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UNACCEPTABLE

On the first page of this report, the first sentence of the first
paragraph says, "This Report presents an estimate of emissions from Standard
Nickel-Chromium Plating Company.” The report provides an estimate and that is
all. Testing was not done in accordance with procedures that would have been
accepted by the Emission Measurement Branch for a source test whose data might
be used by ISB.

In looking at the velocity traverse sheets, the inlet duct diameter is
given at 19 inches. The text of the report gives 18 inches. The duct length
for the inlet is too short to meet Reference Method 1 requirements. We have
had this problem with our testing as well. On the outlet, a 5-foot extension
was added. The drawing in the report does not make it possible to determine
precisely where the outlet ports are placed; however, if the correct location
was chosen, the total number of sampling points would have been 25. Only 16
points were actually sampled. The number of sample points at the inlet was
also insufficient, 16 total points being sample instead of 24.

When sampling for chromium emissions, experience by the EMB has shown
that the distribution of chromic acid is not necessarily uniform throughout
the stack gas. It is important, then, to sample the correct number of points
in order to obtain accurate data. Since this report was merely to provide an
"estimate" of emissions, this is a possible reason for not enough sample
points being chosen.




EMISSIONS STACK TESTING AT MCDONNELL DOUGLAS,
TORRANCE, CALIFORNIA

Chromium Emissions Tests for Tank 193, Bldg. 2 (Etching Tank Scrubber) and
Tank 195, Bldg 2 (Anodizing Tank Scrubber) at Douglas Aircraft Company.

UNACCEPTABLE

This report has discrepancies between the field data sheets and the
computer printouts and it appears that a minimal effort was made for the
entire pro ject.

From looking at the report, it is possible to conclude that single point
sampling was done in order to obtain the data. Both ducts were rectangular,
but information on duct length and port location along the duct is missing.
Onily two ports were placed into each duct which would not allow for the proper
matrix of sampling points as specified by Reference Method 1. Although a
velocity traverse was made, field data sheets for the sample runs show
constant stack and meter box parameters, and the absence of a sampling nozzle
diameter in the report indicates that only a piece of Teflon tubing was used
to extract the sample. Although the text at one point refers to a "Method 3"
train, sampling was not done in accordance with Method 5 procedures.

The text says that sampling was done proportionally. The correct size
nozzle for Run 1, Scrubber 1, Sparger On is 0.25. Using the data given in the
report and performing isokinetic calculations using the three most frequently
used nozzle sizes of 0.1875, 0.25, and 0.3125, the isokinetic rates for this
run are 153.3, 86.2, and 55.2 percent respectively. Although the report says
that proportional sampling was done, the data sheets show that the sampling
rate was constant and there is no indication of traversing.

This report was prepared for two attorneys. The report was probably
used in a court case and data were needed, but no one involved knew enough to
determine if the data gathered were accurate or properly obtained. The report
provides a "quick and dirty and not too accurate estimate" of the emissions
from a single point. Previous testing of chromium sources by the EMB has
shown that chromium emissions from a source cannot be accurately determined by
sampling a single point. Thus, the report does not provide accurate emission
data for the source
tested.
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MEMORANDUM

SUBJECT: Acceptability of Test Reports

FROM: Frank R. Clay FRC
Field Testing Section, EMB, TSD (MD-14)

TO: Andrew Smith
Industrial Studies Branch, ESD (MD-13)

Enclosed are three test reports that have been reviewed.
One report is acceptable and the other two are not. The reasons
for accepting or rejecting each report follow:

Enclosures
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ENVIRONMENTAL SOURCE SAMPLERS, INC. TEST OF THE NAVAL AIR REWORK
FACILITY AT THE NORFOLK NAVAL AIR STATION (CHROME LINE 1 DEMISTER) PERFORMED

ON NOVEMBER 22, 1986.
ACCEPTABLE

This report is acceptable, however, only total chromium analysis was
performed.

At the outlet, the last two runs had moisture contents that were greater
than saturation (though not by much). The same data were run again for run #2
using correct moisture content and a comparison of the emission numbers can be
found in the enclosed Summary of Emissions Sheet which is on the opposite side
of the Sampling Summary Sheet. The red numbers give the emission rates for
incorrect moisture and the difference is slight. If the difference is
significant to ISB, the report can be returned and the correct numbers
calculated.
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STANDARD NICKEL-CHROMIUM PLATING COMPANY
TOTAL AND HEXAVALENT CHROMIUM EMISSIONS

This report presents an estimate of emissions from Standard Nickel-Chromium
Plating Company. These emission estimates are based on tests performed by the
Air Resources Board {ARB) staff using a draft ARB test method. The results
have been reviewed by the staff and are belfeved to be accurate within the
1imits of the method. However, data are ysually affected by the test method
and process variables which are sometimes not apparent during the tests, The
data should not, therefore, be necessarily considered typical of a specific
source or industry until the effecis of such variables are known and taken

into account,
ACKNOWLEDGEMENTS
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Branch. Chemical analyses were performed by AIHL.




Standard Nickel-Chromium Plating Company
Total and Hexavalent Chromium Emissions

SUMMARY

The Air Resourees Board (ARB) has identified hexavalent chromium as a
toxic air contaminant, Because of this, sampling was requested by the ARB
Toxic Pollutants Branch to determine chromium emissions from a "hard® chromium
plater. Samples were collected at the Standard Nickel-Chromium Plating Co. on
November 14 through 16, 1986, by the staff of the Engineering Evaluation
Branch (EEB) of the ARB. The samples were analyzed by the Department of
Health Servicés (DOHS)} Air and Industrial Hygiene Laboratory (AIHL) for total

.chromfum and hexavalent chromium,

Chromium is applied by electrop1af1ng from 2 plating solution in
which it is present as hexavalent chromium, an anion in a high oxidation
state, Electroplating is accomplished by applying a high'ampefagé, Tow
voltage (4,000 amps, 4.5 volts) direct current (dc) through the plating
solution, The material to be plated is hung from the negative, or cathode,
bus bars of the plating tank. Ancdes are hung from the positive bus bars.
Chromium plating is only 8-20% efficient. A major reason for'the inefficiency
is that some of the applied electric current converts some of the water in the
plating solution to hydrogen and oxygen gases, resulting in the release of
hydrogen gas at the cathode and oxygen at the anode. A portion of the plating
solution is entrained with these released gases, which are vented for safety
reasons. At Standard Plating, these gases are passed through a scrubber and
then vented to the atmosphere, The scrubber {s used to recover some of the

vented plating solution and return it to the plating tank.




Sampling and analysis for hexavalent and total chromium was conducted !
in accordance with the ARB's Draft Test Method 425 (Determination of Total
Chromium and Hexavalent Chromium Emissions from Stationary Sources). The

results of the sampling and analysis and other data are shown in the Summary

3

Table, Emissions from the‘p1ating tank ranged between 0.42 x 10°~ 1b/hr and

3 3

0.85 x 10”3 1b/hr for total chromium and 0.035 x 10™3 and 0.64 x 1073

Tb/hr for hexavalent chromium. Emissions after the scrubber ranged between

% Jb/hr and 0.58 x 1073 1b/hr for total chromium and 0,18 x

0.20 x 107
1073 1b/hr and 0.54 x 103 1b/hr for hexavalent chromium. Scrubber
efficiency for preventing the release of chromium ranged between 28 and 67

perceﬁt for total chromium and 15 to 62 percent for hexavalent chromium.

af{=



Swmary Table

1
rn

Test Data For SR
Standard Nickel-Chroaium Plating Co.

