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ABSTRACT


Amongst the man made ionising radiation, X – ray diagnostic procedures contribute the highest per capita radiation dose to population over and above the natural background radiation. Although the X – ray diagnostic procedures have revolutionised the medical diagnosis and treatment of many diseases, it is many a times being overused as a ritual routine diagnostic procedure. The patient receives radiation dose in excess due to bad practice and bad equipment and hence every X – ray machine should be subjected to periodic quality assurance (QA) test. Moreover the knowledge of radiation doses received by the patients during radiological procedure is necessary and all efforts must be made to keep the radiation dose to minimum level


We have carried out extensive radiation protection survey and quality assurance (QA) tests of 190 X – ray installations and measured radiation dose to patients during various radiological procedures using CaSO4: Dy thermo luminescence dosimeter.  We have observed that the kVp calibration was within limit in only 43.6 % of the surveyed units. Similarly the mA linearity was within the prescribed limit in 22.9 % of the units. Out of 190 X – ray machines, 97 ( 51 % )  were more than 10 years old and were never subjected QA test after installation. The detailed results of beam alignment test, congruency of optical and radiation field, kVp linearity, timer linearity and availability of radiation protection equipments such as lead barrier, lead apron and radiation doses during various radiological procedures are discussed.
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INTRODUCTION


Discovery of X – rays in 1895 by Prof. W.C. Roentgen has revolutionised the medical diagnosis procedures. Though most of the crucial medical decisions are dependent on X – ray diagnosis and early diagnosis of some diseases depends completely upon X – ray examination it cannot be ignored that the diagnostic radiological procedures contribute maximum population dose as compared to other man made radiation sources. There is growing concern to radiation doses received by the patients during various radiological procedures. The dose received by the patient varies machine to machine, technique used and safety precautions followed. Author has reported the results elsewhere [Chougule 1992 a & b, Chougule 1993a & b].  The unnecessary patient exposure which does not contribute to diagnostic information, can occur both due to bad equipment  ( e.g. insufficient inherent and added filtration, uncalibrated  kVp  and exposure meters) and bad practices ( e.g. failure to limit the beam to the organ of interest, failure to use gonadal and other shields wherever possible, use of fluoroscopy in place of radiography) . Every X – ray machine must be evaluated of the performance parameter to insure proper system performance which can be valuable source of qualitative and quantitative data for routine quality control testing. It is estimated that more than 70,000 X – ray machines are presently functioning in India and few are as old as 15 – 20 years. Every year 1200 – 1500 x – ray machines are added to the existing number. It is essential to use X – ray machines which are type approved by AERB and meets QA standards. It is advisable to check periodically the X – ray installations for proper filtration, kVp calibration, mA linearity, leakage radiation, beam centering and other parameters which influence the image quality and patient dose.  


To study the existing conditions of various diagnostic X – ray facilities and radiation dose received by patients during various radiological procedures  in south Rajasthan, an extensive survey has been undertaken under the research scheme supported by Environment and Forest Ministry, Govt. of India.

MATERIAL AND METHOD

The present study is divided into three parts

A. Quality Assurance (QA) tests of x – ray machines

B. Measurement of radiation dose to patients during various radiological procedures

C. Estimation of contribution of radiation dose to population due to radiological procedures.

A. QA tests of x – ray machines

The aim of                               QA tests in diagnostic radiology is to ensure good quality images with optimal doses. Images of poor quality will necessitate retakes and can results in unnecessary doses to patients, staff, public and overloading of the machine. But due to lack of awareness, non existing testing facilities and absence of effective enforcement of radiation protection and X – ray installation guidelines, X – ray clinics are mushrooming without adhering to safety rules.  As a part of project funded by govt. of India we have undertaken and completed radiation protection survey & QA of 190 X - ray installations. For carrying out the QA tests the QA kit developed by BARC is used. The QA kit comprises of
1. Collimator test tool       2.  Beam alignment test tool      3. Tube voltage and exposure time test tool

4.   Focal spot size test tool          5. High contract test tool        6. Film screen contact test tool

7.   Pocket dosimeter ( 0 – 500 mR) with charger & reader

To start with the work, the list of X – ray installations in private sector and govt. establishments located in south Rajasthan comprising of Udaipur, Banswara, Dungarpur, Chittorgarh and Rajsamand districts was obtained. With prior intimation visits were arranged to the X – ray installation for carrying radiation protection survey and QA tests.  The manual of QA procedure [1989] was followed while performing QA tests. In selected cases radiation dosimetry using CaSO4: Dy TL dosimetry was also carried out and the results were reported some where else [Chougule 1992 a&b, Chougule 1993 a&b]. The relevant data collected and observations were noted in specially prepared charts and analysed.

