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Who are you?

. Radiation Therapist
Medical Dosimetrist
Medical Physicist
Physician

. Other

. Spy

. Ninga

. 6and 7

1
2.
3.
4.
5
6
7
38




Do you have concerns about
occupational hazards?
1. Yes
2. No
3. My boss told me to say no
4. Not really, | have special powers




What 1s Ozone?

Elemental oxygen
— (8 electrons)
Dioxygen, O,
— need to breath,
—21% of air
Ozone, O,
— three oxygen atoms,

— less stable than O,,
— strong oxidizer




Ozone properties

Pale blue gas (condense into a violet black solid)

Less stable than O,
Powerful oxidant

In stratosphere ozone is 2 to 8 ppm

More dense than air,

— Relative vapor density (air = 1): 1.6
Boiling point: -112°C
Melting point: -193°C




Ozone benefits

Absorption of UV rays from the sun.

troposphere




Ozone benefits

Sterilization

Ozone Is the second most powerful sterilant
In the world and can be used to destroy
bacteria, viruses and odors

— fruits and vegetables & meat packing plants,
— water purification (drinking, pools, spas)

— manufacturing,

— medical,

— houses, cars, shoes




Ozone sterilization

Ozone destroys contaminants such as
odors, bacteria or viruses by oxidation

Ozone reverts back to oxygen after it
IS used.

Chemical half life is 30 to 50 minutes










Ozone risks




Lung Inflammation




Ozone data sheet (MSDS)

Health Hazard Data

Threshold Limit
Value

exposure limit is currently 0.3 ppm.

The American Conference of Governmental Industrial Hygienists has set a threshold limit value for
occupational exposure to ozone of 0.1 ppm as a time-weighted average over an 8-hour day. The short-term

Primary Route of
Entry

Pulmonary system

Effects of Single

May cause irritation of the respiratory tract experienced as nasal discomfort, dryness, irritation of the
throat, pain or congestion of the chest, difficult breathing or coughing. Irritation of the eyes, headache,

Overexposure nausea and drowsiness may also occur. Concentrations above 9 ppm have been found to result in
pneumonia. Exposure to high concentrations could be fatal.
Emergency First Aid
Exposure Symptom/Prevention First Aid
Emergency Ensure adequate ventilation in the area Remove from the presence of air containing ozone
COverview where ozone is present P 2 ’
Irritating to respiratory svstem. Couch Remove from the presence of air containing ozone.
Inhalation £ P Y ) = Administer oxygen if necessary. If breathing is difficult or

headache, shortness of breath. Ventilation.

discomfort persists, obtain medical attention.

Disposal Information

Waste Disposal

or off gas into oxygen prior to discharge.

Ozone rapidly decomposes to form oxygen (0;). Use an ozone destruct system to convert any unused ozone

Waste Disposal

or off gas into oxygen prior to discharge.

Ozone rapidly decomposes to form oxygen (Oz). Use an ozone destruct system to convert any unused ozone




AQI (air quality index)

51 (o 160 Moderate
101 to 150 Unhealthy for sensitive groups




Ozone and AQI




Ozone production

Air + energy = O

O+0, = O; (ozone)

Energy can be In different forms
ultraviolet radiation
corona discharge
lonizing radiation




Ultraviolet radiation

First 35 images on google search
for “ultraviolet”




Corona discharge

Wrong Corona

Two of my children 2>
(molson)




lonizing radiation

Can be electrons or photons
Electron conversion is more efficient




Ozone In linacs

Electron beams are more efficient (than x-rays)
at converting O, to O,
Yield increases with
— Dose rate
— Distance of beam in air
— Area of beam
— Length of time the beam is on

These all iIncrease In total skin electron
irradiation (TSel) treatments.

SSD =350 cm, DR = 2500 MU/miIn, time =
12min




Varian TSel

Nominal dose rate iIs 888 MU/min

Dose per MU is about 4 cGy/MU at

Isocenter (measured)

Therefore dose rate at iIsocenter Is 3552
cGy/min

About 4 to 10 times conventional electron
treatments




Ozone concentration In linear
accelerators




Ozone concentration over time

Ozone Concentration
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Ozone concentration overtime

Ozone concentration for an electron beam
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Ozone concentration over time
(TSel)

Ozone concentration for an electron beam
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Ozone Concentration after 10 minute
exposure

Ozone concentration for an electron beam
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Ozone filters

Activated carbon filters can be very effective

not indefinitely because chemical reactions
of ozone and carbon change the carbon.

Initial efficiencies of the 1.27-cm thick flat
samples varied from 4.6 to 98.3%.

Consequently, removal efficiency decreased
with use.




Ozone detectors




What can be done to minimize your
exposure to ozone in the radiation

therapy clinic
1. Have adequate ventilation.

2. Wait a few minutes after treating a TSel

before entering the room.

3. Ask Larry to treat the total skin patient for
yOUul.

4. Be tall!

8
5. All of the above (unless you are Larry).




