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ADDITIONS AND OORRECTIONS

April 1950
Page: Linc: Now roads: Change to:
- I W fungus fungous
IV Add to end of Arst paragraph:

Changes in X ray-equipment design, availability of more completo attenuation and
scattering data, and o more complete analysis of the X-ray-tube work-factor may
require future revisions of these recommendations. The structural details and ree-
ommended barrier thicknesses are shown as a guide in the planning of an installa-
tion. Other methods may be used provided the weekly dose does not excced the
permissible value for all cccupied spacos.

Vi o2 2 . : 18

14 Last line film Alms

20 Delete last sentence of paragraph o

n 3 . radiglogic radiological
37 6. millimater mlllinmpero
39 23 scatter : scatterer

48 12 206 ' 286

36 I)elete footnote 18, add new footnote:

18 The thickness of the barrier is indcpendent of its position betweon the target and
the position of oceupied space. Bineo the ordinafes of figures 3, 4, §, end 6 give the
dosage rate per milliampere at 1 meter from the target, it [z convenient to imagine
this barrler at a distance of less than 1 meter from the target. The equation

D2 (10410

ma  (3.288
gives the roontgens per milliampere mineufe at 1 meter from the t.arget {the ordinate
of the attenuation curves) whiah will produce the permissible dosage rate (1.04X10--£
r per minute) at the point of occupied space. The value obtained from this equation
i used as the ordinate of the appropriate aitenustion curve to obiain the required
barrier thickmess.

Delete footnote 19; add new foctnote:
12 The maximum dosage rate of the direct radiation from a therapentie-type protec-

or = (2.66) 10~

. tive tube-bousing is 1 r per howr at I meter, which s 160 times the permissihle dosnge

rate at this distance. At s distance of I (feet) it is
160 L7ex10
7 @28 or =5
As the diagnostic-typs protect]ve—tube, housing permits & divect radiation of onjy
0,10 r pet bour at 1 metar, which is one-tenth of the therapeutic reqm.rements, the
‘barrier must roduce this dosage rate only 1.72X1r8/.D2,
The direct radiation hes been considerably hardened by the filtration in the tube

. housing so computations of the barrier for direct radiation protection should use the

high-filtration end of the appropriate absorption curve. A convenient barrier thick-
ness, fi, near the smallest ordinate and the corresponding ordinate, ri, is chosen from
the approprigte curve of figure 3, 4, 5, or 6. The ordinate, #, i3 multiplied by the
above reduetion factor to obtain a new dosage rate, »3. 'T'be value of rz corresponds
t0 a barrier thickness, £. A barrier of {;—iz thus attenuates the direct radiation by
the reduction factor, and £;—23 i5 the barrier required for direct radiation protection.
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It shall be 0.300 r per week. On the basis of 48 hours per
weelt of uniform exposure, the permissible dosage rates are:

0.00625 r per hour (6.25 mr per hour). .
1.04X 10T per minute -(0.104 mr per minute).
1.74:X10-° r per second (0.00174 mr per second).

- 18, X-ray apparatus. Any source of X-rays, and its
high-voltage supply, coming within the scope of this
Handbook,

1.9. Kilovolt (kv). A unit of electrical potential equal
to 1,000 volts.
' 1.10. Kilovolts peak (kvp). The crest value of the poten-
tial wave in kilovolts. When only one-half of the wave is
uséd, the crest value is to be messured on this half of the
wave.
1.11. Radiation. FEner ropagated through space.
112, Radiation field. %ep Yin o
propagated. .

1.18. Radiation hazard. Hazard that exists in any re-
gion to which a person has access while X-ray apparatus is
in operation and the dosage rate is greater than the per-
missible dosage rate. o

1.14, Radiation survey. A critical examination of the
radiation near an installation by or under the supervision of
a qualified expert. .

115. Primary radiation. Radiation coming directly
“from the target of the X-ray tube. Except for the useful
. beam (1.16), the bulk of this radiation is absorbed in the

tube housing (1.26). -

116. Useful beam. That part of the primary radiation

which passes through the aperture, cone, or other collimator.

