Translation from Finnish

Legally binding only in Finnish and Swedish
Ministry of Social Affairs and Health, Finland

Decree of the Ministry of Social Affairs and Health on limiting public exposure caused
by non-ionizing radiation
1045/2018

By decision of the Ministry of Social Affairs and Health, the following is enacted under section 161,
subsection 4 of the Radiation Act (859/2018):

Section 1
Limitations to the scope of application

This Decree does not apply to:

1) exposure in which a person is intentionally exposed to non-ionizing radiation in a health care
unit as referred to in the Act on the Status and Rights of Patients (785/1992);

2) medical research carried out pursuant to the Medical Research Act (488/1999);

3) exposure caused by solar radiation;

4) exposure to an electric field caused by high-voltage overhead lines compliant with the
requirements of the Electrical Safety Act (1135/2016);

5) technical equipment used by the Finnish Defence Forces and the Finnish Border Guard for
national defence and border management;

6) technical equipment used by the police in official duties.

Separate provisions shall be issued on limiting workers’ exposure to non-ionizing radiation.

Section 2
Definitions

In this Decree, the term:

1) electromagnetic field denotes static electric fields, static magnetic fields and time-varying
electric fields, magnetic fields and electromagnetic waves with a maximum frequency of
300 GHz;



2) optical radiation denotes ultraviolet radiation, visible light, infrared radiation and laser
radiation, i.e., electromagnetic radiation of a wavelength of 100 nm-1 mm;

3) ultrasound denotes a mechanical wave with a frequency higher than 20 kHz;

4) action level denotes such a level for the measurable quantity which, when complied with,
ensures that the exposure limit values given as a quantity in the body are not exceeded or that
the field does not cause a risk of the malfunctioning of an active implantable device.

Section 3
Exposure limit values for electromagnetic fields

The exposure limit values for electromagnetic fields are provided in Annex 1.

Action levels for applying the exposure limit values caused by electromagnetic fields of
1 Hz=300 GHz are laid down in Annex 1. If the exposure cannot be reliably determined, the action

levels must be applied.

The action level of the magnetic flux density under Table 1.2 in Annex 1 is applied in situations in
which the hazard caused by the malfunctioning of active implantable devices or by the
gravitational effect of a magnetic field cannot be otherwise prevented.

Section 4
Exposure limit values for optical radiation

The exposure limit values for ultraviolet radiation, visible light, infrared radiation, and laser

radiation are provided in Annex 2.

Section 5
Limiting exposure caused by laser equipment

Only equipment which falls under Class 2 or a lower class as specified in the SFS-EN 60825-1
standard may be used as a laser pointer. However, audio-visual equipment installed as a whole
may include equipment falling under Class 3R as referred to in said standard, provided that there

are adequate instructions for the equipment’s use.

Laser games and other recreational products which are not toys as referred to in the Act on the
Safety of Toys (1154/2011) may not include laser equipment which falls under a class higher than
Class 2.



Section 6

Exposure limit values for ultrasound

The exposure limit values for ultrasound are provided in Annex 3.

Section 7

Application of standards

When determining radiation exposure as referred to in this Decree, the applicable international

standards must be taken into account to ensure the comparability of results.

STUK provides further information on any standards referred to in this Decree which are not

available in Finnish or Swedish.

Section 8
Entry into force and transitional provisions

This Decree enters into force on 15 December 2018.

An intense pulsed light device that may cause exposure to visible light exceeding the exposure
limit value specified in section 4 may be used in a cosmetic or other comparable procedure,
provided that its use is not hazardous to health, for a maximum of five years as of this Decree’s
entry into force. The same applies to an ultrasound device that may cause exposure to ultrasound

exceeding the exposure limit value specified in section 6.

The exposure limit values specified in section 3 of this Decree must be complied with in exposure
to low-frequency magnetic fields caused by indoor transformer substations used in the electricity

distribution no later than fifteen years after the entry into force of this Decree.
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ANNEX 1
Exposure limit values and action levels for electromagnetic fields

Static magnetic fields in the frequency range 0-1 Hz
Exposure limit value

The exposure limit value is determined as the external magnetic flux density.

Table 1.1. The exposure limit value as the external magnetic flux density in the frequency range 0-1 Hz.

Frequency range Magnetic flux density
mT
0-1Hz 400

Action level

Table 1.2. Action level for magnetic flux density of 0-1 Hz to prevent the malfunctioning of implanted
devices, such as cardiac pacemakers, and for limiting the risk of the gravitational effect caused by a
magnetic field.

Frequency range Magnetic flux density
mT
0-1Hz 0.5

Electromagnetic fields in the frequency range 1 Hz-300 GHz
Exposure limit values

The exposure limit values are determined as the strength of the internal electric field, induced in the
body by the external electromagnetic field, in the frequency range 1 Hz-10 MHz (Table 1.3) and as the
power absorbed from an external electromagnetic field by the body per unit of mass, i.e., as the specific
absorption rate (SAR), in the frequency range 100 kHz-6 GHz (Table 1.4) and as the power density of
an electromagnetic field in the frequency range 6-300 GHz (Table 1.5).