1. Rua Number 1 2 k| 4
TETIE T TR T~ a/ b/ - - 1. ... T
1. Chromium Imissions Total Hex, Total Hex. Tetal® Hax., Total Hex.
-3 ..
a, Bafors Scrubber, 10 1b/Nr 0.81 0.64 0.42 0.3% 0.85 0.55 Q.62 9.47
=1 e/
b. After Scrubbar, 10 1lb/hr 0.5%8 0.54 0.28 0.20 7.4 0.47 8,20 0,18
as '
c; Scrubbar Eiliclency, parcent 28 16 33 4. 1. KC 1% 67 62
.3, CGhromium in Scrubbar Water 4. .- .. . [
a. Total, ug/ml 7383 43.6 16.0 $.9
b. Hexavalent, ug/ml 1.1 3).8 17.0 17.¢
4. Plating Tank Data
s, Tank Temperaturs, degrees F 140 140. 140 140
" b. Tank Surface Ares, sq. I%t. 10.6 10.4 10,6 10.6
c. Elactraplating Amps 4000 " 4000 000 4000
d, Chromic Acid Cone., ot/gal 32 ] 32 32 32
al .
+ Total = Total chromium including hexavalant chromium
B/
Hex. = Hexavalent chromium
e/
For this sample, the laboratory raported 3C0 ug total chremium L{n the lmpinger catch and that s 914 of =he
total reported sample, For all other samples, the impinger catch was less <han $ ug and representad
betwesn 0.2 and il % of the sample totals,
d/

NG = Not Calculated
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1. INTRODUCTICN

The Air Resources Board (ARB) has identified hexavalent chromium as a
toxic air contaminant. Subsequently, the Toxic Pollutants Branch of the ARB
requested the Engineering Evaluation Branch (EEB) of the ARB conduct an
emissions test to evaluate hexavalent chromium emissions from a "hard"
chromium plating operation. The Standard Nickel-Chromium Plating Company in
Los Angeles was selected for test1ngland testing was conducted on November 14
through 16, 1986. The samples were analyzed for total and hexavalent chromium
by the Air and Industrial Hygiene Laboratory (AIHL) of the Department of
Health Services. The objectives of this test were to:

1; Determine total and hexavalent chromium emissions from a hard

chromiﬁm plater. |

2. Determine the efficiency of the wet scrubber used by Standard

| Plating for controlling chromium emissions.

3. Determine if it is necessary to stabilize the sample filters

immediately after sampling as part of the test method development.

At different times during the ARB evaluation test, parallel samples were
collected by the South Coast Air Quality Management District (AQMD) and
Truesdail Laboratories. Truesdail Laboratories is a confract Taboratory
commissioned for the Metal Finishing Association of Southern California Inc.
Matt Dunn of Dames and Moore, Santa Barbara, observed the evaluation test for
the Metal Finishing Association.

IT. Conclusions

Emissions of total chromium (including hexavalent chromium at Standard

Plating ranged from 0.42 x 10™° 1b/hr to 0.85 x 10> 1b/hr before the

scrubber and 0.20 x 10™° 1b/hr to 0.58 x 107°

1b/hr after the scrubber.
Emissions of hexavalent chromium at Standard Plating ranged from 0.35 x 10'3
1b/hr to 0.64 x 107> 1b/hr before the scrubber and 0.18 x 107> 1b/hr to

-1-




0.54 x 10°3

1b/hr after the scrubber. Scrubber efficiency ranged from 28 to
67 percent in removing total chromium and 15 to 62 percent in remeving
hexavalent chromium from the exhaust.

The number of samples was too limited to determine if treating the
sample filters on si;e had any effect on the hexavalent chromium analytical

resul ts,

I11.  PROCESS DESCRIPTION

Standard Plating is c1$ssif1ed as a "hard" chromium plater. In "hard"
chromium plating, chromium s applied to steel surfaces in thicknesses of
- 0,0001-0,010 inches to build up worn parts and provide abrasion resistant
surfaces such as those seen on hydraulic rams and cylinders. "Decorative”
chromium plating is the other classification where a much thinner layer
(0.00001-0,000002 inches) of chromium i{s applied to produce a bright and
decorative, as well as corrosion and abrasion resistant surface.

The chromium is deposited onto the surface of fhe base material by
electroplating, Electroplating operations, including cleaning, rinsing,
plating, and post plating treatments, can be manual or automatic, Standard
Plating's, operation is basically manual to accommodate the wide variation 19
the parts they plate, -

The part to be plated is suspended by wires or racks before being
submerged into a tank containing the plating solution. At Standard Plating,
the parts are suspended by wires, The chromium is deposited onto the material
- surface from a solution in which it is present as hexavalent chromium, an
anion in a high oxidation state, Along with chromium acid, the aqueous

solution usually contains a small and carefully controlled amount of catalyst




fon, such as sulfate. The necessary direct current (dc) power for
electroplating is supplied by rectifiers and applied té the plating tank by
bus bars, Anodes are hﬁng from positive bus bars and Fhe item to be plated is
hung from the negat1¥e or cathode bus bars. Tank vo]t;ge and current are
monifored with voltmeters and ammeters, I

Chromium plating is one of the most difficult electroplating operations;
temperature, current density, and bulk composition areikept within a
relatively narrow range. With respect to electric current, chromium plating
is only 8-20% efficient. Most of the electric current is used converting
water in the plating solution into hydrogen and oxygen gases, This results in
the off gassing of hydrogen at the cathode and oxygen at the anode. The
release of these gases from the plating tank causes a spray that carries some
of the plating solution with the gases. For safety reasons the spray must be
vented. For economic reasons, the spray is usually vented through a scrubber
" to recover some of the plating solution., Part of the scrubber water is then
used as makeup to replace some of the lost plating so1Ltion.

During the three days of emissions sampling, Sta%dard Plating tried to
maintain consistant plating operations by plating simiiar parts under similar
conditions over the three test days. Table 1 shows thé operating parameters
and conditions during the 3 days of testing.

IV.  SAMPLING LOCATIONS AND METHODS j

Hexavalent and total chromium samples were collected according to a
i
draft of ARB's Stationary Source Test Method 425 (Detﬁrminat1on of Total

Chromium and Hexavalent Chromium Emissions from Statioﬁary Sources). A type S
!

pitot tube was used to determine stack gas velocity. HMoisture content was

3.




2.

Table 1

Operation Data During Emissions Testing
At Standard Nickel-Chromium Plating, Inc.

Tank Number

Plating Tank Data
a. Tank Temp
b. Surface Area,
¢. Dimensions
Plating Solution Data
a, Chromic Acid
b. Sulfuric Acid, total
c. Solution VYolume
Power Data

a. Voltage
b. Current

Parts Data

a. MNumber
b. Dimensions, each part

Depth of Chrome Deposited

50

140°F

10.6 sq. ft.

