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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 drinking 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 
semivolatile 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 
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OF USmG 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) 
small scale field trials. 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 all 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 p a ,  which is well below 
the TCLP regulatory limit of 500 p a .  Several compounds not regulated by TCLP were 
also found in the extracts. The volatile compound dichloromethane was found at 
concentrations ranging from 5 to 10 p a .  In addition, five semivolatile compounds were 
tentatively identified: 1-(2-butoxyethoxy)-ethanol (ND to 143 p a ) ;  benzothiazole (200 
to 286 p a ) ;  1H-isoindole-1,3(2H)-dione (ND to 286 p a ) ;  2(3H)-benzothiazolone 
(100 to 286 p a ) ;  2,5-cyclohexadiene-l,4-dione (ND to 114 p a ) ;  and 4-(2- 
benzothiazo1ythio)-morpholine (ND to 143 p a ) .  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 fiom tire chips to the levels that leach 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 control 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 examined 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 chipisoil 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 chiplsoil 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 results 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 chiplsoil mixture reactors but were not 
found in the reactors containing only soil: benzene (2.5 to 5 p a )  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 p a ) ;  1,l-dichloroethane 
(one sample had 0.6 p a ) ;  trichloromethane (one sample had 0.8 pg/L); and naphthalene 
(one sample had 5.3 p a ) .  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 p a  in the soil reactors compared to ND to 1 p a  in the tire chip and 
tire chiplsoil mixture reactors. Likewise, toluene was found at concentrations ranging 
from 0.9 to 1.1 p a  in the soil reactors and the blank, compared to 1.1 to 3.6 pglL in the 
tire chip and tire chiplsoil 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 chiplsoil mixtures at 
concentrations ranging from ND to 47.7 p a .  In addition, the following semivolatile 
compounds were tentatively identified in some of the water samples taken from reactors 
with tire chips and tire chiplsoil 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 A) to 1.8 m (6 A) deep trench. The 
trenches were typically 0.6 m (2 ft) to 0.9 m (3 A) wide, and 3.3 m (10.8 ft) to 4.6 m (15 
A) 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 A) 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 A) and 3 m (10 ft) downgradient of the trench. At the peat site, an additional 
two wells were installed 0.6 m (2 A) 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 
p a  were measured in samples taken from the tire chip filled trenches, however, the 
drinking water standard for barium is 2000 p a ,  so the measured levels are much too low 
to be of concern. Dissolved chromium levels ranged &om <2 to 7 p a  in the tire chip 
filled trenches compared to <2 to 3 p a  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 p a .  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 
drinking 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 p a .  For comparison, the iron levels in the control wells 
ranged from 18 to 3160 p a .  Levels of dissolved manganese ranged from 724 to 3430 
p a  in the tire chips compared to its drinking water standard of 50 pglL and levels in the 
control wells of 27 to 666 p a .  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 drinking water standard of 5000 p a .  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 wellsand 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,l dichloroethane (ND to 14.3 p a ) ;  cis-1,2-dichloroethane (6 to 85.5 
p a ) ;  l,l,l-trichloroethane (ND to 5.6 p a ) ;  benzene (ND to 1.8 p a ) ;  trichloroethene 
(ND to 0.6 p a ) ;  and toluene (ND to 1.8 p a ) .  There is some consistency with the 
laboratory reactor study which also found low levels of 1,l-dichloroethane, 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 p a ) ;  
phenol (ND to 55.2 p a ) ;  p-cresol (ND to 86 p a ) ;  benzoic acid (ND to 100 pgL); and 
2(3H)-benzothiazolone (ND to 100 p a ) .  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 
p a ) ;  benzothiazole (one sample had 50 p a ) ;  2,6-bis-(1,l-dimethylethyl)-2,s- 
cyclohexadiene-1,4-dione (one sample had 40 p a ) ;  lH-isoindole-1,3(2H)-dione (one 
sample had 40 p a ) ;  4-(2-benzothiazo2ylthio)-morpholine (one sample had 50 p a ) ;  N- 
(1,l-dimethylethyl)-formanide (one sample had 30 p a ) ;  and butanoic acid (one sample 
had 100 p a ) .  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 h a d l  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. I BACKGROUND 

Approximately 240 million scrap tires are generated in the United States each year 

( E P 4  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 ( E P 4  1991). The world's 

largest 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 

increasingly 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 &el or a recycled material is 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, polychlorinated 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 sliould 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 will hold water and will never dry out. 

Mosquito vectored diseases of concern include yellow fever, La Crosse virus, Sepik fever, 

Ross River fever, St. Loius encliephalitis, and Japanese encephalitis (McPhee, 1993; SCS 

Engineers, 19S9). One OIiio study showed that SO percent of the children suffering from 

one such mosquito vectored disease lived within 100 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 fitel, 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 liglitweight 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. In 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 small 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 fill installations above the groundwater table: in Richmond, Maine (Humphrey 

and Katz, 1995a) and in North Yarmouth, Maine (Humphrey, et al., 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 quality 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 small scale field trials. 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 

leaching 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 results 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. 



CEKAPTER 2 

LITERATURE REVIEW 

This literature review begins with a summary 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 subsequent 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 

Illinois Department of Energy and Natural Resources Study by DTC Laboratories, 

Incorporated (1990). Also, data from the Tire Pond in Hamden, Connecticut 

(Environmental Consulting Laboratory, 1987) and toxicity studies by Abemethy (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 Toxicity regulatory 

limits, Toxicity Characteristic Leaching Procedure (TCLP) regulatory limits, and to 

drinking water standards.. ' ~ a b l e s  2.1 and 2.2 present TCLP regulatory limits for metaIs 



and organics. Tables 2.3a, 23b,  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 concern 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 

Arsenic 

Barium 

Cadmium 

Chromium 

Mercury 

Lead 

Selenium 

Silver 

Regulatory Level in TCLP 
Extract ( r n g k )  

5.0 

100.0 

1 0  

5.0 

0 2 

5 0 

1.0 

5.0 



Table 2.2 

TCLP Regulatory Limits for Organics 

(Adapted from LaGrega et al., 1994) 

the total Notes: 
cresol concentration is used. The regulatory level for total cresol (D026) is 
200 m@. 

A 
I Quantitation limit (i.e., the minimum concentration that current laboratory 
procedures can reproducibly measure). 

Compound 

Benzene 

Carbon Tetrachloride 

Chlorobenzene 

Chloroform 

0-cresol* 

m-cresol* 

p-~resol* 

1.4-Dichlorobenzene 

1.2-Dichloroethane 

I, 1-Dichloroethylene 

2,4-Dinitrotoluene 

Hexachlorobenzene 

Hexachloro-1.3-butadiene 

Hexachloroethane 

Methyl Ethyl Ketone 

Nitrobenzene 

Pentachlorophenol 

Pyridine 

Tetrachloroethylene 

Trichloroethylene 

2,4,5-Trichlorophenol 

2.4.6-Trichlorophenol 

Vinyl Chloride 

* If o-, m-, and p-cresol 

Regulatory Level in TCLP 

Extract (mgA) 

0.5 

0.5 

100.0 

6.0 

200.0 

200.0 

200.0 

7.5 

0.5 

0.7 

0.137 

0.137 

0.5 

3 .O 

200.0 

2.0 

100.0 - 
5.07 

0.7 

0.5 

400.0 

2.0 

0.2 

concentrations cannot be differentiated, 



Table 2.3a 

Primary Drinking Water Standards for Metals 

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

Table 2.3b 

Compound 

Arsenic 

Barium 

Cadmium 

Chromium 

.- . Copper 

Lead 

Mercury 

Nickel 

Selenium 

Secondary Drinking Water Standards for Metals 

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

Level (pp/L) 

50 

2000 

5 

100 

1300 

15 

2 

100 

50 

Compound 

Aluminum 

Iron 

Silver 

Manganese 

Zinc 

Level (pg/L) 

50-200 

300 

50 

50 

5000 



Table 2.4 

Drinking Water Standards for Organics 

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

Tetrachloroethylene 

Toluene 1000 

1,2,4-Trichloro-benzene 70 

l , l ,  1-Trichloroethane 200 

1,1,2-Trichloro-ethane 5 

Trichloroethylene 5 

Vinyl Chloride 2 

Xylenes (total) 10000 



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 durability. 

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, materials for 

processing and manufacturing, and materials for in-service performance (Waddell et al., 

1990). Vulcanization is the process of chemically treating crude or  synthetic rubber to 

improve its elasticity, strengh, and durability. 

Tires are made up of natural and/or synthetic rubbers; chemicals that function as 

antidegradants, curatives, and processing aids; 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 



TREAD OR CAP 

F i y r c  2.1 
Cross Section or  n I'asscnger Tire  

(front T:~liallou, 1992) 



Table 2.5 

Steel Composition of Tire Cord and Beadwire 

(Dunlop Tire Corporation, 1990) 

~~- 

Compound 

Carbon 

Manganese 

Silicon 

Phosphorus 

Sulfur 

hazardous ingredients and their percentages as listed on the MSDS are as follows: carbon 

black 16 - 36 %; clay <1.0 %; titanium dioxide c1.5 %; 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 exception of petroleum hydrocarbons which are listed as 

initants and carcinogens. 

Coating 

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. 

Tire Cord (%) 

0.67 - 0.73 

0.40 - 0.70 

0.15 - 0.30 

0.03 max. 

0.03 max. 

Antidegradants account for the larsest volume of chemicals used in the rubber 

industry (Fishbein, 1991). Antidegradants include antioxidants and antiozonants. 

Antioxidants act by intempting 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 

Beadwire (O/u) 

0.60 min. 

0.40 - 0.70 

0.15 - 0.30 

0.04 max. 

0.04 max. 

Brass 

66 % Copper 

34 % Zinc 

Bronze 

98 % Brass 

2 % Tin 



Table 2.6 

Classes of Chemicals Used in the Rubber Industry 

(Adapted from Fishbein, 1991) 

process by aiding the cross-linking of rubber polymer chains with sulhr. 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 

rollers 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). 

Antidegradants 

Activators 

Processing Aids 

Bonding Agents 

Miscellaneous Agents 

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. 

Accelerators 

Retarders 

Plasticizers 

Reinforcing Agents, Fillers, 

Diluents 

Solvents 



2.3 LABORATORY LEACHING STUDES 

2.3.1 Mimesota Pollution Control Agencv Study 

Twin City Testing Corporation (TCT) conducted a study for the Waste Tire 

Management Unit of the Minnesota Pollution Control Agency (Minnesota Pollution 

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 both the bituminous sample and the tire samples (Mmnesota 

Pollution Control Agency, 1990): 

Leach Test #1 

SW-846 Method 13 10 (with modification of sample weight and extraction fluid); 

extraction fluid pH adjusted to approximately 3.5 with acetic acid 



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 adjustment required. 

Each leaching condition was used for three samples: new tires composite, old tires 

composite, and asphalt. 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, cadmium, 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 

I ) .  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, 



Table 2.7 

Minnesota Pollution Control Agency Study 

Leach Test #1 

pH 3.5 

"Normalized" Metals Results 

Units: micrograms constituent per kilogram of tire ( & K g )  and 

micrograms constituent per liter of leachate ( p g n )  

Zn 

p g R  

p g n  

41000 

18600 

50000 

23500 

3000 

135 

Note: ND = non-detect 

Se 

p g n  

230 

106 

440 

203 

2370 

105 

Pb 

p:IL 

920 

417 

ND 
<47 

ND 
<47 

New Tires 

Old Tires 

-- 

Asphalt 

Cd 

%/Kg 

p g n  

240 

110 

270 

125 

ND 

<3 

Ba 

W K g  

p g n  

1080 

488 

440 

205 

16600 

734 

C r  ' 

p g R  

p g n  

310 

142 

510 

23 5 

180 

8 

Fe 

pglL 

763400 

346000 

1081080 

500000 

471510 

20850 



Table 2.8 

Minnesota Pollution Control Agency Study 

Leach Test #2 

pH 5.0 

"Normalized" Metals Results 

Units: micrograms constituent per kilogram of tire (pgMg) and 

micrograms constituent per liter of leachate (pg/L) 

Zn 

pg/Kg 
n 

18000 

8525 

37000 

17500 

1000 

63 

Note ND = non-detect 

Cr 

p g n  

ND 
2 

ND 

<2 

ND 
<2 

Se 

ALL n 

ND 

<54 

ND 

<54 

ND 

<54 

Fe 

~ r g m z  

87550 

4 1200 

49520 

23300 

31800 

1590 

Cd 

~ g m g  

~ g n  ----- 

10 

7 

ND 
<6 

ND 
<6 

New Tires 

Old Tires 

Asphalt 

Pb 

P ~ R  

ND 

<5 1 

ND 

<5 1 

ND 

<5 1 

Ba 

~ g n  

440 

205 

130 

62 

6880 

344 



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 (pg/Kg) and 

micrograms constituent per liter of leachate (pg/L) 

Note: ND = non-detect 

Fe 

Em 
pg/L 

320 

80 

2120 

53 1 

400 

20 

C r  

~ g & 3  

pg/L 

ND 
<5 

ND 
<5 

ND 
<5 

New Tires 

Old Tires 

Asphalt 

Pb 

P~K?? 
pg/L 

ND 
<3 8 

ND 

<3 8 

ND 
<3 8 

Ba 

!%/Kg 

p g n  

190 

48 

700 

174 

760 

3 8 

Cd 

P~&Z 

p g n  

ND 
1950 

ND 

<5 

ND 

<5 

Se 

~ g / K g  

p g n  

ND 

<45 

ND 
<45 

ND 
<45 

Zn 

pg/L 

3000 

824 

13000 

3380 

<lo00 

24 - 



Table 2.10 

Minnesota Pollution Control Agency Study 
Leach Test #4 

pH 8.0 

"Normalized" Metals Results 

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

micrograms constituent per liter of leachate (pgk) 

New Tires 

Old Tires 

Note: ND = non-detect 

Asphalt 

Zn 

l%!L. 

NVR 

<5 

NVR 

<5 

m 
<5 

Ba 

p g R  
pg/L 

1.06 

265 

0.43 

107 

NVR = no value reported 

7.88 

394 

Cd 

v g m  
pg/L 

ND 

<5 

ND 
<5 

Cr 

&Kg 
p g n  

ND 

<2 

ND 
<2 

ND 

<5 

ND 

<2 



arsenic, cadmium, chromium, selenium, 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/Z (Minnesota RAL=20 p&), the highest level of 

cadmium was 125 p& (Minnesota RAL=5 p&), the highest level of chromiumwas 235 

p& Qvhnnesota RAL=120 p&), the highest level of selenium was 203 p& Wnnesota 

RAL=45 p&), and the highest level of zinc was 23,500 p g L  (Minnesota RAL=5000 

p )  Some of the Minnesota RALs are different from the EPA drinking water standards 

which are: lead 15 p a ,  cadmium 5 p&, chromium 100 p&, selenium 50 p a ,  and 

zinc 5000 p a .  Iron was leached at levels above the secondary maximum contaminant 

Level (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 m& (SMCL=O.O3 m&). 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 Ieachate 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) (Minnesota 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) 



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 

hture 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 limit 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 declining concentrations with continued 

leaching (Edil et al., 1990). However, barium, iron, manganese, and zinc showed 



increasing concentrations with continued leaching. The AFS leaching data for barium, 

chromium, iron, manganese, lead, selenium, and zinc are summarized in Table 2.1 1. 

Barium was present in the extraction fluid at constant or slightly increasing concentrations 

(3 AFS elutions were used) of approximately 110 p a .  Zinc and manganese levels in the 

extraction fluid increased with continued leaching with the highest levels (630 p g L  and 

300 p a .  respectively) in the third elution. The highest level of iron found (230 p a )  

was also in the third elution. In contrast, the highest level of lead found (15 pgL)  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 little or no likelihood of having effects on 

groundwater. 

2.3.3 S c r a ~  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 iight truck tires, 

and four passenger car tires. Radian also performed a comparison of the results of the 



Table 2.11 

Wisconsin Department of Transportation Study 

Summary of AFS Leaching Results (Metals) 

Units: micrograms constituent per liter of leachate ( p g L )  

Note: Dup = duplicate 

TCLP analyses to the results of EP Toxicity testing. In this study ground and unground 

samples were tested. To produce ground samples, 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 listed 

chemicals were not detected in cured or uncured samples. The data showed no consistent 

dift'erences 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 

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



Table 2.12 

Scrap Tire Management Council Study 

Summary of TCLP Metals Results 

Units: p g L  (ppb) 

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) 

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

Tire Product I 

Tire Product 2 

Tire Product 3 

Tire Product 4 

Tire Product 5 

Tire Product 6 

Tire Product 7 

Carbon 

Disulfide 

34 

3 5 

67 

17 
* 
* 
* 

Methyl Ethyl 

Ketone 
* 
* 

2 1 
* 
* 
* 
* 

Toluene 

11 

7 

50 

10 

190 
* 

20 

Phenol 

13 

10 
Y 

22 

46 

45 
* 



be attributed to differences in sample consistency or analysis methods rather than the 

ground versus unground leaching 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 pgL)  was well below the TCLP limit (5000 pgL). 

Barium and lead were found in six of the seven tire products tested, with the highest levels 

being 590 pg/L and 15 pgL ,  respectively. Mercury was detected in only two of the tire 

products samples at 0.2 p g L  and 0.4 p a .  The highest level of carbon disulfide was 67 

p g 5 :  carbon disulfide was detected in four of the seven samples. Methyl ethyl ketone 

was detected in one tire product sample at 21 pgL.  Phenol was found in five of the seven 

samples tested with the highest concentration being 46 pgL.  The highest level of toluene 

measured was 190 p a :  toluene was detected in six of the seven tire products samples. 

2.3.4 Virginia Department of Transportation Final Report on Leachable Metals in 
Scrap Tires 

The Virginia Department 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 extraction 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. 



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 results 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 m g L  within two weeks. Zinc was readily 

leached at pH 4. The zinc concentration reached 150 p g L  after two months. This 

corresponds to a concentration of 120 p g 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 mglL. 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 extracted 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 bacterial 

activity (Ealding, 1992). 

TCLP testing followed EPA Method 131 1, with modification: the sample particle 

size was not reduced to passing the 318 inch sieve and a larger mass of tire sample was 



Table 2.14 

Virginia Department of Transportation Study 

Long Term Leaching Test Results for 

Silver, Aluminum, Barium, Cadmium, and Chromium 

at pH 4 

Note: ND = Not Determined 



Table 2.15 

Virginia Department of Transportation Study 

Long Term Leaching Test ~ e s u l t s  for 
Copper, Iron, Nickel, Lead, and Zinc 

at pH 4 

Note: ND = Not Determined 



used as particle size reduction was felt impractical in this case. The actual size of the tire 

clups 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 p a ,  2.8 p a ,  

and 19.6 pgL, respectively. The levels of iron and zinc were 120 mg/L and 10.6 m a  

respectively. These levels of iron, lead, and zinc exceed the drinking water standards for 

these parameters. 

2.3.5 Illinois Department of Enerw and Natural Resources Study 

In the Illinois Department of Energy and Natural Resources Study, shredded tires 

were subjected to EP Toxicity testing by DTC Laboratories Inc. (Hutchings, 1990; DTC 

Laboratories, 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 meanin,&l conclusions could be drawn from the 

Illinois data (Hutchings, 1990). 



Table 2.16 

Virginia Department of Transportation Study 

TCLP Metals Results 

Element 

Ca 

Fe 

Mg 
Zn 

Conc. in Conc. in tires, 

Extract, mg/L 

1 .OO 

120 

0.108 

10.6 

mdKg 
2.84 

341 

0.307 

30 



2.4 FIELD STUDDES 

2.4.1 Minnesota Pollution Control Agency Study 

The goal of the field sampling program was to collect soil and groundwater 

samples at existing tire sites and analyze them for parameters identified in the laboratory 

leaching portion of the study (iWnnesota 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 sample to serve as a control could be collected at only one of 

the roadway sites. Surface soil samples were 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 is summarized 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 monitoring wells, with samples repeatedly collected and analyzed for barium, 

cadmium, chromium, and lead. 



Table 2.17 

Minnesota Pollution Control Agency Study 

Groundwater Sampling Results 

Units: rng/L, pprn 

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 Transaortation Study 

The field study involved collecting samples from a ;t embankm ,ent that M 

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. 



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, suspected 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 mglL in all samples, magnesium was 

present at 100 to nearly 400 mglL in all samples, chloride concentrations were as high as 

1400 mglL, and sulfate concentrations ranged from 100 to 450 in&. It is difficult to 

separate the contribution to these levels by tire chips, soil, or other sources, leading 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 pglL 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 pgL,  while the highest level of zinc observed was 750 pglL. The secondary 

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



Table 2.18 

Wisconsin Department of Transportation Study 

Test Embanlcment - West Lysimeter 

Note: ND = non-detect 

Table 2.19 

Wisconsin Department of Transportation Study 

Test Embankment - East Lysimeter 

Note: NVR = no value reported 



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 contributed 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 Bamden, Connecticut for 

the disposal of whole tires. The tire pond is a 32 acre body of water that was previously a 

quarry. About fifteen million tires have been added to the Pond which is now half full 

(McPhee, 1993). Although the problems 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 required 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, 

sulfate, nickel, zinc, trans-1.2-dichloroethylene, 1,2-dichloropropane, trichloroethylene, 

tetrachloroethylene, toluene. mixed xylenes, and benzene. A summary of the highest 



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 andlor groundwater. 

Table 2.20 

Tire Pond 

Summary of the Highest Levels of Organics Found 

Units: ppb 

- 

Location 

Groundwater 

Pond Water 

Pond Water 

Groundwater 

Groundwater 

Groundwater 
-- 

Compound 

Trichloroethylene 

Toluene 

Mixed Xylenes 

Tetrachloroethylene 

Benzene 

trans-1,2-dichloroethylene 

Level, ppb 

343 

18 

3 6 

9 

below MDL 

51 

1,2-dichloropropane Groundwater 



Table 2.21 

Tire Pond Metals Dntn 

Units: ppm 

Note: GW = groundwater sampling well 
Pond = surface water sample from the tire pond 



2.5 BIOLOGICAL AND TOXICITY STUDIES 

2.5.1 Minneso&~ollution Control Aeencv Bioloeical Survevs 

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-nine randomly placed points. The breakdown of the 

vegetation encountered was: 52% grasses, 21% forbs, and 27% litter (Ivhnnesota 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 diierence 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 (Ivhnnesota Pollution Control Agency, 

1990). 



75 .2  Tire Water Toxicity 

In a study by Abemethy (1994), tire contaminated water caused 100% mortality in 

Oncorhvnchus & (rainbow trout) fry in static acute lethality tests usually within 48 

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

Ceriodanhnia u, and Pimephaies oromelas (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 dechlorinated 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 slightly (Abemethy, 1994). 

Of the 143 compounds targeted, only zinc was found. The levels of zinc found 

were 23 and 25 &I,). 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/Kglday for 2 days caused lethargy, lightheadedness, staggering, 

and difficulty in writing clearly. Two people who ingested 40 mgL in drinking water for 

several months experienced lack of concentration, drowsiness, mental and physical fatipe, 

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 mgll 

in the diet for five weeks. Pancreatic abnormalities have also been seen. 



Other non-target compounds were detected using gas chromatography mass 

spectroscopy (GCMS). 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-(I-methyl-I- 

phenylethy1)-phenol; benzothiazole; 4-(2-benzothiazo1ythio)-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 (Abernethy, 1994). Due to the nature 

of the toxicant, Abemethy (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 3 1 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 p@). 

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 p g 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 ieachate samples at 0.6 p@. The copper concentration in the dilution 

water was < 5.0 p@ while the concentrations in the tire leachate were 6.7 p@ and 5.7 



p The concentration of lead in the dilution water was c1.0 p a  and in the tire 

leachate water the lead level was 6.7 p a  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 (pgKg). For comparison to regulatory limits, 

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

fluid used ( p a ) .  

2.6.1 Evaluation of Laboratorv 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 pgKg 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 

degaded by using tire chips as fill material. Metals leach at highest concentrations under 

low pH conditions @hnnesota 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 

laboratory leachates. The highest levels of organics are leached under basic conditions 



(Ivlmesota Pollution Control Agency, 1990; Eaiding, 1992). Observed leaching of 

polynuclear aromatic hydrocarbons and suspected toxicity due to organics in the studies 

reviewed warrants hrther 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 hrther laboratory study. 

