Hillsboro Airport Roundtable Exchange Lead Discussion Working Group
November 19, 2013: Hillsboro Airport Conference Room, 5:30 — 7:00 p.m.
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SUMMARY

Introductions

Henry started the meeting at 5:30 p.m. Everyone introduced themselves and what their role was/why
they were on the committee. The group then went on to provide updates on the assigned areas for
further research.

Leaded Fuel Replacement Schedule (Assigned to the Port of Portland)

Sam provided information on what the replacement schedule is for leaded fuel. The program is being
spearheaded by the FAA. The project is broken into two different phases. The first phase involved an
RFP for fuel companies to be selected to look at developing alternative fuels. Those ten companies will
then submit 100 gallons of fuel to be tested at the FAA’s laboratory to determine which best meet the
requirements for the drop-in fuel alternative. The FAA will then select the companies that will go on to
the second phase.



The second phase of the program will select two candidate fuels from the initial pool of ten. These fuels
will be tested in aircraft engines. . Based on the aircraft engine testing, the FAA will certify the
replacement fuel for use by the aviation community at large. The FAA will also determine which aircraft
cannot use the replacement fuel as a drop-in and determine what modifications to engines will need to
be made in order for the fuel to be used in these aircraft. Finally, FAA will develop engine modification
and subsequent engine certification procedures for these engines. During Phase Il, FAA will also develop
a fuel deployment plan. The timeline for the replacement fuel is to have a certified product available for
use by 2018. After that 2018 date, FAA then has four years to implement the deployment plan for the
transition of aircraft to the use of nonleaded fuel. How the program will be rolled out is unknown at this
time, as the plan will depend on a variety of factors that have not been identified or vetted yet.

Bob said that there is an alternative form of fuel that is automotive fuel without ethanol in it called
mogas. Some of the smaller aircraft can use this fuel without any modifications. The challenge is the
availability of the fuel. The state of Oregon has a mandate that requires all vehicle fuel to have a certain
percentage of ethanol in it. He said that he knows there are two gas stations off of TV Highway that do
sell it.

Cost Impacts of Leaded Fuel Alternatives (Assigned to Mike Gallagher)

Mike suggested there be an informal meeting with Hillsboro Aviation to ask what their plan is for looking
at replacing their aircraft as they age with aircraft that don’t use leaded fuel. He also is curious to know
if they have looked at converting some of their aircraft to use alternative fuels. There is a company in
Texas that has identified a way to convert training aircraft to use diesel fuel instead of leaded fuel.

Henry said he thinks it would be beneficial to see a matrix that outlines the different types of fuel
available now and what the costs associated with using them are.

Henry asked if the Port has the infrastructure to add additional fueling facilities when the new fuel is
available. Steve stated that the Port is not the fuel distributer at HIO. It is all the responsibility of our
tenants. The FAA says either the airport sells the fuel in a monopoly situation or the tenants/FBOs are
responsible for the fueling. At HIO, there are four fuel retailers. They all have individual tank systems
that they manage that are their own. Mike suggested that possibly there be a discussion with the fueling
suppliers at HIO to see if one of them would be willing to sell mogas as an alternative fuel. Steve
suggested that if the subcommittee is interested in exploring this further, they look at using the
resources on the HARE committee (AOPA, HABA, etc.) to survey pilots to see if they could use mogas
now. Bob offered to go to AOPA to see how many aircraft currently could use mogas. Steve offered to
have the Port explore how Independence Airport (the only airport in Oregon that has mogas available)
gets their fuel and their distribution model. Steve said it is important to show the businesses on the
airfield that sell fuel that there is a market for mogas.



Health Impacts on Individuals (Assigned to Henry Oberhelman)

Henry asked how to determine what blood lead levels would occur in people exposed to particular
blood lead levels. He would like to be able to correlate the two pieces of information together: if the
level of lead in the air is x amount near the airport, what does that translate into for a blood lead level.
David said the EPA is currently updating national ambient air quality standard that looks at maximum
levels for a certain level of acceptable risk. The information looks at a variety of sources including
toxicological data. Bob said that nothing he has read shows where the level of lead is coming from.
Steve suggested that it could be worth following up with the Oregon Health Authority and the
Washington County Health Authority, who were on the CPO 9 discussion panel on lead, to see if they
could assist Henry in accomplishing his goal. Mike said that none of the research that he has seen that
shows there is a direct connection between living next to an airport and elevated blood levels. Brooke
said that she would check to make sure the EPA Federal Register information on the reduced national
ambient air quality standard maximum level from the last revision done by EPA is on the SharePoint site
for the committee to review.

Lead Level Measurements and Modeling at HIO (Assigned to the Port of Portland)

Sam gave an overview of the modeling that has been done on lead emissions for the airport. Sam said
one of the key things to keep in mind is that just because there is the amount of pollutants emitted does
not directly translate to an ambient concentration of that pollutant in a given location. There are a
variety of factors that affect the way that pollutants move around in the atmosphere, including where
the pollutants are emitted, meteorology, and topography. When DEQ first did their Portland Air Toxics
analysis for 2005, they used the emission inventory at the airport and considered all the pollutants to be
emitted on the airport, at ground level, without taking into consideration that aircraft are moving both
vertically and horizontally. In other words, they assumed all the lead emissions would be concentrated
at the airport without being dispersed anywhere else. They then worked with the Port to figure out how
to model emissions more accurately based on a more realistic placement of aircraft in the airshed, but
still using their own dispersion model to predict the resulting ambient concentrations of lead. DEQ used
a conservative approach to determine if there was a potential exceedance of the benchmark, using 2017
operational forecast numbers. The results of DEQ’s refined modeling indicated that the maximum
ambient lead concentrations would be well below the benchmark.

The Port also did an analysis using a consultant, COM. CDM is an expert on air quality dispersion
modeling to predict ambient pollutant concentrations from airport sources. When CDM did their study,
they found that the maximum predicted lead concentration at the fence line was 37 times below the
EPA standard of .15 micrograms per cubic meter. The modeling used by CDM is the FAA’s required
model for developing emissions inventories and conducting dispersion modeling.

The results of the DEQ refined modeling effort and CDM’s modeling effort were very similar. Based on
this information, DEQ decided not to address lead emissions as part of their action plan, as there were
not any indicators that the emissions would exceed the EPA’s national air ambient quality standard or
DEQ’s health protective benchmark.

Mike asked if you could deduce that because the modeling shows that the airport is within compliance
with the standards for EPA, there is not a human health risk from leaded fuel. David said that while the
airport is significantly lower than the ambient air quality standard, the EPA notes that the standard was
developed with acceptable risk, not no risk. They do include their documentation that there is no
identified safe level of blood lead concentration for humans. Mike asked if the group could take the
modeling information from the airport to one of the health authorities to determine if kids that have



higher exposure levels in Hillsboro can be attributed to the leaded fuel at Hillsboro. Sam said that one
would want to talk to a toxicologist to analyze the data. Mike said that the Port should pay for a study to
analyze the two data sets of the health effects and the ambient air quality information to show whether
or not the issue can be correlated.

Public Comment
Henry asked the audience if they had anything they would like to contribute to the discussion. Vernon
Mock said to get rid of Hillsboro Aviation.

Miki Barnes said that the Oregon Health Authority did a great disservice at the meeting last week. She
and Jim talked with the Oregon Health Authority last year and they said their data is not valid. The
airport does need to do blood level testing of kids around the airport. There are studies that show living
next to the airport does increase lead levels. Dr. Denny’s comment at the forum was dismissive and she
followed up with him afterward. She got an email from him in writing that there is no safe level of lead
and they are committed to removing all lead level sources from the environment.

Jeff Lewis said that the Port needs to take ownership of the airport and pay for the blood level testing.
Jim Lubischer said that the report from the CDC says that there is no safe level of lead. The EPA study of

the 17 airports shows that all the airports do have lead, which is bad. It is a terrible neurotoxin. To rely
on benchmarks of .15, we can do better than that.



HARE Leaded Fuel Subcommittee

LEADED AVIATION GASOLINE (AvGas) REPLACEMENT
SCHEDULE PHASES | and Il and SUPPORTING DOCUMENTS
October 28, 2013

Attachments:

1) Leaded AvGas Replacement Schedule — Phase | and Phase Il (Port of Portland)

2) Request for Proposals for AvGas Unleaded Fuel Replacement, June 10, 2013 (FAA)

3) Unleaded AVGAS Transition Aviation Rulemaking Committee FAA UAT ARC Final
Report — Part | — Body: Unleaded AVGAS Findings & Recommendations, February 17,
2012 (FAA)



Leaded AvGas Replacement Schedule — Phase | and Phase Il
(Port of Portland)



Leaded Avgas Replacement Schedule

The Unleaded Avgas Transition (UAT) Plan is FAA's long term mitigation strategy to find a replacement
for leaded fuels. FAA developed a roadmap for Avgas readiness levels that identifies milestones in the
aviation gasoline development process. FAA established centralized testing of candidate unleaded fuels
which would generate standardized qualification and certification data and a solicitation and selection
process for candidate unleaded aviation gasoline for the centralized testing program. In Phase 1 of the
testing program, up to 10 fuels will be selected for rig and property testing. In Phase 2, two fuels will be
tested in engines and aircraft.

FAA established a collaborative industry-government initiative called the Piston Aviation Fuels Initiative
(PAFI) to implement the UAT PAFI recommendations to facilitate the development and deployment of
an unleaded avgas with the least impact on the existing piston engine aircraft fleet.

Phase |
Laboratory testing of candidate replacement fuels
Components

e FAA developed ASTM specifications for replacement fuel

e 10 suppliers to participate in developing candidate fuels

e Each will submit 100 gallons of fuel for Phase | testing at FAA’s William J Hughes Technical
Center laboratory

Dates:

June 10, 2013: FAA issued a request for candidate fuel producers to submit unleaded fuel formulations
to be evaluated as replacements for 100L

July 1, 2014: Prospective fuel suppliers to submit data packages for candidate replacement unleaded
fuel formulations to FAA for evaluation.

September 1, 2014: FAA will select up to 10 suppliers to participate in Phase 1 testing
Mid 2014: FAA will establish testing protocols and methods

2014: Laboratory testing of fuels

Early 2015: FAA will determine which fuels will go on to Phase

2015: FAA will establish testing vehicles



Phase Il
Engine and aircraft testing of candidate replacement fuels
Components

e Test 2 candidate replacement fuels, selected from initial pool of 10, in aircraft engines

e Determine aircraft that cannot use replacement fuel as a drop-in, and conduct engine
modification and testing with new fuel

e  FAA certification of replacement fuel

o Deployment of replacement fuel

Date

Mid 2015 — Late 2016: Conduct aircraft engine testing
2017: Review data and publish reports from Phase I
2018: Conduct engine modification testing

2018 — 2022: Implement deployment plan for replacement fuel

References

Unleaded AVGAS Transition Aviation Rulemaking Committee Final Report. February 17, 2012



Request for Proposals for AvGas Unleaded Fuel Replacement,
June 10, 2013

(FAA)
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PART I - SECTION B
SUPPLIES OR SERVICES AND PRICES/COSTS
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PART I - SECTION C
STATEMENT OF WORK

1. Background

Aviation gasoline (avgas) is a vital element of the piston engine aircraft safety system.
Approximately 167,000 aircraft in the United States and 230,000 worldwide rely on 100 low lead
(100LL) avgas for safe operation. 100LL is the only remaining transportation fuel in the United
States that contains the additive tetraethyl lead (TEL). The avgas used today has its origins in the
development of the high power aircraft engines necessary to enable reliable and economical
military and commercial flight. TEL has been used as an avgas additive for decades to create the
very high octane levels required to prevent detonation (engine knock) in high power aircraft
engines. Operation with inadequate fuel octane can result in engine failure and aircraft accidents.

The US Environmental Protection Agency (EPA) regularly updates the national ambient air
quality standards for lead and is currently measuring lead levels near airports which will help
determine whether new standards are necessary for general aviation aircraft lead emissions.
Petitions and litigation from environmental organizations have called for the EPA to consider
regulatory actions to eliminate or reduce lead emissions from aircraft. Similar regulatory actions
are under consideration globally. These activities raise concerns about the continued availability
and use of leaded avgas. Worldwide uncertainty and concern exists amongst piston aircraft
equipment manufacturers, avgas producers, avgas distributors, fixed base operators, aircraft
owners and aircraft operators regarding:

(a) Future utility and value of existing aircraft

(b) Availability and cost of aviation gasoline to maintain viable business operations
(c) Justification of new aviation product development

(d) Justification of new aircraft purchases.

With the current number of piston aircraft in the US alone more than 200 times larger than
annual new aircraft production, the turnover rate of the existing fleet is very low. This low
turnover rate leaves existing piston engine aircraft owners particularly vulnerable to devaluation
of their aircraft should an unleaded replacement avgas be incompatible with the existing fleet.
This vulnerability, combined with the stagnation of new aircraft sales and an overall
deteriorating economic condition within the aviation industry, has created a sense of urgency
regarding the development and deployment of an unleaded avgas that meets the performance
demands of the current fleet.

In response to the rapidly increasing concerns expressed by the General Aviation community, the
Unleaded AVGAS Transition Aviation Rulemaking Committee (UAT ARC) was chartered on
January 31, 2011, by the Federal Aviation Administration (FAA) Administrator to investigate,
prioritize, and summarize the current issues relating to the transition to an unleaded avgas; and to
recommend the tasks necessary to investigate and resolve these issues. The final report of the
UAT ARC can be found on the FAA Avgas website at the following URL:
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http://www.faa.gov/about/initiatives/avgas/

in the Archived Articles section.

2. Purpose

The ultimate purpose of this requirement is to solicit candidate unleaded avgas formulations for
testing to identify the most viable replacements for the existing 100LL avgas with the least
impact on the existing fleet of piston aircraft and fuel availability. The FAA will continue to
support certification projects relating to aviation fuel that are being conducted independently of
this OTA. This process is described in detail in the UAT ARC Final Report referenced above.
This data will be used to support the evaluation of candidate unleaded avgas fuels by industry
and regulatory agencies for the potential approval and deployment of these fuels. A final report
including all data acquired or generated during the course of the research shall be prepared by the
FAA for use in industry qualification and FAA certification activities.

Fuel sponsors, planning on responding to this Solicitation with a candidate unleaded avgas are
highly encouraged to review the extensive literature from past testing at the FAA Technical
Center on proposed additives. Candidates should utilize the research previously done at the FAA
Technical Center to make the best use of the current state of fuel technology and to prevent
duplicating past efforts. This research covered many different topics in the search for a drop-in
unleaded replacement fuel, including use of specific fuel components, relationship of
performance differences between leaded and unleaded fuels, effects of stoichiometry on fuel
performance, specific testing procedures, potential fit-for-purpose and engine performance
issues, antagonistic and synergistic fuel responses, and applicability of specific fuel tests. This
research also addressed the detonation and engine performance in full-scale engines of many
different fuel components, such as ethanol, autogas, aviation alkylate, super alkylate, motor
alkylate, xylenes, amines, metallic additives, and ethers. Research publications can be found at
the following links:

http://www.faa. gov/about/office_org/headquarters_offices/ang/offices/tc/library/
http://207.67.203.68/F10011Staff/OPAC/index.asp
WWW.Crcao.com

WWW.astm.org
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PART I - SECTION D
PACKAGING AND MARKING
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PART I-SECTION E
INSPECTION AND ACCEPTANCE
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PARTI-SECTION F
Deliveries or Performance

3.1-1 Clauses and Provisions Incorporated by reference (July 2011)

This screening information request (SIR) or OTA, as applicable, incorporates by reference the provisions
or clauses listed below with the same force and effect as if they were given in full text. Upon request, the
Contracting Officer will make the full text available, or offerors and contractors may obtain the full text
via Internet at: http://conwrite.faa.gov.

(End of clause)

3.10.1-9 Stop-Work Order (October 1996)

3.10.1-11  Government Delay of Work (April 1996)

F.2 WJHTC 3.2.2.8-1 — Period of Performance (June 2002)

The period of performance for this requirement shall not exceed five years from date of issuance of OTA.
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PART I - SECTION G
CONTRACT/OTA ADMINISTRATION DATA

3.1-1 Clauses and Provisions Incorporated by reference (July 2011)

This screening information request (SIR) or “OTA™, as applicable, incorporates by reference the
provisions or clauses listed below with the same force and effect as if they were given in full text. Upon
request, the Contracting Officer will make the full text available, or offerors and contractors may obtain
the full text via Internet at: http://conwrite.faa.gov.

(End of clause)
3.10.1-22 Contracting Officer's Representative (April 2012)

G.1 WJIHTC 3.6.2-1 - Observance of Legal Holidays and Excused Absence (June 2002)
Clause provided for informational purposes, only.

a. Government personnel observe the following listed days as holidays:

New Year's Day

Martin Luther King's Birthday
President's Birthday
Memorial Day

Independence Day

Labor Day

Columbus Day

Veteran's Day

Thanksgiving Day

Christmas

b. In addition to the days designated as holidays, the Government observes the following days:

Any other day designated by Federal Statute

Any other day designated by Executive Order

Any other day designated by the President's Proclamation
Any other day designed by the Center Director

c. Itis understood and agreed between the Government and the Contractor that observance of such days
by Government personnel shall not otherwise be a reason for an additional period of performance. In the
event the Contractor's personnel work during the holiday, no form of holiday or other premium
compensation will be reimbursed, other than their normal compensation for the time worked.

d. When the Federal, State, Local and other governmental entities grant excused absence to its
employees, assigned Contractor personnel may also be dismissed; however, they will not be directly

reimbursed for the excused absence.

e. Information about Center delayed openings or closings may be obtained by calling (609) 485-6100.
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G.4  Responsibility for OTA Administration

The Contracting Officer (CO) identified below, has the overall responsibility of this OTA. The CO is
authorized to take actions on behalf of the Government to amend, modify, or deviate from the OTA terms,
conditions, and requirements. The CO may delegate certain other responsibilities to his/her authorized
representatives or Contracting Officer’s Representative (COR). The CO for this OTA is:

FAA William J. Hughes Technical Center
Acquisition Service Group, AAQ-620

Attn: Lori McLaughlin

Atlantic City International Airport, NJ 08405

A COR will be appointed for the OTA. Changes to the COR may only be made by the CO and will be
transmitted via electronic mail direction or modification (changes directed by electronic mail will be

confirmed in the next subsequent modification as applicable).

The COR has the authority to monitor the technical progress of the services that are to be delivered under
the OTA. This includes visits to the place of performance, meetings and telephone conversations with
contractor personnel, acceptance, or rejection of the contracted items and other duties that may be

authorized by the CO.

The COR cannot authorize or order the cessation of OTA work, nor delete, change, or waive any of the
technical requirements or other terms and conditions of the OTA.

Whenever a difference of opinion between the contractor and the COR occurs, the contractor shall notify
the CO immediately for resolution.

G.6  Interpretation or Modification

No oral statement of any person, and no written statement of anyone other than the Contracting Officer,
or his/her authorized representative, shall modify or otherwise affect the terms or meaning of the schedule
or statement of work. All requests for interpretation or modifications shall be made in writing to the
Contracting Officer.
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PART I- SECTION H
SPECIAL OTA REQUIREMENTS

H.1 Personnel Security Program

Consistent with Appendix 9 and 10 of FAA Order 1600.1D and the Security Requirements clause, the
contractor shall implement a personnel security program for contractor employees, subcontractors, or
consultants who have access to FAA facilities, and/or classified or sensitive information, or resources.
See clauses 3.14-2, 3.14-3 and 3.14-4 in Section 1.

H.2 Relationship Between Government, Contractor and Contractor Personnel

a. The Government and the contractor understands and agrees that the services to be delivered under this
OTA by the contractor to the Government are non-personal services and the parties recognize and agree
that no employer-employee or master-servant relationship exist or will exist under the contract between
the Government and the contractor and/or between the Government and the contractor’s personnel. The
contractor personnel shall be responsible, not to the Government, but solely to the contractor, who in turn,
shall be accountable to the Government.

b. The Government will not exercise any direct or continuing supervision or control over the contractor
personnel performing services under this OTA. Contractor personnel shall not be placed under the
supervision, direction, or evaluation of a Federal officer, manager, or employee in connection with
performance under this OTA. Likewise, contractor personnel shall not be placed in a position of
supervision, administration, or evaluation over WJHTC civilian personnel, or personnel of other prime
contractors, or become an integrated part of the Government organization in connection with performance
under this contractor, nor shall contractor personnel be used in administration or supervision of FAA
procurement activities.

c. The contractor shall be responsible for selecting personnel who are well qualified to perform the
required services, for supervising techniques used in their work and for keeping them informed of all
improvements, changes, and methods of operation.

d. Rules, regulations, directives and requirements which are issued during the OTA during the OTA term
by William J. Hughes Technical Center authorities, under their responsibility for law and order,
administration, and security on the installation shall be applicable to all contractor personnel or
representatives who enter the installation, or who travel on Government transportation. This requirement
shall not be construed or interpreted to establish any degree of Government control that is inconsistent
with the intent of a non-personal services contract/OTA. Contractor personnel or representatives shall be
subject to such checks as may be deemed necessary to assure that their presence on the Center or airport
property does not violate these requirements. No employees will be permitted on this property when such
a check reveals that the employee presence would be detrimental to the security of the Center or airport.
When directed by the Contracting Officer, the contractor shall remove any employee from an assignment
to perform services under this OTA for reasons of misconduct or breach of security in connection with his
or her employment. Under such circumstances, replacement cost will be a contractor expense and will
not be reimbursable by the Government. In other instances, the contractor shall take appropriate
personnel action as required in the event of employee misconduct in connection with his or her

employment.
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e. The services to be performed under this OTA shall not require the contractor or his/her employees to
exercise personal judgment and discretion on behalf of the Government, but rather, the contractor’s
employees shall act and exercise personal judgment and discretion on behalf of the contractor.

f. Contractor and contractor personnel shall not be considered employees of the Federal Government and
shall not be eligible, by virtue of performance under this OTA, for payment by the Government of
entitlement and benefits accorded to Federal employees.

H.3  Organizational Conflicts of Interest

(a) The Contractor warrants that, to the best of the Contractor's knowledge and belief, there are no
relevant facts or circumstances that could give rise to an organizational conflict of interest (OCI) or that
the Contractor has disclosed all such relevant information.

(b) The Contractor agrees that if an actual or potential OCI is discovered after award, the Contractor shall
make a full disclosure in writing to the Contracting Officer. This disclosure shall include a description of
actions that the Contractor has taken or proposes to take, after consultation with the Contracting Officer,
to avoid, mitigate, or neutralize the actual or potential conflict.

(¢) The Contracting Officer may terminate this OTA for convenience, in whole or in part, if it deems
such termination necessary to avoid an OCI. If the Contractor was aware of a potential OCI prior to
award or discovered an actual or potential conflict after award and did not disclose or misrepresented
relevant information to the Contacting Officer, the Government may terminate the OTA for default, debar
the Contractor from Government contracting, or pursue such other remedies as may be permitted by law
or this OTA.

(d) The Contractor shall include this clause in all subcontracts and in lower tier subcontracts unless a
waiver is requested from, and granted by, the Contracting Officer.

(e) In the event that a contract or OTA is issued to the Contractor requiring activity that would create a
potential conflict of interest, the Contractor shall:

(1) Notify the Contracting Officer of a potential conflict, and;

(2) Recommend to the Government an alternate tasking approach which would avoid the potential
conflict, or

(3) Present for approval a conflict of interest mitigation plan that will:
a. Describe in detail the requirement that creates the potential conflict of interest; and

b. Outline in detail the actions to be taken by the Contractor or the Government in the performance of the
task to mitigate the conflict, division of subcontractor effort, and limited access to information, or other

acceptable means.

(4) The Contractor shall not commence work on a requirement related to a potential conflict of interest until
specifically notified by the Contracting Officer to proceed.
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(5) If the Contracting Officer determines that it is in the best interest of the Government to issue a
requirement, notwithstanding a conflict of interest, a request for waiver shall be submitted in accordance

with AMS 3.1.7.

H.4 Contractor Responsibilities

(a) The Contractor shall provide all management, administrative, clerical, and supervisory functions
required for the effective and efficient performance of this OTA.

(b) The Contractor shall save and hold harmless and indemnify the Government against any and all
liability, claims, and costs of whatever kind and nature for injury to or death of any person or persons and
for loss or damage to any property occurring in connection with, or in any way incident to, or arising out
of, the occupancy, use, service, operations, or performance of work under the terms of this OTA, to the
extent resulting from the negligent acts or omissions of the Contractor.

(c) The Government shall not be liable for any injury to the Contractor's personnel or damage to the
Contractor's property unless such injury or damage is due to negligence on the part of the Government
and is recoverable under the Federal Torts Claims Act, or pursuant to another Federal statutory authority.

(d) A smooth and orderly transition between the Contractor and a predecessor or successor Contractor is
necessary to ensure minimum disruption to vital Government business. The Contractor shall cooperate
fully in the transition.

(e) The Contractor shall adhere to the same professional and ethical standards of conduct required of
Government personnel. The Contractor shall not:

(1) Discuss with unauthorized persons any information obtained in the performance of work under this OTA;
(2) Conduct business not directly related to this OTA on Government premises;

(3) Use computer systems and/or other Government facilities for company or personal business other
than work related to the OTA requirement; or

(4) Recruit on Government premises or otherwise act to disrupt official Government business.

H.5  Contractor Staff Training

The contractor shall provide fully trained and experienced technical personnel required for the performance of
all terms and conditions outlined in the SOW and/or OTA. This includes training necessary for keeping
personnel abreast of industry advances and for maintaining proficiency on aircraft instrumentation,
equipment, computers, applications that are available on the commercial market. The Contractor, at its own
expense, shall provide all training of personnel required for successful performance of OTA.
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PART II - SECTION I
OTA CLAUSES

L1 3.1-1 Clauses and Provisions Incorporated by reference (July 2011)

This screening information request (SIR) or OTA, as applicable, incorporates by reference the provisions
or clauses listed below with the same force and effect as if they were given in full text. Upon request, the
Contracting Officer will make the full text available, or offerors and contractors may obtain the full text
via Internet at: http://conwrite.faa.gov.

(End of clause)

3.1.7-5 Disclosure of Conflicts of Interest (March 2009)

3.1.8-1 Cancellation, Rescission, and Recovery of Funds for Illegal or Improper Activity
(October 2009)

3.1.8-2 Price or Fee Adjustment for Illegal or Improper Activity (April 2010)

3.2.2.3-67 Special Precautions for Working at Operating Airports (July 2004)

3.2.2.7-6 Protecting the Government’s Interest when Subcontracting with Contractors
Debarred, Suspended, or Proposed for Debarment (April 2011)

3.2.5-1 Officials Not to Benefit (April 1996)

3.2.5-3 Gratuities or Gifts (January 1999)

3.2.5-4 Contingent Fees (October 1996)

3.2.5-5 Anti-Kickback Procedures (October 2010)

3.2.5-7 Disclosure Regarding Payments to Influence Certain Federal Transactions (Oct 2010)

3.2.5-8 Whistleblower Protection for Contractor Employees (April 1996)

3.3.1-6 Discounts for Prompt Payment (May 1997)

3.3.1-8 Extras (May 1997

3.4.1-10 Insurance--Work on a Government Installation (July 1996)

3.4.1-13 Errors and Omissions (July 1996)

3.4.2-6 Taxes--Contracts Performed in U.S. Possessions or Puerto Rico (October 1996)

3.4.2-8 Federal, State, and Local Taxes--Fixed Price Contract (April 1996)

3.6.2-2 Convict Labor (April 1996)

3.6.2-9 Equal Opportunity (August 1998)

3.6.2-12 Equal Opportunity for Veterans (January 2011)

3.6.2-13 Affirmative Action for Workers with Disabilities (October 2010)

3.6.2-14 Employment Reports on Veterans (January 2011)

3.6.2-35 Prevention of Sexual Harassment (August 1998)

3.6.3-16 Drug Free Workplace (March 2009)

3.6.4-10 Restrictions on Certain Foreign Purchases (January 2010)

3.8.2-10 Protection of Government buildings, Equipment, and Vegetation (April 1996)

3.8.2-11 Continuity of Services (October 1998) '

3.10.1-7 Bankruptcy (April 1996)

3.10.1-12 Changes - Fixed-Price (April 1996)

3.10.1-25 Novation and Change-Of-Name Agreements (October 2007)

3.10.2-1 Subcontracts (Fixed Price Contracts) (April 1996)

3.10.6-1 Termination for Convenience of the Government (Fixed Price) (October 1996)

3.10.6-4 Default (Fixed-Price Supply and Service) (October 1996)

3.11-21 Contractor Liability for Personal Injury and/or Property Damage (April 1999)

3.13-5 Seat Belt Use by Contractor Employees (October 2001)

3.13-11 Plain Language (July 2006)

3.14-3 Foreign Nationals as Contractor Employees (April 2008)
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3.1.7-6 Disclosure of Certain Employee Relationships (July 2009)

(a) The policy of the FAA is to avoid doing business with contractors, subcontractors, and consultants
who have a conflict of interest or an appearance of a conflict of interest. The purpose of this policy is to
maintain the highest level of integrity within its workforce and to ensure that the award of procurement
awards is based upon fairness and merit.

(b) The contractor must provide to the Contracting Officer the following information with its proposal
and must provide an information update within 30 days of the award of a contract or OTA, any
subcontract, or any consultant agreement, or within 30 days of the retention of a Subject Individual or
former FAA employee subject to this clause:

(1) The names of all Subject Individuals who:

(1) participated in preparation of proposals for award; or
(ii) are planned to be used during performance; or
(iii) are used during performance; and

(2) The names of all former FAA employees, retained by the contractor who were employed by FAA
during the two year period immediately prior to the date of:

(1) the award; or
(i) their retention by the contractor; and

(3) The date on which the initial expression of interest in a future financial arrangement was discussed
with the contractor by any former FAA employee whose name is required to be provided by the
contractor pursuant to subparagraph (2); and

(4) The location where any Subject Individual or former FAA employee whose name is required to be
provided by the contractor pursuant to subparagraphs (1) and (2), are expected to be assigned.

(¢) "Subject Individual" means a current FAA employee's father, mother, son, daughter, brother, sister,
uncle, aunt, first cousin, nephew, niece, husband, wife, father-in-law, mother-in-law, son-in-law,
daughter-in-law, brother-in-law, sister-in-law, stepfather, stepmother, stepson, stepdaughter, stepbrother,
stepsister, half brother, half sister, spouse of an in-law, or a member of his/her household.

(d) The contractor must incorporate this clause into all subcontracts or consultant agreements awarded
under this OTA and must further require that each such subcontractor or consultant incorporate this clause
into all subcontracts or consultant agreements at any tier awarded under this OTA unless the Contracting
Officer determines otherwise.

(e) The information as it is submitted, must be certified as being true and correct. If there is no such
information, the certification must so state.

(f) Remedies for nondisclosure: The following are possible remedies available to the FAA should a
contractor misrepresent or refuse to disclose or misrepresent any information required by this clause:

(1) Termination of the OTA.
(2) Exclusion from subsequent FAA contracts/OTAs.
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(3) Other remedial action as may be permitted or provided by law or regulation or policy or by the terms
of the OTA.

(g) Annual Certification. The contractor must provide annually, based on the anniversary date of award,
the following certification in writing to the Contracting Officer:

ANNUAL CERTIFICATION OF DISCLOSURE OF CERTAIN EMPLOYEE RELATIONSHIPS

The contractor represents and certifies that to the best of its knowledge and belief that during the prior 12
month period:

[ ] A former FAA employee(s) or Subject Individual(s) has been retained to work under the OTA or
subcontract or consultant agreement and complete disclosure has been made in accordance with
subparagraph (b) of AMS Clause 3.1.7-6.

[ ] No former FAA employee(s) or Subject Individual(s) has been retained to work under the OTA or
subcontract or consultant agreement, and disclosure required by AMS Clause 3.1.7-6 is not applicable.

Authorized Representative

Company Name

Date

(End of clause)

3.3.1-33 System for Award Management (August 2012)
(a) Definitions. As used in this clause

"Data Universal Numbering System (DUNS) number" means the 9-digit number assigned by Dun and
Bradstreet, Inc. (D&B) to identify unique business entities.

"Data Universal Numbering System +4 (DUNS+4) number" means the DUNS number assigned by D&B
plus a 4-character suftix that may be assigned by a business concern. (D&B has no affiliation with this 4-
character suffix.) This 4-character suffix may be assigned at the discretion of the business concern to
establish additional SAM records for identifying alternative Electronic Funds Transfer (EFT) accounts for

the same parent concern.

"Registered in the SAM database" means that the Contractor has entered all mandatory information,
including the DUNS number or the DUNS+4 number, into the SAM database.

"System for Award Management (SAM) Database" means the primary Government repository for
Contractor information required for the conduct of business with the Government.

(b)(1) By submission of an offer, the offeror acknowledges the requirement that a prospective awardee
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shall be registered in the SAM database prior to award, during performance, and through final payment of
any contract, OTA, basic agreement, basic ordering agreement, or blanket purchasing agreement resulting

from this solicitation.

(2) The offeror shall enter, in Representations, Certifications and Other Statements of Offerors Section of
the solicitation, the DUNS or DUNS +4 number that identifies the offeror's name and address exactly as
stated in the offer. The DUNS number will be used by the Contracting Officer to verify that the offeror is
registered in the SAM database.

(c) If the offeror does not have a DUNS number, it should contact Dun and Bradstreet directly to obtain

one.

(1) An offeror may obtain a DUNS number

(i) If located within the United States, by calling Dun and Bradstreet at 1-866-705-5711 or via the Internet
at http://fedgov.dnb.com/webform; or

(i1) If located outside the United States, by contacting the local Dun and Bradstreet office.

(2) The offeror should be prepared to provide the following information:

(i) Company legal business.

(i1) Tradestyle, doing business, or other name by which your entity is commonly recognized.
(i11) Company Physical Street Address, City, State, and ZIP Code.

(iv) Company Mailing Address, City, State and ZIP Code (if different from physical street address).
(v) Company Telephone Number.

(vi) Date the company was started.

(vii) Number of employees at your location.

(viii) Chief executive officer/key manager.

(ix) Line of business (industry).

(x) Company Headquarters name and address (reporting relationship within your entity).

(d) If the offeror does not become registered in the SAM database in the time prescribed by the
Contracting Officer, the Contracting Officer may proceed to award to the next otherwise successful

registered offeror.

(e) Processing time, which normally takes 48 hours, should be taken into consideration when registering.
Offerors who are not registered should consider applying for registration immediately upon receipt of this

solicitation.

(f) The Contractor is responsible for the accuracy and completeness of the data within the SAM database,
and for any liability resulting from the Government's reliance on inaccurate or incomplete data. To remain
registered in the SAM database after the initial registration, the Contractor is required to review and
update on an annual basis from the date of initial registration or subsequent updates its information in the
SAM database to ensure it is current, accurate and complete. Updating information in the SAM does not
alter the terms and conditions of this OTA and is not a substitute for a properly executed contractual

document.
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(g)(1)(i) If a Contractor has legally changed its existing business name, "doing business as" name, or
division name (whichever is shown on the OTA), or has transferred the assets used in performing the
contract, but has not completed the necessary requirements regarding novation and change-of-name
agreements in AMS Procurement Guidance, the Contractor shall provide the responsible Contracting
Officer a minimum of one business day's written notification of its intention to:

(A) change the name in the SAM database;

(B) comply with the requirements of AMS regarding novation and change-of-name agreements; and

(C) agree in writing to the timeline and procedures specified by the responsible Contracting Officer. The
Contractor must provide the Contracting Officer with the notification, sufficient documentation to support

the legally changed name.

(i1) If the Contractor fails to comply with the requirements of paragraph (g)(1)(i) of this clause, or fails to
perform the agreement at paragraph (g)(1)(i)(C) of this clause, and, in the absence of a properly executed
novation or change-of-name agreement, the SAM information that shows the Contractor to be other than

the Contractor indicated in the OTA will be considered to be incorrect information within the meaning of
the "Suspension of Payment" paragraph of the electronic funds transfer (EFT) clause of this OTA.

(2) The Contractor shall not change the name or address for EFT payments or manual payments, as
appropriate, in the SAM record to reflect an assignee for the purpose of assignment of claims. Assignees
shall be separately registered in the SAM database. Information provided to the Contractor's SAM record
that indicates payments, including those made by EFT, to an ultimate recipient other than that Contractor
will be considered to be incorrect information within the meaning of the "Suspension of payment"
paragraph of the EFT clause of this OTA.

(h) Ofterors and Contractors may obtain information on registration and annual confirmation
requirements via the internet at https://www.sam.gov/portal/public/SAM/ or by calling 1-888-227-2423,

or 269-961-5757.

(End of Clause)
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PART III - SECTION J
LIST OF DOCUMENTS, EXHIBITS, AND OTHER ATTACHMENTS

ATTACHMENT TITLE PAGES

I Appendix [ 1
(Alternative Data in lieu of ASTM International Test Specification and
Research Report)

11 Business Declaration Form 1
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PART IV - SECTION K
REPRESENTATIONS, CERTIFICATIONS, AND OTHER STATEMENTS OF OFFERORS

K.1 3.1-1 3.1-1 Clauses and Provisions Incorporated by reference (July 2011)

This screening information request (SIR) or OTA, as applicable, incorporates by reference the provisions
or clauses listed below with the same force and effect as if they were given in full text. Upon request, the
Contracting Officer will make the full text available, or offerors and contractors may obtain the full text
via Internet at: http://conwrite.faa.gov.

(End of clause)

K.1 NORTH AMERICAN INDUSTRY CLASSIFICATION SYSTEM (NAICS)

The services required are determined to be within North American Industry Classification System
(NAICS) code 324110 Jet Fuels manufacturing. The size standard for this code is less than 1500
employees.

Note: The competition designation for this OTA is full and open. The NAICS code is used strictly to
determine business size for statistical purposes.

K2 3.2.2.3-70 Taxpayer Identification (July 2004)
(a) Definitions.

(1) "Common parent," as used in this clause, means a corporate entity that owns or controls an affiliated
group of corporations that files an offeror's (you, your) Federal income tax returns on a consolidated
basis, and of which you are a member.

(2) "Corporate status," as used in this clause, means a designation as to whether you are a corporate
entity, an unincorporated entity (for example, sole proprietorship or partnership), or a corporation
providing medical and health care services.

(3) "Taxpayer Identification Number (TIN)," as used in this clause, means the number the Internal
Revenue Service (IRS) requires you use in reporting income tax and other returns.

(b) All offerors must submit the information required in paragraphs (c) through (e) of this provision to
comply with reporting requirements of 26 U.S.C. 6041, 6041A, and 6050M and implementing regulations
issued by IRS. The FAA will use this information to collect and report on any delinquent amounts arising
out of your relation with the Federal Government, under Public Law 104 -134, the Debt Collection
Improvement Act of 1996, Section 31001(I)(3). If the resulting contract or OTA is subject to the reporting
requirements and you refuse or fail to provide the information, the Contracting Officer (CO) may reduce
your payments 31 percent under the contract or OTA.

(c) Taxpayer Identification Number (TIN).
[ ] TIN:

[ ] TIN has been applied for.
[ ] TIN is not required because:
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[ ] Offeror is a nonresident alien, foreign corporation, or foreign partnership that does not leave income
effectively connected with the conduct of a trade or business in the U.S. and does not have an office or
place of business or a fiscal paying agent in the U.S;

[ ] Offeror is an agency or instrumentality of a foreign government;

[ ] Offeror is an agency or instrumentality of a Federal, state, or local government;

[ ] Other--State basis.

(d) Corporate Status.

[ ] Corporation providing medical and health care services, or engaged in the billing and collecting of
payments for such services;

[ ] Other corporate entity

[ ] Not a corporate entity

[ ] Sole proprietorship

[ ] Partnership

[ ] Hospital or extended care facility described in 26 CFR 501(c)(3) that is exempt from taxation under 26

CFR 501(a).

(e) Common Parent.

[ ] A common parent does not own or control the offeror as defined in paragraph (a).
[ ] Name and TIN of common parent:

Name TIN

(End of provision)

K3 3.2.2.3-2 Minimum Offer Acceptance Period (July 2004)

(a) ‘Acceptance period,' as used in this provision, means the number of calendar days the FAA (we, us)
has to award an OTA from the date the SIR specifies for receiving Phase 2 submissions.

(b) This provision supersedes any language about the acceptance period appearing elsewhere in this SIR.

(c) We require a minimum acceptance period of ninety (90) calendar days from the end date of Phase 2
submissions.

(d) The offeror (you) may specify a longer acceptance period than the period shown in paragraph (c). To
specify a longer period, fill in the blank: The offeror allows the following acceptance period:

calendar days.

(e) We may reject an offer allowing less than the FAA's minimum acceptance period.

(f) You agree to fulfill your offer completely if the FAA accepts your offer in writing within:

(1) The acceptance period stated in paragraph (c) of this provision; or
(2) Any longer acceptance period stated in paragraph (d) of this provision.

(End of provision)
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K.4 3.2.2.3-10 Type of Business Organization (July 2004)
By checking the applicable box, the offeror (you) represents that--
(a) You operate as [ | a corporation incorporated under the laws of the State of ;

[ ] an individual, [ ] a partnership, [ ] a nonprofit organization, [ ] a joint venture or [ ] other
[specify what type of organization].

(b) If you are a foreign entity, you operate as [ ] an individual, [ ] a partnership, [ ] a nonprofit
organization, [ ] a joint venture, or [ ] a corporation, registered for business in

(country)

K.5 3.2.2.3-15 Authorized Negotiators (July 2004)

The offeror states that the following persons are authorized to negotiate on your behalf with the FAA in
connection with this offer:

Name:

Title:

Phone number:

(End of provision)

K.6 3.2.2.7-7 Certification Regarding Responsibility Matters (January 2010)

(a)(1) The Offeror certifies, to the best of its knowledge and belief, that

(i) The Offeror and/or any of its Principals-

A) Are [ ] are not [ ] presently debarred, suspended, proposed for debarment, or declared ineligible for the
award of contracts or OTAs by any Federal agency;

(B) Have [ ] have not [ ] within a three-year period preceding this offer, been convicted of or had a civil
judgment rendered against them for: commission of fraud or a criminal offense in connection with
obtaining, attempting to obtain, or performing a public

(Federal, state, or local) contract /OTA or subcontract; violation of Federal or state antitrust statutes
relating to the submission of offers; or commission of embezzlement, theft, forgery, bribery, falsification
or destruction of records, making false statements, tax evasion, violating Federal criminal tax laws or
receiving stolen property; and

(C) Are [ ] are not [ ] presently indicted for, or otherwise criminally or civilly charged by a governmental
entity with, commission of any of the offenses enumerated in subdivision a)(1)

(i)(B) of this provision.

(D) Have [ ], have not [ ], within a three-year period preceding this offer, been notified of any delinquent
Federal taxes in an amount that exceeds $3,000 for which the liability remains unsatisfied.

(1) Federal taxes are considered delinquent if both of the following criteria apply:

(i) The tax liability is finally determined. The liability is finally determined if it has been assessed. A
liability is not finally determined if there is a pending administrative or judicial challenge. In the case of a
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judicial challenge to the liability, the liability is not finally determined until all judicial appeal rights have
been exhausted.

(ii) The taxpayer is delinquent in making payment. A taxpayer is delinquent if the taxpayer has failed to
pay the tax liability when full payment was due and required. A taxpayer is not delinquent in cases where
enforced collection action is precluded.

(2) Examples-

(i) The taxpayer has received a statutory notice of deficiency, under I.R.C. Sec. 6212, which entitles the
taxpayer to seek Tax Court review of a proposed tax deficiency. This is not a delinquent tax because it is
not a final tax liability. Should the taxpayer seek Tax Court review, this will not be a final tax liability
until the taxpayer has exercised all judicial appeal rights.

(ii) The IRS has filed a notice of Federal tax lien with respect to an assessed tax liability, and the taxpayer
has been issued a notice under I.R.C. Sec. 6320 entitling the taxpayer to request a hearing with the IRS
Office of Appeals contesting the lien filing, and to further appeal to the Tax Court if the IRS determines
to sustain the lien filing. In the course of the hearing, the taxpayer is entitled to contest the underlying tax
liability because the taxpayer has had no prior opportunity to contest the liability. This is not a delinquent
tax because it is not a final tax liability. Should the taxpayer seek tax court review, this will not be a final
tax liability until the taxpayer has exercised all judicial appeal rights.

(iii) The taxpayer has entered into an installment agreement pursuant to LR.C. Sec. 6159. The taxpayer is
making timely payments and is in full compliance with the agreement terms. The taxpayer is not
delinquent because the taxpayer is not currently

required to make full payment.

(iv) The taxpayer has filed for bankruptcy protection. The taxpayer is not delinquent because enforced
collection action is stayed under 11 U.S.C. 362 (the Bankruptcy Code).

(b) The Offeror has [ ] has not [ ] within a three-year period preceding this offer, had one or more
contracts or OTAs terminated for default by any Federal agency.

(2) 'Principals,' for the purposes of this certification, means officers; directors; owners; partners; and,
persons having primary management or supervisory responsibilities within a business entity (e.g., general
manager; plant manager; head of a subsidiary, division, or business segment, and similar positions). THIS
CERTIFICATION CONCERNS A MATTER WITHIN THE JURISDICTION OF AN AGENCY OF
THE UNITED STATES AND THE MAKING OF A FALSE, FICTITIOUS, OR FRAUDULENT
CERTIFICATION MAY RENDER THE MAKER SUBJECT TO PROSECUTION UNDER SECTION
1001, TITLE 18, UNITED STATES CODE.

(c) The Offeror shall provide immediate written notice to the Contracting Officer if, at any time prior to
OTA award, the Offeror learns that its certification was erroneous when submitted or has become
erroneous by reason of changed circumstances.

(d) A certification that any of the items in paragraph (a) of this provision exists will not necessarily result
in withholding of an award under this SIR. However, the certification will be considered in connection
with a determination of the Offeror's responsibility. Failure of the Offeror to furnish a certification or
provide such

additional information as requested by the Contracting Officer may render the Offeror nonresponsible.
(e) Nothing contained in the foregoing shall be construed to require establishment of a system of records
in order to render, in good faith, the certification required by paragraph (a) of this provision. The
knowledge and information of an Offeror is not

required to exceed that which is normally possessed by a prudent person in the ordinary course of
business dealings.

(f) The certification in paragraph () of this provision is a material representation of fact upon which
reliance was placed when making award. If it is later determined that the Offeror knowingly rendered an
erroneous certification, in addition to other remedies available to the Government, the Contracting Officer
may terminate the OTA resulting from this SIR for default.

(End of provision)
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K.7 3.2.5-13 Contractor Code of Business Ethics and Conduct (April 2010)

(a) Definition.

"Agent" means any individual, including a director, an officer, an employee, or an independent
Contractor, authorized to act on behalf of the organization.

"Full cooperation”

(1) Means disclosure to the Government of the information sufficient for law enforcement to identify the
nature and extent of the offense and the individuals responsible for the conduct. It includes providing
timely and complete response to Government auditors' and investigators' request for documents and
access to employees with information;

(2) Does not foreclose any Contractor rights arising in law, the AMS, or the terms of the OTA. It does not
require:

(i) A Contractor to waive its attorney-client privilege or the protections afforded by the attorney work
product doctrine; or

(i) Any officer, director, owner, or employee of the Contractor, including a sole proprietor, to waive his
or her attorney client privilege or Fifth Amendment rights; and (3) Does not restrict a Contractor from
(i) Conducting an internal investigation; or

(ii) Defending a proceeding or dispute arising under the OTA or related to a potential or disclosed
violation.

"Outlying areas," as used in this clause means: (1) Commonwealths. (i) Puerto Rico. (ii) The Northern
Mariana Islands; (2) Territories. (i) American Samoa. (ii) Guam. (iii) U.S. Virgin Islands; and (3) Minor
outlying islands. (i) Baker Island. (ii) Howland Island. (iii) Jarvis Island. (iv) Johnston Atoll. (v) Kingman
Reef. (vi) Midway Islands. (vii) Navassa Island. (viii) Palmyra Atoll. (ix) Wake Atoll.

"Principal" means an officer, director, owner, partner, or a person having primary management or
supervisory responsibilities within a business entity (e.g., general manager; plant manager; head of a
subsidiary, division, or business segment; and similar positions).

"Subcontract” means any contract entered into by a subcontractor to furnish supplies or services for
performance of a prime contract/OTA or a subcontract.

"Subcontractor” means any supplier, distributor, vendor, or firm that furnished supplies or services to or
for a prime contractor or another subcontractor. "United States," as used in this clause, means the 50
States, the District of Columbia, and outlying areas.

(b) Code of business ethics and conduct.

(1) Within 30 days after OTA award, unless the Contracting Officer establishes a longer time period, the
Contractor must:

(i) Have a written code of business ethics and conduct; and

(ii) Provide a copy of the code to each employee engaged in performance of the contract.

(2) The Contractor must-

(i) Exercise due diligence to prevent and detect criminal conduct; and

(ii) Otherwise promote an organizational culture that encourages ethical conduct and a commitment to
compliance with the law.

(3)(i) The Contractor must timely disclose, in writing, to the agency Office of the Inspector General
(OIG), with a copy to the Contracting Officer, whenever, in connection with the award, performance, or
closeout of this contract or any subcontract thereunder, the Contractor has credible evidence that a
principal, employee, agent, or subcontractor of the Contractor has committed:
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(A) A violation of Federal criminal law involving fraud, conflict of interest, bribery, or gratuity violations
found in Title 18 of the United States Code; or

(B) A violation of the civil False Claims Act (31 U.S.C. 3729-3733).

(ii) The Government, to the extent permitted by law and regulation, will safeguard and treat information
obtained pursuant to the Contractor's disclosure as confidential where the information has been marked
'confidential' or 'proprietary' by the company. To the extent permitted by law and regulation, such
information will not be released by the Government to the public pursuant to a Freedom of Information
Act request, 5 U.S.C. Section 552, without prior notification to the Contractor. The Government may
transfer documents provided by the Contractor to any department or agency within the Executive Branch
if the information relates to matters within the organization's jurisdiction.

(iii) If the violation relates to an order against a Government wide acquisition contract, a multi-agency
contract, a multiple-award schedule contract such as the Federal Supply Schedule, or any other
procurement instrument intended for use by multiple agencies, the Contractor must notify the OIG of the
ordering agency and the IG of the agency responsible for the basic contract. (c) Business ethics awareness
and compliance program and internal control system. This paragraph (c) does not apply if the Contractor
has represented itself as a small business concern pursuant to the award of this OTA. All other
Contractors must establish within 90 days after award, unless the Contracting Officer establishes a longer
time period:

(1) An ongoing business ethics and business conduct awareness program.

(i) This program must include reasonable steps to communicate periodically and in a practical manner the
Contractor's standards and procedures and other aspects of the Contractor's business ethics awareness and
compliance program and internal control system, by conducting effective training programs and otherwise
disseminating information appropriate to an individual's respective roles and responsibilities.

(i) The training conducted under this program must be provided to the Contractor's principals and
employees, and as appropriate, the Contractor's agents and subcontractors. (2) An internal control system.
(i) The Contractor's internal control system must:

(A) Establish standards and procedures to facilitate timely discovery of improper conduct in connection
with FAA contracts or OTAs; and

(B) Ensure corrective measures are promptly instituted and carried out.

(ii) At a minimum, the Contractor's internal control system should provide for:

(A) Assignment of responsibility at a sufficiently high level and adequate resources to ensure
effectiveness of the business ethics awareness and compliance program and internal control system.

(B) Reasonable efforts not to include an individual as a principal, whom due diligence would have
exposed as having engaged in conduct that is in conflict with the Contractor's code of business ethics and
conduct.

(C) Periodic reviews of company business practices, procedures, policies, and internal controls for
compliance with the Contractor's code of business ethics and conduct and any special requirements of
FAA contracting, including;

(1) Monitoring and auditing to detect criminal conduct;

(2) Periodic evaluation of the effectiveness of the business ethics awareness and compliance program and
internal control system, especially if criminal conduct has been detected; and

(3) Periodic assessment of the risk of criminal conduct, with appropriate steps to design, implement, or
modify the business ethics awareness and compliance program and the internal control system as
necessary to reduce the risk of criminal conduct identified through this process. (D) An internal reporting
mechanism, such as a telephone hotline, by which employees may report suspected instances of improper
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conduct, and instructions that encourage employees to make such reports; and

(E) Disciplinary action for improper conduct or for failing to take reasonable steps to prevent or detect
improper conduct.

(F) Timely disclosure, in writing, to the agency OIG, with a copy to the Contracting Officer, whenever, in
connection with the award, performance, or closeout of any Government contract or OTA performed by
the Contractor or a subcontract thereunder, the Contractor has credible evidence that a principal,
employee, agent, or subcontractor of the Contractor has committed a violation of Federal criminal law
involving fraud, conflict of interest, bribery, or gratuity violations found in Title 18 U.S.C. or a violation
of the civil False Claims Act (31 U.S.C. 3729-3733). '

(1) If a violation relates to more than one Government contract or OTA, the Contractor may make the
disclosure to the agency OIG and Contracting Officer responsible for the largest dollar value
contract/OTA impacted by the violation.

(2) If the violation relates to an order against a Government wide acquisition contract, a multi-agency
contract, a multiple-award schedule contract such as the Federal Supply Schedule, or any other
procurement instrument intended for use by multiple agencies, the contractor must notify the OIG of the
ordering agency and the IG of the agency responsible for the basic contract, and the respective agencies'
contracting officers.

(3) The disclosure requirement for an individual contract or OTA continues until at least 3 years after
final payment on the contract/OTA.

(4) The Government will safeguard such disclosures in accordance with paragraph (b)(3)(ii) of this
clause.

(G) Full cooperation with any Government agencies responsible for audits, investigations, or corrective
actions. (d) Subcontracts.

(1) The Contractor must include the substance of this clause, including this paragraph (d), in subcontracts
to large business concerns that have a value equal to or in excess of $5,000,000, and a performance period
of more than 120 days.

(2) In altering this clause to identify the appropriate parties, all disclosures of violation of the civil False
Claims Act or of Federal criminal law must be directed to the agency Office of the Inspector General,
with a copy to the Contracting Officer.

(End of Clause)
K.8 3.3.1-35 Certification of Registration in System for Award Management (August 2012)

In accordance with Clause 3.3.1-33, System for Award Management (SAM), offeror certifies that they are
registered in the SAM Database and have entered all mandatory information including the DUNS or
DUNS+4 Number.

Name:

Title:

Phone Number:

(End of provision)
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K.9 3.6.2-6 Previous Contracts and Compliance Reports (May 1997)

The offeror represents that--(a) It [ ] has, [ ] has not, participated in a previous contract or subcontract
subject either to the "Equal Opportunity" clause of this solicitation, the clause originally contained in
Section 310 of Executive Order No. 10925, or the clause contained in Section 201 of Executive Order No.
11114; (b) It [ ] has, [ ] has not, filed all required compliance reports; and (c) Representations indicating
submission of required compliance reports, signed by proposed subcontractors, will be obtained before

subcontract awards.
(End of Provision)

K.10 3.6.2-8 Affirmative Action Compliance (April 1996)

The offeror represents that (a) it [ ] has developed and has on file, [ ] has not developed and does not have
on file, at each establishment, affirmative action programs required by the rules and regulations of the
Secretary of Labor (41 CFR 60-1 and 60-2), or (b) it [ ] has not previously had contracts or OTAs subject
to the written affirmative action programs requirement of the rules and regulations of the Secretary of
Labor.

(End of provision)

K.11 3.13-4 Contractor Identification Number - Data Universal Numbering System (DUNS)
Number (August 2012)

(a) Definitions. As used in this clause

"Contractor Identification Number," as used in this provision, means "Data Universal Numbering System
(DUNS) number, which is a nine-digit number assigned by Dun and Bradstreet Information Services, to
identify unique business entities (taken from SAM clause)

"Data Universal Numbering System +4 (DUNS+4) number" means the DUNS number assigned by D&B
plus a 4-character suffix that may be assigned by a business concern. (D&B has no affiliation with this 4-
character suffix.) This 4-character suffix may be assigned at the discretion of the business concern to
establish additional SAM records for identifying alternative Electronic Funds Transfer.

(b) Contractor identification is essential for receiving payment and complying with statutory
contract/OTA reporting requirements. Therefore, the offeror shall provide its DUNS or DUNS+4 number
below. The DUNS number will be used by the Contracting Officer to verify that the offeror is registered
in the SAM database.

