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ABSTRACT: Two field trials were constructed to investigate the effect on water quality
of tire chip fills placed above the groundwater table. Control wells were used o
distinzuish the substances naturally present in groundwater from those that leached fom
tire chips. There was no evidence that tire chips increased the level of substances hat
havs a primary drinking water standard. In addition, there was no evidence the ..o chips
increzsed the levels of aluminum, zing, chloride or sulfate which have secondary
(aesthetic) drinking warer standards. Under some conditions iron levels may exceed their
secondary standard Tt is likely that manganese levels vwill exceed their secondary
standard, however, manganese is naturally present in groundwater in many areas. Two
sats of samples wers tested for organics. Results were below the method detection lumit
for all compounds.

KEYWORDS: tires, tire chips, tire shreds, waste tires, water quality, metals, organics,
rowd constnuction

Tire chips are waste tires that have been cut intd 23 to 300 mm pteces. They offer
the foJowinz advanrages when used as a Gl matenal; ightweight, low lateral pressure,
low thermal conducivity, and free draining. Because of these advantages they have been
used on more than 70 road construction projects across the United States. While their
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effect on groundwater quahity is thought to be small, there has been little study of the
effects for field conditions.

Previous laboratory leaching studies have shown that tire chips are not a hazardous
waste, However, low levels of some metals and organic compounds were found in the
leachate (Radian, 1989; Minnesota Pollution Control Agency, 1990; Edil and Bosscher,
1992; Ealding, 1992; Downs et al., 1996). This indicated that testing the effects of tire
chips on water quality under field conditions was warranted,

A limited ficld study was performed for the Minnesota Pollution Control Agency
(1990). Unfortunately, samples were taken on only one date from open boreholzs. This
sampling procedure casts doubt on the validity of the rssults. Edil and Bosscher (1692)
installed two pan lysimeters beneath tire chip layers in a test road embankment. The study
had no control for sampling an area with no tire chips, s¢ it was not possible to zeparate
the effects of the tirz chips from the compounds naturally present in the groundwater,

The objective of the two studies presented herein were to measure the water
quality effects of tira chips placed above the water tablz. The studies include control
sections to raeasure the levels of substances naturally present in the groundwater, A
separate study of the effect on water quality of tire chips placed below the groundwater
1able is ongoing. In this latter study 1.5 tons of tire chips were buried below the water
table in glacial i}, marine clay, and peat. Preliminary resulis are given in Downs et al.
(1996),

RICHMOND FIELD TRIAL -

The purpaoses of the Richmond Field Trial were to test the use of tire chips as
thermal insulation tc limit the depth of frost penetration beneath a gravel surfaced road
and to measure the effect of tire chips placed above the water table on groundwater
quality. The tire chips have reduced the depth of frost penetration by up to 40% and the
road sarface has remained stable throughout the spring thaw (Humphrey and Eaton,
1995). The thermal resistivity of the tire chips has been found to be approximately eight
times greater than a typical granular soil (Humphrey et zl,, 1997), The site, groundwater
monitoring program, and moenttoring results are described in the following sections.

Site and Monitoring Well Descriptions

The test site is located on Dingley Road in the Town of Richrnond, Maine. The
road follows the northeast shoulder of a broad, flat ridoe that trends northwest-southeast.
During the summer and fzall no standing water or wet areas are evident near the test site.
However, during the spong melt, the generally flat topegraphy leads to poor drainage and
areas of standing water.

The native soils range fom gray silty clay te grey-brown silty gravely sand.

Probes were conducied with a 127-mm diameter power auger, Refligal occurred at depths
ranging from 2.7 mto 5.5 m. The general geology of the area suggests that refusal was
either glacial till with boulders or bedrock,

The test site is 290 m long and is broken up into five tirc chip test sections and one
contrel secticr., Two different thicknesses of dre chips (152 and 3035 mun) were used o
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investigate the thickness that is required to provide acequate insulation and three different
thicknesses of grarular soil (303, 437, and 610 mm) were placed over the tire chips to
investigate the thickness needed to provide a stable riding surface. The general layout is
shown in Fig. 1.

