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1.0 PURPOSE OF DOCUMENT

The U. S. Environnmental Protection Agency (EPA), States, and
Il ocal air pollution control agencies are becom ng increasingly aware
of the presence of substances in the anbient air that may be toxic at
certain concentrations. This awareness, in turn, has led to attenpts
to identify source/receptor relationships for these substances and to
devel op control progranms to regulate em ssions. Unfortunately, very
little information is available on the anbient air concentrations of
t hese substances or on the sources that may be discharging themto
t he at nosphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents that conpiles avail able informati on on the sources and
em ssions of these substances. This docunent was prepared as a
suppl ement to a previous EPA docunent that addressed chrom um
em ssions, "Locating and Estimating Air Em ssions From Sources of
Chrom um " EPA-450/ 4-84-007g. The suppl ement updates technica
i nformati on and presents new em ssion data upon which em ssion
factors are based for chrom um em ssions fromcooling towers and
chrom um el ectropl ati ng operations. The reader should use both the
original docunent and this supplenent to obtain the nost conplete
assessnent of em ssions fromthese two sources of chrom um em ssions.
The information in this supplement was obtained by EPA's Em ssion
Standards Division for use in devel opnment of National Em ssion
Standards for a Hazardous Air Pollutant (NESHAP) for chrom umused in
cooling towers and el ectropl ati ng operations.

The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in the original docunent or this supplenment to
devel op an exact assessnent of em ssions from any particul ar
facility. Because of insufficient data, no estinmte can be made of
the error that could result when these factors are used to cal cul ate
em ssions fromany given facility. It is possible, in sone extrene
cases, that orders-of-magnitude differences could result between
actual and cal cul ated eni ssions, depending on differences in source
configurations, control equipnment, and operating practices. Thus, in
situations where an accurate assessnent of chrom um enm ssions is
necessary, source-specific information should be obtained to confirm
the existence of particular emtting operations, the types and
ef fecti veness of control neasures, and the inpact of operating
practices. A source test and/or material bal ance shoul d be
consi dered as the best neans to determine air em ssions directly from
an operation.



2.0 OVERVI EW OF DOCUMENT CONTENTS

This section outlines the informati on presented in the renmaining
sections of this report and indicates whether the information is new
or whether it is a revision of information presented in the origina
docunent .

Section 3.1 presents process descriptions for five kinds of
pl ati ng/ anodi zi ng operations. New information is included for
decorative electroplating of plastics, chrom c acid anodi zi ng, and
trivalent chromium plating. Additional process information is
provided to suppl enent the discussion of hard and decorative
el ectroplating presented in the original docunent. New eni ssion data
are presented for hard and decorative el ectroplating operations; the
results of an engineering mass bal ance to obtain an em ssion estimate
for chrom c acid anodi zing are also presented. A significant change
fromthe original docunent is in the format of the chrom um em ssion
factors for hard and decorative plating operations from kil ograns per
hour per square foot of tank area to milligranms per anpere-hour.
Suppl enental information has been included on enmi ssion contro
techni ques for reduction of chromc acid mst fromplating
operations. New information is presented on nati onw de chrom um
em ssion estimates for three types of plating operations: hard,
decorative, and chrom c¢ acid anodi zi ng.

Section 3.2 presents updated informati on about the distribution
of industrial process cooling towers that use chrom um based water
treatment chem cals and presents new i nformati on about confort
cooling towers. New information also is presented on em ssion
reduction techniques for chrom umem ssions fromcooling towers. New
em ssion data are presented for cooling towers equipped with | ow and
hi gh-efficiency drift elimnators. A significant change fromthe
original document is in the format of the chrom um em ssion factor
from pi cograns per joule of thermal energy input to the power plant
associated with the cooling tower to percentage of the recircul ating
chromumthat is enmitted. New information is presented on nati onw de
chrom um em ssion estimates for industrial cooling towers in eight
i ndustries.



Section 4.0 summari zes the procedures used for source sanpling
and anal ysis of chromumin em ssion streans from el ectropl ating
operati ons and cooling towers.



3.0 CHROM UM EM SSI ON SOURCES
3.1 CHROM UM ELECTROPLATI NG AND CHROM C ACI D ANODI ZI NG OPERATI ONS

3.1. 1 Backqgr ound | nf or mati on

Pl ati ng and anodi zi ng operations range in size fromsnmall shops,
with one or two tanks that are operated only a few hours per week, to
| arge shops with several tanks that are operated 24 hours per day, 7
days per week. Many plating and anodi zi ng operations are captive
shops that perform chrom umel ectroplating or chrom c acid anodi zi ng
as one operation within or for a manufacturing facility, while others
are job shops that provide custom plating or anodizing services for
many different clients. Captive and job shops may perform hard or
decorative chrom um plating or chrom c acid anodi zi ng or any
conmbi nati on of these three operations.

The estimated nunber of el ectroplating shops nationwide is 1,540
hard chromium plating facilities and 2, 790 decorative chrom um
plating facilities.1l The estimted nunber of chrom c acid anodi zi ng
shops nationwide is 680.2 Electroplating and anodi zi ng shops
typically are located in or near industrial centers in areas of high
popul ati on density. States with |arge nunbers of chrom um
el ectroplaters include California, Illinois, Massachusetts, M chigan,
New Yor k, GChio, and Pennsyl vani a.

3.1.1.1 Hard Chrom um El ectroplating of Metals-- In hard
plating, a relatively thick layer of chromumis deposited directly
on the base netal (usually steel) to provide a surface with wear
resi stance, a |low coefficient of friction, hardness, and corrosion
resistance, or to build up surfaces that have been eroded by use.?
Hard plating is used for items such as hydraulic cylinders and rods,
industrial rolls, zinc die castings, plastic nolds, engine
conponents, and mari ne hardware.

Tanks used for hard chrom um el ectropl ating usually are
constructed of steel and lined with a polyvinyl chloride sheet or
pl astisol. The anodes, which are insoluble, are nade of a | ead all oy
that contains either tin or antinony. The substrate to be plated,
the cathode, is suspended froma plating rack that is connected to
the cathode bar of the rectifier. The plating rack may be | oaded in
the tank manual ly, by a hoist, or by an automatically controlled
hoi st system

The plating tanks typically are equi pped with sone type of heat
exchanger. Mechanical agitators or conpressed air supplied through
pi pes on the tank bottom provide uniformty of bath tenperature and
conposition. Chromumelectroplating requires constant control of
the plating bath tenperature, current density, plating tinme, and bath
conposi tion.
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Hexaval ent chrom um pl ating baths are the nost w dely used baths
to deposit chromiumon nmetal. Hexaval ent chrom um bat hs are conposed
of chromc acid, sulfuric acid, and water. The chromc acid is the
source of the hexaval ent chrom umthat reacts and deposits on the
metal and that is emtted to the atnosphere. The sulfuric acid in
the bath catal yzes the chrom um deposition reactions. Typica
operating paraneters are given in Table 1.4

The evol ution of hydrogen gas from chenical reactions at the
cat hode consunes 80 to 90 percent of the power supplied to the
pl ating bath, leaving the remaining 10 to 20 percent for the
deposition reaction. Wen the hydrogen gas evolves, it entrains
chrom c acid and causes misting at the surface of the plating bath.

3.1.1.2 Decorative Chrom um Electroplating of Metals. In
decorative plating, the base material (e.g., brass, steel, alum num
or plastic) generally is plated with a |ayer of nickel followed by a
relatively thin layer of chromumto provide a bright surface with
wear and tarnish resistance. Decorative plating is used for itens
such as autonotive trim metal furniture, bicycles, hand tools, and
pl unbi ng fixtures. The purpose of decorative chromumplating is to
achi eve a conbination of the follow ng surface properties:

1. Bl ue-white col or;

2 High reflectivity;

3 Tar ni sh resi stance;
4. Corrosion resistance;
5 Wear resistance; and
6 Scrat ch resi stance.?®

Decorative el ectroplating baths operate on the sane principle as
that described for the hard chrom um plating process: the netal
substrate is inmersed in a plating solution, and direct current is
passed fromthe anode through the



TABLE 1. TYPI CAL OPERATI NG PARAMETERS FOR HARD CHROM UM
ELECTROPLATI NG

Pl ati ng thickness, pm (ml) 1.3-762 (0.05-30)
Plating tinme, mn?d 20-2, 160
Chromi ¢ acid concentration, g/l (oz/gal)P’ 225-375 (30-50)
Tenperature of solution, °C (°F) 49-66 (120-150)
Vol t age, volts c
Current, anperes (A) d
Current density, Alnt (Aft?)e 1, 600- 6, 500
( 150- 600)

dmn. = mnutes.

bg/l = grams per liter, oz/gal = ounces per gallon.

¢ Depends on the distance between the anodes and the itens being
pl at ed.

d Depends on the amount of surface area plated.

e A/nf = anperes per square neter, A/ft2 = anperes per square foot.
mp p q mp p q



pl ating solution causing the desired netal (copper, nickel, chrom um
to deposit out of the solution onto the netal substrate (cathode).

