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Executive Summary

In response to regulatory changes in 1993 and at the direction of the Vermont General Assembly,
the Agency of Natural Resources Department of Environmental Conservation proposed to conduct
a study to characterize the constituents and properties of used oils generated in the state and the
resultant emissions and ambient impacts associated with the combustion of these used oils in small
waste oil furnaces. The study results were intended to determine whether the combustion of used
oil inairatomizing space heaters complied with existing Air Pollution Control and Hazardous Waste
Management Regulations. Based on the results of the study, the Agency was to make
recommendations for any necessary changes in the laws and regulations.

Used oil samples from 21 sites, including gasoline and diesel vehicle maintenance facilities as well
as do-it-yourself drop off sites, were collected and analyzed to determine the concentrations of
several contaminants known or suspected to be present in used oils. The majority of used oil
samples were collected from gasoline maintenance facilities. These facilities are believed to
represent the largest sector of used oil generation and subsequent burning in the state. The results
of the used oil sample testing revealed higher levels of several contaminants over levels found in No.
2 home heating fuel oil, including barium, cadmium, chromium, lead, zinc, ash and halogens such
as chlorine and bromine. Some of these contaminants are also found in the virgin lubricating oil as
a result of performance additives and are not necessarily the result of contamination through the use
of the oil. The majority of the used oil samples complied with the existing waste oil constituents and
properties limitations contained in the Vermont Air Pollution Control (Table A, §5-221(2) APCR) and
Hazardous Waste Management Regulations (Table 1, §7-606(4) HWMR).

Stack emissions testing was conducted on several waste oil furnaces to more accurately assess the
emissions from used oil combustion and determine compliance with the recently amended Control
of Hazardous Air Contaminants Rule of the Vermont Air Pollution Control Regulations (§5-261).
Testing was conducted for the following pollutants determined to be of most concern: hydrochloric
acid, total particulates, arsenic, cadmium, chromium, and lead. Stack emission samples were
collected from five atomizing waste oil furnaces currently in service and one No. 2 fuel oil furnace.
All units were less than 280,000 BTU per hour. These waste oil furnaces represent the latest
generation of improved units that are presently in the marketplace. A sample of the fuel being
combusted at each site during the emission testing was also collected and analyzed.

Stack emissions testing results indicated higher levels of several contaminants over that of No. 2 fuel
oil. Emissions of hydrochloric acid, total particulates and lead were all higher from the combustion
of the used oils than No. 2 fuel oil. The emission results from these specific units tested were
determined through atmospheric dispersion modeling to comply with their respective ambient air
quality standard contained in the Vermont Air Pollution Control Regulations.

Emissions of chromium were also higher from the combustion of used oil than No. 2 fuel oil and
again were determined to comply with the total chromium ambient standard. Compliance or
noncompliance with the hexavalent chromium ambient standard could not be demonstrated for the



used oil combustion units due to the unknown portion of the total chromium measured that is present
in the hexavalent form and the difficulties with accurately quantifying contaminant concentrations
at the levels necessary. However, hexavalent chromium emissions can reasonably be expected to
comply with its ambient standard based on the likely minor amount of hexavalent chromium in the
total chromium emissions. Emissions of hexavalent chromium from the No. 2 fuel oil combustion
could be shown to comply with the hexavalent chromium ambient standard even when all the
chromium was assumed to be in the hexavalent form. Emissions of arsenic and cadmium were not
detected in any of the samples. Even if these two metals were assumed to be present at levels equal
to the detection limit they were shown to comply with the ambient standards for both No. 2 fuel oil
and used oil combustion.

The fuel analyses and emissions testing clearly shows that used oil combustion has higher emissions
than No. 2 fuel oil combustion for most contaminants. A prohibition on the burning of used oils
would thus have an air quality benefit near facilities currently burning these oils. However, since
the emissions from these waste oil furnaces were reasonably able to demonstrate compliance with
the ambient standards, it would not be prudent public policy to regulate these fuels differently based
on these emissions. Larger units than those tested however may need to be subjected to more
stringent requirements. A prohibition on the burning of used oils would also have an adverse
economic impact on the facilities currently burning their used oil for energy recovery. It would also
eliminate the incentive for these facilities to collect do-it-yourselfer oil.

In consideration of these factors, the Agency recommends a policy to conditionally allow the burning
of used oils in small waste oil furnaces with a maximum rating of 500,000 BTU per hour. The
Agency recommends that used oil combustion in these units be excluded from the air toxics
demonstration for all contaminants except hydrochloric acid. Thisexclusionwould be similar to that
already in existence for virgin fuel oils. Permits would be in the form of a general permit for specific
makes and models of waste oil furnaces and would be issued after that specific make and model (not
each installation) has been demonstrated to meet certain requirements, including possible particulate
and hydrochloric acid compliance testing and being equipped with an air atomizing burner.
Conditions may also be placed on the size of the units, number of units at a facility, amount of fuel
consumed per year, contaminant concentrations and recordkeeping and reporting requirements. The
Agency will also review and amend all current Department regulations and explore the option of
combining all Department regulations into one combined regulation to ensure there are no longer
any inconsistencies between program regulations. The allowed contaminant concentrations would
be reviewed and revised if necessary. Finally the Agency recommends enhanced information and
education outreach programs be conducted to minimize the contamination of the used oil fuel and
to promote the voluntary re-refining of used oils back into usable lubricating oils.



1. INTRODUCTION

The environmental benefits and consequences of the combustion of used oils in waste oil furnaces
has been the subject of contentious debate in the state and elsewhere over the past years. Waste oil
combustion is regulated under both the Air Pollution Control Regulations (hereinafter "APCR") and the
Hazardous Waste Management Regulations (hereinafter "HWMR"). The HWMR (§7-606 through §7-610
HWMR) restrict the burning of waste oils for energy recovery if they are mixed with hazardous
wastes; requiring it to be managed in accordance with federal regulations (40 CFR §226.30-226.35)
unless the waste oil is hazardous solely due to ignitability, corrosivity, reactivity, or toxicity or if it
contains hazardous waste generated only by a Conditionally Exempt Small Quantity Generator as
defined in the HWMR. Waste oil not restricted by the above is then classified as either specification
or off-specification waste oil in accordance with Table 1 of §7-606 (see Table A of Appendices)
which establishes allowable levels for arsenic, cadmium, chromium, lead, flash point and total
halogens in the waste oil. However, specification and off-specification waste oils may be burned
for energy recovery in small waste oil furnaces less than 500,000 BTU per hour.

