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• 	Ab s tract • 
• in-situ burning is recognized as a viable alternative to mechanical methods for cleaning up oil 
• spills on water. The biggest concern when burning oil spills is that of emissions. In order of 
• decreasing importance, these emissions include: particulate matter, polyaromatic hydrocarbons 
III 	on particulates and also as gases, volatile organic compounds, carbonyls, and combustion gases. 
III 	Sufficient information is now available to estimate levels of these emissions and calculate safe 
111 	distances downwind of the fire. Other emissions of concern include the residue remaining after III 	the fire is extinguished and emissions to the water column 
ID 
• This report presents a compilation of information about monitoring in-situ burning of oil spills a 	and includes practical information about the procedures to be followed and equipment required. 
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Résumé 

Le brûlage in situ, ou brûlage sur place, est reconnu comme une solution viable de rechange aux 
méthodes mécaniques de récupération des marées noires sur l'eau. Le premier motif de 
préoccupation est alors les émissions. Dans l'ordre décroissant d'importance, ces émissions sont 
constituées de particules, d'hydrocarbures aromatiques polycycliques agglomérés aux particules 
et présents également en tant que gaz, de composés organiques volatils, de carbonyles et de gaz 
de combustion. Les autres émissions préoccupantes sont notamment le résidu subsistant après 
l'extinction et les émissions qui se retrouvent dans la colonne d'eau. On dispose désormais de 
suffisamment d'information pour estimer la concentration de la plupart de ces émissions et 
calculer les distances sûres, sous le vent de l'incendie. 

Le rapport présente une compilation de l'information sur la surveillance du brûlage in situ des 
nappes d'hydrocarbures et comprend des renseignements pratiques sur les méthodes à suivre et 
l'équipement à utiliser. 

iv 



8
88

11
11

81
18

1 1
88

111
11

11
88

11
18

11
11

81
11

18
8

1 1
11

11
8

11
11

11
11

8
11

11
8

11
11

11
8

8
11

11
11

•0
11

11
11

11
11 

Executive Swill-nary 

Emissions from burning oils in-situ are discussed in this report and selected techniques for the 
monitoring of these emissions are reviewed. Emissions from in-situ oil fires include those from 
the smoke plume, particulate matter precipitating from the smoke plume and emitted directly 
downwind of a fi re, combustion gases, unburned hydrocarbons, organic compounds produced 
during the burning process, and oil residue left at the burn site. Although consisting largely of 
carbon particles, soot particles contain a variety of absorbed and adsorbed chemicals. The 
following is a brief summary of each type of emission. 

Particulate Matter/ Soot - All burns, especially those of diesel fuel, produce an abundance of 
particulate matter. Particulate matter at ground level is a health concern close to the fire and 
under the plume. Concentrations of particulates in emissions from burning diesel are 
approximately four times that from similar sized crude oil burns at the same distance from the 
fire. Particulate matter is distributed exponentially downwind from the fire. Concentrations at 
ground level [1 m (3.3 ft)] can still be above health concern levels (150 Ftg/m 3) as far as 500 m 
(1/3 mile) downwind from a small crude oil fire. 

The smaller, respirable particulates constitute the greatest heal -th concern. The PM-10 fraction, 
or particulates less than  10 m, are generally about 0.7 of the total suspended particulate (TSP) 
of all particulates measured. The PM-2.5 fraction is not easily measured, nor are all facets of 
particulate understood at this time. The 'safe distance limits are dependent on the concentration 
of the PM-10 fraction of the particulates. 

The real-time concentration of these particulates from in-situ oil fires can be monitored 
downwind. Procedures and instrumentation to do this are described, including the use of the 
RAM-1 and DataRAM aerosol monitors and high-volume samplers. On-site measurements are 
not sufficient to regulate the use of burning, but rather serve to document what concentrations 
were reached at a given location. There are many limitations to the accuracy and direct 
usefulness of the data. Some of the limitations of direct-reading instruments are that the data 
require processing following on-site use to account for background values and drifting resulting 
from temperature changes. 

Polyaromatic Hydrocarbons (PAIls) - Oils contain significant quantities of polyaromatic 
hydrocarbons that are largely destroyed in combustion. The PAH concentrations in the smoke, 
both in the plume and in the particulate precipitation at ground level, are much less than in the 
starting oil. This includes the concentration of multi-ringed PAHs, which are often created in 
other combustion processes such as low-temperature incinerators and diesel engines. There is a 
slight increase in the concentration of multi-ringed PAHs in the burn residue. When considering 
the mass balance of the burn, however, most of the five- and six-ringed PAHs are destroyed by 
the fire. 

When diesel fuel is burned, the emissions show an increase in the concentration of rnulti-ringed 
PAHs in the smoke plume and residue, but a net destruction of PAHs is still found (>99%). The 
concentrations of PAHs on particulates could be a concern with very large fires. There is no 
real-time monitoring procedure and particulate samples are collected using sampling pumps and 
subsequently analyzed in the laboratory using the Soxhlet extraction method, microwave solvent 
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extraction system, or gas chromatography/mass spectrome try. These methods are described. 

VOCs - Many volatile organic compounds are emitted when oil is burned, but concentradons are 
relatively low compared to an evaporating slick. VOCs are not a concern at a distance, but can 
rise almost to health levels of concern very close to the lire N100 m (330 ft)]. VOCs cannot be 
monitored in real time with sufficient accuracy and are best sampled in evacuated metal canisters 
known as Summas. Analysis is subsequently carried out in a laboratory. 

Carbonyls - Carbonyls such as aldehydes and ketones are created by oil fires, but do not exceed 
health concern levels even close to the fire. Monitoring for carbonyls is conducted using a 
specialized sorption tube (DNPH) and sampling pump. Analysis is conducted in a laboratory. 

Organic Compounds - No exotic or highly toxic compounds are generated as a result of the 
combustion process. Organic macro-molecules are in lesser concentration in the smoke and 
downwind than they are in the oil itself. Dioxins and dibenzofurans are not created by oil fires. 

Gases - Combustion gases such as carbon dioxide, carbon monoxide, and sulphur dicodde are 
produced by oil fires but are normally below health concern levels. Several real-time instruments 
are capable of monitoring for combustion gases. Carbon diœdde can be measured in a number 
of ways. Real-time instruments generally measure it using an infrared technique or open-path 
instruments or discrete samples can be taken and quantified by gas chromatography. Sulphuric 
acid aerosols can be measured by titrating caustic solutions through which the sample air has 
been drawn (irnpinger method) or using a reactive tape instrument. These gases can also be 
measured in the Summa canisters intended for VOC analysis. A brief susmmary of procedures for 
common instruments is given. 

Oil/Residue - The residue from oil spill burning is largely unburned oil with some lighter or more 
volatile products removed. When the fire ceases, unburned oil is left that is simply too thin to 
sustain combustion. In addition to unburned oil, oil is also present that has been subjected to 
high heat and is thus weathered. Finally, heavier particles are re-precipitated from the smoke 
plume into the fire and thus become part of the residue. Highly efficient burns of some types of 
heavy crude oil may result in oil residue that sinks in sea water after cooling. Floating residue can 
be recovered using methods similar to those used for recovering very heavy oils. Sn-iall amounts 
of residue can be recovered by hand, using shovels and sorbents. 
Water - The concentrations of hydrocarbons in the water column after a burn have been 
measured, but are not a concern. A freshly spilled slick would yield hydrocarbons far in excess of 
this amount. In fact, the concentrations of hydrocarbons in the water under the NOBE burn off 
the coast of Newfoundland were below detection limits. 

Overall, emissions are now understood to the extent that emission levels and safe distances can 
be estimated for fires of various sizes and types. Equations for estimating concentrations of 
emissions for the various groups and for more than 150 specific compounds are provided, as 
well as tables of results. A crude oil fire, such as would be contained by a 150 m boom, would 
not exceed health levels of concern for emissions beyond about 500 m (1/3 mile) from the fire. 
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Aromatics - A class of hydrocarbons considered to be the most immediately toxic hydrocarbons 
found in oil and that  are  present in virtually all crude oils and petroleum products. Many 
aromatics are soluble in water to some extent, thereby increasing their danger to aquatic 
organisms. Certain aromatics are considered long-term poisons and often produce carcinogenic 
effects. Aromatics are characterized by rings containing benzene, which is the simplest aromatic. 

Asphaltenes - These are the largest polar compounds found in oil, so named because they make 
up the largest percentage of the asphalt used to pave roads. Asphaltenes often have very large 
molecules (or a high molecular weight). If there are enough asphaltenes in an oil, they greatly 
affect how the oil behaves when spilled. 

Burn rate - This is the rate at which oil is burned within a given area or the rate at which the 
thickness of the oil diminishes. In most situations, the burn rate is approximately 3 to 4 rnm/min 
(0.12 to 0.16 in/min). 

Burn efficiency - This is the percentage of the oil removed from the water by burning. It is the 
amount (volume) of oil before burning, less the volume remaining as a residue, divided by the 
initial volume of oil. 

Carbonyls - This refers to a class of compounds containing the carbonyl or C=0 group 0 
double bond group). The class indudes aldehydes (formaldehyde, acetaldehyde) and ketones 
(acetone). 

Controlled burning - This refers to a fire or burn that can be started and stopped by human 
intervention and can be managed to a certain degree throughout the burn. 

Fire-resistant booms - These are floating devices, constructed to -withstand high temperatures 
and heat fluxes, that restrict the spreading and movement of oil slicks while increasing the 
thickness of the slick so the oil will remain ignited. 

In-situ burning - This is an oil spill cleanup technique that involves controlled burning of the 
oil directly on the water surface. It does not include burning oil or oiled debris in an incinerator. 

Oxygenated compounds - These are hydrocarbon compounds containing oxygen. They may 
be the result of incomplete combustion. 

Polyaromatic hydrocarbons (PAHs) - These are compounds containing multiple benzene 
rings that may be formed by combustion. Crude oils and residual oils contain amounts of these 
compounds, some of which may be tœdc to humans and aquatic life. 

PM-10 - This is particulate matter consisting of small respirable particles with a diameter of 
101,tm (micrometres or microns) or less. Ten micrometres is a critical size below which human 
lungs are affected. For monitoring of particulate matter in the smoke plume from oil fires, it is 

xi 
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generally accepted that the concentration of PM-10 particles should be less than 1501.1g/m 3  for a 
24-hour period. Particulate matter is the main public health concern when oil or petroleum 
products are burned. 

PM-2.5 - This is particulate matter consisting of small respirable particles with a diameter of 
2.5 jam (micrometres or microns) or less, which are particularly dangerous to the human 
respiratory system. For monitoring of particulate matter in the smoke plume from oil fires, a 
standard of 65 p.g/rd for a 24-hour period has been proposed. Particulate matter is the main 
public health concern when oil or petroleum products are burned. 

Residue - This is the material, excluding airborne emissions, remaining on or below the surface 
after an in-situ bum takes place. 

Viscosity - This is the property of a fluid, either gas or liquid, by which it resists a change in 
shape or movement or flow. Gasoline has a low viscosity and flows readily, whereas tar is very 
viscous and flows poorly. The viscosity of oil is largely determin.ed by the amount of lighter and 
heavier fractions that it contains. Viscosity increases as oil weathers and as the temperature 
decreases, with a lower temperature giving a higher viscosity. 

Volatile organic compounds (VOCs) - These are organic compounds with vapour pressure 
high enough to cause the compounds to vaporize at normal temperatures. 

Weathering - This refers to a series of pro' cesses whereby the physical and chemical properties 
of oil change after a spill. These processes begin when the spill occurs and continue indefinitely 
while the oil remains in the environment. Major processes that contribute to weathering include 
evaporation, emulsification, natural dispersion,  dissolution,  photo-œddation, sedimentation, 
adhesion to materials, interaction with mineral fines, microbial biodegradation, and the 
formation of tar balls or tar mats. 

xii 
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1. 	Introduction 

This report outlines the steps involved in monitoring emissions from in-situ burning of oil spills 
on water. Information is provided on recent burn emission campaigns to provide guidance to 
the user about the values to be expected at burns. Data and examples from a wide variety of 
historical burns are given so that typical values of emissions are understood. 

An overview of monitoring is provided in Section 2, which includes the scientific aspects of 
monitoring and a summary of past research and trials. The steps followed in monitoring a typical 
burn are outlined and the techniques reviewed. 

In Section 3, information is given on the instrumentation used to monitor the particulate 
emissions in real-time. In addition, a summary is given of the high-volume air sampling 
equipment used. A comparison is presented of the real-time monitors and the traditional filter 
samplers for measuring particulate concentration, with data provided from past spills. 

In Section 4, the types of equipment required for monitoring Volatile Organic Compounds 
(VOCs) are described. 

In Section 5, techniques for monitoring combustion gases are given. 

In Section 6, detailed methodologies for analyzing polyaromatic hydrocarbons (PAHs) on 
particulates are given. 

Methodologies for monitoring carbonyls are discussed in Section 7. 

The Appendices of the report contain emission data measured at several burns to serve as a 
guide for the range of values expected. 
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2. 	An Overview of Monitoring 

2.1 The Science of Monitoring 
Monitoring emissions during an in-situ burn operation can provide continuous feedback 

about whether the burn is progressing properly and safely. A well planned monitoring program, 
which records data before, during, and after a burn, will also help answer any questions that 
corne up after a burn opera-don is completed. If possible, it is generally recommended that the 
following sampling and monitoring be performed for any in-situ burn operation: 
• real-time monitoring of PM-10 particulate matter in the plume; 
• real-time monitoring of volatile organic compounds (VOCs) in the plume; 
• soot sampling for analysis for organic compounds and polyaromatic hydrocarbons (PAHs); 

and 
• residue sampling for analysis for organic compounds and PAHs. 

If it is determined that burning can be done safely and will  likely result in less overall 
environmental impact than other cleanup methods, operations should not be delayed because of 
monitoring and sampling activities. 

It is important to recognize that measuring any parameter is both an art and a science. There are 
many complications, even when performing an apparently simple measurement. Every 
instrument has nuances which must be taken into account during a measurement. Examples of 
this include zeroing a continuous measurement instrument such as a real-time aerosol monitor 
(RAM), which is susceptible to moisture. If the device is zeroed before humidity conditions 
change, erroneous results can be obtained. In fact, as will be shown later, these results can err by 
values far exceeding the values measured. 

Many instruments have incorporated chemical principles and thus should be operated by 
experienced professionals, i.e., chemists, who will also be analyzing the results. 

2.2 Summary of Emissions 
A major barrier to the acceptance of in-situ burning of oil spills is the lack of 

understanding of the resulting combustion products. Several types of emissions are formed and 
released when oil is burned. The atmospheric emissions of concern include the smoke plume, 
particulate matter precipitating from the smoke plume and emitted directly downwind from the 
fire, combustion gases, unburned hydrocarbons, organic compounds produced during the 
burning process, and the oil residue left at the burn site. 

Although consisting largely of carbon particles, soot particles contain a variety of absorbed and 
adsorbed chemicals. Complete analysis of the emissions from a burn involves measuring all  these 
components. The emphasis in sampling has been on air emissions at ground level as these are 
the primary human health concern and the regulated value. This section will focus on these 
emissions. 

Extensive measurement of burn emissions began in 1991 with several burns conducted in 
Mobile, Alabama to measure various physical facets of oil burning (Fingas et al., 1993, 1996c). 
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ID 	Analysis of the data from these burns showed several interesting facts as well as some gaps in the 
II 	data. In 1992, two further series of burns were monitored for emissions (Fingas et  al.,  1993; 
a 	Booher and Janke, 1997). In 1993, two major burns were conducted at sea specifically to 
II 	measure emissions, although many other measurements were also taken (Environment Canada, 
II 	1997; Fingas et al., 1994a; 1994b; 1995a; 1995b). Further tests were conducted in Mobile, 
OD 	Alabama in 1994 and 1997 (Fingas et al., 1996a; 1996b; 1996d; 1998; 1999a; 1999b; 2000a; 2000b; 
S 	Lambert et al., 1998). These tests and the number of burns monitored are summatied in Table 
a 	1. 
S  
a 	It should be noted that, while past burns were monitored using the best field samplers and 
IIII 	instrumentation available, measurement techniques have progressed over the years and continue 
. to improve. In addition, the data from these past burns are so extensive that not even 
• encapsulating summaries can be provided here. The summarized data appear in the references 
• cited in this section and qualitative statements about  that  data will be made here. 
IIII 
• Particulate Matter/ Soot - All burns, especially those of diesel fuel, produce an abundance of 
• particulate matter. This is the first emission from an oil fire that exceeds recotnmended human 
ID 	health concern levels (150 p.g/m 3). Concentrations of particulates in emissions from burning 
• diesel are apprœdmately four times more than those from similar sized burns of crude oil at the 
al 	sarne distance from the fire. Particulate matter is distribtited exponentially downwind from the 
II 	fire. Concentrations at ground level [1 m (3.3 ft)] can still be above recommended health 
II 	concern levels as far as 500 m (1/3 mile) downwind from a small crude oil fire. The greatest 
II 	concern is the smaller, respirable particulates. The PM-10 fraction, or particulates less than 
0 	10 p.m, are generally about 0.7 of the total suspended particulate (TSP) of all particulates 

includes the concentration of multi-ringed PAHs, which are often created in other combustion 

111, 

	

	processes such as low-temperature incinerators and diesel engines. There is a slight increase in 
the concentration of multi-ringed PAHs in the burn residue. When considering the mass balance 
of the burn, however, most of the five- and six-ringed PAHs are destroyed by the fire. When 
diesel fuel is burned, the emissions show an increase in the concentration of multi-ringed PAHs 
in the smoke plume and residue, but a net destruction of PAHs is still found (>99%). 

a 	Volatile Organic Compounds (VOCs) - Volatile organic compounds are organic compounds that 

Ille 	have high enough vapour pressures to be gaseous at normal temperatures. When oil is burned, 

1•1 	these compounds evaporate and are released (1996c). One-hundred and forty-eight volatile 

• organic compounds have been measured from fires and evaporating slicks. The concentrations 
of VOCs are relatively low in burns compared to an evaporating slick. Concentrations appear to •  

a 	 3 • 

a 	measured. The PM-2.5 fraction is not easily measured, nor are all facets of particulate 
understood at this  lime. 

OD 
Polyaromatic Hydrocarbons ( DAHS) - Polyaromatic hydrocarbons are aromatic compounds found in 
crude oil and are often produced as a result of combustion. Many PAHs, particularly the larger 
ones, are toxic to humans and the environment. Crude oil burns result in poly -aromatic 
hydrocarbons (PAHs) downwind of the fire, but the concentration on the particulate matter, 
both in the plume and the particulate precipitation at ground level, is often an order-of- 

. magnitude less than in the starting oil and sometimes several orders of magnitude less. This a 
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be highest at the ground [1 m (3.3 ft)] and are distributed exponentially downwind from the fire 
source. Concentrations appear to be below human health levels of concern and do not constitute 
a major human or environmental threat. It should be noted, however, that some compounds 
such as benzene can constitute health concerns. The health concerns from burning oil, however, 
are still less than those of fresh oil evaporating. 

Dioxins and Dibenofurans - Dioxins and dibenzofurans are highly toxic compounds often 
produced by b-urning chlorine-containing organic material. Particulates precipitated downwind 
and residue produced from several fires have been analyzed for dioxins and dibenzofurans. 
These tœdc compounds were at background levels at many test fires, indicating no production 
by either crude or diesel fires. 

Carbonyls - Oil fires produce low amounts of partially œddized material, sometimes referred to as 
carbonyls or by their main constituents, aldehydes, such as formaldehyde and acetaldehyde, or 
ketones, such as acetone. Carbonyls from crude oil  ares are at very low concentrations at a 
distance from the fire. Concentrations of carbonyls from diesel fires are somewhat higher but 
also below health concern levels. 

Carbon Dioxide - Carbon dioxide is the end result of combustion and is found in increased 
concentrations around a burn. Normal atmospheric levels are about 300 ppm and levels near a 
burn can be around 500 ppm, which presents no danger to humans. The three-dimensional 
distributions of carbon dioxide around a burn have been measured. Concentrations of carbon 
dioxide are highest at the 1 m (3.3 ft) level and fall to background levels at the 4 m (13 ft) level. 
Concentrations at ground level are as high as 10 times that in the plume and distribution along 
the ground is broader than for particulates. 

Carbon Monoxide - Carbon monoxide levels are usually at or below the lowest detection levels of 
the instruments and thus do not pose any hazard to humans. The gas has only been measured 
when the burn appears to be inefficient, such as when water is sprayed into the fire. Carbon 
monoxide appears to be distributed in the same way as carbon dioxide. 

Sulphur Dioxide - Sulphur diœdde, per se, is usually not detected at significant levels or sometimes 
not even at measurable levels in the area of an in-situ oil burn. Sulphuric acid, or sulphur dioxide 
that has reacted with water, is detected at fires and levels appear to correspond to the sulphur 
content of the oil and are not of concern. 

Other Gases - Attempts have been made to measure mddes of nitrogen and other fixed gases. No 
gases were measured in about 10 experiments. 

Other Compounds - There is a concern when burning crude oil about any "hidden" compounds 
that might be produced. In one study conducted several years ago, soot and residue samples 
were extracted and "totally" analyzed in various ways. While the study was not conclusive, no 
compounds of the several hundred identified were of serious environmental concern. The soot 
analysis revealed that the bulk of the material was carbon and that all other detectable 
compounds were present on this carbon matrix in abundances of parts-per-million or less. The 
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most frequent compounds identified were aldehydes, ketones, esters, acetates, and adds, which 
are formed by incomplete oxygenation of the oil. Similar analysis of the residue shows that the 
sam.e minority compounds are present at about the same levels. The bulk of the residue is 
unburned oil without some of the volatile components. 

2.3 Calculation of Emission Concentrations Downwind 
Sufficient data are now ava ilable to assemble emission data and correlate the results with 

spatial and burn parameters. The correlations are sumrnarized in Appendix A. Although many 
correlations were tried, it was found that atmospheric emissions correlated relatively well  with  
distance from the fire and the area covered by the fire. This information was used to develop 
prediction equations for each pollutant, using the data gathered from the 30 test burns 
conducted to date. Sufficient data were available to calculate equations for over 150 individual 
compounds and for all the major groups. In some cases, however, the data are insufficient to 
yield high correlation coefficients and low errors. This will improve as more data are collected. 

These correlations will significantly increase understanding of in-situ burning in the areas of 
assessing the importance of specific emissions and classes, predicting a 'safe distance for 
burning, and predicting concentrations at a given point from the Lire. These predictions are 
based solely on actual data and are -therefore far more accurate than predictions based on models 
for the same conditions under which the experimental data were collected. The data were 
collected with winds between 2 to 5 m/s (4 to 10 knots) and with no inversions present. The 
prediction equations for several common emission groupings are given in Table 2. 

These data were then used to calculate the difference between the regulated level (typically the 
time-weighted average recommended exposure to a substance) and the calculated amount of the 
substance for several burns. Results of a simple exercise of this type are shown in Table 3. This 
table shows that emissions, especially of particulate matter, are significantly higher from a diesel 
fire than from a crude oil fire, as had been noted in several stuclies of pardculate emissions 
(Fingas et al., 1996a; 1996b). Other emissions of concern are similar for diesel and crude oil, 
although the PAHs are somewhat higher when diesel burns. This calculation con firms that 
particulate matter is the greatest concern, followed by the PAHs on the particulate matter, and 
the total VOCs. 

Manipulation of the VOCs shows these to be close to being a matter of concern, however, it 
should be noted that the level of VOCs is much higher (as much as three times higher as 
measured in some tests) when oil is evaporating in the absence of burning than when it is 
actually burning. Carbonyls are another emission of concern, although they are significantly 
below health concern levels for the scenarios in Table 3. The level of concern is the percentage 
of the regulated level attained by the emission. For example, if a regulated level is 75 tg/m3  and 
the calculated value is 150, then the level of concern is given as 200%. There is no health 
concern for fixed gases such as carbon diœdde or carbon monoxide. 

Safe distances downwind from a crude oil burn (based on PM-10 concentrations) can be 
calculated as: 
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12.5 + 0.0347 X fire size (m2 ) 
Safe Distance (m) = exp [ 	  

4.79 

Safe distances downwind from a diesel fire can be calculated as: 

1.19 + 0.0052 X fire size  (m2 ) 1  
Safe Distance(m) = exp [ 

0.437 

Note: To convert feet to  mettes,  multiply by 0.3048. 
To convert metres to feet, multiply by 3.280 84. 

A final point should be made that the level of PM-2.5 measured for diesel emissions is the  saine  
as or exceeds the PM-10 level. This indicates that either most of the matter consists of PM-2.5 
or the devices for measuring PM-2.5 fracture the particles dur_ing collection. Further work is 
needed on PM-2.5 measurements and emissions. 

Based on these data, safe  distances have been cakulated for a variety of fire sizes. These are 
given in Table 4. 

2.4 	Water Quality 
Research has shown that in-situ burning of oil does not release any more oil 

components or combustion by-products into the water column than are present if the oil is left 
unburned on the water surface (ASTM, 1997). Water samples from under burning oil have been 
analyzed and no organic compounds were detected (Fingas et al., 1995b). Only low levels of 
hydrocarbons have been found, at concentrations that would not result in fish mortality, even in 
a confined body of water. No PAHs have been detected in water samples collected from under 
burning oil. Tœdcity tests of the water column were also conducted and no tœdcity was noted. 

The burning process leaves a residue, however, that is primarily composed of oil with little 
removed other than some of the more volatile materials (Fingas et al:, 1994a and 1995a). The 
residue contains a large amount of PAHs, although usually less than the original oil, although it 
may also contain a slightly higher concentration of metals. The residue consists of unb-urned oil, 
oil depleted of volatiles, re-precipitated soot, and partially burned oil. It appears to be similar to 
weathered oil of the same type and is typically viscous and dense. Several tests have shown that 
burn residue is no more tœdc than other weathered oils and, in fact, is much less toxic than fresh 
oils of the same type. There is evidence that the metals contained in the original oil (usually 1 to 
40 ppm of vanadium, zinc, and nickel) become concentrated in the burn residue (Fingas et al., 
1995b). 

The density of this residue depends on how heavy the original oil is and the completeness of the 
burn, although it will never be denser than the heaviest hydrocarbon found in the original oil. A 
very efficient burn of a heavier crude oil will produce a dense residue that may sink and pose a 
threat to benthic species. Sinking is rare, however, and has been recorded in only 2 of about 200 
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• burns worldwide. Tœdcity tests performed on samples of residue have shown very low toedcity. 
Residues can be contained in a boom using sorbents and collected manually or a skitnmer can be 

• used to collect lighter viscosity residues. • 
1111 	Another concern is that burning will raise the water temperature below the oil, as 
• extreme temperature changes can affect marine species ( Fingas et al., 1994b). Measurements 
• during burn trials, however, show no significant increase in water temperature, even during some 
• burns in shallow, confined test tanks. Thermal transfer to the water is limited by the insulating 
ID 	oil layer and is actually the mechanism by which the combustion of thin slicks is extinguished. 

•
• 

2.5 	Summary of Measurement Techniques 
OP 	2.5.1 Real-time Monitoring 
• In general, real-time monitoring of emissions should be performed downwind of the fire 

and at a point closest to populated areas. Studies of the emissions from in-situ oil burns indicate 
• that the main public health concern is particulate matter in the smoke plume as this is the first 
• emission that normally exceeds recommended health concern levels. • 
• For monitoring of particulate matter, it is generally accepted that the concentration of small 
• respirable particles with a diameter of 101.1m or less (PM-10) should be less than 150 lag/m3  for a 

24-hour period. This is the standard set by the National Institute of Occupational Health and 

• Section 3. It is important to note that the concentrations of particles downwind are highly • variable over time. A reading can be over the recommended maximum value one moment and • then at baseline values the next. Furthermore, the background values must be measured and • subtracted from the current value. • 
• As both the RAM-1 and DataRAM measure humidity as particulate (which it is), the instructions • state that these instruments should not be used in locations where there is high humidity without 

• taking corrective action. This certainly applies to locations on boats and near the sea. 

•
Experimentation has shown that high humidity can lead to readings as much as five times the 

• maximum exposure value, although the data can be corrected for this. In both cases, the real- 

• time value on the instrument is noted only for interest. The instrument readings should be 

• electronically recorded and averages calculated from the recorded and corrected data. The 
• DataRAM has an internal recorder. 
• 
• There are no reliable real-time or near real- lime  methods for monitoring PAHs. There are many 

• methods for sampling particulates using pumps and filter papers, however, and some portable 
• 
• 7 

• Safety (NIOSH) and described in the U.S. Code of Federal Regulations (Office of the Federal 
• Register, 1991). A n.ew PM-2.5 standard of 65 Ftg/m3  for a 24-hour period has been proposed. • 
• The second emission of concern is polyaromatic hydrocarbons or PAHs on the particulate 
• matter. Volatile organic compounds or VOCs are a tertiary concern. • 
• The devices currently used to carry out real-time monitoring of particulates are the RAM-1 and 
• DataRAM aerosol monitors, which are capable of detecting the PM-10 particulates emitted by an 
• oil fire. Detailed descriptions and operating instructions for these instruments are provided in 
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devices are also available. Some common methods for monitoring PAHs on particulate are given 
in Section 6. 

2.5.2 Visual Monitoring 
Visual monitoring is not as effective as monitoring using instruments. Obviously, gases 

and light concentrations of particulate matter cannot be seen. The trajectory of the smoke plume 
can be observed, however, and its passage over land, population centres, and other points of 
concern can be noted, timed, and recorded. This information is necessary if there is ever a 
question of exposure to emissions after an in-situ burn incident. The prime areas of deposition 
should be surveyed after a burn to check for soot deposits. If soot is found, it may be sampled 
for possible analysis if necessary. 

2.5.3 Sample Collection and Analysis 
There are several methods for collecting and analyzing samples to be used for evaluating 

the effectiveness of in-situ burning. Not all these methods wiill  be required in an actual 
emergency burn situation, but depending on the circumstances, regulations, and/or the specific 
operational plan, some or all of them may be required. Sampling methodologies and target 
emissions are shown in Table 5 and described in Bissonnette et al. (1994) and Environment 
Canada (1997). 

Particulate matter is the first emission from an oil fire that exceeds human health levels. 
Operating procedures for equipment frequently used to collect particulate samples are provided 
in Section 3. The secondary emissions of concern from an in-situ burn are the polyaromatic 
hydrocarbons (PAHs) associated with the particulate matter. There are several simple methods 
for collecting these particles for subsequent laboratory analysis. Simple sampling pumps can also 
be used to confirm particulate counts as well as to trap particles. Analysis of the trapped particles 
is complex and must be done by a laboratory with the required equipment and experience in 
PAH analysis. Details are given in Section 6. 

Volatile organic compounds or VOCs are the third emission of concern from an oil fire. VOCs 
are  sampled in many ways. Real-time monitoring of VOCs can be done but it is fraught with 
difficulties and inaccuracies. The use of evacuated metal cylinders, k.nown as Sumrna canisters, is 
easy and yields accurate results. The canisters are opened for a specified lime to collect a 
representative sample of the gas. Detalled sampling procedures for this are given in Section 4. 
The compounds must be analyzed by a specialized laboratory -with the required equipment and 
experience in analyzing VOCs from Sumrna canisters. 

When oil is burned, other combustion gases such as carbon diœdde, carbon monoxide, and 
sulphur dioxide are produced. Levels of carbon dioxide can be measured with real-time 
instruments using an infrared technique and discrete samples can be taken and quantified by gas 
chromatography. Summa canisters used for VOCs can also be used for measuring carbon 
diœdde. Sulphuric acid aerosol can be measured using the irnpinger method as well as using real-
finie instruments. These and other methods of sampling and analyzing combustion gases are 
discussed in Section 5. 
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Carbonyls created by crude oil fires are monitored using a specialized sorption tube and 
sampling pump. This is discussed in Section 7. 

2.5.4 Data Analysis and Quality Assurance 
Quality control procedures should be established for all measurements. These 

procedures are particularly important for real-time measurements which are often prone to drift 
and interference. Detailed procedures are given in the relevant sections. 

Analysis should be performed on the electronically recorded real-time data. First, a baseline of 
background values should be established, which can be done graphically. This background 
should then be subtracted from the entire data set. This baseline may change throughout the 
burn as is evidenced by the data trend moving up or down throughout the monitoring period. If 
the background does change, which happens frequently, it is more complex to subtract because 
it changes at each point in time. 

The background data can be subtracted by using a spreadsheet program that uses the slope of 
the line to subtract the background at each point in time. Secondly, the data should be averaged 
over the time period that the data was taken. Thirdly, the data needs to be corrected to reflect a 
24-hour period, which is the time period over which the maximum exposure is usually specified. 
For example, if the average particulate concentration was 100 lag/tri3  over a 6-hour period, the 
24-hour value is 25 ltg/m3, assuming that there is no other source of particulates. Data 
processing and correcting for interferences are further discussed in Section 3.4. 

Because of these necessary data manipulations, data from real-time monitoring of burn 
ernissions must be regarded with caution and cannot be used to establish that a burn is either 
safe or unsafe. 

Full sampling and analysis of situations such as burns are performed regularly by agencies such 
as the Emergency Response Team (ERT) of the U.S. En-vironmental Protection Agency (U.S. 
EPA) and the Emergencies Science and Technology Division (ESTD) of Environment Canada. 
These organizations may be able to assist in monitoring burns. 
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3. 	Real-time Aerosol Monitoring of Particulates 

3.1 Summary 
The RAM-1 and DataRAM are commercially available pieces of equipment commonly 

used in the occupational health and safety industry. Both instruments measure aerosols and 
particulate continuously throughout the burn so that the profile of the smoke plume is defined 
not only be location but also over time. While particulate filters sample air continuously 
throughout the burn, they do not provide information on the distribution of particulates at 
various stages of the burn, such as when it is initiated or extinguished. The real-time information 
obtained from the DataRAM and the RAM-1 allows for correlation to be established between 
the sample and specific stages of the burn. 

The DataRAM (MIE Inc, Bedford, MA) is an updated version of the RA1\4-1, with  the same 
operatin.g principle. The advantage of this unit is its improved internal data logging and 
processing capabilities and its versatility. The apparatus can employ the following different 
sampling head configurations: total particulate, the 0 to 10 Ftm particulate fractions, or the 0 to 
2.5 pin particulate fractions. Each of these sampling configurations can be used over the 
duration of the monitoring effort. Measurin.g parameters, such as the time constant and 
measurement range, are selected during the initial setup of the unit and controlled by the internal 
software of the DataRAM. 

For most burns, the DataRAM and RAM-1 can be operated with similar air sampling rates. The 
instrument can be operated using its internal rechargeable battery. Particulate concentration is 
displayed in units of itg/m3  in the DataRAM and mg/rd in the RAM-1. The files should be 
uploaded to a computer on a regular basis. The DataRAM units are best placed at a specified 
location about the sampling field rather than being moved about. Maintenance and calibration 
of the units should be undertaken on a reg-ular basis on the days during the burn and at least 
once every day while monitoring is being done. 

3.2 Detailed Methodologies 
3.2.1 RAM-1 Portable Real-time Aerosol Monitor 
3.2.1.1 Physical Specifications 
Dimensions: 	20 x 20 x 20 cm (7.9 x 7.9 x 7.9 in) 
Weight: 	4 kg (8.8 lb) 

3.2.1.2 Application to Burn Testing 
The RAM-1 portable real- thme aerosol monitor measures aerosols and particulates 

continuously, so that the profile of the smoke plume can be defined not only by location but 
also over time and a correlation can be established between the sample and specific stages of the 
burn, such as when the burn is initiated or extinguished. 

As the instrument is portable, the user can quicldy set up a sampling point and either monitor it 
visually or use the unit in conjunction  with  a data-logging device via the analog voltage output. 
The real-time feature of this instrument allows areas of concern to be sampled and results 
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generated in-situ, providing information that may be required immediately for health and safety 
reasons or for placement of other test instruments. To obtain representative values for 
particulate concentration in air, the instrument should be positioned at least 1 m above ground 
level and away from or above any nearby structures. 

3.2.1.3 Operating Principle 
Air is continuously drawn through the RAM-1 sensor chan-iber at a rate of 2 L/rninute. 

The instrument uses a pulsed Ga As semi-conductor LED to generate a near-infrared pulse 
centred at 940 nm. The scattered beam is detected with a silicon photovoltaic diode with an 
integral low noise amplifier. The detector responds to scattered light deflected by airborne 
particulate at a 45 to 950  angle range. Filtered air is blown across detectors at 0.3 L/minute to 
keep the optical system clean. A cyclone precollector comes with the instrument and omni-
directional sampling heads that can be affixed to the inlet are available as an option. 

A cyclone pre-collector or optional omni-directional sampling head can be affixed to the inlet to 
measure the desired particulate fractions. The omni-directional sampling head is capable of 
measuring the total or 0 to 10 pm particulate fractions with the introduction of a 0 to 10 pm 
filter. The cyclone pre-collector limits the sampling to particulate larger than 2 pm. The actual 
sampling fraction is 2 to 10 pm, however, and the respective proportion of that fraction is based 
on a penetration curve. The two parameters controlled by the operator are the measuring range 
and the tirne constant. During oil spill burns, the parameters are typically set at a measurement 
range of 0 to 20 mg/m3  and a time constant of 2 seconds, thus sampling every 2 seconds. 

3.2.1.4 Operation 
For continuous monitoring tasks, such as burn tests, it is necessary to record the data 

using an external data logger (such as a Campbell Sdentific CR10 Data Logger). The multiple 
values from the RAM-1 are averaged over a period of one minute. Controls and settings that 
affect the digital display have a corresponding change to the analog output. Data recorded by the 
data logger are uploaded to a computer and converted to concentration in pg/m3. 

The electronic controls are grouped under a protective lid at the top of the instrument. The 
operator controls the measuring range and the tirne constant. The three measurement ranges are 
0 to 2, 0 to 20, and 0 to 200 mg/m 3. To obtain the most accurate reading, the instrument should 
generally be set at the lowest practical range. If the range is too low, however, the reading may 
go off-scale if higher particulate-in-air concentrations are encountered. The 0 to 200 setting is 
often necessary in outdoor applications. The time constant can be set at 0.5, 2, 8, or 32 seconds. 
The shorter time constants provide better response to instantaneous fluctuations in airborne 
particulate. The longer time constants provide less background noise. The 2-second setting is 
recommended for burn testing. 

The valve to the detection chamber is located at the base of the sampling inlet. If using the J-
shaped cyclone precollector, remove the inlet cap and the flow restrictor and affix the cyclone. If 
not using the cyclone, remove the inlet cap to ensure the flow restrictor is in place, then replace 
the cap. The flow is observed through a transparent access panel at the base of the instrument, 
where the flowmeters, filters, and desiccation chamber are located. 
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Before each use, ensure that the desiccation chamber is filled with dry desiccant material. The 
desiccant, usually "Drierite", protects the optics from condensation formed when warm air 
comes in contact with the cold components. The desiccant is available from commercial 
suppliers of scientific reagants. 

On startup, the inlet valve should be in the CLEAR position. Switch the instrument ON and 
place the selector switch in BAT position. A fully charged battery indicates a voltage of 6.3 to 6.6 
volts. If the battery voltage reads between 5.1 and 6.0 volts, the instrument should be used only 
for short duration testing. If the battery voltage reads below 5.1 volts, the battery requires 
recharging and should not be used. If thé battery voltage drops during testing, the letters "VDC" 
will flash on the display. Testing should be stopped to recharge the battery. 

To ensure accuracy, an instrument calibration must be performed before each use. To calibrate 
the instrument, set the measurement range at the 0 to 2 position and the drne-constant switch at 
the 2-second position. When the instrument has been turned ON for at least one minute, 
observe the display. If the average reading on the display is not 0.000 ±0.001, lift the spring-
loaded cap and use a precision screwdriver to adjust the ZERO control. Open the transparent 
access panel at the base of the instrument. Push in the REF SCAT knob fully (flashing "K" on 
display, pump will stop). Select 0 to 20 range and allow reading to stabilize, which takes 
apprœdrnately 30 seconds. The reading on the display should match the calibration number 
(±0.1) indicated on the label near the REF SCAT knob. If necessary, adjust the reading using the 
CAL control. To adjust, slide the lock down and rotate the CAL knob, then slide the lock closed 
again. Pull the REF SCAT knob fully out (pump will re-start and flashing "K" will cease). Close 
the transparent access panel. 

To begin measurement, select the desired range and time constant settings. Open the inlet valve 
by turning downwards to SAMPLE. Observe the sample flow through the transparent panel. 
Total flow should be approximately 2.2 L/minute and purge flow approximately 0.22 L/minute 
(10%). To adjust total flow rate, lift the spring-loaded cap and use a precision screwdriver to 
adjust the FLOW control located with the electronic controls. To adjust the purge flow rate, 
open the transparent panel at the base of the instrument and rotate the plastic valve at the base 
of the PURGE flowmeter. 

Observe real-time measurements on the digital display. While sampling, if the number 1 appears 
with no decimal point, the instrument is over-range and a higher range must be selected. When 
sampling is completed, switch the inlet valve up into the CLEAR position. Observe the display. 
When the reading returns to ZERO, the instrument may be turned OFF. 

3.2.1.5 Maintenance and Support 
The instrument is battery-operated and will run continuously for 6 to 8 hours with a fully 

charged battery. Batteries are not easily changed out. Sampling periods can be extended by using 
the AC adaptor/charger included with the instrument to access an external power source. 

Caution: When using external power, the internal batteg should be disconnected to avoid possible corruption of 
the analog oueut going to a datalogger. 
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To protect the optics of the RAM-1, the purge air must be kept clean and preferably dry. The 
filters located at the base of the instrument should be checked and replaced as required. The 
lifetime of the filter varies depending on the sampling environment. The desiccant maintains 
dryness of the air. If Drierite is used, the condition can be checked visually by colour. Drierite is 
blue when dry and should be changed when it turns pink. 

For continuous monitoring tasks, such as burn tests, an external datalogger (such as a Campbell 
Scientific CR10 Data Logger) must be used to record data. The analog output ranges from 0 to 
10 volts. Controls and settings that affect the digital display have a corresponding effect on the 
analog output. 

The omni-directional sampling heads are not included with the RAM-1, but it is recommended 
that the head for measuring total particulate be used if available. As when using the standard 
inlet nipple, the flow resttictor should be in place when using these heads. 

Note: The 2.5 ,um (micromefre) and 10 ym (micrometre) heads available for the DataRAM should not be used 
with the RAM-1 . 

3.2.2 DataRAM Real-time Aerosol Monitor 
3.2.2.1 Physical Specifications 
Dimensions: 	13.4 x 18.4 x 34.6 cm (5.3 x 7.2 x 13.6 in) 
Weight: 	5.3 kg (11.7 lbs) 

3.2.2.2 Application to Burn Testing 
The DataRA.M portable real-time aerosol monitor is similar to the RAM-1 but is a newer 

instrument with several improvements. These include its improved internal data logging and 
processing capabilities and its versatility. 

As the instrument is portable, the user can quickly set up a sampling point and either monitor it 
visually or use the internal data logging function, which allows for unattended monitoring. The 
real-time feature of this instrument allows areas of concern to be sampled and results generated 
in-situ, providing information that may be required immediately for health and safety or for 
placement of other test instruments. To obtain representative values for particulate 
concentration in air, the instrument should be positioned at least 1 m above ground level or 
above any nearby structures. 

3.2.2.3 Operating Principle 
Air is continuously drawn through the DataRAM sensor chamber at a rate of 

apprœdmately 2 L/minute. The instrument uses a pulsed Ga As semi-conductor LED to 
generate a near-infrared beam centered at 940 nm. The scattered beam is detected with a silicon 
photovoltaic diode with an integral low noise amplifier. The detector responds to scattered light 
deflected by airborne particulate at a 45 to 950  angle range. Filtered (HEPA) air is blown across 
detectors at 0.3 L/minute to keep the optical system clean. Depending on the application, 
various sampling masts with omni-directional sampling heads can be af fixed to the inlet to 
measure total particulate or particulate fractions from 0 to 10 lam (micrometres) or 0 to 2.5 p,m 
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(micrornetres). The user can select the data logging interval. The average, maximum, minimum, 
time/date, and data point number are stored for each data interval period. 

3.2.2.4 Operation 
Definition of Contra ls - Most of the operation of the DataRAM is controlled from the front 

panel, which contains separate ON and OFF buttons, a MENU key, an EXIT key, and six 
multi-purpose keys that correlate to a corresponding prompt from the LCD screen. All valves 
and pumps are automatically controlled and respond to keyboard-activated tasks. 

The rear panel of the instrument contains connections for the battery charger, external alarm, 
analog output, and/or RS-232 output, the switch for selecting interior or exterior battery, the 
SPAN CHECK knob for calibration, and the exhaust port. A quick-connect fitting for attaching 
the appropriate sampling mast is located on top of the instrument. An access panel for the 
internal HEPA filter is located on the bottom of the instrument. 

The instrument's handle can be swivelled by depressing the buttons on each side of the handle. 
The handle can be locked into various positions, 300  apart. 

Instrument Preparation - Before turning the instrument on, ensure that the battery is fully charged. 
The battery charger can be connected at the rear panel. When connected to the battery charger, 
the DataRAM must not be placed front-face down. The battery charger can also be used as 
an AC power source to operate the DataRAM. If the unit is to be operated with AC power, 
connect the battery charger at this time. 

Remove the protective cap that covers the inlet at the top while the instrument is not in use. 
Store the cap on its post on the rear panel of the instrument. Affix the desired mast/sampling 
head. 

Check that the battery selector switch at the back of the instrument is in the INT. 
BAT/CHARGER position. Connect any external connections required, e.g., alarm, printer, or 
PC, at this point, while both the DataRAM and the external device are turned OFF. 

Setup - Press the ON button to begin operation. This activates the internal pump and the LCD 
screen will show the time, date, and "Main Menu 1" screen. The choices displayed are "initiating 
monitoring operation", "diagnostic check", "parameter check/modification", "purge", "zero", 
or "next screen". To select any of these, press the corresponding button (with  a > symbol) 
located at the right of the screen. 

When the instrument is turned on, the parameters will be the same as the last time the 
instrument was used, except for the data logging and automatic zeroing functions, which will be 
OFF. The parameters can be checked or changed by selecting "parameter check/modification" 
on the "Main Menu 1" screen. To return to the main menu at any point, press EXIT. 