Table 2.22 
Summary of Metals Results for Laboratory Leaching Studies 

Pollutants with Primary Drinking Water Standards 

Virginia DOT 
TCLP 

Conc in Tires 
Virginia DOT 
(long term) pH 

4 

Limit 
Virginia DOT 

<25 

Mas Conc 
Minnesota 
Old Tires 

pH 3.5 
Normalized 

Conc 
Minnesota 

31d Tires, pH 5 
Normalized 

Conc 

Conc in 
extract 

Wisconsin 

(neutral) 
Scrao Tire 

. 
ND 

ND 

As 
PdL 

Mngmnt 
TCLP 

MasConc 1 
Notes: N6 
u 
not available, that is not measure 
I 
lr not reported 

16 

- 
that sl 

ND = non-detect 

42 



Table 2.23 

Summary of Metals Results for Laboratory Leaching Studies 
Pollutants with Secondary Drinking Water Standards 

"Normalized" Concentration in Tire Material 

Virginia 
DOT 
TCLP 
Conc in 
Tires 

Virginia 
DOT 

(long term) 
pH 4 

Max Conc 
Minnesota 
Old Tires 
pH 3.5 

Normalized 
Conc 

Minnesota 
Old Tires, 

pH 5 
Normalized 

that study 
ND = nowdetect 

Cone 
tes: NA = not 

- 
I 

-- 

-- 

-- 

-- 

available 



Table 2.24 

Summary of Metals Results for Laboratory Leaching Studies 

Pollutants wit11 Secondary Drinking Water Standards 

Concentration in Extract 

Zn 
m a  

. ( P P ~ )  

5a 

- 

10.6 

- 

0.36 

N A 

I I 

it is not measured or not reported for 

SMCL 

TCLP 
Regulatory 

Limit 
Virginia 

DOT 
TCLP 
Conc in 
extract 

Wisconsin 
AFS Elution 

3 
(neutral) 

Scrap Tire 
Mngmnt 

TCLP 
Max Conc 

lotes: NA = not avaj 
that study 

ND = non-detect 
"iessn~an and Hammer, 1985 

I 
( 

. 



Table 2.25 

Summary of Results for Field Studies 

Pollutants with Primary Drinking Water Standards 

MCL 

MinnesotaFL 
Groundwater 

MinnesotaPC 
Groundwater 

Wisconsin 
East Lysimeter 

Max Conc 
Wisconsin 

West Lysimeter 
Max Conc 
Tire Pond 

Surface Water 
Max Conc 

Notes: 
ND = non-detect 
"Federal Register, July 1, 1993; 40 CFR Ch. 1, section 141.11 
b~ede ra l  Register, July 1, 1993; 40 CFR Ch. 1, section 141.62 

Federal Register, July 1, 1993; 40 CFR Cli. 1, section 141.80 

As 
D 

50" 

4 0 0  

4 0 0  

NA 

NA 

NA 

NA = 

Ba 
k ' f i  

2000b 

1930 

c10 

570 

690 

NA 

not available, 

Cd 
P@ 

5b 

32 

<3 

NA 

NA 

<2 

not 

C r  
I.'& 0 

100b 

350 

<10 

NA 

NA 

NA 

measured 

Cu 
P@- 

1300C 

NA 

NA 

NA 

NA 

<25 

or not 

Hg 
P& 0 

2b 

<I 

<1 

NA 

NA 

NA 

recorded for 

Se 
P A  0 

50b 

<lo0 

4 0 0  

NA 

NA 

NA 

Ni 
P :A 

lOOb 

NA 

NA 

NA 

NA 

<40 

that study 

Pb 

l j C  

230 

<20 

22 

5 

NA 



Table 2.26 

Summary of Results for Field Studies 

Other Parameters 

SMCL 

MinnesotaFL 
Groundwater 

Minnesota PC 
Groundwater 

Wisconsin 
East Lysimeter 

Max Conc 
Wisconsin 

West Lysimeter 
Max Conc 
Tire Pond 

Surface Water 
Max Conc 

Notes: NA 
ND = non-detect 
" Viessman and Hammer, 1985. 

A1 
cl-a 

50-200" 

180000 

1800 

NA 

NA 

NA 

= not available, 

Ca 
mglL 

1080 

14.4 

340 

300 

NA 

not 

~ 0 ~ 2 -  

,gn 

250" 

NA 

NA 

450 

150 

17 

study 

Fe 
mg/L 

0.3a 

298 

4.4 

5.3 

4 

1.83 

measured 

Mn 
clgn 

50" 

NA 

NA 

3200 

2600 

NA 

recorded 

Mg 
mg/L 

- 

383 

2.8 

390 

320 

NA 

or not 

Zn 
clsn 

5000a 

870 

4 0  

560 

750 

30 

for that 



2.6.2 Evaluation of Field Studies 

The results 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 

n igk  for all the field data reviewed; the highest concentration observed being 298 mg/L. 

... Levels of manganese above the SMCL of 50 p g L  were observed in the Wisconsin Study 

test embankment for all but one sample, with the highest concentration being 3200 pgL.  

In addition, aluminum exceeded the SMCL at both field sites investigated in the Minnesota 

Study. The primary drinking water standards of 5 pg/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 p a )  was exceeded at the Floodwood Road site and in the 

Wisconsin Study test embankment. These levels are high enough to warrant fixther 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 



lead exposure is associated with a plethora of patho-physiological effects including 

anemia, kidney damage, impaired reproductive fimction, impaired cognitive performance. 

and elevation of blood pressure (Tate and h o l d ,  1990). Chromium VI is toxic and 

produces liver and kidney damage, internal hemorrhage, and respiratory disorders. In 

addition, subchronic and chronic effects of chromium Vf include dermatitis and skin 

ulceration (Tate and h o l d ,  1990). Dermatitis, hair loss, abnormal nail formation, and 

psychological disturbances have all been attributed to chronically high selenium intakes 

(Tate and h o l d ,  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 

h o l d ,  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 mglL over a 

long period (Tate and h o l d ,  1990). The SMCL of 5 mglL for zinc is based upon taste. 

Table 2.27 

Taste Thresholds for Iron, Manganese, and Zinc 

(Adapted from Tate and h o l d ,  1990) 

Metal 

0.04 - 0.1 



CHAPTER 3 

METHODS 

3.1 INTRODUCTION 

A description of the detailed sample collection, handling, 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 Oroanics 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 

(HCI) to each vial before collecting the samples. Ultrex 11 ultrapure hydrochloric acid 

(HCI) was used. Hydrochloric acid (HCI) was the only preservative required because 

none of the samples were chlorinated. The samples were stored in coolers upon collection 

and at 4OC 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. 



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 liners. 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 Samoles 

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 nitric acid (HN03) per liter of sample. Ultrex LI ultrapure nitric acid (HN03) was 

used. Samples to be analyzed for mercury were preserved with 2 mL 20% potassium 

dichromate (K2Cr207) solution (prepared in 1+1 nitric acid) per liter of sample. Samples 

to be analyzed for dissolved metals were Ntered within 2 hours of collection, upon 

returning to the laboratory. The filters used were Coming disposable sterile 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. 



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 4OC in the laboratory until analysis. In addition to refrigeration, samples for 

COD analysis were acidified by adding 2 mL nitric acid @NO?) 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 Analvsis at Plant. Soil. and Environmental Sciences Laboratory 

The University of Maine Department of Plant, Soil, and Environmental Sciences 

Analytical Laboratory analyzed samples for the following metals: aluminum, barium, 

calcium, chromium, copper, iron, magnesium, manganese, mercury, silver, 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) @PA, 1987) was used for thesample preparation technique for total mercury. 

The sample preparation technique outlined in EPA Method 200.7 (Inductively Coupled 

Plasma - Atomic Emission Spectrometric Method for Trace Element Analysis) @ P A  

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 



using a Thermo Jarrell Ash Model 975 Plasma Atomcomp Inductively Coupled Plasma 

Emission Spectrometer. 

3.3.2 Analysis at Environmental Chemistrv Laboratoxy 

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) @PA, 1991). The analytical methods used were: EPA 

Method 7060 Arsenic (Atomic Absorption, Furnace Technique); EPA Method 7131 

Cadmium (Atomic Absorption, Furnace Technique); EPA Method 7421 Lead (Atomic 

Absorption, Furnace Technique); and EPA Method 7740 Selenium (Atomic Absorption, 

Furnace 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) @PA, 1993). The method used for chloride 

and sulfate was EPA Method 300.0 (Determination of Inorganic Anions by Ion 

Chromatography) @PA, 1983). 

3.3.3 Analysis at Environmental Research Institute 

Organics analysis for this project was done at the Environmental Research Institute 

(EN), 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 GCIMS) and EPA Method 8270 

(Determination of Semivolatile Organics by capillary column GCIMS). In addition, TCLP 



testing and subsequent analysis was done at ERI. EPA Method 131 1 @PA, 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, Furnace 

Technique); EPA Method 7421 Lead (Atomic Absorption, Furnace Technique); EPA 

Method 7740 Selenium (Atomic Absorption, Furnace Technique); and EPA Method 7470 

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

3.3.4 Analvsis at Civil and Environmental Engineering Department and in the Field 

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 LEAClFIING TESTS 

Toxicity Characteristic Leaching Procedure (TCLP) (EPA Method 131 1) 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 (EM) at the University of Connecticut in Stom, 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 



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 material 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 

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 OC) 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 clups from Pine State Recycling in Nobleboro, Maine. The 

maximum tire chip size used in the reactors was approximately 7.5 cm 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 



organics found in the jars with soil and water only, to the same parameters in the jars with 

mixtures of soil, 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 soiVwater jars as in the corresponding soiVtire chiplwater jar. Also, the tire 

chip to water ratio in the tire chiplwater jars and the soilltire chiplwater 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 

iayers 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. 

Table 3.1 

Contents of Reactors 

Reactor 

Description 

Peat + Water 

Peat +Water 

+ Tire Chips 

Till +Water 

Till + Water 

+ Tire Chips 

Clay +Water 

Clay + Water 

+ Tire Chips 

Washed 

Tire Chips 

Unwashed 
Tire Chins I I I 1 I 1 

Soil 

(grams) 

3055.0 

2250.0 

13744.8 

10500.1 

13350.1 

10500.0 

0 

0 

Tire Chips 

(grams) 

0 

6001.1 

0 

6000.0 

0 

5999.6 

7877.1 

7876.7 

Water 

(Liters) 

19.6 

14.8 

16.5 

12.6 

15.0 

11.8 

15.5 

15.7 

SoiVWater 

(gramskiter) 

156 

152 

833 

833 

890 

890 

0 

0 

Tire 

Chipsmater 

(gramsaiter) 

0 

405 

0 

476 

0 

508 

508 

502 



3.5.2 Sam~line 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. Samples 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 ihe 

cross-section of each layer of soil, the tire chips 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 chips 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 



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 material passing the No. 4 sieve was used for hrther 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 g to 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 trial 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 criteria 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 



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 University 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 Descri~tion 

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 ft) 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 











Fig!~re 3.5 
U o r ~ n g  Log 

Clay Site 
August 2, 1993 



groundwater 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 ft) 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, Maine 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 is 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 underlain 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 .O 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 



Figure 3.6 
Boring Log 

Till Site 
August 18,1993 

Topsoil highly organic, roots 

silty Clay trace of fine sand, 
gray to gray-brown, roots 

silty Clay, trace fine sand, 
brown-gray, mottled 

clayey Sand, some gravel, 
some cobbles, brown-gray 



Figure 3.7 
Boring Log 

Peat Site 
July 23,1993 



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 

3.11. 

3.6.1 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 liquid 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 is 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 Chio 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. 



Fi y re 3.8 
Local Topography from Survey Notes 
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Figure 3.9 
Lacal Topography from Survey Notes 
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Figurc 3.10 
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Figure 3.11 
Plan View of Trench and Wells 
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A trench approximately 3 m (10 ft) long, 1.8 m (6 ft) deep, and 0.6 m (2 R) 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 

geotextile placement is presented as Figure 3.14. Monitoring wells were installed at each 

site: one well within the 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 in Figure 3.15. Table 3.2 summarizes the dates of the field installations for this 

study. 

Table 3.2 

Dates of Field Installations 

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 

Monitoring Wells Installed 

2/3/94 

311 1/94 

3/16/94 and 3/25/94 

Site 

Till 

Clay 

Peat 

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 position 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 approximately 0.6 

Tire Chips Installed 

12/17/93 

1213 1/93 

1/6/94 





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 R) and at the widest 

point (also at the ground surface) the trench was 1.2 m (4 R) wide. The monitoring well 

within the trench was placed at approximately the widest point which was 1.4 m (4.5 R) 

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 R). After the caving, the depth varied 

from 1.8 m (6 ft) to 1.1 m (3.5 R). 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 aRer caving the trench was 1.8 m (6 ft) wide. The 

trench was 4.6 m (15 R) 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 drilled 

in the opposite 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 ft) to 1.7 m (5.5 ft). 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 installed 



Figure 3.16 
Sketch of Clay Site Trench 
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Fi ure3.17 
Sketch o f Till Site Trench 
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Figure 3.18 
Sketch of Peat Site Trench 

As-Installed 
(Plan View) 
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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 horizontal 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 Installation 

The monitoring 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 Brewer, 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 cm (2 in.) pipe that 

extended above the ground surface. The bottom 0.76 m (2.5 f?) 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 place 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 

(G in.) of sand was placed in the bottom of the well. After placing the weU 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 



Figure 3.19 
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of the chips. Powdered bentonite (approximately 10%) and cement (approximately 90%) 

grout sluny 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 appropriate 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 sluny is appropriate since it is 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 

t~~rbidity 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 wells 

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 



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 within the trench was probably due to drilling too deeply 

into the underlying soil formation. A total of 14 well volumes were removed from the 

upgradient well (well TI)  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 



1994, and late April 1995. Organics samples were collected in mid-August 1994, mid- 

November 1994, and late April 1995. 

3.6.9 Samplino 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 is 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 collection, handling, 

and storage methods used were discussed in Section 3.2 above. 



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 belted 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 13 11) is designed to determine the mobility of both organic 

' and inorganic compounds present in liquid, solid, and multiphasic wastes @PA, 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 30f2 

revolutions per minute (rpm) for 18f2 hours. The leaching of volatile organic compounds 

takes place in a zero headspace extractor (ZHE), which is also rotated on a rotary tumbler 

at 3M2 revolutions per minute (rpm) for 18f2 hours. The purpose of the ZHE is to allow 

the leaching and subsequent separation of the waste and the extraction fluid without 

exposing the contents to air. The extraction fluid used is 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. After tumbling, the extraction fluid is filtered and further 



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 OC 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 hrther 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 characteristic @PA Method 131 1) 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 

pg of contaminant per Kg of tire chips. The results are converted fTom concentratio'n in 

p a  in the extract to pg of contaminant per kilogram of waste (in this case, tire chip 

sample) by multiplying the concentration ( p a )  by the volume of extract (L) and then 



Table 4.1 
Toxicity Characteristic Leaching Procedure (TCLP) 

Metals Results 
Samples: Unwashed Mixed Chips, Washed Mixed Chips, Unwashed Fiberglass Belted Chips, 

Washed Class Belted Chips 
Note: Mixed Chips include Steel and Class Belted Chips, 

ND=Not Detected 
Units: ug/L (ppb) 

Concentration Total Normalized TCLP 
in Extract Tlieoretical Concentration Regulatory 

(u@) Leaching From Tires Limit 
Potential ( u g k )  ( u m  

Unwashed Mixed Sample (UP) 
Arsenic ND ND ND 5000 
Barium 149 298 2980 100000 

Cadmium 107 214 2140 1000 
Chromium 84 168 1680 5000 

Lead 34 68 680 5000 
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 1 00000 

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 

Unwaslied Fiberglass Sample 
Arsenic ND ND ND 5000 
Barium 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 5000 

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 



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 glass belted chip samples. 

In this case, lead was only about half (2220 pgKg vs. 4320 & K g )  in the washed 

samples. However, in the mixed chip samples, lead was virtually the same (640 pgKg vs. 

680 @Kg) for both washed and unwashed samples. Conflicting results were obtained 

with barium, 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. 



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 &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 p&. 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 p& to  10 pg/L, which 

corresponds to concentrations from the tire chips of 69 pg/Kg to 195 pg/Kg, respectively. 

Those additional volatile compounds not detected in the TCLP extracts are listed in Table 

4.5. 

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 @/L) 

and in the washed glass belted chip sample extract (9.1 pgk) .  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- 



Table 4.2 
Toxicity Characteristic Leaching Procedure (TCLP) 

Volatile Organics Results 
TCLP Volatile Organic Compounds Detected 

1,2-Dichloroethane 
Detection Limit = 2.5 uglL 

Sample TCLP 
Regulatory 

Limit 
(udL) 

Unwashed Mixed Chips 
Washed Mixed Chips 

Unwashed Glass Chips 
Washed Glass Chips 

Concentration 
in Extract 

( u g u  

Normalized 
Concentration 

from Tires 
(uglKg) 

500 
500 
500 
500 

7 
ND 
7 
3 

140 
ND 
140 
54 



Table 4.3 
Toxicity Characteristic Leaching Procedure (TCLP) 

Organic Compounds Not Detected 
Note: *=Quantitation Limit 

NA=Not Applicable 

Compound 

Benzene 
Carbon Tetrachloride 

Chlorobenzene 
Chloroform 

0-Cesol 

~ e x a c h l o r o b e n z e n ~ ~ ~  
lexachloro- 1.3-butadiene 

Hexachloroethane 
Nitrobenzene 

Pentachlorophenol 
Tetrachloroethylene 
Trichloroethylene 

2,4,5-Tnchlorophenol 
2,4,6-Trichlorophenol 

Vinyl Chloride 

TCLP Drinking 
Regulatory Water 

Limit Standard 
( u g m  (ug/L) 



Table 4.4 
Toxicitv Characteristic Leachine Procedure (TCLP) - 

Volatile Organics ksul t s  
Compounds Detected but Not Regulated by TCLP 

Compound Sample Concentration 
in Extract 

( u g m  

Normalized 
Concentration 

in Tires 
( u g W  



Table 4.5 
Toxicity Characteristic Leaching Procedure (TCLP) 

Volatile Organics Results 
Compounds Not Detected Not Regulated by TCLP 

For All TCLP Samples 

-,. - -~~ ----  ~ ~~ . , a .  

MTBE 2.5 Bromobenzene 2.5 
2,2-Dichloropropane I 2.5 n-Propylbenzene 2.5 

Dichlorodifluoromethane 
Chloromethane 
Bromomethane 
Chloroethane 

Trichlorofluoromethane 

MDL 
(ug/L) 

Compound 

5.0 
5.0 
5.0 
5.0 
5.0 

, . . . 

MDL 
(ug/L) 

- -- - -- - 

Bromodichloromethane I 5.0 

Compound 

Ethylbenzene 
m-Xylene+p-Xylene 

o-Xylene 
Styrene(ethy1-benzene) 

Bromofonn 

2.5 
2.5 
2.5 

Toluene 
(E)-1,3-Dichloropropene 

1,1,2-Trichloroethane 
1,3-Dichloropropane 

Dibromochloromethane 
1,2-Dibromoethane 

1,1,1,2-Tetrachloroethane 

2.5 
2.5 
2.5 
5.0 
2.5 

4Chlorotoluene 
tert-Butylbenzene 

1,2,4-Trimethylbenzene 

1,l-Dichloropropene 
1.2-Dichloropropane 

Dibromomethane 

(Z)-1.3-Dichloro~ro~ene I 2.5 I 4-iso-Pro~vltoluene I 2.5 
sec-Butylbenzene 

2.5 
2.5 
2.5 

2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

1,3-Dichlorobenzene 
n-Butylbenzene 

1,2-Dichlorobenzene 
1,2-Dibromo-3-chloropropane 

1,2,4-Trichlorobenzene 
Naphthalene 

1,2,3-Trichlorobenzene 

5.0 
5.0 
2.5 
5.0 
5.0 
2.5 
2.5 



Table 4.6 
Toxicity Characteristic Leaching Procedure (TCLP) 

Semivolatile Organics 
Compounds Detected but Not Regulated by TCLP 

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



benzothiazo1ylthio)-morpholine; and 2,s-cyclohexadiene-1,4-dione. The estimated 

concentrations for these compounds were higher than the concentrations of aniline. The 

highest estimated concentration was 286 pgL. for benzothiazole, 1H-isoindole-1,3(2H)- 

dione, and 2(3H)-benzothiazolone. The compound 4-(2-benzothiazo1ythio)-morpholine is 

a main ingredient in a commercial blend used as a delayed-action accelerator in rubber 

processing (Taylor and Son, 1982). According to Abernethy (1994). 2,s-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 T O  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 2.1 1) and the 

Virginia Department of Transportation Stidy by Ealding (1992) (see Table 2.15). The 

Scrap Tire Management Council Study tested for arsenic, barium, cadmium, chromium, 

lead, mercury, selenium, and silver. 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 pgh, in the Radian Study from 2 pgL. to 16 



Table 4.7 
Toxicity Characteristic Leaching Procedure (TCLP) 

Semivolatile Organics 
Compounds Not Detected Not Regulated by TCLP 

Note: MRL=Method Reporting Limit (ugk) 

I Compound I Compound 1 MRL I 



p a ,  and was found at 19.6 p g L  in the Virginia Study. Chromium levels in the Radian 

Study varied from 12 p g k  to 48 pgL ,  in the University of Maine Study from 34 pg/L to 

84 p a ,  and was detected at 2.8 @L in the Virginia Study. The barium levels found in 

the Radian Study varied from 21 pg/L to 590 p@, while the barium levels in the 

University of Maine Study varied from 149 &L to 357 p g k .  Cadmium levels in the 

extracts in the University of Maine Study varied from 15 p@ to 114 p g L  and was 

present at 1.55 p@ 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 p a .  1.00 m a ,  83 pgL ,  120 m@, 0.108 m a ,  39.7 p a ,  <25 

pgL,  and 10.6 mg/L, respectively. 

The results 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 Organics 

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, l,l,l-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 



well below the TCLP regulatory limit (500 pa). 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;. Z(3H)- 

benzothiazolone; 4-(2-benzothiazolylthio)-morpholine; and 2,5-cyclohexadiene-1,4-dione 

were also identified in a toxicity study by Abernethy (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 also indicated leaching potential for mercury. 

Leaching potential of organic compounds used as accelerators (benzothiazoles) and 

antidegradants (aniline and 2,5-cyclohexadiene-l,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(2H)-dione were 

detected in the TCLP portion of this study. 



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 marine 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 mrn (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 thereactors 

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 acidied 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 

pg of contaminant 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 p a )  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 soil) could then be 

compared to the results of other laboratory leaching studies. 



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 triplicate according to EPA Method 3050 (EPA, 1987). The soil digests 

results for metals with primary 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 is 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-Wdk 

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-Mam-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 distribution 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 and3tandard Deviation 
Total Metals with Primary Drinking Water Standards 

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

:rage Concentration 1 16.97 1 

1111 I I I 
4verage Concentration 1 7.87 1 27.3 1 4 9 5 *  

Standard Deviation 1 1.49 1 1.916 1 <91.82* 

Till and Tire Chips 
4verage Concentration 7.383 26.23 495.67" 

Standard Deviation 0.5181 1.504 <66.154" 

peat I I I 



Table 5.2 
Laboratory Simulation of Ground Conditions 

Reactor Study 
Soil Digests Samples (in triplicate) 

Results 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 limit 

Clay 
AverageConcentration 1.07 18433 2736.7 17567 4846.7 175.67 351.67 56.733 

StandardDeviation 0.6956 404.15 20.817 3442.9 72.342 4.7258 27.647 8.6431 

Clay and Tire Chips 
Averageconcentration 1.01 16900 2676.7 18733 4466.7 188.67 352.67 60.067 

StandardDeviation 0.8848 1637.1 255.02 2606.2 115.04 5.6862 31.086 1.3614 

Till 
AverageConcentralion 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 

Till and Tire Chips 
Average Concentration <0.3317* 10600 2223.3 14067 4406.7 355.33 301 42.9 

Standard Deviation <0.056* 173.21 86.217 1955.3 356.42 32.532 10.44 3.3422 

Peat 
Average Concentration 5.01 3380 16600 3010 1643.3 149.33 445.33 37.933 

StandardDeviation 2.827 330.45 1216.6 286.88 119.3 13.317 110.96 9.9299 

Peat and Tire Chips 



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 &) was that pc=ptc where pc 

is the mean of the control (soil and distilled water only) and ptc 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 6) was that pc<ptc (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 variance and the t-statistic for each set of 

reactors for each metal are presented in Table 5.3. The pooled sample variance is the 

combined variance estimate of the samples. The individual variances 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 



'hb le  5.3 
IAmratorg Si~nulatict~r of Groi~nd Co~rtlitions 

flenclor Stl~tlg 
Soil Digests Sanlples (in triplic:~tc) 

Ilesults for Student t Test 
95% Confidence Intcrvel 

t95 = -2.132 
Notes: NA=Not Applicable, llej=Rejccl the ~ ~ u l l  liypotlresis, No re,j=Cannot re,jecl tlre null hypothesis 

Clay 
SpA2 

t 

Till 
SpA2 

I 

33.345 
-0.6716 
NoRej 

1.244 
0.5344 
No Rej 

57.607 
0.4091 
NoRej 

2.967 
0.7584 
No Rej 

NA 
NA 
NA 

NA 
NA 
NA 

2.683 
2.317 

No Rcj 

1.005 
1.955 

No Rej 

272.74 
1.384 

No Rej 

0.3733 
-2.739 

llci 

0.6817 
1.9531 
No Rej 

0.2153 
0.7654 
No Rcj 

633331 
0.0923 
No Rej 

46569 
1.541 

No Rej 

1Et06 
1.575 

No Rei 

665317 
0.6356 
No Rcj 

25533 
0.4599 
No Rej 

42917 
0.7488 
No Rej 

9Et06 
-0.4682 
No Rcj 

3Et06 
0.2285 
No Rqj 

9233.3 
4.843 

No Rej 

87567 
0.4277 
No Rcj 

27.333 
-3.0454 

11e.j 

700.67 
-1.866 
No Rcj 

865.33 
-0.0416 
No Rcj 

114.67 
4.727 

No Rej 

38.278 
-0.8578 
No Rej 

5.7917 
-3.579 

1lci 



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 

sigificantly 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 kom 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 control 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, 
108 



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 Primary Drinking Water Standards 

Dissolved chromium was detected in three of the eight reactor water samples. The 

highest level of dissolved chromium found was 14 p g L  (till and tire chips sample), which 

is approximately 14% of the primary drinking water standard for chromium (100 pgL). 

