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METHOD S5F - DETERMINATION OF NONSULFATE PARTICULATE MATTER
EMISSIONS FROM STATIONARY SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nmethod should have a
t hor ough knowl edge of at | east the follow ng additional test
met hods: Method 1, Method 2, Method 3, and Met hod 5.

1.0 Scope and Applications.

1.1 Analyte. Nonsulfate particulate matter (PM. No
CAS nunber assi gned.

1.2 Applicability. This nethod is applicable for the
determ nation of nonsulfate PM em ssions from stationary
sources. Use of this method nust be specified by an
appl i cabl e subpart of the standards, or approved by the
Adm ni strator for a particular application.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

Particulate matter is withdrawn isokinetically from

t he source and collected on a filter maintained at a

tenperature in the range 160 £ 14 °C (320 £ 25 °F). The
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collected sanple is extracted with water. A portion of the
extract is analyzed for sulfate content by ion
chromat ography. The remainder is neutralized with anmoni um
hydr oxi de (NH,OH), dried, and wei ghed. The wei ght of
sulfate in the sanple is cal culated as anmoni um sul fate
[ (NH,) ,SO,], and is subtracted fromthe total particulate
weight; the result is reported as nonsul fate particul ate
matter.
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
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.

6.0 Equipment and Supplies.

6.1 Sanple Collection and Recovery. Sane as Mt hod
5, Sections 6.1 and 6.2, respectively.

6.2 Sanple Analysis. Sane as Method 5, Section 6.3,

with the addition of the follow ng:
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6.2.1 Erlennmeyer Flasks. 125-m, with ground gl ass
joints.

6.2.2 Air Condenser. Wth ground glass joint
conpatible with the Erl enneyer fl asks.

6.2.3 Beakers. 600-m .

6.2.4 Volunmetric Flasks. 1-liter, 500-m (one for
each sanple), 200-m, and 50-m (one for each sanple and
standard) .

6.2.5 Pipet. 5-m (one for each sanple and
standard) .

6.2.6 lon Chromatograph. The ion chromatograph
shoul d have at |east the foll owi ng conponents.

6.2.6.1 Colums. An anion separation colum or other
columm capabl e of resolving the sulfate ion from ot her
speci es present and a standard ani on suppressor col um.
Suppressor colums are produced as proprietary itens;
however, one can be produced in the | aboratory using the
resin avail able from Bi oRad Conpany, 32nd and Giffin
Streets, Richnond, California. Oher systens which do not
use suppressor colums may al so be used.

6.2.6.2 Punp. Capable of maintaining a steady flow
as required by the system

6.2.6.3 Flow Gauges. Capable of neasuring the
specified systemflow rate.

6.2.6.4 Conductivity Detector.
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6.2.6.5 Recorder. Conpatible with the output voltage
range of the detector.

7.0 Reagents and Standards.

Unl ess otherwi se indicated, it is intended that al
reagents conformto the specifications established by the
Comm ttee on Anal ytical Reagents of the American Chem ca
Soci ety, where such specifications are avail able; otherw se,
use the best avail abl e grade.

7.1 Sanple Collection. Sane as Method 5, Section
7. 1.

7.2 Sanple Recovery. Sane as Method 5, Section 7.2,
with the addition of the follow ng:

7.2.1 Water. Deionized distilled, to conformto ASTM
D 1193-77 or 91 Type 3 (incorporated by reference - see
860.17). The potassi um permanganate (KWQ,) test for
oxi di zabl e organic matter may be om tted when high
concentrations of organic matter are not expected to be
present.

7.3 Analysis. Sane as Method 5, Section 7.3, with
the addition of the follow ng:

7.3.1 Water. Sanme as in Section 7.2.1.

7.3.2 Stock Standard Solution, 1 mg (NH,),SO/m . Dry
an adequate anount of primary standard grade anmoni um

sul fate [ (NH,),SO] at 105 to 110 °C (220 to 230 °F) for a
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m ni mum of 2 hours before preparing the standard sol ution.
Then di ssol ve exactly 1.000 g of dried (NH),SO, in water in
a 1-liter volumetric flask, and dilute to 1 liter. MX
wel | .

