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THE CITY UNIVERSITY OF NEW YORK

Abstract

Characterization of Biomass Burning: Fourier Transform Infr ared

Analysis of Wood and Vegetation Combustion Products

By

Diomaris Padilla

Adviser: Dr. Jeffrey Steiner

The Fourier transform infrared examination of the costiba products of a selection
of forest materials has been undertaken in order to quiides detection of biomass burning
using satellite remote sensing. Combustion of conifengstrobus (white pine) and
deciduous Prunus serotina (cherry), Acer rubrum (red mdgigjans nigra (walnut),
Fraxinus americana (ash), Betula papyrifera (birch), Quabas(white oak) and Querus
rubra (red oak) lumber, in a Meeker burner flame at teatpees of 400 to 900 degrees
Fahrenheit produces a broad and relatively flat sigitalavfew distinct peaks throughout
the wavelength spectra (400 to 4000°¢mThe distinct bands located near wavelengths of
400-700, 1500-1700, 2200-2400 and 3300-3600 eany in intensity with an average
difference between the highest and lowest absorbingespett47 percent. Spectral band

differences of 10 percent are within the range of mod&eillse spectrometers, and support
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the argument that band differences can be used to disaterbetween various types of

vegetation.

A similar examination of soot and smoke derived fromi¢ages and branches of the
conifer Pinus strobus and deciduous Querus alba (white oak)yQuiara (red oak),
Liguidambar styraciflua (sweetgum), Acer rubrum (maplej Tilea americana (American
basswood) at combustion temperatures of 400 to 900 degrees@hproduce a similar
broad spectrum with a shift in peak location occurring irkgélow the 1700 cth
wavelength. The new peaks occur near wavelengths of 14388zBland 713 cth This
noted shift in wavelength location may be indicativa dihgerprint region for green woods

distinguishable from lumber through characteristic biorsages.

Temperature variations during burning show that the spetckavdemperature
smoldered aerosols, occurring near 400 to 450 degrees Fahrerdebe distinguished
from higher temperature soot aerosols that occur above gd@edeFahrenheit. A
heightened peak intensity of 50 percent is observed throtite spectra of the lower
temperature generated soot and smoke, with respect to Hex tegnperature generated soot
and smoke. These observations suggest the possibiéstalflishing biomass reduction

markers using a ratio method.
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Chapter 1

Introduction

The effect of aerosols on solar radiation is pertapdeast understood of the major
factors involved in models for climate prediction. &tdfaerosols released during volcanic
episodes are well known to contribute to severe downgswin regional and global
temperature [Stott, 2000], but the influence of aerosadsseld during industrial processes
and the burning of fossil fuels has not been recognizedreTis growing evidence that
aerosols will play an increasingly pivotal role imtte predictions as the burning of
forested areas, primitive cooking fires, and the burningastevincreases in third world
countries [Andreae, 2004, Ackerman, 2000]. Natural forest Gan be traced using AIRS,
GOES and MODIS satellite systems, but very little infation is available as to the effect of
small, but numerous, fires. Moreover, it is importantlimate models to be better able to
determine whether a fire is burning primarily through theogg, involves the whole mass of

the tree, or is in fact only smoldering.

Three main forms of instrumentation have been useditly she infrared response,
elemental concentration and morphology of wood smoka frarying tree species and to
distinguish lumber wood smoke from forest smoke. Theungents used are the Fourier
Transform Infrared Spectrometer (FTIR), the X-ray Fasaence spectrometer (XRF) and

the Scanning Electron Microscope with Energy Dispersivet8paeter (SEM/EDS).

The solid state FTIR records differences in the vibnal characteristics of the
molecules comprising the solid. It therefore serves @ mical detector for various smoke
and soot species generated by a firing event. The potematjal species remaining after

decomposition include alkenes, alkynes, carbonyl sulfides, aibmatics, and various other



molecules. FTIR is unable to detect metals, andesielginents such as carbon, nitrogen or
potassium. The information gained through laboratory cetiduexperiments is intended
for later use as a baseline reference for satefli@scover appropriate bands for detecting

atmospheric composition.

The x-ray fluorescence spectrometer serves as ane®dal analyzer. Analysis of
metals such as iron (Fe), Potassium (K) and Titanilijrafe quickly and easily collected
without sample destruction. Preservation of smokeggesns important since multiple
sample analysis can be performed through out time.

The SEM/EDS system serves dual roles. First, it captilne morphological features
present in soot, ash and smoke particles produced during fidmgse Studies of this sort
are needed as a reference for the morphology of pyragneémitted material. The EDS
data complements the XRF analyses by helping to assessulce of a given elemental
signal. lron, for example, may be present as an @{ids an agglomeration of carbon-iron
molecules. Hence, SEM/EDS provide important informatinmparticulate mixtures that
cannot be seen either through FTIR or XRF analysis.

In this report we show that Fourier Transform Infraggectroscopy (FTIR) spectra
highlight clear differences between deciduous and coniféreaspecies. Spectral
differences are highlighted at peak locations ranging #60 to 4000 wavenumbers.
Increases in spectral concentrations are indicativegher particle abundances for
molecules such as carbon monoxide (CO), carbonyl sl#@«€) and aromatics. By
pinpointing these key features in smoke plumes we aectalihcrease the sensitivity of
atmospheric models that use pyrogenic emissions in thairsééd, thereby contributing to

the formation of clearer climate predictions. Addiiboarbon potassium ratio (C/K)



information found through chemical analysis by ScanningtEladviicroscopy and Energy
Dispersive Spectroscopy (SEM/EDS) has found that lumtibfaest products can be

distinguished from one another.

|. Background and Motivation

There is a mounting interest in the assessment ofdsedourning with respect to
climate change modeling [Hansen, 198ihith, 2000; Jacobson, 2004Recent
measurements have found that excesses of combustion {srogected into the atmosphere
contribute to a complex variety of climate interans [Koren et al., 2004, Andreae, 2004,
Ackerman, 2000]. The intermittent changes induced by cloud-samker smoke-
atmosphere reactions have the potential to form micnoaté conditions with a seemingly
globe spanning ability [Ramanathan, 2001, Kaufman, 2002, Rose2®8d]. These
processes are further complicated by the increased awbwmtegulated particulate matter

dispersed into the atmosphere.

National air emission estimates of regulated pollgtanoth as carbon monoxide
(CO), Nitrogen Dioxide (N@), Sulfur Dioxide (SQ), Volatile Organics (VOCs), Lead and
other particulate matter average over 205 million'tpes year in the US alone [EPA, 2007].
Further studies from the U.S. Department of AgricultWt8DA) and National Interagency
Fire Center (NIFC) report an average of 88,000 foress firer yedrwhich consume an

estimated 3 million acrésf forest land and emit approximately 93 million ton€ah per

! Fires and Dust excluded. Eight year average taken in égeigtervals 1975 to 2005 and 2006
2 Forest Fires averaged over eight year period covering 1998 to 2006

% Forest Fire Acreage averaged over eight year period cgvE9®8 to 2006



yeaf* (Figures 1 and 2 & Table 1). Trends in the same wildfiesmibed fire study (Figures

1 and 2) show a decrease in fire instances but an indreaseeage burned during firing
events, which suggests the importance of controllingsfee in order to lessen the release of
combustion related gases. Additional projections intditaat the use of primitive cooking
fires, burning of waste products, and land clearings willlasgaorcing increased amounts
of pollutants into the atmosphet@rfitzen, 1990; Mathews, 2000Consequently, the
chemical characterization, reflectance and absorptioperties of these combustion aerosols

provide important basic information for climate predintio

The classification of carbon dioxide and other atmosplvempounds by Fourier
Transform Infrared Spectroscopy (FTIR) has seen anasetkapplication in the field of
remote sensingjusswurm, 1995; Mattu, 20P0Previous studies use an open path FTIR
system to monitor a mixture of combustion productsdynigl information on aerosols such
as: carbon dioxide (C{p carbon monoxide (CO), methane (§fHropylene (GHs),
hydrogen cyanide (CHN), nitrogen oxides (Nhon-methane hydrocarbons, ammonia
(NH3), hydrogen cyanide and oxygenated volatile organic compound3@S) Bertschi et
al., 2003; Andreae, 1983, Yokelson, 19BBese studies focus on temperature variations and
infrared thermal bands to suggest the possibility thabtersensing can differentiate intense
combustion episodes, that consume substantial amoivggetative matter, from relatively

guiescent oned’fins 1994 Menzel, 2004; Fuller, 2090

Chemical species determination through FTIR-CP engageshedology employed
for decades to identify key characteristic propertiesrgénic and inorganic matter [Smith,

1999]. Kaufman (1997) and Koren (2004) suggest that charactenizdtaerosol chemistry

* Emissions from forest fires in the 48 lower states amgis covering 1990,’95, 2000-2006



serves as an indicator of climate reaction to imhligi groups of pollutants as they enter the
atmosphere. The present study uses a new laboratorydidd& path method (FTIR-CP)
to determine whether the FTIR-CP signal is influenceahglly by combustion temperature,

plant species, and vegetative morphology.
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Figure 1: (Source: NOAA Satellite and Information Servit#S)wildfire chart shows an
increase of approximately 60% of acres burned from the 1960’s enpidssy (top chart).
Increased emissions warrant an investigation into chemicalsedlea
(Alaskan fire statistics not included.)
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increase of approximately 40% of acres burned from the 1960’s enpiassy (top chart).

Increased emissions warrant an investigation into chemicalseelea



Table 1: Estimates of CQTg/yr) emissions for the lower 48 states and Alaska (SobERA:
2007, table 7-8)

Year CO, emitted CO, emitted Total CO,
in the Lower in Alaska emitted
48 States (Tglyr) (Tglyr)
(Tglyn
1990 42.7 34.5 77.2
1995 42.9 0.5 43.3
2000 144.6 8.2 152.8
2001 63.0 2.4 65.3
2002 89.7 23.6 113.3
2003 81.4 6.5 87.9
2004 5.0 70.6 75.6
2005 75.9 50.5 126.4

Il. Overview of Fourier Transform Infrared Spectroscopy

Infrared spectroscopy studies the interaction of infraaeéhtion with matter by
utilizing electromagnetic radiation ranging from 0.78 to 1Q@®[Jensen, 2000]. The
technique is limited to analyzing compounds with molecutendis thereby excluding
analysis of elements (C, N), monatomic ions*{Fdhomonuclear diatomic molecules,(C
N3) and noble gasesSiith, 1996 The Fourier Transform Infrared Spectrometer (FTIR)
works by sending an infrared beam through a sample. Fh#aet beam is split by a grate
to form two beams. The first beam is sent to acstaty mirror while the second beam is
sent to a moving mirror, both beams are rejoined andlti@tile detector. Intermolecular
vibrations are recorded creating an interferogram andfeared spectrum calculated by

means of Fourier transform.



Chemical characteristics of compounds can be identifiegyube infrared signature
of a known sample since functional groups within chemicatgires are identical. In other
words, a carbonyl which exhibits a stretch at 1708 evill exhibit the same stretch in a
ketone, aldehyde or carboxylix acid at the same wavenuntBER can be applied to solids,
liquids and gases which have been mounted onto speciabcélss suited for infrared
analysis such as potassium bromide (KBr). Fouriestoam infrared spectroscopy (FTIR)
is widely used to classify compounds on the basisedf tholecular vibration modes.
Dipolar molecules, such as water (H20) and ammonia (NidBgxample, vibrate both
longitudinally and axially to produce a unique signature wiidested to Fourier transform

optics Bmith, 1996

In the present study, the FTIR spectra of smoke genaratethboratory-hood
experiment is used to classify and compare the wood prolgkiets in Table 2.Infrared
spectroscopy is a useful tool for chemical speciatioaursz functional groups within
chemical structures behave similarly despite the lecagironment of the molecule in the

organic or inorganic structure [e.g. leaf product vs. heaad, etc.,Smith, 1999
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Table 2 The listed products are wood species from thbeastern United States used as
combustion samples for FTIR experiments.

Fuel Used
Common m? ,
Wood Name “Name Classificati Wood Type
- on

Pinus Strobus White Pine Coniferous| Untreated Lumber & Green Wqod
Prunus Serotina Cherry Deciduous | Untreated Lumber Only
Acer Rubrum Red Maple Deciduous Untreated Lumber & Green Waod
Friglans Nigra Eastern Black| Deciduous | Untreated Lumber Only

Walnut
Fraxinus Americana| American Ash| Deciduous | Untreated Lumber Only
Betula Papyrifera Birch Deciduous Untreated Lumber Only
Querus Alba White Oak Deciduous Untreated Lumber & Green Wqgod
Querus Rubra Red Oak Deciduous Untreated Lumber & Green Waod
Liquidambar Sweetgum Deciduous| Green Wood Only
Styraciflua
Tilea Americana American Deciduous | Green Wood Only

Basswood

[1l.  Research Goals

FTIR is a spectroscopic approach that has been utilimedetades to determine
material chemistry. Advantageous when used to anabjiris sproblems arise when looking
at gases or liquids. For this reason we have developettiable filter media composed of
Potassium Bromide (KBr) that is invisible in the infiregion. By using KBr as a matrix
for aerosol capture we reduce interferences by othep@oemts that would be introduced if
we used the usual polycarbonate or quartz filter.

This thesis serves as a tool for developing a technigevilh diminish
interferences caused by strongly absorbing atmospheric, gashsas water and carbon

dioxide. These types of discriminations have never b#gempted and are of critical use in
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climatology because they give a clearer interpretaifarhemicals injected into the
atmosphere after a firing event. Such interpretationsasetil in climate modeling since
chemical speciation is more precise. FTIR reseigrehdely used for gas phase
discriminations, but has not been applied to the probledefiriing various types of solid

residue materials on filters or other media.

The purpose of this research is to develop methods fonglisshing from among the

important climate factors by achieving the following goals:

=

Develop a method in which soot and smoke can be collectbdwi
jeopardizing the integrity of the sample or minimizing péaoss.
2. Extract a viable signal in the mid infrared spectrumstoot and smoke
that would yield chemistry other than carbon dioxide.
3. Distinguish the chemical signal of soot and smoke anamfer
varieties
4. Distinguish the chemical signal of soot and smoke antoaigch and
limb samples
5. Deduce the effects of combustion temperature on absteba
properties
These and other goals are based on being able to devedmalgtical system that
will be useful for obtaining these distinctions. Thepgwsed use of the Fourier Transform

Infrared method is useful because in theory:

=  Carbon-carbon bonds in the smoke can be resolved drsuitable

collection matrix.
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= Carbon-ammonium bonds in the smoke can be distinguisbed f
carbon-carbon and other bond types.

= Smoke products can be captured using filters or other dohect
procedures.

This proposed research is based on the following resqagdtions:

» Can gaseous byproducts of biomass burning, soot and smoke be
characterized by using Fourier Transform Infrared Spe@pysc

(FTIR)?

* Since live trees produce a unique fingerprint in the infrared doe
the byproduct of their incineration should also produce a unique

infrared signal?

» Can temperature differences between flaming and smoldering be

distinguished by Fourier Transform Infrared Spectrometry?

The approach used to meet these research challengesscohsigating a collection
chamber able to withstand the high temperatures of combwshile vacuuming particulates
onto a filtering system. A unique filtering system baen devised to both create and hold
the filter. Minimal contamination and loss of theefil media is achieved by forming
potassium bromide (KBr) filters in the same contaursd to collect particulate matter.
Collection periods are in a range of thirty to fortyefiminutes per sample for adequate
smoke removal from the chamber. Sample collectidollswed by drying and humidity

control and is kept in an oven at a constant temperafd@0 °C. Prior to insertion into the
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FTIR analyzer, all samples are powdered and pressed KBr glass. Remaining sample
material is further analyzed by SEM/EDS analysisdye qualitative information on
elemental composition. Additional XRF analysis orokefilled polycarbonate filters serve
as an additional analysis technique used to verify the agestef heavier elements that may
have been missed by FTIR. Raw untreated lumber matagbbtained through the

internet at the Woodworkers Sourdgtp://www.woodworkerssource.ngt/Tree branch

samples were obtained from Little Alley Pond Park (Feg8ir.


http://www.woodworkerssource.net/
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Figure 3 Map of area containing tree limb collection site ieyAPond Park, Queens, NY.

IV. Thesis outline

This document consists of an introduction which examinesdeas that led up to the
research of tree smoke and soot, as well as explaratlire reviews, methods, analysis,
statistics and results. The literature section fosasehealth issues related to wood smoke
and soot; climate responses pertaining to massive amouwto&e and biomass particulates

in the air as well as past tracking methods and howdaeyoe improved with this approach.
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Previous satellite research related to biomass burnirgoseviewed. Statistical results will

conclude the paper.

While statistical comparisons of smoke from lumber aregigwood indicate that
greenwood and lumber spectra are very similar, individualyais of pine, maple and white
oak point toward significant differences between luna@ye greenwood. Similar results
were achieved during sample by sample analysis, forxttepgon of birch. Additionally,
the FTIR spectra for the combustion products of lumbergreen wood have been shown to
be relatively unique for the woods displayed in Table 1pakmicular, the green wood
information forms a complex array of data that camiganized on the basis of the position
of a given absorption band occupying a set of bandimterval of 900 to 400
wavenumbers thereby giving evidence of spectral signaturespgrie species.
Furthermore, the differences exhibited between lumbegee®h wood absorbance’s are an
indication that much of the tree chemistry is retaimetthe inner and outer bark portions of
the tree. The magnitude of the vibrational response sugbeasthe FTIR differences can be
recorded by satellite platforms.

The SEM/EDS and XRF information demonstrates thaaénesol chemistry of the
solid aerosol particulates can be used in combinationtha&TIR to strengthen the
definition of the combustion products. White Pine and WD#é& have a distinctive feature,
a lack of a carbon response, when associated with patas3ihe SEM/EDS and XRF data
are equally suggestive of the possibility that the cheynidtthe smoke can be used to

differentiate between deciduous and conifer forest cotidougroducts.
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Chapter 2

|. Literature Review

Aerosols exist in our atmosphere in a multitude of forms. Feimple solids
and liquids to more complex composites, aerosols pasia permanent fixture in the
environment. Although biogenic sources such as volcanic @emjssa spray and
windborne dusts are copious anthropogenic sources frorfiresiénd everyday
pollution are quickly threatening to become insurmountabteiffiton et al., 2001].
Recent research on the carbon dating of methidfi@Hs) levels in Antarctic ice
cores suggests a global increase in pyrogenic aerosoltheveast 2000 years
[Ferretti, 2005]. As the world population increases taedrin fossil fuel use grows
at an incredible rate with biom&dsurning being one of the most difficult to control

[Hood, 2002].

Biomass burning produces many complex particles, the two coashon
being: smokéand sodt[Seinfeld, 1998]. Numerous studies [Jacobson, 2004, Meehl,
2004, Tyson, 2001] and models [Ryu, 2004, Menon, 2002] have agreedrtisila
in the form of soot and smoke are creating atmosppeoigclems such as regional
warming and cooling in areas near the Tropics, Africdialiand China. Pyrogenic
pollution conditions affect rainfall by both increasimgdecreasing cloud formation

and varying the radiative budgets over tropical regiomghich global climate are

®> “Small droplets or particles suspended in the atmospherealtypiontaining sulfur. They are usually emitted
naturally (e.g., in volcanic eruptions) and as the result of@mdigenic (human) activities such as burning
fossil fuels.” (EPA, 2007)

® “Total mass of living organisms present in an area, i.et piamass.” (Clark, 2004)

"“An aerosol, consisting of visible particles and gases, peatiby the incomplete burning of carbon-based
materials such as wood and fossil fuels” (EPA, 2007)

8«Carbon dust formed by incomplete combustion” ( EPA, 2007)
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mostly dependent on. Consequently, regions surroundingftiba Sahara are
experiencing intensified periods of draught, while arealarsouth of China are

suffering through elevated amounts of flooding [Koren, 2004].

It is due to the far reaching effects of atmospheric pdsties that the role of
monitoring aerosol speciation comes into play. Distisigng varying aerosol
compositions remotely may make it viable to predict andiptyscounter the
negative influences of pyrogenic particulates in our atimexsp The unique
flexibility of the aerosol to affect both large scalestems, such as climatic changes,
and small scale systems, human health, is seessizé variations. An aerosol can
range from 0.1 micrometers to slightly less than 100ameters [Pitts, 2000], easily

affecting cloud formation or human lung tissue develogmen

A. Health Issues

At its smallest size, 0.1 micrometers, an aerosoptaya deadly role in the
human respiratory system. Although scientists dduilytunderstand the role of the
aerosol mechanism in the human lung or heart tissegsarch has shown that
aerosols such as soot, ozone, smog and dust are damagatgiares fatal [Journal

of Environmental Health, 2004].

In the United States alone, lung and heart related deatlesincreased by
17%, linking 60,000 deaths a year to over-exposure to smog amcdetbeols
[Journal of Environmental Health, 2004]. Ozone levels abugOppm, below the
Environmental Protection Agency’s 80ppm standard for “goodgaiglity, has been

found to increase the severity of symptoms for childtéfesng from asthma
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[Journal of Environmental Health, 2004]. Additionally, asthmalated incidences in
the Caribbean have been linked to windborne dyst1Dm, traveling from Africa’s
Sahara desert [Schmidt, 2002]. Hence, smoke particlesatige from a pof

0.1um to greater than 2um, due to particulate coagulatiertagmable of traveling for
long distances within the atmosphere and may also aerimaportant role in the

decrease of lung function [Snegirev, 2001, Radke, 1994, Ovatmexa06].

Increased incidences of chronic bronchitis, tubercubnsisacute respiratory
infections are also being associated to harmful pdates, specifically byproducts of
wood combustion [Hood, 2002, Mishra, 1999, Ibald-Mulli, 2004]. Irstusly Hood
links wood fuel use in kitchens to the decreased respyragalth of Indian women
and children who are most likely closest to the combusoamce throughout the
cooking process. Similar research in Costa Rica foungsRbhcentrations of up to
8170 ug/m during cooking periods [Lee, 2003]. Infants are also beimgtEtl by
the toxicity of pyrogenic particulates. In 2002 a study puaslished linking acute
respiratory infections in infants with an increaséimmass burning aerosols in the
environment [Etiler, 2002]. Findings from this study indidist acute respiratory
infections in infants increased by a factor of 2 fonifees using wood stoves,
comparable to smoking eleven cigarettes a day. As of 198&lglood fuel
consumption equaled to 1.9 billion cubic meters of wood fsedidor cooking,
heating and coal production [Mathews, 2000]. Seventy seseent of wood fuel
use for cooking, heating and coal making come from Afnich/Asia, the world’s

largest continents.
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B. Ecological Factors

Through direct or indirect means, certain aerosolb ascsoot and ozone have
become detrimental to human and ecological systen008& study in the Caribbean
by Schmidt shows the contribution of globally traveling dashcreased cases of
respiratory diseases and ecological imbalances iretfien. Researchers at the
National Oceanic and Atmospheric Association (NOAAJehdone studies linking
African dust particles with disruptions in the marine emwvnent of the Caribbean
[Schmidt, 2002]. Higher incidences of coral mortality weoted during large spans
of dust transport to the Caribbean helping scientisebksih the theory that airborne
bacteria and/or viruses may be traveling along with qibdriculates in the air.

Some of these bacteria and viruses can lead to disedsatbrof a coral species once

they have entered the marine environment [Schmidt, 2002].

Similar studies relating asthma in inner cities and poon@mical regions
have been linked to particulate matter; specificallylssrend vehicle exhaust
[Brown, 2007, Gilmour, 2006, McConnell, 2006]. The global tra¥erganic and
inorganic particulates has been proven detrimental tdeéheate balance observed in
the atmosphere. If heavier dust particles can leap drmercontinent to the next, then
smaller particulates may be able to span the globeeamdin in the atmosphere for
years [Seinfeld, 1998]. Pyrogenic particles are produced througbustion and may
have many different sources, wildfires, cooking fireg ather fuel uses. Other less
likely sources of pyrogenically emitted pollution may e the burning of woods

undergoing phytoremediation in highly polluted land areas. obérytediation is a
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remediation method in which plants, trees or othertetipe are used to absorb toxic
chemicals from the ground, water and air [Becker, 2000pic&y vegetation types
used in phytoremediation consist of cottonwood, pine, p@pldrvarious grass
species. Chemical varieties removed include metals, plestjdPCBs, perchlorates,
and other organic and inorganic compounds [EPA, 2000, Becker, 2@3e
extracted contaminant pathways vary. Some contamiaa@tsierely extracted and
physically collected, while others go through an internatatsfion process within
the plant tissues and transformed to less toxic compan&udntaminants like
mercury are made less volatile by conversion from g$olgas through transpiration
off of plant leaves [EPA, 2000]. Throughout the rangmethods imposed in the
natural treatment of contaminants one factor renfaiad, that is the length of time
taken to treat a site. During the period of treatmestvery possible to have
conditions that will incite a fire event. While stuslieave been done documenting the
lengthy periods that contaminants remain in leaves)sstand other vegetative
appendages little research has been done on dispargldnavel of these chemicals

during a firing event [Nzengung, 2004, EPA 2000].

Under normal conditions, natural wildfires are difftcio discover, contain
and avoid. Incendiary conditions not only devastateetitdogy of a region but
change the chemical and physical structures of soilddfik® research indicates that
soil changes due to natural firing events lead to changés imatershed [Ice, 2004].
As organic matter and nutrients are consumed by fire,radideposits and ash
replace them. Such transformation leads to changssliacidity and removes much

needed nutrients. Physical changes in soils reduceatioh of water into sediment
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and affect stream flow by creating increased streansloadditionally, reductions in
evapotranspiration and plant root strength have been foundrease the incidence

of rockfall and erosion [Ice, 2004].

C. Climate Disruptions

1. Thunderstorms: Lightning & Ozone

As firing events persist in disrupting the global budgagrtists are
extrapolating new evidence linking excessive biomass burningrious climate
changes [Ferretti, 2005, Penner 1992]. Satellite imagesyvanying sources,
MODIS, AVHRR and GOES have measured fluctuations irath@sphere that are
consistently related to the firing events associatel iimass burning. Furthermore
researches done by Notholt and Andreae have found incraemeats of carbonyl
sulfides (COS) and potassium (K) in the tropospherenmkinem to biomass burning
sources. Backward trajectories indicate that sontlkeske biomass burning events
originated in the tropics, where slash and burn cleaanggommon [Andrea, 1983].
In order to understand the mechanisms associated wittabgburning it is best to
look at the most common aerosols emitted through comibusicluding smoke,
soot, carbon black @a)®, carbon brown (Gow)*® and elemental carbon (E€ps

well as climate interaction with pyrogenic materi#ladreae and Gelenscer, 2006] .

Atmospheric reactions to pollutants are partially doneidddty particle size,

aggregate optical properties, air temperature and relativedity [Graf, 2004,

° “An amorphous form of carbon” (EPA, 2007)

10« jght-absorbing organic matter in atmospheric aerosols ébwsiorigins, e.g., soil humics, HULIS, tarry
materials from combustion, bioaerosols, etc. (Andreae aheh&cer, 2006)

1 «“Near-elemental soot-carbon like composition, and usuallyriefeto the fraction of carbon that is oxidized
above a certain threshold temperature, and only in the presesmc@xygen containing atmosphere” (Andreae
and Gelenscer, 2006)
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Hobbs, 1997]. Clean clouds produced over oceans that aratedcleith larger
particles have an average droplet size of 14um while smdkeed clouds have an
average droplet size of 9um [Andreae, 2004]. The immeddtsequence of the
above mentioned phenomenon is that arid areas pron&foesi suffer stronger
drought conditions due to rain cloud migration. Furthermatele slowing the
production of rain clouds, the introduction of submicroroggnic particles ranging
from PM, 3to PM, 7has been linked to increased thunderstorm activity over the
Northern Hemisphere, Australia and the Tropics wher@lsnparticles assist in

cloud nucleation [Perkins, 2003, Lyons, 1998].

The generation of excess heat through smoke-strengthanedetrstorms
assists in pushing up combusted material to higher altitiwesraection currents are
strengthened and lengthened [Perkins, 2003]. Pyrogenic &etiosioescape
nucleation are propelled from the upper troposphere (8-15kueaznth’s surface)
into the lower stratosphere through updrafts strengthengehtperature differences
between colder cloud bases and warmer air emanatingafiidiire events [Andreae,
2004]. Further rising of submicron particles increases tihadity within
stratospheric layers and generates ice and intensaagecharges, lightning [Graf,
2004]. These effects are normally not localized toothter edges of the system, but
seen throughout the entire storm structure [Perkins, 1983)jnderstorms generated
in this manner form uncommonly high amounts of positiyaliarized lightning, an
occurrence typically observed in colder systems and ntyrtealding to stronger

storm cloud systems [Lyons, 1998]. Works by Zhou and Zhangl fbeightened
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levels of NQ in the upper troposphere to be good indicators of steongitions

associated with lightning strikes.

Wildfires caused by lightning strikes have increased by 13%gltign2001-
2006 periods, destroying an estimated four million acres e$fdands in the US
alone [NICC, 2007]. While any increase in biomass burningténs to increase the
tons of particulates entering the atmosphere, lightnims dot solely threaten to burn
down forest acreages. Studies have shown that lightnagnsiciple producer of
nitrous oxides (N, with global lightning activity producing an estimated 2.8
Tg[N]/year [Beirle, 2003, Zhou, 2004]. The increased amoofmtgrous oxide in
the troposphere undergo natural photochemical processels i turn convert
nitrous oxide into ozone @P[Bond, 2001}** When compared to nitrogen and
nitrogen oxide emissions from domestic burning, 2.5 Tg NO-N/ygatning

produces 10% more ozone boosting particulates [Ludwig, 2003].

In the same means by which nitrous oxides can be convettedzone, other
biomass burning emissions can destroy much needed straioswere. Biomass
burning produces methyl bromide (CH3Br) the single source afsggheric bromine
with a two year lifetime [Cicerone, 1994]. Although otkeurces of methyl bromide
exist, the ocean and pesticides, biomass burning emits apptekirthirty percent
more of the aerosol than any other means, at 50 gigagranyear [Mano, 1994].
Methyl chloride (CH3CI) is an additional ozone destroyingrbguct of biomass
burning and is emitted at a rate of 1.8 Tg/year. Despatéattt that methyl chlorine

degrades ozone, methyl bromide is forty percent moraesitiin ozone destruction

12 See appendix for associated photochemical reaction
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[Mano, 1994]. Both chemicals are assisted through phataichéprocesses in the

breakdown of ozone [Cicerone, 1993].

2. Cloud Properties: Absorption & Reflection

While heightened levels of ozone in the troposphezeaarobvious hazard to
both plants and animals, cloud mechanics driven by pyrogenisols create
additional concern. Cloud formation due to biomass burcamgains many
complexities with particle size and chemistry beingdbminating factors in
determining if or when cloud formation occurs and whethercloud will act as an

absorbing or a reflecting medium.

As a byproduct of wood fuel combustion, carbon black servasa
atmospheric absorber of solar radiant eneryfyork byHobbs in 1997 attributes
atmospheric cooling to the radiative forcing caused by bisfaming, estimated to
be -0.3 W/ri compared to 2.45 W/mcontributed by the greenhouse effect.
However, a 1998 study by Kirrkerag found that carbon black pradugeolluted
regions in North Africa, Antarctica and Europe had wayyaerosol forcing results.
Cooling was found to be -5Wfnover Europe, but a warming effect was found in
North Africa and Antarctica, at rates of 2 W/emd 0.4 W/rhrespectively. While
Kirrkerag used a single column model, this warming effeetr North Africa and

Antarctica are seen to be due to the external mixirogudoon black and sulphates.

An Amazon study found the reduction of cloud coverage from @&8an) to

0% (smoke) because of biomass burning [Koren, 2004]. Thesaherevealed

13 See appendix for associated photochemical reaction



25

that heavy aerosol concentrations over the Indiarm®eaad the Amazon basin
formed absorbing aerosols that had a warming affect pospheric layers and
reduced radiation to the ground by 15%. Stunted amounts of greaciting

radiation lowered evaporation off of vegetation and wsiiefaces. Subsequently less
cloud formation results in drier more stable air whickyrbenefit areas currently
suffering from flooding, but dry air creates more praidefor drought prone locales
like the African Sahara desert. Drier air also suppiessenvection currents that may
otherwise bring pollutants to higher elevations [Koren, 20B#hdings in the same
paper by Koren, however, have found the more common iecw# of aerosol
induced reflection occurring in China. In China great biorbassing has caused an
uplifting of hot air which subsequently brings in cold \a&tthat increases
precipitation leading to flooding. It seems that différareas are exhibiting different
symptoms of the same problem, high amounts of smokecartdnsthe atmosphere,

with China having more floods and the Amazon and Sahara dvyindloren, 2004].

Particulates from firing events are know to generatataindance of
submicron sized aerosols [Crutzen, 1990]. These parte$est & cloud nucleation
by forming clouds composed of small droplets, 14 to 9 um [Kanfrh@97]. Studies
show that a cloud formed by these means produce lessn@ireflect more sunlight,

smoke-cloud forcing 2W/fijKaufman, 1997, Crutzen, 1990].

D. Previous Biomass Burning Studies
Many studies have been done on biomass burning and the cheutmatis
produced by firing events. The goal of this review is toiliarize the reader with

previous studies and their conclusions.
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Multiple atmospheric reactions to varying chemicaisoiduced by firing
events have found a connection between wood typestemdical smoke species
released. For instance, conifers and hardwoods werd foyproduce different
types of smoke. Studies by both Kjallstrand and Simdoeitd that conifers
produced major molecular tracers such as methoxyphenotitanoenoids, while
hardwood smoke contained 2,6-dimethoxyphenols and methaxyjsheT he
difference between the two wood types stems from cenléeking a lignin with 2,6-
dimethoxyphenol [Kjallstrand, 1999]. Aside from giving dfétmolecular tracers
mentioned above, both wood smokes contained carbon monaxatleane, nitrous
oxides and other assorted aerosols. Smoke produced fréay &ad rice straw
discharged similar chemicals with an average P&bncentration of 129.6 + 24.6
(ug/n?) and PMg concentration of 24.2 + 7.7 (uginjRyu, 2004]. A 1997 study by
Lute incinerated wood, sticks, twigs, leaves and othemargaaterials to simulate
land clearing practices. Lutes study utilized a GC-Masdspeeter and found

carbon monoxide as well as total hydrocarbon discharged.

Other researchers took very different approaches iniexagpsmoke
chemistry. Liodakis, Zheng, Kozinski, Olson and Wiinikiave looked at the effects
of temperature variation on chemistry. All five stid@égreed that emission
chemistry is dependant on temperature. Liodakis’ wockded more on woods
found in clearing areas of the Greek countryside sud&ieggpo pine, Olive, Italian
Cypress and the Holly oak. This study found that lowenibgrtemperatures,
600°C, produced concentrated amounts of ash, potassium, sathemand chlorine.

While higher temperatures, 1000 °C, produced heightened coa@msrof calcium,
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magnesium, manganese, iron, silicon, titanium, phospispsulfur and soluble
alkalinity. Korinski’'s experiment pinpointed the grovehd formation of soot
particulates as owing to oxygen mixing within the aeroséldditional
determinations by Zheng focused on varying burning temperancesoncluded that
biomass residue underwent changes in the methyl group.mpetatures increased
in the biomass residue, the methyl group slowly disappeatéduh300°C it
completely vanished. Olson’s study on softwood pelleis ffhree Swedish
manufacturers found that during flaming 2-methoxyphenol wamdd, but during
glowing benzene was produced. Wiinikka, 2006, also focusecedsutining of
wood pellets specifically 6mm pellets from Scottish pine Blorway spruce. The
temperatures observed during this study ranged from 1450°C to 200&}article
sizes produced during and after combustion fell undersP\h this study higher
temperatures produced lower concentrations of pyrogeros@srwith smaller
diameters. Meanwhile, lower temperatures produced largegcidates in higher

concentrations due to the condensation of particulat@aiRka, 2006].

E. Previous Biomass Burning studies using FTIR

1. FTIR of Raw Wood
Recent work on the infrared spectrum of wood materiadobaerved that

varying tree species interact with chemical treatmergd t wood preservation
[Upreti, 2006]. Upreti's study uses 50um shavings from th&ainkino tree
(Pterocarpus marsupium) mixed with KBr to investigate chaumgehin the wood
structure and found that woods treated with a certain maases degraded slower

than other chemically treated woods. Work by Andersanfalsnd that wood



28

preservatives change the infrared spectrum of various hadswan additional
FTIR study on raw wood material observed the wood cdlbwé several softwood
species in order to classify wood cells amongst thpseias [Hori, 2002]. Hori was
successful and found that the infrared spectrum for wolbdaks from one tree
differed from that of another tree. In 2001 a study peréa by Hinterstoisser found
that the vibrational nodes located at 1510 and 896 wavenucduddsbe used to
distinguish levels of lignification within a tree spei An assortment of fungi in

woods has also been distinguished using FTIR by Naumann in 2005.

2. FTIR of Biomass Burning
Many studies have been done on biomass burning and the chewleated

during and after the combustion process. Most studagever, have been operated
using an open path Fourier transform infrared spectrof@iFTIR), airborne
FTIR, or Fourier transform near infrared spectrometi-NIR).

At the forefront of such studies is Yokelson, who in 1p8&duced two
studies citing the chemical analysis of mixed wood produatshe first study pine
needles, sagebrush and mixed fuels simulating forestaiieemcinerated to
determine fire temperatures, fuel mass loss and total fltoass Yokelson’s first
study found that C& NO,, SO, and water vapor were produced during flaming,
while smoldering events yielded GQOnethane (Ck), ammonia (NH) and ethane
(C2Hg). The secondary report by Yokelson reviewed the smalglaffects of a
mixture of hardwoods, grasses and organic forest flovenad duff. Findings show
that these types of combined materials produced tar andageheth white and

black smoke. White smoke is associated with oxygenated ongatecules, while
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black smoke is connected to oxidized compounds [Yokelson, 19961999,
Yokelson made use of an airborne FTIR with a “flovotlgh” multi-pass cell (AF-
FTIR). The study was done over a North Carolina firingneéwith emission ratios of
2.5 £ 1% for CO, formaldehyde ¢BO), acetic acid (CECOOH) and methanol
(CH3OH).

Research by Goode, in 1999, also found similar ratioh®emissions of
CO, HCO, CHCOOH and CHOH in grass fires only. In this work, Goode used an
OP-FTIR with an associated glass cell that held thekemas it was being produced.
In 2003 Bertsci used the same method to observe the theropsrties of a mixture
of woods and organic materials. This study found thathbencals released during
smoldering differed depending on whether the material i\ghs above the source
(ground level) or higher above in the smoke column. sBimns at the ground level

surpassed higher altitude measurements by a factor of 215¢Bie 2003].

3. Particle Size & Temperature Dependence

Infrared spectrometry is a chemical analysis tool thatpinpoint
characteristic absorption features in particulate enatf emperature changes within
substances, like wood, determine inner bond responses whitle cktected using
FTIR. A 2006 study by ldalgo found that particle size and atiole were affected
by temperature and the differences could be capturedmnadfspectra. The
temperatures observed in the study ranged from 274°C to 3d48dQyas done on
lithium oxide (LpO) and tellurium dioxide (Tef). Idalgo found differences in
intensities over peak wavenumber regions. A similaalysby Sharpless (1958)

focused on particle size differences within chlorangGliO,) and its absorbance
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responses. The sizes used for the experiment ranged #@mv 0.1um to 158.8 +
6.2um. Correlations between each spectrum were strattigsmall differences
being found in absorbance intensity, which concluded tleasdme chemical would

absorb at the same frequency independent of particl¢Shaepless, 1958].

F. Scanning Electron Microscope & Energy Dispersive

Spectroscopy (SEM/EDS) of Combusted Material

Scanning electron microscopy and energy dispersive speaprphave been
utilized in material and chemical sciences since itspiee in 1935. While some
research has been applied to wood and wood cell struatotemany studies have
been done using SEM/EDS on wood smoke or soot. In 2005 a stlydne
focused on using SEM/EDS to look at various wood smoke sizes2290350 and
450mm on filters. Gwaze found variously shaped mattir nadiuses approximating
25.5 £ 3.5mm. This study only focused on smoke materiahatigg fromFagus
Sylvatica(European Beech wood) produced through open furnace combustion

In 2004 experiments by Baliga focused on combusted matidalstobacco
products, cigarettes. Baliga’s research looked at thphroogical features of
tobacco and the coal char from cigarettes. This wawkd a consistent rod shaped
formation and vesicles within coal but no ash mater@iher particles found within
the combustion byproducts were inorganic crystals and exidiarticulates.
Elemental analysis of the tobacco products found Sodiwap fRbtassium (K), Sulfur
(S), Magnesium (Mg) and Potassium (P) in ash. Cafditrggen and Hydrogen

concentrations were found to decrease in ash but not ebatiad.
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G. X-Ray Fluorescence of Combusted Materials

X-Ray Fluorescence analyses on smoke products are déwwyd such works
were found. Al-Mutairi’'s research focused on oil basdtifamts created by oll fires
in Kuwaiti. The main focus of this work was to study éffects of biomass
pollutants on building material strength. By using contated sand, gravel and
concrete to produce building materials Al-Mutairi was ablénd the effects of
various elements on material strength. Surface elenfiennd were lime (CaCO),
Magnesia (MgO) and Sulfur trioxide ($ at elevated amounts while alkalis ¢
& K0), Alumina (AlI2Q) and Silica (SiQ) were found at lower concentrations on
surfaces, concentrations of weakening elements ledsgkeeper sampling sites.
Al-Mutairi surmised that building material strength wasnpoomised by oil based
pollutants.

Molnar looked at pollutants created by indoor wood burners tsenXRF.
This work concentrated on finding pollutant levels forspaal and indoor pollution
during the combustion of Scandinavian Birch and Spruce.pBamnwere collected by
cyclones and impactors and analyzed via XRF. Elemeaotadentrations of K, Ca

and Zinc (Zn) were found to be elevated for both indoorpendonal exposure.

H. Satellites

For decades satellites have collected data over thefeathe purpose of
giving scientists a broader view of the chemical and bio&dgliversities that our
planet has to offer. While there are many satelittes can be used to study the

temperature variations associated to biomass burningll@wfthe plumes of ozone
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as they are created in the atmosphere, very few havability to chemically
characterize pyrogenically emitted particulates.

The moderate resolution imaging spectroradiometer (MORBI&)e of the
satellites used to observe pyrogenically produced aerasoley are produced. By
using thermal bands scientists can follow a plumeaassdme that its chemistry is
close to what is found in a laboratory or in smatesitu experiments. As Watson
noted in 2003 as he studied the plumes originating fromeactiicanoes, MODIS
channels 31 and 32 works well in observing ash clouds of sutixidéi (SQ) and
the radical S@Q MODIS has also been used to detect smoke cloud coatens;, by
looking at the optical thickness of smoke columns [iKzari, 2003].

Other research, Prins 1994, has used information fromebst&ionary
Operational Environmental Satellite (GOES) satellitiotk at pixel information and
determine whether or not fires are taking place at celdaations. McCourt (2004),
however has gone one step further by using a scanning Bglhtien interferometer
sounder (S-HIS) to review spectra from local firing eseicCourt found that fire
events correlated to a CO2 band at 2400 wavenumberpgtiksvas dubbed the
“blue spike”.

NASA'’s Airborne Visible/Infrared Imaging SpectrometeMIRIS) has
worked well in collecting chemical data over land, vageh and fires as they occur.
In 1997, Martin worked with AVIRIS data to determine foresmhopy chemistry over
Blackhawk Island in Wisconsin and Harvard forest in Maksisetts. Using data
with a spatial resolution of 20m Martin was able to finWlagien and lignin
signatures. Moura, 2003, used AVIRIS information to detertaeffects of smoke

on the normalized difference vegetative index (ND\Djfferences in NDVI were
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found to correlate with smoke column density over thezlian savannah region

[Moura, 2003].
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Chapter 3

|. Research Design and Methods

A. Instruments

1. Fourier Transform Infrared Spectroscopy (FTIR)

The Fourier Transform Infrared spectrometer (FTIR) waorkshe basic principles of
infrared absorption spectroscopy. Infrared light ispe tgf electromagnetic radiation which
covers a range in the spectrum of 0.78 to 1000 um (Finlayson). 2088 infrared spectrum
is usually broken down into three main groups: The neargdrcovering a range of 0.78 to
2.5 um, the mid-infrared covering a range of 2.5 to 5.0 pntlentar-infrared which covers
a range of 50 to 1000 um (Pavia, 1979). However, the most colmoeed range in

infrared spectrometry falls between 2.5 to 42 pm (4000-67%).cm

Infrared spectroscopy studies the interaction of infraaeéhtion with matter. In
order for absorption of infrared radiation into thel@eolar bonds to occur, there must be
bonds present in the substance. However, if intermtalebonds are too rigid as with
diatomic molecules of nitrogen or oxygen, vibration camaaur since changes in dipole
moment are nonexistent. The theory follows that whéared radiation hits a molecule the
radiation may be absorbed provided that the vibrationinvthe molecule triggers a change
in the entire dipole moment of the molecule, see Eigu{Smith, 1996). This triggered
change then causes absorption of the infrared lighittie molecule, thereby causing the
molecular bonds to increase their vibrational stakegery molecule absorbs at a certain
wavenumber or frequency. Hence, organic and inorganic metecah be identified by

using characteristic absorption frequencies for eaclkeutdr group.
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e 1 111

Regular Vibrational Mode Excited Vibrational Mode

Figure 4 Scene (a) shows the interaction between infrardd #igd a water molecule. As
the infrared energy is absorbed the normal vibrationalenocreases. Scene (b) shows the
increase in vibrational speed caused by infrared lightrpbsa.

These groups are called functional groups and in the anaflyisigh inorganic and
organic matter, functional groups aid in the identifiaagpoocess. Correlations of
wavenumber or frequency are made using charts for known sobstdereby linking

absorbance intensities and the wavenumber at which tloey to cataloged chemistries.

Infrared spectroscopy is a useful tool in chemical ideatibn because functional groups
within chemical structures are comparable. This meanstbatbonyl which exhibits a
stretch at 1700 chwill exhibit the same stretch in a ketone, aldehydeadboxylix acid at
the same wavenumber [Griffiths, 1986]. Since absorpiamique to the bonding found
within a particular chemical structure, the spectrunegatied then becomes unigue to that
chemical structure. For example, the spectrum of puterwaone lab will yield the same
results in another lab. With each chemical specidiyg an infrared fingerprint unique to

its chemical structure will also be unique [Smith, 1979].
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FTIR can be applied to solids, liquids and gases which lbege mounted onto filter
media, enclosed in special cells, smeared onto thin,filmeed into mineral oils or dispersed
in KBr [Smith, 1979]. Each sampling technique is bound by &itiwins, KBr dispersal is
limited because KBr is a hydroscopic material and musiainelled specifically to decrease
water absorption from the atmosphere. A limitaodthe FTIR itself is its sensitivity to
atmospheric gases such as carbon dioxide and water vadr avhistrong infrared
absorbers. Vacuum chambers have been fitted onto miRtifiStruments to decrease the

effects of atmospheric gas absorbance for this purpose.

The Michelson interferometer was created in 1891 atitkibasis by which present
FTIR instruments are built [Smith, 1996]. The intesfeeter works by introducing an
infrared light source into a chamber, see Figure 5. iffrared light travels to a grated beam
splitter which divides the light and sends it to on&i@tary mirror and one moving mirror.
A scan is produced by one cycle of back and forth motidheomoving mirror. During
normal sampling analysis a minimum of 64 and a maximu@b6fscans are taken per
sample. Scan numbers are user determined and it fadkawghe higher the number of scans
the lower the signal to noise ratio (SNR) in thecspen [Smith, 1996]. The path difference
between the mirrors dictates the range of beam iniesnseceived by the sample as well as
instrumental resolution [Griffiths, 1986]. The beanmsr@acombined at the beam-splitter
where interferences occur and are then refocused ontaiat@d sample, where interactions
between infrared light and sample molecules take plsast research grade FTIR
instruments contain the sample within an evacuated vasealed chamber to minimize
atmospheric absorption interferences. An interferogeameasurement of detector response

versus path length, is collected and sent to a comphieste a Fourier transform is applied to
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produce infrared spectra. The two FTIR instruments ustgkiduration of this experiment
were: the IFS 66v/S Vacuum FTIR (mid and near infraredtsgdeegion of 400 to 8000 cm-
1 (1-20um)) and the Thermo-Nicolet (TN) Closed-Path HhtRi-infrared at 400 to 4000

cm-1 (1-10um)).

Mounted

i

Detector

Fixed Mirror

Vacuum Sealed

Chamber Infrared
o Light Source

Figure 5 Schematic of Fourier Transform Infrared Spectromet&tRF. An infrared light is
generated and sent through a beam splitter which seedseam to a fixed mirror, the next
to a moving mirror. Once recombined, the infrared light gbesigh the sample where
atomic interactions take place. The resulting beasans$ to a detector where an
interferogram is formed and a Fast Fourier transforniieghp

2. Scanning Electron Microscope with Micro-Analysis
(SEM/EDS)

The Scanning Electron Microscope (SEM) is an instrumepalda of observing the
topographic, morphologic, compositional and crystalline ptegseof materials at

magnifications ranging from 10 to 200,000 times. By meansreétdimensional images the
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SEM is effective in particulate determinations fortbotganic and inorganic substances.
The first SEM was created by German scientists in 193hastbeen a standard analytical

tool in biology, chemistry and engineering laborator@sdecades (Clark, 2004).

Typical SEM systems use either tungsten or lanthanunbbegea filaments to
generate an electromagnetically focused electron béanthe beams travels through
condenser lenses and certain apertures the electrond&amsformed from stages of
coarseness to a fine concentrated stream of electfonse the beam has reached scanning
coils it has been shaped for an effective magnificatioesample is then bombarded by
these electrons and secondary electrons are genenateeleased [Gabriel 1985]. The
newly released secondary electrons are captured ontd pagiern and simultaneously
transmitted to a television screen where layer byrlagamage is built (Figure 6). The SEM
used in this research is the Zeiss DSM 940 model, with temdggament and a maximum
resolution of 5nm at 15kv. By itself the SEM can be usadisttover properties such as: pore
size, surface roughness, fractures and other materighegses. However, in conjunction
with the Energy Dispersive X-Ray Spectrometer systeb§ or EDX) it is also possible to

determine which elements are in a sample.
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Electr'o“w Gun

1st Condenser Lense

Cb\nd Condenser Lense

Objective Aperture \

Condenser Aperture\

v\ |
e\

Detector

Figure 6: Schematic SEM process. Stepl: An electron beam nbalwomatic electrons is
generated and focused by electromagnets and sent througbkttbendenser. Step2: The
first condenser lens controls the initial current (ceaess) and removes high-angled
electrons. Step 3: The condenser aperture contindiiet@ut high-angled electrons and
further narrows the beam. Step 4: The second condiensecompresses the electron beam
into a finer electron stream. Step 5: More high-ashglectrons are filtered out within the
objective aperture. Step 6: The scan coils deflectldwtron beam onto a sample in a grid
pattern for an interval of time determined by the sgaed. The information is sent to the

detector which simultaneously casts an image on a tiele\gsreen.
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Both the SEM and EDS system rely on proper sangaéng, since differences in
coating thicknesses can alter quantitative measurem&hesefore coating mediums are
chosen according to the elements being looked for. kingofor carbon rich materials, the
coating can either be gold or gold/palladium other wissing with carbon is satisfactory.
The EDS system works by pairing the functions of the S&bttron bombardment, with the
capabilities of an x-ray spectrometer. After thdodigement of electrons, the secondary
electrons return to transitional stages and emit tiadian the form of x-rays (Figure 7).
EDS detects the emitted radiation and is able to give dumhitative and quantitative
information on a specimen. The EDS system usedsmrélsearch is the Princeton Gamma-

Tech Prism 2000, with an energy resolution of 130eV.

Since soot and smoke are mostly composed of carbo8BRNeEDS system is very
useful in locating any other elemental properties includeéde smoke and soot mixtures. By
capturing the SEM-EDS images it becomes possible to dhedsttuctural features of smoke
and soot captured onto KBr pellets and detects how muitte @ictual burn has produced
any other elements other than carbon. SEM-EDS asaiso gives a comprehensive view

of the pore sizes available on the KBr collection raedied in the research.
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Step 1:Incident
Electron Beam

Step 3:Electron from Quter
@ Orbitalfills Vacancy

@
N
<«—1-1-
Step 4: X-ray ® ¢ o
Photon Emitted ® -
® = ® Sten 2 Ejected Electron

Figure 7: Electron bombardment dislodges K orbital ed@ctwhich is then replaced by an
electron at a higher state (L orbital). The enerdgased is called an x-ray photon.

3. X-Ray Fluorescence (XRF)

X-ray fluorescence is a method used to detect metalethed various elements. X-
ray fluorescence works by bombarding an elemental tikeeAu or Mo, with electrons
thereby causing the tube to release x-rays (see Figuiehése newly created x-rays then
travel and hit the sample causing the sample to flueresbe wavelength of fluorescence of
the sample is unique to a specific element. The regudpectrum generated is used for both
gualitative and quantitative analysis, usually being comparsthndards for a means of

identification.
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X-ray fluorescence is a useful analytical additiorhie tesearch because it will be
used as verification for the findings of the Fourier $famm infrared spectrometer and the
Scanning Electron Microscope and Energy Dispersive systdma.XRF will assist in
finding any other elements that the SEM/EDS systenmhssed both prior to burn and after

incineration

4. Thermocouple

Temperature analysis of the combustion of biomasds ema other vegetations will
be collected by using a thermocouple. A thermocoupléd@si geological tool which
works by using two different metals, called sensors, whioénacooled or heated produce a
unique voltage (Bayda, 2003). The sensors come in andardéfyerent metal combinations.
The sensor type that will be used in this researchbeithe type E sensor. The type E
sensor consists of chromel and constantan, and casumeesatemperature range of -70 to
1600 degrees Fahrenheit (-57 to 871 degrees Celsius). The typsoEisea sensor which
can be used in vacuums or highly oxidizing environments antddeschosen for its high
temperature capabilities. The voltage generated can baated to a distinct temperature.