Table 1.3. Exposure limit values as the peak values of the strength of the electric field induced in the
body by an electromagnetic field in the frequency range 1 Hz-10 MHz.

Frequency range Head Other parts of the body
V/m V/m

1-10 Hz 0.14/f 0.57

10-25 Hz 0.014 0.57

25-1,000 Hz 5.7-104 0.57

1-3 kHz 0.57 0.57

3 kHz-10 MHz 1.9 - 104 1.9 -104f

Note: In Table 1.3, f is the frequency in hertz.
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Table 1.4. Exposure limit values as the specific absorption rate (SAR) induced in the body by an
electromagnetic field in the frequency range 100 kHz-6 GHz.

Frequency range Average whole body | Local SAR in the head | Local SAR in the
SAR and trunk limbs
W/kg W/kg W/kg

100 kHz-6 GHz 0.08 2 4

Note 1: In Table 1.4, SAR is determined as an average over six-minute periods.

Note 2: In Table 1.4, local SAR is determined as an average over 10 g of tissue.

Note 3: In Table 1.4, the exposure limit value of a pulsed electromagnetic field in the frequency range
0.3-6 GHz as the specific absorption induced in the head by a pulse less than 30 ps is 2 mJ/kg determined
as an average over 10 g of tissue.

Table 1.5. Exposure limit value as the power density of an electromagnetic field in the frequency
range 6-300 GHz.

Power density
W/m?

6-300 GHz 10
Note 1: In Table 1.5, the power density is determined in the frequency range 6-10 GHz as an average
over six-minute periods and in the frequency range 10-300 GHz as an average over 68/f105-minute
periods, where f is the frequency in gigahertz.
Note 2: In Table 1.5, the power density is determined as an average over an area of 20 cm2.
Note 3: In Table 1.5, the local power density, determined as an average over an area of 1 cm2, may not
be greater than 200 W/m?2.

Frequency range

Action levels

Action levels are expressed as the root-mean-square values of the external electric and magnetic field
strength as well as the external magnetic flux density in the frequency range 1 Hz-10 MHz in Table 1.6
and in the frequency range 10 MHz-300 GHz in Table 1.7. Action levels are also expressed as the
equivalent power densities of the electric and magnetic field in Table 1.8. A more limiting action level of
the action levels laid down in Tables 1.6 and 1.7 is applied in the frequency range 100 kHz-10 MHz.

Table 1.6. Action levels as the root-mean-square values of the electric and magnetic field strength as
well as the magnetic flux density in the frequency range 1 Hz-10 MHz.

Frequency range Electric field strength | Magnetic field Magnetic flux
V/m strength density
A/m nT
1-8 Hz 5,000 32,000/f2 40,000/f2
8-25 Hz 5,000 4,000/f 5,000/f
25-50 Hz 5,000 160 200
50-400 Hz 250,000/f 160 200
400 Hz-3 kHz 250,000/f 64,000/f 80,000/f
3 kHz-10 MHz 83 21 27

Note 1: In Table 1.6, fis the frequency in hertz.

Note 2: In Table 1.6, the peak value of the electric and magnetic field strength as well as the magnetic
flux density in the frequency range 1 Hz-10 MHz may not exceed k multiplied by the action level. In the
frequency range 1 Hz-100 kHz k=v/2 . In the frequency range 0.1-10 MHz k = 3.05f + 1.11, where fis the
frequency in megahertz.



1045/2018

Table 1.7. Action levels as the root-mean-square values of the electric and magnetic field strength as
well as the magnetic flux density and as equivalent power densities in the frequency range 100 kHz-
300 GHz.

Frequency Electric field Magnetic field Magnetic flux Equivalent power
range strength strength density density
V/m A/m pnT W/m?
0.1-0.15MHz | 87 5 6.25 -
0.15-1 MHz 87 0.73/f 0.92/f -
1-10 MHz 87 /f1/2 0.73/f 0.92/f -
10-400 MHz 28 0.073 0.092 2
400-2,000 1.38f1/2 0.0037f1/2 0.0046f1/2 /200
MHz
2-300 GHz 61 0.16 0.20 10

Note 1: In Table 1.7, fis the frequency in megahertz.

Note 2: In Table 1.7, the equivalent power density is the square of the electric field strength divided by
the wave impedance of free space (377 ) or the square of the magnetic field strength divided by the
wave impedance of free space.

Note 3: In Table 1.7, the square of the electric and magnetic field strength, the root-mean-square value
of the magnetic flux density and the equivalent power density are determined as an average over six
minute periods in the frequency range 100 kHz-10 GHz.

