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ZCT 533/4 - Dosimetry and Radiation protecfion
[D osimetri dan perlindung an S in aranJ
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Please ensure that this.examination paper contains SEVENTEEN printed pages beforeyou begin the examination.
[sila pastilran bahqwa kertas peperiksaan ini mengandungt TUJUH BELAS muka suratyang bercetak sebelum anda memulakanpeperiksian ini.i
Instrlrction: Answ-er all FOUR (4) questions. Students are allowed to answer allquestions in Bahasa Malaysia or in English.

fArahan: Jawab s:mu! EMPAT (4) soalan. Pelajar dibenarkon menjawab semuasoalan sama ada dalam Bahasa Maraysia atau Bahasa" Inggeris.J
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Absorbed dose of 4 Gy to the whole body is fatal to man. The absorbed energy is

distributed uniformly in a70 kg man and there is no heat loss.

[Dos serapan 4 Gy pada keseluruhan badan biasanya memberi maut kepada

manusia. Katakan tenaga setara dengan dos ini ditabarkan secara seragam di
dalam seorang manusia yang beratnya 70 kg dan tiada haba yang hilang.J

i) Calculaie ihe rise in temperature in the man.

IHinmgkan kenaikan strhu pada orang itu.J

ii) Why is the dose fatal to man although the temperature rise is srnall?

[Mengapakah dos ini membawa ntati kepada manusia walaupun kenaikan

suhttnya hanya kecil saia?J

Assume specific hea-t of man is simiiar to specific heat of water i-e.

s=4200Jkg-'i(-' , 
,

[Andaikan spesifik ntanttsia sama dengan haba spesifik air iaitu s : 42A0 J kg-'
K'.1

(30/1 00)

b) Explain the difference between mass attenuation coefficient and mass stopping

power.

[Terangkan perbezaan antara pekali pengecilan jisim dan kuasa pengltentian
jisimJ

(20l100)

EnergY (keV)
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Calculate the total fluence.
[Hitungkan j umlah fluensJ

Plot the differential flux_density against energy in the graph provided.
[PIotkTn ketumpatan fluks tenaga difereniiar pada tenaga Qaram graf
yang diberiJ

Calculate the total energy fluence.
[Hitun gkan .j um lah te na ga flue nsJ

C_alculate the mean photon energy with respect to fluence.
I Hi tun gkan t e n a ga pur at a fo t o n me ruj uk p ad a fl ue nsJ

calculate the absorbed dose in water where the fluence passes through it.
State any assumptions used.
[Hitungkan dos serapan da.ram air jikafluensfoton melaluinya. Nyatakan
se b arang anggapan yang di gunakan.J

(s0/1 00)

a) State Bragg-Gray theory and its assumptions.
[Nyatakan reorenx Bragg - Gray dan anggapannnya.J

(2s/100)

b) Explain the differences and similarities between Spencer theory and Bragg-Gray
theory.

[Terangkan perbezaan dan kesantaan antara teori Spencer dan teori Bragg -GraYJ 
( 2s/too)

ii)

iii)

v)

iv)
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A 'beam of electrons whose fluence is 2 x 1010 cm-' hits a LiF chip

perpendicularly. Thickness of chip is 1.0 mm and the sur ce area is 3.0 x 3.0

mm2. Calculate the absorbed dose in chip if the energy of electron is (i) 300 keV
and (ii) 2 MeV. Explain your answers. Assume path lengthening of electron in
LiF is 5%.

[Bim elelAron yang fluensnya 2 x ]010 cm'2 menghentam suatu cip LiF secara
-bertegak 

lurus'. tcete-balan cipnya 1.0 mm dan luasnya 3.0 x 3.0 mm2 . Hitungkan

dos serapan dalam cip jika tenaga elektronnya (, 300 kev dan (ii) 2 Mev.
Jelaslmn jowapan anda. Anggaplmn pemanjangan lintasan elehron dalam LiF
ialah 5 %.J

(so/1oo)

A calibrated ion chamber is used to calibrate a 6 MV photon beam in water. The

ion chamber gave areading of Y nC at 5 cm depth in the water phantom. Discuss

the varions corrections that are applied to obtain the dose at d."* from the ion

chamber reading.

fSuaht kebuk pengionan yang ditennlcur digunakan untuk menentukur 6 MV bim

foton dalam air. Kebuk pengionan memberi bacaan Y nC pada kedalaman 5 cm

dalam fantom air. Bincangkan pembetulan-pembetulan yang perlu'dilalaanakan

untuk mendapat dos pada d**dari bacaankebukpengionan.J
(so/1oo)