The charts corresponding to the metals used give theededwemperature readings.

B. Methods

1. Collection Media: Potassium Bromide (KBr)
The Potassium bromide (KBr) mull, or pellet, is a camiy used pelletizing agent

for dispersing samples in the FTIR method [Sterling, 19%58d&nham, 1960]. Potassium
bromide, KBr, is a type of salt that is transparerthe infrared spectrum up to 400 cm-
1,25microns, (Pavia, 1979). A disadvantage with using KBrasit is a hygroscopic

material, which means that it can easily absorb mfeden the atmosphere (Smith, 1996).
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Due to the uniqueness of the collection media it is sacgs0 keep potassium bromide as
dry as possible at all times, either by keeping the powdn oven at 100 degrees Celsius or
by keeping samples in desiccators. Excess drying cae baititeness after the potassium
bromide has been pressed and so any pellets or filtels fiean potassium bromide are

contained in small glass dishes.

The present study uses a novel design that causes smuklepéo become
embedded in KBr powder. The impactor comprises a cylindrigawith a network of holes
in its base and an exit tube that holds KBr powder (&8 Figure 8). Air is drawn through
the compressed powder via the holes in the base ofitheatising a loading of particles
onto the KBr plug. The cup is loaded by placing approximateatygrams of loose, 60
micron KBr powder inside a central O-ring (Figure 8)hausing is placed over the cup and
the cup-housing system is compressed using a hydraulic prggsraximately 500psi. Test
conditions that lead to the selection of a 500psi comjresse in the “Pressure Tests for
Potassium Bromide Section” Table 3 and Figure 10. The KBatpemains porous and can

be used to scour aerosols by drawing air though the systems.

Perforations

Housing »

Platform— ‘__. N

Figure 8 KBr aerosol filtration system: 2” diameter (O.D.BKpelletizing
cup with 0.5” deep walls and a 1.5” stem powder; insert ithxss air
passageways in the base of the cup.
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The KBr-cup is centered in a rubber stopper and place@%@ anl Erlenmeyer flask
(Figure 9). The exit port of the flask is connected to Bigdre High Output pump vacuum
pump drawing air through the KBr matrix at a rate of 62tliders per minute. The pressure
applied to the KBr and the size of the pellet is sudficito collect an FTIR sample in as little
as 20 minutes. To carry out the analysis, the KBr pellenmved from the cup, transferred
to a drying oven maintained at 100 °C to prevent hydration for 24 hoatsygyrand then re-
pelletized at 500 psi using a standard KBr pelletizing method [®1edP59; Tuddenham,

1960].

By directly collecting aerosols onto the potassium bdenmedia it is possible to
directly analyze the aerosol samples from the ciidlewia a solid state FTIR. Potassium
bromide ‘soft’ pellet filters were created for thisesfic purpose. A ‘soft’ KBr pellet filter is
a pellet pressed to any amount less than the 1100Ibs itttagesssurize powdered
potassium bromide into glass. These pellets are produdde 68teiner Press,” a steel press
designed by Dr. Steiner (Figure 8.) The Steiner presslesigned to allow for the potassium
bromide to be pressed and held in the same containes Unsed for aerating. This method
should minimize the loss of potassium bromide as theuratg, via the vacuum pump,
takes place. In preparation for the experiment the vaquumps were calibrated for airflow
consistency and the airflow rate through the vacuum puagpfound to be 0.1 liters per

second for 500Ib of pressure.

2. Aerosol Collection Chamber
Testing of this capturing technique has been performed inteoied experiment

using soot and smoke aerosols generated by the low tempe@0rto 450 degrees

Fahrenheit, burning of various lumber. The lumber used wasifer Pinus strobus (white
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pine) and deciduous Prunus serotina (cherry), Acer rubresimgaple), Friglans nigra
(walnut), Fraxinus Americana (ash), Betula papyriferacfhirQuerus alba (white oak) and
Querus rubra (red oak). The purpose of this phase of gegiment was: (1) To find a
standardized method of collecting aerosols directly &fg (2) To find the spectra
generated by varying wood species and; (3) To be able to thatspectra of the direct
(mixing of soot directly into the KBr to create a standaellet) and indirect (using the soft
pellet as an air filter to capture the soot aerosolb@sare generated) soot sampling

methods.

—_1— { KBr Pellet
Holder
/f"

______

_____

Vacuum Dutlet_

40cm

| 40cm |

Figure 9 Aerosol collection procedure: (1) KBr Pellet Holdefitied in the mouth of a
250mL beaker. (2-3) Wood is ignited and placed in a porcelacilde in a sealed Lucite
chamber. (4) smoke is filtered through the KBr pelléifil(5) After thirty to forty minutes
the KBr pellet is removed from the chamber and placeddesiccator.
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Soot is collected by burning woods of various types in arosedlchamber (Figure 9.)
Before initiating combustion a potassium bromide pellplased on the mouth of a 2000m|
flask which is attached to a vacuum pump. The wood rshibél with tongs over a flame in
order to initiate combustion. For the burning of leavebs @ grass ignition of the sample
will be as follows: The leaves and or grass will keced in a pile with a hollow center. An
ignition pipe with a flame at the end will be held untter hollow pile of leaves and or grass
until ignition has begun and quickly removed. At the bosdlames the vacuum pump is
turned on and the wood allowed to burn in a porcelain ceicibhe tube connecting the
vacuum pump to the flask is fitted through a hole on idhe af the box and sealed to
minimize smoke escape. The smoke and soot createdssgaently vacuumed onto the
pellet and through it. The vacuum pump works at a rafecof Hg throughout the

proceedings.

3. Pressure Tests: Potassium Bromide Pellets

Test conditions that lead to the selection of a 500p®pcession are in the Table 3
and Figure 10. Since Potassium Bromide has not been priguwisesl as a filter medium for
particulate collection, tests were initiated to infex gnoper means of collecting and handling
the samples. Hence, a method for aerosol collecto KBr pellets was devised. Initial
pressure tests were made in the laboratory to tedtddydst pressures to form the soft pellet
potassium bromide filters. The manual press in the &bor increases by steps of 500Ibs
and so pressure tests at intervals of 250Ibs were gethenradeested to see which pressure
would form a better filter. Pressure comparisons eagxum Bromide (KBr) soft pellets at:

250Ibs, 500lbs and 750Ibs clearly show that the highest cwatien of materials is being
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collected at pressures of 500Ibs (seen in yellow in FigQre Table 3 shows that absorbance
in the 500psi were on average 75% higher than absorbanb@i. The average increase
in absorbance was 79% when comparing 500psi to 250psi. The Alpmebance numbers

in the 500psi pressed pellets indicate a heightened capalnility at that pressure.

Wavenu mberAbsorba_mce Absorbqnce Absorbqnce % Increase % Inc_rease
(cm-1) Intensity | Intensity | Intensity (500 psi vs. (500 psi vs. 250
(250 psi) | (500 psi) | (750 psi) 750psi) psi)
669 0.0088 0.051 0.0036 93% 83%
877 -0.0057 0.0212 -0.0059 128% 127%
1437 0.005 0.079 0.013 84% 94%
1458 0.0144 0.0902 0.022 76% 84%
1508 0.018 0.0524 0.0227 57% 66%
1541 0.012 0.0335 0.0143 57% 64%
1560 0.0254 0.0424 0.0275 35% 40%
1655 0.0252 0.0354 0.0282 20% 29%
2335 0.0029 0.0906 0.003 97% 97%
2345 0.0118 0.0998 0.0122 88% 88%
2362 0.0075 0.1401 0.0089 94% 95%
|  Average 75% 79%

Table 3 Comparison of CP-FTIR Purple Heartwood resultsdorbustion experiments that
involve increasing initial pelletization pressures (250 to 750gbmiwing greatest signal to
noise increase (average 75-79 percent increase in gigsighal absorbance) is achieved
using at 500psi of compaction pressure applied to the KBr cEgofe 1.
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Pressure Comparison of Potassium Bromide(KBr) soft pellets

500

__ 750

\
|
\
o o ¢
o
Ny
Absorbance Intensity

Wavenumber

‘— 250 Lbs Pressure 500 Lbs Pressure — 750 Lbs Pressure ‘

Figure 10 Pressure comparison of Potassium Bromide (KBr) soitgedt: 250Ibs, 500Ibs
and 750lbs. The comparison clearly shows that the Higbesentration of materials is
being collected at the 500Ib pressure (seen in yellow.)

Possible reasons for low collection concentratidrb@lbs may be due to the lack of
cohesion of the potassium bromide grains allowing fdloar to pass right through the
media without properly capturing aerosol particles. AtG@&§hown in purple, the reverse
is true. The high pressure of the 750lbs, purple line, tmagyht the potassium bromide
grains so close together that the tight weaving of thmgidoes not allow for easy airflow,
thereby restricting aerosol capture within the softepelAt 500Ibs of pressure, shown here
in yellow, the grains are tightly enough woven to sasta environment where aerosol
capture is maximized. With this in mind flow rates fog two pressures falling under

750lbs, 250 and 500lbs, were taken. The 250Ib press had a feoof &09 L/s (liters per
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second) and the 5001lb press had a flow rate of 0.106 ldss@B00Ibs of pressure was

chosen for future pressing.

4. Temperature Capture

Temperature readings were collected on a Fluke thermoceugdnlogical tool used
for measuring temperature. A thermocouple uses two eliffenetals that when cooled or
heated generate a specific voltage corresponding to dispesiperature. Charts are
usually used to look up corresponding temperatures. A chicamstantan type B sensor,
capable of measuring temperatures ranging from -57 to 8770Qq-1600 °F), was used by
placing the sensor tip directly into the flame producethbycombusting material. In order
to avoid contamination from the sensor tips, a sepaeate samples were used to measure
temperature variations throughout the combustion prod@gsnaintaining the thermocouple
sensors in place during the combustion and flaming pres&$snging temperatures were
recorded. The set consisted of the same woods used thraulge group experiments and
were burned and handled identically to ensure experimeonaistency.

After sample collection onto the KBr pellet, the holdad KBr pellet were
reweighed and the pellet scraped off of the holder armb@lanto a glass dish. The soft
pellet remained covered in an oven, maintained at a tatoperof 100 degrees Celsius, for
24 hours and reground into powder for analysis. The newlsavas dispersed in KBr and

diluted to about 1%.
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5. Reproducibility Test of Cherry Wood

Using a Nicolet Fourier Transform Infrared Spectrom@t@iR) the infrared
spectrum of plain potassium bromide and a soft pellespde® 500 pounds were obtained
and compared to note any differences arising from applyirgspre for pellet creation,
Figures 11 and 12. The spectrum of the pressed potassium bréigide 12, exhibited a
significant difference in water and carbon dioxide lewehen compared to a normal
potassium bromide spectrum, Figure 11. These peaks are tthg@euse of a non-evacuable
FTIR collection chamber. Therefore any spectra aedly® the Nicolet FTIR instrument
will have the spectrum of the potassium bromide plus giher& gases used as a
background to the smoke and soot spectrums.

Duplication of initial procedures on the lumber for thedes Prunus serotina (cherry
wood) yielded closely matching spectra for each of thedamples, original cherry and
three duplications, with a variance calculated at 0.0013 @&i@8). Variations arose in peak
intensities, absorbance; however peak locations whehised in fingerprinting molecular
structures were very similar. The differences isoabance intensities may be due to the
slight differences in burning temperature. Smaller yetlitigoncentrated particles
generated at lower burning temperatures absorb more infigihe@nd would appear at

higher absorbance intensities when compared to parbialeed at hotter temperatures.
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Figure 11 Infrared Spectrum of Potassium Bromide pressed to 50@Haboratory press.
Carbon dioxide and water peaks are due to use of un-evaquassd
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Figure 12 Infrared Spectra of plain Potassium Bromide (KBr)
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Comparison Between Original Cherry Wood and Duplicat e
Samples 1,2 & 3
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Figure 13 Comparison between cherry wood original spaciladuplicated spectra, samples
1, 2 and 3. The spectra only vary by 0.0013 showing a goodtiodi¢hat the original
results can be duplicated.

C. Instrumental Analysis Methods

1. Fourier Transform Infrared Spectrometer (FTIR)
Analysis of the sample smoke and soot aerosols sllas/é: Once the smoke and

soot has been collected onto the potassium bromide dieft fijeer the filter is placed in an
oven at 100 °C for at least 24 hours. Drying is approjprifteburning off any atmospheric
water that may have collected onto the sample. rAlitging, the sample pellet is re-
powdered in an agate mortar and pestle.

Mulling of the KBr is produced by using a “Quick Press KBid&eit” with a 7mm

die (Figure 14). The powdered sample is placed into two tbirtee die, and capped with
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the remaining part of the die. The die system is pgh@ced within the collar of the stainless
steel anvil. A knob on the top of the anvil adjusts sirgspressure and is maintained at
1100Ibs throughout the KBr mulling event. By firmly hoidione press handle and
squeezing until both press handles meet enough pressureiéslappghe KBr matrix to form
a glass pellet. To insure even distribution of KBr anda the die surfaces must remain

mirror smooth at all times.

¥

Figure 14 “Quick Press Die Kit” used for KBr mulling.

<
-

The glass pellet contains the aerosol sample in suspe@snecessary state making it
possible for the infrared beam to travel through the samPhce the glass pellet is ready to
be placed into the FTIR chamber the instrument mustdmiegd. For the IFS 66v/S Vacuum

FTIR (mid and near infrared spectral region of 400 to 800Q ¢i20um)) the instrumental
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analysis technique is as follows: Instrumental pregarasi done at least two hours before
samples are pressed. The FTIR is turned on and liquabeitrpoured into a nitrogen tank.
The liquid nitrogen is needed to maintain proper instrumémations and decreases the
amount of atmospheric interferences within the samipdenber. All excess atmospheric
gases are removed during the vacuum process and a backghkembd#ore the sample is
put into position. The ratio of the sample to backgdoisritaken by the instrument and a
scan of 64 to 256 is used to decrease the signal to ndse Aasingle beam spectrum is
produced and manually divided by the background to produce a tsaiemspectrum which
is then converted to an absorbance spectrum (of infrayeidoly the molecules) for ease of
use in qualitative analysis. A spectrum of absorban@iservavenumber or transmittance
versus wavenumber is generated. The absorbance spedathymld qualitative

information, while the transmittance spectrum wiéllg quantitative data.

The secondary FTIR system used was the Thermo-Nifd¥etClosed-Path FTIR (mid-
infrared at 400 to 4000 cm-1 (1-10um)). The Thermo-Nicoleeryss similar to the IFS
system but differs in that it does not contain a vacebhamber that removes most
atmospheric gases. Instead the Thermo-Nicolet FTIR l@siccant which is changed on a
weekly basis by a lab technician. Sample preparagiaientical to the IFS FTIR, the sample
is prepared, dried and mulled into a KBr glass pellet. Bygues pellet holder the die
containing the glass KBr pellet is mounted into the instniraad enclosed within. A
background of an empty holder was previously collected amseid as the background to
diminish the affects of atmospheric gases. Samplgsisas done by measuring the
instrumental response to the KBr glass and recorded vatb@mputer in transmission

spectra which is converted into absorbance spectra fatagivel analysis. The ratio of the
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sample to background is taken by the instrument and a sé&ntof256 is used to decrease
the signal to noise ratio.

Data analysis is done using infrared spectroscopy sofwedlezl the ACD 7.0 UVIR
processor. In handling the spectra the first proceduiee sSmooth any baseline anomalies
and resave under a different file name in order to tamian unaltered original copy of the
spectra. Next, samples are referenced to a blank, pseepr&Br pellet to eliminate trace
potassium bromide interference bands, Figure 11. The garoedure is followed for the
removal of interferences caused by atmospheric carloxiddiand water, Figures 15, 16 and
17. Subtraction of atmospheric CO2 from a Maple woocksnsample collected in un-
evacuated chamber can be seen in Figure 18; Fighied CO2 reference spectrum; Figure
(b) is the original Maple wood spectrum and Fig(e¥s the subtraction resulilote that the
CO2 associated peaks at 670, and 2358 have been removeddrfimalthesult. Once KBr
and atmospheric gas interferences have been remove#l anadgsis is generated and a peak
table recorded for each sample. Sample spectra arédthaified by using charts of
characteristic absorbance frequencies for functionalgg@nd by comparison of molecular
spectra as seen for ozone;\@rigure 17. After identification spectra are labelecbadingly

and prepared for statistical analysis.



Tie

CARBON DICHDE

[ovigie

Doy CHEMICAL COMP ANY |

Owier

COBLENTZ SOCIETY Cdlection (C) 2007 copyictit bythe U.S. Secretary of Commerce on behaf of the Urited States of &merica. Al Hohts reserved.

File Nano

CADOCUMENTS AND SETTINGSIDIOMARIS PADILL ADESKTOPWCOZ

Dite Stamp

1564

Data

07 Dec 2007 15:09:18

Techintige

Infrared

hstrumont

Doy KBy FORE PRISM

Spectral Region IR

XAxk

Waenumber (cm-1]

YAxk

Apzorbence

Rawnge 458 8789 - 3797 2100

Pointls Count

3573

Db Spacing

09346

3800

I,

3600 3400

3200

3000

2800 2600 2400 2200 2000

Wavenumber [om-1)

1800

Figure 15 Absorbance Spectrum of Carbon Dioxide

1600 1400 1200 1000 a00

Tide

Water

Sachler Research Labs Under USEPS Contract

Owner

NIST Stendard Reference Dala Program ol edion (€1 2007 copyright by the U 5. Seareary of Comm

ce on hehalf of the United Stales of America. Ml dghts reserved

CADOCUMENTS AMD SETTINGSIDION

IARIS PADILLADESKTOP WYATERY

Date 07 Dec 2007 151218

Fike Natie
Tecinige

Infrared

Spectral Region |F.

XAxE Wervenumber (Cm-11

¥ Axis

Absorbance

Specirum Ranga 4500000 - 3366 0000

FPoints Comt &30

Datz Spacing

4.0000

Apsarbance

T
4000

T
3a00

Figure 16

T I NSARRRARAR]
3600 3400 3200

T T T
2400 2200 2000

ViEverImher Fem )

T T T
3000 2800 2600

T T T T e
1800 1600 1400 1200 1000 &0o

Absorbance Spectrum for WatesO)H

T
600

T
400

Ho .

B00

400;



57

Titke CZONE [ origin DOVY CHEMICAL COMP2NY |
Owrer COBLEMTZ SOCIETY Colection (C) 2007 copvricht bythe U.S . Secretary of Comm eroe on behalf of the United States of America. All idhts reserved,
Fite Nane CHADOCUMENTS AND SETTINGSIDIOMARIS P ADILLADESKTOP Y ZOME Dt Stamp 1969/04/03
Date 07 Drec 2007 15.0248 | i Infrared BECKMAN IR-8 (GRATING
SpectratRegion 1R | i Wanerumber (m1) ¥ Axis Ahsorbence

Range 4020891 - 3735.0500 | Points Count 2600 Dtz Spacing 13055

T

T psgrbance” T e
o
&
&

VARSI SRS R AR L LA R LR ARRS B AR LA AR LR LR s LA LE AR AL AR RS AR AL LA A AL ARARSAARLE RN LARARARLRS
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 ano 600 400
Wavenumber (cm-1) B

Figure 17 Absorbance spectrum for Ozong) (O

T T T T T T T T T T T T T T T T T T T T T T T T T T
3600 3900 3200 3000 2800 2600 2400 2000 1800 1400 1200
W

&
g
&

|

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400
Vyarvenumk her (on-1)

&
&
|

— 3734

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3600 3600 3400 3200 3000 600 600 2400 2200 2000 1800 1600 1400 1200 1000 600 600 an0
Wavenumi et (cm-1)

18 Example of subtraction of atmospheric CO& fidaple wood smoke sample

collected in un-evacuated chamber. Figayag a CO2 reference spectrum; Fig@og is the
original Maple wood spectrum and Fig® is the subtraction resullote that the CO2

associated peaks at 670, and 2358 have been removed franatmedult.
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2. Successes and Failures of KBr Technique

Potassium Bromide (KBr) has served as a useful callectiedia for aerosols for
several reasons; the first reason being that therialatepliable and can easily be formed
into a large or small pellet. For use with FTIR, KBn@s as an excellent backdrop since it
is invisible in the infrared region and requires vettyelisample amount for analysis. When
using in conjunction with SEM analysis, KBr grains aasily discerned by their cubic
nature. Since smoke and soot particles mainly existrefttehains or spheres, they can be
easily identified by high magnification microscopy. Aduhally when examining under
EDS, KBr grains have a lower charging capacity andvwagrstand long periods of time
under x-ray radiation.

However, problems do arise when using a hygroscopic mateallect aerosols
that may contain molecular water or are captured iarsironment with high water vapor
concentrations. For this reason, before and aftesakcapture, the KBr whether pelletized
or in powder form, must remain in either a desiccat@mooven. Another issue when
dealing with KBr is that after pressing for collectidrpgrogenic emissions onto the
substrate, the pellet becomes very brittle and catydaesak when being removed from the
holder. For FTIR analysis this is not a problem simeesample must be ground and pressed
into a glass. For SEM analysis the brittleness goesent a problem since the pellets have a
tendency to fall off of the adhesive holder. To get adatws problem we have had to use

both re-powdered and full pieces of the KBr pellet3&M analysis.
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3. Scanning Electron Microscope & Energy Dispersive System

(SEM/EDS)

In preparation for analysis through SEM/EDS, smoke andcalected onto the KBr
pellet are not reground. Instead, the pellets are gemtped off of the Steiner holder and
placed onto a 9mm carbon conductive tab. The carbafuctive tabs are sticky therefore;
by inverting the SEM specimen stubs onto the tabs theginefired onto the stub without
danger of contamination. After the attaching the taibe the specimen stubs the sample
KBr pellet can be pressed onto the exposed sticky sunfabe tab by inverting the stub and
placing it gently, but firmly, on top of the KBr pelleOnce the samples are loaded onto the
stubs they are dried in an oven and kept below 50°F for @& ho

Prior to loading into the SEM, the mounted KBr pefleinples must be coated either
with carbon or gold. Two sets of coated samples,gotet and one carbon, were generated
in order to measure carbon and other elemental properidlank KBr pellet was coated
with both carbon and gold for use as a background valuerdar to sputter coat, samples of
KBr pellets were placed in a chamber within a sputteringungent where they were held in
place by a stub holder. A small piece of carbon #anor a gold ring is inserted into a
holder, after which the chamber is closed, evacuated endent is turned on eroding the
carbon filament, or gold, and coating the sample stiitscarbon/gold. Sputter coating is
needed to produce a smooth and even conductive surfacedisaparticle charging or
further damage to the sample.

Once samples have been coated with either carboolathgey can be loaded into the
SEM/EDS instrument. After the machine has been turned@dnented the samples can be

inserted and screwed into stub holders. Samples musielderi place to reduce vibrations
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that would yield a blurry image. After an appropriate vactasibeen achieved the
SEM/EDS is ready to collect images. By adjustingah®unt of energy hitting the sample,
through coarse and fine voltage knobs, an image can beifredgup to 200,000 times.
However, instrumental drift allowed for a maximum magpaifion of 10,000 times.

For each image recorded, an accompanying x-ray analysidomas By
documenting X, y and z coordinates it was possible to dotbagpots of interest. Higher
resolution images, of up to 4028, were also taken of spotsesést to achieve higher image
quality. Elemental mapping was also taken in orderdetas locating the best spots to
perform an x-ray analysis. Figure 19 shows the produdeofemtal mapping, and reveals
that the spot of interest is approximately 4um in width@una in length, with a highly

silicon makeup.

SEM/EDS
Elemental Mapping System

(a) (b)

Figure 19 SEM image obtained for a spot of interest oKBrepellet. Above image (a)
shows the elemental mapping for silicon (Si), the sditum of orange dots is indicative of the
presence of Siin high amounts. Elemental map for plowsphk (P) lacks dots from
elemental mapping and indicates that there is no P prebeage (c) is the SEM image for
the particulate taken at 15kV, at magnifications of 5,00@gimrhe particulate is
approximately 4.44um in width and 9um in length.
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4. X-Ray Fluorescence (XRF)

In preparation for x-ray fluorescence analysis (XRhdlke and soot were collected
onto Millipore 13mm polycarbonate filters with a 0.22um peire. Sample collection was
identical to KBr filter methods except for using a membrigitex instead of a KBr filter.

After collection of smoke and soot sample filters wesllected and put into Petri dishes
were they were sealed to decrease contaminationsdrhples were then pressed in
preparation for XRF loading. Pressing was done by thawoig methods: All equipment
was sanitized using methanol and allowed to dry. An X&#pde cup was then filled with
2/3 lithium tetra-borate (LB4O;) and one sample filter placed on top of the lithietna-
borate matrix. A steel die was placed in the ceoténe collar and directly on top of the
filter and lithium tetra-borate filled cup. The cup antkfilwere placed on an evacuated steel
disk and a steel collar was placed over both encldeemm. The apparatus was then placed
in the collar of an anvil and pressed to 2000lbs thereby fusenlter to the lithium tetra-
borate. Since neither Li nor Br was being testednterferences due to both elements were
null.

Once the sample was prepped for the instrument thewdRurned on and allowed
to warm up. After instrumental preparation the sample €lgaded into the XRF and a
preprogrammed analysis is begun. Peak locations andntoat@ens are recorded into the
computer and removed on a floppy disk after all samges been analyzed. All smoke and
soot samples were analyzed twice to ensure accuracytifmmental response. Additionally,
between sample analysis USGS standards for rock mlaterie also analyzed to ensure
proper instrumental response. All subsequent data watea into Excel and SPSS for

statistical and graphical analysis.
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CHAPTER 4

|. Experimental Results

A. Lumber Combustion Experiments

The CP-FTIR results for the untreated lumber combugtioducts are given in Table 4
and Figures 20 and 21. An average of four separate Chembeiicombustion experiments
(Figure 3) yields an average variance of 0.001. PromineRs aggoear in the ranges: 3500-
3900, 3100-3300, 2300-2400, 1660, 1580-1630, 1060-1350, 500-700 and 400:50@sen
are labeled in consecutive order A through H.

Using infrared correlation charts, regions A and A’ repret nitrogen-hydrogen bonding
resulting from the breakdown of proteins within wood cellls¢ These proteins are utilized
within catalytic enzymes and initially introduced to the w@gstem via nitrate or
ammonium ions$higo, 200k The strong broad peak in region B is accompanied bpigps
peak in region B’, both of which are associated with bgdn-oxygen bonding. Bonding of
this type is attributed by Shigo (2005) to the breakdown of aliywabundant water and
carbohydrate rich tissues as well as some proteinswaidiaacids found throughout the tree
anatomy and are therefore present in untreated lunfreias C, D and E contain a mixture
of moderate to strong peaks consisting of carbon-oxygetsbearbon double bonds, and
alkenes that are presumed byproducts of the breakdowgnef &nd hemi cellulose. The
peaks in sections F and G are consistent with the pesémcomatic and amine bonding,

features also related to the breakdown of lipids, carh@itgs, proteins and nucleic acids. In
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general, the Cherry wood spectrum for the combustion ptedum agreement with the

chemical features present in the tree species bedonbicstion.

When compared to greenwood spectra, lumber was found ¢évagerexclusive peaks at:
406.91, 433.91, 607.47, 620.97 and 671.11wavenumbers. These results saggest th
distinctions between smokes from building materials usinder can be distinguished from
fires associated to burning biomass. A comparison ofcsilected via the KBr filter
method with that of a direct method of soot analysisgdpces nearly identical spectra with a
resulting variance of only 0.0012 wavenumbers, an indictt@ainthe lumber ash and smoke
from certain species retain their characteristicargd signal as they are transformed from

lumber into soot and ash by-products.

Table 4. FTIR peak maxima for lumber combustion experignewner the ‘fingerprint’ region
(900-400 cm-1). Deciduous trees include the same peak set (boliBA5&3.11; 607.47;
620.97; 671.11; 875.52) whereas the evergreen sample includes o4d3ta#&, 563.11 and
588.18 peaks. These data appear to provide the basis for dgtingudeciduous from

coniferous and one deciduous species from the other.

Cherry |Cherry

Birch |Birch |[Wood |Wood [Maple [Maple [Pine Pine
Absorb Absorb Absorb Absorb

No [cm-1 Jance |cm-1 |ance |cm-1 [ance |cm-1 |ance
1 | 406.91| 0.045| 406.91 | 0.018 | 414.62] 0.012] 404.98 | 0.173
2 | 412.69] 0.046| 422.33 | 0.031 | 422.33] 0.025| 422.33 | 0.147
3 | 420.41] 0.043] 430.05| 0.022 | 433.91] 0.014]| 433.91 | 0.122
4 | 430.05] 0.035] 487.9 | 0.006 | 576.61| 0.015] 457.05 | 0.093
5 | 441.62] 0.031] 538.04 | 0.008 | 669.18] 0.012| 476.33 | 0.084
6 447.4] 0.029| 561.18 | 0.011 495,62 | 0.071
7 | 482.12] 0.022] 588.18 | 0.017 522.61 | 0.064
8 | 574.68] 0.012]| 624.82 | 0.003 538.04 | 0.067
9 | 619.04| 0.008]| 669.18 | 0.011 563.11 | 0.071
10 | 667.25] 0.009| 875.52 | 0.007 588.18 | 0.077
11 649.89 | 0.053
12 680.75 | 0.054
13 732.82 | 0.043
14 800.31 | 0.044
15 892.88 | 0.044
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Table 4 cont. FTIR peak maxima for lumber combustion exerisnover the ‘fingerprint’
region (900-400 ci). Deciduous trees include the same peak set (bold: 458.98; 563.11;
607.47; 620.97; 671.11; 875.52) whereas the evergreen sample includé®ctig.91,
563.11 and 588.18 peaks. These data appear to provide the bdstrfguishing

deciduous from coniferous and one deciduous species from one

another.
White |White |Red Red
Walnut |Walnut |Oak Oak Oak Oak Ash Ash
Absorb Absorb Absorb Absorb

No |cm-1 J|ance |cm-1 J|ance |cm-1 J|ance ([cm-1 [ance
1 | 410.76 | 0.013 | 412.69 | 0.008 | 406.91| 0.086| 406.91 | 0.025
2 | 424.26 | 0.011 | 426.19 | 0.013 | 422.33] 0.082| 424.26 | 0.016
3 | 458.98 | 0.004 | 441.62| 0.01 433.91| 0.072| 433.91 | 0.014
4 |476.33 | 0.002 | 458.98 [ 0.01 | 457.05] 0.063] 458.98 [ 0.008
5 | 487.9 | 0.003 | 489.83 | 0.002 | 476.33] 0.061f 563.11 | 0.011
6 |563.11 | 0.014 | 509.12 | 0.003 | 482.12] 0.063| 586.25| 0.015
7 |588.18 | 0.021 |563.11 | 0.012 | 495.62| 0.058| 607.47 | 0.007
8 | 607.47 | 0.008 |588.18 | 0.019 541.9 0.06] 620.97 | 0.006
9 1620.97 | 0.006 | 607.47 | 0.009 565.04 0.062| 671.11 | 0.006
10 | 671.11 | 0.007 | 620.97 | 0.008 592.04 0.062| 738.6 0.003
11| 744.39 | 0.001 | 636.39 | 0.008 667.25 0.062| 806.1 0.004
12 | 757.89 | 0.001 | 659.54 | 0.006 678.82 0.062| 840.81 | 0.005
13 | 875.52 | 0.007 | 671.11 | 0.007 875.52 | 0.006
14 711.6 0.004 919.88 | 0.006
15 723.18 | 0.004

16 819.6 0.007

17 850.45 | 0.007

18 875.52 | 0.008

19 904.45 | 0.007

20 921.81 | 0.006
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Comparison of Six Different Wood Soots Collected on to Individual
Potassium Bromide Pellets
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Figure 20a Comparison of 6 discrete scans of combusted lghbe similarities of the OH
peaks near 3600 to 3400 wavenumbers, as well as similar NHa@@carbon to carbon
peaks. These results indicate that lumber can befiddras a group and discerned from
other combusted materials.

FTIR analysis of lumber material, Figure 20a, resultedimilar spectral outputs.
Throughout the full peak spectrum, peaks located near 3600-3400, 2400182001700
and 1100-1200 wavenumbers were very similar. Differencakl aoainly be seen in the
absorbance changes of about 50%, indicating a changeticigoaize during the combustion
process. Higher absorbencies occur at lower tempesatinee larger particles absorb more
infrared radiation than smaller particles. Thesealteshow that the lumber family retains its

peak signatures throughout a range of combustion tempesatur
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Comparison Between Original Cherry Wood and Duplica  te
Samples 1,2 & 3
0.4

—————————————————————————————————————————————————————————————— - 0.35

- 0.3

- 0.25

0.2

0.15

Absorbance Intensity

3900 3400 2900 2400 1900 1400 900 400
Wavenumber (cm-1)

— Cherry Wood Original — Duplicate Cherry Sample 1
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Figure 21bComparison of 4 discrete scans of the combusted Cherry from fouatepar
combustion experiments showing a high degree of intra-sample corresporndence i
wavenumber locations (variance of 0.001); differences in average absorisaaitebiuted to
slight differences in the original amount of structural water and percerghggeids in
individual specimens. Vibrational definitions: A & A’=NH, B & B’'+#0stretch (H-bonded),
C & C’ =CO stretch, D=CC double bonding stretch, E =Alkenes (C-H), F=Aromatics,
G= Amines

The spectra at wavenumbers 1000-400 show both a decrealseive @Esorbance
intensity of the set of peaks from approximately 1000 twaB00 wavenumbers, and the
development of two broad peaks at 700-500 and 500-400 (Figure 20, fedksEhe
broad peaks comprise sets of absorbance maxima that are tmepsh wood variety. A set
of peaks is unique to the deciduous lumber (bold p4@&91; 607.47; 620.97; 669.18;

671.11; 875.5Pwhereas one peak, 563.11 is common to all combustion psololuicBirch
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and Maple. The collection of these peaks in Table @shbat certain wavenumbers are
present in some or all of the eight studied wood vasetiowever, as a whole, the location
of specific wavenumbers changes their positional rankiag,ing from species to species.
For example, the 458.98 peak is the third peak in the liztais for Eastern Black Walnut,
the fourth peak for both White Oak and Amerigesh, but is absent altogether from the list
for White Pine. Figure 21 shows slight varieties witiia lumber fingerprint regions, each
variety of wood therefore has a unique signature thaildlenable each variety to be

indexed and mapped by a spectrometer with appropriate res@uatointensity gain.

Comparison of Six Different Wood Soots Collected onto Ind ividual
Potassium Bromide Pellets

0.35

Variance Between all Spectra:

——————————————————————————————————————————————————————————————— 03

Absorbance Intensity

T T T T O
900 800 700 600 500 400
Wavenumber (cm-1)
= \Walnut Collected onto KBr = Pine Collected onto KBr
= Cherry Collected onto KBr = Birch Collected onto KBr
= Ash Collected onto KBr White Oak Collected onto KBr

Figure 22Comparison of Eastern Black Walnut (genus, species), White Oak aarat@m
Ash showing a slight variation in peak pattern under 900 wavenumbers, indiagivgsible
fingerprinting technique for wood species.
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B. Greenwood Combustion Experiments

The FTIR spectra for leaf-and-brafitbombustion experiments (Table 5) are
consistent with those for untreated lumber (pine, ad white oak and maple).
Absorbance values generally exceed those for lumidrctiag slight differences in the
relative concentration of infrared-active molecul€®ar instance, the 406.91 wavenumber
series set is absent in lumber but appears in neadyeslhwood spectra. Additionally,
wavenumber series: 418.5 and 516.85 appear in greenwoods but Inet. lubhere are,
however, notable spectral changes in the “fingerprimtfjyea(900-400 wavenumber; Figures
22-25). Sweetgum, for example, has a seven-peak signattivenajor peaks at 875, 713
and 418 wavenumbers and minor peaks at 804, 472, 457 and 445 (Tagle&2R).

White Oak (Table 5; Figure 23) shows peaks at 875, 848 and 713, abdabance that is
approximately three times greater than that for SweetdMmle the Red Maple (Table 5;
Figure 24) exhibits strong peaks at 877 and 715, with weaker moiheslawer
wavenumbers: 472, 458 and 424. In contrast, the White Pinee(3abigure 25) exhibits
only a single peak at 877 wavenumbers over a broad backgroun@rgéao 416
wavenumbers). These results strongly suggest that gpetrs with appropriate windows
and resolutions can be discriminated and tracked based sempdefinitions for peak

distributions, as proposed earlier by Christopher (2002).

14 Fresh branches are taken from live trees and dried at 16008¢ to three days before combustion.



Table 5 Represents peak frequencies and associated absorbamséynt

Table 5: Cont.Represents peak frequencies and associated absorbanséyinte

Pin Pin White |White |Sweet |Sweet
Oak |Oak [Oak |Oak [gum [gum
Absorb Absorb Absorb
No |cm-1 J|ance |cm-1 Jance |cm-1 [ance
1 418.5 0.03| 410.76] 0.461| 418.5| 0.377
2 435.85| 0.002| 426.19] 0.454| 439.71| 0.293
3 443.57| 0.005| 439.69| 0.449| 457.07| 0.295
4 457.07| 0.011| 464.76] 0.446| 4725 0.283
5 472.5| 0.009| 561.18| 0.443| 713.57| 0.234
6 484.07 0.003| 588.18 0.448| 875.57 0.26
7 501.43| 0.004| 669.18 0.43
8 518.78| 0.007| 746.32 0.43
9 526.5 0.006| 875.52 0.454
10 669.21| 0.014
11 873.64| 0.017

Americ |Americ
an an
Bassw |Bassw
ood ood Maple [Maple |Pine [Pine
Absorb Absorb Absorb
No |cm-1 J|ance |cm-1 J|ance |[cm-1 [ance
1 451.28| 0.091| 418.5| 0.587| 4185 0.531
2 576.64] 0.118| 457.07| 0.405| 443.57| 0.302
3 667.28 0.13| 4725 0.376] 457.07| 0.365
4 769.5| 0.127| 501.43| 0.331| 4725 0.337
5 875.57| 0.144| 516.85| 0.323| 516.85 0.29
6 669.21| 0.274
7 713.57| 0.277
8 875.57 0.31

69
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Comparison Between Green Woods
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Figure 23 Fingerprint region for Sweet Gum combustion products, highlighted in blue,
showing four distinct peaks near 875, 800, 710 and 430 wavenumbers.
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Comparison Between Green Woods
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Figure 24 Fingerprint region for White Oak combustion products, highlighted iowell
showing two distinct peaks near 875 and 710 wavenumbers.
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Figure 25Fingerprint region for Red Maple combustion products, highlighted in pink,

showing two distinct peaks near 875 and 475 wavenumbers.
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Figure 26 Fingerprint region for White Pine combustion products, highlighted in teal,
showing one distinct peaks near 875 wavenumbers.

C. Combustion Temperature

In order to evaluate the effect of temperature on contmysamples were ignited and
thermal measurements recorded using a Fluke type E chrom&hatan thermocouple
placed directly into the flame itself. When the pamature reaches approximately 700 C
(Figure 26), the vacuum system is activated, drawing tlekenmrough the filtration system.
The collection of smoke from the Red Maple experinteas begins at 720 C after initial
ignition; the temperature increase from 400 to 720 occuenito fifteen minutes. The

smoke-collection interval typically lasts 30-40 minuted sraccompanied by a slight drop
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in temperature (best illustrated by downturn in the Regdl&leurve solid curve at 21-24
minutes; Figure 26). Cooling to room temperature requires aticaddil5 minutes.

The FTIR absorbance signal for woods and wood productsusiatbat 700 °C is
markedly less than that obtained for both green woodsvand products when smoldered at
400-450 °C; a particularly substantial increase in peak h&idbund at approximately 1620
wavenumbers for low-temperature combustion. The abscgbdifferences appear to be due
in part to greater relative concentrations of smokelgpeed by smoldering, although soot
concentration does not appear to provide a complete etar{Padilla, in preparation).
Higher absorbance quantities found in smoldered smokeosansistent with the
production of greater amounts of aromatics and other oampdrogen bearing bonds at
lower temperatures.

Note also the change in polarity of the 2348-2372 peaks, Figur&rhigh
temperature carbon-oxygen 2348 cm-1 mode develops a negatvbatt®; it is the
product of 5 individual combustion experiments, eachlu€lvis scanned 64 separate times
and averaged, producing a negative response in all obsesesd CBhis suggests that peak
inversion of the carbon-oxygen may constitute a valuaalein an effort to distinguish high-

vs. low- energy combustion conditions.
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High vs Low Temperature Burning of Maple Wood
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Figure 28 Temperature variation in spectra observed asgehn peak intensity. Higher
temperature combustion produces inverted carbon dioxide paaR3¥8 wavenumbers with
a lowered absorbance indicating smaller sized pagicduction.

D. SEM Results
The composition of soot micro-patrticles is obtained lanaag electron microscope

(SEM) and energy dispersive analysis (SEM/EDS). Resubw significant differences
between species (Padilla and Steiner, in preparatiabp broad general agreement in most
of the major elements produced. SEM/EDS cannot produaecamate quantitative analysis
due to variability in the thickness of the gold or coppetings, placement at different
depths within the filter, failure to isolate the anatyzeolume from neighbor-neighbor or
background interference, It is capable of qualitative to-spmantitative analysis depending

on numerous factors, including the type of sample daatC, etc.); the application of coats
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that are uniform in thickness and coverage; the elingnaif element information from the
substrate; adequate standard materials, and similar fa&orse one set of combustion
experiments is impacted on potassium bromide, the absdroromide in the analyzed
product indicates a lack of background interference, amdftre the likelihood of achieving

semi-quantitative results.

In view of the fact that carbon is among the key elesin this study, both carbon-
coated and gold-coated samples are analyzed to determiekeitteof the coating on carbon
assessment. Parallel experiments are obtained 019 & variable-pressure SEM with no
coating show close agreement with present resultsligPadd others, in preparation). The
SEM/EDS results for carbon-coated Eastern Black Walnhite Pine and Pin Oak (Table
6) show that the aerosol products of combustion expergwamhprise a complex array of
carbon and metal-associated compounds. Sample selschased on obtaining both
backscatter and SEM images of the particles. Thesbatier image settings cast the
samples with elements of relatively high atomic numbevhite against a low atomic
background set that appears dark. The present review searcharily for the “heavy”
atomic number set and are capable of distinguishing ndvearing from carbon-free
particulates. The carbon-bearing soot will be descripelddiscussed in a later paper
(Padilla, et al, in preparation). However, it isei@sting to note at this juncture that not all
particulates comprise a significant fraction of carb@m a first-pass basis, the July 2004
aerosol includes both carbon-enriched and relativelyocefree components for several
species. The combustion products are relatively satidrnitrogen-free (Figure28; Table 6)

as opposed to aerosols examined in prior SEM/EDS andtsgdattered excitation studies



78

(see Niemi (2004) and Scarano (2004)) where metal catierisoaded principally to sulfur.
Therefore the type of bonding that takes place in theeptessociations is uncertain.

In the present paper we compare particulates that @sergron both the potassium
bromide and polycarbonate filters in order to identiy nost common type of particulate by
doing a random search of particles that are easilyuexsdy SEM/EDS methods. We use
these data to help to distinguish between aerosol-foraaintustion results and primarily
gas-producing combustion products for controlled experimemeserncombustion occurs at
approximately the same temperatures.

The SEM/EDS analytical data for aerosols impactelBincrystals and used for the
FTIR study (Figures 28) show that carbon is present mfgignt above-background levels
only in the Eastern Black Walnut- and Cherry-combustiqgesarments. For the present, we
assume a uniform coating of carbon or gold, and thartfwunt of carbon or gold calculated
by the internal software for the coating can be sinsplgtracted from the sample result. This
procedure produces a negative result for carbon in applesnexcept Eastern Black Walnut
and Cherry. Therefore, the solid particulate aerdsmf the White Pine and White Oak
experiments are both carbon-poor and potassium- andriched in contrast to experiments
on Eastern Black Walnut and Cherry that produces a cawoched particulate associated
with minor amounts of potassium and tin. Note that edt¢hese cases represents a class of
particulates, e.g. all the particulates show approximaiel same elemental abundances and
elemental strengths as opposed to the case where &alageesented by carbon-only, or
potassium- and zinc-only particulates. Errors for eagimeht are given at the upper-right of
the element box at the element boundary.

Comparisons of carbon (C) and potassium (K) ratios aismeestablished and results

show that lumber has higher C/K ratios than greenwoigdré-29. These types of ratios
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have been used in the past to distinguish biomass burnindgréiresther anthropogenic

sources of potassium and carbon, but never to distinguasld sources [Park, 2007].

Overall Lumber vs. Greenwood
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Figure 29 Average Lumber and Greenwood elemental concentration resultSEM
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Carbon Potassium Ratios of Lumber and

Greenwood
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Figure 30 Comparison between carbon (C) and potassium (K) matiagdrage lumber and
average greenwood show a high C/K ratio in lumber generated smoke whesredito

greenwood generated smoke.
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Table 6 SEM/EDS results, in weight percentage, foraragnd gold coated soot samples
mounted onto KBr pellets. Percentages represent “spatysis for regions of interest.

Element | Carbon Coated Carbon Carbon Gold Gold Gold
KBr Eastern Coated KBr | Coated KBr Coated Coated Coated
Black Walnut White Pine Pin Oak White Oak Birch Cherry
K 0.1046 0.8118 0.7734 - 8.85 -
Br - - - - 3.13 -
C 0.8507 - - 20.58
O 0.0089 0.0209 0.2229 0.02 - 3.87
Na 0.0072 0.0244 0.0003 0.06 0.09 0.03
Fe 0.0286 0.0453 0.0008 0.19 0.15 0.12
Mg - - 0.0011 - - 0.01
Ca - 0.0139 0.0007 - - 0.05
Al - - 0.0004 - - 0.52
Cl - - 0.0005 - - -
P - 0.0836 - - - R
S - - - 0.50 0.1 0.60
N - - - 1.41 - 0.50
Si - - - - - 0.11
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Figure 30: SEM image of KBr pellet with
wood soot & smoke at a magnification of
1000x. Quantitative analysis reveals a mostly
Potassium rich composition.

Figure 31: SEM image of wood soot &
smoke trapped in a KBr matrix, at a
magnification of 2000x. Red circles
indicate carbon rich material, green
circles, Aluminum.

A separate, gold-coated slice of each sample conttoug®ow that carbon is
restricted to the Eastern Black Walnut and Cherry sasr{pigure 30 & 31). As reviewed
above, the remaining samples are potassium and tirhedridVhite oak appears to
represent an exception to the other woods by showing eanapémounts of nitrogen. As
stated earlier, each bar represents an average of appteki 25 separate SEM/EDS data

points, but only a single combustion experiment.

In a few instances, the SEM/EDS images derived from sraoétea few added
inhalants, such as methanol, show that the carborr@mddncentrations are not associated
with carbon or oxygen. These very small (<0.1 micqanjicles may represent an early

stage in the evolution of the PM2.5 particles. Singttigda mass spectrometry studies by
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Schneider (2005), for example, show that diesel emissioaust initially comprises

nanometer-size molecular fragments that progressogeghbine with sulfur and oxygen.

E. XRF Results

X-Ray Fluorescence (XRF) samples of green wood matevitle mounted onto
polycarbonate filters to decreased interferences due todfassium (K) contained in KBr
pellets. To date XRF results for woods demonstrated dthtrbw woods and burned
woods, labeled R and S in Figure 32, have high concentsaifo when comparing K, Ca,
Ti and Fe weight percentages. Calcium (Ca), howevas,found at its highest
concentrations within the raw wood material only, Figud2shrough 34. Iron (Fe), was
present in trace amounts throughout both burned and unburmetmaderial.

When comparing Ti, Ca and Fe, higher weight percentagd&stémium (Ti) were found
only in burned maple and pin oak, Figure 35. ConcentratmnSd were found to be high in
both burned and unburned wood material. Additionally, &e found in trace amounts for
both unburned and burned material.

These results demonstrate that potassium and calcaigoad trace elements for burned
and unburned wood material. Figure 35 results find that wate@ming elements of Ti, K
and Fe with Calcium higher concentrations are foundwhagoning K/Ca. While the K/Ca
ratio did not distinguish lumber from greenwood highercamtrations were found in maple
and oak species. Hence, the ratios can be used an@spéaeric tracer of biomass produced

particulate matter.
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X-Ray Fluorescence (XRF) Elemental Determination
and Comparison of Woods and Wood Soot
K

® Raw Woods
Smoked Woods

0.00 Cca

K (Counts, kc/s)

Figure 32 Triangular plots of XRF data on Unburned and Burned woods showing high
concentrations of potassium (K) and calcium (Ca). Before beimgptwvoods are high in
calcium and have trace amounts of Iron. After combustion, wood stookains high

concentrations of potassium and calcium, with barely any iron.
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X-Ray Fluorescence (XRF) Elemental Determiniation
and Comparison of Woods and Wood Soot
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Figure 33 Triangular plot of XRF data for specific Unburned and Burned waitisa focus
on K, Ca, Fe. Here we have a distinction of elemental coratemts of K, Ca, and Fe by
wood species. Most woods contain K concentrations higher than 75%aftbustion.
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X-Ray Fluorescence (XRF) Elemental Determination
and Comparison of Woods and Wood Soot
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Figure 34 Triangular plot of XRF data for specific Unburned and Burned waitisa focus
on Ti, Ca, Fe. Here we have a distinction of elemental contiensaf Ti, Ca, and Fe by
wood species. Concentrations of Ca seem to remain at a cdngtatitroughout the

combustion process.
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Comparison of Elemental Ratios for XRF samples

Ratio Concentration

|——Fe/Ca ==~K/Ca —*—Ti/Ca]

Figure 35 Comparison of elemental ratios for Fe/Ca, K/Ca a@hTind a higher K/Ca
throughout the smoke samples indicating a possible tracer ratimfoass burning events.
The highest K/Ca ratios occur in Red Oak and American Basswoaitisdeciduous tree
species.
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II. Statistical Results

Statistical analysis on FTIR, XRF and SEM/EDS daas werformed with SPSS version
12 software. An analysis of variance (ANOVA) was perfed on all test data, and results
appear in tables 7 through 11.

Statistical results for FTIR spectra, Table 7-9, shat tomparisons within individual
sample sets of lumber and greenwood, maple samplent] 2, @o not vary significantly
from sample to sample when viewed either in the fingerpemion (Table 7-A) or for the
entire peak spectrum (Table 7-B). These results showvtiad smoke spectra, whether
from lumber or greenwood, are reproducible when captured ontdilkd® media. The only
sample that was not shown to be reproducible was birclkdwdbe results for birch wood
may be due to sampling error or instrumental drift.

In comparisons between samples sets of greenwood and Istabistical results varied.
When observing the fingerprint region, within 400 to 900 wavenusntieere was no
significant difference found between sample sets, maglkus white oak for example (Table
8-A). The same results were found for lumber when ebsgewithin the region of 400 to
900 wavenumbers, there was no significant differencsd®t sample sets, walnut versus
cherry lumber (Table 8-A). However, when taking intocunt the entire peak spectrum,
400 to 4000 wavenumbers it was found that lumber could signiljcbe differentiated with
a 95% confidence interval, while greenwood could not (T&83.

Additionally when comparing greenwood forest materighwimber statistical results
also varied. In Table 9-A, results show that whenmgme®d and lumber peaks are
compared in the fingerprint region, the peak sets do noifisgntly differ from one another.

However, when featuring the entire peak spectrum, froma@d0@0 wavenumbers, a
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significant difference is found between lumber and greeamaterial. These results
indicate that lumber and greenwood material can be eiffetted with a 95% confidence
interval, by using their FTIR signals as long as th&#epeak region is taken into
consideration.

Deciduous and coniferous trees samples were also stdtistompared to gauge
whether or not they could be differentiated by theirarégd spectrum. Statistical results,
Table 9-B, show that the infrared spectrums for both tgp@sod are significantly different
in the fingerprint region, 400 to 900 wavenumbers, and ienhiee peak spectrum. These
results show that there is a clear difference wdmmparing deciduous and coniferous wood
species that can be readily picked up by FTIR.

SEM/EDS results, Table 10, for gold and carbon coated womdparing results for
various woods indicate that sample means are sinmtaugh to accept the null hypothesis.
Therefore when using SEM/EDS for smoke analysis, el&hen titanium and potassium
content alone does not appear to be uniquely linked to a sp&oiid.

Statistics for XRF, Table 11, yield similar resultshoge of the SEM/EDS. These
results indicate that both unburned and burned woods yialthsratios of titanium and
potassium that are not unique to wood smoke type. Theyastight decrease, however,
when comparing burned and unburned material with a spet#igum target which may

indicate that a more sensitive technique may vyield differesults.
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Table 7 Statistical Results for the comparison within individual sarspte. Small

significance levels (<0.5) indicate group differencesishejected. Results show that

sample duplicates are reproducible on the KBr filter media.

Statistical Results: FTIR

(A) Comparison within individual sample sets
For entire peak spectrum: 400-4000 wavenumbers (cm- 1)

H(0)
Lumber Sig  |H(0) Null Greenwood Sig Null
Maple 0.303 | accepted Pine 0.987 | accepted
Pine 0.488 | accepted Maple 0.742 | accepted
White Oak | 0.389 | accepted White Oak 0.858 | accepted
Ash 0.217 | accepted PinOak 0.859 | accepted
Birch 0.004 | rejected AmBssWd 0.607 | accepted
Walnut 0.974 | accepted SweetGum 0.872 | accepted
Red Oak | 0.083 | accepted
Cherry 0.426 | accepted
(B) Comparison within individual sample sets
For Fingerprint Region Only: 400-900 wavenumbers (¢ ml)
H(0)
Lumber Sig H(O) Null Greenwood | Sig Null
Maple 0.932 | accepted Pine 0.745 | accepted
Pine 0.99 | accepted Maple 0.999 | accepted
White Oak | 0.998 | accepted White Oak 0.998 | accepted
Ash 0.999 | accepted PinOak 0.948 | accepted
Birch 0.035 | rejected AmBssWd 0.996 | accepted
Walnut 0.832 | accepted SweetGum 0.999 | accepted
Red Oak | 0.243 | accepted
Cherry 0.978 | accepted
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Table 8 Statistical results for the comparison between samplesisets (A) when
comparing samples sets of greenwoods or lumber in the fingerprint réggomjs no
significant difference between the s€B) When comparing sample sets for the entire peak
spectrum greenwoods still show no significant difference betweeatmaes sets. However,
lumber wood does show a significant difference between sets fontire@eak spectrum

and can be differentiated with a 95% confidence interval.

