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. Abstract

In an effort to evaluate the suitability of tire chips as structural fill in residential onsite septic
distribution systems, two new homes in Jackson County, Indiana, were selected for hydrologic
monitoring and water-quality sampling. One of the sites used tire chips as a substitute for rock
aggregate in the septic system absorption field; the other site used conventional rock aggregate
in the absorption field and was used as a control site. Both sites were located on or near loess
(windblown silt) deposits, as well as some alluvium. Both sites were instrumented for
continuous hydrologic monitoring, and both systems were sampled quarterly for water-quality
analyses. Monitoring continued for 13 months beginning in May 2006 and ending in June 2007.

The results of hydrologic and water-quality monitoring suggests that the tire chips in the
residential onsite septic system performed as well, or better, than the conventional aggregate
system. In most months of the year, the vertical attenuation of wastewater components was
superior in the Tire Chip system compared to the performance of the Control system.

Little or no evidence of adverse leachate being generated from shredded tire chips was
observed during the course of this investigation. In fact, the highest concentrations of metals
were observed at the Control site and outside the septic distribution system itself. The
concentrations of iron, aluminum, and manganese were higher inside the septic system at the
Tire Chip site than outside, but only the difference between concentrations of aluminum was
large enough to warrant attention. This lack of difference in solute chemistry occurred despite
the fact that numerous recharge events occurred at both study sites during the period of
monitoring. It is possible that over time, statistically significant differences in the leachate
chemistry between and within sites could emerge and the differences might even be linked to
leaching of metals from tire chips. In the interim, several recommendations are presented to
guide installations of onsite septic distribution systems using tire chips in distribution fields.
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Il. Introduction

In an effort to evaluate the suitability of tire chips
as structural fill in residential onsite septic
distribution systems, two new homes in Jackson
County, Indiana, (fig. 1) were selected for
hydrologic monitoring and water-quality
sampling. Personnel of the Indiana State
Department of Health (ISDH) contacted the
homeowners who consented to let the work be
undertaken on their property. The ISDH personnel
were able to gain consent from one of the
homeowners to use tire chips as a substitute for
rock aggregate (“Tire Chip site”) in the septic system absorption field; the other site used
conventional rock aggregate in the absorption field and was used as a control site (“Control
site”). Figure 2 shows the mapped distribution of the soil parent types in the vicinity of the two
sites (USDA, 2007). Both sites are on or near loess (windblown silt) deposits, as well as some
alluvium. The two sites have similar soil textures; however, inside the septic system fields, the
Control site has less sand and more silt, whereas the Tire Chip site has more sand, and each
contains between 15 and 20 percent clay (fig. 3).

Both sites were instrumented for continuous hydrologic monitoring, and both systems were
sampled quarterly for water-quality analyses. Monitoring continued for 13 months beginning in
May 2006 and ending in June 2007. A literature search was conducted and the results of that
search are presented as an appendix to this report. Based on the results of previous work and
input from stakeholders, personnel of the ISDH selected the water-quality parameters to be
analyzed over the course of the study. Table 1 lists the initial set of parameters, which was the
suite of analyses completed at the beginning of the study. After the baseline analysis, a smaller
number of analyses were conducted for the duration of the study. All water samples were
analyzed in the laboratories of the ISDH in Indianapolis, Indiana. The ISDH provided the
analyses as an in-kind contribution to the project. As discussed below, the results of four (4)
quarterly analyses of groundwater yielded little or no evidence that undesirable leachate
chemistry was generated from interactions between septic system water and tire chips that were
used as structural fill in the onsite septic system evaluated in this study.

lll.  Septic Distribution System Construction and Monitoring
Construction of the Tire Chip site septic system began on May 30, 2005, and was inspected by
personnel of the ISDH on June 1, 2005. The components and dimensions of the tire chip septic
system are shown in Figure 4. A photograph of the above-ground instrumentation installed at
the Tire Chip site is shown in Figure 5. The tire chips average about 2 inches (5.1 cm) in
diameter. The tire shredding process results in exposure of steel belt fragments along the edges
of the tire chips, and in this study, the metal fibers are generally less than a half-inch in length.
The configuration of the tire chip system is shown in Figure 6.

J.T. Haddan, 2006
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Construction of the Control site septic system began on July 8, 2005, and was inspected by the
ISDH on July 9, 2005. The components and dimensions of the control septic system are shown in
Figure 7. A photograph of the above-ground instrumentation installed at the Control site is
shown in Figure 8. The configuration of the tire chip system is shown in Figure 9.

\
Legend

-.l

Bl Study sites

) DENS
4 Ofysl,
Fo— 5
=

Figure 1. Location map showing the two study sites in Jackson County, Indiana (southeastern
part of the state).
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Figure 2. Grouped parent-material types for soils in the vicinity of the study sites. Both sites
are on or near loess (windblown silt) deposits, as well as alluvium (USDA, 2007).
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Figure 3. Ternary diagram showing the results of particle-size analysis of the materials

around the septic fields in the study. The two sites have similar soil textures; however, inside
the septic system fields, the Control site has less sand and more silt, whereas the Tire Chip site
has more sand, and each contains between 15 and 20 percent clay.
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Table 1. Suite of parameters analyzed during the study. The symbol * indicates that the analyses were
included throughout the duration of the study. The remaining parameters were included only in an

initial baseline analysis of the sites.

