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In Method 13A, total fluorides ( gaseous and par--:::..culate) 

are extracted isokinetically from the source by using a sampling 

train similar to the one specified in Method 5 (Section 3.4 of 

this Handbook). The filter is not required to be heated and may 

be located immediately after the probe or between the third and 

fourth impinger. 

The SPADNS zirconium lake colorimetric method for quantita­

tively measuring the fluorides collected in the train is appli­

cable to fluoride (F) emissions from stationary sources, but not 

to fluorocarbons such as Freon. The concentration range of the 

method is from 0.05 to 1.4 µg F/ml; the method is applicable to 

much higher concentration by using sample dilutions. Sensitiv­

ity of the method has not been determined. 

An interferent in the collection of fluorides is grease on 

sample-exposed surfaces; due to adsorption the grease causes low 

results. If it can be shown to the satisfaction of the admini­

strator that samples contain only water soluble fluorides, 

fusion and distillation may be omitted from the analysis. 

Interferences, such as >300 mg aluminium/.£ and >0.3 mg 

silicon dioxide/.£, prevent complete recovery of fluoride during 

laboratory analysis, however, sample distillation will eliminate 

this problem. Chloride will distill over and interfere with the 

SPADNS zirconium lake color reaction. This interference can be 

prevented by adding silver sulfate (5 mg of silver sulfate/mg of 

chloride) into the distillation flask. However, if chloride ion 

is present, use of specific-ion electrode (Method 13B) is recom-

mended. Sulfuric acid carried over during distillation will 

cause a positive interference; to avoid the carryover, stop the 

distillation at 175 ° C (347° F). Residual chlorine w�ll also 

interfere with this colorimetric method, 

present in the type of sample analyzed. 

but should not be 
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The color obtained when colorimetric reagent is mixed with 

the sample is stal:,le for approximately 2 h. After formation of 

the color, the abs.orbances of the sample and standard solutions 

should be measured. at the same temperature. A 3 ° c (S.4 ° F) dif­

ference between scunple and standard solution temperatures will 

produce an error o! approximately 0.005 mg F/t. 

The method de:scription which follows is based on the Refer­

ence Method 1 that was promulgated on June 20, 1980. 

Section 3.10.:LO contains a copy of the Reference Method and 

blank data forms a.re provided in Section 3 .10 .12 for the conve­

nience of the Han��ook user. 

Note: Due to siniilari ties between Method 13A and Method 13B 

sampling and analytical equipment and procedures, only the 

differences pei·taining to Method 13A will be presented. How!'"' 

e�r, the activit.y matrices are all included whether or not 

differences occur in the written descriptions. All other Method 

13A descriptions will be referenced to the corresponding de­

scription in Section 3 . 9, Method 13B. This is done for both 

time savings to the reader and cost savings to the Government. 



METHOD HIGHLIGHTS 

Section No. 3.10 
Revision No-. 0 
Date January 4, 1982 
Page 4 of 7 

Section 3.10 (Method 13A) describes specifications for the 
sampling and analysis of total fluoride emissions from station­
ary sources. A gas sample is isokinetically extracted from the 
source stream, and the fluorides in the stream are collected in 
the sampling train. 

The sampling train is similar to that in EPA Method 5, with 
• few exceptions--the filter does not have to be heated and it
aay be located either immediately after the probe or between the
third and fourth impingers. If it is between the probe and the
first impinger, a borosilicate glass or stainless steel filter
holder with a 20-mesh stainless steel screen filter support and
·-

a silicone rubber gasket must be used. If it is between the
third and fourth impingers, a glass frit filter support may be
used.

Sampling is gene·rally the same as in Method 5, but a nozzle 
size that will maintain an isokinetic sampling rate of <28 t/min 
(<1.0 ft3 /min) must be used. Samples and standards must be the 
same temperature during analysis by the colorimetric method. A 
change of 3 ° C (5.4° F) will cause an error of 0.005 mg F/t in the 
sample measurements. Distillation during 'sample analysis has 
been found to be the main cause of error in this method. 

The collected sample is recovered by transferring the mea­
sured condensate and impinger water to a sample container, 
adding the filter and the rinsings of all sample-exposed sur­
f aces to this container, and fusing and distilling the sample 
for colorimetric analysis. Fusion and distillation may be 
omitted if it can be shown to the satisfaction of the adminis­
trator that the samples contain only water soluble fluorides. 

Results of collaborative tests2 show that fluoride concen­
trations from 0.l to l.4 mg F/m3 could be determined with an in­
tralaboratory precision of O. 044 mg F /m3 and an interlaboratory (. (f C,
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precision of 0.064 mg F/m3
• Six contractors each simultaneously 

took duplicate samples from the stack. The collaborative test 

did not find any bias in the analytical method.2

The Method Description (Sections 3.10.1 to 3.10.9) is based 

on the detailed specifications in the Reference Method (Section 

3.10.10) promulgated by EPA on June 20, 1980. 1

The appropriate blank data forms at the end of the Method 

Highlights section of Method ·13B ( Section 3. 9) may be removed 

from the Handbook and used in the pretest, test, and posttest 

operations. Each form has a subtitle to assist the user in 

finding a similar filled-in form in the method description. On 

the blank and filled-in forms, the i terns/parameters that can 

cause the most significant errors are designated with an as­

terisk .. 

l!_ Procurement of Apparatus and Supplies 

Section 3.10.l (Procurement of Apparatus and Supplies) 

gives specifications, criteria, and· design features for the 

required equipment and materials. The sampling apparatus for 

Method l3A has the same design features as tha.t of Method 5, 

except for the positioning of the filter in the sampling train. 

This section can be used as a guide for procurement and ini�ial · 

checks of equipment and supplies. The activity matrix (Table 

1.1) at the end of the section is a summary of the details given 

in the text and can be used as a quick reference. 

2. Pretest Preparations

Section 3.10.2 (Calibration of Apparatus) describes the

required calibration procedures for the Method 13A sampling 

equipment (sam� as Method 13B) for the colorimetric method. A 

pretest checklist ( Figure 3 �. l in Section 3. 9. 3 or a similar 

form) should be used to summarize the calibration and other 

pertinent pretest data. 

Section 3.10.3 (Presampling Operations) is the same as for 

Method 13B. 
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Activity matrices for the calibration of equipment. ·_and the 
pre.sampling oper�tions (Tables 2 .1 and_ 3 .1) summarize the activ­
ities. 

3-:·· · · on-site Measurements

Section 3.10.4 (On-Site.Measurements) describes procedures 
for sampling and sample recovery anq is the same as for Method 
13B. 

4. Posttest Operations

Section 3.10.5 (Postsampling Operation) describes the
postsampling activities for checking the equipment and the 
analytical procedures. A form is given for recording data from 
the posttest equipment calibration checks; a copy �f the form 
should be included in the emission test final report. A control 
sample of known ( F) concentration should be analyzed before 
analyzing the sample for a quality control check on the analyt­
ical procedures. The detailed analytical procedures can be 
removed for use as easy references in the laboratory. An activ­
ity matrix (Table 5.1) summarizes the postsampling operations. 

Section 3 .10. 6 (Calculations) describes calculations, 
nomenclature, and significant digits for the data reduction. A 
programmed calculator is recommended to reduce calculation 
errors. 

Section 3.10.7 (Maintenance) recommends routine and preven­
tive maintenance programs. The programs are not required, but 
their use should reduce equipment downtime. 

5. Auditing Procedures

Section 3 ..J.O. 8 describes performance and system audits.
Performance audits for both the analytical phase and the data 
processing are described. A checklist (Figure 8.2) outlines a 
recommended system audit. 

Section 3 .10. 9 lists the primary standards to which the 
working standards or calibration standards should be traceable.
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Section 3.10.10 contains the promulgated Reference Method;

Section 3 .10. ll contains the references cited throughout the 

text; and Section 3.10.12 either contains copies of data form• 

recommended for Method 13A or references the user to forms in 

Method 13B . 
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A schematic of the samplin9 train used in Method 13 is 

shown in Figure 1.1. The train and the sampling procedures are 

similar to EPA Method 5; the procedures and equipment for 

Methods 13A and 13B are identical. Commercial models of the 

train are available. For those who want to build their own, 

construction details are in APTD-0581; 3 allowable modifications 

are described therein. The operating, maintenance, and calibra­

tion procedures for the sampling train are in APTD-0576.' Since 

correct usage is important in obtaining valid results, all users 

are advised to read that document and to adopt its procedures 

unless alternatives are outlined therein. 

Specifications, criteria, and/or design features are given 

in this section to aid in the selection of equipment or any 

components that are different from those in Section 3.9.�. 

Procedures and limits (where applicable) for acceptance checks 

are also given . 
. , 

Table 1.1 at-the end of this section summarizes the quality 

assurance activities for the procurement and acceptance of 

apparatus and supplies. 

1.1 Miscellaneous Glassware 

1.1.1 Pipettes - Several volumetric pipettes (Class A)--includ-
•) 

ing 2, 4, 5, 6, 8, 10, 12, 14, 20, 25, 50 ml's--should be avail-

able. Record the stock numbers, and visually check for cracks, 

breaks, or manufacture�'s flaws. If irregularities are found, 

either replace or return to the supplier . 

1.1.2 Volumetric Flask -· Several glass volumetric flasks, Class 

A, ( 50-ml, 100-ml, 250-ml, 1000-ml) are needed to dilute the 

sample and to prepare standards and agents. 
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1.1.3 Erlenmeyer Flask or Plastic Bottle - A 500-ml Erlenmeyer 

flask or plastic bottle is needed to store the SPADNS solution. 

1.2 Reagents and Supplies (Sample Recovery and Analysis) 

Unless otherwise indicated, 

specifications of the Cornmi ttee 

American Chemical Society (ACS); 

able grade. 

all reagents should meet the 

on Analytical Reagents of the 

otherwise, use the best avail-

1. 2 .1 Calcium Oxide ( cao) - A reagent grade ·or a certified ACS

grade of cao containing �0.005% F is needed.

1.2.2 Filters - Whatman No. 541 (or equivalent) filters are re­

quired for filtration of the impinger contents and recovery of 

the sample. 

1.2.3 Hydrochloric Acid (HCl) - An ACS reagent grade or the 

equivalent concentrated HCl is needed. 

l. 2 • 4 Phenolphthalein Indicator - A reagent grade or a certi­

fied ACS O .1% phenolphthalein should be a 1: 1 ethanol-water

mixture.

1.2.5 Silver Sulfate (Ag2SO4 ) - An ACS reagent grade or the 

equivalent Ag2 so4 should be used. 

1.2.6 Sodium Hydroxide (NaOH) Pellets - An ACS reqgent grade or 

the equivalent is neededr 

1.2.7 Sodium Fluoride (NaF) Standard Dissolve 0.2210 g 

±0.0005 g of reagent grade NaF in deionized distilled water and 

dilute to 1000 ml. Dilute 100 ml of this solution to 1000 ml 

with distilled water; 0.01 mg F/ml water. NaF should be oven 

dried at 110° c for at least 2 h prior to weighing. 

1.2.8 Sulfuric Acid (H2so,) - An ACS re�gent grade or the

equivalent concentrated H2 SO4 is needed . 

1.2.9 Sulfuric Acid, 25 Percent (v/v) - Cautious.l� add 1 part 

of concentrated H2 SO4 to 3- parts deionized distilled water. 
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l.2.10 Water - Deionized distilled water needed as specified in

Table 1.1 at the end of this section and in Section 3.9.1.

1.2.11 SPADNS Solution - Dissolve 0.960 ±0.010 g of SPADNS rea­

gent 4, 5 dihydroxy-3- ( parasul fophenylazo )-2, 7-naphthalenedisul­

f onic acid trisodium salt (also called sodium-2-(parasulfo­

phenylazo)-1,8-dihydroxy-3,6-naphthalenedisulfonate) in dis­

tilled water. and dilute to 500 ml. This diluted solution is 

stable for about 1 mo if stored in a sealed bottle and protected 

from direct sunlight. 

1.6.12 Reference Solution - Add 10 ml of the SPADNS solution to 

100 ml distilled water. Dilute 7 ml of concentrated HCl to 10 

ml; then add the diluted HCl to the diluted SPADNS. This refer­

ence solution, which is needed to set the spectrophotometer zero 

point, is stable for at least 2 mo. 

1.2.13 SPADNS Mixed Reagent (ZrOCl2 · 8H2O + HCl Mixed with 

SPADNS Solution) - First prepare the zirconyl-acid reagent by 

dissolving 0.135 ±0.005 g of zirconyl chloride octahydrate 

(ZrOC1 2 ·8H2 O) in 25 ml of distilled water. Then add 350 ml of 

concentrated HCl, and dilute to 500 ml with distilled water.

Next, prepare the SPADNS mixed reagent ( acid zirconyl-SPADNS 

solution) by combining equal volumes of the SPADNS solution and 

the zirconyl-acid reagent. The mixed reagent will be stable for 

at least 2 mo. 

Check all reagents for grades and ACS certifications. 

Replace or return to the manufacturer any reagent which does not 

meet the standards. 

1.3 Analytical Equipment 

1.3.l Bunsen Burner - A Bunsen burner capable· of distilling 200 
ml in <15 min is required to heat the boiling flasks. 

1. 3. 2 Crucible - A nickel crucible with a capacity of 75 to
100 ml is needed to evaporate the water from the sample on a hot

plate. 
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Upon receipt, check for cracks or manufacturing flaws as 

well as for capacity. If it does not meet specifications re­

place or return it to the manufacturer. 

1.3.3 Hot Plate - A hot plate capable of S00° C (932 ° F) is re­

quired for heating the sample in a nickel crucible. 

Check upon receipt and before each use for damage. Check 

the heating capacity against a mercury-in-glass thermometer. If 

inadequate, repair or return the hot plate to the supplier. 

1.3.4 Electric Muffle Furnace - An electric muffle furnace 

capable of heating to 600° C (1112 °F) is needed to fuse the sam­

ple. 

Check. the heating capacity against a mercury-in-glass ther­

mometer. Replace or return to the manufacturer any unit which 

does not meet specifications. 

1...3. 5 Balance - A balance with a capacity of 300 g ±0. 5 g is 

needed to determine moisture. 

Check for damage against a series of standard weights upon 

receipt and before each use. Replace or return to the manufac­

turer if damaged or if it does not meet specifications. 

1.3.6 Analytical Balance - An analytical balance capable of 

weighing to within O.l mg is needed for preparation of the stan­

dard fluoride solution and the analytical reagents. Check the 

balance frequently with Class s weights. 

1. 3. 7 Constant Temperature Bath - For optimum measurement of 

the sample concentration, a water bath is needed to maintain a 

constant room temperature. This bath must maintain a constant 

temperature of ±1 ° C (1.8 ° F) in the room temperature range. 