Select "Parameters" from the main menu to display the "Parameters 1" menu. The choices 
displayed are "Ave Time", "Log Data", "Clear Data", "Every", "Tag #", and "Next Screen". If 
the "Clear Data" line is flashing, data is already stored in that data tag location. Before 
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accumulating data in this session, the data in the current data tag must be cleared or an unused 
data tag # must be chosen. 

To clear all logged data, choose "Clear Data". To confirm, select "Clear". Data cleared will be 
lost. To abort, press EXIT. 

To choose another data tag, select "Tag #", then use A and V keys to select a tag number from 0 
to 9. Press EXIT when the correct tag # is displayed. 

The averaging time can be set to 1 or 10 seconds. Select "Ave Tirne", followed by the desired 
averaging time. Press EXIT when the desired time is displayed. 

To activate/deactivate data logging, select "Log Data" and select ON or OFF. 

To change the data logging averaging period, select "Every". This can be set from 1 second to 
10:59:59 hours by using the < and > keys to move the cursor to the desired digit and the A and 
V keys to adjust the value. Press EXIT when the correct period is entered. 

To modify/check automatic zeroing, alarm settings, calibration factor, or flow rate, select "Next 
Screen" which brings up the '<Parameters 2" menu. These parameters are changed in a similar 
manner to the other parameter settings. The automatic zeroing can be turned on or off and the 
interval can be selected between 1 and 20 hours. The alarm level can be set to between 
0.1 ug/m3  and 399.9 mg/m3  and can monitor either instantaneous levels (INST) or 15-minute 
average levels (STEL). The flow rate can be adjusted to between 1.7 and 2.3 L/minute. To 
return to the "Parameters 1" menu, press EXIT. To return to the main menu from the 
"Parameters 1" menu, press EXIT. 

Note: If the instrument is being set up for burn testing, the followingparameter settings are reomrnended: 
Ave Time 	 1 second 
Automatic Zero - 	OFF 
Alarm 	 OFF 
Log Data 	 ON 
Every 	 1 minute 
Flow Rate 	 2.0 L/min 
Cal Factor 	 100% 

The displayed date or time are changed from the "Main Menu 2" screen and not from the 
"Parameters" menu. 

A system check should be performed before a measurement operation. From the "Main Menu 
1" screen, choose "System Diapos". The System Diagnostics screen displays conditions of the 
filter, the battery, the background level, and the flow. If the screen title has a flashing 
"RETRACT CALIBR", the calibration lmob on the rear panel has been left in the inserted 
position and must be retracted before diagnostics can be properly performed. If all systems are 
normal, it will be indicated. If a fault is detected, the affected system will flash and state the fault 
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condition. A fully charged battery will be indicated by "12345". As the betel-3T is discharged, 
fewer digits are displayed. 

Calibration - To ensure accuracy, an instrument calibration must be completed. From "Main 
Menu 1", select "Zero". Wait until the "Zero Complete" message is displayed. At this time, a 
span check may be done or press EXIT to return to the main menu. 

To perform a span check, you will  be prompted to "insert calibrator". Turn the calibration knob 
on the rear panel counterclockwise until it is fully inserted (stops). The display will indicate 
when the calibration knob can be retracted (turned clockwise). The number displayed is the 
difference between the current span value and the factory value and should be within ±10%. If 
more than this, perform a diagnostic check and repeat the calibration. Consult the manufacturer 
if the calibration difference is consistently outside the 10% window. 

Measurement - When the parameters are set, the system checked, and the calibration  complete, the 
DataRAM is ready to begin measuring. From the "Main Menu 1" screen, select "Run". While in 
measurement mode, the "Run Data" screen is displayed, sho-wing the current time and date, the 
current concentration ("Conc"), average concentration since the run was initiated ("TWA"), 
elapsed time since the run began ("ET"), the percentage of the data logging space available 
("Memory Free"), and the calibration factor versus the factory response slope ("Cal Factor"). 
While in measurement mode, a system diagnostics check can also be performed, which serves to 
confirxn  flow rate and battery power. The instrument automatically selects the appropriate 
concentration range in either Ftg/m3  or mg/m3. 

During measurement, press the MENU key to view but not to change the parameters selected, 
or to perform a manual re-zero or purge task. When "Zero" or "Purge" are selected, the 
instrument performs the requested task and resumes normal measurement. This function can be 
used to confirm concentration values if they seem unusual, however, it will also be included in 
data averaging calculations. To return to the "Run Data" screen, press EXIT. 

When  the measurement task is complete, terminate the run by pressing EXIT. The prompt  will 
 ask for confirmation. If EXIT is pressed at this time, the DataRAM will continue the monitoring 

task. To terminate the run, follow the "Terminate Run" prompt. 

To perform another monitoring task, reset the data logging in the "Parameters 1" menu. 

Data  Retrieval Stored data points can be viewed on the DataRAM's LCD screen. To view the 
data during a run, select "Scroll Datalog" from the "Run Menu" or, if the run is completed, 
select "Main Menu 2". The logged data will be displayed for the Tag # and data point sho-wn. 
Use the < and > keys to display any desired data point and/or data tag, followed by the EXIT 
button. To display summary information for the selected data tag, such as start time, elapsed 
time, 'IWA, STEL, overall minimum, or overall maximum, select "Summary 1 Displ" from the 
"Scroll Data Log" menu. 

An MIE converter kit and an IBM/PC Centronics compatible parallel printer are required in 
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order to download data to a printer. Connect the DataRAM digital output cable to download 
data to a PC which is running Version 3.1 or better of Microsoft Windows. The following are 
the communications parameters for the terminal (Run Terminal.exe): Baud Rate: 9600 bps, Data 
Bits: 8, Stop Bits: 1, Parity: none, Flow Control: Xon/Xoff. From the "Terminal" menu, choose 
"Transfers" then "Receive Text File...". Next, select a name for the file to be transferred, e.g., 
c: \ dataram tag001.txt. 

To download data via the RS-232 port, select "Dump Data RS232" from the "Main Menu 2" 
screen. The "Dump Data Log" screen will display the data tags that contain stored information. 
Select a specific data tag to download all stored data or just the data summary for that tag or a 
full data dump can be performed for all  data tags containing stored information. "While data is 
being downloaded, the last menu choice selected blinks until the data transmission is complete. 

The data is sent as a text file and instructions for importing it into Excel, Lotus, or Quattro 
spreadsheets are included in the DataRAM manual. 

Shutdown - When the OFF key is pressed, the instrument begins an automatic shutdown 
procedure that takes several seconds. When  this  procedure is completed, remove the sampling 
mast and retrieve the protective cap from the rear panel and place it on the inlet. Recharge the 
internal battery before the next monitoring task. 

3.2.2.5 Maintenance and Support 
The instrument is battery-operated and will operate continuously for at least 16 hours 

with a fully charged battery. When recharging batteries, the DataRAM must not be placed 
front-face down. Internal batteries are not easily changed out. Sampling periods can be 
extended by using the AC adaptor/charger included with the instrument to access external 
power or by connecting an appropriate external battery. The AC adaptor/charger can be 
connected continuously to the DataRAM, whether the instrument is on or off, without 
damaging the internal battery. 

To protect the optics of the DataRAM, the purge air must be kept clean and preferably dry. The 
HEPA filter assembly maintains the quality of the purge air. The lifetime of this filter depends 
on the quality of the sampling environment. If a "Change Filter" message appears in the 
diagnostic check, replace the filter with a new one. When changing the filter, which is located at 
the bottom of the instrument, choose as dust-free a location as possible. Before replacing the 
filter, use an air jet or soft lint-free cloth to remove any dust that inadvertently gets into the 
instrument optics. 

If a "Background High" fault is indicated, it is probably caused by humidity condensing on cool 
internal components. Allow the instrument to run in "Purge" mode for several minutes until it 
warrns up. If the condition persists, there is likely dust contamination in the optics chamber. 
Remove the dust with an air jet or soft lint-free cloth. 
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3.3 Limitations/Inaccuracies 
3.3.1 RA1VI-1 

At best (32-second tirne constant), the noise level is ±0.001 mg/m3. Using the 2-second 
time constant, the noise level is ±0.005 mg/m3. Pardculate levels in this range and lower cannot 
be measured accurately using this instrument. 

AC power is required for sampling periods longer than 6 hours. 

The cyclone precollector does not restrict the sampling of particulate smaller than 
2 pm (micrometres), however, larger particulate in the 2 to 10 Fen range is restricted and follows 
a penetration curve. For example, 40% of particles 4 pm in size will penetrate the precollector 
and 10% of particles 7 Fan in size  will  penetrate. Particles larger than 10 lam should not enter the 
sample stream when the cyclone precollector is used. As different particle sizes penetrate at 
different rates, a true 10  m fraction cannot be sampled using the precollector. 

In sampling environments with water, mist, or fog, inaccurately high readings will result. Water 
vapour cannot be prevented from entering the sample chamber without also filtering out 
particulate. This can be overcome to a certain extent with data correction. Background data 
before and after the specific burn are required to apply the corrections. 

3.3.2 DataRAM 
By using the 10-second display average, there will be slightly better repeatability 

(±0.311g/m3  vs. ±1.0 .tg/m3). If the data logging period is short, however, the instrument 
generates fewer raw data points, e.g., for a 1-minute logging period, the average is taken from 6 
raw data points instead of from 60 raw data points for the 1-second display average. 

The operating environment is limited to 0 to 40°C (32 to 104°F) and 0 to 95% RH. The 
instrument must be protected from rai  or extreme conditions and a shelter may be required. In 
sampling environments  with  water, mist, or fog, or when the ambient R1E-I exceeds 70%, an 
optional in-line heater, which connects to the inlet, is recommended to prevent water from 
entering the optics chamber. Data correction is needed to overcome moisture interference. 
Background measurements are needed for at least one hour before and after the burn to correct 
for this. 

3.3.3 Both RA1VI-1 and DataRAM 
A study was conducted to examine the repeatability of the RAM-1 and DataRAIVI 

instruments (Lambert et al., 1998). It was found that the repeatability was acceptable, but the 
comparisons between the instruments were hard to make because sometimes the RAM-1s were 
not operative. The results of this study are shown in Table 6. It can be seen that, when the 
instruments are operating properly, the DataRAM yields values about 30% higher than the 
RANI-1. Furthermore, the variability between instruments is good for the DataRAM when 
measuring PM-10, but poor for the RAM-1 when measuring PM-10 and the DataRAM when 
measuring PM-2.5. 
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• 	3.4 Data Processing - Correcting for Interferences 
• Data processing for RAM-1 and DataRA_M values involves using the recorded values and 
• then correcting for artefacts and for several drift patterns of the devices. The following are 
• interferences that necessitate the correction of data and the procedures for systematically 
4111 	correcting the data. 

• 3.4.1 Renioving Spikes 
• Spikes occur as a result of electrical interferences or the measurement of a sudden pulse 
• of interfering materials, e.g., water or a very large lot of particulate at one time. Spikes are almost 
110 	always anomalous and must be removed as they can overwhelm other data. Even one spurious 
411 	spike can be an order or two of magnitude greater than the correct data. 

• Often spikes can be associated with an unusual event, such as the use of a radio beside the unit. 
• Sometimes data contain spikes and peaks that are known to be derived from sources not related 
• to the target measured, such as the movement of a vehicle through the test area. These are noted 
• during the experiment and the peaks at those tirnes are removed, which results in the loss of data 

during the tinle period in question. 

• The spikes are examined and compared to notes from the experiment. Spikes are examined 
• using arithmetical algorithms. Peaks can be spurious if the rise between 0.1-second monitoring 
1111 	points increases more  .than 100 times the last data point. Normal data rise much slower than this. 
• This and the further steps are illustrated in Figures 1 and 2. 

• 3.4.2 Instrument Drift 
• Most instruments will drift over measurement times of one hour and longer. Among 
• other causes, the DataRAM and FtAM-1 drift as a result of air humidity and temperature 
• changes. It is therefore necessary to measure over periods as long as 2 or 3 times the actual burn 
• period in order to compensate for the drift of the instrument. 

• 3.4.3 Baseline Correction 
• Although the protocol calls for calibration after the warm-up period, the instruments may 
• be offset from a true zero value. Once the baseline is parallel to the axis, the amount of the 
• baseline is corrected by subtracting a constant value determined from the average offset across 

the curve. 

3.4.4 Slope Correction 
• A line is drawn through the apparent baseline and the straight-line equation of this line is 

subtracted from each data point. This must be performed twice if there is a double slope to the a 	data. The data are then reduced to a small period before and after the relevant reception data. It a 	is important to note that there is typica lly a delay before the particulate material arrives (generally 
corresponding to wind speed) and after the end of the burn while the particulate material is still 
arriving. Although these delay times are often symmetrical, if the wind speed changes during the 
burn, these arrival delays can be different. a 

a 
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3.4.5 Identification of Background 
Instrument noise is typically taken as 2 tirnes the standard deviation when obvious data 

spikes are removed. Data above the noise level is then plotted. 

3.5 	Sampling Particulates using Filters 
3.5.1 Application to Burn Testing 

The traditional way to satriple particulate in the air is with a high-volume sampling pump 
and filter system. The accumulation of particulate on the filter can be measured by differential 
weighing. The concentration can be calculated by dividing the weight collected by the volume of 
air. An added advantage of this particulate sampling method is that, a fter weighing, the collected 
particulates can be analyzed for polyaromatic hydrocarbon (PAH) compounds by gas 
chromatography, following a solvent extraction procedure. Other burn products of interest, such 
as metals, can also be analyzed. 

3.5.2 Operating Principle 
A high-volume sampler (more than 200 L/minute capability) is necessary for collecting 

particulate at a burn site in order to collect enough sample over the relatively short duration of 
the burn. The flow must be measured in order to calculate the concentration. The flow will 
decrease as the filter is loaded. For this reason, a flow rate must be recorded at both the 
initiation and conclusion of sampling, while the filter is in place. The flow rate is usually 
determined as a function of the back pressure created by the pump, although it is sometimes 
measured by an in-line mass flow meter. 

All high-volume samplers operate on AC power due to the current required to run the pump. 
The unit will either have a power switch or be controlled by AC supply. There is generally a 
voltage regulator that can be adjusted externally. The frame for the conventional quartz fibre 
filter is designed to hold either a 4-in diameter filter circle or an 8 x 10-in filter sheet. The frame 
holds the filter in place while the pump creates a negative pressure on the bottom side of the 
filter, creating a flow of air through the filter that allows air to pass through, but not the 
particulate. In most cases, the total suspended particulate (TSP) fraction is being collected, for 
which a filter with 0.8 micron () pore size is used. The collected sample can be used to 
determine particulate levels by differential weighing and/or can be analyzed for various burn 
products, usually PAHs. 

There are various types of high-volume samplers capable of collecting TSP samples. The 
conventional TSP sampler, which has an 8 x 10-in frame and all-weather housing, is the most 
popular for permanent or semi-permanent sampling locations. There are also more portable 
samplers that have a tripod stand rather than the all-weather housing. These models are 
preferred when frequent relocation is required, but they are less weather-resistant. For use in 
isolated areas, compact samplers are available that are carried in one hand, such as the Handi-
Vol 2000. 

Most of the samplers that use an 8 x 10-in filter frame operate in the range of 500 L/minute. 
When a 4-in filter frame is used, the flow rate is usually closer to 200 L/minute. In some 
samplers, such as those used for pesticides (PS-1), an additional sample collection medium is 
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employed. After the particulate is collected on the particulate filter, the air passes through a flow-
through sorbent medium that collects airborne vapours. These samplers can be effectively used 
to collect particulate samples, with or without the second sampling medium. 

3.5.3 Pre-samp ling Requirements 
Over the years of the burn experiments, various types of filter material have been used, 

such as methyl cellulose ester (MCE). It was found that these materials could not withstand the 
worst field conditions. The quartz fibre filters now used must be handled with tweezers or clean, 
lint-free gloves and transported in a suitable container such as an envelope large enough to insert 
the filter without bending. Each filter must be assig-ned a unique sample number. Some filters 
are pre-stamped with a number by the manufacturer. If the filter is not stamped, the sample 
number must be marked on the envelope. Do not tty to mark the actual filter in any way. 

Before sampling, the quartz fibre filter must be weighed. There are standard protocols stipulating 
conditions and procedures for handling filter samples. In general, filters should be weighed in a 
controlled environment balance room (temperature and humidity) after the filter has 
acclimatized in the room for at least 24 hours. This weight must be recorded on the envelope 
along with the sample number. 

The volume of air passing through the filter and sampler has to be recorded. Most modern high-
volume air samplers have built-in sensors to detennine this. Older units, such as the ones 
predominantly used in these trials, have an in-line flow meter. The gauge measures back pressure 
behind the filter.  Bach  sampler must be calibrated according to manufacturer's instruction using 
a calibration orifice. This is the only way that the reading on the pressure gauge can be related to 
the flow rate. A graph must be prepared showing the flow rate at various gauge readings for each 
instrument. A copy of the graph should travel with the high-volume sampler when it goes to a 
sampling site. 

3.5.4 Operation 
Choose a location for the sampler that is representative of the sampling area. Loosen the 

nuts on the top of the filter frame and swing the bolts clear of the filter holder. Using -tweezers 
or lint-free gloves, insert the filter into the holder. If gaskets are not attached to the holder, 
ensure that gaskets are placed on either side of the filter. Realign bolts and re-tighten nuts firmly 
by hand, then close housing cover (if equipped). 

When sample collection is to begin, fully open the valve between the pump and the filter 
assembly. Turn on sampler. Note the time and the pressure reading (or the flow, if a mass flow 
meter is used). If desired, adjust the voltage regulator to attain a specific flow rate. The gauge 
reading should be within the calibration range, which is shown on the instrument calibration 
graph. 

Ideally, when collecting samples associated with burn testing, a sample should be collected 
simultaneously from an upwind location. This upwind sample is collected in the same manner 
as all other samples. 
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When the sampling period is complete, check the pressure (or flow) reading. Record the final 
reading and the lime, then turn off the sampler. Loosen the nuts on the filter frame and swing 
bolts clear of the filter holder. Carefully remove the glass fibre filter from the filter holder using 
tweezers. To  minimise  sample loss, crease the filter and fold it in half, with the top side inwards. 
Return the filter to the same envelope it was removed from and close the envelope. If another 
sample is to be collected, visually check the filter holder for particulate deposits and clean if 
necessary before inserting the next filter. 

In order to calculate the flow rate using the calibration graph, take the average of the initial and 
final pressure readings and compare the average pressure to the calibration curve, which will 
generate an average flow rate. To calculate the sample volume, multiply the flow rate EL/minute) 
by the time in minutes. 

Proper quality control procedures must be adhered to. This includes the collection of trip blanks, 
instrument blanks, and field (background) blanks. 

3.5.5 Analysis 
The samples should be returned to the controlled environment balance room for at least 

24 hours before weighing. Weigh filters and record post-sample weight. Again, to ensure quality 
control, the fi lters are left under controlled environment conditions for another 24 hours and 
then are re-weighed. The weight must be within limits or the procedure is repeated until it is. 

Calculate the -weight of particulate by subtracting the weight of the pre-weighed filter from the 
total weight. The concentration of particulate at the sampling location can be determined by 
dividing the particulate weight by the sample volume. 

Additional analysis of the particulate sample, such as for PAH, should be performed only by an 
accredited laboratory for both the analysis and the solvent extraction procedure. The filter 
cannot be re-used. 

3.5.6 Maintenance and Support 
Leak checks must be performed periodically to ensure that volume calculations are 

accurate. Gaskets must be replaced if they become hard, torn, or cracked. As with any electric 
motor, after extended use, the brushes will eventually wear down and require replacement. 

If a two-stage sampler .  (dual media capability) is used without the sorbent in the second stage, the 
glass sleeve must be in place to seal the sampling head. 

3.5.7 Limitations 
The main limitation of this sampling method is the sensitivity of the balance and/or 

analytical technique. Obviously, when lower concentrations are present, a longer sampling time 
will provide a much more accurate result. When collecting short duration samples, every effort 
must be made to ensure that the samples are collected in the areas most likely to be affected. 
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3.6 Results of DataRAM, RAM-1, and Particulate Monitoring in Recent Burns 
The RAM-1 results collected during the 1997 burns of diesel fuel in Mobile (Fingas et al., 

1998, 1999a, 1999b; Lambert et al., 1998) are shown in Table 7. The high values of the 
background should be noted. This is particularly true for the RAM-1 instrument. Table 8 shows 
the results of the measurement from the same burn series, but using the DataRAM. These 
results show that the pre-background drift of the DataRAM instrument is far less than that of 
the RAIVI-1 instrument. 

The measurements of all instruments used for particulate measuring during the 1997 Mobile 
trials are shown in Table 9. This shows that there is a correlation between the instruments but 
some variances as well. Table 10 shows the same data as Table 9, but corrected for background 
values. A comparison of the two tables shows the importance of correcting for background 
values. The correlation and relationship between the various measurements before background 
correction are shown in Table 11 and the same relationships after background correction are 
shown in Table 12. This shows very clearly that background correction improves the correlation 
between the various types of data. The relationship between TSP, PM-10, and PM-2.5 is usually 
about 1:0.7:0.5 for burns such as this. The 1997 burns yielded about 1:0.7:0.8 which is similar, 
but not typical of such particulate distributions. The 1998 burns yielded values closer to the 
expected ratio as noted below (Fingas et al., 2000b). 

Similar data are also provided for the 1998 burns in Mobile, Alabama. The data from monitoring 
of the RAM-1 units from the 1998 burns are shown in Table 13. It should be noted that both 
the 1997 and 1998 burns were small-diameter burns and the levels of all emissions were re a 
fraction of -s,vhat would be expected from a larger scale burn. The various particulate 
measurements are summarized in Table 14. Table 15 shows the correlation between the units, 
which can be seen to be high. Table 16 shows the relationship between the various units. The 
relationship between the high volume air monitoring units for TSP, PM-10, and PM-2.5 is 
1:0.8:0.67. This is very close to what would be expected from other types of particulate 
measurements. 
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4. Monitoring Volatile Organic Compounds (VOCs) Using Summa 
Canisters 

4.1 	Summary 
Volatile organic compounds are organic compounds that have high enough vapour 

pressures to be gaseous at normal temperatures. When oil is burned, these compounds evaporate 
and are released. One hundred and forty-eight volatile organic compounds have been measured 
from fires and evaporating slicks. These VOCs include compounds such as hexane, decane, 
benzene, and toluene. The concentrations of VOCs are relatively low in burns compared to an 
evaporating slick. Concentrations appear to be highest at the ground [1 m (3.3 ft)] and are 
distributed exponentially downwind from the fire source. VOCs, although present, do not 
constitute a major human or environmental threat as compared to the particulates. 

The most frequently found VOC compounds from both evaporating and burning oils are shown 
in Table 17. Crude oils have a tendency to release far fewer volatile compounds because they 
contain less of them than diesel fuel. 

4.2 	Detailed Methodology 
4.2.1 Application to Burn Testing 

The Surnma canister is one method used to collect a metered amount of whole air for 
laboratory analysis. Air is collected in these evacuated, stainless steel canisters to be analyzed for 
volatile organic compounds (VOCs). In conventional high volume sampling methods, the VOCs 
are lost either during sampling or in transit. By contrast, the Surnma canister method ensures 
that most of the VOCs are captured and remain stable between the sample collection on-site and 
the subsequent laboratory analysis. The amount of VOCs found in air samples collected close to 
oil burns varies, depending on several factors including fuel composition and distance from the 
burn. A precision restrictor valve on the canister provides the controlled flow required when 
sampling during the course of a burn or pre-burn. 

4.2.2 Operating Principle 
The canister is a spherical, polished stainless steel container with a single, manually 

controlled valve. The canister must be cleaned and evacuated by an accredited laboratory before 
use. A pre-cleaned and pre-calibrated flow restrictor valve is affixed in order to meter the flow 
into the canister. No restrictor valve is necessary to collect an instantaneous grab sample. These 
canisters are most commonly available in sample volumes of 6 L, although 1 L and 20 L sizes, as 
well as less common sizes, are also available. 

For accurate time-averaged sampling, flow must remain constant throughout the sample 
collection period. When using a flow restrictor, air should not be drawn into the canister until 
ambient pressure is attained, since the flow rate begins to change as the back pressure is reduced. 
This occurs when the pressure inside the canister is approximately half (0.53) ambient pressure. 
The time taken to reach this point varies with the flow rate. Since the flow rate does not fall off 
sharply until close to arnbient pressure, sample collection can continue until the sample volume 
(cakulated from the flow rate) reaches 75% of the canister capacity without gross variance in 
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actual volume collected. Flow rate should be calculated based on the sampling period. Flow 
restrictors are calibrated using a dry standard method capable of measuring accurately down to 
1 mL/minute. 

4.2.3 Operation 
The canister is usually fitted with a brass Swagelok cap before transport. Remove the 

cap. Carefully affix the pre-cleaned and calibrated flow restrictor valve to the canister using 
stainless steel Swagelok fittings. When tightening the fittings, support them on the canister with a 
wrench to reduce stress on the valve assembly. Slight leaks will result in large errors and usually 
ineffective samples. If sampling at sites with large airborne particles, an in-line metal sieve filter 
should be used upstream from the flow restrictor valve to prevent the orifice from becoming 
blocked. Before placing the canister in the sampling location, check the canister or 
canister/restrictor assembly with a vacuum gauge to ensure that no vacuum was lost in transit to 
the site. 

Locate the canister in an area that is representative of the sampling area. To begin sample 
collection, fully open the valve on the canister. Note the titne opened. A grab sarnple can be 
collected in less than one minute. For time-averaged sample collection, continue collecting the 
sample until either the sampling is completed or the maximum calculated volume of the canister 
(75% of capacity) is reached. Fully close the valve. Record the time closed and calculate the 
sampling time. Remove the flow restrictor valve carefully and replace the brass cap. Carefully 
clean (or bake out) the flow restrictor assembly before using the canister again. 

4.2.4 Analysis 
Both the extraction and VOC analysis of the contents of the Summa canisters should be 

performed by an accredited laboratory. The canister must then be cleaned and re-evacuated 
before it is used to collect more samples. 

4.2.5 Maintenance and Support 
Do not use a Summa canister to collect an air sample if the vacuum has been lost in 

transit. Inspect the canister for valve assembly leaks and/or fractures in the canister. Valve 
assembly leaks can be corrected and the canister re-evacuated for subsequent sampling, but 
fractures in the canister itself cannot be repaired. 

Clean out a blocked flow restrictor orifice by opening the orifice completely (if adjustable) and 
applying pressurized, clean, humidified air in the reverse direction of normal flow. Then follow 
normal cleaning procedures. 

Clean the flow restrictor by purging with clean, humidified air in the normal direction of flow for 
several minutes. 

4.3 	Limitations/Inaccuracies 
The main limitation of Summa canisters is that the canisters must be analyzed off-site so 

there is no on-site indication of the quality of the sample collected. Proper pre-checks and 
precautions do not prevent an occurrence during the sampling period that may compromise the 
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flow of sample into the Summa canister. 

Because of the adiabatic expansion and resultant cooling effect when air passes through the 
restricted opening, when sampling in humid ambient conditions at temperatures below 5°C 
(41°F), water vapour could freeze inside the orifice, effectively closing the valve until ambient 
temperatures rise. 

4.4 	Data Processing 
No special data processing is required other than the procedures normally used with 

chromatographic data, although some peaks may have to be removed. This is because the use of 
certain solvents at the monitoring site may have produced high levels of these compounds. 
Examples of this include: hexane - the use of hexane solvents at the monitoring site can 
overwhelm any hexane emissions; dichloromethane - another commonly used solvent; 1,1,1- 
trichloroethane, is frequently used for electronic contact cleaning; and Freon  12- a commonly 
used refrigerant that is often present as a high background. It is common practice to delete any 
halogenated compound since they are present in the background, but have never been found to 
be produced by fires. 

Sometimes the emissions are averaged over a number of burns. The validity-of this is not 
known. Despite some typical tendendes, high variances between burns are also seen. These 
variances may be due to evaporation of volatiles. The longer an oil is exposed to the 
environment, the more volatiles evaporate out of the oil and into the air. 

Values are typically expressed in ltg/m3  which is very apprœdmately parts per billion. 

4.5 	Results of Monitoring VOCs in Recent Burns 
The total amount of VOCs given in Table 18 are from the Mobile 1997 burns. The 

expression of VOCs as a total is not common and is only indicative of the relative amount of 
VOCs present during a burn. The background concentrations should always be examined as they 
can be as high as the downwind concentrations. 

Tables 19-1 to 19-6 show the individual compounds measured during the Mobile 1997 burns 
and Table 20 shows the individual compounds measuring during the Mobile 1998 burns. These 
data are typical of small diesel fuel burns. 
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5. 	Monitoring  Combustion Gases 

5.1 	Summary 
Combustion gases of concern when oil is burned include carbon diœdde, carbon 

monœdde, sulphur dioxide, and nitrogen œddes. 

Carbon Dioxide - Normal atmospheric levels of carbon diœdde are about 300 ppm and levels near 
a burn can be around 500 ppm. The three-dimensional distributions of carbon clicodde around a 
burn have been measured. Concentrations of carbon cliœdde are highest at the 1 m (3.3 ft) level 
and fall to background levels at the 4 m (13 ft) level. Concentrations at ground level are as high 
as 10 times that in the plume and distribution along the ground is broader than for particulates. 

Carbon dicucide can be measured in a number of ways. Real-time instruments generally measure 
it using an infrared technique, discrete samples can be taken and quantified by gas 
chromatography, and infrared open-path instruments can also provide real-time measurement. 

Carbon Monoxide - Carbon monœdde levels are usually at or below the lowest detection levels of 
the instruments. The gas has only been measured when the burn appears to be ineffident, such 
as when water is sprayed into the fire. Carbon monœdde appears to be distributed in the same 
way as carbon cliœdde and can be measured using similar techniques. 

Sulphur Dioxide - Sulphur diœdde, per se, is usually not detected at significant levels or sometimes 
not even at measurable levels in the area of an in-situ oil burn. Sulphuric acid, or sulphur dicodde 
that has reacted with water, is detected at fires and levels appear to correspond to the sulphur 
content of the oil and are not of concern. 

Sulphur diœdde itself, although not detected, can be measured using specialized sensor type 
instruments or reactive tape instruments. Sulphuric acid aerosols can be measured by &rating 
caustic solutions through which the sample air was drawn (impinger method) or using a reactive 
tape instrument. 

Other Gases - Attempts have been made to measure œddes of nitrogen and other fixed gases from 
an oil fire. None was detected in about 10 experiments. 

5.2 	Detailed Methodologies 
The exact methodology depends on the instrument used. Several commercial 

instruments commonly available are given as examples here. 

5.2.1 Monitoring Carbon Dioxide by Real-time Infrared 
The Armstrong CD-1 (Armstrong Monitoring Corporation, Nepean, ON) and 

Metrosonic AQ501 (Metrosonics Inc., West Henrietta, NY) are commercially available air quality 
monitors, commonly used in the occupational health and safety industry. They have also been 
used in past spill measurements. The suggested sampling height is 1 m. The instruments are 
usually operated using an AC power source. 
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When used for monitoring in-situ oil fires, the CD-1 and AQ501 units are usually placed at a 
noted location about the sampling field and, barring instrument failure, remain on station for the 
duration of the burn. Units should be calibrated each morning of burn expetiments. Both these 
detectors use a non-dispersive infrared (NDIR) detector to quantify the concentration of the gas 
in the air. An internal pump draws the sample at a rate of 1 L/min. A section of Te flon tubing 
is attached to the intake of both units. The Metrosonic unit has an internal data logger while the 
Armstrong instrument is usually connected to an external data logger (Campbell Scientific CR10 
Data Logger) which is set up to record data continuously and report 1 minute averages. 

The instruments are turned on at an adequate time period prior to the start of the burn program 
to permit the units to stabilize. They are allowed to continue to operate for an extended period 
of tinle following the completion of a burn trial so that the performance and responsiveness of 
the monitors can be evaluated. Data recorded by the AQ501 are in ppm  unit-s. Data recorded by 
the external data logger for the CD-1 are converted to concentration in ppm using conversion 
factors determined from instrument calibration. Various stu.dies of carbon diœdde 
instrumentation have been carried out (Goldthorp et al., 1999). 

5.2.2 Monitoring Carbon Dimdde by Canister Sampling 
Carbon dicodde can also be monitored using a fixed sample method. Summa canisters 

used for VOCs can be used for carbon diœdde analysis. When used for analyzing samples from 
in-situ oil  ares, a Hewlett Packard 5890 Gas Chromatograph with microvolume TCD is used 
with Hewlett Packard 3365 DOS ChemStation software. The injection is performed via a Valco 
6-port gas sampling valve with 1.0 mL loop in a heated enclosure. The column is a 7 ft x 0.125 
in Porapak R (80/100) with valve injection directly on the column. The valve enclosure is 
maintained at 80°C, the detector block at 200°C and the oven  temperature started at 25°C, held 
for 2.5 min, and then ramped 25°C/min to 180°C, and held 2.8 min. The carrier is Helium at 
40.0 mL/rnin. The TCD Reference is Helium. at 60.0 mL/min. 

The oven temperature program is primarily used to remove heavier compounds and water from 
the column before the next injection. The CO2  peak emerges during the initial isothermal 
segment. The TCD is calibrated by injection of a known concentration of CO2  in N2 
(4758 ppmv) obtained from Matheson Gas Products. To verify calibration linearity, the CO2  
standard is dynamically diluted with CO2-free N2 using a master/slave mass flow controller 
system. Various dilutions are analyzed in the same manner as the sarnples. A small metal bellows 
vacuum pump is used to draw the sample into the loop from a TEDLAR bag. The pressure 
inside the loop is allowed to equilibrate with ambient pressure before injection onto the column. 

Since the canisters supplied are under vacuum, a gauge is used to measure the pressure inside the 
loop when attached to the canister. A pressure correction curve is prepared to correct the 
analysis results for reduced pressure. Both the ambient calibration curve and the pressure 
correction curve are presented with results. Any canister with a pressure below 20 in Hg cannot 
be analyzed due to the pumping capacity of the pump being used. For canisters with very low 
pressures (<10 in Hg), the analysis is probably more representative of the gas used to dean and 
flush the canister than the sample taken. 
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5.2.3 Monitoring Sulphur Dioxide (Acid Aerosol) by Impinger 
Sulphur released by burning oil quickly reacts with the water in the air to produce a 

sulphuric acid aerosol. This reaction is probably fairly complete as sulphur diœdde, per se, has 
never been measured at spill sites. 

The concentration of sulphur dioxide as the acid aerosol, sulphuric acid, in air is best measured 
using the impinger method. It consists of drawing a lmown volume of air through a filter 
cassette (37 mm MCE, 0.8 j.tm) attached to the end of a Tygon tube. The other end of the tube is 
fastened to a 25 mL midget impinger (SKC Inc., Eighty Four, PA) containing 15 mL of 0.3N 
hydrogen perœdde. A second piece of tube connects the midget impinger to the sample pump 
(Gilian Instrument Corp, West Caldwell, NJ). The flow rate of the G-man 513A pump is set at 
1 L/min and air volumes of approximately 60 L are passed through the impinger over the hour-
long burn. 

The concentration of the hydrogen peroxide solution is verified and the flow rate of the pump is 
calibrated on a regular basis. Trip, field, and calibration blank samples are collected. The 
sampling apparatus is manually turned on and off at times corresponding to the start and end of 
the individual burn tests or sample period  limes.  Samples are transferred to amber vials and 
refrigerated. 

After completion of the field trials by the Emergencies Science and Technology Division, 
subsequent analysis is performed. Analytical protocols are based on the National Institute for 
Occupational Safety and Health Method S308 (NIOSH, 1978). 

In summary, the sulphuric acid solution, generated from the reaction of sulphur diœdde with 
hydrogen peroxide, is titrated with barium perchlorate using a thorin indicator to determine the 
end point. The concentration of sulphur dioxide in air is calculated from the measured 
concentration of the sulphutic acid, the reaction mechanism of hydrogen peroxide and sulphur 
diœdde, and the volume of air through the solution. The detection limit of the procedure is 
0.25 ppm. 

5.2.4 Monitoring Sulphur Dioxide and Sulphuric Acid Aerosol by Real-time 
Sulphur as sulphuric acid aerosol can also be measured using the Zellweger/MDA 

Scientific Single Point Monitor (SPM) (Lincolnshire, IL). Specific equipment is available to 
measure the acid aerosol or the sulphur dioxide. Details on the operation of this equipment are 
provided in Campagna et al. (1997). 

In brief, a Chemcasette containing treated indicator paper detects and quantifies very low 
concentrations of the gas. A microprocessor controls the exposure or sample period and 
interprets the response of the Chemcasette. Detection limits can be optimized through adjusting 
the sample time and flow rate. All  data is processed via an internal processor and converted to 
electronic format. The monitoring systems can be coupled to a data logger system and voltages 
recorded. 

Following the field work, the data can be processed to determine the concentration of sulphuric 
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acid and sulphur diœdde in air. Gas calibration standards are used to establish a relationship 
between the voltage output of the units and concentration of the standards. The manufacturer 
lists the detection range of these units as 5 to 200 ppb for sulphur diœdde and 26 to 750 ppb for 
sulphuric acid. 

5.2.5 Monitoring Various Gases by Long-path Infrared 
Long-path infrared instruments are capable of detecting and quantifying a number of 

combustion gases. The OP-FTIR spectrometer (manufactured by MDA) is capable of detecting 
carbon dimdde, carbon monœdde, n-octane, iso-octane, and benzene, tol-uene, ethyl benzene, 
and xylenes (BIEX) in air. The transmitter and receiver are both located within the unit in a 
unistatic configuration. A corner-cube array retroreflector is used to return the transmitted 
infrared beam back along the beam path to the receiver. 

With an open-path system, the total contaminant burden is measured within the finite cross-
section of the light beam along the entire length of the beam path. The contaminant burden is 
then normalized to a path length of one metre. This gives a path-integrated concentration of 
parts per million-metres (ppm-m). 

When  used for monitoring in-situ oil fires, the OP-FTIR and retroreflector are positioned so 
that the beam path is located along the predominately downwind side of the b-urn area. The one- 
way path length is best at about 120 m. Results are usually given in concentrations determined by 
dividing the path-integrated concentrations by the metre path length to give an average 
concentration, along the entire path, in pprn values. 

The minimum detection limit (MDL) for each compound is determined every run by the analysis 
software. For each target compound, the 1\4DLs are based on twice the concentration residual of 
the classical least squares fit algorithm for the specified analysis region. Benzene is detected 
during the daily accuracy runs, where it was introduced into the instrument's 0.15 m internal 
quality assurance (QA) cell. Humidity and particulates in the plume are possible interferences as 
smoke passes directly through the beam, which could increase MDLs. On-site diesel generators 
or similar sources of combustion gases and particulate can contribute to the contaminant burden 
passing through the beam and increase the detected concentrations. 

Quality assurance/quality control (QA/QC) measures should be instituted daily. A sulphur 
hexafluoride (SF6) gas standard at a concentration of 55 ppm is introduced into the instrument's 
internal 0.15 m QA cell. The SF6  is trapped in the cell during all data collection runs to provide a 
measure of FTIR system functionality and instrument precision. Due to the possibility of 
pressurizing the internal QA cell when trapping the precision gas, a new precision set is started 
any time the cell is re filled with SF6 . 

An accuracy data run is collected at the start and end of each day. Benzene is a good candidate 
for challenging the system's accuracy. Benzene is allowed to flow through the instrument's 
internal QA cell so as not to pressurize the cell and affect the concentration. Percent accuracy is 
determined by the difference between the observed and actual concentrations divided by the 
actual concentrations and multiplied by 100. 
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5.3 	Limitations/Inaccuracies 
The methods used for monitoring gases, particularly the infrared instruments giving real-

time readings, have several serious limitations. The most important limitation is that the infrared 
instruments used for measuring carbon dioxide and carbon moncodde are sensitive to moisture 
in the air and the instruments must be zeroed both before and after the measurement period. 
Secondly, these instruments must be calibrated using standard gases to achieve reliable results. 
Thirdly, during data analysis, the data must be carefully extracted while the background or 
moisture varies through the test. Simple data-taldng is inadequate because the instrument 
conditions will often change during the monitoring period. This is discussed in Section 5.4. 
Fourthly, the background can change significantly during a burn, particularly for carbon diœdde. 
To compensate for this, sufficient records (one hour or so) should be collected so that the data 
can be appropriately processed. The variations in background may be due to events that cannot 
be easily compensated for, such as the passing of a vehicle or ship. These events should be noted 
separately so that they can at least be annotated during data analysis. 

5.4 	Data Processing - Correcting for Interferences 
Data processing for combustion values involves using the recorded values and then 

correcting for artefacts and for several drift patterns of the devices. The following are 
interferences that necessitate data correction and the procedures for systematically correcting the 
data. These procedures are especially important for real-time carbon dioxide instruments that use 
infrared. 

5.4.1 Removing Spikes 
Spikes occur as a result of electrical interferences or the measurement of a sudden pulse 

of interfering materials, e.g., water or a very large lot of particulate at one time. As spikes are 
often anomalous and can overwhelm other data, they must always be removed. Even one 
spurious spike can be an order or two of magnitude greater than the correct data. 

Often spikes can be associated with an unusual event, such as the use of a radio beside the unit. 
Somedmes data contain spikes and peaks that are lmown to be derived from sources not related 
to the target measured, such as the movement of a vehicle through the test area. These are noted 
during the experiment and the peaks at those times are removed, which results in the loss of data 
during the time period in question. 

The spikes are examined and compared to notes from the experiment. Spikes are examined 
using arithmetical algorithms. Peaks can be spurious if the rise between 0.1-second monitoring 
points increase more than 100 times the last data point. Normal data rise much slower than this. 
This and the further steps are illustrated in Figures 3, 4, and 5. Relatively typical data that is free 
of many spikes are shown in Figure 3. Problematic data that contain many anomalies and may be 
salvaged by correction procedures are shown in Figure 4. Figure 5 shows data that is also 
problematic, could not be corrected, and was therefore rejected. 

5.4.2 Instrument Drift 
Most instruments  will  drift over measurement times of one hour and longer. Infrared 

instruments drift as a result of air humidity and temperature changes in addition to other causes. 
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It is therefore necessary to measure over periods as long as 2 or 3 times the actual burn period in 
order to compensate for the drift of the instrument. 

5.4.3 Baseline Correction 
Although the protocol calls for calibration after the warm-up peiiod, the instruments 

may be offset from a true zero value. Once the baseline is parallel to the axis, the amount of the 
baseline is corrected by subtraction of a constant value determined from the average offset 
across the curve. 

5.4.4 Slope Correction 
A line is drawn through the apparent baseline and the straight-line equation of this line is 

subtracted from each data point. This must be performed twice if there is a double slope to the 
data. The data are then  reduced to a small period before and after the relevant reception data. It 
is important to note that there is typically a delay before the material arrives (generally 
corresponding to wind speed) and a delay after the end of the burn while the particulate material 
is still arriving. Although these delay times are often symmetrical, there are times when the -wind 
speed has changed during the burn and this results in different arrival delays. 

5.4.5 Identification of Background 
Instrument noise is typically taken as 2 times the standard deviation when obvious data 

peaks are removed. Data above the noise level is then plotted. 

Analogous forms of this procedure can be applied to real-time monitoring of other combustion 
gases. The examples in Figures 3 to 5 show the importance of performing post-analysis on the 
data. Use of meter date directly during the measurement could result in mistaken impressions of 
the actual situation. It should be noted that each instrument has its own limitations and 
interferences, which should be considered during the data analysis step. 

5.5 	Results of Monitoring Combustion Gases in Recent Burns 
Carbon diœdde data collected from a small burn are shown in Table 21. The 

presentation is that of min-average-max. These are typical values of carbon dioxide resulting 
from a small burn. Typical carbon dioxide data collected from a large burn are shown in Table 
22. Table 23 shows carbon dioxide data from a small burn, but obtained by analyzing the air in a 
Sumrna canister sample. This shows the difference in data, as only a single value is obtained and 
correction of background is achieved by subtracting the value from the background station. 

Data on several gases obtained using a long-path instrument are shown in Table 24. In this case, 
as in several electronic instruments, data are available at intervals as short as one second. During 
a given sampling period, thousands of data points might be collected. 

Typical carbon monoxide concentrations measured at the site of a large crude oil burn are 
shown in Table 25. 
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6. 	Analysis of Polyaromatic Hydrocarbons (PAHs) on Particulates  

6.1 	Summary 
Polyaromatic hydrocarbons (PAHs)  are  bound to the particulate matter produced when 

crude oil burns. The concentration of PAHs varies with fuel types and burn conditions. The 
PAHs are measured by extracting the soot and analyzing by gas chromatography/mass 
spectrometry (GC/MS). 

6.2 	Detailed Methodologies 
6.2.1 Extraction by Soxhlet 

The Soxhlet extraction method can be used to extract PAHs from the whole filter sheets 
more easily than the microwave method. The extxacts are dtied by filtering through anhydrous 
sodium sulphate and concentrated to approximately 1 to 2 mL. The concentrated extracts  are 

 then quantitatively transferred to a pre-conditioned 1.5 g silica gel microcolumn topped with 
1 cm anhydrous sodium sulphate for sample cleanup. The eluent is collected in a pre-calibrated 
centrifuge tube and concentrated under a stream of nitrogen to appropriate volume. Finally, the 
concentrated eluent is spiked with an internal standard dirterphenyl and made up to the accurate 
pre-injection volume (0.5 to 1.0 mL) for GC analysis. 

6.2.2 Extraction by Microwave 
A microwave apparatus can be used to extract PAHs and other hydrocarbons from the 

soot samples [CES-1000 microwave solvent extraction system (CES Corp, Mathews, NC) or 
equivalent]. The system consists of a 950-W microwave instrument that has been specifically 
designed for use with organic solvents and operates at a frequency of 2450 MHZ. Extraction 
conditions are controlled by temperature using an in-board fibre optic system, which allows 
extraction temperatures to be selected from 20 to 200°C in 1°C increments. 

The extraction vessels are double-walled Teflon vessels specifically designed for use with organic 
solvents. The vessel requires a worldng range of 200°C, 200 psi, and a 100 mL volume. A 
maximum of 12 samples can be extracted simultaneously. When used for soot samples, all 
extraction vessels are connected to a sealed centre collection vessel so that, if a safety membrane 
ruptures on a vessel, solvent vapours would be contained. 

