sample No.: EC—3984 EC~3985 EC~3984 EC-3987

{mg/iL}
Parameter
Groundwater Level (Feet) 7.950 10.50 ?.85
pH (Units? 8.49 7.30 &.30 &.4B
Conductivity {umhos/cm) 2:730 444 1,330 523
Total Disselved Solids 1,592 284 240 a3z
Ammonia — N 0.5% O.74 4.47 10.30
Nitrate - N <0.50 1.50 <0.50 7.50
Nitrite ~N <0Q.01 <0.01 <0.01 <0.01
Total Organic Nitrogen <1.0Q0 <1.00 <1.00 <1.00
Sulfate 17.0 53.0 102.0 <1.00
Organic Sulfer <1.00 <1.00 <1.00 <1.00
Chemical Oxygen Demand <10.00 <10.00 <10.00 44 .40
Cadmium <Q.001 <0.001 <0.001 <0.001
Copper <0.01 <0.01 <0.01 <0.01
Nickel <0.005 0.010 0.00%9 <0Q.005
Iron . O.ab. O.14 2.04 32.73.
Zinc 0.03 0.27 0.04 0.10
Pesticides/Herbicides {ug /L3
Endrin <0.02 <0.02 <0.02 <o.o02
Lindame <0.40 €0.40 <0.40 <0.40
Methorychlor <10.0 <10.0 <10.0 <10.0
Toxaphene <0.50 {0.50 <0.30 <0.50
2y 4-D €<10.0 £10.0 <10.0 <10.0
Z224,5~TP Silvex <1.00 {1.00 <1.00 <1.00

ENVIRONMENTAL CONSULTING LABORATORY
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FPage 3

Client §1.D.: Pond NUW1 NEZ SU3
Sample No.: EC~3984 EC-39835 EC—398¢4& EC—-3987
{mgrsL])

Parameter

Method B010 - Halogenated
Vaolatile Organics

Benzyl chloride €0.001 ° <0.001 <0.001 <0.001
Bis (2«chloroethoxylmethane <0.001 <0.001 <0.001 <0.001
Bis {2~chloroisopropyllether €0.001 <0.001 <C.001 <0.001
Bromobenzene <0.001 <0.001 <0.001 <G.001
Bromodichloromethane <0.001 <0.001 <0.001 <0.001
Bromoform <0.001 <0.001 <0.001 <0.001
Bromomethane <0.001 <0.001 <0.001 <0.001
Carbon tetrachloride <0.001 <0.001 <0.001 <0.001
Chioracetaldehyde <0.001 <0.001 <0.001 <0.001
Chloral <0.001 <0.001 €0.,001 <0.001
Chloroethane <0.001 <0.001 <0.001 <0.001
Chloroform <0.00% <0.001 <0.001 <0.001
1-Chlorohexane <0.001 <0.001 <0.001 {0 .C01
e—~Chlaroethyl vinyl ether <0.001 <0.001 <0.001 <0.001
Chloromethane <0.001 <0.001 <0.001 <0.001
Chloromethyl methyl ether <0.001 <0.001 <0.001 <0.001
Chlorotoluene <0.001 <0.001 <C.001 <0.001
Dibromochloromethane <0.001 <0.001 <0.001 <0.001
Pibromomethane <0.001 <0.001 <€0.001 <0.001}
Dichlorodifluoromethane <0.001 <0.001 <0.001 <0.001
1,1~Dichloroethane <0.001 <0.001 <0.001 <0.001
1,2-Dichloroethane <0.00] <0.,001 £0.001 <0.001
1,i-Dichloroethylene €0.001 <0.001 <G0.001 -€0.001
trans—1,2-Dichlercocethylene <0.001 0.002 <0.001 €0.001
Dichloromethane <0.001 <0.001 <0.001 <0.001
1,2-Dichloropropane <0.001 ©.001 <0.001 <0 .001
1,3-Dichloropropylene <0.001 <0.001} <0.001 <0.001
1,1.2,8-Tetrachloroethane <0.001 <0.001 <0.001 <0.001
1,1,1,2~Tetrachloroethane <0.001 <0.001 <0.001 <0.001
Tetrachlaroethylene <0.001 <0.001 <0.001 <0.001
1,},1-Trichloraethane <0.001 <0.001 <0.001 <0.001
1,1s2~Trichloroethane <0.001 <0.001 <0.001 <0.001
Trichlaoreethylene €0.001 C.005 <0.001 <0.001
Trichlporofluoromethane <0.001 <0.001 €<0.001 0.0l
Trichlorapropane <0.001 £0.001 £0.001 <O.001
Viny! chloride <0.001 <0.001 {0.001 <D.00]

EXVIRONHMERTAL COESULTING LABORATORY ——
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Page 4

Client 1.D.: Pond . MU NEZ S4U3
Sample No.: EC-3284 EC-3285 EC-3784& EC~3987
{mg/L}

Method 8020 - Aromatic
Volatile Organics

Benzene <0.001 <0.001 <0.001 <0.001
Chiorobenzene <0.001 <0.001 <0.001 <0001
1,2~Dichlorobenzene <0.001 <0.001 <0:.001 <0.001}
1,3~Dichloraobenzene €0.001 <0.001 <0.001 <0.001
iIy4—Dichlorobenzene <0.001 €0.001 <0.001 <0.001
Ethyl benzene <0.001 €0.001 <0.001 <0.001
Toluene 0.018 <0.001 <0.001 <0.00])
Hixed Xylenes 0.0346 <0.002 <0.002 <0.o002

Polychlorinated Biphenyls:

PCB—1242 <0.,001 <0.001 <0.001 <0.001
PCB—1254 <0.001 <0.001 <0.001 <0.001
PCB—-1221 <0.001 <0.001 <0.001 <0.001
PCB—-1232 <0.001 €<0.001 <0.001 <0.001}
PCB-1248 <0.001 <0.001 <C.001 <0.001
PCB—-12&0 <0.00] <0.001 <0.001 <0.001
PCB-101& <0.001 <0.001 <0.001 <0.001

ENVIRONMEHTAL CONSULTIEG LABORATORY —
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Hamden Tire Pond August 31, 1987

Page 2

Sample Type: Hater
Collected By: E.C Labs
Date Received: 86/731/87
Client I.D.: Pond U1 NEZ2 Su3
Sample No.: EC~35037 EC-5038 EC~-503% EC-5040

B {mgrsL)
Parameter
Groundvater Level (Feet) - 2.1 13.0 10.9
pH (Units) : 8.17 &£.96 5.95 sH.49
Conductivity (umhos/cm) 24400 4135 1,819 544
Total Dissolved Sclids 1,744 314 1,210 348
Ammonia - N . 0.71 0.35 4.28 11.40
Nitrate — N <0.50 1.20 <0.50 1.0
Nitrite —-N <0.01 0.02 <0.01 <0.01
Total Organic Mitrogen 1.0 1.0 <1.0 <1.0
Sulfate <I1.0 22.0 130.0 <1.0
Organic Sulfer <1.0 <1.0 <1.0 <1.0
Chemical Orxygen Demand 35.3 13.2 27.3 S0.0
Cadmium <0.001 <0.001 <0.001 <0.001
Copper . . <0.01 <0.01 <0.01 <0.01
Mickel <0.005 €<0.005 <0.005 <0.005
Iran 0.38’ €0.05 S.3z2 29.26
Zinc <0.02 C.04 0.0z 0.03
Pesticides/Herbicides tug/L1}
Endrin <0.02 €0.02 <0.02 <0.02
Lindane <0.40 €0.40 €0.40 0.40
Methoxychlor <10.0 <10.0 <10.0 <10.0
Toxaphene <0.50 €0.50 <0.50 <0.50
2, 4-D <{10.0 <10.0 <10.0 <10.0
234,5~TP Silvex <1.00 <1.00 <1.00 <1.00

EXVIRONPIKTLL CONSULTING L APORATORY ——
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Page 3

Client 1.D.: Pond NU1 NEZ 513

Sample No.: EC~5037 EC—5038 EC~-5039 EC~5040
{mg /L)

