1. NAVAIR ID:
NA704-1-98
Temp ID:
TNSSMJ1

2. Need Title:
NAVAIR needs to continue to reduce materials triggering Toxic Release Inventory (TRI) Form R reporting.  Need Part 1 for Solvents used in Wipe Cleaning Processes

3. Pillar:
Compliance

4. Priority:
High
Priority (%):
19%

Criteria Evaluation:
1. D
2. A
3. C
4. C
5. B
6. B
7. A

5. Media:
Air

6. Contaminants:
Combined TRI Chemical Releases Reported in 1994 and 1997 for LANTFLT and PACFLT

Material
CAS #
Baseline Releases (1994) (lb/year)
1997 Releases (lb/year)
Reportable Quantity (lbs/year)

Dichloromethane (Methylene Chloride)
75-09-2
241,528
46,594
1000

Methyl ethyl ketone 
(2-Butanone)
78-93-3
67,230
31,693
5000

1,1,1-trichloroethane
71-55-6
66,025
None reported
1000

Glycol ethers

38,450
17,900


Phenol
108-95-2
31,068
None reported
1000

Toluene
108-88-3
25,900
19,098
1000

Methyl isobutyl ketone
108-10-1
16,900
13,000
5000

n-Butyl alcohol
71-36-3
15,700
52,717
5000

1,1,2-Trichloro-1,2,2-trifluoroethane

 (Freon 113)
76-13-1
12,000
None reported
None reported

Xylene (mixed isomers)
95-47-6

108-38-3

106-42-3
10,500
66,848
1000

7. Regulatory Drivers:
SARA Title III (Section 313) TRI: The Superfund Amendments and Reauthorization Act (SARA) Title III Emergency Planning and Community Right-to-Know Act (EPCRA) (40CFR372) requires facilities that release materials into the environment (e.g. through emissions, transfers, and waste management) to file an annual report as part of the Community Right-to-Know provisions.  This annual report outlines the quantity of each released hazardous material, over the reportable quantity for each listed chemical under Section 313, and how it was released. There are currently 576 individually listed toxic chemicals and 28 chemical categories on this list.  Methyl ethyl ketone (MEK) also known as 2-Butanone (CAS# 78-93-3) is required to be included in the EPCRA reporting.

Executive Order (EO) 12856: "Federal Compliance with Right-to-Know Laws and Pollution Prevention Requirements," 6 August 1993, requires all Federal facilities to comply "to the maximum extent practicable without compromising national security" with the Emergency Planning and Community Right-to-Know Act (EPCRA) and with the Pollution Prevention Act of 1990. 

EPA-17: In 1991 EPA announced a voluntary program calling for industry to reduce the use of 17 chemicals including methyl ethyl ketone by 33% by 1992 and by 50% by 1995.  The DoD signed on to this program.  Although both goals have been passed the DoD continues to strive to reduce EPA-17 chemicals where possible.

CAA HAPs: Title III of the 1990 Clean Air Act (CAA) Amendments requires EPA to establish National Emissions Standards for Hazardous Air Pollutants (NESHAP) for various industries.  The NESHAP for Aerospace Manufacturing and Rework Facilities (Aerospace NESHAP) was initially promulgated September 1, 1995 (FR 45948) and amended March 27, 1998 (FR 15018) and September 1, 1998 (FR 46533). Wipe cleaning regulations are located in 40 CFR 63.744 and requires that solvents used for these processes must meet one of the following requirements:

1. Must be used in one of the exempt processes:

a. Specialty coatings,

b. Adhesives,

c. Adhesive bonding primers or sealants,

d. Research and development,

e. Quality control,

f. Laboratory testing,

g. Chemical milling,

h. Metal finishing,

i. Electrodeposition other than paints,

j. Composite processing other than cleaning and coating, 

k. Electronic parts and assemblies other than cleaning and topcoating of finished assemblies,

l. Manufacture of aircraft transparencies, and

m. Wastewater operations;

2. Be more than 80% water as applied, with a flash point of greater than 200 °F and be miscible with water;

3. Be a mixture of photochemically reactive hydrocarbons and/or oxygenated hydrocarbons and have maximum vapor pressure of 7 mm Hg at 20 °C, and contain no HAPs;

4. Have a composite vapor pressure of 45 mm Hg or less at 20 °C; or

5. Demonstrate that the volume of hand-wipe cleaning solvents used in cleaning operations has been reduced by at least 60% from an agreed upon baseline contained in the Facility (Title V) Permit.