Decorative chrom um plating requires shorter plating tinmes and
operates at |lower current densities than does hard chrom um pl ating
to achieve the desired properties of the chrom umplate. Sone
decorative chrom um pl ating operations use fluoride catal ysts instead
of sulfuric acid because fluoride catalysts, such as fluosilicate or
fl uoborate, have been found to produce higher bath efficiencies.?®
Typi cal operating paraneters are shown in Table 2.7

3.1.1. 3 Decorative Chromi um El ectroplating of Pl astics

Most plastics that are electroplated with chromiumare forned
fromthe polymer conposed of acrylonitrile, butadiene, and styrene
(ABS). The process for chrom um el ectroplating of ABS plastics
consists of the follow ng steps:?

1. Chromc acid/sulfuric acid etch;

2 Di lute hydrochloric acid dip;

3. Collodial palladiumactivation;

4. Dilute hydrochloric acid dip;

5 El ectrol ess nickel plating or copper plating; and
6. Chromumelectroplating cycle.

After each process step, the plastic is rinsed with water to
prevent carry-over of solution fromone bath to another. The chronmic
acid/sulfuric acid etch solution (Table 3) renders the ABS surface
hydrophilic and nodifies the surface to provide adhesion for the
netal coating.® The dilute hydrochloric acid dips are used to clean
the surface and renmpove pall adiumnetal fromthe plating rack, which
is insulated with a coating of polyvinyl chloride. The coll odial
pal | adi um acti vati on solution deposits a thin [ayer of netallic
pal | adi um over the plastic surface.! The netallic palladiuminduces
the deposition of copper or nickel, which will not deposit directly
onto plastic. The electroless nickel and copper plate are applied to
i npart el ectrical conductivity to the part; otherw se, the insulating
surface of the plastic could not be electroplated with chromium The
el ectrol ess nickel plating or copper electroplating baths devel op a
filmon the plastic about 1.0 micronmeter (pum (3.9 x 10° inch [in.])
thick. The plating tinme for el ectrol ess nicke



TABLE 2. TYPI CAL OPERATI NG PARAMETERS FOR DECORATI VE CHROM UM

PLATI NG
Pl ati ng thickness, pm (ml) 0.003-2.5 (0.0001-0.1)
Plating tinme, mn 0.5-5
Chrom c acid concentration, g/l (oz/gal) 225-375 (30-50)
Tenperature of solution, °C (°F) 38-46 (100-115)
Vol t age, volts a
Current, A b
Current density, Alnt (A/ft?) 540- 2, 400 (50-220)

@ Depends on the distance between the anodes and the itens being
pl at ed.

b Depends on the ampunt of surface area being plated.

TABLE 3. CHROM C ACI D/ SULFURI C ACI D ETCH SCLUTI ON

Concentrated sulfuric acid, g/l (oz/gal) 172 (23)
Chromc acid, g/l (oz/gal) 430 (57)
Tenperature, °C (°F) 60- 65 (140-149)
Imrersion tine, mn 3-10




pl ating and el ectrol ess copper plating ranges from 10 to 15 m nutes
and 15 to 30 m nutes, respectively, at tenperatures ranging from 25°
to 35°C (77° to 95°F). The conponents of the plating baths include
the netal salt (nickel or copper), a reducing agent, a conpl exing
agent, a stabilizer, and a pH buffer system!! The el ectroplating of
pl astics follows the sane cycle as that described for decorative
chrom um el ectropl ati ng. 12

3.1.1.4 Chromic Acid Anodizing. Chromc acid anodizing is
used primarily on aircraft parts and architectural structures that
are subject to high stress and corrosion. Chronmic acid anodizing is
used to provide an oxide |layer on alum numthat inparts the foll ow ng
properties:

1 Corrosi on protection;
2. El ectrical insulation;
3 Ease of coloring; and
4. Inproved dielectric strength.?3

Figure 1 presents a flow diagramfor a typical chrom c acid anodi zing
process.

There are four primary differences between the equi pment used
for chrom um el ectroplating and that used for chrom c acid anodi zi ng:
(a) chromic acid anodizing requires the rectifier to be fitted with a
rheostat or other control nmechanismto pernmit starting at about 5 V,
(b) the tank is the cathode in the electrical circuit, (c) the
al um num substrate acts as the anode, and (d) sidewall shields
typically are used instead of a liner in the tank to m nimze short
circuits and to decrease the effective cathode area.! Types of shield
materials used are herculite glass, wire safety gl ass, neoprene, and
vinyl chloride polynmers. 1

The follow ng pretreatnent steps typically are used to clean the
al um num bef ore anodi zi ng:

1. Al kaline soak

2. Desnut ;

3. Et chi ng; and

4. Vapor degreasing.

The pretreatnent steps used for a particular alum num substrate
depend upon the amount of smut and the conposition of the al um num
The al um num substrate is rinsed between pretreatnment



SUBSTRATE TO BE PLATED

PRETREATMENT STEPS

Alkaillne soak
Desmut

Etching

Yapor degreasing

RINSE

CHROMIC ACID ANODIZING | CHROMIC ACID
EMISSIONS

RINSE

SEALING

FINAL PRODUCT

Figure 1. Flow diagram for a typical ¢hromic acid anodizing process.
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steps to renove cl eaners.

The al kaline soak is the primary preparatory step in cleaning
the alum num its purpose is to dislodge soil fromthe al um num
surface. The solutions for alkaline cleaning are typically nade up
of compounds such as sodi um car bonate, sodi um phosphate, and sodi um
hydr oxi de and usually contain a small anpunt of silicate to prevent
netal attack.!® The al kaline soak consists of imersing the netal in
the al kaline solution that is mldly agitated with air.

The purpose of desmutting is to renove soil or grease filmns that
cl eaners and etchants | eave behind. Desnutting baths typically
consist of a cold nitric acid solution mxed with water at a
concentration ranging fromb5 to 50 percent acid by volune. The
nitric acid bath also is used either as a bleaching treatnent to
remove dyes fromfaulty coatings or as part of the technique of
producing multicolor coatings. Oher desnutting treatnents use
conbi nati ons of chrom c, phosphoric, and sul furic acids depending
upon the anmount of snut to be renoved or the al um num conposition.

VWhen a dull finish is desired, the alum numis etched before
anodi zi ng. Etching baths consist of a dilute solution of soda ash,
caustic soda, or nitric acid.*® The degree of etching desired and the
conposition of the alum num being treated deternmi ne the concentration
of the etch solution, tenperature of the bath, and duration of the
et ch.

The vapor degreasing step for alumnumis the sane as the vapor
degreasing step for metals that are chrom um pl at ed.

Typi cal operating paranmeters for chrom c acid anodi zi ng bat hs
are presented in Table 4.%%20 The voltage is applied step-wise (5 V
per minute) fromO to 40 V and maintained at 40 V for the remai nder
of the anodizing tinme. A low starting voltage (i.e., 5 V) mnimzes
current surge that may cause "burning" at contact points between the
rack and the alum numpart. The process is effective over a w de
range of voltages, tenperatures, and anodizing tinmes. Al other
factors being equal, high voltages tend to produce bright transparent
films, and | ower voltages tend to produce opaque filns.?' Raising the
bath temperature increases current density to produce thicker filns
in agiven tine period. Tenperatures up to 49°C (120°F) typically
are used

11



TABLE 4. TYPI CAL OPERATI NG PARAMETERS FOR

CHROM C ACI D ANODI ZI NG

Chrom c acid concentration, g/l (oz/gal)
Tenperature, °C (°F)

Plating tinme, mn

pH

Current density, A/nt (A ft?)

Vol t age (step-wi se), volts

Fil mthickness, pym (ml)

50- 100 (6. 67-13. 3)
32-35 (90-95)

30- 60

0.5-0.85

1, 550- 7, 750 ( 144- 720)
30- 40

0.5-1.27 (0.02-0. 05)

12



to produce filnms that are to be colored by dyeing.? The anount of
current varies depending on the size of the alum num parts; however,
the current density typically ranges from 1,550 to 7,750 A/nt (144 to
720 A/ft?).

The postanodi zi ng steps include sealing and air drying. Sealing
causes hydration of the alum num oxide and fills the pores in the
al um num surface. As a result, the elasticity of the oxide film
i ncreases but the hardness and wear resistance decrease.? Sealing is
performed by i Mmersing alumnumin a water bath at 88° to 99°C (190°
to 210°F) for a mninmmof 15 mnutes.? Chronic acid or other
chromates may be added to the solution to help inprove corrosion
resistance. The aluminumis allowed to air dry after it is seal ed.

3.1.1.5 Trivalent Chromium Plating Trivalent chrom um
el ectropl ati ng bat hs have been devel oped primarily to repl ace
decorative hexaval ent chrom um pl ati ng baths. Devel opnment of a
trivalent bath has proven to be difficult because trivalent chrom um
sol vates in water to formconplex stable ions that do not readily
rel ease chromum The trivalent chrom um baths that have been
devel oped are proprietary baths.

