Brakiterapide Kaynak
Kallbrasyonu




Brakiterapl Kaynak Kalibrasyonu

* Brakiterapi kaynaginin dozunun olctlmesi ve
dogrulanmasi, kalite glivencesi programinin
dnemli bir parcasidir.

* HDR brakiterapide yaygin olarak kullanilan
192|r kaynagi
* Kicuk pelet seklinde
* 0.6 mm cap x 3.5 mm aktif uzunluk

e 73.83 glinliik yari 6mre (yaklasik tc ayda bir kaynak
degisimi)

* Kaynak Kalibrasyonu, baslangicta ve her kaynak
degisiminde klinik kullanimdan 6nce
yapiimalidir.



Enerji Araliklari & Nicelikleri

* 10-50 keV — Dusuk enerjili x-1sinlari
* 50-300 keV — Orta enerijili x-1sinlari

e 137Cg, 192|p 60Cq

. 60Cq

* Linak Foton

* Linak Elektron

Hava kerma

Hava kerma

Hava kerma

Absorbe doz
Absorbe doz
Absorbe doz



Kerma

* Birim kitle basina, yukli
olmayan iyonlastirici radyasyon
ile bir hedefe transfer edilen tim
yukla parcaciklarin baslangictaki
kinetik enerjilerinin toplami.

* Yalniz madde Uzerine gelen
radyasyondur, geri saciima
icermeaz.

Absorbe Doz

* Birim kitle basina ikincil
elektronlar dahil, iyonlastirici
radyasyonla bir hedefe biriktirilen
toplam eneriji.

e Geri sacilma icerir.

lonisation trail Knock-on electron

Incoming photon

Scattered photon



T p>1 Foton etkilesimi iki asamada
gerceklesir:
(a) Enerji yukll parcaciklara
aktarilir ve

(b) Yuklu parcaciklar
dogrudan uyarma ve
iyonlasma yoluyla enerji
aktarir

CPE (Charged Particle Equilibrium),
belirli bir hacme giren fotonlar
etkilesimleriyle tretilen ikincil
yukli parcacik miktari, onu terk
eden yuklu parcacik miktarina esit
CPE oldugunda gerceklesir. Yani gelen
elektronlarin sayisi, giden
elektronlarin sayisina karsilik
geldiginde.

Relative energy per unit mass

Buildup
region

- Depth in medium



Brakiterapl Kaynak Kalibrasyonu

 Gama yayan brakiterapi
. e R Units and Unit Conversion Factors for Reference Air Kerma Rate and
kaynaklarinin kuvvetini belirtmek  airkema strengin

« . Source
Igl n Strength
Quantity Symbol SI Current Unit Conversion Factor
* Referans hava kerma hizi (Reference e & oe'  woyn®  amemxio Gys !
. air kerma =2778 x 10" Gy s !
Air Kerma Rate (RAKR)) rate mGy h ™! (1/3600) X 1073 Gy s !
. . =2778%1077 Gys™*
e Hava kerma kuvveti (Air Kerma mGyh™'  10x10°pGyh”’
Air kerma S Gym?s' U, 1U=1 (1/3600) X 10" ° Gy m?s !
Stre ngth (AKS)) strength ) ’ uGym?h™'  =2778x10 9 Gy m?s!
. . v =1cG
* Bir radyoaktif kaynagin 1 metre cm? 1
mesafeye 1 saatte Gy olarak verdigi doz = Airkerma 1, Jkg'm®  uGyh (1/3600) x 102Gy s ' Bq ' m?
. rate or Gy s ! MBq_l m? =2778 x 10 '° Gy s ! Bq_l m’
miktaridir constant Bq m?
pGy h™! 1.0 U MBq

e 1uGy tm?2.ht=1cGy t.om?.n? MBq " m?




Brakiterapl Kaynak Kalibrasyonu

* The National Institute of Standart and Technology

(NIST)

2 226Ra-60Co, 13’Cs ve ®?Ir gibi bazi brakiterapi kaynaklari
icin doz kalibrasyon standartlari gelistirmistir.

* NIST metodu, her kaynak tipi icin acik alan (open-air)
geometrisi kullanilarak, bir seri iyon odasi 6lcimu
temeli Gzerine kuruludur.

e Kaynak, yaklasik 1 metre uzakliktaki 2.5 litrelik
Aliminyum iyon odasi kiyaslanmasi ile kalibre edilir.

» 1985’te NIST ici hava dolu iyon odasi kullanarak *?Ir
icin air-kerma siddeti standardini olusturdu.




Brakiterapl Kaynak Kalibrasyonu

* Havada Olcim Yontemi
» Well Tip (Kuyu Tip) lyon Odasi ile Olcim Yontemi

* Fantomda Olciim Yontemi




Havada Olgim Yontemi

* Havadaki olculer icin dizenek olarak uygun Jig’ler
gelistirilmistir.

* Havadaki olctlerde en uygun kaynak iyon odasi
mesafesi 10-20 cm’dir.

