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Executive Summary 

Perdue Grain & Oilseed, LLC (Perdue) is planning to construct a soybean processing facility in 
Conoy Township, Lancaster County, Pennsylvania.  The facility will include grain dryers and 
grain elevators, as well as processing operations, and will be located approximately nineteen 
miles southeast of Harrisburg, adjacent to the Lancaster County Solid Waste Management 
Authority’s Waste-to-Energy Facility near Bainbridge.   

Perdue has submitted an Air Quality Plan Approval application for the proposed facility to the 
Pennsylvania Department of Environmental Protection (PADEP).  Typical of such processing 
operations, soybean oil will be extracted using hexane as the solvent, a portion of which is n-
hexane.  Although not required as part of its air quality plan approval application, Perdue has 
voluntarily assessed the dispersion and potential health risks of hexane emissions from 
operation of the proposed facility.   

The assessment was conducted using standard and widely-accepted regulatory air dispersion 
modeling and health risk assessment procedures that were reviewed by PADEP staff.  PADEP 
suggestions regarding the procedures were incorporated throughout the risk assessment. 

Air dispersion modeling was performed using AERMOD, the model recommended by the U.S. 
Environmental Protection Agency (USEPA) for near-source applications such as this.  As 
suggested by PADEP, the most recent AERMOD version was used (released in December 
2012).  Also as suggested by PADEP, modeling was done using data provided by PADEP from 
the PPL Brunner Island meteorological station located about 3 miles to the northwest of the 
facility site, near the Susquehanna River, with additional sensitivity testing performed using two 
additional datasets provided by PADEP from meteorological stations at Capital City Airport 
about 15 miles to the northwest of the site, and Lancaster Airport about 19 miles to the east.     

Following procedures submitted to and reviewed by PADEP, chronic health risks were assessed 
by comparison of modeled 5-year annual average hexane concentrations to USEPA’s chronic 
inhalation health benchmarks (n-hexane Reference Concentration, or RfC, and, at PADEP 
request, a provisional health benchmark for commercial hexane called a Provisional Peer-
reviewed Toxicity Value, or PPRTV).  Acute health risks were assessed by comparison of 
modeled 5-year maximum 1-hour average n-hexane concentrations to USEPA’s Acute 
Exposure Guideline Level-2 (AEGL-2). 

Based on modeling performed using meteorological data from PPL Brunner Island, which is the 
most representative dataset of the three evaluated, the maximum 5-year average hexane 
exposure concentration calculated at any residential location is about 1/11th of the USEPA RfC 
for n-hexane and about 1/5th of the PPRTV for commercial hexane, and is lower at all other 
residential locations.  The 5-year maximum 1-hour n-hexane concentration calculated at any 
offsite location is about 1/520th of the USEPA AEGL-2, and is lower at all other offsite locations. 

Consequently, because maximum impacts are well within acceptable health limits, hexane 
emissions from operation of the proposed facility will not create adverse chronic or acute health 
risks. 
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1 Introduction 

Project Description 

Perdue Grain & Oilseed, LLC (Perdue) is planning to construct a soybean processing facility in 
Conoy Township, Lancaster County, Pennsylvania.  The facility will be located approximately 
nineteen miles southeast of Harrisburg (Figure 1), adjacent to the Lancaster County Solid 
Waste Management Authority’s Waste-to-Energy Facility near Bainbridge (Figure 2). 

The facility will process approximately 17.5 million bushels of soybeans annually to produce 
soybean meal, soybean hulls, and soybean oil.  The soybean meal will be used as an animal 
feed ingredient.  The soybean oil, which is not combustible, will be sold to others for further 
processing.  No fuel will be produced by the facility. 

The proposed site is in an area that is zoned Industrial (see Conoy Township Zoning Map 
[Conoy Township 2010]), and a soybean processing facility is a permitted use in the zone (see 
Official Zoning Ordinance, Conoy Township [Conoy Township 1992, as amended]).  The Conoy 
Township Zoning Hearing Board has approved a height variance for the proposed facility, and 
the Lancaster County Planning Commission conditionally approved the final land development 
plan. 

Perdue has submitted an Air Quality Plan Approval application (No. 36-05158A) to the PADEP 
Southcentral Region Air Quality Program.  The application requests PADEP approval for 
construction of the air emission sources associated with the proposed facility. 

The facility will comply with environmental and safety regulations and will meet state and federal 
emission standards.  The facility’s design, construction, and operation will comply with current 
U.S. Occupational Safety and Health Administration (OSHA), National Fire Protection 
Association (NFPA), and Pennsylvania Code safety and operational requirements. 

Typical of such facilities, soybean oil will be extracted using hexane as the solvent.  The hexane 
solvent planned to be used at the proposed facility contains 50% n-hexane on average.  As set 
forth in Attachment H to the Air Quality Plan Approval application, emissions of hexane from the 
facility will represent the Lowest Achievable Emission Rate (LAER) for soybean oil extraction 
facilities, as defined in the federal Clean Air Act at 42 U.S.C. §7501(3) and PADEP regulations 
at 25 Pa. Code §121.1.  They will also be well below the applicable standard in the U.S. 
Environmental Protection Agency’s (USEPA) National Emission Standards for Hazardous Air 
Pollutants: Solvent Extraction for Vegetable Oil Production, 40 CFR Part 63, Subpart GGGG 
(USEPA 2001) (Vegetable Oil Production NESHAP).  

Air Dispersion and Health Risk Assessment 

Although not required as part of the Air Quality Plan Approval application, Perdue voluntarily 
has conducted this assessment of the dispersion and potential associated health risks of 
hexane emissions from operation of the proposed facility.  The assessment was conducted in 
accordance with a protocol submitted to PADEP in November 2012 (ENVIRON 2012a,b), and 
addresses comments on the protocol provided by PADEP staff on January 29, 2013 (PADEP 
2013a).  
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The assessment was conducted by ENVIRON International Corporation.  ENVIRON is a 
scientific consulting firm specializing in environmental matters, with offices throughout the U.S. 
and overseas.  Founded in 1982, ENVIRON has more than a thousand consultants, operating in 
more than eighty-five offices in nineteen countries.  Since its founding, ENVIRON has earned an 
international reputation for its expertise and experience in assessing health and environmental 
risks.   

The work was directed by Mr. Stan Hayes and conducted by ENVIRON staff under his direction.  
Mr. Hayes is an ENVIRON Principal, with more than 35 years of experience in environmental 
science and engineering.   

One of his primary areas of expertise is the evaluation of air-related environmental impacts of 
emissions from industrial and other facilities.  He has performed numerous assessments of the 
impact on air quality and public health of a wide range of facilities, including vegetable oil 
processing plants (e.g., soybean, corn, cottonseed, peanut), petroleum refineries, power plants, 
airports, aerospace manufacturing, and a number of other types of industrial, commercial, and 
other operations.   

He has conducted air dispersion modeling and health risk assessments similar to this 
assessment for more than two hundred and fifty different facilities throughout the U.S. 

He is a Fellow of the Air & Waste Management Association.  He is the primary author of more 
than sixty scientific papers and presentations and several hundred technical reports on air-
related subjects.  He is a member and the immediate past chair of the Advisory Council of the 
Bay Area Air Quality Management District (San Francisco Bay Area). 

Mr. Hayes earned an MS in Aeronautics & Astronautics and a BS in Mechanical Engineering 
from Stanford University.  

