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ABSTRACT      

       The Internal radiation dosimetry calculations are very important to 
estimate the benefit and the risk of radiation in nuclear medicine field for 
both patient and worker. MIRD scheme and ICRP model have valid methods 
in this type of calculations. In this work, a new program called 
WIRDST[1]the Workers Internal Radiation Dosimetry Simulation for 
Thyroid gland has been built up by using the Monte Carlo (MC) method to 
simulate the internal exposure of sodium iodide by inhalation for workers. 
The working conditions have been taken as the same as found in the hot 
laboratory of nuclear medicine unit in the National Cancer Institute in Cairo 
University.  
 

      The point source equivalent model as a parameterization equation has 
developed newly by using the fitting model of MC method for uniform 
distribution of radioactive sodium iodide in the thyroid gland. This model is 
used for the first time in this type of calculation, and then applied on 3D 
coordinates of mathematical geometry for the adult phantom of the reference 
man. The latest parameters (anatomical data and inhalation metabolic data) 
of ICRP pamphlets and recommendations have been used in this purpose. 
Moreover, the latest scheme for iodine decay mode and the latest geometry 
model for thyroid gland are used also. 
       
       The results showed that the specific effective energy and the effective 
dose decrease from the thyroid gland to the nearest organs then decrease 
gradually until terminated in the organs that have large distance from the 
thyroid. The Annual Limit of Intake (ALI) has been calculated for a wide 
range of thyroid uptake (5%, 15%, 25%, 35%, 45%, and 55%) in addition to 
change of the working time order per week in one year. The results showed 
that the critical point of intake limits are decreased when the thyroid uptake 
is increased and/or the number of working time in the hot laboratory per 
week is increased. 
 

      To avoid the increment of radiation risk factor, it is very important to 
recommend that the workers have to undergo monitoring procedures for 
131I in addition to reduce the interval of the working time per week as much 
as applicable. 

 
                  Key words: Internal Radiation Dosimetry, Monte Carlo, 131I, WIRDST, Point 
                  Source   Equivalent Model 

 
INTRODUCTION 

The Internal Radiation Dosimetry (IRD) calculations are considered very important to determine 
the benefit and\or the risk of radiations that come from the internal deposited of radioisotopes in the 
body. In spite of, the huge benefits that are taken from using the radionuclides as radiopharmaceutical 
materials for both therapeutic and diagnostic states in nuclear medicine field, their emitted radiations 
(especially gamma-rays) have a large ability to penetrate the whole body tissues and organs for a long 
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distance as in the matter. Therefore, IRD calculations are very complicated, whereas the absorbed dose 
estimation still governed by probabilistic rather than deterministic laws. Consequently, it is very 
important to avoid the harmful of radiations for occupationally workers, where, they are still the main 
targets for the radiation either as an external exposure or an internal exposure by many pathways 
(inhalation, ingestion, and injection). These may cause many harmful and risks in their body and 
tissues, which will lead sometimes to cancer.  
 

      In this paper we will use the Monte Carlo (MC) method as a mathematical tool to build up a 
simulation program (WIRDST) for the internal occupationally exposure by inhalation of sodium iodide 
(Na131I) radionuclides which are primary used in thyroid tumor treatment and diagnosis in the National 
Cancer Institute (NCI) in Egypt. Using this program, we can estimate the specific effective energy, the 
organ equivalent dose, the effective dose and the annual limit of intake (ALI) for the workers in 
nuclear medicine department in this institute.  
 

METHODILEGY 
 

      Historically, many methods are trying to hold more accuracy to determine the absorbed dose in an 
internal organ or target irradiated from internal deposited radionuclides in the source organ. Some of 
these methods are like the kernel point source [2] and others illustrated in [3] and [4]. In this sense the 
medical internal radiation dose (MIRD) committee and the international commission on radiological 
protection (ICRP) have given good methods in this field. Where they have good tools and models for 
IRD calculations, and also they have an advanced scheme for more details related to these calculations 
for both the patient and the worker in nuclear medicine applications. 
 