DUNS OR DUNS+4 NUMBER:

(¢) If the offeror does not have a DUNS number, it should contact Dun and Bradstreet directly to obtain

one.
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(1) An offeror may obtain a DUNS number

(i) If located within the United States, by calling Dun and Bradstreet at 1-866-705-5711 or via the Internet
at http://www.dnb.com/; or

(i) If located outside the United States, by contacting the local Dun and Bradstreet office.

(2) The offeror should be prepared to provide the following information:

(i) Company legal business.

(ii) Tradestyle, doing business, or other name by which your entity is commonly recognized.
(iii) Company Physical Street Address, City, State, and ZIP Code.

(iv) Company Mailing Address, City, State and ZIP Code (if different from physical street address).
(v) Company Telephone Number.

(vi) Date the company was started.

(vii) Number of employees at your location.

(viii) Chief executive officer/key manager.

(ix) Line of business (industry).

(x) Company Headquarters name and address (reporting relationship within your entity).

(End of provision)
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PART IV - SECTION L
INSTRUCTIONS, CONDITIONS, AND NOTICES TO OFFERORS

L.1  3.1-1 Clauses and Provisions Incorporated by reference (July 2011)

This screening information request (SIR) or OTA, as applicable, incorporates by reference the provisions
or clauses listed below with the same force and effect as if they were given in full text. Upon request, the
Contracting Officer will make the full text available, or offerors and contractors may obtain the full text
via Internet at: http://conwrite.faa.gov.

(End of clause)

3.2.2.3-1 False Statements in Offers (July 2004)

3.2.23-3 Affiliated Offerors (July 2004)

3.2.2.3-6 Submittals in the English Language (July 2004)

3.2.2.3-7  Submittals in U.S. Currency (July 2004)

3.2.2.3-11  Unnecessarily Elaborate Submittals (July 2004)

3.2.2.3-12  Amendments to Screening Information Requests (July 2004)
3.2.2.3-13  Submission of Information/Documentation/Offers (July 2004)
3.2.2.3-14  Late Submissions, Modifications, and Withdrawals of Submittals (July 2004)
3.2.2.3-16  Restricting, Disclosing and Using Data (July 2004)

3.2.2.3-17  Preparing Offers (July 2004)

3.2.2.3-18  Prospective Offeror's Requests for Explanations (March 2009)
3.2.2.3-72  Announcing Competing Offerors (July 2004)

3.11-6 Financial Statement (April 1999)

L.2 Type of Award

The FAA contemplates award of an OTA resulting from this Solicitation.

(End of provision)

L.3 Approval of Award

This OTA is subject to the written approval of an FAA Contracting Officer and shall not be binding until
so approved. It is possible the Government may issue two OTA vehicles from this SIR.

(End of clause)

L.4 General Proposal Instructions

a. Offerors are expected to examine the entire SIR. Failure to do so will be at the offeror’s own risk.

b. Replies to this SIR must follow the outline and/or instructions concerning format given below.
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c. This SIR contains terms and conditions which are proposed to be included in any resultant OTA. Sections
K. L. and M of this solicitation will not be issued as part of the formal OTA document, but will be retained in
the OTA file and considered to be incorporated as part of the OTA.

d. Offerors assume the full responsibility of ensuring that proposals are received at the place and by the
date and time specified below:

(1) Address: The Offerors shall submit all required documents as stated in Section C of this SIR
in accordance with the instructions therein.

Offerors are advised of the heightened security at the FAA William J. Hughes Technical Center.
Outside visitors will not have access to the facility to hand-deliver proposals unless they are in
possession of a valid DOT/FAA photo ID. Therefore, proposals should be mailed to the attention
of the FAA Contracting Officer identified in the solicitation. Additionally, offerors are reminded
of the requirements contained in AMS Clauses 3.2.2.3-13 — “Submission of
Information/Documentation/Offers” and 3.2.2.3-14 “Late Submissions, Modifications, and
Withdrawals of Submittals.”

(2) Date and Time: Pre Screening data submittals shall be submitted not later than 4 pm, local
time on 7/1/2014. All Pre-screening data must be included in one report.

The FAA may select some of the fuels associated with the pre-screening data for Phase 1 fuel
testing in accordance with Section M no later than September 1, 2014.

Updates to the Preliminary Assessment specified in Part IV, Section L.5.d.1 of this Soliciation
may be submitted upon completion of the Phase 1 testing. If the offeror intends to submit an
update, it must be submitted by December 31, 2015

The FAA may select some of the Phase 2 fuels for Phase 2 testing in accordance with Section M,
no earlier than March 31, 2015.

The FAA reserves the right to request 10,000 gallons of unleaded aveas fuel from selected Phase 1
fuel data submittals for the purpose of developing Phase 2 test data for that fuel until January 30,
2016.

For those Phase 1 fuels selected for Phase 2 evaluation, an ASTM International avgas test
specification and the accompanying research report must be submitted not later six months after
notification of Phase 2 selection.

(3) Signed Originals: One copy of each submittal shall contain the signed original of all
documents requiring signature by the Offeror. Use of reproductions of signed originals is
authorized in all other copies of the proposal. Also, see AMS Clause 3.13-4 - Contractor
Identification Number—Data Universal Numbering System (DUNS) Number, subparagraph (b).

Any proposal that does not explicitly comply with proposal instructions and SIR requirements may be
considered non responsive and may not be further considered for award.
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L.5 Technical Evaluation Process:

The Technical Evaluation will be conducted in two steps. The offeror will be required to submit pre-
screening data for evaluation in accordance with the Step levaluation criteria in Section M.

Upon completion of Phase 1 testing by the FAA, the resulting data from that testing, the ASTM
International avgas test specification and associated research report, and the update to the preliminary
feasibility assessment (if provided), will be evaluated in accordance with the Step 2 evaluation criteria
described in Section M.

Pre Screening Data Submissions:

Offerors will submit three hardcopies of the pre-screening fuel data and a CD containing the pre-
screening fuel data in Microsoft Word format. The pre-screening fuel data shall meet the
requirements described below. Mail the copies of the pre-screening fuel data to:

Lori McLaughlin
AAQ-620
Contracts Branch, Bldg 300, 4™ floor
William J. Hughes Technical Center
Federal Aviation Administration
Atlantic City, NJ 08405

In addition (not as a substitute for the paper copy), an electronic version of the pre-screening fuel
data will be e-mailed lori.mclaughlin@faa.gov.

There is no specific format for the pre-screening data. It may be preceded by a cover letter, but
the cover letter will not reviewed for technical data to be considered. If there is any information
in your submittal that you would like the FAA to consider “protected/proprietary”, please include
a specific request with your submission. At a minimum it shall contain the following items:

a. Offeror’s name, phone, and mailing and email addresses.
b. A Material Safety Data Sheet (MSDS) for the proposed unleaded avgas fuel.

c.  Anissued ASTM International Test Specification defining the properties for the
proposed unleaded avgas fuel and an issued ASTM International Research Report with
the compositional and test data utilized to support approval of the specification. In lieu of
an ASTM International Test Specification and Research Report, the offeror may submit
alternative data in accordance with Appendix 1. NOTE - an issued ASTM Test
Specification will be required for consideration into the Phase 2 testing program. For
planning purposes, offerors should plan on obtaining their ASTM Test Specification
within 3 years after the issuance date of this OTA.

d. A preliminary feasibility assessment of the proposed unleaded avgas that includes the
following elements:

1. Preliminary Production and Distribution Assessment: Define the production and
distribution infrastructure to be used to support deployment of this fuel. Identify gaps
in current avgas production and distribution system and develop preliminary plan to
address gaps and to scale-up production and distribution.
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2. Environmental & Toxicology Assessment: Review candidate fuel composition with
consideration to use and handling from an environmental perspective relative to
current aviation gasoline, including OSHA, EPA and other regulatory entities. Report
with compositional data, MSDS, environment and toxicology assessment, and other
relevant environmental data.

3. Preliminary Business Plan: Provide a description of your conceptual business plan to
support commercialization of the proposed fuel as a potential replacement for 100LL
that addresses the following:

a.

Scope of Solution: Describe the fuel, engine/aircraft hardware and operational
concept proposed, as necessary for entire general aviation fleet fuel
applicability

Applicability: Define expectations for what engines/aircraft in the fleet will
need modifications, and extent/nature of modifications, to operate on fuel
(either by models, HP classes, compression ratio, etc). (see FAA UAT ARC
final report at http://www.faa.gov/about/initiatives/avgas/)

Cost: Describe production and distribution costs of proposed fuel solution
including recurring costs of fuel and non-recurring costs associated with
modification of aircraft and/or air strip infrastructure.

Implementation: Describe business model concept to support production and
deployment of the unleaded avgas. Include existing or planned strategic
partnerships, financing strategies, infrastructure leveraging opportunities,
distribution strategies and other relevant details facilitating path to market.

Deployment Concept: Describe whether the proposed fuel is miscible and
fungible with 100LL. Does the solution require a separate distribution and
control system?

Intellectual Property: Declare IP associated with the candidate fuel and
include an explanation of how fuel producibility, distribution and cost will be
affected by IP protections.

Pre-screening fuel data will be accepted from the time of issuance of this Solicitation until July 1,
2014. Someone who is interested in submitting a fuel for consideration but who may not be ready
to provide pre-screening data until near the end of the pre-screening phase should submit a letter of
intent to the address listed below as early as possible. The FAA reserves the right to request a
Phase I fuel submission from any pre-screening candidate at any time after submittal of the
pre-screening data.

Pre-Screening Data Requirements

The pre-screening data submitted by the offeror must address the following two factors, at a minimum:

Factor 1: Fuel Properties and Performance

Fuel Compositional Range.
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The offeror must describe the bounds of the chemical compositions that are possible within the criteria of
the fuel specification. The offeror must discuss the interactions of the various possible fuel constituents,
and describe how worst case formulations were selected for testing.

The offeror should provide substantiation that test methods selected for the evaluation of the candidate
fuel provide an acceptable level of precision and repeatability.

Fuel Performance

The data provided by the offeror must describe the fuel performance characteristics relative to
combustion, fluidity, volatility, stability, corrosion, and other characteristics as specified in ASTM
International standard practice D7826, “Standard Guidance for the Evaluation of New Aviation Gasolines
and New Aviation Additives.”, section 6.2.2 and 6.2.4. Offerors must describe in detail how they meet the
requirements of same.

Aircraft Engine Performance.

The offeror must describe the performance of the fuel on an aircraft spark ignition piston engine relative
to detonation, operability, and engine performance, based on actual engine testing.

Materials Compatibility

The offeror must provide the details describing the compatibility of the candidate fuel with metallic and
non-metallic materials typically found in aircraft fuel systems as specified in ASTM International
standard practice D7826, “Standard Guidance for the Evaluation of New Aviation Gasolines and New
Aviation Additives.”, section 6.2.5. Offerors must describe in detail how they meet the requirements of
same.

Factor 2: Fuel Deployment Feasibility

The offeror must provide a preliminary feasibility assessment that includes information and data relating
to the compatibility of the candidate fuel with the existing infrastructure and environment.

The offeror must address the following areas, at a minimum:

Impact on Existing Aircraft Fleet:

The offeror must describe the impact of deployment of the candidate fuel on the existing fleet of aircraft.

Environmental Impact of the Candidate Fuel:

The offeror must provide data provided describing the impact of deployment of the candidate fuel on the
environment.

Fuel Definition and Control:

Offeror must describe the level of fuel definition and control provided by the fuel specification.

Producibility and Cost of Candidate Fuel:
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The offeror must provide data describing the producibility and the estimated production and distribution
cost of the candidate fuel. The offeror must provide justification for values submitted and a description of
the scale of production on which the values are based.

Impact on Existing Avgas Distribution Infrastructure:

The offeror must provide data describing the impact of deployment of the candidate fuel on the existing
avgas distribution infrastructure.

Fuel Delivery Requirements for Phase 1 Testing Upon Completion of Pre-Screening Data Review

If requested by the FAA, offerors shall deliver 100 gallons of unleaded avgas fuel for Phase 1 testing in
specified batches formulated to span the compositional range of the fuel specification and meeting the
fuel property and performance requirements specified in the offeror’s pre-screening fuel data. This fuel
shall be delivered in accordance with arrangements made with the FAA William J. Hughes Technical
Center. Fuel submissions for Phase 1 testing must be made not more than sixty (60) working days after
the date of the request.

Phase 1 Test Data Requirements for Admittance into Phase 2 Testing

The offeror must provide an ASTM International avgas test specification and the associated research
report.

The offer may provide an update to the preliminary feasibility assessment.
The FAA will provide the data produced from the Phase 1 testing.

The data must address the following two factors:

Factor 1: Fuel Properties and Performance

Fuel Performance:

The fuel performance , weathering and long-term storage stability characteristics, compatibility with
100LL fuel, compatibility with additives and lubricating oils, and health, safety and environmental
characteristics as specified in ASTM International standard practice D7826, “Standard Guidance for the
Evaluation of New Aviation Gasolines and New Aviation Additives.”, section 6.3.2. Offeror must
demonstrate compliance with same.

Aircraft Engine Performance:

The performance of the fuel on an aircraft spark ignition piston engine relative to detonation, operability,
and engine performance, based on actual engine testing.
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Rig/Component Testing:

The results of testing the fuel on rigs and components as specified in ASTM International standard
practice D7826, “Standard Guidance for the Evaluation of New Aviation Gasolines and New Aviation
Additives.”, section 6.3.4.

Materials Compatibility:

The compatibility of the candidate fuel with metallic and non-metallic materials typically found in aircraft
fuel systems as specified in ASTM International standard practice D7826, “Standard Guidance for the
Evaluation of New Aviation Gasolines and New Aviation Additives.”, section 6.3.3.

Factor 2: Fuel Deployment Feasibility
The offeror may update the preliminary feasibility assessment based on the data produced during the

Phase 1 testing to describe the compatibility of the candidate fuel with the existing infrastructure and
environment.

Impact on Existing Aircraft Fleet

The number of aircraft requiring modifications and the extent of those modifications.

Environmental Impact of the Candidate Fuel

The impact of deployment of the candidate fuel on the environment.

Fuel Definition and Control:

The level of fuel definition and control provided by the ASTM International fuel test specification.

Producebility and Cost of Candidate Fuel:

The produciility and the estimated production and distribution cost of the candidate fuel.

Impact on Existing Avgas Distribution Infrastructure:

The impact of deployment of the candidate fuel on the existing avgas distribution infrastructure.

Fuel Delivery Requirements for Phase 2 Testing Upon Completion of Phase I Testing

If requested by the FAA, offers shall deliver 10,000 gallons of unleaded avgas fuel for Phase 2 testing in
specified batches formulated to span the compositional range of the fuel specification and meeting the
fuel property and performance requirements specified in the offeror’s pre-screening fuel data. The fuel
shall be delivered in accordance with arrangements made with the FAA William J. Hughes Technical
Center. Fuel submissions for Phase 2 testing must be made not more than six months after the date of the

request.

Any proposal that does not explicitly comply with Section L instructions and SIR requirements may be
considered non responsive and may not be further considered.
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In accordance with AMS Clause 3.1.7-5, Disclosure of Conflicts of Interest, you shall fully discuss
the potential impact of such conflicts of interests and your ability to perform all required services
under this proposed OTA. Offerors shall provide a plan for mitigating the identified conflicts.
Offerors with identified organizational conflicts of interest that would preclude their ability to fully
perform under this SOW in an unbiased manner may be eliminated from the competition. If an
existing or potential organizational conflict of interest (either prime or subcontractor) is not
applicable, then the offeror shall certify as such in accordance with AMS 3.1.7-5, and include this
certification with their Phase I submittal.

Scoring Criteria and Grading Scheme are set forth in Section M. Any technical data submission that are
larger than 10 MB must be submitted via separate emails or “zipped” to avoid email clogging.

In light of evolving technology and testing capabilities, the FAA reserves the right to update/amend
evaluation criteria post announcement.

L.8 Submission of Questions

Questions and comments that arise from this solicitation may be submitted, in writing only, via e-mail to:
lori.mclaughlin@faa.gov and will be allowed through 4 pm, local time on July 1, 2014. They will be
answered in an Amendment to the SIR if deemed necessary for all interested parties to become aware of.
Otherwise, an e-mail response would be initiated to the party submitting inquiry. If an amendment is
issued, it will be published at http:/faaco.faa.gov/ under current announcements for the William J.
Hughes Technical Center. Therefore, it is the offerors responsibility to visit this website frequently for
updates on this procurement.
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PART IV - SECTION M
EVALUATION FACTORS FOR AWARD

M.1 Basis for Award

The Government intends to evaluate submittals using the two factors for Phase I and the two
factors listed for Phase II, as stated in Section L.

The burden of providing thorough and complete information rests with the offeror. Only
information supplied in full text in the proposal will be evaluated. Offerors are cautioned that
failure to provide all the required information may result in elimination of the offeror from
further consideration for award.

The Government reserves the right to award an OTA immediately following review of all
proposals, and may or may not require communications or negotiations with the successful
offeror.

Therefore, it is critical that each offer be fully responsive to this SIR and its provisions.
Additionally, the Government reserves the right to conduct communications and negotiations
with any competing offeror, or all competing offerors as the situation warrants.

No contractual obligation or liability on the part of the Government shall exist unless and until
the OTA is awarded. Therefore, no offeror should begin work on the services and other
requirements called for by this SIR until after formal notice of OTA award.

M.2 Responsibility

Prior to award, a prospective offeror must be determined responsible. To be considered
responsible, an offeror must have adequate financial resources to perform the effort, or be able to
obtain them, be able to comply with the delivery schedule, have a satisfactory performance
record, have a satisfactory record of integrity and business ethics, have necessary skills,
equipment and facilities or ability to obtain them, and be otherwise qualified and eligible to
receive an award under applicable laws and regulations. The Government reserves the right to
conduct a pre-award survey on a proposed contractor or any proposed subcontractors.

No contractual obligation or liability on the part of the Government shall exist unless and until
the OTA is awarded. Therefore, the offeror will not begin work on the services and other
requirements called for by this SIR until after formal notice by the Government that an OTA or
other official document has been issued.

M.3 Technical Evaluation Process

If a conflict of interest mitigation plan is received, the CO will review and coordinate this document with
legal counsel and customer organization, if necessary. The evaluation team members will independently
examine each proposal in detail. The members will measure each proposal against the requirements set

forth in the SIR.
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The Technical Evaluation will be conducted in two steps:

Step 1

Pre-Screening Data will be evaluated for admission of the offeror’s unleaded avgas into the Phase 1
testing program relative to the impact on the existing fleet of aircraft in the following areas:

1. Fuel Performance Characteristics:

Fuel properties across the entire compositional range.

Fuel performance characteristics relative to combustion, fluidity, volatility, stability,
corrosion, and other characteristics.

Detonation, performance and engine operability when operating an aircraft engine
with the fuel.

Compatibility with metallic and non-metallic materials typically found in aircraft fuel
systems.

2. Fuel Deployment Feasibility

a.

Impact of fuel deployment on existing fleet of aircraft relative to number of aircraft
requiring modifications, and the extent of those modifications

Impact of fuel deployment on existing avgas distribution infrastructure relative to
compatibility with existing equipment and procedures.

Estimated production and distribution cost of fuel, with justification for values
submitted. Can be provided at various levels of production (i.e Phase 1 quantity,
Phase 2 quantity, full-scale production, etc)_

Environmental impact of fuel

Compatibility with the fuel definition and control requirements of the aviation fuel
production, distribution and operation infrastructure

After review of the pre-screening fuel data in accordance with Step 1 above, the FAA will respond to
offerors in one of three ways:

)

Requesting that the offeror provide 100 gallons of unleaded avgas fuel in specified
batches formulated to span the compositional range of the fuel specification in the
offeror’s pre-screening fuel data for Phase I testing and request that the offeror enter
into an OTA that defines the Phase I test program and the composition and volumes of
the batches that comprise the 100 gallon requirement.

2) Recommending that the offeror submit a revised pre-screening fuel data package
with certain changes made or conditions met.
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3) Notifying the offeror that the pre-screening fuel data does not support admittance
into the Phase 1 testing program.

Test data from Phase 1, the ASTM International test specification and associated research report, and the
updated preliminary feasibility assessment (if provided), will be evaluated for admission of the offeror’s
unleaded avgas fuel into the Phase 2 testing program relative to the impact on the existing fleet of aircraft
in the following areas:

1. Fuel Performance Characteristics:

Fuel performance characteristics relative to carburetor icing, fuel gauging and
capacitance, conductivity and static dissipation, surface tension, thermal conductivity,
dielectric constant, gum formation, microbial contamination, and other characteristics.

Weathering and long-term storage stability
Compatibility with 100LL fuel, additives and lubricating oils.
Health, safety and environmental characteristics

Detonation, performance and engine operability when operating an aircraft engine with
the fuel.

Compatibility with metallic and non-metallic materials typically found in aircraft fuel
systems.

Compatibility with fuel filtration systems and other distribution system components and
materials.

2. Fuel Deployment Feasibility

a.

C.

d.

3

Impact of fuel deployment on existing fleet of aircraft relative to number of aircraft
requiring modifications, and the extent of those modifications

Impact of fuel deployment on existing avgas distribution infrastructure relative to
compatibility with existing equipment, quality and handling procedures.

Estimated production and distribution cost of fuel

Environmental impact of fuel

ASTM International aviation fuel specification availability

After review of the Phase 1 test data, the ASTM avgas test specification and associated research report,
and the updated preliminary feasibility assessment (if provided), in accordance with Step 2 above, the
FAA will provide the Phase 1 test data and respond to offerors in one of two ways:
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a. Requesting (1) that the offeror provide 10,000 gallons of unleaded avgas fuel in specified
batches formulated to span the compositional range of the fuel specification in the offeror’s pre-
screening fuel data for Phase 2 testing and (2) that the offeror enter into an OTA that defines the
Phase 2 test program and the composition and volumes of the batches that comprise the 10,000
gallon requirement.

b. Notifying the offeror that the Phase 1 test data does not support admittance into the Phase 2
testing program.

After receipt and testing of 10,000 gallons of unleaded avgas fuel, the FAA will provide Phase 2 test data
to the offerors.

Step 1 and Step 2 evaluation criteria are described below.

Step 1 Evaluation Criteria Description

The Step 1 technical evaluation criteria is based on the following two factors. These factors are of equal
importance and will be graded in accordance with the grading scheme described in paragraph entitled
“Grading Scheme” in paragraph M.4 below.

Factor 1: Fuel Properties and Performance

Fuel Compositional Range:

Fuel Composition Range will be evaluated relative to the definition and control of the candidate fuel.

Fuel Performance:

Offeror’s submission will be evaluated for fit for purpose for use on aircraft spark ignition piston engines.

Aircraft Engine Performance.:

Offer’s submission will be evaluated for fit for purpose for use on those engines.

Materials Compatibility:

Offeror’s submission will be evaluated for fit for purpose for use on aircraft spark ignition piston engines.

Factor 2: Fuel Deployment Feasibility

Impact on Existing Aircraft Fleet:

The offeror’s submission will be evaluated relative to number of aircraft requiring modifications, and the
extent of those modifications.
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Environmental Impact of the Candidate Fuel:

Offeror’s submission will be evaluated relative to current aviation gasoline and associated regulatory
requirements.

Fuel Definition and Control:

Offeror’s submission will be evaluated relative to the current industry requirements of the aviation fuel
production, distribution and operation infrastructure.

Produceability and Cost of Candidate Fuel:

Offeror’s submission will be evaluated relative to the current economics of the General Aviation industry.

Impact on Existing Avgas Distribution Infrastructure:

Offeror’s submission will be evaluated relative to compatibility with existing equipment and procedures.

Step 2 Evaluation Criteria Description

The Step 2 technical evaluation criteria is based on the following two factors. These factors are of equal
importance and will be graded in accordance with the grading scheme described in paragraph entitled
“Grading Scheme” in this paragraph M.4 below.

Factor 1: Fuel Properties and Performance

Fuel Performance:

Offeror’s data from Phase 1 testing will be evaluated for fit and purpose for use on aircraft spark ignition
piston engines.

Aircraft Engine Performance:

Offer’s data from Phase 1 testing will be evaluated for fit for purpose for use on those engines.

Rig/Component Testing:

Offeror’s data from Phase 1 testing will be evaluated for fit for purpose for use on aircraft spark ignition
piston engines.

Materials Compatibility

Offeror’s data from Phase 1 testing will be evaluated for fit for purpose for use on aircraft spark ignition
piston engines.
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Factor 2: Fuel Deployment Feasibility

The offeror may update the preliminary feasibility assessment based on the data produced during the
Phase 1 testing to describe the compatibility of the candidate fuel with the existing infrastructure and
environment.

Impact on Existing Aircraft Fleet:

Offeror’s data from Phase 1 testing will sbe evaluated relative to number of aircraft requiring
modifications, and the extent of those modifications

Environmental Impact of the Candidate Fuel:

Offeror’s data from Phase 1 testing will be evaluated relative to current aviation gasoline and associated
regulatory requirements.

Fuel Definition and Control:

Offeror’s data from Phase 1 testing will be evaluated relative to the current industry requirements of the
aviation fuel production, distribution and operation infrastructure.

Producebility and Cost of Candidate Fuel:

Offeror’s data fromPhase 1 testing will be evaluated relative to the current economics of the General
Aviation industry.

Impact on Existing Avgas Distribution Infrastructure:

Offeror’s data from Phase 1 testing will be evaluated relative to compatibility with existing equipment
and procedures.

Any proposal that does not explicitly comply with Section L instructions and SIR requirements may be
considered non responsive and may not be further considered.

In accordance with AMS Clause 3.1.7-5, Disclosure of Conflicts of Interest, you shall fully discuss
the potential impact of such conflicts of interests and your ability to perform all required services
under this proposed OTA. Offerors shall provide a plan for mitigating the identified conflicts.
Offerors with identified organizational conflicts of interest that would preclude their ability to fully
perform under this SOW in an unbiased manner may be eliminated from the competition. If an
existing or potential organizational conflict of interest (either prime or subcontractor) is not
applicable, then the offeror shall certify as such in accordance with AMS 3.1.7-5, and include this
certification with their Phase I submittal.

The chairperson must prepare an Offeror Technical Evaluation Report and Offeror Narrative Reports to
be submitted to the CO.

The Technical Evaluation will be conducted in two steps. The offeror will be required to submit pre-
screening data for evaluation in accordance with Section L. Once Pre-Screening has been accomplished,
or anytime during the Pre-Screening process, the FAA may elect to request 100 gallons of unleaded avgas
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in specified batches, in accordance with Phase I information in the SOW. The FAA may select some of
the Phase I fuels for Phase 2 evaluation at any time during Phase 1.

M.4 Scoring Definitions and Grading Scheme:

For the purpose of this evaluation plan the following definitions apply.

Strength: Any aspect of the submittal when judged against a stated evaluation criteria, which enhances
the merit of the proposal or increases the probability of successful performance of the OTA. A significant
strength appreciably enhances the merit of a proposal or appreciably increases the probability of
successful OTA performance.

Weakness: A weakness is “a flaw that increases the risk of unsuccessful performance.”

Deficiency: A deficiency is “a material failure of a proposal to meet a government requirement or a
combination of significant weaknesses in a proposal that increases the risk of unsuccessful OTA

performance to an unacceptable level.”

Grading Scheme:

The descriptions and grading scheme listed below will be used to grade the responses to the factors
outlined above.

Excellent: A proposal that meets or exceeds all of the Governments requirements, contains extensive
detail, demonstrates a thorough understanding of the requirements, is highly feasible (low risk) and offers
numerous significant strengths which are not offset by weaknesses.

Good: A proposal that meets or exceeds all of the Governments requirements, contains at least adequate
detail, demonstrates at least an understanding of the requirements, is at least feasible (low to moderate
risk) and offers some significant strengths or numerous strengths which are not offset by weaknesses.

Satisfactory: A proposal that at least meets all of the Governments requirements, contains at least
minimal detail, demonstrates at least a minimal understanding of the requirements, is at least feasible
(moderate to high risk. No deficiencies exist and any combination of weaknesses is not a risk to
successful OTA performance.

Unacceptable: A response that does not meet the requirements of the SIR as measured by the stated
evaluation criteria and is not acceptable because of some significant weakness. This weakness is a risk to
successful performance. Deficiencies exist.

Any proposal that does not explicitly comply with Section L instructions and SIR requirements may be
considered non responsive and may not be further considered.

In accordance with AMS Clause 3.1.7-5, Disclosure of Conflicts of Interest, you shall fully discuss
the potential impact of such conflicts of interests and your ability to perform all required services
under this proposed OTA. Offerors shall provide a plan for mitigating the identified conflicts.
Offerors with identified organizational conflicts of interest that would preclude their ability to fully
perform under this SOW in an unbiased manner may be eliminated from the competition. If an
existing or potential organizational conflict of interest (either prime or subcontractor) is not
applicable, then the offeror shall certify as such in accordance with AMS 3.1.7-5, and include this

certification with their Phase I submission.



APPENDIX 1
Alternative Data in Lieu of ASTM International Test Specification and Research Report

1. Introduction

The offeror shall meet the requirements defined in this Appendix if alternative data in lieu of an ASTM
International Test Specification and Research Report is submitted in the pre-screening data package.

2. Fuel Specification

The fuel shall be defined and controlled by a specification that defines fuel performance and compositional
properties necessary to ensure that all possible compositional formulations within that specification provide
consistent full-scale engine performance. The specification property criteria should include, as a minimum, those
properties listed in Table 1 of ASTM International D910, “Standard Specification for Aviation Gasolines”.

3. Substantiation Report

A substantiation report providing data produced in accordance with section 6.2 of ASTM International Standard
Specification D 7826-12, “Standard Guidance for the Evaluation of New Aviation Gasolines and New Aviation
Gasoline Additives”, shall be submitted with the pre-screening data.

4. Test Batch Formulation Proposal

A proposal that defines the composition of test batches to be submitted for Phase 1 and Phase 2 testing in
accordance with sections L of this solicitation shall be submitted. This proposal must be accompanied by
substantiating data that analyzes the compositional range of the specification submitted in accordance with section
2 of this appendix and identifies the extreme compositional formulations necessary to support an evaluation of the
fit for purpose of the proposed fuel specification for use on aircraft piston engines. The substantiating data should
consider the test requirements of sections 6.2 and 6.3 of ASTM International Standard Specification D 7826-12,
“Standard Guidance for the Evaluation of New Aviation Gasolines and New Aviation Gasoline Additives”, and
any other testing necessary for FAA certification of piston engines or aircraft to operate with the proposed fuel.
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Executive Summary

Aviation gasoline (AVGAS) is a vital element of the piston engine aircraft safety system.
Approximately 167,000 aircraft in the United States and 230,000 worldwide rely on 100 low
lead (100LL) AVGAS for safe operation. 100LL is also the only remaining transportation fuel in
the United States that contains the additive tetraethyl lead (TEL). The AVGAS used today has its
origins in the development of the high power aircraft engines necessary to enable reliable and
economical military and commercial flight. TEL has been used as an AVGAS additive for
decades to create the very high octane levels required to prevent detonation (engine knock) in
high power aircraft engines. Operation with inadequate fuel octane can result in engine failure
and aircraft accidents.

Petitions and potential litigation from environmental organizations regarding lead-containing
AVGAS have called for the US Environmental Protection Agency (EPA) to consider regulatory
actions to eliminate or reduce lead emissions from aircraft. Similar regulatory actions are under
consideration globally. These activities raise concerns about the continued availability and use
of leaded AVGAS. Worldwide uncertainty and concern exists amongst piston aircraft
equipment manufacturers, AVGAS producers, AVGAS distributors, fixed base operators, aircraft
owners and aircraft operators regarding:

(a) Future utility and value of existing aircraft

(b) Availability and cost of aviation gasoline to maintain viable business operations
(c) Justification of new aviation product development

(d) Justification of new aircraft purchases.

With the current number of piston aircraft in the US alone more than 200 times larger than
annual new aircraft production, the turnover rate of the existing fleet is very low. This low
turnover rate leaves existing piston engine aircraft owners particularly vulnerable to
devaluation of their aircraft should an unleaded replacement AVGAS be incompatible with the
existing fleet. This vulnerability, combined with the stagnation of new aircraft sales and an
overall deteriorating economic condition within the aviation industry, has created a sense of
urgency regarding the development and deployment of an unleaded AVGAS that meets the
performance demands of the current fleet.

In response to the rapidly increasing concerns expressed by the General Aviation community,
the Unleaded AVGAS Transition Aviation Rulemaking Committee (UAT ARC) was chartered on
January 31, 2011, by the Federal Aviation Administration (FAA) Administrator to investigate,
prioritize, and summarize the current issues relating to the transition to an unleaded AVGAS;
and to recommend the tasks necessary to investigate and resolve these issues. The committee
was also tasked to provide recommendations for collaborative industry-government initiatives
to facilitate the development and deployment of an unleaded AVGAS with the least impact on
the existing piston-engine aircraft fleet. The committee was comprised of key stakeholders
from the General Aviation community including aviation trade/membership associations,
aircraft and engine manufacturers, petroleum and other fuel producers, the EPA and the FAA.
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The UAT ARC has identified the following issues that must be considered in any effort to
transition the aviation industry to an unleaded AVGAS:

A

A

An unleaded replacement fuel that meets the needs of the entire fleet does not
currently exist.

No program exists that can coordinate and facilitate the fleet-wide evaluation,
certification, deployment, and impact of a fleet-wide replacement AVGAS.

No market driven reason exists to move to a replacement fuel due to the limited size of
the AVGAS market, diminishing demand, specialty nature of AVGAS, safety, liability, and
the investment expense involved in a comprehensive approval and deployment process.

No FAA policy or test procedures exist to enable fleet-wide assessment and certification
of a replacement unleaded fuel.

There is no standardized method for communicating to the industry and end-users the
impacts posed by a newly proposed fuel.

In response to these issues the UAT ARC has developed five Key Recommendations and
fourteen additional recommendations to facilitate the transition to a fleet-wide replacement
AVGAS. The UAT ARC respectfully submits these recommendations accompanied by the
supporting material contained in this report and eagerly awaits FAA feedback and questions.

Key Recommendations:

1)

2)

The UAT ARC recommends implementation of the “Fuel Development Roadmap —
AVGAS Readiness Levels (ARL)” developed by the UAT ARC that identifies the key
milestones in the aviation gasoline development process and the information needed to
support assessment of the viability of candidate fuels in terms of impact upon the
existing fleet, production and distribution infrastructure, environment and toxicology,
and economic considerations. (See Section 4.2.1)

The UAT ARC recommends centralized testing of candidate unleaded fuels at the FAA
William J. Hughes Technical Center (Tech Center) funded by government and industry
in-kind contributions. Centralized assessment and testing would generate standardized
qualification and certification data that can be used by the fuel developer/sponsor to
support both ASTM specification development and FAA fleet-wide certification
eliminating the need for redundant testing. (See Section 4.3)

3) The UAT ARC recommends the establishment of a solicitation and selection process

for candidate unleaded aviation gasolines for the centralized fuel testing program. This
process should include a FAA review board with the technical expertise necessary to
evaluate the feasibility of candidate fuels. (See Section 4.3.2)

4) The UAT ARC recommends the FAA establish a centralized certification office with

sufficient resources to support unleaded aviation gasoline projects. (See Section 4.4)
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5) The UAT ARC recommends the establishment of a collaborative industry-government
initiative referred to as the Piston Aviation Fuels Initiative (PAFI) to implement the UAT
ARC recommendations in this report to facilitate the development and deployment of
an unleaded AVGAS with the least impact on the existing piston-engine aircraft fleet.
The overall objective of this initiative is to identify candidate unleaded aviation
gasolines, to provide for the generation of qualification and certification data on those
fuels, and to support fleet-wide certification of the most promising fuels. (See Section
4.5)

The 14 additional UAT ARC recommendations are detailed in Section 4 and support various
components of the 5 key recommendations to transition to a fleet wide replacement AVGAS.

Implementation of Recommendations — Piston Aviation Fuels Initiative

The UAT ARC believes that an integrated strategy for implementation of its recommendations
provides for the greatest opportunity for a successful transition. This implementation will
require an estimated $57.5M of public funds and $13.5M of industry in-kind support over 11
years. PAFI is the vehicle for implementation of this strategy. The components of PAFI will
include an FAA Fuel Testing Program, FAA Centralized Certification Office and a PAFI Steering
Group (PSG). The PSG will be composed of industry stakeholders and serves to marshal industry
expertise and to facilitate FAA’s testing and certification processes. It is important to note that
the costs associated with the PAFI initiative do not include aircraft and engine recertification
and incorporation of potential aircraft modifications to the existing fleet that might be
necessary to accommodate any new fuel (see Section 5.5.2). It is impossible to quantify these
costs without a clearer picture of the properties of the fuels that emerge from the PAFI
program, but it is clear that it will represent a significant investment by industry.

The overall objective of PAFI is to utilize industry experts to support an FAA process that
identifies candidate unleaded aviation gasolines, provides for the generation of qualification
and certification data on those fuels, supports fleet-wide certification of the most promising
fuels and facilitates deployment of those fuels throughout the industry. The UAT ARC has
provided significant details on the creation, operation, costs and tasks to be performed under
PAFI in section 5.0.

The projected activities, milestones, estimated resources, and estimated funding required for
PAFI and the FAA to accomplish the above activities are presented in this report. The UAT ARC
considers the adoption of these recommendations to be critically important to the health and
welfare of the national economy due to the significant role that General Aviation and piston
engine-powered aircraft play in our aviation transportation system and this nation’s production
of goods and services.

In the construction of these recommendations, alternate scenarios were examined that did not
address the key issues identified in this executive summary and hence reduced the direct
expense of the effort. These scenarios, however, carried significant risk of fleet impact, the risk
of environmental regulatory action, prolonged economic uncertainty and substantive
devaluation of consumer property.
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1. Background

1.1. Value of General Aviation

Over the past century, General Aviation, which includes all flying except for military and
scheduled airline operations, has become a significant and integral part of the U.S. economy
creating millions of jobs and making a positive impact on the U.S. balance of trade. The United
States continues to be one of the world leaders in the design, manufacture, and use of General
Aviation airframes, engines, avionics, and supporting technologies.

General Aviation is a key catalyst for economic growth and has a profound influence on the
quality of life in the United States. General Aviation today touches nearly every aspect of our
daily lives, and its continued success will shape American society and the American economy
over the next century.

The Societal and Economic Impacts of General Aviation and piston-engine aircraft are a key
component of our nation’s transportation infrastructure and economy. There are 5,261 public-
use airports that can be directly accessed by General Aviation aircraft—more than ten times the
number of airports served by scheduled airlines. These public use airports are the only available
option for fast, reliable, flexible air transportation to small and rural communities in every
corner of the country. General Aviation directly supports jobs in these communities, provides a
lifeline for small to mid-sized businesses, and provides critical services to remote cities and
towns, particularly in time of natural disaster or crisis. In addition, there are an estimated
11,500 additional private landing facilities in the nation giving additional rural access when
necessary. As a result, General Aviation is uniquely situated to serve some of the public’'s most
crucial transportation needs.

The economic impact of General Aviation is also significant representing more than one percent
of the U.S. GDP. General Aviation contributes to the U.S. economy by creating manufacturing
output, employment, and earnings that would not otherwise occur. Direct impacts, such as the
purchase of a new aircraft, multiply as they trigger transactions and create jobs elsewhere in
the economy (e.g., sales of materials, electronics, and a wide range of other components
required to make and operate an airplane). Indirect effects accrue as General Aviation supports
other facets of the economy, such as small business, rural economies, and tourism. Directly or
indirectly, General Aviation accounted for over 1.25 million high-skill, high-wage jobs in
professional services and manufacturing in 2005 (with collective earnings exceeding $53 billion)
and contributed over $150 billion to the U.S. economy. General Aviation is one of the few
remaining manufacturing industries that still provide a significant trade surplus for the United
States generating nearly S5 billion in exports of domestically manufactured airplanes.

Often, General Aviation is thought of as recreational aviation, but there are many commercial
and governmental operations that fall within this category of flying.

General Aviation is a particularly critical resource in rural and remote parts of the nation where
surface transportation is limited or non-existent. In the State of Alaska for example, General
Aviation is often the only means of transporting food, clothing, fuel, and all other forms of life
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sustaining supplies throughout the state. The Alaska Department of Transportation Aviation
Division estimated that in 2007 aviation contributed $3.5 billion directly and indirectly to the
state economy and supported 47,000 jobs. This accounts for 8 percent of state GDP and 10
percent of average employment, making aviation the 5t largest employer in the state. General
Aviation makes up by far the vast majority of aviation activity in the State of Alaska. While
Alaska is the most extreme example of dependence on General Aviation, other rural and
remote areas of the country in the other 49 states also depend heavily on General Aviation for
their transportation and supply needs.

General Aviation also plays an important role in supporting air carrier and military flying.
General Aviation piston powered aircraft are utilized in most, if not all training programs for
commercial pilot training. Both single and multiengine piston aircraft serve as the primary and
advanced training aircraft at the flight schools and University aviation programs that train
today’s and tomorrow’s airline pilots. The military uses piston engine General Aviation aircraft
in training programs such as the United States Air Force’s Initial Flight Screening Program (IFS).

General Aviation Facts

v’ Piston engine aircraft, those aircraft that use AVGAS and are directly
impacted by this issue, account for 73% (167,000 aircraft) of the U.S.
General Aviation fleet.

v" Over two-thirds of all the hours flown by General Aviation aircraft are
for business purposes.

v’ General Aviation is the primary training ground for most commercial
airline pilots.

v" In the U.S., General Aviation aircraft fly almost 24 million hours and
carry 166 million passengers annually.

v’ 225 million gallons of aviation gasoline were produced within the U.S.
in 2010 reflecting $1.3 billion in revenue.

v’ Production of aviation gasoline has declined on average approximately
6.5 million gallons per year since 1981.

Figure 1.0 — General Aviation Facts

Refer to the following link at the General Aviation Manufacturers Association for statistics on
the general aviation fleet and operation.

http://www.gama.aero/files/GAMA DATABOOK 2011 web.pdf

Refer to the following link to the U.S. Energy Information Administration for historical data on
domestic production of aviation gasoline.

http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MGAUPUS1&f=A
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1.2. History of Leaded Aviation Gasoline

Aviation Gasoline evolved to its present state out of the need for maximized engine
performance by producing the greatest possible power output per unit weight under all
environmental conditions. The development of piston engine technology in the first decades of
human powered flight was directly responsible for the evolution of ever larger, faster and more
capable aircraft. This advance in engine power to weight ratio was directly attributable to
advances in fuel technology.

After years of laboratory and practical testing of some 30,000 chemicals and compounds, in
1921 General Motors Corporation discovered that a lead compound called TEL could
significantly improve the anti-detonation characteristics of gasoline. The anti-knock qualities of
TEL was many orders of magnitude greater than any other chemical or metal researched and
adding only small amounts of the lead compound to gasoline could have dramatic results. It
was quickly learned that by increasing the anti-knock characteristics of the fuel or what became
known as the octane rating, engines could be developed to produce significantly greater power
output. By 1944 the war effort dramatically accelerated the advancement of piston powered
aircraft technology to its zenith that coincided with the development of the highest octane,
widely available fuel ever produced with a lean motor octane rating of 115. The fuel was
referred to as 115/145 and contained a maximum of 4.6 grams per gallon of TEL.

In the 1950’s, commercial aviation reached its pinnacle of aviation gasoline use and General
Aviation was rapidly growing in the United States. During this decade there were six grades of
aviation gasoline commonly produced ranging from a low of 73 octane up to the 115 octane
fuel required for many military and commercial piston powered aircraft. However, the change
in propulsion technology from piston to turbine engines was well underway in the military and
finding its way into the commercial fleet. This marked the beginning of the long-standing
decline in aviation gasoline production to this day.

In 1970, the original Clean Air Act was passed by Congress and this legislation targeted lead as
one of the primary emissions to be controlled. Accordingly, regulations were introduced by the
newly formed Environmental Protection Agency to reduce and eventually eliminate lead from
motor vehicle fuels. However, while lead emissions from aviation were to be studied no
specific action to remove lead from aviation gasoline was undertaken.

The public awareness and legislative/regulatory pressure to remove lead from fuels and the
rapid decline in aviation gasoline consumption brought about by the transition of the
commercial and military aircraft fleet to turbine engines made it economically infeasible to
continue to produce multiple grades of aviation gasoline. A period of consolidation occurred in
the 1970’s and 1980’s leading to the one grade of aviation gasoline available today; 100 octane
low lead (100LL) which contains a maximum of 2.0 grams per gallon of TEL. This represented a
roughly 50% reduction in lead emissions per gallon from the time when 115/145 fuel was
commonly used by the airlines and the military. Lead emissions were further reduced as
consumption of high octane aviation gasoline was replaced by jet fuel.
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Like any good compromise, 100LL was not the best fuel for all aircraft. Those aircraft requiring
the highest possible octane characteristics designed for 115/145 AVGAS were required to
operate at lower power settings causing adverse impacts in payload capacity, takeoff distances,
altitude and other performance characteristics. Conversely, low compression engines found in
the light end of the General Aviation fleet found 100LL to contain too much lead for their best
operation resulting in lead fouling of spark plugs and sticking valves among other difficulties.
For the bulk of the General Aviation fleet though, 100LL proved to be an acceptable fuel and
most of the aircraft and engines produced since the 1970’s were designed around the octane
characteristics of 100LL.
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Figure 2.0 - Historical AVGAS TEL Content, Ref ASTM D910

1.3. Drivers for Development of Unleaded Aviation Gasoline

With passage of the Clean Air Act Amendments in 1990 new regulations were promulgated by
the EPA to eliminate lead from the gasoline powering non-road engines and vehicles. It was
feared at that time that aviation gasoline might be considered a non-road fuel and thus be
subject to the lead elimination deadline in 1995. This sparked the beginning of serious
exploration to remove lead from AVGAS while attempting to preserve the performance
characteristics of the fuel and thus aviation safety. Over the ensuing 15 years, considerable
research was undertaken by the aviation and petroleum industries to develop a direct
replacement for 100LL without the use of lead. The FAA’s William J. Hughes Technical Center
played a key role in this effort. Test procedures were developed and numerous compounds
and additives were tested including a matrix of 245 fuels examined in a blind round robin test
overseen by the Coordinating Research Council. Forty-five of the most promising blends were
examined more closely in full-scale engine testing. However, none of the fuels could satisfy all
the performance requirements of 100LL.
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With the threat of law suits by environmental groups, a potential EPA endangerment finding for
lead emissions from aircraft, and mounting concern for the long-term availability of TEL, a
group of organizations representing aviation consumers, manufacturers, and petroleum
producers and distributors gathered together under the banner of the Aviation Gasoline
Coalition to examine the state of the fuel marketplace. They examined research into unleaded
fuels, the legal and regulatory landscape and fuel producibility and availability. The conclusion
was that there were no technically feasible and safe options for high octane unleaded gasoline
that would satisfy the existing fleet, though several research efforts were underway. Further,
there was considerable uncertainty about the cost and availability of candidate fuels that came
closest to approximating the performance of 100LL and recognition that these candidate fuels
could not safely meet the high horsepower needs of the fleet. It was also recognized that
while the high performance portion of the fleet represented a minority of aircraft
(approximately 30 percent), these aircraft used a majority of the AVGAS (estimated to be 70 to
80 percent) by virtue of their higher fuel consumption per hour and concentration of these
aircraft in commercial/business operations that fly far more hours relative to the broader
General Aviation community. This meant that any unleaded fuel solution needed to be of the
highest practicable octane level to satisfy that portion of the fleet that consumes the majority
of the fuel

Economic considerations play a role including the ability to produce any new fuel in large
guantities and in a cost-effective manner. Dual fuel solutions such as a high octane unleaded or
partially leaded fuel for the high performance aircraft and a low octane unleaded fuel for the
remainder of the fleet were considered. Upon careful examination, it was concluded that the
volumes of consumption and cost for dual infrastructure would prohibit any widespread
availability of two grades of aviation gasoline. In other industries where leaded fuel has been
phased out, attrition of the fleet has been the primary means of implementing the change.
However, the General Aviation fleet has an average age of 39 years, and growing, indicating
that conversion to unleaded fuel by attrition is not viable in the near term and that
recertification of the existing fleet to any new fuel would be required.

The formidable combination of technical and economic barriers to developing a satisfactory
and safe replacement unleaded fuel, combined with the never before attempted challenge of
recertifying the entire General Aviation piston fleet, will require the expertise and support of
entities involved in aviation aircraft, engine and gasoline production, testing, distribution, sale,
and use along with regulatory bodies such as the Environmental Protection Agency and the
Federal Aviation Administration. Accordingly, the General Aviation AVGAS Coalition made a
formal request to the FAA for the creation of a Federal/Private partnership to examine the full
range of issues associated with replacing leaded aviation gasoline with an unleaded alternative
that would satisfy the needs of the existing fleet. In January of 2011, the FAA responded by
chartering the UAT ARC whose membership includes representatives of aviation gasoline
producers and distributors, aircraft and engine manufacturers, aircraft owners and pilots, fixed
base operators and environmental and aviation regulatory agencies. Friends of the Earth, an
environmental organization pursuing legal action regarding lead emissions from aviation
gasoline, was invited to participate but declined.

2. UAT ARC Committee
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2.1. FAA Charter

The UAT ARC was established in response to a July 2010 petition from the General Aviation
Coalition with the official Charter signed by the FAA Administrator on January 31, 2011. The
period of performance was initially designated as being six months. The term of the Charter
was subsequently extended in June 2011 by an additional six months to January 31, 2012. A
copy of the Charter is included in Appendix A. The UAT ARC functioned under the provisions of
FAA ARM Committee Manual ARM-001-015 latest Rev 38 which may be accessed at the
following link.

http://www.faa.gov/regulations policies/rulemaking/committees/arac

The FAA establishes an ARC to solicit the public’s input on issues with potential regulatory
implications and to exchange ideas with representatives of industry. The ARC serves in an
advisory capacity with the work product being a final report presenting findings and
recommendations. The UAT ARC goals and tasks as specified by the Charter are summarized as
follows.

Goals

# Recommend a framework and implementation plan to guide the General
Aviation community towards the deployment of an unleaded AVGAS as an
alternative to 100LL

# The committee is NOT tasked with identifying a specific fuel

7asks

J Investigate, prioritize, and summarize issues relating to the transition to an
unleaded AVGAS

? |dentify key issues
# Recommend tasks necessary to investigate and resolve key issues

# Provide recommendations for a joint industry-government framework to
facilitate the development and deployment of an unleaded AVGAS

# Provide a report with recommendations by January 31, 2012
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2.2. Membership

The UAT ARC membership represented many of the key constituencies of the General Aviation
community. The FAA charter invited General Aviation stakeholders representing user groups,
engine and aircraft manufacturers, industry associations, fuel producers, distributors, FBOs,
environmental groups, FAA, and EPA (see Figure 3.0).

Discipline/Specialty Member Organization
Leadership FAA Certification, Industry Consultant
Certification FAA Certification

Manufacturing GAMA, Cessna, Cirrus, Continental, Lycoming
Environment EPA, FAA Office Environment & Energy
Distribution NATA

Research & Development FAA Tech Center

Petroleum Industry API

Owners/Operators AOPA, EAA, Clean 100

Fuels ExxonMobil, Shell Aviation, Swift, GAMI

Figure 3.0 — UAT ARC Membership

2.3. Meetings, Telecons, & Deliberations

The UAT ARC performed most of its work from March 2011 to January 2012. During this time
there were 7 full committee meetings of 3 days duration each held in Washington DC. This
represented in excess of 3300 hours of commitment on the part of the combined membership.
These meetings were complemented by 11 full committee telecons with an additional 35 focus
area telecons which encompassed an estimated additional 800 man hours of participation. All
meetings and deliberations were conducted in accordance with FAA ARM Committee Manual
ARM-001-015 antitrust guidelines, which are included in Appendix B.
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3. UAT ARC Assessment of Key Issues

3.1. Summary of Key Issues Affecting Development and Transition to an
Unleaded AVGAS

The following is a list of key issues identified by the UAT ARC as affecting the development and
transition to an unleaded AVGAS. Further discussion follows in Section 3 providing additional
insight into the group’s discussion of the issues.

3.1.1. General Issues

& Replacement fuel will not be a drop-in or transparent fuel for the entire fleet.

# The existing fleet of approximately 167,000 aircraft and engines were designed and

certified to operate on a known leaded AVGAS fuel meeting the ASTM D910
Specification. This fleet will require re-certification to operate with a different fuel.

# No program exists that can coordinate and facilitate the fleet-wide evaluation,

certification and deployment of a non-drop in replacement AVGAS.

3.1.2. Market & Economic Issues

A

With neither a drop-in replacement fuel nor a regulatory mandate to use an unleaded
fuel, no market driven reason exists to move to a replacement fuel.

Market forces have not supported the development and transition to a replacement
unleaded AVGAS. The size of the AVGAS market, diminishing demand, specialty nature
of AVGAS, safety ramifications and liability concerns limit the business case for the
development of replacement fuels and aircraft modifications.

Aircraft owners, present and prospective, are uncertain about the future of AVGAS, the
cost of transition to an unleaded AVGAS, and the potential impact on the utility and
value of their aircraft. They have no horizon or understanding of information needed to
make decisions, stifling the purchase of new aircraft and modification/sale of existing
aircraft.

It will be very challenging to provide an unleaded replacement fuel that meets the
demands of the two major sub-groups of the piston powered aircraft fleet; the low-
utilization recreational aircraft, and the high-utilization business aircraft.

The participation of aircraft and engine Design Approval Holders (DAHSs) in the effort to
develop and deploy a replacement unleaded aviation gasoline may be constrained by
liability concerns.

3.1.3. Certification & Qualification Issues

A

FAA regulations and policy are structured to approve specific engine and aircraft type
designs for operation on a known AVGAS fuel specification. There are no FAA policy or
test procedures for fleet-wide assessment and certification of a non-drop-in
replacement fuel.

Page 18 of 99



UAT ARC Final Report — Part | Body February 17, 2012

& Fuel testing and data requirements necessary to develop an ASTM specification and to
obtain FAA certification for engine and aircraft are redundant, extremely costly, and
time consuming.

# Applicants seeking both a design and fuel approval must deal with multiple FAA offices,
such as ACOs and Directorates that may have limited experience with AVGAS related
certification projects. This may lead to standardization issues and make efficient and
timely certification difficult.

& Diversity of the fleet provides for daunting certification programs.

@ Small numbers and uniqueness of some models provides technical and
economic challenges.

M It is expected that engineering and recertification efforts for approval of a new
unleaded AVGAS for many aircraft will not be supported by type certificate
holders.

M The existing fleet is comprised of different classes of aircraft, such as type
certificated, light sport aircraft, and experimental, that will require different
approval procedures.

3.1.4. Aircraft & Engine Technical Issues

# Research and testing to date has not identified an AVGAS formulation that meets all of
the performance requirements of the current AVGAS specification on which the general
aviation fleet was certified.

# The anti-knock capability or octane number of unleaded aviation gasolines is difficult to
correlate to full-scale engine performance.

# Achieving the necessary octane number with unleaded AVGAS formulations results in
undesirable trade-offs with other important fuel properties.

3.1.5. Production & Distribution Issues

# There is no existing method of determining the production and distribution impact
posed by a new fuel.

# There is no standardized method for communicating to the industry the impacts posed
by a newly proposed fuel.

# There are multiple third party regulations, standards and codes that may impact the
deployment of any newly proposed fuel.

3.1.6. Environmental & Toxicology Issues

# There is no process to assess potential environmental and toxicology issues related to a
candidate unleaded AVGAS formulations.
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3.2. General Issues — Will not be a drop-in

After 20 years of research, no unleaded formulation has been found that can meet the octane
needs of the existing fleet while also maintaining the other necessary safety qualities of an
aviation gasoline such as vapor pressure, hot and cold starting capabilities, material
compatibility, water separation, corrosiveness, storage stability, freeze point, toxicity and a
host of other necessary traits necessary to be a true drop-in.

Consumers consistently demanded that a replacement fuel be drop-in and envision a seamless
transition with little or no negative impacts. Because of this demand from the consumer,
research into fuels that were near or only partially drop-in and did not meet all of the safety
and performance parameters of the existing fuel were quickly discarded. Fuels that were
advanced (i.e. UL82) and that fell short in some areas were not manufactured and distributed
due to lack of consumer demand. It is now apparent that a replacement unleaded AVGAS will
not be a drop-in fuel.

