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A paper presented at the 2000 AESF/EPA conference provided a comparison of MFFRST-predicted
emissons from stacks with those reported in the Toxics Release Inventory (TRI) data base. While
predictions of some of the organic solvent emissons (TCE, e.g.) were Similar to reported quantities, there
was gpparently alarge discrepancy between predicted and reported emissions of metals. MFFRST was
predicting emissions two orders of magnitude and more lower than were reported in TRI. This paper
continues the testing of the emissons modd. Twelve stack test reports from chrome plating facilities in
Cdifornia were used in a modd validation exercise.  All pertinent parameters (tank size, initid
concentrations, current density, ventilation rates and others) were extracted and vaues assigned. Model
predictions of chromium (Cr*® and total chromium) emissionswere compared against measured emissions.
Initid testing showed an r? correlation of 0.59, between predicted and observed emissions. The model
modly underpredicted emissions by an average of about a factor of 6. This is much less than the
underprediction of MFFRST compared to TRI emissons. Causesfor thismode underprediction will be
explored and described in the paper.
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I ntroduction

MFFRST isa“user-friendly” tool that enables anyone to perform a screening characterization of
hedlth risks to worker and neighbors of metd finishing facilities. 1t was developed by the U.S.
Environmenta Protection Agency (EPA) under the Common Sense Initigtive (CSl) Metd Finishing
Sector. Thistool focuses on human heath impacts from inhaing chemicas emitted from metd finishing
fecilities. Thetool has three mgor modules that are combined to calculate hedth risks. Thefirst
module characterizes atmospheric emissions from process tanks in meta finishing shops based on
operating parameters (e.g., the concentration of chemicas in eectroplating baths). 1t isthis module
only that will be discussed in thisreport. The second module modeds the movement (i.e, fate and
transport) of the process tanks emissons to human receptors both in the metd finishing shop aswell as
to loca neighbors externa to the shop. The third module then caculates the level of exposure from
those emissions. The third module aso caculates the carcinogenic and non-carcinogenic risks from that
level of exposure.

MFFRST was firg introduced in January, 1999 at the AESF/EPA Conference for Environmental
Excdlence (Lorber, et d., 1999; Schwartz and Lorber, 1999). At that time, the proposed
methodology and input data for MFFRST had been devel oped, but not ingtdled into the software tool.
The fully ingtaled tool was completed and available in time for display at the June, 1999 SURF/FIN®
Conference. Based on public comments sought and received at both conferences from expertsin the
metd finishing industry, federd government (EPA, OSHA), sate agencies, non-government
organizations, consultants, and others, MFFRST was updated for presentation at the January, 2000
AESF/EPA Conference for Environmenta Excellence (Lorber, et d., 2000; Schwartz and Lorber,
2000). Subsequent to the January, 2000 presentation, additiona comments were sought and received,
and incorporated into the latest verson of MFFRST. These comments and responses to comments are
discussed in a companion paper to this one (Lorber, et d., 2001).

The primary purpose of this paper isto tex MFFRST emissions estimates (i.e., the output of the
first module) againgt actud fidd sampling data. As discussed below, MFFRST modd predictions of
chromium emissions very closdy matched measurements of chromium emissions, for both controlled
and uncontrolled emissions testing.

MFFRST Proceduresand Input Data

The firs module of MFFRST predicts emissons from dozens of metd finishing operaionsin terms
of contaminant concentration and aso in terms of daily massemissons. Specificaly, the MFFRST user
can choose any combination of 17 different meta finishing lines (eg., hard chromium eectroplating,
acid copper dectroplating, chromium conversion, sulfuric acid anodizing) from which to estimeate
emissons. Each metd finishing linein MFFRST consgts of anumber of different tanks from which
amospheric emissions are generated (e.g., the hard chromium eectroplating line conggts of an dkdine
cleaner, and dectrocleaner, an acid etch, and a chromium plating tank). The emissons from each of the
tanksin each of the lines are cdculated in MFFRST by using default input operating parameters. For



example, for the chromium plating tank in the hard chromium eectroplating line, the default input deta
are: tank surface area of 20 square feet, chromium concentration of 160 gramg/liter, current dengty of
1.5 amperes/sq.in., cathode efficiency of 15%, and a ventilation rate of 340 cubic feet per
minute/square foot of tank surface area (or 6,800 cubic feet per minute for the default 20 sg.ft. tank).
In addition, default control efficiencies are given for 12 types of emission controls (e.g., a packed bed
scrubber is estimated to be 99.27% efficient).

MFFRST dso dlows the user to design higher own metd finishing line (i.e.,, change the number and
type of tanksin aline, as compared to the default line), and/or change any of the default input operating
parameters (e.g., the user may have a 40 sq.ft. tank instead of the default 20 sg.ft. tank) or emission
control efficiencies.

For testing MFFRST, EPA compared actua emissions sampling data for chromium emissions from
chromium dectroplating tanks from 14 different hard chromium eectroplating lines (Refs. 5 - 15) to
predictions made by MFFRST. Table 1 summarizes the sampling data.

