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Oceanside Manufacturing Flant* Municipal Airport e Oceangide, California 92054 * Telephone (6819)757-7500

July 18, 1991

Mr, Thomas R. Weeks

Associate Air Pollution Control Engineer
County of San Diego

Air Pollution Control District

9150 Chesapeake Drive

San Diego, Ca. 92123-1095

Subject: Source Test Data and Emissions Report

Dear Mr. Weeks:

Air Sampling and testing at our plating sh scrubbers has been completed to satisfy the
requirements of the Air Toxic Hot Spots ormation and Assessment Act. All sampling and testing
was performed by Kleinfelder, Inc. of San Diego on January 7 thru January 17,1991 in
accordance to the approved source test protocol.

Enclosed is a copy of all sampling/ test data and an emissions report of Cadmium, Chromium VI,
Copper, Lead, Nickel & Zinc. Emission rates of these substances were calculated using the LB/HR
emissions factors established from the sampling/ test data. These emissions factors can be found
on page 4-5 and 4-6 of the report.

Please call me at (619) 757-7500 if you have any questions.

Sincerely,

S B

Greg Brady
Health & Safety Engineer

won
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Deutsch Company E.C.D.
Municipal Airport
Oceanside, Ca. 92054

1
l/_'

AB2588 EMISSIONS INVENTORY REPORT- PLATING SHOP

METAL SOURCE IBS/HOURI __LBS/DAY 2 TBS/ YEAR 3
~Cadmium Scrubber # 6 0.000183 0.002928 0.732
« Chrotium VI Scrubber # 2 0.000153 0.002448 0.612

“ Scrubber # 3 0.000153 0.002448 0.612

Coppet Scrubber # 1 0.02756 0.44096 110.24

“ Scribber #2 0.02756 0.44096 110.24
Lead Scrubber # 1 0.00386 0.06176 - 15.44
“ Scrubber # 2 0.00386 0.06176 15.44
Nickel Scrubber # 2 0.004006 0.06410 16.026
“ Scrubber # 5 0.004006 0.06410 16.026
Zinc Scrubber # 6 0.287 4.592 1148.0
TOTALS:
Cadmium 0.000183 0.002928 0.732
Chromium VI 0.000306 0.004896 1.224
Copper 0.05512 0.88192 220.48
Lead 0.00772 0.12352 30.88
Nickel 0.008012 0.128192 32.048
Zinc 0.287 4.592 1148.0
»
Footnotes: 1 Based on the avg. of three source test results.

2 Based on working, time of 16 hours/ day.
3 Basedon working days of 250 days/ year.
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AIR TOXICS SAMPLING REPORT
DEUTSCH ENGINEERED CONNECTING DEVICES
MUNICIPAL AIRPORT ROAD
OCEANSIDE, CALIFORNIA 92054

1 EXECUTIVE SUMMARY

Deutsch Engineered Connecting Devices retained Kleinfelder, Inc. to perform the AB 2583
Air Toxics Hot Spots evaluation on two emission control scrubbers serving the plating lines
located at their facility on Municipal Airport Road, Oceanside, California 92054, The tests
were conducted from January 7 through 17, 1991 and consisted of multiple metals emission
measurements. Multiple metal tests consisted of the sampling of copper, lead and zinc for
Scrubber #2 and the evaluation of cadmium and zinc for Scrubber #6. The multiple metal
tests were verified by individual sampling of nickel and cadmium. All procedures
conformed to the specifications of the California Air Resources Board (CARB).

The purpose of the tests was to determine if the source emitted any of the above air toxics
in reportable quantities and to develop accurate emission estimating factors. Scrubber
efficiencies were evaluated by simultaneous testing of inlet and outlet emissions. The tests
were requested by the San Diego Air Pollution Control District (APCD), as part of
compliance with AB 2588,

All tests provided valid data and the results are contained herein. The plating line tanks

were operated under normal operating conditions at or near full load for the duration of
the test; process requirements determined the actual load rate.

Copyright © 1991 Kieinfelder, Inc. - All Rights Reserved 1-1




L 2 INTRODUCTION

Deutsch Engineered Connecting Devices is a manufacturer of electrical connectors for the
aerospace industry. Deutsch retained Kleinfelder, Inc. (KA) to perform the AB 2588 air
toxics sampling on two scrubber systems, located at Municipal Airport Road, Qceanside,
California 92054. These tests were performed from January 7 through 17, 1991.

2.1  Purpose and Objectives

The purpose of the test program was to determine air toxics emissions, if any, as delineated

in AB 2588, the Air Toxics "Hot Spots” Information and Assessment Act of 1987. The two AT et
sources, Scrubber #2 and Scrubber #6, were tested by an EPA draft method for multiple Cv*"l
metals: specifically copper, lead, and nickel for Scrubber #2 and cadmium and zinc for

Scrubber #6. Heavy metal tests were verified by individual evaluations of nickel for

Scrubber #2 and cadmium for Scrubber #6. Simultaneous testing of inlet and outlet

emissions of scrubbers determined removal efficiencies. Process parameters recorded

during testing were used to estimate emission factors.

2.2  Process Description

l Source testing was conducted on the inlets and outlets of two scrubbers on the plating lines

l at the Deutsch Engineered Connecting Devices facility. The sources are identified as
Plating Line Scrubber #2 and Plating Line Scrubber #6. Scrubber #2 is intended to
remove acid emissions from the exhausts of several baths; Scrubber #6 is intended to

I remove cyanide emissions from several baths.

i

The entire plating shop is located in an enclosed building; all tanks containing chemicals
are connected to wet scrubbers. Pre-installation studies ensured propér design and
collection efficiency of the control systems. Parameters that were evaluated included
surface area of the tanks, heated and unheated tanks, and vapor density of chemicals within
each tank. Packing material was installed in the scrubber housing to control fumes and
provide adequate vapor-liquid contact to assure reasonable control. Scrubber liquids are
discharged through the existing wastewater treatment process.

Copyright © 1991 Kleinfelder, Inc. - All Rights Reserved 2-1
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Particular details of individual plating lines and operations are considered to be proprietary
information by Deutsch. This information will not be disclosed without the consent of

Deutsch.