More information about ENVIRON and Mr. Hayes is available at www.environcorp.com. 
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2 Methodology 

2.1 Air Dispersion Modeling 

2.1.1 Model Selection 

Air dispersion modeling was performed with the AERMOD computer model.  As suggested by 
PADEP, the most recent version of AERMOD was used (version 12345, released in December 
2012; USEPA 2012a).  AERMOD is the USEPA’s recommended model for near-source 
applications (within 50 kilometers of a facility), such as in this case (see 40 CFR Part 51, 
Appendix W, Guideline on Air Quality Models [USEPA 2005a]). 

2.1.2 Model Control Options 

Option Settings 

Dispersion modeling was conducted using AERMOD run in the regulatory default mode, which 
includes the following model control options: 

 Adjustment of stack heights for stack-tip downwash, 

 Incorporation of the effects of elevated terrain, 

 Use of the calms processing routine, and 

 Use of the missing data processing routine. 

Following PADEP suggestions, additional analyses were also conducted to examine the 
sensitivity of model results to use of other options, including a new enhanced “beta” non-default 
option in the most recent version of AERMOD’s meteorological preprocessor program, 
AERMET.  This and other new options in AERMOD are intended by USEPA to address 
concerns about AERMOD’s tendency to overestimate concentrations under low wind speed 
conditions.  

Averaging Period 

Potential health risks associated with hexane emissions at the facility were assessed by 
comparison of n-hexane exposure concentrations to the USEPA RfC for n-hexane and, at the 
request of PADEP, by comparison of commercial hexane exposure concentrations 
(approximately twice those of n-hexane for the proposed facility) to a PPRTV for commercial 
hexane (see further discussion in Section 2.2.3).  Because these health benchmarks are for 
chronic exposures, AERMOD was used to calculate hexane concentrations averaged over the 
approximately five-year periods modeled.   

AERMOD was also used to calculate n-hexane concentrations averaged over a 1-hour period.  
Maximum 1-hour average n-hexane concentrations over the approximately 5-year periods 
modeled were compared to the USEPA AEGL-2 for n-hexane (see Section 2.2.3).  
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2.1.3 Model Source Data 

Process Description 

The facility will be comprised of two (2) operations:  (1) the grain elevator operation that will 
receive, dry, and store soybeans prior to processing, and (2) the soybean processing operation 
that will process soybeans into soybean oil, soybean meal, and soybean hulls.  The operations 
are described in detail in the plan approval application. 
 
During the initial part of the soybean processing operation, soybeans dried and stored at the 
grain elevator operation will be conveyed to the preparation building, where they will be cleaned 
and cracked into smaller pieces by cracking rolls.  The hulls will then be separated by 
aspiration.  The removed hulls will be ground for use in animal feed (mill feed) and subsequently 
stored, loaded, and shipped off-site via truck.  The cracked bean pieces will then be sent to the 
bean conditioner where they will be conditioned to make the bean pieces pliable.  Next, the 
bean pieces will be conveyed to smooth flaking rolls where the bean pieces are pressed into 
thin flakes. 
 
To remove the soybean oil, the flakes will be “washed” with hexane solvent in a countercurrent 
extractor.  This process will produce a solvent/soybean oil mixture and solvent-laden flakes.  
The solvent/soybean oil mixture will be desolventized by exposure to heat and steam in the 
distillation system.  The evaporated solvent vapor/steam mixture will then be condensed, and 
the condensed solvent will be reused in the process.  Any hexane that remains after distillation 
and condensation will be removed in a mineral oil scrubber.  The soybean oil will be stored for 
subsequent loadout and shipment off-site via truck. 
 
The solvent-laden flakes that leave the extractor will be desolventized in the Desolventizer-
Toaster (DT).  Steam will be used to evaporate the solvent contained in the flakes.  The DT will 
also heat the flakes to make them usable for animal feed (meal).  The solvent/steam vapor will 
then be condensed, and the condensed solvent will be separated from the steam condensate 
and reused in the process.  Any hexane that remains after distillation and condensation will be 
removed in a mineral oil scrubber. 
 
From the DT, the meal will then pass to the meal dryer where excess moisture will be removed 
by heat.  Next, the meal will be sent to the meal cooler where ambient air will be used to cool 
the meal.  The meal will then be screened and ground for use as animal feed and subsequently 
stored, loaded, and shipped off-site via truck. 
 
For illustration purposes, Figure 3 reproduces from USEPA AP-42 Section 9.11.1, Vegetable Oil 
Processing (USEPA 1995) a typical process flow diagram for a soybean extraction facility, with 
sources of hexane emissions shown.  Solvent is released to the atmosphere from three vents:  
the main vent from the solvent recovery section, the vent from the meal dryer, and the vent from 
the meal cooler.  Fugitive emissions also occur in the extraction and processing areas, including 
leaks from equipment and volatilization of residual material during processing and handling of 
meal and oil. 
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Emissions and Sources  
 
The site plan of the proposed facility is shown in Figure 4, with locations of hexane emission 
sources indicated.  Locations were modeled in Universal Transverse Mercator (UTM) 
coordinates, North American Datum 1983 (NAD83).  In this coordinate system, the facility is 
located in Zone 18.   

Perdue is designing the proposed facility to meet LAER requirements, as well as the facility-
wide solvent (hexane) annual emission limits in US EPA’s Vegetable Oil Production NESHAP.  
Perdue plans to use a hexane solvent at the facility that is 50% n-hexane on average, with a 
range from 40% to 60% (MSDS 2013). 

Sources of hexane emissions include the Final Vent, Dryer Vent, Cooler Vent, Extraction 
Building Fugitives, and Processing Area Fugitives.  Perdue calculates that approximately 40% 
of hexane emissions will be from the three vents, consisting of about 24% from the Dryer Vent, 
just over 3% from the Final Vent, and about 12% from the Cooler Vent.  Approximately 60% of 
the hexane emissions will be from fugitives, consisting of about 44% from Processing Area 
Fugitives (e.g., volatilization of residual amounts during processing of meal and oil) and about 
16% from Extraction Building Fugitives (e.g., leaks from equipment flanges, pumps, and 
connectors).     

Table 1 tabulates source parameters and n-hexane emissions provided by Perdue for each 
hexane source.  Modeled n-hexane emissions in Table 1 are calculated assuming 50% n-
hexane.  Total hexane emissions are twice the values in the table and have the same 
percentage allocation among sources. 

Locations and dimensions of sources were obtained from the site plan in Figure 4.  In 
accordance with information provided by Perdue, vents were modeled as vertical stacks without 
rain caps.  Source parameters include vent release height, inner diameter, exit gas velocity, and 
exit temperature.   

Processing Area Fugitives were modeled as a low-level area source having the size and 
orientation of the processing area footprint, including the extraction area surrounding the 
extraction building, the prep building, meal tanks, other miscellaneous equipment and 
connections, and product handling and transport areas.  Extraction Building Fugitives were 
modeled as a volume source having the approximate size and orientation of the extraction 
building footprint and a vertical dimension extending the height of the first floor, where hexane 
fugitives from equipment throughout the building are expected to settle before leaving the 
building. 

Building Downwash 

The effects of building downwash on dispersion of hexane emissions from the facility were 
modeled.  Building dimensions and locations were specified and processed for input to 
AERMOD using USEPA’s BPIP-PRIME building wake effects model.  Building locations were 
specified in UTM coordinates, NAD83, Zone 18.  Base elevations of buildings were determined 
using digitized terrain data.  Dimensions of the modeled buildings are tabulated in Table 2. 
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2.1.4 Model Receptor Data 

Topography 

Land surrounding the proposed facility is predominantly rural and characterized by gently rolling 
hills.  Elevation and land use data were imported from the National Elevation Dataset (NED) 
maintained by the U.S. Geological Survey (USGS).  Location data for sources, buildings, and 
receptors were modeled in UTM coordinates, NAD83, Zone 18. 

