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ABSTRACT

Internal radiation monitoring of occupational radiation workers is 
essential for protecting them against the risks of incorporated 
radionuclides. More than 400 workers in Bangladesh are working 
with unsealed radioactive sources and most of them are employed at 
different nuclear facilities. Among the 18  Nuclear Medicine Centers 
in the country, the National Institute of Nuclear Medicine  and Allied 
Science (NINMAS), Dhaka was selected for this study where 
workers get internal radiation exposure while processing and 
labeling of the liquid sources. The aim of this study was to estimate 
the activity concentration and committed effective doses from 
bioassay sample, namely urine samples of Nuclear Medicine (NM) 
workers due to handling of radioactive Iodine (131I), Technetium 
(99mTc) and Fluorine (F-18). Total 86 urine samples were collected 
from 17 occupational workers of NINMAS during the year 2017 and 
analyzed using High Purity Germanium (HPGe) detector. The 
radioactivity of 131I and (99mTc) was found 2.21±0.44 BqL-1 to 444 ± 
39.91 BqL-1 and 5.53±1.12 BqL-1 to 603 ± 72.36 BqL-1 respectively. 
Due to low activity of the unsealed F-18 sources and for appropriate 
shielding, radioactivity of F-18 was found below the minimum 
detection level in the urine samples of the workers who handled it. 
The effective doses of occupational workers have also been 
calculated using the radioactivity concentration and the dose 
coefficients given in ICRP publication 78. The highest and lowest 
effective doses due to handling of the unsealed source of (99mTc) 
were 28.2 and 0.0258μSv for working with 780 and 36mCi of 
radionuclide respectively. On the other hand, the highest and lowest 
effective doses due to handling of 131I were 8.73and 0.045μSv, for 
working with 1425 and 55 mCi respectively. Both the doses are 
found to comply with ICRP annual dose limit of 20 mSv.
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INTRODUCTION 

The use of radioisotopes in Nuclear Medicine (NM) is 
increasing continuously over the last few decades. 
When occupational workers of NM handle unsealed 
radioactive sources, it poses significant risks of internal 
exposure. Radioactive Iodine (131I), Technetium (99mTc) 
and Fluorine (F-18) are common radio-isotopes which 
are widely applied in NM both in Bangladesh and 
around the globe. Half-life of 131I, a volatile radionuclide 
is about 8.3 days which undergoes negative β decays. 
131I solutions are easily oxidized at normal temperature, 
which may expose the skin or inhalation from gaseous 
iodine will result in internal contamination. About 30% 
is deposited in thyroid and 70% is deposited in the body 
(1). 99mTc is not as volatile as 131I and widely used for 
diagnostic imaging. Its effective half-life is very short 
about 6 hours. The internal radiation risk that it poses 
may sometimes be overlooked (2). Fluorine-18 has a 
very short half life of 109.8 minutes and not suitable for 
rigorous inventory tracking, hence, storage at the point 
of use should be ensured. F-18 may pose a radiological 
hazard by external and internal exposure.

For thyroid diseases, 131I is used for diagnostic and 
therapeutic purpose (3-5). When occupational workers 
process and labels the unsealed liquid sources with 
labeling compounds, the sources may enter their 
systems through inhalation and ingestion. The present 
study was aimed to measure the contamination of the 
occupational staff who handle the above mentioned 

radiopharmaceuticals. A standard monitoring program 
for workers occupationally exposed to 131I, 99mTc and 
F-18 should include direct thyroid measurement, 
indirect bioassay of urine samples and workplace 
monitoring. In this study, we have considered bioassay 
method of urine samples. The aim of the study is to 
analyze the occupational workers internal radioactivity 
due to manipulation of unsealed sources while treating 
with the patients for diagnostic and therapeutic 
purposes.

