Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

AP42 Section: 13.4

Background Chapter |4
Reference: 3

Title: | Shular, J., et al. (198¢). Locating and
Estimating Air Emissions from
Sources of Chromium (Supplement).
EPA-450/2-89-002, U.S.
Environmental Protection

Radian Corporation (1989).



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



L
-

S
LOCATING AND
ESTIMATING AIR
EMISSIONS FROM
SOURCES OF
CHROMIUM
SUPPLEMENT
.
I




SIE I S N mE GBS B BN N BN IS BN mE B s B e mE e

?

EPA-450/2-89-002
August 1989

LOCATING AND ESTIMATING AIR EMISSIONS FRCM
SCURCES OF CHROMIUM

SUPPLEMENT

By

Midwest Research Institute
Suite 350

401 Harrison Oaks Boulevard

Cary, North Carolina 27513

EPA Project Officer: Dallas W. Safriet

U. S. Environmental Protection Agency
Office of Air and Radiation
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711

August 1989




This report has been reviewed by the Office of Air Quality Planning And
Standards, U. S. Environmental Protection Agency, and approved for
publication. Any mention of trade names or commercial products is not
intended to constitute endorsement or recommendation for use.

EPA-450/2-89-002




TABLE OF CONTENTS

LIST OF FIGURES . . ivnrieanisereeeeceenenccocancasosasnsanonssnnnnns

LIST OF TABLES..veerirrerriiiriiennnne testeseesatrsenanteanesannene

SECTION 1.0 PURPOSE OF DOCUMENT .. uisieeeevnvesoncocensarerensnnens

SECTION 2.0 OVERVIEW OF DOCUMENT CONTENTS..veevecroacsaccnvnannnen

SECTION 3.0 CHROMIUM EMISSION SOURCES....eivveeninnecncccennnnensns

SECTION 4.0

SECTION 5.0
APPENDIX A.

3.1

3.2

CHROMIUM ELECTROPLATING AND CHROMIC ACID
ANODIZING OPERATIONS. . cveerenerecenccnennan ceen
3.1.1 Background Information......cceeevnennncen
3.1.2 Uncontrolled Chromium EmissionS...ceueven.
3.1.3 Emission Reduction TechniqueS.....cvveuee.
3.1.4 Nationwide Emission EstimateS...ceee.e cene

OOLING TOWERS..evieivrrenensnarsanansns creseasneans
.2.1 Background Information......ceeeveeevanveas
.2.2 Potential Emission Reduction Techniques...
2.3 Cooling Tower EmissionS...cceeeceeencannas
.2.4 Nationwide Emissions Distribution by
Industry.cveeeeciisescinssssssscsncssncas

C
3
3
3
3

SOURCE TEST PROCEDURES........ Ceetererrsedsesttatannas

4,1
4.2

CHROMIUM ELECTROPLATING....coveereenrnsecnnnannan
COOLING TOWERS. . euerieereeerecnanneacncssoanonnes

REFERENCES............. P

ADDITIONAL CHROMIUM ELECTROPLATING EMISSION DATA
OBTAINED AND EVALUATED DURING DEVELOPMENT OF THIS
REPORT e e v irieninennnnnerannas Cieessrareeretreratarean

ii

A-1



Figure 1.

Figure 2.

Figure 3.

TABLE 1.

TABLE 2.

TABLE 3.
TABLE 4.

TABLE 5.
TABLE 6.

TABLE 7.

TABLE 8.

TABLE 9.

TABLE 10.

TABLE 11.

TABLE 12.
TABLE A-1.

LIST OF FIGURES

Flow diagram for a typical chromic acid anodizing
process....l.‘.....o lllllllllllll LR B O B B R B B R R R B BN L B BB

Internals of crossflow and counterflow cooliing towers...
Designs of various drift eliminators......ccvveeviienanas
LIST OF TABLES
TYPICAL OPERATING PARAMETERS FOR HARD CHROMIUM
ELECTROPLATING. . e veuvisssasncassacnasosnescacennasons

TYPICAL OPERATING PARAMETERS FOR DECORATIVE CHROMIUM
PLATING. ... cieieenecnnnanne ciestsvestsretssersasnenas

CHROMIC ACID/SULFURIC ACID ETCH SOLUTION......... ceenes

TYPICAL OPERATING PARAMETERS FOR CHROMIC ACID
ANODIZING....... Ceteetsesresenseesscstctsvstaccnsnron

HEXAVALENT AND TRIVALENT CHROMIUM DEPOSIT COMI-OSITIONS

UNCONTROLLED EMISSION DATA FOR TOTAL AND HEXAVALENT
CHROMIUM FROM CHROMIUM PLATING OPERATIONS............

TANK PARAMETERS AND PROCESS OPERATING PARAMETERS
MONITORED DURING CHROMIUM PLATING TESTS..............

PERFORMANCE LEVELS OF INDIVIDUAL CONTROL DEVICES.......
NATIONWIDE NUMBER OF OPERATIONS AND ESTIMATED HEXAVALENT
CHROMIUM EMISSIONS FROM CHROMIUM ELECTROPLATING AND
CHROMIC ACID ANODIZING OPERATIONS...... sssesseseersee

MODEL COMFORT COOLING TOWERS AND HOURLY BASELINE Crt*®
EMISSIONS. sueniriiiineienenannns Geseseratearananesans

EMISSION FACTORS FOR HEXAVALENT CHROMIUM FROM
COOLING TOWERS . i utvenesosnacsasecesanescsnssussansnna

NATIONWIDE COOLING TOWER CHROMIUM EMISSIONS SUMMARY....
ADDITIONAL CHROMIUM ELECTROPLATING EMISSION DATA

OBTAINED AND EVALUATED DURING DEVELOPMENT OF THIS
REPORT it ieveereeteaaotoosonsasasasaonnsscosnansanaes

13
16

18

20

24

25

28




1.0 PURPOSE OF DOCUMENT

The U. S. Environmental Protection Agency (EPA), States, and local
air pollution control agencies are becoming increasingly aware of the
presence of substances in the ambient air that may be toxic at certain
concentrations. This awareness, in turn, has led to attempts to identify
source/receptor relationships for these substances and to develop control
programs to regulate emissions. Unfortunately, very little information is
available on the ambient air concentrations of these substances or on the
sources that may be discharging them to the atmosphere.

To assist groups interested in inventorying air emissions of various
potentially toxic substances, EPA is preparing a series of documents that
compiles available information on the sources and emissions of these
substances. This document was prepared as a supplement to a previous EPA
document that addressed chromium emissions, "lLocating and Estimating Air
Emissions From Sources of Chromium," EPA-450/4-84-007g. The supplement
updates technical information and presents new emission data upon which
emission factors are based for chromium emissions from cooling towers and
chromium electroplating operations. The reader should use both the
original document and this supplement to obtain the most complete |
assessment of emissions from these two sources of chromium emissions. The
information in this supplement was obtained by EPA's Emission Standards |
Division for use in development of National Emission Standards for a
Hazardous Air Pollutant (NESHAP) for chromium used in electroplating
operations and for regulation of chromium emissions from comfort cooling
towers under the Toxic Substances Control Act.

The reader is strongly cautioned against using the emissions
information contained in the original document or this supplement to
develop an exact assessment of emissions from any particular facility.
Because of insufficient data, no estimate can be made of the error that
could result when these factors are used to calculate emissions from any
given facility. It is possible, in some extreme cases, that orders-of-
magnitude differences could result between actual and calculated
emissions, depending on differences in source configurations, control
equipment, and operating practices. Thus, in situations where an accurate




|

assessment of chromium emissions is necessary, source-specific information
should be obtained to confirm the existence of particular emitting
operations, the types and effectiveness of control measures, and the
impact of operating practices. A source test and/or material balance
should be considered as the best means to determine air emissions directly
from an operation.

Possible sources of plant-specific information that would be useful
in estimating air emissions of hexavalent chromium include the National
Air Toxics Information Clearinghouse database maintained by EPA or the
Toxics Release Inventory (TRI) data resulting from Section 313 of the
Superfund Amendments and Reauthorization Act (SARA). In the absence of
specific information about the locations of facilities, State Departments
of Commerce, trade associations, or references such as the Thomas Register

of American Manufacturers may be sources of information.




2.0 OVERVIEW OF DOCUMENT CONTENTS

This section outlines the information presented in the remaining
sections of this report and indicates whether the information is new or
whether it is a revision of information presented in the original
document.

Section 3.1 presents process descriptions for five kinds of
plating/anodizing operations. New information is included for decorative
chromium electropiating of plastics, chromic acid anodizing, and trivalent
chromium plating. Additional process information is provided to
supplement the discussion of hard and decorative chromium electroplating
presented in the original document. New emission data are presented for
hard and decorative chromium electroplating operations; the results of an
engineering mass balance to obtain an emission estimate for chromic acid
anodizing are also presented. A significant change from the original
document is in the format of the chromium emission factors for hard and
decorative plating operations, which have changed from kilograms per hour
per square foot of tank area to milligrams per ampere-hour. Supplemental
information has been included on emission control techniques for reduction
of chromic acid mist from plating operations. New information is
presented on nationwide chromium emission estimates for three types of
plating operations: hard plating, decorative plating, and chromic acid
anodizing.

Section 3.2 presents updated information about the distribution of
industrial process cooling towers that use chromium-based water treatment
chemicals and presents new information about comfort cooling towers. New
information also is presented on emission reduction techniques for
chromium emissions from cooling towers. New emission data are presented
for cooling towers equipped with low- and high-efficiency drift
eliminators. A significant change from the original document is in the
format of the chromium emission factor, which has changed from picograms
per joule of thermal energy input to the power piant associated with the
cooling tower to percentage of the recirculating chromium that is
emitted. MNew information is presented on nationwide chromium emission
estimates for industrial cooling towers in eight industries.




Section 4.0 summarizes the procedures used for source sampling and
analysis of chromium in emission streams from electroplating operations
and cooling towers.




3.0 CHROMIUM EMISSION SOURCES

3.1 CHROMIUM ELECTROPLATING AND CHROMIC ACID ANODIZING OPERATIONS
3.1.1 Background Infarmation

Plating and anodizing operations range in size from small shops,
with one or two tanks that are operated only a few hours per week, to
targe shops with several tanks that are operated 24 hours per day, 7 days
per week. Many plating and anodizing operations are captive shops that
perform chromium electroplating or chromic acid anodizing 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 chromium plating or
chromic acid anodizing or any combination of these three operations.

The estimated number of electroplating shops nationwide is
1,540 hard chromium plating facilities and 2,800 decorative chromium
plating facilities.' The estimated number of chromic acid anodizing shops
nationwide is 680.° Electroplating and anodizing shops typically are l
located in or near industrial centers in areas of high population
density. States with large numbers of chromium electroplaters include
California, IT1inois, Massachusetts, Michigan, New York, Ohio, and
Pennsylvania.

3.1.1.1 Hard Chromium Electroplating of Metals. In hard plating, a

relatively thick layer of chromium is deposited directly on the base metal
{usually steel) to provide a surface with wear resistance, a Tow
coefficient of friction, hardness, and corrosion resistance, or to build
up surfaces that have been eroded by use.3 Hard plating is used for items
such as hydraulic cylinders and rods, industrial rolls, zinc die castings,
plastic molds, engine components, and marine hardware.

Tanks used for hard chromium electroplating usually are constructed
of steel and lined with a polyvinyl chloride sheet or plastisol. The
anodes, which are insoluble, are made of a lead alloy that contains either
tin or antimony. The substrate to be plated, the cathode, is suspended
from a plating rack that is connected to the cathode bar of the
rectifier. The plating rack may be loaded in the tank manually, by a
hoist, or by an automatically controlled hoist system.




The ptating tanks typically are equipped with some type of heat
exchanger. Mechanical agitators or compressed air supplied through pipes
on the tank bottom provide uniformity of bath temperature and
composition. Chromium electropiating requires constant control of the
plating bath temperature, current density, plating time, and bath
composition. ,

Hexavalent chromium plating baths are the most widely used baths to
deposit chromium on metal. Hexavalent chromium baths are composed of
chromic acid, sulfuric acid, and water. The chromic acid is the source of
the hexavalent chromium that reacts and deposits on the metal and that is
emitted to the atmosphere. The sulfuric acid in the bath catalyzes the
chromium deposition reactions. Typical operating parameters are given in
Table 1."

The evolution of hydrogen gas from chemical reactions at the cathode
consumes 80 to 90 percent of the power supplied to the plating bath,
leaving the remaining 10 to 20 percent for the deposition reaction. When
the hydrogen gas evolves, it entrains chromic acid and causes misting at
the surface of the plating bath.

3.1.1.2 Decorative Chromium Electroplating of Metals. In decorative

plating, the base material (e.g., brass, steel, aluminum, or plastic)
generally is plated with a layer of nickel followed by a relatively thin
layer of chromium to provide a bright surface with wear and tarnish
resistance. Decorative plating is used for items such as automotive trim,
metal furniture, bicycles, hand tools, and plumbing fixtures. The purpose
of decorative chromium plating is to achieve a combination of the
following surface properties:
1. Blue-white color;
2. High reflectivity;
3. Tarnish resistance;
4, Corrosion resistance;
5. Wear resistance; and
6. Scratch resistance.’
Decorative electroplating baths operate on the same principle as
that described for the hard chromium plating process: the metal substrate

is immersed in a plating solution, and direct current is passed from the




TABLE 1. TYPICAL OPERATING PARAMETERS FOR HARD CHROMIUM ELECTROPLATING

Plating thickness, um (mil) 1.3-762 (0.05-30)
Plating time, min? 20-2,160
Chromic acid concentration, g/s (oz/ga])b 225-375 (30-50)
Temperature of solution, °C (°F) 49-66 (120-150)
Voltage, volts c
Current, amperes (A) d
Current density, A/m° (A/ft’)® 1,600-6,500

(150-600)

smin. = minutes.
g/e = grams per liter, 0z/gal = ounces per gallon.
gnepends on the distance between the anodes and the items being plated.
ODepends on the amount of surface area plated.
€a/m° = amperes per square meter (square foot) of surface area plated.




anode through the plating solution causing the desired metal (copper,
nickel, chromium) to deposit out of the solution onto the metal substrate
(cathode).