Parameter

Method BO10 ~ Halogenated
Yolatile Organics

Benzyl chloride €0.001} <0.001 €0.001 <0.001
Bis (2~chloraethoxylmethane <0.001 <0.00 <0.001 <c.o0m
Bis {(&-chloroisopropyllether <0.001 <0.001 <0.001 <0.00¢
Bromobenzene <0.001 <0.001 <0.001 <0.001
Bromodichloromethane <0.001 <0001 <0.001 <0.001
Bromotftorm <0.0q1 <0.001 <0.001 <0.001
Bromomethane <0.001 <0.001 <0.001 <0.001
Carpbpon tetrachloride <0.001 <G.001 <0.001 <0.001
Chloracetaldehyde <0.00) <0.00} <0.001 €0.001
Chloral <0.001 <0.001 <0.001 <0.001
Chlaoroethane <0.001 <0.001 <0.001 <0.001
Chloroform <0.001 <0.00] <0.001 <0.00]
1~Chlarochexane <0.001 <0.001 <0.001 <0.001
eé-Chloroethyl vinyl! ether <0.001 <0.001 <0.001 <0.001
Chloromethane <0.001 <0.001 <0.003 <0 .001
Chloromethyl methyl ether <0.001 <0.001 <0.001 <0.001
Chlorotoluene <0.00 <0.001 <0.001 <0.001
Dibromochloromethane <0.001 <0.001 <0.001 <0.001
Dibromomethane <0.001 <0.001 <0.001 <0._00}
Dichloroditluoromethane <£0.001 <0.001 <0.001 £0.001
1,1~Dichloroethane <0.001 <0.001 <0.001 <0_001
1,2~Dichloroethane <0001 <0 . 001 <0.001 CO.001
1,1~-Dichloroethylene <0._.001 <0.001 €0.001 <0.001
trans~1,2~Dichleoroethylene <0.001 o.002 <0.001 <0.001
Dichloromethane <0.001 <0.001 <0.001 <0.001
1,8~Dichloropropane <0.001 O, 002 {0.001 <0.001
1,3-Dichloroprepylene €0.001 <0.001 <0.001 <0_001
1,1,2,2-Tetrachloroethane <0.001 <0.001 <0.001 <D.001
1,1,;1,2~Tetrachloroethane <0.001 <0001 <0.001 <0 .001
Tetrachloroethylene <0.001 €0.001 <0.001 <0.001
1,1,1-Trichloroethane <0.001} <0.001 <0.001 <0.00)
I,1,2~Trichlorcethane <0.001 <0.001 <0.001 <0.001
Trichloroethylene CO.001 0.004 <0.001 <0.001
Trichlorofluoromethane <0.001 <0.,001 <0.001 <Q.001
Trichloropropane <0.00: <0.001 <0.001 <0.001
Vinyl chloride <0, 001 <0.001 <0.001 {00}

IXTIRDNYIFTLL CORSULTIFE LAESRLTERY ——
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Page 4

Client 1.D.: Pond MUl NEZ2 SW3
Sample No.: EC~5037 EC~5038 EC—5039 EC~S5040
{mg/L)

HMethaod 8020 — Aromatic
Volatile Organics

Benzene <0.0Q01 <0.001= <0,001 <0.001
Chlorobenzene <0.001 <0.001 <0.001 <0.001
1.,2~Dichlorobenzene <0.001 <0.001 <0,001 <0.001
1,3-Dichlorobenzene <0.001 <0.001 <0.001 <0.001
1,4~Dichlorobenzene <0.001 <0.001 <0.001 €<0.001
Ethyl benzene <Q_001 <0.001 <0.001 <0.001
Toluene <0.001 <0.001 €<0.001 <0.001
Xylens <0.002 <0.002 €<0.002 <0.002

fPolychlarinated Biphenyls:

PCE-1R42 <0.001 <0.001 <0.001 <0.001
PCB-1254 <0.001 <0.001 <0.001 <0.001
PCE-1221 <0,001 €0.001 <0.001 <0 .00}
PCBE-1232 <0.001 <0.001 <0.001 <0.001
PCE-1248 <0.001 <0.001 €0.001 <0.001
PCB-1240 <0.001 €0.001 <0.001 <0.001
ECE~1016 <0.001 <0.001 <0.001 <0.001

«Trace amount found below detectable limit

EFVIROKYEKTAL CONSULTIRG LEBORELTORY ——
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Hamden Tire Pond June 22, 1988

Hamden Tire Pond
Report No.: MB9-0617

CXYent I.D.:
Sample No.:

Parameter

Groundwater Level (Feet)

pH {Units}
Conductivity (umhos/cm)}
Toral Dissolved Solids
Ammonia - H

Nitrate - M

Nitrite -R

Total Organic Nicrogen
Sulfare

Organic Sulfer
Chemical Oxygen Demand
Cadmium

Copper

Nickel

Iron

Zinc

PESTICIDES/HERBICIDES:

Gamma~BHC {Lindane)
Endrin

Methoxychlor
Toxaphene

2, 4-D

2,4,5~TP Silvex

Page 2

NW NE SW Pond
89-2072 892073 89-2074 89-2075
{Units in ma/L unless noted)

8.2 13.2 9.9
7.1 4.7 6.4 7.8
422 2100 682 2130
300 2084 474 1440
0.2 3.9 8.0 1.4
4.3 1.5 1.4 3.0
0.02 <0.01 <0.01 0.086
<1.0 <1.0 <1.0 <1.0
24 1050 €1.0 <1.0
<1.0 <1.0 <1.0 <1.0
7.5 15.0 76.2 32.1
<0.001 <0.001 <0.001 .<0.001
<0.01 <0.01 <0.01 <0.01
<0.005 0.155 «0.005 <0.005
1.60 11.8 55.2 0.195
0.062 0.102 0.024 0.020

{Units in prb)

<D.40D <0.40 <0.40 <0.40
<0.02 <0.02 <0.02 <0.02
<10.0 <10.0 <10.0 <10-0
<0.50 <0.50 <0.50 <0.50
<1.0 <1.0 1.0 <1.0
<1.0 <l1.0 <1.0 <1.0
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Hamden Tire Pond Page 3
Report No.: MB9-0617

Client I.D.: HW HE SW Pond
Sample No.: B3-2072 B89-2073 89-2074 B9-2075
(Units in ppb}

Parameter

METHCD B010 -~ HALOGENATED
VOLATILE ORGANICS:

Benzyl Chloride <1.0 <1.0 ¢<1.0 <l.0
Bis (2-chlarcethoxy}-

methane <1.0 1.0 <l1.0 <1.0
Bis {(2-~chloroisopropyl)

ether <1.0 <1.0 <1.0 <1.0
DBromohenzene <l.0 <1.0 ¢<1.0 <1.0
Bromodichloromethane <1.0 <1.0 <1.0 <1.0
Bromoform <l.0 <1.0 1.0 <1.0
Bromomethane <l.0 <1l.0 <1.0 1.0
Carhon Tetrachloride <1.0 <l.0 <1.0 <1.0
Chloracetaldehyde <1.0 <1.0 <1.0 <1.0
Chloral <1.0 <1.0 <l.0 <i.0
Chloroethane <1.0 <l.0 <1.0 <1.0
Chloroform <1.0 <1.0 <1.0 <1.0
1-Chlorohexane <1.0 <1.0 <1.0 <1.0
2-Chlorcethyl vinyl ether <1.0 <1.0 <1.0 <1.0
Chloromethane . <1.0 1.0 <1.0 <1.0
Chloromethyl methyl ether <1.0 <1.0 <1.0 <1.0
Chlorotoluene 1.0 <1.0 <1.0 <1l.0
Dibromochloxomethane <1.0 <1.0 <1.0 <1.0
Dibromemethane <1.0 <1.0 <1.0 <1.0
Dhichlorodifluoromethane <1l.0 <1.0 <1.0 <l.0
1,1-Dichloroethane <1.¢ <1.¢ 1.0 <1.0
1,2-Dichloroethane <1.0 <1.0 <1.0 <1.0
1,1-pichlorcethylens <1.0 <1.0 <1.0 <1.0
trans-1,2-Dichloro~-

ethylene 2.8 <1.0 <1.0 <1.0
1,2-Dichloropropane <1.0 <1.0 <1.0 <1.0
trans~1,3~Dichloyo-

propylene <1.0 <1l.0 <1.0 <1.0
Methylene Chloride <1l.0 <1.0 <1.0 <1.0
1,1,2,2~Tetrachloroethane <1.0 <1.0 <1.0 <1.0
1,1,1,2~Tetrachloroethane <1.0. <1.0 <1.0 <1.0
Tetrachloroechylene <1.0 <1.0 <1.0 <1.0
1,1,1~Trichloroethane <1.0 <1l.0 <1.0 <1.0
1,1,2-Trichloroethane © 1.0 <1.0 <1.0 <1.0
Trichloroethylene 5.4 <1.0 <1.0 <1.0
Trichlorofluoromethane <l.0 <1.0 <1.0 <1l.0
Trichloropropane <1.0 <1.0 1.0 <1.0
Vvinyl Chloride <1.0 <1.0 <1.0 <1.0
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Hamden Tire Pond Page 4

250

Report No.: MB9-0617
Client I.D.: NW NE 5w Pond
Sample HNa.: 89-~2072 H9-2073 89-2074 RHO-2075
{Units in ppb]