Terrain data were processed for input to AERMOD using the AERMAP terrain preprocessor 
(version 11103).  NED data were downloaded for a 1/3-arc second (10 meter) resolution.   

Receptors 

Concentrations of n-hexane were calculated by the AERMOD model at residential and other 
locations near the proposed facility (total hexane concentrations were calculated separately as 
twice those of modeled n-hexane).  In accordance with PADEP suggestions, concentrations 
also were calculated on a grid of regularly-spaced receptors (points at which AERMOD 
determined n-hexane concentrations).  Following PADEP suggestions, modeling was conducted 
of the area surrounding the facility out to a distance of 50 kilometers.  The following grid spacing 
suggested by PADEP was used: 

Sub-Grid Type Distance Range Receptor Spacing (m) 

Ambient Air Boundary (AAB) --- 25 

Extra Fine AAB to 2 km 50 

Fine 2 km to 5 km 100 

Coarse 5 km to 30 km 500 

Extra Coarse 30 km to 50 km 1,000 
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2.1.5 Model Meteorological Data 

In accordance with PADEP suggestions, meteorological datasets were obtained from PADEP 
for three wind stations, listed in order of increasing distance from the proposed facility site: 

 PPL Brunner Island (about 3 miles to the NW of the proposed facility, near the 
Susquehanna River) for the nearly five-year period from March 1, 1989 to December 6, 
1993 

 Capital City Airport (about 15 miles to the NW of the proposed facility) for the five-year 
period from January 1, 2006 to December 31, 2010 

 Lancaster Airport (about 19 miles to the ENE of the proposed facility) for the five-year 
period from January 1, 2006 to December 31, 2010. 

Of these three datasets, the PPL Brunner Island dataset is the most representative of conditions 
at the facility site.  It is from a meteorological station that was located just 3 miles from the 
proposed site and in close proximity to the Susquehanna River, as is the site. 

PADEP developed these three datasets, combining surface-level meteorological measurements 
at each station and upper air data from PADEP’s designated upper air station for this area.  
Data specifically include such variables as surface wind speeds and directions, temperatures, 
and other meteorological parameters, including vertical temperature profile information from 
which the presence and strength of temperature inversions are calculated and accounted for by 
the model for each hour during the approximately 5-year periods modeled.1 

PADEP supplied 1-hour winds measured at the PPL Brunner Island meteorological station to 
AERMOD’s meteorological processor program AERMET.  Automated Surface Observing 
System (ASOS) data from meteorological stations at the Capital City Airport and Lancaster 
Airport were processed by PADEP using USEPA’s AERMINUTE program to generate 1-hour 
average winds for input to AERMET.   

Surface characteristics were estimated for input to AERMET using USEPA’s AERSURFACE 
tool, which was used to process land cover data from the U.S. Geological Survey’s National 
Land Cover Data 1992 archives (NLCD92) to determine surface roughness length, albedo, and 
Bowen ratio.  AERSURFACE domains used by PADEP were (a) a 1-kilometer radius from the 
wind station for surface roughness and (b) a 10 kilometer x 10 kilometer region centered at the 
wind station. 

Data for the PPL Brunner Island station were processed by PADEP using the most recent 
version of AERMET (version 12345), which was released in December 2012.  Since data for the 
Capital City Airport and Lancaster Airport had been processed by PADEP using earlier 
AERMET, AERMINUTE, and AERSURFACE versions, following PADEP’s suggestion both of 

                                                 
1 For consistency of notation, modeling results at times are referred to as 5-year averages.  Note that, while datasets 
from the Capital City Airport and the Lancaster Airport are both from January 1, 2006 to December 31, 2010, a full 
five years, the PPL Brunner Island dataset is from March 1, 1989 to December 6, 1993, several months short of five 
years. 
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those datasets were re-processed using the most recent AERMET version 12345, AERMINUTE 
version 11325, and AERSURFACE version 13016. 

USEPA’s AERMOD implementation guide (USEPA 2009) states that AERMOD has a tendency 
under light wind conditions to overestimate concentrations for area sources (such as the one 
used in modeling Process Area Fugitives at the proposed facility).  PADEP suggested that new 
enhancements in the most recent versions of AERMOD and AERMET be considered for use to 
address this tendency.  In response to PADEP’s suggestion, all three meteorological datasets 
were processed in two alternative ways:  (a) AERMET using default settings, and (b) AERMET 
using the new non-default USTAR adjustment option (ADJ_U*) to adjust for low wind speed 
stable conditions. 

2.1.6 Model Output Data 

Outputs from the AERMOD model included 5-year average and 5-year maximum 1-hour 
average n-hexane concentrations at each residential and other receptor location near the facility 
and on a regularly-spaced receptor grid out to a distance of 50 kilometers from the facility.  
Modeled concentrations were calculated in a form suitable for comparison to the USEPA’s n-
hexane RfC and AEGL-2.  Total hexane concentrations for comparison to the USEPA 
commercial hexane PPRTV were calculated separately as twice those of modeled n-hexane. 
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2.2 Risk Assessment 

Using modeled concentrations calculated as described in Section 2.1, the potential human 
health risks associated with exposure to those concentrations were calculated. 

2.2.1 Risk Assessment Methodology 

The risk assessment methodology used is consistent with protocols recommended by USEPA 
Region 6 (USEPA 2005b), the California Environmental Protection Agency’s guidance for 
preparation of health risk assessments for the Air Toxics Hotspots Program (Cal/EPA 2003), 
and USEPA’s Air Toxics Risk Assessment Library (USEPA 2004).  

2.2.2 Hazard Identification 

In the preamble to its final rule for the Vegetable Oil Production NESHAP, USEPA states that it 
had identified solvent extraction at vegetable oil production plants (including soybean plants) as 
“major sources of a single hazardous air pollutant (HAP), n-hexane.”  USEPA thus focused its 
attention solely on n-hexane.  

The commercial hexane planned for use by Perdue (MSDS 2013) contains from about forty to 
sixty percent n-hexane, and may also contain other hexane isomers, methylcyclopentane, 
heptane, and cyclohexane.  

2.2.3 Dose-Response Assessment 

The following authoritative databases were searched to identify toxicity values for the risk 
assessment: 

 USEPA IRIS.  As the primary source of dose-response information used, USEPA’s 
Integrated Risk Information System (IRIS) is a database that contains toxicity information 
on more than five hundred chemical substances (available at Integrated Risk Information 
System (IRIS) | US Environmental Protection Agency). 

 USEPA RSL.  “Regional Screening Levels for Chemical Contaminants at Superfund 
Sites” are risk-based screening levels (RSLs) available through USEPA’s Mid-Atlantic 
Risk Assessment website (Regional Screening Table | Mid-Atlantic Risk Assessment | 
US EPA), which was developed by the U.S. Department of Energy’s Oak Ridge National 
Laboratory. 

 USEPA OAQPS.  USEPA’s Office of Air Quality Planning and Standards lists toxicity 
values used for risk assessments of hazardous air pollutants (available at Dose-
Response Assessment for Assessing Health Risks Associated With Exposure to 
Hazardous Air Pollutants | Technology Transfer Network Air Toxics Web site | US EPA). 

 Cal/EPA.  The California Environmental Protection Agency (Cal/EPA) has adopted 
toxicity values for use in the Air Toxics Hot Spots Program (available at OEHHA Air - 
Adoption of the Revised Technical Support Document for Cancer Potency Factors; 
OEHHA Air - Table of All Acute, Chronic and 8 hour Reference Exposure Levels). 
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 ATSDR MRL.  The Agency for Toxic Substances & Disease Registry (ATSDR) lists 
Minimal Risk Levels (MRLs) for hazardous substances that are estimates of the daily 
human exposure that are likely to be without appreciable risk of adverse noncancer 
health effects.  MRLs are available at ATSDR - Minimal Risk Levels for Hazardous 
Substances (MRLs). 

