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1. Abstract

Scrap tires pose a significant environmental and public health problem.  A number of
applications of this material have been attempted, such as tire-derived fuel, artificial reefs and
breakwaters, leachate collection systems in landfills, and highway applications, but they cannot
reuse the enormous amount of tires discarded every year, much less the stockpiles that exist from
past disposal.  An interesting application could be the use of scrap tire chips in lieu of crushed
stone aggregate in residential subsurface leaching field systems.  Some states in the nation permit
this activity but at present it is not allowed in the Commonwealth of Massachusetts.  The
regulatory agencies of Massachusetts (primarily Massachusetts Department of Environmental
Protection - MassDEP) would like to know the adverse effects, if any, of the use of scrap tire
chips in residential leaching field systems.  The two primary concerns are i) does the material
leach contaminants from its surface which can affect groundwater quality, and ii) does the
material provide similar performance as a conventional leaching field system.  This study details
the results of laboratory-scale experiments conducted to answer questions of leachate only.  A
field-scale study is planned to answer the performance question and to obtain more practical
answers regarding the leachate.

2. Background

2.1 General

It is estimated that about 250 million tires are discarded annually in the United States.  Tires are
manufactured from rubber that is sulfur-vulcanized.  This process of vulcanization changes the
rubber from a thermoplastic, which can be reprocessed many times, to a thermoset, which can be
shaped only once (Liu, et al., 1998).  This is the primary reason that scrap tires cannot be reused
or recycled easily.  Scrap tires represent a significant municipal solid waste problem because
they are often placed in stockpiles which pose fire hazards and serve as breeding grounds for
rodents and mosquitoes.  In lieu of stockpiling scrap tires or placing them in already
overcrowded landfills, a number of applications that reuse them have been attempted.  These
include tire-derived fuel, recycled rubber products, artificial reefs and breakwaters, daily cover
and/or leachate collection systems in landfills, and numerous highway applications (crumb
rubber asphalt pavement, lightweight fill for embankments and behind bridge abutments,
roadbed insulation, etc.).  A potential end market, which has not yet received much attention in
most states, is residential subsurface leaching field systems.

South Carolina has been the leader in promoting the use of scrap tires in place of aggregate in
residential subsurface leaching field systems.  State officials estimate that in South Carolina,
approximately 1,875 “tire chip” systems are installed annually, which represent about 8.2% of
the total number of septic systems installed there.  These systems use about 1.5 million scrap
tires per year.  In the Commonwealth of Massachusetts, it is estimated that six million tires are
discarded annually (Liu, et al., 1998).  If Massachusetts codes were to allow the use of tire chips
in residential septic systems, the potential would exist for about 25% of its scrap tires to be
reused in these systems (assuming that about 2,000 tire chip systems were installed annually).

Although several states now have guidelines regarding the use of tire chips in residential
subsurface leaching field systems, very little research has actually been completed to study their
performance, and to investigate the potential for leaching of contaminants from the tire shreds.
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Therefore, the purpose of this project was to conduct a preliminary investigation of the use of tire
chips instead of gravel in residential subsurface leaching field systems.

2.2 Summary of Guidelines Existing in Other States

Seven states currently have guidelines or specifications regarding the use of tire chips in
residential subsurface leaching field systems (Florida, Georgia, South Carolina, Virginia, Iowa,
Texas and Kansas).  Although statewide guidelines exist in those states, local (city or county)
officials often have the authority to grant or deny the final permit for any individual septic
system.  Of the states with guidelines, four (Georgia, South Carolina, Virginia and Kansas) have
essentially the same specifications, which require the following:

1. Chip size must be between ½ inch and 2 inches (Georgia) and between ½ inch and 4 inches
(South Carolina, Virginia and Kansas).

2. Wire strands may not protrude more than ½ inch from the sides of chips.

3. At least 90% of the chips (by weight) must meet the specifications listed in items 1 and 2
(Georgia, South Carolina, and Kansas).  At least 95% of the chips must meet the
specifications listed in items 1 and 2 (Virginia).