Parametcr
METHOD 8020 - AROMATIC

VOLATILE ORGANICS:
Benzene 1.0 <1.0 <1.0 <1.0
Chlarobenzene <1.0 <1.0 <1.0 <l.0
1,2~Dichlorobenzene <1.0 <l.0 <1.0 <1.0
1,3-Dichlorcbenzene <1.0 <1.0 <1.0 <1.0
1,4-bichlorobenzens <1.0 <1.0 <1l.0 1.0
Ethyl benzene <1l.0 <l.0 <1.0 <1.0
Toluene 1.0 <1.0 <l.0 <1.0
m-Xylene <1.0 <1.0 <1l.0 <1l.0
o-Xylene <1.0 <l.0 <l1l.0 <l.0
p-Xylene <1.0 <l.0 <1.0 <1.0
POLYCHLORINATED BIPHENYLS: {Units in ppb}
BCB-1016 <1.0 <1.0 <1l.0 <1.0
PCB-1221 <1.0 <1.0 <1.0 <1.0
PCB~1232 <1.0 <1.0 <1.0 <1l.0
PCB-1242 <1.0 <1.0 <1l.0 <1l.0
PCB~1248 <1.0 <l.0 <1.0 <1.0
PCB~1254 <1.0 <1.0 <1.0 <1.0
PCB-1260 <1.0 <1.0 <1.0 <1.0
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Hamden Tire Pond August 17, 1989

Hamden Tire Pond Page 2
Report No.: MB9-1087
Ground Ground Ground Surface

Sample Type: Water Water Water Water
Client I.D.: MW1 MW2 HMW3 Pond
Sample No.: 89~3562 89~3563 89-3564 B9-3565
{(Units in mg/L unless noted)
Parameter
Groundwater Level (Feet) 7.0 9.7 9.0 -
pH (Units} 7.2 4.5 6.3 B.O
Conductivity {umhos/cm) 425 1808 567 1714
Total Dissolved Solids 342 1652 356 1182
Ammenia ~ N 0.09 4.0 6.3 0.07
Nitrate - N 2.8 0.69 0.43 1.4
NHitrite -R <0.01 <0.01° <0.01 <0.01
Total Organic Nitrogen <1.0 <1.0 <1.0 1.24
Sulfate 45.0 800.0 <1.0 <1.0
Organic Sulfer <1.0 <1.0 <1.0 <1l.0
Chemical Oxygen Demand 7.5 7.4 22.2 37.4
Cadmium <0.002 <0,002 <0.002 <0.002
Copper <0.025 <0.025 <0.025 <0.025
Nickel <0.040 0.673 <0.040 <0.040
Iron 0.197 22.0 l6.8 0.052
2inc 0.038 2.88 0.022 «<0.020
Pesticides/Herbicides: {Units in ug/L}
Gamma-BHC (Lindane} <0,40 <0.40 <0.40 <0.40
Endrin <0.,02 <0.02 <0.02 <0.02
Methoxychlor <10.0 <10.0 <i10.0 <10.0
Toxaphene <0.50 <0.50 <0.50 <0.50
2., 4-D <1.00 <1.00 <1.00 <1.00
2.4,5~TP Silvex <1.00 <1.00 <1.00 <1.00
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Hamden Tire Pond Page 3
Report No.: MB9-~1087
Ground Ground Ground Surface

-«

Sample Type:s Water Water Water Water
Client I.D.: MWl Mw2 MW3 Pond
Sample No.: 89~-3562 B89-3%63 B9-3564 B9-3565

{Units in mg/L} T
Parameter

METHOD BO10 - HALOGENATED
VOLATILE ORGANICS:

Benzyl Chleoride <0.001 <0.001 <0.001 <0.001
Bis (2-chloroethoxy)-

methane <0.001 <0.001 <0.001 <0,001
Bis (2-chlorocisopropyl) .

ether <0.001 <0.001 <0.001 <0,001
Bromobenzene <0.001 <0.001 <0.001 <0.001
Bromodichloromethane <0.001 <0.001 <.001 <0.,001
Bromaform <0.001 <0.001 <0.001 <0.001
Bromomethane <0.001 <0.001 <0.001 <0.001
Carbon Tetrachloride <0.001 <0.001 <0.001 <0.001
Chloracetaldehyde <0.001 <0..001 <0.001 <0.001
Chloral <0.001 <0.,001 <0.001 <0.001
Chloroethane <0.001 <0.001 <0.001 <0.001
Chloroform <0.001 <0.001 <0.001 <0.001
1-Chlorchexane <0.001 <G.001 <0.001 <0,001
2-Chloroethyl vinyl ethkzr <0.001 <0.001 <0.001 <0.001 ]
Chloromethane <0.001 <0.001 <0.001 <0.,001
Chloromethyl methyl ether <0.001 <0.001 <0.001 <0.001
Chlorotoluene <0.001 <0.001 <0.001 <0.001
Dibromochloromethane <0.001 <0.001 <0.001 <0.001
Dibromomethane <0.001 <0.001 <0.001 <0.001

_Dichlorediflucromethane <0.001 <0.001 <0.001 <0.,001

1,1-bichloroethane ' <0.001 <0.001 <0.001 <0.001
1,2-Dichloroethane <0.001 <0.001 <0.001 <0.001
1,1~Dichloroethylene <0.001 <0.001 <0.001 <0.001
trans—-1,2-Dichloro-

ethylene 0.051 <0.001 <0.001 <0.,001
1,2~Dichloroprorane <0.001 <0.001 <0.001 <0.001
trans-1,3-Dichloro-

propylene <0.001 <0.001 <0.001 <0.001
Methylene Chloride <0.001 <0.001 <0.001 <0.001

1,1,2,2-Tetrachlorocethane <0.001 <0.001 <0.001 <0.001
1,1,1,2~Tetrachleroethane <0.001 <0.001 <0.001 <0.001

Tetrachloroethylene ’ 0.0058 0.002 0.001 <0.001
1,1,1-Trichloroethane <0.001 <g.001 <0.001 <0.001
1,1,2-Trichloroethane <0.001 <0.001 <0.001 <0.001
Trichloroethylene 0.343 <0.001 <0.001 <0.001
Trichlorofluoromethane <0.001 <0,001 <0.001 <0.001
Trichloeropropane <0.001 <0.001 <0.001 <0.001
Vinyl Chloride . <0.001 <0.001 <0.001 <0.001
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Hamden Tire Pond Page 4
Report Ho.: H89-1087
Ground Ground Ground Surface

_Sample Type: Water Water Water Water
¥lient I.D.: MWl MW2 MWl Paond
Sample No.: B9-3562 B89-3563 £9-3564 89-3156S

{Units in mg/L)
Parameter

METHOD 8020 - AROMATIC
VOLATILE ORGANICS:

Benzene <0.001 <0.001 <0.001 <0.001
Chlorobenzenea <0,001 <0.001 <0,001 <0.001
1,2-Dichlerobenzene <0.001 <0.001 <0.001 <0.001
1,3-Dichlarobenzene <0,001 <0.001 <0.001 <0.001
1,4-Dichlorcbhenzene <0.001 <0.001 <0.001 <0.001
Ethyl benzene <0.001 <0.001 <0.001 <0.001
Toluene <0.001 <0.001 <0.001 <0.001
m-Xylene <0.001 <0.001 <0.001 <0.001
o~Xylene <0.001 <0.001 <0.001 <0.001
p~Xylene <0.001 <0.001 <0.001 <0.001
POLYCHLORINATED BIPHENYLS: {Units in mg/L}

PCB-1016 <0.001 <0.001) <0.001 <0.001
PCB~1221 <0.001 <0.001 <0.001 <0.001
PCB~1232 <0.001 <0.001 <0.001 <0.001
PCB-~1242 <0.001 <0.001 <0.001 <0.001
PCB-1248 <0.001 <0.001 <0.001 <0.001
PCB~12534 <0.001 <0.001 <0.001 <0001
PCB-1260 <0.001 <0.001 <0.001 <0.001
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Tire Pond

Page 2 of 4

Report No.: MBE-0358
Client I.D.: Pond 5W NW NE
Sample No.: B8-3140 B8B~3141 B88-~3142 88-3143
{mg/L})
Parameter
Groundwater Level (Feet) -— 10.4 8.0 14.6
pHd (Units) 7.78 6.40 7.10 6.83
Conductivity {umhos/cm} 2050.0 372.0 330.0 851.0
Total Dissolved Solids 1598.0 398.0 312.0 985.0
Ammonia - N 0.38 6.45 0.18 2.06
Nitrate — H 0.50 4.5 2.0 <0.50
Nitrite -N <0.01 <0.01 <0.01 <0.01
Total Organic Nitrogen <1.0 <1.0 <1l.0 <1.0
Sulfate 7.0 <1.0 32.0 250.0
Organic Sulfer <1.0 <1.0 <1.0 <1.0
Chemical Oxygen Demand 53.0 55.8 11.3 23.0
Cadmium <0.001 <0.001 <0.001 <0.001
Copperxr <0.01 <0.01 <0.01 <0.01
Nickel <0.005 <0.005 <0.005 <0.005
Iron 1.83 18.171 <0.05 0.38
Zinc <0.902 0.04 <0.02 0.03
Pesticides/Herbicides {ug/L}
Gamma-BHC (Lindane} <0.40 <0.40 <0.40 <0.40
Endrin <0.02 <0.02 <0.02 <0.02
Methoxychlor <10.0 <10.0 <10.0 <10.0
Toxaphene <0.50 <0.50 <0.50 <0.50
2, 4-D <1.00 <1.00 <1.00 €1.00
<1.00 <1.00 <1.00 €1.00

