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METHOD 29 - DETERMINATION OF METALS EMISSIONS
FROM STATIONARY SOURCES

NOTE: This nethod does not include all of the
specifications (e.g. equi pnent and supplies) and procedures
(e.g., sanpling and analytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this method should have a

t hor ough knowl edge of at | east the follow ng additional test

met hods: Method 5 and Met hod 12.
1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No.

Anti nony (Sb) 7440- 36-0
Arseni c (As) 7440- 38- 2
Bari um ( Ba) 7440- 39-3
Beryl lium (Be) 7440-41-7
Cadmi um ( Cd) 7440-43-9
Chrom um (Cr) 7440-47-3
Cobal t (Co) 7440- 48- 4
Copper (Cu) 7440-50- 8
Lead (Pb) 7439-92-1
Manganese (M) 7439-96-5
Mercury (Hg) 7439-97-6
Ni ckel (N) 7440-02-0
Phosphorus (P) 7723-14-0
Sel eni um ( Se) 7782-49-2
Silver (AQ) 7440-22-4
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Anal yt e CAS No.
Thal l'ium (TI) 7440- 28-0
Zinc (Zn) 7440- 66- 6

1.2 Applicability. This nmethod is applicable to the
determ nation of netals em ssions from stationary sources.
This method may be used to determi ne particul ate em ssions
in addition to the netals em ssions if the prescribed
procedures and precautions are foll owed.

1.2.1 Hg em ssions can be neasured, alternatively,
usi ng EPA Met hod 101A of Appendix B, 40 CFR Part 61. Method
101- A neasures only Hg but it can be of special interest to
sources which need to neasure both Hg and Mh em ssions.

2.0 Summary of Method.

2.1 Principle. A stack sanple is w thdrawn
i sokinetically fromthe source, particulate em ssions are
collected in the probe and on a heated filter, and gaseous
em ssions are then collected in an aqueous acidic solution
of hydrogen peroxide (analyzed for all netals including Hg)
and an aqueous acidic solution of potassium pernmanganate
(anal yzed only for Hg). The recovered sanples are digested,
and appropriate fractions are analyzed for Hg by cold vapor
at om ¢ absorption spectroscopy (CVAAS) and for Sh, As, Ba,
Be, Cd, C, Co, Cu, Pb, WMn, N, P, Se, Ag, Tl, and Zn by

i nductively coupled argon plasnma em ssi on spectroscopy
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(I CAP) or atom c absorption spectroscopy (AAS). Gaphite
furnace atom c absorption spectroscopy (GFAAS) is used for
anal ysis of Sh, As, Cd, Co, Pb, Se, and Tl if these elenents
require greater analytical sensitivity than can be obtai ned
by 1CAP. If one so chooses, AAS may be used for anal ysis of
all listed netals if the resulting in-stack nmethod detection
limts neet the goal of the testing program Simlarly,
i nductively coupl ed pl asma- mass spectroscopy (I CP-MS) may be
used for analysis of Sb, As, Ba, Be, Cd, C, Co, Cu, Pb, M,
Ni, Ag, Tl and Zn.
3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 lron (Fe) can be a spectral interference during
the analysis of As, C, and Cd by ICAP. Alum num (Al) can
be a spectral interference during the analysis of As and Pb
by CAP. Cenerally, these interferences can be reduced by
diluting the analytical sanple, but such dilution raises the
i n-stack detection |imts. Background and overl ap
corrections may be used to adjust for spectral
interferences. Refer to Method 6010 of Reference 2 in
Section 16.0 or the other anal ytical nethods used for
details on potential interferences to this nethod. For al
GFAAS anal yses, use matrix nodifiers to limt interferences,

and matri x match all standards.
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5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and to determne the applicability of regulatory Iimtations
prior to performng this test nethod.

5.2 Corrosive Reagents. The follow ng reagents are
hazardous. Personal protective equi pnent and safe
procedures are useful in preventing chem cal splashes. |If
contact occurs, imrediately flush with copi ous anmounts of
wat er at |east 15 mnutes. Renove clothing under shower and
decontam nate. Treat residual chem cal burn as thernal
bur n.

5.2.1 Ntric Acid (HNG). Highly corrosive to eyes,
skin, nose, and lungs. Vapors cause bronchitis, pneunonia,
or edema of lungs. Reaction to inhalation nay be del ayed as
long as 30 hours and still be fatal. Provide ventilation to
[imt exposure. Strong oxidizer. Hazardous reaction may
occur with organic materials such as sol vents.

5.2.2 Sulfuric Acid (HSO). Rapidly destructive to
body tissue. WII| cause third degree burns. Eye danage nmay

result in blindness. Inhalation may be fatal from spasm of
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the larynx, usually within 30 m nutes. My cause | ung
ti ssue damage with edema. 1 ng/n? for 8 hours will cause
| ung damage or, in higher concentrations, death. Provide
ventilation to limt inhalation. Reacts violently with
nmetal s and organi cs.

5.2.3 Hydrochloric Acid (HO). Hi ghly corrosive
[iquid with toxic vapors. Vapors are highly irritating to
eyes, skin, nose, and |lungs, causing severe damage. My
cause bronchitis, pneunonia, or edema of |lungs. Exposure to
concentrations of 0.13 to 0.2 percent can be lethal to
humans in a few mnutes. Provide ventilation to limt
exposure. Reacts with netals, producing hydrogen gas.

5.2.4 Hydrofluoric Acid (HF). Highly corrosive to
eyes, skin, nose, throat, and lungs. Reaction to exposure
may be del ayed by 24 hours or nore. Provide ventilation to
limt exposure.

5.2.5 Hydrogen Peroxide (HG). Irritating to eyes,
skin, nose, and lungs. 30%HO, is a strong oxidi zi ng
agent. Avoid contact with skin, eyes, and conbustible
material. War gl oves when handli ng.

5.2.6 Potassium Permanganate (KWVhQ,). Caustic, strong
oxidizer. Avoid bodily contact wth.

5.2.7 Potassium Persulfate. Strong oxidizer. Avoid
bodily contact with. Keep containers well closed and in a

cool pl ace.
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5.3 Reaction Pressure. Due to the potential reaction
of the potassium permanganate with the acid, there could be
pressure buildup in the acidic KMiQ, absorbing sol ution
storage bottle. Therefore these bottles shall not be fully
filled and shall be vented to relieve excess pressure and
prevent explosion potentials. Venting is required, but not
in a manner that will allow contam nation of the sol ution.
A No. 70-72 hole drilled in the container cap and Tefl on
i ner has been used.

6.0 Equipment and Supplies.

6.1 Sanpling. A schematic of the sanpling train is
shown in Figure 29-1. It has general simlarities to the
Met hod 5 train.

6.1.1 Probe Nozzle (Probe Tip) and Borosilicate or
Quartz 3 ass Probe Liner. Sane as Method 5, Sections
6.1.1.1 and 6.1.1.2, except that glass nozzles are required
unless alternate tips are constructed of materials that are
free fromcontam nation and will not interfere with the
sanple. If a probe tip other than glass is used, no
correction to the sanple test results to conpensate for the
nozzle's effect on the sanple is allowed. Probe fittings of
pl astic such as Tefl on, polypropylene, etc. are reconmended

instead of nmetal fittings to prevent contam nation. |If one
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chooses to do so, a single glass piece consisting of a
conbi ned probe tip and probe |liner may be used.

6.1.2 Pitot Tube and Differential Pressure Gauge.
Sanme as Method 2, Sections 6.1 and 6.2, respectively.

6.1.3 Filter Holder. dass, sane as Method 5,

Section 6.1.1.5, except use a Teflon filter support or other
non-netal lic, non-contam nating support in place of the
glass frit.

6.1.4 Filter Heating System Sanme as Method 5,
Section 6.1.1.6.

6.1.5 Condenser. Use the follow ng system for
condensi ng and col |l ecting gaseous netals and determ ning the
noi sture content of the stack gas. The condensi ng system
shal | consist of four to seven inpingers connected in series
with leak-free ground glass fittings or other |eak-free,
non-contam nating fittings. Use the first inpinger as a
noi sture trap. The second inpinger (which is the first
HNGO,/ H,O, i nmpi nger) shall be identical to the first inpinger
in Method 5. The third inpinger (which is the second
HNO,/ H,O, i npi nger) shall be a G eenburg Smith inpinger with
the standard tip as described for the second inpinger in
Met hod 5, Section 6.1.1.8. The fourth (enpty) inpinger and
the fifth and sixth (both acidified KWQ,) inpingers are the
sane as the first inpinger in Method 5. Place a tenperature

sensor capable of measuring to within 1°C (2°F) at the
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outlet of the last inpinger. |[If no Hg analysis is planned,
then the fourth, fifth, and sixth inpingers are not used.

6.1.6 Metering System Baroneter, and Gas Density
Det erm nati on Equi prent. Same as Method 5, Sections
6.1.1.9, 6.1.2, and 6.1.3, respectively.

6.1.7 Teflon Tape. For capping openi ngs and seal ing
connections, if necessary, on the sanpling train.

6.2 Sanple Recovery. Sane as Method 5, Sections 6.2.1
t hrough 6.2.8 (Probe-Liner and Probe-Nozzle Brushes or
Swabs, Wash Bottles, Sanple Storage Containers, Petri
D shes, G ass Graduated Cylinder, Plastic Storage
Cont ai ners, Funnel and Rubber Policeman, and d ass Funnel),
respectively, with the foll ow ng exceptions and additions:

6.2.1 Non-netallic Probe-Liner and Probe-Nozzle
Brushes or Swabs. Use non-netallic probe-liner and probe-
nozzl e brushes or swabs for quantitative recovery of
materials collected in the front-half of the sanpling train.

6.2.2 Sanple Storage Containers. Use glass bottles
(see Section 8.1 of this Method) with Teflon-1ined caps that
are non-reactive to the oxidizing solutions, wth capacities
of 1000- and 500-m, for storage of acidified KVhO,-
cont ai ni ng sanpl es and bl anks. d ass or pol yet hyl ene
bottl es may be used for other sanple types.

6.2.3 Gaduated Cylinder. d ass or equivalent.

6.2.4 Funnel. dass or equivalent.
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6.2.5 Labels. For identifying sanples.

6.2.6 Pol ypropyl ene Tweezers and/or Pl astic 4 oves.
For recovery of the filter fromthe sanpling train filter
hol der.

6.3 Sanple Preparation and Anal ysis.

6.3.1 Volunetric Flasks, 100-m, 250-m, and 1000-m .
For preparation of standards and sanple dil utions.

6.3.2 Gaduated Cylinders. For preparation of
reagents.

6.3.3 Parr Bonbs or Mcrowave Pressure Relief Vessels
with Capping Station (CEM Corporation nodel or equivalent).
For sanpl e di gestion.