1.17. Direet radiation. All radiation coming from

gvithin the X-ray tube and tube housing, except the useful
- beam, ‘

1.18. Secondary radiation. Radiation emitted by any -
matter irradiated with X-rays.

1.19. Scattered radiation. Radiation which, during pus-
-sage through a substance, has been deviated in direction.
It may also have been modified by an increase in wavelength.
It is one form of secondary radiation. :

gion in which energy is being .







1.32. Lead protective gloves. Gloves made of materials
containing lead or lead compounds for the purpose of reduc-
ing radiation hazards. - ' _

1.33. Lead protective aprons. Aprons made of mate-
rials containing metallic lead or lead compounds for the
purpose of reducing radiation hazards.

1.34. Half-value layer. The thickness of absorbing ma-
terial necessary to reduce the dosage rate of an X-ray beam
to one-half its original value. Omne half-value layer would
thus reduce the dosa%e rate to one-half; two half-value
layers to one-fourth; three half-value layers to one-eighth, -
ste. The half-value layer depends not only upon the amount
and waveform of the potential but also upon the amount and
kind of absorbers through which the radiation has already

assed. For use in this %—Iandbook the half-value layer shall -
be the half-value layer in the region of the dosage rate con-
sidered. i ‘

1.35. Occupied space. Space which may be occupied by
personnel during time that X-ray machines are operating,

2. Survey and Inspection

2.1. Plans for a new X-ray installation. requiring struc-
tural)shielding should be discussed with a qualified expert
1.30}. '
( 9.2" The possibilities of multiple exposure from several

different X-ray tubes shall not, be overlooked.
9.3, TFinal plans with the thitkness and specifications for
all protective barriers plainly marked, as well as the position .

. of all pipes, Windowszhlomfers, and doors with their baffies’

indicated, insofar as they pertain to the protection require-
ments, should have the approval of the expert (1.30}.

9.4. Method of radiation survey (1.14}.

a. A radiation survey should be made by a qualified ex-
‘pert (1.30) of all new installations requiring structural
shielding and after every change in such existing installa-

tions. “Change in X-ray installations” shall be construed to .

mean a change by which the X-ray output has been increased
~or the protection of the barrier altered. For example, on
an installation where the maximum output is governed by
the tube limitation, a tube change shall mean a “change in

the X-ray installation” only if the new tube will allow a

higher X-ray output.







may safely remain at this position shall also be indicated.
These positions may be identified by numbers or letters on
the scale drawing. A table could then give the dosage rates
and times for each of these positions.

c. The position of personnel habitually located in regions

of possiblé radiation hazard (1.13) shall be indicated.
. d. The report shall include recommendations as to cor-
rections, in the operational technique, barrier thickmess, or
- mechanical restriction of the heam that will eliminate radia-
tion hazards (1.13) in occupied positions.

e. If radiation hazards (1.13? are found to exist, the ex-
pert should indicate whether a further survey is necessary
after the fault has been remedied. »

f. Recommendations shall include changes in the per-
sonnel monitoring (1.31) technique if required.

Copies of ench report shall be kept on file by the ex-
pert (1.30) and by the physician or dentist in charge of the
X-ray installation. . .

2.6.. -Periodic inspections. .

a. At least every 6 months all protective devices that may
become defective due to use or abuse, such as lead protective
aprons or gloves, shall be inspected for radiation leakage.
A qualified expert is not required for this inspection. Ap-
proximate deferminations of radiation leakage by fluoro-
scopic examination, radiographs, Geiger counters, or ioni-
zation chambers are deemed sufficient. : ;

b. This inspection shall include tests of the functioning .
of all interlocks.

c. Records of dates, findings, defects, and-recommenda-
tions for remedial action for each such inspection shall be
kept on file by the physician or dentist in charge of the
X-ray installation. '

2.7. Whenever electrical or radiationﬁlazards (1.13) are
found to exist they shall be promptly eliméinated. )

3. Working Conditions

3.1. The working.conditions of the personnel in an X-ray . .
department shall be the responsibility of the physician or
dentist in charge. . :

