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Introduction

Radioactive iodine is a typical fission product in nuclear power reactors. Of the many
iodine isotopes that can be generated in nuclear reactors only four are considered as
radiobiologically significant. These are: I25I (T1/2=60d), I31I (Tl/2=8d), I33I (Ym=2lh) and
135I (Ti/2=7h) [1]. The chemical forms that have been identified in heavy water reactors are
I2 (elemental), organic iodides (CH3I), Inorganic iodides (HOI, HI) and Lil. Radioiodine is,
generally, released as a gas but can be adsorbed on air particulates to form radioiodine
contained aerosols. Therefore, its monitoring has to include both gas and aerosol sampling.

A new monitoring system, RIS (Radioactive Iodine Sampler), has been developed at
the NRCN to monitor radioactive iodine (gas and aerosol) on-line in workplaces [2]. This
system samples radioiodine at a 60 L/min rate through a transport line connected to a filter
holder. The filter consists of a cartridge containing activated charcoal with TED A for iodine
gas adsorption with a membrane for aerosols' retention in front of it. The radioiodine filter
cartridge (F&J product code: TE2C) has a diameter of 2'/4 inch and height of 1 inch . The gas
adsorbent is coconut shell carbon type activated charcoal with 5% (by weight) TEDA
impregnation and has 30x50 mesh size.

This paper presents the aerosols' sampling characteristics of the RIS system, including
their transport in the sampling line and filter holder. The adsorption of iodine gas on the
transport system components is negligible.

Aerosol Transport System Characteristics

The aerosol collection system was optimized for minimal deposition on the transport
system components. The aerosol transport and collection system is schematically shown on
Fig. 1. The air is directed at a 60 L/min flow rate through a polished stainless steal pipe
(1 inch diameter, including a 1 m vertical pipe and a 90° bend) towards a chamber in front of
the filter. From here, the air flows through the filter cartridge, where aerosols are collected
and counted by the detector. The chamber creates a uniform air flow and an homogeneous
aerosol collection on the filter cartridge surface. The detector assembly and the filter housing
are mounted in a 50 mm thick cylindrical lead structure with copper lining. The filter is
pressed against the detector chamber to force the air flow to pass through the filter. Static
charge effects were minimized by using a grounded stainless steel tube. The filter cartridge
holder was also made of the same material.

The "U.S. Nuclear Regulatory Commission - Regulatory Guide 8.25"[3] has
recommended that the transmission of particles with an aerodynamic diameter of 10 urn
through sampling lines should be at least 50%. Since the RIS system is intended for sampling
respirable aerosols, the line's geometric dimensions were selected to achieve a minimum
efficiency of 50% for these aerosols. The chamber's dimensions were chosen to achieve the
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"DEPOSITION 2.0" code. The main assumption, which is regularly used in fluid dynamics,
was that in the case of air flow in a non-circular cross section, the diameter equals to the
hydraulic equivalent diameter (which equals to 4 times the cross sectional area devided by the
perimeter length of the cross section).

1.
The aerosol transport system, which was determined, includes:

a circular tube (through which the air enters the system) with the following parts:
a. 1 m length vertical tube with a 22.9 mm diameter.
b. 90° tube bend with a 22.9 mm diameter.
c. 0.07 m length horizontal tube with 22.9 mm diameter.

2. a filter chamber with the following parts:
a. 90° tube bend with a 22.4 mm diameter and 60 L/min flow rate (flow entrance

into the filter chamber).
b. 90° tube bend with a 9 mm diameter (hydraulic diameter of a rectangular cross

section) and half the flow rate at the spacing around the detector.
c. 90° tube bend with a 12 mm diameter (hydraulic diameter of a circular annulus)

and the flow rate between the detector and the chamber's inner wall.
Inside the filter chamber the air flow separates into two parts, according to the flow

space: one part flows through parts a, b and c while the second one flows between the detector
and the chamber's inner wall with assumingly no aerosol's deposition. The two flow parts are
then united and enter the filter cartridge.

Fig. 2 presents the aerosol transport efficiency in the RJS system as a function of the
aerosol aerodynamic diameter as calculated by the "DEPOSITION 2.0" code.
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Fie. 2 - Aerosol transport efficiency of the RIS transport system
as a function of the aerosol aerodynamic diameter.
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highest aerosol transport efficiency, on one hand, and the shortest distance between the
detector and the filter cartridge (for lower detection limit), on the other hand.

The sampling line bend was designed with a curvature radius 5 times greater than the
inner line diameter, in order to minimize aerosol inertial deposition. The sampling line and
filter cartridge are easily removed from the system for decontamination and cleaning.

transport line

filter chamber

Fig. 1 - The RIS transport and collection system.

Results of Aerosol Transport Efficiency Calculation

The aerosol transport efficiency through the RIS transport line and filer chamber to the
filter cartridge was calculated using the "DEPOSITION 2.0" code, a PC-based software
program which was developed at the Texas A&M University [4], and was recommended by
the "U.S. Nuclear Regulatory Commission - Regulatory Guide 8.25" for aerosol transport
efficiency calculations at the workplace. The code is based on several theoretical and
empirical submodels which take into consideration the various aerosol deposition mechanisms
at the system transport lines (gravitational settling, diffusional deposition, turbulent inertial
deposition in straight tubes and inertial deposition in bends). Since the filter chamber is
characterized by an irregular design it was necessary to make some assumptions concerning
the chamber geometry (diameter, length, etc.) in order to enable the calculation using the
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Discussion and Summary

The aerosol transport efficiency through the RIS transport line and filer chamber was
calculated using the "DEPOSITION 2.0" code. Since the filter chamber is characterized by an
irregular design it was necessary to make some assumptions concerning the chamber
geometrical characteristics in order to enable the calculation using the code.

The code calculations show that aerosols with aerodynamic diameter of 4.0 urn will be
transported through the RIS transport system with an efficiency of nearly 80%. This diameter
is the respirable aerosols median aerodynamic diameter [5].

ICRP has recommended default AMAD (Activity Median Aerodynamic Diameter) of
5 urn for workers in nuclear workplace [6]. This is supported by recent researches which
show that in nuclear facilities, aerosols have a size distribution that is characterized by an
AMAD of around 5 um [7]. The calculations show that aerosols with aerodynamic diameter
of 5 Jim will be transported through the RIS transport system with an efficiency of about 70%.
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