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PREFACE

Upon the suggestion of the seeretaries of the International
Safety Committee, Dr. G. W. . Kaye and Dr. Stanley Mel-
ville, the Advisory Committee on X-Ray and Radium Pro-
tection was formed in the United States for the purpose of
preparing a unified set of safety recommendations. In order
to have a commitiee not too cumbersome and yet thoroughly
vepresentative of the geveral phases of the art, two members
were appointed by each radivlogical society, two by the man-
ufacturers of S-ray equipment, and one by the Medical
Association.  The prestdents of the radiological socicties
were each asked to appoint one physicist and one radiologist.
The members representing the manufacturers were selected
Ly the manufacturers through nomination and ballot.

The following members compose the committee:

Representing Intcruntional Safely Commitice and Nativnel Buwrciou of

Stundards:

LavrrsioN S, TAYLOR .
Roprecenting Awmerican Roentgen Ray Bociety:
H. K. PPaXcgasT. M. D., University of Pennsylvania Hospital.
J. L. WEATHERWAX, PFhysicist, Philadeipliu General Hospiral.
Represeating Rediclogical Beciety of North Americd:
R. R. NeweLr, M, D.. Stanford University Hospital,
G, Fairrs, phyeicist, Memorial Hospltal.
Reurélenting the dmervican Medical Aesocintion?
Traxcis Caxter Woobd, 8t Lukes Hospital, Xew York, X, Y,
Representing X-ray eguipment manufacturers:
W, D, UCgoripee, associate directur, research laboratory, €eneral
Electrie Co.
W, 8, WerxEer. seeretary of Kelley-IKKoert Manufacturing Cn,
Covipgton, Ky,

The committee recognizes that future development of the
art may require changes in these recommendations. Since
the existence of the committee is not permanent, 1t recom-
mends that any future changes of these proposals be made b
the National Bureau of Standards after consultation wit
proper and recognized committees, ) )

The fcllowing are the recommendations of the committee:
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X-RAY PROTECTION
By Lauriston 8. Taylor

I. PROTECTION FROM X RAYS
1. GENERAL RECOMMENDATIONS

A, DEFINITIONS

1.01. Throughcut these recommendations the word  shall ™
i=used to indicate necessary requirements, while the word:
“chould ” indicates advisory requirements to be appliad
when possible.

1.02. The “lead equivalent ™ of a protective material i3
defined as the thickuess of lead which will have the same true
absorption for a given X.ray beam as the protective material.

1.03. The ** protection coefficient ” of a protective material
is the ratio of the thickness of Jead to the thickness of the
material which absorbs a given Xoray beam to the same
extent,

1.04. In expressing the protection coeflicient the X.rav
voltage at wlich the measurement is made ¢hall be given for
all materials owing their high absoptive power to other than
lead content. For determining the protection coefficient
either a photographic substitution or ivnization substitution
method, which takes the true absorption intoe consideration.
shall be nged.

1.05. For the purpose of specifying high-tension spark-
over distances, the following table gives the approximate
needle point spavk-gap distance for peak voltages up to 300
kv, (700 mm. atmosphere pressure and 20° C.)

1
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2 . BUREAT OF STANDARDS

TaBre 1
i !
;Ko volls {prek) Needde | Point gap Kilo volts (3=uk) Needle (Point g3
[

cm. ] Inches iy cm, *Tachea
0.42 [A-. 037 . i, 1R T 8
L85 ¥R e 33 ! #io
LA0 | e LR oo 1948
L5l s L8 voa6 1l gy R
za0| T . 78,1 il i
2,69 1. 06 30.1 L9
3.20 I 1,26 320 126
.81 |% 1.50 229 3
449 FF L7 357 ] 3R 140
530 | 2.05 GY 1 148
6.61 2.6 s0,5) 153
851 { 7 BT sL4 3

%

111 l 4.56 4.3 170
13.3 5m 45,2 i7. 8
155 ] Ew 547 26
1.7 | 6.9 . «

1.06. The term ** direct radiation ™ shall include all radia-
tion other than the useful beam emanating from the X-ray
tube anode or the inside of a tube or tube container. The
*useful beam” of X rays shall include that part of the
radiation used in examination or freatment. The ferm
“scattered radiation ™ shall refer to the secondary radiatfion
from the patient and any parts of the room or apparatus.

B, ROOMS FOR X-RAY APPARATVUS

1.07. X-ray and control rooms shall be so located as to
avoid dampness and to provide ventilation and light. This
requires that, in general, such rooms be on or above the
ground floor. All rooms should be decorated in light colors.

1.08, Forced ventilation should he provided to remove
nitrous gases and ozone from all rooms occupied by patients
or operators. 'This ventilation should be such that fresh air
enters the room st or near the floor, and that stale air is
1emeved neart the ceiling at the opposite side of the room.

1.09. Rooms containing high-tension generators, all tube
inclosures or other places where high tensien is present shell
be provided with suction ventilation to remove nitrous or
other gases.
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1.10. All X.ray rooms (except for dental radiography)
or booths shall be lined throughout with sheet lead or equiva-
lent material of assured guality, uniformity, and perma-
nency, care being taken that there be complete overlappin
of all joints. “gProtective plasters ” and lead rubber wal
board are considered to be unsatisfactory for providing
protection exceeding 1 mm. lead equivalent.

1.11. Protective lead coverings for X-ray rooms and booths
shall not be perforated by nail holes, ete., unless such holes
are adequately covered with lead.

1.12. Corner construction at the floor and ceiling of lead-

rotected rooms or booths shall Hrovide at least the same
degree of pratection as the remainder of the walls,

1.13. The protective lead covering of any door leading to
a treatment or examination room or booth shall overlap =o
as to adequately prevent the passage of X rays.

1.14. The following lead equivaTents are recommended as

adequate:
. Tanre 2
X-raysgen] ain;

- Minimum
eraled ¥ | eyuivalent
peak volt- 1 b e oo
ages Dol an vy
exgess ol—

R, [ Afm.

T i 1.4

i L&

125 | 9.0

150 [ 25

175 a0

20 | 40

225 | 50

300 . L]

1

ny ¢ 150

S0G 22,0

600 | 340

o .
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C. MARKING OF PROTECTIVE DEVICES

1.15. All X.ray protective materialg shall be indelibly
marked by the manufacturer in such a manner as to readily
show the lead equivalent thickness of the material. (See
Table 2.) For protective materials containing other than

H5ET2° =312 v




4 BUREAT OF STANDALLS

lead to cause the high absorption, the voltage at which the
equivalence applies shall be given.