3.9. The physician or dentist in charge shall be respon-
sible for the instruction of new personne] in safe working .
practices for dealing with X-rays, and in the nature of in-
juries resulting from overexposure thereto.” He should pro-
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trical injuries and for the execution of the following regu-
lations for all employees. ' i

b. Preemployment examination. This shall entail an
occupational history, a description of any unusual radiation
exposure resulting from previous occupations, diagnostic
radiographic examinations, or any radiation therapy Te-
ceived (including infancy and childhood), a detailed family
‘history (for heritable disease), a complete physical exami-
nation, including a routine urine analysis, a chest plate, and
a blood. count. In the case of a married mndividual without
children, a record of whether or not the absence of children
is due to prophylactic measures is desirable. -

¢. 'The blood count shall include the red-cell count, hemo-
globin, white-cell count, differential count, and a note as to
the abundance of plateiets in the blood smear.

(1) The initial blood count shall be performed on two
successive days at a stated hour. It is suggested that blood
counts be performed at 8 p. m.. If the first two counts show
significant differences, a third shall be performed. These
shall serve as a basis for future comparisons. Persons hav-
ing a total white count of less than 4,000 shall not be accepted
for employment. .

(2) Blood counts should be repeated periodically. For
departments that monitor their operations and personnel
carefully by pocket chambers or flm badges this interval
should be not longer than 6 months; and for those installa-
tions where personnel monitoring is not practiced, the inter-
val should be not more than 3 months.” Blood count shall
be performed whenever possibility of overexposure is
suspected. : ,

3) Emphasis shall be placed upon trends in serial blood
counts rather than one blood examination. A reduction of
the white-cell count by 2,000 may indicate radiation injury,
and should be investigated. . However, in the majority of
instances, this change represents a normal variation,

* Changes in the blood count are usually the first bilogical Indication con-
veniently obtainable of extensive overexposure to radiation. The oceurrence of
& change calis for an investigation to determipe its cauge: it ig frequently a
normal variation and veversible, There are no blood chunges which depend-
ably indicate incipient damage to personnel from radiation exposure, i, e., be-
fore real damage has occurred.

. Jnvestigators have found minor changes in the blgod cells that might be sig-
nifieant of incipient radiation injury. These are tendency to anemia in females,
propensity to polycethemia, tendency to leukopenin, ledy morked tendency to
leukocytosis (shift to the Jeft), h Dersegmentation, gronuilocytopenia, and

othological Iymphoeytes. The evaluation of these fentures ig o matter of
clinienal judgment,
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‘ Freore 1. Fremople of wall joint (For section L.%)

‘ The gum of radintions through oll paths ABCI' and DEF to the point F
|

shall not be more than the %ermissible dosagﬁ rate if I' ig to be occupied space.

The framework supporting the lead wall is

ere considered to be of relatively
X-ray-trangpareni material, .

lapping requirements are governed by 4.6, A door bafle may
be required above 125 kilovolts if the aperture can be struck
: by the primary beam. (See fig. 2 for example that fulfills
E the baffle requirement.) . ' '

Fiaure 2. Hgample of door bafle (for section 4.9)
The gum of radintions through all pathse ABCEF and DEF to the point I -

LEAD OR LEAD- F LEAD
ii ALLOY INSERT FLANGE.
i i RS S -
I -8 7 CONCRETE ___\¢ :
! T 3 FLOOR ; ¥ 23t
i o
i

| shall not be more than the permissible dosage rate if F is to he occupied space.
1 The supporting structure for the lead door is here considered to be a frame-
‘ work of relatively X-ray-transporent materinl.

i 4,10, Holes in the barrier for pipes, conduits, and louvers ™ )
i shall be provided with bafles so that radiation transmitted . .
l through them is not more than that transmitted by the sur-

|
il

; rounding barrier. Such holes should -preferably not be
| | ~ struck by the primary beam, . ST

5. Plans for an X-ray Installation

51. The X-ray installation should be placéd as far as
practicable from other occupied space. In special cases this
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b. Diaphra ms or cones for éollimating the uscful beam
shall provide the same degree of protection as the tube hous-
ing.
c. Alead frame 1.5 millimeters thick *¢ shall extend out on

all sides of the screen to a distance of at least 1 inch beyond . ;

the useful beam, as defined by the cone or diaphragm.
10.2. Structural shielding for fluorography.