44 inches, diameter
38 feet, deep

32-35 oz./gallon solution
0.32-0.35 oz./gailon solution
2700 gallons

4.5 volts, dc
4,000 amperes

a
5/8 inch diameter
20 feet long

!
.003 inches total in 5 hours




determined as specified by ARB Method 4 (Detérm1nat1on of Moisture Content in
Stack Gases). Dry molecular weight (CO, COZ, 55 N ) was estimated
based upon atmospheric concentrations. Figure 1 shows the sampling locatjons-;--'
before and after the scrubber,
Draft Method 425 is similar to ARB Test Method 5 but with special
requirements. Those special requirements for sampling chromium at Standard
Plating included the use of glass-1ined stainless steel sambliﬁélbrohés,-'.
Aspecia1 teflon coated glass-fiber filters, and specially preparéd a%éion;f;nd_
- . distilled water., Hexavalent chromium is very reactive and the purp&sé of.
these specfal requirements was to prevent the loss of hexava1gntrchrom1um_
:after 1t was collected. Also, the acetone and deionized distilled water used .
- for sample recovery were analyzed before and after sampling to documen; iheir i-_zv
chromium content and the presence of impurities that would react with the
hexavalent chromium. Appendix A contains a copy of Draft Method 425. . -.
For analysis, all samples were split as described in Hethod 425‘P;bﬁe
half was analyzed for hexavalent chromium and the other ha1f for tota1

¢ :=-- chromium., For two of the sample runs (a sample run includes tw& sambqé;g»;~g. P

trains, one before the scrubber and one after the scrubber), the hexava1ent

fesmz A L

half of the filters were piaced in an extraction solut1on (sodium hydrox1de
and sodium carbonate in water) immediately after they were collected. The
hexavalent halves of the other two runs were not placed in the extraction

' solution until they arrived at AIHL in Berkeley. This was done to determine
if the delay affected the hexavalent chromium resu]ts;

V. TEST RESULTS

The analytical results and other test data are shown in Table 2. The
' sample analytical results are presented according to the parts of the sampling

train that were analyzed separately. In general, the larger particles are
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collected in the sampling probe before the sample filter., Finer particles
pass through the probe to be collected by the filter. And still finer
particles can pass through the filter to be collected in the impingers and
sample lines after the filter.

Based upon the test results, overall scrubber collection efficiency for
total chromfum ranges between 28 and 67 percent and for hexavalent chromium,
between 15 to 62 percent. The data indicates the scrubber is more efficient
in collecting the larger chromium containing particles than the finer chromium
containing particles. The data also indicates the use of recirculated
scrubber water may be a contributing factor to the scrubber's marginal
performance in controlling the finer chromium containing particies. This may
be due to the presence of chromium in the water recirculated to the scrubber's
sprayers. Samples of the recirculated scrubber water used in the spray
contained between 9.9 to 7,383 ug of total chromium and 17.0 to 33.3 ug of
hexavalent chromium per milliliter of scrubber 501ution (0.0013 to 0.986
ounces of total chromium and 0,0023 to 0.0044 ounces of hexavalent chromium
per gallon of scrubber solution).

Results of the study to determine if treating the filters on site is
effective in reducing hexavalent chromium loss are presented Table 3, Table 3
compares the concentration {ug/dscf) of hexavalent chromium collected on the
treated and untreated filters. The filters with the "before scrubber” samples
do not indicate there {is a difference between the treated and untreated
filters. The "after scrubber” filter samples indicate that the untreated
filters may be losing hexavalent chromium. But because of the limited number

of samples, no specific conclusions can be made.




Table 3

Comparison of Filter Results:For----.:

o Hexavalent Chromium X )
‘RUN # 1 2 a3 Lt & i Avgs
‘1. Concentration, ug/DSCF Tt T ST
- o ‘A, Befare Scrubber £oe s e
1. Treated Filterd/ 1.15 0.64 - +0:90--
2. Untreated Filtera/ 1.0%. - 0,75 | 0.88
B. After Scrubber
Trmo s l -:1. Treated Filter 0.87 0.35:, oo -- oo | -0461-
: - - :-2. Untreated Filter -o - =070, -..0,26] -0.48..}
a/  In the field, after sampling, the hexavalent chromium half.of the = . .
treated filters was treated with the sodium hydroxide and sodium
carbonate extract solution, The untreated filters . were.not treated -.
until Tater in the test week at the laboratory.
~etTTE LnTET A e =7 ET = = - £




VI. QUALITY CONTROL

Hexavalent chromium is very reactive and collected in very low
concentrations. The emphasis of the various quality control techniques 1§ to
prevent the loss or contamination of hexavalent chromium samples. For that ’
reason all sample containers both in the field and the laboratory were made of
glass or teflon and prewashed with specially prepared detergents, acids, and
deionized distilled water. Other quality control techniques are discussed
below,

A.  SAMPLING

When collecting samples the only recommended probes are quartz or
glass-lined probes. Any other probe material, including stainless steel,

- could contaminate the collected sample, Teflon coated glass-fiber filters are
the recommended filter media. During laboratory sample recovery and |
preparation, the uncoated glass-fiber filter can release silicate from the
f11te? material which, when acidified, becomes silicic acid. The silicic acid
exists in the recovered sample as a suspended particulate that interfers with
the colormetric analysis of the sampie. The teflon coating greatly reduces
the amount of siiicate that is released from the g]ass‘fibers.

' The deionized, distilled water used for impinger catches and the acetone
used to rinse samples from the probes and impingers were provided by AIHL.
Both were pre-analyzed for hexavalent chromium and othe? impurities by AIHL
and stored in glass or teflon containers,

B. SAMPLE RECOVERY AND ANALYSIS

The laboratory method for recovering and analyzing the samples for
hexavalent and total chromium is similar to that for ARB Method 5 samples.

However, AIHL de;erm1ned that parts of the Method 5 sample recovery and




analysis will cause some of the hexavalent chromium to be lost from the sample
because of the reactivity of hexavalent chromium. To prevent this, the
following changes were made. All solvents containing samples are reduced in
volume at room temperature rather than in an oven at 105°C because the
reactivity of hexavalent chromium increases with temperature., Some of the
analytical reagants were treated with potassium permanganate to remove the
reducing agents that would react with hexavalent chromium during sample

recovery and analysis.
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APPENDIX A

ARB DRAFT TEST METHOD 425




{ETHOD 425: DETERMINATION OF TOTAL CHROMIUM AND

AEXAVALENT CHROMIUM EMISSIONS FROM STATIONARY SOURCES

1. APPLICABILITY AND PRINCIPLE

1

.1

Applicability,

This method applies to the determination of hexavalent
chromium (Cr*®) and total chromium emissions from
stationary sources.

1.2 Principie.

2.

2.

Particulate emissions are collected from the source by
use of CARB HETHOD 5. The collected sample is divided
into two equal portions with one portion used for total
chromium analysis and the other portion for hexavalent
chromium analysis. :

1.2.1 For the hexavalent chromium analysis the
collected sample portions are extracted in an
alkaline solution and analyzed by the
diphenylcarbazide colorimetric method.