4. “Fines” are prohibited.  Fines are generally defined as particles or substances that can settle
to the bottom of the absorption trench and contribute to clogging or blocking of infiltrative
surfaces.  Examples include dust, dirt, grit, and similar substances.

5. The top surface of the chips in the leaching trenches must be covered with a geotextile
fabric prior to backfilling to help preclude soil from infiltrating into the tire chips.

The guidelines in Iowa and Texas are more abbreviated.  Iowa specifies a tire chip size between
one and three inches, with no other material restrictions.  Texas guidelines call for a “2-inch
minus” chip size, with the stipulation that larger sizes may be approved on a case-by-case basis
by the permitting authorities.  A tire chip is considered “2-inch minus” if it is no greater than 2
inches on a side (including protruding wires), or if it can pass through a 2-inch by 2-inch sieve
aperture.  The Texas guidelines also call for a geotextile separator.

Florida has perhaps the most elaborate specifications, which are partly based upon their state
Department of Transportation (FDOT) “Standard Specifications for Road and Bridge
Construction”, 1991.  Gradation requirements for various sieve sizes ranging between 3/16 inch
and 2 inches are provided.  They limit the fines content to less than 3.75%, they require at least
80% of the bead wire to be removed from the tires, and they prohibit exposed wire from
protruding more than ½ inch from the sides of chips.  Other material properties are required in
accordance with the FDOT specifications (i.e., limits on deleterious substances, Los Angeles
Abrasion, soundness, and percentage of flat or elongated pieces).  Tire chip installation is
restricted to sites where the bottom surface of the drainfield is at least 24 inches above the water
table elevation in the wettest season of the year.  And finally, manufacturers wishing to provide
tire chips must receive a letter of approval from the state of Florida, and must label the chips in a
specified manner.
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2.3 Review of Applicable Literature

Two primary issues need to be addressed with regard to use of tire shreds in septic systems.
First, will they serve the same function as aggregate in terms of drainage?  And second, will
potentially harmful contaminants leach from the tires?  There is little debate regarding the first
question.  Although use of tire shreds in septic systems is not well documented, their use in other
civil engineering drainage applications has been extensively investigated.  Tire shreds have been
used as edge drains along roadways and as drainage layers beneath roads.  They have also been
used as drainage media in leachate collection and removal systems in landfills.

Humphrey (1998) summarized hydraulic conductivity (permeability) values reported in the
literature from various researchers.  Hydraulic conductivity is a measure of the ease with which a
fluid moves through porous media.  The hydraulic conductivity of tire shreds is generally much
greater than most granular soils.  Hydraulic conductivity is not an inherent property, but will
vary depending upon numerous factors, including particle size distribution, porosity, and applied
normal load (especially for tire shreds, which are very compressible).  The various researchers
tabulated in Humphrey (1998) report hydraulic conductivity values ranging between 0.58 cm/sec
and 23.5 cm/sec for tire shreds between 0.75 and 3 inches in size.  Most of those reported values
were all above 1.0 cm/sec, which is considered a “benchmark” value in geotechnical
engineering.  For example, 1.0 cm/sec is the approximate boundary between laminar and
turbulent flow, and separates clean sands from clean gravels (Holtz & Kovacs, 1981).  The
reported data indicate that tire shreds should provide more than enough flow capacity for use in
septic systems.

The second issue, regarding potential contamination, is more difficult to address.  Because tire
shreds have been used in a number of civil engineering applications where water may pass
through the shreds and infiltrate the groundwater table below, there has been much concern
regarding potential leaching of contaminants.  To address these concerns, there have been several
studies published in the literature.  The most significant of these include:

• Minnesota Pollution Control Agency Study (1990); included both lab and field leaching
tests.

• Wisconsin DOT Study (Edil, et al., 1992); included both lab and field leaching tests.

• Virginia DOT Study (Ealding, 1992); lab leaching tests.

• Rubber Manufacturers Association (RMA)/Scrap Tire Management Council Study (Zelibor,
1991); lab leaching tests.