The tire chips were uniformly graded and had a nominal maximum size of 51 mm.
Almost all the tire chips were retained on the No. 4 (4.75 mm) U.S. standard sieve size.
They were made from a mixture of steel and glass-bel’ed tires. The tire chips were
irregular in shape and many had steel belts protruding from the cut edge of the chip. The
tire chips were donated by Pine State Recycling of Ncbleboro, Maine. Approximately
20,000 tires were vsed in this small project, which cleirly shows the potential of this
applization to use large quantities of scrap tires. The gravel fill used over the tive chips
was & well graded mixture of sand and gravel with less than.5% passing the No. 200
(6.075 mm) U.S. standard sieve size. Flake calcium caloride was applied to the road
surface for dust control.

Groundwatzr monitoring wells were installed in the shoulder of the road at six
locations. Well no. 0+69 is the control well and is [oceted adjacent to the control section,
which has no tire chips. Moreover, the control section is [ocated upgradient of the
sections with tire chips. The other five wells are adjacent to sections with tire chips. The
hanzontal distance from the edge of the tire chip fill to the well was between 1 znd 2 m,
The wells consist of 31-mm diameter Sch. 40 PVC pipe. The pipe was placed in a 127-mm
diameter hole and the slotted lower portion was backfilled with concrete sand. Then a 0.3
to 0.6-m thickness of bentonite balls were placed to form an Irmpermeable seal to prevent
surface water from reaching the slotted tip. The remainder of the hole was backfilled with
native soil. However, no bentonite seal was constructad in well no. 3+42. Well
instalation is summarized in Table 1. Further details are given in Humphrey and Katz
(1995). In the summer and fall, the water table is 0.2 to 2.2 m below the bottom of the
tire chip layer. During the spring melt, the water table varies from approximately 0.5 m
below the bottom of the tire chip layer in Section A 1o even with the bottom of the tire

chip layer in Section E:
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TABLE 1—Summarv of well installation at Richmond Field Trial

Well no, Elev. of top of Elev. of bottom of  Elev. of bottom of adjacent
sand backfill (m) sand backfll (m) tire chip layer (m)
C+69 12.17 11.47 Not applicable
3+00 10.95 10.22 13.16
3+42 Not recorded 10,09 13.03
6+19 7.23 6.47 13.03
6+77 8.58 7,88 11.97
B-+32 9.85 8.60 11.41

Note: Elevations are referenced to an arbitrary site datum.
37

Sampling and Testing Procedures

Water samples were obtained with 2 -liter capacity high density polyethylene
(HDPE) bailer. Just prior to sampling, approximately “hree wells volumes wers bailed
from the well, then the samples were taken from the groundwater that recharged the well.
The following sample types were taken from each well: leachate filtered through a 0.3-
microa filter and preserved with nitric acid (1.5-ml/L) as appropnate for determination of
dissolved matals (Clescen, et al,, 1989); leachate unfiltzred and preserved with nitric acid
(1.5-mVL); and unfiltered leachate with no acid. Samples were stored in HDPE bottles
and were reirigerated to minimize degradation of sample quality. In addition, on two
dates samples were taken for biological oxygen demand (BODg) determination.