6.3.4 Beakers and Watch d asses. 250-m beakers, with
wat ch gl ass covers, for sanple digestion.

6.3.5 Ring Stands and O anps. For securing equi pnment
such as filtration apparat us.

6.3.6 Filter Funnels. For holding filter paper.

6.3.7 Disposable Pasteur Pipets and Bul bs.

6.3.8 Volunetric Pipets.

6.3.9 Analytical Balance. Accurate to within 0.1 ny.

6.3.10 M crowave or Conventional Oven. For heating
sanples at fixed power |evels or tenperatures, respectively.

6.3.11 Hot Pl ates.

6.3.12 Atom c Absorption Spectroneter (AAS). Equi pped

wi th a background corrector.
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6.3.12.1 G aphite Furnace Attachment. Wth Sb, As,
Cd, Co, Pb, Se, and Tl hollow cathode |anps (HCLs) or
el ectrodel ess discharge |lanps (EDLs). Sane as Reference 2
in Section 16.0. Methods 7041 (Sb), 7060 (As), 7131 (Cd),
7201 (Co), 7421 (Pb), 7740 (Se), and 7841 (Tl).

6.3.12.2 Cold Vapor Mercury Attachnment. Wth a
mercury HCL or EDL, an air recirculation punp, a quartz
cell, an aerator apparatus, and a heat |anp or desiccator
tube. The heat |anp shall be capable of raising the
tenperature at the quartz cell by 10C above anbient, so
that no condensation forns on the wall of the quartz cell.
Same as Method 7470 in Reference 2 in Section 16.0. See
NOTE 2: Section 11.1.3 for other acceptabl e approaches for
analysis of Hg in which analytical detection limts of 0.002
ng/ mM were obtai ned.

6.3.13 Inductively Coupled Argon Plasma Spectroneter.
Wth either a direct or sequential reader and an al um na
torch. Sane as EPA Method 6010 in Reference 2 in
Section 16. 0.

6.3.14 Inductively Coupl ed Pl asma- Mass Spectroneter.
Sanme as EPA Method 6020 in Reference 2 in Section 16.0.
7.0 Reagents and Standards.

7.1 Unless otherwise indicated, it is intended that

all reagents conformto the specifications established by
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the Commttee on Anal ytical Reagents of the Anerican
Chem cal Society, where such specifications are avail abl e.
O herwi se, use the best avail abl e grade.

7.2 Sanpling Reagents.

7.2.1 Sanple Filters. Wthout organic binders. The
filters shall contain less than 1.3 pg/in.2 of each of the
metals to be neasured. Analytical results provided by
filter manufacturers stating nmetals content of the filters
are acceptable. However, if no such results are avail abl e,
anal yze filter blanks for each target netal prior to
em ssion testing. Quartz fiber filters neeting these
requi renents are recommended. However, if glass fiber
filters beconme avail able which neet these requirenents, they
may be used. Filter efficiencies and unreactiveness to
sul fur dioxide (SO) or sulfur trioxide (SO) shall be as
described in Section 7.1.1 of Method 5.

7.2.2 Water. To conformto ASTM Specification D1193-
77 or 91, Type Il (incorporated by reference -- see 860.17).
| f necessary, analyze the water for all target metals prior
to field use. Al target netals should be less than 1
ng/ m .

7.2.3 HNGO,, Concentrated. Baker Instra-analyzed or
equi val ent .

7.2.4 HO, Concentrated. Baker Instra-analyzed or

equi val ent .
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7.2.5 HO, 30 Percent (V/IV).

7.2.6 KMO,.

7.2.7 H,SO, Concentrated.

7.2.8 Silica Gel and Crushed Ice. Sane as Method 5,
Sections 7.1.2 and 7.1.4, respectively.

7.3 Pretest Preparation of Sanpling Reagents.

7.3.1 HNOJ/ HO, Absorbing Solution, 5 Percent HNGO,/ 10
Percent H,O,. Add carefully with stirring 50 m of
concentrated HNO, to a 1000-m volunetric flask containing
approxi mately 500 m of water, and then add carefully with
stirring 333 ml of 30 percent HO.. Dilute to volunme with
water. Mx well. This reagent shall contain |less than 2
ng/ M of each target netal

7.3.2 Acidic KWO, Absorbing Solution, 4 Percent KWMhG,
(WV), 10 Percent HSO, (MV). Prepare fresh daily. Mx
carefully, with stirring, 100 m of concentrated HSO, into
approxi mately 800 m of water, and add water with stirring
to make a volume of 1 liter: this solution is 10 percent
HSO, (V/V). Dissolve, with stirring, 40 g of KMhQ, into 10
percent H,SO, (V/V) and add 10 percent H,SO, (V/V) with
stirring to nmake a volune of 1 liter. Prepare and store in
gl ass bottles to prevent degradation. This reagent shal

contain less than 2 ng/m of Hg.
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Precaution: To prevent autocatal ytic deconposition of

t he permanganate solution, filter the solution through
What man 541 filter paper.

7.3.3 HNO;,, 0.1 N Add with stirring 6.3 m of
concentrated HNO;, (70 percent) to a flask containing
approximately 900 m of water. Dilute to 1000 Ml wth
water. Mx well. This reagent shall contain |less than 2
ng/ mM of each target netal.

7.3.4 HOA, 8 N Carefully add with stirring 690 m of
concentrated HC to a flask containing 250 m of water.
Dilute to 1000 Ml with water. Mx well. This reagent shall
contain less than 2 ng/m of Hg.

7.4 d assware Cl eani ng Reagents.

7.4.1 HNGO,, Concentrated. Fisher ACS grade or
equi val ent .

7.4.2 Water. To conformto ASTM Specifications D1193,
Type I|1.

7.4.3 HNO;,, 10 Percent (V/V). Add with stirring
500 m of concentrated HNO, to a flask containing
approximately 4000 m of water. Dilute to 5000 M with
water. Mx well. This reagent shall contain |less than 2
ng/ mM of each target netal.

7.5 Sanple Digestion and Anal ysis Reagents. The

metal s standards, except Hg, may al so be made fromsolid
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chem cals as described in Reference 3 in Section 16.0.
Refer to References 1, 2, or 5 in Section 16.0 for
additional information on Hg standards. The 1000 pg/ m Hg
stock solution standard may be made according to
Section 7.2.7 of Method 101A

7.5.1 HA, Concentrated.

7.5.2 HF, Concentrated.

7.5.3 HNGO,, Concentrated. Baker Instra-analyzed or
equi val ent .

7.5.4 HNO;,, 50 Percent (V/V). Add with stirring
125 m of concentrated HNO, to 100 ml of water. Dilute to
250 M with water. Mx well. This reagent shall contain
| ess than 2 ng/m of each target netal.

7.5.5 HNO;,, 5 Percent (V/V). Add with stirring 50 ni
of concentrated HNO, to 800 ml of water. Dilute to 1000 n
with water. Mx well. This reagent shall contain |ess than
2 ng/mM of each target netal

7.5.6 Water. To conformto ASTM Specifications D1193,
Type |1.

7.5.7 Hydroxyl am ne Hydrochl ori de and Sodi um Chl ori de
Solution. See Reference 2 In Section 16.0 for preparation.

7.5.8 Stannous Chloride. See Reference 2 in
Section 16.0 for preparation.

7.5.9 KMQ, 5 Percent (WV). See Reference 2 in

Section 16.0 for preparation.
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7.5.10 H,SQO,, Concentr at ed.

7.5.11 Potassium Persulfate, 5 Percent (WV). See

Ref erence 2 in Section 16.0 for preparation.
7.5.12 Nickel Ntrate, N (NOj), 6H,0.
7.5.13 Lant hanum Oxi de, La,0s.

7.5.14 Hg Standard (AAS Grade), 1000 pg/nm.

7.5.15 Pb Standard (AAS Grade), 1000 pg/ m.
7.5.16 As Standard (AAS Grade), 1000 pg/nm.
7.5.17 Cd Standard (AAS Grade), 1000 pg/m.
7.5.18 O Standard (AAS Grade), 1000 pg/ m.
7.5.19 Sb Standard (AAS Grade), 1000 pg/m.
7.5.20 Ba Standard (AAS Grade), 1000 pg/m.
7.5.21 Be Standard (AAS Grade), 1000 pg/m.
7.5.22 Co Standard (AAS Grade), 1000 pg/m.
7.5.23 Cu Standard (AAS Grade), 1000 pg/m.
7.5.24 M Standard (AAS Grade), 1000 pg/ m.
7.5.25 N Standard (AAS Grade), 1000 pg/nm.
7.5.26 P Standard (AAS Grade), 1000 pg/m.
7.5.27 Se Standard (AAS Grade), 1000 pg/nm.
7.5.28 Ag Standard (AAS Grade), 1000 pg/m.
7.5.29 TI Standard (AAS Grade), 1000 pg/m.
7.5.30 Zn Standard (AAS Grade), 1000 pg/ m.
7.5.31 Al Standard (AAS Grade), 1000 pg/m.
7.5.32 Fe Standard (AAS Grade), 1000 pg/m.
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7.5.33 Hg Standards and Quality Control Sanples.
Prepare fresh weekly a 10 pg/m internmedi ate Hg standard by
adding 5 m of 1000 pg/m Hg stock solution prepared
according to Method 101A to a 500-m volunetric fl ask;
dilute with stirring to 500 mM by first carefully adding 20
m of 15 percent HNO, and then adding water to the 500-nmi
volume. Mx well. Prepare a 200 ng/m working Hg standard
solution fresh daily: add 5 m of the 10 pg/m internedi ate
standard to a 250-m volunetric flask, and dilute to 250 ni
wth 5 mM of 4 percent KMnQ,, 5 m of 15 percent HNO,, and
then water. Mx well. Use at least five separate aliquots
of the working Hg standard solution and a blank to prepare
the standard curve. These aliquots and bl ank shall contain
0.0, 1.0, 2.0, 3.0, 4.0, and 5.0 m of the working standard
sol ution containing 0, 200, 400, 600, 800, and 1000 ng Hg,
respectively. Prepare quality control sanples by making a
separate 10 pg/m standard and diluting until in the
cal i bration range.

7.5.34 | CAP Standards and Quality Control Sanples.
Cali bration standards for | CAP anal ysis can be conbined into
four different m xed standard solutions as follows:

M XED STANDARD SOLUTI ONS FOR | CAP ANALYSI S

Sol uti on El enent s

| As, Be, Cd, WMn,
Pb, Se, Zn
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I Ba, Co, Cu, Fe
1] A, C, N
|V Ag, P, Sb, TI

Prepare these standards by conbining and diluting the
appropriate volunes of the 1000 pg/m solutions with 5
percent HNO,. A m ninum of one standard and a bl ank can be
used to formeach calibration curve. However, prepare a
separate quality control sanple spiked wth known anmounts of
the target netals in quantities in the md-range of the
calibration curve. Suggested standard |evels are 25 g/ m
for AI, C and Pb, 15 pg/m for Fe, and 10 pg/m for the
remai ni ng el ements. Prepare any standards containing | ess
than 1 pg/mM of nmetal on a daily basis. Standards
containing greater than 1 pg/m of nmetal should be stable
for a mnimumof 1 to 2 weeks. For ICP-Ms, follow Method
6020 in EPA Publication SW846 Third Edition (Novenmber 1986)
i ncludi ng updates I, 11, I1A 1IBand Ill, as incorporated
by reference in 860.17(i).