There are two types of trivalent chrom um processes on the
mar ket : single-cell and double-cell processes. The major differences
in the two processes are that (1) the double-cell process solution
contains mnimal-to-no chlorides whereas the single-cell process
contains a high concentration of chlorides; and (2) the doubl e-cel
process utilizes | ead anodes that are placed in anode boxes that
contain a dilute sulfuric acid solution and are lined with a
per neabl e nenbrane whereas the single-cell process utilizes carbon or
graphite anodes that are placed in direct contact with the plating
sol ution.?

The advantages of the trivalent chrom um processes over the
hexaval ent chrom um process are (1) fewer environnental concerns, (2)
hi gher productivity, and (3) | ower operating costs. |In the trivalent
chrom um process, hexaval ent chromiumis a plating bath contam nant.
Therefore, the bath does not contain any appreciabl e anmount of
hexaval ent chromium which is nore toxic than trivalent chromum The
total chrom um concentration of trivalent chrom umsolutions is
approxi mately one-fifth that of hexaval ent chrom um solutions.?® As a
result of the chem stry of the trivalent chrom um el ectrol yte,

m sting does not occur during plating, as it does during hexaval ent
chrom um plating. Use of trivalent chrom um al so reduces waste

di sposal problenms and costs. Waste treatnent of hexaval ent chrom um
is a two-stage process. The hexaval ent chromumis first reduced to
the trivalent chromumion; then it can be precipitated as chrom um

13



hydroxi de. Trivalent chrom um plating solution wastewaters are
already in the reduced trivalent state and require only the chrom um
hydr oxi de precipitation step.

Productivity is increased when trivalent chrom um processes are
used because |less stripping and replating of parts is required and
nmore parts can be placed on a rack, and nore racks can be placed on a
wor kbar . %7

The cost of trivalent chromumis | ess than hexaval ent chrom um
because of the | ower wastewater treatnent costs and | ower operating
costs due to a reduction in rejects and high productivity.

The di sadvantages of the trival ent chrom um process are that the
process is nore sensitive to contam nation than the hexaval ent
chrom um process and the trival ent chrom um process cannot plate the
full range of plate thicknesses that the hexaval ent chrom um process
does.?® Because it is sensitive to contam nation, the trival ent
chrom um process requires nore thorough rinsing and tighter
| aboratory control than the hexaval ent chrom um process. Trival ent
chrom um bat hs can plate thicknesses ranging up to 0.13 to 25
m cronmeters (um (0.005 to 1.0 mls) thick.? The hexaval ent chrom um
process is able to plate up to 762 um (30 nmils) thick. Therefore,
trival ent chrom um sol utions cannot be used for nobst hard chrom um
pl ati ng applications.

The plating efficiency of a trivalent chrom um bat h,
approxi mately 20 to 25 percent, is slightly higher than that of a
hexaval ent chromi um pl ating bath.? The col or, hardness, and
corrosion resistance of trivalent chrom um deposits are conparable to
t hose of hexaval ent chrom um deposits.3 However, the conposition of
the trivalent chrom um deposit is significantly different than that
of the hexaval ent chrom um deposit. Table 5 presents the
conposition of trivalent and hexaval ent chronmi um deposits. 3!

3.1.2 Uncontroll ed Chronm um Em Ssi ons

Em ssions of chromic acid mst fromthe el ectrodeposition of
chrom um from chronmic acid plating baths occur because of the
i nefficiency of the hexaval ent chrom um pl ati ng process; only about
10 to 20 percent of the current applied actually is used to deposit

14



TABLE 5. HEXAVALENT AND TRI VALENT CHROM UM DEPCSI T COVPOSI TI ONS

Chr om um deposi t Car bon, % wt Oxygen, % wt Chrom um % wt
Hexaval ent 0.0 0.4 99+
Trival ent 2.9 1.6 95+

15



chromumon the itemplated. Ei ghty to ninety percent of the current
applied is consuned by the evolution of hydrogen gas at the cathode
with the resultant |iberation of gas bubbles. Additional bubbles are
formed at the anode due to the evolution of oxygen. As the bubbles
burst at the surface of the plating solution, a fine mst of chromc
acid droplets is forned.

3.1.2.1 Hard Chrom um and Decorative Electroplating Operations.
Uncontroll ed emi ssion data for eight hard chrom um pl ati ng operati ons
and two decorative chromium plating operations are presented in Table
6. These data were obtained fromnine EPA tests and one non- EPA
test. Table 7 presents tank paraneters and process operating
paraneters nonitored during each of the 10 tests. The process
paraneters nonitored during testing include current supplied to the
pl ati ng baths, voltage, and chrom c acid concentration and
tenperature of the plating baths. The chromic acid concentration and
tenperature did not vary significantly within each type operation for
the em ssion tests and appeared to be representative of typica
operati ng values for conventional hard and decorative chrom um
pl ati ng operations. The amount of current supplied during testing
vari ed consi derabl e because of the different types and quantities of
parts pl ated.

Based on the existing test data, an uncontrolled em ssion factor
of 10 mlligranms of hexaval ent chrom um per anpere-hour (ng/Ah) (0.15
grain per anpere-hour [gr/Ah]) is considered to be representative of
uncontrol l ed em ssions froma hard chrom um el ectropl ati ng operati on,
and an uncontrol |l ed hexaval ent chrom um em ssion factor of 2.0 ng/Ah
(0.031 gr/Ah) is considered representative of uncontrolled em ssions
froma decorative chrom um el ectropl ati ng operati on.

3.1.2.2 Chrom c Acid Anodi zing Operations. Uncontrolled
em ssion data for chrom c acid anodi zi ng operati ons were not obtained
t hrough an EPA source test at an anodizing facility. Instead, an
estimte of the amount of hexaval ent chrom um em ssions was made by
perform ng a mass bal ance on a scrubber used to control em ssions
froma chrom c acid anodi zi ng operation. Qutlet scrubber water grab
sanpl es were anal yzed to determ ne the ampbunt of hexaval ent chrom um
in the sanple, and a mass bal ance was perforned on the scrubber to
determ ne the inlet hexaval ent chrom umem ssion rate. The
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TABLE 6. UNCONTROLLED EM SSI ON DATA®?

Act ual
Process conditions gas flow
Total tank rate, Mass em ssi on
No. of surface area, Anpere- nt/ mn rate, kg/h (Ib/h Process Cr*® eni ssion
Pl ant t anks nt (ft?) hour s (ft3 mn) Total Cr Cr+s rate, ng/A~h (gr/Ash)
Hard chrom um pl ating
Pl ant A> 32 1 5.2 20, 458 177 0. 08 0. 08 9.0 (0.14)
(56) (6, 260) (0.17) (0.17)
Pl ant B 33 4 8.5 54, 667 300 0. 024 0.011 2.2 (0.03)¢
(92) (10, 400) (0.052) (0.025)
Pl ant C 34 1 5.8 13, 983 226 0. 029 0. 026 4.0 (0.06)
(63) (7,970) (0.064) (0.057)
Pl ant D 35 1 5.6 2,480 242 0. 009 e 3.5 (0.05)¢
(56) (6, 260) (0.167) (0.168)
Pl ant Ef 3¢ 2 9.2 8,524 298 0. 100 0.102 22.5 (0.35)
(72.5) (18, 100) (0.10) (0.10)
Pl ant P> 37 3 6.7 8, 790 512 0. 045 0. 045 15.5 (0. 24)
(20) (4, 540) (0.183)
Pl ant @ 38 2 2.5 14, 400 153 0. 008 0. 0152 3.2 (0.05)
(26.5) (5, 390) (0.018) (0.0333)
Pl ant He.h 39 4 8.5 20, 050 330 0. 050 0. 039 4.6 (0.07)
(92) (11, 600) (0.011) (0.09) 9.8 (0.15)
Aver age
Decorative chronmium pl ating
Plant |1 40 1 2.8 6, 500 130 i 0. 0036 1.4 (0.02)
(30.3) (4, 700) (0.0080)
Pl ant J¢ 4 1 22.3 96, 840 990 0. 0561 0. 0658 2.0 (0.03)
(240) (35, 000) (0.124) (0. 145)
Aver age 1.7 (0.03)

a All tests were performed by EPA except for the Plant D test which was performed by the Naval Energy and Environmental Support
Activity, Port Huenene, California.

5 Amper e-hour and mass eni ssion rate val ues are based on an average of three test runs.

¢ Not included in average val ue because data are based on total chrom um

4 Amper e-hour and nmass eni ssion rate val ues are based on an average of four test runs.

¢ Hexaval ent chrom um em ssions were not reported.

f Anpere-hour and mass enission rate val ues are based on an average of 12 test runs.

9 Anper e- hour and mass emni ssion rate val ues are based on an average of six test runs.

" Prelimnary test data.