MATERIALS AND METHODS

Collection and Preparation of Samples

Urine samples of a group of seventeen workers, who 
manipulate radio-nuclides at the National Institute of 
Nuclear Medicine and Allied Sciences (NINMAS) 
were collected. Urine samples were collected from 
occupational workers during 3 to 4 hour after 
manipulation of 131I, 99mTc and F-18 in standard plastic 
pots previously identified with name, date and time of 
collection (initial and final), activity of handling 
isotope. Workers were advised to read collecting 
instructions provided together with the pots. The main 
concern in this method is to reduce the possibility of 
external contamination of the pots. 

Samples were processed immediately after collection 
and measured with the HPGe (High Purity Germanium 
Detector) detector system of the Health Physics 
Division Laboratory, Atomic Energy Centre, Dhaka. 
The preparation of urine samples for measurement 
included determination of its volume. The volume of 
Urine samples was below 350 ml. Finally, sample was 
put inside a plastic bag and positioned on the HPGe 
detector to perform the measurement. The processing 
and sample measurements were performed soon after 
collection in order to minimize radioactive decay. In 
the present study, 10 transitions or gamma ray lines of 
the radionuclide152Eu were used to perform the 
efficiency calibration. The efficiency calibration curve 
is shown in Figure 1.

Figure 1: Efficiency of HPGe detector as a function 
of photon energies

Radioactivity Measurement

After completing the necessary steps of the HPGe 
detector, the radioactivity of the samples were measured. 
HPGe detector was filled with liquid nitrogen at least 12 
hours before the measurement and the detector system 
was turned on 15 minute before the first measurement of 
each day. The high voltage bias supply to the detector 
was gradually raised to the operating voltage (+1600 
Volt.), the amplifier coarse gain, fine gain and peak 
shaping time were also adjusted to the desired values (3). 
After all these settings had been done, a period of about 
half an hour was allowed for stabilization of the system. 
Then the energy calibration of the detector was checked 
by placing Cs-137 and Co-60 point sources at the 
detector axis with a source-to-detector distance of about 
20 cm, so that 661.66 keV, 1170 keV, and 1332 keV 
peaks could appear in the appropriate channels.Figure 2 
shows that straight line calibration curve for the gamma 
sources (137Cs-661.66keV, 40K-1460 keV&60Co -1173 & 
1332 keV). 

Figure 2: Energy Calibration curve of HPGe detector
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When occupational workers of NM handle unsealed 
radioactive sources, it poses significant risks of internal 
exposure. Radioactive Iodine (131I), Technetium (99mTc) 
and Fluorine (F-18) are common radio-isotopes which 
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around the globe. Half-life of 131I, a volatile radionuclide 
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were collected. Urine samples were collected from 
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collection (initial and final), activity of handling 
isotope. Workers were advised to read collecting 
instructions provided together with the pots. The main 
concern in this method is to reduce the possibility of 
external contamination of the pots. 

Samples were processed immediately after collection 
and measured with the HPGe (High Purity Germanium 
Detector) detector system of the Health Physics 
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The preparation of urine samples for measurement 
included determination of its volume. The volume of 
Urine samples was below 350 ml. Finally, sample was 
put inside a plastic bag and positioned on the HPGe 
detector to perform the measurement. The processing 
and sample measurements were performed soon after 
collection in order to minimize radioactive decay. In 
the present study, 10 transitions or gamma ray lines of 
the radionuclide152Eu were used to perform the 
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is shown in Figure 1.
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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
BqL-1 and 2.21±0.44 BqL-1 respectively, whereas the 
highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 131I (BqL-1) 131I (μSv)_____________________________________________

