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SECTION 1
INTRODUCT ION

The U.S. Envirgnmental Protection Agency (EPA) is currently evaluating
chromium and several other potentially toxic metals and their compounds.
Chromium emissions are not included in New Source Performance Standards
(NSPS) for stationary sources or National Emissions Standards for Hazardous
Air Pollutants (NESHAP).

As part of this study, EPA is evaluating atmospheric emissions of chro-
mium from hard chromium plating operations. The purpose of these tests is to
characterize uncontrolied and controlled emissions and size distribution of
hexavalent chromium (Cr+6) and total chromium (Cr) from a representative
industrial operation.

The Emission Measurement Branch (EMB) of EPA's Environmental Standards
and Engineering Division (ESED) requires contractor assistance in obtaining
chromium emissions data from a representative source so that an.accurate
assessment of the potential problems can be made and appropriate regulatory
action deveioped.

PEI Associates, Inc., under contract to EMB, conducted a testing program
at the Able Machine Co. in Taylors, South Carolina, on June 30 and July 1 and

6 and total Cr emissions were

2, 1986. Triplicate tests to determine Cr'
performed at the inlet and outlet of a Duall mist eliminator controlling

chromic acid emissions from one hard chromium plating tank.
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In addition, particle size distribution measurements were taken at sampling.
points before and after the mist eliminator in an effort to characterize Cr+6
and total Cr emissions by size fraction. Samples of the plating tank solu-
tion and mist eliminator wash water were also collected during testing and

6 and total Cr,

analyzed for Cr+
The objectives of this project were met, and no major probiems were

encountered during the test project. Section 2 of this report presents a
summary and discussion of test results; Section 3 addresses quality assurance;
Section 4 describes the sampling locations and test procedures; and Section 5
describes source operation. Appendix A presents sample calculations and
computer printouts; Appendices B and C contain the field data sheets and
laboratory analytical results, respectively; Appendix D details sampling and
analytical procedures; Appendix E summarizes equipment calibration procedures
and results; Appendix F cbntains a list of project participants énd a sampling

log; and Appendix G describes the draft test method for analyzing hexavalent

chromium emissions from stationary sources.
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SECTION 2
SUMMARY OF TEST RESULTS

This section details the results of the sampling program. Subsections

+6, total Cr

are used to identify results from each test type (i.e., Cr
particle size distribution, etc.); results are expressed in both metric and

English units where applicable,

2.1 TEST PROTOCOL

Table 2-1 presents the sampling and analytical protocol followed through-
out this project, the test identification, and the sampling times for each
specific test type.

In summary, triplicate tests were conducted simultaneously at the mist
eliminator inlet and outlet to characterize uncontrolled and controlied Cr+6
and total Cr emissions from this type of source. Procedures detailed in EPA
Test Methods 1 through 4* were used to measure flue gas flow rate, tempera-
ture, moisture content, and gas composition.

A Method 13B sampling train modified by eliminating the fi]ter and
placing 0.1 N NaOH in the impinger section was used to extract samp]es.**
This methodology was developed by EPA during previous studies on similar

plating operations. Cross-sectional, isokinetic sampling techniques were

used in each case.

* 40 CFR 60, Appendix A, EPA Reference Methods 1 through 4, July 1985,
sk
40 CFR, Appendix A, Reference Method 13B, July 1985.
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Hexavalent chromium content was determined by procedures recently devel-
oped by EPA for determining Cr+6 content in source emission samples. These
latter procedures entail extraction of the sample fractioné with an alkaline
solution, followed by the diphenylcarbazide colorimetric method.*

Each emission sample was also analyzed for total chromium by use of
Inductively Coupled Argon Spectroscopy (ICP) analytical techniques. A Per-
kin-Elmer Plasma Il instrument was used for this analysis, which followed the
general procedures outlined in EPA Method 3050 of EPA SW846.*

Samples were collected for particle size distribution measurements at
the mist eliminator inlet and outlet by the use of in-stack cascade impactors.
The Andersen Mark III multistage impactor was used at both locations.

Three particle size samples were collected at each location. Initially,
the acetone rinse and filter fraction were subjected to gravimetric analysis
using EPA Method 5 analytical procedures. At the completion of the gravi-
metric analysis, individual rinse and filter fractions were combined by stage
cutpoint and location so that one composite sample was available for analysis
of Cr+6 and total Cr. The filters were digested and analyzed for Cr+6 by use
of procedures detailed in Appendix D of this report. Total Cr was determined
from the digestion procedure filtrate using ICP analytical techniques.

During each emission test, plating tank solutions were collected. Grab
samples were obtained approximately every 30 to 40 minutes during the Modified
Method 13B tests. These grab samples were placed in a l-gallon polyethylene
container so that one composite sample of each type was available for analy-
sis. Mist eliminator wash water was collected by MRI personnel at the end of

each test day.

*
Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd ed., July
1982. :
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6 and total Cr by use of

A1l collected samples were analyzed for Cr+
procedures similar to those used in the analysis of the Modified Method 13B

samples. The following subsections detail the results of the sampling pro-

gram.

2.2 HEXAVALENT AND TOTAL CHROMIUM EMISSION RESULTS

Table 2-2 summarizes pertinent sampie and flue gas data, and Table 2-3
presents the results of the Modified Method 13B testing.

Sample volumes corrected to standard conditions [20°C and 760 mm Hg
(68°F and 29.92 in.Hg) and zero percent moisture] are expressed in dry normal
cubic meters (de3) and dry standard cubic feet (dscf). Volumetric flow
rates corrected to standard conditions are expressed as dry normal cubic
meters per minute (de3/min) and dry standard cubic feet per minute (dscf/
min). Hexavalent and total chromium emission concentrations are expressed as
3).

milligrams per normal cubic meter (mg/dNm Mass emission rates are ex-

pressed as kilograms per hour (kg/h) and pounds per hour (1b/h).

As reported in Table 2-2, sample volumes ranged between 3.16 and 4.66
de3 for the inlet tests and between 2.21 and 3.48 dNm® for the outlet tests.
Note that the first set of tests (MEI and MEO-1) were conducted for 180
minutes, while the remaining two tests were conducted for 120 minutes.
Isokinetic sample rates ranged between 93.4 and 100.1 percent for all tests,
which is within the applicable range of 90 to 110 percent.

At the mist eliminator inlet, volumetric gas flow rates ranged between
156 and 167 de3/min and averaged 161 de3/m1n (5680 dscf/min) for the three

tests. Gas temperature and moisture content averaged 33°C (92°F) and 2.8
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percent, respectively. The static pressure of the inlet flue gas was con-
tinuously monitored using a 0- to 36-in. water manometer. Static pressures
ranged between -1.65 and -1.90 1n.H20.

At the mist eliminator outiet, volumetric gas flow rates averaged 163
de3/m1n (5733 dscf/min) for the three tests, which compares to within 5
percent of the average inlet flow rate. Average temperature and moisture
contents were 37°C (99°F) and 3.3 percent, respectively. The average static
pressure measured during each outlet test was +1.5 in.H20.

The concentration of Cr+6

measured at the inlet to the mist eliminator
ranged between 6.84 and 10.2 rng/de3 (0.003 and 0.004 gr/dscf) énd averaged
7.96 mg/de3 (0.0033 gr/dscf) for the three tests. Mass rates for Cr+6

ranged between 0.064 and 0.095 kg/h (0.14 and 0.21 1b/h). Total Cr concentra-
tions ranged between 6.76 and 10.0 mg/de3 (0.003 and 0.004 gr/dscf) and
averaged 7.89 mg/de3 (0.0033 gr/dscf) for the three tests. Total Cr mass
rates were essentially the same és the Cr+6 mass rates.

The content of Cr+6 in the inlet sample ranged between 21.6 and 47.4 mg,
compared with values of 21.8 and 46.5 mg of total Cr. The overall compara-
bility of the data suggests that the majority of Cr in the samples is in the
form of Cr+6.

Concentrations of Cr+6 measured at the mist eliminator outlet ranged be-
tween 0.10 and 0.14 mg/de3 (0.000045 and 0,.00006 gr/dscf). Mass rates for
Cr+6 averaged 0.0012 kg/h (0.0027 1b/h). Total Cr concentrations ranged
between 0.11 and 0.15 mg/de3 (0.00005 and 0.00006 gr/dscf) with an average

mass rate similar to that of Cr+6.

The content of Cr+6 in the outlet samples
ranged between 0.226 and 0,451 mg and the content of total Cr ranged between
0.248 and 0.484 mg. On a mass rate basis, the overall Cr collection effici-
ency of the mist eliminator was 98 percent or greater for the three tests

conducted.
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2.3 PARTICLE SIZE DISTRIBUTION TEST RESULTS

Andersen Mark III in-stack impactors were used to measure particle size
at each location. Each impactor consists of eight impaction stages followed
by a backup filter. 1In these tests, glass-fiber filter media were used. A
total of three samples were collected at each location at points in the
ducf(s) representing the average velocity and temperature.

Each test was conducted according to the procedures described in the
Mark III operations manual supplied by the manufacturer. Isokinetic sampling
rates were set initially, and constant cut-point characteristics were main-
tained throughout the sampling period. Test times were 180 minutes at the
outlet location and between 60 and 75 minutes for the inlet samples.

At the completion of each test, the impactor samples were recovered
according to procedures descriged in the Mark III operations manual.

Each individual impactor stage and acetone rinse of the sample nozzle
and impactor casing was subjected to a gravimetric analysis using procedures
similar to those in EPA Method 5. Cumulative size distribution data points
representing the total weight of particulate matter smaller than the indi-
cated aerodynamic particle diameter [in micrometers (um)] were established
for each individual test. The cut points for each test were calculated by
computer programs contained in "A Computer-Based Cascade Impactor Data Reduc-
tion System"* (CIDRS) developed for U.S. EPA by Southern Research Institute
(SRI). A1l particle-size results are based on a particle density of 1 g/cm.3
Data reduction for the particle-size tests was performed by computer program-

ming; data on flue gas moisture and molecular weight were obtained from the

Method 13B tests.

* Southern Research Institute. A Computer-Based Impactor Data Reduction
System. Prepared for U.S. EPA under Contract No. 68-022-131, Revised March
1980,
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Figures 2-1 through 2-6 depict individual size distributon curves by
test location. These curves were plotted using size cutpoint and cumulative
percent weight data from CIDRS computer programs. Actual impactor stage data
points are depicted by the solid dots, and the open dots represent an extrapo-
lated best-fit curve. (See Appendix A.)

For the inlet impactor runs (Figures 2-1 through 2-35, individual impac-
tor stages did not contain enough particulate matter to yield reliable data
(no more than 0.4 mg was collected on any one stage, compared with a desired
amount of between 1 and 10 mg). Although the total catch for these runs
ranged between 15.9 and 42.4 mg, the majority of material was collected in
the sample nozzle and impactor casing prior to the filter media. Since the
collected material was observed to be a liquid mist, particles that normally
would be collected on the various stages may have been collected in the
nozzle and casing, which would tend to bias the cumulative percent less than
10 to 15 um on the low side. The cumulative size distribution curves for
these runs show that the percent less than 10 um ranged from about 2 to 5
percent with about 2 to 3 percent less than 2.5 um. The validity of this
data is questionable,

For the outlet impactor rﬁns (Figures 2-4 through 2-6), individual
jmpactor stage loadings ranged\between zero and 0.4 mg, which is less than
the desired loadings of between 1 and 10 mg per stage.

Once again, the majority of the total catch for these runs was found in
the sample nozzle and impactor casing prior to the filter media. The total
catch ranged between 0.9 and 6.0 mg. It should be noted that 0.1 N NaOH was

inadvertently used to rinse the nozzle and impactor casing for Test PSO-1;
therefore, only the filter weights are reported, which (for all practical
purposes) are considered void. For Tests PS0-2 and 3, the cumulative percent

2-9
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less than 10 um ranged between 26 and 35 percent, while the percent less than
2.5 um ranged.between 13 and 20 percent.

The average isokinetic sample rates* were all within the acceptable
range of the IP Protocol (80 to 120 percent), and the impactor sampling rates
were all within the manufacturer's suggested operating limits (0.3 to 0.75
acfm).

6

In an attempt to characterize cr*® and total Cr by size fraction, inlet

and outlet sampies were combined by stage cutpoint into a single composite
sample from each location and analyzed for Cr+6 and total Cr, Combined
filters were digested following procedures described in Method 3060 of EPA

6

SW-846 (alkaline digestion method) and analyzed for crt using the diphenol-

carbazide colorimetric method. The alkaline extract residue was then diges-
ted using Method 3050 of EPA SW-846 and analyzed for total Cr using ICP
analytical techniques. Table 2-4 summarizes the analytical results. The

6

inlet data show the majority of cr*® and total Cr in the acetone rinse as

greater than 10 um in diameter. These data correspond to the gravimetric

6 and total Cr is con-

data presented in this section. The remainder of crt
centrated on stages 2 through 6 with cutpoints ranging from 3.8 to less than
1.0 um,

6 and total Cr (exclusive of

For the outlet sample, the majority of Cr+
the acetone rinse) is concentrated on stages 4 through 7 with cutpoints
ranging from 2.6 to less than 0.5 um. Note that the total amount of Cr+6 and

total Cr on each stage do not compare favorably as did the results of the

*
Southern Research Institute. Procedures Manual for Inhalable Particulate
Sampler Operation. Prepared for U.S. EPA under Contract No. 68-02-3118,
November 1979,



TABLE 2-4. SUMMARY OF Cr'6 AND TOTAL Cr SIZE DISTRIBUTION DATA

Range of cr's, Total Cr,
size ug ug
cutpoints, (blank (blank
Run No. Stage No. um corrected) corrected)
PSI 1-3 0 9.7 - 9.8 4.6 18.25
1 8.6 - 8.7 6.5 18.0
2 5.8 27.8 51.45
3 3.8 - 3.9 64.8 101.1
4 2.1 78.4 125.25
5 1.03 - 1.04 35.9 61.4
6 0.64 22.4 42.75
7 0.34 13.8 30.9
Backup <0.34 1.3 0
Acetone >10 um 13,800 24,800
PSO 1-3 0 11.8 - 12.1 4.3 15.856
1 10.4 - 10.6 2.2 10.8
2 6.9 - 7.1 3.1 14,1
3 4.6 - 4.7 3.8 15.8
4 2.6 20.1 40.1
5 1.3 68.9 102.1
6 0.8 30.6 50.5
7 0.43 25.9 45.8
Backup <0.43 5.2 15.6
Acetone >12 um 121 164

a Range of size cutpoints as determined from the CIDRS computer program.
(See Appendix A.)
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modified Method 13B samples. This probably results from a reduction of Cr+6

to a lower valence state on the glass-fiber filter media.

2.4 PROCESS SAMPLE ANALYTICAL RESULTS

Samples of plating tank solution were collected during each modified
Method 13B emission test and analyzed for Cr+6 and total Cr using procedures
similar to those used for the emission samples. Mist eliminator washwater
was collected at the end of each day (6/30 and 7/1) on which the Method 13B

tests were conducted. Table 2-5 summarizes the analytical results.

TABLE 2-5. PROCESSS SAMPLE ANALYTICAL RESULTS

Laboratory Run No./ Chromium(VI), Total chromium,
No. description Fraction mg/liter mg/1iter
FT499 ME wash Liquid 2,790 3,490
water, 6/30
FT450 ME wash Liquid 3,470° 4,220
water, 7/1
~FT451 MEI (MEQ) -1 Liquid 79,000 84,500
tank
FT452 MEI (MEQ) -2 Liquid 81,000 85,800
tank
FT453 MEI (MEQO) -3 Liquid 82,700 85,100
tank

a Spike recovery was 105.8 percent for Cr(VI) and 70.5 percent for total Cr.
In the total chromium spike, 2 ug was added to the 40 ug present in the
sample. This spike level was too low for the amount already in the sample
and probably explains the lower recovery determined for this sample.
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_ SECTION 3
PROJECT QUALITY ASSURANCE

The application of quality assurance procedures to source emission
measurements ensures accdrate emission-testing résu]ts.' Quality assurance
guidelines provide the detailed procedures and actions necessary for defining
and producing acceptable data. In this project, four documents were used in
the preparation of a source-specific test plan that would ensure the collec-
tion of acceptable data: 1) EPA dﬁality Assurance Handbook, Volume 11,
EPA-600/4-77-0271; 2) PE! Emission Test Quality Assurance Plan; 3) PEIl Labora-
tory Quality Assurance Plan; and 4) Determination of Hexavalent Chromium
Emissions From Stationary Sources, December 13, 1984. Two of these are PEI's
general guideline manuals that define the standard operating procedures
followed by the company's emission testing and laboratory groups.

In this specific test program, which was reviewed by EPA's Emission
Measurement Branch, the following steps were taken to ensure that the testing
and analytical procedures produced quality data:

=]

Onsite quality assurance checks, such as leak checks of the sampling
train, pitot tube, and Orsat line. Onsite quality assurance checks
of all test equipment prior to its use.

Use of designated analytical equipment and sampling reagents.

Internal and external audits to ensure accuracy in sampling and
analysis.

Calibration of all field sampling equipment.

Checks of train configuration and calculations.
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Table 3-1 lists the specific sampling equipment used to perform the
Cr+6, total Cr, and particle size distribution tests as well as the calibra-
tion guidelines and 1imits. In addition to the pre- and post-test calibra-
tions, a field audit was performed on the metering systems and temperature-
measurement devices used during sampling. These data are summarized in Table
3-2, and copies of the field audit data sheets are presented in Appendix B of
this report.

The PEI project manager and EPA Task Manager performed the onsite sample
calculations, and computer programming was used to validate the data upon
return to PEI's Cincinnati laboratory. Minor discrepancies between the hand
calculations and computer printouts are due primarily to rounding off of
values. Computerized example calculations are presented in Appendix A.

The following subsections summarize the quality assurance activities
performed during the analytical phase of this project. As a check of the
gravimetric analytical procedure for particle sizing, a blank set of filters
and a reagent (acetone) were analyzed in a fashion similar to that used for
the actual field samples. Table 3-3 summarizes the blank analysis data,
which indicate good gravimetric analytical technique.

Emission and process samples were analyzed in two separate batches.
Table 3-4 summarizes the linear regression data of the spectrophotometer
calibration for these samples. Standards containing 0, 5, 10, 15, 20, and 25
ug of chromium(VI) per 50 ml were analyzed with each batch of samples. The
detection 1imits listed in Table 3-4 are based on an absorbance value of

0.005.
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TABLE 3-3. FILTER AND REAGENT BLANK ANALYSIS DATA
Average :
Tare gross Net
PEI 1lab weight, weight, difference,
Sample type No. mg mg mg
Acetone® FT337 98,791.3 98,799.2 7.9 mg
(0.0410 mg/g)
Andersen filter set
Stage 0, No. AS-37 FT328 159.6 159.7 0.1
Stage 1, No. AP-37 FT329 164.2 164.2 0.1
Stage 2, No. AS-19 FT330 162.4 161.9 0.5
Stage 3, No. AS-49 FT331 163.0 162.6 0.4
Stage 4, No. AM-32 FT332 144.1 143.7 0.4
Stage 5, No. AP-90 FT333 142.3 142.5 -0.2
Stage 6, No. AP-88 FT334 142.5 142.5 0
Stage 7, No. AQO-06 FT335 149.3 149.3 0
Backup, No. A-294 FT336 220.2 219.6 0.6

@ 1f a blank residue value greater than 0.01 mg/g or 0.001 percent of the
blank weight was obtained, a maximum value of 0.01 mg/g was subtracted

from the sample weight.
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TABLE 3-4. LINEAR REGRESSION DATA FOR SPECTROPHOTOMETER CALIBRATION

Detection
Date Correlation Duplicate Timit,
(1986) Y-Intercept Slope coefficient curves ug/ml
7/20 ~0.0045 0.0293 0.9998 No <0.4
8/12 -0.0000 0.0265 0.9999 Yes <0.2

The 1CP was also calibrated for each of the two batches. The initial calibra-
tion consists of a blank and a 5-ppm standard, both containing 50 ppm of
scandium as an internal standard. The internal standard is also added to all
samples at the same concentration. Table 3-5 summarizes the results of the
ICP QC check sample (1.00 ppm) analyzed after approximately every tenth

sample.

TABLE 3-5. QC CHECK SAMPLE DATA FOR ICP

Date Value determined,
(1986) ppm

.00
.02
.06
.05

7/23

-

8/15 .93

.97
.93

OO0 O0O0O
»

.94
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Table 3-6 summarizes all blank data for chromium(VI) and total chromium

analyses,
TABLE 3-6. SUMMARY OF BLANK DATA
Description Chromium(VI), ug Total chromium, ug

Reagent blank for particulate <0.4 <2

Acetone blank 0.6 <2

Filter stages 0, 2, 4, 6 0.9 11.0

Filter stages 1, 3, 5, 7 0.8 11.6

Backup filter 135 1968

Method 5 sample blank <6 <20

a
Based on largest volume of sample received.