7.5.35 GFAAS Standards. Sb, As, Cd, Co, Pb, Se, and
TI. Prepare a 10 pg/m standard by adding 1 m of 1000
pug/ M standard to a 100-m volunetric flask. Dilute with
stirring to 100 M with 10 percent HNO,. For GFAAS, matri X
match the standards. Prepare a 100 ng/ M standard by addi ng

1 mM of the 10 pg/mM standard to a 100-m vol unetric fl ask,
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and dilute to 100 M with the appropriate matri x sol ution.
Prepare other standards by diluting the 100 ng/m standards.
Use at |least five standards to nake up the standard curve.
Suggested | evels are 0, 10, 50, 75, and 100 ng/m . Prepare
quality control sanples by making a separate 10 pg/
standard and diluting until it is in the range of the
sanpl es. Prepare any standards containing |less than 1 pg/n
of netal on a daily basis. Standards containing greater
than 1 pg/ M of metal should be stable for a mnimumof 1 to
2 weeks.

7.5.36 Matrix Modifiers.

7.5.36.1 Nickel Ntrate, 1 Percent (V/V). Dissolve
4.956 g of Ni (NOj),-6H,0 or other nickel conpound suitable
for preparation of this matrix nodifier in approxinmately 50
m of water in a 100-m volunetric flask. Dilute to 100 mi
with water.

7.5.36.2 Nickel Ntrate, 0.1 Percent (V/V). D lute
10 mM of 1 percent nickel nitrate solution to 100 mM wth
water. Inject an equal anount of sanple and this nodifier
into the graphite furnace during GFAAS anal ysis for As.

7.5.36.3 Lanthanum Carefully dissolve 0.5864 g of
La,0; in 10 mM of concentrated HNO;, and dilute the sol ution
by adding it with stirring to approximately 50 ml of water.

Dilute to 100 M with water, and mx well. 1Inject an equal
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anmount of sanple and this nodifier into the graphite furnace
duri ng GFAAS anal ysis for Pb.

7.5.37 \Whatman 40 and 541 Filter Papers (or
equivalent). For filtration of digested sanples.

8.0 Sample Collection, Preservation, Transport, and

Storage.

8.1 Sampling. The conplexity of this nmethod is such
that, to obtain reliable results, both testers and anal ysts
nmust be trained and experienced with the test procedures,

i ncl udi ng source sanpling; reagent preparation and handli ng;
sanpl e handling; safety equi pnment and procedures; analytical
cal cul ations; reporting; and the specific procedural
descriptions throughout this nethod.

8.1.1 Pretest Preparation. Follow the sanme general
procedure given in Method 5, Section 8.1, except that,
unl ess particulate em ssions are to be determ ned, the
filter need not be desiccated or weighed. First, rinse al
sanpling train glassware with hot tap water and then wash in
hot soapy water. Next, rinse glassware three tinmes with tap
water, followed by three additional rinses with water. Then
soak all glassware in a 10 percent (V/V) nitric acid
solution for a mnimumof 4 hours, rinse three tines with

water, rinse a final tine with acetone, and allow to air
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dry. Cover all glassware openi ngs where contam nati on can
occur until the sanpling train is assenbled for sanpling.

8.1.2 Prelimnary Determ nations. Sane as Method 5,
Section 8.1.2.

8.1.3 Preparation of Sanpling Train.

8.1.3.1 Set up the sanpling train as shown in Figure
29-1. Follow the sane general procedures given in Method 5,
Section 8.3, except place 100 m of the HNGOJ/HO, solution
(Section 7.3.1 of this nethod) in each of the second and
third inpingers as shown in Figure 29-1. Place 100 m of
t he aci di ¢ KWnQ, absorbing solution (Section 7.3.2 of this
met hod) in each of the fifth and sixth inpingers as shown in
Figure 29-1, and transfer approxinmately 200 to 300 g of pre-
wei ghed silica gel fromits container to the |ast inpinger.
Alternatively, the silica gel may be weighed directly in the
i npinger just prior to final train assenbly.

8.1.3.2 Based on the specific source sanpling
conditions, the use of an enpty first inpinger can be
elimnated if the noisture to be collected in the inpingers
will be | ess than approximately 100 m .

8.1.3.3 If Hg analysis wll not be performed, the
fourth, fifth, and sixth inpingers as shown in Figure 29-1
are not required.

8.1.3.4 To insure |eak-free sanpling train connections

and to prevent possible sanple contam nation problens, use
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Tefl on tape or other non-contam nating material instead of
silicone grease.

Precaution: Exercise extrene care to prevent

contam nation within the train. Prevent the acidic KVhQ,
fromcontacting any gl assware that contains sanple materi al
to be analyzed for Mh. Prevent acidic HO frommxing with
t he aci di ¢ KWhQ,.

8.1.4 Leak-Check Procedures. Follow the |eak-check
procedures given in Method 5, Section 8.4.2 (Pretest Leak-
Check), Section 8.4.3 (Leak-Checks During the Sanpl e Run),
and Section 8.4.4 (Post-Test Leak-Checks).

8.1.5 Sampling Train Operation. Follow the procedures
given in Method 5, Section 8.5. Wen sanpling for Hg, use a
procedure anal ogous to that described in Section 8.1 of
Met hod 101A, 40 CFR Part 61, Appendix B, if necessary to
mai ntain the desired color in the last acidified
per manganate i npinger. For each run, record the data
required on a data sheet such as the one shown in Figure 5-3
of Method 5.

8.1.6 Calculation of Percent |sokinetic. Sane as
Met hod 5, Section 12.11

8.2 Sanmpl e Recovery.

8.2.1 Begin cleanup procedures as soon as the probe is

removed fromthe stack at the end of a sanpling period. The
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probe should be allowed to cool prior to sanple recovery.
When it can be safely handl ed, w pe off all external
particul ate matter near the tip of the probe nozzle and
pl ace a rinsed, non-contam nating cap over the probe nozzle
to prevent losing or gaining particulate matter. Do not cap
the probe tip tightly while the sanpling train is cooling; a
vacuum can formin the filter holder with the undesired
result of drawing liquid fromthe inpingers onto the filter.

8.2.2 Before noving the sanpling train to the cl eanup
site, renove the probe fromthe sanpling train and cap the
open outlet. Be careful not to | ose any condensate that
m ght be present. Cap the filter inlet where the probe was
fastened. Renove the unbilical cord fromthe |ast inpinger
and cap the inpinger. Cap the filter hol der outlet and
i npinger inlet. Use non-contam nating caps, whether ground-
gl ass stoppers, plastic caps, serumcaps, or Teflon® tape to
cl ose these openings.

8.2.3 Alternatively, the follow ng procedure nay be
used to disassenble the train before the probe and filter
hol der/ oven are conpletely cooled: Initially disconnect the
filter holder outlet/inpinger inlet and | oosely cap the open
ends. Then di sconnect the probe fromthe filter hol der or
cyclone inlet and | oosely cap the open ends. Cap the probe

tip and renove the unbilical cord as previously descri bed.
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8.2.4 Transfer the probe and filter-inpinger assenbly
to a cleanup area that is clean and protected fromthe w nd
and ot her potential causes of contam nation or |oss of
sanple. Inspect the train before and during di sassenbly and
note any abnormal conditions. Take special precautions to
assure that all the itens necessary for recovery do not
contam nate the sanples. The sanple is recovered and
treated as follows (see schematic in Figures 29-2a and
29- 2b) :

8.2.5 Container No. 1 (Sanple Filter). Carefully
renmove the filter fromthe filter holder and place it inits
| abel ed petri dish container. To handle the filter, use
ei ther aci d-washed pol ypropyl ene or Tefl on coated tweezers
or clean, disposable surgical gloves rinsed with water and
dried. |If it is necessary to fold the filter, nmake certain
the particulate cake is inside the fold. Carefully transfer
the filter and any particulate matter or filter fibers that
adhere to the filter hol der gasket to the petri dish by
using a dry (acid-cleaned) nylon bristle brush. Do not use
any netal -containing materials when recovering this train.
Seal the | abeled petri dish.

8.2.6 Container No. 2 (Acetone Rinse). Performthis
procedure only if a determ nation of particulate em ssions
is to be made. Quantitatively recover particulate matter

and any condensate fromthe probe nozzle, probe fitting,
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probe liner, and front half of the filter hol der by washing
t hese conponents with a total of 100 m of acetone, while
simul taneously taking great care to see that no dust on the
out side of the probe or other surfaces gets in the sanple.
The use of exactly 100 ml is necessary for the subsequent
bl ank correction procedures. Distilled water may be used
i nstead of acetone when approved by the Adm nistrator and
shal | be used when specified by the Adm nistrator; in these
cases, save a water blank and follow the Adm nistrator's
di rections on anal ysis.

8.2.6.1 Carefully renove the probe nozzle, and cl ean
the inside surface by rinsing with acetone froma wash
bottle while brushing wwth a non-netallic brush. Brush
until the acetone rinse shows no visible particles, then
make a final rinse of the inside surface with acetone.

8.2.6.2 Brush and rinse the sanpl e exposed inside
parts of the probe fitting with acetone in a simlar way
until no visible particles remain. Rinse the probe liner
with acetone by tilting and rotating the probe while
squirting acetone into its upper end so that all inside
surfaces will be wetted wth acetone. Allow the acetone to
drain fromthe lower end into the sanple container. A
funnel may be used to aid in transferring liquid washings to
the container. Follow the acetone rinse with a non-netallic

probe brush. Hold the probe in an inclined position, squirt
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acetone into the upper end as the probe brush is being
pushed with a twisting action three tines through the probe.
Hol d a sanpl e container underneath the | ower end of the
probe, and catch any acetone and particulate matter which is
brushed through the probe until no visible particulate
matter is carried out wwth the acetone or until none remains
in the probe liner on visual inspection. Rinse the brush
with acetone, and quantitatively collect these washings in
the sanple container. After the brushing, nmake a final
acetone rinse of the probe as described above.