Decorative chromium plating requires shorter plating times and
operates at lower current densities than does hard chromium plating to
achieve the desired properties of the chromium plate. Some decorative
chromium plating operations use fluoride catalysts instead of sulfuric
acid because fluoride catalysts, such as fluosilicate or fluoborate, have
been found to produce higher bath efficiencies.’ Typical operating
parameters are shown in Table 2.7

3.1.1.3 Decorative Chromium Electroplating of Plastics. Most plastics

that are electroplated with chromium are formed from the polymer composed
of acrylonitrile, butadiene, and styrene (ABS).8 The process for chromium
electroplating of ABS plastics consists of the following steps:

1. Chromic acid/sulfuric acid etch;

2. Dilute hydrochloric acid dip;

3. Colloidal palladium activation;

4, Dilute hydrochloric acid dip;

5. Electroless nickel plating or copper plating; and

6. Chromium electroplating cycle.

After each process step, the plastic is rinsed with water to prevent
carry-over of solution from one bath to another. The chromic acid/
sulfuric acid etch solution (see Table 3) renders the ABS surface
hydrophilic and modifies the surface to provide adhesion for the metal
coating.9 The dilute hydrochloric acid dips are used to clean the surface
and remove palladium metal from the ptating rack, which is insulated with
a coating of polyvinyl chloride. The colloidal palladium activation
solution deposits a thin layer of metallic palladium over the plastic
surface.'’ The metallic palladium induces the deposition of copper or
nickel, which will not deposit directly onto plastic. The electroless
nickel and copper plate are applied to impart electrical conductivity to
the part; otherwise, the insulating surface of the plastic could not be
electroplated with chromium. The electroless nickel plating or copper
electroplating baths develop a film on the plastic about 1.0 micrometer
(um) (3.9:(10‘s inch {in.]) thick. The plating time for electroless nickel




TABLE 2. TYPICAL OPERATING PARAMETERS FOR DECORATIVE CHROMIUM PLATING

Plating thickness, wm (mil) 0.003-2.5 (0.0001-0.1)
Plating time, min 0.5-5
Chromic acid concentration, g/& (oz/gal) 225-375 (30-50)
Temperature of solution, °C (°F) 38-46 (100-115)
Voltage, volts a
Current, A b
Current density, A/m (A/ft°)C 540-2,400 (50-220)

a

bDepends on the distance between the anodes and the items being plated.

Depends on the amount of surface area being plated.
Amperes per square meter (square foot) of surface area plated.

TABLE 3. CHROMIC ACID/SULFURIC ACID ETCH SOLUTION

Concentrated sulfuric acid, g/ (oz/gal) 172 (23)

Chromic acid, g/ (0z/gal) 430 (57)

Temperature, °C (°F) 60-65 (140-149)

Immersion time, min 3-10
9




plating and electroless copper plating ranges from 10 to 15 minutes and 15
to 30 minutes, respectively, at temperatures ranging from 25° to 35°C (77°
to 95°F). The components of the plating baths include the metal salt
{nickel or copper), a reducing agent, a complexing agent, a stabilizer,
and a pH buffer system.ll The etectroplating of plastics follows the same
cycle as that described for decorative chromium electroplating.12

3.1.1.4 Chromic Acid Anodizing. Chromic acid anodizing is used primarily

on aircraft parts and architectural structures that are subject to high
stress and corrosion. Chromic acid anodizing is used to provide an oxide
layer on aluminum that imparts the following properties:

1. Corrosion protection;

2. Electrical insulation;

3. Ease of coioring; and

4, Improved dielectric strength.13
Figure 1 presents a flow diagram for a typical chromic acid anodizing
process.

There are four primary differences between the equipment used for
chromium electroplating and that used for chromic acid anodizing:
(a) chromic acid anodizing requires the rectifier to be fitted with a
rheostat or other control mechanism to permit starting at about 5 V,
(b) the tank is the cathode in the electrical circuit, (c) the aluminum
substrate acts as the anode, and (d) sidewall shields typicaliy are used
instead of a liner in the tank to minimize short circuits and to decrease
the effective cathode area. ' Types of shield materials used are
herculite glass, wire safety glass, neoprene, and vinyl chloride
po]ymers.15

The following pretreatment steps typically are used to clean the
atuminum before anodizing:

1. Alkaline soak;

2. Desmut;

3. Etching; and

4. Vapor degreasing.
The pretreatment steps used for a particular aluminum substrate depend
upon the amount of smut and the composition of the aluminum. The aluminum
substrate is rinsed between pretreatment steps to remove cleaners.

10




Figure 1.

SUBSTRATE TO BE PLATED

PRETREATMENT STEPS

Alkaline scak
Desmut
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Vapor degreasing
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CHROMIC ACID
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CHROMIC ACID ANODIZING

RINSE

SEALING

FINAL PRODUCT

Flow diagram for a typical chromic acid anodizing process.
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The alkaline soak is the primary preparatory step in cleaning the
aluminum; its purpose is to dislodge soil from the aluminum surface. The
solutions for alkaline cleaning are typically made up of compounds such as
sodium carbonate, sodium phosphate, and sodium hydroxide and usually
contain a small amount of silicate to prevent metal attack.'® The
alkaline soak consists of immersing the metal in the alkaline solution
that is mildly agitated with air.

The purpose of desmutting is to remove soil or grease films that
cleaners and etchants leave behind. Desmutting baths typically consist of
a cold nitric acid solution mixed with water at a concentration ranging
from 5 to 50 percent acid by volume. The nitric acid bath also is used
either as a bleaching treatment to remove dyes from faulty coatings or as
part of the technique of producing multicolor coatings.17 Other
desmutting treatments use combinations of chromic, phosphoric, and
sulfuric acids depending upon the amount of smut to be removed or the
aluminum composition.

When a dull finish is desired, the aluminum is etched before
anodizing. Etching baths consist of a dilute solution of soda ash,
caustic soda, or nitric acid.'® The degree of etching desired and the
composition of the aluminum being treated determine the concentraiion of
the etch solution, temperature of the bath, and duration of the etch.

The vapor degreasing step removes any residual oil or grease on the
surface of the aluminum prior to the anodizing operation.

Typical operating parameters for chromic acid anodizing baths are
presented in Table 4.'%+%° The voltage is applied step-wise (5 V per
minute) from 0 to 40 V and maintained at 40 V for the remainder of the
anodizing time. A low starting voltage (i.e., 5 V) minimizes current
surge that may cause "burning” at contact points between the rack and the
aluminum part. The process is effective over a wide range of voltages,
temperatures, and anodizing times. A1l other factors being equal, high
voltages tend to produce bright transparent fiims, and lower voitages tend
to produce opaque fﬂms.21 Raising the bath temperature increases current
density to produce thicker films in a given time period. Temperatures up
to 49°C (120°F) typically are used to produce films that are to be colored
by dyeing.22 The amount of current varies depending on the size of the

12




TABLE 4. TYPICAL CPERATING PARAMETERS FOR CHROMIC
ACID ANODIZING

Chromic acid concentration, g/2 (oz/gal) 50-100 (6.67-13.3)

Temperature, °C (°F) 32-35 (90-95)
Plating time, min 30-60
pH 0.5-0.85
Current density, A/m2 (A/ftz)a 1,550-7,750 {144-720)
Voltage {step-wise), volts 30-40
Film thickness, um (mil) 0.5-1.27 (0.02-0.05)

aAmperes per square meter (square foot) of surface area
plated.

13




aluminum parts; however, the current density typically ranges from 1,550
to 7,750 A/m° (144 to 720 A/ft’).

The postanodizing steps include sealing and air drying. Sealing
causes hydration of the aluminum oxide and fills the pores in the aluminum
surface. As a result, the elasticity of the oxide film increases, but the
hardness and wear resistance decrease.23 Sealing is performed by
immersing aluminum in a water bath at 88° to 99°C (190° to 210°F) for a
minimum of 15 minutes.zu Chromic acid or other chromates may be added to
the solution to help improve corrosion resistance. The aluminum is
ailowed to air dry after it is sealed.

3.1.1.5 Trivalent Chromium Plating. Trivalent chromium
electroptating baths have been developed primarily to replace decorative
hexavalent chromium plating baths. Development of a trivalent bath has

proven to be difficult because trivalent chromium solvates in water to
form complex stable ions that do not readily release chromium. The
trivalent chromium baths that have been developed are proprietary baths.

There are two types of trivalent chromium processes on the market:
single-cell and double-cell. The major differences in the two processes
are that (1) the double-cell process solution contains minimal-to-no
chlorides whereas the single-cell process solution contains a high
concentration of chlorides; and (2) the double-cell process utilizes lead
anodes that are placed in anode boxes that contain a dilute suifuric acid
solution and are lined with a permeable membrane whereas the single-ceill
process utilizes carbon or graphite anodes that are placed in direct
contact with the plating solution.

The advantages of the trivalent chromium processes over the
hexavalent chromium process are (1) fewer environmental concerns,
(2) higher productivity, and (3) lower operating costs. In the trivalent
chromium process, hexavalent chromium is a plating bath contaminant.
Therefore, the bath does not contain any appreciable amount of hexavalent
chromium, which is more toxic than trivalent chromium. The total chromium
concentration of trivalent chromium solutions is approximately one-fifth
that of hexavalent chromium solutions.’® As a resuit of the chemistry of
the trivalent chromium electroiyte, misting does not occur during plating,
as it does during hexavalient chromium plating. Use of trivalent chromium

14




also reduces waste disposal problems and costs. Waste treatment of
hexavalent chromium is a two-stage process. The hexavalent chromium is
first reduced to the trivalent chromium ion; then it can be precipitated
as chromium hydroxide. Trivalent chromium plating solution wastewaters
are already in the reduced trivalent state and require only the chromium
hydroxide precipitation step.

Productivity is increased when trivalent chromium processes are used
because less stripping and replating of parts are required, more parts can
be ptaced on a rack, and more racks can be placed on a workbar. >’

The cost of operating a trivalent chromium process is less than that
of a hexavalent chromium process because of the lower wastewater treatment
costs and lower operating costs due to a reduction in rejects and high
productivity.

The disadvantages of the trivalent chromium process are that the
process is more sensitive to contamination than the hexavalent chromium
process and the trivalent chromium process cannot plate the full range of
plate thicknesses that the hexavalent chromium process can. ’® Because it
is sensitive to contamination, the trivalent chromium process requires
more thorough rinsing and tighter laboratory control than the hexavalent
chromium process. Trivalent chromium baths can plate thicknesses ranging
up to 0.13 to 25 micrometers (um) (0.005 to 1.0 m1'1s).28 The hexavalent
chromium process can plate thicknesses up to 762 um (30 mils). Therefore,
trivalent chromium solutions cannot be used for most hard chromium plating
applications.

The plating efficiency of a trivalent chromium bath, approximately
20 to 25 percent, is slightly higher than that of a hexavalent chromium
plating bath.29 The color, hardness, and corrosion resistance of triva-
lent chromium deposits are comparable to those of hexavalent chromium
deposits.3° However, the composition of the trivalent chromium deposit is
significantly different than that of the hexavalent chromium deposit.
Table 5 presents the composition of trivalent and hexavalent chromium
deposits.31
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TABLE 5. HEXAVALENT AND TRIVALENT CHROMIUM DEPOSIT COMPOSITIONS
Chromium deposit Carbon, % wt Oxygen, ¥ wt Chromium, % wt
Hexavalent 0.0 0.4 99+
Trivalent 2.9 1.6 95+
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3.1.2 Uncontrolled Chromium Emissions

Emissions of chromic acid mist from the electrodeposition of
chromium from chromic acid plating baths occur because of the inefficiency
of the hexavalent chromium plating process; only about 10 to 20 percent of
the current applied actually is used to deposit chromium on the item
plated. Eighty to ninety percent of the current appiied is consumed by
the evolution of hydfogen gas at the cathode with the resultant liberation
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
sotlution, a fine mist of chromic acid droptets is formed.

3.1.2.1 Hard Chromium and Decorative Electroplating Operations.

Uncontrolled emission data for 10 hard chromium plating operations and

2 decorative chromium plating operations are presented in Table &. These
data were obtained from 11 EPA tests and 1 non-EPA test. Table 7 presents
tank parameters and process operating parameters monitored during each of
the 12 tests. The process parameters monitored during testing include
current supplied to the plating baths, voltage, chromic acid concentration,
and temperature of the plating baths. The chromic acid concentration and
temperature did not vary significantly within each type operation for the
emission tests and appeared to be representative of typical operating
values for conventional hard and decorative chromium plating operations.
The amount of current supplied during testing varied considerably because
of the different types and quantities of parts plated.

