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SUMMARY

Method 101A, for determining particulate and gaseous mercury (Hg) emissions
from stationary sources, is similar to Method 101. 1In 101A, however, acidic potassium
permanganate (KMnQO,) solution is used for sample collection instead of acidic iodine
monochloride. This method applies to determining particulate and gaseous mercury (Hg)
emissions from sewage sludge incinerators and other sources as specified in the
regulations. Particulate and gaseous Hg emissions are withdrawn isokinetically from
the source and collected in an acidic KMnO, solution. The collected Hg (in mercuric
form) is reduced to elemental Hg, which is then aerated from the solution into an
optical cell and measured by atomic absorption spectrophotometry (AAS).

After initial dilution, the range of this method is 20 to 800 ng Hg/mL. The
upper limit can be extended by further dilution of the sample. The sensitivity of the
method depends on the recorder/ spectrophotometer combination selected. The collection
efficiency of the sampling method can be affected by excessive oxidizable matter in the
stack-gas that prematurely depletes the KMnO, solution.

The method descriptions given are based on the method'?? promulgated October
15, 1980, and on corrections and additions published on September 12, 1984, ard
September 23, 1988 (Section 3.19.10).
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METHOD HIGHLIGHTS

Section 3.19 describes the procedures and specifications for determining
particulate and gaseous mercury emissions from sewage sludge incinerators and other
stationary sources as specified in the regulations. New procedures were added to
Method 101A' on the basis of EPA-conducted development and evaluation of mercury
sampling and analysis. The major changes for Method 101A are:

1. The impinger KMnO, absorbing solution and the 8 N hydrochloric acid
(HCl) rinse are no longer combined in the field during sample recovery.

2. The impinger KMnO, absorbing solution must be filtered.

3. The filtrate must be analyzed within 24 h of filtration.

4. The residue on the filter from the filtration step must be digested with
8 N HCl1.

S. . The HC1 dlgestate and the flnal fleld sample, recovery rinse of. HCl are

combined and analyzed separately from the KMnO, filtrate.

b

- . oo

1. Procurement of Apparatus and Supplies . . .

Section 3.19.1 (Procurement of Apparatus ang Supplles) glves speclflcatlons,
criteria, and design features for the equipment andxmaterlals required for Method 101A.
. This section can be used as a guide for procuring and initially checking equipment and
supplies. The activity matrix (Table 1.1) at the end of the sectioh is a summary“of
the details given in the text and can.be used as a quick reference.

2. : Pretest Preparations

Section 3.19.2 (Calibration of Apparatus) describes the required calibration
procedures and considerations for the Method 10lA sampling equipment. Required
accuracies for each component also are included. A pretest checklist (Figure 3.1 in
Subsection 3.19.3) or a similar form should be used to summarize the calibration and
other pertinent pretest data. The calibration section may be removed along with the
corresponding sections for the other methods and made into a separate quality assurance
reference manual for personnel involved in callbratlon act1v1t1es.

Section 3.19.3 (Presampling Operations) prov1des testers with a gulde for
preparing equipmentmand_supplles for field tests. A pretest preparation form can be
used as an equipment checkout and packing list. Because of the potential for high
blank levels, special attention must be paid to preparing the sampling equipment.
Also, testers must ensure that any required audit samples are obtained for the test by
the responsible regulatory agency.

Activity matrices for calibrating the eguipment,and the presampling operatlons
(Tables 2.1 and 3.1) summarize the activities.

3. On-Site Measurements

Section 3.19.4 (On-Site Measurements) contains step-by-step procedures for
sample collection, sample recovery, and sample preparation for transport. The on-site
checklist (Figure 4.3, Section 3.19.4) provides testers with a quick method for
checking the on-site reqguirements. Table 4.1 provides an activity matrix for all

on-site activities. L
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4. Posttest Operations

Section 3.19.5 (Posttest Operations) presents the posttest equipment
procedures and a step-by-step analytical procedure for determination of mercury.
Posttest calibrations are required for the sampling equipment. The posttest operations
form (Figure 5.9, Section 3.19.5) provides some key parameters that testers and
laboratory. personnel must check. The step-by-step sample preparation and analytlcal
procedure descrlptlons can be removed and made 1nto a separate quality assurance
analytical referehce manual for laboratory personnel._

Section 3.19.6 {Calculations) prov1des testers w1th the required equations,
nomenclature, and significant dlglts. A calculator or computer should be used, if
available, to reduce the chances of error. ,

Section 3.19.7 (Maintenance) provides testers w1th a guide for a maintenance
program. This program is not required, but it should reduce egquipment malfunctions.
Activity matrices (Tables 5.1, 6.1, and 7.1) summarize all postsampling, calculation,
and maintenance activities.

5. Auditing Procedures

Section 3.19.8 (Auditing Procedure) Pprovides a description of necessary
activities for conducting performance and system audits. The data-processing
procedures and a checklist for a systems audlt also are included in thls section.
Table 8.1 is an activity matrix for conducting the performance and system’ audlts.‘

Section 3.19.9 (Recommended Standards for Establishing Traceabi-lity) pr9v1de,s
the primary standard to which the analytical data should be traceable.

6. References

Section 3.19.10 contains the promulgated Method 101A; Section 3 19.11 contains
the references cited throughout the text.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

Before Method 101A ' can yield results, it must be employed accurately.
Consequently, all users are advised to read this document and to adopt its procedures.
Alternative procedures should be employed only if they are outlined herein.

This section describes equipment specifications, criteria, and design features
for the sampling train used for Method 101A. It is intended to help users with
equipment selection. A schematic of the sampling train is shown in Figure 1.1 as an
aid in thé discussion that follows. o

This section also describes procedures and limits, where applicable, for
acceptance checks. Calibration data generated by the acceptance checks should be
recorded in the calibration log book. .

When procuring equipment and supplies, users should record the descriptive
title of the equipment, identification number (if applicable), and the results c?
acceptance checks in a procurement log.

The following procedures and descriptions are provided only as guidance axnd
may not be required for the initial ordering and check-out of the equipment and
supplies. Testers should note, however, that many of these procedures are required ac
a later step in the sampling and analytical procedures. Instituting these or similar
procedures as routine practices for checking new equipment and supplies, therefore,
will prevent later problems and/or delays in test programs. At the end of this
section, Table 1.1 provides a summary of quality assurance activities for procureme::
and acceptance of apparatus and supplies. .

1.1 Sampling

The éampling train shown in Figure 1.1 is similar to the Method 5 tra:in
(Method 5 refers to 40 CFR Part 60). The Method 101A sampling train consists of the
following components: ' '

1.1.1 Nozzle—The nozzle shall be:made of nickgl, nickel-plated stainless-stee’,
quartz, or borosilicate glass. .The tapered angle should be <30°, with taper on the
outside to preserve a constant inside diameter (ID).

A range of nozzle ID's—for example, 0.32 to 1.27 em (0.125 to 0.5 in.)-in
increments of 0.16 cm (0.0625 in.) should be available for isokinetic sampling. Larger
nozzle sizes may be required if very low flows are encountered.

Upon receipt of the nozzle(s) from the manufacturer, users should inspect It
for roundness, for the proper material, and for damage to the tapered edge (nicks,
dents, and burrs). Check the diameter with a micrometer; calibration procedures are
described in Section 3.18.2. A slight variation from exact sizes is normal. Engrave
each nozzle with an identification number for inventory and calibration purposes. See
Section 3.18.3 for proper cleaning procedures.
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1.1.2 Pitot Tube-The pitot tube, preferably of Type S design, should meet the
requirements of Method 2, Section 3.1.2 of this Handbook. The pitot tube is attached
to the probe as shown in Figure 1.1. The proper pitot-tube/sampling-nozzle
- configuration to prevent aercdynamic interference is shown in figures 2.6 and 2.7 of
" Method 2, Section 3.1.2 of this Handbook.

The pitot tube should be inspected visually for both vertical and horizontal
tip alignments. If the tube is purchased as an integral part of a probe assembly,
check the dimensional clearances using figures 2.6 and 2.7 (of Method 2, Section
3.1.2). Repair or return any pitot tube that does not meet specifications. The
calibration procedure for a pitot tube is covered in Section 3.4.2 of this Handbook.

1.1.3 Differential Pressure AP-The differential pressure gauge should be an inclined
manometer or the equivalent, as specified in Method 2, Section 3.1.2 of this Handbook.
Two gauges are required. One is used to monitor the stack velocity pressure, whereas
the other is used to measure the orifice pressure differential.

Initially, check the gauge against a gauge-oil manometer at a minimum of three
points: 0.64 mm (0.025 in.); 12.7 mm (0.5 in.); and 25.4 mm (1.0 in.) H,0." The gauge
'should read within 5% of the gauge-oil manometer at each test point. Repair or return
to the supplier any gauge that does not meet these requirements.

-

1.1.4 Probe Liner—The probe liner is made of borosilicate or quartz glass tubing.
(Note: Do not use metal probe liners.) 1If a filter is used ahead of the impingers,
testers must use the probe heating system to minimize the condensation of gaseous Hg.
A heating system is reqguired that will maintain an exit gas temperature of 120 % 14 °C
(248 + 25 °F) during sampling. Other temperatures may be specified by a subpart of the
regulations and must be approved by the Administrator for a particular application.
Because the actual probe outlet temperature is not usually monitored during sampling,
probes constructed in accordance to APTD-0581 and calibrated according to procedures
in APTD-0576 will be acceptable.

Either borcsilicate or quartz glass liners may be used for stack temperatures
up to about 480 °C (800 °F), but guartz glass liners must be used from 480 to 900 °C
(900 to 1650 °F). Either type of liner may be used at higher temperatures for short
periods, with Administrator approval. However, the absolute upper limits—the softening
temperatures of 820 °C (1508 °F) and 1500 °C (2732 °F)-for bor05111cate and quartez,
respectively, must be observed.

Upon receiving a new probe, users should check it visually to see whether it
is the length and composition ordered. The probe also should be checked visually for
breaks or cracks, and it should be checked for leaks on a sampling train (Figure 1.1).
Leak checks should include a proper nozzle-to-probe connection with a Viton O-ring,
Teflon® ferrules, or asbestos string.

The probe heating system should be checked as follows.

1. With a nozzle attached, connect the probe outlet to the inlet of the
metering system.

2. Connect the probe heater to an outlet and turn it on for 2 or 3 min.
The probe should become warm to the touch.

3. Start the pump and adjust the needle valve until it indicates a flow
rate of about 0.02 m’/min (0.75 fti/min).

4. Be sure the probe remains warm to the touch; the heater should be -

capable of maintaining an exit air temperature of 100 ©°C (212 ®F)
minimum. Failure indicates that the probe should be repaired, returned-
to the supplier, or rejected.

/‘ .
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1.1.5 Filter Holder (Optional)-The filter holders should be made of borosilicate
glass with a rigid, stainless-steel wire-screen filter support. Do not use glass frit
supports. A silicone rubber or Teflon gasket is essential to provide a positive seal
against leakage from outside or around the filter. Upon receipt, assemble the filter
holder with a filter and conduct a leak check. There should be no leak at a vacuum of
15 in. of Hg.

1.1.6 Impingers—Four Greenburg-Smith impingers must be connected in series with
leak-free, ground glass fittings or any similar leak-free, noncontaminating fittings.
For the first, third, and fourth impingers, testers may use impingers that are modified
by replacing the tip with a 13-mm ID (0.5 in.) glass tube extending to 13 mm (0.5 in.)
from the bottom of the flask. The connecting fittings should form leak-free,
vacuum-tight seals. See Section 3.19.3 for proper cleaning procedures.

Upon receipt of a standard Greenburg-Smith impinger, users should £ill the
inner tube with water. If the water does not drain through the orifice in 6 to 8 s or
less, the impinger tip should be replaced or enlarged to prevent an excessive pressure
drop in the sampling system. Each impinger should be checked visually for damage:
.breaks, cracks, or manufacturing flaws, such as poorly shaped connections.

1.1.7 Acid Trap—-The acid trap should be a Miﬁé.Safety Appliances™ airline filter,
catalog number 81857, with acid absorbing ‘cartridge and suitable connections, or the
equivalent. Upon receipt, check the part number to ensure the part is correct.

l1.1.8 Filter Heating System—Any heating system may be used that is capable of
maintaining the filter holder at 120 % 14 °C (248 * 25 °F) during sampling. Other
temperatures may be specified by a subpart of the regulations or approved by the
Administrator for a particular application. A gauge capable of measuring temperatures
to within 3 °C (5.4 °F) should be provided to monitor the temperature around the filter
during sampling.

Before sampling, the heating system and the temperature monitoring device
should be checked.  For convenience, the heating element should be easily replaceable
should a malfunction occur during sampling.

1.1.9 Metering System—The metering system should consist of a vacuum gauge, a vacuum
pump, thermometers capable of measuring +* 3 °C (5.4 °F) of true value in the range of
0 to 90 °C (32 to 194 °F), a dry-gas meter with 2% accuracy at the required sampling
rate, and related equipment as shown in Figure 1.1. Other systems capable of
maintaining - metering rates within 10% of the isokinetic sampling rate -and of
determining sample volumes to within 2% of the isokinetic rate may be used if approved
by the Administrator. Sampling trains with metering systems designed for sampling
rates higher than those described in APTD-0581 and APTD-0576 may be used if the above
specifications can be met. When the metering system is used with a pitot tube, it
should permit verification of an isokinetic sampling rate through the use of a
nomograph or by calculation. ’

Upon receipt or after construction of the system, users should perform both
positive and negative pressure leak checks before beginning the system calibration
procedure described in Subsection 2.1 of Section 3.19.2. Any leakage requires repair

or replacement of the malfunctioning item.
. 1)

P

'1.1.10 Barometer—A mercury, aneroid, or other barometer capable of measuring
atmospheric pressure to within ¢ 2.5 mm (0.1 in.) Hg is required.

A preliminary check of a new barometer should be made against a
mercury-in-glass barometer or the equivalent. In lieu of a barometer check, the

i ) e
N

M -
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absclute barometric pressure may be obtained from a nearby weather service station and
adjusted for elevation difference between the station and the sampling point. Either
subtract 2.5 mm Hg/30 m (0.1 in. Hg/100 ft) from the station value for an elevation
increase, or add the same for an elevation decrease. If the barometer cannot be
adjusted to within 2.5 mm (0.1 in.) Hg of the reference barometric pressure, it should
be returned to the manufacturer or rejected.

1.1.11 Gas Density Determination Equipment—A temperature sensor and a pressure gauge
are required as described in Method 2 (Section 3.1.2 of this Handbook). Additionally,
'~ a gas analyzer as described by Method 3 may be required. The temperature sensor should
be permanently attached to either the probe or the pitot tube. 1In either case, it is
recommended that a fixed configuration (Figure 1.1) be maintained. The sensor also may
be attached just prior to field use, as described in Section 3.19.2.

1.2 Sample Recovery

1.2.1 Glass Sample Bottles Sample bottles should be 1000- and 100-mL without leaks
and with Teflon-lined caps. Upon receipt, check visually for cracks in the glass.
Ensure that the cap liners are Teflon, because other material can result in sample
contamination and reaction with the KMnO,. Becduse of the potential reaction of the
¥MnO, with the acid, there may be pressure buildup in the sample storage bottles.
Jenting is highly recommended. A No. 70-72 hole drilled in the container cap and
Teflon liner has been found to allow adequate venting without loss of sample.

1.2.2 Graduated Cylinder—A 250-mL cylinder is required.

1.2.3 Funnel and Rubber Policeman—These items are used to aid in transferring silica
gel to containers; they are not necessary if silica gel is weighed in the field.

1.2.4 Funnel—A glass funnel is needed to aid in sample recovery.

1.3 Sample Preparation and Hg Analvsis

1.3.1 Volumetric Pipets—Class A 1-, 2-, 3-, 4-, 5-, 10-, and 20-mL pipets are
required.

1.3.2 Graduated Cylinder—A 25-mL cylinder is regquired.

1.3.3 Steam Bath-Refers to 40 CFR, Part 60, Appendix B, Method 101A.

1.3.4 Atomic Absorption Spectrophotometer—Any atomic absorption unit is suitable,

provided it has an open sample presentation area in which to mount the optical cell.
Follow the instrument settings recommended by the manufacturer. Instruments designed
specifically for measuring mercury using the cold-vapor technigue are commercia:ly
available and may be substituted for the atomic absorption spectrophotometer.

1.3.5 Optical Cell~The optical cell should be of cylindrical shape, with quartz end
windows and having the dimensions shown in Figure 1.2. Wind the cell wit

approximately 2 m of 24-gauge nichrome heating wire, and wrap with fibergiass
insulation tape or the eguivalent; do not let the wires touch each other. A heat lamp
mounted above the cell or a moisture trap installed upstream of the cell may be used
as alternatives. Upon receipt, check the dimensions and the capability of the heating

system.
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1.3.6 Aeration Cell-The aeration cell should be constructed according to the
specifications in Figure 1.3. Do not use a glass frit as a substitute for the blown
glass bubbler tip shown in Figure 1.3.

~

1.3.7 Recorder—The recorder must be matched to the output of the spectrophotometer
described above. As an alternative, an integrator may be used to determine peak arez
or peak height.

1.3.8 Variable TransformerhThis:item is needed to vary the voltage on the optica:

cell from 0 to 40 volts. .
ey

/

1.3.9 Hood—A hood“isvrequiféd fqrbyéﬁt{ng thé optical.cell exhaust.__;

1.3.10 Flow Metering Valve-Refers to 40 CFR, Part 60, Appendix B, Method 101A.
1.3.11 Flow Meter—A rotameter, or equivalent, is required that is capable c:?
measuring a gas flow of 1.5 L/min. Upon receipt, calibrate the flow meter at a flow

rate of 1.5 L/min with a bubble meter or wet-test meter. :

1.3.12 Aeration Gas Cylinder-The chinder mustfbpntain nitrogen or dfy, Hg-free air
and nust be equipped with a single-stage regulator.,
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1.3.13 Tubing-The tubing is required for connections. Use glass tubing (ungreased
ball and socket connections are recommended) for all connections between the solution
cell and the optical cell; do not use Tygon tubing, other types of flexible tubing, or
metal tubing as substitutes. Testers may use Teflon, steel, or copper tubing between
the nitrogen tank and the flow meter valve (Section 5.3.7), and Tygon, gum, or rubber
tubing between the flow meter valve and the aeration cell.

1.3.14 Flow Rate Calibration Equipment-This equipment consists of a bubble flow meter
or a wet-test meter for measuring a gas flow rate of 1.5 * 0.1 L/min.

1.3.15 Volumetric Flasks—These flasks must be Class A, with pennyhead standard taper
stoppers; the required sizes are 100-, 250-, 500-, and 1000-mL.

1.3.16 Volumetric Pipets—These pipets must be Class A; the required sizes are 1-, 2-,
3-, 4-, and S5-mL.

1.3.17 Graduated Cylinder— A 50-mL cylinder is required.

1.3.18 Magnetic Stirrer— A general purpose laboratory-type stirrer is required.

Py

1.3.19 Magnetic Stirring Bar— A Teflon-coatedﬁstirring bar is required.

1.3.20 Trip Balance— A trip balance capable of weighing to ¢+ 0.5 g is required. Upon
receipt, check balance with standard weights.

1.3.21 Analytical Balance—an analytlcal balance capable of weighing up to * 0.5 mg
is required. Upon receipt, check balance with standard weights.

1.4 Alternative Analytical Apparatus

If any alternative analytical apparatus is to be used, it must pass the
performance criteria described in Section 3.19.5.5. Alternative Hg cold-vapor
analytical systems are available commercially from most atomic absorption manufacturers
and employ automated flow-injection techniques. Such systems automatically inject
sample solutions into continuous reagent streams containing the reducing reagent.
Mercury is usually measured as a solution concentration (e.g., mg Hg/L). An example
of a typical cold-vapor AA instrument using flow injection is shown in Figure 1.4.
Such systems are allowable as long as they meet the following criteria:

1.4.1 Calibration Curve Linearity-The system must generate a linear calibration
curve, and two consecutive samples of the same aligquot size and concentration must
agree within 3% of their average.
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1.4.2 Spike Recovery-The system must allow fE%'reéerry of a minimum of 95% of the
spike when an aliquot of a source sample is spiked with a known concentration of Hg
(II) compound.

1.5 Reagents
1.5.1 Sampling and Sample Recovery-Use ACS reagent-grade chemicals or the

equivalent, unless otherwise specified. The following reagents are used in sampling
and recovery: - ,

Water—Delonlzed dlstllled meetlng "ASTM spec1f1catlons for Type I Reagent
Water—ASTM Test Method D. 1193-77. If high concentratlons of organic matter are rnot
expected to be present, users may eliminate the KMnO4 test for oxidizable organic
matter. Use this water in all dilutions and solutlon preparat1ons.

Nitric Acid (H%K%), 0% (v/v)ﬁMix equal VOlumes of concentrated.HNO3 and water,

being careful to add the acid to the water slowly. o
I

Silica Gel-Indicating type, 6- to lé-mesh. If previously used, dry at 175 °C
(350 °F) for 2 h. Testers may use new . 5111ca gél_as recelved. e

Filtef'(thional)—Glass fiber*filtefi-Withbut organic binder, exhibiting at
least 99.95% efficiency on 0.3-um dioctyl phthalate smoke particles. Testers may use
the filter in cases where the gas stream contains large guantities of partlculaue
matter, but they should analyze blank filters for Hg content.

Sulfuric Acid (H,$0,}, 10% (v/v)—Slowly add 100 mL of concentrated H,SO; to £30
mL of water and mix cautiously. o

Absorbing Solution, 4% KMnO, (w/v)—Prepare fresh daily. Dissolve 40 g of KMnO,
in sufficient 10% H,S0, to make 1 L. Prepare and store in glass bottles to prevent
degradation.

Caution: To prevent autocatalytic decomposition of the permanganate solution, filter
it through Whatman™ 541 filter paper. 1In addition, owing to the reaction of the KNzO,
with the acid, there may be pressure buildup in the sample storage bottle. These
bottles should not be filled to capacity and should be vented, both to relieve excess
pressure and to prevent explosion of the container: A No. 70-72 hole drilled in the
container cap and Teflon liner is recommended.

Hydrocblofic Acid-Trace metals grade HCl is recommended. 1If other grades are
used, the Hg level must be less than 3 ng/mL Hg. Upon receipt, check manufacturer’s
guarantee or analyze the acid for background contamination.

Hydrochloric Acid, 8 N-Dilute 67 mL of concentrated HCl to 100 mL with water
{slowly add the HCl to the water).
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1.5.2 Analysis—The reagents needed for analysis are listed below:

Tin (II) Solution—Prepare fresh daily and keep sealed when not being used.
Completely dissolve 20 g of tin (II) chloride [or 25 g of tin (II) sulfate] crystals
{Baker™ Analyzed reagent grade or any other brand that will give a clear solution) in
25 mL of concentrated HCl. Dilute to 250 mL with water. Do not substitute HNO,, H,SO;,
or other strong acids for the HCl.

Sodium Chloride-Hydroxylamine Solution—-Dissolve 12 g of scdium chloride and
12 g of hydroxylamine sulfate (or 12 g of hydroxylamlne hydrochloride) in water and
dilute to 100 mL.

Hydrochloric Acid, & N-Dilute 67 mL of concentrated HC1l to 100 mL with water
(slowly add the HCl to the water) oo -

Nitric Acid, 15% (v/v)-Dilute 15 mL of concentrated HNO; to 100 mL with water.

Mercury Stock Solution, 1 mg Hg/mi~Prepare and store all Hg standard solutions
in borosilicate glass containers. Completely dissolve 0.1354 g of Hg (II) chloride in
75 mL of water. Add 10 mL of cohcentrated HNO;-and adjust the volume to exactly 100
mL with water. Mix thoroughly. This solution is stable for at least 1 month. ’

Intermediate Hg Standard Solution, 10 ug/mL—Prepare fresh weekly. Pipet 5.0
mL of the Hg stock solutlon (Section 6.2.5) into a 500-mL volumetric flask, and add 20
nL of 15% HNO, solution. Adjust thé volume to exactly 500 mL with water. Thoroughly
mix the solution. :

Working Hg Standard Solution, 200 ng Hg/mL—Prepére fresh daily. Pipet 5.0 mL
from the Intermediate Hg Standard Solution (Section 6.2.6) into a 250-mL volumetric
flask. Add 5 mL of 4% KMnO, absorbing scolution and 5 mL of 15% HNO;. Adjust the volume
to exactly 250 mL with water. Mix thoroughly. ' '

Potassium Permanganate, 5% (w/v)—Dissolve 5 g of KMnO, in water and dilute to
100 mL.

.Filter-Use a Whatman 40, or-equivalent. .
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TABLE 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND SUPPLIES

Apparatus

|
|Frequency & method
Iof measurement

[Action if
|requirements
|are not met

Sampling

Probe ‘liner

|
I
| Acceptance limits
I
I
|

| specified material
|of construction;

| equipped with
|heating system

| capable of
|maintaining 120 °C
[+ 14°C (248 °C =
|25 °F) at the exit

Visually check and
run the heating
system

|

I

I

|Repair,
|return to

|supplier, or
|reject

I
I
|
I
|

Probe
nozzle

|Nickel, nickel-
|plated stainless-
Isteel, quartz, or
|borosilicate
|g1ass, tapered <
|30°; difference in
|measured diameter
€ 0.1 mm (0.004
|in.); no nicks,
Idents, or
Icorrosion
I(Subsec. 1.1.2)

[visually check
Ibefore.each test;
juse a micrometer to
|measure ID before
|field use; after
|each repair

|Reshape and

| sharpen,

| return to

[the supplier, .
|or reject

Pitot tube

IType S (Sec.
[3.1.2); attached
|to probe with im-
|pact (high press-.
|ure) opening plane
Ieven with or above
|nozzle entry plane

|visually check for
|both vertical and
|horizontal tip
|alignments;

| calibrated according
Ito Sec. 3.4.2

I

|

Repair or
return to
supplier

I
I
|
|
I
I
I
|
I
I
I
I
I
|
I
|
!
I
|
I
I
|
|
I

Differ- : |Meets criteria |check against a Repair or
ential | (sec. 3.1.2); | gauge-o0il manometer return to
pressure Jagree, within 5% |at a minimum of 3 supplier
gauge |of gauge-oil |points; 0.64

| manometer | (0.025); 12.7 (0.5);

| [25.4 (1.0) mm (in)

| | H,0

[ |
Vacuum |0-760 mm (0-30 [check against |adjust or
gauge |in.) Hg, * 25 mm Imercury U-tube | return to

| (1 in.) at 380 mm |manometer upon |supplier v

|in.) Hg | receipt |
(Continued)
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TABLE 1.1 (Continued)
! I [Action if
} | Frequency & method | requirements
Apparatus " |Acceptance limits |of measurement jare not met
I

Vacuum pump

|Leak free; capable
|of maintaining a

~|flow rate of

lo.02 - 0.03 m’/min
[(0.66 to 1.1

| ££3/min) for pump
linlet vacuum of
{380 mm (15 in.) Hg

|Check upon receipt
| for leaks and
|capacity

|Repair or
|return to
| supplier

l
|
l
I
|
I

|Repair, if

Orifice |AH@ of 46.74 = |Upen receipt,
meter [6.35 mm (1.84 = | visually check for |possible,
|0.25 in.) H,0 at |damage and calibrate |otherwise
|68 °F (not |against wet-test | return to
{mandatory) :meter ~ Isupplier
Impingers | Four Greenburg- |visually check upon |Return to
|smith connected in |receipt; check | supplier
la series, leak- |pressure drop | oot
| free, noncontamin- | (subsec. 1.1.6) | ‘
|ating fittings | |
Filter Leak-free; Visually check As above
holder Iborosilicate glass [before use; conduct l
(optional) | | leak check
Filter Rigid stainless- Visually check upon Repair or
support |steel wire screen |receipt, conduct |return to
| | leak check |manufacturer
Filter Capable of Visually check upon Repair or
heating [maintaining filter |receipt and run |return to
system |holder at |heating system |manufacturer
. | temperature of | checkout |
|120 °c + 14 °C | |
| (248 °F = 25°F) { }
|
Dry-gas [capable of [Check for damage [Reject if
meter |measuring volume Iupon receipt and | damaged,
|within 2% at a |calibrate (Sec. | behaves
|flow rate of |3.4.2) against |erratically,
10.02 m’/min |wet-test meter |or cannot be
| (0.75 £t’/min) | |properly
| | |adjusted ¢

(Continted)

/ ) il
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TABLE 1.1 (Continued)
| | [Action if
| | Frequency & method | requirements
Apparatus |Acceptance limits |of measurement |are not met
| ‘ |
Acid Trap Mine Safety Appli- [visually check upon |Return to
|ances air line | receipt |supplier
. lfi;per acid ab-.. ... . _ | | :
><_%§tﬁing cartridge"‘*'~-{'u', ;FW"“;TL
Thermo- + 1 °C (2 °F) of |Check .upon receipt |Reject if
meters [true value in the | for dents or bent |unable to
. |range of 0 to |stem, and calibrate |calibrate
|25 °oc (32 to | (Sec. 3.4.2) against [+ e
|77 °F) for impin- |mercury-in-glass ' |
|ger thermometer | thermometer |
|and # 3 oc | I
[ (5.4 °F) of true | _ | i~
|value in the range I T | B
lof 0 to 90 °c I - |
| (32 to 194 °F) for | |
|dry-gas meter ]_”~1Mw |
lthermometers | B {
| ' |
Barometer |capable of Check against a | Determine
Imeasuring lmercugy—in—glass |correction
|atmospheric ::| barometer or" o | factor, or

|pressure within |equivalent; |reject if

2.5 mm (0.1 in.) |calibrate |difference

| Hg | (Sec. 3.1.2) " |more than

| | |+ 2.5 mm

l | {(0.1 in.) Hg

l o .
Gas density [Meet the {conduct checks shown |Repair,
determi- Irequirements in 1in sec. 3.2.1, "Ireplace, or
nation » |sec. 3.2.1 |upon receipt |return to
equipment 1 | %supplier
v | l

Sample 1. e !
Recovery 1 i ;

| S K T
Glass |Leak-free, Tef- t . +|Wwisually check upoﬁwt |Replace or
sample |lon lined caps, “]receipt for cracks, Ireturn to
bottles [1000 and 100 mL | ensure that caps are |supplier

(Continued) - .

| Teflon .

