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It has been established that x-ray diagnosis associated unintentional irradiation

of patients constitutes the largest single man-made source of population exposure

to ionizing radiation in the United States, as well as in several other industrial-

ized countries of the world.

Deeply concerned with the potential health hazards inherent in such exposure, the

Department of Health of the ConKCiuvoalib of Puerto Rico, jointly with the Puerto

Rice Nuclear Center, initiated and sponsored a research project: The Joint Rad-

iation Survey, Puerto Rico. The primary objective of this survey was to evaluate

those potential hazards in Puerto Rico both in magnitude and in frequency.

Tha first part of this -reject -- referring to the? year 1968 -~ has been completed

and the results published in a cetailed comprehensive report (1). The second

part of this project -- the 1973 survey presently in progress -- follows the format

of its 196S counterpart, to make meaningful comparison possible. However, it h^s

been enlarged in scope to include a study of radiation protection practices in

Puerto Rico in the field of nuclear medicine,of radiation sources used in inci'jr.try,

agriculture, teaching and research, and of radiation protection practices of the

occupationally exposed -- such as radiologists and x-ray technicians.

This paper describes the methods, format and scope- of the project, and presents

certain res.ilts derived in the 1973 survey, comparing them with the parallel vali.es

obtained for 1968.

Since approximately 90'-; of the total genetically significant dose is due to a

limited group of routine abdominal diagnostic x-ray examinations, this group war.

chosen as a reference group for the survey. The group consists of the following:
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1- Abdomen, KUB, Flat Plate 6- Intravenous or Retrograde Pyelogrsm
2- Cholecystocjrciphy, Cholangiogram, GBS 7- Pelvis
3- Lumbar Spine 8- Hip Joint
4- Upper Gastrointestinal Series 9- Pelv'metry
b- Barium Enema

Although a single chest x-ray is generally accompanied by a very small gonadal

dose, chest x-rays ware included in both surveys because of their high frequency.

Annual rates of diagnostic medical x-ray examinations, classified by type of

examination, by age-sex group of patients, and by geographic location were used to

characterize the frequency of the health hazards. These annual rates were computed

from detailed statistical data collected from each medical facility and private

office on the island. Data collection was carried out on a regional basis.

To put the statistical data in proper perspective, it should be noted that the

island of Puerto Rico has an area of approximately 3500 square miles with a population

of 2,739,100 (1968)and 2,951,600 (1973) (2,3). The PDP-10 computer at the University

of Puerto Rico Mayaguez Campus Computing Center was used for data processing.

Measured gonadal doses and suitably computed quantifiers were used to describe

the hazards' magnitudes. Dose measurements were carried out both in vivo and on a

Rando-phantom. Properly calibrated tissue-equivalent ionchambers, dysprosium-doped

lithium fluoride T'.DS, and a Radocon model ratemeter were used for dosimstry.

Quantifiers used included: a) per capita annual gonadal dose, b) mean gonadal dose

per procedure, and c) genetically significant dose (G.S.D.). All quantifiers were

computed by sex of patient and by type of examination.

TABLE 1. POPULATION AND OPERATIVE DIAGNOSTIC MEDICAL X-RAY UNITS IN SOUTHERN
AMD WESTERN REGIONS, PUERTO RICO. COMPARISON OF 1973 TO 1968.

POPULATION

DIAGNOSTIC X-RAY UNITS

With co l l ima to rs
Without c o l l i m a t o r s . . . .

POPULATION PER X-RAY UNIT

WESTERN REGION
1963

420,200
78
36
42

5,387

1973

419,200
82
57
25

5,112

SOUTHERN REGION
1968

''193,500
84
53
31

5,875

1973

549,000
93
71
22

5,903



Table 1 compares the population and the number of operative diagnostic x-ray units

in the Western and Southern Regions of Puerto Rico. The total number of diarno-.tic

units increased by 5% in the Western, and by 10.7% in the Southern. More important,

the number of units equippped with variable colliinators increased by 58.3% in the

Western and by 34?i in the Southern Region. Since collimation plays an important

role in reducing male gonatial doses, this increase is a significant step towards

dose reduction and thus towards improved radiation protection in Puerto Rico.
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Table 2 compares the annual rates of diagnostic x-ray examinations in the

Western and Southern regions of the island, 1973 vs. 1968. Overall, these rates

show a significant increase, which may be interpreted as an improvement in general

medical care. This is especially true in the over-65 age group - most probably ciur

to the increasing proportions of Medicare insurance.

As indicated by the entries, the annual rate of photofluorographies decrease-! by

335i, a favorable trend in radiation protection since photofU;oi"~-"rapines ncl iv=_-t- a

much higher dose than chest radiographiess which furnish bett- ".--gnostic inin : • •-.

The table also indicates that the annual rate of all ahdemina .inations in



1973 was 51% higher than the same rat^ in 1968; however, according to Table 3,

there is a significant decrease in the per capita gonadal dose incurred in all

examinations considered.

TABLE 3. COMPARISON OF PER CAPITA PER ANNUM GONADAL DOSES DUE TO ALL MEDICAL
DIAGNOSTIC X-RAY EXAMINATIONS CONSIDERED. WESTERN AND SOUTHERN
REGIONS, PUERTO RICO. COMPARISON OF 1973 to 1968.

MALE
FEMALE

TOTAL

WESTERN
1968

35.6
76.4

56.4

REGION
1973

33.2
60.7

47.3

SOUTHERN
1968

22.7
55.4

43.6

REGION
1973

27.l.)
48.5

38.3

Detailed dosimetrie results -- referring to 1973 -- indicate a significant decrease

of doses in the examinations including fluoroscopy (such as G.I. Series and Barium

Enema). This is in all probability due to the installation of more image amplifiers

and to the increased tendency among general practitioners to refer fluoroscopic

cases to radiologists. Decrease of gohadai doses in the cases termed Abdomen, Pelvis

and Hip Joint are a direct result of the increase in the number of variable colli-

mator equipped units.

In general, it can be concluded that comparison of 1973 results obtained to date

with parallel values for 1968 show a significant improvement in radiation protection

practices in Puerto Rico. This improvement, which concerns the whole of society, is

not only a result of technical upgrading of the diagnostic equipment, but also --

and perhaps more significantly -- a result of the utmost efforts of professionals;

doctors, radiologists and those in radiation protection, to use diagnostic x-rays

judiciously, and to reduce the unavoidable doses to a minimum compatible with the

diagnostic objective.
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