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METHOD 13A - DETERMINATION OF TOTAL FLUORIDE EMISSIONS
FROM STATIONARY SOURCES
(SPADNS ZIRCONIUM LAKE 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 nethod 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 Method 5.

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.

2.0 Summary.
Gaseous and particulate F are w thdrawn

i sokinetically fromthe source and collected in water and on
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a filter. The total F is then determ ned by the SPADNS
Zi rconi um Lake Col orinetric method.
3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 Chloride. Large quantities of chloride wll
interfere with the analysis, but this interference can be
prevented by adding silver sulfate into the distillation
flask (see Section 11.3). |If chloride ion is present, it
may be easier to use the specific ion el ectrode nethod of
anal ysis (Met hod 13B)

4.2 Gease. Gease on sanpl e-exposed surfaces my
cause low F results due to adsorption
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
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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 Hydrochloric Acid (HO). Hghly toxic. Vapors
are highly irritating to eyes, skin, nose, and |ungs,
causi ng severe danmage. My cause bronchitis, pneunonia, or
edema of lungs. Exposure to concentrations of 0.13 to 0.2
percent can be lethal in mnutes. WII react with netals,
pr oduci ng hydrogen.

5.2.2 Sodi um Hydroxi de (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.

5.2.3 Sulfuric Acid (HSO). Rapidly destructive to
body tissue. WII cause third degree burns. Eye danmage may
result in blindness. Inhalation may be fatal from spasm of
the larynx, usually within 30 m nutes. My cause | ung
ti ssue damage with edena. 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.

6.0 Equipment and Supplies.
6.1 Sanple Collection. A schematic of the sanpling

train used in performng this nethod is shown in Figure
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13A-1; it is simlar to the Method 5 sanpling train except
that the filter position is interchangeable. The sanpling
train consists of the foll ow ng conponents:

6.1.1 Probe Nozzle, Pitot Tube, D fferential Pressure
Gauge, Filter Heating System Tenperature Sensor, Mtering
System Baroneter, and Gas Density Determ nation Equi pnent.
Sanme as Method 5, Sections 6.1.1.1, 6.1.1.3 through 6.1.1.7,
6.1.1.9, 6.1.2, and 6.1.3, respectively. The filter heating
system and tenperature sensor are needed only when noisture
condensation is a problem

6.1.2 Probe Liner. Borosilicate glass or 316
stainless steel. Wen the filter is |located i medi ately
after the probe, a probe heating systemnay be used to
prevent filter plugging resulting from noisture
condensation, but the tenperature in the probe shall not be
allowed to exceed 120 £ 14 °C (248 = 25 °F).

6.1.3 Filter Holder. Wth positive seal against
| eakage fromthe outside or around the filter. If the
filter is | ocated between the probe and first inpinger, use
borosilicate glass or stainless steel with a 20-nesh
stainless steel screen filter support and a silicone rubber
gasket; do not use a glass frit or a sintered netal filter
support. If the filter is |ocated between the third and
fourth inpingers, borosilicate glass with a glass frit

filter support and a silicone rubber gasket may be used.
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QG her materials of construction may be used, subject to the
approval of the Adm nistrator.

6.1.4 |Inpingers. Four inpingers connected as shown
in Figure 13A-1 with ground-glass (or equival ent),
vacuumtight fittings. For the first, third, and fourth
i npi ngers, use the Greenburg-Smth design, nodified by
replacing the tip with a 1.3-cm(1/2-in.) 1D glass tube
extending to 1.3 cm (1/2 in.) fromthe bottom of the flask.
For the second inpinger, use a Geenburg-Smth inpinger with
the standard tip. Modifications (e.g., flexible connections
between the inpingers or materials other than glass) my be
used, subject to the approval of the Admnistrator. Place a
t enperat ure sensor, capable of nmeasuring tenperature to
within 1l °C (2 °F), at the outlet of the fourth inpinger for
nmoni tori ng purposes.