The samples were tested for the substances histed in Table 2, Samples for metals
analysis except for l2ad and selenium were prepared in accordance with EPA Method
200.7 (Industively Coupled Plasma - Atomic Emission Spectrometric Method for Trace
Element Analysis) (EPA, 1921). The metals were then measured with 2 Thermo Jarrell -
Ash Model 975 Plasma Atomcomp Inductively Coupled Plasma Emission Spectrometer.
Samples for lead and selenium were prepared in accordance with EPA Method 200.9
(Determination of Trace Elements by Stabilized Temperature Graphite Furnace Atomic

TABLE 2—List of substances tested for in study,

Aluminum (AY** Magnesiam (Mg)
Barium (Ba)* Manganese (Mn)**
Cadmium (Cd)* Selenmium (Se)¥
Calcium {Ca) Sodium (Na)
Coaper (Cu)* Zinc (Zn)**
Chromium (Cr)¥ Chloride (Cl-y**
Iraa (Fe)** Sulfate (30.4)**

Leid (Pb)
*Hus primary drinking water standard
*% Has secondary drinking water standard
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Absorption Spectremetry) (EPA, 1991). The tests were carried out in accordance with
EPA Methed 7421 Lead (Atomic Absorption, Furnace Technique) and EPA Method 7740
Selenium (Atomic Absorption, Furnace Technique) (EPA, 1987). Chioride and sulfate
were measured in ascordance with EPA Method 300.0 (Determination of Inorganic
Anions by lon Chrematography) (EPA, 1583). Water quality index tests such as pH,
allealinity, BOD3, chemical oxygen demand (COD), cenductivity, total dissolved solids,
and hardness were also performed.

For most sudstances, tests were performed on both acid preserved filtered and acid
preserved unfiltered samples. The unfiltered samples generally contained some fine
grained sodl that imparted a slight turbidity to the water. Since most of the inorganic
substances that werz of interest are present in small amounts in soil, it would not be
representative to compare the results from unfiltered samples to drinking water standards.
This recognizes that wells far drinking water are designed to prevent any significant
amount of particulaze matter from entering the well. Thus, results from unfiltered samples
provide supnlementary information only and were not compared to drinking water
standards.

Resulls

Results for filtered samples are given in Table 3. Resulis for unfiltered samples
and water quality index tests are piven in Humphrey and Katz (1995). Results for filtered
and unfiltered samples were generally similar, except that the concentration of aliminum
{Al}, iron (Fe), and manganese (Mn) were higher in the unfiltered samples. However, the
unfiltered concentrations of these substances were abcut the same in the control well and
the five wells adjacent to the tire chip sections. Since these substances are present in
Maine soils (Downs et al., 1998), the higher concentrations are most likely due 1o the
preserce of suspended soil particles in the unfiltered samples.

The first group of subsrances in Table 3 have a primary dn,nkng water standard
indicating that they pose a known or suspected health risk. This includes barium (Ba),
cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), and selenium (Se). These
substances viere present in trace amounts or were below the detection levels.  Filtered
sample results for cedmium (Cd), lead (Pb), and selenium (Se) were below detection levels
for all wells on all three sampling dates. It should be noted that for the first two sampling
dates the detection Iimit for lead (Pb) was above its drinking water standard due to testing
difficulties. This problem was corrected priar to the third sampling date. The significant
result is that for substances that were detected, the concentrations were below applicable
drinking water standards, This can be seen for the chromium (Cr) results which are
plotted in Fig. 2. Chromium (Cr) levels were consistently higher in the control well than
the wells adjacent to the tire chip sections. This suggests that trace levels of chromium
{Cr) are naturally present in the soil and illustrates the importance of having a control well
when assessing the effect of tire chips on water quality,

The second group of substances in Table 3 has secondary dninking water standards
indicating that they zre of aesthetic concern. This includes: aluminum (Al), iren (Fe),
manganese (Mn), zinc (Zn), chioride (CI7), and sulfate (SO4). The results were below the

apphicable standard except for manganese (Mn). As shown in Fig. 3, for some sampling
dates the manganese concentration was above the secondary standard in the control well

[hoos



[@oos

CIVIL&ENVIR ENG

olep Budwies gaiag)) o) Mud podaised zh+g ot e
5]59) B/ Jo sjinsal Jo altoAe = 5
£o0es se yiw o] passeldxa ssoupey =