Check upon·receipt and before each use for damage and tem­

perature constancy . 

1.3.8 Spectrophotometer - A sp�ctrophotometer is required for 

de�ermining the absorbance of the sample and the calibration 

standards at a wavelength of 570 nanometers using a 1-cm path­

length. 
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Check the spectrophotometer upon receipt and before each 

use for proper operation according to the manufacturer's manual. 

1.3.9 Spectrophotometer Cells - Glass cuvettes with 1-cm path­

length are required to contain sample and standards during the 

absorbance measurements. Check upon receipt and before each use 

for cracks or scratches on optical surfaces. Replace the cuvet­

tes necessary. 
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Apparatus 

Sampling 

Probe liner 

Probe nozzle 

Pitot tube 

Differential 
pressure 
gauge (in­
clined ma­
nometer) 

Filters 
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TABLE 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS 
AND SUPPLIES 

Acceptance limits 

Specified material of 
construction; equipped 
with heating system 
capable of maintaining 
120°±14°C (248° ±25° F) 
at the exit 

Stainless steel (316) 
with sharp, tapered 
angle <30°; differ­
ence in measured diam­
eters <O. 1 mm (0.004 
in.); no nicks, dents, 
or corrosion 

Type S (Meth 2, Sec 
3.1.2); attached to 
probe with impact 
(high pressure) opening 
plane even with or 
above nozzle entry 
plane 

Meets criteria (Sec 
3.1.2); agrees within 
5% of gauge-oil 
manometer 

Capable of withstand­
ing temperatures to 
135°C (275°F), 95% 
collection efficiency 
for 0.3 µm particles, 
low F blank (<0.015 
mg F/cm2)

-

Action if 
Frequency and method requirements 

of measurements are not met 

Visually check the 
probe and run the 
heating system 

Visually check upon 
receipt and before 
each test; use a mi­
crometer to measure 
ID before field use 
after each repair 

Visually check for 
vertical and hori­
zontal tip alignments; 
check the configura­
tion and the clear­
ances; calibrate 
(Sec 3.9.2) 

Repair, return 
to supplier, 
or reject 

Reshape and 
sharpen, re­
turn to the 
supplier, or 
reject 

Repair or re­
turn to sup­
plier 

Check against a gauge- As above 
oil manometer at a 
minimum of three 
points: 0.64(0.025); 
12.7 (0.5); 25.4(1.0) 
mm (in.) H20

Check each batch for Reject batch 
F blank values, 
visibly inspect for 
pin holes or flaws 



TABLE 1.1 (continued) 

Apparatus Acceptance limits 

Filter holder Leak free; borosilicate 
glass 

Condenser Four impingers, standard 
stock glass; pressure 
drop not excessive 

Vacuum gauge 0-760 mm (0-30 in.) Hg,
±25 mm (l in.) at
380 mm (15 in.) Hg

Vacuum pump W!ak free; capable of 
maintaining flow rate 
of 0.02-0.03 m3/min 
(0.7 to 1.1 ft3/min) 
for pump inlet vacuum 
of 380 mm (15 in.) Hg 

Barometer Capable of measuring 
atmospheric pressure 
±2.5 mm (0.1 in.) Hg 

Orifice meter �H@ of 46.74± 6.35 mm 
(1.84 ± 0.25 in.) H20 
at 20°C (68° F); 
optional 

Dry gas meter Capable of measuring 
volume within ±2% at a 
flow rate of 0.02 
m3/min (0.7 ft3/min) 

(continued) 
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Action if 
Frequency and method requirements 

of measurements are not met 

Visually check before Return to 
use supplier 

Visually check upon As above 
receipt; check pres- ' 

sure drop· 

Check against mer- Adjust or re-
cury U-tube manometer turn to sup-
upon receipt plier 

Check upon receipt Repair or re· 
for leaks and capaci- turn to sup-
ty plier 

Check against a mer- Determ,ne cor-
cury-in-glass barom- rection fac-
eter or equivalent; tor, or reject 
calibrate (Sec 3.1.2} if difference 

more than ±2.5 
mm (0.1 in.) 
Hg 

Upon receipt, visual- Repair or re-
ly check for damage; turn to sup-
calibrate against wet plier 
test meter 

Check for damage upon Reject if dam-
receipt and calibrate aged, behaves 
(Sec 3.9.2) against erratkal ly, 
wet test meter or cannot be 

properly ad-
justed 

(/3)/,, .. 
......... 



TABLE l.l (continued) 

ARP_aratus Acceptance limits 

Thermometers ±1 °C (2°F) of true 
value in the range of 
0° to 25°C (32° to 77°F) 
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Action if 
Frequency and method requirements 

of measurements are not met 

Check upon receipt Reject ff un-
for dents or bent able to cali-
stem, and calibrate brate 

for impinger thermometer (Sec 3.9.2) against 
and ±3°C (5.4°F) of true mercury-in-glass 
value in the range of thermometer 
0°C to 90°C (32° to 
l94°F) for dry gas 
meter thermometers 

Samele Recover� 

Probe liner and Nylon bristles with Visually check for Replace or re· 
probe nozzle stainless steel han- damage upon receipt turn to sup;,. 
brushes dles; pr9perly sized plier 

and shaped 

Wash bottles Polyethylene or glass, Visually check for As above 
500 ml damage upon receipt 

Storage con- High-density polyeth- Visually check for As above 
tainer ylene, 1000 ml damage upon receipt; 

be sure caps make 
proper seals

Graduated Glass, Class A, 250 ml Upon receipt, check As above 
cylinder for stock number, 

cracks, breaks, and 
manufacturer flaws 

Funnel Glass. diameter 100 IVffl; Visually check for As above 
stem length 100 mm damage upon receipt 

Rubber police- Properly sized Visually check for As above 
man .damage upon receipt 

(continued) 



TABLE 1.1 (continued) 

Aooaratus Acceotance limits 

Pipettes, volu- Glass, Class A 
metric fl ask, 
beaker, flask 
adapter, con-
denser, con-
nection tube, 
Erlenmeyer 
flask 

Distillation 
Apparatus 

Bunsen burner Capable of distilling 
220 ml in <15 min 

Crucible Nickel material ; 75-
100 ml 

Analltical 
Equipment 

Hot plate Heating capacity of 
500°C (932°F} 

Electric muffle Heating capacity of 
furnace 600�C (1112°F) 

(continued) 
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Action i1 
Frequency and method requirements 

of measurements are not met 

Upon receipt, check Replace or re-
for stock number, turn to sup-
cracks, breaks and plier 
manufacturer flaws 

Visually check upon Replace or re· 
receipt; check heat- turn to manu-
ing capacity, check facturer 
for damage

Check upon receipt Replace or re-
for cracks or flaws turn to manu-

facturer 

Check upon receipt Replace or re-
and before each use turn to manu· 
for damage; check facturer 
heating capacity 
against mercury-in-
glass thermometer 

Check upon receipt Replace or re-
and before each use turn to manu-
for damage; check facturer 
heating capacity 
upon receipt against 
mercury-in-glass 
thermometer 



TABLE 1.1 (continued) 

Accaratus Accectance limits 

Balance Capacity of 300 g ±0.Sg 

Water bath Capable of maintaining 
constant room.tempera-
ture 

Spectropho- Capable of measuring 
tometer absorb,nce at 570 nm 

• 
and providing >l cm 
1 i ght path 

Reagents 

Filters Whatman NO'. 541 or 
equivalent 

Silica gel Indicating Type 6-16 
mesh 

Di st il 1 ed water Must conform to ASTM-
01193-74, Type 3 

Crushed ice 

Stopcock grease Acetone insoluble, and 
heat stable silicon 
grease 

(continued) 
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Action 1f 
Frequency and method requirements 

of measurements are not met 

Check for damage a�d Replace or re· 
against ser�es qf turn to manu-
standard weights upon facturer 
receipt and before 
each use 

Check with mercury-. Repair 
in-glass thermometer 

Check upon receipt Replace or re-
and before each use turn to manu-
for damage; see manu· facturer 
facturers' operating 
manual 

Visually check for Replace or re-
damage upon receipt turn to sup-

plier 

Upon receipt check Replace or re-
label for grade or turn to manu-
certificatiorf facturer 

Check each lot Replace or re-
turn to manu-
facturer 

Check frozen condition 

Upon receipt, check As above 
label for grade or 
certification 



TABLE 1.l (continued) 

Apparatus Acceptance limits 

Reagents 

Calcium oxide Reagent grade or cer-
powder tified ACS 

Phenolphthalein 0.1% in 1:1 ethanol-
water mixture; reagent 
grade or certified ACS 

Sodium hy- NaOH pellet, SM NaOH 
droxide reagent grade or cer-

tified ACS 

Sulfuric acid Concentrated, reagent 
grade or certified ACS; 
25% (v/v) reagent grade 
or ACS 

Silver sulfate Reagent grade or certi-
powder fied ACS 

Hydrochloric Concentrated, reagent 
acid grade or certified ACS 

Sodium fluoride 0.01 mg F/ml, reagent 
solution grade or certified ACS 

SPAONS sol u- Dissolve 0.960 + 0.010 
tion got SPAONS reagent, 

4,5-dihydroxy-3-(p-
sulfophenylazo)-2,7-
naphthalenedisulfonic 
acid trisodium salt, 
reagent grade or cer-
tified ACS 

(continued) 
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Action 1f 

Frequency and method requirements 
of measurements are not met 

As above As above 

As above As above 

As above As above 

As above As above 

Upon receipt, check Replace or re-
label for grade or turn to manu-
certification facturer 

As above As above 

As above As above 

As above As above 



TABLE 1.1 (continued) 

Aooaratus Acceotance limits 

Reference Add 10 ml SPAONS solu-
solution tion to 100 ml dis· 

tilled water; dilute 
7 ml cone HCl to 10 
ml with distilled 
water; add to diluted 
SPAONS solution; rea-
gent grade or certi-
fied ACS 

SPAONS mixed Dissolve 0.135 + 0.005 
reagent g [Zr0Cl2 •8H20] in 25 

ml distilled water; add 
350 ml cone HCl; dilute 
to 500 ml with distilled 
water; mix equal volumes 
of SPAONS solution and 
the above zirconyl acid 
reagent; reagent grade 
or certified ACS 

• 
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Action 1f 
Frequency and method requi remen.ts 

of measurements are not met 

As above As above 

As above As above 

.-\ 

c1>. 
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Calibration of apparatus is one of the most important func­

tions in maintaining data quality. The detailed calibration 

procedures included in this section are designed for the equip-

ment specified in Method 13A and described in the previous 

section ( Section 3. 9. 2) . A laboratory log book of all cali-

brations must be maintained. Table 2 .1 at the end of this 

section summarizes the quality assurance activities for cali­

bration. This section is the same as Method 13B (Section 3.9.2) 

with the exception of the calibration of the spectrophotometer 

as detailed below. 

2.1 Spectrophotometer 

An initial calibration curve should be made to check the 

operation of the spectrophotometer. Conduct the check as fol­

lows: 

l. Prepare the blank standard by adding 10 ml of SPADHS

mixed reagent to 50 ml of distilled water. 

2. Pipette 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, and 14.0 ml of

the standard fluoride working solution into separate 100-ml 

volumetric flasks. Dilute to the mark wi� distilled water. 

3. Pipette 50 ml of each dilution into 100-ml beakers;

then pipette 10.0 ml of SPADNS mixed reagent into each and mix. 

These standards will contain O, 10, 20, 30, 40, SO, 60, and 70 

1,1g F·, r·espectively. 

4. Place the reference standards and the reference solu­

tion in a constant temperature bath for 30 min before reading 

the absorbances with the spectrophotometer. The bath must be 

within ±3°C (S.4° F) of ambient temperature . 

·s. Set the spectrophotometer at 570 nm and use the refer­

ence solution to set at zero absorbance. 

6. Determine the absorbance of the standards.

data on the standard data form. as shown in Figure 2.1. 

Record 
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Spectroph�_tometer number __ .... S: ____ -_,_;,../_0_0 _____ _ . Analyst If C /J.
Ca 1 i brat ion date .;C/1,s /S' o

_______ , ---------
SPADNS mix date 4/J.s-/(o 

Ambient temperature --�---2. ___ 0c Bath temperature ___ ,,Z......_.._/ ___ °C 

Spectrophotometer set at 570 nm V yes 
; ------- -------

✓ yes Reference solution used to set zero absorbance 
----

no 

no 

Absorbance readings: o. d" � 7 10 µg <2- t,i 7 0 20 µg O. J 9 5" 30 µg 
a J 00 40 J.19 O . .2J O 50 -J.19 0. /Jo 60 µg o. tJ,o 70 µg 0, 11'10 blank.

0.7 ----------------------

0.6 

0.5 

. 0.4

0.3 

0.2 

0.1 

0 
0 10 30 40 50 

µg of fluoride per 50 ml 

Signature of Analyst __ '3,___�----=-G--�-...... ------­
Signature of Reviewer _.i::!W"--'-i=L6.:!::!:��:"":::::.../�i�· -LznaM#�·:!::!::::::::!::::::__ 

Figure 2.1. Fluoride calibration curve.

60 70 
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7. The wavelength calibration should be checked initially

and yearly thereafter. This can be done using a didymium fil­

ter. See suppliers instructions for its use. The wavelength 

should agree within ±10 nm. If not, contact the manufacturer's 

representative for adjustment. 
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TABLE 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 

Action if 
Frequency and method requirements 

Apparatus Acceptance limits of measurement are not met 

Wet test meter Capacity of >3.4 m3/h Calibrate initially Adjust to 
(120 ft3/h);-accuracy and yearly by liquid meet specifi-
within ±1. 0% displacement cations, or 

return to 
manufacturer 

Dry gas meter Y. = Y ± 0.02 Y at Calibrate with wet Repair or re-
fiow rate of 0.02 - test meter initially place, and 
0.03 m3/min (0.7 - to agree within Y ± then recali-
1.1 ft3/min) 0.02 Y and when post- brate 

test check is not 
within Y ± 0.05 Y 

Thermometers Impinger thermometer Calibrate each ini· Adjust, de-
!1°C (2°F); dry gas tially against a termi ne a

meter thermometer mercury-in-glass constant cor-
+3°C (5.4°F) over thermometer; before rection fac-

applicable range field trip compare tor, or re-
each with mercury- ject 
in-glass thermometer 

Barometer +2. 5 ·mm (0. 1 in.) Hg of Calibrate fnitially Adjust to 
mercury-in-glass barom- vs mercury-in-glass agree with 
eter barometer; check certified 

before and after barometer 
each field test 

Probe nozzle Average three ID mea- Use a micrometer to Recalibrate, 
surements of nozzle; measure to near- reshape, and 
difference between high est 0.025 mm (0.001 sharpen when
and low <0.1 mm in. ) nozzle be-
co. 004 in.) comes nicked, 

dented, or 
corroded 

(continued) 



TABLE 2.1 (continued) 

Aooaratus Acceotance limits 

Stack tempera- ±1.5% of average abso· 
ture sensor lute stack temperature, 

OR 

Trip balance Standard Class-S 
weights within ±0.5 g 
of stated value 

Pitot tube Type S; initially 
calibrated according 
Section 3.1, Meth 2; 

to 

tube tips undamaged 

Spectrophotom- Standard solutions 
eter agree within ±2% of 

calibration curve 

Wavelength ±10 nm 

• 
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Action if 
Frequency and method requirements 

of measurement are not met 

Calibrate initially; Adjust or 
check after each reject 
field test 

Verify calibration Have the 
when first purchased, manufacturer 
any time moved or recalibrate 
subject to rough or adjust 
handling, and during 
routine operations 
when not within 
± 0.5 g 

Visually check Repair or 
before each field replace 
test 

Check standard solu- Make new rea-
tions for each test; gents and 
new calibration curve calibration 
made when standards curve 
do not agree within 
±2% of existing curve 
or when SPADNS mixed 
reagent is newly made 

Yearly Contact manu-
facturer's 
representa-
tive for 
adjustment 
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The quality assurance activities for presampling operations 

are summarized in Table 3.1. See Section 3.0, of this Handbook 

for details on preliminary site visits. 

same as Method 13B (Section 3.9.3). 

