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ROBERT J. EMERY. Retention and Subsequent Rel ease of Radioactivity

fromthe Incineration of Wastes Contai ning M crospheres. (Under
the direction of Dr. Janes E. Watson, Jr. and Dr. Daniel D

Spr au. )

ABSTRACT

I nci neration has been chosen as the preferred method for
di sposi ng of ani mal carcasses containing radi oactive m crospheres
at East Carolina University. Routine surveys of ash from
successi ve non-radi oacti ve burns have shown signifi cant
contam nation from previously incinerated m crospheres. Past
studi es on m crosphere incineration quantified the anount of
activity retained in ash, but did not address any subsequent
rel eases. This topic was not considered in earlier studies
because, in nost cases, the carcasses were placed in sone type of
container to facilitate recovery of ash, preventing contam nation
of the incinerator refractory.

Five sets of controlled burns were perforned to quantify the
subsequent rel eases of the m crosphere radioi sotopes Ce-141, Sn-
113, Ru-103, Nb-95, and Sc-46. Each set consisted of three
successi ve burns. The first burn of each set incinerated a non-
radi oactive carcass, the second burn, a radioactive carcass, and
the third, a non-radi oactive carcass. In all of the burns, the

carcasses were placed directly on the incinerator refractory
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floor, as is the standard procedure during nornal operations.
The data coll ected docunent that significant subsequent
rel eases of activity fromthe refractory do occur. This results
in contam nati on of ash from non-radi oacti ve burns. The actual
anount of activity rel eased varies with each i sotope. These
findi ngs have caused East Carolina University to re-evaluate the
quantities of radioactivity which may be burned, and to initiate

a programto nonitor all incinerator ash for gamm enitting

r adi onucl i des.
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I . 1 NTRODUCTI ON

A. Purpose of Project

I nci nerati on has been chosen as the preferred nmethod of
di sposal for animal carcasses containing radioactive m crospheres
at the East Carolina University School of Medicine. The routine
noni t ori ng of incinerator ash from non-radi oacti ve burns has
reveal ed significant contam nation from previously incinerated
m crosphere i sotopes. Several published studies have docunent ed
ash retention of radioactivity, but none have addressed these
apparent subsequent rel eases.

This study will attenpt to docunent the successive subsequent
rel eases of radioactivity fromthe incineration of m crospheres
by performng a series of controlled burns using both radi oactive
and non-radi oacti ve ani mal carcasses. This data will be used to
devel op a conprehensi ve programfor the nonitoring and di sposal
of incinerator ash for East Carolina University, and establish

limts for the anpbunts of radioactive m crospheres which nay be

bur ned.

B. Literature Review
1. Mcrospheres and Their Applications
a. Historical Devel opnment
Solid foreign particles can be injected into the bl oodstream
and used to nmeasure a variety of natural and induced phenomenon.

This techni que has been used since 1909 to evaluate such
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paraneters as the distribution of blood flow, cardiac output, and
organ shunting.«® The ability in recent years to accurately
regul ate the size of these particles and to i ncorporate
radi oactive isotope |abels has created a marked increase in their

popularity as a research tool.” Radioactive tracers, comonly

call ed "m crospheres" assist researchers in the detection and
quantification of particle retention in various tissues, hence
i ndicating flow patterns and destinations of different blood
conponent s.

The first radioactive foreign particles used for circulatory
studi es were produced by exposing snall glass beads to a neutron
flux which transformed the stable sodiumin the glass into
radi oactive Na-24.-" Intended to imtate red blood cells once
injected in the animal, these mniature glass beads were too heavy
and therefore did not accurately mmc the behavior of nornal
erythrocytes. M crospheres made of ceramc were al so produced,
but these were also deened inappropriate because of their tendency

to quickly settle in a liquid medium

Heymann, M A., Payne, B.D., Hoffrman, J., and Rudol ph, A M,
"Bl ood Fl ow Measurenents W th Radi onucl i de-| abel ed Particl es",

Progress in Cardiovascul ar D seases, Vol. XX, No. 1, 1977, p. 55.
"Heymann, MA., et. al., p. 55.

A"&im E., Lindseth, P.O, "Distribution of Blood Flowto
Tissues of the Small Intestine of the Dog.", University of
M nnesota Medical Bulletin, No. 30, 1958, pp. 138-145.

Heymann, MA., et. al., p. 55.
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3
A wide variety of plastic m crospheres were subsequently
devel oped. Early versions resulted in batches of mcrospheres with
wi de variations in particle size and the tendency to permt
| eaching of the radionuclide |abel.” Any results obtained from
experiments with these tracers needed to be viewed with caution
due to the | arge degree of error introduced by these
characteri stics.
Advances in manufacturing technol ogy have resulted in
m cr ospheres of a constant particle size and in a formthat
prevents | eaching. These current radi oactive tracers are al so
available with different isotope labels so as to pernit the use

of several different mcrospheres in one experinent.

b. Physical Description

One of the nost popul ar nuclide-1abel ed m crospheres in use
today is the insoluble carbonized plastic tracer mcrosphere
produced by the DuPont NEN Research Products, Boston,
Massachusetts. These tracers are used exclusively at the East
Carolina University School of Medicine. Marketed under the nane
"NEN Trac M crospheres", these tracers are attractive for use in

circul atory studi es because:

ARhodes, B.A., Zolle, I., Buchanan, J.W, et al, "Radioactive
Al bumin M crospheres for Studies of the Pulnonary Crculation.”,
Radi ol ogy, Vol. 92, 1969, pp. 1453-1460.
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The m crospheres have a specific gravity of approximately
1.3, which is conparable to that of whole blood (1.05)."

The m crospheres are available in standard dianeters
rangi ng from 10+2 to 50+5 mcrons. This enabl es

researchers to select a mcrosphere size which correlates
with the blood constituent of interest.”

Ten different gamma emtting isotopes are avail able,

permtting the use of several different tracers wth
energies discrete enough for easy anal ytic detection and
segregation (see Table 1). They are: Gd-153, Co-57, Ce-
141, Cr-51, Sn-113, In-144m Ru-103, Sr-85, Nb-95, and
Sc-46. The half-1ives and principal photon energies of

each isotope are listed in Table 2. Wen used in
conbi nati ons, the manufacturer recommends that a m ni mum
of 100 keV energy separation be maintai ned between

princi pal photon energy peaks.°®

NEN-Trac M crospheres Catalog, E. |. duPont De Nenours & Co.
Bi ot echnol ogy Systens Division, Boston, Mass. 1986.

ANew Engl and Nucl ear Research Products Catalog, E |. duPont
De Nenmours & Co., Boston, Mss., 1988. pp. 137-139.

"New Engl and Nucl ear Research Products Catal og, 1988, pp. 137-

139.
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Table 1

Hal f Lives and Princi pal Photon Energi es of Ganuaa

Enmitti ng Radi onuclides Used in M crospheres

Radi onucl i de Half Life Photon Energy Phot on Abundance
&d- 153 242 days 97-103 keV 55%
(al so 41 keV) (100%
Co- 57 271 days 122-136 keV 98%
Ce- 141 32.5 days 145 keV 48%
Cr-51 27.8 days 320 kev 9%
Sn-113 115 days 393 keV 64%
(al so 255 keV) (2%
In-114m 49.5 days 192 keV 17%
(al so 558 keV 3. 5%
and 725 keV) 3. 5%
Ru- 103 39. 8 days 497 keV 88%
(al so 610 keV) (6%
Nb- 95 35 days 765 keV 100%
Sr - 85 64.7 days 514 keV 100%
Sc- 46 84 days 889 keV 100%

1.120 MeV 100%
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The radionuclide tracer is incorporated into the plastic
matrix of the sphere to prevent |eaching. Quality contro

testing is performed at the factory to ensure tracer
integrity.'

c. Quality Assurance

The m crosphere shipnments received at the East Carolina
Uni versity School of Medicine are suspended in a 10% by vol ume
pol yoxet hyl ene 80 sorbant nonool eate (Tween 80).-®" Tween 80, a
detergent, is added to prevent aggregation of the m crospheres.
(It should be noted that it is also possible to receive
m crospheres in a dry state.) After the standard check-in
procedure by the Ofice of Radiation Safety, which is perforned
on all radioactive shipnments, several other verifications are
conducted by the actual user of the m crospheres.

It is of paranount inportance to confirmthe actual size of
the m crospheres received. A standard accepted procedure
establ i shed by Heymann, et. al. in 1977, calls for mcroscopic

exam nation of several grab sanples. Di ameter nmeasurements are

ANew Engl and Nucl ear Research Products Catal og, 1988, pp. 137

139.

-*- New Engl and Nucl ear Research Products Catal og, 1988, pp.

137-1309.

a@\Heymann, MA , Payne, B.D., Hoffman, J., and Rudol ph, AM,

"Bl ood ‘FI ow Measurenents Wth Radi onuclide-1 abel ed

Particles",Progress in Cardiovascul ar Diseases, Vol. XX, No. 1.
1977, pp. 55-79.
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made on 100 to 200 tracers, and their ranges plotted on a
hi stogram The acceptable range of diameter size is directly
dependent upon the size of the mcrosphere ordered. The dianmeter

range data provided by New England Nucl ear Conpany through their
Technical Services Divisionis listed in Table 2.

Wil e under the mcroscope, a check is made for any clunping
or aggregations of mcrospheres. Adhesions caused by bacterial
growths in the solution can be broken up by vigorous shaking. O
greater concern is "bridging" that can occur between the spheres.
Thin plastic strips sonmetines still connect the spheres as a
result of the manufacturing process. These bonds are not easily
broken, and are cause for rejection of the batch.

A gamma spectral analysis is performed on each separate batch
of mcrospheres to check for radionuclide specificity. Any cross-

contamnnation or mslabeling will produce extraneous spectra
peaks.

Soaki ng the spheres in a 0.5% Tween 80 isotonic saline
solution for 24 hours is the technique used to check for isotope
| eaching. After the soaking period, the mcrospheres are filtered
out, and the remaining solution counted for any residual
radi oactivity.

The final check is for specific activity. A sanple of the
m crospheres is placed on a known field size, such as ordinary
graph paper. A physical count is nade of the number of spheres
present in the field, and the total activity of the fieldis
determned. By dividing the total activity by the nunber of
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Tabl e 2

NEN- Tr ac M CRCSPHERE SI ZES

Nom nal Size and Range

Appr oxi mat e Nunmber of Tracers/ny
10+2 microns 1, 500, 000

15+3 i cr ons 450, O00
25+5 M Ccr onNns S0, 0O00
5 +5 M CcCr ons 25, O00

50+5 MM Cr onNns 12, 500
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m crospheres present, an activity per bead can be obtai ned.

Upon conpl etion of these verifications, the mcrospheres are

ready for use.

d. Experinental Applications

Since mcrospheres can be applied in a variety of experinental
situations, it would be very difficult to outline all of the
different applications. There are, however, some procedures which
are common throughout nost research applications.