Two fractions were analyzed for the modified Method 5 samples and the
process: the liquid and the digested solids. The amount of solids were
small, and the amount of chromium(VI) and total chromium in the solids were
insignificant compared with that in the liquid.

Table 3-7 summarizes the results of the spike sample and duplicate

sample analysis for chromium(VI) and total chromium.
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TABLE 3-7. RESULTS OF SPIKE AND DUPLICATE ANALYSES®

Run No. Spike recovery, % Duplicate results, mg/liter

PSI 1-3

Stage 5 87.4 total Cr -

PSI 1-3 88.4 Cr(VI) -

acetone

MEI-3 101.0 Cr(VI) -

MEO-1 92.5 total Cr -

MEI wash 105.8 Cr(VI) b 3,470, 4070 mg/Titer Cr(VI)

water 7/1 70.5 total Cr 4,220, 3,950 mg/liter total
Cr

MEI wash - 2,790, 3,270 mg/liter Cr(VI)

water 6/30 - 3,490, 3,320 mg/liter total
Cr

a Spike recoveries on solid samples were within the same range,

b Spike level was inappropriate for accurate recovery determination (2 ug were
spiked in 40 ug).
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SECTION 4
SAMPLE LOCATIONS AND TEST METHODS USED

4.1 SAMPLE LOCATIONS

Samples were simultaneously extracted from the inlet and outlet ducts of
the mist eliminator. Figures 4-1 and 4-2 show the inlet and outlet sample
locations.

At the inlet, two sampling ports were located 90 degrees off-center,
approximately 2.4 duct diameters (dd) downstream and 0.62 dd upstream from
the nearest flow disturbance in the 19i-inch i.d. round duct. A total of 24
traverse points (12 per port) were used to traverse the cross-sectional area
of the duct. Sample times were 180 minutes (7.5 minutes per point) for the
first test (MEI-1) and 120 minutes (5 minutes per point) for the remaining
two tests (MEI-2 and -3).

At the outlet, two sampling ports were located 90 degrees off-center,
approximately 1.33 dd downstream and 0.58 dd upstream from the nearest flow
disturbances in the 24-inch i.d. round duct. A total of 24 sample points
were used to traverse the cross-sectional area of the stack. Sample times
were jdentical to those used at the inlet. The minimum port location cri-
teria specified in EPA Method 1* could not be met at the mist eliminator
outiet location; however, this was the only feasible location to extract

samples. As detailed in Section 2 of this report, the quality of inlet and

x*
40 CFR 60, Appendix A, Reference Method 1, Juiy 1985.
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outlet flow rate data indicates that this problem did not adversely affect

test results. Note also that samples were extracted after the mist elimina-

tor but before a fixed vane moisture extractor designed to remove mist which

may pass through the mist eliminator.

4.2 HEXAVALENT AND TOTAL CHROMIUM SAMPLE EXTRACTION AND ANALYSIS
As shown previously in Table 2-1, three tests were conducted at points

located before and after the mist eliminator in order to determine the Cr

and total Cr content.

Prior to sampling, velocity, static pressure, molecular weight, moisture

content, and temperature were measured to define samp1ing rates and nozzle

sizes as described in EPA Reference Methods 1 through 4 In addition, the
degree of turbulent flow at each location was assessed based on procedures
described in EPA Reference Method 2. In this method, the face openings of

the Type-S pitot tube are aligned perpendicularly to the duct cross-sectional

plane, designated "0-degree reference.” Null (zero) pitot readings obtained

at 0-degree reference indicate an acceptable flow condition at a given point.

1f the pitot reading is not zero at O-degree reference, the pitot is

rotated (up to 90 degrees * yaw angle) until a null reading is obtained. The

value of the rotation angle (yaw) is recorded for each point and averaged

across the duct. Method 2 criteria stipulate that average angular rotations

greater than £10 degrees indicate turbulent (nonaxial) flow conditions in the

duct(s). Angular rotations of less than 10 degrees were observed at each

location, which indicated acceptable flow patterns and enabled the extraction

of representative samples from this source.

* 40 CFR 60, Appendix A, Reference Methods 1 through 5, July 1985.
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An EPA Method 13B sampling train was used to extract samples. The train
was modified by eliminating the sample filter and placing 300 ml of 0.1 N
NaOH in the impinger section. Each train consisted of a heated, glass-lined
probe followed by a series of four Greenburg-Smith impingers, a calibrated
orifice, a dry gas meter, and associated equipment to measure gas flow and
temperature and maintain isokinetic sampling conditions.

The impingers were weighed before and after each test to determine the
moisture content of the flue gas stream. The contents of the impingers were
placed in a polyethylene container, and all glassware including the sampling
nozzle and probe were rinsed with 0.1 N NaOH; this rinse was added to the
same container. Appropriate blank solutions (0.1 N NaOH) were also taken for
analysis. Upon return to the laboratory, each sample (including blanks) was

6 using analytical methodology recently developed by EPA. A

analyzed for crt
copy of the draft method entitled "Determination of Hexavalent Chromium
Emissions From Stationary Sources" is contained in Appendix G of this report.
In summary, this method entails the extraction of the sample with an alkaline
solution, followed by the diphenylcarbazide colorimetric method.*

At the completion of the Cr+6 analysis, a separate portion of each
sample was digested and analyzed for total Cr by use of ICP analytical tech-

sk

niques. Appendix D of this report contains the detailed analytical method-

ology used for these analyses.

4.3 PARTICLE SIZE DISTRIBUTION

Three samples were collected at each test location to determine particle

6

size distribution. These tests were designed to characterize cr*® and total

*
Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd ed., July
1982, Method 3060.

™ Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd ed., July
1982. Method 3050.
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Cr emissions by size fraction. A1l size distribution tests were performed in
accordance with procedures detailed in the equipment manufacturer's operations
manual. Guidelines established in the IP Protocol* were used‘to evaluate
collected data.

Samples for particle-size distribution measurements were collected using
an Andersen Mark II1 impactor with glass-fiber filters as the substrated
media. This in-stack impactor consists of eight cut-point stages and @
packup filter. The sampled gas stream enters the system through the pre-
cutter. Particles with sufficient inertia are impacted against the sides of
the precutter. smaller particies flow with the gas stream, exit the pre-
cutter, and enter the main impactor. Then, particles with sufficient inertia
are impacted on the front of the zero stage plate (no filter), smaller
particles pass through the holes 1in the zero stage plate, and the portion of
these particles with sufficient inertia impacts on the zero stage filter.

The remainder of the particles pass through the holes in the first stage
plate and similarly on to each succeeding stage. Finally, a glass-fiber
backup filter removes all particles remaining in the gas stream downstream of
the final, seventh stage plate.

A single impactor was used to collect samples at each location. Two
points of average velocity were selected at the outlet location and a single
point of average velocity was selected at the inlet. Sampling times were 180
minutes at the outlet and between 60 and 75 minutes for the inlet samples.

Isokinetic sampling rates were set initially based on the expected
average gas velocity at the selected sample points, and constant cutpoint

characteristics were maintained throughout the sampling period. The average

* Procedures Manual for Inhalable Particulate Sampler Operation. Prepared by
Southern Research Institute for EPA, Contract No. 68-02-3118, November

1979.
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isokinetic sampling rate for each run was based on the actual flue gas
velocity pressures and temperatures measured at each of the test points. At
the completion of each test, the impactor samples were recovered according to
procedures described in the mark III operations manual.

Each recovered fraction was subjected to a gravimetric analysis using
procedures similar to those in EPA Method 5, except that the "constant weight”
criteria for the filters was 0.2 mg instead of 20,5 mg. At the completion
of the gravimetric analysis, samples were combined by location and stage

6 and total Cr. Analytical procedures followed

cutpoint for analyses of et
those previously described.
Cut-points for the eight Mark III impactor stages were calculated by
computer programs contained in "A Computer-Based Cascade Impactor Data
Reduction System" (CIDRS) developed by Southern Research Institute (SRI).*
A1l particle size results are based on a particle density of 1 g/cm3. Data
reduction and intermediate results calculations were performed by the CIDRS
program, and moisture contents and gas molecular weights were obtained from
the Cr+6/tota1 Cr tests. Size distribution curves were established to repre-

sent the total weight percent of particulate matter smaller than the

indicated aerodynamic particle diameter in micrometers.

4.4 PROCESS SAMPLES

Process samples {plating tank solution) were collected by PEI personnel

during each test period. Each sample was collected at least four times

* Southern Research Institute. A Computer-Based Cascade Impactor Data
Reduction System. Prepared for U.S. Environmental Protection Agency under
Contract No. 68-022-131, Revised March 1980.
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during the test period and placed in polyethylene containers. A sample of
-mist eliminator wash water was collected at the end of each tggt day and
placed in a polyethlyene container. These samples were analyzed for Cr+6 and

total Cr according to procedures similar to those used for the actual emission

samples.
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SECTION 5
PROCESS DESCRIPTION AND OPERATION

5.1 PROCESS DESCRIPTION _

Able Machine Company is a small-sized job shop that performs hard
chromium electroplating of industrial rolls. Hard chromium plating of
industrial rolls provides a wear-resistant surface and protection from
corrosion. The plating facility consists of two tanks, a new tank and an
old tank. The old tank, however, is used only when the new tank is down
for repairs or otherwise unavailable. The emission measurements
documented in this report were performed on the new tank (see Figure 5-1)
and its associated control device. )

The new tank was installed in July 1985. Based on size: operating
parameters such as current, voltage, plating time; and chromic acid
concentration, the tank is typical of other hard chromium plating tanks
used in the electroplating industry. The tank is 4.3 meters (m)

(14.0 feet [ft]) long, 1.2 m (4.0 ft) wide, and 3.0 m (10.0 ft) deep, and
holds about 15,820 1iters (1) (4,180 gallons [gal]) of plating solution.
The plating bath used is a conventional hard chromium plating solution
containing about 210 grams per liter (g/¢) (28 ounces per gallon [0z/gal])
of chromic acid and 1.3 g/2 (0.18 0z/gal) of sulfuric acid. The normal
operating temperature of the plating bath ranges from 43 to 60°C (110° to
140°F). The tank is cooled with circulating water. The tank is equipped
with a transformer rectifier rated at 12 volts and 12,000 amperes.

The plating tank is operated 8-hours (h) per day, 5 days per week.
However, the tank is sometimes operated overnight to plate rolls that
require a thick metal deposit. Typically, the tank is operated at full
capacity (12 rolls). An overhead hoist is used to transport rolls to and
from the plating tank. After plating, the rolls are rinsed with water
from a hose over the top of the plating tank. This rinsing allows excess
plating solution on the rolls to drain into the plating tank, thus
reducing drag-out. It takes a total of about 40 minutes to unload and
load the plating tank.
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5.2 AIR POLLUTION CONTROL

The plating tank is equipped with a .push-pull capture system and a
chevron-blade mist eliminator that were manufactured and instealled in July
1985 by Duall Industries, Incorporated. The push side of the capture
system consists of a 5.1-cm (2-in.) diameter pipe along the entire length
of the tank. The pipe contains 72 holes that are each 0.32 cm (0.125 in.)
in diameter. The holes are spaced 5.1 c¢m (2 in.) apart. The pull side of
the capture system consists of an exhaust hood installed on the back of
the tank. The hood measures 3.6 m (12 ft) in length and 1.8 m (6 ft) in
height and contains 3 rows of slots with 15 slots per row. The slots are
25.4 centimeters (cm) (10 in.) in length and 2.54 cm (1 in.) in width.
Both sides of the tank are equipped with baffles 1.2 m (4 ft) in length
and 1.8 m (6 ft) in height. Removable panels are placed over the top of
the tank during plating to enclose the surface of the plating solution to
maximize capture efficiency.

Chromium emissions from the tank are vented to a chevron-blade mist
eliminator located on a mezzanine structure behind the tank. The mist
eliminator contains two sets of chevron blades. Each set changes the
direction of gas flow four times at thirty degree angles. The gas flow
rate of the system is 170 cubic meters per minute (6,000 actual cubic feet
per minute). The pressure drop of the mist eliminator is rated at
0.5 kilopascals (2 in. of water column). A moisture extractor is
installed in the stack downstream of the mist eliminator. The moisture
extractor consists of a stationary set of blades that centrifugally forces
acid mist or droplets entrained in exhaust gas to impinge against the
sides of the extractor wall. The droplets drain down the sides of the
extractor into collection areas. The moisture extractor was installed at
the company's request to control chromium emissions that might be drawn
through the mist eliminator. The mist eliminator and moisture extractor
are washed down with about 284 liters (%) (75 gallons [gal]) of water at
the end of each work day, and at the beginning of the work day if the tank
was operated overnight. Washdown water is drained into a 606-2 (160-gal)
holding tank inside the plating shop. The plating tank is equipped with a
float that regulates the flow of makeup water from the holding tank to the
plating tank.
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5.3 PROCESS CONDITIONS DURING TESTING

Mass emission and particle size distribution tests were conducted at
the inlet and outlet of the mist eliminator on the new tank to
characterize the uncontrolled emissions from the hard chromium plating
tank and the performance of the mist eliminator. The first and second
mass emission and particle size distribution runs were conducted
concurrently. The third particle size distribution run was conducted
after the third mass emission run was compieted. The process was
operating normally during the tests.

Process operating parameters such as the voltage, current, and
plating solution temperature were monitored and recorded during each mass
emission test run. Descriptions (dimensions and surface areas) and
plating requirements (current and plating time) of each individual part:
plated also were recorded for each test run. Process data sheets
documenting the process and control device operating parameters during
mass emission testing (test run Nos. MEI-1 through 3 and MEO-1 through 3)
are presented in Appendix H. Data on the average operating parameters
recorded during the mass emission test runs are presented in Table 5-1.
The pressure drop across the mist eliminator was not monitored; however,
there were no indications of any malfunctions in the mist eliminator or
capture system during testing.

Grab samples were taken from the tank to determine the chromic acid
concentration of the plating solution during each mass emission run. Grab
samples of the mist eliminator and moisture extractor washdown water also
were taken at the end of the day. The mist eliminator and moisture
extractor were washed down with about 318 & (84 gal) of water after the
first mass emission test run and with about 254 & (67 gal) of water after
the third mass emission test run. The chromic acid concentration of the
grab samples is reported in Section 2.4 of this report.

Test run Nos. 1, 2, and 3 were each interrupted for approximately
45 minutes to unload and reload the tank.

The total amount of current supplied to the tank during each test run
is calculated in terms of ampere-hours and included in Appendix H. A
tabular summary of the total current values is presented in Table 5-2.
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TABLE 5-1. AVERAGE OPERATING PARAMETERS FOR THREE MASS
. EMISSION SOURCE TEST RUNS

- Temperature
Operating Operating of plating
Test Run No. voltage, current, solution,
Inlet/Outiet volts amperes °C (°F)
MEI-1/MEO-1 7.5 8,579 52
(125)
MEI-2/MED-2 7.1 9,527 52
(125)
MEI-3/MEQ-3 7.5 7,054 52
(126)

- I N N S N AN =N B B =

' 1
]
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TABLE 5-2.

TOTAL CURRENT SUPPLIED TO THE TANK DURING THREE
MASS EMISSION SOURCE TEST RUNS '

Test Run No. Total current, ampere-hours

Inlet/Outilet Inlet Outlet

MEI-1/MEO-1 25,790 24,367

MEI-2/MEO-2 18,717 18,773
A

MEI-3/MEO-3 15,868 13,771
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Fxample Calculations for Particulate Emissions

1. Volume of dry gas samples corrected to standard conditions. Note:
Vm must be corrected for leakage if any leakage rates exceed La'

AH
bar + 13.6

std Tm

P

Vm = 17.65 x Vm x Y

2. Volume of water vapor at standard conditions, ft3.

V. = 0.04707V
Wetg 1.

3. Moisture content in stack gas.

v
B = ¥std
wS Vrr + Y
std  Ystd

4. Dry molecular weight of stack gas.

Md = 0.440 (% C02) + 0.320 (% 02) + 0.280 (% N2 + % C0)

5. Molecular weight of stack gas.

Mg = My (1-B, ) + 18 B,

6. Stack velocity at stack conditions, fps.

Ts

V. = 85.49 Cp ( QAP ) avg.
s Ps Mg

7.  Stack gas volumetric flow rate at stack conditions, cfm.

QS = 60 x Vs X AS

(continued)
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tions for Particulate Emissions (continued)

g. Dry stack gas volumetric flow rate at standard conditions, cfm.

Q = 17.65 0 T <I—B )
Sstd g TS WS

' I [xample Calcula

I g. Concentration in gr/dscf.

Mn
I C's = (0.01543) T

Metd
l 10. Particulate mass emission rate, 1bs/h.

C's
' pmr = x Q x 60
! 7000 Sctd
I 11. Particulate mass emission rate, 1bs/106 Btu.
_C's 20.9
_l E= <500 % F * (2005 - %0, %02)
I 12. 1sokinetic variation.
' v
l R
. 100 T, | 0.002669 'c + m Y Phar + T3. 6)

I 60 @ VS Ps I-\n
I_ A-3




Nomenclature and Dimensions

A. = cross-sectional area of stack, ft?

$
An = area of sampling nozzle, ft?
ws - proportional by volume of water vapor in the gas stream, dimen-

sionless

C_ = pitot tube coefficient, dimensionless

C's = concentration of particulate matter in stack gas, g/scf, dry
basis

]
1
i
]
% CO = percent of cgrbon monoxide by volume, dry basis
% C0, = percent of carbon dioxide by volume, dry basis l
E = particulate mass emission rate, 1b/106 Btu .
F = F-factor, dscf/lO6 Btu
AH = average pressure drop across the orifice meter, 1‘n.H20' l
I = percent of isokinetic sampling |
L., = maximum acceptable leakage rate for either a pretest leak or for a l
leak check following a component change; equal to 0.00057 m3/min
%2;22 cfm) or 4 percent of the average sampling rate, whichever is I
Md = dry molecular weight, 1b/1b-mole. l
M = total amount of particulate matter collected, mg
M. = molecular weight of stack gas (wet basis), 1b/1b-mole l
% N2 = percéﬁt of nitrogen by volume, dry basis
1
i
1
i
1
1

% 02 = percent of oxygen by volume, dry basis

AP = velocity head of stack gas, in.HZO

Pbar = barometric pressure, in.Hg
PS = absolute stack gas pressure, in.Hg
pmr = particulate matter emission rate, 1b/h
(continued)
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Nomenclature and Dimensions (continued) .