The APCR prohibit the combustion of waste oils not meeting the constituent and property limitations
as set forth in Table A of §5-221 (see Table A of Appendices). Table A establishes allowable levels
for PCBs, total organic halogens, total inorganic chloride, lead, net heat of combustion and flash
point. In addition, as a result of increasing concerns and a general lack of detailed information
regarding the air quality impacts from the combustion of used oils in waste oil furnaces, the APCR
were amended in January of 1993 making these units subject to the Control of Hazardous Air
Contaminant rule (§5-261 APCR). The Vermont General Assembly subsequently passed a bill, S.107,
in the spring of 1993 which provided for the curbside collection of used oils and exempted waste oil
furnaces from the Control of Hazardous Air Contaminant rule. This bill was vetoed by the Governor
due in part to concerns over air quality. The Agency of Natural Resources Department of
Environmental Conservation (hereinafter "Agency") was then directed to study the issue and report on
its findings.

During the following 1994 legislative session, bill S.335 was passed and signed into law by the
Governor. This bill exempted small waste oil furnaces from regulation under the Control of
Hazardous Air Contaminant rule (85-261 APCR) if they were installed prior to January 21, 1994. The
bill did, however, prohibited the sale and use of vaporizing waste oil furnaces or "pot burners"
effective July 1, 1997. The Agency was directed to develop rules creating a general permit allowing
for used oil combustion in small waste oil furnaces and to consider the full environmental and
economic impacts of various options for used oil management. Finally, the Agency was required
to report to the natural resources and energy committees of the House and Senate the results of this
used oil testing program and any recommendations for rules governing the burning of used oil in
small waste oil furnaces.

As a result of the regulatory changes to the APCR in 1993 and at the direction of the General
Assembly, the Agency proposed in August of 1993 to conduct a study to characterize the constituents
and properties of used oils generated in the state and the resultant emissions and impacts associated



with the combustion of these used oils in small waste oil furnaces. The study results were intended
to determine whether the combustion of used oil in these space heaters complied with existing Air
Pollution Control and Hazardous Waste Management Regulations.

The study was divided into three separate phases. The first phase involved a literature search to
identify the contaminants of concern and determine their respective concentrations in used oils. Due
to the highly variable nature of contaminants and their respective concentrations in used oils and
limitations in available existing data, the second phase of the study involved a used oil sample
collection and analysis survey of the used oil streams in the state. The third phase of the study
involved stack emissions testing of several waste oil furnaces to determine the actual emissions of
those contaminants determined to be of greatest concern.

2. LITERATURE SEARCH

The Agency tried to concentrate the literature search on recent studies and reports relating to waste
oil contaminant concentrations and the resultant combustion emissions. A substantial amount of
information was available from the late 1970's and early 1980's. The Agency felt this data was of
limited use, however, due to changes in the waste oil furnaces themselves as well as waste oil
characteristics since that time, such as the gradual phase out of lead in gasoline and the discontinued
use of PCBs in oils as a result of legislation including the 1976 Toxic Substances Control Act.
While the specific data and results of these studies were dated, the Agency was able to identify
potential contaminants of concern that could be addressed in the next stage of this study.

The literature indicated that the constituents and properties of waste oils can vary considerably from
source to source. Whereas some contaminants in fuel oils and lubricating oils are present in the
virgin stock, waste lubricating oils are often contaminated as a result of their specific use. Lead
levels in waste crankcase oils are attributable mainly to piston blow-by in engines using leaded
gasoline. Arsenic, cadmium and chromium are believed to be largely a result of engine wear. In
addition to being contaminated through use, hazardous wastes such as degreasing solvents may also
be mixed with the waste oils. Lubricating oils also typically have performance enhancing additive
packages such as detergents, dispersants, extreme pressure additives and anti-wear additives blended
into the oils before use. Gasoline and oil additives are also added by the consumer. Barium,
phosphorus, zinc and some chlorine and bromine compounds are present in lubricating oils in
significant concentrations as a result of additives. Numerous other inorganic compounds are present
in used oils such as nitrogen, sulfur, aluminum, calcium, copper, iron, magnesium, manganese,
potassium, silicon, sodium and tin. Many of these compounds are not generally given much
attention due to their low levels and low toxicity.

A private laboratory in the state was able to provide the Agency with copies of the actual results of
waste oil analysis they had performed for facilities over the past several years. While the
constituents and properties analyzed for were limited in scope to those required under the APCR and
HWMR, the data was useful in that it provided current compliance information with respect to the



waste oil constituent and property limitations contained in the APCR (Table A, §5-221(2) APCR) and
HWMR (Table 1, §7-606(4) HWMR). The information indicated that most of the oil submitted for
analysis met the requirements for burning outlined by these regulations. However, the analyses did
not provide information that could be used to determine if burning the used oil would generate
emissions that would comply with the ambient air standards contained in the Control of Hazardous
Air Contaminant rule (§5-261 APCR). This is because the results were often reported as simply being
less than the allowable constituent limitation in Table A or Table 1 of the applicable regulation and
constituent concentrations at that level would not necessarily comply with the ambient standards.
Preliminary modeling using the current allowable constituent levels indicate that very small amounts
of contaminants present in the used oil may result in emissions that exceed the limit set in the
Control of Hazardous Air Contaminants rule.

Another source of information for this phase of the study was the promotional material developed
by the waste oil heater manufacturers. Several news releases and magazine articles were utilized as
sources of information. These articles and releases document the falling lead concentrations in used
oil in the past ten years, due to the phase-out of leaded gasoline.

Based on a review of the available literature, the final list of contaminants in used oil that would be
sampled for in the second phase of this study was compiled. This list consists of the following:

Metals: arsenic, barium, beryllium, cadmium, chromium, lead, nickel, zinc
Others: Total halogens (HCI formation), total organic halogens (HCI formation), sulfur, nitrogen,
PCBs, and ash.

Arsenic is identified in the HWMR as a regulated contaminant in used oils. The source of arsenic
and the potential concentrations of the contaminant in used oils was not able to be determined from
the literature search that was completed. Therefore, in an effort to obtain more reliable data on the
concentration of arsenic in the Vermont used oil stream and to determine compliance with the
arsenic constituent level in the HWMR, arsenic was selected to be analyzed for in the second phase
of this study. Barium and zinc were identified as possible additives in lubricating oils and were also
selected to be analyzed for in the second phase of the study to determine their respective
concentrations in used oils. Beryllium and nickel are trace metals found in low concentrations in
most oils. No information was available on their concentrations in used oils therefore these
contaminants were also determined to require further analysis in the next phase of the study.
Cadmium is also identified in the HWMR as a regulated contaminant in used oils and is believed to
be mainly from engine wear. Cadmium was analyzed for in the next phase of the study to determine
its concentration in used oils and to determine compliance with the constituent level in the HWMR.

