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MANAGEMENT PERSPECTIVE 

This report describes preliminary results of the application of molecular 

spectrometric techniques and separational methods to an examination of major organic 

components in largeysample preconcentrates of tire leachate in order to identify or 

chemically characterize those demonstrating toxicity in biological tests. A comprehensive 
approach to the identification/characterization of unknown contaminants in aqueous 

matricesfusing tire leachate components as an example, has been discussed in Part I of 

this series; the preconcentration technique used to isolate hydrophobic tire leachate 

components has been described in Part II.
' 

The results of this preliminary work demonstrate the validity of developing a 

comprehensive, analytical approach to the problem of identifying/characterizing unknown 

organic contaminants in environmental aqueous systems and provide a basis for further 

development,
‘

'



SOMMAIRE A L’INTENTION DE LA DIRECTION 

Le présent rapport présente les résultats préliminaires de l’application de 

techniques spectrométriques moléculaires et de méthodes de separation 51 l’examen des 

principaux constituants organiques de préconcentrés de gros échantillons dc lixiviats de 

pneus afin d’identifier on de caractériser chimiquement les const‘itu,atnts qui se révélent 

toxiques dans les essais biologiques. On a discuté dans la Partie I de la présente série 
d’une approche globale pour l’identification et la caractélisation des contaminants 

inconnus dans les milieux aqiueux, en prenant les constituants des lixiviats de pneus 

cornme exeinplei; la Partie II décrit la technique de préconcentration utilisée pour isoler 

les constituants des lixiviats hydifophobes de pneus.

z 
Lest résultats de ces travaux préliminaires montrent la validité de l’elab_ofati0n 

d’une appgoche analytique globale au probléme d’identification et de caractérisation des 

contaminants organiques inconnus dans les milieux aqueux et pourront étre utilisés pour 

perfectionner cette approche.



ABSTRACT 

Extract concentrates of 100 L samples ofwater used in studies of tire leachate 
toxicity to rainbow trout fry were fractionated using thin-layer chromatography (TLC) and 

liquid chromatography (LC) to isolate major components. Bulk extracts and fractions 

were then examined using liquid phase (attenuated total reflectance, (ATR)) and vapour 

phase (GC) Fourier Transfonn Infrared (FTIR) spectrometry and liquid phase ultraviolet/ 

visible (UV/VIS) spectrometry to identify/characterize these components».- 

Two major components of the" test extracts were "identified" by GC/FTliR and 
a further six partially characterized by the same technique; TLC showed evidence of 
several hyd_rophil_lic compounds which were not GC-chromatographable but should be 

amenable to separation and identification/characterization by high perfonnance liquid 

chromatography (HPLC). UV/VIS absorbence was seen in all fractions. These 

preliminary results will be integrated with GC/MS and GC/atomic emission detector 
(AED) data as part of a larger study within the Analytical Chemistry Research Project 

(ACRP)/RAB to identify and characterize toxic tire leachate components and to develop 
a comprehensive analytical approach to the identification/characterization of unknown 

organic contami__na_nts in aqueous systems.



RESUME 

Des extraits concjentrés d’échantillons de 100 L d’eau utilisés dans des études 
de la toxicité cle lixiviats de pneus chez les alevins de truite arc-en-ciel ont été. fractionnés 

a l’aide de la chr0m_a_to'graph_ie en couche mince (CCM) et de la chromatographie liquide 
(CL) afin d’isoler les principaux constituants. Les extraits totaux et les fractions ont 

ensuite été examinés par spectrométrie infrarouge en phase liquide (réflexion totale 

atténuée) et en phase gazeuse (CG) 5 transformée de Fourier (SITF) et par spectrornétrie 

en phase liquide dans l’ultraviolet ou le visible (UV/VIS) afin d’identifier ou de 

caractériser ces constituants. 

Deux principaux constituants des extraits ont été <<identifiés» par CG/SITF et 
six autres ont été partiellement caractérisés par la meme technique. La CCM a révélé 
plusieurs composés hydrophiles qui ne pouvaient pas étre séparés par CG, mais qui 

pourraient étre séparés et identifies ou caractérisés par chromatographic liquide at haute 

performance (CLHP). Toutes les fractions absorbaient dans l’UV ou le visible. Ces 

résultats préliminaires seront intégrés aux données de CG/SM eat de CG avec détection par 
émission atomique dans le cadre d’une étude plus importante du Projet de recherche en 

chimie analytique de la Direction de la recherche pure et appliquée dans le but d’iden_tifier 

ou de caractériser les constituants toxiques d’un lixiviat de pneus et de mettre au point 

une méthode analytique globale pour l’identification et la ca_ractéri_sation de contaminants 

organiques inconnus dans des milieux aqueux.
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INTRODUCTION 

Basic difficulties involved in identifying or chemically characterizing unknown 

contaminants in environmental aqueous matrices using currently "routine" techniques 

(G_C/MS, GC/ECD) optimized for "target" compound determination have been discussed 

in Part Iof this series and a rnore comprehensive analyt_ical approach suggested (1). This 

approach; and its integration with biological toxicity testing, is being developed wit_h_i,n 

the ACRP/RAB using tire leachate components as a test matrix. The isolation of 

sufficient tire leachate component material for these studies has been described in Part 

II of this series (2),
’ 

This report describes chromatographic separation and molecular spectrometric 

examination (UV/V IS, ATR/FTIR, GC/FTIR) of tire leachate components in concentrates 

of test extracts collected as described in Part II. ,
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EXPERIMENTAL 

Examination of major components of the tire leachate extracts utilized the 
following analytical separation/detection techniques; TLC, GC/FID, ATR/FTIR, UV/VIS», 
and GC/FTIR. A flow-diagram of the strategy is shown in Fig. 1 (Part I). 

Other than drying, the extracts and concentrates were not subjected to any 
further cleanup procedures as the object of this work was to identify or characterize all 
organic components of the matrix, using information gained from determination of major 
components to suggest suitable analytical cleanup procedures. ~ 

The tire extracts and the subsequent concentrates (2) were intensely coloured. 
TLC, UV/VIS Sp‘6¢trQm6.try and ATR/FFIR Spectrometry were applied to collect LC 
separation characteristics and UV/VIS and ATR/FTIR spectral absorption characteristics 
of coloured species and possible major UV absorbing species, for use in structure 

elucidation and for archival purposes, Both the ATR/FTIR and UV/V IS techniques give 
an overall indication of the "average" functionality of the mixtures which is dominated 
by principal components of the mixt'ures. They therefore may show whether toxicity can 
be attributed to this functionality. 