~
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TABLE 1.1 (Continued)

(Continued)

I ] {Action if
| | Frequency & method |requirements
Apparatus {Acceptance limits jof measurement Iafe not met
. - I .

Sample I . f I

Preparation | 0 i I

and I { - I

Analysis | | |
I | : |

Glassware |class A |visually check upon VIReplace or
| |receipt |return to
} | {supplier

AA spec- |Suitable optical | Perform appropriate |Return to

trometer Iresolution system Icalibrations Imanufacturer

-Iand detector |according to Sec. 5 Ior repair and
{ | | re-check

Recorder or ‘| See owner's manual” Upon receipt, check Repair or

electronic I S “ [return to -

integrator | . |manufacturer

Optical See Figure 1.2 Upon receipt, check Return to

cell ] |to ensure correct |manufacturer,
| |dimensions, check [clean as
| o |heating system | needed

Aeration See Figure 1.3 Visually check Repair or

cell | | |return to
| | |manufacturer

" Moisture Heated cell orx Calibrate whenever Calibrate
removal |moisture trap | system is turned on Iheatgg cell
system |to remove | lor change =
| condensation | |desiccant
| from optical cell .}. {

Regulator | Proper fittings IUpon receipt, |{Return to
|and pressure |attach to cylinder |manufacturer,
|control |and check |repair,
| | |or replace
| I |fitting and
| J | re~-check
| | I

Flowmeter |capable of [calibrate with |Return to
|measuring flow | bubble meter or |manufacturer
|of 1.5 L/min |wet-test meter |or repair ang
| |upon receipt | recalibrate
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TABLE 1.1 (Continued)

| ] ~ {Action if

| | Frequency & method | requirements
Apparatus =Acceptance limits |of measurement |are not met

i}

Variable |capable of varying Visually check Return to
transformer Ivoltage from 0 to Jupon receipt manufacturer

|40 volts | or repair
Aeration Nitrogen or dry, Visually check Return to
gas |Hg-free air equip- jupon receipt supplier
cylinder |ped with regulator |
Tubing See Sec. 1.3.13 Visually check to Replace

| for specifications |ensure proper type |

Iof tubing for the - Itubing |

}connections l l
Trip |Capable of {Check with standard Replace or
balance Imeasuring within ]weights upon receipt ‘|return to

0.5 g |and before each use manufacturer
Analytical |Capable of weigh- As above As above
balance :ing to £ 0.5 mg I |
Alternative |capable of gene- See owner’s manual Return to
analytical |rating a linear | |supplier
apparatus |calibration curve; | |

|two consecutive | l

lsamples of equal ] |

|size and concen- { l

|tration agree * 3% i l

|of avetage; and 2 | |

l95% recovery of ‘ ’

| known concentra- | |

ltion of spiked I |

Isample | |

I l |
Sampling | | |
and | l l
Sample ] l l
Recovery | l 1

| |
Reagents |ACS reagent grade {Visually check upon |Return to

jor Hg blank level | receipt or conduct | supplier or

| specified |Hg analysis |replace
(Continued)



Section No. 3.19.1
Date September 3, 1952

Page 18

TABLE 1.1 (Continued)
[ [ laction if
I |Frequency & method Irequirements

Apparatus |Acceptance limits |of measurement |are not met
l ' ' I

Water |Deionized, dis- Check each lot or |Replace or
|tilled meeting | specify type when |return to
|as™ D1193-77 | ordering | supplier
| specifications '

Silica gel Indicating type, Upon receipt, check Return to
|6- to 16-mesh label for grade | supplier
| : or certification

Filter Glass fiber with- Manufacturer’s gua- Return to

(optional) | out organic bin- |rantee that filters | supplier
|der; 99.95% col- |were tested accord-
|lection efficiency | ing to ASTM D 23986- {
|for 0.3 pm dioctyl [71; obgerve under |
|phtha1ate smoke |1ight for .defects |
|particles | ' I

_ | ] |

Analysis | | |
| I l

Reagents |acs reagent grade |Upon receipt, check |Replace or
|or eguivalent; |1abel for grade or |return to
Iprepared as Icertification; Check | supplier
|described in |stability of I
[sec. 1.5.3 | prepared solution |
| |and prepare when |
| |necessary |
I | |

Filter |Whatman 40 |Upon receipt, check |Replace or

|ox equivalent

| label for grade

| return to
| supplier
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2.0 CALIBRATION OF APPARATUS

Calibrating the apparatus is one of the more important functions in
maintaining data quality. The detailed calibration procedures for the sampling
apparatus included in this section were designed for the sampling equipment specified
in Method S5 and described in the previous section. Calibrating the analytical
equipment is described in Section 3. 19.5, which details the analytical procedures.
Table 2.1, at the end of this’ sectlon, summarizes the Quallty assurance (QA) functions
for the calibrations. All calibrations, including those performed on the analytical

equlpment,\should be recorded on standardized forms and retalned in a calibration log
book. T 4

2.1 Metering System

The dry-gas meter (DGM) in the sampling system’s meter conscle must be
calibrated against a primary standard meter (wet-test meter or spirometer). An
alternate procedure is to calibrate against a second reference meter (dry-gas meter or
critical orifice) that has been calibrated against a primary standard meter.

2.1.1 Wet-Test Meter-Wet-test netefé'are calibrated by the manufacturer to an
accuracy of + 0.5%. The calibration must be checked initially upon receipt and yearly
thereafter. A wet-test meter with a capacity of 3. 4'm/h (120 £t3/hH) or 30 L/revolution
(1 ft’/rev) will be needed to calibrate the dry-gas meter. For large wet-test meters
(>30 L/rev), there is no convenient method for checking the calibration; conseguently,
several methods are suggested, and other methods may be approved by the Administrator.
The initial calibration may be checked by any of the following methods:
1. Certification from the manufacturer that the wet-test meter is within
1% of true value at the wet-test meter discharge, so that only a leak
check of the system is then required.

2. Calibration by any primary-air or liquid-displacement method that
displaces at least one complete revolution of the wet-test meter.
3. Comparison against a smaller wet-test meter that has previously been

calibrated against a primary-air or liquid-displacement method, as
described in Section 3.5.2 of this Handbook.

4. Comparison against a dry-gas meter that has previously been calibrated

against a primary-air or liquid-displacement method.

The test-meter calibration should be checked annually. The calibration check
can be made by the same method as that of the original calibration; however, the
comparison method need not be recalibrated if the calibration check is within 1% of the
true value. When this agreement is not obtained, the comparison method or wet-test
meter must be .recalibrated against a primary-air or liquid-displacement methcd.

2.1.2 Dry-Gas Meter as a Calibration Standard-A DGM may be used as a calibration
standard for volume measurements in place of the wet-test meter specified in Section
5.3 of Method 5, provided that it is calibrated 1n1t1ally and recalibrated periodically
as follows:

Standard Dry-Gas Meter Calibration-The DGM to be calibrated and used as &
secondary reference meter should be of high quality and should have approprigte
capacity (e.g., 3 L/rev [0.1 ft’/rev]). A spirometer (400 L or more capacity), or
equivalent, may be used for this calibration, although a wet-test meter is usually more
practical. The wet-test meter should have a capacity of 30 L/rev (1 ft?/rev) and
should be capable of measuring volume to within 1.0%. Wet-test meters should be

/
/A

L
/\—
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'checked_against a spirometer or a liquid displacement meter to ensure accuracy.
Spircmeters or wet-test meters of other sizes may be used, provided that the specified
accuracies of the procedure are maintained. The initial calibration may be checked by
any of the following methods:

1.

2.

where:

Set up the components as shown in Figure 2.1. A spirometer, or
equivalent, may be used in place of the wet-test meter in the system.
Run the pump for at least 5 min at a flow rate of about 10 L/min (0.35
cfm) to condition the interior surface of the wet-test meter. The
pressure drop indicated by the manometer at the inlet side of the DGM
should be minimized (no greater than 100 mm H,0..[4 in. H,0] at a flow
rate of 30 L/min [1 cfm]). Using large diameter tubing connectlons and
straight pipe fittings will accomplish this minimization.

Collect the data as shown in the example data sheet (see Figure 2.2).
Make triplicate runs at each of the flow rates and at no less than five
different flow rates. The range of flow rates should be between 10 and
34 L/min (0.35 and 1.2 cfm) or over the expected operating range.
Calculate flow rate, Q, for each run using the wet-test meter volume
{Equation 2-1), V,, and the run time, 8. Calculate the DGM coefficient
(Equation 2-2), Y. for each run. These calculations are as follows:

sy

Pbar vw

= K, . : Equation 2-1

(tu + ts(d) e

Vu (tds + tstd) Pbar

= : Equation 2-2

Vao (ty + toq) (Ppy + Ap/13.6)

= 0.3858 for internatiocnal system 6f;units (81); 17.64 for English

units.

= Wet-test meter volume, 1iter:ift3);

= Dry-gas @eter volume,“iiiér (£t7) .

= Average dry-gas meter temperature, °C (°F).

= 273 °C for SI units; 460'9F for English units.

= Average wet-test meterxtemperature, °C (°F).

= Barometric pressure, mm Hg (in. Hg);

= Dry-gas meter inlet differential pressure, mm H,0 (in. H,0).

= Run time, min.
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Date:

Dry-gas Meter Identification:

Barometric Pressure (P/): in. Hg

l l ] D I ) I |
|spiro- | | Temperatures | | | | {
| meter I I | |Dry- | | | |aver-
Approx- | (wet |Dry- |spiro- ] Dry-gas_meter |gas | | | | age
imate |meter) |gas |meter } | : | |meter | | | |meter
flow |gas |meter | (wet | | - |Aver- |pres- | |Flow |Meter | coef-
rate | volume qu}ume |meter) |Inlet Outlet |age sure | Time |rate [coef- - [ficient
(Q) | (v | (V) f(ty) f (e (t,) f(ey) | (Ap) | (8) | (Q) |ficient [
cfm | ££? ] e |oF |or oF |or lin. H,0 |min |cfm | (Yae) [ (Y,
|
0.40 |
I
0.60 |
|
0.80 [ |
| N
1.00 | r :
|
1.20 |
|
v p
=17.64 ¢ l
Q O Tt + 460) ,
; Equation 1 ggg
n ro
o0t
> y = (t, +460) P, "‘%’5
3 vV, TEEEe0Y T, _Ap L3
: »TII8 50
T~ : Equation 2 %'
U~ N W
N
D
RS
[ \0
‘ Figure 2.2 Dry-gas meter calibration data form. NS
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5. Compare the three Y,, values at each of the flow rates and determine the
maximum and minimum values. The difference between the maximum and
minimum values at each flow rate should be no greater than 0.030. Extra
sets of triplicate runs may be made to complete this requirement. In
addition, the meter coefficients should be between 0.95 and 1.05. 3I¢
these specifications cannot be met in three sets of successive
triplicate runs, the meter is not suitable as a calibration standard ané
should not be used as such. If these specifications are met, average
the three Y,;, values at each flow rate resulting in five average meter

coefficients, Y,,.

6. Prepare a curve of meter coefficient, Y,,, versus flow rate, Q, for the
DGM. This curve shall be used as a reference when the meter is used to
calibrate other DGM’s and to determine whether recalibration :s
required.

Standard Dry-Gas Meter Recalibration-Recalibrate the standard DGM'against a
wet-test meter or spirometer annually or after every 200 hours of operation, whichever
comes first. This requirement is valid provided the standard DGM is kept in =
laboratory and, if transported, cared for as any other laboratory instrument. Abuse
to the standard meter may cause a change in the ‘'calibration and will require more
frequent recalibrations. ) o

As an alternative to full recalibration, a two-point calibration check may be
made. Follow the same procedure and equipment arrangement as for a full recalibratioz,
but run the meter at only two flow rates (suggested rates are 14 and 28 L/min [0.5 and
1.0 cfm}). Calculate the meter coefficients for these two points and compare the
values with the meter calibration curve. If the two coefficients are within 1.5% =Z
the calibration curve values at the same flow rates, the meter need not be recalibrated
until the next date for a recalibration check.

2.1.3 Critical Orifices as Calibration Standards—Critical orifices may be used as
calibration standards in place of the wet-test meter specified in Section 5.3 of Method
5, provided that they are selected, calibrated, and used as follows:

Selection of Critical Orifices—The procedure that follows describes the uss
of hypodermic needles or stainless-steel needle tubing that have been found suitable
for use as critical orifices. Other materials and critical orifice designs may 2=
used, provided the orifices act as true critical orifices (i.e., a critical vacuum caxn
be obtained, as described in Section 7.2.2.2.3 of Method 5). Select five critica:
orifices of appropriate size to cover the range of flow rates between 10 and 34 L/min
or the expected operating range. Two of the critical orifices should bracket the
expected operating range.

A minimum of three critical orifices will be needed to calibrate a Method 2
DGM; the other two critical orifices can serve as spares, providing better selecticrh
for bracketing the range of operating flow
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rates. The needle sizes and tubing lengths shown below give the following approximate
flow rates:

Flow rate, Flow rate,

Gauge/cm L/min Gauge/cm L/min
12/7.6 32.56 14/2.5 19.54
12/10.2 30.02 14/5.1 17.27
13/2.5 25.77 14/7.6 16.14
13/5.1 23.50 15/3.2 14.16
13/7.6 22.37 15/7.6 11.61

13/10.2 20.67 15/10.2 10.48

These needles can be adapted to a Method 5-type sampling train as follows:
Insert a serum bottle stopper, 13- by 20-mm (0.5-in. by 75-in.) sleeve type, into a
13-mm (0.5-in.) Swagelok™ quick-connect fitting. Insert the needle into the stopper,
as shown in Figure 2.3. v

—
—

Initial Critical Orifice Calibration—The procedure described in this section
uses the Method 5 meter box configuration with a DGﬁ, as described in Section 2.1.8 of
Method 5, to calibrate the critical orifices. Other schemes may be used, subject to
the approval of the Administrator. The critical orifices must be calibrated in the
same configuration as they will be used (i.e., there should be no connections to the
inlet of the orifice}).

Prior to calibrating the critical orifices, the dry-gas meter in the meter box

must be calibrated. Before calibrating the meter box, leak check the system as
follows:
1. Fully open the coarse adjust valve and completely close the bypass
valve.
2. Plug the inlet. .
3. Turn on the pump and determine whether there is any leakage. The

leakage rate must be zero (i.e., no detectable movement of the DGM dial
must be seen for 1 min).

4. Check also for leakages in the portion of the sampling train between the
punmp and the orifice meter. See Section 5.6 for the procedure; make any
corrections, if necessary. If leakage is detected, check for cracked
gaskets, loose fittings, worn O-rings, etc., and make the -necessary
repairs. ‘
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CRITICAL  SERUM :
ORIFICE - STOPPER = CONNECT

N . , = .
Critical orifice adaptation to Method 5-type metering system.

‘-

METER 80X

CRITICAL DRIFICE

Apparatus setup.

Figure 2.3 Critical orifice and apparatus setup.
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After determining that the meter box is leak-free, calibrate it according to

the procedure given in Section 5.3. Make sure that the wet-test meter meets the
~ requirements stated in Subsection 2.1.1. Check the water level in the wet-test meter.
Record the DGM calibration factor, Y. The critical orifice is then calibrated as
follows:
1. Set up the apparatus as shown in Figure 2.3.
2. Allow a warm-up time of 15 min. This step is important to equilibrate
the temperature conditions through the DGM.
3. Leak check the system as described above. The leakage rate must be
zero. .
4. Before calibrating the critical orifice, determine its suitability andé
the appropriate operating vacuum as follows: Turn con the pump, fully
open the coarse adjust valve, and adjust the bypass valve to give a
vacuum reading corresponding to about half an atmospheric pressure.
Observe the meter box orifice manometer reading, AH. Slowly increase
the vacuum reading until the meter box orifice manometer shows a stable
reading. 'Record the critical vacﬁum for each orifice. Orifices that
‘do not reach a critical value must not be used.
5. Obtain the barometric pressure using a barcmeter as described in Section
2.1.9 of Method 5. Record the barometric pressure, P,.,, in mm Hg (ir.
Hg) . .
6. Conduct duplicate runs at a vacuum of 25 to 50 mm Hg (1 to 2 in. Hg!
above the critical vacuum. The runs must be at. least 5 minutes each.
The DGM veolume readings must be in increments of complete revolutions
of the DGM. As a guideline, the times should not differ by more thax
3.0 s (this includes allowance for changes in the DGM temperatures) tc
achieve * 0.5% in K‘. Record the information listed in Figure 2.4.
7. Calculate K’ using Equation 2-3.
K, Vo Y (P, + AH/13.6) Tuu'”?
K’ = . Equation 2-3
Ppor T © '
where: T
K’ = Critical orifice coefficient, [(m’)(°K)?}/{(mm Hg)
(min)]{[(ft’)(°R)f”)]/[(in. Hg) (min)]}.
T..n. =  Absolute ambient temperature, °K (°R).

Average the K’ values. The individual K’ values should not differ by more than  0.:%
from the average.
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Date Train ID Critical orifice ID

Critical orifice K’ factor

Run number

Dry-Gas Meter

Final reading m (ft?)

Initial reading m® (ft?)
Difference, V, m’ (£t?)

Inlet/outlet temperatures

Initial °C (°F) /
Final oc (°F) R _
Avg. temperature, t, °C (°F)
Time, 6 min/s /
min —
Orifice man. rdg., A H mm (in.) H,0
Bar. pressure, P, : mm (in.) Hg —
Ambient temperature, t., °C (°F) —
Pump vacuum | mm (in.) Hg __

Vm(st_d) m3 (ftB)

Verista . m (ft’)

DGM cal. factor, Y

TETTEREEE T

Figure 2.4. Data sheet for determining DGM Y factor.
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Using the Critical Orifices as Calibration Standards—The dry-gas meter is
calibrated using the critical orifices as the secondary standard as follows:

1. Record the barometric pressure.

2. Calibrate the metering system according to the procedure outlined in
Sections 7.2.2.2.1 to 7.2.2.2.5. Record the information listed in
Figure 2.5.

3. Calculate the standard volumes of air passed through the DGM and the

critical orifices and calculate the DGM calibration factor, Y, using the
equations below: :

Vataras = K; V, [Py, + (4H/13.6)]/T, Equation 2-4
Vcr(atd) = K’ (Pbaz e)/Tubuz Equation 2-5
Y = Vertsear/ Vaisras Equation 2-6
where: .
Ver terar = Velume of gas sample passed through the critical orifice,
corrected to standard conditions, dscm (dscf).
-~
K’ = 0.3858 °K/mm Hg for metric Qnits

= 17.64 °R/in. Hg for English units.

4. Average the DGM calibration values for each of the flow rates. The
calibration factor, Y, at each of the flow rates should not differ by
more than * 2% from the average.

Recalibration of critical orifices-To determine the need for recalibrating the
critical orifices, compare the DGM Y factors obtained from two adjacent orifices each
time a DGM is calibrated. For example, when checking orifice 13/2.5, use orifices
12/10.2 and 13/5.1. 1If any critical orifice yields a DGM Y factor differing by more
than 2% from the others, recalibrate the critical orifice according to the initial
calibration procedures above.

2.1.4 Sample Meter System-The sample meter system—consisting of the pump, vacuum
gauge, valves, orifice meter, and dry-gas meter—should be calibrated by stringent
laboratory methods before it is used in the field. The calibration should be
re-checked after each field test series. This re-check is designed to provide testers
with a method that can be used more often and with less effort, to ensure that the
calibration has not changed. When the quick check indicates that the calibration
factor has changed, testers must again use the complete laboratory procedure to obtain
the new calibration factor. After recalibration, the metered sample volume must be
multiplied by either the initial or the recalibrated calibration factor—that is, the
one that yields the lower gas volume for each test run.
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DGM cal. factor

Dry-Gas Meter
e ™
Final reading -

Initial reading

Difference, V,

Inlet/outlet temperatures -

Initial

Final

Avg. temperature, t, -

Time, 6

Orifice man. rdg., A'H
Bar. pressure, P,
Ambient temperature, t,.,
Pump wvacuum

K’ factor

Average

Figure 2.5. Data sheet for determining K

mJ

m3

-
°C
°c

°C

min/s

min

mr

mm

°cC

mm

(ft?)
(£t2)

(£t%)

(°F)
(°F)

(°F)

(in.) H,0
(in;) Hg
(°F) *-

(in.) Hg

’

factor.
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Before calibrating the metering system for the first time, conduct a leak
check. The meter system should be leak-free. Both positive (pressure) and negative
(vacuum) leak checks should be performed. The following pressure leak check procedure
will check the metering system from the qguick-connect inlet to the orifice outlet and
will check the orifice-inclined manometer:

1. Disconnect the orifice meter line from the downstream orifice pressure
tap (the one closest to the exhaust of the orifice); plug this tap
(Figure 2.1).

2. Vent to the atmosphere the negative side of the inclined manometer. If

the inclined manometer is equipped with a three-way valve, this step can
be performed by turning the valve on the negative side of the ori-
fice~inclined manometer to the vent position.

3. Place a one-hole rubber stopper with a tube through its hole into the
-exit of the orifice; connect a piece of rubber or plastic tubing, as
shown in Figure 2.1.

4. Open the positive side of the orifice-inclined manometer to the

*reading” position; if the inclined manometer is eguipped with a .

three-way valve, this will be the line position.

5. Plug the inlet to the vacuum pump. If a quick-connect with a leak-free
check valve is used on the contreil module, the inlet will not have to
be plugged. _

6. Open the main valve and the bypass valve.

7. Blow into the tubing connected to the end of the orifice until a

pressure of 127 to 178 mm (5 to 7 in.) H,0 has built up in the system.

Plug or crimp the tubing to maintain this pressure.

9. Observe the pressure reading for a l-min period. No noticeable movement
in the manometer fluid level should occur. If the meter box has a leak,
a bubbling-type leak check sclution may aid in locating it.

w

After the metering system is determined to be leak-free by the positive leak
check procedure, the vacuum system to and including the pump should be checked by

plugging ‘the air inlet to the meter box. If a quick-connect with a leak-free stoppetr

system is presently on the meter box, the inlet will not have to be plugged. Turn the
punp on, pull a vacuum within 7.5 cm (3 in.) Hg of absolute zero, and cbserve the
dry-gas meter. If the leakage exceeds 0.00015 m’/min (0.005 ft’/min), the leak(s) must
be found and minimized until the above specifications are satisfied. 2

Checking the meter system for leaks before initial calibration is not
mandatory, but it is recommended.

Note: For metering systems with diaphragm pumps, the normal leak check
procedure described above will not detect leakages within the pump. For these cases,
the following leak check procedure is suggested: Make a 10-min calibration run at
0.00057 m’/min (0.02 ft’/min); at the end of the run, take the difference between the
measured wet-test meter and the dry-gas meter volumes; divide :the difference by 10 to
get the leak rate. The leak rate should not exceed 0.00057 m*/min (0.02 ft3/min).

Initial calibration—The dry-gas meter and the orifice meter can be calibrated
simultaneously and should be calibrated when first purchased and any time the posttest
check yields a Y outside the range of the calibration factor Y +0.05 Y. A calibrated
wet-test meter (of proper size, with +1% accuracy) should be used to calibrate the
dry-gas meter and the orifice meter. The dry-gas meter and the orifice meter should
be calibrated in the following manner:
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Before its initial use in the field, leak check the metering system.
Leaks, if present, must be eliminated before proceeding.

Assemble the apparatus, as shown in Figure 2.6, with the wet-test meter
replacing the probe and impingers—that is, with the outlet of the
wet-test meter connected to a needle valve that is connected to the
inlet side of the meter box.

Run the pump for 15 min with the orifice meter differential (AH) set at
12.7 mm (0.5 in.) H,0 to allow the pump to warm up and to permit the
interior ‘surface of the wet-test meter to be wetted.

Adjust the needle valve so that the vacuum gauge on the meter box is
between 50 and 100 mm (2 to 4 in.) Hg during calibration.

Collect the information required on the forms provided (Figure 2.7).
Sample volumes, -as shown, should be used.

Calculate Y, for each of the six runs, using the equation in Figure 2.7
under the Y, column, and record the results on the form in the space
provided.

Calculate the average Y (calibration factor) for the six runs using the
following equation: '

Y1 + Y2 + ¥3 + Y4 + Y5 + Y6 -

= N Equation 2-7

6
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THERMOMETERS
CONTROL S C‘D
VALVES o :
| ey .' ' ——- U-TUBE
T ) THERMOMETER MANOMETER
U-TUBE '
MANOMETER 7~ N\
) Oroo
pPuMP DRY GAS METER WET TEST METER

Figure 2.6. Equipment arrangement for dry-gas meter calibration.

e
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Date Meter box number
v
Barometric pressure, P, = in. Hg Calibrated by
| I | I i
ori- | | | | I
fice |_Gas volume | Temperatures | I |
mano- | | I | B | I I
meter | wet - |Dry- jwet - | Dry-gas meter | | |
set- Itest Igas Itest | | ] | | | I
ting |meter |meter | meter | Inlet |outlet |avg®  |Time |y, | AHe,
(AH), vy, | (Va), Lt lead, | (ta), [t @), | |in.
in. H,0 | f£t? | ft? | oF |oF |eF |oF {min | [B,0
I I I |
0.5 5 | | I I
1.0 10
1.5 10 ol
2.0 10
3.0 10
4.0 110
I A [ .
Avg
B! I |
I l I £
AH, | | VP, (t, + 460) { '0.0317 AH (t, + 460)9I
in. |AH by, = |Ane; =
H,0 [13.6 | vc,(pb + &)(tw + 46) | o Pp(ty + 460) v,
I I 13.6 |
0.5 0.0368
1.0 0.0737
1.5 ]0.110
2.0 0.147
3.0 0.221
4.0 0.294

| I

2 If there is only one thermometer on the dry-gas meter, record the temperature undex t,.

Figure 2.7.

Dry-gas meter calibration data (English units, front side).
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Gas volume passing through the wet-test meter, ft’.

Gas volume passing through the dry-gas mgter, £t2,
Temperature of the gas in the wet-test meter, °F.
Temperature of the inlet gas of the dry-gas meter, °F.
Temperature of the éﬁ;iéﬁ'gag of the dry-gas meter, °F.

Average temperature of the gas in the dry-gas meter, obtained by the
average ty and tg , °F.

Pressure differential across orifice, in. H;0.

Ratio of accuracy of wet-test meter to dry-gas meter for each run.
Tolerance Y, = Y £ 0.02 Y.

—

Average ratio of accuracy of wetépest meter to dry-gas meter for all
six runs. Tolerance Y =Y % 0.01 Y.

Orifice pressure differential at each flow rate that gives 0.75
ft’/min of air at standard conditions for each calibration rum, ir
of H,0. Tolerance = AH@ + 0.15 (recommended).

Average orifice pressure differential that gives 0.75 ft3/min of air
at standard conditions for all six runs, in. H,0. Tolerance = 1.84
+ 0.25 (recommended).

Time for each calibration run, min.

Barometric pressure, in. Hg.

Figure 2.7. Dry-gas meter calibration data (English units, backside).



Section No. 3.15.2
Date September 3, 1292
Page 17

Record the average on Figure 2.7 in the space provided..

8. Clean,  adjust, and recalibrate, or reject the dry-gas meter if one or
more values of Y fall outside the interval Y + 0.02 Y. Otherwise, the
average Y is acceptable and should be used for future checks and
subsequent test runs.

S. Calculate AH@, for eidch’ of the six runs using the equatlon in Figure {
2.7A or 2.7B under the AH@ column, and record on the form in the space |
provided. : - .,

:10.\ Calculate the average AH@ for the six runs uszng,the followxng equation: H

- - g‘

Y AHQL1 + AHE2 + AH@3 + AHGd + AH@S + AH@6 _

AHE = — — Equation 2-8 3
6

Record the average on Figure 2.7 in the space provided.

11. Adjust the orifice meter or reject it;if AHQ, varies by more than % 3.9
mm (0.15 in.) H,0 over the range of 10 to 100 mm (0.4 to 4.0 in.) H0.
Ootherwise, the average AH@ is acceptable and should be used for sub-
sequent test runs.