1.16. All X-ray tube inclosures made of lead glass, all
metal shields, and oil-immersed X-ray tube containers shall
be marked by the manufacturer in such a manner as to
readily show the equivalent lead thickness of the protective

material.
D. TUBE INCLOSURES

>

1.17. A protective inclosure shall surround all X-ray
tubes so as to prevent the escape of direct radiation from the
bulb and cathode and anode necks.

Classification of X-Ray Installations

1.18. Class A. X-ray installations for diagnostic purposes
at voltages up to 130 kv. peak.
Class B. . X ¥av installations for superficial therapy
at voltages up to 140 kv, peak.
Class «C. X-rayv installations for voltages from 140
- to 250 kv, peak, in which the X-ray tube
: is housed in an inclosure affording the
A requisite protection from all direct radia-
tion. .

2. SPECIAL REQUIREMENTS FOR APPARATUS OF CLASS A

{X-ray installateins for diagnostic purposes at voltzges up to 120 kv. peak)

E, PROTECTION FROM DIRECT RADIATION

2,01. A protective inclosure shall surround the X-ray tube
bulb. and the arms for a distance of 4 inches from the bulb,
go that direct radiation is shielded off in all directions.
Open bowls shall not be used.

2.02, In the caze of X-ray tubes having built-in protee-
tion, the equivalent lead thickmess shall conform to Table 2,
and chall shield off all direet radiation.

X F. PROTECTION QF PATIENT

2.03. An aluminum filter, at least 0.5 mm. thick, shall lLe
permanently mounted in all fluoroscopic and radiegraphic
tube inclosures.

e
o

s
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X-RAY PROTECTION 3

2.04. The diaphragm of the tube container shall have a
permanent covering of asbestos board at least 0.5 mm. thick
placed between the tube and filter next to the filter.

It is recommended that for prolenged fluoroscopie work an aceuwn-
lative timing device be used which will either Indieate or turn off the
apparatus when the total exposure exceeds a certain previously
determined Iimit—given {n one or in a series of exposures—assuming
thie same body drena exposed.

G. PROTECTION OF PHYSICIAN AND PERSONNEL

(Protection from Direct Radiation)

2.03. The fluoroescent screen shall be covered with plate
lead-glass having an equivalent lead thickness of at least
1.5 mm.

2.06. Protective gloves shall have an equivalent lead thick-
ness of at least (0.5 mm., and shall insure protection to the
whole hand—outer surface, palm. fingers, and wrist.

2.07. Protective aprons worn by the physician or tech-
nician shall have an equivalent lead thickmess of at least
0.5 mm.

2.08. Aprons may be worn by the operator or may be per-
manently attached to the radioscopic apparatus in such a
manner &s to provide suitable protection.

2.09. The tube protective inclosure shall be provided with
an adjustable diaphragm which, when open to its fullest
extent, leaves a margin of one-fourth inch of unilluminated
fluorescent sereen with the sereen at its fullest distance from
the tube. Diaphragm and screen should, when {Jossible, be
mounted on a common support so the two will always move
together,

2.10. The fluorescent screen frame shall contain a protec-
tive material (1.5 mm, equivalent) overlapping the protective
glass one-fourth inch and extending at least 6 inches beyond
the edges of the glass,

Protection from Scattered Radiation.

2.11. To protect the Ehysician from secondary radiation
during fluoroscopic work, the following protective measures
shoulg be provided:
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(a) Upright fuoroscope (standing or sitting pationts).—
Protecrive shield of at least 1.5 mm. lead equivalent, fastened
to the finoroscope and extending from one-fourth inch inside
the border of the fluorescent screen to such a height above
the floor that the physician’s legs and body will be theraughly
shielded for ail positions of the screen.

Wings of protective material (1.5 mm. equivalent) shail
be provided to extend § inches to each side and top of the
flucrescent szereen and shall overlap the screen cover glass
one-fourth inch. {See sec. 2.07.)

(b) Horizontal pfuoioscope~Protective shields (1.5 mm.
lead equivalent) chall be placed (rigid or movable), one en
each side of the screen,

Shields of flexihle material {1.5 mm. lead equivalent)
should extend from the above-mentioned shields to the floor
and should either move with the finorescent screen and tube
or cover the entire lencth of the table.

(¢) Titing fuoroscope~Wherever practicable, the pro-
tective features of sections (@) and (&) above should be
followed out.

2.12. Radiographic and radioscopic rooms shall be lined
throughout with at least 0.5 mm. of sheet lead or equivalent
material of assured quality, uniformity, and permanency.

Erception—Thizs may be omitted only on outside walls and sides
adjrcent to unoccupled rooms,

2.13. 'To protect the operator and perssanel, contfrol appa-
ratus for radiographic work should be in an adiacent room
which provides protection equivalent to at least 0.5 mm. of
lend. Control operators should be behind such protection
during all radiographic exposures, and during all radio-
scopic work when practicable.

2.14, When it i1s impracticable to place the control appa-
ratus in an adjacent room. as in paragraph 2.13, it may be
inclosed in a lead-lined booth within the radiographic room.

9.15. Either contro! room or booth shall be provided with
? suitably large lead-glass window of 2.0 mm. lead equiva-
ent,

2.16. The use of movable upright protective screeng is
dangerous and shall be discontinued,

217, When thermionic rectifiers are used they shall be
either placed in a separate room or surrounded by material
of 0.1 mm. lead equivalent. )
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3. SPECIAL REQUIREMENTS FOR APPARATUS OF CLASS B

{d.ray installations for superficial therapy at voltages up to 140 kv peak)

H. PROTECTION FROM DIRECT RADIATIONR

3,01. A protective inclosure shall surround the entire
X.rav tube so that dirvect radistion is shielded off in all
directions by protective material of 2.5 mm. lead equivalent.

3.02. This equivalent thickness may be reduced by an
amount equal to the thickness of the lead lining of the room,
except that in no case shall less than half of the lead protec-
tion be provided by the tube inclosure.