• Studies completed at the University of Maine (Humphrey, et al., 1997); field leaching tests.

A detailed review of these (and other) studies is presented by Liu, et al. (1998), and will not be
repeated here, but a brief summary follows.  In general, these studies indicated that leachate
derived from scrap tires is “safe,” however the different studies used various standards for
comparison, and minor contradictions exist within the data.

In terms of the lab leaching tests, most pollutants leached from tire shreds were generally below
the various regulatory limits, except in studies conducted under extreme pH conditions.  The
Scrap Tire Management Council Study (Zelibor, 1991) found that Toxicity Characteristic
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Leaching Procedure (TCLP) regulatory limits were not exceeded for any compounds.  The
Wisconsin study indicated that most compounds showed declining concentrations with continued
leaching, except for iron, manganese, barium and zinc, which showed the opposite trend.  Iron
and manganese were at or slightly above their applicable drinking water standards, while barium
and zinc remained below their applicable drinking water standards.

The Minnesota Pollution Control Agency Study (1990) and the Virginia DOT Study (Ealding,
1992) both indicate that, in the laboratory, metals are leached at higher concentration under low
pH conditions, while organics are leached at higher concentration under more basic conditions.
Although none of the leachate samples exceeded the Extraction Procedure (EP) toxicity criteria
or the TCLP criteria, the following metals exceeded the Minnesota Recommended Allowable
Limits (RALs) for drinking water: arsenic, cadmium, chromium, selenium, and zinc.  The iron
level was also much higher than the Secondary Maximum Contaminant Level (SMCL).  In terms
of organics, concentrations of total petroleum hydrocarbons (TPHs) and polynuclear aromatic
hydrocarbons (PAHs) were measured.  The Minnesota Recommended Allowable Limits (RALs)
were exceeded for both List 1 (carcinogenic) and List 2 (noncarcinogenic) PAHs.  It should be
noted that these studies were conducted under extreme pH conditions to evaluate worst-case
scenarios and may not be representative of actual conditions in “scrap tire” application areas.

A substantial amount of field data on groundwater samples has been collected at sites where tire
shreds have been used as fill material for roadways or embankments (Minnesota Pollution
Control Agency Study (1990), Wisconsin DOT Study (Edil, et al., 1992), University of Maine
(Humphrey, et al., 1997)).  The data obtained from the field studies is somewhat more
contradictory.  This is probably due to the fact that conditions in the field are less controlled, and
groundwater samples may sometimes become polluted from sources other than just the tire
shreds under study.  For example, in the Minnesota Study, groundwater samples exceeded the
Minnesota drinking water Recommended Allowable Limits (RALs) for barium, cadmium,
chromium, lead, and List 1 and List 2 PAHs.  In contrast, in the Wisconsin Study (1992) it was
concluded that there was no significant leaching of substances that warrant public health concern
such as lead or barium.  These two studies had relatively poor experimental controls, and it has
been suggested that contamination may have resulted from other sources at those sites.

The results obtained from the University of Maine (Humphrey, et al. (1997)) are probably more
reliable, because control basins were installed at the test site in North Yarmouth, to distinguish
between compounds that leached from the tire shreds, and those that were naturally present in the
water there.  The University of Maine data is more extensive than most of the other field studies.
Samples collected on a quarterly basis since January, 1994 were analyzed for metals with
primary and secondary drinking water standards.  The data indicate that, for the metals with a
primary standard, the presence of tire shreds did not increase concentrations significantly above
levels occurring naturally at the site.  For metals with a secondary standard, iron levels beneath
the tire shred fills were elevated on two dates, and manganese showed consistently higher
concentrations in the basins overlain by tire shreds compared to the control basins.  It should be
noted that secondary drinking water standards are based upon aesthetic concerns; although they
may impart some taste, odor, or color to the water, they do not pose a known or suspected health
risk.  Humphrey, et al. also obtained samples that were tested for volatile and semi-volatile
organics on two dates, and found all substances below the test method detection limit.  Based
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upon those results, Humphrey concluded that “tire shreds have a negligible impact on
groundwater quality and can be used for most civil engineering applications provided the pH of
the groundwater is near neutral.”

