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INTRODUCTION 

Nuclear medicine is a very useful technique to diagnose 

various disease of human. Up to date new methods and 

new radiopharmaceuticals are continually being 

introduced in nuclear medicine. As the progressive use of 

radiopharmaceuticals in nuclear medicine it is also 

necessary to establish the magnitude of the risk involved 

with the use of radiation to compare with the benefit that 

can be obtained from these diagnostic procedures, so that 

the patient can obtained a real benefit and the results will 

be better than that obtained by other diagnostic 

modalities. Knowledge of the radiation absorbed doses 

will enable the clinician to compare the benefit using 

radio nuclides with the potential risk from the radiation. 

At the same time it will be helpful to determine the 

maximum amount of activity, which can safely be 

administered to a patient to provide the desired medical 

information. To know the risk of administered 

radiopharmaceuticals, the measurement of distributed 

radio activities and the estimation of absorbed dose in the 

organs are termed as internal dosimetry.
1-6

 The present 

time there is an increased interest in evaluating the 

absorbed dose delivered to patients by 

ABSTRACT 

Background: Radioisotope tomography is a form of medical imaging of the 

kidneys that uses radiolabelling. The two most common radiolabelled 

pharmaceutical agents used are Tc99m-MAG3 (MAG3 is also called 

mercaptoacetyltriglycine) and Tc-99m-DTPA (diethylenetriaminepentacetate). 

Tc-99m-DTPA is filtered by the glomerulus and used to measure the glomerular 

filtration rate and is the second most commonly used renal radiopharmaceutical, 

primarily because it is the least expensive. The main objective of the present 

study was to obtain the bio-kinetic data of organ activity as well as organ 

absorbed dose of Tc99m-DTPA for single photon emitters. 

Methods: We have carried out a method to obtain accurate organ activity with 

single photon emission computed tomography (SPECT). Tc-99m-DTPA 

radiopharmaceutical medicine was used as single photon emitters and we have 

demonstrated effective decay method and conventional method to obtain 

accurate organ (seven) activity with single photon emission computed SPECT. 

The observed organ activity is due to the Tc99m-DTPA is obtained and the data 

is compared among male, female and ICRP (international committee for 

radiation protection)-53 recommended data as well. 
Results: The outcome of study revealed that, dose absorbed power of male is 

greater than female, so in nuclear medicine centre absorbed doses should be 

estimated separately both for male and female for more proper treatment 

opportunity. It is also observed that there is no good agreement of absorbed 

dose values among male, female and ICRP-53 recommended data. 

Conclusions: Our achieved result is due to the extreme variation in food values 

and fundamental needed elements are certainly different between Bangladeshi 

peoples and foreigners. In case of foreigner’s it is almost equal for male and 

female, whereas for Bangladeshi male and female it is certainly different. 
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radiopharmaceutical. Recently, about 120 

radiopharmaceuticals used in nuclear medicine, has been 

published by ICRP-53 publication.
7
 The internal absorbed 

dose is measured by the MIRD (medical internal 

radiation dose) method.
8
 

Measurement of radioactivity in human organs is a major 

problem in internal radiation dosimetry. At present the 

data of internal absorbed dose is not so accurate due to 

inadequate data regarding the bio-distribution of radio 

chemicals in the body.
9
 The conventional techniques used 

in the purpose are the extrapolation of animal data to 

human, calculations based on the mathematical bio-

kinetic models and direct measurements.
10-27

Among this 

method direct measurements can provide activity 

distributions with less biological assumption and NCRP 

(national council of radiation protection has emphasized 

on direct measurements of the radio activities distributed 

in human.
9 

Single photon emission computed tomography (SPECT) 

and positron emission tomography (PET) is a new 

imaging modality in nuclear medicine that provides 

regional as well as global information about physiology 

or chemistry within various body organs. For positron 

emitters although a very few direct measurements of 

organ activities have been done for dosimetric purpose 

for single photon emitters so far no experimental data is 

available ICRP-53.
7,26,29,30 

In the report of NCRP9 

although some guidelines to measure the radioactivity 

with the diagnostic instruments (PET, SPECT and 

gamma camera) are given, it becomes difficult for the 

nuclear medicine centres to obey those guidelines only 

for dosimetric purposes due to their busy schedule. Since 

from the beginning both male and female are taking the 

treatment from nuclear medicine centre and ICRP 

recommended the absorbed dose only for male but not 

female, the absorbed dose for female is an important 

thing. However, in this study, absorbed dose for both 

male and female has been made and compared those with 

the ICRP-53 recommended absorbed dose.
7
 Definitely, 

this inter comparison of results between male and female 

will be helpful to assess the accuracy of the dose 

administrated in the patient. For dose calculation we use 

two methods, one is effective decay method and another 

is conventional method (normal calculation). As the 99m 

Tc-compounds are widely used in nuclear medicine, we 

have used 99m Tc-DTPA. Finally using the present 

experimental data of cumulated activity, the absorbed 

dose has been estimated for seven target organs by the 

MIRD method.
31

Also we compare the results of dose 

calculation with ICRP-53 recommended data. 