Parameter Units
* | Aluminum Hg/L
BOD-5 mg/L
Chloride mg/L
Chromium pg/L
Chromium (VI) ug/L
*| COD, low level mg/L
Copper pg/L
E-coli MPN/100 mL
Iron pg/L
* | Manganese pg/L
Nitrogen-nitrate mg/L
* | Nitrogen-nitrate+nitrite mg/L
Phosphorus, total mg/L
Potassium mg/L
Sodium mg/L
Sulfate mg/L
TKN mg/L
*| Total Coliform MPN/100 mL
* | Total Suspended Solids mg/L
Zinc pg/L
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Figure 4. Septic system design for the Tire Chip site taken from the septic system permit application
submitted to the Jackson County Health Department.
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Figure 5. Photograph showing the above-ground instruments installed at the
Tire Chip study site.
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Figure 6. Layout of septic system at the Tire Chip site relative to the placement of the house on the
property. The figure also shows the location of the data collection station inside the Tire Chip site
absorption field. The data collection station located outside of the absorption field is approximately
100 feet (30.5 meters) away from the interior collection site.
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Figure 7. Septic system design for the Control site taken from the septic system permit
application submitted to the Jackson County Health Department.
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Figure 8. Photograph of above-ground equipment installed at the Control site.
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Figure 9. Layout of septic system at the Control site relative to the placement of the house on
the property. The figure also shows the location of the data collection station inside the Control
site absorption field. The data collection station outside of the absorption field is approximately
100 feet (30.5 meters) away from the interior collection site.

10



ENVIRONMENTAL FEASIBILITY OF USING RECYCLED TIRE PIECES AS MEDIA IN SEPTIC SYSTEM ABSORPTION FIELDS

The initial construction involved excavating trenches approximately 36 inches wide, 26 inches
deep, and 100 feet long (0.9 m wide, 0.7 m deep, and 30.5 m long). The tire chip system consists
of five trenches with a separation distance of 8 feet (2.4 m), whereas the control system has four
trenches with a separation distance of 10 feet (3.1 m). The trenches were designed to
accommodate beds of aggregate 12 inches (0.3 m) deep. Four-inch (10 cm) diameter perforated
PVC pipe was installed approximately 6 inches (15 cm) from the bottom of each trench and
surrounded by aggregate. The pits were then covered with the local soil to reach a final cover
depth of 2 feet (0.6 m) at the Tire Chip site and 1 foot at the Control site. All pipes were
connected to a distribution box.

Perimeter drainage systems were installed at both sites approximately 10 feet (3.1 m) away from
the outer trenches (figs. 6 and 9). The vertical drain to trench separation is 30 inches (0.76 m) at
the Tire Chip site and 26 inches (0.66 m) at the Control site (figs. 4 and 7).

Two sets of monitoring equipment were installed at each site: one near the center of the septic
field, and the other just outside the perimeter drain (figs. 6 and 9). Instrumentation and
monitoring devices installed at the sites included:
¢ Groundwater monitoring wells,
Pressure transducers (for continuously monitoring groundwater levels),
Neutron probe access tubes for measuring soil-moisture profiles,
Lysimeters for extracting soil water for analysis,
Soil-moisture profilers,
Soil-water tension sensors,
Soil-temperature probes,
Precipitation (rain/snow) gauges,
Data loggers.

* & 6 & o o o o

The specific instrumentation installation details follow:

Tire Chip site:
TCI = Tire Chip site within (inside) septic field, near the center
» TCIW = groundwater monitoring well —1%2-in (3.8 cm) diameter, 10 ft (3.1 m) total
depth, bottom 5 ft (1.5 m) prepacked screen;
= TCIS = shallow soil water sampler—1% ft (0.46 m) deep;
= TCID = deep soil water sampler—3 ft (0.9 m) deep;
* Sentek Easy Ag soil water profiler: water content readings at 0.33 ft (10 cm), 0.98 ft (30
cm), 1.64 ft (50 cm), and 2.62 ft (80 cm);
* Watermark Soil Matric Potential Blocks placed at 0.33 ft (10 cm) and 0.98 ft (30 cm) (2 at
each depth);
* Temperature probes at 0.33 ft (10 cm) and 0.98 ft (30 cm) used in conjunction with the
Watermark Soil Matric Potential Blocks to calculate soil water tension;
* Aluminum access tube to facilitate measurements of vertical soil-moisture profiles (to a
depth of 8 ft [2.4 m]) using a neutron moisture gauge.