Major Sources of HAPs must comply with the Aerospace NESHAP or face fines of over $25,000 per day of violation.  The CAA defines a Major Source of HAPs to be a Facility that has a potential to emit more than 10 tons per year of any one HAP or more than 25 tons per year of any combination of HAPs.  There are over 189 chemicals or groups listed as HAPs in the CAA including MEK.

OSHA: Hazardous Chemicals are defined by the Occupational Safety and Health Administration (OSHA) as chemicals that are a physical or health hazards in Title 29 Code of Federal Regulations (CFR) Part 1910.1200(c). Title 29 CFR 1910.106 establishes regulations that govern the storage, distribution, and handling of hazardous materials and waste.  Title 29 CFR 1910.1000 establishes requirements for controlling exposures to airborne contaminants.  29 CFR 1910.1000 Subpart Z provides Permissible Exposure Limits for the toxic substances listed in the OSH regulations including maintenance materials and materials reportable per SARA Title III (TRI).  MEK is included in 29 CFR 1910.1000 Subpart Z as a toxic and hazardous substance.

CERCLA: Hazardous Substances are defined in Sections 101 and 102 of the EPA's Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA).  In rules promulgated under CERCLA, a list of hazardous substances is published in Table 302.4, Title 40 CFR Part 302.  This list currently contains 772 hazardous substances including MEK.  Section 103 of CERCLA and Section 304 of EPCRA requires reporting of releases (not storage) of CERCLA hazardous substances.  

CAA Criteria Pollutants: One of the goals of the Clean Air Act (CAA) is to guarantee the concentration of certain pollutants in the air is at levels below which no adverse effects will be experienced by humans or the environment.  To this end, the Environmental Protection Agency (EPA) promulgated National Ambient Air Quality Standards (NAAQS).  There are NAAQSs for carbon monoxide, lead, nitrogen dioxide, ozone, particulate matter and sulfur dioxide.  Volatile Organic Compounds (VOCs) are regulated because they react photochemically in the atmosphere with oxides of nitrogen to form ground-level (troposphere) ozone.  For example, MEK is not only a HAP but it is also a VOC.

8. Need Description:

a. Description: Part 1 of this need description will focus on the need for a non-TRI chemical wipe cleaning solvent alternative or alternative process(es) for solvent-based cleaning.

EPCRA TRI Form R reporting in CINCPACFLT's AOR is primarily triggered by highly industrial tenant organizations, like a NADEP.  In June 1996, CINCPACFLT and CINCLANTFLT contracted with Dynamac Corporation to identify processes and associated technical specifications and standards that impact the environment: focusing primarily on EPCRA TRI chemicals.  This effort identified and prioritized technical standards and MILSPECS for potential source reduction opportunities.  A copy of the 1996 report was provided to NAVAIR AIR-8.0Y.  The study found eight primary SYSCOM Technical Manuals driving corrosion control processes and nine chemicals used in corrosion control that accounted for approximately 88% of CY94 releases.  We need to continue to eliminate or find substitutes for these chemicals in order to meet DOD's Measure of Merit for reduction of toxic releases.

A review of the 1994 TRI chemicals along with the more recent TRI releases indicates that the Navy has made considerable progress reducing their TRI releases since 1994 by 51%.  The methylene chloride reductions have been particularly impressive with an over-all decrease of 194,934 pounds per year or 86%.  As a result methylene chloride has gone from the chemical accounting for the largest TRI release in 1994 to the third largest TRI release in 1997.  This has largely been due to changes in paint stripping techniques such as using plastic media blasting and use of non-TRI chemical strippers such as benzyl alcohol based strippers.  There are still gains to be made in this area, but it is no longer the priority problem it was in 1994.  