Normal |y an animal is anesthetized and a catheter is inserted
into the left atriumof the heart. The left atriumis the |ocation
of preference because of the high mxing of blood that occurs in
this area. Aninitial injection of a well-vortexed 1 m solution
contai ning mcrospheres is made as a control. The choi ce of
m crosphere isotopes is random zed to ensure that no selective
retention occurs over a series of experinents. The m crosphere
injection is followed by a heparinized saline flush. During, and
i nmedi ately follow ng the introduction of the mcrospheres, a
series of ten 2-3 m blood sanples are drawn. These ten sanpl es
are counted using a Nal crystal connected to a nultichannel
anal yzer to verify the injection and subsequent deposition of the
m crospheres into the tissue. Table 3 shows an exanple of ten
bl ood sanpl es taken at 12 second intervals depicting the
i ntroduction of radioactivity into the bl oodstreamand the tota

deposition of the radioactive material into the tissue in |ess

than a mnute. The data in this table was obtained froman actua
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Tabl e 3

Bl ood Sanples Wthdrawn at 12 Second Intervals

| mredi ately After Injection of Mcrospheres to Verify

Tracer Deposition

time after

m cr osphere injection (in counts per m nute)

10

(in seconds) Ce-141 Sn-113 Ru-103 Nb-95 Sc-46
0 50 20 23 14 29
12 117 37 29 17 28
24 45063 8476 4050 6010 4943
36 14427 6017 2793 3207 1222
48 1360 634 429 378 156
60 334 159 113 83 53
72 533 127 60 53 64
84 271 86 44 38 81
96 420 102 48 35 73
108 397 124 45 40 63
120 284 108 48 44 70
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11
experinmental application of m crospheres.

After the control injection is conpleted, any of a nyriad of
stimuli may be performed on the animal. During various stages of
the experiment, different mcrosphere isotopes are injected, and
t he same procedure as detailed previously is followed. Using
I sotopes with different energies for each injection enables a
researcher to conpare tissue retention of blood conponents at
various stages in the procedure.

At the end of the experiment, the animal is sacrificed, and
the tissues of interest excised. The typical method of analyzing
the tissue is counting on a nultichannel analyzer systemwth a

Nal (TI) crystal, with the regions of interest on the counter set
for the energies of the ganma rays expected.

Both the carcass and the excised tissue are contam nated with

radi oactive material and, as such, require special attention for

t heir di sposal.

e. Wastes Gener at ed

At the East Carolina University School of Medicine, the aninal
carcasses and any excised tissues are brought to the Radiation
Safety Laboratory upon conpletion of the experinent. Until their
ultimate disposal is acconplished, the carcasses and tissues are
temporarily stored in freezers. The Office maintains at |east 10
freezers for the storage of these types of wastes at all tinmes.

A smal | anount of solid waste is also generated in the course

of the experiment. This consists mainly of contam nated gloves,
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absor bent paper, tubing, etc.
Currently about 50-70 aninal carcasses are being generated per
year. It is estimated that the annual production of ani mal

carcasses contai ning mcrospheres at East Carolina University

will increase to 150-200 in the next fiscal year

2. Review of Avail able D sposal Methods for Radi oactive

Car casses

Three possi bl e net hods of di sposal for these | owl evel
radi oacti ve bi ol ogical wastes are currently available. The Ofice
of Radi ation Safety considered (1) burial at a | ow | evel
radi oacti ve waste di sposal site, (2) storage for decay, or (3)
i ncineration. Incineration was chosen as the preferred nethod of
di sposal for the foll owi ng reasons:

- Cost. The present approxinmate cost for the burial for one
55 gallon drumof | owlevel radioactive biological waste
is $400. Due to the stringent packagi ng requirenents for
bi ol ogi cal wastes, approximately two animals (usually
dogs or pigs) can be placed in each drum At a generation
rate of 200 aninals per year, the annual cost for burial
of m crosphere-contanm nated ani nal s al one woul d be

$40, 000.

Availability of a Burial Site. It is questionable whether

radi oacti ve waste generators in the State of North
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Carolina wll have uninterrupted access to any |owleve
radi oactive waste disposal site in the future. The
permanent closing of the Barnwell, S.C. facility is
schedul ed for 1992. Disagreenents over the eventual

siting of a new facility could delay any progress towards
a long termsolution to the | owlevel radioactive waste
(LLRW di sposal problem

Lack of Storage Space. At nost educational institutions,
storage space (especially freezer storage space) is at
a premium and the East Carolina University School of
Medi cine is no exception. The space that woul d be needed
to adequately store contam nated ani mal carcasses for a

m ni mum of seven half-lives is sinply not available.

Possi bl e Packagi ng and Transportation Violations. The
regul ations concerning packagi ng and shipnent of LLRWare
confusing at best, and subject to constant change. The
possibility of violating some State, Federal, or
contractors regul ations during any phase of the packaging
or shipnent procedure can result in the |oss of
perm ssion to continue shipping waste to a specific

di sposal site.

Vol une Reduction. The reported vol ume reduction of anim
carcasses due to incineration is approxi mately 90-95%
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Incineration would greatly reduce the volune of waste to
be shipped for burial, which in turn would reduce waste

di sposal costs.

Ot her Hazardous Wastes. Incineration is the preferred
met hod of disposal for other types of wastes which may
be generated in association with m crospheres such as
bi ohazar dous, pathol ogical, infectious, and chem ca

wast es. Regul ations regarding the disposal of "m xed

wast es", when conpl eted, may inpose further restrictions

on generators.

Change of Waste Type O assification. Incineration of

ani mal carcasses transforns the classification of the
waste froma biological to a solid. Solid radioactive

wastes are subject to fewer packaging requirenents.

Currently Avail abl e and Licensed Incinerator. The Ofice
of Radi ation Safety has been using the incinerator at the
East Carolina University School of Medicine since 1981

for the processing of |owlevel radioactive waste.

_ Gegory, WD., and Maillie, HD., "Incineration of Anima
Radi oactive Waste: A Conparative Cost Analysis", Health Physics,
Vol. 29, No. 9 (Sept.), 1975, pp. 389-392.
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3. Previous Mcrosphere Incineration Studies
Wth the advent of the use of incineration as a technology for
LLRWvol une reduction, several researchers began to examne the

possibility of burning mcrosphere-|aden waste. Wen applying for
a license to incinerate radioactive waste, it must be assumed that

100% of the activity is exhausted into the atnmosphere for the
purposes of calculating discharges of radioactivity. Prelimnary
results indicated that sonme of the activity in the form of
m crospheres was retained in the ash, so studies were perforned
in hopes of quantifying ash retention factors so that |arger
amounts of waste could be incinerated wthout exceeding
established air concentration limts for various radionuclides.
Landhol t, et. al. performed the first study published on the
ctual incineration of mcrosphere-ladened carcasses. 2" Eight
ani mls containing Sc-46 |abeled plastic tracers were individually
placed directly into the incinerator and burned. The total ash
fromeach of these burns was collected in a container and counted
on a multichannel analyzer systemwith a 3" x 3" Nal(Tl) crystal
The mean percentage of retention of Sc-46 for the eight burns was
97.6+7.6% Effluent nonitoring was al so performed, but no activity
fromthe incineration of Sc-46 m crospheres was reported. The
total mass reduction ratio of the carcasses was reported to be

25:1. Contam nation of ash from successi ve non-radi oacti ve burns

a8 Alandholt, R R, Barton, T.P., Born, GS., Mrris, V.R
Vetter, RJ., Zimerman, N.J., "Evaluation of a Snall InexpenS|ve
Incinerator for Institutional’ Radioactive Waste", Heal th Physics,
Vol . 44, No. 6, 1983, pp. 671-675.
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was not addressed.

Brekke, et. al. nonitored the stack effluent fromthe
| nci neration of carcasses containing conbinations of

mcrospheres. - * These carcasses were placed directly into the
incinerator. No tray or container was utilized to collect the ash

while the carcasses were bhurned. A nodified EPA Method 5 stack

sanpling train was used to isokinetically renmove a representative
sampl e of the incinerator stack effluent. Al of the radioactivity
col lected was retained on a particulate glass fiber filter |ocated
at the front of the sanpling train. No significant activity was
found in the HO bubblers that followed the particulate filter

The mean percentage of released activity for the mcrospheres
eval uated were: Sn-113, 12.3+4.9% Gd-153, 5.0+2.5% Nb- 95,
4.8+1.1% Co-57, 3.8+3.0% and Ru-103, 16.5+5.0% The Ru-103
rel ease was assunmed to be el evated due to the oxidation of the Ru
metal to the volatile rutheniumtetroxide, RuO*. No postul ations
were made concerning the apparent elevated release of tin. The
radioactivity remaining in the incinerator ash was determned for
only two nuclides. The mean ash retention for No-95 was 91+24%
and for Ru-103 was 58+8% The ash retention for the other isotopes
burned was not eval uated. Contam nation of ash from subsequent

burns was not di scussed.

Finnegan, et. al. monitored both ash and effluent during the

Brekke, D.D., Landholt, R R, Zimernman, N.J., "Measurenent
of Effluent Radioactivity During the Incineratjon of Carcasses

Cont ai ni ng Radi oactive Mcrospherées", Health Physics, Vol. 48, No.
3, 1985, pp. 339-341.
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Incineration of a mxture of isotopes. » The carcasses burned were
pl aced on stainless steel trays to facilitate ash collection and
renoval . Only a gross range of 83-100% ash retention was reported
for the isotopes Ce-141, Cr-51, Sn-113, Sr-85, and Sc-46. The
stack effluent was sanpled via a high volunme air sanpler with a
particulate filter. No activity was reported to be found in the
effluent by this method of stack sanpling. The burns yielded a 95%
reduction in weight. Ash fromtw subsequent non-radi oactive burns
was al so coll ected and anal yzed. Approximately 1 to 5% of the
original activity burned was reported to be contained in these
r esi dues.

Classic, et. al. investigated solubility of radionuclides in
resi dual ash resulting fromthe burning of radioactive
carcasses. @®" During this experiment, m crospheres containing
various isotopes were burned while on stainless steel trays, and
their percent activity retained in ash obtained. The results for
t hese radi oi sot opes were: Sc-46, 95.4+1.1% Co-57, 76.9+2.3% Sr-
85, 79.3+3.4% This report al so concluded that the ash-retained

activity in an insoluble form

-~-Tinnegan, J.J., Mller,K L., Wite, WJ., Bohner, K R
"I nci nerati on of Aninal Carcasses Contai ning Gamma-Em tti ng
Radi oi sot opes", Proceedi ngs; 9th Bi enni al Conference of Canpus
Radi ation Safety O ficers, Colunbia, Mssouri, June 1983, pp. 20-

22.

anfC assic, K, Goss, G, Vetter, RJ., "Solubility of

Radi onuclides in Ash fromthe I ncineration of Aninmals", Health
Physi cs, Vol. 49, No. 6, 1985, pp. 1270-1271.
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Van Swearingen evaluated the ash fromthree burns of Sc-46 and
Sr-85 | adened m crospheres.-®" Carcasses were placed on a bed of
exi sting non-radioactive ash and burned. One gram ash sanples were
obt ai ned fromeach burn and counted in a 2" X 2" Nal{Tl) detector

connected to a single channel analyzer. The nmean percentage of
retention for Sc-46 was 79.7+12.9% for Sr-85 86.3+32. 8% The

study enphasi zed that problens exist in the exact determ nation
of initial activity involved in the experinment.