PUBH
e|qeafide Jou = 'Y

pellelop 0% = ‘('Y

T voeposlap = 11
Ty ejipeoye Aorindel = VyH 183 10M

g0 2380 1 0 ¢ GO0 SO0 - e000  ZOOD V0 SO0 OO0 S00'0  vO0D ZODD SO0 LOOD | SeelL T
4 k) (A L oM L e G000 e 10 20 FOM O 800 5300 5000 S600 SEUU  ReMUS 10
! M ! L A X T L I L K TS PO PdW 25000 16D 00 S0p0 D EGRRZZL M0
g6b BT P9l iV Koo' Sh00> AW S000> ¥ODO> mE 0 GG P00 ) SR 2By
oek ON g8l oo 2o [UH 500> 4000 LGeU0> B VPTG CE+D
Sy _ON__eel VBl Ve [OH__ 500 100 100 SS90 W0> I EIERRL 7R
i v oL 92 sLoes 4 S0t 0>" 2000 AN p000 | e 24
Lt TN € OBl RITA I AT G080 S00'0; 1 S0 0> PRI 2409
SO AN _ 9 88 1o yau | L50 > 100> WYO>  S0O0> 300 JEEEZZL J0)
8% 8% ot 90 Co> - SEDOs [ON T S00Cs Yoo 0> W0C> TH 8000 | SERLY LY
28 aN 2L o0 Rl M 500 SHN0 W0 0iiisne s 200 YOS BLYY
LGN 0T s | U AP [ LY. 14 0 00 shg 300 JREeNE gy |
— — - — - S SELL kS
gL ON £ LG , T AN 800 500> YRIVES gt
€L AN __ Ll __v9_ ] - .}-I@m,.c.:.m.w_i._ﬁ%wwa}{Es;l@m.mv.{ EREQY  pit
D9 %5 58 &K Ve SW0S {ON . G000s O GG OO
Per  ON ke Y3 '3 oM 4500 0>, 1500%> S A
eve  ON  wsk  vES | ON__ 19002 100y ,:Z.ﬁ _300%>_ u@; EBEeey  tme |
VeE TG vsh der TN 5000 9000 OH SERLL 690
00e  ON @Sl zud oM 4500 ; 5009> L2l PEAVZA R0
et OM vl DDg UN__ 500> LD 9 SO0 S000> 100> |EGETRL - 5940
YNCYN YN YN SUe S0 g4 b0 So0D 2 Ty
N Cpiey B BQ {spjios g qd ny 43 gy eg ‘oN
{HBW) Hw) o A 00 " (0w g Adewsd ijsm sucpenuasyo) a3ed 1944

eI Pield PUONoly 10 sa[tiuvs faialfy (o SInsol AN 8 A—¢ o i V.L



04024 CIVILEENVIR ENG ooy

0.20 FILTERED -
"".5"-, T EESEL 1oy Dl= 001 mgl u
E 015 |- =2 spaesDL=0005mon —
%’ _ [FEEE 1185 D.L=0.002 mgt i
- ——— RAL=O01mgl
< 010
0
*—— - !
=
Lu .
z
O - _
© e ,

0.00 - F":,_m_ S = P

3+69 3+00 3+42 5+19 6+77 B+32
: WELL NO.

FIG. 2—Filtered chromium (Cr) concentrations on Richmond Field Trial.

{no. 0-+69) and three of the wells adjacent to tire chip s=ctions (nos. 3+42, 6+19, and
&+77). However, it appears that manganese is present in the natural groundwater since
levels above the stardard were detected in the control well. Dissolved solids, which have
a secondary drinking; water standard, were measured on the third sampling date, The
result was 460 mg/L for the control well and ranged frem 70 to 460 my/L for the wells
adjacent to tire chip sections. These levels are below the applicabie standard.
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The third group of substances in Table 3 and water quality index test results given
in Humphrey and Katz (1995) have no drinking water standards. This includes: calcium
(Ca), magnssium (Mg), sodivm (Na), conductivity, hardness, alkalimty, pH, BODg, and
chemical oxygen demand (COD). The levels of caleium and magnesium indicate that the
water is hard as confirmed by the hardness results. The levels of sodium as well as
chloride are higher in well nos. 0+69, 3+00, and 8+32 A possible source s road salt
(NaCl) used for deicing in the winter. Calcium chlorice (CaClsy) used for dust control in
the summer could contrbute to Cl as well as the higher calcium levels measured in these
same three wells. The BODs and COD were low (less than 7 and 50 mg/L, respectivaly)
and are acceptable “or drinking water, It 1s difficult to measure BOD<'s as low as obtained
from this study. The results have an accuracy sufficient only to indicate that the BODy is
very low.