Statistical Results:FTIR

(A) Comparison between sample sets
Within Groups Fingerprint Regions:400-900 wavenumbe _ rs (cm-1)

H(0)
Sig Null
Within
Greenwoods | 0.377 | accepted
Within
Lumber 0.181 | accepted

(B) Comparison between sample sets
Within Groups: 400-4000 wavenumbers (cm-1)

H(0)
Sig Null
Within
Greenwoods | 0.075 | accepted
Within
Lumber 0.000 | rejected
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Table 9 (A) Statistical results for the comparison of lumber and greenwood sastpbw

that when viewed only in the fingerprint region, lumber and greenwoatbadkscernable.

However, when viewed throughout the entire peak spectrum, 400 to 40@0sther

significant difference between lumber and greenwood matéBlComparisons of

deciduous and coniferous trees find significant differences betweetypethof wood in

both the fingerprint region and entire peak spectrum.

Statistical Results:FTIR

(A) Comparison between Lumber
and Forest Wood

400-900 cm-1

400-4000 cm-1
H(0)
Wood Sig H(O) Null Wood Sig Null
All Greenwood vs. All Greenwood
All Lumber 0.596 | accepted vs. All Lumber | 0.022 | rejected
(B) Comparison between Deciduous
and Coniferous Wood
400-900 cm-1 400-4000 cm-1
All Deciduous vs. All Deciduous
Coniferous 0.021 rejected vs. Coniferous | 0.000 | rejected

Table 10 Statistical Results for SEM. Significance levels >0.5 ia@i@acceptance of,H

SEM
Sig H(0) Null
All Gold
Coated
Woods 1laccepted
All Carbon
Coated
Woods 1|accepted
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Table 11 Statistical Results for XRF. Significance levels >0.5 iatiacceptance of,H

XRF

Sig

H(0) Null

Within
Burned
Green
Woods

(Ti)

0.946

accepted

Within
Burned
Green
Woods

(K)

accepted

Within
Unburned
Green
Woods

(Ti)

accepted

Within
Unburned
Green
Woods

(K)

accepted

Between
Burned
and
Unburned

(Ti)

0.52

accepted

Between
Burned
and
Unburned

(K)

0.911

accepted
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IIl.  Conclusion

This work presents several findings: The first idemicand concise method of capturing
lumber and forest wood smoke onto KBr media filters. Jé@ond is distinguishing the
smoke signals of lumber from forest material as wetl@ciduous from coniferous forest
material. Additional distinctions between lumbersseherry distinguishable from walnut
lumber for example, were also made. Lastly was thectlen of a carbon peak inversion
between high temperature smoke and low temperature sraakellas the production of
smaller particle size during high combustion temperateesus larger particle size during
lower temperature combustion.

Statistical results show that wood smoke spectra, whétbhm lumber or greenwood, are
reproducible when captured onto KBr filter media. The salyiple that was not shown to
be reproducible was birch wood. The results for birch woayl Ise due to sampling error or
instrumental drift. Additionally, when taking into acod the entire peak spectrum, 400 to
4000 wavenumbers, it was found that one lumber set couldisagnly be differentiated
from another lumber set with a 95% confidence intgf7able 8-B). Similar results found a
significant difference between lumber and greenwood nadterhen distinguished
throughout the entire peak spectrum. These resulisair@ihat lumber and greenwood
material can be differentiated with a 95% confidencerval, by using their FTIR signals as
long as the entire peak region is taken into considexatio

Deciduous and coniferous trees samples were also stdtistompared to gauge
whether or not they could be differentiated by theirardd spectrum. These results show

that there is a clear difference when comparing decidaodi€oniferous wood species that
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can be readily picked up by FTIR. Furthermore, the mtiffees exhibited between lumber
and green wood absorbance indicate that much of thehesmistry is retained in the inner
and outer bark portions of the tree. The magnitude ofibnational response suggests that
the FTIR differences can be recorded by satellite plaigo

The SEM/EDS and XRF information demonstrates thaaénesol chemistry of the solid
aerosol particulates can be used in combination witikFThR to strengthen the definition of
the combustion products. Shown in the SEM/EDS datats White Pine and White Oak
have a distinctive feature, a lack of a carbon respomken associated with potassium.
While, comparisons of carbon (C) and potassium (K) rafimsv that lumber smoke contains
higher C/K ratios than greenwood smoke. These typestiof have been used in the past to
distinguish biomass burning fires from other anthropogenicces of potassium and carbon,
but never to distinguish wood sources from one anothek,[R@07]. The XRF data shows a
transfer of high Calcium-lron concentrations previauburning, to a higher Potassium-
Calcium concentration after burning. While the data ftoe"\SEM/EDS and XRF are not as
clear at determining differences between the smokeadaeus and conifer forest
combustion products, they can be combined with spectrblsssidy FTIR to strengthen key
indexing features.

In this paper we have been able to show that Fourier foramgnfrared

Spectroscopy (FTIR) spectra are capable of highlighting diffarences between deciduous
and coniferous tree species as well as determine one lsetbeom another. Spectral
differences are highlighted at peak locations ranging #60 to 4000 wavenumbers.
Increases in spectral concentrations are indicativegher particle abundances for
molecules such as carbon monoxide (CO), carbonyl sl#@«€) and aromatics. By

pinpointing these key features in smoke plumes we aectalihcrease the sensitivity of
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atmospheric models that use pyrogenic emissions in thairsééd, thereby contributing to
the formation of clearer climate predictions. Addiiboarbon potassium ratio (C/K)
information found through chemical analysis by ScanningtEladviicroscopy and Energy
Dispersive Spectroscopy (SEM/EDS) has found that lumtibfarest products can be

distinguished from one another.

Future work can now be done on correlating satellisgemny with sample FTIR
instrumental response. By correlating satellite imageth lab response it will be possible
to pinpoint and track pyrogenically released materials arefmete their effect on climate
by issuing numerical concentrations and bulk chemicdy/sisgor atmospheric modeling
purposes. Future work can also be made on studying thencgeak inversion related to the
differences in smoke temperature, since this may bedela particle size. Particle size in
the atmosphere determines whether a particulate walhtebsorber of solar radiation or a

reflector which is also important in generating climaiadels.
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11 | 806.10 |0 006 - - ' 30 (1712.48|-0.003 - - hd 49 (366794 |-0.009 | 7.7 (047 ' 68 |3841.51( 0007 | 438 | 075 0l
12 [1438.64( 0003 | 491 [0.78 [ 31 [(1FZ019| 0006 | 6.39 [ 048 hd A0 [36EFFa9 (0011 | 528 (047 [ 69 |3849.22(-0.022 | 507 | 0.18 AN
13 |1454.06 | 0 004 - - 0l 32 (1729830002 | 425 [-0.33 hd 51 (3685.30 |-0.011 | 441 (0.0 ' TO |3856.93( 0013 | 403 |-0.84 0l
14 [1459.85( 0.004 | 542 | 0.66 [ 33 [(1F3748a| 0005 | Y00 | D18 hd 52 (369301 (0009 | 464 (D496 [ 71 |3862.72(-0.009 - - nr
15 |[1477.21| 0003 | 553 [-0.13 Il 34 [1774.19| 0005 | 7.24 | 043 hd 53 (369880 |-0.003 | 358 (D42 Il ¥2 |3872.36( 0.003 - - Il
16 |1504.20 | 0 004 - - 0l 35 (1847 47| 0004 | 768 | 048 hd 54 (3708 .44 | -0.008 - - ' Y3 |3880.07(-0007 | 576 [-0.21 '
17 150999 0006 | 479 (0.9 I 36 [2345.02| 0.002 - - hd 55 [3T14.23| 0005 | 245 [DE7 I 74 |3897 42(-0.010 | 6.06 | 057 '
18 1536990004 | 456 (-0.18 0l 37 (237780 0004 1071 (-0.04 hd 56 (3720001 |-0.008 | .17 [ 0.36 ' Y5 |3905.15( 0.007 | 440 | 096 0l
19 [1544.70( 0007 | 6.87 [ 0.21 [ 38 (343460 0.036 |207.92 ( 0.48 W5 A7 (3731880011 - - nr TG |3912.86(-0.007 - - nr




101

Pine Lumber Sample 3

4000 3800 3600 3400

F200 3000 2500 2600 2400 2200 2000

Wiavenumber (cm-1)

1800 1600 1400 1200 1000 goo

Conmnent 031704 WMS3 Pine KBr31 23urn _ |
File Nano COADOCUMENTS AND SETTINGEDIOMARIS PADILLADE SKTOPWSPECTR ASPEC TR AMO04I31 Y4 OTHERWS1 704 MA3 PINE KBRE 1 25TURMN.SPC
Dile Stamp AFA200d 17 04:00 Dl AF Wlar 2004 1605 40 Techuigre Irifrared
Spoctraf Rogion 1R AAxE Wisnenumbet (om-17 YAxkE Abzorbance
Spoctrm Rawge 3991926 - 39096299 Pohiits Count 1868 Datz Spacing 1.9285
m Pine Lumber m
m 0.050 | @ . m
=] ] o = we' P i {
5 S o BB RERE :
% 505 = R oo 59T "
: b =) bk fiu) io o | | b i
i | _ _"__u y i
a0 00 i ] Tan a0 630 GO0 o0 Bl 430 400 350 ,
Wiavenumber (cm-1) i
w o m
o
o M i
] B m i
050 4 __,__ML\ ;
0.025 ] i

e n o] ) g o =
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Pine Lumber Sample 3

Commont 031704 M5 Pine KBS 1 250 _ i
Fie hiane CODOCUMEMTS AMD SETTINGSDIOMARIS PADILLADESKTOMSPECTR ASPECT R AXROON0ST /04 OTHERWIZ1VO04 M5 PINE KBRE1 2STURM.SPC
Date Stanp 17052004 17:04:00 Date 17 Mar 004 16:0540 Tecinigte Infrared
Spectral Hegior IR XAxEx Wavenumber (on -1 YAxE Abeorbance
Spectrnr Rarge 38991926 - 3999 6399 Poirts Coumnt 1865 Dtz Spaciig 1.9285
m Pine Lumber
\Ho [ em-1 A FU'HH | A=ym | Intensity || Mo | cm-1 A Ful'HH | A=wm | Intensity || Mo | cmed A Fu'HH ntensity || Mo | cmel A Fu'HH | A=svm | tensity
HE 40283 (0020 | 9.2 -00z nr 11 | 20224 | 0.009 - - nr 21 [ 234502 | 0040 - ] 31 [ F1423 | 0043 - i
m 2| 42zz3 | 0019 - - L0 12 [ 145985 | 0.033 - - ] 22 [ 23AVP.E0 | 0042 - ] 32| FTITAY | 0043 - I
13| 43060 | 0014 - - L0 13 [ 1509.99 | 0.034 - - 0] 23 [ 343460 | 0072 - WE 33 | Fv52A0 | 0045 - 5
4 | 48705 (D013 - - L 14 | 154470 | 0.036 - - Tl 24 | 356959 | 0059 - 5 34| 3vve0g | 0039 - ha
& | 86211 | 0014 - - i 15 | 156206 | 0.038 - - Il 25 | 361973 | 0047 - 5 35 | 380679 | 00H - ha
(6 [ 58518 [D0.022 - - Il 16 | 1637.27 | 0.044 - - 5 26 | 363323 | 0049 - 5 36 | 382405 | D042 - ha
| 7 | 0940 | 0.0D9 - - nr 17 | 1656455 | 0.042 - - ] 27 | 365252 | 0042 - S 37 [ A ) 00gd - S
V8 | 62220 | 0.009 - - e 18 [ 168741 | D032 - - ] 28 [ 367750 | 0049 - 5 39| 385603 | 0047 - 5
o | sEs3z [ooos - - il 19 [ 172019 | D.038 - - Tl 29 [ 3693.01 | 0046 - 5 39 [ 387236 | 0035 - had
10 | 75606 | 0.007 - - Al 20 | 187254 | 0.038 - - Tl 30 | 3702 66 | 0038 - Tl 40 | 390615 | 003 - ha



103

Connment 031704 WET Ash 1 25urm _ .
File Nao CODOCUMENTS AND SETTINGEDIOMARIS PADILLADESKTOPSPECTR AV L SPECTRAM ARCH 2004%031 704 OTHERWIG1 704 W32 Wl MUT KBR1 .SPC

Ditte St 17/03/2004 16:18:00 Dixte 17 War 2004 16:20:52 Techiige Infrared

Spectral Rogion |R X Axis Warnvenum ber (cm-11 Y Axiz Abzotbence

Spectrnn Range 3991926 - 3099 6309 Poirls Connt 1363 Dit Spacing 19285

Warvenumber [cm-1)
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Walnut Lumber Sample 1

Coariradf 0231704 EF Ash 1 25tumn

File Nanre CADOCUMENTES AND SETTINGSWD IOMARIS PADILLADESKTOPVSPEC TRAWLL SPECTRAWARCH 2000024704 OTHERWZ1T04 MO2 WaALMUT KBER1.SPC

Date Sfama AR02/2004 16:12:00 Dafe AT Mar 2004 182052 Techmigue Infrared

Speciral Region IR KA xis W avenumber (om-11 ¥ Axis Abs orbance

Specirunt Fange 390 1026 - 390905300 Poinfs Counf 1852 Dzfa Spacing 10285
Mo | om A FUl HH | Asym | Intersity | [ Mo | cmedl A FulHH | Asym | Intensity || No | cmed A FiHH | Azym | Intersity || No [ omed ) FiWHH | Azym | Inters iy
1 | 40691 | 0025 [ 1276 | 065 hl 24 [ 161027 | 0038 - - hA 47 | 187061 | 0.035 - - L] F0 374502 | 006D | 345 0.91 5
2 | 42233 |00Z0 | 585 | -002 hd 25 (1161792 | 0045 ] 42 1191222 | 0024 ) 71| 375280 | 005 s
3| 03 | 00N - - Wy 26 (162377 [ 00 h 40 | 234604 | 0053 s 72| 3FE0.51 | 00 s
4 | 45893 | 0042 i 27| 162955 | 0042 hd 50 | 343653 | 0.055 5 73 | 377045 | 0045 5
5 | 838413 | 0048 - - i 28 [ 1637.27 | 0048 S 51 | 350402 | 0.053 5 74 |3779.79 | 0043 hd
G | 65042 | 0048 | 486 0e7 Wy 20 [ 164824 | 0.0 h £2 | 2549045 | 0.050 s T4 37eS.02 | 0040 1l
7 |13EEs50 | 0032 - hd 30185482 | 0054 ] 53 | 250050 | 0054 s FE | 30204 | 0053 s
S | 140007 | 0032 ] [ 166427 | 0020 hd 54 | 252116 | 0.044 ] TT|3E0eT2 | 00s2 S
9 | 142128 | 0035 ] 32 | 167005 | 0037 hd £5 | 358328 | 0.053 5 78 | 381644 | 0043 5
10 | 143082 | 0032 ] 33 | 167584 | 0039 hd 56 | 259659 | 0.044 hd 79 | 382222 | 006D 5
11 | 143264 | 0035 I 4 | 1625.42 | 0045 ] 57 | 302 ze | 0.044 S 20| 3EEa.5e | 00 S
12 | 145702 | 0040 Il 36 [ 170091 | 0045 ] 52 | 31205 | 0043 ] 21 | 384530 | 0042 s
12 | 198553 | 002 [l 217182 | oog2 i 50 | 32166 | 0.040 s 22 | 3855.00 | 0072 WE
14 11472325 | 0035 [l 7 [ AF3562 [ 0045 S E0 | 32037 | 0055 g g s 23 | 3854.65 | 00H Ll
15 | 149070 | 003 hd 217 | 0025 b 61 | 3050 | 0057 | 604 | 064 S 24 | 2E70.42 | 004 - - S
16 | 149242 | 0035 hd 2| 1Tszage | oo2e b 62 | 38220 | 0.044 - - S o5 | 3Ee508 | 0042 | 551 022 h
17 | 150206 | 004z hd P AF2e2 | 0026 h 63 | 6027 | 002s ) 85 | 30357 | 00T 5 5 h
12 | 152240 | 0035 hd M [ 177419 | 0020 h 84 | X750 | 0.0 s 27 | 300545 | 0033 | 427 [ 03 h
19 | 153606 | 0035 hl 42 | 178576 | 0034 hA 65 | 359109 | 0.048 5 23 | 391864 | 0024 ]
20 | 15277 | 003 hl 43 | 17934 | 0037 hA Bf | 370266 | 0.043 L] 20 | 32636 | 002 ]
21 156013 | 0052 2 M| 1e3204 | 0025 i 87 | 371230 | 0.042 o) o0 | o407 | 00z [l
22 157170 | 0N hd A4 [ 1eR7a2 | o022 h 62 | I T3 | 0020 5 5 ) o1 | 3T | noe W
22 157740 | 0042 hd 124589 | 0026 h B0 |7 0053 ) 66 | 011 s




105

Wiavenumber (cm-11

Conttment 031704 M E2 Vot KB 1 .25tum _ h
Filp Nano CHODOCUMENTS AMD SETTINGSIDIOMARIS PADILLMLDESKTOPWSPECTR AWML L SPECTRANMARCH 200403 704 OTHER WIS 704 ME WAL MUT KBR1 1 STURM.SPC
Do Stamp 17032004 17:20.00 Dl 17 Mar 2004 1735332 Tochnigga Inifrared
Spoctrai Region 1R XAxk Wanenum ber (on-11 ¥YiAxk Abscckance
Spectran Range 3991926 - 39956399 Podirts Count 1565 Dirtz Spaciig 19265
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8 _ 3 &8 i
Qo 5 003 i o - !
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Walnut Lumber Sample 2

Comnrenf 1704 M92 W alnot KBr1 1 25tum

Fite Manme CADOCUMENTS AND SETTINGSWD IOMARIS PADILLAVESKTOPVSFECTRAMVILL SPEC TRAMWAR CH 2000031704 OTHERVDS 1704 hBZ2 WALNUT KBR1 1 25TURN.SPC
Dafe Stamg A7/032004 17:20:00 O afe A7 hdar 2004 17 :33:32 Technigue Infrared

Speciral Region IR X Axis W avenumber (em-A1) VAxs Absorbance

Specfrumt Range 200 1026 - 3000 6329 FPoirfs Cownf 1868 Dziz Spacing 1.09285
Mo | omed A FilHH | A=sym | Intensity || Mo | cmed A FUWHH | Asym | Intersiby [| Mo | cmed A FifHH | A=ym | Intersity ([ Ho | cmed A FilfHH | Asym | Intensiby
1 | 076 | 0015 | 683 -051 e 24 | 167798 | 0035 - - 5 <7 | 1849654 | 0025 - - 5 FO | 3F37EF | 0040 | 822 | -070 5
2 | 42233 [ 0013 Ju 25 | 161027 | 0034 5 &2 [ 187051 | 0.035 5 71 |3745.03 | 0.045 | 3567 | 035 S
3 | 42005 | 0012 e 25| 61782 | 00490 5 8| 239654 | 0.0 5 72| 3T62E0 | 0.043 - - 5
4 | 45705 | 0002 iy 27 | 62377 | 003 ] S0 (237073 | 0.025 s 73 | I760.51 | 0.034 ]
5 | 88318 | 0023 bt 25 | 162955 | 0038 5 51 [ 343653 | 0.055 WS 74 | 377015 | 0.033 bt
5 | 605.54 [ 0.010 j0 28 | 637.27 | 0043 5 &2 | 280402 | 0.051 WE 75 | 27ree | 0.0 hd
7 | 66195 | 000G e a0 | 169591 | 0037 5 53 [ 383651 | 0.095 b3 76 | ==0254 | 0.034 5
2 | 67111 | 0003 e 31 [ 165452 | 0095 5 5 | 359645 | 0047 5 J7 | 30872 | 0.035 51
9 | 133880 [ 005 bt 2 | 66427 | 0035 5 5 | 3554416 | 0.0 S 78 | 3694 | 0.034 S
10 | 142128 | 0.022 It 3| 167005 | 0033 k] o6 | 2657 66 | 0.0 5 7O | EE2zE2 | 0.040 ]
11 | 1430082 | 0.0565 bt 24 | 167584 | 0035 5 57 | 3555488 | 0.045 5 80 | 353955 | 0.033 - - bt
12 | 143864 | 0.030 It =5 | 162542 | 003 5 G2 |a602a8 | 0.0= S 81 [ 25500 | 0.4 | 640 | 078 ]
13 | 45792 | 0032 bt 25 | 170091 | 0038 5 29 [ 361385 | 0.037 S 82 | 355465 | 0.029 bt
14 | 1495563 | 0.029 Tl 37 [ 1FO5E8 | 0033 Tl B0 | 361973 | 0.0490 5 83 | 37043 | 0.032 Tl
15 | 1235 | 0.023 hdt = |71856 | 00%E 5 61 | 362837 | 0.0 5 g4 | 390,07 | 0.023 - - hdt
A6 | 1498070 | 0.030 1] 20 | 172662 | 0032 5 52 | 365059 | 0.0495 5 86 | 32685 | 0031 | 543 053 1]
17 | 198542 | 0.023 hdt 90 | 178252 | 0034 5 63 [ 285537 | 0.035 5 86 | 299165 | 0.025 - - hdt
18 | 1505.05 | 0.035 5 | 76262 | 0033 hd 64 [ 368057 | 0.034 s 87 [ 330515 | 0.026 | 1464 | 0.2 bt
19 | 1522498 | 0.0 hd <42 | 477419 | 0035 5 85 | 267566 | 0.0 S 28 | M864 | 0017 - hd
20 | 153506 | 0.030 bt 43 | 178676 | 0032 ] G5 [ 363109 | 0.0 b3 28 | 22443 | 0016 e
21 | 159054 | 0.032 bt 4 | 179347 | 0035 5 &7 | 3702 56 | 0.034 5 90 | 23407 | 0.015 Ju
22 | 156013 | 0.0 5 46 | 185204 | 0034 5 52 | 371230 | 0.0 5 91 | 2371 | 0012 e
23 [ 1571.70 | 0.0 hit 45 | 183782 | 003 hd 60 (37273 | 0.0 hd
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Commrott 031704 M2 Wanut KBH 2 25tum _ h
Fife Nane CODOCUMENTS AMD SETTINGS'DIOMARIS PADILLADESKTOPWSPECTR AL SPECTRANWARCH 200403 704 OTHERWIS 704 M9 WAL MUT KBR1 2 25TURM.SPC

Date Stawmp 17032004 17:22:00 Dirle 17 Mar 2004 173350 Tochnicge Infrared

SpoctrafiReqgion |R XAxk Wanenumber (cm-17 YAxk Abeorbance

Spectrum Range 399.1926 - 3999 6399 Poirts Court 1865 Dtz Spacieg 1.9285

Absorbance

Walnut Lumber Sample 3
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950 300 G50 goo 7an oo G30 GO0 550 00 450 400 350
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3400 3200 3000 2500 2600

T
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Walnut Lumber Sample 3

Camnreni 031704 W2 alnut KBr1 2 258turn :
File Name CADOCUMENTS AND SETTINGSAD IOMARIS PADILLAD ESKTOPWFEC TRAVALL SPECTRAMAAR CH 2000031704 OTHERWZ1704 W82 WrALHUT KBR1 2 25TURMN.SFC !
Dafe Stamp AT0E/2004 172200 Dafe A7 Mar 2004 173350 Techmrigue Infrarad i
Spectral Regior IR H Axis WY avenumber {em-1] ¥ Axis Absorbance :
Specfruny Range 200 1926 - 300096390 Poinfs Caunf 1958 O3fz Spacing 1.092085 |
No [ omd A FifHH | Asym | Intensity | | Mo | omed 2 Fi'HH | Asym | Intersity || Mo | omed A Fu'HH | Asym | Intensity [| No [ cmed 2 FilHH | Aswm | Intensity m
1 | 90691 | 0027 | 1200 [ 099 hd 24 | 161798 | 0.050 - - ] 47 | 191282 | 0.0 - - hd JO| 37608 | 0065 | 323 0.34 k] '
2| 42233 |00M | 514 | 014 hd 25 | 182377 | 0.095 5 45 | 225155 | 00 hd 71| 378280 | 0061 - - 5 1
3 | 46898 | 0013 - - ' 26 | 162955 | 0.0 5 4 | 234654 | 004 hd 72| 3TE051 | 00 5 m
4 | S2818 | 0025 hd 27 | 163727 | 0052 S 50 | 342653 | 0073 WE 73| 3705|0095 5 '
5 | 66146 | 0.008 ' 25 | 164384 | 0.095 5 51 | 350402 | 0055 WS 74| 377e7a | 00H 5 1
5 | 63918 | 0.009 ' 20 | 185452 | 0.052 S G2 | 35E6a | 00as ] 75| 30204 0080 = m
7| 13280 | 0032 hd 30 | 165427 | 0042 Il 53 | 359545 | 0063 5 J6 | 3e0E72 | 0080 5 '
g [ 142123 | 0.035 hd 31 | 167005 | 0.090 ] 54 | 355416 | 0080 5 I7| 38644 | 004 5 1
9 [ 143082 | 0.032 b 32 | 167584 | 0.043 hd 55 | 366765 | 0054 S 78| 382222 | 0083 5 m
A0 | 142564 | 0.037 hd 33| 163548 [ 0.048 ] 55 | 36820 | 0062 s 70| 333058 | 00F ] i
A1 | 146792 | 0.040 hd 24 | 170021 | 0.042 S &7 | 269650 | 0.051 5 80 | 384636 | 00495 - - S .
12 | 14985.63 | 0.035 b 35 | 17826 | 0.0 5 55 | FA0eaS | 00051 S 513855000071 [ 579 057 WS m
12 | 147225 | 0.036 ] 35 | 173562 | 0.042 S 50 | 361395 | 0050 ] 22 | 336455 0090 . . I i
A4 | 1499070 | 0.037 hd 37| 1741 | 0.0z hd 60 | 361972 | 0054 5 93 | 387042 | 0095 - - 5 .
15 | 199542 | 0.036 hd 32 | 175248 | 0.0H ] 61 | 362937 | 0083 5 54| 383586 | 0043 | 522 054 bt m
16 | 1602.06 | 0.044 5 20 | 175262 | 0.0H ] G2 | 650,90 | 0054 - - 5 25 | 329165 | 0035 . . bt i
A7 | 1822.99 | 0.032 hd 40 | 177419 | 0.042 hd 63 | 26E087 (0045 | 533 | 029 5 96 | 290515 | 0032 | 1407 | 028 b .
12 | 163506 | 0.038 hd H | 178576 | 0.03 ] G4 | F675.65 | 0057 - - 5 87 | 391564 | 00249 - - bt m
19 | 159084 | 0.029 hd 42 | 174 | 0042 Il G5 | 36109 | 0052 5 28 | 293407 | 0021 ' .
20 | 155012 | 0052 s 43 | 133204 | 0.0H ] 66 | VOGS | 0045 s 29 | 371 | 0097 uy m
21 | 15671.70 | 032 hd 44 | 193783 | 0032 hd 67 | F71za0 | o082 5 '
22 | 1657798 | 0odz b 45 | 184554 | 0.042 ] 68 | 372773 [ 0040 - - b i
23 | 161027 | 0.0 hd 45 | 187061 | 0.042 ] G | FFargr(ooss | F.os | -0019 5 m
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Ash Lumber Sample 1

Ah=arbance

4000

Absorbance

3800 3600

T
930

3200
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T
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T
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oo =] G00 550 400
Wavenumber (cm-1)

2400 2200 2000 1800 1600 1400 1200 1000 0]

Wavenumber (cm-11

Tithe Ak Lurm ber .
File Nane CADOCUMENTS AMD SETTINGESDIOMAR S PADILLAMY D OCUMENTS\DISSERT ATION WWORMKIEESULT S ALKUT WHITE O A5H PINE LUMBERWEH.THT

Date 05 Jan 2006 00:35:50 Tochnigne Irfrared Specta Reqion IR

AAxE Wyavenumber (cm-11 ¥ ik Abeothance Spectrum Range 3991926 - 3999 6539

Poitits Count 1863 Data Spacing 19285
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Ash Lumber Sample 1

| Titde Ash Lumber i
| Fite Nanme CADOCUMENTS AMD SETTINGSAD IOMARIS PADILLAWY DOCUMENTS\D IS SERTATION WORKIRESULTSWY ALNUT W HITEQAK ASH PINE LUMBERWASH. TXT g
| Dafe 03 Jan 2005 00:33:30 Tech migue Infr ared Specfral Region IR |
m X Azis W avenumber fem-17 ¥ A xis Abzarbance Specfrunt Ramge 3991925 - 39995399 |
| Poinis couns 1558 Dafz Spacing 1.9235 m
m Ma o 1 A FulHH | Asym | Intensity || Ho cmel A FUWHH | Asym | Intens ity | [ No cm-1 A Fu HH | Asym | Intensity || Mo o 1 A Fulf HH | Asym | Intens ity m
A 40601 | 0025 | 1281 | 0.4 hd 13 | 156206 | 0.032 s 25 [ 237204 | 0035 = 37 | 3TAT.AT | 0037 - ] i
m 2 | 42426 | 0.0M6 - hd 14 | 1627 62 | 0.032 S 25 | 242653 | 00532 W 32 | 376280 | 0.0H - 5 m
3 | 43381 | 0.4 - ' 16 | 1637 27 | 0.034 5 27 | 356959 | 0095 5 38 | 377208 | 0.035 - 5 i
m 4 | 45802 | 0.002 - ny 16 | 165555 | 0.033 S 28 252888 | 0042 5 40 | 230679 | 0.029 - 5 m
| 8 | BBE625 | 0015 - ny 17 | 167584 | 0.028 ] 238 [361973 | 0028 5 4| 3222 | 0029 - 5 1
& [ er111 [0o08 - ny 18 | 1627 .4 | 0.020 ] 20263120 | 00492 5 42| 3841.51 | 0.042 - 5 m
m 7 | 143864 | 0.025 - hd 19 | 1702 84 | 0.030 ] 3 | =365252 | 0.0H 5 43 | 3855.00 | 0.045 - 5 i
HIEER R R D) - hd 20 | 172018 | 0034 ] 2267759 | 00492 k] | 27236 | 0.034 - s m
m 9 | 1459.85 | 0.026 - hd 21 | 77418 | 0.028 ] =3 (268301 | 0.0H 5 45 | 3905.15 | 0.029 - hd i
| 10 [ 190242 [ 0.024 - hd 22 | 1eF2 s | ooerT ] [ 2F0266 | 0023 ] 45| 292407 | 0047 - hd m
m 11 | 1509.99 | 0.027 - hd 23 | Z2Fr A2 | 0029 hd 25 271423 | 00= 5 i
m 12 | 1544.70 | 0.030 - hd 24 | 2396.02 | 0.035 5 5| 372387 | 0032 hd m




Ash Lumber Sample 2

Conrment *03 704WET Ash _ Frio N Z03MT04 SPCOWT 051704 WEY ASHSPC Date Stamp 1F0E2004 16:14:00 i
mpmnm A7 Mar 004 16:22:02 Technigw Inifraredd Spectral Reqion R NAxE Wiavenumber (om-17 |
¥k Aharrbance _ Spectum Rapge 3931925 - 395936393 Painls Count 1868 Dtz Spacing 1.9285 i
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Ash Lumber Sample 2

| Commant OG04 WST Ash | Fife Mane 081708 SPCYWT 031 /04 ST ASH SPC Date Stamp 170572004 16:1400
| Do 17 har 2004 16202 _ Techkigue Irfrared SpectralRegior IR A Wanenumber (om -1
¥ Axk Absorkance _ Spoctram Range 3991926 - 3999 6509 Podrts Comnt 1868 Data Spacitg 1.9285
Ma | em-1 A FuliHH | A=ym | Intensity || Ho cm-1 A FiiHH | A=sym |Intensity || Mo cm-1 A Fi'HH | A=ym |Intensity || Mo | cm-1 A FWrHH | Asym | Intensity
1 | 406.81 | 0.041 - - Wa 16 |1695.12 | -0.002 | 350 |-0.89 ' 31 |3644.80| 0014 | 636 | -0.07 W 46 |2814.51| 0.0141 | 7.15 | 0.00 il
2 | 42426 [ 0022 - - ] 17 |1702.84| 0.006 | 936 | 062 1] 32 |3652.52| 0004 | 2F1 | -0.25 L] 47 |3831.86| 0010 | 238 | 034 W
3 | 43381 [ 0025 - - s 18 |172018| 0006 | 742 | 048 1] 33 |2667.84| 0012 | 976 | 001 e 42 |3844.51| 0004 | 374 | 070 hd
4 | 457.05 (0.014 - - ] 19 |1774.19| 0002 | 590 | 074 hd 24 |3677.59| 0.005 - - hd 49 |2849.22| 0019 | 541 | 002 e
5 | §86.25 [0.011 | 19274 | -0.80 hd 20 |18329.76|-0.002 | 640 | 0.70 ' 35 |3685.20| 0012 | 5459 | 005 e 50 |35856.93| 0.002 - - hd
G | 665.32 |-0.005 - - Wnf 21 |22345.0Z | 0.004 | 442 |06 1] 36 |2692.01| 0.002 - - L] 41 |286G2.72| 0.002 - - W
7 1459850005 | 726 | 083 hd 22 |235273|-0010 | 848 | 0487 e 37 |3698.20| 0005 - - e 52 |3880.07| 0007 | 6492 | -0.14 il
8 148242 0003 - - hd 23 |237394| 00058 | 1331 | 015 1] 38 |3F0G.51| 0014 | 732 | 030 e 53 |3897.43| 0008 | 648 | 042 i
9 [150999| 0006 | 560 | 020 hd 24 |3436.53 | 0.016 17725 033 1] 39 |37z0.01| 0008 - - e 54 |3805.15| 0.004 - - hd
10 |1944.70 | 0002 | 233 | 022 ] 25 |3669.59 | 0.009 | 821 | 042 1] 40 |37Ze.65| 0014 | FET | 027 wa 45 |2814.79| 0006 [ 201 | -0.15 W
11 |1862.06 | 0.010 | 692 | 0.0G hd 2 |3688.88 | 0.005 - - 1] 41 |E743.48| 0010 | 7452 | -0.03 e a5 |3870.71| 0.004 - - i
12 |1627.62 | 0.009 - - hd 27 |36056.223 | -0.004 | 507 | -0.02 ' 42 |3752.80( 0002 | 422 | 061 hd 47 |2878.42) 0.0032 - - Wi
13 |1637.27 | 0.010 - - hd 28 |3615.88 | -0.002 - - e 43 |3766.30| Q006 - - e 58 |3858.07| 0.002 - - il
14 |1656.55 | 0.010 | 202 |-0.24 ] 20 |3625.52 | -0008 | 477 | 012 nr 44 |3775.94| 0005 - - e
16 168741 | 0007 | 571 | -007 hd 30 |3631.30| 0.008 - - 1] 45 |37e7. 45| 0010 | 1061 | -0.60 e
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Ash Lumber Sample 3

Conttent *031704 M9-4 Ash plus KBr 500 File Meme A0 T SPCWCT 031704 MS4 ASH PLUS KBR S00.5PC "
Date Stanp 17F0a2004 16: 3200 Date A7 Mar 2004 171010 | Fechuige I miraread Spectral Rogion IR i
Al Wavenumber (om-11 ¥ Axs Abhsorbance Spectrun Rage 3991926 - 39956399 | Ponls Count 1865 ]
Data Spacing 19285 i
Mo | om-1 A Fili HH | Asym | Intersity [ Ho | cm-1 A Fif HH | Asym | Intensity [|Ho | cmed A FilHH | Asvm | Intensity || Mo [ cmed A Fil HH | Aswm | Intensity m
1 | 41462 | 00F - WS 15 [ 163741 | 0005 556 | -0.F ] 28 | 367783 | 0002 536 | -020 bt 43 | 382222 | 0.003 422 007 hil i
2 | 42812 | 00K - WS 16 | 163319 | -0.003 - i 30 |3685.30 | 0008 | 442 | -065 i 44 (383185 | -0009 | 781 | -0.03 i m
3| 43776 | 00495 - Ws 17 [ 172019 | 0005 G55 004 ] 31 | 362108 | 0008 86 068 bt 45 | 384151 | 0.006 438 | -0.17 hil i
4 | 4505 | 0095 - WE 18 [ 234209 | 0027 - - k] 32 | 370651 | 0005 | 5.0 0.20 i 45 (284922 | -0M6 | G518 | -0.52 Ay m
5 | a8528 | 0027 - - b3 19 [ 235237 | 0033 | 2313 | 051 5 33 | 371423 | 0004 - - bt 47 [3855.00 | 0.011 - hil i
G | GEa.12 | 0012 | 1144 | -0 I 20 | 343460 | 0009 | 175028 | 043 ] 24 |3v2001 | 0005 | 492 | -016 i 48 [386272 | -0007 | G.OB 048 i m
7 | 196885 | 0004 | 624 | 0 hi 21 | 356959 | 000E 758 003 hd 35 | 372085 | 0007 | 4496 | -005 i 48 [ 387815 | -0.005 | 571 079 i i
2 | 150899 | 0005 499 | -007 h 22 | 25288 | 0005 - - hd 26 | 273544 | 0005 - hd 50 (329743 | -0008 | 591 [-0.11 i m
9 |153690 | -0004 | 571 | -055 i 23 | 361973 | 0004 | 285 | -081 hd 37 | 374345 | 0003 | 2VE | -04B8 i 51 | 390515 | 0.006 454 | 007 hi .
10 | 154470 | 0005 589 | -025 hil 24 | 3625462 | 0005 | 366 | -062 i 38 | 376280 | 0007 744 | -068 bt 52 [3891285 | -0005 | 647 070 i i
11 | 155434 | -0005 | 527 | -0 i 25 | 363130 | 0005 558 07z ] 39 | 3775584 | 0005 | 630 07z i 53 [ 3597071 | -0.003 - - i m
12 | 1862.06 | 0005 G4 -0.35 1l 26 | 364480 | -0.010 558 -0.60 A G40 | 3Fes | -0.008 069 -0.05 L i
13 | 1637.27 | 0007 209 020 h 27 | 35252 | 0007 523 006 hd 41 | 280485 | 0003 - - i m
14 | 165462 | 0002 71 052 I 28 | 366602 | 0009 | 762 050 i 42 | 381481 | 0000 | 6459 | -029 ' i
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Birch Lumber Sample 1

Conntrront #0511 704 WS4 Birch1 25 _ Frie Nawe ZWST04 SPCWCT 031704 WS4 BIRCH 1 25.5PC
Dite Stamp 17032004 15:35:00 | Date 17 Mar 2004 1539:50 Tochipicgre Infrared
Spectral Region |R AAxE Waverumber (cm-1) | ¥ Avs Ahsarhance Spectran Rawge 35931926 - 3999 6399
Poirts Cout 1865 Data Spacing 1.9285 '
a.050 ;
B m
[=
5 |
g i
B 0025 "
i m
o :
T T T T T T T T T T T T T T T T T T T T T T T T T T T m
330 |00 ga0 ] 730 oo G50 GO0 350 00 450 400 340 '
Wavenumber (cm-1) 0
B m
= )
£ 0025 .
g :
i1 "
0 _ .
[T T = 1
o 55 w - '
528562 |
BEBEEN "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T i
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 a00 GO0 400
Wavenumber (cm-11 '
Mo | cm-1 A FyHH | Asym |Intensity || Mo | cm-1 A FyWHH | &zvm |Intensity || Mo | cm-1 A FewHH | Laym |Intensity (|Mo | cm-1 A FYyHH | Asyvin | Intensity
1 | 40651 | 0.045 - - WS 11 (146945 | 0007 - - W 2 | 3558309 | 0010 - - i 31 [3735.44 | -0.005 - - 5&
2 | HMZE9 | 0.046 - - WS 12 (150420 | 0005 - - W 22 | 360430 | 0007 - - w 32 374345 | -0.007 - - W
3 | 42041 | 0043 - - WS 13 (153655 | 0005 - - W 23 [ 361585 | 0.005 - - W 33 3750457 | -0.005 - - {q{
4 | 43005 | 0035 - - = 14 (155627 | 0004 - - W 24 |362359| 0005 | 595 |-022 W 34 (30101 | -0004 | 159 | -0.09 W
5 | 44152 | 0.0H - - = 15 [1633.41 | 0011 - - 1 25 | 3631.30 | 0003 - - W 35 380679 | -0004 | 160 | 003 WY
E | 44740 | 0029 - - s 16 [1650.77 | 0009 - - b 26 | 364480 | 0002 - - W 36 381255 | 0.002 5 5 1y
T | 48212 | 0022 - - 1 17 [1681 62 | 0005 - - W 27 | 385252 | 0003 - - W 37 (381536 | 0003 | 111 | -088 !
g | 57455 |02 - - 1 15 (236044 | 0003 | 2155 | -095 W 25 | 367566 | -0.005 - - WA 35 [F52415 | 0002 | 170 | 014 .
9 | 61904 | 0.005 - - b 19 (345003 | 0024 - - b 29 |368916 | -0.004 | 383 | -067 W 39 [38EE55 | 0003 | 1.70 | -055 |
10 [ BEF25 | 0.009 - - [ 20 (356188 | 0013 - - [ 30 (37037 |-0003 | 399 | 078 W 40 (389550 | 0003 | 381 | -0B7 E_.
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Birch Lumber Sample 2

Coment 031704 WS4 Birch 4 .25 tum :
File Nawe COADOCUMENTS AMD SETTINGSDIOMARIS PADILLADESKTOPSPECTRACOP Y OF 031704 SPC03704 W54 BIRCH 4 25 TURMSPC
Nate Stamp 1702004 15300 Nate 17 bar 2004 15:40:34 Tochnigue Irfrared
Spectral Region 1R X Axis Wavenumber (om-11 YAxk Ahsorbence
Spectrum Range 399.1926 - 33996299 Poiits Count 18568 Lata Spacing 19285
0.0s
0.04
E__ 1
T 003
el 3 2]
B oo - = o R = . P
% 002 @ R BRI B I =T A NS R T
B i O = Oin o B R G g~ 8 o ??_._@m
- 89@%1MEE42W__5 o =+ W0 | =
0.0 i E_F_rv_rv_rw__r?_r__e_uﬁ_n__ 4 __ _

950 q00 850 ] 750 700 G50 EOO 550 500 450 400 350
Wiavenumber (cm-1)

Abzorhbance
3897 .43
386272
_~3549.22
—5514.51
3T 23
36853
_i~3544.8

—1301.71
—1126.22

/

4000 3300 3600 3400 3200 3000 2300 2600 2400 2200 2000 1800 1600 1400 1200 1000 a00 &0 400
Wavenumber (cm-1)

Mo | cm-1 A PYHH | Asym [Intensity || Mo | cm-1 A FAHH | Azym |Intensity || Mo | cm-1 A PYwHH | Asym | Intensity || Mo | cm-1 A FivHH | Asym | Intensity
1 | 40305 | 0009 - - W 12 | 64604 | 0005 | 999 | 0.04 W 23 [1203.36 | 0.011 - - ) 34 | 235273 [ 0025 - = M
2 | 42041 |0011 | 832 | 045 W 13 [ 665532 | 0009 | 10359 | 0.20 W 24 [1301.71 |02 - - W 39 |53435.46 (0045 | 31436 | 016 WS
3 | 43583 |03 | 1156 | 053 W 14 | 68268 | 0009 | 1243 | 014 W 25 (141549 | 017 - - ] 36 | 362552 (0022 - S M
4 | 45705 |0005| 946 |-0H W 15 | 70196 | 0007 | 1100 | 0.20 W 26 [ 145406 | 0.021 - - M 37 | 364450 | 0.0 - - M
5 | 4733 | 0009 | 1181 | 005 W 16 [ 72125 |0006 | 969 | 026 W 27 (151577 | 07 - - ] 38 | 3685.30 [ 0.020 - - ] "
E | 51297 |0005| 9490 |-002 W 17 | 74053 | 0007 | 985 | 0.1 W 28 (153506 | 0.1ME - - ] 9| EFTA 23| 0mT - - M
7 | 55154 |0005 ) 1109 [0 W 15 | 75952 | 0007 | 949 | 0.27 WY 29 |1554.34 | 015 - - [l 40 | 5351451 [0015 - - M
&8 | 56880 |00M0 | 1255 | 034 W 19 [ 77310 | 0006 | 954 | 026 W 30 [1631.48 | 0.025 - - ] 41 | 384922 (0017 - - M
9 | 55818 | 0011 | 1247 |-003 W 20 (79539 | 0006 | 976 | 033 W 31 (171248 | 0ME - - ] 42 | 386272 (0014 - - M
10 | GO7 47 (0005 | 1026 | 005 W 2 | 57552 | 0008 | 12035 | 0.30 WY 32 172791 |07 - - Il 43 | 389743 [ 0.011 - - T
11 | 62675 (0007 | 975 |-0M W 22 (112622 | 0012 - - W 33 (186290 | 0.019 - - ] !
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Birch Lumber Sample 3

Contmont *061104 M9 9Birch 2 Fife Mame CODOCUMENTS AMD SETTING S OMARIS PADILL ADESKTOPWSPECTR 0611044 4061104 MSSBIRCH 2 5P C
Dt Stawmp 11062004 13:34:00 Date 11 Jun200413:41:38 [ Technigue Infrared _mEn?HNuE. I
XAxis Wavenumber (cm-11 YAxE Apzohance _ Spectans Rarge 3901926 - 3999.6399 _mc_zaa Count 1868
Dats Spacing 1.9285
(o)
S
=5
03 ol
o)
- =t
4 Y
[ =
o
m
7
i
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
330 00 as0 200 750 700 ES0 &00 550 =00 420 400 350
WaEvenumber (cm-11
0.30 §
n 0.25 3
| —
£ 0203
@
& 015 3
010 §
0.05 3
K T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 3800 3600 3400 3200 3000 2800 2800 2400 2200 2000 1200 1600 1400 1200 1000 200 g00 400
Wavenumber (cm-1)
Mo | cm-1 A ntensity || Mo | cm-1 A (Intensity || Mo | cm-1 A [ Intensity
1 | 42233 | 0273 = 14 | 75982 [ 00N W 27 172598 (0113 I
2 [ 43391 | 0219 I 15 | 86585 [0089 Kasd 28 185711 (0133 I
3 | 45598 | 0180 [ 16 |112515 (0105 W 29 | 236237 (0136 W
4 [ 47440 | 0170 [ 17 |120529 (01 Kasd 30 | 341339 (0186 [
5 | 49562 | 0145 W 18 | 130557 (0102 Kaad 3 |3627 45 (0126 W
E | 52251 | 0133 W 19 |1418.35 [ 0.092 Rasd 32 |3E46.73 (0125 W
7 | 53504 | 0133 W 20 | 1457 82 | 0092 Kaad 33 | 368337 (0118 W
g | 56311 | 0137 W 21 | 146563 [ 0103 kiad 34 | 374315 | 0407 W
9 [ 61904 J0112 W 22 11770 [ 00 Raad F9 | ST 2023 W
10 | 64604 (0107 W 23 |153313 | 0099 kiad 36 | 381644 [ 0116 W
11 | 66918 (0114 i 24 |1552.42 (0102 W 37 | 384822 (0108 i
12 | 67852 (0112 W 25 |162855 (0132 W 38 | 3864 65 [ 0113 W
13| 71932 |0033 [ v 26 |171055 (0109 2 39 |3907.07 (0120 i

2Documents sndd Settinos\Diom aris P adilla\DesktonF ing Work\Dissertaion Inde<BIR CH ORIG SF1 0PTO3 SF2 4PTOT F 220
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White Oak Lumber Sample 1

L 3T

Contment 090104 YWhite Osk Soot :
Fife Nane CADOCUMERNTS AMD SETTINGS\DIOMARIS PADILLADESKTOPSPECTRAWSPEC TRAZO04'0901 409 04 WWHITE CaK SO0T GREEM.SPC
Date Sty 01092004 15:26:00 Date 01 Sep 20041527558 Technigue Infrared
Spoctral Regior 1R N hs Wavenumber (cm-1] ¥ ks Shsothance
Spectran Range 3991926 - 3999.6399 Poirs Count 1865 Data Spacing 1.9285
o o @ e e BTE
E & @ = . 7 25g
__1 Lie) = o B8 L =F=
05 [ 5 2 T I 31 h
T~ ——
m 04
c 3
£ __1
7 0.3 3
i3
0z
01

T T T T T T T T T T T T T T I T T T T O T T
a0 800 gal §oo Tal 700 B30 0] 580 a00 a0 400 a0

Wavenumber [cm-1)

20467
] T2

Z a5z
4107

hS

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2400 2200 2000 1800 1600 1400 1200 1000 1] GO0 400

Wavenumber (cm-11

T T T T T T T T
4000 3800 3600 3400 3200 3000 2800 2600
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White Oak Lumber Sample 1

Canrimen § 090104 W hite Dak Soot

File Name CADOCUMENTS AND SETTINGSWDIOMARIS PADILLAD ESKTOPVSPECTR AV PEC TR AZED0S090104020 104 VW HITE OAK S00T GREEM.SPC

Date Sfamg 014092004 15:26:00 Dafe 01 Sep 2004 15:27:58 Technigue Infrared

Spediral Reginr R X Axis W avenumber (em-11 ¥ Axis Absorbance

Spedcfrun Ramge 299 1926 - 3999 6399 Foinfs Courf 1862 Ozfz Spacing 1.9285
Mo on-1 A Intersity || Mo com-1 A Intensity || Mo cm-1 A Intenszity || Mo com-1 A Inten=zity
1 HM0.76 | 0461 M 27 | 1540584 | 0469 i 53 | 187081 [ 0452 W 79 | 3702E6 | 0471 I
2 [ 42619 | 0454 M 28 | 156013 [ 0488 i 54 19158582 [0.449 W 80 | 371230 [ 0487 i
3 | 43968 | 0449 W 29 | 156977 | D462 i 25 | 1943589 [ 0449 W g1 | 3725480 | 0467 [
4 | 46476 | 0446 W 30 157749 [ 0473 h 26 | 234502 [ 0481 i) 82 | 373544 | 0487 h
5 | 56118 | 0443 W 3161027 | 04681 h 27 | 23720 [ 0459 b 83 | 374508 | 0480 hd
E | 58818 | 0445 W 32 |M161798 [ 0473 i 55 | 294670 [ 0.494 = 84 | 375087 | 0489 I
7 | GBS | 0430 Wy 33 | M162377 [ 04E8 Il 59 | 4510 [ 0507 5 85 | 37E0ST [ 0471 i
5 | 746.32 | 0430 W 34 | 162955 | 0463 i B0 | 9631 [ 0.503 = 86 | 377015 [ 0476 [
9 | 57552 | 0454 W 39| 163727 [ 0481 h B1 | 350402 [ 0.505 5 87 | 37T9F9 [ 0473 hd
10 ] 1340.35 [ 0.469 hd 36 | 164651 [ 0471 i B2 | 352909 [ 0.504 =] 85 | 378558 | 0466 i
11 | 1363.43 | 0.480 M 37 | 1654E2 | 0492 = E3 | 353681 [ 0.502 = 89 |380101 [ 0479 T
12 | 137500 | 04584 i 35 | 166427 | 0465 i B4 | 354645 [ 0507 = 90 | 350679 | 0.480 [
13 | 1388.590 | 0.493 = 39 | 167005 | 0.469 i E5 | 355224 [ 0502 = 91 | 352222 | 0487 [
14 | 1419.35 | 0523 = 40 | 167554 [ 0473 i EE | 356766 [ 0.517 5 92 | 353958 [ 0473 [
15 | 142514 [ 0525 = 41 | 1685458 | 0483 i E7 | 3585485 [ 0.505 = 93 | 355308 [ 0.503 =
16 | 143092 [ 0528 WS 42 1170081 | 0493 = ES | 359456 [ 0.4 5 94 | 386453 [ 0471 h
17 | 14358 84 | 0536 WS 43 | 170669 | 0482 i B9 | 30045 [ 0.492 = 95 | 357043 | 0.481 I
16 | 1448.35 [ 0.530 WS 44 1171826 [ 0493 = 70 | 360516 [ 0.490 M 96 | 358007 [ 0.469 i
19 | 145742 [ 0539 WS 45 | 173562 | 0483 i 71 | /1385 [ 04587 [0 97 | 35859486 | 0482 [
20 | 146583 [ 0523 = 46 | 173105 | 0483 h 72 | 3/1973 [ 0503 5 95 | 3891685 [ 0478 h
2 | 14733 [ 0514 = 47 | 1TE2E2 | 0481 h 73 | /2037 [ 0518 5 99 1390515 | 0485 hd
22 | 149070 | 0492 = 48 | 177419 [ 0482 i 74 | BE059 [ 0517 = 100 | 331864 | 0.470 I
23 | 1495842 [ 0477 M 49 1179347 [ 0473 i 75 | BEE3T [ 0487 M
24 | 1505806 | 0486 1 a0 | 153011 | 0.455 i 76 | BEIST [ 0482 [0
25 152156 | 0465 hd 51 | 1537483 [ 0448 W 77 | /TEE6 [ 0.505 5
26 | 1535.06 | 0463 hd 52 154554 | 0454 W 78 | 369109 [ 0485 [l
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White Oak Lumber Sample 2

Wavenumber (cm-17

Comnnent 090104 White Oak Samp 2 4 green .
Fife Nane CODOCUMENTS AMD SETTINGSDIOMARIS PADILLADESKTOPSPECT RASPEC TR AXI04IE01 04090 04 WWHITE Sl SawP 24 GREEN.SPC

