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METHOD 111 ) DETERMINATION OF POLONIUM-210 EMISSIONS FROM
STATIONARY SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and analytical) essential to its
performance. Sone material is incorporated by reference
fromnethods in appendix Ato 40 CFR Part 60. Therefore, to
obtain reliable results, persons using this nethod should
have a thorough knowl edge of at |east the foll ow ng
additional test nethods: Method 1, Method 2, Method 3, and
Met hod 5.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Pol oni um 7440- 08- 6 Not specified

1.2 Applicability. This nethod is applicable for the
determ nation of the pol onium 210 content of particul ate
matter sanples collected fromstationary source exhaust
stacks, and for the use of these data to cal cul ate pol oni um
210 em ssions fromindividual sources and fromall affected

sources at a facility.
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1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.
2.0 Summary of Method.

A particulate matter sanple, collected according to
Met hod 5, is analyzed for polonium210 content: the
pol oni um 210 in the sanple is put in solution, deposited on
a netal disc, and the radioactive disintegration rate
measured. Poloniumin acid solution spontaneously deposits
on surfaces of netals that are nore el ectropositive than
polonium This principle is routinely used in the
radi ochem cal anal ysis of polonium 210. Data reduction
procedures are provided, allow ng the cal cul ati on of
pol oni um 210 em ssions from i ndividual sources and from al
affected sources at a facility, using data obtained from
Met hods 2 and 5 and fromthe anal ytical procedures herein.
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
mat eri al s, operations, and equipnent. This test nethod may
not address all of the safety problens associated with its

use. It is the responsibility of the user of this test
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met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

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

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

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

5.2.3 Ntric Acid (HNO). Highly corrosive to eyes,

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

5.2.4 Perchloric Acid (HC Q). Corrosive to eyes,
skin, nose, and throat. Provide ventilation to limt
exposure. Keep separate fromwater and oxidi zable material s
to prevent vigorous evolution of heat, spontaneous
conbustion, or explosion. Heat solutions containing HO Q,
only in hoods specifically designed for HO Q,.

6.0 Equipment and Supplies.

6.1 Al pha Spectronetry System Consisting of a
mul ti channel anal yzer, biasing electronics, silicon surface
barrier detector, vacuum punp and chanber.

6.2 Constant Tenperature Bath at 85 °C (185 °F).

6.3 Polished Silver Discs. 3.8 cmdianeter, 0.4 mm
thick with a small hol e near the edge.

6.4 d ass Beakers. 400 m, 150 nmi.

.5 Hot Plate, Electric.
6 Funme Hood.
Tefl on Beakers, 150 ml.

.8 Magnetic Stirrer.

o o o o o
\‘

.9 Stirring Bar.
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6. 10 Hooks. Plastic or glass, to suspend plating
di scs.

6.11 Internal Proportional Counter. For neasuring
al pha particles.

6.12 Nucl eopore Filter Menbranes. 25 nmm di aneter,
0.2 mcroneter pore size or equivalent.

6.13 Planchets. Stainless steel, 32 nmdianeter with
1.5 mmlip.

6.14 Transparent Plastic Tape. 2.5 cmw de with
adhesi ve on both sides.

6.15 Epoxy Spray Enanel.

6.16 Suction Filter Apparatus. For 25 nm di aneter
filter.

6.17 Wash Bottles, 250 ml capacity.

6.18 Gaduated Cylinder, plastic, 25 ml capacity.

6.19 Volunetric Flasks, 100 m, 250 m .

7.0 Reagents and Standards.

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

7.1 Ascorbic Acid.
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7.2 Ammoni um Hydroxi de (NHOH), 15 M

7.3 Vater. Deionized distilled, to conformto ASTM D
1193-77 or 91 (incorporated by reference - see 8§ 61.18),
Type 3. Use in all dilutions requiring water.

7.4 Ethanol (GHOH), 95 percent.

7.5 Hydrochloric Acid, 12 M

7.6 Hydrochloric Acid, 1 M Dilute 8 nm of the 12 M
HO to 1 liter with distilled water.

7.7 Hydrofluoric Acid, 29 M

7.8 Hydrofluoric Acid, 3 M Dilute 52 ml of the 29 M
HF to 500 M with distilled water. Use a plastic graduated
cylinder and storage bottle.