This section is the 
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TABLE 3.1. ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 

Apparatus 

Sampling train 
probe and 
nozzle 

Impingers, 
filter 
ho l de I'S' and 
glass con­
nectors 

Pump 

Dry gas meter 

(continued) 

Acceptance limits 

1. Probe, nozzle, and
liner free of contami­
nants; constructed of
borosilicate glass,
quartz, or equivalent;
metal liner must be
approved by admini­
strator

2. Probe leak free
at 380 mm (15 in.) Hg

3. Probe heating
system prevents mois­
ture condensation

Clean; free of breaks 
cracks, leaks, etc. 

Sampling rate of 0.02-
0.03 m3/min (0. 7 to 
1.1 ft3/min) up to 380 
mm (15 in.) Hg at pump 
inlet 

Clean; readings ±2% of 
of average calibration 
factor 

Frequency and method 
of measurements 

1. Clean internally
by brushing with tap
water, deionized dis­
tilled water, and
acetone; air dry
before test

2. Visual-ly check
before test 

3. Check heating
system initially and
when moisture cannot
be prevented during
testing (Sec 3.4. 1)

Clean with detergent, 
tap water, and 
deionized distilled 
water 

Service every 3 mo 
or upon erratic be­
havior; check 
oiler jars every 10 
tests 

Calibrate according 
to Sec 3.4.2; check 
for excess oil 

Action if 
requirements 
are not met 

l. Repeat
cleaning and
assembly pro­
cedures

2. Replace

3. Repair or
replace

Repair or

discard 

Repair or re­
turn to manu­
facturer 

As above 



TABLE 3.1 (continued) 

Aooaratus Acceptance limits 

Reagents and 
Equipment 

Filters No irreg�larities, 
flaws, pinhole leaks; 
�0.015 mgF/cm2

Water Deionized distilled 
conforming to 
ASTM-01193-74, Type 3 

Stopcock grease Acetone insoluble; 
. 

heat stable 

Packing Equip-
ment for 
Shipment 

Probe Rigid container lined 
with polyethylene foam 

Impingers, con- Rigid container lined 
nectors, and 
assorted 

with polyeth�lene foam 

glassware 

Pump Sturdy case lined with 
polyethy_lene foam ma-
terial if not part of 
meter box 

• 

Meter box Meter box case and/or 
additional material to 
protect train compon-
ents; pack spare meter 
box 

Wash bottles Rigid foam-lined con-
and storage tainer 
containers 

Section No. 3.10.3 
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Action 1f 
Frequency and method requirements 

of measurements are not met 

Visually check before Replace 
testing; check each 
lot of filters for F 
content 

Run blank evapora- Redistil l or 
tions before field replace 
use to eliminate high 
solids (only required 
if impinger contents 
to be analyzed) 

Check label upon Replace 
receipt 

Prior to each ship- Repack 
ment 

As above As above 

As above As above 

As above As above 

As above As above 
( 
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The on -site activities include transporting equipment to 

the test site, unpacking and assembling the equipment, making 

duct measurements, performing the velocity traverse, determining 

molecular weights and stack gas moisture contents, sampling for 

particulates, and recording the data. Table 4.1 summarizes the 

quality assurance activities for on-site activities. Blank data 

forms are in Sections 3.9.12 and 3.10.12 for the convenience of 

the Handbook user. This section is the same as Metbod 13B 
(Section 3. 9 .4) . 
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TABLE 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS 

Apparatus 

Sampling 

Filter 

Condenser 
(addition of 
reagents) 

Assembling 
sampling 
train 

Sampling 
(isokineti­
ca lly) 

(continued) 

Acceptance limits 

Centered in holder; no 
breaks, damage, or con­
tamination during 
loading 

Action if 
Frequency and method requirements 

of measurements are not met 

Use tweezers or surg­
ical gloves to load 

Discard fil­
ter, and 
reload 

Use graduated cylinder Reassemble 
to add water, or weigh system 

100 ml of distilled 
water in first two 
impingers; 200-300 g 
silica gel in fourth 
impinger 

of each impinger and its 

1. Specifications
in Fig 1.1

2. Leak rate <4% of
sampling volume or
0.00057 m3/min (0.02
ft3/min), whichever is
less

l. Within ±10% of
isokinetic condition
and at a rate of less
than 1. 0 ft3 /min

2. Standard checked
for minimum sampling
time and volume; sam­
pling time �2 min
point

contents to the near-
es� 0.5 g 

1. Check specifica- 1. Reassem-
tions before each ble
sampling run

2. Leak check before 2. Correct
sampling by plugging the leak
nozzle or inlet to
first impinger and
pulling a vacuum of
380 mm (15 in.) Hg

1. Calculate for
each sample run

1. Repeat
the test run

2. Make a quick cal- 2. As above
culation before test,
and exact calculation
after



• 
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TABLE 4.1 (continued) 

Apparatus Acceptance limits 

3. Minimum number of

points specified by
Method l

4. Leakage rate
<0.00057 m3/min (0.02 
ft3/min) or 4% of the 
average sampling vol­
ume. whichever is less 

Frequency and method 
of measurements 

3. Check·before the
first test run by mea­
suring duct and using
Method 1

4. Leak check after
each test run or be­
fore equipment re­
placement during teJt
at the maximum vacuum
during the test (man­
datory)

Sample recovery Noncontaminated sample Transfer sample to 
labeled polyethylene 
container after each 
test run; mark level 
of solution in the 
container 

Sample 
logistics, 
data collec­
tion, and 
packing of 
equipment 

1. All data recorded
correctly

2. All equipment exam­
ined for damage and
labeled for shipment

3. All sample contain­
ers and blanks properly
labeled and packaged

1. After each test
and before packing

2. As above

3. Visually check
after each sampling

Action if 
requirements 
are not met 

3. Repeat
the procedure
to comply
with specifi­
cations of
Method 1

4. Correct
the sample
volume or re­
peat the sam­
pling

Repeat the 
sampling 

1. Complete
the data

2. Repeat
the sampling
if damage
occurred dur­
ing the test

3. Correct
when possible
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The postsampling operations include checks on the apparatus 
used in the field during sampling to measure volumes, tempera­
tures, and pressures, and analyses of the samples collected in 
the field and forwarded to the base laboratory. Table 5. l at 
the end of this section summarizes the quality assurance activi­
ties for the postsampling operations. 

The postsampling checks on the sample collection train are 
the same as for Method 13B ( Section 3. 9. 5) . The analytical 
method is different with exception of some of the sample prepa­
ration. The entire analytical procedure is detailed below. 

5.1 Base Laboratory Analysis 

All fluoride samples should be checked by the analyst upon 
receipt in the base laboratory for identification and sample 
integrity. Any losses should be noted on the analytical data 
form (Figure 5.1). Either void the sample or correct the data 
using a technique approved by the administrator. If a notice­
able amount of sample has been lost by leakage, the following 
procedure may be used to correct the volume. 

1. Mark the new level of the sample C?ntainer.
2. Treat the sample as described in Subsection 5.2.3 and

note the final dilution volume (Vsoln>·
3. Add water up to the initial mark on the container,

transfer the water to a graduated cylinder and record the ini­
tial sample volume (Vsolni) in milliliters.

4. Add water to the new mark on the container. Transfer
the water to a graduated cylinder, and 
(V ) in milliliters. solnf 

5. Correct the volume by using

vsolni 
vsoln = vsoln V solnf

record the final volume 

the following equation: 



Plant fl C/11£ 
Date ffi o/8 o

&;er1·/·:zEA Location _____ _,/l�ll=2=-'-'1'9�A.....=d ....... _· _____ _ 
Analyst _ ___.;;u/__,;;.J'....;../11...;.._. ___ SPADNS •ix date ___ _,.:J=· .IL./('-'s-...... :/2._"4_0 _____ _

Sa�ples identifiable ___ v_,.,,._ yes _____ no All liquid levels at ■ark · v yes no -----

Ambient temperature .,:;,:i "C, Temperature of sa•ples ,,,2/ •C. Temperature of standards .J /·•c
----------

Sample was concentrated ___ yes v no Solids fused and added to liquid_...;.✓ __ yes no 
---

Total Aliquot
volU111e. of Total 

of sample sample mg of 119 of Sall!ple Aliquot Absorb. weight 
Sample before for chloride silver volume of sample of sample of F 

Sample identi- dis ti 11. distill. per liter chloride from still for analysis at 570 nm 1-19 F 

<:�
>
. number fication (Vt)• 111 (At), ml of sa11ple added (Vd), ml (Ad), 111 OD in samplea

/J�JIIJ#lt A 

-, 

BFF,A ilrr /000 .,loo 0 -

�oO so 0. 59S" .<. 9 o. Ji/-1
IJFC- d1!il1t 1aoo �oo 0 - !1 t,0 /0 O. �IO I 'I. 7 .J. ,.,t(p 

/JF:,,A 
d ,'.st 1'//;f r,6N 

,;I.OD 0 .,1$ 0 �o o. t,, t/-0 -

/;/19NI� 
-- - -

AF-/ Ar- 1,11s- /000 6-0 l�"o -'50 .:i 6 0 ,)., () . .:ilo ,t.1.7 /IJ7 

,qFC 
w.t1d.-.sf/ll�d 

� .,Jllr,t #L 
- -- - - :JS o /00 (). ti 1:, JO. 0 -

. 

bTotal weight of fluoride in sample (Ft) 

-3[vt vd] 

a Control sallJ)les results must be between 19.6 µg and 20.4 µg for 
undistilled sainple on 18.0 an 22.0 µg. for distilled sample 

Ft
= 10 At Ad (µg F) Remarks: 

Signature of analyst u/� #· �
Signature of reviewer r� &· µ/�

Figure 5.1. Method 13A analytical data fora. 
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= sample volume to be used in the calculations, ml; 

vsoln = total volume of solution in which fluoride is con-
tained, ml; 

V 1 . = initial volume added to the container in theso ni 
field, ml; 

V solnf = final volume removed from the container in the
base laboratory, ml. 

6. Both the corrected and uncorrected values should be
submitted in the test report to the agency. 

If the spent silica was not weighed in the field, weigh the 
silica gel and report the weight to the nearest O. 5 g on the 
sample integrity and recovery form. 

In the SPADNS colorimetric method, the volume measurements 
o� the sample and the reagents are very important to the accura­
cy of the determination. The temperatures of the samples and
standards not only must be within 2° C (4 °F), but also must be
constant throughout color development. Calibration curves may 
be prepared for different temperatures. The analytical balance 
must be checked with Class-s standard weights before each series

of weighings, and the data on the weig!lings must be recorded on 
a calibration form (Figure 5.2). 

The colorimet.ric method is based on the reaction between 
flouride and a zirconium-dye; more specifically, fluoride reacts 
with _the dye lake, and dissociates a portion of the dye into a 
colorless complex anion ( ZrF;) and the dye. As the amount of 
fluoride increases, the color either becomes progressively 
lighter or changes in hue. The reaction rate between the 
fluoride and zirconium ions is accelerated by the acidity of the 
reagent; by increasing the proportion of acid, the reaction can 
be practically instantaneous. 



Section No. 3.10.5 
Revision No. O 
Date January 4, 1982 
Page 4 of 18 

Balance name c'd�✓ -.staAI t3ec-Re� J;,eJ13J Number __ E�lt __ -�I,.,... ______ ',l.j ___ 7_"5_-1_

"5" Classification of standard weights ____ .;:._ ___________ _

Date 

S'/?/IO 

0.5000 g 1. 0000 g 10.0000 g 

(). S-001 o. '""' lo. ooo 

50.0000 g 

s-o. 0001 

100.0000 g 

Io�. o oo-.. 

Figure 5.2. Analytical balance calibration form� 

Analyst 

A9� � 



• 

Section No. 3.10.5 

Revision No. 0 
Date January 4, 1982
Page 5 of 18

Colorimetric methods are subject to errors from interfering 
ions; thus it will be necess•ary to distill the sample befofe 
making the fluoride determination. 

Procedures are detailed herein for preparing reagents, 
blanks, control samples, distillation aliquots, reference and 
working standards, and measuring the fluoride in samples. 

5. 2. 1 Reagents '.- The following reagents are needed for· the
analyses of fluoride samples.

1. Calcium oxide (CaO) - ACS reagent grade powder or ACS
certified grade containing �0.005% fluoride. 

2. Phenolphthalein indicator - 0.1% in 1:1 ethanol-water
mixture (v/v). 

3. Sodium hydroxide (NaOH) - Pellets, ACS reagent grade

or the equivalent. 
• 4. Sulfuric acid (H2 so,) concentrated, ACS reagent 

grade or the equivalent. 
5. Filters - Whatman No'. 541 or the equivalent.
6. Water - Deionized distilled to conform to ASTM speci­

fication D1193-74, Type 3. The analyst may omit the KMn04 test

for oxidizable organic matter if high concentrations of organic 
matter are not expected. 