Published results could be located from only two field studies in which tire shreds were used in
place of aggregate in septic systems.  The first report was by Chennette Engineering, Inc. (1992)
in Montpelier, Vermont.  The system was built to replace an existing residential (four bedroom)
septic system that had failed.  The replacement system consisted of two trenches.  Each trench
was 4 feet wide by 70 feet long, with a 12-inch thick layer of tire shreds placed around the
drainpipe.  Two-inch nominal tire shreds were used in lieu of crushed stone.  Two lysimeters
were installed to allow sampling of treated effluent at a depth of 36 inches below the bottom
elevation of the tire shreds.  The lysimeters were placed so that they would sample the treated
effluent before it was diluted by contact with groundwater.

The system was put into service on November 25, 1991, with the first round of sampling
performed in early December 1991.  Sampling was performed approximately monthly through
June 1992.  Samples were tested for twelve metals.  Eight of them, arsenic, barium, cadmium,
chromium, copper, lead, mercury, selenium, and nickel, have a primary drinking water standard.
Testing was also performed for iron, silver and zinc, which have a secondary drinking water
standard.  Of the metals analyzed, all were present at negligible concentrations except for iron
and lead, which were initially measured at 0.43 mg/l and 0.038 mg/l, respectively.  These
elevated concentrations dropped below the applicable groundwater standards of 0.3 mg/l and
0.015 mg/l, respectively within one to two months.  Since no control wells were installed in this
study, it is difficult to say whether the elevated levels were due entirely to the tire shred
installation.

A second tire shred system is reported by Burnell and McOmber (1997).  They describe an
experimental drainfield constructed at the Southern Idaho Regional Landfill.  In addition to
constructing a trench using chipped tires, a control trench was also constructed using standard
drainrock.  Each trench was about 3 feet wide by 30 feet long, with a 12-inch thick layer of
drainage media (tire shreds or standard drainrock) placed around the drainpipe.  The wastewater
source was from the landfill’s main office, scale house, and public restroom.  Unfortunately, this
wastewater did not have typical wastewater strength or flow characteristics.  The authors
estimated that the Biochemical Oxygen Demand (BOD) in the dosing chamber was only 23% of
a “typical” residential system, and the TSS only 33% of a typical system.  Wastewater flow rates
were less than 100 gallons per day (GPD).

The system was run for four weeks, and then a leak in the septic tank was discovered and
repaired.  After that, another four-week start-up period ensued, and then sampling was initiated.
Samples were tested for selected heavy metals, BOD, Chemical Oxygen Demand (COD), Total
Suspended Solids (TSS), sulfate, phenols and trihalomethanes.  The BOD decreased in both the
tire-shred trench and the control trench as compared to the dosing chamber.  The COD decreased
in the control trench, but remained nearly the same in the tire shred trench as compared to the
dosing chamber.  Suspended solids were very low in all cases.  All samples tested for
trihalomethanes were below the method detection limit.  Phenols were above the method
detection limit, but were about the same in both the control trench and the tire shred trench.
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Sulfate remained the same from the dosing chamber to the control trench.  The tire shred trench
showed an increase in sulfate concentration compared to the dosing chamber, although sulfate
levels in the tire shred trench were still below the secondary drinking water standard of 250 mg/l.
Cadmium, chromium and lead were below the detection limit for all samples.  Copper was
slightly elevated in the tire-shred trench, but was very low and close to the detection limit.  The
two metals that exhibited markedly elevated concentrations were iron and zinc.  The iron
concentration in the tire shred trench was three times that measured in the dosing chamber, and
exceeded the secondary drinking water standard of 0.30 mg/l.  The zinc concentration in the tire
shred trench (0.62 mg/l) was about seven times the concentration measured in the dosing
chamber, but was still well below the secondary drinking water standard of 5 mg/l.  It should be
noted that both iron and zinc concentrations in the control trench were slightly higher than the
corresponding concentrations in the dosing chamber, though much lower than the corresponding
concentrations in the tire shred trench.