Posttest calibration check—-After each\_fieid test series, conduct a
metering-system calibration check, as specified in Subsection 2.1.4, except for the
fellowing variations:

1. Three calibration runs at a single 1ntermed1ate orifice meter setting
may be used with the vacuum set at a maximum value reached during the
test series. The single intermediate orifice meter setting should be
based on the previous field test. A valve must be inserted between the
wet-test meter and the inlet of the metering system to adjust the
vacuum. o

2. If a temperature-compensating dry-gas meter was used, the calibration
temperature meter must be within + 6 °C (10.8 °F) of the average meter
temperature during the test series. 4

3. Use Figure 2.8 to record the regquired information. v

If the calibration factor Y deviates by <5% froii the initial calibration
factor Y, then the dry-gas meter volumes obtained “during the test series are
acceptable. If Y deviates by >5%, recalibrate the metering system and use whichever
meter coefficient (initial or recalibrated) yields the lowest gas volume for each test
run.

‘Alternate procedures (e.g., using the orifice meter coeff1c1ents or critical
orifices) may be used.
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Date Metering System ID No.
Barometric pressure, P, = "
! | 1 -
Oori- ]Spiro- | ' ‘
fice | meter | | Temperatures |
mano- . | (wet N |spiro- = | |
meter [test) |bry-gas |meter l Dry-gas meter | o
set-~ |gas |meter | (wet | v | | |
ting | volume lvolume !meter) |Inlet ' lOutlet lAvg _ ITime
Ay | (v.) A Jetw) [ty feen [t | (©®
in. Hg | fe2 | £ |or [eF  {eF leF .. |min
| | l L l
| l I | l
' |
I
l | | | | 1 I
Calculations
N i ! oo
| Yi : | ' AHE
I L
[ T
J v, P, (t, + 460) ] L ;
AH 0.0317 AH (téﬁfa%§”) 2
- 'V[P,,+ S8H 1 (e, + 460) ' ( ]
in H,0 [ m 13706 w | P, (E, + 460) v, ..
l
|
1
B
Average
L |
Y = Ratio of reading of wet-test meter to dry-gas meter; tolerance for
individual values * 0.02 from average.
AHE@ = Orifice pressure differential that equates to 0.75 cfm of air @ 6&¢

and 29.92 in. of Hg, in. H,0; tolerance for individual values z

for average.

Pigure 2:8. Example data sheet for calibration of metering system
(English units).

0‘-._4v
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2.2 Temperature Gauges
2.2.1 Impinger Thermometer—The thermometer used to measure the temperature of the

gas leaving the impinger train should initially be compared with a mercury-in-glass

thermometer that meets ASTM E-1 No. 63C or 63F specifications. This procedure is as
follows:

1. Place both the reference thermometer and the test thermometer in an ice
bath. Compare readings after they stabilize.
TN S 2. Remove the thermometers from the bath and allow both to come to room
temperature. Again, compare readings after they stabilize.
3. Accept the test thermometer if its reading agrees to within 1 °C (2 °F)
of the reference thermometer reading at both temperatures. If the

difference is greater than 1 °C (2 °F), the thermometer should be
adjusted and recalibrated until the criteria are met, or it should be
rejected. Record the results on Figure 3.1 of Section 3.19.3.

2.2.2 Dry-gas Thermometers—The thermometers used to measure the metered gas sample
temperature should be compared initially with a mercury-inglass thermometer as above,
using a similar procedure.
1. Place the dial type {(or equlvalentﬁ‘thermometer and the mercury-in-glass
thermometer in a hot water bath, 40 Fo 50 °C (104 to 122 °F). Compare
the readings after they stabilize.

2. Allow both thermometers to come to room temperature. Compare readings
after thermometers stabilize.
3. Users should accept the dial type (or eguivalent) thermometer under the

following conditions: The values must agree to within 3 °C (5.4 °F) at
both points; the temperature differentials at both points are within 3
°C (5.4 °F), and the temperature differential is taped to the thermome-
ter and recorded on the pretest sampling check form (Figure 3.1).

4. Prior to each field trip, compare the temperature reading of the
mercury-in-glass thermometer at room temperature with that of the meter
system thermometer. The values or corrected values should be within 6
°C (10.8 °F) of one another, or the meter thermometer should be replaced
or recalibrated. Record any temperature correction factors on Figure
3.1 of Section 3.19.3 or on a similar form.

2.2.3 Stack Temperature Sensor—The stack temperature sensor should be calibrated
upon receipt or checked before field use. Each sensor should be uniquely marked for
idenhtification. The calibration should be performed at three points and then extra-
polated over the range of temperatures anticipated during actual sampling. For the
three-point calibration, a reference ASTM mercury-in-glass thermometer should be used.
The following procedure is recommended for calibrating stack temperature
sensors (thermocouples and thermometers) for field use.
1. For the ice-point calibration, form a slush from crushed ice and liguid
water (preferably deionized, distilled) in an insulated vessel such as
a Dewar flask. Taking care that they do not touch the sides of the
flask, insert the stack temperature sensors into the slush to a depth
of at least 2 in. Wait 1 min to achieve thermal equilibrium and record
the readout on the potentiometer. Obtain three readings taken at l-min
intervals.
Note: Longer times may be required to attain thermal equilibrium
with thick-sheathed thermocouples.

/r’\ ")/(’/’/
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Fill a large Pyrex beaker with water to a depth >4 in. Place several
boiling chips in the water and bring the water to a full boil using &
hot plate as the heat source.

~ -‘Insert the stack temperature sensor(s) in the boiling water to a
depth of at least 2 in., taking care not to touch the sides or bottom
of the beaker.

Place an ASTM reference thermometer alongside the sensor(s). If
the entire length of the mercury shaft in the thermometer cannot be
immersed, a temperature correction will be réquired to give the correct
reference temperature.

After 3 min, both instruments w111 attazn thermal equilibrium.
Simultaneously record temperatures from the ASTM reference thermometer
and the stack temperature sensor three times at l-min intervals.

For thermocouple, repeat Step 2 with a liquid {such as cooking oil) thatc
has a beoiling point in the 150 to 250 °C (300 to 500 °F) range. Recoré
all data on Figure 2.9. For thermometers other than thermocouples,
repeat Step 2 with a liquid that boils at the maximum temperature at
which the thermometer is to be used, or place the stack thermometer ané
reference thermometer in a furnace or other device to reach the required
temperature. -

Note: If the thermometer is to be used at temperatures higher than the
reference thermometers can record, the stack thermometer may be
calibrated with a thermocouple previously calibrated with the above
procedure.

If the absolute values of the reference thermometer and thermocouple(s,

agree to within 1.5% at each of the three calibration points, plot the
data on linear graph paper and draw the best-fit line to the three
points or calculate the constants of the linear equation using the
least-square method. The data may be extrapolated above and below the
calibration points to cover the entire manufacturer'’s suggested range
for the thermocouple. For the portion of the plot or eguation tha:
agrees within 1.5% of the absolute reference temperature, no correction
need be made. For all portions that do not agree within 1.5%, use the
plot or equation to correct the data.

If the absolute values of the reference thermometer and stack
temperature sensor (other than the thermocouple),agree to within 1.5%
at each of the three points, the thermometer may be used over the rance
of calibration points for testing without applying any correctic:z
factor. The data cannot be extrapolated outside the calibration points.
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Date Thermocouple No.
Ambient temperature O°F Barometric pressure — in. Hg
Calibration person Reference: mercury-in-glass _OF
other oF
) | P [ L
| |Reference | Thermocouple I .
Reference | |thermometer, .  |potentiometer | Temperature®
point | source® | temperature, " |temperature, |difference,
number | (specify) | oF joF s
I | | |
| | | |
N | I I
I I I I
I | I |
| I I |
I [ = I
I I I I
I | | |
I | I I
| I | I
| I | I
I | P I
I I I |
| I I I
I I | |
I | I I
I | | I
| | I |
| I | |
I I I I
I I | I
I I I I
| | I I
I I I |
I | | |
I | | |
| I I |
I I I |
| | I {
@ Type of calibration system used.
(ref temp, °F + 460) - (test thermom temp, °F + 460) _ 1445 (<1.5%)

ref temp, °F + 460

Figure 2.9. Stack temperature sensor calibration data form.
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2.3 Probe Heater

The probe heating system should be calibrated prior to field use according to
the procedure outlined in APTD-0576. Probes constructed according to APTD-0581 need
not be calibrated if the curves of APTD-0576 are used.

2.4 .. Barometer

The field barométer - shouldibe adjusted initially and before each test series
to agree to within 2.5 mm (0.1 in.) Hg of the mercury-inglass barometer or with the
station pressure value reported by a nearby National Weather Service station, corrected
for elevation. The correction for elevation difference between the station and the
sampling point should be applied at a rate of ~2.4 mm Hg/30 m (-0.1 in. Hg/100 ft).
Record the results on the pretest sampling check form (Figure 3.1 of Section 3.19.3).

2.5 Probe Nozzle

Probe nozzles should be calibrated before initial use in the field. Using a
micrometer, measure the ID of the nozzle to the nearest 0.025 mm (0.001 in.). Mzke
three measurements using different diameters each time, and obtain the average. The
difference between the high and the low numbers should not exceed 0.1 mm (0.004 in.).
When nozzles become nicked, dented, or corroded, they should be reshaped, sharpened,
and recalibrated before use. Each mnozzle should be permanently and uniquely
identified. Figure 2.10 is an example of a nozzle calibration data form.

2.6 Pitot Tube

The Type S pitot tube assembly should be calibrated using the procedure
outlined in Section 3.1.2 of this Handboock for Method 2.

2.7 Trip Balance

The trip balance should be calibrated initially by using Class S standard
weights and should be within 0.5 g of the standard weight. Adjust or return the
balance to the manufacturer if limits are not met.
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Date -~ Calibrated by

| | l

} Nozzle Diameter® } }
Nozzle ID, lp, |, | Ap® | Dyvg v
ID No. |mm (in.) jmm (in.) | mm (1n ) |mm (in.) |mm (in.)

I I | | I

I ! I I I

| I I | |

| I I I I

| | | I I

| | I | |

| | I | |

| I I I |

I | I I |

| I [ I |

| | . . | o

I | | -~ | I

I | | - I

I I I | |

| | I | I

I I I - I

I | |- I |

I I | | |

| I | I |

I I | I |

| I I | I

I | I I I

| I I I |

I | | I I

| I | | I

I | | | I

I | | | I

I | | I I

I I | I I

I | I | I

I I I | |

I | | I I
where:
® Dya.s, = Three different nozzle dlameters ‘mm (in.); each diameter must be measured

within (0.025 rm) 0.001 in. '
® AD = Maximum difference between any two diameters, mm (1n ), AD £(0.10 mm) 0.004

in.
¢ Dayg = Average of D,, D,, and D,.

Figure 2.10. Nozzle calibration data form.
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TABLE 2.1. ACTIVITY MATRIX FOR EQUIPMENT CALIBRATION

I
|
|
I

Frequency & method

Action if
reguirements

Apparatus Acceptance limits Iof measurement are not met
Wet-test |capacity 23.4 Calibrate initially, Adjust until
meter Im’/h (120 fti/h); |and then yearly by ‘specifications
|accuracy within liquid displacement |are met, or
|+ 1.0% [turn to
; I manufacturer
Dry-gas ly, =Y + 0.02 Y Calibrate vs. Repair, or
meter | |wet-test meter |replace and then
| initially, and when |recalibrate
| posttest check |
‘ exceeds Y % 0.05 Y {
Critical [K' = K ¢+ 0.03 K* - Calibrate vs. wet, |Repair and then
| |dry, o¥ bubble meter | recalibrate,
I Iupon rece%pt and jor replace
{ }after»each test i
Thermo- | Impinger thermo- |calibrate each ini- |adjust;
meter lmeter + 1 °C (2 Itially as a separate Idetermine
|°F); dry-gas meter | component against a |a constant
|thermometer + 3 °C mercury-in-glass |correction
| (5.4 °F) over thermometer; then | factor;
Irange; stack |before each trip Ior reject
|temperature sensor compare each as part |
Ii 1.5% of absolute of the train with
Itemperature Ithe mercury-in-glass
| Ithermometer |
Probe Capable of Calibrate component Repair, or
heating |maintaining 120 °C Iinitially by APTD~- Ireplace and
system |+ 14 °C (248° % 25 |o576; if constructed |then reverify
|°F) at a flow rate Iby APTD-0581, or use Ithe calibration
lof 20 L/min |published calibra- I
1(0.71 £t’/min Etion curves {
!
Barometer |+ 2.5 mm (0.1 in.) |calibrate initially IAdjust to agree
~{Hg. of mercury-in- | vs. mercury-in-glass |with a certified
Iglass barometer lbarometer; check lbarometer
| |before and after |
| |each field test |
© -
{(Continued)
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Apparatus

Acceptance limits

|
|
|
I

|

| Frequency & method
|of measurement

|Action if
| requirements
|are not met

Probe
nozzle

|Average of three
IID measurements of
Inozzle; difference
| between high and
|low <0.1 mm
[(0.004 in.)

I

|Use a micrometer to
|measure to nearest
]0.025 mm (0.001 in.)

|Recalibrate,

| reshape, and

| sharpen when
|nozzle becomes
|nicked, dented
| corroded

Trip
balance

|500-g capacity;
|capable of measur-
|ing within + 0.5 g

|Check with standard
|class s weights upon
|receipt

|adjust, replace
|or return to
lmanufacturer
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3.0 PRESAMPLING OPERATIONS

This section addresses preparing and packing sampling supplies and equipment.
The pretest preparations form (Figure 3.2 of Method 5, Section 3.4.3) can be used as
an equipment checklist, a status form, and a packing list for Methods 1-4 and Method
101A. The (QA) activities for the presampling operations are summarized in Table 3.1
at the end of this section.

A pretest check will have to be made on most of the sampling apparatus.
Figure 3.1 shoiild be used to record the pretest calibration checks. A schematic of the
EPA Method 101A sampling train is shown in Figure 1.1. .Commercial models of this
system are available. Each train must be in compliance .with the specifications of the
reference method, Section 3.19.10.

3.1 Apparatus Check and Calibration
3.1.1 Nozzles and Probe Liners—The probe’s heating system should be checked to see

that it is operating properly. The probe should be sealed at the inlet or tip and
checked for leaks at a vacuum of 380-mm (15 in.) Hg, and the probe must be leak-free
under these conditions. The nozzles should bs& calibrated using the procedures in
Subsection 2.5 of Section 3.19.2. Clean the probe:and the nozzle'’s internal surfaces
using the procedures described above in Section 3.2. The ends of the probe and the
ends of the nozzle should be sealed with a Teflon film.

3.1.2 Filter Holder, Impingers, and Other Glassware-Ensure that all glass meets the
specifications described in Subsection 1 of Section 3.19.1, has been cleaned according
the procedures described below, and is sealed with a Teflon film or glass stoppers.
Clean all sample-exposed glassware with the following procedures:
1. Soak glassware in 50% HNO; for a minimum of 1 h.

2. Rinse with tap water.
3. Rinse with 8 N HCl.
4. Rinse with tap water.
5. Rinse with DI water.
3.1.3 Dry-Gas Meter—A dry-gas meter calibration check should be made using the

procedure in Section 3.19.2.
3.1.4 Filters—Check for flaws and store.

3.1.5 Silica Gél-Either dry the used silica gel at 175 °C (350 °F) or use fresh
silica gel and weigh several 200~ to 300-g portions in airtight containers to the
nearest 0.5 g. Record the total weight (silica gel plus container) for each container.
The silica gel does not have to be weighed if the moisture content is not to be
determined.

3.1.6 Thermometers~The thermometers should be compared to the mercury-in-glass
reference thermometer at ambient temperature.
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Date Calibrated by
Method box number AH@

Dry-Gas Meter®
Pretest calibration factor Y (within 2% of the average factor for each

calibration run).

Impinger Thermometer

Was a pretest temperature correction used? yes no
If yes, temperature correction (within 3 °C (5.4 °F) over range)

Stack Temperature Sensor®.
Was a stack temperature sensor calibrated against a reference thermometer?
yes no ' _
If yes, give temperature range with which the readings agreed within 1.5% of

reference value to °K (°R).
Baroneter - :
Was the pretest field barometer reading correct? yes no (within 2.5-mm

(0.1 in.) Hg of the mercury-in-glass barometer})’.

Nozzle®
Was the nozzle calibrated to the nearest 0.025-mm (0.001 in.)?
ves no.

*Most significant items/parameters to be checked.

Figure 3.1. Pretest sampling checks.



Section No. 3.19.3
Date September 3, 1962
Page 3

3.1.7 Barometer—The field barometer should be compared with the mercury-in-glass

barometer or the weather station reading, after making an elevation correction, prior
to each field trip.

3.2 Sample Recovery Equipment and Reagents

Clean all sample exposed—Qla%éWaré?usingwthéZfollowing'procedures:

1. Soak glassware in 50% HNO; for a minimum of 1 h.
2. Rinse with tap water.
3. "Rinse with 8 N HCl.
4. Rinse with tap water.
5. Rinse with DI water.
3.2.1 Glass Sample Bottles—The sample bottles must be leak-free, must  gave

Teflon-lined caps, and must be 1000 and 100 mL in size.
3.2.2 Graduated Cylinder—A 250-mL graduated cylinder is required.

3.2.3 Funnel and Rubber Policeman—These items aid in transferring the silica gel to
the container; they are not necessary if the siY¥ica gel is weighed in the field.

3.2.4 Funnel—A glass funnel is required to aid in sample recovery.
3.3 Eguipment Packing

The accessibility, condition, and functioning of measurement devices in the
field depend on packing them carefully and on moving them carefully at the site.
Equipment should be packed to withstand severe treatment during shipping and field
operations. The material used to construct shipping cases is therefore important. The
following containers are suggested, but they are not mandatory.

3.3.1 Probe—Seal the inlet and outlet of the probe to protect it from breakage and
pack it in the container. An ideal container is a wooden case (or the equivalent)
lined with foam material and having separate compartments to hold the individual
probes. The case should have handles or eye-hooks that can withstand heisting and that
are rigid enough to prevent bending or twisting during shipping and handling.

3.3.2 Impingers, Connectors, and Assorted Glassware-All impingers and glassware
should be packed in rigid containers and protected by polyethylene or other suitartle
material. Individual compartments for glassware will help to organize and protect each
plece.

3.3.3 Volumetric Glassware—A sturdy case lined with foam material can contain drying
tubes and assorted volumetric glassware.

3.3.4 Meter Box—The meter box, which contains the manometers, orifice meter, vacuum
gauge, pump, dry-gas meter, and thermometers, should be packed in a shipping contairner
unless its housing is sufficient to protect components during travel. BAdditional puzp
oil should be packed if oil is required. A spare meter box should be included in case
of failure.

3.3.5 Wash Bottles and Storage Containers—Storage containers and miscellanecus
glassware should be packed in -a rigid, foam-lined container.
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3.3.6 Chemicals—Chemicals should be packed in a rigid, foam-lined container.

As mentioned in Subsection 1.5.1.6 (Absorbing Solution, 4% KMnQ,), caution
must be exercised for the storage and transport of KMnO,. To prevent autocatalytic
decomposition of the permanganate solution, filter it through Whatman 541 filter paper.
The reaction of the KMnO, with the acid may cause pressure buildup in the sample
storage bottle. These bottles should not be filled to capacity and should be vented
to relieve excess pressure and to prevent explosion of the sample. A No.. 70-72 hole
drilled in the container cap and Teflon liner is recommended.

Also, caution should be exercised with the HCl reagent because 1t is highly
corrosive. ,
. } . ‘f. R
3.3.7 Safety Equipment for Sampling Train Preparation and Sample Recovery-Safety
glasses and protective laboratory gloves should be packed for the personnel assigned
to prepare the sampling train and recover the sample. Serious injury can result from
contact with HC1 and KMnO,.
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TABLE 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS

r
| Frequency & method

|Action if
| requirements

l
|
Apparatus :Acceptance limits ,of measurement #are not met
Apparatus | I |
Check_and | | |
Calibration | = |
| l
Nozzles |1. Probe heating |1. Check heating l1. Repair or
and | system capable of |system initially and | replace
probe |heating to 120 °C |when moisture cannot l
liners |+ 14 °C at a flow |be prevented during |
{rate of 20 L/min :testing =
|2. Probe leak free IZ. Visually check |2. Replace
|]at 380-mm (15 in.) |before test !
[Hg | l
| I - |
I3. Nozzles |3. Before :test to ]3. Recalibrate,
|calibrated |nearest 0.b25-mm Ireshape, or
| (sec. 3.19.2 |with micrometer | replace
}Subsec. 2.4) } ;
|4. Probe and |4. clean internally l4. Repeat
|nozzle free of |by brushing with tap |cleaning and
| contaminants |water, deionized |assembly
| (sec. 3.2) fdistilled water, and |procedures
| |acetone; air dry f
} |before test }
I
Impingers, [Meets specifica- |Before each test |Repair or
filter |tions in Subsec. 1 | |discard and
holders, lof sec. 3.19.1; | |replace
and other cleaned according | |
glassware |to Sec. 3.19.3 | l
lsubsec. 3.1.2; and | !
Isealed with l |
|Teflon or glass | |
{stoppers } l
Dry-gas |clean and readings calibrate according [Repair or
meter |within 2% of E |to sec. 3.19.2 |replace and thex
|average | |recalibrate
lcalibration factor | l
| | |
Filters |Free of |[Vvisually check prior |Replace
|irregularities |to testing | -
{(Continued)
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TABLE 3.1 (Continued)

| | Action if

| |Frequency & method requirements
AApparatus }Acceptance linmits }of measurement |are not met
Silica gel |Indicating, 6-16 |If moisture content Replace or

|mesh, use fresh- |is to be determined, reweigh

|or dry-used silica |weigh several 200~

|gel at 175 °oc |to 300-g portions of |

| (350 °F) |silica gel |

| (£ 0.5 g); use .

| |airtight containers; |

| Jrecord weight of |

| | container plus |

% :silica gel . }
Thermo- [calibrated, within Jcalibrate against |Replace
meters |1 ec (2 °F) for |mercury-in-glass |

| impinger thermo- | thermonieter 1

|meter, + 3 °C | (sec. 3.4.2) before |

| (5.4 °F) for |each " -

Idry-gas meter ! |

{thermometer { =
Barometer [calibrated, within |calibrate against | Replace

|2.5-mm (0.1 in.) mercury-in-glass |

| Hg |barometer (Sec. |

| |3.7.2) before each |

| [test |

| | l
Sample l l l
Recovery [ | -
Equipment | | |
and | I I
Reagents | | }

I l o
Glass lClean, leakless, ]Before each field IReplace
sample |Teflon-lined caps [test l
bottles | | }

l |
Graduated [Clean, glass and |Before each field |Replace
cylinder |class A; 250 mL |trip check for |

|with <2 mL | cracks, breaks, and |

| subdivisions %manufacturer flaws !

| ,
Funnel [Clean, glass, |same as above {Same as above

(Continued)

[class a
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TABLE 3.1 ({(Continued)
| ! lAaction if
| lFrequency & method Irequirements
Apparatus lAcceptance limits Iof measurement lare not met
I | l
Equipment | I |
packing | | {
I |
Probe ' IRigid container |Prior to each | Repack
|protected by | shipment |
lpolyethylene foam ' ]
|
Impingers, [Rigid container |Prior to each | Repack
connectors, |protected by |shipment I
and |polyethylene foam | |
assorted _ | l
glassware | | |
| | |
Volumetric | pPacked in original |Prior €0 each | Repack
glassware Icontainers, if Ishipment=\ l
lavailable, or a | ' '
|rigid container | |
[lined with foam l l
|and marked | |
I‘Fragile' [ {
|
Meter box |Meter box case lPrior to each IRepack
|and/or additional | shipment |
|material to I |
|protect train | |
lcomponents; pack ! |
| spare-meter box ] |
|
Wash |Rigid foam-lined Prior to each Repack
bottles | container | shipment |
and | | I
storage | | I
containers ] l }
I |
Chemicals |Rigid foam-lined | Prior to each | Repack
|container Ishipment |
| I
/'/'.—_ - ) . 14 .
¥
. N ‘ \\ ________
P -
C ¢
L ) -
\ \ “ \ R '/ ."" CEA,
N ;oo
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4.0 ON-SITE MEASUREMENTS

On-site activities include transporting the equipment to the test site, unpacking
and assembling the equipment, sampling for particulate and gaseous mercury, and
recording the data. The associated QA activities are summarized in Table 4.1 at the
end of this section.

4.1 Transport of Equipment to the Samglihg Site

The most efficient means of transportlng the eguipment from ground level to the
-sampllng site: {often above ground level) shou;d be decided during the preliminary site
visit or. by prior correspondence. Care .should, be- taken to prevent damage to the
equipment or -injary to test personnel during the moving. A clean "laboratory type"
area free of excessive dust and mercury compounds should be located and designated for
preparing the nozzle, probe, filter holder, and impingers and for sample recovery.

4.2 Preliminary Measurements and Setup

A preliminary survey should be conducted prior to sampling and analysis, unless
adequate prior knowledge of the source is availaBle. Testing must be conducted at the
proper sampling locations and during the proper process and control equipment operating
cycles or periods. Testers. should refer to Subsection 3.19.3.1 for information
typically needed to establlsh ‘the proper sampllng and analysis protocol.

j Testers should have calculated the mznlmum sampling run time regquired, unless it
is known that the minimum time stated by the appllcable regulatlons will be sufficient
to provide proof of compliance. S

In this method, highly oxidizable matter may make it impossible to sample for the
desired minimum time. This problem is indicated by the complete bleaching of the
purple color of the KMnO, solution.: In these cases, testers may divide ‘the sample run
into two or more subruns to ensure that the absorblng solution will not be depleted.
In cases where excess water condensation 1s encountered collect two. runs to make one
sample. o 8

4.2.1 Preliminary Measurements and Setup—-The sampling- site’ should be selected in
accordance with Method 1. If the duct conflguratlonvor some other factor .makes this
impossible, the site should be approved by the Administrator prior to coriducting the
test. A 115-V, - 30-A electrlcal supply is necessary. to operate the standard’ sampling
train. Either measure the ‘stack and determine the minimum number of traverse points
by Method 1, or check the traverse points determined during the preliminary site visit
(Section 3.0)..: Record all data on the traverse point location form shown in Method 1.
These measurements will be used to locate the pitot tube and the sampling probe during
preliminary,measurehénts and actual sampling.



Section No. 3.19.4
Date September 3, 15992
Page 2

4.3 Preparations for Sampling

The most common situations and problems are addressed in this section. Both
required and recommended QA/control checks and procedures are provided to assist in
collecting data of acceptable quality and to assess the accuracy of the sampling and
analysis.

On-site sampling includes the following steps:

1. . Conducting prellmlnary measurements and setting up “the recovery area. -

2 Preparing and settlng up the sampling system for leaks.

3 Connectlng electrical ‘service and checking the samp}lng system for leaks.

4 Heating the probe dand filter to the proper temperature. '

5. Inserting the probe ints the duct and sealing the duct.

6 Isockinetic sampling.

7 Recording data.

8. Posttest leak check of the sampling system.

9 Recovering the sample and transporting it to the laboratory.

4.3.1 Stack Parameters—Check the sampling site for cyclonic or nonparallel flow as
described in Method 1 (Section 3.0). The sampling site must be acceptable before a
valid sample can be taken. Determine the stack*pressure, temperature, and the range
of velocity heads encountered (Method 2). Determine the moisture content using the
approximation Method 4, or its alternatives, for the purpose of setting the isokinetic
sampling rate. If the identical source has been tested before or if a good estimate
of the moisture content is available, this should be sufficient. The reference methoc
(Section 3.4.10) uses the condensate collected during sampllng to determine the
moisture content used in final calculations. If the stack is saturated with moisture
or has water droplets the mozsture content must also be determlned by partial pressure
with the use of a more accurate stack gas temperature sensor (Method 4). T

Determine the dry molecular weight of the stack gas, as required in Method 2.
If an integrated gas sample is required, follow Method 3 procedures and take the gas
sample simultaneously with, and for the same total length of time, as the particulate
run. The. sampling and the analytlcal data forms for molecular weight determinations
are in Method 3. »

Using the stack parameters obtained by these preliminary'measurements, the tester
can set up the nomograph as outlined in APTD-0576 or use a calculator. An example of
a nomograph data form is shown in Figure 4.1 of the Method 5, Section 3.4.4.

. Select a nozzle size based or the range of velocity heads, so that it is not
necessary to change the 51ze ‘to maintain isokinetic. sampllng rates during the run.
Install the selected nozzle using a Viton A O-ring when glass liners are used. Other
connecting systems such as Teflon ferrules may: be used. Mark the probe with heat
resistant tape or by some other acceptable method to denote the proper distance into
the stack or duct for each sampling point. Select a total sampling time greater than
or equal to the minimum total sampling time specified in the test procedures for the
specific industry so that:

1. The sampling time per point is >2 min (a greater time interval may be

specified by the Administrator).

2. The sample volume corrected to standard conditions exceeds the required

minimum total gas sample volume.

The latter can be based on an approximate average sampling rate. It ¢
recommended that the number of minutes sampled at each point be either an integer c.
an integer plus one-half minute to avoid timekeeping errors. In some circumstances
(e.g., batch cycles), it may be necessary to sample for shorter times at the traverse
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points and to obtain smaller gas sample volumes. In these cases, the Administrator's
approval must be obtained first.