2. A primary protective barrier (1.24) whose lead equiva-
lent is at least 1.5 millimeters at 100-kilovolts peak,!* shall
be provided either around the light hood between the screen
and the camera and around the camera or behind the camera. ]
" b. If occupied space is 6 feet from the target, a secondary
protective barrier ?1.25) whose lead equivalent is 0.5 milli-
meter at 100-kilovolts peak shall be required in that direction.
If occupied space is more than 35 feet from the target in a
certain direction, no secondary protective barriers are re-
quired in that direction. Barrier requirements at other kilo-
voltages shall be determined from the curve of figure 3, page
32, according to the rules quilined in section 19.1 for = tu%e
current of 1.4 milliamperes. '

10.3. Operation of fluorographic apparatus.

8. 'The controls shall be operable only from behind the
protective barrier,

b. Tf movable protective barriers are used, personnel
monitoring .shall be required.

11. Therapeutic X-Ray Installations Operated at
Potentials up to 250 Kilovolts

- 11.1. Equipment for therapy apparatus, up to 250 ldlo-
volts. (See section 114 for special requirements.)

a. dA therapeutic-type protective tube housing (1.28) shall
be used. : '

b. Permanent diaphragms or cones used for collimating
the useful beam shall have the same degree of protection as
the tube housing. Adjustable, beam-defining diaphragms
when used shall allow transmission of not more than & per
cent of the useful beam dosage rate (1.6) outside of the useful
beam (table 3, p. 38).

- 32 Tor eQuiEment capable of operating at potentinls of from 100- to 150-
kilovolts penks, an additional lead equivalent of 0.01 millimeter per kilovolt
ovel' 100-kllovolts é)eak shall be required, .
1 Hee foofoote 13,
18




.Feduce the dosage rate outside

e, All flters shall have their thickness clearly msrked on. -

them. - A filter-indicating system is recommended at the con:
trol showing the thickness and material of the filter in the

v+ . "useful beam. The filters shall be held firmly in place to
~ prevent them from dropping out during treatments. The

~ . flter opening shall be so arranged that the scattered radia-
_ tion from it gives a minimum contribution to the radiation

hazard (1.18).

.~ d. The X-ray tube shall be accurately centered in the

tube housing and shall be rigidl mounted to prevent turning
and sliding. The location of the focal spot should be indi-
cated by suitable marking on the tube housing.. If the

- .inherent. filtration of X-ray tube and tube housing for the

useful beam is very low, such as in a beryllium window tube,
then a Special danger exists and extreme care should be exer.

. cised in 1ts uge.

. All means of angulation and movement of the X-ray-
tube head shall be provided with devices for preventing
shifting during treatments.

- 1. - Valve tubes may require shielding if they are not lo-
cated in the treatment room,

g The control shall be provided with a timer that auto-

matically terminates the exposure after a preset time.

- h, At potentials above 150 kilovolts an ionization cham-

ber fixed in the useful beam is recommended to indicate any
error-due to incorrect filter, milliamperage, or kilovoltage.

" If low inherent filtration is not required in the 50- to 150-

kilovélt region, an ionization chamber is also recommended
in that range. '

i Lead rubber, lead foil, and other materials used for

limiting the field should have a sufficient lead equivalent to
of the defining aperture to 5
bercent or less of the dosage rate of the useful beam. See
table 3, page 88, for the lead equivalent required for different

. radiation qualities.

 11.2. Structural shielding for therapeutic X-ray instal-
lations operating up to 250 kilovolts. (See section- 11.4
for special requirements.)