Committed Equivalent Dose and the Specific Effective Energy SEE 
ICRP task groups are interesting widely to study the effects and the safety methods for the 

protection of the radiation emitted from the radioisotopes in general and those emitted from the 
internal deposited in the tissues in the body of the workers. Since these effects are related to the dose 
equivalent, the risk is determined by the total dose equivalent averaged throughout the organ over all 
the time that dose equivalent is delivered. The task group of ICRP in ICRP-30 [5] and ICRP-60 [6] 
recommended that the period for integration of dose equivalent is 50 years after intake of a 
radionuclide into the body. Then the committed dose equivalent H50, which is the total dose equivalent 
throughout any tissue over 50 years for all types of radiation, is given by the relation: 

)(
50

STH ← 313 10)(106.1 ×←××= − STSEEU s          (1) 
Where: Us is the number of transformations of radionuclide in the source over 50 years. 
1.6 ×10-13 is the number of joules in 1 MeV, and 103 is the conversion factor from Kg-1 to g-1. 

)( STSEE ←  (MeV.g-1 per transformation) is the total specific effective dose as summing over all 
radiation emitted. Then it is given by the following relation: 
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Where: MT is the target organ mass in gram. 
Yi and Ei are the yield and the average energy (MeV) of ith radiation per transformation respectively. 

iQ  is the quality factor for each type of radiation or the radiation weighting factor WR in ICRP-60 and 
ICRP-92 [7] where for photons, beta particles and electrons WR is equal to 1 for all energies. 
AF (T←S) i is the target absorbed fraction of the emitted energy of radiation of type i  per 
disintegration of radionuclide in the source. The absorbed fraction have the same definition in MIRD 
study  [8], where the absorbed fraction for non-penetrating radiation like beta particles and electrons is 
equal to 1 when the source and the target are the same, and it is equal to 0 in the other target organs. 
On the other hand, for penetrating radiations like gamma-rays, it has the value between 0 and 1. Here 
it is important to note that the MIRD committee has built their concepts and schemes at the absorbed 
dose fraction and the relative position between the source and the targets [9] to determine the absorbed 
dose as it shown in figure (1). 
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Committed effective dose and Annual Limit of Intake ALI 
       For more progress in these concepts, the committee of ICRP defines also the committed effective 
dose E (50) for organ and tissue for 50 years after the intake depending on the sensitivity of each 
organ for radiation. Thus the committed effective dose is given by the relation: 

)()50( 50 STHWE
T

T ←=∑            (3) 

Where: WT is the weighting factor as it in ICRP-60, and )(50 STH ← is given by equation (1). 
However, in most recommendations of ICRP, the effective dose and the committed equivalent dose 
are determined by (Sv.Bq-1), they are the quotient of effective dose or committed equivalent dose per 
one Bq of the radioactive substance. 
 
                                                                               

                   
 
 
 
 
 
 
 
 
 

 
Figure (1): The relative physical position between source and target. 

 

      On the other hand, ICRP-30 defined the annual limit of intake ALI, which defined as the greatest 
value of the annual intake I (Bq) from inhalation or ingestion of radionuclide. This will lead to 
determine the maximum dose whether it is inhaled or ingested by the average reference man. 
According to the ICRP-30, ALI must satisfy the following two conditions: 

• For stochastic effects the ALI condition is: 
05.0)(50 ≤←∑ STHWI

T
T Sv. 

• For non-stochastic effects the ALI condition is: 
      5.0)(50 ≤←∑ STHWI

T
T  Sv. 

However, for the case of internal exposure, the ICRP-68 [10] recommended that the ALI should be 
based on the committed effective dose of 20 mSv. So, if ALI is given in Bq, then the committed 
effective dose unit is Sv.Bq-1. 

 
MATERIALS 

 

We have built the Workers Internal Radiation Dose Simulation for Thyroid gland (WIRDST) 
software by using Mathematica 4.1 [11]. Mathematica program has a wide library to solve algebraic 
and different equations in analytic form. In addition to, it is powerful tool in doing statistics and data 
manipulation. In WIRDST software we use MC technique and the nuclear physics data for the Na131I 
radionuclides, which is being used in the nuclear medicine department of NCI in Egypt. Since, the 
workers continued their work through 40 weeks in one year. The working schedule is 1-3 working 
days per week for preparing Na131I solution for patients in the hot laboratory. Although, all standard 
requirements for radiation protection are available in such laboratory and the workers follow the 
radiation protection regulations, they are exposed to radioactive inhalation during the working time.   
 