B.  Measurement of radiation dose to patients during various radiological procedures




For measurement of radiation dose CaSO4: Dy TL discs of size 13.3 mm diameter and thickness 0.8 mm were used.  CaSO4: Dy TL discs were used  for the present work because of its many advantages such as small size of the dosimeter, high sensitivity , easy availability, low cost as compared to LiF TLD’s  and ability to record very small doses. To start with, the data was collected on installation of X - ray machines in govt. and private sector in Udaipur division. Personnel visits were made to each and every X – ray installations in that area and radiation dosimetry work was carried out.  Before using the CaSO4: Dy TL discs for patient dosimetry, all the TLD discs were calibrated.

CALIBRATION OF TL DISCS


For calibration of the CaSO4: Dy TL discs, batches of 100 TLD discs were exposed to known exposure of Co- 60 gamma radiation from cobalt teletherapy unit. The Co – 60 output is measured by secondary standard dosimeter within + 2 % accuracy. These discs were read on thelmador-6000 (BARC make) TL reader. The TL discs whose response was within + 5 % only were accepted and used for dosimetry work. From the known value of Co-60 exposure, the calibration factor for the TL discs was estimated. In kV range of 50 to 100 the response is 10.9 times more than that of Co-60 [Pradhan et al 1982], this value is used while calculating their calibration factor. For measurement of radiation doses the CaSO4:Dy TL discs were placed on the patient skin at the center of the field before exposure. After completion of the radiological procedure, the TL discs were taken out, kept in radiation free area and they were read on Thelmador – 6000 TLD reader. Applying the pre estimated calibration factor actual exposure received in each investigation was estimated.

C.  Estimation of contribution of radiation dose to population due to radiological procedures.
The measurements of the dose for various X – ray investigations and frequency of each type of radiological procedures at different centers in the area under study were recorded. From the frequency of each radiological investigation and the dose received during that investigation, the per capita radiation dose due to radiological investigation was estimated. For these estimations, total number of investigations per year and the population of the area were taken into account.







RESULTS

A. QA tests of x – ray machines

Out of 190 X – ray machines   surveyed, 52 machine were 300 mA or more tube rating [Table I]. We found that the chest radiography is the frequent radiological procedure and accounts for 37 % of the total radiological procedures [Table – II]. The data collected from the survey was analysed and the important findings of the study are

1. About 2/3 of the X – ray machines are in private sector

2. More than 90 % of the X – ray technicians in private sector are not qualified

3. Only less than 55 % of the X – rays have collimator light functioning

4. Most of the machines surveyed showed poor light and radiation congruency

5. Almost 50 % of X – ray installations surveyed were not having movable lead barrier and other radiation protection equipments

6. Out of 190 X – ray installations surveyed , 52 machines were having 300 or more  mA rating and 128 were having 100 mA or less tube rating

7. The overall radiation protection status in some of private sector as well as govt. sector X – ray installations was found to be quite poor.

The detailed results of the survey are given in table – III.

B.  Measurement of radiation dose to patients during various radiological procedures

In the present study survey of 190 X – ray installations in Udaipur division for measurement of radiation exposure received by the patients during various radiological procedures was done. The type of investigations routinely carried out and their percentage is given in table – II. Chest radiography is the commonest radiological procedure and accounts for 37 % of all radiological procedures. During chest radiography the kVp varied between 52 to 72 and mAs ranged from 8 to 20. The patient skin entrance doses were 90 to 530 μGy and skin exit doses were 27.5 to 110 μGy. It was further observed that 70 % of the patients undergoing chest radiography have normal chest and only 30 % had some pathology thereby clearly indicating a scope to reduce the general population dose by curtailing the indiscriminate use of diagnostic X – ray modality as a routine investigation. District wise distribution of X – ray machines and radiological procedures done in a year for a population of 100000 is given in table – III, whereas the skin exposure received by patient in various radiological procedures is tabulated in table – IV.  Measured skin entrance doses for different investigations has wide range because of difference in exposure factors, use of different film-screen combination and different techniques followed at various centers. More over the many of the X – ray machines were 10 years or more old and not subjected to QA test after installation giving rise to non consistent X ray output. 