1 MDL 0

2 9.92± 1.98 1.95E-01

3 10.5± 2.1 2.07E-01

4 110±13.22 2.17E+00

5 151±30.26 2.98E+00

6 4.03± 0.81 7.93E-02

7 4.45±0.89 8.76E-02

8 MDL 0

9 3.06±0.61 6.02E-02

10 MDL 0

11 MDL 0

12 2.21±0.44 4.35E-02

13 MDL 0

14 MDL 0

15 MDL 0

16 280±33.59 5.51E+00

17 MDL 0

18 MDL 0

19 MDL 0

20 9.63±1.93 1.90E-01

21 304 ± 33.45 5.99E+00

22 12.37 ± 2.47 2.43E-01

23 MDL 0

24 29.93± 5.98 5.89E-01

25 444 ± 39.92 8.73E+00

26 354 ± 31.80 6.95E+00_____________________________________________

MDL= Minimum Detection Limit

Table 2: Measured Activity and Effective Dose of 
99mTc in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 99mTc in BqL-1 99mTc in μSv_____________________________________________
1 MDL 0
2 5.53± 1.12 2.58E-01
3 MDL 0
4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
6 39.72± 7.94 1.86E+00
7 48.4± 9.68 2.27E+00
8 24.08± 4.82 1.13E+00
9 27.63± 5.53 1.29E+00
10 28.51± 5.72 1.34E+00
11 31.86 ± 6.73 1.49E+00
12 21.7 ± 4.34 1.02E+00
13 13.93± 2.78 6.53E-01
14 12.7± 2.54 5.95E-01
15 8.41± 1.68 3.94E-01
16 7.61± 1.52 3.57E-01
17 302 ± 36.24 1.41E+01
18 271 ± 32.52 1.27E+01
19 275 ± 33.04 1.29E+01
20 MDL 0
21 64.62± 7.75 3.03E+00
22 64.44 ± 7.73 3.02E+00
23 58.66± 7.04 2.75E+00
24 61.69± 7.29 2.89E+00
25 60.76 ± 6.40 2.85E+00
26 29.44± 3.53 1.38E+00
27 294 ± 35.28 1.38E+01
28 260± 31.02 1.22E+01
29 277± 33.24 1.30E+01
30 42.73±8.55 2.00E+00
31 MDL 0
32 35.05± 7.01 1.64E+00
33 34.71± 6.94 1.63E+00
34 355 ± 70.12 1.66E+01
35 368 ± 44.16 1.72E+01
36 305± 51.06 1.43E+01
37 255 ± 51 1.19E+01
38 MDL 0
39 456 ± 54.72 2.14E+01
40 484± 58.08 2.27E+01
41 597± 71.64 2.80E+01
42 517± 62.04 2.42E+01
43 575± 69.01 2.69E+01
44 603± 72.36 2.82E+01
45 MDL 0
46 209 ± 25.08 9.78E+00
47 172 ± 20.64 8.07E+00_________________________________________________

DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 

ABSTRACT

Primary hyperparathyroidism (PHPT) presenting as pathological 
fractures with brown tumors is very rare in children. The rarity and 
variable presentation of PHPT can make its diagnosis a challenge – 
especially in the developing countries where malnutrition may mask 
hypercalcemia. We report a case of a 14–year-old girl who presented 
with muscle pain, multiple fractures and bone pain. Laboratory tests 
revealed normocalcemia with vitamin D insufficiency. Subsequent 
biochemical, radiographic and scintigraphic findings were consistent 
with primary hyperparathyroidism due to a parathyroid adenoma. 
Tumor resection was done in a local hospital and histopathology 
confirmed parathyroid adenoma. Following parathyroidectomy, 
fractures were treated conservatively with supplementation of 
calcium and vitamin D. We found her quite capable of self-care and 
walking in good health at 1 year follow up. Though rare, 
PHPT-causing brown tumors related skeletal fractures is an important 
differential diagnosis in the evaluation of patients presenting with 
multiple foci of radiotracer uptake in bone scintigraphy.