The scrap and new tire concentrates were fractionated on a qualitative silica 
gel LC column using a range of eluotropic-series solvents and UV/VIS spectra and 
ATR/FTIR spectra of these fractions were recorded and interpreted. Information obtained 
from application of the above teclmiques was used in establishing in'it'ial conditions for 

HPLC separation of extract components using various detection techniques (2). 

The concentrates would then have been analysed by GC/FID to visualize major 
"chromatographable" components and estimate their concentration (Fig.1, Part 1).



l

l 

l
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This approach is preferred as the FID is a relatively non-selective detector and shows the 

presence of most carbon-containing species. This exercise would also serve a pre- 

cautionary function in determining GC/FUR conditions necessary to elute all GC 
chromatographable components and to indicate the presence of high-boiling components. 

This is of importance in GC/FTIR as the light-tube has an upper temperature limit for 

sensitive operation and considerable time is required to purge the tube of higher-boiling 

components which may have condensed in it. As a GC/FID was not available for use 

in this study, GC/AED (Carbon (C)-channel) chromatograms of the extracts were used for 
the same purpose (3). 

Once appropriate GC conditions for the separation had been established, the 
extract concentrates and concentrate fractions from the LC fractionation (above) were 
analysed by GC/FTIR to identify or characterize the major components.

V 

Instrumentation and Techniques 

Sample treatment ' 

Subsamples (20.0 mL) of each extract (Part B) were dried with anhydrous 
sodium sulphate and used for initial studies. Aliquots (25 mL) of the 100 mL 
concentrates produced by concentration of the bulk extracts (1) were similarly dried 

before use. No other cleanup procedures were used. The subsamples and concentrates 

were further concentrated by evaporation under a stream of dry, ultra high purity nitrogen 

using a Teflon delivery line. 

TLC (Thin-Layer Chromatography) 
(1-2 ;4L of test concentrates were spotted on 20 x 100 mm silica gel TLC plates 

(Baker-Flex Silica Gel IB) and developed with a solution of toluenezacetone (7:3 v/v). 

Short wave UV ill"umina'tion was used to visualize non-coloured UV sorptive components.
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LC Fractionation 
Fractionation of the scrap and new ti_re extracts was performed on dry-packed 

silica gel (J.T. Baker 40-140 mesh) column (11x300 mm) having a bed volume of ~20 
mL. For the scrap tire extract, the column was eluted sequentially with benzene, ethyl 
acetate, acetonitrile, 2-propanol and 2-propanolzwater (3:1 v/v). Three 10 mL fractions 
were collected for each eluent. The new tire extract was fractionated sequentially with 
hexane, benzene, dichloromethane (DCM), acetonitrile, isopropanol and isopropanol/water 
(4:1 v/v). The variation in procedure was used to remove hydrocarbons (observed in 
early scrap tire fractions) from the benzene fraction. 

' The extract and fraction 

concentrates were evaporated to dryness at water bath temperatures (80-90°C) under a 

stream of dry nitrogen and redissolved in 2.0 mL of DCM. These concentrates were 

examined directly by UVNIS spectrometry and by liquid phase Fl‘ IR using the ATR 
"Circle Cell". They were then concentrated further for examination using the ATR "micro 
Circle Cell" and GC/FTIR and finally were "dried" (evaporation of solvent) on KBr.discs 
for a transmission cell study. 

UV/V IS Spectrometry 
A Hewlett Packard Model 8451-A single beam photodiode array UV/VIS 

spectrometer was used with standard 1 cm path-length silica cuvettes. Measurements 
were made without the use of optical filters over the region 180-820 nm with 2 nm 
resolution. Spectra were recorded in DCM, acetonitrile, cyclohexane and methanol to 
detect chromophoric shifts, if any. 

ATR (Attenuated Total Reflectance)/FTI'R Spectrometry 
Liquid phase measurements were made using both a standard ATR liquid cell, 

a low dead volume liquid flowcell ("Circle Cell", and "micro-Circle Cell"; Spectra-Tech 

Inc.), and a standard KBr disc transmission cell (Perkin Elmer, F-05) in a Nicolet model 
730 FI'IR spectrometer equipped with a deuterated -triglycine sulphate (DTGS) detector 
(DET 1 mode).” The spectrometer was continuously purged with "CO,-», H20-free" air 
(Bamstead, Model 75‘-45, air dryer-CO2 remover). Measurements were made over the
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mid-IR region of 580-.4000 cm‘ with 4 cm" resolution and 1 s scans. Scans were 

co-added as necessary to improve the signal/noise (S/N) ratio of absorption peaks. All 

measurements were _ratioed to air to remove spectral features of residual C02 and H20. 

Interactive background subtraction, using solvent as background, was used to distinguish 

absorption bands due to the sample. 

GC/FID Mea_s_u_rements 
Major gas-chromatographable components were determined by GC/AED, (C- 

channel) in lieu of determination by GC/FID (p.3). The scrap and new tire extracts‘ were 

chromatographed on a J&W DB-5 30m column using the following conditions (3): 
Injector: 250 °C 

Purge: 0.83 min. 

Column Temp. Program: 2 min @ 90 6°C, 30 C°/min to 200 QC, 
6 C°/min to 255 °C, 10 min hold at 255 °C. 