In each of the control reactors (soil and distilled water only), dissolved chromium was 

below the method detection limit (2 pgL), while in the mixed reactors (containing soil, 

tire chips, and distilled water) chromium levels ranged from 2 p a  to 14 p a .  Dissolved 

chromium was not detected in the samples from either of the reactors that contained only 

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

from <4 pgKg to 29 & K g .  

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 p g 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 pgL. The concentration of total chromium from the tire 





- - - 

Table 5.5 
Laboratory Simulation of Ground Conditions 

Reactor Study 
Water Samples 

Metals with Secondary Drinking Water Standards o r  with no Standard 
Units: uglL (ppb) 

Notes: NA=Not Applicable, SDWS=Secondary Drinking Water Standard 

SDWS 
Detection Limit 

Sample 
Clay 

Clay and Tire Chips 

Peat 
Peat and Tire Chips 

Till 
Till and Tire Chips 

Unwashed Tire Chips - 
Washed Tire Chips 

v 

Ag 

DisslTotal 
100 
5 

<5 1 4  
<5 / 4 

<5 /<5 
4 / <5 

6 / <5 
6 / <5 

4 / <5 
4 / 4 

Al 

Diss/Total 
50-200 

150 

25416960 
165 / 23600 

358 / 838 
1441 933 

446 14920 
112 / 3850 

91 1339 
1721 195 

Ca 

DisslTotal 
N A 
100 

56101 11100 
105000 / 215000 

10000/ 19900 
55800/ 117000 

2920 1 5550 
77700 / 160000 

26200 / 52700 
15400/31000 

Fe 

Diss/Total 
300 
100 

72 / 6350 
12700 / 75500 

779 / 1660 
43000 / 113000 

301 / 6050 
10600 / 67700 

36600 / 103000 
527001 113000 

Mg 

DissITotal 
NA 
100 

1270 / 3550 
19200 / 46600 

2640 / 5490 
15600 / 33100 

1350 / 4320 
23800 / 50800 

2270 14640 
179013630 

Mn 

DisslTotal 
50 
2 

<2 / 31 
2410 / 4960 

94 / 189 
1030 / 2100 

3 / 87 
9120 / 15500 

437 / 868 
783 / 1570 

Na 

DisslTotal 
NA 
500 

2700 / 4560 
9420 / 18800 

51 10 19760 
11800 / 22900 

2570 14890 
10200 / 20700 

7500 1 15700 
70401 13600 

Zn 

Diss/Total 
5000 

3 

<3 / <3 
15 / 544 

<3 / <3 
18 1427 

<3 1 <3 
<3 / 52 

6 / 112 
15 / 176 



chips ranged from 4 pgKg in the samples from the reactors containing only tire chips, to 

108 pgKg in the mixed tire chips and clay reactor sample. 

Table 5.6 compares the concentrations of metals found in the reactor 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 results of the 

TCLP study (Chapter 4). The concentrations of metals in pgKg of tire chip 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 

soils. 

Chromium is 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 in Table 5.6, the theoretical total leaching potential from 

both the soil and the tire chips 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. 



Table 5.6 
Laboratory Simulation of Grdund Conditions 

Reactor Studv 

Arsenic 

Cla and Tire Chi s 

Ti and Tire Chi s E 
Unwashed Tire Chi s I==== 

Till 
Till and Tire Chips 

Water ~ a m ~ l f s  
Metals with Primary Drinking Water Slnndards 

Notes: xrConcenlration From Tire Chips, y=Mass From Tire Chips, NA=Not Applicable 

Actual 
Concentration Concentration 

in Water From Soil 
Diss/Total Diss/Tolal 

( ugn )  ( u g l ~ g )  

< 4 / 5  NA/6  
<4 / <4 

<4 / <4 NAINA 

Actual 
Concentration 

From Soil 
DisdTotal 

(ug) 

Actual 
Concentration 

From Tire 
Chips 

DiwTotal 
W K g )  

Actual 
Concentration 

From Tire 
Chips 

Diss/Total 
(us) 

Theoretical 
Potential 

Concentration 
From Soil 

(us) 

~ 4 7 . 2  / 378' 19000 
NA/25<x45 NA/150<y<210 14000 

<66 182.5 189000 
NAINA NAlNA I44000 

I I I 
NAlNA I NA /<8  NA 1 4 3  N A 

Theoretical 
Potential 

Concentration 
From Tire 

Chips 
(ug) 

0 



Table 5.6 Continued 
Laboratory Simulation olCround Conditions 

Reactor Study 
Water Samplis 

Metals with Primary Drinking Water Standards 
Notes: x=Coneeutration From Tirc Chips, y = M m  From Tire Chips 

Concentrntion 
in Water 
Diss/Total 

(u&) 

I I 
Peat I 3 / 1 0  20164 

Peat and Tire Chips I 31 194 I 

Actual 
Concentration 

From Soil 
Dissti%tal 

W K g )  

- 

I I 
Till < I  119 1 <1.2/23 

T i  and Tire Chips 1 2 /30  I 
I I 

Unwashed T i e  Chips ( 111/228 1 N A I N A  
I I 

Barium 
Clay 

Clay and Tire Chips 

- - - .- .- .- 
Clay I 4 / 1 2  1 <2.2/ 13 

Clay and Tire Chips I 8 /67  I 
I 
I I 

Peat 1 <2/<2 1 <13/<13 
Peat and Tire Chips I 2 / 2 7  I 

< I  124 
< I  172 

I 1 
T i  < 2 / 6  4 . 4  17  

Till and Tire Chips ( 14/40 I 

d . 1  127 

I I 
UnwashedTie Chips ( s 2 / 2  I N A / N A  

Actual 
Concentration 

From Soil 
Diss/fotnl 

(ug) 

Actual Actual 
Concentralion Concentration 

From Tire From Tire 
Chips Chips 

Diwl'otal DiuRotal 
(ugiKg) 

NA 194 NA I564 

Theoretical Theoretical 
Potential Potential 

Concentration Concentration 
From Soil From Tire 

(ug) Chips 
(ug) 



Barium was detected in five of the eight reactor water samples. The highest 

dissolved barium level (57 p a )  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 

p g L  for barium. Dissolved 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 

pg/L for peat alone and 3 1 pg/L 'for peat and tire chips), and in the sample from the 

reactor that contained till and tire chips (2 p a ) .  The concentration of barium expressed 

in terms of mass of tire chips ranged from <2 pgKg (clay and tire chip sample) to 221 

pgKg (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 p a .  The concentration of 

total barium from the tire chips ranged from 23 pgKg for the till and tire chip reactor 

samples to 454 pgKg for the unwashed tire chips reactor sample. 

The TCLP testing indicated leaching potential for barium from tire chips (Table 

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 %om 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. 



Dissolved arsenic was less than the method detection limit for all samples tested, 

while total arsenic was less then the method detection limit of 15 p a  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 p a ,  with the primary 

drinking water standard for arsenic being 50 p a .  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 limit (4 p a )  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 p a .  The 

primary drinking water standard for copper is 1300 p a .  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 is a trace constituent in steel tire cord and beadwire 

(Dunlop Tire Corporation, 1990). This reactor study shows that conditions can be created 



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 p a ,  0.0001 p@, 5 pgL, respectively for the samples from all the reactors. Total 

lead and total cadmium levels were below the method detection limits of 5 p g 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 only soil and distilled water. All samples had dissolved iron levels 

above the secondary drinking water standard of 300 pgL,  except for the sample from the 

reactor that contained only clay. The highest level of dissolved iron was 52,700 PEL, 

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 p:Kg in the till and tire chips reactor sample to 104,000 @ K g  

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 & K g .  The concentrations in terms of mass of tire chips in the 

samples from the reactors that contained only tire chips were 205,000 pgKg and 222,000 

%'Kg. 

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 drinking 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 

pg/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 pg/Kg and 

1540 pg/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 & K g .  



VN I VN I 000LZ8100011~ 1 000S01 IOOZZS I V N /  VN I V N I V N  I 00LZSIOOZ9Z I s d ~ ~ a ~ p a q s ~ ~ u n  
I I I I I I 

00000LPZ 
OOOOOEZE - I 

000Ub61 I OOOZP6 1. 00WZE I OOOLSI 
I 

I 
V N I V N  V N I V N  

I 

OZES 1 OEPl 

OOP911 OZOL 

OOPPOI lOl8E 

OLES156ZZ 

OZ8L I SBZ 



Tablc 5.7 Cantim!ctl 
I,~~ltornlory Simolntion nFCrour~rl Conditions 

Rcnclor Study 
Wnlcr Snrnplcs 

M e l d s  with Sccondnry Drinking Wnter Stnodnrds or nit11 no Standard 
Notcs: x=Conccnlrnlion From Tire Chips, y=h,lnss From Tire  Cftips, NA=Not Applicable .- Cla and Tire Chi s 

Actunl 
Concentralion 

From Soil 
Diss/Tolnl 

( a g / f W  

Actual 
Conccntrnlion 

Prom Soil 
Dissirotnl 

(1%) 

Actunl 
Concentrnlion 

From Tirc 
Chips 

Dissfl'olal 
(us) 

Thcorctic;~l 
l'otct~tinl 

Concentrnlion 
Frnm Soil 

(I%!) 

Tlicorctical 
I'otel~li:~l 

Co~~cenlrnl ion 
From Tire 

Chips 
(1%) 

Concentrnlion 
in Water 

Dissfl'otal 
( u g U  

P a t  and Tire Chi s E 
Unwashed Tie  Chips 

I Sodium 
-~ 

Clay 
Clay nnd Tire Chips 

Peal and Tire Chi s E 
Unwnshcd Tic Chips 



Taltlc 5.7 Continued 
L;kl~orelor). Silnulntion of Ground Conditions 

Rcnctor Study 
Water Sntnplfs 

Metals with Sccontlnry Drinking \Yalcr Slnndards or with no Stnndard 
Notes: x=Conccn(ralion From Tire Chips, y=Mass F r o e ~  Tirc Chips, NA-Not ApplicnI)I~ 

Actunl 

in Water P r n n ~  Snil 
DissiSotal 

Actual 
Concentration 

l h m  Soil 
IfissfSnt;~l 

( 4  

Actual 
Conccnlration 

I h j m  Tirc 

Tlworcticnl 
I'otenlial 

Co~rcenlrati~rn 
L ~ I I I  Snil 

(v) 

Theoretical 
Potential 

Concentrntion 
I h m  Tire 

Chips 
(116) 

Aclunl 
Concentration 

From 'Sire 
Chips 

Dissirotnl 

Mngnesium 
Clay 

Clay and Tire Chips - 
N - Peal 

Peat and Tire Chips 

T i  and T i e  Chi s E 
Unwashed T i e  Chi s P 227014640 1 NA INA 

I 

Man nnese 

CIa and Tire Chi s 

P a l  nnd Tirc Chi s 13~ 
Till 

Till and Tuc Chips 
I 

437 1 868 I NAINA 



Conccnlration 
in Walcr 

Diss/Totnl 
(u& 

I 

Peat <3 / <3 
Peat and T i e  Chips I 18 I427 

I 

Zinc 
Clay 

Clny nnd T i c  Chips 

I 
Till <3 I <3 

Tili and T i e  Chips I <3/52  
I 

<3 /<3  
15 / 5'1.1 

I 
Unwashed T i e  Chips I 6/112  

Actunl 
Conccntrnlion 

From Soil 
Diss/Tolnl 
(lid@ 

Aclunl 
Conccntrnlion 

From Sol1 
Diss/Tolal 

(W) 

Ac111al 
Conccnlration 

From Tirc 
Chips 

Diss/Tolal 
(11gIKg) 

Actual 
Conccntrnlion 

FromTirc  
Chips 

DissiTolnl 
(W) 

I 

NAINA I NAINA 121223 94.5 11760 

Thcorctical 
I'otcntiai 

Conccntralion 
From Soil 

(I@) 

Thcorcticnl 
Polentiat 

Conccntrnlion 
From Tire 

Chips 
(tlf!) 



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 pgKg. The concentration of total manganese from 

the tires in the samples from the reactors that contained only tire chips were 3450 pgKg 

and 6080 pgKg. 

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 

in 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 p a  and 15 p a .  The 

concentrations of dissolved zinc in the mixed clay and mixed peat reactors were 15 p a  

and 18 p a ,  respectively. All the values were much less than the secondary drinking 

water standard for zinc (5000 p a ) .  

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

level was 544 p a  which corresponds to a concentration in terms of the mass of tire chips 



of approximately 1060 w a g .  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 pg/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 t i re  chips. Again, it appears that 

conditions were created in the reactors that favored the ielease 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 p a .  The 

concentrations of aluminum in all the reactors that contained soil only exceeded 200 p&. 

The dissolved aluminum concentrations in all samples tested exceeded 50 p a .  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 pgKg 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 control reactors (soil and distilled water). The total aluminum 
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concentrations in terms of mass of tire chips were 675 pgKg and 388 pgKg 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 drinking 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 pgKg and 

30,300 pg/Kg. The highest concentration of dissolved calcium from the tires was 209,000 

pgKg 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 releaseof 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 



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 

pgKg and 3520 pgKg. 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 contributions when considered 

separately. The highest magnesium concentration from the tire chips found was 47,200 

pgKg 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 & K g  and 7140 pg/Kg. The highest 

total magnesium concentration from the tires was 99,600 p g K g  (mixed till and tire chips 

reactor). 

The dissolved sodium concentration for the control reactors (soil and distilled 

water only) was highest in the sample from the peat reactor. There is no drinking water 

standard for sodium, however, high sodium levels in drinking water are of concern for 

individuals with hypertension. The concentration from the tire chips ranged from 13,800 

pgKg 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 



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 p@ 

in all the reactors. The drinking water standard for silver is 100 p@. The TCLP testing 

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

5.3 ORGANICS RESULTS 

5.3.1 Semivolatile Organic 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 p@. The 

tentatively identified compounds in the reactor that contained unwashed tire chips and 

distilled water were benzoic acid, benzenepropanoic acid, and Z(3H)-benzothiazolone with 

estimated concentrations of 200 p a ,  400 p a ,  and 400 @L, respectively. The 

tentatively identified compounds in the reactor that contained washed tire chips and 

distilled water were 4-acetyl-morpholine (200 pa), benzothiazole (200 pa), benzoic 

acid (400 p@), benzenepropanoic acid (400 pg/L), and 2(3H)-benzothiazolone (400 

p )  Aniline was found in the mixed reactors that contained clay and tire chips and till 
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Table 5.8 
Laboratory Simulation of Ground Conditions 

Reactor Study 
Semivolatile Organics 

Water Samples 
Notes: MRL=Method Reporting Limit (u&), DZDetected, NA=Not Applicable, Empty boxes 

indicate that the compound was not detected 





Table 5.9 
Laboratory Simulation of Ground Conditions 

Reactor Study 
Semivolatile Organics Detected 

Water Samples 
Notes: MRkMethod Reporting Limit (ug/L), NA=Not Applicable, ND=Not Detected 



and tire chips (47.7 pg/L and 29.4 p a ,  respectively) but was not found in the mixed 

reactor that contained peat. Aniline was also found in the unwashed mixed chip reactor 

(24.6 pgL) 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 

~ b b e r  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). 

-~ounds Results 

The volatile organic compounds analyzed in the reactor water samples along with 

their detection limits 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 p a )  that was shipped with the samples. The 

drinking water standard for toluene is 1000 pg/L, all levels of toluene found were well 

below the drinking water standard (the highest level found was 3.6 p a ) .  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 p a .  The concentration of 
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Table 5.10 
Laboratory Simulation of Ground Conditions 

Reactor Studs 
Water Sampl& 

Volatile Organic Compounds 
Notes: MDLzMethod Detection Limit (ugL) ,  DzDetected, Empty boxes indicate that the 

compound was not detected 
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Table 5.10 Continued 
Laboratory Simulation of Ground Conditions 

Reactor Study 
Water Samples 

Notes: MDL=Method Detection Limit (ug/L), DZDetected, Empty boxes indictae that the 
compound mas not detected 

Compound 
1,1,1,2-Tetrachloroethane 

Ethylbenzene 

Styrene(ethy1-benzene) 
Brornoform 

iso-hopylbenzene 
1,1,2,2-Tetrachloroethane 

1.2.3-Trichloropropane 
Brornobenzene 

n-hopylbenzene 
2-Chlorotoluene 

1,3,5-Trimethylbenzene 

1.2.4-Tricl~lorobenzene 
Hexacillorobutadiene 

Naphthalene 
1,2,3-Tricblorobenzene 

MDL - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
1.0 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
0.5 - 
1 .o - 
0.5 - 
1 .o - 
0.5 - 
1 .o - 
1.0 - 
0.5 - 
0.5 - 
0.5 - 



Table 5.11 
Laboratory Simulation of Ground Conditions 

Reactor Study 
Water Samples 

Volatile Organic Compounds Detected 
Notes: MDL=Method Detection Limit (ngfL), ND=Not Detected 

Compound 1 MDL 
Bromomethane 

Dichloromethane j 1,1 -Dichloroethane 
cis-1,2-DichloroeUiene 

TrichIoromethane 0.5 
Benzene 

Trichloroethene 0.5 
Bromodichloromethane 1 .O 

Toluene 0.5 
Nanhthalene 0.5 

h 
n 
G - 
ND - 
1.8 - 
ND - 
ND. - 
13.1 - 
ND - 
ND - 
1.3 - 
1.1 - 
ND - 

Fk .- - 
ui i3 

0 ,- - L 

5 F 
2 .- T 

C3 75 - + g - - .- - . c 
F3 C3 s 
ND ND ND 
0.5 0.8 0.6 
ND ND ND 
ND 3.2 ND 
10.6 ND ND 
ND 5 3.4 
ND ND ND 
N D N D N D  
0.9 1.5 1.5 
N D N D N D  



benzene in the mixed till and tire chips reactor was 5 p a .  The levels of benzene in the 

other samples were below the drinking water standard. The drinking water standard for 

(2)-1,2-dichloroethene is 70 p a ,  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,l- 

dichloroethane, and trichloroethene. The drinking water standards for dichloromethane 

and trichloroethene are 5 p a .  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 T O  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: & L  of extraction fluid and pgKg 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). Barium was found at concentrations below the 

drinking water standard in the Scrap T i e  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 Laboratorv Leachinc Studies 

u 
ND = non 

I~L-d or not reported far 

ll&ants 
Ra 

(ppb) 

N A  

2083 

440 

108 

7140 

454 

Ba 
Ppn. 
( P P ~ )  

100000 

N A 

110 

590 

357 

228 

liluble, that 
u d y  
ect 

with I 
Cd 

(ppb] 

4.4 

3.5 

270 

24 

2280 

N A  

Cd 
p a  
(ppb] 

1000 

1.55 

N A  

ND 

114 

<5 

is not n 



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 

Virginia DOT 

(long term) pH 4 

Old Tires 
pH 3.5 

Normalized Conc 

Minnesota 1 
/ New Tires. oH 3.5 1 

I Study I 
Max Conc from Tires 

Notes: NA = not availablt 
that study 

ND = non-detect 



Table 5.14 
Summary of Metals Results for Laboratory Leaching Studies 

Pollutants with Secondary Drinking Water Standards - 
Units of Pollutant per Liter of Extract 

- 

TCLP I 4 . 0  I 148 1 120 1 NA 1 10.6 

SMCL 

TCLP Regulatory 
Limit 

Virginia DOT 

Conc in emact 1 

Max Conc in extract I 
tes: NA = not available, that is not measured or not reported for 

that study 
ND = non-detect 
a Viessman and Hammer, 1985 

Ag 
P& 
(PPW 
100a 

5000 

Wisconsin 
AFS Elution 3 

(neutral) 
Scrap Tire Mngmnt 

TCLP 
May Conc 

Maine TC Below 
GWT 
TCLP 

M a  Conc in emact 
Maine Lab 

Simulation Study 

Mn 
~ g n  
(PPW 
50" 

Zn 
mg/L 
(ppm) 
9 

P& 
(PPW 
50- 

200" 

- 

I 
NA 

ND 

ND 

G . 0  

Fe 
m g n  
(PPW 
0.3" 

- 

I 
NA 

NA 

NA 

23600 

0.23 

NA 

NA 

113 

300 

NA 

NA 

15500 

0.36 

NA 

NA 

0.54 



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 University ofMaine Study. 

Of the semivolatile organic compounds identified here, several were also found in a 

toxicity study by Abemethy (1994). Aniline, benzothiazole, and 2(3H)-benzothaizolone 

were found in the University of Maine TCLP and laboratory reactors studies and in the 

study by Abemethy (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 results 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 p a ,  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. Arsenic 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, Z(3H)-benzothiazolone, aniline, benzenepropanoic acid, benzothiazole, and 

benzoic acid. The concentrations of aniline found ranged from 24.6 pg/L to 47.7 p a .  

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-1,2-dichloroethene, 

bromodichloromethane, dichloromethane, trichloromethane, naphthalene, and 1,l- 

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 drinking water. standard (where 

applicable). 



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 Formation), glacial till, and fibrous peat. The two criteria 

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 install the 

tire chips and monitoring 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 metric 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 iined 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 



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 April 1995. Samples for organics analysis 

were collected in mid-August 1994, mid-November 1994, and late April 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, A W W q  and WPCF, 1989). Total metals include all 

metals organically or inorganically bound in both dissolved and particulate form. In this 

case, the total metal concentration 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 



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 Naturallv 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 chromium 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 samples 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. 



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 carried more sediment. 

The well development at the till site failed 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 clarity of the samples from the upgradient 

well and the second downgradient well was seen after development. 

6.2.2 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 presented 

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 

tire 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 ft) 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 (1 1.2 ft) (C4) from the well within the tire chip trench. 
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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 well labeled PI 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, P5, and P6 are all 

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 (1 1.2 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 TI. 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. Wells T4 and T5 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. 







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 significantly 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 p a ) .  Dissolved iron levels in the control well 

samples and downgradient well samples were often above 300 pgL.  The maximum iron 

levels measured within the tire chip trenches was 86,900 p a  for dissolved iron. While 

the maximum iron levels measured in wells downgradient of the tire chip filled trenches 

was 4 1 10 p a  for dissolved iron. 

The taste threshold for iron is 40 p g L  to 100 p a  (Tate and h o l d ,  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 dissolved 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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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 is 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(OW2, and FeCOj at the approximate pH 

and alkalinity of the samples from the wells within the trenches. If iron is present as Fe3', 

Fe(OH); 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 installed 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 &L for total iron. The maximum 

iron levels measured in wells downgradient of the tire chip filled trenches were 817,000 

p& 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 

(mg/L) 

Alkalinity 
mg/L as CaC03 

PH 



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. Manganese has a 

secondary drinking water standard of 50 p a .  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 is 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 p&. The maximum manganese levels measured in samples from within 

the tire chips was 3430 pplL for dissolved manganese. While the maximum manganese 

concentrations in the samples from the downgradient wells was 3190 pglL 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 p&. 

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 f?om 

within the tire chips were 7440 pg1L for total manganese. While the maximum manganese 
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concentrations in the samples from the downgradient wells was 13,500 pgk  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 zinc 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 

installed 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 p g L  The highest total 

zinc concentration measured was 2390 @.,. The taste threshold for zinc is 4000 pgK. to 

9000 pg/L (Tate and Arnold, 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 pgk  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 wells 

were below or slightly above the method detection limit (2  p*). 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 p a .  

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 



Figure 6.7 
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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 (94.8 p a  

vs. 32.8 p a ) .  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 carried 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 clay 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 p a )  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 ftom 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 &L) for barium 



Figure 6.8 Dissolved Barium 

1 2 3 4 
Control Tire Chip Downgradient Downgradient 

-7 m Trench +I m +3 m 
Well Location 

60 
2 
& 50 
3 - 

40 
E 

2 30 
'2 - 20 55 
V 

10 6 
0 

1 2 3 4 5 6 
Control Tire Chip Downgradient Downgradient 

-9 rn Trench +I m Downgradient +I m Downgradient 
Well Location +l m +3 m 

. Till Site 
cn 
3 

40 

1 2 3 4 
Control Tire Chip Downgradient Downgradient 

-6 m Trench +2 m +5 m 
Location 

Nare: NA indicates that the data is not available 



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 p a ) .  All dissolved cadmium concentrations were 

therefore below the primary drinking water standard (5 p a ) .  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 p a )  for all water samples. 