7. Silver sulfate (A92so4 )_ - ACS reagent grade or the
equivalent. 

8. Hydrochloric acid (HCl) - Concentrated, ACS reagent
grade or the equivalent. 

9. Sodium fluoride (NaF} standard - Dissolve O. 2210 g t
0.0005 g ACS reagent grade NaF, which has been dried for a mini­
mum of 2 h at 110°C ( 230 ° F) and stored in a desiccator, in 
deionized 
distilled 

10. 

distilled water, and dilute to 1-.e with deionized 
water; this solution contains 0.1 mgF/ml . 
Sodium fluoride (NaF) working standard - Pipette 100 

ml of the NaF standard into a 1-i volumetric flask and dilute to 
mark with deionized distilled water; this solution contains 0.01 
mg F/ml. 
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11. SPADNS solution - Dissolve O. 960 ±0. 010 g of SPADNS

reagent 4, 5 dihydroxy-3-(parasulfophenylazo )-2, 7-naphthalenedi­

sulfonic acid trisodium salt (also called sodium 2-(parasulfo­

phenylazo)-l,8-dihydroxy-3,6-naphthalenedisulfonate) in dis­

tilled water, and dilute to 500 ml; this solution is stable for 

about l mo if stored in a well-sealed bottle and protected from 

direct sunlight. 

12. Reference solution - Add 10 ml of SPADNS solution to

100 ml of distilled water; dilute 7 ml of concentrated HCl to 10 

ml with distilled water and add it to the diluted SPADNS solu­

tion. Prepare the reference solution fresh daily and use it to 

set the spectrophotometer zero point. 

13. SPADNS mixed reagent - Dissolve 0.135 ±0.005 g of

zirconyl chloride octahydrate (ZrOC1
2 

• aa
2
o) in 25 ml of dis­

tilled water; add 350 ml of concentrated HCl; and finally dilute 

to 500 ml with distilled water to get the zirconyl acid reagent. 

Then, mix equal volumes of the SPADNS solution and zirconyl acid 

reagent to produce the SPADNS mixed reagent, which is stable for 

at least 2 mo. 

5.2;2 Blanks - The three blanks needed for the analysis are a 

filter blank to ensure that the quality of the filter is accept­

able, a distillation blank to protect against cross contamina­

tion, and a sample blank to analyze with the samples to verify 

the purity of the reagents used in sampling and analysis. 

1. · Filter blanks - Determine the fluoride content of the

sampling filters upon receipt of each new lot of and at least 

once for each test series. 

randomly from each lot. 

Initially, select three filters 

a. 

b. 

tion 5.2.3). 

Add each filter to 500 ml of distilled water. 

Treat the filters exactly like a sample ( Subsec-

c. Use a 200-ml aliquot for distillation. The 

fluoride concentration of the filter blank must be <O. 015 mg 

F/cm2
; if not, reject this batch and obtain a new supply of 

filters. J 7. d{ 
I ., 
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2. Distillation blank - Check the condition of the aqid

in the distillation flask (Subsection 5.2.5) for cross-contami­

nation after every 10th sample by adding 220 ml of distilled 

water to the still pot and then proceed with the analysis. If 

detectable amounts of fluoride ( > O .1 JJg F /ml) are found in the 

blank, replace the acid in the distillation flask. 

3. Sample blank - Prepare the sample blanks in the field

at the same time and with the same reagents used for sample 

recovery. 

a. Add an unused filter from the same batch used in

sampling to a volume of distilled water equal to the average 

amount used to recover the samples. 

b. Treat the sample blank

aamples are treated (Section 5.2.3). 

with the samples. 

in the same manner as the 

Analyze the sample blanks 

5. 2 • 3 Sample Preparation - Use the following procedure to pre­

pare samples for distillation. Distillation is not required if

it can be shown to the satisfaction of the Administrator that

fluoride results are unaffected by the alternate analytical pro­

cedure (e.g., ash and fusion of particulate matter with subse­

quent ion selective electrode analysis, or direct electrode

analysis of gases trapped in impingers).

l. Filter the contents of the sample container (including

the sample filter) through a Whatman No. 541 filter or the 

equivalent into a 1500-ml beaker; if the filtrate volume is >900 

ml, add NaOH to make the filtrate basic to phenolphthalein, and 

then evaporate to <900 ml. 

2. Place the Whatman No. 541 filter containing the in­

■olubles (including the sample filter) in a nickle crucible, add

a few milliliters of water; and macerate the filter with a glass

rod.

3. Add 100 mg or sufficient quantity of cao to the nickel

crucible to make the slurry basic; mix thoroughly; and add a 

couple drops of phenolphthalein indicator, which turns pink in a 

basic medium. Note: If the slurry does not remain basic (pink) 

,•j3y7., 

i 
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during the evaporation of the water, fluoride will be lost; if 
the ·slurry becomes ·colorless, it is acidic ·so add cao until the 
pink returns. 

4. Place the crucible in a hood area either under in-
frared lamps or on a hot· pla�e ·_at·· low heat ( app-;-oximately 50-
60��h. ( 122-140° F), and evaporate- the·-� -water -·�'.leted.$;;.er-�eJ>.;�.�:'.! 

. 

\ 

place the crucible on a hot plate under · a hood and slowly in-
crease the temperature for several hours or until the filter is 
charred. 

5. Place the crucible in a cold muffle furnace and gradu-
ally (to prevent smoking) increase· the temperature to · 600° C 

, ( 1112 ° F) ; maintain the temperature . until the crucible contents 
are reduced to an ash containing ·no organie materials; and 
remove the crucible from the furnace to cool. 

6. Add approximately 4 g of crushed NaOH pellets - -to · the
crucible, and mix; return the crucible to the furnace, arid fuse 
the sample for 10 min at 600° C. (1112° F); and, then remove the 
sample from the furnace, and cool it to amb_ient. temp'-rature. 

7. Use several rinsings of warm.distilled water to trans­
fer the contents of the crucible to the beaker cor:itct.ining· the 
filtrate (step 1) and finally, rinse the crucible witji two 20-ml 
portions of 25% (v/v) H2 SO4 , and caref�lly add the rinses to the 
beaker. 

8. Mix· well, and transfer the beaker contents to a 1-i
volumetric flask. Record the vqlume -as Vt on. the . data· form
( Figure 5 .1). Dilute to volume with distilled water, , and mix 
thoroughly; and allow any undissolved solids to settle. 

5.2.4 Acid-water Ratio - The acid-water ratio in the distilla­
tion flask should be adjusted by foliowing this procedure. use 
a protective shield when carrying out the procedure. 

1. Place 400 ml of distilled water in the 1-t distilling
flask, and add 200 ml of_ concentrated H2 SO 4 • · -Slowly add the 
B2 SO,, while constantly swirling. the flask. 

2. . Add soft glass beads and �everal
broken glass tubing, and assemble the apparatus. 

small pie�es of 

:; ,
7

, (/ .\ , ' _) I 

.. ,. 
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3. Heat the flask until it reaches a temperature of 175° c
(347°F), and discard the distillate, and hold the flask for 
fluoride separation by distillation. 

5.2.5 Fluoride Separation (Distillation) - Fluoride can be 
separated from other constituents in the aqueous sample by dis­
tilling fluosilicic ( or hydrofluoric) acid from a solution of 
the sample in an acid with a higher boiling point. Samples with 
low concentrations of fluoride (e.g., samples from an outlet of 
a scrubber) should be distilled first to eliminate contamination 
by carryover of fluoride from the previous sample. If fluoride 
distillation in the milligram range is to be followed by distil­
lation in the fractional milligram range, add 200 ml of de­
ionized distilled water and redistill similar to the acid ad­
justment procedure, Subsection 5. 2. 4, to remove residual fluo­
r�de from the distillation system. 

1. Cool the contents of the distillation flask ( acid­
water adjusted) to <80° C (176 ° F). 

2. Pipette an aliquot of sample cont;.aining < 10. 0 mg F
into the distillation.flask, and add distilled water to make 220 
ml. The aliquot size (At) should be entered on the data form
( Figure 5 .1) . �: For an estimate of the aliquot size ·::hat
contains �10 mg F, see Subsection 5.2.7. 

3. Add 5 mg silver sulfate (Ag2 SO4 );/mg chloride to the
distillation flask; if the sample contains chloride, use proce­
dures described in Subsection 5. 2. 8 to determine the chloride 
concentration. 

4. Place a 250-ml volumetric flask at the condenser exit;

heat the distillation flask as rapidly as possible with a burn-
er, while moving the flame up and down the sides of the flask to 
prevent bumping; conduct the distillation as rapidly as possible 
(�15 min). Slow distillations have been found to give low 
fluoride recoveries. Collect all distillate up to l75° C 
(347 ° F). Caution·: Heating >175 °C (347° F) will· cause H2 SO4 to 
distill over. !!21!= The H2 SO4 in the distillation flask can be 

. ·, 7.ltti 
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reused until carryover of interferent or until poor fluoride 
recovery is shown by the distillation blanks or the control 
samples. 

5. Before distilling the field samples and after every

tenth distillation of any sample, distill a control sample to 
check the analytical procedures a:Q.d interferences ( Subsection 
5.2.6). 

5. 2 . 6 Control Samples - A control sample should be used to
v,rify the calibration curve and the distillation recovery
before and during the analysis of the field samples. Use the
following procedures. Data should be recorded on the control
sample analytical data form (Figure 5.3).

1. _1 __ 2_5_m_g_F,._/_t_N_a __ F ___ c __ o __ n __ t __ r __ o __ l __ s __ am......,p __ l __ e __ s __ t __ o_c_k ___ s_o_l_u_t __ i __ o __ n . Add 

0. 276 g of reagent grade anhydrous NaF to 
frask; add enough distilled water to dissolve; 
with distilled water. 

a 1-t volumetric 
and dilute to 1-t 

2. 2. S mg F /t NaF distillation solution - Pipette 20 ml

of the 125 mg F /t stock solution into a 1-.t volumetric flask, 
and dilute to the mark with distilled water to get the 2. 5 mg 
F/.t NaF distillation solution. Distill 200 ml of this solution 

according to Subsection 5.2.5. 
3. Pipette 4. O ml of the control sample stock solution

into a 250-ml volumetric flask and dilute to the mark with dis­
tilled water. Analyze this solution colorimetrically in the 

same manner as the samples are analyzed ( Subsection 5. 2 .10) . 

5.2.7 ·Distillation Aliquot - The sample volume for distillation 

should contain <10 mg F. Use the following procedure to esti-
■ate the aliquot size.

1. Pipette a 1.0-ml aliquot of sample into a polyethylene
beaker. 

2. Add 50 ml of distill�d water.
3. Analyze by the procedure described in 5.2.10.



Plant Re me. Fer+j li'z,ec 
Analyst Lu. rn d· C. he 11

Date of calibration curve 5 /13/ </0

Control sample temperature 

Absorbance of control sample 

Amount of Fin control sample 
from calibration curve 

Percent error between measured 
and calculated concentration 
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Date of analysis 5 J,3/10 
' I 

Ambient temperature 

Temp. of calibration curve a I • c.. 

Concentration of control sam le 

Distil led 

/'/. 7 

- I. 5 '110

Undisti lled 

gJ oc_ 

0.'{75 

+ D.5 fo

Were acceptable results obtained on control samples (less than 2% undis-
tilled and <10% distilled) _____ y_,_e,.,...5 ___________ _ 

Signature of analyst :ts). r9, trtdrdvl/J.

Signature of reviewer -f . if/,� 

Figure 5.3. Control sample analytical data form. 
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4. Determine the µg of Fin the nondistilled sample from
the calibration curve, and determine the maximum size of the 
aliquot for distillation by substituting the amount of F (µg) in 
the nondistilled sample in the following equation: 

aliquot for distillation ( l) _ (size aliquot used)(lO mg}(lOOO µg)
m - µg F deterl'l).ined ( 1 mg) 

= 10,000 
µg F determined when a 1.0 ml nondistilled aliquot 

is used. 

If the amount of F in the nondistilled sample is >70 µg, de­
crease the aliquot taken for this estimation and change the 
aliquot value input into the above equation. The aliquot size

is only an approximation since the interferring ions have not 
been removed by distillation. If the estimate is >220 ml, use 

220 ml; if it is <220 ml, add distilled water to make the total 
vcHwne added to the distillation flask 220 ml; if required, 
dilute the sample so that a minimwn 1-ml sample aliquot is added 
to the distillation flask. 

S. 2. 8 Determination of Chloride - A chloride determination is
necessary because of major interferences with Method 13A when a
relatively high concentration of chloride ions (Cl-) are present

in the collected sample. Chloride concentration depends on the
plant's material balance.

The mercuric nitrate procedure is introduced here for esti­
mating how much Ag2 S0 4 is required for removal of chloride 
interference. This procedure is easy to perform and has good 
precision and accuracy. 
follow: 

Reagents needed for this procedure 

l. Stanaard sodiwn chloride solution (NaCl), 0.141 N
Dissolve 8.241 g NaCl (dried at 140°C (285 ° F) for 1-h) in chlo­
ride-free water, and dilute to 1-i; contains 5 mg Cl/ml. 

2. Nitric acid {HN03), o .1 N - Dilute 5 ml of concen­
trated HN03 to 800 ml with distiiled water. 
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3. Mixed indicator reagent - Dissolve 5 g of diphenylcar­

bazone powder and 0.5 g of bromphenol blue powder in 750 ml of

95% ethyl or isopropyl alcohol, and dilute to 1 i with the same 

alcohol. 

4. Standard mercuric nitrate (Hg(NO3)2) titrant, 0.141 N -

Dissolve 25 g of Hg(NO 3 )2 ·H2 O in 900 ml of distilled water con­

taining 5 ml of concentrated HNO 3 (nitric acid). Dilute to l t. 

The chloride equivalent of the titrant is 5.00 mg/ml. 

The sample analysis for chloride determination is as fol­

lows: 

l. Pipette 25 ml of a sample into a 150-ml beaker.

2. Add approximately o. 5 ml of indicator, and mix well;

the color should be purple. 

3. Add 0.lN HNO3 drop-by-drop until the color just turns

ye,llow. 

4. 

of dark 

s. 

Ti tr ate with O .141N Hg ( NO3 h to the first appearance 

purple and record the number of milliliters used. 

Check the blank by titrating 100 ml of distilled water 

containing 10 mg NaHCO3 • 

6. Calculate the concentration of chloride with the

following equation. 

where 

mg/t of Cl = (A - B) x N x 35,450
ml sample 

A =  titrant used for sample, ml, 

B = titrant used for blank, ml, and 

N = normality of Hg (NO 3 )2, meg/ml. 