2,4,5-TP silvex
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Tire Pond Page 3 of 4
Report No.: MB8-0358

Client I.D.: Pond sW NW NE

Sample Ho.: 88-3140 88-3141 BB-3142 §EB-3143
{mg/L}

Parameter

-Method B0l0 - Halogenated
Volatile Organics

Benzyl Chloride <0.001 <0.Q01 <0.001 <0.001
Bis (2~chloroethoxy)-

methane <0.001 <0.001 <0.001 <0.001
Bis (2~chloroisopropyl) _

ether <0.001 <0.001 <0.001 <0.001
Bromobenzene <0,001 <0.001 <0.001 <0.001
Bromodichloromethane <0.001 <0.001 <0.001 <0.001
Bromoform <0.001 <0.001 <0.001 <0.0601
Bromomethane <0.001 <0.001 <0.001 <0.001
Carbon Tetrachloride <0.001 <0.001 <0.001 <0.001
Chloracetaldehyde <0.001 <0.001 <0.001 <0.001
Chloral <0.001 <0.001 <0.001 <0.001
Chloroethane <0.001 <0.001 <0.001 <0.001
Chloroform <0.001 <0.001 <0.001 <0.001
1~Chlorohexane <0.001 <0.001 <0.001 <0.001
2-Chloroethyl vinyl

ether <0.001 <0.001 <0.001 <0.001
Chleromethane <0.001 <0.001 <0.001 <0.001
Chloromethyl methyl

ether <0.001 <0.001 <0.001 <0.001
Chlorotoluene <0.001 <0.001 <0.001 <0.001
Pibromochloromethane <0.001 <0.001 <0.001 <0.001
Dibromomethane <0.001 <0.001 <0.001 <0.001
Dichlorcdifluoromethane <0.001 <0.001 <0.001 <0.001
1,1-Dichlorgethane <0.001 <0.001 <0.001 <0.001
1,2-Dichloroethane <0.001 <0.001 <0.001 <0.001
1,1-Dichloroethylene <0.001. <0.001 <0.001 <0.001
trans~1,2-Dichloro-

ethylene <0.001 <0.001 <0.001 <0.,001
1,2~Dichloropropane <0.001 <0.001 <0.001 <0.001
trans-1,3-Dichloro-

precpylene <0.001 <0.001 <0.001 <0.001
Methylene Chleoride <0.001 <0.001 <0.001 <0.001
1,1,2,2-Tetrachloro-

ethane -+ <0.001 <g.001 <0.001 <0.001
1,1,1,2«Tetrachloro-

ethane <0.001 <0.001 <0.001 <0.001
Tetrachleroethylene <0.001 <0.001 <0.001 <0.001

1,1,1-Trichloroethane <0.001 <0.001 <0.001 <0.001
1,1,2~Trichlorcethane <0.001 <0.001 <0.001 <0.001

Trichloreethylene <0.001 <Q.001 <0.001 <0.001
Trichloroflucromethane <0.001 <0.001 <0.001 <0.001
Trichlorepropane <0.001 <0.001 <0.001 <0.001
Vinyl Chloride <0.001 <0.001 <0.001 <0.001
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Tire Pond Page 4 of 4

Report No.: M88-0358

Client I.D.: Pond 5W NW NE

Sample No.: 88-3140 §8B-3141 BB-3142 B8B8-~3143
(mg/L}

Parameter

Method 8020 - Aromatic
Volatile Organics

Benzene <0.001 <0.001 <0.001 <¢.001
Chlorobenzene <0.001 <0.001 <0.001 <0.001
1,2-Pichlorobenzene <0.001 <0.001 <0.001 . <0.001
1,3~-Dichlorcbenzene <0.001 <0.001 <0.001 <0.001
1l,4-bichlorcbenzene <0.001 <0.001 <0.001 <{.001
Ethyl benzene <(.001 <0.001 <0.001 <(.001
Toluene <0.001 0.003 0.001 <0.001
Xylene <0.002 <0.002 <0.002 <0.002

Polychlorinated Biphenyls:

PCB-1016 <0.001 <0.001 <0.001 <0.001
PCB-1221 <0.001 <0.001 <0.001 £2.001
PCB~1232 <0.001 <0.001 <0.001 <0.001
PCB-1242 : <0.001 <0.001 <0.001 <0.001
PCEB-1248 <0.001 <0.001 <0.001 <0.001
PCB-1254 <0.001 <0.001 <0.001 <0.401
PCB-12640 <0.001 <0.001 <0.001 <0.001
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Appendix I:
Tire Water Toxicity Study Results
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The Acute Lethality to Rainbow Trouf of Water
Contaminated by an Automobile Tire

By: Scott Abernethy
January 1994

Table 1. Summary of the agualic toxicity tests conditions.

Test species trout D. magna miNNow C. dubia

Exposure, hrs. 96 48 96 48

Lile stage fry neonates fry neonates

Wet weight/age 0.74.3g < 24 hours 0.2-0.4 g < 24 hours

Test vessel 20 L plastic 50 mL glass 250 mL 30 mL plastic
bucket vial beaker cup

Solution volume 20 litres 50 mL 200 mL 15 mL

L oading 10 fish 3 neonates 3 fish 5 neonates

Replicaies none 4 2 2

Temperature, °C 13 to 17 1B to 22 21 t0 23 18 to 22

Aeration YES no no no

Food none none brine shrimp  YCT once at

once daily

start of the test
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Table 2. The experimental design.

Tire water  Toxicity ~ Test species or Sample age
batch # test # sample treatment days
LCS0 tests of four species
1 1a rainbow trout < 5 hours old
1b D. magna < 5 hours old
2 2a rainbow trout < 5 hours old
2b C. dubia < 5 hours old
2c fathead minnow < 5 hours old
LTS0 tests of rainbow trout
2 2a none, initial test < 5 hours old
3a none, baseline test 2
3b pH 3 2
3c pH 11 2
3d EDTA 2
3e Na,S,0, 2
4 stored, 15°C, dark 7
3 5 none, initial test < 5 hours old
ba none, baseline test 1
6b pH 6 1
B¢ pH 7 1
od pH 8 1
Be activated carbon 1
3 7a stored, 15°C, dark 7
7b stored, 20°C, dark 7
7C stored, 20°C,light 7

Table 3. Cumulative percent martality in the dilution series tests.

Concentration

Tire water batch #1

Tire water batch #2

% vol/vol 24 hours 96 hours 24 hours 96 hours
100 100 100 a0 100

65 70 100 0 a0

40 0 70 0 0

30 0 40 0 0

20 0 0 0 0

10 0 0 0 0

0 (control) 0 0 0 0

LC50 58 34 83 52
Confidence 49 10 68 29 to 40 73 to 93 49 to A8
imits
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Table 4. 1.T50s of the single conceniration frout tests.

Sample treatment LT50 95 % confidence
(toxicity test#) (hours) limits

initial (2a) 17 not calculated
baseline (3a) 23 17 to 28

pPH 3 (3b) 25 20t0 28

pH 11 (3c) 25 221030
EDTA (3d) 23 17 1o 28
Na,S,0, (3e) 21 15 to 25
stored,15°C,dark (4) 35 27 to 43

initial (5) 18 11 10 22
baseline (6a) 20 1410 24

pH 6 (6b) 16 not calculated
pH 7 (5c) 18 2'to 22

pH 8 (sd) 18 3to 22
activated carbon (ge) nonlethal not calculated
stored,15°C,dark (7a) 21 18 fo 25
stored,20°C, dark (7b) 20 18 fo 22
stored,20°C,light (7¢c) 26 23 to 30

Table 5. GC-MS results: the numbers of compounds identified,
classified or unknown. The numbers in parentheses refer to the
numbers of compounds in the controf water samples. 2a and
2b are separate samples collected four days apart.

Compound Tire water batch #

category 1 2a 2b 3
Identified 9 (2) 13 (4) 16 (1) 11 (5)
Classified 10 (4) 4 (0) 9 (0) 10 (3)
Unknown 15 (Q) 11 (1) 24 (1) 41 (8)
Total 34 (6) 28 (5) 49 (2) 62 (16)
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Tire toxicity to trout

APPENDIX 1
THE CHEMICAL ANALYSES OF TIRE WATERS AND CONTROL WATERS

Water concentrations are mg/L  The nitrogen compounds as N. Carbon = dissolved
carben as C. UNF = unfitered, R = reactive, T = total. ND = not detected. For
nondetectable parameters, the detection fimits were: ammonium = 0.05; nitrite = 0.015;
-copper = 0.0019; nickel = 0.004; lead = 0.008; zinc = 0.007; cadmium = 0.0002;
chromium = 0.002.