* Kalibrasyon igin SSDL laboratuvarinda *°Co kaynagi ile F&
kalibre edilmis farmer tipi iyon odasi uygundur "

* lyon odasinin cevresinde metal olmamasina dikkat
edilir, (yaklasik 1 m yaricap)

* Yaklasik 0.6 cc’lik kalibrasyonu yapilmis Build-up kepli
iyon odasi
o 192|r kalibrasyon olciimleri
e NIST air-kerma standartlari
» Sekonder elektron dengesini kurmak icin
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FIGURE 7.2
Geometry of an in-air calibration set-up at a distance r of a source using an ionization chamber
with a build-up cap. The source is positioned within an suitable tubular structure
-

" - (applicator fcatheter) defined here by T. L, is the length of the active part of the sealed source
centre-to-centre catheter 1-catheter 2 distance: 20.03 cm

{active core) and r is the radial distance used for the measurement of air kerma rate in free space

i K,ir). L, is the intermal length and r. the intermal radius of the cvlindrical volume of the
{measured), 20 cm {hominal}

ionization chamber used for this example.



Havada Olgim Yontemi

KE =N B’.Mku kq—kpk]"kpkinnkvkwallkaﬁ,akscaﬁkapplkr }LG}’ h™'at1lm

SF-: — NKMkukakakpkinnkl-"kwallkashakscattkapplk; I.LG}r mz h_]- :



* Mu = Dozimetre okumasi (mGy-nC) (t=60 saniye)

* Ni(1921r)= (0-8 X Ay, 250ky X Nk 250k1

Aw,co X N co) / Aw,Ir

]{\;‘2(192"): lyon odasi icin hava kerma kalibrasyon

* Ni(1921r)= (08 X Ny 5505y + 0.2 X Ny )

TABLE TV. MONTE-CARLO CALCULATED Ay FACTORS FOR DI
CHAMBERS FOR 250 kV X ray, "™Ir AND *Co. THE UNCERTAI
DEVIATION) ARE < 0L1%. VALUES FROM [13]

(Aw(WaII Attenuation Factors) =1)

(Referans: IAEA TECDOC 1079)

192|r = 372.2 KeV (mean enerjili gama)
®0Co = 1.25 MeV (mean enerijili gama (!

Nk,Co = Nk,Co

Tonizaticn chamber Adr caviky Wall Build-up cap
lengih! maleriall mialeral!
radius thickness thickress
{mm) goem™® gom ™
O . 2 X Capintec 00T cm.:'PR-IJSP mini 55710 C552 10220 Poly=.s 0598 09E6 0980 059
Capisbe: D-|-1-=|'H-IP‘I-I:I5 misd 11,5720 CH52 70220 Polym 0 558 EES 093 098D
Capistes D65 ¢m PR-06C Farmer 223132 552 0050 £352/ 0924 598 11580 (.54
Capintec ﬂﬁcm}ﬁ-ﬂﬁf Farmer 223132 C552 £ 0050 Polyst. / 0537 0.997 0986 0990
Capintec l:l'-‘-."‘!mllpﬂ-'-'lﬂ' Fasreer 223/33 552 7 0DS0 PhiRLA £ 0547 0.552 0984 0985
Capiater IJEEM"P‘H-'-'I'!P AAPM 230733 Genphle=d 0046 PMAA M0625 OG5 0984 09BE
Exrndin D.I'.'I:rs.:miﬁld-qhnmup] 4.0/t CE52 /00T C 85270352 | 000 0,553 0953
Exrndin 0003 Em]'”-'l (4mm cap} 4002 AlSHIDI1E Al S0S (455 il k] 0991 0.880
I'L'trﬂdlrtﬂ-ﬂ!‘cﬂ'l'l-il {Zmm cap) 2772 CRE2/00T C 85200352 0987 .oEE Lk i)
l:'-tmdinﬂﬂ.‘h:-m‘#-lﬂmrna-ﬁt- 2712 C552./0.1% CA52 0712 L L bGTT 0oE2
Exradin 0.05 :m,T1 [4mm cap) 5112 ALSDSDNID ANSD D455 1985 O.9EE L]
Exradin0.5 em’ A2 {2mm cag) 114748 CH52 /0176 C 552/ 0,352 0.086 0978 09B4
Eﬂﬂdh‘l"—'l-ﬁﬂﬂ: AZ{dmm cap) 1m4/48 CH520.1% C 5520712 L na7s 0976
Exradin 0.9 em’ P2 {4mm cagh 114748 Polyst.0 108 Polyst. 0430 0084 0982 0988
Exradin{v.3 -:m:TJ (4mem ¢ap) 114748 A1S0S001% ALSD) 0455 DoEY 0.97% 0985
Exradin {165 :m: Farmer & 12 2421131 CE52 10088 C 5527 0453 .559 {.9838 0991
Hava Kerma Kalibrasyon Katsay &y ieon 01 om’ 10018 95023 A150/ 0183 AISDS O3BG9S 0083 0950
Air Kerma Caltbration Coefficient )
FZK 0.4 om TK 01 waterproof 124/3.% Delrim / 0,071 Digdrin [ 0430 D%ER 0587 0989
Radyasyon /Radiation Nk ME 0.2 cm: Farmer 2515 740 Tufnal f 0UIT4 PRMA 50542 ek} 0080 1987
mGy/nC NE {2 cm Farmer 2515/% 7132 Graphiee { 0066  PMMA f0.543 0594 0.9E2 986
Co-60 48,960 ME 0.2 em’ Fasmmer 2477 83/32  Graphise /0066  Delrin/0.552 0988 0.981 0556
ME ikt cml'Fz.rmcr 2508 24430 Tufnal { 0075 PMM A J D545 0547 0.9E9 .50
Hava Kerma Kalibrasyon Katsayis: . M/30 Mylom &6 F 0061  PMMA /OS5 0006 0984 O9EY
HVL ® A M2 Craphite S 063 PMBA 1055) LR 04989 098%
Rafyuren st | wam:| omce (mGy/nC) U./ B 32 NylonSSDUMI PMMAOSS 0995 090 0959
T100 470 0.19 72.075 2‘:) LT30S Graphite FO0GS Delrin F0.551 0. IR (L9%K
M35 Graphite /0065 PMMA D550 0oaR [ [.9=0
T150 1150 | 0,88 59,739 20 M5 AISDIOO40 PAMMEASDSL  OORE  GOER 0987
T250 16,70 2,39 51,762 2,0 41012 ALE0 004 Palyse J0L584 059 (L5001 0541
92/37  Graphise/ 009 Delrin /0600 0087 4514 [fETEY
" PTW OLE m}u 323 miicro 12/ 675 PRAMA FD20E PMIMA 10357 D059 098] 0991
PTW LD -:rnfl? 331 rigsd 214198 PRAMA T D00 PMMA 0345 05T .002 04903
PTW 0.3 om 23 332 righd %128 PRMA S OO%  PRMA /(35T 1. KK 993 0,954
PTW 06 l:m:I Farmer 30041 oy fiL] PMMA 0045 PMMLA T D541 0547 13,550 L
FTW (16 cm’ Farmer 300402 B0 Grophie /0078 PMMA 041 0543 [.5e5 DLGED
FTW 6 I:rl1:| Farmer 3004 2553048 Grophie /0079 PMMA D41 0907 Doy [ILC ]
P 0.125 cm 31 002 flexible S, FMMA/D0T)  PMMA03ST 0990 0992 0892
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TABLE 3.1 Physical Properties of High-Energy Photon Emitting Brachytherapy Radionuclides

