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HSS 157.01 Public policy. (1) PURPOSE. Since ionizing radiations 
and their sources can be instrumental in the improvement of the health 
and welfare of the public if properly utilized, yet may be destructive or 
detrimental to life or health if carelessly or excessively employed or may 
detrimentally affect the environment of the state if improperly utilized, 
it is hereby declared to be the public policy of this state to encourage the 
constru tive uses of radiation and to prohibi.t and prevent exposure to 
ionizing radiation in amounts which are or may be detrimental to health. 
The rules in thi,s chaptc,:ir, adopted in the interests of radiation safety, 
conform generally to nationally accepted standards. 

(2) ScoPE. Except as otherwise specifically provided, this chapter, as 
authorized by ss. 140.50 to 140.60, Stats., known as the Radiation Pro
tection Act, applies to all persons wbo receive, possess use, transfer, own 
or acquire any source of radiation, provided, however, that nothing in 
these rules shall apply to any person t.o the extent such person is subject 
to regulation by the U.S. nuclear regulatory commission. 

History: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.02 Definitions. As used in this chapter: 

(1) "Absorbed dose" means the energy imparted to matter by ionizing 
radiation per unit mass of irradiated material at the place of interest. 
The units of absorbed dose are rads or Grays (Gy). 

Register, September, 1982, No. 321 
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Concept Special Unit * 
Absorbed Dose lrad 

Dose Equivalent 1 rem 
Activity 1 curie 

Exposure 1 roentgen 
+ International metric system 
* As used in this Code 

SI Unit+ 
0.01 Gy 
0.01 Sv 
1010 Bq 

Metric Units 
0.01 J/kg 
0.01 J/kg 
3.7 x 1010 

disintegrations/ 
sec 

2.58 x 10-
4 J /kg 

(2) "Accelerator-produced material" means any material made radio
active by exposing it in a particle accelerator. 

(3) "Accessible surface" means the external surface of the enclosure 
or housing provided by the manufacturer. 

(4) "Act" means ss. 140.50-140.60, Stats. 

(5) "Activity" means the number of atoms decaying per unit of time 
measured in curies or becquerels. 

(6) "Added filter" means the filter added to the inherent filtration. 

(7) "Airborne radioactive material" means any radioactive material 
dispersed in the air in the form of dusts, fumes, mists, vapors, or gases. 

(8) "Airborne radioactive area" means: 

(a) Any room, enclosure, or operating area in which airborne radioac
tive material exists in concentrations in excess of the amounts specified 
in Appendix D, Table 1, Column 1; or 

(b) Any room, enclosure, or operating area in which airborne radioac
tive material exists in concentrations which, averaged over the number 
of hours in any week during which individuals are in the area, exceed 
253 of the amounts specified in Appendix D, Table 1, Column 1. 

(9) "Aluminum equivalent" means the thickness of aluminum (type 
1100 alloy) affording the same attenuation, under specified conditions, 
as the material in question. 

Note: The nominal chemcial composition of type 1100 aluminum alloy is 99.00% mini
mum aluminum, 0.12% copper. 

(10) "Assembler" means any person engaged in the business of as- .. 
sembling, replacing, or installing one or more components into an x-ray 
system or subsystem. 

(11) "Attenuation" means a decrease in exposure rate of radiation 
caused by passage through material. 

(12) "Attenuation block" means a block or stack, having dimensions 
20 cm by 20 cm by 3.8 cm, of type 1100 aluminum alloy or other mater
ials having equivalent attenuation. 

(13) "Automatic exposme control" means a device which automati
cally controls one or more technique factors in order to obtain at a 
preselected locations (s) a required quantity of radiation. 
Register, September, 1982, No. 321 
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(14) "Barrier" means a structure that prohibits the passage of radia
tion. (See "primary protective barrier" and "secondary protective bar-
rier".) • 

(15) "Beam" means a collection of nearly parallel rays or particles. 

(16) "Beam axis" means a line from the source through the centers of 
the x-ray fields. 

(17) "Beam-limiting device" means a device which provides a means 
to restrict the dimensions of the x-ray field. 

(18) "Becquerel (Bq)" means the unit of activit.Y.. One becquerel 
equals one disintegration per second: 1 Bq = 2.7 x 10-" Ci= 1 d/s. 

(19) "Byproduct material" means any radioactive material (except 
special nuclear material) yielded in or made radioactive by exposure to 
the radiation incident to the process of producing or utilizing special 
nuclear material. 

(20) "Calendar quarter" means not less than 12 consecutive weeks 
nor more than 14 consecutive weeks. The first calendar quarter of each 
year shall begin in January and subsequent calendar quarters shall be so 
arranged such that no day is included in more than one calendar quarter 
and no day in any one year is omitted from inclusion within a calendar 
quarter. No registrant shall change the method observed of determining 
calendar quarters for purposes of these rules except at the beginning of a 
calendar year. 

(21) "Certified components" means components of x-ray systems 
which.are subject to regulations promulgated under the U.S. Public 
Health Service Act, as amended by the Radiation Control for Health 
and Safety Act of 1968, Public Law 90-602, 42 U.S.C., 263b et. seq. 

(22) "Certified system" means any x-ray system for use on human 
beings which has one or more certified components. 

(23) "Changeable filters" means any filter, exclusive of inherent fil
tration, which can be removed from the useful beam through any elec
tronic, mechanical or physical process. 

(24) "Coefficient of variation (C)" means the ratio of the standard 
deviation to the mean value of a population of observations. It is esti
mated using the following equation: 

n 
(X. - X)2 V2 

I 

n-1 
C _s_ =-1-

X X 

where 
Register, Sept.ember, 1982, No. 321 
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s = Estimated standard deviation of the population. 
X = Mean value of observations in sample. 

Xi= ith observation in sample. 
n = Number of observations in sample. 

(25) "Collimator" means a beam limiting device. 

(26) "Concrete equivalent" means the thickness of concrete based on 
a density of 2.35 grams per cubic centimeter (147 pounds per cubic foot) 
affording the same attenuation, under specified conditions, as the 
material in question. 

(27) "Constant potential (cp)" means in radiological practice, a uni
directional potential (or voltage) which has little, or no, periodic varia
tion. The periodic component is called the ripple potential -or ripple volt
age. 

(28) "Contaminant" means any physical, chemical, biological, or ra
diological substance in water. 

(29) "Controlled area" means a defined area in which the occupa
tional exposure of personnel to radiation or to radioactive material is 
under the supervision of an individual in charge of radiation protection, 
and there is control of access, occupancy, and working conditions for 
radiation protection purposes. 

(30) "Control panel" means that part of the x-ray control upon which 
are mounted the switches, knobs, pushbut tons and other hardware nec
essary for manually sett ing the techniq11e factors. 

(31) "Cooling curve" means the graphical relationship between heat 
units stored and cooling time. 

(32) " urie (Ci) " means a unit of activity defined as the activity of a 
quan t ity of any radioactive nuclide in which the number of disintegra
tions per second is 3.700 x 10'0 Bq. 

(a) "Millicurie (mCi)" means 1/1000 of a curie. 

(b) "Microcurie (uCi)" means 1/1,000,000 of a curie. 

(c) "Picocurie (pCi)" means l/1,000,000,000,000 of a curie. 

(33) "Deadman switch" means a switch so constructed that a circuit 
closing contact can be maintained only by continuous pressure on the 
switch by the operator. 

(34) "Density (D)" means, as used in conjunction with image recep
tors, the logarithm to the base 10 of the ratio of the incident to the trans
mitted luminous flux: 

D = log10 1 incident 
1 transmitted 

(35) "Department" means the department of health and social ser
vices. 

(36) "Diagnostic source assembly" means the tube housing assembly 
with a, beam-limiting device attached. 
Register, September, 1982, No. 321 
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(37) "Diagnostic-type protective tube housing" means a shockproof 
x-ray tube housing so constructed that the leakage radiation at a dis
tance of 1 meter from the target cannot exceed 100 milliroentgens in 1 
hour when the tube is operated at any of its leakage technique factors. 

(38) "Diagnostic x-ray system" means an x-ray system designed for 
irradiation of any part of the human body for the purpose of diagnosis or 
visualization. 

(39) "Direct scattered radiation" means that scattered radiation 
which has been deviated in direction only by materials irradiated by the 
useful beam. (See "scattered radiation".) 

(40) "Dose distribution factor (DF)" means the factor used to ex
press the modification of biological effect due to nonuniform distribu
tion of internally deposited radionuclides. 

(41) "Dose equivalent" means the product of the absorbed dose from 
ionizing radiation and such factors as account for differences in biologi
cal effectiveness due to the type of radiation and its distribution in the 
body. The "dose equivalent", usually referred to as "dose", has units of 
rem or Sievert (Sv). 

Note: The term RBE dose haa been used in the past, in both radiobiology and radiation 
protection. Thie term is now reserved for radiobiology only and is replaced by doee 
equivalent (DE) for radiation protection. 

(42) "Dose rate" means the amount of dose equivalent per unit time. 

(43) "Entrance exposure rate" means the roentgens per unit time at 
the point where the center of the useful beam enters the patient. 

(44) "Equipment" means x-ray equipment. 

(45} "Exposure" means the quotient of dQ by dm where dQ is the 
absolute value of the total charge of the ions of one sign produced in air 
when all the electrons (negatrons and positrons) liberated by photons in 
a volume element of air having mass di:n are ompletely stopped in air. 
(The special unit of exposure is the roentgen. Exposure also means one 
or more inadiations of a person for a healing ru·ts purpose. 

(46) "Exposure rate" means the exposure per unit of time. 

(47) "Field" means that area of the intersection of the useful x-ray 
beam and any one of the set of planes parallel to and including the plane 
of the image receptor. (See "x-ray field.") 

(48) "Field emission equipment" means the x-ray equipment which 
uses an x-ray tube in which electron emission from the cathode is due 
solely to the action of an electric field. 

(49) "Film badge" means a pack of appropriate photographic film 
and filters used to determine radiation exposure. 

(50) "Filter" means material placed in the useful beam to absorb se
lected radiation energies. 

(51) "Fluoroscopic imaging assembly" means a component which 
comprises a reception system in which x-ray photons produce a fluoro
scopic image. It includes equipment housings, electrical interlocks, if 
any, the primary protective barrier and structural material providing 
linkage between the image receptor and the diagnostic source assembly. 

Reaiater, September, 1982, No. 321 
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(52) "FSD" means the distance from the focal spot to the skin surface 
of a patient. 

(53) "General pu.rpose radiographic x-ray system" means any radio
graphic x-ray system which, by design, is not limited to radiographic 
examination of specific anatomical regions. 

(54) "Gonadal shield" means a protective barrier for the testes or ova
ries. 

(55) "Gray (Gy)" means the special name for the unit of absorbed 
dose. 1 Gy = 1 J /kg = 100 rad. 

(56) "Gross alpha particle activity" means the total radioactivity due 
to alpha particle emission as inferred from measurements on a dry sam-
~& . . 

(57) "Gross beta particle activity" means the total radioactivity due 
to beta particle emission as inferred from measurements on a dry sam
ple. 

(58) "Half-value layer (HVL)" means the thickness of specified 
material which attenuates the beam of radiation to an extent such that 
the exposure rate is reduced to one-half of its original value. The contri
bution of all scattered radiation, other than any which might be present 
initially in the beam concerned, is deemed to be excluded. 

(59) "High radiation area" means any area accessible to individuals 
in which there exists radiation at such levels that a major portion of the 
body could receive in any hour a dose in excess of 100 millirem. 

(60) "Human-use" means the internal or external administration of 
radiation or radioactive material to human beings. 

(61) "Image receptor" means any device, such as a fluorescent screen 
or radiographic film, which transforms incident x-ray photons either 
into a visible image or into another form which can be made into a visible 
image by further transformations. 

(62) "Individual" means any human being. 

(63) "Inherent filtration" means the filtration permanently in the 
useful beam. It includes the window of the x-ray tube and any perma
nent tube or source enclosure. 

(64) "Inspect ion" means an official examination or observation in
cluding, but not Limi ted to , tests, surveys, and monitoring to determine 
compliance with rules, orders, requirements and conditions of the de
partment. 

(65) "Interlock" means a device for precluding access to an area of 
radiation hazard either by preventing entry or by automatically remov
ing the hazard. 

(66) "Kilovolts constant potential (kvcp)" means the potential in 
kilovolts of a constant potential generator. 

(67) "Kilovolts peak (kVp)" means the maximum x-ray potential, 
(See "peak tube potential".) 
Register, September, 1982, No. 321 
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(68) "kWs" means the abbreviation for kilowatt second, which is 
equal to the product of peak kilovolts, amperes, and seconds. 

(69) "Lead equivalent" means the thickness of lead affording the 
same attenuation, under specified conditions, as the material in ques
tion. 

(70) "Leakage radiation" means the radiation emanating from the di
agnostic or therapeutic source assembly except for: 

(a) The useful beam; and 

(b) Radiation produced when the exposure switch or timer is not acti
vated. 

(71) "Leakage radiation" is the radiation which escapes through the 
protective shielding of an x-ray tube housing or radioisotope storage 
container. 

(72) "Leakage technique factors" means the technique factors associ
ated with the tube housing assembly which are used in measuring leak
age radiation. They are as follows: 

(a) For capacitor energy storage equipment, the maximum rated 
number of exposures in an hour for operation a l the maximum rated 
peak tube potential wit h the quantity of charge per exposure beinff 10 
millicoulombs (mAs) or the mmimum ohtainable from t he unit , which
ever is larger. 

(b) For field emission equipment rated for pulsed operation, the max
imum rated number of x-ray pulses in an hour for operation at the maxi
mu~- rated peak tube potential. 

(c) For all other equipment, the maximum rated continuous tube cur
rent for the maximum rated peak tube potential. 

(73) "Light field" means the area of the intersection of the light beam 
from the beam-limiting device and one of the set of planes parallel to 
and including- the plane of the image receptor, whose perimeter is the 
locus of points a.t which the illumination is one-fourth of the maximum 
in the intersection. 

(74) "Line pair" means an object in which parallel wires or strips are 
placed so that the space between each wire or strip is equal to the width 
of the wire or strip. A line pair is one space and a strip or wire. 

(75) "Line voltage regulation" means the difference between the no
load and the load line potentials expressed as a percent of the load line 
potentials; that is, 

Percent line-voltage regulation= 100 (Vn-V1) /V1 
where 

V n = No-load line potential and 
V 1 = Load line potential 

(76) " Ma11-made beta particle and photon emitters" means all r a
dionuclides emitting beta par ticles and/or photons listed in Maximum 
Permissible Body Bu rd ens and Maximum Permissible Goncen tra tion of 
Radionudides in Air or Water for Occupat ional Exposure, NationalBu-

Reiriater, September, 1982, No. 321 
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reau of Standards Handbook 69 (See Appendix G), except the daughter 
products of thorium-232, uranium-235 and uranium-238. 

(77) "Maximum contaminant level" means the maximum permissible 
level of a contaminant in water which is delivered to the consumer ser
vice outlet of the ultimate user of a public water system, except in the 
case of turbidity where the maximum permissible level is measured at 
the point of entry to the distribution system. Contaminants added to the 
water UDder circumstances controlled by the user, except those resulting 
from corrosion of piping and plumbing caused by water quality, ar ex
cluded from this definition. 

(78) "Maximum line current" means the root mean square of the elec
trical current in the supply line of an x-ray machine operating at its 
maximum rating. 

(79) "Maximum permissible dose (MPD)" means the maximum dose 
that the body of a person or specific parts thereof shall be permitted to 
receive in a stated period of time. 

(80) "Millirad (mrad)" means one-thousandth of a rad. 

(81) "Millirem (mrem)" means one-thousandth of a rem. 

(82) "Milliroentgen (mr)" means one-thousandth of a roentgen. 

(83) "Mobile equ ipment" means x-ray equipment mounted on a per-
manent base with wheels or casters for moving while completely assem
bled. (See "x-ray equipment".) 

(84) "Monitoring" means periodic or continuous determination of the 
exposure rate in an area (area mounting) or the exposure received by a 
person (personnel monitoring) . 

(85) "Natural radioactivity" means the radioactivity of naturally oc
curring nuclides. 

(86) "N uc1ear facility" means any reactor plant, or any equipment or 
device used for the separation of the isotopes of uranium or plutonium, 
the processing or uWizing of raruoactive material or handling, process
ing or packaging of waste; any premise, structure, excavation or place of 
storage or disposition of waste or by-product; or any equipment used for 
or in connection with lhe transportation of such material. 

(87) "Occupational dose" means exposure of an individual to radia
tion in the course of employment in which the individual's duties involve 
exposure to radiation, except that "occupational dose" does not include 
any exposure of an individual to radiation for the purpose of diagnosis or 
therapy of such individual. 

(88) "Occupancy factor (T)" means the factor by which the workload 
should be multiplied to orrect for the degree or type of occupancy of the 
area in question. (See Appendix A, Table 4.) 

(89) "Occupied area" means an area that may be occupied by persons 
or radiation-sensitive materials. 

(90) "Operator" means a person who operates x-ray equipment or 
equipment containing radionuclides or handles sources of radionuclides. 
Regioter, September, 1982, No. 321 
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(91) "Particle accelerator" means any machine capable of accelerat
ing electrons, protons, deuterons, or other charged particles in a vacuum 
and of discharging the resultant particulate or other radiation into a me
dium at energies usually in excess of 1 MeV. 

(92) "Peak tube potential" means the maximum value of the poten
tial difference across the x-ray tube during an exposure. 

(93) "Person" means any individual, corporation, partnership, firm, 
association, trust, estate, punlic or p1·ivate institution, group, agency, 
political subdivision of this sLate, any other S"tate or political subdivision 
or agency thereof, or federal agencf and any legal successor, representa
tive, agent or agen y of the foregomg. 

(94) "Person in control" means the person directly responsible for the 
radiation installation. 

(95) "Personnel monitoring equipment" means any device designed 
to be worn or carried by an individual for the purpose of measuring the 
radiation dose received including, but not limited to, film badges, pocket 
chambers, pocket dosimeters and film rings. 

(96) "Position-indicating device (PID)" means a device on dental x
ray equipment used to indicate the beam position and to establish a def
inite source-surface (skin) distance. It may or may not incorporate or 
serve as a beam-limiting device. 

(97) "Primary protective barrier" means the material, excluding fil
ters, placed in the useful beam, for protection purposes, to reduce the 
radiation exposure. (See "protective barrier".) 

(98) "Protective apron" means an apron made of radiation-absorbing 
materials, used to reduce radiation exposure. 

(99) "Protective barrier" means a barrier of radiation-absorbing 
material used to reduce radiation exposure. · 

(100) "Protective glove" means a glove made of radiation-absorbing 
materials used to reduce radiation exposure. 

(101) "Public water system" means a system for the provision to the 
public of piped water for human consumption, if such system has at 
least 15 service connections or regularly serves an average of at least 25 
individuals at least 60 days out of the year. Such system includes: 

(a) Any collection, treatment, storage and distribution facilities 
under control of the operator of such system and used primarily in con
nection with such system, and 

(b) Any collection or pretreatment storage facilities not under such 
control which are used primarily in connection with such system. A pub
lic water system is either a "community water system" or a "non-com
munity water system." "Community water system" means a public 
water system which serves at least 15 service connections used by year
round residents or regularly serves at least 25 year-round residents. 

(102) "Qualified expert" means, with reference to radiation protec
tion, a person having the knowledge and t raining to advise regarding 
radiation protection needs, to measure ionizing radiation, and to evalu
ate safety techniques as for example, persons having relevant certifica-

Regiater, September, 1982, No. 321 
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tion from the American board f radiol gy or American boa:rd of health 
physics, or those having equivalent quaJifications. With reference to 
shielding design, "qualified expert" means a person having particular 
knowledge and training in the field of medica l x-ray and gamma-ray 
shielding. 

(103) "Quality fa t:or (QF) " means the linear-energy-transfer-depen
dent factor by which absorbed doses are to be multiplied to obtain, for 
radiation protection purposes, a quantity that expresses on a common 
scale for all ionizing radiations the irradiation incurred by exposed per
sons. The QF for x-rays, gamma-rays, and the beta-rays is 1. The QF for 
alpha-rays is 20, for neutrons it is 10. 

(104) "Rad" means the unit of absorbed dose. One rad is 100 ergs per 
gram is 0.01 Gray. 

(105) "Radiation" means electromagnetic radiations such as x-rays 
and gamma rays, or particular radiations such as elc trons or beta parti
cles, protons, neutrons, or alpha particles, usually of high energy, buL in 
any cruie it includes all radiations capable of producing ions directly or 
indirectly in their passage through matter. 

(106) "Radiation area" meanR any area, accessible to individuals, in 
which there exists radia~ion at such levels Ulllt major portion of the 
body could re eive in any one h ur a dose in excess of 5 millirem, or in 
any 5 consecutive days a dose in excess of 100 millirem. (Also see "high 
radiation area".) 

(107) "Radiation hazard" means a condition under which persons 
might receive radiation in excess of the maximum permissible dose, or 
radiation damag; might be caused to materials. 

(108) "Radiation installation" means any location or facility where 
radiation machines are used or where radioactive material is produced, 
transported, stored, disposed of or used for any purpose. 

(109) "Radiation machine" means any device that produces radiation 
when in use. 

(110) "Radiation safety officer" means a person who has the knowl
edge and responsibility to apply appropriate radiation protection rules. 

(111) "Radiation source" means a radiation machine or radioactive 
material as defined herein. 

(112) "Radioactive material" means any solid, liquid or gaseous sub
stance which emits radiation spontaneously. 

(113) "Radioactivity" means the disintegration of unstable atomic 
muclei by the emission of radiation. 

(114) "Radiograph" means an image receptor on which the image is 
created directly or indirectly by an x-ray pattern and results in a perma
nent record. 

(115) "Radi graphic imaging system" means any system whereby a 
permanent or semipermanent image is recorded on an image receptor by 
the action of ionizing radiation . 
Register, September, 1992, No. 321 
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(116) "Rating" means the maximum operating limits of the machine 
or component as specified by the manufacturer. 

(117) "Recording" means producing a film, videotape, or other per
manent form of an image resulting from x-ray photons. 

(118) "Registration" means registration with the department in ac
cordance with this chapter. 

(119) "Regulations of the U.S. department of transportation" means 
the regulations in 49 CFR 170-189, 14 CFR 103, and 46 CFR 146. 

(120) "Rem 'means the unit of dose equivalent from io,nizi.ng radia
tion to the total body or any internal organ or organ system. A millirem 
(mrem) is 1/ 1000 of a rem. For d iagnostic x-rays one rem is equivalent 
to one rad. The rem js a measure of the dose of any ionizing radiation to 
body tissues in t.errns of it.s estimated biological effect relative to a dose 
of one roentgen (R) of x-rays. 

Note: The relation of the rem to other dose units depends upon the biological effect under 
consideration end upon the conditions of irradiation. Any of the following is considered to be 
equivalent to a dose of one rem: 

(a) A dose of 1 R due to X - or gamma radiation; 

(b) A dose of 1 rad due to X-, gamma, or beta radiation; 

(c) A dose of 0.1 rad due to neutrons or high energy protons; 

(d) A dose of 0.05 rad due to particles heavier than protons and with sufficient energy to 
reach the lens of the eye; if it is more convenient to measure the neutron flux, or equivalent, 
than to determine the neutron dose in rads, as provided in (c) above, one rem of neutron 
radiation mny bo assumed lo bu oquivnl onL t.o 14 .million neutrons per uquare centimeter 
incident upon l he body; nr, if Lhor o oxietH • uffic icnL informolfon lo estiJrulLe with reasonable 
ae<:nr,11cy lhe upprnximAlo cli8trlbution in energy of tho neutrons, the incident number of 
nnutro.~ per equm·e: cnnlltnot.er cquivoJon t. to oao .r&m mo,y be cntimoted Crom the following 
table: 

Table 157-A 
NEUTRON FLUX DOSE EQUIVALENTS 

Neutron energy 
(MeV) 

Thermal ............................. . 
0.0001. ................................. . 
0.005 ............ ..... - ................. . 
0.02 .....•................. ................ 
0.1 .................... .. ... ......... ..... . . 
0.5 ....... .........•...•...... ............. . 
1.0 .................. .. .................... . 
2.5 .. ...................................... . 
6.0 ................... ..... ......... ....... . 
7.5 ............... ............ ............. . 
10.0 ...... ............................. .. . . 

10 to 30 ······························· 

Number of neutrons 
per square centimeter 
equivalent to a dose 
of 1 rem (neutrons/ 

cm2) 

970 x 106 
720 x 106 
820 x 106 
400 x 106 
120 x io6 

43 x 106 
26 x 106 
29 x 106 
26 x 106 
24 x 106 
24 x 106 
14 x 106 

Average flux to 
deliver 100 millirem 
in 40 hours 
(neutrons/cm2per 
second) 

670 
500 
570 
280 
80 
30 
18 
20 
18 
17 
17 
10 

(121) "Repair person" or "service person" means any individual who 
maintains an x-ray system. It is not limited to a manufacturer, assem
bler or user. 

(122) "Research and development" means: 

(a) Theoretical analysis, exploration, or experimentation; or 
Register, September, 1982, No. 321 

l 
i 
j 

1 



446-12 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

(b) The extension of investigative findings and theories of a scientific 
or technical nature into practical application for experimental and dem
onstration purposes, including Lhe experimental producLion and testing 
of models, devices, equipment, materiaJs, and processes. 

(123) "Response time" means the time requiled for an instrument 
system to reach 90% of its final reading when t.he radiation-sensitive 
volume of theinstnunent system is exposed to a step change in radiation 
flux from zero sufficient to provide a steady state midscale reading. 

(124) "Restricted area" means any area to which access is controlJed 
by the licensee or regisLrant for the purpose of protecting individuals 
from exposure to radiation and radioactive mat-erial. "Restricted area" 
shall not include any areas used for residential quarters, although a sep
arate room or rooms in a residential building may be set apart as such an 
~a . 

(125) "Roentgen (R)" means a unit of exposure to x- or gamma
radiation. One roentgen is an expos\lre to x-radiation or gamma-radia
tion such that the associated corpuscular emission per 0.001293 g of air 
produces, in air, ions carrying one esu of quantity of electricity of either 
sign. 

(126) "Scattered radiation" means the radiation that, during passage 
through matter, has been deviated in direction. (See "direct scattered 
radiation".) 

(127) "Sealed source" means radioactive material that is penna
nently bonded or fixed in a capsule or matrix designed to prevent release 
and dispersal of the radioactive material under the most severe condi
tions which are li~ely to be encountered in normal use and handling. 

(128) "Secondary protective barrier" means a barrier of radiation ab
sorbing material (s) used to reduce radiation exposures. (See "protec
tive barrier".) 

(129) "Secondary radiation" means a form of scattered radiation 
emitted by any irradiated material. (See "radiation".) 

(130) "Shutter" means a movable and controllable device, generally 
of lead, fixed to a radiation source, employed to intercept and collimate 
the useful beam. 

(131) "Sievert (Sv)" means the special name for the unit of dose 
equivalent. One Sv = 1 J /kg = 100 rem. 

(132) "Source" means the focal spot of the x-ray tube. 

(133) "Source-image receptor distance" or "SID" means the distance 
from the source to the center of the input surface of the image receptor. 

(134) "Source material' means uranium or thorium, or any combina
tion thereof, in any physical or chemical form, or ores which contain by 
weight one-twentieth of one percent (0.05%) or more of uranium, tho
rium, or any combination thereof. Source material does not include spe
cial nuclear material. 

(135) "Source of radiation" means any radioactive material, or any 
device or equipment emitting or capable of producing radiation. 
Register, September, 1982, No. 321 
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(136) "Special form" means any of the following physical forms of 
licensed material of any transport group (10 CFR 71.4 (O)): 

(a) The material is in solid form having no dimension less than 0.5 
millimeter or at least one dimension greater than 5 millimeters; does not 
melt, sublime, ignite in air at a temperature or l,000°F.; will not shatter 
or crumble if subjected to the percussion test described in paragraph 
(c); and is not dissolved or converted into dispersible form to the extent 
of more than 0.005 3 by weight by immersion for 1 week in water at 
68°F. (20°C.) or in air at 86°F. (31°C.): or 

(b) The material is securely contained in n capsule having no dimen
sion less than 0.5 millimeter or at least one dimension greater than 5 
millimeters, which will retain its contents if subjected to the tests pre
scribed in paragraph (c) and which is constructed of materinls which do 
not melt, sublime, or ignite in air at 1,475°F. (802°C.), and do not dis
solve or convert into dispersible form to the extent of more than 0.005 3 
by weight by immersion for 1 week in water at 68°F. (20°C.) or in air at 
86°F. (31 °C.): or 

(c) The following tests are for special form licensed material: 

1. Free Drop - A free drop through a distance of 30 feet onto a flat 
essentially unyielding horizontal surface, striking the surface in such a 
position as to suffer maximum damage. 

2. Percussion - Impact of the flat circular end of a 1 inch diameter steel 
rod weighing 3 pounds, dropped Lbrougb a distance of 40 inches. The 
CApsule or material Rhali be placed on a sheet of lead, of hardness 
number 3.5 to 4.5 on Lhe Vickers scale, and not more than 1 inch thick, 
supported by a smooth essentially unyielding surface. 

3. Heating - Heating in air to a temperature of l,475°F. (802°C.) and 
remaining at that temperature for a period of 10 minutes. 

4. Immersion - Immersion for 24 hours in water at room temperature. 
The water shall be at pH 6-pH 8, with a maximum conductivity of 10 
micromhos per centimeter. 

(137) "Special nuclear material in quantities not sufficient to form a 
critical mass" means uranium enriched in the isotope U-235 in quanti
t ies not exceeding 350 grams of onLained U-235; U-233 in quantities not 
exceeding 200 grams; plutonium in quru1tities not. exceeding 200 grams; 
or any combination of them in accordance with the following formula: 
For each kind of special nuclear ma erial, determine the ratio between 
the quantity of that special nuclear material and t he quantity specified 
above for the same kind of special nuclear material. The sum of such 
ratios for all of the kinds of special nuclear material in combination shall 
not exceed "1" (i.e., unity). For example, the following quantities in 
combination would not exceed the limitation and are within the 
formula: 

175 (grams contained U-235) + 50 (grams U-233) + 60 (grams Pu) = 1 
360 200 200 

(138) "Spot film" means a radiograph which is made during a fluoro
scopic examination to permanently record conditions which exist during 
that fluoroscopi procedure. 

Register, September, 1982, No. 321 
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(139) "Stationary equipment" means x-ray equipment which is in
stalled in a fixed location. (See "x-ray equpment".) 

(140) "Stray radiation" means the sum of leakage and scattered radi
ation. 

(141) "Supplier of water" means any person who owns or operates a 
public water system. 

(142) "Surface exposure integral" means the product of the exposure 
at the skin entrance and the beam area at the skin entrance for all non
dental projections. For dental projections, the surface exposure integral 
is computed as the exposure at the cone tip times the beam area at the 
cone tip. The units are roentgen square centimeter (Rcm2

) • 

(143) "Survey" means an evaluation of the radiation hazards incident 
to the production, use, release, disposal, or presence of sources of radia
tion under a specific set of conditions. When appropriate, such evalua
tion includes a physical survey of the location of materials and equip
ment, and measurements of levels of radiation or concentrations of 
radioactive material present. 

(144) "Technique factors" means the conditions of operation. They 
are specified as follows: 

(a) For capacitor energy storage equipment, peak tube potential in 
kV and quantity of charge in mAs. 

(b) For field emmission equipment rated for pulsed operation, peak 
tube potential in kV and number of x-ray pulses. 

(c) For all oth~r equipment, peak tube potential in kV and either tube 
current in mA arid exposure time in seconds, or the product of tube cur
rent and exposure time in mAs. 

(145) "Test" means a method for determining the characteristics or 
condition of sources of radiation or components thereof. 

(146) "Therapeutic-type protective tube housing" means the tube 
housing with tube installed and it includes high voltage and/or filament 
transformers and other appropriate elements when they are contained 
within that housing. 

(147) "Total filtration" means the sum of the inherent and added 
filtration. 

(148) "Tube" means an x-ray tube, unless otherwise specified. 

(149) "Tube housing assembly" means the tube housing with tube 
installed. In includes high-voltage and/ or filament transformers and 
other appropriate elements when they are contained within the tube 
housing. 

(150) "Tube rating chart" means the set of curves which specify the 
rated limits of operation of the tube in terms of the technique factors. 

(151) "Unrefined and unprocessed ore" means ore in its natural form 
prior to any processing, such as grinding, roasting, beneficiating, or re
fining. 
Register, September, 1982, No. 321 
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(152) "Unrestricted area" means any arna to which access is not con
trolled by the person in control f r purposes of protectjon of individuals 
from exposure to radiation and radioact ive material, and any area used 
for residential quarters. 

(153) "Use factor (U)" means the fraction of the workload during 
which the useful beam is pointed in the direction under consideration. 
(See Appendix A, T able 3.) 

(154) "Useful beam" means the radiation which passes through the 
tube housing port and the aperture of the beam-limiting device when 
the exposure switch or timer is activated. 

(155) "User" means a person, organization, or institution having ad
ministrative control over one or more installations or mobile sources of 
radiation. 

(156) "Variable-aperture beam-limiting device" means a beam-limit
ing device which has capacity for step-less adjustment of the x-ray field 
size at a given SID. 

(157) "Visible area" means that portion of the input surface of the 
image receptor over which incident x-ray photons produce a visible im
age. 

(158) "Worker" means an individual engaged in work under a regis
tration issued by the department and controlled by the person in con
trol, but does not include the person in control. 

(159) "Workload (W)" means a measure in suitable .units of the 
amount of use of radiation equipment. The workload is expressed in mil
liampere-minutes per week for x-ray sources and roentgens per week at 
lOO'centimeters from the source for gamma-ray sources. 

(160) "X-ray control" means a device which controls input power to 
the x-ray high-voltage generator and the x-ray tube. It includes equip
ment which controls the technique factors of an x-ray exposure. 

(161) "X-ray equipment" means an x-ray system, subsystem or a 
component thereof. 

(a) "Mobile x-ray equipment" means mounted on a permanent base 
with wheels, casters, or wheels and casters for moving while completely 
assembled. 

(b) "Portable x-ray equipment" means designed to be hand-carried. 

(c) "Stationary x-ray equipment" means installed in a fixed location. 

(d) "Transportable x-ray equipment" means installed in a vehicle or 
trailer. 

(162) "X-ray field" means that area of the intersection of the useful 
beam and any one of the set of planes parallel to and including the plane 
of the image receptor, whose perimeter is the locus of points at which the 
exposure rate is one-fourth of the maximum in the intersection. 

(163) "X-ray high-voltage generator" means a device which trans
forms electrical energy from the potential supplied by the x-ray control 
to the tube operating potential. The device may also include means for 
transforming alternating current to direct current, filament transform-

Register, September, 1982, No. 321 , 
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as" 
the JC-ray tube (s), high-voltage switches, electrical protective de

e~s for d other appropriate elements. 
vices an 

4
) "X-ray subsystem" m~s al_ly combination o_f two or more 

(16 nts of any x-ray system f'or which there are requirements speci-

f
c?mdl?one9 JISS 157.05, 157.06, and 157.08. 
1e IDS· 

(lGfi) "X~ray system" means an assemblage of component.a for the 
c ntrolled pr duction of x-rays. It includes mjl!inmlly an x-ray high-
o lta e generator an x-ray c ntr 1, a tube housing assembly, a beam

li~itfng device .and the .neces~ary supporting structu~es. Ad~Htional 
components which fonct10n with the system are coruudered mtegral 
parts of the system. 

(166) "X-ray tube". means an electron tube which is designed to con-
vert electrical energy mto x-ray energy. · 

History: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.03 General requirements. This section establishes require
ments for use of x-ray equipment. The provisions of this section are in 
addition to, and not in substitution for, other applicable provisions of 
this chapter. 

(1) SPECIFIC DUTIES ~Ii' TJlE }>E~so.N lN CONTROL. The person in control 
of 8 radfation installation or rad1ation source ~hap establish and main
blln operational procedures so that the radiation exposure of each 
worker is kept as far be.low Lhe maximum permissible exposure as is 
practicable. The person in control !llay designate another person to be 
responsible for directing the operat10n of the regiate·redraruation instal
lation. Tbe person in.control shall assure t~at the following provisions 
are met in the operation of the x-ray machine(s): 

(a) An x-raymachine which. does n?t meet theproyisions ofth~s chap
ter may not be operated for d1agnost1c or therapeutic purposes 1f so di
rected by the departIJ!en t. in writin~. Wri~en notification o~ the correc
tion of all x-ray machme noncompliance items shall be furmshed to the 
department within 30 days following receipt of the survey report. 

(b) Individuals who will .be operating the x-ray equipment shall be 
instructed in the safe operatmg procedures and be competent in the safe 
use of the equipment. 

(c) A chart shall be provided in the vicinity of each x-ray system con
trol panel. This chart shall specify for all routine exposures performed 
on that system the following .minimum information: 

1. Exam title; 

2. Patient's anatomical size versus technique factors to be utilized; 

3. Type of and size of the film or film-screen combination to be used; 

4. Type of grid to be used, if any; 

5. Source to image receptor distance to be used; and 

6. Type and location of placement of gonadal shielding to be used. 

-~~). W;i~ten safety procedures an.cl requirements shall be provided to 
1nd.iv1dual operating x-ray equipment, including any restrictions of 

'-~. September, 1982, No. 321 
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the operating technique required for the safe operation of the particular 
x-ray system. The operator should be able to demonstrate familiarity 
with these procedures and rules. 