In conclusion, the drainage capacity of tire shreds is well documented, and the reported data
indicate that tire shreds should function as well as aggregate in terms of flow requirements in
residential septic systems.  The question of whether tire shreds may leach potentially harmful
contaminants is not completely resolved.  In general, the published laboratory and field studies
indicated that leachate derived from scrap tires is “safe,” however minor contradictions exist
within the data.  In most cases (when the pH of the water is near neutral), compounds which tend
to leach from tires affect only the aesthetic quality of the groundwater.  In other words, although
they may impart some taste, odor, or color to the water, they do not pose a known or suspected
health risk.  Due to the limited nature of much of the reported research, further study is
warranted to examine the long-term durability and potential leaching characteristics of tire shreds
placed in residential subsurface leaching field systems.

3. Scope of Work

The overall goal of this project was to conduct a preliminary investigation of the use of two-inch
waste tire chips instead of gravel in residential subsurface leaching field systems.  The scope
included compilation of available technical information in this area, and investigation of
chemical properties of leachate generated when synthetic solutions of varying pH are passed
through tire chip material.  Accelerated leaching tests were conducted in the Environmental
Engineering Laboratory at the University of Massachusetts Dartmouth to determine:

• What contaminants (organic and inorganic) leach out from the scrap tire material?

• What is the profile of leachate generated with time?

Based upon the limited timeframe, this project was intended to be a preliminary investigation to
provide useful data for field-scale testing that is anticipated for FY 2000.
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4. Approach to Work and Work Completed

Laboratory Scale Experiments
The tire chip samples were obtained from New Bedford Tire and Recycling, located at 680
Acushnet Avenue, New Bedford, MA.  New Bedford Tire and Recycling processes 3,500,000 to
4,000,000 million tires a year, of which 90% are radial tires.  The tires are sorted based on bias
ply (non-radial) or radials.  The sorted tires are then conveyed to large grinding hoppers.  The
produced chips can then be reground to obtain a desired size, with a minimum of ¾”.  Each size
is collected and stockpiled for later use.  Since the focus of this study was to find the
concentration of inorganic leachates from the scrap tires, we chose the smallest particle size, ¾”,
as it would provide the maximum surface area per unit weight.  The obtained sample included
¾” steel belted tire chips (to get maximum iron concentration in the leachate) with a trace of fine
particles.

5. Results

5.1 Experimental Setup

All the analytical methods used in this project conformed to the specifications contained in the
Standard Methods for the Examination of Water and Wastewater (20th edition) or the Hach
Colorimeter Procedures manual.

Effect of pH
The first experiment was conducted to determine the effect of pH on inorganic leachate quality.
Five random tire chips were placed into each of two 250 ml Erlenmeyer flasks with an additional
flask setup as a blank standard.  The flasks were filled to capacity with distilled water.  The pH
of one of the tire chip flasks and the standard were measured at 6.2.  The pH of the third flask
was adjusted to 3.5 using Nitric Acid (HNO3).  The flasks were placed on the Innova 2100
Platform Shaker and allowed to shake for approximately 18 hours.  This allowed ample time for
the tire surface to attain equilibrium with the aqueous solution.

After the mixing was complete, the samples were vacuum filtered through a 0.45-micron filter
for further analysis. Each filtered sample was then digested by the Nitric Acid Digestion method
according to method 3030 E (Standard Methods).  The digested samples were then analyzed for
aluminum, chromium, copper, iron, manganese, and zinc.  The non-metal testing included tests
for sulfate and chloride that were performed on non-digested samples.  The sulfate test analysis
used the sulfate method, 8051; the chloride test was performed according to the Argentometric
Method of the Standard Methods Manual Test 4500-Cl- B.  A summary of all the methods used
is described in the next section.  The results of all tests performed are listed in Table I.
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Table I
Characteristics of Inorganic Constituents of Leachate from Batch-Scale Equilibrium Tests

all values are in mg/L

Sample/Test Fe
TPTZ

Fe
FerroZine Al Mn Zn Cu Cr Cl- SO4

2-

Blank 0.78 0.90 0.00 0.01 0.09 0.72 0.04 - 0.00
pH 6.4 0.95 0.93 0.47 0.00 0.37 0.64 0.08 272.97 0.00

pH 3.49 7.03 6.93 0.18 0.02 0.50 2.36 0.04 49.63 0.00
Drinking
Water
Quality
Standard
(DWQS) 0.3† 0.3† <0.05‡ 0.05† 5.0† 1.0† 0.1 250† 250†