With respect to carcinogenic effects, none of the above databases lists, nor to our knowledge 
does any agency regulate, n-hexane, other hexane isomers, methylcyclopentane, heptane, or 
cyclohexane as carcinogens.  In addition, none of these compounds are listed as carcinogens 
by the National Toxicology Program (NTP 2011) or California’s Proposition 65 program 
(Cal/EPA 2013), nor has the International Agency for Research on Cancer (IARC) chosen any 
of these compounds for preparation of a monograph evaluating carcinogenic risks to humans 
(monographs.iarc.fr/ENG/Monographs/vol101/mono101-B02-B03.pdf).   

Consistent with the above, USEPA specifically stated in its final rule for the Vegetable Oil 
Production NESHAP that:  “The EPA does not consider n-hexane classifiable as a human 
carcinogen.”  Similarly, USEPA did not treat commercial hexane or its other constituents (e.g., 
hexane isomers, methylcyclopentane, heptane, or cyclohexane) as carcinogens. 

With respect to noncancer effects, USEPA IRIS lists a chronic inhalation RfC for n-hexane of 
700 µg/m3.  That same value is also specified in the USEPA RSL and USEPA OAQPS 
databases.  Both Cal/EPA and ATSDR MRL databases specify less stringent (higher) values, 
meaning that n-hexane is treated as less toxic by these agencies than by USEPA.  A chronic 
inhalation RfC is defined by USEPA IRIS as: 

“An estimate…of a continuous inhalation exposure for a chronic duration (up to a 
lifetime) of the human population (including sensitive subgroups) that is likely to be 
without an appreciable risk of deleterious effects during a lifetime.” (USEPA 2012b) 

Heptane and cyclohexane are only a few percent of commercial hexane (MSDS 2013). While 
USEPA IRIS specifies a chronic RfC for cyclohexane of 6,000 µg/m3, this value is more than 
eight times less toxic (higher) than the RfC for n-hexane.  USEPA IRIS lists n-heptane, but does 
not provide toxicity information.  Because of their low or unspecified toxicities and because both 
are a small fraction of commercial hexane, their effects on risk assessment results are expected 
to be minimal.  As a result, the risk assessment is directed at n-hexane, and at PADEP’s 
request, commercial hexane (total hexane). 

A concentration less than or equal to the RfC is interpreted by USEPA and others to “indicate 
that adverse noncancer effects are not likely to occur” (USEPA 2004).  USEPA further states 
that exceeding the RfC does not necessarily indicate that adverse effects will occur, rather that 
“the potential for adverse effects increases.”  This is because an RfC typically contains a 
substantial margin of uncertainty, which in the case of n-hexane is a factor of 300.  That is, the 
n-hexane RfC in IRIS is set at a concentration level 300 times lower than the lowest observed 
adverse effect level (LOAEL). 

USEPA’s n-hexane RfC is ten times more stringent (lower) than the Chronic Reference 
Exposure Level (CREL) of 7,000 µg/m3 adopted by the State of California (Cal/EPA 2012b). It is 
about three times more stringent (lower) than the ATSDR MRL of 0.6 ppm (equivalent to about 
2,100 µg/m3).   
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Because it is the most stringent value of those available, the IRIS n-hexane RfC of 700 µg/m3 
was used in the risk assessment. 

While commercial hexane (of which n-hexane is a 50% component on average) is itself not 
listed in USEPA’s IRIS database or any of the other authoritative databases searched, PADEP 
staff has requested that a provisional benchmark concentration for commercial hexane 
developed for the USEPA Superfund Program also be considered in the risk assessment.  
When an RfC is not available in the USEPA IRIS database, as it is not for commercial hexane, 
USEPA may develop provisional peer-reviewed toxicity values (PPRTVs) for use in site 
remediation under the Superfund Program.  In its PPRTV evaluation of commercial hexane, 
USEPA (2009) states that:  “PPRTVs differ from IRIS values in that PPRTVs do not receive the 
multiprogram consensus review provided for IRIS values.  This is because IRIS values are 
generally intended to be used in all U.S. EPA programs, while PPRTVs are developed 
specifically for the Superfund Program.”   

Although provisional and developed by USEPA only for use in the Superfund Program, the 
commercial hexane PPRTV of 600 µg/m3 was also used in the risk assessment. 

With respect to acute noncancer effects, the Agency for Toxic Substances and Disease Registry 
(ATSDR 1999) has concluded that:  “n-Hexane appears to be of low acute toxicity.”  Consistent 
with this conclusion, neither USEPA IRIS nor any of the other databases above has set an 
acute toxicity value for n-hexane or any other hexane isomer (USEPA 2005c).   

The USEPA Region 6 risk assessment protocol recommends the following hierarchy of 
alternative sources of acute toxicity values when USEPA IRIS has not set a value:   

1. Cal/EPA acute reference exposure levels (RELs)  

2. USEPA acute inhalation exposure guidelines (AEGL-1) 

3. American Industrial Hygiene Association (AIHA) Level 1 emergency response 
planning guidelines (ERPG-1) 

4. U.S. Department of Energy (USDOE) temporary emergency exposure limits 
(TEEL-1) 

5. USEPA AEGL-2 values (to be used only if lower ERPG-1 or TEEL-1 values are 
not available). 

Consistent with the lack of such a value in USEPA IRIS, no acute REL (Cal/EPA 2012), AEGL-1 
(USEPA 2012c), ERPG-1 (AIHA 2012), or TEEL-1 (USDOE 2012) has been established for n-
hexane, nor has any acute health benchmark been identified for commercial hexane. 

A 1-hour AEGL-2 (the lowest-tier level 5 above) has been set for n-hexane at 3,300 ppm 
(approximately 12,000,000 µg/m3) (USEPA 2012c). The AEGL-2 is defined as "the airborne 
concentration of a substance above which it is predicted that the general population, including 
susceptible individuals, could experience irreversible or other serious, long-lasting adverse 
health effects or an impaired ability to escape" (USEPA 2012c).  Consistent with the acute 
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toxicity database hierarchy above when preferred higher-tier databases have not set a value, 
the AEGL-2 was used to assess the risk of n-hexane acute effects. 

2.2.4 Exposure Assessment 

Using health benchmark concentrations identified in the dose-response assessment above, 
chronic exposure both to n-hexane separately as a component of commercial hexane and to 
commercial hexane itself (including n-hexane) was assessed, along with acute exposure to n-
hexane.  The exposure concentration was calculated for the most exposed individual resident 
(MEIR), the most exposed individual worker (MEIW), the most affected residence locations, and 
other nearby locations (Bainbridge, Stacktown, Marietta, Hallam, and on Abbey Drive to the 
south of the proposed facility just across the Susquehanna River). 

At residential locations, exposures were characterized using 5-year average n-hexane and 
commercial hexane concentrations for chronic effects and 5-year maximum 1-hour average n-
hexane concentrations for acute effects.  Concentrations of n-hexane were calculated directly 
by the AERMOD model; commercial hexane concentrations were calculated as twice modeled 
n-hexane concentrations (since the commercial hexane planned for use by Perdue is 50% n-
hexane on average). 

People typically move about during the day, leaving their residences to go to work, school, or for 
other purposes.  Moreover, most people spend more than ninety percent of their time indoors, 
where levels of outdoor-generated substances in the air are often lower. 