Standardization of Hg (NO 3 )2 for Chloride -

1. Titrate 15 ml of the standard NaCl with Hg (NO 3 h

reagent, using the method as previously described. f,take at 

least three replicates and obtain the average normality of Hg 

(N03 ) 2 . 
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2. Calculate the normality of Hg (N03)2.
ml NaCl x N NaCl= ml Hg(N03>2 x N Hg (N03)2;

therefore, 

N - ml NaCL X N NaClHg(N03)2 - ml Hg(N03)2 
3. Calculate and add the required amount of silver sul­

fate for each sample: 

mg Ag2S04
= mg/t Cl-

x ml aliquot (distilled) x 5
1000 ml 

S. 2. 9 Calibration Standards - Use the sodium fluoride working 
standard in Subsection 5.2.l (0.01 mg/ml) in the following pro­
cedure. These standards cover the range of 0.2 - 1.4 µg F/mt. 

l. Pipette 2. 0, 4. 0, 6. 0, 8. 0, 10. 0, 12. 0, and 14. 0 ml
volumes of 0.01 mg F/ml NaF solution into seven separate 100-ml 
volumetric flasks, and dilute to the mark with distilled water. 

2. Pipette 50 ml of each of the each solutions into sepa­

rate 100-ml polyethylene beakers, add 10 ml of SPW mixed

reagent to each, and mix well. 
3. Prepare the blank standard by pipetting 10 ml of

SPADNS mixed reagent to 50 ml of distilled water. These stan­

dards will contain o, 10, 20, 30, 40, SO, 60, and 70 µg of 
fluoride. 

4. After mixing-, place the calibration standards and
reference solution Subsection S .2 .1 in a constant temperature 
bath for 30 minutes before reading the absorbance within ±3 °c 
(5.4 ° F) of the spectrophotometer. �: Adjust all samples to 
this same temperature before analysis. Since a 3 °c difference 
between samples and standards will produce an error of approxi-

. 

mately 0.005 mg F/i, take care to see that samples and standards 
are at nearly identical temperatures when absorbances are mea­

sured. 

5.2.10 Determination of Fluoride Concentration - In Method 13A, 
use the following steps to determine the amount of fluoride. 
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1. Dilute the distillate to the mark in the 250-ml volu-
metric flask with distilled water, and mix thoroughly. Enter 
this volume {Vd) on the analytical data form (Figure 5.1).

2. Pipette a suitable aliquot {maximum of 50 ml) from the
distillate (containing 10 to 40 µg F) (for the control samples, 
a 10 ml aliquot is required); dilute to 50 ml with distilled 
water; add 10 ml of SPADNS mixed reagent; and mix thoroughly. 
Record the aliquot Ad on the data form.

3. Place the sample in a bath that is constant at ±3 °C
(5.4°F) of ambient temperature and which contains the standard 
solutions for 30 min before reading absorbance with the spectro­
photometer. 

4. Warm up the spectrophotometer for a suitable time ( 5

to 10 min) depending on the inst+Uinent; set the photometer to 
zero absorbance with the reference solution at 570 nm; and 

.,, 

immediately obtain the absorbance readings of the standards, 
control sample, and field samples. 

5. Prepare a calibration curve by plotting the micrograms
{ µ g) F /50 m.e. versus absorbance on linear graph paper, as de­
scribed in Section 3.10.2. Note: Prepare a new standard curve 
whenever a fresh batch of any reagent is made up or when a dif­
ferent standard temperature is desired. Also, run an undis­
tilled control sample with each set of samples; if it differs 
from the calibration curve by > ±2%, prepare a new standard 
curve. 

6. Determine the µg fluoride from the calibration curve
and record on the data form ( Figure 5 .1). The values of the 
control samples should be 20 µg. For the undistilled sample, a 
value between �9.6 and 20.4 µg is acceptable; for the distilled 
sample, a value between 18. O and 22. O µg is the acceptable 
range. If both values for the control samples fall within their 
limits, the field sample results should also be acceptable. 
However, if the undistilled sample is acceptable and the dis­
tilled is not, replace the contents of the distillation flask 
and redistill all samples. If the distilled is acceptable and 

/ I '7 ( (-
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the undistilled sample is not, prepare fresh calibration stan­

dards and carefully check the temperature equilibrium. When 

both samples are unacceptable, prepare a new calibration curve. 

If this does not correct the problem, start over with all new 

solutions and check with an analyst familiar with the procedure. 

7. Repeat the procedure using a smaller size aliquot of

distillate if the fluoride concentration of the sample is not 

within the range of the calibration curve. 

8. Calculate the total weight as milligrams and the con­

centration of fluoride using the equations in Section 3.10.6 and 

record on the data form (Figure 5.1). 

The value of Ft obtained using Equation 6.4 of Section

3 .10. 6 for the distilled control sample should be 2. SO mg F; 

acceptable values are between 2. 25 and 2. 75 mg F. The final 

emission concentration in mg/dscm (lb/dscf) should be reported 

in the test report to the agency both corrected and uncorrected 

for the sample blank. 
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TABLE 5.1. ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS 

Apparatus 

Sampling 
Apparatus 

Ory gas meter 

Meter thermome­
ters 

Barometer 

Stack tempera­
ture sensors 

Base Laboratory 
Analysis 

Reagents 

(continued) 

Acceptance limits 

±5% of calibration 
factor 

±6°C (10.8° F) ambient 
temperature 

±5 mm (0.2 in.) at 
ambient pressure 

±1.5% of the reference 
thermometer or thermo­
couple 

Prepare according to 
Subsec 5.2 

Action if 
Frequency and method requirements 

of measurements are not met 

Make three runs at a 
single intermediate 
orifice setting at 
highest volume of 
test (Sec 3.10.2) 

Compare with ASTM 
mercury-in-glass 
thermometer after 
each test 

Compare with mercury­
in-glass barometer 
after each test 

Compare with ref­
erence temperature 
after each run 

Prepare a calibration 
curve for each new 
SPAONS reagent mix 

Recalibrate; 
use factor 
that gives 

· lower gas
volume

Recalibrate; 
use higher 
temperature 
for calcula­
tions 

Recalibrate; 
use lower 
barometric 
value for 
calculations 

Recalibrate; 
calculate 
with and 
without tem­
perature cor­
rections 

Prepare new 
solµtions and 
calibration 
curves 



TABLE 5.1 (continued) 

Apparatus Acceptance limits 

Control sample ±2S when run with 
fluoride standards and 
±10% when distilled 
and run with field 
samples 

Section Mo. 3.10.5 

Revision No. O 
Date January 4, 1982 
Page 18 of 18 

Action if 
Frequency and method requirements 

of measurements are not met 

Prepare new controls P,repare_ new 
before and during solution and 
analysis of field calibration 
samples curve, and/or 

change dis-
· tillate
solution
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6.0 CALCULATIONS 

Calculation errors due to procedural or mathematical mis­
takes can be a large part of total system error. Thus, each set 
of calculations should be repeated or spotchecked, preferably by 
a team member other than the one th.at p�rformed the original 
calculations. If a difference greater than a typical roundoff 
error is detected, the calculations should be checked step-by­
step until the source of error is found and corrected. 

A computer program is advantageous in reducing calculation_ 
errors. If a standardized computer program is used, the origi­
nal data entry should be checked and if differences are ob­
served, a new computer run should be made. 

Table 6.1 at the end of this section summarizes the quality 
assurance activities for calculations. Retain at least one 
significant digit beyond that of the acquired data. Roundoff 
after the final calculations for each run or sample to two sig­
nificant digits, in accordance with ASTM 380-76. All calcula­
tions should be recorded on a calculation form such as the ones 
in Figures 6.lA and 6.lB.

6.1 Nomenclature 

for 
Terms 

use in 

Ad 

An 

At

8ws

cs 

used 1n Equations 6-1 through 6-7 are defined here 
the sections that follow. 

= Aliquot of distillate taken for color development, 
ml 

= Area of nozzle, cross-sectional, m2 (ft2 )

= Aliquot of total sample added to still, ml 

= Water vapor in the gas stream, proportion by 
volume 

= Concentration of fluoride in stack gas corrected 
to standard conditions of 20 ° C, 760 mm Hj (68 ° F, 
29.92 in. Hg) on dry basis, mg/m3 (lb/ft ) 

Ft = Total weight of fluoride in sample, mg (lb) (/}st; 
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SAMPLE VOLUME. (ENGLISH UNITS) 

vm = 'l t . ' l r ft3
, 

Tm = 5. 5 K . D 0R, pbar = a i . � L in. Hg

Y = � · f !_ j_, �H = J. . ti :2 in. H2 0

Pbar+ (�H/13.6)
vm(std) = 17.64 v my T = i'l . 2 L � ft3

Equation 6-1 

FLUORIDE CONTENT IN SAMPLE 

Vt = L g_ � a. . D ml , At = � Q {J • lJ ml, V d = ;i s: a . Q ml

Ad= L Q .  D. ml
. µg• F = 12 · 7. µg 

9 Vt Vd 6 Ft = 2 • 2 0 5 x l O -
A A 

( µ g F ) = 5 . 'f.. J. /J. x l O - lb 
t d 

CONCENTRATION OF FLUORIDE (ENGLIGH UNITS) 

Vm(std) = 'l 'i. . 1. 1. ft3
, 

Ft = 5' . �.3. D x 10-6 lb

F
tb = 2 . 0 () 0 x 10-6 lb

F - F
tbCs - t = L . � L x 1 O -7 lb/ ds ct

- vm(std)

All other equations same as Methods 2 and 5 . 

Equation 6-4

Equation 6-S 

Figure 6.lA. Fluoride calculation form (English units). 
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vm = L . 3 7 r m3 , Tm = J. L 0.. oK, pbar = 1 'i. � . mm Hg

Y = Q. j j y;, AH= J �- mm H2 O 

Pbar+ (AH/13.6)
Vm(std) = 0.3858 vm Y Tm

= 1. � 1 �m3 Equation 6-1 

FLUORIDE CONTENT IN SAMPLE 

v t • = L Q Q .0 . Q ml , At = � O. Q . 0 ml , v d = � � O � a ml

Ad = L Q • � ml µg F = L i . 1 µg 

F - 10-3 Vt Vd 
t - At Ad ( µ g F) = � · I/ fl _3 mg

CONCENTRATION OF FLUORIDE (METRIC UNITS) 

Equation 6-4 

V m (std) = L . � 7 � dscm Ft = � . 'i fl. 3 mg � tb = � . D Q Q mg

F - F · 
C

5 
= 

t t
b 

= L .  � � � rng/dscrn
vrn(std) 

All other equations same as Methods 2 and 5.

Equation 6-5 

Figure 6.lB. Fluoride calculation form (metric units). 
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= Total weight of fluoride in sample blank, mg �lb) 

= Percent of isokinetic sampling, % 

= Molecular weight of water, 18.0 g/g-mole 
( 18-. 0 lb/lb-mole) 

= Barometric p�essure at sampling site, mm (in.) Hg 

= Absolute stack gas pressure at sampling site, mm 
(in.) Hg 

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

= Ideal gas constant, 0.066236 mm Hg-m3 /K-g-mole 
(21.83 in. Hg-ft3 /0 R-lb-mole) 

= Absolute average dry gas meter temperature, 
K ( 0 R) 

= Absolute average stack gas temperature, K (0R) 

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

= Total volume of distillate, ml 

= Total volume of liquid collected in impingera and 
silica gel, ml. (Volume of water in silica gel= 
grams of silica gel weight increase x 1 ml/g; 
volume of liquid collected in impinger = final 
volume - initial volume) 

= Volume of gaa sample measured by dry gas 
meter, dcm (def) 

= Volume of gas sample measured by dry gas meter 
corrected to standard conditions, dscm.(dscf) 

= Stack gas velocity calculated by Method 2 (Equa­
tion 2-7) using data from Method 13, m/s (ft/s) 

= Total volume of sample, ml 

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

= Dry gas meter calibration factor 

= Average pressure differential across the orifice 
meter, mm (in.) H2 0
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= -Density of water, 1 g/ml (0.00220 lb/ml)

= Total sampling time, min 

= Weight of fluoride/SO ml taken from the calibra-
tion curve, µg 

= Specific gravity of mercury 

= s/min 

= Factor for converting to percent, % 

6.2 Dry Gas Volume, Corrected to Standard Conditions 

Correct the sample ·volume measured by the dry gas meter 
(Vm) to standard conditions (20° c and 760 mm Hg or 68 ° F and 
29.92 in. Hg) by using Equation 6-1. The absolute dry gas meter 
temperature (Tm) and orifice pressure drop (poor) are obtained
by averaging the field data. 

where 

T 

V = Vy std
m( std) m Tm

Pbar + (AH/13.6)

Pstd 

Pb + (AH/13.6)ar 

K1 = 0.3858 l<,/mm H� for metric units, apd
= 17.64 °R/in. Hg for English units. 

Equation 6-1. 

Note: If the leak rate observed during any mandatory leak check 
exceeds the acceptable rate, the tester shall either correct the 
value of Vm in Equation 6-1 (Section 6.3, Method 3), or invali­
date the test runs . 

6.3 Volume of Water Vapor 

where 

v. 
l.C 

R Tstd --,,--- =
pstd 

KV. 
l.C 

K = 0.00133 m3 /ml for metric units, and 

Equation 6-2 



K = 0.0472 ft3/ml for English units. 

6.4 Moisture Content of Stack Gas 

B = vw(std) . ws vm(std) + vw(std) 
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Equation 6-3 

�: If liquid droplets are in the gas stream, assume the 
stream to be saturated; use a psychrometric chart to obtain 
estimate of the moisture percentage. 

6.5 Fluoride Content in Sample (Concentration) 
V

t 
V

d 
µg F 

F - K 

where 

t - At Ad

K = 10-3 mg/µg for metric units, and 
K = 2.205 x 10-6 lb/µg for English units.

6.� Concentration of Fluoride in Stack Gas

Ft - Ftb

cs
= K 

vm(std)

K = 1.00 m3/m3 for metric units, and
K = 35.31 ft3/m3 for English units. 

6.7 Isokinetic Variation (I) 

Equation 6-4 

Equation 6-5 

The isokinetic variation (I) can be calculated from either 
raw data or intermediate values using the following equations. 

· 6.7.1 Calculation of I from Raw Data

where 

-· 100 x Ts [K Vic + (Y Vm/Tm) (Pbar + AH/13.6)] 
I 608vsPsAn 

Equation 6-6 

K = 0.003454 mm Hg-m3 ml-K for metric units, and 

= 0.002669 in. Hg-ft3/ml-0 R for English units. 
6.7.2 Calcuiations of I from Intermediate Values 

1 
_ lOO x Ts vm(std) Pstd 
- Tstd v

6 e P
5
An 60 (1-Bws>

Equ_ation 6-7 
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K = 4.320 for metric units, and 

= 0.09450 for English units. 

6.7 Acceptable Results 

If 90% � I � 110%, the results are acceptable. If the 

results are low in comparison to the standards and if I is be­

yond the acceptable range, the administrator may opt to accept 

the results; if not, reject the results and repeat the test. 