Keywords: Hyperparathyroidism, pathological fracture, brown 
tumor, parathyroid adenoma, bone scintigraphy
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INTRODUCTION 
Primary hyperparathyroidism (PHPT) is rare in childhood 
and early adolescence, and may present special difficulties 
in diagnosis (1). The clinical symptoms of hyperpar- 
athyroidism at an early stage are mostly nonspecific and 
atypical, making it very difficult to diagnose. The 
diagnosis of most cases is delayed and patients may 
present with complications of long-term hypercalcemia, 
such as brown tumors, or nephrocalcinosis or pathological 
fracture. Although the measurement of serum calcium and 

parathyroid hormone (PTH) levels provide early diagnosis 
and decreases the incidence of radiographic bone 
involvement, progressive major bone lesions may still be 
seen in developing countries even in the modern era. The 
diagnosis can be very perplexing especially because the 
expected hypercalcemia associated with the PHPT may be 
masked by calcium, protein or vitamin D deficiency (2, 3). 
The reported incidence of fractures in hyperpar- 
athyroidism is quite low, about 10% in two large series (4), 
and apart from vertebral compression fractures, no 
characteristic fracture pattern have been described. 
Extensive bony involvement with pathological fractures as 
a presenting feature due to parathyroid carcinoma has been 
documented (2, 5), but multiple pathological fractures, as a 
presenting feature of primary hyperthyroidism due to 
parathyroid adenoma is extremely rare. Here we present a 
case of an adolescent girl who presented with multiple 
fractures and brown tumors due to parathyroid adenoma.

CASE REPORT
A 14-years-old girl was referred to the scintigraphy 
division of Institute of Nuclear Medicine & Allied Sciences 
(INMAS), Mymensingh for the evaluation of recurrent 
fractures and bone tumors. She had been experiencing 
muscle weakness, bone pain and recurrent bone fractures of 
the limb over 2-years following minor accidental injury. 
There was history of fracture of her right mid femur which 
was not treated as pathological fracture. Inadequate and 
improper management led to healing with malunion and 
limb deformity. Prior to this, she had left femoral neck 
fracture managed by conservative treatment two years ago. 
She also recalled one-year history of both thigh pain 

unresponsive to common analgesics, unexplained fatigue 
and generalized muscle weakness. Physical examination 
revealed right thigh and right humerus swelling with 
tenderness, deformity of left hip with movement 

restrictions. The girl had no history of tuberculosis, rickets 
or childhood malnutrition. Radiographic images showed 
multiple fractures of left femur neck, shaft of right femur 
and ribs with features of osteolysis (Figure 1). 

Initial laboratory tests showed normal complete blood 
count, serum calcium level of 10.2 mg/dl, (normal range 
10.0 - 12.0 mg/dl), low phosphorus level of 2.4 mg/dl, 
(normal range, 3.0-5.0 mg/dl), and slightly high alkaline 
phosphatase (ALP) 380 IU/L (normal range, 65-300 
IU/L). HBsAg and RA tests were negative.

A whole body bone scan was performed with 555 MBq of 
99mTc-methylene diphosphonate (99mTc-MDP) using 
Symbia True Point SPECT/CT. The bone scan showed 
multiple focal areas of increased radiotracer uptake in the 
right humerus, right scapula, sternum, clavicles and ribs 
bilaterally, left femoral neck, right femoral shaft and 
lower part of left tibia (Figure 2). 

Scintigraphic images looked like extensive skeletal 
metastases of unknown primary (SMUP). However, 
cancer biomarkers (e.g. Serum CEA, CA-15-3 and 
CA-125), abdominal ultrasound scan, kidney and thyroid 
function tests were unremarkable. After getting the 
elevated serum parathormone (PTH) level of 356 ng/ dl 
(normal range, < 20 ng/dl) and low 25-hydroxyvitamin D 
(25-OHD) level of 21.0 ng/ml (normal range, 30 – 100 
ng/ml), a parathyroid imaging was scheduled for the 

patient. Firstly, a high resolution ultrasound scan of neck 
revealed a small hypoechoic nodular mass like lesion (~1.8 
X 0.7 cm) within the lower part of left lobe of thyroid with 
possible extension cephalad and posterior, and thought to 
be a thyroid nodule (Figure 2). However, the possibility of 
an intrathyroidal parathyroid tumor could not be excluded. 
Secondly, a 99mTc-MIBI- SPECT/CT scan of neck and 
upper chest showed MIBI avid left inferior parathyroid 
lesion highly suspicious of adenoma (Figure 3).