Anatomical Data  

For purpose of IRD calculations, the thyroid gland is considered as the main source of the 
radioiodine and the other organs in the body are the targets. In this work we have used the latest model 
for the thyroid gland geometry suggested by Clairnad et al. [12] with 20.7 g of mass as it shown in 

 
ٍٍS=T 

     S  
T

 T    
  S

(2) (1) (3) 

S T S T

(4 a (٤ b)

1)-S and T are the same organ. 
2)-T is surrounding by S. 
3)-S is surrounding by T. 
4)-S and T are separated: 
   a)- T and S are in a near vicinity compared 
 with the radiation interaction range.  
   b)- S and T are in the distant separation   
state compared with the radiation interaction 
range. 
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figure (2-C). On the other hand, we have used the latest anthropomorphic phantom for adult man 
which was described by Cristy and Eckerman [13] in the 3D coordinates as it shown in figure (2-A & 
B). Furthermore, we have used the latest anatomical data for both mass and elemental composition of 
each organ individually, which are described in ICRP-89 [14] as a universal data for reference man. 
These modified data are very close to the Middle East man in general and for the Egyptian worker 
man especially.  

                                                                 
 A B

                                                            
                               

Figure (2): Adult man phantom representation: A- skeleton, B- internal organs,  
C- thyroid gland model 

 
Physical and Metabolica Data  

Sodium iodide has been known very well in the oncology as a clinical technique since 1947, for 
both the treatment of thyrotoxicosis and the differentiated cancer of thyroid [15]. 131I decays by beta 
emission and associated gamma-rays with a physical half-life of 8.02070 days as it shown in table (1). 
In WIRDST program, we use the ICRP-66 [16] compartment model data and use the parameters for the 
respiratory system clearance and deposition model for 131I intake as in ICRP-56 [17]. So, in general, 
when iodine inters to the transfer compartment, it was assumed that the thyroid takes up 0.3 of all 
iodine with 120 days as a biological half-life and the rest will be exerted directly, then it leaves the 
gland after that as an organic iodide and distributed uniformly in the other tissues of the body [18]. 

However, according to ICRP-53 [19], we will suppose that the thyroid has uptake of different 
ratios of iodine (5%, 15%, 25%, 35%, 45% and 55%) in each single intake by inhalation pathway, but 
without recycled to the thyroid. The rest of iodine will be exerted directly by the clearance model. 
Table (1): The decay scheme of iodine (131I). 
Type of radiation Y (i) (Bq.s)-1 E (i) MeV Type of radiation Y (i)  E (i) 
 β- 1 2.10 E-02 6.936 E-02  γ12 2.74 E-03 3.258 E-01 
 β- 2 6.51 E-03 8.694 E-02  γ 14 8.17 E-01 3.645 E-01 
 β- 3 7.27 E-02 9.662 E-02  ce-K, γ 14 1.55 E-02 3.299 E-01 
 β- 4 8.99 E-01 1.916 E-01  ce-L1, γ 14 2.46 E-03 3.590 E-01 
 β- 6 4.80 E-03 2.832 E-01   γ 16 3.60 E-03 5.030 E-01 
 γ 1 2.62 E-02 8.019 E-02  γ 17 7.17 E-02 6.370 E-01 
 ce-K, γ 1 3.54 E-02 4.562 E-02  γ 18 2.17 E-03 6.427 E-01 
 ce-L1, γ 1 4.64 E-03 7.473 E-02  γ 19 1.77 E-02 7.299 E-01 
 γ 4 2.70 E-03 1.772 E-01  Kα1  - X-ray 2.55 E-02 2.978 E-02 
 γ 7 6.14 E-02 2.843 E-01  Kα2  -X-ray 1.38 E-02 2.946 E-02 
ce-K, γ 7 2.52 E-03 2.497 E-01 -------- ------- ------- 

 
C
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Monte Carlo Method  
 Monte Carlo method is considered as an active tool to solve the complex and statistical 
problems (theoretical or experimental) when it is very complicated to construct an algorithm to be 
valid for the computational processes [20]. The MC technique means building up random number 
generator RNG, or algorithm for each physical quantity in the system. The generated numbers are not 
completely random, since they are controlled with the boundary conditions rather than all the dynamic 
effects acting on the system. The building of the generators, usually starts with the pseudorandom 
number (r) series uniformly distributed in the range {0,1}, which are defined in most software related 
to mathematics such as FORTRAN 77–90, MATHEMATICA and MATHCAD [21]. In the other case, 
when we have many options for one event the RNG is built to select the event due to the magnitude of 
the probability. This way is named the selection method [22]. 
 