Water qualizy monitoring for the project contirued for 28 months aller
construction. Since the native soils would be expected to have some sorptive czpacity, it
is possible that the =lapsed time may have been insufficient for potential contaminants to
migrate from the tire chip laver to the wells even thouph the wells were located only 1 to 2
m away from the tire chips. Thus, it can be concluded from this project only that no
significant zvels of inorganic contaminants migrated from the tire chips to the wells in the
first 28 months afier construction. The North Yarmouth Project discussed in the next
secticn was designad to eliminate the uncertainty impesed by the sorptive capacity of the
soil batween the tire chips and the sampling point.

NORTH YARMOQUTH FIELD TRIAL

The purposes of the North Yarmouth Field Trial were to measure the effiect of 2
compressibie tire chip layer on asphaltic concrete pavement performance and to carry out
long term monitoring of the effect of tire chips placed above the water table on
grourdwater quality. To date there has been no differznce in pavement performance for
secticns underlain by tire chips compared to the control section. Further details are given
in Nickels (19935), and Humphrey and Nickels (1997). The site, groundwater monitoring
program, and monitoring results are described in the following sections.

Site and Monitorng Well Descopticns

The North Yarmouth Field Trial 1s located on Route 231, a secondary highway in
North Yarmouth, Maine. Jt consists of four 33-m lony sections each with 2 0.6.-m thick
tire chip layer. The tre chip layer was covered with a 1otal thickness of between 0.76 m
and 1 37 m of granular soil prior 1o paving. The pavement was 0.13 m thick. Ir. addition
two ¢ zes of tire chips were used (passing a 75-mm sieve and passing & 305-mm sieve) to
investigate the affect of soil cover thickness and tire chip size on pavemeni deflection.
Approximately 100,000 tires were used in this test project. In addition, there was a 35-m
long contro! sectior designed according to Maing Department of Transportation standards
with convertional sail fill

Twe seepage collection basing were instalied Leneath sections with tire chips
passing the 73-mm sieve to collecr samples for water cuality testing. The sespage

-5 -
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collection basins were 3-m by 3-m in plan and were lined with a HIDPE geomembrane. A
drain in the center of the liner lead to a collection tube located along the side of the
embankment as shown in Fig. 4. The design was similar to that used by Edil and Bosscher
(1992). The basin projected beyond the edge of the pavement so that runoff from the
pavement and from the embankment sideslope could in3ltrate into the basin, With this
design, there is no 0aportunity for substances leached f-om the tire chips to be sorbed
onto the soil prior tc sampling, an advantage over the monitoring wells used at the
Richmond Field Tnal. The basins were locared directly below the tire chip layer. One
basin (Secticn C) wes ovarlain by 0.61-m of tire chips followed by 1.37-m of grasular soil
and the ather (Section D} was gverlain by 0.61-m of tirz chips foliowed by 0.72-m of
cranular soil A third seepage collection basin was installed in the conirol sectior. It was
overlain by C.72-m cf granuiar soil. In the subsequent scetions, this basia is referced to as
the ‘Control’, Purther details are given in Nickels {1993), and Humphrey and Nickels
(1997).