7.9 Lanthanum Carrier, 0.1 ng La®®*/m. Dissolve 0.078
gram | anthanum nitrate, La(NG)3;6HO0Oin 250 M of 1 M HC .

7.10 Nitric Acid, 16 M

7.11 Perchloric Acid, 12 M

7.12 Pol oni um 209 Sol uti on.

7.13 Silver Ceaner. Any mld abrasive comerci al
silver cl eaner.

7.14 Degreaser.

7.15 Standard Solution. Standardized solution of an
al pha-emtting actinide el enent, such as plutonium 239 or

anerici um 241.
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8.0 Sample Collection, Preservation, Transport, and
Storage. [Reserved]
9.0 Quality Control
9.1 GCeneral Requirenent.
9.1.1 Al analysts using this method are required to
denonstrate their ability to use the nethod and to define

their respective accuracy and precision criteria.
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9.2 M scellaneous Quality Control Measures.

Quality Control Measure

Section Ef f ect

10.1 St andar di zati on of al pha Ensure precision of
spectronetry system sanpl e anal yses

10. 3 St andar di zati on of Ensure precise sizing
i nternal proportional of sanple aliquot
count er

11.1, Det erm nati on of M ni m ze background

11.2 procedure background and effects

i nstrunment background
11.3 Audit sanpl e anal ysis Eval uate anal yst's

t echni que

10.0 Calibration and Standardization.

10.1 Standardization of Al pha Spectronetry System

10.1.1 Add a quantity of the actinide standard
solution to a 100 m volunetric flask so that the fina
concentration when diluted to a volunme of 100 mMl wll be
approximately 1 pG/m.

10.1.2 Add 10 ml of 16 M HNO, and dilute to 100 ni

with water.
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10.1.3 Add 20 M of 1 MHCO to each of six 150 i
beakers. Add 1.0 ml of lanthanumcarrier, 0.1 ng | anthanum
per mM, to the acid solution in each beaker.

10.1.4 Add 1.0 m of the 1 pG/m working solution
(from Section 10.1.1) to each beaker. Add 5.0 mM of 3 MHF
to each beaker.

10.1.5 Cover beakers and allow solutions to stand for
a mninmumof 30 mnutes. Filter the contents of each beaker
through a separate filter nenbrane using the suction filter
apparatus. After each filtration, wash the filter menbrane
with 10 m of distilled water and 5 ml of ethanol, and allow
the filter nenbrane to air dry on the filter apparatus.

10.1.6 Carefully renove the filter nmenbrane and nount
it, filtration side up, with double-side tape on the inner
surface of a planchet. Place planchet in an al pha
spectronetry system and count each planchet for 1000
m nut es.

10.1.7 Calculate the counting efficiency of the
detector for each aliquot of the 1 pCG/m actinide working
solution using Eq. 111-1 in Section 12. 2.

10.1.8 Determ ne the average counting efficiency of
the detector, E, by calculating the average of the six

det er m nati ons.
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10.2 Preparation of Standardi zed Sol uti on of
Pol oni um 209.

10.2.1 Add a quantity of the Po-209 solution to a 100
m volunetric flask so that the final concentration when
diluted to a 100 mM volunme will be approximately 1 pG/m.

10.2.2 Follow the procedures outlined in Sections
10.1. 2 through 10.1.6, except substitute 1.0 m of pol onium
209 tracer solution (Section 10.2.1) and 3.0 ml of 15 M
amoni um hydroxi de for the 1 pG/m actinide working
solution and the 3 M HF, respectively.

10.2.3 Calculate the activity of each aliquot of the
pol oni um 209 tracer solution using Eq. 111-2 in Section
12. 3.

10.2.4 Determ ne the average activity of the
pol oni um 209 tracer solution, F, by averaging the results of
t he six determ nations.

10.3 Standardi zation of Internal Proportional Counter

10.3.1 Add a quantity of the actinide standard
solution to a 100 m volunetric flask so that the fina
concentration when diluted to a 100 ml volume wll be
approximately 100 pCG /.

10.3.2 Follow the procedures outlined in Sections

10.1. 2 through 10.1.6, except substitute the 100 pGC /m
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actinide working solution for the 1 pCG/m solution, place
the planchet in an internal proportional counter (instead of
an al pha spectronetry system, and count for 100 m nutes
(i nstead of 1000 m nutes).