In an attenpt to better determne the exact anount of activity
that was initially injected into the ani mal, Krueger and
McLaughlin derived a syringe retention factor by counting severa
syringes while full of mcrospheres and then recounting after the
expul sion of the contents.-'«" The anount of activity in the full
syringe mnus the residual activity in the "enpty" syringe was
taken to be the true injected activity. Unfortunately, the actual
syringe retention factor used was not included in the report.
Krueger and McLaughlin al so analyzed the remaining ash in a nore
detail ed manner than in previous studies. Noting that the ash is
intw distinct forns, powder and bone fragnents, each constituent
was anal yzed separately. The bone samples did reveal sone

radi oactivity, however the possibility of contam nation fromthe

b A+ van Swearingejif F.L., "lncineration of M crospheres”,
Lecture Notes; Incineration of Low Level Wastes; 1985, Tucson,

Arizona, March 21-23, 1985, pp. U1 - U5,

an"Krueger, D.J., MLaughlin, J.E , "Residual Radioactivity in
Ash from I nci nerati on of Ani mal Carcasses Labeled Wth Radi oacti ve

M crospheres”, Lecture Notes: Conference on the Incineration of Low

Level Radi oactive and M xed Wastes, St. Charles, 111., April
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surroundi ng ash was not addressed. The results, published as Ash
Retention Factors (ARF), were as follows: Gd-153, 67% Co-57,
148% Sn-113, 80% Sr-85, 56% and Sc-46, 92% Al carcasses were
burned while resting on the floor of the incinerator. Although no
subsequent releases of activity were investigated, the possibility
of contam nation of the refractory was nentioned. The unusually
high retention factor for Co-57 was postul ated to be caused by
subsequent rel eases of activity which were trapped in the
i nci nerator 1|ining.

This report provides to-date, a conprehensive survey of the
publ i shed data concerning m crosphere incineration. Table 4
compiles all of the information available for ash retention val ues
and stack effluent releases for the five isotopes burned at East

Carolina University.
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Tabl e 4

Summary of Avail abl e Dat a:
Ash Retention and Effluent Concentrations (in Percent) for
Five M crospheres to be Incinerated at the
East Carolina University School of Medicine

M crossphere | sotopes

St udy 1 Ce-141 Sn-113 Ru-103 1 Kb-95 Sc~46 1

Landolt et. al. , 1982 in ash 97. 6+8%
in air

Brekke et. al., 1985 in ash 58+8% 91+24%
in air 12. 3+5% 16. 5+5% 4.8+1%

Fi nnegan, 1983 in ash 1 83.1000p 83-100% 83-100% 1
in air

Classic et. al., 1984 in ash 95. 4+1%
in air

Van Swearingen, 1985 in ash 19, 7413% 1
in air

Krueger et. al. , 1986 in ash 809% 2% 1
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1. MATERI ALS AND METHODS

The equipment used in this study included the East Carolina
University School of Medicine incinerator, a modified isokinetic
stack sampling train, a high efficiency particulate air (HEPA)
filtered vacuumash collection system and a Nal(Tl) detector
connected to a nultichannel analyzer.

A. | ncinerator

The incinerator at the East Carolina University School of
Medi cine is an Environnental Control Products, Inc. Mdel 480E.
This natural gas fired, double chanber, 350 pound per hour
incinerator is manufactured primarily for the burning of Type IV
wastes. (Type IV wastes consists of carcasses, organs, solid
organi ¢ wastes containing up to 85% noisture and 5% non-
conbustible solids.) The specifications of the incinerator are
listed in Table 5 and a schematic of the structure is shown in
Figure 1. The incinerator was installed in 1980 on a 5 inches
thick concrete floor of a roomin the Wility Plant Building,
located 500 feet fromthe main building of the Medical School. The
primary and secondary chambers are both refractory lined. A 12
gauge gal vani zed steel rain hood was added after installation to
protect the refractory lining of the secondary chanber.

The wastes to be incinerated are fed into the primary
combustion chanber by a single ram hydraulically operated feeder,
and burned. The conbustion products pass into the secondary
chamber where they are mxed with a flame to conplete the
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Tabl e 5

I nci nerator Specifications
Model : Environnmental Control Products, Inc. Mdel 480E
Cost: $60,000 (1980, estimate as part of total building)
Power: 6 HP, 280 Volts, 3 Phase
Fuel : Natural Gas
Primary Chanber Vol une: 118 ft-~*
Secondary Chanber Vol ume: 25 ft
Primary Chanber Tenperature (maximum: 1800 °F
Secondary Chanber Tenperature (maximum: 1600 °F
Stack Height: 32 feet

| nside D aneter of Stack: 21.4 inches

Total Area of Stack: 2.5 ft~
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Figure 1

I nci nerator and St ack

Control Products |ncinerator
Model 480 E

Y-

St ack

Total Stack Height: 32 ft.

Inside Dianeter: 21.4 in.

I nside Stack Cross Sectional
Area: 2.49 ft-~

Secondary Chanber

Vol ure: 25 ftA
HcUci mum Ten*wrature: 1600 °F

Ram System
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conbusti on process. The resultant gases then pass through the
refractory lined stack, which includes a spark arrester, and into
t he atnosphere. Ashes collect on the floor of the refractory lined
primary chanber and are renoved nanual ly. The remaining nmateria
is removed with a HEPA filtered vacuum system which directly
deposits the ash into a 17H DOT 55 gallon drum Access is gained
to the refractory floor via a 16" by 16" door. The total height
of the incinerator, including stack, is 32 feet, neasured fromthe
concrete fl oor.

The burners operate on natural gas. The primary burner has a
maximumrating of 1.2 X 10* BTU per hour, while the secondary
burner has a maxinumrating of 8.0 X 10 BTU per hour. Both
burners are provided with a timer control with a maxi num setting
of twel ve hours.

B. Stack Sanpling System

The stack effluent sanpling systemused in this study
I sokinetically renoved stack gases and passed the sanpl e through
afilter assenbly. A description of the systemis as follows:
Probe and Nozzle: A 3/8 inch buttonhook nozzl e made of stainless
steel was enployed to renove the gas sanple. This type of nozzle
effectively renoves a representative sanple while causing mnim
aerodynam ¢ di sturbance to the streamflow The probe used to
transport the sanple to the filter assenbly has an effective
length of 5 feet and is constructed of inconel.

Pitot Tube and Tenperature Sensor: Both of these conponents are
| ocated at the same position adjacent to the nozzle for the
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purpose of neasuring real time gas velocity and tenperature. The
pitot tube, a Stausscheibe type, was used to determne the exit
gas velocity and pressure. The thernometer, a sem conductive
resistance type, was used to neasure stack gas tenperature.

Filter Assenbly: Stack gases that entered the sanpler were passed
to a filter holder containing a 7 cmdiameter glass fiber filter
produced by Fisher Products. This filter renoved particul ate
matter with an efficiency of 99.97%for particles 3 mcrons in

diameter or greater. The gases then passed through four bubblers.

The first two bubblers were filled with water. The third one was
left enpty, and the fourth contained 6 mesh anhydrous CaSOV, a
desiccant. No other materials, such as acids, were used in the
bubbl er system because it was felt that no activity would be
rel eased in a gaseous state. The study by Brekke showed no
activity in the gaseous rel eases when bubbled through HO. In
addition, all of the boiling points of the metals examned are in
excess of 2700 °C, which is far hotter than the tenperatures
experienced in the incinerator.

Control Console: After passing through the entire sanple case, the
stack gases are drawn via a hose connection into a Scientific

d ass & Instrunents, Inc. Mddel AP5500 Stac-o-|ator control

console. This unit contains a vacuum gauge, vacuum punp, dry gas

nmeter, and dual manoneter. This instrument was calibrated on July
19, 1988 by Nutech Corporation, Durham N. C..

C. Vacuum System

After the bulk of the residual ash is renoved fromthe
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I nci nerator using manual nethods, a Hako M nuteman HEPA filtered
vacuum system (Model Number C 80330-02, Hako Vacuum Syst ens,
Addi son, 111.) is used to renove the remaining |oose material. The
vacuum system contains a high density inpact filter and a HEPA
filter which is 99.97% effective for trapping particul ates as
small as 0.3 mcrons. When drawn into the vacuum the ash is
directly deposited into a 55 gallon drumwhich is lined with a
pl astic bag.
D. Multichannel Analyzer System

The detection systemused to evaluate all of the sanples was
conprised of a Bicron 2" x 2" Nal (Tl) crystal connected to a
Nucl eus, Inc. Mdel 5010 scintillation anplifier and power supply.
The spectrum was anal yzed using a Nucl eus, Inc. Personal Conputer
Anal yzer card installed in an | BM XT personal conputer. Ash
sanpl es were collected and counted in disposable 1 liter Marinelli
beakers. Air filters and filter paper snears were placed in
di sposabl e plastic petri dishes for counting.

In order to determine a lower limt of detection (LLD) for the
counting systemin each of the counting configurations, the
ordinary procedure is to count non-radioactive sanples, and use
the results as a background level, fromwhich a LLD could be
cal cul ated. This technique could not be applied in this study
because a conbi nati on of isotopes were being eval uat ed
si mul t aneously. When using MCA's for analysis of mxed isotope
sanpl es, the background level in each region of interest is

i nfluenced by any activity recorded in the higher energy regions.
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Wth this being the case, a LLD determned for a | ow energy gamma
em ssion in a mxed isotope sanple would not necessarily be what
was cal cul ated fromthe use of a non-radi oactive sanple. In
recognition of this situation, an average background | evel in each
region of interest for each counting configuration was determ ned
by compiling the data fromall of the sanples collected. These
"typical", or representative background val ues were then used to
determ ne a LLD. - AR

Tabl e 6 contains the typical background val ues used to
calculate the LLD s. Also included in this table, for conparison,
are the background val ues obtained fromthe counts of the non-
radi oacti ve sanpl es.

The LLD s at a 95% Confidence Interval for all of the sanple

types were derived using the foll ow ng equation

LLD = 4.66 (S|")_
(E) exp(-Xx‘tg)

Were: §* = (NtjMA  standard deviation of background

N = background count rate

tj” = background count time
E = efficiency (c/d)

ANational Council on Radiation Protection and Measurenents,

1985, A Handbook of Radi oactivity Measurenents Procedures, NCRP
Publ i cation 58, Washington, D.C., p. 307-311.

A"Practical Statistics for Operational Health Physics, Tenth
Annual Health Physics Soci ety Sumrer School, |daho State

Uni versity, Pocatello, Idaho, July 1987
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Tabl e 6.