Parts to be plated are loaded into plastic barrels or onto metal racks. They are immersed
in an acid or caustic solution to clean and prepare the surface for plating. The parts are
iransferred to a plating bath, and if required, an electrical current is applied, if required.
The amount of current and time that current is applied for plating depends on the total
surface area of the parts and other historical factors common to the particular type of part.
After the plating is complete, the parts are iransferred to a clear rinse water tank to
remove residues. The parts are then oven dried or air dried and shipped to stock. |

Scrubber #2 is approximately 9 feet wide, 18 feet long, and 9 feet high. Liquid spray flows
at a rate of 360 gallons per minute. The exhaust blower is rated at 41,700 cubic feet per
minute through an exhaust duct that is about 4 feet by 6 feet. This duct required the
installation of a temporary extension to facilitate testing. The inlet sample location was in
an approximately 5 foot diameter duct near the inlet of the scrubber.

Scrubber #6 is approximately 6 feet wide, 7 feet long, and 9 feet high. Liquid spray flows
at a rate of 60 gallons per minute. The exhaust blower is rated at 15,000 cubic feet per
minute through an exhaust duct that is about 2 feet by 3 feet. This duct required the
installation of a temporary extension to facilitate testing. The inlet location was in an
approximately 2 foot diameter duct near the inlet of the scrubber.

2.3  Procedures

The testing program was ‘coordinated by Mr. Greg Brady of Deutsch Engineered
Connecting Devices and Mr. Jon Kawaguchi of KA. The following field testing methods
were employed in the test program. '

- Sample traverse points were determined according to CARB Method 1.

- Gas stream velocity, gas temperature, gas pressure measurements, and the
verification of the absence of cyclonic flow were made by CARB Method 2.

Copyright © 1991 Kieinfelder, Inc. « All Rights Reserved 2-2 ’
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- Molecular weights of stack gases (carbon dioxide, oxygen, and carbon
monoxide) were determined to be that of ambient air.

- Stack gas moisture content was measured by using CARB Method 4 in
conjunction with other wet chemistry sampling trains.

- The emissions for heavy metals were measured using the EPA draft method
for muitiple-metals entitled "Methodology for the Determination of Metals
Emissions in Exhaust Gases from Waste Incineration and Similar
Combustion Processes" (drafted 8/28/89). Along with each of these multiple
metal test trains, nickel and cadmium test trains (CARB Methods 433 and
424, respectively) were run as required for verification of the multi-metal test
method. '

- Total and hexavalent chromium emissions were sampled according to CARB
Method 425, using standard sized impingers. Analyses for total and
hexavalent chromium were conducted by a qualified laboratory.

I
i
i
i
i
i
1

p—
- Nickel emissions were sampled according to CARB Method 433, using

standard sized impingers. Analysis for nickel was conducted by a qualified
laboratory.

- Cadmium emissions were sampled according to CARB Method 424, using
standard sized impingers. Analysis for cadmium was conducted by 2
qualified laboratory.

Procedures and field data sheéts for the above are presented in Section 5 and Appendix A,
respectively. Table 2-1 summarizes field sampling activities. ‘

Analyses of the above samples were conducted by Thermo Analytical, Inc. at their
Monrovia, California facility. Please refer to Section 6 for procedural discussions and to
Appendix B for data. '

-

Copyright © 1991 Kieinfelder, Inc. - All Rights Reserved 2-3




All raw data generated from the field sampling program were combined with the analytical
results into the appropriate equations from the applicable methods to determine the final
results in Appendix C. Sample calculations are included in Appendix D of the report.
Calculations were performed using computer programs that have undergone rigorous
quality control inspections before use.

Equipment used during the field testing program were appropriately calibrated to ensure

accurate measurements, These included meter boxes, nozzles, pitot tubes and
thermocouples. Calibration data are included as Appendix E of this report.

Copyright © 1991 Kleinfelder, Inc. - All Rights Reserved 2-4




TABLE 2-1

FIELD SAMPLING ACTIV ITIES

AIR TOXICS TEST

Deutsch Engineered Connecting Devices

l Parameter Run No. ‘Date Time Method
l SCRUBBER #2 |
Multiple Metals 1 1/07/91 0925-1038 EPA™)
l Multiple Metals 2 1/08/91 0830-1000 EPA
l Multiple Metals 3 1/14/91 0910-1030 EPA
Chromium 1 1/10/91 1315-1450 425
l Chromium - 2 1/11/91 0915-1040 425
I Chromium 3 1/11/91  1230-1350 425
Nickel \iW Pum»J 1 1/07/91 1420-1525- 433
I | ‘ METR, ™/ >
Nickel 2 1/10/91 0925-1125 433—-*‘
l Nickel 3 1/14/91 1230-1400 433
Y T e
' SCRUBBER #6
Multiple Metals 1 1/16/91 0810-0930 EPA
i
l Multiple Metals 2 1/16/91 1355-1510 EPA
I Multiple Metals . 3 1/18/91 0820-0945 EPA:
Cadmium VEUHCKIW 1 1/15/91 1135-1250 42
! e . _
Cadmium \ 2 1/17/91 0958-1110 424
e
l Cadmium “ 3 1/17/91 1330-1438 424 —-J
l A
l Copyright © 1991 Klcinfclder, Inc. - AWl Rights Reserved B 2-5
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3 SUMMARY OF RESULTS

The results of the air toxics tests aré summarized in Tables 3.1 to 3.10. These tables
include data pertaiﬂing to the source and its parameters (diameter, flow rates,
termperatures, loads, etc.) and the analytical results. Following describes the contents of

each‘table.