Note 4: In Table 1.7, the equivalent power density at frequencies greater than 10 GHz is determined as
an average over 68/f105-minute periods, where f is the frequency in gigahertz.

Note 5: In Table 1.7, the peak value of the equivalent power density may be, at maximum, 1,000 times
the action level of the equivalent power density and the peak value of the electric field and magnetic
field strength may be, at maximum, 32 times the action level of the electric or magnetic field strength.
The peak value of the magnetic flux density may be, at maximum, 32 times the action level of the
magnetic flux density.

Note 6: In Table 1.7, the equivalent power density at frequencies greater than 6 GHz is determined as
an average over an area of 20 cmz2.

Note 7: In Table 1.7, the local power density, determined as an average over an area of 1 cm?, may not
be greater than 200 W/m?2 at frequencies greater than 6 GHz.

The root-mean-square values of the action levels of continuous contact current and an induced limb
current are presented in Table 1.8. A continuous contact current is a current born when a person is in
continuous contact with an object in an electromagnetic field. An induced limb currentis a current which
the electromagnetic field induces in the limb even without a contact with an object in an electromagnetic
field.

Table 1.8. Action levels for the root-mean-square values of continuous contact current and induced
limb current up to a maximum frequency of 110 MHz.

Frequency range

Continuous contact current

Induced limb current

mA mA
At most 2.5 kHz 0.5 -
2.5-100 kHz 0.2f -
100 kHz-10 MHz 20 -
10 MHz-110 MHz 20 45

Note 1: In Table 1.8, fis the frequency in kilohertz.
Note 2: In Table 1.8, the square of the root-mean-square value of the continuous contact current is
determined as an average over one-second periods.
Note 3: In Table 1.8, the square of the root-mean-square value of the induced limb current is determined
as an average over six-minute periods.
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Exposure limit values and action levels for optical radiation

Noncoherent optical radiation

The exposure limit values for optical radiation are determined according to the formulae below. The use
of a particular formula depends on the area of the radiation source in question, and the results should
be compared with the corresponding exposure limit values presented in Table 2.1. More than one
exposure limit value may be applied to some sources of optical radiation.

Definitions:

EA(\Y), B

Eeff

Heff

Eyva

Huyva

SO\

t At
A
AA

Ly(A), La

B(\)

Lg

spectral irradiance or spectral power density: the radiant power incident per unit area
upon a surface, expressed in watts per square meter per nanometer [W m=2 nm-], the
values of EA(At) and E) derive from measurements or may be provided by the
equipment’s manufacturer

effective irradiance (UV range): the calculated irradiance spectrally weighted by S(4) in
the UV wavelength range 180-400 nm, expressed in watts per square meter [W m-2]

radiant exposure: the time integral of the irradiance, expressed in joules per square meter

[J m2]

effective radiant exposure: radiation exposure spectrally weighted by S(A), expressed in
joules per square meter [] m-2]

total irradiance (UVA): calculated irradiance in the UVA wavelength range 315-400 nm,
expressed in watts per square meter [W m2]

radiant exposure (UVA): the time and wavelength integral of the irradiance within the UVA
wavelength range 315-400 nm, expressed in joules per square meter [] m-~]

spectral weighting, taking into account the wavelength dependence of the health effects of
UV radiation on eye and skin, (Table 2.2) [dimensionless]

time, duration of exposure, expressed in seconds [s]
wavelength, expressed in nanometers [nm]
bandwidth, expressed in nanometers [nm], calculation or measurement interval

spectral radiance of the source, expressed in watts per square meter per steradian per
nanometer [W m2 sr-! nm-1]

spectral weighting, taking into account the wavelength dependence of the photochemical
injury caused to the eye by blue light radiation (Table 2.3) [dimensionless]

effective radiance (blue light): The calculated radiance spectrally weighted by B(A),
expressed in watts per square meter per steradian [W m2 sr-1]



Dp

Ep

Hp

RO\

Lr

Dr

EIR

Eiho

Hiho

Yph
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effective radiance dose (blue light): Time integral of the radiance spectrally weighted by
B(A), expressed in joules per square meter per steradian [J] m2 sr1]

effective irradiance (blue light): The calculated irradiance spectrally weighted by B(A),
expressed in watts per square meter [W m-2]

effective radiant exposure (blue light): Radiation exposure spectrally weighted by B(A),
expressed in joules per square meter [] m2]

spectral weighting, taking into account the wavelength dependence of the thermal injury
caused to the eye by visible and IRA radiation (Table 2.3) [dimensionless]

effective radiance (thermal injury): The calculated radiance spectrally weighted by R(A),
expressed in watts per square meter per steradian [W m2 sr-1]

effective radiance dose (thermal injury): Time integral of the radiance spectrally weighted
by R(A), expressed in joules per square meter per steradian [J m2 sr-1]