Aooaratus 

Analysis data 
form 

Calculations• 

Isokinetic 
variation 

TABLE 6.1. ACTIVITY MATRIX FOR CALCULATIONS 

Acceptance limits 

All data and calcula­
tions given 

Difference between 
check and original 
calculations within 
roundoff error; one 
decimal figure re­
tained beyond that of 
acquired data 

90% <I< 110%; see 
Eqs 6.6 and 6.7 for 
calculation of I 

Frequency and method 
of measurements 

Visual check 

Repeat all c�lcula­
tions starting with 
raw data for hand 
calculations; check 
all raw data input 
for computer cal­
culations and hand 
calculate one sample 
per test 

Calculate I for 
each traverse point 

Action if 
requirements 
are mot met 

Complete the 
missing data 
values 

Indicate 
errors on 
analysis data 
form 

Repeat test; 
adj-ust fl ow 
rates to 
.maintain I 
within ±10% 
variation 
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7.0 MAINTENANCE 
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Normal use of emission testing equipment subjects it to 

corrosive gases, temperature extremes, vibrations, and shocks. 

Keeping the equipment in good operating order over an extended 

time requires routine maintenance and knowledge of the equip­

ment. Maintenance of the entire sampling train should be per­

formed either quarterly or after 1000 ft3 of operation, which­

-ever occurs sooner. Maintenance activities are summarized in 

Table 7 .1. The following routine checks are recommended, but 

not required, to increase reliabilty. This section is the same 

•• for Method 13B (Section 3.9.7) .

' · . 7 
I 
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TABLE 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS 

Aooaratus 

Fiber vane pump 

Diaphragm pump 

Ory gas meter 

Inclined manom­
eter 

Other sampling 
train com­
ponents 

Nozzle 

Acceotance limits 

Leak free; required 
flow; no erratic be­
havior· 

Leak-free valves func­
tioning properly; re­
qui red flow 

No excess oil, corro­
sion, or erratic dial 
rotation 

No discoloration of or 
visible matter in the 
fluid 

No damage or leaks; no 
erratic behavior 

No dents, corrosion, 
or·other damage 

Frequency and method 
of measurements 

Periodic check of oil 
and oiler jar; remo�e 
head yearly and 
change fiber vanes 

Clean valves during 
yearly disassembly 

Check every 3 mo for 
excess oil or corro­
sion; check valves 
and diaphragm if 
dial runs erratically 
or if meter will not 
calibrate 

Check periodically; 
change fluid during 
yearly disassembly 

Visually check every 
3 mo; disassemble and 
clean or replace 
yearly 

Visually check be­
fore and after each 
test run 

Action 11' 
requirements 
are not met 

Replace as 
needed 

Replace when 
leaking or 
when running 
erratically 

Replace parts 
as needed, ar 
replace meter 

Replace parts 
as needed 

If failure 
noted, re­
place meter 
box, sample 
box, or um­
bilical cord 

Replace noz­
zle or clean, 
sharpen, and 
recalibrate 
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An audit is an independent assessment of data guali ty. 

Independence i.s achieved by using apparatus and standards that 

are different from those used by the regular. field crew. Rou­

tine quality assurance checks by a field team are necessary for 

obtaining good guali ty data, but they at;e not part of the au­

d'i ting procedure. Table 8 .1 summarizes the guali ty assurance 

activities for the auditing. This section is the same as Method 

13B (Section 3.9.8). 

TABLE 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURES 

Audit 

Performance 
Audit 

Analytical 
phase of 
Method 13 A 
using aqueous 
sodium fluo­
ride 

Data processing 
errors 

Systems audit 

Acceotance limits 

Measured concentrations 
· of audit sample within
acceptable limits of
true value, Section
3.9.8

Difference between 
original and audit 
calculations within 
roundoff error 

Operation technique as 
described in Section 
3.10.8 

Action if 
Frequency and method requirements 

of measurement are not met 

Once during every 
enforcement source 
test; measure audit 
samples and compare 
their values with 
known concentrations 

Once during every 
enforcement source 
test, perform inde­
pendent calculations 
starting with data 
recorded on field 
and laboratory forms 

Once during every 
enforcement test, 
until experience 
gained and then 
every fourth test, 
observ� techniques; 
use audit checklist 
(Fig 8.2, Section 
3.9.8) 

Review 

operating 
technique 

Check and 
correct al 1 
data; recal­
culate if 
necessary 

Explain to 
team devia­
tions from 
recommended 
techniques; 
note on 
Fig 8.2 
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 

To acquire data of good quality, two considerations are 

essential: 

l. The me.asurement process must be in a state of statis­

tical control at the time of the measurement, and 

2. The systematic errors, when combined with the random

variations ( errors of measurement), must result in acceptable 

uncertainty. 

Other quality assurance activities include quality control 

checks and independent audits of the total measurement system 

(Section 3.10.8); documentation of data by using quality control 

charts ( as appropriate) ; use of materials, instruments, and 
• 

procedures that can be traced to appropriate standards of refer-

ence; and use of control standards and working standards for 

routine data collection and equipment calibration. 

standards should be traceable .to primary standards: 

Working 

1. Dry gas meter calibrated against a wet test meter that

has been verified by liquid displacement (Section 3.9.2) or by 

a spirometer. 

2 • Field samples. analyzed by comparisons with standard 

solutions (aqueous NaF) that have been validated with indepen-

dent control samples . 

/1 J1 / 
,J 



10.0 REFERENCE METHOD
a

40 CFR Part 60 is amended by revising 
Methods 13A and 138 of Appendix A to 
read as follows: 
Appendix A-Reference Test Methods 
• • 

Method 13A. Determination of Total Fluoride 
Emi"ion1 From Stationary Sources; SPAONS 
%.irconiwn Lake Method 
l. AppJicabiliry and Principlt1

1.1 Applicability. This method applies to
the.detennination of fluoride {F) emiuiona 
from sourcee as specified in the resulationa. It 
doe• not measure fiuorocarbona. such H 
freone. 

1.2 Principle. Gaseous and particulate Y­
ara withdrawn i1okinetic1Uy from the source 
and collected in water and on I filter. The 
total F i• then determined by the SPADNS. 
•Zirconiwn I..■ke colorimetric method.
Z. Range qnd Sensitivity

The range of this !l'lethod is Oto 1.4 1£1 F/
ml. Sensitivity has not been determined.

,. lnt.r/1f'tlnc11 

Large quantities of chloride will interfere 
'th ure analysis, but this interference can br 

vented by add.in11 silver sulfate into the 
atillation flask (see Section 7.3.4). If 

chloride ion is present. it may be easier to u•� 
the Specific Ion Electrode Method (Method 
138). Create on sample-exposed surface, 
may cause low F results due to adsorption. 
4. iffcl6iOn, Accuracy. and Stability

4.1 Precision. The followin11 estimates
are baaed on a CQllaborative test done at a 
primary aluminum smelter. In the test, aix 
laboretories aacb sampled the stack. 
aimultaneously uaing two sampling tTainl for 
a total of U aampl11 per sampling run. 
Fluoride CQncentrationa encountered during 
the test ranged from 0.1 to 1.4 mg F/m s, The 
within-laboratory and between-laboratory 
standard deviations. which include sampling 
&Jld analysis errors. were 0.044 mg F /m s with 
60 degrees of freedom and 0.06-i mg F / m, 
with five degrees of freedom. respectively. 

4.2 Accuracy. The collaborative test did 
not find any bias in the analytical method. 

4.3 Stability. After the sample and 
colorimetric reagent are mixed. the color 
formed it stable for approximate!)· z hours. A 

· 3•c temperature difference between the
sample and standard solutions produces an
error of approx.iJnately 0.006 mg F /liter. To
avoid this error. the ab1orbances of the
tample and standard soiutions must �
meuured at the same temperature.
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5. Apparatus

S.1 Sampling Train. A schematic of the
sampling train is shown in Figure 13A-1; it is 
similar to the Method 5 train except the filter 
po,ition is interchangeable. The sampiing 
train conai■ts of the followin11 components: 

5.1.1 Probe Nozzle. Pitot Tube, 
Differential Pressure CaulJP., Filter Heating 
Sy■tem. Meterj.ng System, Barometer. and 
Cat Density Determination Equipment. 
Same 11 Method 5, Sections Z.1.1, Z.1.3. 2.1.4, 
Z.1.S. z.1.a. Z.1.9, and 2.1.10. When moisture 
condensation it a problem. the filter healing 
system is uaed. 

5.1.Z Probe Liner. Boro1ilicat1 glasa or 
ne 1tainle■1 1teeL When the filter is located 
immediately after the probe. the tester may 
UH a probe heatina 1y1tem to prevent filter 
pluaing resulting from moisture 
condensation. but tha tester shall not allow 
the temperature in the probe to exceed 
120±14°C (Z48±Z5°F). 

5.1.3 Filter Holder. With positive seal 
again,t \eak19e from the outside or around 
the ftlter:U the filter is located between the 
probe &J1d ·flnt impinger. use borosilicate 
&Jal!I or 1tainlet1 1tffl with a ZO.mesh 
stain!••• ateel s�en filter support and a 
silicone Nbber gasket: do not use a glass frit 
or a sintered melal filter support. lf the filter 
is located between the third and. fourth 
impingers. the taster may UH borosilicate 
al• .. with a &Jass frit filter support and a 
silicone Nbber guket. The tester may also 
UH other materials of construction with 
approval from the Administrator. 

5.1.4 lmpingers. Four impinaers 
co1111ected 11 shown in Figure 13A-1 with 
ground-s}a11 (or ·equivalent), vacuum-ti11ht 
flttm,1. For the first. third..and fourth 
lmpingers. UH the Creenbu.ra-Smith deliign. 
modified by replaclna the tip with • 1.3-cm­
intide-diameter (� In.) glau tube extendi.fta 
to 1.3 an (YI in.) from the bottom or the Dask. 
For the 11cond impinger. u11 a CreenbW1· 
Smith impinger with the standard tip. Th� 
tester may use modifications (e.g..- fiexitile 
connection• between the impingers or 
material• other than glasa), subject to the 
approval of the Admini1trator. Place a 
thermometer. capable of measuring 
temperature to within 1·c (Z0F). at the outlet 
of the fourth impinger for monitoring 
purposes. 

5.2 Sample Recovery. Tti� followina 
items are needed: 

5.2.1 Probe•Liner and Probe-Nozzle 
Brushes, Wasb Bottles, Graduated Cylinder 
and/or Balance. Plastic Storage Containers. 
Rubber Policeman. Funnel. Same II Method 
5. Section• U..l to 2.2..2 and 2..2.5 to 2-2-8.
respectively.·

s.u Sample Ston11e Container. Wide­
mouth. hijb-density-polyethylene bottlea for 
impinger water aamples. l•liter. 

5.3 Analysis. The following equipment ii 
needed: 

S.3.1 Distillation Apparatua. Glau 
distillation apparatus 111embled II shown ID 
Figure 13A-2. 

5,3.2 Bunsen Sumer. 
5,3.3 Electric Muffle Furnace. Capable of 

heating to eoo•c.
5.3.4 Crucibles. Nickel, 75- to 10()..ml. 
5.3.S Beakers. 500-ml and 1500-ml. 
5.3.6 Volumetric Fla1k1. 50-ml. 
5.3.7 Erlenmeyer F111k1 or Pl11tic BottJ .... 

500-ml. 
5.3.8 Constant Temperature Bath. 

Capable of maintaininl • constant 
temperature of ±1.0-C at room temperetura 
conditions. 

5.3.!I SaJ,-.nce. 300-t capacity to meHUN 
to :::o.s g. 

5.3.10 Spectrophotometer. Instrument 
that measures ab1orb1nce at 570 nm and 
provide1 at leHt • 1-cm lia}lt path. 

5.3.11 Spectrophotometer Cells. 1-cm 
pathlength. 
6. &agents

6.1 Sampling. UH ACS reagent-pda
chemicals or equi\'alent. unle11 otherwise 
specified. The reagents used i.n samplina aJ'I 
as follows: 

6.1.1 Filters. 
6.1.1.1 If the filter· i• located betwnn the 

third and fourth impingen, use a Whitman 1 
No. 1 filter, or equivalenl. sized to fit the filtw 
bolder. 

1 Mention of company or proclw:1 nainn d- not 
conetilule endornmenl by th,e U.S. Environ.mental 
Pl'olec;lioo A,ency. 

&.raken from Federal Register, Vol. 45, No. 121, pp. 41852-41857,
Friday, June 20, 1980. 
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tbe Slier it loeeted betw"a the 
PfObe and first impinser, use &DY auitable 
1911dium {e.,.. peper ora1nic membrane) that 
conform• to the followin, 1pecificaliona: (1) 
The filter ean wtthatand prolonatld expoeww 
to temperatw... up to 135•c (275.F}. (2J Tbe 
filter bu at least 115 pvcaat collection 
efficiency ( <S parceat penetrelion) for 0.3 ,...ni 
dioetyl phthelate amoke particln. Conduct 
the filter &ffic:iency teat before th■ ta1t uria, 
UIU\I ASTM Standard Mathod D 298&-71. or 
uH t11t data from the 1upplier'1 quality 
contl"OI program. (3) The filter hH a low F 
blank value ( <0.Dl5 ma F /cm• or l\lter ar11). 
Before the teat HriN. determine the avera,e 
F blank value or at leHt ttir.e ftlters.(from 
the lot to be uaed for aampUnaJ uaina the 
applicable proc:eduru deteribed In Section• 
7 .3 and 7 .4 of this method. 1n 1eneral. 1la11 
llber lillarl hava hip and/ or variable F 
blank values, and w1ll not be acc:eptable for 
UN, 

U.2 Water. Delonmd dittilled. to 
cooform to ASTM Spectficatiou D tt9S-74, 
Type 3. If hip concentntlona of Ol'lanic 
111atter are not expected to be pr■Hnt. the 
analy1t may delete the pota11i1&111 
perm,n,cela t..t for oxidizable orsanlc 
111■tter. 

e.u sna Gel. Crudaed lea. and 
Stopcock CreeH, Same II Method 5, 
S.ction 3.1,2. 3;1.4, and 3.1.5, 1Wtpectively. 

U Sample R.c:overy. Waler, from same 
conteiner aa described in Sec:tion a.1.z.. ii 
needed for aample recovery. 

e.3 Sample Preparation and Anelysia. 
The re11eata needed for aalllpla prepenti011 
and analysia are •• follows: 

e.3.1 Calc:bua Oxide (CaO). Certified 
srade contairjn1 o.oos permnt For 1-

0.3.2 PbnolphthaleiD Indicator. 
Diatolvt 0.1 1 of pbe:Dolpbthalaill In • mixtv.re 
of 50 ml of s.) parcllDl ethanol and 50 ml of 
deiooiAd diatilled water. 

