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In order to improve the performance of commercially available
charcoal filter paper (Toyo Roshi type CP-20, 5 cm diameter, 0.2 cm thick,
50 w/o charcoal content) and charccal cartridge (Toyo Roshi type CHC-30,
5 cm diameter, 2 cm thick, 30 mesh) for collecting airborne radioicdine
released from chemical plants under conditions of high relative humidity
and long sampling period, the charcosls were impregnsted with triethy-
lendiamine (TEDA), +tin iodide (SnI2), potassium iodide (KI+I2) or
potassium rhodanide (KSCN).

The collecting performance of the impregnated charcoals was examined
for the airborne iodine released from the radioisotope production plant
and the fuel reprocessing plant as a function of sampling peried and
face velocity by taking the unimpregnated charccals as a reference.

The charcoals impregnated with TEDA or Sn12 is greatly improved in
the collecting performance as compared with the unimpregnated
charcoals and the collection efficiencies of the impregnated charcoal
cartridge and of the impregnated charcoal filter paper are maintained at
more than 85% and 80% over the period of l4-hr sampling, respectively.
It was found, however, that their collecting perfcrmance is deteriorated
in the presence of chemically reactive gases such as NOX’ DEP. Cn the
other hand, the charcoals impregnated with KI3 or KSCN are little
improved in their collecting performance.

This paper described the results of the performance test in the
chemical plants and discuss the effectiveness of the impregnants for

collecting of sirborne radioiocdine.

¥ Health Physics and Safety Section, Carai, JAERI.
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1. Introduction

It has been generally accepted that activated charcoal is most suitable
for the purposes of sampling of airborne radioiodinel) and it has been exten~
silvely used as a sampling medium in the field of operational health physics.

The collecting performance is, however, deteriorated under.atmospheric condi-
tion of high relative humidity and also affected considerably by the chemiecal

; forms of airborne iodinezwgg The monitoring of zirborne iodine released from

a stack or in workihg areas during the normal operation as well as the accidental
condition ig of importance in chemical plants, so that the dependable sampling
medium for assessing the concentration of airborme iodine in air-is indispen-
sable. In order to improve the collecting performance the activated charcoal
was impregnated with various chemieal substanceslo”lg).

"To determine the most effective impregnants for the sampling of airborne
iodine. The charcoal, which is contained in the commercially available
charcoal cartridge (CHC-BO) and the charcoal filter paper (CP-20), was impreg-
nated with TEDA, Snls, KI+I» or KSCN which have been found to be effective in
collecting airborne iodine in laboratory experimentsl2). These impregnated
charcoal cartridge and charcoal filter paper were applied to the sampling of
airborme iodine at the Radioisotope Production Plant (RPP) and the Fuel
Reprocesging Test Flant {FRTP).

The present paper describes the resultson the collecting performance of

the impregnated charcoal for airborne iodine generated in the course of
chemical processing at both the plants and discussqthe effectiveness of the

impregnation under the sampling conditions at the chemical plants.

2. Specifications of impregnated charcoal cartridge and charcoal filter paper
The charcoals were impregnatéd with various kinds of chemiecal substances

in order to examine the effectiveness of the impregnants for cdllecting

airborne iodine. The specifications of the impregnated charcoal cartridges

are shown in Table 1.
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The impregnated charcoals to be contained in cartridge were provided by
the following method: The charcoals (HC-30) were mixed with the alkoholic
solutien saturaied with TEDA or the distillated water solution saturated with
one of Snlo, KI;(KI+12) and XSCN, respectively. The percentage of each
impregnant in the charcoals is 10 wt/o, exéept for Snlp whose percentage is
1 wt/o.

The charcoal filter psper (type CP—209)) was impregnated with TEDA on the
basis of the experimental results obtained for the impregnated charcoal
cartridge in addition to ease of impregnation. The percentage of the impregnant

in the charcoal was 10 wt/o.

3. Sampling apparatus

In order to compare the collecting performance of the impregnated charcoal
and of the unimpregnated charcoal, itwo same sampling apparatus (one contains
the impregnated charcoal and the other the unimpregnated charcoal) were installed
in pérallel at the exit of air ventilation system. These were drawn through
concurrently by a pump as shown in Fig, 1. Humidity and temperature of the
sampling air were continuously measured by thermister type nhygrometer before
the air reached the sampling apparatus, but no attempts were made to control
them. The test column consists of 5 impregnated charcoal cartridges or one
impregnated charcoal filter paper and 4 impregnated charcoal'cartridges.