7.3.3 Working Standard Sol ution, 25 pg (NH,) ,SO/ .
Pipet 5 mM of the stock standard solution into a 200-mi
volunetric flask. Dilute to 200 Ml wth water

7.3.4 Eluent Solution. Wigh 1.018 g of sodium
carbonate (Na,CO;)) and 1.008 g of sodi um bi carbonate
(NaHCGO,), and dissolve in 4 liters of water. This solution
is 0.0024 M Na,CO,/ 0.003 M NaHCO,., (O her eluents appropriate
to the colum type and capable of resolving sulfate ion from
ot her species present nay be used.

7.3.5 Ammoni um Hydroxi de. Concentrated, 14.8 M

7.3.6 Phenol phthal ein Indicator. 3, 3-Bis(4-
hydr oxyphenyl ) - 1- (3H) -i sobenzo-furanone. Dissolve 0.05 g in
50 m of ethanol and 50 ml of water.
8.0 Sample Collection, Preservation, Storage, and
Transport.

Sanme as Method 5, Section 8.0, wth the exception of
the foll ow ng:

8.1 Sampling Train Operation. Sane as Mthod 5,

Section 8.5, except that the probe outlet and filter
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tenperatures shall be maintained at 160 £+ 14 °C (320 = 25
°F).
8.2 Sanple Recovery. Sane as Method 5, Section 8.7,
except that the recovery solvent shall be water instead of
acetone, and a clean filter fromthe sane | ot as those used

during testing shall be saved for analysis as a bl ank.
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9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.

Section Quality Control Ef f ect
Measur e
8.3, Sanpl i ng equi pnent Ensures accurate
10.0 | eak check and measur enent of stack gas
cal i bration flowrate, sanple vol une
10. 1. 2, Repetitive Ensures preci se neasurenent
11.2.5.3 anal yses of total carbon and

i norgani ¢ carbon
concentration of sanples,
bl ank, and st andards.

9.2 Volune Metering System Checks. Sane as Met hod 5,
Section 9. 2.
10.0 Calibration and Standardization.

Same as Method 5, Section 10.0, with the addition of
the foll ow ng:
10.1 Determnation of Ion Chromatograph Calibration Factor
S. Prepare a series of five standards by adding 1.0, 2.0,
4.0, 6.0, and 10.0 m of working standard solution (25
pg/m) to a series of five 50-m volunetric flasks. (The
standard masses wi Il equal 25, 50, 100, 150, and 250 pg.)
Dilute each flask to the mark with water, and mx well.
Anal yze each standard according to the chromat ograph
manuf acturer's instructions. Take peak hei ght nmeasurenents

with symretrical peaks; in all other cases, calcul ate peak
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areas. Prepare or calculate a linear regression plot of the
standard masses in pg (x-axis) versus their responses
(y-axis). Fromthis line, or equation, determ ne the sl ope
and calculate its reciprocal which is the calibration
factor, S. |If any point deviates fromthe line by nore than
7 percent of the concentration at that point, renmake and
reanal yze that standard. This deviation can be determ ned
by multiplying S tinmes the response for each standard. The
resul tant concentrations nust not differ by nore than 7
percent from each known standard mass (i1.e., 25, 50, 100,
150, and 250 ug).

10.2 Conductivity Detector. Calibrate according to
manuf acturer's specifications prior to initial use.
11.0 Analytical Procedure.

11.1 Sanpl e Extraction.

11.1.1 Note on the analytical data sheet, the |evel
of the liquid in the container, and whether any sanple was
| ost during shipnent. If a noticeable anmount of | eakage has
occurred, either void the sanple or use nethods, subject to
t he approval of the Adm nistrator, to correct the final
results.

11.1.2 Cut the filter into small pieces, and place it
ina 125-m Erlenneyer flask with a ground gl ass joint

equi pped with an air condenser. Rinse the shipping
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container with water, and pour the rinse into the fl ask.
Add additional water to the flask until it contains about 75
m, and place the flask on a hot plate. GCently reflux the
contents for 6 to 8 hours. Cool the solution, and transfer
it to a 500-m volunetric flask. Rinse the Erlenneyer flask
with water, and transfer the rinsings to the volunetric
flask including the pieces of filter.

11.1.3 Transfer the probe rinse to the sane 500-n
volunetric flask with the filter sanple. Rinse the sanple
bottle with water, and add the rinsings to the volunetric
flask. Dilute the contents of the flask to the mark with
wat er .