Background Levels for Counting Configurations

in Counts per Second

Ash Sanpl e Air Filter Swi pe Sanpl e
12 Hour Count 12 Hour Count 2 Hour Count
Typi cal Non- Radi oacti ve Typi cal Non- Radi oacti ve Typi cal Non- Radi oacti ve

| sotope Radioactive Sanple. ~ Sanple Radi oactive Sanpl e Sanpl e Radi oactive Sanple_  Sanple__
Ce- 141 350 1.14 1.4 1.06 0.9 0.6
Sn-113 341 1.2 1.2 1.0 0.8 0.6
Ru- 103 331 1.07 1.2 0.94 0.82 0.53
Nb- 95 279 0.9 1.0 0.9 0.7 0.5
Sc- 46 241 0.7 0.8 0.7 0.6 0. 45

Typi cal Radi oacti ve Sanpl e background val ues are defined as the
average of the background values fromall of the actual
experinmental sanples counted in this configuration.

Non- Radi oacti ve Sampl e background val ues are defined as the
background counts of non-radioactive sanples in the sane counting
configuration as the actual experinental sanpl es.

00
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yM = decay constant of i+ nucl i de

t = elapsed tine

The LLD s for Ce-141, Sn-113, Ru-103, Nb-95, and Sc-46 are
shown in Table 7.

To determ ne the detection efficiency for the ash counting
configuration, a standard was prepared which closely sinulated the
actual ash sanples to be anal yzed. An ash sanple was coll ected
fromthe incinerator after a two nonth period of burning only non-
radi oactive wastes and carcasses. The ash sanple was placed in a
1 liter Marinelli beaker, exactly |like the beakers which were used
for the counting of the actual sanples. Known anounts of each of
the five isotopes were incorporated into the ash with a syringe,
using the sane techniques enpl oyed during an actual experinental
application. (A conplete description of the mxing and injection
of mcrospheres in given in Part |, Section d.. Experinental
Applications). The actual activity of each isotope injected was
det erm ned based on the m crosphere batch assay i nformation
provi ded by the manufacturer, and a correction for decay. After
all of the mcrospheres were injected, the ash was allowed to dry
in a desiccant chanber for 48 hours and then sealed. Prior to
counting, the beaker was tunbled to ensure uniformdistribution
of the m crospheres.

A simlar nmethod was used for the filter paper counting

standard. A filter paper was placed in a plastic petri dish and
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| sot ope Ash Sanpl e (Bq)

Ce- 141

Sn-113

Ru- 103

Nb- 95

Sc- 46

17.

37.

40.

46.

87.

12 hour

5

6

Lower

count

Tabl e 7.

Limts of Detection

12 hour
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__Air Filter (Bq)
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known anmounts of the five mcrospheres were added by syringe. The

petri dish was placed in a desiccant chanber for 48 hours and then

seal ed.

The detection efficiencies for the five isotopes in each of
the two counting configurations were determ ned by performng five
12- hour counts. The peaks produced by the five ganmma ray emtters
were marked and the net counts in each of the regions of interest
wer e obtained. An average associated efficiency error of 5% was
est abl i shed using a worst case assunption. To obtain this error,
each of the standards were counted ten tinmes, and the detection
efficiencies for each peak independently determ ned. The nean
counting efficiency and standard devi ation were cal cul ated for
each of the five isotopes. In the case of Sc-46, which has two
ganma em ssions, the peak of 1120 keV was al ways used for
anal ysis. (The Sc-46 886 keV peak was interfered with by the 765
keV peak of Nb-95. This overlapping of peaks introduced error into
the analysis of Nb-95, and is addressed in the section on Limting
Factors.) The highest error, that of the 1120 keV peak of Sc-46
in the Marinelli beaker configuration, was found to be 5% This
error was applied to all of the isotopes in each of the counting
configurations as a conservative neasure. The efficiencies and
errors for the detection systemused in this experinent are |isted
in Tabl e 8.

The regions of interest for each gamma ray energy were
establ i shed using the appropriate spiked standard prior to actual

sanmpl e counting. The spi ked sanple was placed on the detector and
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Tabl e 8.

Detection Efficiencies (in percent) for Two
Counting Configurations Using a 12 Hour Count

| sot ope __Ash in Marinelli Beaker Filter in Petri Dish

Ce- 11 2. 24+0. A= 1=. =2+0. G
Srm- 1A 1L3= . A +0. O 5. S54+0. =3
Ru- 103 . O+0. O5 . &+0O. =2
N - 95 O. S+0O. O = . Z2+0O. =2

Sc- a6 O. a94+0. O . 7+0O0. 09
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counted for 30 minutes. This all owed an accunul ati on of a
signi ficant nunber counts so that the peaks could be easily
di stingui shed from background. Regions of interest were marked on
each side of the peaks, and stored in the conputer nenory. Energy
calibration in keV/channel was also verified at this tine. This
short count was then erased, and the sanple to be anal yzed was
count ed.

At the end of the counting period, the regions of interest
previously established were superinposed onto the sanple spectrum
The net hod used by the conputer to determine the net area of the
peak is to draw a straight line fromthe average of the begi nning
region of interest channel contents and the three previous
channels to the average of the final region of interest counts
and the three follow ng channels. Al counts above the straight
line are considered to be net area.”-*-

The peak data for all of the regions of interest, including
net counts, background counts, centroid value, and full w dth-half
maxi mum (FWHM), are generated in a single sunmary report.

E. Experinmental Design
1. bjectives

The procedures devel oped for this project were specifically
designed with the deficiencies of previous studies in mnd. The
primary objective of this study was to docunent the successive

rel eases of radioactivity in non-radioactive burns which foll owed

"~The Nucl eus Inc., Personal Conputer Analyzer COperation and
I nstruction Manual, 1986, Gak Ridge, Tn. pp. 39-40.
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the incineration of mcrospheres. To acconplish this, the
moni toring of five sets of burns was proposed. Each set would
consi st of three burns, the first containing non-radioactive
carcasses, the second burn containing mcrospheres, and the third,
anot her non”r adi oacti ve carcass. Each burn in the set would
i ncinerate approximately the sane volune of waste. This "series"
approach woul d cl osely resenble the nornmal operating procedure
whi ch i ncludes a m crosphere burn, followed by set of burns
conpri sed of non-radi oactive wastes.

Along with attenpting to performtest burns in the incinerator
whi ch reproduced actual standard operating procedures, all efforts
were nade to determ ne, as accurately as possible, the actual
initial activity contained in the animal. The intention of
nonitoring the ash, refractory, and effluent was to performa
mat eri al s bal ance so as to deternmne the ultimte fate of the
radi oactivity in air, ash, or refractory.

2. Limting Factors

Several paraneters inposed limts on the design of the
experi nmental burns. Because the incinerator is used for the
di sposal of large volunes of institutional wastes, exclusive
access to this unit for research purposes was severely limted.
To maxi m ze the nunber of test burns that could be perforned, a
deci sion was nmade to utilize small vol unes of waste which would
reduce the total burn tinme required to totally incinerate each
carcass. The manufacturers rated capacity for Type |V wastes

(animal carcasses) in this incinerator is 350 Ibs/hr. This val ue
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could not be applied in this experinmental design because it
i ncl uded | ong war mup and burn-down periods. Past operating
experience denonstrated this unit would totally ash 60-80 | bs of
Type IV wastes in one hour with a 30 m nute warmup period.

Anot her constraint was inposed by the decision to burn only
wast es which were currently being generated fromresearch work.
Wth the cooperation of the investigators, it was felt that an
accurate determnation of the injected radioactivity could be nade
wi t hout the need for generating additional wastes by "spiking"
ani mal carcasses. Economics also played a role in this decision,
since the m crospheres thensel ves are very expensive
(approxi mately $250 per 500 ng of each microsphere isotope). The
decision to use currently generated wastes in this experinment
effectively limted the amount of activity which would be
incinerated in each burn. The typical amunt of activity in each
ani mal (13-27 kg dog or pig) is approximately 20 uGC of each of
the five radi oi sotopes.

The stack sanpling equi pnment produced another limting factor.
Wien incinerating wastes such as ani mal carcasses, the em ssion
rate of effluents is not constant over the entire length of the
burn. Therefore, it is inportant that the effluent be nonitored
over the entire burn period. The probe of the sanple case is made
of a netal which can only survive the effluent tenperature of the
stack for one hour. To properly nonitor the effluent, burn tines

woul d need to be limted to no nore than one hour.

Considering all of these factors together, the decision was
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made to performeach test burn with approximately 10-30 kg of
ani mal carcass (one large animal) for a burn time of one hour. The
incinerator would be allowed to warmup for 30 minutes prior to
charging the chanber with waste. This schedule would permt al
five sets of burns to take place with a mnimuminterruption to
the normal waste processing at the facility.

It was recognized prior to the analysis of sanples that the
capabilities of the MCA systemwould also be a limting factor in
this experiment. Mst of the mcrosphere isotopes produced gamm
ener gy peaks which were easily resolved by the Nal (TI) detector.
The one exception was the overlapping of the No-95 peak at 765 keV
with the 886 keV peak of Sc-46. Fortunately, Sc-46 emts two gamm
energies, so the 1120 keV peak, which was unaffected by Nb-95, was
used exclusively for spectral analysis. Wth the peak anal ysis
capabilities available for this study, it was conceded that any
Nb- 95 results obtained should be viewed with this spectral
resolution problemin mnd. Figure 2 shows a typical spectrum
obtained froma sanple with a mxture of the five m crosphere

i sot opes, and the overlap of the two peaks.
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Figure 2

Mul ti channel Anal yzer Spectrum
of Standard Containing Five Mcrosphere |sotopes
Showi ng Overl ap of Nb-95 and Sc-46 Peaks

Ce- 141 (145 keV)

Sn-113 (393 keV)

Ru- 103 (497 keV)
Nb- 95 (765 keV)
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Sc-46 (1120 keV)
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3. Determnation of Actual Activity and Analysis of Error

A conmmon probl em encountered in all of the previous studies
using institutionally generated waste was uncertainty associ ated
wth the initial activity placed in the incinerator. This
uncertainty was due mainly to inaccurate recordkeeping by the
researchers performng the actual mcrosphere applications. To aid
in the determnation of the actual anount of activity injected
into the animals, assistance was solicited fromone of the
researchers who actually used the m crospheres in experinents. All
of the carcasses used in this study were obtained fromthis single
researcher. Through this individual's diligent efforts, accurate
records were maintained, including the date of injection,
di lution of stock solutions, length of tine vortexed and
soni cated, and the actual volune of |iquid suspension nedia
injected. Fortunately, the experinental protocol used by this
researcher called for the mcrosphere injection to be foll owed by
a saline flush. This elimnated any possibility of m crosphere
retention in the syringe or associated tubing, as encountered in
t he study by Krueger and MLaughlin. The enpty syringes were
routinely nmonitored with a portable Nal (Tl) survey neter prior to
di sposal in a sharps container. No residual activity was ever
detected. At the conpletion of the experiment, the aninmal carcass
and any tissue that was excised for biological analysis was
brought to the Ofice of Radiation Safety. In this way, all of the

activity which was used in the experinment could be assenbled for
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i ncineration, wthout any |osses due to mssing tissue or blood
sanpl es.