total irradiance (thermal injury): the calculated irradiance of infrared radiation in the
wavelength range 780 nm-3,000 nm, expressed in watts per square meter [W m-2]

total irradiance (visible, IRA and IRB): the calculated irradiance of visible and infrared
radiation in the wavelength range 380 nm-3,000 nm, expressed in watts per square meter
[Wm]

radiant exposure: time and wavelength integral of the irradiance in the visible and infrared
radiation wavelength range 380-3,000 nm, expressed in joules per square meter [J] m2]

angular subtense: the angle subtended by an apparent source, as viewed at a point in
space, expressed in milliradians (mrad). An apparent source is a real or virtual object
which forms the smallest possible retinal image

acceptance angle: the angle limiting the radiation beam used in the measurement of
radiance which depends on the exposure time. Expressed in milliradians [mrad].
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The exposure limit values for the following items a-n are presented in Table 2.1

t A=400 nm
(Hegis relevant only between 180 nm
a) Heosf =f f E;(A,t)-S(A) - dA - dt -0 400 am)
0 A=180nm
t A=400 nm
Huyva is relevant only between 315 nm
b) Hyya = f f Ex(A,t) - dA-dt gn:f%o nm) 4
0 A=315nm
t A=700 nm
Dg is relevant only between 300 nm
0) Dg =f f Ly(At)-B(A)-dA-dt :Emg 700 nm) y
0 A=300nm
A=700 nm
Lgis relevant only between 300 nm
d) Ly = f L2(2) - B(4) - dA :Emlii 700 nm) g
A=300 nm
t A=700 nm
Hp is relevant only between 300 nm
e) Hp =f f Ey(A, ) B(A) - dA-dt gng 700 nm) y
0 A=300 nm
A=700 nm
Ep is relevant only between 300 nm
) Ep = _[ E, (1)~ B(2) - dA z(anlzi 700 nm) g
A=300 nm
t A=1,400 nm
_ (Dr is relevant only between 380 nm
h,i) Dg =j f Ly(4,t)-R(A)-dA-dt and 1,400 nm)
0 A=380 nm
Az
. _ _ _ (A1 and A : see Table 2.1 for the
&1k Lp = _f La() - R(D) - dA appropriate values)
A1
A=1,000 nm
1 A=780 nm (Eir is relevant only between 780 nm
ym) A=3,000 nm and 3,000 nm)
+ f Ey(A)-dA
2=1,000 nm
t A=3,000 nm
n) Hipo = f f E;(A4,t)-dA-dt (Hino is relevant only between 380 nm
5 A=330 nm and 3,000 nm)
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Instead of the above formulae, the following expressions and the values presented in Tables 2.1-2.3 may

also be used:

A=400 nm
a) Eops = Z Ey-S(A) - A2
A=180 nm
A=400 nm
b) EUVA = Eﬂ . AA
A=315nm
A=700 nm
c,d) Ly = L-B(A) - AA
A=300 nm
A=700 nm
e f) Ep = Ey-B(A) - A1
A=300 nm
Az
g-k) Lg = Z Ly R(L) - AA
A1
A=1,000 nm A=3,000 nm
L m) Ejg = Z 0.3-Ey-Ad+ E; - AL
A=780 nm A=1,000 nm
2=3,000 nm
Il) Eiho = EA AL
A=380 nm

and Heﬁf: Eeﬁf'At

and Hyva = Eyva -At

and Dp = L-At

and Hg = Ep ‘At

and D = Lg-At

(A1 and A : see Table 2.1 for the
appropriate values)

and Hiho = Eihg 'At
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Table 2.1. Exposure limit values for noncoherent optical radiation.

Item Wavelength | Exposure limit | Units Note Body region Injury
[nm] value
a. 180-400 Hegr=30 [J m2] cornea photoceratitis
(UVA, UVB daily value (8 h) conjunctiva lens conjunctivitis
and UVC) skin cataractogenesis
erythema
elastosis
skin cancer
b. 315-400 Huyva= 104 [ mZ] lens of the eye cataractogenesis
(UvA) daily value (8 h)
C. 300-700 Dp=106 Dp: [J m2 sr1] when o = yph, retina of the eye photoretinitis
(blue light) Yph = 11 mrad, when t < 100 s,
Note 1 t<10,000s t: [seconds] vph = 1.1-t95 mrad, when 100 < t <
10,000,
d. 300-700 Lp=100 [Wm2sr] yph = 110 mrad, when t > 10,000 s,
(blue light)
Note 1 t>10,000s
e. 300-700 Hp=100 Hp: [ m2] when o < yph,
(blue light)
Note 1 t<100s t: [seconds]
f. 300-700 Ep=1 [Wm?]
(blue light)
Note 1 t>100s
g. 380-1,400 Ly = 28107 [Wm2sr1] Ca=1.5, retina of the eye retinal burn
(visible and Ca when a < 1.5 mrad
IRA) Co= qa,
whent20.25s when 1.5 < a £ Otmax
=075 Co= Olmax,
h. 380-1,400 Dy = 2.0-107t> Dr: [J m2 sr1] when a > ttmax
(visible and Ca