Chemical parameter Tire water Control water
batch # batch #
2 3 2 3
General water quality
hardness, T, as CaCO, 152 147 151 147
calcium, UNF.R 45 44 45 44
magnesium, UNF,R 10 8 10 9
sodium, UNF.R 14 14 14 14
potassium, UNF,R 1.7 1.7 1.7 1.7
alkaiinity, T, as CaCO, 99 98 98 99
fluoride, UNF,R 1.2 1.2 1.2 1.2
chloride, UNF.R 28 28 27 25
sulphate, UNF,R 32 33 31 33
carbon, organic 3 2 2 2
carbor:, inorganic 20 22 i8 23
Nitrogen compounos i
nitrogen, Kjeld., UNF.RT  0.25 0.40 ND 0.30
ammonium, fraction R, T ND 0.40 ND 0.25
nitrates, fraction BT 0.45 0.45 0.45 0.45
nitrite, fraction A ND 0.030 ND 0.035

Inorganic metals (UNF,T)

copper 0.002 ND 0.003 4.0022
nicket ND ND ND ND
lead ND ND ND ND
zinc 0.025 0.023 ND ND
fron 0.06 0.03 0.04 0.07
cadmium ND ND ND ND
chromium ND ND ND ND
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Tire toxicity to trout

APPENDIX 2

TARGET ANALYTES AND DETECTION LIMITS
(None were found in the tire water)

Gasoline and salvents, ug/L

1,2-dichioroethylene 2 m-, p-xylenes 2
1,1-dichloroethane 2 bromalorm 2
chioroform 2 1.4-dichlorobenzene 2
1,1, 1-trichloroethane 2 1,3-dichlorobenzene 2
carbon tetrachloride 2 1,2-dichlorobenzene 2
benzene 2 BCI,CH + C,CiH 2
1,2-dichloropropane 2 C.CL, + CIBCH, 2
toluene 2 o-xylene 2
1,1,2-trichlorethane 2 1,1.2,2-tetrachioroethane 2
chiorobenzene 2 gasolineg 1
ethylbenzene 2 fuel distillate 1
Pesticides, ug/L

ametryne 0.05 difenoxuton 2
atrazine 0.05 diuron 2
prometryne 0.05 fiuometuron 2
atrazone 0.05 linuron 2
metolachior 0.5 metoxuron 2
diethyl simazine 0.5 monolinuron 2
chlorbromuron 2" monuron 2
chiartoluron 2 neburon 2
siduron 2
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Tire toxicity to trout

APPENDIX 2

TARGET ANALYTES AND DETECTION LIMITS
(None were found in the tire walers)

Organochlorines, ng/L

hexachloroethane 1 alpha-BHC 1
1,3,5-trichlorobenzene 5 heta-BHC 1
1,2,4-trichlorobenzene 5 gamma-BHC 4
hexachlorobutadiene 1 a-chlordane 2
1,2,3-trichiorobenzene 5 g-chlordane 2

2 4,5-yrichiorotoluene 5 oxychlordane 2
2,3,6-trichlorotoluene 5 op-DDT 5
1,2,3,5-tetrachlorobenzene 1 pp-0OD 5
1,2,4,5tetrachlorobenzene 1 pp-DDT 5
2,6,alpha-trichiorotoluene 5 methoxychlor 5
1.2,3,4-tetrachlorobenzene 1 heptachlorepoxide 1
pentachlorcbenzene 1 endosuifan | 2
PCB, total 20 dieldrin 2
hexachlorobenzene 1 endrin 5
heptachlor 1 endosulfan 5
aldrin 1 endosulfan sulphate 5
pp-DDE 1 octachiorostyrene 1
mirex 5 toxaphene 500
Acid extractahles, ug/L

phenat 0.2  2,4,5-trichloropheno! Q.2
2, 4-diinethylphenol 2 2,3,4-trichiorophenol 0.2
p-chloro-m-¢resol 0.2 2,356-tetrachlorophenol 0.2
2,4-dichlorophenol 0.2 2345etrachiorophenot 0.2
4-nitrophenaol 0.5 pentachiorophenal 0.2
2,34, 6-tetrachioropheno 0.2  26-dichioropheno) 0.2
2 4-dinitrophenot 20 m-cresot 0.2
4,8-dinitro-o-cresol 10 o-cresol 0.2
2-chloropheno! 0.2  p-cresol 0.2
2,4 B-trichlorophenal 0.2  2.3,5-trichlorophenol 0.2
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Tire toxicitj/ to trout

APPENDIX 2

TARGET ANALYTES AND DETECTION LIMITS
{None were found in the tire water)

Polynuclear aromatic fiydracarhans, ng/L

perylene 10

phenanthrene 10

anthracene 1 benzo(k)fiuoranthene 1
fluoranthene 20  benzo(a)pyrens 5
pyrene 20 benzo(g,h,)perylene 20
benz(a)anthracene 20  dibenz{a,h)anthracene 10
chrysene . 50 indeno(1,2,3-¢,d}pyrene 20
dimethy! benz{a)anthracene 5 benzo(b)chrysene 2
benzo(e)pyrene 50 coronene 10
benzo(b)fiuoranthene 10

Base-neutral extractabies, ug/L

diphenyl ether 0.2  bis(2-chloroethoxy) methane0.2
bis-2-ethythexylphthalate 1 naphthalene 0.2
di-n-octylphthatate 0.2 acenaphthylene 0.2
benzo(k)fiuoranthene 0.2  2,6-dinitratoluene 0.5
benzo(a)pyrene 0.2  acenaphthene 0.2
indena(t,2,3-cd)pyrene 0.5  4-chiorophenyl pheny! etherQ.2
diphenylamine 2 2,4-dinitrotoiuene 0.5
3,3-dichlorobenzidine 1 fluorene 0.2
bis(2-chloraethyl)ether 0.5 n-nitrosodiphenylamine 2.
indaole 0.2  4-bromophenyl phenyi ether0.2
dibenzo(a,h)anthracene 0.5 phenanthrene 0.2
benzo{g,h,i}perylene 0.2 anthracene 0.2
bis{2-chioroisopropytjether 0.2  di-n-butylphthalate 0.2
fluoranthene 0.2  1-methyinaphthalene 0.5
pyrene 0.2 2-chloronaphthalene 0.2
butylbenzyiphthalate 0.5 2-methylnaphthatene 0.2
benzo(a)anthracene 0.2  5-nitroacenaphthene 1
chrysene 0.2  benzo(b}iluoranthene 0.2
camphene 0.5 Dbiphenyl 0.2
n-nitrosodi-n-propylamine 0.5 perylene 05
1-chloronaphthalene 0.2
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Tire toxicity to trout

APPENDIX 3

THE COMPOUNDS IDENTIFIED AS MEMBERS OF CERTAIN CHEMICAL CLASSES

The numbers in parentheses reier to the numbers of compounds detected in the same

chemical class.

1

Tire water batch #

2a

2h

3

a methy[—ani[ine'

a nitrogen
compound

a C, alkylphenol

a chioro-
dimethyl phenol

a phenol {2)

a chiorine
compound

an aicohaol or
ether (3}

a methyl-aniline

a nitrogen
compound {2}

a phenol
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a methyl-aniline

an aming (2)

a methyl diphenyl-

amine

a C,, alkyiphenol

a chioro-dimethyt
phenol

a G, alkyl-
benzene

a carboxylic acid

a carboxylic acid
ester

a methyl-aniline

a dimethyl-aniting

a methyi diphenyl-amine
a 04—a!i<yl pyridine

a nitraphenol

a chiaro-dimethyl phenaol
a methyl phenyl-

ethyiphenol

a dihydro-indenone +
phenol

a carboxylic acid {2)



Tire toxicity to trout

APPENDIX 4

THE IDENTIFIED COMPQUNDS AND CONCENTRATIONS (UG/L) IN THE TIRE WATERS

Compound name CAS # Tire water batch #

1 2a 2h 3
aniline 62-53-3 3 03 09 05
2-methyl-N-phenyl-aniling 1205-38-6 1 1
N-phenyl-aniline 122-38-4 05 05
N,N-diphenyl-1 ,4-benzenediémine 74.31-7 0.4
{1,1-biphenyl}-2-amine 90-41-5 0.8
N,N-dibutyl formamide 761-65-9 0.2
dipheny! formamide 607-0-1 ’ 1
N-phenyl-formamide 103-70-8 05 03
N,N-diphenyi-hydrazinecarboxamide 603-51-0 0.8
phenoxazine 135-67-1 5
benzc;thiazole 95-16-9 9 1 10
2-(methyithio}-benzothiazole 615-22-5 0.4 0.3
2(3H)-benzothiazolone 934-34-9 4 0.1 4
4-{2-benzothiazolyithio}-morpholine 102-77-2 6 2 5 3
4-acetyt morpholine 1656-20-4 Q.7
2,5-cyclohexadiene-1,4-dione 106-51-4 0.3
1,4-cyclohexanedione 637-88-7 03 05 0.7
2,3-dihydro-1H-inden-1-ocne 83-33-0 0.2
4-methyl-2-pentanone 108-10-1 1
1-methyl-2-pyrrolidinone 872-50-4 0.2
4-(1-methyl-1-phenylethyi}-phenol 599-64-4 0.1 0s 0B 068
4-{phenylamino}-phenol 122.37-2 8
dinitro propyl phenol 1420-07-1 0.6
2,5wb§5|(1,1-d§melhytelhy})-4-eihyl phenol  4130-42-1 0.7
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Tire toxicity to trout

Compound name CAS # Tire water batch #

1 2a 2b 3
2-chloroethano! phosphate 115-86-8 0.2
SH-fluoren-g-ol 1689-64-1 03
o,a-dimethyl benzenemethanol 617-94-7 03 03 04
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Appendix J:
Identification of Tire Leachate Toxicants Study Results
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Identification of Tire Leachate Toxicants and a Risk Assessment of Water Quallty
Effects Using Tire Reefs in Canals
By: S.M. Nelson, G. Mueller, D.C. Hemphiil
May 1993

Table 1. Physico-chemical parameters of toxicity test waters.