Anot her source of uncertainty involved with the initial amount
of radioactivity incinerated is the error associated with the
actual radioactivity in each mcrosphere. Al though each batch of
m crospheres is assayed by the manufacturer prior to shipnent, this
assay only indicates the neasured specific activity of the beads,
and not the associated standard deviation. Since the nagnitude of
this error is unknown, it would be prudent to make provisions for
this error in any work incorporating the results of this study.

Since the Marinelli Beaker ash counting standard used to
calibrate the counting systemand the wastes were generated from
t he sane batches of m crospheres and were nmade using simlar
experinental nethods, any uncertainty introduced by the activity
per bead in the wastes was al so introduced, in the sanme anount,
into the ash counting standard. Wth this error in both the wastes
and the counting standard, it was effectively elimnated, or
cancelled out, with respect to the calculation of a percent
retention. Although the uncertainty in the activity in the
m cr ospheres does not effect the determ nation of the percent
retention, it would effect an estinmate of the absol ute anount of
activity retained in the ash. Any estimate of the activity retained
in the ash would include the uncertainty in the activity in the
m cr ospher es.

Appendi x B provides a detailed explanation of the procedures

and expressions used to obtain the percent retention values and a
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sanpl e cal cul ati on using actual data fromone of the burns. This

denmonstrates that the value of the activity of the m crospheres
cancel s when deternining the percent retention factor.
4. | ncineration Procedures

Prior to initiating each series of burns, arrangenents were
made with the University Physical Plant to have uninterrupted use
of the incinerator for a mnimmof 96 hours. This tine period
usual |y occurred on weekends or holi days.

Before starting the series of burns, the incinerator was
manual |y cl eaned out and the refractory vacuumed. The incinerator
was then started and allowed to warmup for 30 mnutes to reach
operating tenperatures. The animal carcass was then wei ghed, and
in the case of radioactive carcasses, the activity information
recorded. The animal was placed in the automatic ramfeed system
and charged into the incinerator at the end of the warm up peri od,
and burned for one hour.

At the end of each burn period, the incinerator was turned off
and allowed to cool for 4-6 hours before ash renoval.

5- Stack Mbonitoring

Two different techni ques were used to nonitor the stack
effluent. For the first two sets of burns (6 individual burns) the
sanpl e probe was placed at eight different sanpling points on two
transects as prescribed in EPA Method 5. The sanpling tinme at

each point was 7.5 nminutes. Prelimnary counts of the air filters

ANU.S. Environmental Protection Agency, 1981, Title 40 Part
60 Code of Federal Regul ations, pp. 298-323.
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fromthese burns yielded no detectable activity, so an alternative
nmet hod was enpl oyed for the remaining burns.

For sets 3, 4, and 5, (9 individual burns) the sanple probe
was placed at the one point with the highest air flow rate. This
met hod was used in an attenpt to sanple fromthe area where the
hi ghest concentration of effluents m ght exist.

At the end of each burn, the sanple probe was renoved fromthe
stack and covered with alumnumfoil. After cooling, the entire
sanpl e case was carried to the Ofice of Radiation Safety
Laboratory for di sassenbly.

The particulate filter was renoved and placed in a petri dish.
The sanpl e probe was then di sassenbl ed and cl eaned with a brush
and acetone wash. The washings fromthis cleaning procedure were
collected directly on the particulate filter. In this manner, al
of the particul ates sanpled were now on one filter. The filter was
pl aced in a desiccator for 48 hours and then sealed in the petri
di sh.

The contents of all of the inpingers were renoved and
nmeasured. The water volune collected in the water-filled inpingers
was nmeasured by pouring the inpinger contents into a graduated
cylinder. The desiccant was wei ghed on an el ectronic bal ance. The
additional water in the bubblers and the added wei ght of the
desi ccant was used to determ ne the water vapor content of the
effluent. The contents of the inpingers were not anal yzed for
radi oactivity for several reasons. As stated earlier, the study

performed by Brekke, et. al. found all of the m crosphere
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radi oactivity sanpled on the particulate filter, and no detectable
anmounts in the inpinger contents. Wth the | owest boiling point of
all of the mcrosphere elenents being greater than 2700 °C, it was
doubt ful that any vapors would be forned in the incinerator
envi ronnent. Any vapors that might formwould probably react with
the available @2 to formoxide particles that would be trapped on
the particulate filter. Condensation of any effluent vapors onto
the relatively cooler particulate filter (approximtely 38 to 66
°C) also would play a role is preventing m crosphere radioactivity
fromreaching the inpinger section of the sanpling train.

6. Ash Renoval and Sanpl e Preparation

After cooling, the ash fromthe incinerator was renoved in two
ways. The | argest debris was manually collected onto a tray pl aced
beneat h the cl eanout door using a hoe-like device. The remaining
ash was coll ected using the HEPA filtered vacuum system whi ch
deposited the fine silt directly into a 55 gallon drumlined with
a plastic bag. The manually renoved material was then added to
t he vacuuned material in the drum Any visible fine dust that was
collected on the vacuumfilter system was brushed off into the
pl astic bag. The plastic bag was then seal ed and brought to the
Radi ati on Safety Laboratory for weighing and spectral analysis.

In the | ab, the ash was transferred to 1-liter Marinelli
Beakers and wei ghed. Usually, all of the ash would fit into one
beaker. If any excess ash remained, it was placed in plastic jugs
for weighing. Mxing both the bulk ash and the vacuuned silt into

one plastic bag produced a honbgeneous sanple matrix. It was
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assuned for radi oanal ysis purposes that the radi oactivity was
honogeneously distributed in each of the sanpl es counted.

Speci al precautionary procedures were followed while renoving
all incinerator ash. Because a danger of ingestion and personnel
contam nation existed, full face particulate respirators were worn,
as well as conplete sets of anti-contam nation clothing. After ash
cl eanout was acconpli shed, contam nati on surveys around the
i nci nerator area were performed and docunent ed.

7. Determ nation of Radioactivity in Ash Sanpl es

Once the ash sanpl es were prepared for counting, the NMarinell
beakers were counted on the MCA system At the conpletion of the
twel ve hour counting period, each peak on the spectrumthat was
produced was marked and integrated as previously described in Part
Il, Section D. The MCA peak anal ysis program generated a report for
each sanpl e which contained the net counts and background counts
in each region of interest. The net count rate and associ at ed
standard devi ati on for each energy regi on was then cal cul ated and
used to obtain the percent activity that was retained. Appendix B
details the nethod used to cal cul ate the retained fraction of
radi oactivity in ash.

8. Refractory Sw pes

Filter paper swi pes were taken on the interior refractory
surface of the incinerator after each burn. The filter papers used
were the sane size and weight of the air filter papers used in air
sanpling. Each sw pe covered approximtely 100 cm . Although the

exact location of each swi pe varied, the general |ocations surveyed
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were 1) the incinerator floor at the base of the ram door, 2) the
center of the floor, 3) the floor area just inside the cleanout
door where naterial was often accunul ated, and 4) two feet up the

wal |l of the incinerator near the ram door.

After each swi pe was taken, it was placed in a petri dish and

seal ed for counting.
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I11. RESULTS AND DI SCUSSI ON

A. Radioactivity Detected in Ash Sanples

The overal | objective of this research project was to docunent
the retention and subsequent releases of radioactivity resulting
fromthe incineration of mcrospheres. Utinately, the data from
the analysis of the radioactivity in the ash sanples proved to be
the nost useful in nmeeting this goal.

Each incineration series consisted of three burns. A coding
systemwas established which would identify each sanple as to its
burn series and sequential nunber. For exanple, a sanple with the
I dentification nunber 2:1 indicates that the sanple was fromthe
first burn of the second series of burns. 2:2 indicates the second
burn in the second series, and so on. This systemproved to be nost
hel pful in the identification of the |arge nunber of sanples
col | ect ed.

The incineration process routinely reduced the mass of the
wastes by nore than 90% The average nass reduction for the 15
experimental burns performed was 94.1% These results agree with
the findings of several previous incineration studies, which
reported reductions of 90-95% Figure 3 shows the percent nmass
reduction for each of the fifteen experinental burns.

The fourth burn series, to be indicated by nunbers 4:1, 4.2,
and 4:3, was cancelled due to incinerator malfunction. During the
initial burn of the series, which contained a non-radioactive
carcass, the blowers for both the upper and | ower chanbers of the
incinerator malfunctioned. This carcass was never conpletely
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burned, and had to be renoved for disposal. Repairs for the
incinerator took a week to conmplete, so the remainder of the fourth
series of burns was cancelled, and the fifth series was initiated.

A sixth burn series was added to provide data which was |ost due

to this mal functi on.

The ash fromthe five initial burns, 1:1, 2:1, 3:1, 5:1, and
6:1, all contained mcrosphere radioactivity, even though a non-
radi oactive carcass was burned. This contam nation of non-
radi oactive ash apparently resulted fromthe rel ease of
radi oactivity fromthe incinerator refractory from previous
m crosphere burns. For the five initial burns, the follow ng ranges
of gross activities were nmeasured: Ce-141, 12.5 to 1326 Bg; Sn-113,
20 to 5515 Bg; Ru-103, 24 to 1729 Bg; Nb-95, 0 to 215 Bg; and Sc-
46, 181 to 28,528 Bg. The higher activities were detected in the
| ater series of burns, indicating a buildup of activity in the
refractory was occurring as a result of the experimental burns.

The quantities of radioactivity found in the initial burns
were not subtracted fromthe subsequent ash data as an indication
of background |evels of radioactivity. After examning all of the
data fromthe first three series of burns, it became obvious that
t he amount of mcrosphere radioactivity released fromthe
refractory into the ash decreased with successive burns. Since the
rate of this release was not previously documented, it was assuned
that the amount of activity contributed from previous burns woul d
be negligible conpared to the activity burned experinental ly.

Cerium 141 was detected in all of the ash sanples collected.
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The average retention of Ce-141 in the ash fromthe burns of
radi oactive carcasses was 29.2+9.8% The range of retention val ues
was 17.5+1.2%to 43.1+3% The average retention val ue was obtai ned
fromthe ash results fromburns 1:2, 2:2, 3:2, 5:2 and 6:2. The
percent retention value and associated error for each burn was
determned using the calcul ations shown in Appendix B. It should
be noted that a range of ash retention values for each mcrosphere
| sotope was anticipated because of the inherent nature of
industrial incinerators. Since these devices are explicitly
designed and used for the processing of |arge amounts of
institutional wastes, they should not be considered as precise
| aboratory equi pment. Fluctuations in the various operating
parameters of incinerator such as chamber tenperature and induction
of forced air, do indeed occur, and may effect the retention val ues
of each specific burn. Al of the previous studies performed on
m crosphere incineration mke note of the retention variations that
occurred fromburn to burn. The variations in ash retention val ues
warranted special consideration when cal cul ating average retention
val ues. The difference between sanples produced errors nore
significant than the errors within each sanple, so a mean and
standard deviation for the nean retention values of each burn was
calculated. This same calculation was al so performed to sunmarize
the results of each of the subsequent burns. The average retention
val ue obtained using this technique adequately addressed the
variation between individual sanples.