†- Secondary Maximum Contaminant Level Limit based not on adverse public health effect but on
aesthetic concerns.

‡ - Goal set by American Water Works Association, to which its members try to adhere.

Each sample collected above was also analyzed for Total Phenolics according to EPA Method
420.1/420.2.  The results are shown in Table II.

Table II
Concentration of Total Phenolics in Leachate from Batch-Scale Equilibrium Tests

Sample Total Phenolics
(mg/L)

Blank 0.005
pH 6.4 0.01

pH 3.49 0.007
DWQS 0.001†

† - Based on pentachlorophenol

Column Leachate
After the preliminary testing to determine the effect of pH, a new set of chips was used to study
the characteristics of column leachate.  These chips were placed into a Plexiglas® column 83.8
cm high with a 15.23-cm inner diameter for a total volume of 6.1 L.  The column was open to air
at the top with a small opening at the base of the column.  The column was filled 2/3 of the
height with tire chips.  The column was filled with distilled and deionized water to a level a little
higher than the tire chips to keep the tire chips totally submerged.  The water was left in the
column for 4 days.  The pH of the influent water was 6.4 and the same pH was recorded for the
effluent.  Five samples, each of approximately 850 ml in volume, were collected and analyzed
for inorganic contaminants along with a blank standard of distilled and deionized water.  300 ml
of the 850 ml sample volume was digested using the Nitric Acid Digestion Method mentioned
before.  The tests for metals and non-metals were then performed as described in the next
subsection.  The results are displayed in Table III.
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Table III
Analysis of Tire-Chip-Column Leachate

Influent pH = Effluent pH = 6.4
all values are in mg/L

Sample/Test Fe-
TPTZ

Fe-
FerroZine Mn Al Cr Cu Zn Cl- SO4

2-

1 7.10 7.04 0.78 0.27 0.19 0.13 1.06 18.74 15.00
2 6.82 6.72 0.77 0.15 0.07 0.15 1.06 3.75 16.00
3 7.12 7.37 0.70 0.42 0.05 0.20 1.13 14.99 17.00
4 7.42 9.29 0.71 0.48 0.02 0.27 1.11 18.09 17.00
5 6.46 5.83 0.70 0.36 0.14 0.16 0.70 4.25 16.00

Blank 0.03 0.01 0.02 0.00 0.01 0.03 0.02 - 0.00
DWQS 0.3† 0.3† 0.05† <0.05‡ 0.1 1.0† 5.0† 250† 250†

†- Secondary Maximum Contaminant Level Limit based not on adverse public health effect but on
aesthetic concerns.

‡ - Goal set by American Water Works Association, to which its members try to adhere.

Once the initial column tests were complete, the column was refilled with distilled and deionized
water that was adjusted to a pH of 3.0 using Reagent Grade HNO3.  The tire chips were
submerged for 26 hours.  Six samples and a standard blank of approximately 850 ml were
collected and tested as described below.  The results are displayed in Table IV.

