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G•oeric Scenario: Ap.plicallioo of Semi-Aqueous Oeaoen 
for Metal Oeanlng and Deir-using 

Metal cleaning is perlonned to remove contaminants s·uch as dus� oils. waxe.s. metal fines. and ocher particulates 
from workpiece surfaces. Cleaning is performed in numcrou., industries for a variety of purposes. For example. 
in finishing processes such as metal plating and painting. • clean surface is desired to improve coating 
adherence. In maincenance activitie.s. cleaning is performed co improve rho effectiveness of rhe tcsc procedure or 
repair operation. The exact purpose of a cleaning seep and the degree of cleanliness required usually determine 
how an industry selects a cleaning process. 

Semi-Aqueous Oeane.rs 

The cerm wni•tuJIU0"-1 refers 10 the possible use of water in some pan of the clcarung p=. such as wasrung, 
rinsing, Of both. As currently � rhe corm semi-aqueous refers co an emulsion Of co a neai liquid rhat can be 
rinsed with water. Semi-aqueous cleaners are compos.ed of natural or synthetic organic solvents. surlaccants. 
corrosion inhibitors. and other additive.s. The commooly used semi-aqueous cleaners include wacer-miscible 
cypes and water-immiscible types. These are summariized in Table I. The tcrpene. d-limonene. is perhaps the 
best known semi-aqueous compound. 

Table I. Semi-Aqueous Cleaners aod Their Sohlbilldes 

Semi-Aqueous Compound Example Water Solubility 

Terpene d-Limonene Emulsion' 
Pincne Emulsion' 

Pecroleum Hydrocarbon CwC,1 aliphatic hydrocarbons Emulsion' 

Ester Aliphatic cscen Emulsion' 
Di basic acid esters Emulsion' 
Ethyl lacw.e Soluble 

Glycol Ether Dipropylene glycol monomethyl ecbcr Soluble 
Ethylene glycol monobucyl ether Soluble 

Pyrrolidone N-mechyl-2-pyrrolidone (NMP) Soluble 

Organic Anunc Ethanol amine Soluble 

• Sorfaccant is aom,ally added 10 stabilize the wacer-ia,-solvenc emulsion.

Figure I illuscnces a typical semi-aqueous cleaning process. The pan is first cleaned in che semi-aqueous 
cleaner. Ocaning often is augmenced by spraying the pans with semi-aqueous cleaner. Bath agitation or 
ul�nics also are used. Following an emulsion rinse seep. air knive.s blow pressurized air over the pans co 
reduce dragout. This rinse is senc to a scparacor where che water is separated and returned 10 the rinse tank. Al 
most semi-aqueous cleaner, are reported co be biodegradable under favorable circumstances. che oil and cluner 
are either recycled or disposed. Then. rinsing is performed using wacer, alcohol. or ocher organic solvent. 
Drying ls che last seep, in wruch heated. forced air often is used. 
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Figun, l. Semi-aqueous proctSS for immiscible solve,it (EPA, 1991, EPA/400{1-91/018, p. 41). 

Was� �oeradon, Eovironmeota.l Releases, and Exposure-Level Calcnladoas 

The PMN chemical may be used as a rcpiacement for the organic solvenu lislt:d in Table I above. [n this 
generic scenario, environmental emissions and worker exposure 10 this replacement PMN chemical were 
estimated based on the assumption 11w the PMN chemical would have physical and toxicological properties that 
are similar to those oi d-limonene, the best known semi-aqueous cleaning solvenL The properties qf d•limonene 
are listed in Table 2. 

Table 2. Properties of d-Llmootae 

Vapor 
Pressure Specific Viscosiry 

Flasb Point Boiling Point (mm Hg at Gravicy {cps@ Exposu�e 
Mo!. Wt c•F) (•F) 68°F) (at 68°F) n·F) Limit 

136.2 I 15 352 I.S 0.84 0.8 None
:. 

• Neither NIOSH nor ACGIH rcporu TL V data for d-limonene.
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The t;.S E:iv1ronmcntJI ?roce-::uon Agency 1.EPA) esurn.1tcs that �here .ue lpprox1matcly :00.COO smJ.Ji .:oid 
clc:lllers: 25.000 <O 35.000 open-lop vapor c!conen: and 2.500 10 4.000 ,n-linc. convcyonzed (cold Jnd vapor) 
cleaJ\ers. [ndustnes tha1 perform vapor degre.i;;ing are expec1ed 101lc mos, likely 10 selec1 semi-aqueous deaning 
as an altemauvc cleaning method. This is because users of solvent cleaners must elim.in:ltt. ozonc--dcpteting 
solvent.S under regulations e.,tablished pursuanl 10 the Clean Air Acl Amendmenu and are encouraged to reduce 
emissions of hazardous solvent.Sin cooperation with program. such as EPA's 33/S0 Program. In lhis generic 
scenario, it is e.,ti� that the PMN chemical will be used 10 replace currently used cle:u,ing solvenu 1n a 
maximum of -20% of current open-top vapor and In-line. conveyori.:ed cleaners. or approximately 7.800 
facilities. 