. 8. The barriers required to protect against the' useful-

beam (1.16) and the scattered radiation (1.19) should be in-

- corporated in the building construction with the control
- located outside of the treatment room. Movable lead.screens
- are not recommended and shall not be depended upon above

BB15T4°—50—4 19




100 kilovolts. Where employed, these screens require: sur-
veys, as covered by section 2, . o T
b The cost of structural shielding may be reduced con- .
siderably by locating the treatment rooms as remotely as
possible from occupied regions, taking advantage of the re-
duction due to the “inverse-square law”. This isparticularly
true for the higher voltages. Corner rooms are especially
suited as the outside walls and windows do not require any
rotection if they are sufficiently distant from other occupied.
Euildings’ and areas. See table 4; page 38, for the minimum
. distance required, Where most roentgen-ray treatments
are given with the beam pointed toward the floor, special
. consideration shall be given to the protection of persons’
habitually in the rooms directly below the treatment room.
- ¢ The control shall be located outside the treatment room
for voltages above 100 kilovolts. .

d. Where it is planned to provide unlimited irradiation
for all possible orentations of the useful beam and for all’
possible-locations of the X-ray tube target, the protection re-
quirements shall be as follows: () All areas of the walls,
floor, and ceiling of treatment rooms that may possibly be
exposed to the useful beam, plus a border of af least 1 foot;.
shall be provided with primary protective barriers (1.24 .
Table 5, page 40, gives the thicknesses required for suc.
protection. ‘The shortest possible target distance with max-
mum kilovoltage ‘and continuous milliamperage shall be
assumed. (b) other areas of the treatment room shall
be provided with secondary protective barriers (1.25). A
method for computing the thicknesses of such barriers is

© given in section 19.1b. : .

e. If the beam is directed toward the floor for more than
90 percent of the treatment time, the barrier thickness of
the ceiling and the walls above 7 feet may be three half-

value layers less than the primary protective barrier re-
quirements. Such an installation “shall require personnel
monitering, as outlined under section 8.5. ,

11.3. Operating methods for therapeutic installations
operating up to 250 kilovolts. (See section 11.4 for special -
requirements. ) : . 7 -

8. TheX-ray installation shall be operated in compliance
with any further limitations indicated by the radiation- .
protection survey. : R B ‘
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b, Olnly\the psi,tiéﬁtr'sball be in the treatment room during .
-.eXposure, except when it ig Qnecessary to hold the patient, as
.. in the case of small children. - No members of the radiologic .

stafl nor other persons normally near X-ray equipment -or

. radioactive materialy hall togg the patients during irradia.

e useful beam and-shall be protected as much ag practicable .-

114 Special fiaquirements for X-ray thérapy equipment,

tion. The person holding the patient shall not be in the

from scattered radiation. _ . _ o
"¢ The patient and X—ra,y-(_:ontr.ol shall be under obser-

vation during exposure. Provision for oral communication
‘with the patient from the control is desirable. - -
. d.” The useful beam (1:.16) should be directed foward
¢ . unoccupied -regions if consistent with therapeutic: require-

" ments. : - . : :

- operating at potentials up to 50 kilovolts,

L van Structural shielding is generally not r'eqtllired for

X-Tay equipment operating at voltages of 50 kilovolts and

- less.. However, as the operator is usua.llf in the treatment

“room during irradiation, special care shal

: be taken to avoid
exposure to the nsefill beam. - Due to the short target dis-

aperture ‘may be éxtremely high. An installation shal] conrt-
Ply with the general requirements, except that radiation
‘Ino'njtoringl (1L.1h) and struetural shielding (11.2) are not

required.

-

b The term “grenz ray” is used to describe very soft roent-

gen rays produced at voltages below 15 kilovolts, Because
of the low: penetration of ﬁlese rays. it is not necessary to

‘tance of less than 3 meters. However, it should be empha- .

. sized that grenz rays are roentgen rays and that they may
-cause the-same type of injurious effects ag harder roentgen

-rays; although limiteq to superficial layers of tissue,

- ¢ The term “contact therapy” is used to describe shori,

distance irradiation of accessible lesions, The- potential is

o -~ usually 40 to 50 Ilovolts. Because of. the short, target-

«-contact "distance, -bbout 9 centiineters, the dosage rate af -

o . :fontact is-very hig {about 10,000 roen Jens per minute with

: - vent accidental exposures to the use

existing equi ment), necessitating rioiq recautions to pre-
fol oz, o ieetal I ths tub
ul beam, e tube

o1









































