QS = yolumetric flow rate, wet basis, stack conditions

Q. volumetric flow rate, dry basis, standard conditions
std

average temperature of dry gas meter, °R

u

T
m
TS = average temperature of stack gas, °R

Vy *© total volume of tiquid collected in impingers and silica gel, m)

c

y = volume of sample through the dry 9as meter at meter conditions,

Mmoo fe3

v = volume of gas sample through the dry gas meter at standard

Mstd conditions, ft2

stack gas velocity at ctack conditions, fps

-
n

Vwc = yolume of water vapor collected in impingers and si]icﬁ gel cor-
ctd rected to ctandard conditions, scf

dry as meter calibration factor

-
n

total sampling time, minutes

o
1]

Note: Standard conditions = 68°F and 29.92 in.Hg.
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Plant

TRAVERSE POINT LOCATION FOR CiRLLAR DUL 1S

DBLE nfmu :ww,m

Date

T L%

Sampling 1 o/catwl('t _’I.—AE‘F

Inside of far wall to outside, w Fs
of nipple 1§Ye ME
Inside of near wall to outs1de /pf '
nipple (nipple length) f///ig Aot O
stack 1.D. LL5 o [ /%
Nearest upstream disturbance/.,z’/' dd , —r;r '
Nearest downstream distyrbance : /7% .l dd l""""' 7/7 — 2"
Calculated by L 24"
SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POWT LOCATION |
PONT FRACTION COLUMNS 2 AXD 3 NIPPLE FROR OUTSIDE OF RIPPLE
RUBER OF STALK 1D, | SYACKLD. (YO REAREST 172 IKCH) LENGTH (S8 OF COLIMIS § & 5)
/ NFY) pnr Lyl M s=K"
o~ 087 2.5/ 1"
4 /e _2.30 rY 7
4 /72 3.v8” A%
| ) 259 ¥.9% &%
¢ 354 %} %’
7 699 256 ’_Z_'
[ ¥ ¥Iy] /9653 147
| /0 092 /7.& 77 % ”
'/_; 923 /¥ ./% Jra
’ b ,79 /90 , /’ k -
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TRAVERSE POINT LOCATION FOR CIKCULAR buv 15

plant ABIE /i{&gﬂz& ) )
pate _ é;/ /5> '
sampling location _ A £ Duwrre7
Inside of far wall to outside
of nipple o Y
inside of near wall to outsid’s of,
nipple (nipple length) 4

stack 1.D.
Nearest upstream disturbance L4 Y dde .SB

' -»‘

Sa”

Wt

\)‘1\

)

;

78T Locotoom l

[ -

Nearest downstream disturbance 22 " ddzr.33 24T D
Calculated by ;
SCHEMATIC OF SAMPLIXG LOCATION - I
i i
TRAVERSE PRODUCT OF TRAVERSE POWT LOCATION | _
POINT FRACTION COLUNNS 2 AXD 2 NIPPLE FROR DUTSIDE OF MPPLE | '
RURBER OF STACK ID. | STACKLD. (YO NEAREST 173 MCH) LENGTH (SUM OF COLUMIS 4 2 51
/ e 24 . So¥ [ Ye” l
2 .7 1.6/ /Y
> V73 2.9 Z %" |
d 297 4,25 ‘w” s
S 2EP &.o N
¢ | .3s5¢ £.59 0% l
2 ¥y S 4l 7= "’
v 250 oo /& 75 N{/e-5¢
g . 823 79,75 793y ° l
N £ 2% /.77 EYRT by
” 433 22,39 32 %"
la. |.72% 23.5 280" I
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l GAS VELOCITY AND VOLUMETRIC FLOW RATE
plant and City ABs Macine Co Date
' sampling Location ME DuTeET Clock Time __ 407 -
Run No.  A¥-/ Operator / /&fﬂ/w _
v L4 A
l Barometric Pressure, in.Hg Z@L? Static Pressure, in.H,0 + /.50
Moisture, % __2 Molecular wt., Dry _ 9 pitot Tube, Cp 54
l stack Dimension, in. Diameter or Side 1 24 Side 2
I FIELD DAYA CALCULATIONG
wr | S PESCIUE AL
WUMELE (59‘), \h.H‘,C TEMF, , *F
IF’E;/ | Pl gL =7 2 yr ) s ) 2 18 "'
2 | 47 g2 O .
- | e 7/ Tk
4 | 35 9/ -2% . ‘
I 3 _ 22X i =4 s F e *R =« ("F + 460}
_k_ L 30 q/ *O P S.P
7 2.2 5/ PYAACRE :R R Ve—TE
X | i “ ( - /
l & ‘ ':347( ‘Q ! o Ps n.Hg
7L l 14 / . ‘?/ V‘é =
LL \ Y 7 < P -
| e
V4 P / papent = B5.49 z Lp x P )
Z '. s —7 iy PRV
S o Z/ ' ——
7y | ] =/ -j/yvinas.lgx( y o ( )t 1___._‘._—-
I < | . g‘ o :
. é P “/Ok / o v; - f1/s
fs)? 15 g/ +7
. Wi 4 a0 7
l Vi ‘ QF / ;/
[ | 1 ZL /70 v, n A 1 2
)/ | ) 7/ iF 22
|2 l LOX Z/ +24& . x 260
| { 72 825
—=7 . 3%5 | ¥ =91/ & et
l n‘“‘-csax':.un:i.u--;?u;-‘)
'.' Q‘“d . 2 17.647 3 = x {1 - —'—'_TR"_—’
. ‘i - WWW. Q‘std . asete
l B-5




_Plant and City
sampling Location

Run No. V-

GAS VELOCITY AND VOLUMETRIC FLOW RATE

ABLE MAWE [ GReen e ate

¢ S0/,

ZleT”

Barometric Pressure, in.Hg

Moisture, %

y Molecular wt.,

A9, 1

_ Ligek Time 34 -
Operator_A/y(‘_kﬂTme AL

Static Pressufé, in.HZO

pry Z9 _ Ppitot Tube, Cp PA

- /9

R . N . . -y .
Stack Dimension, 1in. Diameter or Side 1 195" Side 2
FIELD DATE CALCULATIONS
H,0 H,0
4 7
TRRVTSSt VLo cracr Mo hox ()= g ¢ 18 )
NUMET (8F,), in.H,0 TEME,, °F _
I/ :é v g 17-0 , e ) - o0 )+ 18 ¢ 100 )
25
[}
e
(9 .. . . qe .
2;. 5__?’ ,‘ Ts F Re ("F + 460)
174 $.p,
~ = ; AR R A )
% A f
-91 B Ps n.hg
2L v =
28 7 - —
iy T .
r4 ; _%‘Z_ vs-as.aaucpxﬁ.-v-%ﬁ
: .
S X7 /
j__ ‘3’:‘7— VS'BS.lgx( yr | ) x .‘,_...-.—lu——
~ . e
£ ZJS/ Vs fu/s
- i @)
Pd & ke 1t
1 2
/ L
3
/= . Y/l ¢ x x 6D
Af iL(f_ 7?’, s i L g - actm
. Ps H?(‘ .
05;15. Cs 1 17.647 ltl (1 - =T b
and . x 17.647 » x () - o
Q"std . dasctm
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FIELD AUDIT REPORT: DRY GAS METER
BY CRITICAL ORIFITE

DATE: p-30-5¢ CLIENT: £Ph-EME

BAROMETRIC PRESSURE (Ppar): 22 79 in.Hg METER BOX NO. -2
" QRIFICE NO. 5 PRETEST Y: 977 _ hHe /£t in.K0

0

ORIFICE K FACTOR: 5277 x 107 AUDITOR: ___&.

orifice Dry gas Temperatures Duration

manometer| meter [ Ambient | Dry gas meter | of

reading reading ai/Taf’ Average Inlet Qutiet Average run
bH, Vi/Vf' Ta’ Tii/Tif' Toi/Tof’ Tme min

in.H,0 ft3 °F °F °F °F

- o000 | 93| 83.5\ ZE

2.4 i/@é.ooo‘ 1 \ rqb \ g4

QH@ ngia-
!Tf ; tion, ?nﬁﬁbgyf/
. : : R . . ‘ 0' 0& @
2996
17.647(V_)(P + AH/13.6)
v - m’ ' bar - 72
Metd ~ 7+ 360) 7472 $v°
9
v - 1203( 9 ) K )(Ppgp) - 5¥75¥/ £43 5954

Mact = 172
(Ta + 460) 2%, %131

v

m .
: _ act . i o _Audit Y - pre-test Y =
pudit Y = —— Q,ys Y deviation ATy x 100 = #FZ

Mstd -

P ]2 = /.92 in.Hp0

Audit LH@ = (0.0317) (8 (P ) (T * 460) {y V)P, * OH/33 6)
m ar '

pudit Y must be in the range, pre-test Y +0,05 Y.
Audit AHE must be in the range pre-test AH@ =0.15 inches HZO‘




..

. FIELD AUDIT REPORT: DRY GAS METER
BY"CRITICAL ORIFICE

DATE: 6 /30/5¢ CLIENT: LB -LEM3

BAROMETRIC PRESSURE (P, ): in.Hg METER BOX NO.  £p-//

ORIFICE NO. - PRETEST Y: ;978 AHE /. /& in.K,0
ORIFICE K FACTOR: 5. 37775/0"/ AUDITOR: JAW(
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading Tai/Taf' Average | - Inlet Outlet Average run
Ay VilVes a* | Tis/Tier | Tot/Topr | T 2
in.Hzo ft3 °F °F °F °F o
A 983 00 | Vb $4 g 7 &l 9425 1T =2
' 994 $o0 | 8¢ sec | /0= | 92 |ssyzs| sav3

Dry gas v v Y Audit

meter Metd*|  Mact’ | Audit, devia- AHE, AH@ Devia-
Voo 3 fts3 ft3 Y tion, % in.H,0 tion, in.H,0
/.3 | o4 | 089 | 9P | gl /.11 Sy Yen’
29.37
17.647(V_)(P___ + AH/13.6)
v m’ bar
m = =.//0’7/ fi3
std (T * 860) 5oy > o
1203( @ )( K )(P__.)
L T = /OFT 112

(T, + 460) =23.3.c

Vm

Audit Y = —2EL = 8o/ Y deviation =
std '

Audit Y - Pre-test Y

Aoty x 100 =

m

o, —12=, _
Y V(P +AH/13.6-)_, l0/7 in.Hp0

Audit 4HE = (0'0317)(AH)(Pbar)(Tm + 460) l: —

Audit Y must be in the range, pre-test Y =0.05 Y.
Audit AH@ must be in the range pre-test AHR +0.15 inches HZO'
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DATE:

FIELD AUDIT REPORT: _
BY CRITICAL ORIFICE

VLY

BAROMETRIC PRESSURE (P
ORIFICE NO.

wirics x i _ A0 worron DSkl

ORIFICE K FACTOR:

):

bar

in.Hg METER BOX NO.

#7248 xyrt

DRY GAS METER

CLIENT: _ AL E A WE

Z-9

PRETEST Y:

AUDITOR:

Mg D, 74 in.hy0

2 "
Audit OHB = (0'0317)(AH)(Pbar)(Tm + 460) ‘:Y_(V )(Pb g T EA7IE) =_j, 03 in.HZD
m ar '

Audit Y must be in the range, pre-test Y #0.05 Y.
Audit AHG must be in the range pre-test AHR 20,15 inches HZO'

' Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
l reading reading Taf/Taf' Average | Inlet Outiet Average run
B, | ViV ar | Tii/Tigr | Toi/Torr | * Tme o
l in.H,0 ft3 °F °F °F °F °F w7105
g 2 Doerd s |00 [ 177 (727 |0
l Dry gas Vm Vm Y Audit
meter std’ act’ Audit, devia- AHR, AH@ Devia-
' Vs ft2 ft3 ft2 Y tion, % in.H,0 tion, in.H,0
M8 | 3oy | 2T | 460 | 2T 4 403 | T« 0l 7
I' i
. y 17’647(Vm)(Pbar + AH/13.6) i 13} 03 \
Mstd T+ 260 ~5r, = ft
m D"’f‘b IRrd
wi? s
I 1203(’5’)( ‘57{(; 2
v _ bar _ -
l (T, + 460) 2-7,5,27
Vm X
Mgy uait Y




. FIELD AUDIT REPORT: 'DRY GAS METER
' BY CRITICAL ORIFICE

e .

DATE: ¢ [&o / Fo CLIENT: 4,{5[5‘ /A HINE
BAROMETRIC PRESSURE (P, . ): Z2,3 in.Hg METER BOX NO. F7 / '

ORIFICE NO. ____ - - \pRETESTY: _ . 7H/ BHe A8 in.H0
ORIFICE K FACTOR: __ 725 /077 AUDITOR: _[). Sche e/

=
Orifice Dry gas Temperatures Duration
manometer| meter Ambient Dry gas meter of
reading reading ai/Taf’ Average intet Qutiet Average run
AH, ,VA/Vf’ Tay T.i.i/T.lfa To.i/Tof: T ) ”

m in,
in.H,0 £13 °F °F °F : ot | sz 985
J oo | 65 S, v 3 1 4

[ [Bo970| 8] ;s 1" |8

e
Dry gas v v Y Audit

meter Metd® Mact® | Audit, devia- AHE, AH@ Devia-
ft2 ft? ft3 Y tion, % in.H,0 tion, in.H,0

SRER 2RI /.56 1,03

- g f7 C 29,47

17'647(Vm)(Pbar + AH/13.6) .
std (Tm + 460{{53‘5- = /3'4£5’ ft3
/g #.7}7‘“1(1‘ ;_4:3
v ) 1203( @ )( K )(Pbar) :
Mact = 172
(Ta + 460)/:}.%']

— DO

3
I
"

Vm

Vm

act - ,‘??’o Y deviation = Audit ¥ ;\uzgi-tﬁt Y x 100 = 200
std

Audit Y =

U

| &

| 2

Audit 4HB = (0.0317)(2H)(P . (T + 460) [Y VP, : m AH/13.6] =/ 8L in.H0
m ar

Audit Y must be in the range, pre-test Y +0.05 Y.
Audit AHP must be in the range pre-test AH@ £0.15 inches H20.
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THERMOCOUPLE. DIGITAL INDICATOR
AUDIT DATA SHEET

Date - 30-5¢ _ Indicator No. Z2/9 Operator _éW(

Equivalent Digital indicator

Test Point Millivolt temperature, | temperature reading, Difference,
No. signal* i °F %
1 o @ 2
2 /00 /00 o
3 200 202
4 SO0 300 9,

Percent difference must be less than or equal to 0.5%.

Percent difference:

(Equivaient temperature °R - Digital indicator temperature reading °R)(100%)

Where °R = °F + 4B0°F

{Equivalent temperature °R)

* -
These values are to be obtained from the calibration data sheet for the
calibration device.
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET .

Plant /Jé Wlec /,;gg. ] /!’. Sample date é/cﬁc){fé
| Samp'le location- M&  TA/fe7” - Recovery dat, : v |
Run number MEL —/ Recovered by Z
Filter number(s) NWA —
MOISTURE
Impingers N T Silica gel .o

Final volume (wt) _&/f. S\ /ml(g)  Final wt oS8, b
Initial volume (wt)S842/ 4. 5‘7?&11(9) Initial wt %75, %

Net volume (wt) __2%5 |22, f{.{f-} m(g) Netwt __ 427
Description of impinger ’water fﬁ % spent

Total mois?{re /05, / g

RECOVERED SAMPLE

Filter container nurnber(s) )1//@' Sealed —
Description of particulate on filter—__

Probe rinse Liquid level

container no. MA marked —
blank Liquid level —_

container no. 4/ﬂ marked

Impinger contents Liquid level

container no. t70 1 -A marked . \/
blank ' Liquid level

container no. 47035 - A marked v

Samples stored and locked

Remarks
i
LABORATORY CUSTODY
- ’ ‘.’P
Received by %ﬁ ‘Lo'xLAZ[/ ' Date - /3706
Remarks '

Figure 3-6. Particulate sample recovery and integr‘ity data sheet.
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Cr"'§/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant }%é/f //a_é /r,'dg, (o. _ Sample date ‘7///{6'
Sample location __ A E Tz~ Recovery date " ol ffe
Run number MNEL — 2 Recovered by T
Filter number(s) A e

MOISTURE
Impingers #/ A2 [#3 Silica gel
Final volume (wt) <@, ’23ml(g) Final wt T30 9
Initial volume (w'?W; %g s72.¢m(g) Initial wt __ Bed/ g
Net volume (wt) 28,5 §.¢ [ 6.9 m(g) Net wt 329 g
| Description of impinger water 45" % spent

Y tloidd ¥ —
/ Total moisture 692 g

RECOVERED SAMPLE

Filter container number(s) A4 Sealed
Description of particulate on filter

Probe rinse ' Liquid level

container no. NA marked

TonEaTRer no. s e

npinger COMENS pg A marked

Lt D s A e T

Samples stored and locked
Remarks '

LABORATORY CUSTODY
f e '
Received by Lp \ﬁu* PR AR Date -7 /%/"Z(

Remarks

Figure 3-6. Particulate sampie recovery and integrity data sheet.
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant /4 éle /Z._J'/a. L. Sample date 7/)/5¢
Sample location __ Me T fer Recovery date 7///f ‘-
Run number gﬂﬁ Recovered by

Filter number(s)

MOISTURE

Impingers #! 3 ~ Silica gel

Final volume (wt) &7/ {(c?2Y . sz20@2m (g) Final wt §320 g
Initial volume (wt ﬂm &?. mi(g) -Initial wt go7, 0 g
Net volume (wt) 25<) €. 7] .4 m(g) Netwt 3l g
Description of impinger watep—W. el % spent

L —
Total moisture i g

RECOVERED SAMPLE

Filter container number(s) A/ # Sealed
Description of particulate on filter

Probe rinse ' Liquid level
container no. A/A- marked
biank Liquid level
‘conta'lner no. o, H marked
+~=> Impinger contents Liquid level
container no. #747—A  marked L/
blank Liquid level
container no. %703 — M marked ‘/
Samples stored and Tocked /
Remarks
/ LABORATORY CUSTODY
Received by - C@B\"W ~. Date 7/2) 0%
Remarks ot

at

Figure 3-6. Particulate sample recovery and integrity data sheet.
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- Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET

Plant __ Ab/e Wlochii: . Sample date __&/30/5C o
sample location /&  Cuj7el Recover@_%éiigfé_ .
(& .

Run number __ NED—/ ‘Recovered by
Filter number(s) NV

MOISTURE
Impingers ﬁﬁ/@ #1) i3 Silica gel
Final volume (wt) %ggééfﬁjm‘l(g) Final wt ) Y W g
Initial voiume (wt)/, 015\ 57. 4 mi(g) Initial wt B2/, 7 g
Net volume (wt) £%3)/03) 3.6 mi(g) Net wt 23,2 g

Description of impinger water 25~ % spent

-—a%}ﬁ' e/lm) Lot -~

Total moisture /03, A g

RECOVERED SAMPLE

Filter container number(s) A/4 Sealed -

Description of particulate on filter e I

Liquid level

Probe rinse :
container no. A/ '4 marked

blank Liquid level
~container no, WA marked

mpinger contents Liquid Yevel /
4702-R

marked

container no,

Nae# blank Ligquid level
container no, Y703 -A marked

Samples stored and locked
Remarks

: : LABORATORY CUSTODY
. oz 7 // . o Jrg
Received by s (f-c‘ll /J'/OL Date ﬂ/a/lé/é |

Remarks

Figure 3-6. Particulate sample recovery and integrity data sheet.
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- Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET -

Plant M ”/444/’1/:. / .

sample location ME  Our/e7”

Sample date Gf// /7

Run number M=o — 2—

vz

Filter number(s)

: ' Recover%w- 7 ZZ Zf@
Recovered by
\-—-"

Impingérs #/
Final volume (wt) &F
Initial volume (wt)SB8 £98.9 (739
Net volume (wt) if,") /7,4) Y.z

/

Description of impinger water

Total moisture

MOISTURE
Silica gel
ml(g) Final wt G007
mi(g) Initial wt _588%>
mi{g) Net wt LR
— o % spent
7/

RECOVERED SAMPLE

Filter container number(s)

AR

ap—

Sealed

Description of particulate on filter

—

Probe rinse

container no. . A
blank
L‘fonta1ner:no. /VG4
Impinger contents
container no. 4707 4
Aoo# blank
container no. Y4703 -A

Samples stored and locked

Liquid level
marked

Liquid level
marked

e ——

Liquid level
marked

v

Liquid level
marked

o

i

Remarks

LABORATORY CUSTODY

/.99

Received by

Date 7/’; /‘%

Remarks

Figure 3-6.

Particulate sample recovery and integrity data sheet.
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Cr+6/TOTAL Cr SAMPLE RECOVERY AND INTEGRITY DATA SHEET
~ Plant /4'5/& /M.(_/(A/e. G Sample date 7/455
“ Sample location _ ME purfe7” Recovery date._7///£¢C
Run number Mep —32 Recovered by @ |
Filter number(s) VE
MOISTURE

Impingers Silica gel

Final volume (wt) . Final wt Sz2. ¥ g
Initial volume (wt)$9¢7leos ¢) 87 Smi(g) Initial wt €06, 6 g
Net volume (wt) Z0.( \&3—!&5.7 mi(g) Net wt lez. 9
Description of impinger water — /. — #6 % spent

Total moisture S5 g

RECOVERED SAMPLE e ———

Filter container number(s) /I/A‘- Sealed
Description of particulate on filter

robe rinse Liquid level
container no. A/ & marked
blank Liguid level
container no. S # marked
mpinger contents Liguid level /
container no. SP4L — A marked L
blank Liquid level
container no. 70 3 - A- marked 7
Samplies stored and locked \__/'/,
Remarks ‘

LABORATORY CUSTODY

Received by iﬁ (:fvfwé X Date '7/5 / %

Remarks

Fiéuré 3-6. Particulate sample recovery and integrity data sheet.
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PARTICLE SIZE DISTRIBUTION
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

‘Plant /éé’ﬁ -'%'1—4»%—' lo. Sample date B C’/ £é
Sample location _ & TS T Recovery date é[ /fé
Run number Psx -/ Recovered by
N
RECOVERY SAMPLE
Cyclone particulate —_— Liquid leve)
container number _ marked
Cyclone and nozzle rinse Liquid level
container number - marked
Nozzle (or inlet chamber) Liquid level
rinse container number 4705 -A wmarked L/
Acetone blank Liquid level
container number 177”5% marked /
Filters
Stage Filter number Container number Container sealed Comments _
0 #4377 =« Y705t v i ww
! e Lr32 W [ ~ oo
2 pRU._#rs7 \ - LAT; st 4Ty
3 Aw s l - 7 7w
4 A 35~ [ - v
5 r4'/d38' l / 174 X ’
6 Mﬁi 1 /’ (4 ’” /"
7 #’E?g - " [ 71
Backup Aesy / - Aone Uisalifo

Samples stored and locked /

Remarks “l/uj/ A{ua;/ bironil o s /ﬂ.a;,?(e//cfu-;,,b-—q__

LABORATORY CUSTODY

Afi .
Received by ﬁ/ @}{;//ﬂg Date '7#7 /,‘74

Remarks

B-27



| e
(3
T
¥
v
¥
L J
-
—
T
—
-3
 J
-y
-

\Haa.u
-
[ : .

ofn-up’ ®av)

T
i fecpekefer porptRde el

. [ ] .