Parameter Tire leachate Lake Mead dilution

water

Dissolved oxygen 6.1 . 6.1
{mg/L)

pH B.36 8.60

Conductivity {uS/cm) 1128 1070

Total alkalinity 110 108
(mg/L}

Total hardness 328 309
{ma/L})

Table 2. Results of TIE tests.

Manipulation 24-hr LC., {%#) and 95% confidence limits
C. dubja Fathead Hinnow
Baseline toxicity 21.0 (15.9-27.7) > 100
test (this test 20.3 (17.0-24,2)
repeated twice for
C. dubia)
pH 3 Adjustment 30.8 (24.0-39.4) > 100
pH 11 Adjustment 35.4 (24.9-50.2) > 100
Aeration 17.7 {confidence --
limits not reliable)

Filtration 23.3 (17.2-31.6) > 100
SPE 61.6 (48.0-78.9) > 100
Eluted SPE > 100 > 100

Other Tests Results (% survival in 100% concentration)
EBTA 100 .

sodium thiosulfate 20 -

Confirmation that zinc was the primary toxicant was obtained by
adding zinc to control water through the addition of zinc chloride
and then performing an additional toxicity test using C. dubia.
The nominal value of 750 pg/L zinc in the 100% concentration was
confirmed through chemistry analysis that indicated zinc was
present in duplicate samples at 88 and 91% of the nominal value.
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Table 3. Chemistry results from TIE tests.

Parameter Type of water
Lake Mead Deionized Tire Tire
dilution water leachate- leachate-
water blank duplicate 1 duplicate 2

Zn (ug/L) 8.7 <4.0 751 755
Cd (ug/L) 0.2 <0.1 0.6 0.6
Cu (xg9/L) <5.0 © <5.0 6.7 5.7
Pb {ug/L) <1.0 <1.0 6.7 6.7
Ni (pg/L) <10.0 <10.0 <10.0 <10.0
Ca (mg/L) 71.2 - 74.7 -

Mg (mg/L) 31.2 -~ 31.6 -

Na {mg/L) 98.3 -- 102 -

K (mg/L) -~ 5.35 -~ 5.93 -
€0, (mg/L) <0.00 -- <0.00 --
HCO, (mg/L) 136 -- 143 -
S0, {mg/L) 266 -- 277 .
€1 (mg/L) 113 -- 115 -~

The 24-hr LC;, calculated from this test was 147.1 pg/L zinc (95%
C.I. 131.7-164.3 pg/L zinc). It is of interest to note that our
24-hr LCg, value is lower than the 48-hr LCg, (255 ug/L zinc)
reported %y Carlson et al. (1986} for C. dubia exposed to zinc in
softer water (hardness of 90 mg/L}. EPA (1987) presents hardness
as being most important in determining zinc toxicity and according
to this scenario our LCy,, at a hardness of 300 mg/L, should be
much higher. It is possible, however, that pH may be as important
as hardness in determining toxicity, with increased pH leading to
increased zinc toxicity. This has been demonstrated with fishes
{tount 1966, Everall et al. 1989) and our data is at Jeast
suggestive that this may be the case with C. duhia. In addijtion,
our low alkalinity relative to hardness differs from many stream
waters (3:1 ratio hardness:alkalinity vs. the average 1.3:1 ratio
observed in river waters of North America (Livingstone 1963)) and
it is possible that this may cause increased toxicity. With the
use of C. dubia as a standard toxicity test organism, it is
unfortunate that the relationship of hardness, alkalinity, and pH
on zinc toxicity to C..dubia has not .been described.

The TU_ calculated for the original leachate test was 4.9 and our
zinc bioassay indicated that zinc could be held accountable for
5.1 TU, of the leachate. The closeness of these values suggests
that most of the leachate toxicity is from zinc.
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Table 4.
water.
of 1.0 ug/L.

List of organic compounds tested for in tire leachate
None of these compounds were detected at a detection 1imit

Accnaphthene
Acenaphthylene
Acetophenone

Aldrin

Aniline

Anthracene
4-Amincbiphenyi
Aroclor-1016

Arocler- 1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254

Aroclor- 1240

Benzidine

Bentoic acid
Benzol{s)anthrocens
Bcnzo(b)ﬂmranthcm
Benzo{k)fiworanthene
Benzo(g,h,i}perylens
Benro({a)pyrens

Benzyl alcohol

a-0HC

B~BHC

o-BHC

BHEC {Lindope=)
Bis(z-:h[oro\:t.hoxy)uthar\c
Bis(2-chlorocthyl)ether
Bix{2-ethylhexyl }plithalate
&-Bromophenyl phenyl ether
Butyl benzy! phthalote
cChioredane
4-Chigroaniline
1-Chlorenaphthalenc
2-Chloroaaphthalene
&-Chlero-3-methyiphenol
2-Chlorophenat

4L-Chtorophenyl phenyt ether

4,4+-001
Dibmz(n,j)a:ri.dine
Dibenz{a,h)anthracene
oibenzofuran
Di-n-butylphthalate
1.3-Dichlercbentens
1,4-Dichlarcbenzene
1,2-dichlorchenzensa

3, 5-Dichiarcbenzidine
2,4~Dichlorphenol
2,6-Dichlorophenal
Dietdrin ‘
Giethylphthalate
p-Bimathylaminoazobentene
7,12-Dimethylbenz{ajanthracene
a-,a-Dimcthyiphenathylanine
2,4-Dimethylphenal
Dimethylphthalate
4,6-Dinitra-1-methyiphenol
2. 4-Dinitrophenol
2,4-Dinitrotoluene
2,6+Dinitrotoluene
Diphenylamine
1,2—Dipher‘1ylh)1:|razadine
Di-n—;:cwlph:hainte
Endosul fen

Endosul fan 1

Endosulfan Sulfate

Endsin

Endrin aldehyde

Endrin kerone

Ethyl methanesul fonate
Fiuvaranthene

Fiuarens

Heptachlor

Heptachlor epoxide
Hexachtorobentene

tiexachlorobutadicne

Chrysene Hexachlorocyciopentadicene
4,4'-D0D Kexachtoraethane
4,4'-DDE trdeno (1,2,3-cd)pyrens

1sophorene

Hethoxychlaor
3-Hethylcholanthrens
Hethyl methanesulfonate
2-Hethyipaphthakene
2-Hethylphenal (o-cresel)
L-Kethylphenol (p-cresol)
Hapthalens
1-Hapthytamine
2-Hapthylsmine
2-Witroaniline
3-Hitroaniline
&+Hitroaniline
Hitrobentene
2-Hitrophenol
4-Hitrophenal
W-Hitrosa-di-n-butylamine
W-Hitrascdimethylamine
K-Hitroscediphenyfamine
H-Ritrosodipropytamine
K-Ritrosopiperidine
Pentachlorobenzene
Pentachlieronitrebenzene
Pentachicrophenol
Phenacetin

Phenanthrene

Phenoi

2-Piceiine

Pronamide

Pyrene
1,2,4,5-tetrachlorobenzene
R, 3,4,6-Tetrachlorphenol
1,2,4-Trichicorobenzens
2,3,5-Trichicrophenct
2,4, 6-Trichiorophenct

Toxaphene
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Appendix K:
Legend of Symbols for USDA Soil Survey Maps
Penobscot County, Maine

312



U. 5. Department of Agriculture

Soil Conservation Service

SYMBOL

AaB
Al
aE
Agh
ag0
L1
Ay
Dar
Baly
BaC
0.0
Bm@
amC
BmD
Dnl
a-~C
onD
DoA
Bed

2.8
6ul
0.0

CaC

H5C
LIS
#aC
HeD
HeC
M
HhC
Holl
HoC
H-0
1%
D
Le

HaB
HED
Ha

Soit sup combiucied FS62 by Cevtmtvaphic O

SOIL LEGEND

The Lt cagilal feitnr 33 the dnilisi goe of by 304 name. A 3econd
cepital tetier, A D C. D, o €, vhowy tae viooe. Symboly wihoul & Maoe

Tetler wex imaie ol ney

Penobscot County, Maine

by lewrd 3013, YuCh o3 Limerich 330 Jgam, or of 1and

troey, 33t 21 Hock aulfroo, which have & Contidersble range of slape. A
finai mumber 2. in the 1ymbol, shows that ine 3ot s wroded,