Scrubber No.2

' Multiple Metals (Copper, Nickel and Lead) Inlet and Outlet: Tables 3.1 and 3.2
l Total and Hexavalent Chromium Inlet and Outlet: Tables 3.3 and 3.4
Nickel Verification Inlet and Outlet: Tables 3.5 and 3.6
l Serubber No. 6
~—’ Multiple Metals (Cadmium, Zinc) Inlet and Outlet: Tables 3.7 and 3.8

Cadmium Verification Inlet and Outlet: Tables 3.9 and 3.10

s

Copyright © 1991 Kieinfekder, Inc. - All Rights Reserved 31




SCRUBBER #2
RESULTS - MULTI-METAL TESTS
AT SCRUBBER INLET
Dentsch Engineered Connecting Devices

' : TABLE 3-1
N :

Parameter Units Runl Run 2 Run 3

Date 1/07/91 1/08/91  1/14/91
Start Time 0925 0830 0910
End Time 1038 1000 1030
Stack Diameter inches 535 535 53.5
Stack Temperature °F 67 70 76
Moisture % vol 1.3280 1.404 1.664
Gas Meter Volume DSCF 64.073 67.819 48,716
Gas Velocity : ft/sec 32,14 34.50 37.55
GasVoume - ACFM 30,001 323141 - 351715
Gas Volume - DSCFM 29,628.4 31,592.5 33,922.8
Isokinetics % 94.26 93.57 91.34
Oxygen % vol 20.90 20.90 20.90
Carbon Dioxide % vol 0.0 0.0 0.0

i
I
1
1
1
i
i
l Copper 1b/hour 00184  <.,000592  <.000884 2 ,000g5%
i
i
i
1
1
i
I
1

S’

Lead lb/hour 00135 000986 00120 ©.601179
Nickel 1b/bour 00171 0117 00286 0.0051%

-

Copyright © 1991 Kicinfelder, Inc. - All Rights Reserved 3.2




- TABLE 3-2
SCRUBBER #2

RESULTS - MULTI-METAL TESTS

g

R

AT SCRUBBER OUTLET
Deutsch Engineered Connecting Devices
Parameter‘ Units Run 1 Run 2 Run 3
Date 1/07/91 1/08/91 1/14/91
Start Time 0925 0830 0910
End Time 1038 1000 1030
Stack Diameter inches 58 58 58
Stack Temperature °F T3 64 76
~ Moisture % vol 1.642 1.813 2922
Gas Meter Volume DSCF 45438 46.703 43.326
Gas Velocity - ft/sec 36.76 36.47 37.51
Gas Volume -~ ACFM 404662 40,1428 41,288.6
Gas Volume DSCFM 39,508.2 39,783.1 39,645.3 37045
Isokinetics % 96.72 98.73 102.52
Oxygen % vol 20.90 20.90 20.90
Carbon Dioxide % vol 0.0 0.0 0.0
Ib/hour 06560 0135 00358 ©0275
1b/hour 00759 00214 00185 0. 00Mb
Nickel Ib/hour .00690 00304 00208 ©.00 1007
Copyright © 1991 Kleinfelder, Inc. - All Rights Reserved 3-3
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TABLE 3-3
l“-” SCRUBBER #2
RESULTS - CHROMIUM TESTS (TQTAL & HEXAVALENT)
l AT SCRUBBEF )
Deutsch Engineered Devices
Parameter Units Run 1 Run 2 Run 3
l Date 1/10/91 1/11/91 1/11/91
Start Time 1315 0915 1230
l End Time 1450 1040 1350
Stack Diameter inches 535 53.5 535
l Stack Temperature . °F 75 73 71
Moisture % vol 1.672 0.828 . 1650
l . Gas Meter Volume DSCF 54326 50.239 49,997
Isokinetics o % 90.83 93.29 91.87
Gas Velocity . ftfsec’ 42.09 3739 37.94
i Gas Volume  ACFPM 394249 350176 355365
Gas Volume DSCFM 38,042.4 34,253.5 34,602.6
l — Oxygen % vol 20.9 20.9 20.9
Carbon Dioxide _ % vol 0.0 0.0 0.0
Total Chromium Ib/hour .000523 000246  .0000082¢ 0000259
l Hexavalent Chromium 1b/hour <.000130  <.000126  <.000128 (p.L E =¥
-
l o Copyright © 1991 Kieinfelder, Inc. - All Rights Reserved 34




TABLE 34
l\-’ | SCRUBBER #2
RESULTS - CHROMIUM TESTS (TOTAL & HEXAVALENT)
AT SCRUBBER OUTLET :
l Deutsch Engineered Connecting Devices
: : Parameter - Units Run1 Run 2 ~ Run3
l Date 1/10/91  1/11/91 1/11/91
Start Time . . 1315 0915 1230
' End Time : . 1450 1040 1350
Stack Diameter inches 58 58 58
I Stack Temperature °F 77 75 77
: Moisture % vol 0.936 1.484 1.695
Gas Meter Volume DSCF 47.884 48.791 48.098
l Isokinetics % 100.24 103.92 101.26
Gas Velocity . - - ft/sec 37.44 3682 < 3747
i Gas Volume ACEM 412153 405300 350047
Gas Volume DSCFM 40,1729 39,485.8 33,9904
l — Oxygen % vol 209 20.9 209
_ Carbon Dioxide % vol 0.0 - 00 0.0
Total Chromium Ib/hour 000411  .0000385 000252 2 e
Hexavalent Chromium 1b/hour <.000155  <.000150 <.000154 T7.45€-Y

hak hox, e st of fz DL

' Copyright © 1991 Kieinfelder, Ine. - All Rights Reserved 3.5




TABLE 3-5

SLE->

SCRUBBER #2
RESULTS - NICKEL TESTS
AT SCRUBBER INLET
Deutsch Engineered Connecting Devices

Parameter Units Runl Run 2 Run 3
Date 1/07/91 1/10/91 1/14/91
Start Time 1420 0925 1230
End Time 1525 1125 1400
Stack Diameter inches 535 53.5 535
Stack Temperature F 71 75 78
Moisture % vol 1.841 1.072 1.388
Gas Meter Volume DSCF 54.275 45.643 48.872
Isokinetics % 89.96 92.12 91.60
Gas Velocity ft/sec 28.89 34.66 37.60
Gas Volume ACFM 27,059.9 32,462.2 35,218.7
Gas Volume DSCFM 26,297.8 31,514.7 33,9372
Oxygen % vol 20.9 20.9 20.9
Carbon Dioxide % vol 0.0 0.0 0.0
Nickel 1b/hour 00753 00685 00253
Copyright © 1991 Kicinfelder, Inc. - All Rights Reserved 3-6