WIRDST Software Description  
 During the passage of the photons inside the target medium, they are subjected to multiple 
successive processes, each of them may occur at a certain point in the phase space (position, 
momentum, and time). The specific point in the phase space is considered as a branching point where 
the process may take place in multi channels; each channel has its own probability. Hence a generator 
should be built at this location to select the natural way that the process has to go.  
However, there are some suppositions in WIRDST respected with the physical and biological concepts 
taken in our point of view, these suppositions are: 
1- 131I have a uniform distribution in 3D coordinates in the thyroid gland. 
2- Beta particles and electrons have a complete absorption in the thyroid gland as the main source, 
where they have small ranges of interactions with body. 
3-The main algorithm for MC simulation in this case is specified to the photon interactions with 
matter, and each photon is characterized by angular distribution according to the traveling history of 
photon, then it is arranged with respect to the first selected angle. In general, there are three main types 
for photons interactions with matter: photoelectric effect, Compton effect and pair production [23]. In 
nuclear medicine, the absorbed part of the total energy that comes from gamma-rays interaction with 
tissues is very important for calculations. So, the absorption coefficient, which was called the mass 
attenuation coefficient µA (in cm2.g-1 units), has a numerical relation as follows: 

µA = µ / ρ      (4) 
Where ρ is the density of the absorber (in g.cm-3 units). µ is the linear attenuation coefficient(cm-1). For 
compound materials as in the case of tissues in the body, each material has a weighting fraction per 
cent of the total mass of tissue then each single photon will interact with each one of those materials 
independently. Thus, µ in this case has the form [24]: 

∑=
i

iiw )/( ρµρµ     (5) 

Where: wi and (µ/ρ)i are the fraction by weight and the mass attenuation coefficient of the ith atom 
consisting the mixture.  
4-We omit the pair production effect from the photon interactions with matter, since the maximum 
photon energy from the 131I decay scheme is below 1.022 MeV.  
RNGs for WIRDST program 

For the complete calculations we have used the following RNGs by MC technique: 
1- RNG to select the photon per transformation: According to the decay scheme of 131I, there are 9 
emitted photons with different energies and different branching ratios. Thus, the algorithm of this 
generator has built up basically on dividing the range of the random number “r” into 9-intervals (with 
0<r<1), where the width of each interval is proportional to the branching ratio of the emitted photon. 
The value of the selected random number from this generator will determine the photon. 
2-RNG to estimate the traveled distance of photon in the target medium d(r): it has been used to 
estimate the distance (d) traveled by photon in the medium before making the first interaction. It 
depends mainly on the total absorption coefficient µ as it given in the relation (5). The algorithm of the 
generator has the form: )1(1 rLogd −

−
=

µ
 (with 0 < r < 1). 
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3-RNG to examine the type of photon interactions M(r): it is a binary generator with two states (0 
& 1). The first state corresponds to the Compton process, and the other belongs to photoelectric effect. 
The ratio between the two states depends on both the energy of the incident photon and the atomic 
number of the target material. The algorithm of M(r) generator (with 0 < r < 1) has taken the form:  

if  
21

1
PP

Pr
+

≤  then M(r) =1  else M(r)=0   

Where P1, P2 are the probabilities of photoelectric effect and Compton effect, respectively. 
4-RNG to choice the scattering angle S(r): it has been used to choice the scattering angle of photon 
in the Compton effect depending on the Feynman diagram [25]. The RNG of S(r) has taken the form: 

∫

∫

+

+
= π

θ

θθ

θθ

0

2

0

2

))cos(1(

))cos(1(

d

d
r

       (with 0 < r < 1)  