6.2 Sanple Recovery. The following itens are needed
for sanple recovery:

6.2.1 Probe-liner and Probe-Nozzl e Brushes, Wash
Bottl es, Graduated Cylinder and/or Bal ance, Plastic Storage
Cont ai ners, Funnel and Rubber Policenman, and Funnel. Sane
as Method 5, Sections 6.2.1, 6.2.2 and 6.2.5 to 6. 2.8,

respectively.
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6.2.2 Sanple Storage Container. Wde-nouth,
hi gh-density pol yethyl ene bottles for inpinger water
sanples, 1 liter.

6.3 Sanple Preparation and Analysis. The follow ng
itens are needed for sanple preparation and anal ysis:

6.3.1 Distillation Apparatus. dass distillation
appar at us assenbl ed as shown in Figure 13A-2.

6.3.2 Bunsen Burner.

6.3.3 Electric Muffl e Furnace. Capable of heating to
600 °C (1100 °F).

6.3.4 Crucibles. N ckel, 75- to 100-m .

6.3.5 Beakers. 500-m and 1500-m .

6.3.6 Volunetric Flasks. 50-m.

6.3.7 Erlennmeyer Flasks or Plastic Bottles. 500-nmi.

6.3.8 Constant Tenperature Bath. Capabl e of
mai ntai ning a constant tenperature of +1.0 °C at room
t enperature conditions.

6.3.9 Balance. 300-g capacity, to neasure to 0.5 g.

6.3.10 Spectrophotoneter. Instrunent that neasures
absorbance at 570 nm and provides at least a 1-cm i ght
pat h.

6.3.11 Spectrophotoneter Cells. 1-cmpath |ength.

7.0 Reagents and Standards.
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Unl ess otherwi 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. The follow ng reagents are
needed for sanple collection:

7.1.1 Filters.

7.1.1.1 If the filter is |ocated between the third
and fourth inpingers, use a Wiatman No. 1 filter, or
equi valent, sized to fit the filter hol der.

7.1.1.2 If the filter is |ocated between the probe
and first inpinger, use any suitable nmedium (e.g., paper,
organi ¢ nenbrane) that can w thstand prol onged exposure to
tenperatures up to 135 °C (275 °F), and has at |east 95
percent collection efficiency (<5 percent penetration) for
0.3 pumdioctyl phthalate snoke particles. Conduct the
filter efficiency test before the test series, using ASTM D
2986-71, 78, or 95a (incorporated by reference--see
8§ 60.17), or use test data fromthe supplier's quality
control program The filter nust al so have a | ow F bl ank
value (<0.015 ng F/cnt of filter area). Before the test
series, determne the average F bl ank val ue of at |east

three filters (fromthe lot to be used for sanpling) using
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t he applicabl e procedures described in Sections 8.3 and 8.4
of this nmethod. |In general, glass fiber filters have high
and/or variable F blank values, and wll not be acceptable
for use.

7.1.2 Water. Deionized distilled, to conformto ASTM
D 1193-77 or 91, Type 3 (incorporated by reference--see §
60.17). If high concentrations of organic matter are not
expected to be present, the potassium pernmanganate test for
oxi di zabl e organic matter may be del et ed.

7.1.3 Silica CGel, Crushed Ice, and Stopcock G ease.
Same as Method 5, Sections 7.1.2, 7.1.4, and 7.1.5,
respectively.

7.2 Sanple Recovery. Water, as described in
Section 7.1.2, is needed for sanple recovery.

7.3 Sanple Preparation and Analysis. The follow ng
reagents and standards are needed for sanple preparation and
anal ysi s:

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

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

7.3.3 Silver Sulfate (Ag,SQO).

7.3.4 Sodi um Hydroxi de (NaOH), Pellets.

7.3.5 Sulfuric Acid (H,SQO,), Concentrat ed.
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7.3.6 Sulfuric Acid, 25 Percent (v/v). Mx 1 part of
concentrated H,SO, with 3 parts of water.