TABLE 3-6

SCRUBBER #2
RESULTS - NICKEL TESTS
AT SCRUBBER OUTLET |
Deutsch Engineered Connecting Devices

Parameter Units Run1 Run 2 Run 3

Date 1/07/91 1/10/91 1/14/91

Start Time 1420 0925 1230

End Time 1525 1125 1400

Stack Diameter inches 58 58 58

Stack Temperature °F 66 77 78

Moisture % vol 1.628 1.510 1.093

Gas Meter Volume DSCF 47.267 47.638 146.492

Isokinetics “ % 98.43 100.20 98.98

Gas Velocity =~ ft/sec 37.07 3748 36.89
- Gas Volume ACFM 40,817.0 41,259.9 40,613.5

Gas Volume DSCFM 40,386.9 39,983.4 39,502.9
~ Oxygen % vol 20.9 20.9 20.9

Carbon Dioxide % vol 0.0 0.0 0.0

Nickel 1b/hour 00367 .00278 00141

Copyright © 1991 Kleinfelder, Ine. - All Rights Reserved
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TABLE 3-7
SCRUBBER #6
RESULTS - MULTI-METAL TESTS
AT SCRUBBER INLET
Deutsch Engineered Connecting Devices
Parameter Units Run 1 Run 2 Run 3
Date 1/16/91 1/16/91 1/18/91
Start Time 0810 1355 0820
End Time 0930 1510 0945
Stack Diameter inches 26.5 26.5 26.5
Stack Temperature F 72 76 76
Moisture % vol 2.331 1.620 1,770
Gas Meter Volume DSCF 44215 40.919 42,111
Gas Velocity ft/sec 38.52 36.34 36.29
Gas Volume ~ ACFM 8,851.2 8,350.3 8,338.9°
Gas Volume DSCFM 8,576.7 8,089.7 8,093.2
Isokinetics % 96.54 94,72 97.44
Oxygen % vol 20.90 20.90 20.90
Carbon Dioxide % vol 0.0 0.0 0.0
Cadmium 1b/hour 00253 000165 000193 - L[—
Zinc Ib/hour 254 314 305 04 |
Copyright © 1991 Klcinfelder, Inc. - All Rights Reserved 3-8
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TABLE 3-8
SCRUBBER #6
RESULTS - MULTI-METAL TESTS
AT SCRUBBER OUTLET
Deutsch Engineered Connecting Devices
Parameter Units Run 1 Run 2 Run 3
Date 1/16/91 1/16/91 1/18/91
Start Time 0810 1355 0820
End Time 0930 1510 0945
Stack Diameter inches 19.5 19.5 19.5
Stack Temperature °F 72 78 75
Moisture % vol 0.985 1.301 1.621
Gas Meter Volume DSCE 47.823 48.250 48.055
Gas Velocity ~ ft/sec 73.37 73.83 72.98
Gas Volume ACFM 9,129.6 9,186.5 9,080.7 Aot €
Gas Volume DSCFM 8,987.2 8,913.8 8,861.4 422/
Isokinetics % 95.92 97.58 97.76
Oxygen % vol 20.90 20.90 20.90
Carbon Dioxide %% vol 0.0 - 0.0 0.0
Cadmium Ib/hour 000199 000208 .000142 l.‘b}E“'{
Zinc 1b/hour 274 294 293 0,287
Copyright © 1991 Kleinfelder, Inc. - All Rights Reserved 39




TABLE 3-9
SCRUBBER #6
RESULTS - CADMIUM TESTS
AT SCRUBBER INLET
Deutsch Engineered Connecting Devices
Parameter Units Run1 ' Run 2 Run 3
Date 1/15/91 1/17/91  1/17/91
Start Time 1135 0958 1330
End Time 1250 1110 1438
Stack Diameter inches 265 26.5 26.5
Stack Temperature °F _ 75 7 75
Moisture % vol 1,124 0.937 0.591
Gas Meter Volume DSCF 40,191 39.374 41.180
Gas Velocity - ft/sec 35.76 34.57 36.21
Gas Volume ACFM 8,218.4 7,943.5 8,321.0
Gas Volume  DSCFM 7,990.0 7,759.3 8,171.5
Isokinetics % 9420 95.03 94.37
Oxygen % vol 20.90 20.90 20.90
Carbon Dioxide %vol 0.0 0.0 0.0
Cadmium 1b/hour 000145 .000359 .000256
w
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TABLE 3-10
SCRUBBER #6
RESULTS - CADMIUM TESTS
_ AT SCRUBBER OUTLET -
Deutsch Engineered Connecting Devices
Parameter Units Run 1 Run 2 Run 3
Date 1/15/91. 1/17/91 1/17/91
Start Time 1135 0938 1330
End Time 1250 1110 1438
Stack Diameter inches 19.5 19.5 19.5
Stack Temperature °F 77 71 71
Moisture % vol 2.011 1.404 1.586
Gas Meter Volume DSCF 49.593 48,981 45,305
Gas Velocity ft/sec 76.26 75.57 73.75
Gas Volume . ACFM 9,488.9 9,402.9 9,176.7
Gas Volume DSCFM 9,127.5 9,246.8 8,907.0
Isokinetics % 97.95 95.49 91.69
Oxygen %o vol 20.90 20.90 20.90
Carbon Dioxide %o vol 0.0 0.0 0.0
Cadmium 1b/hour .000219 .000262 00120 s5L=x10"*
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4 DISCUSSION OF RESULTS

The heavy metals tests were performed using the EPA proposed multiple-metal method
(drafted 8/28/89) with nickel verification for Scrubber #2 and cadmium verification for
Scrubber #6. Nickel tests were performed using CARB Method 433; cadmium tests were
performed using CARB Method 424.

All caleulated isokinetic percentages were within the acceptable range of 90 to 110 percent.
The isokinetic percentage is the best single criterion in assessing the validity of an

individual test run. It can be simply defined as maintaining a sampling nozzle inlet velocity
identical to the undisturbed mainstream velocity.