3.03. Th the case of X-ray tubes having built-in protection
or oil-immersed tubes in protective fanks. the protection
shall be equivalent to that in Table 2. Where the buiit-in
‘protection is insufficient, additional protection in any direc-
.tion shall be added up to the required amount.

" 3.04 When the X-ray tube is so arranged that the radia-
tion can be taken off in only one fixed direction. a sheet of
lead 2.5 mm. thick shall be placed in the path of the direct
., and useful beams, on the floor, wall, or ceiling opposite the
- diaphragm. This lead sheet shall extend 1 foot in all direc-
tions beyond the edge of the X-ray beam, determined by the
Jargest possible aperture in the tube inclosure.

3.05. When the X-ray tube i3 so arranged that radiation
can be taken off in several directions all parts of the room
which may possibly be reached by the direct or useful beam
of radiation shall be lined with sheet lead 2.5 mum. thick.
The lead lining of this thickness chall extend 1 foot beyond
the edge of the beam for any position of the tube inclosure
with its Iargest possible diaphragm aperture. When there
is any doubt as to the limits of the beam the whole room
should be lined with 2.5 mm. of lead.

3.06. Protection from direct and uszeful radiation as in-
dicated in paragraphs 3.04 and 3.05 may be omitted only on
sides ndjacent to permanently unoccupied rooms or outside
building walls. .

I. PROTECTION FROM SCATTERED RADIATION

3.07. In the case of paragraphs 3.04 and 3.03, the entire
remaining portions of the room shall be lined with sheet lead
1.5 mm. thick,
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3.08, Ajl control apparatus shall be located in an adjacent
room or in a completely inclosed, well-ventilated booth lined
with 2,5 mm. lead. Such a room or booth shall be provided
with a suitably large protective glass window or windows of
2.3 mm. lead equivalent, so placed as to ufford ready view of
the patient and meters while the operator is in a normal and
camfortable position.

3.09. The tube container and treatment table should Le so
‘arranged that the useful beam points away from the techni-
. eian‘s booth, offices, etc.

310 When thermionic rectifiers are used they hall Le
either placed in a separate room or surrounded by protective
material of 0.1 mm, lead equivalent,

3.11. There ¢hall be mounted in the diaphragm of the tube
container. between the tube and the filter, a layer of asbestes
board at least 0.5 mm. thick to prevent a melted target from

falling apon a patient,
4. SPECIAL REQUIREMENTS FOR APPARATUS IN CLASS C

(X-ray installations for voltages from 140 to 250 kv, peak, in which the X-ray
tute is housred in an inclousure afferding the requisite protection from all

direct radiation}
J. PROTECTION FROM DIRECT RADIATION

4.01. The X.-ray tube shall be completely inclosed in a
protective inclosure so that all direct radiation is shielded
off in all directions by protective material having lead
equivalent as given in Table 2.

4,02, This equivalent thickness may be reduced by an
amount equal to the thickness of the lead lining of the room
except that in no case shall less than half of the lead protec-
tion be provided by the tube inclosure. (See pars. 4.05, 4.06,
and +.08.)

4.03. The diaphragm of the tule container shall have a
permanent covering of ashestos board at least 0.5 mm. thick,
placed between tube and flter, next to the filter,

4.04, In the case of tube containers for water-cooled tubes,
the diaphragm shall be sealed water-tight,

4.05. When the X-ray tube is so arranged that the radia-
tion can be taken off in only one fixed direction. s sheet of
lead of thickness in accordance with Table 2 chall be placed
in the path of the direct or useful beam on the floor, wall, or
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ceiling opposite the diaphragm. This lead sheet shall extend
1 foot in all directions beyond ihe border of the X-ray beam
Jdetermined by the largest possible aperiure in the tube
mclosure. T .
4.06. When the X-ray tube is 5o arranged that radiatien
van be taken off in several directions, all parts of the recom
which may possibly Le reached by the direct or useful heam
of radiation shall be Jined with sheet lead in acccrdance with
Tuble 2. The lead lining of this thickness shall extend I
foot bevond the edge of the Leam for any position of the
tube inclesure with its largest possible diaphragm aperture.
When there is any doubt as to the limits of the beam, the
whole roem should be lined with lead in accordance with

Tahle 2,
K. PROTECTION FROM SCATIEZRED RADIATION

1.07. In the case of paragraphs 4.05 and 4.06, the entire
remaining portions of the room shall be lined with sheet lead
having a thickness of 1 mm. less than the values specified in
Table 2.

4.08. All control apparatus shall be loczted in a separate
room.

4.09. Such control rooms shall have g protective glass win-
dow or windows of the same lead equivalent ag the wall and
should be so located that the operator may, while in a normal
and comfortable position, have a ready view of the patient
and meters.

4.10. When thermionic rectifiers are used, they shall be
placed either in a separate room or surrounded by protective
material of 0.2 mm. lead equivalent.

II. ELECTRICAL PROTECTION

5 GENERAL ELECTRICAL SAFEGUARD RULES FOR INSTAL-
LATION OF ALL X-RAY AFPARATUS

3.01. X-ray installations may be conpected to power mains
hy suitable, approved. plug and cable if the input corre-
~ponding to the rated capacity of the fused mains does not
exceed 6.3 kva. In the usze of plug and cable, the voltage
and wattage rating of each shall be clearly and permanent‘fy
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indicated. ILeads to such apparatus shall e according to the
regulations of the National Electrical Code.

3.02, If the power input under paragraph 501 exceeds 6.5
kva., the X-ray apparatus shall be permanently connected to
the mains by meansz of an approved inclosed switch, A
gouble-pole switch shall be wsed for direct and single phasa:
current and a triple-pole switch for 3-phase current. In the
wze of a 220-volt 8-wire system the neutral chall be unfused,

5.03. If a transformer, rotary-converter. or motor-genera-
1or set be interposed between the mains and the N-ray
epparatus, a suitable switch shall be inserted in the lins
petween same and any X-ray appalratus.

3.04, The switch referred to in paragraphs 5.02 and 35.03
:hall be secured by a locking device or by gravity in the off
position, and shall be inclosed in a suitable grounded metal
hox.

5.05. A foot switch used as an operating switch for the
X-ray transformer shall be in series with an auxiliary switeh
located on the control panel.

5.06, A foot switch shall have & rigid shield above the
button so arranged that the switch can not be cloged by
accidentally stepping upon it.