Where: θ is the angle between the incident and the scattering photons and r is a pseudorandom 
number. 
WIRDST program subroutines 
The subroutines that were used in this program are: 
1-Energy-subroutine: This subroutine is used to calculate the deposited energy from each type of 
interactions. It is the total deposited energy as equal to the summation of all energies come from the 
photons energy of photoelectric effect and the recoil electrons energy of Compton scattering. 
2-Itteration-subroutine: It is used to follow the sequence of the photons from one type to another 
type of interactions until whether it has completely absorbed or escaped out of the thyroid gland. 
3-Dose- subroutine: This subroutine is used to calculate the total Specific Effective Energy SEE as 
given by the relation (2), committed effective dose E(50) as given by the relation (3), and  ALI. 
4-Bincount-subroutine: All photons escaped from the thyroid gland form a complex spectrum of 
energies and angels, and then one can follow the history for each photon in any another targets as it 
was applied in the traditional way of MC simulation. In our work, for the first time we apply the point 
source equivalent model for those photons by using the MC techniques, where each photon is 
characterized by both energy and its conjugate traveling angle. Therefore, the subroutine, which is 
used, in this case has the following steps: 1- Divide the output photon energies (E) and their angles (θ) 
into definite intervals then count them in each interval. 2-Confirm one of the two variables (E or θ) 
then extracts a parameterization function of this variable by using the fitting method in data 
manipulation in Mathematica 4.1 program. 3-Take these parameters and fit them with the second 
variable, then substitute it in the first fitting equation. 4-The output of the Bincount-subroutine is a 
parameterized equation in two dimensions phenomenalcal equation of E and θ. 
5-Target-subroutine: We deal with this parametric equation as a point source equivalent model taken 
from the Bincount-subroutine which will be subjected to the target organs. 
Finally, figure (4) shows the flow chart for WIRDST program involving all these RNGs and 
subroutines. 
 

RESULTS, DESCUSSIONS, and CONCLUSSION 
 

Point Source Equivalent Model 
       
        The radioactive iodine source starts with 9-line spectra of different intensities as indicated in table 
(1). These photons make successive interactions inside the thyroid gland through photoelectric effect 
(complete absorption) or Compton scattering (partial absorption). Figure (4) reflects the sequenced 
processes for the photon interactions in the thyroid gland step-by-step. Thus, figures (5,a,b, c, and d) 
show that the number of photon interactions continuously decrease from one step to another. The 
overall results are continuous spectra that are produced out the thyroid gland as distributed overall the 
space. In order to examine the effect of the emitted radiation from the thyroid gland in the surrounding 
organ, it is reasonable to get the point source equivalent model to the thyroid gland as a source. This 
will make it easy to follow the spatial evolution of the radiation through the surrounding organs as 
targets.  



VII Radiation Physics & Protection Conference, 27-30 November 2004,Ismailia-Egypt 

  ٥٠٧

Moreover, figure (5) shows that the energy of each photon decreases from one step to another due to 
their Compton scattering. However, it is so clear that the photons with energy 0.3645 MeV, which has  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4): The flow chart of the WIRDST program 
 
the largest number of transformation (81.7 % as shown in table (1)), have the largest amount of 
deposited energy in the source. Consequently, all the interacted photons will lose a part of their energy 
gradually until the photon is either escaped out of the source, or completely absorbed. Thus, all 
photons have successive processes during their traveling through the thyroid gland; consequently, the 
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photons form a complicated distribution in the phase space. The resultant radiations, which are 
illustrated in the Bincount-Subroutine, are parameterized in a reasonable form, represented as: 
- For the cylinder part: 

  )
2

sin(638.320281.671),(
22 )3.0(200)3.0(200 θ

θ EE eeEF +−−+−− −=  With -9.085 ≤ θ ≤ 1.571  

- For the half-sphere part: 

   )
2

sin(132.480768.869),(
22 )3.0(200)3.0(200 θ

θ EE eeEF +−−+−− +=  With –4.79 ≤ θ ≤ 1.571  

- For the truncated cone part: 

   )
2

sin(026.619663.714),(
22 )3.0(200)3.0(200 θ

θ EE eeEF +−−+−− += With –12.0147 ≤ θ ≤ 1.57061  

Where: E is the photon energy that ranges from: 0 to 0.7229 (MeV) and θ is the emission angle (rad). 
F (θ, E) is considered as the point source equivalent model to the thyroid gland, which will be 
subjected to the target organs in the body.  
Up to the authors knowledge, this is the first time to apply such model in parallel to the MC technique 
to simplify the problem and to reduce the time of processing of the MC generators. 
Figures (6) represents the parameterization equation of the point source equivalent model for the 
cylinder part of thyroid, in three dimensions, of the number of photons as a function of their emission 
angle and energy. The parameterization equation of the point source equivalent model will be used as 
a point source of radioiodine activity to irradiate the other surroundings. Figure (6) shows the photons 
of 0.3645 MeV which is the greatest amount of energy that will approach to the targets, and the other 
photons will be vanished slowly in the thyroid gland and in the near vicinity of it, then they have small 
contributions of the deposited energy in the other organs. Finally, the procedures of WIRDST program 
are divided into two routines: the first one belongs to the evolution of the photons in the thyroid gland. 
The resultant radiation comes from the thyroid gland is represented by the form of the point like 
source. The second routine deals with the propagation radiation from the point source through the 
organs surrounding the thyroid gland. 
 