1.2.2 For the total chromium analysis the collected
samples must be prepared in order to convert
organic forms of chromium to inorganic forms, to
minimize organic¢ interferences, and to convert the
sample to a suitable solution for analysis.
Samples are then subjected to an acid digestion
procedure. Following the appropriate dissoclution
of the sample, a representative aliquot is placed
manually or by means of an automatic sampler into
a graphite tube furnace. The sample aliquot is
then slowly evaporated to dryness, charred
(ashed), and atomized. The absorption of hollow
cathode radiation during atomization will be
proportional to the chromium concentration.

RANGE, SENSITIVITY, PRECISION, AND INTERFERENCES

2.1 Range.

2

2.1.1. Hexavalent chromium, A straight line response
. curve was obtained in therange 1 ug Cr*%/100 oL
to 20 ug Cr*®/100 mL. For a minimum analytical
accuracy of + 10 percent, the lower limit of the
range is 2 ug/100mL, The upper limit can be
extended by appropriate dilution.

Sensitivity.




2.3

2.4

2.2.1. Hexavalent Chromium., A minizoum detection limit
of 1 ug Cr*®/100 nL has been observed (9.1).

Precision for hexavalent chromium. The ovgrall precision
for sample collection and analysis for Cr*® yas
determined at a ferrochrome smelter, a chemical plant,
and a refractory brick plant., Replicate Method 5 filters
with both high and low particulate loadings were
analyzed. The relative standard deviations were less
than 10 percent in all cases.

oy

Interferences.

2.4.1. Interferences of hexavalent chromium, Molybdenunm,
mercury and vanadium react with diplhenylcarbazide
to form a color; however, approximately 20 mg of
elements can be present in a sazple withcout
creating a problem. Iron produces a yellow color,
but this effect is not measured photometrically
at 540 nm. No interference was observed at the
sources listed din Section 2.3. '

2.4.2 Interferences for total chroamium,

2.4,2.1. The long residence time and high
concentrations of the astomized sample in
the optical path of the graphite furnace
can result in severe paysical and
chemical interferences. Furnace
parameters must be optimized 'to minidize
these effects. If the analyte is not
ctompletely volatilized and removed from
the furnace during atozization, memory
effects will occur, If this situation
is detected, the tube should be cleaned
by operating the furnace at higher
atomization temperatures,

2.4.2.2. Nitrogen should not be used as the
' purge gas because of a3 possible CH band
interference.

2.4.2.3. Low concentrations of calc¢ium may cause
interferences; at concentrations above
200 mg/L calcium's effect is constant.
Calcium nitrate is therefore added to
ensure a known conscant effecct.

If other techniques or conditions are used in the
analysis of total chromium and/or hexavalent chromium
then the tester is required to substantiate the data
through an adequate quality assurance program approved
by the Executive Officer.




3.

Any other

APPARATUS

Executive Qfficer, i

- this test method,

3.2 Sample Recovery.

3.3 Anelysis.,
needed.

3.3.1.

3.3.2.

3.{ Sampling Train.

Analysis of ‘hexavalent chromium. ~

3.3.1.1.
3.3.1.2.

3.3.1‘3.

3.3.1.4.
3.3.1.5.
3.3.1.6.

Analysis

3.3.2.1

3.3.2.2.

.3.2.3.

3.3.2.&.

The following apparatus anc materials are

sampliﬁg apparatus which, after review by the-

s deemed equlvalent _or t1e purposes of

may be used.

Same as CARB Methad 5 Sectlon 2,10
except use a glass lined stainless steel probe.ﬁwll "

Philips Beakers. Borosilicate, 125mlL,
with watchglass covers, ) -
Filtration Apparatus. Vacuum unit
constructed of glass, to accommodate i
sintered glass funnels. o T
Volumetric Flasks. 100-zL and
other appropriate volumes.

Hot Plate.
Pipettes. Assorted sizes, as needed.

Spectrophotometer. To measure
absorbance at 540na. B

of total chromium.

Atomic abscorption spectirozhotometer: oo
Single or dual channel, single~ or ot
double-beam instrument having a gratlng

monochromator, photomultijplier detector.
adjustable slits, a wavelength. range of
190 to 800 nm and provisions fér =~

simultaneous background correction and
interfacing with a strip chart recorder.

Chromium hollow cathode lazp or
electrodeless discharge lamp,

Graphite furnace: Any graphite furnace';
device with the approprizte temperature
and timing controls.

Strip chart recorder: {Azreébfdéf iék )
strongly recommended Ior furnace work so

Same as CARB ﬂethodj§, Secc1on 2 2. ‘;3‘;_§

that there will be a per:anent ‘record’ anu -f;_.

so that any problems with the
analysis such as drift, incomplete
atomization, losses during charring,




changes in sensitivity, etc.,, can easily
be recognized.

4. REAGENTS

Unless otherwise indicated, all reagents must conform to
. the specifications established by the Cormittee on Analytical
Reagents of the American Chemical Society. Where such
specifications are not available, use the best available grade.

4,1 Sampling. Same as CAR3 method 3, Section 3.1. except
Teflon~-coated glass fiber filters are used. Any other
sazpling method which, after reviev of the Executive
Officer, is deemed equivalent for the purposes of this
test method, may be used,

4.2 Sample Recovery. Same as CAR3 Method 5, Section 3.2.
4.3 Rezgents for hexavalent chrociur,

4.3.1 VWater. Deionized distilled, zeeting Acerican
Society for Testing and aterizls (ASTH
specification for type reagent - ASTM Test Method
D 1193-77. The water sihould e nonitored for

impurities.

4,3.2. Extraction solution. Dissolve 20,2 g WaOH and
30.0 g anhydrous XNa CO« ia water in a l-iiter
volumetric flask, aad dilute to the mark. Store
the solution in a tightly capped polyethylere
bottle., Prepare frest =onthly. ) -

4,3.3, Potassium Dichromate Stock Solution. Dissolve
2.829 g of analytical reagent gr ade K er07 in
watgr, and dilute to 1 liter (I oL = IC00 ug
Cr

4,3.4. Potassium Dichromate Standard Solution. Diluyte
10.00mL potassium dichkrorate stock solution to 100
mL (] mL = 100 ug Hexavalent Chromium) with water.

4.3.5. Sulfuric Acid, 6N, Dilute 166 alL sulifuric acid
to 1000 mL in water.

4.3.6, Acetone., Same as Method 5, Secticn 3.2.

4,3.7 Diphenylcarbazide Soluticn, Dissolive (.3 mg of
1, 3-diphenycarbazide in 100 =L azcetone. Store
in a brown bottle. Tiscard whex the solution
becomes discolored.

4.5.8 0.1% Potassium Permangarate scluzion

4.3.9 C0.01% Potassium Permanganate Soiution

4.4, Reagents for total chromium




4.4.1.

4.4,2,

4.4.3.

4.&.4.

4.4.5.

4.4.6.

SAMPLE COLLECTION, PRESERVATION, AND HANDLING

ASTM Type II water (ASTM D1193): refer to section
4.3.1,

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

Hydrogen peroxide (30Z) bptional.

