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The Hong Kong Observatory (HKO)runs an Environmental Radiation Monitoring
Programme (ERMP) to monitor the environmental radiation levels in Hong Kong. In the ERMP,
about 400 environmental samples are delivered to the HKO Radiation Laboratory each year for
alpha, beta and gamma measurements. The quality of the radiation measurements is assured through
an internal quality assurance programme and inter-laboratory comparison exercises.

The HKO has participated in the IAEA Intercomparison Runs since 1989. Activity
measurements on alpha, beta and gamma emitting radionuclides in eleven IAEA intercomparison
samples of clover, soil, sediment, flesh and sea water were conducted from 1989 to 1996, namely
IAEA-156, IAEA-352, IAEA-367, IAEA-375, IAEA-134, IAEA-135, IAEA-300, IAEA-315, IAEA-
326, IAEA-327 and IAEA-381.

Reports on the first eight intercomparison runs were received. Performance of the HKO in
these eight runs was satisfactory except three outliers in two of the runs. The activity concentration
of Am-241 and K-40 in IAEA-134 and Pb-214 in IAEA-315 were too highrthe respective mean
reporting values were 46 + 5, 290 ± 14 and 20 + 2 Bq/kg as compared to the respective range of
accepted laboratory averages of 32.0 - 44.6, 160.5 - 269 and 8.0 - 17.2 Bq/kg. Table I summaries
HKO's reporting values of these radionuclides and the corresponding statistics given in the reports.

TABLE I. HKO'S REPORTING VALUES OF ACTIVITY CONCENTRATION CLASSIFIED AS
OUTLIERS AND THE CORRESPONDING STATISTICS GIVEN IN THE REPORTS OF THE IAEA

INTERCOMPARISON RUNS

Sample Code
Radionuclide
Median of
accepted values
Confidence
interval at
significant level
0.05
Range of
accepted
laboratory
averages
HKO's mean
reporting value

IAEA-134
Am-241

38.15

35.0-39.4

32.0-44.6

46 ±5

IAEA-134
K-40
212

196 - 240

160.5 - 269.0

290 ± 14

IAEA-315
Pb-214

13

12.0 - 14.7

8.0-17.2

20 ± 2

Review of the two intercomparison runs showed that the unsatisfactory reporting values for K-
40 and Pb-214 arose in the process of background subtraction and that for Am-241 arose in the
process of calibration of the gamma spectrometry system.

For IAEA-134, the background measurement was conducted on 21 September 1992 while the
five sample measurements were conducted from 22 September to 4 November 1992. The gross
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activity concentrations of K-40 obtained in the five sample measurements varied from 215 to 304
Bq/kg. The large variation might be due to fluctuation in background values of K-40 for the five
sample measurements. This showed that more updated background value should be used for each
sample measurement. Furthermore, it was found that a wrong background value of K-40 was used to
perform background subtraction for one of the sample spectrum. Incidentally, this mistake escaped
the notice of the quality controlling officer before result submission.

If the correct background value was used, the reporting value for K-40 should be 259 Bq/kg
which would be within the range of accepted values.

For IAEA-315, the background measurement was conducted on 26 April 1993 while the four
sample measurements were conducted from 12 to 26 May 1993. Again, the background value was
not updated enough for background subtraction. For such a low activity concentration of Pb-214 in
the sample (about 15 Bq/kg), a small change in the radon level in the environment would have
significant effect to the gross activity concentration of Pb-214. Furthermore, the counting time of
55000 seconds for the background measurement was found not long enough to obtain good statistics
for all gamma peaks of Pb-214. In fact, only the highest yield gamma peak of 351.87 keV could be
identified in the background gamma spectrum. Other lower yield gamma peaks of Pb-214 could not
be identified due to insufficient counts. Background value of Pb-214 determined based on only one
of its gamma peaks definitely would not be of high precision. Use of outdated and high uncertainty
background value for background subtraction resulted in the unsatisfactory value of Pb-214.

In IAEA-134, the 59.54 keV gamma peak of AM-241 was used to determine its activity
concentration. However, the high purity germanium detector of the gamma spectrometry system was
only calibrated down to 88 keV using mixed radionuclide standard solution supplied by Amersham
International pic. The efficiency at 59.54 keV used for the determination of activity concentration of
Am-241 was only an extrapolated value. Its uncertainty would most probably be the cause for the
unsatisfactory reporting value of Am-241.

The above findings prompted the improvement of quality assurance procedures in the Radiation
Laboratory of the HKO :

(a) background values should be updated as frequently as possible to ensure that both
background and sample measurements are under similar environmental conditions;

(b) both background and sample measurement time should be sufficiently long to eliminate
short term background fluctuation and to obtain background values of higher precision;

(c) standard solutions with gamma peaks of energy lower than 80 keV, such as Am-241 itself,
Ba-133 or 1-129 should be added to the generally used mixed nuclide standard solution for
calibration if activity concentration of AM-241 has to be determined; and

(d) all measurement results should be cross-checked by professional staff after quality
assurance by laboratory staff before reporting.

It is therefore concluded that participation in intercomparison exercise is an invaluable part of
quality assurance in radioactivity measurements and the HKO will continue to participate in the
IAEA Intercomparison Runs.
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