8.2.6.3 It is recommended that two people clean the
probe to mnimze sanple | osses. Between sanpling runs,
keep brushes clean and protected fromcontam nation. C ean
the inside of the front-half of the filter hol der by rubbing
the surfaces with a non-netallic brush and rinsing with
acetone. R nse each surface three tines or nore if needed
to renove visible particulate. Mke a final rinse of the
brush and filter holder. After all acetone washings and
particul ate matter have been collected in the sanple
container, tighten the lid so that acetone will not |eak out
when shipped to the | aboratory. WMark the height of the
fluid level to determ ne whether or not | eakage occurred
during transport. Clearly |label the container to identify

its contents.
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8.2.7 Container No. 3 (Probe Rinse). Keep the probe
assenbly clean and free from contam nati on during the probe
rinse. Rinse the probe nozzle and fitting, probe liner, and
front-half of the filter holder thoroughly wwth a total of
100 M of 0.1 N HNGO,, and place the wash into a sanple
storage container. Performthe rinses as applicable and
generally as described in Method 12, Section 8.7.1. Record
the volune of the rinses. Mark the height of the fluid
| evel on the outside of the storage container and use this
mark to determne if | eakage occurs during transport. Seal
the container, and clearly | abel the contents. Finally,
rinse the nozzle, probe liner, and front-half of the filter
hol der with water foll owed by acetone, and discard these
ri nses.

NOTE: The use of a total of exactly 100 m is
necessary for the subsequent blank correction procedures.

8.2.8 Container No. 4 (Inpingers 1 through 3, Misture
Knockout | npi nger, when used, HNGO/ HO, | npingers Contents
and Rinses). Due to the potentially large quantity of
liquid involved, the tester may place the inpinger solutions
frominpingers 1 through 3 in nore than one container, if
necessary. Measure the liquid in the first three inpingers
towthin 0.5 m using a graduated cylinder. Record the

volunme. This information is required to calculate the



1487
nmoi sture content of the sanpled flue gas. C ean each of the
first three inpingers, the filter support, the back half of
the filter housing, and connecting glassware by thoroughly
rinsing with 100 mM of 0.1 N HNO, using the procedure as
applicable in Method 12, Section 8.7.3.

NOTE: The use of exactly 100 ml of 0.1 N HNO, rinse is
necessary for the subsequent blank correction procedures.
Conbi ne the rinses and i npinger solutions, neasure and
record the final total volune. Mark the height of the fluid
| evel, seal the container, and clearly | abel the contents.

8.2.9 Container Nos. 5A (0.1 N HNGO), 5B (KWhWGO/ H,SO,
absorbing solution), and 5C (8 N HCl rinse and dilution).

8.2.9.1 Wien sanpling for Hg, pour all the liquid from
the inmpinger (normally inpinger No. 4) that inmmediately
preceded the two permanganate inpingers into a graduated
cylinder and neasure the volunme to within 0.5 m. This
information is required to cal culate the noi sture content of
the sanpled flue gas. Place the liquid in Container No. 5A
Rinse the inpinger with exactly 100 m of 0.1 N HNO, and
pl ace this rinse in Container No. 5A

8.2.9.2 Pour all the liquid fromthe two pernmanganate
i npingers into a graduated cylinder and neasure the vol une
towwthin 0.5 mM. This infornmation is required to cal cul ate

the noi sture content of the sanpled flue gas. Place this
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acidic KWMhQ, solution into Container No. 5B. Using a total
of exactly 100 m of fresh acidified KVhQ, solution for all
rinses (approximately 33 nml per rinse), rinse the two
per manganat e i npi ngers and connecti ng gl assware a m ni num of
three tinmes. Pour the rinses into Container No. 5B,
carefully assuring transfer of all |oose precipitated
materials fromthe two inpingers. Simlarly, using
100 mM total of water, rinse the pernmanganate inpingers and
connecting glass a mnimumof three tinmes, and pour the
rinses into Container 5B, carefully assuring transfer of any
| oose precipitated material. Mark the height of the fluid

I evel, and clearly | abel the contents. Read the Precaution:

in Section 7.3. 2.

NOTE: Due to the potential reaction of KMIQ, with
acid, pressure buildup can occur in the sanple storage
bottles. Do not fill these bottles conpletely and take
precautions to relieve excess pressure. A No. 70-72 hole
drilled in the container cap and Teflon |iner has been used
successful ly.

8.2.9.3 If no visible deposits remain after the water
rinse, no further rinse is necessary. However, if deposits
remain on the inpinger surfaces, wash themwith 25 nm of 8 N
HC , and place the wash in a separate sanpl e contai ner

| abel ed No. 5C containing 200 m of water. First, place 200
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m of water in the container. Then wash the inpinger walls
and stemw th the HO by turning the inpinger on its side
and rotating it so that the HO contacts all inside
surfaces. Use a total of only 25 m of 8 N HO for rinsing

bot h per nanganat e i npi ngers conbi ned. Ri nse the first

i npi nger, then pour the actual rinse used for the first

i npinger into the second inpinger for its rinse. Finally,
pour the 25 mM of 8 NHO rinse carefully into the
container. Mark the height of the fluid |level on the
outside of the container to determne if | eakage occurs
during transport.

8.2.10 Container No. 6 (Silica CGel). Note the color
of the indicating silica gel to determ ne whether it has
been conpletely spent and make a notation of its condition.
Transfer the silica gel fromits inpinger to its origina
container and seal it. The tester may use a funnel to pour
the silica gel and a rubber policeman to renove the silica
gel fromthe inpinger. The small anmount of particles that
m ght adhere to the inpinger wall need not be renoved. Do
not use water or other liquids to transfer the silica gel
since weight gained in the silica gel inpinger is used for
nmoi sture calculations. Alternatively, if a balance is
available in the field, record the weight of the spent
silica gel (or silica gel plus inpinger) to the nearest

0.5 g.
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8.2.11 Container No. 7 (Acetone Blank). |If
particul ate em ssions are to be determ ned, at |east once
during each field test, place a 100-m portion of the
acetone used in the sanple recovery process into a container
| abel ed No. 7. Seal the container.

8.2.12 Container No. 8A (0.1 N HNO, Blank). At |east
once during each field test, place 300 m of the 0.1 N HNG
solution used in the sanple recovery process into a
cont ai ner | abel ed No. 8A. Seal the container.

8.2.13 Container No. 8B (Water Blank). At |east once
during each field test, place 100 mMl of the water used in
the sanpl e recovery process into a container |abeled No. 8B.
Seal the container.

8.2.14 Container No. 9 (5 Percent HNO)/ 10 Percent HO
Blank). At |east once during each field test, place 200 n
of the 5 Percent HNGO,/ 10 Percent HO, solution used as the
nitric acid inpinger reagent into a container |abeled No. 9.
Seal the container.

8.2.15 Container No. 10 (Acidified KMQ, Bl ank). At
| east once during each field test, place 100 m of the
acidified KMQ, sol ution used as the inpinger solution and
in the sanple recovery process into a container |abeled No.

10. Prepare the container as described in Section 8.2.9.2.
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Read t he Precaution: in Section 7.3.2 and read the NOTE in

Section 8.2.9. 2.

8.2.16 Container No. 11 (8 N HO Blank). At |east
once during each field test, place 200 m of water into a
sanpl e container |abeled No. 11. Then carefully add with
stirring 25 mM of 8 NHO. Mx well and seal the container.

8.2.17 Container No. 12 (Sanple Filter Blank). Once
during each field test, place into a petri dish |abel ed
No. 12 three unused blank filters fromthe same |ot as the
sanpling filters. Seal the petri dish

8.3 Sanple Preparation. Note the level of the liquid
in each of the containers and determne if any sanple was
| ost during shipnent. |[|f a noticeable anount of | eakage has
occurred, either void the sanple or use nethods, subject to
the approval of the Adm nistrator, to correct the final
results. A diagramillustrating sanple preparation and
anal ysis procedures for each of the sanple train conponents
is shown in Figure 29-3.

8.3.1 Container No. 1 (Sanple Filter).

8.3.1.1 If particulate em ssions are being determ ned,
first desiccate the filter and filter catch w thout added
heat (do not heat the filters to speed the drying) and weigh
to a constant weight as described in Section 11.2.1 of

Met hod 5.
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8.3.1.2 Following this procedure, or initially, if
particul ate em ssions are not being determned in addition
to netals analysis, divide the filter with its filter catch
into portions containing approximtely 0.5 g each. Place
the pieces in the analyst's choice of either individual
m crowave pressure relief vessels or Parr Bonbs. Add 6 ni
of concentrated HNO, and 4 ml of concentrated HF to each
vessel. For mcrowave heating, mcrowave the sanples for
approximately 12 to 15 mnutes total heating tine as
follows: heat for 2 to 3 mnutes, then turn off the
m crowave for 2 to 3 mnutes, then heat for 2 to 3 m nutes,
etc., continue this alternation until the 12 to 15 m nutes
total heating time are conpleted (this procedure shoul d
conprise approximately 24 to 30 mnutes at 600 watts).
M crowave heating times are approxi mate and are dependent
upon the nunber of sanples being digested sinultaneously.
Sufficient heating is evidenced by sorbent reflux wthin the
vessel . For conventional heating, heat the Parr Bonbs at
140°C (285°F) for 6 hours. Then cool the sanples to room
tenperature, and conbine with the acid digested probe rinse
as required in Section 8.3.3.

8.3.1.3 If the sanpling train includes an optional
gl ass cyclone in front of the filter, prepare and digest the

cycl one catch by the procedures described in Section 8.3.1.2
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and then conbine the digestate with the digested filter
sanpl e.

8.3.2 Container No. 2 (Acetone Rinse). Note the |evel
of liquid in the container and confirmon the anal ysis sheet
whet her or not | eakage occurred during transport. |If a
noti ceabl e anmount of | eakage has occurred, either void the
sanpl e or use nethods, subject to the approval of the
Adm nistrator, to correct the final results. Measure the
liquid in this container either volunetrically within 1 n
or gravinetrically within 0.5 g. Transfer the contents to
an aci d-cl eaned, tared 250-nm beaker and evaporate to
dryness at anbient tenperature and pressure. |f particul ate
em ssions are being determ ned, desiccate for 24 hours
wi t hout added heat, weigh to a constant weight according to
t he procedures described in Section 11.2.1 of Method 5, and
report the results to the nearest 0.1 ng. Redissolve the
residue with 10 ml of concentrated HNO,, Quantitatively
conbi ne the resultant sanple, including all liquid and any
particulate matter, with Contai ner No. 3 before begi nning
Section 8. 3. 3.

8.3.3 Container No. 3 (Probe Rinse). Verify that the
pH of this sanple is 2 or lower. |If it is not, acidify the
sanple by careful addition with stirring of concentrated
HNO, to pH 2. Use water to rinse the sanple into a beaker

and cover the beaker with a ribbed watch glass. Reduce the
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sanpl e volune to approximately 20 ml by heating on a hot
plate at a tenperature just below boiling. Digest the
sanple in mcrowave vessels or Parr Bonbs by quantitatively
transferring the sanple to the vessel or bonb, carefully
adding the 6 m of concentrated HNO;,, 4 m of concentrated
HF, and then continuing to follow the procedures described
in Section 8.3.1.2. Then conbine the resultant sanple
directly with the acid digested portions of the filter
prepared previously in Section 8.3.1.2. The resultant

conbi ned sanple is referred to as "Sanple Fraction 1".

