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SUMMARY. In July 1993 a computerised effluent monitor for the real-time estimation of the stack
releases of short lived positron emitting gaseous radiopharmaceuticals has been installed at the 30 MeV
Medical Cyclotron Facility of the Australian Nuclear Science and Technology Organisation (ANSTO).
Recently an electronic weather station consisting of an anemometer, a wind-vane and a wind
temperature indicator have been added to the existing monitoring system. The activity concentration of
the radioactive stack releases at selected critical receptor locations in the close vicinity of the cyclotron
complex was calculated in real-time by implementing a simple "Gaussian Plume" type atmospheric
dispersion model. The stack release concentration and weather data were used in this model calculations
in a spreadsheet environment. In this paper the principle and important results of the computerised real-
time stack effluent monitoring system operating at our cyclotron facility are presented.

1. INTRODUCTION

Short lived positron emitting gaseous
radiopharmaceuticals such as nCO2 (T1/2 = 20
min), 13NH3 (T1/2 = 13 min), 18F (T1/2 = 109
min, as lgF-Fluorodeoxyglucose in liquid form)
and I23I (T1/2 = 13.6 h), in the form of Na123I
(liquid) are routinely produced by the 30 MeV
H" ion Medical Cyclotron of the Radio-
pharmaceutical Division of ANSTO. During the
handling and chemical processing in sterile
automatic chemistry cells a fraction of the
radioactive inventory is released into the
atmosphere through the main stack of the
cyclotron facility. The activity concentrations of
the atmospheric release of radioactive gases are
strictly limited by regulations (1, 2) imposed by
the Environmental Protection Authority (EPA).
Hence, the installation of a suitable effluent
detector for the real-time estimation of the stack
discharges during the entire radioisotope
production and handling process became
mandatory. A smart effluent monitoring system
based on a small flow-through detector-chamber
and a datalogger has been developed at the
Health Physics laboratory of our cyclotron
facility and installed in July 1993 (3).

Recently an anemometer, a wind-vane with
optoelectronic transducers and a wind
temperature indicator have been added to the
existing stack monitoring system thus, enabling

the datalogger to retrieve the stack release and
weather data simultaneously.

The deposited activity concentration at selected
"Critical-Receptor-Locations" in the immediate
vicinity of the cyclotron complex were
calculated and displayed on a spreadsheet with
the corresponding time of the stack release. A
Gaussian-Plume type "Atmospheric-Dispersion-
Model", incorporated in the spreadsheet macro
program was used to process the atmospheric
data such as wind speed, temperature, wind
direction and the released activity concentration
[MBqm'3] from the stack.

2. SYSTEM DESCIPTION

The exhaust air from the radiochemical cells is
drawn via a HEPA (High Efficiency
PArticulate) filter and released through the stack
at a rate of 10 mV1 (Figure 1). From the lower
section of the stack an air sample is drawn via
the stack monitor and returned to the exhaust air
stream. The stack monitor includes a flat (25
mm diameter) flow-through chamber (4.5 ml)
attached to a Nal scintillation detector (5 cm x 5
cm dia.) interfaced to a Single Channel Analyser
(SCA). The air containing radioactive effluent
residing in the chamber is sampled every minute
by the datalogger. The analog voltage output
(mV) of the SCA, proportional to instantaneous
activity concentration is linearised and converted
to activity concentration [MBqm'3] using a set
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Figure 1: Schematic diagram of the stack monitoring system at the cyclotron radioisotope production
facility of ANSTO showing the electronic weather station, HEPA Filter, exhaust fan, sampling pump,
flow meter, stack monitor and the datalogger connected to a host PC. The diagram is explained in the
main text.

of calibration polynomials. A spreadsheet
macro program on a personal computer (PC)
with a 133 MHz central processing unit (CPU)
and a 100 MB (Mega Byte) hard disc was
implemented for data processing.

3. STACK DISCHARGE EVALUATION

The activity concentration at of the effluent in
the detector at the instant t (duration = 1 minute)
is given as:

at = k(vt) (1)

where, vt and k(vt) are the output voltage
sampled by the datalogger and the calibration
polynomial respectively.

The total activity (q) released during the period
of a single production run (t) is given as:
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q = Zat r t (2)

where, Zat, r and t are the integrated activity
concentration, stack flow rate (mV1) and the
duration of release respectively. In Figure 2 the
activity rate of released
function of time (3).

18FDG is shown as

Figure 2: Shows the activity [MBq] of FDG
vapour released through the main stack of the
cyclotron facility during the radiochemical
processing and handling in the morning hours
between 10.30 AM - 11.30 AM. The total
released activity was found to be 111 MBq.