7.3.7 Filters. Watman No. 541, or equivalent.

7.3.8 Hydrochloric Acid (HC ), Concentrated.

7.3.9 Water. Sanme as in Section 7.1.2.

7.3.10 Fluoride Standard Solution, 0.01 ng F/m .
Dry approximately 0.5 g of sodiumfluoride (NaF) in an oven
at 110 °C (230 °F) for at least 2 hours. D ssolve 0.2210 g
of NaF in 1 liter of water. Dilute 100 ml of this solution
to 1 liter with water.

7.3.11 SPADNS Solution [4,5 Di hydroxyl - 3-
(p- Sul f ophenyl azo) - 2, 7- Napht hal ene-Di sul fonic Acid Trisodi um
Salt]. Dissolve 0.960 = 0.010 g of SPADNS reagent in 500 ni
water. If stored in a well-sealed bottle protected fromthe
sunlight, this solution is stable for at |east 1 nonth.

7.3.12 Spectrophotoneter Zero Reference Sol ution.
Add 10 m of SPADNS solution to 100 mMl water, and acidify
with a solution prepared by diluting 7 m of concentrated
HO to 10 mM with deionized, distilled water. Prepare
daily.

7.3.13 SPADNS M xed Reagent. Dissolve 0.135 + 0.005
g of zirconyl chloride octahydrate (ZrOd , 8H0O in 25 m of
water. Add 350 ml of concentrated HC, and dilute to 500 mi

with deionized, distilled water. M x equal volunes of this
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sol ution and SPADNS solution to forma single reagent. This
reagent is stable for at |east 2 nonths.
8.0 Sample Collection, Preservation, Storage, and
Transport.

8.1 Pretest Preparation. Follow the general
procedure given in Method 5, Section 8.1, except that the
filter need not be wei ghed.

8.2 Prelimnary Determ nations. Follow the genera
procedure given in Method 5, Section 8.2, except that the
nozzl e size nmust be selected such that isokinetic sanpling
rates below 28 liters/mn (1.0 cfn) can be maintained.

8.3 Preparation of Sanpling Train. Follow the

general procedure given in Method 5, Section 8.3, except for
the follow ng variation:
Assenble the train as shown in Figure 13A-1 with the filter
between the third and fourth inpingers. Alternatively, if a
20-nmesh stainless steel screen is used for the filter
support, the filter may be placed between the probe and
first inpinger. A filter heating systemto prevent nvoisture
condensati on may be used, but shall not allowthe
tenperature to exceed 120 + 14 °C (248 + 25 °F). Record the
filter location on the data sheet (see Section 8.5).

8.4 Leak-Check Procedures. Follow the |eak-check

procedures given in Method 5, Section 8. 4.
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8.5 Sampling Train Operation. Follow the general
procedure given in Method 5, Section 8.5, keeping the filter
and probe tenperatures (if applicable) at 120 + 14 °C (248 =
25 °F) and isokinetic sanpling rates below 28 liters/mn
(1.0 cfm. For each run, record the data required on a data
sheet such as the one shown in Method 5, Figure 5-3.

8.6 Sanple Recovery. Proper cleanup procedure begins
as soon as the probe is renoved fromthe stack at the end of
the sanpling period. Allow the probe to cool.

8.6.1 Wen the probe can be safely handl ed, w pe off
all external particulate natter near the tip of the probe
nozzle, and place a cap over it to keep fromlosing part of
the sanple. Do not cap off the probe tip tightly while the
sanpling train is cooling down as this would create a vacuum
inthe filter holder, thus drawi ng water fromthe inpingers
into the filter hol der.

8.6.2 Before noving the sanple train to the cl eanup
site, renove the probe fromthe sanple train, w pe off any
silicone grease, and cap the open outlet of the probe. Be
careful not to | ose any condensate that m ght be present.
Renmove the filter assenbly, w pe off any silicone grease
fromthe filter holder inlet, and cap this inlet. Renobve
the unbilical cord fromthe last inpinger, and cap the
inpinger. After wiping off any silicone grease, cap off the

filter holder outlet and any open inpinger inlets and
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outlets. Gound-glass stoppers, plastic caps, or serum caps
may be used to cl ose these openings.

8.6.3 Transfer the probe and filter-inpinger assenbly
to the cleanup area. This area should be clean and
protected fromthe wnd so that the chances of contam nating
or losing the sanple will be m nim zed.