4.3.2 Sampling Train Preparation-During preparation of the sampling train, keep all
openings where contamination can occur covered until just prior to assembly or until
sampling commences. The glassware should have been cleaned as described in Section
3.19.3 by soaking in 50% HNO; and then rinsing with tap water, 8 N HC1, tap water, and
finally deionized dlstzlled water Prepare the individual sampling train components
as follows: A S

Impingers
1. Place 50 ml of fresh 4% KMno, in the-first cleaned impinger using a graduated

cylinder that has been properly cleaned,
2. Place 100 ml of fresh 4% KMnO, in the_second and third impingers using a
graduated cylinder, and W

3. Place 200 to 300 g of preweighed s1l;ca gel-in the fourth 1mp1nger.

Precaution: It is extremely important that all sample recovery personnel wear
safety glasses and gloves due: to the ‘dangers associated with impinger solutions and
recovery solutions. ‘

Record the weight of the 5111ca gel and the container on the sample recovery data
form, Figure 4.1, or other similar data form. “Place the empty container in a safe
place for use later in the sample recovery. If moisture content is to be determined
by impinger analysis, weigh each of the first three impingers to the nearest 0.5 g, and
record these weights. Place the silica gel container in a clean place for later use
in the sample recovery. Alternatively, the weight of the silica gel plus impinger may
be determined to the nearest 0.5 g and recorded.
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Plant Sample Data
Sample Location Run No.
Sample Recovery Person ' Recovery Date
Filter(s) No.

MOISTURE
Impingers
Final volume (wt) ml (g) Final wt » g
Initial volume (wt) ml (g) Initial wt g
Net volume (wt) ml (g) Net wt g

Total moisture g
RECOVERED SAMPLE BLANK

Blank filter Container No. ________ KMnO, added, sealed and level marked?
Blank KMnO, solution (650 ml,) Container No.. Sealed and level marked?
Blank HCl sclution (25 mL added to 200 mL H,0) Container No.

Sealed and level marked?

~

RECOVERED SAMPLE-

KMnO, impinger contents and rinse (400 mlL) Container No.
Sealed and level marked?
Filter Container No. KMnO, added, sealed and level marked?

HC1l solution (25 mL added to 200 mL H,0) Container No.
Sealed and level marked?

Samples stored and locked?
Remarks:

Date of laboratory custody
Laboratory person taking custody
Remarks:

Figure 4.1. Sample recovery and integrity data form.
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The use of a filter is optional in Method 101A. However, because of the
digestion techniques used for sample preparation, it is highly recommended that a
filter be used. BAssemble the filter holder as follows:

Filter (optional) .

1. Using a tweezer or clean disposable surgical gloves, place a filter in the
filter holder. Be sure that the filter is properly centered and that the
gasket is properly placed to prevent the sample gas stream from circumventing
the filter.

2. Visually check the filter for damage after the assembly is completed.

3. The filter or filter sample container should be marked.

Record the filter number on the sample recovery data form and then place the

filter sample container in a clean place for later use in the sample recovery.

Assemble the probe and nozzle as follows:

Probe/nozzle assembly

1. The probe liner should be glass and cleaned using the procedures described
above. : )

2. Place the properly sized, calibrated, and cleaned nozzle on the inlet of the
probe using a Teflon ferrule or Viton O-ring connection.

The nozzle should be uniquely identified. Record the nozzle number and diameter

on the sampling data form. -

4.3.3 Sampling Train Assembly-Assemble the train as shown in Figure 1.1, using (if
necessary) a very light coat of silicone grease only on the outside of all ground-glass
joints to avoid contamination. The tester may find that it is beneficial to conduct
a leak check of the sampling train in the assembly area prior to taking the system to
the stack.

The sampling train is then transported to the stack. At the stack, place crushed
ice and water around the impingers. If not already an integral part of the probe
assembly, a temperature sensor should be attached to the metal sheath of the sampling
probe so that the sensor extends beyond the probe tip and does not touch any metal.
The sensor’s position should be about 1.9 to 2.54 cm (0.75 to 1 in) from the pitot tube
and the nozzle to avoid interference with the gas flow. Alternative arrangements are
shown in Method 2.

4.3.4 Sampling Train Leak Checks—Leak checks are necessary to assure that the sample
has not been biased low by dilution air. The reference method (Section 3.19.10)
specifies that leak checks be performed at certain times as discussed below.

Pretest—A pretest leak check is recommended, but not required. If the teste
opts to conduct the pretest leak check, follow the procedure described below:

After the sampling train has been assembled, set the filter heating system at the
desired operating temperature. Allow time for the temperature to stabilize. 1IZ a
Viton A O-ring or other leak free gasket is used in connecting the probe nozzle to the
probe liner, leak check the train at the sampling site by plugging the nozzle and
pulling a 380- mm (15 in) Hg vacuum. Note: A lower vacuum may be used if it is not
exceeded during the test.

If an asbestos string is used for the probe gasket, do not connect the probe to
the train during the leak check. Instead, leak check the train by first plugging the
inlet to the filter holder and pulling a 380-mm (15 in) Hg vacuum (see note in the
previous paragraph). Then connect the probe to the train and leak check at about 25-mm
.11 in.) Hg vacuum; alternatively, the probe may be leak checked with the rest of the
sampling train in one step at a 380-mm (15 in.) Hg vacuum. Leakage rates >4% of che
average sampling rate or 0.00057 m/min (0.02 ft*/min), whichever is less, are
unacceptable.
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The following leak check instructions for the sampling train are taken from APTD-
05813 and APTD-0576. Start the pump with the bypass valve fully open and the coarse
adjust valve closed. Open the coarse adjust valve and then slowly close the bypass
valve until the desired vacuum is reached. Do not reverse the direction of the bypass
valve; this will cause KMnO, solution to back up from the impingers into the filter
holder. If the desired vacuum is exceeded, either leak check at this higher vacuum or
end the leak check as described below and start over.

When the leak check is complete, first slowly remove the plug from the inlet to

the probe or the filter holder and then close the coarse adjust valve and immediately
turn off the vacuum pump. (This prevents the KMnO, in the impingers from being forced
back into the filter holder and prevents the silica gel from being forced back into the
third impinger.) Visually check to be sure KMnO, did not contact the filter and that
the filter has no tears before beginning the sampling.
. During the Sampling-If a component (e.g., filter assembly or impinger) change is
necessary during the sampling run, a leak-check should be conducted before the change.
The leak-check should be done according to the procedure outlined above, except that
it should be at a vacuum equal to or greater than the maximum value recorded up to that
point in the test. If the leakage rate is <0.00057 m’/min (0.02 ft3/min) or 4% of the
average sampling rate (whichever is 1less), the results are acceptable, and no
correction need be applied to the total volumeiof dry gas metered. If, however, a
higher leakage rate is obtained, the tester either.should record the leakage rate and
plan to correct the sample volume as shown in Sect&on 6.3(b) of the Reference Method
(Section 3.19.10), or .should void the sampling run. Note: Be sure to record the dry
gas meter reading before and after each leak-check performed during and after each test
run so that the sample volume can be corrected.

Posttest—A leak-check is mandatory at the conclusion of each sampling run. The
leak-check should be in accordance with the procedures in this section and at a vacuum
equal to or greater than the maximum value reached during the sampling xun. If the
leakage rate is <0.00057 m’/min (0.02 ft’/min) or 4% of the average sampling rate
(whichever is less), the results are acceptable, and no correction need be applied to
the total volume of dry gas metered. If, however, a higher leakage rate is obtained,
the tester either should record the leakage rate and correct the sample volume as shown
in Section 6.3(a) or 6.3(b) of the Reference Method (Section 3.19.10), or should void
the sample run. Note: Be sure to record the dry gas meter reading before and after
performing the leak check so that the sample volume can be corrected.

4.3.5 Sampling Train Operation—Just prior to sampling, clean the portholes toc minimize
the chance of sampling deposited material. Verify that the probe and the filter
heating systems are up to the desired temperatures and that the pitot tube and the
nozzle are located properly. Follow the procedures below for sampling.

1. Record the initial dry gas meter readings, barometric pressure, and other
data as indicated in Figure 4.2.

2. Position the tip of the probe at the first sampling peoint with the nozzle tip
pointing directly into the gas stream. - When in position, block off the open
area around the probe and the porthole to prevent flow disturbances and
unrepresentative dilution of the gas stream.

3. Turn on the pump and immediately adjust the sample flow to attain isokinetic
conditions. Nomographs, calculator programs, and routines are available to
aid in the rapid determination of the orifice pressure drop corresponding to
the isokinetic sampling rate. If the nomograph is designed as shown in APID-
0576 it can be used only with an Type S pitot tube which has a C, coefficient
of 0.85 + 0.02 and when the stack gas dry molecular weight (Ms) is 29 * 4.
If Cp and Ms are outside these ranges, do not use the nomograph without
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compensating for the differences. Recalibrate isokinetic rate or reset
nomograph if the absolute stack temperature (Ts) changes more than 10%.

. Take other readings required by Figure 4.2 at least once at each sampling

point during each time increment.

Record the dry gas meter readings at the end of each time increment.

Repeat steps 3 through 5 for each sampling peoint.

Turn off the pump, remove the prcbe from the stack, and record the final
readings after each traverse. ’

. Conduct the mandatory posttest 1leak check (Subsection 4.2.5) at the

conclusion of the last traverse (after allowing the nozzle to cool). Record
any leakage rate. Also, leak check the pitot lines (Method 2, Section 2.1);
the lines must pass this leak-check to validate the velocity pressure data.
Disconnect the probe, and then cap the nozzle and the end of the probe with;
polyethylene or equivalent caps.



Plant

City

Location
Operator
Date

Run No.

Stack dia

. mm (in)

Sample box No.

Meter box No.

Ambient temperature

~..Static press.

Meter calibration (Y)

Pitot tube (C,)

Probe length

ft

Probe liner material

.Probe heater setting

oF

Barometric press (P,)
Assumed moisture
(P,)

C Factor

mm (in) Hg

$H,0

mm (in) Hg

Sheet

Nozzle ID No.
Nozzle diameter
Thermometer No.
Final leak rate
Vacuum during leak-check
Filter No(s). '
Remarks:

of

mm (in) -

m3/min (cfm)
mm (in) Hg

Meter AH@ Reference AH@
1] 1 T ] i 1] T T 1 )
| l | | | |press | | | I
| | | | | velocity |across | | | |
| | | | stack |} head |orifice | | Dry gas meter |Gas temp |
Traverse |Sampling | Clock |Vacuum, | temp (APs) | meter Gas sample | temperature - |leaving |Filter
point | time, | time, | mm | (Ts) m | (AH), mm| volume (Vm),]| Inlet [Outlet|impinger |temp
number |(©), min | (24 h) [(in) Hg | °C (°F) | (in) Hg [(in) Hg | m3 (ft3) oc(°F) |oc(°F)| °c(°F) |°c(°F)
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\\ ‘ Figure 4.2. Method 101A field sample data form.
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During the test run, a sampling rate of 10% of the isokinetic rate must be
maintained unless otherwise specified by the Administrator. The sampling rate must be
adjusted at any sampling point if a 20% variation in velocity pressure occurs.

Periodically during the test, observe the connecting glassware--from the probe,
through the filter, to the first impinger--for water condensation. If any is evident,
adjust the probe and/or filter heater setting upward until the condensation is
eliminated; add ice around the impingers to maintain the silica gel exit temperature
at 20 °C (68 °F). :

The manometer level and zeroc should also be checked perlodlcally during each
traverse. Vibrations and temperature fluctuatlons can cause the manometer zero to
shift. e

4.4 Sample Recovery

~ The reference method (Section 3.19.10) requires that the sample be recovered from
the probe, from all glassware preceding the filter, from the front half of the filter
holder, from the filter, and from the impingers and connectlng glassware in an area
sheltered from wind-and dQust to prevent contamlnatxon of the .sample.: Begin proper
cleanup proceduré as soon as the probe is removed from the stack at the end of the
sampling period. - Allow the probe to cool. When-it can be safely handled, wipe off any
external particulate'matter’near the tip'of'the probe nozzle, and place a cap over it.
Do not cap off the probe tip tightly while the sambliqg»train is cooling because the
resultant  vacuum could draw liQuid out from the impingers. Before moving the sample
train to the cleanup site, ¥emove the probe from the train, wipe off the silicone
grease, and cap the open outlet of the probe and the inlet of the sample train.

Be careful not to lose“any condensate that mlght be present. Wipe off the
silicone grease from the impinger. Use either ground-glass stoppers, plastic caps, or
. serum caps to close these openings. The capped-off impinger box and the capped
sampling probe can be transported to the cleanup area without risk of losing or
contaminating the sample. Transfer the probe, impinger assembly, and (if applicable)
filter assembly to a cleanup area that is clean, protected from the wind, and free of
Hg contamination. The ambient air in laboratories located in the immediate:wicinity
. of Hg-using facilities is not normally free of Hg contamination. Inspect: the train
before and during disassembly, and note ‘any abnormal conditions.

Precaution: It is extremely important that all sample recovery personnel wear
safety glasses ‘and qloves due to tho dangers associated with impinger solutions and
recovery solutionms. - ;

The following sample recovery sequence 1ncludes (1) recovery of the sample from
the impingers using KMnoO,, Container 1; (2) recovery of any residual brown deposits
from the impingers using water, Container 1; (3) recovery of the sample from the probe
and connecting glassware using KMnO,, Container No.l; (4) recovery. of any residual
brown deposits from the probe and connecting glassware using water, Container No.1l; (S)
recovery of any residual brown deposits from sample train components not removed by
water with HCl, Container 1A; recovery of silica gel, Container 2; (&) recovery of the
filter, Container No. 3; (7) collecting a filter blank, Container No. 4; (8) collecting
an KMnO, reagent blank, Container No. 5; (9} collecting a water reagent blank, and (10)
collecting a HCl reagent blank. :

4.4.1 Impinger Contents (Container Nos. 1 and 1A)-Recover the samples follows: .

1. Note the color of the reagent in each of the impingers and record the color
on the Sample Recovery Data Form. If the color of the KMnO, in the last
impinger has changed from the purple color, the sample run will be ccnsidered
invalid and must be repeated. .. If all the impinger solution has been
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oxidized, the tester should (1) reduce the sample time or volume if the
reduced time or volume will comply with the applicable regulations, (2) add
another impinger containing KMnO,, or (3) use two sample trains per sample
run. ‘
Using a properly cleaned graduated cylinder, measure the liquid in the first
three impingers to within 1 ml. . Record the volume of liquid on the Sample
Recovery and Integrity Data Form. This information is needed to calculate
the moisture content of the effluent gas. (Use only graduated cylinderé'ané
glass storage bottles that have beén precleaned as in Section 3.19.3.)
Plate the contents of the first three impingers in a properly cleaned
1000-ml glass sample bottle (Container No. 1). Record the data on the sample
recovery data form. .

Prior to recovering the sample, place 400-ml of fresh KMnO, in a graduated
cylinder for sample recovery. :This solution is used to recover sample from
the probe nozzle, probe fitting, probe liner, and front half of the filter
holder (if applicable) and impingers (sample-exposed surfaces). Rinse the

. impingers with a portion (about 100 ml) of. the 400 ml of fresh 4% KNnO4

solution to assure removal of all 1loose partlculate matter from the
1mp1ngers, add all washings to the 1000-ml glass sample bottle (Container No.

. ~

To remove any residual brown dep051ts\ on the glassware follow1ng the
permanganate rinse, carefully rinse all the sample-exposed glassware with
approximately 100 ml of water. Add this rinse to Container No. 1. 'The
impingers should only require about 50 ml of the 100 ml of water. "

If no visible deposits remain after this water rinse, do not rinse with 8 N
HCl. However, if deposits remain on the glassware after the water rinseé,
place 25 ml of 8 N HCl in a graduated cylinder.  Wash impinger walls and
stems with this 25 ml of 8 N HCl as follows: . Place 150 ml of water in a
sample container labeled Container No. 1lA. Use only a total of 25 ml of 8 N
HCl to rinse all impingers. Wash the impinger walls and stem with the HC1 by
turning and shaking the impinger so .that the HCl contacts all inside
surfaces. Pour the HCl wash carefully while stirring into Container No. 1A.
Rinse all glassware that was exposed to HCl with 50 ml water, and add water
rinse to Container No. 1A. Label the sample bottle anditecord the sample
number on the Sample Recovery Data Form. The separate container is used for
safety reasons. , . 7

Probe and Connecting Glassware (Container No. i)-The_ same sample bottle

(Container No. 1) as used above for the impinger contents and sample rinse is usually
adequate for the collection of all the rinses. Recover the sample from the probe liner
and connecting glassware as follows:

1.

Clean the outside of the probe, the pitot tube, and the nozzle to prevent
particulates from being brushed into the sample bottle. Take care that dust
on the outside of the probe or other exterior surfaces does not get into the
sample during the guantitative recovery of the Hg {and any condensate) from
the probe nozzle, probe fitting, probe liner, and front half of the filter
holder (if applicable).

Carefully remove the probe nozzle and rinse the 1n51de surface (using a nylon
bristle brush and several KMnO, rinses) into the sample bottle (Containert No.
1. ‘ :

Clean the compression fitting by the same procedure. Rinse all sampleexposed

glassware components with the total of 400 ml of fresh 4% KMnoO, solution as

- T;Lﬁmj
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measured above. Add these washings to the 1000-ml glass sample bottle
(Container No. 1).

4. After the KMnQ, rinse, use a small portion of the remaining 100 ml of water
to rinse the nozzle and connecting glass after the KMnO, rinse. Add the
rinses to Container 1.

The following probe rinsing procedure should be performed by two people to
preclude sample loss. The rinsing procedures for the probe liner and connecting
glassware is as follows:

1. Rinse the probe liner by tilting and rotating the probe while squirting fresh

4% KMnO, solution into the upper (or nozzle) end to assure complete wetting
of the inside surface.

2. Allow the KMnO, solution to drain into the sample bottle (Container 1) using
a funnel to prevent spillage.

3. Hold the probe in an inclined position and squirt KMnO, solution inteo the
upper end while pushing the probe brush through the liner with a twisting
motion, and catch the drainage in the sample bottle. Repeat the brushing
procedure three or more times until a visual inspection of the liner reveals
ne particulate remaining inside.

4. Rinse the liner once more with KMnO, solution.

5. Rinse the brush with KMnO, solution into™Container 1 to remove all sample that
is retained by the bristles. ;

6. Rinse the probe liner with the remalnlng 100 ml of water into Container 1.

7. Wipe all the connecting joints clean of silicone grease, and clean the inside

of the front half of the filter holder by rubbing the surface with a nylon
. bristle brush and rinsing it with KMnO,. Repeat the procedure at least three
‘times or until no particles are evident in the rinse.
. Make a final rinse of the filter holder and brush.

9. Clean any connecting glassware Which pxe¢edes the filter holder, using Steps
5 and 6.

After all washings have been collected in Container No. 1, tighten the 1id on the
container to prevent leakage during shipment to the laboratory. It is recommended that
the lid have a No. 70-72 hole drilled in the container cap and Teflon liners for
pressure relief. . Mark the height of the fluid level to determine whether 1leakage
occurs during transport. Label the container to identify its contents clearly, and
note it on the Sample Recovery Data Form.

o |

4.4.3 Silica Gel (Container No. 2)-Note the color of the indicating silica gel to
determine whether it has been completely spent, and make a notation of its condition
on the sample recovery data form, Figure 4.3.

1. Transfer the silica gel from the fourth impinger to its original container
using a funnel and a rubber policeman, and seal the container. It is not
necessary to remove the small amount of dust particles that may adhere to
the impinger wall; since the weight gain is used for moisture calcula-
tions, do not use water or other liquids to transfer the silica gel.

2. Determine the final weight gain to the nearest 0.5 g, if a balance is
available.

4.4.4 Filter (Container No. 3)—Carefully remove the filter (if used) from the filter
holder, place it in a 150-ml glass sample bottle, and add 20 to 40 ml of 4% KMnO; to
submerge the filter. If it is necessary to fold the filter, be sure that the
rarticulate cake is inside the fold. Carefully transfer, to the 150-ml sample bottle,
any particulate matter and filter fibers tijt adhere to the filter holder gasket by
using a dry Nylon bristle brush and a sharp-edged blade. Seal the container. Clearly
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label the container to identify its contents. Mark the height of the fluid level to
determine whether leakage occurs during transport.

4.4.5 Filter Blank (Container No. 4)-If a filter is used for testing, initially take
an unused filter for each field test series and label as a filter blank. Treat the
filter blank in the same manner as described in Subsection 4.3.4 above.

4.4.6 Absorbing Solution Blank (Container No. 5)-For a blank, place 650 ml of 4% KMnoO,
absorbing scolution in a 1000-ml sample bottle. If the 100 ml water rinse was used
during recovery, carefully add a second 100 ml portion of water to Container No. 5.
It is recommended that the lid have a No. 70-72 hole drilled in the container cap and
Teflon liners for pressure relief. Mark the height of the fluid level to determine
whether leakage occurs during transport. Label the container as the KMnO, blank, and
seal the container.

4.4.7 8 N HCI1 Blank (Container No. 6)~I1f 8 N HCl was used (Container 1lA) to remove any
residual brown deposits remaining after rinsing samplé-exposed glassware with fresh 4%
KMnoO, solution and water, place 25 ml of 8 N HCl used for removing the deposits in a
separate sample container (Container No. 6) containing 200 ml of water. Mark container
as the HCl blank, and seal the container. -~ ”

\
\

4.5 Sample Logistics and Packing Equipment

Follow the sampling and sample recovery procedures until the required number of
“xuns are completed and blank samples are labeled. Log all data on the Sample Recovery
and Integrity Data Form, Figure 4.1. At the conclusion of the test:

1. Check all rinses and filters for proper labeling (time, date, location, test
run number, and any other pertinent documentation). Be sure that blanks have
been set aside and labeled.

2. If possible, make a copy of the field data form(s) in case the originals are
lost. 7

3. Examine all sample containers for damage and ensure that they are properly

- sealed for transport to the base laboratory. Ensure that the containers are
labeled properly for shipping to prevent loss of samples or eguipment.

4. Review the field sampling data form and any other completed data forms to
ensure that all data have been recorded and that all forms are present.

4.6 Systems Audit

A Method 101A sampling and sample recovery checklist is presented in Figure 4.3.
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Date _________ Time __. _ Operator Observer

Method 10l1A Sampling Procedures

Probe Nozzle: stainless steel ________ glass

Button-hook elbow size

Cleaned according to sampling protocol?

Sealed with‘Teflon_tape or other cover?

Probe liner: borosilicate quartz _____ othe;
Cleaned according to sampling protocol? __

Openings sealed with Teflon tape?
Probe heating system:

Checked? Temperature _____ Stable?

Pitot tube: Type S Other

Properly attached to probe (no interferenc¢e to nozzle)?
Modifications:

Pitot tube coefficient

Differential Pressure Gauge: Inclined manometers

Magnahelics Ranges

Other Ranges

Cyclone (inlet only): borosilicate glass other

Cleaned according to sampling protocol?

Filter Holder: borosilicate glass other

Frit material: glass Teflon other
Gasket material: silicone other

Cleaned according to sampling protocol?

Sealed with Teflon tape or glass caps?

Filter type(s):

Cleaned according to sampling protocol?

Impinger Train: number of impingers
Cleaned according to sampling protocol?

Contents: 1lst 2nd . 3xd

4th Sth ___ , 6th

Impinger weights recorded?
Proper connections?

Modifications

S8ilica gel: type new? used?

1992

Figure 4.3. Field observation of Method 101A sampling and recovery.
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Date Time Operator Observer

Method 101A Sampling Procedures

Procedure

Barometer: mercury — aneroid __.___.._ - other

Gas Density Determination: temperature sensor

Pressure gauge

Temperature sensor properly attached to probe?

Recent Calibrations: pitot tubes

meter box thermocouples/thermometers

Filters checked visually for irregularities?

Filters properly centered? labeled?

Sampling site properly selected?

Nozzle size properly selected?

Proper sampling time selected or calculated?

All openings of sampling train sealed (pretest

and posttest)? :

Impingers, filter holder, probe, and nozzle assembled?

Cyclone attached (inlet only)?

Pitot lines checked for leaks and plugging?

Meter box leveled? ' Manometers ze:oed?

AH@ from most recent calibration

Nomograph setup correctly? K factor.

Pretest leak-check conducted? Leakage rate?

Care taken to avoid scraping nipple or stack wall?

Effective seal around probe when in-stack? _=

Probe moved to traverse points at proper time?

Figure 4.3. {(Contined)
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Date ________ Time ______ Operator ___________ Observer

Method 10l1lA Sampling Procedures

Nozzle and pitot tubes kept parallel to stack at all times?

Filter(s) changed during run?
Any particulate lost during filter change?

Data forms completed and data recorded properly?

Nomograph setting changed with significant change in the stack temperature?

Velocity pressure and orifice pressure recorded accurately?

~

Posttest leak-check conducted? _ __ Leakage rate:
at inches of mercury

Orsat analysis? Stack Integrated

Approximate stack temperature Gas sample volume _

Percent isockinetic calculated

Comments

Figure 4.3. (Continued)
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Date ______ Time _____ _ Operator Observer

Method 10l1A Sample Recovery
Reagents:

Brushes: Teflon bristle ___ other
Cleaned according to sampling protocol?

Wash bottles: glass other
Cleaned according to sampling protocol?

Storage contaimers: glass? other?
Cleaned according to sampling protocol?
Teflon cap liner? Leak free?
Small hole in cap to relieve pressure?

Filter containers: borosilicate glass other

Cleaned according to sampling protocol? _3

Graduated cylinder: borosilicate glass oéher
Subdivisions of graduated cylinder <2 ml?
Cleaned according to sampling protocol?

Balance type: . calibrated?

Probe allowed to cool sufficiently?

Probe and sample train openings covered?

Clean-up area(s) used

KMnO, Volume: Was 400 mL of KMnO, measured for recovery?

Fllter handling: tweezers used? surgical gloves?
Any particulate lost?
KMnO, added to filter?

Probe handling: KMnO, rinses Brushed?
H,0 rinses Brushed?

Reco#ery of probe: probe nozzle probe fitting
probe liner front half of filter holder

Figure 4.3. {Continued)

e
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1992

Date _______ Time Operator Observer

Method 10l1A Sample Recovery (cont)

HCl1l Volume: Was 25 mL of HCl measured for recovery?

t

Impinger handling: weighed? volumed?

KMnO, rinses H,0 rinse
HCl rinses

Blanks collected: filter

KMnO, (650 mL)

HCl (25 mL in 200 mL of H,0)

Container No. 1: Sample No. 400 mL KMnO, rinse

Impinger contents Impinger Rinse
Probe rinse Nozzle rinse i
Container No. 1A: Sample No. 25 mL HCl

Impinger rinse

Container No. 2 Silica gel: color? condition?

Samples labeled and stored properly?

Ligquid levels marked?

Remarks:

weighed?

Figure 4.3. (Continued)



Section 3.19.4
. Date April 3, 19852
. Page 18

TABLE 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS

Action if

Frequency and method requirements

e —— ———

collection train according to run
specifications in
Figure 1.1 and Sec.

3.18.4 Subsec. 4.3.3

Leak-check before sam-
pling by plugging the
nozzle or inlet to
first impinger and by
pulling a vacuum of
380 mm (15 in) Hg

Leak-check; Leak
rate < 4% or 0.00057
m’/min (0.02 f£t3/
min), whichever is
less

Correct the leax

)
|
l
Apparatus Acceptance limits | of measurement are not met
l
1 L
Preliminary |Determine the | once each field test; | Complete
determinations and|moisture content of | use wet bulb/dry bulb |
measurements | stack gas | thermometer, Method 4, |
E ' } ¢6r sling psychrometer |
|
|Determine flow rate | Once each field test, | Complete
|of stack gas { using Method 1 {
I
| Determine stack | Prior to and during | complete
}temperature } sampling {
| Determine stack ] Priorto sampling, | Complete
|dimensions % using tape measure %
| .
IDetermine dry - | Once each field test, | Complete
|molecular weight of | Method 2; if inte- | '
|stack gas | grated gas sample is |
{ : } required, Method 3 {
| Select sampling time | Prior to sampling | Complete
|> minimum total sam- 1 | :
|p11ng time in | |
Iappllcable emission l |
| standard; number of | |
Iminutes between read-| |
| ings should be an | |
linteger , !
]
i
Preparation of Assemble train | Before each sampling Complete
|
l
|
|
|
l
|
I
l
l
l
I

I
l
l
I
l
|
|
|
l
l
l
I
l

(Continued)

TN
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TABLE 4.1 (Continued)
L 1
| | Action if
| Fregquency and method | requirements
Apparatus Acceptance limits ! of measurement ! are not met
i 1
Sampling Within 10% of | calculate for each | Repeat the test
(isokinetically) isokinetic condition{ sample run { run
Standard check for | Make a quick calcu- | Repeat the test
minimum sampling | lation before each | run
time and volume; | test, and exact cal- |
sampling time/point | ulation after |
2 2 min } }
Minimum number of | Check before the first| Repeat the pro-
points specified by | test run by measuring | cedure to comply
Method 1 [ duct and using Method | with specifica-
| 1 _ | tions of Method 1
: l ~ l
Leak-check; leakage | Leak-check after each | Correct the
rate < 0.00057 m’/ | test run' or before | sample volume,
min (0.02 ft’/min) | equipment replacement | or repeat the
or 4% of the average| during test at the | sampling
sampling volume, | maximum vacuum during |
whichever is less | the test (mandatory) |
= :
Sample recovery Sample free of | Transfer sample as | Repeat the
contamination | outlined in Sec 3.19. | sampling
| l
I |
| |
| |
l I
i !