Date Sizmp 010902004 16:45:00 Date 01 Sep 2004 1656:3 Technigre Infrared

Spoctral Regior 1R N AxE Wavenumber (cm-11 ¥ ks Shsothance

Spectnen Rapge 399.1926 - 3999.6399 Ponl Coumt 1565 Date Spacing 1.9285

" a0 m
" 8 "
" z i o !
" B B 2 "
! i__1 i1 - Be I 1 "
" 0.05 o o = @ o | |
' = 7=} 5% % % T |
" _ : N T e m
m T T T T T T T T T T T T T T T T T T T T T T T T T T m
! 950 900 50 o0 750 oo E50 E00 550 500 450 400 350 !
! Wzvenumber [cm-17 !
m o i
_ N i
H [ = Y] i
" 3 . me BEERES0 "
: ﬁ 4%%? i ) MMHM_.__M_.1BM :
4 3 [ LT i = ] L9 mE T 1Il|n.|1 m
M 208 28T EERen . IO R Ty "
] EEIPRC R IS T el i e e =4 @ wo =808 o A8 T i
610y, 28w (F 57| BT gy e oogpprEee, ) Bean o "
u ZFoga T iy BR =& R R Wi | 2o o & 0
: cdm @ e iy ! = o = el Rt [ me o T '
" % N ____ _ | T —= s L M {“Jh_ll_..il[___.___ [sai] 7 %%. MH Q_H m
| 005 = o oo
| —_— - L3A i
R T | N
i B L o o B B N L s L B e L b e R R RE R e m
H 4000 3500 3600 3400 3200 J000 2800 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 G600 400 .
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White Oak Lumber Sample 2

| Commont 090104 Wyhite Oak Samp 24 green _

" File Naine CODOCUMENTS AMD SETTIMNGSIDIOMARIS PADILL ADESKTOPSPECTR ASPEC TR AXAI04'050104W05901 04 WHITE O A SAMP 2 4 GREEM.SPC

| Oate Stanp 092004 16: 4500 Datp M Sep 2004 1656:34 Techuigue Infrared

| Spectrl Reqion IR XAxE Wavenumber (cm-17 ¥ ixs Ahzothance

| Spectram Range 3991926 - 3999 6399 Poiis Comt 1565 Data Spacing 1.9285
Mo o 1 A Ful'HH | Asym | Intersity || WNo o1 AL FuliHH | Asym | Intensiy || Mo ol A Fil'tHH | Asym | Intensity || Mo ol A FifHH | Asvm | Intersity
1 HESS | 0012 - - n 27 | 1580.13 | 0097 5 53 | 1846.54 | 0053 - - ] 79 |36 AT (0054 | 311 006 L]
2 $24.25 | 0037 n 28 | 158077 | 0065 Tl 54 | 1870.61 | 0053 ] 20 | JETSE0 | 0095 - - 5
3 42000 | 0019 n 29 | 157798 | 0060 Tl 55 | 1880.00 | 0098 ] 21 | IE29.16 | 0072 1]
4 | 45668 | 0ld Wil 30 | 61027 | 0055 1] 55 | 1918.82 | 0098 ] 52 | 370255 | 0052 - - ]
5 85118 | 0,020 n 21 64792 | 0065 2] 57 | 1942.80 | 0098 ] 22 |IT2A o0z | 622 | 020 1]
=] Srogs | 0022 n 22 | M623.77 | 0050 2] 58 | Z3496.02 | 0053 ] 24 | 372550 |00 - - 1]
7 G318 | 0022 Y 33 | 162945 | 0056 1] 50 | Z372.01 | 0051 ] 85 |37354 (0052 | 520 | 088 5
5 71343 | 0020 - - Y 34 | 163727 | 0072 1] 50 | 3421.10 | 0057 ] 55 |374508 (0064 | 342 | -078 1]
=] graA2 | 0046 | 21.33 | 014 ] 25 | 169591 | 0064 - - 1] 61 | 34493.10 | 0055 ] 57 | 37E08T | 007G - - 1]
10 | 1240.22 | 0080 - - ] 26 | 165462 [ 0024 | 902 | 072 S G2 | 2495.21 | 0052 ] 22 | 37E0S | 004G - - 1]
11 | 1262.42 | 0056 ] 37 | 168427 | 0054 - Tl 63 | 3504.02 | 0085 ] 29 | 3770.45 (0057 | 1048 | -062 1]
12 | 1375.00 | 0.059 ] 38 | 167005 | 0058 1] G54 | 3509.81 | 0055 ] 90 | 377979 | 0052 ]
12 | 1282.50 | 0070 ] 20 | 1675.24 [ 0050 2] 65 | 3520.00 | 0053 ] 91 |37as8n [ 004 1]
14 | 1418.25 | 0115 5 40 | 1625.42 | 0070 Tl 65 | 3535.81 | 0052 ] g2 | 372 |00zD '
15 | 143002 | 0119 5 41 | 470089 [ 0070 Il 67 | 35496.46 | 0080 ] 92 280 [ 0061 - - L]
16 | 1435.71 | 0129 W5 42 | 170689 | 0054 1] 58 | 3552.24 | 0043 ] 94 |380570 (0060 | 508 | 089 1]
A7 | 1443.28 | 0122 5 43 | 1718.26 | 0069 1] 50 | 3567.66G | 0080 ] 95 |3E2029 | 0063 - 1]
15 | 145792 | 0.137 W5 44 | 173562 | 0.061 b 70 | 3579.23 | 0095 ha 95 | 35355 | 003D - - nf
19 | M465.63 | 0.113 5 45 | 1751.06 | 0056 1] 71 |3583.88 | 00GS ] o7 |3830483 (0060 | 985 | 078 ]
20 [ 1497335 [ 0110 5 g6 | 176262 | 0052 1] 72 | 359466 | 0080 ] 93 | 385308 |0.105 - 5
21 [ 149070 | 0093 = 47 | T2 | 0056 Tl 73 | FE00.456 | 0080 ] 00 | 395455 | 00495 L]
22 [ 142242 [ 0024 ] G2 | 478576 | 0047 Tl 74 | FE02.45 | 0080 - - ] 00 | 2387042 [ 0051 1]
23 [ 150205 [ 0,097 5 49 | 4759347 | 0056 Tl 75 | FE19.72 | 0070 | 633 [-005 ]
24 | 152155 | 0077 ha S0 | 1501.19 | 0.051 b 76 | 257 | 0082 - - 5
25 [ 153313 | 0054 ] 51 | 183011 [ 0053 2] J7 | FE50.80 | 000e | 480 |-074 s
26 [ 154084 [ 0,024 ] 52 | 183783 [ 0045 2] 7S | FE5e.ET | 006 - - ]
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White Oak Lumber Sample 3
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White Oak Lumber Sample 3

Contie st 901 04 Wihite Cak Samnple? Gresn |

Fifo hiznre CADOCUMENTS AND SETTINGED OMARIS PADILL SDESKTOPYSPECT RASPEC TR AMM04 0301040901 04 WHITE O A S00T SAMPY GREEN SPC

Dirte Stap M 09c004 15 5200 Do 01 Sep 2004 155524 Toc i sthomte Infrared

Spectraf Regios | XAxE W Emenumbier (cm-1] Y AxE Ahsorbance

Spectrnn Range 35991926 - 3999 6399 Points Cownt 18655 Tt Spadcing 1.9285
m Mo cin -1 A Intersity || Mo cim-1 iy Intersity || Mo cm-1 A Irtensity || Mo cin -1 A Initensity _
m 1 4545 | 0486 h 27 | 150506 | 0511 ] 53 177418 | 049 h 79 |353651 | 0.502 h i
i 2 | 42619 | 0454 L 25 | 152156 | 0.493 I 54 |17ESTE | 0.454 il g0 | 354645 | 0.503 il _
m 3 | 431585 | 0486 i 29 | 152735 | 0491 [ 55 | 178347 | 0.491 i 81 |355224 | 0.502 i 1
i 4 | 46050 | 0454 h 30 | 153506 | 0.489 [ 56 | 1501159 | 0456 h g2 | 356766 | 0.5 = _
m 5 | S8 | 0452 W 3| 154054 | 0497 [ 57 | 11276 | 04583 h g3 |355855 | 0.513 = i
m 6 | 58515 | 0486 Wl 32 | 156013 | 05189 = 58 | 181554 | 0.481 W g4 | 359456 | 0.493 Wl "
i 7 | G888 | 0488 hd F3 | 156377 | 0.489 b a9 | 1583011 | 0.457 t G5 [360045 [ 0.501 il "
m g | 74246 | 0465 W 34 | 157749 | 0497 [ G0 | 153755 | 0451 W g6 | 360816 | 0.500 h i
i 9 | §7552 | 0478 L 35 | 161027 | 0.484 [ 61 | 184554 | 0.488 i &7 [361385 | 0498 i "
m 10 | 134045 | 0.453 W 35 | 1617485 | 0.493 b G2 | 186057 | 0.451 W g5 | 361973 | 0.513 = 1
i 11 | 136345 | 0.486 h 37 | 162377 | 0485 [ 53 | 187061 | 0455 h g9 | 362957 | 0.534 W _
m 12 |1375.00 | 0.488 Wl 35 | 1623955 | 0.487 [ G4 | 185950 | 0.484 i 40 | 365059 | 0.537 W 1
m 13 | 136550 | 0.493 h 39 | 1637 27 | 0500 [ G | 191111 | 0453 W 91 | 365657 | 0.507 h _
H 14 | 140007 | 0.499 h 40 | 164591 | 0.490 [ GE | 191552 | 0453 h 92 |366957 | 0.506 h i
m 15 | 140585 | 0.499 l 41 | 165462 | 0512 5 B7 | 192451 | 0.454 il 93 | 370256 | 0.503 l _
i 16 | 141164 | 0.500 h 42 | 166427 | 0487 [ G | 194358 | 0.453 t 94 [372550 | 0489 il "
m 17 141935 | 0512 = 43 | 1670035 | 0.485 [ 59 | 199405 | 0.454 h 93 |3753544 | 0.520 = i
i 18 | 142514 | 0.510 = 44 | 167554 | 0.490 [l 70 | 254502 | 0515 = 95 | 574505 | 0.513 = "
m 19 | 143082 | 0.510 = 43 | 168345 | 0.503 [ 71 | 236257 | 0.519 = a7 | 37a057 | 0.5 = 1
i 20 | 1455684 | 0.517 = 46 | 170091 | 0502 [ V2 | 3110|0502 h 95 | 376051 | 0.502 il "
m 2| 144855 | 0.511 5 47 | 170669 | 0.490 [ V3 | 34510 | 0504 h 99 | 5770415 | 0.508 il i
m 22 | 1457 52 | 0.523 = 45 | 171526 | 0501 [ 74 | 358281 | 0.502 t 100 (377878 [ 0.504 h _
i 23 | 146365 | 0.509 = 49 | 173362 | 0487 b 75 [ 348631 | 0.500 hd "
m 24 | 147335 | 0.507 il 20 174141 | 0482 W VB | 30402 | 0505 h !
i 23 | 148070 | 0.504 h 21 | 173103 | 0.4 [ 77 | 3/0941 | 0802 hd "
m 25 | 145342 | 0.493 hd o2 | ITE262 | 0.489 b Vi | 352908 | 0.502 h i
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Red Oak Lumber Sample 1

File Mo CODOCUMENTS AMD SETTIMGS\DIOMARIS PADILLADESKTOMSPECTRACOMIZTT045PCUVEA O 104 FSIBREDOAK DRY.SPC

Date Stanp 110272004 154600 Date 153 Feb 2004 0230:35 Teci e Infrared

Spectral Region R XAk Wigvenumber (cm-11 Y Axis Ahsorbance

Spectrum Range 25991926 - 3999.6399 Poiirls Count 1868 Data Spacing 1.9285

Mo | omed A Fif HH | Asym | Intersity || Mo | cmed A FurHH | Asym | Interciy ((Ho | omed A Fi'HH | Asym | Intenzity || No | om-1 A FifHH | Asvm | Intensity
1 40488 | 0085 - - WE Z3 | 1828585 | 0.011 - - Tl 45 | 3G38.88 | 0018 415 0.0 [l BF | G222 | 0005 - - e
2 | 42233 | 0087 WS 24 [ 163727 | 0017 | 500 051 ] 46 [ 3613.85 | 0.008 hil G2 | 3777 A7 | -0007 - - W
3 | 43005 | 0055 5 25 | 16495681 | 0.010 - - hd 47 [ 3619.73 | 0012 hi 62 | 3Fea0g | 0047 | 204 | -027 Wi
4 | 66148 | 0028 - - Tl | 188077 | 0002 1008 048 e 48 | 3E2T.A6 | 0011 L JO | F=302e4 | 0002 - - 1l
S | BE9A8 | 0015 5.2 0.95 Tl 27 | 8552 | 0021 25 04 Tl 48 | 364673 | -0013 - - L | F=ere | 000 1l
6 | 143475 | -0005 | 158 | -082 i 25 | 166427 | 0.006 ] 50 [ 365059 | 0.021 274 062 hil 72 | 331451 | -0014 - - Wi
7| 143864 | 0005 - - Tl 28| 1867005 | 0.005 Tl 51 | 365444 | -00005 077 011 L T3 | FEEez | 0015 166 025 1l
2 | 1496406 | -0.005 323 0.99 e 20| 85 E4 | 0.007 - - Tl 52 | 366794 | -0013 - - L Fa | F=IsTe | 0012 - - i
9 | 145792 | 0010 - - ] 31 | 188152 | 0007 | 238 024 i 53 (367373 | -00M6 | 129 | -0F74 i 75 | 33=058 | 0007 247 022 I
10 | 17335 | 0005 - - Tl 22| 188548 | 0.013 223 1) =ls) Tl S | 363T.ER | 0011 - - L JE8 | F=E146 | 0052 - - W
11 | 1498070 | 0005 208 0.51 Tl 2| 169318 | 0005 e 55 | 369109 | 0012 <. 0.0 1l | F=E500 | 0027 265 029 1l
12 | 1499455 | -0005 | 1.79 0.27 i 34 | 158288 | 0005 i G5 | 309880 | -0005 | 225 0.6 i 72 [3E079 | 0007 | 425 0432 W
13 | 1650420 | -0.010 227 -0.02 e 265 | 171826 | 0.009 - - Tl 57 | 370266 | 0005 1.59 0.5 1l 79 | =250 | 0011 - - i
14 | 1508056 | 0012 251 0.24 hd | ATETE | 0007 | 201 | -053 i 53 [37082.44 | -0010 | 395 | -048 i 0 [ 337845 | 0041 | 200 | -005 Wi
15 | 152348 | 0006 419 | -0.55 hd 37 | 1FEEZ | 0.011 200 | -0.26 hd 59 [ 27220 | 0092 h 81 | 238383 | -0010 - - W
16 | 1635606 | 0004 Tl 2| FE2A8 | 0.005 - - Tl G0 | 372965 | -0010 - - L g2 | F=3Ea e | 0003 15689 -0.85 i
A7 | 154084 | 0002 - - hd 2 [ 177448 | 0005 | 226 | -053 hd G1 [ 373757 | 0097 338 | -031 hil 3 [ 33er4z | 0012 | 446 002 Wi
18 | 185627 | -0006 | 2.32 0.54 i 40 | 17E34T [ 0005 | 248 070 hd G2 | 374215 | -0015 i 24 [ 230515 | 0010 226 0.19 h
19 | 155013 | 0020 Z57 084 hd H [ 18459 | 0004 | 241 a0z i 63 [ 37da.84 | -0.010 - - i 25 | 21479 | 0002 | 244 | -059 Wi
20 [1571.70 | 0005 - - hd 4 | 184554 | 0005 | 232 052 hd G4 | 375280 | 0018 276 | -0 hil 5 | 382022 | -0005 Wi
21 [ 157798 | 0040 280 0.59 hd 43 | 239584 | 0.014 hd G5 | 376665 | -0.004 | 174 055 i

22 (161782 | 0044 | 376 0.28 hd &4 | 2567 66 | 0.020 hd G | 376051 | 0.005 14 | -052 hi
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Red Oak Lumber Sample 2

Coment 031 704 WWSE red cak 1 25tum _
Fike Mo CADOCUMENTS AND SETTINGSDIOMARIS PADILLADESKTOPISPECT RAO04051 704 OTHER'Q31 704 WSERED Ol 1 25TURMN.SPC
Dirte Sty 17032004 15:55:00 Date A7 Mar 004 16:01:22 Tochnicie Infrared
Spectral Rogion |R Xixkx WWavenumber (om-11 Yk Ahsoebhance
Spectrunt Range 309 1926 - 3095 6305 Poirts Connt 1868 Data Spacing 1.9285
(]
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Red Oak Lumber Sample 2

Conititett 031 704 WSE red osk 1 23tum _
Fife Marne CODOCUMEMTS AND SETTINGSDIOMARIS PADILL ADESKTORMSPECT R AWI040E1 704 OTHERWDS1 /04 WSERED OAK 1 25TURNSPC |
Date Stanp 1752004 155300 Date 17 har 004 16:01:22 Techrigue Infrared "
Spectral Region |F X W venumber [om -1 Yk Ahsorbence |
Spectran Renge 3991926 - 3999 6339 Poirts Lot 1568 Ihrtix Spdcitig 1.9289 |

Hia ol A Fi'HH | Asym | Intersity || Mo | cmed A FiiHH | A=sym | Intersity || Mo | cmed A FUWiHH | Asym | Intensity (| Mo cmel A FullHH | A=sym | Intensity

1| 408583 |08 [ 940 0.84 ] 23 | 143478 [ 0013 - ] 495 | 1714 [ 0012 - bt 67 | 358550 | 00N - hd

2| 42233 |00eR | 507 005 S 24 | 1496406 | 0012 ] 95 | 172242 (0012 It G2 | 35E8.20 | 0009 i

2| 42005 | 047 - - hd 25 | 140142 [ 00z hd G| AT TE (0012 b 62 | 370244 | 0010 i

4 | 44790 | 0.0 inf 25 | 1984586 | 0011 ] 48 | 17T as (0012 ht 70 | 372965 | 0009 - - i

5 | F2 | 0007 nf 27 | 150420 | 001z hd <8 | 177805 (0010 ' T4 |37H.23 | 0010 | 668 [ -0.29 i

G | 435487 | 0007 i 28 | 163120 [ 001z ] a0 | 17862 (0010 L 72 | 375665 | 0007 - - i

7 | G092 | o00E - - A 20 | 153509 [ 001z ] 51 | 184169 (0010 ny 73 | IWE2. | 0002 i

2 | 8264 (0004 | 591 | 073 Wnf 20 | 185627 | 0014 hd g2 | 12ars (00N ny 74 | IFFEeed | 0008 i

9 | 5180 | 0005 - - i 31 | 1567 584 | 0014 ] 53 | 191487 (0010 L 75 | 379805 | 0009 i

10| 565.04 | 0006 inf 22 | 1567252 [ 0.014 hd 54 | 209640 (0042 hd 75 | Fo04e6 | 0002 - - i

11 ] 832490 | 0.00F - - nf 23 | 161443 | 0.01s hd 55 | 2360580 (0014 bt T7|3|zas | 0003 | TAO | 003 i

12 ] G19.04 | 0004 | 923 | 072 Bl 24 | 162124 | 0020 hd 55 | 294038 [ 003 WS 72 | 2415 | 0005 - - i

13| B67.25 | 000G Wnf 25 | 162341 | 0.0 ] 57 | 267162 (0021 It 73 | ¥Rz | 0007 i

14| 67683 | 0005 - - i 35 | 164485 | 0019 ] 55 | 388502 (0020 bt &0 | 3|51.15 | 0009 i

16| 78681 | 0004 | 828 | 06 g 37 | 165077 | 0012 ] 59 | 360430 (0016 bt 21 | 3|60.79 | 0007 i

16| 823495 | 0004 | 923 0.45 nf 2| 166044 | 0015 hd &0 | 3615585 (0014 bt &2 | 36850 | 0007 i

17 | 90088 | 000G - - Wi 20 | 165520 | 0014 ] 61 | 362552 (0015 bt 3 | 37815 | 0007 i

18 | 112815 | 012 Il 90 | 167381 [ 0z ] B2 | 363323 (00N It 24 | FE3.8E | 0005 i

19 | 120529 | 0.2 hd 4| 162152 | 0.014 hd 52 | 264420 (0012 b 25 | 3280.72 | 0006 i

20 | 125315 | 0013 ] 42 | 163349 | 0013 ] &4 | 385444 (001 bt 5 | 3|E7.43 | 0006 i

21 | 13235 | 0.0 hd 43 | 18588 | 0013 hd &5 | 3667 84 (0012 bt 87 | 38E8.29 | 0004 i

22 |17 4z | 0.z ] 4 | 170476 | 001z ] 6 | 367373 (00N hat 22 | 33055 | 0004 i
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Red Oak Lumber Sample 3

S0

Z0
00

3570.43
Bhd 55 3655
47526
== | 374505
= £75 B
= _ | (365059
362037

355989
5657 56
546 .45
TF504 02
3436 53

390315
j 3883 .86

—2346 94

191882
1870 51
184554
1752 95
| (173552
171826
== [ 170091
168548
=7 165452
FELNE46.01

1637 27

- U205

= f17.93

156013
- 1308 06
1457 82
14835

—BES1E
66146
—~a7aod
43398
43T 76
414 62 IR

406 .91

[T Eay C=1eTIT NPT

Aheorbance
!:'| !:'| = !:" !:"
= = [} [} [}
p—t P L) = [}
1 1 1 1 1
— 5T =422.33
40691

'S B

A x
]

=R

[ = =R
002k S FOOSEL L
CADERI g LSd FLLED

FUET ]

A
QT

TOEG 0Ey

22 A 20 F00Z 42d £1

TEE]

EEE GGE - 96 | Gk T0iEy mpads |
wnaa |

HUEN ofLf

FURDT) SPHOS
Hi AORDa jErpads

2dSE MvOdIHELS 4 P01 IO D d5R0 L IEMEI0DT 4103450 d0 IHS IAFTITY J SISFINOIQSOMILLIS N SLMIWNIO D

=]




129

Red Oak Lumber Sample 3

Contnrant 041104 F 516 redosk 2 Fifa Mzeme CDOCUMEMTS AMD SETTIMGSWDIOMARIS PADILLADESKT OPAWSPECTRACOONI 1045P CUI1104 FS1B REDOAK 25PC
LDate Stanp 11025004 154500 Date 13Febh 2004 022752 Tochuigre Infrared Spectra Region R

XAk W aenum ber (cm-1) ¥ Axis Ahzotbence Spectum Rarge 399.1926 - 33996399 FPohts Count 1865

Oata Spaciig 19255

Mo | omedl A FiuHH | Asym | Intersity || Mo | cme A FWHH | A=sym | Intersity || Mo | cmed ) FiiHH | Asym | Intersity || Mo | cmed A Fu'HH | A=ym | Intersity
1| 90601 [ 0000 - ' 22 | 185013 | 00E0 =] 45 | 182204 | 0040 - - ) 87 | T a7 | 0n4as - - )
2 | #4682 [ 0013 - - ni 24 |1 1571.70 | 0029 S 46 | 183783 (003 5 B2 | 3602 [ 0051 | 44 085 5
2 | 4 [oMe | 520 092 s 25 1187740 | 004z -] | 184554 | 0042 s B0 | 3520 | 0047 = g s
4 | 43005 | 0025 - h 26 | 181027 | 00490 S 42 | 1870561 [ 004 5 A0 | 3FE0 S | 0035 h
5 | 4T [ 0028 ] 27 | 1E17.02 | 002 -] 40| 181222 | 00490 s 1| FF0AS 002 ]
6 | 48203 [ 0019 hd 28 | E23TF | 00 =] 50 | 234604 | 0053 5 TR\ FFFOFO| 0032 hd
7 &g (002 ' 20 | 182055 | 004 -] 51 | 242653 | 00D W 73| Eeaq] 00es ]
2 | 6eds [ 0005 A 30| EET.2T ) 00S0 =] 52 | 30402 | 00sT ] 74 | e T2 005 ]
9 | 612 [ 000 ' 21 | 1E5.01 | 00495 -] 53 | 35645 | 0052 s FE|E4q | 002 ]
10| 128200 | 0.0 ] 32| e5da8e | 005 =] 54 | 3ETHG | 0053 ko) Fo | B2 | 0042 ko)
11 | 144935 | 0024 1] 33 | E5427 | 00 S 55 | 38888 (0051 5 F7 | s | 0034 1]
12 | 1492002 | 0.0ER ] 24 | 1E70.05 | 0040 =] 55 | 3E023E | 0042 ko) 72|06 | 0032 - - ]
13 | 1492364 | 0025 h 25 | 1E7Se4 | 004 S 57 | 361385 | 0042 5 Q| EESS00( 0051 | 592 | 0A2 5
14 | 1495702 | 0.0490 S| 30| e | 00 =] 2 | 307 | 0095 ko) 20 | 3565 | 0020 ]
15 | 1465663 | 0024 h 37 | 170091 | 004 S 50 | 362037 | 0052 5 21 | 37043 | 0033 h
16 | 147225 | 005 ] 32| 1Fes | 004 -] G0 | 35050 | 0053 s 82 | EEav| o0z = g ]
17 | 14990.70 | 005 h 29 | 173662 | 0095 S 61 | 3669587 [ 00490 5 03 |3EmEa6 (0030 | 535 | 097 h
12 | 90edr | 005 ] A0 | 175202 | 00 -] G2 | 37556 | 0042 s 24 | 30165 0026 = g ]
19 | 160206 | 0.043 5 H | FERER | 00490 =] 63 | 3109 (0049 5 85 | 3055 | 002Y | 1444 | 023 hd
20 | 182185 | 0.0 s 4 | 177440 | 002 -] B4 | ZT0256 | 0022 s 25 | 3eeg]| 0017 = g '
21 | 153605 | 007 S| 42 | 17esF6 | 0020 =] 65 | 32320 | 0042 ko) a7 | 3aa07 | 005 '
22 | 159024 | .00 s adl MG -] G5 | 3727 rs | 0035 [l 22 |3y oz '
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Maple Lumber Sample 1

Wisnvenumber (cm-1]

Comnent 021104 FS45 maple dry '
Fiko Nana CADOCUMENTS AMD SETTINGS'DIOMARIS PADILLADESKTOPWSPECTRACOP Y OF 021045PCWVI211 04 FS4.8 MAPLE DREY.SPC
Date Stamp 11022004 16:35:00 Date 13 Feb 004 03040 Techrigie | rift secd
SpectrafRagion IR XAxi Wanenumber [om -1 ¥Axk Absorbance
Spoctrnn Range 3991926 - 3999.6799 Poirts Cout 1865 Data Spacaig 1.9285
m o % B 8 m
' fus) ] ] i
m _ % s T
05 § _ "
B3 m
F 0.4 ] !
= i
B 0s i
£ :
02§ :
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7 T T T T T T T T T T T T T T T T T T T T T T T T T m
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. e T T S
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Maple Lumber Sample 1

Conataren 021104 F 544 maple dry
File Marie CADOCUMENTS AND SETTINGSADIOMARIS PADILLAD ESKTOPVYWSPECTRAWCOPY OF 0211045 P CW021104 F 544 MAFLE DRY.SFC
Date Stamp 114022004 16:35:00 Date 12 F eb 2004 02:20:40 Techrigue Invfr ar ed
Specfral Region IR HAxis W avenumber {em- 13 ¥V Azis Abs orbance
Specfrunt Barge 200 1926 - 3099 6309 Poinis Cownf 1858 D afz Spacing 10285
Mo | om-l 2 Intersity || Mo | cm-l A Intersty || Mo [ cm- A Irtersity | | Mo | cm-1 & Iritersity
1 | 422,35 | 0454 M 2 181027 | 0467 h | 153204 | 0465 i B1 | 574505 | 0505 s
2 | 45895 | 0471 M 211788 [ 0473 [l 42 [1837.83 | 0467 il G2 | 9752580 | 0503 s
3| %785 | 0466 M 23 | 162377 [ 0470 b 43 | 1584554 | 0470 Il B3 | S7E051 | 0.494 5
4 | B69.15 | 0436 Wy 24 1162855 [ 0.470 h 44 [ 15706 | 0470 Tl 54 | 377045 | 0.434 ]
5 | 135580 | 0462 Wy 25 | 163727 [ 0475 b 45 | 23469 | 0475 Il B5 | 377979 | 0493 =
G | 1421.55 | 0463 e X | 164651 | 0.468 hd 45 | 3546.45 | 0.499 = G5 | 350254 | 0497 =
7| 1435082 | 0462 W 27 | 1654 62 [ 0.479 hd 47 | 3B6Y .65 | 0.500 = 67 | 360672 | 0.496 =]
8 143864 | 0465 Wy 28 | 1664 27 | D465 0 45 | 3586883 | 0499 = G5 | 331644 | 0485 s
9 | 145792 | 0465 M 2 | 167005 | 0467 b 49 | 3500.45 | 0.493 5 9 | 352222 | 0502 =
10 | 146563 | 0463 Wy 30 | 167554 | 0469 h 20 | 3159 | 0492 5 70 | 353955 | 0496 5
11 147335 | 0464 Wy 3| 168545 [ 0473 b S| 319.75 | 0496 5 7l | 3558500 | 0512 WS
12 11490.70 | 0465 W 32 17005 [ 0473 hd 52 | 362057 | 0503 5 72 | 356455 | 0.494 =
13 | 1495.42 | 0.464 Wy 35 | 170669 [ 0457 h 53 | 3650.58 | 0.504 = V3 | 357045 | 0495 ]
14 | 150506 | 0469 M 317184 | 0471 h | 3BE9.ET | 0493 s 74 | 358007 | 0.492 s
15 |15925.49 | 0,465 Id 35 | 173562 [ 0472 h %5 | 3675965 | 0501 = 7o | 358956 | 0.499 =
16 | 153506 | 0465 Wy 36 | 175295 | 0465 h 55 | 3691.08 | 0495 5 76 | 359165 | 0.496 5
17 | 154054 | 0466 W 37 | 176262 | 0465 h 37 | 3702065 | 0493 = V7 | 380515 | 0.500 ]
15 | 1560143 | 0477 M 35177419 [ 0470 b 55| 371230 | 0495 5 75 | 291564 | 0493 =
19 1157170 | 0467 [ 38 | 1755.75 | 0467 hd 98 | 372775 | 0480 = V8 | 383407 | 0.434 =
A 157749 | 0470 h 40 1179347 [ 0.469 hd G0 [ 373737 | 050 5 50 | 394571 | 0493 ]
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Maple Lumber Sample 2

Cormmrent 021104 F 545 maplenet 3 Frfe hizme CADOCUREM TS AMD SETTIMGEDIOMARIS PADILLADESKTOPMSPECTRAMWMAPLEVBETTER 024104 F S48 MAPLEWET 3.5PC

Date Stanp 11022004 1655 00 Diate 13 Feb 2004 0. 30:40 Technicie Infrared Spectral Reqion |F

Al Wavenuim ket (om-17 Yk Absntrence Spectrun Ramge 399,192 - 3999.6593 Poits Comst 1865

Dtz Spacing 19285
Mo cmr 1 A Fil'HH | Asym | Intensily || Mo o1 ) Fil HH | A=zym | Intersity || Ho cmrl A FirHH | A=ym | Intensity || Ho o 1 ) FiiHH | A=y | Inbens iby
1 | H462 | 0012 - - Y 27 [1671.70 [ 0030 - - hd 63 | te3r ez [onoes - - 30 7O 370266 | 0.0H - - 1]
2 | 42233 |0028 | 576 | 048 Y 28 [ 1677 .98 | 0035 hd 51 | 124684 | 0028 hd 80 371230 | 0.0 ]
3 | 43381 |04 - - i 28 | 161027 [ 0033 ] 55 | 187061 | ooey A 81 372773 | 007 - - ]
4 | 57661 | 0015 - - Y 20 [ 161792 [ 0092 hd 65 | 1ega00 | ooes 30 82 3777|005 | 675 | 022 1]
5 | GE1E |0ME | 323 | 058 Y 31 [ 162377 [ 0029 hd & | 191282 [ 0026 hd 83 [3745.08 | 0052 | 315 0.54 5
6 | 134028 | 0.018 i 32 [ 1629.55 [ 00490 hd 53 | 194389 [ 0026 hA 84 375280 | D055 5
7| 13EEAE | 0019 Y 33 | 1672 [ 0095 hd 80 | 239604 [ 0.042 hd 25 | 376041 | 0042 ]
8 | 137500 | 0020 i 34 | 169691 [ 0036 ] G0 | 344310 | 0087 W5 86 | 377015 | 0.04 ]
0 | 13Eea0 | 00z Y 26 [ 185462 [ 0092 ] 61 | 349962321 [ 0080 WE 87 377979 | 0.00 L]
10 | 1490007 | 0023 Y 36 | 165427 [ 0029 hd G2 | 350402 [ 0020 WE 82 |3785.58 | 0.025 ]
11 | 14905.85 | 0.023 i 37 [ 1670065 [ 0027 hd 3 | 352908 [ 0073 5 89 | 380254 | 0.0 ]
12 | 19184 | ooe2 Y 28 [ 167584 [ 0029 hd 54 | 353681 [ 0070 g o0 | 380872 | 0095 1]
13 | 142128 | 0,005 Tl 29 | 1625.42 [ 0035 hd G5 | 354645 [ 0.060 g 91 | 3816.44 | 0.042 ]
14 | 1430082 | 0023 i 40 [ 170091 [ 0035 ] 66 | 3554.16 | 0065 5 92 382222 | 0053 5
15 | 143864 | 0.023 b A [ 1718265 | 0031 hd &7 | 3667 566 | 0.067 g 03 | 3529.58 | 0.0 ]
16 | 194525 | 0.023 i 42 | 173662 [ 0034 ] G2 | 358385 [ 0062 5 94 | 3845.35 | 0.0H - - 1]
17 | 196702 | 0031 b 43 [ 17 [ 0029 i F | 250640 | 0051 1] 05 [32855.00 | 0057 | 572 1= s
18 | 1496662 | 0.024 Y 44 | 175292 [ 0027 hd 70 | 360238 [ 0060 hd 95 | 385465 | 0.027 ]
19 | 147335 | 0024 i 45 | 1762 62 | 0026 ] 71 | 361385 [ 0048 A 97 | 387043 | 0.043 - - ]
20 | 19p070 | 0oeq Y 45 [ 177418 [ 0029 hd 72 | 31a7z [ 0062 1] 02 (3250686 | 0028 | 528 087 1]
21 | 199842 | 0023 Y 47 | 178576 [ 0024 i 73 | 3E2aET [ 0060 - - g 99 | 3291.65 | 0.033 - - ]
22 | 1508.06 | D.0GE hil 48 | 17934 | 0028 ] 74 |3EE089 (0058 | 645 | 039 5 100 | 3905.15 | 0035 | 1389 | 0.33 ]
23 | 152298 | 0.024 Y 49 | 180312 [ 0024 ny 75 | 368230 [ 0.044 - - hd
24 | 153606 | 0.024 Y G0 | 1812.76 [ 0024 i 75 | EEERsT (004 [ 6532 | 086 hd
28 | 15T | ooer b 51 [ 1818.54 | 0023 i 77 | 37666 [ 0062 - - 1]
26 | 185012 | 0.043 Tl 52 | 1522.04 | 0025 i 73 | 369108 [ 004e hd
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Maple Lumber Sample 3

Comtrent #0031 T WS2 Maple 1 25 tum |
File Nana CADOCUMENTS AMD SETTINGSIDIOMARIS PADILLADESKTOPWSPECTRACOPY OF 031704 SPCWSA 051 704 VWS2 MAPLE 1 .25 TURM.SPC

Date Stamp 174052004 14:45:00 Date 17 Mlar 2004 14:5500 Tochnigue Infrared

SpectralRegion IR XNAxk Wigvenumber (om-17 Yk Absotance

Spectrum Range 3991926 - 3999.6399 Poidts Cownt 1868 Data Spacing 1.9285
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Maple Lumber Sample 3

Comnreri O TO0L 0 52 Maple 1 25 tumn

File Nanre CADOCUMENTS AND SETTINGSAD IOMAR 1S PADILLAD ESKTOPAVSPECTRAVC OPY OF 034704 SPCAC A DF1704 W' 52 MAPLE 1 .25 TURN.SPC
Dafe Sfamp 70352004 144500 O ake A7 hdar 3004 14:53:00 Techrigue Infrared

Spectral Regior IR X Axis i avenumber fem-1) VA xis Absorbance

Spectrunt Range 399 1926 - 3999.6399 Foinfs Count 1868 Datz Spacing 18285

Mo | omel A FurHH | A=ym | Intensity || Ho el A FuHH | Asym | Intersity || Mo e A Fut HH | A=ym | Intersity [ Mo | cmel A FurHH | Asym | Intensity
1 | 076 | 0072 - - WE 24 [ 169581 | 0.011 - - Il H | 21973 | 0042 - - hd 70| FFEz29 | 0002 - - i
2 | 42232 | 0052 WE 25 [165077 | -0005 | 084 0.55 Y 42 | 22745 | 0011 ' 71| 379008 | -0048 | 207 | 037 i
3 | 58318 | 0023 hd o5 [ 165452 | 0020 | 307 0.4 bt 4 | 34673 | 0013 - - ' T2 | 330294 | 0007 hd
4 | 68318 | 0010 - - hd 27 [ 166427 | 0.007 - - hit 81 | 3E058 | 002 | 266 | 045 A 73| 380272 | 0007 hd
S [42423 | 0005 | 40z [ 077 hd 28 [ 167005 | 0.005 ] 51 | 25844 | 0005 | 070 | -0 )0 74 | 31258 | -0094 - - iy
G 142264 | 000G | 227 | -0492 hd 20 [ 167584 | 0.007 - - Il 52 | 7.0 | 0013 - - 1 TEH |6 | 0005 | 062 0.05 hd
T o[ 19aT.a2 | 0009 - - hd 20 |83 52 | -0005 | 203 0.5 Wy 53 | ATaT3 | -0Ms ' TE | 2aEe2e | 0014 1.680 011 hd
2 [14965.62 | 0004 hd 2 [ 182548 | 0012 | 242 0.72 b 54 | 2520 | -0.011 - - ur JT | 33572 | 002 - - 1)
9 [13225 | 0005 - - hd 32 [ 1692319 | 0005 - - Wy 55 | 29109 | 0092 | 463 | 008 h 72 |33358 | 0006 | 264 | -022 hd
10 [ 190070 | 0005 | 2562 | 0.55 hd [ 163208 | 0005 Y 55 | 20880 | 0005 | 188 | 051 ' 79| 338115 | 0022 - - WA
1 [ 198842 | 0004 - - hd 34 [ 174826 | 0.009 - - bt 57 | ZP02E6 | 0007 | 202 | 034 hd 20 | 336500 | 005 | 260 0.07 hd
12 [150420 [ -0008 | 207 | 001 L 25 [1TMIE | -0006 | 172 | 039 Wy a8 | Foedd | 0011 | 382 | -057 ur 81 | 386079 | -0002 | 4.55 0.25 L
13 [ 150805 | 0011 253 | 076 hd a5 [173s52 | 0010 | 241 | 025 hit 5| 371230 | 0092 - - A 82 | 386250 | -0010 - - L
14 | 1523498 [ 0005 hd AT | 0005 | 207 | 052 ] G0 | FF20.685 | -0.011 - - )0 23 | 237e45 | 0092 | 245 | 025 iy
15 [ 152505 [ 0005 hd 3B [ 17252 | -0005 | 316 0.2 Y G1 | 273727 | 0016 | 249 | -029 hd 24 | 23E2.03 | 0010 - - L0
16 | 154084 [ 0002 - - hd 20 [18H 5D | -0005 | 205 0.07 Wy G2 | FF.22 | 0014 - - ' 25 | 238072 | -0000 - - i
A7 [ 156627 | 0004 | 177 | 093 1) 40 | 2345084 | 0.009 b G2 | Fra6.08 | 0022 1.41 015 h 26 | 29a7.43 | 0012 | 4.53 0.25 1)
18 | 195013 [ 0019 - hd 4 | 225080 | -0.005 - - Wy G4 | Frge.ed | -0.009 - - ' 87 | 290515 | 0009 | 269 0.20 hd
19 [ 15741.70 | 0007 hd 42 | 243653 | 0026 | 19235 | 022 Il G5 | Fr52e0 | o0q8 | 281 | -062 hd 22 | 201479 | 0002 | 2.5 | -064 i
20 | 157798 | 001 - - hd 43 | 3567 66 | 0.020 - - bt 66 | 378665 | 0004 | 183 | 081 e 589 | 383022 | -0005 iy
21 | 161798 | 0016 | 621 0.71 hd 44 |388888 | 0018 | 452 | -001 hit 67 | 376051 | 0005 133 | -054 A

22 | 162055 | 00132 - - hd 46 | 360238 | 0.009 - hit 62 | Feee | -0.006 - - ur

23| 1837.27 | 07 | 642 | 067 hd 45 | 264305 | 0.003 ] 6 | FFFasd | 0007 | 421 059 )0
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Cherry Lumber Sample 1

Comntent 031704 WSS Cherry Waood 1 25turn _ i
Fike Nane CADOCLUMENTS AMD SETTIMGEDIOMARIS PADILLADESKTOPWSPECT R ARIDAWET 7TOd OTHER'WOS1 /04 WSS CHERREY WOOD 1 .25 TURMN SPC
Dl Stawp 1740372004 1 4.07.00 Dite 17 har 2004 1413:08 Techuipio Infrared
SpoctralRogion R AE WWaterumber [om-11 YiAxk Absorbance
Spoctrum Range 3991926 - 3939.6399 Poirts Coant 1863 Data Spacing 19285
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Cherry Lumber Sample 1

|| Comment 037040 55 Cherry Wi ood 1.25 turn :
| File Name CODOCUMENTS AHND SETTINGSWD IOMARIS PADILLAD ESKTOPVESPEC TRAZOOMOZI704 OTHERW3MYO4'W 55 CHERRY W OO D 1 .26 TURH.SFPC |
|| Date Sfanp 17032004 14.07.00 D afe A7 Mar 2004 14:13:08 Technigue Infrared |
! Specfral Region IR X A zis W avenumber {cm- 1] Y Axis Absorbance i
| Soecfrum Rarge 3001026 - 30006300 Poinis Counf 1868 Dz Spacing 1.9285 H
m Mo | cme A FiHH | Asym | Intersiy (| Mo cm-l A Fi'HH | Asym | Intersity [ Ho | om-1 A Fu'HH | A=swym | Intersity [[Ho | em-1 A Fil HH | A=ym | Intensity i
HIE! 40691 | 0018 un 15 | 156013 | 0.047 - - Lt 28 | 3628 37 | 0053 - 5 43 | 380872 | 0.0438 - 5 m
m 2| 4223 | 003 hd 16 | 157749 | 0038 - - I 30 | 365059 | 0053 - g 44 | 331644 | 0.047 - 1 i
HIEEREEG R - - n 17 | 1617 98 | 0.044 - - I 31 | 3659457 | 0.045 - hd 45 | 3§22.22 | 0.056 - 5 m
m 4 | 48790 | 006 | 1523 | 051 B 18 | 163727 | 0045 - - I 32 | 367566 | 0.057 - g 46 | 3523958 | 0.047 - I i
| 5 | 52204 | D002 B 19 | 164591 | 0038 - - I 33 | 369109 | 0052 - g 47 | 384536 | 0.043 - Il m
m =} 56118 | 0.011 un 20 | 16552 | 0.043 - - 5 34 | 3702 66 | 0.045 - ] 48 | 3855.00 | 0.071 - W5 |
7 58318 | 0017 un 21 | 163548 | 0.039 - - Lt 35 | 371230 | 0052 - 5 48 | 3E64.65 | 0.039 - 0] m
m a8 G248 | 0003 W 22170081 | 0039 - - Lt 36 | 3727 T3 0039 - ] S0 | 387043 | 0.046 - 0] |
HE:] GEa. 12 | 0.011 - - un 23 | 171826 | 0034 - - Lt 37 | 3F3TAT | 0057 - 5 51 | 382007 | 0.032 - 0] i
m 10 | 87582 | 0007 | 1174 | 020 B 24 | 1T3562 | 0035 - - I 38 | 374508 | 0055 - g 52 | 388586 | 0.042 - Il m
11| 1457 82 | 0044 hd 25 | 239594 | 0043 - - I 38 | 375250 | 0.050 - g 53 | 3891.65 | 0.035 - Il i
| 12 | 150806 | 0038 hd 26 | 356766 | 0066 - - 5 40 | 376051 | 0.045 - hd 54 | 390515 | 0.037 - Il m
m 13 | 153506 | 0,20 ] 27 | FsEeas | 0053 - - =1 4 | 3FF0A45 | 00449 - ] H
m 14 | 154277 | 0052 ] 28 | 1873 | 0.054 - - 5 42 | 30294 | 0049 - 5 m
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Cherry Lumber Sample 2

4000 3300 3600 3400 3200 3000 2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 go0 [=10]] 400
Wigvenuimber (cm-1)

Coiment o et CoyFSAS2 |
Filp Nana CADOCUMENTS AND SETTINGSDIOMARIS PADILLADESKTOPISPECT RAZI0HI021 1045P CV021 104WET CHERR Y FS14 2.5PC

Dita Stamp 11022004 14:43:00 Date 13Feh 2004 022726 Techiicgre I et

SpectralRegion IR A hocis Wiavenumber (om-11 Y AxE Abeorkbance

Spectrunt Range 3991926 - 32996399 Poiits Cowrt 1555 Datz Spacing 19285
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Cherry Lumber Sample 2

| Commrent 0211040 et Cherry F514 2 .
| File Name CADOCUMENTS AND SETTINGSADIOMARIS PADILLAD ESKTOPAWSPEC TRAZOOPOZ1104SPCO21104 W ET CHERR™Y FS14 2.5PC i
| Date Sfang 140022004 14:43:.00 Dafe 12 Feb 20040227 26 Techmigee Infrared |
| Spectral Region IR X Axis Wl avenumber (em- 1) ¥ Axis Absorbance .
| Specfrunt Range 300 1026 - 30005300 Poirfs Coumf 1868 Dziz Spacing 1 0285 i
m Mo | cm-1 A Irtensty | [Mo | om-1 A Intensty | [Mo | cm-1 A Irtensity | |Mo | cm-l A Irtensity m
j 1 | 406.51 | 0005 AN 12 |1457.92 [ 0101 = 23 | 3621 66 | 0.OED i 34 | 351644 [ 0049 i _
2| 42235 |03 Wy 15 | 1506.06 | 0103 = 24 | 3629.537 | 005 Tl 35 | 352222 | 0.0BO Il i
3| 431.85 | 0005 AN 14 | 158013 (0112 W 25 | 3650.59 | 0088 i 36 | 353955 [ 0.049 i
j 4 | 466.69 | 0012 WY 15 |1637.27 [0.110 W 26 | 3677.59 | 0052 Tl 37 | 354556 [ 0045 Il
5| #7247 oMz Wy 16 | 1645.54 | 0102 = 27 | 3691 .09 | 00% i 35 | 385500 [ 0.OFS = .
] 5 | 493.69 | 0011 WAy 17 | 165462 | 0116 W 28 | 3712.30 | 003 i 39 | 357043 [ 0047 M
7| /554 | 0038 i 15 | 1685.45 | 0106 W 28 | 3737537 | 009 i 40 | 358556 | 0.041 b i
] G | f05.54 | 0035 il 19 |1700.91 | 0105 e 30 | 3745.08 | 0065 I 41 | 389357 | 0.036 I
9 | 2289 | 0036 i 20 |1735E62 | 0104 = 31 | 375280 | 0.06R4 I 42 | 390515 | 0.038 I i
m 10 | 66915 | 0047 il 21 | 2346594 | 0100 = 32 | 380284 |00 I
] 11 | 721.25 | 0040 M 22 | 355868 [ 0.068 Il 33 | 380872 | 0os? il
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Cherry Lumber Sample 3

Wigvenumber (cm-1)

Connnerst 031704 M35 Cherry KBrS 2 .25t _-------.----.-----------.---------------.----------------.-----------.----.."
Filp Nana CODOCUMEMNTS AMD SETTINGSDIOMARIS PADILL ADESKTOPWSPECTR A004VTET 704 OTHER'OI1 704 W3S CHERRYKBR 5 2 25TURM.SPC
Dl Stamp 17032004 16:55.00 Date 17 hdar 2004 1 7 10:50 Tochnigre Infrared
Spoctral Region |F X Axe Warerumber fom-11 ¥ Axk Asorbance
Spoctay Range 399.1926 - 3999.6339 Points Count 1863 Data Spacirg 19255
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Cherry Lumber Sample 3

Caontnrend 031704 W35 Cherny KBr S 2 25tum

File Mante CADOCUMENTS AND SETTIN GSADI0OMARIS PAD ILLAAD ESKTOPVSPEC TRAZOOMO31704 OTHERWIZI 704 W25 CHERRY KBR 5 2 25TURKN.SFC

Ozfe Sfama 7032004 16:55:00 Oate A7 har 2004 17:10:50 Teohiiyue Infrarad

Zoecfral Region IR K Axis W awenumber fem-11 ¥ Axis Abzarbance

Specfrun Ramge 300 4926 - 30005300 Painis Cauaf 1262 Dafz Spacing 1.0225
Ma e A FUrHH | Asyvm | Intensity || Mo cm- 1 A FiWHH | A=ym | Intersity | | Mo o1 A FiHH | Asym | Intersity || Mo cm-1 A FUWHH | Asym | Intens ity
1 | HMOTE | 0.021 - - b 17 [ 157798 | D026 - - b 23 | 361973 | 0.047 - - s 48 | 0294 | 0.040 - - b
2 | 812 | 0015 - - Wy 12 [ 161798 | 0034 b 24 | 3629.37 | 0.054 s 50 | 0872 | 0029 b
3| 43776 | 0013 | 2659 | -0 LU0 19 [ 1627.27 | 0037 I 25 | 365059 | 0.054 5 51 | 281644 | 0029 hd
4 | 46705 | 0,011 - - LU0 20 [ 164694 | 00021 I 26 | 365657 | 0.044 5 52 | w222z | 0047 5
5 | 48790 | 0005 | 1149 | -018 AN 21 [ 165462 | 0040 I 37 | 366957 | 0.040 hd 53 | 253058 | 0029 hd
G | 768 | 0.0 - - i 22 [ 168548 | 0u031 b 23 | 367565 | 0.050 s 54 | Z255.00 | 0.058 5
7 | 55504 | 0012 i 22 [ 170091 | 0031 b 29 | 3691.09 | 0.044 s 55 | =6465 | 0022 b
g | 83240 | 0.012 LU0 24 (171825 | 0028 T 40 | 370265 | 0039 hA 55 | 37043 | 0038 b
9 | 65918 | 0.014 LU0 25 [ 173562 | 0030 T H | 371230 | 0.044 5 57 | 388007 | 0027 b
10 | Ba425 | 0003 WA 26177419 | 0026 I 42| 372773 | 0oas hA 52 | FEa5.86 | 0025 b
11 [ 1422864 | 0.00 LU0 27 [ 179347 | 0025 I 43 | 3737ET | nodge g 50 | FE91.65 | 0029 b
12 [ 14967 .82 | 0.029 b 28 | 234502 | 0048 5 44 | 3745.08 | 0.055 s G50 | 280515 | 0.021 b
13 | 1508.06 | 0.027 b 20 [ 235430 | 0049 5 45 | 375280 | 0050 s 61 | 2891864 | 0.020 W
14 [ 1535.06 | 0.021 T 30 | 3557.65 | 0.057 5 46 | 376051 | 0038 hA
15 [ 1540.84 | 0.025 1 21 | 358885 | 0.054 5 4 | 377045 | 0.037 hA
16 | 156013 | 0.025 I 22 | 361395 | 0042 5 42 | 377979 | 002s hA
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Pine Greenwood Sample 1

Commont 092104 Pine Sampds-2 Filp Namo CADOCUMENTS AMD SETTINGSIDIOMARIS PADILLADESK TOPYSPE CTR&A000401921 040921 04 PINE SAMP43-2. 5P C
DNate Stamp 210952004 14:04:00 Date 21 Sep 04 14:2730 Tecinigie Infrared _ Justrument OMMIC
Speciral Regiox IR XAxE Wiavenumber (om-11 Y Axi Absorbance _.mbmngi Range 3899.2123 - 39995575
Poinls Count 1363 Dita Spacig 1.9286 I
T m
05§ :
83 |
5 04 3 {
= 3 i
2 53 3 i
74 "
023
673 m
= AR L L A L o e e s A E s e e e e .
950 a00 850 500 750 Tan B50 &00 550 500 450 400 350 i
Wavenumber (cm-11 i
0E .
3 B m
035 J o2 m & 0
no_ 3 o mA R '
£ 04 T REE8 B :
£ 7 T = "
B 033 f & :
& 74 B :
773 R , ]
TR :
R T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ”
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 500 400
Wiavenumber (cm-1) .
Mo | cm-1 A Imtensity (| Mo [ cm-1 iy Irtensity _
1 | #1850 | D522 s 10 [164892 | 0195 W
2 | 44164 | D362 [ 11 [1726.06 | 0.204 W H
3 | 45707 | 035 h 12 | 234599 | 0.204 W _
4 | 47250 | 0328 1 13 | 3648.84 | 0.311 ot
5 | 91685 [ 0280 1 14 |3675.84 | 0.306 [ !
E [144256 | D208 W 15 | 373562 | 0313 ]
7 (151199 | 01% W 16 |3751.05 | 0.319 Iuf 1
g [1535194 [ 019 W 17 |3853.27 | 0.342 [ !
9 164121 | 0206 | W i
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Pine Greenwood Sample 2