Some test runs had sample system leakage rates in excess of the maximum allowable within
the CARB procedures. However, in accordance with the methods, a correction was
applied to the gas meter volume measurement to obtain a realistic value of the sample gas
metered, as if no leakage had occurred. Adjustment of the isokinetic sample rate was
accomplished by direct measurement of the pre-test leakage rate. Percentage of leakage
was calculated based on anticipated sample rate. The actual rate was adjusted by
multiplying the square of the leakage percentage with the anticipated sample rate. (Flow
rate is proportional to the square root of the pressure drop.) For example, if the leakage
rate was estimated to be 10 percent of the true sample rate, this rate was adjusted by a
factor of 1.21 (1.12 ). This correction was used for applicable sample test runs.

4.1 Removal Efficiencies

Tables 3-1 through 3-10 contain the inlet and outlet mass flow rates of the different metals
for Scrubbers #2 and 6. With the exception of zinc and one high copper reading, all flow
rates are 0.01 Ib/hr or less (in some instances as low as 0.0001 Ib/hr). Consequently,
calculating removal efficiencies involves differences between very small quantities, Small
inaccuracies in these measurements can have large effects on the removal efficiency values.

Results among the three runs for individual metals vary, indicating possible changes in
process conditions (for example, amperes).

Some outlet readings are higher than inlet readings. Differences may be attributed to the
design of the scrubbers, which is such that droplet carryover to the outlet sampling system
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was posmble, this could account for larger outlet numbers. At the reported levels of mass
flow rates, even a small amount of carryover could affect results and produce anomalous
numbers that would appear to indicate negative removal efficiencies.

Both Scrubbers #2 and 6 were designed for removal of emitted species other than metals -
acid or cyanide. Any reduction in metal emissions is not the result of design or operation
but is caused by the nature of the scrubber as a liquid-gaseous contact device. So removal
efficiencies close to zero are not unexpected.

Because of the very small inlet and outlet numbers involved, removal efficiencies for
metals other than zinc are meaningless and are not presented in this report. Mass flow
rates for zinc are on the order of 0.2 to 0.3 Ib/hr, considerably higher than other metals.
There is also much better agreement of results among runs, consistent with higher

numbers. Removal efficiencies are all positive but show only small reductions (maximum 6
percent) across Scmbber #6.

42  Multiple-Metal Verification

For Scrubber #2, nickel was the metal selected for independent verification of the multiple
metal method. Comparison of results in Table 4-1 shows an order of magnitude
correlation between the two methods. Again, quantities are so small that detailed

comparison is not meaningful. Cadmium values for Scrubber #6 also show an order of
magnitude correlation.

4.3 Emission Factors

Average emission factors for the different metals are show in Tables 4-2 and 4-3. Table 4-2
contains emission factors for metals emitted to the two scrubbers from electroplating
processes. Table 4-3 contains emission factors for non-electroplating processes.
Calculations were performed using the process data collected at the time of testing.

In tables 4-2 and 4-3, with a few exceptions, there is good agreement among emissions
factors of the three test runs for each metal. The emission factors show smaller differences
than mass flow rates (lb/hr). The factors normalize flow rates and reduces differences
introduced by process variations. In general, the emission factor averages in the two tables
appear to represent emissions and to be useful for determination of emissions based on
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future process conditions.
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TABLE 4-1
MULTIPLE-METAL VERIFICATION
Deutsch Engineered Connecting Devices

Copyright © 1991 Kieinfelder, Inc. - All Rights Reserved

4.4

Run 1 Run 2 Run 3
Parameter (b/hr) (b/hr) (b/hr)
Inlet/Outlet Iniet/Outlet Inlet/Outlet

Scrubber No, 2 - Nickel
‘Multiple-Metal Test - .00171/.00690 0117/ 00304 00286/.00208
Verification .00753/.00367 .00685/.00278 .00253/.00141
Scrubber No. 6 - Cadmium

Maultiple-Metal Test .00253/.00199 00165/.000208 .000193/.000142
Verification .00145/.00219 - ,000359/.000262

.000256,.00120




TABLE 4-2
EMISSION FACTORS - ELECTROPLATING
Deutsch Engineered Connecting Device&L
Test A\ Emission Factor
Scrubber _Metal  Ib/hr* -min Ti i -
2 Copper  0.0656 2605 98 0.00247
0.0135 494 78 0.00213
0.00358 806 81 _ 0.00360
Average ' 0.00273
2 Nickel  0.00690 5103 - 98 0.000133
| 0.00304 9708 78 0.000024?
0.00208 9520 81 0.00018
Average - . 0,000058
2 . Lead 0.00759 2605 98 0.000286
0.000214 494 78 0.000338
0.00185 806 81 0.000186
Average 0.000270
6 Cadmium 0.000199 20,250 45 0.000000442
0.000208 - 32,850 73 0.000000462
0.000142 39,150 87 0.000000316 . .
Average 0.00000407 &= \},
O.CO0mOMNANT

*Results of Multiple-Metal Tests

3 DNe o T4 sk i Kook Awm
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' TABLE 4.3
EMISSION FACTORS - NON-ELECTROPLATING
Deutsch Enginecred Connecting Devices
Test Emission Factor
Scrubber  Mefal  Ib/hr* __amp-min ___ Time(min) ___(Ib/amp-hr)
- Hex. :

2 Chromium <0.000155 29.40 64 <0.00000562
<0.000150 29.40 - 64 <0.00000544
<0.000154 29.40 64 <0.00000559

Average <0.00000555

2 Zinc 0.274 30.07 60 0.00911
0.294 30.07 60 10.00978
0.293 30.07 60 0.00974

' Average 0.00954

*Results of Multiple-metal Tests
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5§ FIELD SAMPLING PROCEDURES

51 Introduction

This section describes field sampling procedures that were used during the conduct of this
project. Deviations from standard procedure are described, including the reason for the
deviation, and the effect of the deviation on the final results.