11.1.4 Alow the contents of the flask to settle
until all solid material is at the bottomof the flask. |If
necessary, renmove and centrifuge a portion of the sanple.

11.1.5 Repeat the procedures outlined in Sections
11.1.1 through 11.1.4 for each sanple and for the filter
bl ank.

11.2 Sulfate (SO, Analysis.

11.2.1 Prepare a standard calibration curve according
to the procedures outlined in Section 10. 1.

11.2.2 Pipet 5 mM of the sanple into a 50-ni
volunetric flask, and dilute to 50 mMl with water.
(Al'ternatively, eluent solution may be used instead of water

in all sanple, standard, and blank dilutions.) Analyze the
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set of standards foll owed by the set of sanples, including
the filter blank, using the sane injection volunme used for
t he st andards.

11.2.3 Repeat the anal yses of the standards and the
sanples, with the standard set being done last. The two
peak hei ght or peak area responses for each sanpl e nust
agree within 5 percent of their arithnetic nean for the
analysis to be valid. Performthis analysis sequence on the
sane day. Dilute any sanple and the blank wth equal
vol unes of water if the concentration exceeds that of the
hi ghest st andar d.

11.2. 4 Docunent each sanple chromatogramby |isting
the followi ng anal ytical paraneters: injection point,
injection volune, sulfate retention tine, flow rate,
detector sensitivity setting, and recorder chart speed.

11.3 Sanmpl e Resi due.

11.3.1 Transfer the remaining contents of the
volunetric flask to a tared 600-m beaker or simlar
container. Rinse the volunetric flask with water, and add
the rinsings to the tared beaker. Make certain that al
particulate matter is transferred to the beaker. Evaporate
the water in an oven at 105 °C (220 °F) until only about 100
m of water remains. Renove the beakers fromthe oven, and

all ow themto cool
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11.3.2 After the beakers have cool ed, add five drops
of phenol phthal ein indicator, and then add concentrated
ammoni um hydroxi de until the solution turns pink. Return
the sanples to the oven at 105 °C (220 °F), and evaporate
the sanples to dryness. Cool the sanples in a desiccator,
and wei gh the sanples to constant weight.
12.0 Data Analysis and Calculations.

Sanme as Method 5, Section 12.0, with the addition of

the foll ow ng:

12.1 Nonencl at ure.

Cy = Water blank residue concentration, ng/m.

F = Dilution factor (required only if sanple dilution
was needed to reduce the concentration into the
range of calibration).

H = Arithnmetic nmean response of duplicate sanple
anal yses, mmfor height or mt for area.

H = Arithnmetic nmean response of duplicate filter
bl ank anal yses, nm for height or nm¥ for area.

m, = Mass of beaker used to dry sanple, ng.

Mass of sanmple filter, ng.

3
I

m, = Mass of nonsulfate particulate matter in the
sanpl e as coll ected, ng.
m = Mass of ammonium sulfate in the sanple as

col | ected, ng.
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14.0

15.0

16.0
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m = Mass of beaker, filter, and dried sanple, ng.

Mass of residue after evaporation of water
ng.

S = Calibration factor, pg/mm

V, = Volune of water blank, nml.

V., = Vol une of sanple collected, 500 n.

12.2 Water Bl ank Concentrati on.

m

C,= — Eq.
Vb

12.3 Mass of Ammoni um Sul f at e.

~(99) S(H, -H,)
B (1000)

wher e:
100 = Aliquot factor, 495 m /5 n
1000 = Constant, pg/ng

12.4 WNMass of Nonsul fate Particul ate Matter.

m=m-m-m-m-VGC, Eq.

Method Performance. [Reserved]
Pollution Prevention. [Reserved]
Waste Management. [ Reserved]

Alternative Procedures

EqQ.-

bl ank,

S5F-1

S5F-2

5F-3



507

16.1 The follow ng procedure nmay be used as an
alternative to the procedure in Section 11.0

16.1.1 Apparatus. Sane as for Method 6, Sections
6.3.3t06.3.6 with the foll ow ng additions.

16.1.1.1 Beakers. 250-nml, one for each sanple, and
600- m .

16.1.1.2 Oven. Capable of mintaining tenperatures
of 75 = 5°C (167 = 9°F) and 105 = 5°C (221 = 9°F).

16.1. 1.3 Buchner Funnel .

