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THERE IS much general concern today over Ithe increased use of radiatior~ and 
its effect on the total population, as well as I on Inedieal perso,mel. This [iarti- 

. ~ .  { . . . i . 

cular study is an a t tempt  to assess the risk to ~naes~zhetlsts, who are administering 
more and more to patients undergoing diagnostic and therapeutic radicilogic 
procedures. 

The general problem and risks involved have l~een reviewed by Kincaid t and 
DornettC among others. However, no rel~brts ]have appeared that  a t tempt  
actual ly ' to  measure the total radiation recdiyed~y anaesthetists over a t~eriod 
of time in the routine course of their work. ~he radiation dosage to diagrmstic 

{a : 4 )~-ray workers has been measured by Osborne apd Ardran, but  this is nqt too 
relevant. Recently Keen 5 has reported measurenNnts of radiation by monil~oring 
devices in various areas of operating rooms, but  these  are isolated reading~ and 
noncumulative in nature. 

This particular study is an effort to measure t h e  radiation absorbed by all 
members of the Department of Anaesthesia in ~ fairly large teaching hospital/ 
over a period of months, for the purpose of assessing whether or not dangerous 
levels of radiation exposure were being reached4 

PROPERTIES OF X-RAYS 

Any standard physics textbook will afford a ggod review of the properties of 
X-rays, but  a brief review here should describe/thbse properties that  give rise 
to radiation hazard. X-rays are the energy phenomenon resulting when a s}ream 
of electrons strikes certain metals. The metal then radiates one form of electro- 
magnetic wave, called X-ray. When X-rays are[absorbed by a body, electrons 
are displaced f~'om atoms, and this results in ionization and subsequent chemical 
change. It is ~his resulting ionization, particula~,ly in living tissue, that  gives 
rise to harmful biological effects loosely termed "radiation damage." 

X-rays travel in a straight line, can scatter in]various directions from 1patter 
on which they impinge, and their intensity varies inversely as the square of 
the distance from the source. These properties are important in any discussion 
of dosages, exposures, and protection from radiation. Of course in this .~tomic 
age X-rays are not the only form of ionizing radiation to which anaesthetists 
may be exposed. Cobalt-60 and radium emit harmful gamlna rays, whi l~other  
radioactive substances may emit alpha and be ta  rays. 

GENERAL CONSIDERATIONS 

The ha/-mful effect of all this radiation to. manlis twofold: somatic and g~netic. 
The{somatic effect represents that  cumulative damage to the individualqn his 
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lifetime, while the genetic effect repr~sent~ possible chromosomal ehanges in 
gonadal cells only apparent in future generations. The mechanism i~ the same 
for both. The ionization produced by radiation absorption within the atoms of 
the living cell may disorganize the cell ~nzyme systems causing cell ~ a t h ,  pro- 
liferation, neoplasm, or chromosomal alterations. 

Two concepts must always be'borne in n~ind. First, the area of absorption is 
important:  that  is, the same doge on ~ sm~ll area is far more dangerous than 
when widely spread. And, ~second, the time Of absorption is also important:  tha t  
is, a dose that  might be fatal if absorbed instantly might be tolerate~d If absorbed 
over a long period of time. 

~UNITS OF MEAS 

Radiation is measured by the number of 
by the energy absorbed by irradiated mat 
by the actual number of disintegrations pc: 

:JREMENT 

ons produced in air per unit  of time 
Mal; or, with a radioactive source, 

second. The roentgen is a measure 
of the dose of X or gamma radiation in air. The term rad is correc 
indicate a unit of absorbed dose of any ionizing radiation. One tad 
per gram. One roentgen of exposure will usually produce one rad c 
dose in soft tissue. The rem is a unit of ab:~orbed dose that  takes in 
the relative biological effectiveness of differ( 
rays, beta rays, and electron streams. For ) 
term curie is the unit commonly used with 

;ly used to 
is 100 ergs 
f absorbed 
to account 

:nt types of radiation, such as alpha 
i-rays, one rad equals one rem. The 
radioactive sources. 

ALLOWA BIlE S 

The International Commission on Radiplogical Protection has set forth a 
"maximum permissible weekly dose for wh01e-body exposure for occupationally 
exposed workers. This is 0.3 tad weekly, but-- ~thc dose should not exceed 5 rads 
per year. 6 

METHODS OF MEASUREMENT 

All methods utilize the effects that  result I from the release of energy by X-ray 
absorption. 

1. The erythema method crudely measu#es the amount of radiation required 
to produce reddening of the skin. 

2. The "pastille dose" method utilizes ~he energy required to tfllrn barium 
platinocyanide from yellow to brown. This is also iflaccurate. 

3. The discharge chamber, in which a charged electrode sits in a no0conductive 
air cell, is also used. When X-rays pass tht~ough the tchamber, the air is ionized 
and allows th e charge to be conducted. The dissipation of the charge by r~diation 
may be measured on an electrometer and thus the X-ray dosage determined. 