Calcium nitrate solution: Dissolve 11.8 g of
calcium nitrate, Ca(N03)2.4H20 (analytical reagent
grade), in Type II watér and dilute to 1 liter. If
the instrument manufacturer recommends a different
matrix modifier then use that reagent,

Chromium standard stock solution (1000mg/L):
Either procure a certified aqueous standard from a
supplier (Spex Industries, Alpha Products, or
Fisher Scientific) and verify by comparison with a
second standard, or dissolve 2,829 g of Potassiunm
Dichromate (X Cr,04., analytical reagent grade) in
Type II water and dilute to 1 liter.

Chromium working standards: These standards

should be prepared to contain 1.072 (v/v) HN03;
ImL of 30% 70, and 1mL of the calcium nitrace
solution may be added to lessen interferences.

———

5.1 Sample collection. All samples are collected from the

source

by use of CARB Method 5.

5.2 Sample handling and preservation. All sample containers
must be prewashed with detergents, acids and Type II

water,
PROCEDURES
6.1 SAMPLE

6.1.1.

Glass containers are suitable.
PREPARATION
The sample is collected in the probe, impingers

and filters, The filter is placed in container
number 1. The probe is rinsed with acetone
solvent and the rinse is placed in container
number 2. Place half the contents of Container
Number 2 (the acetone probe rinse) in a 125-nL
Philips beaker A. Place the other half of the
contents of Container Number 2 in a second 125 ol
Philips beaker B. Rinse Container Number 2
with acetone and transfer half the rinse to
beaker A and the -other half of the rinse to
beaker B. Evaporate both beakers to dryness.
Place half the contents of the impingers in




(e 1)

6.3

beaker C and the other half in beazer D. Rinse
the impingers and place half ¢f the rinse into
beaker C and the other half into Leaker D.
Evaporate to dryness. Take the fiiter from
Container Number 1 and divide it into quarcers.
Take the quarters that are diagonal to each other
and place them into beaker E. Then place the
other two quarters of the filter from Container
Number 1 into beaker F, Cut each filter quarcter
into small pieces. Save beaker A,C and E for
hexavalent chromium analysis. Save beaker B,D and
F for total chromium analysis,

Removal of reducing agents in the reagents, The
extraction solution (4.3.2) and the 6N sulfuric acid
solution may contain small acounts of reducing agents
that can react with the hexavalent chromivm. Potassium
permanganate is added to these reagents ian order to
neutralize these reducing agents,

Pipette 3 mL of the extraction solution izto cuvettes A
and B, Use cuvette A as a saaple cell ané cuvette B as a
reference cell., Zero the instrument at 528 nm with both
cuvettes, Wait 10 minutes. Add an adequate amount (ul)
of 0.017 potassium permanganate solution to (4.3.9)
cuvette A, Enough should be added so that after 10
minutes a slight change in absorbance is cbserved. This
step may have to be repeated & number c¢f times in order
to.determine the required amount of potassium permangante
that is required. From the change in abdbserbance,

calculate the amount of potassiun pesrmanganate tnat is

needed to nuetralize the reducing agzents Zound ia the
reagents. Then pipette the proper voluze of higner
concentration 0.17 potassium permanganate solution into
the reagents. This is done by assuczing that the number
of milliequivalents of reducing agents in the reagents
are equal to the number of milliequivalents of 0.1%
potassium permanganate pipetted. This procedure is
repeated with the 6N sulfuric¢ acid solution.

Hexavalent Chromium sample preparation.

Sample digestion and preparation. To beaxer (A) add 25
mlL of alkaline digestion solution (Section 4.3.2). Shake
solution at room temperature for 30 minutes.
Quantitatively transfer the solution tc the filtration
apparatus with water, Filter the sclutiorn through the
sintered glass funnel into a 130mL recieving beaker.
Transfer the filtrate from cthe filter flask
quantitatively to a 100mL volumectric flask, Fill to a
volume of approximately 75aL to 83=zLl.

Adjust the pHl to 1+ 0.2 with 6N percent sulfuric acid.
Shake carefully to release carbon dioxide. add 2.0 ml of
diphenylcarbazide solution, and dilute to volume with
water, Allow the solution to stand about 10 oinutes for
color development., For each set of sarnles analvzad,
treat an identical aliquot of reagent blan: solution in




the same way. Transfer a portion of the sample to a 5-¢c2
fLtr absorption cell, and measure the assorbance at:-:ithe
optimum wavelength of 540 nm. Heasure and subtract the . -
reagent blank absorbance reading, :if &ny, to obtain a3 net
: reading. If the absorbance 8f the sazple exceeds the
seE T absorbance of the 100 ug Cr*Y stanéarc¢ as determined in
. s:°°  :r:r Section 7.2.2, dilute the sample and the reagent. blank..-7::
T : with equal volumes of water. Repeat this procedure: for €
TLIitEn beakers C and E. ) R

6.3.1 Reagent B8lank Preparation. Take & ‘
representatative amount of acetone and a blank
Method 5 filter and proceed z2s in Section 6.3.

6.3.2 Silica Gel Weighing. ‘eigh the stent
silica gel (Container Nuzber 3) or silica gel °
plus impinger to the neares: 0.5 g using a8
balance. This step may be concucted. in the
field. ‘ : ’

6.3.3 Analysis.

ST 6.3.4 Check for Matrix Effects o2 the Cr+6 Results. R
Since the analysis for Cr*® by colorimetry is T
sensitive to the chemical cemposition of the’
sample (matrix effects), the aralyst shall check
at least one sample from each source using the
method of additions as follcws:- Cbtain two egual:--
volume aliquots of the same sanple solution. ‘The ~
allquogs should each contair detwe2n 6§ and 10 g
of Cr*® (less if not possib'e) Spike one of the’
aliquots with an aliquot of s;andar% solution ;hat-
SR contains between 6 and 10 ug -Now-treat ~-- -7
. ‘both the spiked and urnspiksac sanpie allquots as -7 -7 iiT
TeiretLd desgrlbed in Section 6.3. lYext;-¢3leulate-the " -7 - %
- mass Cs, in ug in the aliqudt of-the-unspiked”
sample solution by using the rollowlng equation:

Cs a Ca

:l»-:h-
o

where: T

: As = Absorbance of the unsplkea sa ple solutlon.

B At = Absorbance of the spiked saﬂyle solutlon.-~ ST
Volume corrections will not be requlred since the
solutions as analyzed have Lesn 'maié toé the same - - - --
final voluae. If the results of tie method-of Tiorv
standard additions procedure ussd on the single o
source sample do not agree to within 10 percent-

of the value obtained by the .outl e i




7.

spectrophotozetric anelvsis, then reanalyze all
samples froz the source using this method of
standard additions procedure,

6.4 Total Chromium Sazple Preparation.

6.4.1

6.4.2.

6.4.3
6.4.4

6.4.5

6.4.6

6.4.7

CALIBRATION

Add 10ml of conc, nitric acid to tie sample in the
beaker(B). Cover the beaker with a watch glass.
Place the bYeaker on & hot plate and reflux the
sample down to 2-3mL. Add another 5ml nitric acid
to complete digestion. Reflux the sample volume
down to 1moL. :

Wash down the beaker walls anc watzh glass with
distilled water and filter the sample to remove
silicates and other insoluble zaterial that could
clog the nebulizer. ~riltration should be done
only if there is coacern that iasoluble naterials
may clog the nebulizer. Adjust the volume to

50 mL or 2 pred=azerzired value 32s2d on the
expected metal concentrations, Thz2 semple is now
ready for aralysis, The applicadility of 2 sample
preparation technique aust be demoanstrated by
analyzing spiked samples and/or relevant standard
reference materials.