Three to six pairs of 36-mm (ID) PM-10 or TSP filter discs, cut from the whole PM-10 or TSP 
filter sheets (8 x 10 in), are placed into the Teflon vessels and spiked with 100 tL of deuterated 
surrogate mixture containing 1 pg each of 4 deuterated PAHs (d 10-acenaphthene, 
phenanthrene, durbenz[a]anthracene, and d u-perylene ). Sixty mL of a 
methanol/benzene/hexane solvent mixture (2:1:9) is added to the vessels, which is enough to 
cover the filter. The vessels are closed and placed on the sample carousel inside the microwave 
oven for extraction. The temperature is increased to 100°C using the pre-set temperature 
program, and the extraction is maintained at this temperature for 10 min. The vessels are then 
cooled to ambient room temperature. Satisfactory recoveries of PAHs from filters by using 
microwave extraction have been demonstrated and reported. 

In order to prepare the sample for GC analysis, the extracts are dried by filtering through 
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anhydrous sodium sulphate and then concentrated to apprœdrnately 1 to 2 rnI, by rotary 
evaporation and nitrogen blowdown. The concentrated extracts are transferred (with 3 rinses of 
0.5 mL of hexane each to quantitatively complete the transfer) to a pre-conditioned 1.5 g silica 
gel micro-column topped with 1 cm of anhydrous sodium sulphate for sample cleanup. Ten mL 
of a benzene/hexane mixture (1:1) is used to elute the saturate and aromatic hydrocarbons. The 
eluent is collected in a pre-calibrated centrifuge tube and concentrated under a stream of 
nitrogen to appropriate volume 0.4 mL). Finally, the concentrated eluent is spiked with 50pL 
of 1 ppm internal standard d14-terphenyl and made up to the pre-injection volume (0.50 rnL) for 
GC analysis. 

The pre-burn and post-burn residue samples are fractionated into saturate and aromatic fractions 
using a silica gel micro-column fractionation technique, and spiked with internal standards for 
GC/MS and GC/FID analysis (Wang et al., 1999a,b). 

6.2.3 Gas Chromatography/Mass Spectrometry (GC/MS) Analysis 
The target PAHs and other hydrocarbons are analyzed on a Hewlett Packard (HP) 5890 

Series II GC or equivalent equipped with a model HP 5972 mass selective detector (MSD). 
System control and data acquisition are achieved with an HP G1034C MS ChemStation (DOS 
series). The MSD is operated in the selected ion monitoring (SIM) mode for quantitation of 
target compounds. 

The ions monitored include 128, 142, 156, 170, and 184 for the alkylated naphthalenes; 178, 192, 
206, 220, and 234 for the alkylated phenanthrenes; 184, 198, 212, and 226 for the alkylated 
dibenzothiophenes; 166, 180, 194, and 208 for the alkylated fluorenes; 228, 242, 256, and 270 
for the chrysenes; and 152, 153, 154, 202, 228, 252, 276, and 278 for the other EPA priority 
PAHs. 

An HP-5 fused-silica column with dimensions of 30 m x 0.25 mm id (0.251.1m film) is used. The 
chromatographic conditions are as follows: carrier gas, helium (1.0 mL/rain); injection mode, 
splitless; injector and detector temperature, 290 and 300°C respectively. 

The temperature for EPA priority PAHs is: 90°C for 1 min, ramp to 160°C at 25°C/min and 
then to 290°C at 8°C/min, and hold for 15 min. The temperature program for alkylated PAHs 
is: 50°C for 2 min, ramp to 300°C at 6°C/min, and hold for 16 min. 

In order to achieve improved analytical precision and accuracy for the soot samples that contain 
only traces of PAHs, some refinements are implemented in addition to the routine quality 
control measures. These include more frequent and rigorous calibration checkup of instrument 
performance, manual integration of PAHs having low abundances, manually setting the baselines 
for integration of alkylated PAH groups, and using one GC/MS throughout the entire program. 

6.3 	Limitations/Inaccuracies 
The methods for analyzing with GC/MS are detailed and require experienced laboratory 

personnel, but are not particularly difficult. Accuracy is ensured by the use of appropriate 
QA/QC protocols such as internal standards. The sensitivity of the method depends on the 
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amount of soot collected and small samples often have insufficient material to allow proper 
detection of PAHs. 

6.4 	Data Processing 
The data processing is included in the detailed methodologies in Section 6.2. Because 

data obtained are generally concentration data, subtractions and mass balances are irrelevant 
because the soot percentage is not known. 

6.5 	Results of PA_H Monitoring in Recent Burns 
The PAH concentrations on soot or smoke particulates in the actual smoke plume from 

a crude oil fire  are  shown in Table 26. Note that the units are in !lent.' because the particulate 
matter is collected on filters, through which measured amounts of air are drawn. The total mass 
of particulates is then weighed and the amount of PAH in the material is determined. 

The concentrations shown in Table 26 are higher than the concentrations typically-  measured at 
ground level. Table 27 shows the PAH concentrations at ground level during the same burns as 
measured in Table 26. The ground level concentrations are the important ones to measure and 
are the basis of human health limits and legislation. The oils burned and the residu.e also contain 
PAHs. The concentrations of PAHs in the oil and burn residue from the burn data in Tables 26 
and 27 are shown in Table 28. While it is not necessaiT to measure these for health and 
environmental purposes, this data enable scientifi.c study of the PAH destruction/creation by the 
ftre. Note that the concentration is in itg/g when analyzing whole oils. 

The values of PAH on particulates from a diesel fire are shown in Table 29. These were taken 
from various fractions, TPH, PM-10, and PM-2.5, as well as a Cascade li-npactor. The 
concentration of PAH appears to increase with decreasing fraction size. There is insufficient data 
at this point to note if this is a typical trend. The PAH measured in the oil and water under the 
burns where data was collected in Table 29 are given in Table 30. Although PAH in water was 
not discussed in this report, there may be motivation to collect water for PAH analysis. The 
burns for which the data in Table 30 were collected were conducted in a small test tank and the 
PAHs accumulated over many burns. In the past, collection of water under burns at sea did not 
yield sufficient PAHs for measurement (Fingas et al., 1995b). 
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7. 	Monitoring Carbonyls 

7.1 	Summary 
Carbonyls such as aldehydes and ketones are created by crude oil fires. Monitoring for 

carbonyls is conducted using a specialized sorption tube (DNPH) and sampling pump. Analysis 
is conducted in the laboratory. 

7.2 	Detailed Methodology 
To obtain a sample for analysis, a Gilian Aircon2 pump (Gilian Instrument Corp, West 

Caldwell, NJ) is used to draw an air sample through a DNPH (2,4 dinitrophenylhydrazine) silica 
cartridge (Millipore Corporation, Milford, MA) attached via Tygon tubing to the pump. The 
cartridge is a Waters Sep-pak containing 350 mg of silica coated with 1.0 mg DNPH. The flow 
rate of the pump is set at 1 L/min with an air volume of approximately 60 L passing through the 
cartridge over the hour-long burn. The flow rate of the pump is calibrated on a regular basis. 

Trip, field, and calibration blank samples are collected. The sampling apparatus is manually 
turned on and off at times for the test sample. Cartridges should be kept frozen prior to use and 
the sample placed in an amber vial and replaced into the freezer until analyzed. The cartridges 
are analyzed for aldehydes and ketones using a High Pressure Liquid Chromatograph (HPLC). 

7.3 	Limitations/Inaccuracies 
The methods are detailed and require experienced laboratory personnel, but are not 

fraught  with  particular difficulties. Accuracies are ensured by the use of standards and internal 
standards. The condition of the sample tubes is important and sample tubes must be kept frozen 
before use. 

It should be noted that the sensitivity of the method depends on the amount of soot collected 
and small samples often have insufficient material to allow proper detection of carbonyls. 

7.4 	Data Processing 
The data processing is included in Section 7.2. Because there is significant background 

levels of carbonyls, a separate sampling survey should be done in the area when there is no burn 
and with the wind conditions the same as on the day of the burn. 

7.5 	Results of Monitoring Carbonyls in Recent Burns 
The carbonyl concentrations from a series of diesel fuel burns are shown in Table 31. 

The carbonyl samples were collected during four 1-hour burns. The background levels taken at 
the same stations on a day when burns were not conducted are also shown. It can be seen that 
the carbonyl levels are approximately double that of background levels in most cases. Carbonyls 
are found in greatest abundance as a result of diesel fires or burning crude oils with properties 
similar to diesel. 
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Summaty of Stuclies Used to Measure In-Situ Bum Emissions Table 1 

Location 	Year Number Number 
of Bums Monitored 

Prime I3um Area Time of 	Number of Number of Target 

Purpose Range (M2) BUMS (min.) Inetrunients Compourxis 

Cil 
Type 

056 
11ibbile 	1992 
Calgary 	1992 
Newfoundland 1993 
ri/bbile 	1994 
Mobile 	1997 
Mobile 	1998 

Total 66 

ousiana 
Louisiana crude physics 

3 	crude, diesel emissions 
2 	crude (ASMB) emissions 
3 	diesel 	physics 
8 	diesel 	boom tests 
12 	diesel 	boom tests 
Z.° 

v71 
20 to 60 
20 to 70 
60 to 90 
60 to 80 

60 
60 

note: above values are appoximate or rounded-off 

ysics 	tO 

36 to 231 
37 

467 to 600 
199 to 231 

25 
25 

6 
20 
2 
3 
9 
12 

CrLICE 

30 
25 

200 
95 
95 
67 

70 
40 
400 
400 
400 
400 

Table 2 

Substance  
Total particulates 
PM-10 
PM-2.5 
Total VOCs 
PAHs 
Fixed gases 
Sulphur Dioxide 
Carbon Dioxide 
Carbon Monoxide 

130 
130 
300 

0 
0 
0 
0 

Table 3 

Substance 

Total particulates 
PM-10 
PM-2.5 
Total VOCs 
PAHS 
Fixed gases 
Carbonyls 

11
88

0
11

8
11

11
11

11
11

8
11

01
18

11
111

18
11

11
11

11
11

18
81

11
11

11
11

18
11

11
11

11
11

11
11

11
8

11
89

0
81

18
11

11
8

11
11 

Prediction Equation Parameters 
y= a + b*(size of fire,m) - c*In(distance from fire, m) 

Crude Oil 	 Diesel 
a 	b 	c 	r2 	Error 	a 	b 	c 	r2  Error Units  

	

12.7 0.0347 4.79 0.69 2.6 	2.65 0.00886 0.854 0.55 0.58 mg/m3  

	

12.7 0.0347 4.79 0.69 	1.8 	1.49 0.00558 0.467 0.56 0.33 mg/m 3  

	

12.7 0.0347 4.79 0.69 	1.5 	1.34 0.00523 0.412 0.52 0.33 mg/m 3  

	

13450 24.02 4426 0.35 4700 203 	2.1 	4.77 0.36 99 pg/m3  

	

16.2 0.0048 3.03 0.19 	4.8 	51.7 	0.124 	16.9 0.57 8.2 pg/m3  

	

19.4 0.0266 5.29 0.69 	2.8 0.557 0.00114 0.183 0.54 0.06 ppm 
520 	0.523 81.5 0.18 130 	77 	0.246 	19.6 0.49 25 	ppm 

	

7.72 0.0012 1.56 0.18 	1.8 	3.06 0.0237 1.935 0.63 0.67 ppm 

Calculation of Concern Levels for Emission Groups 

Diesel 
500 square metre burn/ continuous burn 

Distance to the 

Safe Health Level (m)  

3340 
6930 
7340 

40 

Crude Oil 
500 square metre burn/ continuous burn 
Percent of Concem Percent of Concem 	Distance to the 

Level at 500 m 	Level at  1500m  Safe Health  Levai (m) 

510 
520 
530 

Percent of Concern 

Level at 500 m 

1180 
920 
1910 

0 
4 
0 
0 

Percent of Concem 

Level at 1500 m  

560 
580 
1170 

0 
0 
0 
0 



Table 4 	 Safe Distance Calculations 
(based on PM-10 concentrations) 

Safe distance 
in kilometres 

Safe distance 
in miles 

Crude Oil Burns 
small area 250 m2 	 0.08 	 0.05 

(2700 ft2) 
full boom pull 500 m2 	 0.5 	 0.3 

(5400 ft2) 
large boom pull 750 m2 	 3.2 	 2 

(8100 ft2) 

Diesel Burns 
small area 250 m2 	 0.35 	 0.2 

(2700 ft2) 
full boom pull 500 m2 	 6.9 	 4.3 

(5400 ft2) 
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88
11

01
1

11
1

01
18

11
8
8
8
1

11
11
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11
1 

Table 5 	Summary of Sampling and Analytical Methods (Fingas et al, 1996a) 

Measurement 	 Secondary Additional 
Parameter 	 Parameters Parameters 

High volume sampler 	Dioxins and dibenzofurans 	Particulates 	PAHs 

High volume sampler 	Sized particulates (PM-10, PM- 
2.5) 

Sampling pump 	PAHs 	 Particulates 

RAM, DataRAM 	Particulates 

Cascade sampler 	Particle size 	 PAHs 
Soot in smoke plume Sampling pump (low 	PAHs 	 Particulates 	Metals 

volume) 

Blimp, remote-controlled Particulates 	 PAHs 
helicopter, research 
aircraft 

Air at ground level 	Summa canister 	Volatile organic compounds 	CO2, CO, NOx 

Sampling pump (low 	Volatile organic compounds 
volume) 

CO2 meter 	 Carbon dioxide 

SO2 meter 	 Sulphur dioxide 

NO2 meter 	 Nitrogen dioxide 

CO meter 	 Carbon monoxide 

SO2 impinger 	Sulphur dioxide in acid form 

DNPH cartridge 	Carbonyls 

Oil 	 PAHs 	 Metals 	Full analysis 

Burn residue 	 PAHs 	 Metals, toxicity Full analysis 

VVater under burn 	 PAHs 	 Organics 	Toxicity 
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Soot at ground level 

Sampler 

PAHs 



•
11

11
11

0
81

11
11

0
11

88
81

11
11

1•
0

8
•1

18
8

8
8

11
81

18
80

8
8

11
8

111
11

01
18

11
11

$8
81

11
18

11
8

11
11

8 

Table 6 	Results of an Experiment Observing Clusters of RAM-1 and DataRAM 
Instruments 

Description 	 RA.M-1* 	DataRAM* 
Pe/In3 	kle/In3  

Boom 1 burn 3 	 68 ± 118 	40 ± 76 
Measuring total aerosol fraction 	 27 ± 126 	36 ± 40 

23 ± 113 	33 ± 29 

Boom 3 burn 1 	 210 ± 21 	85 ± 7 	. 
Measuring PM-10 aerosol fraction 	 10 ± 0 	75 ± 6 

16 ± 4 

Boom 3a burn 1 	 172 ± 228 	138 ± 5 
Measuring PM-10 aerosol fraction 	 530 ± 798 	135 ± 4 

134  ±61 

Boom 4 burn 1 	 0 ± 0 	134 ± 11 
Measuring PM-10 aerosol fraction 	 196 ± 9 	131± 12 

188 ± 9 	123 ± 10 

Boom 4 burn 2 	 0 ± 0 	189 ± 261 • 
Measuring PM-10 aerosol fraction 	 249 ± 173 	161 ± 157 

253 ± 245 	142 ± 131 

Boom 4 burn 3 	 1 + 6 	156 ± 246 
RAM-1 measuring up to PM-10 and DataRAM measuring PM-2.5 	312 ± 368 	157 ± 231 
aerosol fraction 	 329 ± 442 	168 ± 262 

Boom 5 burn 1 	 n± 72 	100±  251 
RAM-1 measuring up to PM-10 and DataRAM measuring PM-2.5 	196 ± 361 	98 ± 235 
aerosol fraction 	 193 ± 402 	82 ± 167 

* Average reading recorded (± standard deviation) over the duration of the b-urn period. Not corrected for pre-
burn values. 
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113.4 
467.1 
353.6 
109.6 
-3.8 

60.8 
981.1 
920.2 
783.6 
722.8 

88.3 
78.5 
-9.8 
85.8 
-2.5 

31.5 
22.9 
-8.5 
27.9 
-3.6 

UW1B 
72.0 

Table 7 Results of RAM-1 Monitoring of a Diesel Burn (Mobile, 1997) 

Total Aerosol Monitored by the RAM-1 (pg/m3) 

Burn 1 

Location 
Distance (m) 

DW1A DW1B DW1C DW2A DW2B DW2C 
30.0 	15.0 	30.0 	45.0 	30.0 	45.0 

	

Pre-Burn 30 min Average 100.9 	144.1 	78.7 	61.9 	656.5 	85.7 
Burn 	 Average 110.9 	471.9 	169.9 	62.3 	804.7 	105.9 

pg/m3  above Pre -Burn 	10.0 	327.8 	91.2 	0.4 	148.1 	20.2 

	

Post-Burn 16 mi Average 109.3 	386.4 	329.0 	52.4 	777.7 	177.7 
pg/m3  above Pre -Burn 	8.4 	242.4 	250.3 	-9.5 	121.2 	92.0 

	

Location 	 DW3A 	DW3B 	DW3B 	DW3B DW3C 	DW4B 	UW1B 

	

Distance (m) 	 75.0 	45.0 	45.0 	45.0 	75.0 	75.0 	72.0 

	

Pre-Burn 30 min Average 241.0 	0.0 	129.3 	110.9 	156.0 	0.0 	360.2 
Burn 	 Average 235.9 	0.0 	249.4 	253.0 	201.2 	18.5 	360.8 

pg/m3  above Pre -Burn 	-5.1 	0.0 	120.1 	142.1 	45.2 	18.5 	0.6 

	

Post-Burn 15 mi Average 230.3 	0.0 	226.5 	229.4 	193.8 	0.0 	330.2 

	

pg/m3  above Pre -Burn  -10.7 	0.0 	97.1 	118.5 	37.9 	0.0 	-30.0 

Burn 2 

DW2B DW2C 
45.0 
49.7 
567.6 
517.9 
630.2 
580.5 

Location 
Distance (m) 	  

Pre -Burn 30 min Average 
Burn 	 Average 

pg1m3  above Pre-Burn 
Post-Burn 15 mi Average 

lig/m3  above Pre -Burn 

DW1A DW1B DW1C DW2A 
30.0 	15.0 	30.0 	45.0 	30.0 

637.4 
862.6 
225.2 
630.9 
-6.5 

	

Location 	 DW3A 	DW3B 	DW3B 	DW3B DW3C 	DW4B 	UW1B 

	

Distance (m) 	 75.0 	45.0 	45.0 	45.0 	76.0 	75.0 	72.0 

	

Pre-Burn 30 min Average 212.2 	0.0 	97.3 	76.5 	152.0 	0.0 	312.4 
Burn 	 Average 192.7 	0.8 	311.9 	328.8 	297.3 	10.4 	301.2 

	

pg/m3  above Pre -Burn  -19.5 	0.8 	214.7 	252.4 	145.3 	10.4 	-11.2 

	

Post-Burn 15 mi 	Average 200.9 	0.0 	91.6 	71.6 	378.2 	0.0 	310.4 

	

pg/m3  above Pre -Burn -11.3 	0.0 	-5.6 	-4.9 	226.2 	0.0 	-2.0 

Burn 3 

	

Location 	 DW1A 	DW1B 	DW1C 	DW2A 	DW2B 	DW2C 

	

Distance (m) 	 30.0 	15.0 	30.0 	45.0 	30.0 	45.0 

Pre -Burn 30 min Average 
Burn 	 Average 

lig/m3  above Pre-Burn 
Post-Burn 15 mi Average 

pg/m3  above Pre-Burn 

Location 
Distance (m) 

	

113.8 	82.2 	27.9 	0.0 	621.5 	14.4 

	

226.1 	409.8 	56.4 	77.3 	778.5 	40.8 

	

112.3 	327.6 	28.5 	77.3 	157.0 	26.5 

	

141.4 	191.3 	48.7 	14.8 	691.3 	34.2 

	

27.5 	109.1 	20.8 	14.8 	69.8 	19.8 
DW3A DW3B DW3B DW3B DW3C DW4B 
75.0 	45.0 	45.0 	45.0 	76.0 	75.0 

Pre -Burn 30 min Average 
Burn 	 Average 

pg/m3  above Pre-Burn 

48.2 	0.0 	52.1 	36.5 	131.8 	0.0 
120.3 	11.6 	195.5 	193.0 	141.7 	7.1 
72.1 	11.6 	143.5 	156.5 	9.9 	7.1 

	

0.0 	137.1 	139.4 	137.6 	0.0 

	

0.0 	85.0 	102.9 	5.8 	0.0 
Post-Burn 15 mi Average 157.5 

pg/m3  above Pre -Burn 1 0 9.2 

172.6 
177.7 
5.0 

177.2 
4.5 
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10.9 	10.9 	10.7 	10.0 	8.6 	9.5 	5.7 	8.7 

-1.0 
9.9 9.7 

-1.2 
10.0 
-0.7 -1.2 

8.8 7.3 
-1.3 

9.0 
-0.5 -0.3 

5.4 8.6 
-0.1 

-1.5 
9.3 9.8 

-1.1 
10.3 
-0.5 -1.3 

8.7 5.6 
-3.0 

8.3 
-1.2 -1.3 

4.4 7.4 
-1.3 

83.1 
-7.7 

79.9 
-10.4 

74.8 
-10.1 

82.6 
-.7.5 

80.9 
-9.3 

104.3 
2.7 

90.4 
2.1 

79.9 
-0.6 

86.1 
-4.2 

74.6 
-15.7 

71.5 
-13.4 

81.8 
-6.6 

79.1 
-11.0 

81.4 
-9.4 

79.6 
-22.0 

97.1 
16.7 

Pre-background (30min) 

Background 
pen' above Pre-Background 

Post-background (15 min) 	Average 

pen' above Pre -Background 

Average 

Average 

Pre -Burn 30 min 	 Average 

Burn 	 Average 

lighn. above Pre-Background 

Post-Burn 15 min 	 Average 

Eigie above Pre-Background 

Average 

Average 

•1
18

11
11

81
18

11
•8

8
88

111
11

18
0

8
11

88
111

11
11

11
11

11
18

11
111

18
11

11
81

1
8

81
11

10
81

18
11

81
10

8
8

11 

Table 8 	 Results of DataRAM Monitoring of a Diesel Burn (Mobile, '1997) 

Total Aerosol Monitored by the DataRam (pen') 

	

Location 	 DW1A DW1B DW1C DW2B DW2C DW3B DW4B UW1B 

	

Distance (m) 	 30 	15 	30 	30 	45 	45 	75 	72 

Background 

Pre-background (30min) 

Background 
pen' above Pre-Background 

Post-background (15 min) 	Average 

pen' above Pre-Background 

Burn 1 

Pre -Burn 30 min 	 Average 90.8 	80.4 	101.6 	90.2 	88.3 	90.1 	84.9 	90.2 

Burn 	 Average 

pelf above Pre-Background 

Post-Burn 15 min 	 Average 

pg/m. above Pre-Background 

Burn 2 

Pre-Burn 30 min 	 Average 20.8 	19.1 	22.0 	20.0 	20.0 	19.8 	17.9 	18.1 

Burn 	 Average 102.3 	263.0 	132.9 	164.0 	110.4 	169.0 	110.0 	16.9 

	

pee above Pre-Background 81.6 	243.8 	110.9 	144.0 	90.3 	149.3 	92.1 	-1.2 

Post-Burn 15 min 	 Average 34.2 	47.2 	27.3 	57.5 	28.5 	41.2 	43.4 	17.9 

	

pg/m. above Pre-Background 13.4 	28.1 	5.3 	37.4 	8.5 	21.4 	25.5 	-0.2 

	

Location 	 DW1A DW1B DW1C DW2B DW2C DW3B DW4B UW1B 

	

Distance (m) 	 30 	15 	30 	30 	45 	45 	75 	72 

Burn 3 

	

20.2 	19.2 	24.5 	20.6 	18.2 	17.7 	21.5 	15.9 

	

24.3 	100.1 	121.6 	53.8 	57.6 	64.9 	40.7 	18.4 

	

4.1 	80.9 	97.1 	33.2 	39.4 	47.2 	19.2 	2.5 

	

27.1 	24.9 	240.3 	32.1 	46.7 	35.8 	42.2 	22.5 

	

6.9 	5.7 	215.8 	11.5 	28.5 	18.1 	20.7 	6.7 

Burn 4 

	

25.6 	24.3 	29.6 	25.2 	24.4 	23.2 	28.3 	21.6 

	

47.6 	95.5 	43.3 	122.4 	31.2 	107.7 	113.0 	25.2 

	

22.0 	71.2 	13.7 	97.1 	6.8 	84.5 	84.7 	3.6 

	

36.2 	353.0 	190.4 	318.9 	45.9 	235.7 	155.1 	30.1 

	

10.6 	328.7 	160.7 	293.7 	21.5 	212.5 	126.7 	8.5 

Burn 5 

	

Location 	 SIC 	S3A 	S3A 	S3A 

	

Distance (m) 	 35.0 	42 	42 	42 

Pre-Burn 30 min 	 Average 25.2 	24.3 	27.0 	26.3 
Burn 	 Average 23.9 	39.6 	36.5 	33.4 

pg/m. above Pre-Background 	-1.4 	15.4 	9.5 	7.1 
Post-Burn 15 min 	 Average 16.9 	25.6 	26.7 	24.8 

	

pen' above Pre-Background -8.3 	1.3 	-0.3 	-1.6 
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Table 9 	Summary of Particulate Measurements of a Diesel Burn (Mobile, 1997) 

DataRAM 	 DataRAM 
Date 	Position 	TSP 	RAM-1 	DataRAM 	PM-10 	PM-10 	PM-2.5 	PM-2.5 

Concentration Concentration Concentration Concentration Concentration Concentration Concentration 

mg/ms 	mg/ms 	mg/m' 	mg/ms 	mg/rns 	mg/ms 	mg/ms 

Background 	24-Sep-97 DVV1A 	0.32 	0.06 	0.01 	0.30 	 0.00 
Background 	24-Sep-97 D1N1B 	0.58 	0.6 	0.01 	0.26 	 0.15 
Background 	24-Sep-97 DVV2B 	0.45 	0 	0.01 	0.28 	 0.06 
Background 	24-Sep-97 DIN1C 	0.38 	0.01 	0.01 	0.25 	 0.10 
Background 	24-Sep-97 U1N1B 	0.40 	0.13 	0.01 	0.31 	 0.11 

Boom 2, Burn 1 	26-Sep-97 DVV1A 	0.33 	0.24 	0.1 	0.07 	 0.25 
Boom 2, Burn 1 	26-Sep-97 DVV1B 	0.51 	0.52 	0.26 	0.42 	 0.34 
Boom 2, Burn 1 	26-Sep-97 DVV2B 	0.25 	0.57 	0.16 	0.30 	 0.27 
Boom 2, Burn 1 	26-Sep-97 DVV1C 	0.27 	0.17 	0.13 	0.28 	 0.77 
Boom 2, Burn 1 	26-Sep-97 UVV1B 	0.18 	0.14 	0.02 	0.15 	 0.03 

Boom 2, Burn 2 	26-Sep-97 DVV1A 	0.10 	0.15 	0.02 	0.14 	 0.00 
Boom 2, Burn 2 	26-Sep-97 DVV1B 	0.13 	0.21 	0.1 	0.23 	 0.07 
Boom 2, Burn 2 	26-Sep-97 DVV2B 	0.12 	0.4 	0.05 	 0.01 
Boom 2, Burn 2 	26-Sep-97 DVV1C 	0.11 	0.2 	0.12 	 0.15 
Boom 2, Burn 2 	26-Sep-97 UVV1B 	0.06 	0.14 	0.018 	0.17 	 0.00 

Boom 2, Burn 3 	26-Sep-97 DVV1A 	0.12 	0.14 	0.05 	0.20 	 0.11 
Boom 2, Burn 3 	26-Sep-97 D1N1B 	0.20 	0.27 	0.1 	0.23 	 0.08 
Boom 2, Burn 3 	26-Sep-97 DVV2B 	0.20 	0.48 	0.12 	0.24 	 0.18 
Boom 2, Burn 3 	26-Sep-97 DVV1C 	0.14 	0.04 	0.04 	0.19 	 0.04 
Boom 2, Burn 3 	26-Sep-97 U1N1B 	0.12 	0.15 	0.03 	0.14 	 0.00 

Boom 3, Burn 1 	29-Sep-97 DVV1A 	0.52 	0.25 	 0.36 	0.10 	0.00 
Boom 3, Burn 1 	29-Sep-97 DVV1B 	0.56 	0.15 	 0.41 	0.08 	0.00 
Boom 3, Burn 1 	29-Sep-97 DW2B 	0.44 	0.04 	 0.37 	0.09 	0.00 
Boom 3, Burn 1 	29-Sep-97 DVV1C 	0.45 	0 	 0.37 	0.08 	0.23 
Boom 3, Burn 1 	29-Sep-97 UVV1B 	0.46 	0.29 	 0.30 	0.07 	0.17 

Boom 3a, Burn 1 30-Sep-97 DW1A 	0.30 	0.17 	 0.12 	0.17 	0.15 
Boom 3a, Burn 1 30-Sep-97 DVV1B 	 0.2 	 0.25 	0.13 	0.07 
Boom 3a, Burn 1 30-Sep-97 DW2B 	0.30 	0.14 	 0.14 	0.15 	0.08 
Boom 3a, Burn 1 30-Sep-97 DVV1C 	0.27 	0.15 	 0.15 	0.14 	0.14 
Boom 3a, Burn 1 30-Sep-97 UVV1B 	0.29 	0.13 	 0.11 	0.13 	0.15 

Boom 4, Burn 1 + 2 1-Oct-97 	DVV1A 	0.11 	0.26 	 0.17 	0.23 	0.14 
Boom 4, Burn 1 + 2 1-Oct-97 	DVV1B 	0.18 	0.67 	 0.29 	0.64 	0.13 
Boom 4, Bum 1 + 2 1-Oct-97 	DVV2B 	0.16 	1.56 	 0.28 	0.34 	0.16 
Boom 4, Burn 1  +2  1-Oct-97 	DVV1C 	0.12 	1.11 	 0.07 	0.25 	0.08 
Boom 4, Burn 1 + 2 1-Oct-97 	UVV1B 	0.00 	0.64 	 0.12 	0.17 	0.06 

Boom 4, Burn 3 	1-Oct-97 	DVV1A 	0.06 	0.08 	 0.12 	 0.20 	0.03 
Boom 4, Burn 3 	1-Oct-97 	DVV1B 	0.35 	0.47 	 0.43 	 0.20 	0.17 
Boom 4, Burn 3 	1-Oct-97 	DVV2B 	0.17 	0.86 	 0.22 	 0.21 	0.19 
Boom 4, Burn 3 	1-Oct-97 	D1N1C 	0.52 	0.98 	 0.81 	 0.63 	0.62 
Boom 4, Burn 3 	1-Oct-97 	UVV1B 	0.00 	0.3 	 0.05 	 0.16 	0.02 

Boom 5, Burn 1 	2-Oct-97 	DVV1A 	0.09 	0.23 	 0.15 	 0.21 	0.11 
Boom 5, Burn 1 	2-Oct-97 	DVV1B 	0.12 	0.41 	 0.23 	 0.52 	0.16 
Boom 5, Burn 1 	2-Oct-97 	DVV2B 	0.14 	0.78 	 0.20 	 0.34 	0.13 
Boom 5, Burn 1 	2-Oct-97 	DVV1C 	0.00 	0.06 	 0.03 	 0.00 	0.03 
Boom 5, Burn 1 	2-Oct-97 	UW1B 	0.00 	0.18 	 0.00 	 0.18 	0.07 
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0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.03 
0.00 
0.00 
0.00 

0.08 
0.24 
0.14 
0.11 
0.00 

0.00 
0.27 
0.15 
0.13 
0.00 

0.03 
0.11 
0.04 
0.54 
0.00 

0.00 
0.09 
0.03 
0.10 
0.00 

0.00 
0.06 
0.00 
0.00 
0.00 

0.00 
0.07 
0.01 
0.15 
0.00 

0.02 
0.07 
0.10 
0.01 
0.00 

0.06 
0.08 
0.09 
0.04 
0.00 

0.11 
0.08 
0.18 
0.04 
0.00 

0.06 
0.11 
0.07 
0.07 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.06 
0.00 

0.01 
0.14 
0.02 
0.04 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.04 
0.17 
0.16 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.08 
0.07 
0.10 
0.02 
0.00 
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Table 10 	Summary of Particulate Measurements of a Diesel Burn (Mobile, 1997) 
Corrected for Upwind Values or Before Burn Values * 

DataRAIVI 	 DataRAM 
Burn I.D. 	Date Positio 	TSP 	RAM-1 	DataRAM 	PM-10 	PM-10 	PM-2.5 	PM-2.5 

Concentration 	Concentration 	Concentration 	Concentration 	Concentration 	Concentration 	Concentration 

	 mglm' 	men' 	mgine 	mg1m5 	mgim' 	mg1m 3 	mg/m5  

Background 	24-Sep-97 DW1A 	0.00 	0.00 
Background 	24-Sep-97 DW1B 	0.18 	0.01 
Background 	24-Sep-97 DW2B 	0.06 	0.00 
Background 	24-Sep-97 DW1C 	0.00 	0.00 
Background 	24-Sep-97 UW1B 	0.00 	0.00 

Boom 2, Burn 1 	26-Sep-97 DW1A 	0.15 	0.10 
Boom 2, Burn 1 	26-Sep-97 DW1B 	0.33 	0.43 
Boom 2, Burn 1 	26-Sep-97 D1N2B 	0.07 	0.21 
Boom 2, Burn 1 	26-Sep-97 DW1C 	0.09 	0.15 
Boom 2, Burn 1 	26-Sep-97 UW1B 	0.00 	0.00 

Boom 2, Burn 2 26-Sep-97 DW1A 	0.04 	0.00 
Boom 2, Burn 2 26-Sep-97 DW1B 	0.07 	0.11 
Boom 2, Burn 2 26-Sep-97 DW2B 	0.06 	0.04 
Boom 2, Burn 2 26-Sep-97 DW1C 	0.04 	0.05 
Boom 2, Burn 2 26-Sep-97 UW1B 	0.00 	0.00 

Boom 2, Burn 3 26-Sep-97 DW1A 	0.00 	0.02 
Boom 2, Burn 3 26-Sep-97 DW1B 	0.08 	0.16 
Boom 2, Burn 3 26-Sep-97 DW2B 	0.08 	0.12 
Boom 2, Burn 3 26-Sep-97 DW1C 	0.02 	0.02 
Boom 2, Burn 3 26-Sep-97 UW1B 	0.00 	0.00 

Boom 3, Burn 1 	29-Sep-97 DW1A 	0.06 	0.00 
Boom 3, Burn 1 	29-Sep-97 DVV1B 	0.11 	0.00 
Boom 3, Burn 1 	29-Sep-97 DW2B 	0.00 	0.00 
Boom 3, Burn 1 	29-Sep-97 DW1C 	0.00 	0.00 
Boom 3, Burn 1 	29-Sep-97 UW1B 	0.00 	0.00 

Boom 3a, Burn 1 30-Sep-97 DVV1A 	0.01 	0.01 
Boom 3a, Burn 1 30-Sep-97 DW1B 	0.00 	0.01 
Boom 3a, Burn 1 30-Sep-97 DW2B 	0.01 	0.05 
Boom 3a, Burn 1 30-Sep-97 DW1C 	0.00 	0.00 
Boom 3a, Burn 1 30-Sep-97 UW1B 	0.00 	0.02 

Boom 4, Burn 1 + 2 1-Oct-97 	DW1A 	0.05 	0.02 
Boom 4, Burn 1 + 2 1-Oct-97 	DW1B 	0.12 	0.34 
Boom 4, Burn 1  +2  1-Oct-97 	DW2B 	0.10 	0.14 
Boom 4, Burn 1 + 2 1-Oct-97 	DW1C 	0.06 	0.09 
Boom 4, Burn 1 + 2 1-Oct-97 	1.1W1B 	0.00 	0.01 

Boom 4, Burn 3 	1-Oct-97 	DW1A 	0.07 	0.00 	 0.08 	 0.03 	o 
Boom 4, Burn 3 	1-Oct-97 	DW1B 	0.35 	0.35 	 0.39 	 0.03 	0.13 
Boom 4, Burn 3 	1-Oct-97 	DW2B 	0.17 	0.23 	 0.18 	 0.05 	0.15 
Boom 4, Burn 3 	1-Oct-97 	DW1C 	0.53 	0.92 	 0.77 	 0.47 	0.58 
Boom 4, Burn 3 	1-Oct-97 	UW1B 	0.00 	0.00 	 0.00 	 0.00 	0 

Boom 5, Burn 1 	2-Oct-97 	DVV1A 	0.09 	0.11 	 0.15 	 0.03 	0.1 
Boom 5, Burn 1 	2-Oct-97 	DW1B 	0.12 	0.33 	 0.23 	 0.35 	0.15 
Boom 5, Burn 1 	2-Oct-97 	DW2B 	0.14 	0.16 	 0.20 	 0.16 	0.12 
Boom 5, Burn 1 	2-Oct-97 	DW1C 	0.00 	0.03 	 0.03 	 0.00 	0.02 
Boom 5, Burn 1 	2-Oct-97 	UW1B 	0.00 	0.00 	 0.00 	 0.00 	0 

*Values for the filter samplers (TSP, PM-10, and PM-2.5) were corrected by the upwind data. 
Values for the electronic meters, RAM, and DataRAM were corrected by values before the burns. 
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Table 12 

TSP 
single-parameter equation 

RAM-I-TSP 
single-parameter equation 

DataRAM-TSP 
single-parameter equation 

PM-10 
single-parameter equation 

DataRAM-PM10 
singte-parameter equation 

PM-2.5 
single-parameter equation 

0.49 0.38 
0.19 	0.3 

0.59 0.37 
0.16 0.33 

0.44 	-0.1 	0.16 0.32 	0.9 	1.3 
0.88 	1.38 

0.12 0.37 

	

0.65 	0.84 

	

0.3 	1.24 
*.The first line in each row contains the r2  for the best equation and the relationship from a standard straight-line equation. 

The second row, the r 2  from a single-parameter linear equation. 

Correlation of Particulates by Type and Measurement (Mobile, 1997) 
Particulate Data Corrected for Background Levels 

RAM-l-TSP 	DataRAM-TSP 	PM-10 	DataRAPA-PM10 	PM-2.5 	DataRAM-PM 2.5 

12  Relation r2  Relation r2  Relation 	r2  Relation 

data set 

are all zeroes 

after 

correction 

for background 

0.44 
0.26 
0.66 
0.56 
0.25 

0.67 1.04 	0.9 	1.23 
0.46 1.25 0.85 	1.41 

data set are all zeroes after correction for background 

	

0.68 	0.8 

	

0.68 	0.84 

* The first line in each row contains the r 2  for the best equation and the relationship from a standard straight-line equation. 

The second row, the r 2  from a single-parameter linear equation.B29 

Table 11 	Correlation of Particulates by Type and Measurement (Mobile, 1997) 
Values Not Corrected for Background Levels 

TSP 
single-parameter equation 

RAM-I-TSP 
single-parameter equation 

DataRAM-TSP 
single-parameter equation 

PM-10 
single-parameter equation 

DataRAM-PMI0 
single-parameter equation 

PM-2.5 
single-parameter equation 
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RAM-l-TSP 	DataRAM-TSP 	PM-10 	DataRAM-PM10 PNI-2.5 	DataRAM-PM 2.5 

r2  Relation r2 	Relation  
0.08 -0.03 0.4 	0.23 0.56 0.84 0.75 -0.62 	-0 	0.14 0.84 	0.87 

0.47 1.01 	 0.82 	0.91 
0.09 0.58 0.52 	1.73 0.13 	0.6 	0.69 	1.45 

0.32 	1.95 	 0.33 	2.09 

r2  Relation 	r2 	Relation 
0.69 
0.73 
1.16 
1.14 
0.77 
0.9 

r2  Relation r2  Relation  
0.83 0.56 0.83 1.07 0.81 
0.8 0.61 0.69 1.06 0.79 

0.93 1.59 0.86 
0.89 '1.51 0.86 

0.77 
0.7 

Relation r2 	Relation  

	

0.69 0.78 	0.84 

	

0.9 	0.72 	1 

	

1.4 	0.96 	1.59 

	

t54 0.95 	1.64 
0.48 
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Table 13 

Monitoring Station I.D. 
Field Position  
Burn or Time 
Background (Sep 10) 
Post-burn 
Boom 1 Burn 1 
Burn 
Post-burn 
Boom la Burn 1 
Burn 
Post-burn 
Boom la Burn 2 
Burn 
Post-burn 
Boom la Burn 3 
Burn 
Post-burn 
Boom 3 Burn 1 
Burn 
Post-burn 
Boom 4 Burn 2 
Burn 
Post-burn 
Boom 4 Burn 3 
Burn 
Post-burn 

Total Aerosol Particulates from the RAM-1 (1998 Mobile Burns) 
Above Instrument Background (pg/m3) 
DW2A (1 m) DW3A (1 m) DW2B (1 m) DW3B (1 m) DW2C (1 m) DW3C (1 m) SIX (1 m) 	S2X (1 m) 	S3X (1 m) 	SlY (1 m) 	S2Y (1 m) 	S3Y (1 m) UW1B (1 m) 
30m, 176°N 60m, 176°N 29m, 197°N 59m, 197°N 31m, 219°N 60m, 219°N 34m, 132°N 53m, 132°N 91m, 132°N 26m, 151°N 41m, 151°N 71m, 151°N 	74m, 23°N 

0<9<17 	0<7<16 	0<3<33 0<21<39 0<7<54 	0<5<40 	0<4<19 	0<2<6 	0<2<4 	0<5<11 	0<2<6 	0<17<33 	0<3<5 
2<10<21 	0<6<16 	0<1<4 	0<20<34 0<5<13 	0<6<15 	0<3<5 	1<2<7 	1 <2<3 	2<4<9 	-2<1<3 2<15<31 	1 <3<11 

0<50<501 0<11<62 	0<4<9 	2<10<27 0<5<11 	0<6<13 0<8<165 0<7<25 	0<7<16 0<195<145 0<108<876  1 <82<218 0<5<12 
8<19<94  1<18<99  -2<4<28 0<14<35 	0<4<8 	2<9<19 	2<7<12 	0<9<22 8<16<22 9<15<21 9<15<22 -31<-20<2 1<7<12 

0<23<308 0<20<122 0<10<110 0<30<259 0<36<358 0<28<344 0<5<11 	0<4<7 	0<9<20 0<11<260 0<3<52 11<60<137 0<4<15 
0<16<25 1<16<28 2<10<118 5<28<95 2<44<269 6<31<199 2<6<8 	3<5<7 	1 <11<16 4<13<21 	2<3<12 -11<19<39 3<5<8 

0<41<460 0<35<454 0<57<349 0<43<333 0<4<9 	0<16<45 	0<4<9 	0<4<15 	 0<22<395 0<7<122 0<15<158 0<3<7 
9<13<23 	0<8<16 8<13<19 16<21<27 4<6<11 11<18<30 7<8<10 	5<7<10 	 1<4<8 	5<6<8 	3<11<20 	5<6<7 

0<57<1168 0<40<685 0<215<393 0<108<125 0<11<126 0<11<64 	0<4<7 	0<3<6 	 0<6<68 	0<4<9 	0<11<23 	0<3<7 

	

-3<9<31 5<15<29 -6<11<249 17<41<156  1 <7<17 -10<3<12 0<5<12 	-2<2<9 	 3<8<28 	1 <4<14 3<14<29 	2<4<7 

0<100<127 0<55<961  0<76<12260<105<144  0<36<576  0<61<18150<77<1952 	 0<283<803 0<210<633 0<226<567 0<8<19 
13<25<42 -3<10<46 5<19<78 3<32<406 -9<9<96 6<20<154 6<9<24 	 12<20<60 3<8<25 -6<10<24 -1<3<8 

0<12<27 0<12<32 0<4<11 	0<23<53 	 0<1167<421 0<5<10 	0<3<6 	0<2<4 	0<5<18 	0<4<10 0<18<44 0<4<10 
-3<12<28  1 <17<30 	-6<0<6 -16<16<43 	 -28<11<47 -1<7<13 -3<-1<4 	0<1<2 	2<11<21 	-3<0<3 4<34<60 	-1< 1 <3 

0<14<35 0<12<24 0<3<14 0<22<43 0<479<328 0<198<160 	0<2<5 	0<4<8 	0<2<5 	0<3<10 	0<4<14 0<16<32 	0<1<4  
2<13<79 2<11<43 5<8<21 	1 <19<66 -1<49<498 -2<20<260 -1<2<6 	4<6<14 	0< 1 <3 	-3<3<7 	2<4<11 	0<20<33 	2<2<4 



•
8

8
8

11
11

8
111

11
10

8
0

0
8

8
0

0
08

11
11

81
11

11
10

01
18

88
0

11
88

01
10

,8
1 1

88
•8

11
11

8
8
0
•

91
1 

Table 14 	 Summary of Particulate Measurements (Mobile, 1998) 

	

TSP 	PM-10 	PM-10 	PM-2.5 
Std. Units Std. Units DataRam Std. Units 

Boom 1 & Boom la 	DW1A 	121 	93 	60 	49 

	

DW1B 	134 	119 	101 	98 

	

DW1C 	159 	85 	33 	75 

	

UW1B 	89 	87 	7 	54 
Boom 3 Burn 1 + 2 	DW1A 	224 	284 	 0 

	

DW1B 	205 	333 	 0 

	

DVV1C 	168 	207 	 0 

	

UW1B 	119 	186 	 0 

	

Boom 4 Burn 1 + 2 + 3 DW1A 	40 	121 	2 	0 

	

DW1B 	121 	166 	6 	0 

	

DW1C 	1156 	1247 	1263 	975 

	

UW1B 	16 	.110 	4 	64 

Correlation of Measurements Betvveen Units (Mobile, 1998) 
TSP 	PM-10 	PM-10 	PM-2.5 

Std. Units Std. Units DataRam Std. Units 
TSP Std. 

units 	 0.97 	0.99 	0.99 

0.99 	0.99 

PM-10 
DataRAM 

Table 16 	 Relationship of Measurements Between Units (Mobile, 1998) 

Units 	Ratio 
TSP/PM- 

10 Std. 	1.2 
TSP/PM- 
10 RAM 	0.12 

TSP/PM- 
2.5 Std. 	0.67 
PM-10 S 
/PM2.5 	1.5 
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Table 15 

PM-10 
Std. Units 

0.99 
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Table 17 Volatile Organic Compounds Measured from Evaporating and Burning Oils 