10.3.3 Calculate the counting efficiency of the
internal proportional counter for each aliquot of the 100
pC /m actinide working solution using Eq. 111-3 in 12. 4.

10. 3.4 Determ ne the average counting efficiency of
the internal proportional counter, E, by averaging the
results of the six determ nations.
11.0 Analytical Procedure.

NOTE: Perform duplicate anal yses of all sanples,
i ncl udi ng background counts, quality assurance audit
sanpl es, and Method 5 sanples. Duplicate neasurenents are
consi dered acceptable when the difference between themis
| ess than two standard devi ations as described in EPA
600/ 4-77- 001 or subsequent revisions.

11.1 Determ nation of Procedure Background.
Background counts used in all equations are determ ned by
performng the specific analysis required using the
anal ytical reagents only. All procedure background counts
and sanple counts for the internal proportional counter

should utilize a counting tinme of 100 m nutes; for the al pha
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spectronetry system 1000 m nutes. These background counts
shoul d be perforned no | ess frequently than once per 10
sanpl e anal yses.

11.2 Determ nation of Instrunment Background.

I nstrunent backgrounds of the internal proportional counter
and the al pha spectronetry system should be determ ned on a
weekly basis. Instrument background shoul d not exceed
procedure background. If this occurs, it nmay be due to a
mal function or contam nation, and should be corrected before
use.

11.3 Quality Assurance Audit Sanples. An externally
prepared performance eval uati on sanple shall be anal yzed no
| ess frequently than once per 10 sanpl e anal yses, and the
results reported with the test results.

11.4 Sanmple Preparation. Treat the Method 5 sanpl es
[1.e., the glass fiber filter (Container No. 1) and the
acetone rinse (Container No. 2)] as follows:

11.4.1 Container No. 1. Transfer the filter and any
| oose particulate matter fromthe sanple container to a
150-m Tefl on beaker.

11.4.2 Container No. 2. Note the level of liquid in
the container, and confirmon the anal ysis sheet whet her

| eakage occurred during transport. |If a noticeable anmount
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of | eakage has occurred, either void the sanple or use
met hods, subject to the approval of the Adm nistrator, to
correct the final results. Transfer the contents to a 400-
m gl ass beaker. Add pol oni um 209 tracer solution to the
gl ass beaker in an anobunt approximately equal to the anount
of pol onium 210 expected in the total particul ate sanple.
Record the activity of the tracer solution added. Add 16 M
nitric acid to the beaker to digest and | oosen the residue.

11.4.3 Transfer the contents of the glass beaker to
the Tefl on beaker containing the glass fiber filter. Rinse
the gl ass beaker with 16 M HNG,. |If necessary, reduce the
vol une in the beaker by evaporation until all of the nitric
acid HNO, fromthe gl ass beaker has been transferred to the
Tefl on beaker.

11.4.4 Add 30 mMl of 29 MHF to the Tefl on beaker and
evaporate to near dryness on a hot plate in a properly
oper ating hood.

NOTE: Do not allow the residue to go to dryness and
overheat; this will result in |loss of pol onium

11.4.5 Repeat step 11.4.4 until the filter is
di ssol ved.

11.4.6 Add 100 mM of 16 MHNGQ, to the residue in the

Tefl on beaker and evaporate to near dryness.
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NOTE: Do not allow the residue to go to dryness.

11.4.7 Add 50 M of 16 M HNO, and 10 m of 12 M
perchloric acid to the Tefl on beaker and heat until dense
funmes of perchloric acid are evol ved.

11.4.8 Repeat steps 11.4.4 to 11.4.7 as necessary
until sanple is conpletely dissolved.

11.4.9 Add 10 ml of 12 MHA to the Teflon beaker and
evaporate to dryness. Repeat additions and evaporations
several tines.

11.4.10 Transfer the sanple to a 250-m volunetric
flask and dilute to volume with 3 M HCO .

11.5 Sanmple Screening. To avoid contam nation of the
al pha spectronetry system check each sanple as foll ows:

11.5.1 Add 20 Ml of 1 MHA, 1 m of the |anthanum
carrier solution (0.1 ng La/m), a 1 m aliquot of the
sanple solution from Section 11.4.10, and 3 mM of 15 M
ammoni um hydroxide to a 250-nm beaker in the order |isted.
Allow this solution to stand for a m ni nrum of 30 m nutes.

