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METHOD 13B - DETERMINATION OF TOTAL FLUORIDE EMISSIONS
FROM STATIONARY SOURCES
(SPECIFIC ION ELECTRODE METHOD)

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling 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, Method 5, and
Met hod 13A.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Total fluorides
as Fl uorine 7782-41-4 Not det erm ned

1.2 Applicability. This nethod is applicable for the
determ nation of fluoride (F) em ssions from sources as
specified in the regulations. It does not neasure
fl uorocarbons, such as Freons.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the

data obtained fromair pollutant sanpling methods.
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2.0 Summary.

Gaseous and particulate F are w thdrawn
i sokinetically fromthe source and collected in water and on
a filter. The total F is then determ ned by the specific
ion el ectrode nethod.

3.0 Definitions. [Reserved]
4.0 Interferences.

G ease on sanpl e-exposed surfaces nmay cause |ow F
results because of adsorption.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod does
not purport to address all of the safety problens associated
wth its use. It is the responsibility of the user of this
test nethod to establish appropriate safety and health
practices and to determne the applicability of regul atory
l[imtations 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.
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5.2.1 Sodium Hydroxide (NaCH). Causes severe danage
to eye tissues and to skin. Inhalation causes irritation to
nose, throat, and lungs. Reacts exothermcally with limted
anounts of water.

5.2.2 Sulfuric Acid (H,SO). Rapidly destructive to
body tissue. WII| cause third degree burns. Eye danage nmay
result in blindness. Inhalation may be fatal from spasm of
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
metal s and organi cs.

6.0 Equipment and Supplies.

6.1 Sanple Collection and Sanpl e Recovery. Sane as
Met hod 13A, Sections 6.1 and 6.2, respectively.

6.2 Sanple Preparation and Analysis. The follow ng
itenms are required for sanple preparation and anal ysis:

6.2.1 Distillation Apparatus, Bunsen Burner, Electric
Muf f | e Furnace, Crucibles, Beakers, Volunetric Flasks,

Erl enmeyer Flasks or Plastic Bottles, Constant Tenperature
Bat h, and Bal ance. Sane as Method 13A, Sections 6.3.1 to
6.3.9, respectively.

6.2.2 Fluoride lon Activity Sensing El ectrode.
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6.2.3 Reference Electrode. Single junction, sleeve
type.

6.2.4 Electroneter. A pH neter with mllivolt-scale
capable of = 0.1-nv resolution, or a specific ion neter mde
specifically for specific ion el ectrode use.

6.2.5 Magnetic Stirrer and Tetrafl uoroethyl ene (TFE)
Fl uor ocar bon- Coated Stirring Bars.

6.2.6 Beakers. Polyethylene, 100-m .

7.0 Reagents and Standards.

Unl ess otherw se indicated, all reagents are to
conformto the specifications established by the Commttee
on Anal ytical Reagents of the Anmerican Chem cal Society,
where such specifications are available. Oherw se, use the
best avail abl e grade.

7.1 Sanple Collection and Sanpl e Recovery. Sane as
Met hod 13A, Sections 7.1 and 7.2, respectively.

7.2 Sanple Preparation and Analysis. The follow ng
reagents and standards are required for sanple anal ysis:

7.2.1 Calcium Oxide (CaOQ. Certified grade
containing 0.005 percent F or |ess.

7.2.2 Phenol phthalein Indicator. D ssolve 0.1 g
phenol phthalein in a mxture of 50 mMl of 90 percent ethanol
and 50 m water.

7.2.3 Sodi um Hydroxi de (NaOH), Pellets.
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7.2.4 Sulfuric Acid (H,SQO,), Concentrat ed.