5.07. A foot switch or hand switch shall be so constructed
that for operation it is regunired to be held on. No locking
device shaﬁ be permitted, If a foot or hand switch operates
throu}gh a relay, the relay shall open upon release of the foot
switch,

5.08. A time switch used as an operating switeh for the
X.ray transformer shall be in series with an auxiliary switch
located on the control panel.

3.09. All X-ray apparatus shall be provided with a quick-
acting, magnetic overload cirenit-breaker interposed between
the transformer and the supply circuit. This should pref-
erably be an integral part of the apparatus and permanently
installed therein.

5,10. The value of the tripping current shall be adjustable
and clearly indicated on the circuit-breaker. For diagnostic
apparatus the tripping current of the breaker shall be ad-
justed to a 40 per cent overlead on the primary of the
transformer, based on the maximum working voltage and
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current.  For therapy apparatus the tripping curvent chall
be adjustable to 20 per cent overload on the primary.

5.11. The installation of water coolers shall comply with
all regulations pertaining to high-tension equipment and
high-tension conductors,

6. RCORS FOR X-RAY EQUIPMENT

0.01. All high-tension generators shall be made inaccessible
by means of an insulating barrier or a grounded metal Lar-
rier or shall be installed in a separate room. In any case,
a switch chall bhe so arranged in the transformer primary
circuit that the transformer will be immediately discon-
nected when the door leading to such an inclnsure 1s opened.
Furthermore, it chall be impossible to close this switch except
from outside the inclagure after the door is clased.

6.02. In cace of cuch inclosures for valve tube equipment
having condensers in the high-tension civemt. there shall be,
in addition to the specification in paragraph 6.01, a device
g0 arranged that both sides of the high-tension system are
automatically grounded when the door to the inclosure is
opened in excess of 18 inches.

6.03. When the X-ray generator is self-contained in a
wooden inclosure wherein the spark-over distances are in ac-
cordance with paragraphs 7.02, 1.03, and 7.04. and where no
exposed high-tension leads ave accessible or less than 7.5 feet
above the floor. then paragraph 6.01 shall be invalid,

6.04. No control room shall be so separated from the treat-
ment or examination room that the person operating the
contrel panel does not have at all times a clear view of such
treatment or examination room.

6.03. In the case of fluoroscopic equipment. where the gen-
erating apparatus is controlled by means of a foot switch
used in accordance with paragraphs 5.05, 3.06, and 507, the
control room may be separated from the fluorescopie roour.
In such a case. there shall be in the examining room a device
which indicates antomatically and continuonsly during the
time that the transformer primary switch located on the
control board is closed,

6.06. If an X-ray generatcr e permanently installed in
a thernpy or diagnostic room, =o that its high-tenion termnj-




1:2 LURLW 0k sTASDARDA

nals are less than 7.3 feet above the floor. it «hall Le sur-
ronnded either by an earthed metal barrier or insulating
bartier in accordance with paragraphs 7.02. 7.03. and 7.04.

7. INSULATED HIGH-TENSION BARRIERS

7.01. A grounded metal ertd or sereen may he used as a
protective barrier if the mesh ares does not exceed one-half
inch square.

7.02, For Xoray apparatns earthed at one pole, a protec-
{ive barrier of insulating material, including the air space
between the latter and any high-tension part, shall provide
an insulation necezsary to withstand twice the maximum
operating voltage and hall in no case be placed nearer to any
hugh-tension part than the equivalent needle point spark-gap
distance, as given in Talle 1. corresponding to the maximum
vperating voltage

7.03. For X-ray apparatus with the neutral of the high-
tension generator permanently grounded through a low
resistance, the protective barrier, including the air space
between the barrier and anv high-tension part, shall provide
an insulation necessary to withstand the total maximum oper-
ating voltape, and in no case be placed nearer to any high-
tension part than the equivalent needle point spark-gap dis-
rance. as given in Table 1, corresponding to one-half the
maxitum operating voltage.

7.04. For Noray apparatus with no part of the high ten-
sion grounded. the protective barrier. including the air space
between bavvier and any high-tension part, shall provide an
ingulatinn necessary to withstand twice the total maximum
operating voltage. and in no case be placed nearer to any
high-tension part than the eqnivalent peint spark-gap dis-
tance, ag given in Talle 1, corresponding to the maximum
operating voltage,

8. HIGH-TENSION CONDUCTQRS

8.01. All permanent averhend high-tensjon systems shall
be constructed of metal rods or tubes of sufficient diameter to
provide rigidity and prevent eorona.

8.02. Sharp edges or points in the high-tension svstem
should be avoided w0 far as possible in order to minimize
bhrnsh discharges,

%

"
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8.03. All parts of high-tension overhead conductors, in-
cluding meters and stabilizers, shall not be less than a dis-
tance of 7.5 feet above the foor for all installations operatine
below 250 kv. unlese surrounded with grounded metal guards
or insulating guards in accordance with paragraphs 7.02,
7.03. and 7.04.

8.04. High-tension parts installed in completely infcces-
sible parts of treatment, diagnostic or machine rocnis may be
placed at lower heights than specified in paragraph 8.3.

8035 All insulating supports for high-tension aerials,
high-tension stabilizers. meters, ete., must withstand a dead-
welght load of 50 pounds.

8,08. All water coolers for X-ray tubes shall be constructed
of metal and the gauge glass (if one is used) suitably pro-
tected against breakage by a metal guard when the cooler
is in & treafment room.

8.07. The water tubes connecting the water cooler and
X-ray tube shall be of metal or rubber tubing covered with a
tightly fitting metal sheath.

804, If a high-tension switch is used it shall be so can-
structed that only one set of apparatus can be connected at
one time. High-tension switches for controlling apparatus
in separated rooms shall have a suitable automatic signal
which indicates before operation in each room so controlled.
¥hen possible such high-tension switches should be inoper-
able except when the main generator circuit is open.

e ¢ HIGH-TENSION LEADS TO TUBES

9.01. Permanent high-tension leads to X-ray tubes should
be used when possible.

9.02, Temporary leads to X-ray tubes shall be of stranded
wire and so arranged as to prevent accidental diseonnection.

9.03. If the leads are not detached from the overhead high-
tension conductors when not in use, the lowest hanging part
thereof shall comply with paragraph 8.03.