Comment 092104 Pine Sampds-4 dherdie _ .
Fe Mo CADOCUMENTS AMD SETTINGEDIOMARIS PADILLADESKTOPWSPE CTRALO0M0821 04092904 PIME SAMP45-4 OTHERDIE SPC
Late Stanp 210972004 1320000 Dite 21 Sep 2004 133448 Techkige Infrared hestrument CMMIC
Spectraf Regiox R XA W awverumber (om-11 YAxs Absorhance Spectrm Ramge 399.21 73 - 399956375
Point Connt 1865 Data Spacing 19286 _
04 ;
B__4 i
g 0.3 i
f= 3 .
i "
%0z "
o1 m
- T T T T T T T T T T T T T T T T T T T T T T T T T T T m
Q30 ang G50 a00 a0 700 E30 GO0 250 S00 430 400 350 i
Wiavenumber (cm-1) .
; . m
oBEEE "
w0 REegs i m
B | i o) '
23 S & g
.W ) E ﬂ_,_ '
53 e "
# 0z "
] m
B T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T "
4000 3800 3600 3400 3200 3000 2800 2800 2400 2200 2000 1800 1600 1400 1200 1000 200 g00 4000
Wavenumber (cm-1) i
o cm-1 A Intensity [| Mo | cm-1 A Irtensity m
1 | #1850 | 0395 5 10 (16845592 | 0234 W _
2| #4357 | 0302 hd 11 (172606 | 0.235 W _
3 | 45707 | 0297 1 12 (2345399 | 0239 e !
4 | 47250 | 0283 [ 13 [ 364584 | 0287 ] _
5| 144256 | 0240 W 14 [3675.84 | 0285 h |
E | 151189 | 0233 W 15 [373562 | 0287 M !
7183514 | 023 iy 16 [3751.06 | 0.290 M _
8 |154B71 | 0233 Wy 17 [ 385327 | 0.301 ] .
9 | 162963 | 0243 | W m
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Pine Greenwood Sample 3

Commnrent 092104 Pine Samp49 Fie Mo CADOCUMENTS AMD SETTINGSWDIOMARIS PADILLADESK TOMSPE CTRA0040921 04092104 PINE SAMP49.5PC
Dite Staeip 210952004 135900 Dita 21 Sep 2004 14:27:40 Tec ke Infraved B travsira it QM
Spechaf Reqgion R X Axes Wavenumber (om-1) YAxk Absotance Spectrnn Ramge 3932123 - 3999 85375
Point Connt 1865 Data Spacing 1.9286 |
05 3 1
05 } :
B__ 4 i
E 04 '
m | 1
FIERE ]
£0% m
0z m
TERE :
E T T T T T T T T T T T T T T T T T T T T T T T T T T m
930 00 gs0 a0o 750 700 B30 G600 550 S00 450 400 350 i
Wsvenumber (om-11 i
06 3§ H
1 B :
05 3 m 2 g :
EeTr R ] H
8 BROEZ 2 "
T 0.4 | mom R o =] .
g7 = g :
m 03 ] f bt 0
- L "
0.2 3 .
013 _
5 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T "
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 GO0 i
Wsvenumkber (cm-11 i
Mo | cm-1 A rtensity (| Mo | om-1 A Intersity m
1 | #1850 | 053 = 10 (164592 [ 0198 W .
2 | 45707 | 0365 h 1 [1726.06 | 0.205 W _
3| 472450 | 0337 h 12 | 234899 [ 0.203 W _
4 | 81685 | 0.290 [ 13 | E45.84 [ 0.308 ] !
5| 144256 | 0.0 Wy 14 | FE75.84 (0301 ] _
B | 150235 | 0.203 W 15 | 373562 [ 0309 h 1
711511589 | 0198 W 16 [3751.05 [ 0.314 M i
g | 153514 | 0196 W 17 | 3858327 [ 0337 M _
9 |164121 | 0.0 W i




Maple Greenwood Sample 1

Comment 082104 Maple Sodt Sanp34 _

File Mo CADOCUMENTS AMD SETTIMNGSDIOMARIS PADILLADESKTOPSPE CTR AW APLEWIS2 04 MAPLE SOOT SAMP 34 5PC | Date Stanp 210952004 16:07.00
Date 21 Sep 004 16:4214 Techigue Infrared Iestrament OMMIC Spectralf Region IR

XAis Wgvenum ey fom -1 Y Axk Abzothance Speciram Range 3992123 - 3999 5375 Poitts Coumt 1868

Dta Spacing 1.9286

[l
h

=)
=y
87557

Absarbance
[l
L]

=
ka2

[}
pry

930 00 gs0 §00 750 a0 Es0 600 550 S00 450 400 350
Warnvenumber (cm-1]

]
= fen]
05 § I
304
2 3
o
m —_—
5 03 §
3
02§
01
K T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 3500 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 00 GO0 400
Wavenumber (cm-11
Mo | cm-1 A Itensity || Mo | cm-1 fiy Intensity [| Mo | cm-1 Fiy Intensity
1 | 41850 | 0460 = 11 [1461.85 | 0275 W 2 234599 [ 0223 W
2 | 45707 | 0310 b 12 [1511.99 | 0246 Le 22 | 362955 | 0357 i)
3 | 47250 | 0.286 b 13 [1535.14 | 0240 Le 23 | 364584 [ 0373 i)
4 | 50143 | 02352 W 14 [ 154671 | 0242 Le 24 | 367584 | 0367 b
5 | 516485 | 0245 I 15 [1612.258 | 0250 W 25 | 368934 | 0358 [
6 | 52650 | 0241 I 16 [ 164592 | 0237 i X% | 371055 | 0357 [
7| T1357 | 0216 I 17 [1691.35 | 0.241 i & |37Ti562 (0374 [
g | 87557 | 0.229 W 18 [1726.06 | 0242 Le |37 0 | 053 b
9 |108964 | 0.24E Wy 19 [1737 63 | 0236 Wy 23 |382048 [ 0373 [
10 [1440 64 (0282 ] 20 | 228342 | 0258 Wy [ 3853.27 | 0406 3




Maple Greenwood Sample 2

092104 Maple S oot Sanpl3d-3 _

CADOCUMERNTS AMD SETTINGSIDIOMARIS PADILLADESKTOPSPE CTR AMAPLEWIS2 04 MAP LE SO0OT SAMP34-35PC

21/09/2004 16:11:00 Date 21 Sep 2004 16:.41:44 Tochnige Infrared _bﬂ.n_;__az.i OMMIC

IR XNAxk Wavenumber (cm-17) Y ks Absorhance _ Spectram Ranqge 3992123 - 39998375
Poirts Count 1868 Data Spacing 1.9286

B
[
[
4 p2
2 E
]
01
L T T T T T T T T T T T T T T T T T T T T T T T T T T T
950 900 50 o0 750 Fon E50 E00 550 500 450 400 350
. Wavenumber (cm-1]
LR TP .
WERYYewoo gl o 1853254M%4.8 =
BEELeBEngn 82 sk s P e s .
IO i 0 e z H CNEEZERRRE” 3 w B pR oo
g 89 plel R T w0 Dogm gl
2 73 | Finh T
[ 3 |
£
3
& 02
04

L L L L L I B L L I B B L L L L e L o L L L L B e R R L R R RER LN RRREE R e e
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 a0 600 400

Wizvenumber (cm-11

Mo | cm-1 A Intensity ||MNo | cm-1 iy Intensty || Mo | cm-1 A ntensity
1 | #1550 | 0.286 I 12 | 1510006 | 0.287 I 23 | 3567584 | 0328 WE
2 | 45707 | 0252 i 13 | 153514 | 0282 I 24 | 362855 | 0.326 WS
3| 47250 | 0246 i 14 | 156214 | 0282 I 25 | 3E45584 | 0327 WE
4 | 50143 | 0235 W 15 | 1615.06 | 0.283 I X | 367005 | 0324 =
5 | 51878 | 0235 WA 16 | 164592 | 0278 I a7 | 367554 | 0327 WE
E | 52650 | 0.234 WA 17 | 1E56.63 | 0279 ] 25 | 368934 [ 0324 )
7| 1357 | 0238 i 18 | 1691.35 | 0276 I 2 | 3735E2 | 0327 WE
8 | 87557 | 0263 ] 19 | 172028 | 0276 ] 30 (374527 [ 0328 WS
9 |1087.7 | 0.283 I 20 | 17357 | 0274 I | 3Te105 | 0330 WS
10 [14387 | 0.322 ) 21 | 228342 | 0287 ] 32| 385327 | 0337 WS
11 [1500.42 | 0.291 T 22 | 234599 | 0269 T
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Maple Greenwood Sample 3

Corrret 092104 Maple S oot Samp3d-3 _ ...................................................................................
Fiie Mame CADOCUMENTS AMD SETTINGSDICMARIS PADILLADESKTOPYSPE CTRAWS21 04092104 MAPLE S00T SAMP34-3.5PC
Dte Stamp 21/09/2004 16:11:00 Date 21 Sep 2004 16:41:44 Techuigue Infrared _ Instrement CMMIC
Spectral Region IR XAxes Wanvenumber (cm-11 YAxs Absorhance _ Spectrnnn Rarge 3992123 - 39998375
Poinls Count 1868 Dats Spacing 1.9286
0075
] o "
s L @
£ 0050 [ I
@ |
S
0.025

=
o
[
=
=
=]

T T T T T T T T T T
930 900 gal ] 7a0 700 B30 600 4250 a00

Wigvenumber [om-1)
o4 o
T g
B
<
& £
B = w
= =]
& 007 =
5 |
% 0050
0.025

T T T T T T T T T T T T T T T T T T T
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 &00 &00 400

‘Wavenumber (cm-1)

Mo | cm-1 iy PHH | Asym |Intensity (| Mo | cm-1 A FPWHH | Asym | Intensity ([ Mo [ cm-1 A, FPWHH | A=ym | Intensity
1 | #1850 [ 0037 | 405 | 076 1 14 |1618.06 | 0.048 - - 1 27 | 364884 | 0016 - - Wi
2| 44357 (0006 | 590 | -001 ik 15 |1629.63 | 0.048 - - M 28 | 367005 |02 - - W
3| 45707 [0S - - W 16 |1639.28 | 0.046 - - M 29 | 367584 | 0015 - - W
4 | 47250 (02 - - W 17 |164592 | 0.043 - - I 30 | 36893 (0011 | 920 | 0EB9 W
S| 71357 (03 - - Wy 18 |1656.63 | 0.044 - - 1 31 |371248 (0010 | 754 [ -0.09 Wi
6 | 87557 | 0037 - - 1] 19 [1664.35 | 0.042 - - 1] 32 |373562 (0012 | 743 [ 002 Wi
7 | 108575 | 0055 - - = 20 |1691 .35 | 0.040 - - M 33 |374527 |03 - - W
g | 1437 | 0090 - - WE 21 |1720.28 | 0.040 - - I 34 1375106 | 0014 - - W
9 |142992 [ 0085 - - WE 22 [173571 | 0.038 - - [ 351380120 [0010 | 1509 | 044 i
10 [ 151006 | 0.054 - - 1 23 |2283.42 | 0.045 - - 1 36 | 3820458 | 0010 | 1384 | 015 Wi
11 | 153514 | 0048 - - M 24 1234599 | 0.026 - - W 37 | 385327 | 0016 - - W
12 | 156214 | 0045 - - M 25 |3619.91 | 0013 - - W

13 | 157949 | 0045 - - I 26 |3629.55 | 0.016 - - W
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White Oak Greenwood Sample 1

Comnont 0901 04 White Oak Semp 2 4 green _
Fife Naa CODOCUMENTS AND SETTINGSDIOMARIS PADILLADESKTORSPECTR ASPEC TR 2500410901 04030 04 WHITE OAK SAMP 2 4 GREEN.SPC
Dixte Sty 01092004 16:45:00 Do 01 Sep 2004 1656534 Techikgue Infrared
Spectral Region 1R XAxE Wavenumioer [cm-1] ¥ ik Ahzorance
Spectnun Rakge 3991926 - 3999.6399 Poirls Conmt 1868 Data Spacing 1.89285
010 4
B 1
. in -
g 5 o
g ___1 A o = pges oS
0= P @ == A T
= W 5= =
Fo [Ty) o= =+
_ L riayils

as0 Q00 50 00 a0 o0 ES0 g00 S50 00 450 400 350
Warvenumber (cm-1)
(2]
e
=
2 L == m o 0=
£ . To22 o B, oekefl="o%
b 3 B g Bp o wm D wfire—
g e BrEYESEeY o Lepdialos TN o
L et gt s 52 g SRERESE Tl Bedn .
g =E_B = BETY R I i L. HEg i w
5 nEza | e T o ) m11rrIJ|,HJr_J_ ! | =2F ui o e
= I s — = @
% iy ____ 1! il T e ~ r[lyﬂ._lm_:___ ﬂlLI]L _u_u %9 MJI. %@M
0os . cE e gly
3 (il (T P
|..____..._.____....__._._._.___..._.__.__..._.._._._.___..._.__._..._.__._..._ MRAE LR LN L LA LN LA LR I B LA UL I IS LALLM LU I IS LA LA L
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

Wavenumber (om-1)
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White Oak Greenwood Sample 1

Canrtrrens 020104 W hite Dak Samp 24 green

Fite Waie CADDOCUMEMTS AND SETTINGSADIOMAR IS PAD ILLAESKTOPEPECTRAVSPEC TRAZEDOPOO0 1000104 W HITE D AK SAMP 2 4 GREEN.SPC

Dafe Sfamg 0092004 16:45:00 Dafa 0 Sep 2004 16:56.:24 Techiiyue Infrared

Specfral Region IR X A Ris W gvenumber (cme A1) ¥ Azis Abzarbance

Specfrunt Range 3091926 - 3090 629 Points Courf 1865 Dafz Spacing 1.9285
Mo el A FulHH | Aeym | Intersity || No cm-1 A Fiul HH | Asyvm |Intersity || Ho el A Fi'HH | Asym | Intensity || Ho cme A FiullHH | Azym | Intersity
1 655 | 0012 - i 27 [ 186013 | 0.097 - S 53 [ 184654 | 0053 - - hA 79 |EEeaT (0064 | 3N 006 hi
2 428 | 0037 iy 28 [ 156077 | 0085 h 54 [ 18708 | 0052 h o) [ AETEEE | 0005 S
2 42002 | 0019 L0 28 [1577.40 | 0082 h 85 (182000 | 00499 h 21 [5Ead6 | 0072 h
4 | 96680 (0014 iy 20 [16510.27 | 0055 h 5 [1918.82 | 00499 h 82 [IT02EE | 0052 5 5 h
5 &61.18 | 0020 i 31 [ 1681798 | 0065 hA A7 [ 194389 | 0049 hA 23 |a7230 | 0072 | 622 0z0 hi
[i] A70.83 | 0022 i 32 [162aFY | 006D hA 82 [ 234602 | 0053 hA 24 372580 | 00499 - - hi
7 Goa.1e | 0022 L0 32 [1620.55 | 0055 h 80 [23r201 | 005 h 25 (7544 (0082 | 5.0 ozs S
2 Ji2.82 | 0020 & & L) 24 [1637.27 | 0072 i G0 242110 | 0.057 i o5 [FFac0g (0054 | 34 | -070 i
g 27542 | 00495 | 2133 | 014 Ll 25 [1645.01 | 0084 & & i G1 (244210 | 0055 i 27 [IFE0ET | 007 g g i
A0 | 134028 [ 0080 ] 36 [ 1685462 [ 0084 | 892 07e S G2 [3996.31 | 0052 hA 22 [a7Ensd | 0096 - - hi
11 | 136343 [ 0055 ] 37 [ 186427 | 0.054 - - hA f3 [3804.02 | 0052 hA 29 [37M0A5 [ 0057 | 049 | -0.62 hi
2 [ 137500 [ ons0 h 28 [167T0.05 | 0052 h 64 (200084 | 0055 h o) [F7raro | 005z h
13 | 138350 [ 0070 hd 38 [1675.84 | 0.052 hd 65 |[3620.00 | 0053 hd a1 [378558 | 00 hid
4 [ 141935 [ 0415 g 40 [ 183545 | 0.070 hd GG [3635.81 | 0.052 hd 02 [379522 | 0029 i
15 | 1402 [ 0419 =] 44 [ 170091 | 0.070 b E7 | 2596.46 | 0.059 b oz (=010 | 0061 - - A
6 | 14T [ 0120 e 42 [ 170669 | 0.054 b B2 [ 285224 | 00532 b o4 [Z0670 008D | 502 0gg A
7 [1a4eze (0422 ] 42 [1718.26 | 0082 h 60 (20780 | 000 h 05 [=E3020 | 0053 h
13 | 145792 [ 0437 e 44 [ 173562 | 0.061 hd 70 [ 35023 | 0046 hd 95 [3E3186 | 0030 - - i
19 | 148563 [ 0112 S 45 | 1751.05 | 0.056 hd 71 |38%m88 | 0065 hd o7 |323955 | 0060 | 985 nrs hid
20 (14735 0410 ] 46 [ 17Ez.62 | 0052 h T2 | 2040 | 0050 h o2 [=FRE308 | 0405 S|
21 [ 149070 | 0092 ] 47 [ 1TT226 | 0055 h 72 | 260040 | 0050 h 00 [ =Bede5 | 00495 A
22 (19942 | 00e h 42 [178576 | 00F h 74 (260216 | 0050 5 h 00 [ 227043 | 005 h
23 [ 150806 | 0097 S 49 [ 17347 | 0056 hA 76 |aE@F3 | 00r0 | 633 | -005 hA
24 [ 152156 | 0077 ] &0 [ 1801.19 | 0.051 hA 76 |3620.37 | 00a2 - - S
256 [ 1543 | 0064 1l 51 [ 183041 | 0052 h T7o|=em0b0 | 00os | 480 | -074 ]
26 [ 154084 | 0081 1l 52 [1837.83 | 0045 h T8 |=26886.3T | 0OG2 - - h
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White Oak Greenwood Sample 2
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Connent 0901 04 White Cak Soot '
File Nane CODOCUMENTS 8MD SETTINGSDIOMARIS PADILLADESKTOPVWSPECTRASPEC TR AXP004W0901 04090 04 WHITE OLK SO0T GREEMN.SPC
Datp Stamp 01092004 15: 26:00 Date 01 Sep 2004 15 27.58 Tochunigue Infrared
Spoctral Region |F Al Wanenumber (em-11 Yk Absorbarnce
Spectr Range 3991926 - 3999 6339 Poirits Coant 1865 Data Spacing 19285
th o4 ey S e g2 =
E : g E 2 g 3 B8%
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o= _ T 7 T T 0T
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White Oak Greenwood Sample 2

Commnant 0901 04 White Oak Soot

e Name CDOCUMENTS S0 SETTINGEDIOMARITS PADIL SDESKTOPYWSPECTR ASPEC TR ALDI04'0301 040901 04 WHITE © 04 S00T GREEM SPC

Date Staxp 01 094004 15: 2600 Date 01 Sep 2004 152758 Tochnigue Infrated

Spectral Reqgior R X Axis Wanvenumber (cm-17 Yixs Ahzotbence

Spectnnm Rarge 2899 1926 - 3999 6599 Poinls Connt 1865 Data Spacing 1.9255
Mo cin-1 A Intersity || Mo cin-1 A Intersity || Mo cm-1 A Intensity || Mo cm-1 A Intensity
1 41076 | 0461 M 27 | 154084 | 0.469 M 53 | 1870K1 | 0.452 W 79 |3702E6 | 0471 i
2 | 42619 [ 0454 [l 253 [ 156043 | 0.455 [l 54 [ 1918582 | 0.449 W 80 [3M1230 | 0487 Il
3 | 43969 | 0449 W 29 | 156977 | 0462 M 55 | 1943589 | 0.449 W 81 |372580 | 0467 i
4 | 46476 | 0445 W 30 [ 157749 | 0473 M 56 | 234502 | 0.461 i 82 [373544 | 0487 i
o | 56115 [ 0445 W [ 181027 | 0.461 h 57 | 2537201 | 0.459 Il 53 [374508 | 04580 Il
5 | 55515 | 0.445 W 32 | 1B17E5 | 0473 il 55 | 294670 | 0.494 = g4 375057 | 0489 Il
7 | 66315 | 0430 W 33 | 162377 | 0465 il 59 | 4810 | 0507 = g3 |3760:31 | 0471 Il
5 | 4632 [ 0430 w 34 | 162355 | 0.463 [l B0 | MIE31 | 0503 5 86 [377015 | 047 Il
9 | B7552 [ 0454 w 35 | 163727 | 0.4581 M B1 | 30402 | 0508 = a7 [377979 | 0473 It
10 (134025 | 043 M 36 | 164691 | 0.471 M £2 | 352909 | 0504 = 858 |378558 | 04EE It
11 [1363.43 | 0.4580 [l 37 | 1654 E2 | 0.492 = 63 | 353681 | 0502 = 89 [3801 | 0479 I
12 [ 137500 | 0.454 M 35 | 166427 | 0.465 M G4 | 354645 | 0507 = 90 | 380679 | 0.480 i
13 | 138550 | 0.493 = 39 | 167005 | 0.469 M 653 | 355224 | 0502 = 91 |[F|222x2 | 0487 i
14 [1419.35 | 0523 = 40 | 1675584 | 0473 h G5 | 3/6TEE | 0517 = 92 [3539:55 | 0478 Il
15 [ 142514 | 0525 = 41 | 165545 | 0.455 il GY | 3588485 | 0503 = 93 355308 | 04509 =
16 [ 143052 | 0525 WE 42 | 170051 | 0.493 = 65 | 3594 K6 | 0.491 = 34 356465 | 0471 Il
17 [ 143564 | 0536 WE 43 | 1706E9 | 0.452 h 59 | 30045 | 0.492 = 95 [357045 | 0451 Il
15 [ 144525 | 0.530 WE 44 | 171526 | 0.493 = 70 | H0OS16 | 0.490 Il 95 | 358007 | 0469 Il
19 [1457.52 | 0539 WE 45 | 173562 | 0.459 il 71| BI85 | 0487 Il 97 | 35832486 | 0452 Il
20 [14B5E3 | 0523 = 46 | 175105 | 0.483 [l 72 | F1973 | 0503 5 95 [3891 65 | 0478 Il
M (147335 | 0514 = 47 | 1762E2 | 0.4581 M 73 | F2937 | 0518 = A3 390515 | 0485 It
22 (143070 | 0492 = 45 [ 177419 | 0452 M 74 | FHS059 | 0517 = 100 | 331864 [ 0470 It
23 [1495.42 | 0477 [l 49 179347 | 0473 [l 75 | FBSE37 | 0487 I
24 [ 1505.06 | 0.486 M 50 | 183011 | 0.455 M VG | FBEIFY | 0482 i
25 [1521.55 | 0465 M 51 | 183783 | 0.449 W 77 | IBF3EE | 0503 =
26 [1535.06 | 0463 h 52 | 1845254 | 0.454 W 7G| 39109 | 0.4588 Il
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White Oak Greenwood Sample 3

Vegvenumber (cm-1)

Connnront 090104 White Oak Sample? Green _ ;
Fike Nane CADOCUMEMTS AMD SETTIMGSDIOMARIS PALILLAMDESKTOMSPFECTR ASPEC TR AXO040A0 040090 04 WHITE Sl S00T SAMP2 GREEM.SPC

Date Stamp 0102004 15:52.00 Datp 0 Sep 2004 15:55:24 Techkiigro 1 rift s e

Spectral Region 1R XAxis Wanenumber (om-17 Y Axe Absorbence

Spectiun Range 30901926 - 3009 6309 Poirts Couant 1863 Data Spacig 19285

m 5 2 = - - R28 m
H W N ol =R O - oo H
: 4 b = b & 8 g 2dz :
: __1 i [ [T R "
" 05 3 :
: o] ;
g 04 i
_ £ i
" RS :
: €7 "
m 0.2 3 :
: 073 :
' 930 lan} a0 00 7a0 Foo B30 &00 550 500 450 400 350 {
: Wavenumber (om-11 '
m Boe 22E o R09
' A = R Bt = B
" £ § BERERgs
80501 BENN A
‘Bz 0
I N
o= ;
'B i
H ] m
D08 :
m 4000 2800 2600 2400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 ] G600 400
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White Oak Greenwood Sample 3

L Connnent 0901 04 White Oak Samplel Green
Fie Newe CADOCUMENTS AMD SETTINGSD OMARIS PADILL AMDESKTOPWEPECTR ASPECTRAMIO4O301040901 04 WWHITE QK S00T SAMP2 GREEM.SPC
1 Dato Stanp M 09,2004 155200 e 01 Sep 2004 155524 Tochuigte Irvfraged
Spectraf Region 1R XAxXE Wisvenumber [om -1 ¥ AxE Absorbance
Spectim Range 3091926 - 3099 6309 Poitits Connt 1868 Diwta Spacitg 1.0285
Mo om-1 L Irtersity || Mo om-1 i) Intersity | [ Mo cm-1 A Intenzity || Mo om-1 A Intensity
1 41545 | 0486 i 27 | 150806 | 0511 = o3 [ 177419 | 0491 i 79 | 353681 | 0502 M
2 | 42619 | 0484 W 25 [ 152126 | 0493 I o4 [17Ea76 | 0454 Il 50 | 354645 | 0.505 h
3 | 453155 | 0486 Il 29 | 152735 | 0491 I =5 | 179347 | 0491 Il g1 | 355224 | 0502 il
4 | 46090 | 0484 Il 30 | 1553506 | 0.459 I o6 | 150119 | 0486 Il 52 |3567VEE | 0521 =
5 | 56118 | 0482 e 3 | 1540584 | 0497 Il 57 [ 181276 | 0485 It 83 | 35835858 | 0513 =
E | 588158 | 0486 It 32 | 156013 | 0519 = 58 [ 181854 | 0481 e 84 | 3594 FF | 0.499 M
7 | BG9.15 | 0489 I 33 [ 156977 | 0.459 [ 29 [183011 | 0487 I G5 | 360045 | 0501 [l
8 | 74246 | 04E5 W 34 | 157749 | 0497 I BO | 1837535 | 0481 W 86 | 360316 | 0.500 M
9 | 87552 | 0479 W 35 [ 161027 | 0.454 I E1 | 1584554 | 0488 i 87 |3613895 | 0.495 M
10 [1540.35 | 04583 W 36 | 161755 | 0495 I B2 [ 156087 | 0451 W 55 [361975 | 0515 =
11 [ 1563.45 | 0486 Il 37 | 162377 | 0.458 I B3 [ 157051 | 0455 Il 59 | 362937 | 0554 W
12 [ 157300 | 04585 Il 35 | 1629255 | 0457 I B4 | 158990 | 0.454 Il 30 | 365029 | 0557 W
13 [1388.50 | 0493 It 39 | 163727 | 0.500 Il ES [ 191111 | 0.483 e 31 | 365637 | 0507 M
14 [ 140007 | 0.499 Il 40 | 164651 | 0.480 I BE [ 191552 | 0483 Il 92 | 366957 | 0506 il
15 [1405.85 | 0.499 Il 41 |1654F2 | 0512 s E7 [1924F1 | 0484 Il 93 |367SEE | 0534 WE
16 | 1411 B4 | 0500 It 42 | 166427 | 0 457 Il ES | 194359 | 0485 It A4 |369109 | 0519 =
17 (141935 | 0512 = 43 | 167005 | 0458 Il E9 [ 199403 | 0484 It a5 |3702EE | 0503 M
18 [142514 | 0510 = 44 | 167584 | 0.490 [ 7O [ 234502 | 0515 = 95 |3M230 )0519 =
19 [143052 | 0510 = 45 | 1658545 | 0503 I 71 | 236237 | 0519 = 97 | 372580 | 0.499 M
20 (143884 | 0517 = 45 | 170051 | 0502 I 72 | #2110 | 0502 i 95 | 373544 | 0520 =
2 [1448.25 | 0511 = 47 | 1706E9 | 0.4590 I 73 | #4510 | 0504 Il 99 | 3745058 | 0513 =
22 [ 1457 52 | 0523 = 45 [ 171526 | 0501 I 74 | #E25 | 0502 Il 100 | 375047 [ 0.5 =
23 [14B5E3 | 0509 5 49 | 1735EF2 | 0.497 [l 75 [ 3963 | 0500 Il
24 (147335 | 0507 It 50 [ 174141 | 0452 w 7E | 350402 | 0505 It
25 [ 149070 | 0504 It 51 [ 175105 | 0.491 Il 77 | 3095 | 0502 It
25 (149542 | 0493 I 52 | 1/62E2 | 0.459 [ 78 [352909 | 0502 I
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Pin Oak Greenwood Sample 1

Connnant 092104 P inCak Samp 6 Frle Nawe COADOCUMENTS AMD SETTINGS\DIOMARIS PADILLADESKTOMSPEC TR A200H0921 0400921 04 PINOAK SAMPIESPC
Nixte S, 210952004 15:07:00 Dt 21 Sep 2004 1515:38 Technrige Infrared Iustrumont OMMIC
Spechal Region 1R AAxk Wavenumber (cm-1] Y Axis Absothance Spectinn Rarge 399.2123 - 3999 8375
Painl Count 1865 Data Spacing 1.9286

: o]

m 0% 3 3

i g |

: s § 34

" 5 Tz

i c 04 -

i Z 3 e

] [ — m

' ® 03 3

: # 7 I

: 02 3

: o 3

i | T T ARRASLARAS RALE) LRRLY AaRA AR LAALE BALRS SRR | T R L R LR | T T

i 950 Q0o 350 00 750 Yoo ga0 E00 550 00 450 400 350

Wanvenumber (om-1)

TR

SR

L oS EREZnE

| =g o

[ p— A=

e 0.4 3 e

i TRELSORT

8 03 3

i

LD T

T

" R T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

i 4000 3800 3600 3400 3200 3000 2500 2800 2400 2200 2000 1800 1800 1400 1200 1000 g00 =] 400

i Wigvenumber (om-11

m Mo | cm-1 A Intersity || Mo | cm-1 A Intensity || Mo | om- A Irtensity

i 1 415,50 | 0495 = 10 | 87364 | 0.208 Wy 19 | 3645.54 | 0300 hd

m 2 | 43585 |0.360 1 1 (127082 [ 0.4 Wy 20 | 367005 | 0285 1

i 3 | 44164 | 0354 1 12 (1407585 | 0.205 Wy 21 |3675584 | 0296 1

! 4 | 45707 |0.348 1 13 (151189 [ 0195 Wy 22 | 373562 | 0502 1

m 5 | 47250 | 0323 Il 14 [ 1533214 | 0194 Wy 23 [ 374527 | 0.5M Il

i 6 | 50143 | 02587 ] 15 | 154671 | 0196 Wy 24 | 3751.05 | 0307 ]

m 7 | ¥6385 | 0280 1 16 | 162963 | 0207 Wy 25 [ 3820453 | 0295 1

i G | 52457 | 0273 Il 17 | 1645392 [ 0198 Wy 26 385327 | 0330 Il

! 9 | BB9.21 | 0225 Wy 18 [ 172606 | 0.20M Wy



Pin Oak Greenwood Sample 2

Conpnont 092104 PinDak Sampi5-2 | Fife Mame CDOCUMENTS AND SETTINGSDIOMARIS PADILLADE SKTOPWPEC TRAMIO4092104%092104 P INO AW SAMP16-2 5P C
Date St 210952004 15:10:00 21 Sep 2004 15:15:26 Techrige Infrared Iestrmronst CrAMIC
Speciral Region R XAxk Wevenunber (cm-11 ¥ixk Ahsorbance Spectrum Range 39921235 - 3999.5375
Points Connt 1865 Dt Spacitig 19286
0.6 3
0.5 3
8 oq1
= 0.4 3 = &
< __3 = o
B 033 = @
% RS |
0.2 3
0.1 3
E T T T T T T T T T T T T T T T T T T T T T T T T T
900 850 a00 a0 oo G50 EOO 550 s00 450 400 350
Wigvenumber (cm-1)
0.6 3
—_ [
05 LR
E L e R e
Bt REEERESR
04 s B8 e
m E -1 rlL.JqNJS
@ 0.3 3
43
0.2 3
0.1 3
E T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 3500 3600 3400 3200 3000 2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 goo GOa 400
Wavenumber (cm-1)
Mo | cm-1 A Intensity | Mo | cn-1 A Irtensity | (Mo | cm-1 A, Intensity
1 | #1850 | 04892 s 11 | 871 | 0211 W 2 [1726.06 | 0.0 W
2 | 43585 | 0353 ] 12 [127092 | 0221 W 22 | 34854 | 0309 ]
3 | 44164 | 05346 ] 13 [1407.85 | 0216 W 23 | F®/F0.05 | 0294 ]
4 | 45707 | 0342 ] 14 146185 | 0212 W 24 | FH75.54 | 0303 ]
3 | 47250 | 0T ] 15 190235 | 0.207 W 25 | 359534 | 0286 ]
6 | 48214 | 0295 ] 16 [1511.93 | 0203 W 26 | 373562 | 0311 ]
7| 90143 | 0282 ] 17 [ 153514 | 0.201 w 27105 | 035 ]
g | 1685 | 0276 ] 15 [1546.71 | 0.204 W 25 | F/2045 | 0306 ]
9 | 52650 | 0263 ] 19 [162963 | 0.6 W 29 | B5327 | 0337 ]
10 | B69.21 | 0.223 W 20 164592 | 0.204 W
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Pin Oak Greenwood Sample 3

Connnernt 09104 PinCak Samid 5-3 | Afe Aaee CODOCUMERNTS AMD SETTIMGSDICMARIS PADILLADE SKTOPWSPECTRAGDIONIS2104092104 PIMNO AW SAMP16-3.5PC
Dite Stamp 21409/2004 151200 Date 2 Sep 2004151512 Tochnigne Infrared Jees trannrondt CrRIE
Spectral Regior 1R XAxE Wavenumber fcm-17 ¥Axes Ahsorbance Spectram Range 333.2125 - 3999.8575
Poinls Count 1868 Dita Spatcing 13286
= 1
x
[ _
fo }
04 r-
Ll
1

Ahsorbance

T T T T T T T T T T T T T T T T T T T T T T T T T T
930 200 ga0 oo a0 oo B30 G500 230 200 430 400 330

Wavenumber (cm-1)
F -
04 M e &+
i  E5n48gwol
B__3  mpnEEEks
03 I
a
% 0.2 ....,,.:\
0.1
E T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 2800 ZE00 2400 3200 3000 2800 2800 2400 2200 2000 1800 1600 1400 1200 1000 00 EO0 400

Wavenumber (cm-1)

Mo | cm-1 A Intensity || Mo | cm-1 A Intensity [|Mo [ cm-1 A | Intensity
1 | 41850 | 0409 ) 10 | 127082 [ 0159 W 19 | 367005 | 0.244 [}

2 | 45707 | 0295 h 11 | 1461.85 | 0178 W 20 | 367584 | 0.253 I

3 | 47250 | 02Y6 h 12 151188 [ 0471 W 21 | 3659.34 | 0.245 I

4 | 48407 | 0261 i 13 | 193514 | 0169 W 22 | 373562 | 0.258 1

9 | sM 43 | 0231 i 14 | 194671 | 0472 W 23 | 374527 | 0258 1

B | 516585 | 0245 i 15 | 1629063 | 0154 W 24 | 379105 | 0263 [}

7 | 52650 | 0236 Tl 16 | 164592 [ 0473 W 25 | 352045 | 0.255 1)

§ | 66343 | 0199 L) 17 | 172606 | 0174 W 26 | 385327 | 0.283 1)

9 | 87557 | 0451 L) 18 | 364584 | 0257 1)




157

Sweetgum Greenwood Sample 1

Connnomt 091504 SveatGum Soot Sanp#E0-3 _ T T R Y

Fie Name CADOCUMENTS AMD SETTINGS\DIOMARIS PADILL ADESKTOPWSPE CT R AP004431 38091 504'091:504 SWEETGUM S00T SAMP#E0-3.SPC

Dite Stamn 15/08/2004 15:53:00 Date 15 Sep 2004 1557:40 Tochuige Infrared

hstrumont QMM Spectraf Reqion IR XAxk W svenumber (om-1]

Yk Ahsorbance Spectrn Range 35921235 - 3999 8375 Poin Count 1868

Nata Spacimg 1.9286 !
: - m
" 10 5 N w5l o :
H o = ) e by o H
" - i N R - AENEY :
" 1 LY "
g a3 E :
H [ '
" £ 7775 "
: g :
i £ d
. 0.1 m
" i T T T T T T T T T T T T T T T T T T T T T T T T T T m
H 950 900 ga0 &00 730 oo G630 GO0 550 =00 450 400 350 h
i Wavenumber (cm-1) :
i oy Ty i
: 2% 5ok o o Y Rpugiige: o "
g S oo m mowh g = - !
: R @ m AT Rl o Wk g [T
0 i R & e Z e N R =
' =l e ST oy [ = oo o Py 1
83 [ I [ 5 O
- E [ H
r= - "
j— "
"% 02 0
v 0
m I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ”
H 4000 3500 3600 3400 3200 3000 2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 goa g00 400
m Wavenumber (cm-1] :
d ko cm-1 A Itensity || Mo cm-1 A Intensity i
m 1 | 41850 (0274 Wy 13 | 150621 | 0.319 s "
H 2 | #4357 | 0250 A 14 | 154082 | 0.312 s .
3 | 457.07 | 0.257 Wy 15 | 1615.06 | 0.305 = !
m 4 | 472580 | 0.256 Wy 16 | 228342 | 0299 [
! 5 | BE7.28 | 0.254 W 17 | 234595 | 0.292 [ H
m B | 71357 | 0.258 Wy 18 | 32377 | 0321 =
. 7|07 | 0261 Wy 19 | 365270 | 07 s "
i 8 | Bvasr | 0.283 [ 20 | 3739458 | 0348 s !
m 9 [1093.49 | 0.2390 hd 21 | 375491 | 0315 S "
i 10 141842 | 0339 WE 22 | 384745 | 0322 s .
m 11 |1457.93 [ 0.344 WS 23 | 335905 | 0.322 s i
. 12 147342 | 0.334 s _
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Sweetgum Greenwood Sample 2

Comnnent 092104 SwedGum Sampsd-2 _
Fife Mante CADOCUMENTS AMD SETTINGSDIOMARIS PADILL ADESKTOPYSPE CTRAOO4WIS21 04092 04 SWEE TGUM SAMPSS-2.5PC
Date Stamp 210952004 12:55:00 Date A Sep 2004 13:56:02 Technige Infrared Iestrnent DI
Spectral Ragion IR X Acis Werumber (om-11 ¥ Ak Absorhance Speciram Range 39521235 - 39995375
Point Count 1865 Dtz Spacing 1.9286
0.30 .
E ]
028 K -
3 _ &
80203 > i
[l
£
o 015 3
#
0.10 3
0.05 3

930 Q00 830 ] 750 700 B30 G600 550 S00 450 400 350
‘Wizvenumber (cm-17

[l
L]

=
ka2

Absorbance

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 g00 500 400

Wavenumber (cm-1]
a} cm-1 iy Intensity || kMo [ cm-1 Fiy Intensity [| Mo | cm-1 A Intensity
1 | #1850 [ 029 M 11 (1459492 (0290 = 21 [ 365077 [ 0212 [
2 | 44357 | 0182 W 12 (151006 | 0.203 1 22 | 367005 | 0206 [
3| 45707 | 0182 W 13 [153514 [ 0185 W 23 | 3673584 | 0211 b
4 | 47250 | 0179 W 14 (156214 (0477 W 24 3689127 | 0206 i)
5 | BEA.M [ 0150 WA 15 [164892 (0168 Wy 25 31248 | 0208 [
6 | 1357 | D162 A 16 [1636.63 [ 0470 W 26 | 373562 [ 0210 I
7| FEor o[ 0151 A 17 [1691.35 [ 0166 W 27 | 3527 (022 I
g | 87557 [ 0199 [ 18 (229113 [ 0169 W 26 [3M105 (0212 I
9 |10M .57 | 0176 e 19 [2347 06 [ 0168 iy 29 (382241 [ 0213 [
10 [ 143571 | 0306 WS 20 | 3567 .84 | 0.208 M 30 | 385327 | 02 [
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Sweetgum Greenwood Sample 3

Conititetrt 091504 SweatGum Soot Samp#e0 _

Fiio Mawe CODOCUMENTS AMD SETTINGSIDIOMARIS Pl LL&DESK TOPSPE CTR.A20041091 35091 504'091 504 SWEETGUM SOOT SAMPRE0.SPC
Dirte Stanp 1502004 1 5:47.00 Dats 15 Sep 2004 155756 Toch wigue Intrared

hstrument OMMIC Spectrzl Reqiont R XAxE Wigsenumber (cm-11

¥ Ak Apzorhance Spectrm Rawge 399.2123 - 3399.8375 Poins Count 1555

Ditx Spacing 1.9286

8 iz 5 = HOOR
= T} = o @
el 4 [ iz — o
= o o - @D
o 1 I |
£ _ ]

0.25 |

| T T T T T T T T T T T T T T T T T T T T T T T T T T T
950 00 850 500 750 o0 ES0 E00 550 500 450 400 350

Wiavenumber (cm-11

Ab=arbance
=
o
o

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4000 3800 3800 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 a00 &00 400

Wavenumber (cm-11

Mo | cm-1 A Intensity || Mo | cm-1 A Intensity || Mo | on-1 A Intensity
1 | 418.50 | 0EOS 5 11 | 146185 | 0.340 W 21 | 364584 | 0439 I
2 | 43585 0429 [ 12 [1511.99 | 0.31 w 22 | 367005 | 0417 1]
3 | 457.07 | 0423 I 13 | 153514 | 0.305 W 23 | 367584 | 0432 I
4 | 47250 | 0396 1 14 [ 154671 | 0.308 W 24 | 368934 | 0420 I
5 | BE9. | 0302 W 15 [ 161228 | 0.316 W 25 |3Moss | 0419 I
6 | 713.57 | 0300 W 16 | 164592 | 0.299 W 26 | 373562 | 0442 I
7| 7E1.78 | 0294 W 17 | 1691.35 | 0.5304 W 27 | 374527 | 0438 I
g | §75.57 | 0305 W 16 | 228149 | 0.3 W 28 |3751.05 | 0445 I
9 (109349 | 0311 W 19 | 234599 | 0.304 w 29 | 352045 | 0435 ]

10 | 144064 | 0345 W 20 | 362955 | 0421 M 30 | 385327 | 0477 I
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American Basswood Greenwood
Sample 1

Cosnnnert 020205 AmB ssv'd KWBP S27 100104 3 _

e Mune CADOCUMENTS AND SETTINGSDIOMARIS PADILLADESKTOPWEPECTR AWML SPECTR AWM | SPE CTRA020205 AMBSSWD KBP S27 100104 3.5P C
Date Stamp Q2022005 15:45:00 Date 02 Feb 2005 164722 Tochnicie Infrared

hstromont o] (e SpectraiReqion IR XNAxk Wy arvenumber (on-17

¥ Acis Ahsorbance Spectrune Haege 3992123 - 3999 8375 Poits Cownt 1868

Dt Spacing 1.9286

Ahzorbance

T T T T T T T T T T
950 300 gal a0 oo 630 0] 330 =00 400 350

Viavenumber (cm-1]

" 3

" B

i gl

m I3

2] 5

2 gz iE¥nosdgss sty

2 pEEIIRREEEERZS:

e =

m - T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
! 4000 3800 3600 3400 3200 3000 25800 2600 2400 2200 2000 1500 1600 1400 1200 1000 Faluln] GO0 400
! Wigvenumber (cm-1)

m Mo | cm-1 A Irtensity || Mo oim-1 A Irtensity || Mo | cm-1 A Irtensity

i 1 47443 | 0.075 Wy 14 [1612.25 | 0.093 Wy 27 | 369595 | 0085 W

m 2 | 5747 | 003 W 15 [1633.49 | 0.097 Wy 25 | 370562 | 0095 W

m 3 EE921 | 0134 | 16 | 165278 | 0.095 Wy 29 | 37254 | 0100 W

. 4 | 75214 (0082 W 17 |1653.63 | 0.097 Wy 30 [ 374 .41 | 0095 W

S | 88135 (0085 W 158 [1731.85 | 0.094 Wy 3| 3749412 | 0083 W

. 6 | 111471 | 0.092 W 19 [ 234127 | 0213 S 32| 379927 | 0054 W

7 | 1268499 0097 W 20 | 235863 (0260 WE 33 | 381855 | 0083 W

8 139321 (0112 W 21 |3554.34 | 00BT Wy 34 | 3851 .34 | 0102 W

i 9 | 145606  0.097 W 22 | 362763 [0 Wy 35 | 387554 | 0091 W

m 10 [ 150621 | 0.083 W 23 | 364691 | 0.096 Wy 36 | 385412 | 0091 W

m 11 [ 153899 | 0.097 W 24 | 366812 | 0.094 Wy 37 | 38O7T 62 | 0091 W

i 12 [ 155828 | 0104 W 25 | 3673491 | 0087 Wy

m ....................................... 13 [ 157564 | 0.099 W 26 | 365741 | 0.096 W | oo
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American Basswood Greenwood

Sample 2

Connnent 020205 AmB el KBP 523 100104 3 H

e Name CODOCUMERTS AMD SETTINGS\DIOMARIS PADILLADESKTOPSPE CTRAMLL SPECTRAA | SPE CTRADZO20S AMBASSWD KBP 525100104 35PC

Dite Stamp 020242005 144200 Date 02 Fek 2005 15:55:42 Techrigue Infrared

hstramont OmMIC Spactral Reqion R XAxE Wavenumber (cm-1]

YAk Absorhence Spectiuwm Rawge 393.2123 - 3999 5375 Poinls ot 1865

Data Spacing 1.9286 '
m 0.075 :
. I 1
1 ] 1
m £ i :
" £ 0050 h uw o :
' & o = .
" & @ = :
m 0025 _ :
m E T E T L T T T E T E T L T L T E T T E T u T u m
g as0 Q00 gan g0o a0 o0 G630 GO0 520 S00 430 400 350 i
i Wiavenumber (cm-1] !
" ] i
I o '
i b 1
" s "
" =S :
] o ;
& 0O7s r H
R :
B :
& 0.050 '
T :
" E T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T "
H 4000 3600 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 a00 GO0 400 )
H Wavenumber (cin-1]) i
m Mo | cm-1 A FWWHH | A=sym |Intensity || Ho | cm-1 A FiUwvHH | A=ym | Intensity || Ho | cm-d A Fi'HH | Asym | Intensity || Ho | em-1 A FifHH | A=ym | Intensity m
i 1 | 94743 | 0022 2162 | 0.00 i 13 [1573.71 | 0.022 - i 25 [3616.05 | 0.014 - - i 37 [FFhEed| 002 g i f
m 2 | 84225 | 0025 i 14 [1614.21 | 0.021 i 26 |2E25.70 | 0.019 | 2.821 -0.62 i 28 [Fe0.2F | 0.5 e m
| 3 | 669.21 | 0.043 td 15 [1633.498 | 0.0z22 i 27 |3633.44 | 0.012 W 39 [3805.05 | 0.014 n i
m 4 | 77142 | 0018 W 16 [1650.85 | 0.023 i 28 |3644.898 | 0.016 W 40 (381277 | 0.016 e m
| 5 | 87364 |08 i A7 [1621.71 | 0.020 i 20 365462 | 0.013 i 41 (381855 | 0.014 u i
m G (112242 | 0020 i 12 [1699.06 | 0.019 i 20 [3E62.12 | 0.014 i 42 (282501 | 0.014 e m
| 7 |1263.99 | 0.023 W 19 [1731.85 | 0.020 i 31 |3673.81|0.015 - - W 43 [3851.34 | 0.019 n i
m 2 (139321 |0.029 b 20 | 2341 .27 | 0.065 5 32 |3685.48 | 0.017 | 1285 | -0.40 W 44 [3860.88 | 0.0132 e m
| 9 143425 | 0020 i 21 | 235863 | 0.025 WS 33 |FF05.70 | 001G i 45 (386677 | 0.013 u i
m 10 [ 1454.14 | 0.020 i 22 266202 0.015 i 24 |FF20.e4 | 0.012 - - i a5 (2E7E.2d | 0.014 e m
| 11 [ 150435 | 0.020 W 23 |3685.20|0.016 i 35 |37HM .4 | 0017 | 5.81 017 W 47 (388412 | 0.014 n i
m 12 [ 165635 | 0.021 W 24 359291 |0.015 i 36 |3747.20 | 00132 W 48 [3889.81 | 0.013 e m
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American Basswood Greenwood

Sample 3

Comrert 20205 AmB sssbvd 5t 525 807043 |
Ffe Mame CADOCUMENTS SMD SETTING SDIOMARIS PADILLADESK TOPISPE CTRALL | SPECTR AW | SPE CTR A020205 AMBASSWD ST 525 80704 3.5PC
Date Stamp 02/02/2005 14:18:00 Dato 02 Fek 2005 15.19:40 Tochnigre Infrared
hstramont OhdMIE Spectral Region IR X s Wavenumber (om-17
¥ Ais Abscrbance Spectrn Rawge 3992123 - 39995375 Points Couwt 1565
Dt Spacing  1.9256
] & .
[ - 1]
m 5 2 ; 2
' — o iu}
: 015 T e =
: 8
] 2
m g
: & E
005

ANE0rpance

T
230

T
200

T
gl

T
goo

T
Tan

T
o0

T
G:30

T
GO0

Wizwvenumber (cm-11

T
4000

T T
3800 3600

T
3400

T
3200

T
3000

T
2800

T
2600

T
2400

T
2200

T
2000

T
1800

T
1600

T
1400

T
1000

T
G00

BOO 400
Wzvenumber (cm-11

Ma | cm-1 A Intensity || Mo cm-1 A Intensity || Ko | om-1 Fiy Itensity || Mo cm-1 Fiy Intensity
1 | 451258 | 0.0 W 14 | 161421 | 0156 ) 7 | 362570 | 0159 = 40 (=277 (0456 =4

2 | 57664 | 0118 M 15 | 163349 | 0152 = 25 | 364455 | 0158 = 4 [3|1855 (0155 =

3 | BEF.28 | 0130 M 16 | 188085 | 0154 s 2 | 365463 | D156 24 42 (33591 [ 0154 =

4 | 76850 | 0427 I 17 | 1631.71 | 0153 5 30 | 366812 | 0158 = 43 [ 351.34 [ 0162 =

5 | 87557 | 0144 M 18 | 168906 | 0150 s M| 3ET3IH | 0158 24 44 (36098 [ 0152 =

B 111857 | 0154 24 19 | 171449 | 0150 3 32 | 368545 | 0158 4 45 [ #mE8.70 [ 0152 24
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g |143485 | 0186 WE 2| 23127 | 0172 ) 34 | 370362 | 0158 = 47 (38412 [ 0154 =4

9 145414 | 0154 WE 22 | 238863 | 0181 WS 35 | 372984 | 0160 = 45 [ 38391 [ 0453 =4

10 150425 | 0173 = 23 | 3863495 | 0152 = I |57 4 | 0181 = 49 (39762 (0155 =

11 |1537.06 | 0165 = 24 | 353520 | 0155 5 37 | 375684 | 0152 =

12 |1556.35 | 0163 = 25 | 359291 | 0154 5 35 |3799.%7 | 0156 =

13 15731 | 0158 24 26 | 381605 | 0154 s 3| 380505 | 0154 24



Cedar Tar Sample 1

Fib hame CADOCUMENTS AND SETTINGSIDIOMARIS PADILLADESKT OP\SPECTRATLIS FTIRI2007Y41 90T \TRANS MYICDE1TASPC
Date 27 fyor 2007 13:31:38 Technigue Irtared Spectral Region NIRJR
¥ Axis Asorhance Spectrum Range 4002053 - B000.3035 Points Count 7352
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Cedar Tar Sample 1

Filb Mo CODOCUMERTS AMD SETTINGSDIOMARIS PADILL ADESKTOPWSPECTRATU'S FTIRGI0OV I0NTRANS MY CDS1TASPC

Dato 2 Apr 2007 13:31:38 Technkyne Infrared Spectral Reqgion MIER

¥ Axs Abearbance Spectram Aange 4002055 - 5000.3035 Fonls Coumt 7862
Nate Stanp 27045007 13:31:00
A Wiaenumber (o -1]
ata Spacing 09644
Mo | cmel A FuHH | A=vm | Intensity || Mo | om-1 A |FWHH | Asym | Intensky || Mo | cmed A | FU'HH | Asym | htensity || Mo | om-1 A FiHH | A=wm | Intensity
1 | 40599 |0.022 - - e 16 | 50050 | 0030 - - ha 31 [ 171463 | 0063 - - 5 46 | 7RE0AT (0014 - - nf
2 | 409.85 |0.025 - - hd 17 | 50629 | 0030 - - hd 3% | 2516.97 | 0007 - - A 47 | 7avi04 [ 0.013 - - nf
3| H31 | 0.032 - - hd 18 | 51593 [ 0033 - - had 33 | 254397 | 0007 - - AN 48 | 7R8I A2 [ 0.015 - - ny
4 | 421.42 | 0.036 - - hd 19 | 52557 [ 0042 - - hd 24 | 2869.05 | 0007 - - AT 49 | FR95 0% [ 0.016 - - nf
5 | 42625 |0.034 - - hd 00| 336 [ 004 - - hd 35 [ 294997 | 007 - - i A0 | 791255 [0.01% - - nf
G | 438.73 |0.042 - - hd 21 | ava61 (0072 - - 5 36 | 326049 | 0052 | 356.56 | DA8 WS 51 | 793858 (0011 - - nf
7 | 44360 |0.036 - - hd 22 | 69819 [ 00452 - - 5 37 | 374556 | 0004 - - i 52 | 7A55 84 (0011 - - nf
g | 453.25 |0.040 - - hd 23 | 7r438 | D061 - - 5 3% [ 3821.75 | 0008 - - AN 53 | 7a6452 [0.011 - - nf
9 | 44711 |0.038 - - hd 24 | 87467 | DOG1 - - 5 39 | 385452 | 0004 - - i 54 | 7A7427 [ 0.007 - - AN
10 | 461.93 | 0.050 - - 5 25 [1076.22 [ 0059 - - 5 40 | 388057 | 0008 - - AN 55 | 7977 .16 | 0.007 - - AN
11 | 47061 |0.016 - - e 26 [1126.37 | D061 - - 5 41 [ 746795 | 0004 | 484 | 034 | 0 56 | 798198 [ 0.00% - - nf
12 | 47543 |0.018 - - i 27 [ 120255 | D064 - - 5 42 (7P| o007 | 1140 | -0 AN A7 | 7995 48 [ 0.005 - - ANE
13 | 48218 | 0.026 - - hd 28 [1275.84 [ D064 - - 5 43 | 776018 | 0006 - - AN
14 | 488.93 |0.025 - - hd 29 [ 143014 [ DO7T - - W5 44 | 779200 | 0004 - - i
15 | 43472 | 0.025 - - hd 30 [ 1606.62 | D062 - - 5 45 [7811.29 | 00N - - i
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Cedar Tar Sample 2