Based on the existing test data, an uncontrolled emission factor of
10 milligrams of hexavalent chromium per ampere-hour (mg/Ah) (0.15 grain
per ampere-hour [gr/Ah]) is considered to be representative of uncon-
trolled emissions from a hard chromium eiectropliating operation, and an
uncontrolled hexavalent chromium emission factor of 2 mg/Ah (0.03 gr/Ah)
is considered representative of uncontrolled emissions from a decorative
chromium electroplating operation.

The emission factor for uncontrolled chromium emissions from
decorative chromium plating operations is based on EPA-approved test data
from two plants whose tanks represent the extremes in tank size for
decorative chromium plating. ATthough the sizes of these tanks may not be

17
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typical of the sizes of other decorative plating tanks, there is
insufficient evidence to show that emissions are directly proportional to
tank size. In any case, the uncontrolled emissions have been normalized
to account for tank size using the ampere-hours term in the emission
factor. Because the data are limited, a conservative approach was taken
in selecting the emission factor for decorative plating. Thus, a value of
2 mg/Ah was selected instead of the average value for the two tests.
3.1.2.2 Chromic Acid Anodizing Operations. Uncontrolled emission
data for chromic acid anodizing operations were not obtained through an
EPA source test at an anodizing facility. Instead, an estimate of the
amount of hexavalent chromium emissions was made by performing a mass

balance on a scrubber used to control emissions from a chromic acid
anodizing operation. Outlet scrubber water grab samples were analyzed to
determine the amount of hexavalent chromium in the sample, and a mass
balance was performed on the scrubber to determine the iniet hexavalent
chromium emission rate. The results of this mass balance indicate that an
uncontrolled of emission factor of 6.0x10™" kilogram of hexavalent
chromium per hour per square meter of tank surface area (1.2x10‘" pound
per hour per square foot of tank surface area) is appropriate to
characterize emissions from chromic acid anodizing.“" Alternatively, if
the tank surface area is unknown, uncontroiled emission rates can be used
to approximate the level of uncontrolled chromium emissions. The results
of the mass balance at the small anodizing operation (tank capacity
~1,900 liters [500 galions]) and results from a non-EPA emission test at a
large chromic acid anodizing operation (tank capacity -17,600 liters
(4,600 gallons]) indicate uncontrolled emission rates range from 0.0012 to
0.0028 kg/h (0.0026 to 0.0062 1b/h), respective]y.”“ At this time, there
are insufficient data from anodizing operations to determine conclusively
that one emission factor format is more appropriate than the other.
3.1.3 Emission Reduction Techniques

The principal techniques used to control emissions of chromic acid

mist from decorative and hard chromium plating and chromic acid anodizing
operations inciude add-on control devices and chemical fume

suppressants. The control devices most frequently used are mist
eliminators and wet scrubbers that are operated at relatively low pressure
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drops. Because of the corrosive properties of chromic acid, control
devices typically are made of polyvinyl chloride (PVC) or fiberglass.

Chemical fume suppressants are added to decorative chromium plating
and chromic acid anodizing baths to reduce chromic acid mist. Atthough
chemical agents alone are effective control techniques, many plants use
them in conjunction with a control device.

Chevron-blade and mesh-pad mist eliminators are the types of mist
eliminators most frequently used to control chromic acid mist. The most
important mechanism by which mist eliminators remove chromic acid dropiets
from gas streams is the inertial impaction of droplets onto a stationary
set of blades or a mesh pad. Mist eliminators typically are operated as
dry units that are periodically washed down with water to clean the
impaction media.

The wet scrubbers typically used to control emissions of chromic
acid mist from chromium plating and chromic acid anodizing operations are
single and double packed-bed scrubbers. Other scrubber types used less
frequently include fan-separator packed-bed and centrifugal-flow
scrubbers. Scrubbers remove chromic acid droplets from the gas stream by
humidifying the gas stream to increase the mass of the droplet particles,
which are then removed by impingement on a packed bed. Once-through water
or recirculated water typically is used as the scrubbing liquid because
chromic acid is highly soluble in water.

Chemical fume suppressants are surface-active compounds that are
added directly to chromium plating and chromic acid anodizing baths to
reduce or control misting. Fume suppressants are classified as temporary
or as permanent. Temporary fume suppressants are depleted mainly by the
decomposition of the fume suppressant and dragout of the plating solution,
and permanent fume suppressant are depleted mainly by dragout of the
plating solution. Fume suppressants, which are manufactured in liquid,
powder, or tablet form, include wetting agents that reduce misting by
lowering the surface tension of the plating or anodizing bath, foam
blankets that entrap chromic acid mist at the surface of the plating
solution, or combinations of both a wetting agent and foam blanket.
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The performance capabilities of the control devices used to control
chromic acid mist are presented in Table 8. The air poliution control
devices tested include four mist eliminators, three packed-bed scrubbers,
and one packed-bed scrubber in conjunction with a mist eiliminator used to
control emissions from hard chromium plating operations. In addition, one
emission test was conducted at a decorative chromium plating facility to
determine the performance of chemical fume suppressants in controlling
chromic acid mist.

The average hexavalent chromium removal efficiency of mist
eliminators was 98 percent for mist eliminators with double sets of
blades, 90 percent for mist eliminators with single sets of blades, and
98 percent for mesh pad units. The average hexavalant chromium removal
efficiency of scrubbers was 98 percent. The hexavalant chromium removal
efficiency of the scrubber in conjunction with the mist eliminator was
95 percent.

For decorative chromium plating operations, the performance
efficiency of both chemical fume suppressants tested {a foam blanket and a
combination of a foam blanket and wetting agent) was greater than
99 percent. This performance efficiency {s achievable as long as vendor
recommendations on the makeup and use of the fume suppressants are
followed rigorously.

3.1.4 Nationwide Emission Estimates
Table 9 presents the estimated number of operations and the

nationwide annual emission rate for each type of operation, The
assumptions regarding the existing control levels for each type operation
were derived from data obtained during the development of the NESHAP for
chromium electroplating operations. The nationwide emission rate for hard
chromium electroplating operations was based on the assumption that

30 percent of operations are uncontrolled, 30 percent of operations are )
controlled by mist eliminators with singie sets of blades (90 percent
efficient), and 40 percent are controlled by single packed-bed scrubbers
(97 percent efficient). The nationwide emission rate for decorative
chromium electroplating operations was based on the assumption that

15 percent of operations are uncontrolled, 80 percent are controlled by
chemical fume suppressants (97 percent efficient), and 5 percent are
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TABLE 9. NATIONWIDE NUMBER OF OPERATIONS AND ESTIMATED
HEXAVALENT CHRCMIUM EMISSIONS FROM CHROMIUM ELECTROPLATING
AND CHROMIC ACID ANODIZING OPERATIONS

tionwide
No. of plants Cr*® emissions,
Operation nationwide Mg/yr (tons/yr)
Hard chromium p1at1ng1 1,540 145 (160)
Decorative chromium plating’ 2,800 10 (11)
Chromic acid anodizing’ 680 3.6 (3.9)
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controlled by single packed-bed scrubbers (95 percent efficient). The
nationwide annual emission rate for chromic acid anodizing operations was
based on the assumption that 40 percent of operations are uncontroiled,
10 percent are controiled by mist eliminators with single sets of blades
(90 percent efficient), 30 percent are controlled by chemical fume
suppressants (97 percent efficient), and 20 percent are controlled by
single packed-bed scrubbers (95 percent efficient).
3.2 COOLING TOWERS
3.2.1 Background Information

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 used to remove heat from a process or an HVAC chiller and is then
recirculated to the cooling tower. Chemicals are added to this
recirculating water to inhibit heat exchanger corrosion. One of the many
classes of corrosion inhibitors used is chromium based. Air emissions of
chromium occur when water droplets (and the chemicals they contain)
entrained in the air stream that is drawn through the tower are emitted to
the atmosphere. These droplet emissions are referred to as "drift." Al
cooling towers that are used to remove heat from an industrial process or
chemical reaction are referred to as industrial process cooling towers
(IPCT's). Towers that are used to cool heating, ventilation, and air
conditioning (HVAC) and refrigeration systems are referred to as comfort
cooling towers (CCT's).

3.2.1.1 Industrial Process Cooling Towers. Major users of IPCT's

that also use chromium-based water treatment chemicals are chemical
manufacturing plants, petroleum refineries, and primary metals
facilities. Several miscellaneous manufacturing industries (textiles,
tobacco products, tire and rubber products, and gtass products) and
utilities use chromium-based water treatment chemicals to a lesser
degree. It is estimated that IPCT's are used at approximately 190 petro-
leum refineries, 1,800 chemical manufacturing plants, 240 primary metals
plants, and 730 plants in the miscellaneous industries.”” In addition,
the percentage of cooling towers using chromium-based water treatment
chemicals in each industry is estimated as 70 percent at petroleum
refineries, 40 percent at chemical manufacturing plants, 20 percent at

26




primary metals facilities, 15 percent at plants in the tire and rubber
industry, and 5 percent at plants in the other miscellaneous industries.
In the utilities industry, it was reported that chromium-based water
treatment chemicals are used at two electric power p]ants.“s When
combined with data from plant responses to EPA information requests in
each of these industries, these estimates resuit in a total of about

2,855 IPCT's using chromium-based water treatment chemicals: 476 at
petroleum refineries, 2,039 at chemical plants, 224 at primary metals
plants, 110 at miscellaneous plants, and 6 at utilities. The nationwide
baseline Cr*® emissions from these towers are estimated to be 85 megagrams
per year (Mg/yr) (94 tons per year [tons/_yr']).“5

3.2.1.2 Comfort Cooling Towers. Comfort cooling towers are used in
all States in the U.S., primarily in urban areas. Major users of CCT's
with HVAC systems include hospitals, hotels, educational facilities,
office buiidings, and shopping malls. Refrigeration systems that may
operate with CCT's include ice skating rinks, cold storage (food) ware-
houses, and other commercial operations. The EPA estimates that the
nationwide poputation of CCT's 1s 250,000 units and that 15 percent of
CCT's (about 37,500) use chromium-based water treatment chemicals. These
CCT's are estimated to emit between 7.2 and 206 Mg/yr (8 to 227 tons/yr)
of chromium.”’ Chromium use in CCT's appears to be distributed randomly
across the country.“v

In the preparation of the proposed rule for CCT's under the Toxic
Substances Control Act (TSCA) (see 52 FR 10206), EPA developed model tower
parameters and estimates of chromium emissions per model tower to
represent the population of CCT's in the U.S. Table 10 presents the model
parameters and baseline (i.e., low efficiency drift eliminator [LEDE])
emission estimates."’

The emission estimates in Table 10 are based on an emission factor
developed from EPA- and industry-sponsored cooling tower emission tests.
Because the emission factors developed to estimate cr*® emissions from
cooling towers are independent of tower operating parameters (recirculation
rate, chromate concentration, cooling range), the factors are applicable
to both CCT's and IPCT's. Section 3.2.3.1 of this document discusses
specific emission factors to use for estimating Cr*® emissions from
cooling towers on a case-by-case basis. [Note: The proposed TSCA rule
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would prohibit the use of chromium-based chemicals in CCT's. If
promulgated, this rule would have the effect of reducing Cr+6 emissions
from CCT's to zero.]

3.2.1.3 Cooling Tower Fundamentals. Schematics of typical cooling
tower designs are shown in Figure 2."% The major cooling tower components
include the fan(s), fi1l material, water distribution deck or header,
drift eliminator, structural frame, and cold water basin. Other
components that affect tower operation include the pumps and pipes
necessary to circulate the cooling water through the cocoling tower and

heat exchanger loops.

Most IPCT's are designed with induced-draft airflow, but many have
forced-draft airflow, and some (especially in the utilities industry) 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 located at the base of the tower, which is constructed as
a plenum to provide positive-pressure airflow through the fill material,
or axial fans located on the side of the tower. Natural-draft airflow
relies on air currents created by temperature differences between the air
in the tower and the atmosphere. When the cooling demands are minimal and
the air temperature is low enough, water can be circulated through the
tower and cooled sufficiently without using the fans. In these instances,
a natural draft is created in the cooling tower.

The direction of the airflow through a mechanical draft tower is
either crossflow or counterflow. Crossflc: refers to horizontal airflow
through the fi11, and counterflow refers to upward vertical airflow. Fill
material is used to maintain an even distribution of water across the
horizontal plane of the tower and to create as much water surface as
practical to enhance evaporation and sensible heat transfer.

3.2.2 Potential Emission Reduction Techniques

Techniques to control chromium emissions from cooling towers involve
two different strategies: modification of chromium addition to the
recirculating water, and improved reduction of drift. The first technique

involves reducing the concentration of chromium in the water treatment
program, thereby reducing the concentration of chromium in the drift
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Figure 2. Internals of crossflow and counterflow cooling towers
(reprinted from Reference No. 48).
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emitted. The second technigue involves retrofitting towers that normally
have LEDE's with high-efficiency drift eliminators (HEDE's) to reduce
drift emissions to the lowest possible rate.

3.2.2.1 Alternative Water Treatment Programs. Responses to 28 EPA
information requests and a survey of the Chemical Manufacturers Associa-
tion indicate that the average chromate concentration for those IPCT's
using chromium-based corrosion inhibitors is 13 ppm.“"“9 One potential
chromium emission reduction technique involves alternative water treatment
programs such as programs with lower chromate levels or nonchromate
treatments.

A low-chromate treatment program would reduce Cr*® emissions from
IPCT's by 1imiting the chromate concentration in cooling water. Water
treatment programs are available that maintain average chromate concentra-
tions of 0.5 to 4 ppm in the recirculating water, but these programs have
not always been successful in industrial applications. Low-chromate
programs that have provided acceptable results in a number of cases
maintain chromate concentrations in the range of 4 to 6 ppm.