The 357.9-nz wavelength line shall be used.

Follow the =anufactursr's operating instructions
for all other spectrofhotometer paramecters,
Furnace parameters sugzested by the manufacturer
should be employed as guidelines, Since
temperature-~sensing cezhanisas and teaperature
controllers can vary bztween instruments or with
time, the valicdizy of :he furnace parameters cust
be periodically confirzed by svstezatically
altering the furnace parameters while analyzing a
standard. In this aanzer, l2sses of analyte due
to nigher than necessary temperature settings or
losses in sensitivity due to less thanm optimum
settings carn be minimized. Sizilar verification
of furnace parameters =zy be required for complex
sample aatices.

Inject a measured ul aligquot of saaple into the
furnace ané a2tomize. I the concentration found
is preater than the highest standard, the saople
should be diluted in the same acid matrix and
reanalyzed. The use oI nultiple injections can
improve accuracy and help detect furnace
pipetting ercrors,

Repeat procedure (6.4) for beakers D and F.




7.1

7.2

Sampling Train. Perform all of the calibrations
described in CARB Method 5, Section 5.

Calibration Hexavalent Chromium

7.2.1

7.2.2

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 of Standards, Specific details on
the use of such materials should be supplied by
the vendor; general information about c¢alibration
techniques can be obtained from general reference
books on analytical chemistry. The wavelength
scale of the spectrophotometer must read correctly
within +5 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 nm as the optimum wavelength for the
measurement of the absorbance of the standards

and samples.

Alternatively, a scanning procedure may be
erployed to determine the proper measuring
wavelength, If the instrument is a double-beam
spectrophotometer, scan the spectrum between 530
and 550 nm using a 50 ug Cr*® standard solution
in the sample cell and a blank soluticn in the
reference cell, If a peak does not occur, the
spectrophotometer is malfunctioning and should be
repaired. When a peak is obtained within the 530
to 550 nm range, the wavelength at which this
peak occurs shall 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 optimum wavelength shall be the wavelength at
which the maximum differences in absorbance
between the standard and the blank occurs.

Spectrophotometer Calibration. Either (1) run a

series of chromium standards and construct a
calibration curve by plotting the concentrations
of the standards against the absorbances or (2)
for the method of starndard additions, plot added
concentration versus absorbance. See section
6.3.4 for the use of the method of standard
additions,




7.3

7. 2.-.1 Spectrophotometer Calibration Quality
Control. Multiply the absorbance value
obtained for each standard by the Kc
factor (least squares slope) to determine
the distance each calibration point lies
from the theoretical calibration line,
These calculated concentration values
should not differ from the actual
concentrationg (i.e., 5, 10, 25, 50, 75,
and 100 ug Cr*®) by more than percent
(to be determined) for five of the six
standards.

Calibration of Total Chromiun

7.3.1.

7.3.2.

7.3.3‘

7.3.4

7.3.5.

7.306.

7.3:7

-Either (1) run a series of c¢chromium standards and

construct a calibration curve by plotting the
concentrations of the standards against the
absorbances or (2) for the method of standard
additions, plot added concentration versus
absorbance. For instruments that read directly in
concentration, set the curve corrector to read out
the proper concentration,

Run a check standard after approximately every 10
sample injections. Standards are rum in part

to monitor the life and performance of the
graphite tube. Lack of reproducibility or
significant change in the signal for the standard
indicates that the tube should be repdlaced. -

Duplicates, spiked samples, and check standards
should be routinely analyzed.

Calculate metal concentrations by (1) the method
of standard additions, or (2) from a callbrat1on
curve, or (3) directly from the instrument's
concentration readout. All diluvtion or
concentration factors must be taken into account.
Concentrations reported for multiphased or wet
samples must be appropriately qualified (e.g., 5
ug/g dry weight).

Calibration curves must be composed of a minimum
of a blank and three standards. 4 calibration
curve should be made for every hour of continuous
sample analysis. :

Dilute samples if they are more concentrated than
the highest standard or if they fall on the
plateau of a calibration curve.

Employ a minimum of one blank per sample batch to

determine if contamination or any memory effects
are occurring.

10




7.3.8.

7.3.9.

Carry
extra
Round

7.4.1

7.4.2

Analyze check standards after approxlmately every
15 samples. L -

Run one duplicate sample for every 10 samples. A
duplicate sample is a sample brought through-the
whole sample preparation, -

7.3.10. Spiked samples or standard referencé -:
materials shall be periodically employed
to ensure that correct procedures are
being followed and that all equlpment is
operating properly. T

7.3.11. The method of standard additions shall
be used for the analysis of all EP
extracts, or whenever a new sample
matrix is being analy:zed.

7.3.12. The concentration of all calibration
standards should be verified against a
.quallty control check sample: obtalned
from an outside scurce. ErsL T 1T -

7.3.13. All quality control data should -be - -
maintained and available for easy
reference or inspection..

.Emission Calculations

out the calculations, retaining at least one:
decimal figure beyond that cf the acqulred data.
off f12ures after final calculations.

Total Cr*% in Sample, Calculate m_,, the total .

ug Ccr*® in sample. This can be obtained,frnm%the.::~:

calibration curve or from the method of standard
additions. Note that m.p is the sum of_the _masses:.

of hexavalent chromium analyses performed:on:the:::.:.:-

contents of beakers B, D and F. Also take in -
account the dilutions when calculating’mah.'

Total Chromium in the Sample. Calculate mct:géhe:‘-v-”

total ug of Chromium in the sample. :This:can be
obtained from the calibration curve or from the :
method of standard additions. Note that m is
ct
the sum of the masses of total chromium analyses: ..
performed on the contents of beakers A,C and E..
Also take into account the necessary dﬂmtlons
when calcuylating out m_,. A

Average Dry Gas Meter Temperature: and- Average-:.::

Orifice Pressure Drop. Same as MethbﬂfS}:Section-é:r

6.2. * . t."—

Dry Gas Volume, Volume of Wafer .Vapor,: Moisture -
Content. Same as Method 5, Sectlons 6 3 6 &

11




and 6.5, respectively.

7.4.5 Cr"'5 Emission Congentration. Calculate ¢
(g/dscm), the Cr*® concentration in the stack
zas, dry basis, corrected to stancard conditions,
as follows:

s = (10-63/"g)(mch/vm(std);>

7.4.6 Total Chromium Emission Concentration. Calculate
cee (8/dscm), the total ciromiua concentration in
the stack gas, dry basis, corrected to standard
conditions as follows: '

Cgp = (10'6g/ug)(mctlvm(std))

7.4.7 Isokinetic Variation, Acceptable Results, Same
as Method 5, Sections 6.11 and 6.12,
respectively,

SETHODS,

Total chromium determination by atomic absorption
spectroscopv. This method uses the direct aspiration
method.

Hexavalent chromium by flameless atomic absorption
Spectroscopy. This method complexes hexavalent chromium
with ammonivum pyrrolidine dithiocarbamate, This
chromiua complex is then measured by atomic absorbtion
spectrophotometer equipped with a flazeless accessory.