&TTI..#.T&E.—....—.&I.T::~::

R

Nel oW WD) e

iz o

IOSICITrINITCaIIIMI000

ofrgis]infee r—:—éwgt
L e




ANDERSEN IMPACTOR RECOVERY AND INTEGRITY -SHEET

- plant ,4&/6" M¢¢A,)V5, é , : Sample date ___7////:?6 i

sample location ME /e T” Recovery date 7//(/5’(.
Run numper __ PSL Recovered by

RECOVERY SAMPLE

Cyclone particulate /1/ Liquid level
container number ﬁ' marked
‘Cyclone and nozzle rinse /V/\‘" Liguid level
marked s

container number

Nozzle (or inlet chamber) Liquid level /
470?"4 marked

rinse container number

Acetone blank Liquid level \/
container number '-/*70&*#’ marked
Filters
stage Filter number  Container number  Container cealed Comments
0 Hos 2~ 2 768 — (3 e A WMM_M
1 g | v w0
3 gnsd - 7 T
4 Ao43 - Herire "
5 AL7 -~ T
6 4”1 q? // N . A o
7 AT - E A
Backup A0L2 ;T . A/
samples stored and locked \/ /
Remarks
VI LABORATORY CUSTODY o )
Received by M [’-41 ;v /-h Date a /.l/f'é

Remarks
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

 Plant _ géég ”/fz;;/r)’e-— 4 . Sample date _ 4/4‘/84 ] . .

oy

I sample location A& T T Recovery date Z///fé |
'. Run number ﬁﬁf-:& Recovered by @)
s
l RECOVERY SAMPLE
; Cyclone particulate P Liquid level
,I container number /’/ marked
§
Cyclone and nozzle rinse 4, Liquid level
I container number A marked
Nozzle (or inlet chamber) _ Liquid level /
I rinse container number 2§ ~H marked
| Acetone blank Liguid level
l container number 270¢-H4  marked ‘/
: Filters
l Stage Filter number  Container number  Container sealed Comments
. 0 Loc3- "/7‘/“5"’@ ' s grerrlile 4"&
l ! Ay o
| 2 A/ 79 / N ~~
1 3 424 [ - Wi "
4 A8/ / o T
. 5 AP / Lokt
6 27 [ oo
; 7 4123 [/ sty et
I Backup /4‘/%2_ }/ i »r
i
samples stored and locked
I Remarks
=
k] LA LABORATORY CUSTODY )
— . ’_/ oy =~ /s
l Received by P A V /¢ Date vl e
H Remarks !
B-31
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ANDERSEN IMPACTOR RECOVERY.AND INTEGRITY SHEET

Plant " 7{ e ﬂnz-é,.- G Sample date @/._39’/?5 .
Sample location M= OteT 77" Recovery date 4 /§05
,ﬂ.fa-/ Recovered by ; %
N

Run number

RECOVERY SAMPLE

Cycione particulate Liguid level

container number marked
Cyclone and nozzle rinse Liquid level
container number marked

Nozzle (or inlet chamber) Liquid level /
i i 476%-A4  marked

rinse container number

Acetone blank 470&—'4 Liquid level /

container number marked
Filters
Stage Filter number Container number Containeyed Comments
0 Aro/ S 204> / WM
1 AD5Y \ n o
2 ROTY _ v
3 APr 2 \ -~ ro "
4 Ac 73 \ - Lo A oty
- 74 .,
5 Ao5h \ - Ltn Lol
6 Ae3s ! Pt /4§;43L' ’
7 A2t ’ // = Mﬁzﬁ
Backup A%t !. / ;/M e
Samples stored and locked }
| \
Remarks
ABDRATORY CUSTODY
o f
Received by C(, Date q/’:“/'[
Remarks S
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ANDERSEN IMPACT

OR RECOVERY AND INTEGRITY SHEET

container number

oant  AOLE MAHMECO camote date . 7/LJEE
sample location MisT £ L MnRToR Ou7LET Recovery date ¢
Run number /450-'ib Recovered by ___
RECOVERY SAMPLE
Cyclone particu\ate /1/kP Liquid level

marked

Cyclone and nozzle rinse
container number

Liquid level
marked

Nk

Nozzle (or inlet chamber)
rinse container number

Liquid level

Acetone blank
container number

_
S

"(7/6‘-'A' marked
Liquid level
YpL—A marked

Remarks __

Filters
Stage Filter number Container number Container sealed Comments_ 42124:7
0 AD07 w70 -8 ~ o Aable
1 AN (L ~ I
2 . - e
3 iz W / v
4 A0S e fraght e ST
5 /9/0/(0 . // V4 y a4
6 OO/ -/ v v
7 ﬁN/O . ’ / L ) ’ t
Backup 206/ /- e e
' 4
Samples stored and locked L’///,
Remarks
0 A LABORATORY CUSTODY o 1
Received by - KJ;\L ) V. Date 7//) / J0

,I
!
.

o
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET

“ plant ;M— ' %JI::’-* (?: Sample date - 7/2{-—/&’6 R
Sampie location ME DPe7/e7”  Recovery date 7/:51\Fé
Run number Pso -3 Recovered by f%

RECOVERY SAMPLE

Cyclone particulate Liquid level
container number marked

Cyclone and nozzle rinse Liquid level
container number marked

Nozzle (or inlet chamber) ‘7‘7?‘9’ Ligquid level

rinse container number Ly marked ——

Acetone blank Liquid level
container number Y706 A  marked —

Filters

0 4083 4749 — /3 el

Ao 76 / 7% " z
RL57 ) [ RN
W/g / // - 7y )

gogS s Aoty cpem (B
v ’ /‘/ ~ 1/ 57

AotE

AcE7 o
7 A ss , va

Backup /‘7?-75' / /

Samples stored and locked

LoA TN & ) B - U5 B A

Remarks

9 LABORATORY CUSTODY L
- [;.) . | 7 / f’ -3 /1 /__/%
Received by ~ Vel oYY Date o A
Remarks

I Stage Filter number Container number Container sealed Comments .
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LABORATORY DATA SHEETS
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PEI Associates, Inc. LABORATORY REPORT FoRM

Sampie type: Stack samples

Client: US Epa EMp o Project no:  3415.5p

Requisition: 9497
Able Machine Company Received: 7/3/86

Sampled by: PE1
Reported: 8/20/8¢

attn:

Lab No. Run Number Fraction Chromium VI ,mg Total Chromium,mg

FT 407 Me1-y liquid 47.4 44,5

FT 408 ME1-2 liquid 22,4 22.3

FT 409 ME]-3 liquid 21 . 4% 21.8

FT 410 MEep- liquid 0.451 0.484%

FT 411 MED-2 liquid 0.332 0.348

FT 412 MEg-3 liquid 0.22¢4 _ 0.248

FT 413 blank ligquid {0.006%% {0.021 #*=x

%¥Spike recovery was 101.0% for chromium (VI) and 92.5% for total chromium

*% Based on largest volume used for the samples

Submitteg by: ;%£
a_ E&,M ML

PEI stociates, Inc,
11499 Chester Road
Cincinnati, Ohio 4524¢
(513)~782~470p

-2




I PEI Associates, INC. | ABORATORY REPORT FORM
l Sample type: Particle size samples
Ciient: US EPA EMB Project no: 3615-22
I Requisition: 9497
Able Machine Company Received: 7/3/86
Sampled by: PE1
Reported: - 8/20/86
I attn: d
l Lab Number Run No. Stage No. Chromium ¢(V1),ug Total Chromium,ug
FT 346,356,366 PSI 1-3 0 4.8 21.0
I FT 347,357,367 1 6.7 20.9
FT 348.358.348 2 28.0 94.2
FT 349,359,349 3 é5.0 104
FT 250,340,370 4 78.6 128
I FT 351,361,371 S 34.1 44, 3%%
FT 352,362,372 6 22.6 45.5 i
FT 353,343,373 7 14.0 33.8
l FT 354,364,374 back-up 2.8 19,2
FT 355,345,375 acetones 13800% ' 24800
l FT 374,386,3%¢6 PSO 1-3 0 4.5 18.6
FT 377,387,397 | 2.4 13.7
: FT 378,388,398 2 2.3 14.8
FT 379,389,399 3 4,0 18.7
I FT 380,390,400 4 20.3 42.8
FT 381,391,401 9 69.1 105
FT 382,392,402 é 30.8 93.2
I FT 283,393,403 7 26.1 48.7
FT 384,394,404 back-up 6.7 35.4
" FT 385,395,405 acetones 121 164
I FT 328,329,330 Blank 0,2,4,6 0.9 11.0
FT 332,333,334 1,3,5,7 0.8 11.46
FT 336 back-~up 0.5 *x 6.6%%
I FT 337 acetone 6.6 {2.0
: Extraction - {0.4 {2.0D
I #Spike recovery 88,4% for chromium VI and B7.4% for total chromium
SAMPLES NOT BLANK CORRECTED
; #% Blank values must be multiplied by 3
Submitted by:
i o Bt
y PEl Associates, Inc.,
11499 Chester Road
l Cincinnati, Ohio 45244
(513)-782-4700
_l -f/(’ v
I c-3




PEI Associates, INC. | ABORATORY REPORT FORM

Samplie type: Process samples

Client: US EPA EMB  Project no:  3615-22 |
Requisition: 9505 I
Able Machine Company . Received: 7/3/86
Sampled by PEI
Reported: 8/20/86
attn:
Lab No. Run No., Description Fraction Chromium{Vi), Total Chrornium,]
mg/ 1 mo/1
FT 449 MEl/Wash water &/30 liquid 2790, 3270 34%0, 3320 I
FT 450 MEl/Wash water 7/1 liquid 3470%,4070 4220 ,% 3950
FT 451 MEI-1 tank liquid 79000 84500 I
FT 452 MEI-2 tank | liquid 81000 B5800
FT 453 MEI-3 tank liquid 82700 85100

% Spike recovery was 105.8% for Cr (V1) and 70.5% for total chromium

The total chromium spike was 2 ug added to 40 ug present in the sample
This spike level was too low for the amount already .in the sample and
probably explains the lower recovery determined for this sample.

Submitted by: Z)z( BE

PE] Associates, Inc.

11499 Chester Road /
Cincinnati, Ohio 45246 -7’/4/'
(513)-782-4700 ' g




FETHOD 5 BLANK ANALYTICAL DATA

Pt /454' Mol e .,

vod

v
-

I Sample location
: Relative humidity of laboratory So % .
I Density of acetone (pa) Q. 7£44 g/m v~
" Sample Liquid level at mark
ﬂl Blank type jdentifiable and/or container sealed
| Acetone o L
Filter _
Acetone blank container No. %7/ 2 Lab No. 7 74 /14 /
Acetone blank volume (Va) V&4 m - o
Date and time of wt _z/az/ /..f%é Gross wt /03045 47 mg - »°
Date and time of wt rr// /L f,‘("i‘éz"{ Gross wt _/ &30z 50 7 mg v
ACerage Gross wt 7L B0 o mg ~ v
Tare wt [ L322 e/ mg- v
Weight of blank (ma) 4 s mg -~ /
Ca = —1(ma) £ . __ooxgr -mylg )5’/

(va) (pa) (r7#0 ) arod
Note: 1In no case should a blank residue greater than 0.01 mg/g or 0.001% of
© the blank weight be subtracted form the sample weight.

Filter blank container Np. Lab No.
Filter blank No. T
Date and time of wt Gross wt mg
Date and time of wt - Gross wt g
Average gross wt ng
Tare wt ng
Difference og

Note: Difference must be less than 15 mg of.2% of tota) sampie ueight.
whichever is greater.

Remarks E’ 2 (’//7 / ‘r“rlgz,g_’ému/ﬂ ﬂ[ﬁ_“ ;Zi L. Ao ,\\ - e

e

s, ,f,_’ H‘/ « Lo ,// ¢ ,1 s / - A _:__/cl u{ \/q( -~ N v
Signature of analyst : . \J._( O /L g
Signature of reviewer 7, / ,;[(m ' g T N
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_ ANDERSEN IMPACTOR ANALYTICAL DATA

Plant A de Z/{ﬂ:u//a.lf. - Run No._A87-7

Sample location

Relative humidity SO % . _
Density of acétbne (p2) _ : _._5, ~7j97 - 4 )
Sample Sample Liguid level at mark
type identifiable and/or container sealed
Acetone rinse e —
filter(s) L e
Acetone rinse container no. 7 O S Lab No. Z;"_i—f_s‘ /
Acetone rinse volume (Vaw) /I E ml - v
Acetone blank residue concentration (Ca) 2.0/ wmylg v
= Ca Vaw pa = (2.0/ ) ( 1/2) lazpsg) = o g3 mg - ¥
Date and time of wt 7//-',4_’;".4. /02"  Gross wt /00.244S ™ v
Date and time of wt =~ 5.’ l {72' ;/-25 Gross wt /o457 Mg - 7
Av/er'age Gross wt_/pzio, 4 o Mg /
Tare wt_ypp0.3/, -2MQ - 4
Less acetone blank wt (Wa) 0.9 mg .-

Weight of particulate in acetone rinse Tl & Mg~ v/

Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 P D-L7 T T3 /58 159 v p, ) S
1 L L= Dl . 37 [t il L2
2 D -l P (et & =7 Sl = o, ¥ -
3 pa—~F 3«7 (0T S ks oY, G
4 AM -~ 35 250 (et S = _LEeleS3 . e O:nd ¥
5 Ap—_35 25/ 5 sl o o % -
6. HE= 23 ER) /e5D ~7 (e f -7 =2,/ -
7 p— 0.0 B [“fp ./ _/¥80.7 _B .7
Backup RSy CETA 258 S el L3 ) 2.3 -7
Weight of particulate in acetone rinse G32.8 —
Total jf,é -/
_ ./ o~ .
. Signature of analyst -_L {5 0 e gJ/Z» L) frs ges) .
Signature of reviewer AL ,a 2 /U,/ i //'-n/l/ _
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ANDERSEN IMPACTOR ANALYTICAL DATA

P\ant_;_- é’é £ jf/g 4,1,:)5, (75 Run NOLZS:Z__L

sample location

‘Relative humidity ~X4 % '
pensity of acetone (o2) 'a,ﬁﬁﬁ ' - s -
( Sample \ sample \ Liquid level at mark J
Lype jdentifiable and/or container sealed

Acetone rinse \ " \ e ‘\
filter(s) \ v \ - J
Acetone rinse container no. <708 /3 Lab No. 77845
Acetone rinse volume (Vaw)__ 91/ m -

pcetone blank residue concentration (ca)__ o.of ma/9 - v

"s = Ca Vaw pa = (@07 ) ( 9¢° ) (cm9d © o074 ™ 7

pate and time of wi 7//.,11/:;'4. s 2% Gross wt_’g.‘/ﬁt,qg, v mg - /

pate and time of Wt 7/1e /r& £4°  Gross wt_or 483 4 ™ e

Average Gross Wt_ Fx#fZ.¢ M0 /
rare wt_swzri2 M 7

Less acetone blank wt (Wa) o 7 wg - C

weight of particulate in acetone rinse 4y 7 _mg " /

B N —— FrE e . . -u..-‘_-__‘h.- e iy o #

Filters
Stage Filter No. Lab No. Gross, mg Tare, mQ Net, Mg
0 AL-53 YA (Ll A AV IR T P A /
l 1 L - &2 257 AR D v c_ v
2 L - L5 358 {2 2 L7 0l 7
3 Lo = SO ﬂﬁf’ gﬁ__-}ﬁ - 7439 Pl -0,/ - /
* 4 po=2 _ 3¢2 bl Wil
5 n T =50 3s 7 [ G4 - (G 2.2
% 6 Am=-7 Yy 27 el R -
) 7 2 I__ﬁ ! EEB !ﬁz’ﬁ . // 01/ -
[ Backup £ DG 2L¥ oD £ 5 4L - S edlD 2 e .l /
— weight of partitu\ate in acetone rinse ﬁ/ﬂ - v
I; ) Total %24 0
_ S "
l— Signature of analyst ) _;{f/; ot Jj}p 2. e
o : . ' 4 v ’ / - N a
signature of reviewer ‘s 1) s LMy
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_ANDERSEN IMPACTOR ANALYTICAL DATA

Plant_ - /Q,Z{/g ')/ZQCH/A;’E. h 4, Run No. RE 7-3

Sample location

Relative humidity SO Z/ |
.- :"'Density o f acétone (pa) | o o. 5’5’ g9 G ] ' S
Sample Sample Liquid level at mark
type identifiable and/or container sealed
Acetone rinse : (e -
filter(s) L— | L
Acetone rinse container no. -4/77.‘/;?,& Lab No. D‘Zj 75
Acetone rinse volume (Vaw) 75 s m -
Acetone blank residue concentration (Ca) o, o/ mjg - S
Wa = CaVawoa = (p,)) (78) Gapsg = .z m -V
Date and time of wt 1/44’4 /03 Gross Wt /22002, F Mg - v
Date and time of wt a_v‘/f‘/.;_-fsz. */7%5 Gross wt /a0 pp2. 7 Mg /

4

Average Gross wt (OA200. 8mg .- 7
Tare wt_yp/ 007, m9— 7

Less acetone blank wt (Wa) L. 4. mg - e
Weight of particulate in acetone rinse /3Ty, mg o~ s
Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 Ae- 43 T Bl LTl -v _LeZP " Qe "
1 Al — <o 327 (KO, Y -/ 4D 5. v mpem -
2 N =Y 365 I TE e - P A & '//
3 LA —uD 3¢ 5 (P L [ d, 5 S &2 - y,
4 AL =57 37¢ SZo v (S0 S e -7
5 AN =D 327/ f o - (.G 202 - v
6 LA —ad 7 CE) JSE S (35697 g2 -7
7 Bl =S _3%5’ LEL2 S %04 S of -7
Backup -y 23 27 ROEEL ~y ROEEL v e 4

Weight of particulate in acetone rinse /o702 -

Total /3.9 — /

' « / : ,
Signature of analyst ;jj £2ee N J% 0. A%
) -

. o et //,1 . . / _—
Signature of reviewer A, YA “J"Zli

el S il n
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l ANDERSEN IMPACTOR ANALYTICAL DATA
. / 4 .
/ . ’ "
I Plant /4)14/;' //ﬂ:'z/,w:i £ Run No. ‘7"5'5—.1
3 sample location _
l Relative hum1d1ty L /:
| Density of acetone (pa) 'p, 7K 99 Ve
I sample Sampie Liquid Jevel at mark
type jdentifiable and/or container sealed
l Acetone rinse \ [ \ o ‘\
‘ fil1ter(s) \ v \ - J
@ Acetone rinse container no. L7 0L Lab No. Lot v
l Acetone rinse volume (Vaw)___ (D & m
pcetone blank residue concentration (Ca) o, o/ mg/9 4
.
l We = Ca Vaw pa = 0.0/ ) (/24) (0.7899 = — mg );p‘
, »
Date and time of wt Gross wt mg fJ‘g' .}Pi
| "
pate and time of wt Gross wt mg ﬁﬁF e
l Average Gross wt mg ¥
' Tare wt mg
l Less acetone blank wi (Wa) mg
I weight of particulate in acetone rinsé__ — g
B Filters _
I Stage Filter NO. Lab No. Gross, md Tare, Mg Net, M
| 0 po- 9 7737 s LeEa” 0.3 - 7
1 pr= 92 . 377 e — |, TiSnn ) = /|
l e Y A E344 JLl- T Y A= e - 7 i
g 3 Pl Lol 37 2 i T o/ -
4 or = 3 _3°0 /bt bk o . g/
I 5 AL~ T x4 SoS e = E5L.0 < Lv wie //
b @4_3; 25w 2 73 «/ /.,
7 Pl =2C 3£2 odo 2 ¥ g o Lo
l Backup A=l G 374 S L Zer —ge 7
' weight of particulate jn acetone rinse - )
7 ok,
Total _0.8 p //

Signature of analyst

oLl ;.

-

Signature of reviewer T et

¢ . ¢i/ﬂ-¢.\_9’-./
’ 7
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ANDERSEN IMPACTOR. ANALYTICAL DATA

Plant

AL Moiie .

Sampie location

—
Run No._#27 £-9,

~ Relative humidity Y/ %f
bensit} of “acetone (ea) WAL v

Sample Sample Liquid Jevel at mark
type identifiable and/or container sealed
Acetone rinse — P
filter(s) e v
Acetone rinse container no. LTS Lab No. Z3 925 ..~
Acetone rinse volume (Vaw) S L m .-
Acetone blank residue concentration (Ca) o.0/ mg/q ~

2,39 mg —

We = (e Vawpa = (Bpy ) () lez2p99) =
Date and time of wt »/, /2¢ S

’ ' 7 :
Date and time of wt z@g% /O SF

Z vz

Gross wt 2_13’4/=2,3 mg -

Gross wt 292440, & mg..