IQSAu I92]I- 137(:5 60(:0

—

Half-Life 2.695 days 73.83 days 30.07 year 5.27 year
Type of Disintegration p- B-(95.1%) p B~
Mean y Energy (keV) 415.1 661.7 1252.0
Mean X-ray Energy (keV) 3.7 .0 1.8 0.51
Mean pray Energy (keV) 3122 180.7 188.4 96.5
Mean IC Electron Energy (keV) 353.0 266.9 630.3 1233.0
Mean Auger Electron Enerov (eV R4 R44 53R 1150

Air Kerma-Rate Constant,
s- 1orev (X107 Gy m* (B

Nominal Specific Activity,
A, (x10°TBq kg")

Hava Kerma Kalibrasyon Katsayisi
Air Kerma Calibration Coefficient

Note: Air kerma-rate «

Radyasyon /Radiation Nk u™
mGy/nC %o
Co-60 48,960 1.1

®0Co = 1.25 MeV (mean enerijili gama (1.17-1.33))

ol Hesapla (=]

T x= 372 - Hava Kerma Kalibrasyon Katsayis:

T HVL Nu .

¥= B 4202 on kalitesi K v )

nadyeT mmAl | mmCu (mGy/nC) %
T100 470 0,19 72,075 2.0
TIiS0 11,50 0,88 59,739 2,0

bl o
T250 16,70 2,39 51,762 2,0

T e
91 ®
474
50 100 150 2.1%0 250 300 3310 ; ii:o 5&‘0 i]lo 64%0 6]10 '-‘1%0 "]lO 51%0 S]lo 9]10 lDaJO 10150 lli)ﬂ 11:50 12}00 12:50 ’

KeV



* ky= birim donlstirme katsayisi, uGy = ky x Gy, ky=1x 10°

* kt=60/ t, t=1 dakika
273.2+ T (°c) ., 1013.25 (hPa)
273.2+ 20 (°0) P (hPa)

* kpkT=K,(Sicaklik, basing diizeltmesi) =

|Mq| x [ M;]
2| M|
|M,|,|M,| = Bias voltajin Standart ve tersi icin sinyal degerleri

* kp= polarite etkisi diizeltme faktori =

3

4— M/M,
M= Nominal voltaj V'deki sinyal, M,= V/2 ‘deki sinyal

* kion= iyon rekombinasyon diizeltme faktori =



* ky=lyon odasi sinirli boyut diizeltme katsayisi, 10 cm’nin Gzerindeki
mesafelerde pratik olarak 1 kabul edilir. (Asagidaki lyon Odalari icin)

Bu faktor asagidakilere baglidir: iy

- lyonizasyon haznesinin sekli ve boyutlari :
/|

Sideward geometry for the calculation of the chamber finite size correction factor ky, as in
oo Equation 7.14, of an in-air calibration set-up for a point source S using a cylindrical ionization
e . . . . . i . . .
chamber. The point source S is positioned at a distance r on the perpendicular bisector of the
- g u I I I I I l e S a e S I Ve a y n a g e O I I I e r I S I chamber cylinder axis. Thus, S has (0, r, 0) coordinates to the chamber coordinate system shown
in the figure. L. is the length and r, the radius of the cylindrical volume (cavity) of the ionization
chamber.