Mogt of the data are for controlled emissons only. However, the Hawker Pecific data dso include
emission results from uncontrolled emissons. All dataare for total chromium emissions, except for the
Department of Defense (DOD) data, which are hexavaent chromium. MFFRST conservatively
assumes tha dl chromium emissons are in the form of hexavadent chromium. The emission controls
used for each set of tests were avariety of scrubbers, HEPA filters, and mist diminators, with avariety
of different exhaust configurations. In addition to a scrubber, Kwikset aso controlled its emissons with
afume suppressant. Canyon Precison Plaing and Grinding used fume suppressants and polymer bals
in addition to mist diminators and a HEPA filter. Grant Piston Rings used a fume suppressant and
polymer balls, aswell asascrubber. For the DOD dectroplating facilities only uncontrolled emissons
datawere avalable. The types of emisson controls are noted on Table 1, column 2.

As noted earlier, MFFRST input data for a hard chromium dectroplating tank include the current
density, tank surface area, chromium concentration, and cathode efficiency. Some of thetestsin Table
1 gave data for chromium concentration and for tank surface area. None of the tests gave data for
current density or for cathode efficiency. Where data were not supplied MFFRST used default data,
which were noted above (current density equal to 1.5 amps/in?, etc.).

Tank surface area (which is essentidly determined by the size of the articles being eectroplated) is
used in MFFRST to cdculate the rate of emission (in cubic feet per minute - cfm). For those tests
where the surface area was given (9 controlled and 2 uncontrolled tests), MFFRST caculated the
predicted ventilation rate. For those tests where ventilation rate was supplied, even if the surface area
was a0 given, the measured ventilation rate was used instead of the predicted ventilation rete.



TABLE 1

CHROMIUM PLATING EMISSIONS VERIFICATION DATA

T I Z 3 4 13 o 4 S 9 10 1T IZ 13 14
Name of Facility Air Pollution Controlled Chromium Emissions (mg/day) Bath Conc. (g/l Cr-t) col.9/ Tank Surf. Air Flow (1000 cfm)
(referencesin parenthesis) Control Device* col.8 Area (sq.ft.) col.13/
col.12
Predicted Actual col.4/col.3 L og(Predicted) Log(Actual) Predicted Actual Predicted Actual
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Hawker Pacific (13)
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* Scrub. - Scrubber(varioustypes), PB - Polymer Balls, FS - Fume Suppressant, ME - Mist Eliminator, HEPA - HEPA Filter



MFFRST Emissions Predictions Versus Actual Field Testing

Table 1 compares several MFFRST -predicted data versus actua data, where actual data were
avalable. Specificaly:

1. Plaing bath concentrations (gramg/liter) of chromium (columns 8 through 10). These columns
compare the actua chromium concentrations with the MFFRST default concentration.

2. Tank exhaudt rate in thousand cubic feet per minute (cfm) (column 12 through 14). These columns
compare the actua ventilation with what MFFRST would predict given the tank surface area.

3. Raesof emisson (milligrams/day) for both controlled and uncontrolled emissons (columns 3
through 5). The emisson rates are the principa output from the tank emisson agorithmsin
MFFRST.

Thetop section of Table 1 isfor controlled emissions (the method of control being shown in column 2).
The bottom section is for uncontrolled emissons.

The predicted ventilation rates are compared to the actual rates in columns 12 and 13 respectively.
The ratios of the two rates are displayed in column 14, showing that on the average, for those tests with
emission controls, the actua emission volumes were only 43% of those predicted by MFFRST. If
these test data are representative, it would mean that MFFRST could be overpredicting chemica
emissions by afactor of about 2.3 (the inverse of 0.43), snce MFFRST ca culates mass emissions rates
asdirectly proportiona to ventilation rate.

Only two uncontrolled emissions tests, for the DOD facilities, supplied data for surface areaand
ventilation rate. 1n those cases, the actud ventilation rates were 73% and 81% of the predicted rate.

MFFRST default eectroplating bath concentrations are compared with actud test concentrations
(columns 8 and 9 respectively). The ratios of the actual versus the default concentrations are displayed
in column 10, showing that on the average for those tests with emission controls, the actua chromium
concentrations were about 80% of those supplied as default valuesin MFFRST. Thistoo would
suggest that MFFRST could be dightly overpredicting emissons by afactor of about 1.25, since
MFFRST caculates emissons as directly proportiona to bath concentration.

Both DOD uncontrolled emissions tests supplied plating bath concentration. (Actudly, dl sets of
uncontrolled emissions tests supplied bath concentration data, but the set from Hawker Pacific isthe
same asfor their controlled emissionsdata.) The data from the DOD tests showed actua bath
concentrations of 66% and 72% of the MFFRST default parameter assgnment.