Lead was also indicated as a potential contaminant from tire chips by the TCLP 

testing results 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 limit (15 pg&) and therefore are below the 

primary drinking water standard (15 p a ) .  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 p a  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 p a ,  

which was slightly higher than the control sample concentration (32.6 &I,). 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 is naturally present in the soil. 



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 

p ) .  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 p a ) .  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 p a ,  and at the till site was 516 p a .  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 

fiiled 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 p a ,  40.2 p@, and 951 p@ 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 p a .  Tire chips may leach some copper but the levels were too low to distinguish 

from levels naturally present in the soil. 



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 pgfl, to 19 pgiL). 

The secondary drinking water standard for silver is 100 p a .  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. T i e  chips are 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 



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 is available for the 

August 1994 and November 1994 sampling events. The data for the volatile samples 

collected 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 E N )  and the blank that was shipped with the samples. The concentrations were 1.5 

p a  in the laboratory blank and 5.4 pg/L and 7.6 pg/L in the blanks shipped with the 

samples. Dichioromethane is used in the preparation of samples analyzed for semivolatile 

organics. E N  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 

dicNoromethane concentration based on the results of the TCLP testing and knowing the 







Table 6.8 Continued 
I W t l  Sarnplcs 

Volatile Organics 
Samples Collcctctl 8/17/1994 

Notes: Sample volr~nie from wells 'TI, 7'4, and T5 were i r~s~~ff ic icn t  for volalilcs malysis, Well T3 llas l)ecn . . 
al~nntlonctl), 

\.IDI,=Met.liotl Dctcclio~i Limit (ug/L), D=Dctccletl, Empty bows indicate that the co~npountl was not detected 

Compo~md 
Dibromochloromethane 

1,2-Dibromoethane 
Chlorobenzene 

1,1,1,2-Tetracliloroetliane 
Etlivlbenzene 

Bronioform 

Bromobenzene 



Volntile 0r$nnics 
Snniplcs Collecletl 8/17/1394 

Notes: Snmple vol tme from wells 'Sl, 'l'4, and 'S5 n w e  inst~fficicnt for .rfolntiles nnnlysis, Well T3 has been 
nbnntlonetl), 

MDL=Metliod Detection Limit (t~g/I,), D=Dctcctetl, Empty boscs intlicntc thnt the cornponntl was not detected 

Comnound I MDL ( I I ~ / L )  

Iiexachlorobutadiene 
Naplitlialene 

1,2,3-Triclilorobcnze~ie 0.5 





Table 6.9 Continued 
Field Snmplcs 

Volatile Organics 
Snrnples Collected 11/18/1994 and 11/19/1994 

Notes: Sample volr~mc from nfclls 'l'l, 'l'4, nntl T5 were inst~fficient for volntiles annlysis, Well T3 has bee11 
nbantlonetl), 

MDL=Methotl Detection Limit (tlgll,), D=Dctccl.ctl, Empty boscs indicate tlint the c o m p o ~ ~ n d  n n s  not detected 

Compoun tl 
1.1 .l-Trichloroethane . . 
I ,  I-Dichloropropene 
Tetrachloromethane 

Benzene 
1.2-Dicliloroetliane 

Trichloroethene 
1,2-Dichloropropane 

Dibromomethane 
Brornodichloromethane 

Toluene 
trans- l,3-Dichloropropene 

Tetrachloroetliene 







Table  6.10 
Fleltl Samples 

Volatile Organlc  Compottntls 
Sntnples Collcctetl 811711994 

Samples  Analyzctl: Blank, PI ,  1'2, P3,1'4,1'5, P6, C1, C2, C3, C4, and  T 2  
(Notes: Sample volttmc f r o m  w c l l s T l , T 4 ,  a n d  T5 was insufliclcnt fo r  volatilcs analysis, \Yell T3 is no  longer bcing sampled, Blank 

prcpnretl at  UR4aine = blank, n lank  prep:lrctl at  EIU = 1.1%1,, ND = N o t  Dctccted) 
Units: ug/L 

I I I I I I I I I I I I I 

Note: The extraction procedure used for llle semi-volatiies samplcs is exlrnction with dici~ioromctiiane. Since dichloromethane showed up in 
all samples including [lie blanks, contamination is suspected. ERI confirtiled lliat tilc snmc prep room is $lsed for volatiles and semi-volatiles. 

Pcrtincnt Rcgolatory Limits: 
Dicl~lorornetiianc: 51tgiL (MCL) 

Rcnzelic: 5 t t g L  (MCI,) 
'l'ol~lcnc: 1000 ~ tg /L  (MCL) 40ug/L (SbtCL) 

1.I.I-trici~loroc~lia~~c: 200 ug/L (MCL) 
cis-1.2-Dicltloroctlic~ie: 7 0  og/L (MCL) 

I All of the volatile compounds lountl are no lltc EPA Priority Poilulanl Target List 



Table 6.1 1 
I'icltl Snrnplcs 

Volatile Orgnnic Cotilpout~ls 
Cnllectctl 1111811994 and 11/19/1994 

Wells: P2, P3, 1'4, P5, P6, C1, C2, C3, C4,T1, T2,T4,  nntl T5 
Notes: Satnple volume froni well 1'1 was iris~tfficient for volatile organic analysis (well PI was frozen), 

Well 1'3 has 11ecn abantlonetl, ND = Not Detected 

(Notc: T l ~ c  cxlrac~ion procctlure uscd for l l~c  scmi-volalilcs saiiiplcs is cslraciion will1 dicliloro~iictlianc. ERI confirmed that thc samc prep room 
is t~sctl Tor volalilcs n n t l  scmi-volarilcs.) 

Pcrtincnt Regulatory Limits: 
Dicliloro~iic~lia~ic: 5 u g L  (MCL) 

cis- l,2-Dicliloroctlienc: 70 t i g L  (MCL) 

All of t l~c  volatilc colnpountls fountl arc on lllc EPA Priority Pollurnnr Target Lisi 



mass of the tire chips installed at each field site is approximately 60 p a .  Levels of 

dichloromethane in the found in the field samples were much higher than 60 p a .  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 drinking water standard for dichloromethane is 5 p a ,  

levels of dichloromethane in the samples varied from 2.9 pg/L to 232.9 p a .  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 samples 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,l-dichloroethane; cis-1,2-dichloroethene; 1, 1, 1-trichloroethane; benzene, 

toluene, and naphthalene. The drinking water standard for cis-1,2-dichloroethane is 70 

&L. The concentrations in the wells from within the tire chips were 16.1 pg/L, 9.2 

pg/L, and 33.4 p a  for the peat, clay, and till sites respectively. Some mobility of some 

these compounds (1,l-dichloroethane; l,l,l-trichloroethane; 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 in the laboratory (EM) blank. Only dichloromethane 

concentrations exceeded the drinking water standard. All the compounds detected are 

listed as EPA Priority Pollutants. 



Fewer compounds were found in the November samples than in the August, 1994 

samples. The compounds detected were dichloromethane, 1,l-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 results for the 

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

(Subsequent testing showed that the presence of dichloromethane was due to laboratory 
contamination, DNH, 6lW98) 

At the wells within the tire chips at the clay and till sites 1,l-dichloroethane, and 

cis-1,2-dichloroethene were found. In addition, the first downgradient well at the clay site 

contained concentrations of 1,l-dichloroethane, and 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-l,2-dichloroethene of 85.5 

pgL, 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 dichloromethane, 1,l-dichloroethane, and cis-1,2- 

dichloroethene. The downgradient mobility of dichloromethane, 1,l-dichloroethane, and 

cis-1,2-dichloroethene was examined. The relative mobility of a compound can be gauged 

by its octanol-water partition coefficient (log K,,,,). Lower octanol-water partition 

coefficients indicate that the compound is more hydrophiiic 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 & e l .  15); I, 1-dichloroethane (log .79); cis-1,2- 



Table 6.12 
Field Samples 

Volatile Organics 
Dici~lorometliane, 1.1-Dicliloroethanc, and cis-I,?- 

Dichloroetliene 
MDL=Melliod Detection Limit, ND=Kol Detected, 

NA=Not Available 
Units: u g L  

- 

w 
c 
tz - - - 
Y - - 
0 - - - ', - 
n .- - - ... - 
0.5 - - 
ND - 
ND - - 
ND - 
ND - - 
1.9 - 
7 - - 

6.9 - 
5 - - 

ND - 
ND - - 
ND - 
N A - - 
2.5 - 
h?) - - 
h?) - 
ND - - 
ND - 
ND - - 
ND - 
ND - 
ND - 
ND - 
NA - 
ND - - 
14.3 - 
19 - 
NA 
ND - - 
N A - 
ND - 

Blank-August 1994 
Blank-September 1994 

C1-August 1994 
C1-September 1994 

C2-August 1994 
C2-September 1994 

6.5 
7.0 

2.9 
36 

5.5 
585.5 



dichloroethane (log &,,,=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 &,"; 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-dichloroethane 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-l,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,l-dichloroethane; l,l,l-trichloroethane and 

cis-1.7-dichloroethene was seen at the clay site, since these compounds were not detected 

in the control 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.L2 Semivolatile Organics Results 

There were three sampling events for semivolatile organic compounds. The 

sampling was done in August 1994, November 1994, and A p d  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 



Field Samples 
Semivolatile Organics 

Samples Collected 8/17/1993 
Notes: Sample volun~e from wells C4, TI, T4, and T5 was insuflicient ibr semivolatile 

organics analysis, Well T3 was abandoned, MRLZMethod Reporting Limit (udL), 



Table 6.13 Continued 
Field Samples 

Semivolatile Organics 
Samples Collected'8/17/1994 

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

D=Detected, 
Empty boxes indicate thai the comoound was not detected 



Table 6.13 Continued 
Field Samples 

Semivolatile Organics 
Samples Collected 5/17/1994 

Notes: Sample volume from wells C4, TI, T4, and T5 was insufficient for semivolatile 
organics analysis, Well T3 was abandoned, MRL=Method Reporting Limit (udL), 



Table 6.14 
Field Sanlples 

Semivolatile Organics 
Samples Collected 11118/1994 and 1111911994 

Notes: Samples P i  a n d  T1 were broken during shipping, Well T3 was abandoned, MRL=Method 
Reporting Limit (ugL), D=Delected, 

Empty boxes indicate that the compound was not detected 

~ a t r o ~ e  I I I I I I I I I I I 
2-Nitroaniline 1 5 0  1 I 

Acenaphthylene 1 10 1 1 I 1 

Isophorone 
2-Nitrophenol 

2.4-Dimethylphenol 
aadimethylphenelhylamine 

Fluorene 10 1 1 I 
4-Chlorophenyl phenyl ether 10 I 

D~ethyl phihalare 20 I 
4-Nitromiline 50 1 1 

20  
10 
10 
10 

Dimethyl phthalate 
2.6-Du~iuotoluene 

Acenaphthene 

I I 
1 

I 

20 1 I I I I 

1 
10 1 I I 

I 

10 1 1 



Table 6.14 continued 
Field Samples 

Semivolatile Orgaoia 
Samples Collected 11/18/1994 and 11/19/1994 

Notes: Smples  P i  and T1 were broken during shipping, WeU T3 was abandoned, MRL=Method 
Reporting Limit (ugL), D=Deteckd, 

Empty boxes indicate that the compound was not detected 



Table 6.15 
Field Samples 

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

Notes: Sample volume from well T 5  was insufticient for semivolatile analysis, Well T3 mas abandoned, 
hlRL=hIethod Reporting Limit (uglL), D=Detected, 

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



Table 6.15 
Field Samples 

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

Votes: Sample volume from veil T5 was insufficient for semivolatile analysis, Well T3  war abandoned, 
MRL=Method Reporting Limit (uglL), D=Detected, 

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



Table 6.16 
Field Sa~nplcs  

Se~nivolatile Organics Detected 
Units: nglL (ppb) 

Notes: Wells C2, T2,antl P2 a rc  within tlic tire chip filled trenches, 
tvfRI,=Methotl Reporting L in~ i t  (nglL), NA=Not Applicable, ND-Not Detected, 

111 addition to the comnonntls listed below there were unknown co~nounds in some of the satnnles for the Anril samnles: C2 1 unknonfn, 
C3 5 t~nltnomns, C4 3 nnknowns, T 2  2 nnlino~vns, 1'4 2 nnltnowns, '~2 2 nnknowhs 

Con~pountl 
Aniline 
Plicnol 

;?; 
2 
.d 

030 
? 
2 
j7.6 
ND 
ND 
NE 
ND 
ND 

ND 
ND 
ND 
ND 

M R I, 
10 
10 

d 
h 
h - 
L 

5 
E 
Y 
q 
2 

20.3 
55.2 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

NDND 
NDND 



importantly, nine of tentatively identified compounds were found in the April, 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 period of several months. 

The only semivolatile organic found in the August, 1994 samples was aniline. 

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 till 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 (3 1.3 pg/L and 57.6 p a ,  respectively). Water quality standards 

have not been developed for aniline; however, the Merck Index (Budavari et a!., 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 loss, 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 April, 1995 samples. The concentrations were less 

than 55.2 p a  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 



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- 

benzothiazo1ylthio)-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; benzothiazole; and benzoic 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 &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 ftom 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. 



These semivolatile compounds do not have drinking water standards and their 

threat to human health has not been quantified. Thus, the presence of these compounds is 

a cause for concern. This warrants hrther 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 mgL. 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 

microorganisms 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 biologically 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 f?om 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 April, 1995 samples. TOC was only tested in September 1994 and April 

1995. 



Table 6.17 
BOD Results 
Units: mg/L 

Notes: *=Approximate Value 
NA=Not Available 

Date A u p s t  1994 September 1994 
m a  

Well 
C1 1 N A 
C2 1 NA 
C3 1 4 
C4 1 0 

April 1995 



Table 6.15 
COD Data 

(average of three or more values for each sample) 
Units: mg/L 

Notes: NA=Not Available 



Table 6.19 
TOC Data 
Units: mg/L 

Notes: NA=Not Available 

Date September 1994 April 1995 
TOC 1 TOC 



In comparison, typical untreated domestic wastewater, the ratio of BODICOD is 

0.4 to 0.8 and the BODITOC ratio varies from 1 to 1.6 (Metcalf and Eddy, Inc., 1991). 

The BODICOD ratio for these field samples would be much lower than that for typical 

domestic wastewater. In thus case the BODICOD 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 downgadient) 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 ability 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 m a ,  the 

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



Table 6.20 
pH and Conductivity Results 

Units: pH standard units, Conductivity umt~os/crn 
Notes: *=Data Suspect (not considered reliable), 

NA=Not Available 

Date June September November April 
1994 1994 1994 1995 

Well pH1Cond p WCond p WCond pH1Cond 



Table 6.21 
Averqe  pH Results 

Units: pH standard units 

Average of 
Samples from 

All We!ls 

6.8 

6.9 

6.5 

Site 

Clay 

Till 

Peat 

Average of 
Samples from 

Tire Chip 
Trench Wells 

6.8 

7.0 

I 

6.9 

Average 
of Control 

Well Samples 

7.0 

7.2 

6.0 

Average of 
Samples from 

All Wells Except 
Tire Chip Trench 

Wells 

6.S 

6.9 

6.1 



Table 6.22 
Alkalinity Data 

Units: mg/L zs CaC03 
Notes: NA=Not Available 

Date 

Well 
C1 
CZ 
C3 
C4 

June 
1994 
WZJ- 

50 
100 
100 
94 

April 
1995 
m a  

56 
110 
160 
120 

September 
1994 
m?L 

65 
160 
NA 
82 

Novembei 
1994 
m a  

74 
110 
190 
100 



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 April 

1995 samples were analyzed for chloride and sulfate. As seen in Table 6.23, the levels of 

chloride were all below 5 m a .  The drinking water standard for chloride is 250 m~&, 

based on taste considerations (Jackson, 1993). The tire chips did not seem to affect the 

chloride concentrations. The sulfate values were all below 20 m a ,  as seen in Table 6.23. 

Sulfate should not be present in drinking water at levels above 250 m a  due to laxative 

effects on humans (Jackson, 1993). In general, the sulfate concentrations at the tire chip 

trenches were lower than the sulfate concentrations in the control wells. Tire chips are not - 
expected to increase sulfate concentrations in groundwater. 

6.5 COMPARISON TO OTHER STUDIES 

In the MiMesota 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 

RALs were exceeded). The groundwater samples in the MiMeSota 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 limit (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 (15 ppb) or approximately equal to the 

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



Table 6.23 

Chloride and Sulfate Data 

Units: mg/L 
Notes: NA=Not Available 

Date 

Well 
C1 
CZ 
C3 

April 
1995 

CI - 

rn@ 
2.1 
1.9 
2.6 
2.2 

September 
1994 

c1- 
m-i? 
1.5 
2.9 
NA 

April 
1995 

s$- 
m$.. 

17 
5.2 
7.6 
4.9 

September 
1994 

s 4 -  
m a  
6.7 

0.95 
NA 

C4 I 1.6 9.6 



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 

leach 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 p a )  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) andList 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 concem 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 drinking 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 concem with leaching from 

tire chip installations below the groundwater table. 



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), glacial 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 downgradient of the trench. Samples were collected quarterly for one year to 

evaluate the effects of tire chips on water quality. 

The results ofthe 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 p a ) .  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 drinking water standard (50 p a ) .  Manganese migration t o  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 &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 



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 pgL). 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,l-dichloroethane; (2)-1,2- 

dichloroethene; l,l,l-trichloroethane; benzene; toluene; and naphthalene. The only 

compound that exceeded its drinking water standard (5 pgL) 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 mbber 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,l-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 p a ,  which exceeds the drinking water 

standard (70 p a ) .  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 



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 April. 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-l.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 trial 

installations. 



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) laboratory 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 laboratory 

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 



long-term effects of using tire chips as a construction material below the groundwater 

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

7.2 TOXICITY CEURACTERISTIC LEACHING PROCEDURE TESTING 

TCLP is used to determine if a waste is a significant hazard to human health due to 

leaching of toxic compounds. In addition to this fbnction, TCLP can also be used as an 

indication of potential pollutants that may leach fiom 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. Barium, cadmium, chromium, and lead were 

detected in each of the tire chip sample leachates. The concentrations of these metals 

were well below the TCLP regulatory limits for aU 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 hlly 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. 



7.2.2 Oroanics 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 pg/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 pgL. Several additional semivolatile compounds were 

detected: aniline; I-(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 is consistent with finding that they leach from tires. 

None of the organic 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, 



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 chips, 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 



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, magnesium, 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. 

7.3.2 Organics 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. This 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 TRJALS 

Three sites were chosen for the small scale field trials, one each in marine 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 



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 ft) 

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 PEA). The 

iron does not appear to have migrated downgadient at any of the sites. Manganese is also 

increased by the tire chips. The secondary drinking water standard for manganese is 50 

pg/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 pf i ) .  Chromium concentrations were increased by the 

tire chips, but only at the peat site. The levels were all below the primary drinking water 

standard for chromium (100 p a ) .  

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. 



7.4.2 Organics Results 

The volatile organic compounds detected in the field samples for both the August 

1994 and the November 1994 samples were 1,l-dichloroethane, cis-1,2-dichloroethene, 

and dichloromethane. Dichloromethane is used as a solvent in the rubber processing 

industry, making tire chips a possible source. The total theoretical dichloromethane 

concentration based on the results of the TCLP testing and knowing the mass of the tire 

chips installed at each field site is approximately 60 &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 EN) 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. EN 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 finthest 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 @L) in the till sample from within the tire chips on one sample date. 



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 concern based on the small 

scale field trials are: aniline; phenol; p-cresol; benzothiazole; 1H-isoindole-l,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 concern. 

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 

variation (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 



outside the pocket of tire chips, and other samples taken at intervals hrther kom the 

trench between the trench and the well the flirthest 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 trial 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 orsanic compounds to be artificially 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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Scrap Tire Material Safety Data Sheet 



Carba, black 1333-464 16-36 k i t a n t  

Zinc ohide 1314-U-2 0.0 Irri tant  

Petrolem hydrwarkns KD2-29-7 5 1 3  Irri tant  
C a r d w p  



W n l e s u J p r i r e  

~ Y i P E f Y W A ~  
- 2  

Nm = m t  Deteoninai WA .. Not PrpLlahLe 
(Ulbnvn) 

SEZmN Iv m A N ) E p P U m ( N 8 8 Z A R D m  

F U S 3 r n 6 H e n m  D[2imcN m. F l M u u U [ ) i T T S  

- UPPER - 
m Nm Nm Nm 

m ~ ~ A N ) S W C V U . m ~  

Any of Lhe follluirg e x t w s h h g  agents nay be used to w h e t  fires of this naterial: 
vater (dispxsd 4th fog mnles), a t m  dioxide, dry ckaical. I d m  or alcohol 
foam. Vater, d i m  vith fog mnles, my be wed to w l  fi- rmtairrrs 
ad to p m t  prersure bildirp. 

Full protective dothirg ad WIA/MOSI (Hlne Safety ad l a t h  PrhnfnistratiuUlbtiaral 
Institute for k c u p a t i d  Safety ad l a t h )  -4, pmitive p m s w e .  
s e l f - t a d  b r e e m  v n i s  skuld be used a l e  firefight&. ?hernal 
decapx i t im  by-products my preffnt a h d t h  tuzard. 

~ E P P U ) S I V e B P Z A R i l S  Kne 

~ ~ w m ~ r n m r c R m a r m r n  

Potentially c a r c k g d c  raterials (indldirg nitmsamines), carbm oxides (car& 
d d e  ad cairn dimdde). actid hms. Hd f h m b l e  hydmcarkns nay be Uberatd 
as a result of t h m d  derrngmitim or unhrstim. Avoid Lhe x d e  a d  hms that 
r d t  fmn therwl decrmpmitim or  cmtustim. 

.5ZXXrCN V ~ ~ - E f f e r r s o f  Bqaarre 

um ow, (nrrsnar, umIWHAL(Swmma7 I f 3  

No lown health effects due to acute (short term) expmxe. 

Ws tmterial antains m t w t e d  rqhthmic or -tic exterder oil. Ws 
o i l  rmld be r e l d  fmn rhe surface thm& skin m ~ a c t .  Pml@ antact  vith 
these oi l s  ks bea shmi to carc;e skin ~ncer in kboratoly s n d i s  vith 8Lirrals. 
l h t r ~ a t d  m p h w c  ad -tic oi ls  are classif id  as a c i & c  by 'LW 
( I n t e r n a t i d  Aserry for Resauch m Canoer). Pmla\geJ or rep%ltd cmtact my came 
skin i r r l t a t im or sa%sitizatim (allergic skin reactim). 



SKIN: Yast, tlwrwghly vith soap ard rater. If redd- or imitatim develops, - 
obtain sqprtive d i d  attmticn. 

lKZSU(N: Not apcted to be a pmblen. 

Potmtially carcirrogenic materials (indld* nttmsamips), G&XXI mddes (cKtm 
d d e  ard carboo dioxide), acrid fures, ard flarmable hydmcarbars m y  be liberated 
as a result of thermal dffcmparitim or cadwtim. Amid the noke ard frrres that 
result fmn rhenrril kmpxit irn or cantustim. 

SBJD[(N VIXI S P I L L , L M K , A N ) ~ ~ ( N  

S I P P S 1 0 B E ~ I N [ N y i g e I s I S S P I I I E D L R R P I E A S D  

UPSIE IEKEAk Redaim or recycle mterial i f  possible. D i s p s e  of mterial-in 
accordance vith applicable federal, state a d  l d  guidelines ard 
regulatiars. 



SKIN. k of pmtectiw gloves is remmaded. Wash tamis before eating, or - 
usiw rhi: restmcm. 

INYVAT[(N: Uder n o d  ccrditicns of use, respiratory pmtectim should m t  be 
required. 

Dnployees rho )ave pml& cmtact vith naterial s h d d  practice gmd perscral 
hyglerr by fr-t washing of hards ard anm virh soap and water. RBmve c m t d t e d  
d o -  a d  kunfer before reuse. Sm-a at tk Bd of each wrk day. 

Store irdmn in  a a d ,  d q ,  wll ventilated aw d e r  d i m t  mdit icns .  
(T~nperatures: 32-liX°F (0'-WC)). Do store in direct d i g h t .  Store a d  
dispose of naterid in acmrdance virh applicable federal, state an3 local guidelines 
a d  @ti-. 



Appendix B: 
Examples of Compounds in Classes of Rubber Chemicals 



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-amines 
c) diaryldiamines 
d) diary1 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, 

thiuramsulfides, sulfenamides, aldehydelamines, xanthates, and thiophosphates. 

Activators: 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). 



Blowing Agents: dinitro pentamethylenetetramine, azobisbutyronitrile, 

azobisformamide, benzene sulfonyi hydrazide, and para, para oxybis(benzenesulfor~yl 

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. 

Reinforrit~g 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 andlor p- 

dinitrosobenzene. Also, resorcinol-hexamethylene tetramine bonding systems. 

Solvexts: aliphatic hydorcarbons, acetone, methyl ethyl ketone, methylene 

chloride, perchloroethylene, trichloroethylene, 1.1.1-trichloroethane, benzene, toluene, 

xylene, tetrahydrofuran, and dirnethylformamide. 