GC/FFIR Identification and Characterization 

Measurements were conducted using a Nicolet model 730 FFIR spectr0meter/ 

model 620 workstation interfaced with a Hewlett Packard model 5880A GC equipped 

with an on-column injector and controlled by a Hewlett Packard model 5880A GC 

Tenninal. PTIR spectra, gas chromatograms (selected wavenumber-) and Gram-Schmidt 

reconstructed chromatograms were plotted on a Hewlett Packard model "ColorPro" 

plotter. FT IR measurements were made using the more sensitive mercury- 

cadmium-telluride (MCT) detector (DET 2 mode) operated at liquid nitrogen temperature.
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Chromatographic and interface conditions used were as follows: 

Column ' 

': 15 m, J&W DB-5, .32 mm OD, .25 mm ID, 1 ,u film thickness 
Injector : HP, Model 1, on-column, air-cooled (passive) 

Injection Volume : 1-2 uL 

Solvent : dichloromethane 

Column Temperature : 38 °C initial (2 min hold), 15 C°/min to Program 
250 °C (.15 min hold) 

Transfer Line Temp : 250 °C 

Light Tube Temp : 250 °C 

Carrier gas (He) : 1.5 mL/min 
Flow rate 

Make-Up Gas (He) : .3 mL/min 
Flow Rate 

These rather conservative temperature conditions were shown to be sufficient 
(by pre-analysis using more "severe" GC/AED conditions) for examination of the extracts‘-. 
Based on manufacturer's specifications and calibration data, the GC/FTIR as configured 
would provide =.= 42,000 plates with a capacity for 300-500 ng of sample-. The GC/FTIR 
was operated in the SX mode (10) at 8 cm“ resolution using 1 s scans (data points) for 
the Gram-Schmidt chromatogram reconstructions. Chromatographic peaks were individ- 

ually selected and their IR spectra recorded for comparison with spectral library entries 

(Sigma-Aldrich and EPA Vapor Phase IR Libraries). Where no existing spectra were 
found or for library "hits" which were of poor quality, conventional IR interpretation was 

used to characterize the peaks (4-8). These identifi_cations/characterizations will later be 

integrated with t_l1ose.obta_ined through application of other techniques (GC/MS, GC/AED, 
HPLC, etc) (1).
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The GC/FI'IR technique was used to characterize the chromatographic 

background so that some insight could be had as to how to remove this feature for 

subsequent examination of trace and ultratrace components of the extracts. 

RESULTS AND DISCUSSION 

TLC, UV/V IS and ATR/F.TIRq Examination 

EXfl‘3CtS 

Nine distinct coloured spots (between Rf 0.26-0.86 were observed for the new 

tire extract. A single distinct spot was seen for the scrap tire extract with a tailing band 
of colour to the origin at which the majority of coloured material remained. After 72»-96 

hours, a number of the initially visible spots faded a_nd were replaced with a new series 

of coloured spots. Examples of these TL chromatograms are shown in Fig.1. A 
summary of the examination is given in Table I. Illumination by short wave UV 
did not show additional spots, suggesting that major components were not aromatic, This 

latter technique, however, serves only to suggest the presence or absence of very 

concentrated and/or strongly absorbing UV/VI-S components. The control extract showed 

no visible, UV absorbing, iodine visible or fluorescent spots. 

UV/VIS spectra of the control and test tire extracts are shown in Appendix A, 

Significant absorbances were as follows: 

< 195 um 270-275 nm 450-460 nm 
new tire major major minor 

scrap tire major minor none 

control major none none
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’ These data show that the new tire and scrap tire extracts differ by the presence, 
in the new tire extract, of a chromophore species absorbing at 450 nm. This 

chromophore is likely responsible for the marked yellowish colour of the new tire extract. 

The absorbances in the 180 to 275 nm region are typically caused by a variety 
of conjugated and heteroatom absorba_nces (C=C, ketone, nitrile, sulfone, nitrate, carboxyl 

and amido functionalities). The lack of a distinctive UV absorbance, with the exception 
of the broad band at 450 nm, suggests that the UV spectra of the extracts are not 
dominated by any one component or class. Functionalitiest such as carbonyl, carboxyl, 

sulfone, and amido have been ruled out as major species due to the absence of significant 

and distinctive characteristic IR absorbances for such functional groups in the ATR/FFIR 
spectra. UV absorptions in the 180-275 nm range are also characteristic of aromatic E 
(189-220 nm) and B (250-290 nm) bands having substituents incapable of conjugating 
with the aromatic ring (cg. diphenylamine is a component of both test extracts and the 

major component of the new tire extract). ' 

Comparison of UV/V IS spectra with liquid-phase FFIR spectra must be done 
considering that the two techniques are based on different chemical effects (electronic vs 

vibrational excitation) and the same functional group, therefore, will not necessarily 
‘ 

produce comparably intenseabsorption by both techniques. For example, species with 

strong‘ UV/VIS absorbances such as C=C, C-/eC, and C-—;N do not show strong IR absorb- 
ences while functional groups such as C=.O and CEN and their derivatives can show 
dominant IR spectral features but weak UV/VIS absorbances. 

The liquid ATR cell technique was found to be relatively insensitive for this 
application. Even the "micro-Circle Cell" requires concentrations of the order of 0.1 % 
to provide useful spectra. Although the liquid cell technique certainly is an improvement 

over transmission cell capabilities, substantial modifications to the technique are necessary 

before it could be used as an LC detector for trace analysis. Without such modification, 

the technique is useful primarily as a qualitative tool or as a quantitative tool in Principal
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Components Analysis (PCA) where the number of components is small and identities of 

components are known (eg. composition of industrial formulations). With modifications 

to instrumental conditions and improvements to solvent spectral background subtraction 

its use as an LC detector may be substantial_lyimproved as the LC separation would allow 
examination of single substances with a pure solvent background which can be removed 

by spectral subtraction. ATR solid sampling devices (for examination of residue after 
solvent removal, similar to the transmission technique used in this work) may be more 

appropriate for the type of examination required in the present work. The ATR 
technique was useful in showing that the major component of the scrap tire extract 

dominated the IR spectrum (Fig.2). This compound appears to be an aliphatic nitro 

species, possibly linked to a 5-membered ether heterocycle. By contrast, the ATR 
spectrum of the new tire extract did not appear to be dominated by any one compound. 

Transmission FFIR spectra, obtained by depositing thin films of DCM con- 
centrates of the control, scrap and new tire extracts onto KBr windows and "completely" 

evaporating the solvent, were examined in lieu of solid sampling ATR spectra as the 
appropriate sampling equipment was not available. The control tire concentrate spectrum 

was not notable. The PTIR transmission spectra of the scrap and new tire concentrates 

showed similarities in the C-H and C-O stretch regions (Figs. 3,4). The spectrum Of the 

control extract concentrate is shown in Fig. 5. 