A perspex phantom is used to calibrate a 6 MV photon be1m. A cylindrical air ion

chamber has a wall thickness (polystyrene) of 0.20 g cm" and an inaer diameter

of 5 mm. The ion chamber is placed at a depth of 5 cm in the phantom. N*A;.,,:
1.05 x i010 R/c (T :22 oC 

, P :760 ton ) for Co - 60 for this chamber. charge

collected is 2.50 x 10-8 C atP:750 ton& T:20.0 oC andthe ion collection

efficiency is 0.985.

fSuatu fantom perspek digunakan untuk mententukur bim foton 5 MV. Suatu

kebuk pengionan udara berbennk silinder mempunyai ketebalan dinding
(polystyrene) 0.20 g cm-2 dan garis pusat dalaman 5 mm. Kebuk pengionan di
irnn i cm dalamfantom, N,Aio,: L05 x I0I0 R/C (T:22 oC, P^:760 torr)
bagi Co - 60 untuk kebuk ini. Cas pengumpulannya ialah 2.50 x l0-o C pada P :
750 torr & T : 20.0 T. dan kecekapan pengumpulan ion : 0.985J

il Calculate the N o"i,the chamber.

[Hinngkan NDdo,obagi kebuk ini.J

a)

b)

242

..st-



-5-

Calculate the absorbed dose in perspex at this depth.
fHinngkan dos serapan dalam peripek pada keialaman ini.J

State any assumptions.

[Ny a talan and ai an-an d ai anJ
p*=1.003

G)i;,r,r,",, = 0.904 (C o - 60)

Qt"::** =1.093 (6MV phoron)

(t)\I,trff,"," =1.103 (6NfV photon)

LZCTs33l

(50/100)

a) Discuss briefly the interaction berween
[Bincanglmn secara ringkas tindakbalas antara|

i) Thermal neutron and tissue.
fneutron terma dengan tisuJ

ii) Fast neutron and tissue.

[neutron cepat dengan tisuJ

(30/100)

b) Discuss briefly the thermo luminescence processes that occur in a LiF chip.
[Bincangkan_secara ringkas proses-proses termoluminesens yang berlak dolo*
suatu cip LLFJ

(35/100)

c) State the differences between stochastic and deterministic effects in radiation
protection, Which effect has greater importance in radiation protection? WfrvZ
[Nyatakan perbezaan antara kesan stolastik dan deterministik dalam
perlinduttgan sinaran. Kesan manakah yang lebih penting dalam perlindmgan
sinqran? Mengapa?J

(35/100)

...6/_
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Appcndix B.2. Datz Tablc for Compounds and Mixtures'

Electron density
(102r c/g)

lzcT s33l

M arcrial

llen<irv

("V)"

A- t50 plasric'

Adiposc tissue
ztr-, tnr: Drr

Air' '

, rtnn n.dbonei cofilcal (luKr.)
Calciurn fluoride, CaF2

Carbon dioxide, CO2

Lucite, (C5HeO?)"
' ,-^* ^.1Muscle, skelelal (IUKf)- '

Mylar, {CroHsOr)"
Nylon, typc 6

(c6HilNO)"
Pnlw"".h^.r r"

(cr6Hr+or)"
Polyethylcne (CrH*)"
Polyimidc (Cr2H roN2Oj)
Polypropylcnc (CrHs)"
Polyscyrcne (CsHu),

(c2Hrct)"
Pyrex (borosilicace glass)'

Silicon dioxide, SiO2

Silver bromido, AgBr
Snrlirrm in.lidc Ne I

Teflon, (CrF*L
TE gas (medrane.baied)d

,.1I I, gzs (ProDane-Das3c)-
'l:F linrri.l /.n .r'".^".\i- _..:-.*
\\/arer, iilO

t.t27

0.9 2

1.205 x l0-'
r.85

3.r8
I.B+2 x IA-3
4.51

2-6+

L19
1.04

1,40

1 14

r.20
0.94
1 Aq

0.90.
1.06

r.30
2.23
2.32
6.+7

3.6V

2.20
1.064 x l0-l
1.826 )( l0-j
r.070
0.990?

3 .306

3.363
3 .006
3.139
2.931

3.010
2.s03
2.786
3.2+B

3.308
J.IJt

3.299

3.173
3.+35
3.087
3.372
q ?qA

J.U6J

2.993
3.007
'2.629

2.57 t
2.890
? ?lt
n 21/

J.JIJ.