Because of National Pollution Discharge Elimination System (NPDES)
chromium restrictions and other reqgulations, nonchromium treatments are
now more widely used than chromium treatments. The most common
nonchromium treatment program is phosphate based, but others include

molybdates, zinc, and all-organic treatments (primarily organo-phosphorus
compounds). However, these alternative programs may not perform corrosion
inhibition functions as well or as cheaply as chromates depending on the
individual cooling tower system. The performance of any treatment program
is dependent on water quality parameters (pH, alkalinity, hardness, and
conductivity) and operating conditions (water temperature, flow velocity,
inhibitor concentration, and the presence of contaminants such as H,S,
S0,, NH,, and NO,) that are specific to each cooling system.

3.2.2.2 Low- and High-Efficiency Drift Eliminators. Water droplets
entrained in the air and the dissolved and suspended soiids contained in
the droplets that are emitted from cooling towers are referred to as
drift. Drift eliminators can be installed at the exit of the fill
sections to reduce the amount of drift in the exiting airflow.
Historically, the purpose of drift reduction has been to alleviate the
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nuisance deposition of water drift and its dissolved solids on nearby
buildings or on personal property such as automobiles. More recently, the
concern has focused on the environmental impact caused by the compounds
contained in the drift and, thus, on the deposition of these compounds.
Drift eliminators are designed with pressure drops lower than those of
other air pollution control equipment and rely primarily upon the
impaction of water droplets on drift eliminator surfaces to reduce the
concentration of drift from the exit air of cooling towers. The drift
eliminator blades are configured to force directional changes in the
airflow such that the momentum of the water droplets causes them to
impinge onto the blade surfaces. The number of directional airflow
changes, the spacing between the blade surfaces, the angle of directional
change, and the capability to return the collected water to a quiescent
area of the plenum are the major design features (parameters) in drift
eliminators that affect efficiency. Drift eliminators are constructed of
wood, PVC, metal, asbestos-cement, polystyrene, or cellulose. The
material most often specified is PVC.

Figure 3 presents schematics of the three major drift eliminator
designs: herringbone (blade-type), waveform, and cellular (or honey-
comb). Low-efficiency drift eliminators include herringbone, some
waveform (sinusoidal), and some cellular designs. Herringbone designs are
constructed to create two or three major directional changes in the
dirflow. The blades are sloped in opposing directions in a manner that
provides drainage of the accumulated drift into the fiil area. The blades
typically are constructed of wood, but other materials (e.g., metal and
ashestos cement board) also are used. Waveform drift eliminators are
configured in a sinusoidal wave pattern such that two major directional
changes in the airflow are created. The sinusoidal blades are constructed
of asbestos cement board or PVC material. Cellular drift eliminators are
configured with thinner blades in a honeycomb pattern. The airflow
passages in the cellular drift eliminators, which are narrower than
passages in other designs, reduce the distance a droplet must trave!l
across the stream to impact on the surface. Orainage of the collected
water to prevent reentrainment is not a design criteria of LEDE's.
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High-efficiency drift eliminators include a few of both cellular and
sinusoidal designs. The cellular HEDE's that achieve the higher
efficiencies are designed with compiex configurations that contain
numerous, closely constructed airflow passages. Thin materials of
construction are used to reduce the area of blockage to the airflow and
minimize the pressure drop that is created by the eliminator. For
sinusoidal drift eliminators, the blades are placed closer together in
high-efficiency designs than in low-efficiency designs, and the exit is
configured with a tip for draining captured water that would otherwise be
partially reentrained in the airflow. Typically, drainage of water into a
quiescent area of the tower is a major design consideration of HEDE's. A
few drift eliminators installed in towers built in recent years are more
likely to be higher efficiency waveform or cellular units, but the vast
majority of older towers still have lower efficiency herringbone and
waveform eliminators.

The performance of a drift eliminator is affected primarily by the
droplet or particle size and the airflow velocities through the drift
eliminator. Small droplets are created both from evaporation of iarger
droplets and the physical breakage of larger droplets into small
droplets. Parameters 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 meteorological conditions, and the temperature of
the recirculating water.

A drift eliminator manufacturer indicates that HEDE's can remove
80 to 90 percent or more of the drift discharged from low-efficiency
herringbone drift eliminators.” *°' These drift eliminator efficiencies,
however, are based on data collected with a test method that has not been
submitted to EPA for approval.

3.2.3 Cooling Tower Emissions

Three series of emission tests were conducted by EPA on IPCT's
equipped with low- and high-efficiency drift eliminators. The results of
these tests are presented in the next section.
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3.2.3.1 Drift and Chromium Emissions. The drift rate (rate of
water lost by entrainment in the cooling air drawn through the tower) is
often expressed as the percentage of the recirculating water flow rate
that is emitted. Likewise, the chromium emission rate can be expressed as
a percentage of the recirculating chromium rate. However, the chromium
emission rate from towers should not be confused with the drift rate.
Based on test results, a drift eliminator manufacturer claims that the
achievable drift rates range from 0.001 to 0.06 percent of the
recirculating water. The approximate dividing line between drift rates

for higher and lower efficiency drift eliminators is 0.008 percent. Those
achieving a lower percentage are "higher efficiency," and those that
cannot achieve 0.008 percent are "lower efficiency."so'52

Drift can be estimated by measuring the emission rate of an element
(such as sodium, calcium, manganese, chromium, lithium or bromine) and
assuming that the percentage of water emitted as drift is the same as the
percentage of the rec¢irculating element emitted. However, a claimed drift
rate may or may not be equivalent to the element's emission rate depending
on the way the drift rate was measured. Also, drift rate measurement
results are highly dependent on the measurement method; therefore,
achievable drift rate claims may not be comparable if they are based on
different measurement methods.

The EPA-sponsored emission tests of IPCT's at three facilities used
an isokinetic test method for chromium which is still under development.
Emission factors relating the chromium emission rate to the chromium
recirculation rate were developed from each of these emission tests. The
average baseline (LEDE) and controlled (HEDE) emission factors for each
test site are presented in Table 11, In addition, five industry-sponsored
drift performance tests conducted by Midwest Research Institute and two
chromium emission tests conducted by Mobil are included. The emission
factors express the emission rate as a percentage of the recirculating
rate (milligrams of chromium emitted per milligram of chromium
recirculating in the tower multipled by 100). The most comprehensive
emission tests were conducted at Plant B. At this plant, two towers of
similar design located side-by-side were tested simuitaneously under the
same meteorological conditions. One tower was equipped with an LEDE and
the other was equipped with an HEDE,
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TABLE 11. EMISSION FACTORS FOR HEXAYALENT CHROMIUM FROM

COOLING TOWERS

Test site

Chromium emission

factor, percent?

Standard deviation
(percent relative
standard deviation,
percent)

EPA-sponsored tests

A (HEDE)

C (HEDE)
B (HEDE)
B (LEDE)
A (LEDE)

Industry-sponsored tests

MRI No. 3 (HEDE)
MRI No. 4 (HEDE)

Mobil1-PTR Tower No., §
{LEDE)

Mobit-North Tower No. 6
(LEDE)

MRI No. 1 (LEDE)
MRI No. 2 (LEDE)

MRI No. 5/6 minerals
test (LEDE)

0.0037
0.028 w/outliers

0.0038
0.0087
0.0267

0.0318
0.141 w/outliers

0.01
0.007
0.0334

0.0321

0.0305
0.034

0.018
0.021 w/outliers

0.0020 (54)
0.035 w/outliers (126)

0.0044 (116)
0.0037 (43)
0.0168 (63)

0.0292 (92)
0.192 w/outliers (136)

NA (--)
NA (--)
0.0306 (92)

0.0156 (49)

NA (--)
NA (--)

0.0045 (25)
0.0094 w/outliers (45)

aPercentage of recirculating chromium that s emitted.
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Since the completion of the emission tests at Plant B, additional
methods development investigations have been conducted. These
investigations have revealed that the chromium sampling method is subject
to substantial error due to potentially severe problems associated with
chromium recovery and cross-over contamination from sample runm to sample
run. The extent to which these problems appear in the test results
obtained at Plants A, C, and Mobil is uncertain. As a result, the data
presented in Table 11 should be used with caution.

The EPA believes that the tests at Plant B provide the best
available data on the relative performance of HEDE's. The EPA Method 13-
type testing at Plant B indicated a cr*® emission factor of 0.03 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 current factors are based on the assumption that the ratio of
hexavalent to total chromium in the emissions is the same as that in the
cooling water. The test program conducted by the Agency has not
conclusively identified the speciation of emissions (i.e., crt?® versus
cr*?). For purposes of estimating Cr*® emissions, the conservative
assumption is that all of the chromium is cr*e.

3.2.3.2 Sample Calculation of Chromium Emissions. The chromium

emission rate for any tower can be estimated by multiplying the emission
factor by the recirculating rate of water and the chromium concentration
in the recirculating water as shown in Equation (1).
Ecp = KeReCep (1)
where:
ECr = chromium emission rate, mg Cr/min
K = chromium emission factor, percent of recirculating chromium
that is emitted
R = recirculating ra-e of cooling water, liters/min
Cop = concentration of chromium in the recirculating water, mg
Cr/liter = ppm (muitiply CrQ, concentration by 0.448 to obtain
Cr concentration)
For example, the following calculation estimates the emissions from a
10,000-gallon-per-minute (gal/min) IPCT with a recirculating chromate
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concentration of 10 parts per million (ppm}, equipped with a low-
efficiency drift eliminator.
R = (10,000 gal/min)(3.785 liters/gallon) = 37,850 liters/minute
Cop = 10 ppm as Cr0, = 4.48 ppm Cr
K = the emission factor for towers with low-efficiency drift
eliminators; use K = 0.03 percent.
Ecp = KeReCpp = (0.03%)(37,850)(4.48) = (0.0003)(37,850)(4.48) =
50.9 mg Cr emitted/min
To estimate the emissions from the same IPCT equipped with a high-
efficiency drift eliminator, use K = 0.0087.
Therefore:

ECr = KeR+Cpp. = (0.0087%) (37,850} (4.48) = (0.000087)(37,850)(4.48) =
14.8 mg Cr emitted/min
Thus, the emission reduction achieved by a HEDE compared to a LEDE is:

50.9-14.8 100 -

£5.9 71 percent.

The following example calculation estimates the emissions from a
500-gal/min CCT with a recirculating chromate concentration of 10 ppm,
equipped with a low-efficiency drift eliminator.

R = (500 gal/min)(3.785 liters/gal) = 1,892.5 liters/min
Cor = 10 ppm as Cr0, = 4.48 ppm Cr
K = 0.03 percent

Ecp = K*ReCep = (0.03%)(1,892.5)(4.48) =
(0.0003)(1,892.5)(4.48) = 2.5 mg Cr emitted/min

3.2.4 MNationwide Emissions Distribution by Industry
In developing the NESHAP for chromium emissions from IPCT's, EPA has
generated industry-by-industry estimates of the total number of cooling

towers, the number of towers using chromate treatments, and chromium
emissions. Table 12 presents these estimates as currently known. The
data show that the industries of greatest concern are chemical manufac-
turing (43 Mg/yr [47.5 tons/yr]l), petroleum refining (31.8 Mg/yr

[35.1 tons/yr])}, and primary metals production (8.4 Mg/yr [9.3 tons/yr}).
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Together, these industries represent 98.2 percent of nationwide chromium

s

emissions from IPCT's.“ Table 12 also presents nationwide estimates of

chromium emissions from CCT's.
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TABLE 12. NATIONWIDE COOLING TOWER CHROMIUM EMISSIONS SUMMARY

45 47
]

Total No. No. of

of cooling cooling towers  Cr™® emissions?
Industry towers using chromate Mg/yr Tons/yr
Chemical manufacturing 5,006 2,039 43.13 47 .54
Petroleum refining 680 476 31.82 35.08
Primary metals 1,118 224 8.39 g.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
Glass manufacturing 58 3 0.0l 0.01
Utilities 775 6 0.95 1.05
Subtotal (IPCT only) 9,348 2,855 84.8 93.5
Comfort cooling towers 250,000 37,500 33 34
TOTAL 259,350 40, 360 118 128

%ased on use of low-efficiency drift eliminators.
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4.0 SOURCE TEST PROCEDURES

4,1 CHROMIUM ELECTROPLATING

During the standards support study for hexavalent chromium emissions
from hard and decorative chromium electropiating facilities, samples to be
analyzed for hexavalent and total chromium were obtained in accordance
with EPA Method 5 (40 CFR Part 60-Appendix A}, also referred to as
Modified Method 13-B in test reports. The only modification to the sample
collection method was the elimination of the filter and the replacement of
H,0 in the impingers with 0.1 Normal sodium hydroxide. Method 5 provides
detailed procedures and equipment criteria and other considerations
necessary to obtain accurate and representative emission samples. In
order to sample for chromium emissions, Methods 1 through 4 must also be
used.

After collection, the samples were analyzed for hexavalent and total
chromium (total chromium is the sum of hexavalent chromium plus other
chromium). Concentrations of hexavalent chromium were determined using
spectrophotometric analysis while total chromium was determined using
inductively coupled argon plasmography (ICAP). At the present time,
sample analysis has been performed in accordance with the tentative method
"Detection of Hexavalent Chromium from Stationary Sources (December 13,
1984)," and a draft method: "E.P.A. Protocol for Emission Sampling for
Both Hexavalent and Total Chromium (February 22, 1985)."