8.6.4 Inspect the train prior to and during
di sassenbly, and note any abnornmal conditions. Treat the
sanpl es as foll ows:

8.6.4.1 Container No. 1 (Probe, Filter, and I npinger
Cat ches) .

8.6.4.1.1 Using a graduated cylinder, neasure to the
nearest m, and record the volune of the water in the first
three inpingers; include any condensate in the probe in this
determ nation. Transfer the inpinger water fromthe
graduated cylinder into a polyethylene container. Add the
filter to this container. (The filter may be handl ed
separately using procedures subject to the Adm nistrator's
approval .) Taking care that dust on the outside of the
probe or other exterior surfaces does not get into the
sanpl e, clean all sanpl e-exposed surfaces (including the
probe nozzle, probe fitting, probe liner, first three
i npi ngers, inpinger connectors, and filter holder) wth

wat er . Use |l ess than 500 Ml for the entire wash. Add the
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washings to the sanple container. Performthe water rinses
as foll ows:

8.6.4.1.2 Carefully renove the probe nozzle and rinse
the inside surface with water froma wash bottle. Brush
with a Nylon bristle brush, and rinse until the rinse shows
no visible particles, after which nake a final rinse of the
inside surface. Brush and rinse the inside parts of the
Swagel ok fitting with water in a simlar way.

8.6.4.1.3 Rinse the probe liner wwth water. While
squirting the water into the upper end of the probe, tilt
and rotate the probe so that all inside surfaces wll be
wetted with water. Let the water drain fromthe | ower end
into the sanple container. A funnel (glass or polyethylene)
may be used to aid in transferring the liquid washes to the
container. Followthe rinse wwth a probe brush. Hold the
probe in an inclined position, and squirt water into the
upper end as the probe brush is being pushed with a tw sting
action through the probe. Hold the sanple container
underneath the | ower end of the probe, and catch any water
and particulate matter that is brushed fromthe probe. Run
the brush through the probe three tinmes or nore. Wth
stainl ess steel or other netal probes, run the brush through
in the above prescribed manner at |east six tinmes since
nmet al probes have small crevices in which particulate matter

can be entrapped. Rinse the brush with water, and
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guantitatively collect these washings in the sanple
container. After the brushing, nmake a final rinse of the
probe as descri bed above.

8.6.4.1.4 It is recormended that two people clean the
probe to mnimze sanple | osses. Between sanpling runs,
keep brushes clean and protected from contam nati on.

8.6.4.1.5 Rinse the inside surface of each of the
first three inpingers (and connecting gl assware) three
separate tines. Use a small portion of water for each
rinse, and brush each sanpl e-exposed surface with a Nyl on
bristle brush, to ensure recovery of fine particul ate
matter. Make a final rinse of each surface and of the
br ush.

8.6.4.1.6 After ensuring that all joints have been
w ped clean of the silicone grease, brush and rinse with
water the inside of the filter holder (front-half only, if
filter is positioned between the third and fourth
i npi ngers). Brush and rinse each surface three tinmes or
nore if needed. Make a final rinse of the brush and filter
hol der.

8.6.4.1.7 After all water washings and particul ate
matter have been collected in the sanple container, tighten
the lid so that water will not |eak out when it is shipped

to the laboratory. Mark the height of the fluid level to
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transport. Label the container clearly to identify its
cont ent s.

8.6.4.2 Container No. 2 (Sanple Blank). Prepare a
bl ank by pl acing an unused filter in a polyethyl ene
cont ai ner and adding a volune of water equal to the total
volune in Container No. 1. Process the blank in the sane
manner as for Container No. 1.

8.6.4.3 Container No. 3 (Silica Gel). Note the color
of the indicating silica gel to determ ne whether it has
been conpletely spent, and naeke a notation of its condition.
Transfer the silica gel fromthe fourth inpinger to its
original container, and seal. A funnel nmay be used to pour
the silica gel and a rubber policeman to renove the silica
gel fromthe inpinger. It is not necessary to renove the
smal | amount of dust particles that nmay adhere to the
i npinger wall and are difficult to renove. Since the gain
in weight is to be used for noisture cal cul ati ons, do not
use any water or other liquids to transfer the silica gel.
|f a balance is available in the field, followthe

anal ytical procedure for Container No. 3 in Section 11.4. 2.
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9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.