(ktresel, silindirik, ic yaricap ve uzunluk)

(“nokta kaynagi,” hat kaynagi vb.)
- Odanin i¢c duvarindaki malzeme

L] I

- Kaynaktan yayilan fotonlarin enerjisi

FIGURE 7.2

Geometry of an in-air calibration set-up at a distance r of a source using an ionization chamber
with a build-up cap. The source is positioned within an suitable tubular structure
(applicator /catheter) defined here by T. L, is the length of the active part of the sealed source
{active core) and r is the radial distance used for the measurement of air kerma rate in free space
K,ir.. L. is the internal length and r. the internal radius of the cylindrical volume of the
ionization chamber used for this example.



TABLE 7.7

Values of the Chamber Volume Corrections Factor ky According to Kondo and Randolph,” Equation 7.14, for the Different Cylinder
or Almost Cylinder Shaped Ionization Chambers Listed in Table 7.6

NE
Capintec Capintec Capintec Exradin Exradin FZK NE 2505 2505/3A NE

Distance  PR-05 PR-05P PR-06C A2/P2T2  A12 TK 01 NE2515 NE2515/3 NE 2577 NE 2561 2505/A 2505/3B 2571 NE 2581
 (cm) 0.14cm® 06cm® 065ecm® 05cm® 0.65ecm® 04cem® 0.2 cm® 0.2 cm® 02cem® 0325em® 06cm® 0.6em® 06em® 0.6 cm®
5.0 1.004 1.017 1.015 0.999 1.018 1.002 0.999 0.999 1.000 0.999 1.018 1.017 1.018 1.018
8.0 1.001 1.007 1.006 0.999 1.007 1.001 1.000 1.000 1.000 1.000 1.007 1.007 1.007 1.007
10.0 1.001 1.004 1.004 1.000 1.004 1.001 1.000 1.000 1.000 1.000 1.004 1.004 1.004 1.004
12.0 1.001 1.003 1.003 1.000 1.003 1.000 1.000 1.000 1.000 1.000 1.003 1.003 1.003 1.003
15.0 1.000 1.002 1.002 1.000 1.002 1.000 1.000 1.000 1.000 1.000 1.002 1.002 1.002 1.002
18.0 1.000 1.001 1.001 1.000 1.001 1.000 1.000 1.000 1.000 1.000 1.001 1.001 1.001 1.001
20.0 1.000 1.001 1.001 1.000 1.001 1.000 1.000 1.000 1.000 1.000 1.001 1.001 1.001 1.001
25.0 1.000 1.001 1.001 1.000 1.001 1.000 1.000 1.000 1.000 1.000 1.001 1.001 1.001 1.001
30.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
35.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
40.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
45.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
50.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

(continued)



TABLE 7.7—Continued

Ky
PTW Victoreen
PTW PTW PTW 3001/ PTW Radocon Victoreen Victoreen Victoreen Victoreen Wellhofer Wellhofer Wellhofer
Distance 31002 31003 23332 3002/3004 23331 111 550 30-348 30-361 30-351 30-349 IC-15 IC 28 IC 69/1C 70
r (cm) 0.125cm” 03cm’® 03cm® 0.6cm’® 1.0em® 0.3 em’ 0.3 cm’ 0.4 cm® 0.6 cm® 1.0 cm® 0.13 cm’ 0.3 cm’ 0.6 cm®
5.0 1.000 1.007 1.010 1.016 1.013 1.017 1.010 1.016 1.016 1.013 (0.999 1.000 1.016
8.0 1.000 1.003 1.004 1.006 1.005 1.006 1.004 1.006 1.006 1.005 1.000 1.000 1.006
10.0 1.000 1.002 1.002 1.004 1.003 1.004 1.002 1.004 1.004 1.003 1.000 1.000 1.004
12.0 1.000 1.001 1.002 1.003 1.002 1.003 1.002 1.003 1.003 1.002 1.000 1.000 1.003
15.0 1.000 1.001 1.001 1.002 1.001 1.002 1.001 1.002 1.002 1.001 1.000 1.000 1.002
18.0 1.000 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.000 1.000 1.001
20.0 1.000 1.000 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.001 1.000 1.000 1.001
25.0 1.000 1.000 1.000 1.001 1.001 1.001 1.000 1.001 1.001 1.001 1.000 1.000 1.001
30.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
35.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
40.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
45.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
50.0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Here the measurement set-up is as described in Figure 7.6, thus for the sideward irradiation geometry, of the chamber at a specific distance r from an ideal
point like source is considered. The ky, values at absolute distances r have been calculated and are listed here for simplicity instead of using the distance
factors « as was originally proposed by Kondo and R.au‘ldﬂlph.51



* kyy4]1= Build-Up Cap ve lyon odasi duvari diizeltme faktord,

 Klinik kaynak kalibrasyon proseddrleri icin, Tablo 7.6, odalarin cogunlugu icin
192|r ve ®9Co gama-isinlari icin yaklasik kwall =1.01 (% 1) diizeltme faktorinin

uygulandigini gosterilmektedir.
e 250 kV x-1sinlariicin, Tablo 7.6'da listelenen tim iyon oadalari icin kwall = 1.00
olarak kabul edilebilir.