3.2.1. Drop-In vs. Transparent

The terms “drop-in” and “transparent” are often used in the discussions surrounding AVGAS. It
is apparent that these terms have different meanings to many in the aviation world and have
still different meanings when considering the broader scope of the production, distribution and
consumption of AVGAS. For the purposes of the UAT ARC discussion and to have all players
working from common understanding, it was discussed and ultimately agreed that it is unlikely
that any replacement fuel will be completely drop-in for the entire fleet. Depending on the fuel
composition, it is possible however that a new fuel could be transparent to large portions of the
fleet thus reducing the challenges of transitioning to an unleaded fuel. To avoid any possible
ambiguity or confusion over the use of these terms in this report, definitions and examples are
provided in the following three paragraphs.

Drop-In Fuel: A “Drop-In” fuel does not affect the airworthiness and performance of the
existing fleet of aircraft and engines and typically does not require new aviation fuel operating
limitations. An extensive qualification test program that encompasses both fuel property
evaluation and engine and aircraft testing would be required to determine if a new fuel is a
drop-in. However, FAA certification approval is typically not required for existing aircraft and
engines to operate with the new fuel. An example of a lead-containing Drop-In fuel is the 100
Very Low Lead (100VLL) fuel, which has been added to the current AVGAS fuel specification,
ASTM D910. This fuel was introduced to the existing fleet without the need for FAA approval
because it met all the compositional and performance criteria of existing 100LL AVGAS. If a
fuel is not a drop-in fuel for the entire fleet, then the following definitions apply:

Transparent Fleet: The segment of the existing fleet of engines and aircraft for which a new
fuel is a drop-in is called the “transparent fleet”. Changes such as new or modified hardware,
adjustments, or new operating procedures/limitations are not required for the aircraft and
engines in the “transparent fleet”, but FAA approval may be required to enable operation
under the existing operating limitations.
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Non-Transparent Fleet: The segment of the existing fleet of engines and aircraft for which a
new fuel is not a drop-in is called the “non-transparent fleet”. FAA approval of new operating
limitations and changes such as new or modified hardware, adjustments, or new operating
procedures/limitations will be required for aircraft and engines in the non-transparent fleet.

It is likely that replacement fuels will not match or mirror all of the performance characteristics
of current AVGAS, thus the transition will have some impact on segments of the fleet.
Assuming the new fuel meets many, but not all of the characteristics of current AVGAS, its
impact would be felt differently by various segments of the industry. For the transparent
segment of the fleet, the only likely impact would from FAA approval requirements, but this
could be mitigated through FAA fleet-wide actions that address a large number of
aircraft/engines. For the non-transparent segment of the fleet, new materials, operating
procedures/limitations or hardware will be required in addition to FAA approval. These costs
could be mitigated by FAA support of testing and approval of the required modifications.

3.2.2. Historic Efforts Focused on Drop-In

There has been extensive testing to find a fuel that meets all of the current ASTM D910 leaded
aviation gasoline specification properties for 100LL, satisfies the safety and performance
requirements of engines and aircraft, is compatible with the existing infrastructure, and poses
no additional compositional issues. Thus, the fuel would have been considered a drop-in fuel,
and if such a fuel had been available, it is likely the industry would have transitioned to this fuel
once it became available to the General Aviation market.

Unleaded fuels typically require the addition of significant amounts of specialty chemicals to
meet the same anti-knock performance that can be attained from the addition of a relatively
small amount of TEL. These proposed high octane chemical additions often include heavier
molecules with higher boiling points that when added in the quantity necessary to meet the
same anti-knock performance of leaded fuels, often produces fuel blends that exceed many
other current aviation gasoline specification limits. The legacy fleet was designed to operate
safely on fuels that met the ASTM D910 specification property limits, with each fuel property
addressing a different safety, performance or operability characteristic. The impact changes to
these specification properties will have on the safety, operability and performance of engines
and aircraft is understood in general terms but has never been studied or quantified.

In addition to the properties listed above, there are additional critical fuel properties that
determine whether the fuel is fit for the purpose it was intended, such as the need for fuel to
be compatible with the fleet infrastructure and co-mingle with the existing fuel to ease the
transition.

3.2.3. No Program to Support Development of AVGAS

With a drop-in replacement for leaded aviation gasoline unavailable, it is clear that a
replacement fuel will need to be developed. As detailed in Section 1.2, the development of the
current leaded aviation gasoline was an evolutionary process that occurred over decades in
response to the performance needs of piston aircraft engines and aircraft safety. Each
successive evolution of AVGAS further improved the performance, capability and safety of the
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aircraft engines in which it was used. This effort intended to transition the General Aviation
industry to a fleet wide replacement AVGAS proposes, for the first time, to develop an entirely
new fuel and apply it to a large existing fleet while attempting to minimize the impacts or
possible changes to the existing fleet. Such a new fuel would need to be developed in a manner
that ensured that the existing performance and safety characteristics of AVGAS were replicated
or differences clearly identified and understood in areas where they could not be matched.

While some have already begun independent processes of developing replacement fuels, there
currently exists no widely accepted development process. Without such a process, the industry
and regulators have no standard or criteria by which to review the sufficiency of the varied
development processes undertaken by prospective fuel developers.

In addition, there exists no organizational entity around which the aviation gasoline
stakeholders can organize and work the development process for candidate fuels. Such a

process is necessary to coordinate the many faceted dimensions of this type of program.

3.3. Market & Economic Issues

3.3.1. Market Forces

Market forces have not supported the development of and transition to a replacement
unleaded AVGAS. The size of the AVGAS market, diminishing demand, specialty nature of
AVGAS, safety considerations and liability concerns limit the business case for the development
of replacement fuels and aircraft modifications. Since the 1970’s, 100LL has been the primary
fuel used in General Aviation piston aircraft. The industry and market have developed in a way
that not only relies on this fuel, but has evolved in a way that has maximized the value and
efficiencies of the production, distribution, and performance of aviation fuel and engines that
operate on this fuel. This is because market forces strongly support 100LL as the best aviation
gasoline in terms of performance and cost. This is not surprising since the industry has relied
on and maximized aircraft engines based on the capabilities of the fuel.

It is also important to understand that the pressures to replace 100LL are not market driven but
are extraneous to the markets. Current pressures include the threats of legal action at the
state level, and EPA consideration of potential regulatory actions at the federal level driven by
the Clean Air Act. Prior to these actions, the market continued to maximize itself to the existing
fuel.

Market forces alone to date have not and are not likely to support, by themselves, the
development and deployment of an unleaded AVGAS in the future. This is not unexpected
considering that no unleaded fuel to date has been able to match the characteristics of 100LL in
and thus compete naturally in the market. Couple this with the many challenges and business
risks, including the relatively small size of the market, diminishing demand, certification
challenges, specialized nature of AVGAS and liability issues and it becomes apparent that the
market alone cannot drive this change. There is also concern about the return on investment
and potential demand for an unleaded AVGAS once it is developed and certified. Recognizing
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that an unleaded AVGAS will not be a drop-in replacement for 100LL, there is going to be some
adverse impact upon the existing fleet.

Within the constraints of any regulatory drivers, the market must decide which of the fuels will
emerge and be manufactured, supplied, distributed and sold at airports. The market consists of
those companies that will use private funding to manufacture and deploy the new product in
response to consumer demand. It is the candidate fuel developers’ responsibility to solicit and
acquire business agreements from these different companies that shows the government
review panel that their product is viable in the open market and is capable of replacing 100LL.

3.3.2. Aircraft Owner Market Perspective

The current situation surrounding AVGAS has generated uncertainty and concern among piston
aircraft owners and operators regarding (a) the future utility and value of their current assets,
(b) the availability and price of aviation gasoline to maintain viable operations and (c) the
uncertainty of justifying new aircraft purchases. Worldwide shipments of General Aviation
airplanes fell for the third year in row. In 2010, 2,015 units were delivered around the globe, as
compared to 2,274 units in 2009, an 11.4 percent decline. The piston airplane segment shipped
a total of 889 units in 2010, compared to 963 units in 2009, a 7.7 percent decline. With the
current fleet more than 200 times larger than annual new production, sales of new aircraft
stagnating and the resulting overall economic condition of the industry deteriorating, a sense of
urgency has evolved regarding the development and deployment of an unleaded AVGAS.

Consumers have multiple concerns ranging from the grounding of their aircraft due to lack of a
suitable fuel if action to ban the sale of the current fuel is taken too quickly to the premature
devaluation of their existing aircraft if a process is not established to qualify and implement a
suitable alternative. The concerns and the impact on consumers include but are not limited to
the fuel price and availability, cost and impacts of modifications, lifespan and cycle of aircraft
including typical overhaul cycles and the various uses of aircraft and how users would be
impacted differently. These and other consumer concerns will need to be considered in the
ongoing effort to establish an implementation plan, milestones and timeline after an alternative
to existing fuel has been established. Each of these concerns and issues varies greatly
depending on the attributes, performance characteristics and composition of actual fuel
alternatives and any associated modifications to the fleet. Of paramount consideration in the
UAT ARC discussions was the need to develop mitigation strategies for these issues prior to and
during the implementation process.

An additional significant point of discussion during the UAT ARC deliberations was the need to
consider the value of the existing fleet and the affects transitioning to a new fuel could have on
the current and future value of aircraft. PAFI and fuel developers will need to be cognizant of
the impact of potential alternatives on the market value of aircraft. If, for instance, a solution
comes to market that has an adverse impact on aircraft capabilities because they are either
grounded (zero value) or have a reduction in their operating envelopes, there will be
substantive impact on their value. The number of aircraft impacted by this devaluation is
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largely dependent on the proposed fuel so it is nearly impossible to define in detail at this
stage, but it remains a key consideration when evaluating each potential alternative fuel.

Another important consideration is the timeline by which alternatives are implemented and
ultimately brought to market. An alternative that has a substantial impact, including the
devaluation of a portion of the fleet, would require a significantly longer implementation
timeline, perhaps decades, to allow for the use of the remaining life of the airframes and
engines and allow natural retirement and attrition of the this portion of the fleet. The
challenge with this approach is that the industry keeps heavy utilization aircraft active for
decades. These aircraft are flying critical missions and are difficult, expensive, or in many cases,
impossible to replace due to a lack of new aircraft produced that can fit the mission profile.
The average age of the General Aviation piston fleet is 39 plus years highlighting the need for
an extended transition for any alternative fuel that could significantly devalue the existing fleet.

3.3.3. Fleet Utilization

The current fleet of aircraft ranges from low octane light utilization with small volumes of fuel
consumption to high octane high utilization with large volumes of fuel consumption and
combinations in between. Each type of General Aviation aircraft owner/operator is important
to the future health of General Aviation for a host of varying reasons. The impact of
alternatives on each segment must be considered and mitigated in the evaluation and
implementation phases.

The light utilization group of owners and operators represents one extreme in the composition
of the fleet. These aircraft likely fly less than 100 hours per year, do not require high octane
fuel, and purchase a relatively small volume of the total fuel consumed. However, they
represent the largest number of actual aircraft in the fleet. The typical profile of this group
would be an aircraft in private ownership utilized for primarily recreational flying. Because of
their recreational/personal use and private ownership, these aircraft represent the group most
sensitive to price fluctuations. Their reaction to a significant increase in the price of fuel would
be to reduce their amount of flying or to stop flying altogether. The negative effect of either of
these outcomes would be felt throughout the industry in the form of reduced operations at
airports, fewer aircraft transactions, and a general degradation of the General Aviation industry
through reduced participation.

The other extreme in fleet composition is represented by owners and operators of heavy
utilization aircraft. These aircraft likely fly more than 300 hours per year in commercial service
or in support of business activities and typically demands the highest performing fuel. This
group represents perhaps the smallest number of aircraft, but because it has such a high
utilization rate and includes large and multiengine aircraft it represents the majority of actual
fuel consumed by the industry. A primary consideration for this group is that of aircraft
performance and utility. Two examples are aircraft payload and takeoff performance. A
reduction in either of these imposed by a limitation of the fuel significantly reduces the viability
of these aircraft. In many cases, the reduction would exceed the point at which the aircraft is
no longer viable for this type of operation. This is compounded by the fact that suitable
replacements for these aircraft are not available in a commercially and economically viable
manner. The inability of these aircraft to continue to perform their missions would have a
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significant impact on the industry through not only the loss of utility and size of the General
Aviation fleet but also a major reduction in the amount of fuel burned. This loss of fuel
consumption could reach the point at which fuel volume is reduced sufficiently to no longer
warrant production at an economically suitable price to sustain the industry. The loss would
also have an extreme effect on other industries and the communities supported by these
aircraft.

While these two scenarios attempt to represent the extremes of the current market, they are
not provided to attempt to illustrate a greater importance or significance of one over the other.
The purpose of these discussions by the UAT ARC was to understand how alternatives and their
impacts could impact various segments of the industry.

3.3.4. Design Approval Holder (DAH) Perspective

The current state of the General aviation industry has DAHs bearing disproportionately large
costs for products liability insurance and litigation. As a result, the DAHs will likely not want to
increase their liability by participating directly in the determination of an unleaded fuel,
unleaded fuel approval and distribution process.

The passage of the General Aviation Revitalization Act (GARA) in 1997 established an 18-year
time limitation (statute of repose) on civil actions that could be brought against aircraft
manufacturers, with certain exceptions. If the transition to a non-drop-in unleaded aviation
gasoline opens the door to additional OEM liability a "chilling effect" on DAH participation in
recertification activities would result. Also considering the large number of aircraft in the
General Aviation fleet no longer in production, it is highly unlikely that DAHs will be willing to
recertify equipment, develop new performance data, and re-issue manuals to accommodate
the anticipated fuel because of the expense and lack of accessibility to assets for confirming
flight tests.

Of further concern is the potential for class action suits based on a potential devaluation of
consumer asset value. In the event that the unleaded AVGAS solution results in performance
degradation or aircraft grounding, the parties involved in the determination process would
likely be targeted for litigation.

Based on the aforementioned considerations, it is anticipated that DAHs will not actively
participate in the determination and recertification process without mechanisms for liability
protection. Without such protections, DAHs would support the overall PAFI effort, however,
determination, approval and transition will require the FAA to lead and mandate the action.
While this would not redress the situation for DAH products and aircraft no longer in new unit
production, it would likely provide an acceptable basis for support of active production. The
alternative to DAH participation on either inactive or active production would be for third
parties to create, test, and approve data to support the issuance of a Supplemental Type
Certificate (STC) or STCs to certify the new fuel. Examples are the STCs currently in place for
automotive gasoline. This scenario also presents challenges in that third parties typically do not
have access to the entire scope of data in the same manner as a DAH, thus the expense of a
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comprehensive validation program via STC or other means may be larger than that which could
be conducted with DAH participation.

3.4. Certification & Qualification Issues

3.4.1. FAA Requlatory Structure

Historically, the commercial Aviation industry has relied on a very limited number of well
proven, conventional fuels for certification and operation of aircraft and engines. The vast
majority of today’s engines and aircraft were designed and certified to operate on one of two
basic fuels; kerosene-based fuel for turbine powered aircraft and leaded AVGAS for spark
ignition reciprocating engine powered aircraft. These fuels are produced and handled as bulk
commodities with multiple producers sending fuel through the distribution system to airports
and aircraft. These fuels are defined and controlled by industry consensus-based fuel
specifications; ASTM International D1655 for jet fuel and ASTM D910 for aviation gasoline.
These specifications, along with the oversight of the ASTM International aviation fuel industry
committee, accommodate the need to move the fuel as a commodity.

The ASTM consensus standard process is well suited to support the development of a new fuel
specification for use in future aviation products designed to operate on an unleaded fuel.
However, the evaluation and qualification process is far more complex if the new fuel
specification is intended for existing aircraft and engines that are designed to operate on 100LL.
The procedure to evaluate new aviation gasoline is progressive and iterative in nature, with the
extent of continued testing determined by the fuel properties, characteristics and test results
revealed at each successive stage. The extent of testing that may be necessary grows with
increasing degree of divergence from the composition, properties, performance, and
experience with existing 100LL. ASTM committee members evaluate this degree of divergence
and its consequences during the analysis of research report data provided by the fuel developer
during the creation and maturation of new specifications.

The FAA regulations pertaining to aircraft, engines, and aviation fuel were structured to
compliment this industry development and oversight concept. They require that type
certificate applicants identify the fuel specifications that are used in their products during
certification. Once compliance with the airworthiness certification regulations has been
demonstrated, the grade designation or specification becomes part of the airplane, rotorcraft,
and engine operating limitations. These operating limitations are specified in the type
certificate data sheet (TCDS) and in the airplane flight manual (AFM) or rotorcraft flight manual
(RFM). Aircraft operators are required by 14 CFR § 91.9 to only use fuels and oils listed in the
AFM or RFM (see Figure 4.0). These fuels must, therefore, be identified with sufficient
specificity to ensure that the engine and aircraft continue to meet their airworthiness
certification basis during service.

The fuel must be shown to have no adverse effects on durability or safety and must perform
satisfactorily on the products for which it is specified. This is demonstrated during the type
certification program, amended type certification program, or supplemental type certification
program. Specifically, applicants must demonstrate that the type-certificated product meets

Page 26 of 99



UAT ARC Final Report — Part | Body February 17, 2012

certification standards when operated with the new fuel over the complete range of operating
conditions that the product originally satisfied. FAA Advisory Circular (AC) 20-24C describes the
applicable regulations for fuel related certification projects.

FAA regulations are structured to approve specific engine and aircraft type designs for
operation with a fuel specified by the type design holder. Therefore, it is difficult to “certify” a
fuel for the entire fleet of certificated aircraft, or for a large portion of that fleet. The FAA
needs to develop policy to accommodate this.

91.9 - Civil Aircraft Flight
Manual

— no person may
operate a civil aircraft

without complying
p—— 23.1521 - Powerplant with the operating
Limitations limitations specified in
- Fuel Specification the approved AFM
. « 23.1583 - Operating
ASTM Fuel ;?;t?n sEr;gnlge Limitations o
Specification gs - Powerplant limitations
Operating in Airplane Flight
Limitations Manual
- Fuel

Specification

Figure 4.0 - FAA Regulatory Structure for Aviation Fuels

3.4.2. ASTM and FAA Data Requirements

As described above, the current ASTM and FAA processes are based on the historical practice
and experience of being conducted in series and completely independent of each other. This is
because engine/aircraft are designed and certified to an existing fuel specification and
certification is conducted completely independently from the development of new fuels. ASTM
report data on fuel specification and fit-for-purpose properties are recognized and accepted by
FAA in certification programs as acceptable definition of the fuel, but are not acceptable as
certification data to support the issuance of design approvals for engine or aircraft Type
Certificates (TC)/STC.

Certification data must be developed in accordance with 14 CFR Part 21 certification
procedures that require FAA approval of applicable requirements and test plans, as well as
conformity inspection of test materials and equipment. This traditional process of defining an
aviation fuel through the development of an ASTM specification independently and prior to the
certification of engines/aircraft specifying that fuel as an operating limitation is not conducive
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to developing a non-drop-in unleaded AVGAS. Since fuel development and qualification is an
iterative process, a prospective new fuel proponent must determine during the specification
development that the new fuel also meets FAA safety requirements for operational approval.
This is because the overall potential market for the new fuel depends on the ability to certify
engines and airplanes to operate on that fuel. It is extremely redundant, costly and time
consuming for ASTM and FAA fuel qualification processes and test data to be conducted
independently resulting in significant uncertainty and risk. Background information on ASTM is
included in Appendix K.

3.4.3. FAA Certification Offices

Applicants typically interface with multiple FAA offices, such as ACOs and Directorates based on
the nature of the project and the geographic location of the applicant. This situation poses
significant risk to the success of the unleaded fuel initiative due to varying degrees of
experience and knowledge of fuel related certification policy from office to office and the need
for national coordination for what has to be a national solution. Other risks include the
potential for non-standardized application of FAA regulations and policy, difficulty in sharing
and comparing data between fuel programs and certification programs, prioritization of
aviation fuel related certification projects, and FAA management support of these projects.

3.4.4. Existing Fleet

Of paramount importance and complexity is the impact of transitioning to a new fuel including
upfront costs to develop and qualify an unleaded fuel as well as the long-term cost impact of
deploying a new fuel. Converting in-use aircraft/engines to operate on a non-drop-in unleaded
aviation gasoline is a significant logistical challenge, and in some cases, a technical challenge as
well. A change of approved fuels with different performance characteristics and modifications
to engines and aircraft require FAA certification to ensure compliance with applicable
airworthiness standards necessary for safety. The FAA certification process is comprehensive
and requires significant investment of resources, expertise and time to complete. The cost and
resource impact upon both industry and government could be extremely significant depending
upon the level of effort and number of modifications that may be necessary to support a
transition of the in-use fleet to an unleaded AVGAS. However, the closer the physical and
performance properties of an unleaded AVGAS to 100LL, the less upfront economic impact
there would be to the existing fleet, not including the cost of the new fuel. In particular, octane
rating is a critical fuel property for aircraft engines to maintain rated horsepower which in turn
is necessary for aircraft to continue to meet performance limitations.

Fleet Makeup & Typical Mission Scenarios

As the future Unleaded AVGAS is not expected to be 100% drop-in with full comparability to the
current 100LL fuel, some percentage of the certificated piston powered fleet may not be able to
operate safely (properly) without procedural and/or hardware modifications. In all cases, some
form of approval process will be necessary for every aircraft in the existing fleet to be able to
legally use the future unleaded AVGAS. In addition, there are other portions of the diverse
piston powered fleet that are non-FAA certified aircraft. The following describes the piston
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powered General Aviation fleet with an emphasis on impact and special considerations for
implementation of approval of use for a new unleaded fuel. Figure 5.0 indicates the piston fleet
basic categories of certificated and non-certificated aircraft.

Piston Powered General
Aviation Fleet

Type Certificated Special Light Sport Non-Certificated
Fleet Aircraft (EXP)

Figure 5.0 —Piston Powered General Aviation Fleet Categories

Tvpe Certificated Fleet

Certification issues relative to the type-certificated fleet are described above in the certification

discussion (Section 3.4). Approval mechanisms for use of a new unleaded AVGAS may involve
one or more of the following.

Change to type certificate for in-production aircraft/engines

) Manufacturer approval via Information Service Bulletins for legacy fleet
? Other FAA approval method providing blanket approval of engines and airframes
]

FAA STC approval by industry sponsors if equivalency to 100LL cannot be
demonstrated or manufacturer approval via TC change is not available

Orphaned Type-Certificated Fleet

The General Aviation piston fleet includes a significant group of FAA certified engine and
aircraft where, although the TC holder may remain active, the product is no longer supported
by the TC holder. The orphaned category may also include engine and aircraft products where
the TC has been abandoned or the DAH TC/Production Certificate (PC) holder is no longer
active. Orphaned type-certificated aircraft are limited to using the fuel specified on their type
certificate or a fuel deemed by the FAA to be acceptable. A broad based FAA approval process,
individual STCs, or some combination of the two would likely be required to transition these
legacy orphaned type-certificated aircraft to a new unleaded fuel.
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Type-Certificated Fleet Modlfied by Supplemental Type Certificate

Many aircraft in the General Aviation piston fleet have been modified by STC over the years. Of
particular concern relating to the transition to an unleaded AVGAS are aircraft that have
received STC modifications to the engine installation. These modifications can range from
“bolt-on” changes to the induction, ignition, or exhaust systems, to complete firewall forward
replacements of the original engine installation. Cessna estimates that in the past 20 years, as
many as 3,000 to 4,000 Cessna piston engine aircraft in the U.S. registered fleet (approximately
5% of the U.S Cessna fleet) have received STCs that have either completely replaced the
originally certified engine installation, or modified the original engine to a significantly different
build standard. It is unknown how many additional Cessna piston engine aircraft have received
STCs that modify the factory engine installation without changing the build standard of the
factory-installed engine. A similar situation is present across the entire General Aviation fleet
from the major manufactures past and present.

This creates the following challenges for an unleaded AVGAS transition:

# The variety of aircraft and engine combinations is much greater than an examination of
the FAA registration and type certificate databases would indicate.

# Many engine STCs are done to increase performance of the aircraft, and in many cases
replace engines that are more tolerant of a variety of fuels, including lower octane
fuels, with engines that are more dependent on high octane fuels.

# The technical data to support a transition of aircraft equipped with engine STCs resides
with a diverse base of General Aviation aftermarket modification companies with
varying levels of technical expertise and financial resources to support their STCs
through a transition. Many STC holders are no longer in existence.

# Owners who install engine STCs generally use their aircraft more and invest in them at a
higher level than owners of unmodified aircraft. A transition to a non-drop-in unleaded
fuel could potentially have a higher economic impact on this group of owners.

Special Light Sport Aircraft (S-LSA)

In recent years a new category of manufactured recreational aircraft, Special Light Sport
Aircraft (S-LSA), have evolved that do not hold type certificates in the traditional sense but
rather are shown by the manufacturer to conform to industry consensus standards. These
aircraft are unique in the sense that they cannot be legally modified without the express
approval of the manufacturer and therefore it falls solely on the manufacturer to approve the
use of a new fuel in their aircraft. Changes cannot be legally accommodated by STC or other
means. In instances where there is no longer a manufacturer supporting in-service S-LSA
aircraft, the aircraft loses its S-LSA airworthiness certification status and is issued an
experimental airworthiness certificate in the E-LSA category with all of the attendant
operational limitations that accompany E-LSA experimental certification. At this point the
aircraft is treated like any other aircraft certificated in the experimental category (such as
amateur-built) and modifications including fuel use is at the discretion of the owner/operator.

Page 30 of 99



UAT ARC Final Report — Part | Body February 17, 2012

Most S-LSA aircraft are certificated to operate on low octane unleaded fuels as well as 100LL so
are not critical applications for a high octane future fuel. The primary considerations for this
fleet will likely not be performance but rather materials compatibility assurance and actual final
approval for use.

Non-Type-Certificated Experimental Fleet

There are a large number of non-type certificated aircraft in the fleet that are not supported by
a DAH manufacturer. These aircraft are certificated in the Experimental category. This fleet is
wide ranging in terms of performance, octane requirement, size, age and materials. This fleet
includes amateur built aircraft, former military aircraft that were not certificated under civilian
standards, imported aircraft, and aircraft used for other experimental purposes. Amateur built
aircraft alone comprise more than 33,000 registered aircraft making them a significant portion
of the General Aviation fleet. Experimental aircraft have no regulatory requirement to operate
on a particular fuel provided the owner determines the fuel to be suitable.

The following are principle assessments that should be performed relative to evaluation of use
of a new fuel in the Experimental fleet.

1) Composition and size of the fleet
2) Technical challenges in operating these airplanes using a new unleaded fuel

3) FAA fleet data (group of engines) should be made available to the end consumer
(experimental category) and type clubs to enable the owner/operator to determine the
impact of any new fuel

4) Economic impact of any new fuel on the Experimental fleet should be included in any
total aviation industry economic impact assessment

3.5. Aircraft & Engine Technical Issues

3.5.1. Aviation Gasoline Performance Requirements

There has been extensive testing to find a fuel that meets all of the current ASTM D910 leaded
aviation gasoline specification properties for 100LL, satisfies the safety and performance
requirements of engines and aircraft, is compatible with the existing infrastructure, and poses
no additional compositional issues. The fuel specification, which is listed in the Type Certificate
Operating Limitations, is a key component of engine and aircraft certification.

Typically, aviation fuel specifications set forth performance criteria in the following seven
categories.

1. Combustion 5. Contaminants
2. Fluidity 6. Additives

3. Volatility 7. Stability

4. Corrosion
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For example, anti-knock performance is a combustion category performance requirement.
Unleaded fuels typically require the addition of significant amounts of specialty chemicals to
meet the same anti-knock performance that can be attained from addition of a relatively small
amount of TEL. These proposed high octane chemical additions often include heavier molecules
with higher boiling points. They often produce fuel blends that exceed many other current
aviation gasoline specification limits when they are added in the quantity necessary to meet the
same anti-knock performance of leaded fuels. The legacy fleet was designed to operate safely
on fuels that met these specification property limits, with each fuel property addressing a
different safety, performance or operability characteristic. It is unknown what impact changes
to these specification properties will have on the safety, operability and performance of
engines and aircraft.

In addition to the properties listed above, there are additional critical fuel properties that
determine whether the fuel is fit for the purpose it was intended, such as:
# Co-mingling/compatibility of the fuel with the fleet infrastructure and existing fuel
#  Other combustion issues, such as flame speed
&  Other fluidity issues, such as latent heat of vaporization

The safety, performance, and operability impacts of the above discussed specification and fit
for purpose properties on engine and aircraft performance are shown with more detail in
Appendix H.

The areas of greater concern for any new proposed unleaded fuel requiring additional extensive
testing are directly related to the composition of the proposed new fuel. Complex or novel
fuels may produce additional areas of concern due simply to their significantly different nature.

3.5.2. Unleaded Aviation Gasoline Anti-Knock Performance

Octane is one of the most important parameters for a replacement unleaded aviation fuel.
Extensive historical testing has indicated a difference in full-scale engine detonation
performance between unleaded and leaded aviation fuel of equivalent motor octane number.
Fuel motor octane number is determined from an ASTM single cylinder test that was originally
designed for leaded fuels and it provided a high degree of predictability of fuel anti-knock
performance in a full-scale engine. Further, the addition of a relatively small amount of the
lead additive TEL to aviation alkylate provides significant octane increase to the base fuel, which
can only be equaled in the absence of TEL by the addition of significant amounts of specialty
unleaded chemicals to the base fuel.

Appendix H contains a presentation that illustrates these complex detonation chemical
reactions. The presentation provides detailed explanation of why the TEL based additive
provides superior anti-knock effectiveness.
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3.5.3. Aviation Gasoline Property Trade-offs with Octane Number

Some of the aircraft safety, performance, and operability issues that may be impacted by
replacing the current 100LL with an unleaded fuel are as follows.

J Detonation # Min Climb Gradient

& Cooling Airflow & Engine Out Performance (Twins)
& Fuel Consumption & Ceiling

& Performance # Go Around

& Restarts & Ppayload

& Cold/Hot Fuel & Noise

& Icing & Takeoff

Removal or reduction of the TEL additive in current aviation gasoline results in significant
reduction in fuel octane values. Attempts to increase the unleaded fuel octane or pursue novel
unleaded fuel compositions have typically included the use of significant amounts of novelty or
specialty chemicals. The higher the unleaded fuel octane requirement for any future fuel, the
greater the complexity of the unleaded fuel blend. A trade-off ensues between engine and
aircraft performance and the compatibility of the fuel with the current distribution
infrastructure, existing fuel, and current fleet infrastructure. Attempts to reduce the fuel
octane and move the fuel closer to the octane of the existing base alkylate increases the issues
related to the engine and aircraft safety and performance. In short, the greater the
compositional deviation of the proposed unleaded fuel from the current aviation gasoline
composition, in attempting to meet the performance, operability and safety of the existing
engines and airframes, the greater the impact on distribution infrastructure, comingling with
the existing fuel, and current fleet infrastructure compatibility issues. The closer the unleaded
fuel composition is to the existing aviation gasoline composition, in attempting to meet the
distribution infrastructure, existing fuel, and current fleet infrastructure compatibility
requirements of a new unleaded fuel, the lower the motor octane number of the fuel and the
greater the impact on engine and aircraft safety and performance issues.

Appendix H contains a presentation that illustrates the trade-off of fuel complexity with fuel
octane requirement.

3.5.4. Aviation Gasoline Conclusions

As previously stated, the motor octane of a fuel is significantly impacted by removal of the TEL
additive. Fuel motor octane is determined by a single cylinder ASTM standard test and for
leaded fuels the value obtained provides a high degree of correlation with the full-scale engine
anti-knock performance. However, for unleaded fuels using chemical components such as
aromatics or aromatic amines to boost anti-knock capability, the motor octane number (MON)
of the fuel may not translate to a predictable engine anti-knock performance. There are a
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number of detonation issues that will need testing and evaluation to address. These issues are
listed below. A more detailed breakdown of the following issues can be found in Appendix H.

# Unleaded fuels possessing the same MON as leaded fuels (that defines a given engine
minimum octane requirement) may not provide a full-scale engine the octane
performance it requires.

# Use of mixtures of high octane chemical components may result in significant
antagonistic and synergistic effects of octane response.

# An unleaded fuel possessing a supercharged rich (SR) octane value that is equivalent to
or greater than a leaded fuel that is known to satisfy a given full-scale engine, may not
provide the same engine the octane performance that the engine requires.

# FAA AC 33.47-1, providing guidance for detonation testing, includes outdated test
equipment and analyses methods.

# Detonation instrumentation and combustion instability measurement methods have
not been standardized or correlated among the FAA Tech Center, engine DAHs, and
others.

& There is no agreement on what constitutes limiting detonation among FAA Tech Center
researchers, engine DAHs, and others.

J# Detonation onset response for unleaded fuels is different from leaded fuels and can
affect detonation margin.

# A significant percentage of engines and airframes may require modifications to
compensate for the reduced octane performance of unleaded fuels.

3.6. Production & Distribution Issues

Any effort to transition the aviation industry toward an unleaded fuel raises concerns relating
to the production and distribution of a new fuel. In recognition of this fact, the charter
establishing the UAT ARC specifically required the committee to address factors relating to
production and distribution infrastructure when performing its analysis of issues involved in
transitioning to an unleaded AVGAS.

AVGAS is a blended petroleum product that is produced using typical and traditional refining
processes. Currently, nine refiners across the U.S. produce AVGAS, although often only in
limited runs at specific times of the year. As an aviation fuel, AVGAS is subject to certain quality
control procedures, such as dedicated tankage and piping, which require refineries to ensure
that aviation fuels are completely segregated from other products.

After production, AVGAS enters the distribution system, which, as opposed to being a fixed
system that moves a product to market by well-defined routes and transportation systems, is a
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flexible system utilizing barges, rail cars, and over the road transport trucks. Typically, AVGAS
will leave the refinery via rail car for eventual delivery to a terminal. At the terminal, the AVGAS
is stored until loaded onto an over-the-road truck for final delivery. However, the AVGAS may
be transported from the refinery via barge to a terminal or to railcars. Also, the terminal
storage and delivery may be completely skipped and over-the-road trucks loaded directly from
railcars by a process known as trans-loading. The final step in the distribution chain is on-airport
storage from which the fuel is either directly delivered to aircraft or loaded into mobile
refuelers that then refuel aircraft. In Alaska and other remote regions, AVGAS may be flown in
barrels to outlying airports and landing facilities.

The signature quality of the AVGAS distribution system is its flexibility, allowing AVGAS to be
transported from the limited number of production facilities to the over 5000 airports across
the country that sell aviation gasoline.

Early discussions focused on identifying any systematic obstacles inherent in the existing
production and distribution system that would prevent the adoption of a lead free AVGAS. The
UAT ARC found that there were not any generalized systematic issues that prevent the
production and distribution of a lead free AVGAS. Existing refinery technology and
infrastructure combined with the existing distribution system is currently capable of providing a
lead-free AVGAS; however, that fuel would only satisfy a limited percentage of the fleet. The
UAT ARC recognized that production and distribution issues would occur as fuel developers
attempted to craft a new fuel that would address a greater percentage of the existing fleet.
These impacts would be specific to any newly proposed fuel and have the potential to be highly
variable between fuels. New fuels that closely followed existing production methods and
composition of AVGAS would pose little to no production and distribution impact while novel
fuels that utilized new production methods and a significantly different composition could pose
a very large impact. Since the impacts would be based on the specifics of any newly proposed
fuel, the UAT ARC steered away from attempting to develop mitigation strategies for
hypothetical impacts and focused on developing a structure for ensuring that the impact arising
from newly proposed fuels could be identified in a manner that allowed the industry to assess
adequately the impact arising from changes to the existing production and distribution systems
required to utilize those fuels.

Three basic issues related to production and distribution impact were defined as follows.

1. There is no existing method of determining the production and distribution impact
posed by a new fuel.

2. There is no standardized method for communicating to the industry the impacts posed
by a newly proposed fuel.

3. There are multiple third party regulations, standards and codes that may impact the
deployment of any newly proposed fuel.
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3.6.1. Impact Assessment

Since production and distribution issues are not tied to the existing system but rather to the
particularities of any new proposed fuel, the UAT ARC did not attempt to quantify any impact
but rather develop a system that would ensure that those impacts were properly identified.

From a production standpoint, four areas were identified that should be addressed to ensure
the impact is accurately addressed.

1. Feedstock Issues
2. Production Pathway Issues
3. Production Facility Issues
4. Quality control during production scale-up
Impacts that need to be determined from a distribution standpoint include the following.

1. Materials compatibility - If an unleaded replacement fuel to be found incompatible
with some portion of the existing distribution system, including base metals, seals or
transfer components, alternative components would need to be developed and
installed prior to distribution of the new fuel.

2. Geographic Impact - If a new fuel could only be produced in one geographic location,
there would be an impact upon the distribution system that would need to be
determined.

3. Fuel Compatibility - If a new fuel is not compatible with existing AVGAS, individual
aircraft, tanks, and distribution systems would need to be segregated to ensure the two
fuels did not come into contact, this would create an impact that would need to be
addressed.

4. Storage Stability — Due to the low volume of AVGAS consumption relative to other
petroleum products, AVGAS is produced in short runs and stored for long periods. AVAS
is a very stable product. The ability of an unleaded replacement fuel to be stored for
prolonged periods while retaining all of its specification requirements will need to be
assessed.

3.6.2. Communication of Distribution System Changes

Currently, no standardized method to communicate potential impacts of a new fuel(s) on the
distribution network to the industry exists. The UAT ARC believes that it will be necessary to
develop standardized methods for communicating any change to the industry. This would
facilitate decision making by industry stakeholders on methods to eliminate miscommunication
and potential adverse flight safety conditions related to miss-fueling, improper handling and
storage or materials compatibility.

3.6.3. Third-Party Requlations, Standards and Codes

The distribution, sale and use of aviation gasoline are currently controlled by a number of third-
party regulations, standards and codes. These standards are created and maintained by
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organizations and local, state and federal agencies covering everything from fire safety,
occupational health, and the markings that are applied to storage tanks and piping. Any new
fuel will present the possibility that these regulations, standards or codes will need to be
modified or adapted based upon the specific properties and composition of the proposed fuel.

3.7 Environment & Toxicology Issues

General Aviation has come under scrutiny due to the use of the TEL additive in the current
100LL aviation gasoline. New fuels should be assessed for their environmental, toxicological
and emissions properties relative to current fuels. Testing will need to address additional areas
of concern, that are not covered by the current specification, important to ensuring that any
new proposed fuel does not worsen environmental impact. For this reason bulk gas, air toxic
gas engine emissions testing, and fuel toxicity testing may be needed. The extent of the testing
is directly related to the complexity of the proposed unleaded fuel.

For instance, fuel developers and the General Aviation community should be made fully aware
early in the process if a new fuel is proposed that may contain metallic additives to boost
octane or substances like methyl-tertiary butyl ether (MTBE) which has been banned as an
automotive fuel additive in numerous states. This ensures a more informed decision regarding
possible adoption, handling and use, and consideration of approaches to mitigate the potential
impact upon environment and/or health. Likewise, if a new fuel is proposed that is very similar
to current, petroleum based fuels, it may be considered to present less risk in terms of its long-
term future availability with respect to environmental and handling considerations. Preference
might also be considered for renewable and sustainable alternative fuels that do not come from
traditional fossil sources, in order that they may help meet national goals for the purposes of
energy security, price stability, and environmental benefit.

Several environmental actions have recently led to increased pressure to remove lead from
AVGAS. In 2006, Friends of the Earth (FOE) petitioned the EPA to: 1) make a finding under the
Clean Air Act (CAA) that lead emissions from General Aviation aircraft engines cause or
contribute to air pollution which may reasonably be anticipated to endanger public health or
welfare and issue proposed emission standards for such lead emissions or, alternatively, 2) if
the Administrator of EPA believes that insufficient information exists to make such a finding,
commence a study and investigation under the CAA of the health and environmental impacts of
lead emissions from General Aviation aircraft engines, including impacts to humans, animals
and ecosystems, and issue a public report on the findings of the study and investigation. In
response to the FOE petition, the EPA has undertaken studies to inform issues of lead emissions
and exposure resulting from the use of leaded AVGAS in General Aviation, and has published
two notices in the Federal Register describing the agency’s progress to date. The EPA continues
to evaluate the data and issues, and has not yet issued a final response to FOE’s petition.

In a separate action, in 2008, the EPA revised its National Ambient Air Quality Standards
(NAAQS) for lead, tightening the NAAQS by a factor of ten. Related to the NAAQS revision, the
EPA also promulgated regulations that require lead monitoring by local air monitoring agencies
at airports with lead emissions greater than one ton and at 15 additional airports where there is
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a high volume of piston engine aircraft operations and annual lead emissions of 0.5 to 1.0 tons
per year. The data from these monitors will be used to evaluate compliance with the NAAQS
for lead and will also be used by EPA to assess the need for additional lead monitoring at
airports. If ambient air near an airport was found to be exceeding the NAAQS, there would be
limits under federal law as to the measures a state could propose to adopt to limit lead
emissions from General Aviation aircraft operations. See Appendix | for additional background
information on the CAA, the NAAQS, and EPA and FAA authorities related to the regulation of
aircraft fuel and emissions standards. Appendix J contains the General Aviation Coalition’s
response to the EPA Advance Notice of Proposed Rulemaking (ANPR).

Separate from activities focused on the possible public health and environmental effects of lead
emissions from General Aviation aircraft engines, it is also noted that General Aviation is the
only remaining user of lead additives in the U.S. transportation sector.

Although lead emissions from piston engine aircraft are not currently subject to CAA standards,
a description of the statutory responsibilities between the EPA and FAA that are pertinent to
AVGAS and lead emissions under the CAA and U.S. Code has been provided in Appendix I. In
summary, the EPA is authorized under section 231(a)(2)(A) of the CAA (42 US.C. §
7571(a)(2)(A)) to determine if aircraft engine lead emissions cause or contribute to air pollution
which may reasonably be anticipated to endanger public health or welfare (referred to here as
the “endangerment finding”). If EPA makes a positive endangerment finding, then EPA would
be required under CAA section 231(a)(2)-(3) to prescribe standards applicable to the emissions
of lead from General Aviation engines, and the Secretary of Transportation would be required
under CAA section 232 to prescribe regulations to ensure compliance with such standards (42
U.S.C. § 7572). In addition, the FAA would be required under section 44714 of the U.S.
Transportation Code to prescribe standards for the composition or chemical or physical
properties of AVGAS to control or eliminate aircraft lead emissions (49 U.S.C. § 44714). In the
evaluation and setting of any new standards, the EPA and FAA must work in consultation so
that necessary and appropriate considerations are given to safety, noise, and the ability and
time needed to implement new technology.

The level and types of screening or testing required for candidate fuels will depend upon the
exact nature of the fuel being proposed. Fuels that have novel additives or components and
that are less like current, petroleum-based fuels should be given close attention. Compositional
data and Material Safety Data Sheets about the candidate fuels should be made available early
in the fuel development and approval process so that they may be assessed from an
environmental and toxicological perspective with respect to current fuels. In addition, changes
in emissions should be assessed and characterized through engine testing as early as possible in
the research and development phase. Fundamental emissions test data can be obtained
through the FAA Tech Center in conjunction with other engine testing during the research and
development phases. If the capability for more advanced testing is needed, this may be
performed through coordination with the EPA or a contractor.
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4. UAT ARC Recommendations

4.1. Summary of UAT ARC Recommendations

The following is a summary of the recommendations made by the UAT ARC to support the
development and transition to an unleaded aviation gasoline. The recommendations were
developed with the strategic recognition that the fuels industry, engine/aircraft DAHs,
regulatory authorities, and owner/operators must work together in a coordinated way if we are
to develop a new unleaded aviation gasoline that will have the least impact to the existing fleet
and the production and distribution infrastructure. The broad-based approval of a novel
composition fuel is unprecedented in the fleet; this led the UAT ARC to develop an integrated
and structured process for bringing a fuel from concept to full transition. As outlined in Section
3, there are many barriers to market entry for a new fuel. This structured process is designed
to lower the barriers to the fuel entering the marketplace. Further discussion follows in Section
4 providing additional insight into the structured process and the recommendations.

4.1.1. Key UAT ARC Recommendations

1) The UAT ARC recommends implementation of the “Fuel Development Roadmap —
AVGAS Readiness Levels (ARL)” developed by the UAT ARC that identifies the key
milestones in the aviation gasoline development process and the information needed to
support assessment of the viability of candidate fuels in terms of impact upon the
existing fleet, production and distribution infrastructure, environment and toxicology,
and economic considerations. (See Section 4.2.1)

2) The UAT ARC recommend's centralized testing of candidate unleaded fuels at the FAA
William J. Hughes Technical Center (Tech Center) funded by government and industry
in-kind contributions. Centralized assessment and testing would generate standardized
qualification and certification data that can be used by the fuel developer/sponsor to
support both ASTM specification development and FAA fleet-wide certification
eliminating the need for redundant testing. (See Section 4.3)

3) The UAT ARC recommends the establishment of a solicitation and selection process
for candidate unleaded aviation gasolines for the centralized fuel testing program. This
process should include a FAA review board with the technical expertise necessary to
evaluate the feasibility of the candidate fuel. (See Section 4.3.2)

4) The UAT ARC recommends the FAA establish a centralized certification office with
sufficient resources to support unleaded aviation gasoline projects. (See Section 4.4)

5) The UAT ARC recommends the establishment of a collaborative industry-government
initiative referred to as the Piston Aviation Fuels Initiative (PAFI) to implement the UAT
ARC recommendations in this report designed to facilitate the development and
deployment of an unleaded AVGAS with the least impact on the existing piston-engine
aircraft fleet. The overall objective of this initiative is to identify candidate unleaded
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aviation gasolines, to provide for the generation of qualification and certification data
on those fuels, and to support fleet-wide certification of the most promising fuels. (See
Section 4.5)

4.1.2. Additional UAT ARC Recommendations

6) The UAT ARC recommends the use of a consensus standard peer review process as an
integral and required element of the UAT ARC’s recommendations. ASTM is the
historically accepted consensus body for aviation fuels and is the practicable and
accepted means to universally produce and distribute aviation gasoline as a commaodity.
(See Section 4.6.1)

NOTE: Appendix L, “UAT ARC Member Dissenting Opinion & ARC Response”, includes a
dissenting opinion submitted by a UAT ARC member that is directed at the above
recommendation. A response to that submittal prepared by the UAT ARC is also
provided in this appendix.

7) The UAT ARC recommends the completion of the new ASTM “Standard Practice for
the Evaluation of New Aviation Gasolines and New Aviation Gasoline Additives”. This
standard will significantly reduce the uncertainty, risk, timeline and cost to developers
or sponsors of new unleaded aviation gasolines by describing the test and analysis
requirements necessary to generate data to support the development of a new ASTM
specification. (See Section 4.6.1.1)

NOTE: Appendix L, “UAT ARC Member Dissenting Opinion & ARC Response”, includes a
dissenting opinion submitted by a UAT ARC member that is directed at the above
recommendation. A response to that submittal prepared by the UAT ARC is also
provided in this appendix.

8) The UAT ARC recommends development of specialized test procedures to support
centralized testing of candidate unleaded aviation gasolines. The specialized test
procedures will be used by the FAA Tech Center to generate fuel property data and
engine/aircraft performance data necessary to support ASTM specification development
and certification approval of existing engines and aircraft that can operate transparently
using a new unleaded aviation gasoline. (See Section 4.6.2)

9) The UAT ARC recommends the development of specialized certification guidance to
support the centralized certification of unleaded aviation gasoline. The certification
guidance should define the applicable certification basis and compliance requirements
for Part 33 reciprocating aircraft engines, Part 23 airplanes, and Part 27/29 rotorcraft
and should provide acceptable methods of compliance to assess and qualify expected
differences in fuel properties, performance and composition from 100LL. (See Section
4.6.2)
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10) The UAT ARC recommends that the FAA Centralized Certification Office coordinate
with the FAA Tech Center to develop certification test plans, conformity requirements,
and test witnessing protocols that are acceptable for certification of unleaded aviation
gasoline/s participating in the centralized testing. (See Section 4.6.2)

11) The UAT ARC recommends that methods and/or guidelines be developed to assess
the impact of a candidate unleaded aviation gasoline on the existing fleet, including the
need for proposed aircraft/engine modifications that could mitigate those impacts.
(See Section 4.7.1)

12) The UAT ARC recommends that methods and/or guidelines be developed to assess
the impact of a candidate unleaded aviation gasoline on the existing production and
distribution infrastructure. (See Section 4.7.2)

13) The UAT ARC recommends the identification of appropriate environment and
toxicological issues that a candidate unleaded aviation gasoline should be assessed
against. (See Section 4.7.3)

14) The UAT ARC recommends the FAA develop specialized policy and procedures to
facilitate the most efficient approach possible for fleet-wide approval of aircraft and
engines to use a new aviation gasoline. Fuel qualification and certification data from
the centralized FAA fuel test program would support fleet-wide approval of the “in-
scope” fleet of aircraft that can operate transparently on an unleaded aviation gasoline.
(See Section 4.8)

15) The UAT ARC recommends that a mechanism be developed to mitigate the liability
exposure of design approval holders (DAH) due to modification of the type design of
their products in approving a new aviation gasoline. (See Section 4.8.1)

16) The UAT ARC recommend's that the centralized FAA test program and the centralized
FAA Certification Office support the approval of key aircraft and/or engine
modifications that will allow the largest portions of “out-of-scope” aircraft and engines
to operate with a new unleaded aviation gasoline. The FAA would have to develop
procedures/guidance to facilitate certification of the out-of-scope aircraft/engines
requiring modifications. (See Section 4.8.4)

17) The UAT ARC recommends that the FAA, working with industry, develop a
deployment and transition plan and timeline only after unleaded aviation gasoline(s)
with least impact upon the piston-engine aircraft fleet has been identified and a
process for fleet-wide approval to use the new fuel in aircraft has been clearly
established. Any FAA action should support the efforts of the industry to transition to
unleaded aviation gasoline(s) in a safe and orderly manner. (See Section 4.9.1)
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18) The UAT ARC recommends that the FAA and EPA continue to coordinate closely with
stakeholders and take into consideration implementation of the UAT ARC’s
recommendations in any potential rulemaking efforts. Consideration must be given to
safety, costs, and the ability and time needed to implement new technology. (See
Section 4.9.2)

19) The UAT ARC recommends the FAA establish a line item in its annual 2013-2020
budget requests to fully support the UAT ARC recommendations for PAFI which
includes centralized FAA fuel testing to support the development of an ASTM unleaded
aviation gasoline specification and fleet-wide certification approval. (See Section 4.9.3)

4.2. Fuel Development Roadmap

The UAT ARC was tasked with identifying the key issues and obstacles to the development,
certification and deployment of an unleaded aviation gasoline with the least impact upon the
existing piston engine fleet of aircraft, and to develop recommendations to overcome those
obstacles. Several recommendations discussed in this report address some of the technical and
process issues designed to reduce the overall uncertainty, risk and cost of developing an
unleaded AVGAS. But, in order to facilitate a successful initiative, the UAT ARC
recommendations must also address the overarching economic and market issues affecting the
business case for fuel producers and aviation equipment manufacturers to invest in the
development and deployment of an unleaded replacement for high octane aviation gasoline.

The UAT ARC believes it is essential to establish a “Fuel Development Roadmap” which
identifies the key milestones in the aviation fuel development process and information
necessary to address the technical issues related to ensuring aviation safety as well as market
and economic issues related to deployment. Development of this “roadmap” serves several
roles, all with the fundamental purpose of ensuring that a new unleaded fuel is developed in a
manner that replicates the existing performance and safety characteristics of leaded AVGAS or
clearly identifies the areas where those characteristics are not matched and how they are to be
addressed.

1. Facilitation of Development — The recommended roadmap will serve to inform
prospective replacement fuel producers of the numerous factors that need to be
considered and accounted for in an aviation fuel development endeavor.

2. Communication Standard — By creating a standardized process for development of a
fleet-wide replacement AVGAS, a “roadmap” would allow for standardized
communication about development progress within the industry and General Aviation
community. Specifically such a roadmap would provide guidance to fuel developers on
the criteria that would need to be evaluated in order to perform various assessments on
the impact to the industry of the new fuel. This data could then be utilized by others to
determine the “viability” of the fuel under development.

3. Process Standard — A “roadmap” would also serve as a standard by which parties could
evaluate multiple unleaded aviation gasolines on a level playing field. The nature of the

Page 42 of 99



UAT ARC Final Report — Part | Body February 17, 2012

“roadmap” would work to standardize data and information presentation so that fair
and accurate comparisons could occur.

4.2.1. AVGAS Readiness Levels (ARL)

The UAT ARC has begun the process of defining a framework for a fuel development roadmap.
The Commercial Aviation Alternative Fuels Initiative (CAAFI) concept of jet “fuel readiness levels
(FRLs)” has been evaluated and applied by the UAT ARC to the unique needs of aviation
gasoline development and definitive AVGAS Readiness Levels (ARLs). The resulting AVGAS ARLs
are specifically designed to facilitate the development of a non-drop-in fleet-wide replacement
unleaded aviation gasoline, and as such do not represent every possible approach for
developing and bringing to market an aviation gasoline. All of the recommendations in this
report to facilitate the development and deployment of unleaded AVGAS support the following

roadmap ARLs.

Unleaded AVGAS Transition Fuel Development Roadmap

AVGAS Readiness Levels (ARL)

ARL Title

Description

Deliverable

1 Fuel Definition

Utilize data developed during experimentation phase
to establish process elements and parameters (such as
reactor hardware and catalyst materials) and fuel
compositional definition by GC analysis.

Fuel sample and report
including process flow
diagram and fuel
compositional analysis

2 Material Safety
Review

Initial review of candidate fuel composition relative to
published guidance on material safety with respect to
environmental and safe handling considerations.
Develop Material Safety Data Sheet (MSDS).

MSDS and other data as
needed

3 Basic Fuel
Properties and
Composition

Intended to support initial engagement with ASTM to

form Task Force. Lab analysis of fuel sample to

identify composition and measure key Fit-For-Purpose

properties per test methods defined in ASTM

International Standard Practice, “Standard Practice for

the Evaluation of New Aviation Gasolines and New

Aviation Gasoline Additives” :

=  Motor Octane Number (detonation)

=  Vapor Pressure (starting, vapor lock)

=  Freezing Point (high-altitude operation)

= Corrosion, copper strip (metal fuel system
components)

=  Oxidation stability (gumming)

=  Water reaction (hygroscopic effect)

=  Electrical conductivity (fuel handling)

= Distillation curve

= |nitial material compatibility testing

Independent lab analysis
report(s), report how the
fuel was produced
(blending purchased
components, lab scale
production, etc.)
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Unleaded AVGAS Transition Fuel Development Roadmap

AVGAS Readiness Levels (ARL)

ARL

Title

Description

Deliverable

Preliminary ASTM
Research Report

Compile data derived from laboratory analysis of
candidate fuel in accordance with Section 6.2 of ASTM
International Standard Practice, “Standard Practice for
the Evaluation of New Aviation Gasolines and New
Aviation Gasoline Additives”. This data will include:

=  Basic Specification properties

=  Compositional analysis

=  Preliminary Fit-For-Purpose (FFP) Properties

=  Preliminary Materials Compatibility Assessment

= Information from preceding ARLs

Preliminary ASTM Research
Report

5 ASTM Test ASTM Test Specification defines the properties of the Issued ASTM Test
Specification fuel for subsequent testing and analysis. Specification
6 Preliminary
Feasibility
Assessment
6.1 | Preliminary Analyze current AVGAS production and distribution Report
Production and infrastructure to identify gaps in current system and
Distribution develop preliminary plan to address gaps and to scale-
Assessment up production and distribution to commercially viable
volumes.
6.2 | Environmental & Review candidate fuel composition with consideration | Report with compositional

Toxicology
Assessment

to use and handling from an environmental
perspective, including OSHA, EPA and other regulatory
entities.

data, MSDS, environment
and toxicology assessment,
and other relevant
environmental data.
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Unleaded AVGAS Transition Fuel Development Roadmap

AVGAS Readiness Levels (ARL)

ARL

Title

Description

Deliverable

6.3

Preliminary
Business Plan

Provide a business plan that addresses the following:

a) Scope of Solution: Describe the fuel,
engine/aircraft hardware and operational concept
proposed. If hardware or operational changes are
proposed summarize and characterize in
accordance to CFRs as minor, major or model
changes.

b) Production Concept: Describe how the candidate
fuel composition can be scaled up and
commercialized. Include summary of fuel
production process flow and related hardware

c) Applicability: Define fleet satisfaction concept
relative to either actual aircraft cross section as
defined in the FAA Aviation Fuels Reciprocating
Engine Aircraft Fleet Fuel Distribution Report or
BMEP/detonation propensity as defined by TBD
document.

d) Cost: Describe market cost of proposed solution
inclusive of recurring cost/volume and non-
recurring associated with hardware or operational
limitation changes.

e) Implementation: Describe defined or to-be-
defined strategic partnerships, financing
strategies, infrastructure leveraging opportunities,
distribution strategies and other relevant details
facilitating path to market.

f) Deployment Concept: Describe whether the
proposed fuel is miscible and fungible with 100LL.
Does the solution require a separate distribution
and control system?

g) Intellectual Property: Declare IP associated with
the Scope of Solution and how stated IP is
protected or public domain considerations.