C. Estimation of contribution of radiation dose to population due to radiological procedures
  Estimation of radiation dose due to radiological procedures over and above the natural background radiation was done from frequency of radiological procedure, dose during radiological procedure and the population. For the present study it worked out to be 22 μGy / year/person.


DISCUSSION

In the present study we have surveyed 190 X – ray installations for radiation protection and QA tests. The overall radiological safety is poor and many machines which are 10 years or more old need rectification for kVp, mA linearity, congruency of optical and radiation field as they were never subjected to QA after installation.

        Nair [1991] has carried out extensive study in Kerala State of India and reported that 70 % of the X – ray units of the state are in private sector and insufficiently trained staff operates almost all of them. He further reported that only 20 % of the X – ray installation have recommended floor area of 25 sq. mts or more and that too most of them were in govt. sector. Our finding that 61.6 % installations in private sector and 59.5 % non-qualified X – ray technicians speaks of the similar situation. Jaiswal et al [2002] have reported results of 85 X – ray machines installed in and around Allahabad, India. They have observed the congruency of radiation and collimator light fields in 44 (51.76 %),   kVp calibration out of limit in 18       (21.18 %) and availability of lead protective barrier in 53 (62.35 %) of the X – ray installations surveyed. 

              Rehani et al [1992] have discussed the results of QA tests and stressed the need of follow up action. They have reported film retake of 15 % due to bad practice and bad equipment causing wastage of money, manpower in addition to excessive radiation dose to the patient. Agarwal et al [1975] have studied the status of the X – ray departments and clinics at Agra and Kanpur [India] in view of radiation safety. They have reported that 50 % of the X – ray clinics surveyed had qualified radiologist and only about 30 % of the X – ray machines were having collimator field light in working condition. They have further reported that 55 % of the X – ray installations do not have movable protective barrier. 

                In view of the poor quality of the equipments and bad practice all over the country, the rate of film rejection necessitating retakes leads to over exposure to patients in addition to overloading of machine. To improve the status the radiographers and radiologists must be educated for importance of QA and good work practice. Enforcing agency like AERB should try further more to provide QA facilities, education and guidance to improve the dismal situation in the country. During the present study we have got good and receptive response from private clinics and it is encouraging to note that most of them have shown interest in adhering to the basic radiation safety rules.   


From the present study estimation of the number of radiological procedures per year for a population of 100000 was done and it worked out to be 537. This number is quite less compared to estimate of 15000 radiological procedures per year for population of 100000 for Kerala state as reported by Nair [1991]. His estimate is based on survey of only 50 X ray installation in Kerala state which is socioeconomically much better than Rajasthan.  Supe et al [1992] reported national average of 1050 radiological procedures per year for a population of 100000, based on consumption of X – ray films per year. Their conclusions are based on some assumption and not on actual survey as done by us.  They have reported the additional dose due to diagnostic radiological procedures to be 21 μGy / year/person whereas in present study it works out to be 22 μGy / year/person for Udaipur division. The per capita dose due to radiological procedure in the present study is more than the national estimate despite of less frequency of radiological procedures which may be due to bad work practice in this part of the country.  Maccia [1988] has conducted a survey in France and reported the frequency of radiological procedures to be 82000 per year for a population of 100000 and the effective dose due to diagnostic procedures worked out to be 1580 μGy / year/person which is quite large as compared to the present study.
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                      TABLE –I




X – RAY MACHINES AND THEIR TUBE RATING

----------------------------------------------------------------------------------------------------------------------------

Sr. No.              mA OF MACHINE          NO.OF MACHINES               PERCENTAGE

----------------------------------------------------------------------------------------------------------------------------

    1


20


26


        13.69

    2


30


 6


         3.16

    3


60


43


         22.63

    4


100


53


         27.89

    5


200


10

  
           5.26

    6


300


47


         24.73

    7


500


 4


           2.11

    8


700


 1


           0.53



-----------------------------------------------------------------------------------------------------------------------






       TOTAL      190


       100.00

----------------------------------------------------------------------------------------------------------------------







TABLE – II


VARIOUS TYPES OF RADIOLOGICAL PROCEDURES AND PERCENTAGE

-------------------------------------------------------------------------------------------------------------

Sr. No.        TYPE OF RADIOLOGICAL PROCEDURE

 PERCENTAGE

--------------------------------------------------------------------------------------------------------------

    1


CHEST





37.00

    2

KUB, PELVIS AND SPINE



28.00

    3

        SKULL, PNS




 8.00

    4

   EXTREMITIES




21.20

    5


DENTAL




  2.50

    6


I.V.P.