Scrap Tire Extract LC Fractions »
V 

TLC examination of the silica gel column fractions displayed a series of spots 
consistent with those shown by the scrap tire extract. This suggests the presence of major 

non-gas-chromatographable components which continuously bleed off the origin of the 

LC column. Some fractions showed areas of fluorescence under long-wave UV illu- 
mination. TL chromatograms of the scrap tire LC column fractions are shown in Fig 6. 

UV/VIS examination of these column fractions showed several distinct 

absorption bands corresponding roughly to the coloured bands observed during column
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elution (Appendix A). Major UV/VIS absorption bands (other than the characteristic 
broad bands observed between 180-275 nm) were obtained in fractions #6 (338 nm), #9 

(320 nrn) and #12 (316 nm). These bands can be produced by nitrogen containing species 
such as nitrile but are more likely to be chromophoric shift bands from other substituents. 
Nitrile C=N absorption, a very characteristic IR absorption, was not noted in the 

ATR/FI‘IR examination. .

' 

FHR (transmission cell, residue)) spectra, obtained from fractionation of the 
scrap extract showed that the bulk of IR absorbi_ng material is concentrated in fractions 
#3 and #5. The spectra are dominated by the presence of a strong, sharp absorption at 
1554 cm" and related absorptions at 1485, 1387, and 1081 cm". The 1554 cm" 
absorption is likely the N-O stretch associated with an aliphatic nitro group. The 
absorptions at 1485 and 1081 cm" suggest an ether linkage, possibly a 5-membered ring 
ether. Based on the proportion of material contained in fractions #2-5," this fraction 

contains about 80% of the IR-absorbing material and about 60% by weight of the total 
extracted cornpounds. The IR (spectra of these fractions and that of the unfractionated 
scrap tire extract are very similar, supporting the conclusion that these fractions contain 

the bulk of the extracted material. Fraction #6 and subsequent fractions did not appear 

to contain significant amounts of chromatographable material. Fractions #6, 9 and 12, 

however, did possess distinct UV/VIS absorbing bands in the area of 300 njm, reinforcing 
the view that chromatographable material contained in these fractions is not aromatic in 

nature. A summary of the elution procedure and the observed UV/V IS spectral inform- 
ation regarding these fractions is given in Table II. 

The UV/VIS and transmission/FTI-R spectra of scrap tire fractions and of the 
unfractionated extract (Appendix A, B) suggest that the I-R-absorbing material is not 

strongly coloured. The initial coloured material (fraction #2) is largely confined to a 

single fraction whereas the IR-active material is spread over at least six fractions showing 

little or no colour. In general, the coloured materials did not exhibit strong IR spectra at 

the concentration levels used.
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New Tire Extract LC Fractions .
I 

Chromatographic conditions used in elution of new tire components were 

similar to those used above with the exception that the elution sequence was begun with 

hexane to elute aliphatic hydrocarbons prior to the components of greater interest. A total 
of 15 fractions were prepared. The bulk of coloured material was concentrated in 

fractions 4-6 (brown colour, benzene fraction) and in fraction 12 (blue colour, 

isopropanol). The UV/VIS infonnation is summarized Table II ; UVNIS spectra and 
transmission/FTIR spectra of the fractions and of the unfractionated extract are shown in 

Appendices A & B.
A 

GC/FID Examination 
A GC/AED (C-channel) was used in lieu of GC/FID for estimation of the number 

of major organic leachate components. Some similarities between the GC/FI‘I_R 

chromatograms and the GC/AED chromatograms (3) of the extracts were noted. The 

latter chromatograms showed that the GC conditions used for GC/PT IR were satisfactory 
for the number of, and elution characteristics of the gas-chromatographable components. 

Only the test tire extracts were examined by GC/AED. A re-examination of these and 
blank extracts by GC/FID is planned. _ 

GC/F1I‘IR Examination - Extracts 

Analysis of the concentrated test extracts showed the presence of several 

gas-chromatographable, IR-sensitive components. It is estimated that up to 40-80% (w/Aw) 

of the total non-volatile material in the test extracts is gas-chromatographable. 

Chromatographic peaks for each of the three extracts and structural comments are given 

in Tables III and IV; GC/FTI-R Gram-Schmidt reconstructed chromatograms of the 

extract components are shown in Fig.7. FFIR spectra of the individual peaks are shown 

in Appendix C.
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Control Extract
' 

The control extract provided the largest number" of distinct peaks (between 10 
and 12) although at much lower concentrations. None of these compounds could be 
identified with certainty. The principle component (> 90%) appears to be an alkoxy 
ether/alcohol derivative whose IR spectrum is identical to the alkoxy ether/alcohol 

characterized i_n the scrap tire extract. This compound may be present as a residue of 
materials used to clean the leachate aquaria (eg. a nonionic surfactant). Two phthalate 
esters (Rt 10.7 min/Di-allyl phthalate and Rt 17.45 min/unidentified phthalate) were also 

observed- Remaining components consisted of a series of alk-yl siloxane derivatives 

(absorbances at 2980 cm“ [C-H stretch], 1090 and 10441 cm"~ [C-O stretch] and a 

moderate absorbance at 804 cm" [Si-C stretch]). Extraction and transmission/FI‘ IR 

analysis of the detergent formulation used to clean the aquaria showed the detergent 
extract spectrum to be very different from that of the major component of the control 
extract (Fig. 8). 

Scrag.;'ITire Extract 

Morpholinothio-benzoth_iazole, and biAs(2-ethylhexyl)phthalate were tentatively 
identified in this extract. Other compounds characterized were an olefinic hydrocarbon, 
an alkoxy ether/alcohol compound (small hydroxyl band at 3725 cm" coupled with a 

strong C-O stretching absorption at 1080 cm“), and a series of nitro-aliphatic ether 

compounds with very similar IR spectra (no aromatic C-I-I stretching bands, strong C-N02 
stretching bands at 1556 cm" [sym] and 1388 cm" [asy] and C-O absorbances at 1098 
and 1030 cm" characteristic of ethers). The absorbances of this latter series of 

compounds suggest an aliphatic nitro group attached to an aliphatic 5-membered ether 

heterocycle. The spectral similarity of the three nitro compounds suggests that they are 

close structural or geometric isomers.
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New Tire. Extract 
The new tire extract contained 10 major gas-churomatographable peaks; six were 

of sufficient intensity to yield informative IR spectra. Four principle components 