The other column consists of 5 unimpregnated charcoal cartridges. To
determine accurately the collection efficiency of the impregnated charcoal
cartridge and charcoal filter paper under various sampling conditions, 3
unimpregnated charcoal cartridges as back-up column and dehumidifier, which
ensure the high iodine collection efficiency of the charcoal cartridges by
reducing the relative humidity of the sampling air to less than 10%, were

connected to each sampling column in series.
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Table 1 Specification of impregnated activated charcoal cartridges

Percentage of

Temperature during

Impregnant Solvent impregnant ( w/o ) drying ( °C )
TEDA CH3CH 10 50
snl, E,0 1 120

KI+I, E, 0 10 * 70

KSCH H,0 10 120

D-r'y}l.ﬁme pericd : 20 h

Activated charcoal : Tourumi - coal HC~30 ( 30 mesh coconut shell charcoal )
Effective volume of cartridge : 50mm x18mm { loading density 3038 g/cr’ )

* KI 2wfh , L. bwh

Thermo-

Hygrometer -'l jDetecfor 1

Recorder

| Reference column b=

{Unimpregnated

Mixer

Filter paper [ ]

Ain confaminated

charcoal )

with iodine S _ Activated

Oiltion air  charcoat)

{Room qir)
I HE-40 _ @ |
| filter paper [
I Pump |
I J
i ]
a |
I ]
} Actirated !
] charcoal  Caustic scrubber |
1Collection system for characterizing |
(cirborne_radioiodine  _ _ ___ J
Fig.

—3—

HE-40 filter paper

< Jest column

(Impregnated charcoal)

Dehumidifier
{MgClO4)

Backup column

/-Flow meter
9 -Pressure gauge

— Pump

1. Diagram of apparatus for testing collection efficiency of activated charcoals
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4. Determination of collection efficiency
i The collection efficiency of the impregnated charcoals in the test and
reference columns was calculated by the following equatidns, after measuring

1351

the I activity collected in the test, reference and back-up columns and

the dehumidifier.

7(t) = - — X100%

(t) = — X100%

plt) = B — X100 %

where,

7,{t) > collection efficiency of one impregnated (or unimpregnated)

charcoal cartridge (18 mm thick) or one impregnated charcoal filter
papef at sampling period t.

7y (t)i- oy (1) 1 collection efficiency of fwo to five impregnated
(or.unimpregnated) charcoal cartridges at sampling period t ,

respeciively.

A 131; activity collected in each impregnated (or unimpregnated)

| charcoal cartridge or the impregnated charcoal filter paper in the

test {or reference) column (uCi).

)
B, : 1’11 activity collected in each charcoal cartridge in the back-

up column {uCj).

The measuring method of 1311 collected in the charcoal cartridge and

9)13) 13

charcoal filter paper was described elsewhere 11 activity collected

in the dehumidifier was measured by 5"¥ x 4" Nal (T1) scintilation deteetor

with 400 channel PHA after every collection experiment was finished. In all

131

experiments, the T getivity in the dehumidifier was less than'10_3% of the
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total activity collected in the columns, so that the activity was not coasidered

in the above equations.

5., Generation of airborne lodine

Airborne iodine generated in each plant during the processing are compli-
cated mixture of wvaricus chemical forms of carrier-free iodine and its concent-
ration in air is quite low as compared with one in laboratory tfest.
5.1 Airborne iodine at the Radioisotope Production Plant

The airborne iodine is generated in a retention tank (capacity 5 m3)
provided for the radioactive waste produced during the 1311 processing
(distillation method of irradiated telluric acid) and discharged from a stack
after pasging through the alr cleaning system.

131
The chemical forms of 51y

in the liquid waste are analysed by a paper
ehromatograni®’: 1 ~ 2% To, 4 ~ 13% 1=, 18 ~ 90% 103, 3 ~ 57% 107, 2 ~ 17%
unidentified.

5.2 Airborne iodine at the Fuel Processing Test Plant

At the FRTP, the airborne iodine-~13%1 is released in the process of the
fuel dissolution and discharged from the stack after passing through the air
cleaning system composed of NaOH scrubber and high efficiency particulate
filter.

The chemical form of airborne iodine after passing through the NaOl
scrubber was examined by the radio-gaschromatogram. The results showed that
the major part of iodine was HIOz and HIO4, and that only less than 0.5% of
the total iodine was organic iodide ir which the ratio of CHzI and CoH5I was 4.
5.3 Comparison of properties of airborne iodine

The properties of airborne iodine in each plant was examined by using the
air sampling device which is able to characterize the airborne iodine, The
sampling device is shown in Fig. 2, which consists of one particulate air
filter paper (HE-40), two stages of HaOH scrubber (20 ec, 1N) and a pack of

% charcoal cartridges. The results obtained by this characterization sampler
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are given in Table 2. As seen in Table 2, the major part of airborne iedine
generated in the retention tank of the RPP is collected in the charcoal
cartridges and only a few percent of airborne iodine 1s collected in the
scrubbers, whereas at the FRTP more than 10% of the sirborne iodine is
collected in the scrubbers. Thie indicates that elementai or ionic iodine is
present in the discharged air of the FRTP more thar in ithe RFP.

