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Abstract

Recently, we have investigated the thermoluminescence (TL) properties of the sand, collected
from the sewage sludge, after various extensive cleansing procedures. In the present studies, the sand
separated from the sludge was used to estimate irradiation dose to sludge at Sludge Hygienisation
Research Irradiator (SHRI), Vadodara, India. A dose vs TL response calibration curve was established
for the 220°C TL peak for the hydrogen peroxide (H2O2)-treated and HF-treated sludge sand samples
collected from the unirradiated batch. This was used to estimate the dose absorbed in the corresponding
batch of the irradiated sludge. Similar curve was plotted for the 370°C TL peak for the HF-treated sand
samples for its application as an in-situ dosimeter. Using this method, the absorbed dose rate delivered
to the sludge during irradiation at SHRI was estimated to be 0.49 ± 0.02 kGy per hour. Also, the
saturation levels of the TL response curves for these peaks are reported here.

1. INTRODUCTION

A Sludge Hygienisation Research Irradiator (SHRI) has been set up at Vadodara, India, for
disinfection of liquid sewage sludge by subjecting it to irradiation in the dose range of 3-4 kGy using
^Co gamma rays. The irradiation vessel is an integral part of the irradiator system that houses the
planar grid assembly of sources with a total activity of 1.8 x 10i5 Bq (its full capacity is 1.85 x 1016

Bq). The digested sludge is fed by gravity into the irradiation vessel in a batch of 3 m3 volume. The
sludge in the irradiation vessel is then kept under constant recirculation to prevent settling during the
radiation exposure. At the end of the pre-determined exposure time, the sludge is drained into a storage
tank from where it is pumped into drying beds for further use. Initially, the gamma-ray dosimetry of the
facility was being done by introducing various encapsulated dosimeters (such as TLDs, chemical
dosimeters and radiochromic films) at the inlet of the sludge irradiator and retrieving them after a
predetermined irradiation period at the outlet [1]. It is normally desired that these dosimeter capsules
have nearly the same flow dynamics as that of the sludge being treated for a true representation of the
dose absorbed in the sludge. This is often difficult to achieve for a variety of reasons including the mis-
match of the density between the sludge and the dosimeter. This necessitated development of an
alternative approach using the thermoluminescent characteristics of the sand in the sludge itself. In the
sand samples treated with either hydrogen peroxide (H2O2) or hydrofluoric acid (HF), there is a
prominent TL peak at about 220°C after gamma irradiation for dosimetry purpose; a TL peak at about
370°C was also observed in irradiated HF-treated sand samples. As we have reported earlier, the
sensitivity of 220°C TL peak of H2O2-treated as well as HF-treated sand samples is good up to a dose
of 6 kGy [2]. The post-irradiation fading of this peak in these samples is negligible. Therefore, these
sludge sand samples could be considered for use as in situ TL dosimeters for radiation disinfection of
sewage sludge.
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The present paper reports on the estimated gamma-ray doses using H2O2- and HF-treated sand
samples separated from the irradiated sludge at the SHRI facility. Also it reports dose vs TL response
of 220°C and 370°C peaks in the HF-treated sand and 220°C peak in the H2O2-treated sand in the dose
range of 0.25 kGy to 18 kGy in order to test saturation effects in the respective TL peaks in the two
samples.

2. EXPERIMENTAL

The procedure is to collect 15 L each of unirradiated and irradiated sludge samples. These are
allowed to settle and the settled portion is collected. These samples are subjected to the cleansing
process as described by us in an earlier publication in order to separate H2O2-treated and HF-treated
sand samples [2]. The unirradiated samples of a particular batch are used for calibration for the
corresponding irradiated samples. All irradiated samples are given a post-irradiation annealing of 120°C
for 20 min to erase the influence of low-temperature TL peaks.