Quality Control

Section Measur e Ef f ect
8. 4, 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 une
10. 2 Spect r ophot onet er Eval uat e anal yti cal
cal i bration t echni que, preparation of
st andar ds
11.3.3 Interference/recovery Mnimze negative effects
ef ficiency check of used acid

during distillation

9.2 Volunme Metering System Checks. Sane as Met hod 5,

Section 9. 2.
10.0 Calibration and Standardization.
NOTE: Maintain a |aboratory log of all calibrations.

10.1 Sanmpling Equipnent. Calibrate the probe nozzle,
pitot tube, nmetering system probe heater, tenperature
sensors, and baroneter according to the procedures outlined
in Method 5, Sections 10.1 through 10.6. Conduct the
| eak-check of the netering systemaccording to the
procedures outlined in Method 5, Section 8.4. 1.

10.2 Spectrophotoneter.

10.2.1 Prepare the blank standard by adding 10 m of
SPADNS m xed reagent to 50 m of water

10.2.2 Accurately prepare a series of standards from

the 0.01 ng F/ M standard fluoride solution (Section
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7.3.10) by diluting O, 2, 4, 6, 8, 10, 12, and 14 m to 100
mM wth deionized, distilled water. Pipet 50 mMl from each
solution, and transfer each to a separate 100-m beaker.
Then add 10 m of SPADNS m xed reagent (Section 7.3.13) to
each. These standards wll contain O, 10, 20, 30, 40, 50,
60, and 70 pg F (0 to 1.4 pg/m), respectively.

10.2.3 After mxing, place the blank and calibration
standards in a constant tenperature bath for 30 m nutes
bef ore readi ng the absorbance with the spectrophotoneter.

Adj ust all sanples to this sanme tenperature before
anal yzi ng.

10.2.4 Wth the spectrophotoneter at 570 nm use the
bl ank standard to set the absorbance to zero. Determne the
absor bance of the standards.

10.2.5 Prepare a calibration curve by plotting pg F
/50 m versus absorbance on |inear graph paper. Prepare the
standard curve initially and thereafter whenever the SPADNS
m xed reagent is newly made. Also, run a calibration
standard with each set of sanples and, if it differs from
the calibration curve by nore than +2 percent, prepare a new
standard curve.

11.0 Analytical Procedures.
11.1 Sanple Loss Check. Note the liquid levels in

Containers No. 1 and No. 2, determ ne whether | eakage
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occurred during transport, and note this finding on the
anal ytical data sheet. |If noticeable | eakage has occurred,
either void the sanple or use nethods, subject to the
approval of the Adm nistrator, to correct the final results.

11.2 Sanple Preparation. Treat the contents of each
sanpl e contai ner as described bel ow

11.2.1 Container No. 1 (Probe, Filter, and I npinger
Catches). Filter this container's contents, including the
sanpling filter, through Whatman No. 541 filter paper, or
equi valent, into a 1500-m beaker.

11.2.1.1 If the filtrate vol une exceeds 900 m, nake
the filtrate basic (red to phenol phthal ein) with NaOH and
evaporate to |l ess than 900 ni.

11.2.1.2 Place the filtered material (including
sanpling filter) in a nickel crucible, add a few nm of
wat er, and nmacerate the filters with a glass rod.

11.2.1.2.1 Add 100 ng CaO to the crucible, and m x
the contents thoroughly to forma slurry. Add two drops of
phenol pht hal ein indicator. Place the crucible in a hood
under infrared |l anps or on a hot plate at | ow heat.
Evaporate the water conpletely. During the evaporation of
the water, keep the slurry basic (red to phenol phthalein) to
avoid loss of F. If the indicator turns colorless (acidic)
during the evaporation, add CaO until the color turns red

agai n.
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11.2.1.2.2 After evaporation of the water, place the
cruci ble on a hot plate under a hood, and slowy increase
the tenperature until the Whatman No. 541 and sanpling
filters char. It may take several hours to char the filters
conpl etely.