Chromium is also identified in the HWMR as a regulated contaminant in used oils. The toxicity of
chromium is dependant on the form in which it is present. Chromium may be present in eight
different oxidation states ranging from Cr? to Cr*®. The most stable and therefore important forms
of chromium are the trivalent (Cr*®) and the hexavalent (Cr*®) forms, respectively. Hexavalent
chromium is considered the most toxic form of chromium and rarely occurs naturally but rather is



produced by anthropogenic sources such as chrome electroplating and cooling towers. The relevant
concentration of trivalent and hexavalent chromium in waste oils was not determined from the
literature search and is of limited value since the combustion of the fuel would be expected to alter
the percentages of each. Inaddition, since chromium compounds can be readily oxidized or reduced
to other forms under certain conditions, special sampling and analytical techniques would be
required to ensure accurate results. Therefore, only total chromium was analyzed for in the next
phase of the study. These results will be used to determine compliance with the total chromium
constituent level in the HWMR and to determine if chromium is present in the used oil in high
enough concentrations to warrant further study under the emission testing phase of this study.

Total halogens are regulated under the HWMR and total organic halogens and total inorganic
chloride are regulated under the APCR. The halogens include bromine, chlorine and fluorine.
Chlorine is believed to be the halogen of highest concentration in used oils as a result of additives
to the oil and gasoline. Chlorine is of concern when it is combusted due to the formation of
hydrochloric acid. Total halogens and total organic halogens will be analyzed for to determine
compliance with the constituent levels in the HWMR and APCD. The results will also give an
indication of the chlorine concentration in used oils and therefore the hydrochloric acid emission
potential when burned. A direct analysis for chlorine was not required since it is not directly
regulated as a constituent.

Sulfur and nitrogen in fuels form sulfur oxides and nitrogen oxides respectively when burned, both
of which are regulated air pollutants under the APCR. The sulfur and nitrogen contents of the used
oil and virgin fuel oil samples will be analyzed for in the next phase of the study to determine if there
is any notable difference between the fuels.

Even though PCBs are not expected to be present in the general used oil stream due to their
discontinued use, they will be tested for to verify this assumption. Any electrical transformer oils
thought to still contain PCBs would be expected to be handled separately from the used oil stream
being combusted in small waste oil furnaces. Therefore no transformer oil samples were collected
as part of this study.

The ash content of a fuel refers to the mineral matter that is noncombustible. This would include
silica, iron, other metals, dirt, etc. that may be present in the oils. The ash content would contribute
directly to particulate matter emissions when the fuel is burned. The ash content will be analyzed
for in the next phase to determine if any notable difference exists between the fuels.



3. USED OIL SAMPLE COLLECTION AND ANALYSIS

Used oil samples from 21 locations, including gasoline and diesel vehicle maintenance facilities as
well as do-it-yourself drop off sites, were collected and analyzed to determine the concentrations of
the contaminants identified in the previous phase of the study. Since gasoline vehicle maintenance
facilities are believed to represent the largest sector of used oil generation and subsequent burning,
the majority of used oil samples were collected from these facilities. The facilities included 15
automobile service/sales operations, four diesel equipment operations and two do-it-yourself drop
off sites. In addition, virgin lubricating oil samples were purchased off the shelf, and a sample of
No. 2 home heating fuel oil as well as No. 4 fuel oil were obtained from a commercial facility using
these virgin fuels. The sample collection methods are described in the study proposal dated August
1993.

3.1 Used Oil Analysis Results

Average results of analysis of used oil samples are listed in Table 1. More detailed results for
individual samples are contained in Table B of the Appendices. The table is arranged so that
contaminants in used oil can be readily compared to contaminants in the virgin fuel and lubricating
oil. Samples of virgin lubricating oil were analyzed to determine if contaminants were present in
the oil before use in a vehicle engine. The only metal discovered in substantial quantity in the virgin
lubricating oil was zinc, which is an additive. Barium, cadmium, chromium, lead, and nickel and
ash all appear in higher concentrations in the used oil than the unused lubricating oil as a result of
its use in the engine. These same contaminants as well as zinc and halogens were all notably higher
in the used oil than the fuel oils, with the exception of the No.4 fuel oil ash content which was
comparable to the used oil. There we no notable differences in sulfur or nitrogen contents between
the various oil types. Arsenic and beryllium were not present in either the virgin oils or used oils in
quantities sufficient for reliable measurement. All samples were analyzed for PCBs, however no
PCBs were detected at the minimum detection limit of the analytical equipment (5 ppm).

The only average contaminant concentration in excess of current constituent standards is the
cadmium in diesel crankcase oil (2.34 ppm; HWMR standard 2.0 ppm). It should be noted that this average
is based on only four diesel samples, and that one sample had a cadmium concentration of 6.61 ppm
and the three remaining diesel crankcase oil samples all complied with the 2.0 ppm limit.
Examination of individual results also show that a total of four gasoline crankcase oil samples also
exceed the HWMR cadmium standard of 2.0 ppm. These exceedances simply mean that the oil
would be classified as off-specification oil and not prohibited from being combusted in a waste oil
furnace for energy recovery.



Table 1
Used Oil Samples Average Analytical Results
contaminant gasoline engine diesel engine virgin engine No. 2 fuel oil No. 4 fuel oil
oil oil oil
arsenic (ppm)* -- -- -- -- --
barium (ppm) 2.73 3.39 <1.00 <1.00 <1.00
beryllium (ppm) <0.02 <0.02 <0.02 <0.02 <0.02
cadmium (ppm) <151 2.34 <0.25 <0.25 <0.25
chromium (ppm) 3.19 3.91 <2.00 <2.00 <2.00
lead (ppm) 47.23 57.00 <20.00 <10.00 <10.00
nickel (ppm) <1.40 1.85 <1.20 <1.20 8.34
zinc (ppm) 1161 1114 1210 5.00 9.05
ash (% w/w) 0.54 0.46 0.135 0.13 0.55
PCBs (ppm) <5 <5 <5 <5 <5
total halogens (ppm) <350 <234 <300 <200 <200
total organic halogens <301 <217 <292 <200 <200
(ppm)
flash point (°F) >200 >200 >200 >200 >200
sulfur (% wiw) 0.36 0.25 0.36 0.12 0.19
nitrogen (% wi/w) 0.04 0.02 0.02 <0.01 0.03

! arsenic concentrations are not reported due to analytical difficulties with accurately determining arsenic concentrations at

the necessary levels. While the laboratory can quantify arsenic concentrations in oil greater than 250 ppb, under the
procedures of method 3050 some organic arsenic compounds are lost through volatilization, resulting in poor spike recoveries
and the possibility of false negative results. Only one sample had an arsenic concentration >250 ppb and that concentration
was reported as >2 ppm.

The only other constituent standard to be exceeded by an individual sample was lead. In this case
two gasoline crankcase oil samples exceeded the 100 ppm HWMR limit but not the 200 ppm APCR
limit, thus the oil would not be prohibited from being burned and would be considered in
compliance. Concentration of the contaminants in the individual samples ranged as follows:
barium<1.0 ppmto 6.9 ppm; cadmium<0.25 ppm to 6.6 ppm; chromium <2.0 ppmto 6.8 ppm; lead
<20 ppm to 146 ppm; nickel <1.2 ppm to 3.0 ppm; halogens <200 ppm to 877 ppm.