8.3.3 Silvc Sulfala (At-SQ.). 
e.u Sodiwn Hydroxide (N■OH). 

Pellets. 
6.3.5 Sulfuric Acid [H.SO,), Concentnted. 
15.3.5 Sulfuric Acid. 25 percent (V /V). 

Mix l part of concentreled H.SO, with 3 
parts of deionized di1tilled water. 

e.3.7 Filters. Wbatmaa No. kl. o: 
equivalenL 

6..3.8 Hydrochloric Acid {HCI). 
Concentrated. 

6.3.9 Water. FJ'Om aame container a, 
described In Section 6.1-2. 

15.3.10 Fluoride Sta.ndard Solution. 0.01 ma
F /ml Dry in an oven ,1 uo·c for at le■1t 2 
houn. Dissolve o.zno 8 of NaF in 1 liw of 
deionized di1tilled weter. Dilute 100 ml of thi1 
solution to 1 liter ""ith deionized d.i1tiJled 
water. 

6.3.11 SPADNS Solution {4. 5 dihydroxy-� 
(p-sulfophenylazo)-2.7-naphlhalene-di1ulfonic 
acid tri1odiuna Milt). Oi11olve 0.960 :I: 0.010 
1 of SPADNS re&1ent i.n 500 ml deionized 
distilled water. U llorlod i.n • well•auled 
bottie protected from the 1wui1hL lhi1 
10lution is stable for at least l rnonlh. 

6.3.12 Spectrophotometer Zero Reference 
Solution. Prepere d•il�•. Add 10 ml of 
SPADNS solution [6-3.11) to 100 ml deionized 
di11illed water. and acidify wilh a 1ol11tion 
prepared by dilutina 7 ml of concentrated HCI 
10 10 ml with deionind distilled water. 

U.13 SPADNS Mixed Rea,ent. Oieaolve 
0.13$ :I: 0.005 g of .zin:onyl chloride 
octahydrete (ZrOCl► &H.OJ in 25 ml of 
deioniad diatilled water. Add 350 ml or 
c:oncentrated HCl. and dilute lo 500 ml with 
deionized di1tilled waler. Mix equal volume, 
of thi1 ■olution and SPADNS ■olution to form 
• •inal• Nta,enL Thia rus■nt ii et.able for at 
IHet 2 montba. 

1. Proclldll19 
7.1 Samplina, BecaUN of the complexity 

of th.is met.bod. ta1ten abould be trained 1Ad 
experienced with the text proeeduru to 
■1aure reliable te1u.lta. 

7.1.1 Pretut PreparatiOll. Follow the 
aen.-.1 procadUN given iA Method s. Section 
4.1.1. except the .fill.er Mad not be weiped. 

7.U Pr9liml.Dal')' Datarminatiom. 
Follow the aeneral procedure ,;veo ill 
Method S. Seelicill 4.U..-pt the noala 
1ize Hlectad muat aialntaill i.aoki.netic 
aampliaa rate■ below 28 liten/min (LO cfm). 

7.1.3 Prepanlion of Collectiou Train. 
Follow the ,eneral procedure Jivan ill 
Method 5, Section 4.1.3, except Ior the 
followirla varietiona: 

Place 100 .ml of deio.nizad diltilled water in 
eam of tbe Snt two impillpra. and luvt the 
third impiftler empty. Tramfer approximetely 
ZOO to 300 a of pnweia)ied ailica ,el &om ita 
con�irler to the fourth impinger • 

-.At■emble the IJ'aill a, ahown In F;,,v.rt 
13A-1 with the ruter betweeii the third IUld 
fourth lmpi.ngers. Altematively, if a..2.0-tn■1b 
st1inle11 1teel ■cr'NA .ia ued for the 5lter 
1upport. the ta1ter may piece the filter 
betweea the probe and first impinaet- Tbe 
tester may al■o UM a .filter heatina 1y1tem to 
prevent moiature COAdamation. but shall not 
ellpw .th■ Wllper■Ull'e around the filler bolder 
to exceed U0: 14•c (U8:: 15"F). Record 
the .filter locatioa - Iba dell ehNL 

7.1.A Luk-Check Proc:ad-. Follow the 
leak<beck proc:edute1 ,ivaa in Method 5, 
Sedlom u.u {Pnt•t Lau-Check), u.-u
(Lau-Chec:b Dllrinl the Sample Ruo),ud 
4.1.4..3 (Pott•T•t I.Au-Check}. 

7.1.5 Fluoride Traill Operetioll. Follow 
the 1eneral procedure give in Method 5, 
Section U.S. .keepina lhe filter &nd probe 
terr.per•tw-e1 [if applicable) at U0 ::!:: l4'C 
(248 ::!:: u;•FJ and isokinetic samplina rates 
below 28 litel'I/ min (1.0 cfmJ. For eacb run. 
record the date l'IIQllired on • deta sbeet 1uch 
u the one ebown iD Method 5. Fiaure 5-.2. 

7.Z Sample Recove,y. BeaiD proper 
cleanup procedun u M>OD II the probe ii 
removed frozn the stack at the end of the 
sa.mpliaa period. 

Allow the probe to cool When ii can be 
1a!ely bandied. wipe off all external 
particulate matter near the tip of lhe probe 
noule and place • cap over it to keep from 
l01in1 pan of the ,ample. Do not cap off the 
probe tip tiibtly while the saznplina trein is 
cooling down. bec.uM • vacuum would form 
in the filter holder, thu1 drawing icnpi.nger 
water backward. 

Before moving the sample train to the 
cleanup 1ite. reino\'e the probe from the 
sample train. wipe off the silicone greaae. and 
cap the open outlet of the. probe. Be carefal 
not to lose an)' conden1■te. if preaent. 
Remove the filter aeaembly, wipe off lhe 
silicone 1r11■e front the fil 1er bolder inlet, 
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end cap this l.aleL Remo-we th• umbilical con! 
from the .la1t impinaer, and cap the impillelr­
A!ter wiping oa the silicone srea•e. cap off• 
the filter holder outlet and &DY opu impillelr 
lnleu and outJ■ta. Tbe 1a1ter may 111e vcund-
11■11 stoppers. plutic cap,. or aerum cap1 to 
clo■e th■1e opanihp. 

Transfer. the probe and fllter-impin,et 
11Hmbly lo an aNe Lbat la c:lea.n &.nd 
protected from the .wiDd ■o that the ch1no■1 
of coataminatina or lolli.D& th■ iample ia 
minira.i.aed. 

lDapect the IJ'aiJI before and dwiDc 
di1111embly, andAota &DY abnormel 
conditioaa. TNat the eampl•• as follows: 

7 .2.1 ContaiJlcr No. l (Probe. Filter, and 
lmpinaer Catcbu), Uai.aa a padueted 
cylinder, m111w-e to the liurfft m1. and 
record the volwne of the water 1n the lint 
ttir.■ unpia,-ra: indDde a11y condamete ill 
the probe la thia detaminatioai. Transfer the 
impillaer watar &om the pduated cytinder 
irlto thi1 polyethyl- container. Add the 
filter to this container. (The mter m,y be 
benciled aeparately ums procedurn 1ubjact 
to the Admini1tntor'• approval.) Ta'klna cue 
thet dual OD tbe outside of the probe or otber 
extarior 11.lriac:a■ doea DOt ,et into the 
Hznpla. cleao aJ1 M pJa a,cpoeed llltfac. 
(lncludina the probe aaale. probe fltliila. 
probe liner. �t th,- impiaaers. impia,« 
COM■ctora; and filter holder) with deioiuzed 
d.i1tilled wawr. u .. .Ina Shall S00 ml ror the 
entire welh. Add the� to the .ampler 
container. Perform the deiolli&ed di,tilled 
waler rinHa H foll-

Carefully Nmov. the probe nozzle and 
rinH the inlide ,wface with deioll.lzed 
distilled water from a wu1a bottle. Bniah wttll 
a Nylon bri.ltle bN.lb. ami rime 1111tll tile 
rinle abow, AO visible puticln. after wbida 
make a final rinn ol the lmide llltfaca. Bruab 
and rinH the iDlide putl ol the Swqelolr. 
flttins with daiOlliMd diatmed weler.111 a 
elmilar way. 

RinH the probe U-- wtta dliOlliMd 
di1tilled water. Whila aquktizia the waler irito 
the upper end or the probe. tilt ud rotata the 
probe ■o that all wide awfacaa wW be 
welled with wat.ar.Lei.the water drain &om 
the lower end into the.sample container. TI\e 
tester may 111■ • fwmal (11111 or 
polyethylene) to aid i.D traaafeni.Da ihe liquid 
wuhee 10 the coola.i.Der. Follow the riaae 
with a probe brush. Hold the probe In an 
i.nclined poaitioa.. and .quirt deionized 
diatilled weter into the upper end aa the 
probe bruab is beiq pl&lhed with a.twi•tina 
action throuah lhe probe. Hold the MJDple 
conteiner l&Ddaniuth the lower and of the' 
probe, end catch any water and particulate 
metier that is bn&abad from lha probt, Rwi 
lhe bnaeh throup the probe lhnle time, ot 
more. With 11ai.nlas •tnl or other metal 
probes. 1'Wl the b,,..b throuah in the abov• 
prescribed maMer et lea11 aix time, since 
metal probe• have Mnall crevice• in which 
parti.cula te me lier can be entrapped. Rinse 
the brush with deiomud diatilled water. end 
quantitatively collect these washings ui ·!he 
umple container. Alter the bru,hilli, make a 
final rinse of the probe H described above. 

1t i• recommended thet two people clean 
lhe probe to miniinae sample loues. ' ' 
Between 1amplin, nm■• keep bruahu clean 
and protec:ted from c.ontaminalion. 



IUnse the inside surface or each of the first 
thrH lmpinaen (and connecting gluswere) 
thrH aeparate tiinea. U111 • ,mall portion of 
deionized dl1tilled water for each rin,e. and 
bni1h 11ch Hmple-expo111d 1urfac1 with a 
Nylon bri1tle bru1h. to en1ure recovery of 
ftne particulate matter. Make e final ri1IH of 
Heh 1urface and or the bn&1b. 

After ec11uruii that ell jolnll have been 
wiped clean of the 1ilicane ,reeH. brv1b and 
rinae with deionized dl1tilled water the in1ide 
or the ftlter holder (front-ha!! only. If fllter ii 
po1ltloned betwND the third end fourth 
impiJlaere). Brv1h end nn11 each 1urfece 
three timH or more If needed. Make a finel 
rinH of the bn11b and ftlter bolder. 

After. all water wHhizla1 cd partic:ulete 
matter have been collected In the aemple 
container, tipten the lid 10 that water wW 
not leak out when It 11 ,hipped to lhe 
laboretory. Mark the height of the fluid level 
to determine wbether leakqe occun d\llUII 
tramport. Label the container clearly to 
identify Ill contenll. 

'1 .U Container No. Z (Sample BIi.iik). 
Prepare • blank by pladnf an unl&Hd filter In 
• polyethylene container and addina a.
volwne of water equal to the total vol11m1 .In
Container No. 1. Proce11 the blui.k IA the
Hme 11111111er •• for Container No. 1.

7.2.3 Container No, 3 (Silica Gel). Note 
the color of.the indlcatiJla ,illca pl to 

· detennlnt whether It ha1 been completely
spent cd make • notation of lit condition.
Tren,fer the 1ilica 1el from tbe fourth
implnaer to Ill oripnal container and 1eal.
The tHter may UH a funnel to pour the .Wea
1el end • rvbber policeman to ru1ove the
111ica ,el from the impin,er. lt 11 not
nece1Hry to remove the small amount of dust 
pertlcln that mey adhere to the lmpm,er 
well end are dilllc:ult to remove. $.Ince the
1•in In wefaht I• to be uHd for moiature
celculetlona. do not 1111 uy water or otbft
liquidl to tranefer the 1ilica 111. If a baluce
II e,·ellable In the fl_eld. the tnter m■y follow
tbe analytical proc■dure for Container No. 3• 
in Section '1.4.2.

7 .3 Sample Preparetioa and Di1till1tlon.
(Note the liquid level, in Container■ No. 1
and No. 2 and confirm 11n the analy1i1 sheet
whether or not leaka1e occurnd dwin1 
transport. 1f noticeable leaka1e bad occurred.
either void the sample or use methoda,
subject to the approval of th, Adminiatrator.
to correct the fin■I re1ult1.) Treat the contenll
of each 11mple container II dHcribed below:

7.3.l ContaiMr No. 1 (Probe, Filt■r, and
lmpin1er CatchH). · Filter tbl1 container'•
contenu. incl11dln1 the 1iampllng filt� ·
throuah Whitman No. 541 filter paper, or
equivalent. into a 150().ml beaker.

7.3.1.l If the filtrate volwne exceeda 1100 
ml. make the filtrate be1lc (red to 
phenolphthalein) with NaOH. and evaporate
to less than 900 ml.

7.3.l.2 Place the filtered material 
(includina sampling filter) In e nickel eniclble. 
add a few nil of deionind distilled w1ter, 
end macerate the filter■ with a 11111 rod. 

Add 100 mg CaO to the crucible. and mix 
the content• thoro111hly to form• 1lurry. Add 
two drop, or phenolphthalein indicator. Place 
the c:rutible in a hood under Infrared lamp, 
or on e hot plate et low beat. Evaporate the 
water COlftpletely. Dwtnt·tb• eveporatioa of 

the water, kMp the eiurry bealc.(red to 
pbenolphihelein) to evoid 1011 of F. Uthe 
indicator turn, colorleu (eddic) durina the 
evaporation. edd CaO until the color 111ml 
red ■gain. 

After evaporation of the water, place the 
c:rucibl■ on e hot plete und■r • hood end 
,lowly lntrelN 1he temperature until the 
Wba� No. 541 and eamplina fUt■re char. It 
may take .everal hoW'I to·completely char 
the filter■• 

Piece the crucible In a cold muffle furn■ca. 
Cr■dually (to prevent smokiJla) i.Dc:reHe the 
temperature to eoo•c. and maintain until the 
contenll ere reduced to.an uh. Remove the 
crucible from the furnace and allow to cooL 

Add approximately 41 of cru1bed NeOH to· 
the crucible and mix. Retum the crudbl1 to 
the mu!De fameca, and fa1e· the eemple for 10 
m.lnutn at eocrc. 

Rtimove the Hiaple from the furnaca. and 
oool to amblnt temperature. U.q HVerel 
riD1inp of wam deionized diatilled water, 
tramfer the ccmtnll of the Cl'\ldble to the 
beaker contalnlna the IUtrate. To a11ure 
complete aemple re111oval. rinH finally with 
two Z0.1111 portlom of ZS pen:ant H,SO., end 
c:a,efwly add to the beaker. Mix well. and 
traufar to• 1-Ut■r •olametric Ouk. Dilute to 
volume with deionizacl di1tilled weter, and 
mix thorouahly. Allow any undi11olved 10Ud1 
to Httle. 