4.2 COOLING TOWERS

During the standards support study for chromium emissions from
cooling towers, testing was conducted according to two draft test methods
developed from previously conducted methods development testing:

"Method ___——Deterﬁination of Chromium Emissions from Cooling Towers" and
"Method  --Direct Measurement of Gas Velocity and Volumetric Flowrate
Under Cyclonic Flow Conditions (Propeller Anemometer}." The cooling tower
method is similar to EPA Method 13 (40 CFR Part 60-Appendix A) with the
following exceptions: (1) a Teflon™ filter is used in place of a paper
filter, (2) a propeller anemometer is used in place of the pitot tube for
gas velocity and flowrate measurements, (3) the determination of the
measurement site does not follow EPA Method 1, and (4) the chemical
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analysis for total chromium in the emission samples is performed using
Neutron Activation Analysis (NAA), Graphite Furnace Atomic Absorption
(GFAA), or ICAP. In conjunction with the emissions testing, repre-
sentative cooling tower water samples were collected to determine the
ratio of hexavalent to total chromium in the cooting water; these samples
were analyzed for total chromium by NAA, GFAA, or ICAP and for hexavalent
chromium by the diphenylcarbazide colorimetric method {in "EPA Draft
Method-Determination of Hexavalent Chromium Emissions from Stationary
Sources," December 13, 1984). The ratio was used to calculate the amount
of hexavalent chromium in the cooling tower emissions.

Preliminary material balance calculations were performed on the
cooling water at several towers to compare the apparent chromium loss in
the drift emissions with the emission measurements obtained during the
standards support study. Variables used in these calculations included:
cooling water flow rates to the towers, riser cells, and/or fan cells;
blowdown rates; makeup water flow rates; addition(s) of chemicals to the
cooling water; and chemical analysis of the cooling water samples taken
during testing.

Two major modifications were made to the draft test method for
cooling towers based on problems encountered and knowledge gained during
the testing program. Initially, the draft method specified the use of NAA
to determine the total chromium content of the impinger train samples and
the cooling water samples. Because of the length of time required for
sample analysis and the limited availability of commercial NAA services,
two additional analytical techniques, GFAA and ICAP, were utilized and
were added as options to the draft test method. Unlike NAA, both of these
techniques require acid solubilization of the chromium in the sample prior
to analysis. In assessing the chromium recovery efficiency for the
concentrated impinger samples from the first test, it was discovered that
a significant residue remained in the beakers used to concentrate the
samples. The concentration procedure was modified to require an acid
rinse of the beakers used for sample concentration with the rinse being
added to the concentrated sample.
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1.0 PURPOSE OF DOCUMENT

The U. S. Environmental Protection Agency (EPA), States, and local
air pollution control agencies are becoming increasingly aware of the
presence of substances in the ambient air that may be toxic at certain
concentrations. This awareness, in turn, has led to attempts to identify
source/receptor relationships for these substances and to develop control
programs to regulate emissions. Unfortunately, very 1ittle information is
available on the ambient air concentrations of these substances or on the
sources that may be discharging them to the atmosphere.

To assist groups interested in inventorying air emissions of various
potentially toxic substances, EPA is preparing a series of documents that
compiles available information on the sources and emissions of these
substances. This document was prepared as a supplement to a previous EPA
document that addressed chromium emissions, "Locating and Estimating Air
Emissions From Sources of Chromium," EPA-450/4-84-007g. The supplement
updates technical information and presents new emission data upon which
emission factors are based for chromium emissions from cooling towers and
chromiumwelectroplating operations. The reader should use both the
original document and this supplement to obtain the most compiete
assessment of emissions from these two sources of chromium emissions. The
information in this supplement was obtained by EPA's Emission Standards
Divisfon for use in development of National Emission Standards for a -
Hazardous Afr Pollutant (NESHAP) for chromium used in electroplating
operatfons and for regulation of chromium emissions from comfort caoling
towers under the Toxi¢ Substances Control Act.

The reader is strongly cautioned against using the emissions
information contained in the original document or this supplement to
develop an exact assessment of emissions from any particular facitity.
Because of insufficient data, no estimate can be made of the error that
could result when these factors are used to calculate emissions from any
given facility. It is possible, in some extreme cases, that orders-of-
magnitude differences could result between actual and calculated
emissions, depending on differences in source configurations, control
equipment, and operating practices. Thus, in situations where an accurate




assessment of chromium emissions is necessary, source-specific information
should be obtained to confirm the existence of particular emitting
operations, the types and effectiveness of control measures, and the
impact of operating practices. A source test and/or material balance
should be considered as the best means to determine air emissions directly
from an operation.

Possible sources of plant-specific information that would be useful
in estimating air emissions of hexavalent chromium include the National
Air Toxics Information Ciearinghouse database maintained by EPA or the
Toxics Release Inventory (TRI) data resuiting from Section 313 of the
Superfund Amendments and Reauthorization Act (SARA). In the absence of
specific information about the locations of fac111ties,'State Departments
of Commerce, trade assoctations, or references such as the Thomas Register
of American Manufacturers may be sources of information.




2.0 OVERVIEW OF DOCUMENT CONTENTS

This section outlines the information presented in the remaining
sections of this report and indicates whether the information is new or
whether it is a revision of information presented in the original
document,

Section 3.1 presents process descriptions for five kinds of
plating/anodizing operations. New informatiorn is included for decorative
chromium electroplating of plastics, chromic acid anodizing, and trivalent
chromium plating. Additional process information is provided to
supplement the discussion of hard and decorative chromium electroplating
presented in the original document. New emission data are presented for
hard and decorative chromium electroplating operations; the results of an
engineering mass balance to obtain an emission estimate for chromic acid
anodizing are also presented. A significant change from the original
document is in the format of the chromium emission factors for hard and
decorative plating operations, which have changed from kilograms per hour
per square foot of tank area to milligrams per ampere-hour. Supplemental
information has been included on emission control techniques for reduction
of chromic acid mist from plating operations. New information is
presented on nationwide chromium emission estimates for three types of
plating operations: bhard plating, decorative plating, and chromic acid
anodizing. -

Section 3.2 presents updated information about the distribution of
“industrial process cooling towers that use chromium-based water treatment -
chemicals and presents new information about comfort cocling towers. New
information also is presented on emission reduction tachniques for
chromium emissions from cooling towers. New emission data are presented
for cooling towers equipped with low- and high-efficiency drift
eliminators. A significant change from the original document is in the
format of the chromium emission factor, which has changed from picograms
per joule of thermal energy input to the power plant associated with the
cooling tower to percentage of the recirculating chromium that is
emitted. New information is presented on nationwide chromium emission
estimates for industrial cooling towers in eight industries.




Section 4.0 summarizes the procedures used for source sampling and
analysis of chromium in emission streams from electroplating operations
and cooling towers,




3.0 CHROMIUM EMISSION SOQURCES

3.1 CHROMIUM ELECTROPLATING AND CHROCMIC ACID ANODIZING OPERATIONS
3.1.1 Background Information

Plating and anodizing operations range in size from small shops,
with one or two tanks that are operated only a few hours per week, to
large shops with several tanks that are operated 24 hours per day, 7 days
per week. Many plating and anodizing -operations are captive shops that
perform chromium electroplating or chromic acid anodizing as one operation
within or for a manufacturing facility, while others are job shops that
providé custom plating or anodizing services for many different clients.
Captive and job shops may perform hard or decorative chromium plating or
~chromic acid anod1zing'or any combination of these three operations.

The estimated number of electroplating shops nationwide is
1,540 hard chromium plating facilities and 2,800 decorative chromium
plating facilities.' The estimated number of chromic acid ancdizing shops
nationwide is 680.° Electroplating and anodizing shops typically are
located in or near industrial centers in areas of high population
density. States with large numbers. of chromium electroplaters include
California, I11inois, Massachusetts, Michigan, New York, Ohio, and
Pennsylvania. ] '

3.1.1.1 Hard Chromium Electroplating of Metals. In hard plating, a
relatively .thick layer of chromium is deposited directly on the base metal
(usually steel) to provide a surface with wear resistance, a Tow
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 molds, engine components, and marine hardware.

Tanks used for hard chromium electroplating usually are constructed
of steel and lined with a polyviny) chloride sheet or p?astiso] The
anodes, which are insoluble, are made of a lead alloy that contains either
tin or antimony. The substrate to be plated, the cathode, is suspended
from a plating rack that is connected to the cathode bar of the
rectifier. The plating rack may be loaded in the tank manually, by a
hoist, or by an automatically controlled hoist system.




The plating tanks typically are equipped with some type of heat
exchanger. Mechanical agitators or compressed air suppiied through pipes
on the tank bottom provide uniformity of bath temperature and
composition. Chromium electroplating requires constant control of the
plating bath temperature, current density, piating time, and bath
composition.

Hexavalent chromium plating baths are the most widely used baths to
deposit chromium on metal. Hexavalent chromium baths are composed of
chromic acid, sulfuric acid, and water. The chromic acid is the source of
the hexavalent chromium that reacts and deposits on the metal and that fis
emitted to the atmosphere. The suifuric acid in the bath catalyzes the
chromium deposition reactions. Typical operating parameters are given in
Table 1.°

The evolution of hydrogen gas from chemical reactions at the cathode
consumes 80 to 90 percent of the power supplied to the plating bath,
leaving the remaining 10 to 20 percent for the deposition reaction. When
the hydrogen gas evolves, it entrains chromic acid and causes misting at
the surface of the plating bath. o

3.1.1.2 Decorative Chromium Electroplating of Metals. In decorative
plating, the base material (e.g., brass, steel, aluminum, or plastic)
generally is plated with a layer of nickel followed by a relatively thin
layer of chromium to provide a brfght surface with wear and tarnish

resistance. Decorative plating is used for items such as automotive trim,
metal furniture, bicycles, hand tools, and plumbing fixtures. The purpose
of decorative chromium plating is to achieve a combination of the
following surface properties: ‘ .

1. Blue-white color;

2. High reflectivity;

3. Tarnish resistance;

4. Corrosion resistance;

5. Wear resistance; and

6. Scratch resistance.’

Decorative electroplating baths operate on the same principle as
that described for the hard chromium plating process: the metal substrate
1s immersed in a plating solution, and direct current is passed from the




TABLE 1. TYPICAL OPERATING PARAMETERS FOR HARD CHROMIUM ELECTROPLATING

Plating thickness, um (mil) 1.3-762 (0.05-30)
Plating time, mind 20-2,160
Chromic acid concentration, g/¢ (oz/gal)b 225-375 (30-50)
Temperature of solutien, °C (°F) 49-66 (120-150)
Volitage, volts ¢
Current, amperes (A) d
Current density, A/m° (A/ft%)® 1,600-6,500

' (150-600)

gmin. = minutes.
g/e = grams per liter, oz/gal = ounces per gailon.
gﬂepends on the distance between the anodes and the items being plated.
Depends on the amount of surface area plated.
€a/m° = amperes per square meter (square foot) of surface area plated.




anode through the plating solution causing the desired metal (copper,
nickel, chromium) to deposit out of the solution onto the metal substrate
(cathode).

Decorative chromium plating requires shorter plating times and
operates at lower current densities than does hard chromium plating to
achieve the desired properties of the chromium plate. Some decorative
chromium plating operations use fluoride catalysts instead of sulfuric
acid because fluoride catalysts, such as fluosilicate or fluoborate, have
been found to produce higher bath gfficiencies.’ Typical operating
parameters are shown in Table 2.

' 3.1.1.3 Decorative Chromium Electroplating of Plastics. Most plastics
that are electroplated with chromfum are formed from the polymer composed
of acrylonitrile, butadiene, and styrene (ABS).a The process for chromium
electroplating of ABS plastics consists of the following steps:

1. Chromic acid/sulfuric acid etch;

2. Dilute hydrochloric acid dip;

3. Colloidal palladium activation;

4. Dilute hydrochloric acid dip;

5. Electroless nickel plating or copper platfng; and

6. Chromium electroplating cycle.

After each process step, the plastic is rinsed with water to prevent
__carry-over of solution from one bath to another. The chromic acid/
sulfuric acid etch solution (see Table 3) renders the ABS surface
hydrophilic and modifies the surface to provide adhesion for the metal
coating.’ The dilute hydrochloric acid dips are used to clean the surface
and remove palladium metal from the plating rack, which is insulated with
a coating of polyvinyl chloride. The collioidal patladfum activation
solution deposits a thin layer of metallic palladium over the plastic
surface.'® The metallic palladium induces the deposition of copper or
nickel, which will not deposit directly onto plastic. The electroless
nickel and copper plate are applied to impart electrical conductivity to
the part; otherwise, the insulating surface of the plastic could not be
electroplated with chromium. The electroless nickel plating or copper
ejectroplating baths develop a film on the plastic about 1.0 micrometer
(um) (3.9x10~° inch [in.]) thick. The plating time for electroless nickel




TABLE 2. TYPICAL OPERATING PARAMETERS FOR DECORATIVE CHROMIUM PLATING

Plating thickness, um (mil) 0.003-2.5 (0.0001-0.1)
Plating time, min 0.5-5
Chromic acid concentration,'gla (oz/gal) 225-375 (30-50)
Temperature of solution, °C (°F) 38-46 (100-115)
Voltage, volts a
Current, A b
Current density, A/m> (A/ft’)C ‘ 540-2,400 (50-220)

gﬂepends on the distance between the anodes and the items being plated.
Depends on the amount of surface area being plated.
Amperes per square meter (square foot) of ‘surface area plated.