51 

Propene 

Propane 
Isobutane (2-Nlethylpropane) 
1-Butene/2-Methylpropene 
1,3-Butadiene 
Butane 

t-2-Butene 
2,2-Dimethylpropane 
1-Butyne 
c-2-Butene 
2-Methylbutane 
1-Pentene 
2-Methy1-1-Butene 
Pentane 

Isoprene (2-Methy1-1,3-Butadiene) 
2-Methy1-2-Butene 
2,2-Dimethylbutane 
Cyclopentene 
4-Methy1-1-Pentene 
3-Methy1-1-Pentene 
Cyclopentane 
2,3-Dimethylbutane 
t-4-Methy1-2-Pentene 
2-Methylpentane 
c-4-Methy1-2-Pentene 
3-Methylpentane 
1-Hexene/2-Methy1-1-Pentene 

t-2-Hexene 
2-Ethy1-1-Butene 
t-3-Methy1-2-Pentene 
c-2-1-1exene 
c-3-Methy1-2-Pentene 
2,2-Dinnethylpentane 
Methylcyclopentane 
2,4-Dimethylpentane 
2,2,3-Trimethylbutane 
1-Methylcyclopentene 
Benzene 

Cyclohexane 
2-Methylhexane 
2,3-Dimethylpentane 
Cyclohexene 
3-Methylhexane 
2,2,4-Trimethylpentane 
t-3-Heptene 
Heptane 
t-2-Heptene  

c-2-Heptene 
2,2-Dimethylhexane 

Methylcyclohexane 
2,5-Dimethylhexane 
2,4-Dimethylhexane 
2,3,4-Trimethylpentane 
Toluene 

2-Methylheptane 
4-Methylheptane 

1-Methylcyclohexene 
3-Methylheptane 
c-1,3-Dimethylcyclohexane 
t-1,4-Dimethylcyclohexane 
2,2,5-Trinnethylhexane 
Octane 
t-1,2-Dimethylcyclohexane 
t-2-Octene 
c-1,4/t-1,3-Dimethylcyclohexane 
c-2-Octene 
c-1,2-Dimethylcyclohexane 
Ethylbenzene 
m/p-Xylene 
o-Xylene 
Nonane 
iso-Propylbenzene 
3,6-Dimethyloctane 
n-Propylbenzene 
3-Ethyltoluene 
4-Ethyltoluene 
1,3,5-Trimethylbenzene 
2-Ethyltoluene 
tert-Butylbenzene 
1,2,4-Trimethylbenzene 
Decane 
iso-Butylbenzene 
sec-Butylbenzene 
1,2,3-Trimethylbenzene 
p-Cymene 
lndane 
1,3-Diethylbenzene 
1,4-Diethylbenzene 
n-Butylbenzene 
1,2-Diethylbenzene 
Undecane 
Naphthalene 

Dodecane 
Hexylbenzene 



(Sept 29, 97) Boom 3 Burn 1 

1 (Oct 2, 97) Boom 5 Burn 

from a diesel fuel burn 

DW3B DW1C UW1B 
45 	30 	72 

37 	54 	37 

18 	32 	22 

58 	14 

48 	18 

91 	106 

127 	142 

197 	224 

80 	47 

250 	18 

29 	5 

SIC 	52C 	S3C 	UW1B 
45 	45 	25 	72 

192 	222 	208 	191 

56 	25 	23 

Total VOCs as Measured in Summa Canisters (Mobile, 1997) 
a 
a 

a 
a 

ID 

a 
a 

a 

a 
a 

a 

a 

a 

a 

Table 18 

Boom 1 Burn 1 (Sept 25, 97) 

Boom 2 Burn 1 (Sept 26, 97) 

Boom 2 Burn 2 (Sept 26, 97) 

Boom 2 Burn 3 (Sept 26, 97) 

Boom 3 Burn 1 (Sept 29, 97) 

Boom 3a Burn 1 (Sept 30, 97) 

Boom 4 Burn 1 (Oct 1, 97) 

Boom 4 Burn 2 (Oct 1, 97) 

Boom 4 Burn 3 (Oct 1, 97) 

Boom 5 Burn 1 (Oct 2, 97) 

Location 
Distance (m) 

(values in pg/m3) 

DW1B DW2B 
15 	30  

43 	50 	50 

36 	132 	561 

38 	61 	31 

28 	129 	67 

96 	86 	97 

144 	120 	135 

117 	143 	116 

47 	440 	417 

32 	254 	65 

17 	112 	21 

S1A 	S2A 	S3A 
45 	45 	42  

116 	373 	77 

11 	11 	8 

Location DW1A 
Distance (m) 	30 

52 

Boom 3a Burn 1 + Boom 4 
Burn 1, 2, & 3 	 107 	107 	92 	111 	91 	114 	118 
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Table 19-1 VOCs Measured in Summa Canisters- Mobile 1997 

	

Burn Identification 	Bm1Br1 Bm1Br1 Bm1Br1 Bm1Br1 Bm1Bri Bm1Br1 Bm2Br1 Bm2Br1 Bm2Br1 Bm2Br1 

	

Location 	DW1A DW1B DW2B DW3B DW1C DW1B OW1A DW1B OW2B DW3B 

	

All values in ugfm Position 	 170, 30m 186e, 15m 189e, 30m 191% 45m 214 °, 30m 25°, 72m 170% 30m 188°, 15m 189°, 30m 191°, 45m  

	

TOTAL VOC (pgfin) 	 43 	50 	50 	37 	54 	37 	36 	132 	561 	18 
Propene 	 93.08 0.43 	0.53 	0.49 	0,50 	0.73 	1.04 	1.51 	2.86 	2.43 	0.32 
Propane 	 406.63 5.61 	6.61 	6.45 	4.87 	8.07 	5.22 	2.86 	3.31 	3.41 	4.32 
Isobutane (2-Methylpropane) 	 152.29 1.59 	1.52 	1.64 	1.48 	1.68 	1.61 	0.48 	0.53 	5.31 	0.42 
1-Butene/2-Methylpropene 	 79.71 0.74 	0.66 	0.62 	0.74 	0.92 	0.92 	1.24 	1.54 	1.71 	0.42 
1,3-Butadiene 	 12.76 ND 	<DL 	ND 	ND 	0.11 	ND 	0.34 	0.73 	0.54 	0.10 
Butane 	 365.24 3.06 	3,19 	3.17 	2.73 	3.22 	2.88 	1.22 	1.26 	31.7 	0.96 
Isoprene (2-Methy1-1,3-Butadiene) 	75.69 0.88 	0.93 	0.96 	0.80 	1.02 	1.64 	0.64 	0.80 	0,80 	0.24 
t-2-Pentene 	 12.85 ND 	ND 	ND 	ND 	ND 	ND 	0.07 	NDR 	3.31 	NID 
2-Methy1-2-Butene 	 20.84 ND 	0.11 	ND 	0.08 	0.09 	0.07 	0.09 	0.11 	5.07 	ND 
2,2-Dimethylbutane 	 26.71 0.15 	0.21 	0.20 	0.16 	0.21 	< DL 	0.13 	0.15 	3.56 	<DL  
Cyclopentane 	 21.60 0.15 	0.14 	0.16 	0.12 	0.16 	0.10 	ND 	0.10 	3.38 	ND 
2,3-Dimethylbutane 	 42.63 0.19 	0.19 	0.26 	0.17 	0.26 	0.20 	0.11 	0.11 	5.17 	0.08 
2-Methylpentane 	 129.89 NDR NDR NDR NDR NDR NDR NDR NDR 16.5 NDR 
3-Methylpentane 	 119.78 0.82 	0.63 	0.87 	0.63 	0.76 	0.57 	0.29 	0.35 	10.9 	NDR 
1-Hexene/2-Methy1-1-Pentene 	 30.05 0.26 	0.22 	0.30 	0.26 	0.28 	0.31 	0.44 	0.46 	1.59 	< DL 
Hexane 	 903.80 7.77 	2.89 	7.73 	4.21 	5.36 	4.58 	1.95 	1.44 	17.1 	0.52 
Methylcyclopentane 	 133.23 NDR 	0.56 	1.07 	0.62 	0.85 	NDR 	0.36 	0.39 	5.13 	0.13 
2,4-Dimethylpentane 	 28.01 ND 	0.14 	ND 	ND 	0.17 	0.17 	ND 	ND 	3.35 	ND 
Benzene 	 243.88 1.18 	1.57 	1.42 	1.16 	1.72 	0.98 	2.21 	6.09 	19.5 	0.68 
Cyclohexane 	 23.88 0.16 	0.29 	0.31 	0.22 	0.43 	NDR 	0.13 	0.29 	0.92 	0.12 
2-Methylhexane 	 52.30 0.30 	0.48 	0.46 	0.32 	0.49 	NDR 	0.22 	0.42 	4.05 	0.20 
2,3-Dimethylpentane 	 30.52 NDR NDR NDR NDR 	NDR 0.17  <DL  NDR 	4.00 	NDR 
3-Methylhexane 	 21.49 NDR NDR NDR NDR NDR 0.36 NDR NDR 4.66 NDR 
2,2,4-Trimethylpentane 	 92.37 0.28 	0.25 	0.27 	0.23 	0.38 	0.31 	0.22 	NDR 	6.23 	0.15 
Heptane 	 73.54 0.60 	1.03 	0.89 	0.78 	1.13 	0.45 	0.59 	1.12 	3.91 	0.54 
Methylcyclohexane 	 49.43 0.27 	0.66 	0.58 	0.45 	0.74 	0.13 	0.30 	0.98 	1.21 	0.32 
2,5-Dimethylhexane 	 16.39 NDR 	0.14 	NDR 	NDR 	0.14 	NDR 	0.07 	0.16 	1.09 	ND 
2,4-Dimethylhexane 	 19.17 NDR 	0.28 	NDR 	NDR 	0.17 	NDR NDR 	0.15 	1.31 	NO 
2,3,4-Trimethylpentane 	 34.28 ND 	ND 	ND 	ND 	0.16 	NDR 	ND 	ND 	2.08 	ND 
Toluene 	 673.85 3.69 	4.49 	4.55 	3.05 	4.43 	3.05 	2.60 	4.53 	105 	1.37 
2-Methylheptane 	 43.03 0.26 	0.70 	0.49 	0.37 	0.53 	0.48 	0.24 	0.80 	1.53 	0.20 
4-Methylheptane 	 24.63 0.25 	NDR 	0.26 	NDR 	0.25 	NDR 	0.13 	0.22 	0.63 	0.05 
3-Methylheptane 	 30.15 0.19 	0.36 	0.32 	0.24 	0.37 	NDR 	0.22 	0.47 	1.47 	0.15 
2,2,5-Trimethylhexane 	 22.89 0.05 	0.05 	ND 	0.04 	0.11 	NO 	NDR 	0.06 	0.99 	ND 
1-Octene 	 15.78 0.19 	0.31 	<DL 	0.28 	0.26 	0.39 	0.39 	0.39 	ND 	ND 
Octane 	 84.48 0.50 	1.15 	0.96 	0.79 	1.15 	0.41 	0.61 	2.02 	1.98 	0.54 
t-1,2-Dimethylcyclohexane 	 14.96 0.08 	0.18 	0.15 	0.09 	0.17 	ND 	0.09 	0.43 	0.31 	0.11 
Ethylbenzene 	 93.59 0.59 	0.82 	0.67 	0.55 	0.69 	0.59 	0.72 	1.17 	9.76 	0.30 
m, p-Xylene 	 346.06 1.85 	2.77 	2.19 	1.82 	2.37 	1.67 	2.20 	4.67 	42.6 	0.95 
Styrene 	 13.56 NOR 	0.15 	0.11 	0.13 	0.07 	0.21 	0.18 	0.67 	0.42 	< DL 
o-Xylene 	 126.02 0.56 	0.92 	0.73 	0,62 	0.89 	0.50 	0.72 	2.04 	11.2 	0.36 
Nonane 	 119.90 0.41 	1.16 	0.79 	0.60 	1.11 	0.41 	0.69 	3.55 	1.78 	0.47 
iso-Propylbenzene 	 11.22 0.05 	0.07 	0.07 	0.04 	0.07 	0.04 	0.06 	0.17 	0.56 	0.05 
n-Propylbenzene 	 27,75 0.08 	0.13 	0.10 	0.11 	0.14 	0.08 	0.11 	0.38 	2.38 	0.08 
3-Ethyltoluene 	 82.89 0.18 	0.31 	0.25 	0.20 	0.36 	0.13 	0.27 	1.17 	7.20 	0.13 
4-Ethyltoluene 	 40.21 0.10 	0.17 	0.13 	0.10 	0.18 	<DL 	0.14 	0.57 	3.85 	<DL 
1,3,5-Trimethylbenzene 	 52.27 0.10 	0.20 	0.15 	0.11 	0.21 	0.06 	0.20 	1.07 	3.74 	0.10 
2-Ethyltoluene 	 37.21 0.10 	0.17 	0.13 	0.10 	0.19 	0.07 	0.15 	0.70 	2.25 	0.08 
1,2,4-Trimethylbenzene 	 157.94 0.30 	0.59 	0.45 	0.33 	0.63 	0.21 	0.59 	3.19 	12.50 	0.29 
Decane 	 194.17 0.45 	0.95 	0.66 	0.46 	0.89 	0.27 	0.91 	5.96 	2.82 	0.38 
1,2,3-Trimethylbenzene 	 42.87 0.10 	0.19 	0.13 	0.11 	0.20 	0.06 	0.19 	1.10 	2.19 	0.10 
p-Cymene (1-Methy1-4-iso-propylbenzen 	10.03 0.15 	0.10 	0.11 	0.10 	0.10 	0.10 	0.07 	0.20 	0.19 	0.06 
1,3-Diethylbenzene 	 10.01 	ND 	0.06 	ND 	<DL 	0.05 	ND 	0.06 	0.23 	0.45 	ND 
1,4-Diethylbenzene 	 35.34 0.13 	0.16 	ND 	0.13 	0.15 	NDR 	0.19 	0.98 	1.61 	0.12 
n-Butylbenzene 	 11.79 0.06 	0.09 	0.05 	0.07 	0.06 	0.08 	0.06 	0.26 	0.43 	0.04 
Undecane 	 341.69 1.04 	1.70 	1.20 	0.67 	1.05 	0.27 	1.68 	15.65 	5.43 	0.41 
Naphthalene 	 64.66 0.42 	0.24 	0.21 	0.19 	0.13 	0.66 	0.48 	3.87 	2.24 	0,13 
Dodecane 	 597.33 1.77 	2.92 	1.82 	0.79 	1.57 	0.26 	2.93 	45.9 	12.6 	0.57 
Hmlbenzene 	 13.07 0.11 	ND 	0.08 	ND 	0.08 	0.10 	0.11 	1.25 	0.40 	0.07 

<DL  Lower then Detectable Limits 
ND 0  Not detected 
NDR =  Net  detected due to "out of spec" Ion ratio(s) 
XS = Concentration exceeded detector range 
Propane values corrected for Blank 
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Table 19-2 VOCs Measured in Summa Canisters- Mobile 1997 

Bum Identification 9m2ar1 Bm2Br1 0m20r2 Bm2Br2 Bm2Br2 0m213r2 Bm2Br2 BM2Br3 Bm2Br3 Bm2Br3 Bm2Br3 
Location DW1c UW1B DW1A DW1B DW2B DW1C UW1B DW1A DW1B 0W26 DW1C 

AU values in pg/m3  Position  214% som soe, 72m 170% som 	15rn 189., 30m 214°, 30m 25°, 72m  170% 30m 1B6, 15m 109., som 214°, som  

TOTAL VOC (pg/m3) 32 	22 	38 	61 	31 	68 	14 	28 	129 	67 	48 
Propene 	 0.27 	0.35 	1.06 	1.32 	0.86 	0.94 	0.18 	0.59 	1.01 	0.99 	0.61 
Propane 	 3.12 	2.57 	2.67 	224 	229 	2.53 	228 	2.36 	2.67 	2.39 	3.92 
Isobutane (2-Methylpropane) 	 0.53 	0.45 	0.61 	0.43 	0.39 	0.40 	0.38 	0.40 	0.51 	0.45 	1.25 
1-Butene/2-Methylpropene 	 0.35 	0.56 	1.26 	1.68 	0.84 	0.83 	0.36 	0.60 	0.77 	0.79 	0.66 
1,3-Butadiene 	 ND 	< DL 	0.20 	0.28 	0.16 	0.18 	ND 	0.11 	0.22 	0.23 	0.12 
Butane 	 1.51 	1.19 	2.05 	1.01 	0.87 	0.97 	0.89 	0.97 	1.19 	1.02 	1.80 
Isoprene (2-Methy1-1,3-Butadiene) 	0.47 	1.54 	0.48 	0.60 	0.47 	0.59 	0.94 	1.03 	1.03 	1.03 	0.90 
t-2-Pentene 	 ND 	ND 	0.14 NDR 	ND 	NDR 	ND 	ND 	0.07 	ND 	<DL 
2-Methy1-2-Butene 	 ND 	0.07 	0.22 	0.12 	0.09 	0.07 	ND 	ND 	0.11 	0.08 	0.06 
2,2-Dimethylbutane 	 <DL 	0.13 	0.27 	NDR 	NDR 	NDR  <DL <DL 	<DL 	0.13 	0.15 
Cyclopentane 	 0.08 	ND 	0.14 	ND 	ND 	ND 	0.05 	0.06 	0.08 	0.07 	0.16 
2,3-Dimethylbutane 	 0.12 	0.10 	0.29 	0.10 	0.10 	0.12 	0.08 	0.09 	0.15 	0.10 	0.23 
2-Methylpentane 	 0.42 NDR NDR NDR NDR NDR NDR NDR NDR NDR NDR 
3-Methylpentane 	 0.31 	NDR 	0.84 	NDR 	NDR 	NDR 0.25 	NDR 	0.42 	0.35 	0.68 
1-Hexene/2-Methy1-1-Pentene 	 ND 	0.25 	0.40 	0.32 	0.23 	0.25 	<DL 	ND 	<DL 	0.26 	0.22 
Hexane 	 0.81 	1.34 	5.77 	2.40 	4.31 	3.59 	2.17 	1.35 	2.47 	2.69 	5.10 
Methylcyclopentane 	 NDR 	0.22 	0.82 	0.38 	0.57 	0.58 	NDR 	0.26 	0.47 	0.43 	0.85 
2,4-Dimethylpentane 	 0.10 	ND 	0.16 	ND 	0.11 	ND 	ND 	ND 	0.15 	0.09 	0.14 
Benzene 	 1.43 	0.83 	1.46 	2.63 	1.13 	2.44 	0.44 	0.94 	2.73 	2.14 	1.34 
Cyclohexane 	 0.27 	NDR NDR 	0.15 	0.10 	0.25 	NDR 	0.07 	NDR 	0.14 	0.37 
2-Methylhexane 	 0.33 	0.14 	0.25 	0.27 	NDR 	0.38 	NDR 	0.14 	0.30 	0.28 	0.49 
2,3-Dimethylpentane 	 0.13 NOR 0.18 	NDR NDR NDR 	ND 	NDR NDR NDR 	0.20 
3-Methylhexane 	 NDR NDR NDR NDR NDR NDR NDR NDR NDR NDR NDR 
2,2,4-Trimethylpentane 	 0.23 	0.18 	0.40 	0.26 	0.23 	028 	0.12 	0.29 	0.30 	025 	029 
Heptane 	 1.07 	0.32 	0.44 	0.57 	0.34 	0.90 	0.27 	0.23 	0.61 	0.48 	0.96 
Methylcyclohexane 	 0.71 	0.06 	0.14 	0.48 	0.20 	0.72 	<DL 	0.15 	0.54 	0.39 	0.76 
2 5-Dimethylhexane 	 0.10 	ND 	0.10 	NDR 	NDR 	NDR 	ND 	0.07 	0.12 	0.10 	NDR 
2,4-Dimethylhexane 	 0.16 	ND 	<DL NDR NDR NDR 	ND 	<DL 	0.13 	NDR NDR 
2,3,4-Trimethylpentane 	 ND 	ND 	0.16 	ND 	ND 	0.16 	ND 	NDR 	NDR 	0.10 	0.13 
Toluene 	 2.14 	2.26 	3.81 	3.00 	1.86 	3.10 	1.02 	1.79 	4.97 	2.88 	3.53 
2-M ethylheptane 	 0.61 	ND 	0.13 	0A6 	ND 	0.57 	ND 	0.14 	0.44 	0.35 	0.53 
4-Methylheptane 	 0.12 	ND 	0.18 	0.20 	ND 	0.22 	0.11 	0.07 	0.21 	0.17 	0.26 
3-Methylheptane 	 0.33 	0.11 	0.13 	0.22 	ND 	0.31 	ND 	0.10 	0.31 	0.21 	0.33 
2,2,5-Trimethylhexane 	 ND 	ND 	0.10 	0.08 	0.07 	0.10 	ND 	0.09 	0.08 	0.08 	0.07 
1-Octene 	 ND 	0.40 	0.17 	0.27 	0.17 	0.18 	0.22 	ND 	0.18 	0.12 	0.20 
Octane 	 1.24 	0.32 	0.36 	0.88 	0.50 	1.29 	0.30 	0.32 	1.19 	0.72 	1.21 
t-1,2-Dimethylcyclohexane 	 0.19 	ND 	ND 	0.20 	0.17 	0.21 	ND 	0.08 	0.22 	0.17 	0.23 
Ethylbenzene 	 0.51 	0.69 	0.45 	0.66 	0.30 	0.60 	0.14 	0.34 	0.96 	0.57 	0.64 
m,p-Xylene 	 1.67 	1.93 	1.60 	2.94 	1.14 	2.74 	0.39 	1.12 	4.40 	2.42 	2.46 
Styrene 	 0.12 	0.11 	0.08 	0.20 	0.11 	0.14 	0.06 	0.12 	0.24 	0.16 	0.21 
o-Xylene 	 0.63 	0.51 	0.54 	1.32 	0.51 	1.27 	0.14 	0.46 	2.23 	1.17 	0.99 
Nonane 	 1.13 	0.26 	0.29 	1.82 	0.69 	1.78 	0.27 	0.58 	3.03 	1.56 	1.38 
iso-Propylbenzene 	 0.07 	0.04 	0.05 	0.10 	0.04 	0.10 	<DL 	0.05 	0.17 	0.10 	0.08 
n-Propylbenzene 	 0.11 	0.06 	0.12 	0.24 	0.10 	0.23 	<DL 	0.12 	0.38 	0.22 	0.18 
3-Ethyltoluene 	 0.24 	0.14 	0.35 	0.73 	0.29 	0.63 	0.07 	0.33 	1.27 	0.68 	0.52 
4-Ethyltoluene 	 0.13 	<DL 	0.19 	0.35 	0.15 	0.31 	<DL 	0.17 	0.62 	0.34 	0.26 
1,3,5-Trimethylbenzene 	 0.22 	0.07 	0.18 	0.62 	0.22 	0.55 	0.04 	0.25 	1.22 	0.61 	0.40 
2-Ethyltoluene 	 0.14 	0.07 	0.15 	0.42 	0.16 	0.36 	<DL 	0.16 	0.79 	0.40 	0.26 
1,2,4-Trimethylbenzene 	 0.59 	0.22 	0.58 	1.83 	0.63 	1.58 	0.11 	0.74 	3.67 	1.80 	1.15 
Decane 	 0.98 	0.18 	0.34 	2.82 	0.92 	2.60 	0.22 	1.01 	7.05 	3.35 , 1.48 
1,2,3-Trimethylbenzene 	 0.19 	0.06 	0.13 	0.61 	0.19 	0.54 	<DL 	0.24 	1.34 	0.64 	0.34 
p-Cymene (1-Methy1-4-iso-propylbenzen 	0.05 	ND 	ND 	0.12 	ND 	0.11 	ND 	0.05 	0.23 	0.12 	0.08 
1,3-Diethylbenzene 	 <DL 	ND 	0.05 	0.12 	0.06 	0.11 	ND 	0.06 	027 	0.15 	0.07 
1,4-Diethylbenzene 	 0.18 	0.11 	0.13 	0.48 	0.18 	0.45 	0.06 	0.22 	1.11 	0.53 	0.28 
n-Butylbenzene 	 0.07 	0.05 	0.04 	0.14 	0.06 	0.14 	0.05 	0.06 	0.29 	0.16 	0.10 
Undecane 	 1.61 	0.15 	0.62 	6.08 	2.00 	5.64 	0.23 	2.36 	19.6 	8.80 	1.78 
Naphthalene 	 0.40 	0.17 	0.14 	1.26 	0.37 	1.19 	0.18 	0.33 	1.93 	0.74 	0.39 
Dodecane 	 3.07 	0.32 	0.84 	13.8 	4.48 	12.4 	0.36 	4.43 	50.5 	19.5 	2.81 
Hfflrylbenzene 	 0.14 	ND 	ND 	0.47 	NDR 	0.32 	NDR 	0.16 	NDR 	0.47 	0.18 

<DL = Lower then Detectable LIrnits 

NP = Not detected 
NDR = Not detected due to "out of spec" Ion ratio(s) 

XS = Concentration exceeded detector range 
Propane values corrected for Blank 
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Table 19-3 VOCs Measured in Summa Canisters- Mobile 1997 

Burn Identification Bm2Br3 Bm3Br1 Bm3Br1 Bm313r1 Bm3Br1 Bm3Br1 Bm3Br1 Bm3Br1 Bm3Br1 Bm3Br1 Bm3Br1 
Location uwiEt DW1A DW1B DW2B DW1C 	S1A 	S2A 	S3A 	S1C 	52C 	S3C 

All values in pg/tn3  Position  25°, 72m 170°, 30m 186°, 15m 189°, 30m 214*, 30m se, asm  110°, 45m 142°, 42m aar, 35m zes°,  45m 238% 25m  

	

TOTAL VOC (pg/e) 18 	96 	86 	97 	91 	116 	373 	77 	192 	222 	208 
Propene 	 0.20 	1.58 	1.36 	1.30 	1.30 	1.32 	1.36 	0.51 	0.60 	0.76 	0.54 
Propane 	 2.65 	7.80 	7.30 	7.86 	7.69 	2.94 	3.58 	2.60 • 3.88 	4.37 	4.11 
Isobutane (2-Methylpropane) 	 0.51 	4.16 	3.92 	3.88 	4.12 	0.49 	2.28 	0.48 	1.36 	1.31 	1.21 
1-Butene/2-Methylpropene 	 0.34 	1.29 	1.00 	1.05 	0.86 	1.46 	3.06 	0.84 	1.13 	1.61 	1.27 
1,3-Butadiene 	 ND 	0.25 	0.20 	0.15 	0.16 	0.18 	0.21 	0.08 	0.10 	0.10 	0.13 
Butane 	 1.19 	8.25 	7.80 	8.03 	7.98 	1.22 	9.23 	1.14 	3.99 	2.85 	2.73 
Isoprene (2-Methy1-1,3-Butadiene) 	1.16 	222 	2.15 	2.22 	2.13 	0.80 	1.22 	0.52 	1.31 	1.18 	1.02 
t-2-Pentene 	 ND 	0.15 	0.16 	0.14 	0.16 	0.07 	0.83 	<DL 	0.23 	NDR 	NDR 
2-Methy1-2-Butene 	 ND 	0.16 	0.18 	0.21 	0.20 	0.20 	1.20 	0.12 	0.34 	0.23 	0.15 
2,2-Dimethylbutane 	 < DL 	0.62 	0.57 	0.52 	0.57 	0.14 	1.10 	< DL 	0.25 	0.34 	0.26 
Cyclopentane 	 0.06 	0.43 	0.37 	0.40 	0.39 	ND 	0.92 	0.08 	0.27 	0.16 	0.19 
2,3-DImethylbutane 	 0.13 	0.84 	0.71 	0.75 	0.76 	0.53 	2.59 	0.39 	0.91 	1.00 	0.86 
2-Methylpentane 	 NDR 	2.88 	NDR 	2.25 	2,30 	3.57 	12.9 	2.63 	4.51 	7.50 	5.94 
3-Methylpentane 	 0.37 	1.66 	1.49 	1.59 	1.53 	3.56 	12.7 	2.62 	4.57 	7.35 	6.83 
1-Hexene/2-Methy1-1-Pentene 	 <DL 	0.35 	0.29 	0.43 	0.25 	0.89 	2.63 	0.61 	0.92 	1.65 	1.40 
Hexane 	 2.99 	2.09 	1.79 	2.34 	1.90 	65.8 	166 	43.0 	70.7 	130 	119 
Methylcyclopentane 	 0.40 	0.80 	0.79 	0.82 	0.79 	7.84 	20.1 	5.23 	10.0 	17.1 	16.0 
2,4-Dimethylpentane 	 ND 	0.62 	0.56 	0.59 	0.62 	0.41 	1.72 	0.28 	0.78 	0.84 	0.76 
Benzene 	 0.59 	4.33 	3.92 	3.96 	4.05 	1.39 	5.64 	0.92 	2.40 	1.74 	1.74 
Cyclohexane 	 ND 	0.36 	0.30 	0.30 	0.28 	0.29 	0.70 	0.16 	1.11 	0.63 	0.74 
2-Methylhexane 	 0.15 	0.94 	0.94 	1.08 	0.99 	0.53 	1.91 	0.33 	1.89 	1.16 	1.12 
2,3-Dimethylpentane 	 ND 	0.84 	0.80 	0.88 	0.86 	0.25 	1.48 	0.15 	0.83 	NDR 	0.53 
3-Methylhexane 	 NDR 	1.11 	0.98 	NDR 	1.04 NDR 	1.97 	NDR 	1.73 	NDR 	1.03 
2,2,4-Trimethylpentane 	 0.17 	1.92 	1.70 	1.77 	1.83 	0.59 	2.31 	0.30 	3.09 	1.03 	0.85 
Heptane 	 0.26 	0.91 	0,83 	1.42 	0.93 	0.40 	1.31 	0.25 	3.25 	1.02 	1.16 
Methylcyclohexane 	 0.08 	0.44 	0.37 	0.41 	0.40 	NDR 	0.42 	0.13 	2.98 	0.76 	0.88 
2,5-Dimethylhexane 	 ND 	0.26 	0.24 	0.28 	0.25 	0.16 	0.46 	0.10 	0.72 	0.27 	0.26 
2 4-Dimethylhexane 	 ND 	0.31 	0.30 	0.33 	0.31 	0.20 	0.57 	0.10 	0.72 	0.38 	0.35 
2,3,4-Trimethylpentane 	 0.10 	0.59 	0.54 	0.55 	0.54 	0.17 	0.72 	0.14 	1.28 	0.38 	0.33 
Toluene 	 1.36 	9.76 	9.56 	9.74 	9.70 	7.06 	34.7 	4.36 	14.1 	11.0 	11.7 
2-Methylheptane 	 <DL 	0.40 	0.33 	0.48 	0.39 	0.17 	0.55 	0.14 	2.01 	0.54 	0.70 
4-Methylheptane 	 0.10 	0.17 	0.16 	0.20 	0.19 	1.28 	2.19 	0.65 	2.11 	2.05 	2.30 
3-Methylheptane 	 0.13 	0.41 	0.33 	0.52 	0.35 	0.24 	0.51 	0.13 	1.31 	0.42 	0.47 
2,2,5-Trimethylhexane 	 ND 	0.31 	0.28 	0.33 	0.30 	0.19 	0.42 	0.07 	0.95 	0.26 	0.22 
1-Octene 	 0.17 	ND 	ND 	0.37 	ND 	ND 	0.35 	0.16 	0,39 	0.29 	0.44 
Octane 	 028 	0.60 	0.53 	1.31 	0.67 	0.27 	0.66 	0.23 	3.87 	0.91 	1.21 
t-1,2-Dimethylcyclohexane 	 ND 	0.11 	0.08 	0.10 	0.11 	ND 	ND 	ND 	0.80 	0.20 	0.32 
Ethylbenzene 	 0.22 	1.68 	1.64 	1.67 	1.62 	0.57 	3.09 	0.37 	1.77 	0.90 	0.87 
m,p-Xylene 	 0.59 	5.24 	5.04 	5.21 	5.09 	1.75 	12.2 	1.21 	7.01 	3.03 	3.03 
Styrene 	 0.08 	<DL 	0.11 	0.27 	0.08 	0.37 	0.22 	0.13 	0.13 	0.18 	ND 
o-Xylene 	 0,23 	1.78 	1.71 	1.78 	1.69 	0.62 	3.60 	0.42 	2.68 	1.09 	1.19 
Nonane 	 0.29 	0,89 	0.67 	1.53 	0.81 	0.27 	0.73 	0.24 	3.17 	0.89 	1.14 
iso-Propylbenzene 	 <DL 	0.17 	0.16 	0.18 	0.16 	0.06 	0.20 	0.05 	0.22 	0.11 	0.10 
n-Propylbenzene 	 0.05 	0.39 	0.37 	0.36 	0.35 	0.13 	0.71 	0.09 	0.54 	0.19 	0.21 
3-Ethyltoluene 	 0.12 	1.06 	1.05 	1.17 	1.06 	0.44 	2.06 	0.22 	1.62 	0.55 	0.49 
4-Ethyltoluene 	 <DL 	0.49 	0.49 	0.53 	0.53 	0.21 	1.16 	0.13 	0.73 	0.29 	0.23 
1,3,5-Trimethylbenzene 	 0.07 	0.39 	0.41 	0.54 	0.47 	0.23 	0.77 	0.10 	0.63 	026 	0.13 
2-Ethyltoluene 	 0.05 	0.42 	0.41 	0.46 	0.41 	0.17 	0.70 	0.09 	0.67 	0.24 	0.24 
1,2 4-Trimethylbenzene 	 0.19 	1.41 	1.46 	1.71 	1.55 	0.71 	3.02 	0.35 	2.39 	0.91 	0.59 
Decane 	 0.22 	1.06 	0.87 	1.44 	0.82 	0.34 	0.97 	0.24 	2.59 	1.02 	1.16 
1,2,3-Trimethylbenzene 	 0.05 	0.32 	0.33 	0.39 	0.34 	0.15 	0.57 	0.09 	0.55 	0.23 	0.16 
p-Oymene (1-Methy1-4-iso-propylbenzen 0.05 	0.10 	0.11 	0.11 	0.08 	ND 	0.09 	ND 	0.15 	0.12 	0.09 
1,3-Diethylbenzene 	 ND 	0.09 	0.10 	0.14 	0.09 	0.06 	0.15 	<DL 	0.16 	0.07 	<DL  
1,4-Diethylbenzene 	 0.07 	0.29 	0.26 	0.35 	0.34 	0.15 	0.46 	0.10 	0.41 	0.18 	0.20 
n-Butylbenzene 	 0.03 	0.08 	0.07 	0.11 	0.08 	0.04 	0.12 	0.04 	0.11 	0.07 	0.06 
Undecane 	 0.18 	1.07 	0.86 	1.41 	0.78 	0.18 	0.92 	0.22 	1.72 	0.88 	0.97 
Naphthalene 	 0.16 	0.12 	0.22 	0.75 	0.36 	0.27 	0.16 	0.11 	0.09 	0.22 	0.12 
Dodecane 	 0.36 	0.96 	0,74 	1.60 • 0.73 	0.24 	0.87 	0.26 	1.39 	1.01 	1.09 
Hexylbenzene 	 ND 	0.08 	0.05 NDR 	ND 	ND 	ND 	0.06 	ND 	ND 	ND 

<01 .0 Lower then Detectable Limits 
ND = Not detected 
NDR 0 Not detected due to "out of spec" ion ratio(s) 
XS  0  Concentration exceeded detector range 
Propane values corrected for Blank 
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Table 19-4 VOCs Measured in Summa Canisters- Mobile 1997 

	

Bm3aBrl&13m Bm3aBr1 + 	Bm3aBri + 
Burn Identification Bm3Br1 Bm3Br1 Bm3aBr1 Bm3aBr1 Bm3aBrl Bm3aBr1 Bm3aBr1 	4Br1,2,3 	BM4Br1, 2 & 3 Bm4Br1, 2 & 3 

	

Location uw113 UW1B DW1A 	DW1B DW2B DW1C UW1B 	S1A 	 SIC 	 32A 

	

All values in liginn3  Position  25°, 72m 25°, 72m 170°, 30m 188°, 15m 189 °, 30m 214°, 30m 25°, 72m 	53°, 45m 	341°, 35m 	110% 45m  

TOTAL VOC (pg/m3) 106 	191 	144 	120 	135 	127 	142 	107 	111 	107 
Propene 	 1.44 	0.51 	2.13 	1.90 	2.46 	2.02 	3.29 	2.43 	1.39 	2.19 
Propane 	 8.07 	4.37 	12.4 	11.4 	12.2 	11.5 	12.8 	8.41 	8.27 	9.90 
lsobutane (2-Methylpropane) 	 4.72 	1.25 	6.37 	6.58 	5.45 	5.80 	5.75 	3.41 	3.17 	3.43 
1-Butene/2-Methylpropene 	 1.13 	1.40 	1.55 	1.33 	1.35 	1.28 	315 	1.74 	1.22 	1.42 
1,3-Butadiene 	 0.16 	ND 	0.31 	0.27 	0.26 	0.29 	0.26 	0.27 	0.14 	0.26 
Butane 	 9.01 	2.55 	12.0 	11.8 	11.0 	11.3 	11.9 	7.10 	7.34 	6.84 
Isoprene (2-Methy1-1,3-Butadiene) 	2.62 	0.99 	0.95 	0.97 	0.46 	0.93 	1.15 	1.12 	1.69 	1.13 
t-2-Pentene 	 0.19 	< DL 	0.27 	0.26 	0.27 	0.23 	0.34 	0.17 	0.20 	0.15 
2-Methy1-2-Butene 	 0.24 	0.11 	0.28 	0.30 	0.31 	0.25 	0.33 	0.29 	0.29 	0.25 
2,2-Dimethylbutane 	 0.60 	0.25 	0.90 	0.74 	0.85 	0.79 	0.97 	0.48 	0.52 	0.53 
Cyclopentane 	 0.48 	0.15 	0.59 	0.58 	0.66 	0.60 	0.67 	0.37 	0.36 	0.30 
2,3-Dimethylbutane 	 0.87 	0.83 	1.16 	1.06 	1.21 	1.04 	1.19 	0.69 	0.76 	0.62 
2-Methylpentane 	 NDR 6.29 	3.98 	3.24 	3.82 	3.49 	N DR 	NDR 	2.22 	2.16 
3-Methylpentane 	 1.71 	7.07 	2.26 	2.19 	2.29 	2.13 	2.36 	1.40 	1.70 	1.45 
1-Hexene/2-Methy1-1-Pentene 	 0.32 	1.27 	0.61 	0.61 	0.72 	0.58 	0.71 	0.42 	0.79 	0.42 
Hexane 	 1.94 	122 	3.23 	2.86 	2.89 	2.55 	3.50 	3.05 	335 	3.88 
Methylcyclopentane 	 0.84 	14.4 	1.37 	1.17 	NDR 	1.08 	NDR 	NDR 	1.31 	1.10 
2,4-Dimethylpentane 	 0.65 	0.66 	0.81 	0.72 	0.75 	0.62 	0.78 	0.45 	0.55 	0.39 
Benzene 	 4.80 	1.10 	6.89 	5.74 	6.17 	6.48 	6,05 	3.42 	4.01 	4.08 
Cyclohexane 	 0.33 	0.38 	0.52 	0.49.  0.43 	0.49 	0.60 	0.39 	0.76 	0.43 
2-Methylhexane 	 1.04 	0.70 	1,42 	1.58 	1.51 	1.25 	1.46 	0.97 	1.21 	0.74 
2,3-Dimethylpentane 	 0.84 	0.44 	1.14 	1.06 	1.20 	0.96 	1.13 	NDR 	0.73 	NDR 
3-Methylhexane 	 NDR 0.68 NDR 	1.56 	NDR NOR NDR 	NDR 	1.25 	NDR 
2,2,4-Trimethylpentane 	 2.09 	0.43 	2.38 	238 	2.79 	2.18 	2.73 	2.31 	1.92 	1.31 
Heptane 	 0.92 	0.46 	1.27 	1.11 	1.33 	1.07 	1.65 	1.05 	1.96 	0.92 
Methylcyclohexane 	 0.41 	0.16 	0.69 	0.69 	0.69 	0.61 	0.97 	0.62 	1.63 	0.50 
2,5-Dimethylhexane 	 0.34 	0.13 	0.38 	0.41 	0.46 	0.36 	0.48 	0.34 	0.37 	0.22 
2,4-Dimethylhexane 	 0.46 	0.19 	0.70 	0.57 	0.95 	0.64 	NDR 	0.45 	0.42 	0.31 
2,3,4-Trimethylpentane 	 0.69 	0.13 	0.77 	0,83 	1.07 	0.77 	0.98 	0.91 	0.79 	0.53 
Toluene 	 13.7 	8.40 	19.9 	13.7 	19.5 	17.0 	18.3 	8.25 	11.3 	9.27 
2-Methylheptane 	 0.65 	0.19 	0.68 	0.69 	0.74 	0.55 	1.07 	0.55 	1.20 	0.41 
4-Methylheptane 	 0.16 	1.49 	0.30 	0.28 	NDR 	0.23 	NDR 	0.23 	0.39 	0.25 
3-Methylheptane 	 0.42 	0.24 	0.64 	0.55 	0.67 	0.64 	0.86 	0.40 	0.69 	0.31 
2,2,5-Trimethylhexane 	 0.44 	0.09 	0.47 	0.46 	0.62 	0.43 	0.60 	0.57 	0.54 	0.32 
1-Octene 	 0.25 	ND 	0.19 	ND 	0.18 	0.20 	ND 	0.40 	0.59 	0.50 
Octane 	 0.65 	0.28 	0.86 	0.52 	0.91 	0.70 	1.29 	0.80 	2.22 	0.84 
t-1,2-Dimethylcyclohexane 	 0.23 	ND 	0.17 	0.10 	0.14 	0.11 	0.23 	ND 	0.42 	ND 
Ethylbenzene 	 2.06 	0.58 	3.08 	1.73 	2.28 	2.32 	2.59 	1.43 	1.70 	1.36 
m,p-Xylene 	 6.24 	1.72 	8.55 	4.77 	7.54 	7.38 	8.27 	4.53 	5.94 	4.25 
Styrene 	 0.15 	<DL 	0.28 	0.07 	0.46 	0.26 	0.27 	0.19 	0.21 	0.27 
o-Xylene 	 2.10 	0.61 	2.68 	2.25 	2.70 	2.32 	2.90 	1.65 	2.24 	1.46 
Nonane 	 0.85 	0.37 	0.74 	0.28 	0.72 	0.64 	1.21 	2.15 	2.07 	2.57 
iso-Propylbenzene 	 0.21 	0.06 	0.27 	0.22 	0.21 	0.23 	0.27 	0.21 	0.24 	0.20 
n-Propylbenzene 	 0.49 	0.12 	0.55 	0.20 	0.55 	0.51 	0.61 	0.59 	0.58 	0.46 
3-Ethyltoluene 	 1.42 	0.22 	1.77 	0.82 	1.84 	1.61 	1.87 	1.88 	1.67 	1.52 
4-Ethyltoluene 	 0.70 	0.12 	0.87 	0.20 	0.88 	0.75 	0.93 	0.85 	0.85 	0.67 
1,3,5-Trimethylbenzene 	 0.68 	0.04 	0.82 	120 	0.89 	0.74 	0.87 	0.95 	0.90 	0.82 
2-Ethyltoluene 	 0.57 	0.12 	0.67 	0.51 	0.67 	0.60 	0.73 	0.73 	0.69 	0.60 
1,2,4-Trimethylbenzene 	 2.47 	0.23 	2.80 	1.56 	2.80 	2.40 	2.82 	2.59 	2.57 	2.18 
Decane 	 1.27 	0.47 	0.93 	0.15 	0.63 	0.74 	1.15 	9.51 	1.55 	8.87 
1,2,3-Trimethylbenzene 	 0.49 	0.07 	0.58 	0.46 	0.54 	0.52 	0.58 	0.53 	0.56 	0.47 
p-Cymene (1-Methy1-4-iso-propylbenzen 	0.15 	ND 	0.14 	0.19 	0.09 	0.09 	0.16 	0.18 	0.15 	0.13 
1,3-Diethylbenzene 	 0.15 	ND 	0.31 	0.12 	0.17 	0.29 	0.26 	0.19 	020 	0.18 
1,4-Diethylbenzene 	 0.39 	ND 	0.50 	MDR 	0.45 	0.49 	0.51 	0.44 	0.46 	0.45 
n-Butylbenzene 	 0.14 	0.03 	0.15 	0.04 	0.13 	0.13 	0.14 	0.15 	0.14 	0.16 
Undecane 	 1.08 	0.25 	0.88 	0.08 	0,54 	0.66 	1.05 	6,47 	1.33 	4.99 
Naphthalene 	 0.58  <DL 	0.86 	0.08 	0.82 	0.75 	0.73 	0.44 	0.60 	0.69 
Dodecane 	 0.91 	0.23 	0.66 	ND 	0.50 	0.51 	0.97 	4.04 	1.38 	3.48 
Hexylbenzene 	 ND 	ND 	ND 	ND 	ND 	0.06 	ND 	0.08 	0.11 	NDR 

<DL  = Lower then Detectable Limits 
140 = Not detected 
NDR = Not detected due to "out of spec" ion ratio(s) 
XS = Concentration exceeded detector range 
Propane values corrected for Blank 
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Table 19-5 VOCs Measured in Summa Canisters- Mobile 1997 

	

Bm3aBrl + 	Bm3aBri + 	Bm3a8ri + 	Bm3aBr1 + 
Burn Identification Bm4Bri, 2 8, 3 Bm4Bri, 2 & 3 Bm4Br1, 2 & 3 Bm4Br1, 2 & 3 Bm4BrI Bm4Br1 Bm4Br1 Bm4Br1 Bm4Bri Bm4Br2 

	

Location 	52C 	 S3A 	 S3C 	 L1W.113 	DW1A 	DW1B 0W2B OW1C LIW1B DW1A 

	

All values in pgim Position  286°, 45m 	142 , 42m 	238°, 25m 	25°, 72m 	170°, 30m 186°, 15m 189°,  30M 214°, 30m 25°, 72 1n 170°, 30m  

	