11
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TCO = outside septic field, approximately 100 feet (30.5 meters) from TCI site
» TCOW = groundwater monitoring well —1%.-in (3.8 cm) diameter, 10 ft (3.1 m) total
depth, bottom 5 ft (1.5 m) prepacked screen;
* TCOS = shallow soil water sampler—1% ft (0.46 m) deep;
= TCOD = deep soil water sampler—3 ft (0.9 m) deep;
* Aluminum access tube to facilitate measurements of vertical soil-moisture profiles (to a
depth of 8 ft [2.4 m]) using a neutron moisture gauge.

Control site:

CTI = Control site within (inside) septic field, near the center
*»  CTIWI10 = groundwater monitoring well —1%2-in (3.8 cm) diameter, 10 ft (3.1 m) total

depth, bottom 5 ft (1.5 m) prepacked screen;

CTIW15 = groundwater monitoring well —1%2-in (3.8 cm) diameter, 15 ft (4.6 m) total

depth, bottom 5 ft (1.5 m) prepacked screen;CTIS = shallow soil water sampler—1% ft

(0.46 m) deep;

CTID = deep soil water sampler—3 ft (0.9 m) deep;

» Sentek Easy Ag soil water profiler: water content readings at 0.33 ft (10 cm), 0.98 ft (30
cm), 1.64 ft (50 cm), and 2.62 ft (80 cm);

* Watermark Soil Matric Potential Blocks placed at 0.33 ft (10 cm) and 0.98 ft (30 cm) (two
at each depth);

* Temperature probes at 0.33 ft (10 cm) and 0.98 ft (30 cm) used in conjunction with the
Watermark Soil Matric Potential Blocks to calculate soil water tension;

* Aluminum access tube to facilitate measurements of vertical soil-moisture profiles (to a
depth of 8 ft [2.4 m]) using a neutron moisture gauge.

CTO = outside septic field, approximately 100 feet (30.5 meters) from CTI site
* CTOW = groundwater monitoring well —1%.-in (3.8 cm) diameter, 10 ft (3.1 m) total
depth, bottom 5 ft (1.5 m) prepacked screen;
» CTOS = shallow soil water sampler—1%2 ft (0.46 m) deep;
*» CTOD = deep soil water sampler—3 ft (0.9 m) deep;
* Aluminum access tube to facilitate measurements of vertical soil-moisture profiles (to a
depth of 8 ft [2.4 m]) using a neutron moisture gauge.

V. Results of Hydrologic Monitoring
All hydrologic data collected at both study sites are presented in the attached spreadsheets
named “Tirechip septic study electronic monitoring.xlsx” and “Tirechip septic study neutron
probe.xlsx,” A summary of the key results follows:
e During the 13-month period of monitoring, 51.73 inches (131.4 cm) of precipitation were
recorded at the Tire Chip site and 51.69 inches (131.3 cm) were recorded at the Control

12
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V.

site. For the 12-month period 7/1/06 to 6/30/07 the totals were 44.98 inches (114.2 cm) and
45.53 inches (115.65 cm), respectively. These totals are slightly greater than the long-term
annual average of 42.2 inches (107.2 cm) for the Seymour area.

As shown in Figures 10a and 10b, the precipitation was distributed relatively evenly
during the study with the exception of two dry periods. The first dry period occurred in
July and August of 2006, and the second dry period occurred in May and June of 2007.
Figure 11 shows the mapped distribution of the annual minimum water table
(centimeters below the ground surface) as mapped by soil series (USDA, 2007).

The abundant precipitation resulted in numerous water table recharge events, and the
water table rose into both septic distribution systems on several occasions (figs. 12a, b).
As evidenced by the consistently high moisture contents at 50 cm (1.64 ft) below the
surface (fig. 13a), the degree of saturation remained high at the Tire Chip site
throughout entire period of monitoring. However, at the Control site, there was more
variability in the degree of saturation (Figure 13b). This can be explained by the fact that
groundwater flow is towards the distribution system at the Tire Chip site and away
from the distribution system at the Control site. It could also be a reflection of the finer
geologic materials at the Control site, which might cause wetting and drying cycles to be
lagged.

Results of Chemical Sampling and Analysis

The water samples from the monitoring wells (unfiltered) as well as soil water (filtered through
the ceramic tips on soil lysimeters) was analyzed. The monitoring wells and lysimeters were
installed both inside and outside of the septic fields of both systems. Water samples were
collected at both study sites on four separate occasions. As shown on the hydrographs of water
table elevation (figs. 12a, b) the samples were collected during both wet and dry periods.

The results of chemical monitoring are presented in Appendix A. Table 2 provides a summary
of the findings for water collected from the monitoring wells within the septic distribution
systems. Some federal water-quality standards are included in Tables 3 and 4. A summary of
the key results follows:

Total suspended solids (TSS) and total coliform (Tcol) were higher at the Tire Chip site
than at the Control site. This is probably due to the fact that water table loading was
greater at the Tire Chip site where the water table rises caused cyclic saturation of the
distribution field.

In contrast, biochemical oxygen demand (BOD) and nitrogen (NOs) were higher at the
Control site, although both values were very low compared to typical residential septic
system wastewater.