HAME

Agsms loseny sand, 0 o 8 percont diopes

Agerms lapmy 43nd. B lo ES peecend slanea
Adamy boarny ssnd, 15 1o 45 partent slopes
Astagaan Bing 2ency Joem, Ot 2 pesceal oo
Aflagash Fne sendy basm, 7 b B pescent 1iones
Adlagash fine sandy toam. f la 15 pescend slopes
ABagath ling 23sndy laam, §5 1o 25 sercent Hoper

Hengor silt foam, O ko 7 peigent shoprs

Bangor 4ill loam. 2 to B percent shapes

3l Faam, B o 15 percent slopes

I toam, t5 ka T5 percent slopes

il loam, modessieiy deep, 2 1a B ocrcrnl aloncr
dangor 31l loam, modersiely deep, B 1o 15 pewent slapes
Dangor s3I loam, modoislely deen, 15 to 5 pertent tlooes
Qangar very stany aill foam, @ to & pescent yiopcy

Bangor very tlomy 8 loem, B 10 15 perfeni slapes

Dangoe very 3200y il dosm, §5 10 2% percent sicoes
Diddetard 33 laash. O 1o 1 percent alooes

Ournhasy it doam, D ta 3 oeicent stooes

Quston tht tlwam, .0 fo  porcent aicors

Bualon st 3oam, 3 10 B percent slooes

Buaton 1ilt s, 8 5o 1% poizent slopey

Burton, Seenlic, and Midseford afony il loams, @ lo B pescenl slooen

Consan estremely rochy sendr lasm, 5 16 15 percent slotry
Cansan galzemaly socky sandy 10sm, 13 30 45 perdent shopen
Caofion cokbly sandy izam, dard malerlaty, @ 1o B osegent Blapen
Coltan tobbiy wendy loam, Serk maletisly, & 4o 15 peceent slopes
Calfan cotbily sandy fosm, derd emsteciats, 35 io 25 percent tlover
Colian cobbly wendy boaw, dark malerialy, 25 10 45 percend stopry
Collon gravelly sandy dgarm, darh matesini, O 1o 2 percent 1opes
Coslen gievtlh 3andy loam, datk maieiinty, T 10 & pertent slopes
Coften gracelly sendy loam, dask matediais, 8 to 15 pertent slopsa
Cotion graselly sandy Sosm, dpsk materizty, 1% 1o 25 precend sloper
Collon graselly sandy Jasm, dick medciiaty, 25 1o 4% prrcend slopes
Collon loarmy Boe siad. dak materiaty, O to 2 ocicen! 1iooes
Colton losmy fine sand, dark masftriali. 2 fo § percent vapes
Colian lasemy Gine send, derh maleriats, § 1o bS5 peeeent Alooes
Colian loswmy fine 20nd, dark maelcvials, 15 a 39 Dertent viooen

Daigle 3ill asm, @ tn 3 pescent vlopes

Baigty 3t loam, T 19 B pertent stapey

Oaighe il loem, 8 10 15 perceni Yooy

Daigle stany sill boam, 0 12 2 pretenl slopes
Daigie slony 2313 Jasm, 2 1o B percent afapet
Daigle 1lany #ill tosm, B o 15 oercent slopes
Dhamonl #42 dedm, @ to 2 parcent siooes

Dlemant sils faam, 2 10 B pescenl 2loney

Dismont 33 tosm, B to 15 sorient siono

=ery Atpnr 181 kam, B 1o 2 percent slopes
Qirrmont seey £lany 4ill Joaem, 2 10 B prrcent slozes
Dismond wery $3gny 1l loam, B 19 5 pescrnd ttooes

Eimaood fine $andy borm, O to B percent slopes

Hadicp 1483 laam

Meimon ssndy losm, 2 Lo B percenl dlooes

Hevman tandy foam, B 13 15 petcend sones

Herman sandy loam, moderalely deeo. 7 10 B pe-Cent tfapey
Herrmon 1andy lopin, moderately deen, 8 to S percest slopes
Heeman very ilony tandy Joam, 2 1o B percent 1lopes
Hewmon very 3oy vangdy Joam, 8 1o B5 percent viopes
Herman vesp Horr taady Joam, 15 1o 45 peerent tioper
Hesman eritemedr tlony sendy loem, 5 50 15 percent 3l
Howiand graschy bosm, 0 Jo § percent slopes

Ho=land grovelly loum, 8 1o 15 oercend laors
Howtand wery afony loam, O 1o B perceat siope
Howland wery Higsy Josm. 8 to 15 oeicent tlepes
dHowland wery stany koars, 15 10 25 breecent alopes

Limerith 43 3asm
Hathiny Sine 3andy oam. P ia B periens atoocs

Hadawzibs very Bne tandy Jasen, €@ ta 8 pocent dlopes
Hade Sand .

inm

Soil Contrrvalion Servze, USDA, bom 1547, 1547 and
I4S0 aerial phatagraphs  Conlrobrd moiaic bated on Haine
ghane coptdingly dyshem, #11% 1one, frantegize Mercator

DiopeCiaai,

Y317 Moih Amgrican detum,

313

SYMBOL

Hea
HtB
Hel
Hn
Mol
M
L3

Hy

On

Ro

L1
5¢a
Sed
Sel
54C
SeD
sIC
SHE
Sho
SoD
Auk
Sub
SuC
SwC?
5.0
5.D2
SuE
Seh
S0
5-C
5D

=0
mc
o
L
18
e
1-8
1.C
1.0

o

HAME

Hebrere ling yandy todm, @ 4o 2 oeorcent slopes

Mebrart fing tandy loan, 2 {9 H pescent dloort

Heligie Fing annty keem, B to 15 oercend dlobes

Hirrd alluvis! dund

Hongrda 3ill toam, & to B percent tlagen

Honds aad Burnham wety dtony sill foams, O ta 8 percent afoper
Hanaide and Durnham gefremely stany 14t Joamg,

0 10 §5 ocrcent sloacy

Pk

Ondewa bne sandy losm

Perl ang much

Peat, contielr borour

Prat, madeeslely fibsaus

Plynted grasely lasm. 2 ta B pricent slooes
Pipisind grawedly loam, B 10 15 percend lones
Plaisted gravelly doarh, 1% i 25 percend stooes
Planted grasetiy boam, 25 16 4% percent viooey
Pgiharn siti koam, O 1o B vorcend slopes

Peeham 3itt Losm, B ta 33 peeent woors
Pribams stony ailf doam, O to 8 ocrcent vopes
Peiham tlony 2ill loam, § 1o 13 ocrcent toper
Flaisies wory vaey daam, 5 10 15 sorcent Alooes
Plaitted »ery 3iony loam, 15 ta 45 percent taoca
Peal, sphegrum

Prasted esbicmcly 356y 3em, 5 to 13 parcent atooes
Fodund Slar sendy loam

“Hrd Hooh wnd Ahertan st lasm, @ 16 B etcen? slopes

Red Mook snd Aibriton hinx wendy loems, O 1o B percent alooes
Flisgrmprh

Rockland, Canasn mas
Rockband, Canaan mater Hroagly wloning
Rochlpnd, Thorndiie msles tlosing
Rochlnrnd, Thorndibe malerisl, sirong?y tioping
Rocth owteran

3. sloping

Saco will basem

Stanlic will lasm, 0 10 B perdent Haoes

Stetsan lise sandy foum, O to 2 peezent alones
Sitisan hing 4andy loam, 7 1o & ocrtent sloper
Str1aos ine sendy loren, 8 30 15 percent alooes
Sietynn line 1andp joem, 15 10 25 cercent slcoet
Sizlyon Sullald comotes. B 10 15 percens slopes
Sretson Sullield compler. 1S ta 45 pricent 1lope
Liony fuad, Henmon male Airongfe Aoping
Sinny {end. Fhaitled matesisl, shangly sioping
Sutlicid afit 3aam, & 1o 3 peicenl adeasn

Suibeld 133 loam, 3 to B percent slopes

Sulheid 1lE s, 8 ta 15 peritems slades

Sullield 14 lpam, B 1o 15 oeirens slopes, sroded
Sultietd il loam, 15 to 75 dertent opes

Sultietd 13 3aam, 15 10 75 sercent 100ts, crodrd
Sulbgld 34 Loam, 35 1o 45 pricent tloges

Luthetd wery fine sandy lawm, QO 1o 7 petcent slooer
Sultield very Bowe yandy loam, 2 10 B percent Yobry
Zullield very Bot 1andy losr, B 1o 15 percend tlapncy
Suitigld very Sing nandy foem, 15 1o 2% percend tlopey

Thomndibe shady 411 loen, T 40 § percent Yoy
Tharndihe ahaly 30l keem, B 3o 1S pertent slape
Thorndihe shaty 3iM lawm, 15 3o 25 percent Mspgy
Thorndibe shafy atl Inam, 28 1o 45 percent thopes
Thoardile wrry tocky 41t loam, 2 ta B Sercent sloora
Tharndibe very tocky Bl loam, 3tz 1% permend stopes
Tharndibe wery stony Ll foam, 2 o B pricent slopes
Tharndshr wery viomy 1ik Soam, B lo 15 percent diopes
Tharndihe very 3%oay D3 Gasm 1% 10 35 ocrcenl slopes

Wingoikd 3ilt Josm



U. S. Department of Agricuiture
Soil Conscrvation Service

WORKS AND STRUCTURES

Highways and 10ada

Dusl s s ST
Good motor

Poar moldt e mzzaE

L LT ———  mmmmemm————— —————

Highway markess

Hationsl inlerstale . ...