 1.80

7 BARIUM MEAL, BARIUM SWALLOW & SCREENING       1.00

  8

OTHERS





 1.50

---------------------------------------------------------------------------------------------------------------

                                                          
TABLE – III

QUALITY ASSURENCE TESTS AND RADIATION PROTECTION SURVEY RESULTS

1. Technician / Radiographer                Qualified                                 77 / 190         40.5 %

2. X – ray installations                        a. Private

                117 / 190         61.6 %





       b. Govt./ semi Govt.
    73 / 190          38.4 %

3. kV calibration 


   within limit 

    61 / 140
43.6%

4  mA linearity


   
within limit

    32 / 140
22.9 %

5 Timer linearity


  
within limit

  110 / 180 
61.1 %

6  kV linearity


 
within limit

  118 / 180
65.6 %

7  Lead barrier



available

 104 / 190
54.7 %

8 Lead apron



available
                81 / 190
42.63 %

9  Size of the X – ray room

< 25 sq. meter

104 / 190
54.7 %

10 Wall thickness


<  9 “ brick

57 / 190
30.0 %

11 Shift in collimator optical light

     field and radiation field

  >  4  % 

29 / 78

34.6 %

12 Beam alignment


within limit

56 / 105
53.3 %

13  Adequate Al filtration

 available 

143 / 190
75.3 %

14. Personnel monitoring badges
 
available

 55 / 190
28.95 %

15 Installation owned by

a. Non allopathic doctor
      
27 / 190
14.21 %





b. Radiologist


112 / 190
58.95 %


16 Over all radiation protection 

a. Good


 114 / 190
60.0 %






b. Poor


   76 / 190
40.0 %

17. Age of the X – ray machine               0 – 9 years

   93 / 190
48.95 %






10 – 14 years

   64 / 190
33.68 %






15- 20 years

   21 / 190
11.05 %





         More than 20 years
   12 / 190
 6.32 %

---------------------------------------------------------------------------------------------------------------------






TABLE –IV

DISTRIBUTION OF X – RAY MACHINES AND RADIOLOGICAL PROCEDURE  PERFORMED PER YEAR

Sr. NO         DISTRICT
        NO. OF MACHINES      RADIOLOGICAL PROCEDURES/

                                                                                                 YEAR/100000 POPULATION

    1     UDAIPUR & RAJSAMAND               95                                     784.3

    2          CHITTORHGARH


48


      341.2

    3
 DUNGARPUR
                        20


      345.6

    4
 BANSWARA


            30


      282.5

                                                                                                               ----------

                                                                                        AVERAGE      537.00

                                                                              TABLE – VI
ENTRANCE SKIN DOSE RECEIVED BY PATIENT DURING VARIOUS RADIOLOGICAL PROCEDURES

---------------------------------------------------------------------------------------------------------------------

Sr. NO.         RADIOLOGICAL PROCEDURE
      SKIN ENTRANCE DOSE (mGy)









            Mean + SD

---------------------------------------------------------------------------------------------------------------------

    1

 BARIUM MEAL




115.6 + 25.2

    2

BARIUM SWALLOW



150.0 + 12.0

    3

BARIUM ENEMA




164.0 + 40.0

    4

MYELOGRAPHY




519.0 + 186.0

    5

CYSTOURETHROGRAM



146.0 + 12.0

    6

BRONCHOGRAPHY


               45.1 + 6.2
    7

HYSTEROSALPINGOGRAPHY


    9.2 + 2.1

    8

KUB





    
    6.2 + 1.1

    9

CERVICAL SPINE



    
    5.1 + 0.9

  10

SKULL RADIOGRAPHY



    6.4 + 1.4

  11

CHEST RADIOGRAPHY



    0.3 + 0.1

---------------------------------------------------------------------------------------------------------------------
4