" Total chromi um eni ssions wore not deternined



TABLE 7. TANK PARAMETERS AND PROCESS OPERATI NG PARAMETERS MONI TORED DURI NG CHROM UM PLATI NG TESTS

Average process paraneters nonitored

Chrom ¢
Tank paraneters aci d
concen-
Total tank Total tank tration, Bat h
No. of surface area, capacity, Current, Vol t age, g/ 0 tenp.
Pl ant t ank(s) nt (ft?)? | (gal)® anper es volts (oz/ gal) °C (°F)
Hard chrom um pl ating
Pl ant A %2 1 5.2 (56) 15,820 (4, 180) 8, 837 7.4 210 (28) 52 (125)
Pl ant B 33 4 8.5 (92) 36,100 (9, 540) 11, 150 8.7 250 (33) 54 (145)
Pl ant C 3 1 5.9 (63) 10,710 (2, 830) 6, 223 9.0 255 (34) 50 (130)
Pl ant D 3% 1 5.6 (60) 7,190 (1,900) 2,483 6.6 210 (28) 60 (125)
Pl ant E 3¢ 2 9.2 (99 11,210 (2, 962) 5,215 6.8 240 (33) 59 (130)
Pl ant F % 3 6.7 (72.5) 23,070 (6,094) 1, 149 6.1 250 (33) 49 (133)
Pl ant G 38 2 2.5 (26) 4,130 (1, 090) 1,614 12.3 210 (28) 62 (131)
Pl ant H 3° 4 8.5 (92) 36,100 (9, 540) 2, 860 7.9 250 (33) 54 (140)
Decorative chronmium pl ating
Pl ant | 4° 1 2.8 (30) 3,860 (1,020 2,700 5.1 280 (37) 48 (119)
Plant J # 1 22.3 (240) 61, 170( 16, 160) 21, 317 22. 4 173 (33) 49 (130)

nt = square neters, ft? = square foot.
0

a
bg=1liters, gal = gallons



results of this mass bal ance indicate that an uncontrolled of

em ssion factor of 6.0 x 10* kil ogram of hexaval ent chrom um per hour
per square neter of tank surface area (1.2 x 10* pound per hour per
square foot of tank surface area) is appropriate to characterize

em ssions fromchrom c acid anodi zi ng. #?

3.1.3 Em ssi on Reducti on Techni ques

The princi pal techni ques used to control em ssions of chromc
acid m st fromdecorative and hard chrom um pl ating and chrom c acid
anodi zi ng operations include add-on control devices and chem cal fune
suppressants. The control devices npost frequently used are m st
elimnators and wet scrubbers that are operated at relatively | ow
pressure drops. Because of the corrosive properties of chromc acid,
control devices typically are made of pol yvinyl chloride (PVC) or
fi bergl ass.

Chemi cal fune suppressants are added to decorative chrom um
pl ating and chrom c acid anodi zing baths to reduce chromc acid m st.
Al t hough chenical agents al one are effective control techniques, many
pl ants use themin conjunction with a control device.

Chevron- bl ade and nesh-pad m st elimnators are the types of
m st elimnators nost frequently used to control chromc acid mst.
The nost inportant nechani sm by which nmist elimnators renpove chromc
acid droplets fromgas streans is the inertial inpaction of droplets
onto a stationary set of blades or a mesh pad. M st elimnators
typically are operated as dry units that are periodically washed down
with water to clean the inpaction nedia.

The wet scrubbers typically used to control em ssions of chromc
acid mst fromchrom um plating and chronmic acid anodi zi ng operations
are single and doubl e packed-bed scrubbers. O her scrubber types
used less frequently include fan-separator packed-bed and
centrifugal -fl ow scrubbers. The nechani sm by whi ch scrubbers renove
chrom c acid droplets fromthe gas streans is wetting the gas stream
to increase the particles nmass foll owed by inpingenent on a packed
bed. Once-through water or recirculated water typically is used as
the scrubbing |iquid because chromic acid is highly soluble in water.

Chem cal fune suppressants are surface-active conpounds that are
added directly to chrom um plating and chrom c acid anodi zi ng bat hs
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to reduce or control msting. Fune suppressants are classified as
tenporary or as permanent. Tenporary fune suppressants are depleted
mai nly by the deconposition of the fune suppressant and dragout of
the plating solution, and permanent fune suppressant are depl eted
mai nly by dragout of the plating solution. Fume suppressants, which
are manufactured in liquid, powder, or tablet form include wetting
agents that reduce msting by |owering the surface tension of the

pl ati ng or anodi zi ng bath, foam bl ankets that entrap chrom c acid

m st at the surface of the plating solution, or conbinations of both
a wetting agent and foam bl anket .

The performance capabilities of the control devices used to
control chromic acid m st are presented in Table 8. The air
pol lution control devices tested include four mst elimnators, three
packed- bed scrubbers, and one packed-bed scrubber in conjunction with
a mst elimnator used to control em ssions fromhard chrom um
pl ati ng operations. |In addition, one em ssion test was conducted at
a decorative chromumplating facility to determ ne the perfornance
of chem cal funme suppressants in controlling chromc acid mst.

The average hexaval ent chrom um renoval efficiency of m st
elimnators was 98 percent for mst elimnators with double sets of
bl ades, 90 percent for mst elimnators with single sets of bl ades,
and 94 percent for nmesh pad units. The average hexaval ant chrom um
removal efficiency of scrubbers was 97 percent efficient. The
hexaval ant chrom um renoval efficiency of the scrubber in conjunction
with the mst elimnator was 95 percent.

For decorative chrom um pl ati ng operations, the performance
efficiency of both chem cal fune suppressants tested (a foam bl anket
and a conbi nation of a foam bl anket and wetting agent) was greater
than 99 percent. This performnce efficiency is achievable as |ong
as vendor recomrendati ons on the nmakeup and use of the fune
suppressants are followed rigorously.

3.1. 4 Nat i onwi de Eni ssion Estinates

Tabl e 9 presents the estimated nunber of operations and the
nati onwi de annual em ssion rate for each type of operation. The
nati onwi de em ssion rate for hard chrom um el ectropl ati ng operations
was based on the assunption that 30 percent of operations are
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TABLE 8. PERFORMANCE LEVELS OF | NDI VI DUAL CONTROL DEVI CES

Aver age
renoval
efficiency
for Cr*s,
Pl ant Control device per cent
Hard chrom um pl ating
Pl ant A 32 ME- DSB? 98P
Pl ant G 38 ME- SSB¢ 91b
Pl ant C 34 ME- SSBH 88¢
Pl ant D 3% ME- MP! 94b. 9
Pl ant B 33 DPBS" 96" 9
Pl ant E 36 SPBS 99j
Pl ant F 3 DPBS" 96P
Pl ant H 3° PBS+ME- DSB* 95! m
Decorative chrom um plating
Pl ant | 40 Foam bl anket >99b
Pl ant | 40 Wetti ng agent/foam bl anket >99b

a Mst elimnator with doubl e set of overl appi ng-type bl ades.
efficiency based on an average of three test runs.
¢ Mst elimnator with single set of overl appi ng-type bl ades.
¢ Mst elimnator with single set of wave-type bl ades.
efficiency based on average of four test runs.

f Mesh pad mist elimnator.

9 Based on total chrom um em ssion data.

" Doubl e packed-bed scrubber.

' Single packed-bed scrubber.

I Renocl a efficiency based on and average of 12 test

b Renoval

¢ Renpval

k Doubl e packed-bed scrubber

contai ning a double set of wave-type bl eds.
' Prelimnary test data.

m Rernoval

efficiency based on an average of six test
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TABLE 9. NATI ONW DE NUMBER OF OPERATI ONS AND ESTI MATED HEXAVALENT
CHROM UM EM SSI ONS FROM CHROM UM ELECTROPLATI NG AND CHROM C ACI D
ANODI ZI NG OPERATI ONS

Nat 1 onw de
No. of plants Cr *¢ em ssi ons,
Operation nati onw de My/ yr (tons/yr)
Hard chromium plating ? 1, 540 146 (161)
Decorative chrom umplating ?! 12,790 10 (11)
Chrom c acid anodi zi ng ? 680 3.5 (3.8)
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uncontrol | ed, 30 percent of operations are controlled by m st
elimnators with single sets of blades (90 percent efficient), and 40
percent are controlled by single packed-bed scrubbers (97 percent
efficient). The nationw de em ssion rate for decorative chrom um

el ectropl ati ng operati ons was based on the assunption that 15 percent
of operations are uncontrolled, and 85 percent are controlled by
chem cal fune suppressants or single packed-bed scrubbers (97 percent
efficient). The nati onwi de annual em ssion rate for chromc acid
anodi zi ng operati ons was based on the assunption that 40 percent of
operations are uncontrolled, 10 percent are controlled by m st
elimnators with single sets of blades (90 percent efficient) and 50
percent are controlled by chem cal fune suppressants or single
packed- bed scrubbers (97 percent efficient).

The assunptions regarding the existing control |evels for each
type operation were derived from data obtai ned during the devel opnent
of the NESHAP for chrom um el ectroplating operations. In estimting
nati onwi de annual chrom um em ssions, the efficiency of chem cal fune
suppressants used in decorative chrom um and chrom c acid anodi zi ng
operations was assunmed to be 97 percent rather than 99 percent as
denmonstrated by test data (see Table 8). The 97 percent figure is
conservative and accounts for the fact that platers nay not
rigorously foll ow vendor recommendati ons on the use of fune
suppressants in the absence of nonitoring or recordkeeping
requirements.