Sampline and Testing Procedures

Quar.erly saraples have been taken since January, 1994, Eleven sets of samples
have bzen talen to date. For the pernod January, 1994, through Septamber, 1995, samples
were taken from the water that accumulated in the collection tube since the previous
sampling per:od. On each samnpling date the tubes were full and it was apparent that water
had been flowing out of each tube's overflow pipe. Aficr sampling, the tube was bailed
dry in preparation fo- the next sampling period. This procedure raised the concern that
sediments could accumulate in the bottom of the tube. Fer this reason, the sampling
procaedure was changed starting with the December, 1895, sample. From this date
onward, the rubes were bailed dry two to three weeks prior to the desired sampling date.
Samples were subsecuently taken from the water that had accumulated over this short
period. Prior o sampling, the water in the mbe was agitated, Samples were obtained
with a 1-liter capacity high density pelyethylens (HDPE) bailer.

The sample tvpes and testing procedures for tno-ganic componnds and water
quality index tests were the same as were used for the Richmond Field Tnal. On selected
sampling dates, samgles were also taken for BOD4 determination. In addition, on
December 28, 1995, and Apnl 5, 195€ samples were taken for volatile organic compounds
(VOC’s) and semivoiatile arganic compounds (SVOC’s). The containers used for the

-~ 127 mm pavement
~
‘/" =
-~ 633 num subbase gravel .

aprextile R 5
georexile 5~ thickness vanes oITOMW Sover —

: === “seepage collecton
bastn

F1G. 4—Typical cross seclion of North Yarmouth Fiele Trial,
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VOC samples were clear 40 mL borosilicate glass vials with polypropylene closures and
Teflon faced silicons septa. The samples were preserved by adding 4 drops of ultrapure
hydrozhlors (HCI) o each vial before collecting the samples. Leachate from the bailer
was placed directly .n the vial with no sample preparation. The VOU samples were tested
in accordance with EPA Method 8287 (Determination of Volatile Organics by Purge-and-
Trap Capillary Column GC/MS). SVOC samples were collected in 1 L amber borosilicate .
glass bottles with polypropylene closures with Teflon liners, Leachate from the bailer was
placec dirgctly in the bottles with no sample preparation. The SVOC samples were tested
in accordance with EPA Method 8270 (Datermination of Semivolatile Organics by
Capillary Column GC/MS). Further details of the testing procedure are given in
Humphrey and Katz (1996).

Inorgunic Results

Detailed test reaulrs are given in Humphray and Karz (1996). Substances with a
primary drinking water standard were present in trace smounts of were below the
detection limit. The leve!l of cadmium {€d) in the control seciion for the Apni 1995
sample and in Section D for the June, 1995 sample shaatly excocded the regulatory
allowzble lisnit (RAL). However, for all other sampling dates the levels were below the
test method detection limit, It is believed that the two samples that exceeded the RAL
are due to testing inaccuracies as no cadmium was detected on the other sampling dates.
For all other substarices with primary drinking warter standards, the levels were well below
the applicable RAL. The results on filtersd samples for barium (Ba), chromium (Cr), and
lead (Pb) are shown in Figs. 5, 6, and 7, respectively. All three substances are present in
the contro! well, indicating that they are naturally present in the soil. However, there is no
significant difference between the levels found in the two tire chip sections and the control
section. This indicates that for the conditions found at this test site, there is no evidence
that ti-e chips tend to increase the levels of these compounds for the 2.5 years that have
been momtored 1o date.