For conservatism, the risk assessment assumes that nearby residents would be continuously 
exposed 24 hours per day, for 350 days per year, that is, they are assumed to remain at their 
residence all but 15 days per year and breathe air with the same hexane concentration as 
outdoors.  Actual exposures would be less, likely by an appreciable margin. 

For nearby workers at the Lancaster County Solid Waste Management Authority’s Waste-to-
Energy Facility adjacent to the proposed facility, modeled 5-year average hexane 
concentrations were adjusted to account for workplace exposures, which were assumed to 
occur 8 hours per day, 5 days per week, for approximately 50 weeks per year. 

2.2.5 Risk Characterization 

Residential and worker n-hexane exposure concentrations were compared to the USEPA RfC 
for n-hexane.  Calculated commercial hexane exposure concentrations were compared to the 
commercial hexane PPRTV.  Modeled maximum 1-hour average n-hexane concentrations, 
without any exposure adjustment, were compared to the USEPA AEGL-2.  A hazard quotient 
(HQ)2 was calculated by dividing 5-year average n-hexane and commercial hexane exposure 
concentrations by the RfC and PPRTV respectively (chronic effects) and the modeled 5-year 
maximum 1-hour n-hexane average concentration by the AEGL-2 (acute effects) as follows:   

  
                                                 
2 Note that a hazard quotient (HQ) refers specifically to a single compound (e.g., n-hexane or commercial hexane).  
When the effects of more than one compound are included, the sum of the HQs for each compound is collectively 
referred to as a hazard index (HI).  Typically, a HI is calculated for all chemicals affecting the same target organ or 
system (e.g., respiratory). 
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HQ (chronic) = EC / RfC or PPRTV 

HQ (acute) = EC / AEGL-2 

Where 

 HQ = Hazard quotient (unitless) 
 EC = Exposure concentration (µg/m3) 
 RfC = n-hexane RfC of 700 µg/m3 
 PPTRV = Commercial hexane PPRTV of 600 µg/m3 

 AEGL-2  = n-hexane AEGL-2 of 12,000,000 µg/m3. 

PADEP has requested that Perdue consider a risk management HQ target of 0.25 in this case.  
It is important to note that such a target is not based on health considerations.  For assessing 
health risk, use of an HQ of 1 as a health benchmark is standard practice, including in air toxics 
risk assessments done by USEPA OAQPS and in the Cal/EPA Air Toxics Hot Spots Program.  
Also, USEPA Region 6 has published a human health risk assessment protocol (USEPA 2005b) 
that states that:  “[the] Superfund program has determined that an HQ of less than or equal to 1 
is considered health-protective.”   

While USEPA Region 6 has also published an addendum (USEPA 1998) to its protocol that 
recommends a risk management target hazard level (HQ or HI) of 0.25, that recommendation to 
set as a target an HQ or HI of 0.25 is not based on health risk, but rather is recommended 
because it “eliminates the need to collect background COPC [compounds of potential concern] 
concentration data” (n-hexane or commercial hexane in this case).   

Because of the rural character of the area in the vicinity of the proposed facility and the limited 
number and size of other nearby emission sources, background levels of n-hexane and 
commercial hexane are low.  This is shown for n-hexane in air monitoring data from PADEP 
(2013b), which reported that measured n-hexane concentrations averaged 0.5 µg/m3 in 
Lancaster during 2002–2008,1.8 µg/m3 in York during 2009–2012, and 0.3 µg/m3 in Harrisburg 
in 2010.  These levels correspond to HQ values of 0.0008, 0.0025, and 0.0005, respectively. 

Results in the next section show that n-hexane and commercial hexane HQs are at or below 
0.25.  Thus, further consideration or collection of background n-hexane or commercial hexane 
data is not warranted.  In any event, inclusion of background n-hexane or commercial hexane 
levels would not materially change the risk assessment conclusion that n-hexane and 
commercial hexane levels from operation of the facility would be below the relevant HQ health 
benchmark of 1 by a wide margin. 
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3 Results 

Dispersion modeling was conducted using AERMOD to calculate the 5-year average and 5-year 
maximum 1-hour average n-hexane concentrations that would result in ambient (outdoor) air 
from operation of the proposed facility.  Concentrations of commercial hexane (50% of which is  
n-hexane) were calculated separately as twice the modeled n-hexane concentrations (that is, 
100% / 50% = 2).   

Ambient air concentrations were converted to exposure concentrations by adjusting for duration 
of exposure.  Residents were assumed to be exposed continuously to ambient (outdoor) 
concentrations at their place of residence, 24 hours per day, 7 days per week, with 15 days of 
vacation per year (= 350/365).  This assumption conservatively overstates exposure, since most 
residents leave their homes for work, school, or other purposes during the day, and they spend 
most of their time indoors, where air concentrations of outdoor-generated material are typically 
lower than outdoors. 

Workers were assumed to be exposed to ambient (outdoor) concentrations while at work.  
Exposure was assumed to occur 8 hours per day, for 5 days per week, with 15 days of vacation 
per year.  Modeled n-hexane and calculated commercial hexane concentrations were adjusted 
by an appropriate factor (= 8/24 x 5/7 x 350/365). 

3.1 Chronic and Acute Risks 

Table 3 summarizes risk assessment results for n-hexane and commercial hexane chronic 
health effects at the following locations: 

 The location of the most exposed individual resident (MEIR), and the four next most 
exposed residence locations, 

 The location of the most exposed individual worker (MEIW), and 

 Representative locations shown in Figure 5 in surrounding communities (Bainbridge, 
Hallam, Marietta, Stacktown, and along Abbey Drive to the south just across the 
Susquehanna River). 

At each of these locations, maximum 5-year average n-hexane concentrations estimated by 
AERMOD using meteorological data from PPL Brunner Island, the wind station nearest to the 
proposed facility and having the most representative meteorological conditions, was used to 
calculate the exposure concentrations shown in the table.  Commercial hexane exposure 
concentrations were calculated as twice the modeled n-hexane exposure concentrations.   

Exposure concentrations and chronic hazard quotients (HQs) for residential and community 
locations were calculated assuming continuous exposures, with 15 days of vacation per year, as 
discussed above.  The exposure concentration and chronic HQ for the MEIW were calculated 
by adjusting for the duration of time spent at work during the year, as discussed above (that is,  
8 hours per day, for 5 days per week, with 15 days of vacation per year).  For reference, a 
chronic HQ of 0.1 would correspond to an exposure concentration 1/10th of the health 
benchmark concentration (RfC for n-hexane or PPRTV for commercial hexane). 
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Chronic risks for n-hexane and commercial hexane exposures are shown in Table 3.  At the 
location of the MEIR, adjacent to the northeast corner of the facility property, the chronic HQ for 
n-hexane would be 0.091.  Put another way, that 5-year average n-hexane exposure 
concentration would be about 1/11th of the RfC.   The chronic HQs for n-hexane at the 2nd, 3rd, 
4th, and 5th highest residence locations would be 0.070, 0.050, 0.041, and 0.018, or about 1/14th, 
1/20th, 1/24th, and 1/55th of the RfC, respectively.  The chronic HQ for commercial hexane at the 
location of the MEIR would be 0.21, or about 1/5th of the PPRTV.  The chronic HQs for 
commercial hexane at the 2nd, 3rd, 4th, and 5th highest residence locations would be 0.16, 0.12, 
0.10, and 0.043, or about 1/6th, 1/9th, 1/10th, and 1/24th of the PPRTV, respectively. 

At the location of the MEIW, next door to the proposed facility at the Waste-to-Energy Facility, 
the worker-adjusted chronic HQ for n-hexane would be 0.068, or about 1/15th of the RfC.  The 
worker-adjusted chronic HQ for commercial hexane would be 0.16, or about 1/6th of the PPRTV. 