(e) Except for patients who cannot be moved out of the room, only the 
staff and ancillary personnel required for the medical procedure or 
t raining shall b in the room during the radiographic exposure. Other 
than the patient. being examined: 

1. All individuals shall be positioned such that no part of the body not 
protected by 0.5 mm lead equivalent will be struck by the useful beam; 

2. Staff and ancillary personnel shall be protected from the direct 
scatter radiation by protective aprons or whole body protective barriers 
of not less than 0.25 mm lead equivalent; 

3. Patients who cannot be removed from the room shall be protected 
from the direct scatter radiation by whole body protective barriers of 
0.25 mm lead equivalent or shall be so positioned that the nearest por
tion of the body is at least 2 meters from both the tube head and the 
nearest edge of the image receptor; 

4. When a portion of the body of any staff or an illary personnel is 
potentially subjected to stray radiation which could result in thal indi
vidual receiving one-quarter of t.he maximum permis.'lible dose as de
fined ins. HSS 157.12 (2), additional protectiv d vices shall be used. 

(f) Gonadal protection shall be provided between the source and the 
patient for all patients under the age of 50 during x-ray examinations as 
follows: 

1. When the gonads will not be in the useful beam (e.g., by protective 
aprons, drapes or curtains); 

2. When the gonads will be in a correctly collimated useful beam but 
not imaged on the image receptor for the radiographic examination 
such as when the beam is circular (e.g. , by prot.ective aprons or film di
viders of adequate size), or when Lhe gonads will be in the useful berun 
and will be imaged on the image receplor (e.g. by gonadal (shield) dia
phragms or cups of appropriate size); 

3. Gonadal shields shall provide an attenuation of not less than 95 3 of 
the incident radiation. This criterion shall be judged to have been met if 
lead equivalent. mater ial of the following minimum thickness is used for 
the gonadal shield: 

a. For < 101 kVp use 0.25 mm. 

b. For 101 to < 151 use 0.5 mm. 

c. For 151 to 300 kVp use 1.0 mm. 

4. Exceptions to the provisions of subds. 1., 2. and 3. shall be allowed 
for those examinations or patient's physical condition which are noted 
either on the facility's radiation safety instructions required in par. (d) 
or on the technique chart in par. (c) 3. 

5. Unnecessary fetal exposure is especially undesirable. Therefore, the 
operators and practitioners should make appropriate prior inquiries 
with respect to possible pregnancy. 

Register, September, 1982, No. 321 
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(g) No person may be exposed to the useful beam except for healing 
arts purposes, each exposure of which has been authorized by a licensed 
practitioner of the healing arts. X-ray exposure is specifically prohibited 
for the following pmposes: 

1. Exposure of an individual for training, testing, demonstration, ad
ministration, employment, or other purposes unless there are health 
care requirements and proper prescription has been provided; 

2. Exposure of an i.ndividuaJ for the purpose of healing arts screening 
without prior written approval of the department. "Screening" means 
an exposure of a person without prior examination disclosing a need for 
x-ray study and prescription for such a study by a licensed practitioner. 

(h) When a patient or film must be provided with auxiliary support 
during a radiation exposure: · 

1. Mechanical holcting devices shall be used when the technique per
mits. The safety rules required by this section shall list individual pro
jections where holding devices cannot be utilized; 

2. Written safety procedures as required by par. (d) shall indicate the 
requirements for selecting a holder and the procedure the holder shall 
follow; 

3. The human holder, preferably of post-reproductive age, shall be 
protected as required bys. HSS 157.12; 

4. No person shall be used routinely to hold film or patients; 

5. In those cases where the patient must hold the film, except during 
intraoral examinations, any portion of the body other than the area of 
clinical interest struck by the useful beam shall be protected by not less 
than 0.25 mm lead equivalent material; 

6. During therapy procedures the exposure of any human holder shall 
be monitored and recorded. 

(i) Procedures and auxiliary equipment designed to minimize patient 
and personnel exposure commensurate with the needed diagnostic in
formation shall be utilized. This is interpreted to include but is not lim
ited to: 

1. The speed of the film or screen and film combinations shall be the 
fastest speed consistent with the diagnostic objective of the examina
tions; 

2. The radiation exposure to the patient shall be the minimum expo
sure required to produce images of good diagnostic quality; 

3. Portable or mobile equipment shall be used only for examinations 
where it is impractical to transfer the patient to a stationary radio
graphic installation; and 

4. Fluoroscopic imaging devices used for optical viewing which are not 
mechanically linked to the x-ray tube shall not be utilized. 

(j) Each image (film, film set, etc.) shall be interpreted by a licensed 
practitioner, and a permanent record shall be made of the interpretation 
of the total examination. 
Register, September, 1982, No. 321 
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(k) All persons who are associated with the operation of an x-ray sys
tem shall be subject to the occupational exposure limits and the require
ments for the determination of the doses which are stated in s. HSS 
157.12 (2). In addition, the following requirements are made: 

1. When protective clothing or devices are worn on portions of the 
body and a monitoring device iR required, at least one such device shall 
be utilized. When an apron is worn, the monitoring device shall be worn 
on the collar outside of the apron. The dose to the whole body based on 
the maximum dose attributed to llDY one critical organ (which are the 
gonads, the blood forming Oigans, or lens of he eye) shal l be recorded in 
the reports required bys. HSS 157. 2 (3) (a) . If more than one device is 
used and a record is made of the data, each dose shall be identified with 
the area where the device was worn on the body; 

2. Exposure of a personnel monitoring device to deceptively indicate a 
dose delivered to an individual is prohibited; 

3. Each case of excessive or abnormal exposure shall be investigated to 
determine the cause and to take steps to prevent its recurrence; 

4. The department shall be notified of any excessive or abnormal ex
posure as follows: 

a. The person in control or a substitute shall immediately notify the 
department by telephone or telegraph of any incident involving regis
tered sources of ionizing radiation which may have caused or t.hreatens 
to cause exposure of the whole body of any individual to 25 rem or more 
of radiation; exposure of the skin of the whole body of any individual to 
150 rem or more of radiation; or exposure o( the feel, ankles, hands or 
forearms of any individual to 375 rem or more of radiation· 

b~·The person in control or a substitute shall within 24 hours notify 
the department by telephone or tt31egraph or any incident involving reg
istered sources of ionizing radiation which may have caused or threatens 
to cause exposure of the whole body of any individual to 5 rem or more of 
radiation; exposure of the skin of the whole body of any individual to ao 
rem or more of radiation; or exposure of the feet, ankles, hands or fore
arms to 75 rem or more of radiation; 

c. The person in control or a substitute shall, within 30 days, notify the 
department in writing of the accumulative exposure of any employe 
when the exposure exceeds 1.25 rem per quarter. 

(1) Periodic radiation surveys shall be conducted as indicated and 
records kept of such surveys, including descriptions of corrective mea
sures. 

(2) INFORMATION AND MAINTENANCE RECORD AND ASSOCIATED INFORMA
TION. The person in control shall maintain at least the following infor
mation for each x-ray machine: 

(a) Maximum rated technique factors; 

(b) Model numbers of all certifiable components; 

(c) Aluminum equivalent filtration of the useful beam, including any 
routine variation; 

(d) Tube rating charts and cooling curves; 
Register, September, 19S2, No. 321 
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(e) Records of surveys, calibrations, maintenance and modifications 
(from the original s hematics and drawings) performed on the x-ray 
machine after the effective date of this chapter, along with the names of 
persons who performed the service; 

(f) A scale drawing of the room in which a stationary x-rey system is 
located. The drawing shall denote the Lype of materials and their thick
ness (or lead equivalence) provided by each barrier of the room (walls, 
ceilings, floors, doors, windows) . The drawing shall als denote the type 
of current occupancy of adjacent areas to include areas of concern above 
and below the ·-ray room (e.g., hallways, offices, parking lots and toi
lets). Estimates of the frequency of such occupancy shall a1so be noted 
on the drawing; 

(g) A copy of all correspondence with this department regarding that 
x-ray machine. · 

(3) PLAN REVIEW. Prjor to construction, the floor plans and equipment 
arrangement of all new installations 01· modifications of existing installa
tions utilizing x-rays for diagnostic or therapeutic purposes shall be sub
mitted to the department for review and approval. 

(a) Information on shielding required for plan review. Two sets of 
plans shall be sent to the department's section of radiation protection 
for review and approval. The plans shall show, at minimum, the follow
ing: 

1. The room and control booth dimensions. 

2. The normal I cation of the .radiation-producing equipment, tube 
head travel and traverse limits; general direction (s) of the primary radi
ation beam; Locations of any windows; the location of the operator's 
booth and the location of the equipment's control console; location of 
any vertical cassette holder and taole. 

3. Structural composition and thickness of all walls, doors, partitions, 
floor and ceiling of the room (s) concerned. 

4. Height, floor to floor, of the room (s) concerned. 

5. The type of occupancy of all adjacent areas inclusive of space above 
and below the room (s) concerned. If there is an exterior wall, show dis
tance to the closest existing occupied area (s). 

6. The make and model of the radiation-producing equipment, includ
ing the maximum energy output which for x-ray machines is the kilovolt 
peak potential. 

7. The anticipated workload and the type of examination (s) or treat
ment (s) which wiU be performed with the equipment (e.g., dental, or
thodontic, chest, gastrointestinal, f1uoroscopic, podiatry, fixed therapy, 
rotational therapy, etc.). 

8. A copy of any report done by a qualified expert concerning the plans 
for shielding requirements. 

(b) Minimum design requirements. 

1. 'Machine operator's booth.' 
Register, September, 1982, No. 321 
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a. The booth shall be no closer than 1.3 meters from the nearest vertical 
cassette holder or .3 meters from the nearest comer of the examining 
table. 

b. The booth walls shall be at least 2.1 meters high and shall be perma
nently fixed to the floor or other structure as may be necessary for general 
purpose radiography. 

c. When a door or movable panel is used as an integral part of the 
booth structure, it shall have a permissive device which will prevent an 
exposure when the door panel is not closed. 

2. 'Exposure switch placement.' 

a. The exposure switch shall be at least 1 meter from any open edge of 
the booth wall which is proximal to the examining table. 

b. The exposure switch shall be fixed within the booth. 

c. The exposure switch shall allow the operator to use the majority of 
the available viewing windows. 

3. 'Viewing system requirements.' 

a. Each booth shall have at least one viewing device. 

b. The device shall be so placed that the operator can have full view of 
any occupant of the room and shall be so placed that the operator can 
view any entry into the room. If any door, which allows access to the 
room, cannot be seen from the booth, then that door shall have a permis
sive device which will prevent the exposure if the door is not closed. 

c. When the viewing device is a window, the following requirements 
also apply: , . 

i. The viewing device shall have a visible area of at least 0.09 square 
meters. 

ii. The distance between the proximal edge of the window and the open 
edge of the booth shall not be less than .45 meters. 

iii. The glass shall have the same lead equivalence as that required in 
the booth's wall in which it is to be mounted. 

d. When the viewing is by mirror(s), the mirror(s) shall be so located 
as to accomplish the general requirements as in subpa,r. c. 

e. When the viewing system is by electronic means, for example, televi
sion, the camera shall be so located as to accomplish the general require
ments in subpar. c. 

(c) Modifications. The approval of such plans shall not preclude the 
requirement of additional modifications should a subsequent analysis of 
operating conditions indicate the possibility of an individual receiving a 
dose in excess of the limits prescribed ins. HSS 157.12 (2) (a) and (e). 

(4) PROCESSING OF FILM. All films shall be processed in such a fashion 
as to achieve maximum diagno tic information at the minimum exposure 
value. This criterion shall be adjudged to have been met if the film 
processing (chemical or equipment) manufacturer's recommendations 
are followed. 
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( 5) ACTION BY THE DEPARTMENT. Within 30 days after receiving a com
plete application for registration and within 60 days after receiving a 
complete plan for approval under this chapter, the department shall reg
ister the installation or equipment or approve or deny approval to the 
plan and, in the case of the plan, shall inform the person in control or 
other person submitting the plan oi that decision. 

Hietory: Cr. Register, September, 1982, No. 321, ell. 10-1-82; er. (5), Register, November, 
1986, No. 359, elf. 12-1-85. 

HSS 157.04 General requirements for all diagnostic x-ray systems. In 
addition to other requirements, all diagnostic x-ray systems shall meet 
the conditions specified in this section, many of which have been taken 
from 21 CRF 1020.30-31. 

(1) WARNING LABEL. The control panel containing the main power 
switch shall bear the warning statement, legible and accessible to view: 
"WARNING: This x-ray unit may be dangerous to patient and operator 
unless safe exposure factorS and operating instructions are observed." 

(2) BATTERY CHARGE INDICATOR. On battery-Powered generators, vis
ual means shall be provided on the control panel to indicate whether the 
battery is in a state of charge adequate for proper operation. 

(3) LEAKAGE RADlATION FROM THE DIAGNOSTIC SOURCE ASSEMBLY. The 
leakage radiation from the diagnostic source assembly measmed at a dis
tance of one meter in any direction from the source shall not exceed 100 
milliroentgens in one hour when the x-ray tube is operated at its leakage 
technique factors. Compliance shall be determined by measurements av
eraged over an area of 100 square centimeters with no linear dimension 
greater than 20 centimeters. 

(4) RADIATION FROM COMPONENTS OTHER THAN THE DIAGNOSTIC 
SOURCE ASSEMBLY. The radiation emitted by a component other than the 
diagnostic source assembly shall not exceed 2 milliroentgens in one hour 
at 5 centimeters from any accessible surface of the component when it is 
operated in an assembled x-ray system under any conditions for which it 
was designed. Compliance shall be determined by measurements aver
aged over an area of 100 square centimeters with no linear dimension 
greater than 20 centimeters. 

(5) BEAM QUALITY. {a) Half-value layer. 1. The half-value layer (HVL) 
of the useful beam for a given x-ray tube potential shall not be less than 
the values shown in Table 157-B. If it is necessary t-0 determine such 
hal1-value layer at an x-ray tube potential which is not listed in Table 
157-B, linear interpolation or extrapolation may be made. 
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Table 157-B 

MINIMUM HALF-VALUE REQUIREMENTS 

X-ray tube voltage (kilovolt peak) 

Meaoured 
Dealgned operating operating 

range potential 

Below 50....................... 30 
40 
49 

50 to 70.............. .......... 50 
60 
70 

Above 70............ .......... 71 
80 
90 

100 
llO 
120 
130 
140 
150 

Minimum HVL (mm of AI) 

Specified Other X-ray 
dental systems 

systems 

1.5 0.3 
1.5 0.4 
1.5 0.5 

1.5 1.2 
1.5 1.3 
1.5 1.5 

2.1 2.1 
2.3 2.3 
2.5 2.5 
2.7 2.7 
3.0 3.0 
3.2 3.2 
3.5 3.5 
3.8 3.8 
4.1 4.1 

2. Beryllium window tubes shall have a minimum of 0.5 mm alumi
num equivalent filtration permanently mounted in the useful beam. 

3. For capacitor energy storage equipment, compliance shall be deter
mined with the maximum quantity of charge per exposure. 

4. The required minimal aluminum equivalent filtration shall include 
the filtration coniribuLed by all materials which are always present be
tween the focal spoi of the tube and the patient. An example is a table
top when the tube is mounted "under the table" and inherent filtration 
of the tube. 

(b) Filtration controls. For x-ray systems which have variable kVp 
and variable filtration for the useful beam, a device shall link the kVp 
selector with the filter (s) and will prevent an exposure unless the mini
mum required amount of filtration (see Table 157-B above) is in the 
useful beam for the given kVp which has been selected. 

(6) MULTIPLE TUTIES. Where two or more radiographic tubes are con
trolled by one exposure switch, the tube or tubes which have been se
lected shall be clearly indicated prior to initiation of the exposure. This 
indication shall be b ih on the x-ray control and at or near the tube 
housing assembly which has been selected. 

(7) MECHANICAL SUPPORT OF TUBE HEAD. The tube housing assembly 
supports shall be adjusted such that the tube housin!J assembly will re
main stable during an exposure unless the tube housmg movement is a 
designed function of the x-ray system. 

(8) TECHNIQUE INDlCATORS. (a) Variable technique factors . The tech
nique factors to be used during an exposure shall be indicated before the 
exposure- begins, except when automatic exposure controls are used, fo 
which case the tecbniq ue factors which are set prior to the exposure shall 
be indicated. 

(b) Fixed technique factors. On equipment having fixed technique 
factors, the requirement in par. (a) may be met by permanent markings. 
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Indication of technique factors shall be visible from the operator's posi
tion except in the case of spot films made by the fluoroscopist. 

History: Cr. Register, September. 1982, No. 321, eff. 10-1-82. 

HSS 157.05 Fluoroscopic x-ray systems. All fluoroscopic x-ray sys
tems shall meet the requirements of this section, many of which have 
been taken from 21 CFR 1020.32. 

(1) LIMITATION OF USEFUL BEAM. (a) Primary protective barrier. The 
fluoroscopic tube shall not produce x-rays unless the primary protective 
barrier is in position to intercept the entire useful beam. The entire cross 
section of the useful beam shall be intercepted by the primary protective 
barrier of the fluoroscopic image assembly at any source-image receptor 
distance (SID). 

(b) Limitation to the imaging surface. 1. The x-ray field produced by 
nonimage-intensified fluoroscopic equipment shall not extend beyond 
the entire visible area of the image receptor. This requirement applies to 
field size during both fluoroscopic procedures and spot filming proce
dures. 

2. During the fluoroscopic or spot filming procedures, neither the 
length nor the width of the x-ray field in the plane of the image receptor 
shall exceed the visible area of the image receptor by more than 3 % of 
the SID (source to image distance). The sum of the excess length and 
the excess width shall be no greater than 4 % of the SID. Compliance 
with this requirement shall be determined with the beam axis perpen
dicular to the image receptor. For rectangular x-ray fields used with cir
cular image reception, the error in alignment shall be determined along 
the length and width dimensions of the x-ray field which pass through 
the center of the visible area of the image receptor. 

3. Certified spot film devices shall also meet the following require
ments: 

a. Means shall be provided between the source and the patient for 
adjustment of the x-ray field size in the plane of the film to the size of 
that portion of the film which has been selected on the spot film selector. 
Such adjustment shall be automatically accomplished except when the 
x-ray field size in the plane of the film is smaller than that of the selected 
portion of the film; 

b. It shall be possible to adjust the x-ray field size in the plane of the 
film to a size smaller than the selected portion of the film. The minimum 
at the greatest SID, shall be equal to or less than 5 by 5 centimeters; and 

c. The center of the x-ray field in the plane of the film shall be aligned 
with the center of the selected portion of the film to within 2% of the 
SID. 

(2) ACTIVATION OF THE FLUOROSCOPIC TUBE. X-ray production in the 
fluoroscopic mode shall be controlled by a device which requires contin
uous pressure by the fluoroscopist for the entire time of any exposure. 
When .recording serial fluoroscopic images, the fluoroscopist shall be 
able to terminate the x-ray exposure (s) at any time, but means may be 
provided to permit. completion of any single exposure of the series in 
process. 
Register, September, 1982, No. 321 
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(3) EXPOSURE RATE LIMITS. (a) The exposure measured at the point 
where the center of the useful beam enters the patient shall not exceed 
10 roentgens per minute, except during recording of fluoroscopic images 
or when provided with optional high level control. 

(b) When provided with optional high level control, the equipment 
shall not be operable at any combination of tube potential and current 
which will result in an exposure rate in excess of 5 roentgens per minute 
at the point where the center of the useful beam enters the patient un
less the high level control is activated. 

1. Special means of activation of high level controls, such as additional 
pressure applied continuously by the operator, shall be required to avoid 
accidental use. 

2. A continuous signal audible to the fluoroscopist shall indicate that 
the high level control is being employed. 

(c) In addition to the other requirements of this section, certified 
equipment which does not incorporate an automatic exposure control 
(e.g., automatic brightness control or ionization chamber control) shall 
not be operable at any combination of tube potential and current which 
will result in an exposure rate in excess of 5 r entgeru; per minute at. the 
point where the c;e~ter of beam enters t~e pabi~nt except. durin& record
mg of fluoroscopic images or when provided with an optiona.l lngh level 
control. 

(d) Compliance with this subsection shall be determined as follows: 

1. Movable grids arid compression devices shall be removed from the 
useful beam during the measurement; 

2. If the source is below the table, exposure rate shall be measured one 
centimeter above the tabletop or cradle; 

3. If the source is above the table, the exposure rate shall be measured 
at 30 centimeters above the tabletop with the end of the beam-limiting 
device or spacer positioned as closely as possible to the point of measure
ment; 

4. In a C-arm type of fluoroscope, the exposure rate shall be measured 
30 centimeters from the input surface of the fluoroscopic imaging as
sembly. 

(e) Periodic measurements of the entrance exposure rate shall be 
made. 

1. An appropriate time for such measurements is immediately after 
any maintenance of the system which might affect the exposure rate. 

2. Results of these periodic measurements shall be posted where any 
fluoroscopist may have ready access to them while using that fluoro
scope and in the record required ins. HSS 157.03 (2) (e). Results of the 
measurements shall include the maximum possible R/minute, as well as 
the physical factors used to determine all data; the name of the person 
performing the measurements; and the date the measurements were 
performed. 

3. The periodic measurements shall be made under the conditions 
that satisfy the requirements of subpar. b. 
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4. The periodic measurements of the entrance exposure rate the kVp 
shall be the peak kV that the x-ray system is capable of producing. 

5. For the periodic measurements of the entrance exposure rate the 
high level control, if present, shall not be activated. 

6. For the periodic measruements of the entrance exposure rate the x
ray system (s) that incorporates automatic exposure control (automatic 
brightness control, etc.) shall have sufficient material (e.g., lead or lead 
equivalence) placed in the useful beam to produce the maximum mil
liamperage of the x-ray system; and 

7. The periodic measurements of the enti'ance exposure rate x-ray sys
tem (s) that do not incorporate automatic exposure control shall utilize 
the maximum milliamperage of the x-ray system. Materials such a.s an 
attenuation bl ck may be placed in Che useful beam to protect the imag
ing system. 

(4) BARR!ER-'rRANSMI'ITED RAU1Nr10N HA'rlil LIMITS. (a) Transmission 
exposure rate. The exposure rate due to transmission through the pri
mary protective barrier with the attenuaLion block in the useful beam, 
combined witb radiation from the image intensiJier, if provided, shall 
not e.xceed 2 milliroentgellB ~er hour at 10 centimeters from any accessi
ble surface of the fluoroscopic imaging assembly beyond the plane of Lhe 
image receptor for each roentgen per minute of entrance exp sure rate. 

(b) lvfeasuring compliance of barrier transmi.~sion. l. The expo ure 
rate due to transmission through the primary protective barrier com
bined with radiation from the image intensifier shall be determined by 
measurements averaged over an area of 100 square centimeters with no 
linear dimension greater than 20 centimeters. 

2. If the source is below the tabletop, the measurement shall be made 
with the input surface of the fluoroscopic imaging assembly positioned 
30 centimeters above the tabletop. 

3. If the source is above Lhe tabletop and the SID is variable, the mea
surement shall be made witl1 the end of the beam-limiting device or 
spacer as close to I.he tabletop as it. can be placed, provided that it shall 
not be closer than 30 centimeters. 

4. Movable grids and compression devices shall be removed from the 
useful beam during the measurement. · 

5. The attenuation block shall be positioned in the useful beam 10 
centimeters from the point of measurement of entrance exposure rate 
and between this point and the input surface of the fluoroscopic imaging 
assembly. 

(5) INDICATION OF POTENTIAL AND CURRENT. During fluoroscopy and 
cinefluorography, x-ray tube potential and current shall be continuously 
indicated. 

(6) SOURCE-SKIN DISTANCE. Means shall be provided to limit the 
source-skin distance to not less than 38 centimeters on stationary 
fluoroscopes, to 35.5 ceotimeLers on siationfil.y fluoroscopes which are in 
operation prior to January 1, 1981, and to not less than 30 centimeters 
~m mobile fluoroscopes. In additi n, for image-intensified fluoroscopes 
intended for specific surgical -application that would be prohibited at 
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the source-skin distances specified in this subsection, provisions may be 
made for operation at shorter source-skin distances but in no case less 
than 20 centimeters. The users operating manual must provide precau
tionary measures to be adhered to during the use of this device. 

(7) FLUOROSCOPIC TIMER. Means shall be provided to preset the cumu
lative on-time of tl1e fluoroscopic (.11be. The maximum cumulative time 
of the timing device shall not exceed 5 minutes without resetting. A sig
nal audible to the fluoroscopist shall indicate the completion of any 
preset cumulative on-time. Such signal shall continue to sound while x
rays are produced until the timing device is reset. The timer may also 
terminate the radiation expo!lure. 

(8) MOBILE FLUOROSCOPES. In addition to the other requirements of 
this section, mobile fluoroscopes shall provide intensified imaging. 

(9) CONTROL OF SCA'l"l'ERED RADIATION. (a) Below table sources. Fluor
oscopic table designs when combined with procedures utilized shall be 
such that no unp.rotected part of any staff or ancillary persons body 
shall be exposed to unattenuated scattered radiation which originates 
from under the table. The attenuation required shall be not less than 
0.25 mm lead equivalent. 

(b) Above table sources. J. Equipment configuration when combined 
with procedures shall be such that no portion of any staff or ancillary 
person 's body, except the extremities, shall be exposed to the unattenu
ated scattered radiation emanating from above the tabletop unless that 
individual: 

a. Is at least 120 cm from the center of the useful beam; or 

U. The radiation has passed thr ugh n t less than 0.25 nun lead 
equivalent material (e.g., drapes, Bucky-slot covers, a sliding or folding 
panel, or self supporting urtains) in addjtion to any lead equivalericy 
provided by the pr(ltective apron referred to ins. HSS 157.03 (1) (e) 2. 

2. Exceptions to this paragraph may be made in some special proce
dures where a sterile field will not permit the use of the normal protec
tive barriers. Where the use of prefittedsterilized covers for the barriers 
is practical, the department shall not permit such exception. 

BU*ory: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS l57.06 Intraoral dental radiographic systems. This section 
establishes special requirements, many of them taken from 21 CFR 
1020.32, for x-ray equipment and associated facilities used for intraoral 
dental radiography. These requirements are in addition to those in ss. 
HSS 167.03 and 157.04. Standards for extraoral dental radiographic sys
tems are found ins. HSS 157.08. 

(1) RADJOGRAPHIC.EQUIPMENT. The provisions of this subsection apply 
to equipment for the recording of images, except those involving use of 
an image intensifier. 

(a) Source to skin distance. X-ray systems designed for use with an 
intraoral image receptor shall be provided with means to limit source to 
skin cListance to not less than: 

1. Eighteen centimeters if operable above 50 kilovolts peak; or 
Regiater, September, 1982, No. 321 
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2. Ten centimeters if not operable above 50 kilovolts peak. 

(b) Field limitation. Radiographic systems designed for use with an 
intraoral image receptor shall be provided with means to limit the x-ray 
beam such that: 

1. If the minimum source to skin distance (SSD) is 18 centimeters or 
more, the x-ray field, at the minimum SSD, shall be contained in a circle 
having a diameter of no more than 7 centimeters; and 

2. If the minimum SSD is less than 18 centimeters, the x-ray field, at 
the minimum SSD, shall be containable in a circle having a diameter of 
no more than 6 centimeters. 

3. Film holders that provide rectangular collimation limiting the use
ful beam to the area of the film should be used wherever feasible. 

(c) Timers. Means shall be provided to terminate the exposure at a 
pre<iet time interval, a preset product of current and time, a preset 
number of pulses, or a preset radiation exposure to the image receptor. 
In addition: 

1. Termination of exposure shall cause automatic resetting of the 
timer to its initial setting or to zero; 

2. It shall not be possible to make an exposure when the timer is set to 
a zero or off position if either position is provided; 

3. When 4 consecutive timer tests are performed at an identical timer 
setting in the range of normal utilization, the arithmetic mean (T) of 
the measured time periods must not be less t han 5 times the difference 
between the maximum (Tm°") and minimum (T ruin) periods. 

> 
(Tav = 5 (Tmax - Tmin) 

(d) X-ray control (exposure switch). 1. The actuating control shall 
be so designed that the exposure will be terminated at the end of the 
preset time interval or on release of pressure by the operator on the con
trol. 

2. ~ach x-ray control shall be located in such a way as to meet the 
following criteria: 

a. To ensure that the opel'ator is in a protected area during all expo
sures, the operating control switch shall be either permanently mounted 
in a protected area (e.g., outside the room or in a shielded booth), or the 
operating control switch shall be mounted on a cord of sufficient length 
to allow easy operation from one or more protected areas. In the latter 
case the operating manual sha:ll clearly define such areas and shall pre
scribe that operation should be limited to those areas. Floor or walls 
shall be marked as required for clear identification of protected areas. 

b. Mobile and portable x-ray systems which are used for greater than 
one week in one location (one room or suite) shall meet the require
ments of s. HSS 157.08 (2) (h) 2. a. Those systems used for more than 
one hour and less than one week at one location (one room or sujte) shall 
meet the requirements of s. HSS 157.08 (Z) (b) 2. b. and be provided 
with a 1.98 meters high protective barrier which is placed at least 1.83 
meters from the tube h using assembly and at least 1.83 metersi:rom the 
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patient. Systems used to make an exposure (s) of only one patient at the 
use location shall meet the requirement of s. HSS 157 .08 (2) (b) 2. b., or 
be provided with 11 method of control which will permit the operator to 
be at least 3.6 meters from the tube head assembly during an exposure. 

3. The x-ray control shall provide visual .indication observable at or 
from the operator's protected position whenever x-rays are produced. In 
addition, a signal audible to the operator shall indicate that the expo
sure has terminated. 

(2) EXPOSURE REPRODUCIBILITY. The exposure produced shall be re
producible to within the criteria in s. HSS 157 .08 ( 4). 

(3) OPERATING PROCEDURES. (a) Holding devices. Patient and film 
holding devices may be used as the technique requires or permits. Rec
tangular collimating filmholders should be used where feasible. The 
safety rules required bys. HSS 157.03 (1) (d) shall list conditions under 
which holding devices may not be utilized. 

(b) Hand-held equipment. Neither the tube housing nor the attached 
beam orientation device shall be hand-held during an exposure. 

(c) Use[ ul beam size. The x-ray system shall be arranged and oper
ated in such a manner that the useful beam at the patient's skin does not 
exceed the dimensions specified in sub. (1) (b) by more than 103. 

(d) Dental fluoroscopy. Dental fluoroscopy without image intensifi
cation is prohibited. 

(4) ADDITIONAL REQUIREMENTS APPLICABLE TO CERTIFIED SYSTEMS ONLY. 
Only diagnostic x-ray systems incorporating one or more certified com
ponents shall be required to comply with the requirement (s) of this sub
section which relate to that certified component in addition to other ap
plicable requirements of thes rules. 

(a) Reproducibility. When the equipment is operated on an adequate 
power supply as specified by the manufacturer for any specific combina
tion of selected technique factors, the estimated coefficient of variation 
of radiation exposures shall be no greater than 0.05. 

(b) Linearity. When I.he equipment allows a choice of x-ray tube cur
rent settings and is operated on a power supply as specified by the man
ufacturer in accordance with applicable federal standards for any fixed 
x-ray tube potentiaJ within Lhe range of 40% to 100% of the maximum 
rated, the average ratios of exposure to the indicated milliampere
seconds product (mR/mAs) btained at any 2 consecutive tube current 
settings shall not differ by more than 0.10 times their sum. That is: 

- - < - -
X, - X2 = 0.10 (X, + X2) 

where X, and X 2 are the average mR/mAs values obtained at each of 2 
consecutive tube current settings. 

(c) Accuracy. Deviation of technique factors from indicated values 
shall not exceed the limits provided for that system by its manufacturer. 

Hiatory: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.07 Veterinary medicine radiographic installations. This 
section establishes requirements for the use of x-ray equipment in veter
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inary practice. The provisions of this section are in addition to and not 
in substitution for other applicable provisions of ss. HSS 157.12 and 
157.19. 

(1) EQUIPMENT. (a) The tube housing shall be shockproof and of a 
diagnostic type. 

(b) Diaphragms or cones shall be provided for collimating the useful 
beam to the area of clinical interest and shall provide the same degree of 
protection as is required of the housing. 

(c) Except when contraindicated for a particular radiographic pur
pose, the total filtration permanently in the useful beam shall not be less 
than 1.5 millimeters aluminum-equivalent for equipment operating up 
to 70 kVp and 2.5 millimeters aluminum-equivalent for machines oper-
ated in excess of 70 kVp. · 

(d) A device shall be provided to terminate the exposure after a pre
set time or exposure. 

(e) A deadman type of exposure switch shall be provided, together 
with an electrical cord of sufficient length so that the operator can stand 
out of the useful beam and at least 6 feet from the animal during all x
ray exposures. 

(2) STRUCTURAL SHIELDING. All wall, ceiling and floor areas shall be 
equivalent to or provided with applicable protective barriers as required 
ins HSS 157.12. 

(3) OPERATING PROCEDURES. (a) Operator location. The operator 
shall stand well away from the tube housing and the animal during radi
ographic exposures. The operator shall not stand in the useful beam. If 
film must be held, it shall be held by individuals not occupationally ex
posed to radiation. Hand-held fluoroscopic screens shall not be used. 
The tube housing shall not be heJd by I.he operator. No individual other 
than the operator shall be in the x-ray room while exposures are being 
made unless such person's assistance is required. 

(b) Clothing. 1. Unless measurements indicate otherwise, in any ap
plication in which the operator is not located behind a protective ba:r
rier, clothing consisting of a protective apron having a lead-equivalent of 
not leas than 0.5 millimeter shall be worn by the operator and any other 
individuals in the room during exposures. 

2. Any individual holding or supporting an animal or the film during 
radiation exposure shall wear protective gloves and apron having a lead
equivalent of not less than 0.5 millimeter. 

(c) Animal support. No individuals shall be regularly employed to 
hold or support animals during radiation exposures. Operating person
nel shall not perform this service except in cases in which no other 
method is available. 

History: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.08 Other radiographic systems. Radiographic systems 
other than fluoroscopic, dental intraoral or veterinarian systems shall 
meet the following requirements, many of which are taken from 21 CFR 
1020.31: 
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(1) BEAM LIMITATION. The useful beam shall be limited to the area of 
clinical interest. 

(a) General purpose stationary and mobile x-ray systems. 1. There 
shall be provided a: means for stepless adjustment of the size of the x-ray 
field. The minimum field size at an SID of 100 centimeters shall be equal 
to or less than 5 by 5 centimeters. 

2. Means shall be provided for visually defining the perimeter of the x
ray field. The total misalignment of the edges of the visually defined 
field with the respective edges of x-ray field along either the length or 
width of the visually defined field shall not exceed 23 of the distance 
from the source to the center of the visually defined field when the sur
face upon which it appears is perpendicular to the axis of the x-ray 
beam. 

(b) Additional requirements for stationary general purpose x-ray 
systems. In addition to the requirements of par. (a) all stationary x-ray 
systems shall meet the following requirements. 

1. Means shall be provided to indicate when the axis of the x-ray beam 
is perpendicular to the plane of the image receptor, to align the center of 
the x-ray field with respect to the center of the image receptor to within 
23 of the SID, and to indicate the SID to wit.bin 23; 

2. The beam-limiting device shall numerically indicate the field size in 
the plane of the image receptor to which it is adjusted; 

3. Indication of field size dimensions and SIDs shall be specified in 
inches or centimeters, and shall be such that aperture adjustments re
sult in x-ray field dimensions in the plane of the image receptor which 
correspond to those indicated by the beam-limiting device to within 2 3 
of the SID when the beam axis is indicated to be perpendicular to the 
plane of the image receptor; and 

4. Compliance measurements shall be made at discrete SIDs and im
age receptor dimensions in common clinical use (such as SIDs of 36, 40, 
48 and 72 inches and nominal image receptor dimensions of 5, 7, 8, 9, 10, 
11, 12, 14 and 17 in ·bes) or ai any oti1er specific dimensions at which the 
beam. limiting device or its associated diagnostic x-ray system is 
uniquely designed to operate. 

(c) X -ray systems designed for one ima.ge receptor size. Radio
graphic eGuipment designed for only one image receptor size at a fixed 
SID shall be pr vided with means to limit the fie ld at the plane of the 
image receptor to dimensions no greater than those of the image recep
tor, and to align t he center of the x-ray field with the center of the image 
recept or to within 2% of the SID. 

(d) Special purpose x-ray systems. 1. Means shall be provided to 
limit the x-ray field in the plane of the image receptor so that Ruch field 
does not exceed each dimension of the image receptor by more than 2 3 
of the SID when the axis of the x-ray beam is perpendicular to the plane 
of the image receptor. 

2. Means shall be provided to align the center of the x-ray field with 
the center of the image receptor to within 2 3 of the SID. 