Regarding solvents used in wipe cleaning, there has also been a significant drop in the use of MEK of 35,537 pounds per year over the period from 1994 to 1997 or 53% of the amount released in 1994.  But the MEK decreases have been more than offset by the increases in n-butyl alcohol (which increased by 37,017 pounds per year), a common replacement. 

b. Mission Impact: Major Sources of HAPs must comply with the Aerospace NESHAP or face fines of over $25,000 per day of violation.  Fines of this magnitude could severely affect readiness.  Furthermore, failure to properly protect aircraft from corrosion could lead to unsafe aircraft and other serious mission impacts.
c. Environmental Impact: MEK is considered a reproductive/ developmental toxicant. Besides being a TRI chemical, it is regulated under the CAA as a HAP and as a VOC.  It is also on EPA's list of 17 chemicals targeted for reductions.  The OSHA permissible exposure level (PEL) is 200 ppmv and the NIOSH IDLH is 3000 ppmv. 

d. Current Cost of Problem: The cost of MEK is approximately $0.40 per gallon.
e. Waste/Volume: See table in section 6.
f. Extent of Problem: Wipe cleaning is used on most aircraft and support equipment and used at most depots, intermediate maintenance facilities and even operational level maintenance.  According to the Pollution Prevention Ranking of Processes and Operations Report, MEK (TT-M-261) is called out in the following technical manuals:
NAVAIR 01-1A-509

NAVAIR 17-1-125

NAVSEA S9086-VD-STD, Chapter 631, Volumes I, II and III

NAVFAC P-404

Some of these manuals may have been updated to allow the use of less hazardous substitutes since the publishing of the report in June 1996.

g. Standards/Specifications Impacted: The Pollution Prevention Ranking of Processes and Operations Report also referenced in the following MIL SPECS:

MIL-T-81772

MIL-C-22750

MIL-P-23377

MIL-C-85285

MIL-C-83286

Some of these specifications too may have been modified to allow the use of less hazardous substitutes since the publishing of the report in June 1996.
h. Known R+D Efforts or Solution: The table below summarizes on-going research initiatives for MEK substitutes 

On-Going Research Initiatives For MEK Substitutes

Organization
Project Description
Status

NAS Jacksonville
Using isopropyl alcohol (IPA) as the primary wipe down cleaner.  They report to be pleased with its performance.
Actively using

Raytheon, Greenville, TX
Using a mixture of 85% acetone and 15% methyl propyl ketone (MPK) also known as 2-pentanone as the primary wipe down solvent
Actively using

Lockheed Martin, Greenville, SC
Using Turco 6869 (a mixture of 45% MPK, 40% aliphatic naphtha, 5% heptane, and 5% methyl isobutyl ketone (MIBK)), and Turco 4460-BK (a mixture of 20% ethyl acetate, 20% MIBK, 10% IPA, 30% toluene, and 20% aliphatic naphtha).
Actively using

B-52 Program Office
Using IPA as a temporary substitute for the cleaning compound (NSN 6850-00-611-7993) that contains MEK for spot cleaning fuel tanks. 
Active testing

OC-ALC
Testing DS-108 as a substitute wipe solvent.  DS-108 Solvent was developed and patented by General Dynamics, Fort Worth Division (now Lockheed-Martin Tactical Aircraft Systems) for use in the F-16 program. DS-108 has been qualified to meet a variety of OEM and military specifications and received toxicity clearance from the Surgeon General, Department of the Army.  DS-108 is a mixture of ~20% isoparaffinic hydrocarbons (CAS# 64742-48-9), ~65% ethyl S (-) hydroxy propionate (CAS# 97-64-3) and ~15% n-propoxypropanol mixed isomers (CAS# 1569-01-3).
Active testing

Northrop Grumman
Conducted extensive testing on commercially available, environmentally-friendly hand-wipe solvents for use on the B-2 program at the Air Force Plant 42 Palmdale site.  Selected two solvents for implementation in manufacturing operations, Dynamold DS-108 and DS-108CA. +
Active implemen​tation