Filter the conbi ned sanpl e using Wiat man 541 filter paper.
Dilute to 300 mM (or the appropriate volune for the expected
metals concentration) with water. This diluted sanple is

"Anal ytical Fraction 1". Measure and record the vol une of

Anal ytical Fraction 1 to within 0.1 mM. Quantitatively

renmove a 50-m aliquot and | abel as "Analytical Fraction

1B". Label the remaining 250-m portion as "Analytical

Fraction 1A". Analytical Fraction 1A is used for |CAP or

AAS analysis for all desired netals except Hg. Analytical

Fraction 1B is used for the determ nation of front-half Hg.
8.3.4 Container No. 4 (Inpingers 1-3). Measure and

record the total volunme of this sanple to within 0.5 m and

label it "Sanple Fraction 2". Renpove a 75- to 100-m

aliquot for Hg anal ysis and | abel the aliquot "Analytical

Fraction 2B". Label the remaining portion of Container
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No. 4 as "Sanple Fraction 2A". Sanple Fraction 2A defines

the vol une of Anal ytical Fraction 2A prior to digestion.

All of Sanple Fraction 2A is digested to produce "Anal yti cal

Fraction 2A". Analytical Fraction 2A defines the vol une of

Sanpl e Fraction 2A after its digestion and the vol une of
Anal ytical Fraction 2Ais normally 150 ml. Anal ytical
Fraction 2A is analyzed for all netals except Hg. Verify
that the pH of Sanple Fraction 2Ais 2 or lower. |If
necessary, use concentrated HNO, by careful addition and
stirring to | ower Sanple Fraction 2A to pH 2. Use water to
rinse Sanple Fraction 2A into a beaker and then cover the
beaker with a ribbed watchgl ass. Reduce Sanple Fraction 2A
to approximately 20 ml by heating on a hot plate at a
tenperature just below boiling. Then follow either of the
di gesti on procedures described in
Sections 8.3.4.1 or 8.3.4.2.

8.3.4.1 Conventional D gestion Procedure. Add 30 n
of 50 percent HNGO,, and heat for 30 mnutes on a hot plate
to just below boiling. Add 10 ml of 3 percent HO, and heat
for 10 nore mnutes. Add 50 ml of hot water, and heat the
sanple for an additional 20 mnutes. Cool, filter the
sanple, and dilute to 150 m (or the appropriate volunme for
t he expected netals concentrations) with water. This
di lution produces Anal ytical Fraction 2A. Measure and

record the volume to within 0.1 nl.
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8.3.4.2 Mcrowave Digestion Procedure. Add 10 m of
50 percent HNO, and heat for 6 mnutes total heating tinme in
alternations of 1 to 2 mnutes at 600 Watts followed by 1 to
2 mnutes with no power, etc., simlar to the procedure
described in Section 8.3.1. Allowthe sanple to cool. Add
10 M of 3 percent HO and heat for 2 nore mnutes. Add
50 m of hot water, and heat for an additional 5 m nutes.
Cool, filter the sanple, and dilute to 150 m (or the
appropriate volune for the expected netals concentrations)
with water. This dilution produces Analytical Fraction 2A
Measure and record the volunme to within 0.1 m.

NOTE: All mcrowave heating tinmes given are
approxi mate and are dependent upon the nunber of sanples
being digested at a tine. Heating tines as given above have
been found acceptable for sinultaneous digestion of up to 12
i ndi vidual sanples. Sufficient heating is evidenced by
solvent reflux within the vessel

8.3.5 Container No. 5A (Inpinger 4), Container Nos. 5B
and 5C (Inpingers 5 and 6). Keep the sanples in Containers
Nos. 5A, 5B, and 5C separate from each other. Measure and
record the volume of 5A to within 0.5 nml. Label the
contents of Container No. 5A to be Analytical Fraction 3A
To renpbve any brown MO, precipitate fromthe contents of

Container No. 5B, filter its contents through Watman 40
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filter paper into a 500 mM volunetric flask and dilute to
volunme with water. Save the filter for digestion of the
brown MO, precipitate. Label the 500 m filtrate from
Cont ai ner No. 5B to be Analytical Fraction 3B. Analyze
Anal ytical Fraction 3B for Hg within 48 hours of the
filtration step. Place the saved filter, which was used to
remove the brown MO, precipitate, into an appropriately
si zed vented container, which will allow rel ease of any
gases including chlorine formed when the filter is digested.
In a | aboratory hood which will renove any gas produced by
the digestion of the MnO,, add 25 m of 8 NHO to the
filter and allow to digest for a mninmmof 24 hours at room
tenperature. Filter the contents of Container No. 5C
t hrough a Whatman 40 filter into a 500-m volunetric fl ask
Then filter the result of the digestion of the brown MG
from Contai ner No. 5B through a Whatman 40 filter into the
sane 500-m volunetric flask, and dilute and mx well to
volume with water. Discard the Wiatman 40 filter. Mark
this conbined 500-m dilute HCO solution as Anal yti cal
Fraction 3C.

8.3.6 Container No. 6 (Silica Gel). Wigh the spent
silica gel (or silica gel plus inpinger) to the nearest
0.5 g using a bal ance.

9.0 Quality Control.
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9.1 Field Reagent Bl anks, if analyzed. Performthe
di gestion and anal ysis of the blanks in Container Nos. 7
through 12 that were produced in Sections 8.2.11 through
8.2.17, respectively. For Hg field reagent bl anks, use a
10 M aliquot for digestion and anal ysi s.

9.1.1 D gest and anal yze one of the filters from
Cont ai ner No. 12 per Section 8.3.1, 100 m from Cont ai ner
No. 7 per Section 8.3.2, and 100 ml from Contai ner No. 8A
per Section 8.3.3. This step produces bl anks for Anal ytical
Fractions 1A and 1B

9.1.2 Conbine 100 ml of Container No. 8A with 200 m
from Contai ner No. 9, and digest and anal yze the resultant
vol unme per Section 8.3.4. This step produces bl anks for
Anal ytical Fractions 2A and 2B.

9.1.3 Digest and analyze a 100-ml portion of Container
No. 8A to produce a blank for Analytical Fraction 3A

9.1.4 Conbine 100 m from Container No. 10 with 33 ni
from Container No. 8B to produce a blank for Anal ytica
Fraction 3B. Filter the resultant 133 ml as described for
Container No. 5B in Section 8.3.5, except do not dilute the
133 mMl. Analyze this blank for Hg within 48 hr of the
filtration step, and use 400 m as the bl ank vol unme when
cal cul ating the blank mass value. Use the actual vol unes of
t he ot her anal ytical blanks when cal culating their mass

val ues.
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9.1.5 Digest the filter that was used to renove any
brown MO, precipitate fromthe blank for Analytica
Fraction 3B by the sane procedure as described in
Section 8.3.5 for the simlar sanple filter. Filter the
di gestate and the contents of Container No. 11 through
VWhat man 40 paper into a 500-m volunetric flask, and dilute
to volume with water. These steps produce a bl ank for
Anal ytical Fraction 3C.

9.1.6 Analyze the blanks for Analytical Fraction
Bl anks 1A and 2A per Section 11.1.1 and/or Section 11.1.2.
Anal yze the bl anks for Analytical Fractions 1B, 2B, 3A, 3B,
and 3C per Section 11.1.3. Analysis of the blank for
Anal ytical Fraction 1A produces the front-half reagent bl ank
correction values for the desired netals except for Hg;
Anal ysis of the blank for Analytical Fraction 1B produces
the front-half reagent blank correction value for Hg.
Anal ysis of the blank for Analytical Fraction 2A produces
t he back-half reagent blank correction values for all of the
desired netal s except for Hg, while separate anal yses of the
bl anks for Anal ytical Fractions 2B, 3A, 3B, and 3C produce
t he back-half reagent blank correction value for Hg.

9.2 Quality Control Sanples. Analyze the follow ng
quality control sanples.

9.2.1 I1CAP and I CP-M5 Analysis. Follow the respective

quality control descriptions in Section 8 of Methods 6010
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and 6020 in EPA Publication SW846 Third Edition (Novenber
1986) including updates I, 11, I1A 1IBand IlIl, as
i ncorporated by reference in 860.17(i). For the purposes of
a source test that consists of three sanple runs, nodify
those requirenents to include the follow ng: two instrunment
check standard runs, two calibration blank runs, one
interference check sanple at the begi nning of the analysis
(anal yze by Method of Standard Additions unless within 25
percent), one quality control sanple to check the accuracy
of the calibration standards (required to be within 25
percent of calibration), and one duplicate anal ysis
(required to be within 20 percent of average or repeat al
anal yses).

9.2.2 Direct Aspiration AAS and/or GFAAS Anal ysis for
Sh, As, Ba, Be, Cd, Cu, Cr, Co, Pb, Ni, M1, Hg, P, Se, Ag,
TI, and Zn. Analyze all sanples in duplicate. Performa
matri x spi ke on at |east one front-half sanple and one back-
hal f sanple, or one conbined sanple. |[If recoveries of |ess
than 75 percent or greater than 125 percent are obtained for
the matri x spi ke, analyze each sanple by the Method of
Standard Additions. Analyze a quality control sanple to
check the accuracy of the calibration standards. |f the
results are not within 20 percent, repeat the calibration.

9.2.3 CVAAS Analysis for Hg. Analyze all sanples in

duplicate. Analyze a quality control sanple to check the
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accuracy of the calibration standards (if not wthin 15
percent, repeat calibration). Performa matrix spi ke on one
sanple (if not wthin 25 percent, analyze all sanples by the
Met hod of Standard Additions). Additional information on
quality control can be obtained from Method 7470 in EPA
Publ i cation SW846 Third Edition (Novenber 1986) incl uding
updates I, Il, IIA IIBand IIl, as incorporated by

reference in 860.17(i),or in Standard Methods for Water and

Wast ewat er Met hod 303F.

10.0 Calibration and Standardization.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Sampling Train Calibration. Calibrate the
sanpling train conponents according to the indicated
sections of Method 5: Probe Nozzle (Section 10.1); Pitot
Tube (Section 10.2); Metering System (Section 10.3); Probe
Heater (Section 10.4); Tenperature Sensors (Section 10.5);
Leak- Check of the Metering System (Section 8.4.1); and
Baronmeter (Section 10.6).