REFERENCES. _ )

9.1

9.2

9.3

US. Environmental Protection Agency/0Oifice of Solid
Waste, Washington, D.C., "Test Methods for tvaluating
Solid Waste, Physical/Chemical Methods, "SW-846 (1980),
SW-846 Revision A (August 8, 1980), and SW-3846 Revision
B (July 1981). :

Cox, X.B., R.W., R.W, Linton, and F.E. Butler.
Determination of Chromium Speciation in Environmental
Particles- A Multitechnique Study of Ferrochrome
Smelter Dust. Accepted for publication in
Environmental Science and Technology.

Same as in Bibliography of Method 5, Citations 2 to 6
and 7,

California Air Resources Board, Aerometric Data
Division. Method ADD1 006.
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Eteck Liesreter: : 1¢.C00C incles
Steck 2rez: ' 1,9€¢ scuare feet
fteck Terrperature: 7C de,.F
Lerernetric Fressure: 2%.83C inches Iic
Cz In Stezck: 20.¢C rcercerc
CCZz In Steck: : C.C6 rercert
2LoIn Tirek: . t.ut rorcent :
PO A A A S ?E&LEC
‘-:';"ctic ictic: Liel ToLZEIR

crrectec Samnle Volurc: €2.32 :ELBK-J SEL LT _ 32
3:'*1CLlcte Coerecrtraticrs C.ClC?Z"%r_../_::;fii GCS L), 0287 x10
izruiculace Lrissicnes C.34C2"Y /br L4 xs0™ 3
Steck Flows JECU SCFL (Cry,il <cz . F)

¢ck Velocity: 32.7 feet/cgecerd
£2C Vager In Steck: ' l.4 percent
(LZC In Steck ig LELCV faturezticn)
fteck Gas icle Veight(dry): 2€ .BE
Cteck Gazs lole VWeight(wet): 2€.,7G

Verified Ly:

A — e p— A t———




H2C vapor In Stack:

(:eC In Steck ig BELCH Seturaticrn)
Stack Cés lcle Leigrnt(dry):

Stack Czs tele Veight(wet):

Verified ky:

— — - S— ——— —————

FAFTICULATE L:'ILSI0ONWS TLRST EUNIAFRY AL FLEULIE
ARE=-CSCC-Engr., Cvel. Erarnch
File lo. C- 86 - -085"
Project licre: ftltnlzﬁc/ ’pM.L&g_
Ferarke: P7-2aD
SUNFARY CF TES1 CAT2 Lo Tova |
l.eterc¢ farcle vVolume £0.72 cukic feet
lleter Terferatvure: £C ceg.F
llozzle Liareter: G.312 incr.es
Fitct Tuvke C-Factcor: C.£22
farpling 1lire: 126 .00 minctes
Ave, delta " Crifice Fressure: 1.30 incres ti2C
Avg, {(Celte ¥ Fitct Frecscsure) : C.2€ Yy{(inches E2C)
E2C in Impingers &nc Silice Cel: 9.1 pilliliters
farticulete Cztch: 9.2 "illigrars yo.o y10~°
Stack Ares: 3.674 scuare feet
.Etack Tenmperature: €€ deg.F
BEzroretric Pressure: 29.930 inches Hg
C2 In Stack: 2C.9C rercent
CC2 In Etack: .00 percent
CC In Stack: C.CC fercernt
/
CZLCULAILL FLELLIS 7ote |
lscrinetic tzticy Ivi,¢ rercert I
Lcrrectec farnzle VCluire: {2.27 EE:‘(oc ceg. k)
rerticulete Ceorcertreticrn: C.u(zd &”srglr/ECCE(uE deg .F) ,ajbym’s
ferticelete Lrissicrs: L.iCzoddebr 29T ri0”
ftzck Flcw: £305 SCP..(Cry,68 ceg.F) ’
Stack Velecity: 1¢, € feet/cecenc

1.6 percent




EAFLICULATL ERISSICHS TLET SULLATY ANKE FEEULTS

LiE-€eCL-Ergr. Lvel. Lrercr

file re. Cc- gg~08S R -
+ Project 1.are-=_§£gac/enf_ﬁ[d,“ il L __rlerndrn oA
_FRerarks: . _P¥-3 : e
. - o g ] Sra 7
EULLLARY CF TLS1 CATE - -
l.cterec farple vVeclire €3.38 cutic feet
i.eter 'icrrercture: 6C ceg.F
i.cZzle TCiareter: (.252 inches
Fitct Tuke C-Facter: C.80z2

Coelrreccted

.ecditicelzte

- Fve,

T

cerpling Tire:

Vo, celte E Criiice
Yi{celte F Fitct
I.2C in Irpincers &rc
recrticvlcte Ceotcetl:

Frecsire:
Fressure) :
£ilice Cel:

cELteck Liareter:

Stack lree:

Steck Tenpercture:
tercretric Fressvre:

Cz Irn Etazck:
CCc In Stzck:
TLolm Stecko ,
. - Il
T S e "_’:%_'_-_r E

L A O O A T S S AT A

irendincile Totic: . i
E"‘ié vc‘tzc ?
cfrtigcrlece :
criseicres i
Ztack Flow: :
Stzeck Velocity:

2C vaper In Stack:
(E2C In Steck ie ELILCH
£teck CGas Ilcle i.eight(dr-): |
Cteck Gas Fele lVicight(wet):

“Veririecd by

ey — ——— e W

fetvraticn)

126.00 ninutes
1.5C inches h2G
€.5¢ y(inclLec <)
2%.3 r111111tcr=~
R r1111c:a-¢
19.C0C~ 1ncre=5::_
1.%€9 scuare -fe et
7% deg.F ~ ’
2£.85C inclkee Eg
2C.9C rercernt -
C.C0 gercert 77
Lellb Terecert

Iv 1.6 Torner:

LT VO O ( LA R ]
L.LJ.'IE-"’*.'Z AL \:L(LL-L‘é;:l‘_
LeBE ub'“il‘/lr L

3653 ‘CE;(ch,v&~ceg t)

22.C feet/secorc -
1.6 percent -

1Y%, 3 %16

) 2T 0
,1ﬂ4n95

e

..3' ’

-3



Prcject

Sveaclessd” Plet: ag

Ferecree: —

P7-30

T S e e vt T - —

SUITPMFY Lt TLE" LATA

leterid fZzarple Velure

leter Terterzture:

i'czzle Licreter:

Fitct Tuvke C-Factcer:

ferplirng dire:

#Vg, ¢egitc F Crifice Fressure:
Fve., y(celte F Fitct Fressvre):
120 in i- ringers encé Silica Cel:
rerticvizte Cetel:

fteck Lirercgicrs:L= 23,.0CC W=
Steck trez:
"Stack fTerrerature:

Eeroretric Fressure:

CZ2 In Stzck:

CCZ In Stzck:

CC 1Ir Czrmk:

Cricuisoz LLn §

Ccrrecterd Zernrple \clch'
) rt.ng.C'.-,'uC LCTCCI‘tIhthT'
rcrticricre lrlcclcrs-

ftack Flew:

Stack Velocity:

B2C Vapor In Stack:

(EZC Ir Stack is BLLCW Saturaticn)
Stack Cze tcle Lc1oht(cry).