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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Minnesota Pollution Control Agency Study Results 



Leach Leach Leach Leach - 

Analflc Test Tcst Tcsl Tcst 
#1 #2 #3 X4 

TABLE 4: S U W Y  OF ANALYTlCN- RESULTS FOR M E T U  TESTING OF 
OLD TIRE COMPOSITES IN UGR. OF LEACHATE 

TCT No. 144659 145005 145013 145021 
Leach Leach Leach Leach 

Analyte Test Test Test Test 
# 1 #2  #3 #4 
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TABLE 5: S U W Y  OF ANALYTICAL I E S U L T S  FOR METALS TESTWG OF 
ASPHALT LN UG/L OF LEACHATE 

TCT No. 144662 145008 145015 145024 
Leach Leach Leach Leach 

Analyte Test Tcst Test Test 
# 1 # 2 #3 #4 





new # I  

O l d  *I 

A~ph. l t  

He" $2 
O l d  #2 

Lspl,al t 

Hew 1IJ 
O l d  

a r p l m l r  

"C" ri 

O l d  :L 

Aspha1 l 

UD 

197  

"0 

C25 

187 

NO 

1354 

LOO 

nu 
3159 

9% 

1  18 

L30 

130 

153 

CQO 

2C8 

3LO 

C79 

171 

L36 

1271 

605 

317 

2257 

12 
11 '  

'550 p,b 

rS50 ppb 

6 5 3  ppb 

4 1 0  ppb 

'L30 W b  

ISVOQP f i e l d  pll 6.1 

159114 f . i e l d  p n  6.9 

159121 f i e l d  pH 6.6 

PAL 

Chronic 

& I 1  O M  c o n c m < r a t i o n r  e x p r c s c d  as n g l l  (nanograms per l i t r r l  ar 

n p l t g  (nanograms per t i l o g r m l  which i s  e w i r a l e n r  pi l rcs PW l ~ i l l i o n  

ror  sam?lcs 1 ~ ~ 6 5 6 - 1 ~ 5 0 2 ~ .  the c o n c r n r r s r i o n r  art e i p r e r r c d  in o g l t g  (nanograms per k i l o g r r m l  o f  t ire m a r e r i a l  

l h c  c w i v d l ~ n c  ~ ~ ~ ~ n t r a c i ~ n r  in ;he e r f i m r t c d  porewater r o l l n r  a r e  0.8 l imes  xhe r j l u e s  rcporird tree p a w  3:. 

Cond i t i on  el = pH 3.5 leach 
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S t a t e  Laboratory o f  H y g i e n e  
U n i v e r s i t v  of W i s c o n s i n  C e n t e r  f o r  H e a l t h  S c i e n c e s  

4 2 5  H e n r y  H a l l ,  M a d i s o n .  W I  5 3 7 0 6  
R.H. L a e s s i g ,  P h . D . ,  D i r e c t o r  S L  I n h o r n ,  H.D., H e d i c a l  D i r e c t o r  ......................................................................... 
E n v i r o n m e n t a l  S c i e n c e  Sect ion ( 6 0 8 )  2 6 2 - 3 4 5 8  DNR LAB I D  1 1 3 1 3 3 7 9 0  

Inorganic  c h e m i s t r y  ( 4 1  of 1 2  o n  0 7 / 1 8 / 8 9 )  

Id: P o i n t / W e l l / . . :  F i e l d  #: BL1  R o u t e :  0 0 0 0  
C o l l e c t i o n  D a t e :  0 5 / 1 2 / 8 9  T i m e :  00:OO C o u n t y :  0 0  ( U n k n o w n )  
From:  AFS  B U N K  ELUTION # I  
To: ~ 0 Z I A . R  

DNR S o u r c e :  O t h e r  
MADISON 

A c c o u n t  n u m b e r :  LH002  C o l l e c t e d  b y :  KOZIAR 
B l a n k  
D a t e  R e c e i v e d :  0 5 / 1 9 / 8 9  L a b s l i p  # :  1 9 0 8 6 2 7 8  R e p o r t e d :  0 7 / 0 6 / 8 9  

Comment:  P a r t i a l  report ;  RESULTS ARE PROVISIONAL AND MAY CHANGE. ....................................................... 
PH LAB 
ALKALINITY 
ARSENIC, AA FURNACE 
BARIIM, I C P  
BOD 5 DAY 

a n a l y s i s  rejected 

CALCIUM, I C P  
CHLORIDE 
CKROMIIM, AA FLTRNACE < 3  UG/L 
COD L D W  LEVEL, COLORIKETRIC <5 HG/L 
COPPER, I C P  < 2 0  UG/L 

HARDNESS. CALCULATION METHOD <6 .  HG/L 
- ,  --- 

WGNESIUM, ICP (1. HG;L 
W G A N E S E ,  I C P  < 4 0  UG/L 
NITRATE PLUS NITRITE-N DISSOLVED, L O W  W G E  0 . 1 0  HG/L 

ZINC, I C P  

--.. F o o t n o t e s  --- 
R e n a r k  (1: ACTUAL VALUE 1 . 3  



State Laboratory 01 nyqrene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Madison, HI 53706 
R.H. Laessig, Ph.0.. Director S.L. Inhorn, H.D., Hedical Director 
---------------------------------------------------------+--------------- 

Environmental Science Section (608) 262-3458 DM1 IAB ID 113133790 

Inorganic chemistry ( 8 2  of 12 on 07/18/89) 

Id: Point/Well/. . : Field 1: BL2 Route: 0000 
Collection Date: 05/12/89 Time: 00:OO County: 00 (Unlcnoun) 
From: AFS BLANK ELUTION a 2  
To: KOZIAR 

DNR Source: Other 
XADISON 

Account number: LH002 Collected by: KOZIAR 
Blank 
Date Received: 05/19/89 Labslip # :  I9086279 Reported: 07/06/89 

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

PH JAB 
ALKALINITY 
ARSENIC, AA FURNACE 
BARIUH, ICP 
BOD 5 DAY 

analysis rejected 

CALCIUH, ICP 
CHLORIDE 
CHROHIUU, AA FURNACE 
COD LOW LEVEL, COIDRIKETRIC 
MPPER, ICP 

HARDNESS, CAIXULATION KETHOD 
IRON. ICP 

NITRATE P W S  NITRITE-N DISSOLVED, LOW RANGE 
TOTAL XJELDAHL NITROGEN 

TITANIUM, ICP 
ZINC, ICP 

--- Footnotes --- 
Remark C1: ACTUAL VALUE 1.8 



S t a t e  L a b o r a t o r y  o f  Hyg iene  
U n i v e r s i t y  o f  W i s c o n s i n  C e n t e r  f o r  H e a l t h  S c i e n c e s  

465 Henry H a l l ,  H a d i s o n ,  MI 53706 
R.H. L a e s s i g ,  Ph.D., Director S.L. I n h o r n ,  H.D., H e d i c a l  D i r e c t o r  ......................................................................... 
Env i ronmen ta l  S c i e n c e  S e c t i o n  ( 6 0 8 )  262-3458 DNR y i B  ID  113133790 

I n o r g a n i c  c h e m i s t r y  ( 8 3  o f  1 2  o n  07/18/89) 

I d :  Point /Well / . . :  F i e l d  I: BL3 Route:  0000 
c o l l e c t i o n  Date:  05/12/89 Time: 00:OO County: 0 0  (Unknovn) 
from: AfS BLANK 
To: KOZIAR 

DNR s o u r c e :  O t h e r  
XADISON 

Account  number: 1.~002 c o l l e c t g d  by:' KOZIAR 
B lank  
Date  Rece ived :  05/19/89 l a b s l i p  I :  I9086280 Repo r t ed :  07/06/89 

CALCIUH, ICP 
CHWRIDE 
CHRONIUH, AA FURNACE 
COD WW LEVEL, COLORIKETRIC 
COPPER, ICP 

XARDNESS, CALCULATION KETHOD 
IRON, ICP 
LEAD, AA FURNACE 
XAGNESIUK, ICP 
XANGANESE, ICP 

NITRATE PWS NITRITE-% DISSOLVED, LOW RANGE 0.08 HG/L 
TOTAL WELDAHL NITROGEN 0.2 HG/L 
SELENIUM, AA FURNACE < 5  UG/L 
SODIUH, ICP < 1  HG/L 
SULFATE. LOW RANGE a . 0  HG/L 

TITANIUH, ICP 
ZINC, ICP 

--- f o o t n o t e s  --- 
Remark i1: ACTUAL VALUE 1.5 



S t a t e  L a b o r a t o r y  o f  Hyg iene  
U n i v e r s i t y  o f  W i s c o n s i n  C e n t e r  f o r  H e a l t h  S c i e n c e s  

465  Henry  H a l l ,  H a d i s o n ,  W I  53706 
R.H. L a e s s i y ,  Ph.D., D i r e c t o r  S.L. I n h o r n ,  X.D., H e d i c a l  D i r e c t o r  ............................................................. 
E n v i r o n m e n t a l  S c i e n c e  S e c t i o n  ( 6 0 8 )  262-3458 DNR LAB ID 113133790 

I n o r g a n i c  c h e m i s t r y  ( # 4  o f  1 2  o n  07/18/89) 

I d :  P o i n t / w e l l / .  . : F i e l d  I: EPBL Route:  0000 
C o l l e c t i o n  Date :  05/12/89 Time: 0O:OO County:  00  (Unknown) 
From: EP TOXICITY TEST BLANK WASH TIRES 
To:, KOZIAR 

D M  S o u r c e :  O t h e r  
UADISON 

A c c o u n t  number: L.HOO2 C o l l e c t e d  by: XOZIAR 
B l a n k  
D a t e  R e c e i v e d :  05/19/89 L a b s l i p  1: I 9 0 8 6 2 8 1  R e p o r t e d :  06/09/89 

Comment: P a r t i a l  r e p o r t ;  RESULTS ARE PROVISIONAL AND UAY CHANGE. 

BARIUU EP-TOXICITY TEST, ICP 
CADHIUU EP-TOXICITY TEST, ICP 
CKRONIUU EP-TOXICITY TEST, ICP 
EP-TOXICITY TEST 
LEAD EP-TOXICITY TEST, ICP 

KER-Y EP-TOXICITY TEST 



state Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Madison, WI 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Hedical Director 

Environmental Science Section (608) 262-3458 D M  LAB ID 113133790 

Inorganic chemistry (Y5 of 12 on 07/18/89) 

Id: Point/well/:. : Field 1: EP1 Route: SWOO 
Collection Date: 05/12/89 Time: 00:oo County: 00 (Unknown) 
From: EP TOX TEST WASTE TIRES 
To: KOZIAR 

DNR Source: Other 
HADISON 

Account number: SW022 Collected by: KOZIAR 
Date Received: 05/12/89 Labslip d :  I9084288 Reported: 06/09/89 

Comment: Partial report; RESULTS ARE PROVISIONAL AND HAY CHANGE. ....................................................... 
BARIUM EP-TOXICITY TEST. ICP 
CADMIUM EP-TOXICITY TEST, ICP 
CHROMIUM EP-TOXICITY TEST, ICP 
EP-TOXICITY TEST 
LEAD EP-TOXICITY TEST, ICP 

MERCURY EP-TOXICITY TEST <0.004 HG/L 

state Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Hadison, WI 53706 
R.K. Laessig, Ph.D., Director S.L. Inhorn, H.D., Hedical Director 

Environmental Science Section (608) 262-3458 DNR LAB ID 113133790 

Inorganic chemistry (116 af 12 on 07/18/89) 

Id: Point/Well/..: Field #: EP2 Route: SWOO 
Collection Date: 05/12/89 Time: 00:Oo County: 00 (Unknown) 
From: DUPLICATE EP TOX TEST ON WASTE TIRES 
To: KOZIAR 

D M  Source: Other 
HADISON 

Account number: SW022 Collected by: KOZIAR 
Date Received: 05/12/89 Labslip #: I9084289 Reported: 06/09/89 

Comment: Partial report; RESULTS ARE PROVISIONAL AND HAY CHANGE. ....................................................... 
BARIUM EP-TOXICITY TEST. ICP 

- . -  
CHROHIUH EP-TOXICITY TEST. ICP 
EP-TOXTCTTY TFST . -~  .--. 
LEAD EP-TOXICITY TEST, ICP 

WERCURY EP-TOXICITY TEST <0.004 HG/L 



State Iaboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Hadison, 1.11 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn, U.D., Hedical Director 

Environmental Science Section (608) 262-3458 DNTt LAB ID 113133790 

Inorganic chemistry (17 of 12 on 07/18/89) 

Id: Point/Well/..: Field t :  1-1 Route: SHOO 
Collection Date: 05/12/89 Time: 00:OO County: 00 (unknovn) 
From: AFS EL+lTION 1 WASTE TIRES 
To: KOZIAR 

DNR Source: Other 
HADISON 

Account number: SWO22 Collected by: KOZIAR 
Date Received: 05/12/89 Labslip 1: I9084290 Reported: 07/13/89 

Comment: Partial report: RESULTS ARE PROVISIONAL AND HAY CHANGE. ....................................................... 
PH LAB 
ALKALINITY 
ARSENIC, AA FURNACE 
BARIUU, ICP 
BOD 5 DAY 

HARDNESS, CALCULATION WETHOD 
IRON, ICP 
LEAD, AA FURNACE 
HAGNESIUM, ICP 
HANGANESE. ICP 

NITRATE P W S  NITRITE-H DISSOLVED. LOW RANGE 
TOTAL XJELDAHL NITROGEN 
SAMPLE PREP/HAND I 
SELENIUU, AA FURNACE 
SODIUM, ICP 

SULFATE, LOW RANGE 
TITANIW, ICP 
ZINC, ICP 

detected betveen 10 (LOD) and 40 (LC€!) UG/L 



State Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Madison, WI 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Medical Director ......................................................................... 
Environmental Science Section (608) 262-3458 DNR LAB ID 113133790 

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

Id: Point/Well/..: Field #: 1-2 Route: SWOO 
Collection Date: 05/12/89 Time: 00:OO County: 00 (Unknown) 
From: AFS ELUTION 2 WASTE TIRES 
To: KOZIAR 

DNR Source: Other 
MADISON 

Account number: SW022 Collected by.: KOZIAR 
Date Received: 05/12/89 Labslip t :  19084291 Reported: 07/13/89 

Comment: Partial report: RESULTS ARE PROVISIONAL AND UAY CHANGE. 

PH LAB 
ArnLINITY 
ARSENIC, AA NRNACE 
BARIUU, ICP 
BOD 5 DAY 

analysis rejected 

m 1 m .  ICP 
CHLLIRIDE 
CKROHIUU, AA NRNACE 
COD LOW LEVEL, COIDRINFTRIC 
COPPER, ICP 

NITRATE PLUS NITRITE-N DISSOLVED, IRW RANGE 0.29 HG/L 
TOTAL KJELDAHL NITROGEN 1.5 HG/L 
SAHPLE PP.EP/HAND I SA PB 
SELENIUU, AA NRNACE <5 UG/L 
SODIUU, ICP 1. HG/L 

SULFATE, LOW RANGE 
TITANIUU, ICP 
ZINC, ICP 

--- Footnotes --- 
Remark 11: TOXIC (2KL BOD61.25HL BOD18,lOOHL 80013) 



State Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Hadison, WI 53706 
R.H. Laessig,Ph.D., Director S.L. Inhorn, H.D., Hedical Director 

Environmental Science Section (608) 262-3458 D M  LAB ID 113133790 

Inorganic chemistry (19 of 12 on 07/18/89) 

Id: Point/Well/..:. Field 1: 1-3 Route: SWOO 
Collection Date: 05/12/89 Time: 00:OO County: 00 (Unknown) 
From: AFS ELUTION 3 WASTE TIRES 
To: KOZIAR 

DNR Source: Other 
KADISON 

Account number: SW022 Collected by: KOZIAR 
Date Received: 05/12/89 Labslip Y :  19084292 Reported: 07/13/89 

Comment: Partial report; RESULTS ARE PROVISIONAL AND M Y  CHANGE. 

HARDNESS, CALNLATION KETXOD 
IRON. ICP 
LEAD; AA NRNACE 
KAGNESIUM, ICP 
MANGANESE, ICP 

NITRATE PLUS NITRITE-N DISSOLVED, L O W  RANGE 
TOTAL KIIELDAHL NITROGEN 
SELENIUH, A?. FURNACE 
SODIUM. ICP 
SULFATE, Law RANGE 

TITANIUH, ICP 
ZINC, ICP 



S t a t e  L a b o r a t o r y  o f  Hyg iene  
U n i v e r s i t y  o f  W i s c o n s i n  C e n t e r  f o r  H e a l t h  S c i e n c e s  

465  Henry H a l l ,  H a d i s o n ,  W I  53706 
1.. L a e s s i g ,  Ph. D., D i r e c t o r  S.L. I n h o r n ,  H.D., l 4ed i ca l  D i r e c t o r  

; nv i ronmen ta l  S c i e n c e  S e c t i o n  (608)  262-3458 DNFt LAB ID  113133790 

I n o r g a n i c  c h e m i s t r y  ( 1 1 0  o f  1 2  o n  07/18/09) 

Id: P o i n t / w e l l / .  . : F i e l d  I: Dl Route:  SUOO 
: o l l e c t i o n  D a t e :  05/12/89 Time: 00:OO County:  00  (Unknovn) 
From: AFS DUPLICATE ELUTION 1 WASTE TIRES 
Po: KDZIAR 

D m  S o u r c e :  O t h e r  
KADISON 

kccount  number: SW022 C o l l e c t e d  by: KOZIAR 
Date R e c e i v e d :  05/12/89 L a b s l i p  II: I 9084293  Repo r t ed :  07/13/89 

Comment: P a r t i a l  r e p o r t :  RESULTS ARE PROVISIONAL AND KAY CHANGE. 

PH LAB 
ALKALINITY 
ARSENIC, AA FURNACE 
BARIUH, ICP 
BOD 5 DAY 

CALCIUH, ICP  
CHLORIDE 
CHROHIUH. AA FURNACE 
COD LOW LEVEL, COLORIMETRIC 
COPPER, ICP 

HARDNESS, CAWLATION METHOD 
IRON, ICP  
LEAD, AA FURNACE 
HAGNESIUM, ICP  
MANGRNESE, ICP  

NITRATE P W S  NITRITE-N DISSOLVED, LOW RANGE 
TOTAL KTELDAHL NITROGEN 

SULFATE, LOU RANGE 
TITANIUH, ICP  
ZINC, ICP  

'SA PB 
<5 UG/L 

4. HG/L 



s t a t e  Laboratory of H y g i e n e  
U n i v e r s i t y  o f  Wisconsin C e n t e r  for H e a l t h  Sciences 

4 6 5  H e n r y  H a l l ,  H a d i s o n .  H I  53706 
R.H. Laessig, P h . D . .  D i r e c t o r  S.L. Inhorn, H.D., H e d i c a l  D i r e c t o r  

~ n v i r o n m e n t a l  Science Section ( 6 0 8 )  2 6 2 - 3 4 5 8  DNR LAB I D  1 1 3 1 3 3 7 9 0  

I no rgan i c  c h e m i s t r y  ( 1 1 1  of 1 2  on 0 7 / 1 8 / 8 9 )  

I d :  Point/Well/..:  F ie ld  1: D2 R o u t e :  SWOO 
collection D a t e :  0 5 / 1 2 / 8 9  T i m e :  00 :OO C o u n t y : ' O O  ( U n k n o v n )  
From: A F S  DUPLICATE ELUTION 2 WASTE T I R E S  
To: KOZIAR 

DNR Source: O t h e r  
HADISON 

A c c o u n t  n u m b e r :  SWO22 C o l l e c t e d  by: KOZIAR 
D a t e  R e c e i v e d :  0 5 / 1 2 / 8 9  L a b s l i p  Y :  I 9 0 8 4 2 9 4  R e p o r t e d :  0 7 / 1 3 / 8 9  

Comment :  P a r t i a l  repor t ;  R E S U L T S  ARE PROVISIONAL AND HAY CHANGE. ....................................................... 
PH LAB 
ALKALINITY 
ARSENIC,  AA FURNACE 
BARIUH, I C P  
BOD 5 DAY 

a n a l y s i s  rejected 

CALCIUM, I C P  
CHLORIDE 
CHROKIUH, AA EURNACE 
COD I A W  LEVEL, C O I A R I K E T R I C  
COPPER, I C P  

HARDNESS, CALCULATION XETHOD 
IRON, I C P  
LEAD, AA FURNACE 
HAGNESIUH, I C P  
WANGANESE, I C P  

NITRATE PLUS N I T R I T E - N  D I S S O L V E D ,  L O W  RANGE 0 . 1 2  HG/L 
TOTAL KJELDAHL NITROGEN 1.6 HG/L 
SELENIUM, AA FURNACE < 5  UG/L 
SODIUM, I C P  1. HG/L 
SULFATE, LOW RANGE 1.1 HG/L 

T I T A N I U H ,  I C P  ND ( I A W 3  UG/L) 
Z I N C ,  I C P  2 2 .  UG/L 

detected betveen 1 0  ( I R D )  and 4 0  (LGQ) UG/L 

--- Footnotes  --- 
R e m a r k  I l :  T O X I C  ( 2 K L  B O D 5 5 , 2 5 H L  B O D 2 0 . 1 0 0 H L  BOO141 



s t a t e  L a b o r a t o r y  o f  H y g i e n e  
U n i v e r s i t y  Of  W i s c o n s i n  C e n t e r  f o r  H e a l t h  S c i e n c e s  

4 6 5  H e n r y  H a l l ,  H a d i s o n ,  W I  5 3 7 0 6  
R.H. l a e s s i g ,  Ph.D., D i r e c t o r  S.L.  I n h o r n ,  H.D., M e d i c a l  D i r e c t o r  ......................................................................... 
E n v i r o n m e n t a l  S c i e n c e  S e c t i o n  ( 6 0 8 )  2 6 2 - 3 4 5 8  D M  LAB I D  1 1 3 1 3 3 7 9 0  

I n o r g a n i c  c h e m i s t r y  ( Y 1 2  of 1 2  o n  0 7 / 1 8 / 6 9 )  

Id: P o i n t / W e l l / .  . : Fie ld  t :  03 R o u t e :  SWOO 
C o l l e c r i o n  D a t e :  0 5 / 1 2 / 8 9  T i m e :  00:OO C o u n t y :  0 0  ( U n k n o v n )  
From:  AFS DUPLICATE ELUTION 3 WASTE T I R E S  
T o :  KOZIAR 

D M  S o u r c e :  O t h e r  
HADISON 

A c c o u n t  n u m b e r :  U S 0 2 2  C o l l e c t e d  by: KOZIAR 
D a r e  R e c e i v e d :  0 5 / 1 2 / 8 9  l a b s l i p  Y :  I 9 0 8 4 2 9 5  R e p o r t e d :  0 7 / 1 3 / 8 9  

Comment:  P a r t i a l  report: RESULTS ARE PROVISIONAL AND HAY CHANGE. 