TABLE 3. CHROMIC ACID/SULFURIC ACID ETCH SOLUTION

Concentrated sulfuric acid, g/¢ (oz/gal) ‘ - 172 (23)
Chromic acid, g/2 (oz/gal) _ 430 (57)
_ Temperature, °C (°F) ' ~ 60-65 (140-149)
Immérsion time, min _ 3-10




plating and electroless copper plating ranges from 10 to 15 minutes and 15
to 30 minutes, respectively, at temperatures ranging from 25° to 35°C (77°
to 95°F). The components of the plating baths include the metal sait
(nickel or copper), a reducing agent, a complexing agent, a stabilizer,
and a pH buffer system.ll The electroplating of plastics follows the same
cycle as that des§r1bed for decorative chromium electrop1at1ng.12

3.1.1.4 Chromic Acid Anodizing. Chromic acid anodizing is used primarily

on aircraft parts and architectural structures that are subject to high
stress and corrosion. Chromic acid anodizing 1s used to provide an oxide
layer on aluminum that imparts the following properties:

l. Corrosion protection; '

2. Electrical insulations

3. Ease of coloring; and

4. Improved dielectric strength.13
Figure 1 presents a flow diagram for a typical chromic acid anodizing
process.

There are four primary differences between the equipment used for
chromium electroplating and that used for chromic acid anodizing:
(a) chromic acid anodizing requires the .rectifier to be fitted with a
rheostat or other control mechanism to permit starting at about 5 V,
(b) the tank i{s the cathode in the electrical circuit, (c) the aluminum
substrate acts as the anode, and (d) sidewall shields typically are used

_instead of a liner in the tank to minimize short circuits and_to decrease
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herculite glass, wire safety glass, neoprene, and vinyl chloride
polymers.15

The following pretreatment steps typically are used to clean the
aluminum before anodizing:

1. Alkaline soak:

2. Desmut;

3. Etching; and

4, 'Vapor degreasing.
The pretreatment steps used for a particular aluminum substrate depend
upon the amount of smut and the composition of the aluminum. The aluminum
substrate is rinsed between pretreatment steps to remove cleaners.

10




SUBSTRATE TO BE PLATED

PRETREATMENT STEPS

Alkallne soak
Desmut

Etohlng

Vapor degreasing

RINSE

CHROMIC ACID ANODIZING L, CHROMIC ACID
EMISSIONS

RINSE

SEALING

FINAL PRODUCT

Figure 1. Flow diagram for a typical chromic acid anodizing process.
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The atkaline soak is the primary preparatory step in cleaning the
aluminum; its purpose is to dislodge soil from the aluminum surface. The
solutions for alkaline cleaning are typically made up of compounds such as
sodium carbonate, sodium phosphate, and sodium hydroxide and usually
contain a small amount of silicate to prevent metal attack.'® The
alkaline soak consists of immersing the metal in the alkaline solution
that 1s mildly agitated with air.

The purpose of desmutting is to remove soil or grease films that
cleaners and etchants leave behind. Desmutting baths typically consist of
a cold nitric acid solution mixed with water at a concentration ranging
from S5 to 50 percent acid by volume. The nitric acid bath also is used
either as a bleaching treatment to remove dyes from faulty coatings or as
part of the technique of producing multicolor coatings.17 Other
desmutting treatments use combinations of chromic, phosphoric, and
sulfuric acids depending upon the amount of smut to be removed or the
aluminum composition.

When a dull finish {s desired, the aluminum is etched before
anodizing. Etching baths consist of a dilute solution of soda ash,
caustic soda, or nitric acid.'® The degree of etching desired and the
composition of the aluminum being treated determine the concentraiion of
the etch solution, temperature of the bath, and duration of the etch.
_The vapor degreasing step removes any residual oil or grease on the

surface of tha aluminum nrior to tha anndizing operation,

_ Typical operating parameters for chromic acid anodizing baths are
presented in Table 4,'%%° The voltage is applied step-wise (5 V per
minute) from 0 to 40 V and maintained at 40 V for the remainder of the
anodizing time. A low starting voitage (i.e;, 5 V) minimizes current
surge that may cause "burning” at contact points between the rack and the
aluminum part. The process is effective over a wide range of voltages,
temperatures, and anodizing times. ATl other factors being equal, high
voitages tend to produce bright transparent fiIms, and lower voltages tend
to produce opaque fﬂms.21 Raising the bath temperature increases current
density to produce thicker films in a given time period. Temperatures up
to 49°C (120°F) typically are used to produce films that are to be colored
by dyeing.22 The amount of current varies depending on the size of the

12




TABLE 4. TYPICAL OPERATING PARAMETERS FOR CHROMIC
ACID ANODIZING

Chromic acid concentration, g¢/2 (0z/gal) 50-100 (6.67-13.3)

Temperature, *C (°F) - 32-35 (90-95)
Plating time, min ' 30-60
pH 0.5-0.85
Current density, A/m’ (A/ft%)2 1,550-7,750 (144-720)
Voltage (step-wise), volts ' 30-40
F1lm thickness, wm (mil) 0.5-1.27 (0.02-0.05)

aAmperes per square meter (square foot) of surface area
plated.
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aluminum parts; however, the current density typically ranges from 1,550
to 7,750 A/m’ (144 to 720 A/ft’).

The postanodizing steps include sealing and air drying. Sealing
causes hydration of the aluminum oxide and fills the pores in the aluminum
surface. As a result, the elasticity of the oxide film increases, but the
hardness and wear resistance decrease. . Sealing is performed by
immersing aluminum in a water bath at 88° to 99°C (190° to 210°F) for a
minimum of 15 minutes.’’ Chromic acid or other chromates may be added to
the solution to help improve corrosion resistance. The aluminum is
allowed to air dry after it is sealed.

3.1.1.5 Trivalent Chromium Plating. Trivalent. chromium
electroplating baths have been developed primarily to repiace decorative
hexavalent chromium plating baths. Oevelopment of a trivalent bath has
proven to be difficult because trivalent chromium solvates in water to
form complex stable ions that do not readily release chromium. The
trivalent chromium baths that have been developed are proprietary baths.

There are two types of trivalent chromium processes on the market:

. single-cell and double-cell. The major differences in the two processes
are that (1) the double-cell process sotfution contains minimal-to-no
chlorides whereas the single-cell process solution contains a high
concentration of chlorides; and (2) the double-cell process utilizes lead

-anodes that are placed in anode-boxes-that-contain a dilute sulfuric acid -

s¢iution and are 1ined with a permeabie membrane wnereas the singie-ceil
process utilizes carbon or graphite anodes that are placed in direct
contact with the plating solution.?®

The advantages of the trivalent chromium processes over the
hexavalent chromium process are (1) fewer environmental concerns,
(2) higher productivity, and (3) lower operating costs. In the trivalent
- chromium process, hexavalent chromium is a plating bath contaminant.
Therefore, the bath does not contain any appreciable amount of hexavalent
chromium, which is more toxic than trivalent chromium. The total chromium
concentration of trivalent chromium solutions is approximately one-fifth
that of hexavalent chromium solutions.’® As a resuit of the chemistry of
the trivalent chromium electrolyte, misting does not occur during plating,
as it does during hexavalent chromium plating. Use of trivalent chromium

14




adlso reduces waste disposal problems and costs. Waste treatment of
hexavalent chromium is a two-stage process. The hexavalent chromium is
first reduced to the trivalent chromium ion; then it can be precipitated
as chromium hydroxide. Trivalent chromium piating solution wastewaters
are already in the reduced trivalent state and require_ only the chromium
hydroxide precipitation step.

Productivity is increased when trivalent chromium processes are used
because less stripping and replating of parts are reqhired, more parts can
be placed on a rack, and more racks can be placed on a workbar. >’

The cost of operating a trivalent chromium process is less than that
of a hexavalent chromium process because of the lower wastewater treatment
costs and lower operating costs due to a reduction in rejects and high
productivity.

The disadvantages of the trivalent chromium process are that the
process is more sensitive toc contamination than the hexavaient chromium
process and the trivalent chromium process cannot plate the full range of
plate thicknesses that the hexavalent chromium process can.?® Because it
is sensitive to contamination, the trivalent chromium process requires
more thorough rinsing and tighter laboratory control than the hexavalent
chromium process. Trivalent chromium baths can plate thicknesses ranging
up to 0.13 to 25 micrometers (um) (0.005 to 1.0 miIs).zs The hexavalent
chromium process can plate thicknesses up to 762 um (30 mils). Therefore,
trivalent chromium solutions cannot be used for most hard chromium plating
abpiications.

_ The plating efficiency of a trivalent chromium bath, approximately
20 to 25 percent, is slightly higher than that of a hexavalent chromium
plating bath.’® The color, hardness, and corrosion resistance of triva-
lent chromium deposits are comparable to those of hexavalent chromium
deposits.3° However, the composition of the trivalent chromium deposit is
significantly different than that of the hexavalent chromium deposit.
Table 5 presents the composition of trivalent and hexavalent chromium

deposits.31
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TABLE 5. HEXAVALENT AND TRIVALENT CHROMIUM DEPOSIT COMPOSITIONS

Chromium deposit Carbon, ¥ wt Oxygen, % wt Chromium, % wt
Hexavalent 0.0 0.4 99+

Trivalent 2.9 1.6 95+

16




3.1.2 Uncontrolled Chromium Emissions

Emissions of chromic acid mist from the electrodeposition of
chromium from chromic acid plating baths occur because of the inefficiency
of the hexavalent chromium plating process; only about 10 to 20 percent of
the current appifed actually is used to deposit chromium on the item
plated. Eighty to ninety percent of the current applied is consumed by
the evolution of hydrogen gas at the cathode with the resultant liberation
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 mist of chromic acid droplets is formed.

3.1.2.1 Hard Chromium and Decorative Electroplating Operations.
Uncontralled emission data for 10 hard chromium plating operations and
2 decorative chromium plating operations are presented in Table 6. These
data were obtained from 11 EPA tests and 1 non-EPA test. Table 7 presents
"tank parameters and process operating parameters monitored during each of
the 12 tests. The process parameters monitored during testing include
current supplied to the piating baths, voltage, chromic acid concentration,
and temperature of the plating baths. The chromic acid concentration and
temperature did not vary significantly within each type operation for the
emissfon tests and abpeared to be representative of typical operating
values for convéntiona] hard and decorative chromium plating operations.
The amount of current supplied during testing varied considerably because
of the different types and quantities of parts plated. '

Based on the existing test data, an uncontrolled emission factor of
10 milligrams of hexavalent chromium per ampere-hour (mg/Ah) (0.15 grain
per ampere-hour [gr/Ah]) 1s considered to be representative of uncon-
trolled emissions from a hard chromium electroplating operation, and an
uncontrolled hexavalent chromium emission factor of 2 mg/Ah (0.03 gr/Ah)
is considered representative of uncontrolled emissions from a decorative
chromium electropliating operation. |

The emission factor for uncontrolled chromium emissions from
decorative chromium plating operations is based on EPA-approved test data
from two plants whose tanks represent the extremes in tank size for
decorative chromium plating. Although the sizes of these tanks may not be

17
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typical of the sizes of other decorative plating tanks, there is
insufficient evidence to show that emissions are directly proportional to
tank size. In any case, the uncontrolled emissions have been normalized
to account for tank size using the ampere-hours term in the emission
factor. Because the data are limited, a conservative approach was taken
in selecting the emission factor for decorative plating. Thus, a value of
2 mg/Ah was selected instead of the average value for the two tests.

3.1.2.2 Chromic Acid Anodizing Operations. Uncontrolled emission
data for chromic acid anodizing operations were not obtained through an
EPA source test at an anodizing facility. Instead, an estimate of the
amount of hexavalent chromium emissions was made by performing a mass
balance on a scrubber used to control emissions from a chromic acid
anodizing operation. Outlet scrubber water grab samples were analyzed to
determine the amount of hexavaient chromium in the sampie, and a mass
balance was performed on the scrubber to determine the inlet hexavalent
chromium emission rate. The results of this mass balance indicate that an
uncontrolled of emission factor of 6.0x10~" kilogram of hexavalent
chromium per hour per square meter of tank surface area (1.2x10'“ pound
per hour per square foot of tank surface area) is appropriate to |
characterize emissions from chromic acid anod121ng.'" Alternatively, if
the tank surface area is unknown, uncontrol]ed emission rates can be used
to approximate the level of uncontrolled chromium emisstons. The results
of the mass balance at the small anodizing operation . (tank capacity
~-1,900 1iters [500 gallons]) and results from a non-EPA emission test at a
large chromic acid anodizing operation (tank capacity ~17,600 1iters
(4,600 gallons]) indicate uncontrolled emission rates range from 0.0012 to
0.0028 kg/h (0.0026 to 0.0062 1b/h), respectively.’® At this time, there
are insufficient data from anodizing operations to determine conclusively
that one emission factor format is more appropriate than the other.
3.1.3 Emission Reduction Techniques

The principal techniques used to control emissions of chromic acid
mist from decorative and hard chromium plating and chromic acid anodizing
operations include add-on control devices and chemical fume
suppressants, The control devices most frequently used are mist
eliminators and wet scrubbers that are operated at relatively low pressure
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drops. Because of the corrosive properties of chromic acid, control
devices typically are made of polyvinyl chleoride (PVC) or fiberglass.

Chemical fume suppressants are added to decorative chromium plating
and chromic acid anodizing baths to reduce chromic acid mist. Although
chemical agents alone are effective control technigues, many plants use
them in conjunction with a control device.