52 General Factors Involved in Sampling

The production of valid data required that the sampling program be performed by qualified

personnel using proper test equipment. The sampling team leader was trained in source
sampling and experienced in test procedures. )

Valid tests required the use of appropriate test equipment properly calibrated and
maintained. This equipment included nozzles, pitot tubes, manometers, thermocouples,
flow meters and dry gas meters at a minimum. Because calibration and maintenance of
this equipment was important to valid data collection, written records were essential.

The use of the standard procedures described herein was important as a means of ensuring
test validity. Deviations were kept to a minimum and used only when absolutely necessary.

They were well documented and were based upon sound engineering practices, Of
particular importance were the following:

1. Location of the sample site and determination of the number of sample
points. _ _ .
2. Using acceptable equipment that had been properly calibrated.
3. Determining gas velocities.
4, Maintaining isokinetic sampling conditions when appropriate.
5. Sample handling, labeling, and chain of custody procedures.
6. Sample analysis.
7. Recordkeeping,
Copyright © 1991 Kleinfeider, Inc. - All Rights Reserved 5-1




53  Chain of Custody Procedures

A specific Chain of Custody procedure was used for this project. The elements of this plan

included:

Train component identification
Sample identification

Sample labels

Documentation

Chain of custody forms

The sequence of acuvmcs concerned with samplc custody together with 1denuficat10n and
tracking procedures are described below:

Sample train preparation on site including filter holders, impingers, and
other sampling equipment identified by tags and codes.

Sample train issued to test team and master log filled out. Sample
identification labels issued according to test identification code.

Train returned to recovery area when a valid sample was obtained. Sample
train accompanied by all field data sheets.

Recovery team recovered samples using appropriate containers, affixed
sample identification labels to sample containers, to master log, to field data
sheet, and to train recovery sheet.

All samples returned to Kleinfelder with Chain of Custody form.

Samples transferred to appropriate laboratory personnel with Chain of
Custody form.

Samples examined at each transfer point for integrity (broken containers,
loss of liquid, or seal integrity).
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Upon completing the required analyses, the analyst returned the Chain of Custody form
along with results. All samples were accounted for by the Project Manager. The
laboratory identified samples in its own laboratory notebooks by the field identification

number as well as any internal identification. Notebooks are retained by the laboratory
according to usual laboratory practices.

54  Location and Number of Traverse Points

The location of sample ports and the number of traverse points used was critical to
successful completion of the project. The specifications of CARB Method 1 were utilized
in the selection of sample points. Essentially, an ideal test location is one that is a
minimum distance of eight times the diameter (called eight equivalent diameters) from any
upstream disturbance (bend, constriction, tee, etc.) and at least two equivalent diameters
from any downstream disturbance. The minimum requirement is a location two equivalent
‘'diameters downstream and one half equivalent diameter upstream from any flow
disturbances. Additionally, stream flow characteristics should be free from any eddy
currents, helical or cyclonic flow. These requirements were met for the subject tests.

There were 12 traverse points, six along each of two ports, which were located in the same
horizontal plane and 90° apart.

5.5  Gas Flow and Temperature Measurements

The gas volumetric flow rate and temperature profiles were measured by conducting
simultaneous velocity and temperature traverses following the procedures of CARB
Method 2. Gas velocity heads were measured with a calibrated "S" type pitot tube
connected to an inclined manometer. A Chromel-Alumel (K type) thermocouple, attached

to a digital indicator, was used to measure the gas temperature at each of the traverse
points. '

The static pressure of the gas stream was measured using the same pitot tube and
manometer. The tips of the pitot were turned perpendicular to the gas stream, one leg of
the manometer was vented to atmosphere, and the resultant pressure was the static
pressure. The vented leg (impact or static) determined if the static pressure was positive or

- negative,

~During the initial traverse at each Sample location, the absence of cyclonic flow was
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verified. This was accomplished by turning the pitot tube perpendicular to the gas flow. If
a null reading was obtained on the manometer, an acceptable flow condition existed at that
traverse point. If not, the pitot was rotated until a null manometer reading was obtained
and the rotation angle measured and recorded. After all traverse points were examined,
the average rotation angle was determined. Since this average was less than 10 degrees,
the sample location was acceptable and testing was conducted.

5.6  Multiple Metals Sampling

‘The multiple metals sampling system collected a sample to determine gas moisture content
and heavy metal content at the same time. The basis of this system is described in EPA
draft method "Methodology for the Determination of Metals Emissions in Exhaust Gases
from Hazardous Waste Incineration and Similar Combustion Processes” (draft 8/28/89).

Sampling systems of this type must be operated at a rate within 10 percent of true
isokinetic rates. The isokinetic rate is the best single criteria in assessing the validity of an
individual run, It is defined as maintaining the sample velocity at the sampling system inlet

identical to the undisturbed mainstream velocity adjacent to the system inlet, as measured
by an S type pitot tube, '

The sampling train design was based on the EPA multiple metal draft methodology and

~designed to collect emissions of heavy metals. It was isokinetically operated according to

the method with stringent clean-up and recovery procedures. The multiple metal trains

were accompanied by a nickel sampling train for Scrubber #2 and a cadmium sampling
train for Scrubber #6, for verification of the draft method.

The sample train consisted of a quartz nozzle, heated glass lined probe, heated glass fiber
filter, heated Teflon sample line, and impinger train. Heated components were maintained
at 225+25°F. The impinger train consisted of four impingers in series, the first two each
contained 100 milliliters of 5% nitric acid/10% hydrogen peroxide, the third impinger was
dry, and the fourth contained about 400 grams of indicating silica gel. The impinger train

was maintained at ice water conditions to ensure gas exit temperatures of no more then
68°F.
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The buttonhook quartz nozzle tip diameter that was necessary to maintain the isokinetic
rate was calculated from the results of the preliminary velocity and temperature traverse
data, which are contained in the appendix. -The nozzle was securely attached to the
upstream end of a heated probe maintained at 225+25°F to avoid moisture condensation.