Average Gross wt

Z0LLI % mg ~

Tare wt__ 96,000 mg -/
Less acetone blank wt (Wa) o, 4 mg ~
Weight of particulate in acetone rinse . F mg S
Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 iy FT7384 W7 SRR (655 .2 -V
1 -&u&ﬂ/__ /- _,_37% p oL ey (Y Sonde =V Duad - ;
2 &é/—OZ ZEE & b. T r Z‘qé.éf/‘ ., /S - -,
3 L0y 385 (5L.L . 450, % v T~ xS
4 RO/ 390 (ET & -, (e2pS " .3 - S
g LL it F5/ Vo I 2RNS L%l s w7 £ 3 - //
Ll 5 —adil y _Lasd#e S s -
7 A= 70 223 (L E o LA o S
Backup £ —0s] S5 D5 LI - e S
Weight of particulate in acetone rinse 94 . .
) ( Total _ L 4 </
- Signature of analyst IR L \-..,/K,._’f: it
. - ) . - / ;o
Signature of reviewer Ao s //jd_/i~ 0 g N




ANDERSEN IMPACTOR ANALYTICAL DATA

) y - o
Plant__ élbl/é /""Aﬂmﬁ:’. ._/.a Run No. 72/~ 3

Sample location

Relative humidity =L Zf
Density of acetone (oé) 0. 7895 e ./
Sample Sample Liguid level at mark
type jdentifiable and/or container sealed
Acetone rinse — | e
fitter(s) e L
Acetone rinse container no. L 7L G ) Lab No. Z 705 o~
Acetone rinse volume (Vaw) L5 ml -
pcetone blank residue concentration (Ca) 0. 0/ mg/ g
Wa = Ca Vaw 03 = (gos ) (7)) losgd = ©a3L Mg T
Date and time of wt 7///é’é SEF  Gross wt_ g5go35mg - v

4
. ad & .
Date and time of wt 7,/-11//’_4 /&~  Gross wt £5993,3 mg -
. 7 7

Average Gross wt _ 259454/mg .

N

Tare wt__g5gr7omg - d

Less acetone blank wt (Wa) o.4mg 7

Weight of particulate in acetone rinse S mg - S

Filters
Stage Filter No. Lab No. Gross, mg Tare, mg Net, mg
0 Lo=F3 G C 2 (ol e /S _Lel.eV 0 - ;//
1 AL =Tt Elang (50.8 (veL v L.l 7
2 pL-£9 272 /S&o /S /SE o~ £ . v
3 - sE Y24 2L 2 £V z. 5./
4 PO-FY . ALon /e 27 - [l ZH .3 S
5 R O = Holes el 2l /8 & -/ (- Lo v
6 Lp-F7 —_— F = PR AN o2
7 L = 5K vas Ll o ) fiad e L3 /
Backup L) 7S5 <o /2R Sy, DLESE - _—Zd o ™
;) ‘
Weight of particulate in acetone rinse o

L Total S0/ 1]
\____!/' )< ,
Signature of analyst XL s §_ CLt Al e 7

] LA
Signature of reviewer (0. /2 ST
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APPENDIX D
SAMPLE AND ANALYTICAL PROCEDURES
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DETERMINATION OF Cr+6 AND TOTAL.Cr EMISSIONS

The following sample and analytical procedures were used during this
test program. Sampling procedures generally followed those described in EPA
*
Test Method 13R. The sample train used at both the mist eliminator inlet

and outlet test locations was assembled by PEI personnel and consisted of the

following items:

Nozzle - Stainless steel (316) with sharp, tapered leading edge and
accurately measured round opening.

Probe - Borosilicate glass with a heating system capable of maintaining
a gas temperature of approximately 121°C (250°F) at the exit end during

sampling.

Pitot tube - Type-S pitot tube that meets all geometric standards. It
was attached to the probe to monitor stack gas velocity.

s .. . . Ca . o . .
-‘ 2 - L L ! Py g H -

" - - -= - . - - |

' ' -I -:

Thermocouple - Type-K thermocouple capable of measuring stack gas tempera-
tures within 2 percent. It was attached to the probe.

Draft gauge - An inclined manometer made by Dwyer with a range of 0 to

10 1n.H20.

Impingers - For impingers connected in series with glass ball joints.
The second impinger was of the Greenburg-Smith design. The first,
third, fourth, and fifth impingers were also of the Greenburg-Smith
design, but modified by repiacing the tip with a }-in. i.d. glass tube
extending to % in. from the bottom of the flask.

Metering system - Vacuum gauge, leak-free pump, thermometers capable of
measuring temperature to within 5°F, dry gas meter with 2 percent accuracy,
and related equipment to maintain an isokinetic sampling rate and to
determine sampling volume. The dry gas meter is made by Rockwell and

the fiber vane pump is made by Gast.

Barometer - Aneroid type to measure atmospheric pressures to within 2.5
mmHg (+0.1 in.Hg).

* 40 CFR 60, Appendix A, Reference Method 138, July 1985.
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sampling Procedures

Prior to departure, all glassware used 1h this study was washed with
acid to minimize the potential for contamination. 'One'hundred ml of 0.1 N
’NaOH was placed in each of the f{rst-three impingers; 300-9 of silica gel was
added to the fourth impinger. The train was set up with the probe as shown
in Figure D-1. The sampling train was leak checked at the sampling site
prior to each test run by plugging the inlet to the nozzle and pulling a
15-in.Hg vacuum, and at the conclusion of the test by plugging the inlet to
the nozzle and pulling a vacuum equal to the highest vacuum reached during
the test run,

The pitot tube and lines were leak checked at the test site prior 1o and
at the conclusion of each test run. The check was made by blowing into the
impact opening of the pitot tube until 3 or more inches of water is recorded
on the manometer and then capping the jmpact opening and nolding it for 15
seconds to assure it is leak free. The static pressure side of the pitot
tube was leak checked using the same procedure, except suction will be used
to obtain the 3-1n.H20 manometer reading. Crushed ice was placed around the
impingers to keep the temperature'of the gases leaving the last impinger at
20°C (68°F) or less.

~During sampling, stack gas and sampling train data were recorded at each
sampling point and when significant changes 1in stack flow conditions occur.
1sokinetic sampling rates were set throughout the sahp]ing period with the
aid of a programmable calculator.

Sampling Recovery Procedures

The sampling trains were moved carefully from the test sites to the

designated cleanup/recovery area located in the plating operations building.
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Figure p-j.

Cr+6/Tota1 Cr sampling train,




Each impinger was weighed after each test to determine the amount of moisture
present. Sample fractions were recovered as follows:
ContainériNdf 1 - A1l sample exposed surfaces prior to the first impinger
(nozzle and probe) were rinsed with 0.1 N NaOH and brushed with a nylon
brush. After they are weighed, the contents of each impinger were
placed in this container and the impingers and connecting glassware
rinsed with 0.1 N NaOH. This rinse was also placed in the container.
The container was then sealed, labeled, and packed for shipment.

Container No. 2 - A minimum of 200 m1 of 0.1 N NaOH was taken during
each test for blank anaiysis,

The silica gel from the fourth impinger was weighed, and this value was
recorded with other pertinent data on the Sample Recovery and Integrity Data
Sheet.

sample Analysis - Hexavaient Chromium

Each sample (including blanks) was analyzed for Cr+6 using analytical
methodology recently developed by EPA. A copy of the draft method entitled
"Determination of Hexavalent Chromium Emissions From Stationary Sources" is
contained in Appendix G of this report. Procedures generally follow those
described in EPA Method 3060."

Prior to analysis, the volume of the impinger solutions was measured and
an aliquot from Container 1 was filtered through Teflon to remove any solids
present in the sample. The Teflon filter was cut into small pieces and
placed in a 250-m1 beaker. Twenty-five ml of NaOH/NA2C03 digestion solution
was added to the beaker. The beaker was covered with a watch glass and
heated to near boi]ing on a hot plate. The solution was stirred constantly

for 30 minutes, and was not aliowed to evaporate to dryness.

" Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd Edition.
July 1982, Method 3060.




The solution was cooled and £iltered through a 47-mm Teflon filter. The

beakér was rinsed with deionized, dist%]\ed (DI1) water, whith was then fil-

- tered. The filtrate waS‘transferred_quantitative]y_from the.fi\ter-flask to .
a 100-m1 volumetric flask, and then brought to vo\ﬁme with Di water, Blank
filter samples were digested and prepared in 2 similar manner.

A 50-m1 or smaller aliquot of the prepafed sample was transferred to a
volumetric flask. A2 percent volume-to-volume ratio of diphenylcarbazide
solution was added. The solution was allowed to stand for about 10 minutes
for color development. A portion of the sample was transferred to a l-cm
absorption cell, which was placed in the spectrophotometer. A Bausch and
Lomb 100 spectrophotometer was used for this analysis. The absorbance was
then measured at the obtimum wavelength using the blank solution as a zero
reference.

Sample Analysis--Total Chromium

A separate sample aliquot (Container No. 1) was analyzed for total Cr
*

using preparation procedures described in EPA Method 3050. Inductively

Coupled Argon Plasma (ICP) spectroscopy techniques were used for sample

analysis.

* Test Methods for Evaluating Solid Waste. U.S. EPA SW-846, 2nd Edition.
July 1982, Method 3050.
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DETERMINATION OF PARTICLE SIZE DISTRIBUTION

ere used to determine particle size distribu-

The following procedures w
n was assembled by PEI personnel

tion of Cr+6 and total Cr. The sampling trai
and consisted of the following items:
steel (316) with sharp, tapered leading edge and

d round opening.

m - Vacuum gauge, Gast fiber-vane

meters capable of measuring temperatures to wit
meter with 2 percent accuracy, and related equipmen
jsokinetic sampling rate and to determine sample volume.

le of maintaining a temperature
d in an ice water bath.

Nozzle - Stainless

accurately measure
leak-free pump, thermo-

hin 5°F, Rockwell dry-gas

Metering syste
t+ to maintain an

moval device capab

Condenser - Moisture ré
it will be immerse

less than 20°C (68°F);
Impactor - An Andersen Mark 111 impactor W

filter.
0 measure atmospheric pressures to + 0.1

ith eight stages and a backup

parometer - Aneroid type t
in.Hg.

Sampling Procedures--
Two points (one in each sample traverse) representing the average gas

perature 1in each duct were selected as the sampling points.

velocity and tem
ctor was assembled Dy alternating the stage

The Andersen mark 111 impa
d Inconel spacer rings needed 10

collection media, flat crossbars, an
e Angel 934 AH

plates,
The collection substrates were Reev

d in a 204°C (400°F) oven for 1 or 2

and weighed to the

provide eight cut sizes.

glass-fiber filters that were heate

hours, desiccated for 74 hours to a constant weight,

nearest 0.1 mg on an analytical balance.
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~ The sampling train was assembled as shown in Figure D-2Z. It was leak
checked at the sampling site prior to each fest run by p\ugging"the inlet td
the 1m§actor and puT\ing a 10-in.Hg vacuum. When the desired vacuum was
reached, the leakage rate was checked at the dry gas meter for 1 minute., If
the leak rate was 0.02 ft3/min, the sampling train was used to obtain the
samples. Excessive jeaks were corrected prior to sampling. The impactor was
then placed at the selected sampling point(s). Sampling times ranged between
60 and 75 minutes at the inlet location and 180 minutes at the outlet. A
post-test leak check was not performed to avoid the possibility of dislodging
the particles on individual stages.

During sampling, stack gas and sampling train data were recorded at

designated intervals depending on the length of the run. The isokinetic

sampling rate was set jnitially, and constant cut-point characteristics were

maintained throughout the sampiing period.

Sampling Recovery Procedures--

After each test was completed, the impactors were removed from the probe
and carefully moved to the designated cleanup area; the impactors were kept

in an upright position. A11 pertinent data were recorded on the lmpactor

Recovery and Integrity Data Sheets.

Mark II1:

Container No. 1 - The nozzle and jnlet chamber were brushed and rinsed

with acetone to remove particulate into a polyethylene container. After
the container was sealed and 1abeled, the ligquid level was marked.

Container Nes. 2 through 10 - Each Filter was removed from its stage and
carefully placed in a petri dish. Loose particulate from the bottom
side of the previous stage plate, the Inconel spacer, flat crossbar, and
top side of the plate directly under the filter were brushed into the
same petri dish as the respective filter. Each petri dish was sealed

and labeled.
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Gravimetric Analysis--

Filters - Each glass fiber filter was desiccated in its respective
sample container for 24 hours to a-constant weight and weighed to the
nearest 0.1 mg on an analytical balance. '

Acetone rinse - The volume of each acetone rinse was measured and trans-
ferred to a tared beaker. The sample was evaporated to dryness at
ambient temperature and pressure, desiccated for 24 hours to a constant
weight, and weighed to the nearest 0.1 mg.

The term "constant weight" means a difference of no more than 0.2 mg or

1 percent of total weight less tare weight (whichever is greater) between two
consecutive weighings, with no less than 6 hours of desiccation between

weighings,

Data Reduction--
For each test, size distribution curves were established representing
the total weight percent of particulate matter smaller than the indicated
aerodynamic particle diameter in micrometers (um). Each data point was
plotted by computer and indicates both the 50 percent effective cut-size of
each impactor stage and the cumulative weighf percent of material collected
in subsequent stages. Inhalable (<10 wm) and fine (<2.5 um) size fractions
are also reported,
Cut-points for the eight Mark III impactor stages were calculated by
computer programs contained in "A Computer-Based Cascade Impactor Data Reduction

*
System" (CIDRS) developed for EPA by Southern Research Institute (SRI). ANl

* Southern Research Institute. A Computer-Based Cascade Impactor Data
Reduction System. Prepared for U.S. Environmental Protection Agency under
Contract No. 68-022-131, Revised March 1980.
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1

particle size results are based on a particle density of 1 g/em®. Data
reduction and intermediate results calculations for the impactors were per-
formed by the' CIDRS. programs, with moisture contents obtained from the Method

13B tests.

Cr+6 and Tota) Cr Analysis by Particle Size Fraction

Upon completion of the gravimetric analysis, samples from each location
were composited by stage cutpoint into a single inlet and outlet sample. The

following procedures were used to determine Cr+6 and total Cr by size frac-

tion.

Hexavalent Cr

After the gravimetric analysis was completed, the Andersen run samples
were prepbed for Cr+6 by use of the alkaline digestion method (No. 3060
SW846). The filters in the inlet runs were combined by stages and cut into
small pieces and placed in beakers. The filters in the outlet runs were
treated in the same manner. The acetone rinses were combined by adding a
small amount of acetone to the beakers and scraping the residue with a Teflon
spatula and rinsing it into a beaker. The acetone evaporated off, leaving
the combined residues. The blank Andersen filters were combined by taking
three filters with small spacing between the filter rings and combining them
in a beaker, and combining three filters with large spacing between filter
rings in another beaker. The backup filter and blank acetone rinse were
analyzed individually and then prepped in the same manner as the other Ander-
sen samples. After the digestion was completed, the contents of the beaker
was filtered using a 47-mm, 3.0-um pore size Tefion filter. The filtrate was

quantitatively transferred to a 100-ml volumetric flask and diluted to the

mark with Type I HZO' The Teflon filter and Andersen filters were saved for
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digestion for total Cr. The Cr+6 concent of the filtrate was determined
using the colorimetric method (Method 7196 SW846).

The volume of the impinger so]utionslwas measured and then an_aliquot
was filtered using a 47-mm, 3.0-um pore size Teflon filter. The filter and
solids were digested using the alkaline digestion metnod with the final
volume being 100 mi. The filtrate and alkaline extracts were then analyzed
for Cr+6 using the colorimetric method.

The process samples were treated in the same manner as the impinger
solutions with the exception that the total volume was not measured.

Total Cr

The total Cr content of the Andersen filters was determined by means of
digesting the filters and residue from the alkaline digestion using the acid
digestion for sludges (Method 3050 SW846) and a final volume of 100 ml. The
filters and residue from the alkaline digestion of the impinger solution

solids and process sample solids were digested in the same manner. The

digestates were analyzed for Cr using a Perkin Eimer Model Plasma 11 Induc-

tively Coupled Plasma Emission Spectrometer. The instrument was calibrated
and the calibration was checked using reference solution obtained from the

EPA (ICAP-19 Concentrate 1 WP1083). The samples were analyzed with spiked

- | N . B ; - ! . ) B
: ' R PR " : : - ’ E - - ) -

samples, and 10 percent of the calibrations were checked. The filtrates from

the impinger contents and process samples were analyzed in the same manner.
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DETERMINATION OF Cr+6 AND TOTAL Cr CONTENT OF PROCESS SAMPLES

Process samples (mist eliminator wash water and plating tank solution)

were collected during each Cr+6/tota1 Cr test. Wash water was collected from

plating operations building at the end of

the holding tank located in the

collected individually from the

each test day. pilating tank solutions were

tank using a ladle. A1l samples were placed in polyethylene containers.

Analytical procedures were as described for the emission samples.
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CALIBRATION. PROCEDURES AND RESULTS

A11 of the equipment used for these tests was calibrated according to

the procedures outlined in Maintenance, Calibration, and Operation of

Isokinetic Source~Sampling Equipment.*

NOZZLE DIAMETER

The nozzles were calibrated by making three separate measurements with
different inside diameters and calculating the average. If a deviation of
more than 0.004 inch was found, the nozzle was either discarded or reamed out
and remeasured. A micrometer was used for measuring. These calibration data

are shown in Figure E-1.

PITOT TUBE CALIBRATION

The pitot tubes used in sampiing were constructed by PEl Associates,
Iﬁc., and met all requirements of EPA Method 2.** Therefore, a baseline
coefficient of 0.84 was assigned to each pitot tube. Figures E-2 and E-3
present the alignment requirements of Method 2, and Figures E-4a through E-4d
present actual calibration and inspection data of tHe pitot tubes used during

the test program.

* O0ffice of Air Programs Publication No. APTD-0576.
*k
40 CFR 60, Appendix A, Reference Method 2, July 1985,
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NOZZLE CALIBRATION

Date édgo_/_'z& calibrated by (Q

Nozzle

identificati D,, in. D, D,, in. AD, in. D

1 egu;bzza 10on ] in 2 in 3 in in avg
#ME? -ouTler 268 \ 2 | cae .00/ a6y

x3-p0 (udltfs) | 0.19¢ | 017 o9 | 20 0./7%
ﬁ"-fr(ﬂ/f.ﬁ N L5 25 Lo 53

#3-r0y (Dot p5) | 0.9 | o1z | £/ 0.0 e/

where:

= nozzle diameter measured on a different diameter, in.

Dy,2.3
rer =t Tolerance = measure within 0.001 1in.

AD = maximum difference in any two measurements, in.
Tolerance = 0.004 in.

Davg = average of Dl’ DZ' and D3.

Figure E-1. Nozzle calibration data.
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TRANSVERSE
TuBE AXIS\\
Sl e
_ FACE
- = OPENING ™
' PLANES !
(a) ENDVIEW
A-SIDE PLANE
LONGITUDINAL { - — l _ NOTE :
TUBE AXISr? DI. A / _ Pa 1.05 Dt < P < 1.50 D,
4
et — P Pa = Pp

0.48 cm < Dt < 0.95 cm
(3/16 in.) (3/8 in.) B-SIDE PLANE

(b)

Figure E-2. Properly constructed Type S pitot tube, shown in: (a) end view;
face opening planes perpendicular to transverse axis; (b) top view; face open-
ing planes parallel to longitudinal axis; (c) side view; both legs of equal
Jength and centerlines coincident, when viewed from both sides. Baseline
coefficient values of 0.84 may be assigned to pitot tubes constructed this way.
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TRANSVERSE
TUBE AXIS

- eE—— -

LONGITUDINAL
TUBE AXISLf_ FLos 1

- Bl (+ or ~)

Figure E-3. Types of face-opening misyignment that can result from field
use or improper construct1on of Type S p1tot tubes. These will not affect
Cp so long as 2) and ap <10°, By and Bp <5°, z <0. 32 (1/B in. ) and w <0.08
cm (1/32 in.).
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Pitot Tube No. _ 242 Date 22 3025 Inspector o sniidl
' .

C% % 1 - B | &
Degrees Degrees Degrees Degrees
/° /° /° 20
<10° <10° <E® <E®
Dt P 1.05 Dt 1.50 Dt
Inches Inches Inches Inches
376 78S . 395 Sy
0.185 < Pt <0. 380 - - .

Y . ¢ Peip () Poin (8)
Degrees Degrees Inches Inches

oo oo

- - <D.125 <0.03]25_

P1 PZ IP] - P2| Meet
Inches Inches Inches specifications
42t AGD L0003 )/

:1:05 Dt «:P.I <1.50 Dt 1.05 Dt <P2 <1.50 ?I _;p.olgr

i — —

Lower line in each table is Yimits for meeting specifications.

Figure E-4a. Pitot tube inspection data sheet,
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Pitot Tube No.