L1 O ——

SEAYE e ¢ e e

Reilrouds

Single teach

Hullipls frach

Abendontd

Beidges ond crovsingy

Aoad . . e e——
Frail, 1001 i s iimnt e b e o
Fhilru::! NIRRT § = AR
r!llltl. N P e

Fard E 3\ (”_ \
. T

A. Alover .

A. R. under
¥

Tunnel

Buitdings oL C .

Schoot ..

Church i

Staliof s
Qerruw pil

Hine dumg |

Fits, gravel or other _

Pomes lines

Pige BRet o R
Cemeteries L.

Darms e

Leveet SO A

Tansy

Faren Hie pr foakout astion

Sawmill

Penohscot County, Maine

CONVENTIONAL SIGNS
BOUKDARIES

Halonat or 4iate

Ceunty

Townihio, L. §

Section lint, corner

Heyervation
Land grani
Townshio, Cont -
ORAINAGE
Sarcarma
Perennist

Inteimatent, unglats.

Cansls 3nd dighe

Late1 and pondy
Perennial
falesmitiens :

Wity

Sarings

Haryn

et 1pot

REUIEF
Estaroments
Dedioch
Diter
Prominent peaky
Deorersions

Cro1aable with fittege
implements | L

Het croasable wilh hitlage
irmplemensy e

Conrsint water mast ol
the time. .

314

T i

Smail
¢
Faa +
A
o .
St



MAINE AGRICULTURAL EXPERIMENT STATION

SOIL SURVEY DATA

Soil boundary

and symbol

P
Gravel bl

ald
Stones, very SNy oo e, = 00

v ¥
Rock oulcrops . e s e v

a v
Chert lragmenls .. . e &
Clay 5001 et recrcarencione &
Sand spot Cer e e oo
Gumba ar scabby spot ... B ¢
Made lrnd —
Severely eraded spol e =
Blawout, wind erosion ...l o
Guilies [V Vv V.V

315



Appendix L:
Application for Use of University Forest Land for Research Puposes
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Application Form for Activities, Uses, or Developments on the
University Forest

University of Maine at Orono

1. Description of proposed activity / use

The University of Maine Civil Engineering Department proposes to study
the environmental impacts of using tire chips below the groundwater table
using small scale field trials. The study is funded by the Maine Depariment
of Transportation (MDOT)., Three sites with differing soils types will be
used. The soil types are peat, clay, and till. The clay and till sites are
located on University Forest land. The peat site is on private property. At
each site a trench 2 to 4 feet wide by 10 to 15 feet long and 6 to 7 feet deep
would be dug perpendicular to the direction of the groundwater flow. The
trench would be filled with tire chips with the goal of having at least 4 feet
of tire chips below the groundwater table. in the field tnals, between five
and ten groundwater monitoring wels would be installed at each site. Initial
groundwater samples will be coliected and analyzed before the tire chip
insiallation. After the installation of the tire chips, the groundwater quality
will be monitored quarterly. The [ield tnial will last for 2 to 3 years. At the
end of the field tria! the tire chips and groundwater monitoring wells will be

removed and the sites will be restored to their natural condition.

2. Objectives of the activity / use .

The objective of this study is to determine the potential impacts on water
quality due to using tire chips on highway projects as lightweight fill or
thernal insulation in applications where the tire chips will be below the

groundwater table. The resuilts will be used by the Maine Department of
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Environmental Protection (MDEP) and MDOT in making decisions about

the feasibility of using tire chips below the groundwater table.
3. Nature of the activity: Research

4. Amount of land involved: Approximately one-eighth of an acre at each

site

5. Location of the activity (on University Forest map) Compart‘ment:
Block: -7, -8
F‘
6. Who will benefit from the activity / use? el e
A major benefit to the State of Maine of using tire chips as lightweight fill or
thermal insulation on highway projects would be the use of a waste product.
It is estimated that there are 30 to 60 million tires currently stockpiled in
Maine and an additional 1 million waste tires are generated annually in
Maine. Since landfill space is limited and very valuable, tires are most often
stored in open piles above ground. Because of their shape, tires allow water
to pootl inside them. Stockpiled tires become an excellent breeding ground
for mosquitoes and small vermin. Therefore tire piles are dangerous in that
they can harbor disease carriers. Tire piles also create a fire hazard. Tire
fires generate noxious black smoke and oil. Tire pile fires are generally very
difficult to extinguish. If water is used to fight the fire, the fire fighting
water becomes contaminated and is a threat to groundwater. Tire piles are

also ugly and unnatural scars on Maine's landscape.
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The citizens of Maine will benefit from the activity whether the feasibility of
using tire chips below the groundwater table is confirmed or disconfirmed.
In the event that tire chips are found to have unacceptable adverse impacts
on groundwater quality, the benefit will be that Maine's environment would
be protected by limiting the use of tire chips to above the groundwater table
applications. ln the event that the impact of tire chips on groundwater
quality is minimal or negligible the benzfits will be better, longer lasting,

more easily traveled roads and an attractive use for a rapidly accumulating

waste product.

7. What is the amount and source of funding for this project?

$40,000 MDOT

§. Yhat is the time [Tame associated with this use?

2 to 3 years

9. Will this use make long term or permanent changes on the site or
affect its availability for other uscs?

At the end of the study the tire chips will be dug up and removed and the
trenches will be backfilled with the soil that was originally excavated from
them. The ares wili be seeded with prass seed and covered with hay mulch.

In addition, the monitoring wells will be removed.

During the two to three year time frame of the study the area immediately

surrounding the trenches would not be available for other uses.

319



10. Who will be responsible for developing and coordinating the
proposed activity / use? '
Dana N. Humphrey, Associate Professor, Civil Engineering

Lisa A. Downs, Graduate Student, Civil Engineering

11. Will any follow-up or long term work be required for the activity /
use?

No, at the end of the two Lo three years the project will be closed oul as
described above.
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Appendix M:
Letter to Doug Schmidt: Landowner
(Peat Site)
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UINIVERSITY OF MAINE

Deprstimest of sl s bt sosiemsal Pogtimcessme STED Bopdin Hall
Udensr ME s k3713
NTR-H RS |

Fan et 3511213

17 September 1993

Mr. Doug Schmidt
Levenselier Road
Holden, Maine (14424

Dear Mr. Schimidt

Thank you for agreeing to allow me to use your {and in Bangor, Maine adjacent to the
Veazie Railroad easement and the Bangor Bog as a site for my research project. 1am

" sending this letter to summarize my intended use of your land as part of iy research.

The University of Maine Department of Civil Engineering proposes to study the
environmental impacts of vsing tirc chips below (he grovndwater table using small scale
field trials. The study is funded by the Maine Department of Transportation (MDOT).
Three sites with differing soil types will be used. The site on your property is the peat -
site. A wvench approximately 2 to 4 leet wide, 1) 1o 15 leet jong and 5 feet deep will be
dug and filled with tire chips. Between 5 and 1} groundwater monitoring wells wilt be
instalted. Initial groundwater samples will be taken before the tire chips are installed.

Afier the tire chips are installed, groundwater quatity will be monitored quarterly.

The objective of this study is to determine the potential itnpacts on water quality due to
using tire chips on highway projects as lightweight fill or thermal insulation in
applications where the tire chips will be below the groundwater table, The results will be
used by the Maine Department of Environmental Protection (MDEP) and MDOT in

imnaking decisions about the feasibility of using tire chips befow the groundwater wabie.
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A major beneflit of using tire chips as lightweight {ill or thermal insulation on highway
projects would be the use of a waste product. 1t is estimated that there are 30 to 60
million tires currently stockpited in Maine. In addition, 1 million waste tires are

generaied in Maine each year,

During the 2 to 3 year time [rame of the study the area immediately surrounding the
trench would not be available for other uses. At the end of the study the tire chips wili be
dug up and removed and the trenches will be backfilled with the soil that was originatly
excavated from them. The area will be seeded with prass sced and covered with hay

mulch. In addition, the monitoring wells will be removed.

If you have any questions concerning this project or iy use of your land please don't
hesiwate to call me at 381-1444. My advisor lor the field portion of my research is Dana
Humphrey. Dana can be reached a1 581-2176. 1 will contact you periodically to keep

you informed of our progress.

Sincerely,

Frisa  Dovors—

Lisa A, Downs
Rescarch Assisiant

Civil Engineering

e B,

Dana M. Humphrey, Ph.D., P.E.
Associate Professor

Civil Engineering
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