
S96                                                                                                                   J Med Assoc Thai Vol. 95 Suppl. 5 2012

The Average Collective Equivalent Dose and
Fatal Cancer Risk for Radiation Workers in Radiology
Department at Phramongkutklao Hospital, 2004-2008
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Objective: To evaluate the five years average equivalent dose, the average collective equivalent dose and fatal cancer risk for
the radiation workers in Radiology Department at Phramongkutklao Hospital.
Material and Method: In the Radiology Department at Phramongkutklao Hospital, occupationally exposed workers are
measured by the Division of Radiation Protection Services, Department of Medical Sciences which measures radiation
exposures and evaluated doses from external exposures. Individual’s doses of external exposure were monitored using film
badges. The present study design describes a retrospective survey of occupational exposure in the Radiology Department at
Phramongkutklao Hospital 2004-2008.
Results: The distribution of radiation workers monitored according to the groups in the years 2004-2008, physicist, technologist
and assistant of technologist were the most numerous occupational group (51.13%). Nurse, assistant of nurse and nurse aids
constituted 22.73%. About 59.73% of radiation workers in the Radiology Department at Phramongkutklao Hospital received
an annual average equivalent dose below 0.02 mSν which defined as recording level and no radiation workers received
doses above the International Commission on Radiological Protection (ICRP) Publication 60 recommended dose limit (20
mSν per year). The five years average equivalent dose per radiation worker was 1.098 mSν. Of all occupational groups
measurably exposed, the nuclear medicine group received the highest of the five years average equivalent dose, collective
equivalent dose and fatal cancer risk. The five years average equivalent dose, collective equivalent dose and fatal cancer risk
for the physicist, technologist and assistant of technologist were the highest.
Conclusion: Total risk per the whole monitored radiation workers were 3.86 x 10-3 due to receive the five years average
collective equivalent dose 0.096 man Sν. These values were estimated from a very small of number of radiation workers.
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Reports on serious somatic effects in
radiologists and radiological technologist in the early
use of x-rays are numerous(1). In addition, late effects
were also demonstrated in studies of the mortality of
British and American radiologists(2-5). The cancers
induced by radiation, with or without a contribution
from other agents, are not distinguishable from those
occurring from other causes. The defense mechanism
is not likely to be totally effective, even at small doses(6).

Since the probability of cancer resulting from
radiation is related to dose, this type of radiation effect
can only be detected by statistical means in epidemio-

logical studies carried out on exposed population
groups. If the number of people in an irradiated group
and the doses that they have received are known and if
the number of cancers eventually observed in the group
exceeds the number that could be expected in an
otherwise similar but nonirradiated group, the excess
number of cancers may be attributed to the effects of
the irradiation and the risk of cancer per unit dose may
be calculated. This number is called a risk factor(7).
Cancer risks derived from such exposed groups are
based largely on exposures to high doses delivered
over a short period of time. However, in practice most
cases of radiation exposure are to low levels of radiation
over relatively long period. These considerations led
the International Commission on Radiological
Protection (ICRP) to establish a risk factor or lifetime
fatality probability coefficient for a reference population
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of both sexes and a working age of 4 x 10-2 Sν-1

(sievert)-1 for the sum of all fatal malignancies(8).
The ICRP Publication 60 recommended a limit

on effective dose of 20 mSν per year, averaged over 5
years (100 mSν in 5 years), with the further provision
that the effective dose should not exceed 50 mSν in
any single year(8,10). So, National Regulation and
international recommendation have always emphasized
the use of individual monitoring as a tool for the control
of doses to radiation workers. Collections of individual
doses can be useful to provide statistical information
on the current situation and trend of equivalent doses(9).

In the Radiology Department at Phramongkut-
klao Hospital, measurements of individual occupational
exposures recorded by film are reported to wearers
as equivalent dose, its unit is mSν. The accuracy of
measurement is + 20%. These measurements have
been carried out centrally by the Division of Radiation
Protection Services, Department of Medical Sciences.
Individual’s doses of external exposure were monitored
using film badges. The minimum detectable level was
0.02 mSν for x-ray and 0.15 mSν for γ and β-ray. The
monitoring films were the Eastman Kodak Type 2 film
and the NRPB/AERE film holder system.

