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SUMMARY AND OVERVIEW 

This set of abstracts of technical reports was prepcLred by the lndustriL Cooperation and 
Consultations Service of UNIDO in cooperation with the Industrial Information Section to 
serve as a follow-up paper of the Global Consultation on Environmental Management in the 
Metallurgical Industry held in Vienna. Austria on the 16-17 October 1995. 

The material was reviewed from the perspective of energy conservation, pollution control and 
waste minimization opportunities in the metallurgical industry with emphasis on cleaner 
production as a practical approach fo1 achieving ecologically sustainable industrial 
development. 

UNIDO hopes that this document will assist companies and institutions at national, regional 
and international level in this important industrial sector, to make decisions that are both 
economically and environmentally sound and which contribute to the further development of 
a sus:ainable iron and steel industry. 

Acknowledgement 

We are grateful to the Office of Research and Development and the Risk Reduction 
Engineering Laboratory of the United States Environmental Prot~ction Agency for 
providing Environmental Case Studies, Project Summaries and Research Briefs on 
Pollution Pre.,ention and Waste Minimization to UNIDO. 



-2-

CONTENTS 

I Waste Minimization Assessment for a Manufacturer of Microelectronic 
Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2 Waste Minimization Assessment for a Manufacturer of Outdoor 
Illuminated Signs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

3 Waste Minimization Assessment for a Manufacturer of Printed 
Piastic Bags . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

4 Waste Reduction Activities and Options for a Manufacturer of 
Plastic Containers by Injection Molding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

5 Waste Reduction Activities and Options for a Manufacture 
Electroplating Chemical Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

6 Waste Reduction Actvities and Options for .t Manufacturer of Fire Retardant 
Plastic Pellets and Hot Melt Adhesives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

7 Waste Reduction Activities and Options for a Manufacturer of 
Automobile Radiators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IO 

8 An Automated Aqueous Rotary Washer for the Metal Finishing Industry . . . . . . . I 0 

9 Waste Minimization Assessment for a Manufacture! of Penny Blanks 
and Zinc Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 0 

10 Waste Reduction Activities and Options for an Autobody Repair Facility ....... Ii 

11 Waste Minimization Assessment for a Manufacturer of Rotogravure 
Printing Cylinders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I I 

12 Waste Reduction Activities and Ot.itions for a Manufacturer of Hardened 
Steel Gears ................................................... 11 

13 Waste Minimization Assessment for a Manufacturer <.f Screwdrivers .......... 12 



- 3 -

14 Waste Minimization Assessment for a Manufacturer of 
Pliers and Wrenches ............................................ 12 

15 Waste Minimization Assessment for Manufacturer of Gravure-Coated 
Metalized Paper and Metalized Film ................................. 13 

16 Waste Minimization Assessment for a Manufacturer of Aerial Lifts . . . . . . . . . . . 13 

17 Waste Minimization Assessment for a Manufacturer of Mountings for 
Electronic Circuit Components . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

18 Waste Minimization Assessment for a Manufacturer of Parts for 
Truck Engines __ ................... __ ......................... 14 

19 Waste Minimization Assessment for a Manufacturer of Electrical 
Rotating Devices .......................... _ .................... 14 

20 Recycling Nickel Electroplating Rinse Waters by Low Temperature 
Evaporation and Reverse Osmosis ............. _ . . . . . . . . . . . . . . . . . . . . 15 

21 Evaluation of Ultrafiltration to Recover Aqueous Iron 
Phosphating/Degreasing Bath ............. _ _ _ . . . . . . . . . . . . . . . . . . . . . 15 

22 Minimization Assessment for Multilayered Printed Circuit Board 
Manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

23 Waste Minimization Assessi11ent for a Manufacturer of Printed Circuit Boards 16 

24 Waste Minimization Assessment for a Manufacturer of Speed 
Reduction Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

25 Waste Minimization Assessment for a Manufacturer of Metal Bands, 
Clamps, Retainers, and Tooling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17 

26 Waste Minimization Assessment for a Manufacturer of Injection-Molded 
Car and Truck Mirrors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

27 Waste Minimization Assessment for a Manufacturer of Custom 
Molded Plastic Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

28 Waste Minimization Asse:;sment for a Manufacturer of Permanent-Magnet DC 
Electric Motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

29 Waste Minimization Assessment for a Manufacturer of Metal-Plated 
Display Racks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 



-.. -

30 Waste Minimization Assessment for a Manufacturer of Prototype 
Printed Circuit Boards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

31 Waste Minimization Assessment for a Manufacturer of Automotive 
Air Conditioning Condensers and Evaporators . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

32 Waste Minimization Ass~ssment for a Manufacturer of Military Furniture ....... 20 

33 Metal Recovery/Removal Using Non-Electrolytic Metal Recovery ........... 20 

34 Composites from Recycled Wood and Plastics .......................... 21 

35 Alkaline Noncyanide Zinc Plating a.11d Reuse of Recovered Chemicals ......... 22 

36 Waste Minimization Assessment for a Manufacturer of Rebuilt Railway 
Cars and Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

37 Waste Minimization Assessment for a Ma11ufacturer of Sheet 
Metal Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

38 Waste Reduction Activities and Options for a Manufacturer of Wire Stock 
Used for Production of Metal Items . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

39 Waste Reduction Activities and Options for a Manufacturer of 
Finished Leather . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

40 Waste Reduction Activities and Options for a Manufacturer of Room Air 
Conditioning Units ar.d Humidifiers ................................. 24 

41 Waste Reduction Activities and Options for a Manufacturer of Systems 
to Produce Semiconduct"rs ............................ . . ........ 24 

42 Waste Reduction Activities and Options for a Manufacturer of 
Electroplated Wire ............................................. 24 

43 Waste Reduction Activities and Opticns for a Transponer of Bulk 
Plastic Pellets ................................................. 25 

44 Waste Minimization Assessment for a Manufacturer of Cutting and 
Welding Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

45 Waste Minimization Assessment for an Aluminum Extrusions Manufacturer .. 26 

46 Waste Minimization Assessment for a Manufacturer of 
Can-Manufacturing Equipment ....................... . . ........ 26 



-5 -

4 7 Waste Minimization Assessment for a Manufacturer of 
Refurbished Railcar Bearing Assemblies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

48 Waste Reduction Activities and Oprions for a Manufacturer of 
Paints Prirnarily for Metal Finishing ................................. 27 

49 Waste Minimization Assessment for a Manufacturer Producing 
Galvanized Steel Parts ........................................... 27 

50 Waste Minimization Assessment for a Paint Manufacturing Plant ............. 27 

51 Watts Nickel and Rinse Water Recovery via an Advanced 
Reverse Osmosis System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

52 Evaluation of Five Waste Minimization Technologies at the General Dynamics 
Pomona Division Plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

53 Cadmium and chromium Recovery from Electroplating Rinsewaters ........... 29 

54 Removal and Containment of Lead-Based Paint Via Needle Scalers . . . . . . . . . . . 29 

55 Evaluation of an Electrodialytic Process for Puri'ication of 
Hexavalent Chromium Solutions .................................... 30 

56 Waste Minimization Assessment for a Manufacturer of Chemicals ............ 30 

57 Waste Minimization Assessment for a Manufacturer Sheet Metal 
Cabinets and Precision Metal Parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

58 Waste Minimization Assessment for a Manufacturer of Aluminum Extrusions .... 31 

5~ Waste Reduction Activities and Opticns for a Scrap Metal Recovery Facility .... 31 

60 Waste Minimization Assessment for a Metal Parts Coating . . . . . . . . . . ...... 32 

61 Waste Minimization Assessment for a Manufacturer of 
Aluminum and Steel Parts ........................................ 32 

62 Waste Reduction Activities and Options for a Fabricator and 
Finisher of Steel Computer Cabinets ................................. 32 

63 Recovery of Metals Using Aluminum Displacement ...................... 33 

64 Waste Minimization Assessment for a Manufacturer of 
Brazed Aluminum Oil Coolers . . . . . . . . . . . . . . . . . ................... 33 



-6-

65 Waste Reduction Activities and Options for a Manufacturer of Commercial 
Refrigeration Units ............................................. 34 

66 Waste Minimization Assessment for a ~anufacturer of 
Finished Metal Components ....................................... 34 

67 Waste Minimization Assessment for a Manufacturer of Metal-Cutting Wheels 
and Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

68 Waste Minimization Assessment for a Manufacturer of Finished 
Metal and Plastic Parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 

69 Waste Minimization Assessment for a Manufacturer Producing 
Printed Circuit Boards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5 

70 Waste Minimization Assessment for a Manufacturer Motor Vehicle 
Exterior Mirrors ............................................... 36 

71 Waste Minimization Assessment for a Manufacture Almninum Cans .......... 36 

72 Waste Minimization Assessment for a Manufacturer of Machined Parts ........ 37 

73 Waste Minimization Assessment for a Manufacturer of Components 
for Automobile Air Conditioners ................................... 37 

74 Waste Minimization Assessment for a Printed Circuit Board Manufacturer ...... 38 

75 Pollution Prevention Case Studies Compendium ......................... 38 

76 Contaminants and Remedial Options at Selected Met:U - Contaminated Sites . . . . . 3 8 

77 Superfund Innovative Technc!ogy Evaluation Program - Technology Profiles .... 39 

78 Guides to Pollution Prevention - The Paint Manufacturing Industry ........... 39 

79 Guides to Pollution Prevention - The Metal Finishing Industry .............. 40 

80 Guides to Pollution Prevention - The Fiberglass-ReinfJrced and 
Composite Plastics Industry ....................................... 41 

81 Guides to Pollution Prevention - The Automotive Repair Industry . . . . ....... 42 

82 Guides to Pol!ut1'ln Prevention - The Printed Circuit Board 
Manufacturing Industry . . . . . . . . . . . . . . ................. . 43 

83 Guides to Pollution Prevention - The Fabricated Metal Products Industry 44 



- 7 -

84 Guides to Cleaner Technologies - Alternative Metal Finishes ................ 45 

85 Guides to Pollution Prevention - The Automotive Refinishing ln':iustry ......... 46 

86 Guides to Pollution Prevention - Metal Casting and 
Heat Treatment Industry ......................................... 47 

87 Guides to Pollution Prevention - The Mechanical Equipment Repair Industry .... 48 



1 Waste Minimization Assessment for 
a Manufacturer of Microelectronic Com­
ponents 

By Harry W. Edwards, Michael F. Kostrzewa 
and Gwen P. Looby 

The U.S. Em;ronmental Protection Agency {EPA) 
has funded a pilot project to assist small and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufacturers, 
Waste Minimization Assessment Centers (WMACs) 
were established at selected -.miversities, and 
procedures were adapted from the EP.;. Wa,..e 
Minimization Opportunity Assessment Manual 
(EPN625n-88/003, Jul} 1988). That document has 
been supersede~ by the Facility Pollution 
Prenmtion Guide (EPN600/R-92/088, May 1992). 

The \\''MAC team at Colorado State University 
performed an assessment at a plant that 
mtmufactures microelectronic components. 
Thin-film circuitry 1s generated on sheet-alumina 
substrates using photolithography for pattern 
generation and vacuum-chamber vapor deposition 
to form circuit components. Integrated circuits and 
other components are attached to the ceramic 
substrates. The team's report, detailing findings and 
recommendations, indicated that the waste strearrrs 
generated in the greatest quantities are rinse water 
and waste developer and that sigriificant cost 
savings could be realized by installing flow meters 
and flow reducers in certain production areas. 

This Research Brief was developed by the principal 
investigators and EP A's Risk Reduction 
Engineering Laboratory. Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from University City 
Science Center, Philadelphia, PA. 

2 Waste Minimization Assessment for 
a Manufacturer of Outdoor Illuminated 
Signs 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium- size manufacturers who want to minimize 
their generation of hazarcious waste but lack the 
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expertise to do so. Waste ~:inimization Assessment 
Centers (WMACs) were established at selected 
universities and procedures were adapted from the 
EPA Wast-: Minimization Opportunity Assessment 
Manual tEPN625n-8S/003, July 1988). 

The W!IAAC team at the University of Tennessee 
inspected a plant making large and small outdoor 
signs with the use of steel channels and sheeting, 
plastic ~heeting, paint, adhesives, electrical wiring, 
ar..d hardware. The team's report, detailing their 
findings and recommendations, identified the 
greatest opportunities to minimize waste in the 
painting. cleaning, and letter gluing operations. The 
greatest savings would result from the react'.vation 
of an unused electrostatic paint spray system. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title availaote from the authors. 

3 Waste Minimization Assessment for 
a Manufacturer of Printed Plastic Bags 

&y F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of hazardous waste but who lack 
the expertise to do so. Waste Minimization 
Assessment Centers (WMACs) were established at 
selected universities and procedures were adapted 
from the EPA Waste Minimization Opportunity 
AueumentManual (EPN625n-88/003, July 1988). 

The WMAC team at the University of Tennessee 
performed an ass1;ssment at a plant manufacturing 
printed plastic bags for snack foods-approximately 
1.8 million lb/yr. Plastic stock is ink printed and 
oven cured. To make single-layer bags, a heat seal 
process is used, and the bags are ther. packaged and 
shipped. For certain products, a plastic or metalized 
film is laminated to the printed plastic film, the 
rolls are slit to obtain individual bags, and the hags 
are p11 · .• ged and shipped. 
n.~ team's report, detailing findings and 
recommenJations, indicated ~.e most ·,.-aste was 
generated in the lamination ;iroces~ and that the 
greatest savings could he obtained by mstalhng an 
automatic adhesive/solvent mixing system to reduce 



{75%) the waste from the unused metalized film 
adhesive/solvent mixture. 

This Research Brief was developed by the principd 
investigators and EPA's Risk Reducticm 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing researc:. 
project. For additional information please contac• 
the authors. 

4 Waste Reduction Activities and 
Options for a Manufacturer of Plastic 
Containers by Injection Molding 

By Hanna Saqa and Daniel J. Wans 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protection ar>d Energy (NJDEPE) 
to assist in conducting waste minimization 
assessments at 30 small- to medium-sized 
businesses in the state of New Jersey. 

One of the sites selected was a faciiit}" that 
manufactures plastic containers by injection 
molding. The manufacturing process involves 
melting of a plastic resin and injection of the melt 
into molds in the shape of the container to be 
manufactured. The cooled and solidified container 
is removed from the mold, the mold is cleaned with 
solvent when required and the injection process is 
repeated. A portion of the containers are also made 
by blow molding which involves use of compressed 
gas to move the resin melt onto the walls of the 
mold. The rest of the operation is simi1ar. 

A site visit was made in 1990 during which several 
opportunities for waste minimization were 
idenrified. Options identified for pollution 
prevention include change in equipment to 
eliminate use of hydraulic oil, change in mold 
cleaning procedures, and modifications to metal 
machining operations. It should be pointed out that 
this facility had already initiated an aggressive 
pollution prevention program. Implementation of 
the identified wute mimmization opportunities was 
not part of the ;:>rogram. Percent waste reduction, 
net annual savings, implementation costs and 
payback periods were estimated. 

This Research Brid was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
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assessment. 

S Waste Reduction Activities and 
Options for a Mauufacturer of 
Electroplating Chemical Products 

By Alan Ulbrecht and Daniel Watts 

The U.S. Environmental Protecuon Agency (EPA) 
f~ded a project with the New Jersey Department 
of Environmental Protection and Ene;gy (NJDEPE) 
to assist in conducting waste minimization 
assessments at 30 small- to medium-sized 
businesses in the state of New Jersey. 

One of the sites selected was a facility that 
produces chemicals for use in electroplating baths. 
The process formulates and blends concentrates of 
metal salts and additives which are used in 
electr.Jplating and other metal finishing operations. 
The resulting solutions are clarified and tested for 
quality and consistency 

A site visit was made in 1990 during which several 
c.pportun1lles for waste mm1m1zation were 
identified. Options identified include a spill 
prevention plan, expanded use of ion exchange, and 
electrnwinning to recover metal from concentrated 
wa~e streams. Implementation of the identified 
waste minimization opportunities was not part of 
the program. Percent waste reduction, net annual 
savings, implementation costs and payback periods 
were estimated. 

This Research Brief was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completrd 
assessment. 

6 Waste Reduction Activities and 
Options for a Manufacturer of Fire 
Rdardant Plastir Pellets and Hot Melt 
Adhesives 

By Hanna Saga and Daniel J. Watts 

The U.S. Environmental Protection Agency (EPA) 
funded a projec• with the New Jersey Department 
of Environmcnta I Protcc tion and Energy (NJDEPE) 
to assi~t in conducting waste minimization 
assessments at 30 smali- to medium-sized 
businessn in the state o' New Jersey. 



One of the sites selected was a facility that 
manufactures fire retardant plastic pellets and hot 
melt adhesives. The manufacturing process for the 
plastic pellets uses a batch procedure in mixers 
where resins are combined with flute retardants 
and other additives. The mix is allowed to solidify 
and formed into pellets. The hot melt adhesive is 
produced by extruding a polymer with the 
necessary additives followed by washing and 
pelletizing. 

A site visit was made in l 990 durir.g which se\·eral 
opportunities for waste minimization were 
identified. Options identified included changes in 
sequencmg of production, rrodifications of 
wastewater treatment practices, changes m 

hydraulic oil use end reuse practices 
Implementation of the identified waste 
minimization opport@ities was r.ot part of the 
program. Percent waste reduction, net annual 
savings, implementation costs and payback periods 
were estimated. 

This Research Brief was developed by the Principal 
Investigators and EP A's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
assessment. 

7 Waste Reduction Activities and 
Options for a Manufacturer of Auto­
mobile Radiators 

By Kevin Gashlin and Daniel J. Watts 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protection and Energy (NIDEPE) 
to assist in conducting waste minimization 
asse3sments at 30 small- to medium-sized 
businesses in the state of New Jersey. 

One l'f the sites selected was a facility that 
remanufactures automobile radiators. The process 
involves cleaning the radiator, locatim• and 
repairing any leaks, painting, and reinstallation. 

A site visit was made in 1990 during which several 
opponunities for waste mm·mization were 
identified. Options identified include changes in the 
cleaning procedure, more effir.ient rinsing 
operations, and change of paint from solvent-based 
to water-hosed. Implementation of the identified 
waste minimization oppor1unities was r.ot pan of 
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the program. Percent waste reduction, net armual 
sanngs, impl.:mentation costs and payback periods 
were estimned. 

This Research Brief\\as developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laborato~· in Cinannati, OH, to 
announce key findings of this completed 
assessment. 