16.1.1.4 dass Colums. 25-mm x 305-mm (1-in. x 12-
in.) with Tefl on stopcock

16.1.1.5 Volunetric Flasks. 50-m and 500-m, one
set for each sanple, and 100-m, 200-m, and 1000-m .

16.1.1.6 Pipettes. Two 20-m and one 200-m, one set
for each sanple, and 5-ni.

16.1.1.7 Filter Flasks. 500-m.

16.1.1.8 Polyethylene Bottle. 500-nm, one for each
sanpl e.

16.1.2 Reagents. Sanme as Method 6, Sections 7.3.2 to
7.3.5 wth the follow ng additions:

16.1.2.1 Water, Amoni um Hydroxi de, and
Phenol pht hal ein. Sane as Sections 7.2.1, 7.3.5, and 7.3.6
of this nethod, respectively.

16.1.2.2 Filter. d ass fiber to fit Buchner funnel.
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16.1.2.3 Hydrochloric Acid (HOd), 1 m Add 8.3 nml of
concentrated HO (12 M to 50 ml of water in a 100-m
volunetric flask. Dilute to 100 M wth water.

16.1.2.4 dass Wol.

16.1.2.5 1lon Exchange Resin. Strong cation exchange
resin, hydrogen form analytical grade.

16.1.2.6 pH Paper. Range of 1 to 7.

16.1.3 Anal ysis.

16.1.3.1 lon Exchange Columm Preparation. Slurry the
resin wwth 1 MHCO in a 250-m beaker, and allow to stand
overnight. Place 2.5 cm (1 in.) of glass wool in the bottom
of the glass colum. Rinse the slurried resin twice with
water. Resuspend the resin in water, and pour sufficient
resin into the colum to nake a bed 5.1 cm (2 in.) deep. Do
not allow air bubbles to becone entrapped in the resin or
gl ass wool to avoid channeling, which may produce erratic
results. |If necessary, stir the resin with a glass rod to
renove air bubbles, after the colum has been prepared,
never let the liquid level fall below the top of the upper
gl ass wool plug. Place a 2.5-cm (1-in.) plug of glass wool
on top of the resin. Rinse the colum with water until the
eluate gives a pH of 5 or greater as neasured wth pH paper.

16.1.3.2 Sanple Extraction. Followp the procedure
given in Section 11.1.3 except do not dilute the sanple to

500 m .
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16.1.3.3 Sanpl e Resi due.

16.1.3.3.1 Place at |least one clean glass filter for
each sanple in a Buchner funnel, and rinse the filters with
water. Renove the filters fromthe funnel, and dry themin
an oven at 105 £ 5°C (221 = 9°F); then cool in a desiccator.
Wei gh each filter to constant weight according to the
procedure in Method 5, Section 11.0. Record the weight of
each filter to the nearest 0.1 ng.

16.1.3.3.2 Assenble the vacuumfilter apparatus, and
pl ace one of the clean, tared glass fiber filters in the
Buchner funnel. Decant the liquid portion of the extracted
sanple (Section 16.1.3.2) through the tared glass fiber
filter into a clean, dry, 500-m filter flask. Rinse al
the particulate matter remaining in the volunetric fl ask
onto the glass fiber filter with water. Rinse the
particulate matter with additional water. Transfer the
filtrate to a 500-m volunetric flask, and dilute to 500 m
with water. Dry the filter overnight at 105 £ 5°C (221 %
9°F), cool in a desiccator, and weigh to the nearest 0.1 ny.

16.1.3.3.3 Dry a 250-nm beaker at 75 = 5°C (167 *
9°F), and cool in a desiccator; then weigh to constant
wei ght to the nearest 0.1 ng. Pipette 200 ml of the
filtrate that was saved into a tared 250-nm beaker; add five
drops of phenol phthal ein indicator and sufficient

concentrat ed anmoni um hydroxide to turn the solution pink.
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Carefully evaporate the contents of the beaker to dryness at
75 = 5°C (167 = 9°F). Check for dryness every 30 m nutes.
Do not continue to bake the sanple once it has dried. Cool
the sanple in a desiccator, and weigh to constant weight to
the nearest 0.1 ng.