If continuously exposed 24 hours per day at the specified locations for 350 days per year, the 
chronic HQ for n-hexane would be approximately 0.00083 in Hallam (about 1/1200th of the RfC), 
0.0026 in Bainbridge (about 1/380th), 0.0015 in Marietta (about 1/660th), 0.0060 in Stacktown 
(about 1/170th), and 0.0028 on Abbey Drive south of the proposed facility across the 
Susquehanna River (about 1/350th).  The chronic HQ for commercial hexane would be 
approximately 0.0019 in Hallam (about 1/520th of the PPRTV), 0.0062 in Bainbridge (about 
1/160th), 0.0035 in Marietta (about 1/280th), 0.014 in Stacktown (about 1/70th), and 0.0066 on 
Abbey Drive south of the proposed facility across the Susquehanna River (about 1/150th). 

Acute risks for n-hexane are shown in Table 4.  Note that no exposure duration adjustments 
were made, that is, residents and workers all were assumed to be exposed to ambient (outdoor) 
air concentrations.  At the location of the MEIR, the acute HQ for n-hexane would be 0.00062.  
That is, the 5-year maximum 1-hour average concentration would be about 1/1600th of the 
AEGL-2.  The acute HQs for n-hexane at the 2nd, 3rd, 4th, and 5th highest residence locations 
would be approximately 0.00052, 0.00051, 0.00049, and 0.00025, all less than 1/1600th of the 
AEGL-2. 

At the location of the MEIW, at the Waste-to-Energy Facility, the acute HQ for n-hexane would 
be approximately 0.0015, or about 1/650th of the AEGL-2.  Even at the point along the property 
line with the highest concentration (on the common boundary shared with the Waste-to-Energy 
Facility, where access would be limited and actual exposures unlikely), the acute HQ for n-
hexane would be approximately 0.0019, or about 1/520th of the AEGL-2. 

The acute HQs for n-hexane would be approximately 0.000036 in Hallam (about 1/28000th of 
the AEGL-2), 0.000076 in Bainbridge (less than 1/13000th), 0.000031 in Marietta (about 
1/32000th), 0.00022 at Stacktown (about 1/4500th), and 0.000075 on Abbey Drive south of the 
proposed facility across the Susquehanna River (about 1/13000th). 

3.2 Isopleth Map 

In accordance with PADEP suggestions, risk assessment results are displayed in an isopleth 
map in Figure 6.  In the vicinity of the proposed facility, where n-hexane concentrations are 
calculated to be highest, exposure concentrations are shown in the form of hazard quotient 
“isopleths,” which are defined to be lines of constant hazard quotient, along which all points 
have the same n-hexane exposure concentration. 
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Note that all HQs in the figure assume continuous residential exposure, that is, 24 hours per day 
for 350 days per year.  These isopleths, thus, should not be used for workplace exposures, 
where workers typically would be exposed just eight (8) hours per day, five (5) days per week, 
for approximately fifty (50) weeks per year.  

Isopleths in Figure 6 are shown for chronic HQ values of 0.02, 0.05, 0.10, and 0.15, that is, 2%, 
5%, 10%, and 15% of the n-hexane RfC.  The onsite locations of hexane emission sources are 
indicated, along with approximate boundaries of the Perdue property. 

The figure shows that, at all offsite locations, chronic HQs for n-hexane are less than the 
standard acceptable risk HQ of 1 by a wide margin.  Put another way, 5-year average n-hexane 
exposure concentrations would be well below the USEPA n-hexane RfC.   

Although not shown in Figure 6, chronic HQs for commercial hexane exposure would be just 
over twice the values of the HQs for n-hexane (i.e., 100% / 50% x 700 µg/m3 / 600 µg/m3 = 
2.33).  Thus, as for n-hexane, chronic HQs for commercial hexane would be less than the 
standard acceptable risk HQ of 1 by a wide margin, and average 5-year commercial hexane 
exposure concentrations would be well below the USEPA commercial hexane PPRTV. 

3.3 Sensitivity Analyses 

PADEP suggested that an analysis of the sensitivity of dispersion modeling, and thus health risk 
assessment results, to certain modeling assumptions be conducted. The first such analysis 
examined the sensitivity of results to variations in meteorology.  In addition to estimating 
concentrations using meteorological datasets from PPL Brunner Island, concentrations were 
also estimated using meteorological datasets from Capital City Airport and Lancaster Airport.  
Results based on meteorological datasets from those airports, which are presented in Appendix 
A, show that n-hexane and commercial hexane exposure concentrations from operation of the 
proposed facility would be within acceptable health limits, regardless of the meteorological data 
set that is used. 

The second analysis suggested by PADEP involved examination of the sensitivity of modeling 
results to variations among meteorological data processing options.  This analysis was done by 
processing and then modeling the three different meteorological datasets, first with default 
AERMET processing options and then with AERMET’s new non-default USTAR adjustment 
option.   

The new non-default USTAR adjustment option in AERMET, along with the two new low wind 
options in AERMOD, is intended by USEPA to address the known tendency of AERMOD to 
overestimate concentrations under light wind, stable conditions.  By reducing that 
overestimation, use of these options would calculate lower concentrations, and thus result in 
lower risk estimates. 

Comparison of results in the vicinity of the proposed facility where modeled concentrations are 
highest showed that use of the new non-default USTAR adjustment option reduces calculated 
n-hexane concentrations to below those presented earlier. 
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A third analysis suggested by PADEP involved examination of the potential effect of sloping 
terrain on concentration estimates.  Following procedures recommended in USEPA’s AERMOD 
implementation guide (USEPA 2009b) for modeling low-level, non-buoyant sources, the effect of 
sloping terrain in the highest-concentration region near the proposed facility was analyzed by 
modeling both with and without USEPA’s recommended approach.  Comparison of results 
across all three meteorological data sets indicates that use of the recommended approach 
would increase 5-year average and 5-year maximum 1-hour n-hexane concentrations by 
approximately 22% to 27% at the most affected downslope residence location (that is, the 
location having the  2nd highest residential concentration overall). 

Taken together, none of the sensitivity analyses results affect the risk assessment’s overall 
conclusion that hexane exposure concentrations from operation of the proposed facility would 
be well within acceptable health limits.  
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4 Summary 

This air dispersion modeling and health risk assessment was conducted using standard and 
widely-accepted regulatory air dispersion modeling and health risk assessment procedures that 
were provided to PADEP staff.  PADEP suggestions (PADEP 2013a) in response were 
incorporated throughout the assessment. 

Air dispersion modeling was performed using AERMOD, USEPA’s recommended model for 
near-source applications such as this.  As suggested by PADEP, the most recent AERMOD 
version was used (released in December 2012).  Also, as suggested by PADEP, modeling was 
done using 5-years (1989-1983) of meteorological data provided by PADEP from the PPL 
Brunner Island meteorological station located about 3 miles to the northwest of the facility site 
near the Susquehanna River, with additional sensitivity testing performed using two 2006-2010 
datasets from meteorological stations at Capital City Airport and Lancaster Airport.  Hourly 
meteorological data from each station were modeled for each year.  As suggested by PADEP, 
all three datasets were pre-processed for AERMOD using the most recent version of USEPA’s 
AERMET preprocessor program (also released in December 2012). 

Following procedures submitted to and reviewed by PADEP, chronic health risks were assessed 
by comparison of 5-year annual average hexane exposure concentrations to USEPA’s chronic 
inhalation health benchmarks (RfC for n-hexane, PPRTV for commercial hexane).  Acute health 
risks were assessed by comparison of modeled 5-year maximum 1-hour average n-hexane 
concentration to the USEPA AEGL-2 for n-hexane. 