For substances with a secondary drinking veater standard, aluminum (Al), iron
{Fe), manganese {Mn), and zinc (Zn)} are plotted versus date in Figs. 8 through 11. All
three substances are naturally present in the soil, however, there is no evidence that tire
chips increased the levels of aluminum (Al) or zine (Zn). In fact, the zinc levels are
generally higher in the control section than the two tire chip sections. For most samphng
dates, the iron (Fe) levels in the tire chip and control sections are about the same.
However, on a few sampling dares the iron levels in the tire chip sections are higher than
in the control section and the level excecds the secondary RAL, The total iron levels were
consistently higher 14 the tire chip sections, indicating 11at under the nght conditions of
solublity, tire chips could increase the iron levels present in groundwater. On almost all
sampling dsies the levels of manganese (Mn) are higher in the tire chip sections than in the
contrel section. The levels in tire chip Section D generally exceed the RAL by more than
& factor of 10. On 11 most recent sampling date (June 1996) a very high level of
manganese was tound in Section €. The much lower levels found on all previous
sampling dates suggasts that this may be an anomaly. The levels of chiorine (Cl7) are
plotted in Fig. 12. 1:is seen that high levels are present in ail wells for samples taking in
April. This is most likely due o infiltration from road calt. Thare was no evidenze that

- 10 -
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FIG. 5—Filtered barium (Ba) concentrations for North Yarmouth Field Trial.
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tire chips increase the concentration of sulfate (S04}, wial solids, calcium (Ca),
magnesium (Mg), or sodium (Wa), BODs and COD levels have consistently been low and

£y ]

FILTERED

—{-- GONTROL
- BECTIIN G
e BECTIOND

- - - RAL-I0msh

v

1HMT -]

b

1
£
: £

AHME -

n

3 8

g ]
= kA <5 s

g €

thers is no evidence that tire chips increass tnetr levels

Oruanic Result

1P

L

|

Samples taken on December 28, 1995, and April 5, 1998, were tested for volatile
and semi-volatile organics. On botly sampling dates the levels {or all compounds were

ENWET —

Go1s



nd-2.

CIVIL&ENVIR ENG

below the test method detection limits. The negligible levels of VOC’s are supported by
resulis of a laboratory leaclung study by Downs et al. (1996). In this study, tire chips and
tire chip/soil mixtures were placed in 2 glass reacior, the reactor was filled with water, aid
then sezled for 10 ronths, Six VOC’s were above the detection limit but the
concentrations were less than 5 ppb. This is an important check on the resulis of the field
study since the desizn of the seepage collection basins and samipling tubes leaves open the
passibility that VOC’s volatilized from the leachate prior to sampline. Downs ey al.
(199¢6) also found cne positively identified SVOC (analine), with a concentration ranging
from 23 10 48 ppb cnd fve tentatively identified SVOC s with estimated concenirations
between 200 and 600 ppb. In contrasy, no SVOC’s were detected in the samples from the
North Yarmouth field site. A separate field study of tize chips placed below the
groundwater table is ongoing {Downs et al, 1996},

CONCLUSIONS

1. Most of she inorganic substances that can potentially leach from tves are
naterslly present at low levels in groundwater. This includes aluminum (Al), barium (Ba),
chresiumn {Cr), iron (Fey, lead (Pb), manganess (Mn), and zine (Zn) Thus, it is crincal
that contro! wells be used to measure the natural backeround fevels of these substances.
This vwould zllow any changes in level caused Dy the rire chips to be separated from
backzround levels.

2. No evidence was found that tre chips increased the congentration of
substances that have a primary drinking water standard including: badum (Ba), cadmium
{Cd), chromium {Cr), copper (Cu), lzad (Pb), and selenium (Se),

3. No evidence was found that tire chips increzsed the concentration of the
following substances which have a secondary drinking water standard: aluminum (AL,
chloride (CI), sulfase (SO4), and zinc (Zn). There was some evidense that tire chips
could increase the levels of iron (Fe) and exceed the sezondary drinking water standard
under some conditicns.

4. Tire chips increase the levels of manganese (Mn) which has a secondary
drinking water standard. It is likely that the [evels will exceed this standard. However,
mangenase is of aesrhatic concern only and 18 naturalty present in groundwatey in many
areas. Further study would be required to determine how far manganese that has leached
from tire chips would migrate from a vre chip fili.

5. No detec:able levels of organics were measured in two sets of samplas taken
from the North Yannouth Field Trial
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