PH LAB 
ALKALINITY 
ARSENIC. AA EURNACE 
BARIUH, I C P  
BOD 5 DAY 

CALCIUM. I C P  
CHLORIDE 
CHROHIUH, AA NRNACE 
COD LAW L N E L ,  COLDRlliETRIC 
COPPER, I C P  

NITRATE PLUS HITRITE-N DISSOLVED, L O W  RANGE 0.06 HG/L 
TOTAL WELDAHL NITROGEN 1.2 HG/L 
SELENIUM, AA NRNACE <5 UG/L 
SODIUM, I C P  1. HG/L 
SULFATE, I A W  RANGE < 1 . 0  HG/L 

TITANIUH, I C P  
ZINC,  I C P  



Sta te  Laboratory of H y g i e n e  
U n i v e r s i t y  of W i s c o n s i n  C e n t e r  fo r  H e a l t h  Sciences 

4 6 5  H e n r y  H a l l ,  M a d i s o n ,  WI 53706 
R.H. Laessig, Ph.D. ,  D i r e c t o r  S .L .  Inhorn, M.D., M e d i c a l  D i r e c t o r  ................................................................................................................ 
~ n v i r o n m e n t a l  Science Sec t ion  ( 6 0 8 )  2 6 2 - 2 7 9 7  D M  LAB I D  3 1 3 1 3 3 7 9 0  

O r g a n i c  c h e m i s t r y  ( 1 1  of 17 o n  0 6 / 2 7 / 8 9 ,  u n s e e n )  

Id: P o i n t / W e l l / . . :  Field #: BL-1 R o u t e :  SWOO 
C o l l e c t i o n  D a t e :  0 5 / 1 2 / 8 9  T i m e :  00:OO C o u n t y :  00 ( U n k n o w n )  
F rom:  A F S  BLANK, ELUTION 11 
D e s c r i p t i o n :  INORGANIC SAMPLE 8 6 2 7 8  
T o :  KOZIAR 

D M ,  SW/2 
MADISON 

Source: O t h e r  
- -- 

A c c o u n t  number: SWO23  C o l l e c t e d  by: 
D a t e  R e c e i v e d :  05/19/89 L a b s l i p  Y :  0 9 0 0 3 6 3 9  R e p o r t e d :  0 6 / 2 0 / 8 9  

ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO (B&K)  FWORANTHENE 
BENZO ( A )  ANTI3RACENE 

BENZO ( G , H ,  I )  PERYLENE 
BEN20  ( A )  PYRENE 
CHRYSENE 
DIBENZO (A,  HI ANTHRACENE 
FLUORENE 

FWORANTHENE 
INDENO ( 1 . 2 . 3 - C D )  PYRENE 
NAPHTHALENE 
PHENANTKRENE 
PYRENE 

1.2-DICHLOROBENZENE 
DIMETHYL PHTHAIATE 
DIETHYL PHTHALATE 
DI-N-OCTYLPHTHALATE 
DI-N-BUTYL PHTHALATE 

01s (2-CHI*)ROETHYL) ETHER 
B I S  (2-ETHYL HEXYL) PHTHALATE 
4-CHLOROPHENYL PHENYL ETHER 



State Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Madison, HI 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Medical Director 

Environmental Science section (608) 262-2797 DNR LAB ID 113133790 

... continuing labslip 109003639, Field Y BL-1 

4-BROMOPHENYL PHENYL ETHER t2.0 UG/L 
BIS (2-CHWROETHOXY) HETHANE <2.0 UG/L 
01s (2-CHWRoIsoPRoPYL) ETHER <2.0 UG/L 
HEXACHLRROBENZENE <30. UG/L 
HEXACHWROETHANE <2.0 UG/L 

KEXACHWROBUTADIENE <2.0 UG/L 
HEXACHWROCYCLDPENTADIENE <lo. UG/L 
ISOPHORONE <2.0 UG/L 
NITROBENZENE <2.0 UG/L 
N-NITROSODIMETKYLAKINE ~2.0 UG/L 

N-NITROSODIPHENYLAHINE <2.0 UG/L 
N-NITROSODI-N-PROPYLAHINE <2.0 UG/ L 
1.2.4-TRICHWROBENZENE t2.0 UG/L 
BENZIDINE NA 
3.3-DICHWROBENZIDINE N A 

PRIORITY WLLUTANTS - BASE NEUTRAL PREP - G M S  C 



State Laboratory of Hygiene 
University of Wisconsin center for Health Sciences 

465 Henry Hall, Madison, WI 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn. H.D., Medical Director 

Environmental Science Section (608) 262-2797 DNR LAB ID 113133790 

Organic chemistry (ll2 of 17 on 06/27/89, unseen) 

Id: Point/Well/..: Field #: BL-2 Route: SWOO 
Collection Date: 05/12/89 Time: 0O:OO County: 00 (Unknown) 
From: AFS BUWK ELUTION $2 
oescription: INORGANIC SAMPLE 86279 
To: KOZIAR 

DNR SW/2 Source: Other 
MADISON 

Account number: SW023 Collected by: 
Date Received: 05/19/89 Labslip t :  09003640 Reported: 06/20/89 ....................................................... 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO (BhK) FIUORANTHENE 
BENZO (A) ANTHRACENE 

BENZO (G, H, I) PERYLENE 
BENZO (A) PYRENE 
CHRYSENE 
OIBENZO (A,H) ANTHRACENE 
FIUOREKE 

FIUORANTHENE 
INDENO (1,2,3-CD) PYRENE 
NAPHTHALENE 
PHENANTHRENE 
PYRENE 

BUTYL BENZYL PHTHALATE 
2-CHLORONAPHTHALENE 
1,2-DIPHENYLHYDRAZINE 
1.3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 

2.4-DINITROTOLUENE 
2,6-DINITROTOWENE 
BIS (2-CHLOROETHYL) ETHER 
BIS (2-ETHYL HEXYL) PHTHALATE 
4-CHLOROPHEKYL PHENYL ETHER 



s t a t e  L a b o r a t o r y  o f  H y g i e n e  
U n i v e r s i t y  of W i s c o n s i n  C e n t e r  f o r  H e a l t h  S c i e n c e s  

4 6 5  H e n r y  M a l l ,  M a d i s o n ,  W I  5 3 7 0 6  
R.H. Laessig, Ph.D.,  D i r e c t o r  S . L .  I n h o r n ,  M.D., M e d i c a l  D i r e c t o r  

~ ~ v i r o n m e n t a l  S c i e n c e  S e c t i o n  ( 6 0 8 )  2 6 2 - 2 7 9 7  DNR LAB I D  1 1 3 1 3 3 7 9 0  

... c o n t i n u i n g  L a b s l i p  # 0 9 0 0 3 6 4 0 ,  F i e l d  # BL-2 

4-BROMOPHENYL PHENYL ETHER 
axs (2-CHLOROETHOXY) METHANE 
~ 1 s  (2-CHLOROISOPROPYL) ETHER 
HEXACHLOROBENZENE 
HEXACHLOROETHRNE 

nEXACHLOROBmADIENE 
HEXACHLOROCY CLOPENTADIENE 
ISOPHORONE 
NITROBENZENE 
N-NITROSODIMETHYLAMINE 

PRIORITY POLLUTANTS - BASE NEUTRAL PREP - GCMS C 



State Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Madison. WI 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn, X.D., Medical Director 

Environmental Science Section (608) 262-2797 DNR LAB ID 113133790 

Organic chemistry (13 of 17 on 06/27/89, unseen) 

Id: Point/Well/. . : Field I: 1-1 Route: SWOO 
collection Date: 05/12/89 Time: 00:OO County: 00 (unknown) 
From: AFS - ELUTION 1 
Description: WASTE TIRES - INORGANIC SAHPLE 84290 
To: PAUL KOZIAR 

DNR SW/2 Source: Other 
HADISON 

Account number: SW023 Collected by: KOZIAR 
Date Received: 05/17/89 Labslip il: 09003580 Reported: 06/20/89 ....................................................... 
ACENAPHTHENX 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO (BLK) FLUORANTHENE 
BENZO (A) ANTKRACENE 

BENZO (G,H, I) PERYLENE 
BENZO (A) PYRENE 
CHRYSENE 
OIBENZO (A,H) ANTHRACENE 
FIUORENE 

BUTYL BENZYL PHTHALATE E2.0 UG/L 
2-CHLORONAPHTHALENE C2.0 UG/L 
1,2-DIPHENYLHYDRAZINE C2.0 UG/L 
1.3-DICHWROBENZENE . (2.0 UG/L 
1.4-DICHL3ROBENZENE C20. UG/L 

2,4-DINITROTOLUENE 
2.6-DINITROTOLUENE 
BIS (2-CHLOROETHYL) ETHER 
BIS (2-ETHYL HEXYL) PHTHALATE 
4-CHLOROPHENYL PHENYL ETHER 



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, H.D., Xedical Director 

~nvironmental Science Section (608) 262-2797 DNR LAB ID 113133790 

... continuing Labslip 1 09003580, Field $ 1-1 

4-BROMOPHENYL PHENYL ETHER 
BIS (2-CHLOROETHOXY) KETfIANE 
01s (2-CHLOROISOPROPYL) ETHER 
BEXACHWROBENZENE 
BEXACHLOROETHANE 

KEXACHIRROBUTAOIENE 
HEXACHLOROCYCLOPENTADIENE 
ISOPHORONE 
NITROBENZENE 
N-NITROSODIMETHYLAMINE 

N-NITROSODIPKENYLAMINE 
N-NITROSODI-N-PROPYLAMINE 
l,2,4-TRICHLOROBENZENE 
BENZIDINE 
3.3-DICHLOROBENZIDINE 

PRIORITY POLLUTANTS - BASE NEUTRAL PREP 



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, H.D., Medical Director ......................................................................... 
~nvironmental Science Section (608) 262-2797 DNR LhB ID 113133790 

Organic chemistry ( # 4  of 17 on 06/27/89, unseen) 

Id: Point/Well/..: Field # :  5-1 Route: SWOO 
collection Date: 05/12/89 Time: 00:OO County: 00 (Unknown) 
From: AFS DUP EUJTION 1 
Description: WASTE TIRES - INORGANIC SRnPLE 84293 
To: PAUL KOZIAR 

DNR SW/2 Source: Other 
MADISON 

Account number: SWO23 Collected by: XOZIAR 
Date Received: 05/17/89 labslip Y :  09003581 Reported: 06/20/89 ....................................................... 
ACENAPHTHENE 
ACENAPrnYLENE 
ANTHRACENE 
BEN20 (BIZX) FLUOPANTHENE 
BENZO (A) ANTHRACENE 

BENZD (G.H. I) PERYLENE 
BENZO (A) PYRENE 
CHRYSENE 
OIBEHZO (A,H) ANTHRACEXE 
FLUORENE 

FLUORANTHENE 
INDENO (1.2.3-CD) PYRENE 
NAPHTHALENE 
PHENANTHRENE 
PYRENE 

BLTTYL BENZYL PHTHALATE 
2-CHWRONAPHTHALENE 
1,2-DIPHENYLHYDRAZINE 
1,3-DICHIAROBENZENE 
1,4-DICHlrDROBENZEKE 

2,4-DINITROTOLUENE 
2,6-DINITROTOWENE 
BIS (2-CHUJROETHYL) ETHER 
BIS (2-ETHYL HEXYL) PHTHALATE 
4-CHWROPHENYL PHENYL ETHER 



S t a t e  Iabora tory  o f  H y g i e n e  
U n i v e r s i t y  Of W i s c o n s i n  C e n t e r  fo r  H e a l t h  Sciences 

4 6 5  H e n r y  M a l l .  M a d i s o n ,  WI 53706 
R.H. L a e s s i g ,  Ph .D . ,  D i r e c t o r  S . L .  Inhorn, M.D., M e d i c a l  D i r e c t o r  

E n v i r o n m e n t a l  S c i e n c e  Sec t ion  ( 6 0 8 )  2 6 2 - 2 7 9 7  DNR IJLB I D  1 1 3 1 3 3 7 9 0  

organic  c h e m i s t r y  (15 of 1 7  on 0 6 / 2 7 / 8 9 ,  u n s e e n )  

I d :  P o i n t / W e l l / . . :  Field 1 :  D-2 R o u t e :  SHOO 
C o l l e c t i o n  D a t e :  0 5 / 1 2 / 8 9  T i m e :  0 O : O O  C o u n t y :  0 0  ( U n k n o w n )  
F r o m :  A F S  DUP ELUTION 2 
D e s c r i p t i o n :  WASTE T I R E  - I N O R G A N I C  SAMPLE 8 4 2 9 4  
To:  PAUL KOZIAR 

DNR SW/2 Source: O t h e r  
HADISON 

A c c o u n t  number: S W 0 2 3  C o l l e c t e d  by: KOZIAR 
D a t e  R e c e i v e d :  05/19/89 Labslip 1: 0 9 0 0 3 6 4 1  R e p o r t e d :  0 6 / 2 0 / 8 9  ....................................................... 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO ( B h K )  FIUORANTHENE 
BEt rzo  ( A )  ANTHRACENE 

BENZO (G.H. I )  PERYLENE 
BENZO ( A )  PYRENE 
CHRYSENE 
DIBENZO ( A , H )  ANTHRACENE 
FLUORENE 

PYRENE 

BUTYL BENZYL PHTHALATE 
2-CHWRONAPHTHALENE 
1 , 2 - D I P H E N Y H Y D R A Z I K E  
1 ,3 -DICHWROBENZENE 
1 .4 -DICHWROBENZENE 

2 , 4 - D I N I T R O T O W E N E  
2 . 6 - D I N I T R O T O W E N E  
B I S  (2-CHWROETHYL) ETHER 
B I S  (2-ETHYL HEXYL) PHTHALATE 
4-CHWROPHENYL PHENYL ETHER 



S t a t e  L a b o r a t o r y  o f  H y g i e n e  
U n i v e r s i t y  of W i s c o n s i n  C e n t e r  f o r  H e a l t h  S c i e n c e s  

465 H e n r y  M a l l ,  M a d i s o n ,  WI 5 3 7 0 6  
R.H. laessig. P h . D . ,  D i r e c t o r  S L  Inhorn, H.D., M e d i c a l  D i r e c t o r  

~ n v i r o n m e n t a l  Science Section ( 6 0 8 )  2 6 2 - 2 7 9 7  DNR LAB I D  1 1 3 1 3 3 7 9 0  

... c o n t i n u i n g  L a b s l i p  if 0 9 0 0 3 6 4 1 ,  F i e l d  # D-2 

4-BROMOPHENYL PHENYL ETHER < 2 . 0  UG/L 
61s (2-CHWROETHOXY) KETHANE C 2 . 0  UG/L  
s1s (2-CHWROISOPROPYL)  ETHER c 2 . 0  UG/L 
MXACHLOROBENZENE c 3 0 .  UG/L  
HEXACHLOROETHANE C 2 . 0  UG/L 

N-NITROSODIPHENYLAMINE 
N-NITHOSODI-N-PROPYIAHINE 
1 . 2 . 4 - T R I C H W R O B E I I Z E N E  

P R I O R I T Y  W L L U T A N T S  - EASE NEUTRAL P R E P  - G M S  C 



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, W.D., Medical Director ......................................................................... 
Environmental Science Section (608) 262-2797 DNR LAB ID 113133790 

organic chemistry (116 of 17 on 06/27/89, unseen) 

Id: Point/Well/..: Field 1: 1-2 Route: SWOO 
Collection Date: 05/12/89 Time: 00:OO County: 00 (Unknown) 
From: AFS ELUTION 2 
Description: WASTE TIRES INORGANIC SAMPLE 84291 
To: PAUL KOZIAR 

DNR, SW/2 Source: Other 
rnDISON 

Account number: SW023 Collected by: KoZIAR 
Date Received: 05/19/89 Labslip # :  09003642 Reported: 06/20/89 

ACENAPHTHENE 
ACENAPHTHYLENE 
ANTKPACENE 
BENZO (BhK) FLUORANTHENE 
BENZO (A) ANTHRACENE 

BENZO (G,H,I) PERYLENE 
BENZO (A) PYRENE 
CHRYSENE 
DIBENZO (A,H) ANTHRACENE 
FLUORENE 

FLUORANTHENE 

BUTYL BENZYL PHTHALATE 
2 -CHWRONAPHTHALENE 
1.2-DIPHENYHYDRAZINE 

1.2-DICHLQROBENZENE 
DIMETHYL PHTHALATE 
DIETHYL PHTHALATE 
DI-N-OCTYLPHTHALATE 
DI-N-BUTYL PHTHALATE 

. - - -. . . - - 
2,s-DINITROTOWENE 
BIS (2-CHIDROETHYL) ETHER 
BIS (2-ETHYL HEXYL) PHTHALATE 
4-CHLOROPHENYL PHENYL ETHER 



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 ...................................................................... 
~~vironmental Science Section (608) 262-2797 DNR LAB ID 113133790 

... continuing Labslip 1 09003642, field t 1-2 

4-BROMOPHENYL PHENYL ETHER 
ers (~-CMLOR~ET~OXY) KETHANE 
BIS (2-CMLOROISOPROPYL) ETHER 
HEXACRIAROBENZENE 
HEXACHXDROETHANE 

HEXACHIDROBUTADIENE 
HEXACHLQROCYCLOPENTADIENE 
ISOPHORONE 
NITROBENZENE 
N-NITROSODIKETHYLAMINE 

PRIORITY POLLUTANTS - BASE NEUTRAL PREP - G M S  C 



S t a t e  L a b o r a t c r y  o f  H y g i e n e  
U n i v e r s i t y  o f  Wisconsin C e n t e r  for  H e a l t h  Sciences 

4 6 5  H e n r y  H a l l ,  H a d i s o n ,  WI 5 3 7 0 6  
R.H. Laessig, P h . D . ,  D i r e c t o r  S . L .  Inhorn,  M.D., M e d i c a l  D i r e c t o r  ......................................................................... 
~ n v i r o n m e n t a l  Science Sect ion ( 6 0 8 )  2 6 2 - 2 7 9 7  DNR LAB I D  1 1 3 1 3 3 7 9 0  

organic c h e m i s t r y  (117 of 1 7  o n  0 6 / 2 7 / 8 9 ,  u n s e e n )  

Id: P o i n t / H e l l / . . :  F i e ld  1: BL-3 R o u t e :  SWOO 
C o l l e c t i o n  D a t e :  0 5 / 1 2 / 8 9  T i m e :  0 0 : O O  C o u n t y :  DO ( U n k n o w n )  
F r o m :  A F S  BLANK ELUTION 1 3  
D e s c r i p t i o n :  INORGANIC SAHPLE 8 6 2 8 0  
To :  KOZIAR 

DNR, SW/2 S o u r c e :  O t h e r  
MADISON 

A c c o u n t  n u m b e r :  SW023  C o l l e c t e d  by: KOZIAR 
D a t e  R e c e i v e d :  0 5 / 2 5 / 8 9  Labs l i p  4 :  0 9 0 0 3 6 9 3  R e p o r t e d :  0 6 / 2 0 / 8 9  ....................................................... 
ACE NAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO ( B 6 K )  FLUORANTHENE 
BENZO ( A )  ANTKRACENE 

BEN20  ( G . H . 1 )  PERYLENE 
BENZO ( A )  PYRENE 
CKRYSENE 
D I B E N Z O ( A , H I  ANTKRACENE 
FLUORENE 

BUTYL BENZYL PHTHALATE 
2-CHLDRONAPHTHALENE 
1,2-DIPHENYLHYDRAZINE 
1.3-DICHWROBENZENE 
1,4-DICHLOROBENZENE 

1 ,2 -DICHWROBENZENE 
DIHETHYL PHTHALATE 
DIETHYL PHTHALATE 
DI-N-OCTYLPHTHALATE 
DI-N-BUTYL PHTHALATE 



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, n.D., nedical Director 
-------------------------------------------------*----------------------- 

Environmental Science Section (608) 262-2797 DKR LAB ID 113133790 

. . . continuing Labsl'ip # 09003693, Field : BL-3 

4-BROMOPHENYL PHENYL ETHER 
BIS (2-CHLOROETHOXY) HETHANE 
BIS (2-CHLOROISOPROPYL) ETHER 
HEXACHWROBENZENE 
HEXACHLOROETHANE 

HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPEt~TADIENE 
ISOPHORONE 
NITROBENZENE 
H-NITROSODIKETHYWIINE 

PRIORITY WLWTANTS - BASE NEUTRAL PREP - G a s  C 



State Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Hadison, WI 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Hedical Director ......................................................................... 
Environmental science Section (608) 262-2797 DNR LAB ID 113133790 

Organic chemistry (118 of 17 on 06/27/89, unseen) 

Id: Point/Well/..: Field 8 :  Route: SWOO 
Collection Date: 05/12/89 Time: 0O:OO County: 00 (Unknovn) 
From: AFS ELUTION 3 
Description: WASTE TIRES - INORGANIC SAHPLE 84292 
To: PAUL XOZIAR 

D ,  SW/2 Source: Other 
HADISON 

Account number: SW023 Collected by: KOZIAR 
Date Received: 05/25/89 Labslip 9:  09003694 Reported: 06120189 

BENZO (G,H, I) PERYLENE 
BENZO (A)  PYRENE 
CHRYSENE 
DIBENZD (A,H) ANTHRACENE 
FLUDREKE 

FLUORANTHENE 
INDENO (1,2,3-CD) PYRENE 
NAPHTHALENE 
PHENANTHXENE 
PYRENE 

BUTYL BENZYL PHTHALATE 
2-CHLORONAPHTHALENE 

1.2-DICHLRROBENZENE 
DIXETHYL PHTHALATE 
DIETHYL PHTHALATE 
DI-N-OCTYLPHTHALATE 
DI-N-BUTYL PHTHALATE 

2,4-DINITROTOWENE 
2.6-DINITROTOLUENE 
BIS (2-CHWROETHYL) ETHER 
01s (2-ETHYL HEXYL) PKPKRLATE 
4-CHWROPHENYL PHENYL ETHER 



state Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Mall, Madison, WI 53706 
R.H. Iaessig, ph.D., Director S.L. Inhorn, M.D., Medical Director 

Environmental Science Section (608) 262-2797 DNR LAB ID 113133790 

... continuing Labslip $ 09003694 

4-BROMOPHENYL PHENYL E'MER 
BIS (2-CHIAROETHOXY I METHANE 
BIS 12-CHLOROISOPROPYL) ETHER 

HEUCHLOROBUTADIENE 
HEXACHLOROCYCWPENTADIENE 
ISDPHORONE 
NITROBENZENE 
N-NITROSODIMETHYLAMINE 

N-NITROSODIPHEt~LAMINE 
N-NITROSODI-N-PROPYLAMINE 
1,2,4-TRICHLOROBENZENE 
BENZIDINE 
3,3-DICHLOROBENZIDINE 

PRIORITY POLLUTANTS - BASE NEUTRAL PREP G M S  C 



S t a t e  L a b o r a t o r y  o f  H y g i e n e  
U n i v e r s i t y  o f  W i s c o n s i n  C e n t e r  for H e a l t h  S c i e n c e s  

4 6 5  H e n r y  H a l l ,  M a d i s o n ,  H I  5 3 7 0 6  
R.H. Laessig,  P h . 0 . .  D i r e c t o r  S . L .  Inhorn. H.D., M e d i c a l  D i r e c t o r  

-- 
E n v i r o n m e n t a l  Science S e c t i o n  ( 6 0 8 )  2 6 2 - 2 7 9 7  DNR LAB I D  1 1 3 1 3 3 7 9 0  

O r g a n i c  c h e m i s t r y  ( $ 9  of 1 7  o n  0 6 / 2 7 / 8 9 ,  u n s e e n )  

Id :  P o i n t / W e l l / . . :  F i e l d  1 :  D-3 R o u t e :  S W 0 0  
C o l l e c t i o n  D a t e :  0 5 / 1 2 / 8 9  T i m e :  00:OO C o u n t y :  0 0  ( U n k n o w n )  
F r o m :  A F S  DUPLICATE t 3  
D e s c r i p t i o n :  WASTE T I R E S  INORGANIC SAMPLE 8 4 2 9 5  
To: P A U L  K O Z I A R  

DNR, SW/2 S o u r c e :  O t h e r  
HADISON 

A c c o u n t  n u m b e r :  S W 0 2 3  C o l l e c t e d  by: KOZIAR 
D a t e  R e c e i v e d :  0 5 / 2 5 / 8 9  Labs l i p  3 :  0 9 0 0 3 6 9 5  R e p o r t e d :  0 6 / 2 0 / 8 9  ....................................................... 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO ( B h K )  FWORANTHENE 
BENZO ( A )  ANTHRRCENE 

BENZO ( G ,  H ,  I )  PERYLENE 
BENZO ( A )  PYRENE 
CHRYSENE 
DIBENZO ( A ,  H) ANTHRACENE 
FLUORENE 

FLUORANTHENE 
INDENO ( 1 , 2 , 3 - C D )  PYRENE 
NAPHTHALENE 
PHEN A N T m N E  
P Y R f  NE 

BUTYL BENZYL PHTHALATE 
2-CHWRONAPHTHALENE 

1.2-DICHIIDROBENZENE 
DIEiETHYL PHTKALATE 
D I E T H Y L  PHTHALATE 
DI-N-OCTYLPHTHALATE 
DI-N-BUTYL PHTHALATE 



state Laboratory of Hygiene 
University of Wisconsin Center for Health Sciences 

465 Henry Hall, Madison, UI 53706 
R.H. Laessig, Ph.D., Director S.L. Inhorn, H.D., Medical Director ......................................................................... 
~nvironmental Science Section (608) 26272797 DNR LAB ID 113133790 

... continuing Iabslip 1 09003695, Field I D-3 

4-BROHOPHENYL PHENYL ETKER 
nrs (2-CHWROETHOXY\ HETHANE --- .- ~ 

BIs (2-CtiLaROISOPROPYL) ETHER 
IIEXACHLOROBEIIZENE 
IIEXACHLOROETHANE 

BENZIDINE 
3,3-DICHWROBENZIDINE 

PRIORITY POLLUTANTS - BASE NEUTRAL PREP - G M S  C 



Appendix E: 
Scrap Tire Management Council Study Results 



The list of TCLP compounds not found in the uncured samples was 

substantial and included: 

Silver 
Mercury 

TCLP Listed Chemicals Not Found In 
Uncured Samples 

Hetals 
Cadmium 

Volatile Orqanics 
Acrylonitrile Benzene 
Carbon Tetrachloride Chlorobenzene 
Chloroform 1,2-Dichloroethane 
1,l-Dicholorethene Isobutanol 
Methylene Chloride 1,1,1,2-Tetrachloroethane 
Tetrachloroethylene l,l,l-Trichloroethane 
1,1,2-Trichloroethane Trichloroethylene - 
Vinyl Chloride 

Semivolatile Orqanics 
~is(2-chloroethy1)ether o,m,p-Cresols 
l,2-Dichlorobenzene 
2,4-Dinitrotoluene 
Hexachlorobutadiene 
Nitrobenzene 
Pyridine 
2,4,6-Trichlorophenol 

114-bichlorobenzene 
Eexachlcrobenzene 
Hexachloroethane 
Pentachlorophenol 
2,3,4,6-Tetrachlorophenol 
2,4,5-Trichlorophenol 

* 
Not detected at or above method detection limits 

silver 

TCLP Listed Chemicals Not Detected In 
Unground Samples* 

Metals 
Cadmium 

semivolatile Orqanics 
Bis(2-chloroethy1)ether o,m,p-Cresols 
1,2-Dichlorobenzene 1,4-Dichlorobenzene 
2,4-Dinitrotoluene Eexachlorobenzene 
Hexachlorobutadiene Hexachloroethane 
Nitrobenzene Pentachlorophenol 
Pyridine 2,3,4,6-Tetrachlorophenol 
2,4,6-~richlorophenol 2.4.5-~richlorophenol 

Not detected at or above method detection limits 



TCLP Listed Chemicals Not Detected* In 
Cured Samples, Cont. 

semivolatile Orsanics 

Bis (2-chloroethyl) ether 
1,2-Dichlorobenzene 
2,4--Dinitrotoluene 
Eexachlorobutadiene 
Nitrobenzene 
Pyridine 
2,4,6-Trichlorophenol 

0,m.p-Cresols 
l,4-Dichlorobenzene 
Hexachlorobenzene 
Hexachloroethane 
Pentachlorophenol 
2,3,4,6-Tetrachloropheno; 
2,4,5-Trichlorophenol 

L 
Not detected at or above method detection limits 

TCLP Listed Chemicals Not Detected* In 
Cured Samples 

Metals 
silver 

Volatile Orsanics 
Acrylonitrile 1,2--Dichloroethane 
Benzene 1,l-Dicholorethene 
Carbon Tetrachloride Isobutanol 
Chlorobenzene Methylene Chloride 
Chloroform 1,1,1,2-~etrachloroethane 
1,1,2,2-Tetrachloroethane Tetrachloroethylene 
1,1,1- richl lo roe thane 1,1,2-Trichloroethane 
Trichloroethylene Vinyl Chloride 

Semivolatiles 

This list continues following Table 1. 