Based on modeling performed using meteorological data from PPL Brunner Island, which is the 
closest and most representative data set of the three evaluated, the maximum 5-year average 
n-hexane exposure concentration calculated at any residential location is less than 1/11h of the 
USEPA RfC, and is lower at all other residential locations.  Similarly, the commercial hexane 
exposure concentration calculated at any residential location is less than 1/5th of the PPRTV, 
and is lower at all other residential locations.  The 5-year maximum 1-hour n-hexane 
concentration calculated at any offsite location is about 1/520th of the USEPA AEGL-2, and is 
lower at all other offsite locations. 

Consequently, because maximum impacts are well within acceptable health limits, hexane 
emissions from operation of the proposed facility will not create adverse chronic or acute health 
risks. 
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Table 1 

n-Hexane Emissions and Source Parameters for Hexane Sources 
 
 

Source** 
n-Hexane Loss* 

(tons/yr) 
Source 
Type 

Stack 
Height (m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(deg K) 

Final Vent 3.62 Point 21.34 0.2 2.91 305.35 

Dryer Vent 25.21 Point 12.19 0.74 26.07 333.15 

Cooler Vent 12.61 Point 12.19 0.74 26.07 316.45 

   
 
    

Source** 
n-Hexane Loss* 

(tons/yr) 
Source 
Type 

Release 
Height (m) 

X-Length 
(m) 

Y-Length 
(m) 

Orientation 
Angle       
(deg) 

Processing Area    
Fugitives 

45.67 Area 1.22 130 85 20 

       

Source** 
n-Hexane Loss* 

(tons/yr) 
Source 
Type 

Release 
Height (m) 

Initial 
Lateral 

Dimension 
(m) 

Initial  
Vertical 

Dimension 
(m) 

 

Extraction Building 
Fugitives 

16.89 Volume 1.22 5.46 1.75  

 
 
* Per the composition of the hexane solvent planned for use by Perdue, n-hexane was calculated to be 
50% of hexane.  Hexane emissions thus are calculated to be twice the values shown for n-hexane.   
 
** Emissions and source parameters were provided by Perdue.  Vents were modeled as vertical stacks 
without rain caps.  Processing Area Fugitives (73% of fugitives) were modeled as an area source having 
the footprint of the processing area.  Extraction Building Fugitives (27% of fugitives) were modeled as a 
volume source having the footprint of the extraction building and a vertical dimension equal to the height 
of the first floor of the building.   
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Table 2 
Structure Dimensions 

 
 

Building 
Height 

(m) 
Length 

(m) 
Width 
(m) 

Extraction Building 18.59 24.31 22.64 

Prep Building 10.67 30.93 23.84 

Storage Building ** 12.80 60.96 24.38 

Waste-to-Energy Building * 30.48 133 156 

   

Tank 
Height 

(m) 
Radius 

(m) 

Soybean Storage Tank 1 18.31 16.00 

Soybean Storage Tank 2 18.31 16.00 

Soybean Storage Tank 3 18.31 16.00 

Soybean Storage Tank 4 18.31 16.00 

 

* While not a part of Perdue’s proposed facility, the main structure 
at the Waste-to-Energy Facility on adjacent property also was modeled  

 to ensure that any downwash effects that it might have on Perdue 
 emissions were included. 
 

** While the Storage Building may be constructed at a later time, it was 
modeled to ensure that any downwash effects that it might have were  
included. 
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Table 3 
Summary of Hexane Modeling and Risk Assessment Results – Chronic Effects 

 

Locations Description 

n-Hexane Commercial Hexane2 

 5-Year 
Average 
Exposure 

Concentration 
(µg/m3)1 

n-Hexane 
Chronic 

RfC 
(µg/m3) 

Hazard 
Quotient5

Commercial 
Hexane 
PPRTV 
(µg/m3) 

Hazard 
Quotient5 

Most 
Exposed 
Individual 

Residents3 

Highest Residence (MEIR) 64 

700 

0.091 

600 

0.21 

2nd High Residence 49 0.070 0.16 

3rd High Residence 35 0.050 0.12 

4th High Residence 29 0.041 0.096 

5th High Residence 13 0.018 0.043 

Most 
Exposed 
Individual    
Worker 
(MEIW)4 

Waste-to-Energy Plant 
(MEIW) 

48 0.068 0.16 

Other 
Locations 

Bainbridge 1.9 0.0026 0.0062 

Stacktown 4.2 0.0060 0.014 

Abbey Drive 2.0 0.0028 0.0066 

Marietta 1.1 0.0015 0.0035 

Hallam 0.58 0.00083 0.0019 

 
Notes: 
1. Average n-hexane concentration for 1989–1993 meteorological dataset from PPL Brunner Island, located 3 miles to NW of proposed 
facility, adjusted for exposure duration (see notes 3 and 4). 
2. Commercial hexane concentration calculated as twice modeled n-hexane concentration (100% / 50% = 2); included at PADEP request. 
3. Exposure concentrations for residents adjusted for 350 days per year (350 / 365 = 0.959). 
4. Exposure concentrations for workers at waste-to-energy facility adjusted for 8 hours per day for 5 days per week for 350 days  
    per year (8/24 x 5/7 x 350/365 = 0.228).  
5. Values to two significant figures. 
 
Abbreviations: 
RfC - Reference Concentration 
PPRTV – Provisional Peer-Reviewed Toxicity Value for Superfund program 
µg/m3 - micrograms per cubic meter 
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Table 4 
Summary of n-Hexane Modeling and Risk Assessment Results – Acute Effects  

 

Locations Description 

Acute Effects2 

5-Year Maximum    
1-Hour Average     

Exposure 
Concentration 

(µg/m3)1 

n-Hexane 
AEGL-2 
(µg/m3) 

Hazard 
Quotient3 

Most 
Exposed 
Individual 
Residents 

Highest Residence (MEIR) 7,477 

12,000,000 

0.00062 

2nd High Residence 6,292 0.00052 

3rd High Residence 6,117 0.00051 

4th High Residence 5,930 0.00049 

5th High Residence 2,983 0.00025 

Most 
Exposed 
Individual    
Worker 
(MEIW) 

Waste-to-Energy Plant (MEIW) 18,537 0.0015 

Other 
Locations 

Bainbridge 917 0.000076 

Stacktown 2,668 0.00022 

Abbey Drive 898 0.000075 

Marietta 376 0.000031 

Hallam 433 0.000036 

Highest Property Line 23,248 0.0019 

 
Notes: 
1. Highest 1-hour average n-hexane exposure concentration for 1989–1993 meteorological dataset from PPL Brunner Island, located 3 
miles to NW of proposed facility. 
2. No acute effects benchmark found for commercial hexane. 
3. Values to two significant figures. 
 