3.2 COOLI NG TONERS

3.2.1 Backqgr ound | nf or mati on

Cooling towers are devices that cool warm water by contacting it
with ambient air that is drawn or forced through the tower. This
cool water is then used to renove heat froma process or an HVAC
chiller before returning to the cooling tower. Chem cals are added
to this recirculating water to inhibit heat exchanger corrosion. One
of the many classes of corrosion inhibitors used is chrom um based.
Air em ssions of chrom um occur when water droplets (and the
chem cals they contain) entrained in the air streamthat is drawn
through the tower are emtted to the atnosphere. These dropl et
em ssions are referred to as "drift." All cooling towers that are
used to renove heat froman industrial process or chem cal reaction
are referred to as industrial process cooling towers (IPCT's). Towers
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that are used to cool heating ventilation and air conditioning (HVAC)
and refrigeration systens are referred to as confort cooling towers
(CCT' s).

3.2.1.1 I ndustrial Process Cooling Towers. Major users of
| PCT's that al so use chrom um based water treatnent chem cals are
chem cal manufacturing plants, petroleumrefineries, and primary
netals facilities. Several m scellaneous manufacturing industries
(textiles, tobacco products, tire and rubber products, and gl ass
products), and utilities use chrom um based water treatnment chenicals
to a lesser degree. It is estimated that IPCT's are used at
approxi mately 190 petroleumrefineries, 1,800 chem cal manufacturing
pl ants, 240 primary netals plants, and 730 plants in the
m scel | aneous industries.* In addition, the percentage of cooling
towers using chrom um based water treatnment chemicals in each
industry is estimated as 70 percent at petroleumrefineries, 40
percent at chem cal manufacturing plants, 20 percent at primary
metals facilities, 15 percent at plants in the tire and rubber
i ndustry, and 5 percent at plants in the other m scell aneous
industries.* In the utilities industry, i was reported that
chrom um based water treatment chemicals are used at two electric
power plants.* Wen conbined with data from plant responses to EPA
i nformati on requests in each of these industries, these estimates
result in a total of about 2,850 I PCT's using chrom um based water
treatnment chem cals: 475 at petroleumrefineries, 2,040 at chem ca
pl ants, 224 at primary netals plants, 110 at m scell aneous plants and
6 at utilities. The nationw de baseline Cr*® em ssions fromthese
towers are estimated to be 85 megagrans per year (My/yr) (94 tons per
year [tons/yr]).*

3.2.1.2 Confort Cooling Towers. Confort cooling towers are
used in all States in the U S., primarily in urban areas. Mjor
users of CCT's with HVAC systens include hospitals, hotels,
educational facilities, office buildings, and shopping malls.
Refrigeration systens that may operate with CCT's include ice skating
rinks, cold storage (food) warehouses, and ot her commerci al
operations. The EPA estimates that the nati onwi de popul ati on of
CCT's is 250,000 units and that 15 percent of CCT's (about 37, 500)
use chrom um based water treatnent chem cals. These CCT's are
estimated to emt between 7.2 and 206 My/yr (8 to 227 tons/yr) of

24



chrom um#® Chromiumuse in CCT's appears to be distributed randomy
across the country. %

In the devel opment of the proposed rule under the Toxic
Subst ances Control Act (TSCA) (see 52 FR 10206) for confort cooling
towers, EPA devel oped nodel tower paraneters and estinmates of
chrom um em ssions per nodel tower to represent the popul ation of
CCT's in the U. S. Table 10 presents the nodel paranmeters and baseline
em ssion estimates. 4 These data were used in conjunction with census
informati on and assunptions about the distribution of CCT's by State
to devel op statew de, nationw de, and per capita estinmtes of Cr+¢
em ssions from CCT's as shown in Table 11. Emi ssions from | ndustrial
Process Cool i ng Towers-Background I nformation for Proposed Standards.
Draft. Prepared for U S. Environnental Protection Agency. Research
Triangl e Park, North Carolina. May 1988. 4%

The em ssion estimates in Table 10 and Table 11 are expressed as
a range because of the uncertainty associated with em ssion data
coll ected by the Agency from CCT tests. Because the em ssion factors
devel oped to estinmate Cr*® em ssions fromcooling towers are
i ndependent of tower operating paraneters (recirculation rate,
chromate concentration, cooling range), the factors are applicable to
both CCT's and IPCT's. Section 3.2.3.1 of this docunent discusses
specific em ssion factors to use for estimating Cr*® em ssions from
CCT's on a case by case basis. [Note: The proposed TSCA rule would
prohi bit the use of chrom um based chemicals in CCT's. |If
pronul gated, this rule would have the effect of reducing Cr+¢
em ssions fromCCT's to zero.]

3.2.1.3 Cooling Tower Fundanentals. Schematics of typica
cooling tower designs are shown in Figure 2.4 The major cooling
tower components include the fan(s), fill material, water

di stribution deck or header, drift elimnator, structural frane, and
cold water basin. O her components that affect tower operation

i ncl ude the punps and pi pes necessary to circulate the cooling water
t hrough the cooling tower and heat exchanger | oops.

Most I PCT's are designed with induced-draft airflow, but many
have forced-draft airflow, and sone (especially in the utilities
i ndustry) have natural-draft airflow Induced draft is provided by a
propeller-type axial fan located in the stack at the top of the
tower. Forced-draft towers are usually smaller than induced-draft
towers and have either centrifugal fans | ocated at the base of the
tower, which is constructed as a plenumto provide positive-pressure
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TABLE 10. MODEL COVFORT COOLI NG TOAERS AND HOURLY BASELI NE Cr*¢ EM SSI ONS

Mbdel Flow rates,|/mn (gal/nn) Chrom um
bui I di ng Mbdel tower Reci r cu- em ssi ons
Model si ze cooling requirenents | ation Evapor a- Bl owdown per tower,
t ower nt(ft?) W (Bt u/ h) Tons rate tion rate rate mg/ h(1 b/ 1, 000 h)
1 673 95, 400 27 246 2.08 0.53 19.9
(7, 240) (325. 800) (65) (0.55) (0. 14) (0.044)
2 1, 460 207, 100 59 534 4.54 1.14 43. 2
(15, 720) (707, 400) (141) (1.20) (0. 30) (0.095)
3 3, 405 482, 900 137 1, 250 10.6 2.65 101
(36, 650) (1, 649, 000) (330) (2.80) (0.70) (0.222)
4 6, 224 882, 900 251 2,280 19.4 4.85 184
(66, 990) (3.015, 000) (602) (5.12) (1.28) (0. 406)
5 12, 338 1, 750, 000 498 4,520 38.4 9.61 365
(132, 800) (5,976, 000) (1, 194) (10. 15) (2.54) (0.804)
6 37,626 5, 338, 000 1,520 13, 800 117.0 29.3 1,110
(405, 000) (18, 230, 000) (3, 642) (30. 96) (7.74) (2. 45)

Assunpti ons:
Wet bulb tenperature = 23.9 °C (75°F)
Hot water tenperature = 29.4°C (85°F)
Cooling range = 5.6°C (10°F)
Cool ing requirements = 142 Wnt fl oorspace (45 Btu/ft? h)
Cycl es of concentration = 5
Latent heat/total heat = 0.8
Chromat e concentration = 10 ppm
Chr omi um eni ssion factor = 0.0003 ng Cr*®/ (ppm Cr*® )(liter HO
(2.504 x 10° I b Cr*/ ppm Cr*®/ gal HO
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TABLE 11.