Radioactivity in the linac vault




subtleties

“When the beam is off or the door is open
there Is no radiation in the room”

“When the beam is off or the door is open
there Is no radiation being produced In
the room”




Why Radiation Therapists don’t
want Medical Physicists at the
machine

Patient: “I won’t glow from my treatment will 1?”

Physicist: “Well actually
[Therapist kicks Physicist
In shin]




Atomic Physics 101

bremsstrahlung




Nuclear Physics 101

The nucleus of an atom Is composed of
neutrons and protons.

If the ratio of neutrons to protons Is not
optimal the isotope will change to a more
stable state

energy Is released,
radioactivity




Nuclear Physics 201

Activation: To induce radioactivity

Energy imparted to nucleus can activate it
(neutrons, x-rays, y rays, electrons ...)

Example:
>°Co + n — %°Co —




Radiobiology 101

What is the effect of radiation on the healthy
human body?

get cancer
B get super powers

B become a monster

Marvel Comics 1973




Activation in high-energy accelerator
treatment rooms arises from

primarily the accelerator itself and its
components,

to a lesser extent from the walls, floor,
and celling,

minimally from the patient and from the air
In the room.







28A| - treatment couch
122Sh lead shielding in linac head
°Mn and 24Na not identified

TABLE I Principal radioisotopes identified at 1 m lateral to isocenter of
Warian Chinac 21EX Linear Accelerator.

Probable nuclear Decay Principal gamma
Nuclide  Half-life reaction mode Energies (keV)

Bal 23m  TAl(n,y)*%Al B .y 1780

Mn 26h  Mn(n,y)Mn By 847, 1811, 2113
MNa h  PNa(n,y)**Na gy 1369, 2754
12gp d  Msb(m,y)'¥sb BBty 511,564




Buildup and decay of
radioactivity




Dose rate beside linac table after
beam off

30 minutes irradiation tim e

Dose rate (micro SVihr)

3.33 rn_inutes irradiation time

0.8 0.8 1.
ecay Time (hours)

30 minutes irradiation

Dose Rate (mizro SV)

3.23 minutes irradiation

10 15 2o
Decay Time (hours)




Activation doses for different
treatment regimes
Annual dose 1.6 to 13.4 mSyv




Radiation Therapist exposure In
extreme conditions

radiation worker limit exposure limit
USA = 50 mSv Europe 20 mSv

However, under extreme conditions of IMRT operation, I.e.,
all fractions at 18 MV,
large MU per fraction,
short treatment delivery times,
short patient setup times,
maximum treatment room occupancy,
the activation dose would reach about 17 mSvly, a value
which is close to internationally recommended occupational
dose limits” — Rawlinson, Islam, Galbraith




“These numbers show that activation dose Is
not negligible and suggest that, at least In
conservatively shielded facilities, the
therapist receives a greater occupational

dose from activation than from radiation
transmitted through the shielding barriers.”




Recommendations

Avoid using >10 MV for IMRT

Treat 18 MV at the end of the day (sorry
physics)

Have you ever
wondered why
physicists have
bald spots?




Radionuclides Created in High Energy Linear
Accelerators by Nuclear Activation Processes

Table 1: Isotopes ldentified on Varian High Energy
Accelerators

Photon
Accelerator Observed Energy

(keV)

Component Contact Dose m-m 1339
Rate (uSv/h) mnm%
os o | wle | @

flattening filter 70 wnss o | 250 | e 18]
Target 36

primary collimator 11
. “cue & | ar[mn| e
upper jaw 50

lower jaw 30

50 mSv/ 50 uSv = 1/1000

Potential activation products




VARJAN

medical systems

TECHNICAL ADVISORY

Subject: Potential Increase in Ambient Dose after
Extended High Energy Use

Commercial Name of Affected Product: TrueBeam® RadioTherapy Delivery System

Affected Version(s) / Lot(s): TrueBeam® versions 1.6, 2.0 and 2.5

Reference / FSCA Identifier: CP-20951

Date of Notification: 2015-07-17

Type of Action: Notification and Correction

Description of Problem

\arian recently received a report of an increase in ambient dose measurement due to target activation
after extended operation in high energy mode. Only TrueBeam® RadioTherapy Delivery Systems
versions 1.6, 2.0 and 2.5 with 18MV [23MV-BJR17] and 20MV [25 MV-BJR17] energies are affected.
Measurements of ambient exposure simulating treatment activites consisting of repeated 4 Gy irradiations
separated by 10 minutes over a 4 hour period exceeded Varian's specification. The ambient dose
measurements taken at 1 meter below the collimator face were less than 100 pSv/h.

This issue does not impact patient safety or treatment delivery. Varian has not received a report of
any person receiving excess radiation exposure due to this issue.

o Edge, UNIQUE and TrueBeam version 1.5 linac devices are not affected because the energies
available are lower than 18MV.

o C-Series linac devices are not affected because the target is shielded by the flattening filter.




18 MV Xx-rays
e Creation of ®2Cu (half life 9.7 min)

* The filter carousel moves to the field light
position (moving the flattening filter out of

the path)

The activated source Is no longer
“shielded” by the flattening filter.