IRA)

when 106s<t<
0.25s

t: [seconds]

Omax = 5 mrad,

whent <625 x10¢s

Omax = 200-t%5> mrad,

when 625 x10¢s<t<0.25s
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Item Wavelength | Exposure limit | Units Note Body region Injury
[nm] value
i 380-1,400 Dg = 630 [J m2sri] Omax = 100 mrad,
(visible and Ca whent=>0.25s
IRA) when t < 106 A1=380nm, Az =1,400 nm
j. 780-1,400 [, = 210770 Lr: [W m2 sr] Ca=11, retina of the eye retinal burn
(IRA) K Ca when o < 11 mrad
t: [seconds] Ca=q,
when 0.25<t< 100 when 11 <a <100
S Ca= Olmax,
. = 80-1.400 3 10f T y— when o > 100 mrad
' N Lp == [Wmsr] acceptance angle yph = 11 mrad
(IRA) Ca _ -
A1=780nm, A2 =1,400 nm
whent=100s
1. 780-3,000 Er=18,000 t075 Er: [W m2] the eye corneal burn
(IRA and IRB) cornea cataractogenesis
when t <1,000 s t: [seconds] lens of the eye
m. 780-3,000 Er=100 [W m-2]
(IRA and IRB)
whent=>1,000s
n. 380-3,000 Hiho = 20,000 t0-25 Hino: [] m-Z] skin burn
(visible, IRA
and IRB) whent<10s t: [seconds]

Note 1: In Table 2.1, the range 300-700 nm covers part of the UVB radiation, UVA radiation in its entirety, and the majority of visible radiation. However, the risk related to

the above is usually referred to with the expression “blue light”. In precise terms, blue light covers only a range of approximately 400-490 nm.
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Table 2.2. The spectral weighting of UV radiation.

A(mm) | SQA) A(mm) | SQ) A(nm) | SQ) A(mm) | SQA) A(mm) | SQ)
180 0.0120 | 228 0.1737 | 276 09434 | 324 0.000520 | 372 0.000086
181 0.0126 | 229 0.1819 | 277 09272 | 325 0.000500 | 373 0.000083
182 0.0132 | 230 0.1900 | 278 09112 | 326 0.000479 | 374 0.000080
183 0.0138 | 231 0.1995 | 279 0.8954 | 327 0.000459 | 375 0.000077
184 0.0144 | 232 0.2089 | 280 0.8800 | 328 0.000440 | 376 0.000074
185 0.0151 | 233 0.2188 | 281 0.8568 | 329 0.000425 | 377 0.000072
186 0.0158 | 234 0.2292 | 282 0.8342 | 330 0.000410 | 378 0.000069
187 0.0166 | 235 0.2400 | 283 08122 | 331 0.000396 | 379 0.000066
188 0.0173 | 236 0.2510 | 284 0.7908 | 332 0.000383 | 380 0.000064
189 0.0181 | 237 0.2624 | 285 0.7700 | 333 0.000370 | 381 0.000062
190 0.0190 | 238 0.2744 | 286 0.7420 | 334 0.000355 | 382 0.000059
191 0.0199 | 239 0.2869 | 287 07151 | 335 0.000340 | 383 0.000057
192 0.0208 | 240 0.3000 | 288 0.6891 | 336 0.000327 | 384 0.000055
193 0.0218 | 241 03111 | 289 0.6641 | 337 0.000315 | 385 0.000053
194 0.0228 | 242 0.3227 | 290 0.6400 | 338 0.000303 | 386 0.000051
195 0.0239 | 243 03347 | 291 06186 | 339 0.000291 | 387 0.000049
196 0.0250 | 244 03471 | 292 0.5980 | 340 0.000280 | 388 0.000047
197 0.0262 | 245 0.3600 | 293 05780 | 341 0.000271 | 389 0.000046
198 0.0274 | 246 03730 | 294 0.5587 | 342 0.000263 | 390 0.000044
199 0.0287 | 247 0.3865 | 295 0.5400 | 343 0.000255 | 391 0.000042
200 0.0300 | 248 0.4005 | 296 04984 | 344 0.000248 | 392 0.000041
201 0.0334 | 249 04150 | 297 04600 | 345 0.000240 | 393 0.000039
202 0.0371 | 250 04300 | 298 0.3989 | 346 0.000231 | 394 0.000037
203 0.0412 | 251 0.4465 | 299 03459 | 347 0.000223 | 395 0.000036
204 0.0459 | 252 04637 | 300 0.3000 | 348 0.000215 | 396 0.000035
205 0.0510 | 253 04815 | 301 02210 | 349 0.000207 | 397 0.000033
206 0.0551 | 254 0.5000 | 302 0.1629 | 350 0.000200 | 398 0.000032
207 0.0595 | 255 0.5200 | 303 0.1200 | 351 0.000191 | 399 0.000031
208 0.0643 | 256 0.5437 | 304 0.0849 | 352 0.000183 | 400 0.000030
209 0.0694 | 257 0.5685 | 305 0.0600 | 353 0.000175
210 0.0750 | 258 0.5945 | 306 0.0454 | 354 0.000167
211 0.0786 | 259 0.6216 | 307 0.0344 | 355 0.000160
212 0.0824 | 260 0.6500 | 308 0.0260 | 356 0.000153
213 0.0864 | 261 0.6792 | 309 00197 | 357 0.000147
214 0.0906 | 262 0.7098 | 310 0.0150 | 358 0.000141
215 0.0950 | 263 07417 | 311 00111 [ 359 0.000136
216 0.0995 | 264 07751 | 312 0.0081 | 360 0.000130
217 0.1043 | 265 0.8100 | 313 0.0060 | 361 0.000126
218 0.1093 | 266 0.8449 | 314 0.0042 | 362 0.000122
219 0.1145 | 267 0.8812 | 315 0.0030 | 363 0.000118
220 0.1200 | 268 09192 | 316 0.0024 | 364 0.000114
221 0.1257 | 269 09587 | 317 0.0020 | 365 0.000110
222 0.1316 | 270 1.0000 | 318 0.0016 | 366 0.000106
223 0.1378 | 271 09919 [ 319 0.0012 | 367 0.000103
224 0.1444 | 272 0.9838 | 320 0.0010 | 368 0.000099
225 0.1500 | 273 09758 | 321 0.000819 | 369 0.000096
226 0.1583 | 274 09679 | 322 0.000670 | 370 0.000093
227 0.1658 | 275 0.9600 | 323 0.000540 | 371 0.000090