10.2 Inductively Coupled Argon Pl asnma Spectroneter
Calibration. Prepare standards as outlined in Section 7.5.
Profile and calibrate the instrunent according to the
manuf acturer's recomended procedures using those standards.
Check the calibration once per hour. |If the instrunent does

not reproduce the standard concentrations within 10 percent,
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performthe conplete calibration procedures. Perform| CP-NM5
anal ysis by follow ng Method 6020 in EPA Publication SW846
Third Edition (Novenber 1986) including updates I, 1, IIA
1B and Il1, as incorporated by reference in 860.17(i).

10.3 Atom c Absorption Spectroneter - Direct
Aspi rati on AAS, GFAAS, and CVAAS anal yses. Prepare the
standards as outlined in Section 7.5 and use themto
calibrate the spectroneter. Calibration procedures are al so
outlined in the EPA nethods referred to in Table 29-2 and in
Met hod 7470 in EPA Publication SW846 Third Edition
(Novenber 1986) including updates I, I, I1A [IB and Il
as incorporated by reference in 860.17(i), or in Standard

Met hods for Water and Wastewater Method 303F (for Hg). Run

each standard curve in duplicate and use the nean values to
calculate the calibration line. Recalibrate the instrunent
approxi mately once every 10 to 12 sanpl es.

11.0 Analytical Procedure.

11.1 Sanmple Analysis. For each sanpling train sanple
run, seven individual analytical sanples are generated; two
for all desired nmetals except Hg, and five for Hg. A
schematic identifying each sanple container and the
prescribed anal ytical preparation and anal ysis schene is
shown in Figure 29-3. The first two anal ytical sanples,

| abel ed Anal ytical Fractions 1A and 1B, consist of the
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di gested sanples fromthe front-half of the train
Anal ytical Fraction 1A is for |ICAP, ICP-M5 or AAS anal ysis
as described in Sections 11.1.1 and 11.1.2, respectively.
Anal ytical Fraction 1B is for front-half Hg anal ysis as
described in Section 11.1.3. The contents of the back-half
of the train are used to prepare the third through seventh
anal ytical sanples. The third and fourth anal yti cal
sanpl es, | abel ed Anal ytical Fractions 2A and 2B, contain the
sanples fromthe noisture renoval inpinger No. 1, if used,
and HNGO,/ H,O, i npingers Nos. 2 and 3. Analytical Fraction 2A
is for ICAP, ICP-MS or AAS analysis for target netals,
except Hg. Analytical Fraction 2B is for analysis for Hg.
The fifth through seventh anal ytical sanples, |abeled
Anal ytical Fractions 3A, 3B, and 3C, consist of the inpinger
contents and rinses fromthe enpty inpinger No. 4 and the
H,SO,/ KMO, | npi ngers Nos. 5 and 6. These anal ytical sanples
are for analysis for Hg as described in Section 11.1.3. The
total back-half Hg catch is determ ned fromthe sum of
Anal ytical Fractions 2B, 3A, 3B, and 3C. Analytical
Fractions 1A and 2A can be conbi ned proportionally prior to
anal ysi s.

11.1.1 1 CAP and I CP-MS Analysis. Analyze Anal ytical
Fractions 1A and 2A by | CAP using Method 6010 or Met hod
200.7 (40 CFR 136, Appendix C). Calibrate the |ICAP, and set

up an anal ysis program as described in Method 6010 or Met hod



1504

200.7. Follow the quality control procedures described in
Section 9.2.1. Recommended wavel engths for analysis are as
shown in Table 29-2. These wavel engt hs represent the best
conbi nation of specificity and potential detection l[imt.
O her wavel engths may be substituted if they can provide the
needed specificity and detection limt, and are treated with
the sane corrective techniques for spectral interference.
Initially, analyze all sanples for the target netals (except
Hg) plus Fe and AI. If Fe and Al are present, the sanple
m ght have to be diluted so that each of these elenents is
at a concentration of less than 50 ppmso as to reduce their
spectral interferences on As, Cd, C, and Pb. Perform
| CP- M5 anal ysis by following Method 6020 i n EPA Publication
SW 846 Third Edition (Novenber 1986) including updates |
1, I'l'A 11IBand Ill, as incorporated by reference in
860. 17(i).

NOTE: Wen anal yzing sanples in a HF matrix, an
alum na torch should be used; since all front-half sanples
will contain HF, use an alumna torch

11.1.2 AAS by Direct Aspiration and/ or GFAAS. |If
analysis of netals in Analytical Fractions 1A and 2A by
usi ng GFAAS or direct aspiration AAS is needed, use Table
29-3 to determ ne which techniques and procedures to apply

for each target netal. Use Table 29-3, if necessary, to
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determ ne techniques for mnimzation of interferences.
Calibrate the instrunment according to Section 10.3 and
follow the quality control procedures specified in
Section 9. 2. 2.

11.1.3 CVAAS Hg anal ysis. Analyze Anal ytical
Fractions 1B, 2B, 3A, 3B, and 3C separately for Hg using
CVAAS follow ng the nethod outlined in Method 7470 in EPA
Publ i cation SW846 Third Edition (Novenber 1986) incl uding
updates I, IIl, IIA IIBand IIl, as incorporated by

reference in 860.17(i), or in Standard Methods for Water and

Wast ewat er Anal ysis, 15th Edition, Method 303F, or,

optionally using NOTE No. 2 at the end of this section. Set

up the calibration curve (zero to 1000 ng) as described in
Met hod 7470 or simlar to Method 303F using 300-mi BOD
bottles instead of Erlenmeyers. Performthe follow ng for
each Hg analysis. From each original sanple, select and
record an aliquot in the size range from1 m to 10 m. |If
no prior know edge of the expected anmpbunt of Hg in the
sanple exists, a 5 m aliquot is suggested for the first

dilution to 100 mM (see NOTE No. 1 at end of this section).

The total amount of Hg in the aliquot shall be less than 1
pmg and within the range (zero to 1000 ng) of the calibration
curve. Place the sanple aliquot into a separate 300-nmi BOD

bottle, and add enough water to make a total volune of 100
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m. Next add to it sequentially the sanple digestion
solutions and performthe sanple preparation described in
the procedures of Method 7470 or Method 303F. (See NOTE No.
2 at the end of this section). If the maxi mumreadi ngs are
of f-scal e (because Hg in the aliquot exceeded the
calibration range; including the situation where only a 1-n
al i quot of the original sanple was digested), then dilute
the original sanple (or a portion of it) with 0.15 percent
HNO, (1.5 ml concentrated HNO, per liter aqueous sol ution)
so that when a 1- to 10-m aliquot of the "0.15 HNO, percent
dilution of the original sanple" is digested and anal yzed by
t he procedures descri bed above, it will yield an anal ysis
wi thin the range of the calibration curve.

NOTE No. 1: Wien Hg levels in the sanple fractions are
bel ow the in-stack detection [imt given in Table 29-1,
select a 10 m aliquot for digestion and anal ysis as
descri bed.

NOTE No. 2: Optionally, Hg can be anal yzed by using
t he CVAAS anal ytical procedures given by sone instrunent
manufacturer's directions. These include calibration and
quality control procedures for the Leeman Mbddel PS200, the
Perkin El mer FIAS systens, and simlar nodels, if avail able,
of other instrunment manufacturers. For digestion and

anal yses by these instrunents, performthe follow ng two
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steps: (1), Digest the sanple aliquot through the addition
of the aqueous hydroxyl am ne hydrochl ori de/ sodi um chl ori de
solution the sanme as described in this section: (The

Leenan, Perkin Elner, and simlar instrunents described in

this note add automatically the necessary stannous chloride

solution during the automated analysis of Hg.); (2), Upon

conpl etion of the digestion described in (1), analyze the
sanpl e according to the instrunment manufacturer's
directions. This approach allows nultiple (including
duplicate) automated anal yses of a digested sanple aliquot.
12.0 Data Analysis and Calculations.

12.1 Nonencl at ur e.

A = Analytical detection |limt, pug/m.

B = Liquid volune of digested sanple prior to
aliquotting for analysis, m.

C = Stack sanple gas vol unme, dsnt.

Ca = Concentration of nmetal in Analytical
Fraction 1A as read fromthe standard
curve, pg/m.

Co = Concentration of nmetal in Analytical
Fraction 2A as read fromthe standard
curve, (pg/m).

C = Concentration of a netal in the stack gas

nmg/ dscm
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| n-stack detection limt, pug/nt.
Aliquot factor, volunme of Sanple Fraction 2
di vi ded by volunme of Sanple Fraction 2A
(see Section 8.3.4.)
Dilution factor (Fy; = the inverse of the
fractional portion of the concentrated
sanple in the solution actually used in the
instrunment to produce the reading C,. For
exanple, if a 2 m aliquot of Analytical
Fraction 1A is diluted to 10 Ml to place it
in the calibration range, F; = 5).
Total mass of Hg collected in the back-half
of the sanpling train, pug.
Total mass of Hg collected in Sanple
Fraction 2, pug.
Total mass of Hg collected separately in
Fraction 3A, 3B, or 3C, pug.
Bl ank correction value for mass of Hg
detected in back-half field reagent
bl anks, ug.
Total mass of Hg collected in the front-
hal f of the sanpling train (Sanple

Fraction 1), pg.
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Bl ank correction value for mass of Hg
detected in front-half field reagent
bl ank, pg.
Total mass of Hg collected in the sanpling
train, pg.
Total mass of each netal (except Hg)
collected in the back-half of the sanpling
train (Sanple Fraction 2), ug.
Bl ank correction value for nmass of netal
detected in back-half field reagent blank,
Hg.
Total mass of each netal (except Hg)
collected in the front half of the
sanpling train (Sanple Fraction 1), ug.
Bl ank correction value for nmass of netal
detected in front-half field reagent
bl ank, pg.
Total mass of each netal (separately
stated for each netal) collected in the
sanpling train, pg.
Total mass of that netal collected in the
sanpling train, pg; (substitute Hg, for M
for the Hg cal cul ation).
Quantity of Hg, pg, TOTAL in the ALI QUOT

of Anal ytical Fraction 2B selected for
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di gestion and analysis . NOTE: For
exanple, if a 10 m aliquot of Analytical
Fraction 2B is taken and di gested and
anal yzed (according to Section 11.1.3 and
its NOTES Nos. 1 and 2), then calcul ate
and use the total anmpbunt of Hg in the 10
m aliquot for Q..

Quantity of Hg, pg, TOTAL, separately, in

the ALI QUOT of Analvytical Fraction 3A, 3B,

or 3C selected for digestion and anal ysis

(see NOTES in Sections 12.7.1 and 12.7.2
describing the quantity "Q' and cal cul ate
simlarly).