In addition, CT component of SPECT/CT demonstrated 
multiple osteolytic and expansile bone lesions in sternum, 
clavicles, multiple ribs and right humerus (Figure 3). 
Subsequently, patient underwent left inferior 
parathyroidectomy with curative intent. Histopatho- logical 
examination confirmed the diagnosis of parathyroid 
adenoma and no features of malignancy. 

Two days postoperatively, the patient experienced transient 
mild hypocalcemia (7.1 mg/dl) and treated with oral calcium 
carbonate supplementation. Interestingly, on 7th 
postoperative day, there was persistently elevated PTH (273 
ng/dl) which raised the suspicion of either incomplete 
surgical procedure or the presence of more adenoma. Whole 
body imaging with 99mTc-MIBI SPECT/CT was done which 
apparently showed no abnormality but CT component 
revealed osteolytic and expansile bony lesions in the sternum, 
clavicle, ribs, right humerus, and additionally, similar lesions 
in left femoral neck and right femur (Figure 4). 

Decreased bone density was also observed and the 
trabecular bone of the femur was thinned. 
Histopathological biopsy of right femoral lesion reported 
features consistent with brown tumor and possibly the 
osteolytic expansile skeletal lesions of left femoral neck, 
right humerus, sternum and other sites were due to primary 
hyperparathyroidism-related multifocal brown tumors.

After conservative treatment of the fractures the patient 
was discharged with supplementation of oral calcium 
carbonate and cholecalciferol. However, PTH level was 
elevated, which took 3 months to come down to normal, 
indicating cure. Furthermore, patient neither complained 
bony pain nor muscle weakness. 

At 1 year follow up, patient was found stable with CT 
proven regression of the skeletal lesions with a serum 
PTH of 15ng/ml and continued calcium and vitamin-D 
supplementation.  

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.
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DISCUSSION
Primary hyperparathyroidism (PHPT) affects 22 per 
100,0000 people per year with a mean age of onset of 56 
years and a female preponderance of 3:1 (6). The 
incidence in patients aged 12 to 28 years is less than 5% 
(7). Solitary parathyroid adenomas account for 80 to 85% 
cases of PHPT. Less common causes include multiple 
adenomas, parathyroid hyperplasia, and parathyroid 
carcinoma. Biochemical screening of serum calcium 
detects PHPT early and reduce the classical presentation 
with renal stones or bone manifestations. Reported 
literature cases of PHPT described mainly of patients 
presenting with severe skeletal deformities, fractures and 
aesthesia, similar to this reported case (8, 9). In a large 
case series, the correct diagnosis was delayed for years 
because most of the patients presented with skeletal 
problems (30%-40%), such as osteopenia, osteoclastoma, 
fractures and renal involvement (40%-50%) e.g. 
nephrocalcinosis or renal calculi, both of which are the 
complications associated with long term hyperparathy- 

roidism (9). This case unusually presented with initial 
normocalcemia, much younger age and concomitant 
multiple fractures and brown tumors which raised 
diagnostic dilemma. Serra et al. reported that 
normocalcemic PHPT has similar complications like 
hypercalemic PHPT including nephrolithiasis and severe 
bone disease. Clinical presentation with pathological 
fractures as a symptom of hyperparathyroidism in young 
patient of parathyroid adenoma is extremely rare (10). 
Early diagnosis is important to prevent fracture. 