TOTAL VOC (pen') 	91 	92 	114 	118 	117 	143 	116 	197 	224 	47 
Propene 	 1.87 	2.03 	1,84 	3.36 	3.26 	2.81 	2.83 	2.82 	4.55 	0.81 
Propane 	 10.4 	10.3 	9.79 	9.63 	11.9 	122 	11.9 	11.8 	12.2 	6.81 
I sobutane (2-Methylpropane) 	 3.63 	3.47 	3.43 	3.49 	4.46 	4.63 	4.75 	5.60 	5.01 	2.16 
1-Butene/2-Methylpropene 	 1.34 	1.35 	1.45 	2.15 	0.87 	0.85 	0.76 	0.82 	2,59 	1.19 
1,3-Butadiene 	 0.24 	0.23 	0.19 	0.19 	0.21 	0.19 	0.20 	0.19 	0.39 	0.14 
Butane 	 7.71 	6.85 	7.33 	8.19 	8.98 	10.1 	9.94 	15.6 	13.7 	3.95 
Isoprene (2-Methy1-1,3-Butadiene) 	 1.21 	0.98 	1.15 	1.73 	0.52 	0.68 	0.64 	0.78 	1.14 	1.70 
t-2-Pentene 	 0.15 	0.13 	0.15 	0.31 	0.17 	0.24 	0.22 	0.69 	0.78 	ND 
2-Methy1-2-8utene 	 0.21 	0.23 	0.24 	0.51 	0.19 	0.32 	0.26 	1.07 	1.38 	0.13 
22-Dimethylbutane 	 0.57 	0.59 	0.62 	0.53 	0.68 	0.72 	0.69 	1.21 	0.69 	0.18 
Cyclopentane 	 0.38 	0.32 	0.38 	0.41 	0.45 	0.59 	0.51 	1.21 	0.57 	0.09 
2,3-Dimethylbutane 	 0.71 	0.64 	0.62 	0.93 	0.75 	0.85 	0.80 	1.70 	2.01 	0.23 
2-Methylpentane 	 2.43 	2.23 	2.56 	2.23 	2.63 	2.95 	2.66 	5.25 	4.04 	0.80 
3-Methylpentane 	 1.61 	1.40 	1.64 	1.77 	1.95 	2.15 	2.01 	3.69 	2.82 	0.52 
1-Hexene/2-Methy1-1-Pentene 	 0.38 	0.39 	0.39 	0.47 	0.29 	0.34 	0.28 	0.54 	0.73 	‹ DL 
Hexane 	 3.93 	2.97 	4.53 	3.74 	3.19 	4.57 	3.48 	5.77 	3.86 	1.51 
Methylcyclopentane 	 1.20 	0.90 	1.31 	1.23 	1.16 	1.37 	1.21 	1.97 	1.83 	0.34 
2,4-Dimethylpentane 	 0.46 	0.40 	0.39 	0.68 	0.46 	0.49 	0.49 	1.00 	1.77 	0.19 
Benzene 	 3.99 	3.86 	4.18 	3.93 	4.40 	5.02 	4.79 	7.93 	4.60 	2.41 
Cyclohexane 	 0.37 	0.45 	0.49 	0.46 	0.50 	0.55 	0.49 	0.57 	0.59 	0.14 
2-Methylhexane 	 0.83 	0.83 	0.89 	1.03 	0.98 	1.17 	0.99 	1.47 	1.97 	0.34 
23-Dimethylpentane 	 0.57 	0.59 	0.58 	0.88 	0.63 	0.75 	0.67 	1.25 	1.95 	NDR 
3-Methylhexane 	 NDR 	NDR 	NDR 	NDR 	NDR 	NDR NDR 1.70 2.06 NDR 
2,2,4-Trimethylpentane 	 1.21 	1.28 	1.10 	4.25 	1.22 	1.51 	1.33 	2.18 	16.2 	0.82 
Heptane 	 1.01 	0.89 	1.17 	1.07 	1.18 	1.60 	1.07 	1.58 	2,04 	0.55 
Methylcyclohexane 	 0.61 	0.48 	0.75 	0.70 	0.93 	1.09 	0.71 	0.77 	1.65 	0.26 
2,5-Dimethylhexane 	 0.24 	0.24 	0.25 	0.57 	0.27 	0.31 	024 	0.39 	1.99 	0.16 
2,4-Dimethylhexane 	 0.23 	0.28 	0.36 	0.60 	0,32 	0.43 	0.33 	0.45 	1.86 	0.17 
2,3,4-Trimethylpentane 	 0.42 	0.51 	0.46 	1.78 	0.52 	0.56 	0.49 	0.77 	7.26 	0,35 
Toluene 	 9.41 	8.42 	9.87 	9.91 	12.7 	14.4 	15.1 	27.2 	17.1 	2.97 
2-Methylheptane 	 0.50 	0.41 	0.57 	0.62 	0.72 	1.02 	0.59 	0.91 	1.66 	0.27 
4-Methylheptane 	 0.24 	0.18 	0.27 	0.26 	0.27 	0.39 	0.21 	0.36 	0.57 	0.11 
3-Methylheptane 	 0.41 	0.30 	0.44 	0.55 	0.61 	0.65 	0.46 	0.72 	1.33 	0.18 
2,2,5-Trimethylhexane 	 0.25 	0.31 	0.25 	1.47 	0.28 	0.33 	0.30 	0.45 	5.61 	0.27 
1-Octene 	 0.15 	0.48 	0.50 	0.29 	ND 	0.24 	ND 	ND 	ND 	0.41 
Octane 	 0.85 	0.80 	1.09 	1.31 	1.41 	1.81 	1.03 	1.41 	2.82 	0.62 
t-1,2-Dimethylcyclohexane 	 0.17 	ND 	ND 	ND 	0.31 	0.35 	0.21 	0.24 	0.62 	0.08 
Ethylbenzene 	 1.30 	1.29 	1.38 	1.50 	1.67 	2.15 	1.91 	3.76 	2.82 	0.41 
m, p-Xylene 	 4.15 	4.13 	4.51 	4.95 	5.50 	8.75 	6.01 	13.4 	9.92 	1.16 
Styrene 	 0.19 	0.25 	0.24 	0.28 	0.26 	0.40 	0.29 	0.33 	0.36 	0.12 
o-Xylene 	 1.50 	1.51 	1.63 	1.92 	2.00 	3.32 	2.05 	3.90 	4.09 	0.51 
Nonane 	 0.86 	0.86 	2.88 	1.58 	1.89 	2.15 	1.12 	1.34 	3.06 	0.62 
Iso-Propylbenzene 	 0.16 	0.17 	0.21 	0.25 	0.21 	0.26 	0.18 	0.26 	0.57 	0.06 
n-Propylbenzene 	 0.36 	0.43 	0,44 	0.70 	0.57 	0.65 	0.51 	0.87 	1.83 	0.16 
3-Ethyltoluene 	 1.03 	1.28 	1.27 	2.18 	1.66 	1.92 	1.44 	2.40 	6.12 	0.40 
4-Ethyltoluene 	 0.55 	0.62 	0.61 	1.09 	0.83 	0.93 	0.71 	1.35 	2.93 	0.20 
1,3,5-Trimetheenzene 	 0.49 	0.63 	0.71 	1.15 	0.92 	1.08 	0.71 	1.23 	3.24 	023 
2-Ethyltoluene 	 0.41 	0.50 	0.56 	0.79 	0.70 	0.79 	0,55 	0.86 	2,21 	0.18 
1,2,4-Trimethylbenzene 	 1.50 	1.92 	1.85 	3.21 	2.58 	3.12 	2.11 	4.22 	8.99 	0.71 
Decane 	 0.92 	1.57 	9.82 	2.18 	2.20 	2.58 	1.15 	1.47 	2.55 	0.79 
1,2,3-Trimethylbenzene 	 0.35 	0.42 	0.46 	0.64 	0.64 	0.81 	0.48 	0.77 	1.63 	0.19 
p-Cymene (1-Methy1-4-iso-propylbenzen 	0.14 	014 	0.17 	0.13 	0.23 	0.26 	0.18 	0.24 	0.36 	0.10 
1,3-Diethylbenzene 	 0.13 	0.17 	0.16 	0.24 	0.13 	0.18 	0.12 	0.17 	0.55 	0.06 
1,4-Diethylbenzene 	 0.30 	0.40 	0.39 	0.58 	0.48 	0.69 	0.36 	0.62 	1.26 	0.21 
n-Butylbenzene 	 0.08 	0.12 	0.12 	0.14 	0.14 	1.89 	0.10 	0.21 	0.26 	0.07 
Undecane 	 0.94 	2.00 	6.58 	2.42 	2.96 	4.00 	1.14 	1.43 	2.07 	1.52 
Naphthalene 	 0.46 	0.58 	0.62 	0.82 	0.96 	1.32 	0.79 	1.16 	1.21 	0.32 
Dodecane 	 1.06 	2.83 	4.49 	2.40 	4.36 	6.23 	1.50 	1.48 	1.98 	3.03 
Hexylbenzene 	 0.08 	NDR 	0.11 	0.10 	ND 	ND 	ND 	0.14 	ND 	ND 

<DL  = Lower then Detectable Limits 
ND = Not detected 
NDR = Net  detected due to "out of spec" ion ratio(s) 
XS = Concentration exceeded detector range 
Propane values corrected for Blank 
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Table 19-6 VOCs Measured in Summa Canisters- Mobile 1997 

Burn Identification Bm49r2 Bm4Br2 Bm4Br2 9m49r2 Bm4Br3 Bm4Br3 Bm4Br3 Bm4Br3 0m49r3 Bm5Br1 Bm5Br1 
Location DW1B DW28 DW1C UW1B DW1A DW1B DW2B DW1C UW1B DW1A DW1B 

All values in pole Position  186 °, 15m 189°, 30M 214°, 30M 25°, 72m 170 0, 30m 186°, 15m  189°, 30m 214°, 30M 25°, 72m 170 0, 30m 186°, 15m  

TOTAL VOC (pgim) 440 	417 	80 	47 	32 	254 	65 	250 	18 	17 	112 
Propene 	 1.87 	1.45 	0.83 	1.62 	0.77 	1.08 	0.87 	1.71 	0.29 	0.47 	1.45 
Propane 	 7.63 	9.65 	7.45 	6.60 	2.08 	4.17 	6.51 	222 	2.50 	1.47 	2.35 
Isobutane (2-Methylpropane) 	 2.36 	5.04 	2.47 	2.67 	0.61 	0.61 	0.86 	0.62 	0.71 	0.30 	0.34 
1-Butene/2-Methylpropene 	 1.05 	1.55 	0.90 	2.99 	0.71 	1.00 	1.09 	1.32 	0.57 	0.40 	1.23 
1,3-Butadiene 	 0.66 	0.35 	0.23 	0.15 	0.12 	0.35 	0.22 	0.58 	ND 	0.08 	0.30 
Butane 	 4.62 	22.7 	4.71 	4.91 	1A9 	1A9 	2.33 	1.77 	1.63 	0.87 	1.07 
Isoprene (2-Methy1-1,3-Butadiene) 	2.18 	1.90 	2.11 	3.45 	1.09 	1.40 	0.52 	1.52 	2.01 	0.27 	0.46 
t-2-Pentene 	 0.14 	1.67 	0.10 	0.12 	ND 	NDR 	0,09 	0.11 	ND 	ND 	0.10 
2-Methy1-2-Butene 	 0.20 	2.58 	0.18 	NDR 	0.11 	0.10 	0.14 	0.14 	0.06 	ND 	0.12 
22-Dimethylbutane 	 0.24 	220 	0.22 	0,18 	0.13 	0.25 	0.18 	0.24 	0.14 	< DL 	< DL 
Cyclopentane 	 0.25 	2.14 	0.14 	0.14 	0.10 	0.15 	0.16 	0.14 	ND 	ND 	0.09 
2,3-Dimethylbutane 	 0.34 	3.12 	0.29 	0.20 	0.15 	0.19 	0.20 	0.15 	0.11 	ND 	0.13 
2-Methylpentane 	 1.41 	10.6 	1.12 	NDR NDR 	NDR 	ND  R 	NDR 0.38 	0.19 	NDR 
3-Methylpentane 	 0.90 	6.45 	0.67 	0.58 	0.27 	0.58 	0.59 	0.50 	0.25 	0.14 	0.30 
1-Hexene/2-Methy1-1-Pentene 	 0.49 	0.94 	0.36 	0.42 	< DL 	0.36 	0.26 	0.67 	< DL 	< DL 	0.31 
Hexane 	 2.99 	9.02 	1.56 	1.42 	0.60 	1.44 	1.16 	1.17 	0.46 	0.27 	0.79 
Methylcyclopentane 	 0.83 	2.65 	0.46 NDR NDR 	NDR 	0.31 	NDR 0.14 NDR 	NDR 
2,4-Dimethylpentane 	 0.24 	1.60 	0.24 	ND 	ND 	0.19 	0.13 	0.15 	0.07 	ND 	0.12 
Benzene 	 9.67 	12.7 	3.70 	2.28 	2.80 	6.23 	3.21 	8.28 	0.82 	1.88 	4.10 
Cyclohexane 	 0.85 	0.78 	0.38 	0.18 	N DR 	0.76 	0.30 	0.50 	ND 	0.08 	0.40 
2-Methylhexane 	 1.19 	2.61 	0.68 	NDR 	NDR 	1.02 	0.69 	0.77 	0.17 	0.12 	NDR 
2,3-Dimethylpentane 	 0.43 	2.25 	N DR 0.17 N DR 	N DR 	NDR 	N DR NDR 	ND 	0.20 
3-Methylhexane 	 NDR NDR NDR NDR NDR NDR NDR NDR NDR 0.12 NDR 
2,2,4-Trimethylpentane 	 0.66 	3.77 	0.90 	0.40 	0.30 	0.32 	ND 	NDR 	0.13 	0.21 	0.46 
Heptane 	 2.96 	2.89 	1.36 	0.60 	0.36 	2.50 	1.60 	1.90 	0.24 	0.29 	1.40 
Methylcyclohexane 	 3.12 	1.58 	1.04 	0.17 	0.15 	2.72 	1.07 	2.11 	0.07 	0.20 	1.37 
2,5-Dimethylhexane 	 0.39 	0.73 	0.26 	NDR NDR 	0.27 	0.15 	0.23 	ND 	NDR 	NDR 
2.4-Dimethylhexane 	 0.45 	1.12 	0.29 	NDR NDR 	0.47 	0.19 	0.30 	ND 	NDR 	NDR 
2,3,4-Trimethylpentane 	 0.32 	1.27 	0.39 	NDR 	0.09 	0.15 	0.10 	ND 	ND 	0.09 	0.25 
Toluene 	 12.3 	55.2 	4.50 	2.53 	3.56 	7.22 	3.76 	7.43 	1.28 	1.48 	3.94 
2-M ethylheptane ' 	 2.83 	1.83 	0.90 	0.38 	0.18 	1.88 	0.85 	1.76 	ND 	0.18 	1.00 
4-Methylheptane 	 0.73 	0.55 	0.17 	ND 	ND 	0.45 	0.29 	0.45 	ND 	0.05 	0.25 
3-Methylheptane 	 1.51 	1.12 	0.49 	0.16 	NDR 	1.05 	0.62 	0.99 	ND 	0.11 	0.58 
2,2,5-Trimethylhexane 	 0.26 	0.69 	0.27 	0.06 	0.08 	NDR 	0.09 	0.10 	ND 	0.07 	0.12 
1-Octene 	 0.70 	0.38 	0.51 	0.53 	0.19 	0.40 	021 	0.65 	0.16 	0.12 	0.27 
Octane 	 7.38 	3.18 	1.80 	0.54 	0.44 	4.67 	1.97 	4.74 	0.26 	0.42 	2.11 
t-1,2-Dimethylcyclohexane 	 1.49 	0.62 	0.35 	ND 	N DR 	1.04 	0.46 	1.03 	ND 	0.09 	0.48 
Ethylbenzene 	 3.14 	5.92 	0.81 	0.39 	0.50 	2.24 	0.94 	2.39 	0.22 	0.22 	0.96 
m,p-Xylene 	 16.3 	26.1 	2.86 	1.03 	1.51 	11.7 	4.00 	12.4 	0.55 	0.70 	4.15 
Styrene 	 1.18 	0.41 	0.48 	0.10 	0.16 	0.54 	<DL 	0.53 	<DL 	ND 	0.22 
o-Xylene 	 7.75 	7.99 	1.40 	0.43 	0.68 	5.31 	2.11 	5.64 	0.19 	0.35 	2.05 
Nonane 	 15.3 	5.32 	1.88 	0.40 	0.49 	10.0 	2.91 	11.3 	0.19 	0.67 	3.27 
iso-Propylbenzene 	 0.72 	0.50 	0.14 	0.05 	0.06 	0.50 	0.22 	0.57 	0.04 	0.05 	0.19 
n-Propylbenzene 	 1.64 	1.59 	0.30 	0.09 	0.12 	1.10 	0.34 	1.28 	0.06 	0.09 	0.42 
3-Ethyltoluene 	 5.33 	4.81 	0.89 	0.21 	0.30 	3.53 	1.10 	4.08 	0.11 	0.13 	1,23 
4-Ethyltoluene 	 2.64 	2.45 	0.44 	0.10 	0.17 	1.67 	0.41 	1.89 	0.08 	<DL 	0.60 
1,3,5-Trimethylbenzene 	 5.42 	3.05 	0.96 	0.10 	0.18 	3.35 	1.23 	3.67 	0.07 	<DL 	1.07 
2-Ethyltoluene 	 3.26 	2.01 	0.44 	0.11 	0.16 	2.12 	0.75 	2.46 	0.06 	0.10 	0.72 
1,2,4-Trimethylbenzene 	 16.5 	9.70 	1.83 	0.38 	0.56 	10.2 	2.78 	11.4 	0.19 	0.12 	3.41 
Decane 	 31.0 	9.64 	2.33 	0.40 	0.49 	18.1 	3.11 	21,1 	0.20 	0.89 	5.77 
1,2,3-Trimethylbenzene 	 5.71 	2.60 	0.57 	0.09 	0.18 	3.61 	1.17 	4.17 	0.06 	0.05 	1.15 
p-Cymene (1-Methy1-4-iso-propylbenzen 	1.12 	0.47 	0.22 	0.09 	NDR 	0.66 	0.32 	0,79 	ND 	ND 	0.21 
1,3-Diethylbenzene 	 1.03 	0.47 	0.12 	<DL 	0.05 	0.73 	0.19 	0.72 	ND 	ND 	0.24 
1,4-Diethylbenzene 	 5.09 	2.12 	0.48 	0.15 	0.15 	3.12 	0.42 	3.35 	0.08 	0.07 	0.98 
n-Butylbenzene 	 1.22 	0.54 	0.18 	ND 	0.08 	0.81 	0.12 	0.82 	0.05 	0.04 	0.27 
Undecane 	 74.6 	22.1 	4.60 	0.70 	0.97 	41.7 	3.25 	42.2 	0.23 	1.18 	15.7 
Naphthalene 	 11.5 	2.85 	1.26 	0.30 	3.93 	5.31 	0.32 	3.95 	0,13 	0.05 	2.31 
Dodecane 	 136 	37.2 	7.50 	1.04 	1.88 	74.6 	2.71 	60.0 	0.37 	0.62 	36.7 
Hexylbenzene 	 3.80 	0.75 	0.40 	ND 	0,10 	1.43 	ND 	0.98 	0.10 	ND 	0.62 

<DL  = Lower then Detectable Llrnits 
ND = Not detected 
NOR = Not detected due to "out of spec" ion ratio(s) 
XS = Concentration exceeded detector range 
Propane values corrected for Blank 
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Table 19-7 VOCs Measured in Summa Canisters- Mobile 1997 

Burn Identification Bm513r1 Bm5Br1 Bm5Br1 Bm5Br1 Bm5Br1 Bm5Br1 Bm5Br1 Bm5Br1 0m5Bri 
Location DW2B DW1C 	S1A 	S2A 	S3A 	S1C 	S2C 	83C 	UW1B 

All values in pglin3  Position  189°, 30m 21e, 30m 53°, 45m 110°, 45m 14 2 , 42m 341°, 35m 28V, 45m  238,25m  25°, 72m 

TOTAL VOC (ifg/m1 21 	29 	11 	11 	8 	56 	25 	23 	5 
Propene 	 0.54 	0.57 	0.83 	0.63 	0.45 	0.52 	0.43 	0.75 	0.15 
Propane 	 1.14 	1.90 	1.14 	1.28 	1.52 	1.50 	1.80 	1.73 	0.96 
Isobutane (2-Methylpropane) 	 0.25 	0.39 	0.27 	0.26 	0.29 	0.73 	0.57 	0.38 	021 
1-Butene/2-Methylpropene 	 0.73 	0.71 	0.69 	0.72 	0.43 	0.68 	0.47 	1.41 	< DL 
1,3-Butadiene 	 0.11 	0.10 	0.14 	0.09 	<DL 	ND 	ND 	ND 	ND 
Butane 	 0.79 	1.38 	0.82 	0.75 	0.84 	4.39 	2.18 	1.34 	0.60 
Isoprene (2-Methy1-1,3-Butadiene) 	0.20 	0.40 	0.35 	0.33 	0.07 	0.40 	0.20 	0.31 	0.23 
t-2-Pentene 	 ND 	NDR 	ND 	ND 	ND 	0.25 NDR NDR ND 
2-Methy1-2-Butene 	 ND 	0.13 	0.07 	0.06 	ND 	0.17 	0.09 	0.11 	ND 
2,2-Dimethylbutane 	 <DL NDR  <DL <DL 	<DL 	<DL 	<DL NDR  <DL 
Cyclopentane 	 ND 	0.07 	ND 	ND 	ND 	0.14 	0.14 	0.05 	ND 
2,3-Dlmethylbutane 	 0.09 	0.13 	0.06 	0.07 	0.06 	0.46 	0.30 	0.13 	0.06 
2-Methylpentane 	 NDR 	NDR 	0.12 	NDR 	0.17 	0.82 	0.56 	NDR 	0.13 
3-M ethylpentane 	 0.17 	NDR 	0.10 	NDR 	0.10 	0.58 	0.41 	NDR 	0.09 
1-Hexene/2-Methy1-1-Pentene 	 <DL 	0.24 	ND 	<DL 	ND 	<DL 	<DL 	0.25 	<DL 
Hexane 	 0.42 	0.42 	0.17 	0.19 	0.16 	1.29 	0.59 	0.38 	0.15 
Methylcyclopentane 	 0.18 	NDR 	0.08 	0.06 	0.08 	0.64 	0.27 	0.19 	ND 
2,4-Dimethylpentane 	 ND 	0.13 	ND 	ND 	ND 	0.36 	0.23 	0.12 	ND 
Benzene 	 2.42 	1.10 	0.93 	0.67 	0.71 	1.33 	0.93 	1.10 	0.47 
Cyclohexane 	 0.14 	0.19 	ND 	NDR 	NDR 	0.71 	0.13 	NDR NDR 
2-Methylhexane 	 0.23 	0.30 	ND 	ND 	ND 	0.96 	0.33 	0.33 	ND 
2,3-Dimethylpentane 	 <DL NDR  <DL 	ND 	ND 	0,54 	0.27 	NDR 	ND 
3-M ethylhexane 	 NDR NDR NDR NDR NDR 	0.92 	0.31 	NDR 	ND 
2,2,4-Trimethylpentane 	 0.33 	0.67 	0.34 	0.23 	0.19 	3,03 	1.04 	0.86 	0.18 
Heptane 	 0.48 	0.63 	<DL 	0.19 	<DL 	2.21 	0.48 	056 	<DL 
Methylcyclohexane 	 0.42 	0.50 	0.08 	0.08 	0.10 	2.20 	0.38 	0.47 	ND 
2,5-Dimethylhexane 	 0.08 	0.16 	0.05 	ND 	ND 	0.49 	0.16 	0.15 	ND 
2,4-Dimethylhexane 	 0.09 	0.12 	<DL 	ND 	ND 	0.47 	0.18 	NDR 	ND 
2,3,4-Trimethylpentane 	 0.14 	0.29 	0.12 	0.09 	0.06 	1.28 	0.44 	0.39 	0.09 
Toluene 	 1.73 	1.44 	0.99 	0.85 	0.76 	4.07 	2.49 	1.45 	0.52 
2-Methylheptane 	 0.32 	0.37 	<DL 	ND 	<DL 	1.34 	0.27 	0.38 	ND 
4-Methylheptane 	 0.11 	0.11 	ND 	ND 	ND 	0.39 	0.09 	0.09 	ND 
3-Methylheptane 	 0.22 	0.25 	0.06 	ND 	ND 	0.78 	0.25 	0.25 	ND 
2,2,5-Trimethylhexane 	 0.08 	0.17 	0.11 	0.06 	0.05 	0.80 	0.26 	0.21 	0.04 
1-Octene 	 ND 	0.20 	0.15 	0.32 	ND 	0.18 	ND 	0.13 	ND 
Octane 	 0.66 	0.72 	0.15 	0.16 	0.20 	2.63 	0.58 	0.66 	<DL 
t-1,2-Dimethylcyclohexane 	 0.16 	0.16 	ND 	ND 	ND 	0.60 	0.15 	0.14 	ND 
Ethylbenzene 	 0.30 	0.30 	0.18 	0.15 	0.12 	0.74 	0.28 	0.26 	0.07 
m, p-Xylene 	 1,07 	1.21 	0.55 	0.45 	0.27 	2.58 	0.70 	0.96 	0.13 
Styrene 	 ND 	ND 	ND 	ND 	ND 	ND 	ND 	ND 	ND 
o-Xylene 	 0.55 	0.53 	0.22 	0.20 	0.14 	1.20 	0.33 	0.41 	0.06 
Nonane 	 1.08 	0.88 	0.16 	0.20 	0.21 	2.00 	0.58 	0.63 	0.09 
iso-Propylbenzene 	 0.07 	0.07 	<DL 	<DL 	<DL 	0.11 	<DL 	0.05 	ND 
n-Propylbenzene 	 0.12 	0.14 	0.06 	<DL 	<DL 	0.28 	0.10 	0.12 	<DL 
3-Ethyltoluene 	 0.18 	0.41 	0.15 	0.13 	ND 	0.37 	<DL 	029 	ND 
4-Ethyltoluene 	 <DL 	0.21 	<DL 	<DL 	ND 	0.25 	<DL 	0.15 	<DL 
1,3,5-Trimethylbenzene 	 ND 	0.29 	0.04 	0.05 	ND 	ND 	ND 	0.13 	ND 
2-Ethyltoluene 	 0.15 	0.21 	0.07 	0.06 	ND 	0.25 	<DL 	0.14 	ND 
1,2 4-Trimethylbenzene 	 0.13 	0.84 	0.18 	0.20 	ND 	0.14 	<DL 	0.47 	ND 
Decane 	 1.39 	1.02 	0.16 	0.23 	0.20 	1.08 	0.52 	0.58 	0.05 
1,2,3-Trimethylbenzene 	 0.06 	0.27 	<DL 	0.05 	ND 	<DL 	ND 	0.11 	ND 
p-Cymene (1-Methy1-4-iso-propylbenzen 	ND 	0.08 	ND 	ND 	ND 	ND 	ND 	ND 	ND 
1,3-Diethylbenzene 	 ND 	0.08 	ND 	ND 	ND 	ND 	ND 	<DL 	ND 
1,4-Diethylbenzene 	 NDR 	0.24 	<DL 	ND 	ND 	ND 	ND 	0.11 	ND 
n-Butylbenzene 	 0.05 	0.07 	ND 	ND 	ND 	ND 	ND 	0.03 	ND 
Undecane 	 1.60 	1.85 	0.10 	0.19 	0.07 	0.48 	0.15 	0.48 	0.05 
Naphthalene 	 0.14 	0.25 	0.10 	0.04 	0.03 	< DL 	<DL 	0.05 	0.03 
Dodecane 	 0.45 	3.18 	0.15 	0.16 	ND 	ND 	ND 	0.24 	ND 
Hexylbenzene 	 ND 	0.09 	ND 	ND 	ND 	ND 	ND 	ND 	ND 

< DL Umar then Detectable Limits 
ND o Not detected 
NDR o Not detected due to "out of spec" ion ratio(s) 
XS = Concentration exceeded detector range 
Propane values corrected for Blank 
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Table 20 	 Volatile Organic Compounds (VOCs) 
Burn Identification 	 BOOM 1 AND 1A BOOM 1 AND 1A 
Monitoring Station I.D. 	 DW1B 	 DW2B 

Field Position 	 14m, 197°N 	29m 197°N  
Concentrations in pg/m3  VOC Total 	108 	 67 
1-Propene 	 1.889 	 1.193 
Propane 	 9.891 	 11.131 
Isobutane (2-Methylpropane) 	 2.575 	 2.301 
1-Butene/2-Methylpropene 	 1.789 	 2.010 
1,3-Butadiene 	 0.358 	 ND 
Butane 	 5.436 	 5.145 
t-2-Butene 	 0.202 	 0.125 
2,2-Dimethylpropane 	 0.069 	 0.073 
c-2-Butene 	 0.184 	 0.140 
2-Methylbutane 	 6.386 	 6.180 
1-Pentene 	 0.453 	 0.281 
2-Methy1-1-Butene 	 0.257 	 ND 
Pentane 	 4.683 	 4.162 
Isoprene (2-Methy1-1,3-Butadiene) 	2.046 	 1.873 
t-2-Pentene 	 0.178 	 0.099 
c-2-Pentene 	 0.188 	 0.091 
2-Methy1-2-Butene 	 0.487 	 0.324 
2,2-Dimethylbutane 	 0.433 	 0.260 
Cyclopentene 	 0.083 	 0.055 
Cyclopentane 	 0.381 	 0.267 
2,3-Dimethylbutane 	 0.719 	 0.363 
t-4-Methy1-2-Pentene 	 ND 	 ND 
c-4-Methy1-2-Pentene 	 ND 	 ND 
3-Methylpentane 	 1.815 	 0.828 
1-Hexene/2-Methy1-1-Pentene 	 0.690 	 ND 
n-Hexane 	 2.293 	 1.879 
t-2-Hexene 	 ND 	 ND 
2-Ethy1-1-Butene 	 0.152 	 ND 
2,2-Dimethylpentane 	 ND 	 ND 
Methylcyclopentane 	 1.190 	 0.428 
2,4-Dimethylpentane 	 0.331 	 ND 
2,2,3-Trimethylbutane 	 ND 	 ND 
1-Methylcyclopentene 	 0.136 	 0.062 
Benzene 	 1.553 	 1.188 
Cyclohexane 	 0.620 	 0.292 
2-Methylhexane 	 1.524 	 0.574 
2,3-Dimethylpentane 	 0.766 	 0.270 
Cyclohexene 	 ND 	 ND 
3-Methylhexane 	 1.644 	 0.619 
1-Heptene 	 1.000 	 ND 
2,2,4-Trimethylpentane 	 1.624 	 0.398 
t-3-Heptene 	 ND 	 ND 
Heptane 	 1.518 	 1.051 
2,2-Dimethylhexane 	 NDR 	 ND 
Methylcyclohexane 	 1.277 	 0.633 
2 15-Dimethylhexane 	 0.361 	 0.156 
2,4-Dimethylhexane 	 0.427 	 0.111 
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Table 20 	 Volatile Organic Compounds (VOCs) 
Burn Identification 	 BOOM 1 AND 1A BOOM 1 AND 1A 
Monitoring Station I.D. 	 DW1B 	 DW2B 

Field Position 	 14m, 197°N 	29m, 197°N  
2,3,4-Trimethylpentane 	 0.593 	 ND 
Toluene 	 6.040 	 3.196 
2-Methylheptane 	 0.837 	 0.375 
1-Methylcyclohexene 	 0.117 	 ND 
4-Methylheptane 	 0.440 	 ND 
3-Methylheptane 	 0.793 	 0.289 
c-1,3-Dimethylcyclohexane 	 0.286 	 0.141 
t-1,4-Dimethylcyclohexane 	 0.152 	 0.080 
2,2,5-Trimethylhexane 	 0.193 	 0.038 
1-Octene 	 0.619 	 ND 
Octane 	 1.002 	 0.609 
t-1,2-Dimethylcyclohexane 	 0.264 	 0.106 
c-1,4/t-1,3-Dimethylcyclohexane 	 0.113 	 0.037 
Ethylbenzene 	 2.588 	 1.332 
m/p-Xylene 	 8.509 	 4.887 
Styrene 	 1.650 	 0.096 
o-Xylene 	 2.925 	 1.300 
n-Nonane 	 1.439 	 0.771 
iso-propylbenzene 	 0.147 	 0.092 
3,6-Dimethyloctane 	 0.147 	 ND 
n-Propylbenzene 	 0.353 	 0.239 
3-Ethyltoluene 	 1.101 	 0.493 
4-Ethyltoluene 	 0.550 	 0.302 
1,3,5-Trimethylbenzene 	 0.953 	 0.312 
2-Ethyltoluene 	 0.521 	 0.227 
1,2,4-Trimethylbenzene 	 2.215 	 0.923 
Decane 	 1.708 	 0.803 
iso-Butylbenzene 	 0.069 	 0.052 
sec-Butylbenzene 	 0.070 	 0.040 
1,2,3-Trimethylbenzene 	 0.770 	 0.279 
p-Cymene 	 0.254 	 0.211 
lndan 	 0.186 	 0.081 
1,3-Diethylbenzene 	 0.139 	 0.082 
1,4-Diethylbenzene 	 0.457 	 0.257 
n-Butylbenzene 	 0.119 	 0.076 
1,2-Diethylbenzene 	 0.053 	 0.069 
Undecane 	 3.487 	 1.112 
Naphthalene 	 0.791 	 1.184 
Dodecane 	 6.501 	 1.745 
Hexylbenzene 	 0.217 	 0.284 

ND . Not Detected 	 NDR -= Not Detected due to incorrect ion ratio 
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Table 20 
Burn Identification 	 BOOM 1 AND 1A BOOM 1 AND 1A 
Monitoring Station I.D. 	 DW3B 	 UW1B 

Field Position 	 59m, 197°N 	74m, 23°N 
Concentrations in pg/m3  VOC Total 	66 	 62 
1-Propene 	 1.045 	 1.739 
Propane 	 12.288 	 8.719 
lsobutane (2-Methylpropane) 	 2.266 	 1.877 
1-Butene/2-Methylpropene 	 1.049 	 1.788 
1,3-Butadiene 	 0.127 	 ND 
Butane 	 5.313 	 4.359 
t-2-Butene 	 0.112 	 0.228 
2,2-Dimethylpropane 	 0.084 	 0.059 
c-2-Butene 	 0.097 	 0.267 
2-Methylbutane 	 6.141 	 5.236 
1-Pentene 	 0.223 	 0.445 
2-Methy1-1-Butene 	 ND 	 ND 
Pentane 	 4.394 	 3.699 
Isoprene (2-Methy1-1,3-Butadiene) 	2.070 	 2.861 
t-2-Pentene 	 0.061 	 0.104 
c-2-Pentene 	 0.097 	 0.152 
2-Methy1-2-Butene 	 0.228 	 0.392 
2,2-Dimethylbutane 	 0.266 	 0.207 
Cyclopentene 	 0.031 	 0.051 
Cyclopentane 	 0.267 	 0.240 
2,3-Dimethylbutane 	 0.355 	 0.302 
t-4-Methy1-2-Pentene 	 ND 	 ND 
c-4-Methy1-2-Pentene 	 ND 	 ND 
3-Methylpentane 	 0.933 	 0.961 
1-Hexene/2-Methy1-1-Pentene 	 ND 	 0.444 
n-Hexane 	 1.771 	 2.092 
t-2-Hexene 	 ND 	 ND 
2-Ethy1-1-Butene 	 ND 	 0.041 
2,2-Dimethylpentane 	 ND 	 ND 
Methylcyclopentane 	 0.418 	 0.611 
2,4-Dimethylpentane 	 0.120 	 0.134 
2,2,3-Trimethylbutane 	 ND 	 ND 
1-Methylcyclopentene 	 0.028 	 0.037 
Benzene 	 0.894 	 1.089 
Cyclohexane 	 0:262 	 0.324 
2-Methylhexane 	 0.571 	 0.421 
2,3-Dimethylpentane 	 0.259 	 0.194 
Cyclohexene 	 ND 	 ND 
3-Methylhexane 	 NDR 	 NOR 
1-Heptene 	 ND 	 0.320 
2,2,4-Trimethylpentane 	 0.496 	 0.334 
t-3-Heptene 	 ND 	 ND 
Heptane 	 1.217 	 0.704 
2,2-Dimethylhexane 	 ND 	 ND 
Methylcyclohexane 	 0.775 	 0.338 
2,5-Dimethylhexane 	 0.184 	 0.096 
2,4-Dimethylhexane 	 0.154 	 0.095 
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a 
a 
a 
a 
a Table 20 a 	 Burn Identification 	 BOOM 1 AND 1A BOOM 1 AND 1A 
III 	 Monitoring Station I.D. 	 DW3B 	 UW1B 
• Field Position 	 59m, 197°N 	74m, 23°N  

III 	 2,3,4-Trimethylpentane 	 0.175 	 0.112 

• Toluene 	 3.760 	 2.561 

11111 	 2-Methylheptane 	 0.462 	 0.172 
1-Methylcyclohexene 	 ND 	 ND a 4-Methylheptane 	 0.200 	 0.094 

III 	 3-Methylheptane 	 0.375 	 0.176 
• c-1,3-Dimethylcyclohexane 	 0.134 	 0.052 
• t-1,4-Dimethylcyclohexane 	 0.088 	 0.034 
• 2,2,5-Trimethylhexahe 	 0.047 	 0.039 

• 1-Octene 	 ND 	 0.581 

• Octane 	 0.577 	 0.314 

• t-1,2-Dimethylcyclohexane 	 0.131 	 0.047 

• c-1,4/t-1,3-Dimethylcyclohexane 	 0.043 	 ND 

a 	 Ethylbenzene 	 1.436 	 1.996 

ill 	
m/p-Xylene 	 5.960 	 7.135 , 
Styrene 	 0.233 	 0.550 a o-Xylene 	 1.624 	 1.537 

• n-Nonane 	 0.485 	 0.397 
• iso-Propylbenzene 	 0.067 	 0.068 
• 3,6-Dimethyloctane 	 ND 	 ND 
• n-Propylbenzene 	 0.213 	 0.181 

• 3-Ethyltoluene 	 0.452 	 0.422 

• 4-Ethyltoluene 	 0.246 	 0.234 

• 1,3,5-Trimethylbenzene 	 0.450 	 0.322 

• 2-Ethyltoluene 	 0.183 	 0.200 

le 	 1 ,2,4-Trimethylbenzene 	 0.793 	 0.716 
Decane 	 0.453 	 0.453 II 	 iso-Butylbenzene 	 0.031 	 0.033 

ile 	 sec-Butylbenzene 	 0.027 	 0.029 
• 1,2,3-Trimethylbenzene 	 0.211 	 0.174 
fle 	 p-Cymene 	 0.165 	 0.191 
411 	 Indan 	 0.069 	 0.067 
• 1,3-Diethylbenzene 	 0.043 	 0.037 

• 1,4-Diethylbenzene 	 0.147 	 0.142 

III 	 n-Butylbenzene 	 0.048 	 0.040 

• 1,2-Diethylbenzene 	 ND 	 ND 

• Undecane 	 0.514 	 0.386 

• Naphthalene 	 0.310 	 0.320 
Dodecane 	 0.674 	 0.326 a 	 Hexylbenzene 	 0.095 	 0.098 

111 	 ND = Not Detected 
a • 
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Table 20 
Burn Identification 	 BOOM 	3 	 BOOM 	3 
Monitoring Station I.D. 	 DW1B 	 DW2B 

Field Position 	 14m, 197°N 	29m, 197°N 
Concentrations in pg/m3  VOC Total 	163 	 59 
1-Propene 	 1.209 	 1.281 
Propane 	 9.349 	 5.209 
Isobutane (2-Methylpropane) 	 9.894 	 2.230 
1-Butene/2-Methylpropene 	 2.777 	 1.046 
1,3-Butadiene 	 0.139 	 0.107 
Butane 	 21.709 	 5.080 
t-2-Butene 	 0.798 	 0.144 
2,2-Dimethylpropane 	 0.077 	 0.069 
c-2-Butene 	 0.637 	 0.153 
2-Methylbutane 	 15.453 	 7.118 
1-Pentene 	 0.702 	 0.324 
2-Methy1-1-Butene 	 0.200 	 0.225 
Pentane 	 5.811 	 4.025 
Isoprene (2-Methy1-1,3-Butadiene) 	0.074 	 0.468 
t-2-Pentene 	 0.348 	 0.177 
c-2-Pentene 	 0.350 	 0.186 
2-Methy1-2-Butene 	 0.443 	 0.477 
2,2-Dimethylbutane 	 0.937 	 0.396 
Cyclopentene 	 0.154 	 0.108 
Cyclopentane 	 0.975 	 0.330 
2,3-Dimethylbutane 	 1.462 	 0.451 
t-4-Methy1-2-Pentene 	 ND 	 ND 
c-4-Methy1-2-Pentene 	 0.343 	 ND 
3-Methylpentane 	 3.911 	 0.974 
1-Hexene/2-Methy1-1-Pentene 	 0.343 	 0.304 
n-l-lexane 	 9.874 	 2.096 
t-2-Hexene 	 0.077 	 ND 
2-Ethy1-1-Butene 	 ND 	 0.040 
2,2-Dimethylpentane 	 0.132 	 0.070 
Methylcyclopentane 	 3.119 	 0.675 
2,4-Dimethylpentane 	 0.572 	 0.194 
2,2,3-Trimethylbutane 	 ND 	 ND 
1-Methylcyclopentene 	 0.037 	 0.095 
Benzene 	 2.625 	 1.397 
Cyclohexane 	 1.637 	 0.245 
2-Methylhexane 	 2.159 	 0.498 
2,3-Dimethylpentane 	 1.234 	 0.371 
Cyclohexene 	 ND 	 ND 
3-Methylhexane 	 2.532 	 0.646 
1-Heptene 	 0.800 	 ND 
2,2,4-Trimethylpentane 	 4.083 	 0.682 
t-3-1-leptene 	 ND 	 ND 
Heptane 	 1.731 	 0.821 
2,2-Dimethylhexane 	 NDR 	 ND 
Methylcyclohexane 	 1.956 	 0.345 
2,5-Dimethylhexane 	 0.569 	 0.123 
2,4-Dimethylhexane 	 0.744 	 0.122 
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Table 20 
Burn Identification 	 BOOM 3 	 BOOM 3 
Monitoring Station I.D. 	 DW1B 	 DW2B 

Field Position 	 14m,  197°N 	29m, 197°N 
2,3,4-Trirnethylpentane 	 1.320 	 0.252 
Toluene 	 13.049 	 3.700 
2-Methylheptane 	 0.924 	 0.275 
1-Methylcyclohexene 	 ND 	 ND 
4-Methylheptane 	 0.374 	 0.128 
3-Methylheptane 	 0.914 	 0.293 
c-1,3-Dimethylcyclohexane 	 0.171 	 0.070 
t-1,4-Dimethylcyclohexane 	 0.122 	 0.050 
2,2,5-Trimethylhexane 	 0.508 	 0.080 
1-Octene 	 0.465 	 0.674 
Octane 	 1.260 	 0.510 
t-1,2-Dimethylcyclohexane 	 0.162 	 0.074 
c-1,4/t-1,3-Dimethylcyclohexane 	 0.110 	 0.033 
Ethylbenzene 	 3.545 	 0.802 
m/p-Xylene 	 11.344 	 2.454 
Styrene 	 ND 	 0.128 
o-Xylene 	 5.117 	 0.872 
n-Nonane 	 2.138 	 0.610 
iso-Propylbenzene 	 0.206 	 0.083 
3,6-Dimethyloctane 	 ND 	 ND 
n-Propylbenzene 	 0.785 	 0.246 
3-Ethyltoluene 	 1.705 	 0.640 
4-Ethyltoluene 	 0.932 	 0.349 
1,3,5-Trimethylbenzene 	 0.237 	 0.344 
2-Ethyltoluene 	 0.615 	 0.297 
1,2,4-Trimethylbenzene 	 1.624 	 1.069 
Decane 	 1.646 	 0.767 
iso-Butylbenzene 	 0.040 	 0.031 
sec-Butylbenzene 	 0.045 	 0.037 
1,2,3-Trimethylbenzene 	 0.253 	 0.258 
p-Cymene 	 0.066 	 0.071 
lndan 	 0.093 	 0.122 
1,3-Diethylbenzene 	 0.066 	 0.121 
1,4-Diethylbenzene 	 NDR 	 0.306 
n-Butylbenzene 	 0.071 	 0.076 
1,2-Diethylbenzene 	 0.033 	 0.045 
Undecane 	 0.491 	 1.045 
Naphthalene 	 0.089 	 0.430 
Dodecane 	 0.096 	 1.139 
Hexylbenzene 	 0.072 	 0.118 

ND = Not Detected 
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Table 20 
Burn Identification 	 BOOM 3 	 BOOM 3 
Monitoring Station I.D. 	 DW3B 	 UW1B 

Field  Position 	 59m, 197°N 	74m 23°N 
Concentrations in pg/m3  VOC Total 	 52 	 56 
1-Propene 	 1.416 	 1.882 
Propane 	 5.384 	 4.733 
Isobutane (2-Methylpropane) 	 2.174 	 2.248 
1-Butene/2-Methylpropene 	 1.110 	 1.632 
1,3-Butadiene 	 0.125 	 0.319 
Butane 	 4.731 	 4.496 
t-2-Butene 	 0.168 	 0.184 