3. The requirements of subds. 1. and 2. may be met with a system that 
meets the requirements for a general purpose x-ray system as specified 
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in par. (a), or, when alignment means are also provided, may be met 
with either: 

a. An assortment. of removable, fixed-aperture, beam-limiting devices 
sufficient to meet the requiiement for each combination of image recep
tor size and ID for which t11e unit is designed. Each such d vice shall 
have clear and p rmanent markings to indicate the image receptor size 
and SID for which it is designed; or 

b. A beam-limiting device having multiple fixed apertures sufficient 
to meet the requirement for each combination of image receptor size and 
SID for wmch the unit is designed. Permanent, clearly legible markings 
shall indicate the image re ept r size and SID for which each aperture is 
designed and shall indicate which apertlll'e is in position for use. 

(2) RADIA'flON i;;xposung CON'l'ROL DEVICES. (a) Timer's. Means shall 
be provided to terminate the exposure at a preset time interval, a preset 
product of current and t,ime, a preset number of pulses, or a preset radia
tion exposure to the image receptor. In addition, 

1. Termination of exposure shall cause automatic resetting of the 
timer to its initial setting or to zero; and 

2. It shall not be possible to make an exposure when the timer is set to 
a zero or off position if either position is provided. 

(b) X-ray control (exposure switch). 1. A control shall be incorpo
rated into each x-ray system such that an exposure can be terminated at 
any time except for: 

a. Exposure of one-half second or less; or 

b. During serial'radiography when means shall be provided to permit 
completion of any single exposure of the series in process. 

2. Each x-ray control shall be located in such a way as to meet the 
following criteria: 

a. For stationary x-ray systems and for mobile and portable x-ray sys
tems used for more than 30 days in one room, the control shall be perma
nently mounted in a protected area so that the operator is required to 
remain in that protected area drning the entire exposure (See Appendix 
B). 

b. For mobile and portable x-ray systems which are used for more 
than one hour but less than one month in one room, the control shall 
meet the requirement of subpar. a. or be provided with a 1.98 meters 
high protection barrier which is placed at least 1.83 meters from the tube 
housing assembly and at least 1.83 meters from the patient; 

c. For mobile and portable x-ray systems which are used to make an 
exposme (s) on only one patient at the use location, the control shall 
meet the requirement of su bpar. a. or be provided with a method of con
trol which will permit the operator to be at least 3,6 meters from the tube 
head assembly during an exposure and the use of a lead apron is recom
mended in tbe latter case. 

d. The x-ray control shall provide visual indication observable at or 
from the operator's protected position whenever x-rays are produced. In 
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addition, a signal audible to the operator shall indicate that the expo
sure has terminated. 

(c) Automatic exposure controls (phototimers) . When an automatic 
exposure control is provided: 

1. Indication shall be made on the control panel when this mode of 
operation is selected; 

2. When the x-ray tube potential is equal to or greater than 50 kVp, 
the minimum exposure time for field emission equipment rated for 
pulsed operation shall be equal to or less than a time interval equivalent 
to 2 pulses; 

3. The minimum exposure t ime for all equipment other than that 
specified in subd. 2. shall be equal to or less tban 1/60 second or a time 
interval required to deliver 5 rnAs wruchever is greater; 

4. Either the product of peak x-ray tube potential, current, and expo
sure time shall be limited to not more than 60 .kWs per exposure or the 
product of x-ray tube current and exposw·e time shall be limited to not 
more than 600 mAs per exposure except when the x-ray tube potential is 
less than 50 kVp in which case the product of x-ray t.ube curr nt and 
exposure time shall be limited to not more than 2000 mAs per exposure; 
and 

5. A visible si~al shall indicate when an exposUie has been termi
nated at the limits described in subd. 4. and manual resetting shall be 
required before further automatically timed exposures can be made. 

(d) Reproducibility. When 4 timer tests are performed, at identical 
timer settings, the average time period (T) shall be greater than 5 times 
the maximum period (T l!UJ.X) less the minimum (T min). T shall be equal 
to or less than 0.5 seconds. 

T > 5(Tmax - Tmin) 

(3) SOURCE TO SKIN OR RECEPTOR DISTANCE. All radiographic systems 
shall be provided with a durable, securely fastened means to limit the 
source to skin distance to not less than 30 centimeters. This can be met 
when the collimator or cone provides the required limits. 

(4) EXPosmm REPKODUCIBILITY. The exposure produced shall be re
producible to within the followiug criteria: When all technique factors 
are held constant, the coefficient of variation shall not exceed 0.10. 'l'bis 
shall be deemed to have been met if when 4 exposures at identical tech
nique factors are made, the value of the average exposure (E) is greater 
than 5 times the maximum exposure (Emrur:) minus the minimum expo
sure (Emin) . 

E > 5 (Emu: - Emin) 

(5) STANDBY RADIATION FROM CAPACITOR ENERGY STORAGE EQUIPMENT. 
Radiation emitted from the x-ray tube when the exposure switch or 
timer is not activated shall not exceed a rate of 2 milliroentgens per hour 
at 5 centimeters from any accessible surface of the diagnostic source as
sembly, with the beam-limiting device fully open. 

(6) ADDITIONAL REQUIREMENTS APPLICABLE TO CERTIFIED SY.STEMS ONLY. 
Diagnostic x-ray systems incorporating one or more certified compo
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nents shall comply with the following requirement (s) which relate to 
that certified component in addition to other applicable requirements. 

(a) Reproducz'.bility. When the equipment is operated on an adequate 
power supply as specified by the manufacturer in accordance with appli
cable federal standards, th estimated coefficient of variation or radia
tion exposure.a for any specific combination f selected technique factors 
shall be no greater than 0.5. 

(b) Linea.rity. When t,he equipment allows a choice of x-ray tube cur
rent settings and is operated on a power supply as specified by the man
ufacturer in accorda11ce with applicable federal standards for any fixed 
x-ray tube potential within the range of 40 % to 100% of the maximum 
rated, the average ratios of exposure to the indicated miUiampe.r.e
seconds product (mR/mAs) obtained at any 2 consecutive tube current 
settings shall not differ.by more than 0.10 times their sum. This is: 

- - < - -
X, - X 2 = 0.10 (X, + X,) 

where X, and X2 are the average mR/mAs values obtained at each of 2 
consecutive tube current settings. 

(c) Accuracy. Deviation of technique factors from indicated values 
shall not exceed the limits provided for that system by its manufacturer. 

(d.) Beam limitation for stationary and mobil general purpose x-ray 
systems. 1. When a light localizer is used to define the x-ray field, it shall 
provide an average illumination of not less than 160 tux (15 footcandles) 
at 100 centimeter!l or at. the maximum SID, whichever is leas. The aver
age illumination shall be based upon measurements made in the approx
imate center of ea ·h quadrant of the light field. 

2. The edge of th light. field at 100 centimeters or at the maximum 
SID, whichever is less, shall.have a contrast ratio, corrected for ambient 
lighting, of not less than 4 in the case of beam-limiting devices designed 
for use on stationary equipment, and a contrast ratio of not less than 3 in 
the case of beam-limiting devices designed for use on mobile equipment. 
The contrast ratio is defined as I.IL. where 1, is the illumination 3 milli
meters from_ the edge of the light field toward the center of the field; and 
12 is the illumination 3 millimeters from the edge of the light field away 
from the center of the field. Compliance shall be determined with a mea
suring aperture (diameter) of 1 millimeter. 

(e) Beam limitation. Beam limitation for portable x-ray systems shall 
meet the field limitation requirements of par. (d) and sub. (1) (a). 

(f) Field limitation and alignment on stationary general purpose x
ray systems. 1. Means shall be provided for positive beam limitation 
which will, at the SID for which the device is designed, either cause auto
matic adjustment of the x-ray field in the plane of the image r~eptor to 
the image receptor size within 5 se 'Onds after insertion of the 1~age.re
ceptor or, if adjustment is accomplished automatically in a time interval 
greater than 5 seconds or ls manual, will pJ"event production ~f ~-rays 
until such adjustmenL is completed. Ai SIDs at. which the device is not 
intended to operate, the device shall prevent the production of x-rays. 

2. The x-ray field size in the plane of the image receptor, whether au
tomatically or manually adjusted, shall be such that neither the length 
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nor the width of the x-ray field differs from that of the image receptor by 
greater than 3 % of the SID and that the sum of the length and width 
differences without regard to sign be no greater than 4 3 of the SID 
when the equipment indicates that the beam axis is perpendicular to the 
plane of the image receptor. 

3. The radiographic system shall be capable of operation, such that 
the field size at the image receptor can be adjusted to a size smaller than 
the image receptor. The minimum field size at a distance of 100 centime
ters shall be equal to or less lha11 5 by 5 centimeters. Return to positive 
beam limitation as defined in subds. Land 2. shall occur upon a change 
in image receptor. 

4. Positive beam limitation may be bypassed when radiography is con
ducted which does not use the cassette tray or permanently mounted 
vertical cassette holder, or when either the beam axis or table angulation 
is not within 10° of the horizontal or vertical during any part of the ex
posure, or during stereoscopic radiography. If the bypass mode is pro
vided, return to positive beam limitation shall be automatic. 

5. A capability may be provided for overriding positive beam limita
tion in the event of system failure or to perform special procedures 
which cannot be performed in the positive mode. If so provided, a key 
shall be required to override the positive mode. It shall be impossible to 
remove the key while the positive mode is overridden. 

Hi.,.tory: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.09 Therapeutic x-ray systems of less than 1 MeV. (1) 
EQUIPMENT. Therapeutic x-ray equipment of less than 1 Me V shall have 
the following features: 

(a) The tube housing shall be shockproof and of therapeutic type. 

(b) Permanent diaphragms or cones used for collimating the useful 
beam shall afford the same degree of protection as the tube housing. 
Adjustable or removable beam-defining diaphragms or cones shall 
transmit not more than 53 of the useful beam obtained at the maxi
mum kilovoltage and with maximum treatment filter. (See Appendix A, 
Table 12.) 

(c) Filters shall be secured in place to prevent them from dropping 
out during treatment. The filter slot shall be so constructed that the 
radiation escaping through it does not exceed one roentgen per hour at 
one meter, or, if the radiation from the slot is accessible to the patient, 
30 roentgens per hour at 5 centimeters from the external opening. 

(d) The x-ray tube shall be so mounted that it cannot turn or slide 
with respect to the aperture. A mark on the housing should show the 
location ·of the focal spot. 

(e) Means shall be provided to immobilize the tube housing during 
stationary portal treatment. 

(f) A timer shall be provided to terminate the exposure after a preset 
time regardless of what other exposure limiting devices are present. 

(g) Equipment utilizing shutters to control the useful beam shall have 
a shutter position indicator on the control. 
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(h) There shall be on the control panel an easily discernible indicator 
which will give positive information as to whether or not the x-ray tube 
is energized. 

(i) Lead rubber, lead foil , or other materials used for limiting the 
field, should transmit not more than 5 3 of the useful beam. (See Ap
pendix A, Table 12.) 

~ 

(j) T he t ube housing assembly shall be so marked externally that it is 
possible to determine the location of the focal spot to within 5 millime
ters of the actual focal spot. 

(k) Contact therapy tube housing assemblies shall have a removable 
shield ofl/2 mm lead equivalency at 100 kVp that can be positioned over 
the entire useful beam exit port. 

(l) The operator shall be able to terminate an exposure at any time. 

(m) The control panel shall have: 

1. An indication of whether electrical power is present and activation 
of the x-ray tube is possible; 

2. An indication of whether x-rays are being produced; 

3. Means for indicating kVp and x-ray tube current; 

4. A timer showing remaining exposure time for an individual expo
sure; and 

5. A locking device which will prevent unauthorized use of the x-ray 
system. 

(n) When a control panel may energize more than one tubehead: 

1. It shall be impossible to activate more than one tubehead during 
one time interval; 

2. There shall be an indication at the control panel identifying which 
tubehead may be energized; and 

3. There shall be an indication at the tubehead if that tubehead may 
be energized. 

(o) There shall be means of determining the target to patient distance 
to within one centimeter. 

(p) If exposures are controlled by a timer, that timer: 

1. Shall permit the setting of exposure times as short as one second; 
and 

2. Shall not permit an exposure if set at zero. 

(q) Unless it is possible to bring the x-ray output to the prescribed 
exposure parameters within 5 seconds the entire useful beam shall be 
attenuated by a shutter having a lead equivalency not less than that of 
the t ube housing. The shutter shall be electrically operated from the 
cont rol panel, and an indication of shutter position shall appear at the 
control panel. 
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(r) A beam monitoring device fixed in the useful beam is recom
mended to indicate any error due to incorrect filter, milliamperage, or 
kilovoltage, unless it introduces more filtration than is clinically accept
able. 

(2) FACILl'rY DESIGN REQUIREMENTS. In addition to shielding adequate 
to meet requirements of s. HSS 157.12, the following treatment room 
design requirements are made: 

(a) Warning light1>. Treatment rooms to which access is possible 
through more than one entrance shall be provided with warning lights in 
a readily observable position near the outside of all access doors, which 
will indicate when the useful beam is "on." 

(b) Communications. Provision shall be made for oral communica
tion with the patient from the control room. 

(c) Viewing systems. Windows, mirror systems, or closed-circuit tele
vision viewing screens or B.ll equivalent system shall be provided to per
mit continuous observation of the patient during treatment and shall be 
so located that the operator may see the patient and the control panel 
from the same position. When lhe viewing system is by electronic means 
(e.g. television) and an alternate viewing system is not available, treat
ment shall be immediately terminated if there is a viewing system fail
ure. 

(d) Systems energies greater than 150 k Vp. Systems which may be 
operated above 150 kVp shall: 

1. Have all necessary shielding (except for any beam interceptor) pro
vided by fixed barriers; . 

2. The control panel shall be in a protected area which is outside the 
treatment room or which has a door electrically connected to the control 
panel in such a fashion that the door must be closed during x-ray pro
auction; 

3. Have all doors or barriers of the treatment room electrically con
nected to the control panel such that the door (s) of the treatment room 
must be closed during x-ray production; 

4. If the doors referred to in subds. 2. and 3. are opened when the 
therapy tu behead is activated, either the machine shall shut off within 2 
seconds or the radiation at a distance of one meter from the target shall 
be reduced to 10 mR/hr or less within 2 seconds; and 

5. If the radiation output of the tubehead is affected by any door open
ing, it shall be possible to restore the machine to full operation only by 
resetting the door, and subsequently reinitiating the exposure by action 
at the control panel. 

(3) 0PERA'l'ING PROCEDURES. (a) Protection suruey. All new facrnties, 
and existing facilities not previously surveyed, shall have a radiation 
protection SUl'vey made by or under the direction of a qualified expert. 
This shall also be done after any change in the facility which might pro
duce a radiation hazard. The expert shall report the findings in writing 
to the person in charge of the facility and a copy of this report shall be 
transmjtted by the facility to the department. 
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(b) Calibrations. The radiation output of each therapeutic x-ray 
machine shall be calibrated by or under the direction of a qualified ex
pert who is physically present at the facility. The calibration shall be 
repeated after any change in or replacement of components of the x-ray 
generating equipment which could cause a change in x-ray output. In 
addition: 

1. Systems with a peak kilovoltage of 150 kVp or less shall have the 
required calibrations repeated at time intervals not exceeding one year. 

2. Systems capable of operation at kilovoltages greater than 150 kVp: 

a. Shall have a repeat calibration at time intervals not exceeding one 
year; 

b. Shall have spot checks performed at monthly interv~ls or after each 
50 operating hours, whichever is the longer time interval. The spot check 
calibration shall be performed by a qualified expert or shall be per
formed in accordance with specifications which were designed by a qual
ified expert. Spot check specifications and results shall be maintained 
by the facility; and 

c. When an abnormal output is determined by a spot check calibra
tion, a full calibration procedure shall be performed on the x-ray system 
by a qualified expert. 

(c) Useful beam port. In the therapeutic application of apparatus 
constructed with beryllium or other low-filtration windows, the persons 
in control shall assure that the unfiltered radiation reaches only the part 
intended and that the useful beam port is blocked at all times except 
when actually being used. 

(d) Unauthorized use. Therapeutic x-ray machines shall not be left 
unattended unless the locking device required by sub. (1) (a) 13. e., is 
set to prevent use of the x-ray system. 

(e) Occupancy of treatment room. No individual other than the pa
tient shall be in the treatment room during exposures unless that indi
vidual is protected by a barrier sufficient to meet the requirements of s. 
HSS 157.12 (2) (a), and no individual other than the patient shall be in 
the treatment room when the kVp exceeds 50 during exposures. 

History: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.10 X-ray and electron therapy systems of 1 MeV and 
above. In addition to the requirements of this section, all subsections of 
s. HSS 157.14 except c•. HSS 157.14 (3) (f) 3. and 4. shall apply to medi
cal facilities using medical therapy equipment with energies 1 MeV and 
above. 

(1) EQUIPMENT REQUIREMENTS. (a) Leakage radiation to the patient 
area. Where radiation leakage may be a hazard the department may, by 
specific order, impose upon the person in control such additional re
quirements as it deems appropriate or necessary to protect health or 
mi!1imize danger to life or property. When imposing such additional re
qmrements, the department will give due consideration to accepted 
standards of safe practice. 
Register, September, 1982, No. 321 
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(b) Beam limiting devices. The primary collimating system shall 
transmit nor more than 53 of the useful beam. Neutrons are not in
cluded in this requirement. 

(c) Filters. In equipment which permanently incorporates interchan
gable field-flattening filters or beam-scattering filters, irradiation shall 
not be possible until a selection of filter has been made at the treatment 
control panel and an interlock system shall be provided to prevent irra
diation if the filter is not in the correct position. 

(d) Beam monitors. Particle accelerator equipment shall be provided 
with at least one integrating radiation detector in the radiation head and 
should have 2 or more. 

1. The detectors shall be removable only with tools or shall be inter
locked to prevent incorrect positioning. 

2. Each detector shall be capable of independently monitoring and 
terminating the useful beam. 

3. Each detector shall form part of a dose monitoring system from 
whose readings in dose monitor units the absorbed dose at a reference 
point in the treatment volume can be calculated. 

4. For equipment with the design of 2 or more dose monitoring sys
tems of subd. 3., the design shall assure that the malfunctioning of one 
system shall not affect the correct functioning of the second system. In 
addition: 

a. The failure of any element which may be common to the systems 
shall terminate the useful beam and shall store the accumulated dose 
data in the event of a power failure; 

b. The failure of the power supply of the system shall terminate the 
useful beam; 

c. In the event that the primary dose system fails to terminate expo
sure, the secondary dose system, which shall be set at a reasonable 
number of monitor units above the primary dose system, shall terminate 
exposure. A termination fault shall occur when the secondary monitor 
terminates the exposure and should occur whenever the differences in 
dose rate between the channels exceeds 5 3 ; and 

5. Each dose monitoring system shall have a legible display at the 
treatment control panel. At least one shall maintain a reading until in
tentionally reset to zero. Each shall have only one scale and no scale 
multiplying factors. 

(e) Selection and display of dose monitor units. 1. Irradiation shall 
not be possible until a dose monitor unit setting has been made at the 
treatment control panel. 

2. After useful beam termination it shall be necessary to reset the dose 
monitor unit setting, before treatment can be reinitiated. 

3. The monitor unit setting shall be displayed at the treatment control 
panel until reset for the next irradiation. 

(f) Termination switches. It shall be possible to terminate irradiation 
and equipment movement at any time from the treatment control panel. 
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(g) Timer. 1. Except in special circumstances, a timer shall be pro
vided which has a display at the treatment control panel. The timer shall 
have a preset time selector and an elapsed time indicator. 

2. Except in special circumstances, the timer shall be a cumulative 
timer which switches on and off with the radiation and retains its read
ing after irradiation is interrupted or terminated. It shall be necessary to 
zero the elapsed time indicator after radiation is terminated. 

3. Except in special circumstances, the timer shall terminate irradia
tion when a preselected time has elapsed if the dose monitoring systems 
fail to do so. 

(h) Selection of radiation type. In equipment capable of both x-ray 
therapy and electron th~rapy: 

1. Irradiation shall not be possible until a selection of radiation type 
(x-rays or electrons) has been made at the treatment control panel; 

2. An interlock system shall be provided to insure that the equipment 
can emit only the radiation type which has been selected; and 

3. The radiation type selected shall be displayed at the treatment con
trol panel before and during irradiation, and until reset for the next ex
posure. 

(i) Selection of energy. In equipment capable of generating radiation 
beams of different energies: 

1. Irradiation shall not be possible until a selection of energy has been 
made at the treatrpent control panel; 

2. An interlock system shall be provided to insure that the equipment 
can emit only the energy of radiation which has been selected; and 

3. The energy selected shall be displayed at the treatment control 
panel before and during irradiation. 

(j) Selection of stationary beam therapy or moving beam therapy. In 
equipment capable of both stationary beam therapy and moving beam 
therapy: 

1. Irradiation shall not be possible until a selection of stationary beam 
therapy or moving beam therapy has been made at the treatment con
trol panel; 

2. An interlock system shall be provided to insure that the equipment 
can operate only in the mode which has been selected; 

3. An interlock system shall be provided to terminate irradiation if the 
movement stops during moving beam therapy; 

t• 4, ~ovihg beam therapy shall be so controlled that the required rela-
01b0~~hip between the number of dose monitor units and movement is 

oqUled: and 

~eT.he mode of operation shall be displayed at the treatment control 
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(2) FACILITY AND SHIELDING REQUIREMENTS. The following design re
quirements are in addition to shielding adequate to meet requirements 
of this section: 

(a) Barrier.~. Except; for en tranc door and retractable ·beam stoppers, 
all the required barriers shall be fixed barriers. Interlocks shall be pro
vided when retractable beam stoppers are used to meet. lhe shielding 
requirements for adequate protection in accordance with s. HSS 157.12. 

(b) Control panel. The control panel shall be located outside the 
treatment room. 

(c} Viewing system:;. Windows, mirror systems, closed-circuit televi
sion viewing screerui or other equivalent viewing systems shall be pro
vided to permit cont.in uous observation of the patient during irradiation 
and shall be so located that the operator may see the patient and the 
control panel from the same position. 

(3) 0PERA'frNG PROCEDURES. (a) Protection survey. 1. All new facili
ties, and existing facilities not previously surveyed, shall have a radia
tion protection survey made by a qualified expert. This shall also be 
done after any change in the facility or equipment which might cause a 
significant increase il1 radiation hazard. 

2. The person in control shall obtain a written report of the survey 
from the qualified expert and a copy of the report shall be transmitted 
by the person in control to the department. 

(b) Exclusion of non-patient. No person other than the patient shall 
be in the treatment room during treatment. 

"(c) Calibrations. The output of each therapeutic x-ray machine shall 
be calibrated by a qualified expert beforeit is first used for medical pur
poses. Calibrations shall be repeated at least once every 6 months and 
after any change which might. significantly change the calibration or 
spatial distribution or other characteristics of the machine output. Cali
bration of the therapy beam shall be performed with a measurement 
instrument the calibration of which is directly tra eable to national 
standards of exposure or absorbed dose, and which shall have been cali
brated with.in the preceding 2 years. Check sourcefi should be used daily 
to determine that the radiation measuring instrument is operating prop
erly. Records of caUbrations shall be maintained by the person in con
trol. 

(d) Spot checks. 1. A spot check shall be made at least weekly and 
shall include carefully selected representative or indicative measure
ments which will demonstrate the consistency of relevant machine oper
ating characteristics, or lack of same. 

2. The spot check methods shall be in writing and shall have been 
designed by a qualified expert. 

3. Whenever a spot check indicates a significant change in the operat
ing characteristics of a machine, the machine shall be recalibrated. 

4. A log shall be kept of all spot check measurements. 

History: Cr. Register, September. 1982, No. 321, eff. 10-1-82. 
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HSS 157.11 Use of sealed radioactive sources for treatment in the 
healing arts. (1) ScoPE. This section applies to all persons in control 
who use sealed sources in the healing arts. The requirements of this sec
tion are in add ition to, and not in substitution for, other applicable pro
visions of this chapter. 

(2) lN'l'RR.'J'flTIAL, INTERCAVJTARY AND SUPERFICIAL APPLICATIONS. (a) 
AccountabiUty, storage and transit. l. Except as otherwise specifically 
authorized by the departmenL, each person in control shall be accounta
ble for seaJed sources and shall keep a record of the issue and return of 
all sealed sources. A physical inventory shall be made at least every 6 
months and a written record of the inventory maintained. 

2. When not in use, seaJed sources and applicators containing sealed 
sources shall be kept in a protective enclosure of such material and wall 
thickness as may be necessary to assure compliance with the provisions 
of s. HSS 157.12 {2) (a) , (d) and (e) . 

(b) Testing sealed sources for leakage and contamination. 1. All 
sealed sources with a half-life greater than 30 days and in any form other 
than gas shall be tested for leakage and contamination prior to initial 
use and at intervals not to exceed 6 months. For sealed radium sources 
the intervals shall not exceed 12 months. If there is reason to suspect 
that a sealed source might have been damaged, or might be leaking, it 
shall be tested for leakage before further use. 

2. Leak tests shaJl be capable of detecting the p:resence of 0.005 
microcurie of radioactive material on the test sample or, in the case of 
radium, the esoap of radon at the rate of 0.001 micr curie per 24 hours. 
Any test conducted pursuant to subd. 1., which reveals the presence f 
0.005 microcurie or more of removable contamination or, in the case of 
radium, the escap,e of radon at the rate of 0.001 microcurie or more per 
24 hours shaJl be considered evidence that the sealed source is leaking. 
The person in control shall immediately withdraw the source from use 
and shall cause it to be decontaminated and repaired or to be disposed of 
in accordance with applicable provisions of s. HSS 157.12. 

3. Leak test results shall be recorded in units ofmicrocuries and main
tained for inspection by the department. 

(c) Radiation surveys. 1. The maximum radiation level at a distance 
of one meter from the patient in whom brachytherapy sources have been 
inserted shall be determined by measurement or calculation and prefer
ably by both. This radiation level shall be entered on the patient's chart 
and other signs as required under par. (d). 

2. The radiation levels in the patient's room and the surrounding area 
shall be determined, recorded and maintained for inspection by the de
partment. 

(d) Signs and records. 1. In addition to the requirements of s. HSS 
157.12 (3) (c), the bed, cubicle or room of the hospital brachytherapy 
patient shall be marked with a si~ indicating the presence of 
brachytherapy sources. This sign sballmcorporate the radiation symbol 
and specify the radionuclide, the activit y, date, and the individual (s) to 
contact for radiation safety instruction. A sign is not required provided 
the exception ins. HSS 157.12 (3) (d) is met. 

2. The following information shall be included in the patient's chart: 
Register, September, 19S2, No. 321 



HEALTH AND SOCIAL SERVICES 446-43 
HSS 157 

a. The radionuclide administered, number of sources, activity in milli
curies and time and date of administration; 

b. The exposure rate at one meter, the time the determination was 
made, and by whom; 

c. The radiation symbol; and 

d. The precautionary instructions necessary to assure that the expo
sure of individuals does not exceed that permitted under s. HSS 157.12 
(2) (a). 

Hletory: Cr. Register, September, 19S2, No. 321, eff. 10-1-82. 

HSS 157.12 Standards for protection against radiation. (1) PUR
POSE AND SCOPE. This section establishes standards for protection 
against radiation hazards. Except as otherwise specifically provided, tl1e 
section applies to all persons in control. Substantial portions of the sec
tion have been taken &om 10 GFR 20. Nothing in this section shaJ1 be 
interpreted as limiting the intentional exposure of patients to radiation 
for the purpose of medical diagnosis or therapy. [n addition to comply
ing with the specific requirements s t forth, persons in control should 
make every reasonable efforL to restrict radiation exposure and the re
lease of radioactive materials in effluents to unrestricted areas as far 
below the limits specified a,s practicable. "As far be1ow the limits speci
fied as practicable" m ans as low as is practicably achievable taJting into 
account the state of technology and the economics of improvements in 
relation to benefits to t he publi health and safety and in relation to the 
utilization of ionizing radiation in the public interest. 

(2) PERMI$SJDLI': DOSES, LEVELS AND CONCEN1'RA'rJONS. (a) Limits on 
exposure to radiation in re.~tricted areas. For determining the doses 
specified in this paragraph, a dose from x or gamma Iays up to 10 MeV 
may be assumed to be equivalent to the exposure measured by a prop
erly calibrated appropriate instrument in air at or near the body surface 
in the region of the highest dose rate. 

1. Except as provided in subd. 2., no person in control shall possess, 
use, receive or transfer sources of radiation in such a manner as to cause 
any individual in a restricted area to receive in any period of one calen
dar quarter from all sources of radiation in the person in control's pos
session a dose in excess of the limits specified in Table 157-C: 

Table 157-C 

MAXIMUM PERMISSIBLE EXPOSURE TO RADIATION FOR 
OCCUPATIONAL WORKERS IN A NON-EMERGENCY SITUATION 

Part of Body Rem per Calendar Quarter 

Whole body; head and trunk; active 
blood-forming organs; lens of eyes; or 
gonads........................................................ 1!/.i 
Hands and forearms; feet and ankles.... 18~ 

Skin of whole body................................... 71/i 

2. A person in control may permit an individual in a restricted area to 
receive a dose to the whole body greater than that permitted under subd. 
1., provided: 
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a. During any calendar quarter the dose to the whole body from 
sources of radiation in the person's in control possession shall not exceed 
3 rem; 

b. T he dose to the whole body, when added to the accumulated occu
pational dose to U1e whole body, shall not exceed 5(N-18) rem where 
"N" equals the individual's age in years at the individual's last birthday; 
and 

c. The person in control has determined the individual's accumulated 
occupational dose to the whole body on department Form Rad A (Ap
pendix C) or on a clear and legible ·record containing all lhe information 
Iequired in that form and has otherwise complied with the requirements 
of par. (b) . As used in this subdivision, "dose to the whole body" shall be 
deemed to include a.ay dose to the whole body, gonad&, active hlood
forming organs, head and trunk, or lens of eye. 

(b) Criteria for exposure in excess of the limits. 1. This paragraph 
contains requirements which must be satisfied by persons in control who 
propose, pursuant to par. (a) 2. to permit individuals in a restricted area 
to receive exposure to radiation in excess of the limits specified in par. 
(a) 1. 

2. Before permitting any individual in a restricted area to be exposed 
to radiation in excess of the limits specified in par. (a) 1., each person in 
control shall: 

a. Obtain a certificate on department Form Rad A or on a clear and 
legible record containing all the information required in that form, 
signed by the individual, showing each period of time after the individ
ual attained the age of 18 in which the individual received an occupa
tional dose of radiation; and 

b. Calculate on department Form Rad A in accordance with the in
structions appearing therein, or on a clear and legible record containing 
all information required in that form, the previous accumulated occupa
tional dose received by the individual and the additional dose allowed 
for that individual under par. (a) 2. 

3. a. In the preparation of department Form Rad A or a clear and 
legible record containing all the information required in that form, the 
person in control shall make a reasonable effort to obtain reports of the 
md.ividual's previously accumulated ccupational dose. For each period 
for which the person in control obtains such reports, the person in con
trol shall use the dose shown in the report in preparing the form. In any 
case where a person in control is unable to obtain reports of the individ
ual's occupational d se for a previous complete calendar quarter, it shall 
be assumed that the inclividual has received the occupational dose speci
fied in whichever of t he foUowing columns applies; 

Column 1 Column 2 

Assumed Dose in Assumed Dose in Rem 
Rem for for Calendar Quarters 
Calendar 
Quarters Prior to Beginning on or After 

Part of Body January 1, 1961 January 1, 1961 

Whole body, gonads, active blood- 3'14 1\1.i 
forming organs, head and trunk, lens 
of eye 
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b. The person in control shall retain and preserve records used in pre
paring department Form Rad A. If calculation of the individual's accu
mulated occupational dose for all periods prior to January 1, 1961, yields 
a result higher than the applicable accumulated dose value for the indi
vidual as of that date, as specified in par. (a) 2. b., the excess may be 
disregarded. 

(c) Exposure of individuals to airborne concentrations of radioactive 
material in restricted areas. 1. No person in control shall possess, use, 
receive or transfer radioactive material in such a manner as to cause an 
individual in a restricted area to be exposed to airborne radioactive 
material in an average concentration in excess of the limits specified in 
Appendix D, Ta ble _(. "Expose" as used in this subsection means that the 
individual is pr aent in an airborne concentration. No allowance shall be 
made for the use of protective clothing or equipment, or particle size, 
except as authorized by the department pursuant to subd. 3. 

2. The limits given in Appendix.D, Table 1, are base.d upon exposure 
to t he concentrations specified for 40 hours in any peri d of 7 consecu
tive days. In llIIY such period where the number of hours of exposure is 
Jess than 40, limits specified in the table may be increased proportion
ately. In any such period where Lhe number of hours of exposure is 
greater than 40, limits specified in the table shall be decreased propor
tionately. 

3. a. Except as authorized by the department. pursuant to this subdivi
sion, no allowance shalJ be made for particle size or the use f protective 
clothin~ or equipment in determining whether an individual is exposed 
to an airborne ooncentration in excess of the limits specif ied in Appen
dix D, Table I. 

l;i. The department may authorize a person in control to expose an 
individual in a restricted area to airborne concentrations in excess of the 
limits specified in Appendix D, Table-I, upon receipt of an application 
demonstrating that the concentration is composed in whole or in part of 
particles of such size that such pa rticles are not respirable and that the 
mdividual will not inhale the concentrations in e-xcess of the limits es
tablished in Appendix D, Table 1. Each application shall include an 
analysis of particle sizes in the concentrations and a description of the 
methods used in determining the particle sizes. 

c. The department may authorize a person in control to expose an 
individual in a restricted area to airborne concentrations in excess of the 
limlts specified in Appendix D, Table l, up<>n receipt of an application 
demonstrating that the individual will wear appropriate protective 
equipment and that the individual will not inhale, ingest or absorb 
qua.ntities o( radioactive material in excess of those which might other
wise be permitted under tltis section for individuals in restricted areas 
during a 40-hour week. Each application shall contain: 

i. A description of the protective equipment to be employed, including 
the efficiency of the equipment for the material involved; 

ii. Procedures for the fitting, maintenance and cleaning of the protec
tive equipment; 

iii. Procedures governing the use of the protective equipment, includ
ing supervisory procedures and length of time the equipment will be 
used by the individuals in each work week. The proposed periods for use 
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of the equipment by any individual should not be of such duration as 
would discourage observance by the individual of the proposed proce
dures; and 

iv. The average concentrations present in the areas occupied by indi
viduals. 

(d) Exposure of minors. For determining the doses specified in this 
paragraph, a dose from x or gamma rays up to 10 MeV may be assumed 
to be equivalent to the exposure measured by a properly calibrated ap
propriate instrument in air at or near the body surface in the region of 
the highest dose rate. 

1. No person in control shall possess, use or transfer sources of radia
tion in such a manner as to cause any individual within a restricted area, 
who iS under 18 years of age, to receive in any period of one calendar 
quarter from all sources of radiation in such person's in control posses
sion a dose in excess of 103 of the limits specified in the table in par. (a) 
1. 

2. No person in control shall possess, use or transfer radioactive
material in such a manner as to cause any individual within a restricted 
area, who is undel' 18 years of age, to be exposed to airborne radioactive 
material in an average concentration in excess of the limits specified in 
Appendix D, Table IT. For purposes of this subdivision concentrations 
may be averaged over perl ds not greater than a week. 

3. The provisions of par. (c) 3. shall apply to exposures subject to this 
paragraph. 

(e) Permissible levels of radiation exposure from external sources in 
unrestricted areas. It is the intent of this paragraph to limit radiation 
levels so that it is•unlikely that individuals in unrestricted areas would 
receive a dose to the whole body in excess of 0.5 rem in any one year. If in 
specific instances it is determined by the department that this intent is 
not met, the department may impose such additional requirements on 
the person in control as may be necessary to meet the intent. 

1. Except as authorized by the department pursuant to subd. 2., no_ 
person in control shall possess, use or transfer sources of radiation in 
such a manner as to create in any unrestricted area from such sources of 
radiation in the possession of the person in control: 

a. Radiation levels which, if an individual were continuously present 
in the area, could result in the individual receiving a dose in excess of 2 
millirem in any one hour; or 

b. Radiation levels which, if an individual were continuously present 
in the area, could result in the individual receiving a dose in excess of 100 
millirem in any 7 consecutive days. 

2. Any person may apply to the department for proposed limits upon 
levels of radiation in unrestricted areas in excess of those specified in 
subd. 1., resulting from the applicant's possession or use of sources of 
radiation. Such ap1--;·cations should include information as to antici
pated average radiation levels and anticipated occupancy times for each 
unrestricted area involved. The department may approve the proposed 
limits if the applicant demonstrates to the satisfaction of the depart
ment that the proposed limits ar not likely to cause any individual to 
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receive a dose to the whole body in any period of one calendar year in 
excess of 0.5 rem. 

(f) Cor1centralion limits in effluent releases to unrestricted areas. 1. 
A user of a radiation installation shall not possess, use or transfer radio
active material so as to release to an unrestricted area radioactive mater
ial in concentrations which exceed the limits specified in Appendix D, 
Table II. For purposes of this paragraph, concentrations may be aver
aged over a period not greater than one year. 