TABLE 7.6

Geometrical and Material Parameters of the Most Common Compact Ionization Chambers with Cavity Volumes above 0.1 cem® and
of Their Corresponding Build-Up Caps

Ionization Chamber

Exradin Exradin Exradin Exradin FZK
Capintec Capintec Capintec Capintec Capintec A2 A2 P2 T2 Exradin TK 01
PR-05 PR-05P PR-06C PR-06C PR-06C 2mm @mm (@Amm (4 mm Al2 (Water- NE 2515
Parameter (Mini) (AAPM) (Farmer) (Farmer) (Farmer) Cap) Cap) Cap) Cap) (Farmer) Proof) (Farmer)
Air cavity 0.14 0.6 .65 .65 (.65 0.5 0.5 0.5 0.5 (.65 04 0.2
volume (cm?)
Air cavity 1.15 238 2.23 223 2.23 1.14 1.14 1.14 1.14 242 1.2 0.7
length (cm)
Air cavity 0.2 0.33 0.32 0.32 0.32 048 0.48 0.48 0.48 0.31 0.35 0.3
radius (cm)
Wall material C552 Graphite 552 552 C552 552 (552 Polysty-  A150 (552 Delrin Tufnol
rene
Wall thickness 0.220 0.0464 0.050 0.050 0.050 0.176 0.176 0.105 0.113 0.088 0.071 0.074
Fuvall (g Cm_z}
Build-up cap Polysty- PMMA (552 Polysty- PMMA 552 (552 Polysty-  A150 (552 Delrin PMMA
material rene rene rene
Build-up cap 0.598 0.625 0.924 0.537 0.547 0.352 0.712 0.420 0.455 0.493 0.430 0.543
thickness ., (g em 9
Ay 2501y 0.988 0.995 0.998 0.997 0.992 0.986 0.989 0.986 0.983 0.999 0.988 0.993
Ay 192 0.9583 0.9864 0.980 (.986 0.984 0.978 0.973 0.982 0.979 (.988 0.952 0.980
Ay Cos0 0.989 0.986 0.984 0.990 0.989 0.984 0.976 0.988 0.985 0.991 0.989 0.987

(continued)



TABLE 7.6—Continued

lonization Chamber

PTW PTW
NE NE NE 31002 31003 PTW
MNE 2515/3 NE 2577 NE MNE 2505  2505/A 2505/3A 2505/3B NE 2571 MNE 2571 NE 2581 NE 2581 (Water- (Water- 23332
Parameter  (Farmer) (Farmer) 2561 (Farmer) (Farmer) (Farmer) (Farmer) (Farmer) (Farmer) (Farmer) (Farmer) Proof)  Proof) (Rigid)
Air cavity 0.2 0.2 0.325 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 00125 0.3 0.3
volume
(em?)
Air cavity 0.7 0.83 0.92 24 24 24 24 24 24 24 24 0.65 1.63 1.8
length
(cm)
Air cavity  0.32 0.32 0.37 0.3 0.3 0.32 0.32 0.315 0.315 0.32 0.32 0.275 0275  0.25
radius
(cm)
Wall Graphite Graphite Graphite Tufnol Nylon Graphite Nylon Graphite Graphite A150 A150 PMMA PMMA PMMA
material 66 66
Wall thick 0.066 0.066 0.09 0.075 0.063 0.065 0.041 0.065 0.065 0.040 0.041 0.079 0.079  0.054
-ness
Fywall
(g cm )
Build-up PMMA  Delrin Delrin PMMA PMMA PMMA  PMMA Delrin PMMA PMMA Polystyrene PMMA PMMA PMMA
cap
material
Build-up  0.543 0.552 0.600 0.545 0.545 0.551 0.551 0.551 0.550 0.584 0.584 0.357 0.357  0.357
cap
thickness
fcap
(gem™7)
A 250KV 0.994 0.988 0.987 0.997 0.996 0.998 0.995 0.999 0.996 0.986 0.991 0.990 1.000  1.000
Awlr-192 0.982 0.981 0.954 0.989 0.984 0.989 0.990 0.989 0.983 0.988 0.990 0.992 0993  (0.993

Aw,Co-60 0.986 0.986 0.9584 0.990 0.989 0.989 0.989 0.988 0.981 0.987 0.991 0.992 08993 0994

(continued)




TABLE 7.6—Continued

lonization Chamber

PTW PTW PTW PTW Victoreen Wellhifer Wellhifer
30010° 30011 30012 23331 Radocon Victoreen Victoreen Victoreen Victoreen Wellhifer Wellhifer IC &9 IIC 70

Parameter (Farmer)  (Farmer) (Farmer)  (Rigid) I11 550 30-348 30-361 30-351 30-349 IC-15 IC 28 (Farmer)  (Farmer)

Air cavity 0.6 0.6 0.6 1.0 03 0.3 04 0.6 1.0 0.13 0.3 0.6 0.6
volume
(em™)

Air cavity 23 23 2.3 22 23 1.8 223 2.3 22 .58 ne 23 2.3
length (cm)

Air cavity 0.305 0.305 0.305 0.395 0.24 0.25 0.24 0.31 04 0.3 0.31 0.31 0.31
radius (cm)

Wall material PMMA Graphite Graphite PMMA Polysty- PMMA PMMNA PMMA PMMA (Ch52 (552 Delrin Graphite

remne

Wall thickness 0.054 0.079 0.079 0.060 0117 0.06 0.144 0.06 0.06 0.068 0.070 0.070 0.068
fuan(gcm ™)

Build-up cap PMMA PMMA PMMA PMMA PMMA PMMA PMMA PMMA PMMA PMMA POM POM POM
material

Build-up cap
thickness

teap (8 cm™ %) 0.541 0.541 0.541 0.345 0.481 0.360 0.360 0.360 0.360 0.354 0.560 0.560 0.560

A 2506y 0.998 0.9493 0997 0997 0.997 0.994 1.000 0.995 0.996 0.993 0.993 1.000 1.000

A tr192 0.990 0989 0.990 0.992 0.991 09493 099z 0.993 0992 0.990 0.988 0.9490 0.990

A o6 0.991 0989 0.990 0.993 0.991 0994 0992 0.994 0992 0.990 0.988 0.9490 0.990

The Monte Carlo calculated wall correction factors A, 250 kv Awir192, and A, o6 for 250 kV x-rays as well as for the 'Ir and *'Co y-rays according to

Ferreira et al.™

are also listed.