7.2.5 Filters. Watman No. 541, or equivalent.

7.2.6 Water. Same as Section 7.1.2 of Method 13A

7.2.7 Sodium Hydroxide, 5 M D ssolve 20 g of NaCH
in 100 mM of water.

7.2.8 Sulfuric Acid, 25 Percent (v/v). Mx 1 part of
concentrated H,SO, with 3 parts of water.

7.2.9 Total lonic Strength Adjustnent Buffer (TISAB).
Pl ace approximately 500 m of water in a 1-liter beaker.

Add 57 m of glacial acetic acid, 58 g of sodiumchloride,
and 4 g of cyclohexylene dinitrilo tetraacetic acid. Stir
to dissolve. Place the beaker in a water bath and cool to
20 °C (68 °F). Slowly add 5 M NaOH to the solution,
measuring the pH continuously with a calibrated pH reference
el ectrode pair, until the pHis 5.3. Pour into a 1-liter
volunetric flask, and dilute to volunme with deionized,
distilled water. Comercially prepared Tl SAB nay be
substituted for the above.

7.2.10 Fluoride Standard Solution, 0.1 M Oven dry
approximately 10 g of sodium fluoride (NaF) for a m ni num of
2 hours at 110 °C (230 °F), and store in a desiccator. Then
add 4.2 g of NaF to a 1-liter volunetric flask, and add

enough water to dissolve. Dilute to volune with water.
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8.0 Sample Collection, Preservation, Storage, and
Transport.
Sane as Method 13A, Section 8.0.
9.0 Quality Control.

9.1 M scellaneous Quality Control Measures.

Quality Control

Section Measur e Ef f ect
8.0, Sanpl i ng equi pnent Ensure accurate
10.1 | eak- check and measur enent of stack gas
cal i bration flow rate and sanpl e
vol unme
10. 2 Fl uori de el ectrode Eval uat e anal yti cal
t echni que, preparation of
st andar ds
11.1 Interference/recovery Mnimze negative effects
ef fi ci ency-check of used acid

during distillation

9.2 Volune Metering System Checks. Sane as Met hod 5,
Section 9. 2.

10.0 Calibration and Standardizations.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Sanpling Equi pnent. Sane as Method 13A, Section
10. 1.

10.2 Fluoride Electrode. Prepare fluoride
standardi zi ng solutions by serial dilution of the 0.1 M
fluoride standard solution. Pipet 10 mMl of 0.1 Mfluoride
standard solution into a 100-m volunetric flask, and nake

up to the mark with water for a 102 M standard sol ution
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Use 10 M of 102 Msolution to make a 102 Msolution in the
sane manner. Repeat the dilution procedure, and nmake 104
and 10°° M sol uti ons.

10.2.1 Pipet 50 mM of each standard into a separate
beaker. Add 50 ml of TISAB to each beaker. Place the
el ectrode in the nost dilute standard solution. Wen a
steady mllivolt reading is obtained, plot the value on the
linear axis of sem | og graph paper versus concentration on
the log axis. Plot the nom nal value for concentration of
the standard on the log axis, (e.g., when 50 Ml of 102 M
standard is diluted wwth 50 m of TISAB, the concentration
is still designated "102 M'").

10. 2.2 Between neasurenents, soak the fluoride
sensing electrode in water for 30 seconds, and then renove
and blot dry. Analyze the standards going fromdilute to
concentrated standards. A straight-line calibration curve
will be obtained, with nom nal concentrations of 10% 103,
102, 10! fluoride nolarity on the log axis plotted versus
el ectrode potential (in nmv) on the linear scale. Sone
el ectrodes may be slightly nonlinear between 10°° and 104 M
If this occurs, use additional standards between these two
concentrations.

10.2.3 Calibrate the fluoride electrode daily, and

check it hourly. Prepare fresh fluoride standardi zing
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solutions daily (102 Mor less). Store fluoride
st andar di zi ng solutions in polyethylene or polypropyl ene
cont ai ners.

NOTE: Certain specific ion nmeters have been desi gned
specifically for fluoride el ectrode use and give a direct
readout of fluoride ion concentration. These neters may be
used in lieu of calibration curves for fluoride neasurenents
over a narrow concentration ranges. Calibrate the neter
according to the manufacturer's instructions.

11.0 Analytical Procedures.

11.1 Sanple Loss Check, Sanple Preparation, and
Distillation. Same as Method 13A, Sections 11.1 through
11. 3, except that the NOTE follow ng Section 11.3.1 is not
appl i cabl e.