The filter holder was constructed of glass and was also heated to the same temperature
range,

The sample gas passed through the nozzle and probe to the filter for removal of suspended
particulate. From the filter, the gas passed directly to the impinger train. From the
impinger train, the sample gas was conducted through an umbilical to the control console
which contained the following pieces of equipment (listed in order): a coarse on-off valve,
a needle valve on the pump bypass for flow control, an air tight vacuum pump, a calibrated

dry gas meter, and a calibrated orifice tube connected to an inclined manometer that
ensured the maintenance of isokinetic sampling rates

The impinger set consisted of a Greensburg-Smith design impinger in the second position,
while the other three were modified by replacing the tip and plate with a 1/2 inch glass
tube. The entire impinger train was immersed in an ice water bath that aided in moisture
condensation and protected the gas meter from excessive temperatures.

The entire sampling system was subjected to a leak check prior to each run. The nozzle
inlet was plugged, and a minimum 15 inch Hg vacuum was held for one minute. The
leakage rate for the first two multiple-metal outlet test runs on Scrubber #2 exceeded the
maximum 0.02 ¢fm or 4% of the anticipated rate. Adjustments of the isokinetic sample
rate were accomplished by direct measurement of the pre-test leakage rate.

Upon completion of each test, the system was leak checked at a vacuum greater than the
highest recorded during the test. The leakage rate was above the acceptable level for two
runs on Scrubber #2. The final sample train volume for these two runs was adjusted to
compensate for the leak rate by using the methodology prescribed in CARB Method 5.

The isokinetic variations in the appendix are calculated from these adjusted sample
volumes.

The used filter was removed from the holder and sealed in its container, The nozzle,
probe, Teflon sample line, and front half of the filter holder were washed three times using
a total volume of 100 milliliters of acetone and then three times with 0.1 N nitric acid (100
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milliliters total volume), while brushing all expdsed surfaces with a nonmetallic brush. All
acetone and nitric acid washings were placed in separate sealed sample bottles for
subsequent analysis. ) '

The contents of the first three impingers were measured gravimetrically and, along with
their associated washings of a total of 100 milliliters of 0.1 N nitric acid, were stored in a
sealed sample bottle. The fourth impinger was reweighed in the field to the nearest 0.1
milligram, and the impinger was resealed for subsequent recovery or reuse. Samples of

unexposed filters and unused reagents were carried through the entire process as analyticél
blanks.

Field preparation and sample recovery were critical. All impinger and recovery solutions,
(acetone, 0.1 N nitric acid, 8 N hydrochloric acid, 4% potassium permanganate/10%
sulfuric acid 5% nitric acid/10% hydrogen peroxide) were made from ACS reagent grade
certified or equivalent quality reagents and stored in acid cleaned glass containers,

Reagent water was distilled and deionized and stored in glass containers with Teflon-lined
scTew caps. '

The sample bottles were Properly labeled and stored until they were transported to the

laboratory. Each sample collected was labeled per lqbbratow specifications and the same
nomenclature assigned to the corresponding data:sheet. .

. L
‘

5.7 Total and Hexavalent Chromium Sampling ' ",
Total and hexavalent chromium emissions were collec_':;te_d and analyzed according to CARB
Method 425 for Scrubber #2. The sample apparatusiconsisted of a button hook quartz
nozzle, heated glass lined probe, and heated, Peflon sample line connected to four

impingers of Greensburg-Smith (impinger 2) and modified Greensburg-Smith design
(impingers 1,3,4). : 5

The first two of these impingers contained dlsnlled and '}deionized water. The third was
empty, and the fourth contained approximatély ‘400 grams of indicating silica gel. The
system was leaked tested before each test and was found to be within the criteria stated by

the method. During the test the system was operated at a rate to maintain 10% of true
isokinetic rates, as prescribed by the methodology.
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Before and after each test, the system was leak tested and was found to be within limits.
The system was then disassembled and removed for recovery, The filter was placed in a
sealed and labeled container. The front half (nozzle, probe, sample line, front half of filter
holder) was rinsed three times with a total of 100 milliliters of distilled and deionized
water. The back half of the filter holder and the first three impingers along with its
connectors (back half) were also rinsed three times with a total of 100 milliliters of distilled
and deionized water. The chromium samples from the impingers and the rinses from the

front and back half of the sampling system were then placed in a sealed labeled container
with a Teflon-lined cap and stored until transported to the lab,

All filters, including blanks, were extracted to determine the metal content, All liquid
samples were treated according to the particular analytical technique that was used.

58  Nickel Sampling

The nickel emissions were collected and analyzed according to CARB Method 433 and
were also sampled with the multiple-metal train (Section 5.6) for the verification of the
EPA methodology for Scrubber #2. The impinger set consisted of a Greensburg-Smith
design impinger in the second position while the other three were modified by replacing
the tip and plate with a 1/2 inch glass tube. The entire impinger train was immersed in an

ice water bath that aided in moisture condensation and protected the gas meter from
excessive temperatures.

The first two impingers in the system each contained 100 milliliters of 0.1 N nitric acid

(HNO3). The third was empty and the fourth contained about 400 grams of indicating
silica gel.

The system was leaked tested before and after each test and was found to be in excess of

allowable rates for the first two nickel test runs. Adjustments of the isokinetic sample rate
were accomplished by direct measurement of the pre-test leakage rate.

The recovered sample filter was Placed in a container and sealed. The nozzle, probe, and
glass connectors were brushed (nonmetallic) and rinsed three times with a total of 100
milliliters of 0.1 N HNO3 solution, and the combined washes were placed in a glass bottle
with a Teflon-lined cap. All impinger solutions and their subsequent washes with 0.1 N
HNOj3 were added to the same sample bottle as the front half and stored until transported
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to the lab.
59  Cadmium Sampling

The cadmium emissions were collected and analyzed according to CARB Method 425 and
were also sampled with the multiple-metal train for the verification of the EPA

methodology for Scrubber #6. The sample train consisted of a heated glass lined probe,
heated filter, and four impingers in series.

The impinger set consisted of a Greensburg-Smith design impinger in the second position,
while the other three were modified by replacing the tip and plate with a 1/2-inch glass
tube. The entire impinger train was immersed in an ice water bath that aided in moisture

condensation and protected the gas meter from excessive temperatures.

The first two impingers in the system contained 100 milliliters of 0,1 N nitric acid (HNQ3)

each. The third was empty and the fourth contained about 400 grams of indicating silica
gel.