After supplying the input data and/or using the modd defaullts, as described above, MFFRST
predicts emissonsin units of mass per day. It isimportant to note that the input parameter values taken
from the emissons tests for this modd testing exercise include the measured bath concentration and
ventilation air flow (which are shown in columns 9 and 13 of Table 1). In other words, the maximum
amount of provided information useful for developing the independent modd inputs to MFFRST were



used, and where the information was unavailable, MFFRST default vaues were used. In thisway, the
capability of MFFRST to predict emission rates is eva uated by comparing the predicted emission rates
with the measured emisson rates.  Uncontrolled emissions are predicted aswel as emissonsthat are
controlled with avariety of air pollution control devices. Table 1 shows a comparison of these
predicted emissions to actud emissonsin columns 3 and 4 respectively. Twelve complete sets of
predicted versus actua controlled emissons data are available. It should be noted that, due to
andyticd sengtivity, the set from Hawker Pecific has only “less than” vauesfor their actud controlled
emissons. These“lessthan” vaues have been used as though they did not have the “lessthan” symbal.
Theratio of actud to predicted emissonsisgivenin column 5. The average of dl theratiosis 5.7,
suggesting that MFFRST underpredicts emissions by afactor of well under 10, not even one order of
magnitude.

Uncontrolled emission data from Hawker Pecific (bottom of Table 1) are difficult to evduate
because various current dengities were used in the three low-load tests used, but these current densities
were not Sated. Likewise, three different current dengities were used in the high-load tests, and again
they were not stated. To determine emissions, MFFRST could only use the one default current density
input value of 1.5 amp/ir? (for al 6 tests), which of course would result in only one predicted output
vaue. The predicted vaues shown in Table 1 were derived from this default current dengity input
vaue, and using actud ventilation rates and plating bath chromium concentrations given for each of the
tests.

For the two DOD uncontrolled emissons tests, the ratios of actud to predicted emissons are 0.70
and 0.04 respectively, an average overprediction of about 2.7.

Theoreticdly, it should be much easer to predict uncontrolled emisson usng MFFRST as opposed
to controlled emissons. Thisis because there are dmost an infinite number of ar pollution control
scrubber and migt diminator designs, as well asinfinite combinations of air pollution control devices
and combinations of devices. Further, there are numerous fume suppressants, and concentrations of
suppressants, plus numerous sizes and distribution dengties for polymer bals. To complicate matters
further, thereis no way of knowing the current state of maintenance of any control device. MFFRST
limits its controlled emission predictions to 12 specific ar pollution control devices and combination of
devices, for which it assumes control efficiencies based on literature information. However, the
MFFRST user may override the 12 choices and enter any numerica control efficiency.

As an example of the diversity of air pollution control devices, we note that MFFRST has a* packed
bed scrubber” (PBS) default control efficiency of 99.3%. Hawker Pacific's“PBS’ has a control
efficiency of 99.2% when used at “low load”, and 99.9% when used at high load, based on the datain
Table1. (Average of low load uncontrolled valuesis 6.0 x 10* mg/day versus the low load controlled
value of 487 mg/day. Average high load uncontrolled valuesis 1.0 x 10° mg/day versus the high load
controlled value of 1,100 mg/day.)



Data Correation

To assst in determining the ability of MFFRST to accuratdly predict controlled emissions, the actud
versus predicted data from Table 1 were plotted. Because the predicted and actual data span severa
orders of magnitude (5.80 x 10° to 5.94 x 10° mg/day), the logarithms of the data were calculated.
They are shown in columns 6 and 7 of Table 1 for the predicted and actua data respectively. The plot
of these logarithmic data are shown on Figure 1. The log data were subject to aregresson andyss,
and plotted on the graph, as shown. The regression has a corrdation coefficient of 0.77 (and an r?
vaue of 0.59). Asshown on Figure 1, the regression andyss indicates that the best-fit equation
relating predicted (p) to actud (a) datais:

log(p) = 1.40(log(a)) - 1.65

or

log(a) = 0.71(log(p)) + 1.18

For reference, Figure 1 dso contains aline showing what the plot would look like if the predicted
vaues equaed the actud vaues. The predicted controlled emissions appear to be less than an order of
magnitude below actua emissons (as can be seen by comparing the two lines on Figure 1). This
difference could easily be explained by merely having an air pollution control device that is only 99.5
percent efficient instead of one that is predicted to be 99.95 percent efficient. Such adrop in efficiency
might be the result of less than optimum operating and/or maintenance practices. Or, the difference
might be aresult of not having the myriad combinations and permutations of control devices avalablein
MFFRST.

CONCLUSIONS

These results are very encouraging for use of MFFRST in apredictive mode. The default vaues for
the bath concentration of chromium average within afactor of 2.5 of actud vaues, and the predicted air
flow rates average within afactor of 1.3 of actud air flow rates. Mot importantly, the predicted air
concentrations of chromium are within afactor of 5.7 of measured air concentrations of chromium. In
generd, thisisagood modeling result, but it has to be consdered particularly successful given the point
made just above regarding pollution control device - the difference could be explained by an actud
control efficiency of 99.5% instead of amodeled control efficiency of 99.95%.
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Comparison of Actual and Predicted Emissions Data
From Chromium Plating Operations
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Figure 1. Comparison of Actual and Predicted Emissions Data from Chromium Plating
Operations.
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