Fko Nete CODOCUMENTS AND SETTINGSDIOMARIS PADILLADESKTOMSPECTRATUS FTIR'DOOVMT1ICNTRANS MYICDE1TESPC

Do 27 Ao 2007 135204 Tochn ke Imfrared Spoctal Region MIRAR

¥ Axks Ahzorbance Spectrym Rapge 400 2053 - 50003035 Foirls Count it

Lato Stanp 27047007 153200

A Wavenumber (cm-1]

It Spacing 03644

Mo | cm-1 A | FWrHH | Asym [Intensity || Mo | cm-1 A | FWHH | Aswn [Intensity (| Mo | cm-1 A | FWHH | Asyn | Intensity (| Mo | cm-1 A | FWHH | Asym | Intensity
1 [ 407452 0030 | 4585 [-0.16 I 16 | §14.00 |0.026 - - I 3 |1713.66 | 0.063 - - 5 46 |7835 40 (0.010 - - iy
I | 42046 |0.029 - - I 17 | 520.75 |0.035 - - I 32 |2517.94 | 0.007 - - hAnf 47 |7840 22 (0012 - - iy
3 [ 42625 |0.028 - - hi 18 | 526.54 |D.047 - - hi 33 |2570.01 | 0007 - - AN 48 |7846 97 (D013 - - uny
4 (43010 |0.030 - - hi 19 | 53425 (D042 - - hi 34 |2876.68 | 0014 - - uny 48 |7854 59 (0013 - - uny
5 [ 43589 |0.040 - - hi 0| 55161 |D.055 - - 5 35 |2902.71 | 0014 - - uny 50 |7869 .14 (D012 - - uny
G | 439.75 |0.034 - - hi I | 57765 |D.OF2 - - 5 36 |2948.87 | 0017 - - uny 51 |7887 47 (D017 - - uny
T 44843 |0.043 - - hi 2| 64314 |D.0H1 - - 5 37 |2977 A3 | 0015 - - i 52 |7923 14 (D013 - - i
8 [ 45421 | D038 - - hi 3| 77438 | D061 - - 5 38 |3260.49 |0082 | 3434 | 078 W5 53 |7938 55 |0.014 - - i
9 [ 46096 |0.029 - - hi 24 | 87467 | D.DE1 - - 5 39 |3642.38 |0.016 - - i 54 |7953 04 | 0.009 - - i
10 [ 471.57 |0.036 - - hi 25 [1076.22 | D.059 - - 5 40 |TEGE.86 | 0.005 - - hWiNf 55 |T957 87 (D010 - - i
11| 476.39 | 0.035 - - I 6 | 1126.37 | 0.061 - - 5 4 |TEI6.53 | 0.005 - - hAnf 46 |7965 59 (0.013 - - iy
12 | 486.04 | 0.0H - - I I7 |1202.55 | 0.064 - - 5 42 |7798.75 | 0.004 - - iy 47 |77 30 (0012 - - iy
13 | 49375 | 0.020 - - iy I8 |12745.84 | 0.064 - - 5 43 |7805.50 | 0.012 - - iy G5 |798102 (0010 | 549 [ 00 iy
14 | S00.50 | 0.024 - - iy 9 (142918 | 0.077 - - WS 44 |7819.00 | 0.010 - - iy

15 | 50822 |0.022 - - uny 30 | 160662 | 0.D61 - - 5 45 |7TE9.61 | 0012 - - uny
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Cedar Tar Sample 3

Rk Nane CADOCUIMEMTS AMD SETTIMNGS'DIOMARIS PADILLADESKTOMSPECTRAT LS FTIR'IOTOHMA0ATR AMNS MYCDSITC SPC
Date 27 Bor 2007 133214 Toc kg Irfrared Spoctraf Region NIE{R

¥Ax i Absnthance Spechum Rarge 400.2053 - 5000.30655 Poirts Cownt Tag2

Date Stamp 2042007 133200
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Cedar Tar Sample 3

COOCUMENTS ARD SETT

B GSIDIOMARIS PADILLADESKT OPMSPECTRAT LIS FTIRSO0M04 0ATRANS MY CDSITC SPC

i 27 Apr 007135214 Technipte Infrared SpoctraiRegion MIEAR

m Abzotiance Spectram Rarge 400.2053 - 5000 3055 Poirts Comt i1

i 204007 153200

m Wavenumber (cm-17

i 09644

m Mo | cm-1 A Fu'HH | A=sym | htensity | | Mo | om-1 A FuHH | A=vm | Intensity || Mo | cmel A |FWHH | Asym | intensity || Mo | cm-1 A FulHH | A=sym | htensity
|1 | 40985 | D021 | GET | -DAT n 14 | 49375 |0.022 - - n 27 [ 120255 | DDG2 - - 5 40 [ 780357 | 0.010 - - n
2| #487 |00z | 206 | -DES n 15 | 49857 |0.024 - - n 28 [ 127584 | DDGAZ - - 5 41 [ 781515 | 0.009 - - n
RS - - ] 16 | 507.25 |0.022 - - n 29 [ 142918 | DO7S - - W 42 | 783443 | 0.011 - - n
m 4 | 42625 | 0.033 - - ] 17 | 514.97 | 0.033 - - ] 30 [160GGZ | DOGD - - 5 43 | 785083 | 0.012 - - n
|8 | 43107 | D037 - - ] 18 | 520,75 |0.034 - - ] 31 [ 171270 | DDGAZ - - 5 44 [ 7aa4.58 | 0.012 - - n
| 6 | 44360 [ 0042 - - ] 19 | 52557 | 0.040 - - ] 32 [ 251687 | 0007 - - Ay 45 [ 71544 | 0.013 - - n
7 1 4s0as Jonsr - - ] 20 | 55258 | 0.051 - - 5 33 [ 257001 | DOOF - - Ay 46 | 7A38.58 | 0.010 - - n
m g | 45421 | 0.041 - - ] 21 | &v8.61 | D.0G6S - - 5 34 [ 204007 | D01F - - n 47 [ 74630 | 0.011 | 1241 | 051 n
|8 | 460AE | D.0Z9 - - ] 22 | 698.19 [ 0.048 - - ] 35 (326049 | D082 | 33843 | 075 W 43 | 7956.91 | 0.003 - - AN
AN EEERITE - - n 23 | ¥v4.38 | D.058 - - 5 36 [ 364238 | D016 - - n 49 | 796269 | 0.003 - - n
1] asasd Joois - - n 24 | 8v4.67 |D.058 - - 5 37 [ 70424 | 00D - - Ay 50 [ 7Av2.34 | 0.010 - - n
m 12 | 47736 | D024 | 557 | OY6 nf 25 [107622 | 0.056 - - 5 38 [FVIGFE | DODS - - ANy 51 [ 797523 | 0.009 - - nf
V13 ] 48700 (0.5 - - n 26 [112637 | 0.058 - - 5 39 [FYE114 | 00D | 2476 | -0.38 Ay 52 [ 799066 | 0.0DG | 335 | -0.10 AN
1
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Cedar Soot Sample 1

Al Nane CODOCUMENTS AMD SETTINGSDIOMARIS P ADILLADESKTOPSPECTRATL'S FTIRZO0MIHMI0OTTRANS MY CDS1SASPC
Dato 27 Ape 007 12:30:30 Tochnigo Inifrared SpactralRogion MIR-IR

Yixi Ahsorence Specthnn Range 400.20535 - 50003035 Poirts Count 782

Date Stawp 27042007 133000

X Axis Waverumber (om-1]

Data Spacing 09544
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Cedar Soot Sample 1

Fite Nano CADOCUMERMTS AMD SETTINGED OMARIS PADILLADESKTOPWSPECTRATUYS FTIRGITMI 00T REANS MY COE1SASPC
Dt 27 Apr 2007 13:30:30 Tochn i | mifrares] Spectrd Heqgion MNIEJR
¥ Axs Ab=orbance Spectram Rarge 4002033 - 5000.3035 Poirrs Connt Tage
Date Stamp 20452007 13:50:00
A Wigvenumber (cm-11
Dtz Spacing 0.9644
Mo | om- A PyHH | sy | Intensity [|Mo | cm-1 A FPoHH | A= | Intensty [|[Mo | om-1 A FvHH | Az | Intensity
1 | 40955 | 0.043 - - ) 11 | 47736 | 0043 - - Wy 2 | 287/7 64 | 0T - - W
2 [ #1371 | 0057 - - 1y 12 | 45121 [ 0045 - - e 22 | 3237 35 0070 - - [0
3| 42142 | 0.044 - - L) 13 | 46786 | 0035 - - Wy 23 | 323955 | 0.0M - - b
4 | 43107 | 0.042 - - ) 14 | 49375 | 0049 - - Wy 24 | 384334 | 0053 - - Wy
5 | 43752 | 0.049 - - L) 15 | 5Y6ES | 0,050 - - W 25 | TE1225 | 0024 - - W
G | 44553 | 0.043 - - L) 16 | 71266 | 0.042 | 39497 | 011 W 26 | 7oe0.47 | 0029 - - W
745421 | 0062 [ TO95 | -083 Wy 17 | 87554 | 0405 | 1083 | 0407 b 27 | FEE0.76 | 002 - - e
5 | 46000 | 0056 - - L) 15 [1051.15 | 0035 - - Wy 25 | 77619 | 0015 - - WA
9 | 46575 | 0062 - - iy 19 [1427.25 | 0216 (12082 | 074 WS
10 | 47061 | 0.050 - - ) 20 | 2516.97 | 0.0A - - WA




171

Cedar Soot Sample 2

Fifp Mo CODOCUMENTS AMD SETTINGSDIOMARIS PADILLADESKT OPSP ECTRATU'S FTIRZO0NIHM OFTRANS MY CDS1SB.SPC
Dato 27 A 2007 1330042 Toch nicuo Infrared Spactral Rogion MIE-IR

¥ Axk Ahsomance Spectram Range 40,2055 - 5000.3035 Poirts Count T8E2

Dirte Stawmp 2042007 133000
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Cedar Soot Sample 2

Fie Namo CODOCUMERNTS AMD SETTINGSDIOMARTS PADILLADESKTOMSPECTR AT U'S FTIRWO0VMA 0T RANE MY CDE1SE.5PC
Dirlp 27 Bar 2007 135042 Tochrkrie |nfrared Spactal Reqgion MNIEAR

¥ Axk Absorbance Spectram Rapge 40020835 - S00053035 Ponl Count Fog2

Diate Stanp 2T04r007 133000

Xk Wanvenumber (om-1]

Diwta Spacing 05644

Mo [ om-l A FWHH | Azwn | Intensity || Mo | om- A FiwHH | Az | Intensity
1 | 40407 | 0030 - - iy 153 | %7572 | 0059 | 8573 | 0499 Wy
2 | M467 | 0033 - - Wy 14 | M266 | 0.053 - - 1y
3 | 42046 | 0042 - - iy 15 | 87564 | 0115 | 1188 | 040 b
4 | 43010 | 0045 - - Wy 16 [ 1051 15 | 0048 - - Wy
5 | 43685 | 0055 - - i 17 [142725 | 0226 (12474 | 074 WS
E | #4360 | 008 - - Wy 18 | 251697 | 0.030 - - Wy
¥ | 449.39 | 0066 - - iy 19 | 2877 .64 | 0025 - - Wy
g | 456.14 | 0068 - - hi A | 323551 | 0075 - - h
9 | 460.96 | 0046 - - Wy A [ 326049 | 0079 - - hi

10 | 471 .57 | 0046 - - L&) X B433 | 0060 (93290 | -042 Wy

11 | 48025 | 0039 - - Wy 23 | /a0 Es | 0022 - - WA

12 | 437.00 | 0040 - - i X | 787879 | 0024 - - Wy
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Cedar Soot Sample 3

Diata Spacitng 03544

Ahzorbance

Fie Mo CADOCUMERNTS AMD SETTIMGS\DIOMARIS PADILLADESKTOR'SP ECTR ATL'S FTIRSO07041 ONTRANS MW CDSISCSPC
Date 27 Apy 2007 13:30052 TochRicine | rifrared Spoctafl Region BIREJR

¥ Axis Ahsothance Spectr Range 4002055 - 5000.3035 Pols Count 7a582

Date Stap 2747007 133000
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Cedar Soot Sample 3

File Nano CADOCUMEMNTS AND SETTINGSDIOMARIS PADILLADESKT OPWSPECTRATU'S FTIR'ZIDTMII0OTRANS MY CDS1SC .SPC
Date 27 Apr 2007 1330052 Technige |nfrared Spectiai Redqion  MIR-IR

YAxk Abhsorbanos Specirym Rarge 4002053 - 5000.3035 Poiits Couit Fi= =

Datp St 27042007 1330000

XAxk Wavenumber (cm-11

Dtz Spacing 0.9644

Mo | om-1 A PoHH | &zvwn | Intensity | (Mo | cm-1 i FeyHH | Asym | Intensty [[Mo | on-1 i FWWHH | A=z | Intensity
1 | 40310 | 0015 - - WA 12 | 47736 | 003 - - Wy 23 [1082.41 | 00158 - - W
2 | 40985 | 0027 - - W 13 | 48121 [ 0,044 - - W 24 142725 |07 [ 12131 [ 074 WS
3 #3IT | 0014 - - W 14 | 48700 (0042 | 783 0.76 Wy 25 | 251687 | 0024 - - W
4 | #1930 | 0033 - - Wy 12 | 497681 [004 | 526 | 040 Wy 26 | 2877 64 | 0020 - - WY
S [ 427 | 0045 - - Wy 16 | 50436 (00X | 286 0.Ed WAy 27| 32Ee3 | 0073 - - h
B | 43975 | 0.053 - - Wy 17 | 50918 | 0013 - - WY 28 |3X049 | 0074 | 937 | 095 M
7| 44553 | 0052 - - Wy 18 | 524681 | 0014 - - WY 29 | 364334 | 055 - - W
g | 45035 | 0.053 - - Wy 19 | 52945 [ 0015 - - WY 30 |77/e9.72 | oo - - W
9 | 45903 | 0063 - - Wy 20| 57476 | 0050 - - Wy 3| TEE1 44 | 0027 - - W
10 | 468 65 | 0062 - - Wy M| 71266 | 0043 | 4058 | 010 Wy 32 |71 58 | 0000 - - W
11 | 47254 | 0040 - - W 22 | 57564 (0405 | 1086 | 007 h I3 |7eR2s9|o0m2 - - W
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Filp Nane COADOCUMENTS AMD SETTIMNGSDIOMARIS PADILLADESKTOPSPECTRATU'S FTIR0070OHM 0TTRANS MY CDSES AVERAGE SPC
Date 270452007 15:01:00 Date 27 Apr 2007 15:01:08 Techmigue Infrared

Spoctrd Region NIEIR Xhx & Wianenurm ber fom -1 ¥ins Ahsotiance

Spoctrnen Range 400 083 - 80003035 Points Cout 7832 Data Spacing 0.9644

Cedar Soot Average

Ahsorbance
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Fife Name CODOCURMENTS AMD SETTIMNGSDIOMAR S PADILLADESKTOP 'SP ECTRATU'S FTIRRL00A0M SONTRAMS MW CDSS AVERAGE SPC "
Dirte 5, 270472007 150100 Dato 27 Apr 2007 15:01:05 Tochuigne Infrared m
Speciral Region MIE-IR XAxEk Wiavenumber (om-1] Yk Ahaotance J
Spectum Rarge 400.20335 - 3000.3035 Podrts Cont i Dt S g 0.56544 m
Cedar Soot Average m

Mo | ol A PWHH | Asym | Intensity | [ Mo | cm-1 A | FWHH | Asym | Intensity

1 | 40310 [0.015 - - WY 13 | 457.00 | 0.034 - - WY

2 | 4BE | 0025 - - WY 14 | 67572 | 0.050 - - WY

3 | 415371 | 0.024 - - WY 15 | 71266 | 0043 | #4108 | -009 WY

4 | 4046 | 0.033 - - WY 16 | 87564 | 0106 | 1050 | 007 hl

5 | 43010 | 0.036 - - WY 17 | 105211 | 0.039 - - WY

B | 43875 | 0.044 - - WY 18 [ 42725 | 0217 112142 | 074 WS

7O 4MET | 0.047 - - WY 19 [ 51657 | 0.023 - - WY

g8 | 45095 | 0.048 - - WY 20 | 325831 | 0.072 - - hl

9 | 45518 | 0.054 - - WY 21 | 326049 | 0073 | 400580 | 1.00 M

10 | 450.00 | 0.047 - - WY 22 | 34334 | 0.055 - - WY

11 | 477.3% | 0.033 - - Wy 23 | 7861.44 | 0024 [ 192412 | 014 WY

12 | 48121 |0.089 | - - W :



Cedar Set 1 Sample 1

Dyte St 7042007 132700 |Fite Megre CODOCUMENTS AND SETTINGSDIOMARIS PADILLADE SKTOPSPECTR AT LIS FTIR 200704 S0P TRANS MYICDS1ASPC] |
XAxk Wiavenumber (cm-1] Lte 27 Spr 2007 132706 Tocfnbgae | nfrarec Spectra Region  ME AR
Dt Spacing 0.9644 ¥ Axis Ahzorbance Spectram Hange 400.2035 - 50003035 Poiits Cotrt Fiain
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Cedar Set 1 Sample 1

Dafe Stamg 27042007 13:27:.00

__n_"__m. Warre CADOCUMENTS AND SETTINGS\DIOMAR IS PADILLAVD ESKTOPSPEC TRAVTL'S F TIR'QO0VD4190MTRANS_WMy1CD S1A.SPC

XA xis W avenumber (cme 1) O afe E7 Apr 2007 AZET0G Techmigue Infr ared Spectral Region HIR-IR
D 2f3 Spacing 0963 ¥ A xis Abzarbance Specirum Rarge 9002083 - 20003035 Painfs Counf Faaz
Mo | om-1 A FiWHH | Asym | intensity | | Mo | om-1 A FuHH | A=ym | Intensity || Mo | cmed A |FWHH | Aswn | btensity || Ho | om-1 A FuiHH | Asym | Rtensity m
1 457 | 0.022 - - e 13 | 42314 (0020 - - L0 26 (138482 (0037 | 2067 | 040 hd 37 | dEA4.83 [ D012 - - i '
2 | 41950 | 0.026 - - e 14 | 489.89 | 0018 - - ' 26 [ 147643 | D015 - - Y 38 | 3898057 | 0.011 - - n m
3| 42432 [ D011 - - e 15 | 49761 (0035 | 794 | -024 0] 27 [ 150633 [ 0015 - - i 39 | FhAG24 [ D005 | 2051 084 WA |
4 | 43203 | 0.023 - - L 16 | 50532 (D042 - - ] 28 [ 1607 5% [ 0015 - - e 40 [ Fye10S | 0.ooe - - W |
5 | 43878 | 0.026 - - i 17 | 51497 (0053 - - Tl 4 (168473 (0012 - - i 41 [ Fra9a.75 [ 0.010 - - e ,
G | 44553 | 0.030 - - Tl 18 | 52v.50 | 0062 - - S 30 [ 1v1366 [ 0012 - - i 42 [ FE13.22 [ 0.010 - - i m
7 | 48035 | 0.030 - - 1] 19 | 54872 | 0075 - - 5 31 [ 1937349 | D005 - - A 43 | 787301 | 0.011 - - n i
8 | 45421 | 0.039 - - hl 20 | 57669 (0089 - - WS 32 (326145 | 0034 [ 26387 | DAY hd 44 [ Favara | 0.011 - - i i
9 | 46289 | 0.022 - - e 21 | 699.16 | 0071 - - 5 3% [ 386812 | D016 - - Y 45 | 7A09 65 | 0.011 - - n :
10| 46578 | 0.020 - - e 22| P48 (0073 - - 5 34 [ 364806 [ 0012 - - i m
11| 47254 | D.012 - - L3 23 107622 | D037 - - Ml 34 [ 3v4aA6 [ 0012 - - e i
12| 47736 | 0.020 | 368 |-0.74 i 24 | 112444 (0039 - - Tl 36 [ 3175|0011 - - i m
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Cedar Set 1 Sample 2

Flp MNawo COADOCUMENTS AND SETTIMNGSDIOMARIS PADILLADESKTOP'SP ECTRATULS FTIRZO0POH OTTRANS MY CDS1B.SPC
Dato 27 Apy 2007 132756 Technigue Inifrared Spectral Region MIEAR

¥ Axis Absnrance Spectram Range 4002085 - 3000.3035 Poils Count Tagz

Dite Stamp 2FAS2007 132700

XAk Wasenumber (cm-1)

Dt Spacikig 0.9644

0.100 1
8 ]
' ]
]
£ 007s
m :
0.050 4
0.025 4
T T rrr T rrrrrrrrrrTrTT T T T L L T T T T
3500 3000 2500 2000 1500 1000 500
Wigvenumber (cm-1)
8
cC
]
=
e [ o
e i oo 7
s
oS e
ol
rr-n_J_+1ﬂ1ﬂL]L
}fr:
LR BLELELELE BLELILELE BLELELELE BLELELELE ILLIL AL BLELELELE BN BLELELELE BLELELELE BLELELELE AL BLALELELE BLELEL LA ILELEL LA NLELELELE BLELELILEY ILLIL LA BLEL AL B AL BLELELELE BLELELELE BLELELELE LA BLELELELE BLELELELE B LA BLELELELE BN LA BLELELELE UL |
8000 7500 7000 G500 G000 5500 5000 4500 4000 3500 3000 2500 2000 1500 1000 500

Wigvenumber (cm-1)
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Cedar Set 1 Sample 2

File Nano CADOCUMENTS AMD SETTINGSDIOMARIS PADILADESKTORPSPECTRATU'S FTIRDO0FOH90TTRANS MY CODES1B.SPC
Do 2 Apr 2007 132756 Technigue Infrared Speciral Reqion MIEJR

¥ Axs Absorbance Spectrun Range 4002033 - 50003035 Porrls Count 7582

Dite Stanp 204007 152700

Ak Wavenumber (cm-1)

Data Spacing 0.9644

Mo | omel A | FuvHH | Asym | intensity || Mo | cmed A | FivHH | Asym | intensity || Mo | cmed A |FWHH | Asym | Intensity | | Mo | cm-1 A |FWHH | Asym | Intensity
1 | 40889 | 0031 | 465 |-0.83 ] 12 | 47061 | D032 | 613 | D36 ] 23 | 55740 | DDB3 - - 5 34 [ 323831 | 0038 - - ]
2 | MG 64 | D019 - - n 13 [ 48121 | 0013 - - n 24 | 6YGA9 | D02 - - W 35 [3261.46 | 0038 | 36907 | 0.81 ]
3| 1950 | D07 - - n 14 [ 48507 | DD1F - - n 25 | 69916 | 0084 - - 5 36 | 7¥Y0.79 | D007 - - AN
4 | 42528 | D023 - - n 15 [ 49375 | 0039 - - ] 26 | FY438 | DDBS - - 5 37 [ TEd49.86 | 0010 - - AN
5 | 42914 | DO17 - - n 16 [ 49761 | D038 - - I 27 [ 107526 | D043 - - I 38 [ FeE1.69 | 0011 - - n
G | 43386 | D009 - - AN 17 | 603329 | 0037 - - ] 28 [ 1124.44 | D049 - - ] 39 | 780097 | 0009 - - AN
T | 43878 | 0030 - - n 18 [ 511.11 | DDO51 - - ] 29 [ 138482 | 0047 - - ] 40 [ 738458 | 0010 | 32.01 | -D86 n
8 | 442 64 | DO32 - - ] 19 [ 52075 | DO7F - - 5 30 [ 147836 | 0025 - - n 41 (798198 | 0009 | 616 | -004 AN
9 | 45035 | D035 - - ] 20 | 52654 | DDB3 - - 5 31 [ 160758 | 0023 - - n

10 | 455.18 | D036 - - ] 21 | 53233 | DOVE - - 5 32 [ 171270 | D020 - - n

11| 460 86 | D039 - - ] 22 | 85161 | D090 - - 5 33 [ 287V .64 | DODS - - AN




Cedar Setl Sample 3

Fip Mo CODOCUMEMTS AMD SETTIMNGEDIOMARIS PADILL MDESKT OPMSPECTR AT LS FTIRWO07M I0NTRANS MY CDS1C SPC
Dirto 27 Apr 2007 13:28:36 Tochnkgle Infrared Spectral Region MNIR-IR

¥YAxE Ab=orbance Spoctum Range 40020535 - 50003035 Points Comnt it

Date Stanp 27045007 13: 2500

A AxE Wiavenumber (om-1)

Data Spacing 09644

m_”_.
[
m_“_
£
.
LB o o o N NI o i o o e o B L e
3500 3000 2500 2000 1500 1000 SO0
Wigveenumber (cm-17 "
w
-
-
Cpl
5 7100
]
m_”__H_qm
2 2
0050 Q%Z
mEE
0.025 ] [ s
4 e,

2000 500 Fo0o ES00 BO00 5500 S000 4500 4000 3500 3000 2500 2000 1500 1000 00
Wigrsenumber (om-1)
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Cedar Set 1 Sample 3

R Mano CODOCUMERNTS AND SETTINGSDIOMARIS PADILLADESKT OPMEPEC TRATU'S FTIRZOOAO41907TRANS MYWCDE1C SPC
Date 27 Ape 007 132856 Technigie | miftared Spectra Region  MNIEAR

¥ foc i Aphzotiance Spoctran Range 4002083 - 50003035 Poirts Court Jag2

Date Stanip 2T04200F 432800

XAxE Wavenumber (cm-1)

Data Spacing 0.9644

Mo | cm-l A FyHH | Aswn [ Intensity | (Mo [ cm-1 A FyHH | &=zwn | Intensty || Mo | om-1 A FWYHH | Azym | Intensity
1 | 40559 [ 0023 | 655 | -025 W 12 | 48121 | 0.02 - - W 23 112444 | 0051 - - hi
2 | #1564 | 0030 - - W 13 | 49279 | 0.0 - - Wy 24 11358482 | 049 - - h
3| 42046 | 0024 - - W 14 | 49554 | 0.041 - - b 25 |1479.532 | 0026 - - W
4 | 42625 [ 0032 - - hd 15 | 504356 | 0.059 - - bl 26 |1EO07 .55 | 0025 - - Wy
2| 43107 | 0022 - - W 16 | 51207 | 0.0% - - b 27 17175 | 0022 - - W
B | 439.75 [ 0031 - - hi 17 | 52172 | 0.075 - - = 25 | 287764 | 0009 - - W
7| 44746 | 0029 - - W 15 | 52943 | 0.080 - - = 29 |5326145 | 0041 [ 3946 | 0.79 f
g | 45515 | 0032 - - hi 19 | 57765 | 014 - - W 30 | F792.00 | 0006 - - W
9 | 46096 [ 0019 - - W 20 | 69916 | 0.085 - - = 3 | 7E3540 | 0007 - - WA

10 | 46964 | 0021 - - W 21 | 77341 | 0087 - - =) 32 |731255 | 0008 - - Kkl

11 | 47639 | 0024 - - Wy 22 1107526 | 0.049 - - bl
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Douglas Fir Soot Sample 1

Fifp Mo CIDOCUMENTS AND SETTIMNGSWDIOMARIS PADILLADESKT OPEP ECTRATILE FTIRZ00704 A0NTR AN ETR ANE MY 1DFS1SASPC

Date Stawp 27042007 1.340:00 Dito 27 Ao 07 134024 Tecknikgre Infrared Spectral Heqior MIRE-IR
X AxE Wanenumber (cm-1] Yk Abzathance Specitram Range 400,053 - 50003055 Poirls Count Fag2
Data Spacing 09644

Absorbance

___
2500 2000
Wavenumber (cm-11

Absorbance

L
)
[=z]

o
T
M= rs

p -

TE2315
Ta04 53
To85.54
256 51
Tr98.7s
TEES 6T

000 500 000 g:3200 G000 5500 S000 43500 4000 3500 3000 2300 2000 1500 1000 500
Wizvenumber (cm-1)
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Douglas Fir Soot Sample 1

Rie MName CADOCUMEMT S AMND SETTINGSWDIOMARIS PADILLADESKTOPYSPECTR ATU'S FTIRGOOAMAAONTRANSVT RANS MY DFE1 SASPC

Oate Stanp 27047007 1354000 Dirte 27 Apr 2007 13 40:24 Technicue |rfrared Spachar Reqion MIRAR

X i Wavenumber (om-1) Y Axs Absorbance Specttam Range 4002053 - 3000.3035 Ponls Count 7852

Data Spacitg 08644
Mo | cmel A FuvHH ritensity || Mo | cm-1 A FUWHH | Aeym | Intensitg || Mo | cmel A FUWHH | Aeym | ntersity || Mo | cm-1 A FUYHH | A=ym | Intensity
1 | 406.03 | D.052 - ny 11 | 45807 | D139 - - 5 21 | 67476 | D.054 - - ha 31 | 779875 | 001G - - AN
1| 409.85 | 0D.045 - ny 12 | 46289 | D132 - - 5 22 | 79849 | D.0GE - ha 32 |7eS6.61 | 001G | 5185 | -D.76 AN
3 [ 4371 |0ova - ha 13 [ 46771 | 0144 - - 5 23 | 87664 | D.0G2 - ha 33 |7e85.54 | 0021 - - ny
4 | 42045 | 0.091 - b 14 | 47736 | DATT - - W5 24 | 94893 |0.048 - ny 34 |7A04.83 | 0018 - - ny
5 | 424.32 | D096 - b 15 | 48314 | D138 - - 5 25 | 138482 | 0.065 - ha 35 |7O09.685 | 0015 - - AN
G | 42914 | 0079 - b 16 | 40086 | 0102 - - b 26 | 143014 | 0069 - ha 36 |7A2315 | 007 - - AN
7 | 43483 | 0100 - b 17 | S0147 | D021 - - ny 27 | 155840 | 0057 - ha 37 |7a2v a8 | 0018 - - ny
2 | 44360 | 0129 - S 12 | 0532 | 0DODZO - - ny 28 | 326049 (D115 - - S 38 |7939.55 | DD22 - - ny
9 | 44745 | D128 - s 19 | 51111 | 0012 - - A 29 | TEESEY (0009 [ 21.01 | D42 A 39 |7A48.23 | 0012 | 460 | DAO8 AN
10 | 451.32 | D152 - S 20 | 52365 (0014 [ 524 | -D.42 AN 30 | 771775 (0010 | 39.39 | 0.09 AN 40 [7995.48 | o009 [ 307 | -0.01 AN
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Douglas Fir Soot Sample 2

Fig Nawwo CADOCUMENTS AND mm._.._._zmmﬁ_o?___%m_m PADILLADESKTOPSP ECTRATU'S FTIRZO0M041 0 TRANSTTRANS MY1DFS1SB.SPC

Date Stamp 2F 2007 1340:00 Date 27 Apr 2007 1354100 Teclnigre Infrared Spectral Regqion MIR-IR
XAxE Wasenumber (om-11 Yink Abhzomance Spectre Range 400,085 - 30003055 Poinls Count 7a52
Dirta Spacing 0.9644

Ahsorbance

1381 .35
133551
—1423.13
1384 82

S

—1727

3500 3000 2500 2000 1500 1000 500
Wiavenumber (cm-1)

Ahzorbance

8000 7500 Foon G500 G000 5500 5000 4500 4000 3500 3000 2500 2000 1500 1000 500
Wiavenumber (cm-1)

m 003
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Douglas Fir Soot Sample 2

Fio Nane CADOCUMERNT S AMD mm._.._._zomﬁ_ogk.m_m PADILLADESKTOPVSPECTEAT LS FTIRWI07MI IONTRANS\TRANS MY1DFS1SBEPC

| Date Stanp 24007 134000 Dilp 27 Apr 2007 1541:00 Tochnigue | rifrares] Speciral Region MIEAR
| XAk Wavenumber (om-1) ¥ AxE Abzorkance Spectrnm Range 40020585 - 5000 3035 FPonls Count 7882
Lt Spaciieg 09644

m Mo | cm-l A F'YHH | Azvm | Intersity [| Mo | om-1 A FYHH | Asym | Intersity || Mo | om-1 A FWHH | &zvn | Intensity

1 | $1564 | 0036 - - Il 14 | 52365 | 012 - - WY | FF2450 0012 | 536 | -016 WY

i 2 [ 4272 [ 00583 - - hd 15 | 52547 | 0.011 - - W [ 7FES0 | 0013 ) 3954 | 0.06 WY

3| 43107 | 0102 - - = 16 | #4572 | 0018 - - W 2 [ FFe0ar | omz2 - - WY

i 4 | 43589 [ 0110 - - = 17 | 57572 | 0.049 - - W 30| 785372 | 0019 - - Wy

5 | 439.75 | 0410 - - S 18 | 79549 | 0.064 - - [l 3 [ 7872 | 0018 - - W

, 6 | 44553 | 0126 - - = 19 | 87564 | 0058 - - M 32 | 7881 .89 | 0.0 - - W

7| 45421 | 0163 - - W 2 | 138482 | 0063 - - M 33 [ 7903487 | 007 - - Wy

g | 46289 | 0145 - - = 21 | 142918 | 0067 - - M H [ 7.3 | 0015 - - Wy

! 9 | 46865 | 0166 - - W 22 | 1585551 | 0055 - - M 35 | 794630 | 0015 - - WY

10 | 47756 | 0140 - - = 23 [ 153185 | 0.054 - - M ¥ [ 797619 | 0015 - - Wy

, 11 | 45507 | 0125 - - = 24 [1m270 | 0044 - - W 37 |78z | 0022 | 550 | 0.03 W

12 | 49557 | 0055 - - Tl 25 | 36145 | 0116 - - =

13| 51457 |02 | 272 [ -008 WA X | 7e3207 | 00M0 - - WY



Douglas Fir Soot Sample 3

Fife Natite CODOCUMERNTS AMD SETTINGSDIOMARIS PADILL ADESKTOPWSPECTRAN LS FTIRE00/M1 00T RANSTRANS MY DFS1SC.S5PC

Date Stamp FN42007 154100 Date 27 Aor 2007 1354114 Tecfkgue Infrared SpectralRegion MIE4R
Ahxis Wianvenuimber fcm-17 ¥ Axis Absorbance Spectiarm Range 400.2033 - 50003035 Povrrts ot 7382

Dt 3 Spaciig 0.9644

Ahsorbance

1354 82

___
2300 2000
Wigvenumber [om-1]

Ahaorbance

8000 500 Tooo g:500 G000 5500 s000 4500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-11



188

Douglas Fir Soot Sample 3

Fife Mt CADOCUMERTS ARD SETTIMGSIDIOM ARIS PADILLADESKTOPSPECTRAT LS FTIRS00/041 00T B AMSIT R AMNS MY IDES1SC SPC

Ite Stawp 270475007 13:41:00 LDiwte 27 Spr 2007 13:41:14 Tocfn fogre |t & el Spactraf Region MNIRAR
X s Wisnenumber [cm-1] ¥ Axs AhsorkEnce Spectym Rarge 4002033 - S000.3033 Poitits Cott Fisisy
Lt Spatciing 03644

Mo | om-1 A Fu'HH | A=wm | Inbensity || Mo | cmed A [FuHH | A=svm | Intensity || Mo | omed A [FWHH [ Asym | ktensity || Mo | cmed A [ FivHH | A=wm | ntensity
1 [ 40310 | 003 | 370 | 033 n 11| 476239 |0.156 - - W 21 [ 142821 | DGY - - I 31 [ FeEEA9 | 00 - - n
2 | 40985 | 0036 - - n 12 | 48121 |D0.153 W 22 [ 155551 | D065 ] 32 [ vevvaAd | 0022 n
3 | 4660 | 00vE ] 13 | 49375 | 0074 ] 23 [ 158155 | D065 ] 33 [ 72026 | 0023 n
4 | 422729 | 0080 ] 14 | S0629 |0.034 n 24 (171173 | D045 n 34 [ 793569 | 0018 n
5 [ 43300 [00vE hd 15 | 61487 |02 | 244 | D6 AN 25 (324024 | DT 5 35 [ 74630 [ 0016 AN
6 [ 4H B8 | 0132 5 16 | 61979 (001 AN 26 326049 | D117 - - 5 36 [ 7A5401 | 0015 AN
T o[ 45132 | 0143 W 17 | 67669 |0.049 ] 27 | vES3A4 | D009 | B4 | -D2Y AN 37 | 76559 | 0020 n
8 [ 46000 | 0145 W 18 | 79849 | 0.064 ] 28 [ 770039 | 0.0 AN 38 [ FATRI4 | 0014 - - AN
9 [ 46771 | 0142 W 19 | 87554 | 0.059 ] 29 [7FY0Fe [ 0.014 AN 39 [ VR90A6 [ 0016 | S60 | D.40 n
10 [ 47157 [ 0156 WS 20 [ 138482 | 0.064 hd 30 (7997 | 0.7 i 40 [ 799741 | oo0d AN
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Douglas Fir Set 1 Sample 1

o Nawwe CODOCUMENTS AND SETTINGSIDIOMARIS PADILL ADESKTOPSPECTRAT U'S FTIRZO0AMI 90T R ANSTRANS MYIDFS1ASPC

Date Stamp 27042007 13:39.00 Date 27 pr 2007 1339:33 Techinicgre Infrared Speclal Region MIR{R
X Wavenumber fom-17 Yixks Ahsorbance Spocirim Range 4002033 - 5100.3035 Poinls Count 7852
Lata Spacing 08644

[
-
h

Absorbance

T T T T T T T T T T T T T
2500 2000 1500 1000
Wigvenumber (cm-1)

_
3000

m
=
=
b=}
]
e
8 ji CNNRELBE o, 8
c Fo P 3 ]
T 1%0?%%%%3529
= [ R iy e e el
= T T e e oy 0 oy W T
W r[.hr_l.._.r_.rr_fl._l-.:._ud.hu_,___n_..__un_wr___ =
k= VL
VB
=

2000 7500 Fooo E:500 E000 500 000 4500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)
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Douglas Fir Set 1 Sample 1

ke Marme CADOCUMEMTS AMD SETTINGS'DIOMARIS P ADILLADE SKTOP 'SPE CTRATU'S FTIR'@O0N041 0AT RANSITTRANS MY DFS1ASPC
Dirte Stanp 27045007 13:39:00 Date 27 Apr 007 133338 Tochn ke Infrared _ Spectal Reqion MIEIR
Xhk Wanvenum ber (on-1) Yix Absorance Spoctum Rapge 4002055 - 50003035 Points Count ==
Dita Spacitg 09644
Mo | cm-1 &, FiyHH | Asywn | Intensity | [Mo | cm-1 A FuyHH | A=y | Intensity |[Mo | om-1 A FWHH | Asym | Intensity
1 | 40889 (06 | 326 [-0.32 Wy 11 | 47543 | 005 - - W 21 | 112540 | 0.056 - - T
2 | N467 [ 0025 - - Wy 12 148121 | 0025 - - W 22 [1199.66 | 0.056 - - 1
3| M8.53 | 0031 - - Wy 13 | 45700 |0008 | 270 | 035 Ay 23 |1&FTT7| 0058 - - [
4 | 42724 | 0025 - - Wy 14 | 50147 | 0013 - - Ay 24 |1507.29 | 0.057 - - [
5 | 43589 | 0030 - - Wy 15 | 599383 | 008 - - Il 25 |1E08.55 | 0.092 - - [
6 | 440.71 [ 0034 - - Wy 16 | 725327 | 0076 - - I 26 |17135.66 | 0.090 - - T
7| 44457 [ 0040 - - Wy 17 | 82556 | 0077 - - I 27 |33%6049 [ 0154 - - WE
g | 451.32 | 0055 - - I 18 | 924382 |007s - - [ 25 | 7823 | 0.025 - - W
9 | 46193 | 0030 - - Wy 19 |105048 | 0084 - - Il
10 | 46578 | 0.029 - - Wy 20 [1099.57 | 0056 - - Il
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Douglas Fir Set 1 Sample 2

e Nate CADOCUMENTS AMD SETTIMNGSDIOMARIS PADILL MDESKTOPWSPECTRAT U'S FTIRA007M SONTRAN S\TTRAMS MY DFS1B.5PC

Date Stamp 242007 13:33:00 Date 27 Apr 2007 1339:48 Tocimkgre Infrared Spectral Region MIRJR
Ak Wisvenutnber (cm-11 YAk Absarbance Spocirpm Rapge 4002053 - 5000.30355 Poirts Count =t
Data Spacing 09644

—17127

—1603.55
—7237

3598.8?

Abzorbance

T
2000
Wigvenumber (cm-11

T
2300

—52559.53
160533

1506.33
127777

|

2T

o o
a‘| o
1
788747

|
J;

:

420062
11254
108937

4105015
2

533 67
5304

72327
433.539

2556

Ahsorbance

Ta00 .65
TYE0S

=
[=1
o

T T r T T r T T T T T T T T T T T T T T r T T T T
4300 4000 500 3000 2300 2000 1300 1000 500

Wiavenumber {cm-1]

T T T T T T T
g00a 00 000 g:a00 g000 5300 S000
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Douglas Fir Set 1 Sample 2

Fie Mo CADOCUMEMTS AMD SETTINGED IO ARIS PADILL ADESKTOPSPECTRAT LS FTIRG00T041 0TTRANSTRANS MDFS1B.5PC

Lhte Stamp 27045007 1:3:33:.00 Late 27 Apr 2007 133545 Tocfnicpie Irfrarec Spectraf Regioa MIE-IR
X is Wanenumber (om-1) Yk Ahzorhance Spectrun Range 4002053 - 30003033 Poirts Count oG
Lkt Spacitng 09544

Mo [ om-1 A PHH | Azwn | Intensity | |Mo | cm-1 A PHH | Az [ Intensty | |Mo | om-1 A F'YHH | Azym | Intensity
1 | 40503 | 0011 | 334 | 015 WA 11 | 47639 [ 0.0 - - Wy 21 112540 | 0.080 - - M
2 | #1178 | 0014 - - WAy 12 [ 45215 [0.029 - - Wy 22 110062 | 0.080 - - T
3| 422389 | 0025 - - Wy 13 | 49954 [ 0015 - - A 23 M&FTIT| 0082 - - M
4 | 42625 | 0030 - - Wy 14 | 53040 [0.055 - - M 24 11506.33 | 0.080 - - M
S| 4307 | 0023 - - Wy 15 | 59857 [0.095 - - = 25 |16058.55 | 0.086 - - =
6 | 43559 | 0029 - - Wy 16 | 72327 [ 003 - - Tl 26 |1M2.70 | 0.085 - - =
7| 43975 | 0037 - - Wy 17 [ 82356 [0.052 - - T 27 1325953 | 04157 - - WS
8 | 44650 | 0042 = = Wy 158 | 92432 [ 0080 = = M 25 | 776015 | 0042 = = Wy
9 | 45132 | 0.0 - - M 19 (105018 | 0.059 - - M 29 | 7HE065 | 0.0 - - W

10 | 460.95 | 0.037 - - Wy 20 [1099.37 [ 0.090 - - Tl 30 | 757 .47 | 0.035 - - Wy
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Douglas Fir Set 1 Sample 3

Fife Nase CADOCUMENTS AMD SETTIMNGEDIOMARIS PADILLADESKTOPWPECTRATIL'S FTIRGI07 041 07T RANST RANS MY DFS1C.SPC

Dirtp Statp 270452007 1:5:40:00 Dirtp 27 Apr 2007 1:340:00 Tocfn fogre Infrared Spectral Reqion MIR-IR
X Axk Wavenumber (om-17 ¥ Axs Aleorbance Spectram Rarge 4002053 - §000.3035 Poirs Coanrt 752
Datd Spacing  0.9644

[}
a
[y}

Abzorhance

=
=y
=

2000 1:300 1000 300

._._._
2300
Wiavenumber (cm-1)

Ahzorbance
o
=

| &

o] 9
ol =
L3} I ]

g0oa 00 Foaa g:300 5000 00 S000 4300 4000 300 3000 2300 2000 1300 1000 500
Wavenumber (cm-1)
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Douglas Fir Set 1 Sample 3

FAio Mo CADOCUMEMTS D SETTIMNGSIDIOMARIS PADILLADESKTOPMSPECTRATU'S FTIRSO00N04 OTTR AMEITRANS MY DESIC.SPE
Lite Stanp 2745007 13:40:00 Date 27 Ay 2007 15:40:00 Tecfinigue Infrared Spactral Reqgion MIR-IR
Xk Wenenumber (om-10) Yixs Absorbance Spectiann Rapge 4002053 - 0003035 Poinls Count ToE2
D3 Spacing 09644
Mo | om-l A Irtensty |[Mo | cm-1 A Irtensity | [Mo [ cm-1 A | Intensity

1 | 419.50 | DOGS I 10 [ 47061 | 003 Wy 19 | 120062 | 0.093 I

2 | 42432 | 0060 i 11 [ 47543 | 0.020 Wy 20 27877 | 0097 I

3| 431.07 | 00&0 I 12 | 486.04 | 00N A 21 11504.40 | 0.095 hd

4 | 43389 | 0052 Wy 13 | 506.29 | 0.010 Sy 22 1605855 | 0106 hd

5| 439.75 | 0057 Wy 14 | 59387 | 0035 I 23 1270 | 0108 h

E | 44360 | 0055 W 15 [ 92452 | 0.0/ I 24 [3241.20 | 0191 Yo

7| 45035 | 0053 Wy 16 [1050.48 | 0.090 I 25 | 326145 | 0193 WE

g | 45515 | 0059 I 17 [1099.57 | 0.092 I

9 | 46289 | 0036 Wy 18 [1125.40 | 0.092 hd
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Hemlock Soot Sample 1

Wiavenumber (cm-1)

m Filp Mo CODOCUMERNTS AMD SETTIRGSDICOMARTS PADILLADE SKTOPSPECTRATU'S FTIRCOOTMO4TOTTRANSITREANS MY HMS1S8 SPC
| Date Stamp 27042007 14:01:00 Dilp 27 Doy 2007 14:01:24 Teclnkjye Infrared SpectrafRegion MIE-IR
m XAk Wianenumnber (om-17 ¥ xk Absorbance Spoctrim Range 4002055 - §000.3055 Poirds Coms s =it
LData Spacig 0.0644
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Hemlock Soot Sample 1

File Marve CADOCURMENTS AHD SETTIMNGS\DIOMARIE PADILLAMDESET O PG PECTRAT IS FTIREO07'0HIONTRAHNST RANS WV I HME1SASP T

Date Stanip 270462007 14:01 00 Date 27 Apr 2007 14401 24 Techrigue nfaed Spectal Region NIF-IR
X Axis i'awenumber (em-13 ¥ Axis Ahzorbance Spectrsn Bamge 4002083 - 20003035 Paints Court a8z
D3tz Spacing 09644

Mo | cmel ) FUHH | A=ym | ktensity || Mo | om-1 A | FWHH | A=sym | ktensity || Mo | om-1 A | FWHH | Asym | htensity || Mo [ om-1 A | FWWHH | A=ym | Intensity
1| 40702 |0.01% | 468 | 0.46 e 0| 7EI.06 | 0050 - - £ 39 | 326238 | 0072 | 372 | DA% W 58 |FTE5.96 | 0012 - - e
2| 371|002 | 4358 | 004 hd 1| 877 456 | 0052 - - £ 40 | 3620.84 | 0026 - - hd 50 | Fre3.2 | 001G - - e
3| 42046 | D037 - - hd 22107622 | 0047 - - 5 41 | 3745.56 | 0025 - - hd G0 | 781225 | 0015 - - e
4 | 42628 | D.03% - - hd B3| 112444 | 0047 - - £ 42 | 3801.48 | 0024 - - hd G1 | 783088 | 0017 - - e
5 | 43010 | 0.035 - - hd 24 | 141 71 | 005 - - £ 43 | 385463 | 0024 - - hd G2 |7e35.40 | 0014 - - e
G | 43685 | 0037 - - hd 6 | 168444 | 0034 - - ] 44 1399244 | 0020 - - e 63 | 783026 | 0013 - - e
7 | 44457 | D.050 - - £ 6 | 168473 | 0015 - - ] 45 | 4017.61 | 0021 - - e fid | 728272 | 0016 - - e
2 | 46035 | 0.064 - - £ 7| 1TI0F7 | 0016 - - ] 46 | 404451 | 0020 - - e 66 | 7R80.61 | 0018 - - e
9 | 45421 | D.05% - - 5 | 183035 | 0017 - - n 47 | 4918.22 | 0002 - - e 66 | 7a71.08 | 0017 - - e
10 | 464.82 | 0.055 - - £ 193161 | 0017 - - n 43 | 4968.37 | 0008 - - e 67 | 7E70.76 | 0016 - - e
11| 47167 |0.042 - - hd 30| 221995 | 000 - - n 49 | 511977 | 0007 - - Al 63 | 70097 | 0017 - - e
12 | 47543 | 0.044 - - 5 31| 237010 | 0020 - - n 50 | 550744 | 0004 | 2440 | -0.64 | e 69 | 7A08.69 | 0019 - - e
13 | 48026 | 0.057 - - £ 32 | G200 | 001 - - n A1 |7467.01 | 0005 | 1149 | 014 Al TO | 7946.30 | 0016 - - e
14 | 48182 | 0.051 - - £ 33 | 1301 | 0o - - n 52 |PEI716 | 0005 | 1846 | 083 Al T1 | 797716 | 0012 - - e
15 | 520075 |0.046 | 9 .46 5 34 | G487 | 0020 - - n 53 | 7549.95 | 0006 - - Al TI | 798198 | 0011 - - e
16 | 646,79 | 0.039 | 1671 | -017 hd 36 | ZF0502 | 000 - - n 54 | 7692.34 | 0007 - - Al T3 | 799259 | 0008 - - e
17 | 56994 | 0.052 - - 5 36 | 230146 | 0019 - - n 55 | 7ESY.96 | 0009 - - e

18 | 592.08 | 0.054 - - 5 37 | 28VEES | 0018 - - n 56 | 7EI0.75 | 0010 - - e

19 | 71266 | 0.044 - - 5 38 | 27601 | 0017 - - e &7 | 776018 | 0013 - - e
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Hemlock Soot Sample 2

Fife Namne CADOCUMEMNTS AMD SETTINGS\DIOMARIS _u_.pb_r_.}._bmmxao_u._mumaqm}ﬁc_m FTIRA007M 0T RANSTTRAMS MY 1HMS15B.5PC

Diate Stamp ZT0452007 14000 Date 27 Apr 2007 140142 Techige Infrared Spectral Region NIR-IR
Xk Wavenumber (cm-17 YAxk Abeorhanoe Spechum Rapge 40020835 - 3000 3035 Ponts Count Filat=
Data Spacing 0.9644
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Wavenumber (cm-1)

Abzorbance

Ta60.47
T4l G
TrTE.a7

7304 53
TE74.33
731323

Tio84.22

T956.91
T947-26
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Hemlock Soot Sample 2

Fife Mo CADOCUMERTS AND SETTINGS\DIOMARIS _u_..p.D_F..u.J.DmmI._.O_E.m_umﬁ._.m.ﬁ._.C_m FTIR007049 30T RAMN ST RANS MYTHMST1SBSPC

Dixte Stanp 2042007 14:01:00 Diate 27 Apr A00F 14:01:42 Tecinigio Infrared SpectitafRegion MIE-IR

A& Wavenumber [om-1) YAx& Ahsorhance Specirym Range 40020583 - 50003033 Poiits Cowrt a2

Dxta Spacing 0.9544
Mo | om-1 A | FUWHH | A=sym | Rtensity || Mo | om-1 A | FWHH | A=sym | Rtensity || Mo | om-1 A | FWHH | A=sym | Intensity || Mo | om-1 A | FUHH | A=y | Intensity
1 | 40792 |0022 | 406 |-0.09 1] 17 | 48857 | 0036 - - i 33 | 137040 | 0.021 - - iy 49 | 746701 | 0.005 - - A
I | 950 | 000 - - ] 18 | §19.79 | 0036 - - hl 34 | 146200 | 0.022 - - hd 50 | 71523 |0.005 | 19.34 | 044 Al
3| 42528 | 0031 - - ] 19 | S24.61 | 0032 - - hl 36 | 25131 | 0.022 - - hd 51 | 769624 | 0.007 - - iy
4 | 43010 | 0027 - - 1] 0| G46.79 | 0038 | 1509 | 017 i 36 | 170406 | 0.021 - - iy 52 | TE7436 | 0.009 - - iy
5 | 43075 | 0038 - - ] 11| 569.94 | 0051 - - 5 37 | 180242 | 0.020 - - i 53 | 772450 | 0.010 - - iy
G | 44457 | 0044 - - 5 1T | G93.08 | 0052 - - 5 38 | 18VEAE | 0.019 - - Y 54 | 773511 | 0.012 - - iy
7 | 480035 | 0D5T - - 5 13| T12.66 | 0043 - - i 39 | vED | 0017 - - iy 55 | 7RG AT | 0.013 - - iy
3 | 46421 | 0D5T - - 5 I4 | TEI.06 | 0049 - - 5 40 | 32 20| 0.073 - - W 56 | 7aH 18 | 0.016 - - iy
9 | 46096 | 0059 - - 5 5 | 8Fr.56 | 0051 - - 5 41 | 377448 | 0.025 - - il 57 | TEG0 4T | 0.013 - - iy
10| 46771 | 0038 - - ] 16 | 107622 | 0046 - - 5 42 | 396736 | 0.022 - - Y 53 | vEa42z | 0.016 - - iy
11 ] 47157 | 0045 - - 5 IT | 112444 | 0045 - - 5 43 | 401751 | 0.022 - - iy 59 | 7a04E3 | 0.017 - - Y
12 | 476.39 | 0069 - - WE I3 | 144075 | 0055 | 18237 | 072 5 <4 | 4919.18 | 0.009 - - iy G0 | 7947 26 | 0.014 - - Y
13 | 48218 | 0042 - - ] 19| 158444 | 0034 - - hul 5 | 496933 | 0.009 - - iy 61 | 725691 | 0.016 - - Y
14 | 436.04 | 0036 - - ] 30 | 1T10FF | 0025 - - hul < | 506769 | 0.00% - - iy G2 | 796268 | 0.014 - - Y
15 | 43893 | 0039 - - [ o 1emds | one - - i 47 | BE06.43 | 0.004 | 21.01 | -0.10 WAl
16 | 49376 | 0040 - - [ I 19HE | 001e - - i 43 | 556855 | 0.004 | 2040 | -0.19 WAl
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Hemlock Soot Sample 3