Report

7 Initial Pilot Scale-up lab production capability, and define Fuel sample produced by
Production production process flow and hardware for novel the defined process
Capability production capability requirements.

8 Final ASTM
Research Report

8.1 | Final ASTM Compile data derived from laboratory analysis and of Report

Research Report -
Part1

candidate fuel in accordance with Section 6.3 of ASTM
International Standard Practice, “Standard Practice for
the Evaluation of New Aviation Gasolines and New
Aviation Gasoline Additives”. This data will include:

=  Final Fit-For-Purpose (FFP) Properties

=  Final Materials Compatibility Assessment
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Unleaded AVGAS Transition Fuel Development Roadmap

AVGAS Readiness Levels (ARL)

ARL

Title

Description

Deliverable

8.2

Final ASTM
Research Report -
Part 2

Compile data derived from equipment testing of
candidate fuel in accordance with Section 6.3 of ASTM
International Standard Practice, “Standard Practice for
the Evaluation of New Aviation Gasolines and New
Aviation Gasoline Additives”. This data will include:

= Engine Testing

= Aircraft Testing

Final ASTM Research Report

9 ASTM Production ASTM Production Specification defines the properties Issued ASTM Production
Specification of the fuel and other criteria necessary for high- Specification
volume production and distribution.
10 Pilot Production Scale-up initial pilot production capability, using the Production Process
Capability production process flow from the initial pilot Demonstration
production capability requirements (ref: ARL 7).
Demonstrate the ability to produce at least 10,000
gals/yr (40,000 liters/yr).
11 | Airworthiness
Certification
11.1 | Engine Completion of all rig, component and engine Certification Test Reports
Certification certification tests in accordance with compliance
Testing program established by the cognizant airworthiness
regulatory authority.
11.2 | Engine Obtain certification approval from cognizant Issued Amended or
Certification airworthiness regulatory authority. Supplemental Type
Certificate(s)
11.3 | Aircraft Completion of all ground and flight testing in Certification Test Reports
Certification accordance with compliance program established by
Testing the cognizant airworthiness regulatory authority.
11.4 | Aircraft Obtain certification approval from cognizant Issued Amended or
Certification airworthiness regulatory authority. Supplemental Type
Certificate(s)
12 Final Feasibility
Assessment
12.1 | Final Production Update preliminary report based on data and Report
and Distribution information developed during the fuel development.
Assessment
12.2 | Final Update preliminary report based on data and Report and MSDS
Environmental & information developed during the fuel development.
Toxicology This may include testing for baseline emission data.
Assessment
12.3 | Final Business Plan | Update preliminary report based on data and Report
information developed during the fuel development.
13 Initial Production Scale-up pilot production capability, using the Fuel inventory

Capability

production process flow from the pilot production
capability requirements for the large-scale (ref: ARL
10). . Establish production capability to produce at
least 100,000 gals/yr (400,000 liters/yr).
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Unleaded AVGAS Transition Fuel Development Roadmap
AVGAS Readiness Levels (ARL)

ARL Title Description Deliverable
14 Initial Limited- Introduce fuel on a regional basis to gain experience Coordinated plan with fuel
Scale Fleet with commercial operations. distributors and fleet
Operations operators to demonstrate
operational use of fuel
15 Production Scale- Construct facilities to produce at least 10,000,000 Fuel inventory
up gals/yr (40,000,000 liters/yr).
16 | Wide-Scale Fleet Fuel availability and usage over several geographic Coordinated plan to
Operations regions. transition production,
distribution, and use on a
regional basis

These ARLs are specifically designed to identify the steps and information necessary to address
all of the issues and challenges discussed in Section 3 of this report including market and
economic issues as well as the assessment of the viability of candidate fuels in terms of impact
upon the existing fleet, production and distribution infrastructure, and environment and
toxicology. The ARL’s are laid out in chronological order for a typical development project,
however, it is in envisioned that fuel developers may approach various elements in a slightly
different order to align with their own business needs.

1) The UAT ARC recommends implementation of the “Fuel Development
Roadmap — AVGAS Readiness Levels (ARL)” developed by the UAT ARC that
identifies the key milestones in the aviation gasoline development process and
the information needed to support assessment of the viability of candidate fuels
in terms of impact upon the existing fleet, production and distribution
infrastructure, environment and toxicology, and economic considerations.

4.3. Centralized Testing at FAA William J. Hughes Technical Center

Aviation fuels are defined and controlled by industry consensus-based ASTM fuel specifications
that specify the properties, performance, and composition necessary to provide a level of
control to support large-scale production, distribution, and the conduct of commerce for use in
aircraft. In addition, FAA regulations pertaining to aircraft, engines, and fuel recognizes and
accepts the well-proven ASTM specifications to define and control the properties, performance
and composition of aviation fuels. The FAA has not established specific airworthiness
requirements for fuel or required design or production approval for fuel due to the
dependability of ASTM specifications. FAA regulations require that a fuel grade or specification
be identified as an operating limitation for each make/model type certificated aircraft and
engine in order for them to be able to operate using the fuel.
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The UAT ARC recommendations to facilitate the development and deployment of an unleaded
AVGAS address both the development of a new ASTM specification and the use of that
specification to accomplish FAA fleet-wide certification approval of the fuel. As discussed in
Section 3 of this report, both the ASTM specification development and FAA certification
processes are progressive and iterative in nature. The scope of applicable data requirements for
these processes and extent of testing that may be necessary grows with increasing degree of
divergence from the properties, performance, and experience with existing 100LL. However,
there are a significant number of identical or similar requirements and data needed to support
the evaluation and qualification of candidate unleaded fuels through both the ASTM and FAA
processes.

Ideally, fuel tests and generation of assessment data would be performed in such a way that it
would be acceptable to support both ASTM specification development and FAA certification
approval processes to the greatest extent possible. However, the UAT ARC recognizes that this
poses significant challenges as the two processes and associated requirements are completely
independent from one another. The FAA presently is not directly involved with fuel
development programs and the data to support development of a fuel specification is not
generated in accordance with 14 CFR Part 21 requirements for certification.

In addition, the UAT ARC discussed various concepts that would not only reduce the uncertainty
and cost of fuel qualification and approval through the ASTM and FAA processes, but also
address economic and market issues in order to incentivize businesses to pursue the
development of an unleaded AVGAS. Considering the small size of the AVGAS market,
significant diversity in the types of aviation products and operations, and importance of
ensuring safety is not compromised; the UAT ARC concluded that centralized fuel testing
through a collaborative industry-government process is the best approach to address the
overarching issues.

2) The UAT ARC recommends centralized testing of candidate unleaded fuels at
the FAA William J. Hughes Tech Center funded by government and industry in-
kind contributions. Centralized assessment and testing would generate
standardized qualification and certification data that can be used by the fuel
developer/sponsor to support both ASTM specification development and FAA
fleet-wide certification eliminating the need for redundant testing.

4.3.1. Benefits of Centralized AVGAS Test Program

The FAA Tech Center has established itself as the leading expert resource and world class
capability for testing of aviation gasolines. A centralized FAA fuel testing program would utilize
the FAA Tech Center to perform fuel property testing during fuel development stages and
engine and aircraft equipment testing during fit-for-purpose fuel assessment and certification
stages. A centralized AVGAS test program managed by the FAA would be able to generate
standardized data in such a way that it can be used to support both the ASTM specification
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development process and FAA certification approval process. This will provide for a more
efficient and expeditious approach to the overall process for fuel development and support the
qualification and certification of the most promising fuels.

In addition, a centralized AVGAS test program will offer the significant incentive to fuel
developers/sponsors of government funded and industry in-kind contribution to test candidate
unleaded AVGAS fuels. This approach also offers a significant benefit of testing candidate fuels
in the same manner using the same equipment, instrumentation and test facilities. This will
allow for more accurate comparisons of the results and fleet impact assessment.

4.3.2. FAA Solicitation & Selection Process

A centralized fuel testing program will require the establishment of an FAA solicitation process
for prospective unleaded AVGAS producers to submit candidate fuels for testing. In the event
that there are more candidates than program funding can accommodate, a selection process
will need to be established in order for FAA to select a limited number of the most promising
fuels for testing.

3) The UAT ARC recommends the establishment of a solicitation and selection
process for candidate unleaded aviation gasolines for the centralized fuel testing
program. This process should include a FAA review board with the technical
expertise necessary to evaluate the feasibility of the candidate fuel.

4.4. FAA Centralized Certification Office for AVGAS Approvals

Applicants for a design and fuel approval have historically dealt with multiple FAA offices, such
as ACOs and Directorates that may have had limited experience with AVGAS related
certification projects. Continuing this pattern may lead to standardization issues affecting
efficient and timely certification. In addition, the qualification and certification data generated
during the FAA fuel testing program by the FAA Tech Center is intended to support certification
approval for engines/aircraft to operate on the new fuel. This data will be generated using
specialized test procedures and processes and the applicability or scope of certification for
unleaded AVGAS approvals will be based on the resulting test data. Local geographic FAA
offices will not be familiar with the specialized procedures used to generate data in the FAA test
program and fleet-wide approaches to issuing approvals which may also lead to standardization
issues affecting efficient and timely certification related to unleaded AVGAS projects.

4) The UAT ARC recommends the FAA establish a centralized certification office
with sufficient resources to support unleaded aviation gasoline projects.
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4.5. Establish Piston Aviation Fuels Initiative (PAFI) to Implement UAT ARC
Recommendations

The UAT ARC has strived to identify the key issues and obstacles to the development,
certification and deployment of an unleaded AVGAS with least impact upon the existing piston-
engine aircraft fleet and develop recommendations to overcome those obstacles. While each
of these recommendations has independent value in addressing the barriers to transitioning
the industry to an unleaded-aviation gasoline, the UAT ARC recognizes that the best chance for
success lies in a coordinated approach to implementation.

5) The UAT ARC recommends the establishment of a collaborative industry-
government initiative referred to as the Piston Aviation Fuels Initiative (PAFI) to
implement the UAT ARC recommendations in this report designed to facilitate
the development and deployment of an unleaded AVGAS with the least impact
on the existing piston-engine aircraft fleet. The overall objective of this initiative
is to identify candidate unleaded aviation gasolines, to provide for the
generation of qualification and certification data on those fuels, and to support
fleet-wide certification of the most promising fuels.

4.6. Develop AVGAS Assessment & Qualification Guidance and Procedures

As discussed previously, the civil aviation industry has evolved to rely on a very limited number
of well-proven, conventional fuels for the design, operation and certification of aircraft and
engines. The AVGAS production and distribution system, controlled by industry consensus-
based ASTM standards, and FAA safety regulations also evolved to rely on these available
aviation fuels. All existing standards and corresponding assessment and qualification
methodologies and guidance are structured to ensure that new aviation products can be safely
operated using an existing aviation fuel. However, additional procedures and guidance for the
assessment and qualification of the existing fleet of aircraft/engines to operate on a non-drop-
in alternative to 100LL is needed to facilitate the development and deployment of an unleaded
AVGAS. In addition, guidelines are needed to assess the viability of a candidate unleaded
AVGAS from both a fleet impact perspective and fuel production and distribution perspective.

4.6.1. ASTM Fuel Properties and Performance

Aviation fuels are produced and handled as bulk commodities with multiple producers sending
fuel through the distribution system to airports and aircraft. These fuels are defined and
controlled by industry consensus-based fuel specifications; ASTM International D1655 for jet
fuel and ASTM D910 for leaded aviation gasoline. These ASTM aviation fuel production
specifications define the properties, performance, and composition necessary to provide a level
of control to support large-scale production, distribution, and the conduct of commerce for use
in aircraft.
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6) The UAT ARC recommends the use of a consensus standard peer review
process as an integral and required element of the UAT ARC’s recommendations.
ASTM is the historically accepted consensus body for aviation fuels and is the
practicable and accepted means to universally produce and distribute aviation
gasoline as a commodity.

4.6.1.1. ASTM Standard Practice for the Evaluation of New Aviation
Gasolines

At present there are no ASTM guidelines or procedures for the development and qualification
of a new aviation gasoline intended to be used by the existing fleet of aircraft as an alternative
to ASTM D910 and/or 100LL. This situation results in significant uncertainty, business risk, and
cost impact for potential unleaded AVGAS fuel developers.

In response to recommendations by industry, ASTM is currently developing a “Standard
Practice for the Evaluation of New Aviation Gasolines and New Aviation Gasoline Additives”
which provides procedures to develop data for use in research reports to support the
development and issuance of new or revised AVGAS specifications. The procedures, tests,
selection of materials, engines and aircraft detailed in the standard practice document have
been collaboratively developed by industry and the FAA reflecting their respective expertise in
these specialized areas. This standard is intended to be used by developers or sponsors of new
aviation gasolines or additives as an aid to determining and standardizing the data
requirements necessary to support the review and qualification of these new products by ASTM
members.

The draft standard describes laboratory and aircraft equipment test requirements to evaluate a
new aviation gasoline intended to be used by an existing fleet of aircraft that was designed and
certified to operate using another aviation gasoline (i.e. 100LL). It includes requirements that
address the following subjects:

Basic specification properties

Fit-for-purpose properties (see below)

Materials Compatibility

Compatibility with other aviation gasolines and aviation piston-engine lubricants
Aircraft component bench or rig testing

Engine test cell evaluation

¢ ¢ ¢ ¢ ¢ ¢ @

Aircraft flight test evaluation

Of particular importance for the evaluation of a non-drop-in alternative to 100LL are the
requirements for fit-for-purpose properties relating to engine and aircraft operability and
performance as well as properties relating to fuel handling and distribution. These properties
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are characteristics of an aviation fuel that are not controlled by the fuel specification or
specification properties, but that are necessary for evaluation in addition to the specification
properties to provide a comprehensive assessment of the suitability of an aviation fuel for use
on aircraft and aircraft engines. The data generated during this testing should be compared to
corresponding data for ASTM D910 100LL fuel properties and differences reconciled in the
Research Report. See Appendix K for background on ASTM.

/) The UAT ARC recommendsthe completion of the new ASTM “Standard Practice
for the Evaluation of New Aviation Gasolines and New Aviation Gasoline
Additives”. This standard will significantly reduce the uncertainty, risk, timeline
and cost to developers or sponsors of new unleaded aviation gasolines by
describing the test and analysis requirements necessary to generate data to
support the development of a new ASTM specification.

4.6.2. FAA Specialized Test Procedures & Certification Guidance

FAA certification relative to aviation fuels is designed to evaluate the airworthiness of specific
engine and aircraft models when operating on the candidate fuel, whereas the ASTM process
described above is designed to evaluate the properties of the candidate fuel under prescribed
conditions. The UAT ARC recognized the synergy between the two processes when a common
set of technical data is generated to support both evaluations.

For example, the airworthiness standards for aircraft engines in 14 CFR Part 33 require that
performance, operability, durability, and safety be evaluated throughout the full envelope of
extreme conditions the engine is expected to encounter in service, including extreme cold/hot
temperatures and altitudes. Fuel properties such as vapor pressure, freeze point and distillation
curve directly affect these engine performance envelopes. The most important performance
indicator for an engine is horsepower and the safety critical limiting factor is detonation. The
octane level of AVGAS is a measure of protection against the onset of detonation so the higher
the octane the higher the horsepower that is possible from a particular engine and vice-versa.
While octane is evaluated during the ASTM qualification process, a specific regulation (14 CFR
33.47) requires a test program to ensure that an aircraft engine can operate without
destructive detonation throughout its full range of operation.

Similar to engines, the airworthiness standards for aircraft in 14 CFR Part 23 and rotorcraft in 14
CFR Part 27/29 require demonstration of minimum aircraft performance requirements such as
takeoff runway length, climb, speeds and distance over a range of conditions such as maximum
weight/payload, maximum outdoor temperatures and airport altitudes up to 10,000 feet. The
critical performance envelopes and operational safety limitations for an aircraft established by
these tests are directly dependent upon the engine and its associated performance, which in
turn is dependent upon the fuel properties.
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In addition, 14 CFR parts 33, 23 and 27/29 require materials compatibility testing to
substantiate that the fuel is compatible with all engine and aircraft materials to ensure that
there are no safety and airworthiness impacts upon components and parts such as pistons,
valves, turbochargers, carburetors, pumps, hoses, gaskets, seals, fuel tanks, structure, sealants
etc. Materials compatibility will be dependent upon the fuel composition, which is evaluated
by ASTM.

Just like the ASTM evaluation process, the certification procedure and testing requirements to
approve an engine/aircraft to operate on a new fuel is progressive and iterative in nature,
determined by the fuel properties, characteristics and test results revealed at each successive
stage. The scope of applicable certification basis requirements and extent of testing that may
be necessary grows with increasing degree of divergence from the properties, performance,
and experience with existing 100LL. As discussed previously, a high octane unleaded AVGAS
that is intended to meet the needs of the existing fleet is not expected to be a drop-in and,
therefore, will likely have some differences in properties, performance and/or composition
from 100LL. Aviation fuel has a direct and significant impact upon both the engine and aircraft
performance and, therefore, compliance with the applicable FAA safety standards.

Consequently, great efficiencies could be realized by developing one portfolio of tests that
could provide data to support both the ASTM process and FAA certification process. This
requires that the new ASTM Standard Practice and the FAA regulations and guidance be
reviewed to identify where common tests and/or analyses can satisfy both sets of
requirements. Test procedures will then be developed for both the common tests and unique
tests for use by the FAA Tech Center under the centralized testing concept.

Of particular importance are detonation issues related to octane and the differences in
behavior of anti-knock performance between leaded and unleaded fuels. The existing guidance
in AC 33.47-1 for detonation testing is based on outdated test equipment and analyses
methods. The FAA Tech Center detonation measurement methods and associated
instrumentation should be correlated with industry test facilities, and there is industry interest
in further investigation of the thresholds used to define limiting detonation levels (i.e.
acceptable versus unacceptable).

8) The UAT ARC recommends development of specialized test procedures to
support centralized testing of candidate unleaded aviation gasolines. The
specialized test procedures will be used by the FAA Technical Center to generate
fuel property data and engine/aircraft performance data necessary to support
ASTM specification development and certification approval of existing engines
and aircraft that can operate transparently using a new unleaded aviation
gasoline.
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In addition, template versions of FAA certification compliance plans will need to be developed
that reflect the new test procedures and analyses. These template compliance plans can then
be used for all candidate fuel projects.

9) The UAT ARC recommends the development of specialized certification
guidance to support the centralized certification of unleaded aviation gasoline.
The certification guidance should define the applicable certification basis and
compliance requirements for Part 33 reciprocating aircraft engines, Part 23
airplanes, and Part 27/29 rotorcraft and should provide acceptable methods of
compliance to assess and qualify expected differences in fuel properties,
performance and composition from 100LL.

10) The UAT ARC recommendsthat the FAA Centralized Certification Office
coordinate with the FAA Technical Center to develop certification test plans,
conformity requirements, and test witnessing protocols that are acceptable for
certification of unleaded aviation gasoline/s participating in the centralized

4.7. Impact Assessment of Candidate Unleaded Aviation Gasoline

The viability of a candidate unleaded AVGAS to be deployed as an alternative to 100LL depends
upon the total impact upon the existing fleet of aircraft, fuel production and distribution
infrastructure, and environment.

4.7.1. Aircraft Fleet

An unleaded AVGAS is expected to be transparent for large portions of the current aircraft
fleet. It should have no physical impact or change in the design, operation or performance of
engines and aircraft other than to list the new fuel specification in the operating limitations.
These engines and aircraft are referred to as the transparent fleet. However, it is not expected
to be a drop-in which means there will be some differences in certain fuel properties,
performance or composition compared with 100LL that will impact certain portions of the fleet
and require modification in order to operate safely using the new fuel. These engines and
aircraft are referred to as the non-transparent fleet. However, there is no defined methodology
to assess the impact of a candidate unleaded AVGAS upon the existing fleet of aircraft.

11) The UAT ARC recommendsthat methods and/or guidelines be developed to
assess the impact of a candidate unleaded aviation gasoline on the existing fleet,
including the need for proposed aircraft/engine modifications that could mitigate
those impacts.
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4.7.2. AVGAS Production & Distribution Infrastructure

As discussed previously, an unleaded AVGAS is expected to have a different composition than
100LL due to the need for specialty chemicals to compensate for the absence of lead. This
raises potential materials compatibility issues and possible impact upon the production and
distribution infrastructure. However, there is no defined methodology to assess the impact of a
candidate unleaded AVGAS upon the existing AVGAS production and distribution infrastructure.

12) The UAT ARC recommends that methods and/or guidelines be developed to
assess the impact of a candidate unleaded aviation gasoline on the existing
production and distribution infrastructure.

4.7.3. Environment & Toxicology

The potential use of specialty chemicals raises potential environmental and toxicological issues.
There are no existing FAA or EPA regulatory requirements for piston aircraft emissions. It is
important that a candidate unleaded fuel does not introduce any new or more harmful
emissions or environmental impact than the current leaded 100LL.

13) The UAT ARC recommendsthe identification of appropriate environment and
toxicological issues that a candidate unleaded aviation gasoline should be
assessed against.

4.8. FAA Support for Fleet-Wide Certification Approval

Each new make and model of engine and aircraft introduced into the fleet was specifically
designed, tested and FAA certificated using 100LL (or equivalent ASTM D910 leaded AVGAS). It
is not practical or even possible to re-certify each and every individual make and model engine
and aircraft in the entire fleet to operate on a new unleaded fuel. Although there are a large
number of different engine and aircraft make/models with broad ranges of configurations and
performance, there are many key characteristics from a design and safety perspective that
would allow for large groups of “like” engines and aircraft to be assessed, qualified and
approved for operation on an unleaded fuel.

14) The UAT ARC recommendsthe FAA develop specialized policy and procedures
to facilitate the most efficient approach possible for fleet-wide approval of
aircraft and engines to use a new aviation gasoline. Fuel qualification and
certification data from the centralized FAA fuel test program would support
fleet-wide approval of the “in-scope” fleet of aircraft that can operate
transparently on an unleaded aviation gasoline.
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The following summarizes UAT ARC discussion on some of the fleet impact considerations and
provisions necessary to address both the certificated and non-certificated aircraft categories. It
also includes possible approval mechanisms and actions that could be considered.

4.8.1. Type-Certificated Aircraft

An unleaded AVGAS that is not drop-in will require some form of FAA approval to operate in
each airplane and engine. These approvals could range from some type of FAA issued fleet-
wide approval for the transparent portion of the fleet, to a change in type design for entire
make/model series by a TC or STC DAH, to aircraft specific design changes or alterations. The
most effective and efficient approaches would include support from the original equipment
manufacturer of the aircraft and engine that hold certification and test data across the broadest
range of make/models. However, as discussed previously, there are significant business risk
factors that affect the potential level of DAH involvement in making application for and/or
directly supporting approvals or design changes. Beyond economic interests and whether there
is a potential return on investment, there is an ongoing regulatory responsibility for the
continued airworthiness of any design approval along with product liability for 18 years. Since
fuel is such an integral component to engine and aircraft performance and operation, the
product liability risk exposure and associated insurance and litigation costs would likely be
significant.

Therefore, it is anticipated that original equipment manufacturer DAHs will not likely be able to
make application for and/or directly participate in unleaded AVGAS determination and
recertification without some mechanism for liability protection. This could include approaches
whereby the DAH can fully support FAA issuance of fleet-wide approvals, third-party STCs, field
approvals, etc.

15) The UAT ARC recommends that a mechanism be developed to mitigate the
liability exposure of design approval holders (DAH) due to modification of the
type design of their products in approving a new aviation gasoline.

In addition, there are many make/model engines and aircraft that are not supported by an
original equipment manufacturer DAH because the type certificates and supplemental type
certificates are orphaned, abandoned or otherwise unsupported. Various approval
mechanisms as well as industry and FAA support activities will need to be considered in order
to support the broadest possible range of type-certificated products.

Approval Mechanisms - Type-certificated fleet transition approval mechanisms for use of a
new unleaded AVGAS may involve one or more of the following.

# Manufacturer DAH change to type certificate for in-production aircraft/engines
# Manufacturer DAH approval via Service Bulletins for legacy fleet

& FAA methods to provide some form of fleet-wide/blanket approval of engines and
airplanes
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& FAA Supplemental Type Certificate approval by industry sponsors
# FAA field approval of an aircraft/engine alteration
Industry Support - may include but is not limited to the following.

# Lobbying by industry members at Federal and state government levels for tax incentives
and financial support to aid in technical and legal transition

# Providing available technical data to potential third-party solution providers (STC/field
approval) to reduce work required and accelerate time to market

FAA Support - may include but is not limited to the following.
# Provide information and assist in fleet certification and approvals

# Make FAA Tech Center available to help conduct standardized tests needed to derive
solutions and obtain group STC approval.

Fuel Developer Support - may include but is not limited to the following.
& Provide test fuel for development and testing

# Provide baseline fuel test and certification data to potential solution provider

4.8.2. Special Light Sport Aircraft (5-LSA)

In recent years a new category of manufactured recreational aircraft, Special Light Sport
Aircraft (S-LSA), have evolved that do not hold type certificates in the traditional sense but
rather are shown by the manufacturer to conform to industry consensus standards. The FAA
uses manufacturer’s certification as the basis for FAA issuance of an airworthiness certificate.
These aircraft are unique in the sense that they cannot be legally modified by the
owner/operator or third parties and therefore it falls solely on the manufacturer to approve the
use of a new fuel in these aircraft. Changes cannot be legally accommodated by STC or other
means of FAA approval. In instances where there is no longer a manufacturer supporting in-
service S-LSA aircraft, the aircraft lose their S-LSA airworthiness certification status and are
placed in the experimental category (E-LSA) with all of the attendant operational limitations
that accompany experimental certification. At this point the aircraft is treated like any other
aircraft certificated in the experimental category (such as amateur-built) and modifications,
including fuel use, are at the discretion of the owner/operator.

Most S-LSA aircraft are certificated to operate on low octane unleaded fuels as well as 100LL so
these aircraft are not expected to be significantly impacted by a transition to a future unleaded
fuel. The primary considerations for this fleet will likely not be performance but rather
materials compatibility assurance and an appropriate method for final approval for use.

Approval Mechanisms - S-LSA fleet transition approval mechanisms for use of a new unleaded
AVGAS may involve one or more of the following.

# Engine manufacturers provide approval for use of the new unleaded fuel for their
respective engine models
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& Aircraft manufacturers address specific aircraft design and field aircraft solutions and
approvals leveraging available test data derived for the type certificated fleet

S-LSA Industry Support - may include but are not limited to the following

# Coordinate fleet transition effort on Light Sport Aircraft and similar models certificated
in other categories with support from stakeholder groups

# Coordinate with user groups and type clubs to provide info and better develop group
solutions for similar types of aircraft

& Coordinate fleet transition with ASTM Committee F37

FAA Fuel Developer Support - may include but are not limited to the following.

# Provide information and test results generated to support approval of the TC products
that can be communicated by the FAA to the S-LSA fleet.

4.8.3. Non-Certificated Fleet

There are a large number of non-type certificated aircraft in the fleet that are not supported by
an original equipment manufacturer (OEM). These aircraft are certificated in the Experimental
category and can include former military aircraft that were not designed and type certificated
under civilian standards as well as amateur-built aircraft, some foreign aircraft, and those
placed within this category for research, testing, and other purposes. This fleet is wide ranging
in terms of performance, octane requirement, size, age and materials. Experimental aircraft
have no regulatory requirement to operate on a particular fuel provided the owner determines
the fuel to be suitable.

Experimental Fleet Assessment - the following are principle assessments that should be
performed relative to evaluation of use of a new fuel in the experimental fleet.

# Composition and size of the experimental fleet
# Technical challenges in operating these airplanes with a new unleaded fuel

# FAA fleet data (group of engines) should be made available to the end user (amateur-
built category) and type clubs to enable determination of impact by the user

# Economic impact on the experimental fleet should be included in the total aviation
industry economic impact assessment

Experimental Fleet Approval Mechanisms - Experimental fleet approval mechanisms for use of a
new unleaded AVGAS may involve one or more of the following.

# FAA provides specific guidance in the form of an AC or SAIB based upon type certificated
products for owners of experimental aircraft to evaluate the impact (performance,
materials compatibility, etc.) of the unleaded fuel on their individual aircraft and make
informed decisions about its use
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# SAIBs issued by FAA in support of the type-certificated fleet may be supportive of the
amateur-built and other experimental aircraft impact determinations

Industry Support — may include but are not limited to the following.

# Engine manufacturers provide approval for use of the new unleaded fuel for their
respective engine models (TC and non-TC)

# Provide applicable technical data to enable assessment of impact by users and type
clubs

& Type Club coordination with FAA, manufacturers and fuel developer to provide data and
information to the experimental community enabling assessment of any new fuel and
approval means for the experimental fleet

FAA Fuel Developer Support - Provide information and test results generated to support
approval of the TC products that can be communicated by the FAA to the experimental fleet.

4.8.4. Aircraft/Engine Modification Testing Approval

The UAT ARC recognizes that an unleaded AVGAS that completes the qualification and
certification process will most likely not meet the full range of performance demands or be fully
compatible with the entire fleet of existing piston-powered aircraft. Therefore, some portion of
the fleet will not be able to operate safely using a new unleaded AVGAS without some form of
aircraft and/or engine modifications. These are referred to as “out-of-scope” aircraft and
engines.

16) The UAT ARC recommendsthat the centralized FAA test program and the
centralized FAA Certification Office support the approval of key aircraft and/or
engine modifications that will allow the largest portions of “out-of-scope”
aircraft and engines to operate with a new unleaded aviation gasoline. The FAA
would have to develop procedures/guidance to facilitate certification of the out-
of-scope aircraft/engines requiring modifications.

4.9. Development of Unleaded AVGAS Deployment Strateqy

A clearly defined transition plan from 100LL to a replacement unleaded AVGAS is necessary to
provide a common timeline to all stakeholders including manufacturers, operators, FAA, EPA,
industry associations, etc. The UAT ARC Recommendations are designed to facilitate the
development and deployment of an unleaded AVGAS and provide this transition plan.
Implementation of the UAT ARC recommendations and the associated transition plan will
ensure the continued safety and viability of general aviation. The Recommendations lay out
three stages of the transition; Preparatory, Project and Deployment with significant detail
provided for the first two stages. The Preparatory and Project stages address the development
of an ASTM fuel specification, FAA approval and certification policy as well as the economic
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viability of a candidate unleaded AVGAS. These stages represent a significant portion of the
UAT ARC Recommendations.

The Deployment stage is, however, as critical as the first two Stages in managing the impact of a
transition to an unleaded AVGAS. The Deployment Stage addresses the introduction of the
unleaded AVGAS into the field and the eventual phase out of 100LL. The UAT ARC understands
the need to provide the FAA with a recommendation for the framework and milestones to
address the transition of the fleet to an unleaded fuel. At this time, the UAT ARC cannot
recommend a specific timeline beyond the Preparatory and Project Stages of the
recommendations due to the unknown impact of an unleaded fuel on the existing fleet.

Another important consideration in this discussion is the timeline by which alternatives are
implemented and ultimately brought to market. An alternative that has a substantial impact,
including the devaluation of a portion of the fleet, would require a significantly longer
implementation timeline, perhaps decades, to allow for the consumption of the remaining life
of the airframes and engines. This will enable the natural retirement and attrition of this
portion of the fleet. The challenge with this approach is that the industry presently keeps
heavy utilization aircraft active for decades. These aircraft are flying missions in support of
critical roles and are difficult, expensive or in many cases, impossible to replace due to a lack of
new aircraft produced that can fit the mission profile. The average age of the General Aviation
piston fleet exceeds 39 years. This highlights the need for an extended transition for any
alternative fuel that would otherwise significantly devalue or limit the capability of the existing
fleet.

Another key consideration for a viable unleaded AVGAS replacement for 100LL is the economic
impact. This includes both the upfront costs to transition to an unleaded AVGAS as well as the
long term cost impact of operating on a new fuel. The EPA’s Advance Notice of Proposed
Rulemaking on Lead Emissions from Piston-Engine Aircraft recognized that converting in-use
aircraft/engines to operate on unleaded aviation gasoline would be a significant logistical
challenge, and in some cases, a technical challenge as well. As discussed previously, a change to
the approved AVGAS or modifications to engines and aircraft require FAA certification to ensure
compliance with applicable airworthiness standards necessary for safety. The FAA certification
process is comprehensive and requires significant investment of resources, expertise and time
to complete. The cost and resource impact upon both industry and government can be
significant depending upon the level of effort and number of modifications that may be
necessary to support a transition of the in-use fleet to an unleaded AVGAS. However, the closer
the physical and performance properties of an unleaded AVGAS to 100LL, the less upfront
economic impact there would be, particularly with respect to octane rating. This is a critical
fuel property for aircraft engines to maintain rated horsepower that in turn is crucial for high
performance aircraft to meet their performance limitations. Another potentially significant
upfront cost for an unleaded AVGAS is the impact upon the fuel production and distribution
infrastructure and level of modifications/investment that may be necessary. Long-term
economic impacts that should be considered are the cost of unleaded AVGAS per gallon and
any potential impact on aircraft/engine operating and maintenance costs. These are ongoing
costs incurred by entire in-use fleet for the foreseeable future.
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4.9.1. Milestones and Timeline

It is imperative to understand that at this time the UAT ARC is only able to discuss major
milestones that are expected to be necessary for the Deployment Stage. Timelines for these
milestones can only be established once a potentially viable unleaded AVGAS has been
identified and the industry has an understanding of the impact upon the existing fleet and
production and distribution infrastructure. The UAT ARC also highlights the importance of
understanding that the milestones may also represent decision points. Once a milestone is
reached, all information available to that point must be evaluated. Future milestones may need
to be altered, adjusted or completely reevaluated as information about new fuels becomes
known.

The following summarizes some of the key milestones necessary for deployment of an
unleaded AVGAS once a potentially viable unleaded AVGAS with least impact upon the piston-
engine aircraft fleet has been identified:

J |dentification of an Unleaded AVGAS with Least Impact Upon Existing Fleet
M ASTM production specification to support commercial acceptance
M FAA qualification and certification test data to support maximum fleet approval
M Aircraft fleet impact assessment and potential modification data
# New Aircraft Certified for Unleaded AVGAS Capability
M New production engines/aircraft certified to operate on unleaded AVGAS
- Only affects engine/airplane certification and not current operations
- Would require dual certification for unleaded AVGAS and 100LL
M Consideration of some type of regulatory mandate may be necessary
J Transition to Unleaded AVGAS
M Applies to fuel availability and operations of all General Aviation aircraft
M Transition timeline dependent upon impact of unleaded AVGAS
- Level of FAA certification required for fleet-wide approvals
- Development and implementation of modifications (i.e. overhaul cycle)
- Level of change to AVGAS production and distribution infrastructure
M Consideration of special case

- Portions of fleet that cannot transition (i.e., cargo operations in remote
areas, public safety operations, historic aircraft, etc.)

M Consideration of some type of regulatory mandate may be necessary

Page 61 of 99



UAT ARC Final Report — Part | Body February 17, 2012

17) The UAT ARC recommends that the FAA, working with industry, develop a
deployment and transition plan and timeline only after unleaded aviation
gasoline(s) with least impact upon the piston-engine aircraft fleet has been
identified and a process for fleet-wide approval to use the new fuel in aircraft has
been clearly established. Any FAA action should support the efforts of the
industry to transition to unleaded aviation gasoline(s) in a safe and orderly
manner.

4.9.2. Consideration of Reqgulatory Action

The UAT ARC recognizes that an ultimate transition to unleaded aviation gasoline for general
aviation is not likely to occur due to market forces alone and accordingly some form of
regulatory action may be required to effect a permanent and complete change from leaded to
unleaded AVGAS. However, given the uncertainties surrounding what a future fuel might look
like relative to its performance, safety and economic impact it is premature for the UAT ARC to
recommend any form or regulation or timeline. We only acknowledge that such an action may
need to occur once a satisfactory replacement has been identified and approved

18) The UAT ARC recommends that the FAA and EPA continue to coordinate
closely with stakeholders and take into consideration implementation of the UAT
ARC’s recommendations in any potential rulemaking efforts. Consideration must
be given to safety, costs, and the ability and time needed to implement new
technology.

4.9.3. Funding for Piston Aviation Fuels Initiative (PAFI)

This implementation of the proposed PAFI will require an estimated $57.5M of public funds and
$13.5M of industry in-kind support over 11 years. Specifics for the estimated funding are
addressed in Section 5.5.

19) The UAT ARC recommends the FAA establish a line item in its annual 2013-
2020 budget requests to fully support the UAT ARC recommendations for a
Piston Aviation Fuels Initiative (PAFI) which includes centralized FAA fuel testing
to support the development of an ASTM unleaded aviation gasoline specification
and fleet-wide certification approval.
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5. Implementation of UAT ARC Recommendations

The implementation concept recommended by the UAT ARC relies upon both a process and an
organization called the Piston Aviation Fuel Initiative (PAFI) formed by the FAA and an industry-
government coalition. The overall objectives of this initiative are to identify candidate
unleaded aviation gasolines, to provide for the generation of qualification and certification data
for those fuels, and to support the qualification and certification of the most promising fuels.
The elements of PAFI will be an FAA Test Program, centralized certification office, a FAA review
board, and a PAFI Steering Group (PSG) (refer to Figure 6.0). The FAA test program will test
candidate fuels at the FAA William J. Hughes Technical Center (FAA Tech Center) to generate
data that can then be used by the fuel developer to support ASTM specification development
and FAA certification. The PSG will facilitate, coordinate, expedite, promote, and oversee the
PAFI process that is identified throughout this report. The PSG will consist of an Executive
Director and a coalition of industry associations and government representatives who will
engage subject matter experts (SMEs) as necessary (refer to Figure 7.0). The PSG will provide
input to candidate fuel developers to facilitate the process to result in an unleaded fuel that
would have the least impact to the existing fleet and distribution system.

A secondary objective of PAFI will be to support the testing and approval of key aircraft/engine
modifications that would have a significant impact on compatibility of the existing fleet with
new unleaded AVGAS.

The following roles, responsibilities, resources, funding, and scheduling requirements are
designed to support these objectives. In addition, a description of the integration of PAFI with
the FAA fuel testing program and with the prospective AVGAS developers who participate in
that program is also provided.

UAT ARC Key Concepts

Study/Investigate
Current Avgas Issues

P B Recommend
Bokbbaap Facilitale = Coordinate - b Ug S LR Y

Expaedite - Promobe Collaborative
Strateqy

Supporting
Avgas Tools &
Readiness Processes
Levels

Centralized FAA Test
Certification Program

Figure 6.0 — UAT ARC Key Concepts
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5.1. PAFI Organization

It is recommended that PAFI be organized as an industry-FAA coalition; similar to the structure
of the existing FAA sponsored Commercial Aviation Alternative Fuels Initiative (CAAFI); see
Appendix D for a description of CAAFI. It is also recommended that the FAA fund and provide
administrative support for a PAFI Director, and fund other consultants as required. This
administrative support would include the establishment and maintenance of a web site for the
PAFI organization. The membership of PAFI would be comprised of stakeholders from the
General Aviation community including aviation trade and other directly involved industry trade
and membership associations, and the FAA as illustrated in the following Figure 7.0. The
members would be expected to provide in-kind support to perform the tasks necessary for PAFI
to perform its role as described in this report. Members would allocate resources to support
unique PAFI tasks, such as the generation of job aids and to support industry tasks related to
development and approval of unleaded AVGAS, such as ASTM Task Forces.

Figure 7.0 — PAFI Organization

5.2. The PAFI Process

5.2.1. PAFI Fuel Development Stages

The PAFI roles, responsibilities, resources, funding and schedule requirements are presented
for three distinct stages which are structured to facilitate the integration with FAA fuel testing
program and the AVGAS development process (see Figure 8.0).
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Preparatory Stage

This stage precedes the start of the FAA fuel testing program and associated testing of
candidate fuels. Job Aids will be developed during this stage by PAFI to support the
subsequent stages. These job aids will include technical, logistical, economic and other
AVGAS-related industry information that are necessary for the FAA Tech Center to conduct
testing in support of the FAA fuel testing program. These job aids will also provide
reference information for prospective fuel producers, potential investors, and government
agencies that may play a future role in the commercialization of unleaded AVGAS. It is
recommended that the FAA establish an aviation fuel centralized certification office during
this stage.

Project Stage

The FAA will issue a solicitation for prospective unleaded AVGAS producers to submit fuel
for testing for the FAA fuel testing program during this stage. The FAA will select a limited
number of the most promising fuels for testing at the FAA Technical Center. The data
generated from this testing will support the concurrent ASTM specification development
and FAA certification activity during this stage. As appropriate, PAFI members may also
advocate for and promote both private and government financing opportunities to support
this initiative.

Deployment Stage

This stage commences upon the completion of fuel testing, specification development, and
FAA certification activities. PAFI provides expert support to facilitate the production,
distribution, and initiation of fleet-wide operations of the new unleaded aviation gasolines.

A more detailed overview of the PAFI activities in each of these stages is provided in Section 5.7
PAFI & FAA Work Scope.

3 Stages of Development & Deployment

1 '
1 1 [ —~
| | B
Job Aids I I =
| |
Preparatory Deployment
Stage Stage

Figure 8.0 - PAFI Fuel Development & Deployment Stages
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5.2.2. FAA Integration

During the Preparatory Stage, the PSG will facilitate the development of job aids that the FAA
will use to support screening and testing of candidate fuels. The FAA will use the job aids to
develop “Request for Proposals” (RFPs) to solicit new fuels to undergo testing at the FAA Tech
Center. This FAA Test Program will generate data that can be used by the applicant to support
fuel approval. The FAA will establish an FAA Review Board that will use the job aids to screen
candidate fuels for admittance to the FAA Test Program (see Section 5.2.5). The FAA Review
Board will require the technical expertise necessary to evaluate fuel property and composition
data to determine the feasibility of the candidate fuel. In addition, the FAA will establish a
centralized certification office (see Section 5.2.4). During the Project Stage, the fuel testing
program will be conducted at the FAA Tech Center. See Figure 9.0.

Fl | 1
| |

I I 1%‘ -

Test : : *

Procedures I I
| |
| |
| |

Preparatory ! Project ' Deployment

Stage : Stage : Stage

| |
| |
| |
FAA I l
T 1 . 1
Review ! Review I
Board : Da Board :

Figure 9.0 - FAA Integration

5.2.3. Fuel Developer Integration

Both the PSG and the FAA will be working closely with the prospective fuel developers during
the Project and Deployment Stages. The fuel developers will need to provide test fuel to the
FAA Test Center for conduct of the testing. The data generated during the testing at the FAA
Tech Center will be used by the fuel developer to support specification development and FAA
certification. The fuel developer will progress through the AVGAS Readiness Levels (ARLs)
during the development and deployment of the fuel. The PSG will support the fuel developer
during the project and deployment stages to facilitate the specification issuance, certification
approvals, and distribution and deployment of the approved fuel. See Figure 10.0.
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Figure 10.0 - PAFI & FAA fuel testing program Integration with Fuel Developer

5.2.4. FAA Centralized Certification

In accordance with the UAT ARC recommendations, the FAA will establish a centralized
certification office for aviation fuel projects. The PSG will coordinate with the centralized
certification office and with the FAA Tech Center to develop test procedures and conformity
and test witnessing protocols that are acceptable for certification. The data generated during
the FAA fuel testing program by the FAA Tech Center is provided to the candidate fuel
developer. The fuel developer can then submit this data to the FAA Centralized Certification
office as certification data. The applicability or scope of certification will be based on the test
results and will be reflected in the application to the centralized FAA certification office. See
Figure 10.0.

5.2.5. FAA Testing Program Overview

The FAA fuel testing program will occur during the Project Stage of the PAFI fuel development
process (see Figure 10.0). The program will be managed by the FAA and will offer the incentive
of government funding and industry in-kind contribution to test the fuel at the FAA Tech
Center. The program consists of a screening phase that the fuel candidate conducts to measure
key fuel properties. The fuel developer will then provide the fuel property data when
responding to the FAA RFP. If selected by the FAA Review Board, the fuel developer will then
be required to provide specified quantities of fuel that will be subjected to Phase 1 testing
under the FAA test program. The FAA Review Board will then select a limited number of
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candidate fuels to continue on to Phase 2 testing upon receipt of an additional specified
guantity of fuel from the fuel developer (see Figure 11.0).

Entry Fhase (Company Funded]

I:an didate Fuels coreenin g
Lab Test

Testing &t FAA Tech Centor
Phase ? (Eqguipment Testing) Phase 1 (Fuel Testing]

Fas,

Figure 11.0 - FAA Fuel Testing Program

The FAA Testing Program is described separately; the following is a short overview of the
anticipated structure of the program.

Entry Phase

The fuel developer will send on the order of 10 gallons (final quantity TBD) of the
candidate fuel to a laboratory designated by the FAA during the evaluation period
defined in the RFP. The lab will perform initial testing to measure fuel properties. The
fuel developer will submit the data to the FAA Review Board for review. The best
performing fuels will be admitted to Phase 1 of the program.

Phase 1

If the fuel passes the screening phase, the fuel developer will send on the order of 100
gallons (final quantity TBD) of the candidate fuel to the FAA Tech Center for expanded
fuel properties testing. The test data will be submitted to the FAA Review Board for
review. The best performing fuels will be admitted to Phase 2 of the program.
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Phase 2

The fuel developers of the candidate fuels selected after Phase 1 testing will send on
the order of 10,000 gallons of the candidate fuel (final quantity TBD) to the FAA Tech
Center for engine and aircraft testing. The final test data will be provided to the fuel
producer to support ASTM specification development and FAA certification. A final
report or appropriate information will be provided to the PSG with an assessment of
the scope of the transparent fleet to aid the fuel developer and FAA centralized
certification office to facilitate subsequent ASTM and certification approval.

This recommended program includes both the conduct of testing and the provision of data that
can be used to support development of ASTM International fuel specifications and for FAA
certification (see Figure 12.0). Availability of test data to persons other than the fuel developer
when using public funds needs to be further evaluated and addressed by the PSG. The PSG will
coordinate with the FAA Fuel Testing Program, the FAA Tech Center, and PSG member
companies to facilitate the ASTM specification development process. PSG will also coordinate
with the FAA Tech Center and the FAA centralized certification office to facilitate the FAA
certification process.
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Figure 12.0 - Integration of FAA Fuel Testing Program with ASTM and FAA
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5.2.6. FAA Technical Center Support

The FAA Tech Center has established itself as the leading expert for testing of candidate
aviation gasolines. The FAA fuel testing program will utilize the FAA Tech Center to perform
fuel property testing in Phase 1 and equipment (engine and aircraft) testing in Phase 2 of the
program. All the candidate fuels will be tested in the same manner using the same equipment,
instrumentation and test facilities. This will allow for accurate comparisons of the results, and
also for standardized data to be used in the ASTM specification development process and in the
FAA certification process. This will provide for a more efficient and expeditious overall approval
process.

5.2.7. AVGAS Readiness Levels (ARLs)

The UAT ARC applied the CAAFI concept of jet “FRLs” to the unique needs of AVGAS
development. The ARLs are designed to reflect the fuel developer’s progression through the
FAA fuel testing program, ASTM specification development, FAA certification, and deployment
as shown in Figure 10.0. The ARLs will be used to develop the screening criteria to be used by
the FAA Review Board to select fuels for each of the respective phases of the FAA Test Program.
The ARLs are color coded in Figure 13.0 to identify where they apply during the project stage
and deployment stage (ARLs are not applicable to the preparatory stage). Within the project
section, they are further divided into screening phase, Phase 1 and Phase 2, to correlate with
the FAA fuel testing program concept shown in Figure 11.0. Figure 14.0 provides a detailed
description of the ARLs developed by the UAT ARC.
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Figure 13.0 — ARL Color Coding
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Figure 14.0
AVGAS Readiness Levels

ARL

Title

Description

Deliverable
(Informational /
Data / Regulatory)

Fuel Qty
Guidance

Fuel Definition

[

Utilize data developed during
experimentation phase to
establish process elements and
parameters (such as reactor
hardware and catalyst materials)
and fuel compositional definition
by GC analysis.

Fuel sample and
report including
process flow
diagram and fuel
compositional
analysis

4 Liters

Material Safety Revie

Initial review of candidate fuel
composition relative to published
guidance on material safety with
respect to environmental and safe
handling considerations. Develop
material safety data sheet
(MSDS).

MSDS and other
data as needed

Basic Fuel Properties
and Composition

$S920.4d 3AI}eJ3)|

Intended to support initial

engagement with ASTM to form

Task Force. Lab analysis of fuel

sample to identify composition

and measure key Fit-For-Purpose

properties per test methods

defined in ASTM International

Standard Practice , “Standard

Practice for the Evaluation of New

Aviation Gasolines and New

Aviation Gasoline Additives”:

=  Motor Octane Number
(detonation)

= Vapor Pressure (starting,
vapor lock)

=  Freezing Point (high-altitude
operation)

= Corrosion, copper strip (metal
fuel system components)

= Oxidation stability (gumming)

=  Water reaction (hygroscopic
effect)

=  Electrical conductivity (fuel
handling)

= Distillation curve

= |nitial material compatibility
testing

Independent lab
analysis report(s),
report how the fuel
was produced
(blending purchased
components, lab
scale production,
etc.)

20 to 50
Liters
Minimum

Preliminary ASTM
Research Report

\

Naboratory analysis of candidate

Compile data derived from

fuel in accordance with Section
6.2 of ASTM International
Standard Practice, “Standard
Practice for the Evaluation of New

Preliminary ASTM
Research Report

200 - 400
liters
minimum
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Aviation Gasolines and New

Aviation Gasoline Additives”. This

data will include:

=  Basic Specification properties

=  Compositional analysis

=  Preliminary Fit-For-Purpose
(FFP) Properties

=  Preliminary Materials
Compatibility Assessment

= |Information from preceding
ARLs

Plan

addresses the following:

a) Scope of Solution: Describe
the fuel, engine/aircraft
hardware and operational
concept proposed. If
hardware or operational
changes are proposed
summarize and characterize
in accordance to CFRs as
minor, major or model
changes.

b) Production Concept: Describe
how the candidate fuel
composition can be scaled up
and commercialized. Include
summary of fuel production
process flow and related
hardware

c) Applicability: Define fleet

5 ASTM Test ASTM Test Specification defines Issued ASTM Test
Specification the properties of the fuel for Specification
subsequent testing and analysis.
6 Preliminary Feasibility | Prepare the following reports to
Assessment assess the potential viability of
the candidate fuel concurrent
with the previous ARLs 1-5.
6.1 | Preliminary Production | Analyze current AVGAS Report
and Distribution production and distribution
Assessment infrastructure to identify gaps in
current system and develop
preliminary plan to address gaps
and to scale-up production and
distribution to commercially
viable volumes.
6.2 | Environmental & Review candidate fuel Report with
Toxicology Assessment | composition with consideration compositional data,
to use and handling from an MSDS, environment
environmental perspective, and toxicology
including OSHA, EPA and other assessment, and
regulatory entities. other relevant
environmental data.
6.3 | Preliminary Business Provide a business plan that Report
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satisfaction concept relative
to either actual aircraft cross
section as defined in the FAA
Aviation Fuels Reciprocating
Engine Aircraft Fleet Fuel
Distribution Report or
BMEP/detonation propensity
as defined by TBD document.

d) Cost: Describe market cost of
proposed solution inclusive of
recurring cost/volume and
non-recurring associated with
hardware or operational
limitation changes.

e) Implementation: Describe
defined or to-be-defined
strategic partnerships,
financing strategies,
infrastructure leveraging
opportunities, distribution
strategies and other relevant
details facilitating path to
market.

f) Deployment Concept: Describe
whether the proposed fuel is
miscible and fungible with
100LL. Does the solution
require a separate
distribution and control
system?

g) Intellectual Property: Declare
IP associated with the Scope
of Solution and how stated IP
is protected or public domain
considerations.

Report — Part 1

laboratory analysis and of
candidate fuel in accordance with
Section 6.3 of ASTM International
Standard Practice, “Standard
Practice for the Evaluation of New
Aviation Gasolines and New
Aviation Gasoline Additives”. This
data will include:
=  Final Fit-For-Purpose (FFP)
Properties

7 Initial Pilot Production | Scale-up lab production capability, | Fuel sample 400 liters
Capability and define production process produced by the minimum, or
flow and hardware for novel defined process as needed to
production capability support ARL 8
requirements.
8 Final ASTM Research
Report
8.1 | Final ASTM Research Compile data derived from Report
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=  Final Materials Compatibility
Assessment

8.2

Final ASTM Research
Report — Part 2

Compile data derived from
equipment testing of candidate
fuel in accordance with Section
6.3 of ASTM International
Standard Practice, “Standard
Practice for the Evaluation of New
Aviation Gasolines and New
Aviation Gasoline Additives”. This
data will include:

= Engine Testing

= Aircraft Testing

Final ASTM Research
Report

ASTM Production
Specification

ASTM Production Specification
defines the properties of the fuel
and other criteria necessary for
high-volume production and
distribution.

Issued ASTM
Production
Specification

10

Pilot Production
Capability

Scale-up initial pilot production
capability, using the production
process flow from the initial pilot
production capability
requirements (ref: ARL 7).
Demonstrate the ability to
produce at least 10,000 gals/yr
(40,000 liters/yr).

Production Process
Demonstration

10,000 gals
(40,000 liters)
minimum,
or as needed
to support
ARL 11

11

Airworthiness
Certification

11.1

Engine Certification
Testing

Completion of all rig, component
and engine certification tests in
accordance with compliance
program established by the
cognizant airworthiness
regulatory authority.

Certification Test
Reports

11.2

Engine Certification

Obtain certification approval from
cognizant airworthiness
regulatory authority.

Issued Amended or
Supplemental Type
Certificate(s)

11.3

Aircraft Certification
Testing

Completion of all ground and
flight testing in accordance with
compliance program established
by the cognizant airworthiness
regulatory authority.

Certification Test
Reports

11.4

Aircraft Certification

Obtain certification approval from
cognizant airworthiness
regulatory authority.

Issued Amended or
Supplemental Type
Certificate(s)

12

Final Feasibility
Assessment

Prepare the following reports to
assess the potential viability of
the candidate fuel concurrent
with the previous ARLs 7-11.

12.1

Final Production and
Distribution
Assessment

Update preliminary report based
on data and information
developed during the fuel
development.

Report
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12.2 | Final Environmental & | Update preliminary report based Report and MSDS
Toxicology Assessment | on data and information
developed during the fuel
development. This may include
testing for baseline emission data.
12.3 | Final Business Plan Update preliminary report based Report
on data and information
developed during the fuel
development.
13 | Initial Production Scale-up pilot production Fuel inventory
Capability capability, using the production
process flow from the pilot
production capability
requirements for the large-scale
(ref: ARL 10). . Establish
production capability to produce
at least 100,000 gals/yr (400,000
liters/yr).
14 | Initial Limited-Scale Introduce fuel on a regional basis | Coordinated plan
Fleet Operations to gain experience with with fuel distributors
commercial operations. and fleet operators
to demonstrate
operational use of
fuel
15 | Production Scale-up Construct facilities to produce at Fuel inventory
least 10,000,000 gals/yr
(40,000,000 liters/yr).
16 | Wide-Scale Fleet Fuel availability and usage over Coordinated plan to
Operations several geographic regions. transition
production,
distribution, and use
on a regional basis

5.3. Aircraft/Engine Modification Testing and Approval

The UAT ARC recognizes that unleaded aviation gasolines that complete the above described
PAFI process will most likely not meet the performance demands of, or not be compatible with

the entire fleet of existing piston-powered aircraft.

Therefore, this implementation plan

includes tasks to support the testing at the FAA Tech Center and approval of aircraft and/or
engine modifications that will allow a portion of the non-transparent fleet to operate with a

new unleaded AVGAS.