Brown tumor is considered a benign tumor, belongs to 
giant-cell tumor group. Fibrous tissue replacing the bone is 
mixed with multinucleated giant cells and hemorrhagic foci 
(accumulation of hemosiderin in macrophages gives the 
name of the tumor). The lesion may grow, generate pain or 
pathological fractures. The majority of brown tumors are 
secondary to parathyroid adenoma, a small proportion 
secondary to parathyroid hyperplasia and rarely parathyroid 
carcinoma. Our patient presented with bone involvement, 
which has been noted in a number of other studies (3-4).
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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
BqL-1 and 2.21±0.44 BqL-1 respectively, whereas the 
highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 131I (BqL-1) 131I (μSv)_____________________________________________

1 MDL 0

2 9.92± 1.98 1.95E-01

3 10.5± 2.1 2.07E-01

4 110±13.22 2.17E+00

5 151±30.26 2.98E+00

6 4.03± 0.81 7.93E-02

7 4.45±0.89 8.76E-02

8 MDL 0

9 3.06±0.61 6.02E-02

10 MDL 0

11 MDL 0

12 2.21±0.44 4.35E-02

13 MDL 0

14 MDL 0

15 MDL 0

16 280±33.59 5.51E+00

17 MDL 0

18 MDL 0

19 MDL 0

20 9.63±1.93 1.90E-01

21 304 ± 33.45 5.99E+00

22 12.37 ± 2.47 2.43E-01

23 MDL 0

24 29.93± 5.98 5.89E-01

25 444 ± 39.92 8.73E+00

26 354 ± 31.80 6.95E+00_____________________________________________

MDL= Minimum Detection Limit

Table 2: Measured Activity and Effective Dose of 
99mTc in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 99mTc in BqL-1 99mTc in μSv_____________________________________________
1 MDL 0
2 5.53± 1.12 2.58E-01
3 MDL 0
4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
6 39.72± 7.94 1.86E+00
7 48.4± 9.68 2.27E+00
8 24.08± 4.82 1.13E+00
9 27.63± 5.53 1.29E+00
10 28.51± 5.72 1.34E+00
11 31.86 ± 6.73 1.49E+00
12 21.7 ± 4.34 1.02E+00
13 13.93± 2.78 6.53E-01
14 12.7± 2.54 5.95E-01
15 8.41± 1.68 3.94E-01
16 7.61± 1.52 3.57E-01
17 302 ± 36.24 1.41E+01
18 271 ± 32.52 1.27E+01
19 275 ± 33.04 1.29E+01
20 MDL 0
21 64.62± 7.75 3.03E+00
22 64.44 ± 7.73 3.02E+00
23 58.66± 7.04 2.75E+00
24 61.69± 7.29 2.89E+00
25 60.76 ± 6.40 2.85E+00
26 29.44± 3.53 1.38E+00
27 294 ± 35.28 1.38E+01
28 260± 31.02 1.22E+01
29 277± 33.24 1.30E+01
30 42.73±8.55 2.00E+00
31 MDL 0
32 35.05± 7.01 1.64E+00
33 34.71± 6.94 1.63E+00
34 355 ± 70.12 1.66E+01
35 368 ± 44.16 1.72E+01
36 305± 51.06 1.43E+01
37 255 ± 51 1.19E+01
38 MDL 0
39 456 ± 54.72 2.14E+01
40 484± 58.08 2.27E+01
41 597± 71.64 2.80E+01
42 517± 62.04 2.42E+01
43 575± 69.01 2.69E+01
44 603± 72.36 2.82E+01
45 MDL 0
46 209 ± 25.08 9.78E+00
47 172 ± 20.64 8.07E+00_________________________________________________

DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.
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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
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highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
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16 280±33.59 5.51E+00
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23 MDL 0

24 29.93± 5.98 5.89E-01
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MDL= Minimum Detection Limit
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No Activity of Dose of 
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1 MDL 0
2 5.53± 1.12 2.58E-01
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4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
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44 603± 72.36 2.82E+01
45 MDL 0
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DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 

Figure 4: Comparison of Average Effective Dose of 131I and 99mTc with Annual Dose Limit

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.
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