(accounting for 98-99% of the total chromatographable material) were identified. The 

major component at Rt 14.10 min was identified as morpholinothio-benzothiazole on the 

basis of its distinctive IR spectrum (aromatic C-H at 3074 cm", aromatic ring stretch at 

1597 and 1446 cm“). The presence of a very strong C=N stretch is characteristic of 

2-substituted benzothiazoles. The fingerprint IR region corresponds exactly with the EPA 
Vapour Phase spectrum for this compound, The second major compound (Rt 12.10 min) 

found in the "new" tire extract was identified as diphenylamine (N-H stretch at 3434 cm", 

C=C- stretches at 1596 and 1501 cm“, and C=N stretch at 1302 cm‘-1). Two smaller 
absorbances at 746 cm" (def) and 692 cm" (bend) are characteristic of monosubstituted 
aromatics. A third major peak (Rt 9.65 min) shows an IR spectrum characteristic of an 
amine substituted aromatic (N-H stretch at 3412 cm" coupled with aromatic C-H 

stretching absorbances at 3066 and 3030 cm"). The substitution pattern cannot be readily 

determined due to the presence of N-H stretch absorption in the fingerprint region. 

Other peaks at Rt 9.57, 9.97 and 10.91 min were characterized as possibly 

am_ino alcohols/diols (broad absorbances at 3705-3730 and 3627- 3601 cm“), beta 

hydroxy ketones (absorbances at 3629, 3050 and 1672 cm") and aromatic hydroxy 

ketones (absorbances at 3650, 3062, 3022 and 1719 cm"), respectively. 

The gas chromatographic background was cha_racten'zed as resembling that of 

long-chain aliphatic hydrocarbons. 

A summary of GC/FT IR peaks observed for the extracts and general structural 
comments is given in Tables III and IV. Extract GC/FTIR chromatograms are shown 

in Fig.7. FTIR spectra of the individual GC/FT IR peaks are given in Appendix C.
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LC Fractions 

§°.Y_a_2_'1l1l§ 

The first fraction of the scrap tire extract contains the aliphatic hydrocarbon 
species (C25 and above) eluting as a series of distinct peaks (Rt 15.52 - 28.8 min) 

following a broadly eluting hydrocarbon background (between Rt 12-16 min). A single 
phthalate ester also eluted in this fraction. Fraction #2 contained representative amounts 
of" most compounds seen in the scrap tire extract with the -exception of the olefinic 

hydrocarbon (Rt 10.15 min) seen in the non-fractionated extract. The ni‘t'r“o compounds 
observed in the extract continue to elute through fractions #3, 4 and 5. Fraction #5 

contains one early-eluting nitro compound (Rt 15.12 rnin) similar to the three nit-ro 

compounds found in fractions #2, 3 and 4. This series of compounds lends itself to 
further examination by GC/MS to obtain the molecular ion for each compound and, 
possibly, further chemical information which may assist in establishing the identities of 
the compounds. 

The more polar fractions (#6-10) did not show any discernable peaks by 
GC/FI‘I,R even on concentration by a factor of 20. The last fraction (#12), eluted with 

isop_rop‘anol-water, contained material similar to that observed in fraction #1; primarily 

C25 and greater aliphatic hydrocarbons with traces of phthalate and adipate esters 

(commonly used industrially as plasticizers). The cause of this anomalous separatory 
behaviour is unknown at present but may be related to overloading of the column (the 
concentrations of components in the extract was unknown at the time of the fractiona_tion 
thus precluding a determination of capacity factors). A summary of the number of peaks 
and a brief structural characterization of components is given in Table V. 

chromatograms of the scrap tire extract fractions are shown in 

Appendix D. _
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New Tire 
In general, the chromatographic separation was similar to that obtained for the 

scrap tire extract. The initial hexane fraction (#1) contained small amounts of aliphatic 

hydrocarbon material eluting between 13 and 17 minutes. No individual peaks could be 

resolved even on further concentration. On this basis, the scrap tire extract seems to 

contain a larger proportion of hydrocarbons than the new tire extract. “Fraction #3 showed 

a. small amount of diphenylamine (Rt 11.1 min) which continued to elute in fractions #4 

and 5 (trace). Fraction #5 contained the bulk of the sample material seen in the extract 

and showed at least nine distinct peaks of" which six yielded useful FTIR spectra. The 

largest single component of the fraction (== 85 % of the chrornatographable material) was 
identified as 2-morpholino-benzothiazole (Rt 13.92 min). Other significant peaks include 

a hydroxy-alkene at Rt 10.1 min (absorption at 3624 and 1672 cm") that was also found 

in the scrap tire extract, and an aromatic amine at Rt 9.74 min (3409, 1650, 1462, 740 

cm"). Minor components include an aromatic amino alcohol/phenol (Rt 12.16 min), an 

aromatic phenolic compound (Rt 13.44 min) and an aromatic heterocycle (Rt 15.9 min). 

Fractions 6,7 and 9 contain small amounts of "nitro compounds" (Rt 16.6 and 17.6 min) 

identical to those found in the scrap tire extract. Unlike the scrap tire extract, the new 

tire extract fractions contain relatively small amounts of these materials which are not 

observed in the crude extract. If these unidentified "nitro compounds“ are responsible for 

the toxicity of the leachates, then the differential amounts may explain the relative 

toxicities of the two test leach_a_tes_. Fraction 12 contained a phthalate/phosphate derivative 

at Rt 13.45 mijn (absorption at 1746, 1272, 1123, 1073 cm") as well as a series of what 

may be alkyl sulphonates/phosphates (Rt 17.0, 17.5, 18.1 min), although the IR spectra 
contain only C-I-I absorbances (peaks at 2932, 2863 cm"). Fraction 15 showed two GC 
peaks (Rt 10.72, 11.10 min) whose IR spectra indicated a substituted am_ine derivative 

(peaks at 1253 and 1122 cm") and an aliphatic acetyl amide compound (peaks at 1682, 

1409, 1232, 1129 cm“). A summary of principal components characterized in the 

fractions is given in Table V. GC/FT IR chromatograms of the new tire extract fractions 
are shown in Appendix E.
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General Comments on Quantitation and Identification by FTIR 