S04

Date ~2Z2 -30-£S5 _ Inspector __%M

3
oy 8 . B &
Degrees Degrees Degrees Degrees
0o° Qe /° °
<10° <10° <5° <5°

\

e
Sm— 4——————_‘
D, P 1.05 Dt 1.50 Dt
Inches inches Inches Inches
375 ). 000 . 394 L S63
0.185 < P, <0.380 - - -
___._.—-:———-———"_—___________..___-——-—-—'—"—
Y ¢ Poin (Y) Pein (8)
Degrees Degrees Inches Inches
o° o° O.00c0 0.00
- - <0.125 <0.03125
P P |Py - P, Meet
1 2 1 2 :
Inches Inches Inches specifications
.50/ A77 L 0O /
1.05D, <P, <1.50 D, _1:05 D, <Py <1.50 D, _ <0.010

Lower line in

Figure

E-4b.

each table is limits for meeting specifications.

Pitot tube inspection data sheet.



pitot Tube No. __ /S Date /2 - sc Z2S  lmspector %Mﬁ/aﬂfﬂ{
pz

-/ _ _
* N B2
Degrees Degrees Degrees Degrees
/€ 7¢ o /e
<10° <10° <5° <5°
Dt P : 1.05 Dt 1.50 Dt
Inches Inches Inches Inches
375 Y
0.185 < Pt <0, 380 - - -
—— e ——
Y ¢ Pein (Y) Pein ()
Deorees Degrees : Inches Inches
/- o 0775 O o
- <0.125 <0.03125
Inches Inches Inches specifications
H ?lsc,’ "/.L.{ ? .'a(::) / /
1.05 Dt <P.‘ <1.50 Dt 1.05 Dt <P2 <1.50 Dt E&om | :

Lower line in each table is 1imits for meeting specifications.

Figure E-4c. Pitot tube inspection data sheet.
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PITOT TUBE INSPECTION DATA SHEET

pitot Tube NC. ol pate 2 30 £ S Inspector __/% %&%%
e
#
. b-‘ 32 . B] ) ) 52 |
Degrees Degrees Degrees peqrees
— C z° \ e \ e
<10° <10° <5® <5°
—— ——
D, P \ 1.05 D, \ 1.50 D,
inches Inches Inches inches
__ 275 3 af ! \ . 394 | S 3
0.185 < P, <0.380 \ - \ - \ .
Y 0 \ Pein V) \ Poin (¢)
pegrees Degrees Inches Inches
£ | Iz T Coco L .ct?S
- \ . \ <0.125 | <0.0m25
o P P 1Py - Pol \ | Meet
1 2 1 2 - :
. Inches \ inches \ Inches specif\catIQEi_
_ 47 <77 | ez P
1.05D, < <1.50 Dy [1.05 D, <Py Q.50 D, | <0-010 \ -

Lower 1ine in each table j5 1imits for meeting specifications.

Figure E-4d. pitot tube inspection data sheet.
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DRY GAS METER AND ORIFICE METER
Figure E-5 was the setup used for the initial and post-test calibration.

A wet-test meter with a 2-cubic-feet-per-minute Capacity and * 1 percent

;ccuracy was used. The pump was run for épproximately 15 minutes at an

orifice manometer setting qf 0.5 in.H20 to heat up the pump and wet the

interior surface of the wet-test meter. The informatidn in Figure E-6 (example

calculation sheet) was gathered for the initial ca]ibra;ioh; the ratio of

accuracy of the wet-test meter to the dry-test meter and the AH@ were then

calculated.

POST-TEST METER CALIBRATION CHECK

A post-test meter calibratio; check was madé on the meter box used
during the test to check its accuracy against its last calibration check.
This post-test calibration must be within z 5 percént of the initial calibra-
tion. The initial calibration was performed as described in APTD-0576. The
same method was used for the post-test calibration as was used for the initial
calibration. Three calibration runs were made with the average orifice
setting obtained dufing the test series and with the vacuum set at the maximum
value obtained during the test series. After the post-test calibration check
was run, all three runs were within the * 5 percent range allowed according

*
to EPA Method 5. The initial and post-test meter box calibration data are

presented in Figures E-7a through E-7h.

STACK THERMOCOUPLES
The thermocouplies were calibrated by comparison dagainst an ASTM-BF

thermometer at approximately 32°F, ambient temperature, 100°F, and 500°F.

" 40 CFR 60, Appendix A, Reference Method 2, July 1985.
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O

4

7’
WETER BOX “eu o _ oo %zss\m WET TEST METER

CONTROL
VALVE

Figure E-&. Calibration setup.

DATL
AAROKITRIC PRLSSURL.F, = _an.
Gas velume Gas volume
oritice wat LEbL dry wad
-ﬂ_‘.f =314 14 [~ 1% 1 r
patLINg vy V‘. ' v v ’
o
An. N:O Ty h., ¥ ane
0.% 5 ‘{—— [
—_ 1.0 [ ] — \ \
1.% 30 \ \
s.0 10 T ll __% \ \
— !
3.0 30 i i ! i __l| | | |
4.0 10 = { 1| { 1 l \ ‘
Average
\ Y \ ARe
H
an AI:I v, ' e, * 400 5.0317 AR w,* a40) ¢
R : = U Rt T, (g * 460! v,
0.% ©.0)68 \ 1
3.0 0.0937 \ \
3.8 0.000 | o |
2.0 eae | ]
3.0 e.an | \
4.0 8304 l l

y = Ratic ©f SCEUTACY of wat Test meter to dry test meter. Tolarance = ¢ .0l

ANe » OTifice ©f pressurs asfferential that gives t.7% cfw of air at qo°r and 29.92 juched [ 34
marcury: b Iz). Tolarance * *b.)5.

Figure E-6. calibration data sheet.
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DATE : L-2& - $¢ MITER BOX WO, £7-/

CAL1BRETOR: :fﬁm}vmﬁ BARMITIRIC PRISSURE (P,) _ 2 & Too  om g

Leak Che?ks: - -

Positive :Mihimum 5 in. M0): V@ &z Ha O
hegative (within 3 §p Hg of absolute): L (6 me 27.0 th. W
"™hol to eaceec 0.00. cér, elute) S o ?

Orifice Yo lume Yolume Temperavures Durstion | vacu—

RARDMELEr | wel test try gas | Wetl test Ury oas meter of setting

setting meter neter ll;ter l?let Du%‘let Av;rage t.e:t :‘n

% v
aH - d3 w 1 ) d nin § e
in H,0 f1 ft *F *F *F *r Y hr H?D
. 1123 Hr % g3 | & 2
0.5 3.0 21£772] 5, 5 | s | o 8.5 (/2 =0 | /0.0 | 9504|1792
¥19.55¢ TS| £32 i d 29 9. .-
=t \9z00 2
1.0 /2.0 3.2 705 | ge | 25181512152 | 0.0 /.823
31863 7¢.8 S| 22 29
.5 . < " 1811
N 7 A A AT /75 |700 | sus| 8
¥ysz 7os | ps 7F
2.0 275 ) 47 G821} ) §25
.01 Pevdio|l 7 s |92 | fo 537 /740 /0.0
. Félilof| 70.5| ¢ | 29 zs 5
. el rz?
P /00 s 251 23157 18475|/022 |10.0 9228 ) 942
735018 7pe] 92 | £2 ”
4.0 - — A IIANN
/6.0 P393 20.0 |93 | 5715775 7 |/1008 /27
Y MusSt not deviate by more than 40,02 . Average v v
&HP must not deviate by more than D.lswin HZD' vereo ‘%"I 153
Y ANE '
o | % 00 e, __ )Ty + 460 (0.0317) & )7, + nso)m:]?
( Yy )(Fb - AH/IJ.E)(T' + 460) ( Py )(Td + 460) ( v, )

0.5 [ LE €l z5 %57 !sq/.sg 827N O S T (SIoey 2 esf
'S 199 N25 557 S36.€ EF e %‘££%¥5——%T

1.0 | L2 0y 265.9¢ S S (063217y 7.0 1[;;_9.51 ;ggza‘:r
(/2.767\{29.03VS(SJD. <) (28 Pby, 54/, Salg /2.0

15 | LL2.€)( 28 9. (S 5) 0O517)( /. S rsso,g(/zyyﬂ?
([2N(2%.¢7p WS 3pby (25 9)( £41.5) { _zz2.¢0

2.0 | {L¥0/) (28 9¢ (543 95, 2L3N( 2.0 [ S35\ (1775 JE

 HSH 2907 NS30.8 ) (229e)(SY3.96) |1 79.0,

3.0 | L€ 0y 28 ¢ VS 7Sy [eesmy 3.0 )[[‘S‘JC'.SH/G'/z] 2
(£0.269)( 29 155 M SE50.5 ) (Ze5e) 54475V T s o.m
LI8C) 22 9 HALZAS feezm e ) dssee)(5 72y
{e H<Y Vi 257 < RO, 227

Figure E-7a.

== ¢ 1¢. L

Particulate sampling meter box initia) calibration.
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DATE: _ ) -B-36 METER BOX NO. X 1 -1

BAROMETRIC PRESSURE (P, ):29.Gdin. Mg pretest v: 981 awe: (93
&gﬂle PROJECT NO.. R61S -2

pLanT: Al | NO.. .
PROJECT MaNAGER: (. CALIBRATOR: - . Neosg

Orifice |Wet test|{Dry gas Temperatures Vacuum {Duration
manometer| meter meter [Wet test Dry gas meter setting| of run
setting |volume |volume | meter [Inlet | QutiefAveragd

* v v T T.. [T, 1
W d w di di d

3 £t3 °F °F |°F °f  |in. Hg | min y | ove

* P
AH
in. H20 ft

34051 11 19376 3l |
3.0 119 bsesd 1 Jaa (77 09| S |10 %] any e

0 213.631 T( |92 |97 () 42
5% oo p3399¢ 1 193 |79 6515 ’Ow.‘?‘ﬁ 17

33.89% 71 93 7% .57
39 W60 b Ty Tes (51 | 5 |28 | ogs |1

1 AYall

v Yo P

Phar ) T4+ 460 ) | (0.0317)( MH ) (T +460)( 9

(

(Vg (P, + AH/13.6)(T + 460) | (P, )T, + 460) |( v
(/0 W 2362 NE¢yas
(

(

w

WwaN (3.0 ) 53/ ) (yo 35

045200 2994 )53 R961) 59y 29 U [0

)
)
[0 ) 963 igec ) | (p3( 3.0 ) [53/ )/037 T
| (pap) )¢ 929y  )53) ) | @ernsys )y Lk 40
)
)

oz (2.0 ) [53) )95
@eD(54e ) U Qo )

*To be the average AH used during the test series.
**To be the highest vacuum used during the test series.
***Post-test vy must be within the range, pre-test y +0.05y
Post-test AdB must be within the range, pre-test AH@ +0.15

(e M 2842 N5y
Q63T 29.9Y )53

l“"’lt"“’T"V!l"“’l

Figure E-7b. Particulate sampling meter box post-test calibration.
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DATE : ‘2—"”'-95 wrensox w0, B | ' '
CALIBRATOR: S MWEESE BARNETRIC ! PRESSURE (P, )é 6 ww I
Leak Checks: | - -
Positive (minimum & in. #20}: / I
Megstive (within 3 in. Hg of “absovute): OO0 ¢t .o n. W
onot to esceed 0.00L cfm, ,
prifice Yolume Yolume Yemperatures Duration | vacuw™ I
sancmeter | wet test | ory gas et test Dry gas meter of setting
setting meter meter | meter niet | butliet | Average test in
in B0 ¢’ @ | oF oF of oF N T
. X C X0 | :
0.5 (o qs,g (D%.E_' : T 1% 78.25 )2&% | o Cﬁg’ 117 I
‘ : l "7 N
= [lo ErEsm sl Jo Ko 20 :
, 63. .
|10 Pamigeyee maE|(rs | fo |7|H3 |
[ . \ '
 [lo BEICEE TS50 iyl o 970l 1
_ Ci16|68.9 | 84 _
SR i car i 3075822 | lo 1975116 i
| . g8.S 18s 17 -iL |
L P P ‘?7% I IL 78116 | 1
Y ae
(v, )1, + 460) T (0.007) a1, « 4E0NE) ¢ I
& Ty, T uwn sm < 460) T ¥y )”e*‘“)[ (v, ) ] I
¥ 76
os | o Iratgo A
o | L9 AT }isgﬁvﬂ Yy
(10.375; 528.5 l
(0. 2 5 ) 76
2o | L 102776 USHO ) éoglzng ) JZ I
dogm29.9 ! 1528< ) 76.)( 540 4
0. .03/ (5,';5118351!
0| oI 2. 1(828.87) 222_;761(540? | I
9.76 (4 o [ &as52l) L
Figure E-7¢c. Particulate sampling meter box jnitial calibration. I
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DATE: /-9 -G/ METER BOX NO. ¥ R- (|
BAROMETRIC PRESSURE (P, ): .62 in. Hg  PRETEST Y: Q7% ake: L\
PLANT: Ste PROJECT NO. 36(S- 22,
PROJECT MANAGER: { CALIBRATOR: (5 NQE';Q ,
Orifice |Wet test|Dry gas Temperatures Vacuum {Duration
manometer! meter meter |(Wet test Dry gas meter setting| of run
setting |volume [volume | meter [Inlet | OutleyAverage
M Vv Vg Tw Tai |Tai | Td N P
in. H,0 | ft° £t3 of °F |°F °F |4n. Hg | min y | awe

wal T 194 [76
AS |1 boeed 1 3¢ [

8§§ ?S ,‘%% lq7q_ “I

Meunl 71 |94 |7 . o4

A5 |1 M=l 0|9 | %0 185 |Mee qod |1
Yl 1 % | J0 -~ . 09

25 | (o st 11 1% |32 ¥S |35 08 439 111]

Post-test average*** 92 | 1.1

A Arld

(v, D0 P ) T 480 ) | (0.0317)( aH ) [(T, +a60)( B )| ©

(Vg )P+ BH3.6)(T, + 460) | (P, )(T, + 460) [( v,

(12 D0 92962 MSHES ) [ (MADC 2.5 ) [153) )ypID
(1s® ) A9% NS ) | ewss.s ) L 12
(18 0 Q9.6 w547 | oaUDAS ) 531 )(/7.07
Qooas )% 531 ) | RS9 L (9
(1o )0 9.2 Neypo) | (o3P a5 ) [(531)0 9. ¢
(fo.ax1 ) MFp  NS31 ) | @PeREyes) It {0

(it I £ it il | ¥ hnceliined
N

*To be the average AH used during the test series.
**To be the highest vacuum used during the test series.
***Post-test vy must be within the range, pre-test y +0.05y
Post-test Ad@ must be within the range, pre-test ZH@ +0.15

Figure E-7d. Particulate sampling meter box post-test calibration.
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WETER BOX W0, T W )
BAROMCTRIC PRESSURE (Py)

Leak Chwecks:

Positive (minimom 5
Negative (within 3

| T m;mgg-w-gs

"ot to exceed 0.00% cfm,

n. M20):
in. Wg of

.','P(N\- n.

absotute): _(X// cfn® __g{_Z._Q__“\-“Q

orifice volume Yolume Temperatures Duration | vacuum
manometer | wet test | Ory Qas t test Dry gas meter of setting
setting meter meter | meter niel | butiet | Average test "
o v, Vg T 1, 1, 14 2 g "
i H,0 TR 3| oF or o o N }n H,0
RS ANNE! 75| % CRET? )
0.5 5 13'57'2{. 79 'z"g CAZ QC’.S /3. ! Q9d1).0J
| 13 ) 1Y ~
1.0 I ' qga__-,qq 'Zg Z)‘é e ?Oqg;“ &a ﬁgq 20/
3%/ £ aclir z ®
- 10 .14 ’;13 ZS’ &7 915 /5673 Re (9
Oys15! 13 v 191_lae
w10 (Wi arKla | WTHeo
i16 3413 G - 0¢
30 [0 i’) '3 1% "g 935 /l.-gg %312.00
- f ' 4z ;
w0 1|0 Y3psel 73 1ioo 189 Mg 987 |1.0%
.02 v. s . ‘
zn?:::s?:o:e?eﬁ:::yb;o:r:mt?u%ou%s.'in H,0. hversge | ‘j% 2 d{'
Al AHE
- * 2
s | P
d [ - w b d -
T T 1% UG 230 ) 0307) QT2 ui3es)f
05 | 15343 SGwr )N 533 ) 13.’4// ((c«?o.s:’% [ Lif
Lo | LN 29.40 _W55075) o3z 1.0 A [1533 ) @l
623y 79.4¢ w4633 ) 4 ool I
o | Lo &4 WE81.28) Loy ) f5_ 2[ L4353 )(/5:15))]‘
(JoYer) 22,52 W 535 ) 206/ V&S 753 10
2o | L1074 (352,79 Dy 2.0 1| 1533 WY
(p¥cd) 2966 MNE33 ) (279 55 dab L 10
ao | LJO 2 2.4 1553.5) 3 0 /.!'Jz
(04352463 W335 ) (2 g \(s£7 S Ll :

(o

4.0

3584

I 29.4{

7L

Figure E-T7e.

Particu

OV YL J[(s’%jufi.u
rE -

< & i

Jate sampling meter box initial calibration.
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DATE:

-9-34

METER BOX- No. TR-9

BAROMETRIC PRESSURE (Pbar): ﬂ 53 in. Hg

PRETEST ¥Y: JR6 aHe:2.04

PLANT: S tallo | ARle Lh. PROJECT NO. 3(p|C-22.
prOJECT MANAGER: [ Raffous CALIBRATOR: 3. Neose o
Orifice |Wet test|Dry gas Temperatures VaE;um Duration
manometer| meter | meter [Wet tes Dry gas meter setting| of run
setting |volume |volume | meter [Inlet | OutlefjAveragd -
™ Vo Va Tv Tai |Tai | Ta 0
in. H,0 | £t £t3 oF °F |eF °F  |4n. Hg | min y | ave
a3zl 10 199 |86 2
5 b.
L5 100 L eal 71 (39 36 | oG | g7rlrga
o 71 199 |§6 |
2! ﬁ% 695 o5,
R p0033) 11 |99 | 8 4 16Z |9 193
40,33 1 94 | ¥¢ On 21
1.3 oo . 1251 4 |k |,
| nsiaw| 7/ 199 3¢ 377|134
Post-test average*** ‘?77 /C( 32
Y BT =
(v, ) P ) Ty+ 860 ) | (0.0317)( W ) [(T, +460)( B )] ¢
(Vg )P, + AH/3.6)(T, + 860) | (P, (T, + 460) v, )|
(1o ) 2625  Ng52.<) | toud( 13 ) g3 )y ot V| °
(10610 9444 (531 ) | A5 U [0 L
(91 )0 2236 Mes2g) | ane 13 ) ez )40 1) °
(JL&79)( 29.49 53] ) (28 sa ¢ ) U /1 )
(10 M 2433 ggas) | 039013 ) [iss)py T
LUpGIL ) 2949 1531 ) | 683905 ) I o )

*To be the average AH used during the test series.
**To be the highest vacuum used during the test series.
w**Ppst-test vy must be within the range, pre-test vy +0.05y
Post-test Ad® must be within the range, pre-test AHE +0.15

\

Figure E-7f. Particulate sampling meter box post-test calibration.
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mit: - o35 | wererwor w0, TR-R -

CALIBRATOR: Y, NeeRl BAROMETRIC PRESSURE (P.) ¥ 3o n. Wg
Lesk c_hecks-:

Positive (minimum 5 n, ¥20):
Regative {within 3 in. Wg of absoclute): etms Gl O n. My
"ot to exceed 0.00L cfm.