Sample logistics
and packing of
equipment

o]

All data recorded
correctly

All equipment
examined for damage
and labelled for
shipment

All sample contain-
ers and blanks
properly labelled
and packaged

]

After completion of

each test and before
packing; if possible,
make copies of forms

After completion of
each test and before
packing

Visually check upon
completion of each
sampling

]

Complete data

Repeat sampling
if damage occurred
during the test

Correct when
possible
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5.0 POSTSAMPLING OPERATIONS

The postsampling operations include postsampling calibration checks o2
sampling equipment and analysis by atomic absorption spectrophotometry techniques. The
sample analysis includes calibrations and performance checks. Checklists for
monitoring the postsampling operations are provided at the end of this section. Table
5.1 at the end of this section summarizes the QA activities associated with the
postsampling operations.

5.1 Calibration Checks of Sampling Egp}pment

Posttest checks will have to be made on most of the sampling apparatus. These
checks will include three calibration runs at a single orifice meter setting, cleanlnc,
and/or routine maintenance. Cleaning and maintenance are discussed in Section 3.19.
and in APTD 0576. Figure 5.1 can be used to record the posttest checks.

5.1.1 Metering SystemThe metering system .has two components that must bs
checked—-the dry-gas meter and the dry-gas meter thermometer(s). ‘

The d:y-gasvmeter thermometer (s) shauld be compared with the ASTM mer-
cury-in~glass thermometer at room temperature. ' If the two readings agree within 6 °C
(10.8 °F), they are acceptable; if not, the thermometer must be recalibrated accordinc
to Subsection 2.2 of Section 3.19.2 after the posttest check of the dry-gas meter. Fcx
calculations, use the dry-gas meter thérmometer readings (field or recalibraticx
values) that would give the higher temperatures. ' That is, if 'the field readings are
higher, no correction is necessary, but if the recalibration value is higher, add tre
difference in the two readings to the g?erage dry~gas meter temperature .reading.-

The posttest check of the dry-gas meter is described in Section 3.19.2. Ths
metering system should not have any leaks that were corrected prior to the posttes:
check. 1If the dry-gas meter calibration factor (Y) deviates by <5% from the initial
calibration factor, the dry-gas meter volumes obtained during the test series are
acceptable. If Y deviates by >5%, recalibrate the metering system (Section 3.19.2:
For the calculatlons use the calibration factor (initial or recalibration) that ylelc-
the lower gas volume for each test rumn.

5.1.2 Stack Tbmperature Sensors—The stack temperature sensor readings should o=
compared with the reference thermometer readings.

For thermocouple(s), compare the thermocouple and réference thermometer values
at ambient temperature. If the values agree within 1.5% of the absclute temperature,
the calibration is considered valid. If the values do not agiee within 1.5%, recali-
brate the thermocouple as described in Section 3.19.2 to determine the difference (AT,
at the average stack temperature (T,). NOTE: This comparison may be done in the fielZ
immediately following the tests. S
' For thermometers, compare the reference thermometer:

1. At ambient temperatures for average stack temperature below 100 °C (2l:

°F) .
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Plant Calibrated by
Meter box number Date
Dry-Gas Meter
Pretest calibration factor, Y (within 2%)
Posttest check, Y* (within 5% of pretest value)
Recalibration required? yes no

If yes, calibration factor, Y _ (within 2%)

Lower calibration factor, Y for calculations (pretest or posttest)

Dry-Gas Meter Thermometers

Was a pretest temperature correction used? _yes ~_no
If yes, temperature correction (within 5.4 °F over range).

Posttest comparison with mercury- 1n—glass thermometer° * (within 10.8 °F at-ambient
temperature) oF

‘Recalibration required? yves no

Recalibration temperature correction? (within 5.4 °F over range)
If yes, no correction necessary for calibration if meter thermometer temperature
is higher, if calibration temperature is hlgher, ‘add correction to average meter
temperature for calculations.

Stack Temperature Sensor

Was a pretest temperature correction used? __Yyes no
If yes, temperature correction °F (within 1.5% in. °R over range)
Average stack temperature of compliance test, T, °R
Temperature of reference thermometer or sclution __ °R (w1th1n 10% of T,)
Temperature of stack temperature for recalibration 2 O9R-
- Difference between reference and stack thermometers, AT, .« OR
Do values agree within 1.5%?* __ B _yes __ : __no

If yes, no correction necessary for calculations.
If no, calculation must be done twice—once with the recorded values and once with
the average stack 6 temperature corrected to correspond to the reference

temperature differential (AT,). Both final results must be reported.
Barometex
Was the pretest field barometer correct? X ____Yes no
Posttest comparison?* : _in. Hg (within 0.1 in. Hg)
Was recalibration required? - __Yyes no

If yes, no correction necessary for calculations when the field barometer has a
lower readings; if the mercury-in-glass reading is lower, subtract the difference
from the field data readings for the calculations.

Figure 5.1. Posf;ést calibration checks.
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2. In boiling water for stack temperatures from 100 °C to 200 °C.

3. In a boiling liquid with the boiling point above 200 °C for stack
temperatures between 200 to 405 °C. For stack temperatures above 405
°C, compare the stack thermometer with a thermocouple at a temperature
within 10% of the average stack temperature. If the absolute values
agree within 1.5%, the calibration is considered wvalid. If not,
determine the error (AT,] to correct the average stack temperature.

5.1.3 Barometer—The field barometer should be compared to a Hg-in-glass barocmeter.
If the readings agree within 5 mm (0.2 in.) Hg, the field readings are acceptable; if
not, use the lesser calibration value for the calculations. If the field barometer
reads lower than the Hg-inglass barometer, the field data are acceptable. 1If the
Hg-in-glass barometer gives the lower reading, use the difference in the two readirigs
(the adjusted barometric value) in the calculations.

5.2 Sample Preparatioﬁ-

Field samples and reagent blanks should be prepared concurrently, if possible.
Check the 1liquid level in each container to see whether liquid.was lost -during
transport. If a noticeable amount of leakage ogeurred, either void the sample or use
methods subject to the approval of the Administrator:to account for the losses. Record
the findings of the liquid level check on the sample‘preparatlon data form, Figure 5.2,
or another suitable form. Then follow the procedures below.

5.2.1 _Containers No. 3 and No. 4 (Filter and Filter Blank)-If a filter is_ﬁsed,uthe

following. procedures apply: - ,
1. Place the contents, including the filter,: of Container No. 3 in a

separate, properly cleaned, and uniquely identified 250—mL beaker.
Using three rinses of approximately 10 mL of water, complete the sample
transfer from the container. Record the beaker number with the run
number on the sample preparation data form.

2. Place the contents of Container No. 4 in a properly cleaned 250-mL
beaker. Label it as the sample filter blank or as another suitable
name. .Use three rinses of approximately 10 mL of water for the sample
transfer. Record the name on the sample preparation data form.

3. Heat the beakers in a laboratory hood on a steam bath until most of the
liquid has evaporated. Do not take to dryness. Do not use direct
heating on a hot plate. Record the completion of the step on the sample
preparation data form.

4. Add 20 mL of concentrated HNO; to each beaker,_cover each beaker with a
watch glass, and heat on a hot plate at 70 °C for 2 h in a laboratory
hood. Record completion of this step on the sample preparation data
form.
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Sample Preparation Data Form
Date Plant Name’ - Sampling Location
Sample Preparation Checks
Sample Integrity Check: Have containers leaked?
Container 1 4
' 1a 5
2 6
3 S ——
Run Run Run Blank
1 2 3

Place a check to indicate completion
of step or record data as indicated.

-~

Preparation of Filter Digest: Container No. 3

Sample No. for each 250-mL beaker
Contents added to a glass 250-mL beaker?
Heated carefully to near dryness
(not dryness) using a steam bath?
Volume of HNO, added to beaker 25 mL?
Covered with watch glass?
Heated at 70 °C on hot plate for 2 h?
How was temperature monitored?
Filtered through Whatman 40 paper ?
Date
. Time
Rinsed beaker residue carefully through
the filter?
Saved filtrate?

Preparation of Sample No. A.1:

Are Container No. 1 contents <1000 mL?
If so, volume, mL
Are Container No. 1 contents filtered through
Whatman 40 paper?
Filter saved?
Filtrate added to mL glass volumetric flask?
Filter digest (above) added to flask with
Container No. 1 filtrate?
Completion of Sample No. A.17?
Date
Time

Figure 5.2. Sample preparation data form.
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Run Run Run Blank
1 2 3
Preparation of Sample No. HCl A.2:
25 mL of 8N HCl added to filter saved from
preparation of Sample No. A.1?
How was HC1l added?
Digestion started, Time .
Date _
Digestion’ completed Time ' :
. Date
HCl1l digest dilution volume,_mL
Preparation of Filter Blank:
Container 4 contents added to 250-mL beaker
Heated carefully to near dryness
(not dryness) using a steam bath? _—
Volume of HNO,; added to beaker 25 mL?
Covered with watch glass?
Heated at 70 °C on hot plate for 2 h?
How was temperature monitored?
: Pregaration of Sample A.1 Blénk:
Are Container No. 5 contents diluted to same .
volume as .Container No. 1 contents? '
Filtered through Whatman 40 paper?
Filter saved? .
Filtrate added to 1000 -mL glass
.volumetric flask?
Filter blank (Container No. 4) dlgest (above)
added to same volumetric flask?
Time of completion of Sample No. A.l
Preparation of Sample No. HC]l A.2 Blank:
25 mL of 8N HCl added to filter saved from
‘preparation of Sample No. A.l blank?
How was HCl added?
Time 24-h digestion-started?
Date
Time
Time 24-h digestion completed°
Date . .
Time
HC1l digest was diluted to 500 mL using glass o
volumetric flask?
Figure 5.2. (Continued)
‘:\, L ‘x‘})(:'-.‘ ' . .
TS ! ‘. 7y
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Note: The analysts should use gloves and safety glasses and should avoid skin

contact and breathing the fumes frcm the HNO,. o

5. Remove the beaker from the hot plate and filter the solution from the
digestion of the contents of Container No. 3 through a separate Whatman
40 filter paper into a properly cleaned and identified (the same sample
identification number can be used) sample container using a vacuum
filtering system. Use three rinses of approximately 10 mL of water for
the sample transfer. The filtration should be conducted in a laboratory
hood. Record the completion of this step on the sample recovery data

form.

6. Save the filtrate for addition to the Container No. 1 filtrate, as de-
scribed in Subsection $5.2.2. Discard the filter. ’

7. Filter the solution from the digestion of the contents of Container No.

4 (sample filter blank) through Whatman 40 filter paper, as described
above in Step 5, and save the filtrate for addition to the Container No.
5 filtrate, as described in Section 5.2.2. Discard the filter.

5.2.2 Container No. 1 (Impingers, Probe, and Filter Holder) &nd, If Applicable, 1A
{(HCl Rinse)—The KMnO, impinger solution and rinse and HCl rinse (if applicable) are

prepared as follows: -

Note: Because of the hazardous nature of the HNO, and HC1l solutions, analysts
must wear gloves and safety glasses and should avoid skin contact and breathing the
fumes from HNO; and HC1l. The HNO; and KMnO‘solutions should not come in contact with
oxidizable matter.

KMnO, Impinger Solution and Sample Recovery Rinse

1. To remove the brown MnO, precipitate, filter the contents of Container
No. 1 through a Whatman 40 filter into a properly cleaned and identified
1-L volumetric flask. Use three rinses of approximately 10 mL of water
for the sample transfer.

2. Save the filter for digestion of the brown MnO, precipitate, as
described in steps 6 through 9 below, and record the date and time the
filtration step was completed on the sample preparation data form.

3. Add the sample filtrate from Container No. 3 produced in Subsection
5.2.1 above to the appropriate 1-L volumetric flask from Step 1, and
dilute to volume with water. If the combined filtrates are greater than
1000 mL, determine the volume to the nearest mL and record the volume
on the sample preparation data form. This volume will be used to make
the appropriate corrections. for blank subtractions and emissions

calculations.

4. Mix thoroughly. The filtrate will be referred to as Analysis Sample No.
A.l. :

5. The Analysis Sample No. A.1 must be analyzed for Hg within 48 h after

completion of the filtration step. If the sample is not analyzed within
this period, steps 1 through 4 must be repeated, the additional Whatman
40 filter paper will be digested as described below in steps € through
9, and the digestion will be added to the sample.

Whatman 40 Filter and MnO, Precipitate :

6. Place the saved filter, which was used to remove the brown MnoO,
precipitate, into a container of appropriate size. Submerge the filter
with 25 mL of 8 N HCl and allow it and the brown residue to digest for
a minimum of 24 h at room temperature. Record the date and time for the
beginning of the digestion on the sample preparation data form.
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Whatman 40 Filter, MnO, Precipitate, and HCl Rinse o

7. Filter the contents of Container Ne. 1A, HCl rinse (if applicable)
through a Whatman 40 filter into a properly cleaned and identified
500-mL volumetric flask. Use three rinses of approximately 10 mL of
water for the sample transfer. Record completion on the sample
preparation data form.

8. Filter the digestion of the brown MnO, precipitate and Whatman filter
from Step 6 intc the 500-mL volumetric flask from Step 7. Use three
rinses of approximately 10 mL of water for the sample transfer. Record
the date and time of the filtration on the sample preparation data form.

9, Dilute to volume w1th water. This solution will be referred to as
Analysis Sample No. HCl ‘A.2. ' Save'the: solution for Hg anal¥51s as_
described. in Subsectlon 5. 3 4 below. Dlscard the filters. }

5.2.3 Cbntalners Nb 5 (Absorb;ng Solution Blank) and No. 6 (Hti rznse blank)—The(
procedures for preparing the blank solutions are descrlbed below: - )

Note: The same precautions should be taken with the blank solutions as were taken with
the sample solutions. The sample blanks have been designed to allow easy blanx
subtraction-from the sample. The volume of all solutlons and the number of filters ars
lldentlcal to the field samples. Therefore, the blank sample must be- prepared at the
same time.and in the same manner as the field sampies. :
° KMnO, Reagent - Blank. Solution and Sample Recovery Blank Rznse
1. Treat Container No. 5 (650 nlL of blank absorbing solutlon) the same as
Container No. 1 (described in steps 1 through S in Subsectlon 5.2. 2)
Filter Blank

2. Add the filter blank filtrate from Container No. 4 (completed 1n ste
~ 7+ 1 through 7 of Subsection 5.2.1 above) to the 1l-L volumetric flasx
(containing Container No. 5§ filtrate), and dilute to volume CMix
thoroughly. .

3. This solution.will be referred to as. Analysis Sample No A. 1 blank.
4. Analysis. Sample, No. A, 1 blank must be analyzed for Hg within 48 h after

the completion of the filtration step. i

Whatman 40 Filter and KMnO, Reagent Blank Precipitate

5. Digest any brown precipitate remaining on the filter from the flltratlcn
of Container No. 5 by the same procedure described in step 6 5:
Subsection 5.2.2 above. '

Whatman 40 Filter, KMn04 Blank Precipitate, and Blank HC1l Rinse

6. Filter the contents of Container No. 6 by ‘the same procedure descrlbeo
in steps 7, 8, and 9 in Subsection 5.2.2 and combine into the 500-rL
volumetric flask with the filtrate from the digested KMnO, blank
precipitate. The resulting 500-mL combined dilute solution will e
referred to as Analysis Sample No. HCl A.2 blank. NOTE: As discussed iz
Subsection 5.3.4 below, when analyzing samples A.l blank and HCl 2&.:Z
blank, always begin with 10-mlL aliquots; this note applies specifically
to blank samples.

5.3 Analysis

Precise and accurate analysis reguires that the Hg analysis system ==
calibrated properly, which includes preparing calibration standards and field samples.
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For Method 10l1A, spectrophotometer calibration is conducted»-;naﬂconjunction with
analyzing the field samples (and QA samples). This section presents. the steps for
analyzing the field samples and includes preparing sample and field blanks, as well as
describing how to quality control (QC) samples. It discusses the relationship between
analyzing the field samples and preparing the calibration curve. -

5.3.1 Instrument Setup—Before use, clean all glassware, both new and used, as
follows: brush with scap and tap water, liberally rinse with tap water, soak for 1 h
in 50% HNO,, and then rinse with deionized distilled water.

Flow Calibration-Assemble the aeration system as shown in
Figure 5.3. Set the outlet pressure on the aeration gas cylinder regulator to a
minimum pressure of 500 mm Hg (10 parts per square inch [psi]); use the flow metering
valve and a bubble flow meter or wet-test meter to obtain a flow rate of 1.5 % 0.1
L/min through the aeration cell. After the flow calibration is completed, remove the
bubble flow meter from the system.

thlcal Cell Heating System Calzbratlon—U51ng a 25—mL~graduated cylinder, add
25 mL of water to the bottle section of the aeration cell. Attach the bottle section
to the bubbler section of the cell. Connect the @#eration cell to the optical cell and,
while aeratlng at 1.5 L/min, determine the mlnlmum variable transformer setting
necessary to prevent condensation in the optical cell and in the connecting tubing.
(This setting should not exceed 20 volts.)

Wavelength Adjustment—Set the spéctrophotdmeter wavelength at 253.7 nm and
make certain that the optical cell is at the minimum temperature needed to prevent
water condensation. '

Recorder Adjustment—The Hg response may be measured by either peak height or
peak area. Peak height determinations may be performed manually by counting the
recorder paper divisions for a given peak from a best-drawn baseline. The peak height
from the baseline also may be measured conveniently using a millimeter ruler. Peak
area measurements are most conveniently accomplisﬁed‘ele¢tronically using an integrator
or similar device. For peak height determinations, set the recorder scale as follows:

Note: The temperature of the solution affects the rate at which elemental Hg is
released from a solution and, consequently, it affects the shape of the generated peak
as well as the peak height. Therefore} to obtain reproduc1ble results using peak
height, bring all solutlons to room temperature before use.
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NEEDLE VALVE FOR
FLOWCONTROL : : © EXIT ARM
- : ' STOPCOCK

" TO HOOD

» TO VARIABLE TRANSFORMER
AERATION

CELL PTICAL CELL
; FLOW . MAGNETIC STIRRING BAR
N, CYLINDER METER
MAGNETIC STIRRER

=

Figure 5.3, Schematic of aeration system.
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1. Place a Teflon-coated stirring bar in the bottle. Using a 25-p.
graduated cylinder, add 25 mL of laboratory pure water to the aeration
cell bottle. Pipet 5.0 mL of the working Hg standard solution to the
aeration cell.

2. Add 5 mL of the 4% KMnO, absorbing solution followed by 5 mL of 15% HNC.
and 5 mL of 5% KMnO, to the aeration cell and mix well using a swirlirg
motion.

3. Attach the bottle to the aerator making sure that: (1) the exit arm
stopcock is closed, and (2) there is no aeration gas flowing through the

bubbler.

4. Through the side arm, add 5 mL of sodium chloride hydroxylamine soluticxn
in 1-mL increments until the solution is colorless.

5. Through the side arm, add 5 mL of the Tin (II) reducing agent to ths

aeration cell bottle and immediately stopper the side arm.

6. Stir the solution for 15 s and turn on the recorder or integrator.
7. Open the aeration cell exit arm stopcock and initiate the gas flow.
8. Determine the maximum height (absorbance) of the standard and set this
value to read 90% of the recorder full scale.
5.3.2 Analytical Calibration Curve—After settihg the recorder scale (Section 5.3.1!,

the calibration is performed. To separate aeration cell bottles, add 25 mL cI
laboratory pure water. Then add 0.0-, 1.0-, 2.0-,\3.0—, 4.0-, and 5.0-mL aliquots c:
the working standard solution using Class A veolumetric pipets. This corresponds to (,
200, 400, 600, 800, and 1,000 ng of Hg, respectively. Proceed with the calibratiorn
following steps 2 through 7 of Section 5.3.1, Recorder Adjustment. Analyze the
calibration standards by measuring the lowest to the highest standard. Be sure tc
allow the recorder pen to return fully to the baseline before the next standard :s
analyzed. This step is particularly critical with peak area measurements. Repeat this
procedure on each aliquot size until two consecutive peaks agree within 3% of the
average. ’

Between sample analyses, place the aerator section into a 600-mlL beaker
containing approximately 400 mL of water. Rinse the bottle section of the aeratic:a
cell with a stream of water to remove all traces of the reagents from the previous
"sample. These steps are necessary to remove all traces of the reducing agent between
samples to prevent the loss of Hg before aeration. It will be necessary, however, ¢
wash the aeration cell parts with concentrated HCl if any of the following conditiozs
occur: (1) a white film appears on any inside surface of the aeration cell; (2) tre
calibration curve changes suddenly; or (3) the replicate samples do not yield
reproducible results.
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Recorder or integrator responses should be documented on the analytical data
form for Calibraxon Standards (Figure 5.4). Subtract the average peak height (or peak
area) of the measurement blank (0.0-mL alicquot)—which should be less than 2% of
recorder full scale—from the averaged peak heights of the 1.0-, 2.0-, 3.0-, 4.0~-, and
5.0-mL aliquot standards. If the blank absorbance is greater than 2% of full-scale,
the probable cause is Hg contamination of a reagent or carry-over of Hg from a
previous sample. Plot the corrected peak height of each standard solution versus the
corresponding total Hg mass in the aeration cell (in ng).

Calculating the measured standard Hg mass (P) may be performed in two ways:
a linear regression program provided by a hand calculator (or other computing.device)
or the manual least sguares method describéd below:

P = (S)(Y) - - ) g Equationhg;Iw
where:
Y = Peak height or integrator response, mm oxr counts.
S = Response factor, ng/mm or ng/counts (from Equation 5-2).
and ‘.\
N \.
N
XY 1 +XY ot K Y 3+ XY+ Ks Y5+ XY e )
S = : ; Equation 5-2
Y4V HY Py FHysty
where:

X Standard mass value,’ ng.

Complete the analytical data form for analyzlng calibration standards (Figure
5.4) for each standard. Calculate the deviation of each standard measurement average
from the expected value (standard mass value), x. If the percent deviation from the
expected value is greater than 5% for any standard measurement, the calibration must
be repeated. -

5.3.3 QC Operations—The quality: of the analytical results can be assessed by

TS e

R St YR

analyzing a variety of standard reference solutions (SRMs) of known high accuracy, such ...

as those available from the National Institute Standards and Technology (NIST) and
other government agencies. Standard solutions prepared by commercial suppliers that
meet NIST traceability criteria are also useful. If these solutions are not available,
the analysis of laboratory-prepared standard solutions may be used from a source
(supplier) other than the source of the calibration standards. These solutions will
be known as QC solutions. For example, if the calibration standards were prepared by
dilutions of a 100 mg Hg/mL solution from supplier A (or from an in-house prepared
solution from the pure mercury salt}, then a QC solution might be prepared from
dilutions of one of the following:" v "
i An NIST Hg solution or other SRM ' o
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Plant Location
Date Analyst
| 1 l 1
l lIntegrator Response, lMeasured ]
, | standard | Peak Height or Area | standarad |
Standard |mass | (y), (mm) |mass |
Identifier | (x) | | (p) |Deviation
| (ng Hg) [1 |2 | Avg | (ng Hg) | (%)
, | | | | !
std 1 { 0 I I | | |
std 2 | 200
|
std 3 400 !
std 4 600
std § 800
¢4'
std 6 - 1000 | ‘
I l A [ | |
Equation for Linear Calibration Curve, Average Response as a function of standard
concentration.
Yy = mx+ b= (___ Jx+ (_____) Equation -
where:
y = Instrument curve slope mm or area count = Equation 2
ng Hg
X = Standard concentration (ng Hg) = Equation 3
b = I = .Intercept term (mm or area count) = Equation &
Measured Standard Concentration (P)
P(ng Hg) = Average Instrument Response (y) - Intercept (I)
Calibration Curve Slope
P = y ~ { ' ) = ng Hg Equation ©
)
Deviation

Deviation (%)

Deviation =

Figure 5.4.

P (ng Hg) - x (ng Hg} x 100%
x (ng Hg)

) x 100% =

L

Eguation

Analytical data form for analysis of calibration standards.

—
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A commercial QC solution that has been tested against an NIST solution
(or equivalent) by manufacturer A.
A 1,000-mg Hg/mL solution from manufacturer B.

Record analytical data for QC samples on Figure 5.5. QC solutions may be used
for a variety of analytical accuracy assessments. These include three check samples
(Check Sample A, B, and C):

A.

Checks of the accuracy of the calibration operations, Check Sample
A-When analyzed immediately following the calibration, the measured QC
sample value must be within 5% of the expected value described; in this
section, or the calibration must be repeated. These QC samples are
known as Initial Calibration Verification (ICVs) Check samples.

Checks of the drift of the calibration, Check Sample B-For any of a wide
variety of conditions that may be related to instrument warmup or
instrument component deterioration, the repeated analysis of a given
sample or standard will vary over time. To ensure that the analysis is
“in control,” a QOC solution is measured at least every five samples.
If the average measured value of the QC solution has cﬁanged by more
than 10% from the expected value, the causes must be identified and
corrected. The calibration is then repeated, and all samples analyzed
since the last successful 'drlfttrQC sample ana1y51s must be repeated..
This *drift* QC sample is known as a CCV sample. It is worth noting

‘that the CCV need not be a *standard" type solution; any Hg-containing

solution may be used for the CCV, provided the Hg level in the aeration
cell is between 200 and 1,000 ng. Again, the measured value of this
solution must not vary more than 10% from the expected value.

' Measuring spike recovery check sample, Check Sample C—Spiking a digested

sample (a prepared sample) with a standard solution provides a means of

assessing Hg recovery associated with the measurement process (sample

matrix effect). The steps below must be followed to determine spike
recovery:

a. After completing all sample preparatlon steps in Subsections. 5.2.1
and 5.2.2, spike a 10-mL aliguot of Analysis Sample No. A.1l with 10
ml of spiking solution containing a similar concentration of Hg, or
with 10 mL of a spike at least 10 times greater than. the detection
limit, whichever is greater.

b. Spike a 10-mL aliquot of Analysis Sample No. HC1l A.2 with 10 mL of
spiking solution containing a similar concentration of Hg as the
field sample, or a spike at least 10 times greater than the
detection limit, whichever is greater.

c. After all samples are analyzed, subtract the results of the spiked
and unspiked samples. If this spike is not within 15% of the expe-
cted value, then the Hg response may be owing to matrix effects. If
so, all sample digests must be analyzed by the methbd of standard
additions (MSA). ‘ oo



Date samples received . Date samples analyzed

N

Plant . Run number(s)
Location ' B ' Analyst
Calibration factor (S) ' Intercept (I}, if applicable
I | I I | I |
| | | I | Mean I |
i | : | | | Instrument | |
| | |Mean | » | Response ] IMass
QC | I Instrument | Instrument | Percent [Blank |Dilution IQC
Sample |Analysis | Response | Response |peviation  |Corrected | Factor | sample
Number | Number | (mm) | (mm) | (ng Hg) . | (y) | (F) | (ng Hg)
| | | | | | I
I ] | | | I I
I I I | | l I
I l I I | I I
| | | I ! I |
I I | | I I I
I | I | N I I
| I I I I I I
| | | | | | |
(Al - Az) j‘,
Deviation of replicate measurements, (%) = x 100
A_+ A
2
= 4 ) = ) 100 =
{ )+ ¢
>
Mass of QC sample ',?Ef{,’
- without intercept = SxyxF Q aa
{ng Hg) = % % - 0
.b'g ]
Mags of QC sample S%
with intercept = S (y-1IVF E‘
(ng Hg) = { -1 ) "
wb
r P-';n
. \0
Figure 5.5. Analytical data form for analysis of QC samples. N



Section No. 3.19.5
Date September 3, 1992
Page 15

Operations involving the use of QC samples are described in more detail below.
Note that spikes always must be measured using the linear portion of the calibration
curve (as with actual samples). QC samples with Hg values exceeding the linear portion
of the calibration curve must be diluted and reanalyzed according .to the sample
analysis procedure (Subsection 5.4.3).

Preparing the ICV Solutions—If the source of the ICV is a commercial
1,000-mg/mL stock solution, it must be diluted according to the procedure described in
Subsection 1.5.3 for intermediate and working standard solutions.

Measuring the ICV Solution—Analyze a 2- to 5-mL aliquot (i.e., 200-500 ng Hg)
of the ICV working standard solution (some mid-point aliquot). Duplicate measurements
should agree within 3% of the average. If not, determine the cause for error (consult
the laboratory supervisor if necessary), correct the problem, and recalibrate the
analysis system. Repeat as necessary. If the QC solution source is not a 1,000-mg
Hg/mL stock solution, prepare the intermediate QC solution (QC working solution) as
follows: '

1. Pour about 15 mL of the solution into a clean beaker.:NOTE: To avoid
contamination, do not pipet directly from the bottle.
2. Pipet (using a glass pipet of at- -least ' 5-mL volume) an appropriate

aliguot into a suitable clean glass velumetrlc flask, according to Table
5.2. Pipet 2 mL of the QC workirng solution for measurement. Use Table
5.2 to determine the expected values for the QC sample (ICV).

Preparing and Measuring the Initial Blank Vérgfication (IBV) and Continuing
Blank Verification (CBV)—With the conventional measurement system, these verifications
may be performed merely by adding 50 mL of water, hydroxylamlne sulfate solutlon, and
stannous chloride as described in Subsection 5.3.2. :

Preparing and Measuring Spiked Sample, Check Sample C-To determine whether
there are sample matrix effects during the measurement, one sample digest must be
analyzed in the presence of added Hg. The added; (spiked) Hg recovery must be within
85-115%, or the MSA must be employed for each sample and blank digest.