Figure 15.0).

This recommendation will include the following key elements (see

# The FAA will maintain the FAA Review Board to review proposed aircraft/engine

modifications.

& Prospective aircraft/engine modifiers will submit proposed modifications to the FAA

Review Board.
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P

The FAA Review Board will select those modifications that will enable the greatest
number of aircraft in the non-transparent fleet to operate safely with a new unleaded
AVGAS.

Once selected, the modifier will provide the modification hardware to the FAA Tech
Center.

The FAA Tech Center will test the hardware to test plans developed with the FAA
Centralized Certification Office

The test data will be provided to the modifier who will then work with the FAA
Centralized Certification Office to approve the modification.

A final report or appropriate information will be provided to PSG with an assessment of
the applicability of the proposed modification to aid the fuel developer and FAA
centralized certification office to facilitate subsequent certification approval.

S

@]

FAA Centralized

Certification
X3 %_, FAA Review
Board
r | Candidate Mods ' roposal
TCISTC ! ¥
Application K

% Modification
Applicant

Figure 15.0 - PAFI Aircraft/Engine Modification Concept
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5.4. PAFI Management

The PSG is envisioned to be a coalition, rather than a formalized legal entity. The FAA fuel
testing program will perform the selection and testing of the candidate fuels separately from
the PSG. The role of the PSG will be limited to providing supporting data, and coordinating the
activities of member organizations to provide the necessary project and deployment support.

The recommended organization for PAFI is modeled after CAAFI. Like CAAFI, it is proposed that
the FAA fund a full-time consultant to act as the PAFI Director, other consultants as required,
and that the FAA provide administrative support for the Director. In addition, like CAAFI, it is
recommended that the FAA fund the construction, maintenance, and updating of a web site for
the PAFI organization. It is expected that both the PAFI Director and PAFI members will need to
participate in dedicated PAFI meetings and perform other tasks unique to the PAFI
organization.

PAFI management is projected as being an on-going program management function throughout
the Preparatory, Project, and Deployment stages. The PAFI Executive Director, reporting to the
FAA and the PSG, will act as the program manager monitoring, directing, and coordinating
overall PAFI activities and interfaces with industry, government, and candidate fuel developers.
The PAFI Executive Director will represent PAFI at industry meetings and will interface with
government agencies, PAFI members, and other external organizations as directed by the PSG.
The PAFI Executive Director will act as a champion and advocate for the PAFI program. PAFI
management tasks and associated work scope are illustrated in Figure 16.0.

A cost estimate for the PAFI management-function and associated overhead is provided in
Figure 17.0. Included in the cost estimate are subcontract costs for the director, administrative
support, travel, PAFI website maintenance, and other direct costs (ODC). Other direct costs
provides for miscellaneous costs such as expenses and small service subcontracts. This cost
estimate is presented as an annual cost that covers PAFI management and overhead tasks such
as Program Management, Advocacy, PAFI Meetings, and Communications. It is envisioned that
the PAFI Executive Director will report to the FAA and the PSG of which the FAA is a member.

Note that Figure 17.0 does not included cost of specific subcontracts to SME and other
specialists as required to support the specific FAA-PAFI tasking and work scope of Section 5.7;
these subcontract costs are included in the total program cost estimates of Figure 18.0. It is
anticipated that Industry will provide SME as in-kind-resources similar to commitments
currently made to ASTM, Coordinating Research Council (CRC) and other standardization
bodies.
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Figure 16.0
PAFI Leadership & Management
Tasks & Work Scope
Task
No. Task Work Scope Cost Estimate Schedule
PREPARATORY, PROJECT, & DEPLOYMENT STAGES
O&C-1 | Program Active on-going program management: See Figure 17.0 On-going
Management Monitoring, directing, and coordination
of PAFI activities and interfaces
with industry, government, and fuel
developers. Reports directly to the PSG.
0O&C-2 | Advocacy Represent PAFI at industry meetings, See Figure 17.0 On-going
interface with government agencies and
offices.
O&C-3 | PAFI Meetings Plan, organize, coordinate, and convene See Figure 17.0 On-going
PAFI meetings. Issue meeting reports.
O&C-4 | Communications | Provide communications regarding See Figure 17.0 On-going
status and progress to users and General
Aviation industry. Provide reports at
industry meetings. Provide and
coordinate input to PAFI website.
Figure 17.0
PAFI Management & Overhead
Estimated Cost
Year Director Admin Travel | Web Site oDC FAA Industry Total
Labor Support Cost Cost FAA +
Industry
1 S$150K $26K $21K $10K S2K $209K $360K $569K
2 S$150K $26K $21K S2K S2K $201K $360K $561K
3 $150K $26K $21K S2K S2K $201K $360K $561K
4 S$150K $26K $21K S2K S2K $201K $360K $561K
5 $150K $26K $21K S2K S2K $201K $360K $561K
6 $150K $26K $21K S2K S2K $201K $360K $561K
7 $150K $26K $21K S2K S2K $201K $360K $561K
8 S$75K $13K $10K S2K $1K $101K $180K $281K
9 S75K S$13K S10K S2K S1K S$101K $180K $281K
10 S75K $13K $10K S2K $1K $101K $180K $281K
11 S75K $13K $10K S2K $1K $101K $180K $281K
Totals $1.82M $3.24M $5.06M
Notes:
1) The above represents management and overhead cost only and does not include subcontracts to
SME and other external specialists.
2) Industry in-kind estimate based upon assumption of 8 PSG members + 4 SME
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5.5. PAFI Program Estimated Cost

The following Figure 18.0 identifies estimated program cost for the total FAA-PAFI program as
proposed within the context of the recommendations presented within this report. For
planning purposes, the cost estimate is based upon the assumption of 11 years of funding
(subject to change). It is not possible at this point to project funding beyond 11 years. The
estimated cost is segregated into categories of FAA, PAFI, and industry in-kind participation.

Figure 18.0
Estimated Total Cost
Cumulative FAA-PAFI Work Scope
Estimated Cost
FAA FAA FAA Industry Total
Direct Funding Total In-Kind | Funding
Funding | of PAFI Support
PAFI PREPARATORY — PROJECT — DEPLOYMENT STAGES
1 | Certification & Qualification (C&Q) $3.85M o) $3.85M $236K $4.09M
2 | Test & Evaluation (T&E) $51.22M $0 $51.22M | $9.65M $60.9M
3 | Production & Distribution (P&D) $0 $8K $8K $182K $0.19M
4 | Impact & Economics (I&E) $0 $300K | $300K $210K | $0.51M
5 | Environment & Toxicology (E&T) $300K $0 $300K $0 $0.30M
6 | pAFI Management & Overhead (O&C) SO $1.82M | $1.82M $3.24M | $5.06M
Total Funding $55.37M | $2.13M | S$57.5M | $13.52M | $71M
Notes:
1. See Figure 17.0 for PAFI Management & Overhead Annual Cost Estimate
2. See Figures 19.0 & 19.1 for FAA Direct Funding of PAFI Annual Cost Estimate

Caution — the industry in-kind participation represents support furnished to
the FAA Test & Evaluation Program and does not include industry non-recurring
engineering costs. An estimate of industry DAH non-recurring engineering costs
is included in Appendix M.

5.5.1. Industry In-Kind Participation

Industry in-kind participation does not reflect the total cost to transition to new fuel(s). The
total PAFI Estimated Cost of $71 million dollars as shown in Figure 18.0 reflects only the direct
industry in-kind support of $13.5 million that will be provided to PAFI during the Preparatory
and Project stages. It does not reflect, nor does this report attempt to estimate, the actual cost
and in-kind support that industry will bear during basic research conducted by fuel sponsors
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prior to entering the PAFI process or transition of the fleet to a new fuel during the Deployment
Stage. The Deployment Stage represents the potential for the largest impact to all segments of
the industry and is the most difficult to estimate without knowing the properties and
composition of the fuel. The impact and cost to the industry of the Deployment Stage can only
be determined and estimated as the impact of the potential candidate fuels becomes apparent.
Fuels necessitating significant changes to production, distribution, aircraft operations, or that
require aircraft modifications will result in additional costs to segments of the industry. These
impacts cannot be quantified or shown at this time and are not reflected in the industry in-kind
support. However, consideration must be given to these significant economic impacts, when
contemplating contributions of the stakeholders in this effort. The collaborative effort
presented in this report relies on the FAA funding of a significant portion of the upfront cost of
the PAFI program as reflected in this report, but also on the potentially much larger costs that
industry will incur to transition the existing fleet and future production aircraft and engines to a
new fuel or fuels.

5.5.2. Industry Deployment Stage Costs Not Reflected in In-Kind Support

Examples of potential industry costs which may be encountered during the Deployment Stage
but are not reflected in the industry in-kind support cost estimate include the following.

Production and Distribution — It is anticipated that new unleaded fuels will require some
change to the production and distribution systems currently used for avgas. These changes are
likely to include physical infrastructure changes to accommodate new fuels, including the need
for new production facilities and changes to distribution infrastructure materials to
accommodate new chemicals. Facilities that produce, transport, store and dispense these fuels
will, at a minimum, likely need to change product labeling, educate staff on handling
characteristics, and potentially make changes to dispensing equipment and practices.

Aircraft Operations - New fuels may require changes to aircraft operations. While it is the
intent of the UAT ARC recommendations and subsequently PAFI to minimize these impacts, any
change will have a subsequent effect on some portion of the fleet. That portion of the fleet
that may see operational changes will experience an economic impact that will affect the entire
industry.

Aircraft Modifications — This report recommends FAA support of some key aircraft
modifications to lessen the impact of a new fuel on the non-transparent fleet. However, the
incorporation of these aircraft modifications after approval will still have a significant economic
impact on industry. These modifications may vary from minor changes to the aircraft operating
limitations, Pilot Operating Handbook (POH), and placards to hardware modifications necessary
to accommodate a new fuel. Even what may appear to be a simple modification such as
placarding or a POH update will result in costs to owners and operators. Depending on the size
of the non-transparent fleet, these costs may be significant when compared to the overall PAFI
costs presented in this report.
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5.5.3. PAFI Annual Cost Estimate

The following figures 19.0 through 19.3 identify the estimated PAFI annual funding
Figure 19.1 provides a breakdown for the annual FAA funding requirements for
the PAFI tasks. Similarly, Figure 19.2 provides an indication of the annual Industry In-Kind

requirements.

funding requirements. Figure 19.3 identifies PAFI annual subcontract cost estimates.

PAFI Annual Cost Estimate ($1000)
16000
14000
S 12000
S 10000
[
¥ 8000
3
8 6000
g 2o E
c 2000 ]
< 0 . | |
YR1 YR 2 YR 3 YR 4 YR 5 YR 6 YR7 YR 8 YR9 | YR10 | YR11
FAA S 6040.1 | 9837.8 | 11350 | 8363.5| 8418 | 5421 | 4611 | 1820 811 711 108
Industry $| 817.9 | 1267.3|2192.3 |2974.1|1819.2| 1361 | 2290 209 200 200 187
Total $ 6858 | 11105 | 13542 | 11338 | 10237 | 6782 | 6901 | 2029 | 1011 911 295
B FAAS mindustry $ Total S
Figure 19.0 — PAFI Annual Cost Estimate FAA & Industry In-Kind
Figure 19.1
FAA Funding Annual Cost Estimate
PAFI Tasks
Year c&Q T&E P&D I&E E&T PAFI Mgt PAFI Total
& OH Subcon
1 $74.1K $5277K SO o) $300K $209K $180K $6040.1K
2 $34.8K $9572K SO o) S0 $201K S30K $9837.8K
3 $139.5K $11009K SO o) S0 $201K o} $11349.5K
4 $139.5K | $7963K $0 $0 $0 $201K $60K $8363.5K
5 $36K $8178K SO S0 S0 $201K $3K $8418K
6 S12K $5208K SO SO S0 $201K S0 $5421K
7 $395K $4008K SO SO S0 $201K S7K $4611K
8 $1712K SO SO SO S0 $101K S7K $1820K
9 S$703K SO SO SO S0 $101K S7K S$811K
10 S603K SO SO SO S0 $101K S7K S711K
11 SO SO SO SO S0 $101K S7K $108K
Totals | $3848.9K | $51215K SO SO $300K $1819K $308K $57490.9K
Notes:
1) The above identifies FAA annual funding requirements for each PAFI task including PAFI
management and overhead. See Figures 29.9 — 39.0 for PAFI Task Descriptions and Appendices E —
G for PAFI Task Cost Estimates. See Figure 19.3 for PAFI Annual Subcontract Cost Estimate.
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Figure 19.2
Industry In-Kind Annual Cost Estimate
PAFI Tasks
Year Cc&Q T&E P&D I&E E&T PAFI Mgt Total
& OH
1 $57.4K $175K $75.5K $150K S0 $360K $822.9K
2 $1.8K $853K $52.5K S0 S0 S360K $1267.3K
3 $45.3K $1787K S0 S0 S0 $360K $2192.3K
4 S44.1K $2510K S0 S60K S0 S360K $2974.1K
5 $19.2K $1425K S15K S0 S0 S360K $1819.2K
6 S12K S989K S0 S0 S0 S360K $1361K
7 S12K $1910K S8K S0 S0 $360K $2290K
8 S21K SO S8K S0 S0 $180K $209K
9 S12K SO S8K S0 S0 $180K $200K
10 S12K SO S8K S0 S0 $180K $200K
11 S0 S0 S7K SO SO $180K $187K
Totals $236.8K $9649K $182K $210K SO $3240K $13517.8K
Notes:
1) The above identifies industry annual in-kind cost estimates for each PAFI task. See
Figures 29.9 — 39.0 O for PAFI Task Descriptions and Appendices E — G for PAFI Task
Cost Estimates.
2) PAFI industry in-kind support estimate based upon 8 PSG member + 4 SME
Figure 19.3
PAFI Annual Subcontract Cost Estimate
PAFI Tasks
Year c&Q T&E P&D I&E E&T Total
1 S0 S0 S0 $180K SO $180K
2 S0 S0 S0 $30K SO S30K
3 $0 $0 $0 $0 $0 $0
4 S0 S0 S0 $60K SO S60K
5 S0 S0 $3K SO SO S3K
6 $0 $0 $0 $0 $0 $0
7 S0 S0 $1K S6K SO S7K
8 S0 S0 $1K S6K SO S7K
9 S0 S0 S1K $6K $0 S7K
10 S0 S0 S1K $6K $0 S7K
11 S0 S0 S1K $6K $0 S7K
Totals S0 S0 $8K $300K $0 $308K
Notes:
1) The above identifies annual cost estimates for PAFI subcontracts required to
support PAFI tasks. See Figures 29.9 —39.0 for PAFI Task Descriptions and
Appendices E — G for PAFI Task Cost Estimates.
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5.6. PAFI Program Estimated Schedule

It is recommended that PAFI begin operating by June 2012. Operations are estimated to
continue for at least 11 years from the initial authorization of funding to support development
and approval of candidate fuels. In addition, it is anticipated that PAFI activities will continue
through the deployment phase. Master schedules for the PAFI preparatory, project, and
deployment phases are shown in the following Figures 20.0 through 22.0

ID | Task Name

Certification & Qualification (C&Q) Support Tasks - Prep
C&0-1: Suppert ASTM Test Spec Reguirements Effort

ra

[

C&0-2: Suppert ASTM Production Spec Requirements Effort

P

C&0-3: Develop Phaze 1 Entrance Criteria

en

C&0-4: Develop Phase 2 Entrance Criteria
C&0-5: Develop RFP for Candidate Fusle
: Establish FAA Centralized Certification

Y

] svelop Part 23 Certification Plan Guidelines
9 C&0-8: Develop Part 23 Cerification Plan Guidelines
10 C&0-9: Develop Part 27/2% Certification Plan Guidelines
11| C&0-10: Develop Scope-of-Approval Certification Policy/Guidance
12 C&0-11: Develop Aircraft/Engine Modification Certification Pelicy/Guidance
22 | Test & Evaluation (T&E) Support Tasks - Prep
24 T&E-1: Dgvelop Phaze 1 Teat Methods and Procedures
25 T&E-Z: Establizh Phaze 1 Test Facilities
26 T&E-3: Develop Phaze 1 Report Guidelines
27 T&E-4: Develop Phaze 2 AircraftEngine Test Metheds
28 T&E-S: Establizh Phaze 2 AircraftEngine Test Vehicles

T&E-5: Prepars Phaze 2 Report Guidelines
Product & Distribution (P&D) Support Tasks- Prep
P&D-1: Refine PAD ARLs
P&D-2: ldentify Exizting PAD Materials (baseling)
P&D-3: Wentify Industry Compliance Standards (baseling)

| R
o |

[
1

L
= I

£

|

P

Impact & Economics (I&E) Support Tasks- Prep
I&E-1: Identify Historical Economic Data
IE-2: ldentify Exizting P&D Infrastructurs (bassling)
I&E-3: Develop Toole for Fuel Developer to Azsess Impact on Fleet { ARL 6.3.a&c)

P
P

n

I

B | b
~1|

IBE-4: Develop Toole for Cost Azsezsment (ARL 6.2.d)

n
(]

Environment & Toxicology Support Tasks - Prep
E&T-1: identify EPAFAL Regulatory Authority Relative to GA Emizzions

on
2]

P

en

n
n

E&T-2: Develep Pretocol and Criteria for E&T Assesament { ARL 6.2)

E&T-4: Develop Emizsions Test Plan and Protocol
PAFI Overhead & ODC Support Tasks - Prep
O3C-1: Program Mgt
wdvocacy

1| &

en| on

on
€0

on
w

e
=

: PAFI Meetings

@
2
[=}
=

C-4: Communications

E&T-2: Develop E&T Reguirements in zupport of ASTM Test'Production Spec Reguirements Effort

C&Q-10
c&a-11

o&cA
os&c-2
0&C-3
O&C-4

Figure 20.0 — Master Schedule PAFI Preparatory Phase
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Figure 21.0 — Master Schedule PAFI Project Phase

D Task Name ‘rear ‘rear § ‘rear 7 ‘rear & Year § Wear 10 [Year 11 [Year 12 |¥
EEEEEEEEEEEEEEEEEEENEEEEEEEEEN
20 |Certification & Qualification (C&Q) Support Tasks - Deploy
21 C&0-18: Educate/Engage FAA & Industry Stakeholders
22 C&0-19: Consider Leaded Avgas Phaze-cut Regulation
20 | Product & Distribution (P&D) Support Tasks - Deploy
a1 | PAD-4: Eztablizh PAFI Rols in Deployment Phass PaD-4
a2 P&D-5: Facilitate Deployment Stage
S0 |Impact & Economics (I&E) Support Tasks- Deploy
51 |&E-5; Develop Leaded Avgas Phaze-0ut Plan
g7 |PAFI Overhead & ODC Support Tasks - Deploy
63 Q&C-1; Program Mgt
69 Q&C-2; Advocacy
70 | D&C-3: PAFI Mestings
m 0&C-4: Cemmunications

Figure 22.0 — Master Schedule PAFI Deployment Phase
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5.7. PAFI and FAA Work Scope

The following describes the PAFI and FAA work scope for each of the three stages - Preparatory,
Project, and Deployment. Within each stage, PAFI and the FAA will perform tasks designed to
facilitate, incentivize, subsidize, and promote the approval and deployment of candidate
unleaded aviation gasolines. For each stage, the UAT ARC developed work scope tasks and
associated resource and schedule requirements are identified. Specific tasking is segregated
into five major support functions that are illustrated in Figure 23.0.

The PAFI and FAA work scope for each of the three stages is described in the following sections
5.7.1, 5.7.2 and 5.7.3; there are a total of 45 tasks identified. The following Figures 24.0 — 28.0
identify the upper level PAFI work tasks grouped for each of the five major support functions
shown in Figure 23.0. The PAFI management and leadership work scope was addressed in
Section 5.4.

PAFI & FAA
Work Scope
Tasking

Certlfgatlon Test & Prod;ctlon Impact & Environment
Qualification Evaluation Distribution Economics & Toxicology

Figure 23.0 — PAFI & FAA Work Scope Tasking
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PAFI Certification & Qualification Tasks

& PAFI Certification & Qualification Preparatory Stage Support

» C&Q-1 — Support ASTM Test Spec Requirements Effort

C&Q-2 — Support ASTM Production Spec Requirements Effort
C&Q-3 — Develop Phase 1 Entrance Criteria
C&Q-4 — Develop Phase 2 Entrance Criteria
C&Q-5 — Develop RFP for Candidate Fuels
C&Q-6 — Establish FAA Centralized Certification
C&Q-7 — Develop Part 33 Certification Plan Guidelines
C&Q-8 — Develop Part 23 Certification Plan Guidelines
C&Q-9 - Develop Part 27/29 Certification Plan Guidelines
C&Q-10 — Develop Scope-of-Approval Certification Policy/Guidance

C&Q-11 - Develop Aircraft/Engine Modification Certification
Policy/Guidance
J PAFI Certification & Qualification Project Stage Support

» C&Q-12 - Establish FAA Review Board

» C&Q-13 — Support ASTM Research Report and Test Spec Ballot
Process

» C&Q-14 - Conduct Phase 1 Candidate Fuel Review

» C&Q-15 - Conduct Phase 2 Candidate Fuel Review

» C&Q-16 — Support ASTM Research Report & Production Spec Ballot
Process
» C&Q-17 — Support FAA Certification of Candidate Fuels

J  PAFI Certification & Qualification Deployment Stage Support
» C&Q-18 — Educate/Engage FAA & Industry Stakeholders
» C&Q-19 — Consider Leaded AVGAS Phase-Out Regulation

VVVVYVY VY VY YVVVYY

Figure 24.0 — PAFI Certification & Qualification Tasks
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PAFI Test & Evaluation Tasks

& PAFI T&E Preparatory Stage Support
» T&E-1 - Develop Phase 1 Test Methods & Procedures
» T&E -2 - Establish Phase 1 Test Facilities
» T&E -3 - Develop Phase 1 Report Guidelines
» T&E -4 - Develop Phase 2 Engine/Aircraft Test Methods
» T&E -5 - Establish Phase 2 Engine/Aircraft Test Articles
» T&E -6 - Prepare Phase 2 Report Guidelines

# PAFIT&E Project Stage Support
» T&E -7 - Conduct Phase 1 Testing
» T&E -8 - Prepare Phase 1 Reports
» T&E -9 - Conduct Phase 2 Testing
» T&E -10 - Prepare Phase 2 Reports
» T&E -11 — Conduct Aircraft/Engine Modification Testing

Figure 25.0 — PAFI Test & Evaluation Tasks

PAFI Production & Distribution Tasks

& PAFI P&D Preparatory Stage Support
» P&D-1 - Refine Production & Distribution ARLs
» P&D-2 - Identify Existing Production & Distribution Materials
» P&D-3 - Identify Industry Compliance Standards (Baseline)

J  PAFIP&D Deployment Stage Support
» P&D-4 - Establish PAFI Role in Deployment Phase
» P&D-5 - Facilitate Deployment Phase

Figure 26.0 — PAFI Production & Distribution Tasks
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PAFI Impact & Economics Tasks
& PAFI I&E Preparatory Stage Support
» |&E-1 — Identify Historical Economic Data (Baseline)

» |&E-2 — Identify Existing Production & Distribution
Infrastructure (Baseline)
» |&E-3 — Develop Tools for Fuel Developer to Assess Impact on

Fleet (ARL 6.3.a & ¢)
» |1&E-4 — Develop Tools for Cost Assessment (ARL 6.3.d)
& PAFI I&E Project Stage Support
» |&E-5— Develop Tools for Fleet Impact Assessment (ARL 6.3.a
& ¢)
J  PAFII&E Deployment Stage Support
» |&E-6 — Develop Leaded AVGAS Phase Out Plan

Figure 27.0 — PAFI Impact & Economics Tasks

PAFI Environment & Toxicology Tasks

& PAFI E&T Preparatory Stage Support
» E&T-1 - Identify EPA/FAA Regulatory Authority Relative to GA
Emissions (Completed; See Appendix |, Background
on Environmental Regulations Related to AVGAS)
» E&T-2 - Develop E&T Requirements in Support of ASTM
Test/Production Spec Requirements Effort
» E&T-3 —Develop Tools for E&T Assessment (ARL 6.2)

» E&T-4 — Develop Emissions Test Plan and Protocol

Figure 28.0 — PAFI Environment & Toxicology Tasks

5.7.1. Preparatory Stage Work Scope

PAFI will develop job aids and screening criteria during this stage to support the activities in the
subsequent Project and Deployment stages. The FAA will prepare for the testing and approval
of candidate fuels by developing the FAA RFP and defining the concept for the FAA Centralized
Certification Office. A summary of each task in the preparatory stage is provided in Figures 29.0
- 33.0. Refer to Figure 20.0 for the estimated schedule associated with each preparatory stage
task. Implementation plans that include a detailed description and associated cost estimate for
each preparatory stage task are provided in Appendix E.
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5.7.1.1. Certification & Qualification Prep Stage Work Scope

Figure 29.0
PAFI Certification & Qualification
Preparatory Stage Tasks & Work Scope
Task No. Issue/Task Work Scope
PREPARATORY STAGE
PREP- | Support ASTM Test | Support ASTM Task Force effort to develop Standard
C&Q-1 | Spec Requirements Practice.
Effort
PREP- | Support ASTM Support ASTM Task Force effort to develop Standard
C&Q-2 | Production Spec Practice.
Requirements Effort
PREP- | Develop Phase 1 Define criteria used to rate candidate fuel.
C&Q-3 | Entrance Criteria
PREP- | Develop Phase 2 Define criteria used to rate candidate fuel.
C&Q-4 | Entrance Criteria
PREP- Develop RFP for FAA PAFI RFP Document specifying criteria for selection of
C&Q-5 | Candidate Fuels candidate unleaded fuels for participation in the FAA Tech
Center testing program.
PREP- | Establish FAA Define applicant & FAA responsibilities, FAA scope of
C&Q-6 | Centralized support, deliverables, The UAT ARC respectfully submits
Certification the recommendations contained in this report and
eagerly awaits your feedback and questions.
FAA organizational support.
PREP- | Develop Part 33 Define applicable FARs and compliance requirements that
C&Q-7 | Certification Plan are compatible with PAFI fuel development concept.
Guidelines
PREP- | Develop Part 23 Define applicable FARs and compliance requirements that
C&Q-8 | Certification Plan are compatible with PAFI fuel development concept.
Guidelines
PREP- | Develop Part27/29 | Define applicable FARs and compliance requirements that
C&Q-9 | Certification Plan are compatible with PAFI fuel development concept.
Guidelines
PREP- | Develop Scope-of- Develop policy to facilitate the fleet wide approval of aircraft
C&Q-10 | Approval & engine sub-population based on non-model parameters.
Certification
Policy/Guidance
PREP- Develop Develop procedures/guidance to facilitate certification of
C&Q-11 | Aircraft/Engine out-of-scope aircraft/engines requiring modifications.
Modification
Policy/Guidance
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5.7.1.2. Test & Evaluation Program Prep Stage Work Scope

Figure 30.0
PAFI Test & Evaluation
Preparatory Stage Tasks & Work Scope
Task No. Issue/Task Work Scope
PREPARATORY STAGE

PREP- Develop Phase 1 FAA Tech Center works with PAFI members to develop
T&E-1 Test Methods and | methods/procedures based on ASTM document guidance.

Procedures
PREP- Establish Phase 1 FAA Tech Center procures necessary equipment and
T&E-2 Testing Faculties contracts to support Phase 1 testing.
PREP- Develop Phase 1 FAA Tech Center works with other PAFI members to
T&E-3 Report Guidelines | standardize report content and format.
PREP- Develop Phase 2 FAA Tech Center works with PAFI members to develop
T&E-4 Engine/Aircraft methods & procedures based on ASTM document guidance.

Test Methods
PREP- Establish Phase 2 FAA Tech Center procures necessary equipment to support
T&E-5 Engine/Aircraft Phase 2 testing.

Test Articles
PREP- Prepare Phase FAA Tech Center works with PAFI members to standardize
T&E-6 2 Report report content and format.

Guidelines

5.7.1.3. Production & Distribution Prep Stage Work Scope

Figure 31.0
PAFI Production & Distribution
Preparatory Stage Tasks & Work Scope
Task No. Issue/Task Work Scope
PREPARATORY STAGE
PREP- Refine Production & | Refine ARL’s relating to production & distribution,
P&D-1 Distribution ARLs including defining criteria for meeting an individual ARL
step.
PREP- Identify Existing Prepare report summarizing component materials used in
P&D-2 P&D Materials existing P&D system for use by candidate fuel developer.
PREP- Identify Industry Prepare list of applicable industry compliance standards for
P&D-3 Compliance use by candidate fuel developer (UL, AFPM, El, etc.).
Standards (Baseline)
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5.7.1.4. Impact & Economics Prep Stage Work Scope

Figure 32.0
PAFI Impact & Economics
Preparatory Stage Tasks & Work Scope

Task No. Issue/Task Work Scope
PREPARATORY STAGE
PREP- Identify Historical Prepare market analysis & historical trends for AVGAS.
I&E-1 Economic Data Develop historical information regarding the industry

reaction to price fluctuations. Analysis of historic price &
consumption elasticity. Assess market size and future
demand for unleaded AVGAS. Information will assist
developers in making market assessments and in developing
business plans. Data to also be used in the analysis-audit-
validation tool in PREP-I&E-4.

PREP- Identify Existing Prepare summary of existing fuel production & distribution

I&E-2 Production & infrastructure. Provide fuel developer with useful data
Distribution regarding existing fuel production infrastructure to help in
Infrastructure understanding of existing capabilities when developing cost
(Baseline) analysis. Data to also be used in the analysis-audit-validation

tool in PREP-I&E- 4.

PREP- Develop Tools for Develop tools and guidelines for assessment of impact of

I&E-3 Fuel Developer to changes to fleet. Data to also be used in the analysis-audit-
Assess Impact on validation tool in PREP-I&E- 4.
Fleet (ARL 6.3.a & c)

PREP- Develop Tools for Prepare an analysis-audit-validation tool to enable

I&E-4 Cost Assessment assessment of fuel developer’s economic assumptions &
(ARL 6.3.d) factors for economic claims. Will use data generated in

PREP-I&E-1 through -3.

5.7.1.5. Environment & Toxicology Prep Stage Work Scope

UAT ARC deliberations identified the roles of both the EPA in regulating lead emissions and the
FAA in its authority to regulate fuel composition; the results of which are included in Appendix
I. Consideration is being given to inclusion of environmental and toxicology requirements in
ASTM International Standard Practice DXXXX, “Standard Practice for the Evaluation of New
Aviation Gasolines and New Aviation Gasoline Additives”.

During the preparatory stage, a consultant will review the composition of candidate fuels to
assess any environmental or toxicological properties relative to current fuels in the widespread
market in order to identify any potential regulatory (EPA, OSHA, etc.) concerns associated with
their adoption, handling, and use. This information will then be used to develop an emissions
test plan that can be implemented during engine testing at the FAA Tech Center in the Test and
Evaluation Project Phase, Phase 2 (PROJ-T&E-9).

Page 92 of 99



UAT ARC Final Report — Part | Body February 17, 2012

Figure 33.0
PAFI Environment & Toxicology
Preparatory Stage Tasks & Work Scope

Task No. Issue/Task Work Scope
PREPARATORY STAGE
PREP- Identify EPA/FAA Document FAA & EPA authority, and obligations as related
E&T-1 Regulator Authority to General Aviation emissions. Completed & included in
Relative to General UAT ARC Final Report Part Il , Appendix I.
Aviation Emissions
PREP- Develop E&T Add environmental and toxicology requirements in ASTM
E&T-2 Requirements in TF responsible for dev of ASTM New Fuel Standard Practice.
Support of ASTM

Test/Production Spec
Requirements Effort
PREP- Develop Protocol & Develop protocol & Criteria for environmental &
E&T-3 Criteria for Environ- toxicological properties relative to current AVGAS.
ment & Toxicology
Assessment (ARL 6.2)
PREP- Develop Emissions Develop input & guidance to PAFI to develop a test plan
E&T-4 Test Plan and Protocol | and protocol for exhaust emissions testing.

5.7.1.6. Fuel Developer Integration in Preparatory Stage

There is minimal integration with the prospective fuel developers during this stage.

5.7.1.7. FAA Integration in Preparatory Stage

PAFI will coordinate with the FAA to establish the centralized certification office. PAFI will
develop template compliance plans with the office to establish a common understanding of the
certification compliance requirements for AVGAS approvals. PAFI will also facilitate the upfront
acceptance of conformity and testing procedures to be conducted at the FAA Tech Center. The
FAA will develop and issue the RFP to solicit candidate fuels for testing and the FAA Tech Center
will be establishing facilities and test equipment to support the testing.

5.7.2. Project Stage Work Scope

Candidate fuels that are accepted into the FAA Test & Evaluation Program will be tested at the
FAA Tech Center during this stage. PAFI will monitor and track the fuel developer’s progress
through the ARLs. The ARL deliverables will be integrated into the FAA review process and will
need to be submitted to the FAA Review Board, but they can also be used to support other
activities. The ARL deliverables can support ASTM specification development, FAA certification,
and investor requests.

PAFI members will support the progression of the candidate fuels through the ASTM
specification development and FAA certification processes. In addition, members will also
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support meetings with government agencies, private investors, financial institutions, and other
stakeholders interested in commercialization of unleaded AVGAS.

A summary of each task in the project stage is provided in Figures 34.0-36.0. Refer to Figure
21.0 for the estimated schedule associated with each project stage task. Implementation plans
that include a detailed description and associated cost estimate for each project stage task are

provided in Appendix F.

5.7.2.1. Certification & Qualification Project Stage Work Scope

Figure 34.0
PAFI Certification & Qualification
Project Stage Tasks & Work Scope
Task No. Issue/Task Work Scope
PROJECT STAGE
PROJ - | Establish FAA Identify, recruit and contract technical specialists to serve on the
C&Q-12 | Review Board FAA Review Board to review candidate unleaded fuels for
acceptance into FAA Tech Center test.
PROJ - | Support ASTM Support ASTM Task Force effort to ballot report and spec and to
C&Q-13 | Research Report | address ballot.
and Test Spec
Ballot Process
PROJ - | Conduct Phase FAA Review Board reviews and selects candidate unleaded fuels
C&Q-14 | 1 Candidate for Phase 1 testing.
Fuel Review
PROJ - | Conduct Phase FAA Review Board reviews and selects candidate unleaded fuels
C&Q-15 | 2 Candidate for Phase 2 testing.
Fuel Review
PROJ - | Support ASTM Support ASTM Task Force effort to ballot report and spec and to
C&Q-16 | Research Report | address ballot comments.
and Production
Spec Ballot
Process
PROJ- | Support Review Tech Center reports and other data submitted by
C&Q-17 | Certification of | applicant and issue certification approval for in-scope fleet.
Candidate Fuels
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5.7.2.2. Test & Evaluation Program Project Stage Work Scope

Figure 35.0
PAFI Test & Evaluation
Project Stage Tasks & Work Scope
Task No. Issue/Task Work Scope

PROJECT STAGE
PROJ- | Conduct Phase 1 | Test fuel samples using lab & rig equipment.
T&E-7 | Testing

PROJ- | Prepare Phase 1 | Compile data and prepare report.
T&E-8 | Reports

PROJ- | Conduct Phase 2 | Test fuel in engines & airframes.
T&E-9 | Testing

PROJ- | Prepare Phase 2 | Compile data and prepare report.
T&E-10 | Reports

PROJ- | Conduct Aircraft | Selective testing of aircraft and engine modifications only for
T&E-11 | & Engine fuels that exceed specified threshold of fleet coverage.
Modification
Testing

5.7.2.3. Production & Distribution Project Stage Work Scope

There are no “Production and Distribution” related tasks defined at this time in support of the
PAFI Project Stage.

5.7.2.4. Impact & Economics Project Stage Work Scope

Figure 36.0
PAFI Impact & Economics
Project Stage Tasks & Work Scope

Task No. Issue/Task Work Scope
PROJECT STAGE
PROJ- Develop Tools PAFI oversight and advocacy role. In its advocacy role PAFI
I&E-5 for Fleet Impact | will develop tools and methods needed to enable the FAA
Assessment Review Board to assess the potential adverse impact to the

(ARL6.3.a &) fleet which is not supported by a candidate proposed fuel
solution. Impact assessment and mitigation is not within PAFI
scope.
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5.7.2.5. Environment & Toxicology Project Stage Work Scope

There are no “Environment & Toxicology” related tasks defined at this time in support of the
PAFI Project Stage.

5.7.2.6. Fuel Developer Integration in Project Stage

The fuel developer progresses through the project ARLs during this stage and provides the
necessary reports and data to demonstrate successful completion of each ARL step. PAFI
members will assist the fuel producer in this progression through participation in ASTM Task
Forces established for AVGAS specification development, support of proposed AVGAS
specification balloting and deliberations at ASTM, and will coordinate with the FAA centralized
certification office to facilitate the approval of the fuel. It is anticipated that these activities will
be iterative in nature, and require frequent communications between the parties involved.

5.7.2.7. FAA Integration in Project Stage

The FAA plays three key roles during the Project Stage. First, the FAA Review Board will review
data submitted by candidate fuel developers and select the best performing fuels for testing.
Next, the FAA Tech Center performs the fuel property and aircraft equipment testing necessary
to generate the data for the FAA test program, ASTM specification development, and FAA
certification. Lastly, the FAA centralized certification office will coordinate with PAFI and the
fuel producer to apply a standardized procedure to the review and approval of that data.

5.7.3. Deployment Stage Work Scope

The deployment stage will begin upon FAA certification approval of the first candidate unleaded
AVGAS. PAFI members will support the fuel producer’s efforts to establish the production and
distribution infrastructure necessary for commercialization of the unleaded AVGAS. This will
include providing expertise and counsel when dealing with investors, government agencies,
local environmental organizations, equipment manufacturers, and other regulatory entities.
Once an unleaded AVGAS with least impact on the fleet has been identified, the FAA may
consider both short-term and long-term regulatory action to facilitate the transition to
unleaded AVGAS in consultation with the EPA. The FAA & EPA will coordinate as appropriate
under their respective authorities & obligations.

A summary of each task in this stage is provided in Figures 37.0 — 39.0. Refer to Figure 22.0 for
the estimated schedule associated with each deployment stage task. Implementation plans that
include a detailed description and associated cost estimate for each deployment stage task are
provided in Appendix G.
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5.7.3.1. Certification & Qualification Deployment Stage Work Scope

Deployment Stage Tasks & Work Scope

Figure 37.0
PAFI Certification & Qualification

Task No. Issue/Task Work Scope
DEPLOYMENT STAGE ARL 13-16
DEPLOY- | Educate/Engage | Communicate new fuel certifications and field approval
C&Q-18 | FAA & Industry requirements.
Stakeholders
DEPLOY- | Consider Leaded | Once an unleaded AVGAS with least impact on the fleet has
C&Q-19 | AVGAS Phase-out | been identified, the FAA may consider both short term and long

Regulation

term regulatory action to facilitate the transition to unleaded
AVGAS in consultation with the EPA.

5.7.3.2. Test & Evaluation Deployment Stage Work Scope

There are currently no “Test & Evaluation” tasks defined at this time in support of the PAFI
Deployment Stage.

5.7.3.3. Production & Distribution Deployment Stage Work Scope

Figure 38.0
PAFI Production & Distribution
Deployment Stage Tasks & Work Scope
Task No. Issue/Task Work Scope
DEPLOYMENT STAGE
DEPLOY- | Establish PAFI | Identify the role PAFI may play in facilitating deployment of fuel.
P&D-4 Role in
Deployment
Phase
DEPLOY- | Facilitate Interface with applicable industry organizations to facilitate
P&D-5 Deployment compliance with non-ASTM standards, codes, &requirements.
Phase
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5.7.3.4. Impact & Economics Deployment Stage Work Scope

Figure 39.0
PAFI Impact & Economics
Deployment Stage Tasks & Work Scope
Task No. Issue/Task Work Scope

DEPLOYMENT STAGE ARL 13-16

Deploy- Develop PAFI advocacy role. Facilitate deployment by working with FAA to
I&E-6 Leaded AVGAS | plan phase out of leaded AVGAS & transition to unleaded AVGAS.
Phase-Out Plan | FAA & EPA coordinate as appropriate under their respective
authorities & obligations.

5.7.3.5. Environment & Toxicology Deployment Stage Work Scope

There are no “Environmental & Toxicology” tasks defined at this time in support of the PAFI
Deployment Stage.

5.7.3.6. Fuel Developer Integration in Deployment Stage

The fuel producer will be utilizing the PAFI and the FAA resources to accelerate the
commercialization of the approved fuel.

5.7.3.7. FAA Integration in Deployment Stage

PAFI will need to coordinate with the FAA Flight Standards and Airports organizations to ensure
a smooth transition to fielding of the new unleaded AVGAS.
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Ambient lead concentration maps from PATS study
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HIO LEAD MODELING RESULTS AND THE NATIONAL AMBIENT AIR QUALITY STANDARD

The USEPA has adopted National Ambient Air Quality Standards (NAAQS) for the criteria pollutants,
including lead. These standards are set by USEPA and are designed to protect public health and welfare
with an adequate margin of safety and with consideration given to sensitive populations. As noted by
USEPA:

“The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality
Standards (40 CFR part 50) for pollutants considered harmful to public health and the environment. The
Clean Air Act identifies two types of National Ambient Air Quality Standards. Primary standards provide
public health protection, including protecting the health of “sensitive” populations such as asthmatics,
children and the elderly. Secondary standards provide public welfare protection, including protection
against decreased visibility and damage to animals, crops, vegetation, and buildings.”
(hppt://www.epa.gov/air/criteria.html)

Washington County has been designated by USEPA as attainment for all of the NAAQS and has no
history of violating USEPA air quality standards. The area around Hillsboro Airport currently meets, and
is expected to continue to meet, all of the NAAQS, including the lead NAAQS to protect public health
and welfare.

As part of the Portland Air Toxics Solutions project, ODEQ modeled lead concentrations along with other
air toxics within the Portland-Vancouver air shed using the CALPUFF atmospheric dispersion modeling
system. This model is most often used to assess dispersion over long distances, from tens to hundreds
of kilometers. The lead emission inputs to ODEQ screening modeling analysis were based on the
emissions from 2005 operations at Hillsboro Airport. The results of a screening level model run showed
an area around the Airport that had the potential to have ambient lead concentrations greater than the
NAAQS of 0.15 pug/m3 (calendar quarter average). This initial screening level model run, however,
incorporated all lead emissions at Hillsboro Airport as a ground-level area source and did not account for
dispersion effects from aircraft in flight and operating beyond the airport boundary. The model was
subsequently refined by ODEQ by adjusting the emission release parameters to more accurately
simulate emissions from actual flight operations. The refined model showed a maximum predicted
concentration of 0.00331 ug/m3 at “receptor” level (ground level), well below the NAAQS.

In the fall of 2010, a study was prepared by CDM, on behalf of the Port, in response to the ODEQ’s initial
evaluation of lead emissions. The Port retained CDM to model lead emissions associated with Hillsboro



Airport’s 2007 operations using the FAA’s required model, the Emission & Dispersion Modeling System
(EDMS). EDMS uses the AERMOD atmospheric dispersion model to complete the dispersion analysis.
AERMOD is the model recommended by EPA for near-field lead dispersion analysis. CDM conducted
several evaluations using different modeling approaches, assumptions, and sensitivity analyses. The
maximum modeled concentration for lead around the Airport perimeter was 0.00405 pg/m3, closely
approximating the results of DEQ’s refined model.

That 2010 study provides an indication of how emissions from Hillsboro Airport can be compared with
the NAAQS. The maximum modeled concentration of lead emissions, 0.06567 pg/m3, is less than 50%
of the lead NAAQS. It should be noted that this maximum concentration was produced from a model
sensitivity analysis in which all of the emissions associated with the airport (e.g., airborne and ground-
level emissions) were concentrated into the ground-level source representing the runways and taxiways.
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PATS 2017 Lead Modeling (Refined Approach Analysis)
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Hillsboro Airport Lead Study

(Camp, Dresser & McKee; Port of Portland)
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Section 1
Executive Summary

The Oregon Department of Environmental Quality (ODEQ) recently completed an
analysis of lead emissions from airports located in the state. Dispersion modeling was
then completed using the CALPUFF model, a non-steady-state dispersion model that
simulates the effects of long distance pollutant transport. The results indicated that a
high concentration of lead that could exceed the National Ambient Air Quality
Standard (NAAQS) was located over Hillsboro Airport (HIO). As a result, the Port of
Portland requested that a parallel study be completed to evaluate lead emissions and
dispersion using the Federal Aviation Administration’s (FAA'’s) required model, the
Emission & Dispersion Modeling System (EDMS). EDMS uses the AERMOD
modeling system, a steady-state plume model, to complete dispersion.

An emissions inventory for lead was completed for existing conditions (2007) using
aircraft operation information from the Draft Hillsboro Airport Parallel Runway
12L./30R Environmental Assessment. EDMS estimate lead emissions to be
approximately 0.632 tons per year for piston aircraft; all turbine aircraft were
excluded from the study. Further review of the data indicated that approximately five
percent of the airport’s emissions are from ground-level sources associated with
taxiing and idling at the airport. It would therefore be overly conservative to
consolidate all of an airport’s emissions into a ground-level source because emissions
would disperse differently at a higher release height.

EDMS typically generates several hundred emission sources for a given airport.
ODEQ requested that these sources be simplified into no more than ten sources,
which could then be imported into the CALPUFF model. Several dispersion analyses
were completed to accomplish the following goals:

1. Complete dispersion modeling using EDMS directly to serve as a comparison
for the simplified AERMOD dispersion.

2. Complete modeling using the simplified sources for eventual use in
CALPUFF.

3. Complete sensitivity analyses to evaluate how modifying the sources affects
the modeling.

a. Evaluate the effects of lower the release heights of the emission
sources.

b. Evaluate the effects of merging all of the emission sources into a
ground-level source, equal to the area of the taxiways and runways.
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Section 1
Executive Summary

The simplified modeling indicate that the average modeled concentration was
approximately 17 percent less than the EDMS model, whereas the maximum
concentration was approximately four percent less than EDMS. The maximum
concentration from the ODEQ’s CALPUFF modeling, however, was found to be
approximately 60 times greater than the peak concentration from the EDMS
modeling. The results indicate that the CALPUFF modeling is overly conservative
and that the lead emissions from HIO should not exceed the NAAQS level of 0.15
ng/ms3, based on a three-month rolling average.

The results of the modeling are provided in Table 1-1.

Table 1-1
Results of EDMS and AERMOD Air Dispersion Modeling
Scenario Concentration Difference Percentage
(ug/m3) (Compared to Difference
EDMS) (ug/m?)
Maximum Concentration
EDMS 0.00405 n/a n/a
Simplified AERMOD Run 0.00389 -0.00016 -4%
Adjusted Release Height 0.00766 0.00361 89%
Ground-Based Sources 0.06567 0.61620 1,521%
Average Concentrations
EDMS 0.00082 n/a n/a
Simplified AERMOD Run 0.00068 -0.00014 -17%
Adjusted Release Height 0.00104 0.00022 26%
Ground-Based Sources 0.01007 0.00925 1,127%
Key:
pg/m® = micrograms per cubic meter EDMS = Emission & Dispersion Modeling System
AERMOD = AMS/EPA Regulatory Model EPA = Environmental Protection Agency

AMS = American Meteorological Society
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Section 2
Overview

The Oregon Department of Environmental Quality (ODEQ) recently completed an
inventory of lead emissions from airports located in the State. Air dispersion
modeling was then completed using the CALPUFF modeling system to evaluate if
there were any localized concentrations of lead in the state. The dispersion modeling
completed by ODEQ suggested that a high concentration of lead could be centered
near Hillsboro Airport (HIO). Figure 2-1 shows the results of the modeling completed
by ODEQ. Although the maximum concentration determined by ODEQ is not
explicitly provided, based on the results of the figure, it appears as though a high
concentration of lead (approximately 0.25 ng/m?3) is centered over HIO.

Updated Lead, All Sources
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Figure 2-1. Results of ODEQ modeling (provided by ODEQ).

An updated emissions inventory and refined dispersion modeling was completed
using the Federal Aviation Administration’s (FAA’s) Emission & Dispersion
Modeling System (EDMS) to compare to the ODEQ CALPUFF results. EDMS uses the
Environmental Protection Agency’s (EPA’s) preferred refined dispersion model,
AERMOD. Since EDMS will typically create several hundred or thousand emission
sources for a typical airport, the emission sources were simplified so that the model
would contain no more than ten emission sources. The results of the simplified model
were then compared to the full EDMS model to verify the results.



Section 3
Methodology

This section describes the methodology used to complete the lead emissions inventory
for the airport and to complete the air dispersion modeling.

3.1 Model Selection

The Federal Aviation Administration’s (FAA’s) Emission & Dispersion Modeling
System (EDMS) was used to estimate emissions of lead from general aviation aircraft
operations at Hillsboro Airport (HIO). EDMS uses the Environmental Protection
Agency’s (EPA’s) AERMOD modeling system to complete the air dispersion element
of the study. AERMOD is the EPA’s recommended refined air dispersion model in 40
CFR 51, Appendix W. EDMS is also the FAA’s required model for air quality analyses
for aviation sources and was therefore selected for use in this study.

3.2 User-Created Aircraft

By default, EDMS creates emission inventories of criteria pollutants, including carbon
monoxide (CO), volatile organic compounds (VOC), nitrogen oxides (NOx), sulfur
oxides (SOx), and particulate matter (PMio and PM>s). To estimate emissions of lead
(Pb) directly in EDMS, it was necessary to define user-created aircraft that specified a
lead emissions index (EI).

The lead EI was calculated using the maximum lead content allowed in aviation gas
(avgas) (0.56 grams per liter) and the average density of avgas (6 pounds per gallon).
The lead EI is then calculated as approximately 0.78 grams of lead per kilogram of
avgas (lead content divided by density).

The consolidated aircraft fleet mix for 2007 existing operations contained in Appendix
C to the Draft Hillsboro Airport Parallel Runway 12L/30R Environmental Assessment
(“Draft EA”) was used as a starting point for the creation of user-specific aircraft. Each
combination of representative aircraft and engine types was used to define the user-
created aircraft; all turbine aircraft (turboprop, turbojet, and helicopter turbine) were
excluded from further analysis. Table 3-1 identifies the user-created aircraft and
associated landing/ takeoff operations (LTOs) and touch-and-go operations (TGOs).

CDM 31
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Methodology
Table 3-1
Fleet Mix for Hillsboro Airport (HIO) Lead Study
Representative Aircraft Representative EDMS User- TGOs LTOs Total
Engine Created Aircraft
Name
Cessna 150 Series 0-200 HIO-FP-0 235 5,474 4,259 9,733
Cessna 172 Skyhawk 0-320 HIO-FP-0 320 18,042 | 14,037 | 32,079
Cessna 182 10-360B HIO-FP-o0 360 2,770 2,156 4,926
Cessna 210 Centurion T10-540-J2B2 HIO-FP-tio 540 3,759 3,117 6,873
Raytheon Beech Bonanza 36 TIO-540-J2B2 HIO-VP-io 360 2,912 3,348 6,260
Cessna 337 Skymaster 10-360B HIO-MEP-0 360 293 1,557 1,850
Cessna 310 T10-540-J2B2 HIO-MEP-tio 540 238 1,263 1,501
Robinson R22 10-360-B HIO-HP-o0 360 35,145 | 10,177 | 45,322
Robinson R44 Raven TIO-540-J2B2 HIO-HP-io 540 1,849 536 2,385
Total 70,479 | 40,450 | 110,929

The aircraft were created by defining the fuel flow rates and flight profiles as being
equivalent to the representative aircraft/engine combinations. The emission indices
for the specific engine were zeroed out with the exception of PM, which was changed
to be equal to the calculated lead EI. Figure 3-1 shows a typical data entry screen for
the user-created aircraft used in the study.

User-Created Aircraft

Uszer-Created Aircraft List

HIO-FP-o 320
HIO-FP-o 360
HIO-FP-tio 540
HIO-HP-io 540
HIO-HP-o 360
HIO-MEP-0-360
HIO-MEP-tio 540
HIOAP-io 360

by Aircraft

Fiper P&-44 Seminole

Add Mew

o]

elete

Mumber of Engines ’T

-

General Aviation =
Pizton hd
Passenger -

Category
Duplicate
Size Small
Rename
Designation
Engine Type
’— Uszage

—

European Group | Propeller b

-

azzigned to user-created aircraft,

Engine Emizzions D ata Source Flight Profile
Ise System Emission Indices  Aireraft | Cesena 150 Series hd Aircraft | Cessna 150 Senies hd
and Fuel Flow R ates Erghie I—MD - Erghie ’—_|D'200 -
Mode Time [minz) Fuel Flow [Kg/s] CO(EN HC [EI) MOx [El] Pk [El] | Smoke Mumber
Taxi Out 12.00 0.001 0.000000 0.000000 0.000000 0.778807 M
Takeoff 0.30 0.008 0.000000 0.000000 0.000000 0.778807 M
Climb Out 5.00 0.008 0.000000 0.000000 0.000000 0.778807 M
Approach £.00 0.003 0.000000 0.000000 0.000000 0.778807 M
Taxiln 4.00 0.001 0.000000 0.000000 0.000000 0.778807 M
MOTE: Mo default GSE/APUs are oK | Cancl | | Help |

Figure 3-1. Screenshot of example user-created aircraft data entry.
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3.3 Airport Layout and Configuration

A simplified airport layout, adapted from Figure 1-1 of the Draft EA, was developed
for EDMS. The airport layout was simplified to only include the Main Apron;
Runway 12/30; Taxiways A, Al, and A8; and Charlie Helipad. The cross-runway
2/20 was not included in the analysis because of its limited use. The runway use
percentages were derived from Table 1AA of the HIO Master Plan and were adjusted
to reflect runway use assuming that only Runway 12/30 was operational. The runway
usage by aircraft type was then averaged for input into the runway assignments
section of EDMS. Table 3-2 summarizes the runway use percentages used in the
modeling.

Table 3-2
Runway Use Percentages
Aircraft Runway Usage
12 30
Itinerant Operations
SEPF (Fixed Propeller) 7.29% 92.71%
SEPV (Variable Pitch Propeller) 7.29% 92.71%
MEP (Multi-Engine Piston) 18.95% 81.05%
Average 11.18% 88.82%
Local Operations
SEPF (Fixed Propeller) 2.13% 97.87%
SEPV (Variable Pitch Propeller) 2.13% 97.87%
MEP (Multi-Engine Piston) 40.00% 60.00%
Average 14.75% 85.25%

EDMS requires the runway configuration to be identified for each size of aircraft
(small, large, and heavy). In order to account for the proper runway configuration by
aircraft type, it was necessary to complete two individual model runs for aircraft
sources and for helicopters. Not doing so would result in an underestimation of
emissions from the aircraft. For helicopter emissions on Charlie Helipad, all takeoffs
were assumed to occur at the southeastern portion of the landing strip.

3.4 Receptors

Two main types of receptors were used in the modeling: plant boundary receptors
and uniform polar grid receptors. A Cartesian plant boundary was placed along the
property boundary of HIO. Intermediate receptors were then placed every 100 meters
along the property boundary. A uniform polar grid was centered over the airport
emission sources and extended approximately 2,000 meters from the airport
boundary. Direction radials were spaced in increments of 10 degrees around the
airport, while each spoke on the polar grid had 100-meter spacing. All receptors
located on the airport property were removed from modeling. Figure 3-2 identifies
the receptors that were used in the modeling.
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Figure 3-2. Uniform polar grid and Cartesian plant boundary receptors used in modeling.

A review of the 7.5-minute series Hillsboro Quadrangle from the United States
Geological Survey (USGS) indicates that the area surrounding the airport is relatively
flat. Although there are hills to the northeast of the airport, they are not within the
modeled flight path and receptors for the airport and would not affect the modeling.
The terrain was therefore modeled as flat and elevation data was not imported into
the model.