9.04. In installations having movable and easily accessible
high-tension leads. precautions shall be taken that such leads
are never at a «istance from tube stands. apparatus. and
metal parts less than 1.2 times the distance given in Table 1
for the voltage nzed.
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8.05, When the patient is not fully protected from easily
accessible high-tension leads by a ecuitable grounded metal
barrier. the distance hetween high-tension parts and patient
shall be at least twice the distances given in Table 1 for the
voltage used.

9.06. In appliances for fluoroscopy or radiography where
the tube is below or behind the table or stand. the connecting
leads to the tube shall be shielded by a sunitable grounded
metal guard or insulating guard in compliance with para-
graphs 7.01, 7.02. and 7.08. When so-called *masts® are
employed. they shall also be surrounded by a gronnded metal
guard.
©79.07. When nsing an X-ray tube having any exposed high-
tension parts, the table <hall be insulated from ground by
suitable material capable of withstanding 3/2 the maximum
working voltage to ground.

9.08. Metal parts of X-ray apparatus. such as tube stands,
transformer tanks, motors, controls, etc.. chall be perma-
nently grounded to a water pipe through at least n No. 6 B.
& 3. gage wire or the equivalent. This wire must be suitably
protected against accidental breakage.

III. X-RAY EQUIPMENT IN ANAESTHETIC
ROOMS

10. SPECIAL REQUIREMENTS IN ADDITIGN TO SECTIONS
1 TO 9

10.01. Inflammable anestheties shall include: Ether, ethyl-
ene, propvlene, ethyl ehloride, and nitrous oxide when used
in conjunction with cther.

10.02. All open high-tension generating equipment shall
be located in a well-ventilated room completely isolated from
the anesthetic room, and any connecting doors or windows
shall be effectively air-tight. (The doors should close
against soft rubber or felt padding,)

10.03. A completely self-contained transformer and X-ray
tube unit in an effectively air-tight inclosure is recommended
(though not required) for use in all anesthetic rooms.

10.04, Foot switches and all other control devices shall be
inclosed in a completely vapor-proof container in accordance
with section 3203 of the 1930 National Electrical Code.




ot -0

X-TIAT PROTECTION 15

10.05. The committee indurses the Recommended Safe-
guards for the Installation and Operation of Anesthetic
Apparatus Emploving Combnstible Anestlietics, by the
National Board of Fire Underwriters, June 1, 1929,

IV. STORAGE OF X-RAY FILM
11. GENERAL REMARKS

11.01. Regulations of the National Board of Fire Under-
writers for the Storage and Handling of Photographic and
X-rav Nitrocelluloze Films, of July 15. 1930, shall be ad-
hered to in detail.

11.02. The committee gives its unqualified indorsement
to the sole use of film of slow-burning or safetv-base (cellu-
lose acetate) type. It is specifically pointed out that such
film constitutes no greater fire hazard thau ordinary news-
paper in the same form.

11.03. The reculations of the Board of Underwriters as
given below apply only to the use of nitrocellulose film.

11.04. The following paragraphs are extracted from the
regulations cited in paragraph 11.01:?

11.05. Film of a slow burning or safety base (cellulose
acetate) does not have a fire hazard characteristic of nitro-
cellulose film. The ure of film of sluw burning or safety
base (cellulose acetate) is recommended for hospitals and
simnlar institutions, doctors’ office=, X-rav laboratories, and
the like. The cellulose acetate film {safety film) is in »
class with ordinary neweprint paper in similar form and
quantity in respect to the hazard to life of its smoke and
fumes in a fire. Where large amounts are stored the use of
steel filing cabinets is recommended.

11.05. Where both kinds of film are used or stored at the
game location in any building the requirements for nitro-
cellulose film shall apply.

11.07. These regulations, based on availuble knowledge
and field experience, prescribe such methods for protection

1 These paragraphs have Yeen reprioted Ly permiselon of the XNational Boaigd
of Fire Underwriters  The numhering of the paragraphs has. however, Leen
attered &0 as to conferm to the rystemr unsed in these recommendations,
Pugagraphs 1ot related directly to tbhe storage of XNeray Glm have leen omitied,
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against the hazards of handling and storage of photographic
and X-ray nitrocellulose films as are judged to be of practi-
cable application in t¥pes of buildings and cccupancies where
such hazards are encountered. but it should be recognized
that in the event of fire involving the decomposition of such
quantities of films as it is contemplated may be stored in the
vaults, cabinets, or containers covered by these regulations a
hazard to life remains depending upon the care and super-
vision exercised and the precautions taken in the handling of
the filin,

11.08. Safety photographic and X-ray film (cellulose ace-
tate base) may be identified by the marking on the edge
of the flm. This marking shows plainly before and after
developing. Where film is not so marked it should be in-
spected to determine whether it is of the safety acetate or
nitrate type.

11.08. These regulations do not apply to: Safety flm {cel-
lulose acetate base) and dental X-ray filur,

12, HOSPITAES AND BIMILAR INSTITUTIONS, DOCTORS'
QFFICES, AND X-RAY LABORATORIES

12,01, Storage of unexposed films shall be in unopened
L. C. C. shipping containers or in approved cahinets vented
to the outside air or in vented storage vaults or ountside
storage houses, Only one I. C. C. shipping container of
each size chall be apened at one time., YWhere the total
aggregate exceeds 90 cubic feet. storage shall be in a vented
storage vanlt in accordance with sections 13.12 to 13.27. or
in an outside storage house In accordance with sections 13.28
to 13.34.

13. STOERAGE QF FILM NEGATIVES

(The followine paragraphs apply only to film negatives
(developed film})} :

General.

13.01. Storage of film negatives in Dbasements is pre-
hibited.

13.02. I5lm negatives in storage or in process of handling
ghall be kept in heavv manila envelopes, not exceeding 12
films ta an envelope.  Expanding envelopes shall not be used.
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Portrait and Cominercial Studios.

13.03. Film negatives shall be kept in agproved vented
cabinets {see secs. 13.05 to 13.11) or in vented storage vauits

or outside storage houses, Not more than 250 pounds shall
e stored in any single cabinet. Where the film stored ex-
geeds 1.000 pounds it shall be in vented storage vaults (cee
gecs, 13.12 to 13.827), or in a detached structure or roof vault
(=ee secs. 13.2% to 13.34).

