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Introduction

An 125I quantity indication system is introduced. I25I is a radioisotope commonly used in
nuclear medicine departments. This radioisotope emits y photons with energy of about 30keV,
with half-life of 60 days. Low energy and long life-time enable to produce 125I by large
quantities due to the relatively easy transportation possibilities, enabling radiation safety and
long distribution distance.
A unique customized quality control monitoring system was developed by Rotem Industries
for a pharmaceutical company. The quality control check is performed on each 125I vial by
measuring its activity with the micro-controller based radiation meter that also determines
whether to accept or reject a vial. The meter stores the radioactivity results for documentation
and for average processing, in order to indicate the activity filling trend. This trend can be
used for a closed feedback loop in order to control and improve the vials filling during
production.

System description

The quality control monitoring system was integrated into the I25I automatic production line.
The system consists of three main components:
- Sensitive scintillation probe with a thin Nal (Tl) crystal and photomultiplier tube'1'.
- Radiation meter, micro-controller based121.
- PC with special software.
The production line was designed to manufacture about 500 doses (vials) per hour. The final
products are vials of an organic solution marked with 125I. The manufactured I25I activity is
checked, and according to the solution concentration the desired amount (in ml) of radioactive
solution is inserted into the vial.
The monitoring system controls the production line robot. The robot places each vial in a
fixed geometric position in front of the detector. Once a vial is positioned the meter starts a
counting for a period of three seconds. A special shielded detector cover was designed to
eliminate background level fluctuations caused by the position and amount of vials in the
production line. The counting result is averaged and the total counts per second (cps) are
calculated. The measured cps are multiplied by a factor in order to convert them to activity
dose units in mCi. The factor was determined by calibration using prepared solutions with
known activity. The mathematical model for calculation of such a factor is not simple because
of the 125I low energy and the solution high self absorption. Two activity values (thresholds)
were stored in the meter. If the measured value is within the limits, the vial will be approved,
otherwise it will be rejected by commanding the robot. The radiation meter saves the dose
measured activity data and transfers it via an RS-232 communication line to a collection
software on a PC. Data transmission can be set to be online according to a preset time
interval, or it can be set to offline mode where the stored measured data is transferred to a
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P.C. according to the user's initial request. Each vial's data and status are saved and can be
automatically transferred into an Excel spread sheet for further analysis.
An optional feature of the data collection is to analyze the activity trend in order to control the
vial filling by a feedback loop. See Figures 1 and 2.
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Figure 1 - Production process block diagram

Interface
RAM DA-2000 - ROBOT

Data transmission
On line/Off line

Rotem's RMV software a —k-

Figure 2 - System schematic description
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Calculations and calibration results

The system specifications determine a confidence level of 99% for doses activity in the range
of 2-3 mCi within integration time of 3 seconds. Basic calculations were made to determine
the best geometric configuration in order to maximize the number of counts for the statistic
calculation, and still avoid detector saturation in case of malfunction where high dose (up to 5
mCi) is measured.
Equation 1 determines the minimal distance (X in cm) between the measured dose and the
detector. The maximum number of counts per second for a 5 mCi measured solution was set
to 30000 cps in order to avoid saturation.

(1)

Number of Geometric
I disintegrations efficiency PM-10

Detector

II25dose
activity up to

5mCi

Where:

N - Max. detector counts [cps], (30000)

A - Activity [Bq], (5*10-3*3.7*1010)

E - Abundance, (1.44)

S - Detector surface [cm2], (rc*2.52)

X - Distance between detector and vial [cm]

The calculated value for X using equation (1) is:

X=118cm

The minimal distance X (118 cm) is too long for the production line configuration. For this
reason an iron shield was added to expose the detector only from the upper part of the vial.
This configuration enables high sensitivity for the liquid level. An experiment was made in
order to determine the conversion factor to activity units (mCi) and detector linearity. The
linearity was tested in the dose quantity range of 4.0 to 4.8 ml (see graph on Figure 3). For
each check point three vials were measured. The values for each point were averaged and the
results are shown on Table 1.

Table 1 - Linearity check results

Solution volume
[mil

4
4.3
4.5
4.8

Average Reading
[counts per 3 sec]

62611
65153
66733
68888

Three standard
deviations

751
766
775
787

253



Graph 1
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Figure 3 - Detector readings Vs. I25I solution volume

Summary

An 125I quantity indication system was integrated into an automatic production line. The
computerized radiation measurement system was successfully tested showing its capability to
determine whether the measured dose activity is within the permitted range. The system
interface to the computer enables documentation of each vial activity dose. The handshake
interface with the robot control and provide primary quality ensurance in the production line.
The processed data can be used as a feedback to the vials feeling station in order to improve
the filling accuracy and reduce the number of rejected vials on the measurement station.
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