Concentrations of aluminum, iron, and magnesium were higher at the Tire Chip site
than at the Control site. Although there is a source for these elements in the wires of the
tire shreds, they are also produced by chemical weathering of soils, and because their
concentrations are highest outside the septic distribution system at the Control site

13
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(CTO), it may be too early to accurately interpret the differences between samples
collected inside the two septic distribution systems.

e Concentrations of zinc, chromium, and copper were always below the drinking water
standards at all four of the sampling locations (compare to Tables 3 and 4).
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Figure 10a: Daily precipitation distribution over time at the Tire Chip site.
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Figure 10b: Daily precipitation distribution over time at the Control site.
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Figure 12a. Water table elevation at the Tire Chip site.
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Figure 12b. Water table elevation at the Control site.
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FIGURE 13a. Moisture content from four depths at the Tire Chip site.
(Measured using Sentec volumetric moisture sensors (uses electrical capacitance to measure soil moisture.)
Depths: 10 cm = 0.33 feet below ground surface
30 cm = 0.98 feet below ground surface
50 cm = 1.64 feet below ground surface
80 cm = 2.62 feet below ground surface
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FIGURE 13b. Moisture content from four depths at the Control site.
(Measured using Sentec volumetric moisture sensors (uses electrical capacitance to measure soil moisture.)
Depths: 10 cm = 0.33 feet below ground surface
30 cm = 0.98 feet below ground surface
50 cm = 1.64 feet below ground surface
80 cm = 2.62 feet below ground surface
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Table 2. Average and range of water-quality analysis values for a subset of the parameters analyzed

in this study.

Tire Chip Site Control Site
TCl TCO CTl CcTO N
Avg | Max | Min | Avg | Max | Min Avg | Max | Min | Avg | Max | Min

Total Suspended 105 | 148 | 44 55 83 |30 9 15 6 93 187 | 27 4
Solids (mg/L)

BOD-5 (mg/L) - 15 | <1 - 4 | <1 - 72 <1 - <1 <1 4

COD (mg/L) 19 35 8 13 22 | 8 - 13 <5 - 11 <5 4

Total Coliform - 3600 | 39 - 920 | 690 - | 340 | 17 - |91 51 2
(MPN/100 mL)

Nitrogen- - | <01 - - 0.1 |<0.1 12 17 3 12 14 10 4

nitrate+nitrite (mg/L)

pH 72 | 74 |70 (72573 |72 52 |56 |50 50|53 |48 | 4

Aluminum (mg/L) 47 | 117 |14 |08 12 |04 02 |03 |01 [121|393| 04| 4

Iron (mg/L) 114|226 |66 |71 |10.2 |48 0.08 | 0.11 | 0.06 | 16.6 | 54.4 | 0.4 | 4

Manganese (mg/L) | 0.71 | 0.84 | 0.62 | 0.50 | 0.54 | 0.46 0.42 | 052/ 0.28(160| 3.8 | 0.7 | 4
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Table 3. Regulated Chemical Drinking Water Contaminants Maximum Contaminant Levels (MCL).
http://www.epa.gov/safewater/contaminants/index.html [last accessed May 12, 2010]

Type Contaminant MCL
Chromium 0.1 mg/L
Nitrate 10 mg/L
Nitrite 1 mg/L
Total Nitrate & Nitrite 10 mg/L

Table 4. Secondary Maximum Contaminant Levels.
http://www.epa.gov/OGWDW/consumer/2ndstandards.html [last accessed May 12, 2010]

Contaminant Secondary MCL |Noticeable effects above the Secondary MCL

Aluminum 0.05 to 0.2 mg/L* |colored water

Chloride 250 mg/L salty taste

Copper 1.0 mg/L metallic taste; blue-green staining

Iron 0.3 mg/L rusty color; sediment; metallic taste; reddish or orange staining
Manganese 0.05 mg/L black to brown color; black staining; bitter metallic taste

low pH: bitter metallic taste; corrosion

pH 65-85 high pH: slippery feel; soda taste; deposits

Sulfate 250 mg/L salty taste

Total Dissolved Solids (TDS) 500 mg/L hardness; deposits; colored water; staining; salty taste
Zinc 5 mg/L metallic taste