Films offer the advantages of providing a
permanent record, indicating the approximate energy
of the radiation to which the dosimeter was exposed
where this is unknown and showing the presence of
contamination from unsealed radionuclide(10). Where a
significant exposure has been received the film record
will also indicate whether this has been accumulated
over a period of work or as a short, single exposure
(when the film holder filter shadows are sharply defined)
which might indicate a occupational or deliberate
irradiation of the dosimeter(11,12).

The primary objectives of the present study
were: (1) To calculate fatal cancer risk for the radiation
workers. (2) To estimate the five years average
equivalent dose per worker and the average collective
equivalent dose for the radiation workers such as
physician, technologist and nurse.

The present study design describes a
retrospective survey of occupational exposure in the
Radiology Department at Phramongkutklao Hospital
based on doses reported by the Division of Radiation
Protection Services, Department of Medical Sciences.

Material and Method
Data Collection

In the Radiology Department at Phramongkut-
klao Hospital, the level of radiation exposed among

exposed workers that were classified by occupational
groups such as physician, technologist and nurse were
measured by the Division of Radiation Protection
Services, Department of Medical Sciences which
measures radiation exposures and evaluated doses from
external exposures. Individual doses of external
exposure were monitored using personnel dosimeter
film badges for the 2004-2008 periods.

Statistical analysis
The five years average equivalent doses for

each group per radiation worker such as diagnostic,
radiotherapy and nuclear medicine division are defined
as:

X = (1/5) Hc   (1)
Where X = five years average equivalent

doses for each group per radiation worker (mSν), Hc=
five years summation of doses for each group per
radiation worker. The five years average equivalent
doses for each type per radiation worker such as
physicians, physicists, radiologists, assistants of
radiologists, nurses, assistants of nurses and nurse
aids are defined as:

Y = (1/5). Ht   (2)
Where Y = five years average equivalent

doses for each type per radiation worker (mSν), Ht =
five years summation of doses for each type per
radiation worker.

The five years average collective equivalent
doses for the radiation workers can be calculated using
Equation (3)

Z = M x H   (3)
Where Z = five years average collective

equivalent dose for the radiation workers. The unit of
average collective equivalent dose is called man Sν.
M = Number of radiation workers and H = average
equivalent dose per a radiation worker (Sν).

The fatal cancer risk for the radiation workers
were calculated by Equation (4).

R = Coeff. x Z   (4)
Where R = the fatal cancer risk for the radiation

works, Coeff. = the nominal probability coefficients for
stochastic effects (probability per unit effective dose)
= 4 % Sν-1 = 0.04 Sν-1.

Z = five years average collective equivalent
dose for the radiation workers(6,8). Analyses were
performed using computer.

Results
Table 1 describes the distribution of radiation

workers monitored according to the groups for the 2004-
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Occupational groups                        Number of Radiation Workers

2004 2005 2006 2007 2008 Average

Diagnosis
Physician 12 12 21 20   26 18
Physicist, Technologist & Assistant technologist 36 36 23 27   27 30
Nurse, Assistant of nurse & Nurse Aids   7   6   6   6     7   6

Radiotherapy
Physician   6   2   2   1     2   2
Physicist, Technologist & Assistant technologist   6   7   7   7     7   7
Nurse, Assistant of nurse & Nurse Aids 10   9   9   8     9   9

Nuclear Medicine
Physician   3   3   4   3     3   3
Physicist, Technologist & Assistant technologist   6   7   9   8     8   8
Nurse, Assistant of nurse & Nurse Aids   6   2   3   2   11   5

Total 92 84 84 82 100 88

Table 1. Distribution of number of radiation workers by occupational groups (2004-2008)

Dose range (mSν)                                        Number of Radiation Workers n (%)

2004 2005 2006 2007 2008 Average n (%)