Quantitation of compounds in IR spectrometry requires calibration with 

standard solutions of the substance of interest (external calibration), by addition of 

concentrated standards of the substance of interest to the sample (generalized standard 

addition method, alias "spiking"), or by comparison with known amounts of a substance 
with which analytical response can be reliably compared (internal standard method, 
"surrogate standard" method). These techniques, however, are of ‘little use in the 

quantitation of unknown compounds (9). A common practice in this case is to form a 

rough estimate of the concentration of an unknown compound by reporting it as an 

analytical response related to that of a known compound (ie. an "operational" estimate). 
An example is the reporting of unknown contaminants in high purity solvents as 

"equivalent" concentrations of heptachlor 'epoxide)._ IR quantitation in this type of 

approach is further complicated by the existence of several functional group responses for 

a single compound. As several of the compounds, characterized in this study are 

unidentified, a similar approach was taken to estimate the concentration of major 

components. The concentration of the major component of the new tire matrix (ie. 
concentration in the aqueous test matrix) was estimated to be 10-50 ppm. The major 
component of the scrap tire matrix was estimated as being 1/2 of this concentration and 
the major component of the control sample as 1/10 of this concentration. 

Spectral identification using GC/FTIR library search routines is based on 

selecting known spectra having minimum differences ("best match") with the spectrum 
of interest. The matching algorithms chosen for this work were those of absolute 
differences and absolute derivative differences (10). These matching routines are capable 

only of "speeding up" the identification/characterization process and are not used in place 

of visual comparison and classical interpretation of spectra. The "identification" of 

diphenylamine and morpholinothio-benzothia‘zole in this work was done usingfvery good 

library matches (very low number of absolute spectral differences) and visual
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interpretation. A more rigorous identification requires comparable information from other 
structure elucidation techniques (Part I). Library match spectra, such as thojseshown 

in Appendix C for other leachate components, were not of good quality and were visually 
not the compounds suggested by the library match. In these cases, visual interpretation 

was used to characterize the compounds, the best library matches serving only as 

functional group confinnation. 

The integration of this work with the application of other structure elucidation 

techniques (eg. GC/MS, GC/AED) for a more rigorous confirmation of the identity or 

character of "known" and "unknown" extract components, as well as their concentration 

levels in the leachates, is an area for further study.



18 

CONCLUSIONS 

, The principle component (> 90%) of the control extract was characterized as 
an alkoxy/ether alcohol derivative. Components found at lower levels in the cOntrol 

extract appear to be primarily alkyl silicone derivatives. These compounds were found, 

again at trace levels, in the test extracts. The compounds may originate from materials 
used to clean the aquaria and tires (11), construct the aquaria, the plastic aquaria covers, 

from the atmosphere or from the dilution water or components of its distribution system. 

Diallyl phthalate was tentatively identified in the control extract. The extraction blank 

showed none of these compounds. - 

Two compounds have been tentatively identified (best IR "library-hit") in the 
two test extracts; these are diphenylamine (new tire extract), and morpholino- 

thimbenzothiazole (new and scrap tire extracts). The latter compound is the major 

gas-chromatographable component (63%) of the new tire extract. Several other 

compounds in the test extracts have been characterized; these are an olefinic hydrocarbon, 

an orthocarbonate, an N-dia]_l;ylanilai_ne derivative and two nitro-compounds. One of the 

nitro-compounds is the major gas-chromatographable component (66%) oft the scrap tire 

extract. The second nitro-compound may be a "daughter" compound of the stronger nitro- 
species resulting from decomposition of the parent compound or a geometric isomer 

owing to the almost identical nature of their IR spectra. These may be implied in the 
observed toxicity to rainbow trout fry as their concentration in the two test leachates 

parallels the toxicity. 

Integration of the GC/FT IR data with that of GC/AED and GC/MS should 
serve to characterize these compounds more completely, as suggested in Fig.1 (Part I). 

The results of this identification/characterization scheme should serve as a basis for 

toxicity assessment of the principal components and a rational fractionation scheme for
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toxicity assessments and further identification/characterization work at trace and ultratrace 

levels (12). 

The concentrations of material_s in the new tire leachate sample (10-50 mg/L) 

are estimated as being twice those in the scrap tire leachate sample. 

The GC- background, as visualized by FTIR, appears to be characteristic of a 

high molecular weight aliphatic hydrocarbon(s). This background was seen to be l_argely 

removed in silica gel fractionation of the scrap tire extract. GC/FTIR examination of LC 
fractions of this extract showed that high molecular weight hydrocarbons (C25 and 

greater) are removed by the initial elution with benzene. Further characterization of this 

background would require HPLC or supercritical fluid (SCF) separation as the background 
characteristics suggest a high molecular weight compound or mixture of similar 

compounds not amenable to "standard" GC separation,
' 

GC/FTIR analysis of coloured fractions of the scrap tire extract suggest that 

the colouredcompounds are not gas-chromatographable (high molecular weight, high 

boiling point, low vapour pressure, polar characteristics) and will require LC techniques 
for separation and characterization. Molecular sizje exclusion chromatography (gel 

permeation chromatograph (GPC)) may be required if the compounds, as suggested by 
this work, are of high molecular weight. Some of the coloured compounds are evidently 
easily oxidized by ambient oxygen as indicated by colour changes in TLC chromatograms 
on standing. This suggests that they may contain oxidizable functionalities (eg. 

aldehydes, quinones and nitrogen-containing heterocycles). This would explain their 

polarity and consequent non-chromatographable behaviour on a relatively non-polar 

(DB-5) GC bonded phase column. It should be recalled that in the large-sample 

preconcentration (2) the new tire extract was much more intensely coloured than the scrap 

tire extract although the latter test material was more toxic.
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It is important to emphasize that this work describes only the identification/ 
characterization of principal components of the hydrophobic fraction of the tire leachate 

sa_n;ples.l Similar work at trace and ultratrace levels will require research into analytical 
cleanup procedures to remove chromatographic background and modifications to the 

present GC/FTIR set-up. Additionally, removal of GC background material observed in 
extracts is necessary before trace analysis can be considered. 