3.5 Meteorological Data

Representative meteorological data is required to complete the necessary air
dispersion modeling. Portland International Airport (ID No. 24229) was determined
to be the closest representative surface weather station to HIO and was selected for
use in the model. Salem McNary Field (ID No. 24232) was identified as the closest
upper air weather station to HIO. Data was downloaded from the WebMET website
(http:/ /www.webmet.com), a source of free meteorological data. The most recent
year of data available, 1990, was used in the analysis.
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3.6 Emission Sources

EDMS models aircraft activity that occurs during six modes of operation. The
following modes in an LTO cycle are identified as follows:

m Approach - Airborne segment of an aircraft’s arrival extending from the start of the
flight profile to touchdown on the runway.

m Taxi-in - The landing roll segment of an arriving aircraft and the taxiing from the
runway exit to a gate.

m Startup - Aircraft main engine startup at the gate. Since this mode is only
applicable to International Civil Aviation Organization (ICAO) engines, emissions
at the gate were not modeled because piston engines are not ICAO certified.

m Taxi-out - Taxiing from the gate to a runway end.

m Takeoff - Segment that extends from the start of the ground roll on the runway
through the airborne portion of the ascent during which the aircraft operates at
maximum thrust.

m Climb Out - Segment from engine cutback at maximum thrust to the end of the
flight profile or mixing height (whichever is lower)

3.6.1 EDMS Sources

EDMS generated over 1,100 sources to represent aircraft activity at the airport. In
addition, it creates an hourly emission rate (HRE) that specifies emissions for every
source and hour of the day. For the HIO modeling, the HRE file contained over 10
million lines of data and was approximately 500 megabytes.

EDMS creates a series of area sources to represent aircraft emissions. Ground-based
emission sources, such as taxiing, have a release height of 12 meters, which is the
approximate height of an engine. Airborne sources, such as approach and takeoff
operations, are shown as a series of elevated area sources that rise from
approximately 22 meters to 619 meters, or the maximum height of the flight profile.

3.6.2 Simplified Sources

To evaluate how to consolidate the EDMS-generated sources to a simplified
AERMOD dispersion run, the distance of each source from the runway end was
plotted against its height above ground. Release heights of 100 meters, 300 meters,
and 500 meters were selected to represent the airborne emissions associated with the
airport. The plots of the arrival and departure sources indicated that the airborne
sources generally overlap at the same distance from the runway end at these
elevations. As a result, the arrival and departure operations were consolidated into a
single area source for each release height. The length of each area source was taken as
the distance from the runway end for all of the EDMS sources at each of the release
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heights. The width of the emission source was taken as the distance between Runway
12/30 and Charlie Helipad.

A total of seven source groups were consequentially created to represent the aircraft:
three elevated sources from Runway 12, three elevated sources from Runway 30, and
one ground-level source to represent aircraft movements on the runway and
taxiways. To further simplify the model, aircraft and helicopter emissions were also
merged into each of the sources; Charlie Helipad was not explicitly included in the
model as a source.

3.6.3 Emission Rates

A goal of the simplified modeling was also to avoid the large HRE file that is created
by EDMS; rather, an average annual emission rate was used for each of the sources.
Emissions from each source type in the HRE file were converted to emissions of tons
per year using a Microsoft Access Query. Emissions were found to be slightly less
than the emissions inventory developed directly by EDMS; therefore, emissions for
the sources were adjusted to equal the EDMS emission inventory. Emissions were
then divided by the total area of all of the sources, as determined by EDMS, to create
an average emission rate for entry into the models. The aircraft were assumed to be
operating continuously at 8,760 hours to per year to develop an average annual
emission rate. The emission rates for each main source category are provided in Table

3-3.
Table3-3
AERMOD Emission Rates (Average Annual)
Source Emissions Area Model
Emission Rate

(tpy) (9/sec) (m (g/(s-m?)
Takeoff 30/Approach 12 0.328 9.42E-03 3,216,000 2.93E-09
Takeoff 12/Approach 30 0.270 7.75E-03 3,264,000 2.38E-09
Taxiways 0.035 9.97E-04 240,000 4.25E-09
Total™® 0.632 1.82E-02 6,720,000 2.70E-09
Notes:

®l Total emission rate identified for “Model Emission Rate (g/(s-m?))” is the weighted average of the other modeled
emission rates, rather than an additive total.

Key:

tpy = tons per year

g/sec = grams per second

m? = square meters

g/(s-m?) = grams per second per square meter

CDM 3-6
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Section 4
Emission Inventory Results

An emissions inventory was completed for lead emissions from aviation gas-fueled
aircraft (piston engines) at HIO. The user-created aircraft described in Section 2 were
entered into EDMS for the number of LTOs and TGOs identified in the Draft EA for
existing conditions. Table 4-1 summarizes the lead emissions and fuel consumption
that was estimated by EDMS for piston aircraft operations at HIO.

Table 4-1
Summary of Emissions and Fuel Consumption
Mode Lead Emissions Fuel Consumption

(kglyr) (tpy) (kglyr) (tpy)

Taxi-Out 3.177 0.004 4,079 4
Takeoff 56.969 0.063 73,149 81
Climb out 212.921 0.235 273,393 301
Approach 278.400 0.307 357,470 394
Taxi-In 21.648 0.024 27,796 31
Total 573.114 0.632 735,887 811

Key:
kglyr = kilograms per year
tpy = short tons per year

To verify the lead emissions inventory that was generated by the model, the fuel
consumption estimated by EDMS was multiplied by the lead EI that was entered into
the model (0.78 grams lead per kilogram fuel). Annual emissions of lead were
estimated to be 0.632 tons per year, which is equal to the lead emissions estimated by
EDMS. The method used to estimate lead emissions and dispersion in EDMS was
therefore confirmed and no further edits to the model were necessary.

4.1 Source Analysis

As is shown in Table 4-1, total emissions from ground-level sources (e.g., taxi-out and
taxi-out) are approximately 0.028 tons per year (tpy). Ground-level source therefore
represent less than five percent of the total emissions associated with the airport, as
calculated by EDMS. Since the ground-based source represents a small percentage of
total emissions at the airport, modeling all of the airports emissions at this level
would be overly conservative because emissions would be focused on the ground. By
concentrating the emissions at the ground, the ground-level concentrations would be
higher than if the emissions were to be dispersed at the higher elevations from the
airborne sources.

4-1




Section 5
Dispersion Results

The following section describes the results of the air dispersion modeling that was
completed for HIO. Results from the full EDMS modeling and the simplified
approach are both presented.

5.1 EDMS Dispersion Results

Air dispersion modeling was initially completed using the EDMS-generated sources
and HRE files. Due to complications with runway assignments, it was necessary to
create two files to model aircraft and helicopter emission sources separately.
Modeling was completed using the Lakes Environmental graphical user interface
(GUI) to AERMOD. Although sources can be modeled in EDMS directly, EDMS uses
a local coordinate system. The files were modeled by Lakes in order to shift the
sources to a NAD83 UTM coordinate system. The latest version of AERMOD, Version
09292, was used to complete the modeling.

The ground-level concentrations of lead from aircraft and helicopter emissions were
added externally for each receptor. The maximum concentration of lead from aircraft
was 0.00396 micrograms per cubic meter (ng/m?), while the maximum concentration
from helicopters was 0.00022 pg/m3; however, these concentrations occurred at
different receptors. The maximum combined concentration was 0.00405 pg/m3, while
the average combined concentration from all receptors was 0.00082 ng/m?3. Figure 5-1
shows the results of the dispersion modeling.

5.2 Simplified AERMOD Dispersion Results

Air dispersion modeling was also completed using the seven simplified area sources
described in Section 2 and the average annual emission rates. Since aircraft and
helicopter sources and emissions were combined for this study, only one model was
created for the simplified approach. The maximum ground-level concentration of lead
was estimated at 0.000389 pug/m? from this simplified approach. This value is
approximately 0.0002 pg/m3 less than the combined results of the EDMS modeling.
The ground-level concentration is approximately four percent less than the EDMS
modeling. The average lead concentration was 0.00068 ng/m?3, which is 17 percent less
than the EDMS modeling. Figure 5-2 shows the results of the simplified AERMOD
dispersion modeling.
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Dispersion Results
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Figure 5-1. Lead concentrations from combined (aircraft + helicopter) EDMS modeling.
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Figure 5-2. Lead concentrations from simplified AERMOD modeling.
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Dispersion Results

5.3 Sensitivity Analysis

A sensitivity analysis was completed to evaluate how lead concentrations would be
affected by different source scenarios.

5.3.1 Modified Source Release Height

An initial sensitivity analysis was completed by decreasing the height of the airborne
release heights by 50 meters from the original simplified model. This resulted in
airborne release heights of 50, 250, and 450 meters. The default release height for
ground-level aircraft is 12 meters, which most closely represents the engine height of
large jet aircraft. Since the only sources included in the modeling are small piston
aircraft, the release height was estimated to be approximately half of the default
height (6 meters).

The maximum ground-level concentration was estimated at 0.00766 pug/m3, while the
average concentration was estimated at 0.00104 ng/m?3. These values were found to be
89 percent and 26 percent higher, respectively, than the EDMS concentrations. Figure
5-3 shows the isopleths created with this model scenario.

5.3.2 Ground-Level Sources

A second sensitivity analysis was completed to evaluate the effect of concentrating all
of the emissions associated with the airport (i.e., airborne and ground-level emissions)
into the ground-based source for taxiing. The maximum ground-level concentration
was estimated at 0.06567 pg/m3, while the average concentration was estimated at
0.01007 pg/m?3. These values were found to be over 1,500 percent and over 1,100
percent higher, respectively, than the EDMS concentrations. Figure 5-4 shows the
isopleths created with this model scenario.

5.4 Source Group Analysis

Source groups were used in the modeling to determining the contribution of an
emission source to the overall concentration. The results of the simplified modeling
indicate that on average airborne sources contribute 23 percent of the modeled
concentration, whereas ground sources contribute the remaining 77 percent. The
sensitivity analysis with the reduced release heights indicated that airborne sources
represent 32 percent of the modeled concentration, whereas ground sources reflect 68
percent. The distribution of all source groups for the maximum concentration from
the AERMOD models is provided in Figure 5-5.
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Key:

TAXIQ = taxi/idle source group

SE500 = Takeoff (RW12) and Approach (RW 30) — 500/450 meter release height
SE300 = Takeoff (RW12) and Approach (RW 30) — 300/250 meter release height
SE100 = Takeoff (RW12) and Approach (RW 30) — 100/50 meter release height
NWS500 = Takeoff (RW30) and Approach (RW 12) — 500/450 meter release height
NW300 = Takeoff (RW30) and Approach (RW 12) — 300/250 meter release height
NW100 = Takeoff (RW30) and Approach (RW 12) — 100/50 meter release height
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Figure 5-5. Contribution of each source group to overall emissions (based on maximum lead
concentration determined from modeling).
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Fact Sheet

Lead at Hillsboro Airport

Small aircraft flying in and out of Hillsboro
Airport use lead-containing fuel to meet octane
requirements and to reduce wear on engine parts.
Lead is toxic at low concentrations. People are
concerned that air near Hillshoro Airport may
contain unhealthy levels of lead.

DEQ and Port of Portland computer models
indicate that air lead levels at Hillsboro Airport
are below both the national clean air standard
and the Oregon health benchmark. The model is
the best scientific information DEQ currently
has.

DEQ will evaluate the results of EPA lead
monitoring at Snohomish and Auburn,
Washington airports and consult with EPA
before considering the need to monitor in
Oregon.

- Copyright of the Port of Portland

What is EPA’s new lead standard and
what is Oregon’s benchmark for lead?

In 2008, EPA implemented a much more
protective health-based lead standard. The new
standard, 0.15 micrograms per cubic meter of air,
is 10 times stronger than the old standard. EPA
changed the standard because they found that
serious health effects occur at much lower levels
of lead in blood than previously thought. Health
effects of lead air pollution include neurological
problems in children and cardiovascular disease
in adults. Infants and young children are
especially sensitive to low levels of lead, which
may contribute to behavioral problems, learning
deficits and lower intelligence.

In August 2010, DEQ adopted EPA’s new, more
protective lead standard as Oregon’s benchmark.
Oregon air toxics benchmarks are clean air goals
that DEQ uses to identify, evaluate and address
air toxics problems.

What are EPA’s lead monitoring
requirements?

EPA requires all airports that emit more than one
ton of lead per year to assess whether they are
meeting the new standard. EPA is also requiring
a one-year monitoring study at 15 smaller
airports that emit less than one ton of lead per
year. This study will help determine whether
lead emissions from smaller airports might cause
unhealthy levels of lead in the air. Hillshoro
Airport is not participating in this study in part
because at 0.6 tons per year it ranks 21%
nationally in amount of lead emitted. EPA is
currently considering options for decreasing lead
in general aviation fuel. This could include new
regulations.

What has DEQ done to study lead at the
Hillsboro Airport?

As part of the Portland Air Toxics Solutions
Project, DEQ ran a computer model of 19
pollutants for the Portland region to identify
pollutants above health-based benchmarks,
emissions sources and potential emission
reduction options. Working with a broad based
advisory committee, DEQ used this model to
prioritize sources of air toxics for reduction.

How does the Portland Air Toxics
Solutions model work?

The Portland Air Toxics Solutions model uses
emissions data from all known sources of air
toxics in the Portland region. The model factors
in topography and weather to produce
concentration estimates of the 19 pollutants
throughout the Portland area.

The modeling consisted of two phases. In the
first phase, DEQ established estimated baseline
emissions for 2005. In the second phase, DEQ
projected estimated emissions to the year 2017.
DEQ reached the 2017 projections by updating
and increasing the 2005 emissions data to
account for current conditions, regulatory
requirements and economic growth.

The 2017 results are the most accurate estimates
of the Portland Air Toxics Solutions model.
Data improvements for the 19 pollutants
included filling gaps where data was missing,
removing emissions that no longer existed,
improving emission factors to be more realistic,
placing emissions in more accurate locations,
and using modeling assumptions that better
approximated actual conditions. To project to
2017 levels, which are our most accurate

State of Oregon
Department of
Environmental
Quality

Air Quality Division

811 SW 6th Avenue
Portland, OR 97204 Phone:
(503) 229-5696 (800) 452-
4011 Fax: (503) 229-6762
Contact: Sarah Armitage
Armitage.Sarah@deq.state.
or.us

DEQ is a leader in
restoring, maintaining and
enhancing the quality of
Oregon’s air, land and
water.

Last Updated: 08/09/2012
By: Sarah Armitage
DEQ 12-AQ-049
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estimates of emissions, DEQ applied Metro’s
economic growth factors to the refined 2005
data.

How did DEQ model lead at the Hillsboro
Airport?

DEQ modeled lead emissions as part of the
Portland Air Toxics Solutions project. The
primary sources of lead in the model are general
aviation fuel and industrial metals production.
For general aviation lead emissions, DEQ
received activity data from the Port of Portland
and applied EPA emission factors, or rates, and
then used the dispersion model to predict
concentrations. Estimated lead concentrations in
the 2005 draft model were above the lead
benchmark at Hillsboro Airport.

DEQ discussed the 2005 estimated lead results
with the Port of Portland to check on the
accuracy of emissions input and modeling for the
Hillsboro Airport. While the emissions estimates
on aviation activity were the most current data
available from the Port, the 2005 assumptions on
emission release height were inaccurate because
they placed all general aviation fuel lead
emissions at ground level instead of in a vertical
distribution matching aircraft take off and
landing patterns.

Applying the more realistic emission data for the
releases of aircraft emissions based on a refined
airport emissions model used by the Port, DEQ
corrected its lead emissions data at the Hillsboro
Airport and re-ran the model, including growth
assumptions for 2017. The 2017 estimated
concentrations for lead showed no modeled
concentrations above the benchmark. This result
was due to the greater mixing and dilution of
lead emissions within the air column through
which arriving and departing aircraft operate.

What is the Port of Portland doing to
study lead at the Hillsboro Airport?

The Port of Portland’s contractor, CDM, also
conducted an air pollution model and produced a
Hillsboro Airport Lead Study in September
2010. This study also estimated that lead
emissions at the Hillsboro Airport are below the
EPA standard and Oregon benchmark. The CDM
Hillsboro Airport Lead Study used a model that
is different and more complex than the model
DEQ used for the Portland Air Toxics Solutions
project.

For more information:
Portland Air Toxics Solutions Project
www.deq.state.or.us/ag/toxics/pats.htm

Alternative Formats

Alternative formats of this document can be
made available. Contact DEQ’s Office of
Communications & Outreach for more
information at (503) 229-5696.
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Summary of lead issues at HIO, provided to FAA for HIO
Parallel Runway Supplemental EA
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Summary of PATS Lead Analysis and CDM Lead Study at HIO

October 2, 2013

The USEPA has adopted National Ambient Air Quality Standards (NAAQS) for the criteria pollutants,
including lead. These standards are set by USEPA and are designed to protect public health and welfare
with an adequate margin of safety and with consideration given to sensitive populations. As noted by
USEPA:

“The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality Standards (40 CFR part 50)
for pollutants considered harmful to public health and the environment. The Clean Air Act identifies two types of National Ambient
Air Quality Standards. Primary standards provide public health protection, including protecting the health of “sensitive” populations
such as asthmatics, children and the elderly. Secondary standards provide public welfare protection, including protection against
decreased visibility and damage to animals, crops, vegetation, and buildings.” (hppt://www.epa.gov/air/criteria.html)

Washington County has been designated by USEPA as attainment for all of the NAAQS and has no history
of violating USEPA air quality standards. The area around Hillsboro Airport currently meets, and is
expected to continue to meet, all of the NAAQS, including the lead NAAQS to protect public health and
welfare.

The Port or Portland has worked with DEQ to study lead dispersion, in a project unrelated to the HIO third
runway proposal. As part of the Portland Air Toxics Solutions project, Oregon DEQ modeled lead
concentrations along with other air toxics within the Portland-Vancouver air shed using the CALPUFF
atmospheric dispersion modeling system. The lead emission inputs to DEQ screening modeling analysis
were based on the emissions from 2005 HIO operations. The results of a screening level model run
showed an area around HIO that had the potential to have ambient lead concentrations greater than the
national ambient air quality standard (NAAQS) of 0.15 ug/m3 (calendar quarter average). This initial
screening level model run, however, incorporated all lead emissions at HIO as a ground-level area source
and did not account for dispersion effects from aircraft in flight and operating beyond the airport
boundary. The model was subsequently refined by DEQ by adjusting the emission release parameters to
more accurately simulate emissions from actual flight operations. The refined model showed a maximum
predicted concentration of 0.00331 g/ at “receptor” level (ground level), well below the NAAQS.

The Final Supplemental EA includes a study prepared by the Port in response to the ODEQ’s initial
evaluation of lead emissions performed in the fall of 2010. The Port separately retained CDM to model
lead emissions associated with HIO 2007 operations using the FAA’s required model, the Emission &
Dispersion Modeling System (EDMS). EDMS uses the AERMOD atmospheric dispersion model to
complete the dispersion analysis. The maximum modeled concentration for lead around the HIO airport
was, 0.00405 ug/m’, closely approximating the results of DEQ's refined CALPUFF model.

That 2010 Port study provides an indication of how emissions from Hillsboro Airport can be compared
with the NAAQS. The lead NAAQS is 0.15 ug/m’ evaluated as a calendar quarter average. Using 2007
activity levels (at 240,735 annual operations) the Port study evaluated aircraft lead emissions associated
with aviation gasoline (“AvGas” or “100LL"). The Port conducted several evaluations using different
modeling approaches and assumptions.



The highest modeled concentration of lead emissions was found to be 0.00405 pg/m?, less than 3% of the
lead NAAQS. The modeled concentration of 0.00405 ug/m?® corresponds well to the emission inventory
reported in the original EA at 0.622 tons of lead emitted per year. Thus, as the proposed project would
result in either no increase in lead emissions, or an increase in lead emissions of 0.1 ton, relative to the No
Action Alternative, no violation of the NAAQS is expected to result from the proposed runway
construction.



Summary of Transportation Research Board leaded fuels
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AVGAS Lead Technical Summary Sheet

o Finding a safe, high octane substitute for leaded avgas is an ongoing technical challenge.
190,000 GA aircraft in the fleet; only 1/3 of which can run on lower octane fuels.
250 M gallons of aviation fuel is produced per year versus automobiles which
consume 360 M gallons/day. Consequently, there is a supplier side issue

e Environmental and supply security issues will continue to drive the effort for an
unleaded avgas. A petition was filed in 2006 by environmental groups who
wanted EPA to outright ban leaded fuels or conduct a study to determine if there
is endangerment to human health and the public. Independent of this action;
EPA looked at the National Ambient air Quality Standards (NAAQS) in 2008 and
reduced the standard by a factor of 10.

o EPA is getting a better understanding of aircraft lead emissions and potential exposure
through monitoring, modeling, demographic and other studies. EPA looked at all
potential source of lead emissions, and determined that general aviation
accounts for approximately 50% of lead emissions today; approximately 500 tons
per year.

o The modeling and monitoring will be used to make a determination of endangerment, but
not until a late 2015 timeframe. Lead monitoring at 17 general aviation airports is
part of the process for EPA to fulfill its Clean Air Act obligation to determine if
lead emissions from piston engine aircraft cause an endangerment to human
health. There is concern that some of results from the studies may not be
representative; such as San Carlos, where the ambient lead monitors where
located just off the aircraft run-up area; are hit by prop-wash as the planes turn,
and have a fence right behind the monitors which could create boundary effects.
EPA is going to certify the data; which should be completed by May 2014. With
the data EPA will continue to refine emissions inventories and improve
modeling. They will study fate of lead around airports, look at case studies,
demographics and determine whether lead exceeds NAAQS and presents an
endangerment to the public.

Update: June 19, 2013. EPA released an update providing a summary of data
currently available on concentrations of lead at 17 U.S. airports. As of May 2013,
states and local air authorities have collected and certified lead concentration
data for at least 3 months from the 17 airports. Two airports have monitored lead
concentrations that exceed the lead NAAQS. EPA is currently conducting the
analytical work, including modeling and monitoring, to evaluate under section
231 of the Clean Air Act whether lead emissions from the use of leaded avgas in
piston-engine aircraft cause or contribute to air pollution which may reasonably
be anticipated to endanger public health or welfare. There may be some

Updated 9/18/13 Page 1



challenges to the findings with respect to data quality. For example, at San
Carlos, the lead monitors are located on the airport immediately adjacent to the
run up area and are directly impacted by prop wash as the planes turn onto the
taxiway. Supplemental sampling is being conducted at these two airports to
evaluate lead concentrations at additional locations at the near the airport. If
EPA makes a final positive endangerment finding the agency would initiate
rulemaking to establish standards concerning lead emissions from piston-engine
aircraft. FAA would then be required to prescribe regulations to insure
compliance with such standards, and prescribe standards for the composition of
aircraft fuel to control or eliminate certain emissions.

On March 27 a U.S. District court ruled that the (EPA) should not be forced to
rush the issuance of its report on the public health effects of lead emissions from
general aviation aircraft. The ruling came in response to a March 2012 lawsuit
filed by environmental group Friends of the Earth (FOE) that sought to force the
EPA to issue an accelerated endangerment finding on GA emissions. The legal
action followed a 2006 petition by the group that sought to force the agency to
release those findings before their planned publication during the second half of
2015.

e Short and Long Term Mitigation Strategies.

0 Approximately 1/3 of the aircraft in the fleet could be safely powered on
the 80 MON avgas as a short term mitigation effort. Would have to work
through supply logistics and airport fueling infrastructure issues.

0o 100 VLL, fuel management and engine run-up politics could also be
considered for short-term mitigation.

0 Install fueling vapor recovery systems; similar to at retail automobile
fueling stations.

0 Relocation of run-up areas to add additional distance buffer to the
general public.

e The Unleaded Avgas Transition (UAT) Plan is FAA’s long term mitigation strategy to
find a replacement for leaded fuels.
0 Implement a fuel development roadmap for Avgas readiness levels that
identifies milestones in the aviation gasoline development process
0 Established centralized testing of candidate unleaded fuels which would
generate standardized qualification and certification data.
0 Establish a solicitation and selection process for candidate unleaded
aviation gasoline for the centralized testing program
* Phase 1 test program (1 year); up to 10 fuels will be selected for
rig and property testing

Updated 9/18/13 Page 2



e On June 10, 2013, FAA issue a request for candidate fuel
producers to submit unleaded fuel formulations to be
evaluated.

* Phase 2 test program; 2 fuels will be tested in engines and aircraft
0 Established a centralized certification office to support unleaded aviation
gasoline projects
0 Establish a collaborative industry-government initiative called the Piston
Aviation Fuels Initiative (PAFI) to implement the UAT PAF
recommendations to facilitate the development and deployment of an
unleaded avgas with the least impact on the existing piston engine
aircraft fleet

e EPA and FAA will continue to work together in efforts in communicating with airports,
the aircraft industry, and the Public

Updated 9/18/13 Page 3
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Air quality, and operations that affect air quality, are important topics
to the community and the Port of Portland. The use of leaded fuel
by some general aviation aircraft at Port facilities is consistent with
general aviation practices nationwide, but one which continues to
generate community interest.

Certain types of general aviation aircraft use aviation gasoline, called
AvGas, which contains lead as an additive ingredient. Lead is a
naturally occurring heavy metal used in a wide variety of products
and industrial processes.

Lead is added to AvGas to help boost fuel octane, prevent knock,
and prevent engine issues which could result in a subsequent loss
of compression. Each of these is a safety consideration for piston-
engine aircraft. Piston-engine aircraft are used at the Port’s airports
for personal transportation, instructional flying, corporate uses, air
tours, and surveillance.

Lead was historically added to a variety of transportation fuels,
including motor vehicle gasoline. In 1996, the Environmental
Protection Agency completely phased out lead from highway
vehicle fuels. This, in conjunction with some tighter controls on
other lead sources (such as waste incineration and other stationary
sources), resulted in average concentrations of lead in air decreasing
by 91 percent between 1980 and 2008.

Regulatory Considerations

The Clean Air Act establishes the Environmental Protection
Agency’s authority to regulate air pollutant emissions from aircraft,
and directs EPA to consult with the Federal Aviation Administration
on aircraft emission standards. EPA cannot change the aircraft
engine emission standards if such a change would significantly
increase noise and adversely affect safety. The Clean Air act also
requires that local and state standards for aircraft emissions be
identical to federal standards.

A% PORT OF PORTLAND

Possibility. In every direction’



Alternatives to Lead
in Aviation Gasoline

In some countries, methyl tertiary
butyl ether (MTBE) is used as

an AvGas additive instead of
lead. However, MTBE causes
other significant environmental
problems.

Seventeen states in the United
States have banned the use
of MTBE in highway vehicle
gasoline entirely.

The vast majority of leaded
AvGas that is produced and
available is called 100 Octane
Low Lead (100LL); it can contain
up to 2.12 grams of lead per
gallon of fuel.

Piston-engine aircraft that use
AvGas account for about one
half of the national inventory
of lead emitted to the air.

The goal is to develop a drop-in
replacement for leaded AvGas,
which would require no engine
modifications.

The FAA is working with the EPA
and key stakeholders to replace
100LL fuel by 2018.

The Port of Portland has no
authority to restrict or prohibit
the sale or usage of 100LL
aviation fuels, nor the authority
to limit or restrict general aviation
aircraft from using this type of
fuel at the airport.

Efforts to Remove Lead from AvGas

The Federal Aviation Administration established the Fuels Program
Office to help meet the agency’s goal of making an unleaded fuel
available for the general aviation fleet.

The FAA is working with the EPA and key stakeholders to replace
100 octane low-lead (100LL) fuel by 2018.

Ambient Air Quality Regulations

Lead is one of six Criteria Pollutants for which the EPA sets
enforceable standards to limit the concentration in ambient air.
These standards are designed to be protective of human health
and the environment. EPAs current National Ambient Air Quality
Standard (NAAQS) for lead is 0.15 micrograms per cubic meter.

Of the existing 111 counties the EPA monitors in the U.S., only 18
violate the NAAQS for lead. None of the violating counties are in
Oregon, Washington or California.

As part of the Portland Air Toxics Solutions (PATS) program, Oregon
Department of Environmental Quality established acceptable
concentration values for 52 pollutants present in the air. The
benchmarks were set at levels that provide public health protection.
For lead, DEQ adopted 0.15 micrograms per cubic meter, the same
as the NAAQS.

Based on dispersion modeling performed for the program, DEQ’s
final PATS Report and Recommendations show that the area around
Hillsboro Airport meets EPA standards for public health and safety
with regard to lead.

Additional Information:

EPA webpage on aircraft emissions:
www.epa.gov/oms/aviation.htm

EPA document on the use of leaded fuel in aircraft:
www.epa.gov/oms/regs/nonroad/aviation/420f10013.pdf

DEQ Oregon: Portland Air Toxics Solutions Program
www.deq.state.or.us/ag/toxics/pats.htm

FAA Alternative to AvGas Efforts:
www.faa.gov/about/initiatives/avgas/

Airport Lead Monitoring:
www.epa.gov/otag/regs/nonroad/aviation/420f13032.pdf

Contacts:

Brooke Berglund | Community Relations | 503.415.6532
Kama Simonds | Public Affairs | 503.415.6151 REV. 9.13



From: Miki Barnes <miki@psg.com>

Sent: Monday, November 18, 2013 12:48 PM

To: Berglund, Brooke

Cc: james Lubischer

Subject: HARE 11/19/13 Leaded Fuel Subcommittee Meeting

Dear Brooke,

Please distribute Senator Waxman's 10/23/12 letter to the HARE leaded fuel subcommittee for
consideration at their 11/19/13 meeting. It is available at the following link:
http://waxman.house.gov/sites/waxman.house.gov/files/documents/UploadedFiles/Letter%20to%
20FAA%200n%20L eaded%20AvGas%2010-23-12.pdf

In a 10/23/12 letter from Senator Waxman to the FAA, Senator Waxman urged the FAA to
"accelerate efforts to reduce lead emissions from general aviation™:

The devastating health effects of lead are well documented. Lead is a potent neurotoxin
that has especially debilitating effects on children, damaging the brain and nervous
system and impairing development. According to the Centers for Disease Control, there
is no identified level of lead exposure without harmful effects and the effects appear to be
irreversible. Lead emissions from general aviation are a particular concern at airports
located in close proximity to residential areas...Frequent touch-and-go flights by piston
aircraft can also result in pollution concentrations in areas surrounding an airport.

He further explains that:

The FAA's plans with regard to addressing the use of leaded fuel for general aviation are
described in the Unleaded Avgas Transition Aviation Rulemaking Committee report
released in February 2012. This report outlines steps to identify, test, and certify an
unleaded "drop-in" replacement fuel by 2018, but it does not identify any efforts to
reduce the use of leaded fuel before such a replacement fuel becomes available, even
though, according to the report, it may be 11 years or more before the new fuel will be
phased in. This extended time-frame is simply too long, given the certain and serious
harms to human health from lead exposure and the availability of alternatives to leaded
fuels.

Thank you.

Miki Barnes


http://waxman.house.gov/sites/waxman.house.gov/files/documents/UploadedFiles/Letter%20to%20FAA%20on%20Leaded%20AvGas%2010-23-12.pdf
http://waxman.house.gov/sites/waxman.house.gov/files/documents/UploadedFiles/Letter%20to%20FAA%20on%20Leaded%20AvGas%2010-23-12.pdf
http://waxman.house.gov/sites/waxman.house.gov/files/documents/UploadedFiles/Letter%20to%20FAA%20on%20Leaded%20AvGas%2010-23-12.pdf
http://waxman.house.gov/sites/waxman.house.gov/files/documents/UploadedFiles/Letter%20to%20FAA%20on%20Leaded%20AvGas%2010-23-12.pdf

Miki Barnes
miki@psg.com
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From: James Lubischer <annejiml@clear.net>

Sent: Sunday, November 17, 2013 6:44 PM

To: Berglund, Brooke

Subject: Submissions to Chairman of the HARE Subcommittee on Lead from
Lubischer

Attachments: Nigg 2010 low low Pb ADD (hilites) .pdf; Schneider 2003 STUDY

highlighted.pdf; Social Policy Report - with Nigg commentary copy
hilites.pdf; CDC LeadPoisoning-10 hignlites copy.pdf; Integrated
Science Assessment for Lead.pdf; Airports 17 Pb monitoring 2013 -
hilited.pdf

11-17-13

Ms. Berglund,

Please forward this email with the attached materials to the chairman of the HARE
subcommittee on lead for consideration in the subcommittee's review of the lead
issue.

Thanks,

Jim Lubischer
503-828-7406

The Nigg 2010 research shows that very, very low levels of lead in a child's blood
contribute to ADHD in children.

The Schneider 2002 research shows that lead at very low concentrations damages
brain cell growth.

In the Social Policy Report 2010: "The researchers found that lead levels as low as
2.5ug/ dL were associated with significantly greater amounts of parent- and self-
reported criminal activity and higher rates of police intervention.” (p10) "Results
indicated that increased lead levels were significantly associated with increases in
the number of total arrests and violent crimes committed by the participants in
adulthood.” (p11) "Researchers have known since the early 1900s that lead is harmful
to children’s development. When the CDC set the current BLL to 10ug/dL in 1991,
reports were already beginning to appear that even lower levels of lead are detrimental
to children’s health. For the past 10 years, study after study has indicated that children
are being exposed to unacceptable levels of lead in their daily lives, and that even a
low level of lead exposure harms children. The U.S. is negligent in its testing,
reporting, prevention, and treatment practices for lead exposure. Lead exposure in




children is fully preventable, yet the U.S. government has failed to commit fully to the
resolution of the problem. Cost-benefit analyses show that it is a relatively
inexpensive problem to solve, and its resolution would lead to great economic returns.

(p 15)

The CDC's 2005 "Preventing Lead Poisoning in Young Children" Statement is an
exhaustive document which states that "The data demonstrating that no 'safe’
threshold for blood lead levels (BLLs) in young children has been identified
highlights the importance of preventing childhood exposures to lead. It confirms the
need for a systematic and society wide effort to control or eliminate lead hazards in
children's environments before they are exposed. This emphasis on primary
prevention, although not entirely new, is highlighted here and is clearly the foremost
action supported by the data presented in A Review of Evidence of Adverse Health
Effects Associated with Blood lead Levels <10 ug/dL in Children."

EPA's 2013 The Integrated Science Assessment for Lead" provides a concise review,
synthesis, and evaluation of the most policy-relevant science to serve as a scientific
foundation for the review of the National Ambient Air Quality Standards.” (p
xliv) "Studies that have undergone scientific peer review and have been published or
accepted for publication and reports that have undergone review are considered for
inclusion in the ISA." (p. xIv) "The 2008 National Emissions Inventory reported
ambient air Pb emissions of 950 tons...piston-engine aircraft emissions comprise the
largest share (58%) of total atmospheric Pb emissions in the U.S." (p. 1-6) "The
primary contribution of ambient air Pb to young children's blood Pb concentrations is
generally due to ingestion of Pb following its deposition in soils and dusts rather than
inhalation of ambient air." (p. Ixxix) "...there is no evidence of a threshold below
which there are no harmful effects on cognition from Pb exposure.” (p. Ixxxviii) "The
2006 Pb AQCD concluded that neurodevelopment effects in children and
cardiovascular effect in adults were among the effects best substantiated as occurring
at the lowest blood Pb levels, and that these categories of effect were clearly of the
greatest public health concern. The evidence reviewed in the current assessment
supports and builds upon this conclusion. Evidence in a few cohorts of children that
indicated the supralinear concentration-response blood Pb-FSIQ relationships, did not
identify a threshold for Pb-associated neurodevelopmental effects in the range of
blood Pb levels examined." (p. 1-68) "With each successive Pb AQCD and
supplement, the epidemiologic and toxicological study findings show that
progressively lower blood Pb levels or Pb exposures are associated with cognitive
deficits in children...No evidence of a threshold for the effects of Pb on
neurodevelopmental effects has been reported across the range of blood Pb levels
examined in epidemiologic studies. Compelling evidence for a larger decrement in
cognitive function per unit increase in blood Pb among children with lower mean




blood Pb concentrations compared to children with higher mean blood Pb
concentrations was presented in the 2006 Pb AQCD." (p. 1-73)

The EPA's Airport Lead Monitoring Update 6/13 shows that all 17 of the airports
which were monitored have measurable ambient air lead.
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Confirmation and Extension of Association of Blood Lead with
Attention-Deficit/Hyperactivity Disorder (ADHD) and ADHD
Symptom Domains at Population-Typical Exposure Levels

Joel T. Nigg, Ph.D.,
Oregon Health & Sciences University

Molly Nikolas, M.A.,
Michigan State University, Department of Psychology

G. Mark Knottnerus, B.S.,
Michigan Department of Community Health, Bureau of Laboratories

Kevin Cavanagh, Ph.D., and
Michigan Department of Community Health, Bureau of Laboratories

Karen Friderici, Ph.D.
Michigan State University, Department of Microbiology

Abstract

BACKGROUND—Recent studies have suggested that child ADHD and its symptom domains are
related to blood lead level, even at background exposure levels typical in western countries.
However, recent studies disagreed as to whether lead was related to inattention or hyperactivity-
impulsivity within the ADHD domain. More definitive evaluation of these questions was sought.

METHODS—236 children aged 617 years participated (61 ADHD-Combined type, 47 ADHD
Predominantly Inattentive type, 99 non-ADHD control, 29 unclassified borderline, situational, or
NOS cases). Formal diagnosis was reliably established by a best estimate procedure based on a
semi-structured clinical interview and parent and teacher ratings. Lead was assayed from whole
blood using inductively coupled plasma mass spectrometry with a method detection limit of 0.3
ug/dL.

RESULTS—BIlood lead levels were slightly below United States and Western Europe population
exposure averages, with a mean of 0.73 and a maximum of 2.2 pg/dL. This is the lowest level of
blood lead ever studied in relation to ADHD. After statistical control for covariates including 1Q
and prenatal smoking exposure, blood lead was associated with ADHD-combined type but not
inattentive type. Parent and teacher report indicated association of blood lead with Conners
cognitive problems, but only teacher report showed effects on DSM-IV inattention symptoms.
Blood lead was associated with hyperactivity-impulsivity in parent report regardless of
measurement method, whereas teacher report effects depended on child treatment history.

CONCLUSIONS—These findings confirm that in children with typical U.S. population lead
exposure, careful identification of children with ADHD also identifies children with slightly
elevated blood lead.

Corresponding Author Information: Joel Nigg, Department of Psychiatry, 3181 Sam Jackson Park Road, Mail Code OP02, Oregon
Health & Science University, Portland OR 97239-3098, niggj@ohsu.edu; PH 517-203-3114.


James Lubischer


James Lubischer


James Lubischer


James Lubischer


James Lubischer


James Lubischer


James Lubischer


James Lubischer


James Lubischer


James Lubischer


James Lubischer



Nigg et al. Page 2

Keywords
ADHD:; hyperactivity; inattention; blood lead

yduosnuepy Joyiny vd-HIN yduosnuely JoyIny Yd-HIN

yduosnuep Joyiny Vd-HIN

Attention deficit hyperactivity disorder (ADHD) occurs in 3 to 7% of children, with etiology
believed to be multifactorial. The DSM-IV (APA, 2000) specifies three clinical subtypes:
predominantly hyperactive (ADHD-PH), predominantly inattentive (ADHD-PI), and
combined (ADHD-C). The subtypes are arrived at through combinations of two primary
symptom dimensions: inattention-disorganization, and hyperactivity-impulsivity. These
symptom domains may have partially distinct etiological inputs (Nigg, 2006). Because they
appear to be an extreme of a behavioral continuum, the symptom dimensions also serve as
useful foci to study etiology. Indeed, a factor analytic tradition has arrived at related but
slightly different item sets than DSM-IV to capture population variation in “cognitive
problems” and hyperactivity/impulsivity (e.g., Conners et al., 2007).

Lead exposure via water, soil, and other sources remains a worldwide health concern
(Centers for Disease Control, 2005). Blood lead above 10 ng/dL has been associated reliably
with ADHD and related behaviors, with the only real dispute being the magnitude of the
effect (Burns et al., 1999; Silva, Hughes, Williams, & Faed, 1988; Thomson et al. 1989).
Regulation of commercial uses of lead has markedly reduced the incidence of frank lead
poisoning in recent decades in the U.S. (CDC, 2005), Western Europe (e.g., Delschen,
Machtolf, Sugiri, & Wilhelm, 2008), and Scandinavia (Stromberg, Lundh, & Skerfving,
2008). Perhaps as a result, lead exposure has not been highlighted as an ongoing concern
related to ADHD.

This reassuring picture, however, is eroding. Even at lower blood levels (< 10 pg/dL) lead
has been linked to reduced intellectual functioning (IQ; Lanphear et al., 2005). Recent
findings point to an association with ADHD as well, even at low exposures. Three years
ago, Braun, et al. (2006), in a US population survey, found that blood lead was related to
parent report that their child was diagnosed or treated for ADHD. This effect held even at
blood levels below 5 pg/dL (i.e., children with blood lead > 2 pg/dL were more like to have
ADHD than children with blood lead <0.7 pg/dL). One year later, Chiodo et al. (2007)
reported that blood lead was related to teacher rated symptoms of inattention and activity,
but not impulsivity, using the Conners rating scales and other standard scales in a high-risk
sample. The next year Nigg et al (2008) conducted the first low-level lead study of children
formally diagnosed with ADHD. Blood lead was related to ADHD and to parent reported
DSM-IV symptoms of hyperactivity but not inattention. Those results supported an
association to ADHD but appeared partially to contradict Chiodo et al (2007) as to the
affected symptom domain.

The present study sought more definitive evaluation in a larger, well-diagnosed sample. The
aim was to scrutinize relations with both DSM-IV and Conners ratings, by both parent and
teacher report, so as to confirm and extend prior findings as well as to clarify the apparent
contradiction in the last two studies reported. Dozens of potential confounds have been ruled
out in relation to lead exposure and ADHD (Chiodo et al. 2007; Silva, et al., 1988; Thomson
et al. 1989), but mostly at higher lead exposure levels. Thus, an expanded set of confounders
and covariates was also considered here, as outlined in Methods.

Confirmation of the association of ADHD with lead exposure even at very low blood lead
levels would be of major importance to public health, because exposure levels in the range
of 1-5 pg/dL remain very common. Yet, most public authorities continue to use 10 pg/dL as
the criterion of concern. If the association of low levels of lead exposure with ADHD is

J Child Psychol Psychiatry. Author manuscript; available in PMC 2011 January 1.
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verified, it opens the potential for new insights into the etiology of ADHD, because lead can
serve as a model insult affecting frontal-striatal circuitry in ways that are relatively well
understood. It also could open potential new opportunities for study of susceptibility-insult
or gene by experience models. It could also provide clues to prevention via dietary
supplementation (Kordas et al., 2007), via renewed caution before introducing new toxins
into children’s environments, or via aggressive efforts to continue to eliminate all lead
exposure.

METHODS

Participants

Recruitment and Evaluation—Participant recruitment and characterization followed the
same procedures as Nigg et al. (2008), but this was an entirely new sample. In all, 236
children aged 617 completed the study. Because some of these children also participated in
our sib-pair study of genetics of ADHD, the sample included 78 sibling pairs (n=156
siblings). All children were recruited via mailings to parents in regional school districts,
public advertisements, and outreach to local clinics. Parents provided written informed
consent and children provided written informed assent. All procedures were approved by the
University Institutional Review Board and complied with NIH and APA guidelines for
protection of human participants.

Families entered a multi-stage screening process to establish diagnostic groupings. To
confirm ADHD and comorbid diagnoses, a semi structured clinical interview (Kiddie
Schedule for Affective Disorders and Schizophrenia (K-S4DS-E) was completed with a
parent by a trained clinician. Interviewers had a master’s degree in clinical psychology or
social work. Each interviewer double coded 20 tapes with a criterion interviewer to ensure
process fidelity and inter-interviewer reliability (all disorders £ >.80 in this report). In
addition, parents and teachers completed the ADHD Rating Scale (DuPaul et al., 1998) and
the Conners et al (1997) ADHD Rating Scale, Revised (hereafter, Conners).

Exclusion criteria—Rule outs were long-acting psychotropic medication (e.g.
antidepressants), history of seizure, neurological impairments, a prior diagnosis of mental
retardation or autistic disorder, head injury with loss of consciousness, sensorimotor
handicap, or other major medical conditions in the child, as reported by the parent. At the
diagnostic interview youth were ruled out if they had substance addiction, bipolar disorder,
history of psychosis, sleep disorder, medical or neurological condition discovered at the
clinical screen, or IQ <75. Control children were also excluded for ADHD, learning
disability, or conduct disorder.

Establishment of Final ADHD and Other Diagnoses—Using all available data, a
best estimate diagnosis was arrived at independently by two experienced clinicians (a board
certified child psychiatrist and a fully licensed child clinical psychologist) blind to study
hypotheses and blood lead levels. Their agreement rates for ADHD, conduct disorder, and
oppositional defiant disorder were acceptable (all £ > .80). Disagreements were resolved by
discussion. Consistent with DSM-IV ADHD criteria, the clinicians required that another
disorder did not better account for symptoms, evidence of impairment, and evidence of
cross-situational symptoms. When ADHD symptoms were situational (only noticeable at
home or school) or were subthreshold (5 symptoms), a diagnosis of ADHD-NOS was
assigned. Those youth were included in this report for purposes of regression analysis of
symptom scores but not for between-group analyses.

J Child Psychol Psychiatry. Author manuscript; available in PMC 2011 January 1.


James Lubischer


James Lubischer


James Lubischer


James Lubischer



yduosnuepy Joyiny vd-HIN yduosnuely JoyIny Yd-HIN

yduosnuep Joyiny Vd-HIN

Nigg et al.

Measures

Page 4

Blood Lead—Over 90% of children approached agreed to the blood draw for the lead
assay. Children had 2 ml whole blood drawn through venipuncture in the arm. The blood
was drawn into a 2 ml purple-top Vacutainer tube (tubes were lot checked for lead by lab
prior to use). Blood samples were labeled with a study number, frozen and stored at —20C
prior to analysis. Samples were assayed using the process of inductively coupled plasma
mass spectrometry (ICPMS). This method had a detection limit for lead of 0.3 ng/dL; inter-
run precision was 5.8% (coefficient of variation) at a lead value of 2.9 pg/dL. The process
began with whole blood samples brought to room temperature and vortexed so no particulate
matter remained at the bottom of the sample. Samples were diluted 1:50 with a diluent
composed of 1.0% tetramethylammonium hydroxide, internal standard (iridium), 1.0%
isopropyl alcohol, 0.01% ammonium pyrrolidene dithiocarbamate (APDC), and 0.05%
wetting solution (Triton X). Samples were then mixed by inverting 3—4 times. The analysis
then entailed quantitating the sum of masses 206, 207, and 208 based on three replicates per
sample on a Perkin Elmer Elan DRC Plus ICP-MS. Three children were below the limit of
detection. Following Braun et al (2006; p. 1905), those levels were scored as 0.2 (0.3/72).
Following Burns et al. (1999), the blood lead score was log; transformed to reduce
influence of outliers.

IQ and achievement—To estimate full scale IQ, children completed a 3-subtest short
form of the Wechsler (2003) Intelligence Scales for Children-4™ Edition comprised of
Vocabulary, Block Design, and Information,! with reliability of .93 and validity in relation
to the full WISC-IV of r=.88 (Sattler, 2001, p. 771). All completed the word reading and
spelling subtests of the Wechsler (2005) Individual Achievement Test-2"d edition to
estimate academic achievement and enable evaluation of learning disability by the team.

Behavior Disorders and Symptoms—Total KSAD symptom counts were used for
parent DSM-IV ADHD symptom dimensions. To reduce collinearity, oppositional and
conduct symptom scores (r=.63) were summed into an “externalizing” total score. For
teachers, ADHD symptoms were assessed on the ADHD Rating Scale (symptoms scored as
absent if rated 0, 1 and as present if rated 2, 3) and summed. The Conners ratings served as
additional dimensional measures. Age and sex adjusted T scores were computed for
oppositional, hyperactive-impulsive, and cognitive problems/inattention for teachers and
mothers.

Other Covariates and Confounders—Total gross annual income in the child’s primary
household was reported by parents. Maternal smoking during pregnancy has been of keen
interest as a possible contributor to ADHD, yet also tends to be correlated with low income
and thus with lead exposure (Braun et al., 2006). Maternal smoking during pregnancy was
reported retrospectively by the mother and coded as “none” (0) or “any” (1). Although
retrospective recall limits the ability to verify these reports, maternal recollection of smoking
in pregnancy at child age of six years has agreed with post-partum report at 90% (Hensley-
Alford, Lappin, Peterson, & Johnson, 2008). Due to recent interest in nutritional status,
particularly the role of iron in the lead-ADHD relationship (Kordas et al., 2007), blood
hemoglobin was assayed by standard methods to assess iron status. Normal hemoglobin
values for children are 11-13 gm/dL, and in adolescents, 12—16 (women) or 14—18 (men).
Values in the current sample ranged from 11.0-15.6. Child history of stimulant medication
treatment was reported by mothers on the KSADS interview, and was coded as a 0 or 1 (no

LChildren over the age of 16 completed the same 3 subtests on the WAIS-IIT; it has reliability=.95 and validity=.91; Sattler, 2001, p.

825.
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history of stimulants, versus treatment history; 43 children had stimulant treatment). It was
examined as a potential moderator of teacher reports.

Data Reduction and Analysis

Unless otherwise noted, analyses were conducted in MPLUS v5.1 (Muthen & Muthen,
1998-2008), with family as a clustering value and analysis set to “type=complex;” this
procedure removes variance due to siblings being from the same family. Missing data were
handled using full information maximum likelihood procedures in MPLUS. Missing data
were minimal with the exception of income (7% missing). Three extreme outliers for the
income variable were truncated. All effects were evaluated with the following covariates:
household income, maternal smoking, and child age, sex, and blood hemoglobin level. Low
IQ is a possible complication yet there is controversy as to whether it represents part of the
ADHD syndrome. Results are therefore reported with and without covarying 1Q. For
regression models, standardized parameter estimates were computed. For continuous
measures, these were standardized on X and Y variables. The resulting coefficient is
interpreted as the amount of change in Y in standard deviation units for a one standard
deviation change in X. For the categorical (0, 1) variables (sex and prenatal smoking), they
were standardized on the Y variable--yielding amount of change in Y (in standard deviation
units) for a change in the X variable from 0 to 1.

RESULTS

Descriptive Overview

The sample comprised four groups: non-ADHD, ADHD-PI, ADHD-C, and ADHD-NOS.
“NOS” meant subthreshold, 5 symptoms, or situational. Note that ADHD primarily
hyperactive type was rarely identified (n=2). Those two cases were assigned to the “NOS”
group. Table 1 provides a descriptive and clinical overview of the sample groups. It supports
the validity of the clinical groupings. Only the ADHD-PI and ADHD-C groups consistently
exceeded clinical cutoffs on the Conners ADHD Index. The ADHD-NOS group was
intermediate on several clinical measures between the control group and the ADHD groups.
Groups differed in exactly the way suggested by the diagnostic assignments in teacher and
parent ratings. Some suppression of symptoms in teacher ratings was expected, because
some children were in treatment (Table 1).

The groups were similar on IQ, but they differed in age, gender ratio, and household income
(leading to differences in rate of families estimated to reside in poverty). As shown in Table
1, the sample as a whole was relatively more well off economically than the U.S. national
average. The ethnic breakdown of the sample was 75% Caucasian, 7% African American,
3% Latino, 1% Native American, and 14% mixed or other. Race was unrelated to blood lead
and was not covaried or analyzed further.

Child blood lead ranged from less than 0.3 pg/dL (undetectable, n=3) to 2.20 pg/dL with a
mean of 0.73 (SE=0.04). Table 2 shows that blood lead in the current sample was even
lower than in Nigg et al (2008), and equal to or lower than recent averages in the U.S.,
Scandinavia, and Western Europe (Braun et al., 2006, used the NHANES sample shown in
Table 2). Thus, the sample had typical background exposure. This blood lead level was the
lowest ever evaluated in relation to ADHD to date.

As expected, and as in prior studies, blood lead was related to lower family income (B=—.
15, p<.05), male sex (B= —43, p<.01), and younger age (B=—23, p<.01). Before covariates,
blood lead was correlated to KSAD inattention (B=.19, p<.01), hyperactivity/impulsivity,
(B=.28, p<.01), the externalizing composite, (B=.21, p<.01) and to all Conners scales. Blood

J Child Psychol Psychiatry. Author manuscript; available in PMC 2011 January 1.
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lead in siblings was correlated at r=.47 (p<.001), supporting the supposition that it might be
a shared environment effect and the importance of controlling sibling status.

Association of ADHD Diagnosis with Blood Lead Level

The three-group ANCOVA (omitting the “NOS” group; see Method) was conducted in
SPSS v. 17. It yielded nearly a medium effect size for group assignment, F(2,200)=5.16,
partial eta squared=.049, p=.007 (sibling status not controlled). Follow up simple
comparisons were conducted using effect coding in MPLUS (controlling for sibling status;
blood lead was the dependent variable and all covariates were included). The ADHD-C
group had higher lead level than the control group (B=.141, p=.033; with IQ covaried, B=.
057, p=.041). The ADHD-PI group did not differ from the control group (p=.27). Thus,
group effects were confined to ADHD-C.

Regression Analysis of ADHD and Externalizing Symptom Dimensions

Parent Report—Regression models were conducted for symptom domains as dependent
variables (n=236, see Method). Table 3 summarizes the results for parents for both DSM-IV
symptoms (KSADS) and the Conners, with and without IQ as a covariate. As it shows,
blood lead level was marginally associated with attention problems, but not after covarying
IQ. Blood lead was reliably associated with hyperactivity/impulsivity regardless of
covariates. On the Conners, both cognitive problems and hyperactivity/impulsivity were
reliably related to blood lead.

The KSADS externalizing composite was also related to blood lead (B=.21, p<.01; with IQ
covaried, B=.20, p<.05); the same held for oppositional behavior on the Conners (B=.22, p<.
01, with IQ covaried, B=.21, p<.01). Specificity was examined for each model by making
blood lead the outcome variable. To conserve power, IQ was omitted and other covariates
removed in stepwise fashion (income, p>.50, and hemoglobin, p>.20, were thus removed in
all models). In the DSM-IV model, hyperactive symptoms were specifically related to blood
lead (B=.144, p=.043), whereas externalizing symptoms were shy of significant (B=.136,
p=-121). The same held using the Conners: blood lead was related to hyperactivity (B=.18,
p=-034) but not oppositional behaviors (B=.09, p=.34) or cognitive problems (p=ns).

Teacher Report—Table 4 shows the complete models for teacher reported DSM-IV
symptoms and Conners ratings. On the ADHD Rating Scale, blood lead was unrelated to
inattention or hyperactivity-impulsivity. On the Conners Rating Scale, results were similar
to those reported for teachers by Chiodo et al (2007) and different from the ADHD Rating
Scale results. As Table 4 shows, cognitive problems were related to blood lead level,
whereas hyperactivity-impulsivity was related to blood lead prior to covarying 1Q, but not
after.

Conners oppositional behavior was also related, weakly, to blood lead (B=.13, p<.05),
though not after IQ was covaried (B=.11, p=.07). The specificity model was computed just
as with parent data. Cognitive problems were uniquely related to blood lead (B=.16, p=.
031), whereas oppositional behavior (p=.76) and hyperactivity (p=.34) were not.

Interaction of Teacher Findings with Child Treatment Status—The interaction of
child treatment history with blood lead was examined (all covariates included). For DSM-1V
inattention, there was no interaction (p>.50), but for DSM-IV hyperactivity/impulsivity,
there was (B=—.193, p=.009). For children never treated (including controls), there was a
reliable relation of blood lead to hyperactivity (with all covariates; B=.151, p=.017). For the
children who had been treated, the relation disappeared (B=—.177, p=.19). This result
suggested that medication treatment masked the relation of lead to teacher-rated DSM-IV
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hyperactive symptoms. For the Conners ratings, the interaction of treatment status with
blood lead was shy of significance for hyperactivity (B=—.11, p=.064), but robust for
cognitive problems (B=—.18, p=.002). Again, for children not in treatment, the effect of
blood lead on cognitive problems was easily seen (with all covariates, B=.17, p=.004); but
not in the treated children (B=—.13, p=.446). These interactions did not reproduce when
checked in the smaller Nigg et al (2008) sample (all p> .20).

DISCUSSION

Whereas ADHD carries well-established genetic influences on susceptibility (Waldman &
Gizer, 2006), environmental risk factors may interact with that susceptibility in complex
ways (Purcell, 2002). Several studies have linked blood lead with ADHD, but usually in
samples with lead levels much higher than current population averages in the U.S. or
Western Europe. More recent studies have begun to show that even very low levels of lead
exposure (< 5 pg/dL), blood lead is associated with ADHD. Nigg et al. (2008) was the first
low-lead study to look at children formally diagnosed with ADHD by standardized methods
and the first to use ICPMS technology to measure blood lead. That technology is important
because it has detection limits 3—8 fold lower than other methods typically used clinically or
in most prior studies of ADHD. ICPMS was used again in the current report in a new
sample.