2. For the purposes of this paragraph, the concentration limits in Ap
pendix D, Table 11 shall apply at the boundary of the restricted area. 
The concentration of radioa tive material discharged through a stack, 
pipe or similar conduit may be determined with respect to the point 
where the material leaves the conduit. If the conduit discharges within 
the restricted area, the concentration at the boundary may be deter
mined by applying appropriate factors for dilution, disperson, or decay 
between the point of discharge and the boundary. 

3. lo addition l limiting concentrations in effluent streams the de
partment may limit quantities of radioactive material released into air 
or water during a specified period of time if it appears that the daily 
intake of radioactive material from air, water or food by a suitable sam
ple of an exposed population group, averaged over a period not exceed
ing one year, would othel'wise exceed the daily intake resulting from 
continuous exposure to air or water containing 1/3 the concentration of 
radioactive material specified in Appendix D, Table II. 

4. The provisions of this paragraph do not apply to disposal of radio
&ctive material into sanitary sewerage systems, which is governed by 
sub. (4) (c). 

(g) Orders requiring furnishing of bioassay services. Where neces
sary or desirable in order to aid in determining the extent of ao individ
ual's exposure to concentrations of radioactive material, the department 
may issue an order requiring a person in control to make available to the 
individual appropriate bioassay services and to furnish a copy of the re
ports of such services t-0 the department. 

(3) PRECAUTIONARY PROCEDURES. (a) Surveys. Each person in control 
shall make or cause to be made such surveys as may be necessary for the 
person in control to establish compliance with this section. 

(b) Personnel monitoring. 1. Each person in control shall supply ap
propriate personnel monitoring equipment to, and shall require the use 
of such equipment by, each individual 18 years of age or older who enters 
a restricted area under such circumstances that the individual receives, 
or is likely to receive, a dose in any calendar quarter in excess of 25 3 of 
the applicable value specified in sub. (2) (a) 1. 

2. Each person in control shall supply appropriate personnel monitor
ing equipment to, and shall require the use of such equipment by, each 
individual under 18 years of age who enters a restricted area under such 
circumstances that the individual receives, or is likely to receive, a dose 
in any calendar quarter in excess of 5 % of the applicable value specified 
in sub. (2) (a) 1. 
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3. Each person in control shall supply appropriate personnel monitor
ing equipment for entry into a high radiation area, and shall require the 
use of su h equipm nt by each individual who enters the area. 

(c) Caution signs, labels and signals in general. l. Except as other
wise authorized by the department, symbols prescribed in this subsec
tion shall use the conventional radiation caution colors (magenta or pur
ple on yellow background). The radiation symbol is the conventional 
three-blade design: 

RADIATION SYMBOL 

a. Cross-hatch area is to be magenta or purple. 

b. Background is to be yellow. 

2. Each radiation area shall be conspicuously posted with a sign or 
signs bearing the radiation caution symbol and the words: 

CAUTION 
RADIATION AREA 

or 

DANGER 
RADIATION AREA 

(d) Caution signs, labels and signals in high radiation areas. 1. Each 
high radiation area shaU be conspicuously posted with a sign or signs 
bearing th radiation caution symbol and the words: 

CAUTION 
HIGH RADIATION AREA 

or 

DANGER 
HIGH RADIATION AREA 

2. Each entrance or access point to a high radiation area shall be: 

a. Equipped with a control device which shall cause the level of radi&
tion to be reduced below that at which an individual might receive a dose 
of 100 millirems in one hour upon entry into the area; or 
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b. Equipped with a control device which shall energize a conspicuous 
visible or audible alarm signal in such a manner that the individual en
tering the high radiation area and the person in control or a superivsor of 
the activity are made aware of the entry; or 

c. Maintained locked except during periods when access to the area is 
required, with positive control over each individual entry. 

3. The controls required by subd. 2. b. shall be established in such a 
way that no individual will be prevented from leaving a high radiation 
area. 

4. In the case of a high radiation area established for a period of 30 
days or less, direct surveillance to prevent unauthorized entry may be 
substituted for the controls required by subd. 2. b. 

5. Any person in control may apply to the department for approval of 
methods not included in subds. 2. b. and 4.,for controlling acc.:ess to high 
radiation areas. The department shall approve the proposed alterna
tives if the person in control demonstrates that the alternative methods 
of control will prevent unauthorized entry into a high radiation area, 
and that the requirements of this subdivision are met. 

(e) Caution signs, labels and signals in airborne radioactivity areas. 
1. Each airborne radioactivity area shall be conspicuously posted with a 
sign or signs bearing the radiation caution symbol and the words: 

CAUTION 
AIRBORNE RADIOACTIVITY AREA 

or 

, DANGER 
AIRBORNE RADIOACTIVITY AREA 

2. Each area or room in which any radioactive material is used or 
stored in an amount exceeding 10 times the quantity of radioactive 
material specified in Appendix E shall be conspicuously posted with a 
sign or signs bearing the radiation caution symbol and the words: 

CAUTION 
RADIOACTIVE MATERIAL 

or 

DANGER 
RADIOACTIVE MATERIAL 

3. a. Except as provided in subpar. b., each container of radioactive 
material shall bear a durable, clearly visible label identifying the radio
active contents. The label shall bear the radiation caution symbol and 
the words: 

CAUTION 
RADIOACTIVE MATERIAL 

or 

DANGER 
RADIOACTIVE MATERIAL 

It shall also provide sufficient information to permit individuals hand
ling or using the containers, or working in the vicinity thereof, to take 
precautions to avoid or minimize exposures. As appropriate, the infor-
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mation will include radiation levels, kinds of material, estimate of activ
ity, date for which activity is estimated, etc. 

b. Notwithstanding the provision of subpar. a., labeling is not re-
quired: · 

i. For containers that do not contain radioactive material in quantities 
greater than the applicable quantities listed in Appendix E; 

ii. For containers containing only natural uranium or thorium in 
quantities no greater than 10 times the applicable quantities listed in 
Appendix E; 

iii. For containers that do not contain radioactive material in concen
trations greater than the applicable concentrations listed in Column 2, 
Table I, Appendix D; . . 

iv. For containers when they are attended by an individual who takes 
the precautions necessary to prevent the ex:posUJ"e of any individual to 
radiation or radioactive material in elCcess of the limits est:ablished by 
this section; 

v. For containers when they are in transport and packaged and labeled 
in accordance with regulations published by the United States depart
ment of transportation; 

vi. For containers which are accessible only to individuals authorized 
to handle or use them or to work in the vicinity thereof, (for example, 
containers in locations such as water-filled canals, storage vaults, or bot 
cells), provided that the contents are identified to such individuals by a 
readily available written record; and 

vii. For manufacturing and process equipment such as piping and 
t:anks. 

4. All radiation machines shall be labeled in a manner which cautions 
individuals that radiation is produced when the machine is being oper-
~d . 

(f) Exceptions from posting and labeling reqitirements. 1. Notwith
standing the provisions of par. (c), a room or area is not required to be 
posted with a caution sign because of the presence of a sealed source, 
provided the radiation level 12 incl1es from the surface of the source 
container or housing does not exceed 5 millirem per hour. 

2. Notwithstanding the pr visions of par. (c), rooms or other areas in 
hospitals are not required to be posted with caution signs, and control of 
entrance or access thereto pursuant to s. HSS 157.12 (3) (c) 3., is not 
required because of the presence of patients contain ing radioactive 
material, provided that I.here are personnel in attendance who wilJ take 
the precautions necessary to preveut the exposW"e of any individual to 
radiation or radioactive material in excess of the limits est:ablished in 
this section. 

3. Notwithstanding the provision of par. (c), caution signs are not re
quired to be posrod in areas or rooms containing radioactive material for 
periods of less .than 8 hours provided that the material is constantly at
t~nded during such periods by an individual who shall take the precau
tions necessary to prevent the exposure of any individual to radiation or 
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radioactive material in excess of the limits established in this section, 
and such area or room is subject to the person in control's regulation. 

4. Notwithstanding the provisions of par. (c), a room or other area is 
not required to be posted wjth a caution sign and control is not required 
for each entrance or acces point when that room or other area is a high 
radiation area solely because of the presence of radioactive material pre
pared for. transport and !)ackaged and labeled in accordance with regula
tions of the United States department of transportation. 

(g) Instruction of personnel. Instruction required for individuals 
working in or frequenting any portion of a restricted area are specified in 
s. HSS 157.19 (3). 

(h) Storage of sources of radiation. Sources of radiation shall be se
cured against unauthorized removal from the place of storage. 

(i) Procedures for.pie/ling up, rec iuing and opening packages. Each 
person in conLrol shall establish and maintain procedures for safely 
opening packages in which radioactive material is received, and shall 
assure that such procedures are followed and due consideration is given 
to special instrnctions for the type of package being opened. 

(4) WASTE DISP SAL. (a) General requirement. This subsection ap
plies to sources of radiation, except those sources licensed by the U. S. 
nuclear reguJatory commission. No person in control shall dispose of any 
radioactive material or machine source except by transfer to an autho· 
rized person in cootrol or as aul.horized pursuant to sub. (2) (f) and 
pars. (b) and (c) or (d). 

(b) Method of obtaining approual of proposed disposal procedures. 
Any person may apply to the department for approval of procedures to 
dispose of radioactive material in a manner not otherwise authorized. 
Each application shall include a description of the radioactive material, 
including the quantities and 1d.nds of radioactive material and levels of 
radioactivity inv lved, and the proposed manner and condition of 
disposal. 

(c) Disposal by release into sanitary sewage systems. 1. No person in 
control may discharge radioactive material into a sanitary sewerage sys
tem unless: 

a. It is readily soluble or dispersible in water; 

b. The quantity of any radioactive material released into the system 
by the person in control in any one day does not exceed the larger of sub. 
(2.) (f) 1. or 3.; the quantity which, if diluted by the average daily quan
tity of sewage released into the sewer by the person in control, will result 
in an average concentration not greater than the limits specified in Ap· 
pendix D, 'l'able I, Column 2; or 10 times the quantity of such material 
specified in Appendix E; 

c. The quantity of any radioactive material released in any one month, 
if diluted by the average monthly quantity of water released by the per
son in control, will not result in an average concentration exceeding the 
limits specified in Appendix D, Table I, Column 2; and 

d. The gross quantity of radioactive material released into the sewer
age system by the person in control does not exceed one curie per year. 
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2. Excreta from individuals undergoing medical diagnosis or therapy 
with radi active material shall be exempt from any limitations con
tained in this subsection. 

(d) Disposal by burial in soil. No person in control shall dispose of 
radioactive material by burial in soil unless he or she obtains prior writ
ten permission from the department. 

(e) Disposal by incineration. No person in control may incinerate ra
dioactive material for the purpose of disposal or preparation for disposal 
except as specifically approved by the department pursuant to sub. (2) 
(f) and par. (b). 

(f) Disposal by junking. X-ray machine sources may be disposed of 
by junking, provided that th ttlbe head is rendered inoperable and the 
person in control has made prior notification to the department. In addi
tion, an x-ray machine source may be transferred or sold to an assem
bler, as defined iD s. HSS 157.02 (10), upon notification to the depart
ment. 

(5.) RECORDS, REPORTS AND NOTW1C.A'l'IO N. (a) Records of surueys, radi
ation monitoring a.n,d disposal. L Each person in control shall maintain 
records showing the radiation exposures of all individuals for whom per
sonnel monitoring is required under sub. (3) (b). Such records shall be 
kept on department Form Rad A, in accordance with the instructions 
con tained in that form, or on clear and legible records containing all the 
information required by department Form Rad A. The doses entered on 
the forms or records shall be for periods of time not exceeding one calen
dar quarter. 

2. Each persan jn control shall maintain records in the same units used 
in this section, showing the results of surveys required by sub. (3) (a), 
monitoring required by sub. (3) (g) 2. and 3., and disposals made under 
sub. (4) (b), (c) , and (d). 

3. Records of ind ivid.ual exposure to radiation and to radioactive 
material which must be maintained pursuant to the provisio.n of subd. 
1., and .reco·rds of bioassays, incl 1ding results f whole body counting 
examinations, made pursuant to sub. (2) (g) sball be preserved indefi
nitely or until the department authorizes their disposal. Records which 
must be maintained may b in microform. 

(b} Reports of theft or loss of sources of radiation. Each person in 
cont rol shall report by telephone or telegraph to the department the 
theft or loss of any source of radiation immediately after such occur
rence becomes known. 

(c) Notification of incidents. J. Each person i~ control shall immedi
ately notify the department by telephone or telegraph of any incident 
involving any source f radia lion possessed by the person in control 
which may have caused or threatens to cause: 

a. A dose to the whole body of any individual of 25 rem or more of 
radiation; a dose to the skin of the whole body of any individual of 150 
rem or more of radiation; or a dose to the feet, ankles, hands, or forearms 
of any individual of 375 rem or more of' radiation; or 
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b. The release of radioactive material in concentrations which, if aver
aged over a period of 24 hours, would exceed 5,000 times the limits speci
fied for such materials in Appendix D, Table II; or 

c. A loss of one working week or more of the operation of any facilities 
affected; or 

d. Damage to property in excess of $100,000. 

2. Each p rson .in control shall within 24 hours notify the department 
by telephone or telegraph of any incident involving any source of radia
tion possessed by the person in cont.rol whlch may have caused or threat
ens to cause: 

a. A dose to the whole body of any individual of 5 rem or more of 
radiation; a dose to the skin of the whole body of any individual of 30 
rem or more of radiation; or a dose to the feet, ankles, hands, or forearms 
of 75 rem or more of radiation; or 

b. The release of radioactive material in concentrations which, if aver
aged over a period of 24 hours, would exceed 500 times the limits speci
fied for such materials in Appendix D, Table II; or 

c. A loss of one day or more of the operation of any facility affected; or 

d. Damage to property in excess of $1,000. 

3. Any report filed with the department pursuant to this subsection 
shall be prepared in such a manner that names of individuals who have 
received excessive doses will be stated in a separate part of Lhe report. 

(d) Reports of overexposures and excessive levels and concentra
tions. 1. In addition to any notification required by par. (c), each person 
in corltrol shall make a report in writing within 30 days to the depart
ment of: 

a. Each exposure of an individual to radiation or concentrations of 
radioactive material in excess of any applicable limit or as otherwise ap
proved by the department; 

b. Any incident for which notification is required by par. (c); and 

c. Levels of radiation or concentration of radioactive material (not 
involving excessive exposure of any individual) in an unrestrictive area 
in excess of 10 times any applicable limit or as otherwise approved by 
the department. Each report required shall describe the extent of expo
sure of individuals to radiation or to radioactive material, including esti
mates of each individual's dose as required by subd. 2.; levels of radia
tion and concentrations of radioactive material involved; the cause of 
exposure, levels or concentrations; and corrective steps taken or planned 
to assure against a recurrence. 

2. Any report filed with the department. pursuant to this subsection 
shall include for each individual exposed the name, social security 
number and date of birth and an estimate of the individual's dose. The 
report shall be prepared so that this personal information is stated in a 
separate part of the report. 

(e) Vacating premises. Each specific person in control shall, no less 
than 30 days before vacating or relinquishing possession or control of 
premises which may have been contaminated with radioactive material 
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as a result of the person in control's activities, notify the department in 
writing of intent to vacate. When deemed necessary by the department, 
the person in control shall decontaminate the premises in such a manner 
as the department may specify. 

(f) Notifications and reports to individuals. 1. Requirements for no
tification and reports to individuals of exposure to radiation or radioac
tive material are specified ins. HSS 157.19 (4). 

2. When a person in control is required pursuant to par. (d) to report 
to the department any exposure of an individual to radiation or radioac
tive material, the person in control shall also notify the individual. Such 
notice shall be transmitted at a time not later than the transmittal to the 
department and shall comply with the provision of s. HSS 157.19 (4) 
(a). 

Butory: Cr. Register, September, 1982, No. 321, eff. 10-1-82. • 

HSS 157.13 Radiation safety requirements for analytical x-ray 
equipment. (1) PURPOSE AND SCOPE. This section provides special re
quirements for analytical x-ray equipment, and is based in part on 21 
CFR 1020.20 and 1020.40. These requirements add to and do not substi
tute for other requirements of this chapter. 

(2) EQUIPMENT REQUIREMENTS. (a) Safety device. A device which pre
vents the entry of any portion of an individual's body into the primary x
ray beam path or which causes the beam to be shut off upon entry into 
its path shall be provided on all open-beam configurations, except that 
the person in control may apply to the department for an exemption 
from the requirement of a safety device. Such application shall include: 

1. A description of the various safety devices that have been evalu
ated; 

2. The reason each of these devices cannot be used; and 

3. A description of the alternative methods to be employed to mini
mize the possibility of an accidental exposure, including procedures to 
assure that operators and others in the area will be informed of the ab
sence of safety devices. 

(b) Warning devices. Open-beam configurations shall be provided 
with a readily discernible indication of: 

1. X-ray tube status (ON-OFF) located near the radiation source 
housing, if the primary beam is controlled in this manner; or 

2. Shutter status (OPEN-CLOSED) located near each port on the 
radiation source housing, if the primary beam is controlled in this man
ner. Warning devices shall be labeled so that their purpose is easily iden
tified. 

(c) Ports. Unused ports on radiation source housings shall be secured 
in the closed position in a manner which will prevent casual opening. 

(d) Labeling. All analytical x-ray equipment shall be labeled with a 
readily discernible sign or signs bearing the radiation symbol and the 
words: 

1. "CAUTION - HIGH INTENSITY X-RAY BEAM," or words hav
ing a similar intent, on the x-ray source housing; and 
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2. "CAUTION RADIATION - THIS EQUIPMENT PRODUCES 
RADIATION WHEN ENER :.-IZED," or word having a similar intent, 
near any switch that energizes an x-ray tube if the radiation source is an 
x-ray tube; or 

3. "CAUTION - RADIOACTIVE MATERIAL," or words having a 
similar intent, on the source housing if the radiation source is a ra
dionuclide. 

(e) Shutters. On open-beam configurations installed after January 1, 
1979, each port on the radiation source housing shall be equipped with a 
shutter that cannot be opened unless a collimator or a coupling has been 
connected to the port. 

(f) Warning lights. An easily visible warning light labeled with the 
words "X-RAY ON," or words having a similar intent, shall be located: 

1. Near any switch that energizes an x-ray tube and shall be illumi
nated only when the tube is energized; or 

2. In the case of a radioactive source, near any switch that opens a 
housing shutter, and shall be illuminated only when the shutter-is open. 

(g) Radiation ource housing. Each x-ray tube housing shall be so 
constructed that with all shutters closed the leakage radiation measured 
at a distance of 5 cm from its surface is 11ot capable of producing a dose 
in excess of 2.5 mrem in one hour at any specified tt1be rating. 

(h) General'or cabinet. Each x-ray generator shall be supplied with a 
protective cabinet which Limits leakage radiation measrned at a distance 
of 5 cm from its surface such that it is not capable of producing a dose in 
exce~s of 0.25 mrem in one hour. 

(3) MEA RE(lUffiEMENTS. (a) Radiation levels. The local components 
of an analytical x-ray system shall be located and ananged and shall 
include sufficient shielding or access control such that no radiation 
levels exist in any area surrounding the local component group which 
could result in a dose l.o any individual.in excess of the dose limits given 
ins. HSS 157.12 (2) (a) . For systems utilizing x-ray tubes, these levels 
shall be met at any specified tube rating. 

(b) Surveys. Radiation surveys, as required bys. HSS 157.12 (3) (a) 
of all analytical x-ray systems sufficient to show compliance with par. 
(a) shall be performed: 

1. Upon installation of the equipment; 

2. Following any change in the initial arrangement, number or type of 
local components in the system; 

3. Following any maintenance requiring the disassembly or removal of 
a local component in the system; 

4. Durillg the performance of maintenance and alignment procedures 
if the procedures require the presence of a primary x-ray beam when any 
local component in the system is disassembled or removed; 

5. Any time a visual inspection of the local components in the system 
reveals an abnormal condition; and 
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6. Whenever personnel monitoring devices show a significant increase 
over the previous monitoring period or the readings are approaching tbe 
limits of s. HSS 157.12 (2) (a) l, radiation survey measurements shall 
not be required if a person ii) control can demonstrate compliance to the 
satisfaction f the department. with par. (a) in some other manner. 

(c) Posting. Each area or room containing analytical x-ray equipment 
shall be conspicuously posted with a sign or signs bearing the radiation 
symbol and the words "CAUTION - X-RAY EQUIPMENT,'' or words 
having a similar intent. 

(4) OPERATING Rl!:QUlMMEN'J'S. (a) Procedures. Normal operating 
procedures shall be written and available to all analytical x-ray equip
ment workers. No person shall be permitted to operate analytical x-ray 
equipment in any manner other than t.hat specified in the procedures 
unless such person has obtained written approval of t he person in con
trol. 

(b) Bypassing. No pers011 shall bypass a sufety device unless such 
person has obtained the approval oftbe person in control. When a safety 
device has been bypasse<!t a readily discernible sign bearing the words 
"SAFETY DEVICE NOT WORKING," or words having a similar in
tent, shall be placed on the radiation source llOusing. 

(5) PERSONNEL REQUIREMENTS. (a) Instruction. No person shall be 
permitted to operate or maintain analytical x-ray equipment unless 
such person has received instruction in and demonstrated competence 
88 to: 

1. Identification of radiation hazards associated with the use of the 
equipment; 

2. Significdnce of the various radiation warning and safety devices in
corporated inLo the equipment, or the reasons they have not been in
stalled on certain pieces of equipment and the extra precautions re
quired in such cases; 

3. Proper operating procedures for the equipment; 

4. Symptoms of an acute localized exposure; and 

5. Proper procedures for reporting an actual or suspected exposure. 

(b) Personnel monitoring. Finger or wrist dosimetric devices shall be 
provided to and used by: 

1. Analytical x-ray equipment workers using systems having an open
beam configuration and not equipped with a safety device; and 

2. Personnel maintaining analytical x-ray equipment if the mainte
nance procedures require the presence of a primary x-ray beam when 
any local component in the analytical x-ray system is disassembled or 
removed. Reported dose vaJues shall not he used for the purpose of de
termining compliance with s. HSS 157.12 (2) (a) unless the dose values 
are evaluated by a qualified e:tpert. 

Hletory: Cr. Register, September, 1082. No. 321, eff. 10-l-S2. 

HSS 157.14 Radiation safety requirements for particle accelera
tors. (1) PURPOSE AND SCOPE. The PlUPOSe of this section is to establish 
procedures for the registration and the use of particle accelerators. 
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These requirements are in addition to and not in substitution for other 
applicable requirements of this chapter. 

(2) REGISTRA'rION PRO EDURE. (a) Regi.stration requirements. No 
person shall receive, possess, use, transfer, own or acquire a particle ac
celerator except as authorized in a registration issued pursuant. to these 
rules or as otherwise provided for in these rules. The general ptOC dures 
for registration of particle accelerator facilities are included ins. 140.54, 
Stats. 

(b) General requirements for registration of particle accelerators. In 
addition to the requirem nts of s. 140.54, Stats., a registration applica
tion for use of a particle accelerator shall be approved only if the depart
ment determines that: 

1. The applicant is qualified by reason of training and experience to 
use the accelerator in question for the purpose requested in accordance 
with this section and ss. HSS 157.12 and 157.19 in such a manner as to 
minimize danger to public health and safety or property; 

2. The applicant's proposed equipment, facilities, operating and 
emergency procedures are adequate to protect health and minimize dan
ger to public health and safety or propert.y. A floor plan shall be submit
ted to the department for approval prior to construction of the facility; 

3. The issuance of the registration will not be detrimental to the 
health and safety of the public, and the applicant satisfies the require
ments of par (c). 

(c) Human u.se of particle accelerators. In addition to the require
ments set forth in a. 140.54, tats., a r gistration for use of a particle 
accelerator in the healing arts shall be i.r;sued only if tlie principal user 
designated on the regisLrntion bas substantial training and experience in 
radiation therapy of 11uman disease and is a physician. 

(3) RADIATION SAFETY REQUIREMENTS FOR THE USE OF PARTICLE ACCEL
ERATORS. (a) Limitations. No person in contrnl shall permit any person 
to act as a particle accelerator operator unW such person has knowledge 
of radiation safety procedures; has demonstrated competence to use the 
particle accelerator related equipment, and sUTvey instrwnents which 
will be employed in the operator's assignment; and has reviewed this 
section and the applicable requirements of es. HSS 157.12 and 157.19, 
pertinent registration conditions and U1e person in control's emergency 
procedures. 

(b) Shielding and safety design requirements. 1. Floor plans indicat
ing the shielding shall be submitted to the department for review and 
approval prior to construction of the accelerator facility. 

2. A radiation survey shall be performed before scheduled use. This 
survey shall be performed by a qualified expert or at the option of the 
department shall be performed by the department. The results of this 
survey shall be submitted to the department by the person in control. 

(c) Particle accelerator controls and interlock system. 1. Instrumen
tation, readouts and controls on the particle accelerator control console 
shal l be clearly identified and easily discernible. 
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2. All entrances into a target room or other high radiation area shall be 
provided with interlocks that shut down the machine under conditions 
of barrier penetration. 

3. When an interlock system has been tripped, it shall be possible to 
reactivate the beam only at the main control console. 

4. All safety interlocks shall be fail-safe, that is, designed so that any 
defect or component failure in the interlock system prevents operation 
of the accelerator. 

5. An easily identifiable emergency power cutoff switch shall be lo
cated in all high radiation areas. 

(d) Warning devices. 1. Entrances to all locations designed as high 
radiation areas shall be equipped with easily observable warning.lights 
that operate only when radiation ia being produced: 

2. Except in facilities designed for human radiation therapy, each high 
radiation area shall have an audible warning device which shall be acti
vated for 15 seconds prior to the initiation of radiation. Such warning 
devices shall be clearly recognizable in all high radiation areas and all 
radiation areas. 

3. Barriers, temporary or otherwise and pathways leading to high radi
ation areas shall be identified in accordance withs. HSS 157.12 (3) (c) . 

(e) Operating procedures. 1. Particle accelerators when not in opera
tion shall be secured to prevent unauthorized use. 

2. A switch only on the accelerator control console shall be routinely 
used to turn the accelerator beam on and off. The safety interlock sys
tem shall not'be used to turn off the accelerator beam except in an emer
gency. 

3. All safety and warning devices, including interlocks, shall be 
checked for proper operability at intervals not to exceed 6 months. Re
sults of such tests shall be maintained for inspection at the accelerator 
facility. 

4. A copy of the current operating and the emergency procedures shall 
be readily available. 

(f) Radiation monitoring requirements. 1. There shall be available at 
each particle accelerator facility appropriate portable monitoring equip
ment which is operable and bas been calibrated for the appropriate radi
ations being produced at the faciJjty . 

2. A radiation protection survey shal l be performed and documented 
by a qualified expert. when changes have been made in shielding, opera
tion, equipment or ·cupancy of adjacent areas. 

3. In nontherapy use, rad iation levels in all high radiation areas shall 
be continuously monitored. The monitoring devices shall he electrically 
independent. of the accelerator con tr I and interlock systems and capa
ble of provid ing a remote and local readou t. with visual or audible alarms 
or both, at both t he control panel and at entrance to high -radiation 
areas, and other appropriate locatio11s, so Lhat people entering or 
present become aware of the existence of the hazard. 
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4. Whenever applicable, periodic surveys shall be made to determine 
the amount of airborne particulate radioactivity present in areas of air-
borne hazards. · 

5. Whenever applicable, period smear surveys shall be made to deter
mine the degree of contamination in target and other pertinent areas. 

6. All area surveys shall be made in accordance with procedures estab
lished by a qualified expert. 

7. Records of all radiation protection surveys, calibration results, in
strumentation tests, and smear results shall be kept current and on file 
at each accelerator facility. 

(g) Ventilation systems. Ad quate ventilation shall be provided in 
areas where airborne rad ioactivi t.y may be produced so as to comply with 
s. HSS 157.12. For purposes of thia subsection, con entrations may be 
averaged over a period not gre.ater than one yeEU:. Every reasonable ef
fort should be made to mainlain re.leas s of radioactive material to un
controlled areas as far below these limits as practicable. 

(h) Decommissioning. Thirty days prior to the decommissioning of 
each accelerator, the person in ·ont.rol must notify the department in 
writing. The department may require special surveys and other precau
tions as deemed necessary to ensure the safe dismantling of an accelera
tor and subsequen~ disposition of Lhe unit in accordance with s. HSS 
157.12. 

Hutory: Cr. Register, September, 19S2, No. 321, eff. 10-1-82. 

HSS 157.15 Radiation safety requirements for industrial radio
graphic operations. (1) 1NTR00UO'CTON. (a) Purpose. The purpose of 
this s,ection is to establish radiation safety requirements for persons 
utilizmg sources of radiation for indust,rial radiography. The require
ments of this section are in addition to and not in substitution for other 
requirements of this chapter. 

(b) Applicability. This section applies to all persons in control who 
use sources of radiation for industrial radiography, except that this sec
tion shall n t. apply to the use of sources of radiation in the healing arts. 

(c) Classification. Industrial x-ray installations shall be classified as 
either class A, class B, class C or class D. This section includes radium 
and its decay prt'Kiuct.s and appropriate requirements under each instaJ
latioo class shall be appli d. Class A permits unlimited use at maximum 
capacity as specified by the person in control at the time ofregistration. 
Class B p rrnil.s unlimited us under limited operating conditions as 
specified by the person in control at: the time of registration. Class C 
permits limited use under conditions specified by the person in control 
at the time of registration. Class D permits limited use and temporary 
operation, including portable rm bile industrial x-ray installations. 

(2) CLASS A INSTALLATION REQUIREMENTS AND OPERATING AND EMER
GENCY PROCEDURES. (a) Enclosure. The x-ray source and the objects ex
posed to it must be contained within a permanent enclosure. 

1. The enclosure shall be constructed: 

a. So that the primary and secondary x-ray are attenuated to a dose 
rate as measured in air at any accessible external point not to exceed 2 

Regi8ter, September, 1982, No. 321 



446-60 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

milliroentgens per hour when the x-ray beam is adju ted to give maxi
mum dose rate with t11e x-ray generator running at maximum operating 
co.nclitions and the x-ray tube pla ad in lhe shortes "tube lo wall" .ra
diographicaUy usable position. Me<"hanical or electrical limiters may be 
placed on the x-ray apparatus to restrict. the movement of the beam to 
an area which will result in a dose rate not in e. cess of 2 milliroentgens 
per hour measured in ail aL any accessible point; 

b. With reliable interlocks which will either prevent opening of the 
enclosure while the x-ray generator is in operation or will terminate the 
generation of x-rays should the enclosure be opened; 

c. So that persons may at all times be able to escape from within the 
enclosure; 

d. With visible or audible or both signals within the enclosure which 
are actuated a minimum of 5 seconds prior to the generation of x-rays; 
and 

e. So that if the ceiling barrier does not attenuate the dose rate as set 
forth in this subse ticm, a posted barrier, such as a fence, shall be used to 
restrict access to t he ru·ea having excessive dose rate. 

2. No person is permitted to remain within the enclosure while the x
ray generator is in operation. 

3. No x-ray apparatus or other radiographic sources shall be left unat
~ tended without locking Wtc apparatus itself or the room or building in 

some manner which will prevent its use by unauthorized person. 

4. All protective enclosures and equipment shall be kept in good re
pair. 

(b) Operating und emergency procedures. 1. The person in control's 
operating and emergency procedures shall include instructions in at 
least the following: 

a. Procedures for t h handling and use of radium sources and radio
graphic exposure devices such that ao person is likely to be exposed to 
radiation doses in excess of the limits specified in s. HSS l57 .12 (2) (a) 
for restricted areas and 11. HSS l57.12 (2) (e) for unrestricted areas; 

b. The procedure for notifying the department and emergency agen
cies in event of accident or fire; 

c. A procedure for minimizing exposure to persons in the event of an 
accident; 

d. Methods and occasions for conducting radiation surveys; 

e. Security procedures for use during each radiographic operation. Ei
ther the radiographer or the radiographer's assistant shall maintain di
rect vigilance of the operation Lo protect against unauthorized entry into 
high radiation area; 

f. Personnel monitoring and the use of personnel monitoring equip
ment; 

g. Transportation to field locations, including packing of sources of 
radiation in the vehicles, posting of vehicles, and control of sources of 
radiation during transportation; and 
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.1. Minimizing exposure of individuals in the event of an accident. 

2. The person in control shall make or cause to be made such surveys 
as may be necessary to determine compliance with this subsection. 
Records shall be kept of each survey for inspection by the department. 

3. Loss of any radium source must be reported to the department 
within 24 hours of the discovery of the loss. 

(3) CLASS B INSTALLATION REQUIREMENTS AND OPERATING AND EMER
GENCY PROCEDURES. (a) Op •ral.ing con.di tiun.s. All provisions of sub. (1) 
apply when the:x-ray somce is perated under maximum normal operat
ing conditions as sp cified by the person in control at the time of regis
tration. 

(b) Controls. The controls for the kilovoltage and milliamperage shall 
be limited by mechanical or electrical means so as not to exceed the max
imum normal operating conditions as specified by the person in control 
at the time of registration. 

(4) CLASS C INSTALLATION REQUIREMENTS AND OPERATING AND EMER
GENCY PROCEDURES. (a) Operating conditions. All provisions of sub. (1) 
apply except that a dose rate of 50 milliroentgens per hour at accessible 
external points is allowable. 

(b) Operating limitations. The number of hours per week for permis
sible operation shall be established for the x-ray generator by the de
partment. 

(c) Warning signs. Warning signs shall be posted in those areas 
outside the protective barriers in which the dose rate in air at any acces
sible external point exceeds 2 milliroentgens per hour with the generator 
operati.ng at its maximum rated capB1city and the x-ray beam adjusted to 
~ive its maximum dose rate and the x-ray tube placed in the shortest 
'tube to wall" usable or limited or both radiographic position. A visible 

or audible or both signal shall be provided within the posted area which 
shall be actuated during the generation of x-rays. 

(d) Personnel monitoring. Film badges or other permanent recording 
instruments shall be provided and required to be worn continuously by 
persons in the posted area. 

(5) CLASS D INSTALLATION REQUIREMENTS AND OPERATING AND EMER
GEN v PROCEDURl'lS. (a) Operating restriction . An x-ray installation not 
meeting the conditions and specifications as described as class A, class 
B, or class C may be operated for a period not to exceed 30 days. When it 
is impractical or when an undue and unnecessary hardship is involved, 
such period may be extended by the department. In either caee, such 
installation and operation of such installation must be approved by the 
department before use and shall be classified as a class D installation. 

(b) Unattended apparatus. No x-ray apparatus or other radio
graphic sources shall be left unattended without locking the apparatus 
itself or the room or building in some manner which will prevent its use 
by unauthorized persons. 

(c) Exclusion area. To exclude all unauthorized persons, all such in
stallations shall have the rad iaticm area in excess of 5 milliroentgens per 
hour posted and barricaded uy a fence, rope, or other suitable personnel 
barriers erected outside the 5 milliroentgens per hour contour line. 
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(d) Per.~onnel monitoring. Fi lm badges or other permanent recording 
instrun1 11ts shall be provided and required to be properly used on a 
continual basis for personnel in Lhe posted area and such other person
nel who might be sp cified by the department. 

(e) Required instrumentation. A cal!braLed and op rable survey in
strument shall be assigned for each installation. Such instrument shall 
have a range such that 2 milliroentgens per hour Lbrough 1 roentgen per 
hour can be measured. 

(f) Registration. 1. The initial registration shall be in the possession 
of the department prior to the approval of a radiographic source. 

2. If the source has been previously registered, notification of a change 
in work address must be in the possession of the department prior to the 
approval of the source at. auy address other than that indicated on the 
registration form. 

(g) Operating and emergency procedures. All provisions of sub. (2) 
(b) apply. 

(G) ABINE'l' X -RAY SYS'1'EMS. (a) Applicability. The provisions of this 
subsection rue applicable t.o cabinet x-ray systems manufactured or as
sembled on or after April 10, 1975, except that the provisions as applied 
t.o x-ray systems designed primarily for the inspection of carry-on bag
gage are applicable to such sy!llems manufactured or assembled OD or 
after April 25, 1974. The provisions of this subsection are applicable to 
systems which are designed exclusively for micr scopic examination of 
material, e.g., x-ray diffraction, spectroscopic and electron microscope 
equipment or to systems for intentional exposure. of humans to x-rays. 
"Cabinet x1ray system" means an x-ray system with the x-ray tube in
stalled in an enclosure (hereinafter termed "cabinet") which, indepen
dently of existing architectural structures except the floor on which it 
may b placed, is intended to ·ontain at least that porlion of a material 
being ir.radiated, provide radiation attenuation, a,nd exclude personnel 
from its interior during generation of -rays. Included are all x-ray sys
tems des.igned primarily for tbe inspection of carry-on baggage at air
line, ra il road and bus tel'minals and in similar facilities. An x-ray tube 
used within a shielded part of a building or x-ray equipment which may 
temporarily or occasionally incorporate portable shielding is not consid
ered a cabinet x-ray system. 