< 0.02 60 (65.22) 50 (59.52) 49 (58.33) 50 (60.98)   55 (55) 52.80 (59.86)
0.02-0.09   1 (1.09)   1 (1.19)   1 (1.19)   2 (2.44)     1 (1)   1.20 (1.36)
0.10-0.99 28 (30.43) 32 (38.10) 34 (40.48) 30 (36.59)   36 (36) 32.00 (36.24)
1.00-4.99   2 (2.17)   1 (1.19)   0   0     7 (7)   2.00 (2.5)
5.00-9.99   1 (1.09)   0   0   0     1 (1)   0.40 (0.45)
10.00-14.99   0   0   0   0     0   0
15.00-19.99   0   0   0   0     0   0
20.004   0   0   0   0     0   0
Total 92 84 84 82 100 88

Table 2. Distribution of annual equivalent dose to radiation workers during 2004-2008

Number in parentheses was percent

2008 periods. The Radiology Department at Phramong-
kutklao Hospital composed of 3 departments such as
diagnosis 54 persons, radiotherapy 18 persons and
nuclear medicine 16 persons that the radiation workers
of each department were classified for 3 groups. The
first group was Physician, the second group was
Physicist, Technologist and Assistant technologist and
the last group was Nurse, Assistant of nurse and Nurse
Aids. The average number of Physicists, technologists
and assistants of technologists for all occupational
groups was 45 persons from the average total of
radiation workers in this period 88 persons (51.13%)
that is the most numerous occupational group. Nurse,
assistant of nurse and nurse aids, the average number
of them was 20 persons (22.73%; 20/88).

The result of average annual equivalent dose
of occupational groups in the years 2004-2008 are
presented in Table 2, about 59.73 % of radiation workers
in the Radiology Department at Phramongkutklao
Hospital received an annual average equivalent dose
below 0.02 mSν high defined as recording level and no
radiation workers received doses above the ICRP
Publication 60 recommended dose limit (20 mSν per
year). Table 3 shows the five years average equivalent
dose per radiation worker during 2004-2008 was 1.098
mSν.

Of all occupational groups measured
diagnosis group received the highest five years average
equivalent dose, collective equivalent dose and had
highest fatal cancer risk (Table 4). The five years
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Year                                       Occupational groups

Diagnosis (1) Radiotherapy (2) Nuclear Medicine (3)

2004   0.321   1.800   2.245
2005   0.451   1.800   1.906
2006   0.397   1.800   2.585
2007   0.553   1.801   2.284
2008   0.898   1.800   2.204
Total 5 years   2.620   9.001 11.224
Average per year   0.524   1.800   2.245
Equivalent dose of whole radiation worker 28.292 (0.524 x 54) 32.403 (1.800 x 18) 35.918 (2.245 x 16)
= Average per year x M*

Average dose per radiation worker = [(1) + (2) + (3)]/Number of radiation workers = 96.612/88 = 1.098 mSν

M* is Number of each occupational radiation workers

Table 3. The annual average equivalent dose per radiation worker for occupational groups during 2004-2008

Occupational groups Average equivalent Collective equivalent Fatal cancer risk
dose/worker (mSν) dose (man Sν) (3) = R = Coeff x (2)
(1) = X = 1/5(Hc) (2) = Z = (1)x M

Diagnosis 0.524 0.028 (0.524x10-3 x 54) 1.11 x 10-3

Radiotherapy 1.800 0.032 (1.8 x10-3 x18) 1.33 x 10-3

Nuclear Medicine 2.245 0.036 (2.245 x10-3 x16) 1.44 x 10-3

Total 4.569 0.096 3.86 x 10-3

Hc is five years summation of doses for each group per radiation worker; M = Number of radiation workers; Coeff is the
nominal probability coefficients for stochastic effects (probability per unit effective dose) = 4% Sν-1

Table 4. The five years average equivalent dose per radiation worker, collective equivalent dose and fatal cancer risk for
occupational groups

average equivalent dose, collective equivalent dose
and fatal cancer risk for physicist; technologist and
assistant of technologist were the highest (Table 5).
Total risk per the whole radiation workers was 3.86 x
10-3 to the five years average equivalent dose of 4.569
mSν. Table 6 shows occupational exposure dose from
medical uses of radiation in other countries

Discussion
In the Radiology Department at Phramongkut-

klao Hospital, occupationally exposed workers are
monitored by the Division of Radiation Protection
Services, Department of Medical Sciences which
measures radiation exposures and evaluated doses from
external exposures. All radiation workers are routinely
issued individual monitoring devices.