Not detected at or above method detection limits 



TABLE 1 
MDL - MolhDd D ~ l o l l l a n  Llmils 

SEMI- 
VOLATILES VOLATILES METALS 

I 1 I I  1 

MDL 0 006 0 I 0 006 001 0001  (101 0006 001 0002 00002 0 OW 
. . .  . ~ .  

ko~"1alon: ' .  : , )  14.4 7.2 14.4 14.4 6 $00 I 6 6 0.2 I 
Low1 :" "." 

TIRE PRODUCTS 

, . 
: , , :.,::.; . . . ... 0.046 0.680 ' 0.025 0.002 

) :i . , .. . ._  . . . , , . .  , &. .,;::: : . :: . . 0.020 0.021 0.047 0.018 
ROOFINO PRODUCTS 

B d '  . . . . o,,w ... . 0,007 0.045 ' 0.014 
BELTSIHOSE 

0 . . ., .. . 0.620 0.038 1.30 0.500 ' 0.005 I 

' . .  ::; ; : .''.i . . . 0.780 0.210 0.004 0.007 On12 . O.OOE . 0.003 0.003 
MOLDED PRODUCTS 

4 , ' ' . :  0.001 0.018 0.030 0.030 I 
PRINTINQ ROLLS 

(150 . . . 2.00 7.00 0.018 0.008 1 



MDL - METHOD DETECTION LIMIT 
a - TCLPIculsdl 
b - ICLPluncursd) 

SEMI- 
VOLATLES 

I ri" METALS 

[ 'cslbon ~ d h y l E l h f l  1.1.1-Td 
I 

1.1.2:2-T*~ Phonol A w d c  Bwlum Chromium Load Marsury Sabolum 
DI.ullido K*leno Chloloalhana Chlo,wlh6nl Taluonr 

M D L :  ',: 0.005 0. I 0.005 0.005 0005 0.01 0.001 0.03 0.01 0.002 0.0002 0.002 
. . .  . . 

. . .  . & ,.., .." .,: . . 0.lW 0.040 0.570 0.0004 . . 
6': , , : ;  0.120 0.050 0.002 0.038 0.025 0.005 

ROOFINO 

8.: ,.. . . O.lO0 0.007 0.045 0.014 eb'. , . , . :  
0.010 0000 0.017 0.004 0.004 0.010 0.000 

BELTSIHOSES 

06: '. . 0.520 0.030 $ 2 0  0.5W 0.005 
m ' .  , :  0.080 0.tW 0.088 0.001 0.OW 0.015 1 

MOLDED P n o o u m s  

I3a , .. .. 0.035 < ' 0.003 0.031 0.000 
13s . . . : 0.~00 0.022 0.005 0.047 0 . 0 ~ ~  0.010 0.003 

SEALANTS 

4 , i < . 0.00A 0.0111 0.030 0.038 I 
: .. . . . 
lab . i i 0.012 0.002 0.030 I 

PRINTIN0 ROLLS 

15s -', . , . :  2.00 7.0 0.010 0.008 
titi.:,.: ' . :  i r.20 2,s 0.017 0.012 0,001 0.000 0.032 



TABLE 3 

I------' 
TCLP PROTOCOL TEST MDL - Melhod Delaclion Llmll 
A COMPARISON OF GROUND AND UNGROUND SAMPLE a - TCLP (cured) 

c = TCLP(unground. cured) 

SEMI- 

METALS 

I 
Arsenic Barium Chromium Load Mercury Selonlum 

,....: . . :  : . .  >. .+. <......$..<$ ... .... 
..:::::. .:: .;:ii: ::.El:;::..::i 0.045 . 0.014 

8;:;';:$;x;;..;.;:;;:;?,<;;!;<; - 0.540 0.010 . . . . . . . . . . .  0.OOQ 
BELTSIHOSES . 

. . ;  1.30 0.580 0.005 
. :.. .:. :.:: ........ >.!. ...... ?..'{ 9C:: ... : :  ...:..... h . . .  ............. .... .<............ ....... : ....... 0.580 0.088 . . . . . . . . . . . . . . .  

MOLDED PRODUCTS 
ls::..... : ': ................. ..:~.s :.... >... .................. z:.: : >: ,:$,: a,:. .,: 0.003 0.018 ...: .... ....... 0.008 ............. :: ............ ,G.:!:::&F...:: ............. : . ..:: ...... ................... 0.004 0.031 0.008 0.003 

SEALANTS , 3*.;.;,>:;;~>.:::i::::;.::$: .:::;< . 
:: :/.:::: :.:: 0.004 0.018 0.030 ........... . 0,038 ,4&;;;:;;.;;!~;:;;;,;i.:;; . 0.530 

PRINTING ROLLS 
>..... ............ ::: ............ :::.:::i:: .,;:...... ...... . 0.008 ............................... i.&., ............................. 
, ..:.,. ...................... . 0.800 ........................... I 

Thooo compounds ware no1 dalsclsd or wora doloclod below melhuf detecllon llrnlla 



TABLE 4 

MDL - METHOD DETECTION LIMIT 
a - TCLP (cured) 
d - EP Tox (cured) 