TABLE 5.2

PREPARATION OF QC SOLUTIONS

l

I

I

| loc working | volume of |
Certitied value of |Aliquot of QC | solution jworking solution | Expected Hg
QC source solution | source solution - |pilution | concentration |taken for |value, (ng)
(ng Hg/mL) | for dilution, (mL) Volume, mL |using Eq. 1 |analysis, (mL) |using Eq. 2
Cotq IA Va l(ng Hg/mL) IV,,, |M
- | I [Cu i |
|
<1 B >
1-5 Is j100 | 2 |
I
5-20 |5 250 2
20-100 |s 1000 f2 |
| | | | |
Cus = Q_scd_l\__ Equation 1
vd
where:
C.,, = Concentration of QC "working” solution (WSQC), ng H.g/mL.
C.s = Concentration in ng Hg/mL of QC source solution (pc).
Vaq = Dilution volume in mL.
A = Aliquot of QC source solution added to volumetric flask in mbL.
M,y = Cu X V. Equation 2
. w™gn
o0 0
where: Qo
°0
M,, = Expected ng Hg in aeration flask. ’;‘"g?g
@z
A = Aliquot of C, taken for measurement, L. gp
0w
w .
[95%
n f*’\o
. HU‘
ol %)
pe o
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The procedure used to determine the existence of matrix effects is described
below: .
1. Analyze an aliquot of the sample and record the sample aliquot size used
(see Subsection 5.4.3).
2. Calculate the Hg content in ng of the sample aliquot.
3. Determine a working standard aliquot size that equals or exceeds the
sample response from Step 2.
4. Add the value determined from Step 3 to an additional sample aliquot
identical to that used in Step 1.
5. Analyze this spiked sample and record the response.
6. The spike recovery is calculated as follows:
% Recovery = C_spiked sample - C sample x 100 Equation 5-3
C spike
where:
C spiked sample = Measured Hg in spiked sample, mg.
C sample = Measured Hg in—ﬁnspiked sample, ng.
C spike = Hg added to sample: mg.

Note: To ensure the validity of the spike measurement, it is imperative that
the measurement result fall within the range of the calibration.

Method of Standard Addition Analysis—If the recovery result obtained from the
section above on the measurement of spiked samples falls outside the 85-115% range,
then the MSA must be employed for all sample digest measurements. This procedure is
described below:

1.

2.

~1

Repeat steps 1 and 2 of spiked sample measurement above to determine the
level of Hg in the sample (designated S,). _ _

To a second, identical sample aliquot, add a working standard volume
that contains a Hg level that is approximately 50% of the sample Hg
level. Refer to this spiked ‘sample as S,, and record the exact aliquot
volume of sample and working standard used.

Analyze spiked sample (S,). .. o .

To another, identical sample aliquot, add a working standard aliquot
that .contains an Hg level that is approximately equal to 'that of the
sample. Refer to this spiked sample as S,, and record the exact aliquot
volume of sample and working standard used. '

Analyze the spiked sample (S,). SR

To another, identical sample aliquot, add a working standard aliguot
that contains an Hg level that is approximately 1.5 times that at the
sample. Refer to this spiked sample as S,, and record the exact aligquot
velume of sample and working standard used.

Analyze the spiked sample (S,)

The peak intensity of each sclution is determined and plotted on the
vertical axis of a graph. The concentrations of the known standard$_§re
plotted on the horizontal axis. When the resulting line is extrapolated
back to zero absorbance, the point of interception of the abscissa is
the concentration of the unknown. The abscissa on the left of the
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ordinate is scaled the same as on the right side, but in the opposite
direction from the ordinate. An example is shown in Figure 5.6.

a
Q
c
[0}
A
-
=]
n
Q
g
Zero
Absorbance -
Y Y Y Mass (ng)
l Addition 0 Addn 1 Addn 2 Addn 3
Concentration yg addition 50% of 100% of 150% of
of Sample Expected  Expected Expected
Amount Amount Amount

STANDARD ADDITION PLOT

Figure 5.6. Method of standard additions for field samples.

To perform a valid MSA analysis, three criteria must be met:

1. The MSA standard curve must be linear using the criteria in Subsection
5.3.2. _ ,

2. The spiking level of Hg must be at least 50% of Hg in the sample.

3. The spiking level must be at least 10 times the detection limit

{(approximately 20 ng).
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5.3.4 Field Sample Analysis—-Repeat the procedure used to establish the calibration
curve with an appropriately sized aliquot (1 to 5 mL) of the diluted sample until two
consecutlve peak heights agree as follows:

Hg mass, ng Limits (% deviation from average)
<5 50
5-15 ' 15

15-100 : 5
>100 3

.- An aliquot peak maximum (except the 5-mlL aliquot) must be greater than 10% of
the recorder full scale. If the peak maximum of a 1-mL aliquot is off scale on the
recorder, further dilute the original source sample to brlng the Hg concentraulon into
the calibration range of the spectrophotometer.

Run a CBV and a CCV at least after every five samples to check the
spectrophotometer calibration drift; recalibrate as necessary (see Subsection 5.3.3).
- It is recommended that at least one sample from ‘each stack test be checked by the
method of standard additions to confirm that matrix effects have not interfered with
the analysis (see Subsection 5.3.3). Record allidata .for field sample analy51s on the
Method 101A field analy51s data form, Figure 5.7, 0T similar form

Analysis Samples No. A.l and HC1 A.2-After sample'preparation of each sample
run, two sample fractions must be analyzed for Hg to determine the total ng of Hg.
Analysis Sample No. A.1 is the filtrate of the XKMnO, absorbing soclution and rinse and
the digestate of the glass fiber filter, if applicable. Analysis Sample No. A.l will
be 1,000 mL or more, measured to within 1 mL. Analysis Sample No. HCl A.2 is the
digestate of residue and Whatman 40 filter paper and HC1l rinse, ‘if applicable.
Analysis Sample No. HCl A.2 will be 500 mL. A recommended sequence .of analysis is
presented in Table 5.3. ' R

Analysis Samples No. A.l1 Blank and HCl A.2 Blank-Each test series requires
that a sample blank be taken. The sample blank is prepared in the same manner as the
field samples. The analysis of the sample blank will have the same two fractions as
each field sample. The blank will be analyzed at the same time and in the same manner
as the field samples, with the exception that a 10-mL aliquot shall be used for
analysis. A recommended sequence of analysis is preséntéd in Table 5.3.

‘‘‘‘‘

impinger) to the nearest 0.5 ¢ u51ng g balance. (Thls step may be conducted in the
field.) S



Date samples received
Plant

Date samples analyzed

Run number(s)

Location

Analyst

Calibration factor (8)

Intercept (I), if applicable

[ [ | ] | 1 B
| l | | [ Mean | |
| | | | | Instrument | |
| | |Mean | | Response | |Mass
Field | | Instrument | Instrument | Percent | Blank |pilution |Field
Sample |Analysis | Response | Response |Deviation |corrected | Factor | sample
Number | Number | (mm) v | (mm) | (ng Hg) | (y) | (F) | (ng Hg)
| | : 1 l | | 1
| | | [ [ | |
l l ! | | | |
| | | | | | l
| | | | l | |
I I I | | | |
| | | | | | |
| | l l l | |
| | | | ] | |
(A, - Ay) g
Deviation of replicate measurements, (%) " = x:.100
A+ A
2
= ) - ¢ ) 100 =
C ) +
2
Mass of QC sample gs?»(a?
. - Qra
without intercept = SxyxF oo
(ng Ha) - i * ) 3% S
1.
Mass of QC sample =
with intercept = S ({y -1} F wo
(ng Hg) = ( - ) = o
Vel
¥e]
- N

Figure 5.7. Analytical data form for analysis of field samples.
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TABLE 5.3 RECOMMENDED ANALYTICAL SEQUENCE®

Sequence No.

1

10
11
12
i3
14
15
16
17
18
i9

- 20

Sample ID

IBV
repeat
Icv
repeat

ccve

" repeat

A.1 blank
repeat

HCl, A.2 blank
repeat

A.1l, Run 1

repeat

A.l1 Spike, Run 1°

repeat

HCl A.2 Run 1°
repeat®

CcCcv

repeat

CBV

repeat .

Sequence No.

21
22
23
24
25
26
27
- .
28
29
30
+ 31
s
33

34

35

Sample ID

HC1l A.2, Run 1 spike

repeat
A.l, Run 2

repeat

i

HC1 A.2, Run 2 -
repeat .

A.l, Run 3
repeat

HC1 A.2, Run 3

repeat

- CCV

repeat
CBV

repeat

Repeat Calibration

*Assuming a valid calibration has been pefformed;
®If different than ICV.

‘Any A.l1 spike from runs 1, 2, or 3.

\t this point, if the recovery is 85 to 115%, proceed to Step 26; if

not, all samples must be run using MSA (Subsection 5.3.3).
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5.4 Alternate Analytical Apparatus
Alternative systems are allowable as long as they meet the following criteria:

5.4.1 Measurement Technigue—The system is based on cocld vapor atomic absorption
techniques.

5.4.2 Analyte Recovery—Eighty-five-115% of the spike is recovered when an aliquot
of a source :sample is spiked with a known concentration of Hg (II) compound.

5.4.3 Calibration Curve—A linear calibration curve is generated and two consecutive
standards of the same aliquot size and concentration agree within the following limits.

Hg mass, ng/mL Limits (% deviation from average)
<0.5 50
0.5-1.5 15
1.5-1¢0 5
>10 3
5.4.4 Sensitivity—-The system is capable of deteé;ing 0.2 ng Hg/mL for flow-injection-

systems or 20 ng Hg for batch systems.

An example of a flow-injection analytical system is depicted in Figure 1.3
Note that these systems inject samples in a semicontinuous manner; conseguently, the
sclution concentration is monitored, not the total Hg in the entire sample. Therefore,
the total Hg in a given sample digest is calculated as follows:

My = Cy XV Equation 5-4
where:

My, = Total mg Hg in each sample digest from Section 5.2.

Cw = Measured concentration in mg Hg/mL.

\Y% = Total volume in milliliters of the sample digest.

These calculations are shown in Section 3.19.6.
5.4.5 Data Quality Assessment for Alternate Analytical Systems—QC solutions used to

determine the accuracy of the calibration may be measured directly without performing
the calculations described in Subsection 5.3.3. This procedure, of course, ig based
on the assumption that the sample concentration value does not exceed that of the
highest calibration standard, thereby requiring a dilution.
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Determining matrix effects on the measurement recovery is performed as
follows:

1. Determine the Hg concentration in the sample digest.
2. Remove two 10-mL aliquots of the digest and place in clean 20-mL
beakers.

3. To one aliquot, add 1 mL of distilled deionized water and mix by
- swirling the beaker (S,).
4. “To the other aliquot, add 1 mL of a standard that is 10 to 20 times the
solution concentration of the sample; mix the beaker contents (§,).
5. Measure both solutions for Hg content.
6. The recovery of the added spike is as follows:

Mg =My o
% Recovery = X 100 Equation 5-5
Mapike
where:
Mg, = mg Hg in spiked sampléTﬁ SRR ‘;i A
-= mg Hg/mL in 8, x 11 mL. \ - ' - R
M, = mg Hg in sample spiked with water.

= mg Hg/mL (of spiking solution) x 1 mL.

The recovery should be between 85-115%. Otherw1se, the method of additions
must be employed for each sample of the sample run. o R

Method of Additions—In this method, equal volumes of sample are added to a DI
water blank and to three standards containing different known amounts of the test
element. The volume of the blank and the standards must be the same. The absorbance
(peak height, counts, etc.) of each solution is determined and then plotted on the
vertical axis of a graph. The concentration of the known standards are plotted on the
horizontal axis. When the resulting-line is extracted back to zerd absorbance, the
point of interception of the abscissa is the concentration of the unknown. The
abscissa on the left of the ordinate is scaled the same as on the right side, but in
the opposite direction, from the ordinate. An example is shown in figure 5.6.

5.5 Posttest'checklist“““

Posttest ¢liecklists for QC sample analy51s and- fleld sampie analysis are
presented in flgures 5.8 and 5 9. R , e
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QC Sample Analysis Checklist

Date Plant Name Sampling Location

Calibration Standards and Matrix Checks
Mercury Stock Solution, 1 mg Hg/mL:

Prepared in-house? (Y/N)
Source of mercury (II) chloride
Commercial stock solution? (Y/N)
Source

Intermediate Mercury Standard Sclution, 10 mg/mi:

Date prepared
Used glass pipet? (Y/N)
Source and grade of HNO;

Working Mercury Standard Solution, 200 ng Hg/mL:

Prepared today? (Y/N)
Used glass pipet? (Y/N)

Calibration Standards:

mL of working standards volume of volumetric flask, mL

#1
#2
#3
#4
#5
#6
#7

Instrumentation:
Spectrophotometer type

Moisture Removal System: . :
Optical cell heating system? Calibrated?
Moisture trap used? What type?

Data Recording System:
Recorder Integrator Other
Describe
Peak height Peak area

Figure 5.8. QC sample analysis.



Section 3.19.5
Date April 3, 1992

Page 25

Cold Vapor Generation System:

Standard batch system?

Alternate system? .. - .

Describe alternate system?

Aeration gas Aeration gas flow

Gas cylinder? ' Peristaltic pump? _
Standardization:

Glass pipets used?
mL of Standard value®
working standard (ng) Reading 1 "~

il

Reading 2 - $Difference

°If using an alternate system that uses flow injection this value may be expressed as

concentration, e.g., Mg/L, ng/L, etc.

Calibration coefficient

Offset at origin (measured response of calibration blank)

Initial Calibration Verification (ICV):
QC check sample source

Certified or expected concentration
Measured concentration

% Difference

Initial Calibration Blank Verification (IBV):

Measured value
Below detection limit?

Matrix Interference Check:

Method of additions performed for one test site sample?
Spike added

Spike recovered

% recovery = Spiked sample value - unspiked sample value
spike value

Figure 5.8. (Continued)

ng or & of scale.
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If the recovery was outside of 85-115%, were samples run using the method of standard
additions?
Describe

Continuing Calibration Verification (CCV) - Check sample of standard to be reanalyzed
after every five samples: : : '

Standard used (source)

Expected value/unit

Was measured value/unit always within 10% of expected value? '

Final Standardization:

Glass pipets used?

mL of » Standard value®
working standard (ng) Reading 1 Reading 2 $Difference

|l

2Alternate analytical systems may express Hg value as a concentration (e.g., mg/L Hg).

Calibration coefficient

Offset at origin ng or ¥ of scale.

Figure 5.8. (Continued)
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Sample Analysis Checklist

Date Time . Operator. . Observer
Sample Analysis

Were all sample digests analyzed within 48 h of preparation? (Y/N)

Were 10 mL of samples A.l blank and HCl A.2 blank used as a minimum?
] (Y/N) :

Were duplicate measurements performed as a minimum for all blank:and sample digests?
(Y/N) . :

Did duplicate measurements meet the percent difference® criteria outllned in Table 5.2
— (/)

Was the largest possible aliquot (20 mL) used when a measurement was below the
detection limit? ____ (Y/N)

=

If a sample measurement exceeded the highest callbratlon standard, were appropriately
smaller aliquots always taken to ensure that results fell within the calibration range?
- (/N

If 1-mL aligquots taken for measurement still were off scale, were sample digests
diluted so that results were within the linear range of the standards? {(Y/N)

What volumetric glassware (pipets) was used to add sample digests to the aeration
flasks? (mL) : ;

What volumetric glassware (pipets/flasks) was used to dilute sample digests?
— (if necessary)

If the calibration check samples differed by greater than 10% of the expected values,
was the system recallbrated7 (Y/N) ' '

Were CBV and CCV samples analyzed after ever five samples? (Y/N)

Were all samples run after the previously CBV and CCV sample analyses?
(Y/N)

Was the full standardization performed at the end of the sample analysis? (Y/N)

Figure 5.9. Method 101A sample analysis checklist.
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l
|
I
|

| Frequency & method

lAction if
lrequirements

Characteristic Acceptance limits | of measurement lare not me
| | o

Sample | samples and | ===m- |adjust
preparation |blanks prepared | ldilutions, if

junder same | possible;

| conditions | |otherwise report

I } }to Administrator

, .
All | (1) Reagents and |Dilute samples so |Reanalyze
calibrations | volumes used |that matrix | samples

|during - | concentrations are !

| measurement of |are identical to |

| samples and |original sample |

| standards are {digest ° |

!identical { I

| (2) Perform | Prepare fresh | Prepare fresh

| 6-point {daily |daily

|calibration curve | Co |

| including | |

Icalibration blank E {

| (3) calibration lEach calibration IRepeat

|coefficient |point is the |calibration

|better than 0.999 |average of |

l |duplicate [

| |measurements {

| |
Calibration iAnalysis within |Ana1yze after ]Ensure quality
Verification |5% of expected or |every calibration |of check sample

Check Samples

|certified value

|or repeat

Sample (CCV)

| samples since
| last successful

(ICV) | |calibration
| |
Calibration [Must be below |Analyze after [check for
Blanks |detection limit |every |potential
Verification | |calibration | contamination
(IBV) | | |and repeat
| | |calibration
| | |
Continuing |Must be within IAnalyze_after |Repeat
Calibration [10% of expected |every Sth sample |calibration
Verification |value | |and repeat all
]
(
|

{Continued)

lccv analysis v
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TABLE 5.1 (Continued)
| | [Action if
| | Frequency & method |requirements

Characteristic [Acceptance limits |of measurement |are not met

| 1
Continuing {Must be below |Analyze after | Repeat
Blank |detection limit |every 5th sample |calibration
Verification : |and repeat all
(CBV) | samples since

I
|
I
I
|

|1ast successful
|cBv analysis

Matrix check
sample

|Recovery of
| sample digest
| spike 85-115%

|Oone sample digest
| from every stack
|test is spiked at
|a level at least
|equal to sample
|digest

| concentration

|analyze all
Isamples using
Ithe method of
| standard
|additions

Duplicate
measurements

See Subsec.
|5.3.2

aAll standard and
Isample analyses

Repeat until
lagreement is
achieved

Data recording

All pertinent
ldata recorded
fon figs. 5.1, 5.2

Visually check

|
|
L

Supply missing
Idata

|

1
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6.0 CALCULATIONS

Calculation errors resulting from procedural or mathematical mistakes can be
a part of total system error. Therefore, it is recommended that each set of calcula-
tions be repeated or spotchecked, preferably by a team member other than the one who
performed the original calculations. If a difference greater than typical round-off
error is detected, the calculations should be checked step-by-step until the source of
error is found and corrected.

Calculations should be carried ocut to at least one extra decimal figure beyond
that of the acquired data and should be rounded off after final calculation to two
significant digits for each run or sample. All rounding of numbers should be performed
in accordance with the ASTM 380-76 procedures.

A computer program is advantageous in reducing calculation errors. If a
program is used, the original data entered should be included in the printout for
review. 1f differences are observed, a new computer run should be made. A computer
program alsc is useful in maintaining a standardized format for reporting results. The
data shown will allow auditing the calculations.

Table 6.1 at the end of this section summarizes the QA activities for
calculations. I

In the next section, nomenclature and equetions have been divided into two
groups. The first group (Section 3.19.6.1 to 3.19.6.4) deals with sampling calcula-
tions. The second group (Section 3.19.6.5 to 3.19.6.13) deals with analytical and
emissions calculations.

6.1 Samgling Nomenclature from Method 5
A, = Cross-sectional area of nozzle, m? (ft?).
Boe = Water vapor in the gas stream, proportion by volume.
I = Percent of isokinetic sampling.
L, = Maximum acceptable leakage rate for either a pretest leak check or

for a leak check following a component change, equal to 0.00057
m’/min (0.02 cfm) or 4% of the average sampling rate, whichever is
less.

L, . = Individual leakage rate observed during the leak check condupted
prior to the *i*"* component change (i = 1, 2, 3...n), m’/min (cfm).

L, = Leakage rate observed during the posttest leak check, m’/min (cfm).
M, = Molecular weight of water, 18.0bg/g-mole {18.0 lb/lbmole).

Ppar = Barometric pressure at the sampling site, mm Hg (in. Hg).

P, = Absolute stack gas pressure, mm Hg (in. Hg). .
P,a = Standard absolute pressure, 760 mm Hg (29.92 in.‘Hg).

R = Ideal gas constant, 0.06236 {{(mm Hg) (m’)]/{(®°K) (g-mole)] {21.85 [(—

in. Hg) (££?)]/[(°R) (1b-mole)}}.

Cos T
P
T

N
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Absolute average DGM temperature, °K (°R).

Absolute average stack gas temperature, %K (°R).

Standard absolute temperature, 293 °K (528R);

Total volume liquid collected in impingers and silica gel, mL;
Volume of gas sample as measured by dry-gas meter, dcm (dcff.

Volume of gas sample measured by the d;y-gas meter, corrected to
standard conditions, dscm (dscf).

Volume of water vapor in the gas sample, corrected to standard
conditions, scm (scf).

Stack-gas velocity, calculated by Me;hod 2, Equation 2-9, using
data obtained from Method 5, m/s (ft/s).

Dry-gas meter calibration fac€tor.

Average pressure differential across the orifice meter;, mm H,0 (in.
H,0).

Density of water, 0.9982 g/mL (0.002201 1b/mL) .
Total sampling time, min.

Sampling time interval, from the beginning of a run until the first
component change, min.

Sampling time interval, between two successive component changes,
beginning with the interval between the first and second changes,

min.

Sampling time interval, from the final (n*") component change until
the end of the sampling run, min.

Specific gravity of mercury.'
S/min.

Conversion to %.
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6.2 Conversién Factors
From To Multiply by
scf m’ 0.02832
g/ft’? gr/ft? 15.43
g/ft’? 1b/ft? : 2.205 x 107
g/ft? g/m’ 35.31

6.3 Average Dry-Gas Meter Temperature and Average Orifice Préssure Drop

See data sheet (Figure 4.1).

6.4 Dry-Gas Volume

Correct the sample volume measured by the dry-gas meter to standard conditions
(20 °c, 760 mm Hg or 68 °F, 29.92 in. Hg) by using Equation 6-1.

" AH
Tscd (Pbar + m)
v=V Y =S
Tm Pscd_
Bpar + IAH36) "Equation 6-1
V=K V, Y. — i

where:

=z
1

0.3858 °K/mm Hg for metric units.

17.64 °R/in Hg for English units.

" Note: Equation 6-1 can be used as written unless the leakage rate cbsg;ved
during any of the mandatory leak checks (i.e., the posttest leak check or 1eak4¢hgcks
conducted prior to component changes) exceeds L,. If L, or L, exceeds L,, Eguati?p_ﬁ—l
must be modified as follows: ' '

(a) Case I. No component changes made during sampling run. In this case, replace %
in Equation 6-1 with the expression: ;

(v, - (L, - L,) 8]

m

f———
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(b) Case II. One or more component changes made during the sampling run. In this
case, replace V, in Equation 6-1 by the expression: '

- (L; - L) 6, ~¥Y (L;-L,) 6, - (L, - L,) 6,]

i=2

(Vv

m

and substitute only for those leakage rates (L; or L;) that exceed L,. -

6.5 Volume of Water Vapor
RT .
Voseay = Vie Pv = eta o K, V. Eguation 6-2
Mw Pstd L
where:
K, = 0.001333 m’/mL for metric units.

0.04707 ft’/mL for English units?

6.6 Moisture Content

B, = = "V”‘:“;’/_ S Equation 6-3
. B mistd) « = Y wistd} ’

Note: In saturated or water droplet-laden gas streams, calculate the moisture
content of the stack gas in two ways: from the impinger analysis (Equation 6-3) and
from the assumption of saturated conditions. The lower for B, shall be considered
correct. The procedure for determining the moisture content based upon assumption of
saturated conditions is given in the Note of Section 1.2, Method 4. For the purposes
of this method, the average stack-gas temperature from Figure 4.2 may be used to make
this determination, provided that the accuracy of the in-stack temperature sensor is
t 1 °C. (2 °F). ‘ ' '

6.7 Nomenclature from Method 2

A Cross-sectional area of stack, m? (ft?).

B.. = Water vapor in the gas stream (from Method 5 or Reference Method
4), proportion by volume.

C = Pitot tube coefficient, dimensionless.

K, = Pitot tube constant - 34.97 for the metric system and 85.49 for
the English system.

My = Molecular weight of stack gas, dry basis (see Section 3%6),
g/g-mole (lb/lb-mole).

M, = Molecular weight of stack gas, wet basis, g/g-mcle (1lb/lb-mole).
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My, (1 - B,) + 18.0 B,
= Barometric pressure at measurement site, mm Hg (in. Hg).
= Stack static pressure, mm Hg (in. Hg).

= Absolute stack pressure, mm Hg (in. Hg),

= Py + Py

= Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

= Dry volumetric stack gas flow rate corrected to standard condi-
tions, dsm’/h (dscf/h).

= Stack temperature, °C (°F).

= Absolute stack temperature, °K (°R).
= 273 + t, for metric. 4‘.

= 460 ; t, for English.

Standard absolute temperature, 293 °K (528 °R).

= Average stack gas velocity, m/sec (ft/s).

= Velocity head of stack gas, mm H,0 (in. H,0).

Conversion factor, s/h.

]

Molecular weight of water, g/g-mole (lb/lb-mole).

Average Stack Gas Velocity

- ey Ts(avg) : n
v, = K, C, ( Ap)avg 1 Equation 6-4

8 B
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6.9 Average Stack Gas, Drv Volumetric Flow Rate
Tscd Ps

= - i -Z
Q = 3600 (1-B,,) VSA.TF___?T_ Equation 6-2

s(avg) std

6.10 Isokinetic Variation

6.10.1 Calculation from Raw Data—

AH

Y .
K +HV ) (P +
100 7, (K, V). +(V, Tm) (Ppgr 3.6 2 Equation 6-¢

I =

500V, b, &,

where:

0.003454 [(mm Hg) (m’)]/[(mL) (°K)] for metric units.

K;

-

0.002669 [(in. Hg) (£t’)]/[(mL) (°R)}, for English units.

6.10.2 Calculation from Intermediate Values-—

I = Ts Vm(std) Pst:d 100
Taq Vs O A, P60 (1 - B,)

s

Equation 6-"

Ts Vm(std)

K Equation 6-&
PV, A O (1 -8.)

where:

K, 4.320 for metric units.

0.09450 for English units.

6.11 Acceptable Results

If 90% <I £110%, the results are acceptable. If the PM results are low :.=
comparison to the standard and I is over 110% or less than 90%, the Administrator msv
opt tec accept the results. Citation 4 in the bibliography of Method 5 may be used :c
make acceptability judgments. If I is judged to be unacceptable, reject the resul:s

and repeat the test.
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6.12 . Method 10lA Calculations

6.12.1 Determining Compliance—-Each performance test consists of three repetitions of
the applicable test method. For the purpose of determining compliance with an
applicable national emission standard, use the average of the results of all
repetitions.

6.12.2 Total Hg-For each source sample, correct the average maximum absorbance of the
two consecutive samples whose peak heights agreed within 3% of their average for the
contribution of the blank. Then calculate the total Hg content in ug in each sample:
Correct for any dilutions made to bring the sample into the working' range of the
spectrophotometer.

_ [1Ciucsny DFI

Miyeryng = | rS -
[C(HC) blk) Hg DFblk] } Vf(ycL) ' 10-3 Equatlon 6-9
3 H
blk o
where:
Miuc1yng = Total blank corrected g of Hg in HCl rinse and HCl digestate
of filter sample.
Cucrsng = Total ng of Hg analyzed in the aliguot from the 500-mL Analysis
Sample No. HCl A.2.
Cincl bixing = Total ng of Hg analyzed in aliquét of the 500-mL Analysis Sample
No HCl A.2 blank. :
DF = Dilution factor for the HCl digested. Hg-containing solution,

‘Analysis Sample No. HCl A.2. This dilution factor (DF) applies
only to the intermediate dilution steps because the original
sample volume (Vi),,, of HCl A.2 has been factored out in the.
equation, along with the sample aligquot,. (S). In Eguation 6.9,
the sample aliquot, S, is introduced directly into the aeration
cell for analysis according to the procedureiocutlined in Section
3.19.5.3.4. A dilutjon . factor is. required only if vit« is..:

necessary to bring the .sample into the analytical instrument‘s .:

calibration range. If no dilution is necessary, then DF egquals

1.0.

DFy4 = Dilution factor for the HCl digested solution, Analysis Sample
No. HCl A.2 blank. (Note: Normal dilution factor calculations
apply here.)

Viiners = Solution volume of original Analysis Sample No. HC1l A.2 and“HC1l

A.2 blank, 500 mlL for samples diluted as described in Section
5.2.2.4 of this document.

1073 = Conversion factor, Hg/ng. -
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S = Aliquot volume of sample added to aeration cell, ml.
Siik = Aliquot volume of blank added to aeration cell, mL.

Note: The maximum allowable blank subtraction for the HCl is the lesser of the
two following values: (1) the actual blank measured value (Analysis Sample No. HCl A.2
blank); or (2) 5% of the Hg content in the combined HCl rinse and digested sampile
(Analysis Sample No. HC1 A.2).