-2,2-Dimethylpropane 	 0.069 	 0.070 
c-2-Butene 	 0.147 	 0.158 
2-MethyIbutane 	 6.702 	 6.666 
1-Pentene 	 0.231 	 0.527 
2-Methy1-1-Butene 	 0.222 	 0.226 
Pentane 	 3.815 	 3.741 
Isoprene (2-Methy1-1,3-Butadiene) 	0.424 	 0.600 
t-2-Pentene 	 0.152 	 0.185 
c-2-Pentene 	 0.176 	 0.188 
2-Methy1-2-Butene 	 0.443 	 0.464 
2,2-Dimethylbutane 	 0.380 	 0.372 
Cyclopentene 	 0.082 	 0.069 
Cyclopentane 	 0.343 	 0.284 
2,3-Dimethylbutane 	 0.441 	 0.421 
t-4-Methy1-2-Pentene 	 ND 	 ND 
c-4-Methy1-2-Pentene 	 ND 	 ND 
3-Methylpentane 	 0.969 	 1.018 
1-Hexene/2-Methy1-1-Pentene 	 0.190 	 0.640 
n-Hexane 	 2.054 	 1.993 
t-2-Hexene 	 0.070 	 0.052 
2-Ethy1-1-Butene 	 0.039 	 ND 
2,2-Dimethylpentane 	 ND 	 ND 
Methylcyclopentane 	 0.496 	 0.510 
2,4-Dimethylpentane 	 0.163 	 0.200 
2,2,3-Trimethylbutane 	 ND 	 ND 
1-Methylcyclopentene 	 0.067 	 0.067 
Benzene 	 1.035 	 1.013 
Cyclohexane 	 0.225 	 0.199 
2-Methylhexane 	 0.557 	 0.613 
2,3-Dimethylpentane 	 0.395 	 0.413 
Cyclohexene 	 ND 	 ND 
3-Methylhexane 	 0.633 	 0.677 
1-Heptene 	 ND 	 0.480 
2,2,4-Trimethylpentane 	 0.715 	 0.912 
t-3-Heptene 	 ND 	 ND 
Heptane 	 0.709 	 0.806 
2,2-Dimethylhexane 	 NDR 	 NDR 
Methylcyclohexane 	 0.326 	 0.330 
2,5-Dimethylhexane 	 0.119 	 0.169 
2,4-Dimethylhexane 	 0.165 	 0.186 
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Table 20 
Burn Identification 	 BOOM 3 	 BOOM 3 
Monitoring Station I.D. 	 DW3B 	 UW1B 

Field Position 	 59m, 197°N 	74m, 23°N 
2,3,4-Trimethylpentane 	 0.220 	 0.340 
Toluene 	 3.500 	 3.780 
2-Methylheptane 	 0.241 	 0.300 
1-Methylcyclohexene 	 ND 	 ND 
4-Methylheptane 	 0.092 	 0.117 
3-Methylheptane 	 0.247 	 0.311 
c-1,3-Dimethylcyclohexane 	 0.062 	 0.069 
t-1,4-Dimethylcyclohexane 	 0.052 	 0.054 
2,2,5-Trimethylhexane 	 0.065 	 0.083 
1-Octene 	 ND 	 0.469 
Octane 	 0.382 	 0.483 
t-1,2-Dimethylcyclohexane 	 ND 	 0.066 
c-1,4/t-1,3-Dimethylcyclohexane 	 0.027 	 0.036 
Ethylbenzene 	 0.723 	 0.785 
m/p-Xylene 	 2.190 	 2.490 
Styrene 	 0.084 	 0.095 
o-Xylene 	 0.744 	 0.831 
n-Nonane 	 0.383 	 0.435 
iso-Propylbenzene 	 0.068 	 0.075 
3,6-Dimethyloctane 	 ND 	 ND 
n-Propylbenzene 	 0.200 	 0.200 
3-Ethyltoluene 	 0.543 	 0.545 
4-Ethyltoluene 	 0.305 	 0.301 
1,3,5-Trimethylbenzene 	 0.287 	 0.288 
2-Ethyltoluene 	 0.221 	 0.218 
1,2,4-Trimethylbenzene 	 0.894 	 0.893 
Decane 	 0.440 	 0.419 
iso-Butylbenzene 	 0.032 	 0.030 
sec-Butylbenzene 	 0.029 	 0.033 
1,2,3-Trimethylbenzene 	 0.216 	 0.200 
p-Cymene 	 0.083 	 0.102 
lndan 	 0.087 	 0.091 
1,3-Diethylbenzene 	 0.112 	 0.094 
1,4-Diethylbenzene 	 0.178 	 0.208 
n-Butylbenzene 	 0.060 	 0.057 
1,2-Diethylbenzene 	 0.037 	 0.043 
Undecane 	 0.511 	 0.401 
Naphthalene 	 0.320 	 0.290 
Dodecane 	 0.464 	 0.360 
Hexylbenzene 	 0.097 	 0.099 

ND = Not Detected 
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Table 20 
Burn Identification 	 BOOM 4 BURN 	BOOM 4 BURN 
Monitoring Station I.D. 	 DW18 	 DW2B 

Field Position 	 14m, 197°N 	29m, 197°N 
Concentrations in pg/m3  VOC Total 	 51 	 24 
1-Propene 	 1.922 	 0.288 
Propane 	 3.811 	 3.497 
lsobutane (2-Methylpropane) 	 6.702 	 1.557 
1-Butene/2-Methylpropene 	 1.022 	 0.522 
1,3-Butadiene 	 0.428 	 ND 
Butane 	 2.899 	 2.792 
t-2-Butene 	 0.113 	 0.101 
2,2-Dimethylpropane 	 0.046 	 0.053 
c-2-Butene 	 0.116 	 0.066 
2-Methylbutane 	 2.502 	 2.421 
1-Pentene 	 0.159 	 0.097 
2-Methy1-1-Butene 	 ND 	 ND 
Pentane 	 1.918 	 1.914 
Isoprene (2-Methy1-1,3-Butadiene) 	0.721 	 0.878 
t-2-Pentene 	 ND 	 ND 
c-2-Pentene 	 ND 	 ND 
2-Methy1-2-Butene 	 0.138 	 0.111 
2,2-Dimethylbutane 	 0.154 	 0.183 
Cyclopentene 	 0.029 	 0.030 
Cyclopentane 	 0.164 	 0.113 
2,3-Dimethylbutane 	 0.259 	 0.127 
t-4-Methy1-2-Pentene 	 ND 	 ND 
c-4-Methy1-2-Pentene 	 ND 	 ND 
3-Methylpentane 	 0.431 	 0.493 
1-Hexene/2-Methy1-1-Pentene 	 0.271 	 ND 
n-Hexane 	 1.096 	 0.888 
t-2-Hexene 	 ND 	 ND 
2-Ethy1-1-Butene 	 ND 	 ND 
2,2-Dimethylpentane 	 ND 	 ND 
Methylcyclopentane 	 0.247 	 0.267 
2,4-Dimethylpentane 	 ND 	 ND 
2,2,3-Trimethylbutane 	 ND 	 ND 
1-Methylcyclopentene 	 0.025 	 0.030 
Benzene 	 0.987 	 0.591 
Cyclohexane 	 0.110 	 0.109 
2-Methylhexane 	 0.237 	 0.224 
2,3-Dimethylpentane 	 0.141 	 0.122 
Cyclohexene 	 ND 	 ND 
3-Methylhexane 	 NDR 	 NDR 
1-Heptene 	 ND 	 ND 
2,2,4-Trimethylpentane 	 0.220 	 0.160 
t-3-Heptene 	 ND 	 ND 
Heptane 	 0.495 	 0.363 
2,2-Dimethylhexane 	 ND 	 ND 
Methylcyclohexane 	 0.325 	 0.158 
2,5-Dimethylhexane 	 0.070 	 ND 
2,4-Dimethylhexane 	 0.085 	 ND 
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a 
a 
a Table 20 a 	 Burn Identification 	 BOOM 4 BURN 	BOOM 4 BURN 
• Monitoring Station I.D. 	 DW1B 	 DW2B 
• Field Position 	 14m, 197°N 	29m, 197°N  

• 2,3,4-Trimethylpentane 	 ND 	 ND 

• Toluene 	 6.303 	 1.289 

•
2-Methylheptane 	 0.214 	 0.134 
1-Methylcyclohexene 	 ND 	 0.054 111 	 4-Methylheptane 	 ND 	 ND a 	 3-Methylheptane 	 0.188 	 0.121 

• c-1,3-Dimethylcyclohexane 	 0.117 	 0.057 
lb 	 t-1,4-Dimethylcyclohexane 	 0.071 	 0.027 
• 2,2,5-Trimethylhexane 	 ND 	 ND 
• 1-Octene 	 0.311 	 ND 
iii 	 Octane 	 0.421 	 0.174 

• t-1,2-Dimethylcyclohexane 	 0.151 	 ND 

• c-1,41t-1,3-Dimethylcyclohexane 	 0.061 	 ND 

•
Ethylbenzene 	 0.744 	 0.200 

III mip-Xylene 	 2.280 	 0.504 
Styrene 	 0.437 	 0.049 a 	 o-Xylene 	 1.186 	 0.242 

• n-Nonane 	 0.874 	 0.186 
• iso-Propylbenzene 	 0.052 	 0.037 
• 3,6-Dimethyloctane 	 0.210 	 ND 
• n-Propylbenzene 	 0.141 	 0.068 
• 3-Ethyltoluene 	 0.327 	 0.116 

• 4-Ethyltoluene 	 0.191 	 0.084 

• 1,3,5-Trimethylbenzene 	 0.173 	 0.049 

• 2-Ethyltoluene 	 0.163 	 0.065 

lb 	 1,2,4-Trimethylbenzene 	 0.688 	 0.185 
Decane 	 1.581 	 0.215 

lb iso-Butylbenzene 	 0.032 	 0.022 
• sec-Butylbenzene 	 0.034 	 0.027 
• 1,2,3-Trimethylbenzene 	 0.236 	 0.059 
• p-Cymene 	 0.482 	 0.084 
• lndan 	 0.078 	 0.046 
• 1,3-Diethylbenzene 	 0.052 	 0.038 

• 1,4-Diethylbenzene 	 0.244 	 0.072 

• n-Butylbenzene 	 0.088 	 0.042 

• 1,2-Diethylbenzene 	 0.035 	 0.028 
' 

• Undecane 	 1.915 	 0.205 

•
Naphthalene 	 0.401 	 0.119 
Dodecane 	 2.217 	 0.222 a 	 Hexylbenzene 	 0.145 	 0.071 

• ND = Not Detected 

a •  
a •  
a 
a 
a 
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Table 20 
Burn Identification 	 BOOM 4 BURN BOOM 4 BURN 
Monitoring Station I.D. 	 DW3B 	 UW1B 

Field Position 	 59m, 197°N 	74m, 23°N  
Concentrations in pg/m3  VOC Total 	22 	 22 
1-Propene 	 0.271 	 0.529 
Propane 	 2.828 	 3.262 
Isobutane (2-Methylpropane) 	 1.495 	 1.356 
1-Butene/2-Methylpropene 	 0.505 	 0.442 
1,3-Butadiene 	 ND 	 ND 
Butane 	 2.733 	 2.599 
t-2-Butene 	 0.078 	 0.101 
2,2-Dimethylpropane 	 0.059 	 0.035 
c-2-Butene 	 0.080 	 0.084 
2-Methylbutane 	 2.449 	 2.264 
1-Pentene 	 0.132 	 0.094 
2-Methy1-1-Butene 	 ND 	 ND 
Pentane 	 1.868 	 1.780 
Isoprene (2-Methy1-1,3-Butadiene) 	0.736 	 0.770 
t-2-Pentene 	 ND 	 0.023 
c-2-Pentene 	 0.088 	 0.057 
2-Methy1-2-Butene 	 0.076 	 0.108 
2,2-Dimethylbutane 	 0.154 	 0.132 
Cyclopentene 	 0.020 	 0.028 
Cyclopentane 	 0.120 	 0.108 
2,3-Dimethylbutane 	 0.153 	 0.102 
t-4-Methy1-2-Pentene 	 ND 	 ND 
c-4-Methy1-2-Pentene 	 ND 	 ND 
3-Methylpentane 	 0.411 	 0.407 
1-Hexene/2-Methy1-1-Pentene 	 ND 	 ND 
n-Hexane 	 0.800 	 0.790 
t-2-Hexene 	 ND 	 ND 
2-Ethy1-1-Butene 	 ND 	 ND 
2,2-Dimethylpentane 	 ND 	 ND 
Methylcyclopentane 	 0.264 	 0.149 
2,4-Dimethylpentane 	 ND 	 ND 
2,2,3-Trimethylbutane 	 ND 	 ND 
1-Methylcyclopentene 	 0.038 	 0.027 
Benzene 	 0.579 	 0.425 
Cyclohexane 	 0.126 	 0.086 
2-Methylhexane 	 0.209 	 0.159 
2,3-Dimethylpentane 	 0.131 	 0.118 
Cyclohexene 	 ND 	 ND 
3-Methylhexane 	 NDR 	 0.218 
1-Heptene 	 ND 	 ND 
2,2,4-Trimethylpentane 	 0.140 	 0.146 
t-3-Heptene 	 ND 	 ND 
Heptane 	 0.320 	 0.322 
2,2-Dimethylhexane 	 ND 	 ND 
Methylcyclohexane 	 0.148 	 0.141 
2,5-Dimethylhexane 	 ND 	 0.039 
2,4-Dimethylhexane 	 ND 	 0.051 
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Table 20 
Burn Identification 	 BOOM 4 BURN BOOM 4 BURN 
Monitoring Station I.D. 	 DW3B 	 UW1B 

Field Position 	 59m, 197°N 	74m, 23°N  
2,3,4-Trimethylpentane 	 ND 	 ND 
Toluene 	 1.209 	 1.189 
2-Methylheptane 	 ND 	 0.093 
1-Methylcyclohexene 	 ND 	 ND 
4-Methylheptane 	 ND 	 ND 
3-Methylheptane 	 ND 	 0.081 
c-1,3-Dimethylcyclohexane 	 0.034 	 0.036 
t-1,4-Dimethylcyclohexane 	 ND 	 ND 
2,2,5-Trimethylhexane 	 ND 	 ND 
1-Octene 	 ND 	 ND 
Octane 	 0.142 	 0.136 
t-1,2-Dimethylcyclohexane 	 ND 	 ND 
c-1,4/t-1,3-Dimethylcyclohexane 	 ND 	 ND 
Ethylbenzene 	 0.191 	 0.208 
m/p-Xylene 	 0.471 	 0.488 
Styrene 	 0.061 	 0.047 
o-Xylene 	 0.206 	 0.223 
n-Nonane 	 0.199 	 0.150 
iso-Propylbenzene 	 0.033 	 0.030 
3,6-Dimethyloctane 	 ND 	 ND 
n-Propylbenzene 	 0.062 	 0.061 
3-Ethyltoluene 	 0.105 	 0.097 
4-Ethyltoluene 	 0.078 	 0.074 
1,3,5-Trimethylbenzene 	 0.050 	 0.047 
2-Ethyltoluene 	 0.053 	 0.049 
1,2,4-Trimethylbenzene 	 0.163 	 0.170 
Decane 	 0.138 	 0.120 
iso-Butylbenzene 	 0.018 	 0.019 
sec-Butylbenzene 	 0.021 	 0.018 
1,2,3-Trimethylbenzene 	 0.071 	 0.061 
p-Cymene 	 0.095 	 0.071 
Indan 	 0.039 	 0.037 
1,3-Diethylbenzene 	 0.035 	 0.023 
1 ,4-Diethylbenzene 	 0.077 	 0.069 
n-Butylbenzene 	 0.034 	 0.026 
1,2-Diethylbenzene 	 ND 	 ND 
Undecane 	 0.160 	 0.134 
Naphthalene 	 0.135 	 0.123 
Dodecane 	 0.193 	 0.204 
Hexylbenzene 	 0.073 	 0.075 

ND = Not Detected 
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42 
1.362 
2.535 
1.227 
1.223 
0.180 
2.231 
0.125 
0.047 
0.147 
2.186 
0.195 

ND 
1.574 
0.906 

ND 
ND 

0.168 
0.171 
0.055 
0.137 
0.160 

ND 
ND 

0.415 
0.338 
0.620 

ND 
ND 
ND 

0.233 
ND 
ND 

0.059 
1.345 
0.110 
0.232 
0.147 

ND 
NDR 
ND 

0.363 
ND 

0.301 
ND 

0.206 
0.063 
0.074 

22 
0.593 
2.983 
1.343 
0.383 

ND 
2.625 
0.063 
0.051 

ND 
2.331 

ND 
ND 

1.627 
0.388 

ND 
ND 

0.083 
0.137 

ND 
0.125 
0.136 

ND 
ND 

0.352 
ND 

0.703 
ND 
ND 
ND 

0.220 
ND 
ND 

0.028 
0.631 
0.109 
0.170 
0.122 

ND 
NDR 
ND 

0.155 
ND 

0.252 
ND 

0.122 
0.040 
0.061 

BOOM 4 NON-BURN BOOM 4 NON-BURN 
DW1B 	 DW2B 	 • 

14m, 197°N 	 29m  197°N 

Ô 

a 

Ô 

Ô 

a 
Ô 

a 
Ô 

a 
a 

Ô 
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Table 20 
Burn Identification 
Monitoring Station I.D. 

Field Position  
Concentrations in pg/m3  VOC Total 
1-Propene 
Propane 
lsobutane (2-Methylpropane) 
1-Butene/2-Methylpropene 
1,3-Butadiene 
Butane 
t-2-Butene 
2,2-Dimethylpropane 
c-2-Butene 
2-Methylbutane 
1-Pentene 
2-Methy1-1-Butene 
Pentane 
Isoprene (2-Methy1-1,3-Butadiene) 
t-2-Pentene 
c-2-Pentene 
2-Methy1-2-Butene 
2,2-Dimethylbutane 
Cyclopentene 
Cyclopentane 
2,3-Dimethylbutane 
t-4-Methy1-2-Pentene 
c-4-Methy1-2-Pentene 
3-Methylpentane 
1-Hexene/2-Methy1-1-Pentene 
n-Hexane 
t-2-Hexene 
2-Ethy1-1-Butene 
2,2-Dimethylpentane 
Methylcyclopentane 
2,4-Dimethylpentane 
2,2,3-Trimethylbutane 
1-Methylcyclopentene 
Benzene 
Cyclohexane 
2-Methylhexane 
2,3-Dimethylpentane 
Cyclohexene 
3-Methylhexane 
1-Heptene 
2,2,4-Trimethylpentane 
t-3-Heptene 
Heptane 
2,2-Dimethylhexane 
Methylcyclohexane 
2,5-Dimethylhexane 
2,4-Dimethylhexane 
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Table 20 
Burn Identification 	 BOOM 4 NON-BURN BOOM 4 NON-BURN 
Monitoring Station I.D. 	 DW1B 	 DW2B 

Field Position 	 14m, 197°N 	 29m, 197°N  
2,3,4-Trimethylpentane 	 0.139 	 ND 
Toluene 	 1.740 	 1.104 
2-Methylheptane 	 0.145 	 ND 
1-Methylcyclohexene 	 ND 	 ND 
4-Methylheptane 	 ND 	 ND 
3-Methylheptane 	 0.108 	 ND 
c-1,3-Dimethylcyclohexane 	 0.087 	 0.025 
t-1,4-Dimethylcyclohexane 	 ND 	 ND 
2,2,5-Trimethylhexane 	 0.033 	 ND 
1-Octene 	 ND 	 ND 
Octane 	 0.270 	 0.133 
t-1,2-Dimethylcyclohexane 	 ND 	 ND 
c-1,41t-1,3-Dimethylcyclohexane 	 ND 	 ND 
Ethylbenzene 	 0.385 	 0.235 
m/p-Xylene 	 1.179 	 0.563 
Styrene 	 0.148 	 ND 
o-Xylene 	 0.629 	 0.235 
n-Nonane 	 0.627 	 0.233 
iso-Propylbenzene 	 0.058 	 0.029 
3,6-Dimethyloctane 	 0.103 	 ND 
n-Propylbenzene 	 0.160 	 0.076 
3-Ethyltoluene 	 0.424 	 0.129 
4-Ethyltoluene 	 0.240 	 0.090 
1,3,5-Trimethylbenzene 	 0.299 	 0.067 
2-Ethyltoluene 	 0.224 	 0.075 
1,2,4-Trimethylbenzene 	 0.958 	 0.241 
Decane 	 1.292 	 0.267 
iso-Butylbenzene 	 0.043 	 0.017 
sec-Butylbenzene 	 0.052 	 0.022 

-1 ,2,3-Trimethylbenzene 	 0.360 	 0.075 
p-Cymene 	 0.118 	 0.076 
Indan 	 0.154 	 0.043 
1,3-Diethylbenzene 	 0.130 	 0.034 
1,4-Diethylbenzene 	 0.466 	 0.109 
n-Butylbenzene 	 0.154 	 0.039 
1,2-Diethylbenzene 	 0.072 	 0.027 
Undecane 	 3.415 	 0.469 
Naphthalene 	 0.800 	 0.191 
Dodecane 	 7.208 	 0.751 
Hexylbenzene 	 0.377 	 0.112 

ND = Not Detected 
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Table 20 
Burn Identification 
Monitoring Station I.D. 

Field Position 
Concentrations in pg/m3  VOC Total 
1-Propene 
Propane 
Isobutane (2-Methylpropane) 
1-Butene/2-Methylpropene 
1,3-Butadiene 
Butane 
t-2-Butene 
2,2-Dimethylpropane 
c-2-Butene 
2-Methylbutane 
1-Pentene 
2-Methy1-1-Butene 
Pentane 
Isoprene (2-Methy1-1,3-Butadiene) 
t-2-Pentene 
c-2-Pentene 
2-Methy1-2-Butene 
2,2-Dimethylbutane 
Cyclopentene 
Cyclopentane 
2,3-Dimethylbutane 
t-4-Methy1-2-Pentene 
c-4-Methy1-2-Pentene 
3-Methylpentane 
1-Hexene/2-Methy1-1-Pentene 
n-Hexane 
t-2-Hexene 
2-Ethy1-1-Butene 
2,2-Dimethylpentane 
Methylcyclopentane 
2,4-Dimethylpentane 
2,2,3-Trimethylbutane 
1-Methylcyclopentene 
Benzene 
Cyclohexane 
2-Methylhexane 
2,3-Dimethylpentane 
Cyclohexene 
3-Methylhexane 
1-Heptene 
2,2,4-Trimethylpentane 
t-3-Heptene 
Heptane 
2,2-Dimethylhexane 
Methylcyclohexane 
2,5-Dimethylhexane 
2,4-Dimethylhexane 
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BOOM 4 NON-BURN BOOM 4 NON-BURN 

	

DW3B 	 UW1B 
59m, 197°N 	 74m, 23°N  

22 	 20 

	

0.266 	 0.918 

	

4.149 	 2.799 

	

1.405 	 1.202 

	

0.628 	 0.638 
ND 	 ND 

	

2.330 	 2.061 
ND 	 0.167 

	

0.056 	 0.044 
ND 	 0.118 

	

2.032 	 1.844 
ND 	 0.131 
ND 	 ND 

	

1.520 	 1.307 

	

0.705 	 0.695 
ND 	 0.027 
ND 	 ND 

	

0.111 	 0.102 

	

0.171 	 0.118 

	

0.038 	 0.023 

	

0.139 	 0.079 

	

0.120 	 0.092 
ND 	 ND 
ND 	 ND 

	

0.410 	 0.326 

	

ND 	 0.253 

	

0.648 	 0.564 

	

ND 	 ND 

	

ND 	 ND 

	

ND 	 ND 

	

0.213 	 0.114 

	

ND 	 ND 

	

ND 	 ND 

	

0.032 	 0.056 

	

0.592 	 0.595 

	

0.100 	 0.068 

	

0.165 	 0.146 

	

ND 	 ND 

	

ND 	 ND 

	

NDR 	 0.179 

	

ND 	 ND 

	

0.164 	 0.145 

	

ND 	 ND 

	

0.272 	 0.241 

	

ND 	 ND 

	

0.109 	 0.098 

	

ND 	 0.059 

	

ND 	 0.030 
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Table 20 
Burn Identification 	 BOOM 4 NON-BURN BOOM 4 NON-BURN 
Monitoring Station I.D. 	 DW3B 	 UW1B 

Field Position 	 59m, 197°N 	 74m, 23°N  
2,3,4-Trimethylpentane 	 ND 	 0.043 
Toluene 	 1.114 	 0.997 
2-Methylheptane 	 ND 	 0.106 
1-Methylcyclohexene 	 ND 	 0.056 
4-Methylheptane 	 ND 	 ND 
3-Methylheptane 	 ND 	 0.090 
c-1,3-Dimethylcyclohexane 	 ND 	 0.029 
t-1,4-Dimethylcyclohexane 	 ND 	 ND 
2,2,5-Trimethylhexane 	 ND 	 0.016 
1-Octene 	 ND 	 ND 
Octane 	 0.117 	 0.138 
t-1,2-Dimethylcyclohexane 	 ND 	 ND 
c-1,4/t-1,3-Dimethylcyclohex .ane 	 ND 	 ND 
Ethylbenzene 	 0.197 	 0.220 
m/p-Xylene 	 0.441 	 0.477 
Styrene 	 0.050 	 0.045 
o-Xylene 	 0.218 	 0.199 
n-Nonane 	 0.171 	 0.112 
iso-Propylbenzene 	 0.028 	 0.033 
3,6-Dimethyloctane 	 ND 	 ND 
n-Propylbenzene 	 0.069 	 0.084 
3-Ethyltoluene 	 0.089 	 0.102 
4-Ethyltoluene 	 0.091 	 0.104 
1,3,5-Trimethylbenzene 	 0.048 	 0.047 
2-Ethyltoluene 	 0.061 	 0.063 
1,2,4-Trimethylbenzene 	 0.177 	 0.193 
Decane 	 0.201 	 0.127 
iso-Butylbenzene 	 0.023 	 0.024 
sec-Butylbenzene 	 0.026 	 0.018 
1,2,3-Trimethylbenzene 	 0.074 	 0.063 
p-Cymene 	 0.112 	 0.070 
Indan 	 0.040 	 0.046 
1,3-Diethylbenzene 	 0.032 	 0.036 
1,4-Diethylbenzene 	 0.083 	 0.103 
n-Butylbenzene 	 0.038 	 0.042 
1,2-Diethylbenzene 	 0.032 	 0.038 
Undecane 	 0.286 	 0.153 
Naphthalene 	 0.190 	 0.243 
Dodecane 	 0.379 	 0.253 
Hexylbenzene 	 0.094 	 0.138 

ND = Not Detected 
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Table 21 Carbon Dioxide from the Armstrong CD-1 
Above instrument background 

Results: Min<Ave<Max in ppm 
DW1A 

16m, 176°N 
DW1B 	DW1C 

14m, 197°N 16m, 219°N 
SIX 	SlY 	UW1B 

34m, 132°N 26m, 151°N 74m, 23°N 

01 Boom 1 Burn 1 (48 min) 
Boom la Burn 1 (120 min) 
Boom la Burn 2 (42 min) 
Boom la Burn 3 (43 min) 
Boom 3 Burn 1 (62 min) 
Boom 4 Burn 2 (63 min) 
Boom 4 Burn 3 (61 min) 

0<6<10 
0<9<47 
0<6<18 
0<7<22 

0<21<51 
0<4<7 

0<17<33 

0<6<9 
0<9<47 
0<5<16 
0<8<17 

0<20<40 
0<8<17 

0<18<30 

0<3<9 
0<9<38 
0<7<25 

0<10<18 
0<16<36 
0<22<64 
0<13<38  

0<3<6 	 0<2<9 
0<22<56 	 0<8<20 
0<4<8 	0<4<9 	0<3<6 
0<5<11 	0<6<14 	0<3<6 

0<25<89 	0<23<42 
0<7<14 	0<4<10 
0<25<52 	0<25<50 

•80888•089•111188118•808880M118081,111181101111811•110681181181181111 



Remote Station 1 
#2 #1 #1 AVE 

11111111•1 11101 11 18111188•111 11111•8
811

1111•11
8

•
8

•
81111111

•11 1111118811118
1111108118  

Table 22 Carbon Dioxide Values from a Large Crude Oil Burn 

Remote Station 2 
#2 

Overall 
Remote Station 1 	 Remote Station 2 

#1 	 #2 	 AVE 	 #1 	 #2 	 AVE 
Minimum 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 
Average 	342.2 	 340.7 	341.2 	 934.8 	 351.6 	643.2 

Maximum 	689.5 	 683.9 	686.5 	 1176.4 	 514.3 	778.6 

	

Burn 1 	Remote Station 1 	 Remote Station 2 
#1 	 #2 	 AVE 	 #1 	 #2 	 AVE 

	

Minimum 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 

	

Average 	347.7 	 340.1 	343.9 	 462.2 	 468.5 	465.4 

	

Maximum 	430.1 	 435.1 	432.6 	 503.3 	 514.3 	504.4 

Burn 2 Remote Station 1 	 Remote Station 2 
#1 	 #2 	 AVE 	 #1 	 #2 	 AVE 

	

Minimum 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 

	

Average 	313.3 	 313.8 	313.3 	 62.8 	 101.6 	82.2 

	

Maximum 	689.5 	 683.9 	686.5 	 101.9 	 218.0 	141.4 
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Table 23 	 Carbon Dioxide Measured in Summa Canisters 

(values in ppm) 
location DW1A 	DW1B 	DW2B 	DW3B 	DW1C 	UW1B 

170°, 30m 186°, 15m  189°, 30m 191°, 45m 214°, 30m 25°, 72m 

Boom 1 Burn 1 (Sept 25, 97) 	347 	328 	353 	290 	334 	331 
297 

Boom 2 Burn 1 (Sept 26, 97) 	325 	327 	333 	322 	310 	318 
Boom 2 Burn 2 (Sept 26, 97) 	329 _ 	324 	319 	 346 	326 _ 
Boom 2 Burn 3 (Sept 26, 97) 	320 	339 	315 	 311 	317 
Boom 3 Burn 1 (Sept 29, 97) 	355 	314 	296 	 318 	328 
Boom 3a Burn 1 (Sept 30, 97) 	341 	334 	343 	 341 	340 
Boom 4 Burn 1 (Oct 1, 97) 	350 	359 	356 	 357 	351 

367 
Boom 4 Burn 2 (Oct 1, 97) 	345 	331 	324 	 331 	341 
Boom 4 Burn 3 (Oct 1, 97) 	318 	320 	324 	 323 	308 

294 
Boom 5 Burn 1 (Oct 2, 97) 	312 	318 	320 	 320 	318 

location 	S1A 	S2A 	S3A 	SIC 	S2C 	S3C UW1B 

Boom 3 Burn 1 (Sept 29, 97) 	316 	312 	323 	323 	325 	342 	340 

Burn 1, 2, & 3 	 335 	347 	332 	324 	352 	335 	353 

Boom 5 Burn 1 (Oct 2, 97) 	308 	311 	332 	324 	335 	308 
319 

Values above the upwind station 
(values in ppm above upwind station) 

location DW1A 	DW1B 	DW2B 	DW3B 	DW1C 
170°, 30m 186°, 15m  189°, 30m 191°, 45m 214°, 30m 

Boom 1 Burn 1 (Sept 25, 97) 	16 	0 	22 	0 	 3 
0 

Boom 2 Burn 1 (Sept 26, 97) 	7 	8 	15 	4 	0 
Boom 2 Burn 2 (Sept 26, 97) 	3 	0 	0 	- 	 20 
Boom 2 Burn 3 (Sept 26, 97) 	2 	21 	0 	- 	 0 
Boom 3 Burn 1 (Sept 29, 97) 	27 	0 	 0 	- 	 0 
Boom 3a Burn 1 (Sept 30, 97) 	1 	 0 	 2 	- 	 1 
Boom 4 Burn 1 (Oct 1, 97) 	0 	 8 	5 	- 	 6 
Boom 4 Burn 2 (Oct 1, 97) 	5 	0 	0 	- 	 0 
Boom 4 Burn 3 (Oct 1, 97) 	10 	12 	16 	- 	 15 
Boom 5 Burn 1 (Oct 2, 97) 	0 	 0 	 2 	- 	 2 

location 	S1A 	S2A 	S3A 	SIC 	S2C 	S3C 

Boom 3 Burn 1 (Sept 29, 97) 	0 	 0 	 0 	 0 	 0 	2 
Burn 1, 2, & 3 	 0 	 0 	 0 	 0 	 0 	0 
Boom 5 Burn 1 (Oct 2, 97) 	0 	 3 	24 	16 	27 	0 
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Table 24 	 Gases and VOCs Detected by Long-path Infrared 

Gas concentration in ppmlm above background levels 
Carbon Dioxide Carbon Monoxide Ethyl Benzene lso-Octane n-Octane 	Benzene 

Burn Identification 

Pre-Background 	 0<1.88<15.44 	0<0.01<0.15 	0<0<0 	0<0<0 	0<0<0 	0<0.16<0.26 

Background 	 0<2.73<19.14 	0<0<0 	 0<0<0 	0<0<0 	0<0<0 	0<0<0 

Burn - Boom 1 Burn 1 	0<3.71<11.26 	0<0<0 	 0<0<0 	0<0<0.01 	0<0<0.02 	0<0<0 

Post-burn - Boom 1 Burn 1 	0<0.85<5.94 	0<0<0 	 0<0<0 	0<0<0 	0<0<0 	0<0<0 

Pre-Burn Boom 2 Burn 1 	0<0<0 	 0<0<0 	0<0<0.03 	0<0<0.01 	0<0.01<0.05 	0<0<0 

Burn Boom 2 Burn 1 	 0<0<0 	 0<0<0 	 0<0<0 	0<0<0 	0<0.01<0.06 	0<0<0 

Pre-burn Boom 2 Burn 2 	0<0<0 	 0<0<0 	 0<0<0 	0<0<0 	0<0.01<0.03 	0<0<0 

Burn Boom 2 Burn 2 	 0<0<0 	 0<0<0 	 0<0<0 	0<0<0 	0<0<0 	0<0<0 

Post-burn Boom 2 Burn 2 	0<0<0 	0<0.03<0.12 	0<0<0 	0<0<0 	0<0.01<0.06 	0<0<0 

Pre-burn Boom 2 Burn 3 	0<0<0 	 0<0<0 	 0<0<0 	0<0<0 	0<0.03<0.06 	0<0<0 

Burn Boom 2 Burn 3 	 0<0<0 	0<0.03<0.16 	0<0<0 	0<0<0 	0<0<0 	0<0<0 

Post-burn Boom 2 Burn 3 	0<0<0 	0<0.06<0.11 	0<0<0 	0<0<0 	0<0<0 	0<0<0 

Pre-burn - Boom 3 Burn 1 	0<2.49<10.37 	0<0<0.02 	0<0<0 	0<0<0 	0<0<0 	0<0.08<0.26 

Burn - Boom 3 Burn 1 	0<2.51<12.47 	0<0.01<0.09 	0<0<0 	0<0<0 	0<0<0 	0<0<0 

Post-burn - Boom 3 Burn 1 	0<0.6<8.39 	0<0<0 	 0<0<0 	0<0<0 	0<0<0 	0<0<0 

Pre-burn - Boom 4 Burn 1 	0<0<0 	0.01<0.09<0.23 	0<0<0.03 	0<0<0.01 	0<0.01<0.03 0<0.08<0.31 

Burn - Boom 4 Burn 1 	0<2.5<19.36 	0<0.1<0.18 	0<0<0 	0<0<0 	0<0.01<0.07 	0<0<0 

Post-burn - Boom 4 Burn 1 	0<0<0 	 0<0<0 	 0<0<0 	0<0<0 	0.07<0.08<0.1 	0<0<0 

Pre-burn - Boom 4 Burn 2 	1.45<3.4<5.34 	0<0.01<0.02 	0<0<0 	0<0<0 	0.01<0.02<0.03 	0<0<0 

Burn - Boom 4 Burn 2 	0<3.69<9.04 	0<0.01<0.06 	0<0<0 	0<0<0 	0<0<0.04 	0<0<0 

Post-burn - Boom 4 Burn 2 	0<2.74<8.85 	0<0<0.02 	0<0<0 	0<0<0 	0<0.03<0.06 	0<0<0 

Pre-burn - Boom 4.Burn 3 	0<0<0 	0<0.01<0.04 	0<0<0 	0<0<0 	0<0<0 	0<0<0 

Burn - Boom 4 Burn 3 	 0<0<0 	0<0.02<0.14 	0<0<0 	0<0<0 	0<0<0.1 	0<0<0 

Post-burn - Boom 4 Burn 3 	0<0<0 	0<0.07<0.12 	0<0<0 	0<0<0 	0<0.01<0.07 	0<0<0 

Results are reported as MIN<AVE<MAX 
ppm = parts-per-million. 
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Carbon Monoxide Concentrations Measured at Large Crude Oil Burn 
(in ppm) 

Remote Station 1 	Remote Station 2 

Overall ... 
Minimum 	 0.0 	 0.0 

Average 	 0.5 	 0.1 

Maximum 	 3.7 	 1.9 

Burn 1, R/C boat 4. RS-1 nr 1, R/C/ boat 2, RS-2 

Minimum 	 0.0 	 0.0 

Average 	 0.2 	 0.3 

Maximum 	 3.7 	 1.9 

Burn 1, R/C boat 2;RS-1 urn 1, R/C boat 1, RS-2 

Minimum 	 0.1 	 0.0 

Average 	 0.5 	 0.0 

Maximum 	 1.8 	 0.0 
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Table 26 	 PAHs on Soot from Crude Oil Burn Plume 	Values in pg/m3  

Downwind 1 	 Downwind 2 

date 	1 	2 	3 	4 	5 	6 	Ave/Dy 	 1 	2 	3 	Ave/Dy 

Naphthalene 	 0.38 	1.40 	0.87 	1.12 	0.57 	0.61 	0.83 	1.38 	0.20 	0.22 	0.60 
2-Methylnaphthalene 	0.53 	0.67 	0.85 	1.29 	1.15 	0.74 	0.87 	1.19 	0.21 	0.18 	0.53 
1-Methylnaphthalene 	0.22 	0.33 	0.37 	0.59 	0.54 	0.35 	0.40 	0.52 	<0.10 	<0.10 	0.52 
Biphenyl 	 0.44 	1.00 	0.63 	0.82 	1.14 	1.00 	0.84 	1.61 	1.83 	2.03 	1.82 
2,6 -Dimethylnaphthalene 	<0.10 	<0.10 	0.29 	0.49 	0.65 	0.34 	0.44 	0.54 	0.23 	0.24 	0.34 
Dimethylnaphthalenes 	0.17 	<0.10 	0.56 	0.89 	1.11 	0.58 	0.66 	1.27 	0.54 	0.54 	0.78 
2,3,5-Trimethylnaphthalene <0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 
Trimethylnaphthalenes 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	<0.10 	0.31 	0.31 
2 Rings total 	 1.7 	3.4 	3.6 	5.2 	5.2 	3.6 	 4.0 	 6.5 	3.0 	3.5 	 4.9 

Acenaphthylene 	 0.19 	0.43 	1.13 	1.19 	0.29 	0.73 	0.66 	1.06 	0.13 	0.21 	0.47 
Acenaphthene 	 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 	<0.10 	<0.10 <0.10 <0.10 	<0.10 
Fluorene 	 0.18 <0.10 	0.26 	0.21 <0.10 	0.38 	0.26 	0.12 <0.10 	0.20 	0.16 
Phenanthrene 	 6.64 	0.85 	2.51 	2.21 	0.67 	4.61 	2.92 	1.86 	0.48 	0.35 	0.90 
Anthracene 	 1.32 	0.12 	0.33 	0.28 <0.10 	0.64 	0.54 	0.19 <0.10 <0.10 	0.19 
1-Methylphenanthrene 	0.24 <0.10 	0.20 	0.18 <0.10 	0.21 	0.21 	0.14 <0.10 <0.10 	0.14 
Methylphenanthrenes 	0.51 <0.10 	0.20 	0.17 <0.10 	0.21 	0.27 	0.11 <0.10 	0.30 	0.21 
3 Rings total 	 9.1 	1.4 	4.6 	4.2 	1.0 	6.8 	 4.9 	 3.5 	0.6 	1.1 	 2.1 

Fluoranthene 	 7.97 	0.72 	1.98 	1.78 	0.74 	3.54 	2.79 	1.33 	0.47 	2.20 	1.33 
Pyrene 	 8.11 	0.70 	1.98 	1.79 	0.56 	3.59 	2.79 	1.28 	0.40 	2.21 	1.30 
Benz(a)anthracene 	 1.82 <0.10 	0.17 	0.18 	<0.10 	0.40 	0.64 	0.22 	<0.10 	0.41 	0.32 
Chrysene 	 2.10 	0.10 	0.17 	0.17 	<0.10 	0.43 	0.59 	0.23 	<0.10 	0.53 	0.38 
4 Rings total 	 20.0 	1.5 	4.3 	3.9 	1.3 	8.0 	 6.8 	 3.1 	0.9 	5.4 	 3.3 

Benzo(b,k) fluoranthene 	3.40 	0.13 	0.29 	0.35 <0.10 	0.80 	0.99 	0.46 <0.10 	0.86 	0.66 
Benzo(e)pyrene 	 1.30 <0.10 	0.16 	0.28 <0.10 	0.50 	0.56 	0.15 <0.10 	0.31 	0.23 
Benzo(a)pyrene 	 2.09 <0.10 	0.18 	0.33 <0.10 	0.64 	0.81 	0.19 <0.10 	0.34 	0.27 
5 Rings total 	 6.8 	0.1 	0.6 	1.0 	LDL 	1.9 	 2.4 	 0.8 	LDL 	1.5 	 1.2 

Perylene 	 0.58 <0.10 <0.10 	0.16 <0.10 	0.20 	0.31 	<0.10 <0.10 <0.10 	<0.10 
Indenol(1,2,3-cd)pyrene 	1.43 <0.10 <0.10 	0.19 <0.10 	0.41 	0.68 	0.14 <0.10 	0.40 	0.27 
Dibenz(a,h)anthracene 	0.29 <0.10 <0.10 <0.10 <0.10 <0.10 	0.29 	<0.10 <0.10 <0.10 	<0.10 
Benzo(g,h,i)perylene 	1.86 <0.10 	0.15 	0.30 <0.10 	0.59 	0.73 	0.20 <0.10 	0.54 	0.37 
6 Rings total 	 4.2 	LDL 	0.2 	0.7 	LDL 	1.2 	 2.0 	 0.3 	LDL 	0.9 	0.64 

TOTAL 	41.8 	6.5 	13.3 	15.0 	7.4 	21.5 	20.1 	14.2 	4.5 	12.4 	12.1 
Recovery % 
d10-Acenaphthene 	 54 	50 	78 	67 	86 	88 	 94 	54 	89 

d1O-Phenanthrene 	 74 	72 	115 	100 	112 	124 	 139 	128 	146 

d12-Benz(a)anthracene 	 80 	74 	67 	69 	71 	77 	 109 	110 	113 

d12-Perylene 	 72 	60 	51 	61 	61 	67 	 100 	101 	105 

Method Detection Limit = 0.1 p91m3  assuming sample volume of 100 L 

LDL = Lower than Detection Limit 
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Table 27 PAHs on Soot from Crude Oil Burn - Ground Monitoring 	Values in pen' 

Downwind 2 	 Downwind 3 

date 	1 	2 	3 	4 	5 	6 	Ave/Dy 	 1 	2 	3 	4 	5 	6 	Ave/Dy 

Naphthalene 	 0.08 	1.04 	0.23 	0.04 	0.16 	0.05 	0.27 	 0.05 	0.43 	0.36 	0.03 	0.02 	0.03 	0.15 
2-Methylnaphthalene 	0.12 	1.27 	0.22 	0.11 	0.24 	0.04 	0.33 	 0.05 	0.53 	0.21 	0.08 	0.02 	0.02 	0.15 
1-Methylnaphthalene 	0.13 	0.94 	0.17 	0.09 	0.18 	0.03 	0.26 	 0.05 	0.38 	0.15 	0.06 	0.01 	0.02 	0.11 
Biphenyl 	 0.40 	0.62 	0.11 	0.06 	0.16 	0.19 	0.26 	 0.18 	0.28 	0.11 	0.04 	0.09 	0.06 	0.13 
2,6 -Dimethylnaphthalene 	0.01 	0.06 	0.11 	0.07 <0.01 <0.01 	0.06 	 0.01 	0.02 	0.11 	0.06 <0.01 <0.01 	0.05 
Dimethylnaphthalenes 	0.03 	0.11 	0.41 	0.22 	0.11 	0.02 	0.15 	 0.01 	0.05 	0.29 	0.13 	0.01 	0.01 	0.08 
2,3,5-Trimethylnaphthalene 	0.05 	0.19 	0.04 	0.02 	0.18 	0.02 	0.08 	 0.03 	0.07 	0.03 	0.01 	0.01 <0.01 	0.03 
Trimethylnaphthalenes 	0.14 	0.61 	0.19 	0.08 	0.55 	0.07 	0.27 	 0.07 	0.23 	0.13 	0.06 	0.05 	0.05 	0.10 
2 Rings total 	 0.97 	4.83 	1.48 	0.69 	1.58 	0.42 	1.68 	 0.45 	1.98 	1.39 	0.47 	0.20 	0.19 	0.80 

Acenaphthylene 	 3.50 	1.15 	0.23 	0.12 	0.15 	0.08 	0.87 	 1.20 	0.28 	0.21 	0.05 <0.01 	0.02 	0.35 
Acenaphthene 	 0.07 	0.04 	0.02 <0.01 	0.02 	0.01 	0.03 	 0.03 	0.03 	0.02 <0.01 	0.01 <0.01 	0.02 
Ruorene 	 0.65 	0.20 	0.07 	0.03 	0.09 	0.02 	0.18 	 0.24 	0.07 	0.05 	0.02 	0.01 	0.01 	0.07 
Phenanthrene 	 2.19 	0.60 	0.24 	0.16 	0.17 	0.07 	0.57 	 0.82 	0.19 <0.01 <0.01 <0.01 <0.01 	0.50 
Anthracene 	 0.50 	0.09 	0.03 	0.02 	0.02 	0.01 	0.11 	 0.17 	0.03 	0.02 <0.01 <0.01 <0.01 	0.07 
1-Methylphenanthrene 	0.09 	0.07 	0.03 <0.01 	0.05 	0.01 	0.05 	 0.05 	0.02 	0.02 <0.01 <0.01 <0.01 	0.03 
Methylphenanthrenes 	0.24 	0.15 	0.06 	0.04 	0.18 	0.02 	0.11 	 0.12 	0.07 	0.04 	0.03 	0.01 	0.02 	0.05 

po 	 3 Rings total 	 7.24 	2.30 	0.68 	0.36 	0.67 	0.23 	1.93 	 2.63 	0.69 	0.36 	0.09 	0.03 	0.06 	1.10 
1N) 

Fluoranthene 	 1.11 	0.29 	0.10 	0.09 	0.03 	0.03 	0.27 	 0.39 	0.08 	0.10 	0.05 <0.01 	0.01 	0.12 
Pyrene 	 1.08 	0.30 	0.09 	0.09 	0.02 	0.02 	0.27 	 0.36 	0.07 	0.10 	0.04 <0.01 	0.01 	0.12 
Benz(a)anthracene 	 0.38 	0.05 	0.02 	0.01 <0.01 <0.01 	0.12 	 0.10 	0.01 	0.02 <0.01 <0.01 <0.01 	0.04 
Chrysene 	 0.40 	0.06 	0.02 	0.01 	0.01 	0.01 	0.08 	 0.12 	0.02. 	0.02 <0.01 <0.01 <0.01 	0.05 
4 Rings total 	 2.97 	0.70 	0.23 	0.20 	0.06 	0.06 	0.74 	 0.97 	0.18 	0.25 	0.09 	LDL 	0.02 	0.34 

Benzo(b,k) fluoranthene 	0.79 	0.13 	0.04 	0.03 <0.01 	0.01 	0.20 	' 0.22 	0.03 	0.04 	0.01 <0.01 <0.01 	0.07 
Benzo(e)pyrene 	 0.29 	0.06 	0.01 	0.01 <0.01 <0.01 	0.09 	 0.09 	0.01 	0.01 	0.25 <0.01 <0.01 	0.09 
Benzo(a)pyrene 	 0.43 	0.08 	0.02 	0.02 <0.01 <0.01 	0.14 	 0.10 	0.02 	0.02 	0.05 <0.01 <0.01 	0.05 
5 Rings total 	 1.51 	0.27 	0.07 	0.06 	LDL 	0.01 	0.43 	 0.41 	0.06 	0.07 	0.31 	LDL 	LDL 	0.21 

Perylene 	 0.08 	0.02 <0.01 . <0.01 	0.01 <0.01 	0.04 	 0.02 <0.01 <0.01 	0.08 <0.01 <0.01 	0.05 
Indenoi(1 ,2,3-cd)pyrene 	0.33 	0.06 	0.02 	0.01 <0.01 <0.01 	0.11 	 0.08 	0.02 	0.02 <0.01 <0.01 <0.01 	0.04 
Dibenz(a,h)anthracene 	0.08 	0.01 <0.01 <0.01 <0.01 <0.01 	0.04 	 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 	0.02 
Benzo(g,h,i)perylene 	0.35 	0.09 	0.03 	0.02 <0.01 <0.01 	0.12 	 0.09 	0.02 	0.03 <0.01 <0.01 <0.01 	0.05 
6 Rings total 	 0.83 	0.19 	0.05 	0.04 	0.01 	LDL 	0.31 	 0.21 	0.04 	0.04 	0.08 	LDL 	LDL 	0.16 

TOTAL 13.52 	8.29 	2.50 	1.35 	2.32 	0.71 	5.09 	 4.67 	2.95 	2.10 	1.04 	0.23 	0.27 	2.60 
Recovery % 
d10-Acenaphthene 	 67 	88 	74 	55 	108 	91 	 61 	87 	70 	47 	107 	91 
di 0-Phenanthrene 	 87 	108 	114 	118 	127 	134 	 87 	111 	114 	105 	143 	134 
d12-Benz(a)anthracene 	 106 	109 	119 	112 	113 	89 	 86 	106 	101 	92 	130 	93 
d12-Perylene 	 101 	111 	118 	101 	135 	91 	 80 	122 	93 	71 	133 	86 
Method Detection Limit = 0.01 pg/m 3  assuming a sample volume of 10 m3  

LDL = Lower than Detection Limit 
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Table 28 PAHs on Source Crude Oil and Residue 	 Values in pg/g 

CO 
U.) 