LOAER- AND UPPER- BOUND ESTI MATES OF Cr*® EM SSI ONS PER STATE AND ANNUAL Cr *®
EM SSI ONS PER PERSON

Cr*¢ eni ssions, kg/yr Annual Cr*¢

Mbdel No. Cr+¢ em ssi ons,

em ssi ons, per person,

Utilization, kgx10, 000/ yr

State per cent 1 2 3 4 6

ALABAVA 59 1.09 -30.91 0.6 -302 .2 -432 22.8 -647 77.9 -2,212 4,585 4.01 - 113.8
ALASKA? 0 0.00 - 0.0 0.0 -0 0.0 -0 0.0 -0 0.0 -0 0-0 0.0 -0.0
ARl ZONA 55 0.76 -21.5 7.4 -210 .6 -300 15.9 -450 43.2 -1,540 3,192 3.74 - 106.1
ARKANSAS 56 0.61 -17.5 6.0 -171 .6 -244 12.9 -366 44.0 -1, 250 2,592 3.80 - 108.0
CALI FORNI A 54 6.13 - 174.0 59.9 -1,700 -2,430 128.3 -3,644 438.8 - 12,458 909 - 25,823 3.67 - 104.1
COLORADO 29 0.41 -11.7 4.0 -114 5.8 -164 8.6 -245 29.5 -839 1,739 1.97 -55.9
CONNETI CUT 33 0.47 -13.4 4.6 -131 6.6 -187 9.9 -281 33.8 -961 1,992 2.24 -63.6
DELAWARE 33 0.09 - 2.6 0.9 - 26 1.3 - 37 1.9 - 55 6.6 -187 14 - 388 2.24 -63.6
FLORI DA 89 4.32 - 122.5 42.2 -1,197 -1,712 90.4 -2,567 309.1 -8,776 641 -18, 191 6.04 - 171.6
GEORG A 59 1.54 -43.8 15.1 -428 21.5 -611 32.3 -917 110.4 -3,134 6, 496 4.01 - 113.8
HAWAI | 100 0.47 -13.2 4.6 -129 .5 -185 9.8 -278 33.4 -949 1,967 6.79 - 192.8
| DAHO 21 0.10 - 2.8 1.0 - 27 .4 - 39 2.1 - 58 7.0 -199 - 413 1.43 -40.5
ILLINO S 42 2.21 -62.7 21.6 -613 .9 -876 46.3 -1, 314 158.2 -4,493 9,313 2.85 -81.0
| NDI ANA 42 1.07 -30.4 10.5 - 297 .0 -425 22.4 -636 76.6 -2,176 4,511 2.85 -81.0
| OMA 38 0.51 -14.5 5.0 -142 .1 -203 10.7 -304 36.6 -1,039 2,154 2.58 -73.3
KANSAS 42 0.46 -13.1 4.5 -128 .5 -184 9.7 -275 33.2 -942 1,952 2.85 -81.0
KENTUCKY 42 0.73 -20.7 7.1 -202 .2 -289 15.3 -433 52.2 -1,481 3,069 2.85 -81.0
LOUI SI ANA 65 1.30 -36.8 12.7 -360 .1 -514 27.2 -771 92.9 -2,636 5, 465 4.41 - 125.3
MAI NE 21 0.11 - 3.2 1.1 - 31 .6 - 45 2.4 - 67 8.0 -229 - 474 1.43 -40.5
MARYLAND 46 0.91 -25.9 8.9 -253 .7 -361 19.1 -542 65.3 -1,853 3,841 3.12 -88.7
MASSACHUSETTS 33 0.87 -24.8 8.5 -242 .2 -346 18.3 -519 62.5 -1,774 3,678 2.24 -63.6
M CH GAN 33 1.42 -40.3 13.9 -394 .8 -563 29.7 -844 101.6 -2, 886 5,981 2.24 -63.6
M NNESOTA 29 0.55 -15.7 5.4 -153 .7 -219 11.6 -328 39.5 -1,122 2,326 1.97 -55.9
M SSI SSI PPI 59 0.70 -19.9 6.9 -195 .8 -278 14.7 -417 50.3 -1, 427 2,958 4.01 - 113.8
M SSOURI 42 0.96 -27.3 9.4 -26 .4 -382 20.2 -573 68.9 -1, 957 4, 057 2.85 -81.0
MONTANA 25 0.09 - 2.7 0.9 - 26 3 - 37 2.0 - 56 .9 6.8 -192 - 398 1.70 -48.2
NEBRASKA 38 0.28 - 7.9 2.7 - 77 9 -110 5.8 -165 .7 19.9 -566 1,172 2.58 -73.3
NEVADA 39 0.16 - 4.5 1.6 - 44 2 - 63 3.3 - 95 .0 11.4 -323 - 511 1.83 -52.1
NEW HAMPSHI RE 27 0.12 - 3.4 1.2 - 34 7 - 48 2.5 - 72 .8 8.7 -246 6, 034 2.85 -81.0
NEW JERSEY 42 1.43 -40.6 14.0 -397 0 -568 30.0 -851 102.5 -2,911 6, 034 2.85 - 81.0




TABLE 11. (Conti nued)
Cr*6 em ssi ons, Annual Cr+¢
Model No. Total Cr+¢ em ssi ons,
em ssi ons, per person,
Utilization, kgl yr kgx10, 000/ yr
State per cent 1 2 3 4 5 6
NEW MEXI CO 39 0.25 - 7.0 2.4 - 69 3.5 - 98 5.2 -147 7.7 -219 17.8 -504 37 -1.045 2.65 -75.2
NEW YORK 33 2.63 -74.6 25.7 -729 36.7 -1,042 .0 -1,562 81.8 -2,3231 88.1 -5, 342 390 -11, 072 2.24 -63.6
NORTH CAROLI NA 53 1.48 -42.1 14.5 -411 20.7 -588 31.0 -881 46.1 -1, 310 106.1 -3,013 220 - 6,244 3.60 - 102.2
NORTH DAKCOTA 25 0.08 - 2.2 0.7 - 21 1.1 - 30 1.6 - 45 2.4 - 67 5.5 -155 11 - 322 1.70 -48.2
OH O 39 1.93 -54.7 18.8 -535 26.9 -764 .4 -1,146 60.0 -1,704 138.0 -3,918 286 - 8,122 2.65 -75.2
OKLAHOVA 54 0.78 -22.2 7.7 -217 10.9 -311 16.4 -466 24.4 -692 56.1 -1,592 116 - 3,301 3.67 - 104.1
OREGON 23 0.29 - 8.4 2.9 - 82 4.1 -117 6.2 -175 9.2 -261 21.2 -599 44 - 1,242 1.56 -44.3
PENNSYLVANI A 39 2.11 -59.8 20.6 -584 29.4 -835 .1 -1,252 65.6 -1, 862 150. 8 -4,281 313 - 8,874 2.65 -75.2
RHODE | SLAND 33 0.14 - 4.1 1.4 - 40 2.0 - 57 3.0 - 86 4.5 -127 10.3 -293 21 - 606 2.24 -63.6
SOUTH CARCLI NA 59 0.89 -25.1 8.7 -246 12.4 -351 18.5 -527 27.6 -783 63.4 -1, 800 131 - 3,732 4.01 - 113.8
SOUTH DAKOTA 33 0.11 - 3.0 1.0 - 29 1.5 - 42 2.2 - 63 3.3 - 93 7.6 -215 16 - 445 2.24 -63.6
TENNESSEE 50 1.10 -31.1 10.7 -304 15.3 -435 22.9 -652 34.1 -969 78.5 -2,228 163 - 4,618 3.40 -96.4
TEXAS 63 4.35 - 123.6 42.5 -1, 208 60.8 -1,726 .2 -2,588 135.5 -3,848 311.7 -8,850 646 -18,343 4.28 - 121.5
UTAH 31 0.22 - 6.4 2.2 - 62 3.1 - 89 4.7 -133 7.0 -198 16.0 -456 33 - 944 2.11 -59.8
VERMONT 25 0.06 - 1.7 0.6 - 17 0.8 - 24 1.3 - 36 1.9 - 54 4.3 -123 9 - 255 1.70 -48.2
VIRGA NI A 42 1.07 -30.51 0.5 -298 15.0 -426 22.5 -639 33.4 -950 76.9 -2,184 159 - 4,527 2.85 -81.0
WASHI NGTON 20 0.39 -11.2 3.9 -109 5.5 -156 8.3 -235 12.3 -349 28.2 -802 59 - 1,662 1.36 -38.6
WEST VI RG NI A 42 0.38 -10.9 3.8 -107 5.4 -152 8.0 -229 12.0 -340 27.5 -781 57 - 1,620 2.85 -81.0
W SCONSI N 31 0.68 -19.4 6.7 -190 9.5 -271 14.3 - 407 21.3 -604 49.0 -1, 390 101 - 2,881 2.11 -59.8
WYOM NG 25 0.06 - 1.7 0.6 - 16 0.8 - 23 1.2 - 35 1.8 - 52 4.2 -120 9 - 248 1.70 -48.2
WASHI NGTON, DC 50 0.14 - 3.9 1.4 - 39 1.9 - 55 2.9 - 83 4.3 -123 10.0 -283 21 - 586 3.40 -96.4
TOTAL FOR U.S.® 49 - 1,392 479 - 13,602 685 - 19,445 1,027 - 29,156 1,527 - 43,349 3,511 - 99,689 7,277 - 206, 633

a Al aska was assuned to have no CCT's because,
exceeds 60°F.

® The popul ati on of Al aska was subtracted fromthe national
annual

nati onal

Cr*6 em ssi ons per person.

on aver age,

there are no days when the nean tenperature

popul ation prior to the calculation of the
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airflow through the fill material, or axial fans |ocated on the side
of the tower.Natural-draft airflowrelies on air currents created by
tenperature differences between the air in the tower and the

at nrospher e. When the cool ing denmands are nminimal and the air
tenperature is | ow enough, water can be circul ated through the tower
and cool ed sufficiently without using the fans.In these instances, a
natural draft is created in the cooling tower

The direction of the airflow through a nechanical draft tower is
ei ther crossflow or counterflow. Crossflow refers to horizontal
airflow through the fill, and counterflow refers to upward vertica
airflow Fill material is used to maintain an even distribution of
wat er across the horizontal plane of the tower and to create as nuch
wat er surface as practical to enhance evaporation and sensi bl e heat
transfer.

3.2.2 POTENTI AL EM SSI ON REDUCTI ON TECHNI QUES

Techni ques to control chrom um em ssions from cooling towers
involve two different strategies:nodification of chromumaddition to
the recirculating water, and inproved reduction of drift.The first
techni que invol ves reducing the concentration of chromumin the
wat er treatment program thereby reducing the concentration of
chromumin the drift emitted. The second techni que invol ves
retrofitting towers with HEDE's to reduce drift em ssions to the
| owest possible rate.