Neme—The fullowing table may be used as o gutle in computing the
welght of fhn:

Number ADnroni-
of Lize Inaie
negatives welght
, Inches Pounds T

1,000 Hbyaz 1:8 ol !

1,000 10 by 12 60 g Ao

1,00 Aby 10 40 R B

L

{Other sizes in proporiion t6 areq ) ) H

Hospitals and Similar Institutions, Docters’ Offices,
and X-ray Laboratories.

13.04. All Bl negatives shall be stored in approved vented
cabinets in accordance with sectione 13.03 to 13.11, or in
outside storage houses. Approved cabinets thall be provided
convenient to X-ray rooms for current use. Storage in ex-
.cess of 300 pounds of film shall be in an outside storage
house it accordanee with sections 13.28 to 13.34. Storage
house may he located on the roof.  Vaults shall not be located
within the huilding.

Vented Cabinets.

158.05. No single cabinet shall exceed 10 cubic feet capavity.
Not over 250 pounds of films shall be kept in any single
cabinet.

Noie.—Euch ipsulated vented unit iz considered as a shugle ¢abinet,

13.06. ANl cabinets shall be of approved insulated con-
struction.

NeTE~—~Under average conditions of storage of film in manila en-
selopes (i filme to the enveloped. 1 cubie faot of storage Tepre-
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sents approximately 20 peunds of film. dine allowance heing made for
spice not ocenpied Ly il Actually T cubic foot of ilm negatives in
envelones welzhs from GO ta 04 pounds

13.07. Cabinets chall be equipped with at least one auto-
matic sprinkler in each compartment (unit) unless specifi-
cally approved for use without automatic cprinklers,

13.0% Each cabinet shall be provided with a vent to the
outside of the building. For a cabinet of 10 cubic feet inside
volume the vent opening shall be not less than 56 square
inches. For smaller cabinets the vent area shall be in pro-
portion to the volume, except that no cahinet szhall hove a
vent area of less chau 14 sqnare inches, The vent of the
cabinet zhall e 20 constracted or protecied by a substantial
metal grid as to prevent stoppage of vent in case of combus-
tion or decomposition of film contents,

18.04. The vent areas given in these regulations are based
upen a vent for a pipe length of 10 feet. For longer lengths
due allowance shall be made for friction loss and turns in
Pipe.

13.10, The outlet of each vent shall be above roof and at
least 23 feet from doors, windows, other openings, or fire
escapes.

13.11. Vent flues shall be of construction equivalent tn
that required for chimnevs or of riveted sheet metal not
thinner than No. 18 U, 8. page; if inside the building, they
shall be covered with 1 inch of approved heat insulating
material and not nearer than & inches to any combustible

material,

Vented Storage Vaults (Inside).

18.12. No vault shall exceed 730 cubic feet 1n actual stor-
age capacity. including aisles.

13.13. The floor anl walls of every vault shall be made of
brick at Jeast 8 inches thick or of reinforced concrete at least
6 inches thick., In fireproof buildings the building floor may
be used as the floor of the vault if equivalent in fire re-
sistance to the requirements given above. Vaults shall be
supported by masonry or steel of sufficient strength to carry
the load safely. DBeams chall rest at both ends of steel
girders. iron or steel columns, or walls or piers of masonty.
The supports chall afford at least four hours’ pratection as
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determined by the Standard Tire Test Specifications,
Jolew tile =hall nt be veed for foundation walls,

NuTE~—While the design of ihe Yoildiugs i= sueh thut an excessive
flonr 1ead wealldd resnit Drom having the Al vanlr fidled with water,
the fithie vo o2t shadl Lo preavided with ene or uore sonppers, ;iving 2
tutal arer of catiet egud to 3 aquare iache- tor each sprinkler head
installed in the film vanlt, A depth «f 30 fowr ot water will et
ina flucr ool of G2 pounds per square foot,

13.14. The roof of vault. if inside the building, shall be
an indenrndent reinforeed-conerete roof al least O inches
thick: i dreproof buildine, wlhere the floor above is equiva-
lent to thls, it may serve as the roof if <ide walls are rigidly

led inte ity in constrnetion of this {ype a false eeiling con-

struction of metal lath and cement plaster 1 inch thick, or
the equivalent. and with no openings to the concealed space
above, miav be used to Iimit the total inferior vault space to
7oi) cublic feet,  Vent may extend throngh this false eeiling
and concealed =pace,

13.15, Vaults shall not be provided with skylights or glass
windows ather than as epecified under vents.

13.16. Proximity to boilers, stacks. or other sources of heat
shall be nvoided. Where heating is necessary to prevent
freezing. coils =hall he provided at the ceiling over alche
space. Pipes and radintors shall be o sereened that film can
gol came within 2 feet of them. Only Lot water or low
pressure steam heating shall be allowed, with automatic con-
tral lim:ting pressure to U pounds per square inch and tem-
perature to not in excess of 100° F, No indirect heating,
nor arrangement emploving fans for air circulation. chall be
ginploved.

13.17. Door epenings in vault shall be protected by an
approved vanlt door of 4-hour or longer classification., Tt
shall Le kept closed except when in use.

1335 In lieu of the ubove, door openings mayv be pro-
tected un each »ide by an approved fire door suitable for use
in class B situations. The interior door shall be automatic.
The outer door hall Le of the swing type and cloge into an
approved frame, It shall be self-closing, and if fastened
open chall be arranged to close automatically in case of fire
originating in or out of vault,

NeteE—A viult deor. while uot certain of betug kept <hut. will pro.
wile -2 dior rrotection against the passage of fames.

————— —m—
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13.14% Filins in vaults <hall be cooved npon chielves, or in
cabinets which ave de-igned to permit the effective distribu-
tirm of water from automatic sprinklers wnd ure specifically
approved for use in vaulte, Ordinary filing ealbinets <hall
nat be used in vaults. If wonden sheiving is used, this chall
be of slatted construetinn, with <lats not over 4 inches wide
and «pacad at least 1 inch apart. IF steel shielving is need.
the shelves shall be perforazted to the amount of at least 20
per cent of the «helf avea. Shelves of iren pipe. ungles or
similar construction shall have apen -paces to the amount of
at leact 20 per cont of the shelf area. Vertical incomlmstible
partition=, equivalent In lLeat insulation and Jurability to
threv-eighth-1nch hard asbesto~. shall he provided to divide
shelving into gections not over 3 feet wide and so placed as
not te ohstruct di~tribution from sprinkler heads.