Only less than 0.1% of airborne iodine was collected by the particulate filter
paper in both the plants, indicating that the airborne iodine is in the vaﬁor

phase and 1little, if any, iodine is associated with particle.

6. Collecting performance of impregnated charcoal cartridge
The air sampling was carried out at each plant under the following condi-

a7 x 1077 uCi/cec, relative

tions; concerntration of airborne iodine 4 x 10~
nuridity 60 ~ 80% (24 ~ 28°C), face velocity 8 cm/sec (10 1/min). In this
gsampling, the impregnated charcoazl cartridge was examined for the dependence

of collection efficiency on the sampling period. The results obtained are
shown in Fig. 2. in which real lines and dotted lines show the results at the
RPF and at the FRTF, respectively. The results at the RPP are summarized as
follows: U The collection efficiency of the unimpregnated charcoal decreases
gradually with the increase of sampling period and becomes 95.6% at l2-hr
sampling, whereas in the charcoals impregnated with TEDA or Snlp it does not
decrease.appreciably and is maintained at more than 98% even at l4-hr sampling.
@ The collection efficiency of the charcoals impregnated with KIz or KSCN
depends greatly on the sampling period and the collecting performance is not
improved by the impregnation. @ When the sampling air is dried below 10%
relative humidity by passing through the Mgll0z column, the unimpregnated
charcoals maintain the collection efficieney higher than 97.5%. On the other
hand, at the FRTF, although the collecting performance of charcoals was greatly

improved by impregnating TEDA or 3Snlo as compared with the unimpregnated

charcoals, the impregnated charcoals showed the lower collection efficiencies

-6 —
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Table 2 Performance of lodine characterization sampler*

Percentage of iodine compound collected on each component

Samling position Proceas during of the sampler ( % )
at plants sampling period EE=40 FaCH scrubber Aotivated charcoal cartridge
filter paper “YWo.1 Fo.2 No,l Fo,2 Ke.2
Alr exit of ligdid waste negligible 1.8 1,2 96,0 0.8 0,2
retention tank at ™I mall |~ - -~ - i
production plant B 3.0 97.0
Exit of exhaust air Al - 8ssolution  DeELiEitle 83 L4 _ 869 _ _ 2.6 __ 0.8 _ _ _
¢lsaning system at Fuel 9,7 90,
Reprocessing Plant
T = dissclution negligible 16;6.. - J‘:‘?. - - -75‘.5. - - .7 _. L
After agitation of negligible _19.4 _ _6;0_ oo 86T Te3_ L 0.3 __._
reacter small 25,5 T4.
Flovw rate : 300 cc/min, Sampling period : 3h
% Samler consists of s HE=40 filter paper and tow canstic sorubbers { 1N HaOE 200cc )
fellowed by three activated charcoal cartridges
100 e T T T T T T T T T T T T 100
99 195
R98[ 190 ¢
~ £
eoTr 185 o
Aol 0.
o
-
o c96f {80 , 2
E2 2 a
25 £ 8
LD 3 [« ] ')
© 395F 1™ s8¢
- ﬂ‘: L a
Q x 90
8w 941 170 3
o8 §%
- S ]
§ s°
5 92r 160 2
R} S
3 S
o 91+ 4155 &
a0 1 ! 1 i 1 ! 1 i 1 1 1 1 m] 50
0] 1 2 3 4 5 6 T 8 9 10 1 2 13 14 15

Sampling period (h)

_Fig. 2. Efficiency of various impregnated charcoal cartridges for collecting
airborne iodine as a function of sampling period
* Solic line : “°'I Production Plant
** 1otted line: Fuel Reprocessing Test Plant
® TEDA, O Sol,, & KI+[,, O KSCN,

%X unimpregnated (R.H. 60~85%), ® unimpregnated (R.H. L 10%)

E'.ﬁe velocity @ l0cm/sec, _
I conceniration ; 5% 10 /ta’Ci/(:c0
Relative humidity : 60~85% {~247C)
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rather than those obtained at the RFPF.