Table 2.3. The spectral weighting of optical radiation on the eye for the photochemical effect and

thermal injury.
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A (nm) B(A) R(A)
300 <A <380 0.01 -

380 0.01 0.01
385 0.0125 0.0125
390 0.025 0.025
395 0.05 0.05
400 0.1 0.1
405 0.2 0.2
410 0.4 0.4
415 0.8 0.8
420 0.9 0.9
425 0.95 0.95
430 0.98 0.98
435 1 1
440 1 1
445 0.97 1
450 0.94 1
455 0.9 1
460 0.8 1
465 0.7 1
470 0.62 1
475 0.55 1
480 0.45 1
485 0.4 1
490 0.22 1
495 0.16 1

500 0.1 1
500<A <600 1.00-02°(450-A) 1

600 <A <700 0.001 1

700 <A <1,050 - 1.00-002:(700-3)
1,050 <A< 1,150 - 0.2
1,150 <A< 1,200 - 0.2-100.02:(1150-3)
1,200 <A< 1,400 - 0.02
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Laser radiation

The exposure limit values for laser radiation are determined according to the formulae below. The
selection of the formula to be used is influenced by the wavelength and exposure time of the radiation
emitting from the source of the laser radiation. The results of the determination must be compared to
the corresponding exposure limit values, presented in Tables 2.4-2.5. More than one exposure limit
value applies to some sources of laser radiation.

The factors used in the calculations of Tables 2.4-2.5 are presented in Table 2.6. The size of the
measurement aperture used in assessing the exposure is presented in Table 2.7. The correction factors
used in assessing repetitive exposure are presented in Table 2.9.

Definitions

dP power, expressed in watts [W];

dA area, expressed in square meters [m2];

E(t), E irradiance or power density: the radiated power targeted at a particular surface per unit

area, expressed in watts per square meter [W m-2], the values of E(t) and E derive from
measurements or may be provided by the equipment’s manufacturer;

H radiant exposure: time integral of the irradiance, expressed in joules per square meter []
m-2];

t time, duration of exposure, expressed in seconds [s];

A wavelength, expressed in nanometers [nm];

Y limiting cone angle of measurement field-of-view, expressed in milliradians [mrad];

Ym measurement field-of-view, expressed in milliradians [mrad];

a angular subtense of a source, expressed in milliradians [mrad];

limiting aperture, the circular area over which irradiance and radiant exposure are
averaged.

The exposure limit values for laser radiation are determined as follows:

o _dP
T dA

t
H=fE(t)-dt

0
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Table 2.4. The exposure limit values for laser radiation on eye.