13.20. Each vault shall be equipped with approved auto-
mratie sprinklers nr with an open-hea:d sprinkler svstem con-
trolled by heut-actuated devices. the systein to be approved
for this particulnr use. Sprinklers shall be arranged ae-
cording to the sprinkler rvegulations in co far as appplicable.
The area to be covered by each sprinkler head shall not ex-
ceed 13 square feet of floor area. Proper haffes shall be
provided between heads,

13.21. Substantial metal grids of approximately 2-inch
mesh shall be installed to prevent clogging or stoppage of
vent und piling of film above the top of the shelving or’
cabinets higher than 2 feet below the sprinklers, and thus
interfering with disavibution of waler.

15.22. Each vault shall separutely vent to the outer air,
witii a vent having a minimum effective sectional area of
150 square inches per 1.000 pounds of film capacity. For a
standard vault of 750 cubic feet containing 10,000 pounds of
film the veut opening shall he 1.500 square inches,

13.23. The outlet of ench vent shall be above roof and at
least 25 feet from doors, windows, other openings, or fire
cECapies,

13.24, All horizontal or vertical flues inside of the Luild-
g shall be of §-1nch reinforced concrete or of a construction
equivalent to that of chimneys.

13.25. Exterior metal flues shali be of a construction
equivalent {o that nf smokestacks.
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13.2¢. Eech vent opening directly througl an exterior wall
chall he protected aguinst the wenther by single-thickness
alass (one-sixtesnth Tyeh thivk). painted a dark color. or by
other incombistible fragile material, in a sach arvanged to
open outward automatically in case of fire by the use of an
approved relensing device jlaced inside the film storage.
"Tlie a1 ea uf the glass shall be the effective cectional area of
the vent opening. No pane of glass shall be «mailer than
500 ronare inches.

1327, A light wire tereen not corr-er than ene-eizhth-inel
el shall alzo he placed ovey ench vent. so meranged as not
to interfere with the qutomatic operation of the gash. Bars
or cereen, if nsed to prevent burglary or injury to contents,
Liall not have a me<h of le-s than 4 inches, shall be loeated
ineide the Hght wire screen. anid shall give a net opening
equal to that ealied for under paragraph 13,22,

Outside Storage FHouses.

13.28. Buildings should preferably be located at least 100
feet awaw {rom any other building or combustible material.
1f on a voof, or within 100 foet of any other building or com-
Lustible material stored in the apen. the building ehall have
)] walls equivalent in fire revstance to + inches of concrete,
or 3.cell &-inch tile. Daoor openings in ~uch walls shall be
protected by approved five doors suitable for nee in class B
cituations.  Skylights shail he protected 1n such a manner as
to preveut radiaterl heat or flying brands from igniting the
cemtents of the building.

1240, Dhlinugs exceeding w50 cubic feet capacity shall be
Jdividerd it ~ections of not over 750 culic feet by unpierced
walle of coustiieion equivalent to that yequired for the
exiprivor wilis

1330, In hospitals accessto the outside storage rooms shall
Lo by ieans of w haleony or vestibiile open to the outside air,
ot nn dircet communication Lotween the room and the
Duslding.

1331, Heating »hall be in aceo1 dunce with section 18.16,

13.32, Interior ecquipment chall be in accordance with
section 13,10,

1333, If the storage house s located within 100 feet of any
other hinlding, antomatic sprinkler protection shall be pro-
vided in wécordance with cections 13.20 to 13.2L
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13.34. Vents chall be in accordance with sections 13.22 to

13.23.
14. GENERAL

{Applies to both unexposed films and film nepatives.)

I14.01. All wiring and equipment <hall conform to the
Nationzl Electrical Code, See article 32, Hazardous Loca-
tions.

14.02. Only incandescent electric lights shall be permitted.
In storage ronms these <hall Le protected with either substan-
tial wire guards or vaper-proof globes, or both.

14.03. The use of portable lights on extension cords in any
storage ronm or vault 1= prohibited,

14.04. INluminators shall Le =0 built that the diffusing glass
does not become overheated. There shall be no unnecessary
dirplay of negatives in lighted illuminators.

14.03. Smoking chall be prohibited in rooms where film
is handled or stored. Congpicuous * No cmoking” signs
shall Le posted in prominent places,

14.06. Xo films shall be stored within 2 feet of steam pipes,
radiators. chimneys. or other snurces of heat,

14.07. Film dviers, if used, shall be of approved type.

14.08. First-aid fire appliances of tvpes nsing water or
water colutiong shall be provided for the pprotection of all
rooms containing film.

No1r —The fullowing fypos of extinguisher iire considered suitnble:
Soda-acid, pump tank, caleium cblovide, and loaded stream, Small
Iose eguijanent iz likewi-e suituble

14.09. Discarded film shall be stored and handled in the
samne marmer as other film until rewmoved from the premises.

OPERATING RULES

15. RULES FOR TECHNICIANS, NURSES, ETC.

15.01, A ecopy of thece rules shall Le given to every X-ray
worker. whether temporary or otherwise, upon entering serv-
ice. A signed receipt stating that the rules are understood
shall be given to the physician in charge of the department.

15.02. A copy of these rules, together with a copy of first-
aid instructions for electrical shock. shall be posted con-
spicuotsly in all principal Xeray. roons, e e
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156.03. Protective gloves and aprons, even though in com-
pliance with these recommendations. do not afford adequate
protection. Consequently. care shall be taken at all times
not to expose the body unnecessarily to radiation.

15.04, Lead rubler becomes havd and brittle with age. and
all such protection chould be tested at regular intervals for
possible eracks and imperfections. This test chould be made
radiographicaliy or radioscopically.

15.05. Radioscopic work should be performed in the mini-
mam: time possible. using the lowest X-ray intensity and
smallest aperture consistent with demands. Tt is important,
however, that the Huoroscopist use sufficient X-ray intensity
so that he can see without evestrain.