8 An Automated Aqueous Rotary 
Washer for the Metal Finishing Industry 

By Arun R. Gavaskar, Robert f Olfenbuttel. 
Jody A. Jones and Tad C. Fox 

Product quality, waste reduction, and economic 
issUt;S Involved in the use of an automated aqueous 
rotary washer in the metal finishing. industry were 
evaluated in this study The automated washer can 
be used for most m~tal parts tht would ordinarily 
be c1eaned by vapor degreasing, hand-aqueous 
washing, or alkaline tumbling. The automated 
washer had good potential to reduce waste, was 
economically viable, produced good product 
quality, and also avoided the vapor degreaser's use 
of perchlorcethylene. When compared with 
hand-aqueous washing and alkaline tumbling, the 
automated washer used less chemicals. The payback 
period was about 7 years 

This Project Summa~ was developed by EPA's 
Risk Rc:duction Engi1 '!cring Laboratory, Cincinn:.ti, 
OH, tC> announce key findings of the research 
project that is fully documented in a separate report 
of the same title. 

9 Waste Minimizatilln A:;sessment for 
a Manufadurer of Penny Blanks and 
Zinc Products 

By Richard J. Jcndrucko and J. Clifford 
Maginn Jr. 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small·· and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste M1mmization Assessment Centers 
(WMACs) were established at selected univer:nties 
and procedures were adapted from the EPA Wa.flf 

Minimization Opportl4nity Asse.ument Manual 
(EPA/ 62517-881003, July I 988) 



The WMAC team at the University of Tenr.essee 
performed an assessment at a plant manufacturing 
penny blanks, dry cell battery cans, and other zinc 
products app1oximately 120 million lb/yr. Zinc 
ingots and scrap zinc are melted in an electric 
furna'-e. The molten zinc is fonned into coils of 
strip for further processing or sale to industrial 
customers. The circular penny blanks are formed in 
a press, upset to form a rim on the edge, copper 
plated, and visually inspected. Battery can blanks 
are pressed from the strip, dra"n into can shape, 
cleaned, and dried. 

The team's report, detailing findings and 
recommendations, indicated that the most .vaste 
was generated as dross in melting the zinc and that 
the greatest savin:;s could be obtained by redt.cing 
drag-out from the plating tanks to reduced 
downstream sludge formation and installing driers 
to dewater the sludge before shipment for disposal. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an .Jngoing research 
project that is fully documented in a separate report 
of the same title available from University City 
Science Center. 

10 Waste Reduction Activities and 
Options for an Autobody Repair Facility 

By Kevin Gashlin and Daniel J. Watts 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protection and Energy (NJDEPE) 
to assist in conducting waste minimization 
assessments at 30 small- to medium-sized 
businesses in the state of New Jersey. 

One of the sites selected was an autobody repair 
facility. A site visit was made in 1990 during 
which several opportunities for waste minim;zafrJn 
were identified. These opportunities include 
alternative spraying systems to improve transfer 
efficiency, incr.:ased use of waterbased paints, and 
onsite distillation to perrmt recycling of solvents. 

Implementation of the identified waste 
minimization opportunities was not part of the 
program. Percent waste reduction, net annual 
savings, implementation costs and payback periods 
were estimated. 
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This Research Brief was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
asse:>sment. 

11 Waste Minimization Assessment for 
a Manufacturer of Rotogravure Printing 
Cylinders 

By Marvin Fleischman, F. William Kirsch and 
Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected uni\·ersities 
and procedures were adapted from the EPA Waste 
Minimization Opportunity Assessment .\lanual 
(EPA/625n-88/003, July 1988). 

The WMAC team at the University of Louisvillr. 
performed an assessment at a plant manufacturing 
cylinders for rotogravure printing. A considerable 
amount of waste is generated by the various plating 
operations in the plant The plant operates its o"n 
wastewater treatment system. The team's report, 
detailing findings and recommendations, indicated 
that the most significant cost savings could be 
realized by installing a batch still onsite to recover 
xylene. 

This Resec:rch Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory (RREL), Cincinnati, OH, to 
announce key findings of an ongoing researcli 
project that is fully documented in a separate report 
of the same title available from University City 
Science Center. 

12 Waste Reduction Activities 
Options for a Manufacturer 
Hardened Steel Gears 

By Alan Ulbrecht and Daniel J. Watts 

and 
of 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protect mg and Energy (NJDEPE) 
to assist in conducting wa~1~ minimization 
assessmen~s at 30 small- to medium-sized 



businesses in the state of New Jersey. 

One of the sites selected was a facilit~· that 
manufactures hardened steel gears of various sizes 
and application. The manufacturing steps include 
grinding, cutting, degreasing, and surface finishing. 

A site visit was made in 1990 during which several 
opportumttes for waste minimization were 
identified. Options for p)llution prevention include 
changes in use of metal working coolants, 
degreasing operations, and the rinsing procedures 
used in the plating operations. Implementation of 
the identified waste minimization opportunities was 
not part of the program. Percent waste reduction, 
net annual savings, implementation costs and 
payback periods were estimated. 

This Research Brief WJS developed by th: Principal 
Investigators and EP A's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
annoWice key findings of this completed 
assessment. 

13 Waste Minimization Assessment for 
a Manufacturer of Screwdrivers 

By Harry W. Edwards•, Michael F. Kostrzewa, 
and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has fWided a pilot project to assist small and 
medium-size manufacturers who \\'ant to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufacturers, 
Waste Minimization Assessment Centers (WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Waste 
Minimization Opportunity Assessment Manual 
(EPA/625n-88/003, July 1988). That document has 
been superseded by the Facility Pollution 
Prevention Guide (EPA/600/R-92/088, May 1992). 

The WMAC team at Colorado State University 
performed an assessment at a plant that 
manufactures screwdrivers-over 30 million/yr. 
Plastic handles are fabricated from virgin and 
recycled plastic beads. Five plastic extruders are 
used to form plastic rods that are cut to length and 
machined into handles. The firished handles are 
painted and then assembled inti, screwdrivers with 
metal blades forged in another plant. 

The team's report, detailing findings and 
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recommendations, indicated that the waste stream 
generated in the greatest quantity is waste plastic 
and that significant cost savings could be realized 
by pelletizing the plastic scrap before its sale to a 
recycler. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cinciru>ati, OH, to 
announce key fmdings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from University City 
Science Centre, PA Philadelphia 

14 Waste Minimization Assessment for 
a Manufacturer of Pliers and Wrenches 

By Harry W "idwards, Michael F. Kostrzewa, 
and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufacturers, 
Waste Minimization Assessme1d Centers (WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Wastes 
Minimization Opportunity Assessment Manual 
(EPA/625n-88/003, July 1988). That document has 
been superseded by the Facility Pollution 
Prevention Guide (EPA/600/R-92/088, May 1992). 

The WMAC team at Colorado State University 
performed an assessment at a plant that 
.nanufactures pliers and wrenches. The products are 
manufactured from metal blanks that have been 
forged in another plant In the case of the pliers, 
the blanks are machined etched, primed, and 
assembled. The handles are then plastic coated and 
the finished pliers are inspected, packaged, and 
shipped. For wrench manufacture, the metal blanks 
sre nickel and chromium-plated, inspected, and 
packaged. 

Ti:.: team's report, detailing findings and 
recommendations, indicated that the greatest 
quantity of waste in this plant came from the 
machinir1g and plating operations. The greatest 
cost-saving opportunity recommended to the plant 
involved the replacement of I, I, I-trichloroethane 
vapor degreasing with nonhazardous aqueous 
cleaning. 



This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering LaboratOI)", Cincinnati, OH, to 
announce key fmdings of an ongoing research 
project that is fully documented in a separate report 
of the same title nailable from Universi~· City 
Science Center, Philadelphia. PA. 

IS Waste Minimization Assessment for 
Manufac:turer of Gravure-Coated 
Metalized Paper and Metalized Film 

By Richard J Jendrucko, Thomas N. Coleman 
and Gwen P. Looby 

The U.S. Environmental Protection Agency lEPA) 
has funded a pilot project to assist small and 
medium-size manuiacturcrs who want to minimize 
their generation of w~ ste but who lack the expertise 
to do so. In an effort to assist these manufacturers 
Waste Minimization Assessment Centers (WMACs) 
were established at selected universities, and 
procedures were adapted from the EPA Waste 
Minimization Opportunity Assusment .Hanual 
(EPA/625n-88/003, July 1988). That document has 
been superseded by the Facility Pollution 
Prevention Guide (EPA/600/R-92/088, May 1992). 

The WMAC team at the University of T ennessce 
ixrformed an assessment at a plant that 
manufactures gra\-ure-coated metalized paper and 
film. White coate<! paper purchased as a raw 
m.iterial is coated with a water-based or 
solvent-based mixture, and a thin layer of 
aluminum is deposited on the coating. Another 
coating is applied on top of the metalized surface. 
Rolls of film bought by the plant alS<> receive a thin 
layer of aluminum. 

The team's report, detailing findings and 
recommendations, indicated that a large quantity of 
solvent evapon:tes from the plant's proct'sses and 
that a large quantity of unused coating mixture is 
wasted. The greate~t cost savings can be achieved 
by the plant through the installation of an 
automa1ed system for mixing and diluting coating 
mixtures. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing re!iCarch 
proj~ct that is fully documented in a separate report 
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of the same title available from Universi~- Ci~­

Science Center. 

16 Waste Minimization Assessment for 
a Manufac:turer of Aerial Lifts 

By Hany W. Edwards, Michael F. Kostrzewa 
and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufacturers 
WastcMinimizationAssessmentCenters(WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Waste 
Minimization Opportunity Ass~ssment .\lanual 
(EPA/625n-88/003, July 1988). That document has 
been superseded by the Facility Pollution 
Prevemion Guid~ (EPA/600/R-92/088. May 1992) 

The \\"MAC team at Colorado State University 
performed an assessment at a plant that 
manufactures aerial manlifts, ventilating driers, and 
air driers. The production of aerial manlifts requires 
sawing, cutting, and machining of metal, zinc 
plating or painting, and assembly. For the most 
part, only assembly operations are required for 
production of the ventilating and air driers. 

The team's report, detailing findings and 
recommendations, indicated that the waste streams 
generated in the greatest quantity are spent rinse 
waters from plating and paint preparation, and the 
greatest cost savings could be achieved by 
replacing the currently used parts washer with a 
system that uses a less hazardous solvent. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engine~ring Laboratory, Cincinnati, OH, to 
announce key findings of an ongoiag research 
project that is fully documented in a separa•e report 
of the same title available from University City 
Science Center. 



t 7 Waste Minimization Assessment for 
a Manufacturer of Mountings for 
Eltttronic Circuit Components 

By Richard J. Jendrucko, Kelly L. Binkley and 
Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
bas funded a pilot project to assist small and 
medium-size manufacturers who want to mirumize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufacturers 
W3StcMinimizationAsscssmentCenters(WMAt":s) 
were established at selected universities and 
prncedures wc;e 2Jap~ed from tfie EPA Wasu 
Minimization Opporlllnity As.sesmrent .\fanual 
(EPA/625n-88/003, July 1988). That document has 
been superseded by the Facility Pollution 
Prevention Guide (cPA/600/R-92/088, May 1992). 

The WMAC team at the University of Tennessee 
performed an assessment at a plant that 
manufactures ceramic mountings for ~lectronic 

circuit components. Several types of rr.,.)untings, 
nrying in size and number of ceramic layers and 
connectors, are manufactured by the plant. Ceramic 
sheets are manufactured onsite and coated with 
tungsten paste. The sheets are scored or cut, cured, 
inspected. arui nickel-plated, gold-plated. and 
brazed as required. 

The team's report, detailing findings and 
recommendations, indicated that the waste stream 
generated in the e.reatest quantity is \Ustewater 
from the plating lines and that significant cost 
savings could be achieved by purifying and reusing 
the effluent from the onsite was:tewater treatment 
plant. 

This Research Brief was developed by the principal 
investigators and EPA's Risk tteduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findirigs or an ongoing research 
project that is fully documented in separate report 
of th-.: same title available from University City 
Science Center. 
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18 Waste Minimization Assessment for 
a Manufacturer of Parts for Truck 
Engines 

By Richard J. Jendruci.:o. Kelly Bi.nL:ley. Todd 
Thom..s, Stephanie Wilson, Eric W. Dal~· and 
Gwen P. Looby 

The U.S. En\-ironmental P..otcction Agency (EPA) 
has funded a pilot project to assist small and 
medium-size manufacturers who want to minimize 
their generation or waste but who lack the expertise 
to do so. In an effort to assist these manufacturers 
Waste Minimization Assessment Centers ( WMACs) 
were established at selected uni\·ersities, and 
procedures were adapted from the EPA JJ"asu 
Minimization Opportunity Assnmrent .\lanual 
(EPA/625n-88/003, July 1988). That document has 
been superseded by the Facility Pollution 
Prevention Guide (cPA/600/R-n/088, May 1992). 

The WMAC team at the University of Tennessee 
perfonned a~ assessment at a plant that 
manufactures turbochargers. fan drives, and 
\-ibration dampers for truck engines. Metal castings 
are machined and cleaned; dee.reased, coated andior 
paintc:d, if required; and assembled, mspected. 
packaged, and shipped 

The team's report, detailing findmgs and 
recommendations, indicated that the plant could 
achieve significant cost savings by replacing its 
solvent-based painting system with an electrostatic 
powder coatmg system, thereby reducmg pamt 
overspray. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineenng Laboratol')·, Cincinnati. OH. to 
announce key fmdings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from University C11y 
Science Center. 

19 Waste Minimization Assessment for 
a Manufacturer of Electrical Rotating 
Devices 

By Richard J. Jendrucko, Thomas N. Coleman 
and Gwen P. Looby 

The U.S. Emrironmental Protection Asency (EPA) 
has funded a pilot project to assist small and 



medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufactur.:rs. 
W~ste Minimiza!ion Assessment Centers l \\'MACs) 
were established at selected l!!'iversities. and 
procedures were adapted from the EPA Jrasu 
.\lini•ization Opportunity A.uu.sment .\lanual 
(EP A/625n-88/003. July 1988). That document has 
been superseded by the Facility Pollution 
Prnention Guide tEPA/600/R-92/088, May 1992). 

The WMAC team at the Universil)· of Tennessee 
perfonned an assessment at a plant that 
manufactures se\·eral \llrietics of electrical rotatin@ 
devices. Metal sto.:k is machined, cleaned, and 
surface-treated if required. Laminations, which are 
used in rotor, stator, and stepper assemblies. arc 
manufactured in-house from strip stock. Rotors, 
stators, and steppers are manufactured through a 
series of operations ar.d are then assembled into the 
finished dc\'1Ce$. 

The team's report, detailing findings and 
recommendations, indicated that spent solutions 
from the four-stage aqueous cleaner are the waste 
streams generated in the greatest quantity and that 
significant cost savings could be achieved by 
discont;nuing the use of Freon™ vapor dcttreasmg 
for precision parts cleaning. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engmeering Laboratory. Cincinnati, OH. to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from Universil)· City 
Science Center. Philadelphia. PA 

20 Recycling Nickel Electroplatin1 
Rio~ Waters by Low Temperature 
Evaporation and Reve~ Osmosis 

By Tin • ..lthy C. Lindsey 

Low temperature evaporation and reverse osmosis 
systems were each evaluated (on a pilot scale) on 
their respective ability to process rinse water 
coll.:cted from a nickel electroplating operation. 
Each system offered advantages under specific 
operating conditions. The low temperature 
evaporation system was best suited !o processing 
solutions with relativcl:~ high (greater than 4,000 to 
S,000 mg/L) nickel concentration~. 
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The reverse osmosis system was best adapted to 
conditions where the feed solution had a relatively 
low (less than 4,000 to 5.000 mg/L) nickel 
concentration. In electroplating operations where 
relati\'cly dilute rinse water solutions must be 
concentrated to levels acceprable for replacement in 
the platin@ bath. a combination of the two 
technologies might pro\idc the best process 
alternati,·e. 

Initially, the re\·ersc osmosis system could be used 
to concentrate the feed solution. Th:s could be 
followed by low temperature enporation 
processin@ to concentrate the solution to le\·els 
acceptable for replacement in the plating bath. 

This Project Summary was developed by EPA's 
Risk Reduction Engineering Laboratory, Cincinnati, 
OH, to announce key findings of the research 
project that is fully documented in a s-parate report 
of the same title. 

21 Evaluation of Ultrafiltration to 
Recover Aqueous Iron Phosphating­
Dqreasin1 Bath 

By Gary D. Miller, Timothy C. Lindsey, Alisa 
G. Ocker, and Michelle C. Miller 

Pollution prevention efforts studied in the report 
summarized here targeted the hazardous waste 
generated from a 5,000gal iron 
phosphating!degreasing bath used by a metal 
fabricatc>r to clean and precondition steel parts for 
painting. When oil buildup in the bath began to 
sacrifice product qualit) and the discharge levels of 
oil and grease in the rinse water edged closer !o the 
maximum allowable limit, all 5,000 gal were 
dumped and replaced. 

Periodic dumping, about three times each year. 
resulted in at least 15.000 gal/yr of hazardous 
waste. Se\'eral waste minimization alternatives were 
considered, and ultrafiltration was selected as the: 
most promising technology to recover and reuse the 
bath and to reduce the total amount of hazardous 
waste generated. 

This project was carried out m four stages (I) 
initial Hsessment of the problem and evaluation of 
alternatives, (2) bench-scale screening of 
ultrafiltration membrane candidates. (3) pilot-~ale 
study at the lllinoi~ Hazardous Waste Research and 



Information Center tHWRIC) and (4) full-scale 
impiementation and testing onsite at the company's 
facility. 

Full-scale testing integrated the new waste 
reduction scheme into the facility's production 
process by applying ultrafiltration directly to the 
5,000gal iron phospbating/ degreasing balh. 
Ultrafiltration successfully remond oil 
contamination from the bath and returned clean 
proce~ solution bacL: to the original 5,000gal tank. 
Ultrafi!tration concentrated the hazardous 
component down to IOgal of oil~- ·waste and 
reduced hazardous waste generation 99.S-/.. 
Permeate flu.'t rates were high enough to compete 
\lliith the constant input of oil from the production 
line, and concentrations of oil in the bath were 
maintained at acceptable operating le,-cls. 

The estimated payback period associated ""'ith 
implementing ultrafiltration was only 6.9 month. 

This Project Summary was de'·eloped by EPA's 
Risk Reduction Engineering Laboratory, Cincinnati, 
OH, to announce key findings of the research 
project that is fully documented in a separate report 
of the same title. 

22 Minimization Assessment for 
Multilayered Printed Circuit Board 
Manufacturing 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium- size manufacturers who want to minimize 
their generation of hazardous waste but lacL: the 
expertise to do so. Waste Minimization Asses:;ment 
Centers (WMACs) were established at selected 
universities and procedures were adapted from the 
EPA Waste Minimization Opportunity Assessment 
Manual (EPA/625n-88/003, July 1988). 