The present study provides a more definitive confirmation of Nigg et al (2008) in a larger
sample, with additional covariates, with more examination of teacher ratings, and at the
lowest levels of blood lead ever measured in relation to ADHD. It confirms that in a sample
selected for ADHD, there are reliable relations of blood lead with lifetime symptoms of
hyperactivity-impulsivity as assessed by structured clinical interview of the parent.
Hyperactivity effects are either weak or are moderated by treatment history when based on
teacher report. On the other hand, the association of blood lead with inattention (or cognitive

problems) was observed in parent and teacher Conners ratings and in teacher but not parent
DSM-IV ratings.

Thus, like Nigg et al (2008), we found that blood lead was reliably associated with
hyperactivity but not inattention when using DSM-IV ratings. However, like Chiodo et al
(2007), we also found that Conners ratings revealed a clearer association of blood lead with
cognitive problems than with hyperactivity-impulsivity in teacher ratings. This apparent
disagreement across methods and raters could be readily understood. The Conners scales
have slightly different items than the DSM-IV and are selected to be sensitive to
intervention effects (lead may be an intervention). The Conners scales also had somewhat
better normal distribution properties (for inattention, Shapiro-Wilk > .90 for maternal and >.
80 for teacher ratings, versus weaker values for the respective DSM-IV scales).
Furthermore, it is sensible to expect that teachers would have more opportunity to observe
cognitive problems (relevant to classroom behavior), whereas parents and teachers might be
equally good observers of hyperactive or impulsive behaviors.

With all that in mind. the pattern that emerges is still rather clear. Inattention/cognitive
problems were related to blood lead when measured via the Conners but not when measured
via DSM-IV symptoms. This finding, which explains the prior difference between Chiodo et
al (2007) and Nigg et al (2008). is due to either the different item set or the better
psychometric properties of the Conners T score. Further study to see which of those events
is true will be of interest. In contrast, hyperactivity/impulsivity is related to blood lead when
rated by parents, but based on these data we tentatively suggest that this effect may be
suppressed in teacher ratings by child treatment history. Overall, the conclusion is that both
ADHD symptom domains are related to blood lead, but that further consideration of the
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measurement scale and treatment effects remains important in quantifying these
associations.

Limitations of this study should be noted. Most important, it is unclear how well concurrent
lead levels reflect risks that probably occurred earlier in development. Effects of lead on the
brain may depend on age of exposure (Manton et al., 2000). The ages of exposure and the
peak early exposure level of the children in this study are unknown. However, the exposure
levels observed are consistent with U.S. national levels in children at this age. Those U.S.
surveys indicate that even preschool children average less than 5 pg/dL of exposure (CDC,
2005). Second, it is possible that hyperactive children ingested more lead, rather than that
lead influenced hyperactivity. However, the only study we are aware of to test that question
(David et al., 1977) found that lead levels were not elevated in hyperactive children with a
known organic etiology (e.g., head injury), but were elevated in other hyperactive children.
Further, an extensive animal experimental literature suggests lead has causal effects on
neurodevelopment that make it a plausible influence on ADHD (Cory-Slechta, 1995). Thus,
the most parsimonious summary of the data is likely that lead influenced ADHD rather than
the reverse.

Last, this was not a random population sample, so sampling biases cannot be ruled out
(characteristics of refusers were unknown). The sample was economically somewhat more
well off, less representative of minority groups, and less lead-exposed than the nation as a
whole. This may have resulted in under-estimation of effect magnitudes in relation to lead
exposure and ADHD, although effect sizes reported were similar to those reported by
Chiodo et al (2007) in a lower income, African American sample. In short, this study

confirms that ADHD, both as a diagnosis and as symptom dimension, is associated with
blood lead level at low exposure levels, even below 2.5 ng/dL.

In conclusion, background-levels of lead exposure were associated with ADHD in a
clinically characterized sample, at the lowest levels of blood lead ever studied in relation to
ADHD, and in both parent and teacher reports. This evidence that ADHD and its symptom

domains are associated with blood lead has rather significant implications, because

exposures in the range studied here remain widespread by definition. Lead exposure is a
plausible neurobiological candidate for involvement in ADHD because it disrupts midbrain

dopamine and other neurotransmission circuitry (Cory-Slechta, 2005), systems that are also
implicated in ADHD (Nigg, 2006). It contributes to what is now an emerging body of

literature linking ADHD to lead exposure even at population typical exposures. Implications
for prevention, practice, and policy warrant further discussion.

Key points

* Lead is a known neurotoxicant previously associated with ADHD at high exposure

e  Recent studies suggested low, population typical exposures may also related to
ADHD

*  Current study obtained fresh confirmation in a sample with very low, population
typical lead exposure

e Children with ADHD had higher lead level than children without ADHD

e Both parent and teacher reports confirm the association of blood lead with ADHD
symptoms.

*  Further review of actionable lead level exposure in children is indicated
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Sample Summary Statistics (Mean and Standard Deviation)

Table 1

Control “NOS” ADHD-PI ADHD-C p
N 99 29 47 61
% male 4392 48%:2 68%" 74%P <.05
% White 73%2 339%P 81%* 81%? <.05
Child age (years) 11.8(2.5* 11.8(2.4y° 12.4(2.5° 10.6(2.6)° .05
Annual home income ($k) 87.1(41)*  67.4Q27)%  81.4(42)®  63.9(42> .05
% under poverty line ($21,200) 4.0%2 3.1%:2 4.2%% 21.1%> <01
Child Full Scale IQ 107.9(12)  104.9(13)  102.2(15)  103.4(15) ns
KSADS Inattention Lifetime 0.6(1.1) 4.5(2.7)° 7.6(1.1)° 7.8(1.5)¢ <.01
KSADS Hyperactive Lifetime ~ 0.4(0.8)*  2.82.9)*  2.1(2.1)®  6.9(1.7)¢ <0l
KSADS Inattention Current 0.6(1.1)2 4.3(2.7)° 7.4(1.1)¢ 7.8(1.5)¢ <.01
KSADS Hyperactive Current 0.4(0.8)a 2.7(2.8)° 1.7(1.8)° 6.6(1.8c <01
Teacher ADHD RS Inatt Sx 0.33(1.1)a 1.4(2.6) 3.1(3.3)° 433340 <01
Teacher ADHD RS Hyp Sx 0.2(0.8)a  1.1(24)°  0.7(1.9°  32(3.4)¢ <01
% Conduct Disorder (Life) 0%a 9.4%b 7.4%b 13%¢ <.01
% ODD (Lifetime) 2% 19%?® 15%® 38%° <.01
P-Conners Cognitive 46.5(6)*  61.9(11)° 71.6(9)°  7L4(11)¢ <01
P-Conners Hyperactivity 46.7 (47 59114 582(12)b  72.7(12)¢ <01
P-Conners Oppositional 457(7¢  55.7(13)°  58.7(14)  643(15¢° <0l
P-Conners ADHD Index 46.4(6)* 61.5(10)*  70.2(10)>  72.7(10)>  <.01
T-Conners Cognitive 482(77  55.3(10)°  57.4(9°  60.2(10)° <01
T-Conners Hyperactive 49.5(9)*  53.8(11)> 542011 61.7(13)¢ <01
T-Conners Oppositional 47.1(4)  52.8(12)°  51.3(9°  57.7(12)¢ <01
T-Conners ADHD Index 49.19  57.3(13)°  60.4(10)°  66.3(11)¢ <01
% treated stimulants (lifetime) 7% 25% 48% <.01
% pregnancy smoke @ 13.8% 10.6% 13.1% ns
Child unadjusted blood lead 0.2(.30)*  0.78(24)%  72(.35)%  88(.44)° <01
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James Lubischer August 17, 2012 6:26 AM The actual control level was 0.65.  See email of 7-16-12

James, Miki
 
I just reviewed the raw data for that paper. The correct lead value for the control group is .65. I think historical trends explain the slightly lower values in the second paper (samples collected about 5 years apart)…perhaps a little “regression to the mean” as well…
 
I don’t know why we got .2 in the table, but we were working with log transformed scores and I suspect that must have somehow got transposed. I’ll have to get a correction in.
 
Anyway, that said, all the analyses and results in the paper are right; just a type in the table for that group mean
 
All best
 
Joel

James Lubischer
James Lubischer August 17, 2012 6:30 AM   Standard deviation was 0.31 for the control group.  See email of 7-24-12:

"Standard deviation .31"
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Notes to Table 1: KSADS symptom scores and diagnoses are lifetime unless otherwise marked. For dimensional scores, post-hoc Tukey tests were conducted if variances were homogenous; or the Dunnet
T3 post hoc if variances were not homogenous. Different superscripts indicate pair-wise differences on post-hoc tests at p<.05. For example, “a” under control Conners’ Cognitive indicates a significant
difference from “b” for ADHD-PI for the same variable; because ADHD-C also has a “b” it differs from controls also, but not from ADHD-PI. “ab” indicates does not differ from the group with the “a” or
“b” superscript. ADHD-PI =Inattentive type; ADHD-C=combined type. Poverty is defined as < 50% of the median household income of $50,233 in the U.S. in 2007 (16% of national population below that
cutoff), in keeping with one type of convention for defining poverty. The comparisons in this table do not control for sibling non-independence.
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Table 2

Median Blood Lead Level of Current Replication Sample, Nigg et al (2008), U.S. National Sample, and
Selected European Data By Two Age Groups

Sample Years Surveyed %Male Agein years Mean/median blood lead pg/dL
Adolescents

U.S.A. (CDC! NHANES)  1999,2002 50% 12-19 0.94-1.10
Western Eur0p62 1996-2000 50% 0-18 3.5

Nigg et al 2007 (n=115) 2005-2006 64% 12-17 1.03 (SE=.05)
Current sample (n=96) 2006-2008 53% 12-17 0.68 (SE=.03)
Children

U.S.A. (CDC NHANES) 1999, 2002 50% 6-11 1.25-1.51
Sweden’ 2005, 2007 50% 7-11 1.31-1.32
Chiodo et al (2007) 1996-1997 51% 67 5.0

Nigg et al 2007 (n=35) 2005-2006 63% 8-11 1.04 (SE=.09)
Current sample (n=140) 20062008 63% 6-11 0.77(SE=.03)

1
CDC=Centers for Disease Control; the U.S. national (from the CDC NHANES sample) reflect surveys at two points in time, one in 1999 and one
in 2002. The lower value represents the 2002 value, and the higher value represents the 1999 value.

2
Western Europe represents a meta-analytic average computed by Fewtrell et al (2004) from studies in Denmark, Sweden, Germany, France, Israel,
and Greece in the late 1990’s.

3 ..
Stromberg et al. 2007. The recent data represent two cities measured two years apart.
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Regression Analyses of Lead association with Parent-Reported ADHD Symptoms, Standardized Results

Showing Parameter (standard error)

KSADS Lifetime Conners

Inattention Hyp-Imp Cognitive Hyp-Imp
Without IQ covaried
Age 06(.07) —09(07) 37+t 07(08)
Sex —.43(15)** —30(14* —O1(15) —.04(.14)
Income —14(06)*  —.19(07)™*  —09(06)  _ 1g(07)**
Hemoglobin —.02(.07) .02(.07) —.11(.08) —.07(.08)
Smoking 29(.20) 03(223) 27(22)  —.19(.19)
Blood lead 22007 19006 21007 26(.07)"F
With IQ Covaried
Age 05(.07) -.10(.07) 12(.07) .06(.08)
Sex _4a(19)™*  —30(19)* —0215)  —05(14)
Income —.10(.06) —17(07)*  —05(06)  _ 17¢08)*
Smoking 24(21) 01(.23) 22(22) —.20(.19)
Hemoglobin .01(.06) .04(.07) —.09(.08) —.06(.08)
IQ —12007)*  —09(08)  _qp0op*  —05(.07)
Blood Lead A11¢.07) 18(.06) 2007 250077

Parameter estimates are standardized as explained in Method. Sex is coded 1=male, 2=female.

i
p<.10;

*
p<.05,

H3k

p=<.01,

kK

p=<.001.
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Regression Results for Association of Child Blood Lead with Teacher Behavior Ratings, Showing
Standardized Parameter Estimates (standard error)

Table 4

ADHD Rating Scale Conners

Inattention Hyp-Imp Cognitive Hyp-Imp
Without IQ covaried
Age —08(07)  _ o5(07)%** .10(.08) 08(.08)
Sex -60(.12)"*  — 430100  —02(13) 32(.13)"
Income —1e(on*  —07C07)  _53007)***-  20007)**
Hemoglobin ~ —.05(.07) ~.05(.06) 01(.08) 02(.09)
Smoking -.03(.24) -.07(.20) 12(27) — 42017
Blood lead 09(.06) 11(06)* 19(.07) 14(.06)"
With IQ Covaried
Age —10007)  _ (06 ***  -02(02) 06(.08)
Sex —62(12)***  —.44(10) ~.03(.06) 30013)*
Income —.12(.06) —.04(.07) —.23(.06) ¥**- 12(07)T
Smoking —11(.24) —.14(.21) -02(26)  _53(15**
Hemogl —.02(.06) —.03(.06) 05(.07) 05(.08)
1Q -19(08)%  —15(0n*  -.35(.06)***  300.07)***
Blood Lead 06(.06) 09(.06) 15(06)" 1106)*

Parameter estimates are standardized as explained in Method. Sex is coded 1=male, 2=female.

+
p<.10;

%
p<.05,

wk

p<.01,

kokk

p<.001.
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Abstract

The effects of low-level lead exposure on survival and neurite length of rat E15 primary ventral mesencephalic dopaminergic neurons
were studied. Lead acetate (0.001—10 pM) added to primary cultures for 48 h (in serum-free defined media [DM]) caused a loss of tyrosine
hydroxylase (TH)-positive neurons only at the highest concentrations (1 and 10 pM). In contrast, significant effects on neurite length were
observed at concentrations as low as 0.001 uM. Lead-induced decrease in neurite length became more apparent at concentrations of 0.01 pM
(mean 37.9% decrease) and 0.10 pM lead acetate (mean 43.9% decrease). These data show that very low concentrations of lead, well below
the level necessary to adversely affect neuronal survival, can have dramatic effects on neurite growth. These results support recent clinical
findings of detrimental effects of low-level lead exposure on brain development.

© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction

The general toxic effects of lead have been known for
centuries, yet lead is still a major environmental poison
affecting primarily pediatric populations in the United States
as well as in other countries worldwide. Although the level
of concern for pediatric lead poisoning, as set by the Centers
for Disease Control in 1991, is 10 pg/dl [6], studies
performed over the last decade indicate that, indeed, a safe
level of lead in the blood of children has not yet been
identified. Evidence for detrimental effects on behavior and
cognitive development have been reported with blood lead
levels below 10 pg/dl [17,25].

Although neuropsychological studies of lead’s effects in
children may differ in basic characteristics of the study
groups and in the choice of tests administered, the descrip-
tion of deficits in certain functional domains, such as
attention and fine motor skills, has been remarkably con-
sistent (see Ref. [19] for review). In fact, a number of
cognitive deficits associated with lead poisoning, such as
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attention and executive function problems, may be due at
least in part to lead’s effects on dopamine systems. Animals
with dopamine-depleting lesions of the cortex or striatum
have a number of cognitive and behavioral deficits includ-
ing impairments in attention, impulsivity, short-term mem-
ory, cognitive flexibility (and other executive functions), as
well as behavioral abnormalities including apathy, low
frustration tolerance, and aggressiveness [4,5,23,24]. In
addition to the well-documented learning and memory
problems in lead-exposed animals, attentional problems
have also been described [3]. Attention and executive
functioning problems are a known consequence of lead
poisoning in children [10,30] and are present with dopamine
dysfunction, as in Parkinson’s disease [16].

The effects of lead on dopaminergic cells in culture have
been described previously [27]. Short-term exposure of
cultures to high concentrations of lead (3—50 uM) killed
neurons and glia at the highest concentrations, whereas
concentrations at the lower end (3 pM) significantly inhib-
ited [*H]dopamine uptake [27]. Lead exposure has also been
reported to alter the concentration of dopamine and decrease
the activity of the dopamine-synthesizing enzyme tyrosine
hydroxylase (TH) in midbrain and diencephalic regions [21]
as well as in rat [29] and primate retina [15]. In considera-
tion of the clinical and experimental data described above
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on lead effects on the dopamine system, the present study
was conducted to examine effects of low concentrations of
lead (0.001-0.1 uM, equivalent to 0.024 and 2.40 pg/dl,
respectively) on survival and growth (e.g., elaboration of
neurites) of fetal dopaminergic neurons in culture.

2. Methods
2.1. Primary cultures of ventral mesencephalic neurons

Timed-pregnant Sprague—Dawley rats were euthanized
with carbon dioxide. Embryos (E-15) were removed and
the ventral mesencephalon was dissected out and placed in
Dulbecco’s phosphate-buffered saline, (DPBS; pH 7.4) on
ice. The tissue was minced and incubated in a trypsin
solution (0.01% in Ca>*/Mg* " free Hank’s balanced salt
solution) with 0.05% DNAse for 20 min at 37 °C with
gentle agitation. The supernatant was removed and replaced
with Dulbecco’s modified Eagle’s medium (DMEM) con-
taining 10% fetal calf serum, glucose (6 mg/ml), glutamine
(204 pg/ml) and penicillin/streptomycin (100 U/ml) and the
cells were dissociated by passage through a fire-polished
Pasteur pipette. Dissociated cells were then passed through
a nylon-filter cell strainer (70 pM). The number of viable
cells were counted for trypan blue exclusion using a
hemocytometer and plated at a density of 1.5 x 10° cells
per well on poly-p-ornithine (PO; 0.01% in borate buffer;
pH 8.4) coated Lab-Tek eight-well slides. After 1 h of
stabilization at 37 °C in an atmosphere containing 5% CO,,
the media was changed to serum-free defined medium
(DM) containing DME/F12, 1% ITS supplement, glucose
(6 mg/ml), glutamine (204 pg/ml) and penicillin/streptomy-
cin (100 U/ml). The cultures were grown at 37 °C in 5%
CO, for 3 days before commencing experimental manipu-
lations.
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Fig. 1. Effects of lead exposure on the number of TH-positive cells in
primary ventral mesencephalic cultures. Addition of lead acetate (0.001—10
pM, in serum-free DM) for 48 h caused a significant loss of TH+ cells at
lead acetate concentrations of 1 and 10 pM. Bars show mean cell
counts + S.E.M. Ctl= control cultures (no lead); * P<.01 vs. control. Data
were derived from quadruplicate samples for each experimental condition,
repeated with four independent cultures.
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Fig. 2. Effects of lead exposure on length of primary neurites of E-15
dopaminergic neurons in culture. The lowest concentration of lead
acetate used (0.001 pM) caused a significant decrease in neurite length,
that was exacerbated by incubation in higher concentrations of lead (0.01
and 0.10 pM). These effects were observed at lead concentrations below
those that caused a decrease in cell survival. Bars show mean length of
primary neurites+S.E.M. * P<.01 vs. control. Data were derived from
quadruplicate samples for each experimental condition, repeated with
four independent cultures.

2.2. Lead exposure studies

To investigate the effect of lead on cell survival and
neurite length, lead acetate was added to media (DM) at
different concentrations (0.001, 0.01, 0.1, 1.0 and 10 pM)
for 48 h.

2.3. TH immunohistochemistry and cell counts

At the end of the lead exposure period, cultures were
fixed in 4% paraformaldehyde and stained for the pres-
ence of TH using a polyclonal TH antibody (1:2000, 4 °C
for 24 h, Pel-Freeze, Rogers, AR), biotinylated goat anti-
rabbit IgG (1:1000, 1 h at room temperature, Pel-Freeze,
Rogers, AR, Jackson Immunoresearch Laboratories, Inc.,
West Grove, PA). TH-positive cells were visualized after
incubation in ABC substrate (Vector Laboratories, Burlin-
game, CA) and metal-enhanced diaminobenzidine (Pierce,
Rockford, IL). Immunopositive cells were counted in
consecutive fields across the largest diameter of the cell
bed using an eye piece reticule at 10x magnification.

2.4. Neurite length measurement

Neurite length measurements were taken of the longest
neurite present on 150 TH-positive cells from control cul-
tures and each lead-exposed culture, using a neurite length
measurement macro (provided online by V.I. Pikov) and NIH
Image software (v. 1.68). Fields were sampled randomly and
the person performing the measurements was blind to
treatment condition. Briefly, the images of TH-positive cells
were captured at 20x magnification and contrast was
adjusted until neurites appeared as contiguous as possible
with low background. The longest neurite on each cell in the
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field was drawn using the pencil tool from the Image
program. The length of the outlined neurite was then
computed by the macro from a thresholded image.

2.5. Statistical analysis

All experiments were run in quadruplicate and repeated on
four separate occasions. Cell number and neurite length
measurement data were analyzed by one-way ANOVA fol-
lowed by pairwise post hoc comparisons (Newman—Keuls ¢
test). Data from four replicate studies were combined for
analysis. Frequency histograms of neurite lengths were also
constructed, using GB Stat v.6.5.6 software. Comparisons of
frequency histograms were made using a Kruskal—Wallis
one-way ANOVA.

3. Results
3.1. Lead effects on cell survival

No lead precipitation was observed in any of the media
used in these studies. In addition, measurement of lead
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levels (PPM, performed by ESA Laboratories, Chelmsford,
MA) in filtered and unfiltered media samples showed linear
increases in measured lead levels after addition of 1, 10 or
100 pM lead acetate.

In primary mesencephalic cultures, a 48-h exposure to
lead acetate caused a significant decrease in the number of
TH-positive cells only in cultures exposed to high concen-
trations of lead acetate (e.g., 1.0 and 10 pM, P<.05 vs.
control) (Fig. 1). TH-positive cell number was completely
unaffected by lower levels of lead.

3.2. Lead effects on neurite length

A dose-dependent effect of lead on neurite length of
TH-positive neurons was observed (F=280.08, P<.001,
Figs. 2, 3 and 4). The mean length of primary neurites of
TH-positive neurons was decreased by an average of
10.9% after 48 h exposure to as little as 0.001 pM lead
acetate (P<.01 vs. control). This detrimental effect on
neurite length was exacerbated after exposure to 0.01 uM
(mean 37.9% decrease, P<.01 vs. control) and 0.10 pM
lead acetate (mean 43.9% decrease, P<.01 vs. control)
(Fig. 4). There was no significant difference between
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Fig. 3. Histograms showing the distributions of primary neurite lengths in control and lead-treated cultures. After 48 h incubation in 0.001 pM lead acetate, the
longest neurites were lost but the overall shape of the distribution was not different from that seen in control cultures. In contrast, after 48 h incubation in 0.01
or 0.10 pM lead acetate, there was a clear shift to the left in the distribution histograms. Data were derived from quadruplicate samples for each experimental

condition, repeated with four independent cultures.
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Fig. 4. Photomicrographs of TH-positive neurons in control cultures (A)
and in cultures exposed to (B) 0.001 and (C) 0.01 uM lead acetate for 48 h.
Note the progressive decrease in neurite length with exposure to increasing
concentrations of lead.

neurite lengths measured in cultures exposed to 0.01 or
0.10 pM lead. The distribution of neurite lengths was
plotted for each culture condition (Fig. 3). After 48-h
incubation with 0.001 uM lead acetate, the longest neurites
were lost, although the rest of the distribution of neurite
lengths remained essentially the same as in control cul-
tures. However, in cultures exposed to 0.01 and 0.10 pM
lead acetate, there was a clear shift to the left (P <.05) in
the distributions of neurite lengths.

4. Discussion

The present results indicate that exposure of fetal dop-
aminergic neurons to very low levels of lead (0.001-0.1 uM,
analogous to 0.024—2.4 pg/dl of lead, using the convention
for measuring blood lead levels) for a brief period of time
(e.g., 48 h) causes significant disruption of neurite elabora-
tion without any appreciable effect on dopamine neuron
survival. Although the reasons for this effect are not clear at
this time, lead effects on calcium homeostasis may have
played an important role. Intracellular and nuclear transport
of calcium are involved in elaboration of axons and dendrites.
Calcium release from intracellular stores stabilizes dendrites
during the period of synapse formation [20]. Local calcium
release is a mechanism by which afferent activity (e.g.,
neurotransmission evoked calcium release) can regulate
dendritic structure and arborizations that are critical to
attaining a normal pattern of adult synaptic connections
[20]. Since lead suppresses activity associated with cal-
cium-dependent release of neurotransmitters [9,18], affects
presynaptic calcium channels involved in transmitter release
[22] and essentially substitutes for calcium in a multitude of
physiological functions [2], it is not surprising that lead
would also affect calcium-dependent arborization of neurites.
What was surprising was the low level of lead (0.001, 0.01
pM) needed to adversely affect neurites. However, lead is
known to affect physiological processes at levels below that
required by endogenous activators. For example, lead at
picomolar concentrations activates protein kinase C, an
action normally induced by nanomolar concentrations of
calcium [1].

Lead may also have affected neurite morphology by
directly interacting with cytoskeletal proteins. Previously,
lead exposure, in the absence of serum, altered cytoskeletal
protein expression (tau, MAP-2b, MAP-2¢, and GAP-43)
after only a 3-h exposure to 3 or 6 pM lead [26]. Prolonged
lead exposure in vivo (through age 15 months) also modi-
fied astrocyte cytoskeletal proteins (e.g., GFAP, vimentin)
[28]. Slow axonal transport of neurofilament proteins and
tubulins was impaired in animals exposed to lead in their
drinking water for 13 weeks [32].

Previous studies have described a significant inhibitory
effect of high (1 mM) and low (1 nM) concentrations (but
not at intermediate concentrations) of lead on neurite
initiation in fetal (E-18) hippocampal and cortical neurons
grown in culture [14]. Effects of lead on axon length,
number of dendrites/cell and number of branches/axon were
complex and dependent upon the concentration of serum in
the media [14]. Lead’s inhibitory effects on neurite devel-
opment in cultured hippocampal neurons were attributed at
least in part to an inappropriate stimulation by lead of
protein phosphorylation by calcium/calmodulin-dependent
protein kinase or cyclic AMP-dependent protein kinase [13].
Other studies have reported impairment of growth of retinal
axons (e.g., reduced area and branchtip number of retinal
ganglion cell axon arborizations in the optic tectum) with a
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6-week in vivo exposure to nanomolar concentrations of
lead [7]. In contrast to the inhibitory effects of lead on
neurite growth in vivo or in primary cells in culture, various
concentrations of lead (e.g., 0.025—0.05 uM in one study
[8]; 0.1-100 uM in another study [31]) were shown to
promote neurite outgrowth from PC12 cells in the presence
or in the absence of NGF, while higher lead concentrations
(1-10 mM) were less effective. At low concentrations, lead
did not cause neurite outgrowth in NGF-treated PC12 cells
but enhanced NGF-induced neurite outgrowth and promoted
the formation of multiple neurites per cell [31]. These latter
results, however, are difficult to compare with the present
findings due to differences in the type of cells (e.g., primary
neurons vs. tumor cell line) and culture conditions utilized.

The finding that neurite morphology is significantly
altered at lead concentrations 1/1000th to 1/100th of that
necessary to stimulate overt cell death may have significant
implications for fetal brain development and the hard wiring
of the brain under conditions of lead exposure. Mobilization
of maternal bone lead stores is a major source of fetal lead
exposure [11] with a strong correlation between maternal and
umbilical cord blood lead levels. Emphasizing the danger of
transfer of lead from mother to fetus [12], a recent prospective
study found increased levels of lead in maternal bone and
umbilical cord blood (mean 6.7 pg/dl) that were associated
with lower Mental Development Index scores on the Bayley
Scales of Infant Development at 24 months of age [11]. These
findings, together with the current results, underscore the
potential danger of even very low levels of lead on fetal
neuronal development.

References

[1] J. Bressler, K.A. Kim, T. Chakraborti, G. Goldstein, Molecular mech-
anisms of lead neurotoxicity, Neurochem. Res. 24 (1999) 595-600.

[2] J.P. Bressler, G.W. Goldstein, Mechanisms of lead neurotoxicity, Bio-
chem. Pharmacol. 41 (1991) 479—484.

[3] B.J. Brockel, D.A. Cory-Slechta, Lead, attention and impulsive be-
havior: changes in a fixed ratio waiting-for-reward paradigm, Pharma-
col. Biochem. Behav. 60 (1998) 545—552.

[4] L.L. Brown, J.S. Schneider, T.I. Lidsky, Sensory and cognitive func-
tions of the basal ganglia, Curr. Opin. Neurobiol. 7 (1997) 157—-163.

[5] T. Brozoski, R.M. Brown, H.E. Rosvold, P.S. Goldman, Cognitive
deficit caused by regional depletion of dopamine in prefrontal cortex
of rhesus monkey, Science 2015 (1979) 929-931.

[6] Centers for Disease Control and Prevention, Preventing Lead Poison-
ing in Young Children: A Statement by the US Centers for Disease
Control—October 1991, U.S. Department of Health and Human Serv-
ices, Atlanta, GA, 1991.

[7]1 H.T. Cline, S. Witte, K.W. Jones, Low lead levels stunt neuronal growth
in a reversible manner, Proc. Natl. Acad. Sci. 93 (1996) 9915-9920.

[8] T. Crumpton, D.S. Atkins, N.H. Zawia, S. Barone Jr., Lead exposure
in pheochromocytoma (PC12) cells alters neural differentiation and
Spl DNA-binding, Neurotoxicology 22 (2001) 49—-62.

[9] P. Devoto, G. Flore, A. Ibba, W. Fratta, L. Pani, Lead intoxication
during intrauterine life and lactation but not during adulthood re-
duces nucleus accumbens dopamine release as studied by brain mi-
crodialysis, Toxicol. Lett. 121 (2001) 199-206.

[10] D. Faust, J. Brown, Moderately elevated blood lead levels: effects

on neuropsychologic functioning in children, Pediatrics 80 (1987)
623-629.

[11] C. Gardella, Lead exposure in pregnancy: a review of the literature
and argument for routine prenatal screening, Obstet. Gynecol. Surv. 56
(2001) 231-238.

[12] A. Gomaa, H. Hu, D. Bellinger, J. Schwartz, S.W. Tsaih, T. Gonzalez-
Cossio, L. Schnaas, K. Peterson, A. Aro, M. Hernandez-Avila, Ma-
ternal bone lead as an independent risk factor for fetal neurotoxicity: a
prospective study, Pediatrics 110 (2002) 110—118.

[13] M. Kern, G. Audesirk, Inorganic lead may inhibit neurite development
in cultured rat hippocampal neurons through hyperphosphorylation,
Toxicol. Appl. Pharmacol. 134 (1995) 111-123.

[14] M. Kern, T. Audesirk, G. Audesirk, Effects of inorganic lead on the
differentiation and growth of cortical neurons in culture, Neurotoxi-
cology 14 (1993) 319-328.

[15] K. Kohler, H. Lilienthal, E. Guenther, G. Winneke, E. Zrenner, Per-
sistent decrease of the dopamine-synthesizing enzyme tyrosine hy-
droxylase in the rhesus monkey retina after chronic lead exposure,
Neurotoxicology 18 (1997) 623—-632.

[16] K.W. Lange, T.W. Robbins, C.D. Marsden, M. James, A.M. Owen,
G.M. Paul, L-Dopa withdrawal in Parkinson’s disease selectively im-
pairs cognitive performance in tests sensitive to frontal lobe dysfunc-
tion, Psychopharmacology 107 (1992) 394—404.

[17] B.P. Lanphear, K. Dietrich, P. Auinger, C. Cox, Cognitive deficits
associated with blood lead concentrations <10 pg/dl in US children
and adolescents, Public Health Rep. 115 (2000) 521-529.

[18] S.M. Lasley, M.C. Green, M.E. Gilbert, Influence of exposure period
on in vivo hippocampal glutamate and GABA release in rats chroni-
cally exposed to lead, Neurotoxicology 20 (1999) 619—-630.

[19] T.I. Lidsky, J.S. Schneider, Lead neurotoxicity in children: basic
mechanisms and clinical correlates, Brain 126 (2003) 5—19.

[20] C. Lohmann, K.L. Myhr, R.O. Wong, Transmitter-evoked local calci-
um release stabilizes developing neurites, Nature 418 (2002) 177—181.

[21] M.J. McIntosh, P.A. Meredith, M.A. Petty, J.L. Reid, Influence of lead
exposure on catecholamine metabolism in discrete rat brain nuclei,
Comp. Biochem. Physiol. 89 (1988) 211-213.

[22] D.A. Nachsen, Selectivity of the Ca binding site in the synapto-
some Ca channels. Inhibition of Ca influx by multivalent metal
cations, J. Gen. Physiol. 83 (1984) 941-967.

[23] A. Nieoullon, Dopamine in the regulation of cognition and attention,
Prog. Neurobiol. 67 (2002) 53—83.

[24] J.S. Schneider, C.J. Kovelowski, Chronic exposure to low doses of
MPTP: 1. Cognitive deficits in motor asymptomatic monkeys, Brain
Res. 519 (1990) 122—128.

[25] J. Schwartz, Low-level lead exposure and children’s 1Q: a meta
analysis and search for a threshold, Environ. Res. 65 (1994) 42-55.

[26] M. Scortegagna, E. Chikhale, I. Hanbauer, Effect of lead on cytoske-
letal proteins expressed in E14 mesencephalic primary cultures, Neu-
rochem. Int. 32 (1998) 353—-359.

[27] M. Scortegagna, I. Hanbauer, The effect of lead exposure and serum
deprivation on mesencephalic primary cultures, Neurotoxicology 18
(1997) 331-340.

[28] A. Selvin-Testa, C.F. Loidl, E.M. Lopez, F. Capani, J.J. Lopez-Costa,
J. Pecci-Saavedra, Prolonged lead exposure modifies astrocyte cytos-
keletal proteins in the rat brain, Neurotoxicology 16 (1995) 389—401.

[29] L.M. Shulman, S.V. Kala, A.L. Jadhav, D.A. Fox, Alterations in the
regulation of retinal dopamine content and release following lead
exposure during development, Toxicologist 30 (1996) 26.

[30] L. Stokes, R. Letz, F. Gerr, M. Kolczak, F.E. McNeil, D.R. Chettle,
W.E. Kaye, Neurotoxicity in young adults 20 years after childhood
exposure to lead: the Bunker Hill experience, Occup. Environ. Med.
55 (1998) 507—-516.

[31] T.M. Williams, A.M. Ndifor, J.T. Neary, R.R. Reams-Brown, Lead
enhances NGF-Induced neurite outgrowth in PC12 cells by potentiat-
ing ERK/MAPK activation, Neurotoxicology 21 (2000) 1081—1090.

[32] K. Yokoyama, S. Araki, Assessment of slow axonal transport in lead-
exposed rats, Environ. Res. 59 (1992) 440—446.


jameslubischer
Highlight


(@

R

Society for Research
in Child Development

sharing child and youth development knowledge
volume 24, number 1
2010

| Poli

Social Policy Report V24 #1
© 2010, Copyright the Author(s)

Protecting Children from

Exposure to Lead
Old Problem, New Data, and
New Policy Needs

Claire Cole & Adam Winsler

George Mason University

Abstract

he detrimental effects of lead exposure in children have been known for

over 100 years. Although a few initial measures implemented about 30

years ago were effective in somewhat reducing levels of lead exposure in

children, relatively little has been done recently from a policy perspec-

tive to protect children from lead. We now know from recent research

that much more work is needed. Recent events highlighted in the media
show that several urban communities still have unacceptable levels of lead in water
systems. Early research identified high levels of lead as being particularly detrimental
to children’s intellectual and behavioral development. However, new studies have
discovered that lower levels of lead, levels once thought safe, also cause consider-
able damage to children’s developmental outcomes. This social policy report summa-
rizes new data on the intellectual, academic, and behavioral deficits seen in children
exposed to both low and high levels of lead, discusses the biological and neurological
mechanisms of lead poisoning, explores sources of environmental lead exposure and
lead abatement practices, shows that current federal and state-level child screening
and lead level reporting practices are inadequate, and makes policy recommenda-
tions centered on increasing education, intensifying abatement efforts, strengthening
and regulating mandatory screening practices, and reducing the federal threshold of
allowable levels of lead.
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From the Editor

With Volume 24, Issue 1, a team from Frank Porter Graham Child Develop-
ment Institute at The University of North Carolina at Chapel Hill will begin the
editorship of the SRCD Social Policy Report (SPR). Reiterating our statement
in the last issue, we appreciate the great expertise and leadership that Lonnie
Sherrod and Jeanne Brooks-Gunn provided for SPR. We hope to extend and
elaborate on the momentum they created for the quarterly report. SPR stands
as the preeminent policy publication addressing developmental science topics
for policymakers and broader consumer audiences. The report’s translational
function is complemented with concise and attractive SPR Briefs produced by
Marty Zaslow, Sarah Hutcheon, and Sarah Mandell in the SRCD Office for Policy
and Communications, and Anne Bridgman, the Brief science writer. SRCD
strives to inform policy through scientific evidence, and we will continue to
make the SPR the premier report for lawmakers, policy experts, and research-
ers involved in developmental science issues.

This issue also inaugurates some important changes. The SPR has a new
look and feel but maintains the essential informational elements of the old
format. This new format will be disseminated only electronically but conforms
to the word length requirements of the previous print issues. However, if you
print out the issue, it will take more pages because of the changes in design,
which we hope will enhance readability. Also, the electronic format includes
links to available citations and abstracts, allowing our readers to go directly
to the information source. In the future, we hope to use other forms of tech-
nology to add convenience and convey the most essential information covered
in the SPRs. We invite readers to share their observations or comments about
the new format. Please send any questions or comments to
Anne Hainsworth at anne.hainsworth@unc.edu.

When we sat down to discuss topics for the first report of 2010, we
debated the merits of focusing on the ongoing issue of childhood lead expo-
sure. The topic did not seem to be very cutting edge. Did we as a society not
address this problem years ago, and is not the situation better now? Cole and
Winsler’s review of newer (as well as older) data on the detrimental effects
of low-level lead exposure made us sit up and pay attention. Nigg highlights
in his commentary the research linking lead to ADHD and raises the question
about other future potential neurotoxins. Lanphear’s commentary reminds us
of the world’s long struggle to reduce lead levels in children and recommends
increased efforts to eliminate lead from consumer products. A separate com-
mentary by Gould and Hertel-Fernandez, though, raises the important issue
of considering cost-benefit ratios of various lead reduction strategies before
recommending or implementing policies. Although some progress has been
made over the past 20 years, it is very clear that more can be done to reduce
and prevent lead exposure among our nation’s children. We hope this issue of
SPR brings renewed interest in this old, but nevertheless dangerous, problem.

— Sam Odom (Lead editor)

Donna Bryant (Issue editor)

Kelly Maxwell, Anne Hainsworth

FPG Child Development Institute, The University of North Carolina at Chapel Hill.
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Protecting Children from Exposure to Lead
Old Problem, New Data, and New Policy Needs

n 2000, the District of Columbia Water and Sewer

Authority (WASA) instituted a new method of water

disinfection, changing from the use of free chlorine

to chloramines. The addition of chloramines to the

water system had several unintended side effects,

primarily increased corrosion of the city’s water
pipes, many containing lead. Such corrosion led to dan-
gerous increases in lead levels in the city’s drinking water
(Edwards, Triantafyllidou, & Best, 2009; Environmental
Protection Agency [EPA], 2007; Guidotti, Moses, Gold-
smith, & Ragain, 2008). The current allowable amount of
lead in drinking water is set by the EPA at 15ug/L (EPA,
2004a; EPA, 2006). A water lead level above this amount
exposes the public to unsafe amounts of lead. By late
2001, tests of the D.C. drinking water showed lead water
level readings in excess of the allowable level set forth
by the EPA. In 2004, a Washington Post article exposed
the elevated water lead levels, instigating widespread
concern among community members
worried about the effects of elevated
levels of lead. WASA serves over 500,000
D.C. residents, and many parents were
appropriately concerned with the effect
of lead on their children. Many parents
and community members searched for
information on the effects of increases
in lead exposure that remained below
the federal threshold, but earlier reports
were not conclusive as to the effects of
low levels of lead on children.

D.C. is not alone in its trouble with lead-contami-
nated drinking water. Articles in the Seattle Post (Bach,
2004) and Seattle Times (Bhatt, 2005) reported that in
2004, tests of Seattle’s public schools indicated that 70
of 88 schools had at least one water fountain test above
the EPA recommended lead level. Nineteen of the schools
tested had over half of their drinking fountains exceed
the limit. One fountain tested at 1,600pg/L, an amount
more than 80 times greater than the EPA’s allowable lead
level. Tests conducted back in 1990 and 1992 also indicat-
ed elevated lead levels within the Seattle school system,
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It is critical for us
to understand the

effect of lead on

child outcomes.

indicating an ongoing problem.

In a follow-up to the initial D.C. article, Leonning,
Becker, and Nakamura (2004) of the Washington Post
examined past records of lead water level tests. Their re-
sults indicated that large municipalities including Boston,
Philadelphia, and New York had avoided testing homes
that were likely to show high water lead levels, and had
dismissed tests that indicated unsafe levels of lead within
their water systems. Additionally, some states chose not
to report federally required water lead level violations
to the EPA, as federally required, providing even more
uncertainty about the safety of our nation’s water. These
reports indicate that high lead levels in drinking water
may be more common than generally thought and that
we have not done enough yet to prevent the exposure of
children to lead. In addition, water is just one of many
potential sources of lead exposure, which include lead-
based paints, house dust, soil, and consumer products.
Thus, it is critical for us to understand
the effect of lead on child outcomes.

In 1994, the Society for Research
in Child Development (SRCD) published a
Social Policy Report describing the most
recent research concerning the effects of
lead on children, and suggested possible
ways of protecting children from expo-
sure (Tesman & Hills, 1994). In 1991, the
EPA safety threshold for Blood Lead Level
(BLL) was set at 10pg/dL, and any BLL
greater than this was considered unsafe.
The prior SPR detailed the effects of large amounts of lead
on children’s development (BLL > 10pg/dL), and only hint-
ed at possible effects of low-level exposure (BLL < 10pg/
dL). In the last 15 years, many new studies have focused
on the effects of lead on children’s development when
exposure is well below the current 10ug/dL threshold. The
results of these studies are quite disturbing. The goal of
the present report is to review and update our knowledge
base on the negative developmental effects of even low
levels of lead exposure on children and to make an urgent
call for policy action to reduce and eliminate the harmful
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effects from this fully preventable risk factor for negative
child outcomes.

This report is divided into three main sections.
First, we will discuss the research on the effects of lead
exposure in children after providing a brief history of
research conducted in this area. The biological mecha-
nisms of human lead exposure will also be discussed, as
will children’s particular neurodevelopmental sensitivity
to lead. The second section will describe environmental
sources of lead and ways in which children’s exposure to
lead can be reduced via parent education, lead abate-
ment, and child screening practices. The report will
conclude by showing the inadequacies of the current
reporting and screening systems and suggesting policy
recommendations aimed at the long-term reduction of
lead exposure in children.

History of Childhood Lead Research

Concerns about potential negative effects of lead on
children began to emerge in the 1890s, with reports from
Australia documenting various unusual illnesses. Children
were found to have symptoms such as headache, nausea,
and motor problems, and in 1904,
these symptoms were traced to high
lead levels in both home water tanks
and paint dust (Gibson, 1904; Needle-
man, 2004; Tesman & Hills, 1994). Ini-
tially, there was widespread skepticism
as to the negative effects of lead on
children, but in the 1930s and 1940s,
societal views began to change. Sev-
eral outbreaks of acute lead poisoning
in the United States gave researchers
an opportunity to observe the effects
of large levels of lead exposure first-
hand. In 1943, a study of 20 children
who had suffered acute lead poisoning
found that 19 of them had long-term deficits in behavior,
learning, and school performance (Byers & Lord, 1943, as
cited in Needleman, 2004). These early studies promoted
the general understanding that toxic lead poisoning causes
long-term developmental deficits in children.

Prior to the mid-1970s, the Centers for Disease
Control and Prevention (CDC) had mandated that a BLL
above 60ug/dL be deemed toxic to children (CDC, 1991).
In the early 1970s, the federal government enacted
guidelines for lead screening in children (Tesman & Hills,
1994). Data from these screenings provided new infor-
mation indicating that children who had high (>10pg/
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Once lead enters
the neuron, it
disrupts normal cell

functioning which

causes apoptosis.

dL) but not toxic (>60ug/dL) BLLs also showed deficits

in behavior, learning, and intelligence. Based on this
research, the CDC revised its standards for blood levels in
children and reduced the acceptable amount to 30ug/dL.
Research conducted in the mid-1970s and 1980s focused
on the effects of high BLLs on children. In response to
this research, the CDC again reduced acceptable BLLs in
children to 25pug/dL and eventually to 10ug/dL. Research-
ers wondered, however, if even lower levels of lead
negatively affected children (CDC, 1991; Tesman & Hills,
1994).

Mechanisms of Lead Neurotoxicity

Although researchers have long known that lead nega-
tively affects child outcomes, it is only recently that

the biological mechanisms of lead exposure have been
discovered. Although there are many different mecha-
nisms by which lead affects development, there seem to
be several broad categories of function. First, lead seems
to promote abnormal cell apoptosis (programmed cell
death); second, it seems to perturb normal protein func-
tion within the brain; and third, it seems to alter neuro-
chemical functioning within the brain.
Many of lead’s varying mechanisms

of action are driven by its ability to
bind to calcium receptors within the
body. Lead passes through the body’s
blood-brain barrier in part because of
its ability to “substitute” for calcium.
In a normal brain, neurons employ
calcium channel pumps to regulate
their electrical gradient, allowing for
the production of action potentials
and electrical impulses. These electri-
cal impulses serve as one of the main
modes of communication within the
brain. Lead has the ability to be taken
in by calcium channel pumps and enter neurons in this
manner (Kerper & Hinkle, 1997). Once lead enters the
neuron, it disrupts normal cell functioning which causes
apoptosis. The intake of lead into the neuron disrupts
the calcium gradient within the cell, damaging neuronal
mitochondria which often results in cell death. In addi-
tion, when present in large amounts, lead is absorbed by
the mitochondria, damaging the organelle and preventing
proper neuronal energy production. Mitochondrial dam-
age prevents normal cell functioning and results in ab-
normal neuronal signal transmission (Lidsky & Schneider,
2003). Mitochondrial apoptosis has been observed in
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cultures and in the retina at levels of 10nm to 1um (He,
Poblenz, Medrano, & Fox, 2000).

Lead also affects neuronal development by dis-
rupting normal protein function. In rats, lead has been
found to alter lipid peroxidation, which causes damage
to neuronal cell membranes. Lead also affects Protein
Kinase C (PKC), which plays an important role in neuro-
nal potentiation. In a normal cell, PKC is regulated by
nanomolar concentrations of calcium, but when large
amounts of lead are present, PKC expression is reduced.
Reduced levels of PKC affect neuronal potentiation and
differentiation, which may have long-term effects on the
development of learning and memory (Nihei, McGlothan,
Toscano, & Guilarte, 2001). Studies using rat models have
shown that small concentrations of lead can perturb nor-
mal PKC function (Markovac
& Goldstein, 1988).

Lead also can affect
neurotransmission through
perturbation of neuro-
chemical functioning. The
presence of lead causes an
abnormal inhibition of delta
aminolevulinic acid dehy-
dratase. Inhibition of this enzyme results in increased
levels of amniolevulinic acid (ALA) within the brain. ALA
is a gamma-aminobutyric acid (GABA) agonist and there-
fore reduces GABA release through pre-synaptic inhibi-
tion. This perturbation in GABA release is thought to be
responsible for many of the behavior changes associated
with lead exposure (Needleman, 2004). Campagna, Huel,
Girard, Sahuquillo, and Blot (1999) discovered that per-
turbation in delta aminolevulinic acid dehydratase func-
tioning can be seen when BLLs are above 3.2ug/dL, but
not below, suggesting a possible threshold effect. In addi-
tion, lead seems to target mesencephalic dopamine cells,
causing apoptosis. This destruction of dopamine-specific
cells results in abnormal changes in dopamine levels and
transmission throughout the brain, and has been seen at
lead concentrations as low as .3 um (Scortegagna & Han-
bauer, 1997). Lead’s effects on brain function are severe
and wide reaching, because lead’s ability to substitute
for calcium presents many possible mechanisms of action
within the brain. Additionally, observed effects of lead
seem to occur at relatively low levels of exposure and af-
fect not only the development of the overall structure of
the brain, but also communication between neurons, as
well as the internal working of the neurons themselves.
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Children in low-income families are

more likely to be exposed to lead.

Children’s Sensitivity to Lead

Although lead exposure is not beneficial at any age,
children are particularly sensitive to its negative effects,
arising from both their early development stage as well
as their biologically driven sensitivity to lead. Exposure
can begin prenatally, since lead easily crosses the pla-
cental barrier, and research indicates that mother and
placental lead levels are very similar. The presence of
lead in the womb is extremely troublesome as it can dis-
rupt normal developmental processes (Goyer, 1990). BLLs
in children have generally been found to peak around the
age of 2 and decline in the following years (Brody et al.,
1994). This peak in lead levels around the age of 2 is due
to children’s crawling and walking behaviors coupled with
their desire to mouth objects. Lead contaminated house
dust is one of the most com-
mon sources of lead expo-
sure and is often found on
the floor and in windows of
older homes. Young children
are particularly vulnerable
to lead dust, as their early
crawling and walking behav-
iors position them near the floor. When young children
come in contact with lead, they are likely to ingest it via
hand/object-to-mouth exposure. In addition, the gastro-
intestinal tract absorbs lead more efficiently than the
lungs or the skin, which can lead to increased lead intake
for this young population (Leggett, 1993).

Another factor that makes children specifically
vulnerable to lead is that children generally absorb lead
more efficiently as it mimics calcium within the body.
Young children’s rapid growth, and their resulting need
for calcium, often results in greater absorption of lead by
the gastrointestinal tract than typically would be seen in
adults. Increased lead absorption by the gastrointestinal
tract results in larger lead levels in the blood, bone, and
teeth of this age group, and therefore, larger lead-related
effects (Cory-Schlecta & Schaumburg, 2000). In children,
bone is constantly being built and re-absorbed by the body
(Matkovic, 1991). This means that lead stored in bone can
leach into children’s blood over time, and thereby access
the brain. In addition, children’s blood-brain barriers are
less efficient at filtering out lead, which means more is
allowed into the brain. Increased lead levels in the brain
result in further damage to brain function.

Children in low-income families are more likely
to be exposed to lead (Brody et al., 1994; Lin-Fu, 1992;
Rutter, 1983). Brody et al. (1994) found that as income
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increased, lead levels tended to decrease in children. In
this study, 16.3% of children categorized as low income
were found to have elevated lead levels (>10ug/dL) as
compared to 5.4% and 4.0% for children categorized
as medium or high-income. In addition, children from
low-income households appear to be more sensitive to
the effects of lead and show deficits at lower BLLs than
their high-income counterparts (Bellinger, Leviton, &
Solman, 1990). This may be due to the fact that children
in poverty are likely to have other risk factors, such as
low birthweight, school absences, less education, more
stress, more punitive parents, and lower levels of self-
esteem (Aber, Bennett, Conley, & Li, 1997).

The half-life of lead is 35 days when located in the
bloodstream, 2 years when located in the brain, and de-

cades when located in the bone (Lidsky & Schneider, 2003).

The inefficiency of children’s blood-brain barrier, coupled
with their rapid growth, makes it more likely that lead
will be stored in their bone and brain tissue. This storage
causes lead to persist longer in children than in adults,
which in turn increases the duration of time that lead can
perturb child functioning. Finally, due to the developing
nature of the child’s brain, children are more sensitive to
the changes in protein and neurochemical regulation that
lead produces. Lead exposure in children, therefore, has
the potential for longer and more widespread effects on
development and later performance than is seen in adult
exposure (Lidsky & Schneider, 2003).

Methods of Lead Detection

The main ways of detecting lead in children are through
tests of the blood, teeth, and bones, although urine,
feces, nail, hair and saliva samples have been used in the
past. We will briefly discuss each measurement tech-
nique. BLLs are detected through capillary or venous
puncture samples and are generally reported in micro-
grams per deciliter (ug/dL). These samples reflect the
amount of lead currently in a person’s system, as blood
does not store lead the way bones and teeth do. BLL may
be assessed by looking at whole blood or blood plasma.
Plasma lead level is thought to provide a more useful
representation of exposure to lead. Tooth, or dentine,
lead levels represent a person’s lifetime exposure to
lead, since lead is stored in the teeth as we grow. Differ-
ent teeth emerge at different points during childhood,
and different tissues of the teeth form and absorb lead at
different time points. This allows for a history of lead ex-
posure to be assessed. For dentine lead collection, fami-
lies usually submit a baby tooth for examination. Dentine
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lead levels are typically reported in micrograms (ug/g)
or parts per million (ppm). Studies that have compared
dentine lead levels to BLLs indicate that these measures
roughly relate in a 1:2 ratio, that is, finding a 1ug/g level
of dentine lead generally relates to a finding of 2ug/dL of
lead in that child’s blood (Rabinowitz, 1995).

Bone lead levels also reflect a person’s lifetime
exposure to lead as it is also stored in the bones as we
grow. Lead in bone can be detected through post mortem
collection or through a type of low energy x-ray called
an XRF (in vivo X-ray fluorescence). XRF tends to become
unreliable as the amount of tissue covering the bone
increases; therefore, this technique would be more accu-
rate for certain bones. Additionally, different bones may
absorb lead at different rates, depending on the amount
of blood flow to that bone and the type of bone tissue.
Therefore, appropriate bone samples must be carefully
chosen for these types of analyses. Generally, blood or
bone lead detection methods are preferred (Barbosa,
Tanus-Santos, Gerlach, Parsons, 2005; Lanphear et al.,
2008; Tesman & Hills, 1994).

Lead sampling from urine represents current lead
levels and is the most useful in long-term lead tracking
studies (mostly longitudinal occupational lead exposure
studies) since single-sample measures have produced
inconsistent results. Fecal samples tend to reflect cur-
rent lead levels as undigested lead or lead that has been
processed through endogenous fecal routes. Although this
technique is generally non-invasive, differences in day-to-
day biological processing result in variations in fecal lead
levels that could be wrongfully attributed to changes in
lead exposure. Nail sampling represents long-term lead
exposure. Clippings are generally taken from the toes as
they are less contaminated than fingernails by external
lead exposure. A drawback of this method is that there is
variation in lead levels between individual fingers and toes
from the same subject. Hair sampling techniques are non-
invasive, but lead absorption by the hair seems to differ
based on age, gender, ethnicity, and hair color. Addition-
ally, it is difficult to distinguish internal lead absorption
from external environmental presence on top of the hair.
Saliva samples are easily collected but lead measure-
ments across time points are not consistent. Lead readings
change depending on the time of day the sample is col-
lected, whether it is collected before or after a meal, or
whether the sample is stimulated or naturally occurring.
Given that urine, fecal, nail, hair, and saliva samples often
produce inconsistent results, they are rarely found within
the scientific literature (Barbosa, Tanus-Santos, Gerlach, &
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Parsons, 2005; Tesman & Hills, 1994).

Developmental Effects of Lead Exposure

The effects of lead exposure on children are seen in many
domains of development, but most prominently in intelli-
gence/cognitive functioning and behavior. We will briefly
review findings concerning large levels of lead exposure
on neurodevelopmental functioning (studies focusing on
lead levels above 10upg/dL) and will then present new
evidence concerning the effects of lower levels of lead
exposure (studies focusing on lead levels below 10pg/dL)
in these same areas.

Intelligence/Cognition
High lead levels. Several studies have documented the
effects of high levels of lead on children’s intelligence.
In 1979, Needleman and colleagues studied children with
dentine lead levels between 12 and
54pg/dL. Researchers split the chil-
dren into high- (m=35.5pg/dL) and
low- (m=23.8ug/dL) lead groups. Chil-
dren’s intelligence and school experi-
ences were assessed at age 6-7, and
again when they reached 5th grade.
Additionally, 39 control variables that
might account for IQ performance were
recorded, such as parents’ 1Q, child and
parent SES, parental occupation, home
environment, and parenting practices.
Results indicated that dentine lead
levels significantly related to perfor-
mance. Children with high levels of
dentine lead scored about a third of
a standard deviation lower (a non-
trivial difference) on the Full WISC-R
(Wechsler, 1974) than those with low lead levels. Children
with high lead levels also showed worse verbal processing.