The collection efficiency of the impregnated charcozls was examined as
a function of the length of charcoal columns by stacking the cartridges to
determine the pertinent length of charcoal cartridge for use of routine air
monitoring. The results obtained at the 10-hr sampling are shown in Fig., 3.
At both the plants, the ccllection efficiencies of the charcoals impregnated
with TEDA or Snls reach the saturated values at about 4 cm thick, while at the
charcoals with the other impregnants much longer charcoal cclumn is needed to

reach the maximum collection efficiencies.

7. Collecting performance of impregnasted charcozl filter paper

The collecting performance of the charcoal filter paper impregnated with
TEDA was examined as a function of the sampling period to apply it to the air
monitoring of the chemical plants. The results obtained are shown in Fig. 4.
The sampling air was drawn at the face velocity of 8 cm/sec (10 1/min). In

the sampling at the RPP, the TEDA impregnated charcoal filter paper is far

superior to the unimpregnated one in the collecting performance and its

collection efficiency is maintained at more than 05% over the sampling period
of 13-hr. On the other hand, in the sampling at the FRTP, the collecting
performance is not much improved by the impregnation.

The dependence of collection efficiency on the face velocity was examined
by taking the sampling period as & parameter. As ghown in Fig. 5, the collec-
tion efficiency of the TEDA impregnated charcoal filter paper falls off
monotonously with the increase of the face velocity. At the slow face velocity
the collection efficiency was found to be mueh less dependent on the sampling
period than at the fast face velocity: The collection efficiency at the face
velocity of 8 cm/sec is maintained at more than 95% even at the 12-hr sampling,

whereas i%t falls off to 80% at 40 cm/sec.
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Fig. 3. Effect of length of activated charceal columns

on efficiency for collecting airborne iodine Fig. 5. Effect of face velecity on efficiency of

R activated charcoal filter paper for

Sampling period : 10 h collecting airborne iodine

Fac i :
e velocity ; 1l0cm/sec Relative humidity : -~ 060%

131
I concentration: ~35x 10_7/,(Ci/cc

Relative humidity : 60~.85%

100 — T T T T T T T T T T T T T
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.3:' I \""';"-X._..____ N
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. - ) .
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5 1 [t
5 40t I""‘"‘"—- .
, % — ]
| 3 T i
, © ¢ . 10W, TEDA impregnated \
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. . . Pu ext
— "I production plant raction process
- ===, Fuel reprocessing plant 7
0 1 1 1 1 [ I 1 1 1 i 1 1 1
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Sampling period (h)
Fig. 4. Effect of TEDA impregnant on efficiency of charcoal filter paper

for collecting airborne icdine, which is shown as a function

of sampling period

F_% e velocity : 10 cm/sec 7 7 )
I concentration : 1X 10 ~ 2x10 AiCifce

Relative humidity : 60~85% at the RPP,
» 80% at the ERTP

1 th
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8., Discussion

As described in the previous sections, the collecting performance of the
charcoals impregnated with TEDA or Snip is much more excellent than the un-
impregnated charcoal currently in use under the conditions of high relative
humidity. This could be attributed to the facts that TEDA traps the airborne
iodine by chemical reaction or isotopic exchange. From the results shown in
Table 2, the airborne iodine is expected te be collected more effectively by
the charcoals at the FRTP than at the RPP, because the former has a higher
proportion of ionic iodide which is collected in the NaOH serubbers and guch
iodine species are also collected effectively by the charcoals. Contrary to
expectation, however, the charcoal filter paper and charcoal cartridge (both
impregnated and unimpregnated) showed the better collecting performance for
the airborne iodine at the RPP. This results might be caused by the fact that
the off-gas discharged from the FRTP contains a large quantity of chemically
active gases or mist such as NOx, NHz, NH4NOz, which are generated during the
fuel dissolution process, and also organic vapor such as dibutyl phosphate
and tributyl phosphate. Those chemicals are adsorbed easily in the charcoals,
s0 that the impregnants are decomposed by the chemicals, and/or the chemical
reactions between the impregnants and the iodine are prevented, resulting in

the reduction of adsorption capacity of the impregnated charcoals.

9. Conclusion

In appling the impregnated charcoals to the air monitoring of chemical
plants, the following conclusions are drawn.
(1) Charcoal cartridge impregnated with TEDA or SnI2 ensures an excellent
performance for collecting airborne radioiodine under the conditions of high
relative humidity and in the presence of chemically reactive process off-gas.
(2) In using the TEDA impregnated charcoal filter paper, the airborne iodine
concentration can be assessed with an error 110% by taking the collection
efficiency és 9% at relative humidity lower than 807 and at sampling period

shorter than 12 hr.
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