The WMAC team at Colorado State University 
inspected a plant manuracturine multi layered circuit 
hoards. This complex operation has seven key 
elements: preparing individual layers of boards; 
transrerring circuit patterns to these layers and 
foming copper oxide castings; bonding to fonn 
multiple: layers; appl)ing copper (c:lc:ctrolc:ss 
plating) to ensure electrical contact; applying 
photorc:sist to define the area on which copper 
circuits are to be plated; applying copper 
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electroly·tically to establish circuit patterns on outer 
board surfaces follow-cd by tin or tin/lead plating to 
protect the circuits; and applying solder and final 
cleanup after selectively remo\ing protecti\-c tin 
layers. 

All the:;e elements of the manufacturing process 
generate hazardous wioste. e.g., electrolytic 
application of copper generates sulfuric acid; 
propylene glycoi methyl ether, copper-laden 
deionized wate:- and rinse ·.nter, ethoX)·lated 
octylFhenol; copper-free drag-out-ladc:n W!lter; and 
copper sulfate. 

The plant had already instituted waste minimization 
techniques: the tear:?' .. report, detailing fmd.ings and 
recommendations, indicated that additional 
reductions and su-ings, although not as great, were 
s-jll possible. The greatest reduction would come 
from separating liquid wastes into four streams 
containing differing amounts of waste. 

Copper-containing streams could be further treated 
and reused in process rinses and baths. Spent 
process solutions could be stored for recycling and 
reclaiming. 

23 Waste Minimization Assessment for 
a Manufacturer of Printed Circuit 
Boards 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of hazardous waste but lack the 
expertise to do so. 

Waste Minimization Assessment Centers (WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Waste 
Minimization Opportunity Assessment Manual 
(EPA/625n-88/003, July 1988). 

The WMAC team at Colorado State University 
inspected a plant producmg printed circuit boards -
a plant that already had taken steps to control its 

hazardous Wastes. Producing a circuit board 
involves many major processes and subprocesses. 
preparing the board; depositing copper on the board 
by electroless plating; applying dry film; 
electrolytically plating copper; electrolytically 
plating tin; etching and stripping·. applying solder; 



and. perhaps, plating gold on coMcctors 

Each of these steps produce~ huardous waste~. 
e.g., electrolytic copper plating results in .i.:;d soap 
dumps. copper and tin drag-out. and sulfuric J..:id 
The main sources of metallic contaminanon {co,...· ~· r 
(both dissoh·ed and metallic). tin. lead. gold• ... .: 
the rinses after scrubbing. plating, and etchu: 

Although the greatest &mount of -araste can be 
reduced by reusing effiuent from thr: MEMTEK™ 
(with some further treatment). the greatest doll.ar 
savings can be found b}· changing the dn· film 
developer. The present brand adheres suongly to 
the unexposed film and requires an aggressive acid 
soap; a less aggressi\"e. nonhazardous soap could be 
used with a less-adhering dry film de,·eloper. 

This Research Brief was developed b}· the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory Cincinnati, OH. to 
•Mounce key fmdings of an ongoing research 
project that is fully documented in a separated 
report of the same title nailable from the authors. 

24 Waste Minimization Assessment for 
a Manufacturer of Speed Reduction 
Equipment 

By F. William Kirsch and J. Clifford Maginn 

The U.S. Em;ronrnental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of hazardous waste but lack the 
experti~ to do so. Waste Minimization Assessment 
Centers <WMACs) were established at selected 
uni\·ersities and procedures were adapted from the 
EPA Waste Minimization Opportunity Assessment 
Manual (EPN625n-88/003, July 1988). 

The WMAC team at Colorado State University 
performed an assessment at a plant manufactunng 
speed reduction equipment -approximately 110,000 
speed reduction units/yr. Plant operations include 
machining and assembling parts for worm gear 
shafts and other shafts, worm gear bodies, hubs and 
hou~ings, bearings and seals. Keyed and threaded 
shaftll are case-hardened, ground with a thread 
grinder, and dcburred Component parts arc washed 
with an aque<1us cleaner before assembly, and 
finished assemblies are spray painted with 
solvent-based paints and lacquer thinner. 
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Spent cutting fluid and sludge. including turning~. 
and spent wash water are shipped off site for 
disposal. Spent hydraulic oil and nonaqueous 
cutting fluid arc shipped to a rec'.1;cler Waste pamt 
and spent lacquer th1Mer are shipped offsite for 
mcineration. 

The team's repon, detailing findings and 
recommendations. indicated that most waste 
consists of spent aqueous cunmg fluid, and that the 
greatest sa\;ngs could be obtained by ultrafiltrauon 
and recycle of spent wash water 

This Research Brief was developed b}· the principal 
in\"estigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati. OH. to 
aMOuncc key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors 

25 Waste Minimization Assessm~nt for 
a Manufacturer of Metal Bands, 
Oamp~ Retainers, al'd Toolin1 

By F. William Kirsch and Gwen P. Looby 

The U.S. En,;ronmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want tc minimize 
their generation of hazardous waste but who lack 
the expertise to do so. Waste M1mm1Z1tion 
Assessment Centers (WMACs) were established at 
scleckd universities and procedures were adapted 
from the EPA JJ"asre .\l1mmization Opportunity 
Antssmmt .\I anual tEPAJ62 5n -881003 July J 988) 

The WMAC team at Colorado State University 
performed an assessment at a plant that 
manufactures metal bands. clamps. retamers, and 
tooling-approximately 2 million lb/yr of product 
Metal ur.dergoes culling, machmmg, cleaning, and 
electroplating as required The specific processes 
are detenn1ncd by the particular product being 
produced 

The team's repon. detailing findings and 
recommendations, indicated the rnost was>.c was 
generated by metal cleaning and that the greatest 
cost savings would result from usmg deiomzed 
water instead or tap water to make up and mamtam 
the reagent baths m the metal cleaning and 
electroplaung hoes 

This Research Rnef was developed by the pr;nc1pal 



investigators and EP !.'s Risk Reduction 
Engineering Laboratol)·. Cincinnati. OH. to 
announce key fmdings of an ongoing research 
project that is fully documented in a separate report 
of the same site nailable from the authors. 

26 Waste Minimization Assessment for 
a Manuf adurer of lnjection-1\folded Car 
and Truck Mirrors 

By Marvin Fleischman. Clay Hensen. Gwen p_ 
Looby and f _ William Kirsch 

The U.S. Environmental Protection Agency I.EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
tt> do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities 
and procedures were adapted from the EPA Waste 
Minimization Opportunity Assessment Manual 
(EP A/625n-S8/003. July 1988). 

The WMAC team at the University of Louis,·ille 
performed an assessment at a plant that 
manufactures injection-molded car and truck 
mirrors-over 2.5 million/yr. Purchased parts and 
injection-molded plastic parts manufactured onsite 
are painted as needed and assembled 

The team's report. detailing findings and 
recormnendations, indicated that a lcrge quantity of 
wutc is generated by the painting process and that 
waste plastic also is generated in significant 
amounts The greatest cost savings can be achieved 
in this plant by using an alternate method of 
disposing of the waste paint sludge generated in the 

paint booths 

This Research Brief was developed by the pnncipal 
investigators and EPA's Risk Reduction 
Engineenng Laboratory. Cinc1rmat1. OH, to 
announce key findings of an ongoing research 
project th~t is fully documented in a scparale report 
of the ~me llllc available from the authors 

27 Waste Minimization Assessment for 
a Manufacturer of Custom Molded 
Plastic Products 

By Richard J. Jcndrucko and Phylissa S Miller 

The U.S Env1ronmcn1al Pr:>tec11on Agency (EPA) 
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has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities 
and procedures w•.:rc adapted from the EPA JJ"aste 
M inimizationOpportunily Asse ssment.\f anual(EP Al 

625n-88i003, July 1988). 

The WMAC team at the Universit} of T ennessce 
performed an assessment at a plant manufacturing 
custom-molded structural foam plastic 
products-approximately 840.000 parts per year. 
Resin pellets arc blended with cobrant pellets and 
regrind, then processed through a mold and press 
machine. Unfinished products arc dcgated to 
remove scams, have attachments inserted, and arc: 
drilled, if necessary. Next, parts are patched and 
sanded. Finally, the part undergoes finishing 
operations including nickel coating, spray fill 
application, and top coat application. 

The team's report. detailing findings and 
recommendations, indicated that the majority of 
waste was generated in the mold and press 
machir.cs but that the greatest savings could be 
obtained by utilizing electrostatic spray equipment 
in the finishing department to reduced (by 28%) the 
amount of paint solids waste generated. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Rcduc1ion 
Engineering Laboratory, Cincinr·ati. OH, to 
announce key findings of an onEoing research 
project that is fully documented in a separate report 
of the same title a\"ailablc from University City 
Science Center. 

28 Waste Minimization Assessment for 
~ Manufacturer of Permanent-Magnet 
DC Electric Motors 

By F. William Kirsch and Gwen P. LoClby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lacl the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established st selected universities 
and procedures were adapted from the EPA Waste 
Mimmizar1on Oppor11mify Assessment Manual 
(EPA/625n-88/003. July 1988) 



The WMAC team at the University of Tennessee 
~rfonned an assessment at a plant manufacturing 
permanent-magnet DC electric 
motors-approximately 12 million motors and repair 
parts per yr_ The armatures and stators are 
manufactured separately and then a~mbled into 
complete motor l•nits. After assembly. the motors 
are appropriately masked and painted according to 
customer specifications. 

The team's report, detailing findings-and 
recommendations, indicated that th~ majority of 
waste was generated in the armature assembly line 
but that the greatest savings could be obtained by 
installing an electrostatic powder coating system to 
reduce the generation of waste paint solids (93%) 
and to eliminate the gene~tion of waste paint 
liquids. 

This Research Brief wa:c. developed by the principal 
investigators and '::.PA's Risk Reduction 
Engineering Labo:~t.Jry, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title, which is available from the 
authors. 

29 Waste Minimization Assessmf'!nt for 
a Manufacturer of Metal-Plated Display 
Racks 

By Gwen P. Looby and F. William Kirsch 

The US. Em·ironmental Protection Ager.cy (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers wh<1 want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimizatit>n Assessment Centers 
(WMACs) were established at selected univer•.ties 
and procedures were adapted from the EPA Wa,te 
.Hin1mization Opportunity Aueument Manual 
(EPA/625n-88/003, July 1988). 

The WMAC team at the University of Tennessee 
performed an assessment at a plant manufo~turing 
metal-plated display racks. Steel wire, tubing, and 
sheets undergo machining operations, and the 
resulting parts arc then nickel ar.d brass-plated, 
nickel plated, zinc-plated, nickel and chrome-plated, 
or painted. The various finished parts are assembled 
into display racks. 

The team's report, detailing findings and 
recommendations, indicated that the majority of 
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waste was generated by the plating lines and that 
the greatest waste reduction would result from 
utilizing a Zero Discharge Recovery system in the 
nickel-plating baths. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory. Cincinnati, OH, to 
announce key findings of an ongoin~ research 
project that is fully documented in a separate report 
of the same title available from the authors. 

30 Waste Minimization Assessment for 
a Manufacturer of Prototype Printed 
Circuit Boards 

By F. William Kirsch and Gwen P. Loobys 

The U.~ Environmental Frntcction Agency (EPA) 
has fonded a pilot project to assist small- and 
me:iium-size manufacturers who want to minimize 
their generation of hazardous waste but lack the 
expertise to do so. Waste Minimization Assessment 
Centers (WMACs) were established at selected 
univenities and procedures were adapted from the 
EPA Wa,te Minimization Opportunity Anessment 
Manual(EPA!625n-881003, July 1988). 

The WMAC team at Colorado State University 
performed an assessment at a plant manufacturing 
prototype printed circuit boards. Various processes 
arc involved includiilg photographic operations. 
drilling, scrubbing, laminating. etching, and plating. 
The majority of the waste generated by this plant 
comes from the plating process 

The team's report, detailing findings and 
recommendations, indicated that the greatest waste 
reduction and cost savings would resl!lt from 
recovering copper, tin, and lead from the plating 
wastewater. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from !he authors 



31 Waste Minimization Assessment for 
a Manufacturer of Automotive Air 
Conditioning Condensers and Evapor­
ators 

By Gwen P. Looby and F. William Kirsch 

The U.S. Environmental Protection Aitency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities 
&nd procedures we.re adapted from the EPA Waste 
Minimization Opportunity Assusmmt .\fanual 
(EPN625 l 7-8E/003, July I 988). 

The WMAC team al the University of Tennessee 
performed an assessment at a plant manufacturing 
llUtomotive air conditioning condensers and 
evaporat1>rs - approximately 400,000 units per year. 
To make condensers, extrusions and steel coil are 
machined degreased, welded, and painted. Header 
assemblies are brazed and degreased. Fins are 
produced and placed inside header assemblies 
heforP. final brazing, leak testing, packaging and 
shipping. To make evaporators, aluminum side 
sheet stock and coil and box extrusions are 
machined and degreased along with aluminum tube 
stock. All parts are assembled with the fins before 
brazing, cleaning, and chromate surface treatment. 
After leak testing, evaporators are packaged and 
shipped. 

The team's report, detailing findings and 
recommendations, indicated that the majority of 
waste was generated in the non-chromate wc:ste 
water treatment facility but that the greatest savings 
could be obtained by converting to a powder 
coating technique in the condenser line to eliminate 
both contaminated paint solids and paint liquids. 

This Resea;ch Arief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors. 
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32 Waste Minimization Assessment for 
a Manufacturer of Military Furniture 

By F. William Kirsch and Gwen P. Looby 

Tr.e U.S. Environmeuu1l Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universitie"> 
and procedures were adapted from the EPA W!'.;t~ 
Minimization 'Jpportumty Assessment Manual 
(EPAf625n-88/003, July 1988). 

The WMAC team at the Universitv of Tennessee 
performed an assessment at a plan; manufacturing 
military furniture approximately 12,000 units/n. 
Wood and formica are laminated together via giue 
curing and then undergo woodworking operations 
including cutting. drilling, and routir.g. Finished 
boards are either packaged and shipped or 
transported to assembly. Metal stock is cleaned 
with solvent and then undergc,"!S various 
metalworking operations. Metal pieces are partially 
assembled, painted, then either pac:Caged and 
shipped or transferred to assembly before being 
packageci and shipped. 

The team's report, detailing findings and 
recommendations, indicated that the: majority of 
waste was generated during the painting operations 
and that the greatest savings could be obtained b\· 
installing an electrostatic powder coating system t~ 
completely eliminate paint solvent evaporation, 
paint solids waste, and paint-laden air litters. 

This Research Brief was developed by the principal 
investiga.ors and EPA's Risk Reduction 
Engineering Laboratory, CinciMati, OH, to 
announce key findings of an ongoing research 
prnject that is fully documented in a separate 
document of the same title avail11ble from the: 
authors. 

33 Metal Recovery/Removal Using 
Non-Electrolytic Metal Recovery 

By Vance G. Leak 

Radiator repair shops most commonly use hot 
caustic solutions to clean radiator sections before 
resoldering. These "boil-out" solutions become 



contaminated with dirt, rust, paint, and metals such 
as lead, copper, zinc, and tin. Metal le.,·els as high 
as 18,000 ppm lead, 500 ppm copper, 1,000 ppm 
zinc, and 1,500 ppm tin have oeen reported. 

The project summarized here investigated onsite 
recovery of these metal values as an alternative to 
current disposal practices 

Cooling the used solutions allowed dissolved 
metals to settle along "ith other solids and allowed 
reuse of up to 80% of the solution. This settled 
material was effectively stripped of metal 
hydroxides by using sodium sulfide. The hydroxide 
precipitate was then treated with two Jeachants to 
remove copper and leave a lead-rich sludge suitable 
for recovery by smelting. Ammonium carbonate 
was an effective copper Jeachant; ammonium 
persulfate was ten times Jess effective than 
ammonium carbonate. 

This Project Summary was developed by EPA's 
Risk Reduction Engineering Laboratory, Cincinnati, 
OH to announce key findings of the research 
project that is fully doc:imeuted in a separate report 
of the same title. 

34 Composites from Recycled Wood 
and Plastics 

By John A. Youngquis', George E. Myers, 
James H. Muehl, Andu·ej M. K.rzysik and 
Craig M. Clemons 

The ultimate gila) of our research was to develop 
technology to convert recycled wood fiber and 
plastics into durable products that are recyclable 
and otherwise environmentally friendly. Two 
processing technologies were used to prepare 
wood-plastic .-:omposites: airlaying and 
melt-blending. 

Research was conducted in (I) developing 
laboratory methods for converting waste wood, 
wastepaper, and waste plastics into forms suitable 
for processing into composites; (2) optimizing 
laboratory methods for making composite panels 
from the waste materials·. (3) establishing a 
database on the effects of formulation and bonding 
agent on physical and mechanical properties of 
composites; (4) establishing the extent to which the 
composites can be recycled without unacceptable 
loss ia properties; and (5) reaching out to industry 
to provide education, to develop applications, and 
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to extend the database. 

Overall, the program demon~.cra~~tf t':.at both air-laid 
and melt-blended composit·!S cm be made from a 
variety of waste wood, wastepaper, and waste 
plastics. The comJ>'>sites exhibit a broad range of 
properties that should make them useful in a wide 
variety of commercial applications. 

For nir-laid composites, the waste materials were 
demolition wood waste and waste plastics from 
milk bottles (polyethylene) and beverage bottles 
(polyethylene terephthalate). Results showed Yiat 
air-laid composites made from these waste 
ingredients possessed properties very similar to 
those of composites made from the virgm 
ingredients. 

In addition, air-laid composites contammg 20% 
reground panels possessed some properties that 
were superior to those of the original composites. 
For melt-blended composites, waste materials were 
wastepaper, polyethylene from milk bottles, and 
polypropylene from automobile battery cases or 
ketchup bottles. Waste magazine:; were slightly 
inferior to waste newspapers as a reinforcing filler; 
the properties of composites made from waste 
newspaper were better than those of composites 
made from wood flour, which is currently used in 
some commercial composites. Properties of 
wood-plastic composites were generally parallel to 
those of the plastics; thus, different balances in 
composite properties are possible from using waste 
plastic. 

Outreach activities included the organization and 
presentation of two international conferences on 
wood fiber-plastic composites, presentations at 
many conferences, publication of several papers, 
and several spin-off cooperative studies with 
industry. One major study with industry 
demonstrated the :::ommercial feasibility of making 
melt-blended composites from old newspapers and 
polypropylene. 

This Project Summary was developed by EPA's 
Risk Reduc.tiiln Engineering Laboratory, Cincinnati, 
OH, to announce key findings of the research 
project that is fully documented in a separate report 
of the same title. 



35 Alkaline Nonc:yanide Zinc: Plating 
and Reuse of Recovered Chemic:als 

By Jacqueline M. Peden 

A metal finishing process can create environmental 
problems because it uses chemicals that are not 
only toxic but also resistant to degradation or 
decoir.position. A study was undertaken at a zinc 
electroplating operation to achieve zero discharge 
of wastewater and total recycle of recovered 
precipitates. 