Specific Effective Energy  (SEE)  
Now let us go to the total Specific Effective Energy SEE (T←S) (MeV.g-1 per transformation) 

for each target organ in the body while the point source equivalent model represents the thyroid 
source. Table (2) shows the simulation results related with the specific effective energy SEE for each 
target organ for all radioactive iodine transformation radiations (gamma, beta particles and electrons). 
It is easy to show that, the thyroid gland has the greatest amount of absorbed energy, because all the 
emitted beta particles and electrons are absorbed completely in the source (thyroid) it self. Since these 
particles have a small range of interactions (few micrometers) compared with the dimensions of the 
thyroid gland (few centimeters). Moreover, the photons lose a part of their energies before leaving the 
thyroid gland. Also, table (2) shows that the SEE decreases gradually starting from the thyroid nearest 
organs until terminated in the distant organs. Thus the most of the deposited energy will be 
concentrated in head, neck, and the upper part of the trunk of the phantom, and then decreases slowly 
until vanishes in organs located at large distance from the thyroid like (prostate, testes, bladder, 
sigmoid colon, pelvis bone and legs bone. 
  According to these results, it is useful to divide the target organs into three classes: 1- Organs 
that act as source and target so that it has the largest quotient of energy, 2- the vicinity organs, which 
have less amount of energy than the source organ, and 3- finally, the distant organs which didn’t 
receive energy. Thus, this classification is a rough approximation to explain the history of photon 
interactions with matter. However, the results of WIRDST program show fair agreement with those 
published by the MIRD committee in pamphlets [26] and [27] and the ORNL document [13].  
 
Single Intake 

Let us discuss the committed effective dose through 50 years after intake per activity. 
Certainly, the 50 years is very long time compared to the short half-life time of 131I (8.0207 days). So 
the authors of this work think ten times of this time is enough to diminish the whole amount of activity 
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of 131I transformation in the thyroid. Thus, we use the same recommendations as stated by the ICRP 
pamphlets for 50 years after intake. As it shown in table (30), the effective dose increases as 
increasing the thyroid uptake and decreasing the direction of the far organs relative to the thyroid 
gland. However, the most important result is displayed in the last row of this table, that is the 
committed effective dose (Sv.Bq-1) for all tissues in the body. The committed effective dose increases 
as the thyroid uptake increases from 5% to 55%. This result provides a guide to calculate ALI as 
recommended by ICRP-68 for the internal exposure. In the same tract, ICRP-68 recommended that 
ALI should be based on the committed effective dose of 0.02 Sv in this respect. Table (5) illustrates 
that ALI decreases from 4.902×10+6 Bq (≈ 0.1325 mCi) for 5% uptake down to 0.446 ×10+6 Bq (≈ 
0.0121 mCi) for 55% uptake per year. This means that if the worker intakes this large amount of 
radioactive iodine during treatment or diagnosing the patient’s thyroid cancer, the worker will be 
relatively subjected to the risk of radiation. 
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Figure (5): The multi-steps for photon transitions through the source 
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Figure (6): The space distribution for photons as a function of their energies and their emission 
angles in the point source equivalent model for cylinder part of thyroid. 
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      However, for worker with normal thyroid uptake (30%) of soluble radioactive iodine, the 
committed effective dose (or effective dose coefficient) is 8.2×10-9(Sv.Bq-1) as recommended 
by ICRP-56 and 2×10-8 (Sv.Bq-1) as recommended by ICRP-68 which depends on the ICRP-
66 respiratory tract model. On the other hand, the committed effective dose that is calculated 
by the WIRDST program for the normal thyroid uptake placed between (25% and 35% 
uptake) is found to be 2.04×10-8 (Sv.Bq-1) and 2.86×10-8 (Sv.Bq-1) respectively. Therefore, for 
the same conditions of normal thyroid uptake, ICRP-61 [28] recommends 1×10+6 (Bq) of ALI 
compared to 0.98×10+6 (Bq) and 0.702×10+6 (Bq) for (25% and 35% uptake) respectively by 
WIRDST program. Thus, the results provide that the WIRDST program is succeeded to 
estimate the workers internal radiation dosimetry for soluble radioactive iodine. 
Table (2): The total Specific Effective Energy SEE (T←S) for all target organs while the thyroid 

is taken as a source organ predicated to WIRDST program. 
 