3.2 Conclusions

The used oils sampled largely demonstrated compliance with the waste oil constituent and property
limitations governing the burning of used oils. In addition, the contaminants barium, beryllium,
nickel, zinc, PCBs, nitrogen and sulfur were not found to be of significant concern with respect to
potential air emissions based on their reported concentrations and respective toxicity levels. The
toxicity of arsenic and the difficulty in obtaining accurate and reliable data on its concentration in
the used oils warrants further study of this contaminant in the next phase of the study. The
concentrations of lead and halogens in the used oils are also high enough to warrant further study
of the potential emissions and impacts on air quality. Cadmium and chromium concentrations were
high enough such that projected emission and ambient impacts would not comply with the ambient
air standards contained in the Control of Hazardous Air Contaminant rule (§5-261 of the APCR).

4. STACK EMISSION TESTING

Stack emissions testing was conducted on several waste oil furnaces for the contaminants of most
concern. These contaminants were identified from the concentration of contaminants found in the
previous phase of the study and their relative toxicity; these being hydrochloric acid, total
particulates, arsenic, cadmium, chromium, and lead. Volatile and semi-volatile organics were not
considered in this study. Stack emission samples were collected from five existing atomizing waste
oil furnaces currently in service at the selected facilities and one No. 2 fuel oil furnace. Four of the
used oil sites burned predominately waste automotive crankcase oils and the fifth burned exclusively
diesel waste crankcase oils. The units were all of similar size, ranging from 185,000 BTU to
280,000 BTU. All units were of the air atomizing type. No vaporizing burners were tested. The
specifications of the units tested are presented in Table C of the Appendices.

Samples of the fuels being combusted were also collected and analyzed for each of the sites and
these results are presented in Table D of the Appendices. Caution should be used in attempting to
correlate used oil contaminant concentrations with emission test results due to the non-homogenous
nature of waste oils and the difficulty in obtaining the exact contaminant concentrations entering the
burner over the test period.

4.1 Stack Emission Sampling Methods

Stack emission samples were collected from the outlet stack for each facility. EPA stack sampling
requirements specify that samples must be collected from a location a minimum of four stack
diameters downstream and one stack diameter upstream of any stack flow disturbance. Aneightinch
in diameter by three foot long galvanized stack extension pipe was added to each of the used oil
heater stacks to ensure compliance with this requirement.

Stack emission samples for hydrochloric acid, particulates and metals were all collected in
accordance with EPA's modified method 5 for multiple metals sampling method (MM5-MM, Draft
EPA Method 29 and 0050). Stack gas moisture content, temperature and velocity were also



determined in accordance with this EPA sampling method. EPA method 3B was used for the
determination of stack gas oxygen and carbon dioxide content. Table F of the Appendices presents
the waste oil furnace operating parameters.

To account for the potential cycling of the burner on and off during the test run, the units (which
were all thermostatically controlled) were turned on by setting the thermostat to a point where the
unit would not shut off during the testing. The units were periodically monitored to ensure that they
were running constantly during the testing. The fact that the units would not run continuously during
normal operation and therefore would not have as high of emissions due to shut-off periods is
accounted for in the estimation of ambient impacts discussed later in this report. A burner that cycles
on and off frequently would be expected to have a slightly lower combustion efficiency than a unit
that runs for longer periods of time. However, with respect to metal emissions and hydrochloric acid
formation, this would not be expected to significantly alter the results. Combustion efficiency would
have a more significant effect on organic and semi-organic emissions which are not addressed in this
study. Total particulates could also be expected to increase slightly with lower combustion
efficiency.

Standard stack emission compliance testing requires three one-hour samples runs where the three
runs are averaged to determine compliance. However, due to the relatively small size of waste oil
furnaces in general, the stack sample collection times were extended to ensure an adequate sample
size was collected for analysis. Stack sampling times were extended to four-hours each and reduced
to only two runs per facility. Only facility WO/1 had sample collection times less than four-hours
(two-hours and three-hours respectively). This was due to an increase in the vacuum pressure required for
sampling and a visual inspection of the sampling nozzle which indicated heavy particulate loading.

4.2 Stack Emission Testing Results

Average results for the stack emission testing are presented in Table 2. Table E of the Appendix
contains the actual results for each test run. As indicated in Table 2, emissions of hydrochloric acid,
particulates, chromium and lead were all significantly greater from the used oil combustion than
from No. 2 fuel oil combustion. The average hydrochloric acid emissions from the used oil
combustion were 15 times higher than from No. 2 fuel oil combustion. Particulate emissions were
also much greater from the used oil combustion, averaging 467 mg/min verses no quantifiable
amount of particulates from No. 2 fuel oil combustion. Chromium emissions were 8.5 times higher
and lead emissions were 70 times higher from used oil combustion than from No. 2 fuel oil
combustion. These results are not unexpected given the contaminant concentrations of chlorine, ash,
chromium and lead in the used oils. In addition, the higher molecular weights of the lubricating oil
hydrocarbon chains could be more difficult to completely combust and thus could result in increased
total particulate emissions.

Emissions of arsenic and cadmium where not detected in any of the samples despite the increased
sample collection times. The values presented in Table 2 for arsenic and cadmium are the detection
limits for the specific samples collected and vary from sample to sample since the detection limit is



a function of the sample mass and is not a fixed analytical number.

Table 2
Emission Testing Actual Results (mg/min)

Facility HCI Particulate | Arsenic! | Cadmium! | Chromium Lead
(mg/min) (mg/min) (mg/min) (mg/min) (mg/min) (mg/min)

No. 2 oil 2.3 0 <0.02 <0.03 0.02 0.03
WO/1 55.7 416.5 <0.04 <0.07 0.13 1.55
WO/2 16.7 333.0 <0.02 <0.04 0.12 1.32
WO/3 45.3 500.0 <0.03 <0.13 0.21 2.58
WO/4 19.2 667.0 <0.04 <0.08 0.24 2.73
WO/5 36.3 416.5 <0.02 <0.07 0.14 2.25
| average’ | 34.6 | 466.6 | <0.03 | <0.08 | 017 | 2.09

! Arsenic and cadmium results were all reported as non detectable. The values presented represent the varying levels of
detection for each specific sample collected which is a function of the sample mass.
2 Values are for waste oil testing results only.