Crude Oil 	 Residue 

1 	2 	3 	4 	5 	Ave 	 1 	2 	3 	4 	5 	5 	6 	6 	AveMy 

	

reburn tk bot. 	 reburn 

Naphthalene 	 423.5 	398.0 	401.5 	416.5 	402.5 	408.4 	 4.0 	11.0 	5.0 	2.0 	5.0 	6.0 	3.0 	2.0 	4.8 
2-Methylnaphthalene 	 749.5 	714.0 	730.5 	754.0 	733.0 	736.2 	 4.0 	25.0 	5.0 	2.0 	5.0 	5.0 	2.0 	1.0 	6.1 
1-Methylnaphthalene 	 516.5 	496.0 	503.5 	525.5 	506.5 	509.6 	 4.0 	17.0 	4.0 	1.0 	4.0 	4.0 	1.0 	1.0 	4.5 
Biphenyl 	 138.0 	134.0 	134.0 	140.5 	137.5 	136.8 	 1.0 	5.0 	2.0 	1.0 	1.0 	1.0 	1.0 	1.0 	1.6 
2,6 -Dimethylnaphthalene 	629.0 	627.0 	620.0 	585.0 	581.0 	608.4 	 5.0 	25.0 	7.0 	1.0 	5.0 	6.0 	1.0 	1.0 	6.4 
Dimethylnaphthalenes 	1567.0 	1564.0 	1537.0 	1452.0 	1441.0 	1512.2 	15.0 	69.0 	24.0 	4.0 	16.0 	20.0 	4.0 	5.0 	19.6 
2,3,5-Trimethylnaphthalene 	302.0 	303.0 	302.0 	287.0 	284.0 	295.6 	 9.0 	17.0 	12.0 	2.0 	7.0 	10.0 	3.0 	3.0 	7.9 
Trimethylnaphthalenes 	979.0 	978.0 	970.0 	919.0 	912.0 	951.6 	25.0 	59.0 	35.0 	5.0 	20.0 	29.0 	9.0 	7.0 	23.6 
2 Rings total 	 5305 	5214 	5199 	5080 	4998 	5159 	 67 	228 	94 	18 	63 	81 	24 	21 	75 

Acenaphthylene 	 22.9 	21.5 	22.2 	23.1 	22.1 	22.3 	 6.0 	5.0 	8.0 	4.0 	5.0 	9.0 	5.0 	3.0 	5.6 
Acenaphthene 	 12.4 	12.1 	14.3 	12.4 	12.1 	12.6 	 1.0 	1.0 	1.0 	1.0 	2.0 	1.0 	<1.0 	1.0 	1.1 
Fluorene 	 56.5 	54.0 	53.5 	58.0 	54.5 	55.3 	 5.0 	5.0 	6.0 	3.0 	4.0 	6.0 	3.0 	2.0 	4.3 
Phenanthrene 	 93.0 	90.0 	92.0 	96.0 	90.5 	92.3 	26.0 	20.0 	37.0 	13.0 	20.0 	32.0 	19.0 	14.0 	22.6 
Anthracene 	 1.3 	1.1 	1.4 	1.5 	1.6 	1.4 	 4.0 	4.0 	8.0 	4.0 	5.0 	6.0 	5.0 	3.0 	4.9 
1-Methylphenanthrene 	 69.3 	70.4 	65.7 	68.9 	60.4 	66.9 	55.0 	27.0 	63.0 	17.0 	38.0 	57.0 	38.0 	27.0 	40.3 
Methylphenanthrenes 	 275.0 	277.0 	273.0 	265.0 	261.0 	270.2 	56.0 	35.0 	81.0 	22.0 	56.0 	72.0 	43.0 	30.0 	49.4 
3 Rings total 	 530 	526 	522 	525 	502 	521 	 153 	97 	204 	64 	130 	183 	113 	80 	128 

Fluoranthene 	 10.9 	10.5 	10.7 	11.4 	10.8 	10.9 	12.0 	11.0 	17.0 	10.0 	10.0 	13.0 	10.0 	10.0 	11.6 
Pyrene 	 5.5 	5.3 	5.5 	5.9 	5.7 	5.5 	18.0 	19.0 	29.0 	17.0 	16.0 	21.0 	18.0 	15.0 	19.1 1 
Benz(a)anthracene 	 <1.0 	<1.0 	<1.0 	<1.0 	<1.0 	<1.0 	 * 	* 	* 	 * 	* 	* 	* 	* 	 i 

i 
Chrysene 	 14.7 	14.0 	14.0 	14.3 	13.5 	14.1 	36.0 	23.0 	34.0 	20.0 	21.0 	27.0 	27.0 	20.0 	26.0 	 1 i 
4 Rings total 	 31 	30 	30 	32 	30 	30 	 66 	53 	80 	47 	47 	61 	55 	45 	57 

Benzo(b,k) fluoranthene 	 6.0 	6.1 	5.6 	7.0 	5.8 	6.1 	20.0 	19.0 	25.0 	17.0 	14.0 	16.0 	16.0 	16.0 	17.9 
Benzo(e)pyrene 	 2.3 	2.1 	2.3 	2.4 	2.2 	2.2 	10.0 	13.0 	19.0 	12.0 	11.0 	15.0 	12.0 	11.0 	12.9 
Benzo(a)pyrene 	 5.2 	4.6 	4.5 	5.4 	5.2 	4.9 	14.0 	18.0 	24.0 	16.0 	13.0 	16.0 	14.0 	14.0 	16.1 
5 Rings total 	 13 	13 	12 	15 	13 	13 	 44 	50 	68 	45 	38 	47 	42 	41 	47 

Perylene 	 41.0 	42.5 	43.1 	46.7 	45.8 	43.8 	85.0 	70.0 	129.0 	61.0 	64.0 	111.0 	84.0 	73.0 	84.6 
Indenol(1,2,3-cd)pyrene 	<1.0 	<1.0 	<1.0 	<1.0 	<1.0 	<1.0 	 8.0 	18.0 	21.0 	15.0 	12.0 	12.0 	12.0 	13.0 	13.9 
Dibenz(a,h)anthracene 	 <1.0 	<1.0 	<1.0 	<1.0 	<1.0 	<1.0 	 5.0 	11.0 	12.0 	10.0 	9.0 	8.0 	8.0 	8.0 	8.9 
Benzo(g,h,i)perylene 	 <1.0 	<1.0 	<1.0 	<1.0 	<1.0 	<1.0 	11.0 	24.0 	27.0 	22.0 	16.0 	16.0 	15.0 	16.0 	18.4 
6 Rings total 	 41 	42 	43 	47 	46 	44 	 109 	123 	189 	108 	101 	147 	119 	110 	126 

TOTAL 5920 5825 5806 5697 5589 	5767 	439 	551 	635 	282 	379 	519 	353 	297 	432 
Recovery % 
di O-Acenaphthene 	 74 	126 	122 	117 	119 	117 	132 	129 
di O-Phenanthrene 	 83 	136 	135 	125 	128 	127 	140 	136 
d12-Benz(a)anthracene 	 104 	166 	185 	154 	158 	169 	180 	171 
d12-Perylene 	 106 	179 	200 	165 	161 	170 	180 	169 
Detection Limit = 1 ppm for a 20-mg aliquot 	 Detection Limit = 1 ppm for a 25-mg aliquot 

* Benz(a)anthracene unresolved from Chrysene 
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Table 29 	 PAH Analysis Results of Particulate Filters from Diesel Burns (pg/m3  air) 

Sample Type 	 TSP 	TSP 	PM-10 PM-10 PM-2.5 PM-2.5 P5 1 	CI 
Burn 1 Burn 2 Burn 1 Burn 2 Burn 1 Burn 2 Burn 1 Burn 1 

Naphthalene 
C0-N 	 0.0001 0.0031 0.0001 0.0023 0.0015 0.0099 0.0002 0.0009 
C1-N 	 0.0002 0.0010 0.0001 0.0009 0.0041 0.0160 0.0005 0.0024 
C2-N 	 0.0003 0.0015 0.0003 0.0016 0.0048 0.0184 0.0014 0.0031 
C3-N 	 0.0003 0.0085 0.0007 0.0081 0.0027 0.0129 0.0009 0.0087 
C4-N 	 0.0002 0.0019 0.0026 0.0031 0.0015 0.0105 0.0008 0.0030 
Sum 	 0.0012 0.0159 0.0039 0.0158 0.0146 0.0678 0.0038 0.0180 
Phenanthrene 
CO-P 	 0.0004 0.0097 0.0003 0.0094 0.0013 0.0157 0.0004 0.0005 
C1-P 	 0.0006 0.0057 0.0005 0.0054 0.0028 0.0282 0.0009 0.0022 
C2-P 	 0.0008 0.0188 0.0014 0.0204 0.0035 0.0418 0.0015 0.0065 
C3-P 	 0.0008 0.0280 0.0014 0.0284 0.0020 0.0580 0.0007 0.0032 
C4-P 	 0.0011 0.0443 0.0022 0.0451 0.0021 0.0834 0.0009 0.0028 
Sum 	 0.0037 0.1065 0.0059 0.1087 0.0117 0.2271 0.0043 0.0152 
Dibenzothiophene 
C0-D 	 0.0001 0.0015 0.0002 0.0015 0.0004 0.0025 0.0001 0.0002 
C1-D 	 0.0003 0.0020 0.0003 0.0021 0.0006 0.0058 0.0006 0.0006 
C2-D 	 0.0004 0.0050 0,0006 0.0048 0.0016 0.0179 0.0007 0.0011 
C3-D 	 0.0004 0.0074 0.0004 0.0064 0.0031 0.0205 0.0006 0.0017 
Sum 	 0.0012 0.0159 0.0015 0.0147 0.0057 0.0466 0.0020 0.0035 
Fluorene 
C0-F 	 0.0001 0.0009 0.0001 0.0008 0.0005 0.0020 0.0001 0.0002 
C1-F 	 0.0002 0.0014 0.0003 0.0016 0.0010 0.0037 0.0004 0.0011 
C2-F 	 0.0003 0.0019 0.0008 0.0046 0.0017 0.0114 0.0008 0.0021 
C3-F 	 0.0009 0.0101 0.0025 0.0175 0.0032 0.0213 0.0017 0.0118 
Sum 	 0.0015 0.0143 0.0036 0.0244 0.0064 0.0384 0.0030 0.0152 
Chrysene 
C0-C 	 0.0008 0.1182 0.0006 0.1286 0.0014 0.1808 0.0004 0.0003 
C1-C 	 0.0004 0.0189 0.0003 0.0184 0.0011 0.0212 0.0002 0.0004 
C2-C 	 0.0004 0.0186 0.0004 0.0176 0.0010 0.0149 0.0002 0.0004 
C3-C 	 0.0003 0.0130 0.0002 0.0120 0.0007 0.0076 0.0002 0.0005 
Sum 	 0.0019 0.1687 0.0015 0,1767 0.0041 0.2244 0.0010 0.0016 
TOTAL 	 0.010 	0.321 	0.016 	0.340 	0.043 	0.604 	0.014 	0.054 
Other PAHs 
Biphenyl 	 0.0000 0.0010 0.0000 0.0009 0.0005 0.0026 0.0001 0.0002 
acenaphthalene 	0.0001 0.0026 0.0000 0.0024 0.0003 0.0017 0.0001 0.0015 
Acenaphthene 	0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0002 0.0003 
Anthracene 	 0.0001 0.0069 0.0001 0.0070 0.0003 0.0077 0.0001 0.0001 
Fluoranthene 	0.0005 0.0343 0.0005 0.0370 0.0011 0.0945 0.0004 0.0002 
Pyrene 	 0.0005 0.0427 0.0005 0.0465 0.0010 0.1186 0.0004 0.0004 
Benz(a)anthracene 	0.0006 0.1070 0.0006 0.0640 0.0005 0.1779 0.0002 0.0001 
Benzo(b)fluoranthene 	0.0019 0.1508 0.0037 0.1487 0.0037 0.3472 0.0010 0.0005 
Benzo(k)fluoranthene 	0.0029 0.6206 0.0020 0.7267 0.0076 0.9264 0.0013 0.0001 
Benzo(e)pyrene 	0.0014 0.1821 0.0020 0.1971 0.0029 0.2320 0.0007 0.0003 
Benzo(a)pyrene 	0.0007 0.3030 0.0020 0.3451 0.0023 0.4898 0.0007 0.0004 
Perylene 	 0.0001 0.0504 0.0002 0.0565 0.0020 0.0610 0.0002 0.0001 
Indeno(1,2,3cd)pyrene 0.0034 0.3275 0.0075 0.3580 0.0034 0.3945 0.0016 0.0010 
Dibenz(a,h)anthracene 0.0004 0.0305 0.0005 0.0337 0.0005 0.0284 0.0002 0.0000 
Benzo(ghi)perylene 	0.0040 0.3051 0.0062 0.3432 0.0029 0.3910 0.0019 0.0012 
TOTAL 	 0.0166 2.1646 0.0259 2.3670 0.0291 3.2734 0.0090 0.0064 
Sum of all PAHs 	 0.03 	2.49 	0.04 	2.71 	0.07 	3.88 	0.02 	0.06 
E(other 3-6 ring PAHs) 
E(5 alkylated PAFis) 	1.74 	6.73 	1.58 	6.95 	0.67 	5.42 	0.63 	0.12  

CI - Cascade Impactor 
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a 
a 
al 	 Table 30 	 PAH Analysis of Water, Diesel, and Residue Samples a 	 Pre-burn 	Post-burn 
IIII 	Sample Type 	 Control 	water 	water 	Residue 	Diesel 

ill 

	

	 (pg/kg water) (pg/kg water) (pg/kg water (pg/g oil) (pg/g oil)  
PAH O 	 Naphthalene 

• C0-N 	 0.273 	0.021 	0.04 	89.1 	311.7 

• C1-N 	 0.570 	0.040 	0.12 	705.8 	1805.4 
C2-N 	 0.339 	0.039 	1.22 	2258.9 	4255.5 a 	C3-N 	 0.121 	0.044 	17.12 	2940.4 	4055.0 

le 	 C4-N 	 0.048 	0.040 	42.13 	1825.6 	1830.6 

111111 	Sum of Napthalenes 	 1.920 	0.222 	61 	8526 	14064 
Phenanthrene Ile 	C0-P 	 0.027 	0.016 	0.25 	601.3 	270.3 

ile 	 C1-P 	 0.085 	0.043 	17.91 	2324.9 	984.2 

•
C2-P 	 0.121 	0.057 	103.84 	2957.7 	1123.8 
C3-P 	 0.082 	0.038 	94.83 	1549.4 	511.9 

III 	C4-P 	 0.061 	0.028 	64.88 	901.4 	226.2 

II/ 	 sum of Phenanthrenes 	0.377 	0.182 	282 	8335 	3116 

gle 	
Dibenzothiophene 
CO-D 	 0.002 	0.002 	0.30 	352.0 	602.0 

• C1-D 	 0.014 	0.008 	11.80 	1157.1 	1568.8 

• C2-D 	 0.018 	0.011 	62.18 	1591.6 	1688.5 

III 	C3-D 	 0.016 	0.008 	65.89 	1055.0 	859.7 
Sum of Dibenzothlophenes 	0.050 	0.029 	140 	4156 	4719 

Ill 	Fluorene 

• C0-F 	 0.012 	0.005 	0.37 	281.0 	273.3 

a 	C1-F 	 0.015 	0.013 	5.28 	865.5 	855.1 
C2-F 	 0.035 	0.023 	38.19 	1621.5 	1532.8 

go, 	C3-F 	 0.035 	0.026 	67.59 	1516.9 	1213.1 
, 
1  lle 	

Sum of Fluorenes 	 0.097 	0.067 	111 	4285 	3874 

11111 	Chrysene 
C0-C 	 0.008 	0.009 	6.95 	93.1 	14.6 

• C1-C 	 0.019 	0.010 	9.42 	114.5 	19.8 

• C2-C 	 0.023 	0.011 	4.03 	47.5 	13.3 
C3-C 	 0.017 	0.005 	1.19 	15.7 	5.9 

11/ 	 Sum of Chrysenes 	 0.068 	0.036 	 22 	271 	53  

lib 	TOTAL 	 2.512 	0.537 	616 	25572 	25827 

• 3-M-DBT (ratio) 	 1 :0.81 :0.54 :0.72 :0.1 1 :0.69 :0.13 
C2D/C2P : C3D/C3P 	 0.60 : 0.69 0.54 : 0.68 1.50 : 1.68 

. 	 2 pairs of m-phen 	 1.00 	1.62 	1.03 

• Other PAHs 

• Biphenyl 	 0.066 	0.016 	0.02 	15.20 	44.45 
acenaphthalene 	 0.003 	0.001 	0.12 	14,15 	5.25 

11111 	Acenaphthene 	 0.007 	0.001 	1.17 	20.28 	18.58 

• Anthracene 	 0.002 	0.003 	2.37 	18.57 	3.32 

•
Fluoranthene 	 0.016 	0.014 	5.04 	13.30 	0.48 
Pyrene 	 0.007 	0.008 	25.46 	53.49 	3.02 

110 	 Benz(a)anthracene 	0.001 	0.001 	3.15 	47.30 	1.57 

ale 	 Benzo(b)fluoranthene 	0.002 	0.001 	0.68 	7.23 	0.36 

•
Benzo(k)fluoranthene 	0.000 	0.001 	1.62 	9.62 	0.24 
Benzo(e)pyrene 	 0.003 	0.003 	0.77 	8.33 	0.60 

• Benzo(a)pyrene 	 0.002 	0.001 	1.28 	14.64 	0.24 

ill 	 Perylene 	 0.007 	0.001 	0.19 	2.02 	0.18 

•
Indeno(1,2,3cd)pyrene 	0.001 	0.001 	1.02 	6.31 	0.30 
Dibenz(a,h)anthracene 	0.002 	0.001 	0.07 	0.31 	0.12 

fib 	Benzo(ghi)perylene 	0.001 	0.000 	0.84 	7.97 	0.18  

• TOTAL 	 0.120 	0.054 	44 	239 	79 

• E (other  3-6 ring  
• PAHs) 	 0.07 	0.009 	0.001 

E (5 alkylated PAHs)  
ID 
ne 
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Table 31 	 Carbonyl Measurements from a Series of Diesel Fuel Burns 
Concentrations in (pen') 

Distance from Burn 	14 m 	29 m 	74 m 
Formaldehyde 	 8.32 	7.34 	6.97 
Acetaldehyde 	 11.27 	6.94 	9.99 
Acrolein 	 0.00 	0.00 	0.00 
Acetone 	 11.81 	10.56 	12.49 
Propionaldehyde 	 2.31 	1.41 	2.51 
Crotonaldehyde 	 1.15 	1.25 	1.28 
MEK 	 2.71 	1.76 	2.73 
Benzaldehyde 	 1.62 	1.36 	1.29 
Isovaleraldehyde 	 0.00 	0.00 	0.00 
2-Pentanone 	 0.00 	0.00 	0.00 
Valeraldehyde 	 0.58 	0.21 	0.46 
o-Tolualdehyde 	 0.00 	0.00 	0.00 
m-Tolualdehyde 	 2.14 	1.54 	1.85 
p-Tolualdehyde 	 0.00 	0.00 	0.00 
MIBK 	 0.00 	0.00 	0.00 
Hexanal 	 1.03 	0.00 	0.44 
2,5-Dimethylbenzaldehyde 	0.00 	0.00 	0.00 
Data has been corrected with the average value of the Instrument blanks and Trip blank 

Background 
Distance from Burn 	14 m 	29 m 

Formaldehyde 	 3.22 
Acetaldehyde 	 4.35 
Acrolein 	 0.00 
Acetone 	 6.25 
Propionaldehyde 	 1.50 
Crotonaldehyde 	 0.00 
MEK 	 1.41 
Benzaldehyde 	 0.00 
lsovaleraldehyde 	 0.00 
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Appendix A 

Relationship between Concentration of Air Contaminants and Distance 
from Burn Site 
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Relationship between Concentration of Air Contaminants and Distance from Burn 
Site 

This appendix summarizes the data collected on burn emissions and explains how these data 
were used to calculate prediction equations for individual substances and for groups of 
substances from oil fires. 

Measurement of Emissions 

As noted in Section 2.2 of this report, all possible emissions were measured at over 30 test 
burns. The measurements taken are summarized in Table 5. The emphasis in sampling has been 
on the air emissions at ground level, which are the primary concern  and the regulated value. 

Volatile organic compounds (VOCs) were sampled using sorption tubes (in 1991 and 1992) 
and by taking whole air samples. Gilian HFS-513 or SKC personal samplers were used with a 
two-stage coconut charcoal tube (8 x 110  min,  600/150 mg) as sa.mpling media. Whole air 
samples were also taken using 6-L pre-evacuated (to 0.05 mm Hg) stainless steel canisters 
(Summa canisters, Scientific Instrumentation, Moscow, ID). Operating guidelines for these 
canisters are provided in Section 4. A fixed orifice with an integral stainless steel frit was used to 
restrict the flow to about 200 mL/min, which was pre-calculated to fill during the time of one 
burn. Upwind and background samples were always taken. Analysis was by GC-MS. By 1997, 
more than 150 compounds had been measured and over 90 hydrocarbons identified in the 
vapours from an evaporating or burning slick. 

Carbonyls were sampled by using a Gilian 513A to pump air through a DNPH (2,4- 
dinitrophenylhydrazine)-silica cartridge attached via a Tygon tube. The cartridge contains 350 mg 
of silica coated with 1.0 mg of DNPH. The sample was subsequently analyzed using HPLC. 
Polyaromatic hydrocarbons (PAHs) were sampled in air using sorbent tubes initially, but later 
from particulates collected on high volume samplers. Analysis of PAHs was also conducted 
from various particulate sampling including fractionation samplers, PM-10, PM-2.5, or cascade 
samplers, and filters from low- and medium-volume pumps. Analysis was by standard methods 
using GC-MS. 

Heavy metals were collected on soot using Gilian personal samplers on a 37-mm,  0.8-.un  
cellulose ester (MCE) filter. Analysis was by ICP, using standard techniques. 

Polychlorinated dibenzo-p-dioxin/furans (DX/DF) were measured on particulate sampks. 
High volume samplers (PS-1, General Metal Works) were used to collect cumulative samples at 
upwind and downwind locations. Sampling media were 10-cm glass-fibre filters followed by a 
5 x 7.5 cm polyurethane foam plug (PUF). Flow rate was nominally at 200 L/m. These same 
samples were used to measure TSP, or total suspended particulate levels and sometimes were 
analyzed for PAHs, other organics, or metals. 

PM-10 particulate air sampling was performed using a General Metal Works model PS-1 
instrument. The sampling media consisted of a 3" diameter quartz fibre filter and a poly-urethane 
foam (PUF) filter - 3" thick, density 0.022 g/cm3. Some of these filters were also analyzed for 
PAHs. 
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PM-2.5 particulate air sampling was accomplished using a Partisol PM-2.5 sampler (Rupprecht 
& Patashnick, Albany, NY). A tared 47-mm Teflon filter (CAB  Instrument Rental, Palatine IL) 
was placed in the apparatus and used to collect sample. 

Real-time particulate measurements were taken with RAM-1s or DataRAMs. The MIE RAM-
1 instrument was used to perform real-time aerosol monitoring and measure relative 
concentrations of airborne particulates. This instrument responds to a physical particle size of 
0.1 to 30 Fttri (micrometres). The DataRAM (MIE Inc, Bedford, MA) is an updated version of 
the RAM-1. The advantage of this unit over the RAM-1 is its internal datalogging and processing 
capabilities. The apparatus is capable of using several different sampling head configurations for 
sampling total particulate and particulate fractions from 0 to 10  m  (micrometres) and from 0 to 
2.51.1m (micrometres). Operating guidelines for both the MIE RAM-1 and the DataRAM aerosol 
monitors are provided in Section 3.2 of this report. 

Sulphur dioxide was measured using the Biosystems Cannonball at a flow rate of 1 L/min. 
This data was logged electronically. Sulphur dioxide in acid form was measured using a Gilian 
pump and a sodium hydrœdde-filled impinger. After each burn, the impinger fluid was titrated 
to determine the amount of sulphuric acid/sulphur diœdde. 

Carbon dioxide was measured using two electronic instruments, the Metrosonics AQ501 and 
the Armstrong CD-1 carbon dioxide analyzer. All these data were recorded at intervals of one 
minute averages of 10-second measurement intervals. Carbon dioxide was also measured in 
some Summa grab samples using gas chromatography. The Metrosonics  instrument  also 
measures carbon monoxide, moisture, and temperature. 

Nitric oxides were measured using the Biosystems Cannonball. Electronic output data was 
recorded in a manner similar to the above. 

Data Synthesis and Calculation 

Sufficient data are now available to correlate emission data results with spatial and burn 
parameters. The extensive work is described in the literature. Many correlations were tried, 
however, it was found that atmospheric emissions correlated relatively well with distance from 
the fire and the area of the fire. This information was used to develop predicdon equations for 
each pollutant, using the data gathered from the 30 test burns conducted to date. Sufficient data 
were available to calculate prediction equations for more than 150 individual compounds and for 
all the major groups. In some cases, however, there was not enough data to yield high 
correlation coefficients and low errors. This will improve as more data are collected. The result 
of the correlation will significantly increase understanding of in-situ burning in the areas of 
assessing the importance of specific emissions and classes, predicting 'safe distances, and 
predicting concentrations at a given point. These predictions are based on actual data and 
therefore may be more accurate than theoretical-based predictions where the conditions are the 
same as those under which the emissions data were collected. 

The emissions at a given downwind site are a function of various factors including wind 
direction and speed, atmospheric stability conditions, and the size of the fire. The data available 
correlate satisfactorily because they were obtained in about the same conditions, at wind speeds 
of about 10 km/h, and at standard daylight atmospheric stabilities. Previous workers have 

96 



•
11

11
18

11
11

08
00

11
8

0
1
8
0
8

81
18

11
0
8
0
8
.1

11
11

8
11

80
8

80
10

88
11

01
11

11
111

61
18

8
80

11
8 

shown that the burn rate is determined by the area of the axe, not the volume of the oil to be 
burned. It has been found that the area of the ftre correlates satisfactorily with emissions. The 
data are subject to a variety of sources of noise, including patchiness of emissions caused by 
turbulence and w-ind anomalies in the field. In addition, some of the data sets are derived when 
the wind changed and emissions that are very dependent on wind direction, such as particulates, 
impact a different set of sensors. This can cause some readings to be low. 
At least four data points involving different distances and burn areas are needed in order to 
perform a three-way correlation on area of burn, distance downwind at the most impacted set of 
sensors, and concentration. In some cases, these data were not available. In other cases, very 
poor correlation was achieved and the following procedures were performed in order of 
preference to improve the data. 1) Data from questionable sets were added, which often 
improved the situation, especially at distances remote from the fire. 2) The data that appeared to 
be causing the difficulty were veri fied in experimental logs, and sometimes data was not correctly 
copied. 3) Data from questionable sets that appeared to be causing the difficulty were removed. 
If all these steps failed, the correlation was not done. The latter two corrections were rarely 
necessary, especially for the diesel emissions where there is more recent, and probably more 
reliable, data. 
The data available to perform the correlations are summarized in Tables Al to A9. The data for 
VOCs from crude oil are shown in Table Al and from diesel burns in Table A2. PAHs from 
crude oil are shown in Table A3 and from diesel in Table A4. Carbonyls and fixed gases from 
both crude and diesel burns are shown in Table A5. Particulates from both types of burns are 
shown in Table A6. 

The correlation procedure involved collecting all  emission data from the studies and then finding 
the best correlation procedure and the best equation that fit most data. A simple equation was 
found to fit the data most universally using the software package, TableCurve 3D (San Raphael, 
CA). This software calculates up to 2000 equations and sorts them in terms of fits (best 
regression coefficient, ?).The  resulting calculation formulae for the two examples and some 
statistics are given. The formulae resulting from the calculations for VOCs are given in Table 
A7, for PAHs in Table A8, and for total groupings, fixed gases, and carbonyls in Table A9. 

These tables also show the regression coefficient for each equation and the error. The error 
given is the standard error from regression fitting and is roughly equivalent to standard 
deviation. As can be seen from this table, the 'quality of fit as evidenced by the regression 
coefficient varies with emission type. The lower ones are generally associated with lesser 
amounts of data. The number of data points available to calculate each compound or class 
varied from 5 to about 40 data points. 
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Dist. 	Conc. 
30 to 60 	0-Jan  

75 to 600 	1 to 12 

30 	5.0 to 37 
75 to 600 	3 to 195 

30 to 60 	1 
75 to 600 	1 to 65 

30 	5.0 to 25.5 
75 to 600 	2 to 104 

30 	7.1 
75 to 600 	2 to 104 

Butane 
Mobile 91 
NOBE 93 

32.7 to 231 	30 	8.8 to 246.8 
600 	75 to 600 10 to 2102 

30 	2.2 to 12.9 
75 to 600 	1 to 41 

30 	0.6 to 4.5 
75 to 600 	2 to 6 

30 	11.4 to 329.2 
75 to 600 	1 to 2494 

75 to 600 	3 to 246 

30 	10.9 to 102.1 
75 to 600 	6 to 182 

30 	37.2 to 241.6 
75 to 600 16 to 1373 

30 	3.8 to 88.0 
125 to 500 	1 to 50 

75 to 125 	1 to 12 

30 	0.7 to 10.6 
75 to 600 	6 to 13 

30 	73.5 to 328 
75 to 600 	1 to 2494 

30 	3.5 to 114.5 
75 to 600 	4 to 213 

30 	4.8 to 159.3 
75 to 600 	6 to 512 

30 	30.2 to 191.1 
75 to 600 	6 to 888 

30 	0.7 to 5.3 
75 to 600 	2105  

15 to 85 	1 to 3 
75 to 600 	1 to 66 

23 to 76 0.01 to 72.9 
75 to 600 	6 to 29 

Table A1-1 	Emissions Measured at Previous Test Burns: VOCs from Crude (concentrations in  Jg/m3) 
Burn 	 Area 	Dist. 	Conc. 	Burn 	 Area 	Dist. 	Conc. 

III
IS
M

II
II

II
II
I
I
M

•
I

II
II

II
M

I
11

80
01

10
08

80
01

1
81

111
11

111
1 8

11
11

81
11

01
11

10
•1

1  

1,2,3-Trimethvlbenzene  
Mobile 91 	37.2 to 	231 
NOBE 93 600 
1,2,4-Trimethylbenzene  
Mobile 91/92 37.2 to 231 
NOBE 93 600 
1,3,5-Trimethvlbenzene 
Mobile 91 37.2 to 231 
NOBE 93 	600 
1,4-Diethylbenzene  
Mobile 91 	37.2 to 	231 
NOBE 93 	600 
2,2,3-Trimethvlbutane  
Mobile 91 	37.2 to 	231 
NOBE 93 600 
2,2,4-TrimethvIpentane  
Mobile 91 37.2 to 231 
NOBE 93 600 
2,2,5-Trimethvihexane  
Mobile 91 37.2 to 231 
NOBE 93 	600 
2,2-Dimethvlbutane  
Mobile 91 	37.2 to 	231 
NOBE 93 	600 
2,2-DimethvIpentane 
Mobile 92 	36 to 231 
NOBE 93 	600 
2,2-Dimethvipropane  
Mobile 91 	37.2 to 	231 
NOBE 93 600 
2,3,4-TrimethvIpentane  
Burn Area 
Mobile 92 	36 to 231 
NOBE 93 	600 
2,3-Dimethvlbutane 
Mobile 91 	37.2 to 	231 
NOBE 93 	600 
2,3-DimethvIpentane 
Mobile 91 	37.2 to 	231 
NOBE 93 	600 
2,4-Dimethvihexane 
Mobile 92 	36 to 231 
NOBE 93 	600 
2,4-DimethvIpentane  
Mobile 91 	37.2 to 	231 
NOBE 93 	600 
2,3-Dimethylpentane 
Mobile 91 	114 
NOBE 93 	600 

2,5-DimethvIhexane 
30 	0.4 to 10.4 	Mobile 91 	114 to 231 

75 to 600 	2 to 8 	NOBE 93 	 600 
2-Ethvitoluene 

30 	1.0 to 27.3 	Mobile 91 	37.2 to 231 
75 to 600 	9 to 19 	NOBE 93 	 600 

2-Methvlbutane  
30 	0.8 to 12.2 	Mobile 91 	37.2 to 231 

75 to 600 	3 to 11 	NOBE 93 	600 
2-MethvIheptane 

30 	0.2 to 5.8 	NOBE 93 	600 
75 to 600 	2 to 3 	2-MethvIhexane  

Mobile 91 	37.2 to 231 
30 	1.7 to 5.5 	NOBE 93 	 600 

75 to 125 	3 to 10 	2-MethvIpentane 
Mobile 91 	37.2 to 231 

30 	0.4 to 3.6 	NOBE 93 	 600 
75 to 600 	2 to 8 	2-MethvIpropane  

Mobile 91 	37.2 to 231 
30 	0.2 to 2.2 	NOBE 93 	600 

75 to 125 	1 to 2 	3,6-Dimethvioctane  
NOBE 93 	600 

30 	1.6 to 20.5 	3-Ethyltoluene  
75 to 600 	3 to 56 	Mobile 91 	37.2 to 231 

NOBE 93 	 600 
30 to 60 	0.3 to 1.0 	2-Methylbutane  

75 to 600 	1 to 48 	Mobile 91 	114 to 231 
NOBE 93 	 600 

30 	0.3 to 3.8 	3-MethvIheptane  
75 to 125 	2 to 9 	Mobile 91 	37.2 to 231 

NOBE 93 	 600 
3-MethvIhexane  
Mobile 91 	37.2 to 231 
NOBE 93 	 600 
3-MethvIpentane  
Mobile 91 	37.2 to 231 
NOBE 93 	 600 
4-EthvItoluene 

30 	6.6 to 53.5 	Mobile 91 	37.2 to 231 
75 to 600 	3 to 170 	NOBE 93 	 600 

4-Methviheptane  
Mobile 92 	36 to 231 
NOBE 93 	 600 
Benzene  
Mobile 91/92 	36 to 231 
NOBE 93 	 600 
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Note: Dist. = downwind distance in m, Conc. = concentration in pg/m3, Area = area in m2  



1 to 9 
2 to 66 

600 	75 to 600 	1 to 18 

114 to 231 	23 to 30 	5.2 to 22.9 
600 	75 to 600 	7 to 14 

600 	75 to 600 6 to 1224 

37.2 to 231 	30 	47.7 to 380.7 
600 	75 to 125 103 to 2521 

0.6 to 1.4 
1 to 3 

5 
5 to 441 

0.8 to 1.5 
0.001 to 5 

0.7 to 6.5 
1 

0.6 to 4.5 
0 to 5 

0.9 to 380.1 
3 to 1762 

89
11

11
111

11
1•

01
10

11
•8

88
11

00
•0

•8
01

11
1
8
0
8
8
8
8
0
0
8
8

01
11

81
11

1•
11

11
8
•0

8
8

0
0

•
9 

Table A1-2 	Emissions Measured at Previous Test Burns: VOCs from Crude (concentrations in pg/m3) 
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Burn 	 Area 	Dist. 	Conc. 
c-1,3-DimethvIcyclohexane 
Mobile 92 	36 to 231 	15 to 85 	1 to 3 
NOBE 93 	 600 	75 to 600 	1 to 190 
c-1,41t-1,3-DimethvIcyclohexane  
Mobile 92 	36 to 231 	15 to 85 
NOBE 93 	 600 	75 to 125 
c-2-Butene  
Mobile 91 	72.8 to 114 	30 	0.3 to 0.4 
NOBE 93 	 600 	50 to 600 	1 to 5 
Cvclohexane  
Mobile 91 	37.2 to 231 	30 	7.4 to 113 
NOBE 93 
Cvclopentane 
Mobile 91 	37.2 to 231 	30 
NOBE 93 	 600 	75 to 600 
Decane 
Mobile 91 	37.2 to 231 	30 	1.3 to 68.8 
NOBE 93 
Dodecane 
Mobile 91 	37.2 to 231 	30 	0.3 to 15.6 
NOBE 93 
Ethvlbenzene 
Mobile 91/92 
NOBE 93 
Propvlbenzene 
Mobile 91 	37.2 to 231 	30 
Heptane  
Mobile 91 	37.2 to 231 	30 	1.9 to 297.1 
NOBE 93 
Hexane  
Mobile 91 
NOBE 93 
Indan 
Mobile 91 	37.2 to 231 	30 
NOBE 93 	 600 	75 to 600 
lsobutane (2-MethvIpropane)  
Mobile 92 	 36 	15 
NOBE 93 	 600 	75 to 600 
iso-Butvlbenzene 
Mobile 91 	114 to 231 	30 
NOBE 93 	 600 	75 to 600 
Isoprene (2-MethvI-1,3-Butadiene)  
Mobile 91 	37.2 to 231 	30 
NOBE 93 	 600 	600 
Isopropvlbenzene  
Mobile 91 	37.2 to 231 	30 
NOBE 93 	 600 	75 to 125 
MethvIcyclohexane  
Mobile 91 	37.2 to 231 	30 
NOBE 93 	 600 	75 to 600  

Burn 	 Area 	Dist. 	Conc.  
MethvIcyclopentane  
Mobile 91 	37.2 to 231 	30 	8.6 to 114.5 
NOBE 93 	 600 	75 to 125 49 to 1307 
m,p-XvIene  
Mobile 91 	37.2 to 231 	30 	9.0 to 119.7 
Mobile 92 	36 to 231 	23 to 76 	7.1 to 33.3 
NOBE 93 	 600 	75 to 600 	21 to 45 
Napthalene 
Mobile 91 	37.2 to 231 	30 	0.2 to 5.2 
NOBE 93 	 600 	600 	 1 
n-Butvlbenzene 
Mobile 91 	37.2 to 231 	30 	0.2 to 2.6 
NOBE 93 	 600 	75 to 600 0.001 to 2 
Nonane 
Mobile 91 	37.2 to 231 	30 	5.7 to 103.6 
NOBE 93 	 600 	75 to 600 	1 to 192 
n-Propvlbenzene  
Mobile 91 	37.2 to 231 	30 	0.7 to 4.5 
NOBE 93 	 600 	75 to 600 	2 to 6 
Octane  
Mobile 91 	37.2 to 231 	30 	13.6 to 198.9 
NOBE 93 	 600 	75 to 600 	2 to 418 
ortho-Xvlene  
Mobile 91 	37.2 to 231 	30 	2.4 to 31.9 
Mobile 92 	36 to 231 	23 to 76 10.3 to 11.4 
NOBE 93 	 600 	75 to 600 	1 to 12 
p-Cvmene  
Mobile 91 	37.2 to 231 	30 	0.6 to 7.6 
NOBE 93 	 600 	75 to 500 0.001 to 9 
Pentane  
Mobile 91 	37.2 to 231 	30 	10.4 to 351.1 
NOBE 93 	 600 	75 to 600 17 to 3247 
Propane  
Mobile 91 	37.2 to 231 	30 	9.3 to 87.4 
NOBE 93 	 600 	75 to 125 11 to 269 
Propene  
Mobile 91 	37.2 to 231 	30 	1.4 to 2.3 
NOBE 93 	 600 	75 to 600 	4 to 30 
t-1,4-DimethvIcyclohexane  
NOBE 93 	 600 	75 to 125 	6 to 90 
Toluene  
Mobile 91 	37.2 to 231 	30 	16.4 to 159.9 
Mobile 92 	36 to 231 	23 to 76 0.01 to 30.7 
NOBE 93 	 600 	75 to 600 	1 to 170 
Total 
Mobile 91 	37.2 to 231 	30 	536.4 to 4251 
NOBE 93 	 600 	75 to 600 0 to 22170 
Undecane 
Mobile 91 	37.2 to 231 	30 	1.8 to 45.2 
NOBE 93 	 600 	75 to 600 	1 to 37 

15 to 85 
75 to 600 

600 	75 to 600 	3 to 849 

0.7 to 28.6 
2 to 310 

600 	75 to 600 	1 to 72 

1.9 to 22.9 

Note: Dist. = downwind distance in m, Conc. = concentration in  rg/m3 , Area = area in m2  



Burn 	 Area Dist. 	Conc. Conc. 