Target organs SEE(T←S)*(MeV.g-1 
ptr) Target organs SEE(T←S)*(MeV.g-1 ptr)

    Thyroid (1.085 ± 0.0108) E-02     Lower large intestine (3.742 ± 0.0374) E-09 
    Thymus (1.049 ± 0.0105) E-06     Upper large intestine (2.460 ± 0.0246) E-09 
    Spleen (3.143 ± 0.0314) E-08     Sigmoid colon ---- 
    Pancreas (1.893 ± 0.0190) E-08     Skin (8.786 ± 0.0879) E-07 
    Kidneys (4.123 ± 0.0412) E-08     Brain (1.575 ± 0.0158) E-06 
    Liver (4.025 ± 0.0414) E-08     Lungs (1.026 ± 0.0103) E-06 
 Bladder wall and content  ----     Legs  ---- 
    Testes  ----     Arms (4.306 ± 0.0430) E-08 
    Prostate  ----     Spine (5.159 ± 0.0516) E-07 
    Eyes (4.926 ± 0.0493) E-06     Pelvis  ---- 
    Adrenaline (3.904 ± 0.0391) E-07     Clavicles (3.093 ± 0.0310) E-06 
    Gallbladder (1.749 ± 0.0175) E-08     Scapulae (1.425 ± 0.0143) E-07 
    Stomach wall (4.888 ± 0.0489) E-08 Skull (cranium & facial) (8.058 ± 0.0806) E-06 
    Stomach content (4.736 ± 0.0501) E-11     Rib cage (2.800 ± 0.0279) E-07 
    Esophagus (1.051 ± 0.0105) E-06     Remainder**  (3.576 ± 0.035) E-06 
    Small intestine (SI) (4.124 ± 0.0412) E-09   
 

Table (3): The effective dose per activity E (50) (Sv.Bq-1) taken from WIRDST program. 
 

  Target organs 5% uptake 15% uptake 25% uptake 35% uptake 45% uptake 55% uptake
  Thyroid 4.07E-09 1.22E-08 2.03E-08 2.85E-08 3.66E-08 4.48E-08 
  Thymus 3.93E-13 1.18E-12 1.97E-12 2.75E-12 3.54E-12 4.33E-12 
  Spleen 1.18E-14 3.53E-14 5.89E-14 8.24E-14 1.06E-13 1.30E-13 
  Pancreas 7.09E-15 2.13E-14 3.54E-14 4.96E-14 6.38E-14 7.80E-14 
  Kidneys 1.55E-14 4.64E-14 7.73E-14 1.08E-13 1.39E-13 1.70E-13 
  Liver 1.51E-14 4.53E-14 7.55E-14 1.06E-13 1.36E-13 1.66E-13 
  Bladder wall& contents --- --- --- --- --- --- 
  Testes --- --- --- --- --- --- 
  Prostate --- --- --- --- --- --- 
  Eyes 1.85E-12 5.55E-12 9.24E-12 1.29E-11 1.66E-11 2.03E-11 
  Adrenaline 1.46E-13 4.39E-13 7.31E-13 1.02E-12 1.32E-12 1.61E-12 
  Gallbladder 6.56E-15 1.97E-14 3.28E-14 4.59E-14 5.91E-14 7.22E-14 
  Stomach wall 4.39E-14 1.32E-13 2.20E-13 3.07E-13 3.95E-13 4.83E-13 
 Stomach content 4.27E-17 1.28E-16 2.13E-16 2.99E-16 3.84E-16 4.69E-16 
  Esophagus 3.94E-13 1.18E-12 1.97E-12 2.76E-12 3.55E-12 4.34E-12 
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  Small Intestine 1.55E-15 4.64E-15 7.73E-15 1.08E-14 1.39E-14 1.70E-14 
  Lower Large Intestine 1.40E-15 4.21E-15 7.01E-15 9.82E-15 1.26E-14 1.54E-14 
  Upper Large Intestine 9.00E-16 2.70E-15 4.50E-15 6.30E-15 8.10E-15 9.90E-15 
  Sigmoid colon --- --- --- --- --- --- 
  Skin 6.59E-14 1.98E-13 3.29E-13 4.61E-13 5.93E-13 7.24E-13 
  Brain 5.93E-13 1.78E-12 2.96E-12 4.15E-12 5.33E-12 6.52E-12 
  Lungs 9.27E-13 2.78E-12 4.64E-12 6.49E-12 8.34E-12 1.02E-11 
  Legs --- --- --- --- --- --- 
  Arms 1.61E-14 4.84E-14 8.06E-14 1.13E-13 1.45E-13 1.77E-13 
  Spine 1.94E-13 5.81E-13 9.68E-13 1.35E-12 1.74E-12 2.13E-12 
  Pelvis --- --- --- --- --- --- 
  Clavicles 1.16E-12 3.49E-12 5.81E-12 8.14E-12 1.05E-11 1.28E-11 
  Scapulae 5.34E-14 1.60E-13 2.67E-13 3.74E-13 4.81E-13 5.88E-13 
  Skull (cranium & facial)  3.02E-13 9.07E-13 1.51E-12 2.12E-12 2.72E-12 3.32E-12 
  Rib cage 1.05E-13 3.15E-13 5.25E-13 7.35E-13 9.45E-13 1.15E-12 
  Remainder**  1.34E-12 4.02E-12 6.71E-12 9.39E-12 1.21E-11 1.48E-11 
Committee effective dose  4.08E-09 1.22E-08 2.04E-08 2.85E-08 3.67E-08 4.48E-08 
* The statistical errors are calculated by the direct method.  
** Remainder involves: muscle, fat, soft tissue, heart and other small gonads. 
 