4.3 Comparison to Regulatory Levels Under §5-261 of the APCR

In order to determine compliance with the Control of Hazardous Air Contaminant rule (§5-261 of the
APCR), emissions from the waste oil furnaces must first be compared to the regulatory Action Level
for the respective pollutants. These Action Levels are listed in Appendix C of the APCR and are
used to determine applicability to the rule. If emissions of a contaminant exceeds its respective
Action Level, then that contaminant is subject to the rule. Once a pollutant is subject to the rule its
emissions must be demonstrated to be reduced to the Hazardous Most Stringent Emission Rate
("HMSER"). HMSER is defined in the APCR as the lowest rate of emissions that the Agency
determines is achievable for the source, taking into account economics. HMSER may be achieved
through the application of pollution control equipment, equipment design changes, operating practice
changes or even product substitution. For the purposes of this study, it was assumed that HMSER
would not prohibit the combustion of used oil in favor of virgin oil. Once HMSER is determined,
the source must demonstrate compliance with the Hazardous Ambient Air Standard if the emissions
are still over the Action Level after achieving HMSER. These standards are also presented in
Appendix C of the APCR.



The average milligrams per minute emission results presented in Table 2 above were converted to
emission in pounds per eight hours for comparison to the regulatory Action Levels and are presented
in Table 3 below. Emissions of particulates are not compared to an Action Level since particulates
are not regulated under the Control of Hazardous Air Contaminant rule.

Table 3
Comparison to Regulatory Action Levels

Facility HCI Particulate | Arsenic! | Cadmium! | Chromium Lead

(Ib/8hr) (Ib/8hr) (Ib/8hr) (Ib/ghr) (Ib/8hr) (Ib/ghr)
No. 2 oil 0.002 - <0.000021 <0.000032 0.000021 0.00003
WO/1 0.059 - <0.000042 <0.000074 0.000138 0.00164
WO/2 0.018 - <0.000021 <0.000042 0.000127 0.00140
WO/3 0.048 - <0.000032 <0.000138 0.000222 0.00273
WO/4 0.020 - <0.000042 <0.000085 0.000254 0.00289
WO/5 0.038 - <0.000021 <0.000074 0.000148 0.00238
average? 0.04 - <0.000032 <0.000083 0.000178 0.002
Action 0.87 - 0.000019 0.000047 0.01 (total) 0.014
Level 0.0000071 (*6)
(Ibs/8hrs)

! Arsenic and cadmium results were all reported as non detectable. The values given are based on the sample detection limits.
% Values are for waste oil testing results only.

As shown in Table 3 above, emissions of hydrochloric acid and lead from both used oil and No. 2
fuel oil combustion do not exceed their respective regulatory Action Level for the size units tested
inthis study. The average hydrochloric acid emission from the waste oil furnaces was approximately
one-twentieth the Action Level. The average lead emission from the waste oil furnaces was
approximately one-seventh the Action Level. Emissions of chromium from both used oil and No.
2 fuel oil combustion can be shown to be less than the "total” chromium Action Level. However,
compliance with the hexavalent chromium Action Level could not be determined for either fuel since
the hexavalent chromium percentage of the total chromium value is not known. According to the

U.S. Department of Health's Toxicological Profile for Chromium (Update) (USDH 1993. Toxicological
Profile for Chromium (Update). U.S. Department of Health & Human Services, Agency for Toxic Substances and Disease

Registry, Atlanta, GA.) special sample collection and analytical procedures are required to accurately
quantify concentrations of trivalent and hexavalent chromium in air samples, especially when present
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at concentrations below 1 ug/m®. This document indicated that chromium emissions from the
combustion of coal and virgin oil are believed to be emitted predominantly in trivalent forms,
however minor amounts of hexavalent chromium, in the range of 0.2 percent of the total chromium,
is also believed to be emitted. A separate unidentified emission test of an unknown sized multi oil
furnace reported the hexavalent chromium percentage to be approximately 6 percent. Based on the
emission rates of total chromium from the waste oil furnaces tested in this study, hexavalent
chromium would need to comprise less than 4 percent of the total chromium in order for emissions
to be less than the hexavalent chromium Action Level.

Since arsenic and cadmium were not detected in the emission test samples, an emission rate equal
to the individual sample detection limit was assumed. This emission rate would represent worst case
emissions. Based on these assumed emission rates, both fuels show arsenic emissions will exceed
its Action Level. No. 2 fuel oil had an arsenic emission rate of 0.000021 pounds per eight hours
compared the Action Level of 0.000019 pounds per eight hours. Arsenic emissions from waste oil
combustion were predicted to exceed the Action Level by approximately two times. Based on the
assumed worst case emission rates, cadmium emissions were shown to be less than the Action Level
for No. 2 fuel oil combustion but exceed the Action Level for waste oil combustion by
approximately two times.

The actual ambient impacts associated with a given emission rate of a contaminant must be predicted
or estimated through the use of atmospheric dispersion models for comparison to the applicable state
Hazardous Ambient Air Standard. The atmospheric dispersion modeling requires certain
assumptions in order to estimate ambient impacts from the reported mass per unit time emission
rates determined from the testing. The model inputs include the contaminant emission rate in grams
per second, the stack height and diameter, exhaust gas flow rate, velocity, and temperature, and the
building dimensions where the stack is located. Since the model is used to estimate the average
ground level ambient impact over a period of time equivalent to the averaging period for the
contaminants respective Hazardous Ambient Standard (HCI 24-hours, lead 3-months, arsenic,
cadmium and chromium 1-year), an assumption as to how much fuel is burned over a given period
of time must be made since the units do not operate continuously at full capacity. The assumption
used here is 3,000 gallons of used oil is burned by a facility in a year and potentially in a three month
period as well. It is also assumed that the unit could operate continuously for a 24-hour period.

The stack parameters used in the modeling are taken from the average stack parameters determined
from the emissions testing and are given in Table F of the Appendices. Since building dimensions
vary from facility to facility, two different building dimension scenarios were analyzed. One
building was assumed to have dimensions of 40 feet wide, 60 feet long and 15 feet high with a stack
5 feet above the roofline. The second building was assumed to have dimensions of 40 x 60 and 25
feet high with a stack height again 5 feet above the roofline.

The U.S. EPA Screen2 Model was used to predict the ambient impacts. A maximum one-hour

concentration of 4,597 ug/m?® was calculated using the above parameters and assuming an emission
rate of 1 g/sec. This value was then scaled for the various contaminant emission rates and averaging
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times. The results are presented in Table 4.

Table 4
Comparison to Regulatory Hazardous Ambient Air Standards

Facility HCI Particulate | Arsenic> | Cadmium? | Chromium Lead

(ug/m?) (ug/m?) (ug/m?) (ug/m®) (ug/m®) (ug/m®)
No. 2 oil 0.07 0/0 <0.000026 <0.000039 0.000026 0.00
WO/1 1.71 0.7/12.8 <0.000063 <0.000109 0.000203 0.015
WO/2 0.51 0.7/10.2 <0.000040 <0.000079 0.000238 0.016
WO/3 1.39 0.7/15.3 <0.000039 <0.000171 0.000276 0.020
WO/4 0.59 0.9/20.4 <0.000052 <0.000105 0.000315 0.021
WO/5 1.11 0.8/12.8 <0.000040 <0.000139 0.000278 0.027
average® 1.1 0.8/14.3 <0.00005 <0.00012 0.000262 0.02
HAAS 16.7 50/150 0.00023 0.00057 0.12 (total) 0.25
(ug/m?) 17/30 0.000085 (*6)

! Particulate matter emissions are regulated separately from the hazardous air pollutants under the Vermont Air Pollution
Control Regulations. There isan annual and 24 hour averaging period National Ambient Air Quality Standard for particulate

matter (PM,,). The values given in the left and right side of the column represent annual and 24 hour impacts respectively
with the NAAQS and full PSD increments given in the bottom row.
2 Arsenic and cadmium results were all reported as non detectable. The values given are based on the sample detection limits.
¥ Values are for waste oil testing results only.