11.2.1.2.3 Place the crucible in a cold muffle
furnace. Gadually (to prevent snoking) increase the
tenperature to 600 °C (1100 °F), and naintain this
tenperature until the contents are reduced to an ash.
Renove the crucible fromthe furnace, and allow to cool

11.2.1.2.4 Add approximately 4 g of crushed NaCH to
the crucible, and mx. Return the crucible to the nmuffle
furnace, and fuse the sanple for 10 mnutes at 600 °C.

11.2.1.2.5 Renove the sanple fromthe furnace, and
cool to ambient tenperature. Using several rinsings of warm
water, transfer the contents of the crucible to the beaker
containing the filtrate. To ensure conplete sanple renoval
rinse finally with two 20-m portions of 25 percent H,SO,
and carefully add to the beaker. Mx well, and transfer to
a 1-liter volunetric flask. D lute to volune with water,
and m x thoroughly. Allow any undi ssolved solids to settle.

11.2.2 Container No. 2 (Sanple Blank). Treat in the
same manner as described in Section 11.2.1 above.

11.2.3 Adjustnment of Acid/Water Ratio in Distillation

Fl ask. Pl ace 400 mM of water in the distillation flask, and
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add 200 mM of concentrated H,SO,. Add sone soft gl ass beads
and several snmall pieces of broken glass tubing, and
assenbl e the apparatus as shown in Figure 13A-2. Heat the
flask until it reaches a tenperature of 175 °C (347 °F) to
adjust the acid/water ratio for subsequent distillations.
Discard the distillate.

CAUTION: Use a protective shield when carryi ng out
this procedure. Qbserve standard precautions when m xi ng
HSO, with water. Slowy add the acid to the flask with
constant swirling.

11.3 Distillation.

11.3.1 Cool the contents of the distillation flask to
bel ow 80 °C (180 °F). Pipet an aliquot of sanple containing
less than 10.0 ng F directly into the distillation flask,
and add water to nmake a total volune of 220 ml added to the
distillation flask. (To estimate the appropriate aliquot
size, select an aliquot of the solution, and treat as
described in Section 11.4.1. This wll be an approxi mation
of the F content because of possible interfering ions.)

NOTE: |If the sanple contains chloride, add 5 ng of
Ag,SO, to the flask for every ng of chloride.

11.3.2 Place a 250-m volunetric flask at the
condenser exit. Heat the flask as rapidly as possible with

a Bunsen burner, and collect all the distillate up to 175 °C
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(347 °F). During heatup, play the burner flanme up and down
the side of the flask to prevent bunping. Conduct the
distillation as rapidly as possible (15 mnutes or |ess).
Slow distillations have been found to produce |ow F
recoveries. Be careful not to exceed 175 °C (347 °F) to
avoid causing H,SO, to distill over. |If F distillation in
the ng range is to be followed by a distillation in the
fractional ng range, add 220 m of water and distill it over
as in the acid adjustnent step to renove residual F from
the distillation system

11.3.3 The acid in the distillation flask my be used
until there is carry-over of interferences or poor F
recovery. Check for interference and for recovery
efficiency every tenth distillation using a water blank and
a standard solution. Change the acid whenever the F
recovery is less than 90 percent or the blank val ue exceeds
0.1 pg/m .

11.4 Sanpl e Anal ysis.

11.4.1 Containers No. 1 and No. 2.

11.4.1.1 After distilling suitable aliquots from
Containers No. 1 and No. 2 according to Section 11.3, dilute
the distillate in the volunetric flasks to exactly 250 ni
with water, and m x thoroughly. Pipet a suitable aliquot of
each sample distillate (containing 10 to 40 pg F/m) into a

beaker, and dilute to 50 ml with water. Use t he sane
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aliquot size for the blank. Add 10 m of SPADNS m xed
reagent (Section 7.3.13), and m x thoroughly.