The train was leaked checked before and after each test run. In all cases, leakage rates

were within acceptable limits. The system was then operated isokinetically as prescribed by
this methodology. '

The recovered sample filter was placed in a container and sealed. The nozzle, probe, and
glass connectors were scrubbed with a nonmetallic brush and rinsed three times with a total
of 100 milliliters of 0.1 N HNO3 solution, and the combined washes were placed in a glass
bottle with a Teflon-lined cap. All impinger solutions and their subsequent washes with 0.1

N HNOj3 were added to the same sample bottle as the front half and stored until
transported to the lab.
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6 ANALYTICAL PROCEDURES

6.1 Introduction

The procedures described in this section were used for the analysis of the samples

generated during the AB 2588 tests on plating line scrubber exhausts at the Deutsch
Engineered Connecting Devices facility.

Samples were collected at the stack exhaust. The samples were submitted to Thermo
Analytical Inc. of Monrovia, California for the analysis of multiple metals, including

individual verification samples for nickel and cadmium. The following procedures were
used.

62  Moistare Content

The principles of CARB Method 4 were used t0 determine the moisture content of the
samples. The difference between the final impinger solution volume before washing and

the initial volume, measured gravimetrically to the nearest 0.1 milligram, plus the weight
gain of the silica gel determined the total moisture gain for each test run,

6.3  Multiple Metals Analysis

The samples containing the metals (copper, lead, nickel, cadmium, zinc) were extracted
with 50% Nitric Acid (HNO3), oxidized with 3% hydrogen peroxide (H205), and filtered
through a membrane or equivalent filter. Each metal in question was individudlly analyzed
using atomic absorption (AA) spectrophotometry, One of three methods was used to
determine the actual concentration of the metal: direct flame aspiration, cold vapor, or

graphite furnace. The operating conditions for the AA, were determined by the equip'meht
manufacturer for optimum sensitivity.

64  Total and Hexavalent Chromjum Analysis

For total chromium content, samples were subjected to an acid digestion procedure and
analyzed by atomic absorption spectroscopy.
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Hexavalent chromium content in samples was analyzed by the diphenylcarbazide
colorimetric method following extraction in an alkaline solution.

p—

6.5  Nickel Analysis

The nickel samples were analyzed by atomic absorption spectroscopy after combining filter
extract and impinger solution,

6.6  Cadmium Analysis

Each cadmium sample filter extract and impinger solution was combined and analyzed by
atomic absorption spectroscopy (direct aspiration method).

-
(
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7 LIMITATIONS
This report was prepared in general accordance with the accepted standard of care that
existed in Southern California at the time the report was written. It should be recognized
that estimating possible emission scenarios and chemicals is difficult, Judgements leading
to conclusions and recommendations are generally made with an incomplete knowledge of
the facility. Kleinfelder should be notified for additional consultation of the client wishes

to reduce the uncertainties beyond the level associated with this report. No warranty,
expressed or implied, is made.

This report may be used only by the client and only for the purposes stated, within a
reasonable time from its issuance. Site conditions or other factors may change over time,
and additional work may be required with the passage of time. Any party other than the
client who wishes to use this report shall notify Kleinfelder of such intended use. Based on
the intended use of the report, Kleinfelder may require that additional work be performed
and that an updated report by issued. Non-compliance with any of these requirements by

the client or anyone else will release Kleinfelder from any liability resulting from the use of
this report by any unauthorized party.
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KLEINFELDER, INC.
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TEMPERATURE SENSOR CALIBRATION DATA FORM

Themmocosple No. .

Barcietric Pressure  20,02- in. B

Aphient Temperahxe 77— °F
Refevence: Meraury in glass

Calitrated by _Jow. K
oOther o
Refererce m Difference
Point (saun:e ) Thermaneter Potenticmeter N
, (g F) (% F) |
Low Tece batd B2 32.0 o
Jmé/“*‘f- 7/ o) Fo 2,3 0,/3
_ A//ZA 3@/47#;,6 20 2 2d 2.8 0

(Ref. Temp + 460) - (Test Temp + 460)
¥ 100
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KLEINFELDER, INC.

Diamond Bar, california
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PITOT TUBE CALIBRATION
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KLEINFELDER, INC.
Diamond Bar, California
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PITOT TUBE CALIBRAT ION
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Barcmetric tressure (Fb)

(

29,22

Bach individual ¥, must be within 0.02 of the aversde Y
Fach individual HE, must be within 0.15 of the aversge He

l Gas Volume m‘w |
orifice [ Wet Test| DEy tg;s Test Gas | Time Y HE,
' (i-"-HHzo) (‘f,'fi) (5: ) '(d%!; F) (dgj F) (m%\"\)
I _0.5 5.000 | S 087 68 80 /2.39 | /lovéd LT
I 1.0 s.o00 | s.085 | 68 8 887\ so0s | 476
I 1.5 g,000 | §./07 L8 g3 738 | ,003 | /182
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Meter Box No. o0, Date //;z_/?/ Calibrated by \_jlm

Barametric Pressumre =z, o g” Avbient Temp 79~ Pre Test Y, /'M.{

Project Name pe”_{“_/ Project No. Z.""/‘W‘"z‘ Hwm vac =
_ ’ /ns-l:.- .
Gas Volume Tepperatires

Orifice | Wet Test | Dxy Gas | Wet Test | Dy Gas

Metar Metor Meter Meter
(in. H,0) (59) (££5) ¢ F) € " | - (un)
H

.0 sy | 5679 | 69 .8 /0 0.9821 /.?«#
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/.0 £.5%0 | 5635 | b9 90 o Joozog | (72
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KLEINFELDER, INC,
City of Inciustyy, Califarnia

POST TEST METER BOX CALIERATICN FORM

-

Meter Bax No. /00 DOER oo /5, Caliwated BY__ o,
Barqnetricpresmre 20,05 Anbient Temp =2¢/ Pre Test Y, 6.99%( _
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Gas Volume . Tempera |
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orifice | Wet Test| Dry Gas | Wet Test | Dry Gas | Time Y,
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H w Vy T Ty T
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