Calculations to predict ambient impacts are based on the following formula:

ambient impact = (mg/min) (1 min/60sec) (1g/1000mg) (4597) (scaling factor) (capacity factor)

where,

mg/min = emission rate from Table 2 (page 9)

4597
scaling factor

capacity factor

= ambient impact from U.S. EPA SCREEN2 model based on unit emission rate of 1g/sec

= 0.4 for 24 hr stds (HCI, PM,j); 0.15 for 3 month stds (lead); and 0.1 for annual stds. (PM,,, As,
Cd, Cr)

= for 24 hr stds. there is no factor, assume value of 1

= for 3month stds: (3000gal) / [(BTU/hr rating of unit) (2190hrs) / (140,000BTU/gal)]

= for annual stds: (3000gal) / [(BTU/hr rating of unit) (8760hrs) / (140,000BTU/gal)]
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The results in Table 4 indicate that even though the predicted ambient impacts from waste oils
combustion are significantly higher than impacts from No. 2 fuel oil combustion, both fuels easily
complied with the respective state Hazardous Ambient Air Standard for the size units tested. Only
hexavalent chromium impacts from the waste oil combustion could not be conclusively determined
to comply with its ambient standard due to the unknown percentage of hexavalent chromium to total
chromium. Hexavalent chromium impacts can reasonably be expected to comply with the ambient
standard since the hexavalent chromium percentage of the total chromium would need to exceed 32
percent before the standard would be exceeded. While the actual percentage is not known, the
literature indicates that hexavalent chromium comprises less than 6 percent. The ambient impacts
in Table 4 do not include any existing background concentrations for the pollutants. When available,
existing background concentrations of the respective pollutant must be added to the predicted impact
for comparison to the ambient standard.

Hydrochloric acid emissions from the waste oil furnaces were shown to cause an average ambient
impact of 1.1 ug/m® verses a standard of 16.7 ug/m®. Hydrochloric acid emissions and the predicted
ambient impact from the No. 2 fuel oil unit were significantly less than the waste oil units.
Particulate emissions from these same units had an average ambient impact of 14.3 ug/m? for a 24
hour average and 0.8 ug/m? for an annual average compared to the NAAQS of 150 ug/m?® and 50
ug/m? respectively. Arsenic and cadmium emissions were not detected in any of the samples,
however when it was assumed that the emissions were equal to the sample detection limits the
Action Levels for these pollutants were triggered. The resulting predicted ambient impacts based
on these detection limit emission rates indicates that both pollutants comply with their respective
ambient standard. Arsenic emissions from the waste oil furnaces were estimated to cause an average
impact of <0.00005 ug/m*® compared to a standard of 0.00023 ug/m?®. Cadmium emissions were
estimated to cause an average impact of <0.00012 ug/m? compared to its standard of 0.00057 ug/m?.
Lead emissions from the waste oil furnaces were shown to cause an average ambient impact of 0.02
ug/m? verses a standard of 0.25 ug/m?®.

4.4 Conclusions

The results of the emission testing show that the combustion of these used oils in small waste oil
furnaces have higher emissions and consequently higher predicted ambient impacts for most
pollutants than the combustion of No. 2 home heating fuel oil. Despite the greater emission rates,
the waste oil furnaces tested in this study were all reasonably shown to comply with the respective
ambient standards. All units testing in this study were less than 280,000 BTU per hour.

5. POLICY ANALYSIS AND CONCLUSIONS
The policy decision to allow the continued use of used oil fuel in space heaters is based on an

analysis of the emission testing results, the economic impact to the generators and users of used oil,
and alternative disposal methods available to generators of used oil.
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The fuel analyses and emissions testing clearly shows that used oil combustion has higher emissions
than No. 2 fuel oil combustion for most contaminants. A prohibition on the burning of used oils
would thus have an air quality benefit near facilities currently burning these oils. However, since
the emissions from these waste oil furnaces were reasonably able to demonstrate compliance with
the ambient standards, it would not be prudent public policy to regulate these fuels differently based
on these emissions. It is extremely difficult to quantify the overall impact of used oil combustion
since the number and distribution of used oil furnaces currently operating in the state is unknown.
While an adverse impact to air quality does occur, the on-site management of used oils for energy
recovery reduces the potential for other environmental impact caused by spills, improper disposal,
and vehicle emissions generated during transport of the used oil off-site.

Economic impact to burners is possible to quantify, using assumptions about costs for disposal of
used oil, costs for virgin fuel oil, and the amount of oil generated by a facility. For example, a
facility that generates 1000 gallons of used oil per year and burns that oil on-site could save $900
in fuel costs, and $200 in disposal costs per year (assuming the cost of virgin fuel oil at $.90/gallon
and disposal costs of $.20/gallon). In contrast, if a facility that currently burns used oil on-site has
to discontinue the practice, they would incur costs of $1100 in fuel and disposal costs in addition to
their operating expenses. Inaddition, there is a potential risk that generators may improperly dispose
of their used oil if they are unwilling or unable to accept the financial responsibility of proper
disposal.

The economic benefit to used oil burners may be an incentive for facilities to accept used oil from
do-it-yourselfers (DIY). Facility acceptance of used oil as "free fuel” provides a disposal option to
DIY, and may reduce improper disposal of DIY oil.

There are currently three primary disposal options available to generators of used oil in Vermont.
The disposal method used by most generators (384,000 gallons in 1993) is shipment out of state for
fuel blending and subsequent burning for energy recovery by industrial facilities. The second option
is shipment to a re-refinery. In 1993 approximately 20,000 gallons were collected and shipped to
out of state re-refineries in either Illinois or Ontario, Canada. The final disposal option available is
on-site burning for energy recovery. The amount of used oil disposed of in this manner is currently
unknown as there are no accurate records of the number of these facilities or how much each facility
generates.