'1 .3.Z Container No. z (Sample Blank). 
Treat 1n the oame m■m1er a, dncrlbed ill 
Section 7 .u eboYe. 

'1.3.3 Adjultment of Acid/Water TteUo ln 
Di1tillation Fleek. (UN a protective ,bield 
when cerrylns out thi1 procedure.) Place 400 
1111 of deloniaad diatill■d water In the 
cliltilletlon fluk. and add 2IOO ml of 
concentrated H.SO.. (Cautloa: Obearve 
1tandard precautlom wbc mbdna ff.SO. 
with water. Slowly add the add to the fl11k 
with comtant ewtrllDs,) Add IOIIII toft ila11 
beada mid several mall piece■ of broba 
a)111 tubina- ud 11eemble the apparatua u 
1hown tn Fisure lSA-2. Hut the flaak until it 
r'llchn a tamperetva of 11rc fo adj111t the 
ecid/t.ater retio for aubeequent dl1tillatlona. 
Di1c:ard the dlltillate. 

'1.3.4 Di1tillation. Cool the contenu of 
the distillation flHk to below eo•c. Pipet an 
aliquot of Nlllple contaiains 1111 thu 10.0 ma 
F directly into the dl1till1tion fle1k. and add 
deionized di1tnled wet■r to make I total 
volwne of 220 1111 added to the di1tillatioa 
fluk. (To eatimate the appropriate aliquot 
,ize. 11lect an aliquot of the aolution and 
tre■t H dncrlbed I.II Section 7 .U. Thi, will 
be an approximation of the F content bece1111 
of pouible interfertna Iona.) Note: U the 
■ample cont1ln1 chloride. edd s ma of As,SO,
to the nuk for every ma of chloride. 

Place 1 2S0-1111 volumetric fl11k at the 
condeneer exit. Heat the Deak II rapidly .. 
pouible with a Bunten burner. and collect all 
the di1tillate up to 11s•c. Durlna h11tup, play 
the burner flame up and down the aide of the 
flask to prevent bumpin1. Conduct the 
dlstlllation II rapidly II pouible (15 minute1 
or leas). Slow di1tillation1 have been found to 
produce low F recoveriea. Caution: Be careful 
not to exceed 11s•c to 1void ceu1ln1 H,SO. 
to diatill ov■r. 

If F dl11illaU011 In the ma ranae -la· to be 
followed by a dl1tillation in thflractional 1111 
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ran,e, add.ZZIJ ml of d■ionlz.ad dl1tilled water 
and di•� It over H In the add edjuatmeat 
1tep to remove raidual F from the diatillatloa 
1y1t1m. 

The Inter may UM the acid In the 
dl1tillation flHk until there la cany-ov■r of 
�terference, or poor F recovery. Qec:lc ror 
thHe tvery tenth diatillatfDll 11aU1i a 
delonlud di.tilled water blank and a 
1tanderd eolution. Chana• the edd wben■ver 
the F recovery i1 1- than to p■rceDt or the 
blank valua uceeda 0.1 l'llral. 

'1.4 Aaelyaie. 
'1.U Contalnen No. Und No. Z. After 

dl1ti1J1Da lllltable allquote from Containen 
No.1 and No. 2 •eeordini to Section '1.s.t, 
dilute the diltillate .In the YOWmelric fluke to 
uac:11:, zso.ml wttb detomwl dladDad -•• 
and DWI thorouply. Plpet a .aultable aliquot 
,r eecb 11111ple diaUllata (caataiaJna 10 to 40 
M F /ml) iDto a beekar, and dilute to 110 ml 
with deloniucl diatilled we._. UM the .... 
aliquot 1iza for the blank. Add 10 ml of 
SPADNS mixed f'IIIGI (U.UJ; and mix 
thoroup):,. 

Altar lllbdnt, piece the IUlple DI a 
comtut•t-penture �tb Cllll!lte..lnint tba 
1tcderd eolutlou (NI Sec:IIOD 1.2) for 10 
mimltn before raadlna the abeorbuc. OD the 
apectrophotometer. 
. Set the IJ)K1rOJ)hotometer to uro 
abeorbuce et 1'10 nm wttb the Nlanmca 
10l11tioo (UlZ). and check die 
apectropbotometer callbratkm with the 
1tanda.rd IOluUoa. DetenDine the abeorbuce 
of the aemplaa. and cletamiDe the 
con�tration from the c:alibntlot1 curve. u·

tha conc■ntrltiOll don not fall with.In the 
ran,e of the callbrat!GD c:m\'e. repeat the 
·Jl?OCl(han ua.ma • ditfaat me aliquot.

'1.U Container No. 8 (Slllca Cel). Welp
the spat lillc:a ael (or eWca tal pla
lmplnpr) to the ...-t U I ilalna a beluaa.
The tnter -, CODchct tbJe etep DI the ae1d.
,. CoJJbrotia

MaintaiD • laboratory loi of all
calibretlou.

1.1 SampJma Train. Calibrate the
■empli!ll train componmta accordin1 to the
Indicated NCtlon1 tn Method 5: Probe Nozzle
(Section 5.1): Pilot Tube (Section S.Z):
MeteJin& Sy1tem (Section 5.3); Probe b11t■r
(Section S.4): Temperarilre C.upa (Section
5.5): Laek Check of Meterma Syatam (SectiOD
11.e): mid Baromatar (Sectioo 5.7},

U Spec:trophotometer. Prepare the
blank 1tandard by oddins 10 ml of SPADNS
mixed rea,ent to IIO ml of deionized dl1Ulled
water. Accurately prepare a.Mri11 of
1tandarda from the 0.01 ma F/'IAI atmdard
fiuorid■ 10l11tlon (U.10) by dllutfna O. 2. 4, e,
a. 10. 12. end 14 1111 to 100 ml with deionized
dl1tilled water. Plpet 50 ml frozn each 10l11ti1111
and tr1111fer each to a aepante 1�m1
beaker. Thm add 101111 of SPADNS mixed
reaaent to Heh. Tbe11 11endard1 will contain
0, 10, 20. 30, 40 50, eo. and '10 Ill F (0 to 1.4 Ill/
ml), re1pect!vely.

After mixln&, piece the reference 1tandarda 
and reference 1ol11tion in a constant 
temper■twe bath for 30 minutee before 
reaclina the abeorbance with the 
1pectroP.hotometer. ·Adjuat all aampla to ti. 
Hlllt tempaNtin befcn analJmlli. 



• 

With the 1pectrophotometer at 570 iam. u,e 
· the rere,-nca ,olution (6.3.12} to Ml the
abaorbance to zero.

Determine the 1b10rbanc:e of the
1tandard1. Prepa,.. a callbralion c:urva by
plotUna f'I F/5/J ml ver1u1-ab1orbanca-on
linNr sraph paper. Prepare the 1tandard
curve Initially and thereafter whitnevar the
SPADNS mixed ,..aent i1 newly made. Alto.
nm a calibration 1tandard with each Ht of
umple, and If It dlffii� from the. calibration
curva by :2 percent. prepare a naw standard
curve.
a ·Calculotion•

Carry out calculation1. retainifta at lNat
one extra decimal fipn beyond that of the
acql&iNd data. Round off f1prn after ftnal
calculation. Other form■ of the equatiom may
be uaed. provided that they yield equivalent
re1ulta.

t.l Nomanclatu.ra.
� • Aliquot of di1till1te taken for color 

development. ml. 
A, • Aliquot of total 1ample added to •till. 

ml. 
S... • Water vapor-1.D the 1a1 1tnam. 

proportion by volwne. 
C. • Concentration off I.D ,tack 1e1. mafm•,

dry baail. corrected to 1tandard
condition, of 790 mm Ha (29.92 In. Ha)
and 293•1( (S28'R)

• 
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· F, • Total F in nmple. ma.
i,&I F • Concentration &om the calibration

curve, l'i•
T • • Abaoluta averap dry 1a1 meter

temperature('" rllUft 5-2 of Method 5).
•K c•R).

T, • Ab1olut1.1nrqe 1t1ck 111 teinperatun 
(IN Fipre 5-Z of Mathod 5), •K ("R). 

v, • Volume of dl1t1U1te collected. ml. 
V aw> • Volwne of 1aa 11mple •• mea1und 

by dry, .. meter. corrected to 1tand1rcl 
condilioM. diem (dacf). 

V, • Total volume of F umple, after flnel 
dilution. ml. 

V w4IMI • Volwne of water vapor I.D the 911 
sample, corrected to 1tandard cond!Uon1 
1Cm (lcf). 

U Averap Dry Ga, Meter Tampent\lN 
and Averap Orifice Prffllft Drop. Sae data 
lhfft CFl,un 5-2 of Method 5). 

U DI)' Caa Volume. Calculate v,..... and 
adjuat for leakqe, if n1CN11ry, ual.na tha 
equation-in NCtion 6.3 of Method a.

11.f Volwne of Water Vapor and Moisture
ContenL Calculate the volume of.water ,·apor 
V ..._., and moi1ture content B;.. from the-data 
obtained In this method (F.IJure l3A-1): UM 
EquatiOM 5-2 and 5-3 of Method 5. 

U Concentration. 
U.l Total Fluoride In Sample. Calculate

the amount of F In the samplt IIIUII the 
followin, equation: 

Eq. 13A-1 

11.S..2 Fluoride Conc:entration in Stack· Ca,. Determine the F concentration in the ■tack
111 u•ins the followin, equation: 

• 

K Vm(std) 
Where: 
J< • 35.31 ft,/ m • if V -� i• expre11ed in 

English unit,. 
• 1.00 m•tm• if v.c..., is expre1ted in

metric units.
9.6 lsokinetic V1mation and Acceptable 

Results. Use Method 5, Sections 6.11 and 
8.12. 
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Blank data forms are provided on the following pages for· 

the convenience of the Handbook user. Each blank form has the 

customary descriptive title centered at the top of the page. 

However, the section-page documentation in the top right-hand 

corner of each page of other sections has been replaced with a 

number in the lower right-hand corner that will enable the user 

to identify and refer to a similar filled-in form in the text 

section. For example, Form Ml3A-2.l indicates that the form is 

Figure 2.1 in Section 3.10.2 of the Method 13A Handbook. Future 

revisions of this form, if any, can be documented by 2.lA, 2.lB, 

etc. Four of the blank forms (the first listed below) are in­

cluded in this section. Eighteen are in Section 3.9.12 as shown 

by the Ml3B following the form number. 

Form 

2.1 

5.1 

5.2 

5.3 

1.2 (M13B) 

2.3A & B (M13B) 

2.4A & B (M13B) 

2.5 (M13B) 

2.6 (M13B) 

3.1 (M13B) 

4.1 (Ml3B) 

4.2 (M13B) 

4.3 (M13B) 

Title 

Fluoride Calibration Curve Data Form 

Method 13A Analytical Data Form 

Analytical Balance Calibration Form 

Control Sample Analytical Data Form 

Procurement Log 

Dry Gas Meter Calibration Data Form 
(English and Metric units} 

Posttest Meter Calibration Data Form 
(English and Metric units) 

Stack Temperature Sensor Calibration 
Data Form 

Nozzle Calibration Data Form 

Pretest Sampling Checks 

Nomograph Data Form 

Fluoride Field Data Form 

Sample Recovery and Integrity Data Form 



4.4. (Ml3B) 

4. 5 (M13B)

5.1 (Ml3B)

5.2 (M13B)

6.lA & 6.lB (M13B)

8 .2 (Ml3B) 

Title 

Sample Label 
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on-site Measurement Checklist 

Posttest Calibration Checks 

Fluoride Analytical Data Form 

Fluoride Calculation Data Form 
(English and Metric units) 

Method 13B Checklist To Be Used by Auditora



• 

Spectrophotometer number ___________ _ Analyst _____ _ 

Calibration date 
--------------

SPADNS mix date 
-----

Ambient temperature ______ °C Bath temperature ________ °C 

Spectrophotometer set at 570 nm _______ yes 
--------

Reference solution used to set zero absorbance yes 
---- -----

no

no 

Absorbance readings: ----- 10 µg ----- 20 µg ----- 30 µg 

___ 40 µg ____ SO µg ____ 60 µg ____ 70 µg blank 
0.7 ----.---------------,----,-----.

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 
0 10 20 30 40 50 60 0 

µg of fluoride per SO ml 

Signature of Analyst ______________ _

Signature of Reviewer ______________ _ 

Quality Assurance Handbook M13A-2.1 



METHOD 13A ANALYTICAL DATA FORM 
Plant Locatio� 

-------------------

0 ate Analyst SPAONS mix date -------- -------------

Samples identHiable _____ yes no Al 1 1 iquid levels at mark ____ yes _____ no 
Ambient temperature _____ Temperature of samples _____ Temperature of standards ____ _ 
Sample was concentrated ___ yes ___ no Solids fused and added to liquid ___ yes ___ no 

Total 
• 

Aliquot 
volume of 

of sample sample mg of 
Sample before for chhlride 

Sample i dent i- distill. distil 1. per liter 
number fication (Vt), ml (At), ml. of sample

bTotal weight of fluoride in sample (Ft)

_ -3 Vt Vd Ft - 10 
AA 

(µg F)
t d 

Total 
mg of Sample Aliquot Absorb. weight 
silver volume of sample of sample of F 

chloride from sti 11 for analysis at 570 nm µg Fa <:�
>
. added (Vd), ml (Ad), ml OD in sample 

aControl samples results must be between 19.6 1,.19 and 20.4 µg for
undistilled sample on 18.0 an 22.0 µg for distilled sample 

Remarks: 

Signature of analyst 
--------------

Signature of reviewer 
--------------

Quality Assurance Handbook M13A-5. l



Balance name 
-----------

Number 
----------

Classification of standard weights _______________ _ 

Date 0.5000 g 1.0000 g 10.0000 g 50.0000 g 100.0000 g Analyst 

• Quality Assurance Handbook Ml3A-5.2 



Plant 
----------------

Date of analyiis ____ _ 

Analyst_..__ ____________ _ Ambient temp�rature ___ _ 

Date of calibration curve 
------

Tamp. of calfbratioh curve __ _ 

Control sample temperature 

Absorbance of control sample 

Amount of Fin control sample 
from calibration curve 

Percent error between measured 
and calculated concentration 

Concentration of control s 

D1st111id Undist 1111d 

Were acceptable results obtained .on control samples (less than� und1s­
tilled and <10% distilled) 

Signature of analyst ____________ _ 

Sfgn1t1.tr1 of reviewer ___________ _ 

I 
Quality Assurance Handbook M13A-S.3 