All the TL measurements (peak height as well as area under the TL glow peak) of H2O2- and HF-
treated sand samples were taken at a heating rate of 10°C/s, using a Harshaw 3000A TLD reader
coupled to a flow chart recorder. For each measurement, 5 mg of the sand sample was used. All TL
results reported for 220°C peak in this work are on the basis of measurements of TL peak area taken
between 25 and 275°C for the HF-treated, and between 25 and 325°C for the H2O2-treated samples.
Dosimetric measurements were also made using 370°C TL peak (peak height) in HF-treated sand
samples. Each experimental point represents average of six measurements with standard deviation (lcr)
less than 5%.

The dose vs TL intensity response curves were plotted for both the types of treated samples in the
dose range of 0.25 - 18 kGy using a laboratory ^Co gamma-ray source at a dose rate of 10.3 Gy/min,
as calibrated with a Fricke chemical dosimeter.

3. RESULTS

Fig. 1 shows the dose vs TL intensity calibration curves for 220°C and 370°C peaks in the HF-
treated sand samples in the dose range of 0.25 -18 kGy. It is seen that the response curve of 220°C peak
does not saturate up to 6 kGy. Beyond the dose of 6 kGy, it decreases slowly up to the studied dose of
18 kGy. Similarly dose vs TL intensity response curve of 370°C peak does not saturate up to 10 kGy;
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FIG.l. Dose vs TL response curve o/220°C and 370°C peaks in HF treated sand
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FIG. 2. Dose vs TL response curve of220°Cpeak in H2O2 treated sand

TABLE I. ESTIMATED ABSORBED DOSE IN THE IRRADIATED SLUDGE SAMPLES BY
USING H2O2-AND HF-TREATED SAND SAMPLES

Sand
dosimeter

Estimated absorbed dose (kGy) for different periods of irradiation

2h 4h 6h

H2O2-treated (220°C)
HF-treated (220°C)
HF-treated (370°C)

0.90 ± 0.03
0.96 ± 0.04
1.00 ± 0.05

1.90 ± 0.07
2.00 ± 0.06
2.00 ± 0.06

2.80 ± 0.21
3.00 ± 0.04
3.00 ± 0.02

beyond which it decreases slowly. In the dose range 1 - 1 0 kGy, the maximum measurement
uncertainties in the individual calibrations were within ±5%; however, at lower doses uncertainties were
higher than ±5%. Fig. 2 shows similar dose vs TL intensity calibration curve for the H2O2- treated
samples. In this case also the response curve does not saturate up to 6 kGy; beyond which it decreases
slowly. Thus, these dose vs TL intensity calibration curves can be used to estimate the dose to the
irradiated sludge.

Table I shows the results for the estimated absorbed dose in the sludge for the samples irradiated
for three different periods. The estimated dose rate for the sludge irradiator was found to be 0.49 ±
0.02 kGy per hour.

4. DISCUSSION AND CONCLUSIONS

It was observed that the dose vs TL intensity curves of 220°C peak in the H2O2- and HF-treated
sand samples do not show saturation up to 6 kGy. Therefore, they can be used as in situ TL dosimeters
for radiation hygienisation of sewage sludge. The dose normally given to sludge is about 3-4 kGy. The
370°C TL peak in the HF-treated samples does not saturate even up to the studied dose of 10 kGy.
Therefore, the dose response of 370°C TL peak can also be used for estimating the dose given during
radiation disinfection of sewage sludge in addition to the 220°C TL peak. Use of such in situ TL
dosimeters (separated from the irradiated sludge) has many advantages over other external dosimeters
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as explained earlier. Using these dosimeters, the estimated dose rate for the sludge irradiator facility was
found to be 0.49 ± 0.02 kGy per hour (see Table I). In order to minimise uncertainties introduced due
to batch-to-batch variations in TL sensitivity, it is recommended that a separate calibration be drawn for
each batch. This is done by taking sludge samples at the inlet of the irradiator facility as well as at the
outlet on completion of the irradiation. Since both the types of samples (H2O2- and HF-treated) show
room-light-induced as well as sunlight-induced TL fading, care should be taken to protect the sand
samples from exposure to room-light or sunlight during collection of sludge samples at the inlet as well
as at the outlet of the irradiator, and also during cleaning, irradiation and TL readout of the sand
samples.
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