The average annual dose received by the
diagnosis group during 2004-2008 was 0.524 mSν per

radiation worker, which was the lowest among the three
groups. The highest individual annual dose in these
groups was 2.245 mSν (Nuclear medicine group). When
the monitoring radiation workers were classified into
three occupational classifications, classification of
physicist, technologist and assistant of technologist
received the highest five years average annual doses,
the lowest was classification of physician. This effect
may be partially explained that physicist, technologist
and assistant of technologist were the radiation
workers who practiced directly with radiology
instruments.

The five years average collective equivalent
dose and fatal cancer risk for the physicist, technologist
and assistant of technologist were the highest and
lowest in physician among radiation workers, but did
not exceed dose limit that (ICRP) Publication 60
recommended. So, the radiation workers in the
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Occupation Average equivalent Collective equivalent Fatal cancer risk
dose/worker (mSν) dose (man Sν)(2) (3) = R = Coeff x (2)
(1) = X = 1/5(Ht) = Z = (1)x M

Physician 0.472 0.011 4.34 x 10-4

Physicist, 1.493 0.067 2.69 x 10-3

Technologist & Assistant technologist
Nurse, Assistant of 0.881 0.018 7.05 x 10-4

nurse & Nurse Aids
Total 2.846 0.096 3.83 x 10-5

Ht is five years summation of doses for each type per radiation worker; M = Number of radiation workers; Coeff is the
nominal probability coefficients for stochastic effects (probability per unit effective dose) = 4% Sν-1

Table 5. The five years average equivalent dose per radiation worker, collective equivalent dose and fatal cancer risk for
occupational classification

Country (1985-1989)                   Average annual effective dose (mSν)

Diagnosis Radiotherapy Nuclear Medicine

Australia 0.059 0.34 0.16
China 1.84 1.39 1.57
German 0.083 0.66 0.51
India 0.34 0.95 0.85
Indonesia 1.67 1.55 1.20
Spain 0.76 0.86 1.74

Table 6. Show exposures to work from medical uses of radiation (Data from UNSCEAR Survey of Occupational Exposures
unless otherwise indicated)(13)

Radiology Department at Phramongkutklao Hospital
have safety for working.

Comparison with other studies
The five years average annual doses of

nuclear medicine and radiotherapy  radiation workers
in the Radiology Department at Phramongkutklao
Hospital was higher than some countries. This effect
may be a very small number of radiation workers in the
present study and differences in placement of
dosimeters badge, type of dosimeter.

Plans for the future
Recommendation, the authors would like to

study in association of placement of individual
dosimeters (film badge), percentage of using, the
knowledge of radiation workers about radiation
workers, equipment and environment management
with fatal cancer risk of radiation workers in Army
hospitals. Moreover, Cost effectiveness of equipment
management for prevention of radiation-induced fatal

cancer risk will be the interesting topic too.
The placement of individual dosimeters is

important to accuracy of measurement. The Radiation
Protection Board recommends that in general personal
dosimeters should be placed high on the frontal part of
the trunk; and in special situations in medical radiology
where protective clothing such as lead aprons are worn,
which provide significant attenuation of the incident
radiation on some parts of the body, two dosimeters,
one over and the other under the lead apron may be
used. However, if a single dosimeter is used, it should
be worn outside the lead apron, usually high on the
trunk(14).