Quantity of Hg, pg, TOTAL in the ALI QUOT

of Anal yvtical Fraction 1B selected for

di gesti on and anal ysis . NOTE: For

exanple, if a 10 m aliquot of Analytical
Fraction 1B is taken and di gested and
anal yzed (according to Section 11.1.3 and
its NOTES Nos. 1 and 2), then calcul ate
and use the total anmpbunt of Hg in the 10
m aliquot for Q..

Total volunme of digested sanple solution

(Anal ytical Fraction 2A), m (see
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Section 8.3.4.1 or 8.3.4.2, as
appl i cabl e).
Vol une of aliquot of Analytical Fraction
1B anal yzed, ml. NOTE: For exanple, if a
1 m aliquot of Analytical Fraction 1B was
diluted to 50 M with 0.15 percent HNO, as
described in Section 11.1.3 to bring it
into the proper analytical range, and then
1 mM of that 50-m was digested accordi ng
to Section 11.1.3 and anal yzed, V;;; would
be 0.02 m .
Vol une of Anal ytical Fraction 2B anal yzed,
m . NOTE: For exanple, if 1 m of
Anal ytical Fraction 2B was diluted to 10
m with 0.15 percent HNO, as described in
Section 11.1.3 to bring it into the proper
anal ytical range, and then 5 m of that 10
m was anal yzed, V;,; would be 0.5 nl.
Vol une, separately, of Analytical Fraction
3A, 3B, or 3C analyzed, nml (see previous
notes in Sections 12.7.1 and 12.7. 2,
describing the quantity "V' and cal cul ate

simlarly).
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Vista) = Vol unme of gas sanple as neasured by the
dry gas neter, corrected to dry standard
condi tions, dscm
Vsoin, 1 = Total volune of digested sanple solution

(Anal ytical Fraction 1), m.

Vol n, 1 = Total volunme of Analytical Fraction 1, nl.
Vol n, 2 = Total volunme of Sanple Fraction 2, m.
Vsoin 3(as o=  Total volune, separately, of Analytica

Fraction 3A, 3B, or 3C, m.

Ky = 10 ny/ pg.

12.2 Dry Gas Volune. Using the data fromthis test,
cal cul ate Vysq, the dry gas sanple volune at standard
conditions as outlined in Section 12.3 of Method 5.

12.3 Vol unme of Water Vapor and Moisture Content.
Using the total volune of condensate collected during the
source sanpling, calculate the volume of water vapor Vg
and the noisture content B, of the stack gas. Use
Equations 5-2 and 5-3 of Method 5.

12.4 Stack Gas Velocity. Using the data fromthis
test and Equation 2-9 of Method 2, cal cul ate the average
stack gas velocity.

12.5 In-Stack Detection Limts. Calculate the in-
stack nmethod detection limts shown in Table 29-4 using the

conditions described in Section 13.3.1 as foll ows:
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Ax?B::D Eq. 29-1

12.6 Metals (Except Hg) in Source Sanple.

12.6.1 Analytical Fraction 1A, Front-Half, Mtals
(except Hg). Calculate separately the anount of each netal
collected in Sanple Fraction 1 of the sanpling train using

the foll om ng equati on:

I\/1lh:Cal|:d\/soIn,l Eq- 29-2

NOTE: If Analytical Fractions 1A and 2A are conbi ned,
use proportional aliquots. Then nmake appropriate changes in
Equations 29-2 through 29-4 to reflect this approach.

12.6.2 Analytical Fraction 2A, Back-Half, Metals
(except Hg). Calculate separately the anount of each netal
collected in Fraction 2 of the sanpling train using the

foll ow ng equati on:
N!t)h :Caz I:aVa Eq - 29-3
12.6.3 Total Train, Metals (except Hg). Calculate the

total amount of each of the quantified nmetals collected in

the sanpling train as foll ows:

M =(MyMp) (M, ~Myp) Eq. 29-4
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NOTE: |If the neasured bl ank value for the front half
(Mpp) is inthe range 0.0 to "A" pg [where "A" pg equal s the
val ue deternmined by multiplying 1.4 pg/in.? tinmes the actual
area inin.? of the sanple filter], use M, to correct the
em ssion sanple value (My); if M,, exceeds "A" ug, use the
greater of | or I1I:

. "A" ug.

1. the lesser of (a) My, or (b) 5 percent of M,.
| f the nmeasured bl ank value for the back-half (M, is in
the range 0.0 to 1 pg, use M,, to correct the em ssion
sanple value (My); Iif M, exceeds 1 pug, use the greater of I
or |1I:

l. 1 pug.

1. the lesser of (a) My, or (b) 5 percent of M.

12.7 Hg in Source Sanpl e.

12.7.1 Analytical Fraction 1B; Front-Half Hg.
Cal cul ate the amobunt of Hg collected in the front-half,
Sanple Fraction 1, of the sanpling train by using Equation
29-5:

Qn

Vf 1B

Hgfh - (Vsol n,l) Eq- 29-5

12.7.2 Analytical Fractions 2B, 3A, 3B, and 3C, Back

Hal f Hg.
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12.7.2.1 Calculate the amount of Hg collected in

Sanpl e Fraction 2 by using Equation 29-6:

_ Qe

Hgbhz -
Vf 2B

( Vsol n, 2) Eq. 29-6

12.7.2.2 Calculate each of the back-half Hg val ues for

Anal ytical Fractions 3A, 3B, and 3C by using Equation 29-7:

Qnacas o
Hgth(A, BO Ty (Vsoln,S(A, B,C,)) Eq. 29-7
f3(A B, Q)

12.7.2.3 Calculate the total anmpbunt of Hg collected in

t he back-half of the sanpling train by using Equation 29-8:

FOun = F0pno *FOpnaa * Fpnss * Mpnac Eq. 29-8

12.7.3 Total Train Hg Catch. Calculate the total
anmount of Hg collected in the sanpling train by using
Equation 29-9:

Hg, =(Hg;, -Hap,,) +(HI,, —Ha,,) Eq. 29-9

NOTE: |If the total of the neasured bl ank val ues (Hg:p,
+ Hgpw) 1S iNn the range of 0.0 to 0.6 pg, then use the total
to correct the sanple value (Hg;, + Hg,,); iIf it exceeds 0.6
Mg, use the greater of |I. or I1I:

l. 0.6 pg.
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I1. the lesser of (a) (HYin, + HIpw)» Or (b) 5 percent
of the sanple value (Hg;, + Hgy) .
12.8 Individual Metal Concentrations in Stack Gas.
Cal cul ate the concentration of each netal in the stack gas
(dry basis, adjusted to standard conditions) by using

Equati on 29-10:

K
C = — M Eq. 29-10
Vv
n(std)

12.9 |Isokinetic Variation and Acceptable Results.

Sanme as Method 5, Sections 12.11 and 12. 12, respectively.
13.0 Method Performance.

13.1 Range. For the analysis described and for
simlar analyses, the | CAP response is |inear over several
orders of nmagnitude. Sanples containing netal
concentrations in the nanograns per m (ng/m) to m crograns
per M (pg/mM) range in the final analytical solution can be
anal yzed using this nmethod. Sanples containing greater than
approximately 50 pg/m As, Cr, or Pb should be diluted to
that level or lower for final analysis. Sanples containing
greater than approximately 20 pg/m of Cd should be diluted
to that | evel before analysis.

13.2 Analytical Detection Limts.
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NOTE: See Section 13.3 for the description of in-stack

detection limts.

13.2.1 |1 CAP analytical detection limts for the sanple
solutions (based on SW846, Method 6010) are approxi mately
as follows: Sb (32 ng/m), As (53 ng/m), Ba (2 ng/nm),

Be (0.3 ng/m), Cd (4 ng/mM), C (7 ng/m), Co (7 ng/m),

Cu (6 ng/m), Pb (42 ng/m), M (2 ng/m), N (15 ng/m),

P (75 ng/mM), Se (75 ng/m), Ag (7 ng/m), Tl (40 ng/m),
and Zn (2 ng/m). [1CP-Ms analytical detection |[imts (based
on SW846, Method 6020) are |ower generally by a factor of
ten or nore. Be is lower by a factor of three. The actual
sanpl e anal ytical detection limts are sanple dependent and
may vary due to the sanple matrix.

13.2.2 The analytical detection |imts for analysis by
direct aspiration AAS (based on SW 846, Method 7000 series)
are approximately as follow Sb (200 ng/m), As (2 ng/nm),
Ba (100 ng/m), Be (5 ng/mM), Cd (5 ng/m), C (50 ng/m),
Co (50 ng/m), Cu (20 ng/m), Pb (100 ng/m), M (10 ng/m),
Ni (40 ng/m), Se (2 ng/m), Ag (10 ng/m), TI (100 ng/m),
and Zn (5 ng/m).

13.2.3 The detection limt for Hg by CVAAS (on the
resul tant volunme of the digestion of the aliquots taken for
Hg anal yses) can be approximately 0.02 to 0.2 ng/m ,

dependi ng upon the type of CVAAS anal ytical instrunent used.
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13.2.4 The use of GFAAS can enhance the detection
limts conpared to direct aspiration AAS as follows: Sb (3
ng/m), As (1 ng/m), Be (0.2 ng/m), Cd (0.1 ng/m), C (1
ng/m), Co (1 ng/m), Pbo (1 ng/m), Se (2 ng/m), and Tl (1
ng/m).

13.3 In-stack Detection Limts.

13.3.1 For test planning purposes in-stack detection
l[imts can be devel oped by using the follow ng information:
(1) the procedures described in this nmethod, (2) the
anal ytical detection limts described in Section 13.2 and in
SW 846, (3) the normal volunes of 300 ml (Analytical Fraction
1) for the front-half and 150 m (Analytical Fraction 2A)
for the back-half sanples, and (4) a stack gas sanpl e vol une
of 1.25 n¥. The resultant in-stack method detection limts
for the above set of conditions are presented in Table 29-1
and were cal cul ated by using Eq. 29-1 shown in Section 12.5.

13.3.2 To ensure optinmum precision/resolution in the
anal yses, the target concentrations of netals in the
anal ytical solutions should be at least ten tinmes their
respective analytical detection limts. Under certain
conditions, and with greater care in the anal yti cal
procedure, these concentrations can be as |ow as
approximately three tines the respective anal ytical
detection limts without seriously inpairing the precision

of the analyses. On at |east one sanple run in the source
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test, and for each netal analyzed, performeither repetitive
anal yses, Method of Standard Additions, serial dilution, or
matri x spi ke addition, etc., to docunent the quality of the
dat a.

13.3.3 Actual in-stack nethod detection [imts are
based on actual source sanpling paraneters and anal ytica
results as described above. |If required, the nethod in-
stack detection [imts can be inproved over those shown in
Tabl e 29-1 for a specific test by either increasing the
sanpl ed stack gas vol une, reducing the total volune of the
di gested sanples, inproving the analytical detection limts,
or any conbination of the three. For extrenely |low |evels
of Hyg only, the aliquot size selected for digestion and
anal ysis can be increased to as nmuch as 10 m, thus
inproving the in-stack detection [imt by a factor of ten
conpared to a 1 nml aliquot size.