(b) Requir(tments. 1. Radiation emitted from the cabinet x-ray sys
tem shall not exceed an exposure of 0.5 milliroentgens in one hour a·t any 
point 5 cent.imeters outside the external surface. Compliance with the 
exposure limit shall be determined by measurements averaged over a 
cross-sectional area of 10 square centimeters with no linear dimension 
greater than 5 centimeters, with the cabinet x-ray system operated at 
those combinations of x-ray tube potential, current, beam orientation 
and conditions of scatU!r radiation which produce the maximum x-ray 
exposure at the external surface and with the door (s) and access 
panel (s) fully closed a well as fixed at any other position (s) which will 
allow the generation of x-rays. 

2. A cabinet x-ray system shall have a permanent floor. Any support 
surface to which a cabinet x-ray system is permanently affixed may be 
deemed the floor of the system. 
Register, September, 1982, No. 321 

1 

.. 
I 
l 
I 
I 
I 
I 



HEAL TH AND SOCIAL SERVICES 446-63 
HSS 157 

3. The insertion of any part of the human body through any port into 
the primary beam shall not be possible. The insertion of any part of the 
human body through any aperture shall not be possible. 

4. Cabinet x-ray systems shall have the following interlocks: 

a. Each door of a cabinet x.-ray system shall have a minimum of 2 
safety interlocks. One, but not both of the required interlocks shall be 
such that opening a door reRults in physical disconnection of the energy 
supply circuit to the high-voltage generator, and such disconnection 
shall not be dependent upon any moving part other than the door; 

b. Each access panel shall have at least one safety interlock; 

c. Following interruption of x-.ray generation by the functioning of any 
safety interlock, use of a control provided in accordance with subd. 6. b. 
shall be necessary for resumption of x.-ray generation; and 

d. Failure of any single component of the cabinet x-ray system shall 
not cause failure of more than one required safety interlock. 

5. A ground fault shall not result in the generation of x-rays. 

6. For all systems to which this section is applicable, there shall be 
provided: 

a. A key-actuated control to insure that x-ray generation is not possi
ble with the key removed; 

b. A control or controls to initiate and teminate the generation of x
rays other than by functioning of a safety interlock or the main power 
control; 

c. 'Pwo independent means which indicate when and only when x-rays 
are being generated, unless the x-ray generation period is less than one
half second, in which case the indicators shall be activated for one-half 
second, and which are discernible from any point at which initiation of 
x-ray generation is possible. Failure of a single component of the cabinet 
x-ray system shall not cause failure of both indicators to perform their 
intended function. One, but not both of the indicators required by this 
subsection may be a milliampmeter labeled to indicate x-ray tube cur
rent. All other indicators shall be legibly labeled "X-RAY ON." 

7. For cabinet x-ray systems designed to admit humans there shall 
also be provided: 

a. A control within the cabinets for preventing and terminating x-ray 
generation, which cannot be reset, overridden or bypassed from the 
outside of the cabinet; 

b. No means by which x-ray generation can be initiated from within 
the cabinet; 

c. Audible and visible warning signals within the cabinet which are 
actuated for at least 10 seconds immediately prior to the first initiation 
of x.-ray generation after closing any door designed to admit humans. 
Failure of any si11gle component of the cabinet x-ray system shall not 
cause failure of both the audible and visible warning signals; 

d. A visible warning signal within the cabinet which remains actuated 
when and only when x-rays are being generated, unless the x-ray geriera

Register, September, 1982, No. 321 



446-64 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

tion period is less than one-half second in which case the indicators shall 
be activated for one-half second; 

e. Signs indicating the meaning of the warning signals provided pursu
ant to subpars. c. and d. and containing instructions for the use of the 
control provided pursuant. to subpar. a. T hese signs shall be legible, ac
cessible to view and illuminated when the mai n power control is in the 
"on" position. 

8. Warning labels shall be provided as follows: 

a. There shall be permanently affixed or inscribed on the cabinet x
ray generator, a clearly legible and visible label bearing the statement: 
CAUTION: X-RAYS PRODUCED WHEN ENERGIZED; and 

b. There shall be perman ntly affixed or inscribed on the cabinet x
ray system adjacent. to ach port a clearly legible and visible label bear
ing the statement: AUTION: DO NOT INSERT ANY PART OF THE 
BODY WfillN SY T M JS ENERGJZED - X-RAY HAZARD. 

(c) Additional requirements for x-ray baggage inspectiori systems. 
X -ray systems designed primarily for the inspection of carry-on baggage 
at airline, railroad and bus terminals, and at similar facil ities, shall be 
provided with me811s, pW'suant to subds.1. and 2., which insure operator 
presence at the cont.-rol area in a pos.ition that permits surveillance of t he 
ports and doors dur ing generation of x-rays. 

1. During an expo ure or preset succession of exposures of one-half 
second or greater d u rat.ion, the means p-rovided shall enable the opera
tion to terminate the exposure or preset succession of exposures at any 
time. 

2. During an exposure or preset succession of e-xposW'es of less than 
one-half second duration, the means provided may allow completion of 
the exposure in progress but shall enable the operator lo prevent addi
tional exposures. 

(7) INDUSTRIAL RADIUM INSTALLATION REQUIREMENTS AND OPERATING 
AND EMERGENCY PROCEDURES. Installations ut ilizing sealed radium 
sources, other than I.hose covered under s. HSS 157 .11, shall meet all 
appropriate req uirement(J for radiological safety specified for x-ray in
stallations of class A, class B, class C, or class D whichever may be appli
cable. 

(a) Accountability and storage. 1. Except as otherwise specifically 
authorized by the department , each person in control shall be accounta
b.le for sealed sources and shall keep a permanent record of the issuance 
and return of all sealed sources. 

2. When not in use, sea led s<iurces shall be kept in a protective enclo
sure of such material and wall thickness as may be necessary to assure 
compliance with t he provisions of s. HSS 157.12 (2) (a) and (e). 

(b) Source hou,sing. lf Lhe source is pet manently mounted in a hous
ing with a beam control device or extended from and retracted into a 
housing, this device shall be of positive deAign capable of acting in any 
position of the housing. It shall also be p ssibl to move the source to a 
shielded position manually with a minimum risk exposure in the event 
of the failure of the automatjc mecha.niBm. There shall be on the houaing 
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and on the control panel a warning device which plainly indicates 
whether the apparatus is "on" or "off''. 

(c) Source trans{ er devices. If the apparatus is of a type ia which the 
source is removed l'rom the shield when in use, transfer shall be accom
plished by a remote co11trol mechanism. Transfer mechanisms shall be 
designed to minimize the possibility of damage to the source in transit. 

(d) Source locking. Each radiographic exposure device shall be pro
vided with a lock and tored within a lo ked p.n losure designed to pre
vent unauthorized or ac idental removal or exposure of a sealed source 
and shal1 be kept locked at all times except when under the direct sur
veillance of authorized personnel. 

(e) Testing sealed sources for leaking and contamination.. 1. he 
person in control shall provide for testing for leakage and contamination 
prior to initial use. All sealed somces shall be tested for leakage at least 
every. 12 months, unless otherwise specified by the department. If there 
is reason to auspect that a sealed source migllt have been damaged, it. 
shall be tested for leakage before further use. 

2. Leak tests shall be capable of detecting the presence of 0.005 
microcuries of contamination of radium and its decay products. Any test 
conducted which reveals the presence of 0.005 microcuries or more of 
removable contamination shall be considered evidence that the sealed 
source is leaking. The person in control shall immediately withdraw the 
source from use and shall cause it to be decontaminated and repaired or 
to be disposed of. 

(f) Radiation survey requirements. A radiation survey shall be made 
after each use to determine that the radium source has been returned to 
its shi~lded position. Records shall be kept of each survey for inspection 
by the department. 

(8) EQUIPMENT CONTROL. (a) LIMITS ON LEVELS OF RADIATION FOR RADI
OGRAPHIC EXPOSURE DEVICES AND STORAGE CONTAINERS. Radiographic ex
posure devices measuring less than 4 inches from the sealed source stor
age position to any exterior surface of the device shall have no radiation 
level in excess of 50 milliroentgens per hour at 6 inches from any exterior 
surface of the device. Radiographic exposure devices measuring a mini
mum of 4 inches from the sealed source storage position to any exterior 
surface of the device, and all storage containers for sealed sources or 
outer containers for radiographic exposure devices, shall have no :radia
tion level in excess of 200 milliroentgens per hour at any exterior aurface, 
and 10 milliroentgens per hour at ne meter from any ex:t.erior surface. 
The radiation levels specified are Y1ith the sealed source in the shielded 
("off") position. 

(b) Locking of sources of radiation. Each source of radiation shall be 
provided witl1 a lo k or outer-looked container designed to prevent un
authorized or accidental production of radiation or removal or exposure 
of a sealed source and shall be kept locked at all times except wlrnn 
under the dire t surveillance of a radiographer or radiographer's assis
tant, or anyone otherwise authorized pursuant to sub. (9) (a). Each 
stora~e container shall also be provided with a lock and kept locked 
when containing sealed sources except when the coatainer is under the 
direct survemance of a radiographer or radiographer's assistant. 
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(c) Storage precautions. Locked radiographic exposure devices and 
storage containers shall be phys ically secured to prevent tampering or 
removal by unauthodzed personnel. 

(d) Radiation suruey instruments. The person in control shall main
tain sufficient calibrated and operable radiation survey instruments to 
make pltysical rad iation surveys as reQLLired by thi$ section ands. HSS 
157.12. Each radiation survey instrument shall be calibrated at intervals 
not to exceed 6 months and after each instrument servicing and a record 
maintained of the latest date of calibration. Required instrumentation 
shall have a range such that 2 milliroentgens per hour through one 
roentgen per hour can be measured. 

(9) PERSONAL RADJA~'ION J\'F'ETY MQUIRMENTS FOR RADIOGRAPHERS AND 
RADIOGn.APHEn's ASSIS'l'ANTS. (a) Limitations. 1. No person in control 
shall permit any individual to act as a radiographer, as defined in this 
section, until such individual: 

a. Has been instructed in the subjects outlined in Appendix F and 
shall have demonstrated understanding thereof; 

b. Has received copies of and instruction in the rules contained in this 
section and the appUcahle subsections J s13. HSS 157.12 and 157.19, in
cludh1!;{ a copy of the registralio.n certifi ate nn<l the person in control's 
operating and emergency procednreH and shall bave demonstrated un
derstanding thereof; and 

c. Has demonstrated competence to use the source of radiation, re
lated handling tools, and survey instruments which will be employed in 
the radiographer's assignment. 

2. No perliJon in control shall permit any individual to act as a radiog
rapher's assistant until such individual: 

a. Has received copies of and instruction in the person in control's 
operating and emergency procedures, and shall have demonstrated un
derstanding thereof; and 

b. Has demonstrated competence to use under the personal supervi
sion of the radiographer the sources of radiation, related handling tools, 
and radiation survey instruments which will be employed in the radiog
rapher assistant's assignment. 

(b) Personnel monitoring control. No person in conb:ol shall permit 
any individual to act as a radiographer or as 11 .radiographer's. assi.stant 
unless, at all times during radiographic operations, each such individual 
shall wear a film or TLD badge and either a pocket dosimeter or pocket 
chamber. Pocket dosimeters and pocket chambers shall be capable of 
measuring doses from zero to at least 200 milliroentgens. A film badge 
shall be assigned to and worn by only one individual. 

(10) PRECAUTIONARY PROCEDURES IN RADIOGRAPHIC OPERATIONS. (a) 
Security. During each radiographic operation, the radiographer or radi
ographer's assist.ant. shall rnruntain a direct surveillance of the operation 
to protect against l,lllaut.horized entry into a high radiation area, as de
fined ins. HSS 157.02 (59) except: 

1. Where the high radiation area is equipped with a control device or 
alarm system described in HSS 157.12 (3) (c) 3. b., or; 
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2. Where the high radiation area is locked to protect against unautho
rized or accidental entry. 

(b) Posting. Notwithstanding any provisions ins. HSS 157.12 (3) (d) 
3., areas in which radiography is being performed shall be conspicuously 
posted as required bys. HSS 157.12 (3) (c) 2. and 3. a. 

(c) Radiation surveys and survey records. No radiographic operation 
shall be conducted unless calibrated and operable radiation survey in
strumentation as described in sub. (7) [ (8)] (d) is available and used at 
each site where radiographic exposures are made. 

Hlatory: Cr. Register, September, 1982, No. 321, err. 10-1-82. 

HSS 157.16 Radioactivity in community water systems. (1) APPLI
CABILITY. (a) Covered systems. The provisions of this section establish 
radioactivity requirements which apply to all community water systems, 
except those which meet all of the conditions of par. (b). 

(b) Exempt systems. Community water systems not required to meet 
the provisions of this section: 

1. Consist solely of distribution and storage facilities, without any col
lection and treatment facilities; 

2. Obtain all water from, but are not owned or operated by, a public 
water system to which the rules of this section apply; 

3. Do not sell water to any person; and 

4. Are not carriers which convey passengers in interstate commerce . 
.. 

(2) MAXIMUM CONTAMINANT LEVELS. (a) Alpha activity. 1. The maxi
mum containment level for radium-226 and radium-228 in community 
water systems is 5 pCi/1. 

2. The .maximum containment level for gross alpha particle activity 
(including .radium-226 but excluding radon and uranium) in commu
nity water systems is 15 pCi/ 1. 

(b) B ta particle and photon radioactivity from man-made ra
dionuclides in community water systems. 1. The average annual con
centration of beta particle and photon radioactivity from man-made ra
dionuclides in drinking water ·ball not produce an annual dose 
equivalen t to the total b dy r any internal organ greater than 4 mil
lirem/year. 

2. Except for the radionuclides listed in Table A [J 57-D] , the concen
tration of man-made raclio11 uclides causing 4 mrem total body or organ 
dose equivalents shall be calculated on the basis f a 2-liter per day 
drinking wa ter intake using the 168-hour data listed in "Maximum Per
missible Body Burdens and Maximum .Permissible Concentration of 
Radionuclides in Air or Water for Occupational Exposure," National 
Bureau of Standards Handbook 69, as amended August 1963, U.S. de
partment of commerce. (See Appendix G.) If 2 or more radionuclides 
are present, the sum of their annual dose equivalent to the total body or 
to any organ shall not exceed 4 millirem/year. 
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Table 157-D 
AVERAGE ANNUAL CONCENTRATIONS ASSUMED TO 

PRODUCE A TOTAL BODY OR ORGAN DOSE OF .fMREM/YEAR 

Radionuclide 

Tritium 
Strontium-90 

Critical Organ 

Total body 
Bone marrow 

pCi per liter 

20,000 
8 

(3) ANALY1'1CAL METH OS FOR RADlOAC1'1VITY IN WATER. (a) Standard 
radionuclide. The methods specifi d in Interim Radiochemical Meth
odology for Drinking Wat.er, Environmental Monitoring and Support 
Laboratory, EPA-600/4- 75-008 (See Appendix G}, r those listed in 
this paragraph, shall be used to determine compliance with sub. (2) ex
cept in cases where alLernative melh els have been approved in accord
ance with sub. (5). The following methods are to be used for measuring: 

1. Gross Alpha and Beta - Method 703, "Gross Alpha and Gross Beta 
Radioactivity, Standard Methods for the Examination of Water and 
Wastewater,'' 15th edition, American Public Health Association. (See 
Appendix. G.) 

2. Total Radium - Method 705, "Radium in Water by Precipitation," 
ibid. 

3. Radium-226 - Method 706, "Radium-226 by Radon in Water,'' 
ibid. 

4. Strontium-89, 90 - Method 704, "Total Strontium and Strontium-
90 in Water,'' ibid. 

5. Tritium±..... Method 708, "Tritium in Water," ibid. 

6. Cesium-134 - ASTM D-2459, 'Gamma Spectrometry in Water,'' 
1975 Annual Book of ASTM Standards, Water and Atmospheric Analy
sis, Part 31, American Society for Te,sting and Materials. (See Appendix 
G.) 

7. Uranium -ASTM D-2907, "Microquantities of Uranium in Water 
by Fluorometry,'' ibid. 

(b) Other radionuclides. When the identification and measurement 
of radionuclides other than those listed in par. (a) is required, the fol
lowing references are to be used, except in cases where alternative meth
ods have been approved in ac ordance with sub. (5) : 

1. Procedures for Radiochemical Analysis of Nuclear Reactor Aque
ous Solutions, H. L. Krieger and S. Gold, EPA-R4-73-014, May 1973. 
(See Appendix G.) 

2. Health and Safety Laboratory Procedure Manual, ERDA-HASL 
300, edited by John H. Harley, 1973. (See Appendix G.) 

(c) Sensitivity. For the purpose of monitoring radioactivity concen
trations in drinking water, the required sensitivity of the radioanalysis is 
defined in terms of a detection limit. The detection limit shall be t hat 
concentration which can be counted with a precision of plus or minus 
1003 at the 953 confidence level (1.960"" whereO"" is the standard 
deviation of the net counting rate of the sample). 
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1. To determine compliance with sub. (2) (a) 1., the detection limit 
shall not exceed p i/l. To determine compliance with sub. (2) (a) 2., 
the detection limits shall not exceed 3 pCi/l. 

2. To determine compliance with sub. (2) (b), the detection limits 
shall not exceed the concentrations listed in Table 157-E. 

Table 157-E 
DETECTION LIMITS FOR MAN-MADE BETA PARTICLE AND PHOTON 

EMITTERS 

Radionuclide 

Tritium 
Strontium-89 
Strontium-90 
lodine-131 
Cesium-134 
Gross beta 
Other radionuclides 

Detection Limit 

1,000 pCi/1 
10 pCi/1 
2 pCi/1 
1 pCi/1 
10 pCi/1 
4 pCi/1 
1/10 of the applicable limit 

(d) Compliance. To judge compliance with the maximum contami
nant levels listed in sub. (2), averages of data shall be used and shall be 
rounded to the same number of significaJ1t figures as the maximum con
tamill8nt level for the substance in question. 

(e) Availability of publications. The publications referred to in this 
subsection are available for inspection at the department, the secretary 
of state's office and the office of the revisor of statutes. 

( 4) ..MoNt'rORlNG r'REQUENCV IN COMMUNITY WATER SYSTEMS. (a) Moni
toring requirements for gross alpha particle acliuity, radium-226 and 
radiu.m-228. 1. Compliance with sub. (2) (a) shall be based on the anal
ysis of an annual composite of 4 consecutive quarterly samples or the 
average of the analyses of 4 samples obta ined at quwterly intervals. 

a. A gross alpha particle activity measurement may be substituted for 
the required radjum-226 and radium-228 analyses provided that the 
measured gross alpha particle activity does not exceed 5 pCi/l at a con
fidence level of 95 3 ( 1.96 er where er is the standard deviation of the 
net counting rate f the sample). In l calities where radium-228 may be 
present in drinking water, the department may require radium-226 and/ 
or raruum-228 analyses when the gross alpha particle activity exceeds 2 
pCi/l. 

b. When the gross alpha particle activity exceeds 5 pCi/1, the same or 
an equivalent sample shall be analyzed for radium-226. If the concentra
tion of radium-226 exceeds 3 pCi/1, the same or an equivalent sample 
shall be analyzed for radiam-228. 

2. For the intial analysis required by subd. 1., data acquired after June 
24, 1976 may be substituted at the discretion of the department. 

3. Suppliers of water shall monitor water supplies at least once every 4 
years following the procedure. required by subd. 1. At the discretion of 
the department, when an annual record taken in conformanc.e with 
subd. 1. has established that the average annual concentration is less 
than half the maximwn contaminant levels established by sub. (2) (a) , 
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analysis of a single sample may be substituted for the quarterly sam
pling procedure required by subd. 1 

a. More frequent monitoring shall be conducted when ordered by the 
department in the vicinity of mining or other operations which may con
tribute alpha particle radioactivity to either surface or groundwater 
sources of drinking water. 

b. A supplier of water shall monitor in conformance with subd. 1 
within one year of the introduction of a new water source for a commu
nity water system. More frequent monitoring shall be conducted when 
ordered by the department in the event of possible contamination or 
when changes in the distribution system or treatment processing occur 
which may increase the concentration of radioactivity in finished water. 

c. A community water system using 2 or more sources having different 
concentrations of radioactivity shall monitor source water, in addition to 
water from a free-flowing tap, when required by the department. 

d. Monitoring for compliance with sub. (2) (a) afterthe initial period 
need not include radium-228 except when required by the department, 
provided that the average annual concentration of radium-228 has been 
assayed at least once using the quarterly sampling procedure required 
by subd. 1. 

e. Suppliers of water shall conduct annual monitoring of any commu
nity water system in which the radium-226 concentration exceeds 3 pCi/ 
1, when required by the department. 

4. If the average annual maximum contaminant level for gross alpha 
particle activity or total radium as set forth in sub. (2) (a) is exceeded, 
the supplier of a community water system shall give notice to the de
partment pW'suant to sub. (8) and notify the public as required by sub. 
(9). Monitoring at quarterly intei·vals shall be continued until the an
nual average concentration no longer exceeds the maximum contami
nant level or until a monitoring schedule as a condition to a variance, 
exemption or enforcement action shall become effective. 

(b) Monitoring requiremcmt.~ for man-mfide radioactivity in commu
nity water systems. 1. Systema Wling surface water sources and serving 
more than 100,000 persons and such other community water systemB as 
are designated by the department shall be monitored for compliance 
with sub. (2) (b) by analysis of a composite of 4 consecutive quarterly 
samples or analysis of 4 quarterly samples. Compliance with sub. (2) 
(b) may be assumed without further analysis if the average annual con
centration of gross beta particle activity is less than 50 pCi/1 and if the 
average annual concentrations of tritium and strontium-90 are less than 
those listed in Table A [157-D], provided that if both radionuclides are 
present the sum of their annual dose equivalents to bone marrow shall 
not exceed 4 millirem/year. 

a. If the gross beta particle activity exceeds 50 pCi/l, an analysis of 
the sample must be performed to identify the major radioactive constit
uents present and the appropriate- organ and total body doses shall be 
calculated to determine cornpl_iance wi·lh sub. (2) (b). 

b. Suppliers of water shall conduct additional monitoring, as required 
by the department, to determine the concentration of man-made radio
activity in principal watersheds designated by the department. 
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c. At the discretion of the department suppliers of water utilizing only 
groundwaters may be required to monitor for man-made radioactivity. 

2. For the initial analysis required by subd. 1., data acquired since 
June 24, 1976 may be substituted at the discretion of the department. 

3. After the initial analysis required by subd. 1., suppliers of water 
shall monitor at least every 4 years following the procedure given in 
subd. 1. 

4. The supplier of any community water system designated by the de
partment as utilizing water subject to contamination by effluents from 
nuclear facilities shall initiate quarterly monitoring for gross beta parti
cle and iodine-131 radioactivity and annual monitoring for strontium-90 
and tritium. 

a. Quarterly monitoring for gross beta particle activity shall be based 
on the analysis of monthly samples or the analysis of a composite of 3 
monthly samples. The former is recommended. If the gross beta particle 
activity exceeds 50 pCi/1, an analysis of the sample must be performed 
to identify the major radioactive constituents present and the appropri
ate organ and total body doses shall be calculated to determine compli
ance with sub. (2) (b). 

b. For iodine-131, a composite of 5 consecutive daily samples shall be 
analyzed once each quarter. As required by the department, more fre
quent monitoring shall be conducted when iodine-131 is identified in the 
finished water. 

c. Annual monitoring for strontium-90 and tritium shall be conducted 
by means of the analysis of a composite of 4 consecutive quarterly sam
ples or analysis of 4 quarterly samples. The latter procedure is recom
mended. 

d. Data obtained by the direct monitoring of water supplies in the 
areas surrounding nuclear facilities may be utilized by the supplier 
where the depart,men determines such data is applicable to a particular 
community water system. 

5. If the average annual maximum contaminant level for man-made 
radioactivity aet forth ju sLLb. (2) (b) is exceeded, the operator of a com
munity water syst.em system shall given notice to the department pursu
ant to sub. (8) and to the public as required by sub. (9). Monitoril1g at 
monthly intervals shall be continued until tl1e concentration no longer 
exceeds the maximum contaminant level or until a mo11jtoring schedule 
as a condjtion to a variance, exemption or enforcement action becomes 
effective. 

(5) ALTERNATIVE ANAl.V'fJCAL TECHNIQUES. With the written permis
sion of the department concurred in by the administrator of the U.S. 
environmental protection agency, an alter.native analytical technique 
may be employed. An alternative technique shall be acceptable only if it 
is substantially equivalent to the prescribed teat in both precision and 
accuracy as it relates to the detemiination of compliance with any maxi
mum contaminant level. The use of the alternative analytical technique 
shall not decrease the frequency of monitoring required by sub. (4). 
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(6) APPROVED LABORATORIES. For the purpose of determining compli
ance with this section, samples may be considered only if they have been 
analyzed by a laboratory approved by the department. 

(7) MONITORING OF CONSECUTIVE PUBLIC WATER SYSTEMS. When a pub
lic water system supplies water to one or more other public water sys
tems, the department of nat1JraJ resQurces may modify the monitoring 
requirements imposed by this section to the extent that the interconnec
tion of the systems justifies treating them as a single system for monitor
ing purposes. Any modified monitoring shall be conducted pursuant to a 
schedule specified by the department of natural resources and con
curred in by the administrator of the U.S. environmental protection 
agency. 

(8) REPOR1lNG "REQUTRl!:~N'I'S. (a) Routine reports. Except where a 
shorter reporting period is. specified in this section, the supplier of water 
shall report to the department within 40 days following a test, measure
ment or analysis required to be made by this section, the results of that 
test, measurement or analysis. 

(b) Noncompliance reporting. The supplier of water shall report to 
the department within 48 hours non ompliance with any drinking water 
rul set forth in this section, j nclucling failure to comply with monitoring 
requirements. 

(c) Exceptions. The supplier of water is not required to report analyt
ical results to the department when the department performs the analy
sis. 

(9) PUBLIC NOTIFICATION. Public notification shall be provided as pre
scribed in s. NR 109.81, Wis. Adm. Code. 

(10) RECOiitD MAINTENANCE. The supplier of water shall maintain 
records as prescribed in s. NR 109.82, Wis. Adm. Code. 

(11) VARIANCE AND EXEMPTIONS. Variances and exemptions may be 
granted from any requirement respecting a maximum contaminant level 
for radioactivity as prescribed in ss. NR 109.90 through 109.98, Wis. 
Adm. Code. 

Billtory: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.17 Registration of radioactive materials. (1) REQUIRE
MEN'l'. Radioactive materials produced in an accelerator and naturally 
occurring radioactive materials must be registered with the department 
annually, unless exemp~d undElr sub. (2) or (3). Application for regis
tration of radioactive material shall be made within 30 days following 
the effective dat.e o( these rules or thereafter prior to the shipment of 
rawoactive materials tothefa ility. Application for registration shall be 
completed on forms furnished by the department and shall contain all 
the mforma.tio1uequired by Lhe form and accompanying inst.ructions. 

(2) EXEMPTION BECAUSE REGULATED BY NRC. Radioactive materials 
subject to regulation by the U. S. nuclear regulatory commission are ex
empt from these rules. 

(3) EXEMPTION BECAUSE NOT CONSTITUTING UNDUE HAZARD. Small 
quantities of accelerator-produced materials or naturally occurring radL
oactive material shall be exempt from registration when the department 
finds that they do not constitute an undue rawation hazard as deter
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mined by standards established by the National Council on Radiation 
Protec ion and Measurements or any comparable nationally recognized 
agency established for tJie purpose of recommending standards for radi
ation protection. 

Note: See Appendix E for liet of exempt quantities. 

Hl•tory: Cr. Register, September, 1982, No. 321, eff. 10-1-82. 

HSS 157.18 Intrastate transportation of radioactive materials. 
This section applies to transportation of radioactive material, or deliv
ery of radioactive material I.<> a carrier whicl1 is no1, subject to the rules 
and regulations of the U.S. department of transportation or other agen
cies oftbe United States having jurisdiction over transporation of radio
active materials. 

(1) APPLICABLE REQUrREMENTS. No person may transport any radioac
tive material outside the confines of his or her plant or other authorized 
location of use, or deliver radioactive material to a carrier for transporta
tion unless the applicable req, uirements for the mode of transport of the 
U.S. department of t.ransportation in .49 CFR 170 to 189, 14 CFR 103, 
e.nd 46 CFR 146, and the U.S. Postal Service in 19 CFR 14 to 15 are met 
insofar as such regulations relate to the packaging of radioactive mater
ial, marking and labeling of packages, loading and storage of packages, 
placarding of the transporting vehicle, monitoring requirements and ac
cident reporting. 

(2) OPERATING PROC&DURES. No person may transport any radioactive 
material outside the confines of his or her plant or other authorized loca
tion of use, or deliver radioactive material to a carrier for transporation 
unless the person in control has established procedures to safely open 
and olose packages in which radioactive material above exempt quanti
ties is transported and to assure that, prior to delivery to a carrier for 
transport, each package is property closed for transportation. 

(3) SPECIAL OPENING INST.RUCTIONS. No person may transport e.ny ra
dioactive material outside the confines of his or her plant or other autho
rized location of use, or deliver radioactive material toe. carrier for trans
portation unless prior to delivery of a package to a carrier for transport, 
the person in control is assured that any special instructions needed to 
s!lfelr open the package are sent to, or have beeII made available to, the 
consignee. 

History: Cr. Register, September, 1982, No. 321, eff. 10-1-82.. 

HSS 157.19 Notices, instructions and reports to workers. (1) 
PURPOSE AND SCOPE. 'I'his section establishes requirements for notices, 
instructions and reports by registrants to persons engaged in work for 
the person in control and the options available to such workers in con
nection with department inspections to ascertain compliance with the 
provisions of this chapter and orders issued under it regarding radiologi
cal working conditions. This section applies to all persons who receive, 
possess, use, own or transfer material registered with the department. 

(2) POSTING OF NOTICE TO WORKERS. (a) Documents required. Ee.ch 
person in control shall post current copies of the following documents: 

1. This section ands. HSS 157.12; 
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2. The certificate of registration, conditions or documents incorpo
rated into the registration by reference and amendments thereto; 

3. The operating procedures applicable to work at the installation; 

4. Any notice of violation involving radiological working conditions or 
order issued by the department and any response from the registrant. 

(b) Documents difficult to post. If posting of a document specified in 
par. (a) 1., 2., or 3., is not practicable, the person in control may post a 
notice which describes the document and states where it may be ex
amined. 

(c) Location of dncume1its. Documen t.a, notices or forms posted pur
suant to fuis subsection shall appear in a su ffici ent number of places to 
permit individuals engaged in work Wlder I.he registration to observe 
them on the way to or from any particuJar work .lo ation to which the 
document applies. The documents, notices or forms shall be posted in 
conspicuous locations, and sha ll be replaced if defaced or altered. 

(d) Posting time. Department documents posted pursuant to par. (a) 
4., shall be posted within 2 workh1g days after receipt of the documents 
from the department. The person in control's response, if any, shall be 
posted withjn 2 working days after dispatch from the person in control. 
Such documents shall re.main posted for a minimum of 5 working days or 
until action correcting the violation bas been completed, whichever is 
later. 

(3) INSTRUCTIONS TO WORKERS. All indmduals workmg in or frequent
ing any portion of a restricted area shaJ l be kept informed of the storage, 
transfer or use of radioactive material or of radiation in such portions of 
the restricted'area; sball be instructed in the health protection problems 
associated with exposure to such radioactive material or radiation, iJ.1 
precautions or procedures to minimize exposITTe, and in the purposes 
and functions of protective devices employed; shall be instructed in, and 
instructed to observe, to the ex.tent within the worker's control, the ap
plical)le ruJes of Lhis chapter for the protection of personnel from expo
sures to radiation or radioactive material occurring in such areas; shall 
be instructed of their responsibility to report promptly to the person in 
control any condition which may lead to or cause a violation of the rules 
of this chapter or unnecessary exposure to radiation or radioactive 
material; shall be instructed in the appropriate response to warnings 
made in the event of any Wlusual occurrence or malfunction that may 
involve exposure to radiation or radioactive material; and shall be ad
vised as to the radiation exposure report..'l which workers may request 
pursuant to sub. (4) . The extent of these instructions shall be commen
surate with potential radiological health protection problems in the re
stricted area. 

(4) NOTIFICATIONS AND REPORTS TO INDIVIDUALS. (a) Radiation expo
sure data. Radiation exposure data for an individual and the results of 
any measurements, analyses and calculations of radioactive material 
deposited or retained in the body of an individual shall be reported to 
the individual by the pel'Son in control us specified in this su bsection. 
The information reported shall include data and results obtained pursu
ant to the rules, rders, or license condjtions, as shown in r cords main
tained by the person in ontrol pursuant to department rules. Each noti
fication and report shall: be in wriLing; include appl"opriatP iden tifying 
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data such as the name of the person in control, the name of the individ
ual, and the individual's social security number; include the individual's 
exposure information; and contain the following statement: "This report 
is furnished to you under the provisions of Wisconsin Administrative 
Code Section RSS 157 .19. You should preserve this report for further 
reference." 

(b) Annual notificatiori. At the request of any worker, each person in 
control shall advise such worker annually of the worker's exposure to 
radiation or radioactive material as shown in records maintained by the 
person in control pursuant to s. HSS 157.12 (5) (a) 1. and 3. 

(c) Notification to former workers. At the request of a worker formerly 
engaged in work controlled by the person in control, each person in con
trol shall furnish to the worker a report of the worker's exposure to radia
tion or radioactive material. Such report shall be furnished within 30 
days from the time the request is made, or within 30 days after the expo
sure of the individual has been determined by the person in control, 
whichever is later; shall cover, within the period of time specified in the 
request, each calendar quarter in which the worker's activities involved 
exposure to radiation from radioactive material licensed by or radiation 
machines registered with th department; and shall include the dates and 
locations of work under the registration in which the worker participated 
during this period. 

(d) Notification to over-exposed individuals. When a person in control is 
required pursuant to s. HSS 157.12 (5) (d), to report to the department 
any exposure of an individual to radiatmn or radioactive material, the 
person in control shall also provide the individual a report on his [or her] 
exposure data included therein. Such reports shall be transmitted at a 
time not later than the transmittal to the department. 

History: Ci"; Register, September, 1982, No. 321, elf. 10-1-82. 
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Table 1 - Maximum Permissible Doses c (Dose Equiualents) 

Con trolled nreo1'-0 oou poLiunnl •1 E x1>01mrc 

Average 
w-ldy 
dose 8 

rem 

Wh olu b<.>dy, g11u11d., blood -fon nl:ng nrg11111, and Jene of eye 0.1 
Skin <If whol oody---------·----------
H1111da ltfld fm:"'1rmn, h<'ud, n ..,k, feel and ankles--------------

Envirorm-Nonoc•:npa liorwl Expoauro 
AJ1;1 puri of body ------------------ ----·· .01 

Notes: 

N = Age in years and is greater then 18. 

a For design purposes only. 

Average 
13-week 
dose 

rem 

114d 
7\1.t 

18'14 

Maximum 
yearly 
dose 

rem 

30 
75 

0.5 

Maximum 
accumulated 
doae b 

rem 

5(N-18) 

b When the previous occupational exposure history of an individual ie not definitely known, it shall be assumed 
that he has already received the full dose permitted by the formula 5 (N-18). 

Persons who were exposed in accordance with the former maximum permioaible weekly dose of 0.3 rem and who 
have accumulated a dose higher than that permitted by the formula shall be restricted to a maximum yearly dose of5 
rem. 

c Exposure of patient.a for medical and dental purposes ie not included in the maximum permi88ible dose. 

d See HSS 157.12 (2) (a) 2. 
11 Where an employe's accumulative exposure is partly due to radiation from radioactive materials and partly to 

radiation from x-rey units, the limits established in Table I, Appendix A would apply to the sum of the radiation 
exposures. 

r Occupationally exposed personnel should receive no more then 10 percent of the limite in the above table when 
pregnant. 

Table 2 '- Typical weekly workloads for busy installations 

Diagnostic 

Admieaion Chest: 
(Miniature, with photo-timing grid) 

Chest: 
(14 X 17: 3 films per patient, no grid) 

Cyetoscopy 
Fluoroscopy including •1•ot filming 
Fluoroscopy without •pot filming 
Fluoroscopy with imntro intamtification including spot 

filming 
Genernl Radlogrnphy 
Special Procedure• 

Therapy 

Superficial (up to 150 kV8 ) 

Orthovoltage (200-500 kV8 ) 

Megavoltage (0.5 MV-10 MV) 
Cesium 

50 cm SSD 
50 cm BSD 
60 cm SSD 

Cobalt 
70 cm BSD 
80 cm SSD 

100 cm BSD 

• Peak pulsating x-ray tube potential. 

b R per week at a meter - R m 2 per week. 

Dally Pa

tient Load 

100 

60 
8 

24 
24 
24 

24 
8 

32 
32 
50 

16 
32 
32 

32 
32 
32 

W-kly workload (W) mA min 
100 kVa or leaa 125 kVa 150 kVa 

100 

160 
600 

1,500 600 
1,000 400 

750 300 

1,000 400 
700 280 

W-kly workload (W) 

3,000mA min 
20,000 mA min 

100,000 R at a meterb 

8,000 R at a meterb 
15,000 R at a meterb 
24,000 R at a meterb 

30,000 R at a meterb 
40,000 R at a meterb 
60,000 R at a meterb 

300 
200 
150 

200 
140 
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Table 3 ~ Use factors for primary protective barriers • 
[To be used only if specific values for a given installation are not available.] 