Table A2-1 	Emissions Me 

Burn 	 Area 	Dist. 
1,4-Diethvibenzene 
Mobile 94 	199 to 231 
Mobile 97 	25.0 
1-Butene/2-MethvIpropene 
Mobile 94 	199 to 231 
Mobile 97 	26.0 
1-Heptene  
Mobile 94 	110 to 221 
Mobile 97 	25.0 
1-Hexene/2-Methvi-1-Pentene 
Mobile 94 	231.0 
Mobile 97 	25.0 
1-MethvIcyclohexene 
Mobile 94 	199 to 231 
Mobile 97 	25.0 
1-MethvIcyclopentene 
Mobile 94 	231.0 
Mobile 97 	25.0 
1-Nonene  
Mobile 94 	110 to 221 
Mobile 97 	25.0 
1-Octene 
Mobile 94 	199 to 231 
Mobile 97 	25 
1-Pentene 
Mobile 94 	199 to 	231 
Mobile 97 25 
2,2,3-Trimethvlbutane  
Mobile 94 199 to 231 
Mobile 97 25 
2,2,4-TrimethvIpentane  
Mobile 94 199 to 231 
Mobile 97 	25 
2,2,5-TrimethvIhexane  
Mobile 94 	231 
Mobile 97 	25 
2,2-Dimethvlbutane 
Mobile 94 	199 to 	231 
Mobile 97 	25 
2,2-DimethvIpropane  
Mobile 94 	199 to 	231 
Mobile 97 25 
2,3,4-TrimethvIpentane  
Mobile 94 199 to 231 
Mobile 97 	25 
2,3-Dimethylbutane 
Mobile 97 	25 
Mobile 94 	199 to 	231 
2,3-Dimethylpentane  
Mobile 94 	199 to 	231 
Mobile 97 	25 
Note: Dist. = downwind distance in m, Conc. = concentration in pg/m3 , Area = area in m2  

asurecl at Previous Test Burns: VOCs from Diesel (concentrations in pg/m3) 

2,4-Dimethylhexane 
30 to 85 	0.2 to 1.7 	Mobile 94 	199 to 231 	30 to 85 	0.1 to 2.6 
15 to 45 	0.1 to 5.1 	Mobile 97 	25 	15 to 30 	0.1 to 1.1 

2,4-DimethvIpentane 
30 to 85 	1.4 to 14.3 	Mobile 94 	199 to 231 	30 to 50 	0.1 to 1.8 
15 to 45 	0.6 to 1.7 	Mobile 97 	25 	15 to 30 	0.1 to 3.3 

2,5-DimethvIhexane  
15 to 75 	0.5 to 5.0 	Mobile 94 	199 to 231 	30 to 85 	0.1 to 1.7 
15 to 45 	0.2 to 1.1 	Mobile 97 	25 	15 to 30 	0.1 to 0.7 

2-Ethvitoluene  
15 to 75 	0.1 to 1.5 	Mobile 94 	199 to 231 	30 to 85 	0.1 to 2.4 
15 to 45 	0.2 to 0.9 	Mobile 97 	25 	15 to 45 	0.1 to 3.3 

2-Methyl-I -Butene  
30 to 85 	0.1 to 2.9 	Mobile 94 	231 	30 to 85 	0 to 0.4 
15 to 45 	0 to 0.2 	Mobile 97 	25 	15 to 45 	0.1 to 1.1 

2-MethvI-2-Butene  
30 to 85 	0.1 to 0.7 	Mobile 94 	199 to 231 	30 to 85 	0 to 0.8 
15 to 30 	0 to 1.0 , Mobile 97 	25 	15 to 45 	0.1 to 2.6 

2-Methvlbutane 
15 to 75 	0.1 to 2.0 	Mobile 94 	199 to 231 	15 to 85 	0.2 to 56.2 
15 to 30 	0.2 to 0.7 	Mobile 97 	25 	15 to 45 	0.8 to 38.4 

2-Methylheptane  
15 	0 to 1.0 	Mobile 97 	25 	15 to 45 	0.3 to 2.8 

15 to 45 	0 to 0.7 	Mobile 94 	199 to 231 	30 to 85 	0.1 to 12.9 
2-MethvIhexane 

30 to 85 	0.9 to 14.1 	Mobile 94 	199 to 231 	30 to 85 	0.3 to 23.1 
15 to 45 	0.1 to 0.8 	Mobile 97 	25 	15 to 45 	0.2 to 2.6 

2-MethvIpentane  
1 to 85 	0 to 1.0 	Mobile 94 	199 to 231 	30 to 85 	1.8 to 14.3 
15 to 30 	0.1 	Mobile 97 	25 	15 to 30 	1.0 to 10.6 

3,6-Dimethvloctane  
30 to 85 	0.2 to 2.1 	Mobile 94 	199 to 231 	30 to 85 	0.1 to 2.4 
15 to 45 	0.2 to 2.4 	3-Ethyltoluene  

Mobile 94 	199 to 231 	30 to 85 	0.2 to 4.8 
15 to 30 	0.2 to 1.5 	Mobile 97 	25 	15 to 45 	0.2 to 5.3 
15 to 45 	0 to 1.0 	3-MethvIheptane  

Mobile 94 	199 to 231 	30 to 85 	0.1 to 8.9 
30 to 85 	0.2 to 1.2 	Mobile 97 	25 	15 to 45 	0.2 to 1.5 
15 to 45 	0 to 2.2 	3-MethvIhexane  

Mobile 94 	199 to 231 
15 to 85 	0 to 0.6 	Mobile 97 	25 	15 to 30 	1.0 to 1.6 
15 to 45 	0 to 0.3 	3-MethvIpentane  

Mobile 94 	199 to 231 	15 to 85 	0.4 to 7.5 
30 to 85 	0.1 to 0.6 	Mobile 97 	25 	15 to 45 	0.2 to 6.4 
15 to 30 	0.1 to 2.1 	4-Ethyltoluene 

Mobile 94 	199 to 231 	30 to 85 	0.1 to 2.6 
15 to 45 	0.1 to 5.2 	Mobile 97 	25 	15 to 45 	0.1 to 2.6 
30 to 85 	0.2 to 5.4 	4-MethvIheptane  

Mobile 94 	199 to 231 	30 to 45 	0.3 to 4.5 
30 to 85 	0.3 to 8.2 	IMobile 97 	25 	15 to 30 	0.1 to 0.7 
15 to 30 	0.1 to 2.3 

100 

30 to 85 0.06 to 29.9 
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Table A2-2 	Emissions Measured at Previous Test Burns: VOCs from Diesel (concentrations in ig/m3) 

Burn 	 Area 	Dist. 
Benzene  
Mobile 94 	199 to 231 
Mobile 97 	 25 
Butane  
Mobile 94 	199 to 231 	30 to 85 	1.7 to 4.9 
Mobile 97 	 25 
c-1,3-DimethvIcyclohexane  
Mobile 94 	199 to 231 	30 to 85 
Mobile 97 	 25 	15 to 45 
c-1,4/t-1,3-DimethvIcyclohexane  
Mobile 94 	199 to 231 	30 to 85 
Mobile 97 	 25 	15 to 45 
c-2-Butene 
Mobile 94 	199 to 231 
Mobile 97 	 25 
c-2-Heptene 
Mobile 94 	231 
Mobile 97 	 25 
c-2-Hexene 
Mobile 94 	231 
Mobile 97 	 25 
c-2-Pentene  
Mobile 97 	 25 
Cvclohexane 
Mobile 94 	199 to 231 
Mobile 97 	 25 
Cyclohexene  
Mobile 94 	199 to 231 
Cvclopentane  
Mobile 94 	199 to 231 
Mobile 97 	 25 
Cvclopentene 
Mobile 94 	231 
Mobile 97 	 25 
Decane  
Mobile 94 	199 to 231 
Mobile 97 	 25 
Dodecane 
Mobile 94 	199 to 231 
Mobile 97 	 25 
Ethvlbenzene 
Mobile 94 	199 to 231 
Mobile 97 	 25 
Heptane  
Mobile 94 	199 to 231 
Mobile 97 	 25 
Hexane 
Mobile 97 	 25 

Note: Dist. = downwind distance in m, Conc. = concentration in pg/m3 , 

30 to 85 	1.2 to 37.4 
15 to 45 	1.1 to 12.7 

30 to 85 

30 to 85 

30 to 85 

30 to 85 	0.1 to 15.3 
15 to 45 	0.1 to 0.9 

30 to 85 

30 to 85 

30 to 85 

30 to 85 	0.1 to 9.3 
15 to 45 	0.2 to 31.0 

30 to 85 	0.1 to 6.0 
15 to 45 0.2 to 135.6 

30 to 85 	0.4 to 59.9 
15 to 45 	0.5 to 3.0 

15 to 45 	0.9 to 22.7 

15 to 45 

15 to 85 

15 to 45 

15 to 85 

15 to 45 

15 to 45 

15 to 45 

30 

15 

Burn 	 Area 	Dist.  
Hexvlbenzene 
Mobile 94 	199 to 231 	30 to 75 
Mobile 97 	 25 	15 to 30 
Indan (2,3-Dihvdroindene)  
Mobile 97 	 25 	15 to 45 	0.0 to 0.7 
Indene  
Mobile 94 	199 to 231 	30 to 75 	0.1 to 0.4 

0.3 to 12.2 	Mobile 97 	 25 	15 to 45 	0.0 to 0.1 
0.1 to 1.5 	Isobutane (2-MethvIpropane)  

Mobile 94 	199 to 231 	15 to 85 	0.6 to 9.0 
0.3 to 3.9 	Mobile 97 	 25 	15 to 45 	0.3 to 6.6 
0.0 to 0.1 	iso-Butvlbenzene  

Mobile 94 	 231 	30 	0.4 
0.1 to 1.2 	Mobile 97 	 25 	15 to 30 	0.0 to 0.6 
0.0 to 0.5 	Isoprene (2-MethvI-1,3-Butadiene)  

Mobile 94 	199 to 231 	30 to 85 	0.3 to 2.9 
0.0 to 0.6 	Mobile 97 	 25 	15 to 45 	0.2 to 2.2 
0.2 to 0.3 	iso-Propvlbenzene 

Mobile 94 	 231 	30 to 85 
0.0 to 0.8 	Mobile 97 	 25 	15 to 45 

0.1 	MethvIcyclohexane  
Mobile 94 	199 to 231 	30 to 85 	0.2 to 51.5 

0.0 to 0.9 	Mobile 97 	 25 	15 to 45 	0.2 to 3.1 
MethvIcyclopentane 
Mobile 94 	199 to 231 	30 to 85 	0.2 to 9.3 
Mobile 97 	 25 	15 to 45 	0.2 to 2.7 
m,p-XvIene  

0.1 to 1.6 	Mobile 94 	199 to 231 	30 to 85 	1.0 to 36.7 
Mobile 97 	 25 	15 to 45 	1.1 to 26.1 

0.0 to 1.4 	Naphthalene 
0.1 to 3.4 	Mobile 94 	199 to 231 	30 to 85 	0.2 to 7.1 

Mobile 97 	 25 	15 to 45 	0.1 to 11.5 
0.2 to 0.5 	n-Butvlbenzene  
0.0 to 0.3 	Mobile 94 	 231 	30 to 75 

Mobile 97 	 25 	15 to 45 
Nonane 
Mobile 94 	199 to 231 	30 to 85 	0.2 to 18.2 
Mobile 97 	 25 	15 to 45 	0.3 to 15.3 
n-Propvlbenzene  
Mobile 94 	199 to 231 	30 to 85 	0.2 to 1.7 
Mobile 97 	 25 	15 to 45 	0.1 to 1.6 

0.3 to 6.5 	Octane  
0.3 to 5.9 	Mobile 94 	199 to 231 	30 to 85 	0.2 to 27.5 

Mobile 97 	 25 	15 to 45 	0.5 to 7.4 
o-Xvlene  
Mobile 94 	199 to 231 	30 to 85 	0.3 to 15.1 
Mobile 97 	 25 	15 to 45 	0.5 to 8.0 

0.4 to 9.0 	p-Cvmene  
Mobile 94 	199 to 231 	30 to 85 
Mobile 97 	 25 	15 to 45 

Area = area in m2  

Conc. 

101 

0.3 to 0.6 
0.0 to 3.8 

0.1 to 1.0 
0.0 to 0.7 

0.1 to 0.4 
0.0 to 1.9 

0.1 to 1.4 
0.1 to 1.1 

Conc. 
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Table A2-3 	Emissions Measured at Previous Test Burns: VOCs from Diesel (concentrations in pg/m3) 

Burn 	 Area 	Dist. 	Conc.  
Pentane  
Mobile 94 	199 to 231 	15 to 85 	1.0 to 33.2 
Mobile 97 	 25 	15 to 45 	0.6 to 32.5 
Propane 
Mobile 94 	199 to 231 	15 to 85 	2.5 to 17.9 
Mobile 97 	 25 	15 to 45 	1.1 to 12.2 
Propene  
Mobile 94 	199 to 231 	30 to 85 	1.0 to 21.1 
Mobile 97 	 25 	15 to 45 	0.5 to 2.9 
Propyne  
Mobile 97 	 25 	15 to 85 	0.0 to 0.8 
sec-Butylbenzene  
Mobile 94 	231 	30 to 85 	0.0 to 0.3 
Mobile 97 	 25 	15 to 30 	0.0 to 0.9 
Styrene 
Mobile 94 	199 to 231 	30 to 75 	0.3 to 7.6 
Mobile 97 	 25 	15 to 45 	0.0 to 1.2 
t-1,2-Dimethylcyclohexane  
Mobile 94 	199 to 231 	30 to 85 	0.4 to 6.6 
Mobile 97 	 25 	15 to 45 	0.1 to 1.5 
t-1,4-Dimethylcyclohexane 
Mobile 94 	199 to 231 	30 to 50 	0.5 to 6.1 
Mobile 97 	 25 	15 to 45 	0.0 to 0.7 
t-2-Butene  
Mobile 94 	199 to 231 	15 to 45 	0.1 to 0.9 
Mobile 97 	 25 	15 to 30 	0.1 to 0.3 
t-2-Heptene 
Mobile 94 	199 to 231 	15 to 85 	0.0 to 2.2 
t-2-Hexene  
Mobile 94 	199 to 231 	30 to 85 	0.2 to 2.8 
t-2-Octene 
Mobile 94 	199 to 231 	30 to 85 	0.2 to 8.8 
Mobile 94 	231 	45 	2.6 
t-2-Pentene  
Mobile 97 	 25 	15 to 85 	0.0 to 3.3 
t-3-Heptene  
Mobile 94 	199 to 231 	30 to 50 	0.4 to 24.7 
Mobile 97 	 25 	30 	0.1 
tert-Butvlbenzene 
Mobile 97 	 25 	15 to 85 	0.0 to 1.0 
Toluene  
Mobile 94 	199 to 231 	30 to 85 	2.0 to 50.6 
Mobile 97 	 25 	15 to 45 	1.7 to 55.2 
Total VOCs  
Mobile 94 	19910  231 	30 to 85 29.9 to 650 
Mobile 97 	 25 	15 to 45 21.9 to 254.4 
Undecane  
Mobile 94 	199 to 231 	30 to 85 	0.2 to 5.8 
Mobile 97 	 25 	15 to 45 	0.1 to 54.6 

Note: Dist. = downwind distance in m, Conc. = concentration in pg/m3 , Area = area in m2  
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23 to 76 
75 to 500 

23 to 76 
46 to 500 

0.0 to 0.1 
0.0 to 0.1 

0.005 to 0.01 
0.0 to 0.01 

75 to 900 	0.0 to 3.0 

30 
23 to 76 
75 to 600 

30 to 60 
23 to 76 

75 to 900 

23 to 76 
75 to 500 

30 to 500 
23 to 76 

75 to 500 

0.1 
0.0 to 1.3 
0.0 to 0.3 

0.0 to 0.15 
0.0 to 0.9 
0.0 to 0.3 

0.01 to 0.2 
0.0 to 0.2 

0.0 to 8.6 
0.2 to 23.6 
0.0 to 13.1 

23 to 76 	0.1 to 1.2 
500 	0.00 

23 to 76 
75 to 500 

30 to 60 
23 to 76 
75 to 500 

23 to 76 
7510  500 

23 to 76 
75 to 500 

30 
23 to 76 
75 to 500 

0.0 to 0.6 
0.0 to 0.1 

0.0 to 0.8 
0.0 to 0.6 
0.0 to 0.1 

0.0 to 1.2 
0.0 to 0.2 

0.0 to 0.3 
0.0 to 0.1 

0.0 
0.0 to 0.5 
0.0 to 0.1 

Table A3 	Emissions Measured at Previous Test Burns: PAHs from Crude (concentrations in 
Burn 	 Area 	Dist. 	Conc. 	Burn 	 Area 	Dist. 

Pen) 
Conc. 
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••

••
•

••
•
••
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••
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••

••
•
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11
18
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Methvlphenanthrenes  
Mobile 92 	36 to 231 
Nobe 93 	500 
Naphthalene 
Mobile 92 
Nobe 93 
Perylene 
Mobile 92 	36 to 1000 
Nobe 93 	427 to 600 
Phenanthrene  
Mobile 91/cum 	1071 
Mobile 91/92 	36 to 1071 
Nobe 93 	427 to 600 
Pvrene  
Mobile 91/cum 	1071 
Mobile 91/92 	36 to 1000 
Nobe 93 	427 to 600 
1-Methylnaphthalene  
Mobile 92 	36 to 231 
Nobe 93 	427 to 600 
1-Methylphenanthrene  
Mobile 92 	36 to 500 
Nobe 93 	100 to 600 
2,3,5-Trimethylnaphthalene  
Mobile 92 	36 to 231 
Nobe 93 	427 to 600 
2,6 -Dimethylnaphthalene  
Mobile 92 	36 to 231 
Nobe 93 	427 to 600 
2-Methylnaphthalene 
Mobile 92 	36 to 231 
Nobe 93 	427 to 600 
2-Methylnaphthalene (ctd.)  
Mobile 92 	 231 
Nobe 93 	427 to 600 
Acenaphthene  
Mobile 91 	1071 
Mobile 92 	36 to 231 
Nobe 93 	427 to 600 
Acenaphthylene  
Nobe 93 	427 to 600 
Mobile 92 	36 to 600 
Mobile 91 	114 to 1071 
Anthracene 
Mobile 91 	600 
Mobile 92 	36 to 500 
Nobe 93 	427 to 600 

23 to 76 	0.01 to 0.4 
500 	0.00 

23 to 76 0.02 to 7.22 
75 to 900 	0.0 to 2.7 

23 to 76 	0.01 to 0.11 
75 to 500 0.0 to 0.05 

30 to 60 	0.1 to 0.5 
23 to 76 	0.1 to 1.1 

75 to 900 	0.0 to 0.2 

30 to 60 	0.0410  0.1 
23 to 76 	0.01 to 1.1 

75 to 600 0.01 to 0.3 

23 to 76 	0.0 to 1.0 
75 to 900 0.0 to 3.1 

23 to 76 	0.0 to 0.1 
75 to 600 	0.0 

23 to 76 	0.0 to 0.4 
75 to 900 	0.0 to 0.4 

23 to 76 	0.0 to 0.4 
75 to 900 	0.0 to 1.6 

23 to 76 	0.0 to 1.5 
75 to 900 	0.0 to 2.7 

23 to 76 	0.0 to 1.3 
75 to 900 0.2 to 2.7 

30 	0.1 
23 to 76 	0.0 to 0.1 

75 to 900 	0.0 to 0.1 

75 to 900 	0.0 to 1.2 
23 to 76 	0.0 to 3.5 
30 to 60 	0.210  3.3 

60 	0.8 
23 to 76 	0.0 to 0.7 

75 to 900 	0.0 to 0.1 

36 to 231 
427 to 600 

Benz(a)anthracene  
Mobile 92 	36 to 600 
Nobe 93 	427 to 600 
Benzo(a)pvrene 
Mobile 91 	37.2 to 72.8 
Mobile 92 	36 to 600 
Nobe 93 	427 to 600 
Benzo(b,k) fluoranthene  
Mobile 92 	36 to 600 
Nobe 93 	427 to 600 
Benzo(e)pyrene  
Mobile 92 	36 to 600 
Nobe 93 	427 to 600 
Benzo(q,h,i)pervIene  
Mobile 91 	1071 
Mobile 92 	36 to 600 
Nobe 93 	427 to 600 
Biphenyl  
Mobile 92 
Nobe 93 
Chrysene  
Mobile 92 	36 to 600 
Nobe 93 	427 to 600 
Dibenz(a,h)anthracene  
Mobile 92 	36 to 231 
Nobe 93 	427 to 600 
Dimethynaphthalenes  
Nobe 93 	427 to 600 
Fluoranthene  
Mobile 91/cum 	1071 
Mobile 91/92 	36 to 1000 
Nobe 93 	427 to 600 
Fluorene  
Mobile 91/cum 	1071 
Mobile 91/92 	36 to 1000 
Nobe 93 	427 to 600 
Indeno(123-cd)pyrene 
Mobile 91/92 	36 to 1071 
Nobe 93 	427 to 1071 
Total 
Mobile 91/cum 	1071 
Mobile 91/92 	36 to 231 
Nobe 93 	427 to 600 
TrimethvInaphthalenes  
Mobile 92 	36 to 231 
Nobe 93 	500 

36 to 231 	23 to 76 
427 to 600 75 to 900 

0.0 to 0.7 
0.0 to 0.3 
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Note: Dist. = downwind distance in m, Conc. = concentration in pg/m3 , Area = area in m2  



Emissions Measured at Previous Test Burns: PAHs from Diesel (concentrations in pg/m3) 
Area 	Dist. 	Conc. 	Burn 	 Area 	Dist. 	Conc. 

Table A4 
Burn 
1-Methylnaphthalene  
Mobile 94 	199 to 231 
Mobile 97 25 
1-Methylphenanthrene  
Mobile 94 199 to 231 
Mobile 97 	25 
2,3,5-TrimethvInaphthalene  
Mobile 94 	199 to 231 
Mobile 97 	25 
2,6-Dimethylnaphthalene  
Mobile 94 	199 to 231 
Mobile 97 	25 
2-Methylnaphthalene 
Mobile 94 	199 to 231 
Mobile 97 	25 
Acenaphthalene 
Mobile 94 	199 to 231 
Mobile 97 	25 
Acenaphthene  
Mobile 94 	199 to 231 
Mobile 97 	25 
Anthracene  
Mobile 94 	199 to 231 
Mobile 97 	25 
Benz(a)anthracene  
Mobile 94 	199 to 231 
Mobile 97 	25 
Benz(a)pyrene  
Mobile 94 	199 to 231 
Mobile 97 25 
Benzo(b)fluoranthene  
Mobile 94 199 to 231 
Mobile 97 	25 
Benz(e)pyrene 
Mobile 94 	199 to 231 
Mobile 97 	25 
Benz(dhi)perylene 
Mobile 94 	199 to 231 
Mobile 97 	25 
Benz(k)fluoranthene  
Mobile 94 	199 to 231 
Mobile 97 	25 

•8
8
8

11
81

1
•8

11
•

111
18

8
11

•1
11

11
11

18
81

1
11

11
91

1
•8

81
11

11
11

11
11

11
1

81
1

11
•1

11
11

•0
1

18
8

18
•

8
8

 

Biphenyl  
30 to 85 	0.03 to 1.5 	Mobile 94 	199 to 231 	30 to 85 	0.02 to 1.5 
15 to 45 	0.0 to 0.04 	Mobile 97 	25 	15 to 45 0.01 to 0.06 

Chrysene  
Mobile 94 	199 to 231 	30 to 85 	0.0 to 0.3 
Mobile 97 	25 	15 to 45 	0.00 
Dibenz(ah)anthracene  
Mobile 94 	199 to 231 	30 to 85 	0.0 to 0.03 
Mobile 97 	25 	15 to 45 	0.00 
Dimethynaphthalenes  
Mobile 94 	199 to 231 	30 to 85 	0.03 to 1.2 
Mobile 97 	25 	15 to 45 	0.0 to 0.04 
Fluoranthene  
Mobile 94 	199 to 231 	30 to 85 	0.02 to 1.8 
Mobile 97 	25 	15 to 45 	0.0 to 0.02 
Fluorene 
Mobile 94 	199 to 231 	30 to 200 	0.0 to 0.1 
Mobile 97 	25 	30 to 45 	0.00 
Indeno(123-cd)pyrene  
Mobile 94 	199 to 231 	30 to 85 	0.0 to 0.2 
Mobile 97 	25 	15 to 45 	0.00 
Methylphenanthrenes  
Mobile 94 	199 to 231 	30 to 85 	0.01 to 0.3 
Mobile 97 	25 	15 to 45 	0.0 to 0.01 
Naphthalene 
Mobile 94 	199 to 231 	30 to 85 	0.1 to 2.0 
Mobile 97 	25 	15 to 45 	0.0 to 0.1 
Perylene 
Mobile 94 	199 to 231 	30 to 85 	0.0 to 0.04 
Mobile 97 	25 	15 to 45 	0.00 
Phenanthrene  
Mobile 94 	199 to 231 	30 to 85 	0.04 to 1.5 
Mobile 97 	25 	15 to 45 	0.0 to 0.02 
Pyrene 
Mobile 94 	199 to 231 	30 to 85 0.01 to 1.83 
Mobile 97 	25 	15 to 45 	0.0 to 0.02 
Total PAHs  
Mobile 94 	199 to 231 	30 to 85 	1.1 to 41.5 
Mobile 97 	25 	15 to 45 	0.1 to 1.1 
Trimethynaphthalenes  
Mobile 94 	199 to 231 	30 to 85 	0.03 to 1.0 
Mobile 97 	25 	15 to 45 0.01 to 0.02 
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30 to 85 	0.01 to 0.7 
15 to 45 	0.0 to 0.01 

30 to 85 	0.2 to 7.3 
15 to 45 	0.04 to 0.3 

30 to 85 	0.1 to 2.2 
15 to 45 	0.01 to 0.1 

30 to 85 	0.04 to 1.5 
15 to 45 	0.01 to 2.0 

30 to 85 	0.1 to 9.9 
15 to 45 	0.01 to 0.3 

30 to 85 	0.04 to 5.2 
15 to 45 	0.0 to 0.04 

30 to 85 	0.1 to 3.9 
15 to 45 0.01 to 0.07 

30 to 85 	0.0 to 0.3 
15 to 45 	0.00 

30 to 85 	0.0 to 0.4 
15 to 30 	0.00 

30 to 85 	0.0 to 0.4 
15 to 45 	0.00 

30 to 85 	0.0 to 0.2 
15 to 30 	0.00 

30 to 85 	0.0 to 0.3 
15 to 45 	0.00 

30 to 85 	0.0 to 0.03 
15 to 45 	0.00 

Note: Dist. = downwind distance in m, Conc. = concentration in pg/m3, Area = area in m2  



Emissions Measured at Previous Test Burns: Carbonyls and Gases (concentrations in pg/m3) 
Area 	Dist. 	Conc. 	 Burn 	Area 	Dist. 	Conc. 

Table A5 
Burn 

Acetaldehyde from Crude  
Mobile 92/93 	25 to 231 	15 to 30 
Nobe 93 	600 	75 to 900 
Acetone from Crude 
Mobile 92 	110 to 231 	15 to 30 
Nobe 93 	400 to 900 75 to 900 
Formaldehyde from Crude 
Mobile 92 	36 	15 
Nobe 93 	427 to 600 75 to 125 
Carbon Monoxide from Crude 
Mobile 92 	25 to 36 	15 to 76 
Mobile 92 	231 	23 to 76 
Nobe 93 	427 to 600 75 to 125 
Carbon Dioxide from Crude  
Mobile 91/92 	36 to 181 	23 to 76 
Mobile 91/92 	200 to 231 	23 to 76 
Nobe 93 	427 to 600 75 to 900 
Sulphur Dioxide from crude 
Mobile 92 
Mobile 92 
Nobe 93 

Acetaldehyde from Diesel 
Mobile 94 	231 
Mobile 97 	25 
Acetone from Diesel  
Mobile 94 	231 	30 to 85 
Mobile 97 	25 	15 to 85 
Butryadehydes from Diesel  
Mobile 94 	231 	30 to 85 
Mobile 97 	25 	15 to 85 
Formaldehyde from Diesel  
Mobile 94 	231 	30 to 85 
Mobile 97 	25 	15 to 85 
Propionaldehyde from Diesel  
Mobile 94 	231 	30 to 85 
Mobile 97 	25 	15 to 85 
Carbon Monoxide from Diesel  
Mobile 94 	199 to 231 	30 to 75 
Carbon Dioxide from Diesel 
Mobile 94 	231 	30 to 75 
Mobile 97 	25 	15 to 72 
Sulphur Dioxide from Diesel  
Mobile 94 	231 	39 to 72 
Mobile 97 	25 	15 to 30 

30 to 85 21.5 to 53.4 
15 to 30 	5 to 10 

23 to 76 
23 to 76 

75 to 600 

0.0001 to 1.0 
0.001 to 14.2 
0.001 to 13.4 

36 
231 
600 

0.3 to 5.0 
0.001 to 60.3 

1.7 to 5.0 
0.001 to 31.7 

2 
0.01 to 40:8 

0.3 to 2.5 
0.01 to 7.2 
0.1 to 4.5 

147 to 449 
100 to 437 
25 to 799 

5.4 to 19.5 
0.2 to 4.0 

0.01 to 14 
0.01 to 5 

15.6 to 44 
1 to 8 

2 to 15.3 
0.1 to 6 

0.001 to 3 

19 to 132 
1 to 56 

0.001 to 0.3 
0.001 to 0.08 

Table A6 	Emissions Measured at Previous Test Burns: Particulates (concentrations in mg/m1 
Burn 	 Area 	Dist. 	Conc. 
TSP from crude 
Mobile 91 	37.2 to 	181 
Mobile 91/92 	231 
Nobe 93 	600 
TSP from Diesel Burns  
Mobile 94 	231 
Mobile 97 	25 
PM-10 from Diesel  
Mobile 94 	231 
Mobile 97 	25 
PM-2.5 from Diesel  
Mobile 97 	25 
Mobile 94 	231 

30 to 60 
30 to 76 

75 to 900 

0.1 to 3.9 
0.1 to 7.4 

0.01 to 15.05 

30 to 85 	0.2 to 5.4 
15 to 30 0.01 to 0.53 

0.2 to 2.4 
0.0 to 0.8 

Num.= experiment number, Area = area in m2, 

dist. =distance in m, Conc. = concentration in ug/m3 

15 to 30 
30 to 75 

0.0 to 0.6 
0.2 to 2.4 

30 to 75 
15 to 30 
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0.00443 
0.105 
0.003 

0.00442 
0.0244 
0.00104 
0.00179 
0.0404 
0.0202 

0.00241 
0.00563 
0.00116 
0.0088 
0.00065 
0.0248 

0.00125 
0.00263 
0.00323 
0.00274 

0.00145 
0.00285 
0.0158 
0.0145 
0.00445 
0.0062 

0.00228 
0.00295 
0.00207 
0.00406 
0.0762 
0.0205 
0.0399 
0.0366 
0.0259 
0.004 
0.0124 
0.0889 
0.0139 
0.00266 
0.00668 
0.0649 
0.0286 
0.022 

0.00776 
0.00265 
0.00134 
0.00492 

Prediction Equation Parameters for VOCs 
y = a ÷ bysize of fire,m)- ein(distance from fire, m) 

Crude 011 	 Diesel 

Table A7-1 

a 	b 	c 	r2  
11.4 0.0106 2.53 0.13 
22.4 0.0239 4.58 0.08 

17.3 0.0191 4.28 0.21 

4.66 0.0053 0.947 0.08 
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11
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11
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18

11
81

18
18

11_
  

25 	0.0256 7.49 0.75 
5.41 	0.0131 1.66 0.68 
8.49 0.0081 2.58 	0.8 
61 0.105 19.3 0.72 

52.3 0.0799 16.5 0.54 
25.2 0.0271 7.93 0.87 
14 0.0249 4.53 0.81 

168 	0.308 	57 	0.53 
173 0.294 56.8 0.6 
72.2 0.109 22.7 0.56 
99 0.164 32 0.53 

40.5 0.0787 14.3 0.56 
5.98 0.0083 1.47 0.29 

2221 	4.58 	821 	0.48 
240 	0.384 77.4 0.57 

526 	0.896 175 	0.6 
822 	1.41 	272 0.54 
4.79 0.0051 0.85 0.11 
30.1 	0.063 9.44 0.28 
72 	0.0242 14.1 	0.11 

1700 	3.31 	604 0.51 
82.4 	0.21 	28 	0.34 
22.4 0.0626 6.74 	0.3 
4.73 0.0108 	1.6 	0.99 

Substance  
1 ,2,3-Trimethylbenzene 

1 ,2,4-Trimethylb enzene 

1,2-Diethylbenzene 

1 ,3,5-Trimethylbenzene 

1 ,3-Butadiene 

1 ,3-Diethylbenzene 

1 ,4-Diethylbenzene 

1 -Butene/2-Methylpropene 

1 -Heptene 

1-Hexene/2-Methy1-1-Pentene 

1 -Methylcyclohexene 

1 -Methylcyclopentene 

1-Nonene 

1-Octene 

1-Pentene 

2,2,3-Trimethylbutane 

2,2,4-Trimethylpentane 

2,2,5-Trimethylhexane 

2,2-Dimethylbutane 

2,2-Dimethylpentane 

2,2-Dimethylpropane 

2,3,4-Trimethylpentane 

2,3-Dimethylbutane 

2,3-Dimethylpentane 

2,4-Dimethyl hexane 

2,4-Dimethylpentane 

2,5-Dimethylhexane 

2-Ethyltoluene 

2-Methy1-1-Butene 

2-Methy1-2-Butene 

2-Methylbutane 

2-Methylheptane 

2-Methylhexane 

2-Methylpentane 

3,6-Dimethyloctane 

3-Ethyltoluene 

3-Methylheptane 

3-Methylhexane 

3-Methylpentane 

4-Ethyltoluene 

4-Methylheptane 

Benzene 

Butane 

c-1,3-Dimethylcyclohexane 

c-1.4/1-1,3-Dimethylcyclohexane 

c-2-Butene 

c-2-Heptene 

c-2-Hexene 

1.4 
1.18 
0.38 
8.2 
16.5 
0.99 0.335 

	

3.1 	1.92 

	

38 	3.35 

	

32 	7.62 

	

22 	2.23 

	

20 	3.26 

	

11 	1.12 

	

1.8 	3.32 
0.951 
1.67 

895 43.1 
44 7.87 

13.4 
15.7 

-0.034 
5.74 
4.9 

	

93 	34.1 

	

170 	7.11 

	

2 	2.84 

	

28 	1.62 

	

23 	27.4 

	

420 	19.6 

	

80 	5.81 

	

32 	2.46 
0.16 0.673 

2.02 
1.91 
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c 	r2  
0.853 0.35 
4 0.2 

0.254 0.2 
1.45 0.19 
2.27 0.45 
0.129 0.06 
0.836 0.1 
2.43 0.69 
0.717 0.89 
0.228 0.3 
0.392 0.42 
0.044 0.15 
1.33 0.6 

0.164 0.14 
0.635 0.36 
0.208 0.91 
0.801 0.23 
0.314 0.42 
0.475 0.3 

0.089 
0.542 

1.1 
2.33 
0.646 
1.02 

0.298 
0.857 
0.275 
0.53 
13.2 
2.45 
4.44 
4.17 
1.27 
1.44 
1.51 
12.2 
2.09 
0.717 
0.49 
8.15 
5.55 
1.95 

0.837 
0.205 
0.53 
0.697 

Error Units  
0.48 pg/m3 

 3.37 pg/m3 
 0.26 pg/m3 

 1.2 pg/m3 
 1.9 ig/m3 
 0.24 pg/m3 
 1.1 pg/m3 

 2.1 pg/m3 
 0.56 pg/m3 
 0.27 pg/m3 
 0.61 pg/m3 
 0.24 pg/m3 

 0.59 pg/m3 
 0.23 pg/m3 
 2.9 pg/m3 

 0.091 pg/m3 
 0.63 pg/m3 

 0.28 [Jena  
0.38 pg/m3  

pg/m3 
 0.12 pg/m3 

 0.41 pg/m3 
 1.2 pg/m3 
 1.6 pg/m3 
 0.52 pg/m3 
 0.54 pg/m3 

 0.32 pg/m3 
 0.71 pg/m3 
 0.17 pg/m3 
 0.38 pg/m3 
 9.4 pg/m3 

 2.14 pg/m3 
 4 pg/m3 
 3.5 pg/m3 
 0.55 pg/m3 

 1.3 pg/m3 
 1.5 pg/m3 
 5.9 pg/m3 

 1.3 pg/m3 
 0.7 pg/m3 

 0.79 pg/m3 
 6.5 pg/m3 
 3.8 pg/m3 
 2 pg/m3 

 0.8 pg/m3 
 0.21 pg/m3 
 0.09 pg/m3 
 0.14 pg/m3 

Error 	a  
4.2 	2.99 
10 	15.3 

0.894 
4.8 	5.55 

6.49 
0.623 

2 3.57 
7.5 

2.14 
1.01 
1.13 

0.238 
4.09 
0.777 
1.55 

0.694 
3.23 
1.09 
1.69 

0.41 
0.37 
0.57 
0.28 
0.25 
0.48 
0.2 
0.18 
0.51 
0.43 
0.33 
0.31 
0.34 
0.35 
0.51 
0.17 
0.26 
0.46 
0.42 
0.14 
0.31 
0.32 
0.35 
0.4 
0.4 
0.53 
0.9 

0.89 
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Table A7-2 

Substance  
c-2-Pentene 

Cyclohexane 

Cyclohexene 

Cyclopentane 

Cyclopentene 

Decane 

Dodecane 

Ethylbenzene 

Heptane 

Hexylbenzene 

lndan (2,3-Dihydroindene) 

lndene 

lsobutane (2-Methylpropane) 

iso-Butylbenzene 

Isoprene (2-Methy1 -1,3 -Butadiene) 

iso-Propylbenzene 

m,p-Xylene 

Methylcyclohexane 

Methylcyclopentane 

Naphthalene 

n-Butylbenzene 

Nonane 

n-Propylbenzene 

Octane 

o-Xylene 

p-Cymene (l•Methy1-4-is o-propylbenzene) 

Pentane 

Propane 

Propene 

Propyne 

sec-Butylbenzene 

Styrene 

t-1,2-Dimethylcyclohexane 

t-2-Butene 

t-2-Heptene 

t-2-Hexene 

t-2-Octene 

t-2-Pentene 

t-3-Heptene 

tert-Butylbenzene 

Toluene 

Total 

Undecane 

Average 

Prediction Equation Parameters for VOCs 
y = a + esize of fire,m)- c*In(distance from fire, m) 

Crude Oil 	 Diesel 
a 	b 	c 	r2 Error 	a  

0.596 0.00233 0.178 
726 	1.43 	256 0.59 160 8.27 	0.024 2.74 

1.55 0.00346 0.479 
262 	0.526 93.8 0.58 	61 	2.6 0.00684 0.811 

0.229 0.0016 0.007 
97 	0.0899 24.5 0.19 	27 	23.1 0.0124 6.05 

	

27.1 0.0368 7.43 0.41 	7 	139 	0.121 	40.1 
25 	0.0391 6.69 0.35 	6.2 	6.53 0.00714 1.69 

1170 	2.11 	400 	0.6 	220 32.2 	0.096 	10.9 
4.55 0.00942 1.38 

2.64 0.0031 0.557 0.36 0.78 0.761 0.00181 0.191 
0.309 0.00142 0.097 

414 	1.05 	165 0.76 130 7.22 0.00282 1.58 
3.48 0.0057 1.06 0.24 	1.8 
17.4 0.0314 5.51 	0.86 	1.8 
21.4 0.0178 6.41 	0.6 	1.2 
88.6 0.109 20.8 0.16 	34 	29.7 0.0458 8.13 
1660 	3.03 	571 	0.6 	334 27.9 0.0806 9.44 
2090 	2.9 	713 0.57 260 5.21 0.0131 1.55 
5.92 0.0099 	1.7 	0.13 	1.8 	10.8 0.0146 3.05 
3.28 0.003 0.806 0.25 0.81 	1.63 0.00128 0.433 
232 	0.328 70.5 0.53 0.41 19.6 0.0284 5.68 
6.85 0.0073 1.52 0.25 	1.7 	1.77 0.00178 0.435 
513 	0.776 	162 0.61 	82 	13.9 	0.041 	4.31 
26 	0.0186 5.38 0.16 	8.4 	20.9 0.0356 	6.3 

2.52 0.0055 0.013 0.21 	3.1 	1.02 0.00028 0.275 
2590 	5.05 	920 0.51 640 29.2 0.0587 9.1 
733 	0.789 236 0.73 	40 	19.5 	0.002 	4.5 
21.8 0.062 8.28 0.73 6 10.2 0.0436 3.25 

0.874 0.00155 0.236 
0.882 0.00158 0.247 
3.96 0.021 1.37 
2.86 0.0111 0.933 
0.898 0.00256 0.281 
1.89 0.00392 0.553 
0.377 0.032 1.53 
4.58 0.112 4.67 
2.24 0.00797 0.677 
85.4 0.0688 25.7 
1.37 0.0026 0.411 
34.6 0.0696 8.94 

13400 	24 	4430 0.35 4700 570 	1.06 	163 
50 	0.0525 12.4 0.14 	19 	48.8 0.0395 13.8 

0.464 161 
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r2 Error Units  
0.6 0.15 pg/m3 

 0.34 2.4 pg/m3 
 0.26 0.4 pg/m3 
 0.59 0.55 pg/m3 
 0.68 0.085 pg/m3 

 0.19 5.5 pg/m3 
 0.38 22.9 pg/m3 
 0.24 1.33 pg/m3 

 0.33 9.5 pg/m3 
 0.69 0.6 pg/m3 
 0.21 0.24 pg/m3 
 0.91 0.04 pg/m3 

 0.12 2.1 pg/m3  
pg/m3  
pg/m3  
pg/m3 

 0.18 7.3 pg/m3 
  0.32 8 pg/m3 
 0.23 1.7 pg/m3 
 0.22 2.7 pg/m3 
 0.15 0.43 pg/m3 
 0.26 3.77 pg/m3 

 0.13 0.45 pg/m3 
  0.25 5 pg/m3 
 0.44 3.5 pg/nns 
 0.23 0.36 pg/m3 
 0.37 6.29 pg/m3 
 0.21 3.87 pg/m3 

 0.45 3.6 pg/m3 
 0.61 0.11 pg/m3 
 0.22 0.2 pg/m3 
 0.52 1.5 pg/m3 
 0.41 0.99 pg/m3 

 0.57 0.19 pg/m3 
 0.46 0.64 pg/m3 
 0.54 0.62 pg/m3 
 0.57 1.75 pg/m3 
 0.48 0.75 pg/m3 

 0.55 8.2 pg/m3  
0.78 0.18 pg/m3  
0.11 13 pg/m3 

 0.36 99 pg/m3 
 0.32 10 pg/m3  

0.39 3.42 



Crude 011 
a 	 

1.01 0.0042 
0.115 5E-06 
0.286 0.0005 
0.614 0.0025 
1.4 0.004 

0.067 2E-05 
0.067 2E-05 
0.32 0.0002 
0.14 1E-09 
0.617 0.0004 
0.108 1E-05 

0.108 
0.228 
0.507 
0.122 
0.019 
1.75 

0.851 
0.299 
0.161 
0.322 
1.86 

0.068 
0.787 
0.542 
0.856 

1E-04 
9E-05 
1E-05 
0.0001 
3E-06 
0.0008 
3E-06 
0.0003 
0.0001 
0.0002 
0.0023 
7E-05 
0.0002 
0.0002 
0.0009 

r2 	Error 
0.678 
0.029 
0.079 
0.32 
0.57 
0.022 
0.022 
0.19 
0.13 
0.2 

0.057 

0.4 
0.32 
0.47 
0.54 
0.45 
0.19 
0.19 
0.07 
0.35 
0.31 
0.11 

0.057 
0.098 
0.15 

0.026 
0.005 

1 
0.32 
0.11 
0.052 
0.09 
1.4 

0.029 
0.24 
0.2 
0.23 
0.242 

0.11 
0.18 
0.24 
0.41 
0.31 
0.06 
0.17 
0.42 
0.52 
0.26 
0.05 
0.33 
0.33 
0.23 
0.29 

0.281 

Table A8 	 Prediction Equation Par 
y= a ÷ b(size of fire,m) - 
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ameters for PAHs 
eln(distance from fire, m) 
Diesel 

a 
1.79 0.00435 0.585 
0.698 0.00182 0.238 
9.51 0.0218 3.05 
2.87 0.00657 0.923 
2.37 0.00568 0.775 
5.67 0.0132 1.88 
11.3 0.0248 3.65 
4.22 0.0101 1.39 
0.315 0.00076 0.105 
0.379 0.00114 0.141 
0.536 0.00129 0.178 
0.014 4.5E-05 0.004 
0.213 0.00064 0.079 
0.326 0.00081 0.109 
1.86 0.00435 0.603 

0.325 0.00078 0.108 
0.378 7.7E-05 0.012 
1.62 0.0037 0.52 
1.95 0.00463 0.647 

0.101 0.0002 0.028 
0.261 0.00064 0.087 
0.276 0.00077 0.092 
2.01 0.00541 0.674 
0.049 0.00012 0.016 
1.62 0.00375 0.527 
1.99 0.00465 0.66 
0.8 0.0024 0.269 

r2 
 0.61 

0.46 
0.65 
0.65 
0.57 
0.47 
0.53 
0.49 
0.44 
0.44 
0.48 
0.15 
0.51 
0.44 
0.59 
0.46 
0.51 
0.65 
0.46 
0.61 
0.46 
0.36 
0.45 
0.43 
0.56 
0.45 
0.33 

a 

a' 
a 
a 
a 

a 
a 

a' 
a 

a 
a 
a 
a 

a, 
a 
a 
a 

a 
a 
a 
a 
a 
a 

Substance  
1-Methylnaphthalene 

1-Methylphenanthrene 

2,3,5-Trinnethylnaphthalene 

2,6 -Dimethylnaphthalene 

2-Methylnaphthalene 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b) fluoranthene 

Benzo(k) fluoranthene 

Benzo(e)pyrene 

Benzo(g,h,i)perylene 

Biphenyl 

Chrysene 

Dibenz(a,h)anthracene 

Dimethylnaphthalenes 

Fluoranthene 

Fluorene 

Indenol(1,2,3-cd)pyrene 

Methylphenanthrenes 

Naphthalene 

Perylene 

Phenanthrene 

Pyrene 

Trimethylnaphthalenes 

average 

0.381 
0.019 
0.08 
0.249 
0.462 
0.01 
0.01 
0.065 , 

 0.398 
0.145 
0.023 

0.023 
0.048 
0.071 
0.031 
0.002 
0.257 
0.152 
0.072 
0.039 
0.075 
0.385 
0.015 
0.141 
0.117 
0.21 

Error 
0.264 
0.14 
1.23 
0.37 
0.37 
1.1 
1.9 

0.79 
0.07 

0.082 
0.1 

0.007 
0.04 
0.069 
0.28 
0.065 
0.006 
0.21 
0.39 

0.025 
0.05 

0.075 
0.44 
0.01 
0.26 
0.4 
0.24 

0.489 0.333 

Units 
pg/m3 

pg/m3  
pg/m3  
pg/m3  
pg/rn3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
pg/m3  
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81
11

11
1 1

11
11

88
88

11
11
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81

11
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18
88

8
8
8
1
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11

18
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81
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11

0 

Table A9 	 Prediction Equation Parameters for Particulates and Gases 
y = a + b*(size of fire,m) - c*In(distance from fire, m) 1  

Crude Oil 	 Diesel 
Substance 	a 	b 	c 	r2  Error 	a 	b 	c 	r2  Error 
Total particulates 	12.7 0.0347 4.79 0.69 2.6 	2.65 0.00886 0.854 0.55 0.58 
PM-10 	 12.7 0.0347 4.79 0.69 1.8 	1.49 0.00558 0.467 0.56 0.33 
PM-2.5 	 12.7 0.0347 4.79 0.69 	1.5 	1.34 0.00523 0.412 0.52 0.33 
Total VOCs 	13450 24.02 4426 0.35 4700 203 	2.1 	4.77 0.36 99 
PAHs 	 16.2 0.0048 3.03 0.19 	4.8 	51.7 	0.124 	16.9 0.57 8.2 
Fixed gases 
Sulphur Dioxide 	19.4 0.0266 5.29 0.69 	2.8 0.557 0.00114 0.183 0.54 0.06 
Carbon Dioxide 	520 	0.523 81.5 0.18 130 	77 	0.246 	19.6 0.49 25 
Carbon Monoxide 7.72 0.0012 1.56 0.18 	1.8 	3.06 0.0237 1.935 0.63 0.67 
Carbonyls 
Acetaldehyde 	23.3 0.115 12.9 0.36 	23 0.499 0.0325 18.4 0.81 	7.8 
Acetone 	 11.3 0.0445 5.11 0.18 	15 	14.7 0.0573 3.84 0.73 3.8 
2-butanone 	 115.1 0.0407 3.64 0.52 4.4 
Butyraldehydes 	 22.5 0.0344 5.68 0.74 2.8 
Formaldehyde 	58.4 0.103 20.1 0.39 17.4 35.4 	0.107 	9.18 0.77 6.5 
Proprionaldehyde 	 19.6 0.0371 4.85 0.69 3.1 

Average 	 0.417 	 0.599 
1- the concentration of particulates will be in mg/m3, of fixed gases in ppm and of carbonyls in pg/m3  
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