* Originally type 30001, PMMA made wall and aluminum made central electrode.
® Originally type 30002, graphite made wall and graphite made central electrode.
© Originally type 30004, graphite made wall and aluminum made central electrode.



* kas,a= hava sagllma ve azaltma katsayisi,

TABLE 7.8

Correction Factor k,. , for Attenuation in Air for Primary Photons for
Brachytherapy Radionulides for Different Measurement Distances

kas,a

Distance (cm) “7Cs “Co 198 A0 | (' 18pq 70Ty 18%yp
5 1.000 1.000 1.000 1.001 1.000 1.003 1.000 1.000
10 1.000 1.000 1.000 1.002 1.000 1.006 1.000 1.000
20 1.001 1.001 1.001 1.004 1.001 1.012 1.001 1.001
30 1.001 1.001 1.001 1.007 1.001 1.018 1.001 1.001
40 1.001 1.001 1.001 1.009 1.001 1.024 1.001 1.001
50 1.002 1.002 1.002 1.011 1.002 1.030 1.002 1.002
60 1.002 1.002 1.002 1.013 1.002 1.036 1.002 1.002
70 1.003 1.002 1.002 1.016 1.002 1.042 1.003 1.003
80 1.003 1.003 1.003 1.018 1.003 1.049 1.003 1.003
90 1.003 1.003 1.003 1.020 1.003 1.055 1.003 1.003
100 1.004 1.003 1.004 1.023 1.004 1.061 1.004 1.004

Values calculated using the effective mass energy absorption coefficient values, (pen/p)a e, given
in Table 5.4 through Table 5.16, and dry air material constants given in Table 7.5 for an ideal point
source and broad-beam conditions.

Source: the physics of modern brachytherapy for oncology

4k
ar



* kscatt= oda sac¢ilma katsayisi,
* 5cmile 30 cmm mesafede 122Ir, ®°Co ve 3/Cs icin bu deger ihmal edilebilir.
* kscatt=1

. kapp1= Aplikator/ Katater duvari azaltma katsayisi

* kappl = Mplastik / Mmetalik
e Olciilen dozun hesaba katilmasi gerektiginde

2
ok, = ( r ) r, = 1 m (Ref.), r: Olgiim mesafesi
rO



OLCOM BIiLGILERI

'[AR]H $ - - __]
Elektrometre : lyon Odasi: l
| _Fantom e

Basing Sicaklik: Ctp : | [ )
Nk (C0-60)

Nk (Ir-192) 1.007

k,  (Gradient Faktdri) 1.009
| K som  (Oda Sagilma Faktdril) |
_3,_ (hava azaltma diizeltmesi) 1.001

I¢tim mesafesi 10 cm

Olgim Zamani (1 ) s 60 s

OKUMA (nC)

RHK (Referans Hava Kerma )

(Ty)y (Ir-192) 0.4658 R m*/hCi”’
| (I'y): (Co-60) 1.307 R m*hCi”

Olglilen Aktivite (Ci)

Olgiilen / Sertifika

Hava Kerma (HK) = Mu ®* Nk (Ir-192) * ks * Koo * ka*Ctp

Ctp={273.2+T/273.2+20 }* {1013/ P}

T = Sicaklik (C°)

Referans Hava Kerma (RHK)=

RHK
Aktivite =

(r‘{)x x 8.764

Mu ° = Okuma
P = Basing ( mBar )

HK x 60

Havada Ol¢iim
Yontemi
TMMOB KUB Formu
(Referans: IAEA
TECDOC 1079)



Havada Ol¢iim Yontemi (TMMOB)

* Genellikle kullanilan mikrokaynak *°?Ir oldugundan
* Hava Kerma (HK) = M, x N, (*?2Ir) x k.. x k... X k. x C,,
KR = N KMku kfkpk]"kpkinnkb’kwallkas,akscattkapplkr

HK X 60
100

e Referans Hava Kerma (RHK) =

RHK

(Fy)x X (¥)hava

e Aktivite =



— 192
(HK) o I\/Iu X Nk( Ir) X kair X kscattx kn X Ctp
* 10 cm 6lcim mesafesi icin, 0.6 cc farmer tipi iyon odasi icin

* M, = 60 saniye elektrometre okuma degeri (mGy/C)
* N (*%Ir) =1.007 X N, (*°Co),  N,(°°Co) = N, (*°Co)