Another study tested primary-school-aged children of
skilled manual workers living in London (Yule, Lansdowne,
Millar, & Urbanowicz, 1981). Children had BLLs between
7 and 32pg/dL with mean BLL being 13.5pg/dL. Results
indicated a relation between BLL and 1Q and verbal skills,
statistically significant even after controlling for children’s
SES. These two studies are representative of much re-
search examining 1Q and lead exposure. It is now well es-
tablished that lead levels greater than 10ug/dL negatively
affect 1Q, particularly reading and verbal skills.

Low lead levels. Research focusing on the effects
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of low levels of lead exposure presents a more nuanced
picture of the effect of lead on intelligence. Several
methodologically rigorous, prospective longitudinal
studies have examined the effects of lead on children’s
cognitive performance. Canfield and colleagues (2003)
followed children with both low BLLs (<10upg/dL) and chil-
dren with high BLLs (>10ug/dL) from age 6 months until
age 60 months. Child intelligence was assessed using the
Stanford-Binet Intelligence Scale-1V (Thorndike, Hagen,

& Sattler, 1986). Several covariates were included in the
analysis—child sex, birthweight, race, mother’s IQ and
years of education, tobacco use during pregnancy, and
SES. Results indicated that BLL was significantly related
to differences in 1Q performance. Specifically, as BLL con-
centrations increased from 1 to 10ug/dL, 1Q decreased

an average of 7.4 points. This trend was seen in children
with BLLs above 10ug/dL as well, but decreases in 1Q
score were less pronounced (a 2.5 point 1Q drop when BLL
rose from 10 to 30ug/dL).

Lanphear and colleagues (2005)
prospectively followed children with a
wide range of BLL until the age of 10.
Information on children’s sex, birth
order, and their mother’s age and mari-
tal status were included as covariates.
Exposure to lead had a statistically
significant effect on I1Q as measured by
the WISC-III. Specifically, 3.9 IQ points
were lost when BLL rose from 2.4-
10pg/dL while only a 1.9 point 1Q drop
was associated with a BLL rise from
10-20pg/dL, and a 1.1 point drop with
a BLL rise from 20-30ug/dL. This study
indicates that increases in BLL from
0-10ug/dL have a greater effect on 1Q
than increases in BLL above 10ug/dL, and that even at
low levels of exposure, increasing lead level is related to
decreases in intelligence and performance.

Several cross-sectional studies have also shown ef-
fects of low-level lead exposure on children’s cognitive
performance, confirming the results of the longitudinal
research reported above. Lanphear, Dietrich, Auinger,
and Cox (2000) examined data from the Third National
Health and Nutrition Examination Survey (NHANES llI).
Children in the study had BLLs of between 2.5 and 10ug/
dL. Researchers evaluated children’s performance on
assessments of arithmetic skills, reading skills, nonverbal
reasoning skills, and short-term memory using the WISC-R
(Wechsler, 1974) and the Wide Range Achievement Test
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(Jastak, 1984). Covariates included
gender, race/ethnicity, poverty,
region of the country, parent edu-
cational level, marital status, the
child’s serum ferritin level (blood iron
level), and the child’s serum cotinine
level (measure of exposure to smok-
ing). For every 1pg/dL increase in BLL
(up to 10pg/dL), there was a .7 point
decrease in arithmetic score, a 1
point decrease in reading score, a .1
point decrease in non-verbal reason-
ing tasks, and a .5 decrease in short
term memory. Given that the stan-
dard deviation on these measures is
15, and the point decreases reported
have to do with just a 1pg/dl increase
in BLL, the difference in cognition for
children with, say, 10pg/dl compared
to 2pg/dl is clinically important.

In a similar study, Kordas and
colleagues (2006) examined children
with BLLs between 0 and 45pg/dL. Children between the
ages of 6 and 8 years old were assessed using 14 different
measures of cognitive achievement. Covariates included
in this study were age, gender, SES, maternal education,
parental involvement in schooling, family structure, birth
order, and arsenic level. Researchers found statistically
significant decreases in cognitive functioning associated
with lead exposure. Specifically, an increase in BLL from
0-14pg/dL was associated with greater cognitive losses
than BLL increases above 14ug/dL.

In 2007, Surkan and colleagues (2007) conducted
a study on the effects of low levels of lead on children’s
intelligence. Children ages 6 to 10 with BLLs between
1-2pg/dL, 3-4pg/dL, and 5-10ug/dL were compared on
the WISC-III (Wechsler, 1991). Intelligence was signifi-
cantly related to age, race, SES, birthweight, parent 1Q,
and marital status so the researchers adjusted scores to
account for these covariates. 1Q was found to be signifi-
cantly different between the 1-2pg/dL and the 5-10pug/
dL groups, but not between the 1-2ug/dL and the 3-4pug/
dL groups. On average, children with BLLs between 3 and
4ug/dL scored .12 points lower on the WISC-1ll compared
to children with BLLs of 1-2pug/dL. However, children
with BLLs of 5-10ug/dL were found to score 5-6 points
lower on the WISC-1ll compared to children with BLLs of
1-2pg/dL.

A recent study by Hornung, Lanphear, and Dietrich
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(2009) examined children between the
ages of 2 and 6. Researchers were inter-
ested in determining both the effects of
lead on intelligence, and the age when
lead exposure has the greatest effect
on IQ. Children’s BLL was collected at
ages 2 and 6. At age 6, children were
assessed using the WISC-R (Wechsler,
1974). Researchers used a multiple
regression model to determine the ef-
fect of children’s past and current BLL
on IQ. Researchers controlled for home
environment, birthweight, maternal 1Q,
and maternal education. After account-
ing for lifetime lead exposure, results
indicated that having a higher BLL at
age 6 as compared with age 2 was as-
sociated with lower IQ scores at age 6.
In fact, children who had greater BLL
levels at age 6 had an estimated 5.3
point loss in IQ compared to children
whose BLL had peaked at age 2. This re-
gression model predicted even greater proportional losses
in 1Q when analysis was restricted to children with BLLs
of <10pg/dL. This study indicates that current, rather
than past, BLL is a better predictor of intellectual out-
comes, which highlights the importance of reducing and
treating lead exposure when found in later childhood.
Importantly, these authors also show that the effect size
for lead’s influence on cognitive outcomes is similar in
magnitude or greater than other well-known risk fac-
tors, such as poverty and maternal education.

Although we have only highlighted a few recent
studies, it is important to note that the evidence is quite
robust, with many other investigations also finding nega-
tive effects of low levels of lead on children’s cognitive
skills (Al-Saleh et al., 2004; Bellinger et al.,1991; Bell-
inger, Stiles, & Needleman, 1992; Emory, Ansari, Pattillo,
Archibold, & Chevalier, 2003; Jusko et al., 2008; Needle-
man & Gatsonis, 1990). Also worth noting is that these
studies typically control for a whole host of other family
and environmental factors known to correlate with intel-
ligence. So the sizable effects observed here are net of
other important factors associated with negative child
outcomes showing that lead exposure, specifically, is
indeed harmful to children’s development.
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Behavior

Similar to 1Q, behavioral deficits have been seen in
children exposed to both high and low levels of lead.
Research on the behavioral effects of lead most often
focuses on aggression, hyperactivity, and attention prob-
lems. As before, we will first discuss research focusing on
high levels of lead exposure and will then discuss studies
on low levels of lead exposure.

High lead levels. Many studies (Factor-Litvak,
Wasserman, Kline, & Graziano, 1999; David, 1974; Ris,
Dietrich, Succop, Berger, & Bornschien, 2004; Roy et al.,
2009) have detailed the effects of high levels of lead on
children’s behavior. A study conducted in 1992 by Sciar-
illo, Alexander, and Farrell compared children with high
BLLs (27.8ug/dL) to children with low BLLs (9.2ug/dL).
Child behavior was measured using the Child Behavior
Checklist (CBCL; Achenbach & Edelbrock, 1983). Re-
searchers controlled for age of mother, maternal edu-
cation and depression, parental employment, parental
marriage status, and number of children currently in the
household. Children with higher levels of lead were found
to score higher on the Total Behavior Problem scale that
includes both internalizing and externalizing behavior
problems. Specifically, children in the high-lead group
were 2.7 times more likely to score in the clinical range
for behavior problems.

In 1994, Bellinger, Leviton, Allred, and Rabinow-
itz studied children with dentine lead levels between
0.1pg/g and 35ug/g. This study was specifically inter-
ested in how behavior changed as dentine lead level
increased. Children’s behavior was rated by their teach-
ers using the Teacher Rating Scale of the Child Behavior
Profile (Conners, 1969). Researchers controlled for SES
and maternal characteristics. Results indicated that
increases in tooth lead levels were associated with more
internalizing and externalizing behavior problems. In ad-
dition, extreme behavior profiles were disproportionably
identified in children with the highest tooth lead levels.

In a similar study (Needleman, Reiss, Tobin, Bie-
secker, & Greenhouse, 1996), the behavior of children with
low (<15pg/dL) and high (>15ug/dL) bone and blood lead
levels was examined. The researchers were interested
in how behavior changed as bone lead level increased.
Children’s behavior was assessed at 7 and 11 years using
the CBCL. In addition, every 6 months, children completed
the Self-Reported Delinquency Scale (Elliott, Huizinga, &
Ageton, 1985) and the Self-Reported Antisocial Behavior
Scale (Loeber, 1989). The researchers accounted for the
effects of maternal intelligence, SES, and quality of child
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rearing. Children in the high-lead group were more likely
to be rated by their parents and teachers as aggressive,
more delinquent, and to report more somatic complaints
compared to their low-lead peers.

In yet another study conducted by Mendelsohn and
colleagues (1998), the behavior of children with BLLs
between 10 and 29ug/dL was examined using the Behav-
ior Rating Scale of the Bayley Scales of Infant Develop-
ment (Bayley, 1969). Researchers identified six variables
that were related to behavior (child’s age and gender,
mother’s age, verbal IQ, depression, and provision of cog-
nitive stimulation) and included these variables in their
regression models to account for their effects on child
behavior. Results indicated that greater BLLs were associ-
ated with increased ratings of hyperactivity, distractibil-
ity, and frustration. The studies above indicate that high
levels of lead are associated with increases in aggressive
and destructive behavior and inattention, and that be-
havior problems increase as child lead levels increase.

Low levels of lead. Although it is well established
that high levels of lead contribute to behavior prob-
lems in children, studies that include children with low
levels of lead are less numerous. In a study of infants
with a wide range of BLLs (between .52 and 25pg/dL),
Plusquellec and colleagues (2007) examined infant be-
havior using the Bayley Scales of Infant Development and
observer ratings of child behavior. Several factors were
controlled for including parental education, maternal
distress, maternal intelligence, home violence, SES, pre-
natal exposure to drugs, birth complications, and child
characteristics (age, gender, etc.). Infants with BLLs as
low as 4.5pg/dL showed a statistically significant increase
in hyperactive behaviors and decreased attention spans.
This study indicates that BLLs below 10ug/dL can affect
child behavior.

Braun, Kahn, Froehlich, Auinger, and Lanphear
(2006) used nationally representative data collected dur-
ing the 1999-2002 National Health and Nutrition Examina-
tion Study (NHANES) to examine the relationship between
BLL and ADHD diagnosis in children between the ages of
4 and 15. Researchers established ADHD status through
parental report of child diagnosis and report of doctor
prescription for ADHD medications. Researchers examined
several covariates including child age, race, gender, SES,
health insurance coverage, pre-school attendance, birth
weight and complications, and blood iron levels. Logistic
regression analysis indicated that BLL was a statistically
significant indicator of ADHD diagnosis in children. This
relationship was found even after researchers restricted
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their analysis to children with BLLs of <5ug/dL. These re-
searchers estimated that 21.1% of ADHD cases nationally,
in children between the ages of 4 and 15, were attribut-
able to having a BLL of >2pg/dL.

Chiodo, Jacobson, and Jacobson (2004) examined
children with diagnoses of ADHD. After adjusting for 19
control variables (e.g., SES, age, parental marital status,
parental education, gender, parenting quality, alcohol
and drug use, and the home environment), higher lead
levels were associated with greater ratings of ADHD
behaviors, and significantly higher inattention scores on
the Barkley-DuPaul Attention Deficit Hyperactivity Scale
(Barkley, 1990). Children with higher BLLs were also
rated by teachers as having poorer attention. Regression
analysis in this study indicated that attention problems
could be seen in children with BLLs greater than 3ug/dL,
suggesting a possible threshold value for lead exposure.

Similarly, in 2008, Wang and colleagues studied
children with BLLs between 5 and 10ug/dl. Researchers
used a pair-match design to control for effects of age,
gender, and SES. Results indicated that children with BLLs
between 5-10ug/dL were found to be significantly more
likely (3.5 to 7 times) to be diagnosed with ADHD than
children with BLL less than 5ug/dL. This study comple-
ments research conducted by Nigg and colleagues (2008)
where children already diagnosed with ADHD were as-
sessed for levels of lead exposure. The sample had very
low exposure levels (average BLL for ADHD-combined
type = 1.26pg/dL), consistent with national averages, but
results indicated that as lead levels increased from 0 to
3.4pg/dL, levels of hyperactivity and impulsivity in those
with ADHD-combined type increased significantly. The
results of this study have recently been replicated (Nigg,
Nikolas, Knottnerus, Cavanagh, & Friderici, in press).

The levels of lead examined in these studies are
commonly found in children in the U.S. and thus pro-
vide evidence of the possible effects of lead on a large
proportion of American children. These studies provide
further clear support that levels of lead below 10 pg/

dL increase a child’s risk for attention and behavioral
problems. In addition, they provide evidence that lead
exposure is related to increased risk of developing clini-
cally significant attention and behavior problems.

Other Child Outcomes

We have seen that children exposed to both high and
low levels of lead show cognitive deficits and disturbed
behavior. Two long-term outcomes associated with these
deficits can be seen in school performance and criminal
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behavior. Several studies have found that lead exposure
has a negative impact on behavior and school perfor-
mance, and in this section we will describe just a few.

In 1984, Bellinger, Needleman, Bromfield, and Mintz
studied the school performance of 141 elementary school
children who were classified as having either elevated
(>20ppm), mid-range (10-19.9ppm), or low (<10ppm)
dentine lead levels. Their study indicated that increases
in dentine lead levels were associated with worse school
performance. Additionally, students with higher dentine
lead levels were more likely than their peers to repeat
a grade. A longitudinal study of children exposed to lead
was conducted by Needleman, Schell, Bellinger, Leviton,
and Allred (1990). Children were assessed at 7 years

of age and again at 18 years. Researchers considered
maternal age and IQ, SES, family functioning, number of
siblings, race, and past medical history as covariates. As
BLL in children increased, so did their likelihood of not
graduating from high school. This effect on drop-out was
also seen in children with BLLs below 10ug/dL, but was
more pronounced at higher levels of lead exposure.

Wang and colleagues (2002) found that elevated lead
levels were negatively associated with student achieve-
ment. After controlling for possible confounds due to SES
and maternal education level, children’s academic perfor-
mances in the areas of math, science, history, and lan-
guage were all significantly negatively associated with BLL.
In a final study, Fergusson, Horwood, and Lynskey (1997),
collected dentine lead levels of children at 8 years of age
and assessed their academic and intellectual performance
at age 18. Measures of mother’s education, responsiveness
and punitiveness, and father’s occupation/SES were col-
lected and incorporated into the analysis. As dentine lead
increased, so did the likelihood that children would fail to
complete high school. The amount of dentine lead present
in children was also negatively related to the number of
educational certificates the students completed.

A second outcome often seen in children exposed
to lead is criminal activity (Nevin, 2007; Stretesky &
Lynch, 2004). In a 2001 study, Dietrich, Ris, Succop,
Berger, and Bornschein examined the relationship be-
tween lead exposure and later criminal activity, analyz-
ing data from the Cincinnati Lead Study. The researchers
specifically assessed 30 possible covariates including
SES, gender, maternal 1Q, attendance in preschool, etc.
The researchers found that lead levels as low as 2.5ug/
dL were associated with significantly greater amounts of
parent- and self-reported criminal activity and higher
rates of police intervention.
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Similarly, in 2008, Wright and colleagues measured
the association between children’s BLL from birth to 6
years of age and later criminal arrests. The subjects were
contacted at 19-24 years of age, and past criminal activi-
ties were documented. Covariates included gender, birth
weight, the quality of their early care giving, maternal
drug use, maternal 1Q, the total number of prior maternal
arrests, and SES. Results indicated that increased lead
levels were significantly associated with increases in the
number of total arrests and violent crimes committed by
the participants in adulthood. Specifically, every 5ug/dL
increase in BLL during early childhood was associated with
a 1.07 increase in the number of total crimes the subjects
had committed, and a 1.3 increase in the number of vio-
lent crimes for which the subjects had been arrested.

Societal Costs
From the previous discussion, we have seen that lead
negatively impacts children’s intellectual and behavioral
development and that the long-term consequences of
this exposure result in lower school performance and
greater instances of criminality in adulthood. Studies
have indicated that the implications of lead exposure are
not just intellectual, behavioral, or social, but monetary
as well. The general medical treatment of a child with
lead exposure is between $100 and $5,200 (CDC Cost of
Illness Handbook, n.d.), but the long-term losses in rela-
tion to economic earning, tax contributions, and educa-
tional assistance can be much greater. In 1994, Schwartz
conducted a cost analysis associated with children’s
lead exposure. He concluded that a reduction of 1pg/dL
nationwide would result in a total benefit of $5.06 billion
per year in earnings per annual birth cohort. In 1995,
Schwartz reconsidered his estimates based on data from
the National Longitudinal Study of Youth and recommend-
ed a 50% increase in his benefit estimates. This would
bring the estimated economic benefit associated with a
1pg/dL drop in children’s BLL to $7.56 billion per annual
birth cohort. In an additional study, Landrigan, Schechter,
Lipton, Fahs, and Schwartz (2002) explored the economic
impact of lead exposure and showed that in 1997, chil-
dren 5 years of age would lose $43.4 billion in future
earnings due to 1Q loss associated with lead exposure.
Similarly, in 1991, the CDC estimated each 1pg/dL drop in
a child’s BLL was associated with an increase of $1,147 in
later lifetime earnings (CDC, 1991).

Gould (2009) also demonstrated the economic
costs associated with lead exposure and the economic
benefits of lead reduction. Gould estimated that $11-53
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billion are spent on health care costs associated with
lead exposure treatment. Additionally, she estimated
that the lowering of 1Q due to lead exposure results in
$190-268 billion in lost earnings and lost tax revenue.
The costs associated with increases in special education
needs and ADHD were estimated at an additional $297-
413 million, and increased associated crimes cost society
$1.7 billion. In sum, the overall cost of lead exposure can
be estimated at $192-270 billion. Gould estimates that
lead hazard control practices would likely cost under $11
billon. Therefore, for each dollar invested in lead hazard
control, $17-221 would be returned through increased
income and tax contributions, and health, crime, and
special education savings.

The monetary benefit of reducing children’s expo-
sure to lead is greater than the monetary benefits seen
for vaccinating children against common diseases ($5.30-
16.50 saved for dollar spent on vaccinations). Vaccina-
tion programs are widespread and generally accepted as
worthwhile by society. Based on this information, lead
reductions should also be a socially promoted priority.
Thus, lead exposure affects not only personal achieve-
ment, intelligence, and behavior, but impacts society as
a whole. The personal and economic implications of ex-
posure are great. It is for this reason that it is imperative
that we increase efforts to reduce children’s exposure to
lead. We now turn our attention to the prevention of lead
exposure in children. Sources of environmental lead will
be identified and methods of lead abatement discussed.

Lead Abatement

Childhood exposure to lead remains a problem, but
before we can address ways to prevent this exposure, we
must understand the sources of lead in children’s envi-
ronment. Historically, one of the most recognized sources
of childhood lead exposure is leaded gasoline. In 1973,
the EPA began to reduce the amount of lead used in gaso-
line fuel, and by 1996, the sale of all leaded gasoline in
the U.S. was banned. In 1999, Thomas, Socolow, Fanelli,
and Spiro conducted a review of 19 studies describing the
effects of leaded gasoline on lead exposure. The studies
discovered that the elimination of lead in gasoline in the
United States was associated with .8ug/dL drop in citizen
BLLs per year. The elimination of lead in gasoline greatly
reduced air-related lead exposure in children. Although
lead in automobile gasoline has been banned, no such
regulations exist for jet fuel. The presence of lead in jet
fuel, and the presence of aerosolized lead from industrial
sources are likely the reason why studies find that air-
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related lead is still a significant source of lead contami-
nation for children (Pirkle et al., 1998).

Children are particularly susceptible to contamina-
tion from lead-based paint and paint dust. In 1977, the
U.S. Consumer Product Safety Commission banned the
sale of leaded paint within the United States (Chisolm,
1986). This ban, however, did not affect houses built
and/or painted before 1977. Lead dust and paint chips
settle onto the floors of homes. Young children crawl
on floors and mouth objects that have been on floors,
activities that enable consumption of the lead (Lidsky &
Schneider, 2003).

Children’s exposure to lead through contact with
contaminated soil is also a
common occurrence. Lead
levels in soil are highly cor-
related with lead levels found
in air, dust, and paint. Air
lead eventually settles on
the ground and contaminates
the soil. Similarly, lead-based
paint chips and dust from the exteriors of older houses fall
to the ground and mix with the soil. Unlike air-based or
paint-based lead, soil lead is long lasting and can persist
for months after the reduction of air levels or the removal
of leaded paint (Weitzman et al., 1993).

Another important source of lead exposure in chil-
dren comes from tap water. In 1986 and 1996, new amend-
ments to the Safe Drinking Water Act required public water
distribution systems to consistently check their drinking
water for lead and to enact abatement services if lead lev-
els were found in excess of the allowable action level (cur-
rently set at 15ug/L for public drinking water, and 20ug/L
for water fountains in schools and childcare centers) (EPA
Press Release, 1986, 1996, EPA 2004a, EPA 2006). Lead
leeches into tap water through contact with lead-based
piping or through the corrosion of pipes in water treat-
ment systems and in household plumbing. PH imbalances
in water may promote corrosion of pipes (CDC, 2002). This
corrosion is particularly destructive as it can be hard to
predict, and replacement of pipes can be costly.

An emerging area of concern is the presence of
lead contaminated toys. The CDC identified leaded paint
and leaded plastic as two potential sources of lead for
children (CDC, 2009). Although lead paint was banned
from houses, food containers, and children’s prod-
ucts in 1978, it is still widely used in other countries.
Therefore,imported toys may still contain amounts of
lead. Additionally, lead is often used to soften plastics,
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42.8% of lead in air comes from

industrial processes.

making them more flexible and resistant to heat. When
these plastics are exposed to sunlight, air, or detergents,
the chemical bond between the lead and the plastic can
break, creating leaded dust. In rare cases, lead may be
used as part of a base for metallic toys. Exposure to lead
from toys occurs when children mouth, chew, or swallow
the toys.

Having identified the five main sources of lead ex-
posure to children (air, paint/paint dust, soil, water, and
toys), we will examine the ways that lead can be removed
from children’s environments. Since the elimination of
lead from gasoline in 1997, the most prominent contribu-
tors to air lead levels are found in the industrial sector.
The EPA estimates that
42.8% of lead in air comes
from industrial processes
(EPA, 2002). Many com-
mercial enterprises, from
food processors to plastics
manufacturers, put off
potentially harmful lev-
els of lead during production. Three main procedures
are recommended for the reduction of lead air levels
from industrial sources. Most industrial lead abatement
procedures can be accomplished through the use of dry
systems, wet scrubbers, and electrostatic precipitators.
Dry systems use gravity, filters, or centrifugal forces to
trap lead in air, while wet scrubbers use water streams
to increase the efficiency of lead collection. Electrostatic
filters work by creating an electrostatic attraction that
traps pollutants before they reach the atmosphere. The
use of these three methods has been shown to signifi-
cantly reduce the amount of lead released into the atmo-
sphere (Hartman, Wheeler, & Singh, 1994).

Lead abatement of contaminated paint and paint
dust centers around removal, replacement, or encap-
sulation of the original lead paint. Paint removal is also
paired with a concerted cleaning effort to reduce the
amount of loose lead dust found in homes. Removal
practices center around the complete removal of struc-
tures within the home that have been contaminated
with lead paint. Replacement procedures seek to replace
lead-contaminated materials with appropriate non-lead
painted products, while encapsulation methods seek to
seal lead paint behind a barrier (such as varnish) so that
it can no longer chip or create lead paint dust (Virginia
Department of Historic Resources, 1993). Studies indicate
that traditional methods of removal and encapsulation do
result in significant decreases in household lead, although
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maintenance is needed to provide optimal reduction
(Farfel, Chisolm, & Rhode, 1994). About 80% of houses
built before 1950 are estimated to contain lead paint
(Needleman, 2004). In 1991, abatement for paint in these
houses (over a 30-year period) was estimated at $33.1
billion. While this seems expensive, the benefits from
lead paint abatement were estimated conservatively at
$61.7 billion (Needleman, 2004). Therefore, abatement
of lead paint would provide an overall $28.6 billion in
savings.

Cleaning procedures designed to remove lead dust
from the home often include vacuuming and wet dust-
ing of household surfaces, especially those that may be
a source of lead contamination. In addition to cleaning
these surfaces, residents are encouraged to wash their
hands regularly. These are done in an attempt to reduce
the amount of lead dust that settles from unabated
structures and to prevent accidental ingestion of the
lead dust. Studies have indicated that while dusting will
remove lead-based paint in the short term, long-term
BLL is dependent on permanent removal or encapsulation
of the lead paint (Lanphear, Eberly, & Howard, 2000).
Additionally, studies have found that while vacuuming
reduces 95% of lead dust on hard floors, it is not an effec-
tive method for removing lead dust from carpets (Ewers,
Clark, Menrath, Succop, & Bornschein, 1994).

Hand washing regimens are another method often
implemented in an effort to reduce child lead intake
within the home. Children and adults are encouraged to
wash their hands before meals and after playing out-
side (if they have known soil contamination). A study
conducted by Lanphear and Roghmann (1997) sought to
determine the pathway of lead into children bodies. The
researchers measured child lead levels and several fac-
tors that might contribute to elevations or reductions in
child lead levels. Behaviors such as eating dirt, sucking
thumbs, hand washing, mouthing, and vacuuming were
investigated. Results indicated that hand washing before
eating and hand washing after playing outside were not
significantly related to child BLL, although these easy
preventative steps (along with cleaning nails and fre-
quent nail clipping) are still typically safely recommend-
ed for families as easily performed acts that might help.

Soil abatement practices include removal of con-
taminated soil and replacement with clean soil. Generally
15-20cm of topsoil is removed and replaced during the
abatement process. Farrell, Brophy, Chisolm, Rohde, and
Strauss (1998) found that soil replacement did not sig-
nificantly lower children’s lead levels. In a similar study,
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Aschengrau, Beiser, Bellinger, Copenhafer, and Weitzman
(1994) found that soil abatement was effective but only
for higher income persons who washed their hands before
meals, had low initial lead levels, and who were away
from home often. Children living in apartments where
dust was present derived no benefit from the soil abate-
ment. Studies seem to indicate that soil replacement is
effective only if re-contamination of the soil does not
occur. Soil replacement must be done in conjunction with
exterior lead removal to ensure that soil is not re-con-
taminated (Weitzman et al., 1993).

Abatement of lead in water systems occurs mainly
through the replacement of older pipes found to contain
lead or treating the water so it is less corrosive. Ad-
ditional methods of abatement include flushing of wa-
ter systems before use, usually for 10 minutes. A study
examining flushing practices in water systems of schools
indicated that lead levels do reduce immediately after
flushing but rapidly rebound, and seem to increase with
frequent tap use (Murphy, 1993). If flushing is to be a use-
ful way to reduce lead in water it must be done frequent-
ly throughout the day to prevent reestablishment of lead
within the drinking water.

When considering removal of lead pipes as a
method of abatement, it is important to remember that
water service providers are only responsible for replacing
pipes directly connected to their systems, so any internal
piping within the home must be replaced by the home-
owner. The D.C. water system has a program to replace
lead pipes that are part of the public water system.
WASA will replace lead pipes between the main line and
homeowner’s property line if the homeowner agrees to
replace lead water lines on their private property (Quan-
der-Collins, 2008). The District of Columbia replaces pri-
vate lead pipes for the cost of $100 per foot (plus a $500
fee to extend the pipe into the home), and provides loans
and grants to qualifying homeowners for the purpose of
replacing their lead pipes (D.C. WASA, 2007; D.C. WASA,
2009). For homeowners who do not qualify for grants, or
who live in a city without such a program, pipe replace-
ment can be very costly, causing some homeowners to
leave old water pipes in place even after the threat of
lead is known (CDC, 2002).

Current State of Lead Control Policy

Two of the main agencies working to prevent the public’s
exposure to lead are the EPA and the CDC. The EPA’s main
goal is the creation and enforcement of environmental
regulations and the protection of natural resources. The

Children’s Exposure to Lead


jameslubischer
Highlight


EPA’s role in lead exposure mainly concerns the promul-
gation and enforcement of regulations concerning lead
levels in water, air, soil, paint, and drinking water (EPA,
n.d.). The EPA sets action levels or levels of concern for
lead in water, soil, and air. An action level is a threshold
level, over which certain treatment requirements must
be enacted. A level of concern relates to an amount of a
substance that can cause harm to general populations.
According to the Agency for Toxic Substances and Disease
Registry (ATSDR, 2007), the current EPA action level for
lead in drinking water is 15ppb. For soil, the EPA has set
the level of concern (for federally funded projects) at
400ppm by weight in child play areas and 1200ppm by
weight in non-play areas. The EPA’s level of concern for
ambient air is currently set at .15pg/m3. In addition to
setting the allowable environmental lead limits, the EPA
also sets lead testing requirements for both public and
private service providers. The CDC’s primary goal is to
develop and then apply disease prevention and control
practices with the aim of improving public health (CDC,
2009a). As such, the CDC plays a major role in the estab-
lishment of allowable BLLs and in screening and reporting
practices. Currently the CDC has set the allowable BLL
limit at 10pg/dL (ATSDR, 2007).

Although both entities strive to prevent lead
exposure, their regulations are not typically followed
well. In a 2004 report, the EPA revealed that only 23%
of water systems had reported their lead testing results
as required (EPA, 2004b). Analysis of these water testing
reports indicated that between 2000 and 2004, 29 states
and D.C. had water systems test above the EPA allowable
15ug/L water lead level (EPA, 2005). Indeed, 4.2% of all
water systems sampled had at least one test above the
allowable lead water limit.

The CDC also is challenged in that they are not an
enforcement entity and, therefore, have almost no way
to require states to comply with their recommendations,
however beneficial they might be. This leads to state
and nationwide inconsistency in lead exposure practices.
Currently, lead screening practices are created at the
state level, with each state identifying and agreeing on
its own lead screening guidelines (CDC, 2005). States
vary widely in their approach to lead screening. Most
states have a plan targeting children under the age of 6,
but these plans vary greatly. Some state action plans are
over fifty pages long while others are only three pages.
Some states advocate universal screening (ex. Tennessee,
Connecticut) while some advocate risk-based screening
(ex. Illinois, Florida). Risk-based screening is usually ac-
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complished through a parent questionnaire that identifies
children who may be at higher risk for lead exposure and
then only testing those at-risk. In addition, some states
test children of certain SES designations, or who live in
lower income areas or in older housing.

The CDC’s 2006 national survey was answered by
only 36 states and D.C. The map in Figure 1 shows data
from this survey: each state’s percentage of children
screened for lead levels, the percentage of children
tested found to exceed the minimum allowable lead level
threshold, and the scope of the state’s advocated screen-
ing approach (universal or risk targeted). Although states
may create lead screening plans, they do not always
follow their own guidelines. For example, Tennessee and
Connecticut advocate universal lead testing, but had only
tested 14% and 26% (respectively) of children less than
72 months of age. The average screening rate for states
advocating universal testing was only 21.3% with Massa-
chusetts (47%) testing the highest number of children and
Kentucky (5%) the lowest. Among states that advocate
risk-based testing, the numbers were even lower, with
the average risk-based testing rate being 13.4%, with
Minnesota as the highest test rate (22%) and Nebraska the
lowest (.03%) (CDC, 2006).

Recommendations for Action

Researchers have known since the early 1900s that lead
is harmful to children’s development. When the CDC set
the current BLL to 10ug/dL in 1991, reports were already
beginning to appear that even lower levels of lead are
detrimental to children’s health. For the past 10 years,
study after study has indicated that children are be-

ing exposed to unacceptable levels of lead in their daily
lives, and that even a low level of lead exposure harms
children. The U.S. is negligent in its testing, reporting,
prevention, and treatment practices for lead exposure.
Lead exposure in children is fully preventable, yet the
U.S. government has failed to commit fully to the resolu-
tion of the problem. Cost-benefit analyses show that it is
a relatively inexpensive problem to solve, and its reso-
lution would lead to great economic returns. Research
reported in this paper clearly shows that stricter regula-
tions work and lead to less exposure. The new data sum-
marized here suggest that new policy action is needed
for this well-known problem. In order to prevent further
exposure of children to lead, we suggest four main types
of action be taken, specifically: 1) primary prevention in
the form of regulations limiting lead exposure, 2) second-
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ary prevention via increases in education, guidance, and
screening practices, 3) tertiary follow-up support and
treatment for children with known lead exposure, and 4)
greater organizational cooperation (see Table 1).

Our first main recommendation is to prevent the
exposure of children to lead through increases in envi-
ronmental lead regulations, enforcement, and abatement
practices. The detrimental effects of lead on children
could be completely eliminated if children were not ex-
posed to lead in the first place. In the previous sections,
we mentioned several environmental sources of lead and
the many ways that lead from environmental sources may
be eliminated.

The most important recommendation may be simply

Figure 1. Lead Screening Plans and Statistics by State

M Risk-based screening
Universal screening
No information

Notes

— The top number for each state is the percentage of children less
than 72 months old who were screened for lead.

— The bottom number for each state is the percentage of screened
children less than 72 months old with lead levels >10ug/dL.

— Risk based screening varies from state to state, with some states
basing screening on completion of a risk questionnaire, on the SES of
the child, on the area where the child lives, or on the age of their
domicile. Nationwide, all children receiving Medicare benefits are
required to be screened for lead.

— Testing guidelines for states marked with an * were retrieved from
the individual states Government and Department of Health web-
pages. All other guidelines were retrieved from the CDC (2009b).
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to lower the acceptable BLL for children. Currently, the
CDC sets the allowable BLL for children at 10pg/dL (CDC,
2005). In the past, when new research has shown that
current lead levels are unsafe, the CDC has lowered its
acceptable lead threshold (CDC, 1991). It is clear that
levels of lead far below the 10pg/dL threshold have
noticeable negative effects on children’s intellectual and
behavioral development (Lanphear, Dietrich et al., 2000;
Surkan et al., 2007; Wasserman et al., 1998). Although
current research indicates that there is no safe level of
lead, we recommend setting the allowable limit of lead
at least to 5ug/dL if not lower. Setting the threshold
lower would allow assistance to be available for children
with low-lead level contamination. Lowering the ‘ac-

MA
7%
8%

44%
4%

NJ
26%
1.5%

State and local testing programs. Retrieved on April 25, 2009, from
http://www.cdc.gov/nceh/lead/programs.htm. Many states did not
report.

— The percent of children screened for lead and the percent of children
testing >10ug/dL were retrieved from the CDC (2006). 2006 Case and
Screening Rate Maps by County for Selected States. Retrieved April
25, 2009 from
http://www.cdc.gov/nceh/lead/data/national.htm.

+ The abnormally high figure for Nebraska may be due to the fact that
incomplete data from this state were reported to the EPA and only a
small % of children were tested.
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Table 1. Recommendations for Action

1. Increase Abatement Practices

Lower the Lead Action Level

Lower the CDC’s allowable lead level from 10ug/dL to 5ug/dL

Encourage the development and use of lead-free jet fuels

Provide stricter enforcement of industry pollution practices

Require companies to publicly disclose factory lead emission levels

Provide incentives and assistance to aid homeowners with replace-

ment of lead pipes

Require homeowners to test their houses for lead paint before they

rent or lease their property

Mandate abatement if lead is found in a home

Provide monetary assistance for testing and abatement in low-income

populations

K Increase federal regulation to insure that imported toys and child-
related products are lead-free

XX XXX

X

X X

2. Increase Education and Screening
K Increase education concerning lead exposure for the general population
K Payincreased attention to education of at-risk groups
«  Thosein poverty
«  Those living in older or low-income housing
+  Pregnant women
«  Families with children under 6 years of age
X Increase screening
K Create federally-mandated screening guidelines
K Require universal testing of children under age 6
«  Annual screening should occur at yearly well-child visits
K Require lead screening for pregnant women
X Establish a national testing compliance system to track state
progress

3. Increase Follow-Up
X  Provide immediate lead abatement assistance when an elevated BLL
is detected
X  Provide subsidized consultation and abatement services for low-in-
come families
X Provide immediate psycho-educational evaluation to lead-exposed
children

4. Increase Collaboration between the EPA and the CDC

K Encourage further use of the National Lead Information Center

K Make the NLIC the central point for compiling information on lead
from both the EPA and the CDC

X Provide internet access to NLIC information

X Encourage collaboration between the government agencies and the
research community

X Encourage partnerships between various disciplines interested in
studying lead exposure
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ceptable’ level of lead is a critical
first step to implementing the ad-
ditional regulations proposed below
to reduce exposure.

Although lead in automobile
gasoline has been banned, no such
regulations exist for jet fuel. Jet fuel
may enter into the environment dur-
ing the burning of the fuel, through
evaporation during transportation,
or through spills (Faroon, Mandell,

& Navarro, 1995). We recommend
the similar removal of lead from jet
fuel and/or the development and

use of alternative fuel compositions
that don’t include lead. The airline
industry should encourage the devel-
opment of these fuels and the use of
them once they become available.
Further, since industrial sources con-
tribute 42.81% of the lead in the air
(EPA, 2002), we recommend stricter
regulations and better enforcement
of industrial pollution practices.
Currently it is extremely difficult to
find information on lead output from
factories. Lead measurements from
individual facilities should be publicly
disclosed so companies can be held
accountable for their compliance (or
lack thereof) with clean air practices.

The presence of lead in water
is also an area where more could be
done to eliminate exposure. States
should subsidize programs that offer
low-cost identification and replace-
ment of lead piping. Cities that are
in the process of replacing lead pipes
located on public property should
offer greater incentives and assis-
tance to homeowners in replacing
lead pipes on their private property.
The replacement of lead piping can
be costly, and many home-owners
would benefit greatly from increased
assistance in removing this health
hazard. Removal of public lead pipes
will not appreciably reduce lead
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exposure unless lead-based pipes on private property are
removed.

Lead paint and lead paint dust are a third main con-
tributor to environmental lead. Currently owners of dwell-
ings built before 1978 are required to provide a statement
to renters or prospective buyers that lead may be a prob-
lem in a home. Additionally they are required to disclose
any information they might have regarding the presence
of lead paint in a home (U.S. Department of Housing and
Urban Development, 2008). We recommend that all hom-
eowners in possession of a dwelling built before 1978 be
required to test their home for lead before that home is
sold or rented. If lead is found in a home, that homeowner
should be required to take appropriate abatement steps.
Additionally, testing and abatement of lead in homes
should be subsidized for those of low SES, especially given
that these populations tend to live in poorer quality and
older housing that is more likely to have lead problems
(Evans & Kantrowitz, 2002).

We also recommend increased federal regulation to
ensure that toys and other child-related products manu-
factured in other countries and imported to the U.S. are
lead-free. The most basic way we can protect children
from lead exposure is to remove lead from their environ-
ment. Encouraging detection and abatement of current
air-, water- and paint-based lead sources will go a long
way toward protecting our children.

Our second group of recommendations concerns
increased education and screening practices. Among
the general population, we must increase emphasis
on the negative effects of lead exposure on children.
Special attention should be paid to at-risk groups, such
as pregnant women or low-income families with young
children, groups who are more likely to live in older,
inner-city, and/or low-quality housing with a greater
risk of lead exposure. Outreach to both low SES groups
and expectant mothers or mothers of small children
could be accomplished in several ways. Pamphlets in the
offices of pediatricians and obstetricians would assist
with specifically targeting parents. Special consideration
should be taken to target doctors serving lower income
or Medicaid patients, and pamphlets should be writ-
ten in a variety of languages to help target non-English
speaking populations. Pamphlets should direct patients
to additional resources, and it should be obvious who
to call for screening, environmental testing, or help
with abatement. Television, internet, and radio an-
nouncements would also be effective in reaching a large
percentage of the population. Announcements could be
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performed in numerous languages on different stations
based on the targeted population.

Screening practices at the state and national level
should also be increased. Several states have no identifi-
able lead screening plan and are not reporting screening
information to the CDC. Additionally, we know that many
states only screen based on risk level and that no state
(even those who advocate universal screening) tests all
children. We therefore recommend creating federally-
mandated screening practices for children under the
age of 6 and for pregnant women. A federally-mandated
screening requirement would allow for more uniform lead
screening practices to take place. In addition to a federal
mandate, a verification system should be put in place to
ensure that states are complying with federal law. We
should universally test children for lead. The first step
in tackling this problem is obtaining good data on the
magnitude of toxic lead exposure in our children and the
amounts of lead present in our environment.

Screening of blood lead levels should begin pre-
natally. Lead passes through the placental barrier;
therefore, pregnant women’s exposure to lead can harm
the fetus. If our goal is to protect children from lead
exposure, then it is only natural that we begin with this
group. After birth, children should be screened annually,
with low-income children’s testing being covered by Med-
icaid insurance. Annual screening will allow children’s
lead exposure to be tracked, and early detection will al-
low abatement procedures to remove the source of lead
from the child’s environment. Early screening will not
only provide swift identification and intervention oppor-
tunities for children, but also save parents, schools, and
society money in the long run.

Our third main recommendation involves follow-up
practices for children found to have elevated BLLs. If a
pregnant woman or child is found to have an elevated
BLL during a pre-natal checkup or during annual screen-
ing, assistance with lead abatement should be immedi-
ately offered. The reduction of environmental lead is
not effective unless the source of the lead is removed
(Lanphear, Winter, Apetz, Eberly, & Weitzman, 1996);
therefore, assistance should be offered in the identifica-
tion and removal of sources of lead from the environment.
Additionally, children who are found to have elevated
levels of lead should be tested for learning and behavior
problems. The effects of lead on cognition and behavior
are well known (Lanphear, Dietrich et al., 2000; Surkan
et al., 2007; Wasserman, Staghezza-Jaramillo, Shrout,
Popovac, & Graziano, 1998). Early identification of these
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problem areas in children could help reduce
the long-term effect of lead exposure on
their future achievement and functioning.
The neurodevelopmental effects of lead are
far reaching, and reduction of lead exposure
will produce better outcomes for children in
the long run. Better childhood outcomes will
reduce the amount of future resources the
state has to spend on special education and
criminal justice programs.

One final recommendation is to pro-
mote better communication between the
EPA, the CDC, researchers, and the public
on the issue of lead exposure. Information
concerning lead is scattered throughout
several government agencies and websites.
The information is often difficult to find and
contradictory. The EPA and the CDC jointly
contribute to the National Lead Information
Center (NLIC) (http://www.epa.gov/lead/
pubs/nlic.htm), a place where homeowners
and interested persons can find informa-
tion about lead on a variety of topics. The
information may be requested over the
phone or on the internet, and the information is either
faxed or mailed to the requestor. Although this collabora-
tive center is a valuable resource, we believe its utilization
could be improved. This center could become a central
location for the collection and publication of new informa-
tion and rules and regulations concerning lead. Collecting
and organizing information in one location would provide a
better organized and inclusive view of the many facets of
lead exposure. Information concerning environmental lead
levels could be more easily coupled with blood screening
information, resulting in a better understanding of the
causes and effects of lead exposure. In addition, the multi-
tude of information provided through this center could be
uploaded to the NLIC website to allow for faster and easier
access to its information.

In addition to cooperation between the EPA and the
CDC, there should be more interaction between these
government organizations and the research community.
Researchers interested in studying the effects of lead
come from many different disciplines, including persons
from the fields of environmental science, toxicology,
medicine, psychology, and education. Lead prevention
activities and lead research could be greatly increased
should communication between and within these groups
and the government be encouraged. At present, it would
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Our
recommendation
is to promote
better
communication
between the
EPA, the CDC,
researchers, and

the public on

the issue of lead

exposure.

appear there is little communication
between these disciplines and the agen-
cies that create and enforce lead poli-
cies and regulations. The CDC creates
recommendations that guide acceptable
exposure levels and testing practices for
lead in humans, while the EPA creates
policies, regulations, and testing prac-
tices concerning lead in the environment.
But the link, for example, between how
much lead is found in water systems and
what that means for blood lead levels in
children is not at all clear. The EPA, con-
cerned with amounts of lead in the envi-
ronment, needs to better communicate
with the CDC, which is responsible for
information concerning lead in children.
These two agencies then need to address
the scientific community and foster more
cooperation between themselves and
interested researchers.

Finally, applied developmental psy-
chologists and interventionists working with
children and families need to be cognizant
of the possibility that lead exposure may be present for
families and may be a significant contributor to the child
behavior and cognitive problems observed. We know that
lead affects children’s behavior, intelligence, and attention.
As such, lead exposure reduction needs to become a more
central component of home-visiting, early education, and
early intervention programs that are currently underway.
Only with this combined cooperation can the issue of lead
exposure in our children be fully addressed.

Although it is probably not possible to eliminate lead
entirely from all children, a lowered lead exposure thresh-
old would help reduce most of the negative effects seen at
higher levels of exposure. Lead is detrimental to children’s
development, biologically, intellectually, and behavior-
ally. If we are to give our children the best opportunity to
succeed, we must tackle the preventable and addressable
problem of children’s exposure to lead.
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Commentary

If Ever A Time for Precaution

Joel Nigg

Oregon Health & Science University

ole and Winsler
rightly refocus our
attention on the
once-forgotten story
of lead exposure and
child health. The
story of lead provides an object
lesson for policymakers. Decades
after lead came into routine con-
sumer and industrial use, scientists
are still grappling with its subtle
yet extraordinarily costly effects on
children’s development. It has been
horrifying to discover that much of
the deleterious effect of lead on
cognition and behavior occurs at the
beginning of exposure—equivalent
to exposures still commonplace in
America. The unusual consistency of
findings showing that lead is cor-
related, even at levels still typical
in the U.S. population, with lower
IQ and attention-deficit/hyperactiv-
ity disorder (ADHD) is sobering for a
field accustomed to conflicting and
ambiguous scientific reports.

The increasingly well-document-
ed effects on ADHD are important
because ADHD develops very early
and is a precursor to conduct disorder,
delinquency, substance use disorders
(Mannuzza et al., 2008; Martel et al.,
2008), and other outcomes of major
concern to society. Attention problems
predict academic failure over and
above externalizing problems (Breslau
et al., 2009). In our data, decrements
in attention problems due to lead
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exposure fully account for decrements
in IQ, but not the reverse (Nigg et al.,
2008), suggesting that lead damage to
regulatory systems in the brain may
also account for the well documented
impacts on I1Q. In short, the cascade of
developmental effects beginning early
in life that may be related to insults,
like seemingly modest lead exposure,
is of major concern to society.

Now policymakers, who many
believed had dealt with lead a genera-
tion ago, have to grapple with two is-
sues. The first is determining whether
further reductions in societal lead
burden are needed. The even more
momentous issue is what to do about
future potential neurotoxins. The
regulatory policies of the past cen-
tury have amounted in one sense to a
colossal experiment on America’s chil-
dren, not only with lead but hundreds
of other substances. What happens to
children when exposed to lead? To the
hundreds of new chemical compounds
permitted in the past decade? To
the dozens of new nanotechnologies
now coming to market? Policymakers
should learn from the lead experience
that it may take decades for science
to find the unfortunate answers, at
enormous economic cost to society.
Moreover, medical study of the health
effects will never catch up with the
pace of compounds being developed.
Such an approach wastes scientific
time and resources, diverting those
efforts from finding cures to other
serious disease.
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These observations raise seri-
ous ethical and policy problems for
domestic industry and government.
Policymakers and industry need to
grapple more honestly with applying
a well-defined precautionary prin-
ciple to potential neurotoxins—both
chemical and nano—as is now re-
quired prior to the release of phar-
maceuticals. Such an approach shifts
the burden of proof for a potentially
dangerous action from acting until
proven dangerous, to waiting until
proven safe. Extreme application of
the principle can be rightly criti-
cized, but reasonable and effective
definitions, justifications, and appli-
cations are readily available (Fisher,
Jones, & von Schomberg, 2006;
Petrenko & McArthur, 2009) and have
already been applied in international
law and treaty (Fisher et al., 2006).
Identifying the appropriate role of a
precautionary principle in protecting
children’s health from potential neu-
rotoxins is a policymaking discussion
that is urgently overdue. This should
be policymakers’ take home realiza-
tion from the present report.
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Childhood Lead Poisoning: Designing Effective Public Policy

Elise Gould and Alexander Hertel-Fernandez

Economic Policy Institute

s Congress and the
Obama administra-
tion debate an over-
haul of our nation’s
health care system,
the emphasis of
the national discourse is predomi-
nately on medical care financing
and insurance coverage. Discus-
sions of public health, on the other
hand, are notably absent. Although
universal access to affordable medi-
cal care is necessary for a healthy
nation, there is ample evidence that
policymakers must look beyond the
system of direct care to broader
population-based initiatives. In no
area is this more apparent than
childhood lead poisoning, as Cole
and Winsler describe in the present
issue. Research has shown that at
least 7 million children under the
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age of six (or about 25% of children
that age) could have lead levels high
enough to induce developmental
damage. Cole and Winsler’s piece
provides an extensive review of the
biological and neurological effects
of lead poisoning on these children
and analyzes possible interventions.
The authors conclude by offering an
extensive set of policy recommenda-
tions for reducing children’s expo-
sure to lead.

While we concur with many
of the recommendations forwarded
by Cole and Winsler, we would
have liked to see more discussion
of the costs of each measure rela-
tive to their risk reduction and net
benefits. In a world of fixed gov-
ernment resources, policymakers
must ultimately choose a limited
set of actions. We thus encourage a
more complete cost-benefit analysis
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of which recommendations would
produce the largest gains in terms
of population health. In particular
we are wary of an increased focus
on universal screening and medical
intervention that could shift limited
public health resources and medical
attention away from at-risk popula-
tions (especially low-income and
minority children) that are currently
targeted for primary prevention.
Instead of increased labora-
tory screening for lead poisoning,
some have called (see e.g. Brown
and Meehan, 2004) for resources to
be directed towards universal edu-
cation for parents of lead hazards,
better follow-up screening for infants
that have elevated blood lead levels,
improved coordination between state
and federal governments, better risk
factor screening, and household lead
abatement (indeed, all suggestions
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later offered by Cole and Winsler).
Our own research has highlighted
the cost-effectiveness of house-
hold lead abatement (Gould, 2009).
This is especially true if household
interventions are targeted towards
historically at-risk neighborhoods and
geographic areas. The emphasis of
childhood lead policy thus ought to
move towards more primary preven-
tion of poisoning at their source.
Eliminating childhood lead
poisoning is an economic and moral
imperative, and ought to be pursued
aggressively as part of a broader
public health agenda. What form
these policies should take, however,
deserves careful attention to ben-
efits (in the form of risk reduction)
and costs, as well as unintended

Commentary

consequences for other at-risk popu-
lations.
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The Saturnian Predicament

Bruce Lanphear

British Columbia Children’s Hospital & Simon Fraser University

ead is an ancient

poison. Dioscorides, a

Greek physician who

lived in the first cen-

tury A.D., wrote that

lead makes the mind
“give way” (Needleman, 2009). Lead
poisoning, or Saturnism, was associ-
ated with Saturn by the alchemists
because it was thought to be the
most ancient of metals.
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Saturn, the son of Earth (Tellus)
and Sky (Caelus), was the supreme
god or titan on earth. It was proph-
esized that he would be dethroned
by one of his children. To retain his
throne, Saturn devoured each of his
children at birth. Saturn’s predica-
ment—losing his power or devouring
his children—reflects our own predic-
ament of losing a profitable poison or
sacrificing our children to the toxic
effects of lead.
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Cole and Winsler have written
a comprehensive review of toxic-
ity and prevention of childhood lead
exposure. There are a few points
one might quibble about (e.g., it
is unclear to what extent prenatal
exposure elicits persistent effects
on children). But more importantly,
these two investigators have con-
cluded what most objective scientists
would if they took the time to study
it; we have, for far too long, failed to
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protect children from exposure to a
substantial and preventable poison.
Their article is only the most
recent in a series of pleas over the
past century to prevent childhood
lead poisoning. The first plea was
published 100 years ago (Turner,
1908). After a decade of research
and failed attempts to prevent lead
poisoning by educating mothers,
Turner concluded that “legislative
interference” was necessary to
protect children. In the 1920s, Alice
Hamilton and Yandell Henderson
argued—unsuccessfully—that the ad-
dition of tetra-ethyl lead to gasoline
by the Ethyl Corporation would lead
to cases of lead poisoning (Rosner
& Markowitz, 1985; Rabin 1985).
In the 1970s, research and legisla-
tion led to a reduction in allow-
able levels of lead in air, paint and
water (Landrigan, Whitworth, Baloh,
Staehling, Barthel, & Rosenblum,
1975; Needleman, Gunnoe, Leviton,
Reed, Peresie, Maher, C., et al.,
1979; Mahaffey, Annest, Roberts, &
Murphy, 1882; Lanphear, Dietrich,
& Berger, 2003). In the 1980s and
1990s, a series of studies implicating
even lower levels of lead exposure
with adverse effects on children’s
intellectual abilities were pub-
lished (Lanphear, Dietrich, & Berger,
2003; Needleman, Schell, Bellinger,
Leviton, & Allred, 1990; Burns, Ba-
ghurst, Sawyer, McMichael, & Tong,
1999; CDC, 1991). In the 1990s, the
Centers for Disease Control (CDC)
and the World Health Organization
lowered the acceptable level of lead
in blood to 10 pg/dL for children
(CDC, 1991; Tong, von Schirnding,
& Prapamontol, 2000). Finally, in
the first decade of the 21st century,
another wave of research implicated
lead as a risk factor for cognitive
deficits and psychopathology at
blood levels considerably lower than
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10 pg/dL, prompting calls for the
global elimination of all non-essen-
tial uses of lead (Wright, Dietrick,
Ris, Hornung, Wessel, Lanphear,

et al., 2008; Lanphear, Hornung,
Khoury, Yolton, Baghurst, Bellinger,
et al., 2005; Froehlich, Lanphear,
Auinger, Hornung, Epstein, Braun, et
al., 2009; Nigg, Knottnerus, Martel,
Nikolas, Cavanagh, Karmaus, et al.
2008).

At each wave of research
or advocacy, a handful of physi-
cians, policymakers, scientists or
community leaders were utterly
convinced that there was sufficient
evidence to protect children against
lead poisoning through legislation.
Unfortunately, despite some suc-
cess in banning or reducing lead in
gasoline, paint, industrial emissions,
solder used in food cans and other
consumer products, we continued to
use it (Lanphear, et al., 2003; Tong,
et al., 2000). It was simply too prof-
itable to ban lead and too easy to
dismiss any long-term consequences
on children’s health.

Despite reductions in chil-
dren’s blood lead levels (Jones,
Homa, Meyer, Brody, Caldwell,
Pirkle, et al., 2009), too many
children still have blood lead levels
indicative of lead toxicity. Moreover,
while there has been a dramatic de-
cline in lead toxicity among children
in developed countries, the preva-
lence of lead toxicity in many devel-
oping or industrializing countries is
epidemic (Tong et al., 2000).

There is both renewed opti-
mism and urgency about eliminating
childhood lead exposure (Lanphear,
2007; Ramazzini Collegium, 2009).

In many countries, childhood lead
exposure is considerably lower today
than at anytime in the past 50 years,
and fewer than twenty countries
continue to use leaded gasoline
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(OECD, 1999). It is feasible to elimi-
nate lead from paint and many other
consumer products worldwide. The
elimination of lead won’t be easy, but
with concerted effort it could be the
environmental equivalent of small-
pox eradication. The myth of Saturn
also offers some hope; Saturn’s son,
Jupiter, ultimately deposed his father
after his mother, Rhea, kept him from
being devoured.
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