Floor 
Walls 

Ceiling 

Radiographic Installations 

,,,. 
b 

1 The uee factor for secondary protective barriers ie usually 1. 

Therapy Installation• 

v. 
_c 

b The shielding requirements for the ceiling of a radiographic installation are determined by the secondary barrier 
requirements rather than by the use factor which is generally extremely low. 

c The use factor for the ceiling of a therapy installation depends on the type of equipment and techniques used, 

but usually not more than 1/.i • 

Table 4~0ccupancy factors for non-occupationally• exposed persons b 

[For use as a guide in planning shielding where other occupancy data are not available.] 

Full Occupancy (T - 1) 

Work areas such as offices, laboratories, shops, wards, nurses' stations; living quarters: children's play areas; and 
occupied apace in nearby buildings. 

Partial Occupancy (T = 1.4) 

Corridors, rest rooms, elevators using operators, unattended parking lots. 

Occasional Occupancy (T = 1/16) c 

Waiting rooms, toilets, st.airways, unattended elevators, janitors' closets, outside areBB used only for pedestrians or 
vehicular traffic. 

1 'the occup1tn"Y r,,. tor of t'.>OOUfllltionnlly oxpOH~d porno1u, in genernl, moy be n8Bumod t.o ho one. 

b 'IL I• fldvnn!.Bgnom in ahield.ing dO!Jign lo t.e.ko into occ.:iunL t.h"L Urn occupn1wy fllctor In nnu>a 11dj11.cmnt to th 
radlnUon room Uftllltlly 5 iero fo:r rmy 6pm·o moro thn.n 2. lm (7 feat) nlmve lho noor M U10 he.i11h t of rn08t lndlvldn~I• 
ill leu. ll I• pOASihlu lhornforif. lo rudu c the thiclmcs& of t ho wall shiCl.lding abov lhie height prnviclud tho radinlion 
kourC<> lo bolow 2.1 111 (7 rcet.) . In del<!nnlnlng tho ~hloldlng r aqt1i:romeuta for wall 11reos ebovo 2. l m (7 feat), 
coneidorotlon muat be 1>ivdn l.o lhu protection 1f nny penlOnH occupying the 0<.1or nhov the oreOJ1 l\djocent to tllO 
rodintlon 1·omn. 'l'ho wall nr<>n~ over 2. 1 m (7 fooq from tho Ooor of tl1e radiation room mWJL nleo lui.ve •ufficicn~ 
•.hiolding to odoquatuly rodu o tho ecattodnl( from l'lm ~olltug or odjncent room~ toword oe<rupll.lll.ll. 

c It should be noted that the use of an occupancy factor or 1/16 may result in full-time exposuree in non-controlled 
areBB greater than 2 mR in any one hour or 100 mR in any seven consecutive days. 
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Table 5 ·- Minimum shielding requirements for radiographic installations 
WUT b in mA min Distance in meten from source to occupied area 

100 kV b 125 kV b 150 kV b 

1,000 400 200 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
500 200 100 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
250 100 50 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
125 50 25 1.5 2.1 3.0 4.2 6.1 8.4 
62.5 25 12.5 1.5 2.1 3.0 4.2 6.1 

Type of Area Material Primary protective barrier thickne118 

Controlled Lead, mmc 1.95 1.65 1.4 1.15 0.9 0.65 0.45 0.3 0.2 
Noncontrolled Lead, mm< 2.9 2.6 2.3 2.05 1.75 1.5 1.2 0.95 0.75 
Controlled Concrete,cmd 18 15.5 13.5 11.5 9.5 7 5.5 4 2.5 
Noncontrolled Concrete,cmd 25 23 20.5 18.5 16.5 14 12 10 8 

Secondary protective barrier thlcknell8 c 

Controlled Lead, mmc 0.55 0.45 0.35 0.3 0 0 0 0 0 
Noncontrolled Lead, mm< 1.3 1.05 0.75 0.55 0.45 0.35 0.3 0.05 0 
Controlled Concrete,cmd 5 3.5 2.5 2 0 0 0 0 0 
Noncontrolled Concrete,cmd 11.5 9.5 7.5 5.5 4 3 2 0.5 0 

• W-weekly workload in mA min, U- use factor, T---occupe..ncy factor. 

b Peak pulsating x-ray tube potential. 

c See Table 26 for conversion of thickness in millimeters to inches or to surface density, 

d Thickness based on concrete density of 2.35 g cm-3 (147 lb n-3). 

• Barrier thickness based on 150 kV. 

12.2 
8.4 

0.1 
0.55 
1.5 

0 
0 
0 
0 

12.2 

0.1 
0.35 
0.5 

0 
0 
0 
0 

Table 8 ·- Minimum shielding requirements for 50 kV• therapy installations 
WUT b In mA min Diatance in meters from aource to occupied area 

4,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
2,000 ~ 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
1,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 

500 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
250 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
125 1.5 2.1 3.0 4.2 6.1 8.4 
62.5 1.6 2.1 3.0 4.2 6.1 
31.3 1.5 2.1 3.0 4.2 

T_ype of Area Material Primary protective barrier thicknell8 • 

Controlled Lead, mmd 0.4 0.35 0.3 0.25 0.2 0.2 0.15 0.1 0.1 0.05 0.05 
Noncontrolled Lead, mmd 0.55 0.5 0 .45 0.4 0.35 0.3 0 .3 0.26 0.2 0.16 0.1 
Controlled Concrete,cm8 4 3.5 3 2.5 2 2 1.5 1 1 0.5 0.5 
Noncontrolled Concrete,cm8 5.5 5 4.5 4 3.5 3 2.5 2.5 2 1.6 1.6 

Secondary protective barrier thicknell8 • 

Controlled Lead, mmd 0.3 0.25 0.2 0.15 0.1 0.05 0 .05 0.05 0 0 0 
Noncontrolled Lead, mmd 0.4 0.35 0.3 0.25 0.25 0.2 0.16 0.1 0.1 0.05 0.05 
Controlled Concrete,cme 2.5 2 1.5 1.5 1 0.5 0.5 0.5 0 0 0 
Noncontrolled Concrete,cme 3.5 3.5 3 2.5 2 2 1.5 1 0.5 0.5 0.5 

• Peak pulsating x-ray tube potential. 

b W-weekly workload in mA min, U- use factor, T--occupancy factor. 

12.2 
8.4 
6.1 

0.05 
0.1 
0.5 
1 

0 k 
0.05 
0 
0.5 

•Constant potential requires about 20 percent larger thicknesses of lead and about 10 percent larger thicknesses of 
concrete than those given here for pulsating potential. 

d See Table 26 for conversion of thickneee in millimeters to inches or to surface density. 

•Thickness based on concrete density of 2.35 g cm- 3 (147 lb n-3) . 
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Table 9 ~ Minimum shielding requirements for 100 kV• therapy installations 

WUT b in mA min Distance in meters from source to occupied area 

4,000 1.5 2,1 3.0 4.2 6.0 8.4 12 
2,000 1.5 2.1 3.0 4.2 6.0 8.4 12 
1,000 1.5 2.1 3.0 4.2 6.0 8.4 12 

500 1.5 2.1 3.0 4.2 6.0 8.4 12 
250 1.5 2.1 3.0 4.2 6.0 8.4 12 
125 1.5 2.1 3.0 4.2 6.0 8.4 12 
62.5 1.5 2.1 3.0 4.2 6.0 8,4 
31.3 1.5 2.1 3.0 4.2 6.0 

Type of Area Material Primary protective barrier thick:nes& c 

Controlled Lead, mmd 2.4 2.15 1.85 1.6 1.35 1,1 0.85 0.65 0.45 0 .3 0.2 0.1 
Non con trolled Lead, mmd 3.35 3.05 2.75 2.5 2.2 1.95 1.7 1.4 1.2 0 .95 0.7 0.5 
Controlled Concrete,cme 18 16 14.5 13 11.5 10 8.6 7 6.5 4 2.6 1.5 
Noncontrolled Concrete,cme 24 22 20.5 18.5 17 16 13.5 12 10.5 9 7.6 6 

Secondary protective barrier tblcknese c 

Controlled Lead, mmd 1.9 1.6 1.3 1.05 0.76 0.5 0.25 0.26 0 0 0 0 
Noncontrolled Lead, mmd 2.45 2.2 1.95 1.65 1.4 1.1 1.1 0.85 0.5 0.3 0.3 0.3 
Controlled Concrete,cm0 11.5 10 8 6.5 5 3 2 2 0 0 0 0 
Noncontrolled Concrete,cme 17 15 13.5 12 10.5 8.6 7 5.6 3.6 2 2 2 

• Peak pulsating x-ray tube potential. 

b W-weekly workload in mA min, U-use factor, T---occupancy factor. 

c Constant potential requires about 20 percent larger thickne88es of lead and about 10 percent larger thickne88es of 
concrete than those given here for pulsating potential. 

d See Table 26 for conversion of thickness in millimeters to inches or to surface density. 

• Thickne88 based on concrete density of 2.35 g cm-a (147 lb n-3). 

Table 10 - Minimum shielding requirements for 150 kV• therapy installations 
WUT bin mA min Distance in meters from source to ocaupied area 

4,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
2,000 1,5 2.1 3.0 4.2 6.1 8.4 12.2 
1,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 

500 1.5 2.1 3.0 4.2 6.2 8.4 12.2 
250 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
125 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
62.5 1.6 2.1 3.0 4.2 6.1 8.4 
31.3 1.5 2.1 3.0 4.2 6.1 

Type of Area Material Primary protective barrier thlcknetl8 c 

Controlled Lead, mmd 3.15 2.85 2.55 2.3 2.0 1.7 1.46 1.2 0.95 0.7 0.6 0.35 
Noncontrolled Lead, mmd 4.2 3.85 3.55 3.25 2.95 2.65 2.4 2.1 1.8 1.55 1.3 1.0 
Controlled Concrete.cme 27 25 22.5 20.5 18.5 16 14 11.5 9.6 7.6 6.5 4 
Noncontrolled Concrete,cme 35 32.5 30 27.5 25.6 23.5 21 19 17 14.6 12.5 10.5 

Secondary protective barrier thickneu c 

Controlled Lead, mmd 2.06 1.75 1.45 1.15 0.85 0.56 0.36 0.3 0 0 0 0 
Noncontrolled Lead, mmd 3.05 2.'15 2.45 2.15 1.85 ~.55 1.25 0.96 0.66 0.36 0.3 0 
Controlled Concrete ,cme 15 13 11 8.5 6.5 4 2.5 2 0 0 0 0 
Noncontrolled Concrete,cme 22.5 20.5 18.5 16 13.5 11.5 9.5 7 5 2.6 2 0 

8 Peak pulsating x-ray tube potential. 

b W-weekly workload in mA min, U-use factor, T~ccupancy factor. 

c Constant potential requires about 20 percent larger thicknesses of lead and about 10 percent larger thicknesses of 
concrete than those given here for pulsating potential. 

d See Table 26 for conversion of thickness in millimeters to inches or to surface density. 

•Thickness based on concrete density of 2.35 g cm-3 (147 lb n-3). 
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Table 11 - Minimum shielding requirements for 200 kV• therapy installations 

WUT b in mA min Dletance in meters from Rourcc to occupied area 

40,000 1.6 2.1 3.0 4 •. 2 6.1 8.4 12.2 
20,0-00 1.6 2.1 3.0 4.2 6.1 8.4 12.2 
10,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
5,000 1.6 2.1 3.0 4.1 6.2 8.4 12.2 
2,600 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
1,260 1.6 2.1 3.0 4.2 6.1 8.4 12.2 

625 1.6 2.1 3.0 4.2 6.1 8.4 

Type of Area Material Primary protective barrier tbickneee c 

Controlled Lead, mmd 6.6 6.1 6.6 6.0 4.6 4.0 3.6 3.1 2.7 2.3 1.9 1.6 
Noncontrolled Lead, mmd 8.4 7.6 7.2 6.8 6.2 6.8 6.2 4.7 4.2 3.7 3.2 2.8 
Controlled Concrete,cm• 43.6 40.6 37.6 35 32.6 29.5 27 24.5 21.5 19.5 17 14.5 
Noncontrolled Concrete,cm• 52 60 46.6 44 41.6 39 36 33.6 30.6 28 25.5 23 

Secondary protective barrier thickness c 

Controlled Lead, mmd 4.25 3.7 3.2 2.7 2.15 1.7 1.4 1.15 0.9 0.76 0.6 0.05 
Noncontrolled Lead, mmd 6.0 5.45 4.95 u 3.9 3.4 2.85 2.35 1.8 1.5 1.25 1.0 
Controlled Concrete, cm• 27 24.6 22 19.6 17 14 11.5 9.5 7 5 3.5 0.6 
Noncontrolled Concrete,cm• 35.5 33 30.5 28 25.5 23 20 17.5 15 12.5 10 8 

• Peak pulsating x-ray tube potential. 
b W-weekly workload in mA min, U-use factor, T-<>ecupancy factor. 
c Constant potential requires about 20 percent laqier thicknesses of lead and about 10 percent larger thicknesses of 

concrete than those given here for pulsating potential. 
d See Table 26 for conversion of thickness in millimeters to inches or to surface density. 

•Thickness based on concrete density of 2.35 g cm- 3 (147 lb ft- 3). 

Table 12 - Minimum shielding requirements for 250 kV• therapy installations 
WUT b in mA min Dietance in metere from eource to occupied area 

40,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
20,000 1.6 2.1 3.0 4.2 6.1 8.4 12.2 
10,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
6,000 1.6 2.1 3.0 4.2 6.1 8.4 12.2 
2,500 1.6 2.1 3.0 4.2 6.1 8.4 12.2 
1,260 1.6 2.1 3.0 4.2 6.1 8.4 

625 1.6 2.1 3.0 4.2 6.1 

Type of Area Material Prlmarr protective barrier tbicknese c 

Controlled Lead, mmd 11.45 10.6 9.65 8.8 7.9 7.05 6.2 6.4 4.6 3.9 3.2 
Noncontrolled Lead, mmd 14.55 13.2 12.15 11.8 10.85 9.95 9.05 8.2 7.35 6.5 5.65 
Controlled Concrete,cm• 49 45.5 42.5 40 37 34.6 31.6 29 26 23.5 20.5 
Noncontrolled Concrete,cm• 58 55.5 62.5 49.5 46.5 43.5 41 38 34 32.5 29.5 

Secondary protective barrier tbicknese c 

Controlled Lead, mmd 7.2 6.3 5.4 4.6 3.65 2.8 2.3 1.9 1.55 1.26 1.1 
Noncontrolled Lead, mmd 10.1 9.26 8.35 7.6 6.6 6.7 4.86 3.95 3.1 2.5 2.05 
Controlled Concrete.cm• 31.5 28.5 26.5 23.5 20.6 18 15 12.5 9.5 7.5 4.5 
Noncontrolled Concrete.cm• 41 38 36 33 30 27 24 22 19 16 12.5 

b W- weekly workload in mA min, 0--usc I actor, T-occupancy factor. 

12.2 
8.4 

2.5 
4.9 

18 
27 

0.05 
1.66 
0.5 

10 

•

• Peak pulsa ing x-ray lube potential. 

° Const;lnt potential requires about 20 percent !~er thicknesses of lead and about 10 percent larger thicknesses of 
concrete than those given here for pu lsating potential. · 

d See Table 26 for conversion of thickne'Ss in millimeters to inches or to surface density. 

• Thickness based on concrete density of 2.35 g cm - ' ( 14 7 lb ft - J). 
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Table 13 - Minimum shielding requirements for 300 kV• therapy installations 
WUT b in mA min 

40,00() 
20,000 
10,000 

Distance in meters from source to ocr.upled area 

J .5 2.1 3.0 4.2 6.1 8.4 12.2 
1.5 2.1 3.0 4.2 6.1 8.4 12.2 

1.5 2.1 3.0 4.2 6.1 8.4 12.2 
1.5 2.1 3.0 4.2 6.1 8.4 12.2 5,000 

2.500 
1,250 

1.5 2.1 3.0 4.2 6.1 8.4 12.2 
1.5 2.1 3.0 4.2 6.1 8.4 12.2 

625 1.5 2.1 3.0 4.2 6.1 8.4 

Type of Area Material Primary protective barrier thickne88 c 

C',ontrolled Lead, mmd 17.65 16.25 14.85 13.45 12.05 10.75 9.4 8.2 6.9 5.8 4. 7 3. 75 
Noncontrolled Lead, mmd 22.5 21.1 19.6 18.15 16.7 15.3 13.85 12.55 11.2 9.85 8.55 7.35 
Controlled Concrete,cm• 55 51.5 48.5 45 42 39 36 33.5 30 27 24 21 
NoncontroUed Concrete,cm• 64.5 62 59 56 53 49.5 46.5 43.5 40 37 34 31 

Controlled Lead, mmd 
Nonco11trolled Lead, mmd 
Controlled Concrete,cm• 
Noncontrolled Concrete,cm• 

12.0 10.55 9.05 
16.9 15.45 13.95 
33 30 27 
43 40 37 

• Peak pulsating x-ray tube potential. 

Secondary protective barrier thickness c 

7.6 6.1 
12.5 11.05 
24 21 
34 31 

4.65 3.55 2.95 2.5 2.1 
9.55 8.1 6.6 5.15 3. 75 

18 14.5 11.5 9 6 
28 25 22.5 19 15.5 

b W-weekly workload in mA min, U-UBe factor, T--0eeupancy factor. 

1.8 1.6 
3.1 2.65 
3.5 1.5 

12.5 10 

c Constant potential requires about 20 percent larger thicknesses of lead and about 10 percent larger thickn~ or 
concrete than those given here for pulsating potential. 

d See Table 26 for conversion of thickness in millimeters to inches or to surface density. 

•Thickness based on concr~te density of 2.35 g cm- 3 (147 lb n- 3 ), 

Table 14- Minimum shielding requirements for 1 MV therapy installations 
WUT b in mA min 

5,000 
2,500 
1,250 

Type ol Area 

625 
313 
156 
78 

I 

Material 

Controlled Lead, cmb 
Noncontrolled Lead, cmb 
(',on trolled Concrete,cm' 
Noncontrolled Concrete,cmc 

Controlled Lead, cmb 
Noncontrolled Lead, cmb 
Controlled Concrete,cm' 
Noncontrolled Concrete,cm' 

1.5 2.1 
1.5 

Distance in meters from sonrce to oecupied area 

3.0 4.2 6.1 8.4 12.2 
2.1 3.0 4.2 6.1 8.4 12.2 
1.5 2.1 3.0 4.2 6.1 8.4 12.2 

1.5 2.1 3.0 4.2 6.1 8.4 12.2 
1.5 2.1 3.0 4.2 6.1 8.4 

1.5 2.1 3.0 4.2 6.1 
1.5 2.1 3.0 4.2 

Primary protective barrier thickness 

12.2 
8.4 12.2 
6.1 8.4 

11 10.5 10 9 9 
11 
53 
68 

7 6.5 6 5 4 3.5 3 
5 

21 
36 

14 13 12.5 11.5 
70 66 62 57 
85 81 77 72 

10 9 
48 43 
63 59 

8.5 7.5 
39 35 
54 50 

7 6 
30 26 
45 40 

Secondary protective barrier thickness d 

6 5.5 
9 8 

46 42 
61 57 

5.5 4.5 4 
7 6.5 5.5 

37 33 28.5 
52 48 43 

3 2.5 
5 4.5 

24 19 
39 35 

2 1.5 1 0.5 0 
4 3.5 2.5 2 1.5 

15 10.5 6 1.5 D 
30 25 20.5 16.5 12 

• W-weekly workload in mA min, U-use factor, T---0ecupancy factor. 
b See Table 26 for conversion of thickness in millimeters to inches or to surface density. 
'Thickness based on concrete density of 2.35 g cm- 3 (147 lb ft- 3). 

d Shielding for tube housing leakage based on a weekly workload (WUT) of 5,000 mA min corresponding to a 
weekly workload (WUT) of 100,000 Rat 1 meter (Xn = 20 R per mA min at 1 meter). 

Heglster, ~'ebruary, 1984, No. 338 
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Table 15 ·- Minimum shielding requirements for 2 MV therapy installations 
WUT bin mA min Distance in meters from source to occupied area 

350 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
175 1,5 2.1 3.0 4.2 6.1 8.4 12.2 
87.5 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
44 1.5 2.1 3.0 4.2 6.1 8.4 
22 1.5 2.1 3.0 4.2 6.1 
11 1.5 2.1 3.0 4.2 
5.5 1.6 2.1 3.0 

Type of Area Material Primary protective barrier thJckne&11 

Controlled Lead, cmb 22 21 19.5 18.5 17 16 15 13.5 12.5 
Noncontrolled Lead, cmb 26 25 24 22.5 21.5 30 19 18 16.5 
Controlled Concrete,cmc 118 111 105 98 92 86 80 74 67.5 
Noncontrolled Concrete,cmc 138 132 126 119 113 107 101 95 89 

Secondary protective barrier thickness d 

Controlled Lead, cmb 11 10 8.5 7.5 6 6 4.5 3.5 2 
Noncontrolled Lead, cmb 15.5 14 12.5 11.5 10 10 9 7.5 6.5 
Controlled Concrete,cmc 63 55.5 49.5 44 37 31 24.5 18.5 12.5 
Noncontrolled Concrete,cmc 84.5 76.5 70.5 65.5 58 52 46 39.5 33.5 

1 W-week]y workload in mA min, U-uee factor, T---occupancy factor. 

b See Table 26 for conversion of thickiiess in millimeters to inches or to surface density. 

c Thickness based on concrete density of 2.35 g cm-3 (147 lb n-3). 

12.2 
8.4 
6.1 
4.2 

11 
15.5 
61 
82.5 

1 
5 
6 

27 

12.2 
8.4 
6.1 

10 
14 
57 
78 

0 
4 
0 

20.5 

12.2 
8.4 

9 
13 
49.5 
70.5 

0 
2.5 
0 

14.5 

d Shielding for tube houeing leakage based on a weekly workload (WUT) of 350 mA min correeponding to a 
weekly workload (WUT) of 100,000 Rat 1 meter (Xn = 300 R per mA min at 1 meter). 

Table 16 ~Minimum shielding requirements for 3 MV therapy installations 
WUT bin mA min Distance in meters from source to occupied area 

150 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
75 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
37.5 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
18.75 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
9.5 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
4.75 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
2.35 1.5 2.1 3.0 4.2 6 .1 8.4 

Type of Area Material Primary protective barrier thJckne&11 

Controlled Lead, cmh 30 28 26.5 25 23.5 22 20.5 19 17.5 16 14.5 13 
Noncontrolled Lead, cmb 35 33 31.5 30 28.5 27 25 24 22.5 21 19.5 18 
Controlled Concrete,cmc 150 146 138 131 124 116 109 101 94 86 79 71 
Noncontrolled Concrete,cmc 180 171 169 156 150 141 134 126 118 111 103 96 

Secondary protective barrier thickneas d 

Controlled Lead, cmh 13 11.5 10 8.5 7 7 5.5 4 2.5 1 0 0 
Noncontrolled Lead, cmb 17.5 16.5 15 13.5 12 12 10.5 9 7.5 6 4.5 3 
Controlled Concrete,cmc 69 62 54 54 46 38.5 31.5 23.5 15 8 0 0 
Noncontrolled Concrete,cmc 93 86 78 78 70 62.5 55.5 48 39.5 32 24.5 17 

8 W-weekly workload in mA min, U-use factor, T---occupancy factor. 

h See Table 26 for conversion of thickness in millimeters to inches or to surface density. 

c Thickness baeed on concrete density of 2.35 g cm-3 (147 lb ft-3). 

d Shielding for tube housing leakage based on a weekly workload (WUT) of 150 mA min correeponding to a 
weekly workload (WUT) of 100,000 R at 1 meter (Xn = 700 R per mA min at 1 meter). 
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Table 17 - Minimum shielding requirements for 4 MV therapy installations 
for controlled areas • 

WUT b in R at l meter Distance in meters from source to occupied area 

160,000 1.5 2. l 3.0 4.2 6. l 8.4 12.2 17 
80,000 1.5 2.1 3.0 4.2 6. l 8.4 12.2 17 
40,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 17 
20,000 1.5 2.l 3.0 4.2 6.1 8.4 12.2 
10,000 1.5 2.1 3.0 4.2 6.1 8.4 

5,000 1.5 2.1 3.0 4.2 6.1 
2,500 1.5 2.1 3.0 4.2 

Type of 
Protective 

Barrier Material TVLcm Thlcknet1a of barrier In cm 

Primary Concrete c 29.2 171 162 153 144 136 127 118 109 101 92 

Primary Lead 5.3 31 29.5 28 26.5 24.5 23 21.5 19.5 18 16.5 

Primary Iron e 9.1 53.5 50.5 48 45 42.5 39.5 37 34 31.5 28.5 

Leakage d Concretec 29.2 83 75 66 67 48 39 31 22 13 4 
0.1 percent 

Leakage d Lead 5.3 15 13.5 12 11.5 10 8.5 7 5.5 4 2.5 
0.1 percen t 

• For a weekly design level of 100 mR; add one tenth-value layer (TVL) for noncontrolled areas to reduce to 10 
mR. 

b W-weekly workload in Rat 1 m, U-use factor, T--occupBllcy factor. 

c Thickness based on concrete density of 2.35 g cm - 3 (147 lb ft-3). 

d Shielding for leakage radiation from tube housing. 

•Thickness based on iron density of 7.8 g cm-3 (488 lb n-3). 

Register, September, 1982, No. 321 
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Table 18 ~Minimum shielding requirements for 6 MV therapy installations 
for controlled areas • 

WUT b in R at 1 meter Distance in meters from source to occupied area 

160,000 1.6 2.1 3.0 4.2 6.1 8.4 12.2 17 
80,000 1.6 2.1 3.0 4.2 6.1 8.4 12.2 17 
40,000 1.6 2.1 3.0 4.2 6.1 8.4 12.2 17 
20,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
10,000 1.6 2.1 3.0 4.2 6.1 8.4 
5,000 1.5 2.1 3.0 4.2 6.1 
2,500 1.5 2.1 3.0 4.2 

Type of 
Protective 

Barrier Material TVLcm Thickne88 of barrier in cm 

Primary Concrete c 34.6 202 192 182 172 161 161 141 131 119 109 

Primary Lead 5.6 33 31 29.5 27.5 26 24.6 22.5 21 19 17.5 

Primary Iron e 9.9 58 55 52 49 46 43 40 37 34 31 

Leakage d Concrete c 34.5 98.6 88 77.5 67.5 57 46.5 36 25.5 15.5 5 
0.1 percent 

Leakage d Lead 5.6 16 14.5 12.5 11 9 7.5 6 4 2.5 l 
0.1 percent 

Leakage d Iron 9.9 28.5 25.5 22.5 19.5 16.5 13.5 10.5 7.5 4.5 1.5 
0.1 percent 

Scatter I Concrete c 
so• 26.7 98 89.6 82 74 66 68 50 42 34 26 
45° 23.4 72 65 58 51 44 37 30 23 16 8.6 
so• 20.3 58 52 46 40 34 28 21.5 15 9 3 
90° 17.8 46.5 41 36 30.6 25 20 14.5 9 4 0 

135° 14.5 36 31.5 27 22.5 18.5 13.5 9 5 0 0 

• For a weekly design level of 100 mR; add one tenth-value layer (TVL) for noncontrolled areas to reduce to 10 
mR. 

b W-weekly~ workload in Rat 1 m, U-uee factor, T--0ccupancy factor. 

•Thickness for primary and leakage protective barriers based on concrete density of 2.35 g cm-3 (147 lb ft-3). 

d Shielding for leakage radiation from tube housing. 

•Thickness based on iron density of 7.8 g cm-3 (488 lb ft-3). 

f Scatter protective barrier thickness baaed on Karzmark and Capone (23). 
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Table 19 ·-Minimum shielding requirements for 8 MV therapy installations 
for controlled areas • 

WUT b in R at 1 meter Distance in meters from source to occupied area 

160,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 17 
80,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 17 
40,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 17 
20,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 
10,000 1.5 2.1 3.0 4.2 6.1 8.4 
5,000 1.5 2.1 3.0 4.2 6.1 
2,500 1.5 2.1 3.0 4.2 

Type of 
Protective 

Barrier Material ThicknetJB of barrier In cm 

Primary Concrete c 233 212 200 189 177 166 154 143 131 120 

Primary Lead 33 31.5 29.5 28 26 24.5 23 21 19.5 17.5 

Primary Iron e 60.5 57.5 54 51 48 45 41.5 38.5 35.5 32.5 

Leakage d Concretec 108 96.5 85.5 74 62.5 51.5 39.5 28.5 16.5 6.6 
0.1 percent 

Leakage d Lead 16 14.5 12.5 11 9.5 7.5 6 4 2.5 
0.1 percent 

Leakaged Iron 29.5 26.5 23 20 17 14 11 7.5 4.5 1.5 
0.1 percent 

•For a weekly design level of 100 mR; add one tenth-value layer (TVL) for noncontrolled areas tc reduce to 10 mR 
(see-Table 27). 

b W-weekly workload in Rat 1 m, U-use factcr, T-occupancy factcr. 

c Thicknese based on concrete density of 2.35 g cm - 3 (147 lb ft-3). 

d Shielding for leakage radiation from tube housing. 

•Thickness based on iron density of 7.8 g cm-3 (488 lb ft-3). 

I 
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Table 20 ·-Minimum shielding requirements for 10 MV therapy installations 
for controlled areas • 

WUT b In R at l meter Distance in meters from source to occupied area 

160,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 17 
80,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 17 
40,000 1.5 2.1 3.0 4.2 6.1 8.4 12.2 17 
20,000 1.6 2.1 3.0 4.2 6.1 8.4 12.2 
10,000 1.6 2.1 3.0 4.2 6.1 8.4 

6,000 1.5 2.1 3.0 4.2 6.1 
2,500 1.5 2.1 3.0 4.2 

Type of 
Protective 
Barrier Material Thickn1!88 of barrier In cm 

Primary Concrete c 234 222 210 198 186 174 162 160 138 126 

Primary Lead 32.5 30.6 29 27.5 25,5 24 22,6 20.5 19 17.6 

Primary Iron e 61.5 68.5 66.5 62 49 46 42.6 39.6 36 33 

Leakaged Concretec 114 102 90 77.5 66 63.6 42 29.6 17.6 6 
0.1 percent 

Leakaged Lead 15.6 14 12.6 11 9.6 7.6 6 4 2.6 
0.1 percent 

Leakage d Iron e 30 26.5 23.6 20.6 17.5 14 11 7.5 4.5 1.5 
0.1 percent 

• For a weekly design level of 100 mR; add one tenth-value layer (TVL) for noncontrolled areas to reduce to 10 
mR (eee Table 23) . 

b W-weekly workload in Rat 1 m, U-uee factor, T-occupancy factor. 
0 Thickneee baaed on concrete density of 2.35 g cm -3 (147 lb ft-3) · 
d Shielding for leakage radiation from tube housing. 

• Thickneee baaed on iron density of 7.8 g cm-3 (488 lb ft-3), 

Table 21 - Densities of commercial building materials 
Material Range of Average Density b 

Density 8 

gcm-3 

Barium sulfate (natural barite) 4.5 
Barytee concrete 3.6 to 4.1 3.6 
Brick, eoft 1.4 to 1.9 1.66 
hard 1.8 to 2.3 2.06 

Earth, dry, packed 1.6 
Ferrophoephorue aggregate 6.0 4.8 

concrete 
Granite 2.6 to 2.7 2.65 
Ilmenite aggregate concrete 4.4 to 4.7 3.86 
Lead 11.36 
Lead glaee 3.27 
Lead glaee, high density 6.22 
Limestone 2.1 to 2.8 2.46 
Marble 2.6 to 2.86 2.7 
Sand, dry, packed 1.6 to 1.9 
Sand plaster 1.64 
Concrete 2.25 to 2.4 2.36 
Steel 7.8 
Tile 1.6 to 2.6 1.9 

8 Density values for the concrete aggregates are given for the aggregate only. 

b Density values are given for the concrete made from the specified aggregate. 

Note: Concrete blocks and cinder blocks vary too much to be listed. 

lb ft -3 

280 
210 
103 
128 

95 
300 

165 
240 
709 
206 
387 
163 
170 

100-120 
96 

147 
489 
118 

Reference: Mark's Mechanical Engineering Handbook, 5th ed. (McGraw-Hill, New York, 
1941); excerpts from a table (pp. 522-523), Approximate Specific Gravity and Density. 
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Table 22 - Commercial lead sheets 
Thickness Weight in Pounds for a l Square Foot 

Section 

Inches Millimeter equivalent Nominal weight Actual welaht 

1/64 0.40 1 0.92 

3/128 0.60 11-> 1.38 
1/32 0.79 2 1.86 

6/128 1.00 21-> 2.31 

3/64 1.19 3 2.76 

7/128 1.39 3y, 3.22 

1.50 3.48 

1/16 1.58 4 3.69 

6/64 1.98 6 4.60 

3/32 2.38 6 6.63 

2.5 6.80 
3.0 6.98 

1/8 3.17 8 7.38 
6/32 3.97 10 9.22 
3/16 4.76 12 11.06 
7/32 6.66 14 12.9 

1/4 6.35 16 14.76 
1/3 8.47 20 19.66 

2/6 10.76 24 23.60 
1/2 12.70 30 29.60 

2/3 16.93 40 39.33 
l 26.40 60 69.00 

Notes: 

1. The density of commerically rolled lead is 11.36 g cm -•. • 

2. The commercial tolerances are + 0.005 inches for lead up to 7 /128 and ±.1/32 heavier 
aheete. • -

3. It should be noted that lead sheet lees than 1/32 inch thick is frequently more expensive 
than heavier sheet in coet of material and cost of installation. 

•Lead Industries Association, Inc., 292 Madison Avenue, New York. 

" 
Table 23 - Half-value and tenth-value layers 

Approximate values obtained at high attenuation for the indicated peak voltage values 
under broad-beam conditions; with low attenuation these values will be significantly lees. 

Attenuation Material 

Peak Voltage Lead (mm) Concrete (cm) Iron (cm) 
(kV) 

HVL TVL HVL TVL HVL TVL 

50 0.06 0.17 0.43 1.5 
70 0.17 0.62 0.84 2.8 

100 0.27 0.88 1.6 6.3 
126 0.28 0.93 2.0 6.6 
160 0.30 0.99 2.24 7.4 
200 0.52 1.7 2.6 8.4 
250 0.88 2.9 2.8 9.4 
300 1.47 4.8 3.1 10.4 
400 2.5 8.3 3.3 10.9 
600 3.6 11.9 3.6 11.7 

1,000 7.9 26 4.4 14.7 
2,000 12.5 42 6.4 21 
3,000 14.5 48.5 7.4 24.5 
4,000 16 63 8.8 29.2 
6,000 16.9 56 10.4 34.6 
8,000 16.9 66 11.4 37.8 

10,000 16.6 66 11.9 39.6 

2.7 9.1 
3.0 9.9 
3.1 10.3 
3.2 10.6 

Ceeium-137 6.6 21.6 4.8 15.7 1.6 6.3 
Cobalt-60 12 40 6.2 20.6 2.1 6.9 

Radium 16.6 66 6.9 23.4 2.2 7.4 

Rectater, September, 1982, No. 321 



HEAL TH AND SOCIAL SERVICES 446-89 
BSS 1117 

Table 24 - Selected gamma-ray sources 

Radionuclide Atomic Hall 
Number Life 

Ceaium-137 65 27y 

Ccbalt-60 27 6.24y 

Gold-198 79 2.7d 

Iridium-192 77 74d 

Radium-226 88 1622y 

Ball-Value Layer• Tenth-VaJue Layer• 

Gamma Concrete Steel Lead Concrete Steel Lead 
Energy 
MeV 

cm cm cm cm cm cm 

0.66 4.8 1.6 0 .65 16.7 6.3 2.1 

1.17, 6.2 2.1 1.20 20.6 6.9 4.0 
1.33 

0.41 4.1 0.33 13.6 1.1 

0.13 4 .3 1.3 0 .60 14.7 4 .3 2.0 
to 1.06 

0.047 6.9 2.2 1.66 23.4 7.4 6.6 
to 2.4 

• Approximate values obtained with large attenuation. 