* Community systems only

A number of other studies in Indiana (Envirologic, 1990) and other states (Chenette
Engineering, 1993; Burnell and McOmber, 1997; Amoozegar and Robarge, 1999; and Grimes and
others, 2003;) produced results similar to those in this study. The drainage capacity of tire
shreds appeared to be sufficient for use in septic system absorption fields. The problems with
performance were related more to hydrologic events (for example, high water tables in poorly
draining surficial sediments above or below the absorption field). In this study, several
parameters in both systems were lower than ranges stated as “typical” in the EPA Onsite
Wastewater Treatment Systems Manual, Chapter 3, “Establishing treatment system
performance requirements” (see Table 3-7; EPA, 2002). These parameters include: total
suspended solids, biological oxygen demand, chemical oxygen demand, and nitrogen
(nitrate+nitrite). In addition, based on results presented by Amoozegar and Robarge (1999), the
vertical attenuation of sulfates in the Tire Chip system was very similar to those observed in
their study. The shallow soil water contained much higher amounts of sulfates; the
concentration diminished with depth. In addition to sulfates, the parameters that were
attenuated with depth (refer to lysimeter data for dissolved phase: sites TCIS, TCID, TCOS,
TCOD, CTID, CTOS, CTOD in Appendix A) include: sodium, potassium, Total Kjehldahl
Nitrogen (TKN), chemical oxygen demand (COD - low level). Similar vertical trends were seen
inside and outside of the septic system field. This suggests that many of the parameters are
related to the in-situ geologic materials.
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In the conventional aggregate Control site, many of the same parameters increased with depth,
and the pH was below the suggested normal range of 6 to 7 (EPA, 2002) during most of the
study. The low pH suggests an anoxic, acidic environment, probably caused by slow infiltration
of the in-situ geologic materials. A similar result was found in the Envirologic (1990) study,
where higher concentrations in wastewater effluent in the gravel aggregate system were
attributed to the wastewater quality and the composition of the parent rock for the aggregate.

VI. Recommendations

The results of hydrologic and water-quality monitoring suggests that the tire chips in the
residential onsite septic system performed as well, or better, than the conventional aggregate
system. In most months of the year, the vertical attenuation of wastewater components was
superior in the Tire Chip system compared to the performance of the Control system. Using the
results of our study, as well as accumulated knowledge from the literature search conducted for
this study, we have developed the following recommendations/guidance for installation of
future residential onsite septic systems using tire shreds in the distribution field:

e Specify standard range of acceptable tire chip sizes used in the system. Standard (not
variable) tire shreds appear to perform better because the amount of packing is limited.
A large range of chip sizes, much like poorly sorted aggregate, will pack more tightly
and limit filtration. The system in this study used tire chips with an average diameter of
2 inches (5.08 cm).

e Specify a limit to the wire fiber length that can be exposed to leaching. A typical limit to
this length used in other states ranges between 0.25 and 0.5 inches (0.64 and 1.27 cm)
beyond the rubber portion of the tire chip. The limit on the wire length is theorized to
reduce the amount of exposure to fluids that might leach metals from the wires. The
wire length of the tire chips used in this study was approximately a half-inch.

e The use of a geotextile fabric over the tire chips in the distribution field is recommended
to limit infiltration of fine sediments from the backfilled sediment into the distribution
tield, which might cause clogging of the absorption field and diminished effectiveness of
the filtration capacity of the system.

e If additional tire chip septic systems are installed, the monitoring of the systems should
continue for several years. This study was for a new system, and the initial monitoring
showed promising results; however, the long-term performance of the system is
unknown. Complete assessment of the performance of the system in terms of
wastewater processing and leachate generation cannot be conducted without a longer
duration data set.

e Proper function, including the pH of the wastewater, should be ensured by following
the best available installation and maintenance guidance for both tire chip and
conventional aggregate systems. The Control site system in this study had low pH
values for the duration of the study, as well as minimal vertical attenuation of the
effluent, suggesting that the performance of the conventional aggregate system in
slightly less hydraulically conductive surficial sediments is probably a greater control on
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the performance of the system than the aggregate materials. One strategy for ensuring
adequate performance is to site the systems where there is sufficient separation between
the bottom of the system and the annual minimum water table depth.

VII. Conclusions: Performance and Leaching

Little or no evidence of adverse leachate being generated from shredded tire chips was
observed during the course of this investigation. In fact, the highest concentrations of metals
were observed at the Control site and outside the septic distribution system itself. The
concentrations of iron, aluminum, and manganese were higher inside the septic system at the
Tire Chip site than outside, but only the difference between concentrations of aluminum was
large enough to warrant attention. This lack of difference in solute chemistry occurred despite
the fact that numerous recharge events occurred at both study sites during the period of
monitoring. It is possible that over time, statistically significant differences in the leachate
chemistry between and within sites could emerge and the differences might even be linked to
leaching of metals from tire chips. However, gathering data to support that hypothesis would
likely require several more years of monitoring and the accumulation of a statistically
significant sample size.

VIll. Conclusions: Transferability

The approach used in this pilot investigation is indeed transferable to other sites and represents
the most rigorous method for evaluating septic system performance in real site-specific
conditions. More sites will need to be evaluated in a variety of hydrogeologic settings and over
periods as long as a decade before definitive statements can be made about the suitability of
using tire chips as structural fill in septic distribution fields. However, in the interim, this use of
shredded tire chips should not be prohibited given the obvious benefits of disposing them in a
potentially useful manner.
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APPENDIX A. Water-Quality Sample Results

Chemical analysis of water collected within monitoring wells at the Tire Chip site.