Chevron-blade and mesh-pad mist eliminators are the types of mist
eliminators most frequently used to control chromic acid mist. The most
important mechanism by which mist eliminators remove chromic acid droplets
from gas streams is the inertial impaction of droplets onto a stationary
set of blades or a mesh pad. Mist eifminators typically are operated as
dry units that are periodically washed down with water to clean the
jmpaction media. .

The wet scrubbers typically used to control emissions of chromic
acid mist from chromium plating and chromic acid anodizing operations are
single and double packed-bed scrubbers. Other scrubber types used less
frequently include fan-separator packed-bed and centrifugal-flow
scrubbers. Scrubbers remove chromic acid dropiets from the gas stream by
humidifying the gas stream to increase the mass of the droplet particles,
which are then removed by impingement on a packed bed. Once-through water
.or recirculated water typically is used as the scrubbing Tiquid because
chromic acid is highly soluble 1n water.

. Chemical fume supp}éégiﬂis are sUrface-actiQé'CBMbodnds that are
added directly to chromium plating and chromic acid anodizing baths to
reduce or control misting. Fume suppressants are classified as temporary
or as permanent. Temporary fume suppressants are depleted mainly by the
decomposition of the fume suppressant and dragout of the plating solution,
and permanent fume suppressant are depleted mainly by dragout of the
plating solution. Fume suppressants, which are manufactured in liquid,
powder, or tablet form, include wetting agents that reduce misting by
lowering the surface tension of the plating or anodizing bath, foam
blankets that entrap chromic acid mist at the surface of the plating
soiution, or combinations of both a wetting agent and foam blanket.
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The performance capabilities of the control devices used to control
chromic acid mist are presented in Table 8. The air pollution control
devices tested include four mist eliminators, three packed-bed scrubbers,
and one packed-bed scrubber in conjunction with a mist eliminator used to
control emissions from hard chromium piating operations. In addition, one
emission test was conducted at a decorative chromium plating facility to
determine the performance of chemical fume suppressants in controlling
chromic acid mist.

The average hexavalent chromium removal efficiency of mist
eliminators was 98 percent for mist eliminators with double sets of
blades, 90 percent for mist eliminators with single sets of blades, and
98 percent for mesh pad units. The average hexavalant chromium removal
efficiency of scrubbers was 98 percent. The hexavalant chromium removal
efficiency of the scrubber in conjunction with the mist eliminator was
95 percent.

For decorative chromium plating operations, the performance
efficiency of both chemical fume suppressants tested (a foam blanket and a
combination of a foam blanket and wetting agent) was greater than
99 percent. This.performance efficiency is achievable as Tong as vendor
recommendations on the makeup and use of the fume suppressants are
followed rigorously. '

3.1.4 Nationwide Emission Estimates

Table 9 presents the estimated number of operations and the
nationwide annual emission rate for each type of operation. The
assumptions regarding the existing control levels for each type operation'
were derived from data obtained during the development of the NESHAP for
chromium electropliating operations. The nationwide emission rate for hard
chromium electroplating operations was based on the assumption that
30 percent of operations are uncontrolied, 30 percent of operations are
controlled by mist eliminators with single sets of blades (90 percent
efficient), and 40 percent are controlled by single packed-bed scrubbers
(97 percent efficient). The nationwide emission rate for decorative
chromium electroplating operations was based on the assumption that
15 percent of operations are uncontrolled, 80 percent are controlled by
chemical fume suppressants (97 percent efficient), and 5 percant are
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- TABLE 9. NATIONWIDE NUMBER OF OPERATIONS AND ESTIMATED
HEXAVALENT CHROMIUM EMISSIONS FROM CHROMIUM ELECTROPLATING
AND CHROMIC ACID ANODIZING OPERATIONS

Qgtionwide

_ No. of plants Cr*® emissions,
Operation nationwide Mg/yr (tons/yr)
Hard chromium p]ating1 1,540 145 (160)
Decorative chromium plating’ 2,800 10 (11)
Chromic acid anc;dizirlgz - 680 3.6 (3.9)
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controlled by single packed-bed scrubbers (95 percent efficient). The
nationwide annual emission rate for chromic acid anodizing operations was
based on the assumption that 40 percent of operations are uncontrolled,
10 percent are controlled by mist eiiminators with single sets of blades
(90 percent efficient), 30 percent are controlled by chemical fume
suppressants {97 percent efficient), and 20 percent are controlled by
single packed-bed scrubbers (95 percent efficient).
3.2 COOLING TOWERS
3.2.1 Background Information
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 used to remove heat from a process or an HVAC chiller and is then
recirculated to the cooling tower. Chemicals are added to this
recirculating water to inhibit heat exchanger corrosion. One of the many
classes of corrosion inhibitors used is chromium based. Air emissions of
chromium occur when water droplets (and the chemicals they contain)
entrained in the air stream that is drawn through the tower are emitted to
the atmosphere. These droplet emissions are referred to as "drift." All
cooling towers that are used to remnvé heat from an industrial process or
chemical reaction are referred to as industrial process cooling towers
(IPCT's). Towers that are used to cool heating, ventilation, and air
conditioning (HVAC) and refrigeration systems are referred to as comfort
cooling towers (CCT's). :
3.2.1.1 Industrial Process Cooling Towers. Major users of IPCT's
that also use chromium-based water treatment chemicals are chemical
manufacturing plants, petroleum refineries, and primary metals
facilities. OSeveral miscellaneous manufacturing industries (textiles,

tobacco products, tire and rubber products, and glass products) and
utitities use chromium-based water treatment chemicals to a lesser ‘
degree. It is estimated that IPCT's are used at approximately 190 petro-
leum refineries, 1,800 chemical manufacturing plants, 240 primary metals
plants, and 730 plants in the miscellaneous industries.”® In addition,
the percentage of cooling towers using chromium-based water treatment
chemicals in each industry is estimated as 70 percent at petroleum
refineries, 40 percent at chemical manufacturing plants, 20 percent at
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primary metals facilities, 15 percent at plants in the tire and rubber
industry, and 5 percent at plants in the other miscellaneous 1ndustr1es.l‘5
In the utilities industry, it was reported that chromium-based water
treatment chemicals are used at two electric power p1an1.:s.“6 When
combined with data from plant responses to EPA information requests in
each of these industries, these estimates result in a total of about

2,855 IPCT's using chromium-based water treatment chemicals: 476 at
petroleum refineries, 2,039 at chemical plants, 224 at primary metals
plants, 110 at miscellaneous plants, and 6 at utilities. The nationwide
baseline Cr*® emissions from these towers are estimated to be 85 megagrams
per year (Mg/yr) (94 tons per year {tons/,yr])."5

3.2.1.2 Comfort Cooling Towers. Comfort cooling towers are used in
all States in the U.S., primarily in urban areas. Major users of CCT's
with HVAC systems include hospitals, hotels, educational facilities,
office butldings, and shopping malls. Refrigeration systems that may
operate with CCT's include ice skating rinks, co1d'storage (food) ware-
~ houses, and other commercial operations. The EPA estimates that the

-nationwide population of CCT's {s 250,000 units and that 15 percent of
CCT's (about 37,500) use chromium-based water treatment chemicals. These
CCT's are estimated to emit between 7.2 and 206 Mg/yr (8 to 227 tons/yr)
of chromium."’ Chromium use in CCT's appears to be distributed randomly.
across the country."’

In the preparation of the proposed rule for CCT's under the Toxic
Substances Control Act (TSCA) (see 52 FR 10206), EPA developed model tower
parameters and estimates of chromium emissions per model tower to
represent the population of CCT's in the U.S. Table 10 presents'the model
parameters and baseline (i.e., low efficiency drift eliminator [LEDE])
emission estimates.'’ : ‘ '

The emission estimates in Table 10 are based on an emission factor
developed from EPA- and industry-sponsored cooling tower emission tests..
Because the emission factors developed to estimate cr*® emissions from
cooling towers are independent of tower operating parameters (recirculation
rate, chromate concentration, cooliing range), the factors are applicable
to both CCT's and IPCT's. Section 3.2.3.1 of this document discusses
specific emission factors to use for estimating cr*® emissions from
cooling towers on a case-by-case basts. [Note: The proposed TSCA rule
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would prohibit the use of chromium-based chemicais in CCT's. If
promuigated, this rule would have the effect of reducing Cr+G emissions
from CCT's to zero.]

3.2.1.3 Cooling Tower Fundamentals. Schematics of typical cooling
tower designs are shown in Figure 2.*% The major cooling tower components
include the fan(s), fiil material, water distribution deck or header,
drift eliminator, structural frame, and cold water basin., Other
components that affect tower operation include the pumps and pipes
necessary to circulate the cooling water through the cooling tower and
heat exchanger loops.

Most IPCT's are designed with induced-draft airflow, but many have
forced-draft airflow, and some (especially in the utilities industry) 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 located at the base of the tower, which is constructed as
a plenum to provide positive-pressure airflow through the fill material,
or axial fans located on the side of the tower. "Natural-draft airflow
relies on air currents created by temperature differences between the air
in the tower and the atmosphere. When the cooling demands are minimal and
the air temperature is low enough, water can be circulated through the
tower and cooled sufficiently without using the fans. In these instances,
'a natural draft is created in the cooling tower.

~ The direction of the airflow through a mechanical draft tower is
either crossflow or counterflow. Crossflo.s refers to horizontal airflow
through the fill, and counterflow refers to upward vertical airflow. Fill
material is used to maintain an even distribution of water across the
horizontal plane of the tower and to create as much water surface as
practiéal to enhance evaporation and sensible heat transfer.
3.2.2 Potential Emission Reduction Techniques
_ Techniques to control chromium emissions from cooling towers involve
two different strategies: modification of chromium addition to the
recirculating water, and improved reduction of drift. The first techniqus
involves reducing the concentration of chromium in the water treatment
program, thereby reducing the concentration of chromium in the drift
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emitted. The second technique involves retrofitting towers that normally
have LEDE's with high-efficiency drift eliminators (HEDE's) to reduce
drift emissions to the lowest possible rate.

3.2.2.1 Alternative Water Treatment Programs. Responses to 28 EPA
information requests and a survey of the Chemical Manufacturers Associa-
tion indicate that the average chromate concentration for those [PCT's
using chromium-based corrosion inhibitors is 13 ppm.“s'"g One potential
chromfum emission reduction technique involves alternative water treatment
programs such as programs with lower chromate Tevels or nonchromate
treatments.

A low-chromate treatment program would reduce crtt emissions from
IPCT's by 1imiting the chromate concentration in cooling water. Water
treatment programs are available that maintain average chromate concentra-
tions of 0.5 to 4 ppm in the recirculating water, but these programs have
not always been successful in industrial applications. Low-chromate
programs that have provided acceptable results in a number of cases
maintain chromate concentrations in the range of 4 to 6 ppm.

. Because of National Pollution Discharge Elimination System (NPDES)
chromium restrictions and other regulations, nonchromium treatments are
now more widely used than chromium treatments. The most common
nonchromium treatment program is phosphate based, but others include
molybdates, zinc, and all-organic treatments (primarily organo-phosphorus
compounds). However, these alternative programs may not perform corrosion
_inhibition functions as well or as cheaply as chromates depending on the
individual cooling tower system. The performance of any treatment program
{s dependent on water quality parameters (pH, alkalinity, hardness, and '
conductivity) and operating conditions (water temperature, flow velocity,
inhibitor concentration, and the presence of contaminants such as H,S,
S0,, NH;, and NO,) that are specific to each cooling system.

3.2.2.2 Low- and High-Efficiency Drift Eliminators. Water droplets
entrained in the air and the dissclved and suspended solids contained in
the droplets that are emitted from cooling towers are referred to as
drift. Drift eliminators can be installed at the exit of the fill
sections to reduce the amount of drift in the exiting airflow.
Historically, the purpose of drift reduction has been to alleviate the
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nuisance deposition of water drift and its dissolved solids on nearby
buildings or on personal property such as automcbiles. More recently, the
concern has focused on the environmental impact caused by the compounds
contained in the drift and, thus, on the deposition of these compounds.
Drift eliminators are designed with pressure drops lower than those of
other air pollution control equipment and rely primariiy upon the
impaction of water droptets on drift eliminator surfaces to reduce the
concentration of drift from the exit air of cooling towers. The drift
eliminator blades are configured to force directional changes in the
airflow such that the momentum of the water droplets causes them to
impinge onto the blade surfaces. The number of directional airflow
changes, the spacing between the blade surfaces, the angle of directional
change, and the capability to return the collected water to a quiescent
area of the plenum are the major design features (parameters) in drift
eliminators that affect efficiency. Orift eliminators are constructed of
wood, PVC, metal, asbestos-cement, polystyrene, or cellulose. The
matertal most often specified is PVC. .