The results of this work can be integrated with information obtained from 

fundamentally different analytical techniques, such as GC/AED and GC/MS, to provide 
a more chemically rigorous identification/characterization of both known and unknown 
compounds than can be obtained through the application of any single technique. This 

information, in combination with advanced fractionation/Separation/isolation techniques, 

can be used to identify or characterize toxic components which as yet have remained 

unidentified and unquantitated. Work is in progress to optimize chromatographic and 
spectral performance of the GC/FTIR system to increase the detection capability of the 
system into the trace component range. 
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Figure 3 Comparison between GC-IR major component(s) and Total Extract IR 
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Figure 7 GCIFTJR chromatograms of tlre extracts and control 
‘ Gram43chmidt Reconstructlons (retention times not norniallied) 
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Figure 7 GCIFT-IR chromatograms of tire extracts and conirol 
(Continued) Gram-Schmidt Reconstruction: (retention times not normalized) 

car 0-‘ 
"Control"

9

I 

Z 7 
5 5 80

3 

\~_/XM/ 3‘ J‘ 
00 

' ' .00h 0.00 ‘No.00 
'* W RETENTION IIME (MIN) H 

»

" 

160 iév zéu aéz 269 sés 66$ 161 sis. 
DHTH PO I NT5



29 t

; 

P19“! ° 3 =ThIn film Transmission IR spectra of Control Extract and Ivory Extract 

Control Extract 

@600 aézo aim: zéso 2-lao tzfoo H20 1é\:o" .7560“ léab 
uaveuunaen 

Ivory Extract 
" 

-

I 

V./\~ 

. 

uboo .3520 séao 2480 f éToo i§2o"tté§0 4 éso éeo 
unvauunaen -



30 

- TABLE I : Summary of TLC Examination of Large-Sample Extracts 

_ 
;—’_-:____—-~~*_' ;"_' __,_..i We , __ e» H -' >fi‘74_ _ i ”_ ;.__ ll e eff e-_ if 

Fresh Aqed* 

Rf Value Colour ' Rf Value " Colour 

"Control" 

No visible spots 

"Scrap" Tire 

_ 

0.73 

"New" Tire 

0.26 

0.30 
0.42 
0.45 
0.50 
0.57 

0.71 
A 

0.79 

0.86 

yellow 

grey-green 

brown 
blue—grey 
orange 
violet 
orange 

yellow 
brown 

0.20 
0.26 
0.58 
0.68 

0.19 

0.25 

0.61 

0.81 

red—orange 
brown 
light brown 
yellow 

red—orange 

brown 

brick 

brown 

light brown i'- - 

e 7 W 
j 

-___.__ “-77 a ’*;_;.______..._.____i._i__..._._ 

* "Aged" refers to an approximate 72 h exposure to the atmosphere
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TABLE II : Tire Fractionation and UV/VIS Information 

Fraition Eluent 

Pscrapfi Tire 
BGIIZGHG 

BQIIZGIIG 

‘Ethyl 
Acetate 
Ethyl 
Acetate 
Ethyl 
Acetate 

UV/VIS Comments 

254 
265 
286 

295 

296 

Acetonitrile 338 

Acetonitrile 295 

Isopropanol 

iPrOH/Water 
(3:1) 

iPrOH/Water 
(2:1) 

Isopropanol 

iPr0H/Water 316 
(2:1) 

continued... 

peaks (nm) 

(shoulder) 

(broad) 

(shoulder) 

290—340 (broad) 
320 (broad shoulder) 

broad shoulder 

broad shoulder 

(broad) 

colourless 
coloured 
colourless 

colourless 

coloured 

slightly 
coloured 
slightly 
coloured 
coloured 
slightly 
coloured 
colourless 

colourless 

coloured



TABLE II : continued 

"New" Tire 
Hexane 
Hexane/ 
Benzene 
BGHZGDQ 
BGHZGDE 
Benzene/ 
DCM 
DCM 
DCM 
DCM/ 
Acetonitrile 
Acetonitrile 
Acetonitrile/ 
iPrOH 
Isopropanol 
Isopropanol 
iPrOH/Water 
iPrOH/Water 
iPrOH/Water 

32 

254 (small) 
224, 254 

254 (trace) 
284 (large) 

222, 280 

276 
270-275 (shoulder) 

274 (small) 

288 

212, 285 (shoulder) 

204 

Lt. orange 
Brown 

Orange 

Yellow-orange 

230, 285, 618 Blue 
620 (small) 
220 (broad) 

Lt. blue 

220, 350 (shoulder) Lt. brown
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TABLE III : GC/FTIR Characterization and Identification Summary 
of Principle Components of Large-Sample Extracts 

Retention Time Estimate of Characterization / 
(min) % contribution Identification* Summary 

"Control" 

(W/w) to GC/FTIR 
total 

components 

9.4 90 

10.70 
l2.45 
13.20 
13.77 
14.38 
15.00 
15.65 
17.45 

"New" Tire 
9.65 
9.97 

12.10 
14.10 

"Scrap" 
10.15 
11.16 
14.25 
18.00 
19.20 

Tire

1 

Carboxy compound (orthocarbonate) 
Di-allyl phthalate 

< 0.5 Methyl siloxane polymer 
< 0.5 
<'O.5

l

1 

V 

1

5 

20.6 
3.2 

13.2 
63.0 

0.9 
8.5 
6.7 

66.0 
18.0 

Methyl siloxane polymer 
Methyl siloxane Polymer 
Carboxy compound (orthocarbonate) 
Methyl siloxane polymer 
Methyl siloxane polymer 
Phthalate compound 

Amine (N-dialkyl analine derivative) 
Hydrocarbon (olefin/aromatic) 
Diphenylamine 
Morpholinothioebenzothiazole 

Amine (N-dialkyl analine derivative) 
Carboxy compound (orthocarbonate) 
Morpholinothio—benzothiazole 
Nitro compound (Nitro—ether derivative 
Nitro compound (isomer of major peak) 

___:' _ — —77__ — ————7 : —7_ :' ———:7. —¢1--—-—-—=__ 
7 > 7 V > > _ 

* Compounds highlighted in bold print have been tentatively identified by 
spectral library search routines.
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TABLE iv Structural Features of Principle Extract Components 
as Detemlined by GCIFT-{R 

New Tire peaks Rt min. 