Based on the current market distribution of used oils being disposed of, a prohibition of on-site
burning would likely result in only a small increase in the amount of used oil being re-refined if the
market share proportions were assumed to remain unchanged between out of state shipment to
industrial facilities and re-refining. Mandating re-refining with the intent of attracting a re-refinery
to the area may not be practicable without governmental assistance or incentives given the relatively
small amount of used oil generated in Vermont.
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6. RECOMMENDATIONS

In consideration of the level of emissions resulting from used oil combustion, the economic impacts
to the facilities currently burning their used oil, and current disposal practices and their respective
share of the used oil disposal market, the Agency recommends a policy to conditionally allow the
burning of used oils in small waste oil furnaces. The Agency offers the following recommendations
for achieving this end.

A.

Issue general permits for specific makes and models of waste oil furnaces after the
units have been demonstrated to meet certain minimum requirements, including
particulate and hydrochloric acid air toxic compliance testing and being equipped
with an air atomizing burner. Conditions may also be placed on the size of the units,
number of units allowed at a facility, amount of fuel consumed per year, contaminant
concentrations and recordkeeping and reporting requirements. Units greater than
500,000 BTU per hour would likely be subject to more stringent requirements.

Review and amend current Department of Environmental Conservation (DEC)
regulations regarding used oil and explore the option of combining all Department
regulations into one combined regulation to ensure there are no inconsistencies
between federal and state regulations. Currently, there are three separate Divisions
within DEC that regulate used oil (Air Pollution Control Division, Hazardous
Materials Management Division, and Solid Waste Management Division). These
amendments include, in part, an examination of the current allowable contaminant
levels for oil that is burned. The goal of this examination is to determine if current
levels should be reduced for selected contaminants. The allowed levels will be set
to ensure compliance with air quality goals while facilitating compliance with
material standards.

Enhance information and education outreach programs to generators of used oil, to
ensure that the oil is not contaminated with hazardous constituents and to promote
the voluntary re-refining of used oils back into usable lubricating oils. This includes
the development of specific quality assurance plans to be used where oil is collected
for combustion.
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Table A

Waste Oil Constituent and Property Regulatory Limits

oil constituent/property

APCR

HWMR

unit size 1 MMBtu (max) no limit for spec oil

500,000 BTU off-spec (max)
PCBs 50 ppm (max) 50 ppm (max)
halogens

total organic halogens
total inorganic chloride
total halogens

500 ppm (max)
1,000 ppm (max)

4,000 ppm (max-spec)

lead

200 ppm (max)

100 ppm (max-spec)

net heat of combustion

8,000 BTU/Ibs (min)

flash point 140°F (min) 100°F (min-spec)

arsenic -- 5 ppm (max-spec)
cadmium -- 2 ppm (max-spec)
chromium -- 10 ppm (max-spec)
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Table B
Used Oil Sample Analytical Results (by facility)

used oil | arsenic | barium | beryllium | cadmium | chromium lead nickel zinc ash PCBs TX TOX flash | Sulfur N

type point

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) | (% wiw) (ppm) (ppm) (ppm) (F) (Yowiw) (% wiw)

diesel - 2.240 <0.020 1.040 2.970 146.0 1.590 | 1120 [ 0.461 <5 226 <200 | >200 | 0.411 | 0.015

diesel >250 3.420 <0.020 6.610 6.850 41.90 1.050 | 2370 | 0.370 <5 <200 | <200 | >200 | 0.224 | 0.029

diesel - 2.340 <0.020 0.847 3.500 23.60 3.020 [ 568 | 0.406 <5 <200 | <200 | >200 | 0.212 [ 0.021

diesel - 3.030 <0.020 - 3.810 33.80 2.370 | 790 | 0516 <5 <200 | <200 | >200 | 0.133 | 0.022
duplicate

diesel - 5.900 <0.020 0.855 2.400 30.70 | <120 [ 724 | 0523 <5 342 283 >200 | 0.260 | 0.017
gasoline - 2.610 <0.020 1.610 4.230 57.10 1.430 | 1160 [ 0.592 <5 230 <200 | >200 | 0.345 | 0.054
gasoline - 1.650 <0.020 1.210 2.690 22.30 1.190 1230 | 0.685 <5 239 <200 >200 0.395 0.057
gasoline - 3.380 <0.020 1.340 3.520 58.70 1.600 | 1150 [ 0.517 <5 217 218 >200 | 0.445 | 0.041
gasoline - 2.490 <0.020 1.470 4.100 4470 | <120 | 1180 | 0521 <5 <200 | <200 | >200 | 0.396 | 0.054
gasoline - 3.170 <0.020 1.240 3.040 4230 | <120 | 1180 | 0.473 <5 309 <200 | >200 | 0.303 | 0.038
gasoline - 1.890 <0.020 1.260 3.450 3840 | <120 | 1300 | 0.399 <5 297 252 >200 | 0.448 | 0.063
duplicate
gasoline - 1.620 <0.020 2.520 2.320 50.20 1.830 1100 | 0.870 <5 877 568 >200 0.460 0.046
gasoline - <1.00 <0.020 1.130 <2.00 51.70 1.590 | 1190 [ 0.417 <5 <200 | <200 | >200 | 0.331 [ 0.032
gasoline - 1.890 <0.020 <0.250 2.870 84.00 | <120 | 1310 | 0.528 <5 <200 | <200 | >200 | 0.359 | 0.041
gasoline - 4.480 <0.020 2.180 3.000 47.90 1.500 | 1120 | 0.317 <5 622 598 >200 | 0.334 | 0.063
gasoline - 1.400 <0.020 <0.250 2.120 <20. <1.20 | 1150 | 0.533 <5 <200 | <200 | >200 | 0.337 | 0.038
gasoline - 1.940 <0.020 0.506 3.000 42.60 1.000 | 1010 [ 0.834 <5 <200 | <200 | >200 | 0.406 | 0.040
gasoline - 4.980 <0.020 1.830 4.210 40.20 1.720 | 867 | 0.486 <5 <200 | <200 | >200 | 0.287 | 0.027