The ash fromthe burns which imediately fol | owed the
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mcrosphere burn retained an average of 6.1+4.1%of the Ce-141
activity. The range of values was 1.4+0.1%to 12.4+0.9% The
radioactivity detected in these burns was undoubtedly due to the

rel ease of radioactivity fromthe incinerator refractory since the
wast es contai ned no Ce-141.

O the five series of burns performed, several were run in
succession. The first, second, and third burn series were perforned
consecutively, without any interruption by the normal waste
processing of the University. The fifth and sixth series of burns
were al so conducted consecutively. Since each burn series started
with the incineration of a non-radioactive carcass, successive
series of burns permtted the nonitoring of ash froma second non-
radioactive burn after the incineration of mcrospheres. As an
exanple, the initial burn for series two, indicated by 2:1, also
produced data as the second non-radioactive burn follow ng the
radioactive burn 1:2. For the three burns which could be considered
as the secondary non-radioactive burns for Ce-141, an average of
3.0+1.9%of the original activity was recovered.

The average total Ce-141 activity recovered fromall of the
ash nonitored was 38.3+10.8% The only previous research with this
mcrosphere isotope, performed by Finnegan, reported retention
val ues of 83-100% The previously reported val ues are higher than
the results found in this study because the carcasses were burned
while on collection trays, permtting al mst conplete ash
retrieval, while preventing refractory contamnation. Figure 4
di splays the average retention val ues of each for Ce-141.
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Figure 4

Retention in Ash From Incineration of Ce-141 M
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Tin-113 was al so detected in all of the ash sanples collected.
The average retention value fromthe five mcrosphere burns was
11.649. 1% The range of values was 2.5+0.2%to 21.6+1.5% The ash
fromthe burns which imediately followed the radioactive burn
yi el ded and average value of 2.8+3.8% wth a range of 0.9+0.06%
to 9.5+0.2% O the three burns which permtted nonitoring of a
second non-radi oactive burn, an average of 1.7+1.7%of the initial
m crosphere activity was detected, with a range of 0.4+0.03%to
3. 6+0. 3%

The average total recovery of Sn-113 activity for the burn
series was 16.1+10% Two previous studies also exam ned Sn-113
m crosphere incineration. Finnegan, et al. reported ash retention
val ues of 80-100% but these results are not conparable to this
experinent because of reasons stated earlier. Krueger and
McLaughlin reported an ash recovery value of 80%fromthe
i ncineration of sheep carcasses. Although the carcasses were
incinerated in the same manner as in this experinent, ash sanples
of only 10 grans were collected for analysis. Krueger and
MLaughlin also reported the suspicion of large errors associated
with the activity indicated to be in the carcass, estimating that
activities could be incorrectly estimted "by as nmuch as 100%.
Figure 5 shows the average retention values of each burn for Sn-

113

An average of 22.2+13.9% of Ru-103 was retained in the ash
fromthe burns of radioactive carcasses. The range of val ues was
10.7+0.8%to 38.8+2. 7% O the original activity, 4.8+4%was found
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Figure 5

Retention in Ash From I ncineration of Sn- 113 M crospheres
Average Total Activity Retained: 16.1 + 10%
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in the first non-radioactive burn follow ng the m crosphere burn,
with a range of 1.0+0.07%to 11.3+0.8% The second non-radioactive
burns contai ned, on average, 2.5+1.5% of the activity.

The total percent recovery for the burn series was 29.5+14.5%
Brekke reported ash retention values for Ru-103 of 58+8% and
releases in air of 16.5+45% It is felt that these two ash retention
results could be directly conpared because the experinments were
simlar in design and procedure. Figure 6 shows the average
retenti on val ues of each burn for Ru-103.

Ni obi um 95 activity was not found in detectable quantities in
several of the ash sanples collected. The ash sanples fromthe
entire first and second series of burns showed no detectable
activity due to Nb-95. Series 3, 5 and 6 revealed sone activity,
but in relatively small anounts.

Using the data fromthe three burn series which contained
significant Nb-95 activity, an average ash retention value for the

initial radioactive burn of 6.6+3.8% was found, with a range of

val ues from 3. 5+0. 2% to 10. 8+0. 8%

The ash fromthe first successive non-radi oactive burn
contai ned, on average, 0.5+0.23% w th a range of 0.4+0.03%to
0.8+0.06% No activity due to Nb-95 was detected above the LLD in
any of the secondary non-radioactive burns (burns 2:1, 3:1, or
6:1) .

The average total recovery of Nb-95 for the three series which
produced activity was 7.1+3.8% This is in stark contrast to the

reported ash retention value of 91+24% by Brekke. It is inportant


NEATPAGEINFO:id=6BCC2BF0-A1B3-457D-AFCB-C2BA722DF2BA


V3

54
Figure 6

Retention in Ash From Incineration of Ru-103 M crospheres
Average Total Activity Retained: 29.5 + 14.5%
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to remenber that all of the results obtained for No-95 are based
on spectral evaluations nmade with interference fromone of the
ganma eni ssions of Sc-46. Even though the method of detection used
s admttedly poor for resolving two closely spaced peaks, No-95
coul d be recognized if present in appreciable anounts. No ot her
expl anation can be readily provided for this wide difference in

results. Figure 7 displays the average retention values of each
burn for Nb-95.

Scandi um 46 was detected in sizable amounts in all of the ash
sanpl es collected. The average ash retention value for the
radi oactive burn was 60+20.8% wth a range of values from41. 3+3%
to 93.5+6.6% The average retention in ash for the first non-
radi oactive burn fol [ owing the mcrospheres was 18+12.9% The range
of values was 4.6+0.3%to 38.2+2. 7% Ash collected fromthe
secondary non-radi oactive burns contained, on average, 10.0+6.1%
of the initial activity, with a range of 3.1+0.2%to 14.4+1. 0%

The average total recovery of Sc-46 activity was found to be
88 + 25% This figure is in agreenent with all of the previous
studi es which included examnation of this isotope. Landholt, et.
al. reported ash retention of 97.6+8% Finnegan 83-100% O assic,
et. al. 95.4+1% Van Swearingen 79.7+13% and Krueger and
MLaughlin 92% It is interesting to note that even though these
studies incinerated carcasses in different ways, the Sc-46
retention results are still very simlar. Figure 8 displays the
average retention values of the burn series for Sc-46.
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Fi gure 7

Retention in Ash From I ncineration of Nb-95 M crospheres
Average Total Activity Retained: 7.1 + 17.6%

based on arithnetic mean of values fromthree burns producing
detectable activity in ash.
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Fi gure 8

Retention in Ash FromIncineration of Sc-46 M crospheres
Average Total Activity Retained: 88 + 25%

100 —

50 H

I NI TI AL FlI RST SECOND THI RD
ACTI VI TY ASH ASH ASH


NEATPAGEINFO:id=B27718A9-5A2A-4A86-BED4-11002B2C1240


58

Table 9 contains the total percent retention of mcrosphere
radi oactivity for each radi onucli de.

B. Radioactivity Detected in Sw pe Sanpl es

O the 60 swi pe sanples taken on the incinerator refractory,
none contai ned any radi oactivity above the | ower detection limt
of the multichannel analyzer system These results are in agreenent
wWith the results of other studies where sw pes were taken and no
activity was found.

Two factors are thought to contribute to the reason no | oose
contam nati on was detected. First, the sw pes were taken after the
i nci nerator was conpletely cleaned out. Since the cleaning
procedure included vacuumng, it is felt that any | oose
contam nati on woul d have been collected prior to the sw pe survey.
Secondly, the refractory is not only a very porous surface, but a
very rough one as well. The nmetal tools used for routine nanual
cl eanout of the incinerator have given the refractory a rough and
convol uted surface with many cracks and crevasses. These areas
could effectively trap particles, thus preventing their collection
on a filter paper swi pe.

C. Radioactivity Detected in Stack Em ssions

No radi oactivity above the lower Iimt of detection was found
on any of the fifteen particulate air sanples collected. This does
not denpbnstrate that radi oacti ve em ssions did not occur, but
rather that em ssions did not occur in detectable quantities.

The primary reason that no activity was detected was that only

smal | anounts of radioactivity were incinerated in each burn. As
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Tabl e 9.

Total Percent Retention of M crosphere Radi oactivity

in I nci nerator Ash

Burn Seri es

| sot ope 1 2 35 6
Ce- 141 49. 2+3 48. 2+2. 4 18.9+1.2 41.9+2. 4 27. 3+1.
Sn-113 22.5+1. 4 34. 7+1. 7 3.5+0. 2 3.9+0. 2 12. 3+0.
Ru- 103 44. 6+2. 7 51.1+2. 6 11. 7+0. 8 22. 3+1 13. 0+0.
Nb- 95 <LLD <LLD 11. 2+0. 8 6. 3+0. 4 3. 8+0.

Sc- 46 108. O+6. 7 96. 3+4. 2 45. 9+3 93. 7+4. 5 75+4.
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explained in the section on Limting Factors in this report, burn
times were limted to one hour, which effectively limted the
quantities of radioactivity which could be burned. Considering the
flowrate of the effluent, and that the stack sanpling probe only
represents a snall fraction of the total area of the incinerator
stack, it is not surprising that no detectabl e anounts of
radi oactivity were collected. The stack sanpling portion of this
experinment also revealed that there is an uneven flow rate and
t enperature gradient across the sanpling | ocation of the stack,
which lead to a turbulent stack flow atnosphere. This further
reduced the chances of collecting a representative sanple. Appendix

C explains, in detail, the stack sanpling air flow and tenperature

cal cul ati ons and results.
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I'V. CONCLUSI ONS AND RECOMVENDATI ONS

This investigation docunents that retention and subsequent
rel eases of radioactivity fromthe incinerator do occur when wastes
are burned directly on the refractory floor. This conclusion is
signi ficant because subsequent rel eases of m crosphere
radi oactivity have not been previously addressed. O her studies
whi ch eval uated m crosphere retenti on concentrated on the ash
produced fromthe initial burn of radioactive waste, and often did
not sinulate normal operating conditions by burning carcasses on
trays or beds of ash.