- ![C(fltriﬂg DF Veigrenl C

m(!}Lr)Hg - l g
[C(Ilcrblk)Hg DFblk Vf(blk)] 10—3. Equation G—lC
Spix ‘
where:
Mifieryig = Total -blank corrected ug of Hg in KMnO4‘f11trate and’ HNO3 gdi-
gestion of filter sample.’
Cititring = Total ng of Hg in allquot of KMnO,’ flltrate and HNO; digestic:
of filter analyzed (allquot of. Analysls Sample A.1).
Cirirr bikng = Total ng of Hg in aliquot of KMnQ4~blank and HNO; digestion ci
: g blank filter analyzed (aliquot of Analysis Sample No. A.L
blank) . ' - el v
Ve = Solutlon volume of original sample, normally 1000 mL fcr
samples diluted as described in Section 7.3.2 of Method 1012.
- Vewin = Solution volume of blank sample, 1000 mL for samples diluted as

described in Section 7.3.2 of Method 101A.

Note: The maximum allowable blank subtraction for the HCl is the lesser of the twc
following values: (1) the actual blank measured value (Analysis Sample No. A.1l blankj;
or (2) 5% of the Hg content in the filtrate (Analysis Sample No. A.l).
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My = Mipenyng ¥ Migrering Equation 6-11
where:
Myg = Total blank corrected Hg content in each sample, ug.
M ye1 g = Total blank corrected Ug of Hg in HC1 rinse and HCl digestate of
filter sample.
Mifrering = Total blank corrected ug of Hg in KMnO, filtrate and HNO, di-

gestion of filter sample.

€.12.3 Mercury Emission Rate—-Calculate the Hg emission rate R in g/day for continuous
operations using Equation 101A-6 in Method 10l1A. For cyclic operations, use only the
time per day each stack is in operation. The total Hg emission rate from a source will
be the summation of results from all stacks.

my v, A, (86,400 x 107°)

k=X IVm(sl:d) + Vw(std)]ﬁ{ijs) ' Equatlon 6—12

where:

m,, = Total blank corrected Hg content in each sample, ug.

v, = Average stack gas velocity, m/s (fps).

A, = Stack cross-sectional area, m* (ft?).

86,400 = Conversion factor, s/day.

10-° = Conversion factor, g/Mg.

Visear = Dry-gas sample volume at standard conditions, corrected for

leakage (if any), m® (ft3).

Voisea) = Volume of water vapor at standard conditions, m’ (ft’).
T, = Absolute stack-gas temperature, °K (°R).

P, = Absoluté_ stack-gas pressure, Tmm Hg {(in. Hg).

K = 0.3858 °K/mm Hg for metric units.

K = 17.64 °R/in. Hg for English units.
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6.13 Determining Compliance
Each performance test consists of three repetitions of the applicable test
method. For the purpose of determining compliance with an applicable national emission

standard, use the average of the results of all repetitions.

6.14

For alternate analytical systems, in which Hg is measured as a concentratica

(mg Hg/L of sample) in the original solution is calculated as

the Hg in mg (my,)

Hg Calculation for Alternate Analytical Systems

follows:
m, = Cy x (DF) x (Vi) Equation 6-1%
where:
Cy, = Measured concentration of Hg in mg Hg/L of digested sample.
DF = Dilution factor for the Hg-containing solution used to ensure measurel
sample values were. with;n therdefined portion of the calibratic:z
curve. : .
\
Ve = Solution volume of sample prepared in L.
TABLE 6.1 ACTIVITY MATRIX FOR CALCULATION CHECKS
| | “|Action if
|Acceptance IFrequency and method ]requirements
Apparatus |1imits Iof measurement Iare not met
Analysis All data and Visually check Complete the

data form

jcalculations are
Ishown

|
|

|missing data

I

Calculations Difference Repeat all Indicate errors
|between check and |calculations |on calculation
|original | starting with raw | form
Icalculations |data for hand |

| should not exceed
| round-off error

I
I
|
I
I

|calculations; check
|all raw data input

| for computer
|calculations; hand
jcalculate one sample
Iper test

|

I
I
|
|
I
I
I
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7.0 MAINTENANCE

The normal use of emission testing equipment subjects it to corrosive gases,
extremes in temperature, vibration, and shock. Keeping the equipment in good operating
order requires knowledge of the equipment and a program of routine maintenance
performed quarterly or after 1000 ft® of operation, whichever is greater. In addition
to the quarterly maintenance, cleaning pumps and metering systems annually is
recommended. Maintenance procedures for the various components are summarized in Table
7.1 at the end of this section. The following procedures are not required, but they
are recommended to increase the reliability of the equipment.

7.1 Sampling Equipment
7.1.1 Pump—-Several types of pumps may be used to perform Method 101A; the two most

common are the fiber vane pump with in-line oiler and the diaphragm pump. The fiber
vane pump requires a periodic check of the oiler jar. Its contents should be translu-
cent; the oil should be changed if not translucent. Use the oil specified by the
manufacturer. If none is specified, use SAE-10 nondetergent oil. Whenever a fiber
vane pump starts to run erratically, or during the yearly disassembly, the head should
be removed and the fiber vanes changed. '

The diaphragm pump requires little maintenance. If the diaphragm pump leaks
or runs erratically, it is normally due to a bad diaphragm or malfunctions in the
ralves; these parts are easily replaced and should be cleaned annually by complete
disassembly of the train.

7.1.2 Dry~Gas Meters—The dry-gas meter should be checked for excess oil and
component corrosion by removing the top plate every 3 months. The meter should be
disassembled, and all components should be cleaned and checked more often if the dials
show erratic rotation or if the meter will not calibrate properly.

7.1.3 Inclined Manometer—The fluid should be changed when it is discolored or
contains visible matter and when it is disassembled yearly. No other routine
maintenance is reqguired because the inclined manometer is evaluated during the leak
checks of both the pitot tube and the entire meter box.

7.1.4 Sampling Train-All remaining sample train components should be wvisually
checked every 3 months, and they should be completely disassembled and cleaned or
replaced yearly. Many of the items, such as quick disconnects, should be replaced only
when damaged.

7.2 Analytical Instruments
7.2.1 Spectrophotometer—Consult the manufacturer’s operation manual for specific

maintenance activities.

7.2.2 Peristaltic Pump Tubing-Inspect pump tubing daily. The tubing should not have
-~ flat spots where it has contacted the pump rollers and should feel flexible. Replace

:ubing if this is not the case. s,

7.2.3 Desiccant—If a moisture trap is used instead of a heated optical cell, the
desiccant should be replaced daily. Both tube ends should be filled with glass wool;

the dessicant must not be packed too tightly.
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7.2.4 thlcal Cell—The windows of the optical cell should be 1nspected dally for any
dust, dirt, or grease that will degrade llght throughput and overall analytlcal
performance. Wash gently with detergent and rinse well. Dry by blotting with a towel
and wipe, if necessary, with lens ‘paper only.

7.2.5 Spectrophotometer Windows—The windows of the spectrophotometer must alse be
inspected (at least weekly) and cleaned as described in section above.

7.2.6 Tygon Connecting Tubing—Connection tubing must be inspected on a daily basis
(or more frequently) for condensation or dirt. Replace if’

necessary. The existence of moisture after the dessicant: trap (if used)

indicates that the dessicant needs replac1ng.v Refer to Section 7.2.3.

RN
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TABLE 7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS
| ] ‘ |Action if

S IAcceptance IFreQuency and method Irequirements

Apparatus Ilimits Iof measurement Iare not met
|

Sampling |
Equipment I
Routine No erratic | Rout ine maintenance Replace parts
maintenance behavior Iquarterly, or after

|1000 £t of use;
Idisgssemble and
|clean yearly

Fiber vane
pump

Leak-free;
required flow

| Periodic check of

loil jar; oil changed
|if not translucent;
| change fiber vanes
|yearly or when
Irunningre;ratically

Replace as
needed

o

Diaphragm
pump

ILeak-free valves
Ifunctioning
|properly;
|required flow

|Clean valves during
|yearly disassembly

|Replace when
Ileaking or when
|running
|erratically

Dry-gas
meter

|[No excess oil,
|corrosion, or
ferratic dial
|rotation

|
I
|
I
I
I
I

|Check every three
|months for excess
|oil or corrosion by
| removing the top
|plate; check valves '
jand diaphragm when
|meter dial runs
|erratically or when
Imeter will not
|calibrate

IReplace parts as
|needed, or meter

I
I
I
| .y
I
I
I

Inclined
manometer

[No discoloration
Iof or visible
Imatter in the

| £iuid

|Check periodically;
Ichange fluid during
|yearly disassembly

|
I

Replace parts as
Ineeded

Sample
train

{Continued)

INO damage or
g
|leaks

|[visually check every
|3 months; completely
|disassemble and
Iclean or replace
|yearly

[1f failure
|noted, use
|another entire
|control console,
|sample box, or
Ior umbilical
Icord .
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TABLE 7.1 Checks (Continued)

1 | |Action if
| Acceptance | Frequency and method |requirements
Apparatus [limits |of measurement |are not met
: | L [
Analytical - l , '
Instruments | ) |
Spectro- |see owner’'s " |see owner’s manual |see owners
photometer |manual " " |manual |
Peristaltic Flexible; no Visually inspect Replace
pump tubing | flat spots |tubing daily |
Desiccant Fresh or dry Inspect daily Replace
|used silica gel; _| ! |
|no moisture A '
Optical Clean of dust, Inspect_daily Clean gently
cell |dirt, grease, | Lo |with detergent;
|etc. | |rinse; blot with
| | | towel '
Spectro- Same as above Inspect weekly Same as above
photometer | | | e
windows | | |
Tygon No condensation" Inspect daily Replace
connecting |or dirt | I

tubing

|
l

|
l

I
!
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8.0 AUDITING PROCEDURES

An audit is an independent assessment of data quality. Independence is
achieved when the persons performing the audit apply standards and equipment different
from the standards and equipment of the regular field team. Routine QA checks by a
field team are necessary to generate quality data, but they are not part of the
auditing procedure. Table 8.1 at the end of this section summarizes the QA functions
for auditing. :

One performance audit is recommended when testing for compliance with National
Emission Standards for Hazardous Air Pollutants (NESHAPs), with New Source Performance
Standards (NSPS), and as required by other government agencies. A performance audit
is recommended when testing for other purposes; and two other performance audits are
recommended. The three performance audits are:

1. An audit of the analysis of Method 101A is recommended for NESHAPs. The

use of an NIST-traceable control sample is recommended for NSPS testing
and for other purposes.

2. An audit of the sampling is suggested by Method 10l1A and is recommended
by the QA Handbook.
3. An audit of the data processing is also recommended.

It is suggested that a systems audit be conducted as specified by the QA
coordinator in addition to these performance audits. The two performance audits and
the systems audit are described in detail in Subsections 8.1 and 8.2, respectively.

8.1 Performance Audits

Performance audits are conducted to evaluate quantitatively the quality of
data produced by the sampling, analysis, or the total measurement system (sample
collection, sample recovery, sample analysis, and data processing).

8.1.1 Performance Audit of Method 101A Analysis—A performance audit for Method 101A
analysis is recommended.for NESHAPs and NSPS testing using a control sample that is
NIsT-traceable. Although the control sample values are known to the analyst, the
successful analysis of a control sample, as described in Subsection 5.3.3, makes the
results traceable to an NIST standard.

8.1.2 Performance Audit of the Field Test—The dry-gas meter calibration should be
checked by one of the two technigues shown below (meter orifice check or critical
orifice check).

Meter Orifice Check-Using the data obtained during the calibration procedure
described in Section 5.3, determine the AH; for the metering system orifice. The AH,
is the orifice pressure differential in units of in. H,0 that correlates to 0.75 cfm
of air at 528 °R and 29.92 in. Hg. The AH, is calculated as follows:

AR, = 1 &

Ppar Y2 Em

Equation 8-1

where:
AH = Average pressure differential across the orifice meter, in. H,0.

i &

wlc
Pritce
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T, = Absolute average DGM temperature, °R.
P,ar = Barometric pressure, in. Hg.
5] = Total sampling time, min.
Y = DGM calibration factor, dimensionless.
V. = Volume of gas sample as measured by DGM, dcf.

Before beginning the field test (a set of three runs usually constitutes a
field test), operate the metering system (i.e., pump, volume meter, and orifice) at the
AH; pressure differential for 10 min. Record the volume collected, the DGM tempera-
ture, and the barometric pressure. Calculate a DGM calibration check value, Y., as
follows:

Y, = _19 0.0319 7, Equation 8-2
Va N .EE”'
:Qhere: S
Y. = DGM calibration check value, dimensionless.
10 = Run time, min.
0.0319 = (0.0567 in Hg/°R) (0.75 cfm)2.

Compare the Y. value with the dry-gas meter calibration factor, Y, toc
determine that: 0.97Y <¥Y_. <1.03Y. If the Y. value is not within this range, the volume
metering system should be investigated before beginning the test.

Calibrated Critical Orifice—A calibrated critical orifice, calibrated against
a wet-test meter or spirometer and designed to be inserted at the inlet of the sampling
meter box, may be used as a
QC check by following the procedure below:

1. Allow a warm-up time of 15 min. This step is important to equilibrate
the temperature conditions through the DGM.

2. Leak check the system. The leakage rate must be zero.

3. Obtain and record the barometric pressure, P,,, in mm Hg (in. Hg), using
a barometer. '

4. Conduct duplicate runs at a vacuum of 25 to 50 mm Hg (1 to 2 in. Hg)

above the critical vacuum. The runs must be at least 5 min each. The
DGM volume readings shall be in increments of complete revolutions of

the DGM.
5. Record the information listed in Figure 2.4.
6. Calculate the standard volumes of air passed through the DGM and the

critical orifices, and calculate the DGM calibration factor, Y, usjing
the equations below: ’

lesr.d) = Kl Vm [Pbar + (AH/13'6)]/Tm ) Equation 8-3
R .«*f%ﬂ -
(=5 s
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Veroeay = K’ (Pooy 0)/TW!? . i " “Equation 8-4. .- -
Y = Vertsedt / Vingsea) Equation 8-5
where:
 Veray = Volume of gas sample passed through the critical orifice, correct-
ed to standard conditions, dscm (dscf).
K" = 0.3858 °K/mm Hg for metric units
= 17.64 °R/iﬁ'Hg for English units. ,

7. Average the DGM calibration values for each of the flow rates. The
calibration factor, Y, at each of the flow rates should not differ by
more than + 2% from the average.

8.1.3 Performance Audit of Data Processing-Calculation errors are prevalent when

processing data. Data processing errors can be determined by auditing the recorded
data on the field and laboratory forms. The orfginal and audit (check) calculatiens -
should agree within round-off error; if not, all of the remalnlng data should be-
checked. Data processing also may be audited by requ1r1ng that: the testing laboratory
provide an example calculation for one sample run. This example calculation will
include all1 the calculations used to determine the emissions based on the raw field and
laboratory data.

8.2  System Audit

A system audit is an on-site, qualitative inspection and review of the té&tal .
measurement system. Initially, a system audit is recommended for each enforcement
source test, defined here as a series of three runs at a source.

"The auditor should have extensive background experience with source sampling
or source test observation, specifically with Method 1012 or Method 5. The auditor'’s
functions are summarized below:

1. Observe procedures and cechniques of the field team during sample
collection and sample recovery.

2. Check/verify records of apparatus calibration checks and QC used in the
laboratory analysis. sl T

While on-site, the auditor observes the source tes;' teem's *overall

performance, including the following specific operations: ) ’ :

1. Setting up the sampling system and checking the sample traln and pitot
tube for leaks.

2. Collecting the isokinetic sampling.

3. ' Conducting the final leak checks.

4. Sample documentation procedures, sample recovery, and preparation of the

samples for shipment.
Figure 4.3 in Section 3.19.4 is a suggested field observation checklist for 101a
sampling and sample recovery, and Figure 5.9 in Section 3.159.5 is a suggested checklist
for 101A sample analysis. v
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TABLE 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURES

l
l
|
I
|
I
l

|then every third
|[test
|Method: Observation

lof techniques
Iasslsted by audit

Icheckllst (Fig. 4.2)

|

| | |action if
IAcceptance IFrequency and method |requirements
Apparatus {limits |of measurement |are not met
| . |
Performance IMeasured . IFreggencz: Once |Rev1ew
audit of |relative error of . Iduxing every Ioperatlng
analytical jaudit samples | enforcement source | technique and
phase |less than 15% |test* lrepeat audit
| (or other stated  |Method: Measure |
| value) for both |audit samples and |
| samples. | compare results to i
{ }true values {
Volumetric IMeasurgd pretest ]Freggencgz Once |Rev1ew
~sampling | volume within |during every loperatlng
|+ 10% of the Ienforcement source Itechnlques
]audlt volume |test‘ |
| IMethod: -Measure I
| !reference volume and |
| | compare with true |
l | volume |
| | |
Data IOriginal and lFregHengx: Once ICheck and
processing | checked |during every |correct all data
errors Icalculations Ienforcement test® |for the audit
 |agree within _|Method: Independent |period
| round-off error " |calculations |represented
| ' |starting with lby the
| | recorded data }sampled data
! | L
Systems | operational | Frequency: Once |Explain to team
‘audit— | technique as |during every ‘|their deviations
observance |described in | enforcement source ifrom recommehded
of ' |this section of lsource test® until ]techniques and
technique lthe Handbook | experience gained, |note on Fig. 4.2

l
|
|
|
l
l

°As defined here, a source rest for enforcement comprises a series of three runs at one source.

for purposes other than enforcement may be audlted at the frequency determined by the applicabls group.

Source test
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8.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two essential considerations are
necessary: (1) the measurement process must be in a state of statistical control at the
time of the measurement; and (2) the systematic errors, when combined with the random
variation (errors or measurement), must result in an acceptable uncertainty. Evidence
of quality data results from performing QC checks and independent audits of the
measurement process, documenting these data, and using materials, instruments, and
measurement procedures that can be traced to an appropriate standard of reference.

Data must be routinely obtained by repeatedly measuring standard reference
samples (primary, secondary, and/or working standards) and by establishing a condition
of process control. . The working calibration standards must be traceable to standards
of higher accuracy by using a control sample or by purchasing working calibration
standards that are NIST-traceable. _

Performance audit samples are not required for determining compliance;
however, an NIST control sample is recommended (as discussed in Section 3.19.8). A
control sample is also recommended as an independent check on the measurement process
when the method is performed for other purposes. This procedure makes all the

compliance determination samples traceable to an NIST standard.
—~
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10.0 REFERENCE METHODS: METHOD “101A-DETERMINATION OF PARTICULATE AND GASEOUS
MERCURY EMISSIONS FROM STATIONARY SOURCES

This method is similar to Method 101, except acidic potassium permanganate
sclutlon is used 1nstead of ac1d1c 1od1ne monochlorlde for sample collection.

1.0 APPLICABILITY AND PRINCIPLE
1.1 Applicability

This method applies to determining particulate and gaseous Hg emissions from
sewage sludge incinerators and other sources, as specified in the regulations.

1.2 Principle

Particulate and gaseous Hg emissions are withdrawn isokinetically from the
source and collected in acidic potassium permanganate (KMnO,) solution. The Hg
collected (in mercuric form) is reduced to elemental Hg, which is then aerated from the
solution into an optical cell and measured by atdmic absorption spectrophotometry.

2.0 RANGE AND SENSITIVITY = = :uiw o
42.1 Range

s After 1n1t1a1 dllutlon, the range of this method is 20 to 800 ng Hg/mL. The
s;upper limit can be extended by further dilution of the samp;e.

2.2 Sensitivity

s - The sen51t1v1ty of the method depends or. the recorder/spectrophotometer
,comblnatlon selected. = o Lol

3.0 INTERFERING AGENTS

3.1 . Sampling

Excessive oxidizable matter in the stack-gas prematurely depletes the KMnO,
solution and, thereby, prevents further rcollecticn of Hg.

This section represents Method 101A and referenced procedures from Method 101. Text
from Method 101 is shown in bold italics.
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3.2 Analysis

Condensation of water vapor on the optical cell windows causes positive
interference.

4.0 PRECISION

Based on eight paired-train tests, the within-laboratory standard deviation
was estimated to be 4.8 pg/mL in the concentration range of 50 to 130 ug/m’.

5.0 APPARATUS
5.1 Sampling Train and Sample Recovery

Same as in Method 101, Sect1ons 5.1 and 5.2, respectively, except for the
following variations:

5.1.1 Probe Nozzle, Pitot Tube, Differential Pressure Gauge, Metering System,
Barometer, and Gas Density Determination Equipment—Same as in Method 5, Sections 2.1.1,
2.1.3,.2.1.4, 2.1.8, 2.1.9, and 2.1.10, respectively.

5.1.1 Probe Liner—Borogillcate or Quartz glass %ubing‘ Testers may use a heating
system capable of maintaining a gas temperature of 120 = .14 oC (248 = 25 °F) at the
probe exit during sampling to prevent water condemsation. (Note: Do ‘not use metal
probe liners.) _

If a filter is used ahead of the impingers, testers must use the px¢
heating system to minimize the condensation of gaseous Hg. If a filter is used ahea.
of the impingers, testers must use the probe heatlng system to mlnlmlze the
condensation of gaseous Hg.

5.1.2 Filter Holder (Optional)—The holder should be composed of borosilicate glass
with a rigid stainless-steel wire-screen filter support (do not use glass frit
supports) and a silicone rubber or Teflon gasket, designed to provide a positive seal
against leakage from outside or around the filter. The filter holder must be equipped
with a filter heating system capable of maintaining a temperature around the filter
holder of 120 * 15 °C (248 % 25 °F) during sampling to minimize both water and gaseous
Hg condensation. Testers may use a filter in cases where the stream contains large
quantities of particulate matter.

5.1.3 Impingers—Four Greenburg-sSmith impingers are required. They should be
connected in series with leak-free ground glass fittings or any similar leak-free,
noncontaminating fittings. For the first, third, and fourth impingers, testers may use
impingers that are modified by replacing the tip with a 13-mm ID (0. 5 in.) glags tube
extending to 13 mm (0.5 in.) from the bottom of the flask.
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5.2 Sample Recovery

The following items are needed for sample recovery:

5.2.1  Glass Sample Bottles—The bottles should be leakless, with Teflon-lined caps,
1000 and 100 mL. -
5.2.2 Graduated Cylinder—A 250-mL graduated cylinder is required.

5.2.3 Funnel and Rubber Policeman—These items aid in transferring silica gel to the

container; they are not necessary if the silica gel is weighed in the field.

5.2.4 Funnel-The funnel should be glass; it aids in sample recovery.
5.2 Analysis

Same as in Method 101, Sections 5.3 and 5.4, respectively, except as follows:

5.2.1  Volumetric Pipets—Pipets must be Class A, 1, 2, 3, 4, 5, 10, and 20 mL.
5.2.2 Graduated Cylinder—A 25-mlL graduated ;ylipder is reguired.
5.2.3 Steam Bath-Same as Method 101.

" 5.3 Sample Preparation_and Analysis

The following equipment is needed for sample preparation and analysis:

5.3.1 Atomic Absorption Spectrophotometer—-Any atomic absorption unit is suitabls,
provided it has an open sample presentation area in which to mount the optical cell.
Testers should follow the instrument settings recommended by the manufacturer. Instru-
ments designed specifically for measuring Hg using the cold-vapor technigue are commer-
cially available and may be substituted for the atomic absorption spectrophotometer.

5.3.2 Optical Cell—The optical cell should be cylindrical, with quartz end windows
and the dimensions shown in Figure 101A-2. Wind the cell with approximately 2 m of
2d-gauge nichrome heating wire and wrap with fiberglass insulation tape, or equivalent;
do not let the wires touch one another. As an alternative to the heating wire, testers
may use a heat lamp mounted above the cell or a moisture trap installed upstream of trs
cell. '

5.3.3 Aeration Cell-The cell must be constructed according to the specificatiozs
in Figure 101A-3. Do not use a glass frit as a substitute for the blown glass bubbler
tip shown in Figure 101A-3. Aeration cells, available with commercial ccld-varzr
instrumentation, may be used as an alternate apparatus.

5.3.4 Recorder—The recorder must be matched to output of the spectrophotometer
described in Sectiom 5.3.1.

1S

5.3.5 Variable Transformer—The transformer is necessary for varying the voltage ca
the optical cell from 0 to 40 volts.

5.3.6 Hood—A hood is regquired for venting the optical cell exhaust.
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5.3.7 Flow Metering Valve—Same as Method 101.
5.3.8 Fiow Meter-A rotometer, or equivalent, 1s required that is capable of
measuring a gas flow of 1.5 L/min.
5.3.9 Aeration Gas Cylinder—The cylinder must contain nitrogen or dry, Hg-free air

and must be equipped with a single-stage regulator. As an alternative, aeration may
be provided by a peristaltic metering pump. If a commercial cold-vapor instrument is
used, follow the manufacturer’s recommendations.

5.3.10 Tubing-The tubing is require for making connections. Use glass tubing
(ungreased ball- and socket-connect.ions are recommended) for all connections between
the solution cell and the optical cell; do not use Tygon tubing, other types of
flexible tubing, or metal tubing as substitutes. Testers may use Teflon, steel, or
copper tubing between the nitrogen tank and the flow meter valve (Sectiom 5.3.7), and
Tygon, gum, or rubber tubing between the flow meter valve and the aeration cell.

5.3.11' Flow Rate Calibration Egquipment—This egquipment consists of a bubble *flow
meter or a wet-test meter for meaguring a gas flow rate of 1.5 = 0.1 L/mi.n.

-5

5.3.12 Volumetric Flasks—These flasks must be Clasn A, with pennyhead standard taper
stoppers, the required sizes are 100, 250, 500, ané 1000 mL.

P

5.3.13 Volumetrlc PlpetS—ThOBG pipets must be C.lass A; the z-equired gizes are 1, 2,
3, 4, 5, 10, and 20 mL.

5.3.14 Graduated Cylinder—A 25~-mlL cylinder is reguired.

5.3.15 Magnetic Stirrer—A general-purpose laboratory-type stirring bar is required.
5.3.16'.  Magnetic Stirring Bar—A Teflon-coated stirring bar is reguired.

5.3.17 Balance—A balance capable of weighing to + 0.5 g is required.

5.3.18 Steam Bath
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5.4 Alternative Analytical Apparatus

Alternative systems are allowable as long as they meet the following
criteria:

5.4.1 The system must generate a linear calibration curve and two consecutive
samples of the same aliquot size and concentration must agree within 3% of their
average.

5.4.2 The system must allow for recovery of a minimum of 95% of the spike when an
aliguot of a source sample is spiked with ‘a known concentration of Hg (II) compound.

5.4.3 The reducing agent should be added after the aeration cell is closed.
5.4.4 The aeration bottle bubbler should not contain a frit.
5.4.5 Any Tygon tubing used should be as short as possible and should be

conditioned prior to use until blanks and standards yield linear and reproducible
results: RN ‘

B

5.4.6 If manual stirring is performed before aération, the aeration cell should be
closed during the process. ’

5.4.7 A drying tube should not be used .unless it is conditioned following the
pbrocedure for the Tygon tubing, above.

6.0 REAGENTS

Use ACS reagent-grade chemicals or equivalent, unless otherwise specified.

6.1 . Sampling and Recovery

The following reagents are used in sampling and recovery:

6.1.1 Water—Deionized distilled, meeting ASTM specifications for Type I Reagent
Water—~ASTM Test Method D:1193-77. 1If high concentrations of organic matter are not
expected to be present, users may eliminate the KMnO, test for-oxidizable:organic
matter. Use this water in all dilutions and solution preparations.

6.1.2 Nitric Acid (HNO,), 50% (v/v)-Mix equal volumes of concentrated HNO, and
watexr, being careful to add the acid to the water slowly. -

6.1.3 Silica Gel-Indicating type, 6- to 16-mesh. If previously used, dry at 175
°C (350 ©°F) for 2 h. Testers may use new silica gel as received.

6.1.4 Filter (Optional)—Glass fiber filter, without organic binder, exhibiting at
least 99.95% efficiency on 0.3-Mm dioctyl phthalate smoke particles. Testers may use
the filter in cases where the gas stream contains large quantities of ‘particulate
matter, but they should analyze blank filters for Hg content. o

6.1.5 Sulfuric Acid (H.SO,), 10% (v/v)-Add and mix 100 mL of concentrated H;SC; to
900 mL of water.
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6.1.6 fAbsorbing Solution, 4% KMnO, (w/v)-Prepare fresh daily. Dissolve 40 _ _f
KMnO, in sufficient 10% H.SO, to make 1 L. Prepare and store in glass bottles to
prevent degradation.

6.1.7 Hydrochloric Acid-Trace metals grade HCl is recommended. If other grades are
used, the Hg level must be less than 3 ng/mL Hg.

6.1.8 .Hydrochloric Acid, 8 N-Dilute 67 mL of concentrated HCl1l to 100 mL Wlth water
{slowly add the HCIl to the water).

6.2 Analysis
The reagents needed for analysis are listed below:

6.2.1 Tin (II) Solution-Prepare fresh daily and keep sealed when not being used.
Completely dissolve 20 g of tin (II) chloride {or 25 g of tin (1I) sulfate] crystals
(Baker Analyzed reagent grade or any other brand that will give a clear solution! in
25 mL of concentrated HCl. Dilute to 250 mL with water. Do not substitute HNO,, H.SO,,
or other strong acids for the HCl. ’

~§

6.2.2 Sodium Chlorlde-Hydroxylamlne Solutlon—Dlssolve 12 g of sodium chlorlde and
12 g of hydroxylamlne sulfate (or 12 g of hydroxylamlne hydrochléride) in water and
dilute to 100 mL.