11.2 Anal ysis.

11.2.1 Containers No. 1 and No. 2. Distill suitable
aliquots from Containers No. 1 and No. 2. Dilute the
distillate in the volunetric flasks to exactly 250 mM wth
water, and m x thoroughly. Pipet a 25-m aliquot from each
of the distillate into separate beakers. Add an equal
volume of TISAB, and m x. The sanple should be at the sane
tenperature as the calibration standards when neasurenents
are made. |If anbient |aboratory tenperature fluctuates nore

than £ 2 °C fromthe tenperature at which the calibration
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st andards were neasured, condition sanples and standards in
a constant-tenperature bath before neasurenent. Stir the
sanple with a magnetic stirrer during neasurenent to
m nimze electrode response tine. |If the stirrer generates
enough heat to change solution tenperature, place a piece of
tenperature insulating nmaterial, such as cork, between the
stirrer and the beaker. Hold dilute sanples (below 104 M
fluoride ion content) in polyethylene beakers during
nmeasur enent .

11.2.2 Insert the fluoride and reference el ectrodes
into the solution. Wen a steady mllivolt reading is
obtained, record it. This may take several m nutes.

Det erm ne concentration fromthe calibration curve. Between
el ectrode neasurenents, rinse the electrode with water

11.2.3 Container No. 3 (Silica CGel). Sanme as in
Met hod 13A, Section 11.4.2.

12.0 Data Analysis and Calculations.

Carry out calculations, retaining at | east one extra
significant figure beyond that of the acquired data. Round
off figures after final calcul ation.

12.1 Nonmencl ature. Sanme as Method 13A, Section 12.1
with the addition of the follow ng:

M= F concentration fromcalibration curve, nolarity.
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12.2 Average DGM Tenperature and Average Oifice
Pressure Drop, Dry Gas Vol une, Vol une of Water Vapor and
Moi sture Content, Fluoride Concentration in Stack Gas, and
| sokinetic Variation. Sanme as Method 13A, Sections 12.2 to
12.4, 12.6, and 12.7, respectively.
12.3 Total Fluoride in Sanple. Calculate the anbunt

of F in the sanple using Equation 13B-1:

KV, V, M
- —t 4 Eq. 13B-1
At

t

wher e:

A
I

19 [(mgl)/ (molem )] (metric units)

0.292 [(grl)/(molem)] (English units)
13.0 Method Performance.

The follow ng estimates are based on a col |l aborative
test done at a primary alum numsnelter. |In the test, six
| aboratories each sanpled the stack sinultaneously using two
sanpling trains for a total of 12 sanples per sanpling run
Fl uori de concentrations encountered during the test ranged
from0.1to 1.4 ng F/n?.

13.1 Precision. The intra-laboratory and inter-
| aborat ory standard devi ati ons, which include sanpling and

anal ysis errors, are 0.037 ng F/n? with 60 degrees of
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freedomand 0.056 ng F/n? with five degrees of freedom
respectively.

13.2 Bias. The collaborative test did not find any
bias in the anal ytical nethod.

13.3 Range. The range of this nmethod is 0.02 to
2,000 pg F/ m; however, neasurenents of less than 0.1 pug F
/m require extra care.

14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 Alternative Procedures.

16.1 Conpliance with ASTM D 3270-73T, 91, 95
"Anal ysis for Fluoride Content of the Atnosphere and Pl ant
Ti ssues (Sem autonated Method)" is an acceptable alternative
for the distillation and analysis requirenents specified in
Sections 11.1 and 11.2 when applied to suitable aliquots of
Containers 1 and 2 sanpl es.

17.0 References.

Sane as Method 13A, Section 16.0, References 1 and 2,
with the foll ow ng addition:

1. MaclLeod, Kathryn E., and Howard L. Crist.

Conmpari son of the SPADNS- Zirconium Lake and Specific |on
El ectrode Methods of Fluoride Determ nation in Stack

Em ssion Sanples. Analytical Chem stry. 45:1272-1273.
1973.
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18.0 Tables, Diagrams, Flowcharts, and Validation Data.

[ Reser ved]