4. ATMOSPHERIC DISPERSION

The stack emission is dispersed from its release
point to the neighborhood due to the movements
of the air. The typical pathways of atmospheric
dispersion is shown in Figure 3.
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Figure 3: Schematic diagram showing the important aspects of the atmospheric dispersion model for
the plume released from the cyclotron facility stack. The emission source (stack), receptor, plume core,
downwind distance, crosswind distance and the wind direction are indicated as S, P, A, x, y and 9
respectively. The stack (h) and receptor (z) heights are shown in the upper picture (inset).

The steady state atmospheric dispersion of the
released radioactivity is described by the
"Gaussian Plume Model"(4):

X(x,y,z) = Q/(27rayazu)[A+B]C

where,

(3)

X = Activity concentration at critical receptor
location [MBqm'3]

Q = Radioactivity release rate from the stack
[MBqs-1]

CTy = Horizontal dispersion parameter [m]

az = Vertical dispersion parameter [m]

u = Wind speed [ms'1] and,

A = exp(-(h + z)2/2a2
2) (4)

B = exp(-(h - z)2/2az
2) (5)

C = expC-jfacry2) (6)

where,

h = Stack height [m]

y = Cross wind distance [m]

z = Receptor height [m]

The horizontal (ay) and vertical (Gz) dispersion
parameters as a function of downwind distance
at different atmospheric stability conditions
(Pasquill-Gifford Stability Classes) have been
published elsewhere (4). The atmospheric
stability classes are divided in seven categories:

Class A: Extremely Unstable

Class B: Moderately Unstable

Class C: Slightly Unstable

Class D: Natural Stability

Class E: Slightly Stable

Class F: Moderately Stable

Class G: Very Stable

5. RESULTS

The activity concentration [MBqm"3] of the
18FDG deposition at the ground level (z = 0)
critical receptor situated at 110 meters from the
Cyclotron stack was calculated using equations
3, 4, 5 and 6. The radioactivity release and
atmospheric data was retrieved from the
datalogger and processed using a spreadsheet
macro program and shown in Table 1.



Table 1: Showing the result-printout of the spreadsheet macro program developed for the real-time
estimation of atmospheric dispersion of 18FDG vapour released from the automatic chemistry
(production) cell. The atmospheric data (columns 2, 3 and 4) was sampled in every minute and
averaged over the interval of 15 minutes by the datalogger. The radioactivity release data in column 5
was derived from the original data (Figure 2) sampled in every minute. The diffusion time of the plume
to reach the critical receptor was not calculated. Hence, the effect of the radioactive decay of 18F (Ti/2 =
109 minute) on the deposited activity concentration has been ignored. The Pasquill-Gifford
Classification Factor ands the horizontal (ay) and vertical (az) dispersion factors were extrapolated
from the literature data (4).

Atmospheric Dispersion of 18-FDG Vapour Released from the NMC Stack
Date: 3 June 1997
Critical Receptor: Queen Mary Building
Distance from the Stack: 110 m
Pasquill-Gifford Classification Factor: C
Horizontal Dispersion Factor (ay): 12 m
Vertical Dispersion Factor (az): 7 m
Stack Height (from ground level): 10 m
Receptor Height (from ground level): 0 m

EST
hh:mm
10:30
10:45
11:00
11:15
11:30

Av. Wind
Temp: [°C]

23.4
23.9
24.6
25.2
24.9

Av. Wind
Speed: [ms*1]

1.51
1.33
1.26
0.82
2.25

Av. Wind
Dir: [deg]

62
70
20
28
64

Act. Release
Rate: [MBqs'1]

3.33E-04
6.15E-02
4.92E-02
1.37E-02
5.33E-03

Act. Deposition:
[MBqm"3]
5.05E-07
1.90E-04
5.44E-05
2.38E-05
5.98E-06

6. CONCLUSION

The spread of gaseous radioactive effluent
released from the stack of a radioisotope
production facility via atmospheric diffusion
process constitutes a critical radiological
/epidemiological problem. This paper highlights
a simple and reliable technique for the
estimation of atmospheric diffusion of the
radioactive vapours released from a medical
cyclotron complex in real-time. A datalogger
interfaced to custom designed radioactive gas
monitors (developed at our Health Physics
laboratory) and a popular spreadsheet package
running on a 133 MHz Personal Computer was
used. This method is based on the "Gaussian
Plume-Diffusion Model" and the "Pasquill-
Gifford" atmospheric stability factor. User-
friendly animated mimics display the weather
data as well as the released activity
concentrations on the computer screen.

This computerised real time radioactive effluent
monitoring system is well suited to predict the
value of the deposited activity concentration at

critical receptor locations within 1000 m from
the stack in an urban environment (present
case). At longer distance, the air turbulence
caused by the neighbouring buildings of
different heights as well as non-uniform terrain
structure would result in a high uncertainty of
the predicted activity concentration value.
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