Etechk Ces tcle ieight (wet):
Verifiec py: i

— —

(- ¥T
€l.CS cukic feet
6C ceg.F
.31z incres
0.£1¢
128.6GC minvtes
l.62 irches EZC
C.41 y(inches E2()
36,8 rilliliters
te. rilllqrcr°

Tova/

-3
[T Y-
o3l Y Y

23.00C inches

3.674 square feet
7C deg.F

29.93C inches Hg
20.50 percert
C.0C percent

C.CC rercernt

jﬁrﬁﬁ/
Fe€rcert
LE7 E‘CE(bb ceg. k)
¢, Lll3t”gralr/r£CE(ut cec. E)/?AJ?L@
C.4766"0k /b 5,04 ¥10”
4802 SCFM(Cry,68 ceg.F)
22.5 feet/secornc
1.6 percent

iCz.:2
€z

28.85
Zt,65

PR

e, e

it i - —_— -



FLFTICULATE EMISSICLE TEST SUMMARY AND RESLLIS
iAIL-SECD-Engr. Evel. Eranch

File kc. C- 8- 288

‘Prcject Rare: S@na/crg_/__f_[qg{;ﬁf
Rerarks:  PT~4 L -

SUL)ARY GF TEST DATA (- BT . Tok |
letered Sarple Voline 81.28 cctic feet —
leter 7Terperature: - 60 Ceq.F .

hozzle Diarmeter: £.253 inclres

Fitot Tube C-Factcr: 0.802

Sarpling Tirme: 1286.00 mirctes

Avg. celtea H Orifice Fressure: 1l.6C increc E2C

Avg. Y (delta P Fitct Pressure): 0.6C y(irches H2C)

E2C in Impingers ené Silicz Cel: 23.5 milliliters -3
Farticulate Catch: 7¢.1"rilligrars (x{a“l"J 1435, 3 w0 ~7
Steck Ciareter: 12,060 irnches

Stack Area: 1.969 scguare feet

ftack Temperature: 70 deg.F

Baroretric Pressure: 22,.81C inches BHg

C2 In Stack: 20.9C rercent

CC2 In Stack: 0.G0 percernt

CC In Etack: G.0U0 percsrt

CFLCLLZTEL RESUL1E: (r L Tova:
lsckiretic Latic: $7.1 rercent -
Ccrrectec Sarple Volure: §2.57 LECT(6E Geg.F)

Ferticvlate Corcentracicn: C.Ol46t€§:aingD£CF(68 deg.E)@@é%?,;squ
Farticulate Emissicns: 0.4687" 9t /nr &% \§%59x 03
Etack Flow: 3747 SCEL (éry,68 deg.F)

Stack Velocity: 32.4 feet/seccnd

B2C vapor In Stack: 1.3 percert

(E20 In Stack is EBELOW Saturation)

Stack Gas Mole Vwieight(dry): 28.85

Stzck Gas lole Weight{wet): 28.71

verified by:




PAFTICULATE EMISSICNS TEST EUIIAFY ALLC FESULTE

AFE-fE&CC-Engr. Cval. Branch

c- B-0B5

File 1c.

FPrcject Nhame: S‘)‘Q}g({dﬁd [[4/,49

Ferarke:

P7-4&D

SCcur:rY Cf TEST DATA

l.etered Sarnple Vclume

leter Tenferature:

inczzle Ciareter:

Fitct Tube C-Factor:

Serrling Tire:

Fvz, Celte K Crifice Frecgsure:
hAvec, { (Celta F Pitct Fressure):
EZC in Imgingers &nd Silicez Cel:
Ferticulete Catch:
ftack Lirensicns:lL=
.Stecr RAres:

Stack Terrerature:
berecretric Pressure:
C¢ Ir Stack:

CCz In EStrack:

CL Ir Ctacin:

23.0C¢8 w= 23,

Ccrrectec 2 Vclule-
crertizilece
€ ssicns:

<

Steck Velecity:

el Vamcr In Stack:

(E2C In Stack ig BCLCW Efeturcticn)
fteck Ges lole Neight(dry):

Stzcr Ces icle weight(wet):

veriiied nwv:

CCC inches

cr 27 73f£/
£7.30 cubic feet
£G ceg.F
t.313 inches

C.E26

iZ8.CC rinvtes
1,57 inches HZC
.41 Y({inclkes H20C)
3.5 williliters

-3
'E_.‘_ _1111‘_rcrc(,/a .’) 26, 5 xle Mj

3.674 sguare feet
65 deg.F

25.81C inchtes Eg
<C.5C cercernt
€.00 rercert

(.00 mgrcert

7|

£

Eidh Ce2

-

L) v 004ll X070

N PR
£€47 cCFt(L:\,co ces .F)
22.7 feet/secenc

1.2 tercent

<.GE

-~
“(-nl-'—
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LABORATORY REPORT cp O
ssDE
OTHER (O
1.D. No. .
TUDY OR CONTROLNUMEER | C 1B L —| 0|8 |5 PROJECTENGINEER David  Tpdd
f Establishment Sin H(Jaff‘ &'G‘h "‘i\ CO M:Pqn‘j Date this Report:
. LO$ AF\QJQ\Q ¢ M . Ma. Dav Yr
ab. No. SAMPLE
b, Use C ly| NUMBER Laboratory Results
55¢ B Chromivm (VI) | mat ug
- . v - .
Pabe Rine  Filter  Afler ringe /impinger wader
| B 4.3 _%6.4 </.0 |
R 20.1 1060 </.0
>D 0.1 29. | £7.0
2V 4.9 53.0 </.0
3D 0.5 £5.2 2.3
3V [0.% ¥6.0 <10
4 D 0.9 23.% £/.¢
44 6.1 62.0 < /.0
- BIKI | <« 1.0 0.1 /.0
BIK 2 - O <J).0
tho BLK = - —
. T
Aetection [imit  0-54567 ,/J'oﬂ‘fl

res of Chemists [nvolved:

Doyl (DorL

D_a t\c
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Signaturc ofSupcn'ising Chemise

>

Date
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SITTE. UKD TOZ ADD D

LARQRATOURY REPORT cD 5
$sD X
OTHER O
1.D. Na. :
ruby ok conTroLvaner (¢ jelo l—lol gl 5 PROJECT ENGINDER _ 2114 Jedd
f Establishmene Stondard 7/a 7L’."'/9 &“;‘6‘”“'{ Date his Rerort:
/ Mo. Dav Yr

o/ /11217

2b. No. SAMPLE , {

b. Use Only| NUMBER _ - Laboratory Results i
556 A _ ‘ Tetal  Chygriym g per 5‘&»}/}/& | -
ID-PR 9.32 |
IJ-FR 32.60
2D-PR 4.37 '
2U-PR 22.13 ’
3D-PR “ 444
30U-PR /9. [0 f

4D-PR _3.99
41)-PR 65 82

|D-AFS NP _ _0.41
|V -AFSIMP 0. 4!
2D-AFT THP 4.57
2U-AF{ 1P 236
3D-AFT 1P 938.56 |
3U-NESEM . .29 -
4D-Apq Litp 211
4U AF P ] 0.41
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.ab. Use Only NUMBER _ - . Laboratory Results
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