4. The blackening of photographic fihn is also used as an indicator of X-ray 
radiation. This is the'commonly used method in X-ray departments pf hospitals. 
After develop.ment, the relative blackening of the film is measured b y  the degree 
of light trans~m~ssion through a photocell. A check whereby part  o~the film is 
shielded to eliminate certain frequencies ,of wave is essential. 
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HARMFUL E1WECTS 
As discussed by Kiernan, 7 somatic effects may be, temporary or permanent, 

�9 . i j o ~ 

local or generahzed. These local effects mclt de skm and subcutaneous rela~hons, 
cartilage necrosis, anal the deveh,pm~nt of neoplasms. Genera I body bone and 

effects may include haemopoetic tissue depres sion,I sterility, epilation, skin at~'ophy, 
as well as an increased incidence of leukae~aia aJnd cancers of the thyroic~, skin, 
and bone. However, these are always after ver3 high dosage. The studylof the 
genetic effects of radiation is extraordinarily complex. I t  should be notdd that  
although mutations have been produced in apimals, no scientific atudy has ~roved 
a linear relationship of dose to genetic effectin ~ umans. 

INVESTIGATION Al~D ~v~ETHOD 
In this series the photographic film discol~rat~on method was used to ~easure 

the radiation. Each member of the Depart~0ent of Anaesthesia wore onel of the 
standard badges as supplied by the Departme]nt of Radiology, affixedlto .the 
~ t e r i o r  chest area of his operating room clgthiflg. T]hese were worn at  alI times, 
and changed weekly, when they were measur6d b:y technicians in the Radio- 
active Laboratory Of the hospital. No at{erupt was made to avoid exposure, 
with the anaesthetist staying in his customary position at  all times. 

Each anaesthetist recorded the date and type ot procedure when X-ray or 
radioactive material was used in conjunction w~th anaesthesia. This was carried 
on for five months by the staff of eight. 

RESULTS 
During the five-month period of investigati6n a total of 195 cases ifl which 

radiation was encountered were recorded. This ~as  6 per cent of the total pumber 
of anaesthetics administered in this period, exclusive of maternity cases. 

Throughout the several months that  the b~dges were"worn only t~o  were 
recorded as having exposures of over 40 mrad in any two-week perigd, and 
these were only 50 mrad readings. This was well within the allowables as stated 
by the International Commission on Radiologlcal Protection. 

The chief radiologist of the hospital reported that  "these exposures ~ere not 
considered sufficient to warrant either continuation of the wearing of theJ badges 
routinely, or to suggest any changes in the t~recautions taken by th~ anaes- 
thetists." 

SUMMARY AND CONCLUSIONS 
In the light of the present interest in the darners of radiation, which i~ briefly 

reviewed, an a t tempt  has been made to me~sure the radiation absorbed by 
anaesthetists in their routine practice. If one accepts the method of measure- 
ment as fairly accurate, and also accepts the relative use of X-rays in conjunction 
with anaesthesia in our hospital as typical, tl~en it seems safe to assuhae tha t  
anaesthetists have no cause for alarm, and negd take no special precautions at  
present. The results are well within present-day permissible levels. 
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Rb~su~Is 
Etant  donn6  l'appr6hension actuelle 0es risques de radiation, not{s avons 

entrepris cette etude pour essayer de d6terminer le risque que courent .les anes- 
th6sistes qui, au cours de leur travail d~routine,  sont de plus en plus'exposes 
aux rayons-X. 

Comme r6sultat de l'exposition aux rayons-X, c'est l'ionisation des tissus qui 
s'ensuit, et c'est cela qui engendre les ~ffetsl muisibles qui peuvent X4tre soit 
somatiques, soit g6n6tiques. 

La Commission Internationale de la protection Radiologique a fix~ c o m m e  

dose hebdomadaire maxi~D permise poui" l'exposition de l'organisme complet :  
0.3 de rad; la dose annuelle ~ ne doit pas d6passer 5 rad. 

Au cours de cette ~tude, les huit anesth6si 
port6 une insigne ordinaire de d6tection de ra( 
pendant leur travail habituel et, cela, duran 
d'6viter les radiations. Les insignes ont 6t6 cl 
le degr6 de radiation d6termin6 par le service 
d6pass6 les doses permises. 

stes d 'un service d'anesth6sie ont 
liation, type film photographique, z 

cinq mois. Ils n 'ont  pas essay6 
ang,~s ~t routes les semaines, et 
de radiolo-~ie. Aucune lecture n'a 

D'apr6s nos r6sultats, il appert que le danger de radiation, dans les conditions 
ordinaires, n'existe pas pour les anesth6sistes et que ceux-ci, au cours de leur 
travail quotidien, n 'ont  pas ~ prendre de pr&autions sp6ciales pour se protfger 
contre la radiation des rayons-X. 
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