Figure 3 presents schematics of the three major drift eliminator
designs: herringbone (blade-type), waveform, and cellular (or honey-
“comb). Low-efficiency drift eliminators include herringbone, some

waveform (sinusoidal), and some cellular designs. Herringbone designs are
constructed to create two or three major directional changes in the
airflow. The hlades are sloped in apposing directions in a manner that
provides drainage of the accumulated drift into the fi11 area. The blades
“typically are constructed of wood, but other materials {e.g., metal and
asbestos cement board) also are used. Waveform drift eliminators are
configured‘in a sinusoidal wave pattern such that two major directional
changes in the airflow are created. The sinusoidal blades are constructed
of asbestos cement board or PVC material. Cellular drift eliminators are
configured with thinner blades in a honeycomb pattern. The airflow
passages in the cellular drift eliminators, which are narrower than
passages in other designs, reduce the distance a droplet must travel
across the stream to impact on the surface. Drafnage of the collected
water to prevent reentrainment is not a design criteria of LEDE's.
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High-efficiency drift eliminators include a few of both cellular and
sinusoidal designs. The cellular HEDE's that achieve the higher
efficiencies are designed with complex configurations that contain
numerous, closely constructed airflow passages. Thin materials of
construction are used to reduce the area of blockage to the airflow and
minimize the pressure drop that is created by the eiiminator. For
sinusoidal drift eliminators, the blades are placed closer together in
high-efficiency designs than in Tow-efficiency designs, and the exit is
configured with a tip for draining captured water that would otherwise be
partially reentrained in the airflow. Typically, drainage of water into a
quiescent area of the tower {s a major design consideration of HEDE's. A
few drift eliminators installed in towers built in recent years are more
1ikely to be higher efficiency waveform or cellular units, but the vast
majority of older tovers still have lower efficiency herringbone and
waveform eliminators.

The performance of a drift eliminator is affected primarily by the
droplet or particle size and the airflow velocities through the drift
eiiminator. Small droplets are created both from evaporation of. larger
droplets and the physical bréakage of larger droplets into small
droplets. Parameters that affect the rate of evaporation and the size of
drOpleis created include the water distribution system, the type of fill,
the type of -tower, -the meteorological conditions, and the temperature_of

4 .
the recirculating water.

A drift eliminator manufacturer indicates that HEDE's can remove
80 to 90 percent or more of the drift discharged from low-efficiency
herringbone drift eliminators.’’*®' These drift eliminator efficiencies,
however, are basad on data collected with a test method that has not been
submitted to EPA for approval.
3.2.3 Cooling Tower Emissions

Three series of emission tests were conducted by EPA on IPCT's
equipped with low- and high-efficiency drift eliminators. The results of
these tests are presented in the next section.
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3.2.3.1 Orift and Chromium Emissions. The drift rate (rate of
water lost by entrainment in the cooling air drawn through the tower) is
often expressed as the percentage of the recirculating water flow rate
that is emitted. Likewise, the chromium emission rate can be expressed as
a percentage of the recirculating chromium rate. However, the chromium
emission rate from towers should not be confused with the drift rate.
Based on test results, a drift eliminator manufacturer claims that the
achievable drift rates range from 0.001 to 0.06 percent of the
recirculating water. The approximate dividing line between drift rates
for higher and lower éfficiency drift eliminators is 0.008 percent. Those
achieving a lower percentage are "higher efficiency," and those that
cannot achievé 0.008 percent are "lower efficiency."“"52

Drift can be estimated by measuring the emission rate of an element
(such as sodium, calcium, manganese, chromium, 1ithium or bromine) and
assuming that the percentage of water emitted as drift is the same as the
percentage of the recirculating element emitted. However, a claimed drift
rate may or may not be equivalent to the element's emission rate depending
on the way the drift rate was measured. Also, drift rate measurement
resuits are highly dependent on the measurement method; therefore,
achievable drift rate claims may not be comparable if they are based on
different measurement methods.

The EPA-sponsored emission tests of IPCT's at three facilities used
an isokinetic test method for chromium which is sti1l under development.
Emission factors relating the chromium emission rate to the chromium
recirculation rate were developed from each of these emission tests. The
average baseline (LEDE) and controlled (HEDE) emission factors for each
test site are presented in Table 11. In addition, five industry-sponsored
drift performance tests conducted by Midwest Research Institute and two
chromium emission tests conducted by Mobil are included. The emission
factors express the emission rate as a percentage of the recirculating
rate (milligrams of chromium emitted per milligram of chromium
recirculating in the tower multipled by 100). The most comprehensive
emission tests were conducted at Plant B. At this plant, two towers of
similar design located side-by-side were tested simultaneously under the
same meteorological conditions. One tower was equipped with an LEDE and
the other was equipped with an HEDE.
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TABLE 11.

COOLING TOWERS

EMISSION FACTORS FOR ggz@yALENT CHROMIUM FROM

Test site

Chromium emission
factor, percent

Standard deviation
(percent relative
standard deviation,
percent)

EPA-sponsored tests

A (HEDE)

C (HEDE)
B (HEDE)
B (LEDE)
A (LEDE)

Industry-sponsored tests

MRI No. 3 (HEDE)
MRI No. 4 (HEDE)

Mobi1-PTR Tower No. 5
(LEDE)

Mobi1-North Tower No. 6
(LEDE)

'MRI No. 1 (LEDE)
MRI No. 2 (LEDE)

MRI No. 5/6 minerals
test (LEDE)

0.0037
0.028 w/outliers

0.0038
0.0087
0.0267

0.0318
0.141 w/outliers

0.01
0.007
0.0334

0.0321

0.0305
0.034

0.018
0.021 w/outliers

0.0156 (49) -

0.0020 (54)
0.035 w/outliers (126)

0.0044 (116)
0.0037 (43)
0.0168 (63)

0.0292 (92)
0.192 w/outliers (136)

NA (--)
NA (--)
0.0306 (92)

NA (--)

NA (--)

0.0045 (25)
0.0094 w/cutliers (45)

aPerceritage of recirculating chromium that is emitted.

36



Since the completion of the emission tests at Plant B, additionai
methods development investigations have been conducted. These
investigations have revealed that the chromium sampling method is subject
to substantial error due to potentially severe problems associated with
chromium recovery and cross-over contamination from sample run to sample
run. The extent to which these problems appear in the test results
obtained at Plants A, C, and Mobil is uncertain. As a result, the data
presented in Table 11 should be used with caution.

The EPA believes that the tests at Plant B provide the best
available data on the relative performance of HEDE's. The EPA Method 13-
type testing at Plant B indicated a Cr*® emission factor of 0.03 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 current factors are based on the assumption that the ratio of
hexavalent to total chromium in the emissions is the same as that in the

_cooling water. The test program conducted by the Agency has not
conclusively identified the speciation of emissions (i.e., crt® versus
cr*?). For purposes of estimating Cr*® emissions, the conservative
assumption is that ail of the chromium is crté.

3.2.3.2 Sample Calculation of Chromium Emissions. The chromium
emission rate for any tower can be estimated by multiplying the emission
factor by the recirculating rate of water and the chromium concentration
in the recirculating water as shown in Equation (1).

| Ecp = KeReCopn (1)

where:
Ecp = chromium emission rate, mg Cr/min

K = chromium emission factor, percent of recirculating chromium
that is emitted
R = recirculating ra-e of cooling water, liters/min
cCr = concentration of chromium in the recirculating water, mg

Cr/liter = ppm (mulitiply Cr0, concentration by 0.448 to obtain
Cr concentration)
For example, the following calculation estimates the emissions from a
10,000-gailon-per-minute {gal/min) IPCT with a recirculating chromate
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concentration of 10 parts per million (ppm), equipped with a low-

efficiency drift eliminator.
= (10,000 gal/min)(3.785 titers/gallon) = 37,850 liters/minute

cCr = 10 ppm as Cr0. = 4.48 ppm Cr
K = the emission factor for towers with low-efficiency drift
eliminators; use K = 0.03 percent.
Ecp = K*ReCpp = (0.03%)(37,850)(4.48) = (0.0003)(37,850)(4.48) =

50.9 mg Cr emitted/min
To estimate the emissions from the same IPCT equipped with a high-
efficiency drift eliminator, use K = 0,0087.
Therefore:

Ecp = KeReCp\. = (0.0087%)(37,850) (4.48) = (0. 000087)(37 850) (4.48) =
14.8 mg Cr emitted/min
Thus, the emission reéduction achieved by a HEDE compared to a LEDE is:

59:%51§4§x100 = 71 perﬁent.

The following example calculation estimates the emissicns from a
500-gal/min CCT with a recirculating chromate concentration of 10 ppm,
equipped with a Jow-efficiency drift eliminator.

~  R= (500 gal/min)(3.785 liters/gal) = 1,892.5 Titers/min — -

Cep = 10 ppm as Cr0, = 4.48 ppm Cr
K = 0.03 percent
Ecp = KeReCep = (0. 03%)(1,892. 5)(4 48) =
(0.0003)(1,892.5)(4.48) = 2.5 mg Cr emitted/min

3.2.4 Nationwlde Emissions Distribution by Industry

In developing the NESHAP for chromium emissions from IPCT's, EPA has
generated industry-by-industry estimates of the total number of cooling
towers, the number of towers using chromate treatments, and chromium
emissions. Table 12 presents these estimates as currently known. The
data show that the industries of greatest concern are chemical manufac-
turing (43 Mg/yr [47.5 tons/yrl), petroleum refining (31.8 Mg/yr
[35.1 tons/yr]), and primary metals production (8.4 Mg/yr [9.3 tons/yr]).
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Together, these industries represent 98.2 percent of nationwide chromium
emissions from IPCT's.”® Table 12 also presents nationwide estimates of

chromium emissions from CCT's.
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TABLE 12. NATIONWIDE COOLING TOWER CHROMIUM EMISSIONS SUMMARY

Total No. No. of

of cooling cooling towers  Cr*® emissions?
Industry towers using chromate Mg/yr Tons/yr
Chemical manufacturing 5,096 2,039 43.13 47.54
Petroleum refining 680 476 31.82 35.08
Primary metals 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
Glass manufacturing 58 3 0.01 0.01
Utilities 775 6 0.95 1.05
.Subtotal (IPCT only) 9,348 . 2,855 84.8 93.5
Comfort cooling towers 250,000 37,500 33 34
. TOTAL - 259,350 - - 40,360 118 128
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4.0 SOURCE TEST PROCEDURES

4.1 CHROMIUM ELECTROPLATING

During the standards support study for hexavalent chromium emissions
from hard and decorative chromium electroplating facilities, samples to be
analyzed for hexavalent and total chromium were obtained in accordance
with EPA Method 5 (40 CFR Part 60-Appendix A), also referred to as
Modified Method 13-8 in test reports. The only modification to the sample
collection method was the elimination of the filter and the replacement of
H20 in the impingers with 0.1 Normal sqdium hydroxide. Method 5 provides
detailed procedures and equipment criteria and other considerations
necessary to obtain accurate and representative emission samples. In
order to sample for chromium emissions, Methous 1 through 4 must also be
used.

After collection, the samples were analyzed for hexavalent and total
chromium (total chromium is the sum of hexavalent chromium plus other
chromium). Concentrations of hexavalent chromium were determined using
spectrophotometric analysis while total chromium was determined using
inductively coupied argdn plasmography (ICAP). At the present time,
sample analysis has been performed in accordance with the tentative method
"Detection of Hexavalent Chromium from Stationary Sources (December 13,
1984)," and a draft method: "E.P.A. Protocol for Emission Sampling for
Both Hexavalenf and Total Chromium (February 22, 1985)."

4.2 COOLING TOWERS

During the standards support study for chromium emissions from
cooling towers, testing was conducted according to twb draft test methods
developed from previously conducted methods development testing:

“Method ___--Determination of Chromium Emissions from Cooling Towers" and
“Method ____--Direct Measurement of Gas Velocity and Volumetric Flowrate
Under Cyclonic Flow Conditions (Propeller Anemometer)." The cooling tower
method is similar to EPA Method 13 (40 CFR Part 60-Appendix A) with the
foliowing exceptions: (1) a Teflon™ filter is used in place of a paper
filter, (2) a propelier anemometer is used in place of the pitot tube for
gas velocity and flowrate measurements, (3) the determination of the
measurement site does not follow EPA Method 1, and (4) the chemical
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analysis for total chromium in the emission samples is performed using
Neutron Activation Analysis (NAA), Graphite Furnace Atomic Absorption
(GFAA), or ICAP. In conjunction with the emissions testing, repre-
sentative cooling tower water samples were collected to determine the
ratio of hexavalent to total chromium in the cooling water; these sampies
were analyzed for total chromium by NAA, GFAA, or ICAP and for hexavalent
chromium by the diphenylicarbazide colorimetric method (in "EPA Draft
Method-Determination of Hexavalent Chromium Emissions from Stationary
Sources," December 13, 1984). The ratio was used to calculate the amount
of hexavalent chromium in the cooling tower emissions.

Preliminary material balance calculations were performed on the
cooiing water at several towers to compare the apparent chromium loss in
the drift emissions with the emission measurements obtained during the
standards support study. Variables used in these calculations included:
cooling water flow rates to the towers, riser cells, and/or fan cells;
blowdown rates; makeup water flow rates; addition(s) of chemicals to the
cooling water; and chemical analysis of the cooling water samples taken
during testing. ' ‘ ' :

Two major modifications were made to the draft test method for
cooling towers based on problems encountered and knowledge gained during
the testing program. Initially, the draft method specified the use of NAA
to determine the total chromium content of the_impinger train samples and

dha Arnaldna wadkawm oam
ity ‘il III: Ak bl n

sample analysis and the limited availabflity of commercial NAA services,
two additional analytical techniques, GFAA and ICAP, were utilized and
were added as options to the draft test method. Unlike NAA, both of these
techniques require acid solubilization of the chromium in the sample prior
to analysis. In assessing the chromium recovery efficiency for the
concentrated impinger samples from the first test, it was discovered that
a significant residue remafned in the beakers used to concentrate the
samples. The concentration procedure was modified to require an acid
rinse of the beakers used for sample concentration with the rinse being
ddded to the concentrated sample.

. Segcause of the length of time reguired for
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