Table IV
Analysis of Tire-Chip-Column Leachate
Influent pH = 3.0 Effluent pH = 6.0

all values are in mg/L

Sample/Test Fe-
TPTZ

Fe-
FerroZine Mn Al Cr Cu Zn Cl- SO4

2-

1 10.97 9.74 0.64 0.24 0.01 0.26 1.58 2.50 0.00
2 15.31 11.16 0.61 0.11 0.01 0.33 1.39 2.50 0.83
3 17.26 13.75 0.59 0.20 0.01 0.40 1.13 1.30 0.00
4 14.27 10.07 0.59 0.12 0.00 0.13 1.28 0.90 0.00
5 18.26 12.84 0.63 0.11 0.00 0.20 1.50 8.50 0.00
6 12.99 10.25 0.62 0.79 0.00 0.17 1.56 1.35 0.00

Blank 0.09 0.08 0.00 0.06 0.01 0.08 0.04 - 0.00
DWQS 0.3† 0.3† 0.05† <0.05‡ 0.1 1.0† 5.0† 250† 250†

†- Secondary Maximum Contaminant Level Limit based not on adverse public health effect but on
aesthetic concerns.

‡ - Goal set by American Water Works Association, to which its members try to adhere.

Due to sample limitations, in some case small amounts of the sample were used and
appropriately diluted with distilled and deionized water to its respective test size for the
colorimeter.
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5.2 Summary of Methods

Aluminum (Method 8012): The sensitivity of this method is from 0.0 to 0.80 mg/L.  The
aluminum indicator reacts with the aluminum in the sample to produce an orange color.  The
darkness of the color is a direct correlation to the concentration of aluminum.  Ascorbic acid is
added to remove any iron interference.

Chromium (Hexavalent, Method 8023): The sensitivity of the test is from 0.00 to 0.60 mg/L.
The reagent used contains an acid buffer combined with 1,5-diphenylcarbohydrazide, which
forms a purple color when chromium is present.

Chromium (Total, Method 8024): Sensitivity of 0.00 to 0.60 mg/L.  Trivalent chromium is
oxidized to the hexavalent form.  Once in the hexavalent form, the sample is treated as above.

Copper (Method 8506): Sensitivity of 0.00 to 5.00 mg/L.  Copper reacts with a salt of
bicinchoninic acid, contained in the reagent.  The reaction forms a purple color, which is
proportional to the copper concentration.

Chloride (Argentometric Method, 4500-Cl- B): A titration of the sample using potassium
chromate as the indicator and silver nitrate as the titrant.  The silver reacts with the chloride to
form silver chloride, which precipitates before red silver chromate is formed.

Iron (FerroZine Method 8147): Sensitivity of 0.000 to 1.300 mg/L.  This test forms a purple
colored complex with trace amounts of iron.  The sample is buffered to 3.5.

Iron (TPTZ Method 8112): Sensitivity of 0.00 to 1.80 mg/L.  The indicator is combined with a
reducing agent to convert all iron in the sample to a ferrous state.  The indicator forms a deep
blue to purple color in the presence of ferrous.

Manganese (Low range Method, 8149): Sensitivity of 0.000 to 0.700 mg/L.  Ascorbic acid is
used to reduce all oxidized forms of manganese to Mn2+.  Alkaline – cyanide is added to mask
potential interference.  The PAN indicator is added and binds to Mn2+ to form an orange
complex.

Sulfate (Method 8051): Sensitivity of 0 to 70 mg/L.  The sulfate in the sample reacts to the
barium in the reagent to form an insoluble compound, barium sulfate.  The amount of turbidity is
proportional to the amount of sulfates in the sample.

Zinc (Method 8009): Sensitivity of 0.00 to 3.00 mg/L.  The metals in the sample react with the
cyanide in the reagent.  Cyclohexanone selectively breaks the bond between the zinc and
cyanide.  The zinc then reacts to the 2-carboxy-2-hydroxy-5-sulfoforamazyl-benzene indicator
and forms a blue color.



11

6. Lessons Learned

• Scrap tire chips leach metals and inorganic non-metallic ions but the only constituents that
are leached in significant concentration are iron, manganese, chloride, and sulfate, all four
of which are regulated under Secondary Drinking Water Standards.  Thus, scrap tires, when
used instead of aggregate in residential subsurface leaching field systems, most probably
will not affect Primary Drinking Water Standards.