Abbreviations: 
AEGL-2 – Acute Exposure Guideline Level-2 
µg/m3 - micrograms per cubic meter 
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Figures 
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Figure 1.  Regional view showing location of proposed facility 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Vicinity view showing location of proposed facility 
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Figure 3.  Flow diagram of solvent extraction process 
(from USEPA AP-42, Section 9.11.1, Vegetable Oil Processing) 
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Figure 4.  Preliminary site plan of proposed facility 
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Figure 5.  Other modeled locations near proposed soybean processing facility 
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Figure 6.  Chronic hazard quotient isopleths for residential exposures to n-hexane, 
1989–1993 PPL Brunner Island meteorological dataset 
(note: for residential exposures only, not for workers) 



 Air Dispersion Modeling and 
 Health Risk Assessment 

 37 
   

Appendix A 

Meteorological Dataset Sensitivity 

Capital City Airport 

Lancaster Airport 
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Table A-1 (a) – Summary of Hexane Modeling and Risk Assessment Results – Chronic Effects, 
Capital City Airport Meteorological Dataset  

 

Locations Description 

n-Hexane Commercial Hexane2 

5-Year 
Average      
Exposure 

Concentration 
(µg/m3)1 

n-Hexane 
Chronic 

RfC 
(µg/m3) 

Hazard 
Quotient5 

Commercial 
Hexane 
PPRTV 
(µg/m3) 

Hazard 
Quotient5 

Most 
Exposed 
Individual 

Residents3 

Highest Residence (MEIR) 75 

700 

0.11 

600 

0.25 

2nd High Residence 23 0.033 0.078 

3rd High Residence 14 0.020 0.048 

4th High Residence 9.9 0.014 0.033 

5th High Residence 6.7 0.0095 0.022 

Most 
Exposed 
Individual    
Worker 
(MEIW)4 

Waste-to-Energy Plant 
(MEIW) 

22 0.032 0.074 

Other 
Locations 

Bainbridge 0.90 0.0013 0.0030 

Stacktown 2.0 0.0028 0.0066 

Abbey Drive 0.39 0.00056 0.0013 

Marietta 0.37 0.00053 0.0012 

Hallam 0.19 0.00028 0.00064 

 
Notes: 
1. Average n-hexane exposure concentration for 2006–2010 meteorological dataset from Capital City Airport, located about 15 miles to 
NW of proposed facility, adjusted for exposure duration (see notes 3 and 4). 
2. Commercial hexane concentration calculated as twice modeled n-hexane concentration (100% / 50% = 2); included at PADEP request. 
3. Exposure concentrations for residents adjusted for 350 days per year (350 / 365 = 0.959). 
4. Exposure concentrations for workers at waste-to-energy facility adjusted for 8 hours per day for 5 days per week for 350 days  
    per year (8/24 x 5/7 x 350/365 = 0.228).  
5. Values to two significant figures. 

Abbreviations: 
RfC - Reference Concentration 
PPRTV – Provisional Peer-Reviewed Toxicity Value for Superfund program 
µg/m3 - micrograms per cubic meter  
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Table A-1 (b) – Summary of n-Hexane Modeling and Risk Assessment Results – Acute Effects, 
Capital City Airport Meteorological Dataset 

 

Locations Description 

Acute Effects2 

5-Year Maximum     
1-Hour Average      

Exposure 
Concentration 

(µg/m3)1 

n-Hexane 
AEGL-2 
(µg/m3) 

Hazard Quotient3 

Most 
Exposed 
Individual 
Residents 

Highest Residence (MEIR) 8,001 

12,000,000 

0.00067 

2nd High Residence 4,629 0.00039 

3rd High Residence 2,937 0.00024 

4th High Residence 2,318 0.00019 

5th High Residence 1,567 0.00013 

Most 
Exposed 
Individual    
Worker 
(MEIW) 

Waste-to-Energy Plant 
(MEIW) 

16,944 0.0014 

Other 
Locations 

Bainbridge 1,013 0.000084 

Stacktown 1,574 0.00013 

Abbey Drive 466 0.000039 

Marietta 121 0.000010 

Hallam 338 0.000028 

Highest Property Line 21,421 0.0018 

 
Notes: 
1. Highest 1-hour average n-hexane exposure concentration for 2006–2010 meteorological dataset from Capital City Airport, located 
about 15 miles to NW of proposed facility. 
2. No acute effects benchmark found for commercial hexane. 
3. Values to two significant figures. 
 
Abbreviations: 
AEGL-2 – Acute Exposure Guideline Level-2 
µg/m3 - micrograms per cubic meter 
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Table A-2 (a) – Summary of Hexane Modeling and Risk Assessment Results – Chronic Effects, 
Lancaster Airport Meteorological Dataset  

 

Locations Description 

n-Hexane Commercial Hexane2 

5-Year 
Average 
Exposure 

Concentration 
(µg/m3)1 

n-Hexane 
Chronic 

RfC 
(µg/m3) 

Hazard 
Quotient5 

Commercial 
Hexane 
PPRTV 
(µg/m3) 

Hazard 
Quotient5 

Most 
Exposed 
Individual 

Residents3 

Highest Residence (MEIR) 27 

700 

0.039 

600 

0.091 

2nd High Residence 23 0.033 0.078 

3rd High Residence 19 0.027 0.062 

4th High Residence 17 0.025 0.058 

5th High Residence 9.6 0.014 0.032 

Most 
Exposed 
Individual    
Worker 
(MEIW)4 

Waste-to-Energy Plant 
(MEIW) 

30 0.043 0.10 

Other 
Locations 

Bainbridge 0.63 0.00091 0.0021 

Stacktown 1.1 0.0016 0.0036 

Abbey Drive 0.72 0.0010 0.0024 

Marietta 0.63 0.00090 0.0021 

Hallam 0.18 0.00025 0.00059 

 
Notes: 
1. Highest 1-hour average n-hexane exposure concentration for 2006–2010 meteorological dataset from Lancaster Airport, located about 
19 miles to ENE of proposed facility, adjusted for exposure duration (see notes 3 and 4). 
2. Commercial hexane concentration calculated as twice modeled n-hexane concentration (100% / 50% = 2); included at PADEP request. 
3. Exposure concentrations for residents adjusted for 350 days per year (350 / 365 = 0.959). 
4. Exposure concentrations for workers at waste-to-energy facility adjusted for 8 hours per day for 5 days per week for 350 days  
    per year (8/24 x 5/7 x 350/365 = 0.228).  
5. Values to two significant figures. 

Abbreviations: 
RfC - Reference Concentration 
PPRTV – Provisional Peer-Reviewed Toxicity Value for Superfund program 
µg/m3 - micrograms per cubic meter  
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Table A-2 (b) – Summary of n-Hexane Modeling and Risk Assessment Results – Acute Effects, 
Lancaster Airport Meteorological Dataset 

 

Locations Description 

Acute Effects2 

5-Year Maximum   
1-Hour Average    

Exposure 
Concentration 

(µg/m3)1 

n-Hexane 
AEGL-2 
(µg/m3) 

Hazard 
Quotient3 

Most 
Exposed 
Individual 
Residents 

Highest Residence (MEIR) 7,397 

12,000,000 

0.00062 

2nd High Residence 5,972 0.00050 

3rd High Residence 4,677 0.00039 

4th High Residence 4,637 0.00039 

5th High Residence 2,526 0.00021 

Most 
Exposed 
Individual    
Worker 
(MEIW) 

Waste-to-Energy Plant (MEIW) 13,147 0.0011 

Other 
Locations 

Bainbridge 1,005 0.000084 

Stacktown 1,071 0.000089 

Abbey Drive 491 0.000041 

Marietta 266 0.000022 

Hallam 274 0.000023 

Highest Property Line 20,516 0.0017 

 
Notes: 
1. Highest 1-hour average n-hexane exposure concentration for 2006–2010 meteorological dataset from Lancaster Airport, located 
about 19 miles to ENE of proposed facility. 
2. No acute effects benchmark found for commercial hexane. 
3. Values to two significant figures. 
 
Abbreviations: 
AEGL-2 – Acute Exposure Guideline Level-2 
µg/m3 - micrograms per cubic meter 
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Figure A-1. Chronic hazard quotient isopleths for residential exposures to n-hexane, 
2006–2010 Capital City Airport meteorological dataset 
(note: for residential exposures only, not for workers)  
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Figure A-2.  Chronic hazard quotient isopleths for residential exposures to n-hexane, 

2006–2010 Lancaster Airport meteorological dataset 
(note: for residential exposures only, not for workers) 