(HK) = M, X Nk(192|r) X kair X kscattx kn X Ctp

* k... (Hava azaltma duzeltmesi) = 1.001

TABLE XI. CORRECTION FACTORS FOR AIR ATTENUATION OF THE PRIMARY PHOTONS
FROM "Ir, ¥7Cs AND ®Co BRACHYTHERAPY SOURCES

Distance (cm) P2y PTcs “Co
10 1.001 1.000 1.000
20 1.002 1.000 1.000
30 1.004 1.001 1.000
40 1.005 1.001 1.000
50 1.006 1.001 1.000
60 1.007 1.001 1.000
70 1.009 1.002 1.000
80 1.010 1.002 1.000
90 1.011 1.002 1.000
100 1.012 1.002 1.000

* k..t (Oda sacilma faktéra) = 1

* Oda sacilma dizeltmeleri genellikle dlcilmus hava kerma hizinin ters kare
kanunundan sapmasindan cikarilir. (10 cm 6lcim mesafesi icin, 0.6 cc farmer
tipi iyon odasi icin)



(HK) = I\/Iu X Nk(192|r) X kair X kscattx kn X Ctp

* k., (Gradient faktoru ) = 1.009
e ky=lyon odasi sinirli boyut diizeltme katsayisi,

TABLE IX. NON-UNIFORMITY CORRECTION FACTORS FOR FARMER-TYPE IONIZATION
CHAMBERS (INTERNAL RADIUS 3.15 mm. LENGTH 24.1 mm)

Distance

(cm) k,

10.0 1.009
15.0 1.005
20.0 1.004
25.0 1.003
30.0 1.002
40.0 1.002

50.0 1.001




(HK) = I\/Iu X Nk(192|r) X kair X kscattx kn X Ctp

2732+ T X 1013.25
273.2+ 20 P

. Ctp(Slcakllk, basing¢ diizeltmesi) =

e T = Ortam sicakligi (°C)
* P = Ortam basinci (milibar)

Hava Kerma (HK) = 60 saniyede 10 cm’de

HK X 60 _ _
=Gy tm?2.h1
100

Referans Hava Kerma (RHK) =



RHK

e Aktivite =
(Fy)xX (%)hava

* (I})x(1921r)=0,4658 Rm? /hCi™"  (I})(%C0)=1,307 Rm?*/hCi™"

* (S)hava=33.97J/C 1R =2.58 x 10 C/kg

¢ () pava X2 = 3397 1/CX 2.58 x 10-4 C/kg

e

= 8.764 mGy/R (Gy=l/kg)

(I'y ) x = Isinlama hizi sabiti

14
(;)hava = Havada tek bir iyon ciftini Uretmek i¢in ihtiya¢ duyulan ortalama eneriji



Well Type (Kuyu Tip) lyon Odasi Olgim
Yontemi

H . v . o U e Lucite ji j

* lyi geometri durumlarinin saglanma giglagi e I Tes
nedeniyle, acik alan metodu zaman alici bir sty R -
yontemdir. ]| Luchte | ‘

* Havada oOl¢cumler yogun calisma igindeki A
bolimlerde, rutin bir kalibrasyon igin uygun G| plactic
deglldlr. chamber // tﬁwr;de?'rtn/

walls—<3.1.. i

* Bu tir yerlerde, kuyu tipi iyon odalari, rutin A0 ﬂ e
Olcimler icin daha uygundur.

* Kuyu tipi iyon odasi genellikle kaynak iyon odasi N
duvarlarinca ¢evrelenmis olan yaklasik 4t 6l¢im  Secvose 1
geometrisinde tipe sahip iyon odalari kullanilarak | |
gerceklestirilir.

* Sekil ‘de Capintec CRC-10 modeli bir kuyu tipi
lyon odasinin semasi gorulmektedir.




Kuyu Tipi lyon Odasi Olgim Yontemi

e Aygit yuksek basincli argonile
doldurulmus, aliminyum duvarli iyon
odasindan olusmustur.

* Cevreleyen duvar ile geometriyi saglamak
icin bir kaynak tutucu gelistirilmistir.

e Bu tlr aktivite o6lcumleri, NIST tarafindan
Olculmus standardize edilmis aktivitelerin,
cesitli izotoplarin relatif iyon odasi
cevaplari ile kiyaslanmasi temeline
dayanir.

* Ayrica well chamber’in cevabi kaynagin
well icindeki pozisyonuna ve kaynak
glclune baghdir.

* Cihaza ve kalibre edilecek kaynaga gore
duzeltme faktorleri belirlenmelidir.




Kuyu Tipi lyon Odasi Olgiim Yontemi

* lyon odasi, termal denge ve elektronik
stabilizasyon icin gece boyunca brakiterapi
odasinda muhafaza edilir.

* Ertesi glin polarize voltaji ayarlanir ve 45 dakika
Isinma icin beklenir.

* Yeni HDR kaynag ylklendikten sonra, kuyu tipi
iyon odasi 1 m cap icinde herhangi bir duvar
olmayacak sekilde tedavi masasina yerlestirilir
boylelikle oda sacilmasi engellenir.

 HDR-kateter- iyon odasi baglantisi yapllir.



Kuyu Tipi lyon Odasi Olgiim Yontemi

* Hassasiyet odanin boyu boyunca
degisir.