The first step in this project was to change an 
existing zinc cyanide (CN) plating line to one that 
used an alkaline noncyanide (ANC) zinc bath. The 
project then investigated a closed-loop system to 
treat plating rinsewater from the ANC zinc plating 
line so the plating chemicals were recovered and 
the water purifii~d. The goal was to return both the 
recovered zinc hydroxide and the clean water to the 
p!ating line for continued use. The system that was 
designed and installed, at P&H Plating Co., a 
Chicago area operation used precipitation by pH 
adjustment to remove the zinc from ..ne rinsewater. 

The precipitated zinc hydroxide was collected on 
filters, dewatered using a filter press, and stored for 
reuse in the plating line as needed. Once filtered, 
the water was recirculated to the rinsing portion of 
the plating line. The recovery/recycle system 
successfully purified the rinsewater and facilitated 
the recycling of the cleaned water ·nd the 
t>recipitated zinc hydroxide. Eliminating cyanide 
from the plating process meant the line workers 
were dealir1g with a less toxic plating bath, made 
compliance with regulations easier and reduced 
treatment and disposal costs for the company. 

The recycling of the recovered water and the zinc 
hydroxide further reduced the costs for treatment 
and disposal. The replacement of this single CN 
line with an ANC line resulted in an annual savings 
to P&H Plating of S 14,000 from the elimination of 
the need to pretreat the plating line rinsewater to 
oxidize cyanide. The addition of the 
recovery/recycle system Increas.:d the company's 
savings to $62,000/yr. The reuse of 30% of the 
recovered zinc hydroxide and 70% of the treated 
rinsewa1er reduced annual water usage and 
wastewater discharge by 841,911 gal and reduced 
the amount of sludge disposed annually by 14 yd>. 

The payback period for the recovery/recycle system 
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is slightly less than 18 mo. Installation and use of 
this system for other ANC platmg operations would 
result in reduc<io1. '> in wastes and increased 
economic benefits similar to those experien.;ed by 
P&H Plating Co. 

This Project Summary was developed by EPA's 
Risk Reduction Engineering Labora<.>ry, Cincinnati, 
OH. to announce key findings of the WRITE 
program demonstration that is fully documented In 
a separate report of the same title. 

36 Waste Minimization Assessment for 
a Manuf ac:turer of Rebuilt Railway Cars 
and Components 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium- size manufacturers who want to minimize 
their generation of hazardous waste but lack tne 
expertise to do so. Waste Minimization Assessment 
Centers (WMACs) were established at selected 
universities and procedures were adapted from the 
EPA Waste Minimization Opportunity Assessment 
Manual (EPA.'625n-88/003, July 1988). 

The WMAC team at the University of Tennessee 
inspected a plant that rebuilds approximately 2,000 
railwa} cars (open, flat, and freight) each year and 
that refurbishes wheel assemblies and air brake 
systems. 

The team's report, detailing their findings and 
recommendations, indicated that the greatest 
opportunities to minimize waste came from the 
railcar painting operation where paint and primer 
solids and sludge are generated. 

The team recommended installing an electrostatic 
spray paint system for priming and painting to 
reduce the overspray losses. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documenteci in a separate report 
of the same title available from the authors. 



37 Waste Minimization Assessment for 
a Manufacturer of Sheet Metal 
Components 

By Hany W. Edwards, Michael F. Kostrzewa 
and Gwen P. Looby 

The U.S. Em'ironmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assis! these manufacturers 
Waste Minimization Assessment Centers ( WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Waste 

Minimization Opportunity Assessment Manual 
(EPA/625n-88/003, July 1988) 

The WMAC team at Colorado State University 
perfonned an assessment at a plant that 
manufactures precision sheet-metal components, 
primarily for electronics and medical equipment. 
Sheet metal is machined into desired components 
that are anodized or chromated if aluminum; 
degreased and painted if required; and assembled, 
inspected, packaged, and shipped. 

The team's report, detailing findings and 
recommendaticns, indicated that the plant could 
achieve significant cost savings and wast.: reduction 
by replacing its standard paint spray guns with 
high-volume low-pressure paint guns, thereby 
reducing paint overspray. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati. OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from University City 
Science Center 

38 Waste Reduction Activities and 
Options for a Manufacturer of Wire 
Stock Used for Production of Metal 
Items 

By Alan Ulbrecht and Daniel J Watts 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protection and Energy (NIDEPE) 
to assist in conducting waste minimization 
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assessments at 30 small- to medium-sized 
businesses in the state of New Jersey. 

One of the sites selected was a facility that 
manufactures wire stock used for production of 
metal items. The facility processes carbon steel and 
stisinless steel coiled rods by cold drawing them 
into smtaller diameter wire which is sold as stock 
for production of metal items such as ball bearings 
and springs. The process involves several surface 
cleaning and preparation steps in addition to simple 
cold dra\\'ing. 

A site ,;sit was made in 1990 during which several 
opportunities for waste minimization were 
identified. Options identified included improvement 
of quality of acid wastes leading to beneficial 
!'econdary use, and modification of rinsing 
procedures to reduce flow of wast~water. 

Implementation of the identified wa~te 

minimization opportunities was not part of the 
program. Percent waste reduction, net annual 
savings, implementation costs and payback periods 
were estimated. 

This Research Brief was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Lzboratory in Cincinnati, OH, to 
announce key findingo. of this complet.:d 
assessment. 

39 Waste Reduction Activities and 
Options for a Manufacturer of Finished 
Leather 

By Patrick Eyraud and Daniel J. Watts 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Depertment 
of Environmental Protection and Energy (NJDEPE l 
to assist in ~onducting waste minimization 
assessments at 30 small- to medium-sized 
businesses m the state of New Jersey. One of the 
sites selected was a manufacturer o~ finished 
leather. 

A site visit was made in 1990 during which several 
opportunities for waste minimization were 
ider.tified. Recommendations included 
changeover to water-based coatings; 2) installation 
of a solvent recovery reuse capability; 3) use of a 
hand pump to reduce spillage during transfer and 
physical layout considerations to mface the 
distances materials must be moved; 4) reducing the 



volume of the container for test mixes; 5) 
improvements to the computercontrolle..i 
sp~ay-coating operation to reduce overspray; and 6) 
the US(; of covers over formubted coating mixtures 
to reduce air emissions. 

Implemertation of the identified "aste 
minimization opportunities was not pan of the 
program. Percent waste reduction. net annual 
~nings, implementation costs and payback periods 
were estimated. 

This Research Brief was dev.-J.>ped by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincinnati. OH, to 
announce key findings of this completed 
assessment. 

40 Waste Reduction Activities and 
Options for a Manufacturer of Room 
Air Conditioning Units and Humidifiers 

By Hana Saqa and Daniel J. Watts 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protection and Energy (NIDEPE) 
to assist in conducti,g waste minimization 
assessments at JO small- to medium-sized 
businesses ir ie state of New Jersey. One of the 
sites selected was a facility that manufactures room 
air conditioners and humidifiers. 

A site visit was made in 990 during which several 
opportumues for waste minimization were 
identified. These opportunities include more 
efficient recover\' of degreasing solvents, movement 
to aqueous degrea~ir.g procedures, and segregation 
and reuse of hydraulic and lubricating fluids. 

Implementation of the 1clentified waste 
minimization opportunities was not part of the 
program. Percent waste reduction, net annual 
savings, implementations costs and payback periods 
were estimated. 

This Research Brief was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincmnati, OH, to 
announce key findings of this completed 
assessment. 

41 Waste Reduction Activities and 
Options for a Manufacturer ~f Systems 
to Produce Semiconductors 

By Alan Ulbrecht and Daniel J. Watts 

The U.S. Emironmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protecting and Energy (NIDEPE) 
to assist in condt:~ting waste minimization 
assessments at JO smal'- to medium-sized 
businesses in the state of New Jersey. One of the 
sites selr-cted was a facili~· that manufactures 
systems for vapor deposition of organometallic 
compounds or metals used in the production of 
semiconductors. 

As part of the manufacturing process it is necessa~ 
to test the S)'Stems using the materials actually used 
in semiconductor production. Test deposition of 
materials containing arsenic, indium, or gallium, 
among others, result in much of the waste stream 

A site Visit was made in 1990 during which several 
opportunities for waste mm1m1zation were 
identified. Options identified included changes in 
degreasing procedures and modifications to filtering 
systems. 

lmplementati.>n of the identified waste 
minimization opportunities was not part of the 
program. Percent waste reduction, net annual 
savings, implementation costs and rayback periods 
were estimated. 

This Research Brief was developed by the Principal 
Investigators and ~PA's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
assessment. 

42 Waste Reduction Activities 
Options for a ~anufacturer 

Electroplated Wire 

By Alan Ulbrecht and D.miel J. Watts 

and 
of 

The U.S Environmental Protection A~ency (EPA) 
funded a project with the New Jersey Department 
of Environmental Protection and Energy (NJDEPE) 
to assist in conducting waste minimization 
asseHments at JO small- to medium-sized 
husmes~s in the state of New Jersey. 



One of the sites selected was a facility that 
manufactures electroplated wire for use in the 
automotive, computer, aerospace, and related 
industries. The wire is plated with copper, silver, 
nickel, tin, or tin-lead according to customer 
specifications. The process involves cleaning of•he 
ba~c wire followed by electroplating using a 
reel-to-reel technique. A site visit was made in 
I 99C during which several opportu._"lities for waste 
minimization were identilied. 

Options identified included reduction of discharge 
volume, improved rinsing operations, changes in 
the wire drawing operation and consideration of a 
zero-discharge system. Implementation of the 
identified waste minimization opportunities was not 
part of the program. Percent waste reduction, net 
annual savings, implementation costs and payback 
periods were estimated. 

This Research Brief was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
assessment. 

43 Waste ~eduction Activities and 
Options for a Transporter of Bulk 
Plastic Pellet:; 

By Hanna Saqa and Daniel J. Watts 

The U.S. Environmental Protection Agency "EPA) 
funded a project with the New Jersey Department 
of Environmental Protection and Energy (NJDEPE) 
to assist in conducting waste minimization 
assessments at 30 small- to medium-sized 
businesse:; in the state of New Jersey. 

One of the sites selected was a trucking company 
which specializes in the transportation of dry bulk 
plastic pellets from the manufacturer to the user. 
The assessment focused on the large volumes of 
ho~ water which are used to clean the tank trucks 
between shipments. 

A site visit was made in 1990 duri:ig which several 
opportu01t1es for waste minimization were 
identified. Options identified included recirculation 
of the water and use of compressed gasses as a 
partial replacement ior the water stream used to 
clean the trucks. 

lmp1emen~ation of the identified waste 
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mmuruzation opportun1ttes was not part of the 
program. Percent waste reduction, net annual 
savings, implementation costs and !Jayback periods 
were estimated. 

This Research Brief was developed by th<.. Principal 
Investigators and EPA's Risi.:: Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings or this completed 
assessment. 

44 Waste Minimization Assessment for 
a Manufacturer of Cutting and Welding 
Equipment 

By Harry W. Edwards, Michael F. Kostrzewa 
and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack tho expertise 
to d'.l so. In an effort to assist these manufacturers 
Waste Minimization Assessment Centers ( WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Waste 
Minimization Opportunity Asses.sment Manual 
(EPN625n-88/003, July 1988). 

The WMAC team l'I Colorado State University 
performed an assessment at a plant that produces 
custom-built cutting and welding equipment. 
Components are fabricated from steei and other raw 
materials that are cleaned, machined, welded, and 
painted. Machines are then assembled, tested, and 
calibrated. The hazardous wastes generated by the 
plant include tramp oil, spent cutting fluid, spent 
lacquer thinner, and chromium-contaminated paint 
dust and filters. 

The team's report, delailing findings and 
recommendations, indicated that the plant could 
achieve the greatest dollar savi!lgs by replacing 
chromium containing solvent-based paints with 
chromium-free water-based paints. 

This Research Brief was developed by the principal 
investigator and EPA's Risk Reduction Engineering 
Laboratory, Cincinnati, OH, to announce key 
findings of an ongoing research project that is fully 
documented in a separate report of the same title 
that is available from the University Centre Science 
Centre. 

-------------------------------- ---- ---------------- --------- -------·-------·------



45 Waste Minimization Assessment for 
an Aluminum Extrusions Manufacturer 

By Gwen P. Looby and F. William Kirsch 

The U.S. Environmental Protection Agency tEPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities 
and procedures were adapted from the EPA raste 
Minimization Opportunity Assessment Manual 
(EPN625n-88/003, July 1988). 

The WMAC team at the University of Tennessee 
performed an assessment at a plant manufacturing 
aluminum extrusions 
over 36 million lb/yr. Primary and scrap aluminum 
is melted down, cast into logs, then heat treated. 
Next, th,"! logs are extruded into desired shapes. 
Extrusions are sheared, heat treated, then either 
buffed, anodized (colorized), painted, or shipped. 

The team's report, detailing findings and 
recommendations, indicated that the majority of 
waste was generated in the anodizing line but that 
the greatest savings .:ould be obtained by installing 
an electrostatic powder coating system to eliminate 
spent t"luene, air filters, plastic sheets, paint ash, 
and evaporated solvc:nts. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory. Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors. 

46 Waste Minimization Assessment for 
a Manufacturer of Can-Manufacturin& 
Equipment 

By F. William Kirsch and Gv·cn P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of hazardous waste but who lack 
the experti!IC to do so. Waste Minimization 
Assessment Centers (WMACs) were established at 
selected universities and pro-;edures were adapted 
from the EPA Waste Minimization Opportunity 
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Assn$ment Manual tEP N625n-88/003, July 1988) 

The WMAC team at Colorado State University 
performed an assessment for a plant that produces 
equipment for manufacturing and decorating 
aluminum beverage cans. Each component 
manufactured undergoes a unique series of 
operations including cutting, machining, welding, 
and painting. 

The team's report, detailing findings and 
recommendations, indicated that spent cutting fluid 
and contaminated hydraulic fluid are the largest 
wastes generated by the plant and that significant 
savings could result from instituting a recycling 
program for the waste cutting fluid. 

This Research Brief was developed by the principal 
investigators and EP A's Risk Reducuon 
Engineering L'1bcratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors 

47 Waste Minimization Assessment for 
a Manufacturer of Refurbished Railcar 
&earing Assemblies 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPAi 
has funded a pilot project to assist small- anci 
medium-size manufacturers who want to minimi1e 
their geueration of waste but who Jack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities 
and procedures were adapted from the EPA Waste 
Minimization Opportunity Assessment Manual 
(EPN625n-88/003, July 1988). 

The WMAC team at the University of Tennessee 
performed an assessment at a plant that rebuilds 
rai I car bearing assemblies-approximately 163 ,200 
bearing components per year. Bearings are 
disassembled, washed. then inspected. "Premium" 
bearings, those still within specifications, are 
reassembled with new grease and bearing seals, 
packaged, and shipped Nonpremium bearings are 
buffed, rinsed in hot water, and then chrome plated 
to build up the bearing surfaces. After chroming, 
the pans are rinsed, baked, and allowed to air cool 
Cooled bearmgs are reassembled with new grease 
and seals, then packaged and shipped 



The team's report. detailing fmdings and 
recommendations. indicated that the majority of 
waste was generated during the railcar beanng 
cleaning operation and that the greatest savings 
could be obtained by instigating onsite wastewater 
treatment and recirculating reco\·ered water to 
reduce { 90%) water coDSWDption in the railcar 
bearing cleaning operation. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory. Cincinnati, OH, to 
announce L:ey findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors. 

48 Waste Reduction Activities and 
Options for a Manufacturer of Paints 
Primarily for Metal Finishin1 

By Patrick Eyraud and Daniel J. Watts 

The U.S. Environmental Protection Agency (EPA) 
fwided a project with the New Jersey Department 
of Environmental Protection and Energy (NIDEPE) 
to assist in conducting waste minimization 
assessments at 30 small- to medium-sized 
businesses in the state of New Jersey. 

One of the sites selected was a facility thal 
produces paints primarily intended for metal 
finishing 

A site visit was made in 1990 during which several 
opportunities for waste minimization were 
identified. These opportunities include improved 
solvent handling techniques, reuse of some solvent 
washing wastes, and changes in equipment washing 
techniques. Implementation of the identified waste 
minimization opportunities was not part of the 
program Percent waste reduction, net annual 
savings, implementation costs and payback periods 
were estimated. 

This Research Brief was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
assessment. 
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49 Waste Minimization Assessment for 
a Manufacturer Producin1 Galvanized 
Steel Parts 

By F. William Kirsch and J. Clifford Maginn 

The U.S. ED\ironmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manafacturers who want to minimize 
their generation of hazardous waste but who lack 
the expertise to do so. Waste Minimization 
Assessment Centers (WMACs) were established at 
selected universities and procedures were adapted 
from the EPA Waste Minimization Opportunity 
Assessment Manual (EPA/625n-88/003, Juh· 
1988). 

The WMAC team at Colorado State Univcr~ity 
performed an assessment at a plant producing 
galvanized steel parts-approximately 10.000tons/yr. 
The major process operations are degreasing and 
rinsi.'lg, acid pickling and rinsing, prefluxing, and 
galvanizing. All these operations, except 
galvanizing. result in the formation of waste 
streams requiring off-site disposal. Bottom dross 
from the galvanizing kettle and zinc oxide skimmed 
from the surface of the molten zinc are sold as 
usable products. 

The team's report, detailing.findings and 
recommendations, indicated that most waste was 
generated in acid pickling and rinsing and tl at the 
greatest savings could be obtained by continuous 
air agitation to extend the life of the pickling acid 
and rinse by enabling more complete removal of 
dissolved iron when th"se solutions are treated 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineenng Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors. 

SO Waste Minimization Assessment for 
a Paint Manuf acturin1 Plant 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium- size manufacturers who want to minimize 
their generation of hazardou!I waste but lack the 



expertise to do so. Waste Minimization Assessment 
Centers {WMACs) were established at selected 
universities and pr~edures were adaote<! from the 
EPA Waste Minimization Opportunity Asse~-ment 
Manual {EPN625n88/003, July 1988). 

The WMAC team at Colorado State University 
inspected a plant blending and mixing raw 
materials into paints, coatings, stains, and 
surface-treating products. For water-based paints, 
water, latex, resins, extenders, and r;gmcnts are 
mixed and blended. For oii-based paints, solvents 
replace \\atcr and latex, and plasticizers, tints, and 
thinners arc also added. These batches are then 
transferred to let-down tar.ks wnere additional 
ingredients are incorporated. 

After testing, the paints meeting specifications arc 
filtered. canned, labeled, and packaged for shipping. 
Hazardous wastes result when the mixing vessels, 
tanks, and lines arc cleaned. For example, cleaning 
a let-down tank after a water-based paint has been 
blended requires about 35 gal water; after a 400-gal 
tank for a solvent-based paint, about 5 ~al mineral 
spirits. Because the spirits are sent off-site for 
recovery, most of the waste results from cleaning 
up after mixing water-based paint. This waste is 
hazardous because it contains mercury used as the 
bactericide. 

Although the plant reuses rinse water, recovers 
solvent, and has adopted other measures to reduce 
waste, the team report, detailing findings and 
recommend actions, suggested that additional 
savings could result from installing a pipe cleaning 
system, using a solvent-recovery system based on 
distillation, and substituting an organic material for 
the mercury bactericide. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the au•hors. 

SI Watts Nickel 
Recovery via an 
Osmosis System 

and Rins2 Water 
Advanced Reverse 

By C. Schmidt, I. Erbas-White, and R. Ludwig 

The full report summarize'! the results of an 8-mo 
test program conducted at the Hewlett -Packard 
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Printed Circuit Production Plant, Sunnyvale. CA 
t'HP) to assess the effectiveness of an advancc:d 
rc\·crsc osmosis ~·stem {AROS). 

The AROS unit, manufactured by Water 
Technologies, Inc. (WTI) of Minneapolis, M~. 
incorporates membrane materials and system 
components designed to treat metal plating rinse 
water and produce two product streams· {I) a 
concentrated metal solution suitable for the platmg 
bath. and (2) rinse water suitable for reuse as final 
rinse. Wastewater discharge can be ,;rtualiy 
eliminated and significant reductions realized in the 
need for new plating bath solution and rinse water 

The AROS unit performed ve~- reliably during the: 
test program During a 5,000-hr trial, approximately 
190,000 gal of rinse water were treated to produce: 
1,100 gal of concentrated plating bath for recyck 
The second output stream from the AROS unit was 
recycled as clean rinse uater, reducing the demand 
for deionized water production. 

In addition, wastewater treatment and disposal costs 
were reduced by approximately $13,000 If 
operated at full capacity, the unit capital cost was 
estimated to have a paybacii; period of 
approximately 2 yrs The AROS was evaluated 
under the Caiifomia/EPA Waste Reducuon 
Innovative Technology Evaluation {WRITE) 
Program, in which the cooperative efforts of the 
U.S. Environmental Protection Agency (EPA) and 
the California Environmental Protection Agency 
were used to evaluate innovative pollution 
prevention techniques. 

This Project Summary was developed by EPA's 
Risk Reduction Engineering Laboratory. Cincinnati, 
OH, to announce key findings of the research 
project that is fully documented in a separate report 
of the same title. 

52 Evaluation of Five 
Minimization Technologies 
General Dynamics Pomona 
Plant 

Waste 
at the 
Division 

By Lisa M. Brown and Robert Ludwid 

Eight waste reduction technologies encompassing 
five Industrial process areas at the Gcncr;sl 
Dynamics Pomona Division (GDPD) were 
technically and economically evaluated under the 



Califomia/U.S. Emironmental Protection Agency 
(EPA) Waste Reduction Innovative Tcchnolo~· 
fa·aluation (\\'RITE) Program. Evaluations were 
made through site visits and followup discussions 
\\ith GDPD staff and equipment suppliers. 

The technologies Included ( l) computerized printed 
cin:uit board plating~ (2) sulfuric acid anodizing; 
(3) robotic paint facility operations "ith la) 
proportional paint mixing, (b) water-based solvent 
replacement, (c) electrostatic paint spraying. and ( d) 
solvent <iistillation; (4) bead-blast paint stripping: 
and (5) Freon recovCI)·. 

Overall, there was a decrease in hazardous waste 
generation and an increase in producti,ity or reuse 
of recycled materials. In most cases, the 
technologies could be easily transferred to other 
industries except for the prohibitive costs of the 
computerized cin:uit board and some processes 
\\ithin the robotic paint operation. 

The paybacl, period estimates ranged from less than 
a year for ihe Freon recovery still to 67 yr for the 
sulfuric acid anodizing system. Difficulties in 
estimating payback periods resulted mainly from 
the unavailability of company-sensitive information. 

This Project Summary was developed by EPA's 
Risk Reduction Engineering Laboratory Cincinnati, 
OH, and Califomias Department of Toxic 
Substances Control, Sacramento, CA, to announce 
key findings of the research project that is fully 
documented in a separate report of the same title. 

53 Cadmium and chromium Recovery 
from Electroplatin& Rinsewaters 

By Arun R. Gavaskar, Robert F. Olfenbuttel 
and Jody A. Jones 

Tfiis evaluation addresses the product quality, 
pollution prevention potential, and economic factors 
involved in the use of ion exchange to recover 
cadmium and chromium from electroplating 
rinsewaters and to remove contaminants for reuse 
of rinsewater. Cadmium, chromium, and cyanide 
(which is part of the cadmium bath) are on EPA's 
33150 list of target chemicals. 

Test results showed that the water returned to the 
rinse after ion exchange was of acceptable quality 
for both the cadmium and chromium processes. The 
ion exchange resins are regenerated with sodium 
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hydroxide (NaOHl. On the cadmium line. the 
regenerant was subjected to electrolytic metal 
reco,·e~· (EMR) to reco\·er cadmium for reuse m 
the plating bath. On the chromium line. the 
regenerant was pa~ through a cation exchange 
resin in an effort to re.-:o,-cr chrC1mic acid. Although 
the recovery results were good on the cadmium 
line. chromic acid could not be reco\-cred in this 
test. 

The pollution prevention potential of ion exchange 
on the cadmium and chromium rinsewater is good; 
howe\·er, further testing is needed to establish good 
recovery of chromium as chromic acid from the 
regenerant. The ionexchange processes also pro,·ed 
economically \·iable. 

This Project Summary was developed~- the U.S. 
EPA's Risk Reduction Engineering Laborato~· 

(RREL), Cincinnati, OH, to announce key findings 
of the research project that is fully documented in 
a separate report of the same title. 

54 Removal and Containment of 
Lead-Based Paint Via Needle Scalers 

By Paul B. Kranz, James E. Stadelmaier, and 
Paul M_ Randall 

This report describes a comparative technical and 
economic e'-·aluation of using a dustless needlegun 
system versus a conventional abrasive grit blastmg 
system to remove lead-based paint from steel 
structures. The study objectives were to 
comparatively analyze the operational and '.ogist1cal 
aspects of using dustless needleguns for leadbased 
paint removal as they relate to hazardous waste 
generation. worker health and safety. and assoc1&tcd 
economic factors. 

The dustless needlegun system demonstrated its 
ability to produce a substantial reduction (97.5%) m 
the generation of hazardous waste when compared 
with that of con..-entional abrasive blasting The 
needlegun also substantially reduced (up to 99%) 
the airborne concentrations of respirable dusts and 
lead-containing particulates generated during pamt 
removal operations. 

Labor costs were decidedly higher (approximately 
300%) for the dw;tlcsi: needlegun system primarily 
because of slower production rates that necessitate 
more operating persoMel. These costs are 
substantiall} mitigated by reduction of costs 



associated with expen<bble abrasive blast material 
and hazardous waste disposal. Con\·cntional 
abrasive blasting pnl\-ed decidedly superior in the 
quality of surface preparation based on prescribed 
contract spccifiaations. 

The dustless ~dlcgun ~·stem is sho~-n to be 
economically competltl\"C with con,·entional 
abrasi\"C blasting when considering the reduced 
requirements for containment, hazardous waste 
disposal, and worker protection. 

This Project Swrunary was developed by EPA's 
Risk Reduction Engineering Laborator)·, Cincirmati, 
OH, to announce key fmdings of the research 
project that is fully documented ia a separate report 
of the same title. 

55 Evaluation of an Eltttrodialytic 
Process for Purification of Heuvalent 
Chromium Solutions 

By Dale W. Folsom, Jody A. Jones and Robert 
F. Olfenbutt-:1 

The evaluation summarize l here addresses the 
waste reduction and economics of an electrodialytic 
process that can be used to selectively remove 
impurities that build up in chromic acid solutions 
with use. The remonl of impurities extends the 
useful life of the chromic acid solution and reduces 
periodic replacement of the solution. The 
electrodialytic units tested in this evaluation were 
manufactured b}· Lonsep™. 

The units were tested at SL Modem Hard Chrome 
in Camden. NJ. (a hard chromium plating solution) 
and at Paramax in St. Paul, MN, (a chromic acid 
solution etching copper from printed wire boards). 
The elcctrodialytic process was found to effectively 
remove the impurities that build up in chromic acid 
solutions. 

The rate of return on investment was not cost 
effective for the hard chromium plating bath but 
was cost effective for the chromic acid etch bath, 
which had a pa} back of less than 5 yr. 

In these two examples, the payback was related to 
the rate of contaminant buildup in the solution-the 
more frequently a solution was replaced when 
contaminants were not removed, the shorter the 
payback after an electrodialytic process had been 
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installed. The chromium plating operation annua!!y 
reduced chromium needing disposal b~- 73 kg t 16 I 
lb). and the copper etching operation projected an 
annual reduction of 4,4 IO kg (9,700 lb). 

This Prokct Summa~- was de\·clopcd b}· EPA's 
Risk Reduction Engineering Laborato~-. Cincinnati, 
OH. to announce key findings of the research 
proJcct that is fully documented 10 a separate 
Tcchnolc>!Y Enluation Repon of th~ same title 

56 Waste Minimization Assessment for 
a Manufacturer of Chemicals 

By Gwen P. Looby and Phylissa S. Miller 

The U.S. Em·ironmcntal Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufact\Orers who want to minimize 
their generation of waste but who lack the expenise 
to do so. In an effort to assist these manufacturers. 
Waste MinimizationAsscssrnentCcnters(WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Jl"asu 

Minimization Opportuniry Assessment .\lanua: 
(EPA/625n-88iOOJ, July 1988) 

The WMAC team at the Univcrsi~· of Tennessee 
perfonned an assessment at a plant manufacturmg 
acrylic emulsions, low molecular weight resms, 
herbicides, and specialty chcmicals-approximatc:ly 
300 million lbiyr. In general. monomers. additives, 
activators, and catalysts are metered and mixed in 
tanks then pumped sequentially into reactor vessels. 

Once the product is formed, the solution is pumped 
into a blend tank where more chemicals, such as 
binders, eraulsifiers, and thickeners, arc added 
From t!-.= blend tank the product is passed through 
filters for clump removal then pumped into either 
storage tanks or drums for shippinj!.. 

The team's report. detailmg findings and 
recommcndallons, indicated that the majority of 
waste was generated in the wastewater trcatml'nt 
system and that the greatest savings could be 
obtained by mstalling a natural gas-fired dry-off 
oven in the wastewater treatment system to reduce 
(by 81%) the amount of sludge removed to the 
landfill. 

This Research Brief was developed by the principal 
invc!'ltigators and F.PA's Risk Reduction 
Engineering Lahoratory. Cincmnati, 011, to 



announce ke)- findings of an ongoing research 
project. This brief pro\·ides onl)- sumnu~ 

information and is not intended for use as a 
thorough analysis. A full)- documented report of the 
same title is u-ailable from the authors. 

57 Waste Minimization Assessment for 
a Manufacturer Sheet Metal Cabinets 
aad Precision Metal Parts 

By Gwen P. Looby and F. William Kirsch 

The U.S EmironmcnU!I Protection Agenc)- (EPA) 
has funded a pilot project tc assist small- and 
JIKdium-size manufactmers who want to minimize 
their generation of hazardous waste but who lacl.: 
the expertise to do so. Waste Minimization 
Assessment Centers (WMACs) were established at 
selected universities, and proc-:dures were adapted 
from the EPA ff"oste Minimization Opportunil)­

:bsuSWtent.\lanual (EPA/625n-88/003,July 1'>88) 

The WMAC team at Colorado State Univcrsi~ 
performed an assessment for a plant that 
manufactures sheet metal cabinets and pr-=cision 
melal parts. To make the cabinets, sheet metal is 
cut to size. bent, \A.-eldcd, and polished. The metal 
parts are then surface treated and painted. The 
machined parts are produced from har stock which 
is cut, drilled. milled, and ground as needed. 

The team's report. detailing findings and 
recommendations, indicated that the most wute 
was generated by the chromate conversion and iron 
phosphate coating processes that prepare the parts 
for painting. The plant could achieve the greatest 
cost savmgs by replacing solvent-based painting 
with powder-based painting. 

This P..esearch Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory. Cincinnati. OH. to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title, which is available from the 
authors. 

58 Waste Minimization Assessment for 
a Manufacturer of Aluminum Es:trusions 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA> 
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has funded a pilot project to auist small- and 
medium-size manufacturers who ~-ant to m1ninuze 
theu generation of huardous waste but who la.:k 
:he expertise to do so. Waste Minimization 
Assessment Centers (\\'MA.Cs) were established at 
selected unm:rs1t1cs aru! procedures were adapted 
from the EPA ff"aste .\lin1111ization Oppo.~.u;:ry 

..4ssusment.\lanua/(EPA/625n-88/003,July 1988)_ 

The 'W"MAC team at the Universi~- of Loui5'ille 
perf ormcd an assessment at a plant manufactunng 
aluminum extrus1ons-o,-cr IO million lb!) r. 
Aluminum parts are extruded and tempered 
follo\A.·ed by eleclrostatic painting, anodizing or 
shipping 

The team's report. detailing fmd~s and 
recommendations, indicated that the most waste 
was generated by the painting process and that the 
greatest sa\ings could be obtained by replacing the 
currently used paints \A.ith electrostatic powder 
coatings 

This Research Brief was developed by the principal 
investigators end EPA's Risk Reducuon 
Engineering Laborato~-, Cincinnati, OH. to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the sarr.e title nailable from the authors. 

59 Waste Reduction Activities and 
Options for a Scrap Metal Recovery 
Facility 

By Hanna Saqa and Daniel J. Wans 

The US Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
of Envirorunental Protection and Energy (NJDEPE) 
to assist m conducting waste minimization 
assessments at 3(1 small- to mediwn-sized 
businesses m the state of New Jersey. One of the 
sites selected was a facility that processes scrap 
metal to recover refined melals for reuse. 

The facility concentrates on recovery of tungsten, 
molybdenum. and lantalum. The processes used by 
the facility involve washing. degreasing,mechan:cal 
cleaning, and acid treatment. 

A site visit was made in 1990 during which se\·cral 
opportunities for waste minimization were 
identified. Options identified include improved 
process pH control, changes in solid precipitation 



technolo~. and add reuse. lmpiementation of the 
identified waste mimmLZation opportunities was not 
part of the program Percent waste reduction. net 
annual snings. implementation costs and payback 
penods were estimated_ 

This Research Bnefwas developed by the Principal 
ln\·estiptors and EPA's Risk Reduction 
E.ngin«ring LaboratOI} in Cincinnati. OH, to 
announce ~ey findings of this completed 
assessment_ 

60 Waste Minimization Assessment for 
a Metal Parts Coating 

B~- F. Wiiliam Kirsch and Gwen P. Loob~-

The U_S Environmental Protection Agency (EPA) 
has funde1 a pilot project to assist small- and 
mediwn-size manufacturers who want to minimize 
their generation of hazardous waste but lack the 
expertise to do so. Waste Minimization Assessment 
Centers (~AA.Cs) were established at selected 
universities and procedures were adapted from the 
EPA A'asre .\{inimization Oppor1unity Assessmenl 
.\fanual(EPAl625n-881003, July 1988). 

The WMAC team at the University of Tennessee 
performed an assessment at a plant wt-ere 
automotive parts are coated with epoxy, viny I, or 
polyester powders; with liquid plastisol; or w;th 
pamt After the WMAC team analyzed five process 
lines (for applying coatings) and the reworking 
operation (where unacceptabl} finished parts are 
stripped), a report was prepa;ed detailing their 
findings and recommendations_ 

The..- found three wavs to reduce the evaporation of 
methylethyl ketone .(MEK), the largest source of 
waste on the process lines: reduce the open surface 
area of the MEK container. cool the MEK, or meter 
the MEK. They also fowtd ways to reduce wastes 
from the rework process by installing controls. 
repairing defective drive components, or using 
alternative methods to remove defective coatings 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineermg Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that i~ fully documented in a separate report 
of the same title available frorn the authors_ 
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61 Waste Minimization Assessment for 
a Manufacturer of Aluminum and Steel 
Parts 

By Hany W. Edwards, Michael F. Kostrzewa 
and Gwen P. Looby 

The U.S Em.;ronmental Protection Agency (EPA) 
has funded a pilot project to assist small and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack: the expertise 
to do so. In an effort to assist these manufacturers, 
Waste Minimization Assessment Centers (WMACs) 
were established at selected universities and 
procedures were adapted from the EPA Wasle 
Mrnimizalion Opporlunity Assnsm~nl .\fanual 
tEPA/625n-88/003. July 1988) 

That document has been superseded by the Fcacihty 
Pollution Prevention Guide (EPA/600/R-92/088, 
May 1992). The WMAC team et Colorado State 
University performed an assessment at a plant th'lt 
manufactures a variety of steel and aluminum pans_ 
Raw material is machined and the resulting parts 
are welded, ground. and chromated. Parts arc then 
painted and logos and other lettering are screened 
or1to the pans. The parts are shipped followmg 
inspection, assembly, and packaging. 

The team's repo.1. detailing findings and 
recommendations, indicated that the waste streams 
generated in greatest quantity arc rinse water and 
paint wastes, and that the greatest cost sanngs 
could be achieved by replacing the conventional 
paint guns currently used with more efficient 
substitutes 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduc11on 
Engineering Laboratory. Cincinnati, OH. to 
annowtce key findings of an ongoing research 
project that is fuJly documented in a separate report 
of the same title available from University City 
Science Center. 

62 Waste Reduction Activities and 
Options for a Fabricator and Finisher of 
Steel Computer Cabinets 

By Kevin Gashlin and Daniel J. Watts 

The U.S. Environmental Protection Agency (EPA) 
funded a project with the New Jersey Department 



of Emironmental Protection and Energy (NIDEPE) 
to assist in conducting waste minimization 
assessments at 30 small- to medium-sized 
businesses in the state of New Jersey. One of the 
sites selected w3s !I fabricator and finisher of steel 
computer cabinets. 

A site visit was made in 1990 during which several 
opportumties for waste minimization were 
identified. These opportunities include improved 
painting technology, rationalization of 
metal-working oils and coolants. and changes in 
degreasing solvent management. Implementation of 
the identified waste minimization opportunities was 
not part of the program. Percent waste reduction, 
net annual savings, unplementation costs and 
payback periods were estimated. 

This Research Bri.:f was developed by the Principal 
Investigators and EPA's Risk Reduction 
Engineering Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
assessment. 

63 Recovery of Metals 
Aluminum Displacement 

By Steven C. Meyers 

Using 

Metal finishing operations generate waste streems 
containing heavy metals such as copper, lead, tin, 
and nickel. Standard pretreatment practice has 
involved removing these metals from the effluent 
before discharge using a variety of techniques, 
primarily precipitation as a sludge that must be 
disposed of as a hazardous waste. 

This project investigatc-d aluminum displacement as 
a pretreatment process for selected waste streams. 
The process has the potential of producing not only 
effluent suitable for discharge but also 
nonhazardous pure metal suitable for recovery. 
Testing of copper sulfate solutions at various flow 
rates showed copper removal in a range of 85% to 
97%. The pH was determined to have an 
insignificant effect on copper removal when held in 
a range of pH 2 to 3.5 

Recirculation testing of copper sulfate S<iluticns 
reduced copper concentrations from 200 to 1.5 
ppm. Recirculation testing of tin/lead fluoborate 
solutions reduced lead concentrations from 104 to 
0.65 ppm. ~ight other waste streams were evaluated 
to determine metal removal efficiency. 
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This Project Sw:una~ was developed by EPA's 
Risk Reduction Engineering Laboratory, Cincinn:iti. 
OH, to announce key fmdings of the resean.·h 
project that is fully do.-:umented in a separate report 
of the same t1tie. 

64 Waste Minimization Assessment for 
a Manufacturer of Brazed Aluminum 
Oil Coolers 

By F. William Kirsch and Gwen P. Looby 

The U.S. Em;rorune[ltal Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of hazardous waste but lack the 
expertise to do so. Waste Minimization Assessment 
Centers (WMACs) were established at selected 
universities and procedures were adapted from the 
EPA JJ·asre Jlinimization Opportunity Assessment 
.'4.lanual (EPA/625n-88/003, July 1988). 

The WMAC team at the University of Tenness.:e 
inspected a plant manufacturing brazed aluminum 
oil coolers that are used in heavy equipment. After 
the cooler components are fabricated, they are 
degreased (with Chlorothenet, which is recycled); 
assembled; brazed to join internal and external coil 
fin surfaces (involving a molten salt bath and a 
quench tank whose sludge is disposed of on-site in 
a sand filter bed); cleaned (with solutions and rin.se 
waters needing treatment and disposal); and 
painted 

The team's report, detailing findings and 
recommendations, indicated that a significant 
minimization opportunity could be effected by 
replacing molten salt bath brazing with vacuum 
brazing. The implementation cost would be high 
and the payback years relatively long, but the 
percent waste reduction (80%) and armual savings 
would be pronounced. 

This Research Bnef was developed by the principal 
investigators and EPA's RisK Reduction 
Engineering Laboratory, Cincirmati, OH. to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors. 



65 W zste Reduction Activities 
Options for a Manufacturu 
Commercial Refrigeration Units 

By Ke,·in Gashlin and Daniel J. Watts 

and 
of 

The U.S. En\'ironmental Protection Agency (EPA) 
funded a project with the New Jersey Department 
ofEm·ironmental Protection and Energ)· (NJDEPE) 
to assist in conducting waste minimization 
assessments at 30 small- to medium-sized 
businesses in the state of New Jersey. 

One of the sites selected was a facilitr that 
manufactures commercial refrigeration units. The 
manufacturing operations include design, metal 
working. metal finishing, and blowing of 
polyurethane foam into panel jacketing for 
insulation purpose.>. 

A site visit was made in 1990 during which several 
opportunities for waste minimization were 
identified. Options identified included new 
techniques to reduce CFC emissions from foam 
manufacture, new foam production deaning 
techniques to reduce methylene usage, improved 
painting techniques to reduce voe emissions, and 
reduction of sol\'ent wastes from general cleaning 
procedw-es. 

Implementation of the identified waste 
minimization opportunities was not part of the 
program. Percent waste reduction, net a~W!I 

sa\'ings, implementation costs and payback penods 
were estimated. 

This Research Brief was de·,·eloped by the Principal 
ln\'estigators and EPA's Risk Reduction 
Engineeri11g Laboratory in Cincinnati, OH, to 
announce key findings of this completed 
assessment. 

66 Waste Minimization Assessment for 
a Manufacturer of Finished Metal 
Components 

By Hal'T)· W. Edwards and Michael F. Kostrzewa, 
F. William Kirsch and J. Clifford Maginn 

The U.S. Environmental Protection Asency (EPA) 
has funded a pilot project to auist small- and 
medium-size manufacturers who want to mimmizc: 
their generation of waste but who lad: the expertise 

to do so. Waste Minimization Assessment C<!!nters 
(WMACs) were established at selected uni\'ersities 
and procedures were adapted from the EPA R"asu 

Minimization Opportunity Ass~ssment .\fam1al 
(EPA/62517-881003. July 1988). 

The \VMAC team at Colorado State Uni,·ersity 
performed an assessment at a plant manufacturing 
fmisbed metal components -approximately 260,000 
sq ft/yr. Customer-specified coatings and surface 
treatments are applied to prefabricated aluminum 
and stainless steel parts. Aluminum parts may be 
fmished b\· hard-coat or soft-coat anodizing, and 
chromate ~om·ersion coating. Staitlless steel parts 
are finished b\· surface passivation. Parts are also 
processed for ~urface inspection using a fluorescent 
dye and ultra\iolet light. 

The team's report. detailing findings and 
recoD!JOendations, indicated that most waste was 
generated in the aluminum ailodizing process, and 
that the greatest savings could be obtained by using 
l.»t deionized water instead of nickel acetate 
solution to seal pores in the aluminum oxide 
coating applied by anodizing. 

This Research Brief was de\'eloped by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH. to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title n·ailable from University City 
Science Center. 

67 Waste Minimization Assessment for 
a Manufacturer of Metal-Cutting Wheels 
and Components 

By F. William Kirsch and J. Clifford Maginn 

The U.S Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of hazardous waste but who lack 
the expertise to do so. Waste Minimization 
Assessment Centers (WMACs) were established at 
selected uni\·ersities and procedures were adapted 
from the EPA R"aslr .\finimi:zat1on Opportunity 
Assusmmt .\lanual (EPA 162517-88/003, July 
1988) 

The WMAC team at the University of Tennessee 
performed an auessment at a plant manufactunr.g 
metalcuttsng whechandcomponents-approximately 



6,000,000 units/yr_ Tungsten carbide; inserts for 
metal cutting are pressed. sintered. shaped by 
grinding. a!?~ ultrasonically cleaned. About half are 
coated with titanium nitride by chemical npor 
deposition_ 

Prcmoldcd c<:ramic inserts are ground to 
specifications and ultrasonically cleaned_ Steel disks 
for diamond-plated cutting wheels are machined. 
cleaned. treated with sulfuric acid, coated with a 
diamond abrasive compound in a nickel lattice 
(plated from a nickel sulfamate solution) and given 
a final electrolcss plating of nickel_ Aluminum and 
aluminum resin disks for diamond cutting wheels 
are machined to working specifications. a diamond 
abrasive compound is applied, and the wheels arc 
machined to final specifications_ 

The t-:am's report, d'!tailing fmdings and 
recommendations, indicated that most waste, other 
than treated wastewater, consists of sludge filtered 
from machine coolant, and that the greatest savings 
could be obtained by recycling treated water from 
the plant's wastewater treatment facility to the 
gas/water separators of the chemical vapor 
depr1ition units_ 

This Research Brief was developed by the principal 
in\·estigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
pro1ect that i! fully documented in a separate report 
of the same title available from the authors. 

68 Waste Minimization Assessment for 
a Manufacturer of Finished Metal and 
Plastic Parts 

By Harry W. Edwards, Michael F. Kostrzewa 
and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufacturers, 
Waste Minimization Assessment Centers (WMACs) 
were established at selected universities. and 
procedures were adapted from the EPA WaJU 

Minimization Opportunity A.uuJm~nf Manual 

(EPA/625n-88/003, July 1988) 

That document has been superseded hy the Facility 
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Pollution Prc,·ention Guides (EPA/6(i{)/R-92i088, 
May 1992). The WMAC team at Colorado State 
University performed an assessment at a plant that 
applies coatings to metal and plastic components 
supplied by its customers. Several different coating 
operations are performed. but the ones that generate 
consistent and significant quantities of waste arc 
anodizing of aluminum parts. chromating of 
aluminum pans, and painting of plastic and metal 
parts. 

The team's report. detailing fmdings and 
recommendations, indicated that large quantities of 
spent rinse water and process solutions, and spent 
solvent and still bottoms arc generated by th_ plant 
and that the life of the black dye ba:.'l could be 
extended to yield significant cost savings_ 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing regarch 
project that is fully documented in a separate report 
of the same title available from University City 
Science Center. Philadelphi3, PA. 

69 Waste Minimization Assessment for 
a Manufacturer Producing Printed 
Circuit Boards 

By Hany W. Ed•vards and Michael Kostrzewa, 
Phylissa S. Miller 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to ass:st small and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. In an effort to assist these manufacturers, 
Waste Minimization Assessment Centers (WMACs) 
were established at selected universities. and 
procedures were adapted from the EPA ff"aJte 

Minimization Opportunity .4JJnsment Manual 

(EP N625n-ss100J. July 1988). 

The WMAC team at Colorado State University 
performed an assessment at a plant "hich 
manufactures single-sided, doublesided, and 
:nultilayer printed circuit boards - approximately 
259,000 sq /Yr. In general, circuit art work is 
received and digitized The circuit design film 
template is laser generated from the digitized art 
work. In addition copper/epoxy laminates and 
copper foil( the inner layers material for multilayer 



boards) are cut into blank cards and lay.:rs with 
hydraulic shears. 

Component holes arc cut by drilling machines. 
Drilled cards are mechanically scrubbed to prepan­
for plating. Circuit patterns arc created on the 
boards and foil layers with a dry-film photoresist 
process and the multilayer boards are built up. The 
actual copper circuit pattern is generated by a series 
of photo-lithographic and plating processes. Final 
proce55ing includes legend application, routing, 
rinsing, electrical testing, inspections, packing, and 
shipping. 

The team's report, detailing findings and 
recommendations, indicated that the majority of 
waste was generated in the plating !ines and the 
greatest savings could be obtained by installing a 
spray rinse and eletrowinning system on the first 
rinse tank of the electrolytic copper plating line to 
reduce both copper plating rinse water (88%) and 
plating sludge (80%) due to drag-out in the first 
rinse tank. 

This Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratory, Cincinnati, OH. to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from University City 
Science Center, Philadelphia, PA 

70 Waste Minimization Assessment for 
a Manufatturer Motor Vehicle Exterior 
Mirrors 

By F. William Kirsch and Gwen P. Looby 

The lJ.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities 
and procedures were adapted from the EPA Waste 
Minimization Opportunity Assessment Manual 
(EPA/625n-88/003, July 1988). 

The WMAC team at the University of Tennessee 
performed an assessment at a plant manufacturing 
exterior motor vehicle mirrors-approximately 3 
million mirrors per year. Galvanized steel and 
stainless steel stock undergo stamping, pressing, 
and cutting operations followed by degreasing. 
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Stainless steel mirror housings arc buffed, 
assembled, packaged, and shipped. Galvanized 
steel, zinc die-cast, and plastic mirror parts are 
washed then elcctrostatically primed and painted. 
Parts are assembled, packaged, and shipped. 

The team's report,. detailing fmdings and 
recommendations, indicated that the majority of the 
waste was generated in the cleaning and washing 
areas but that the greatest savings could be obtained 
by insu.lling an electrostatic powder coating system 
to reduce primer/paint overspray (100%), solvent 
evaporation (55%), cleaning solvent evaporation 
(80-/o) and still bottoms (80%). 

This Research Brief was developed by the principal 
investigators and EPA's Risk Rcdu.;:tion 
Engineering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fully documented in a separate report 
of the same title available from the authors. 

71 ~, .ute Minimization Assessment for 
a Manufacture Aluminum Cans 

By F. William Kirsch and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assi:;t small- and 
medium- size manufacturers who want to minimize 
their generation of hazardous waste but lack the 
expertise to do so. Waste Minimization Assessment 
Centers (WMACs) were established at selected 
universities and procedures were adapted frcm the 
EPA ff'astt Minimization Opportunity Assessment 
Manual (EPA/625n881003, July 1988). 

The WfMC team at Cc.lorado State University 
inspected a plant producing more than one billion 
aluminum cans each year for a local beverage 
producer. After the cans have been formed, they arc 
cleaned and painted. These two operations generate 
the waste: most can cleaning wastes arc treated and 
sewered, and the hazardous painting and inking 
operations' wastes are shipped to a hazardous waste 
disposal facility. 

The on-site treatment facility treats the can washing 
effluent so that the oil can be hauled to an oil 
recycler, the sludge disposed of off-site, and the 
clarified liquid discharged to the sewer. Because the 
plant had already initiated many steps to mimmize 
and manage its waste~. the WMAC's team report, 
detailing their findings and recommendations, was 



only able to suggest that a nonhazardous reagent be 
substituted for the presently used reagent that 
cont&ins from 2% to 4% ammonium fluozirconate 
The can washing sludge would then be 
nonhazardous, and all of the hazardous waste 
disposal costs could be saved. 

This Research Brief was dr.\·elopcd by the principal 
investigators and EPA's Risk Reduction 
Engineering Laboratol)·, Cincinnati, OH, to 
announce key findings of an ongoing research 
project that is fuily documented in a separate report 
of the same title available from the authors. 

72 Waste Minimization Assessment for 
a Manufacturer of Machined Parts 

By Harry W_ Edwards, Michael F. Kostrzewa, 
Phylissa S. Miller and Gwen P. Looby 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established llt selected universities 
and procedures were adapted from the EPA JJ' aste 
.\linimization Opportunity Assessment Manual 
(EPA/625n-88/003, July 1988). 

The WMAC team at Colorado State University 
performed an assessment at a plant manufacturing 
machined parts-approximately 500,000 units/yr. 
This facility performs precision machine-shop work 
on a job shop basis. The process begins with 
cutting the stock to size, machining, and hand 
deburring the parts. Next, the parts are machine 
deburred in a large tumbler, washed, degreased, 
shipped offsite for chromating, and returned, 
assembled, ins;iected, packaged, and shipped. 

The team's report, detailing findings and 
recommendati•>ns, indicated that the majority of 
waste was generated by the deburrer rinse but that 
the greatest savings could be obtained by replacing 
the cutting fluid concentrate, thereby eliminating 
the need for degreasing with I, I, I-trichloroethane. 

This Research Brief was developed hy the principal 
investigators and EPA's Ri~k Reduction 
Engineering Laboratory. Cincinnati, OH, to 
announce key findings of an ongoing rese2 rch 
project that is fully documented in a separate rer·ort 
of the same title available from University City 
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Science Center. 

73 Waste Minimization Assessment for 
a Manufacturer of Components for 
Automobile Air Conditioners 

By Gwen P. Looby and F. William Kirsch 

The U.S. EnYironmental Protection Agency tEPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimize 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities 
and procedures were adapted fro1:1 the EPA Waste 
Minimization Opportunity Assessment Manual 
(EPA/625n-88/003, July 1988). 

The WMAC team at the University of Tennessee 
performed an assessment at a plant manufacturing 
charged air coolers, rolUld tube plate fin (RTPF) 
condensers, and air conditioner tubes for 
automotive air conditioning systems-approximately 
two million lb/yr. Even though this plant has three 
distinct product manufacturing lines, the processes 
can be generalized to the following: initially fins 
are produced and partially assembled with various 
components. These partial assemblies are vapor 
degreased and then either packaged and shipped or 
brazed either manually or in a vacuum brazing 
oven. Units are assembled into final products, 
painted black, inspected, packaged, and shipped. 

The team's report, detailing findings and 
recommendations, indicated that the majority of 
waste was generated in the rinse tanks and the hot 
water flush testing stations but that the greatest 
savings could be obtained by replacing 
solvent-based vapor degreasing systems with a 
detergent-based i"!'_'Tlersion system to eliminate and 
evaporated solvent losses. 

1 his Research Brief was developed by the principal 
investigators and EPA's Risk Reduction 
Engmeering Laboratory, Cincinnati, OH, to 
announce key findings of an ongoing re)'!arch 
project that is fully documented in a separate report 
of the same title available from the authors 



,-------------------------

74 Waste Minimization Assessment for 
a Printed Circuit Board Manufacturer 

By Gwen P. Looby and F. William Kirsch 

The U.S. Environmental Protection Agency (EPA) 
has funded a pilot project to assist small- and 
medium-size manufacturers who want to minimiLe 
their generation of waste but who lack the expertise 
to do so. Waste Minimization Assessment Centers 
(WMACs) were established at selected universities, 
and procedures were adapted from the EPA Waste 
Minimization Opportu.,ity Assessment Manual 
(EPN625n-88/003, July 19~~). 

The WMAC team at the Uni\'ersitv of Tennessee 
performed an assessment at a plant manufacturing 
printed circuit boards for television sets 
approximately 4.3 million sq ft of finished boards 
per yr. To make printed circuit boards, the plant 
begins with making screens as all ;Jrinting is 
accomplished using silkscreening techniques. The 
circuit boards undergo several operations including 
punching, scrubbing, printing, etching, and 
soldering. Finished boards are inspected, desl'-'"lled, 
electrically tested, packed, and ~ltipped --

The team's report, detailing findings and 
recommendations, indicated that ·'te majority of 
waste was generated in the circuit board production 
lines but that the greatest savings could be obtained 
by installing a closed-loop cooling water system to 
reduce (60%) excess water usage in the UV-light 
curing ovens after screen printir.g and the cooling 
of the cupric chloride etch tanks. 

This Research Brief was dev ~loped by the principal 
investigators and EP.A 's Risk Reduction 
Engineering Laboratory, Cincinnati, OH, to 
announce key findiniz', of an ongoing research 
project that is fully c!ocumented in a separate report 
of the same title, whi.:h is available from the 
authors. 

75 Pollution Prevention Case Studies 
Compendium 

The i-'ollution Prevention Research 1.,rogram 
encouraees the development and adopt;on of 
processing technologies and products in the lJ .1ited 
States that will lead to reducing the aggregate 
generation rates for pollutants entering the various 
environmental media. It includes projects to 
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improve the understanding of environmental 
problems that might be amenable to pollution 
prevention approaches. and projects that 
demonstratt: innovative pollution prevention 
approache~ and technologies. 

Pollution Prevention Research supports studies and 
research and demonstration projects that are 
designed to further the utilization of .;ource 
reduction and to a lesser degree recvclincz as 
preferable environmental improvement ~trategies. 
Projects within the program are supported through 
in-house activitiei:, contracts with outside 
organizations, and cooperati\'e agreements "ith 
universities and other government agencies. 

The Risk Reduction Engineering Laboratory 
(RREL) serves as the lead organization within the 
EPA's Office of Research and Development for 
research related to pollution prevention. 
Spearheading pollution prevention research within 
RREL is the Pollution Prevention Research Branch 
(PPRB) of the Waste Minimization, Destruction and 
Disposal Research Division. Efforts cover all 
sectors identified in EPA's Pollution Prevention 
Strategy (January, 1991), i.e., manufacturing, 
agriculture. energy and transportation, municipal 
water and wastewater, federal facilities and 
municipal solid waste. The program also contains 
a technology transfer element for incorporating 
results from other's research and for disseminating 
the results of the proaram's efforts. 

As a !llajor part of the effort to disseminate the 
results of its research, PPRB hall produced a second 
compilation of case studies. These studies are the 
culmination of some of the major current research 
efforts being conducted in the area of pollution 
prevention It is a compilation of summaries of 
pollution prevention demonstrations, assessments 
and research projects conducted within the Branch. 
We hope that this compendium will faciiicate the 
development and adoption of pollution prevention 
techni .,ues throughout the United States and other 
countries. This report covers a period of May 1992 
to May 1994 and work was completed as of 
February 199; 

76 Contaminants and 
Options at Selected 
C~ntaminated Sites 

Remedial 
Metal 

This document provides information that facilitates 
characterization of the site and selection of 



treatment technologies at metal-contaminated sites 
that are capable of meeting site-specific cleanup 
levels. The document does not facilitate the 
determination of cleanup k ;els. This document ·Aill 
assist Federal, State, or private site remo\"al and 
remedial managers operating under Comprehensive 
Environmental Response, Compensation, and 
.;,.iabilitv Act tCERCLA), Resource Conservation 
and Re~overy Act (RCRA), or state regulations. 

This document focuses mainly on the metalloid 
arsenic and the metals cadmium, chromium, lead, 
and mercury. Other metals are discussed, 
particularly thoSc: that have a strongly favorable or 
unfavorable influence on the performance of a 
treatment technology. 

The remedial manager faces the challenge of 
selecting remedial options that meet established 
cleanup levels. A wide range of physical, chemical, 
and thermal procees options are available for 
remediation of metal-contaminated sites. These 
options can reduce mobility, reduce toxicity, or 
allow separation and concentration of metal 
contaminants. No single process option can 
remediate an entire metal-contaminated site. The 
remedial manager must combine pretreatment and 
posttreatment components to achieve _the best 
performance by the principal process option. 

This document is designed for use with other 
remedial guidance documents issued for RCRA, 
CERCLA, and/or State-mandated cleanups to 
accelerate the remt"diation of metal-contaminated 
sites. 

Sections describing contaminants at 
metal-contaminated sites and the behavior, fate, and 
transpo1t of metals in the environment are provided 
to assist the remedial manager in identifying the 
matrix and chemical species likely to be present. 
The section on remedial options outlines the 
arrangement of trer.tment trains to achieve 
perfoWJance levels. Technology performance data 
provided can hell' the remedial manager narrnw 
options to those most likely to achieve s~te-spec1fic 
cleanup goals. The descriptions of remea1al options 
cover innovative anc.l emerging technologies, as 
well as proven treatments. 

Some standard information sources on containmen! 
and water treatment technologies arc: indicated. 
These technology areas are not covered in this 
document becaose they are thoroughly diiicussed in 
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other documents 

77 Superfund Innovative Technology 
Evaluation Program - Technoloo Pro­
files 

The Superfund Innovative Technology Evaluation 
(SITE) Program evaluates new and promising 
treatment and monitoring and measurement 
technologies for cieanup of hazardous waste sites. 
The program was created to encourage the 
development and routine use of innovative 
treatment technologies. As a result, the SITE 
Program provides environmental decision-makers 
with data on new, viable treatment technologies 
that mav have performance or cost advantages 
compar~d to traditional treatment technologies. 

This document, prepared between June 1993 and 
October 1993, is intended as a reference guide for 
those interested in technologies under the SITE 
Demonstration, Emerging Technology, and 
Monitoring and Measurement Technologies 
Programs. The two-page profiles are organized into 
two sections for each program, completed and 
ongoing projects, and are presented in alphabetical 
order by developer name. Reference tables for SITE 
Program participant~ precede the sections and 
contain EPA and developer contacts. inquiries 
about a specific SITE technology or the SITE 
Program should be directed to the EPA project 
manager; inqumes on the technology process 
should be directed to the technology developer 
contacts. 

Each technology profile contains (I) a technology 
developer and process name, (2) a techn.:>logy 
description, including a schematic diagram or 
photograph of the process, (3) a discussion of waste 
app!i .. ;.l.;Jlity, (4) a project status report, and (5) 
EPA project manager and technology developer 
contacts. The profiles also include summaries of 
demonstration results if available. The technology 
description and waste applicability sections are 
written by the developer. EPA prc:pares the status 
and demonstration results sections. 

78 Guides to Pollution Prevention - The 
Paint Manufacturing Industry 

This guide 1s designed to provide paint 
manufacturers with waste minimization options 
appropriate for this industry. It also provides 



worksheets designed to be used for a waste 
minimization assessment of a paint manufacturing. 
facility. to develop an understanding of the facility's 
waste generating processes and to suggest ways that 
the waste may be reduced. Besides paint 
manufacturing plant operators and emironmental 
engineers, this document may be useful to our 
regulato~· agency representatives and consultants. 

The worksheets and the list of waste minimization 
options were developed through assessments of two 
Los Angeles area paint manufacturing firms 
commissioned by the California Department of 
Health Servtces (Calif. DHS 1987). The two firms' 
operations. manufacturing processes. and waste 
generation and management practices were 
surveyed, and their existing and potential waste 
minimization options were characterized. Economic 
analyses were perfo:med on selected options. 

Reducing waste is a high priority for the paint 
manufacturing industry. In 1981. lJ S. paint, 
coating, and ink manufacturers represented 44 
percent of the market for solvents (Pace 1983). 
Soh.-ents are used in the induslI) as carriers for 
resins and pigments and to clean the various 
process equipment used for production. Although 
cleaning solvents are often distilled and reused, a 
residual paint sludge remains. which contains 
solvents and in some cases, toxic metals such as 
mercury, lead and chromium. Depending on the 
constituents, the wastes could be considered RCRA 
wastes F002 (halogenated solvents), FOOJ 
(non-halog .. a1ated solvents such as acetone and 
xylene}, F004 (non-halogenated solvents such as 
e;resols, cresylic acid, nitrobenzene, and solvent 
blends), or FOOS (nonhalogenated solvents such as 
toluene. methyl ethyl ketone, and benzene). These 
wastes are currently banned from land disposal. 

The amount of wastes disposed of by paint 
manufacturers is high For example, in 1984 the 
paint manufacturing industry in California disposed 
of 21,000 tons of solvent bearing waste off-site, 
making this industry the highest-volume generator 
of manifested solvent wastes in that year (ICF 
1986) 

Waste minimization is a policy specifically 
mandated by the U.S. Congress in the 1984 
Hazardous and Solid Wastes Amendments to the 
Resource Con:1ervation and !<ecovery Act (RCRA) 
A:1 the federal agency responsible for writing 
regulations under RCRA, the U.S. Environmental 
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Protection Ag.ency ('EPA) has an interest in 
ensuring that new methods and approaches are 
developed for minimizing hazardous was!e and that 
such information is made available to the industries 
concerned. This guide is one of the approaches 
EPA is usmg to pro\·ide industry-specific 
information dbout hazardous waste minimization. 

The options and procedures outlined can also be 
used in efforts to minimize other wastes generated 
in a facility. EPA bas also developed a general 
manual for waste minimization in industry. The 
H'a.str Minimization Opportunity A.s.sr.s.smrnl 
Manual (USEPA 1988) tells how to conduct a 
waste mininuzation opportunity assessment and 
develop options for reducing hazardous waste 
generation at a facility. It explains the management 
strategies needed to incorporate waste minimization 
into company policies and structure, ho,,· to 
establish a company-wide waste miniouzation 
program, conduct assessments, implement options, 
and make the program an on-going one. The 
elements of waste minimization assessment are also 
explained. 

In the following sections of this manual you will 
find: 

An overview of the paint manufacturing 
industry and the processes used by the 
industry; 

Waste minimization options for paint 
manufacturers; 

Waste Minimization Assessment Guidelines 
and Worksheets; 

An Appendix, containing case studies of 
waste generation and waste minimization 
practices of two paint manufacturers and 
Where to get help: additional sources of 
information. 

79 Guides to Pollution Prevention - The 
Metal Finishin& Industry 

The purpose of this guide is to help the metal 
finishing industry identify, assess, and implement 
waste minimization options It is envisioned that 
the guide will be used by metal finishing 
companies, particularly plant operators and 
environmental engineers, as well as regulatory 
agency representatives, industry suppliers, and 



consultants. To pro\ide the indusuy with the 
information and guidance necessa~- to implement 
an effective waste minimization program. this 
manual contains: 

A profile of the metal finishing indusuy and 
the processes used in ;; 

Weli-cstablished and practical waste 
minimization options for the indusuy; 

Waste minimization assessment guidelines 
and worksheets; 

Appendices containing case studie.; of waste 
generation/waste minimization practices in the 
industr)" and sources of information aod help. 

The worksheets and the list of waste minimization 
options were developed from assessments of San 
Francisco Bay Area firms in California 
commissioned by the California Department of 
Health Services (DHS 1988). Operations, 
manufacturing processes, and waste generation and 
management practices were surveyed. and existins 
and potential waste minimization options were 
characterized. 

Overview of Waste Minimization 

Waste minimization is a policy specifically 
mandated by the U.S. Congress in the 1984 
Hazardous and Solid Waste Amendments to the 
Resource Conservation and Recovery Act (RCRA). 
As the federal agency responsible for writing 
regulations under RCRA, the U.S. Environmental 
Protection Agency (EPA) has an interest in 
ensuring that new methods and approaches are 
developed for minimizing hazardous waste, and that 
such information is made available to the industries 
concerned. This guide is one of the approaches 
EPA is using to provide industry-specific 
information about waste minimization. The options 
and procedures outlined can also be used in efforts 
to minimize other wastes generated in a business. 

In the working definition used by EPA, waste 
minimization consists of source re.:!uct1on and 
recycling. or the two approaches, source reduction 
is usually considered to be the preferable method 
from an environmental perspective. A few states 
consider waste treatment to be a third approach to 
waste minimization, but EPA does not, and 
therefore waste treatment is not addressed in this 
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guide. 

Waste Minimization Opportunity Assessment 

A Waste Minimization Opportunity Assessment 
(WMOA), sometimes called a waste minimization 
audit. is a systematic procedure for identifying 
w11ys to reduce or eliminate waste. Briefly, the 
assessment consists of a careful review of a plant's 
operations and waste streams and the selection of 
specific areas to assess. After a particular waste 
stream or area is established as the WMOA focus, 
a number of options with the potential to minimize 
waste are developed and screened. The iechnical 
and economic feasibility of the selected options arc 
then e\11luated. finally, the most promising options 
arc selected for implementation. 

In 1992, EPA published the Facility Pollurion 
Prevention Guide (USEPA 1992) as a successor to 
the Wa.rre Minimizarion Opportunity A.r.re.rsmenr 
Manual. While the Wa.rre Minimizarion Opporrunity 
A.r.re.r.rmenr .\fanual concentrated primarily on the 
waste types covered in the Resource Conservation 
and Recovery Act (RCRA), :lie Facility Polluricn 
Prevenrion Guide deals with "multimedia• pollution 
prevention. It is intended to help small- to 
medium-sized production facilities develop 
broad-based, multimedia pollution prevention 
programs. Methods of evaluating, adjusting, and 
maintaining the program are described. Later 
chapters deal with cost analysis for pollution 
prevention projects and with the roles of product 
design and energy conservation in pollution 
prevention. 

80 Guides to Pollution Prevention - The 
Fiberglass-Reinforced and Composite 
Plastics Industry 

This guide is designed to provide 
fiberglass-r ... nforced and composites (FRPC) 
plastic~ fabricators with wa:::te minimization options 
appropriate for this industry. It also provides 
worksheets designed to be used for a waste 
minimization assessment of an FRP/C fabricating 
plant, to be used in developing an understaniing of 
the plant's waste generating processes and ... 
suggest ways to reduce the waste. The guide should 
be used by FRP/C fabricating companies, 
p11rticularly their plant operators and environmental 
engineers Others who may find this document 
useful are regulatory agency representative~. 



ind~· suppliers and consultants. 

In the followins chapters of this manual you will 
find: 

• 

A profile of the fiberglass-reinforced and 
composite plastics industry and the processes 
used by the industry; 

Waste minimization options fvr FRP/C 
fabricating firms; 

Waste minimization assessment guidelines 
and worksheets; 

Appendices containing: Case studies of waste 
generation and waste minimizatio~ practices 
of FRP/C fabricating firms and Where to get 
help: additional sources of information. 

The worksheets and the list of waste mi:iimization 
options for FRP/C fabricating were developed 
through assessments of FRP/C fabricating firms by 
Woodward-Clyde consultants, commissioned by the 
California Department of Health Servi;es (Calif. 
DHS 1989). The firms' operations, manufacturing 
processes, and waste generation and D'.anagement 
practices were surveyed, and their existing and 
potential waste ounnmzation options were 
characterized. Fi°"lly, economic analyses were 
performed on selected options. 

Overview of Waste Minimization Assessment 

Waste minimization is a policy specifically 
mandated by the U.S. Congress in the 1984 
Hazardous and Solid Wastes Amendments to the 
Resource Conservation and Recovery Act (RCRA). 
As the federal agency responsible for writing 
regulations under RCRA, the U.S. Environmental 
Protection Agency (EPA) has an interest in 
ensuring that new methods and approaches are 
developed for minimizing hazardous waste and that 
such information is made available to the industries 
concerned. This guide is orae of the approaches 
EPA is using to provide industry-specific 
informa,ion about wa~te minimization. The options 
and procedures outlined also can be used in efforts 
to minimize other wastes generated in a business. 

In the working definition used by EPA, waste 
minimization consists of source reduction and 
recycling. Of the two approaches, source reduction 
is considered ~nvironmentally prefernble to 

recycling. \\'bile a few states consider treatment of 
hazardous waste 1n approach to waste 
minimization, EPA does not, and thus treatment is 
not addressed in this guide. 

Waste Minimization Opportunity Assessment 

EPA has also developed a general manual for waste 
minimization in industry. The Waste Minimiszation 
Opportunity Assessment Manual (USEPA 1988) 
tells how to conduct a waste llllDlDUZation 
assessment and develop options for reducing 
hazardous waste generation. It explains the 
management strategies needed to incorporate waste 
minimization into company policies and structure, 
toow to establish a company wide waste 
minimization program, conduct assessments, 
implement options, and make the program an 
on-going one. The clements of waste minimization 
assessment are explained in the next section. 

A Waste Minimization Opportunity Assessment 
(WMOA) is a systematic proced!ll"e for identifying 
ways to reduce or eliminate waste. The four phases 
of a waste minimization opportunity assessment 
are: planning and organization, assessment, 
feasibility analysis and implementation. The steps 
involved in conducting a waste minimization 
assessment are presented in more detail below. 
Briefly, the assessment consists of a careful review 
of a plant's operations and waste streams and the 
selection of specific areas to assess. 
After a particular waste stream or area i~ 

estal;lished as the WMOA focus, a number of 
options with the potential to minimize waste are 
developed and screened. The technical ar.d 
economic feasibility of the selected options are then 
evaluated. Finally, the most promising options are 
selected for implementation. 

81 Guides to Pollution Prevention -The 
Automotive Repair Industry 

This guide is designed to provide automotive repair 
facilities with waste minimization options 
appropriate for the industry. It also provides 
worksheets designed to be used for a wa~te 

minimization assessment of an automotive repair 
facility, to develop an understanding of the facility's 
waste generating processes and to suggest ways that 
the waste may be reduced. 

The guide is designed primarily for use by 
operators of automotive repair shops. Others who 



may find this document useful arc operators of 
vehicle fleets, regulatory agency representatives, 
and consultants. In the following sections of this 
report you will find: 

An overview of the automotive repair 
indusuy; 

Waste minimization options for automotive 
repairers; 

Waste minimization assessment worksheets; 

Appendices containing case studies of two 
automotive repair shops and one parts washer 
lease and sel"ice company. Also included are 
completed waste minimization assessment 
worksheets for a hypothetical shop and Where 
to get help: Regional EPA offices and other 
sources. 

The worksheets and the list of waste minimization 
options were developed through assessments of two 
Northern California-area automotive repair facilities 
and one Northern California parts washer lease and 
sel"·ice company as commissioned by the California 
Department of Health Sel"·ices (CDHS 1987). The 
firms' operations, and waste generation and 
management practices were surveyed, and their 
existing and potential waste minimization options 
were chara~terized. Economic analyses were 
performed on selected options. Additional 
information was developed from the assessment of 
three Southern California automotive repair 
facilities commissioned by the City of Santa 
Monica Depanment of General Services (CSM 
1989} 

O\·erview of Waste Minimization 

Waste minimization is a policy specifically 
mandated by the U.S. Congress in the 1984 
Hazardous and Solid Wastes Amendments to the 
Resource Conservation and Recovery Act (RCRA). 
As the federal agency responsible for writing 
regulations under RCRA, the U.S. Environmental 
Protection Agency (EPA) has an interest in 
ensuring that new methods and approaches are 
developed for minimizing hazardous waste and that 
such information is made available to the industries 
concerned. This guide is one of the approaches 
EPA is usmg to provide industry-specific 
information about hazardous waste minimization 
The options and procedures outlined can also be 
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used in efforts to minimize other wastes generated 
in a business. 

In the working defmition used by EPA, wastr. 
minimization consists of source reduction and 
recycling. Of the two approaches. soun:e reduction 
is considered environmentally preferable to 
recycling. While a few states consider treatment of 
waste an approach to waste minimization, EPA 
does not and thus treatment is not addressed in this 
guide. 

Waste Minimization Opportunity Assessments 

EPA has developed a general manual for waste 
minimization in industty. The Waste Minimization 
Opportunity Assessment Manual (USEPA 1988) 

tells how to conduct a waste minimization 
assessment and develop options for reducing 
hazardous waste generation. It explains the 
management strategies needed to incorporate waste 
minimization into company policies and structure, 
how to establish a company-wide waste 
mmmuzation program, conduct asscssmenL.>, 
implement options, and make the program an 
on-going one 

A Waste Minimization Opportunity Assessment 
(WMOA) is a systematic procedure for identifying 
ways to reduce or eliminate waste. The four phases 
of a waste minimization opporturuty assessment 
are: planning and organization, assessment, 
feasibilil}· analysis, and implementation. The steps 
involved in conducting a waste minimization 
assessment are presented in more detail below. 
Briefly the assessment consists of a careful review 
of a plant's operations and waste streams and the 
selection of specific areas to assess. After a 
particular waste stream or area is established as the 
WMOA focus, a number of options with the 
potential to minimize waste are developed and 
screened. The technical and economic feasibility of 
the selected options are then evaluated. Finally. the 
most prom1S1ng options are selected for 
implementation. 

82 Guides to Pollution Prevention - The 
trinted Circuit Board M•1tdfacturin& 
Industry 

This guide is designed to provide printed circuit 
board manufacturers with waste minimi7ation 
options appropriate for this industry. It also 
provides worksheets designed to be used for a 



waste mimmization assessment of a manufacturing 
facility, to develop an understanding of the facili~··s 
waste generating processes and to suggest ways that 
the waste may be reduced. 

The worksheets and the list of waste minimization 
options were developed through assessments of 
three ~::&nta Clara area proto~·pe circuit board 
manufacturing shops. The assessments were 
commissioned by the California Department of 
Health Sen;ces (CDHS 1987). The firms' 
operations, manufacturing processes, and waste 
generation and management practices were 
surveyed, and their existing and potential waste 
minimization options were characterized. Economic 
analyses were performed on selected options. 

Today's industry is faced with the major 
technological challenge of identifying ways to 
effectively manage hazardous waste. Technologies 
designed to treat and dispose of wastes are no 
longer the optimal strategy for handling these 
wastes for two major reasons. Firstly, the potential 
liabilities associated with handling and disposing of 
hazardous wastes have increased significantly. 
Secondly, restrictions placed on land disposal of 
hazardous wastes have caused considerable 
increases in waste disposal costs. The economic 
impact of these changes is causing industry to 
explore alternatives to treatment and disposal 
technologies. 

Waste minimization is a policy specifically 
mandated by the U.S Congress in the 1984 

Hazardous and Solid Wastes Amendments to the 
Resource Conservation and Recover)· Act (RCRA). 
As the federal agency responsible for writing 
regulations under RCRA, the U.S Environmental 
Protection Agency (EPA) has an interest in 
ensuring that new methods and approaches are 
developed for minimizing hazardous waste and that 
such information is made available lo the industries 
concerned. This guide is one of the approaches 
EPA 1s usmg to provide industry-specific 
information about hazardous waste minimization. 
The options and procedures outlined can also be 
used in efforts to minimize other wastes generated 
ma facility. 

EPA has also developed a general manuai for wa:;te 
minimization in mdu.>try. The WaJtt Minimization 

Opportunity AJu.ummt Man110/ (USEPA 1988) 

tells how to conduct a waste minimization 
assessment and develop options for reducing 
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hazardous waste generation at a facility. It explains 
the management strategies needed to incorporate 
waste minimization into company policies and 
structme, how to establish a company-\\ide waste 
minimization program, conduct assessments, 
implement options, and make the program an 
on-going one The elements of waste minimization 
assessment are also explained. 

In the following sections of this manual you will 
find: 

An overview of the printed circuit board tPC 
board) manufacturing induslf)· and the 
processes used by the induslf)·; 

Waste minimization options for printed circuit 
board rnanufactmers; 

Waste Minimization Assessment Guidelines 
and Worksheets; 

An Appendix, containing: Case studies of 
waste generation and waste minimization 
practices of three printed circuit board 
manufacturers and Where to get help: 
additional sources of information. 

Oven.·iew of Waste Minimization Assessment 

In the working definition used by EPA. waste 
mm1mization consists of source reduction 
(preventing the generation of waste at its point of 
origin) and recycling. Of the tv.o approaches, 
source reduction is usually considered preferable to 
recycling from an environmental perspective 
Treatment of hazardous waste is eonsidereci an 
approach to waste minimization by some states but 
not by others, and is not addressed in this guide. 

83 Guides to Pollution Prevention - The 
Fabricated Metal Products Industry 

This guide was prepared to provide plant operators 
or environmental engineers of commercial 
fabricated metal faciiitie~ with guidelines and 
options to mm1m1ze both hazardous and 
non-hazardous wastes. Others who may find this 
document useful are regulatory agency 
representatives and consultants. 

The worksheets and the list of waste minimization 
options were developed through usessments of Los 
Angeles area firms commissioned by the California 



Dcpanment of Health Scr.;ces (DHS 1989). The 
firms' operations, manufacturing processes, and 
waste generation and management practices "ere 
surveyed. and their existing and potential waste 
minimization options were characterized. Economic 
analyses were performed on selected options. 

Four types of processes used in metal fabrication 
are examined in this guide: machining operations. 
parts cleaning and stripping. metal surface treatment 
and plating, and paint application. These processes 
use a variety of hazardous materials, including 
metal-working fluids, solvents, alkaline and acid 
cleaning solutions, treatment and plating solutions 
that contain hazardous metals such as chromium 
and cadmium, 3S well as cyanide and other 
chemicals, and paints containing solvents and hea\'y 
metals. Many of those hazardous substances are 
being phased out in some applications, in favor of 
more benign compounds. 

Waste minimization is a policy specifically 
mandated by the U.S. Congress in the 1984 

Hazardous and Solid Wastes Amendments to the 
Resource Conservation and Recovery Act (RCRA). 
As the federal agency responsible for writing 
regulations under RCRA, the U.S Environmental 
Protection Agency (EPA) has an interest in 
ensuring that new methods and approaches are 
developed for minimizing hazardous waste and that 
such information is made available to the industries 
concerned. This guide is one of the approaches 
EPA is using to provide industry-specific 
information about hazardous waste minimization 

EPA has also developed a general manual for waste 
minimization in industry. The Wa$te Minimization 
Opportunity Assessment .\fanual (USEPA 1988) 

tells how to conduct a waste minimization 
assc5sment and develop options for reducing 
hazardous waste generation at a fac.ility. It explains 
the management strategies nef"dc:d to incorporate 
\\.aste minimization into c,,mpany policies and 
structure, how to establish a company-wide waste 
minimization program, conduct assessments, 
implement options, and make the program an 
on-going one. The clements of waste minimization 
assessment are also explained 

In the following sections of this manual you will 
find· 

An overview of the fabricated metal industry 
and the processes used in it; 
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Waste minimization options for the indus~·; 

Waste Minimization Assessment Guidelmes 
and Worksheets; 

An Appendix, containing: Case studies of 
waste generation and waste minimization 
practices of three facilities: Where to get help: 
Sources of useful technical and regulato1y 
infoffilallon. 

Q,·en·iew of Waste Mimmization Assessment 

In the working definition used by EPA. waste 
minimization consists of source reduction and 
recycling. Of the two approaches, source reduction 
is usually considered preferable to recycling from 
an em.;ronmental perspective. Trcatmen! of 
hazardous w:iste is considered an approach to waste 
minimization by some states but not by others. and 
thus is not addtesscd in this guide. 

A Waste Minimization Opportunity Assessment 
(WMOA), sometimes called a waste minimization 
audit, is a systematic procedure for identi•-ying 
ways to reduce or eliminate waste. The steps 
invoh·ed in conducting a waste minimization 
assessment are presented in detail. 

84 Guides to Cleaner Technologies -
Alternative Metal Finisbes 

A cleaner technology is a source reduction or 
recycle method applied to eliminate 01 significantly 
reduce the amount of any hazardous subs~ance, 
pollutant, or contaminant released to the 
environment. The emphasis of cleaner technologies 
is on process changes that can prevent pollution 
Pollution prevention occurs through source 
reduction, i.e., reductions in the volume of wastes 
generated, and source control (input material 
changes, technology changes, or improved 
operating practices). 

Cleaner technologies include process changes that 
reduce the toxicity or environmental impact of 
wastes or emissions. Processc! that reduce waste 
toxicity by tran~rerrin~ pollutants from one 
environmr.ntal media to another (e.g., from 
wastewater to sludge or from air emissions to 
scrubber wastes) are not inherently cleaner and are 
not considered to be source reduction. 

Cleaner technologiu also include recycle methods, 



but recycling should be considered only after 
source reduction alternatives ha,-e been e\·aluated 
and implemented where technically feasible. Where 
they are used, recycling techniques should take 
occur in an environmentally safe manner 

Without metal fmishing, products made fr.:>m 
metals would last only a fraction of their present 
life-span. Metal finishing alters the surface of metal 
products to enhance properties such as corrosion 
resistance, wear resistance, electrical conductivity, 
electrical resistance, reflectivity. appearance, torque 
tolerance, solderability, tarnish resistance, chemical 
resistance, ability to bond to rubber (vulcanizing), 
and a number of other special properties 
telectropolishing sterilizes stainless steel, for 
example). 

Industries that use metal finishing m their 
manufacturing processes include: 

Automotive; 

Electronics; 

Aerospace; 

Telecommunications; 

Hardware; 

Jewelry; 

Heavy Equipment: 

Appliances; 

Tires. 

A wide variety of materials, processes, and 
products are used to clean, etch, and plate metallic 
and non-metallic surfaces. Typically, metal parts or 
workpieces undergo one or more physical, 
chemical, and electrochemical processes. Physical 
processes include buffing, grinding, polishing, and 
blasting. Chemical processes include degreasing, 
cleaning, pickling, etching, polishing, and 
clectroless platin[l. Electrochemical processes 
include plating, electropolishing, and anod1zm[l 

85 Guides to Pollution Prevention - The 
Automotive Refinishin& Industry 

This guide is designed to provide automotive 
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refmishers with waste mmuruzauon options 
appropriate for their indus~·. It also prondes 
worksheet" designed to be used for a ''aste 
mtrumization assessment of an automotive 
refmishing shop to develop an understanding of the 
waste g.:neration processes and to suggest ways that 
the waste may be reduced. 

The gwde is designed primarily for use by 
automotive refinishers. Others who may fmd this 
document useful are operators of vehicle fleets, 
regulatory agency representatives and consultants. 

In the following sections of this report you will 
find: 

An overview of the automotive refiaishing 
indus~·; 

Waste mmimizalion options for automotive 
refmishers; 

Waste minimization assessment worksheets; 

Appendices containing: Case studies of six 
automotive refinishing shops. Abo included 
are completed waste minimization assessment 
worksheets for a hypothetical shop: 

Where to get help: Regional EPA offices and 
other sources. 

The worksheets and the list of waste minimization 
options were developed through assessments of six 
Southern California area automotive shops as 
commissioned by the California Department of 
Health Services (Calif DHS 1987). The firms 
operations and waste generation and management 
practices were surveyed and their existing and 
potential waste minimization options were 
characterized. Economic analyses were performed 
on selected options. Additional information was 
developed from the assessment of a Southern 
California automotive refinishing shop 
commissioned by the City of Santa Monica 
Department of General Services (CSM 1989) 

Overview of Waste Minimi7.ation 

Waste minimization is a policy specifically 
mandated by the U.S. Congress in the 1984 

Hazardous and Solid Wastes Amendments to the 
Resource Conservation and Recovery Act (RCRA). 
As the federal agency responsible for writing 



regulations under RCRA. the U.S. Em·ironmental 
Protection Agency lEPA) has an interest in 
ensuring that new methods and approaches are 
de\-e(oped for minimizing bdzardous waste and that 
such information is made anilable to the industries 
concerned. This guide is one of the approaches 
EPA is using to provide industry.·-specific 
informaJion about hazardous waste minimization. 
The options and prc>1;edures outlined can also be 
used in efforts to minimize other wastes generated 
in a business. 

In the working definition used by EPA, waste 
minimization consists of source reduction and 
recycling. Of the two approaches, source reduction 
is usuallv considered environmentally preferable to 
recycling. While a few states consider treatment of 
waste an approach to waste minimization, EP/. 
does not, and thus treatment is not addressed in this 
guide. 

Waste Minimization Opportunity Assessments 

EPA has developed a general manual for waste 
minimizalion in industry. The Waste Minimization 
Opportunity Assessment 

Manual (USEPPK I 988) tells how to conduct a 
waste minimization assessment and develop options 
for reducing hazardous waste generation. It explains 
the management strategies needed to incorporate 
waste minimization into company policies and 
structure, how to establish a company-wide waste 
minimization program, conduct assessments, 
implement options. and make the program an 
on-going one. 

A Waste Minimization Opportunity Assessment 
{WMOA) is a systematic procedure for identifying 
ways to reduce or eliminate waste. The four phases 
of a waste minimization opportunity assessment 
are: planning and organization. assessment, 
feasibility analysis, and implementation. The steps 
involved in conducting a waste minimizalion 
assessment are outlined in detail. Briefly, the 
assessment consists of a careful review of a plant's 
operations and waste streams and the selection of 
specific areas to assess. After a particular waste 
stream or area is established as the WMOA focus, 
a number of options with the potential to minimize 
waste are developed and screened. The techni::al 
and economic feasibility of the selected options are 
then evaluated. Fmally, the most promising options 
are selected for implementation 

86 Guides to Pollution Prevention -
Metal Casting and Heat Treatment 
Industry 

l his guide is designed to tJrO\ide the metal casting 
and heat treating industry.· with waste minimization 
options. It also pro\ ides worksheets for ~·ing out 
waste minimization assessments for metal castiag 
and heat treating plants. It is envisioned that this 
guide "ill be used by metal casting and heat 
treating companies, particularly their plant operators 
and environmental engineers. Others who ma~ find 
this document useful arc rcgulato~· agency 
representatives, industry suppliers and consultants. 

In the following sections of this manual you will 
find: 

A profile of the metal casting and heat 
treating industry and the processes used in it; 

Waste minimization options for the industry; 

Waste minimization assessment guidelines 
and worksheets; 

Appendices, containing case studies of waste 
generation and waste minimization practices 
in the industry and Where to get help: 
additional sources of information. 

The worksheets and the list of waste minimization 
options were developed from assessments of firms 
in Southern California commissioned by the 
California Department of Health Services 1DHS 
1990). Operations, manufacturing processes. and 
waste generation and management practices were 
surveyed, and existing and potential waste 
minimization options were characterized. 

Overview of Waste Minimization 

Waste minimization is a policy spec1f1cally 
mandatec. by the U S Congress in the 1984 
Hazardo·.is and Sohd Wastes Amendments to the 
Resource Conservation and Recovery Act (RCRA) 
As the foderal agency responsible for wntmg 
regulations under RCRA, the U.S. Environmental 
Protection Agency (EPA) has an intere-:; in 
ensuring that new methods ar.d approaches are 
developed for minimizing hazardous waste and that 
such information is made available to the industries 
concerned. Th1§ guide is one of the approaches 
EPA is usmg to provide industry-specific 



information about hazardous waste minimization. 
The options and procedures outlined can also be 
used in efforts to miniiruze other wastes generated 
in a busiriess, including air emissions. wastewater 
discharges, and solid waste. 

In the working definition used by EPA, waste 
minimization consists of source reduction and 
rcc}·cling. Of the two approaches, source reduction 
is preferable to recycling. While a few states 
consider treatment of waste an approach to \;;aste 
minimization, EPA does not, and thus treatment is 
not addressed in this guide. 

Waste Minimization Opportunity Assessment 

EPA has developed a general manual for waste 
minimization in industry. The Waste Minimization 
Opportunity Assessment Manual (.USEPA 1988) 
tells bow to conduct a waste minimization 
assessment and develop options for reducing 
hazardous waste generation at a facilit)·. It explains 
the management strategies needed to incorporate 
waste minimization into company policies and 
structure, how to establish a company-wide waste 
mm1mIZation program, conduct assessments, 
implement options, and make the program ar. 
ongomg one. 

In 1992, EPA published the Facility Pollution 
Pre,·entie>n Guide (USEPA 1992) as a successor to 
the Wa .. te Minimization Opportunity Assessment 
Manual. While the Waste Minimization 
Opportunity Assessment Manual concentrated 
primarily on the water types covered in the 
Resource Conservation and Recovery Act (RCRA}, 
the Facility Pollution Prevention Guide deals with 
"multimedia" pollution prevention. 

87 Guides to Pollution Prevention - The 
Mechanical Equipment Repair Industry 

This guide is designed to provide the mechanical 
equipment repair inJustry with waste minimization 
options. It also provides worksheets for carrying out 
waste minimi7.ation assessments for mechanical 
equipment repair shops. It is envisiom:d that this 
guide will be used by mechanical equipment repair 
shops and regulatr agency representatives. 
industry suppliers, and consultants. 

In the following sectio"~ 0f i.has manual you will 
find: 
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A profile of the mechanical eqwpment repair 
induslr} and the processes used in it; 

Waste minimization oprions for the industry·; 

Waste minimization assessment guidelines 
and worksheets: 

Appendices, containing case studies of waste 
generation and waste mwimization practices 
in the industry and Where to get help: 
additional sources of information. 

The worksheets and the list of waste minimazarion 
options were developed through assessments of 
SC\"eral repair shops in California commissioned by 
the California Department of Health Sef\"ices (DHS 
1990). Waste generation and management practices 
wen: sw·veyet., and existing and potential waste 
minimization options were characterized. 

Oven·iew of Waste Minimization 

Waste minimization is a policy specifically 
mandated by the U.S. Congress in the 1984 
Hazardous and Solid Wastes Amendments to the 
Resource Conservation and Recovery Act (RCRA). 
As the federal agency responsible for writing 
regulations under RCRA, the U.S. Environmental 
Protection Agency (EPA) has an interest in 
ensuring that new methods and approaches are 
developed for minimizing hazardous waste and that 
such Information is made available to the industries 
concerned. This guide is one of the approaches 
EPA is usmg to pro\"ide industry-specific 
information about hazardous waste minimization. 
The options and procedures outlined can also be 
used in effons to minimize other wastes generated 
in a business 

In the working definition used by EPA, waste 
minimization consists of source reduction and 
recycling. Of the two approaches. source reduction 
is usually considered preferable lo recycling While 
a few states consider treatmenr of waste an 
approach to waste minimizarion, EPA does not, and 
thus treatment is not addressed in this guide. 

Waste Minimization Oppo:!unity Assessment 

EPA has developed a ~eneral manual for waste 
minimization in industry. The Waste Minimization 
Opponunity Assessment Manual (.USEPA 1988) 
tells how to conduct a waste minim1z11tion 

.. 



a 

assessment and develop options for reducing 
hazardous waste generation at :t facility. It explains 
the management strategies needed to incorporate 
waste minimization into compan~· policies and 
structure. how lo establish a company-\\idc waste 
minimization program. conduct assessments. 
implement options. and make the program an 
ongoing one. 

In 1992, EPA published the Facility Pollution 
Prevention Guide (USEPA 1992) as a successor to 
the R"aste Minimization Opportunity Assessment 
.\I anual. While the J"aste .\I inimization Opportunity 
Assessment Manual concentrated primarily on the 
waste types covered in the Resource Conservation 
and Recovery Act (RCRA ). the Facility Pollution 
Prevention Guide deals with "multimedia" pollution 
prevention. It is intended to help small-to 
medium-sized production facilities develop 
broad-based, multimedia pollution prevention 
programs. 
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