Typical semi-aqueous solvent cleaning equipment contains 10 l0 200 gallon, of semi-aqueous cleaner. an average 
cleaner siz.o of lOO gallons has been assumed. It also can be as.sumed that up to 20% volume.of additional PMN 
compound will be required during tho time that a panicular bath is used lO make up for dragout los=. The 
lifetime of a cleaning bath is approxima1ely l year, before disposal or recycling by vacuum distillation or other 
means is required. 

Assumption: 

%PMN = 100% by weight of tho semi-aqueous cleAner 

Eovironmental Releases 

Air Emissions: Air emissions from cleaning equipment probably will be !he most significant release 10 the 
environment of the PMN chemical. A study performed by Corpane lndusaies. Inc., a vendor of semi-aqueous 
cleaning equipmenL indicated that 60% of the total air emission, are from tho cleaning step and the emulsion 
rinse step (Sexton, 1992). To obtain a mwmum estimate of !he :1ir emissions, the volume of make-up PMN 
cbemical used can be assumed 10 be released to the air. Assuming that of a to<&l of 39.000 cleaning facilities. 
20% replace the currently used cleaning solvent with lhe PMN chemical, and that the average solvent volume in 
me cleaning wlk is 100 galloM, � l!llni141 �,- of iPMN chemical IO the air can be estimated as: 

39.000 (facilities) • 0.2 (fraction switching l0 PMN) • 100 gallons/facility 
• O.i (percentage of PMN solvent replaced per year),. 156,000 gallnns/yeu

This e.,tima1e probably is a large overe$timate. be,;ause a 20% replacement rate is a ma.xi mum estimate and some 
of tho losses of the PMN chemical may be 10 wastewater or solid waste.,o-eams. The lower tho volatility of lhe 
semi-aqueous PMN solvenL the lower the air emissions are likely 10 be as a fraction of the 10tal environmental 
releases. 

Liquid Emissions: Toe liquid wastestreams from the cleaning proc= include continuous saum.s from the 
emulsion rinse tanks and tho waJU rinse tanks. These saums are recycled for reuse through a self..:ontained 
operating system, !hereby minimizing the volume of lhe wastewater stream. 

The cleaner solvent in the cle&lling w,k must be periodically replaced, resulting in a periodic waste.,lttanl of 
cleaner and soils. An annual replacement cycle appears mOSI likely based on our survey. This waste solvent is 
drummed and inc:iner:u.ed by fuel-blending. The annual volume of PMN chemical that would be disposed 
through this route can be estimated as: 

39,000 (facilitie.,) • 0.2 (fraction switching to PMN) • 100 gallons/year/facilil}' 2 780,000 ga.Jlons/yw 

Solid Wastes: Solid wastes containing the PMN com!)Ound are expected to be minimal, being confined to in-line 
fluid filters and occasional cleaning of proce.,s equipmenL Because the PMN compound will likely be a 
hydrocarl,on. inciner:1tion is a probable means of disposal. lnformation on the volume of solid waste emissions 
from semi-aqueous cleaning facilities was not found. 
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\\·orker E·q::osure 

The poi11,LS Jl which a worker may come into contact with the PMN are ryp1c� of those for -any cleaning solvent. 
The first point includes handling of the virgin ma1cnal aitcr ii enters the shop in order 10 deliver it 10 the 
cle,ning uinlcs. A limited degree of dennal exposure is expected from handling drums and pans. although 
contact with the PMN compound can be minimized by use of proper gloves. Once the cleaner is in the tanks the 
woriccr may come into contact with vapors from the tank. These will be highest when an open. unventilated 
system is used and if turbulent agitation is �. In an unautomated system. the ·pans must be manually 
transferred IO each tank in sequence, permicting a greater opporrunity foe e.posure to both the liquid cleaner and 
its vapor or mist. lf the pans arc aJlowed to air dry. v:apors may continue 10 be released for a period after 
cleaning is completed. If an oven is used, the vapors t:ypicaJly · arc veniai me<:hanically. 

The frequency that a worker adds/removes large quanti.ties of PMN compound from the cleaning system is once 
per month. The frequency that a worker handles parts which may have a residue of PMN compound is 10-20 
times per dny. 