e - EP Tox (uncured) METALS 

~~~,~ln::;3~:;.:3:.>:..:~:;:::~ 
I 

...................... Arsenic Barium Chromium Lssd Mercury Selenium 
I 

These compounds were not detected or dotected below method detociion limits. 



Appendix F: 
Virginia Department of Transportation Final Report on Leachable Metals in Scrap 

Tires Results 



TABLE II--metals leached at pli 4 

A v q  PK 

1 hour 

2 days 

1 week 

2 weeks 4.44 

lmonth 4.45 

2 months 4.67 

6 months 4.55 

1 year 

nd = not determined 



TABLE I1 (continued)--metals leached at pit 4 

nd = not determined 



TABLE 111 (continued)--metals leached at pli 7 

TAeLE IV--metals leached at plf 8 

1 month 



T m L E  IV (continued)--metals leached at pti 8 

nd = not determined 
* Cu analysis by flame 



TABLE V 

TCLP Metals 

Conc. in tires, UqlKg 

4.4 

7.9 

55.6 

€2.8 

113 

420 

235 

171 

Conc. in tires,mq/Kq 

341 

3 o 
0.307 

2.84 - 

- 
Element 

Cd 

Cr 

Pb 

Aq 

- Ni 

A1 

CU 

sn 

Fe 

Zn 

Kg 

C3 - 

Conc. in extract,ppb 

1.55 

2.8 

19.6 

C1.0 

39.7 

148 

8 3 

<25 

Conc. in extract,ppm 

120 

10.6 

0.108 

1.00 



Appendix G: 
Illinois Department of Energy and Natural Resources Study Results 



. . 

DTC Laboratories, Inc. 

A N A L Y T I C A L  R E P O R T  

CLIENT: 11. D e p a r t m e n t  o f  E n e r g y  6 N a t u r a l  R e s o u r c e s  
DATE RECEIVED: 3-20-90 
SAMPLE DESCRIPTION: S h r e d d e d  T i r e s  
LOG NO.: 4801-90 
REPORT DATE: 4801-90 

P h e n o l  
EP TOX A r s e n i c  
EP TOX' B a r i u m  
EP TOX Cadmium 
EP TOX Chrcmium 
EP TOX Chromium,  
EP TOX L e a d  
EP TOX M e r c u r v  
EP TOX ~ e l e n i i m  
EP TOX S i l v e r  
EP TOX Z i n c  
A r s e n i c .  T o t a l  
B a r i u m ,  T o t a l  
Cadmium. T o t a l  
Chromium,  T o t a l  
L e a d .  T o t a l  
M e r c u r y .  T o t a l  
S e l e n i u m .  T o t a l  
S i l v e r .  T o t a l  
Z i n c ,  T o t a l  
I r o n .  T o t a l  
EP TOX I r o n  

H e x a v a l e n t  

RESULT 

G e r a l d  0. Mack 
C h i e '  S c i e n t i s t  



A N A L Y T I C A L  R E P O R T  

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 

Compound Name Detection Limit Result 
lMethod 8240) uslka (PPMI us/k~ (PPBI 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Acetone 
Carbon Disulfide 
1.1-Dichloroethene 
l,l-Dichloroethane 
trans-1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1.1.1-Trichlorethane 
Carbon Tetrachloride 
vinyl Acetate 
Bromodichloromethane 

Trichloroethene 
nibrornochloromethane 
1.1.2- richl lo roe thane . . 
Benzene 
cis-1.3-Dichloropropene 
2-Chlorethyl Vinyl Ether 
BrOmOf o m  
2-Hexane 
4- ethyl 1-2-pentanone 

A N A L Y T I C A L  R E P O R T  
(Continued) 

Client: Illinois Department of Energy 6 Natural Resources 
Date Received: 3-20-90 
Sample Description: Shredded Tires 
Log Number: 4801-90 
Report Date: 04-23-90 

Compound Name Detection Limit Result 
pfethod 8240) Uulks (PPMI uo/ko fPPBL 

Toluene 
Chlorobenezene 
Ethyl Benzene 
Styrene 
Total Xylenes 

Gerald 0. Hack 
Chief Scientist 



Appendix H: 
Tire Pond Sampling Data 



Hamden Tire Pond May 12,1987 

Page 2 

Sample Type: ,&later 
Collected By: E.C Labs 
Date Received: 5/12/87 

Client I.D.: 
Sample No. : 

Parameter 

Groundua ter Level (Feet) 

pH (Units) 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Ammonia - N 
~ i t i a t e  - N 
Nitrite -N 
Total Organic Nitrogen 
Sulfate 
Organic Sulfer 
Chemical Oxygen Demand 
Cadmium 
Copper 
Nickel 
Iron 
Zinc 

Endrin 
Lindame 
I'lethorychlor 
Toxaphene 
2. 4-D 
2.4,s-TP Silvex 

Pond 
EC-3984 

8.49 
2.730 
1.592 
0.59 
(0.50 
(0.01 
<1.00 
17.0 
<l.OO 

<10.00 
<0.001 
<O.Ol 
<0,005 
0,;tb. 
0.03 

(0.02 
(0.40 
<lO.O 
(0.50 
(10.0 
<1.00 



Client X.D.: 
Sample No.: 

Parameter 

Hethod 6010 - Halogenated 
Volatile Organics 

Benzyl chloride 
Bis (2-chloroethoxylmethane 
Bis (2-chloroisopropyl lether 
Bromobenzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chloracetaldehyde 
Chloral. 
Chloroethane 
Chloroform 
I-Chlorohexane 
2-Chloroethyl vinyl ether 
Chloromethane 
Chloromethyf methyl ether 
Chlorotoluene 
Dibromochloromethane 
Dibromomethane 
Dichlorodifluoromethane 
1.1-Dichloroethane 
1.2-Dichloroethane 
1.1-Dichloroethylene 
trans-1.2-0ichloroethylene 
Dichloromethane 
1.2-Dichloropropane 
1.3-Dichlorapropylene 
1.1.2.2-letrachloroethane 
l.l.l.2-Tetrachloroethane 
Tetrachloroeth~lene 

Trichloroethylene 
Trichlorcfluoromethane 
Trichloropropane 
Vinyl chloride 

Pond 
EC-3984 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<O.OOl 
<0.001 
<0.001 
<0.001 
<0.001 
<O.OOl 
<0.001 
<0.001 
<O.OOl 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<O.OOl 
<0.001 
<0.001 
<o.oo: 
<0.001 
<0.001 
<0.001 
CO.001 
CO.001 
<0.001 
C0.001 
<0.001 
CO.001 

Page 3 



Cl ient 1.0.: 
Sample No.: 

Method 8020 - Aromatic 
Volatile Organics 

Benzene 
Chiorobenzene 
1.2-Dichlorobenzene 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
Ethyl benzene 
Toluene 
nixed Xylenes 

Polychlorinated Biphenyls: 

Pond. 
EC-3964 

Page 4 

SU3 
EC-398' 

co.00 
co. 00 
<o.oo 
(0.00 
<o.oo 
<o.oo 
<o.oo 
<O .ooi 

<o.oo 
<o.oo 
<o.oo 
to.00 
<o. 00 
C0.00 
CO. 00 



Sample Type: Water 
Collected By: E-C Labs 
Date Received: 8/31/87 

Client 1.D.; 
Sample No.: 

Hamden Tire Pond 

Parameter 

Groundwater Level (Feet) 

pH (Units) 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Ammonia - N 
Nitrate - N 
Nitrite -N 
Total Organic Nitrogen 
Sulfate 
Organic Sulfer 
Chemical Oxygen Demand 
Cadmium 
Copper . 
Nickel 
Iron 
Zinc 

Endrin 
Lindane 
fiethoxychlor 
Toxaphene 
2. 4-0 
2.4.S-TP Silvex 

Pond 
EC-5037 

August 31,1987 

Page 2 



Page 3 

Client 1.D.: 
Sample No.: 

Parameter 

method 6010 - Halogenated 
Volatile Organics 

Benryl chloride 
Bis (2-chloroethoxylmethane 
Bis (2-chloroisopropyllether 
Bromobenzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chloracetaldehyde 
Chloral 
Chloroethane 
Chloroform 
I-Chlorohexane 
2-Chloroethyl vinyl ether 
Chloromethane 
Chloromethyl methyl ether 
Chlorotoluene 
Dibromochloromethane 
Dibromomethane 
Dichlorodifluoromethane 
1.1-Dichloroethane 
1.2-Dichloroethane 
1.1-Dichloroethylene 
trans-1.2-Dichloroethylene 
Dichloromethane 
1.2-Dichloropropane 
1.3-Dichloropropylene 
1.1.2,Z-Tetrachloroethane 
1.1. I .2-Tetrachloroethane 
Tetrachloroethylenc 
I .>,I-Trichloroethane 
1,1.2-Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 
Trichloropropane 
Vinyl chloride 

Pond 
EC-5037 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<O.OOl 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<O.OOI 
<0.001 
<0.001 
<0.001 
CO.001 
<O.OOl 
<0.001 
<0.001 
<0.001 
<O.OOl 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
CO.001 
co.001 
co.001 
co.001 
'0.001 
io.001 
c0.001 



Client 1 .D. : 
Samole No.: 

tlethod 8020 - Aromatic 
Volatile Organics 

Benzene 
Chlorobenzene 
1.2-Dichlorobenzene 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
Ethyl benzene 
Toluene 
Xylene 

Polychlorinated Biphenyls: 

Pond 
EC-5037 

*Trace amount found below detectable limit 

Page 4 



Hamden Tire Pond June 22,1988 

Hamden Tire Pond 
Report No. : 1.189-0617 

Clfent I.D.: 
Sample No.: 

Parameter 

Groundwater Level (Feet) 

pH (Units1 
Conductivity (umhos/cm) 
Tocal Dissolvcd solids 
Ammonia - 1J 
Nitrate - M 
Nitrite -N 
Total Organic Nitrogen 
Sulfate 
Organic Sulfer 
Chemical Oxygen Demand 
Cadmium 
Copper 
Nickel 
Iron 
Zinc 

Gamma-Btic (Lindanel 
Endrin 
Methoxychlor 
Toxaphene 
2, 4-D 
2,4,5-TP Silvex 

Page 2 

Nh' NE SW Pond 
89-2072 89-2073 89-2074 89-2075 

(Units in mg/L unless noted) 

(Units in ppbl 



Hamden Tire Pond 
Report fio.: M89-0617 

Page 3 

Client I .D.:  
Sqnple No. : 

Parameter 

METHOD 8010 - HALOGENATED 
VOLATILE ORGANICS: 

Benzyl Chloride 
Bis (2-chloroethoxyl- 

methane 
Bis (2-chloroisopropyl) 

ether 
Bromobenzene 
Bromodichloromethanc 
Bromoform 
Bromomethane 
Carbon Tetrachloride 
Chloracetaldehyde 
Chloral 
Chloroethane 
Chlorof orm 
1-Chlorohexane 
2-Chlorocthyl vinyl ether c1.0 
Chloromethane c1.0 
Chloromethyl methyl ether.Cl.0 
Chlorotoluene C1.0 
Dibromochloromethane (1.0 
Dibromomethane C1.0 
Dichlorodifluorornethane Cl.0 
1,l-Dichloroethane (1.0 
1,2-Dicbloroethane C1.0 
1.1-Dichloroethvlene (1.0 
tsans-1,2-~ichl&o- 

ethylene 2.8 
1,2-Dichloropropane (1.0 
trans-li3-Dichloro- 

propylene (1.0 
Methvlene Chloride (1.0 

.~~ 
Tetrachloroethvlene (1.0 

~iichloroethylene 5.4 
Trichlorofluoromethane (1.0 
Trichloropropane (1.0 
Vinyl Chloride <l.O 

NE SW Pond 
89-2073 89-2074 89-2075 
(Units in ppbl 



Hamden Tire Pond 
Report No.: M89-0617 

Page 4 

.-client I.D. : 
Sample No. : 

Parameter 

METHOD 8020 - AROMATIC 
VOLATILE ORGANICS: 

NW NE SW Pond 
89-2072 89-2073 89-207.1 89-207: 

(Units in ppbl 

Benzene (1.0 (1.0 (1.0 t1.0 
Chlorobcnzene (1.0 (1.0 C1.0 (1.0 
1.2-Dichlorobenzene (1.0 (1.0 (1.0 t1.0 
1.3-Dichlorobenzene (1.0 (1.0 C1.0 c1.0 
1,4-Dichlorobenzene (1.0 (1.0 (1.0 (1.0 
Ethyl benzene (1.0 (1.0 (1.0 (1.0 
Toluene (1.0 (1.0 (1.0 t1.0 
m-Xylene (1.0 (1.0 (1.0 cl ..O 
o-Xylene (1.0 (1.0 C1.0 t1.0 
p-Xylene (1.0 (1.0 c1.0 t1.0 

POLYCHLORINATED BIPHENYLS: ( U n i t s  in ppb) 



Hamden Tire Pond August 17,1989 

Hamden Tire Pond 
Report No.: M89-1087 

Sample Type: 
Client I . D . :  
sample NO. : 

Parameter 

Groundwater Level (Feet1 

PH (Units1 
conductivity (umhos/crnl 
Total Dissolved Solids 
Ammonia - N 
Nitrate - N 
Nitrite -N 
Total Organic Nitrogen 
Sulfate 
Organic Sulfer 
Chemical Oxygen Demand 
Cadmium 
Copper 
Nickel 
Iron 
Zinc 

Gamma-BRC (Lindanel 
Endrin 

~oxa~hene 
2, 4 - D  
2.4,s-TP Silvex 

Page 2 

Ground Ground Ground Surface 
Water Water Water Water 

MW1 MW2 MW3 Pond 
89-3562 89-3563 89-3564  139-3565 

(Units in mg/L unless noted1 

(Units in ug/L) 



Page 3 Hamden Tire Pond 
Report NO.: ~89-1087 

Sample Type: 
Client I.D.: 
Sample No.: 

Parameter 

METHOD 8010 - HALOGENATED 
VOLATILE ORGANICS: 

Benzyl Chloride 
Bis (2-ch1oroethoxy)- 

methane 
Bis (2-chloroisopropyl) 

ether 
Bromobenzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Tetrachloride 
Chloracetaldehyde 
Chloral 
Chloroethane 
Chloroform 
1-Chlorohexane 
2-Chloroethyl vinyl etkr 
Chloromethane 
Chloromethvl methyl ether 
~hlototolu&e 

- 
Dibromochloromethane 
Dibromomethane 
Dichlorodifluoromethane 
1.1-Dichloroethene 

t;ans-1,2-~ichloro- 
ethylene 

1.2-Dichloropro~ane 
trans-1,3-Dichlo?o- 

 ethyle eke Chloride 
1,1,2,2-Tetrachloroethane 
1.1.1.2-Tetrachloroethane . . .  - 

Tetrachloroethylene 
1.1.1-Trichloroethane 
1.1.2-Trichloroethane 
~;ichloroethylene 
Trichlorofluoromethane 
Trichloropropane 
Vinyl Chloride 

Ground Ground Ground Surface 
Water Water Water Water 

MWI MW2 MW3 Pond 
89-3562 89-3563 89-3564 89-3565 

(Units in mg/L) 

EhTIROMCTJi?AL COIISULTMG LCB3UTORY - 



Hamden Tire Pond 
Report No.: ME9-1087 

Sample Type: 
'Tlient I.D.; 
Sample No. : 

Parameter 

METHOD 8020 - AROMATIC 
VOLATILE ORGANICS: 

Benzene 
Chlorobenzene 
1,2-Dichlorobenzene 

~ t h ~ l  benzene 
Toluene 

POLYCHLORINATED BIPHEKnS: 

Page 4 

Ground Ground Ground Surface 
Hater W a t e r  Water Water . ---- 
MW1 MW2 MN3 Pond 

89-3562 89-3563 89-3564 89-3565 
(Units in mg/Ll 

(Units in mg/L) 



Tire Pond Page 2 of 4 
Report No.: M88-0358 

Client I.D.: Pond SW NW NE 
Sample No.: 88-3140 88-3141 88-3142 88-3143 

(mg/L) 
Parameter 

Groundwater Level (Feet1 -- 10.4 8.0 14.6 

pH (Units) 7.78 6.40 7.10 6.83 
Conductivity (umhos/cm) 2050.0 372.0 330.0 951.0 
Total Dissolved Solids 1598.0 398.0 312.0 985.0 
Ammonia - N 
Nitrate - N 
Nitrite -N 
Total Organic Nitrogen 
Sulfate 
Organic Sulfer 
Chemical Oxygen Demand 
Cadmium 
Copper 
Nickel 
Iron 
Zinc 

 amm ma-^& (Lindane) 
Endrin 
Methoxychlor 
Toxa~hene 
2, 4 1 ~  
2,4,5-TP Silvex 



Tire Pond 
Report No.: ~88-0358 

Page 3 of 4 

Client I.D.: Pond SW NW NE 
sample No. : 88-3140 88-3141 88-3142 88-3143 

img/LI 
Parameter -- 
-Method 8010 - Halogenated 
Volatile Organics 

Benzyl Chloride ~0.001 
Bis (2-ch1oroethoxy)- 

methane to.001 
Bis (2~chloroisopropyl) 

ether t0.001 
Bromobenzene tO.001 
Bromodichloromethane tO.001 
Bromof orm <O.OOl 
Bromomethane <0.001 
Carbon Tetrachloride <0.001 
Chloracetaldehyde (0.001 
Chloral (0.001 
Chloroethane <0.001 
Chloroform (0.001 
l-Chlorohexane <0.001 
2-Chloroethyl vinyl 

ether tO.001 
Chloromethane tO.001 
Chloromethyl methyl 

ettier (0.001 
Chlorotoluene <0.001 
Dibromochloromethane CO. 00i 
Dibromomethane <0.001 
Dichlorodifluoromethane t0.001 

tks-1,2-Dichloro- 
ethylene 

1,2-Dichloropropane 
trans-1.3-Dichloro- 

propylene 
Methylene Chloride 
1,l. 2,2-Tetrachlorp- 

ethane 
. . 
ethane 

Tetrachloroethylene 
1.1.1-Trichloroethane . . 
1.1.2-Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 
Trichloropropane 
Vinyl chloride 



Tire Pond 
Report No.: M88-0358 

Page 4 of 4 

client I.D.: Pond SW NW NE 
Sample No. : 88-3140 88-3141 88-3142 88-3143 

(mg/L) 
Parameter 

Method 8020 - Aromatic 
Volatile Organics 

Benzene <0.001 
Chlorobenzene (0.001 
1.2-Dichlorobenzene <0.001 
1,3-Dichlorobenzene <0.001 
1.4-Dichlorobenzene t0.001 
Ethyl benzene <0.001 
Toluene CO.001 
Xylene <0.002 

Polychlorinated Biphenyls: 



Appendix I: 
Tire Water Toxicity Study Results 



The Acute Lethality to Rainbow Trout of Water 
Contaminated by an Automobile Tire 

By: Scott Abernethy 
January 1994 

Table 1. Summary of. the aquatic toxicity tests conditions. 

Test species trout D. magna minnow C. dubia 

Exposure, hrs. 96 48 96 48 

Life stage f ry neonates fry neonates 

Wet weight/age 0.7-4.3 g < 24 hours 0.2-0.4 g < 24 houis 

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 

Loading 70 fish 3 neonates 3 fish 5 neonates 

Replicaies none 4 2 2 

Temperature, "C 13 to 17 18 to 22 21 to 23 18 to 22 

Aeration yes no no no 

Food none none brine shrimp YCT once at 

- once daily start of the test 



Table 2. The experimental design. 

Tire water Toxicity Test species or Sample age 
batch # test # sample treatment days 

LC50 tests of four species 
1 l a  rainbow trout < 5 hours old 

I b  D. magna < 5 hours old 
2 2a rainbow trout < 5 hours old 

2b C. dubia < 5 hours old 
2c fathead minnow < 5 hours old 

LT50 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 NaZS203 2 
4 stored, 15"C, dark 7 

3 5 none, initial test < 5 hours old 
6a none, baseline test 1 
6b pH 6 1 
6c PH 7 1 
6d PH 8 1 
6e activated carbon 1 

3 7a stored, 15"C, dark 7 
7b stored, 20°C, dark 7 
7c stored, 2O0C,light 7 

Table 3. Cumulative percent mortality in the dilution series tests. 

Concentration Tire water batch #I l i re  water batch #2 

% vol/vol 24 hours 96 hours 24 hours 96 hours 

100 100 100 90 100 
65 70 100 0 90 
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 to 68 29 to 40 73 to 93 49 to 56 
limits 



Table 4. LTSOs of the single concentration trout tests. 

Sample treatment LT50 95 % confidence 
(toxicity test#) (hours) limits 

initial (2a) 17 not calculated 
baseline (3a) 23 17 to 28 
PH 3 (3b) 25 20 to 29 
pH 11 (3c) 25 22 to 30 
EDTA (3d) 23 17 to 28 
Na,S,O, ( 3 4  21 15 to 25 
stored,l S0C,dark (4) 35 27 to 43 
initial (5) 18 11 to 22 
baseline (Ga) 20 14 'to 24 
PH 6 (6b) 16 not calculated 
PH 7 ( 6 4  18 2 to  22 
pH 8 (Gd) 18 3 to 22 
activated carbon (GE) nonlethal not calculated 
stored,lS0C,dark (7a) 21 18 to 25 
stored,2O0C, 'dark (7b) 20 18 to 22 
stored,2O0C,light (7c) 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 control. water samples. 2a and 
26 are separate samples collected four days apart. 

Compound Tire water batch # 
category 1 2a 2b 3 

Unknown 15 (0) 11 (1) 24 (1) 41 (8) 

Total 34 (6) 28 (5) 49 (2) 62 (16) 



Tire t o x i c i t y  t o  t r o u t  

APPENDIX 1 

THE CHEMICAL ANALYSES OF TIRE WATERS AND CONTROL WATERS 

Water concentrations are mg/L The nitrogen compounds as N. Carbon = dissolved 
carbon as C. UNF = unfiltered,, R = reactive, T = total. ND = not detected. For 
nondetectable parameters, the detection limits 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 # 

General water quality 
hardness, T, as CaCO, 
calcium. UNF,R 
magnesium. UNF,R 
sodium, UNF,R 
potassium, UNF,R 
alkalinity, T, as CaCO, 
fluoride, UNF,R 
chloride, UNF.R 
sulphate, UNF,R 
carbon, organic 
carbon, inorganic 

Nitrogen compounds 
nitrogen, Kjeld.. UNF,R.T 
ammonium, fraction I?,T 
nitrates, fraction R,T 
nitrite, fraction R 

Inorganic metals (UNF,? 
copper 
nickel 
lead 
zinc 
iron 
cadmium 
chromium 



Tire tox ic i ty  t o  trout 

APPENDIX 2 

TARGET ANALYTES AND DETECTION LIMITS 
(None were found in the tire water) 

Gasoline and solvents, ug/L 

1.2-dichloroethylene 2 m-, p-xylenes 2 
1 ,I-dichloroethane 2 bromoform 2 
chloroform 2 1,4-dichlorobenzene 2 
1.1 ,l-trichloroethane 2 1,9dichlorobenzene 2 
carbon tetrachloride 2 1.2-dichloiobenzene 2 
benzene 2 BCI,CH + C,CI,H 2 
1.2-dichloropropane 2 C,CL, + CIBCH, 2 
toluene 2 o-xylene 2 
1,l.Z-trichlorethane 2 1 , I  ,2,2-tetrachloroethane 2 
chlorobenzene 2 gasoline 1 
ethylbenzene 2 fuel distillate 1 

Pesticides, ug/L 

arnetryne 
atrazine 
prometiyne 
atrazone 
metolachlor 
dieihyl simazine 
chlorbromuron 
chlortoluron 
siduron 

0.05 difenoxuton 
0.05 diuron 
0.05 fluometuron 
0.05 linuron 
0.5 metoxuron 
0.5 monolinuron 
2 monuron 
2 neburon 
2 



Ti re  tox ic i ty  t o  t rout  

APPENDIX 2 

TARGET ANALYTES AND DETECTION LIMITS 
(None were found in the tire waters) 

Organochtorines, ng/L 

hexachloroethane 
1.3,5-trichlorobenzene 
1,2,4-trichlorobenzene 
hexachlorobutadiene 
1,2.3-trichlorobenzene 
2.4,5-trichlorotoluene 
2,3,6-trichlorotoluene 
1,2.3,5-tetrachlorobenzene 
7,2,4,5-tetrachlorobenzene 
2.6,alpha-trichlorotoluene 
1.2,3,4-tetrachlorobenzene 
pentachlorobenzene 
PCB, total 
hexachlorobenzene 
heptachlor 
aldrin 
pp-DDE 
mirex 

Acid exiractables, ug/L 

phenol 
2.4-diinelhylphenol 
p-chloro-m-cresol 
2.4-dichlorophenol 
4-nitrophenol 
2,3,4,6-tetrachlorophenol 
2,4-dinitrophenol 
4.6-dinitro-o-cresol 
2-chlorophenol 
2.4,6-trichlorophenol 

alpha-BHC 
beta-BHC 
gamma-BHC 
a-chlordane 
gchlordane 
oxychlordane 
op-DOT 
pp-DDD 
pp-DDT 
rnethoxychlor 
heptachlorepoxide 
endosulfan I 
dieldrin 
endrin 
endosulfan II 
endosulfan sulphate 
octachlorostyrene 
toxa~hent? 

2,4.5-trichlorophenol 
2,3.4-trichlorophenoI 
2,3,5,6-tetrachlorophenol 
2.3.4.5-tetrachlorophenol 
pentachlorophenol 
2,6-dichlorophenol 
rn-cresol 
0-cresol 
p-cresol 
2.35-trichlorophenol 



Tire tox ic i ty  t o  trout 

TARGET ANALYTES AND DETECTION LIMITS 
(None were found in the tire water) 

Polynuclear aromatic hydrocarbons, ng/L 

phenanthrene 10 perylene 
anthracene 1 benzo(k)fluoranthene 
fluoranthene 20 benzo(a)pyrene 
pyrene 20 benzo(g,h,i)perylene 
benz(a)anthracene 20 dibenz(a,h)anthracene 
chysene 50 indeno(l,2,3-c.d)pyrene 
dirnethyl benz(a)anthracene 5 benzo(b)chrysene 
benzo(e)pyrene 50 coronene 
benzo(b)fluoranthene 10 

Base-neutral extractables, ug/L 

diphenyl ether 
his-2-ethylhexylphthalate 
di-n-octylphthalate 
benzo(k)fluoranthene 
benzo(a)pyrene 
indeno(l,2,3-cd)pyrene 
diphenylamine 
3,3dichIorobenzidine 
bis(2-chloroethyl)ether 
indole 
dibenzo(a,h)anthracene 
benzo(g,h.i)peylene 
bis(2-chloroisopropyl)ether 
fluoranthene 
pyrene 
butylbenzylphthalate 
benzo(a)anthracene 
chrysene 
camphene 
n-nitrosodi-n-propylarnine 
I -chloronaphthalene 

bis(2-chloroethoxy) rnethane0.2 
naphthalene 0.2 
acenaphthylene 0.2 
2,6-dinitrotoluene 0.5 
acenaphthene 0.2 
4-chlorophenyl phenyl ether02 
2.4-dinitrotoluene 0.5 
fluorene 0.2 
n-nilrosodiphenylamine 2 
4-brornophenyl phenyl ether0.2 
phenanthrene 0.2 
anthracene 0.2 
di-n-butylphthalate 0.2 
7-methylnaphthalene 0.5 
2-chloronaphthalene 0.2 
2methylnaphthalene 0.2 
5-nitroacenaphthene 1 
benzo(b)lluoranthene 0.2 
biphenyl 0.2 
perylene 0.5 



Tire toxicity to trout 

APPENDIX 3 

THE COMPOUNDS IDENTIFIED AS MEMBERS OF CERTAIN CHEMICAL CLASSES 

The numbers in parentheses refer to the numbers of compounds detected in the same 
chemical class. 

Tire water batch # 

2a 2b 3 

a methyl-aniline 

a nitrogen 
compound 

a C, alkylphenol 

a chtoro- 
dimethyl phenol 

a phenol (2) 

a chlorine 
compound 

an alcohol or 
ether (3) 

a methyl-aniline a methyl-aniline 

a nitrogen an amine (2) 
compound (2) 

a phenol a methyl diphenyl- 
amine 

a C,, alkylphenol 

a chloro-dimethyl 
phenol 

a C, aikyl- 
benzene 

a carboxylic acid 

a carboxylic acid 
ester 

a methyl-aniline 

a dimethyl-aniline 

a methyl diphenyl-amine 

a C,-alkyl pyridine 

a nitrophenol 

a chloro-dimethyl phenol 

a methyl phenyl- 
ethylphenol 

a dihydro-indenone -I 
phenol 

a carboxylic acid (2) 



Tire t o x i c i t y  t o  t rout  

A P P E N D I X  4 

THE IDENTIFIED COMPOUNDS AND CONCENTRATIONS (UG/L) IN THE TIRE WATERS 

Compound name CAS # Tire water batch #. 

aniline 

2-methyl-N-phenyl-aniline 

N-phenyl-aniline 

N,N-diphenyl-l,4-benzenediamine 

[l,l-biphenyl]-2-amine 

N,N-dibutyl formamide 

diphenyl formamide 

N-phenyl-forrnamide 

N,N-diphenyl-hydrazinecarboxamide 

phenoxazine 

benzothiazole 

2-(me1hylthio)-benzothiazole 

2(3H)-benzolhiazolone 

4-(2-benzothiazolylthio)-morpholine 

4-acetyl morpholine 

23-cyclohexadiene-1.4-dione 

1,4-cyclohexanedione 

2,3-dihydro-1H-inden-1-one 

4-methyl*-pentanone 

1-methyl-2-pyrrolidinone 

4-(1-methyl-1-phenylethy1)-phenol 

4-(phcnylarnino)-phenol 

dinitro propyl phenol 

2,6-bis,(1,1-dimethylethyl)-4-ethyl phenol 



T i r e  toxic i ty  to trout 

Compound name CAS # Tire water batch # 

2-chloroethanol phosphate 115-96-8 0.2 

o,a-dimethyl benzenemethanol 617-94-7 0.3 0.3 0.4 



Appendix J: 
Identification of Tire Leachate Toxicants Study Results 



Identification of Tire Leachate Toxicants and a Risk Assessment of Water Quality 
Effects Using Tire Reefs in Canals 

By: S.M. Nelson, G.  Mueller, D.C. Hemphill 
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 8.36 8.60 

Conductivity (flS/cm) 1128 1070 

Total alkalinity 110 108 
(mg/L) 

Total hardness 328 309 

Table 2. Results of TIE tests. 

Manipulation 24-hr LC,, ( X )  and 95% confidence limits 

C. dubia - - Fathead Minnow 

Baseline toxicity 21.0 (15.9-27.7) 
test (this test 20.3 (17.0-24.2) 
repeaied 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) > lo0 
Eluted SPE > I00 > lo0 

Other Tests Results (% survival in 100% concentration) 

EDTA 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. m. 
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. 



Tab le  3. Chemistry r e s u l t s  from TIE t e s t s .  

Parameter Type o f  water  

Lake Mead Deionized T i  r e  T i r e  
d i l u t i o n  water l eacha te -  feacha te -  

water b lank d u p l i c a t e  1 d u p l i c a t e  2  

zn (pg/L) 8.7 t4 .0  751 755 

Cd (~9h .1  0.2 t O . l  0.6 0.6 

CU (Irg/L) t5 .0  t5 .0  6.7 5.7 

Pb (pg/L) t l . O  t1 .0  6.7 6.7 

N i  (N/U t10.0 t10.0 ~ 1 0 . 0  t10.0 

ca (mg/L) 71.2 - - 74.7 - - 
Mg (mg/L) 31.2 - - 31.6 - -  
Na ( W - 1  98.3 - - 102 - -  

K (mg/L) 5.35 - -  5.93 - -  

CO, (mg/L) tO.00 - - tO .OO - - 

HCO, (mg/L) 136 - - 143 - - 

SO4 (mg/L) 266 - . 277 - -  

C l  (mg/L) 113 - - 115 - -  

The 24-hr  LC,, ca lcu la ted  from t h i s  t e s t  was 147.1 pg/L z i n c  (95% 
C . I .  131.7-164.3 pg/L z i nc ) .  I t  i s  o f  i n t e r e s t  t o  no te  t h a t  ou r  
24-hr  LC, va lue i s  lower than t he  48-hr  LC,,,(255 pg/L z i n c )  
r e p o r t e d  %y Carlson e t  a l .  (1986) f o r  C. dubla exposed t o  z i n c  i n  
s o f t e r  wa te r  (hardness o f  90 mg/L). EPA (1987) p resen t s  hardness 
as b e i n g  most impor tant  i n  determin ing z i n c  t o x i c i t y  and accord ing  
t o  t h i s  scenar io  our  LC,,, a t  a  hardness o f  300 mg/L, should be 
much h i ghe r .  I t  i s  poss ib le ,  however, t h a t  pH may be as impor tan t  
as hardness i n  determin ing t o x i c i t y ,  w i t h  inc reased  pH l e a d i n g  t o  
inc reased  z i n c  t o x i c i t y .  Th is  has been demonstrated w i t h  f i s h e s  
(Mount 1966, Eve ra l l  e t  a l .  1989) and ou r  d a t a  i s  a t  l e a s t  
sugges t i ve  t h a t  t h i s  may be t h e  case w i t h  C. w. I n  a d d i t i o n ,  
ou r  l ow  a1 k a l  i n i t y  r e l a t i v e  t o  hardness d i f f e r s  f rom many stream 
wate rs  ( 3 : l  r a t i o  hardness:alkal  i n i t y  vs. t h e  average 1.3:l r a t i o  
observed i n  r i v e r  waters o f  Nor th  America ( L i v i ngs tone  1963)) and 
i t  i s  p o s s i b l e  t h a t  t h i s  may cause increased t o x i c i t y .  Wi th  t h e  
use o f  C. dubia as a standard t o x i c i t y  t e s t  organism, i t  i s  
u n f o r t u n a t e  t h a t  t he  r e l a t i o n s h i p  o f  hardness, a l k a l i n i t y ,  and pH 
on z i n c  t o x i c i t y  t o  C...dubia has n o t  been  descr ibed.  

The TU, c a l c u l a t e d  f o r  t he  o r i g i n a l  1eac.hate t e s t  was 4.9 and ou r  
z i n c  b ioassay i nd i ca ted  t h a t  z i n c  cou ld  be h e l d  accountable f o r  
5.1 TU, o f  t h e  leachate. The closeness o f  these  va lues  suggests 
t h a t  most o f  t he  leacha te  t o x i c i t y  i s  f rom z i nc .  



Table 4.  L i s t  o f  organic compounds tes ted  f o r  i n  t i r e  leachate  
water. None o f  these compounds were detected a t  a de tec t ion  l i m i t  
o f  1.0 M L .  

4,4,+0i  

~ ibenr(o. i )acr id im 

Dibcnrla,h)anlhr.<m 

oibanzofuruo 

oi-n-burylphrhnlace 

1,3-Dichlorolxnzene 

1.4~oichlorolxnz- 

1.2-Dichlarolxnzcne 

3 . 3 - o i c h l o r ~ r i d i m  

2.4-Dichlorpheml 

2.6-Dlchlorophnol 

Oieldiin 

Oierhylphrhalate 

p-Dinrchylami-cobcobezme 

7.12-Oiarthylknz(a)anthhhhhh 

a - . ~ . D i r r r h y l p h c n e ~ h y l a m i i  

2.4-Oirrfhylphcnal 

Oimthylphthala~e 

4.6-Oinirro-1-mrhylpheml 

2 .4 -o in i r rq ixml  

2.L-Dinifrofoluerr 

2.6~Oinitrofolucne 

Diphmylamim 

1.2-0iph&lh~drszadiw 

Oi-n-acylphihalnre 

Erdoru1t.n I 

E&rulfm 11 

Enjorulfnn sulfrtc 

E d r i n  

E d r i n  aldehyde 

E d r i n  teronl? 

Ethyl nrrhmerulf-cc 

I I w c . " ~ ~ ~ c  

riwrcne 

Hepfachlor 

Heplnrhlor epr ide  

Hciachlaroknzcnc 

H e l l ~ h l ~ r ~ b l l l . d i ~ n "  

Herschloiocyclapcncadicne 

Hciachlorrerhzne 
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U. S .  Dcparuiient of Agriculture 
Soil Conservation Service 

Penohscot County, Maine 
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M A W E  AGRICULTURAL EXPERIMENT STATION 

SOIL SURVEY DATA 

Soil  bound.^ 

and ~ r m b o l  ................................... 

G,."d 

510~1. 1e.1. *ID"" ........................... 

Rock OUICIODI .......................... 

Chert Irramenl% ......................... 

Ct." I O O l  

Srnd 10.1 ................................... 

Gumbe or 'C.bb9 root .................. 

Made Irnd .................... 

Scwtelr eeoded sool .......................... 

B l o u ~ ~ t .  wind crnrion ..................... 

Gulllcr 



Appendix L: 
Application for Use of University Forest Land for Research Puposes 



Application I7orrn for Aclivities, Uses, o r  Developments on the 

University Forest 

Universily of Maine a t  Orono 

1. Description of proposed activity I use 

The University of Maine Civil Engineering Department proposes to study 

the envirorunental irnpacts of using tire chips below the groundwater table 

using small scale field trials. The study is funded by the Maine Department 

of Transportation (MDOT). Three sites with differing soils types will be 

used. The soil types are peat, clay, and t i l l .  The clay and t i l l  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 trials, between five 

and ten groundwater monitoring weHs would be installed at each site. initial 

groundwater samples will be collected and analyzed before the tire chip 

installation. After the installation of the tire chips. the groundwater quality 

will be monitored quarterly. The field trial will last for 2 to 3 years. At the 

errd of tlie field trial the tire chips and groundwater nionitoring wells will be 

rcrrioved and the sites will be restored to their natural condition. 

2. Objectives of tlre activity I use 

The objective of this study is to determine tlie potential impacts on water 

quality due to using tire chips on highway projects as lightweight fill or  

tlrennal insulation in applications where the tire chips will be below the 

groundwater table. The results will be used by the Maine Depament  of 



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) Compartment: 
,la, ,:L 

f%lock: G-7, G - x  

6.  Who will benefit from the activity / use? 

A major benefit to the State of Maine of using tire chips as lightweight f i l l  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 limiled and very valuable, tires are most often 

stored in open piles above ground. Because of their shape, tires allow water 

to pool inside them. Stockpiled tires become an excellent breeding ground 

for mosquitoes and small vennin. 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. 



The citizens of Maine will benefit irom the activity whether the feasibility of 

using tire chips below tlle groundwater table is confinned or disconfirmed. 

In the event illat tire chips are found to have unacceptable adverse impacts 

on groundwater quality. tlle benefit will be that Maine's environment would 

be protected by lirniling the use of tire chips to above the groundwater table 

applications. 111 (he event that the impact of tire chips on groundwater 

quality is niinimal or negligible the bsnefits will be better, longer lasting, 

more easily traveled roads and an attractive use for a rapidly accumulating 

waste product. 

7. W r a t  is the atnount and source of funding for lliis project? 

$40.000 MDOT 

8. \Vliat is tile tirne franie associated with this use? 

2 lo 3 years 

9. \Vi l l  this use ~lialic long lerni or  pcrnianent clianges on the site o r  

affect ils availability for o t l~e r  uses? 

At the end of the study the tire chips will be dug up and removed and the 

trcncl~es will be b;~ckfilled will1 the soil h a t  was originally excavated from 

them The area will be seeded wit11 grass seed and covered with lray mulch. 

In addition, the monitoring wells will be removed. 

During the two to three year time frame of the study tile area immediately 

sul~ourldirig the trenches would not be available ior olllcr uses. 



10. Who will be responsible for developing and coordinating the 

proposed activity I use? 

Dana N. Hurnpluey, 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 1 

use? 

No, at the end of the two to three years the project will be closed out as 

described above. 



Appendix M: 
Letter to Doug Schmidt: Landowner 

(Peat Site) 



IINI\'El\SITY O F  MAINE 

Mr. Doug Schmidt 

Levenseller Road 

Hollles. Maine (14429 

Dear Mr. Scl~midt: 

Thank you for agreeing lo allow #tie l o  use your lalid i n  Bangor. Maine adjacent l o  the 

Veazie Railroad easement arid the Bangor Bog as a site for rny research project. I am 
. . 

sending this letter lo  sulli~narize my  intended use of your land as part o f  rny research. 

The University of Maine Departnient of Civ i l  Engineering proposes to study the 

environinental impacts of using lire chips below the groundwater table using small scale 

field vials. V i e  study is funded by the Maine Department of Transponation (MDOT). 

Three sites with differing soil types wi l l  k used. The sitc on  your property is rlic pcat 

sitc. A vencll approxi~i~ately 2 to 4 feet wide. 10 to 15 feet long and 5 feet deep w i l l  LH: 

dug and filled with tire chips. Between 5 and 10 groimdwater monitoring wells wi l l  LH: 

installed. Initial groundwaler saltiples w i l l  be lake11 before the tire chips are installed. 

After the tire chips w e  i~isvallcd, groui~dwater quality w i l l  be riionitored quarterly. 

711e objective of this study is lo  de lc r in i~~e the potential iinpacts on  water quality due to 

using tire chips on llighway projecls as l ig l i lweig l~ l  fill or t l~crmal  insulaliott i n  

applications where ll le tire wi l l  be below tlie groundwater table. The results wi l l  LH: 
used by the Mainc Depart~nent of Envirot~tnenral Protection (MDEP) and M D O T  i n  

snaking decis io~~s about llic feasibility o f  using tire chips k l o w  i l ie groundwater table. 



A rnajor benefit o f  using l i re chips as l ig l~ twe ig l~ t  fill or t l~er t i~a l  i ~ ~ s u l a t i o ~ i  on bigliway 

projccts would be tile use of a waste product. I t  is estimated illat t l~ere are 30 to 60 

i n i l l i o ~ ~  tires currently stockpiled i n  t h i ne .  111 at ld i t io~~.  I 111illion waste tires =re 

g e ~ ~ e m t a l  i n  M e i m  e;~cli year. 

During tile 2 to 3 year tiwe fratr~c o f  tlte study tlte a rm inin~cdiatcly surrounding the 

t rc~ic l i  would 1101 be available for ot l~cr  uses. A t  tile end o f  h e  study the tire chips w i l l  be 

dug up and re~novctl  and tlbe trcncl~cs wi l l  bc backfilled with the soil that was originally 

cxcauated from tlicm. l l r e  area w i l l  be secded wit11 grass seed and covered will) hay 

mulcl~. I n  addition. Ute monitoring wells wi l l  be removed. 

If you have any questions c o ~ ~ c e r ~ i i n g  t l ~ i s  project or my  use o f  your land please don't 

hesitate to call me at 58 1-1444. M y  atlvisor for tile field portion o f  my  research is Dana 

I-lumpbrey. D a m  can bc readtcd at 5X1-2171,. 1 w i l l  contact you periodically lo keep 

you i ~ ~ f o r ~ t ~ e d  of our progress. 

Sincerely, 

Lisa A. Downs 

Rescarch Assistant 

C iv i l  Enginecriug 

Dana N. Hurnpl~rey. PI1.D.. P.E. 

Associate Prolcssor 

Civ i l  Engineering 