Orifice Yo lume Volume Yemperatures Durstion | vacuumr
manometer | wet test |dry gas et test Drv gas meter of setting
setting meter weter | meter nTetl | DULTeL | Average| test in
min : AR
i n NZD

AH V_ Vd w
in H,0 3 el | e o oF ot

15 BRI n7al% | 10 LAl
w10 g%l g% Mo g 10 19741135
s 110 basd70s 187 Ras |2 10 |98]l.3%

o | o BRI B3s [lg 10 WTH Lo

Tl B e s 04| 1o mall

o Eniaes 1O 105 (902 |p 19131113

+ must not deviate by more than +0.02 v. Average
AHE must mot deviate by more thah 0.15 in_HZD. ﬁr/q 1?(’_)

RS S

4.0

S8

——

Y AMe I
(T + A4E60)(P)

)" P M7, ¢ 460) (0.0317)( AH )
)(Pb + AH/13.6)(T * 450) { Py )(Td + 460) (v, )

R I TES KR [Elosadd 3]
30 11639.9 ) 037y (.0 ][ﬁg%} 9.1 ,‘]7
{

&K

0.5

A1

4
OEM'_{:‘c
=

1.0

do41a y 29.37 5.5 o usH S

1.5

ng_n_gqﬁo_mazﬂ WYV LS ) mo.s-uw.uI
o3y 294! 1530.5 ) (G BYaag L (O

2.0 (10 ) 29.30 _5435) 037 N2.0_ ) _ k
(Jodo 39.45 16309 (7 sm543. &)L [0

9.30 w5945 031732, ERNU0CH
2.0 (10379 LAY )(3%&%’\ (gjm(é‘*é.s’ii D) Jz

4.0 4.30 Yo (oYY ¢.0 |18 z
LU < 230 s :

Figure E-7g. Particulate sampling meter DOX initial calibration.
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l pATE: 7-0-36 METER BOX NO. E@-3
; BAROMETRIC PRESSURE (P, ): 9.3 4n. Mg  preTesT v: 17 awe: b
| L Si@_ﬁdﬂl&%ﬂble (n PROJECT NO. _R0IC-22
™ prodect manager: O Routley © CALIBRATOR: J. Neece
I T)r'lfice Wet test|Dry gas Temperatures Va::'u_m Duration
manometer| meter meter [Wet test Ury gas meter setting| of run
setting |volume |volume | meter [Inlet | OutlefAverage
IR “Wo| Ve W o Tei [Tt | Te | TP
R PGP P ft3 of °F |°F °F |in. Hg | mi
- H, . Hg | min AHe
l 509.913| 7! Y6 | 74 |
| S | 160 3|3 |42 27| 150
i coouz| 71 | 8% |76 Do |l
g | 76
‘; 520432 7 | 8525 7 Lfﬂ rlige
_I ‘OO 53 100 71 ?Cf 777 ! ol 95'4 ,
| catiogl 71 189177 oo | ry- 4o
S E (120 13513 1%
I | ez 0129 |79 v0 | 95¢ 1%
: Post-test average*** 955 )<Z(
I Y THE —
(v, N Ppar ) Ty + 460 ) | (0.0317)( AH ) '(Tw +ag0)( B )] ¢
I (Vg )P, + BH/13.6)(T, + 460) | (P, (T, + 460) | v, )|
o do M 2935 )Edl ) | 1.8 ) [i53) 463 )] ¢
b 0w 950 cal o | umsosy ol o o
1 | b 2935 NS5 ) | ey s ) 3473 ¢
1062y 2950 szl ) | W@y b (0 \
B (g 2939 64360 | lpyple ) [le3 U767 ) ‘
I (2799 290 tg3) ) | QW43 s 0 /2 U |
- *To be the average AH used during the test series. .
**Tp be the highest vacuum used during the test series.
' **+Ppst-test vy must be within the range, pre-test vy +0.05y
Post-test Ad@ must be within the range, pre-test AH@ +0.15
l. Figure E-7h. Particulate sampling meter box post-test calibration.
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| Dat‘P._: 1&/;!'/?% Thermocoup\e No. | 104
cal ibrat_o": o (5 Thee ‘,.{ -~ - . Reference: [.\STN\ 2 F
Range: 2 = f5 2=
Reference
Reference thermometer Thermocouple
point Source,* temperature, temperature, pifference
NO. °F °F b Aclel &
Y__ ! \ e \ ) \ 7] -7 ) _J
r 2 \ ! | 32 | 22 \ e _j
IR B HER s |
e | s | 957 =

sgource: 1) lce Bath
2

Ambient
3) wWater Bath
4) 041 Bath

wxpercent difference

Reference temp. R - thermocou 1e temp. °R

Reference temp. x 100%

where °R = °F + 460

Each percent gifference must be less than or equal to 1.5%.

Figure E-8a. Thermocouple calibration data sheet.
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l{n- by b 8

Date: 2/20/%4 Thermocouple No.: /2
j /
Calibrator: (2 Tiyuess Reference: AT - AL
Range: R =470 "
Reference
Reference thermometer Thermocouple _
point Source,* temperature, temperature, Difference,
No. °oF °F p Akl
! 2 LG | 7o | ¢
2 1 \ 273 34 \ t £
EE s | 3lg 212 | .3
4 4 ETA “ G | .
*Source: 1) Ice Bath
2) Ambient
3} MWater Bath
4) 041 Bath

wxpercent difference

Reference temp. °R - thermocouple temp. °R % 100%

(Reference temp. °R)

where °R = °F + 460

Each percent difference must be less than or equal to 1.5%.

Figure E-8b. Thermocouple calibration data sheet.
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Thermocouple No.: _ H04

Reference temp. °R - thermocouple temp.
(Reference temp. °R)

where °R = °F + 460

tEach percent

difference must be less than or equal to 1.5L.

Figure E-8c. Thermocouple calibration data sheet.
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Date: 13/30/%S
‘calibrator: Cf‘ﬂ-,,{g‘-- i " Reference: AS‘\'M-
Range: 3 40
Reference
Reference thermometer Thermocouple
point Source,* temperature, temperature, Difference,
No. op °F g
‘ : |« | % c |
2 ! | 27 \ 33 \' o \
3 3 \ 210 ‘ pal \ 15 J
: ¢ | 440 | 47y Lo |
*Source: 1) Ice Bath
2) Ambient
3) Water Bath
4) D0i1 Bath
»xpercent difference
Ry 100%

T

‘il TE N N I
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THERMOCOUPLE CALIBRATION DATA SHEET

Thermocouple No.:

“//

**pParcent difference

Reference temp. °R - thermocouple temp. °R x 1002

- (Reference temp. °R)

where °R = °F + 460

Date: |2 /30 [958
Calibrator: (3 The. <5 Reference: : /}5777‘) -3
Range: 3 =3 HE
Reference
Reference thermometer Thermocouple _
point Source,* temperature, temperature, Difference,
No. °op °F g
1 2 99 A C
2 ! 23 35 . H0
3 3 o/ 2,173 ' 30
s 4 475 i 0
*Source: 1) Ice Bath
2) Ambient
3) Water Bath
4) 011 Bath

Each percent difference must be Jess than or equal to 1.5%.

Figure E-8d.

Thermocouple calibration data sheet.
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The thermocouples read within 1.5 percent of thé reference thermometer value
throughout the entire range when expressed in degrees Rankine. The thermo-
couples were checked at ambient temperature at the test sites 10 verify the

' 'ca1ibration. Calibration date are bresented in Figures £-8a through E-8d.- . - -

DIGITAL INDICATOR FOR THERMOCOUPLE READOUT

Each digital indicator was calibrated by feeding a series of millivolt
signals to the input, and comparing the indicator reading with the reading
the signal should have generated. Error did not exceed 0.5 percent when the
{emperatures were expressed in degrees Rankine. Calibration data are shown

in Figure E-92 and E-9b.

DRY GAS THERMOMETERS AND IMPINGER THEMOCOUPLES

The dry gas thermometers were calibrated by comparison against an ASTM-3F

1 thermometer at approximately 32°F, at ambient temperature, and at approximately
110°F. The thermometers agreed within 5°F of the reference thermometer. The
impinger thermocouples were checked in similar manner at approximately 32°F
and at ambient temperature and agreed within 2°F.  The thermometers and
thermocouples were checked at ambient temperature prior to the test series 10
verify calibration. Calibration data are included in Figures E-102 through

£-10c and E-1lla and E-11b.

BALANCE

The Mettler electronic palance was calibrated by comparison with Class-5
standard weights and agreed within 0.5 g. A calibration is also performed
yearly by the manufacturer. Calibration data are shown in Figures E-12 and

E-13.
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B I N
- EE N IS NS NN DEN . _ e

WE - 22-55 INDICATOR NGt F..-.'.'../

mmn%g < // SBILK: STOZ ...

CALIBRATION DEVICE NO: = RANGFACTURER: 0

-----------------------------------------------------------------------------

‘ » EQUIVALENT & DIGITAL INDICATOR &
TEST POIKT:  MILLIVOLT & TEMFERATURE, TEXFERATURE READING, i DIFFEREMCE
' ‘ 1

NoH G SIGHAL dej. F deg. F '
xoaao """" - T ozz
o 5"'2.""[;;6""{“““I&é """ . ol E‘"'D".','éé"'
o ;'"{"";félé""é. """ 2 O, """" 015
T e+ w o 0\5
""" 5“°.=ﬂf~rom,
o ;'"El"'Iéfééé""':l """ T e DIO
e pol 007,

§I
O
O
0

-------------------------------------------------------------------------

------------------------------------------------------------------

Persent dlfference sust be less than of equal to 0.5t

Pe-cent difference:

-----------------------------------------------------------------------------

Vhers, dej. R = def. F ¢ ASD

Figure E-9a. Thermocouple digital indicator calibration data sheet.
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— I
ATE: a:in:-lg ______ INDICaTOR NO.—-__JQLUa _____________
OTERATOR: G Tmyegs - SCRIAL A L e Ol s N I
CALIDRATION DDVICE NO:_-_;ﬁiJ _____________ MéNUFACTURCR:_h_\iJgrq;ngt _________
R T T S s 1
TLST POINT! MILLIVOLT ¢ TEHMMCRATURC, ¢ TCMPCRATURC RCADING, | DIFFCRENCE
MoK b SIOWAL & eeo. F 4 des. F 2
b e 'E 0 0
R S — A |
"""" R T
e T e T T T T,
B T A I T N T
______ 500 o
7mami w4 T VN
i 8 ' 29.315 1300 ' /353 v I
R
B S 2 Y2 T

FPercent difference muet

Percent difference:

be lecs than of

equal

(Equivalent tempersture, deg. R - Digital

(Equivalent temperature, deg. R

Where, deg. R = deg., F + 4¢0

Figure E-9b. Thermocouple digital indicator calibration data sheet.
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| cils.‘b:'nt.cr'z AY \5@?- D

Dltc:E;'IOPJ%ST'

Inlet

H?tgr Box No.: .¥TT—- l'
ﬁ!cnnbn ASTA"SF |

Referance . Dry @as
Reference thermometer thermometer
point gource * temperature, tempsiature, pifference,
NO. oF .r .’.c
1 2 70 70 0
2 1 20 '55 l

3 3 200 198 o
Outlet ' : |
Reference Dry gas
thermometer

Reference thermoneter
point scurce * tempearature, temperature, pifference,
Ro. (53 o opes
1 2 70 TL -
2 1 _31 372 |
2 3 A0 200 O

sgource: 1) lce bath
2) Ambient
3) Water bath

sepiffgrence

Figure E-~10a.

must be less than ©r equal to +5°F.
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Dry gas thermometer calibration data sheet.




chter- Box No.: FR - \\

.Cllihflﬁbr:

-”-Icfcrcnce; .#Eigrﬁkéjng |

Inlet
Refarance Dry gas
Referance thermometar thermometer
point source * temperaturs, | tamperature, pifference,
Re. *F °F eyee
3 2 10 0 9]
2 ) %3 5 O
3 3 I86 |34 =

S G N .

[ I . .
mE Wn N EE .

Outlet :
Refarence Pry gas
Reference thermometer thermometer
peint gource * temparature, | temperature, pifference,
No. *F °F opes
2 2 70 s oL
2 ) e 33 |
3 3 8 134 Y
sgource: 1) Jce bath
2) Ambient

3) wWater bath

espifference must be less than or egual to +5°F.

Figure E-10b. Dry gas thermometer calibration data sheet.
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't-'l“?wq - H?ter Box No.: *-FQ-Q
Cllﬂ?ﬂtﬂﬂx\}&)%@ . Mf.rcncc:_ﬁ(’\'ﬂ\- .5F

Inlet

pDry gas
thermometer

Refarance
thernometer

nefsrance
int source * tempeIaturs, temparature, pifference,

NG. oF of opes
S 2 23 NS ol
2 1 32 35 3

i

i

i

1

1

i

i

I — 1 70 | ieq | |
‘I |

I ' heference Dry qn.s
i
1
1
i
1
i
1
1
]

Outlet
reference thermometer thermometer
point gource * tempsrature, temperature, pifference,
NG . .}‘ .r .yio

2 2 7| % 2
2 ) Dl 35 /

I B 170 | 168 L

egource: 1) 1lce path
2) Ambient
3) Water bath

eepifference must be jess than or egual to +S5°F.

Figure E-10c. Dry gas thermometer calibration data sheet.
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pate: IZ' 26'85

’-bnlihrltor:zsf b&ag:;i .

. Meter ﬁox No.;_m"s

Reference: ASTM" 2>F

Inlet
Referance Pry gas
Refaerance thermometer thermometer
point Source * temperature, | tamperature, | Difference,
NO. oF oy opee
1 2 T 70 A
2 2 42 34 0
3 3 | §9 | 3 0
Outlet ‘
W
Reference Dry gas
Reference _ thermometer thermometer
point Source * temperature, temparature, Difference,
No. oF o epee
2 2 T 71 /

2 2 i 32 O
3 3 (9% |99 1

m———-——-————_—_—_—_:___—=

1) Ice bath
2) Ambient
d) Water bath

*Source:

¢¢Difference must be less than or egual to +5°F.

Figure E-10d. Dry gas thermometer calibration data sheet.
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Thermocouple No: :T'/S’

Reference: Aer .3;:

Date: _Z—/jt 8‘0
Calibrator: J Nep%

Reference Reference
point Source' thersometer Thermocouple
No. temperature temperature Ditference
deg. F deg. F deg. F"'
1 ! 74 72 /
: : | 35 3¢ /‘
*Source: 1) Ambient

2) lece bath

'"'‘Difference must be less than 2 deg. F at both peints

Figure E~11a. Impinger thermocouple calibration data sheet.
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Date: (? '1 -7’$§E;

Thermocouple No.: 1 - ]

~ Reference: _Ai-ﬂ' 3F

‘Calibrator: (\%?Sn\¥

Range:
_ Reference
Reference thermometer Thermocouple .
point Source,* temperature, temperature, Difference,
No. *F °F b A
\ 2 7¢ 74 0.37
2 " 37 35 0.40
3 3 146 197 015
‘ 4 38| 3384 0.36

*Source:

1) lce Bath
2) Ambient

3) Water Bath
4) 031 Bath

*+percent difference

Re‘erence terp. °R - thermocouple temp. °R

x 100%

(Reference temp. "R

where °R = °F + 460

Each percent difference must be less than or equal to 1.5%.

Figure E-11b.
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Balance Mass determined for
100 g {Error

No. Date Calibrator 5 g |Error| 509 | Error

194 |35/t % %/M s o1\ #8202 | 77|07
/¢ 3/;f/fé /_W s2 |02 50000 | 770/
)98 |35 %//mwé so oo |#8 |02 |977\03
29 5/;:04 / W coloo lsoeloo |777 8/

Neltler| 7okt [§ Neese |50 |00 [500 |00 Jioe©] 00

[N S I IS EN N N N

Error must not exceed 0.5 grams at each point.

Figure E-12. Trip balance calibration data sheet.
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Figure E-13. Weight traceability certificate.

Welahl IKAGEASILINY )
-~ CERTIFICATE : iy

o PLT Assgciares 7 #
1199 Clhicter RQ
i losat. Ohlp ‘/.S'-'ZVC

___Thebalances is\edbelowhavebeansewlcedbywrepresemaﬂve
 on—./t0"/2- £_5

“This Is to c:erﬁfy that the test weights used are traceable to the
National Bureau of Standards.

o 2
) . Ana!ﬂlcnl Praclsion ﬂt;
Meter identilication number of test weiphts used: /3 . z 5—5’ ' :{1:
Metiier calibration daie of test weights used: gy opv-f =$- }-16-F é' {%
National émoau t! Standards les!‘number: ...7_-3 5/ pe20 - ¥S 73/7/0£_L.E10 - %ﬁ
Mods! and seris! number o! balonces serviced: ﬁ
HisAf * (25025 P oo ¥7Y35ks ‘
HL3a ¥ oseeey PE Ap-2 * (5920 =
M3l *Liv3e3 L i
HISTAR ¥ LLFodo S . i.
oc 4o % C 2(3y0 i‘z
Memor sﬂ Repusemmwe . W i% )
(020725 . memngmenmomm g
Dete of issue 609) 448-3000 2
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BAROMETER

The field barometer was calibrated to within 0.1 in.Hg of an

NBS-traceabie mercury-in-glass barometer before the test series. It was

_ - checked against the reference after.the test series to detérmine if it read

within 0.2 in.Hg. The barometer read within the allowable limits each time.

Calibration data are included in Figure E-14.

ORSAT ANALYZER

The Orsat analyzer was calibrated before the test series by determining
the percentage of oxygen, carbon monoxide, and carbon dioxide in a calibrated
gas containing known percentages of each. The analyzer read within 0.5
percent of the known value for thg gas. Calibration data are shown in Fig-

ures E-15a through E-15c.
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PRETEST  S#S e il
T

R |27.5% (2229 hoos |a997

REFERENCE

BAROMETER  |2.9. 53

READING 29.%7 |=0.0% 12414

DIFFERENCE* | ©.00 | ooy 00 | po2

DATE Lefse

CALIBRATOR

POST-TEST Y06

BAROMETER

READING 1997  |socs 776/

e

reaomne (29.94 $0.0% 7197
DIFFERENCE**| (02 | .03 .o

DATE 6-20-%6 |£-F56 7%
[cAL1BRATOR | T Neese | . & |

*Barometer is adjusted so that difference does not exceed 0.05 in. Hg.

**Barometer is not adjusted.

manager immediately.

If difference exceed 0.10 in. Hg, inform project

Figure E-14. Barometer calibration log.
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PEI ASSOCIATES, INC. Reference Gas:

11490 CHESTER ROAD

CINCINNATI, OMIO 45246
® = (813) 782-4700

Matheson Gas Products, Inc.

Cylinder No. 3828
control No. 105-45979

Analysis: C02-10.03%

02-9- 83%
C0-2.04%

co

Orsat No.: :éééiéZL Gas:

2’0 2!

, 5
e
Calibrator| Date PN Value

J

determined

5////% s, /)8

"\

Jfse P 1.9

@g

3
¢

E-37

I BN IR BN B BN B OB .

Figure E-15a. Orsat calibration data sheet




PEl ASSOCIATES, INC.
11499 CHESTER ROAD
CINCINNATI, OHIO 45246
(513) 782-4700

Orsat No.:

Reference Gas:

Calibrator

Matheson Gas Products, Inc.

Cylinder No. 3828
Control WNo. 109-45979
Analysis: C02-10.03%

02-9.83%.
rn-2.04%
-
1#@2j3' Gas: C;{:%Z'
23 /0 /0.5
' Value
Date PN determined

o/ 1fy| 540

76

/0.0

%é
%/{

76

Figure E-15b.

Orsat calibration data sheet.
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PEI ASSOCIATES INC.
11499 CHESTER ROAD
I CINCINNATI, OHIO 45246 —
(513) 782-4700 :

g#éiiz; Gas:

Orsat No.:

Calibrator| Date PN value

Reference Gas:

Matheson Gas Products,

Cylinder No. 3828

Control No. 108- 45979

02 -9.83%
C0-2.04%

L

- Analysis: C02 -10.03%

inc.

23

2&

/035

determined

| 7S

'%f

] ;//W( YV | 9§

5445~

Yl | T

lr
_

ARER

|
|
|
|
|
|
|
|
l

|
|
| |
|

[ -

|

Figure E-15c. Orsat calibration data sheet.
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M APPENDIX F
PROJECT PARTICIPANTS AND SAMPLE LOG
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TABLE F-1. PROJECT PARTICIPANTS

Name Title Responsibility

. Bruffey PEI Project Manager Coordinated test activity;
1iaison with EPA, MRI, and
plant personnel; caicula-
tions; Cr ©/total Cr and
particle size recovery;
process sampie collection.

. Scheffel Environmental Scientist Was site leader for inlet

tests; assisted with
cleanup/recovery of
samples,

. Howard Technician Conducted all tests at

scrubber outiet.

scrubber outiet.

. Hamlin U.S. EPA-EMB Observed test,

. Strait MRI-NSPS Contractor Monitored process operation
and coordinated test
activity.

. Barker MRI-NSPS Contractor Monitored process opera-
tion,

F-2

. Neese Technician-: Conducted all tests at I




TABLE F-2. SAMPLE LOG

Date
(1986)

Activity

Sunday 6/29
Monday 6/30

Tuesday 7/1

Wednesday 7/2

Test crew and equipment travel to Greenville, SC

Equipment and site setup completed; all preliminary
measurements and equipment audits were conducted. Sample
trains and impactors set up. Method 13B and particie
size test were conducted at each location.

One Method 13B test was conducted at each location.
Process samples were collected. One particle size run
was conducted at the outlet and one at the inlet.
Process samples were collected.

One particle size test was conducted at outlet location.
A1l samples were recovered, equipment packed, and test
crew departed from the plant.

F-3






APPENDIX G

DRAFT TEST METHOD FOR HEXAVALENT CHROMIUM
EMISSIONS FROM STATIONARY SOURCES
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Method - Determination of Hexavalent Chromium

Emissions from Stationary Sources

1. Applicability and Principle.

1.1 Applicability. This method applies to the determination of

hexavaient chromium (Cr*6) emissions from specified stationary sources

only.
1.2 Principle. Particulate emissions are collected from the source

by use of Method 5 (Appendix A, 40 CFR Part 60). The collected samples are

digested in an alkaline solution and analyzed by the diphenylcarbazide
colorimetric method.