METHODS 

Calculation of absorbed dose  

In the MIRD method the organs were classified into 

source organs in which radiopharmaceuticals 

accumulated and target organs to which radiation from a 

source organ is penetrated.
31

 The absorbed dose of a 

target organ defined by Loevinger et al can be expressed 

as:
32 
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Where Ah

~
 is the cumulated activity of the hth source 

organ and S  rr hK
  is the absorbed dose in the k-th 

target organ per unit cumulated activity of the hth source 

organ, i. e. S-value. The absorbed doses for various 

radiopharmaceuticals presented in this thesis were 

calculated using (1). In the dose calculation procedure 

seven organs were considered as the target organs. 

The Cumulated activity Ah

~
 in a source organ or tissue 

h, depends on the administered activity, 

 Ao is the physical half-life and is the bio-kinetics of the 

radiopharmaceuticals. Ah

~
 is obtained by integrating the 

time dependent activity: 
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Where Ah
(t) is the activity at time t in the source organ 

or tissue considered. 

Cumulated activity in the remainder of the body 

The cumulated activity of the remainder of the body can 

be calculated according to the available data as follows. 

In the first approach the residence time for the remainder 

of the body can be calculated if we know the retention 

function for the total body. The retention function for 

total body can be derived from direct measurements by 

using a total body counting or from measurements of 

urinary (and/or focal) excretion. It can be expressed as a 

sum of exponential. 

   tk

i
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And, the residence time for the remainder of the body is 

obtained by the following equation: 


i

TBiTBiRBRB TAF443.1  ……………….... (4)  

Where ATBi and TTBi are the intercept and the effective 

half-life of the exponential component for total body, and 

FRB is the fraction of the injected activity retained in the 
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remainder of the body. In the second approach, the 

cumulated activity for the remainder of the body can be 

calculated as the difference between the cumulated 

activity in total body (TB) and the sum of the individual 

cumulated activity in each source organ (hi) as: 