11.5.2 Filter the solution through a filter nenbrane
using the suction filter apparatus. Wash the filter
menbrane with 10 m of water and 5 ml of ethanol, and allow

the filter nmenbrane to air dry on the filter apparatus.
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11.5.3 Carefully renove the filter nmenbrane and nount
it, filtration side up, with double-side tape on the inner
surface of a planchet. Place the planchet in an internal
proportional counter, and count for 100 m nutes.

11.5.4 Calculate the activity of the sanple using Eq.
111-4 in Section 12.5.

11.5.5 Determne the aliquot volunme of the sanple
solution from Section 11.4.10 to be anal yzed for
pol oni um 210 , such that the aliquot contains an activity
between 1 and 4 picocuries. Use Eq. 111-5 in Section 12.6.

11.6 Preparation of Silver D sc for Spontaneous
El ect r odeposi ti on.

11.6.1 dean both sides of the polished silver disc
with silver cleaner and with degreaser

11.6.2 Place disc on absorbent paper and spray one
side with epoxy spray enanel. This should be carried out in
a well-ventilated area, with the disc lying flat to keep
pai nt on one side only. Allow paint to dry for 24 hours
before using disc for deposition.

11.7 Sanpl e Anal ysis.

11.7.1 Add the aliquot of sanple solution from
Section 11.4.10 to be analyzed for polonium 210, the vol une

of which was determned in Section 11.5.5, to a suitable
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200-m container to be placed in a constant tenperature

bat h.
NOTE: Aliquot volune may require a | arger container.
11.7.2 1If necessary, bring the volume to 100 ml wth
1 MHA. If the aliquot volune exceeds 100 m, use total
al i quot .

11.7.3 Add 200 ng of ascorbic acid and heat solution
to 8 °C (185 °F) in a constant tenperature bath.

11.7.4 Suspend a silver disc in the heated sol ution
using a glass or plastic rod with a hook inserted through
the hole in the disc. The disc should be totally i mrersed
in the solution, and the solution nust be stirred
constantly, at all tinmes during the plating operation.

Mai ntain the disc in solution for 3 hours.

11.7.5 Renove the silver disc, rinse with deionized
distilled water, and allow to air dry at roomtenperature.

11.7.6 Place the disc, with deposition side
(unpai nted side) up, on a planchet and secure with
doubl e-side plastic tape. Place the planchet with disc in
al pha spectronetry system and count for 1000 m nutes.

12.0 Data Analysis and Calculations.

12.1 Nonencl at ur e.
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pi cocuries of polonium210 in the Method 5
sanple (from Section 12.8).
pi cocuries of actinide added.
vol ume of sanple aliquot used, in m
(specified in Section 11.5.1 as 1 m).
aliquot to be analyzed, in nl.
procedur e background counts neasured in
pol oni um 209 spectral region.
pol oni um 209 tracer counts in sanple.
total counts in polonium 210 spectra
regi on.
decay correction for tinme "t" (in days) from
sanple collection to sanple counting, given
by: D=e0-00%
average counting efficiency of detector
(from Section 10.1.8), as counts per
di si ntegrati on.
counting efficiency of the detector for
aliquot i of the actinide working solution,
counts per disintegration.
average counting efficiency of the internal
proportional counter, as determned in

Section 10.3.4, counts per disintegration.
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counting efficiency of the internal
proportional counter for aliquot i of the
100 pG/m actinide working solution, counts
per disintegration.
the fraction of pol onium 209 recovered on
the planchet (from Section 12.7).
average activity of polonium209 in sanple
(from Section 10.2.4), in pG.
activity of aliquot i of the pol onium 209
tracer solution, in pG.
dilution factor (unitless). This is the
vol ume of sanple solution prepared
(specified as 250 m in Section 11.1.10)
di vided by the volune of the aliquot of
sanpl e sol ution anal yzed for pol oni um 210
(from Section 11.7.1).
phosphorous rock processing rate of the
source being tested, during run i, M/ hr.
phosphat e rock processed annually by source
k, in My/yr.
nunber of calciners at the el enental

phosphorus pl ant.
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total activity of sanple solution from
Section 11.4.10, in pC (see Eq. 111-4).
volunetric flow rate of effluent stream as
determ ned by Method 2, in dscm hr.
annual pol oni um 210 em ssions fromthe
entire facility, in curies/yr.
volunme of air sanple, as determ ned by
Met hod 5, in dscm
em ssion rate fromsource k, from Section
12.10, in curies/ M.
curies per picocurie.
di sintegrations per mnute per picocurie.
vol une of solution from Section 11.4.10, in

m .