Specltlc 
Gamma

Ray 
Conatant b 
R cm2 per 

mClh 

3.2 

13 

2.32 

6.0 

8.26 c 

b These values 888ume that g81Dilla absorption in the source is negligible. Value in R per millicurie-hour at 1 cm 
can be converted to R per Ci-h at 1 meter by multiplying the number in this column by 0.10 

•This value assumes that the source is sealed with a platinum capsule (0.6 mm wall thickness), with units of R per 
mg hat 1 cm. 
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APPENDIX B 

SHIELDING REQUIREMENTS 

Table 1 - Shielding requirements for dental offices and adjacent 
areas for 70 KVP operation 

Table 2 - Shielding requirements for dental offices and adjacent 
areas for 100 KVP operation 

Rogbi.11•, S6JJtembnr, 1982, No. 321 
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Table 1 
SHIELDING REQUIREMENTS FOR DENTAL OFFICES AND ADJACENT AREAS FOR 

70 KVP OPERATION 

Distance From Tube to Occupied Area 

Workload Type of Area to be Name of Barrier 3 feet 5 feet 7 feet IO feet U. feet 
Protected 

mm mm mm mm mm 
Controlled Primary ......... Wall .............................. 0.25 0.15 0.1 0.05 0.0 

Floor or ceiling ........... 0.1 0.05 0.0 0.0 0.0 
1,200 ma-sec/wk. Controlled Secondary ..... Wall, floor or ceiling .. 0.05 0.0 0.0 0.0 0.0 
or 12-2 second 
exposures/ day at 
10 ma 

Uncontrolled Primary ..... Wall .............................. 0.55 0.4 0.3 0.25 0.2 
Floor or ceiling ........... 0.35 0.25 0.2 0.1 0.05 

Uncontrolled Secondary Wall, floor or ceiling .. 0.25 0.15 0.1 0.05 0.0 

Controlled Primary ......... Wall .............................. 0.3 0.2 0.15 0.1 0.05 
Floor or ceiling ........... 0.15 0.1 0.05 0.0 0.0 

2,500 ma-sec/wk. Controlled Secondary ..... Wall, floor or ceiling .. 0.1 0.0 0.0 0.0 0.0 
or 25---2 second 
exposures/ day at 
10 ma 

Uncontrolled Primary ..... Wall .............................. 0.7 0.5 0.4 0.3 0.25 
Floor or ceiling ........... 0.45 0.3 0.25 0.2 0.1 

Uncontrolled Secondary Wall, floor or ceiling .. 0.3 0.2 0.15 0.1 0.05 

Controlled Primary ......... Wall .............................. 0.4 0.3 0.2 0.15 0.1 
Floor or ceiling ........... 0.25 0.15 0.1 0.05 0.0 

5,000 ma-sec/wk. Controlled Secondary ..... Wall, floor or ceiling .. 0.15 0.1 0.0 0.0 0.0 
or 50--2 second 
exposures/ day at 
10 ma 

Uncontrolled Primary ..... Wall .............................. 0.8 0.65 0.5 0.4 0.3 
Floor or ceiling ........... 0.6 0.4 0.3 0.25 0.2 

Uncontrolled Secondary Wall, floor or ceiling .. 0.4 0.3 0.2 0.15 0.1 
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Table 2 
SHIELDING REQUIREMENTS FOR DENTAL OFFICES AND ADJACENT AREAS FOR 

100 KVP OPERATION 

Distance From Tube to Occupied Area 

Workload Type of Area to be Name of Barrier 3 feet 5 feet 7 feet 10 feet 1' feet 
Protected 

mm mm mm mm mm 
Controlled Primary ......... Wall .............................. 0.4 0.2 0.1 0.0 0.0 

Floor or ceiling ........... 0.16 0.05 0.0 0.0 0.0 
600 ma-sec/wk. or Controlled Secondary ..... Wall, floor or ceiling .. 0.0 o.o 0.0 0.0 0.0 
10--1 second 
exposures/ day at 
10 ma 

Uncontrolled Primary ..... Wall .............................. 1.0 0.7 0.5 0.35 0.25 
Floor or ceiling ........... 0.65 0.36 0.26 0.15 0.05 

Uncontrolled Secondary Wall, floor or ceiling .. 0.4 0.2 0.1 0.0 0.0 

Controlled Primary ......... Wall .............................. 0.55 0.35 0.2 0.1 0.0 
Floor or ceiling ........... 0.25 0.1 0.0 0.0 0.0 

1,000 ma-sec/wk. Controlled Secondary ..... Wall, floor or ceiling .. 0.1 0.0 0.0 0.0 0.0 
or 20--1 second 
exposures/ day at 
10 ma 

Uncontrolled Primary ..... Wall .............................. 1.2 0.9 0.7 0.6 0.35 
Floor or ceiling ........... 0.8 0.5 0.35 0.25 0.15 

U ncontlolled Secondary Wall, floor or ceiling .. 0.55 0.35 0.2 0.1 0.0 

Controlled Primary ......... Wall .............................. 0.7 0.4 0.3 0.15 0.05 
Floor or ceiling ........... 0.35 0.15 0.1 0.0 0.0 

2,000 ma-sec/wk. Controlled Secondary ..... Wall, floor or ceiling .. 0.16 0.05 0.0 0.0 0.0 
or 40-1 second 
expoeuree/ day at 
lOma 

Uncontrolled Primary ..... Wall .............................. 1.35 1.0 0.85 0.6 0.45 
Floor or ceiling ........... 0.9 0.65 0.45 0.3 0.2 

Uncontrolled Secondary Wall, floor or ceiling .. 0.7 0.4 0.3 0.15 0.05 
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Wisconsin Department of Health and Social Services 
CURRENT OCCUPATIONAL EXTERNAL RADIATION EXPOSURE 

See Instructions on the Back 

1, NAME (P'RINT-l.AST, P'IMT, AND MI00....11:) 

:!I DATE OF Bl"TH (MOHTH, DAY, 'l'~ft) 

ANKLQ.) 

'5 DQSE RECORDED FOR (91'CC"Y:WHOL11: l!IOOY: SKIN OF 1 · 
WHCl..IE 900'!' ; 011 HAND$ AND ,.Dl'IEAAM9, l'lllE'T ANO 

Ill, P'ERIOD 01" EXPOSURE 
(F..OM-TO) 

I . X•RAV OR 
GAMMA 

IDENTIFICATION 

OCCUPATIONAL EXPOSURE 

PERMISSIBLE DOSE AT BEGINNING OF I ' 
PERIOD COVERED BY THIS SHEET 

10 BrTA 

LIFETIME ACCUMULATl:O OOSE 

2.. 90CIAL SECURITY NO. 

•· AQI: IN FULL Yl!ARS (N) 

METHOD 01' MONITORING (ll ,G., FILM BAOOlt-FB 
POCIUT CHAM•IEA-PC; CALGVLATION9--CALC) 

X·RAY OR OAM.fT,"-------

BETA-- NEUTRONS-

13 RUNNING TOTAL FOR 
CALENDAR QUARTER 
(11~) 

t • r•u:v1ous 'fljlYAI. I IS, TOTAL OOSIE RECOftDED, ,. TOTAL ACCUMULATED 11. f'O.M. A CC. OOlll: 
ON THI$ lllHECT DOSE 

"'"" ARI ,....i.j 5(N-18)-

19, NAME OF LICENSEll!: OR REGISTRANT 

RADIATION PROTECTION SECTION 
DIVISION OF HEALTH 
P.O.BOX309 
MADISON, WISCONSIN 58701 
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446-94 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

INSTRUCTIONS FOR PREPARATION OF FORM RAD-A 
The prepnroti<>n nnd tU1fokeeping ufthl& form or n clear nnd legible roeord C(>roltJ.ining all t be informu

tion roquirod on ihle form, ls required purs unnL to "· HSS 157.12 (5) (a) of tire Radiation Protoclion 
Code o• o cw:rent record or oocuputionol Q][tcrnal radlntiou e"posurea. Such o record must be mnintniJ1ed 
for each individual ror whom por•onnol m"niloring is required 1~nder •· HSS 157.12 (3) (b). Noto thnl u 
eoparote copy or thia form ill Lo bo usod ror rcc9rding •»<Lerna! expoaur tow.hole body; nnd ekin of w.hole 
body; or hand• und foronrDJll, foot and onklos BB provided by lrom 5 below. Li•tcd below by item ore 
inst.roctiorui nnd oddltionnl information direcUy pnrtinenl to completing thla Corm. 

IDENTIFICATION 
Item l. Self-explanatory. 

Item 2. Self-explanatory except that, if individual has no social security number, the word unone" shall 
be inserted. 

Item 3. Self-explanatory. 

Item 4. Enter the age in full years. This ie ca1Ied "N" when used in calculating the Maximum Permissi
ble Dose. N is equal to the number of years of age of the individual on hie last birthday. 

OCCUPATIONAL EXPOSURE 
Item 5. Use separate form to record exposure to whole body; skin of whole body; hands and forearms, 
feet 11Dd ·ankl pacify il1 Item 6. 

Ii nn indiYidunl roceivi;>.• n rndia~iun dooe to tho akiu of tho whole h dy from radiaLion of halt-value 
layer le•• than 6 om. of Llo•u , Lhe dose 1.0 I.he a kin of the wholu body ~hould bo r9"orded on e soporulA> 
form, unloae th dOHe to U10 ttk.in of th whole bc>dy a• iudlcnLed by pel'ilonnru monitoring devices hBH been 
tnch1dcd l1Jl dose 1.o Lh e whofo bouy nn n fornl maintained for rcl'ord ng whple body xpoou rea. 

lf an ll1dividual receivns u rndiati<>n do•o to the hu.ndn and foruorfllJJ; or fo L nnd llllkioo, tho doso to 
thoBO. portion,; of tho body &ll\luld ho recorded on ll6]>111'l1Le formn unle&ll tho d08e to ilimul parts of lhe 
body ae indicated by pe,.onuol monitoring dovicas hnv ll<lc11 included 1111 doae11 to the whole body on a 
follD maintained for re ording whole body expasmc. 

"I;>oae lo ll>u wholu body'' ahuJJ be d~omed Lo lncln<lo uny doBo to Lhe whDle budy, gonndo, n tivu blood
forming or&nns, head and l.rtUl.k, r lom1 of eye. 

Item 6. The permissiblo doso io 1'1kon from (n) pruviouK re<•cml" or c~poauro rac:<>rdnd by the licensee or 
registrant (i.e., Item 18of n previou8 Fom1 RAO-A) ; ur If Lh&Iicensee or rogi•tranl. ohooeee not to refer to 
the previous exposure, Lhe whole body dORo munt. bo llinlLOd to l.25 rem por quarter. 

Item 7. Indicate the method used for monitoriTJg the ind ivldunl'• axpoauru LO 11Rcl1 type of radiation to 
which he is exposed in I.he ~<)trr8C of his duUos. Abhruviation~ mJ>,Y be osad. 

Item 8. ThB porh•d of e•J><>tture s hould np.,cify lhc dny tho mcrumr mcnt of f.btil oxpooure wua iuitintod 
ond the day ml whicl1 it WlUI I• rmlnnlcd. For c:uunple, a Ulm bodgo is1med Mondoy morning, Augullt 4, 
L980, ond picked up FridAY. AUJltlllt tfi, 1080, w uJd be indlcotod 11.R 814/80-8/ 15/BO. 
Items 9, 10 Bnd ll. Selr-c"Plnnolory. 'T'he vnlues art' to be given h1 rem. All meaeuremeuLB nra to be 
interpreted in the bllAt m thocl knowu. A descriplioa of tho mcth<:>d of nnaly.ring tho monitor:iu11 rooulta in 
toane of dose Is U) bo malnLainc<l in conj11nctin11 wlU. these roc:orcls. In llllY cnoa whore the dooo for a 
o:nletidar gunrter U. lcoo Lh11u 10 ~'1. nf the vll.luo •pocified in Tobit' J, Apper<dix A, the phrt1Be "h>YR tbm1 
10 , " rnny h u:nLcted h• liou of a numaricnl valu 

Item 12. Add the values under Items 9, 10 and 11 for each period of exposure and record the total. In 
calculating the "Total" any entry "lees than 10%" may be disregarded. 

Item 13. The running total is to be maintained on the basis of calendar quarters. 

LIFETIME ACCUMULA'rED DOSE (whole body) 
Note: rr lho llccMoe ur rC[fiBl.rnn'L chOOll•• lo lmcp Lim individual'• xp< .. ure lmlow that pel"llllltc\d in 

Tobie 1, App~nd1'x A, ltem• 14 throu11h Ill oood not be uompleted. However, in 1.hnL Cllllo tbu tot.al whole 
body dose for en b aaleudsr qum:ter r eorded iu I tom l3 ohould not exet1od 1 Y.o rem"" indicaU.d in ltem 6. 
Complet6ltmnu ld thro11gh 18 when l.lody o l' record in full. Volu"" in Column 13, when In the middle of 
the cal ndar qunrtcr, and Ii.cm 18 mowt ho brought torword to next shoot .Cor <mch indivldwol, 

II.em 14. Enter Lhn previous totu.l accumulntud dol\O Crom pr vious dooo racordB for the lndividwtl (e.g .. 
Item 16 if Form RAD-A.) 

Item 15. Enter the sum of all totals under Item 12. 

Item 16. Add Item 14 and Item 15 and enter that sum. 

Item 17. Obtain the Permissible Accumulated Dose (MPD) in rem for the WHOLE BODY. Use the 
value for N from Item 4. Subtract 18 from N and multiply the difference by 5 rem (e.g., John Smith, Age 
32: N = 32, MPD = 5 (32 - 18) = 70 rem). 

Item 18. Determine the Permissible Dose by subtracting Item 16 from Item 17. The Permissible Dose is 
that portion of the Lifetime Accumulated Dose for the individual remaining at the end of the period 
covered by this sheet. 

Item 19. Self-explanatory. 
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HEALTH AND SOCIAL SERVICES 446-95 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Background 
(See notes at end of appendiJ<) 

Element Isotope 1 Table I Table II 
(atomic number) 

Column 1 Column2 Column 1 Column 2 

Air Water Air Water 
(µc/ml) (µc/ml) (/le/ml) ( µc/ml) 

Actinium (89) ............. Ac 227 s 2X10- 12 6Xl0-5 8Xl0- 14 2X10-6 

I 3Xl0- 11 9Xl0-3 9X10- 13 3X10-4 

Ac 228 s 8X10-8 3X10-3 3X10-9 9X10-5 

I 2X10-8 3X10-3 6X10- 10 9X10-5 

Americium (95) .......... Am 241 s 6X10- 12 lXlO-4 2Xl0- 13 4Xl0-6 

lXlO- 10 8X10-4 4X10- 12 2X10-5 

Am 242m s 6X10- 12 lXlO-4 2X10- 13 4X10-6 

I 3Xl0- 10 3X10-3 9X10- 12 9X10-5 

Am 242 s 4X10-8 4Xl0-3 lXlO-9 lXlO-• 
I 5X10-8 4X10-3 2X10-9 lXlO-4 

Am 243 s 6X10- 12 lXlO-4 2X10- 13 4Xl0-6 

I lXlO- 10 8Xl0-4 4X10- 12 3X10-5 

Am 244 s 4X10-6 lXlO- 1 lXlO-7 5X10-3 

I 2X10-5 lXlO- 1 8Xl0-7 5X10-3 

Antimony (51) ............ Sb 122 s 2X10-7 8X10-4 6Xl0-9 3X10-5 

I lXlO-7 8Xl0-4 5X10-9 3Xl0-5 

Sb 124 s 2Xl0-7 7X10-4 5X10-9 2X10-5 

I 2Xl0-8 7X10-• 7X10- 10 2Xl0-5 

Sb 125 s 5Xl0-7 3X10-3 2X10-8 lXlO-4 

3X10-8 3X10-3 9Xl0- 10 lXlO-4 

" A 37 Sub2 6Xl0-3 4 Argon (18) ··················· lXlO-
A 41 Sub 2X10-6 4X10-8 

Arsenic (33) ................ As 73 s 2X10-6 lXlO-2 7X10-8 5X10-4 

I 4Xl0-7 lXlO-2 lXlO-8 5Xl0-4 

As 74 s 3X10-7 2X10-3 lXlO-8 5Xl0-5 

I lXlO-7 2Xl0-3 4X10-9 5Xl0-5 

As 76 s lXlO-7 6Xl0-4 4X10-9 2Xl0-5 

As 77 s 5X10-7 2Xl0-3 2X10-s 8X10-5 

I 4X10-7 2Xl0-3 lXlO-8 8Xl0-5 

Astatine (85) ............... At 211 s 7Xl0-9 5Xl0-5 2Xl0- 10 2X10-6 

I 3Xl0-8 2X10-3 lXlO-9 7X10-5 

Barium (56) ................ Ba 131 s lXlO-8 5Xl0-3 4X10-8 2Xl0-4 

I 4X10-7 5Xl0-3 lXlO-8 2Xl0-4 

Ba 140 s lXlO-7 8X10-4 4X10-9 3Xl0-5 

I 4X10-8 7Xl0-4 lXlO-9 2Xl0-5 

Berkelium (97) ........... Bk 249 s 9Xl0- 10 2X10-2 3X10- 11 6Xl0-4 

lXlO-7 2Xl0-2 4Xl0-9 6Xl0-4 

Bk 250 s lXlO-7 6Xl0-3 5Xl0-9 2Xl0-4 

I lXlO-6 6X10-3 4Xl0-8 2Xl0-4 

Beryllium (4) .. , ........... Be 7 s 6Xl0-6 5Xl0-2 2Xl0-7 2X10-• 
lXlO-6 5Xl0-2 4Xl0-8 2Xl0-3 

Bismuth (83) .............. Bi 206 s 2X10-7 lXlO-3 6Xl0-9 4X10-5 

I lXlO-7 lXlO-3 5Xl0-9 4X10-5 

Bi 207 s 2Xl0-7 2Xl0-3 6Xl0-9 6Xl0-5 

I lXlO-8 2Xl0-3 5X10- 10 6X10-5 

Bi 210 s 6X10-9 lXlO-3 2Xl0- 10 4X10-5 
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446-96 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Background 
(See notes at end of appendix) 

Element Isotope 1 Table I Table II 
(atomic number) 

Column 1 Column2 Column 1 Column2 

Air Water Air Water 
(µc/ml) (µc/ml) (µc/ml) (µc/ml) 

I 6Xl0-• lXlO-3 2Xl0- 10 4Xl0-5 

Bi 212 s lXlO- 7 lXlO-2 3X10-9 4Xl0-4 

I 2Xl0-7 lXlO-2 7Xl0-• 4Xl0-4 

Bromine (35) .............. Br 82 s lXlO-6 8Xl0-3 4Xl0-8 3Xl0-4 

I 2Xl0-7 lXlO-" 6Xl0-9 4Xl0-5 

Cadmium (48) ............ Cd 109 s 5Xl0-8 5Xl0-3 2Xl0-• 2Xl0-4 

I 7Xl0-8 5Xl0-3 3Xl0-9 2Xl0-4 

Cd 115m s 4Xl0-8 7Xl0-4 lXlO-• 3Xl0-5 

I 4Xl0-8 7Xl0-4 lXlO-• 3Xl0-5 

Cd 115 s 2Xl0-7 lXlO-3 8Xl0-• 3Xl0-5 

I 2Xl0-7 lXlO-3 6Xl0-• 4Xl0-5 

Calcium (20) ............... Ca 45 s 3Xl0-8 3Xl0-4 lXlO-• 9Xl0-6 

I lXlO-7 5Xl0-3 4Xl0-• 2Xl0-4 

Ce 47 s 2Xl0-7 lXlO-3 6Xl0-• 5Xl0-5 

I 2Xl0-7 lXlO-3 6Xl0-• 3Xl0-5 

Californium (98) ........ Cf 249 s 2Xl0- 12 lXlO-4 5Xl0- 14 4Xl0-• 
I lXlO- 10 7XIO-4 3Xl0- 12 2Xl0-5 

Cf 250 s 5Xl0- 12 4Xl0-4 2Xl0- 13 lXlO-6 

I lXlO- 10 7Xl0-4 3Xl0- 12 3Xl0-5 

Cf 251 s 2Xl0- 12 lXlO-4 6Xl0- 14 4Xl0-• 
I lXlO- 10 8Xl0-4 3Xl0- 12 3Xl0-5 

Cf 252 s 2Xl0- 11 7Xl0-4 7Xl0- 13 2Xl0-5 

I lXlO- 10 7Xl0-4 4x10- 12 2Xl0-• 
Cf 253 s 8Xl0- 10 4Xl0-3 3Xl0- 11 lXlO-4 

I 8Xl0- 10 4Xl0-3 3Xl0- 11 lXlO-4 

Cf 254 s 5Xl0- 12 4Xl0-• 2Xl0- 13 lXlO-7 

I 5Xl0- 12 4Xl0-8 2Xl0- 13 lXlO-7 

Carbon (6) ············· ····· c 14 s 4Xl0-6 2Xl0-2 lXlO-7 8Xl0-4 

(CO,) Sub 5Xl0-5 lXlO-6 

Cerium (58) ................ Ce 141 s 4Xl0-7 3X10-3 2x10-8 9X10-5 

I 2Xl0-7 3Xl0-3 5Xl0-• 9Xl0-5 

Ce 143 s 3Xl0-7 lXlO-3 9Xl0-• 4Xl0-5 

I 2Xl0-7 lXlO-3 7Xl0-• 4Xl0-5 

Se 144 s lXlO-8 3Xl0-4 3Xl0- 10 lXlO-5 

I 6Xl0-• 3Xl0-4 2Xl0- 10 lXlO-5 

Cesium (55) ..... ........... Cs 131 s lXlO-5 7Xl0-2 4X10-7 2Xl0-3 

I 3Xl0-• 3X10-2 1X10-7 sx10-• 

Cs 134m s 4Xl0-5 2X10- 1 lXlO-6 6Xl0-3 

I 6Xl0-6 3Xl0-2 2Xl0-7 lXlO-3 

Cs 134 s 4Xl0-8 3Xl0-4 lXlO-9 9Xl0-6 

lXlO-6 lXlO-3 4Xl0- 10 4Xl0-5 

Ce 135 s 5Xl0-7 3Xl0-3 2Xl0-8 lXlO-4 

I sx10-8 7Xl0-3 3Xl0-• 2Xl0-4 

Ce 136 s 4Xl0-7 2Xl0-3 lXlO-• 9X10-5 
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HEALTH AND SOCIAL SERVICES 446-97 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Nat>Ual Background 
(See notes at end of appendiI) 

Element Isotope 1 Table I Table II 
(atomic nUJ~ber) 

Column 1 Column 2 Column 1 Column 2 

Air Water Air Water 
(µc/ml) (µ c/ml) (µc/ml) (µ c/ml) 

I 2X10-7 2X10-3 6X10-9 6X10-5 

Ce 137 s 6Xl0-8 4X10-4 2x10-• 2X10-5 

I lXlO-8 lXlO-3 6X10- 10 4X10-5 

Chlorine (17) .............. Cl 36 s 4X10-7 2X10-3 1Xl0-8 8X10-5 

I 2X10-8 2X10-3 8Xl0- 10 6X10-5 

Cl 38 s 3X10-6 lXlO-2 9X10-8 4X10-4 

I 2Xl0-8 lXlO-2 7X10-8 4X10-' 
Chromium (24) ........... s lXlO-5 6X10-2 4X10-7 2X10-3 

I 2X10-8 6Xl0-2 8X10-8 2Xl0-3 

Cobalt (27) .................. Co 57 s 3X10-6 2Xl0-2 lXlO-7 6Xl0-' 
I 2X10-7 1Xl0-2 6Xl0-• 4X10-4 

Co 68m s 2X10-5 8X10-2 6X10-7 3Xl0-3 

I 9X10-6 6Xl0-2 3X10-7 2X10-3 

Co 58 s 8X10-7 4Xl0-3 3X10-8 1X10-4 

I 6X10-8 3X10-3 2X10-• 9Xl0-5 

Co 60 s 3X10-7 1X10-3 lXlO-8 6X10-5 

I 9X10-9 1Xl0-3 3Xl0- 10 3Xl0-5 

Copper (29) ................ Cu 64 s 2Xl0-6 lXlO-2 7Xl0-8 3X10-' 
I lXlO-6 6Xl0-3 4Xl0-8 2Xl0-4 

Curium (96) ................ Cm 242 s lXlO- 10 7Xl0-4 4X10- 12 2X10-5 

2x10- 10 7X10-' 6X10- 12 3x10-' 

Cm 243 s 6X10- 12 lXlO-' 2Xl0- 13 6X10-6 

I lXlO- 10 7X10-' 3X10- 12 2Xl0-5 

Cm 244 s 9X10- 12 2X10-4 3x10- 12 7Xl0-3 

I lXlO- 10 8X10-• 3X10- 12 3X10-5 

Cm 246 s 5X10- 12 lXlO-4 2Xl0- 13 4X10-6 

I lXlO- 10 8Xl0-' 4Xl0- 12 3Xl0-5 

Cm 246 s 6X10- 12 lXlO-• 2Xl0- 13 4X10-6 

I lXlO- 10 8Xl0-4 4X10- 12 3Xl0-5 

Cm 247 s 6X10- 12 lXlO-' 2X10- 13 4Xl0-8 

I lXlO- 10 6X10-4 4X10- 12 2X10-5 

Cm 248 s 6X10- 13 lXlO-5 2X10- 14 4Xl0-7 

I lXlO- 10 4X10-5 4Xl0- 13 lXlO-6 

Cm 249 s lXlO-5 6X10-2 4Xl0-7 2X10-3 

I lXlO-5 6Xl0-2 4X10-7 2Xl0-3 

Dysprosium (66) ........ Dy 165 s 3X10-8 lXlO-2 9X10-6 4X10-4 

I 2Xl0-6 lXlO-2 7X10-8 4X10-• 
Dy 166 s 2Xl0-7 lXlO-3 8Xl0-• 4X10-5 

I 2X10-7 lXlO-3 7X10-• 4Xl0-5 

Einsteinium (99) ........ Ee 253 s 8Xl0- 10 7Xl0-' 3x10- 11 2Xl0-5 

6Xl0- 10 7Xl0-• 2X10- 11 2Xl0-5 

Ee 254m s 5Xl0-• 5Xl0-' 2X10- 10 2Xl0-5 

I 6Xl0-9 5X10-' 2X10- 10 2x10-5 

Ee 254 s 2X10- 11 4X10-• 6Xl0- 13 lXlO-5 
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446-98 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Background 
(See notes at end of appendix) 

Element Isotope 1 Table I Table II 
(atomic number) 

Column 1 Column 2 Column 1 Column 2 

Air Water Air Water 
(µc/ml) (µc/ml) ( µc/ml) ( µc/ml) 

I lXlO- 10 4X10-4 4X10- 12 lXlO-5 

Es 255 s 5X10- 10 8X10-4 2X10- 11 3X10-5 

I 4X10- 10 8X10-4 lXlO- 11 3X10-5 

Erbium (68) ................ Er 169 s 6Xl0-7 3X10-3 2X10-• 9X10-5 

I 4X10-7 3X10-3 lXlO-• 9X10-5 

Er 171 s 7X10-7 3X10-3 2X10-• lXlO-4 

I 6X10-7 3X10-3 2X10-• lXlO-4 

Europium (63) ............ Eu 152 s 4X10-7 2X10-3 lXlO-• 6X10-5 

(T/2=9.2 hrs) I 3X10-7 2X10-3 lXlO-• 6X10-5 

Eu 152 s lXlO-• 2X10-3 4X10- 10 8X10-5 

(T/2=13 yrs) 2X10-• 2X10-3 6X10- 10 8X10-5 

Eu 154 s 4X10-9 6X10-4 lXlO- 10 2X10-5 

I 7X10-9 6Xl0-4 2Xl0- 10 2Xl0-5 

Eu 155 s 9Xl0-• 6X10-3 3X10-9 2X10-4 

7X10-• 6X10-3 3Xl0-9 2X10-4 

Fermium (100) ........... Fm 254 s 6X10-• 4X10-3 2X10-9 lXlO-4 

7X10-• 4X10-3 2X10-9 lXlO-4 

Fm 255 s 2X10-• lXlO-3 6X10- 10 3X10-5 
; • 3 10 5 I lXlO- lXlO- 4X10- 3X10-

Fm 256 s 3X10-9 3X10-5 lXlO- 10 9X10-7 

I 2X10-9 3X10-5 6Xl0- 11 9X10-7 

Fluorine (9) ................ F 18 s 6X10-6 2X10-2 2X10-7 8X10-4 

I 3X10-6 lXlO-2 9X10-• 5X10-4 

Gadolinium (64) ......... Gd 153 s 2X10-7 6X10-3 8X10-9 2X10-4 

I 9X10-• 6X10-3 3X10-9 2X10-4 

Gd 159 s 5X10-7 2X10-3 2X10-• 8X10-5 

4X10-7 2X10-3 lXlO-• 8X10-5 

Gallium (31) ............... Ga 72 s 2X10-7 lXlO-3 8X10-9 4X10-5 

I 2X10-7 lXlO-3 6X10-9 4X10-5 

Geranium (32) ............ Ge 71 s lXlO-5 5X10-2 4X10-7 2X10-3 

I 6X10-6 5X10-2 2X10-7 2Xl0-3 

Gold (79) ..................... Au 196 s lXlO-6 5X10-3 4X10-• 2X10-4 

I 6X10-7 4X10-3 2X10-• lXlO-4 

Au 198 s 3X10-7 2X10-3 lXlO-• 6X10-5 

2X10-7 lXlO-3 8X10-9 5X10-5 

Au 199 s lXlO-6 5X10-3 4X10-• 2X10-4 

I 8X10-7 4X10-3 3X10-• 2X10-4 

Hafnium (72) .............. Hf 181 s 4X10-• 2X10-3 lXlO-9 7X10-5 

I 7Xl0-• 2Xl0-3 3X10-9 7X10-5 

Holmium (67) ............. Ho 166 s 2X10-7 9Xl0-4 7X10-9 3X10-5 

I 2X10-7 9X10-4 6Xl0-9 3X10-5 

Hydrogen (1) .............. H3 s 5X10-6 lXlO- 1 2X10-7 3X10-3 

5X10-6 lXlO- 1 2X10-7 3Xl0-3 

Sub 2X10-3 4X10-5 
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HEAL TH AND SOCIAL SERVICES 446-99 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Backirround 
(See notes at end of appendi,.) 

Element Isotope 1 Table I Table II 
(atomic number) 

Column 1 Column2 Column 1 Column 2 

Air Weter Air Water 
(µc/ml) (µc/ml) (µc/ml) (µc/ml) 

Indium (49) ................ ln113m s 8X10-6 4X10-2 3X10-7 lXlO-3 

I 7X10-6 4X10-2 2X10-7 lXlO-3 

ln114m s lXlO-7 6XIO-• 4Xl0-• 2X10-5 

I 2X10-• 5XIO-• 7X10- 10 2XIO-5 

In 115m s 2X10-6 lXlO-2 8Xl0-• 4X10-• 
I 2XIO-6 lXlO-2 6X10-• 4XIO-• 

In 115 s 2Xl0-7 3X10-3 9X10-• 9X10-5 

I 3Xl0-• 3Xl0-3 lXlO-9 9Xl0-5 

Iodine (53) .................. I 125 s 5XIO-9 4XIO-5 8X10- 11 2Xl0-7 

I 2Xl0-7 6XIO-3 6X10-• 2Xl0-• 
I 126 s 8XIO-9 5X10-5 9Xl0- 11 3Xl0-7 

I 3X10-7 3Xl0-3 lXlO-• 9X10-5 

I 129 s 2x10-9 lXlO-5 2x10- 11 6X10-• 
I 7X10-• 6Xl0-3 2X10-9 2Xl0-• 

I 131 s 9Xl0-• 6Xl0-5 lXlO- 10 3Xl0-7 

I 3X10-7 2X10-3 lXlO-8 6XIO-• 
I 32 s 2X10-7 2X10-3 3Xl0-• 8Xl0-6 

9Xl0-7 5Xl0-3 3X10-8 2XIO-• 
I 133 s 3XIO-8 2Xl0-• 4X10- 10 lXIO-6 

2X10-7 1Xl0-3 7XIO-9 4X10-5 

I 134 s 5X10-7 4X10-3 6X10-9 2X10-5 

Iodine (63) .................. I 134 I 3X10-6 2X10-2 lXlO-7 6X10-• 
I 135 s lXlO-7 7X10-• lXlO-9 4Xl0-• 

4X10-7 2Xl0-3 lXlO-8 7Xl0-5 

Iridium (77) ................ Ir 190 s lXlO-6 6Xl0-3 4Xl0-• 2Xl0-• 
I 4Xl0-7 6Xl0-3 lXlO-• 2XIO-• 

Ir 192 s 1Xl0-7 lXlO-3 4Xl0-• 4X10-5 

I 3X10-8 lXlO-3 9X10- 10 4Xl0-5 

Ir 194 s 2Xl0-7 lXlO-3 8X10-• 3X10-5 

I 2Xl0-7 9X10-• 6X10-• 3X10-5 

Iron (26) ...................... Fe 55 s 9X10-7 2Xl0-2 3X10-8 8Xl0-• 
I lXlO-5 7X10-2 3Xl0-8 2X10-3 

Fe 59 s lXlO-7 2Xl0-3 6X10-• 6X10-• 
5Xl0-8 2XIO-3 2X10-9 5X10-• 

Krypton (36) .............. Kr 85m Sub 6X10-6 lXlO-7 

Kr 85 Sub lXlO-5 3Xl0-7 

Kr 87 Sub lXlO-6 2X10-• 
Kr 88 Sub lXlO-6 2X10-• 

Lanthanum (57) ......... La 140 s 2XIO-7 7Xl0-• 6X10-• 2X10-• 
I lXlO-7 7X10-• 4Xl0-• 2x10-• 

Lead (82) .................... Pb 203 s 3XIO-6 lXl0-2 9X10-• 4X10-4 

I 2X10-6 lXlO-2 6X10-5 4X10-• 
Pb 210 s lXlO- 10 4X10-6 4X10- 12 lXlO-7 

2X10- 10 6X10-3 8X10- 12 2X10-• 
Register, September, 1982, No. 321 



446-100 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Background 
(See notea at end of appendix) 

Element Isotope 1 Table I Table II 
(atomic number) 

Column I Column2 Column l Column2 

Air Weter Air Weter 
(µc/ml) ( µc/ml) ( µc/ml) (µc/ml) 

Pb 212 s 2Xl0-8 6X10-4 6Xl0- 10 2X10-5 

I 2X10-8 5X10-4 7X10- 10 2Xl0-5 

Lutetium (71) ............. Lu 177 s 6Xl0-7 3Xl0-• 2X10-8 lXlO-4 

1 5X10-7 3X10-• 2X10-8 lXlO-4 

Manganese (25) .......... Mn 52 s 2X10-7 lXlO-• 7X10-9 3X10-5 

I lXlO-7 9Xl.0-4 5X10-9 3Xl0-5 

Mn 54 s 4X10-7 4X10-• lXlO-9 lXlO-4 

I 4X10-8 3X10-• lXlO-9 lXlO-4 

Mn56 s 8X10-7 4X10-• 3X10-8 lXlO-4 

I 5X10-7 3Xl0-• 2Xl0-8 lXlO-4 

Mercury (80) .............. Hg 197m s 7Xl0-7 6X10-• 3Xl0-8 2X10-4 

I 8X10-7 5X10-• 3Xl0-8 2X10-4 

Hg 197 s lXlO-6 9X10-• 4X10-8 3X10-4 

3X10-6 lXlO-2 9Xl0-8 5X10-4 

Hg 203 s 7X10-9 5X10-4 2X10-9 2X10-5 

lXlO-7 3X10-• 4X10-9 lXlO-4 

Molybdenum (42) ...... Mo 99 s 7X10-7 5X10-• 3X10-8 2X10-4 

2X10-7 lXlO-
, 

7X10-9 4X10-5 

Neodymium (60) ........ 1'ld 144 s 8Xl0- 11 2X10-• 3X10- 12 7X10-5 

3Xl0- 10 2X10-• lXlO- 11 8X10-5 

Nd 147 s 4X10-7 2X10-• lXlO-8 6X10-5 

I 2Xl0-7 2X10-• 8Xl0-9 6X10-5 

Nd 149 s 2X10-6 8X10-• 6X10-8 3X10-4 

I lXlO-• 8X10-• 5X10-8 3X10-4 

Neptunium (93) ......... Np 237 s 4X10- 12 9X10-5 lXlO- 13 3X10-6 

I lXlO- 10 9X10-4 4X10- 12 3X10-5 

Np 239 s 8X10-7 4X10-• 3Xl0-8 lXlO-4 

I 7X10-7 4X10-• 2X10-8 lXlO-4 

Nickel (28) .................. Ni 59 s 5X10-7 6X10-• 2X10-8 2Xl0-4 

I 8X10-7 6X10-2 3X10-8 2Xl0-• 
Ni 63 s 6X10-8 8X10-4 2X10-9 3X10-5 

I 3X10-7 2X10-2 lXlO-8 7X10-4 

Ni 65 s 9X10-7 4X10-• 3X10-8 lXlO-4 

5X10-7 3X10-• 2X10-8 lXlO-4 

Niobium 
(Columbium) (41) .... Nb93m s lXlO-7 lXlO-2 4X10-9 4X10-4 

I 2X10-7 lXlO-2 5X10-• 4X10-4 

Nb 95 s 5X10-7 3X10-• 2X10-8 lXlO-4 

I lXlO-7 3X10-• 3X10-9 lXlO-4 

Nb 97 s 6X10-6 3X10-2 2X10-7 9X10-4 

I 5X10-6 3X10-2 2X10-7 9X10-4 

Osmium (76) ............... Os 185 s 5X10-7 2X10-• 2X10-8 7X10-5 

5X10-8 2X10-• 2X10-9 7X10-5 

Os 191m s 2X10-5 7X10-2 6X10-7 3X10-• 
Register, September, 1982, No. 321 



HEALTH AND SOCIAL SERVICES 446-101 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

ConcentratloD.B in Air and Water Above Natural Baclqround 
(See notes at end of appendi,.) 