Wizvenumber (cm-1]

Fib Mo CODOCUMENTS AWD SETTING S\DIOMARIS PADILLADESK TOP'SPECTRATU'S FTIR@OOMI4 0T TRANSTRANS MYTHMS1SC SPC
Date Stamp 27042007 14:01:00 Date 27 Lpr 2007 14.01:52 Tochinigre Infrared _ Spectraf Region MIR-IR
XhxE Wanenumber (cm-1) ¥ Axis Ahsorbance Spoctrum Rage 4002083 - mﬂ_e_u_m_n_wm Poinl Count TaE2
Datz Spacig 0.9644
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Hemlock Soot Sample 3

Fio Mamo CADOCUMENTS AMD SETTIMGSDIOMARIS PADILLADESKT OPWSPEC TR AT U'S FTIR L0070 90T R AMSTTR AMS MY1THMS15C SPC

Date Stanpp 270452007 14:01:00 Nato 27 Aor 2007 14:00:52 Tochuigue Infrared _ Spectra Regior MEJR

XN Wigvenumber (am-1) Yixs Ahznrhance Spoctnnn Range 400 20535 - m_u_?u_.w_umm Poirls Cout 7a52

Data Spacing 09644
Mo | om-1 A | FWWHH | Asym | Intensity || Mo [ om-1 A Fu'HH | A=sym | Intensty || Ho | om-1 A | FWHH | A=vm | Intensity || Mo | cm-1 A FuiHH | A=sym | nitensty
1 | 404.07 | 0012 - - n 17 | 60339 | 0.026 - - ] 33 | 246287 | 0.025 - - ] 43 | A7 435 | 0.007 - Al
2 | 40889 | D08 - - n 18 | 1014 | 0.008 - - n 34 | 261311 | 0.025 - - I 50 | 7EEYES | 0.008 - n
3 | 41564 | D032 - - I 19 | 52258 | 0.038 | 1441 | -D47 I 35 | 287668 [ 0.021 - - n 51 | 776114 [0.011 - n
4 | 42046 | 0046 - - hi 0| 5446 | 0042 | 1792 | D42 hi 36 | 2976.01 | 0.020 - - n 52 |TE1033 | 0013 - n
5 | 42721 | 0040 - - h 1| 47080 | 0.055 - - 3 37| 33 .20 | 0.076 . - W 53 |TE16.11 (001 - nf
6 | 435.89 | 0032 - - hd T2 | 593089 | 0.056 - - 3 38 | 3699.27 | 0.027 - - hd 54 | TE2961 | 0.016 - nf
7 | 44457 | 0051 - - 3 X3 | T12E6 | 0.047 - - 3 39 | 377448 | 0.027 - - hd 55 | Te41.18 |0.012 - nf
2 | 461.22 | 0.060 - - 5 4 | 78306 | 0.052 - - 5 40 | 382464 | 0.026 - - hd 56 |TESEE1 | 0.013 - nf
9 | 45614 | 0056 - - 3 5 | 87756 | 0.055 - - 3 41 | 387768 | 0.025 - - hd 57 | TE82ES |0.013 - nf
10 | 461.93 | 0.060 - - 5 26 | 1076.22 | 0.043 - - 5 42 | 3992 44 | 0.024 - - ] 58 |T91448 0013 - Y
11| 46578 | 0043 - - 5 7 | 112444 | 0.043 - - 5 43 | 4018 47 | 0.024 - - ] 53 | 7925484 |0.014 - Y
12 | 469.64 | 0.049 - - 5 3 | 1441 .71 | 0.058 - - 5 44 | 4506 .44 | 0.016 . - nf G0 | TAS621 [ 0.010 - nf
13 | 476.39 | 0.052 - - 5 3 | 158444 | 0.037 - - h 45 | 4869.33 [ 0.010 - - i G1 | TO6366 | 0.009 - - i
14 | 481.21 | 0.051 - - 5 300]1711.73 | 0.028 - - h 46 | SE06.43 | 0.005 | 2426 | D04 A G2 | 797137 |0007 | 410 | 0.34 WAl
15 | 492.79 | 0.044 - - h 31 | 193161 [ 0.021 - - i 47 | 555855 | 0.004 - - A G3 | 798487 (0009 | 630 | -038 i
16 | 49857 | 0.040 - - ] 32 |2Iv0.10 | 0.024 - - ] 43 | 7E43.20 |0.005 | 1409 | 020 A
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Hemlock Set 1 Sample 1

e Naite CDOCUMEMNTS AND SETTIMNGSDIOMARS PADILLADESKT OPSPEC TRATLES FTIR V007 0T RAN STRANS MYyIHMS1ASPC

20472007 140000

Diate

27 Apr 2007 14:00:40 Techiige Irfrared

SpoctralRegion  MIR-IR

XAxk Wiavenumber (cm-11

¥ ks

Abeorbeance

Spectrum Ramge 40020535 - 50003035

Poirts Courst ==

Data Spacitg 0.9544
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Hemlock Set 1 Sample 1

File Mawe CADOCUMENTS AND mm._.._._z_mm._.D_O______._pm_m PADILL ADESKTOPWSPECTR AT US FTIR W07 90NTRAMSTRANS MYTHMS1ASPC

Dite Stanp 2045007 140000 Dato 27 Apr 2007 14:00:40 Toch e Irfrared SpectralRegion NIR-IR

A Az Waenumber (on-1) YAk Abaorbence Spectimn Range 400.2085 - 50003035 Poitts Comirt 7852

[ Deta Spacing 09644

Mo | emel A FU'HH | Asum | Rtensity || No | omd A FUWMHH | A=wm | Rtensity || Mo | om-1 A FrHH | Asym | Intensity || Mo | om-d A FrHH | A=y | Intensiny
1 [ 40792 |D.020 [ 568 | D55 i 16 | 504.36 | 0.053 - - 5 31193354 | 0.010 - iy 46 | FPI17.7E | 0004 - Al
2 | 467 | D029 - - I 17 | 516.90 | 0.018 - - uy 32195861 | 0.010 - uy 47 | Fra1.60 | 0005 - WAl
3 | 41950 | 0025 - - hl 18 | 626.87 | 0.028 - - Tl 33 | 229324 | 0.013 - L) 48 [FY6RA1 | 0005 | VPG | D42 Wil
4 | 42432 | 0045 [ 461 046 I 19 | 530.40 | 0.024 - - iy 34 | 246104 | 0015 - iy 49 | 71515 | 0003 - Al
5 | 432.03 |0.030 - - hl 10 | 551.61 |0.023 [ 1274 | -D.06 L) 35 | 274682 | 0017 - - L) 50 | 782093 | 0005 - Wil
6 | 43685 | D.036 - - 0] 1| A7E.Te | D024 [ 1332 | -D.0G iy B | 343580 | 0.049 [507 45 | -DA4 0l A1 | Fa6Z.40 | 0007 - Al
7| 44457 | D044 - - I 22| ve4.09 | 0.009 - - iy 37 | Av4h A6 | 0022 - - iy 52 | 7BED.16 | 0005 - WAl
8 | 451.3% |D.065 - - 5 13| 831.28 |[0.009 | 1545 | 000 L) 38 | 382175 | 0.021 - L) 53 |T7880.72 | 0003 - Wil
9 | 454.21 | D.06Y - - 5 4 (100004 | 0016 [ 1332 | -D.0Z iy 39 | 385455 | 0022 - iy A4 | FE5E.44 | 0006 - - Al
10 | 46096 [ 0.057 - - 5 25 | 104326 [0.019 | 1872 | D25 iy 40 | 206254 | 0.021 - iy G5 [7O12.46 | 0008 [ 3813 | -DI6 WAl
11 | 466.75 [0.071 - - 5 26| 112155 | 0.0%4 - - iy 41 | 398855 | 0.021 - iy A6 | 735485 | 0007 - Al
12 | 47543 [0.073 - - 5 27 | 128163 | 0.019 - - iy 42 | 420074 | 0.019 - iy A7 | FO45.33 | 0003 - A
13 | 480.25 [D.079 - - W 28 [ 138385 |0.040 [ 1209 | -D.73 10 43 | 424982 | 0.019 - uy G2 [ 7E51.12 | 0002 - - WAl
14 | <486.04 [ 0.054 - - W 29| 163550 | 0.0k - - iy 4 | 465185 | 0.016 - iy 59 | v65.40 | 0005 | 36 | D2V Al
15 | 498.57 [ 0.065 - - 5 30 | 171483 | 0.023 - - iy 45 1473103 | 0016 - iy GO [vavS2a joo0g [ 555 ) -D04 [0
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Hemlock Set 1 Sample 2

Fife Nztire CADOCUMENTS AMD SETTINGSDIOMARIS PADILLADE SKTOPVWSPECTRATU'S FTIR@0I0NI41 900NTRAN ST RANS MY THMS1B.5PC

Date Stawmp 272007 14:00:00 Dirle 27 Apr 2007 14:00:50 Tochinicgre Infrared Speclra Region MNIEJR
AAxE Wianerunber (cm-11 ¥Yixe Abeorbance Spoctrum Ramge 1002063 - 50005055 Poirs Conrt 7a52
Datz Spacing 0.9644

0075

Absorbance

0.0s0

0.025

rrrrrrrTrTrT T TTT T
2500 2000
Wigvenumber (cm-11

2000 =00 Fooo g500 g000 5500 S000 4500 4000 3500 3000 2500 2000 1500 1000 s00
Wavenumber (cm-1)
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Hemlock Set 1 Sample 2

Fife Mt CADOCUMENTS AND SETTIRGSWDIOMARIS PADILLADESKTOPSPECTRAT 'S FTIRGOONI4190MTR ANSTRANS MY HMS18.5PC

Ite Stawp 27047007 14:00:00 Diate 27 Ape 007 14:00:50 Tochniope |t & Speclr Regionr  MEAR
X s Wenenum ber (om-1] ¥ Axis Ahsothance Spechym Rarge 40020535 - 500053035 Poitits Count Fisisy
Lt Spaciing 03644

Mo [ om-1 A | FWWHH | Asym | Intensity || Mo [ cm-d A | FHH | A=vm | htersity || Mo | cm-1 A FuHH | A=vm | htensity || Mo | cmel A FUVHH | Aewm | nbensity
1 | 40782 | 0033 - - ] 13 | 48218 | 0093 - - W 25 (138385 |0.041 | 1284 | D72 ] 37 [4v3za0 | 0017 - - n
2 | 4660 | DDO31 ] 14 | 48786 | D021 5 26 [1606.62 | 0.021 n 38 [ ve4223 | 0005 | 8201 0.6 AN
3| 42625 | 0027 n 15 | 48375 | DDGT 5 27 (171366 [ 0.024 n 39 [7vE332 (0.005 | 2009 | D43 AN
4 [ 43685 | 0047 hd 16 [ 49954 | D057 5 28 [1933.54 | 0.011 i 40 [ 781418 | 0.006 - - AN
5 | 44553 | D058 5 17 [ 51979 [ 0018 n 29 [1958.61 | 0.011 n 41 | 785372 | 0.007 - - AN
G | 45035 | DDGG 5 18 | 52750 | 0029 - - ] 30 (229324 [0.014 n 42 [ 780194 | 0.007 | 1368 |-0.01 AN
T | 45421 | DDGT 5 19 [ 5v4rG [ 0025 | 1336 | 0.28 n 31 [2461.04 | 0.01F n 43 [ 791351 | 0.006 - - WAy
& [ 460.00 | 0055 hd 20 [ 83128 (0010 [ 1560 [ 0.00 i 32 (274652 | 0.019 i 44 [FO366G | 0.009 | 1086 [ -0.346 AN
9 | 46289 | DDSF 5 21 (100004 | D016 | 1346 | -003 n 33 398858 | 0.023 n 45 [ 795691 | 0.007 | 402 |-D.76 AN
10 | 47157 | DDBS W 22 [1048.26 [ 0018 | 1855 | 0.23 n 34 [4200.74 | 0.021 n 46 | 788102 | 0.008 - - AN
11 | 47446 | DDEG W 23 [1121.55 | 0023 - - n 35 (424992 | 0.021 n

12 [ 47832 | DDEF WS 24 [1281.63 | 0019 i 36 [4681.95 | 0.017 i
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Hemlock Set 1 Sample 3

Fip Nane CADOCUMENTS AWD SETTINGE'D OMARIS PADILLADESKT OPMSPECTR AT U'S FTIRGOO7WM] 90T RANST RANS MY HMS1C SPC
Dirte Stamp 20402007 14:00:00 Dito 2F Bpr 2007 14:04:00 Tecinkiue Infrared Speciral Region MIR-IR
Al Wiavenumbert (cm-11 Yink Abhzorbance Spectrym Range 400 2063 - 30003035 Poinls Count 7e52
Dt 3 Spacing 09644
0.075
]
=
o
=
& 0.050
e
0.025
L LI B L L N L LI T LN
3500 3000 2500 2000 1500 1000 500
Wigvenumber (cm-1)
8 7o7s |
b ]
L ]
2O R egy;
Epdsnscs
(T gy
N ST
2000 7500 7000 B500 B000 500 s000 4500 4000 3500 3000 2500 2000 1500 1000 00

Wigvenumber (cm-1]
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Hemlock Set 1 Sample 3

Frile hNamo CADOCUMENTS AMD SETTINGEDIOMARIS PADILLADESKTOPWSPECTRATU'S FTIR200041 0 TRANSTRANS MY THMS1C . SPC

Date Stanp 27045007 14:01:00 Do 27 Sy 2007 14:01:00 Tochuigro Iruftatecd Spoctraf Hegior MNIE-IR

A s Wanenumber (cm-1] ¥ Axs Ahsathance Spectiam Range 400.2053 - S000.3035 Poils Count 52

Data Spacing 09644
No | om-1 A | PWHH | Asvm | Intensity || Mo | cm-1 A | PWHH | Asym | Intensity || Mo | cm-1 A | PWHH | Asvm | Intensity || Mo | cm-1 A | FUWHH | A=svm | Intensity
1 [ 40686 0031 | 388 [ 076 h 17 | 52547 |0.021 [ 1225 | 046 i 33 [2461.04 [ 0017 - - i 43 | YE97 A0 | 0004 - - AN
I | 42045 |0.026 - - ] 18 | 55065 |0.023 [ 1133 | 027 ] 34 [2v46.52 | 0019 - - i 50| 7va429 | 0005 | 1620 | -0.99 AN
3| 42625 | 0.034 - - ] 19 | 57476 |0.025 [ 1302 | 031 ] 35 [3v74.48 | 0023 - - Il 51 | 781322 | 0007 | 1424 | -D.64 | S
4 | 42107 | 0.045 - - ] 20 | va402 |0.009 - - n 36 [3799.57 | 0023 - - Il 52 | 7E3443 | 000G | 1731 | -D.16 AN
G | 42589 | 0.045 - - hd 21| 83128 |00 | 1563 | O nf 37 [3826.60 | 0023 - - Tl 53 | veS2Y6 | 0007 - - s
G | 44071 |0.058 - - 5 22 | 100004 | 0016 | 1325 | -0.02 n 38 [3088.58 | 0023 - - Il 54 | 790087 | 0003 - - n
7| 44653 | 0.049 - - 5 23 | 1048.26 | 0018 [ 1942 | D23 n 39 (401462 | 0023 - - Il 55 | 791255 | 000G - - AN
g | 45421 [0.074 - - W 24 (112251 [ D023 - ] 40 | 422485 | 0021 - - e A6 | vA31 A3 | 000G - - iy
9 | 46259 |0.072 - - W 25 | 1281.62 | 0.019 - - n 41 [4249.92 | 0021 - - i 57 | 793762 | 0DOR | 436 | -D.04 n
10| 47061 | 0.076 - - W 26 | 1383.85 |00 | 1274 | -0.72 ] 42 [4681.95 | 0018 - - i 53 | 4341 | 0004 - - AN
11| 48121 [0D.072 - - WS 27 [ 160565 [ 0.021 - L0 43 | 473210 [ 0017 - - e 59 [ vas5o4 | oo0s | 671 0.4 iy
12 | 48700 |0.076 - - W 28 | 171366 | 0.024 - ] 44 486837 | 0015 - - i B0 | 7G550 | 000G | 375 |-D.13 AN
13 | 49279 |0.071 - - W 29 | 1933.84 | 0.012 - n 45 [5018.51 | 0014 - - i B1 | 77623 | 0007 | 341 | D.04 AN
14 | 498457 | 0.061 - - 5 30 | 198465 [ 0.012 - i 46 [7H93.34 | 0004 [ 619 | -D.44 | N 52 | 798005 | 0005 [ 338 | -0.09 AN
15 | 50918 |0.034 - - ] 31| 2293.24 | 0.014 - n 47 [7653.14 | 0004 [ 9.30 | -0.50 Al
16 | 51583 |0.015 - - n 32| 234049 | 0.015 - n 48 [7673.39 | 0004 - - Al



APPENDIX B
Select SEM Images & X-Ray Analysis

Sweetgum Ash & Soot Particles on
KBr Matrix

Elemental Weight Percentage

Ca, 0.04%

File Name: XV Sweetgum 1000x3

Sweetgum Ash & Soot Particles on
KBr Matrix

Elemental Weight Percentage

File Name: XV Sweetgum 1000x2
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Sweetgum Ash & Soot Particles on
KBr Matrix

Elemental Weight Percentage

Fe, 0.10%

File Name: XV Sweetgum 1000x1

American Basswood Ash & Smoke
Particles on KBr Matrix Image2

Elemental Weight Percentage

File Name: XVIIl AmerBass 1000x3a
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American Basswood Ash & Smoke
Particl

American Basswood Ash & Smoke
_Particles on KBr Matrix Image2

Elemental Weight Percentage
Na, 2.63%

Ca, 0.30%
K, 0.65%

~—Fe, 2.03%

i Name: XVIII AmerBass 1000x2a



American Basswood Ash & Smoke
Particles on KBr Matrix

7 _J'jf'f f, Elemental Weight Percentage
" ‘ 18 Na, 2.63%

Ca, 0.30%
K, 0.65%

2.03%

File Name: XVII| AmerBass 1000x2

American Basswood Ash & Smoke
Particles on KBr Matrix Image2
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American Basswood Ash & Smoke
Particles on KBr Matrix

Elemental Weight Percentage

0, 1.76%

—! .
P oty €

-

File Name: XVIII- AmerBass 1000x1

Red Oak Ash & Smoke Particles on
Kr Matrix

Elemental Weight Percentage

0, 0.01%
Fe, 0.10%

File Name: XVII Red Cak 1000x3
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Red Oak Ash & Smoke Particles on
KBr Matrix

Elemental Weight Percentage

Na, 0.35%

Fe, 0.46%

File Name: XVII Red Cak 1000x2

Red Oak Ash & Smoke Particles on
KBr Matrix

Elemental Weight Percentage

Na, 0.34% Fe D.17%

M

File Name: XVII Red 6ak 1000x1
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Maple Greenwood Ash & Smoke
Particles on KBr Matrix

Elemental Weight Percentage

Ca, 0.17%

‘fr

XVI Maple Carbon Coated 2000x3

Maple Greenwood Ash & Smoke
| r_jtile on KBr Matrix

XVI Maple Carbon Coated 5000x
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Maple Greenwood Ash & Smoke
Particles on KBr Matrix

Elemental Weight Percentage

NN,

i i
XVI Maple Carbon Coated 5000x2

Birch Lumber Ash & Smoke
Particles on KBr Matrix

.! t ! Elemental Weight Percentage
) r‘: a2 -
i " i.: 5 i

File Name: V Birch Lumber 1000x4
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Birch Lumber Ash & Smoke
Particles on KBr Matrix

& D ‘ g Elemental Weight Percentage

File Name: V Birch Lumber 1000x3

Birch Lumber Ash & Smoke
Particles on KBr Matrix

Elemental Weight Percentage

Na, 1.98%

File Name: V Birch Lumber 1000x2
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Birch Lumber Ash & Smoke
Particles on KBr Matrix

Elemental Weight Percentage

Mg, 0.33%

Fi-Ie Name: V Birch Lumber 1000x1a

Birch Lumber Ash & Smoke
Particles on KBr Matrix

Elemental Weight Percentage

Mg, 0.33%

Na, 3.52°% Ca, 0.M1%
Fe, 0.44%

..... i S Si, 0.26%

File Name: V Birch Lumber 1000x1
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White Oak Lumber Ash & Smoke
Particles

o ;

File Name: IV WhiteOak 1000x4

White Oak Lumber Ash & Smoke
Particles

Elemental Weight Percentage

Na, 3.39%
.08%

File Name: IV WhiteOak Greenwood 1000x3



White Oak Lumber Ash & Smoke
Particles

Elemental Weight Percentage

Na 1.71%
Fe, 3.70%

File Name: IV WhiteOak Greenwood 1000x2a

White Oak Lumber Ash & Smoke
Particles

Elemental Weight Percentage

5i,006% _na 1.30%

File Name: IV WhiteOak Greenwood 1000x1a
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Cherry Wood Lumber Ash &
Smoke Particles

Elemental Weight Percentage

File Name: IV Cherry wood Lumber 1000x3

Cherry Wood Lumber Ash &
Smoke Particles

Elemental Weight Percentage

Na, 1.71%
Fe, 4.97%

File Name: IV Cherry wood Lumber 1000x1a
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Cherry Wood Lumber Ash &
Smoke Particles

Elemental Weight Percentage
Na, 0.31% Mg, 0.08%
0, 1.18% Fe, 0.61%

Si, 0.01%

File Name: IV Cherry wood Lumber 500x2

White Oak Greenwood Ash &

Fe, 0.25%

File Name: XX WhiteOak Greenwood 1000x3a

Elemental Weight Percentage

0, 0.07%
Na, 0.068% | .
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White Oak Greenwood Ash &
Smoke Particles

Elemental Weight Percentage
Mg, 0.01%

File Name: XX WhiteQak Greenwood 1000x3

White Oak Greenwood Ash &
Smoke Particles

Elemental Weight Percentage
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White Oak Greenwood Ash &
Smoke Particles

2 v, &
y

.‘ : v Elemental Weight Percentage

~Na, 0.12%
Fe, 1.32%

File Nafne: XX WhiteOak Greenwood 1000x1

Pine Greenwood Ash & Smoke
Particulates

Elemental Weight Percentage

Fe, 1.64%

_—Na, 1.32%

File Name: XXl Pine Greenwood Backscatter 500x3



Pine Greenwood Ash & Smoke
Particulates

Elemental Weight Percentage

Fe, 169%
| ~Na,1.40%

File Name: XXl Pine Greenwood Backscatter 500x2

Pine Greenwood Ash & Smoke
Particulates

Elemental Weight Percentage

File Name: XXl Pine Greenwood Backscatter 500x1
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Ash Wood Ash & Smoke Particles
on KBr Matrix

Elemental Weight Percentage

File Name: XXI| Ash Backscatter 1000x2

Ash Wood Ash & Smoke Particles
on KBr Matrix

Elemental Weight Percentage

Na, 483% ,0,4.38%

Fe,0.40%
Ca, 0.16%

File Name: XXIlI Ash Backscatter 1000x1



Ash Wood Ash & Smoke Particles
on KBr Matrix

Elemental Weight Percentage

File Name: XXI| Ash Backscatter 500x2

Ash Wood Ash & Smoke Particles
on KBr Matrix

2 Elemental Weight Percentage

Na, 2.76%

File Name: XXI| Ash Backscatter 500x1
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Grass Smoke Cluster
on KBr Matrix

Weight Percentage of Elements

File Name: 060705¢

Grass Ash Particle
on KBr Matrix

L Weight Percent of Elements

File Name: 060705a
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Grass Smoke Particle
on KBr Matrix

Weight Percent for Elements

File Name: 060705b

Maple Greenwood Ash & Smoke
Particles on KBr Matrix

»
r

Elemental Weight Percentage

Mg, 0.26%

File Name: GC XVI Maple 500x3



Maple Greenwood Ash & Smoke
Particles on KBr Matrix

E Elemental Weight Percentage

Na, 3.07%

Ca, 2.61%
8, 6.05%

File Name: GC XVI Maple 500x2

Maple Greenwood Ash & Smoke

Particles on KBr Matrix
Sl NS

oAk )*'.. ( S Elemental Weight Percentage

Mg, 2.89%

, Ca, 1156%

T 8,591%
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White Oak Greenwood Ash &
Smoke Particles on a KBr Matrix

\‘n-""’ ' A .‘ : 5.
X __ Elemental Weight Percentage

Na, 0.30%

Mg, 0.59%
Ca, 0.79%

File Name: GC XX White Oak greenwood 500x3

White Oak Greenwood Ash &
Smoke Particles on a KBr Matrix

b {- & "‘-’é'k £ 1
”"5" * _; £ iy ; Elemental Weight Percentage
. ' - 0, 0.26%— S 0-92%

File Name: GC XX White Oak greenwood 500x2
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White Oak Greenwood Ash &
} Smoke Partlcles on a KBr Matrix

5 Elemental Weight Percentage

Mg, 0.84%
_—Ca, 1.08%

File Name: GC XX White Oak greenwood 500x1

Sweetgum Greenwood ash &
Smoke Particles

ﬁv‘_A

File Name XV Sweetgum GW 1000x3

Elemental Weight Percentage
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Sweetgum Greenwood ash &
Smoke Particles

Elemental Weight Percentage

Ca, 0.38%— Na, 0.16%

File Name: XV Sweetgum GW 1000x2

Sweetgum Greenwood ash &
Smoke Particles

Elemental Weight Percentage

File Name: XV Sweetgum GW 1000x1



Pine Greenwood Ash & Smoke
Pacles_on KBr Matrix

e Nt

Elemental Weight Percentage

P, 0.76%
§, 0.27%

Na, 0.03%
Mg, 0.31%

c,53.17%
S Fe, 0.41%
Si, 0.07%

’ ; . ] o L g
P X 5 2 S A
= ik = 4 -".- n z L
e, 2 & - i »
A, e |
j! i ) . ~ %, -
L t s A -
1 s B L
’ | o i = > "
et ;

File Name: GC XXI Pine Greenwood 500x3

Pine Greenwood Ash & Smoke
Paicles on KBr Matrix

: *— he .
- {8 R . Elemental Weight Percentage

P, 0.58%

¥ i A r
) Y p L o

File Name: GC XXI Pine Greenwood 500x2
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Pine Greenwood Ash & Smoke

Particles on KBr Matrix

’ ._f_l .!.,- & i ,
St o g

Elemental Weight Percentage
Mg, 0.43%

Na, 0.50%

£

Ca, 3.43%
Fe,0.54%

N, 1.12% /5

File Name: GC XXI Pine Greenwood 500x1

American Bass Wood Ash & Soot
Pr_ticlsro_n KBr Matrix

AR Elemental Weight Percent

s R ORGP W,
File Name: GC XVIIl AmerBass GW 1000x3
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American Bass Wood Ash & Soot
Particles on KBr Matrix

File Name: GC XVIIl AmerBass GW 1000x2

American Bass Wood Ash & Soot
Particles on KBr Matrix

Elemental Weight Percent

Na, 0.87%

. ‘13'= 4 &’ y
File Name: GC XVIIl AmerBass GW 1000x1
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Red Oak Lumber Ash & Soot
Partlcles on KBr Matrix

Elemental Weight Percent

Na, 0.78%

File Name: GC XVIl RedOak 500x3

Red Oak Lumber Ash & Soot
Partlcles on KBr Matrix

Elemental Weight Percentage

Na, 0.43%

| File Name: GC XVII RedOak 500x2
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Red Oak Lumber Ash & Soot
Particles on KBr Matrix

~,

Elemental Weight Percentage

File Name: GC XVIlI RedOak 500x1

Pine Lumber Ash & Soot Particles
on KBr Matrix

Elemental Weight Percent

Na, 0.18%
S, 0.49% Mg, 0.20%

ol
ﬁ..'ﬁa"

File Name: GC Ill Pine Lumber 1000x3



Pine Lumber Ash & Soot Particles
on KBr Matrix

Elemental Percentage

Na, 0.56%—Mg, D.47%
S, 0.48% Ca, 0.81%

File Name: GC lll Pine Lumber 500x2

Pine Lumber Ash & Soot Particles
on KBr Matrix

Elemental Weight Percent

Mg, 0.14% Ca, 0.16%
2 Si, 0.16%

File Name: GC lll Pine Lumber 500x1
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Pin Oak Greenwood Ash Particles
on KBr Matrix

Elemental Weight Percentage

Ca, 0.17% Na, 0.14%

Fe, 0.29%

S, 0.12% °

File name: GC Il PinOak Greenwood 1000x3

Pin Oak Greenwood Ash Particles
on KBr Matrix

Elemental Weight Percentages

Mg, 012 | aot
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Pin Oak Greenwood Ash Particles
on KBr Matrix

Elemental Weight Percentage

File name: GC Il PinOak Greenwood 1000x2

Pin Oak Greenwood Ash Particles
on KBr Matrix

Elemental Weight Percentage

File name: GC Il PinOak Greenwood 1000x1
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Walnut Lumber Ash Particles
on KBr Matrix

Weight Percentage of Elements
Fe, 0.20% /Na, 0.14%
——~Ca, 0.18%

S, 0.18%

0, 1.89%

File Name: GC | Walnut Lumber 1000 x 3

Walnut Lumber Ash Particles
on KBr Matrix

Weight Pecentages of Elements

Ca, 1.66%

Fe, 3.62% Na, 1.50%

8, 2.56%

File Name: GC | Walnut Lumber 1000 x 2
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Walnut Lumber Ash Particles
on

KBr Matrix

*— . ; Weight Percentage of Elements
Fe,0.20% Na,0.14%

File Name: GC | Walnut Lumber 500 x 1

Ash Wood Smoke Particles
on KBr Matrix (Backscatter)

Weight Percentage of Elemets

Na, 2.32% ¢, 0.52%

S, 0.61%

File Name: GC Actual XV| Ash 500x2



Ash Wood Smoke Particles
on KBr Matrix (Backscatter)

” .‘
‘.'94,

Weight Percentage of Elements

Na, 2.48%
Mg, 1.41%

File Name: GC Actual XV| Ash 500x1

Ash Wood Smoke Particles
on KBr Matrix (Backscatter)

Weight Percentage of Elements

Mg, 0.16% o 0.46%

File Name: GC Actual XV| Ash 500x3

S,0.03%
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Elemental Percentage Available

Elemental Percentage Available

Appendix C
XRF RESULTS

XRF Elemental Analysis of Unburned Woods

14.00%

12.00%

10.00%

8.00%

6.00%

4.00%

2.00%

0.00%

‘IChIorine (Cl) B Sulphur (S) OAluminum (Al) O Titanium (Ti) Biron (Fe)‘

XRF Elemental Analysis for Unburned Woods: Potassiu =~ m (K) & Calcium (Ca)

100%
90%
80%

70%

O Potassium (K) B Calcium (Ca) ‘
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XRF Elemental Analysis Wood Soots

18%

16%

14%

B X
) ©

12%
10%

a|qe|reny abeiusdiad [eusws|g

=
Bl

2%

[T iron (Fe) B Titanium (Ti) O Calcium (Ca) |

XRF Elemental Analysis on Wood Soots
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80%
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60%
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40%
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X-Ray Fluorescence (XRF) Elemental Determination
and Comparison of Woods and Wood Soot
K

® Raw Woods
Smoked Woods

0.00 Cca

K (Counts, kc/s)

Figure 32 Triangular plots of XRF data on Unburned and Burned woods showing high
concentrations of potassium (K) and calcium (Ca). Before beimgptwvoods are high in
calcium and have trace amounts of Iron. After combustion, wood stookains high

concentrations of potassium and calcium, with barely any iron.
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X-Ray Fluorescence (XRF) Elemental Determiniation
and Comparison of Woods and Wood Soot

B S-Pine |
© R-Pine |
1.00 B S-Am BassH
® R-Am Bass
S-Maple |
R-Maple \
S-SweetGum \
E  S-White Oak |
@ S-Pin Oak |

K

0.00

1.00
e ) ; ; 7 ; > -
0.00 0.25 0.50 0.75 1.00
K (Counts, kc/s)

m
==}

F

Figure 33 Triangular plot of XRF data for specific Unburned and Burned waitisa focus
on K, Ca, Fe. Here we have a distinction of elemental coratemts of K, Ca, and Fe by
wood species. Most woods contain K concentrations higher than 75%aftbustion.
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X-Ray Fluorescence (XRF) Elemental Determination
and Comparison of Woods and Wood Soot

Ca
1.00

0.00 S-Pine |
R-Pine |
S-AmBass
R-AmBass
S-Maple |
R-Maple \

S-SweetGum \

O S-WhiteOak |

0 S-PinOak |

o m OO

1.00
Fo Y——— F——&— 0.00

; 7 ;
0.00 0.25 0.50 0.756 1.00 Ti
Ca (Counts, kc/s)

Figure 34 Triangular plot of XRF data for specific Unburned and Burned waitisa focus
on Ti, Ca, Fe. Here we have a distinction of elemental contiensaf Ti, Ca, and Fe by
wood species. Concentrations of Ca seem to remain at a cdngtatitroughout the

combustion process.
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Comparison of Elemental Ratios for XRF samples

Ratio Concentration

|——Fe/Ca ==~K/Ca —*—Ti/Ca]

Figure 35 Comparison of elemental ratios for Fe/Ca, K/Ca a@hTind a higher K/Ca
throughout the smoke samples indicating a possible tracer ratimfoass burning events.
The highest K/Ca ratios occur in Red Oak and American Basswoaitisdeciduous tree
species.
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Appendix D
Statistical Comparison of Deciduous & Coniferous Tr ees
Oneway: Deciduous vs. Coniferous Fingerprint Region (400-900
wavenumbers)
Descriptives
Wavenumber
Std. Std. 95% Confidence Interval for
N Mean Deviation Error Mean Minimum | Maximum
Lower Bound | Upper Bound
1 Deciduous
Trees 80 | 570.2239 | 136.93977 | 15.31033 | 539.7494 600.6983 | 406.91 | 875.52
2 Coniferous
Trees 64 | 520.2086 | 116.34649 | 14.54331 | 491.1461 549.2711 404.98 | 892.88
Total 144 | 547.9949 | 130.17446 | 10.84787 526.5520 569.4378 404.98 892.88
ANOVA
Wavenumber
Sum of
Squares Df Mean Square F Sig.
Between Groups | 88943.231 1 88943.231 5.411 .021
Within Groups 23322347.3 142 16438.362
Total 2421;_]:%90.6 143




Mean of Wavenumber

Means Plots

580.00

570.00

560.00—

550.00—

540.00

530.00
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T
Deciduous Trees

Group

T
Coniferous Trees
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Oneway: Deciduous vs. Coniferous Full Spectrum Peak s (400-4000
wavenumbers)
Descriptives
Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper Maximu
N Mean Deviation Error Bound Bound Minimum m
1Declduous | 752 | 2421.85 | 124518 | 4541 | 233271 | 251099 | 40691 | 3970.71
2
Coniferous | 189 | 2125.57 1817.11 132.18 1864.83 2386.30 406.91 | 7975.23
Trees
Total 941 | 2362.34 1383.19 45.09 2273.85 2450.83 406.91 | 7975.23
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
32.256 1 939 .000
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 13259209, 1 13259109.758 |  6.974 008
Within Groups 178516182 939 1901130.804
5.289
Total 179842093
5.047 940




Mean of Wavenumber

Means Plots
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2300.00 -

2200.00

2100.00 -

Group

252



253

Appendix E

Statistical Comparison of:
All Greenwood & All Lumber Fingerprint Regions (400 -900cm-1)

Table 1: of fingerprint regions for all greenwoods

Wood Wave Wood Wave Wood Wave
Group number Group number Group number
Names Names Names
(cm-1) (cm-1) (cm-1)
PinOak 1 418.50 WhiteOak 2 410.76  Sweetum 3 418.50
PinOak 1 435.85 WhiteOak 2 426.19 Sweetum 3 439.71
PinOak 1 443.57 WhiteOak 2 439.69 Sweetum 3 457.07
PinOak 1 457.07 WhiteOak 2 464.76  Sweetum 3 472.50
PinOak 1 472.50 WhiteOak 2 561.18 Sweetum 3 713.57
PinOak 1 484.07 WhiteOak 2 588.18 Sweetum 3 875.57
PinOak 1 501.43 WhiteOak 2 669.18
PinOak 1 518.78 WhiteOak 2 746.32
PinOak 1 526.50 WhiteOak 2 875.52
PinOak 1 669.21
PinOak 1 873.64
Wood Wave Wood Wave Wood Wave
Group number Group number Group number
Names Names Names
(cm-1) (cm-1) (cm-1)
AmBsswd 4 451.28 Maple 5 418.50 Pine 6 418.50
AmBsswd 4 576.64 Maple 5 457.07 Pine 6 443.57
AmBsswd 4 667.28 Maple 5 472.50 Pine 6 457.07
AmBsswd 4 769.50 Maple 5 501.43 Pine 6 472.50
AmBsswd 4 875.57 Maple 5 516.85 Pine 6 516.85
Maple 5 669.21
Maple 5 713.57
Maple 5 875.57
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Graph 1: Error for All Greenwood fingerprint regions
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Oneway: Comparing All Greenwood Fingerprint Regions

Descriptives

Wavenumber
Std. Std. 95% Confidence Interval o _
N Mean Deviation Error for Mean Minimum | Maximum

Lower Upper

Bound Bound
1 11 527.3745 133.35953 | 40.20941 | 437.7824 616.9667 418.50 873.64
2 9 575.7533 161.42844 | 53.80948 | 451.6684 699.8382 410.76 875.52
3 6 562.8200 187.54371 | 76.56440 | 366.0049 759.6351 418.50 875.57
4 5 668.0540 164.85013 | 73.72322 | 463.3655 872.7425 451.28 875.57
5 8 578.0875 158.58445 | 56.06807 | 445.5076 710.6674 418.50 875.57
6 5 461.6980 36.65561 | 16.39289 | 416.1840 507.2120 418.50 516.85
Total | 44 559.8473 150.62697 | 22.70787 | 514.0525 605.6421 410.76 875.57

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
1.746 5 38 .148
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 123350.83 5 24660.166 1.099 377
Within Groups 8523:’())3.99 38 29429 052
Total 97564(?4.82 43
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Means Plots: Comparing All Greenwood Fingerprint me ans
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Oneway: Greenwood (Full Spectral Peaks: 400-4000 wa venumbers)

Descriptives: Greenwood

Wavenumber
95% Confidence Interval
for Mean
Std. Lower Upper Maximu
N Mean Deviation Std. Error Bound Bound Minimum m
1 1104 | 2483.8001 117042242 11474993 | 2256.2297 | 2711.3886 | 410.76 | 3949.50
2 | 26 | 1826.4962 137166598 269.00463 | 1272.4707 | 23805216 | 418.50 | 3853.27
3 | 30 | 2131.3187 1317é9350 240.62092 | 1639.1936 | 2623.4437 | 418.50 | 3853.27
4 | 37 | 24702268 1248%7520 20529358 | 2053.8721 | 2886.5814 | 474.43 | 3897.62
5 | 30 | 1987.7050 126451190 23079551 | 1515.6752 | 2459.7348 | 418.50 | 3853.27
6 | 17 | 1990.9565 127763047 30079191 | 1334.2270 | 2647.6860 | 418.50 | 3853.27
Total | 544 | 2273.0345 125469217 80.33813 | 2114.7865 | 2431.2825 | 410.76 | 3949.50
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 15640859, 5 3128177.934 | 2.028 075
Within Groups 367(:);2%427 238 1542195.073
Total 382683317
037 243
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Means Plots: Greenwoods (Full Spectral Peaks: 400-4 000
wavenumbers)
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Table 2: Fingerprint Regions for All Lumber

259

Wave Wave Wave
Lumber Lumber Lumber
Group number Group number Group number
Name Name Name
(cm-1) (cm-1) (cm-1)
Walnut 1 410.76  WhiteOak 2 412.69 RedOak 3 406.91
Walnut 1 424.26  WhiteOak 2 426.19 RedOak 3 422.33
Walnut 1 458.98 WhiteOak 2 441.62 RedOak 3 433.91
Walnut 1 476.33 WhiteOak 2 458.98 RedOak 3 457.05
Walnut 1 487.9  WhiteOak 2 489.83 RedOak 3 476.33
Walnut 1 563.11 WhiteOak 2 509.12 RedOak 3 482.12
Walnut 1 588.18 WhiteOak 2 563.11 RedOak 3 495.62
Walnut 1 607.47 WhiteOak 2 588.18 RedOak 3 541.9
Walnut 1 620.97 WhiteOak 2 607.47 RedOak 3 565.04
Walnut 1 671.11 WhiteOak 2 620.97 RedOak 3 592.04
Walnut 1 744.39 WhiteOak 2 636.39 RedOak 3 667.25
Walnut 1 757.89 WhiteOak 2 659.54 RedOak 3 678.82
Walnut 1 875.52 WhiteOak 2 671.11
WhiteOak 2 711.6
WhiteOak 2 723.18
WhiteOak 2 819.6
WhiteOak 2 850.45
WhiteOak 2 875.52
Lumber Wave Lumber Wave Lumber Wave
Group number Group number Group number
Name Name Name
(cm-1) (cm-1) (cm-1)
Ash 4 406.91 Birch 5 406.91 Cherry 6 406.91
Ash 4 424.26 Birch 5 412.69 Cherry 6 422.33
Ash 4 433.91 Birch 5 420.41 Cherry 6 430.05
Ash 4 458.98 Birch 5 430.05 Cherry 6 487.9
Ash 4 563.11 Birch 5 441.62 Cherry 6 538.04
Ash 4 586.25 Birch 5 447.4 Cherry 6 561.18
Ash 4 607.47 Birch 5 482.12 Cherry 6 588.18
Ash 4 620.97 Birch 5 574.68 Cherry 6 624.82
Ash 4 671.11 Birch 5 619.04 Cherry 6 669.18
Ash 4 738.6 Birch 5 667.25 Cherry 6 875.52
Ash 4 806.1
Ash 4 840.81
Ash 4 875.52




Table 2: Fingerprint Regions for All Lumber

Lumber
Name

Maple
Maple
Maple
Maple
Maple

Group

ENIENIENIENIEN

Wave
number
(cm-1)
414.62
422.33
433.91
576.61
669.18

Lumber
Name

Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine
Pine

®
=
0O 0O CO OO OO OO 00 00 00 0O 0O 0O OO O O 8
©

Wave
number
(cm-1)
404.98
422.33
433.91
457.05
476.33
495.62
522.61
538.04
563.11
588.18
649.89
680.75
732.82
800.31
892.88
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Graph: Error of All Lumber Fingerprint Regions
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Oneway: For All Lumber Fingerprint Regions

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1 13 591.2977 | 142.06832 | 39.40266 | 505.4467 677.1487 410.76 875.52
2 18 614.7528 | 144.13134 | 33.97208 | 543.0779 686.4276 412.69 875.52
3 12 518.2767 | 91.55624 | 26.43001 | 460.1046 576.4487 406.91 678.82
4 13 618.0000 | 161.79175 | 44.87296 | 520.2302 715.7698 406.91 875.52
5 10 490.2170 | 94.73598 | 29.95815 | 422.4470 557.9870 406.91 667.25
6 10 560.4110 | 141.98037 | 44.89813 | 458.8444 661.9776 406.91 875.52
7 5 503.3300 | 114.15536 | 51.05183 | 361.5874 645.0726 414.62 669.18
8 15 577.2540 | 146.36821 | 37.79211 | 496.1980 658.3100 404.98 892.88
Total 96 569.6613 | 137.93661 | 14.07810 | 541.7127 597.6098 404.98 892.88
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
771 7 88 .613
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 191578.42 7 27368.347 1.490 181
7 . . .
Within Groups 1615939.9 88 18362 954
41 ’
Total 1807518.3
68 95
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Means Plots: For All Lumber Fingerprint Regions
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Oneway: Lumber: (Full Spectral Peaks: 400-4000 wave numbers)
Descriptives: Lumber
Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper Maximu
N Mean Deviation Error Bound Bound Minimum m
1 63 25171'047 1343.65354 169'32844 2178.6524 | 2855.4419 | 410.76 | 3918.64
2 88 22217'724 1261.47706 134'14739 1954.4432 | 2489.0061 | 408.83 | 3939.86
3 104 248?'809 1170.22424 114'37499 2256.2297 | 2711.3886 | 410.76 | 3949.50
4 89 25177'775 1147.26161 121'96094 22761024 | 2759.4490 | 406.91 | 3943.71
s 53 288%'474 1231.39352 169'11449 2541.0602 | 3210.8884 | 414.62 | 3970.71
6 39 17455'410 1273.33061 203'5960 1332.6445 | 2158.1765 | 422.33 | 3907.07
7 89 27333'027 1142.85477 121'g423 2492.2823 | 2973.7723 | 410.76 | 3930.22
Total [ 5o5 24777'065 1238.67467 | 54.06019 | 2370.8644 | 2583.2671 | 406.91 | 3970.71
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 41321002 6 6887333.669 | 4.678 1000
Within Groups 762%5;71029 518 1472310.868
Total 803981031
582 524
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Means Plots: Lumber
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Oneway: Lumber vs. Greenwood (Full Spectral Peaks: 400-4000
wavenumbers)

Descriptives: Lumber vs. Greenwood

Wavenumber

95% Confidence Interval

for Mean
Std. Std. Lower Upper Maximu
N Mean Deviation | Error Bound Bound Minimum m

1Llumber | o1 | 2489.35 | 1240.90 | 50.62 | 2389.94 2588.76 406.91 | 3970.71
2 Greenwood | 244 | 2273.03 | 1254.92 | 80.34 | 2114.79 2431.28 410.76 | 3949.50

Total 845 | 2426.89 | 1248.08 | 42.94 2342.61 2511.16 406.91 | 3970.71
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 8120413.1 1 8120413.103 5239 022
03 . . .
Within Groups 130658996 843 1549928.785
5.369 ’
Total 131471037 844

8.472
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Means Plots: Lumber vs. Greenwood (Full Spectral Pe  aks: 400-
4000 wavenumbers)
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Appendix F

Statistical Comparison of Single Sample Sets for Gr  eenwoods

Graph: Error Bars for Pine Greenwood (gw) and Pine Lumber (400-
900)
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Oneway: Pine Greenwood(gw) and Pine Lumber (400-900 )

Descriptives

269

Wavenumber
95% Confidence Interval for
Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1 Pine GW
13 | 458.702 32.5451 9.0264 439.035 478.368 418.5 516.9
2 Pine
Lumber 34 | 573.151 | 129.3014 22.1750 528.036 618.267 406.9 808.0
Total 47 | 541.495 | 122.2628 17.8339 505.597 577.393 406.9 808.0
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
17.303 1 45 .000
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 123184.33 1 123184.337 9821 003
Within Groups 564432.38 45 12542 942
Total 687616.72 46




270

Means Plots: Pine Greenwood (gw) and Pine Lumber (4  00-900)
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Graph: Error Bars for Pine Greenwood(gw) and Pine L

Mean +- 2 SE Wavenumber(cm-1)

4000)

Pine Greenwood(gw) and Pine Lumber (400-4000)
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Oneway: Pine Greenwood(gw) and Pine Lumber (400-400 0)

Descriptives

Wavenumber
95% Confidence Interval
for Mean

Std. Std. Lower Upper Maximu

N Mean Deviation Error Bound Bound Minimum m
1 Pine

ew | 51 P4 1265537 | MTA0 | 1615810 | 2327683 | 4185 | 38533
2 Pine

Cumber | 160 | 2¥Z%7 | 13105489 | 109319 | 2236040 | 2648301 | 4069 | 39129

Total | 514 2325'54 1319.2582 | 90.8215 | 2149.504 | 2507.581 | 406.9 | 3912.9

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
3.862 1 209 .051
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 85611232'1 1 8561932.112 | 5.013 026
Within Groups 35698%3,917 209 1707803.435
Total 365492849
.976 210
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Means Plots: Pine Greenwood(gw) and Pine Lumber (40  0-4000)
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Graph: Maple Greenwood(gw) and Maple Lumber (400-9

Mean +- 2 SE Wavenumber(cm-1)

Error Bars for Maple Greenwood (gw) and Maple Lumber
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Oneway:. Maple Greenwood(gw) and Maple Lumber (400- 900)
Descriptives
Wavenumber
95% Confidence Interval for
Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1 Maple GW | 22 | 561.213 | 155.9172 | 33.2417 492.083 630.343 418.5 875.6
2 Maple
P 13 | 518.164 | 108.3174 30.0418 452.708 583.619 410.8 669.2
Lumber
Total 35 | 545.223 | 140.0052 23.6652 497.130 593.317 410.8 875.6
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
1.306 1 33 .261
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 15143.662 1 15143.662 767 .387
Within Groups 6513?5.59 33 19736.533
Total 6664;9.25 34
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Means Plots: Maple Greenwood(gw) and Maple Lumber ( 400-900)
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Graph: Error Bars for Maple Greenwood(gw) and Mapl e Lumber
(400-4000)

Maple Greenwood(gw) and Maple Lumber (400-4000)
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Oneway: Maple Greenwood(gw) and Maple Lumber (400-4 000)
Descriptives
Wavenumber
95% Confidence Interval for
Mean
Std. Std. Lower Upper Maximu
N Mean Deviation Error Bound Bound Minimum m
1 Maple
GW 99 | 2080.412 | 1231.8384 | 123.8044 | 1834.726 2326.098 418.5 3853.3
2 Maple
Lumber | 274 | 2579.894 | 1137.2625 | 68.7045 | 2444.636 2715.152 410.8 3949.5
Total 373 | 2447.324 | 1182.2386 | 61.2140 2326.955 2567.693 410.8 3949.5
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.093 1 371 761
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 18143307, 1 18143307.188 | 13.414 000
Within Groups 501293?653 371 1352551 627
Total 519939960
819 372
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Means Plots: Maple Greenwood(gw) and Maple Lumber ( 400-4000)
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Graph: Error Bars for White Oak Greenwood(gw) and W  hite Oak
Lumber (400-900)
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Oneway: White Oak Greenwood(gw) and White Oak Lumbe  r (400-
900)
Descriptives
Wavenumber
95% Confidence Interval for
Mean
Std. Lower Maximu
N Mean Deviation Error Bound Minimum m
1
WhiteO
ak GW 27 | 573.8252 | 153.49731 | 29.54057 513.1037 634.5467 410.76 875.52
2 White
Lt%atl)(er 22 | 499.5768 84.30137 17.97311 | 462.1997 536.9540 408.83 669.21
Total 49 | 540.4892 | 131.39215 | 18.77031 | 502.7490 578.2294 408.83 875.52
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
8.658 1 47 .005
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 66828.879 1 66828.879 4.123 .048
Within Groups 7618238.15 47 16209.322
Total 8286;37.03 48
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Means Plots: White Oak Greenwood(gw) and White Oak  Lumber
(400-900)

580.00

560.00—

540.00

520.00

Mean of Wavenumber(cm-1)

500.00—

T T
WhiteOak GW White Oak Lumber

Group



283

Graph: Error Bars for White Oak Greenwood(gw) and W  hite Oak
Lumber (400-4000)
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Oneway: White Oak Greenwood(gw) and White Oak Lumbe  r (400-
4000)
Descriptives
Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper Maximu
N Mean Deviation Error Bound Bound Minimum m
1
WhiteO | 346 25%38'54 1162.10646 62'43752 2400.6686 | 2646.4291 | 410.76 | 3963.00
ak GW
2 White 2463.49 5 3
Oak | 242 439'4 1191.23324 | 769753 | 53156514 | 2614.3364 | 408.83 | 3949.50
Lumber 7
Total | 5gg 24%83'83 1173.54495 48'38961 2403.7816 | 2593.8831 | 408.83 | 3963.00
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.326 1 586 .568
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 5135;34.48 1 513584 487 373 542
Within Groups 80792(;72368 586 1378681516
Total 808420952
760 587




285

Means Plots: White Oak Greenwood (GW) and White Oak  Lumber
(400-4000)
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Graph: White Oak Samples 1-3 (Greenwood) (400-900)
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Oneway: White Oak Samples 1-3 (Greenwood) (400-900)

Descriptives

Wavenumber
Std. Std. 95% Confidence Interval for
N Mean Deviation Error Mean Minimum | Maximum
Lower Upper
Bound Bound
1";2‘;%?“ 9 | 575.7533 | 161.42844 | 53.80948 | 451.6684 | 699.8382 | 410.76 | 875.52
2V¥2|r:1ep(2)ak 9 | 574.8967 | 161.13118 | 53.71039 | 451.0403 | 698.7531 | 418.48 | 875.52
3v¥2|r;ep<3)ak 9 | 570.8256 | 156.64173 | 52.21391 | 450.4201 | 691.2310 | 416.55 | 875.52
Total 27 | 573.8252 | 153.49731 | 29.54057 513.1037 634.5467 410.76 875.52
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.018 2 24 .983
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 124.772 2 62.386 .002 .998
Within Groups 612472.24 o4 25519 677
3 .
Total 61256?7.01 26




288

Means Plots: White Oak Samples 1-3 (Greenwood) (400 -900)
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Graph: Pin Oak Samples 1-3 (Greenwood) (400-900)
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Oneway: Pin Oak Samples 1-3 (Greenwood) (400-900)