12.2 Counting Efficiency. Calculate the counting

efficiency of the detector for each aliquot of the 1 pG/ni

actinide working solution using Egq. 111-1.

wher e:

§

Cs’(:B

B, = —o 2 Eq. 111-1

22 A, T

background counts in sanme peak area as C..

gross counts in actinide peak.



1942
T = counting time in mnutes, specified in
Section 10.1.6 as 1000 m nutes.
12.3 Pol oni um 209 Tracer Solution Activity.
Cal cul ate the activity of each aliquot of the pol oni um 209

tracer solution using Eq. 111-2.

F-_ 5% Eq. 111-2
22 E, T
wher e:
G = background counts in the 4.88 MV region of
spectrumthe in the counting time T.
Cs = gross counts of polonium209 in the 4.88 MV
region of the spectrumin the counting tinme
T.
T = counting tine, specified in Section 10.1.6

as 1000 m nut es.
12.4 Control Efficiency of Internal Proportional
Counter. Calculate the counting efficiency of the internal
proportional counter for each aliquot of the 100 pG /n

actinide working solution using Eg. 111-3.

CS’CB
ai: _— = Eq. 111-3
222AAT
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wher e:
G = gross counts of procedure background.
GCs = gross counts of standard.
T = counting time in mnutes, specified in

Section 10.3.2 as 100 m nutes.

12.5 Calculate the activity of the sanple using

Eq. 111-4.
250 (C.- C.)
P- — = Eq. 111-4
22 E AT
wher e:
G = total counts of procedure background. (See
Section 11.1).
Cs = total counts of screening sanple.
T = counting tinme for sanple and background

(which nust be equal), in mnutes (specified
in Section 11.5.3 as 100 m nutes).
12.6 Aliquot Volune. Determne the aliquot volune of
the sanple solution from Section 11.4.10 to be anal yzed for
pol oni um 210 , such that the aliquot contains an activity

between 1 and 4 picocuries using Eq. 111-5.

A, - 250 (desired plc%cunes in aliquot) Eq.111-5
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12.7 Pol onium 209 Recovery. Calculate the fraction
of pol oni um 209 recovered on the planchet, E, using Eq.

111-6.

— = Eq. 111-6

wher e:
T = counting tine, specified in Section 11.1 as
1000 m nut es.
12.8 Pol oni um 210 Activity. Calculate the activity
of polonium 210 in the Method 5 sanple (including glass

fiber filter and acetone rinse) using Eq. 111-7.

PR e Eq. 111-7
22 E,E.TD
wher e:
G = procedur e background counts in pol onium 210
spectral region.
T = counting tine, specified in Section 11.1 as

1000 m nutes for all al pha spectronetry
sanpl e and background counts.

12.9 Em ssion Rate from Each St ack.



1945
12.9.1 For each test run, i, on a stack, calculate
t he measured pol onium 210 em ssion rate, Ry, using Eq. 111-
8.

- (1013 A Qg
S V M

m(std) Vi

Eq. 111-8

12.9.2 Determ ne the average pol onium 210 em ssion
rate fromthe stack, Rs, by taking the sum of the neasured
em ssion rates for all runs, and dividing by the nunber of
runs perforned.

12.9.3 Repeat steps 12.9.1 and 12.9.2 for each stack
of each cal ci ner.

12.10 Em ssion Rate from Each Source. Determne the
total polonium 210 em ssion rate, X, fromeach source, Kk,
by taking the sumof the average em ssion rates from al
stacks to which the source exhausts.

12.11 Annual Pol onium 210 Em ssion Rate fromEntire
Facility. Determ ne the annual el enental phosphorus pl ant

em ssions of polonium 210, S, using Eg. 111-9.

kEKXkMQ Eq. 111-9

S =
n

13.0 Method Performance. [ Reserved]



1946
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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