11.4.1.2 After mxing, place the sanple in a
constant-tenperature bath containing the standard sol utions
for 30 mnutes before readi ng the absorbance on the
spect rophot onet er.

NOTE: After the sanple and colorinetric reagent are
m xed, the color fornmed is stable for approximately 2 hours.
Also, a 3 °C (5.4 °F) tenperature difference between the
sanpl e and standard sol utions produces an error of
approximately 0.005 ng F/liter. To avoid this error, the
absor benci es of the sanple and standard sol uti ons nust be
measured at the sane tenperature.

11.4.1.3 Set the spectrophotoneter to zero absorbance
at 570 nmwith the zero reference solution (Section 7.3.12),
and check the spectrophotoneter calibration with the
standard solution (Section 7.3.10). Determne the
absorbance of the sanples, and determ ne the concentration
fromthe calibration curve. |f the concentration does not
fall within the range of the calibration curve, repeat the
procedure using a different size aliquot.

11.4.2 Container No. 3 (Silica CGel). Wigh the spent

silica gel (or silica gel plus inpinger) to the nearest
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0.5 g using a balance. This step nay be conducted in the
field.
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 calculation. Owher fornms of the
equations nmay be used, provided that they yield equival ent
results.

12.1 Nonencl at ure.

Ay = Aliquot of distillate taken for col or

devel opnent, nl.

A = Aliquot of total sanple added to still, nl.

Bys = Water vapor in the gas stream portion by
vol une.

G = Concentration of F in stack gas, ng/dscm
(gr/dscf).

F. = F concentration fromthe calibration curve,
Hg.

F, = Total F in sanple, ny.

Tm = Absol ute average dry gas neter (DGW
tenperature (see Figure 5-3 of Method 5),
°’K ( °R).

T, = Absol ute average stack gas tenperature (see

Figure 5-3 of Method 5), °K ( °R).
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Vy = Volune of distillate as diluted, m.
Vistey = Vol une of gas sanple as neasured by DGM at
standard conditions, dscm (dscf).
V, = Total volunme of F sanple, after fina
dilution, nl.
Vistey = Volune of water vapor in the gas sanple at
standard conditions, scm (scf)
12.2 Average DGM Tenperature and Average Oifice
Pressure Drop (see Figure 5-3 of Method 5).
12.3 Dry Gas Volune. Calculate Vysq, and adjust for
| eakage, if necessary, using Equation 5-1 of Method 5.
12.4 Vol unme of Water Vapor and Moisture Content.
Cal cul ate Vs and B, fromthe data obtained in this
met hod. Use Equations 5-2 and 5-3 of Method 5.
12.5 Total Fluoride in Sanple. Calculate the anpunt

of F in the sanple using the follow ng equation:

. KV, V, F, 13A-1
- a4 ¢ Eq.- -
t A Ay

wher e:

K = 102 ng/ug (metric units)

= 1.54 x 10° gr/pug (English units)
12.6 Fluoride Concentration in Stack Gas. Determ ne
the F concentration in the stack gas using the foll ow ng

equat i on:
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C = Eq. 13A-2

12.7 1sokinetic Variation. Sane as Mthod 5,
Section 12.11.

13.0 Method Performance.

The followi ng estimtes are based on a col | aborative
test done at a primary alumnumsnelter. 1In 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- and inter-|aboratory
st andard devi ati ons, which include sanpling and anal ysi s
errors, were 0.044 ng F/n? with 60 degrees of freedom and
0.064 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 to 1.4 ug
F/nm.

14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]

16.0 Alternative Procedures.
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16.1 Conpliance with ASTM D 3270-73T, 80, 91, or 95
(incorporated by reference - see 8 60.17) "Anal ysis of
Fl uori de Content of the Atnosphere and Pl ant Ti ssues
(Sem aut omated Method) is an acceptable alternative for the
requi rments specified in Sections 11.2, 11.3, and 11.4.1
when applied to suitable aliquots of Containers 1 and 2

sanpl es.
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Figure 13A-1. Fluoride Sampling Train.
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Figure 13A-2. Fluoride Distillation Apparatus.
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