Conclusion
The overall five years average collective

equivalent dose and fatal cancer risk for nuclear
medicine group was the highest. Due to the result that
the five years average equivalent dose was 1.098 mSν
per radiation worker, the total risk per the whole
monitored radiation workers were 3.86 x 10-3. This value
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was estimated from a very small number of radiation
workers.
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ปริมาณรังสีสมมูลรายกลุ่มเฉล่ียและความเส่ียงท่ีเป็นอันตรายต่อการเกิดมะเร็งสำหรับบุคลากร
ทางรังสี ในกองรังสีกรรมท่ีโรงพยาบาลพระมงกุฎเกล้า ระหว่างปี พ.ศ. 2547-2551

ศุภขจี แสงเรืองอ่อน, มานัส มงคลสุข, ธรรม์พงษ์ รังสิภัทร์

วัตถุประสงค์: เพ่ือประเมินปริมาณรังสีสมมูลเฉล่ีย 5 ปี, ปริมาณรังสีสมมูลรายกลุ่มเฉล่ีย และความเส่ียงของการเกิด
มะเร็งสำหรับบุคลากรทางรังสีในกองรังสีกรรม ที่โรงพยาบาลพระมงกุฎเกล้า
วัสดุและวิธีการ: บุคลากรทางรังสีของกองรังสีกรรม โรงพยาบาลพระมงกุฏเกล้าได้รับการประเมินปริมาณรังสี
ท ี ่ได ้ร ับจากการทำงานทางรังสี โดยการใช้เคร ื ่องวัดร ังสีประจำตัวบุคคลแบบฟิล์ม และทำการวิเคราะห์
ปริมาณรังสีที่ได้รับโดยกรมวิทยาศาสตร์การแพทย์ โดยการศึกษานี้เป็นการสำรวจปริมาณรังสีที่บุคลากรทางรังสี
ในกองรังสีกรรมที่โรงพยาบาลพระมงกุฎเกล้าที่ได้รับย้อนหลังในปี พ.ศ. 2547-2551
ผลการศึกษา: การกระจายของบุคลากรทางรังสีในปี พ.ศ. 2547-2551 พบว่าส่วนใหญ่เป็นกลุ่มของนักฟิสิกส์,
เทคนิเชี่ยน และผู้ช่วยเทคนิเชี่ยน (51.13%) มีพยาบาล, ผู้ช่วยพยาบาลและพนักงานผู้ช่วยการพยาบาล 22.73%
ประมาณ 59.73% ของบุคลากรทางรังสีได้รับรังสีสมมูลเฉลี่ยประจำปีต่ำกว่า 0.02 มิลลิซีเวิร์ต และไม่มีบุคคลากร
ทางรังสีที่ได้รับ ปริมาณรังสีมากกว่าขีดจำกัดปริมาณรังสีที่แนะนำ โดยคณะกรรมาธิการนานาชาติว่าด้วยการป้องกัน
อันตรายจากรังสี (20 มิลลิซีเวิร์ตต่อปี) โดยปริมาณรังสีสมมูลเฉลี่ย 5 ปี ต่อบุคลากรทางรังสี 1 คนเท่ากับ 1.098
มิลลิซีเวิร์ต โดยกลุ่มงานเวชศาสตร์นิวเคลียร์ได้รับปริมาณรังสีสมมูลเฉลี่ย 5 ปี, ปริมาณรังสีสมมูลรายกลุ่มเฉลี่ย
และความเสี่ยงของการเกิดมะเร็งสูงสุด โดยนักฟิสิกส์, เทคนิเชี่ยน และผู้ช่วยเทคนิเชี่ยนได้รับปริมาณรังสีสมมูลเฉลี่ย
5 ปี, ปริมาณรังสีสมมูลรายกลุ่มเฉลี่ย และความเสี่ยงของการเกิดมะเร็งสูงสุด
สรุป: ความเส่ียงของการเกิดมะเร็งต่อบุคลากรทางรังสีท้ังหมดคือ 3.86 x 10-3 เน่ืองจากได้รับรังสีสมมูลรายกลุ่มเฉล่ีย
5 ปี เท่ากับ 0.096 ซีเวิร์ต-คน ค่าเหล่านี้ได้รับการประมาณจากกลุ่มบุคลากรจำนวนน้อย ดังนั้นในการศึกษาต่อไป
จะทำการศึกษาในกลุ่มประชากรที่จำนวนมากขึ้น