In a typicaJ cleaning facility, approxima1Cly 5 persons are directly involved with cleaning equipment operations. 
and hence may be directly exposed to the PMN compound. Based on this estimau:. the total number of workers 
who may come 1010 contact wi1h tho PMN chemical in semi-aqueoll$ cleaning facilities can be calculated as: 

39.000 (facilities) • 0.2 (fraction switerung to PMN) • 5 (workers/facility)= 39.000 workers 

The extent of worker exposure IO the PMN chemical in semi•aqUCOU$ cleaning depends on the nature of 1he 
process equipment and the work environment. Accurate quantification of the various roulCS for potential worker 
exposure is difficult with the limited infonnation currently available. A search of National Technical lnionnation 
Service (NTIS) literarurc was conduciai to identify worker exposures to solvents currently used in semi-aqueous 
cleaners. A series of Health Hazard Assessment (HHA) r,:ports issued by NIOSH (Cincinrwi. OH) were 
identified; the repons dis,:uss worker exposure monitoring studies conducted by NIOSH at various commercial 
facilities that used vapor degreasing. Referenus to several of these reporu arc presented in the references 
section or this documenL 

Inhalation (mll/dav): Inhalation of the PMN solvent is expeciai to the primary route of worker exposure to the 
PMN chemical. The most recent worker exposure monitoring conducted by NlOSH at various commercial vapor 
degreasing opcr:itions found personal breathing zone concentrations of: 

8 ppm time-weighted average (TWA) concentration for 1.1.l-nichloroethane (TCAJ detected for a 
cleaning operator at the Kreisler lndusnial Corporation. Elmwood Park. NJ (NIOSH. 1992)

5.2 and 4.5 ppm TWA concenu.tion for trichl oroethlyene (TCE) at A.W. Cash Valve Manufacturing 
Corp .. Decatur. IL (NIOSH, l 99 l) 

• 14.7 to 33.4 ppm TWA concentration for TCE aI Jostens Inc .. Princeton. IL (NIOSH. 1989)

32 to 38 ppm TWA concentntion for TCE at York International Corp .. Madisonville, KY (NIOSH.
1989)

All of these studies have been conducted in cleaning facilities using volatile solvents. Air concentrations in the 
workpla<:G for semi-aqueous solvents likely will be much lower than those for volatile solvents. However, the 
measured concentration range,s of volatile solvents could potentially be used as indicative of the range of 
expected PMN vapor concentrations 10 which workers will be exposed- The worst-<:ase TWA concentrations of 
TCE appear to be 35 ppm. and could be applied to calculate the exlCnt of worker exposure at a semi-aqueous 
cleaning facility. 

Assuming that the work involved in vapor degreasing is medium-duty work in term.s oi the level of physicaJ 
activiry required. an average inhalation rate of 1.25 ml/hr con be assumed (CEB. 1991). Inhalation exposure of a 
worker during an operating day t.o PMN chemicnl ,n the semi-aqueous cleaner may then be estimaiai as, 

35 ppm • Pp,.,0'ra • MW™,124.45 • I �5 (m l/hr) • 8 =??(mg/day) 



.,,. !-:ere ?:,,1 • ._ Jnd Pie! .ue the v::ipor pressures Jt P�L'-r .;hcm1caJ Jnd TCE. ces?ccuvcl;" .lfld •.i.·ncrc �(\I.. s :.r.c
moiecular we,ght of the i'�N. The vapor pressure of limonene ot 68°F 1s U mm Hg. and TCE h:,.s a vapor 
pressure of ;;o mm Hg ot 25'C. It is lSSUmed that boih the PMN chemical and TCE arc used as pure solvents. 
i.e .. the mole fraction.s of each chemical arc uniry. 1nc >hove calculation is based on an approach described in
CEB ( 1991 ). and would provide, very rough estimate of the extent of worker exposure through inhalation to a
PMN solvenL The crue worker exposure would depend on the operating conditiol\$ and procedures at the faciiiry
and the mechanical design and concrols used in the vapor degruscr. The representativeness of the conditions at
the degreasing faciliry where the HHA was conducted by NlOSH 10 those existing al semi•aqueous cleaning
facilities also muse be considered.

Dermal Exposure (me/dav): Dermal exposure is expe,:lbi to be minimal if proper gloves and other bodily 
protection gear m used. Our swvey indicates that woricers 'wear protective gear when cont.act wilh the bulk 
compound is Ulcely. such as when adding drum-size q;uantities of scmi-aqueous compound to tbe cleaning system. 
In the worst-<:ase scenario. dermal exposure of 1.300 to J,90J mg can be estimated from such activities using the 
typical factors in CEB ( 1991) for routine contact with two hands. Such activities are likely to occur at a 
cleaning fa.:iliry at a frequency of oocc pet mooth. when replacement PMN solvent is added to the cleaning tank 
or when the tank is emptied and refilled once a year. 

Protective gear usually is not used at cleaning facilities if only casual cont.act is expeclbi. such as when handling 
pans that have been cleaned and rinsed. but which may have a residue of the semi-aqueous compound. Dcnnal 
exposure arising from unprotected contaet with PMN chemical re.iducs on cleaned parts is difficult 10 estimate. 
but is expected to be minimal. 
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