3.3+3

65. I

63.2
64. /

106.4
166

Bs.0
553

94.0
7 +.0
75 C

18.7

63.9

73.1
17 .+
i9 .6
J> -Z

06../

108.2
I J.t

r 39.2
+87

452
99. 1

6r.2
59.5

i 5.c

'Data ftom 5c:gc: and S:irzcr (1-oE3)
o Scc com,:osirio;rs in A:::ndix B.3
'issuning ?- = !0'C., ,e = i arrn., ani Cha:ics'Lax.ior gas:s aoclies
'tris thc:ncr: cxciraribn porcnrial [cr sroopine oowcr,:cc Chaorcr 6.
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o o.l o'? 0.3 0'4 0'5 0 6

CHAMBER WALL THICKNESS (g/cmz)

FIGURE 1j,7a. Fraction c of ionization due to electrons arising ia tbe chamber wall, as a

function of mass wall thickness, fo. 6oCo 
7-rays [Lempert et al' (1989), as adapted by AAPM

(198g)1. Beproduced with permission from R.3. S.h,'l" and The American Institute of Physics'
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NOMINAL ACCELERATING POTENTIAL (MV)

FIGURE 13.76, Fraction cr of ionization due lo electrons from the chambei wall irradiated by

x-rays with nominal acceleration potentials of 2 to 50 MV. The dashed portions of the curves are

extrapolarions of the experimental data. [Lempert et al, (1983), as adapted by'AA|M (1983)'

Reprodr.rced with permission from R, J, Schulz and The American Institute of Physics']
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APPENDIX E. (Continued)

P olystYrene

trnERGY. c0LLrs,ritolll!!r!8Et* T0TAL

floV FaV cr2lg HaV cr2l9 HoV crllg

a.72ql+01

. CSDA
RAHGE

q/ ctz

2,5q6E-0{
r tltf-64
).l a t e ' '

5.2lEE-04
6.6598-0c
E,694E-0{
I . 29?E-0 5

1 .7E5E-03
2. J{5E-01

RADIATIOH
YlELD

DEHS . ETF.
CORR.

( DELTT )

0.0

0.0
0.0
0,0
0.0
0-0
0.0

0 .0100

0 .0150
0.0175
0'.0200
0.0250
0.0500
0.0150

0.0400
0.0450
0.0500
0.0550
0.0600
0.0700
0.0600
0.0 900

0.1000
0.1250
o. 1500
0.1750
0.2000
0 .2500
0.1000
0.3500

0.4000
0.4500
0.5000
0 .5500
!.5000
0.7000
0.E000
0.9000

,.2231+01
1 "656f,+01

.621E+01

. q 37E+0 1

.295E+01
1.q91[+01
9.465E+00

Z.l0lE+00
2.gg!f,+00
1.961f,+O0
I .941E+00
1.9llEtoo

. E64E+00
. EjZE+00
.E10E+00

z. gEZE-05
2.992E-03
2. 9.99E-05
1.004E-05
3. O0EE-01
1.0178-01
3.027E-05
3.057E-05

5 . O cEE-05
l.06lE-05
5. o74E-03
3.0EA'E-05
5. l03E-03
3.115E-05
1.169E-03
5.206E-05

L2q4E-05
3.x50E-05
5.465E-05
5.5ECE-05
5 .71 'l E-0 f
3.9E5E-05
4.2E4E-03
4.60q8-05

{ .945E-01
5.504E-05
5.6E0E-05
5.O7lE-05
6.q75E-05
7 .322E-03
E .21 zE-0 l
9.1{zE-of

.65 9[+01

.6ZlE+01
, 4 3E,E+0 I

.2959+01

.O9lE+01
9.46EE+00
t.4459+00

7.{O6E-05
E.E59E-05

^rt9-66
. I 52E-04
.29zE-04
.54 lE-0 q

r arrtr-t'l6
I r.ese '. ^t 1tr-tl 6

2.2J5E-0{ 0'0
z.q5ZE-04 0.0
2.662E-0q 0.0
2.E.67E-04 0.0
5.06EE-04 0.0
l.{56E-04 0.0
3.E34E-04 0-0
4.197E-04 0,0

6. q46f,+O0

.794E+00'!'

.7739+00

.7668+00

.765E+00

.756f,+00

.77EE+00

.791E+00

. EOq E+00

. ol I E-02

.267E'02

.541E-02.
-E30E-02

- I 1 tr-n 7
a.lJce Ye

2.7 6 6E-02
5.q35E-02
{.132E-02

. o62E-0 I

r .4EtE-0 1

5 . E76E-0 I
7.ZElE-01
E.6E4E-0 I

- 69E,f,+0 0
.291f,+00
.562E+00
. E55E+0 o

l.ll2E-05
. 44'l E-0 5

.570E-03

.699E-03
1 . EZTE-0 l
z.oE7E-01
2.lq9E-05
z.6l5E-05

^(1F-02

2.SE5E-05
1.577E-01
4.295E-05
5.050E-01
5.7SEE-03
7.l5zE-03
8.970E-03

.0000

.5000

.7 50 0
2.0000
2.5000
5.0000
1.5000
q.0000
4.500 0

5.0000
5.5000
5.0000
7.0000
6.0000
9.0000'