Increase ambient dose rate in the region
directly below the field aperture




trueBEAM carousel

Varian trueBEAM technical reference guide part 1 version 2.5




he flattening filter therapist shielding effect

Scattering foll

'nduced
activity

&)

flattening filter mode | light field mode | Electron mode

(beam on) (beam off) (beam off)

* Measurements of ambient dose 1 meter below
the collimator face due to target activation was
less than 100 uSv/h.

 below annual radiation exposure limits
e 50 mSv per year (USA) 20 mSv (Europe).




Recommended User Action

Close the jaws after high energy photon treatments
are complete.

Select and mode-up an electron treatment field after
treatment is complete.

Wait at least 10 minutes after the beam has been
stopped, before working underneath the target
(e.q. setting up QA equipment and phantoms).

DO NOT use "Mimic Treatment Room Light Field"
when in service mode.

Minimize the time you spend in the proximity of the
beam aperture.




Personnel exposure Is more of a
concern with a trueBEAM than a
trilogy linac because the trueBEAM

. has an FFF mode
. has higher dose rates

. retracts the flattening filter when the door
IS opened

. has the awesome accent lighting







Radionuclides produced by photon
activation in linear accelerators
Maximum half life = 5.27 y (°°Co)

Minimum activation energy
= 7.67 to 8.39 MeV (184Re,197Au,203Ph)

Maximum gamma energy = 2.754 MeV (**Na)




Recommendations

Use lower beam energy

Avoid material with high activation cross sections
Restrict high energy for the end of the day

Delay room entry

Minimize wedge and compensator use

Close the collimators following high energy deliveries

Move couch and gantry from outside the room when
possible

Assign pregnant staff to low energy machines
Use survey meter before service work
Assess brass and copper buildup caps




Absorbed dose to technicians due
to iInduced activity In linear

accelerators for radiation therapy

A Almen, L Ahlgren and S Mattsson
PMB 1991

“The total annual absorbed dose to the trunk
and to the hands have been estimated to be
2 mGy, of which the induced activity
contributes one-third (0.7 mGy).”




AIr activation (y,n)

Element Threshold Result Half life Emission Energy
Energy (s) (MeV)
(MeV)

10.5 600 1.19

15.7 122 1.73

1% or less of the maximum permissible
concentrations




Neutrons and the door less
vault




X-rays

Lead Is a good x-ray attenuator because it
has high atomic number (lots of electrons)

T:ff;“f%

=7

Fhotoelectne effect + Complon scattenng = X-ray attenuation




Neutrons

No charge means no coulomb interactions
Elastic collision with Hydrogen




Thermal interaction with Boron

O
Y (0.48 MeV)

Thermal
neutron YR




Neutron shielding door

Steel frame

Borated (5%) polyethylene

_ Outside of roo
Inside of room




Neutron door




Why doorless

Increase patient throughput 5 to 7%
Preferred by therapists

Expense

Physical safety concerns




Doorless vault design

Limit 5 mSyv / year for 16 MV beam

Normal vault footprint
Borated polyethylene at various points

Result was 0.2 to 2 mSv / year

SU-FF-T-176: A Shielding Design for a High-Energy Doorless
Accelerator Vault; T Bichay, J Meadows and C Chen

Med. Phys. 32, 1990 (2005); http://dx.doi.org/10.1118/1.1997847
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What is Sulphur hexafluoride
(SFg)?

Inert gas

Colorless, odorless, non flammable
Non toxic

Heavier than air




Why do we need SF6 In linear

accelerators

« SF61s commonly used as a high voltage
dielectric (an insulator that prevent
discharge)

 In linacs it confines and transmits the RF

(radio frequency) energy from the klystron to
the accelerating waveguide




Varian Silhoutte

Microwave wave guid

Klystron




What is the potential risk of SF6

The main health hazard associated with releases of this gas is
asphyxiation, by displacement of oxygen.

headaches,

ringing in ears

dizziness

drowsiness

unconsciousness

nausea,

vomiting

depression of all the senses.

death may occur, due to the displacement of oxygen

The liquefied gas will rapidly boil at standard temperatures and
pressures.

Sulfur hexafluoride has an anesthetic potency slightly lower than nitrous oxide.




Medical treatment

RESCUERS

Self-Contained Breathing Apparatus should be worn.
Remove victim to fresh air, as quickly as possible.

If not breathing, give artificial respiration

If breathing is difficult, give oxygen

SKIN EXPOSURE:
Immediately begin decontamination with running water.
Minimum flushing is for 15 minutes.

EYE EXPOSURE

Open victim's eyes while under gentle running water.
Use suifficicnt foree to open eyelids.

Have victim "roll" eyes.

Minimuini fiusning is ior 15 minutes.



The SF6 defence

I’m not rolling my
eyes at you, |
have some SF°
INn my eyes




Medical Treatment

“Stand on your head and breath deeply!”
— Rick Hoffmeister, Linac engineer,




Democratic Youtube




| jJust have to say...3 out of 4
youtube videos are wrong

Speed of sound =

. /

density Bulk modulus

(stiffness)




Conclusion

Your odds of dying in a car accident in your
ifetime are 1 in 606

Work from home!