Element Isotope 1 Table I Table II 
(atomic number) 

Column 1 Column 2 Column l Column 2 

Air Water Air Weter 
( µc/ml) ( µc/ml) (µc/ml) (µc/ml) 

9Xl0-6 7Xl0-2 3X10-7 2Xl0-3 

Os 191 s lXlO-6 5X10-3 4X10-6 2Xl0-4 

I 4Xl0-7 5X10-3 lXlO-• 2X10-• 
Os 193 ........................... s 4X10-7 2X10-3 lXlO-• 6Xl0-5 

I 3Xl0-7 2X10-3 9X10-9 5X10-5 

Palladium (46) ........... Pd 103 s lXlO-6 lXlO-2 5X10-• 3Xl0-• 
I 7X10-7 8X10-3 3X10-6 3X10-4 

Pd 109 s 6Xl0-7 3X10-3 2X10-• 9Xl0-5 

I 4X10-7 2X10-3 lXlO-6 7Xl0-5 

Phosphorus (16) ......... p 32 s 7Xl0-• 5X10-' 2X10-9 2Xl0-5 

I 8X10-6 7Xl0-• 3X10-9 2Xl0-5 

Platinum (78) ............. Pt 191 s 8Xl0-7 4X10-3 3X10-• lXlO-• 
I 6X10-7 3X10-3 2X10-• lXlO-4 

Pt 193m s 7X10-6 3X10-2 2Xl0-7 lXl0-3 

I 5X10-• 3X10-2 2Xl0-7 lXlO-3 

Pt l97m s 6X10-6 3X10-2 2X10-7 lXlO-3 

I 5Xl0-6 3X10-2 2X10-7 9Xl0-' 
Pt 197 s 8X10-7 4Xl0-3 3X10-• lXlO-• 

6Xl0-7 3X10-3 2X10-6 lXlO-' 
Plutonium (94) ........... Pu 238 s 2X10- 12 lXlO-' 7X10-" 5Xl0-• 

I 3X10- 11 8X10-' lXlO- 12 3Xl0-5 

Pu 239 s 2X10- 12 lXlO-• 6X10-" sx10-• 
I 4Xl0-" 8X10-' lXlO- 12 3Xl0-5 

Pu 240 s 2Xl0- 12 lXlO-' 6X10-" 6X10-6 

4Xl0-" 8X10-• lXlO- 12 3Xl0-5 

Pu 241 s 9X10- 11 7X10-3 3X10- 12 2Xl0-• 
I 4Xl0-• 4X10-2 lXlO-9 lXlO-3 

Pu 242 s 2Xl0- 12 lXlO-' 6Xl0-" sx10-" 
4X10-" 9X10-• lXlO- 12 3X10-5 

Pu 243 s 2X10-6 lXlO-2 6X10-• 3Xl0-• 
2Xl0-6 lXlO-2 8X10-• 3Xl0-• 

Pu 244 s 2X10- 12 lXlO-• 6X10-" 4X10-6 

I 3Xl0-" 3X10-• lXlO- 12 lXlO-5 

Polonium (84) ............ Po 210 s 5Xl0- 10 2Xl0-5 2X10- 11 7X10-7 

2Xl0- 10 sx10-' 7X10- 12 ax10-5 

Potasoium (19) ........... K 42 s 2Xl0-6 9X10-3 7X10-• 3Xl0-4 

I lXlO-7 6X10-• 4X10-9 2Xl0-5 

Praseodymium (59) ... Pr 142 s 2Xl0-7 9X10-' 7X10-9 3X10-5 

I 2Xl0-7 9Xl0-• 5X10-• 3Xl0-5 

Pr 143 s 3X10-7 lXlO-3 lXlO-• 5Xl0-5 

2Xl0-7 lXlO-3 6Xl0-9 5Xl0-5 

Promethium (61) ....... Pm 147 s 6Xl0-6 6X10-3 2x10-9 2Xl0-' 
I lXlO-7 6X10-3 3Xl0-9 2X10-• 

Pm 149 s 3Xl0-7 lXlO-3 lXlO-6 4X10-5 

Regioter, September, 1982, No. 321 



446-102 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations In Air and Water Above Natural Background 
(See note• at end of appendix) 

Element hotope 1 Table I Table JI 
(atomic number) 

Column 1 Column2 Column 1 Column2 

Air Water Air Water 
(µc/ml) (µc/ml) ( µc/ml) (µc/ml) 

2X10-1 lXlO-3 8Xl0-9 4X10-' 
Protoactinium (91) .... Pa 230 s 2X10-• 7X10-3 6Xl0- 11 2Xl0-4 

I 8X10- 10 7X10-3 3Xl0- 11 2Xl0-4 

Pa 231 s 1x10- 12 3X10-5 4X10- 14 9X10- 7 

I lXlO- 10 8Xl0-4 4Xl0- 12 2X10-' 
Pa 233 s 6X10-1 4Xl0-3 2Xl0-8 lXlO-4 

I 2X10-1 3X10-3 6X10-• lXlO-4 

Radium (88) ............... Ra 223 s 2X10-• 2Xl0-' 6X10- 11 7Xl0-1 

I 2x10- 10 lXlO-4 8X10- 12 4X10-8 

Ra 224 s 5X10-• 7Xl0-5 2X10- 10 2Xl0-6 

I 7X10- 10 2X10-4 2X10- 11 5XIO-6 

Ra 226 s 3X10- 11 4X10-1 3Xl0- 12 3XI0-8 

I 5X10- 11 9X10-4 2Xl0- 12 3Xl0-5 

Ra 228 s 7X10- 11 8Xl0-1 2Xl0- 12 3Xl0-8 

I 4Xl0- 11 7Xl0-4 lXlO- 12 3Xl0-' 
Radon (86) .................. Rn 220 s 3Xl0-1 lXlO-8 

Rn 222 s lXlO-1 3Xl0-• 
Rhenium (75) ............. 4 Re 183 s 3X10-6 2X10-2 9Xl0-8 6XI0-4 

I 2Xl0-1 8Xl0-3 5Xl0-• 3Xl0-4 

Re 186 s 6Xl0-1 3Xl0-3 2Xl0-8 9Xl0-' 
I 2Xl0-1 lXlO-3 8Xl0-9 5Xl0-' 

Re 187 s 9Xl0-6 7Xl0-2 3Xl0-1 3Xl0-3 

5X10-7 4Xl0-2 2Xl0-8 2X10-3 

Re 188 s 4Xl0-1 2Xl0-3 lXlO-8 6Xl0-' 
I 2Xl0-1 9Xl0-4 6Xl0-9 3X10-5 

Rhodium (45) ............. Rh 103m s 8Xl0-5 4Xl0- 1 3Xl0-6 lXlO-2 

I 6Xl0-' 3Xl0- 1 2Xl0-8 lXlO-2 

Rh 105 s 8X10-1 4Xl0-3 3Xl0-8 lXlO-4 

I 5Xl0-1 3Xl0-3 2Xl0-8 lXlO-4 

Rubidium (37) ............ Rh 86 s 3Xl0-1 2Xl0-3 lXlO-8 7Xl0-' 
I 7X10-8 7Xl0-• 2XIO-• 2Xl0-s 

Rb 87 s 5Xl0-1 3Xl0-3 2Xl0-8 lXlO-4 

7Xl0-8 5Xl0-3 2Xl0-9 2Xl0-4 

Ruthenium (44) ......... Ru 97 s 2Xl0-6 lXlO-2 8Xl0-8 4Xl0-• 
2Xl0-6 lXlO-2 6Xl0-8 3Xl0-4 

Ru 103 s 5Xl0-1 2Xl0-3 2Xl0-8 8X10-6 

I 8Xl0-8 2Xl0-3 3Xl0-9 8Xl0-' 
Ru 105 s 7Xl0-1 3Xl0-3 2Xl0-8 lXlO-4 

I 5Xl0-1 3Xl0-3 2Xl0-8 lXlO-4 

Ru 106 s 8X10-8 4Xl0-4 3x10-• lXlO-s 

I 6Xl0-9 3Xl0-4 2Xl0- 10 lXlO-' 
Samarium (62) ........... Sm 147 s 7X10- 11 2Xl0-3 2Xl0- 12 6Xl0-s 

I 3Xl0- 10 2Xl0-3 9Xl0- 12 7X10-' 
Sm 151 s 6X10-B lXlO-2 2X10-9 4Xl0-4 

Regioter, September, 1982, No. 321 



HEALTH AND SOCIAL SERVICES 446-103 
HSS 157 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Background 
(See notes at end of appendix) 

Element Isotope 1 Table I Table II 
(atomic number) 

Column l Column 2 Column l Column 2 

Air Water Air Water 
(µc/ml) (µc/ml) (µc/ml) ( µc/ml) 

lXlO-7 lXlO-2 5Xl0-• 4Xl0-• 
Sm 153 s 5Xl0-7 2Xl0-3 2Xl0-• 8Xl0-6 

I 4Xl0-7 2x10-3 lXlO-• 8Xl0-5 

Scandium (21) ............ Sc 46 s 2Xl0-7 1x10-' 8Xl0-9 4Xl0-5 

I 2Xl0-• lXlO-' 8Xl0- 10 4Xl0-5 

Sc 47 s 6Xl0-7 3Xl0-' 2Xl0-• 9Xl0-5 

I 5Xl0-7 3Xl0-' 2Xl0-8 9Xl0-6 

Sc 48 s 2Xl0-7 8Xl0-• 6Xl0-9 3Xl0-5 

I lXlO-7 8Xl0-4 5Xl0-9 3X10-6 

Selenium (34) ............. Se 75 s lXlO-6 9Xl0-3 4Xl0-6 3Xl0-• 
I lXlO-7 8Xl0-' 4Xl0-9 3Xl0-4 

Silicon (14) ................. Si 31 s 6Xl0-8 3Xl0-2 2Xl0-7 9Xl0-• 
I lXlO-6 6Xl0-3 3Xl0-8 2Xl0-4 

Silver ............................ Ag 105 s 6Xl0-7 3Xl0-' 2Xl0-8 lXlO-• 
I 8Xl0-8 3Xl0-3 3Xl0-• lXlO-4 

Ag llOm s 2Xl0-7 9Xl0-4 7Xl0-9 3Xl0-6 

I lXlO-8 9Xl0-4 3Xl0- 10 3Xl0-5 

Ag 111 s 3Xl0-7 lXlO-' lXlO-• 4Xl0-5 

2X10-7 lXlO-' 8Xl0-9 4Xl0-5 
; 

Sodium (11) ................ Na 22 s 2Xl0-7 lXlO-' 6Xl0-9 4X10-5 

9Xl0-9 9Xl0-• 3Xl0- 10 3Xl0-6 

Na 24 s lXlO-6 6Xl0-3 4X10-8 2X10-• 
I lXlO-7 8Xl0-• 5Xl0-9 3Xl0-5 

Strontium (38) ........... Sr 85m s 4Xl0-5 2X10- 1 lXlO-6 7Xl0-3 

I 3Xl0-5 2Xl0- 1 lXlO-• 7Xl0-3 

Sr 85 s 2Xl0-7 3Xl0-3 8Xl0-9 lXlO-4 

lXlO-7 5Xl0-3 4X10-9 2X10-4 

Sr 89 s 3Xl0-8 3Xl0-• 3Xl0- 10 3Xl0-• 
I 4Xl0-8 8Xl0-4 lXlO-9 3Xl0-5 

Sr 90 s lXlO-9 lXlO-5 3Xl0- 11 3Xl0-7 

I 5Xl0-9 lXlO-' 2X10- 10 4Xl0-5 

Sr 91 s 4Xl0-7 2Xl0-' 2Xl0-• 7Xl0-6 

I 3Xl0-7 lXlO-' 9Xl0-9 5Xl0-5 

Sr 92 s 4Xl0-7 2Xl0-' 2Xl0-8 7Xl0-6 

3Xl0-7 2Xl0-' lXlO-8 6Xl0-5 

Sulfur (16) .................. s 35 s 3Xl0-7 2Xl0-3 9X10-9 6Xl0-5 

I 3Xl0-7 8Xl0-' 9Xl0-9 3Xl0-4 

Tantslum (73) ............ Ta 182 s 4Xl0-8 lXlO-3 1Xl0-9 4Xl0-5 

I 2Xl0-8 lXlO-3 7X10- 10 4Xl0-5 

Technetium (43) ........ Tc 96m s 8Xl0-5 4Xl0- 1 3X10-6 lXlO-2 

3Xl0-5 3Xl0- 1 lXlO-6 lXlO-2 

Tc 96 s 6Xl0-7 3Xl0-3 2Xl0-8 lXlO-4 

I 2Xl0-7 lXlO-3 8Xl0-9 5Xl0-5 

Tc 97m s 2x10-• lXlO-2 8Xl0-8 4Xl0-4 

Register, September, 1982, No. 321 
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446-104 WISCONSIN ADMINISTRATIVE CODE 

I HSS 167 

STANDARDS FOR PROTECTION AGAINST RADIATION 

j APPENDIX D 

Concentration• in Air end Water Above Natural Background 
(See note• et end of appendix) I 

Element Isotope 1 Table I Table II I (atomic number) 

Column I Column2 Column 1 Column2 I 
Air Weter Air Weter l (µc/ml) (µc/ml) ( µc/ml) (µc/ml) 

I 2X10-7 6X10-3 5XI0-9 2x10-• 

Tc 97 s lXlO-5 5X10-2 4X10- 7 2X10-3 

I 3X10-7 2X10-2 1x10-8 8X10-4 

Tc 99m s 4X10-5 2X10- 1 1x10-• 6Xl0-3 

I IXlO-5 ex10-2 5Xl0-7 3Xl0-3 

Tc 99 s 2Xl0-6 lXlO-2 7X10-8 3X10-4 

6Xl0-8 6X10-3 2x10-9 2Xl0-4 

Tellurium (52) ............ Te 125m s 4X10-7 sx10-3 lXIO-8 2x10-' 

I lXlO-7 3X10-3 4Xl0-9 lXlO-4 

Te 127m s lXlO-7 2X10-3 sx10-• 6X10-5 

I 4X10-8 2X10-3 lXI0-9 5X10-5 

Te 127 s 2x10-• sx10-3 6Xl0-6 3Xl0-4 

I 9X10-7 5Xl0-3 3X10-8 2Xl0-4 

Te 129m s 8Xl0-6 lXlO-3 3X10-• 3Xl0-5 

I 3Xl0-8 6X10- 4 1x10-• 2Xl0-6 

Te 129 s 6Xl0-6 2x10-2 2X10-7 ex10-' 

4X10-6 2x10-2 lXlO-7 8Xl0-4 

Te 131m s 4X10-7 2X10-3 lXlO-8 6X10-5 

2Xl0-7 lXlO-3 6Xl0-9 4X10-5 

Te 132 s 2X10-7 9X10-4 7Xl0-9 3X10-5 

I lXlO-7 6X10-4 4X10-9 2X10-5 

Terbium (65) .. ............ Tb 160 s lXlO- 7 lXlO-3 sx10-• 4X10-6 

I 3X10-8 lXlO-3 1x10-• 4X10-5 

Thallium (81) ............. Tl 200 s 3Xl0-8 1x10-2 9X10-8 4X10-4 

I lXlO-6 7Xl0-3 4Xl0-8 2X10-4 

Tl 201 s 2Xl0-• 9X10-3 7Xl0-8 3Xl0-4 

I 9X10-7 5X10-3 3Xl0-8 2X10-4 

Tl 202 s 8Xl0-7 4X10-3 ax10-8 lXlO-• 
I 2Xl0-7 2x10-3 8Xl0-9 7X10-5 

Tl 204 s 6Xl0-7 3X10-3 2x10-• 1x10-' 

I 3Xl0-8 2X10-3 9X10- 10 6X10-6 

Thorium (90) .............. Th 228 s 9Xl0- 12 2x10-' 3X10- 13 7X10-6 

6Xl0- 12 4X10-4 2Xl0- 13 lXlO-5 

Th 230 s 2X10- 12 5X10-5 8Xl0- 14 2x10-• 

lXlO- 11 9X10-4 3X10- 13 3X10-5 

Th 232 s 3X10- 11 5Xl0-5 lXlO- 12 2x10-6 

I 3Xl0- 11 lXlO-3 lXlO-- 12 4X10-6 

Th natural s 3X10- 11 3Xl0-5 lXlO- 12 1x10-• 

3Xl0- 11 ax10-• lXlO- 12 lXlO-5 

Th 234 s 6X10-8 sx10-• 2X10-9 2Xl0-5 

I 3X10-8 5X10-4 1x10-9 2x10-6 

Thulium (69) ····-·-·-····· Tm 170 s 4X10-8 1x10-3 1x10-• 6X10-5 

I 3Xl0-8 1x10-3 lXlO-• 6X10-6 

Tm 171 s lXlO-7 1Xl0-2 4X10-9 5Xl0-4 

Register, September, 1982, No. 321 



HEALTH AND SOCIAL SERVICES 446-105 
HSS 167 

STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Background 
(See notes at end of appendi") 

Element Isotope 1 Table I Table II 
(atomic number) 

Column 1 Column 2 Column 1 Column2 

Air Water Air Water 
(µc/ml) ( µ c/ml) ( µc/ml) (µc/ml) 

2X10-7 lXlO-2 8Xl0-• 5Xl0-4 

Tin (60) ....................... Sn 113 s 4Xl0-7 2Xl0-3 lXlO-• 9Xl0-5 

I 6X10-• 2Xl0-3 2X10-• 8X10-5 

Sn 125 s lXlO-7 6X10-4 4Xl0-• 2Xl0-5 

8Xl0-8 6Xl0-4 3X10-• 2Xl0-5 

Tungsten (Wolfram) 
8 lXl0-2 8 4 (74) ............................. w 181 s 2Xl0- 8X10- 4Xl0-

lXlO-7 lXlO-2 4Xl0-• 3Xl0-4 

w 165 s 6Xl0-7 4Xl0-3 ax10-• lXlO-• 
I lXlO-7 3Xl0-3 4Xl0-• lXlO-4 

w 167 s 4Xl0-7 2x10-3 2x10-• 7Xl0-5 

I 3Xl0-7 2Xl0-3 lXlO-8 6Xl0-5 

Uranium (92) .............. u 230 s 3Xl0- 10 lXlO-• lXl0- 11 6Xl0-8 

I lXlO- 10 lXlO-4 4Xl0- 12 6Xl0-8 

u 232 s lXlO- 10 6Xl0-4 3Xl0- 12 3Xl0-5 

I 3Xl0- 11 8Xl0-• 9Xl0- 13 3Xl0-5 

u 233 s 6Xl0- 10 9X10-• 2Xl0- 11 3Xl0-5 

I lXlO- 10 9Xl0-• 4Xl0- 12 3Xl0-5 

u 234 s 6Xl0- 10 9X10-4 2Xl0- 11 3Xl0-5 

I lXlO- 10 9Xl0-4 4Xl0- 12 3Xl0-5 

u 235 s 6Xl0- 10 8Xl0-• 2Xl0- 11 3Xl0-5 

I lXlO- 10 8Xl0-• 4Xl0- 12 3Xl0-5 

u 236 s 6Xl0- 10 lXlO-3 2Xl0- 11 3Xl0-5 

I lXlO- 10 lXlO-3 4Xl0- 12 3Xl0-5 

u 236 s 7Xl0- 11 lXlO-3 3Xl0- 12 4Xl0-5 

I lXlO-7 lXlO-3 6Xl0- 12 4Xl0-5 

u 240 s 2Xl0-7 lXlO-3 8Xl0-9 3Xl0-5 

I 2Xl0-7 lXlO-3 6Xl0-9 3Xl0-5 

U natural s 7Xl0- 11 6Xl0-4 3Xl0- 12 2Xl0-5 

I 6Xl0- 11 6Xl0-4 2Xl0- 12 2Xl0-5 

Vanadium (23) ........... v 48 s 2Xl0-7 9Xl0-• 6X10-9 3Xl0-5 

6Xl0-8 8Xl0-• 2Xl0-9 3Xl0-5 

Xenon (64) .................. Xe 13lm Sub 2Xl0-5 4Xl0- 7 

Xe 133 Sub lXlO-5 3Xl0-7 

Xe 133m Sub lXl0-5 3Xl0-7 

Xe 135 Sub 4X10-6 lXlO-7 

Ytterbium (70) ........... Yb 175 s 7X10-7 3Xl0-3 2Xl0-• lXlO-4 

I 6Xl0-7 3Xl0-3 2Xl0-8 lXlO-4 

Yttrium (39) ............... y 90 s lXlO-7 6Xl0-4 4Xl0-9 2Xl0-5 

I lXlO-7 6Xl0-• 3Xl0-9 2x10-5 

Y 9lm s 2Xl0-5 lXlO- 1 8Xl0-7 3Xl0-3 

2Xl0-5 lXlO- 1 6Xl0-7 3Xl0-3 
y 91 s 4Xl0-6 6Xl0-• lXlO-• 3Xl0-5 

I 3Xl0-8 8Xl0-4 lXlO-• 3Xl0-5 

y 92 s 4Xl0-7 2Xl0-3 lXlO-• 6Xl0-5 
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STANDARDS FOR PROTECTION AGAINST RADIATION 

APPENDIX D 

Concentrations in Air and Water Above Natural Background 
(See notes at end or appendix) 

Element Isotope 1 Table I 
(atomic number) 

Column 1 Column 2 

Air Water 
(µc/ml) (µc/ml) 

I 3Xl0-7 2Xl0-3 

y 93 s 2Xl0-7 8Xl0-4 

I lXlO-7 8Xl0-4 

Zinc (30) ... ................... Zn 66 s lXlO-7 3X10-3 

I 6Xl0-8 5Xl0-3 

Zn 69m s 4X10-7 2X10-3 

I 3Xl0-7 2Xl0-3 

Zn 69 s 7Xl0-6 5Xl0-2 

I 9X10-B 5Xl0-2 

Zirconium (40) ........... Zr 93 s lXlO-7 2Xl0-2 

I 3Xl0-7 2Xl0-2 

Zr 95 s lXlO-7 2Xl0-3 

I 3Xl0-8 2X10-3 

Zr 97 s lXlO-7 5Xl0-4 

9Xl0-B 5Xl0-• 
Any single 
radionuclide not 
listed above with 
decay mode other 
than alpha emission 
or spontaneous fission 
and with radioactive 
half-life less than 2 
hours .............................. Sub lXlO-6 

Any single 
radionuclide not 
listed above, with 
decay mode other 
than alpha emission 
or apont.aneous tiSBion 
and with radioactive 
half-life greater than 

4 5 2 hoWB .......................... 3Xl0- 9X10-
Any single 
radionuclide not 
listed above which 
decays by alpha 
emission or 

13 7 spontaneous fiesion ..... 6Xl0- 4X10-

'Soluble (S) ; Insoluble (I) . 

Table II 

Column l Column 2 

Air Water 
( µc/ml) (µc/ml) 

lXlO-8 6Xl0-5 

6Xl0-9 3X10-5 

6Xl0-9 3Xl0-5 

4X10-9 lXlO-4 

2Xl0-9 2X10-4 

lXlO-8 7Xl0-5 

lXlO-9 6Xl0-5 

2Xl0-7 2X10-3 

3Xl0-7 2Xl0-3 

4X10-• 8Xl0-• 
lXlO-8 8X10-4 

4Xl0-9 6Xl0-5 

lXlO-9 6X10-5 

4Xl0-9 2Xl0-5 

3X10-• 2Xl0-5 

3Xl0-8 

lXlO- 10 3Xl0-6 

2Xl0- 14 3X10-• 

2usub" means that values given are for submersion in a eemiepherical infinite cloud of airborne material. 

Note: In any case where there ie a mixture in air or water of more than one radionuclide, the limiting values for 
purpooee o( t.hls Apponclii sh ould he do·term ined os follows: 

l . lf tho identity nnd concontret.ion o( each radionuclide in the mix.tore nre known, l!he limlthig voluoa should be 
derivod as followa: Delermino, for l!Jlllh radionuclide in I.he mixture, llhe ratio between th quunti ty pre~ont in the 
mixture and the llmiL olhorwum esta b llshod ht Appendix D for tbe apcciCic ro.dionuclido when no fo o mixture. The 
eum of such ratilHI for oil t.ho rndioauclidcs ln lh e.-mix.turo may not e1:ceed 0 1" ( i.0.1 ••unity") , 
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EXAMPLE: If radionuclides A, B, and C are present in concentrations CA, Ce, end Cc, end if the applicable 
MPC'a, are MPCA, end MPCe, and MPCc, reapectively, then the concentration• shall he limited so that the 
following relationship exists: 

CA Ce Cc 
~I + + 

MPCA MPCe MPCc 

2. If either the identity or the concentration of any radionuclide in the mixture is not known, the limiting values 
for purpoees of Appendix D shall he: 

a. For purposes of Te ble I, Col. l--6X 10-- 12 

h . For purposes of Table I, Col. 2-4Xl0-7 

c . For purpose• of Table II, Col. l- -2X10- 14 

d . For purpoees of Table 11, Col. 2-3X10-8 

3. If any of the conditions specified below are met, the corresponding values specified below may be UBed in Heu of 
thoee epecified in paragraph 2 above. 

a. If the identity of each radionuclide in the mixture is known but the concentration of one or more of the 
radionuclidea in the mixture is not known, the concentration limit for the mixture is the limit specified in Appendix 
D for the radionuclide in the mi:zture having the lowest concentration limit; or 

b. If the identity of each radionuclide in the mixture is not known, but it is known that certain redionuclides 
specified in Appendix D are not present in the mixture, the concentration limit for the mixture is the lowest 
concentration limit specified in Appendix D for any radionuclide which is not known to he absent from the mixtwe; 
or 

c . Element Table I Table II 
(atomic number) and lootope 

Column 1 Column 2 Column 1 Column2 

Air Water Air Weter 
( µc/ml) ( µc/ml) (µc/ml) ( µc/ml) 

If it is known that Sr 90, I 125, I 126, I 129, I 
131, (I 133, table II only), Pb 210, Po 210, At 
211, Ra 223, Ra 224, Ra 226, Ac 227, Ra 228, 
Th 230, Pa 231, Th 232, Thnat, Cm 248, Cf 

5 6 264, and Fm 256 are not present .......................... 9Xl0- 3Xl0-

If it ie known that Sr 90, I 125, I 126, I 129, (I 
131, I 133, table II only), Pb 210, Po 210, Ra 
223, Ra 223, Ra 226, Ra 228, Pe 231, Thnat, 

6Xl0--5 6 Cm 248 Cf 254, end Fm 256 are not present ...... 2Xl0-

If it is known that Sr 90, I 129, (I 125, I 126, I 
131, table II only), Pb 210, Ra 226, Ra 228, 
Cm 248, and Cf 254 ere not present .................... 2Xl0--5 6Xl0--7 

If it is known that (I 129, table D only) , Ra 
3x10--• lXl0--7 226, and Ra 228 are not present ........................... 

If it ie known that alpha-emitters end Sr 90, I 
129, Pb 210, Ac 227, Ra 228, Pe 230, Pu 241, 

3Xl0--9 lXl0-- 10 end Bk 249 are not present ................................... 

If it ie known that alpha-emitters and Pb 210, 
10 lXl0-- 11 Ac 227, Ra 228, end Pu 241 are not present ...... 3Xl0-

If it ie known that alpha-emitteni end Ac 227 
are not preean t .. .. .. . ·-····- ·· ··-........... ........ .. ... .. _ ,, ..... .. 3X10- II lXl0-- 12 

If it ie known that Ac 227, Th 230, Pa 231, Pu 
238, Pu 239, Pu 240, Pu 242, Pu 244, Cm 248, 

12 lXl0-- 13 Cf 249 end Cf 251 are not present ....................... 3Xl0-

4. If the mixture of redionuclidee consists of uranium and its daughter products in ore dust prior to chemical 
processing of the uranium ore, the values specified below may be used in lieu of thOBe determined. in accordance with 
paragraph 1 above or those specified in paragraphs 2 end 3 above. 

a. For purposes of Table I, Col. 1- lXlO-- 10 µ/ml gross alpha activity; or 2.6Xl0- 11 µ/ml natural uranium; or 76 
micrograms per cubic meter of air natural uranium. 

b. For purposes of Table II, Col. 1-3X10-- 12 µ c/ml<gross alpha activity; or 8X10-- 12 µc/ml natural uranium; or 3 
micrograms per cubic meter of air natW'a1 uranium. · 

Regieter, September, 1982, No. 321 



446-108 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

6. For purposes of this note, a radionuclide may be consid.ered as not present in a mixture if (a) the ratio of the 
concentration of that radionuclide in the mixture (CA) to the concentration limit for that radionuclide specified in 
Table II of Appendix D (MPCA) does not exceed 1/10, 

CA I 

(i.e. < _) 
MPCA 10 

end (b) the sum of such ratios for ell the radionuclides considered as not present in the mixture does not exceed 14. 

CA Ce 
(i.e. + + < 14). 

MPCA MP Ce 
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Material 

Americium-241 
Antimony-122 
Antimony-124 
Antimony-125 
Arsenic-73 
Arsenic-74 
Arsenic-76 
Arsenic-77 
Barium-131 
Barium-133 
Barium-140 
Bismuth-210 
Bromine-82 
Cadmium-109 
Cadmium-115m 
Cadmium-115 
Calcium-45 
Calcium-47 
Carbon-14 
Cerium-141 
Cerium-143 
Cerium-144 
Cesium-131 
Cesium-134m 
Cesium,-134 
Cesium-135 
Cesium-136 
Cesium-137 
Chlorine-36 
Chlorine-38 
Chromium-51 
Cobalt-58m 
Cobalt-58 
Cobalt-60 
Copper-64 
Dysprosium-165 
Dysprosium-166 
Erbium-169 
Erbium-171 
Europium-152 (9.2 h) 
Europium-152 (13 yr) 
Europium-154 
Europium-155 
Fluorine-18 
Gadolinium-153 
Gadolinium-159 
Gallium-72 
Germanium-71 
Gold-198 
Gold-199 
Hafnium-181 

APPENDIX E 
EXEMPT QUANTITIES 
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Microcuries 

0.01 
100 
10 
10 

100 
10 
10 

100 
10 
10 
10 
1 

10 
10 
10 

100 
10 
10 

100 
100 
100 

1 
1,000 

100 
1 

10 
10 
10 
10 
10 

1,000 
10 
10 

1 
100 
10 

100 
100 
100 
100 

1 
1 

10 
1,000 

10 
100 
10 

100 
100 
100 
10 
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Holmium-166 
Hydrogen-3 
Indium-113m 
Indium-114m 
Indium-155m 
Indium-115 
lodine-125 
lodine-126 
lodine-129 
lodine-131 
lodine-132 
lodine-133 
lodine-134 
lodine-135 
Iridium-192 
Iridium-194 
Iron-55 

WISCONSIN ADMINISTRATIVE CODE 

Iron-59 
Krypton-85 
Krypton-87 
Lanthanum-140 
Lutetium-177 
Manganese-52 
Manganese-54 
Manganese-56 
Mercury-197m 
Mercury-197 
Mercury-203 
Molybdenum-99 
Neodymium-1'47 
Neodymium-149 
Nickel-59 
Nickel-63 
Nickel-65 
Niobium-93m 
Niobium-95 
Niobium-97 
Osmium-185 
Osmium-191m 
Osmium-191 
Osmium-193 
Palladium-103 
Palladium-109 
Phosphorus-32 
Platinum-191 
Platinum-193m 
Platinum-193 
Platinum-197m 
Platinum-197 
Plutonium-239 
Polonium-210 
Potassium-42 
Praseodymium-142 
Praseodymium-143 
Promethium-147 
Promethium-149 
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100 
1,000 

100 
10 

100 
10 
1 
1 
0.1 
1 

10 
1 

10 
10 
10 

100 
100 
10 

100 
10 
10 

100 
10 
10 
10 

100 
100 
10 

100 
100 
100 
100 

10 
100 
10 
10 
10 
10 

100 
100 
100 
100 
100 
10 

100 
100 
100 
100 
100 

0.01 
0.1 

10 
100 
100 
10 
10 
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Radium-226 
Rhenium-186 
Rheniti.m-188 
Rhodium-103m 
Rhodium-105 
Rubidium-86 
Rubidium-87 
Ruthenium-97 
Ruthenium-103 
Ruthenium-105 
Ruthenium-106 
Samarium-151 
Samarium-153 
Scandium-46 
Scandium-47 
Scandium-48 
Selenium-75 
Silicon-31 
Silver-105 
Silver-lOOm 
Silver-111 
Sodium-22 
Sodium-24 
Strontium-85 
Strontium-89 
Strontium-90 
Strontium-91 
Strontium-92 
Sulphur-35 
Tantalum-182 
TechAetium-96 
Technetium-97m 
Technetium-97 
Technetium-99m 
Technetium-99 
Tellurium-125m 
Tellurium-127m 
Tellurium-127 
Tellurium-129m 
Tellurium-129 
Tellurium-131m 
Tellurium-132 
Terbium-160 
Thallium-200 
Thallium-201 
Thallium-202 
Thallium-204 
Thorium (natural) !/ 
Thulium-170 
Thulium-171 
Tin-113 
Tin-125 
Tungsten-181 
Tungsten-185 
Tungsten-187 

HSS 1117 

0.01 
100 
100 
100 
100 
10 
10 

100 
10 
10 

1 
10 

100 
10 

100 
10 
10 

100 
10 

1 
100 
10 
10 
10 

1 
0.1 

10 
10 

100 
10 
10 

100 
100 
100 
10 
10 
10 

100 
10 

100 
10 
10 
10 

100 
100 
100 

10 
100 
10 
10 
10 
10 
10 
10 

100 

Regieter, September, 1982, No. 321 



446-112 WISCONSIN ADMINISTRATIVE CODE 
HSS 157 

Uranium (natural) '!:_/ 
Uranium-233 
Uranium-234 
Uranium-235 
Vanadium-48 
Xenon-131m 
Xenon-133 
Xenon-135 
Ytterbium-175 
Yttrium-90 
Yttrium-91 
Yttrium-92 
Yttrium-93 
Zinc-65 
Zinc-69m 
Zinc-69 
Zirconium-93 
Zirconium-95 
Zirconium-97 
Any alpha emitting raclionuclide not listed 
above or mix1.ures of alpha emitters of 
unknown composit ion 
Any radionuclide other than alpha emitting 
radionuclides, not listed above or mixtures 
of beta emitters of unknown composition 

I 
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100 
0.01 

0.01 
10 

1,000 
100 
100 
100 
10 
10 

100 
100 

10 
100 

1,000 
10 
10 
10 

0.01 

0.1 
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APPENDIX F 
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SUBJECTS TO BE COVERED DURING THE INSTRUCTION OF INDUSTRIAL 
RADIOGRAPHERS • 

I. Fundamenta./s of Radialirm Safety 
A. Chara te.ristics of gama and x radiation 
B. Units of radiation dose (mrem) and quantity of radioactivity 
(curie) 
C. Hazards of excessive exposure of radiation 
D. Levels of radiation from sources of radiation 
E. Methods of controlling radiation dose 

1. Working time 
2. Working distances 
3. Shielding 

II. Radiation Detection Instrumentation to be Used 
A. Use of radiation survey instruments 

1. Operation 
2. Calibration 
3. Limitations 

B. Survey techniques 
C. Use of personnel monitoring equipment 

1. Film badges 
2. Pocket dosimeters 
3. Pocket chambers 
4. TLD badges 

III. Radiographic: Equipment to be Used 
A. Remote handling equipment 
B. Radiographic exposure- devices and sealed sources 
C. Storage containers 
D~ Operation and control of x-ray equipment 

IV. The Requirements of Pertinent Federal Regulations and State 
Rules 

V. The Person in Control's Written Operating and Emergency 
Procedures 

• Note: The National Council on T{{ldlatjon :Proleotinn ond Measurements, NCRP Report 
No. 61, Radiation Safety Training Criteria for Industrial Radiography (1978) provides a 
detailed outline for the training of industrial rndfogrophore (See Appendix G). 
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APPENDIX G 
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National Bureau of Standards, Handbook 69 

Superintendent of Documents 
U.S. Government Printing Office 
Washington, D.C. 20402 

EPA-600/4-75-008 
EPA-R4-73-014 

Office of Radiation Programs 
U.S. Environmental Protection Agency 
Washington, D.C. 20460 

NCRP, 49, 61 

National Council on Radiation Protection and Measurements 
Publications 
P.O. Box 4867 
Washington, D.C. 20008 

Method 703, "Gross Alpha and Beta Radioactivity" 
Method 704, "Total Strontium and Stron.tium-90 in Water" 
Method 705, "Radium in Water by Precipitation" 
Method 706, "Radium-226 by J?adon in Water" 
Method 708, "Tritium in Waler" 

American Public Health Association 
1015 - 15th Street Northwest 
Washington, D.C. 20005 
(StandArd Methods for the Examination of Water and 

Wastewater, 15th Edition 1980) 

ASTM D-2459, "Gamma Spectrometry in Water" 
ASTM D-2907 

American Society for Testing and Materials 
1916 Race Street 
Philadelphia, PA 19103 

HASL-300 

Energy Research and Development Administration 
Health and Safety Laboratory 
New York, NY 
(HASL Laboratory Procedure Manual by John Harley, 1973) 
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