TCIW 5/23/2006 9/7/2006 11/29/2006 4/12/2007
Aluminum (ug/L) 11700 2480 3010 1430
BOD-5 (mg/L) <1.0 <1.0 1.5 15
Chloride (mg/L) 31 32 31 31
Chromium (ug/L) 21.5 6.72 7.39 2.29
Chromium(VI) (ug/L) <10.0 <10.0 <10.0 <10.0
COD - Low Level (mg/L) 35.4 20.2 8.2 12.4
Copper (ug/L) 15.6 11.6 4.42 3.28
E.coli (MPN/100 mL) <1.0 <1.0 <1.0
Iron (ug/L) 22600 6600 7040 9570
Manganese (ug/L) 840 761 615 640
Nitrogen-nitrate+nitrite

(mg/L) <0.1 <0.1 <0.1 <0.1
Nitrogen-nitrite (mg/L) <0.01 <0.01 <0.05 0.01
pH (pH) 7 7 7.4 7.4
Phosphorus, total (mg/L) 0.34 0.19 0.03 0.34
Potassium (mg/L) 1.42 1.75 1.13
Sodium (mg/L) 21.8 23.5 22.6
Solids, suspended (mg/L) 136 91 148 44
Sulfate (mg/L) 29 24 28 30
TKN (mg/L) 1 0.6 0.3 0.3
Total Coliform (MPN/100 ml) 3600 39

Zinc (ug/L) 80 39.8 27.7 18.8
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TCIS 5/23/2006 9/7/2006 11/29/2006 4/12/2007
Aluminum (ug/L) <50.0 62 <50.0 < 50.0
Chloride (mg/L) 24 12
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(VI) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) 28.6

Copper (ug/L) 1.64 1.22 1.9 2.2
Iron (ug/L) 1650 10800 7080 53.1
Manganese (ug/L) 5200 7890 5180 581
Nitrogen - nitrate+nitrite

(mg/L) <0.1 <0.1 <0.1 <0.1
Nitrogen-nitrite (mg/L) <0.01 <0.01
Phosphorus, total (mg/L) <0.03 <0.03 <0.03 <0.03
Potassium (mg/L) 1.23 1.89 1.41
Sodium (mg/L) 20.9 24.3 16.1
Sulfate (mg/L) 13 14
TKN (mg/L) 1.1

Zinc (ug/L) 12.5 8.92 20.1 9.45

5/23/2006

9/7/2006

11/29/2006

4/12/2007

Aluminum (ug/L) <50.0 85.4 <50.0 <50.0
Chloride (mg/L) 28 27
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(V1) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) 11.4

Copper (ug/L) 1.71 3.13 1.63 1.26
Iron (ug/L) 2070 17700 7650 4540
Manganese (ug/L) 4350 5760 4860 3660
Nitrogen - nitrate+nitrite

(mg/L) <0.1 <0.1 <0.1 <0.1
Nitrogen-nitrite (mg/L) <0.01 0.01
Phosphorus, total (mg/L) <0.03 <0.03 <0.03 <0.03
Potassium (mg/L) 0.502 0.817 0.236
Sodium (mg/L) 14.9 16.5 15.5
Sulfate (mg/L) 6.5 11
TKN (mg/L) 0.5

Zinc (ug/L) 114 27.1 13.2 9.34
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5/23/2006 9/7/2006 11/29/2006 4/12/2007
Aluminum (ug/L) 751 897 1160 410
BOD-5 (mg/L) <1.0 <1.0 <1.0 4
Chloride (mg/L) 24 26 28 26
Chromium (ug/L) 2.32 2.42 2.77 1.2
Chromium(V1) (ug/L) <10.0 <10.0 <10.0 <10.0
COD - Low Level (mg/L) 10.3 12.4 22 7.6
Copper (ug/L) 4.77 6.44 3.11 4.31
E.coli (MPN/100 mL) <1.0 absent <1.0 <1.0
Iron (ug/L) 4770 7080 6280 10200
Manganese (ug/L) 543 459 503 496
Nitrogen-nitrate+nitrite
(mg/L) 0.1 <0.1 <0.1 <0.1
Nitrogen-nitrite (mg/L) <0.01 <0.01 <0.01 0.01
pH (pH) 7.2 7.2 7.3 7.3
Phosphorus, total (mg/L) 0.13 0.22 0.06 0.3
Potassium (mg/L) 1.41 1.8 1.08
Sodium (mg/L) 18.2 19 18.2
Solids, suspended (mg/L) 52 56 83 30
Sulfate (mg/L) 19 15 17 23
TKN (mg/L) 0.5 0.4 0.2 0.2
Total Coliform (MPN/100 ml) 920 690
Zinc (ug/L) 35.9 24.9 26.5 15.7