Wavelength [nm] Exposure time [s]
10-13-10-11 10-11-10 10-9-107 | 10-7-5-10% 5-10-- 13- 106~ 10-3-10 10-100 100 - 1,000-104 104-3 - 104
13-106 | 103 1,000
uve 180 - 31010 Wm?2 30 Jm?
and 302.5
UVB 302.5-315 if t<Ti, then Ci Jm?2 C2Jm?2
if t > Ty, then Cz Jm2
UVA 315-400 C1 Jm2 104Jm-2
visible 400-600 103 - C¢ Jm2 2-103-CeJm2 18 - t075 - C Jm2 Photochemical retinal damage (400-600 nm)
100 - C3Jm2 C3 Wm? C3 Wm?
(y=11 (y=1.1t%5 mrad) (y=110 mrad)
mrad)
400-700 Thermal retinal damage 400 nm-700 nm)
if o < 1.5 mrad, then 10 Wm2
if o > 1.5 mrad and t < Tz, then 18 -t075 - C¢ Jm-2
if o > 1.5 mrad and t > T, then 18 -T2025 - C¢ Wm2
IRA 700-1,050 | 103 -CeJm? 2:103-Cs-CoJm2 18- t075 . C4 - C6 Jm2 if o < 1.5 mrad, then 10 - C4 - C; Wm*2
1,050- 103 -Ce - C7 2-102-Ce-C7Jm2 90 - t075 - C¢ - C7 Jm2 ifa > 1.5 mrad and t < T, then 18 -t%75 - Cg - C4 - C7 Jm™2
1,400" Jm2 if o > 1.5 mrad and t > T2, then 18 -T2:%25 - C¢ - C4 - C; Wm2
IRBand | 1,400- 1012 Wm-2 1,000 Jm2 5,600 - 1,000 Wm-2
IRC 1,500 025 jm-2
1,500~ 1013 Wm? 10,000 Jm-
1,800
1,800- 1012 Wm? 1,000 Jm2 5,600 -
2,600 025 Jm-2
2,600-10¢ | 10t Wm?2 100 Jm2 | 5,600 - t025 Jm-2
9 At wavelengths greater than 1,250 nm, the exposure limit values for laser radiation on skin may be smaller than the exposure limit values for the eye
presented in the table. In such cases, the exposure limit values for laser radiation on skin are applied. If only the eyes are exposed to laser radiation, two-fold
exposure limit values for laser radiation on skin are used when they are smaller than the exposure limit values for laser radiation on eye.

10
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Table 2.5. The exposure limit values for laser radiation on skin.

Wavelength [nm] Exposure time [s]
<107 109-107 | 107102 103-10 | 10-3- 10
uvC 180-302.5 3101 Wm?2 30 Jm2
%1% 302.5-315 if t <T4, then C1 Jm2 C2 Jm2
if t > Ty, then Cz Jm2
UVA 315-400 C1Jm? 104]m2
visible | 400-700 2- 1011 Wm? 200 Jm-2 1.1- 10%- 1925 Jm-2 2,000 Wm2
IRA 700-1,400 2-1011-C4Wm2 | 200 - CsJm?2 1.1 10%- 1925 - C4 Jm2 2,000 - Cs Wm?2
IRB and | 1,400-1,500 | 102 Wm? 1,000 Jm? [ 5600 t25jm2 | 1,000 Wm2
IRC 1,500-1,800 | 10% Wm? 10,000 Jm2
1,800-2,600 | 1012 Wm2 1,000 Jm-2 [ 5,600 - t°25 jm2
2,600-106 101 W2 100 Jm-2 [ 5,600 - 1925 jm-2
Table 2.6. Limiting apertures used in assessing exposure.
Wavelength range Diameter of limiting aperture
The eye SKkin
uv 180 nm-400 nm 1 mm, whent<0.35s 3.5mm
1.5 -t9375, when 0.35s<t<10s
3.5 mmwhent>10s
Visible 400 nm-700 nm 7 mm 3.5 mm
IRA 700 nm-1,400 nm 7 mm 3.5 mm
IRB and | 1,400 nm-100,000 nm 1 mm, whent<0.35s 3.5mm
IRC 1.5 t0375, when 0.35s<t<10s
3.5 mmwhent>10s
0.1 mm-1 mm 11 mm 11 mm

Table 2.7. Applied correction factors and other calculation parameters.