15.06. The omission of any protective devices for the sake
of expediency of operation chall be strictly forbidden.

15.07. Before touching anv X.ray generator or high-
tension part, particular care shall be taken to make sure that
the main-line switch is open and the whele appavatus is
disconnected from the power ling,

15.03. In the case of equipment having nigh-tension con-
densers, care shall be taken that both sides of the high tension
are actually and securely grounded before touching any part
thereof,

15.09. If the transformer and controls are located in a
remote room, a placque reading * Do xoT ToucH ™ shall be
hung over the main-line switch when it is necessary to touch
high-tension parts in another room.

15.10. Where several appliances for treatment or examina-
tion may be connected to a common high-tension system, care
ghall be taken that conductors to all idle equipment are
disconnected.

15.11. Where the machine operation depends upon two per-
song, # distinetly audible or visible signal chall be given by
the operator before throwing on the hich tension. and a
return sigmal received from the person using the equipment.

15.12, Any acoustical or optical signal svstem for protec-
tive purposes should be checked daily before commencing
work.

15.13. The main switch shonld be opened immediately upon
completion of the X-ray work. or when the machine is not
in actuul use.

s
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15.14. The high-tension overhead cystem should be exam-
ined frequently for possible faulty insulators or loose parts.

15.15. A dailx checlt shall be made. to be certain that no
idle flexible high-tension leads extend below the minimum
prescribed height above the floor.

15.16. All grounding conuections chall be examined
weekly.

158.17. All high-tension barriers shall be examined fre-
quently. When possilile. this should be done when cleaning
the apparatus.

1514, In case of fire in the X-ray or control rooms, or in
any part of the building. all X-ray apparatus should be im-
mediately disconnected from the mains by opening the main
power line switch,

15.18: All workers should be thoroughly familiar with the
Schaeffer prone pressure method of resuscitation in case of
electric shock. and a set of such instructions should be posted
conspicuously in each main room. Above the description of
the method should be placed the instructions:

This hospital may be previded with pulmotor or other resuaeita-
tion apparatus. Do not wait to send for it. but proceed immediately

© with the Schaeffer prone pressure method.

15.20. How to give artificial respiration by the prone pres-
sure method:?

1. Lay the patient on his belly. one arm extended directly
overhead, the other arm bent at elbow and with the face
turned outward and resting on hand or forearm, so that the
nose and mouth are free for breathing. (See fig. 1.)

2. Kneel straddling the patient’s thighs with your knees
placed at such a distance from the hip bones as will allow
you to asswme the position shown in Figure 1.

Place the palms of the hands on the small of the hack. with
fingers resting on the ribs, the little finger just touching the
lowest rib, with the thumb and fingers in a natural position,
and the tips of the fingers just out of sight. (See fig. 1.}

3. With arms held «traight, swing forward slowly, so that
the weight of vour body 1= gradually brought to bear upon
the patient. The shoulder should be directly over the heel
of the hand at the end of the forward swing. (See fig. 2.)

?Reprint from the I'ublie Healtl Teports. 43, XNo 3, pp, 111-172: Jun,
20, 1925
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Do not bend vour elbows. This operation should take about
two seconds,

4. Now immediately swing backward, so as to remove the
pressure completely.  (See fig. 3.)

5. After two seennds swing forward again. Thus repeat
deliberately 12 to 15 times a minute the double movement of
compression and release, a complete respiration in four or
five seconds.

6. Continue artificial respiration without interruption
until natural hreathing is restored: if necessary, four hours
or longor, or until a physician declares the patient is dead.

7. As coon as this artificial respiration has been started
and while it is being continued an assistant should loosen
any tight clothing about the patient’s neck, chest, or waist.
I{eep the patient warm. Do not give any liquids whatever
by mouth until the patient is fully conscious.

8. To avoid strzin on the heart when the patient revives,
he should be kept lving down and not allowed to stand or =it
up. If the doctor has not arrived by the time the patient
has revived. he should be given some stimulant. sueh as one
teaspoontul of arcmatie spirits of ammonia in a small glass
of water or a hot drink of coffee or tea, etc. The patient
should be kept warm.

9. Resuscitation could be carried on at the nearest possible
point to where the patient received his injuries. He should
not be moved from this peint until he is breathing nor-
mallv of his own volition and then moved only in a lving
position. Should it be necescary. due to extreme weather
conditions, etc.. to move the patient before he iz breathing
normally resuscitatinn should be carried on during the time
that he is being moved.

10. A brief return of natural respiration is not a certain
indication for stopping the resuseitation. Not infrequently
the patient, after a temporary recovery of respiration, stops
breathing again. The patient must be wateched, and if natu-
ral breathing stops, artificial respiration should be resumed
at once,

11. In carryving out resuscitation it may be necessary to
change the operator. This change must be made without
losing the rhythm of respiration. By this procedure no
confusion results at the time of change of operator, and a
regular rhythm is kept up.
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16. RULES TOR PHYSICIANS IN CHARGE

1601 The efficiency of X-rax pratecticn and protective
dévices shall be examined upon installation and vearly there-
after. This shall be accomplished with a fluorescent sereen
fitting closely over the eves. The detection of anv fluores-
cence by the well, dark adapted eve shall he considered a
hazard and be remedied. .

16.02. For the purpose of providing safety fur the work-
ing personnel, it is recommended that such annual inspection
of X-ray protection be conducted by an expert in such work.

16.08. At least everv four months each worker shall be
supplied with & dental X.rayv film half covered with lead
foil. which shall be worn on the breast continuously, with the
film side out, for 15 working days. If, upon development,
appreciable darkening of the exposed part of the film is
indicated, the cause therefor shall be investizated and
eliminated,

16.04. Circuit-breakers should be examined monthly to be
certain that the overload adjustment is correct.

17. PERSONNEL WORKING CONDITIONS

1701 It is the duty of the physician in charge of an
X.ray department to be responsible for the health and
safety of all workers in so far as conditions permit.

17.02, Favorable working conditions shall include provi-
sion for workers of ample light and sunchine. frech air. suffi-
cient spare time, and satisfactory protection.

17.03. Every ascistant, technician, and operator should be
riven at least four weeks’ vacation a year with at least two
weeks of this consecutively and during the smmmer months.

17.04. All persons occupied in radiological work should be
examined for general radiation injuries vearly. Complete
blood counts should be made bimonthiv. The resnlts of all
tests and examinations should be permanently recorded. Tt
is advisahle that all persons be carefully examined before
entering radiological work.

For the committee,

Lacristox S, Tavior,
Chairman Advisory Committee
on X-ray and Radium Protection.
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