5/23/2006 9/7/2006 11/29/2006 4/12/2007
Aluminum (ug/L) <50.0 <50.0 <50.0 <50.0
Chloride (mg/L) 5.3 <5
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(V1) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) 5.3
Copper (ug/L) <1.00 1.53 <1.00 <1.00
Iron (ug/L) 5670 658 309 545
Manganese (ug/L) 4680 1240 1110 865
Nitrogen - nitrate+nitrite
(mg/L) <0.1 <0.1 <0.1 <0.1
Nitrogen-nitrite (mg/L) <0.01 <0.01
Phosphorus, total (mg/L) <0.03 0.13 <0.03 <0.03
Potassium (mg/L) 0.391 0.294 <0.200
Sodium (mg/L) 12.7 10.2 8.04
Sulfate (mg/L) 17 11
TKN (mg/L) 0.2
Zinc (ug/L) 9.4 12.9 11.9 10.4
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5/23/2006 9/7/2006 11/29/2006 4/12/2007
Aluminum (ug/L) <50.0 <50.0 <50.0 <50.0
Chloride (mg/L) 13 12
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(VI) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) <5.0
Copper (ug/L) <1.00 <1.00 1.32 <1.00
Iron (ug/L) < 20.0 <20.0 < 20.0 <20.0
Manganese (ug/L) 3440 7180 2920 7360
Nitrogen - nitrate+nitrite
(mg/L) <0.1 <0.1 <0.1 <0.1
Nitrogen-nitrite (mg/L) <0.01 <0.01
Phosphorus, total (mg/L) <0.03 <0.03 <0.03 <0.03
Potassium (mg/L) 0.474 0.519 0.331
Sodium (mg/L) 12 12.4 5.68
Sulfate (mg/L) 7.6 8.5
TKN (mg/L) 0.1
Zinc (ug/L) 8.22 9.46 8 8.02
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Chemical analysis of water collected within monitoring wells at the Control site.

CTIW-10 5/23/2006 | 9/7/2006 ~ 11/29/2006 |  4/12/2007
Aluminum (ug/L) 244 297 143 56.9
BOD-5 (mg/L) <1.0 <1.0 <1.0 72
Chloride (mg/L) 23 26 28 23
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(VI) (ug/L) <10.0 <10.0 <10.0 <10.0
COD - Low Level (mg/L) <5.0 54 <5.0 13.2
Copper (ug/L) 11.8 11.5 4.93 2.69
E.coli (MPN/100 mL) <1.0 <1.0 210
Iron (ug/L) 81.2 56.2 69.6 112
Manganese (ug/L) 523 376 275 520
Nitrogen-nitrate+nitrite 17 14 15 3.1
(mg/L)

Nitrogen-nitrite (mg/L) 0.01 <0.01 0.01 0.02
pH (pH) 5.1 5 5.2 5.6
Phosphorus, total (mg/L) <0.03 <0.03 <0.03 0.03
Potassium (mg/L) 2.48 2.87 3.81
Sodium (mg/L) 6.59 8.13 16.9
Solids, suspended (mg/L) 6 6 8 15
Sulfate (mg/L) 17 11 18 35
TKN (mg/L) <0.1 <01 <0.1 0.6
Total Coliform (MPN/100 ml) 17 340

Zinc (ug/L) 127 99 68.2 7.52
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CTIW-15

5/23/2006

9/7/2006

11/29/2006

4/12/2007

Aluminum (ug/L) 10900 10200 311 219
BOD-5 (mg/L) <1.0 <1.0 <1.0 <1.0
Chloride (mg/L) 19 23 27 27
Chromium (ug/L) 11.2 11.9 <1.20 <1.20
Chromium(V1) (ug/L) <10.0 <10.0 <10.0 <10.0
COD - Low Level (mg/L) 8.2 10.7 <5.0 6
Copper (ug/L) 19.7 21.6 3.2 1.49
E.coli (MPN/100 mL) <10 <1.0 <1.0
Iron (ug/L) 11400 11400 253 13000
Manganese (ug/L) 886 384 84.4 4950
Nitrogen-nitrate+nitrite 20 20 20 8.4
(mg/L)

Nitrogen-nitrite (mg/L) <0.01 <0.01 <0.01 0.04
pH (pH) 6.9 6.6 7 6.5
Phosphorus, total (mg/L) 0.06 0.12 <0.03 0.04
Potassium (mg/L) 1.16 2 2.36
Sodium (mg/L) 6.98 7.29 7.09
Solids, suspended (mg/L) 10 39 14 23
Sulfate (mg/L) 16 10 9.6 16
TKN (mg/L) <0.1 <01 <0.1 <0.1
Total Coliform (MPN/100 ml) 18 88

Zinc (ug/L) 102 90.5 42.6 20.9
CTIS 5/23/2006 ‘ 9/7/2006 11/29/2006 ‘ 4/12/2007
Aluminum (ug/L) 91.3 <50 <50 <50
Chloride (mg/L) 35 30
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(V1) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) 9.8

Copper (ug/L) <1.00 <1.00 <1.00 <1.00
Iron (ug/L) <20.0 <20 <20 1960
Manganese (ug/L) 37.5 15.2 35 6540
Nitrogen - nitrate+nitrite 60 19 6 <0.1
(mg/L)