• Scrap tire chips have limited Acid Neutralizing Capacity (ANC); therefore, it is expected
that when the scrap tire surface is exposed to an acidic solution, it can arrest the decrease in
pH to some extent.  Preliminary experiments indicate an Acid Neutralizing Capacity of
approximately 9.5 E-03 milliequivalents/dry gram of scrap tire.  The effect is that the
inorganic constituents (primarily metals) will not be leached out at the beginning of the
contact cycle at maximum concentration.  The maximum concentration of the metals in the
leachate will be manifested after the tire surface has been exhausted of its ANC.

• The primary inorganic anions present in the leachate, chloride and sulfate, show a
decreasing concentration profile with increased volume of distilled/deionized water passed,
whereas the metals concentration shows a consistent leachate concentration with increased
volume of distilled/deionized water passed.  This observation suggests that metals will be
present in the leachate at a consistent concentration for a much longer time than will
inorganic nonmetallic constituents such as chloride and sulfate.

7. Transferability of this Research

Since this research was performed on a laboratory scale with reagent grade materials and
distilled and deionized water, it may be surmised that the results obtained can be used for other
scrap tire applications where the quality of leachate generated is a primary concern.

8. Recommendations for Future Work

As mentioned before, the results of this work have to be complemented and supplemented with
field scale studies using septic tank effluent (instead of distilled/deionized water) and with
monitoring of the leaching field effluent.  These studies should be performed not only for the
analytes mentioned in this report but also for pollutants such as BOD, COD, TSS, Total Kjeldahl
Nitrogen (TKN), Total Phosphate (TP), etc.  The results of field-scale tests in combination with
this report, will allow the regulatory agencies to answer the two fundamental questions listed at
the beginning of this report, and consequently help make the decision of whether to allow scrap
tire chips in residential sub-surface disposal systems.

9. Conclusions
Scrap tire chips leach inorganic metals and non-metallic anions when distilled/deionized water is
contacted with it, either in batch-equilibrium or column-run mode.  However, the concentration
of the leachate constituents does not violate Primary Drinking Water Standards.  With regard to
Secondary Standards, iron, manganese, chloride and sulfate appear to be of main concern.
Chloride and sulfate show a decreasing concentration profile with increasing volume of water
contacted.



12

10. References

Burnell, B. N. and McOmber, G., Used Tires as a Substitute for Drainfield Aggregate, ASTM
STP 1324, American Society for Testing and Materials, 1997.

Chennette Engineering Inc., Montpelier Vermont, Demonstration Project Report: Tire Shred
Leaching Systems, for Palmer Shredding, Inc., 1992.

Ealding, W., Final Report on Leachable Metals in Scrap Tires, Virginia Department of
Transportation, 1992.

Edil, T. B., and Bosscher, P. J., University of Wisconsin at Madison, Development of
Engineering Criteria for Shredded Waste Tires in Highway Applications, Wisconsin
Department of Transportation, 1992.

Hach DR/890 Colorimeter Procedures Manual, 1997.

Holtz and Kovacs, An Introduction to Geotechnical Engineering, Prentice-Hall, Englewood
Cliffs, NJ, 1981.

Humphrey, D. N., Highway Applications of Tire Shreds, Lecture notes from presentation to the
New England Transportation Consortium, December 1,1998.

Humphrey, D. N., Katz, L. E., and Blumenthal, M., Water Quality Effects of Tire Chip Fills
Placed Above the Groundwater Table, ASTM STP 1275, American Society for Testing
and Materials, 1997.

Liu, H. S., Mead, J. L., and Stacer, R. G., Environmental Impacts of Recycled Rubber in Light
Fill Applications: Summary and Evaluation of Existing Literature, Technical Report
#2, Chelsea Center for Recycling and Economic Development, Chelsea, MA, 1998.

Minnesota Pollution Control Agency, A Report on the Environmental Study of the Use of
Shredded Waste Tires for Roadway Subgrade Support, by Twin City Corp., St. Paul,
MN, 1990.

Standard Methods for the Examination of Water and Wastewater, Published Jointly by AWWA,
APHA, and WEF, 20th Edition, 1999.

Zelibor, J. L., The RMA TCLP Assessment Project: Leachate from Tire Samples, Scrap Tire
Management Council, 1991.