It is apparent fromthe data coll ected that sone of the
radi oactivity contained in the mcrosphere wastes becones trapped
in the refractory lining during the incineration process. The
results of the swipe tests indicate that the activity is
tenporarily fixed in the refractory, and requires sone sort of
stimulation for renoval. During the next consecutive burn after
m crosphere incineration, sone of the activity is released from
the refractory. It is theorized that the high tenperatures and the
turbul ent atnmosphere in the incineration chanber conbine to | oosen
sone radioactive particles and allow for their release. The results
of this investigation cannot conclude if all of the activity
rel eased from each subsequent burn is retained in the ash produced.
Sone portion of the activity may well be released into the
at nosphere. The effluent sanpling equi pment used in this study was

unabl e to detect any radioactivity which may have been subsequently

r el eased.
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A portion of the mcrosphere activity also remains trapped in
the refractory. Five weeks after the |ast experimental burn series,
the entire multichannel analyzer systemwas transported to the
incinerator, and the detector was placed directly into the burning
chanber about 1 cm over the general area where nobst of the
carcasses were burned. A 40 m nute count recorded activity
apparently from Sn-113, Ru-103, Nb-95 and Sc-46 trapped in the
refractory lining. Since no standard source for this counting
configuration existed, no definitive identification or quantitation
could be nmade. The famliar pattern of the spectrum obtai ned
suggested the presence of m crosphere radionuclides, but the
possibility exists that some of the peaks could have resulted from
the incineration of wastes which were consi dered non-radi oacti ve,
but actually contained various other radionuclides.

Supportive of the theory that some activity remains trapped
in the refractory are the findings reported by Stan Wadswort h,
Radi ation Safety O ficer, John Hopkins University. At the 1988
Sout heast ern Canpus Radi ation Safety O ficer's Conference, he
reported that m crosphere activity was detected in sanples of the
old refractory material that was renmoved fromtheir incinerator.

No attenpt was made to quantify the anounts of radioactivity
detected. M

9

»SPersonaI Conmmuni cat i on, S. \Wadsworth, March 8, 1988,

Sout heastern University Radiation Safety O ficers Conference,
Dur ham NC.
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Based on the findings of this report, several reconmendations

can be made concerning the procedures and precautions involved with

the incineration of m crospheres:

1) As denonstrated in this study, contam nation of ash from burns
follow ng mcrosphere incineration does occur. Dependi ng upon
t he amounts of activity initially burned, the specific
activity in subsequent ash could be significant. This is an
inportant finding with regard to the ultinmate di sposal of
i nci nerator ash. Since there are no established maxi nrum
perm ssible concentration [imts of radioactivity in ash, many
institutions nake the assunption that 1 gmof ash is equal to
1 M of water, in order to apply Maxi mum Perm ssi bl e
Concentration values for water from Appendix B, 10 CFR 20 as
a regulatory guide for disposal of incinerator ash.”** [f an
institution incinerates mcrospheres, routine nonitoring of
all incinerator ash should be perforned to verify that the
specific activity of all of the ash generated is bel ow

regulatory and licensed limts prior to ultinmate disposal.

2) The uncertainty associated with the actual anmount of
radi oactivity in each mcrosphere is unknown. The retention
val ues presented in this study are not effected by any error

associated with the mcrosphere activity. However, an estimte

AAUCS. Nuclear Regul atory Comnmission, Title 10 Part 20 Code
of Federal Regul ations. 1981.
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of the absolute value of the activity retained in the ash
woul d i nclude the uncertainty in the activity in the
m crospheres. Considering this, prudent health physics
practi ce nandates that conservative estinmations be made

concerning the original activity placed in to the incinerator

for em ssion purposes.

3) Since institutional incinerators are not precise scientific
instrunents, it should not be assuned that ash retention
factors will be constant over a period of time. Changes in
operating characteristics of the incinerator are common, and
may be the cause for fluctuations in mcrosphere activity
retention. Wth this in mnd, the only reliable way to
determ ne ash retention factors for a particular burnis to

actual ly anal yze ash sanples fromeach burn

4) The air sanpling portion of this study was unable to quantify
initial or subsequent rel eases of mcrosphere activity in the
effluent. However, it would be prudent to assume that sone
rel eases do occur. Therefore, only the activity actually
docunented as retained in the ash should be considered as not
di scharged into the atnosphere. The inpetus for all of the
studi es about mcrosphere incineration was to demonstrate that
activity is retained in the ash, thus effectively increasing
t he amount of m crosphere wastes which coul d be burned.

Because the ash retention val ues appear to vary wth isotope.
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those institutions operating under the blanket assunption that
ash retention factors are constant should re-evaluate their

m crosphere incineration prograns.

5) More stringent respiratory protection neasures are needed for
personnel who are involved with routine incinerator ash
cleanout. Prior to this study, the concern about possible
I ngestion of airborne radioactivity centered around cl eanout
of the initial mcrosphere ash. It is now recognized that the

potential for ingestion of radionuclides exists even fromthe

ash of non-radi oacti ve burns.

6) Conparison of the results fromthis study to previous works
i ndi cates that sonme neasures may be available to reduce the
anount of subsequent ash contami nation which does occur.
Al t hough i npractical for East Carolina University, the
i ncineration of mcrosphere waste on trays apparently prevents
refractory contamination, and aids in the collection of ash.
Anot her abatenent nethod would be the incineration of waste
on a bed on non-radi oactive ash. The ash layer may act as a

barrier, preventing refractory contam nation.

Many opportunities exist for further research in this field
of mcrosphere incineration. Future studies are needed to exam ne
several paraneters, such as operating tenperature and chanber

turbul ence, to determne if there is an effect on retention of
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activity. Attention should also be directed towards different
abat enent procedures which could be used to naxim ze coll ection of
t he ashed portion of the radioactivity, and prevent subsequent
contam nation of ash. Methods of fixation of the radioactivity in
the refractory may al so be consi dered. As the technol ogy of stack
sanpl i ng advances, conti nuous nonitoring of the incinerator
ef fl uent over burns of 6 to 8 hours could be possible. The data

collected may indicate that subsequent releases into the atnosphere

al so occur.
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A. SUMVARY REPORTS OF ASH DATA
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| SOTOPE

Ce- 141

Sn-113

Ru- 103

Nb- 95

Sc- 46

Activity
I nci ner at ed

[ OOt SVa

| OO 5"~

4.4 MO A

Net \iéight of Ash Sampl es:
|f Data in This Colum, Also Initial Burn for Next Burn Series

Fi rst Burn
(non-rad)

137, > 17

ASH RESULTS

1-3 2:1
Second Bum Third Burn Fourth Burn Total Ash
(rad) (non-rad) (non-rad) Ret enti on

A- SAt SN 5-0 xOM 1.1t 0.01% AR, Zt S%
20:71. 41 VAL OAt  \,\"o.o0it ZZ'Si"l A

38.8" 2.71 ASMOMN  1.070,072;; 44-.4t2. Tt

~j uUD ~1 MO -i LUl >

"jS. StC- C."/\ || .4lt0.8t SAAO. Zt |O8A<| .7t

ACS. S A 80Z <M gdl . 37

0o\
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ASH RESULTS

Z'\ zZ' Z 2. 3 3.1
Activity First Burn Second Burn Third Burn Fourth Burn Total Ash
| SOTOPE I nci nerat ed (non-r ad) (rad) (non-rad) (non-rad) Retention
et 00n5An 30.7/2.2'' A 12.470.91 4.970.32" ~. 2. "2At
Z.79 X )0
Sn-113 Zl .G\ .S'"r ~As”on' AL 3.7A70.32: 34.7-M 1.1
Ru- 103 SANE NS0 11.3:0.5 11  Zf]+Q ">t  S\A +2. 6t
Hb- 95 | OO | 5*A
Z.LLD SAL Ut > -ii-Lin
Sc- 46 43. 7+3. 1*~ 38.2i 2. 7*i| 14-4i1.01" % Sdr4. 2. *»

Net Wi ght of Ash Samples: 601,20Q 976 2 627'6 M 4)3.8

*If Data in This Colum, Also Initial Burn for Next Burn Series
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| SOTOPE

Ce- 141

Sn-113

Ru- 103

Nb- 95

Sc- 46

Vet \iéight of Ash Sanpl es:

Activity
Il nci ner at ed

|00 S-i; 7

503y O\ !

3.16 A 10" 6%

100 i 5-7

2 -Q X0 et

:lO()tA*/\

3. |

First Burn
(non-r ad)

51"85

ASH RESULTS

3' 2-

Second Burn
(rad)

7. Asty' 2- %A
Z, (kNOMZt
1 Q - 740. 5t
| 0. 8i a8i
4l . 3i-3.0%

61 0. 5"

3-. S
Third Burn
(non-rad)

1.4- 70-)t

09i ~Q OLt

LG : 0.0727

Q'J-"0.0it

4.G0.3" " "

A9, 1M

Fourth Burn
(non-rad)

Tot al Ash
Ret enti on

\ 90 £\ A2t

S. St CZt

| |.7+0. 6»7

11. 2t 0. 87

46.9 i 31,

*I'f Data in This Colum, Also Initial Burn for Next Burn Series
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| SOTOPE

Ce- 141

Sn-113

Ru- 103

Nb- 95

Sc- 46

Net V@i ght of Ash Sanpl es:

5. 1

Activity First Burn

I nci ner at ed (non-rad)

\ 00+t5' d

| OOL5 A

.47 >/ 0"6c"

100 * 5 *A
L.62 x) OMo<p-

ASH B8SUUS

S Z

Second Burn

(rad)

Z\.9+Z. "M

2. S+0. 2<>d

Is.iti.oll

5. 5"0. 4*»

57. 2M 2t

<oS™ 500, M

5" 3 G
Third Burn Fourth Burn Total Ash
(non-rad) (non-rad) Ret enti on

7.0+0. B2 z7ro'to.zt 4-i9-"ZAt

1.0 £0.07?: 0. 470.031" 3.9+0 2™

4.71:0.3-7  2.3x0.2t 22.3il.0"(

0.8:7:0.042 N2, T0AL
“AlLLto

Z[ . ANUSE 12,6100 93, 7-14, 5t

6/\/_/\/\ TAAN *9

*I'f Data in This Colum, Also Initial Burn for Next Burn Series
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| SOTOPE

Ce- 141

Ru- 103

Hb- 95

Sc- 46

Het Vi ght

ASH RESULTS

6-1 Nee2 G S
Activity First Burn Second Burn  Third Burn Fourth Burn* Total Ash
I nci ner at ed (non-rad) (rad) (non-r ad) (non-r ad) Ret ent i on
Z2.6i."» A" SO Bt 77. >N AA
100 | 5-M 11.170.6~ 1.2-40.11 2.M-1a8' Z
2.86X 0" MexfA
10.7:~ a8t f.BtO 2+ - 308"
2. 72x\ 0" * <
\00M 5 'L 3. 4-70. 2 OAMO. 0zi 3. 8+0 Zt
0
60. 774, 37 | 4. U . oM 75 4. 4' 7

of Ash Sanples: 700" 708 7 84-7-9 A

*I'f Data in This Colum, Also Initial Burn for Next Burn Series
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B. SOURCES OF ERROR AND DETERM NATI ON OF RETAI NED FRACTI ON

In order to accurately assign an error to the percent

retention values for each burn, the followi ng sources of error were

identified for consi deration:

A) The error associated with the actual anpbunt of radioactivity

in each m crosphere.

B) The error associated with the injection of the m crospheres

into the ani mal .

C) The error associated with the wei ghing of the ash.

D) The error associated with the counting of the sample.