Nitrogen-nitrite (mg/L) <0.01 0.01
Phosphorus, total (mg/L) <0.03 <0.03 <0.03 0.07
Potassium (mg/L) 2.86 2.2 4.15
Sodium (mg/L) 3 8.54 25.6
Sulfate (mg/L) 21 28
TKN (mg/L) <0.1

Zinc (ug/L) 15.9 12.4 14.2 8.84
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CTID 5/23/2006 ‘ 9/7/2006 11/29/2006 ‘ 4/12/2007
Aluminum (ug/L) 315 <50.0 299 105
Chloride (mg/L) 35 39
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(VI) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) 11.4

Copper (ug/L) 1.18 <1.00 1.08 <1.00
Iron (ug/L) <20.0 <20.0 <20.0 94
Manganese (ug/L) 266 15.2 858 1560
Nitrogen - nitrate+nitrite 18 19 6.2 0.2
(mg/L)

Nitrogen-nitrite (mg/L) <0.01 0.02
Phosphorus, total (mg/L) <0.03 <0.03 <0.03 <0.03
Potassium (mg/L) 3.78 2.2 3.9
Sodium (mg/L) 7.04 8.54 24.9
Sulfate (mg/L) 21 36
TKN (mg/L) <0.1

Zinc (ug/L) 29.6 12.4 335 28

5/23/2006

9/7/2006

11/29/2006

4/12/2007

Aluminum (ug/L) 39300 6870 420 1650
BOD-5 (mg/L) <1.0 <1.0 <1.0 <1.0
Chloride (mg/L) 12 12 12 10
Chromium (ug/L) 36.4 8.11 <1.20 2.71
Chromium(VI) (ug/L) <10.0 <10.0 <10.0 <10.0
COD - Low Level (mg/L) 11.1 <5.0 <5.0 <5.0
Copper (ug/L) 60.8 20.8 8.51 9.07
E.coli (MPN/100 mL) <1.0 absent <1.0 <1.0
Iron (ug/L) 54400 9430 357 2370
Manganese (ug/L) 3770 1420 705 521
Nitrogen-nitrate+nitrite 13 14 12 10
(mg/L)

Nitrogen-nitrite (mg/L) <0.01 <0.01 <0.01 0.03
pH (pH) 5.3 4.9 4.9 4.8
Phosphorus, total (mg/L) 2.34 0.026 <0.03 <0.03
Potassium (mg/L) 0.986 0.852 0.868
Sodium (mg/L) 5.21 6.23 4.46
Solids, suspended (mg/L) 109 27 49 187
Sulfate (mg/L) <5.0 <5.0 <5.0 <5.0
TKN (mg/L) 0.7 <0.1 <0.1 <0.1
Total Coliform (MPN/100 ml) 51 91

Zinc (ug/L) 934 428 253 151
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CTOS 5/23/2006 ‘ 9/7/2006 11/29/2006 ‘ 4/12/2007
Aluminum (ug/L) <50 <50 <50
Chloride (mg/L) 12 <5.0
Chromium (ug/L) <1.20 <1.20 <1.20
Chromium(VI) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) <5

Copper (ug/L) 1.29 1.23 1.34
Iron (ug/L) <20 31.1 <20
Manganese (ug/L) 1.41 2.58 <1.0
Nitrogen - nitrate+nitrite 0.5 11 1.7 <0.1
(mg/L)

Nitrogen-nitrite (mg/L) <0.01 <0.01
Phosphorus, total (mg/L) <0.03 <0.03 <0.03 <0.03
Potassium (mg/L) 3.34 1.63
Sodium (mg/L) 2.44 <2.0
Sulfate (mg/L) 23 22
TKN (mg/L) 0.3

Zinc (ug/L) 8.13 16.6 9.27

5/23/2006

9/7/2006

11/29/2006

4/12/2007

Aluminum (ug/L) 5109 52.3 <50 <50
Chloride (mg/L) 8.5 <5.0
Chromium (ug/L) <1.20 <1.20 <1.20 <1.20
Chromium(VI) (ug/L) <10.0 <10.0
COD - Low Level (mg/L) <5.0

Copper (ug/L) 1.27 2.14 1.33 <1.0
Iron (ug/L) <20.0 31.8 <20.0 <20.0
Manganese (ug/L) 73.7 17.3 10.5 2.54
Nitrogen - nitrate+nitrite 19 2.9 0.4 0.1
(mg/L)

Nitrogen-nitrite (mg/L) <0.01 <0.01
Phosphorus, total (mg/L) <0.03 0.04 <0.03 <0.03
Potassium (mg/L) 3.93 2.37 1.15
Sodium (mg/L) 3.21 2.44 <2.0
Sulfate (mg/L) 19 25
TKN (mg/L) 0.2

Zinc (ug/L) 18.4 8.92 27.4 11.8




ENVIRONMENTAL FEASIBILITY OF USING RECYCLED TIRE PIECES AS MEDIA IN SEPTIC SYSTEM ABSORPTION FIELDS

APPENDIX B. Neutron Soil Moisture Probe Graphs
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