13.3.3.1 A nomnal one hour sanpling run will collect
a stack gas sanpling volune of about 1.25 n?. |If the
sanpling tine is increased to four hours and 5 n? are
collected, the in-stack nethod detection limts would be
i nproved by a factor of four conpared to the values shown in
Tabl e 29-1.

13.3.3.2 The in-stack detection |imts assune that al
of the sanple is digested and the final |iquid volunes for

anal ysis are the normal values of 300 m for Analytical
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Fraction 1, and 150 ml for Analytical Fraction 2A. If the
vol une of Analytical Fraction 1 is reduced from300 to
30 M, the in-stack detection limts for that fraction of
the sanple would be inproved by a factor of ten. |If the
vol unme of Analytical Fraction 2A is reduced from 150 to 25
m, the in-stack detection |imts for that fraction of the
sanpl e woul d be inproved by a factor of six. Matrix effect
checks are necessary on sanple anal yses and typically are of
much greater significance for sanples that have been
concentrated to |l ess than the normal original sanple vol une.
Reduction of Analytical Fractions 1 and 2A to vol unes of
| ess than 30 and 25 m, respectively, could interfere with
t he redi ssolving of the residue and coul d increase
interference by other conpounds to an intolerable |evel.

13.3.3.3 Wien both of the nodifications described in
Sections 13.3.3.1 and 13.3.3.2 are used simultaneously on
one sanple, the resultant inprovenents are nultiplicative.
For exanple, an increase in stack gas volune by a factor of
four and a reduction in the total Iiquid sanple digested
vol une of both Analytical Fractions 1 and 2A by a factor of
six would result in an inprovenent by a factor of twenty-
four of the in-stack nethod detection limt.

13.4 Precision. The precision (relative standard

deviation) for each netal detected in a nethod devel opnent
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test perforned at a sewage sludge incinerator were found to
be as foll ows:
Sb (12.7 percent), As (13.5 percent), Ba (20.6 percent),
Cd (11.5 percent), C (11.2 percent), Cu (11.5 percent),
Pob (11.6 percent), P (14.6 percent), Se (15.3 percent),
Tl (12.3 percent), and Zn (11.8 percent). The precision for
Ni was 7.7 percent for another test conducted at a source
simulator. Be, M1, and Ag were not detected in the tests.
However, based on the analytical detection limts of the
| CAP for these netals, their precisions could be simlar to
those for the other netals when detected at simlar |evels.
14_.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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TABLE 29-1. IN-STACK METHOD DETECTION LIMITS (ug/m?)
FOR THE FRONT-HALF, THE BACK-HALF, AND THE

TOTAL SAMPLING TRAIN USING

ICAP, GFAAS, AND CVAAS.

Met al Front - hal f: Back- hal f: Back-hal f: | Total Train:
Pr obe and | mpi ngers | mpi ngers
Filter 1-3 4- 62
Ant i nony 17.7 (0.7) 13.8 (0. 4) 111.5 (1.1)
Arsenic 112.7 (0.3) |'6.4 (0.1) 119.1 (0.4)
Bari um 0.5 0.3 0.8
Beryllium |0.07 10.04 (0.03) 0. 11 (0.08)
(0. 05)
Cadmi um 1.0 (0.02) ['0.5 (0.01) 1.5 (0.03)
Chr om um 11.7 (0.2) 0.8 (0.1) 12.5 (0.3)
Cobal t 11.7 (0.2) 0.8 (0.1) 12.5 (0.3)
Copper 1.4 0.7 2.1
Lead 110.1 (0.2) |%5.0 (0.1) 115.1 (0.3)
Manganese 10.5 (0.2) 10.2 (0.1) 10.7 (0.3)
Mer cury 20. 06 20. 3 20.2 20. 56
Ni ckel 3.6 1.8 5.4
Phosphorus | 18 9 27
Sel eni um 118 (0.5) 19 (0.3) 127 (0.8)
Silver 1.7 0.9 (0.7) 2.6
Thal i um 9.6 (0.2) 4.8 (0.1) 114. 4 (0.3)
Zi nc 0.5 0.3 0.8

aMercury analysis only.
Detection limt when anal yzed by | CAP or GFAAS as shown in
parent heses (see Section 11.1.2).
Detection limt when anal yzed by CVAAS, estimated for Back-

hal f and Tot al
Not e: Act ual
t hese val ues,

Tr ai n.

See Sections 13.2 and 11.1.3.

met hod in-stack detection limts may vary from
as described in Section 13. 3. 3.
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RECOMMENDED WAVELENGTHS FOR ICAP ANALYSIS

Anal yt e

Wavel engt h

(nm

Al um num (Al)
Ant i nony ( Sh)
Arseni c (As)
Bari um ( Ba)
Beryl l'ium (Be)
Cadm um ( Cd)
Chrom um (Cr)
Cobal t (Co)
Copper (Cu)

I ron (Fe)

Lead (Pb)
Manganese (M)
Ni ckel (N)
Phosphorus (P)
Sel eni um ( Se)
Silver (AQ)
Thal l'ium (TI)
Zinc (Zn)

308.
206.
193.
455.
313.
226.
267.
228.
328.
259.
220.
257.
231.
214.
196.
328.
190.
213.

215
833
696
403
042
502
716
616
754
940
353
610
604
914
026
068
864
856




TABLE 29-3.

APPLICABLE TECHNIQUES, METHODS AND MINIMIZATION OF INTERFERENCES FOR AAS ANALYSIS.

I nterferences

Met al Techni que SW 8461 Wavel engt h o )
Met hod No. (nm) Cause M ni m zati on
Fe Aspiration 7380 248. 3 Cont am nati on Great care taken to avoid
cont ami nati on
Pb Aspiration 7420 283.3 217.0 nmalternate Background correction required
Pb Fur nace 7421 283.3 Poor recoveries Matrix nodifier, add 10 pl of
phosphorus acid to 1 m of prepared
sanmple in sanmpler cup
vh Aspiration 7460 279.5 403.1 nm al ternate Background correction required
Ni Aspiration 7520 232.0 352.4 nmalternate Background correction required
Fe, Co, and O Matri x matching or nitrous-
oxi de/ acetyl ene fl ane
Nonl i near response Sanmple dilution or use 352.3 nmline
Se Fur nace 7740 196.0 Vol atility Spi ke sanples and reference materials
and add nickel nitrate to mnimze
Adsorption & scatter vol atilization
Background correction is required and
Zeeman background correction can be
usef ul
Ag Aspiration 7760 328.1 Adsorption & scatter Background correction is required
Agd insol uble Avoi d hydrochloric acid unless silver
is in solution as a chloride conpl ex
Sanpl e and standards nonitored for
aspiration rate
Tl Aspiration 7840 276.8 Background correction is required
Hydrochl oric acid should not be used
Tl Fur nace 7841 276. 8 Hydrochl oric acid or Background correction is required
chl ori de Verify that |osses are not occurring
for volatilization by spiked sanpl es
or standard addition; Palladiumis a
suitable matrix nodifier
Zn Aspiration 7950 213.9 Hgh Si, Cu, &P Strontiumrenoves Cu and phosphate

Cont am nati on

Great care taken to avoid
cont am nati on




TABLE 29-3. Continued.
I nterferences
Met al Techni que SW 8461 Wavel engt h o )
Met hod No. (nm) Cause M ni m zati on
Sb Aspiration 7040 217.6 1000 ng/ M Pb, Use secondary wavel ength of 231.1 nm match
Ni, Cu, or sanpl e & standards acid concentration or
acid use nitrous oxide/ acetyl ene flane
Sb Fur nace 7041 217.6 H gh Pb Secondary wavel ength or Zeeman correction
As Fur nace 7060 193.7 Arsenic Spi ke sanpl es and add nickel nitrate
Vol atilization solution to digestates prior to analysis
Al um num Use Zeenman background correction
Ba Aspiration 7080 553. 6 Cal ci um H gh hol | ow cat hode current and narrow band
set
Bari um 2 mM of KO per 100 mM of sanple
I oni zati on
Be Aspiration 7090 234.9 500 ppm Al Add 0. 1% fl uori de
H gh My and Si
Be Fur nace 7091 234.9 Be in optical Optim ze paranmeters to mnimze effects
pat h
Cd Aspiration 7130 228.8 Absor ption and Background correction is required
['i ght
scattering
Cd Fur nace 7131 228.8 As above As above
Excess Ammoni um phosphat e used as a matrix
Chl ori de nodi fier
Pi pet Tips Use cadm umfree tips
Cr Aspiration 7190 357.9 Al kal i rnet al KA ionization suppressant in sanples and
standards-- Consult nfgs' literature
Co Fur nace 7201 240.7 Excess Use Method of Standard Additions
chl oride
Cr Fur nace 7191 357.9 200 ng/L Ca Al calciumnitrate for a known const ant
and P effect and to elimnate effect of phosphate
Cu Aspiration 7210 324.7 Absor ption and Consul t manuf acturer's manua

Scatter
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!Refer to EPA publication SW846 (Reference 2 in Section 16.0).
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Figure 29-1.



1528

* Number in parentheses indicated container number

. Front Half of stimpinger 2nd&3d
Probe Liner : " Fitter support & aK
Fiter Fitter (empty at impingers
and Nozze . back}ﬂs of fiter begiing of (HNOBRROD)
g test)
Rinse with Brush with Careful Rinse three Measure Measure
nse nonmetalic remove times with impinger impinger
brush & from support 0INHNO3 contents
finse with with
acetone Teflon-coated
tweezers &
place in
Brush liner dishpem Empty the Emply the
with contents into contents into
nonmetalic container container
brush &
il Bsh oce
particul - -
Rinse three Rinse three
onto fter mes wih tmeswih
0INHNO3 0INHNO3
Check finer
to see if Seal peti
particulate dish with
removed; if tape
not,
Step
f
Rinse three Rinse three
times with times with
0INHNO3 0INHNO3
FH AR F BH
@r @ @ @

Figure 29-2a.

Sample Recovery Scheme.
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4th impinger
(empty) & 5th &
6th impingers
(acidified KMnO4)

Measure
impinger
contents

Last
impinger

Weigh for
moisture

Discard

Empty the ~ Empty the
impinger No. 4 impingers Nos.
contents into 5 & 6 contents
container into container
Rinse with Rinse three times
100 ml 0.1N with
HNO3 permanganate
reagent, then with
water
|
Remove any
residue with
25 ml 8N HCI
solution
0.1 N HNO3 KMnO4 8N HC
(5A) (5B) (5C)

Figure 29-2b. Sample Recovery Scheme.
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Sample Preparation and Analysis Scheme.

Figure 29-3.
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