Northrop Grumman
Tested commercially available substitutes for MEK for pre-paint applications.  Selected naptha (TT-N-95TY2) for the removal of hydraulic oil or similar type soils prior to the application of MIL-P-23377 (H.S.) epoxy primer and MIL-C-85285TYI, polyurethane topcoats.  A blend of naptha and MPK 50/50 by weight may also be used.  Vertrel( MCA and Vertrel( SMT, with no flashpoint, were also demonstrated to be effective for hydraulic oil removal.  Due to their high cost, they were eliminated for general cleaning prior to paint.  Vertrel( MCA consists of ~63% 1,1,1,2,3,4,4,5,5,5-decafluoropentane (CAS# 138495-42-8), and ~37% trans, 1,2-dichloroethylene (CAS# 156-60-5).  Vertrel( SMT consists of ~42% 1,1,1,2,3,4,4,5,5,5-decafluoropentane, ~35% trans-dichloroethylene, ~5% methanol (CAS# 67-56-1), and <5% nitromethane (CAS# 75-52-5).++
Completed tests

Warner Robins ALC (WR-ALC/TI)
Tested 30 commercially available hand-wipe cleaners.  Of the 30 cleaners, only four passed all screening tests:

SD 1291 (Brulin Corporation) (blend of non-petroleum and non-chlorinated solvents)

CitraSafe (Inland Technology) (MSDS lists no chemicals)

Super 140 (LPS Industries) (~60% aliphatic hydrocarbon, ~20% alkyl acetate (CAS# 90438-79-2), ~10% n-butyl ether dipropylene glycol (CAS# 29911-28-2))
De-Solv-It E&E (Orange-Sol, Inc.) (composition information not available)
Active testing/

implemen​tation

Argonne National Labor-atory, Energy System Division
Testing ethyl lactate as an MEK substitute.  POC is Jim Frank. James Frank@qmgate.anl.gov.  Phone: 630-252-9281.
Active testing

Boeing - St. Louis
Tested MEK substitutes for handwipe cleaning operations at the St. Louis location.  Four solvents were down-selected to undergo shop trials: MD-516F from Navy Brand Manufacturing (phone: 800-325-3312), Isoblast from Selig Chemical Industries (phone: 404-691-9220 Eastern Region) (both are hydrocarbon based solvents having vapor pressures less than 7 mmHg), Ardrox 5564 from Brent America (phone: 847-295-1660) (MEK blend having a vapor pressure of less than 45 mmHg), and methyl propyl ketone (MPK) (a pure compound having a vapor pressure of 37.5 mmHg) manufactured by Easman Chemicals (phone: 423-229-2000).  MPK was selected based on its similarity to MEK in performance and the faster evaporation rate associated with the higher vapor pressure solvent.  The St. Louis facility is changing all the MEK call-outs to reference MPK.+++
Active implemen​tation

Boeing - Huntington Beach
Substituting Ardrox 5412 (composition information not available), DS-108, and Thermaclean Uniwipe 095-0154 (composition information not available) as replacements for hand-wipe solvents for Ardrox 1064-K, an MEK blend.
Active implemen​tation

F-15 Program Office, Wright Patterson AFB
Evaluated 24 cleaners.  Testing three potential substitutes for MEK: ISO-BLAST, MD-516F, and Androx 5564.  
Active testing

Air Force Research Laboratory
Al Fletcher (MLSE-937-255-7481) is developing non-MEK cleaners for use prior to applying sealants.  This program is being tested.
Actively testing

+Reference: E.R. Silva. Environmentally Friendly Wipe Solvent: DS-108CA Evaluation and Implementation. Proceedings 1997 AIA Hazardous Materials Management Conference. Orlando, Florida.

++Reference: John Weir, Richard. Ibid.

+++Reference: Rich Bagley. Ibid.