3.2.2.1 Alternative Water Treatnent Prograns Responses to 28
EPA i nformati on requests and a survey of the Chem cal Mnufacturers
Associ ation indicate that the average chromate concentration for
those | PCT's using chrom um based corrosion inhibitors is 13 ppm 447
One potential chrom um em ssion reduction technique invol ves
alternative water treatnent prograns such as progranms with | ower
chromate | evels, or nonchromate treatnents.

A |l ow chromate treat nent program woul d reduce Cr*® em ssions from
IPCT's by limting the chromate concentration in cooling water. Water
treatnment prograns are available that maintain average chromate
concentrations of 0.5 to 4 ppmin the recirculating water, but these
prograns have not al ways been successful in industrial applications.
Low chromat e prograns that have provided acceptable results in a
nunber of cases maintain chromate concentrations in the range of 4 to
6 ppm
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Because of NPDES chromiumrestrictions and ot her regul ati ons,
nonchrom umtreatnments are now nore w dely used than chrom um
treatnments. The npbst common nonchrom umtreatnment programis
phosphat e based, but others include nolybdates, zinc, and all-organic
treatnments (primarily organo-phosphorus compounds). However, these
al ternative prograns may not perform corrosion inhibition functions
as well or as cheaply as chromates dependi ng on the individua
cooling tower system The performance of any treatment programis
dependent on water quality paraneters (pH, alkalinity, hardness, and
conductivity) and operating conditions (water tenperature, flow
velocity, inhibitor concentration, and the presence of contamn nants
such as H,S, SO, NH;, and NGO, that are specific to each cooling
system

3.2.2.2 Hugh-Efficiency Drift Elimnator (HEDE) Retrofits
Water droplets entrained in the air and the dissolved and suspended
solids contained in the droplets that are enmitted fromcooling towers
are referred to as drift.Drift elimnators can be installed at the
exit of the fill sections to reduce the anmount of drift in the
exiting airflow Historically, the purpose of drift reduction has been
to alleviate the nuisance deposition of water drift and its dissol ved
sol ids on nearby buildings or on personal property such as
aut onobi | es. More recently, the concern has focused on the
environnmental inpact caused by the conpounds contained in the drift
and, thus, on the deposition of these conpounds.Drift elimnators are
designed with pressure drops |lower than those of other air pollution
control equipnent and rely primarily upon the inpaction of water
droplets on drift elimnator surfaces to reduce the concentration of
drift fromthe exit air of cooling towers. The drift elim nator bl ades
are configured to force directional changes in the airflow such that
the nomentum of the water droplets causes themto inpinge onto the
bl ade surfaces. The nunber of directional airflow changes, the spacing
bet ween the bl ade surfaces, the angle of directional change, and the
capability to return the collected water to a qui escent area of the
pl enum are the nmjor design features (paraneters) in drift
elimnators that affect efficiency. Drift elimnators are constructed
of wood, PVC, netal, asbestos- cenent, polystyrene, or cellulose. The
mat erial nost often specified is PVC
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Figure 3 presents schematics of the three major drift elimnator
desi gns: herringbone (bl ade-type), waveform and cellular (or
honeycomb) . Lowefficiency drift elimnators (LEDE s) include
herri ngbone, sone waveform (sinusoidal), and sone cellul ar designs.
Herri ngbone designs are constructed to create two or three major
directional changes in the airflow The blades are sloped in opposing
directions in a manner that provides drai nage of the accunul ated
drift into the fill area. The bl ades typically are constructed of
wood, but other materials (e.g., metal and asbestos cenent board)
al so are used. Waveformdrift elimnators are configured in a
si nusoi dal wave pattern such that two nmjor directional changes in
the airflow are created. The sinusoidal blades are constructed of
asbestos cenment board or PVC material. Cellular drift elimnators are
configured with thinner blades in a honeyconb pattern. The airfl ow
passages in the cellular drift elimnators, which are narrower than
those of other designs, reduce the distance a droplet nust travel
across the streamto inmpact on the surface. Drainage of the collected
water to prevent reentrainment is not a design criteria of LEDE s.

Hi gh-efficiency drift elimnators include a few of both cellul ar
and sinusoi dal designs. The cellular HEDE s that achi eve the higher
efficiencies are designed with conplex configurations that contain
numer ous, closely constructed airfl ow passages. Thin materials of
construction are used to reduce the area of bl ockage to the airfl ow
and mnimze the pressure drop that is created by the elimnator. For
sinusoidal drift elimnators, the blades are placed cl oser together
in high-efficiency designs than in |ow efficiency designs, and the
exit is configured with a tip for draining captured water that
normally is partially reentrained in the airflow Typically, drainage
of water into a quiescent area of the tower is a mmjor design
consideration of HEDE s. A few drift elimnators installed in towers
built in recent years are nore likely to be higher efficiency
waveformor cellular units, but the vast majority of ol der towers
still have | ower efficiency herringbone and waveform eli m nators.

The performance of a drift elimnator is affected primarily by
the droplet or particle size and the airflow velocities through the
drift elimnator. Small droplets are created both from evaporation of
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| arger droplets and the physical breakage of larger droplets into
smal | droplets. Paraneters that affect the rate of evaporation and
the size of droplets created include the water distribution system
the type of fill, the type of tower, the neteorol ogical conditions,
and the tenmperature of the recircul ati ng water.

A drift elimnator manufacturer indicates that HEDE s can renpve
80 to 90 percent or nmore of the drift discharged fromlow efficiency
herringbone drift elimnminators. %4 These drift elimnator
efficiencies, however, are based on data collected with a test nethod
that has not been subnmitted to EPA for approval.

3.2.3 Cooling Tower Eni ssions

Three series of em ssion tests were conducted by EPA on | PCT' s
equi pped with low and high-efficiency drift elimnators. The results
of these tests are presented in the next section.

3.2.3.1 Drift and Chrom um Enmi ssions. The drift rate (rate of
water lost as drift) is often expressed as the percentage of the
recirculating water flowrate that is emtted. Likew se, the chrom um
em ssion rate can be expressed as a percentage of the recirculating
chromumrate. However, the chromiumemssion rate fromtowers should
not be confused with the drift rate. Based on test results, a drift
el im nator manufacturer clains that the achievable drift rates range
fromO0.001 to 0.02 percent of the recirculating water. The
approxi mate dividing |line between drift rates for higher and | ower
efficiency drift elimnators is 0.008 percent. Those achieving a
| oner percentage are "higher efficiency," and those that cannot
achi eve 0.008 percent are "l ower efficiency."4850

One way to estimate drift is to measure em ssion rate of a salt,
i ke chromium and assune that the percentage of water enmtted as
drift is the same as the percentage of the recirculating chrom um
emtted. However, a clainmed drift rate may or may not be related to
the chrom um enmi ssion rate depending on the way the drift rate was
measured. Also, it is inportant to note that drift rate neasurenent
results are highly dependent on the nmeasurenent nethod; therefore,
achievable drift rate clains may not be conparable if they are based
on different measurenent nethods.
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The EPA-sponsored em ssion tests of IPCT's at three facilities
used an EPA-devel oped isokinetic test nmethod. Em ssion factors
relating the chrom umem ssion rate to the chrom umrecircul ati on
rate were devel oped from each of these em ssion tests. The average
basel i ne (LEDE) and controlled (HEDE) Cr*® em ssion factors for each
test site are presented in Table 12. The em ssion factors express the
chrom um em ssion rate as a percentage of the chromumrecircul ating
rate. The percentage is equivalent to mlligrams of chromumemtted
per mlligramof chromumrecirculating in the tower multiplied by
100.1t is inportant to note that the nobst conprehensive em ssion
tests were conducted at Plant B.At this plant two towers of simlar
design |l ocated side-by-side were tested sinultaneously under the sane
met eor ol ogi cal conditions. One tower was equi pped with an LEDE and
the other was equi pped with an HEDE. Thus, the tests at Plant B
provi de the best available data on the relative perfornmance of LEDE s
and HEDE' s. The EPA Method 13-type testing at Plant B indicated a Cr*t
em ssion factor of 0.027 percent of the recirculating Cr*® for LEDE s
and 0.0087 percent for HEDE s. As discussed in Section 3.2.1.2, these
factors can be used for both IPCT's and CCT's.

The EPA Method 13 test data represent the best known estinates
of cooling tower emnmission factors. The current factors are based on
the assunmption that the ratio of hexavalent to total chromumin the
emi ssions is the same as that in the cooling water. The test program
conducted by the Agency has not conclusively identified the
speci ation of em ssions (i.e., Cr*s versus Cr*3).For purposes of
estimating Cr*® em ssions, the conservative assunption is that all of
the chromumis Cr*¢

3.2.3.2 Sanple Calculation of Chrom um Enmi ssions. The chrom um
em ssion rate for any tower can be estimated by nultiplying the
em ssion factor by the recirculating rate of water and the chrom um
concentration in the recirculating water as shown in Equation (1).