 
i

hiTBRB AAA
~~~

 …………………………. (5) 

Cumulated activity calculations 

In eight source organs typical time activity curves were 

obtained from measurements with whole body SPECT. 

Those organs were brain, thyroid, heart, liver, stomach, 

kidney, bladder and remainder of the body. The time 

activity curves were fitted with the function used by 

Jones et al as follows:
11 
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Where k2 and k4 are the intercepts and k1 and k3 are 

biological elimination constant, including physical decay 

constant. This method is denoted as effective decay 

method. The cumulated activity of the remainder of the 

body was calculated according to the suggestion of the 

Ph.D. thesis of Mejia et al.
33 

To obtain the activity of the 

remainder of the body a free hand region of interest 

(ROI) was drawn on each whole body image and the total 

activity was measured. Sum of the activity of seven 

source organs (brain, thyroid, heart, liver, stomach, 

kidney and bladder) and the activity of urine were 

subtracted from the total activity of the whole body, 

which gives the activity of the remainder of the body. 

As the activity of radioactive substances cannot stay in 

the infinite time, so there are some errors in our 

experimental values. To overcome these problems we 

considered a new calculation method (normal calculation) 

which defined as conventional method. 

423241 /)()(
~
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RESULTS 

From this study it was found that, the administration of 

Tc99m-DTPA radiopharmaceuticals have absorbed dose 

of Milli Gray/Mega Becquerel (mGy/MBq) per unit 

organ (seven) activity of male patients in of brain, 

stomach, heart, kidney, lung, thyroid and bladder and the 

observed mean value of 4.41E-03, 1.89E-03, 4.37E-03, 

3.95E-03, 6.93E-03, 4.13E-03 and 6.44E-03 respectively 

as shown in Table 1. Likewise, absorbed dose per unite 

activity administrated of 
99m

Tc-DTPA in female patients 

for above mentioned seven organ were 2.71E-03, 3.24E-

03, 2.76E-03, 1.58E-03, 3.66E-03, 2.51E-03 and 1.00E-

03 shown in Table 2. 

 

Table 1: Absorbed dose per unite activity administrated of 99mTc-DTPA (mGy/MBq) for male (nuclear medicine 

centre, Bogra). 

Organs Patient-1 Patient-2 Patient-3 Patient-4 Average 

Brain 2.84E-03 3.72E-03 7.59E-03 3.49E-03 4.41E-03 

Stomach 1.05E-03 1.14E-03 1.25E-03 8.55E-04 1.89E-03 

Heart  7.61E-03 2.15E-03 2.36E-03 5.82E-03 4.37E-03 

Kidney 3.77E-03 6.52E-03 2.05E-03 3.13E-03 3.95E-03 

Lung 6.25E-03 8.16E-03 7.52E-04 4.87E-03 6.93E-03 

Thyroid 1.36E-03 2.33E-03 8.25E-05 9.51E-03 4.13E-03 

 Bladder  3.78E-03 6.08E-03 2.49E-04 2.07E-04 6.44E-03 

 

Table 2: Absorbed dose per unite activity administrated of 99mTc-DTPA (mGy/MBq) for female (nuclear medicine 

center, Bogra). 

Organs Patient-1 Patient-2 Patient-3 Patient-4 Average 

Brain 1.73E-03 5.31E-03 2.90E-04 3.54E-03 2.71E-03 

Stomach 1.59E-03 5.52E-03 5.56E-03 3.02E-04 3.24E-03 

Heart  5.18E-04 5.27E-04 5.27E-03 4.73E-03 2.76E-03 

Kidney 1.94E-03 2.05E-04 2.06E-03 2.13E-03 1.58E-03 

Lung 2.56E-04 7.09E-03 1.47E-03 7.83E-03 3.66E-03 

Thyroid 2.00E-03 1.91E-03 4.19E-03 1.95E-03 2.51E-03 

 Bladder  2.43E-04 1.37E-03 1.38E-03 8.66E-04 1.00E-03 
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Table 3: Comparison among the experimental values 

of the absorbed doses of 99mTc-DTPA (mGy/MBq) of 

male, female and the result of ICRP-53 recommended 

data. 

Source 

organs 

99m
Tc-DTPA 

Male Female ICRP-53 

Brain 4.41E-03 2.71E-03 2.78E-03 

Stomach 1.89E-03 3.24E-03 1.30E-03 

Heart  4.37E-03 2.76E-03 2.75E-03 

Kidneys 3.95E-03 1.58E-03 4.40E-03 

Lungs 6.93E-03 3.66E-03 1.00E-03 

Thyroid 4.13E-03 2.51E-03 7.90E-03 

Bladder  6.44E-03 1.00E-03 6.50E-03 

 

Figure 1: Radiation absorption of brain, stomach, 

heart, kidneys, lungs, thyroid, bladder of male and 

female and its comparison with ICRP-53 

recommended data. 

In case of the result of ICRP-53 recommended data, it 

was observed as 2.78E-03, 1.30E-03, 2.75E-03, 4.40E-

03, 1.00E-03, 7.90E-03 and 6.50E-03 for brain, stomach, 

heart, kidney, lung, thyroid and bladder respectively in 

Comparison among the experimental values of the 

absorbed doses of 
99m

Tc-DTPA (mGy/MBq) of male and 

female data also presented in Table 3. However, there 

was a significant variation of radiation absorption 

observed for Tc99m-DTPA radiopharmaceuticals in 

brain, stomach, heart, kidneys, lungs, thyroid, and 

bladder of male, female and its comparison with ICRP-53 

recommended data is shown in Figure 1. 

DISCUSSION 

Since tomography image of SPECT can provide more 

accurate data, we have evaluated this method to obtain 

bio-kinetic data as well as absorbed dose with the whole 

body SPECT system. Although the transmission scan, in 

each SPECT measurement is a prerequisite condition for 

attenuation correction to get the accurate emission data, 

due to technical limitations it was not possible to acquire 

the transmission data. A constant value of attenuation 

coefficient (µ=0.15 per cm) was used to acquire the image 

data. For each subject, the transmission scan can provide 

a µ-map for the shape and position of the subject 

appeared in SPECT measurements, which can provide 

more accurate data.
29,30

 However, uses of a constant value 

of µ to the emission data will introduce some errors; as a 

result the organ activity as well as the absorbed doses 

might be suffered from the actual result. Seven organs, in 

this study were considered as the source organs for 

administration of 99mTc-compounds. Therefore, the 

activity was measured for a certain time interval in 

calculation of the cumulated activity in source organs, no 

experimental data of activity were present after the last 

measurement; the fitting parameters provided the organ 

activity for an infinite time with a constant biological 

disappearance data.
15,16

 

CONCLUSION 

Most of the published dosimetric data in ICRP 53 have 

been based on the bio-kinetic model or extrapolation from 

animal data, in which large number of assumptions are 

made. Direct measurements can provide more accurate 

bio-kinetic data of activity as well as absorbed doses and 

NCRP  has also emphasized on direct measurement of 

accurate organ activity with SPECT. Dose absorbed 

power of male is high, so in nuclear medicine centre 

absorbed doses are estimated separately for different male 

for more proper treatment. It is observed that there is no 

good agreement of absorbed dose values between the two 

methods. In all cases the measured values of effective 

decay method is about two times higher than conventional 

method. Therefore, there is a scope for further study with 

better statistic.  
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