1.0200

* 2.5 mm adimlar ile oda boyunca 10000 |
Olcim yapilarak hassasiyet egrisi g
olusturulur. R |

2 09400 |

» Kaynak iyon odasinda maksimum doz %o.gzoo !

okumasi sagladigi noktaya getirilir. 0900 |

e (sure 60 saniye, nanoamper (nA)
okuma) (5 tekrar ortalamasi)

0.8800 |

Maximum response of well type chamber

w=f==Seriesl

\ 4

10 15 20 25 30 35 40

Source dwell Positions



Kuyu Tipi lyon Odasi Olglim Yoéntemi

KR — NKHMmaxkkakpkinnka wGyh 'at1m

ppl

SEZ — NSKMmaxkkakpkinnka nGy m”h™ "

pp!



Kz

* Nir = lyon odasinin hava kerma kalibrasyon faktori  Ne, =

2 2, 1 (M, kp K,
Gym™h A l,ﬂruGym h™"A™]

 Ngx= lyon odasinin hava kerma giicti kalibrasyon faktori
uGymzh LA 1=1cGycm2h LAl

* M., . = Ortalama max. okuma degeri (60 saniye, nA) 1C=60.A

Okuma birimi eger Coulomb ise M ax = Qmax/ (607).

273.2+ T (°C) , 1013.25 (hPa)

* kpkr=K(Sicaklik, basing duzeltmesi) = 273.2+ 20 (°C) P (hPa)

mN elec )



My [+ [M_]

* Kp — Polarizasyon etkisi icin dizeltme faktoru
M = +V bias voltaj okumasi
M_ = -V bias voltaj okumasi
4 I -1
* Kijpn = [— - — ] lyon rekombinasyon dizeltme faktori
3 3x 1y,

. kapp1= Aplikator/ Katater duvari azaltma katsayisi

* kappl = Mplastik / Mmetalik
e Olciilen dozun hesaba katilmasi gerektiginde



Fantomda Olcim Yontemi

* Fantomdaki 6lcllerde en uygun kaynak iyon odasi
mesafesi 5-10 cm’dir.

* Fantomun iyon odasi ve kaynak ¢evresini tam olarak
sarabilmesi icin uygun ebatlarda olmalidir. '

* Silindirik fantomun merkezine kateter baglanti
yapilarak. 1, 2, 3 ve 4 nolu deliklere (0°, 90°, 180° ve
270° geometrilerde iyon odasi yerlestirilerek 60
sn’lik stre icin tim geometrilerde okumalar alinr.

* Tum okuma degerlerinin ortalamasi asagidaki
formulde yerine konularak aktivite degeri

hesaplanir.




Fantomda Olcim Yontemi

KR = N KMku kfkkakpkinnk kaallkapplkrkapkph }.LGy h_l atlm

SK N].{Mk ka ka kmnkvkwallkapplkfk EG}-” cm® h™'

ﬂPF’h



* N = Hava Kerma kaliprasyon faktoru (Gy/C)

M = Dozimetre okuma degeri 1 dakika (0°, 90°, 180° ve 270°
geometrilerde silindirik fantomla alinan elektrometre okuma degerlerinin
ortalamasi)

* k, = Birim donustirme katsayisi, uGy = ky x Gy, kyy=1x 10°®
s kt=60/t, t=1 dakika

* kpkT= K, (Sicaklik, basing diizeltmesi) = 273.2+ T (°C) , 1013.25 (hPa)

273.2+ 20 (°C) P (hPa)
M, |+ |M_ . e e
* K)= | +|21vl | Polarizasyon etkisi icin dizeltme faktoru
M, = +V bias voltaj okumasi
M_ = -V bias voltaj okumasi
4 I -1
* Koy = |- — —% lyon rekombinasyon diizeltme faktorii
3 3 le/Z



* ky=lyon odasi sinirli boyut diizeltme katsayisi, havadaki dlciim tablolari
* kyall= lyon odasi duvari diizeltme faktéri, havadaki 6lcim tablolari

* kappl= Aplikator/ Katater duvari azaltma katsayisi, ince plastik aplikator
1 kabul edilebilir.

* kappl = Mplastik / Mmetalik
e Olciilen dozun hesaba katilmasi gerektiginde

2

I

* k, = [—) ro =1 m (Ref.), r: fantom 6l¢cim mesafesi
r'O

* k,, = Perturbasyon faktoru, bu iyon odasi tipine baglidir
2r ve PMMA malzemesi igin k,, =1



kon = Fantomla ilgili absorbsiyon etkisi ve sagiimayi hesaba

- Kaynagin enerjisine ve fantomun tiirtine gore degisir.
- Monte Carlo simulasyonlari ile hesap edilebilir.

TABLE 7.16

Phantom Correction Factors k., for the Three PMMA Phantoms

ph

Solid Phantom

Meertens
Krieger Cylindrical Baltas Plate Cylindrical
Source/Radionuclide Phantom Phantom Phantom
"2Ir (miniaturized 1.182%~1 684 1.0487" 1.0337
sources, HDE, PDR)
¥Cs (LDR spherical — — 104147

sources, 10 spheres)

* Corrected to exclude the chamber finite size effect for the PTW 23332 type ionization chamber
from the originally published value of 1.187.”

katan faktor



Radyoaktif Bozunma

* Kaynak sertifika degerleri g6z ontine alinarak
* TPS’nde aktif aktivite degeri

 Olciim yapilan tarih icin hesaplanan aktivite degeri
(el hesabi)

A= Aoe_/lt

A = Hesap anindaki aktivite, A, = llk aktivite,
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