Table (4): Annual Limit of Intake ALI (Bq) predicated from WIRDST program 
Partial uptake 5% 15% 25% 35% 45% 55% 
ALI (Bq) 4.902E+06 1.639E+06 0.980E+06 0.702E+06 0.545E+06 0.446E+06 
 
Multi-thyroid Uptake 

In the case of an unknown thyroid uptake ratio, all the above probabilities of thyroid uptakes 
arise. Some times for a clinical situation, we have to use multi-dose for the same patients, which could 
be reflect an added exposure to the patient and the worker in the same time. Using the selection 
method of the MC technique, it becomes easy to give good information and results for the workers 
multi-thyroid uptake. For this reason, it is assumed that the worker prepares the solution of radioactive 
iodine either one, two or three times per week for 40 weeks over all the year. Table (5) shows the 
effective dose coefficient and ALI for different working time per week. From this table one can notice 
that the ALI is inversely proportional to the number of working time per week. Thus it is important to 
confirm that the increase of the number of working time per week in the hot laboratory will increase 
the probability of internal radiation exposure and relatively the worker subjects to the risk of radiation. 
According to the ICRP recommendations for the normal thyroid uptake (30%), which is much larger 
than the results predicted from WIRDST program, there will be an error in determination of the 
critical limit of the maximum uptake if the thyroid uptake and radioactive iodine clearance for worker 
are not known. Moreover, it will arise an error in the allowable number of working time per week. 
Whereas, the limit of activity will decrease and the risk of radiation will increase consequently. 
 

Table (5): Effective dose coefficient and ALI for multi-thyroid uptake per one year 
Working period per week 1 times 2 times 3 times  
Effective dose coefficient (Sv Bq-1) 1.34 x 10-6 2.6 x 10-6 3.85 x 10-6 
ALI (Bq) 1.49x10+4 7.67x10+3 5.19x10+3 
 
      As a conclusion, according to the results above, the following points are highly recommended: 
I- The workers should have a regular diet containing high concentration of normal iodine to block the 
pathway of radioactive iodine uptake. 
II- It is necessary to put a standard model for the thyroid uptake and excretion for the workers in any 
nuclear medicine laboratory based on: regular monitoring e.g. whole body counting, measuring the 
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iodine excretion through feces and urine frequently, and the information drawn from studying patients’ 
data i.e. clearance and deposition. 
III- It is very important to reduce the working time by reduce the interval of working time per week in 
the nuclear medicine laboratories and make a working shift per week between workers in the same 
laboratory as much as applicable. 
 

      In most cases of radiation protection procedures, people usually give attention to the external 
exposure more than the internal exposure. This study reveals the fact that one has to give more interest 
to the internal radiation dosimetry consideration and its risks. Thus, it is very important to study the 
clearance and the thyroid uptake medically for workers according to these results.  
However, the question is still arising: how can we protect our self (workers, physicians, and 
public human…) absolutely from the risk of radiation with this huge of probabilities and 
uncertainly values? Up to this time, this question should be opened. 
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