E) The error associated with the counting efficiency of the

detecti on system

The foll owi ng val ues were used for the sources of error

identi fied above:

A> As described in the text, the associated error of the activity
in each m crosphere was unknown. Only the mean specific
activity was supplied in the assay information for each

m cr osphere batch.
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B) An error of +0.05 mM for a 1 m injection was determ ned by
measuring 25 injections of 1 cc of m crosphere suspension
solution on filter papers in planchets. The variation in the

wei ght of each pl anchet was used to derive the standard

devi ati on.

C) The manufacturers specifications for the scale used to wei gh

the ash sanpl es states an accuracy of +0.01 gmfor a 1 gm

neasurenent. This fractional error was consi der ed

insignificant in conparison to the error associated with the

ash sanpl e counts, and thus was i gnored.

D) The net count rate (Cn) and associated error (Cn) of each ash

sanmpl e was obtai ned using the foll owi ng expressions:

(Cc - Cw)

e Cb_

Wher e:
Net Count Rate

St andard Devi ati on of Net Count Rate

G oss Count Rate
Background Count Rate

g8 98 7%

t: Tine
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The counting efficiency (E) was expressed in the follow ng
manner in order to provide for the error introduced by the
counting of the mcrosphere standard, and the error associated
with the injection of the mcrosphere suspension sol ution:

Wher e:
E: detection efficiency

g™ . net count rate of standard
c_': standard deviation of standard net count rate

K: constant to convert fromvolune to activity

F':. factor to correct for decay of isotope in standard

V. volume of suspension liquid injected into standard

v': standard deviation of volune injected into standard

To calculate the percent activity retained in each ash sanple, the
activity in each sanple (A2) was divided by the initial activity

incinerated (A-j"). To acconplish this, a single expression was
created fromthe fornulas listed previously:

Usi ng:
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Wher e:
hy- Activity in Ash Sanple
az- Standard Deviation of Activity in Ash Sanple

And:

(K (F ) (V+v )
The activity in each ash sanple can be expressed as

[C +c?)  (K(F)(V +V)
(Cn' £ /n")

A2 + a2 =

The initial activity in the waste (h") is represented by a vol ume

of suspension liquid and a conversion constant, just as the

activity in the standard:

Ht?N = (K(F((V+V
Wher e:
A-j : initial activity in the waste
a-, : standard deviation of initial activity in waste

K: constant to convert fromvolune to activity
F. factor to correct for decay of isotope in waste

V: volune of mcrosphere injection solution

v: standard devi ation of mcrosphere injection solution
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Hence, the conpl ete expression for the fraction of activity

retained is:

f: Correction factor for ash produced but not counted

because of size limtation of Marinelli Beaker

As an example, the entire cal cul ational procedure for data from

burn 1:2 for Ce-141 is shown bel ow

Determ nation of LLD for Ce-141 in Ash Sanpl e:
Typi cal Background Counts: 15120000 c
Counting tinme: 43200 sec

St andard Devi ati on of Background Count Rate: 0.090 c/s

LLD: 17.5 Bq

Det erm nation of Detection Efficiency:

Gross Counts: 21475858 c

Background Counts: 14909994 c

Ti ne: 1800 sec
Activity in Standard: (K)(V+v')(F') =

(4.75 X 10" Bg/m)(L.0 + 0.05 nl)(0.68) = 3.2 x 10" By

Percent Ganmma Em ssi on: 48%
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(3647.7 cl/s)
(3.2 X 10" Bqg) (0. 48)

Detection Efficiency: 2.4%

Determ nation of Count Rate in Marinelli Beaker
Gross Counts: 21475858 c
Counting Tine: 1800 sec
G oss Count Rate: 11931 c/s
Background Counts: 14909994 c
Background Count Rate: 8283 c/s
Net Count Rate: 3647.7 c/s

St andard Devi ati on of Count Rate:

1800 sec 1800 sec

Count Rate in Marinelli Beaker ("' + cM')
Decay Factor (F'): 0.68

Determ nation of Activity in Ash Sanpl e:
Gross Counts: 18967826 ¢
Counting Tinme: 43200 sec
G oss Count Rate: 439 c/s
Background Counts: 13598688 c

Background Count Rate: 314.8 c/s
Net Count Rate: 124 c/s

St andar d:

3647.7+43.4 ¢l/s

79
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St andard Devi ati on of Count Rat e:

43200 sec 43200 sec

Net Count Rate in Sample (C™ + G 7): 124+0.13 c/s

Decay Factor (F): 0.12

Correction Factor for Ash Not Counted (f): 2.28

AD - AD

Det er mi nati on of Retai ned Fracti on:

(124 + 0.13 ¢/s)(0.68)(K)(1.0 + 0.05 m)
(3647 + 3.4 ¢/s)(0.12)(K)(1.0 + 0.05 m)

0.13 " 2
A2 + 32 = (124)(0.68)(K) < 1+
= 84.3 + 4.2 c/s
3.3 '2
fAl t a-N = (3647)(0.12)(K) <1 + 3647

= 438 + 21.9 c/s

80

(2.28)

0.05 77
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84. 3 4.2 21.9
L. (2.28)

(0.19 + 0.0134)(2.28)

(0.433 + 0.0305) (100%)

= 43.3 + 3%

It Is inportant to remember that this retention value does not

require consideration of any error associated with the anount of
radi oactivity per m crosphere.

To obtain the associated error for the total ash retention
val ue for each isotope in each burn series, the variances
associ ated with each ash sanple in the series were sumed, and the
square root taken."?

To determne an average retention value of any particul ar
| sotope in any particular sequental burn (for instance, Ce-14l,
first non-radioactive burn) the mean and standard deviation of the
retention values for that sequence was cal cul ated. The standard
deviation of the means was used rather than a sumof the associated

errors because the errors between sanples were more significant

~ "2'Knoll, GF., Radiation Detection and Measurenent, John
Wley& Sons, Inc., New York, NY., 1979, p. 132
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than the errors within each sanple, with respect to indicating an
average retention value. The only exception to this procedure was

Nb- 95 because of the | arge associated error in each ash sanple.
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C. STACK SAMPLI NG CALCULATI ONS AND RESULTS

The stack sanpling portion of this study did not collect any
detectable particulate activities. However, several interesting
parameters concerning the flow dynam cs of the stack were

di scover ed.

The first two series of burns were sanpled using the traverse
met hod described in EPA Method 56. The inside dianmeter of the
stack warranted eight different sanpling points on two traverses,
as shown in Figure 9. To better describe the air flow profile of

the stack, the data collected fromeach sanpling point was averaged
over the six burns that this method was used. The equations used

to calculate the average stack gas velocity for each sanple point
are listed bel ow M

a B . '

Eqg. 1. Dry Gas Volume Measured Corrected to Standard
Conditions = VAN A

Vmstd = IV LTstdl il bar-LJiZi |~
{9 (Pst d)

"U. S. Environmental Protection Agency, 1982, Code of Federal
Regul ations, Title 40, Part 60.

AU S Environmental Protection Agency, 1979, Source Sanplin%
for Particulate Pollutants: Student Manual for APTI Course 450, EP
450/ 2- 79- 006.
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19.

21. 38

Figure 9

Ei ght Sanpling Locati ons
in I ncinerator Stack

as Perscri bed

in EPA Met hod 5
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Wher e:

i~ = dry gas vol une nmeasured by dry gas neter
TA'/\

PjAj. = barometric pressure at dry gas neter

standard absol ute tenperature

H = average pressure at dry gas neter

Tjjj = absolute tenperature at dry gas neter

Pgh*] = standard absol ute pressure

Eg. 2: Proportion of Water Vapor in Stack Gas Stream by Vol une

s A —Awe(std)—+ rwsg(std-J—
Awe(std) @® Awsg(std)a® % std)
Wher e:
‘we(std) ~ volune of water collected at standard conditions
‘wsa(std) ~ volume of water desiccated at standard conditions

An(std) ~ MMM AANyol ume neasured at standard conditions

Eq. 3: Wet Mdlecular Wight of Stack Gas = My (1b/1Db-nole)
NS = % 1-Bws) + 18(B,3)

Wher e:

M = dry nol ecul ar wei ght of stack gas (assuned val ue of

29.0 Ib/lI b-nol e because of |ack of Orsat capability)

B = proportion of water vapor in stack gas

Eq. 4. Average Stack Gas Velocity =V (ft/sec)

85
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— A' A A
Xs = K G ATUBGMI" A, 0112
Wher e:

K = pitot tube constant

C = pitot tube coefficient

Tg = absol ute average tenperature of stack gas

Pg = absol ute stack gas pressure

My = wet nol ecul ar weight of stack gas (assunmed val ue of 28.03

| b/ | b- nol e)

Apg™ = average velocity pressure of stack gas

The data fromthe first six burns indicated that a severe

tenperature and flow rate gradi ent existed across the stack. Figure
10 shows the average tenperatures neasured at each sanpl e point,
and Figure 11 shows the correspondi ng average fl ow rates.

Using the results of the first burns, the sanpling point with

the highest flow rate was identified. Since the traverse nethod
was not collecting detectable anpunts of activity, the point with
t he highest flowrate was then designated as the sole sanpling site
in hopes that this area would al so contain the highest
concentration of particulates. This nethod was used for the
remai ni ng ni ne burns. None of the sanples collected using this
met hod produced any detectable activity.

The limting factors described in Part Il E of this report
prevented the collection of any useful effluent data concerning
rel eases of radioactivity. Had the sanpling probe not been so

tenperature sensitive, a tine constraint would not have been
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1259 °F

1180 °F

1465 Op 1285 O 867 Op 853 p

898 °F

903 °F

Fi gure 10

Aver age Stack Tenper at ures
From Si x Experinental Burns
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16. 39 ft/sec

28.21 Tt/sec 16.84 ft/sec

Figure 11

Average Stack Vel ocity
From Si x Experi nmental Burns
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i nposed on the burns. Limting the burns to one hour effectively
reduced the anmobunt of activity that could be incinerated during
each burn. Larger anmounts of activity incinerated would have
permtted the air sanpling portion of this study to be nore
ef fective. The sanmpl e cal cul ati on shown bel ow, denpnstrates how
t he anpbunt of radioactivity in the ani mal carcass hanpered the

sanpling capabilities of the stack sanpling system

Cross Sectional Area of Stack Sampling Probe: 7.2 x 10" ftA

Cross Sectional Area of Stack: 2.5 ft

Fracti on of Stack Area Sanpl ed: 0.00029

As an exanpl e, assune that the typical anount of one
m cr osphere isotope is burned, which would be approxi mately
2.8 X 10 Bg (For this exanple, Ce-141 is used). Assuning 100%
rel ease of activity into the effluent, and assuning that the
an even effluent flow rate existed across the sanpling point,
t he anount of Ce-141 that would be collected would be 8.1 Bq.
The LLD for Ce-141 was 1.4 Bq. These assunptions did not take
into account any retention of activity in the ash or

refractory, and that a severe flow rate gradi ent existed

across the sanpling point.
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