Peak 1 9.57 

possibly an amino alcohol 
phenyl compound 

Peak 2 9.65 

possibly an Nalkyl 
aniline derivative 

Peak 3 9.97 

olefinic alcohol 

Peak 4 
_ 

12.10 

diphenyl amine 

Peak 51 12.8 

possibly an olefinic 
ester 

Peak 6 13.6 

olefin 

Peak 7 14.10 

morpholinothio benzothiazole 

Significant peaks (cm-1) 

am-3105 
ae21-3601 
ao1e 
2914-221-s-2ae1 
1411 -1436 
1292-1240 
1125-1oe1 
sea .

" 

3412 
aoee-aoao 
2014-2932-2e12 
1650-1607 ms 
1162 
141 

ssze 
$049 
2ee1-2.881 
101:1 
was

_ 

3434 
aoss 
1see-1501 
1ao2 _ rm-e92 
3650 
3N2-3022 
2965-2930- 2884 
1720‘ 
1606 
1.479 
1363? 1308 -1255 
1181 
749 

305°. (weak)
' 

2914 - 2904 . zasa 
141a 

3074 
2974 - 2920 - 2863 
1597 - 1448 
1539 

Correlation 

OH stretch 
NH I maybe OH 
CH (C=C type) 
CH aliphatics 
C=C type 
C-O ether type 
¢=N M» 
(>6! posibly 

N-H stretch 
Cal-I ammfllic 
O-H aliphatic 
O=C ring 
C=C ring ‘ 

0-N lvw 
aromatic ortho or C-Cl 

O-H stretch 
0-H olefinici 
C-H aliphatics 
C=O olefin type 
O-O alcohol type 

N-H stretch 
C-H aromatic 
C=_C aromatic ring 
C-N phenyl amine 
O-H aromatic ring 

O-H stretch 
C-H a'r_omaticJoleti,n 
C-H aliphatic

_ C=O (weaklconjugated) 
C=C aromatic ring 
C=C aromatic ring 
C-O ester ' 

O-O phenolic 
C-Cl or crtho aromatic 

O-H aromatic 
C-H aliphatic 
C=C aromaticlolefinic 

C-H aromatic 
O-H aliphatic 
C=C aromatic ring 
0=N



Tam; IV (continued) 

Scrap Tire peaks Rt min. 

Peak 1 10.15 
oleflnic alcohol 

Peak2 
_ 

11.1e 
alltoxy alcohol 

Peak 3 14.-25
V 

morpholinothio benzothlazole 

Peak 4 18.0 

llitm ether
' 

Peak 5 19.2 
nitro ether 

Control Extract peak! 

Peak 1_ 
9.4 

Peak 2 10,7 
Di-allyl phthalate 

Peak 3 12,45 
Alkyl tetrasiloxanc 

Peak 4 13.2 

Peak 5 13.77 

Peak 6 14.38 
Alkyl ortliocarbonate . 

Peak 7 15.0 

3.5 

Significant Pfiike (cm-1) 

Same as-New fire Peak 3 

3725 
2980 
1369 
1236 - 1193 
1080 

Same as New Tre Peak 7 

2994 - 2936 - 2830 
1558 
1485- 1442 
1388 
1098 

Same as _$crap Tre Peak4 

SameasScmpTrePeak2 
son 
2957 
1150 
1210 
1124 - 1oee 

2969 
1267 
1089 
1032 
810 

SemeasConi‘roIPeak3 

Sam_easContmIPeak3 

2982-2941 
1087-1045 

SameesConirolPeak3 

Correlation 

same , 

O-H stretch 
C-H aliphatic 0 

O-H (det)
V 

C-C skel. vib. 1 

C-O ether 

same 

C-H aliphatic 
N02 asy. stretch 
C-H asy. def 
N02 sym. stretch 
C-O ether type 

$81179 

same 

aromatic 
C-H aliphatic #0 ester .

» 

C-O phenyl ester 
C-H aromatic bend 

(>1-I aliphatic 
Si-CH3 
c-o ether! Si-045i 
O-O or 
Si-O siloxane 

88018 

same 

C-I-I aliphatic 
O-O ether 

$81719



Table IV (continued) 

Control Extract peaks Rt min. 

Peak a 15.05 

Peak 9 17.45 

36 

Significant peaks (cm-1) 

2981 - 2880 
1285 
1090-1044 
804 
2978 - 2938 - 2885 
1745 
1467 +1390 -1389 
1270 
1119 
1078-1038 

Correlation 

C-H aliphatic 
Si-CH3 
C-O or Si-O-Si 
Si-O siloxane 
C-H aliphatic 
C=O 
C=C aromatic 
C-O phenyl ester 
C-H aromatic bend 
(>0 ether/alkoxy



TABLE V : Summary of GC/FTIR analysis of Tire Extract Fractions 

Fraction # Number of major peaks Gommentsw
I 

"Scrap" tire 
1 11 

2 5 

3 3 

4 3 

5 3 

6-9 No peaks 
10 2 

ll No peaks 
12 10 

"New" Tire 
1 No peaks 
2 No peaks 
3 2 

4 1 

5 7 

6 1 

7 3 

8 No peaks 

(continued) 

C25 and greater hydrocarbons 
Bulk of "scrap" tire compounds 
Primarily nitro compounds 
Residual nitro compounds 
Traces of nitro compounds 

Unable to characterize 

Hydrocarbons, phthalates 

Broad hydrocarbon background 

Possibly trace phthalates 
Diphenylamine 
Bulk of "New" tire compounds 
Major nitro compound 
Nitro compounds and unknown 
aromatic compound
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Table V (continued) 
——-—-—-—__77__ __ _' —— —7 _ _

9 

10 

11 

12 

13 

14 

15 

4 Nitro compounds 
2 Traces of nitro compounds 

peaks 
7 Aliphatic hydrocarbons, 

phthalates 
peaks 
peaks 
peaks



APPENDIX A 

UV/VIS Spectra of Tire Extracts and Fractions
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APPE'NDI'X B 

FI‘IR Spectra of Tire Extracts and Fractions

B1
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FTIR Transmission Spectra of "Scrap" Tire Fractions
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APPENDIX C 

GC/FPIR Spectra of Extract Components 

(Refer to Table IV for peak retention times and spectra] characterizations)
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APPENDIX D 

GC/FTIR Chromatograms of "Scrap" Tire Fractions
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APPENDIX E 

GC/FTIQR Chromatograms of "New" Tire Fractions
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