16.1.3.4 Sulfate Analysis. Adjust the flowrate
t hrough the ion exchange colum to 3 mM/mn. Pipette a 20-
m aliquot of the filtrate onto the top of the ion exchange
colum, and collect the eluate in a 50-m volunetric fl ask.
Rinse the colum with two 15-m portions of water. Stop
collection of the eluate when the volune in the flask
reaches 50-m. Pipette a 20-ml aliquot of the eluate into a
250-m Erlenneyer flask, add 80 ml of 100 percent
i sopropanol and two to four drops of thorin indicator, and
titrate to a pink end point using 0.0100 N barium
perchl orate. Repeat and average the titration volunes. Run
a blank with each series of sanples. Replicate titrations
must agree within 1 percent or 0.2 m, whichever is |arger.
Performthe ion exchange and titration procedures on
duplicate portions of the filtrate. Results should agree
within 5 percent. Regenerate or replace the ion exchange
resin after 20 sanple aliquots have been analyzed or if the

end point of the titration beconmes uncl ear.
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NOTE: Protect the 0.0100 N barium perchl orate
solution fromevaporation at all tines.

16.1.3.5 Blank Determ nation. Begin wth a sanple of
wat er of the sane volune as the sanpl es being processed and
carry it through the analysis steps described in Sections
16.1.3.3 and 16.1.3.4. A blank value larger than 5 ng
shoul d not be subtracted fromthe final particulate matter
mass. Causes for |arge bl ank val ues shoul d be investigated
and any probl ens resol ved before proceeding with further
anal yses.

16.1.4 Calibration. Calibrate the barium perchlorate
solutions as in Method 6, Section 10.5.

16.1.5 Cal cul ati ons.

16.1.5.1 Nonenclature. Sanme as Section 12.1 with the

foll om ng additions:

m = Mass of clean analytical filter, ng.
my, = Mass of dissolved particulate matter, ny.
m = Mass of beaker and dissolved particulate matter

after evaporation of filtrate, ng.

m, = Mass of insoluble particulate matter, ny.

m = Mass of analytical filter, sanple filter, and
i nsoluble particulate matter, ng.

m, = Mass of nonsulfate particulate matter in blank

sanpl e, ny.
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16.

16.

16.

16.

Mass of nonsul fate particulate matter,
Mass of Ammoni um sul f ate,

Normal ity

Vol une
Vol une
Vol une
Vol une
Vol une
Vol une
20 m .
Vol une
Equi val

ng/ meq.

.5.2 Mass of

of
of
of
of
of

of

of

ent wei ght of amoni um sul f at e,
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al i quot taken for titration,

ny.
of Ba(dO0,) titrant,

meqg/ m .

ng.

20 m .

titrant used for titration blank, nl.

filtrate evaporated, 200 nl.

el uate col |l ect ed,

extracted sanpl e,

50 m .
500 m .

filtrate added to ion exchange col um,

Ba(C10,), titrant,

m = m-m-m

m .

66. 07

| nsol ubl e Particul ate Matter.

.5.3 Mass of Dissolved Particulate Matter.

m = (m - (Vi/Vyg)m)

.5.4 Mass of Ammoni um Sul f at e.

(V- V) NWWVY,

V_ V.

a |

.5.5 Mass of Nonsulfate Particul ate Matter.

17.0 References.

m=m+m- m -

My

Eq. 5F-4

Eq. 5F-5
Eq. 5F-6

Eq. 5F-7



513

Sane as Method 5, Section 17.0, with the addition of
the foll ow ng:

1. Milik, J.D. and E. Sawi cki. |on Chromatographic
Anal ysi s of Environnental Pollutants. Ann Arbor, Ann Arbor
Sci ence Publishers, Inc. Vol. 2, 1979.

2. Sawicki, E., J.D. Mulik, and E. Wttgenstein. 1lon
Chr omat ogr aphi ¢ Anal ysis of Environnmental Pollutants. Ann
Arbor, Ann Arbor Science Publishers, Inc. Vol. 1. 1978.

3. Siener, D.D. Separation of Chloride and Brom de
from Conpl ex Matrices Prior to |Ion Chromatographic
Determ nation. Analytical Chemstry 52(12): 1874-1877.
Oct ober 1980.

4. Small, H, T.S. Stevens, and WC. Bauman. Nove
| on Exchange Chronmat ographi c Met hod Usi ng Conductinetric
Determ nation. Analytical Chemstry. 47(11):1801. 1975.
18.0 Tables, Diagrams, Flowcharts, and Validation Data.

[ Reser ved]