Correction | Wavelength range Value
factors [nm]
Cy 302.5-400 C1=5,6-103- 1025
C2 302.5-315 Cy = 1002 (2-295)
T, 302.5-315 T, =1008-(-295.10-155
Ce 400-1,400 ifa<1.5 mrad, then C¢ =1
if 1.5 mrad < o < Omax, then C¢ = /1.5 mrad
if o > Olmax, then Ce = omax /1.5 mrad,
Omax = 5 mrad, kun t < 625 ps
Omax = 200-t05 mrad, kun 625 us <t<0.25s
Olmax = 100 mrad, kunt> 0.25 s
Cs 400-600 if 400nm <A <450nm,thenCs=1
if 450 nm <A <600 nm, then C3 = 100-02(-450)
T, 400-1,400 ifoo<1.5mrad, thenT2=10s
if 1.5 mrad € . <100 mrad, then T, = 10 - 10[(«-15)/985] g
if o > 100 mrad, then T, =100 s
Cq 700-1,400 if 700 <X < 1,050 nm, then C4 = 100.002(2-700)
if 1,060 nm<A<1,400 nm, then C4=5
Gy 700-1,400 if 700nm<X<1,150 nm, thenC;=1
if 1,150 nm <A < 1,200 nm, then C; = 1(00.018(2-1,150)
if 1,200 nm <A < 1,400 nm, then C; = 8 + 100.04(2-1,250)

11
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Correction factors for repetitive exposure

Each of the following three general rules should be applied to all repetitive exposures caused by

repetitively pulsed or scanning laser systems:

1. The exposure from any single pulse in a train of pulses shall not exceed the exposure limit value for

a single pulse of that pulse duration.

2. The exposure from any group of pulses (or sub-group of pulses in a train) delivered in time ¢ shall
not exceed the exposure limit value for time t.

3. The exposure from any single pulse within a group of pulses shall not exceed the single-pulse
exposure limit value multiplied by a cumulative-thermal correction factor C,. The factor C, depends
on the number of pulses N. This rule applies only to exposure limit values to protect against thermal
injury, where all pulses delivered in less than Ty, are treated as a single pulse. In this case, the
duration of the pulse is Tmin and the energy is the energy of the pulses accumulated during Tpin.

Table 2.8. Minimum duration of pulse Tni, for the cumulative thermal correction factor presented in

Table 2.9.

Wavelength Minimum duration of pulse Accumulation time of pulses
[nm] Tmin [s] [s]

400<A <700 5.106 0.25so0rT, M

700 <A <1,400 5.10-6 T

1,050 <A < 1,400 13-10-6 T

1,400 <A < 1,500 103 10

1,500 <2< 1,800 10 10

1,800 <A< 2,600 103 10

2,600 <A <108 107 10

*) if the exposure is intentionally prolonged, the accumulation time of pulses used is Ta.

Table 2.9. Cumulative thermal correction factor C,.

Duration of pulse t

cumulative correction factor C,.

t< Tmin

if accumulation time of pulses < 0.25 s,

C,=1

if accumulation time of pulses > 0.25 s,

N < 600, then C,=1
600 <N <24,414,then (C,=5-N-025
N > 24,414, then C, =04
t> Tmin if o <5 mrad, then Cr=1

if 5mrad < a < Omay,
if o > amax, then

if o > 100 mrad, then

Cp = N-025, when N <40
C,=0.4, whenN>40
Cp=N-025 kun N < 625
C,=0.2, whenN> 625
Cr=1

12
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Laser radiation may cause the radiation damage presented in Table 2.10.

Table 2.10. Radiation hazards caused by laser radiation.

Wavelength Radiation range | Affected organ Hazard

[nm] A

180-400 uv the eye photochemical damage and thermal
injury

180-400 uv skin erythema

400-700 visible the eye retinal damage

400-600 visible the eye photochemical damage

400-700 visible skin thermal injury

700-1,400 IRA the eye thermal injury

700-1,400 IRA skin thermal injury

1,400-108 IRB, IRC the eye thermal injury

1,400-106 IRB, IRC skin thermal injury

13
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ANNEX 3
Exposure limit values for ultrasound

Table 3.1. Exposure limit values for airborne ultrasound pressure level (SPL). The limit values are
expressed on the decibel scale with sound pressure 20 pPa used as a reference level. The frequencies
are expressed as 1/3 octave band centre frequencies.

1/3 octave band centre frequency Ultrasound pressure level (SPL)
[kHz] [dB]

20 70

25 100

31.5 100

40 100

50 100

63 100

80 100

100 100

Table 3.2. Exposure limit values when ultrasound is applied to the body through skin contact or a
medium that effectively transfers ultrasound energy to the body. The limit values are indicated for the
ultrasound’s intensity as well as the mechanical (MI) and thermal (TI) index.

Part of the body Ultrasound intensity | Mechanical index Thermal index (TI)
[W/cm2] (MI)

The eyes 0.05 0.2 0.7

Other regions 0.1 0.4 '

Note 1: The exposure may not be higher than the exposure limit value in terms of any quantity.

Note 2: According to standard IEC 62359, 'Ultrasonics - Field characterization - Test methods for the
determination of thermal and mechanical indices related to medical diagnostic ultrasonic fields’, the
mechanical index (MI) is determined with the formula:

negative maximum pressure (MPa)

MI

B \/ pulse’s band centre frequency (MHz)

and the thermal index (TI) with the formula:

transmitter output power (W)

" the power required to achieve a 1 °C rise in termperature (W)
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