DIY - 6.990 <0.020 0.711 3.020 104.0 1.540 | 1090 | 0.457 <5 352 240 >200 | 0.250 | 0.027

A3



used oil | arsenic | barium | beryllium | cadmium | chromium | lead nickel | zinc [ ash | PCBs [ TX TOX | flash | sulfur N
type point
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) | (%owiw) | (ppm) (ppm) (ppm) (F) (o wiw) | (% wiv)
gasoline - 2.040 <0.020 3.330 3.980 41.30 1290 | 1140 | 0.516 <5 577 586 >200 | 0.243 | 0.041
gasoline - 1.810 <0.020 2.720 3.130 35.80 1.800 | 1230 | 0.486 <5 799 591 >200 | 0.370 0.019
duplicate
DIY - 2.340 <0.020 0.490 2.820 57.50 1320 ] 1240 | 0.432 <5 216 202 >200 | 0.316 0.040
gasoline - 4.040 <0.020 2.640 2.910 40.20 1400 ] 1130 | 0.556 <5 432 454 >200 | 0.317 0.052
gasoline - 3.680 <0.020 2410 3.620 34.70 1780 | 1130 | 0.616 <5 424 301 >200 | 0.384 0.047
duplicate
gasoline - 1.260 <0.020 1.190 3.760 31.00 1.000 ] 1330 | 0.627 <5 <200 <200 >200 | 0.404 0.055
v. lube - <1.00 <0.020 <0.250 <2.00 <20.0 <120 | 1270 | 0.151 <5 <200 <200 >200 | 0.328 0.019
v. lube - <1.00 <0.020 <0.250 <2.00 <20.0 <120 | 1150 | 0.119 <5 400 385 >200 | 0.400 0.016
No. 2 - <1.00 <0.020 <0.250 <2.00 <10.0 <1.20 5.00 | 0.125 <5 <200 <200 >200 | 0.118 <0.01
No. 4 - <1.00 <0.020 <0.250 <2.00 <10.0 8.340 9.05 | 0.549 <5 <200 <200 >200 | 0.186 0.033
high = 6.990 <0.020 6.610 6.850 146.0 3.020 2370 | 0.870 | <5 877 598 >200 | 0.460 | 0.063
avg all? = 2.864 <0.020 1.652 3.333 49.18 1.484 1152 | 0.525 | <5 <327 <284 >200 0.335 | 0.039
avg gas = 2.733 <0.020 1514 3.190 47.23 1.400 1161 | 0543 | <5 <350 <301 >200 0.357 | 0.044
avgdies | - 3.386 <0.020 2.338 3.906 57.00 1.846 1114 | 0455 | <5 <234 <217 >200 0.248 | 0.021
low = <1.00 <0.020 <0.250 <2.00 <20.0 1.00 568 0317 | <5 <200 <200 >200 0.133 | 0.017

! arsenic concentrations are not reported due to analytical difficulties with accurately determining arsenic concentrations at the necessary levels. While the laboratory can
quantify arsenic concentrations in oil greater than 250 ppb, under the procedures of method 3050 some organic arsenic compounds are lost through volatilization, resulting
in poor spike recoveries and the possibility of false negative results. Only one sample had an arsenic concentration >250 ppb and that concentration was reported as >2 ppm.

2 does not include virgin lube oil or virgin fuel oil samples.
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Table C

Waste Oil Furnace Specifications

Facility Make Model Burner Size Input | gph oil psi
(BTU/hr)

No. 2 oil | Oneida Royal | 0-224B-5 BGC?;ZQS%AK- 280,000 2 7
WO/1 Shenandoah 200 Shenandoah GB3.50 235,200 | 1.68 9
WO/2 Clean Burn CB86AH | Clean Burn CB85HS 185,000 | 1.33 1
WO/3 Clean Burn CB86BH | Clean Burn CB8SHS 280,000 2.0 3.5
WO/4 Clean Burn CB86BH | Clean Burn CB8SHS 280,000 2.0 3
WO/5 Clean Burn CBY0AH 185,000 1.3 -
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Table D
Used Oil Sample Analytical Results for Stack Test Sources

Facility arsenic! | barium cadmium chromium lead nickel zinc TX TOX Chloride Bromide flash point®
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (R
No.2 oil - <1.00 <1.00 1.02 <20.0 <1.00 <5.0 <250 <250 33.2 64.2 102 68
WO/1 - 3.43 1.20 3.85 31.8 1.63 1,100 <250 <250 <26.0 <26.0 -- >200
WO/2 - <1.00 <1.00 3.67 40.5 1.53 1,020 <250 <250 101.0 68.9 -- 189
WO/3 - 1.75 1.75 4.23 29.9 2.03 1,280 <250 <250 75.2 60.6 100 88
WO/4 - 63.40 <1.00 2.10 11.9 <1.00 709 <250 <250 62.0 62.2 133 >200
WO/5 - 2.14 2.14 4.73 96.8 3.69 868 500 460 106.0 61.0 102 91
high? - 63.40 2.14 4.73 96.8 3.69 1,280 500 460 106.0 68.9 >200
average’ - <300 <292 <74.0 <55.7 --
low? - 1.00 <1.00 2.10 11.9 <1.00 709 <250 <250 <26.0 <26.0 68

! arsenic concentrations are not reported due to analytical difficulties with accurately determining arsenic concentrations at the necessary levels. While the laboratory can quantify arsenic
concentrations in oil greater than 250 ppb, under the procedures of method 3050 some organic arsenic compounds are lost through volatilization, resulting in poor spike recoveries and the
possibility of false negative results.
2 Values are for waste oil testing results only.

® The waste oil samples were analyzed by two separate laboratories for flash point.
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! Arsenic and cadmium results are all reported as non detectable. The values presented represent the varying levels of

detection for each specific sample collected which is a function of the sample mass.
2 Values are for waste oil testing results only.
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Table E
Emission Testing Actual Results For Each Test Run (mg/min)

Facility HCI Particulate | Arsenict | Cadmium! | Chromium Lead
(mg/min) (mg/min) (mg/min) (mg/min) (mg/min) (mg/min)

No. 2 oil 2.6 0 <0.01 <0.02 0.02 0.03
1.9 0 <0.02 <0.03 0.02 0.03

WO/1 52.8 500 <0.05 <0.07 0.15 1.58
58.6 333 <0.02 <0.07 0.11 1.52

WO/2 18.7 333 <0.02 <0.04 0.13 1.47
14.6 333 <0.02 <0.03 0.10 1.17

WO/3 68.9 667 <0.03 <0.19 0.33 3.83
21.7 333 <0.02 <0.06 0.09 1.32

WO/4 20.5 667 <0.05 <0.09 0.28 2.92
17.9 667 <0.02 <0.07 0.19 2.53

WO/5 40.3 500 <0.02 <0.07 0.15 2.60
32.2 <0.02 <0.06 0.12 1.90




Table F
Waste Oil Furnace Operating Parameters
Facility Temp Moisture Flow Rate Velocity Oxygen Stk unit size
diam.

CF °C) | (%byvol) gicnqu‘n) gm;% %By Gnm | (MBTUM)

No. 2 oil 446/230 9.0 160/5 457/139 8.2 8/0.203 280
479/248 9.1 154/4 440/134 8.2 "

WO/1 516/269 2.2 267/8 766/233 9.0 " 235
475/246 2.0 285/8 816/249 2.6 "

WO/2 274/134 1.9 258/7 740/226 11.2 " 185
426/219 3.1 212/6 608/185 11.3 "

WO/3 470/243 7.6 177/5 507/155 11.4 " 280
618/326 8.8 111/3 317/97 11.0 "

WO/4 358/181 46 288/8 826/252 15.2 " 280
385/196 0.1 253/7 725/221 15.2 "

WO/5 287/142 4.4 205/6 587/179 11.4 " 185
305/152 5.1 151/4 434/132 10.8 "

average! 411/210 4.0 221/6.2 633/193 10.9 8/0.203

! Values are for waste oil testing results only.
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