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1SPaI1rr]n§fk 10| 531.126 | 139.9217 | 44.2471 | 431.032 631.220 | 4185 | 873.6
styr:qg;k 11| 526.673 | 133.0580 | 40.1185 | 437.283 | 616.062 | 4185 | 8717
SSP;%‘;;"‘ 9 | 546.213 | 140.9896 | 46.9965 @ 437.839 | 654588 | 4185 | 8756
Total 30 | 534.019 | 133.1693 | 24.3133 484.293 583.746 418.5 875.6
Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.033 2 27 .967

ANOVA

Wavenumber

Sum of
Squares df Mean Square F Sig.
Between Groups 2015.655 2 1007.828 .053 .948
Within Groups 5122;1.81 27 18973.030
Total 5142;_37.47 29
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Means Plots: Pin Oak Samples 1-3 (Greenwood) (400-9 00)
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Graph: SweetGum Samples 1-3 (Greenwood) (400-900)
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Oneway:. SweetGum Samples 1-3 (Greenwood) (400-900)

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
13;”:;2)61””“ 8 | 603.883  177.4384 | 62.7339 | 455540 | 752.225 | 4185 | 875.6
zsgvaenffz“m 8 | 600.506 1758126 | 62.1501 | 453523 | 747.489 | 4185 | 875.6
Ssgvaenffs“m 8 | 603.641 177.3381 | 62.6985 | 455.383 | 751.900 | 4185 | 875.6
Total 24 | 602.677 | 169.0073 | 34.4985 531.311 674.042 418.5 875.6
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.001 2 21 .999
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 56.761 2 28.381 .001 .999
Within Groups 6569?2.67 21 31281.080
Total 6569;)9.43 23
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Means Plots: SweetGum Samples 1-3 (Greenwood) (400- 900)
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Graph: American Basswood Samples 1-3 (Greenwood) (4

Mean +- 2 SE Wavenumber(cm-1)

American Basswood Samples 1-3

800.00—

700.00—

600.00—

500.00—

T
AmerBassWd Samp1

T
AmerBassWd Samp2

Group

T
AmerBassWd Samp3

295

00-900)



296

Oneway: American Bass Wood Samples 1-3 (Greenwood)  (400-900)

Descriptives

Wavenumber
95% Confidence
Interval for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1
AmBssWd 5 | 670.3680 | 157.11744 | 70.26505 | 475.2809 | 865.4551 474.43 881.35
Sampl
2
AmBssWd 5 | 668.0540 | 164.85013 | 73.72322 | 463.3655 | 872.7425 451.28 875.57
Samp?2
3
AmBsswd | 5 | 661.1100 | 170.88882 | 76.42380 | 448.9235 | 873.2965 | 447.43 873.64
Samp3
Total 15 | 666.5107 | 152.24274 | 39.30891 | 582.2014 | 750.8199 447.43 881.35
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.038 2 12 .962
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 232.140 2 116.070 .004 .996
Within Groups 3242;)7.78 12 27021482
Total 3244;39.92 14
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Means Plots: American Bass Wood Samples 1-3 (Greenw  o0od) (400-
900)
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Graph: Maple Wood Samples 1-3 (Greenwood) (400-900)

Mean +- 2 SE Wavenumber(cm-1)
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Oneway: Maple Wood Samples 1-3 (greenwood) (400-900 )

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
gg”nfg'le 8 | 560.249 | 154.8526 | 54.7487 | 430.789 | 689.709 | 4185 | 875.6
zsgﬂnfg'ze 6 | 563.463 | 187.0429 | 76.3599 | 367.174 759.753 418.5 875.6
Ssg/ln?r;lse 8 | 560.490 | 154.7769 | 54.7219 | 431.093 689.887 418.5 875.6
Total 22 | 561.213 | 155.9172 | 33.2417 492.083 630.343 418.5 875.6
Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.381 2 19 .688

ANOVA

Wavenumber

Sum of
Squares df Mean Square F Sig.
Between Groups 42.004 2 21.002 .001 .999
Within Groups 510471.72 19 26866.933
6 .
Total 510513.73 21
0
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Means Plots:Maple Wood Samples 1-3 (greenwood) (400 -900)
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Graph: Pine Wood Samples 1-3 (greenwood) (400-900)
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Oneway: Pine Wood Samples 1-3 (greenwood) (400-900)

Descriptives

Wavenumber

95% Confidence
Interval for Mean

Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
LPine | 4 | 447010 | 22.8936 | 11.4468 | 411.481 | 484.339 | 4185 | 4725
Sampl
2Pine | o | 461312 | 36.9036 | 16.5038 | 415490 | 507.134 | 4185 516.9
Samp?2
sSaFr:?)es 4 | 466.230 | 40.6766 | 20.3383 | 401.504 | 530.956 | 418.5 516.9

Total 13 | 458.702 | 32.5451 9.0264 439.035 478.368 418.5 516.9

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.393 2 10 .685
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 726.613 2 363.306 .303 745
Within Groups | 11983.603 10 1198.360
Total 12710.216 12
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Means Plots: Pine Wood Samples 1-3 (greenwood) (400 -900)
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Graph: Greenwood WhiteOak Samp1-3 (400-4000)
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Oneway: Greenwood WhiteOak Sampl1-3 (400-4000)

Descriptives

Wavenumber
95% Confidence
Interval for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum | Maximum
1 104 | 2483.8091 | 1170.22424 | 114.74993 | 2256.2297 | 2711.3886 | 410.76 3949.50
2 121 | 2429.8679 | 1133.03386 | 103.00308 | 2225.9289 | 2633.8068 | 418.48 3963.00
3 109 2512.7386 | 1164.57637 | 111.54619 | 2291.6347 | 2733.8425 | 416.55 3949.50
Total | 334 | 2473.7086 | 1152.07812 | 63.03891 | 2349.7039 | 2597.7133 | 410.76 3963.00
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.559 2 331 572
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 409217.88 2 204608.943 153 858
6 . . .
Within Groups 441576354 331 1334067 536
.335 )
Total 441985572
221 333
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Graph: Greenwood PinOak Samp1l-3 (400-4000)

Mean +- 2 SE Wavenumber
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Oneway: Greenwood PinOak Samp1l-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1 26 1826.496 | 1371.6599 | 269.0046 | 1272.471 2380.522 418.5 3853.3
2 29 1754.459 | 1319.0671 | 244.9446 | 1252.713 2256.205 418.5 3853.3
3 26 1955.265 | 1385.4694 | 271.7129 | 1395.662 2514.869 418.5 3853.3
Total 81 1842.038 | 1343.0595 | 149.2288 | 1545.064 2139.013 418.5 3853.3
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.316 2 78 .730
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 562044.26 2 281022.130 152 859
1 . . .
Within Groups 143742671 78 1842854.769
.954 ’
Total 144304716 80
.215
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Graph: Greenwood SweetGum Sampl-3 (400-4000)

Mean +- 2 SE Wavenumber
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Oneway: Greenwood SweetGum Sampl-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1 30 2131.319 | 1317.9351 | 240.6209 | 1639.194 2623.444 418.5 3853.3
2 30 2130.225 | 1321.6351 | 241.2965 | 1636.719 2623.732 418.5 3853.3
3 23 1828.193 | 1279.4717 | 266.7883 | 1274.908 2381.478 418.5 3859.1
Total 83 2046.925 | 1299.9240 | 142.6852 | 1763.079 2330.771 418.5 3859.1
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.285 2 80 .753
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 1522241.4 2 761120.739 444 643
78 . . .
Within Groups 137%%:;548 80 1713019.355
Total 138563789 82
.866
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Graph: Greenwood AmBassWd Samp1-3 (400-4000)

Mean +- 2 SE Wavenumber
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Oneway:: Greenwood AmBassWd Samp1l-3 (400-4000)

Notes

Descriptives

311

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper Maximu
N Mean Deviation Error Bound Bound Minimum m
1 37 2476%'22 1248.75207 2055'8293 2053.8721 | 2886.5814 | 474.43 | 3897.62
2 49 27%15'28 1218.55194 172‘378 2351.2765 | 3051.2045 | 451.28 | 3897.62
3 48 271739'72 1223.00879 1761'1526 2358.6032 | 3068.8527 | 447.43 | 3889.91
Total | 434 26”517'94 1223.89315 1052'6728 24328163 | 2851.0691 | 447.43 | 3897.62
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.027 2 131 974
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 15109020 2 755451.015 501 607
Within Groups 1972%:;719 131 1509249.766
Total 199222621
398 133




Graph

Mean +- 2 SE Wavenumber

: Greenwood Maple Samp1-3 (400-4000)
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Oneway: Greenwood Maple Sampl1-3 (400-4000)

Notes

Descriptives

313

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper Maximu
N Mean Deviation Error Bound Bound Minimum m

1 30 19857 701 12641191 2305795 1515.675 | 2459.735 | 4185 | 3853.3

2 37 22053'82 1213.3409 1996472 1799.277 | 2608.373 | 4185 | 3853.3

3 32 2023'62 1250.1071 22053989 1573.017 | 2475341 | 4185 | 3853.3
Total | g9 2082'41 1231.8384 1234804 1834726 | 2326.098 | 4185 | 3853.3

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.002 2 96 .998
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 9209{)5.33 2 460477 665 299 742
Within Groups 1472%6;772 9% 1539445.545
Total 148707727 98
.698
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Graph: Greenwood Pine Samp1-3 (400-4000)

Notes

2700.0+

2400.0—

2100.0—

1800.0—

Mean +- 2 SE Wavenumber

1500.0—

1200.0—

T T T
Pine Samp1 Pine Samp2 Pine Samp3

Group



Oneway: Greenwood Pine Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence
Interval for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1 17 1990.956 | 1277.3048 | 309.7919 | 1334.227 | 2647.686 418.5 3853.3
2 17 1930.944 | 1323.2600 | 320.9377 | 1250.587 | 2611.302 418.5 3853.3
3 17 1993.339 | 1272.6880 | 308.6722 | 1338.983 | 2647.695 418.5 3853.3
Total 51 1971.746 | 1265.5327 | 177.2100 | 1615.810 2327.683 418.5 3853.3
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.025 2 48 .976
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 42501.459 2 21250.729 .013 .987
Within Groups 80036145. 48 1667419.691
152 ’
Total 80078646. 50

611
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Appendix G

Statistical Comparison of Single Sample Sets for Lu

mbers

Graph: Cherry Wood Samples 1-4 Lumber (400-900)
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Oneway: Cherry Wood Samples 1-4 Lumber (400-900)

Descriptives

Wavenumber
95% Confidence Interval for
Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1%*:3“’ 12 | 505.7408 | 76.50154 | 22.08409 | 457.1341 554.3476 | 410.76 | 669.18
zsggeg;y 13| 501.8469 | 77.61500 | 21.52653 | 454.9446 | 548.7492 | 410.76 | 665.32
Ssggeg;y 12 | 506.3842 | 79.44194 | 22.93291 | 455.9092 556.8592 | 410.76 | 669.18
432216;2’ 12 | 515.0633 | 75.04710 | 21.66423 | 467.3807 562.7460 | 420.41 | 669.18
Total 49 | 507.1484 | 74.88718 | 10.69817 | 485.6383 528.6585 | 410.76 | 669.18

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.013 3 45 .998
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 1147.911 3 382.637 .064 .978
Within Groups 2680;0.37 45 5056.453
Total 269128.28 48
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Means Plots: Cherry Wood Samples 1-4 Lumber (400-90 0)
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Graph: Red Oak Wood Samples 1-3 Lumber (400-900)
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Oneway: Red Oak Wood Samples 1-3 (Lumber) (400-900)

Descriptives

320

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
15::]8?‘( 17 | 580.3541 | 147.38237 | 35.74548 504.5771 656.1311 408.83 900.59
2 gaen(:g;k 9 | 497.7580 | 107.96534 | 35.98845  414.7694 | 580.7484 | 406.91 | 669.18
3 gaen‘jggk 5 | 497.5440 | 114.33409 | 51.13176  355.5795 | 639.5085 | 404.98 | 669.18
Total 31 | 543.0184 | 134.85288 | 24.22029 | 493.5540 592.4828 404.98 900.59

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
442 2 28 .647
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 52472.664 2 26236.332 1.490 .243
Within Groups 4930(&)36.28 o8 17610.224
Total 5455;;8.94 30
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Means Plots: Red Oak Wood Samples 1-3 (Lumber) (400 -900)
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Graph: White Oak Wood Samples 1-3 (Lumber) (400-900 )
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Oneway: White Oak Wood Samples 1-3 (Lumber) (400-90 0)

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1Vg’2r']tqep?ak 9 | 575.7533 | 161.42844 | 53.80948 | 451.6684 | 699.8382 | 410.76 | 875.52
2vg/2r|]t1ep%ak 9 | 574.8967 | 161.13118 | 53.71039 | 451.0403 | 698.7531 | 418.48 | 875.52
svg/;];er)%ak 9 | 570.8256 | 156.64173 | 52.21391 | 450.4201 | 691.2310 | 416,55 | 875.52
Total 27 | 573.8252 | 153.49731 | 29.54057 513.1037 634.5467 410.76 875.52
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.018 2 24 .983
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 124.772 2 62.386 .002 .998
Within Groups 6124;2.24 o4 25519 677
Total 61256?7.01 26




324

Means Plots: White Oak Wood Samples 1-3 (Lumber) (4 00-900)
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Graph: Walnut Wood Samples 1-3 (Lumber) (400-900)
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Oneway: Walnut Wood Samples 1-3 (Lumber) (400-900)

Descriptives

Wavenumber
95% Confidence Interval
for Mean

Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1SV;’ni'gft 6 | 534.5067 | 119.75281 | 48.88888 | 408.8338 660.1795 | 406.91 | 669.18
zsvgni'g;t 8 | 530.8100 | 111.74105 | 39.50643 | 437.3921 624.2279 | 410.76 | 671.11
Ssvgni'ggt 6 | 499.1517 | 105.20621 | 42.95026 | 388.7445 609.5588 | 406.91 | 669.18

Total 20 | 522.4215 | 107.39401 | 24.01403 | 472.1596 572.6834 406.91 671.11

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.450 2 17 .645
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 4688.154 2 2344.077 .186 .832
Within Groups 2144747.83 17 12614.579
Total 2191135.99 19




327

Means Plots: Walnut Wood Samples 1-3 (Lumber) (400- 900)
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Graph: Ash Wood Samples 1-3 (Lumber) (400-900)
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Oneway: Ash Wood Samples 1-3 (Lumber) (400-900)

Descriptives

329

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
Slaﬁqsphl 6 | 498.8300 | 104.14194 | 42.51577 | 389.5397 608.1203 414.62 669.18
Szaﬁqsphz 6 | 495.6167 | 105.13740 | 42.92217 | 385.2817 605.9516 406.91 665.32
ssaﬁqsphs 6 | 496.9033 | 106.87655 | 43.63217 | 384.7433 609.0634 406.91 671.11
Total 18 | 497.1167 99.00727 23.33624 447.8815 546.3518 406.91 671.11
Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.003 2 15 .997

ANOVA

Wavenumber

Sum of
Squares df Mean Square F Sig.
Between Groups 31.386 2 15.693 .001 .999
Within Groups 1666;0.07 15 11107 338
Total 1666941.45 17
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Means Plots: Ash Wood Samples 1-3 (Lumber) (400-900 )
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Graph: Birch Wood Samples 1-3 (Lumber) (400-900)
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Oneway: Birch Wood Samples 1-3 (Lumber) (400-900)

Descriptives

Wavenumber

95% Confidence
Interval for Mean

Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
éfnlqrgrl] 15 | 591.1400 | 130.84174 | 33.78319 | 518.6823 663.5977 422.33 865.88

éfnlqr;g 21 | 619.9567 | 135.66824 | 29.60524 | 558.2012 | 681.7121 403.05 875.52

gaangg 10 | 490.2170 | 94.73598 | 29.95815 | 422.4470 | 557.9870 | 406.91 | 667.25

Total 46 | 582.3557 | 133.69192 | 19.71180 | 542.6541 | 622.0573 403.05 875.52

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
1.000 2 43 .376
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 1157;3.34 2 57871.673 3614 035
Within Groups 6885g5.44 43 16013.150
Total 8043;)8.79 45
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Means Plots: Birch Wood Samples 1-3 (Lumber) (400-9 00)
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Graph: Maple Wood Samples 1-3 (Lumber) (400-900)
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Oneway: Maple Wood Samples 1-3 (Lumber) (400-900)

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper o _
N Mean Deviation Error Bound Bound Minimum | Maximum
132?”?‘;'16 4 | 522.6125 | 126.94972 | 63.47486 | 320.6072 724.6178 410.76 669.18

ngﬂnfg'ze 5 | 503.3300 | 114.15536 | 51.05183 = 361.5874 | 645.0726 | 414.62 | 669.18

3 Maple
Samp3
Total 13 | 518.1638 | 108.31738 | 30.04184 | 452.7083 583.6194 410.76 669.18

4 | 532.2575 | 113.05380 | 56.52690 | 352.3637 712.1513 422.33 669.18

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.155 2 10 .858
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 1973.901 2 986.951 .071 .932
Within Groups 138837.96 10 13881.796
Total 1407291.86 12
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Means Plots: Maple Wood Samples 1-3 (Lumber) (400-9 00)
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Graph: Pine Wood Samples 1-3 (Lumber) (400-900)
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Oneway: Pine Wood Samples 1-3 (Lumber) (400-900)

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
éafl;?)el 11 | 575.2100 | 135.34199 | 40.80715 | 484.2860 666.1340 406.91 806.10

Szali:;?)ez 11 | 575.9091 | 133.96516 | 40.39202 | 485.9101 665.9081 408.83 802.24

3 Pine
Samp3
Total 34 | 573.1515 | 129.30141 | 22.17501 | 528.0361 618.2669 406.91 808.03

12 | 568.7367 | 130.98120 | 37.81102 | 485.5152 651.9582 408.83 808.03

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.002 2 31 .998
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 364.148 2 182.074 .010 .990
Within Groups 5513:?8.02 31 17785.743
Total 55171?2.17 33
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Means Plots: Pine Wood Samples 1-3 (Lumber) (400-90 0)
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Graph: Cherry Wood Samples 1-4 Lumber (400-4000)

Cherry Samples (Original & 3 Duplicates)
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Oneway: Cherry Wood Samples 1-4 Lumber (400-4000)

Descriptives

341

Wavenumber
95% Confidence Interval
for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum | Maximum
1823”3’ 63 | 2517.0471 | 1343.65354 | 169.28443 | 2178.6524 | 2855.4419 | 410.76 | 3918.64
zsggeg;y 51 | 2212.8212 | 1342.65251 | 188.00896 | 1835.1941 | 2590.4483 | 410.76 | 3905.15
Ssggeg;y 41 | 2166.0917 | 1369.28845 | 213.84693 | 1733.8909 | 2598.2925 | 410.76 | 3905.15
432216;2’ 33 | 2112.5485 | 1434.00881 | 249.62889 | 1604.0711 | 2621.0259 | 420.41 | 3905.15
Total | 188 | 2286.9772 | 1364.35032 | 99.50547 | 2090.6796 | 2483.2747 | 410.76 | 3918.64
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
254 3 184 859
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 5218364.9 3 1739454995 | 933 426
Within Groups 342%733;121 184 1863440.878
Total 348091486
516 187
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Means Plots: Cherry Wood Samples 1-4 Lumber (400-40 00)
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Mean +- 2 SE Wavenumber
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Graph: Lumber RedOak Samp1-3 (400-4000)
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Oneway: Lumber RedOak Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber

95% Confidence
Interval for Mean

Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum | Maximum

1 88 | 2221.7247 | 1261.47706 | 134.47391 | 1954.4432 | 2489.0061 | 408.83 3939.86
2 88 | 2437.7132 | 1205.06709 | 128.46058 | 2182.3839 | 2693.0425 | 406.91 3943.71
3 86 | 2633.7248 | 1171.11717 | 126.28481 | 2382.6367 | 2884.8128 | 404.98 3930.22
Total | 262 | 2429.5071 | 1220.44538 | 75.39937 | 2281.0386 | 2577.9756 | 404.98 3943.71

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
.055 2 259 .946
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 73915215'2 2 3695907.626 | 2.510 083
Within Groups 381:;%2275 259 1472448.939
Total 388756090
.559 261




Graph: Lumber White Oaks Samp1-3 (400-4000)
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Oneway: Lumber White Oaks Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper Minimu | Maximu
N Mean Deviation Error Bound Bound m m

1 104 24%?'80 1170.22424 11”537 49 | 22562297 | 2711.3886 | 410.76 @ 3949.50

2 112 231261'31 1100.87513 10”5322 2110.1838 | 2522.4405 @ 418.48 | 3932.14
3 109 25;%:73 1164.57637 1111'9546 2201.6347 | 2733.8425 @ 41655 | 3949.50
Total | 555 24%56'78 1144.67670 63'1952 2310.8746 | 2560.7046 @ 410.76 | 3949.50

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
2.506 2 322 .083
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 24840013 2 1242000.650 | 948 389
Within Groups 4220343258 329 1310708.877
Total 424532259
648 324




Mean +- 2 SE Wavenumber
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Graph: Lumber Walnut Samp1-3 (400-4000)
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Oneway: Lumber Walnut Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum | Maximum
1 89 2517.7757 | 1147.26161 | 121.60949 | 2276.1024 | 2759.4490 | 406.91 3943.71
2 91 2497.6185 | 1181.60323 | 123.86567 | 2251.5377 | 2743.6992 | 410.76 3943.71
3 91 2536.9085 | 1163.06031 | 121.92185 | 2294.6894 | 2779.1275 | 406.91 3943.71
Total 271 2517.4317 | 1159.97646 | 70.46355 | 2378.7038 | 2656.1596 | 406.91 3943.71
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.151 2 268 .860
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 70254.222 2 35127.111 .026 .974
Within Groups 363227000 268 1355324628
371 ’
Total 363297254
593 270
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Graph: Lumber Ash Samp1-3 (400-4000)
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Oneway: Lumber Ash Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence
Interval for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum | Maximum
1 53 2880.4743 | 1231.39352 | 169.14491 | 2541.0602 | 3219.8884 | 414.62 3970.71
2 58 2833.4167 | 1213.53772 | 159.34531 | 2514.3332 | 3152.5002 | 406.91 3988.07
3 46 2480.5122 | 1238.60142 | 182.62182 | 2112.6930 | 2848.3314 | 406.91 3934.07
Total | 157 | 2745.9036 | 1231.19564 | 98.26011 | 2551.8117 | 2939.9956 | 406.91 3988.07
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.059 2 154 .943
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 4643887.7 2 2321943.893 1,542 217
56 . . .
Within Groups 231827573 154 1505373.852
.239 )
Total 236471461
.025 156
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Graph: Lumber Birch Samp1-3 (400-4000)
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Oneway: Lumber Birch Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Std. Lower Upper Minimu | Maximu
N Mean Deviation Error Bound Bound m m

1 39 17§§41 127%?306 20%596 1332.6445 | 2158.1765 | 422.33 | 3907.07
2 43 152248 122ﬁ9860 18%513 1181.6887 | 1933.2783 | 403.05 | 3897.43
3 40 24%280 142%5763 22%581 2040.5508 | 2949.0677 | 406.91 | 3895.50
Total [ 455 19%287 135Qf728 123599 1681.5658 | 2168.1910 | 403.05 | 3907.07

Test of Homogeneity of Variances

Wavenumber
Levene
Statistic dfl df2 Sig.
3.502 2 119 .033
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups 2023;?85' 2 10026542518 |  5.880 004
Within Groups 202%%2534 119 1705189.362
Total 222970619
102 121
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Graph: Lumber Maple Samp1-3 (400-4000)
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Oneway: Lumber Maple Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence Interval
for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum | Maximum
1 89 2733.0273 | 1142.85477 | 121.14236 | 2492.2823 | 2973.7723 | 410.76 3930.22
2 105 2499.8070 | 1128.51348 | 110.13164 | 2281.4119 | 2718.2022 | 414.62 3949.50
3 80 2514.6481 | 1139.62649 | 127.41412 | 2261.0367 | 2768.2596 | 422.33 3943.71
Total 274 2579.8942 | 1137.26252 | 68.70454 | 2444.6362 | 2715.1523 | 410.76 3949.50
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
134 2 271 .874
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 3101056.4 2 1550528.248 1.201 303
96 . . .
Within Groups 3493{8377869 271 1291468.153
Total 353088925
.933 273
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Graph: Lumber Pine Samp1-3 (400-4000)

Notes
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Oneway: Lumber Pine Samp1-3 (400-4000)

Notes

Descriptives

Wavenumber
95% Confidence
Interval for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound Minimum | Maximum
1 76 2574.1988 | 1261.21235 | 144.67098 | 2285.9994 | 2862.3982 | 406.91 3912.86
2 40 2319.3670 | 1376.56186 | 217.65354 | 1879.1212 | 2759.6128 | 408.83 3905.15
3 44 2326.1257 | 1373.59236 | 207.07684 | 1908.5154 | 2743.7359 | 408.83 3905.15
Total | 160 | 2442.2707 | 1319.54888 | 104.31950 | 2236.2401 | 2648.3014 | 406.91 3912.86
Test of Homogeneity of Variances
Wavenumber
Levene
Statistic dfl df2 Sig.
.620 2 157 .539
ANOVA
Wavenumber
Sum of
Squares df Mean Square F Sig.
Between Groups | 2520540.1 2 1260270.079 791 488
58 . . .
Within Groups 274331731 157 1747335.867
.095 )
Total 276852271
.253 159
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Appendix H

Statistical Analysis of SEM/EDS Results

Graph: Error for All Carbon Coated Woods
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Oneway:SEM Elemental Wt% Comparison for All Carbon Coated
Woods
Descriptives
Weight%
Std. 95% Confidence
N Mean Deviation | Std. Error Interval for Mean Minimum | Maximum
Lower Upper
Bound Bound
1AmBswd -
12 | .0008333 | .00284940 | .00082255 0009770 .0026437 | .00000 .00988
2PinOak -
12 | .0008333 | .00223559 | .00064536 0005870 .0022537 | .00000 .00776
3SwtGum -
12 | .0008333 | .00284887 | .00082239 0009767 .0026434 | .00000 .00987
4Maple -
12 | .0008333 | .00210867 | .00060872 0005064 .0021731 | .00000 .00691
5Pine -
12 | .0008333 | .00254729 | .00073534 0007851 .0024518 | .00000 .00890
6WtOak -
12 | .0008333 | .00206457 | .00059599 10004784 .0021451 | .00000 .00724
7Pine_L -
12 | .0008333 | .00213353 | .00061589 0005222 .0021889 | .00000 .00745
8WtOak_L -
12 | .0008333 | .00270314 | .00078033 10008841 .0025508 | .00000 .00941
9RedOak_L -
12 | .0008333 | .00195038 | .00056302 0004058 .0020725 | .00000 .00689
10Birch_L -
12 | .0008333 | .00259341 | .00074865 0008144 .0024811 | .00000 .00906
11Cherry L -
12 | .0008333 | .00195366 | .00056397 10004079 .0020746 | .00000 .00642
12Ash_L -
12 | .0008333 | .00286777 | .00082785 10009887 .0026554 | .00000 .00993
13Walnut_L -
12 | .0008334 | .00221367 | .00063903 0005730 .0022399 | .00000 .00755
Total 156 | .0008333 | .00231874 | .00018564 | .0004666 | .0012000 | .00000 .00993
Test of Homogeneity of Variances
Weight%
Levene
Statistic dfl df2 Sig.
.053 12 143 1.000
ANOVA
Weight%
Sum of
Squares Df Mean Square F Sig.
Between Groups .000 12 .000 .00001 1.000
Within Groups .001 143 .000
Total .001 155
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Graph: Error for All Gold Coated Woods
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Oneway: Elemental Weight % Comparison of All Gold C  oated
Woods
Descriptives
Weight%
95% Confidence
Interval for Mean
Std. Lower Upper
N Mean Deviation | Std. Error Bound Bound Minimum | Maximum
1AmBsWd | 12 | .0008333 | 00128146 | .00036992 | .0000191 | .0016475 | -00000 .00388
2PinOak .0008333 - .00000
12 .00202256 | .00058386 0004517 .0021184 .00696
3SwtGum .0008333 - .00000
12 .00180773 | .00052184 0003152 .0019819 .00630
4Maple .0008333 - .00000
12 .00257941 | .00074461 0007993 .0024783 .00899
5Pine .0008333 - .00000
12 .00205771 | .00059401 10004740 .0021407 .00727
6WtOak .0008333 - .00000
12 .00170998 | .00049363 0002531 .0019198 .00605
7Pine_L .0008333 - .00000
12 .00213689 | .00061686 0005243 .0021910 .00745
8WitOak_L .0008333 - .00000
12 .00213611 | .00061664 0005238 .0021905 .00729
9RdOak L .0008333 - .00000
12 .00233033 | .00067270 0006472 .0023139 .00803
10Brch_L .0008333 - .00000
12 .00282516 | .00081555 0009616 .0026283 .00980
11Cherry L .0008333 - .00000
12 .00223003 | .00064375 0005832 .0022505 .00779
12Ash_L .0008333 - .00000
12 .00278810 | .00080485 10009384 .0026044 .00968
13Winut_L .0008333 - .00000
12 .00194320 | .00056095 10004013 .0020679 .00684
Total 156 | 0008333 | 00209552 | .00016777 | .0005023 | .0011652 | -00000 .00980
Test of Homogeneity of Variances
Weight%
Levene
Statistic dfl df2 Sig.
.104 12 143 1.000
ANOVA
Weight%
Sum of
Squares df Mean Square F Sig.
Between Groups .000 12 .000 .00001 1.000
Within Groups .001 143 .000
Total .001 155
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Appendix |

Statistical Analysis of XRF Results

Graph: Error for XRF Burned Greenwood Results (Ti, Ca, Fe)
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Oneway: Comparison of XRF Elemental (Ti, Ca, Fe) Re sults for

Burned Greenwoods

Notes

Descriptives

362

Weight%
95% Confidence Interval
for Mean
Std. Std. Lower Upper Maximu
N Mean Deviation Error Bound Bound Minimum m
1PinOak | 3 | 33.3333 34.4678 19.9000 -52.2895 118.9561 9.9036 72.9106
2WtOak | 3 | 33.3333 44,1256 25.4759 -76.2807 142.9473 6.2676 | 84.2514
3Maple | 3 | 20.0000 .0000 .0000 20.0000 20.0000 20.0000 | 20.0000
4AmBss
wd 3 | 26.6667 25.6478 14.8078 -37.0461 90.3795 .0000 51.1570
5Pine 3 | 26.6667 23.9526 13.8290 -32.8349 86.1682 .0000 46.3556
6SwtGu
m 3 | 13.3333 23.0940 13.3333 -44.0354 70.7020 .0000 40.0000
Total 1
8 25.5556 25.1010 5.9164 13.0731 38.0380 .0000 84.2514
Test of Homogeneity of Variances
Weight%
Levene
Statistic dfl df2 Sig.
3.285 12 .042
ANOVA
Weight%
Sum of
Squares df Mean Square F Sig.
Between Groups 911.111 5 182.222 .223 .946
Within Groups 9799.939 12 816.662
Total 10711.050 17
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Graph:: Error for XRF Burned Greenwood Results (K, Ca, Fe)
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Oneway: Comparison of XRF Elemental (K, Ca, Fe) Res ults for
Burned Greenwoods
Notes
Descriptives
Weight %
95% Confidence
Interval for Mean
Std. Lower Upper
N Mean Deviation Std. Error Bound Bound | Minimum | Maximum
1PinOak
3 | 33.3333 42.3991 24.4791 -71.9918 | 138.6584 | 2.2548 81.6335
2W1tOak
3 | 33.3333 27.9220 16.1208 -36.0288 | 102.6954 | 3.9558 59.5268
3Maple 3 | 33.3333 34.4190 19.8718 -52.1681 | 118.8348 | 10.6590 | 72.9383
4AmBssWd
3 | 33.3333 43.0638 24.8629 -73.6431 | 140.3098 | 7.2140 83.0376
SPine 3 | 33.3333 32.9398 19.0178 -48.4937 | 115.1604 | 5.9107 69.8708
6SwtGum
3 | 26.6667 30.3769 17.5381 -48.7938 | 102.1271 .0000 59.7338
Total 18 | 32.2222 30.0584 7.0848 17.2745 47.1699 .0000 83.0376

Test of Homogeneity of Variances

Weight %
Levene
Statistic dfl df2 Sig.
452 5 12 .804
ANOVA
Weight %
Sum of
Squares df Mean Square F Sig.
Between Groups 111.111 5 22.222 .017 1.000
Within Groups | 15248.530 12 1270.711
Total 15359.641 17
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Graph: Error for XRF Unburned Greenwood Results (Ti

Notes

70.00—

60.00

50.00—

40.00

30.00—

Mean +- 2 SE Weight%

20.00

10.00—

0.00

Pine Maple
group

AmBssWd

365

, Ca, Fe)



Oneway: Comparison of XRF Elemental (Ti, Ca, Fe) Re sults for
Unburned Greenwoods
Notes
Descriptives
Weight%
95% Confidence Interval
for Mean
Std. Std. Lower Upper Minimu Maximu
N Mean Deviation Error Bound Bound m m
1Pine | 15 | 333333 | 49.0424 | 141573 | 2.1733 64.4934 | 0000 1006000
ZMeap' 12 | 333333 | 47.7493 | 137840 | 2.9949 63.6718 | .0000 1006000
3AmBs
sWd 9 | 33.3333 | 49.7618 | 16.5873 | -4.9169 71.5836 .0000 | 99.9551
Total | 55 | 333333 | 47.2184 | 82197 @ 165904 | 50.0763 | .0000 1006000
Test of Homogeneity of Variances
Weight%
Levene
Statistic dfl df2 Sig.
.020 2 30 .980
ANOVA
Weight%
Sum of
Squares df Mean Square F Sig.
Between Groups .000 2 .000 .00001 1.000
Within Groups 71346.548 30 2378.218
Total 71346.548 32

366



Graph: Error for XRF Unburned Greenwood Results (K,
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Oneway: Comparison of XRF Elemental (K, Ca, Fe) Res ults for
Unburned Greenwoods
Notes
Descriptives
Weight%
95% Confidence Interval
for Mean
Std. Std. Lower Upper Minimu Maximu
N Mean Deviation Error Bound Bound m m
1Pine | 12 | 33.3333 41.4951 11.9786 6.9686 59.6981 .0000 96.6958
2Maple | 12 | 33.3333 34.7450 10.0300 11.2574 55.4092 .0000 89.8541
3AmBs
swd 9 | 33.3333 31.7976 10.5992 8.8916 57.7751 .0000 76.7837
Total 33 | 33.3333 35.4913 6.1782 20.7487 45.9180 .0000 96.6958
Test of Homogeneity of Variances
Weight%
Levene
Statistic dfl df2 Sig.
1.144 2 30 .332
ANOVA
Weight%
Sum of
Squares df Mean Square F Sig.
Between Groups .000 2 .000 .000 1.000
Within Groups | 40308.288 30 1343.610
Total 40308.288 32
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Graph:Error for XRF Burned & Unburned Greenwood Res
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Oneway: Comparison of XRF Elemental (Ti, Ca, Fe) Re sults for
Burned & Unburned Greenwoods

Notes

Descriptives

Weight%
95% Confidence Interval
for Mean
Std. Std. Lower Upper Minimu Maximu
N Mean Deviation Error Bound Bound m m
1Burned | 18 | 255556 | 25.1010 5.9164 13.0731 38.0380 .0000 | 84.2514
ZU”Z“me 33 | 33.3333 | 47.2184 | 8.2197 | 16.5904 50.0763 .0000 | 100.000
Total 51 | 30.5882 40.6847 5.6970 19.1455 42.0310 .0000 100.000
Test of Homogeneity of Variances

Weight%
Levene
Statistic dfl df2 Sig.
28.325 1 49 .000

ANOVA

Weight%

Sum of
Squares df Mean Square F Sig.
Between Groups 704.575 1 704.575 421 520
Within Groups | 82057.598 49 1674.645
Total 82762.173 50
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Oneway: Comparison of XRF Elemental (K, Ca, Fe) Res

ults for
Burned & Unburned Greenwoods
Notes
Descriptives
Weight %
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum | Maximum
1Burned | 18 | 32.2222 | 30.0584 7.0848 17.2745 47.1699 .0000 83.0376
2Unburned | 33 | 33.3333 | 35.4913 6.1782 20.7487 45.9180 .0000 96.6958
Total 51 | 32.9412 | 33.3713 4.6729 23.5553 42.3270 .0000 96.6958
Test of Homogeneity of Variances
Weight %
Levene
Statistic dfl df2 Sig.
1.417 1 49 .240
ANOVA
Weight %
Sum of
Squares df Mean Square F Sig.
Between Groups 14.379 1 14.379 .013 911
Within Groups | 55667.929 49 1136.080
Total 55682.308 50

372



373

Works Cited

Al-Mutairi, Naji M. “Kuwait Oil-Based Pollution: Effet on building material.”Journal
of Materials in Civil Engineering(1995): 154-160.

Anderson, Erin L., Zenon Pawlak, Noel L. Owen & Wil C. Feist. “Infrared Studies
of Wood Weathering Part Il: Hardwoods&pplied Spectroscopy5 (1991): 648-
652.

Andreae, M.O. “Soot Carbon and excess fine potassiurng-tange transport of
combustion derived aerosolsScience220 (1983): 1148-1151.

Andrea, M.O. A. Gelencser. “Black carbon or bworrboa? The nature of light
absorbing carbonaceous aerosofgrhospheric Chemistry and Physics Discussions
6 (2006): 3419-3463.

Andreae, M.O., P Merlet. “Emission of trace gasebkaerosols from biomass burning.”
Global Biogeochemical Cycle$5 (2001): 955-966.

Andreae, et al. “Smoking rain clouds over the Amaz&aience303 (2004): 1337-
1342.

Andoh, Benjamin E. “Infrared and Colorimetric Charactign of Discolored kiln-dried
hard maple lumber.’Forest Products Journab4 (2004)

Bacsik, Z., J. McGregor, J. Mink. “FTIR analysisgafseous compounds in the
mainstream smoke of regular and light cigarettésbdd and Chemical Toxicology
45 (2007): 266-271.

Baliga, Vicki L., Michael E. Thurston, Donald E. Mis€fPhysical Characterization of
the cigarette coal: Part Il Puff BurnJournal of Analytical and Applied Pyrolysis
72 (2004): 83-96.

Beirle,S., U. Platt, M. Wenig, T. Wagner. “ N@roduction by lightning estimated with
GOME.” Advances in Space Resear8h (2004): 793-797.

Bertschi, Isaac, Robert J. Yokelson, Darold E. Waittate gas and particle emissions
from fires in large diameter and belowground biomass .fuétsirnal of Geophysical
Research108 (2003): 8472-8484.

Bond, Donald W., Scott Steiger, Renyi Zhang. “The impagasf NQ production by
lightning in the Tropics.”Atmospheric Environmen86 (2002): 1509-1519.

Bayda, Mike.The Secret to Thermocouples, Mind the Metallurgy, and All Elsevllo
New York: Keithley Instruments, Inc. 2003.

Cicerone, Ralph J. * Fires, Atmospheric Chemistig the ozone layer.'Science263
(1994): 1243-1244.

Clark, John O. EThe Essential Dictionary of Sciencdlew York: Helicon Publishing,
2004.

Crutzen, Paul J., Meinrat O. Andreae. “Biomass BurnirtganTropics: Impact on
Atmospheric Chemistry and Biogeochemical CycleScience250 (1990): 1669-



374

1678.

DeMoura, M. L., L. S. Galvao. “Smoke effects on NDddtermination of savannah
vegetation types. ‘Int. J. Remote Sensing4 (2003): 4225-4231.

Etiler, Nilay, Sevtap Velipasaoglup and Mehmet Aktekinncidence of acute
respiratory infections and the relationship with soawdrs in infancy in Antalya,
Turkey.” Pediatrics Internationgl44 (2004): 64-69.

Ferretti, D. F., J. B. Miller, J. W. C. White. “Uxgected changes to the global methane
budget over the past 2000 year§tience309 (2005): 1714-1717.

Finlayson-Pitts, Barbara J., James N. Pitts Jrn®@tey of Upper and Lower
Atmosphere: Theory, Expirements and Applicatiodsw York: Academic Press,
1999.

Garrison, Virginia H., Eugene A. Shinn, William T. Fom “African and Asian Dust:
From Desert Soils to Coral ReefsBioscience53 (2003): 469-480.

Goode, Jon G., Robert Yokelson. “Trace gas emissions ltboratory biomass fires
measured by open-path Fourier Transform infrared speopgsd-ires in grass and
surface fuels.”Journal of Geophysical Researd04 (1999): 21,237-21,245.

Graf, Hans F. “The complex interactions of aersswid clouds.”Science 303 (2004):
1309-1311.

Griffith, D.W.T., R. Leuning, O.T. Denmead, I.M. Jamidir-land exchanges of C£)
CH, and NO measured by FTIR spectrometry and micrometeorolotgcahiques.”
Atmospheric Environmen36 (2002): 1833-1842.

Griffiths, Peter R., James A. deHasdtburier Transform Infrared Spectroscopiew
York: John Wiley & Sons. Vol. 83, 1986.

Gwaze, Patience, Otmar Schmid, Harold J. Annegarn,risteth Andreae. “Comparison
of three methods of fractal analysis applied to soot agtged@m wood
combustion.” Journal of Aerosol Scienc87 (2006): 820-838.

Hobbs, Peter V., Jeffrey S. Reid, Robert A. KotchemytRonald J. Ferek & Ray Weiss.
“Direct Radiative Forcing by Smoke from Biomass Burnin§c¢ience 275 (1997):
1777-1778.

Hood, Ernie. “Cooking CatastrophieEnvironmental Health Perspectivekl (2002):
691.

Hori, Ritsuko, Junjii Sugiyama. “A combined FTIR microscepyl principle
component analysis on softwood cell wall€arbohydrate Polymer$2 (2003):
449-453.

Hinterstoisser, Barbara, Risto Jalkanen, Manueladtioy & Manfred Schwanninger.
“Lignification of Scots pine trees from the Artic Cle up to timberline.”Icel. Agr.
Sci, 14 (2001): 55-59.

Hinterstoisser, Barbara, Manfred Schwanninger, Nothburgdirigjer. Infrared
Spectroscopy: A tool for rapid wood assessmefignna: University of agricultural
Sciences.



375

Ibald-Mulli, et al. “Effects of particulate air polioh on blood pressure and heart rate in
subjects with cardiovascular disease: A multicenp@r@ach.” Environmental
Medicing 112 (2004): 369-377.

Ice, George G., Daniel G. Neary & Paul W. Adams. €Ei$ of wildfire on soils and
watershed processesJournal of Forestry(2004): 2-6.

Idalgo, E., E.B. Araujo, K. Yukimitu. “Effects of parigcsize and nucleation
temperature on tellurite 20Li20-80TeO2 glass crystallizdtidvaterials Science
and Engineering434 (2006): 13-18.

Jacobson, Mark Z. “The short-term cooling but long-tglobal warming due to
biomass burning.”’American Meteorological Societ{2004): 2909-2926.

Jenkins, Ron. “X-ray Techniques: OverviewEhcyclopedia of Analytical Chemistry
Chichester: John Wiley & Sons Ltd. 2000.

Jung, Young Mee, Boguslawa Czarnik-Matusewicz & Seung Bin Kitharacterization
of Concentration dependent infrared spectral variationses aqueous solutions by
principal component analysis and two-dimensional coroglapectroscopy.Jd.

Phys. Chem.108 (2004): 13008-13014.

Kaufman, Yoram J., Robert S. Fraser. “The effécnaoke particles on clouds and
climate forcing.” Science277 (1997): 1636-1640.

Kaufman, Y.J., C. Ichoku, L. Giglio. “Fire and smakaserved from the Earth
Observing System MODIS instrument- products, validatiod,cperational use.”
Int. J. Remote Sensing4 (2003): 1765-1781.

Kjallstrand, Jennica, Olle Ramnas & Goran Peterssttettioxyphenols from burning
of Scandanavian forest plant materiaChemosphered1 (2000): 735-741.

Kirkevag, Alf, Trond Iverson, Arne Dahlback. “On radvatieffects of black carbon and
sulphates aerosols Atmospheric Environmen83 (1999): 2621-2635.

Koren, llan. “Measurement of the effect of Amazamg&e on inhibition of cloud
formation.” Science303 (2004): 1342-1345.

Kozinski, Janusz A., Raafat Saade. “Effect of BiogrAsrning on formation of soot
particles and heavy hydrocarbons: An experimental stuldyél, 4 (1998): 225-237.

Lee, et al. “Estimations of global N@missions and their uncertaintiesAtmospheric
Environment31 (1997): 1735-1749.

Lemieux, Paul M., Christopher C. Lutes, Dawn A. $&@ini. « Emissions of organic air
toxics from open burning: A comprehensive overviewrogress in Energy and
Combustion Sciencel30 (2004): 1-32.

Liodakis, S., G. Katsigiannis, G. Kakali. “Ash propertigsome dominant Greek forest
species.” Thermochimica Actad37 (2005): 158-167.

Ludwig, J., L.T. Marufu, B. Huber, M.O. Andreae & G. Held®omestic combustion of
biomass fuels in developing countries: A major sourcgmbspheric pollutants.”
Journal of Atmospheric Chemist#4 (2003): 23-37.

Lutes, Chrisptopher C., Peter H. Kariher. “Evaluabdéemissions from the open



376

burning of land clearing debrisEPA Project Summay¥00/SR-96/128 (1997): 1-5.

Lyons, Walter A., Thomas E. Nelson, Earle R. Witim “Enhanced Positive Cloud-to-
ground Lightning in thunderstorms ingesting smoke from.fir&cience282 (1998):
77-80.

Maenhaut, Willy, Nico Raes, Jan Cafmeyer. “Studylefmental mass size distribution
in Amazonia during the LBA/CLAIRE/SMOCC-2002 campaigrloth International
Conference on Particle Induced X-ray Emission and its Analytical Apipinsat
PIXE, (2004): 920.1-920.3.

Mano, Stein, Meinrat O. Andreae. “Emission of MetBygbmide from Biomass
Burning.” Science263 (1994): 1255-1257.

Martin, Mary E. & John D. Aber. "High spectral odstion remote sensing of forest
canopy lignin, nitrogen and ecosystem processesdglogical Applications7
(1997): 431-443.

Mathews, Emily. “Undying flame: The continuing demaodwood as fuel.”Pilot
Analysis of Global Ecosystems: Forest Ecosyst€p©0).

Mattu, Mutua J., Gary W. Small, Roger J. Combs. “Quatnie analysis of sulfur
dioxide with passive fourier transform infrared remote sgnmterferogram data.”
Applied Spectroscopp4 (2000): 341-348.

McCourt, M. L., W. W. McMillan. “Using the “blue spikéd characterize biomass-
burning sites during Southern African Regional Scienc@tivie (SAFARI) 2000.”
Journal of Geophysical Researct09 (2004): 20307

Meehl, Gerald A., Warren A. Washington, Caspar M. Ammdi@ombinations of
natural and anthropogenic forcings in twentieth centunyate.” American
Meteorological Society(2004): 3721-3727.

Menon, Surabi, James Hansen, Larissa Nazarenko, Luondunf€limate effects of
black carbon aerosols in China and Indi&¢ience297 (2002): 2250.

Molnar, Peter, Pernilla Gustafson, Sandra Johanned3sban Boman. “Domestic wood
burning and PM2.5 trace elements: Personal exposures, addoutdoor levels.”
Atmospheric Environmen89 (2005): 2643-2653.

Mishra, Vinod K., Robert D. Retherford, Kirk R SmitfBiomass cooking fuels and
prevalence of Tuburculosis in Indialihternational Journal of Infectious Diseasé&s
(1999): 119-129.

Naumann, Annette, Monica Navarro-Gonzalez. “Fourien3i@am infrared microscopy
and imaging: Detection of fungi in woodFungal Genetics and Biolog¢2 (2005):
829-835.

Notholt, J., Z. Kuang, C.P. Rinsland, G.C. Toon, M.R&nHance upper tropical
tropospheric COS: Impact on the stratospheric aetaget.” Science300 (2003):
307-310.

Olsson, Maria, Jennica Kjallstrand. “Emissions fraummiing of softwood pellets.”
Biomass & Bioenergy27 (2004): 607-612.



377

“Ozone at officially acceptable levels still affec&lamatic children.’Journal of
Environmental Health§6(2004): 51

Park, E., K. Lee. “Particulate exposure and sizeidigion from wood burning stoves in
Costa Rica.”Indoor Air, 13 (2003): 253-259.

Park, Rokjin J.“ Fire and Biofuel contributions to annu&lan aerosol mass
concentrations in the United State®tmospheric Environmernd1(2007): 7389-
7400.

Pavia, Donald, Gary Lampman & George Kriz, litroduction to Spectroscopiew
York: W.B. Saunders Company. 1979.

Penner, Joyce E., Robert E. Dickenson, Christie’Nef). "Effects of Aerosol from
biomass burning on the global radiation budg&cience256 (1992): 1432-1433.

Perkins, S. “Ash Clouds.Science Newd4.64 (2003)

Prins, Elaine M., Paul W. Menzel. “Trends in Southekizan biomass burning detected
with the GOES visible infrared spin scan radiometeroapheric sounder from 1983
to 1991.” Journal of geophysical Resear@® (1994): 16,719-16,735.

Rosenfeld, Daniel, Ronen Lahav, Alexander Khain & Marisky. “The role of sea-
spray in cleansing air pollution over ocean via cloud mseg” Science297 (2002):
1667-1670.

Russwurm, George M.. “FTIR Spectrometers perform Envirotahéfonitoring.” Laser
Focus World 32 (1995): 79-84.

Schkolnik, G., et al. “Constraining the density and compddractive index of elemental
and organic carbon in biomass burning aerosol using optidatf@emical
measurements.Atmospheric Environmend1 (2007): 1107-1118.

Schmidt, Laurie. “When the Dust Settles.” Accessed throghveb:
http://earthobservatory.nasa.gov/study/dust. 2002

Schwanninger, M., J.C. Rodrigues, H. Periera, B. Hirdemstr. “Effects of short-time
vibratory ball milling on the shape of FTIR spectra of @@nd cellulose.”
Vibrational Spectroscopys6 (2004): 23-40.

Seong, Ryu Y., Jeong E. Kim, H. Zhuanshi and Young J. Kiemical composition
of Post-Harvest Biomass burning aerosols in Gwangjue&obrJournal of Air &
Waste Management Associati@4 (2004): 1124-1127.

Sharpless, Norman, Dolores A. Gregory. “PhysicaleStatuences on the Intensity of
Infrared Absorption bands.Applied SpectroscopyL7 (1958): 47-50.

Sherwood, Steven. “A microphysical connection amongbg&s burning, cumulus
clouds and stratospheric moisturé&Stience295 (2002):1272-1275.

Shinn, Eugene A., Dale W. Griffin. “Atmospheric TrangpfrMold spores in clouds of
desert dust.”Archives of Environmental HealtB8 (2003):498-503.

Simoneit, Bernd R.T. “Biomass burning: A review of orgaracers for smoke from
incomplete combustion.’Applied Geochemistyyi7 (2002): 129-162.


http://earthobservatory.nasa.gov/study/dust. 2002

378

Smith, A. Lee. Applied Infrared Spectroscopy: Fundamentals, Techniques and
Analytical Problem SolvingVol. 54. New York: John Wiley & Sons, 1979.

Smith, Brian CFundamentals of Fourier Transform Infrared Spectroscogw York:
CRC Press. 2000

Smith, Brian C.Infrared Spectral Interpretation, A Systematic Approablew York
CRC Press. 1999

Seinfeld, John H. & Spyros N. Pandidtmospheric Chemistry and Physiddew York:
John Wiley & Sons, 1998.

Sterling, George B., John G. Cobler, Duncan S. Erldy&d A. Blanchard.
“Standardization of Infrared Analysis by Chemical andiBadcer Methods.”
Analytical Chemistry31 (1959): 1612-1615.

Stott, Peter A., Tett, S. F. B. “External ContréP0th Century Temperature by Natural
and Anthropogenic Forcing.Science290 (2000): 2133 — 2137.

Thompson, Anne M., Jacqueline C. Witte, Robert D. Hudsloia, Guo. “Tropical
Tropospheric Ozone and biomass burnin§cience291 (2001): 2128-2132.

Tuddenheim, W.M., R.J.P. Lyon. “Infrared Techniques in tlemtification and
measurement of mineralsAnalytical Chemistry32 (1960): 1630-1634.

Upreti, N.K., K.K. Pandey. “Role of pretreatmentshe protection of wood surface and
finishes in the weathering of Pterocarpus Marsupium woddurnal of Tropical
Forest Sciengel7 (2005): 141-150.

“Urban air pollution Linked to Birth DefectsJournal of Environmental HealtlSept.
2002, Vol. 65, Issue 2, p47, 2p.

Watson, .M., V.J. Realmuto, W.I. Rose. “Thermditamned remote sensing of volcanic
emissions using the moderate resolution imaging spectronatko.” Journal of
Volcanology and Geothermal Resear&B5 (2004): 75-89.

Watson, Traci. “EPA urges look at lower soot limitd3A Today(2003): 3.

Wiinikka, Henrik, Rikard Gebart, Christoffer Boman. ttitemperature aerosol
formation in wood pellets flames: Spatially resolvedsugements."Combustion
and Flame 147 (2006): 278-293.

Yokelson, R. J., J. G. Goode, D. E. Ward. “Emissidrfermaldehyde, acetic acid,
methanol, and other trace gases from biomass fifdsiith Carolina measured by
airborne Fourier Transform Infrared Spectroscopjoturnal of Geophysical
Research104 (1999): 30,109-30,125.

Zheng, G., J.A. Kozinski. “Thermal events occurringimyithe combustion of biomass
residue.” Fuel, 79 (2000): 181-192.
Zhou, Yunjun, Serge Soula, Veronique Pont, Xiushu Qie. “ N@Qxut concentration at a
station at high altitude in relation to cloud-to-groundtingig flashes.’Atmospheric
Research75 (2005): 47-69.