6.2.3 Hydrochloric Acid, 8 N~Dilute 67 mL of concentrated HCl to 100 mL w1th“
(slowly add the HCI to the water). .

6.2.4 Nitric Acid, 15% (v/v)-Slowly add 15 mL of concentrated HNO, to 100 mL of
water. .
6.2.5 Mercury Stock Solution, 1 mg Hg/mlL—-Prepare and store all Hg standard

solutions in borosilicate glass containers. Completely dissolve 0.1354 g of Hg (II)
chloride in 75 mL of water. Add 10 mL of concentrated HNO; and adjust the volume to
exactly 100 mL with water. Mix thoroughly. This solution is stable for at least 1
month. .

6.2.6 Intermediate Hg'Standard.Solution, 10 pg/ml~Prepare fresh weekly. Pipet £.0
-mL of the Hg stock solution (Section 6.2.5) into a 500-mL volumetric flask, and adc 20
ml, of 15% HNO, solution. iAdjust the volume to. exactly 500 mL with water. Thoroughly
mix the solution. :

6.2.7 ' Working Hg Standard Solution, 200 ng Hg/mi—Prepare fresh daily. Pipet £.0
mL from the Intermediate Hg Standard Solution (Section 6.2.6) into a 250-mL volumetric
flask. Add 5 mL of 4% KMnO, absorbing solution and 5 mL of 15% HNO,. Adjust the volume
to exactly 250 nmlL with water. Mix thoroughly. '

6.2.8 Potassium Permanganate, 5% (w/v)-Dissolve 5 g of KMnO, in water and diiute
to 100 mL. ' R :

. L
6.2.9 Filter—-Use a Whatman 40, or eqguivalent.

7.0 PROCEDURE
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7.1. Sampling

The sampling procedure is the same as in Method 101, except for changes
‘associated with using KMnO, instead of ICl absorbing solution and the possible use of
a filter. Because of the complexity of this method, testers should be trained and
experienced with all procedures to ensure reliable results. Because the amount of Hg
collected generally is small, the method must be applied carefully to prevent sample
contamination or loss. : '

7.1.1 Pretest Preparation—Follow the general procedure given in Method 5, Section
~4.1.1, but omit the directions on the filter.

7.1.2 Preliminary Determinations—The preliminary determinations are the same as
those given in Method 101, Section 7.1.2, except for the absorbing soclution depletion
sign. 1In this method, high-oxidizable organic matter content may make it impossible
to sample for the desired minimum time. This problem is indicated by the complete
bleaching of the purple color of the KMnO, solution. In these cases, testers may
divide the sample run into two or more subruns to ensure that the absorbing solution
.will not be depleted. In cases where excess water condensation is encountered, collect

two runs to make one sample. : =
7.1.2 Sampling Train Preparation

7.1.2.1 Sampling train preparation is the same as that given in Method 101, Section
7.1.3, except for the cleaning of the glassware (probe, filter holder, if used,
impingers, and connectors) and for the charging of the first three impingers. In this
method, clean all the glass components by rinsing with 50% HNO;, tap water, 8 N HCI,
tap water, and finally deionized distilled water. Then place 50 mL of 4% KMnO; in the
first impinger and 100 mL in each of the second and third impingers.

7.1.2.2 If a filter is used, place 1t with the filter holder with a pair of tweezers.
Be gure to center the filter, and place the gasket in the proper position to prevent
the sample gas stream from by-passing the filter. Visually check the filter for damage
after assembly is completed. Be sure to set the filter heating system at the desired
operating temperature after the sampling train has been_assemb;ed,

7.1.2.1 Follow the general procedure diven in Method 5, Section d.1.2, except as
follows: Select a nozzle size based on the range of velocity heads to ensure that it
is not necessary to change the nozzle gize to maintain igsokinetic sampling rates below
28 L/min (1.0 cfm).

7.1.2.2 Highly oxidizable organic content may make it impossible to sample for the
desired minimum time. This problem is indicated by the complete bleaching of the
purple color of the RMnO, solution. If the purple color is expended in the last
(third) KMnO, impinger, the sample run is unacceptable and another run shall be
conducted. In these cases, testers may divide the sample run into two or more subruns
to ensure that the absorbing solution will not be depleted or a fourth impinger
containing 100 mL of RMnO, may be used. In cases where excess water condensation is
encountered, collect two runs to make ome sample or add extra empty impinger before ‘the
first impinger containing RKMnO, solution.

7.1.3 All the’glass components should been cleaned in the laboratory (a hood is
recommended) by soaking with 50% HNO, for 1 h and then by rinsing with tap water, 8 N
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HC1, tap water, and finally deionized distilled water. After cleaning, openings shoula
be covered to preveant contamination. .

7.1.3.1 Place 50 mL of 4% KMnO, in the first impinger and 100 mL in each of txe
second and third impingers. Take care to prevent the absorbing solution fro
~contacting any greased surfaces. Place approximately 200 g of preweighed silica gel
' in the fourth impinger. Testers may use more silica gel, but they should, be careful
to ensure that it is not entra.med and carried out from the impinger dur.mg samplmc
Place the silica gel container in a clean place for later use in the sample recoverw.
Alternatively, determine and record the weight of the silica gel plus impinger to the
nearest 0.5 g. (Note: Contact with KMnO4 should be avoided.)

7.1.3.2 'If a filter is used, place it in the filter holder with a pair of tweezers.

. Be sure to center the filter, and place the gasket in the proper position to preve:z
the sample gas stream from by-passing the filter. Check the filter for tears afrs
_assembly is completed. Be sure to set the filter heating system at the desired
operating temperature after the sampling train has been assembled. '

7.1.3.3 Install the selected mnozzle using a Viton A O-ring when stack temperatures
are less than 260 °C (500 °F). Use a fibergldss string gasket if temperatures are
higher. Other connecting systems uging either 316‘\stainlas's-stee1 or Teflon ferrules
may be used. Mark the probe with heat-resistant tape or by some other method to denote
the proper distance into the stack or duct for each sampling point. Assemble the train
as shown in Figure 101A-1, using (if necessary) a very light coat of silicone grease
on all ground glass joints. Grease only the oute.r portion to avoid contamination by
the silicone grease.

, Note: An empty impinger may be 1nserted between the filter and flrsz: 1mp1rc
containing KMnO, to remove excess moisture from the. sample stream.

7.1.3.4 After the sampling train has been assembléd, turn on and set the ' probe} if
applicable, at the desired operating temperature. Allow time for the temperatures to
stabilize. Place crushed ice arou.nd tbe impingers. ..

7.1.4 - Leak Check Procedures—-Follow the leak chack procedures outlined in Het:hod 5,
SQCtionsdldl,dldz, and d4.1.4.3. . C e :

7.1.3 Sampling Train Operation-In addition to the procedure given in Method 101,
Section 7.1.5, maintain a temperature around the filter (if applicable) of 120 = 14 °C
- (248 = 5 °1=') . e

7.1.5 Mercury Train Operation~Follow the general procedure given in Method 5,
Section 4.1.5, maintain a temperature around the filter (if applicable) of 120 = 14 °C
(248 = 25 °F). For each run, recoxrd the data requirad on a data sheet, such as the one
shown in FJ.gure IOJ.A 4. Co N i

.6 Calculatlng Percent of Isokinetic Sampling—Same as in Method 5, Section

7.2 Sample Recovery

Begin proper 'cléanﬁp procedure as soon as the probe is removed from the stask
at the end of the sampling period. Allow the probe to cool. When it can be handlza
safely, wipe off any external particulate matter near the nozzle tip and place a czac
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over it. Do not cap the probe tip tightly while the sampling train is cooling becauss
the resultant vacuum would draw liquid from the impingers. Before moving the sample
train to the cleanup site, remove the probe from the train, wipe off the silicone
grease, and cap the open outlet of the probe. Be careful not to lose any condensate
that might be present. Wipe the silicone grease from the impinger. Use either
ground-glass stoppers, plastic caps, or serum caps to close these openings. Transfer
the probe, impinger assembly, and (if applicable) filter assembly to an area that is
clean, protected from the wind, and free of Hg contamination.

The ambient air in laboratories located in the immediate vicinity of Hg-usin
facilities is not normally free of Hg contamination. Inspect the train before an
during assembly and note any abnormal conditions. Treat the sample as follows:

[a ]

7.2.1 Container No. 1 (Impinger, Probe, and Filter Holder) and, if Applicable, Nc.
1A (HC1 Rinse)

7.2.1.1 Using a graduated cylinder, measure the liquid in the first three impingexr
to within 1 mL. Record the volume of liquid present ({see Figure 5-3 of Method 5 in £

M v N

CFR Part 60). This information is needed to calculate the moisture content of t
effluent gas. (Use only graduated cylinder and glass storage bottles that have be
precleaned as described in Section 7.1.2) Pldace the contents of the first thr
impingers into a 1000-mL glass sample bottle. Note: 1If a filter is used, remove t
filter from its holder, as outlined under Container No. 3 below.

o 3 )
M m

>
+.

1.2 Taking care that dust on the outside of the probe or other exterior surfaces
« 3 not get into the sample, quantitatively recover the Hg (and any condensate) frox
the probe nozzle, probe fitting, probe liner, and front haif of the filter hclder (ii
applicable) and impingers as follows: Rinse these components with a total of 400 =_
of fresh 4% KMnO; solution, carefully ensuring removal of all loose particulate matter
from the impingers. Add all washings to the 1000-mL glass sample bottle. Remove anv
residual brown deposits on the glassware following the permanganate vrinse with
approxXimately 100 mL of water, carefully assuring removal of all loose particulats
matter from the impingers, and add this rinse to Container No. 1. If nc visikle
deposits remain after this water rinse, do not rinse with 8 N HC1l. However, 12
deposits do remain on the glassware after the water rinse, wash impinger walls and
stems with the same 25 mL of 8 N HC1 and place the wash in a separate container labeled
Container No. 1A: Use the following procedure: Place 200 mL of water in & samp.&
container labeled Container No. 1lA. Use only a total of 25 mL of 8 N HCl to rinse al_
impingers. Wash the impinger walls and stem with the HCl by turning and shaking ths
impinger so that the HC1l contacts all inside surfaces. While stirring, pour the ECC
wash carefully into Container No. 1A. The separate container is used fcr safet
reasons.

7.2.1.3 After all washings have been collected in the sample container, tighten tzsz
lid to prevent leakage during shipment to the laboratory. Mark the height of the fluid
level to help determine whether leakage occurs during transport. Label the contairner
to identify its contents clearly.

7.2.2 Container No. 2 (Silica Gel)-Note the color of the indicating silica gel t:
rmine whether it has been completely spent and make a notation of its ccnditiez.
sfer the silica gel from its impinger to its original container and seal &=z

container. A funnel may be used to pour the silica gel, and a rubber policeman may ==

used to remove the silica gel from the impinger. It is not necessary to rsmove <T@
small amount of particles that may adhere to the impinger wall and are difficult =

£
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remove. Because the weight gain is to be used for moisture calculations, do not use
any water or other liquids to transfer the silica gel. If a balance is available in
the field, weigh the spent silica gel (or silica gel plus impinger) to the nearest 0.5
g and record this welght

7.2.3 Container No. 3 (Filter)-If a filter was used, carefully remove it from the
filter holder, place it in a 100-mL glass sample bottle, and add 20 to 40 mL of 4%
KMnO,. If it is necessary to fold the filter, be sure that the particulate cake is
inside the fold. Carefully transfer to the 150-mL sample bottle any particulate matter
and filter fibers that adhere to the filter holder gasket by using a dry Nylon bristle
brush and a sharp-edged blade. Seal the container. Label the container to identify
its contents clearly. Mark the height of the flu1d level to help determine whether
leakage occurs during transport

7.2.4 Container No. 4 (Filter Blank)-1f a filter was used, treat an unused filter
from the same filter lot used for sampling in the same manner as Container No. 3.

7.2.5 Container No. 5 (Absorbing Solutlon Blank)—For a blank, place 650 mL. of 4 &
KMno, absorblng solution in a 1000-mL sample bottle. Seal the contalner.:

P :
7.2.6 Container No. 6 (HC1 Rinse Blank)-For a ?lank, plaCe 200 L’ of water in &

1000-mL sample bottle. While stirring, add 25 mlL of 8 N HCl. Seal the container.
Only one blank sample per 3 runs is required.

7.3 Sample Preparation

Check the liquid level in each container to see if liquid was lost during
transport. If a noticeable amount of leakage occurred, either void the sample or use
methods subject to the approval of the Administrator to account for the losses. . Then
follow thée procedures below:

7.3.1 Containers No. 3 and No. 4 (Filter and Filter Blank)-1f a filter was used,
place the contents, including the filter, of Containers No. 3 and No. 4 in separate
250-mL beakers. Heat the beakers on a steam bath until most of the liguid has
evaporated. Do not take to dryness. Add 20 mL of concentrated HNO; to the bezakers,
cover them with a watch glass, and heat on a hot plate at 70 °C for 2 h. Remove from
the hot plate. Filter the solution from the digestion of the contents of Container No.
3 through Whatman 40 filter paper and save the filtrate for addition to the Container
No. 1 filtrate, as described below. Discard the filter. Filter the solution from the
digestion of the contents of Container No. 4 through Whatman 40 filter paper and save
the filtrate for addition to the Container No. 5 filtrate, as described in Section
7.3.2 below. Discard the filter.

7.3.2 Container No. 1 {(Impingers, Probe, and Filter Holder) and, if’Applicabie, No'

1A (HCI Rinse)-Filter the contents of Container No. 1 through Whatman 40 filter paper
into a 1-L volumetric flask to remove the brown MnO. precipitate. Save the filter.

"Add the sample filtrate from Container No. 3 to the 1-L volumetric flask and.dilute to

volume with water. If the combined filtrates are greater than 1000 mL, determine the -

" volume to the nearest mL and make the appropriate corrections for blank subtractiohs.

Mix thoroughly.

Mark the filtrate as Analysis Sample No. A.1l and analyze for Hg within 48 h
after completing the filtration step. Place the saved filter, which was used to remove
the brown MnO. precipitate, into a container of appropriate size. Add 25 mL of &€ N HC1

k] t/ /t :’/J
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to the filter and allow the filter, with its brown residue, to digest for a minimum of
24 h at room temperature. Filter the contents of Container No. 1A through a Whatman
40 filter paper into a 500-mL volumetric flask. Then filter the digestion of the brown
MnO. precipitate from Container No. 1 and the Whatman paper filter into the 500-mL
volumetric flask. Dilute to volume with water. Mark this 500-mL dilute solution as
"Analysis Sample No. HCl A.2 and analyze for Hg. Discard the filters.

7.3.3 Containers No. 5 (Absorbing Solution Blank) and No. 6 (HCl Rinse Blank)-Treat
Container No. 5 the same as Container No. 1, described in the previous section. Add
the filter blank filtrate from Container No. 4 to the 1-L volumetric flask and dilute
to volume. Mix thoroughly. Mark this as Sample No. A.l blank and analyze for Hg
within 48 h after completing the filtration step. Digest any brown precipitate
remaining on the filter from the filtration of Container No. 5, using the procedure
described in Section 7.3.2. Filter the contents of Container No. 6 using the procedure
described in Section 7.3.2 and combine into the 500-mL volumetric flask with the
filtrate from the digested blank MNO, precipitate. Mark this resultant 500-mL combined
dilute solution as Analysis Sample No. HCl A.2 blank. ‘Note: When analyzing blank
samples A.l1 blank '‘and HCl A.2 blank, always begin with 10-mLi aliquots. This note
applies specifically to blank samples. -

7.4 Analysis'
7.4.1 Calibrate the spectrophotometer and recorder and prepare the calibration
curve as described in sections 8.1 and 8.2. Then repeat the procedure used to

establish the calibration curve with aliquots of appropriate size (1 to 10 mL) of the
samples (from sections 7.3.2 and 7.3.3) until two consecutive peak heights agree within
3% of their average value. If the 10-mL sample is below the detectable limit, use a
larger aliquot (up to 20 mL), but decrease the volume of water added to the aeratiocn
cell accordingly to prevent the solution volume from exceeding the capacity of the
aeration bottle. If the peak maximum of a 1-mL aliquot is off scale, further dilute
the'original sample to bring the Hg concentration into the calibration range of the
spectrophotometer. If the Hg content of the absorbing solution and filter blank is
below the working range of the analytical method, use zero for the blank.

7.4.2 Run a blank and standard at least after every five samples to check the
spectrophotometer calibration; recalibrate as necessary. It also is recommended that
at least one sample from each stack test be checked by the Method of Standard Additions
to confirm that matrix effects have not interfered with the analysis. :

8.0 Calibration and Standards

The calibration and standards are the same as in Method 101, Section 8,
except for the following variations:

8.1 Optical Cell Heating System Calibration

Same as in Method 101, Section 8.2, but use a 25-mL graduated cylinder to add
25 mL of water to the bottle section of the aeration cell.

3.2 Spectrophotometer and Recorder Calibration

8.2.1 The Hg response may be measured by either peak height or peak area. Note
The temperature of the sclution affects the rate at which elemental Hg is released;

’},-".
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consequently, it affects the shape of the absorption curve (area) and the point of
maximum absorbance (peak height). To obtain reproducible results, all solutions must
be brought to room temperature before use.

8.2.2 = Set the spectrophotometer wave length at 253.7 nm and ‘make certain the
optical cell is at the minimum temperature that will prevent water condensation. Then
set the recorder scale as follows: Using a 25-mlL graduated cylinder, add 25 mL of
water to the aeration cell bottle, and pipet 5 mL of the working Hg standard solution
into the aeration cell. Note: Always add the Hg- contalnlng solution to the aeration
cell after the 25 mL of water. :

8.2.3 Place a Tefleon-coated stirring bar in the bottle. Add 5 mL of the 4% KMnO,
to the aeration bottle and mix well. Attach the bottle section to the bubbler section
of the aeration cell. Make certain that: (1)} the aeration cell exit arm stopcock
(Figure 101-3 of Method 101) is closed (so that Hg will not prematurely enter the
optical cell when the reducing agent is being added); and (2) there is no flow through
the bubbler. Add 5 mL of sodium chloride hydroxylamine in 1-mL increments until the
solution is colorless. Now add 5 mL of tin (II) solution to the aeration bottle
through the side arm and immediately 'stopper the side arm. Stir the solution for 15
s, turn on the recorder, opén the aeration celi~exit arm étopcock,‘and immediately
initiate aeration with continued stirring. Determ@ne the maximum absorbance of the
standard, and set this value to read 90% of the recorder full scale.

Before use, clean all glassware, both new dnd used, as follows: Brush with
soap and tap water, liberally rinse with: tap water, soak for 1 h in 50% HNO,. Rinsge
with deionized distilled water. L ’

8.1 Flow Calibration

Assemble the aeration system as shown in Figure 101-5. Set the outlet
bressgure on the aeration gas cylinder rcgulator to a nunzmum'pressura of 500 mm Hg (10
psl), and use the flow metering valve and a bubble flow meter or wet-test meter to
obtain a flow rate of 1.5 = 0.1 L/min through the aeration cell. After the flow
calibration is completed, remove the bubble flow meter from the system.

8.2 Optical Cell Heating System Calibration

Using a 25-mlL graduated cylinder, add 25 mL of water to the bottle section
of the aeration cell and attach the bottle section to the bubbler section of the cell.
Attach the aeration cell to the optical cell; while aerating at 1.5 L/min, determine
the minimum variable transformer setting mecessary to prevent condensation of moisture
in the optical cell and in the connecting tubing. (This setting should not exceed 20
volts.) >

e.3 Spectrophotometer and Recorder Calibration

8.3.1 The Hg response may be measured by either peak height or peak area. (Note:
The temperature of the solution affects the rate at which elemental Hg is released;
consequently, it affects the shape of the absorption curve [area] and the point of
maximum absorbance [peak height]. Therefore, to obtain reproducible results, bring £11
solutions to room temperature before use.)

8.3.2 Set the spectrophotometer wavelength at 253.7 nm and make certain that the
opticgl cell is at the minimum temperature that will preveant water condeqsation. Then
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set the recorder scale as follows: Using a 25-mL graduated cylinder, add 25 mL of
water to the aeration cell bottle and pipet 5 mL of the working Hg standard solution
into the aeration cell. (Note: Always add the Hg-containing solution to the aeration
cell after the 25 mL of water.)

8.3.3 Place a Teflon-coated stirring bar in the bottle. Using a 25-mL graduated
cylinder, add 25 mL of laboratory pure water to the aeration cell bottle. Pipet 5.0
mL of the working Hg standard solution to the aeration cell. Add 5 mL of the 4% KMno,
absorbing solution, followed by 5 mL of 15% HNO, and 5 mL of 5% KMnO, to the aeration
cell, and mix well using a swirling motion. Attach the bottle to the aerator, makinzg
sure that: (1) the exit arm stopcock is closed, and (2) there is no aeration gas
flowing through the bubbler. Through the side arm, add 5 mL of sodium chloride
hydroxylamine sojution in 1 mL-increments until the solution is colorless. Through the
side arm, add 5 ml of the Tin (II) reducing agent to the aeration cell bottle, &rd
immediately stopper the side arm. Stir the solution for 15 s and turn on the recorder
or integrator. Open the aeration cell exit arm stopcock and initiate the gas flow.
Determine the maximum height (absorbance) of the standard, and set this value to read
50% of the recorder full scale.

8.4 " Calibration Curve R 4-\

8.4.1 After setting the recorder scale, repeat the procedure in Section 8.3 using
0-, 1-, 2-, 3-, 4-, and 5-mL aliquots of the working standard solution (final amount
°f Hg in the aeration cell is 0, 200, 400, 600, 800, and 1000 ng, respectively).
tepeat thig procedure on each aliquot size until two consecutive peaks agree within 3%
of their average value. (Note: To prevent Hg carryover from one sample to another, do
not close the aeration cell from the optical cell until the recorder pen has returned
to the baseline.)

8.4.2 It should not be necegsary to disconnect the aeration gas inlet line from the
aeration cell when changing samples. After separating the bottle and bubbler sections
of the aeration cell, place the bubbler section into a 600-mL: beaker containing
approximately 400 ml, of water. Rinse the bottle section of the aeration cell with a
stream of water to remove all traces of the tin (II) reducing agent. Alsc, to prevent
the loss of Hg before aeration, remove all traces of the reducing agent betWeen’sAmplas
by washing with water. It will be necessary, however, to wash the aeratiqn cell parts
with concentrated HC1l if any of the following conditions occur: (1) a white film
appears on any inside surface of the aeration cell; (2) the calibration curve changes
suddenly; or (3) the replicate samples do mot yield reproducible results. '

8.4.3 Subtract the average peak height (or peak area) of the blank (0-mL
aliquot)—which should be less than 2% of recorder full scale-from the averaged peak
heights of the 1-, 2-, 3-, 4-, and 5-mL aliquot standards. If the blank absorbance is
greater than 2% of full-scale, the probable cause is Hg contamipation of a reagent or
carry-over of Hg from a previous sampls. Plot the corrected peak height of each
standard solution versus the corresponding final total Hg weight in the aeration cell
(in ng), and draw the best-fit straight line. This line should either pass through the
origin or pass through a point no further from the origin than = 2 % of the recorder
“ull scale. If the line does not pass through or very near to the origin, check £or
onlinearity of the curve and for incorrectly prepared standards.

9.0 Calculations
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9.1 Dry-Gas Volume, Volume of Water Vapor and Moisture Content, Stack-Czs

Velocity, Isokinetic Variation and Acceptable Results, and Determination of Compliance

Same as in Method 101, Sections 9.1, 9.2, 9.3, 9.6, and 9.7, respectively,
but use data obtained from this test.

8.1 o D[y—Gas Volume

Using the data from this test, calculate Vh,g,, the dry-gas sample volume at
standard conditions (corrected for leakage, if necessary) as outlined in Section 6.3
of Method 5.

5.2 Volume of Water Vapor and Moisture Content

Using the data obtained from this test, calculate the volume of water vapor
Viisea) and the moisture content B, of the stack-gas. Use egquations 5-2 and 5-3 of
Method 5. ‘

9.3 Stack-Gas Velocity

A

vy

Using the data from this test and EQuatiQn 2-9 of Method 2, calculate the
average stack-gas velocity v,. ) : .

9.4 Isckinetic Variation and Acceptable Results

Same as in Method 5, Sections 6.11 and 6.12, respectively.

8.5 Determining Compliance
Each performance test consigts of three repetitions of the applicable test
method. For the purpose of determining compliance with an applicable national emission -+

standard, use the average of the results of all repetitionms.

9.2 Total Mercury

For each source'sample,'correét the average maximum absorbance of the twc
consecutive samples whose peak heights agreed within. 3% of their average. for th=
contribution of the blank. Then calculate the total Hg content in Hg in each sample.

Correct for any dilutions made to bring the sample into the working range of the
spectrophotometer. C
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C(HCI) DF
m(HCl)H_':J[ ( Hg ] -
{ S
[C(HC1 blk), 6 DF,.. . .
- sir) Vegm 1077 Equation 101A-1
' Spix T
where:
m(HC1),, = Totai blank corrected;gglof Hg in HCl'finsé and HC1
' digestate of filter sample.
C(HCL),, = Total ng of Hg analyzed in the allquot from the 500-mL
Analysis Sample No. HC1l A.2.
C(HC1 blk)@ = Total ng of Hg analyzed in aliquot of the 500-mL Anali-
ysis Sample No. HCl A.2 blank.
DF = Dilution factor for ' the HCl digested Hg-ccntaining

solution, Analysis Sample No. HC1l A.2. This Zilutien
factor (DF) applies only tc the intermediate <&ilutien
steps because the original sample volume (V.).. of HC1
A.2 has been factored out in the equatlon,,a-vng with
the sample aliquot, (S). In Equation 6.9, the. sample
aliquot, S, 1is introduced directly into the aeraticn
cell for analysis according to the procedure outlined in
Section 3.19.5.3.4. A dilution factor is regquired only
if it is necessary to bring the sample into the analyti-
cal instrument’s calibration range. If no dilution is
necessary, then DF equals 1.0.

DFy,; = Dilution factor for the Analysis Sample No. =HC1 A.2
blank. (Note: Normal dilution factor calculaticns apply
here.)

Vi = Solution volume of original- sample, 500 mL for samples

diluted as described in Section 7.3.1.
107 = Conversion factor, Jg/ng.

s = Aligquot volume of sample added to aeration cell, mL.

Si Aliquot volume of blank addsd to aeration cell, =mlL.

Note: The maximum allowable blank subtraction.fcr the HCl _is the lssser c:
“he two following values: (1) the actual blank measured value (Analysis Sample lio. HEL
-2 blank); or (2) 5% of the Hg content in the combined HC! rinse and digesteZ sampié
(Analysis Sample No. HCl A.2).

where:
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- _tetereny,, pF v,
ks l S
C(fltr blk DFblk Vi, . . ,
e ) g ripae ] 107 Equation 101A-2
Spix
m(fltr),, = Total blank corrected pg of Hg in KMNO, filtrate and HNZ,
digestion of filter sample. '
C(fltr),, = Total ng of Hg in aliquot of KMNO, filtrate and HNC.
digestion of filter analyzed (aliguot of Analysis Sampls

No. A.1).

Total ng of Hg in aliquot of KMNO, blank and HNO; diges-
tion of blank filter analyzed (aliquot of &nalysis
Sample No. A.l1 blank).

C(£1ltr blk),,

Victin, = Solution volume of driginal sample, normally 1000 mL fcr
-samples diluted as described in Section 7.3.2.

Ve wir _ ' = sSolution volume of blank sample, 1000 mL for samples
diluted as described in Section 7.3.2

Note: The maximum allowable blank subtraction for the HCl1l is the lesser ci
the two following values: (1) the actual blank measured value (Analysis Sample No. A._
blank); or (2) S% of the Hg content in the filtrate (Analysis Sample No. A.1).

m, = m(HCl), + m(fltr),h, Equation 1C1A-3
where:
my, = Total blank corrected Hg content in each sample, ug.
m{HC1),, = Total blank corrécted Mg of Hg in HC1 rinse and HCl digsstate
of filter sample.
m{flty),, = Total blank corrected pg of Hg in KMNO, filtrate an< HNC,
digestion of filter sample.
9.3 Mercury Emission Rate

Calculate the Hg emission rate R in g/day for continuous operations using
Equation 101A-4. For cyclic operations, use only the time per day e&ch stack is in
operation. The total Hg emission rate from a source will be the summation of results
from all stacks. -

where:

. = Total blank corrected Hg content in each sample, Hg.
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my, v, A, (86,400 x 107)

R =K Equation 101a-4
[Vm(std) + Vwiscd?] (T:/Ps)
v = Average stack-gas velocity, m/sec (fps).
A, = Stack cross-sectional area, m° (ft?).
86,400 = Conversion factor, s/day.
10°% = Conversion factor, g/ug.
Viisear = Dry-gas sample volume at standard conditions, corrected for
leakage (if any), m' (ft?).
Vst = Volume of water vapor at standard conditions, m’ (ft7?).
T, = Absolute stack-gas temperature, °K (°R).
P, = Absolute stack-gas pressuré? mm Hg {(in. Hg).
K = 0.3858 °K/mm Hg for metric units.

= 17.64 °R/in. Hg for English units.
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