2. Range, Sensitivity, Precision, and Interferences.

2.1 Range. A straight line response Curve was obtained in the range

5 pg Cr*6/100 m1 to 250 yg Crt6/100 ml. For a minimum analytical accuracy

of +10 percent, the lower limit of the range is 50;ﬁg/100 ml. The upper

1imit can be extended by appropriate dilution.

2.2 Sensitivity. A minimum detection 1imit of 1 pg Cr*6/100 ml

has been pbserved.

2.3 Precision. The overall precision for sample collection and

analysis for Crtb was tested at a ferrochrome smelter, & chemical plant,

and a refractory brick plant. Replicate Method § filters with both high

and low particulate loadings were analyzed. The relative standard

deviation was 4.4, 8.3, and 13.3 percent, respectively.

2.4 lnterference. Very large quantities of iron, molybdenum,

vanadium, and mercury can interfere with the analysis. No interference

was observed at the sources listed in Section 2.3.

jop]
1
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3. Apparatus. i
3.1 Sampling Train. Same as Method S, section 2.1.

'3.2 Sample Recovery. Same as Method 5, section 2.2.

The following equipment is needed.
1, with watchglass covers.

3.3 Analysis.

3.3.1 Beakers. Borosilicate, 250 m

3.3.2 Filtration Apparatus. Vacuum unit with 47 mm diameter,

3.0 y pore size Jeflon filters.
3.3.3 VYolumetric Flasks. 100 ml and other appropriate volumes.

3.3.4 Hot Plate.

3.3.5 Pipettes. Assorted sizes, as needed.

3.3.6 Spectrophotometer. TJo measure absorbance at 540 nm.

4. Reagents.

4.1 Sampling. Same as Method 5, Section 3.1.

4.2 Sample Recovery. Same as Method 5, section 3.2.

4.3 Analysis. The following reagents are required.

4.3.1 Sodium Carbonate. NapCO03, anhydrous, analytical reagent

gfade.

4.3.2 Sodium Hydroxide. NaDH, analytical reagent grade.

4.3.3 Potassium Dichromate. KzCrz207, analytical reagent grade.

Deionized distilled, meeting American Society for

4.3.4 MWater.
cifications for type 3 reagent - ASTM

Jesting and Materials (ASTM) spe
reference - see § 61.18). If high

Test Method D 1193-77 (incorporated by
concentrations of organic matter are not expected to be present, the

analyst may eliminate the KMnDg test for oxidizable organic matter.

G-3




4.3.5 Digestion Solution. Dissolve 20.0 g NaOH and 30.0 g NazCO03
in defonized distilled water in a l1-liter volumetric flask and dilute to
the mark. Store the solution in a'tigﬁt\y_capped poiyethylene bottle-and
prepare fresh monthly.

4.3.6 Potassium Dichromate Stock Solution. Dissolve 141.4 mg of
d}ied KzCr207 in deionized distilled water and dilute to 1 liter
(1 ml = 50 yg Cr¥é),

4.3.7 Potassium Dichromate Standard Solution. Dilute 10,00 m)
K,Cry0; stock solution to 100 m! (1 ml = 5 g cr*®) with deionized

distilled water.

4.3.8 Sulfuric Acid, 10 Percent (v/v). Dilute 10 m1 of reagent grade
HpS04 to 100 ml in deionized distilled water.
4.3.9 Diphenylcarbazide Solution. Dissolve 250 mg of
1, 5-diphenylcarbizide in 50 m1 acetone. Store in a brown bottle. Discard
when the solution becomes discolored.
4.3.10 Acetone. Same as Method 5, Section 3.2.
5. Procedure.
5.1 Sampling. Same as Method 5, Section 4.1.
§.2 Sample Recovery. Same as Method 5, Section 4.2.
5.3 Preservation. Tests with the source samples described in
Section 2.3 demonstrated that cr*d® §s stable in particulate form.
Nevertheless, 211 samples should be proteCted from extreme heat, and

chould be analyzed within 1 month of collection.

6-4
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5.4 Sample Digestion and Preparation. Place the contents of
Container Number 1 (the filter) and Container Number 2 (the acetone probe
" “pinse) in a 250 m beaker. Evaporate to. dryness. Add 40 ml of digestion
solution (Section 4.2.5). Cover the beaker with the watchglass ind heat to
pear boiling on a hot plate with constant stirring for 30 minutes. Do not
allow the solution to evaporate to dryness.

Cool the solution and transfer it quantitatively to the filtration
apparatus with deionized distilled water. Filter the solution through
the 47 mm Teflon filter. Transfer the filtrate from the filter flask
quantitatively to a 100 m1 volumetric flask. Fill to the mark with
deionized, distilled water.

5.5 Reagent Blank Preparation. Place a 47 wm diameter filter in a
100 m1 beaker. Proceed as in Section 5.4.

5.6 Silica Gel Weighing. Weigh the spent silica gel (Container
Number 3) or silica gel plus impinger to the nearest 0.5 g using a balance.
This step may be conducted in the field.

5.7 Analysis.

§.7.1 Color Development and Measurement. Transfer 50 ml aliguot of
the prepared sample TO 2 100 m1 volumerric flask. Add 2.0 ml of
diphenylcarbazide solution. Adjust the pH to 2 + 0.5 with 10 percent HzS504
and dilute 1o volume with deionized distilled water. Allow the solution to
ctand about 10 minutes for color development. Transfer a portion of the
sample to 2 l-cm absorption cell and measure the absorbance at the optimum

wavelength (Section 6.2.1), using the blank solution as a zero reference.
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Dilute the sample and the blank with equal volumes of deionized distilled
water if the absorbance exceeds A, the absorbance of the 250 9 cr*d
staﬁdard as determined in section 6.2.2. Use deionized. distilled water 10
zero the instrument.

§.7.2 Check for Matrix Effects on the crté Results. Since the
analysis for cr*6 by colorimetry is sensitive to the chemical composition
of the sample (matrix effects), the analyst shall check at least one samplie
$rom each source using the method of additions as follows:

Add or spike an equal volume of standard solution to an aliguot of the
sample solution, then measure the absorbance of the resulting solution and
the absorbance of an aliquot of unspiked sample.

Next, calculate the Cr*6 concentration C¢, in ug/ml of the sample
solution by using the following equation:

= AS -
Cs Ca'A—t_-—K; Eq. — -1
Where:

Ca = cr*6 concentration of the standard solution g/ml.

Ag = Absorbance of the sample solution.

Ay = Absorpance of the spiked sample solution.

Volume corrections will mnot be required if the solutions as analyzed have

been made to the same final volume. Therefore, Cg and C, represent Cr+6
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" concentrations before dilutions.

1f the results of the method of additions

procedure used on the single source samp1e do not agree to within 5 percent

of the value obtained by the routine spectrophotometric analysis, then

reanalyze all samples from the source using this method of ldditionﬁ

procedure.

6. Calibration.

6.1 Sampling Train. Perform a1l of the calibrations described in

Method 5, Section 5.
6.2 Spectrophotometer Calibration,
6.2.1 Optimum Wavelength Determination. Calibrate the wavelength

scale of the spectrophotometer every 6 months. The calibration may be

accomplished by using an energy source with an intense line emission such

as a mercury lamp, or by using a series of glass filters spanning the

measuring range of the spectrophotometer. Calibration materials are

available commercially and from the National Bureau

details on the use of such materials should be supplied by the vendor;

general information about calibration technigues can be obtained from

general reference books on analytical chemistry. The wavelength scale

of the spectrophotometer must read correctly within 45 nm at all

calibration points; otherwise, the spectrophotometer shall be repaired

and recalibrated. Once the wavelength scale of the spectrophotometer is

in proper calibration, use 540 mm as the optimum wavelength for the

measurement of the absorbance of the standards and samples.

of Standards. Specific



Alternatively, a scanning procedure may be employed 1O detérmine the
proper measuring wavelength. 1f the 1nstrunentv1$ a double-beam
spectrophotoﬁeter, scan the spectrum between 530 and 550 rm using a
250 wg crtb standard solution in the sample cell and 2 blank solution in
the reference cell. 1f a peak does not OCCur, the spectrophotometer is
malfunctioning and should be repaired. Wnhen 2 peak 1is obtained
within the 530 to 550 nm range, the wavelength at which this peak occurs
<hall be the optimum wavelength for the measurement of absorbance of both
the standards and the samples. For a single-beam spectrophotometer, follow
the scanning procedure described above, except that the blank and standard
. solutions shall be scanned separately. The optinum wavelength shall be
the wavelength at which the maximum difference in absorbance between the
standard and the plank occurs.

6.2.2 Determination of Spectrophotometer Calibration Factor K. Add
p.0 m1, 10 m1, 20 ml, 30 ml, and s0 m! of the working standard solution
(1 m1 = 5 ug cr+b) to a series of five 100-m1 volumetric flasks. Analyze
these calibration standards as in Section £.7.1. This calibration
procedure must pe repeated on each day that samples are analyzed.

Calculate the spectrophotometer calibration factor as follows:

Ko = 100 Eg. — -2

Z 7 2
AL+ A2t A3t M
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Calibration factor.

>~
L g
n

Absorbance of the 50 cr*6 standard.

>
—
n

Absorbance of the 100 Cr*® standard.

T

Absorbance of the 150 crt® standard.

>
w
n

« Absorbance of the 250 Cr*® standard.
A,

7. Emission Calculations.

Carry out the calculations, retaining at least one extra decimal

figure beyond that of the acquired data. Round off figures after final

calculations.
7.1 Tota) Cr*6 in Sample. Calculate m, the total g crtd in each

sample, as follows:

m = K 2AF Eq. _ -3

Where:

2 = Factor to correct 50 ml aliquot analyzed to 100 wl total sample.

A = Absorbance of sample.

F = Dilution factor (required only if sample dilution was needed TO
reduce the absorbance into the range of calibration).
7.2 Average Dry Gas Meter Temperature and Average Orifice

Pressure Drop. Same as Method 5, Section 6.2.

7.3 Dry Gas Volume, Volume of Water Vapor, Moisture Content. Same

as Method 5, Sections 6.3, 6.4, and 6.5, respectively.
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7.4 Cr*® Emission Concentration. Calculate cg (g/dscm), the crtd

concentration in the stack gas, dry basis, corrected 1o standard

conditions, as foTious:

Eq. — -“

cg = (0.001 g/mg) (m/Vp(stad))

7.5 1sokinetic yariation, Acceptable Results. Same as Method 5,

Sections 6.11 and 6.12, respectively.
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3. Same as Method 5, Citations 2 to 5 and 7 of Section 7.
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METHOD 3050
ACID DIGESTION OF SLUDGES

1.0 Scope and Application

1.1 Method 3050 is an acid digestion procedure used to prepare sludge-
type and soil samples for analysis by flame or furnace atomic absorption
spectroscopy (AAS) or by inductively coupled argon plasma spectroscopy (ICP)
Samples prepared by Method 3050 may be analyzed by AAS or ICP for the
following metals:

Ant imony Lead ~ ‘
Arsenic Nicke)

Barium Selenjum,

Beryllium’ Silver-

Cadmium - Tnallium

Chromium 2inc,;

Copper \

1.2 Method 3050 may also be applicable to the analysis of other metals
in sludge-type samples, However, prior to using this method for other
metals, it must be evaluated using the specific metal and matrix,

2.0 Summary of Method

2.1 A dried and pulverized sample 1s digested in nitric acid and
nydrogen peroxide. TVhe digestate is then refluxed with eitier nitric
acid or hydrochloric acid. Rydrochloric acid is used as the final reflux
acid for the furnace analysis of Sb or the flame analysis of Sb, Ba, Be, Cd,
Cr, Cu, Pb, Ni, and 2Zn. Nitric acid s employed as the final reflux acid for

the furnace analysis of As, Ba, Be, Cd, Cr, Cu, Pb, Ni, Se, Ag, T1, and Zn or
the flame analysis of Ag and T1,

3.0 Interferences

3.1 Sludge samples can contain diverse matrix types, each of which may
present its own analytijcal challenge, Spiked samples and any relevant
standard reference materia) should be processed to aid in determining whether
Method 3050 is applicable to a given waste, Nondestructive techniques such as

neutron activation analysis may also be helpful in evaluating the applicabil-
ity of this digestion methog.

4.0 Apparatus and Materials

4.1 125-m1 conical Phillips' peakers.
4.2 Watch glasses,
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7.3 After the second reflux Step has been completed and the sample
has cooled, add 2 ml of Type II water and 3 ml of 30% hydrogen peroxide (H 02)
Return the beaker to the hot plate for warming to start the peroxide react%on.
Care must be taken to ensure that losses do not occur due to excessively

vigorous effervescence. Heat until effervescence subsides, and cool the
beaker. - - 2 . . _ , .

7.4 Continue to add 30%1 H;OZ in 1-ml aliquots with warming until the
It

effervescence 15 minimal or unt he general sample appearance is unchanged.
(NOTE: Do not add more than a total of 10 ml 30% Hzoz.g

7.5 If the sample is being prepared for the furnace analysis of Ag and
Sb or direct aspiration analysis of Ag, Sb, Ba, Be, Cd, Cr, Cu, Pb, Ni, Tl, and
In, add 5 ml of 1:1 HC! and 10 m1 of Type 11 water, return the covered beaker
to the hot plate, and heat for an additional 10 min. After cooling, filter
through Whatman No. 42 filter paper (or equivalent) and dilute to 100 ml with
Type 11 water (or centrifuge the sample). The diluted sample has an approximate

acid concentration of 2.5% (v/v) HC1 and 0.5% (v/v) HNO3 and is now ready for
analysis.

7.6 If the sample is being gseﬁﬁred for the furnace analysis of As, Ba,
. Be, Cd, Cr, Cu, Pb, Ni, Se, Tl, 4nd Zn, continue heating the acid-peroxide
digestate until the volume has been reduced to approximately 2 ml, add 10 ml
of Type 1! water, and warm the mixture. After cooling, filter through
Whatman No. 42 filter paper (or equivalent) and dilute to 100 ml with Type 1l
water (or centrifuge the sample). The diluted digestate solution contains
approximately 2% (v/v) HND3. For analysis, withdraw aliquots of appropriate

volume, add any required reagent or matrix modifier, and analyze by method of
standard additions.

8.0 Quality Control

8.1 For each group of samples processed, procedural blanks (Type Il
water and reagents) should be carried throughout the entire sample-preparation

and analytical process. These blanks will be useful in determining if
samples are being contaminated.

8.2 Duplicate samples should be processed on 2 routine basis. Duplicate
samples will be used to determine precision. The sample load will dictate
the frequency, but 10% is recommended.

8.3 Spiked samples or standard reference materials should be employed
to determine accuracy. A spiked sample should be included with each group of
sampies processed and whenever & new sample matrix is being analyzed.

8.4 The concentration of all calibration standards should be verified
against a quality control check sample obtained from an outside source.

8.5 The method of standard addition shall be used for the aha]ysis
of all EP extracts and whenever a new sample matrix is being analyzed.

/,,////,,,» | | Revised 4/B4
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4.3 Drying ovens that can be maintained at 30" C.
4.4 Thermometer that covers range of 0° to 200° C,

4,5 wWhatman No. 42 filter paper or equivalent.

5.0 Reagents

5.1 ASTM Type I] water (ASTM D1193): MWater should be monitored
for impurities.

5,2 Concentrated nitric acid: Acid should be analyzed to determine
level of impurities. If impurities are detected, all analyses should be
blank corrected.

5.3 Concentrated hydrochloric acid: Acid should be analyzed to deter-
mine level of impurities. If impurities are detected, all analyses should be
biank corrected.

5.4 Hydrogen peroxide (301):. Oxidant should be analyzed to determine

level of impurities. If impurities are detected, all analyses should be
blank corrected. .

6.0 Sample Collection, Preservation, and Handling

6.1 A1l samples must have been colilected using 2 sampiing plan that
addresses the considerations discussed in Section One of this manual,

6.2 Al) sample containers must be prewashed with detergents, acids,.
and distilled deionized water. Plastic and glass containers are both
suitable.

6.3 Nonaqueous samples shall be refrigerated when possible, and
analyzed as soon as possible.

7.0 Procedure

7.1 Weigh and transfer to @ 125-m1 conical Phillips' beaker a 1.0-g
portion of sample which has been dried at 60° C, pulverized, and thoroughly
mixed,

7.2 Add 10 ml of 1:1 nitric acid (HNO3), mix the slurry, and cover
with a watch glass. Heat the sample at 95° C and reflux for 10 min. Allow
the sample to cool, add 5 ml of conc. HNO3, replace the watch glass, and
reflux for 30 min. Do not allow the volume to be reduced to less than 5 ml
while maintaining a covering of solution over the bottom of the beaker.

Revised 4/84
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APPENDIX H

PROCESS DATA MONITORED DURING TESTS
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AMPERE-HOUR CALCULATIONS
TEST RUN NO.
INLET: MEI-1; OUTLET: MEOC-1

Time Time I
(24-h clock) jnterval, min Current, Ampere-hours
Inlet Qutlet Inlet Qutlet amperes Inlet Outlet
12:07 12:08 l
12:18 12:18 11 10 8,400 1,540 1,400
12:28 12:28 10 10 8,400 1,400 1,400 '
12:38 12:38 10 10 8,600 1,433 1,433 l
12:48 12:48 10 10 8,600 1,433 1,433
12:58 12:58 10 10 8,600 1,433 1,433 l
13:08 13:08 10 10 8,600 1,433 1,433
13:18 13:18 10 10 8,600 1,433 1,433
13:28 13:28 10 10 8,600 1,433 1,433 l
13:37 13:38 9 10 8,600 1,290 1,433
Subtotal 90 90 12,828 12,831 I
14:39 14:46
14:50 14:50 11 a 8,500 1,558 567
15:00 15:00 10 10 8. 600 1,433 1,433 l
15:10 15:10 10 10 8,600 1,433 1,433
15:20 15:20 10 10 8,600 1,433 1,433 _
15:30 15:30 10 10 8,700 1,450 1,450 I
15:40 15:40 10 10 8,700 1,450 1,450
15:50 15:50 10 10 8,700 1,450 1,450
16:00 16:00 10 10 8,700 1,450 1,450 I
16:09 16:06 9 6 8,700 1,305 870
Subtotal 90 80 12,962 11,536 .
TOTAL 180 170 25,790 24,367 l
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AMPERE-HOUR CALCULATIONS
. TEST RUN NO.

l - INLET: MEI-2; OUTLET: MEQ-2
l Time Time

(24-h clock) interval, min Current, Ampere-hours

Inlet Outiet Inlet Outlet amperes Inlet Outlet
l 08:16 08:15

08:25 08:25 9 10 10,000 1,500 1,667

08:35 08:35 10 10 10,000 1,667 1,667
I 08:45 08:45 10 10 10,000 1,667 1,667

08:55 08:55 10 10 10,000 1,667 1,667

09:05 09:05 10 10 10,000 1,667 1,667
l 09:16  09:15 11 10 10,000 1,833 1,667

Subtotal 60 60 10,001 10,002
l 09:20

09:25 0 5 10,000 0 833

09:37 09:35 0 10 10,000 0 1,667
I 09:45 09:45 8 10 10,000 1,333 1,667

09:55 09:55 10 10 10,000 1,667 1,667

10:07 10:05 12 10 10,000 2,000 1,667
-I _ Subtotal 30 45 5,000 7,501
l 11:14 11:17

11:25 11:25 11 8 7,600 1,393 1,013

11:35 11:27 10 2 7,700 1,283 257
l 11:43 8 0 7,800 1,040 0

Subtotal 29 10 3,716 1,270
l TOTAL 119 115 18,717 18,773
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AMPERE-HOUR CALCULATIONS
TEST RUN NG.
INLET: MEI-3; OUTLET: MEO-3

Time Time
(24-h clock) interval, min Current, Ampere-hours
Inlet Outlet Inlet Qutiet amperes inlet OQutlet
12:00
12:05 12:09 5 0 7,800 650 0
12:15 12:15 10 6 7,800 1,300 780 .
12:25 12:25 10 10 7,800 1,300 1,300 l
12:35 1 12:35 10 10 7,800 1,300 1,300
12:45 12:45 10 10 7,800 1,300 1,300 ;
12:55 12:55 10 10 7,800 1,300 1,300 l
13:05 12:59 10 4 7,800 1,300 520
Subtotal 65 50 8,450 6,500 I

14:00 13:59

14:10 14:10 10 11 6,400 1,067 1,173 B
14:20 14:20 10 10 6,400 1,067 1,067 l
14:30 14:30 10 10 6,500 1,083 1,083
14:40 14:40 10 10 6,400 1,067 1,067 -
14:50 14:50 10 10 6,400 1,067 1,067 I
15:00 15:00 10 10 6,400 1,067 1,067

15:07 0 7 6,400 0 747 _
Subtotal 60 68 6,418 7,271 I
TOTAL 125 118 14,868 13,771 I
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