Outside Needs:
Related Navy Needs

NA126-98
“Reduce emissions from pre-cleaning prior to painting operations”

3.II.3.a
“Non-VOC/ODS Solvents and Cleaning Systems for Aircraft / Weapons / Shipboard / Shoreside Applications”

Related Air Force Needs

103
“Replacement for 1,1,1-Trichloroethane and MEK as Wipe Solvents and Inclusion into Tech Data and MIL-SPECs”

166 “Replacement for Layout Dye, Blue (NSN 6850-00-664-9067) used during B-52 Hatch Seal Repair”

167 “Replacement for cleaning compound containing MEK (NSN 6850-00-611-7993) used during B-52 hatch seal repair”
203
“Methods or Chemical Substitutions to Eliminate or Reduce Volatile Organic Compound Emissions and/or Hazardous Waste Generation from the Application and Use of Solvents Used to Clean Metal Parts”

258
“Solvent Free Solid State Metal Cleaning”

1918
“Qualify substitute for MEK (CAS No. 78933) used in MIL-C-38736, Cleaning Solvent for the JPATS”

No Related Army Needs Found
9. Urgency:
There is no urgency created by the TRI reporting requirements.  But there is an immediate need to comply with the wipe cleaning requirements of the Aerospace NESHAP at Major Sources of HAPs.

10. Alternative Options:

a. Current Methods:  Many of the substitutes discussed in the known research section (8.h.) are significant improvements over MEK.  The table below summarizes the regulatory status of these alternatives.

Regulatory Status of MEK Substitutes

Chemical
CAS#
TRI
HAP
VOC
PEL (ppmv)

Methyl ethyl ketone (2-Butanone)
78-93-3
Y
Y
Y
200

Isopropyl alcohol (IPA)
67-63-0
N
N
Y
400

Acetone
67-64-1
N
N
N
1000

Methyl propyl ketone (2-pentanone)
107-87-9
N
N
Y
200

Aliphatic naphtha
64742-89-8
N
N
Y
None

n-Heptane
142-82-5
N
N
Y
500

Methyl isobutyl ketone (hexone)
108-10-1
Y
Y
Y
50

Ethyl acetate
141-78-6
N
N
Y
400

Toluene
108-88-3
Y
Y
Y
100

Isoparaffinic hydrocarbons
64742-48-9
N
N
N†
300*

Ethyl S (-) hydroxy propionate
97-64-3
N
N
N†
None

n-Propoxypropanol mixed isomers
1569-01-3
N
N
N†
None

1,1,1,2,3,4,4,5,5,5-Decafluoropentane
138495-42-8
N
N
Y
200*

trans, 1,2-Dichloroethylene
156-60-5
N
N
Y
200

Methyl alcohol (methanol)
67-56-1
Y
Y
Y
200

Nitromethane
75-52-5
N
N
Y
100

Aliphatic hydrocarbon
64742-47-8
N
N
N†
100

n-Butyl ether dipropylene glycol
29911-28-2
N
Y
N†
None

Ethyl lactate (lactic acid, ethyl ester)
97-64-3
N
N
N†
None

n-Butyl alcohol
71-36-3
Y
N
N†
100

* Established by manufacturer.

† Vapor pressure less than 7 mmHg.

Users should also review the process in more detail to determine if it would be possible to eliminate a wipe-cleaning step by improving the process flow or protecting the part from environmental contamination by bagging it.  For instance if a part is cleaned and then allowed to be exposed to the elements such that it requires an additional cleaning step it may be possible to remove the first cleaning step from the process.
Potential Solutions: 

In the short term it should be possible to find solvents that are not on the TRI list that can adequately perform the required cleaning.  In many cases substitutes may have already been approved for use in TOs and MIL SPECs.  However, most short term solutions, while they may not be on the TRI or HAPs list, they are likely to still be VOCs.

One possible long-range solution would be to use pulsed lasers to replace wipe cleaning.  Currently the pulsed laser technology is too expensive and too slow to meet this need, but as lasers become less expensive it may become practical in the future.  

Minimum Success Criteria: Identify ways of cleaning surfaces at least as well as with MEK without using chemicals that are on the TRI list.

11. Contacts:

a. Primary:
Dr. Frank Stone

b. End User:


c. Claimant:
Larry Foster
CINCPACFLT

COMM:
(808) 471-4235
DSN:
471-4235 

d. Technical:
e. R+D POC:
