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Dl SClAl M ER 

The infomati document has been funded wholly or in part by the U&d State 
Environmental Protection Agency under Contract 68424286 to Radian Corporation. It has 
been subjected to the Agency's peer and administrative review, and it has been approved 
for publication as an EPA document. 

This guide is advisory only. intended to provide guidance to commercial printen in 
developing approaches for " i .z ing wastes. C o m p k ~ c e  with environmental and 
occupational safety and health laws is the rtsponsliility of each individual business and is 
not the focus of this document. Mention of any produa service, or process in this 
document is for educational purposes only and should not be considered an endorsement 
by the U.S. Environmental Protection Agency. 

The statements and conciusions of this document are those of the contractor and not 
necessarily those of the State of California The mention of commercial products, their 
source, or their use in connection with material reported herein is not to be construed 
either as a d  or imptied endorsement of such products by the State of California 

. 

Notice: Usen are encouraged tu duplicate thosc portions of the manual as needed 
to implement a waste minimhation program. &gankatbns interested in publishing 
and distributing the manual should contact the Risk Reduction Engineering Laboratory, 
U.S. Environmental Protection Agency, Cincinnati, Ohio, 45268 for assistance. 
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FOREWORD 

Today’s rapidly developing and ciungbg technologies and industrial products and practices 
frequently carry with them the increased generation of materials that if improperly de& 
with, can threaten both The U.S. Environmental 

ation’s land, air, and water 

ability of natural systems to support 
research to de 
solutions. 

the impacts, and search for 

for plannhg, implementing, 
on programs to provide an 

policies, prog”, and 
er, wastewater, pesticides, toxic 

d a t e d  activities. This publication 
tal communication link between the 

regulations of the EPA wi 
substances, solid and 
is one of the products 
researcher and the 

Act. This guide towaste 
nine manuals being devel 
waste rlinimktioll. 

E. Tithy Oppelt, Director 
Risk Reduction Engineering Laboratory 
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Commercial printers, who include lithographem gravure printers, flexographers, and 
letterpress and screen printers, generate a variety of wastes during printing operations. 
This manual largely addresse~ the wastes and waste zninhkation options for offset 
lithographers Waste that can be dis some waste paper: film; 
empty containers; used blankets; and cu and other items. These wastes 
result from image processing, plate printing, and finishing processes. 
Another form of waste - waste water m tmage processin& plate making, and 
printing processes. Equipment cleaning wastes and air emissions are other categories of 
waste. Much of the waste paper generated can be recycled. 

PB87-114369 ( 1986). 
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Section One 
I NTRO DUCTIO N 

This guide was prepared to provide commercial printers with guidelines and options to 
" i z e  both hazardous and non-hazardous wastes. It includes worksheets to be used in 
developing waste " i d o n  options for an individual facility. The worksheets and the 
list of waste " h t i o n  options were developed through assessments of two Los Angeles 
area firms commiss d by the California Department of Health Services (C& DHS 
1988). The two firms' operations, manufacturing processes, and waste generation and 
management practices were sumeyed, and their existing and potential waste " h t i o n  
options were characterized. Economic analyses were performed on selected options. 

raw materials used in printing. Other input materiak 
rials, fountain solutions, cleaning solvents and 

some waste inb represent hazardous materials. 
pMting substrates used and differences in the final 
used. Some inkt may contain flammable and toxic 

and/or toxic heavy metals. On the other hand, many inks are daimed to be non- 
dous. The printing indusay has made substantial progress toward the use of less 

hazardous and non-hamdous materials. 

tion is a poliq spccEcally mandated by the U.S..Congress in the 1984 
lid Wastes Amendments to the Resource Consemtion and Recovery Act 

(RCRA). As the federal agenq respollsl'ble for writing regulations under RCRA, the U.S 
Environmental ensuning that new methods and 
approaches are e and that such information is 
made availabh to Tbis guide is one of the approaches EPA is 
using to providr ipdusty-speatic information about hazardous waste "kation.  

EPA has also developed a general manual for waste " i r r r t i o n  in iadusay. ntC €PA 
Mrrmualfor wbrrprhfi- OppovnurirV- (USEPA 1988) tells haw to conduct 
a waste "hat ion  assessment and develop options for reducing hazardous waste 
generation at a facility. It explains the managemeat strategia naded to hrponte waste 
"kat ion  into c o w  policies and smcture, how to establish a compuyIwidc WBSte 
" k a t i o n  program, conctuc! as"en?s,  implement options, and rmLc tbe p w  an 

one. The elements of waste " h t i o n  assamem uc WW in the ' 

next section. 
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In the foilowing sections of this manual you wil l  find: 

0 

tion Assessment Guidelines and Worksheets (Section Four) 0 Waste Muumrza 

An overview of the commercial printing industry and the processc?J wed %, the 
industry (Section Two); 
Waste " b a t i o n  options for commercial printers (Section Three); . .  . 0 

0 An Appendix, containing: - Case studies of waste generation and waste " i o n  practices of wo 

Where to get help: Sources of useful technical and regulatory information 
commercial printers; . 

Ovarviaw of Wastr, Minimization hsossment 

In the working dewtion used by EPA, waste " h t i o n  consists of sowct nduaion and 
eqding, Of the two approaches, source reduction is usually considered preferable to 
recyehg from an ehnmental  penpeabe. T " e n t  of hazardous waste is considered 
an approach to waste " i o n  by some states but not by others, and thus is not 
addressed in tbh guide. 

tion Opportunity Assessment (WMOA), sometimes called a waste ' A Waste l+4" 
*on audit, is a systematic procedure for identifying ways to reduce or eliminntl! 

steps involved in conducting a waste "htion assessment are outlined in 
Figure 1.1 and presented in more detail in the next paragraphs. 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 utabkhed as the WMOA 
focus, a number of options with the potential to "b waste are developed and 
screened The technical and ecollomic feasiiility of the selected options are then dusted. 
Finally, the most promising options are selected for implementation 

. .  . 
. .  . 

To determine whether a W O A  d d  be useful in yeur circurnstaaces, you should 6nt 
section descriibing the aims and essentials of the WMOA P~QCCSS. For more 

detailed information oa conduct@ a M O A ,  commit 7 k  €PA M d  for  Wme 
qpporhrrury- 

e four phases of a waste nthidzation opportunity a s u m e n t  are: 

o m d q a n i d o n  
0 - P h  

0 fma- 
F - m f V P h r #  

PUNNING AM) 0RGANIZA"XON 

getting management c"itment for the proenrm; sectin0 
organidns an assesment program task fora. 

p" am: 
'on goals; and "uaQ 

* .  Essential elements of p h d n g  and orgoniption for a WIStd nw" * .  . 
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Rguro 1 .I. Tho Wasto Minimization A ~ " n O n t  Roc+dun 

PLANNING AND ORGANRATION 

Got mmrgcwnont commltmorrt 
sot ovonii rssoumont pmgnm goris 
~rganiza asaesmont program trsk foro 

Canmit" io P m t n d  
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ASSESSMENT PHASE 

The assessment phase involves a number of steps: 

0 
0 
0 Select assessment team 
0 
o Generate options 
o 

Colleczproccs~ ond fe &a The waste streams at a facility should be identified and 
characterized. Information about waste streams may be available on hazardous waste 
manifests, National Pollutant Discharge Elimination System (NPDES) reports, routine 
sampling programs and other sources. 

Collect process and facility data 
Prioritize and select a s s e s " t  targets 

Review data and inspect site 

Screen and select optious for feasibility study 

Developing a basic undentandhg of the processes that generate waste at a fadlity is 
essential to the WMOA procca now diagrams should be prepared to iden* the 

of waste generating proasses. Also, preparing materiai baiances 
be useful in W k h g  Various process components and identifying 

that may have been unaccounted for previously. 

rmd seka ase"t tcpgcrt, Ideally, all waste streams in a facility should be 
evaluated for potential waste " i r r a t i o n  opportunities. With limited resources, however, 
a plant manager may need to coM)(rntrate waste " k a t i o n  efforts in a specific area. 
Such considerations as quantity of waste, hazardous properties of the waste, regulations, 
safety of employees, ecoaomia, and other characteristits need to be evaluated in selecting 
a target stream. 

Sekt ussessment team "he team should include people with direct responsibility and 
knowledge of the partidar waste s t "  or area of the plant. 

R d a a  cmd impursiw 'Thc assessment team evaluates process data in advance of the 
inspection. "he ilrspectioa shouid t;ollaw the target p m u s  from the point where raw 
materials enter the facility to the points where products and umtm lerve. "he team should 
identify the supcted smrces of waste. This may indude the prcxiudon prcxxs~; 

*- d storage areas for raw materials, 6nisbed product, and work 
inq" mny result in the formation of prelimbuy amdusions about 

09pOramities. Full cudmation of these codusions may require 

maintenance 

waste - 
Golarrtc 0- "be afthis step is to generate 8 a H X I p h h  Set Of WIUtt 
" i o n  options for further codderation. S i  fc$lllljsJ d Ceonomie concerna will 
b a d d e r 4  in the hter f - i t y  step, no options arc ded out at this time. Infoxmati~m 
from the site impctioe as well as mde usociatioas, government 
trade reports, quipmentvendors, codtarits. Ibd p h t  e-n a d  operoton m n ~  
as sources of ideas for waste " i t a t i o n  options. 

r in P W  
rial drar adidon, adysis, and/or site visits. 

tecimid 



Both source reduction and recycling options should be considered. Source reduction my 
be accomplished through: 

0 ting practices 
0 changes 
o Input material changes 
0 Product changes 

Recycling includes: 

0 
0 Reclamation 

Use and reuse of waste 

Sc" and selea options forfiutha This screening proass is intended to select the 
most promising options for full technical and economic feasibility study. Through either an 
informal review or a quantitative decision"g process, options that appear margd, 
impractical or inferior are eliminated from consideration. 

FEAslBILlTy ANALYSIS 

An option must be shown to be technically and economically feasible in order to merit 
serious consideration for adoption at a facility. A technical evaluation determines whether 
a proposed option will work in a specific application. Both proass and equipment changes 
need to be assessed for their overall effects on waste quantity and product quality. Also, 
any new products developed through proass and/or raw material changes need to be tested 
for market acceptance. 

An economic evaluation is carried out using standard measures of profitability, such as 
payback period, return on investment, and net present value. As in any projea the cost 
elements of a waste " k a t i o n  project can be broken down into capital costs and 
economic costs. Savings and changes in revenue also need to be considered. 

IMPLEMENTATION 

An optiou that passes both technical and economic feasiiility reviews should then be 
implemented rt 8 facility. It is then up to the WMOA team, With management support, to 
continue the p a a s  of tmckhg wastes and iden- opportunities for waste " h a t i o n ,  
throughout ~t drility and by way of periodic reassessments. Either such ongoing 
reassessments or an initid investigation of waste "irrntion opportudtim can be 
conducted using this manual. 
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Section Two 
COMMERCIAL PRINTING INDUSTRY PROFILE 

Industry fhscrfptiorr 

As defined in the Standard Industrial CIassification (SIC) 27 - the pMting, pubiishbg, and 
allied indusmes include “establishments engaged in printing by one or more of the common 
processes, such as letterpress, lithography, gravure, or screen; and thosc estabiidmcnts 
which perform services for the pMting trade, such as bookbinding, typesetting, engraving, 
photoengraving, and electrotyping. This major group also includes establishments engaged 
in publishing newspapers, books, and periodicals, regardless of whether or not they do their 
own printing.” Of the seventeen SIC subgroups under major group 27, about fifteen involve 
substantial printing operation activities. SIC 275 iwoivcs commercial printing operations. 

Printing (or graphic am) establishments are scattered all Over the United States, with the 
largest concentrations in California and New Yort These nva states share about 12 and 
11 percent of the industry, respectively. Illinois, Texas, Florida, New Jersey, Pennsylvania, 
and Ohio each share about 5 percent of the total. As of 1982, there were approrcimateiy 
53,500 facilities located in the U.S. (USDC 1985% 198sb, 1985~). 

Prlnting Ptocowm and Products 

The f ie  most common printing ptocesses in order of their market share are Lithographys 

substrate used. Web pmws, which are used for 
larger printbg print tbe image onto a continuous roll (web) of paper. After printin& 
the paper is ba slit (cut) d trimmed to the preferred size. Sheet-fed presses print on 
individual shaa of paper or other subsate. The  product^ associated with eacfi printing 
process are disused in the ScCtioLI below. 

Lithography is the predominant printing process. Its lpcrwth is expected to continue into 
the 19!U and then stab- st just d e r  50% o€ all prhtbg rppudom Sheet-fed 
lithography is used for printing boo4 posters, greeting csuds, -4 plckaeing, * e m  
flyen and brochures, pcriodiarls, and for reproducing Mwaft Web oflljet Iithoenphry 
used for peridds ,  newspppcn, iuivertishg, boob, d O g %  oud business f0rms. HoweVer. 

n ( ~ e e  F ~ C S  2*1 1196 2-2). Resse~ we also 
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sheetfed o&t sti l i  predominates in numbers of establishments, with 161U nationwide 
compared with 1,840 heatsct web offset printen (Schaeffer, persod communicatiou) 
Gravure printing is used for l ~ e  volume ~UIU and hi@ speed runs for printins highquality 
publications, magazines, catalogs, and advertising. It also 

g of fldble pas I* 
print glossy ink films effectively. 

Rexography, a form of letterpress that uses a flexible plastic or rubber plate in a rotary web 
press, is used primarily for packa@n& such as plastic wrappers, cormgat 
C shower curtains, foil, and paper bags. Flexography works well when 
solid &ace area and with appropriate substrate can achieve glossy colors. Because of the 
growth of packaging, the use of flcxography has shown a steady increase. 

Web letterpress is currently used for printing newspapers and magazines. However, its use 
is declining with greater use of lithography. Sheet-fed letterpress is used for books, printed 
stationery, announcements, business cards, and advertising brochures. Becaw individual 
changes can be made on a plate without having to redo the entire plate, letterpress is 
particularly useful for price lists, paxts lists, and directories. In this case, however, 
computerized image “g is replacing the practice of having standing typeset plates upon 
which small changes are made. 

Screen printing can print on virtually any substrate, including woo& @ass, fabrics, plastia, 
and metals. It is used for specialty printing, T-shirts, posten and banners, decals, and 
wallpapers, This type of printing makes up a smaU but growing segment of the printing 
industry. Screen printing is ais0 used to print patterns on electronic circuit boards prior to 
etching. 

Raw Materials 

The principal raw materials used by the grapbic arts industry are inks and substrates. A 
substrate is iray material upon which ink is impressed, such as paper* plastic, wood, or 
metal. Table 2-1 shows relative usage of ink and paper by the incfway, 

Other raw materials used by the indusay indude gravure cylinders, photographic film.c. 
photoprocessing chemicals (developen, &en, wash baths, reducers, btensifien), printing 

chemicals, fountain solutions, cleaning sobenu, and rags. Many of 
the chemicals employed ~tt discussed under process dcscriptioa 

‘ 

P m  Derrcriptlon 

Figure 2-3 illustrates a typical commercial offset lithographic printbg operatioa Printing 
begins with the preparation of m r k  or copy, which is photognaphod to produce an huge. 
A proof is made which will be used to coxupare with the printed product and make 
adjustments to the press. The pbtographic image is tansferred to a plate. In the 
piatemaking step, the image areas of the plate are to the ink In the 
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Figure 2-3. General Flowsheet for Lithographic Printing 

I 
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printing step, ink is applied to the plate, then transferred to a nrbber blanket and then to 
the substrate. 

The substrate accepts the ink, reproducing the image. "he substrate is then cub folded, and 
bound to produce the finat product. Printing can be divided into four separate steps: 
(1) image processing, (2) platemaking, (3) printing, and (4) finishing. The operations 
involved in these steps are detailed below. 

Table 2-1. Paper and Printing Ink Used by the Grapbie Arts  Industy 

Material 

Annual 

(short tons) 
Volume 

Paper 
Commercial printers 5t~,000 

(other periodicals include catalogs and 
dircctories) 4 , " o  

Book 9 0 0 , ~  

Lithographic and o f k t  190,150 

Magazines and other periodicals 

Printing Ink 

Gravure 179,750 
Letterpress . 119,250 
Flexogr aphic 91,150 

Source: 1984 U.S. Industrial Outlook ( U S E  1984); American Paper Institute 1985: 
Personal co"ubicati0LL 

IMAGE PROCESSING 

Qow (or LL oe66thcmatdal 
P d =  I f u l ; m n . C i S t O b C  

printed as a Mi cdor mpmduction, then color Separations are macle to provide a single- 
color image oc m d  M c b  can then be used to produce the single-coior printing plate for 
lithograpfry or tbe cylkrder for gravure. (Multialor printing is do= by passing the 
substrate thou@ several singledor printing operatioas=) Ona the film has been 
developed, checked, and rephotographed (if nemsary), it is sent on to the p h  or 
qlbder-making operation. 

The printing industry employs Brpphic ~ H S  photoeaphy in the rcrproduction of both 
and copy, using materids similar to those in other fields of photqppb. "he mpte 
include a paper, plastic film, or glass base covered with a light*dW called a 
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photographic emulsion. This emulsion is usually composed of silver halide Saia h gelatin. 
Silver halides include silver chloride, silver bromide and silver iodide. Most photographic 
films are made of polyester, although some cellulose acetate fitlns are sti l l  in US(?. 

A photographic process generally produces a negative in whicb light parts of the copy that 
ww photographed are represented by heavy deposits of silver, causing them to appear dark. 
Dark paru of the copy are represented by little or no deposits of silver, causing them to 
appear tight or transparent. Some processes such as letterpress or lithography we the 
photographic negative to -fer an image to the plate. Gravure, screen printing, and other 
lithographic processes require positives. These are produced by printing negatives onto 
paper or film. The resulting images have tone values similar to the object or copy that was 
photographed. 

A photograph or other image made up of a gradation of shades is called continuous tone. 
Gravure, collotype and screenless lithography product continuous tone pictures by varying 
the print density. However, in ofkt lithography or letterpress continuous tones cannot 
be reproduced by varying the ink density. These processes print either a solid density of 
color, or none at all. To approximate the tones of the image, these processes employ a 
halftone screen, which converts a continuous tone image into a pattern of dots of different 
sizes. k e a s  meant to appear dark have larger dots, while light areas use small  dots. Due 
to :he limited resolving p e r  of the human eye, the overall effect is very similar to a 
continuous-tone photograph. 

Developing 

Oxidation and reduction reactions develop an exposcd photographic emulsion. The exposed 
film .or plates is 6rst immersed in a developer. This comrerts the silver halide in the 
photographic emulsion to metallic silver, in proportion to the amount of exposute it has 
received. Developers typically contain benzene derivatives. These include pyrogallol, 
hydroquinone, catechol, ppheaylene diamine, paminophenol met01 (or elon), amidol, and 
pymmidol. Tbese compo& contain two -OH (hydmql) groum two -NH3 (a") 
groups, or one of each. 'The two m a t  a"on developing agents are hydroqumone and 
metol. 

In general the developer solution .Is0 contains an accelerator, presenratitrC, and restrainer. 
me accelerator is an abbe material such as sodium hydroxide, sodium carbonate, or 
sodium tetrabolltc (bom&which increasestbe activityofthe~loper by pieuttrrlidngthe 
acid formed cMng the ~ m n t  proasr The p r e ~ e m u h ,  typically sodium sulfite, 
reduas d d d t m  d m q e  to tbe developing agent. ThC rest" r, potsssiUm bromde, 
reduces the rvrsrtinn af %$' on tk images. 

An albpwpe develqer might matah the twro deVtloQinl0 agents, sub as m e a  and 
hydroquinone, a sodium QuboLutt acals.nuor, a sodium d t e  V M ~ ~ W  and a 
potassiUm bromide aasiemtm A low-conmt developer Grequcnlrfy employs borax instead 
of sodium carbonate as the accelerator, and uses no potassium bromide. 

The introduction of automatic 6lm proasson has resuited in different developer formulas. 
One type is spedcaUy for nrpid..rccess p r w  The developer is 1 lowentrast type 
employins a spedal restrainer to reduce fogging of filnrr at the dwe1-r 
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temperatures. The developer also has a hi& concentration of sodium sulfite. In rapid- - processins, filmJ develop in 60 90 seconds in a developer bath that exceeds 1OOOF 
(Hartsuch 1983). 

The developing action is stopped by immersing the film in a fixins bath of 
thiosulfate (“hypo”), ammonium thiosulfate, Or sodium hyposulfite. Thw chemicals cowen 
the silver halides from the photographic emulsion to soluble complexa. This prevents them 
from nuning to metallic siiver, which would make the image in the emulsion black 

Hypo is typically the major ingredient of a fixing bath. Acetic acid, sodium suifite, potassium 
alum, and boric acid are also usually present. Potassium alum, which prevents 
swelling of the photo emulsion gelatin, is not stable in a neutral or alLdint solute; 
precipitation of aluminum hydroxide result u n l a  an agent such as -tic acid is added 
to keep the pH low. The major reason for the low pH is to neutralize the dkalhity of any 
developing solution remaining on the film and thus stop the developing action. 

Hypo will decompose in an acid solution, forming elementary sulfur as a preapitau. 
Sodium sulfite is added to combine with the sulfur precipitate axid form more sodium 
thiosulfate. Thus, the sodium suifite stabilizes the fixing solution. Boric acid is added to 
buffer the fixing solution and limit pH changes. This help to prevent precipitation of 
aluminum compounds (aIuminum is a constituent of potassium dum). 

Each time photographic film or p a p  is immersed in the fixing bath, a smaU amount of 
silver enters the bath &om the pbotogaphic emulsion. Insoluble compounds that are 
formed after the sitvet concentration reaches a certain level ULlPIlot be removed from the 
photographic emulsion. The bath should be recydcd before this point is reached. The 
critical silver concentration for Wng baths is 0.27 ou~lcts per gallon (2 grarm/liter), while 
that for films is 0.8 ouaas/gaIlon (6 p/l) when hypo is the firinrr agent. Use of 
ammonium thiosulfate doubles the maximum allowable concentrations of sihrer. The 
amount of silver present in a firinP bath can be determined with silver test papers availabh 
from most graphic arts suppliers 

A fresh fixing bath typically hsrr a pH of 4.1 (Hartsuch 1983). F i  and prints immersed 
in the fixer carxy some nllrrlinc deveiopingbrth with them. Tbis nises the pH of the firinP 

53, t86 ptrasiaun alum is less effective. The bath is 
then either dmged, or the pH is lawered by adding more acetic acid. Sometimes an acid 
stop bath is ullld prior to the 6xiq bath to stop the action of the developins ~01uti0n. The 
stop bath prc~rmr m ~ ~ t o f t h e  pH rise of the firinn bath. 

PH 

Wash Bath 

After a negative or positive is firui. some of the firincr bath & m i d  remain in the gelatin 
emulsion layer. One of the &micab present is hypo. If it is not rcllpovtd fiom the 
emulsion, it can react with the silver to form yell- silver d & w h i &  impain 
the quaiity of the image. Complexsilver salts will also react with the hypo to form silver 
suifide. To prevent sulfide formation, firinn chemicals are wasbed the emulSioa 
F h  are washed in a water bath that dissohres the hypo &om the emulsion until an 
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equilibrium is reached benveea the hypo in the water and rhrt in the emuision, at which 
point the water is changed, and more hypo is dissolved out of the emulsion Alternatively, 
6 . b  can be wubed in running water. The flow of water into the wash tray is adjuted to 
typicaily give every five minutes. Washwater at &out 80s: 
increases he k k  4.9. 
prevents the gelatin thiosultatt ions. 

Photogmphic Reducers and Intensiikcn 

Chemicals are sometimes used to reduce or increase the density of the metallic deposit on 
the film, in order to change the image contrast. Reducers act by oxidizing some of the 
metallic silver in the emulsion to a soluble salt. Reducen include femc ammonium sulfate, 
sulfuric acid, and potassium ferricyanide. l[ntensifien increase the blackness of a silver 
deposit by adding silver or mercury to the developed silver grains in the emulsion. One 
common intensifier contains silver nitrate, WrOlJrrllol and citric acid; another contains a 
mercury salt, metal and citric acid 

PROOF 

A proof is produced after the image process@ step as part of internai job conuol, and it 
may also serve as a communication tool between printor and ciient. It is used for both 
single-color and multiaior printing. In the case of color periodicals, the proof step rmiy 
occur outside the commercial printer‘s h d t y ,  at a color separation house. nK proof 
shows whether #all the elements fit, whether the color is right, and how the job wiil look 
when it is printed. For multicolor work, bo& prey pro& and off-press (or prepress) proofs 
are in use. Rcss proofs are more expensive because they require a press and printing 
plates or cylinders, however, letter press and gmure generally use press prooEF because the 
platemaking and CYiiLl<tCr-rnaking steps affect tone reproductioa In press proofs, the actual 
prhting inks and paper to be Usee caa be employed, although usuaUy a special (non- 
P 
W-press proofs are produced diaeafy, usually photographically, and these serve as a @ty 
conmi check of camera and scanner separation and COKGC~~OUS @nmo 1983). 

r. While electronic imaging may in the 
is mdy an irsdispenuble step in 

n) press is used to pdnt the p m t  

The printing process revohm UOuIllf the intermediate image d e r 9  a plate or cyiinder that 
accepts ink off a roller and d m  the image to the nrbkr bbake% Tbe b&nket, ia tum 
transfers it to the pqer. Wplinting ptoass uses a Merent 
typc of ink and presr used, tbe number of impresious that a n  

are printed, auxi the dYncteristia of the image are dl 
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?be four different types of image carriers gene- uscd are manuai, mechanical, 
electrostatic, and photomechanical. 

M& imcriqrc ccI17jcrJ coasist of hand-set composition, wood cuts, linoleum blocks, 
copperplate or steel-die engrav'blp. Manually made hages are seldom used now exapt 
for ~mmercial use in screen printing. 

M e c W c a f  image c m e n  are produced mainly for relief printing. There are two categories: 
-@=% 

also uses mechanically made plates. These include pantograph engravings, used for steel- 
die engraving, and engravings made with geometric lathes, which produce suds for stock 
and bond certificates and paper currency. Mechanically-made gravure cylinders are also 
used for printing textiles, wrapping papers, wallpapers, and plastia. 

(1) hot metal machine composition and (2) duplicate printing plates. 

E Z ~ a r j c p l a t U  are popular in reprography ( o h t  duplicating) where electrophotographic 
cameras convert onpal images or pasteups to lithographic plates used on 
copier/duplicators. Electrostatically produced plates arr: ais0 used for imaging from 
pasteups and for laser platemaking used in newspaper pMting. 

Photomechanicalplatrmakinyl is the common method of platemaking. These image carriers 
use light sensitive coatings on which images are produced photographically. Photomechanics 
is capable of reproducing photographs and other pictorial subjects. This overcomes the 
limitations of manually-and mechanically-produced plates. 

Production of the Image CIvrkr 

Thc photomecfrcmicalpmcess uscs light sensitive coatings whose physical properties change 
after exposure to light. ?he exposed coating areas become insoluble in water or other 
solutions, such as diazo solutions. The me+ areas dissolve, leaving the exposed 
portion as an image or as a stencil to form an image. 

Natural organic substances such as asphalt, shellac, albumin, and gum arabic have been 
used as photomechaniczrl coathp. New coatings indude poiyvinyi alcohol, diazo 
"pmd~, and synthetic photopolymer resias. Bichromates, whicb were used as a 
sensitizing agent until the diazo coatiup were introduced, are now becoming obsolete 
because of their toxiaty. However bidvoanoted gelatin for gravure 
carbon tissue asad COHO in bi bimetal plates 
(Bruno 1983). 

Two co"o3p amtings are diazo and photopolymer. Diazo coatings are used for 
presensitized ript.sn d u "  lithographic plates. The coatings are tbin and are generally 
used for press nnrr ulwkt loQo00 impressiops although some pte-lrcquered p b  can run 
for up to twice as rnqlly impresliorrr Disru, coatings have tbe advantage of not being 
afltected by changes in temperature and relative humidity. Photopolymer e are inert 
and abrasion resistant, ud$ch aUm for press NL~S longer than a &"t& plate. The 
photopolymer co8tiqp have 1 low sensitivity to c)\lurpclc in temp- and relative 
humidity. The polymerization reaction occurs under a UV light 
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f&u In lithographic printing, both the image and non-image areas 

0 

0 

have a light-sensitive amhg wbicb becomes ink receptive when 
exposed. Most surface plates are made from negatives. The types of surface plates 
are additive and subtractbe. with additive piam the hardened image areas are 

ink receptive. This is done by adding an oleophilic resin contained in a one- 
mulsion developer. Most coatings for additive-type plates contain a diazo 

compound, Other organic c o m d s  u e  used as light sensitive materials. These 
inciude azide compounds, hydrazine derivatives, quinone diazides, and quinone 
esters. n e  emulsion developer consists of two phases a solvent phase containing 
an oleophilic resin and pigment, and a water phase containing gum arabic and acid. 
When an emulsion between these two phases is formed and spreads on the plate, the 
emulsion breaks. The resin and pigment are deposited on the hardened image arcu 
while the water phase dissoives the unexposed non-image aru. 

Subtractive plates usually have an olcophilic resin incorporated into the coating or 
applied as a lacquer over the coating. OMX the piate is expos& tbe coated image 
areas hardea. When the piate is piaced in the developer solution, the non-image 
coated area dissolves. The piate is then gummed and is ready for the press. The 
waste from surface piate prseesson is a mildly acidic soIution of organic compounds 
in water. 

or anodized alum” is used extensively for surdsia lithographic plates. 
The advantages of ail” are reasonable at, mdability in dorm thiclaressy 
and tensile strength. It Qes not stretch wben mounted on the presr Aluminum 

I t Q e s a o t c o r r o d e ~ ,  
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deep etch plate proassing. is acidic and contains copper or other heavy metal 
compounds. This process is quickly becoming obsolete because of a t ,  heavy metal 
toxicity, and water pollution problems. 

o Bimeralp&a can be cxposed through either a negative or positive. 7%- plates are 
capable of printing several million impressions. The lifetime of these plates is long 
because the image and non-image areas are established by two different m e a .  
Therefore, the holding of the image areas is not entirely dependent on a hardened 
coating or lacquer. The watewater from bimetal plate processing contains heavy 
metal compounds. Bimetal plates are also becoming obsolete becaw of the heavy 
metal toxicity and water pollution problems. 

G ~ w e  Prinring Cy- Cylinder " n g  begins with a steel cylinder plated with copper. 
The cylinder is machined and polished SO as to remove my imperfections in the copper 
plating. Next, the surface is either engraved us@ a diamond stylus or chemically etched 
using ferric chloride. Use of feme chloride requires that a resist (in the form of the 
negative image) be transferred to the cylinder before etching. The resist protea the non- 
image areas of the cylinder from the etchant After etching, the resist may be subsequently 
smpped off. This operation is analagous to the manufactwing of printed circuit boar&. 
Following this operation, the cylinder is proofed or teste4 reworked if required, and then 

, chrome plated. 

Letterprut and Flaogmphy RclicfPICrtcr ]Letterpress and flexography both employ plates 
with raised images; only the raised areas come into contact with the ink rollers. Generally 
these plates are exposed through a negative. The developing proajs is similar to that of 
lithographic plates. However, one extra step is used to etch the non-image areas with an 
acid solution. Zinc, magnesium, and copper are the metals typiCany wed for relief plates. 

Zinc plates have a light-sensitive coating, typical€y polyvinyl alcohoL This is sensitized with 
dichromate. It can be developed with water, however chromic acid is used to harden the 
coating. The plate is then baked at 350. and etched with a solution of nitric acid. 
Magnesium plates are usually presensitized with a substance like polyvinyl innamate. After 
exposure to Ugh& the unexpwd part is removtd by a trichlotathylene vapor degreaser, 
and then etched with nitric acid. Copper relief plates use a light scxrsithe coating of fish 
slue and egg albumin. This is sensitized with pots;ssiUm dichromate. The plate can be 
deveioped in water and is typically baked at 6001: to harden the image areas. 

Baths used for &velopinll; these plates eventually build up a high concentration of heavy 
metals. Thma solutions cannot be dbhrged to most sewer systems unless the metals are 
precipitated ow! or rcccmred by ion exchange. Platexdcbg with e- proasse~ is 
diminishing irwrruL of the hazardous waste problems. 

Photosensitive plastic plates are used for coae~crdrl printine and 
newspapers. Some are used in an ofkt letterptess system all& "dy opbet or lettenet". 
plastic piates have an acivantage over mea plotes beau# 11~) e- soh~tion is ~ e & d  
Wen the plate is wrpo~ed the image area and aU thc pludc d - t h  the area 
A typical photosensitizer for these plates is benzophenone, which ~H&!'~W-S the 
polymerization process carried out under uv light An aJLntinc w m  solution is used 
to wash the unexposed arms OK 
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MAMEREADY 

Makeready is the procedure in which all the adjustments are &e 
proper registration and ink density, to achieve a reproduction nt to or comparable 
to the proof or acceptable to the pressman or customeis representative. This step mpy be 
the major source of waste from the printeis point of vim. Maleeready times can last from 
a few minutes to many hours. Weready can be conducted at low speeds or at press 
production speeds. The printcis objective is to "irrr? both the time involved in 
madeready and the number of waste sheets or signatures coming off the press (GATF 
1989). 

The makeready step is more complex for perfecting web o h t  presses than for sheetfed 
o f &  because eight press units are h l v e d  and must be adjusted propcrb there are units 

of and beneath the web, two for each of the four process colon. The major watt s  
ated with makeready are paper and air emissions. 

PRXNTXNG 

Once the plates are prepared, the actual printing can begin. The printing opentiom are 
rally the same for each of the major proasses, with the exception of screen printing, 

o common types of presses are sheet-fed presses and web presses. Sheet-fed presses 
up to 3 impressions per second Web presses typically print at a rate of loo0 to 
per minute. 

Reparation for printing begins by attaching the plate to the plate cylinder of the press. 
Since litho plates are typically made of thin flat aluminum sheets, they can be -ped 

attached to the plate cylinder. V i  all presses print from a plate cylinder, 
d to a flat plate. Ea& unit of a printing pres prints a siagle color. To prim a 
illwtratior% four separate units are typically required, one unit each for atageria 

III iithographic printing, the piate is mounted to a rotating cylinder. & the cylinder rotates, 
a water-based dampening solution follawcd by an oil-based ink is &erred to the plate's 
image area. The inked image rcpels the soiution and accepts the printbg inip, while the 

solution and repels the ink. As the cylinder 
lanket and thenonto the substrate. 

sheets of paper (sheet- 

In gravure priaa'uat the cylinder is placed in the press and partidy i"ed in an ink bath 
or fomw Sdveng is to the ink to maintain the proper level and vissosity of the 
bath As the cyttader is rotated, ink coats tbe entire surfra. Next, 8 metal w i p e r ( w r  
blade) presses npairut the sauf&ce of the cylinder and rcmovc~ ink b m  tbe non-ctchcd 
(non-image) areas. The subsaptt is then pressed 
is transferred. 

cyliader ami 
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After printing, the substrate may pass through a d@q operation depending on the type of 
ink US&. Lithography can usc heat-set and non-heat-set inh. In heat-set lithography, the 
substrate is passed through a tunnel or floater dryer which utilizes hot air or direct h e  
or combination. With non-heat-set lithography, the ink normally dries by absorption. 
G that 

FINISHING 

The term "finishing" refers to finai UblXlhlg, foldbg, collating, binding, laminating, and/or 
embossing operations. A variety of binding methods are used for books, periodicals, and 
pamphlets. These include stitching (stapling), gluing, and mechanical binding. These 
finishing operations are frequently accomplished by an outside sentice organization. 

Waste Deircriptbn 

Listed in Table 2-2 are the principal wastes associated with lithographic printing operations 
and most other printing activities. Gravure printing operations have been excluded since 
the major difference between the two proccsses, from a waste generation viewpoint, is in 
the plate- and cylinder-making operation. Gravure cylinder making is very similar to other 
metal processing operations; therefore, the reader is referred to the waste "hat ion 
guides for metal fabrication and printed circuit board manufacturers that are part of this 
EPA series. 

Papa is the major wastestream encountered in the lithographic industry. Almost 98 percent 
of the total waste generated by this segment of the industxy is spoiled paper and paper 
wrap. Waite paper comes from rejected print TUIIS, scraps froan the start and end of runs, 
paper at the end of the web, and overruns. Overruns are the excess number of copies that 
a printer makes to ensure that he has enougb acceptable copies. Other paper includes the 
paper wrappings, cardboard cores, and scrap from finishing operations. Most paper is 
recycled, incinerated, or dispud of as trash. 

Scrap photographic material and a l u "  plates are sold for metal recovery. Empty ink 
containers are normally SQilPtd clean of ink and discarded. Damaged or worn rubber 
blankets are also disuvded with the trash. 

Spmtphot-chanicals are generally biodegradable and are disehaqed into sanitary 
sewen. sam+rhn districb require permits to discharge the &mi& into the sewer. ?he 
chemicals htrrr 1 simrifirrnt biochemical oxygen demand (BOD). Printing shops that use 
very large qur;mitieS of pbotoenphic Cfieanicals may find it t~ctss~ly to install package 
biological t"ent  systeans to reduce BOD before disposrrl into the sewer. LPrger printers 
may find it both necesspy and tcoIpoLlljcal to recover the silver from the spent solutions 
before discharge to the sewer. Solutions that contain haadous C O " ~ ,  such as 
mercury clompoun4 llllipy require speapii handiias, 

Phte-maktyl wustes, such as acids and alkalis used to clean or develop the p 
either sent to wastewater treatment or drummed for cispod For Epdlioies that use pre- 
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sensitized plates, this waste is avoided (although the supplier of the presensitized plates 
would be producing this waste). M e n @ ,  Only large-volume users of plates (Le. 
newspapers) sti l l  produce their owp, plates. Photochemical wastes would be handled in the 
same manner as image processiag wastes. 

FOW& solunbnr used in lithography s t a n  with a concentrated dilute solution of gum 
arabic, phosphoric acid, defoamen, and funepcide, which is added to water. To this mixnue 
is added enough isopropyl alcohol (PA) to bring the conantration of IPA up to a range 
of 5 to 15%. The P A  is used to reduce the surface tension of the solution. IPA  allow^ the 
solution to adhere more easily to the non-image area of the plate cylinder. Most of the 
IPA evaporates along with the water. The other compounds remain on the paper. 
Virtually none of the fountain solution goes to the sewer as wastewater. Some printing 
chemical manufacturers now offer fountain solution concentrates that do not use P A  or 
other volatile compounds. The low-volatility concentrates usc soaps or detergents in place 
of EA Thew are marketed in areas that have stringent air quality controls. 

Equipment cleaning wastes consist of spent lubricants, waste inks, clean up solvent, and 
rags. Waste ink is defined as the ink removed from the ink fountain at the end of a 
run or following its contamination. Most of the ink used by a printer ends up on the 
product. Other losscs include ink printed on waste paper and spills. Most waste inks are 
either incinerated (if hazardous) or discarded with the trash. 

Volmilc og& compounds (sit &m). Depending on the printing proass and the 
substrate, inks may contain solvents (e.& xylenes, ketones, alahols, or aliphatia) that are 
evaporated immediately after printing. This is paxticularly appropriate for gravure 
applications in commercial printing. Inlts for o f k t  lithography are principally sheetfed inks 
which dry by oxidative polymerization; heatset inks, which dry by evaporation of the 
aliphatic ink oils; and nonheatset web inks, which dry by absorption of the ink vehicle in 
the newsprint substrate. There is no si@cant VOC emission from the inks when either 
sheetfed or nonheatset web inks are used. In the case of web o f i t  heatset printing, the 
printed web passes through a dryer which evaporates the ink oils. The resulting prints 
frequently have a glossy finish when imprinted on coated papen. The resulting VOC 
emissions can be controlled by cataiytic or thermal incineration, or cooler/condenser 
systems. In the case of VOC e " s  &om gravure printing, arbon absorption is the most 
commonly applied emission coot~oi method. In addition to the soivcn~ and ink oils used 
in the printing inb, common VOCs include isoproWt alcohol (6" fountain solutions), 
to l~e~e ,  ker and some dorinated solvents (found in type des, roller, 
blanket, and prua washes). 

ClcanirqP a ue used to dean the presses. The rubber biankets are d a d  once or 
twice per eirpbebau shift to reduce or eliminate imperfections resulting from dusk particles, 
or dried ink, When 1-r quality paper is used, cl- is required more freqUentb. A 
variety of sotvena aad daniq solutions is wed in the industry. sofvents indude methanol 
toluene, naphtha, tricbloroethane, methylene doride, and kmulated blanket 
washes. 

Most cleanup is done with wetted with the sobent or by pouhg soivent uver the 
equipment and then wiping it off with a rag. The dirty contah soinat, waste ink, oil, 
dusk dirt, and other con taminants. Clean rags are geneally supplied by induspial lau~dria, 
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which also pick up the dirty rags. The ~aundries generally dry clean the rags and produce 
a sludge comprised of the materials that were present on the rags. The sludge may require 
management as hazardous waste. 
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Section Three 

WASTE MINIMIZATION OPTIONS 
FOR COMMERCIAL PRINTERS 

Introduction 

The list of 
of source reduction methods is presented in Table 3-1. R e a  waste reduction 
methods and identified procedures are discussed in the following . These methods 
came from published accounts in the open literature and industry contacts. 

In addition to the waste reduction measures that are c i d e d  as p changes or 
material/product substitutions, a variety of waste reducing measures d as "good 
operating practices" has also bcen inciuded Good operating practices are defined as 
procedures or institutional polides that result in a reduction of waste. The foliowing 
describes the scope of good operating practices: 

al primary lithographic waste streams and their sources along with a list 

0 
0 

0 

0 

Waste stream segregation 

bandlbg and storage 
eacking and inventory control 

- Emergency prep*- 
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Table 3-1 Wwt+ Minimization Methods for the Commercial Printing Industy 

Material Handling and Storage 

Image Processing 

Plate Processing 

Maker 

f 

F l  

Material pre-inspection 
Proper storage of materials 
Restrict traffic through area 
Inventory control 
Purchase quantities according to needs 
Recycie empty containers 
Recycle photographic film and paper 

Electronic imaging and laser platemaking 
Material substitution 

Employ countercunent washing 
Recover silver and recycle chemicals 

Reduce solution loss 
Replace metal etching/plating operatiom 

- Extend bath life 
use of squeegees 

use no*- developen d tininhcn 

Implement accurate counting methods 
Automated plate benders, scanners 
Automatic ink key setting system 
Csmputerized registration 
Imlr/water ratio sensor 

fi%mll web break detectors 
Automatic web splicers 

omatic ink levelers 

Reduce paper use and recyde waste paper 



Waste Minimization Option, 

MATERIAL HANDLING ANI) STORAGE 

Improper storage and handling can result in spoilage and obsolescence of the raw materials. 
Good operating practices can reduce or eliminate waste resulting from obsolescence and 
improper storage. 

Material Reinspection 

Materials should be inspected before being accepted, and unacceptable or damaged 
materials should be returned to the manufacturer or supplier. This avoids both &pod of 
a nearly full container of unusable material and printing an unacceptable produn 

h p e r  Storage of Materials 

Many photoprocessing and plate developing chemicals are sensitive to temperawe and 
light. Photosensitive film and paper storage areas should be designed for economical and 
efficient use. Some shops waste up to one-fourth of these materials due to improper 
storage (Campbell and Glenn 1982). The chemical containers list the recommended storage 
conditions. Meeting the recommended conditions will increase their sheif life. Even more 
important to the efficient use of paper is proper handiing to avoid damage. 

Paper waste can a h  be reduced through proper handling and storage of r o b  or packages 
of paper. Webs need to be handled so that the outer paper wrapper is not damaged. 
Paper should be stored in a space having proper temperature and humidity, since it can 
easily absorb moisture; sheetfed paper should be conditioned to the temperature and 
humidity of the press room for one day before printing; this requires additional space in the 
press room. 

. 

To prevent raw material contamination, the storage area should be kept clean. AIso, the 
storage area should not be open to through traffic. Through taffic will increase dust and 
dire in the s- uea, incrdng possiile contamination- In addition, spills in the storage 
area will be 

Inventoq 

Inventories should be kept using the "first-in, firstat" p d e  'Ibis will reduce the 
possibility of expired shelf life. This practice may not work for spedrity materials that are 
seldom used. contputerized imentory systems can tfack the amounts and r g e ~  of raw 
mate 

to contain if traffic is restricted. 
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Purchase QtuhtiticlJ Accordhq to Needs 

Raw material Ordcr quantities should be matched to usage. Smnlt printers should order ink 
in smaller containers according to use. avoids having a large, partly used container of 
ink going bad in storage because it wasn't properly dd Residual ink in sheetfed ink 
caa~ should be smoothed and cavered in order to prevent loss by w e  printen 
should order materials in large containen, which may be returnable, thereby diminahg or 
reducing the need to clean them. It takes less time to saape out the large singic contpiner 
than several s d  ones. Ordering materials in returnable tote bibs may maximize h e x  
advantages. However, the size of container chosen by the printer is detemhed by 
economics of volume as well as consideration of waste " i o n .  

Recycle Empty Containers 

containers are scraped free of ink and discarded in the trash. Since the degree 
ss is a function of operator effort, the amount of ink discarded can vary widely. 

By purchasing ink in recyclable bulk containers, the container can be returned to the ink 
supplier for refillinP instead of being thrown away. In additioa, the use of bulk containers 

ts down on the amount of cleaning required since the surface area of the container 
per unit volume of ink stored is reduced. 

Recycle Spoiled Photognrphk Film and Paper 

It is a ament practice in the industry to send used and/or spoiled 1sfm to professional 
recyclers for recovery of m e r  (USEPA 1986). However, this option might not be practical 
to small scale producers or available to trrdfities located far away from recyclers. 

Test Expired Matcrirl lor U#rlhl#sr 

Materials having expired shetf-life should not automatically be thrown out. Instead, this 
material should be tested for eff[ectiveness. The material may be &le, rather than 
becoming a waste. A recycling outlet shouid be found for left over raw material that is no 
longer wanted. 

IMAGE PR mG 

The major wutmtmm lYnnntrA with image p- is wutcwlitcr thu'amnins 
photographic dmmials ULICI silver relLwvcd from 6l.n~ Much work has been done by the 
printing and -hie hcblsrics to abate this waste. 

Electronic 1- a d  Luer Phe"g 

A reant advana in imrgt p m s &  is the use of oompltctjzcd "ebctponic pre-press 
for typesetting (Lad cqry p " i o a  Text, photor, gtrphia, d layout are fed 

into the system duough an e ~ ~ n i c  upnncr. The aqvy is edited on I &ploy monitor 
rather than on paper. This reduces the quantity of film, developing cbemia4 and paper 
used. Only the fuui edited version is printed out. 
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Electronic pre-press systems were initially restricted to we printers, such as major 
newspapers, because of the higb initial equipment expenses. As the prices of computer 
hardware and software drop, d e r  printing operations are beghhg to use them. 
Electronic pre-press systems should reduce waste and improve productivity. 

Materid Sabstitutioa 

Non-hazardous chemicals and films can be substituted for hazardous ones. This can reduce 
hazardous waste generation at the image processing step. Itr particular, the wastes from 
photoprocessing using silver films are occasionally hazardous due to silver compounds in 
the wastewater. Some sanitation districts will accept photoproccssing wastewater with silver, 
if the silver concentration is low enough. 

Photographic materials are available that do not contain &her, but these are slower in 
speed than silver halide films. Diazo and vesicular films have been used for many years. 
Vesicular films have a honeycomblike cross-section and are constructed of a polyester base 
coated with a thermoplastic resin and a light-sensitive diazonium salt. Photopolymer films 
contain carbon black as a substitute €or silver. These films are proassed in a weak alkaline 
solution that is neutralized prior dispc#al. As such, they product a non-hazardous waste. 

More recently, photopolymer and electrostatic films are being used. Electrostatic films are 
non-silver films having speeds comparable to s k r  films and having high resolution as w& 
An electrostatic charge makes them light sensitive, after which a liquid toner brings out tbe 
image. 

Some photographic i n t e d e r s  and reducers contain hazardous compounds, such as mercury 
or cyanide salts. Non-hazardous substitutes are available. 

Extended Bath Life 

Wastes &om photographic procesSing can be reduced by extending the life of fixing baths. 
Techniques include (1) adding ammonium thiosulfate, which doubles the allowable 
concentration of silver buildup in the buh, (2) using an add stop batb prior to the thing 
bath: and (3) adding acetic acid to the firinn bath as needed to keep the pH low. 

Accurately adding and monitoring chemical replenishment of proccsa; baths will a t  down 
chemical wastage. Stored proass both chemicals should be protected from oxidation by 
reducing wrpoasre to &. Same smplfcr photo developers store chemic& in dosed plastic 
containers. GW8 mar&les are added to bring the liquid level to the brim each time liquid 
is used. In tbir way, the m t  of chemical subject to degradation by uposute to air is 
reduced, thereby extending the chemical's useful life and the life of the bath. 

a-li- 
Squeegees can be used in nonoautomated promsing systems to wipe excess liquid from the 
Eilm and paper. This can reduce & m i d  caryOver &om one proass bath to the next by 
50 percent (Campbell and Gle 1W). - & m i d  con tnminition of process 
baths increases reqeiabiiity, enbnces the lifetime of the proas, bad& and reduces the 
amount of replenisher chemicals required Most firm, however, use automated processon. 

* .  . .  
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photographic ptocessors, countercurrent washing can replace the c"ly used putllel 
UL& system. This can reduce the amount of wastewater generated. In a parallei systea 

ter enters each wash tank and effluent lcrvcs each wash tank. In munter-cm 
water from previOuJ h h g S  is used h the initial fiim..washing stage. Frw 
rs the proccss ody at the final rinse stage, at Web point much of the 

tion has already been rinsed of the film. However, a countercurrent system 

v e q  of Silver and Recychg d Spent ckaricrlr 

requires more space and equipment 

photoprocessing chemicals consist of developer, firer, and rinsC water. Keeping 
dual process baths as uncontaminated as posst'ble is a prerequisite to the sucassfifl 
of these chemicals. Silver is a component in most photographic tilms and paper 

nt in the wastewaters produced. Various cconomial methods of recavering 
silver are available (e.& metallie replacement, chemical predpitation, electrolyac recovery), 

a number of companies market equipment that will suit the needs of even the smallest 
printing shop. 

The most popular method of silver recovery is electrolytic depOaition. In an electrolytic 
ry unit, a low voltage direct ament is created between a carbon ande and stainless 

ode. Metallic silver plates onto the cathode. Oaa tbe dver  is removed, the firiaP 
bath may be able to be reused in the p b m h i c  dcvelqrncnt proass mixing the 
desilvered solution with fresh solution Recovered silver is worth about 8096 of its 

er method of silver recovery is metallic replacement. Ihc spent firinP bath is pumped 
cartridge coutainiag s e e 1  wool. An midation-aedudon d o n  occurs and the iron 
woo1 replaces the silver in solution. T& silver settles to the bottom of the e d g e  

commodity price. 

T&nol@es for reuse of developer and firer are available induck ozoat 0xid.CioS 
is, and ion exchange. 
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PLATE PROCESSING 

Recent advanas in plate proccsshg techniques, some made specifically to r & a  the 
quantity and/or tordciy of hazardous wastes and to i m p v e  worker safety, have reductd 
waste generation. Pn addition to the methods disased &low, the reaer is referred to &e 
companion EPA guides to waste " i o n  in parts cleaning and metal fabrication. 
Many of the wastes associated with plate processing are similar to waStes produced by these 
operations. This is espcckdy true for gravure prhting where the cylinders are ckome 
plated. 

Reducing Solution Lass 

Ln gravure printing, metal etching and metal plating operations typically involve chemid 
1 compounds that are deemed hazardous. Waste solutions from metal etching or metal 
plating operations usually require treatment before disctrarge to the municipal sewer. The 
same is m e  for all wastewater used in rinsing operations. 

The amount of wastewater generated by rinsing plates can be reduced by using multiple 
countercurrent rinse ran& The toxicity of wastewater from plating operations can be 
reduced by reducing dragout from plating tanks. Examples of dragout reduction techniques 
include (1) positioning the part on the rack to drain more easily, (2) using drain boards to 
collect dragout and return it to the pia- tank, and (3) mising the temperature to reduce 
the surface tension of the solution. 

Replacement of Metal EtchinlJPfrting Opvrtions 

Because of increasing environmental regulations and higher costs of hazardous waste 
treatment and disposal, the printer should repiace metal etching or plating proccsscs 
wherever possible. Alternative proasses indude presensitized lithographic, plastic or 
photopolymer, and hot metal which do not present the hazardous material problems 
associated with metal etching and plating operations. 

The wastes generated by using presensitized lithographic p h ! ~  are (1) wastewater from. 
developing and 6nhhi.q kt4 (2) used plates, and (3) tasfz Juch ph* wrappen and 
empty plate proassing chemical containers. c=hemi& consumption can be reduced by 
frequentiy monitoring the bath for pfi temperature, and solution meagth. This can extend 
the bath We, and soiutiorr be reduced to several times a year. Automatic 
plate procxyon a n  bath conditions. Resensitized plrues should be stored at the 
r e a m e d  &tiom to m&tain effectiveness. The used plates are not a hazardous 
waste and t b q  h u l d  be collected and sold to an aluminum -der. 

Noa-Hrzudou oerrbpar ami finis ha^ 

le, One corns 
developer and finisher uc considered mn-toxic and have a flub poiat of 213')F. which is 
non-hmnuble by cplifonnir 'Iitle 23 standards (Western tithottch 1987). Resensitized 
plates are available that are promscd witb water only. A lnrknplucsthatare 
water-resistant until exposed; upon exponue, the coating of the non-imagc becomes water- 

Non-hazardous developen and 6nishen are available. For 
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soluble. The same company markets a phttmakhg system that produces ofEKt Lithography 
piates directiy from copy or amwork ~ i i m i ~ t i ~ g  the need for pbtopmcssing. The system 
is economical for h e  printing operations (Camp&U and GICM 1982). 

MAKEREADY 

Paper represents the largest supply item that a printer buys and is probably the m a t  
expensive component of his wort  The printed paper produced in &ere* is frequently 
the largest waste a printer generates and b nonhazardous, Paper waste at this step is 
determined by the efficiency of the quality control press adjustments needed to achieve the 
desired print quality, specifically through proper ink density and acturate re&tration. lhis 
discussion focuses on approaches to reducing paper waste. 

Both in makeready and printing operations, printers need to know haw much waste paper 
is generated relative to the quantity of ;uxeptabk pieces, olle method that can be used 
by both sheetfed and offset printers is to weigh discarded paper and discarded product 
signatures and express the weight of waste as a perant of total paper used. Press counters 
are available, but under some d a c u m s t a n ~  such as whtn a jam occun on the press and 
the counter is not turned oft the count m y  be hecurate. 

A number of spedfic devices have been developed to automate press adjustments. With 
proper use, most of these are promoted by manufacauers as gnedine up the makeready 
step and thus saving paper and ink, However, their direct benefit is to increase quality 
control. We describe briefly below the use of automated plate benders; automated plate 
scanners; automatic ink; key sening system; computerized registratioq and ink/water ratio 
SCIISOIS. More detailed rbfonnotion, including axU, cpl~l be obtabed by o o d t i n g  product 
manuhurers and mzuru~ers' representations. Alsq the Graphic Arts Technical 
Foundation in Pittsburgh can provide additional information about these products. Each 
printer must weigh the cost; of these items against the potential increases in Quality and 
reduced paper and ink waste that; may resuit. 

Autom8ted Plate k d e m  

in fitting a piate to a culiarfer: p h  aoddns; ryILMtfBi%Lt 
of the benci; 0 t h  p h  disrering &om that of the 
parameten pogcrregi!#tr8tioa 

A 9 t O U I 8 t a l ~ -  

tomated plate bedm are &signed to all or some of the problems that occur 
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Automatic Ink Key scttfnq System 

Automatic ink key setting is usually accomplished as part of a system that includes scanning 
densitometry to determine ink density, rmation about the ink density is then 
transmitted to a computer controlled inking system, so that automatic adjustments are made 
to the in& profile for each ink slide position. 

Automated Registration 

Optical scauners and microprocessors also fonn the basis for automated registration 
systems. One manufacturer's system employs motorized scanners that move laterally in 
search of registration marks and lock in to the marks for the entire press nm, These 
systems have been developed for gravure, web ofkc: and other printing processes, 

Ink/Water Sensors 

Press operators need to know whether ink flow or water flow needs to be adjusted to result 
in proper ink/water ratio. This ratio must be optimal to produce a sharp dot and strong 
contrast without the risk of tinting. One manufacturer has deveioped an inkfwater Sensor 
that is part of an automated press antrol system. An optical system detects light reflected 
from the ink fonn roller and measures the surface water and the amount of water 
emulsified in the ink. Both water feeds and ink keys are linked to the system, so both a n  
be modified and any deviation in the ink/wtcr ratio can be co~ccted at once. 

The major wastes associated with printing and finishing are scrap paper* waste ink, and 
cleaning solvents. The clean-up solvent waste stream consists of waste init, ink solvents, 
lubricating oil, and sohrent In may printing establishments, exass ink and solvent is 
collected in a drip pan underneath the press. This waste is typically drummed and hauled 
away to a landfill area "be following parappbs dcscrii waste reduction methods. 

Standard Ink Sequence 

ob waste ink and waste .clejeaninp 
soiution: if a s t m i d  ink saquena is entpioyd, the ink rotation is not dmgcd with the 
job and you de not hmn! to dean out the fountaipS in order to drpnrtc the ink rotation. 

Installatian dW& BlrrLr Detectom 

This device detects tern in the web as it passes through a high speed web press. It 
automatically shuts down the press to prevent damage to the preu. otherwue thebroken 
web begins to wfap around the rollers and form them out of tbe bearb@. Web break 
detectors are'prharily used to m i d  severe damage to the pr#ses. Hwever, t h q  also 
reduce the waste that would otherwise be generated if a web break a 



Elemoak systems are available for detecting web breaks in a non-coataa fashion that will 
neither smear ink nor crease the web, thereby reducing waste from these sources. ~0th 

nw-Hill Publications in New York City and the SL Petenburg Tima in St. Petenburg, 
~ o r i &  have installed web break detection systems aad have reduced waste. 

Automatic Web S p l i C C n  

Aw"t ic  web splicers have become almost standard oa web oflset presses. The splice! 
be made while the paper is running at operating speed (flyiag web splicer) or while the 
paper is stationary (zerwpeed splicer). Either option can resuit in signrficant savings in 
time asid paper waste reduction. 

Use of ill AUtOm8tiC Ink bdkf 

Ink waste and spoilage is reduced by maintaining the desired ink level in the fountain for 
inking conditions. Automatic ink levellers are commercially available. 

containers should be resealed after using. Open containen are subject to ma-tion 
dirt, as well as forming a "skin" on the surface, loss of solvent, or 

eveotuai hardening. It was noted prwiously that sheetfed ofkt lithographic inb should 
be levelled in the can before placing a liner Over the ink. Other o f b t  iithographic inks 
may have low enough -ity to level themselves. Ink should be scraped from emptied 
containers with a spatula or knife to get as much of the ink out as pracrid This prevents 
the empty containers from becoming a hazardous waste. 

d heatset ofbet lithographic inks contpin: pipcats used as colorants; resins; 
ami 25 percent to 45 perant ink oils, Moa of the ink oil is removed during 
passing through 1 dryer and is either i n c h e w  recovered and recyde&, or 

emitted to the air. New tpts of inks are desarbod below. nKse were formulated with 
pollution reduction and e a e v  copsemuioa in mind. 

o r u m t e r ~ i n b r r e  

paper subsfllr~r ami tbeir use bas been reco"enckd for 11cnnntre, 

One factor the & d o p e n t  of water-- iab is thrt t&yrcquitt more energy to 
dry thando soh"&om inh h t h e r  difkdtyresuitsfrom &e d~ to shut preycj 
down for shon p e r i d  of time. Wben wuer base ink Qier, vmwr is 00s rsoiveat for t8e 
dried therefore more frequent is requite& otbef prdbkrns 

W iuks consist of one or "e maomcrs and a pbotosptbesizer tht sctectiveiy absorbs 
energy. Benefits of using UV inks are that the inb contain no solvent The pIIper is not 
heated above S ( P C  and a mini". of moisture is lost in the proass. Since the inks do 

tcr-borne in& are low gloss and p p r  cud. 
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not "cute" until exposed to UV light, and mny therefore k allowed to re- in the inir 
f o u h  (and piates) for long periods of time, the need for clean-up is reduced. U V  

particularfy recommended for letterpress and lithography. Tbe following have been 
cited as advantages of usiug uv ink for sheet-fed lithography (carpenter and e d  

0 Elimination of “set-off”, the unintentional transfer of ink to adjacent sheets before 
the ink has dried up completely. 

Elimination of the use of powders that are applied to protect an ink film that is 
“set” but not “dlyl). 

1976): 

o 

o 

Disadvantages that should be considered include: 

o 

o 

Elimination of the storage of printed sheets for ventilation required in oxidative 
dryingproccsses. 

Cost (75 to 100 percent more expensive than conventional heat-xt inks). 

Hazards of W to operating personnel. 

o Formation of ozone by the action of W light on oxygen. 

o Conventional commercial paper recycling procedures will not de-ink papers printed 
by this process. Therefore, this is a potential source of non-recycfable paper. 

Some of the chemicals in the inks are todc. 0 

Electron-beamdried (EB) inb are similar in concept to W inks, offer the same 
operational advantages as W inks, and have no solvents. However, the EB systems require 
operator protection from X-rays created by the proass. Also, the system often degrades 
the paper. 

Automatic Blanket Ckaners 

Automatic blanket deanem, which CoIUist of a control bax, a solvent metering box for each 
;IILd a doth hading uui~ have incmsed press effiaenq for a number of 

rs that ham installed them. They arc wadable for “y types of presses, including 

ressions during the shorter time period needed 
nee of 250 - 350 l a t  hpmsiom using the 

both web aodobadadafbet The inaerued speed of putomuued WBShthQ conlpared with 

with 1Joo -.3,000 lost using d w8!!hes (Graphic Arts 

There is an added benefit of increased safety. Using tbe automatic dean@ system 
eljminatw the risk iayees holding a rag q a b t  8 running blanket; 
also the amount of so is controlled, 50 tbe psiWty of ignition in the 
dryer of paper soaked with solvent is less likely. 
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R e q C l i n g  of wmte Inks 

te inb can be recycled. One recycling technique relies on blen- inks of 
diEferent colon together to makc black Small amounts of certain colon or bladt toner 
m y  be needed to obtain an m p t a b k  black color. Rev- 90 get b k k  ink b generalfy 
more practical than recycling to get the On- Color. This reformulated black i& 
comparable to some lower quality n w  black inh, such as n e q a p e r  ink. For this re=% 
much of the black ink for newspaper printing amahs recycled ink (Woodhouse 1984). 
Waste ink recyciing equipment is avaiiable aud advertised in the printing trade magazines, 

Oflosite inlt recycling, either by ink " u e n  or by large printers, may be more 
economical for smaller printers. The waste ink is reformulated into black ink and sold back 
to the printer. The small printer can avoid l a n a  disposal of the ink and the large printer 
can reduce purchases of new black inb. 

Labor time necessary to fill operate, and empty the ink recycler is about the same as labor 
required to pack waste ink into drums with vermiculite adsorbent, and to manifest ib 

Therefore, the labor savings is not sigaifican~ The major operating cost savings are the 
reductions in raw materials costs and waste disposal costs. (See case study - Plant A, 

Aitemrtive Fountain Solotbar 

Appendix)* 

The fountain solution contains water, isopropyl alcohol (PA), gum arabic, and phosphoric 
acid, all of which end up on the paper or evaporate; they do not bccOme*hazardous waste. 
However, the evaporation of the P A  may create an emission problem. la states or regions 
with stringent air quality Wts on VOCs, this may result in a requirement for air pollution 
control equipment. Alternatively, fm& s01uti0~ concentram are available that contain 
no VOC or very small amounts of VOe. 

~ t e r n 8 t i m ~ ~ t s  

Dangerous chemicals such as benzene, carbon tetrachloride, trichlom~lene, and methanol 
have been used as ampnmts of deaning solutioas. SQecisllty made blanket washes are 
now available Ware lcrrtacicurd less flammable. These bfanket 
mixtures of 
low toxiav. yIIIsr pintCn f-I that thesc soivents do not work as well as the sobents 
mentioned Ik €&mew, becuue of the less W d o u s  
WhPOPOLlfftY. n s c l r c b l r s k c t w l u h t s a r e ~ i ~  
in the printing step. Geneni deutup should be done with detcrgen!~ or soap sohttieas 

ethers d other bePvier hydrocarbons that have a high 

r possiik. Solvent deurup should be used oaiy for dazing up inlg d oils. 

theNttdtocka 

Most presses are deaned by hud with a rag wetted with deaOing w h t .  The diy solvent 
remains on the rag. A sepurrte waste soivent is not p&ced. To reduce the a " t  of 
sobeno and the w m k r  of rpgs used, ink fountains should be cleaned ow when a different 
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color ink is used or when the ink might dry out between runs. Aerosol spray materials are 
available to spray onto ink fountains to prevent overnight drying, so that the ink can be left 
in the fountain without cleaning at the end of the day. This reduces the amount of w t e  

For example, a protective film was sprayed over each of four ink fountains on a smali o&t 
printing press at the end of each work day. The waste ink was reduced by 5 pounds per 
day. Based on a disposal cost of 70 cents per pound and 250 operating days per year, the 
savings in disposal costs are $875 per year. The need for new ink was reduced by 5 pounds 
per day. At a cost’ of 52.00 per pound, the Sa- raw m a t e d  costs are $2.500 per year. 
The total operating cost savings are 53.375 per year. The cost of the spray is relatively low. 
Also, less labor is needed to spray the fountains than is needed to drain and clean out the 
fountains and dispose of the waste intC This labor savings would improve the source 

n economics. 

Increasing Cleaning Emcienq 

Where cleaning of rollers is accomplished with solvent and roller wash-up blade, several 
factors affect cleaning efficiency: condition of the rollers; condition of the blade; the blade’s 
angie of attack against the roller; and press speed dunng washup. Both rollers and blade 
should bc in good conditio= The bide’s angIe of attack should be adjusted so that 
d c i e n t  pressure is exerted on the roller, but the angle should not be so coarse that the 
blade can be “grabbed” and “pulled under“ the roller. Too slow a press speed means long 
wash up times, and generally increased solvent use. 

t of cleamg solvent and rags wed. 

Collect and Reuse Solvent 

In this practice, solvent is poured over the equipment and then wiped dean with a rag. The 
solvent is collected in drip pans under the equipment and becomes waste solvent which can 
be reused. If one container of solvent is used for each color printing unit, the solvents can 
be reused without cross-contaminating the inb. Used Solvent can be reused in cleaning 
most of the ink from the rollen and blankets, with only a smaU a ” t  of fresh solvent 
needed for the final deanup. Saxall solvents stills can be used to reclaim the solvent. 

In so” cases, used solvents b h g  one particular ink color can be used to make up the 
solvent content of new inks of the same color, This has been done at a compary in North 

Carolina 1987). At Rexhun Corporation in Mattews, N.C, toluene is used to dean the ink 
from the prer, ud runoff toluene b collected as waste. R d ”  has nearly eliminated its 
toluene w~utd by segregating used dean-up toluene according to the color and typc of ink 
Con tambant d then redng the collected wastes to thin future batch of the same ink 
The ptocedure has no effect on product quality and has resulted in 1009b reuse of 
the toluene solvent (Huisingh ‘et rrl. 1985). However, solubifity chrac&ctiStia are critical 
to some types of flemgraphic printing plates and this a p p d  should k h~- 
Carefully. 

Carolina using rlcohol/~tatC LIS in its flexogra~hic printing (NO& 



RecydeLakOUI 

fuel grade oiL or use it for bbndiq into asphalt 

rtive Rfating Tccbniqo(cr 

An electrostatic screen printing process, a h  known as pressureless printing, was developed 
by the Electrostatic Printing Corporation of America and therefore is called the Epc 
process (USEPA 1979). A thin, flexible printing element, with a h i y  screened opening 
d e w  the image to be printed is uscd An electric field is established betwc.cn the image 
element and the surfaa to be printed. Fie@ divided “electroscopic“ ink particles, metered 
through the image openings, are attracted to the printing surface, where thy are firmly held 
by electrostatic forces until thy have been fixed by heat or by chemical means. 

paper is the largest suppIy item a printer buys and it my be ohe most apensive 
nt of his work, paper use d the disposition of waste paper is acritid concern 

rinten segregate and ttcydc paper according to grade: inked paper is one lvpde and 
ts recycled separate@ uupriuted white paper is sent xpantrty to req-, illllid wfi4ppc~3 
for paper, which are a lower grade, are disposed of in trash. 
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Saction Four 
GUIDELINES FOR USING THE WASTE 

MlNlMEATlON ASSESSME RKSHEETS 

Waste -tion assessments were conducted at several commercial printers in the Los 
Angeles area. The assessments were used to deveiop the waste "irration questionnnite 
and worksheets that are provided in the foUdDg section. 

A comprehepsive waste minimhation assemeat inciudes a planning and orgax&atiod 
steg. an assessment step that indudes gathering background lnmhl ami d=loPmea 
of waste " i o n  options, a feaslaility study on "irration Optiom 
and an implementatioa phase. 

Condacthg Your Olm Asmssmult 

The worksheets provided in this section are ed to assist priaten in systematically 
evaiuating waste generating precesses and ia identifying waste " h a t i o n  opportunitie. 
These worksheets include onty the assessment phve of the p e e  d m i d  in the EPA 
M d  For Waac M- opparamii), For a €dl desniption af waste 
"hat ion assessment ptootdues, refer to thc 

Table 4-1 lists the worksbets 

38 



Number Title Description 

1. 

2k 

2B, 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
r 

12. 

Waste Sources 

waste Minimization: 
Material Handling 

Waste Minimization: 
Material Handling 

Option Generation: 
Material Handling 

* .  . waste Mraurmza tion: 
Material Substitution/Image 

Option Generatiom 
Material Substitution/Image 

PrOceSShg 

ROCCSShg 

. .  . waste h+r"a tiOn: 
Plate P r o ~ ~ ~ i n g  

Option Generation: 

t i O E  waste Mrnrmttrr 

Plate proassins 

P r i I l t i n g a n d F i i  

opdap G e n e d O I c  
Pridmgund1F"miShins 

. .  . 

Typical wastes generated at 
commercial priating plants. 

Questionnaire on generai 
handling techniques for raw 
material handling. 

Questionnaire on procedures used 
€or handling drums, containers 
and packages. 

Waste " i t a t i o n  options €or 
material handling operations. 

Questionnaire on material 
substitution and on image 
processing operations. 

Waste " h t i o n  options for 
material substitution and options 
for image proccssing. 

Questionnaire on plate processing. 

waste "irrrtion o p p o ~ t i c s  
for plrrte processing. 

Questionnnirc on printing 
aIldfini&u& 

Rinting and hishing waste 
" i o n  options. 

QuestionnPitc on usc of good 
opnting practice& 

good WWP-iC- 
* .  . 'on options for Waste "rllh 

narire on opporh;miciees 
for reuse d tcc~vcy of wastes. 
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WORKSHES3 

1 WASTE SOURCES 
v 

1 

I I I I 

I 1 I I 
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WORKSHEET 

2A 

A. GENERAL HANDLING TECHNIOUES 

Are all raw mater& tested for quality kfon king aax@ed from qm? 
Are expired agedated materials testod for MoUivonor before burg dbposed of? 
Is obsokte raw mated returned to tho suppbr? 
Is paper stored in a humwlrty ud tompcKPtuncorrbrpiM ma? 
Describe safeguards to prevent darnago to pqm h handling and storago: 

J yes 7nO 
El yes 3 n O  

CI yes J n O  

Describe safeguards to prevent ttw u3. d mPtwWr tht may generate off-sglc PlrJdUd: 

Is inventory usod in first-in firstad or#R 
Is the inventory system -orhod? 
Does the arnerrt invcmrOry mrol syaom adoq~atofy proved wasto gomion? 

zno 
J n o  
3 n o  

What information dom tho syatom tnbr? 
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WORKSHEET 

2B 
- 

8. DRUMS, CONTAINERS, AND PACKAGES 

Are dnrms. packages. and containers inspected for damage before being accepted? 3 yes 3 n O  
Are employees trained in ways to safely handle the types of drum & packages rweived? 3 Yes 3 n O  
Are stored items protected from damage. contamnation, or exposun to rain, snow, urn 6 heat? 3 yes 3 n O  

Does the layout of the factlity resutt in heavy traffic through the raw material storago area? fJ yes 3 n O  

Can traffic through tne storage area be reduced? J Y- 3 no 
Are employees property trained in handling of spilled rm matenab? 3 Y- 3 n o  

(Heavy traffic increases the potential for comamtnating raw tWteffals with dirt or dust 
and tor causing spllled matenais to become dispersed throughout tho tacitity.) 

Dexntn handling procedures for damaged items: 

What measures are empbyed to pmronl the spiikge of liquids king dispemed? 

When a spill of liquid occurs in the facility. what deanup mthodt afo empbyed (e.& w8t 01 
dry)? Also discuss the way in which the reur#ing wastes u o  hrMkd: 

Nouid diffonnt cleaning mothods allow br dmt rwso 01 nycSng of tho wrrro? (exphb): 



, 

k. Gonorrl Handling Tochniqws 
Quality Control Check 
Test Age-Dated Matenal (if exprod) 

Retum Obsolete Matonal to Supprier 
Minimize Inventory 
Computento Inventory 
Formal TrJrrtq 

ror mmveness 

b 

WORKSHE 

3 
c I 

Mootlng Fonnrt (o.Q., brrmstonnlng, nomlnrl group twhnlqw) 
Mootlng Coordinator 
Mooting Participants 

Suggostod Wasto Mlnimlutlon Optlons 

3. Drums, Contalnon, and Packages 

R a w  Matonal Inspection 
Proper StorageMandling 
Roduced Traffic 
Spllod Matonal Awso 
Cleanup Mom- to Promo Rocydng 

Appmpriato Purdwll Si;rm 

Wasto Segrbgaiorr 
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wasto Mlnlmlution Aurumont  F i n  

WOR KSHEST 

4 
c 

WASTE MINIMIZATION: 
Material Substitution 

I Image Processing I 

A. MATERIAL SUBSTlTUTION 

Do any of tha inks or thinnan uwd contain hazardous materialo (1.8.. chbdnetod 
solvents, lead or Chf" pigments, mnury. OtC.)? 
If yes, nab matorial substitution beon triad? 

J YW 
J YW 

3nS 
J n O  

8. IMAGE PROCESSING 

h a  O I ~ I O M C  pn-pmsr systam usad to plcrpuo copy? 
If not, has their us0 beon considerad? 
is silver romovod and rocwarad from pnotopmcesdng wasta strsunr? 
Is silvor recovery dona onsita? 
Has reuso of photoprocesang chemicrb boon attaInptod (aftor silver "d)? 

What other photographic wastes am ncyckd or m v a n d  in soma manner? 

Are any of tho folkwing tochniquos w(ld lo imam tho life of the fixing bath? 
Add ammoruum thiosu#r(o 
Add acetic lEid 

On0 
Om 
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Wart. Mlnlmlutlon A-ont p rmrw ay Firm 
sit. Pmc. Unit/ Opor. ChOCkOd By 
oat. Proj. No. 3h-t- of - p;rqr - d __ 

Material Substitution 
WORKSHEET 

5 

Moottng Format (0.g.. eralnstormlng, n o m I ~ I  group tWhnklw) 

Mooting Coordinator 
W t l n g  P8rtlcipants 

Suggested Waste Minlmlutlon Optlonr R & ~ ~ o M ~ ~ ~ ~  OCI 0Mkn 

P. SubstltutbniRetormulcltlon OptkW 

Ink Substltution 
Soaent Substttutton 
Film Substitubon 
Other Raw MatenJ Substitution 

I 



WORKSHEfl 

6 
I WASTE MINIMIZATION: I I Prate ProcessinQIMakeready 1 

PROCESSING 

Oiseuu: 

P 
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W u t o  Ynmltrtbn A8m" Firm 

Date Pmj. No. 

WORKSHEST 

7 OPTION GENERATION: 
-I Plate Proclbssing 

Suggortd warto MInlniutbn Optha  

Etchlng/Plating* 

Nonchmmate Etchant 
AlteNtrve Plating Baths 
Dragout Redudion 

Bath-Life Extension 

RaWuWW~rtcs on optbn D o n Y  "7 ? 

~~~ 

Metal Reaway 
Ston Platos at Rwrmwnrkd Condtbnr 
Maintarn Plate P"ing Bath 

Recycle Spen! Rates 
Use Water-Based Devebpen 

Use Laser Platemaking System 

Procodng 

Prusonsitized PMOS 

I 

I I 

I I 



I WASTE MINIMIZATION: 1 
I Printing & Finishing - -  I 



wo 
9 

Suggested Wasto Minlmlutlon Optlom 

Reseal Containers P m d ~  

OPTlON GENERATION: 
Printing & flnlshlng 

D O M Y  "72 ? ft8t-m on optbn 

Us0 Attematiw Inks I I 

I I 

I 
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WORKSHER 

10 
WASTE MINIMIZATlON: 

Good Operating Practiao 

GOO0 OPERATING PRACTICES 

Are plant matonal balancos mutinely performrd? 
m re they performed for ea& matonal of conom (0.0. sotvent) soparatoly? 
Are records kept of individual wastes with thoir 3ourceS ol orQn and ovontual disposal? 
(mis can ad in pinpornting large wute 1 V o m  and foarrr mu otlorts.) 

Are tho operators provlded with detaikd operating menuat8 or instruction sots? 
Aro all oporator pb tunctioru woll dofitinsd? 
 re regularly s c h ~ k d  tra~tiing program offorod to oporaton? 
~ r o  them empcoyeo incentiw programs related to waso mrrmiration? 
CMOS tho taality havo an establishd wasto nnnirnization program in place? 
n yos. is a spwfic ponon asUgMd to ovorscn tho SUCEOSS ot tho progrun? 

sJ yos 
23 yes 
3 Y M  

Oiws goals of tho pmgnm and r w b :  

H a s  a waste minirrriution uscHt)mnt been performod at t)w, facility in the pmt? Y U  Jn, 

If yes. discuss: 
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WORKSHEET 

11 
OPTION GENERATION: 

Good Operating Practices 

~- 

Mooting format (0.g.. bnlnstormlng, nomlnri gtwp toehnlqw) 

Mootlng Coordinator 

Mntlng Panlclp8nts 

Suggortod Wasto Mlnlmlutlon Optbnr ~ l W l 8 l ~ O m 8 f U  On Optbn 

Perform Matenal Balances 
Keep Rscofds of Wan@ Sources & Oisposition 
Waste/Matenab DoarfWntation 

Provide Operating Manualsllnstmions 

Empbym Truning 

Increased Supemuon 
Provide Employeo Incemives 

increase Plant Sanitation 

Establish Waste Minimization Poky I 
Set Goals for Source Reduction I I 
Set Goals for Aqct ing 

Conduct Annual Asssssmnts 

I I 
I i 
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Appandlx 

CASE STUDIES OF COMMERCIAL PRINTING PUNTS 

In 1986 the California Department of Health Services commissioned a waste " h t i o n  
study (DHS 1988) of two commercial printing firms, called Plants A and B in this guide. 
The results of the two waste assessments were used to prepare waste " h t i o n  
assessment worksheets to be completed by other printers in a self-audit process. 

The companies selected as t sites were chosen primarily for their willingness to 
participate in the study, app to the study objectives, and the ability to apply the 
information to the commercial printing industry as a whole. Plant A was a medium-size 
commercial printer handling a wide variety of printing products. Plant B was one of several 
plants owned by a large printer spcciabq in newspaper adveeniSbg inserts and circulars. 

The assessments consisted of two visits each to Plants A and B. The initial visits inciuded 
exaaaination of plant operations, waste handling and disposal, discussion of potential waste 
"itnt ion techniques, and included a tour of all plant operations. The second visit was 
used to answer follow-up questions. 

This Appendix section presents the results of the assessments of Plants A and B and 
potentially usefua waste " b a t i o n  options idenufjied through the assessments. ALSO 
included are the practices already in use at the plant that have succesUy reduced wa%e 
generation from past levels. 

The waste " b a t i o n  assesmints were conducted according to the description of such 
tiou," in this guide. assessments found in the "Inaoducto~ Overview of Waste hf"za 

The steps invotved in the amssmcnts were (see a h  Figure 1.1. on page 3 of this guide): 

. .  . 

WASTE MINltMIZATXON AssEssMEM(p OF PLANT 'A9 

Plant A is a mdum-sizcd commercial printer located in the xnetroplim Ins 4elCs  
area The company employs about 60 people, of whom 43 are involved in production and 
the remainder are administrative and staff employees. The company handles a wide m e  



of commercial pMting, including advertising inserts, business forms, brodhures and 
pamphlets, and drculan. Corporate sales for the fixat yeat ending June 30,1987 totalled 
approximately $6 million, 

p i a t  A performs its 0w1l photoproassing. photoprocessing and pia* p r m h g  
chemicais are received in five @On containen, referred to as “cubes.” Apprcnimately 1- 
112 cubes of developer and 1 cube of fixer are wed per month for film proassing. For 
platemaking, presensitized alumbum plates are used. The average monthly usage of plate 
processing developer and fixer is 2 cubes per month each. All of the developers and fixen 
are diluted with water at a ratio of 4: 1 (water to chemical) before being used. Presensitized 
al~minum plates and all photoprocessing and plate procc?ssing chemicals are manufactured 
by Kodak. The piant also uses two gallons per month of gum arabic, which is applied to 
the plates to reduce oxidation. 

Automatic processors are used for photoproassiPg and plate proassing. Fresh developer 
and fixer are added automatically, and an equivalent volume of solution from the baths is 
simultaneously removed by overflow to prevent the buildup of impurities in the baths. The 
spent solution goes to the sewer. Also, the proctsSing baths are dumped and fresh new 
baths are made up every six to eight weeks. These dumped baths also go to the sewer. 
Kodak daims that these chemicals are non--dous and biodegradable. The local 
sanitation district accepts the wastewater &om Plant A and charges an annual pennit f a  
of SSO. Silver recovery from the spent k i n g  solutions is not felt to be economical and, 
therefore, is not practiced. The silver concentration in the wastewater b within the 
acceptable limits set by the sanitation district 

The printing operation at Plant A consists of four web press hes and two sheet-fed units. 
Three of the web press lines use four color printing units, and the fourth line uses six color 
printing units. About 95% of Elant A’s pmluction is printed using the web presses, and the 
remaining 5% using the sheet-fed presses. 

The plant uses non-heatset inks exclwively. The inks used are ma;lltlfactllted by Iahnalren, 
Inc, U.S. priatinS Ink, and United Printing Ink Approximately 1500 pounds of ink in 17 
different d o n  are used per math The inks are ordered in 3o.pound kits. Fresh black 
inks am from $150 to $350 per pound; colored inks from $350 to $750 per pound. Plant 
A has an arrangement with its ink mpplien in which all of the waste inks arc returned to 
the supplier to k refonmrInted into black ink. The supplier mixes fresh black ink into the 
wrasteinktoobuinm 50 to 100 pounds of fresh ink is 
added to cadt ro6paundr ofwaste ink. Plant A then buy back the refonrmlattd blrct ink 
at a price of- per pauad Plant A is now looiang into purchasing a d ink r eqchg  
unit. 

Approximately #)&rllbn, per “h of Rosos “Fountain Soup“ is used to make fountain 
solution for the web pr”. ”he Fountain Soup is a comntrrtc thrt iadudes pboaphoric 
acid, gum arabic, a defoamer, and a fungicide. Tbc fountrrinsohrtinn is made up by- 
1 to 4 ounces of concentrate to & @on of water. This concentrate is fonnulnted for 
use in areas whcre there are stringent conaois on volatile o r p i c  compouIIcl (VOC) 
emissions. (Plant A is located within the jurisdiction of the sarth C h s t  Ab Quality 
Management M a )  Tbe conantram contains h i g h - b ~ i l h g w  W that help 
to wet the non-image areas of the plate, without the need for -1 alcohoi. 
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n e  R ~ s o s  Fountain Soup was found to not work effectively on the sheet-fed units. 
Therefore, a Merent fountain solution concentrate (also supplied by Rosa)  is used with 
the sheet-fed coho1 so that the 

e a€ 
isopropyl aicohol is 10 gallons per month, S 5% 
of the company's overdl the VOC emissinas &om the plant are low enough to be 
within the prescribed limio, 

The fountain solution is never drained from the printing unit reservoin, but is either 
applied to the paper or is lost through evaporation. Of the solution that ends up on the 
paper, most of the water amd isopropyl alcohol evpgontej, while the other components are 
absorbed into the paper. 

Approxrmately 230,OOO pounds of paper are used per month, on average. Of the sheet-fed 
paper, approximately 2 to 6% ends up as waste. Of the webfed paper, approximately 2% 
of the gross weight of the paper ends up as wrapper slab and core waste, and 6 to 7% as 
other waste. All waste paper is collected and sold to a paper recyder. 

All used and spoiled film is processed by a recycler to recfairzI silver and all used aiuminum 
plates are sold to an a i u "  reqder. Ink containers are scraped out when empty and 
then thrown iu the trasb, dong with photoprocesskg and phte processing chemical 
containen. Worn rubber blankets from the presscs are lis0 thrown in the uash. An 
average of 16 blankets are replaced each month on the web pressu, and one blanlret per 
month on the sheet-fed wits. 

P anket Wash, mvlufiaured by Shell chemical, is used for deaning the presses and 
for other general cleanup uscs. Aecordiag to the supplier, this wash is formulated to be 
exempt from California haadous waste regulations. Cleanup is done with a rag wetted 
with the blanket wash. V i  dl of the blanket wash ends up on the rags; there is no 
waste solvent collected. For $40 a week, a local industrial laundry provides about 2ooo sags 

r week, picks up dirty 

ant A has yet to send art 8ny b" wastes under d c r t  Thy have aa 
meat with the ink rnurufscnrtor who picks up the waste inb and reformulates black 

are not 

a d  dry deans them. 

ink from it. Under current federpl guidelines, offset lithorcrrrphy 

up dl ofthe waste ink from 
to produce an acceptable black 

are returned each month to the 
A buys c#dt 300 to 500 pounds pes 

f black ink at 1 c01t or 

price for the reformulated ink is rehtiwiy high baed on tbe re 
the ink, Fresh ink of ampamble quality typically costs $155 per 
obtain a potentially quick payback on its investment by purdysino an 
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, Marketing, Inc sells a d recycler which blends 60 pounds of waste ink with 120 
of fresh ink to produce a 18o.pound batch of refonnulnttd bhck ink, The complete 

and is rrsdy for use. One batch can be proaytd in one hour. 

b fisefpvrtiyc set of 

o 

0 

200 pounds of waste ink are produced per month, 

Labor and utility costs are negligible. 

case& Buy a new ink reqcier 

o The reqder blends in 4-00 pounds of fresh ink to produce 600 pounds of 
reformulated ink The fresh ink uxts $155 per pound. 

o TheinkrecyciercostsSS,900. - 

Case B: Keep the existing arrangement with the ink mawfacturtr. 

o The ink manufacturer blends in 100 pounds of fresh init to produce 300 
pounds of reformulated ink per month. The cast of this reformulated ink is 
53.00 per pound. 

0 Plant A buys an additional 300 pounds of fresh init The cost of this ink 
is 5155 per pound By buying this additional inlr, both casa produce a totai 
quantity of black ink of 600 pounds per month. 

A-1 presents the economic compariso~. The payback of just 
-site recycler look very attractive. 

8 months makes 

WASTE MINIMIZATION ASSESSMENT OF PLANT 

optimal perfor". 
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Table All. Ecoaomk Comparison of Om-dte rrnus W-site Ink Recychg 

Casc A (On-site Ink Recycbg) Buy an ink rtcyder to couvert all waste ink into 
reformulated black ink. The capital cost of the ink reqder k S5,sOO. 

Case B. (Off-site Ink Recycling) Continue to return waste ink to the manufacturer, who 
biends it with fresh ink and seils it back to Plant A 

In both cases, the waste ink is available without am. 

A s & L  

Waste ink * t i 0 0  
Fresh inir for blending AQQ 
Reformulated ink 600 
Additional fresh ink 0 

Total available ink 6Qo 

s o  
620 

0 
0 

Fresh ink for ble (@ $13 
Buy back f e h m b d  ink (@ 
Buy addhiod frcrh ink (@ SI.SS/lb) 

witb on-site ink reqder S 74S/moadh 



The piant uses lQproximately 10 gallons per month each of Copylrwik photographic 
developer and firer manufaaured by O k  Hunt in its typesetting operations. The developer 
is a mixture of hydroquinone, potassium hydroxide, and sodium sulbite. The fixer is a 

~n E ~ C O  color proofins machine is used to check the copy for appeaance and accuracy. 
Naps developer and fixer are used this system. Typically 5 to 6 gallons per month of 
developer and fixer are used. 

The plant uses presensitized aluminum plates. Polychrome chemistry is used for piate 
processing. In parti&, the plate developer b a solution of hydroquinone and sodim 
formaldehyde bisuifite. Approximately 20 gallons per month of the finisher are use4 and 
about 30 gallons per month of deveioper are use& 

of nium thiosulfate and acetic acid 

The spent solutions from plate processing and photoprocesSing are discharged to the sewer. 
Plant B is permitted by the Id county wastewater treatment district to discharge the waste 
solutions from image processing and plate proassing Used and spoiled films are collected 
and sold to a recycler. Used alumhum plates are sold to an aluminum recycler. 

The major materials and supplies used in the pressroom are paper, ink, blanlrct wash, 
fountain solution, and s d  quantities of silicone and lubriating oil. Approximately Hx) 
tons of paper are wed per month. All UICCSS and waste paper, wrappers, and web eores 
are segregated into three categories (Raft paper, clean white paper, and mixed news waste 
paper) for sale to a recyder. 

The plant has four Large web printing Lines, Three of the lines are open web presses which 
usc non-heauet inlo. The fourth line uses heatset inks. All lines print four colors (yellow, 
blue, re4 and black). The folluwing amounts of fresh ink are used on an average monthly 
basis. 

Average ink usage, pounds per month 
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plant can reduce its purebases of newspri 
&out 2,700 pounds per mo 
of 16 

If the &pod cost of the waste uak as a 
payback would be shorter and even more amactive. 

Approximately 600 gallons per montb of fountain solution concentrate is used me b a d  
name of the concentrate is Super b R u b ” ,  manufactured by Quality Control Litho. The 
concentrate contains phosphoric acid, gum arabic, defoamer, and fungicide. Tbe fountain 
solution is made up by adding 3 ounces of conantrate to eacb gallon of water. A.H of the 
fountain solution is used up in the printing proass, either absorbed into the paper or 
evaporated. 

line is equipped with hoods Over the heaters to collect the solvents and 
combustor, manufactured by Thermoelectron, incinerates these 

mperanve of about 650% The ysc of a catalytic combustor is designated as 
the best available control technology by the South Coast Air Quaiity Management District. 

by Quality Control Iitho (“me Step Wash Up”), is used for 
on the presses. This solvent is composcd of a mixture of 
, aromatic hydmcarbons (6%). chlori~tcd h y d ”  (496). 

Approximately 300 gallom per month of blanket wash are 
wed. Cleaning is done by wetting a rag with the blanket wash and then wiping the 

clean. In this way, most of the blanket wash remains on the rag, General 
is done using rag$ and concentrated soap solutious. are supplied by an 
towel service, which picks up diny alp (compining blanket wash, in4 soap, dust, 

Oil is used for lubricating the presses at Plant B. Used oil is c o i l d  at a rate of several 
drum per year and tuned over to a nearby recyder. 

During the audit, it was mentioned that the small printing 6rms in tbe arcads not have ink 
recyclers and do not hve ~ m c l l o  to return waste ink to the “factwen,  These 
s d  printen probablyput their‘wutc inkbackiutocoatrrinen and throw it into the trash. 
The representative &om Rant B who asshed in the audit suggested tht it might be 
mutually benew toboth the smrll printers and Plant B far tbe plant to accept waste inks 
from small prh” u ahe&ock, T& plant would use its ink recycler to blend the small 
printeis w u a  ink with tbe pknt’s waste ink and fresh ink, Tbir arollld provide a more 
acceptable nnam atdhping of waste ink for the d printer, d would slightty reduce 
Plant Es ls@ rl loerr ink 
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Appendix B 

WHERE TO GET HELP: 

FURTHER I N FORMATION ON WASTE M IN I M EAT1 ON 

Additional information on source reduction, reuse and recycling approaches to waste 
" k i t i o n  is able in EPA reports listed in this section, and through state programs 
(listed below) that offer technical and/or fbucial assistance in the area of wste 
" h i o n  and treatment. 

In addition, waste 
generators in contact with potential users of the waste. Four waste exchanges are listed 

s have been established in some areas of the U.S. to put waste 

EPA's regional offices are listed. 

ZATION 

tion Audit Report: Case Studies U.S. Environmental Protection Agency. "Waste Muurmza 
tion Audit at a Specialty Steel of Corrosive and Heavy Metal Waste Mrnunua 

n Audit Report: Case Studies 
Parts Cleaning and from Electronic Capacitor 

Audit Report: Case Studies 
operations." Executive Summary.' 

tion, vols. I Report to Congress: Waste Muurmza 
(Washington, DC: U.S. EPA, 1986).'* 

ncy. Waste " i z a t o n  - Issues and Options, Vols. 

* .  . 
* .  * 

U.S. Environmental Pro 

. .  . 

U.S. EmTirorrrratrl 
I-m EPA/536sWIs6011 t h t @  a 3 .  (W-OG D . C  U S  1986):" 

Information 

** Available &om the National Technical Information Service as a &"e set, NTIS 
NO. PB-87-114-328. 
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WASTE REDUCIlON TECH"ICAL/FINANCbQL ASSISTANCE PROGRAMS 

A3 SP d nse has set up a telephone call-in 
service to answer questions regarding RCRA and Superfund (CER-): 

(800) 242-9346 (outside the ~ t r i c t  of blumbb) 
(202) 382-3000 (in the District of Columbia) 

The following states have programs that offer te 
areas of waste " h a t i o n  and 

and Reswrcts 

ALsh 
Alaska Hulth Project 
Waste Reduaion Ayistlnce Program 
431 Wut Seventh Avenue, Suite 101 
Anchorage, AK 99501 
(rmt) 276-= 

ArL.nur 
ArkzasaslndugtirlDevelopmentCo"vooo 
onc state capitol M.n 

(sol) 371-1370 

* .  

Xiale R o d ,  AR f2201 
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IOU8 
Center for Industrial Resevch and Service 
MSEngb&BgADIlQ 
Iowa state univenity 

(5Ls) 294-320 

Iowa Department of Natural R s o u r a . ~  
Air Quality and Solid Waste Protection Bureau 
Wallace State Office Building 
900 East Grand Avenue 
Des Moina, IA s(n19-OQ34 
(515) 281-8690 

Kiuls8s 
Bureau of Waste Management 
Department of Health and Environment 
Forbes Field, Building 730 
Topeka, 66620 
(9l3) 269-1607 

-todpl 
Division of Waste Management 
Natural Resources and Environmcatd 
Protection cabinet 
18 Reilly Road 
Frankfort, KY 40601 
(502) 5646716 

[arristuu 
Department of Environmental Qudity 
Office of Solid and Hazardous Waste 
P.O. Box 44307 
Baton Rougc, LA 70804 
(504) 34%- 
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New York 
Near Yort Stut Environraenul Fa&= 

50 W d  R 

(518) 457-3273 

corporuion 

Albany, NY lzm 

No.rtt~ Caroib 
Pollution Prevention Pays Program 
Department of Natural R u o u r ~ e ~  and 
Community Development 
P.0. Box 27687 
512 North Salisbury Street 
Raleigh,NC27611 . 
(919) 733-7015 

Governor‘s Waste Management Board 
325 North SaIisbury Street 
Raleigh, NC 27611 

Technical Assistvla Unit 
Solid and Hazardous Waste Management Brrnch 
Nonh C a r o b  Depuuncnt of Humua Resounes 
P.O. Box 2091 
M6 Nonh W w o n  S t w e  
Rekigh, NC 2’7602 
(919) 733-2178 
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Wyoming 
Solid Waste Management Propam 
Wyoming Department of Environmental Quality 
Herder  Building, 4th Floor, West W q  
122 West 25th Street 
Cheyeme, WY 82002 
(307) m-m2 

WASTE EXCHANGES 

Northeast Industrial Exchange 
90 Presidential Plaza, Syracuse, NY 13202 
(315) 422-6572 

Southern Waste Information Exchange 
P.O. Box 6487, Tallahassee, FL 32313 
(904) 644-5516 

Great Lake Regional Waste Exchange 
470 Market Street, Grand Rapids, MI 49503 
(616) 451-8922 

California Waste Exchange 
Department of Health Services 
Toxic Substances Control Division 

Development Section 
714 P Street 
Sacramento, CA 95814 
(916) 324-1807 

Alternative Technoiogy & Poiicy 

US. EPA REGXONU OFFICES 

Region 1 (VT, MI, NE, MA, CT, RI) 
John F. Kennedy Federal Building 
Boston, MA 022a3 
(617) 565-3715 

Region 2 (NY, NJ) 
26 Federal Plaza 
New York NY 10278 
(212) 264-2525 
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Region 3 (PA, DE m, W, VA) 
841 cllcsmt Street 

19rm 

Region 4 OKy, TN, N C  SC GA, FL, AL, MS) 
345 Courtland Street, NE 
Atlanta, GA 30365 
(404) 3474727 

Region 5 (W MN, M, & W, OH) 
230 south Dearborn street 
Chicago, IL 60604 
(312) 353-2000 

Region 6 (NM, OK, AR, LA, TX) 
1445 Ross Avenue 
Dallas, T2C 75202 
(214) 655-6444 

Region 7 (NE, KS, MO, LA) 
756 Minnesota Avenue 
Kansas City, KS 66101 
(9U) 2362800 

Region 8 (MT, ND, SD, WY, UT, CO) 
999 18th Street 
Denver, CO 80202-2405 
(303) 293-1603 

Region 9 (c4 w, Az Hn) 

(415) 974-8071 

215 Fremont Street 
San Friu~cisco, CA 94106 

Region 10 (AK, WA, OR, ID) 
1200 Sixth Avrmue 
Seattle, WA mol 
(206) 442-5810 
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Rediicing t h e  genera t ion  o f  these wastes a t  t h e  source, or r e c y c l i n g  t h e  

This guide prov ides an overview o f  t h e  

a. . oIscRIcTons . b.iO~NTlFl~RWOPEN lNOED ttR# c COSATl Fitdlctovp 
\ 

# 

. 
19. SICUcllT7 C U S S  W R - 1  

UNCLASS IF I ED 
18. OlSTRIOUTlON STATLMLNT 

20. sacunttr CUII TYI -1 RELEASE TO PUBLIC 
UNCLASS~IED . : . 

21. NO. OF PAGAS 

22. m1cs 





PRINTED DECEMBER 1991 

In accordance with Proviso 129.55 of the Fiscal Year 1991-92 
Appropriation Act, the following information is provided 
regarding this publication: 

Total Printing Cost - $62.40 
Total Number of Documents Printed - 50 
Cost Per Unit - $1.248 




	Dijclaimer
	Abstract
	Acknowiedgments
	Introduction
	Assessment Process

	Commerciai Printing Lndustq Profile
	Waste Minimization Options for Commercial Printers
	Waste Mullﬂ

	tion Assessment
	Guidelines
	Worksheets
	Studies of Plants A and B
	tion
	waste Ikfmﬂ