Ec = KX R X ¢ (1)

wher e:

Eqc = chromumenission rate, ng Cr/mn

K = chrom um eni ssion factor, percent of recirculating chrom um
that is emtted

R =recirculating rate of cooling water, liters/mn
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TABLE 12. COOLI NG TONER EM SSI ON FACTORS FOR Cr *6 FROM EPA- SPONSORED

TESTS 51-53
Sanmpl i ng St andar d
Test site met hod? M ni mum Maxi mum Aver age devi ati on
Baseline enm ssion factor (lowefficiency drift elimnators)®
Pl ant A° EPA 0. 0039 0. 068 0. 032 0. 026
Plant B EPA 0. 0098 0. 075 0. 027 0. 017
Plant B CTI 0. 0072 0. 055 0. 027 0. 017

Controlled enission factor (high-efficiency drift elininators)®

Pl ant A° EPA 0. 0019 0. 0068 0. 0037 0. 0018
Pl ant B EPA 0. 0032 0. 019 0. 0087 0. 0037
Pl ant B CTl 0. 0012 0.011 0. 0044 0. 0030
Plant C EPA 0. 0010 0. 013 0. 0038 0. 0041

a EPA: EPA nodified Method 13 isokinetic train (EPA-sponsored test).
CTl: Cooling Tower Institute isokinetic train (EPA-sponsored test).

b Chrom um em ssion rate expressed as a percentage of the
recirculating chromumthat is emtted.

¢ Sonme of the results fromthis test were suspect because of their
extreme variability and, thus, were not used to determne this
em ssion factor.
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Cs = concentration of chromumin the recircul ati ng water, ng
Cr/liter = ppm (for an average concentration of 13 ppm chromate
[CrOQ], this equals 5.83 ppm Cr)

For exanple, the follow ng cal culation estimates the em ssions froma
10, 000 gallons per mnute (gal/mn) IPCT with a recircul ating
chromate concentration of 10 parts per mllion (ppm, equipped with a
| ow-efficiency drift elimnator.

R = (10,000 gal/mn)(3.785 liters/gallon) = 37,850 liters/ mnute
Co = 10 ppmas Cr O, = 4.48 ppm Cr

K =the em ssion factor for towers with lowefficiency drift
elimnators; use K = 0.027 percent.

Ec = Kx Rx Cy = (0.027% (37, 850) (4.48) =
(0.00027) (37, 850)(4.48) = 45.8 ny Cr emitted/ mn

To estimte the em ssions fromthe same | PCT equi pped with a
hi gh-efficiency drift elimnator, use K = 0.0087.

Ther ef ore:
Ec = Kx Rx C, = (0.0087% (37,850)(4.48) = (0.000087)(37,850)(4.48)=
14.8 mg O emtted/ mn
Thus, the em ssion reduction achieved by a HEDE conpared to a LEDE
iS:
45.8-14.8 x 100 = 68 percent.
45. 8

The foll ow ng exanpl e cal cul ation estimates the em ssions froma
500 gal/mn CCT with a recirculating chromate concentration of 10
ppm equi pped with a lowefficiency drift elimnator.

R = (500 gal/mn)(3.785 liters/gal) = 1,892.5 liters/mn
Co = 10 ppmas Cr O, = 4.48 ppm Cr
K = 0.027 percent

Ec = Kx Rx Cy = (0.027% (1, 892.5)(4.48) =
(0.00027) (1,892.5)(4.48) = 2.3 ny C emtted/ mn
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3.2.4 Nat i onwi de Eni ssion Distribution by |ndustry

In devel opi ng the NESHAP for chrom um em ssions from|PCT's, EPA
has generated i ndustry-by-industry estinmates of the total nunber of
cooling towers, the number of towers using chromate treatnents, and
chrom um em ssions. Table 13 presents these estimtes as currently
known. The data show that the industries of greatest concern are
chem cal manufacturing (43 My/yr [47.5 tons/yr]), petroleumrefining
(31.8 My/yr [35.1 tons/yr]), and primary netals production (8.4 My/yr
[9.3 tons/yr]). Together these industries represent 98.2 percent of
nati onwi de chronmi um enissions from|PCT' s.* Table 13 al so presents
nati onwi de estimates of chrom um em ssions from CCT' s.
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TABLE 13. NATI ONW DE COOLI NG TOAER CHROM UM EM SSI ONS SUMVARY*3

Total No. No. of Cr*® em ssions?
of cooling cooling t owers
I ndustry towers usi ng chromate My/ yr Tons/yr
Chem cal manufacturing 5, 096 2,039 43. 13 47.54
Petrol eum refining 680 476 31.82 35.08
Primary netal s 1,118 224 8. 39 9.25
Tobacco products 336 16 0. 23 0. 26
Tire and rubber 267 40 0.18 0. 20
Textile finishing 1, 018 51 0. 08 0. 09
d ass manufacturing 58 3 0.01 0.01
Utilities 775 6 0.95 1.05
Subt otal (I PCT only) 9, 348 2, 855 84. 8 93.5
Confort cooling tower 250, 000 37,500 7.2-206 8-227
TOTAL 259, 350 40, 360 92-291 102- 320

@ Based on use of lowefficiency drift elimnators.
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SECTION 4. 0 SOURCE TEST PROCEDURES

4.1 CHROM UM ELECTROPLATI NG

During the standards support study for hexaval ent chrom um
em ssions fromhard and decorative chrom umelectroplating facilities,
sanpl es to be anal yzed for hexaval ent and total chrom um were obtained
in accordance with EPA Method 5 (40 CFR Part 60- Appendi x A), also
referred to as Modified Method 13-B in test reports. The only
nmodi fication to the sanple collection nethod was the elinmnation of the
filter and the replacenent of HO in the inpingers with 0.1 Nornal
sodi um hydroxi de. Method 5 provides detail ed procedures and equi pnent
criteria and other considerations necessary to obtain accurate and
representative em ssion sanpl es.

After collection, the sanples were anal yzed for hexaval ent and
total chromum (total chromiumis the sum of hexaval ent chrom um pl us
ot her chrom un) . Concentrati ons of hexaval ent chrom um were determ ned
usi ng spectrophotonetric analysis while total chrom um was determnm ned
usi ng inductively coupled argon pl asnography (1 CAP). At the present tine,
sanpl e anal ysis has been perforned in accordance with the tentative
nmet hod "Detection of Hexaval ent Chrom um from Stationary Sources
(Decenber 13, 1984)," and a draft method:"E. P. A. Protocol for Em ssion
Sampling for Both Hexaval ent and Total Chrom um (February 22, 1985)."

4.2 COOLI NG TONERS

During the standards support study for chrom um em ssions from
cooling towers, testing was conducted according to two draft test
met hods devel oped from previously conducted net hods devel opnent
testing:"Method __ --Determination of Chrom um Em ssions from Cool i nhg
Towers" and "Method __ --Direct Measurenent of Gas Vel ocity and
Vol unetric Flowate Under Cyclonic Flow Conditions (Propeller
Anenmoneter)."The cooling tower nmethod is simlar to EPA Method 13 (40
CFR Part 60-Appendix A) with the follow ng exceptions: (1) a Teflon®
filter is used in place of a paper filter, (2) a propeller anenoneter is
used in place of the pitot tube for gas velocity and flowate
measurements, (3) the determination of the nmeasurenent site does not
foll ow EPA Method 1, and (4) the chem cal analysis for total chromumin
the em ssion sanples is performed using Neutron Activation Analysis
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(NAA), Graphite Furnace Atom c Absorption (GFAA), or I CAP.In conjunction
with the em ssions testing, representative cooling tower water sanples
were collected to determne the ratio of hexavalent-to-total chromumin
the cooling water; these were analyzed for total chrom um by NAA GFAA,
or | CAP and for hexaval ent chrom um by the di phenyl carbazi de
colorinmetric nethod (in "EPA Draft Method-Determ nati on of Hexaval ent
Chrom um Emi ssions from Stati onary Sources," Decenber 13, 1984). The
rati o was used to cal cul ate the amount of hexavalent chromumin the
cooling tower em ssions.

Prelimnary material balance cal cul ati ons were perforned on the
cooling water at several towers to conpare the apparent chromumloss in
the drift em ssions with the em ssion neasurenents obtained during the
st andards support study. Variables used in these cal cul ations included:
cooling water flow rates to the towers, riser cells, and/or fan cells;
bl owdown rates; makeup water flow rates; addition(s) of chenmicals to the
cooling water; and chem cal analysis of the cooling water sanples taken
during testing.

Two nmaj or nodifications were made to the draft test nmethod for
cooling towers based on probl ens encountered and know edge gai ned during
the testing program Initially, the draft method specified the use of
NAA to determine the total chrom um content of the inpinger train
sanpl es and the cooling water sanples. Because of the length of tine
required for sanple analysis and the limted availability of commerci al
NAA services, two additional analytical techniques, GFAA and | CAP, were
utilized and were added as options to the draft test method. Unlike NAA,
both of these techniques require acid solubilization of the chromumin
the sanple prior to analysis. In assessing the chrom um recovery
efficiency for the concentrated inpinger sanples fromthe first test, it
was di scovered that a significant residue remained in the beakers used
to concentrate the sanples. The concentration procedure was nodified to
require an acid rinse of the beakers used for sanple concentration with
the rinse being added to the concentrated sanple.
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