10.0000
12.5000
15.0000
17.5000
e0.c000
25.oo0oj0.0000'
j5.o0o0

40.0000
c5.0000
50.0000
55.0000
60.0000
70.0000
40.0000
90.0000

7.617E+00
7.'gggf,+00
6. {E I E+00
, ..951f,+00
5.6SEE+00
5. l0EE+00
4.666E+00
q.3l7E+00

4.0J4E+00
3.5208+00
I.l7ZE+00
Z.9ZlE+00
2.755E+00
2.475E+00
Z.l05E+00
u.lE7E+oo

7.546[+00
7.995[+00
6..,EqE+00
6. O54Ei00
5.591f,r00
5. 1 1 1 f,+o0
q,569E+00
4 .520E+00

{.05E8+00
5.525Ef00
5.176,f,+00
Z. 926E+00
Z.7]|9E+00
z. 179E+0 0

,.599f,+00
,.1 92[+00

2.95EE-01
1.6558-05
{,195E-01
5.194E-05
5.0{7E-05
7.905E-05
9.955E-05
l.2lEE-02

l.15EE-02
z.lz4E-02
2. E7 3E-0 z
1.695E-02
{.579E-02
6.504E-02
E.59EE-02

q.550E-0q
5.396E-0(
6.199E-04
6.967E-04
7.709E-0{
9.lllE-04
r ^EAf-n\l.vJv! Y'

I . I S2E-05

0.0
0.0
0.0
0.0
0.0

0.0

2.729E-05 i

z.6SEE-0?-
5. {20 E-o z
6.383E-02
l.l52E-01
l.E10E,-0 I

2. 
" 

9ZE-o I
3.179E-01

L E6 2E-0 I

5.515E-01
7.054E-01
E.501E-01
9.El4E-01
1.2211+04
'I .4llE+00
1.519t+00

1.762f,+00.
,l .912E+00
2.070E+00
2.197E+00
a.515t+00
Z.5jlEfo0
7.722f,+04
2.696E+00

.'1 96,f,+o0

.0+08f00

.990E|00

.950E+00

. 9 1 3f,+00

.671E+00
,.g4ql+00
.El9Elq0

.69r,f,+00

.795f,+00

. 761 E+0 0

.7E,3E+00

.769f,+00

.6q5f,+00
, sz5E+0 0

.E+5E+90

,sl5E-01
.557E-0 I
.s05E-01

2.059E-01
2.llEE-01
z.sq6E-01
t. lE5E-0 I
5. glzE-o I

l.E59E+00
1.676E+00

.El6E+00

.626f,+00
LSl9E+00.
I.E49E+00

\.85ZE-02
5.591E-02
6.l53E-02
'l . t29E-oz
7.9,1 9E-02
9-559E-02
l . I Z0E-0 I

l.z90E-01

I . q 6 q E- 0 I

1,909E-01
z.167E-01'
z.s:5E-01
I 5I I E:0 I

c.2S2E-01
5.270E-01
6 . 27l E-01

.E65Er00

.EE4Ef00

.902E+00

.920Er00

.9lEE+00

.971E,+00
2.6ggf+00
?.031E+00

2.062E+00
,.1 31 t+0.0
a.195f,+00..259[+00
z.Jl0Ef00
z . q I 9 E + 0.0

2.55{E+00
Z .6 6 9 E+ 0 0

2.762E+00
2.E9{E+00
,,966[+00
l.l I EEl0.0
l,2l0E+00
,.452f,+00
i,675E+00
1.697E+00

25L

2.19{f,+00
z.17 lE+00
2.535f,+00
z.E97E+00
l.,l 56E+00
,.5579r00
{.171E+00
4.559f,+00

5. I 55E+0 0

6.547E+00
,.562f,+0 0

6.525E+00
9.717f,+00
L l6zE+0.1
l SElE+0 I
1.57{E+01

l.75iE+01
1 .951E+0 I

2. l0lE+0,1
,.2559+01
2 . { Ztt E+ 0 I
z.7ZlE+01
l.o0AE+01
L Z6EE+0 t

.zl3E-02

.q05E-02(rnF-O?
7 qt F-n 7

1.916E-02
z ,297 E-02
z .6 6ZE'0 Z

5.029E-02.691 t+00.
.904E+00

.916E+00

.9q0[.+00

.950E|00

.9758+00
1 .969t+00
2.919[+00
2.027E+00
2..0(t E+00

2.051E+'00
t. g5tt[+00
2.07I8+00
,.961[+00
2.069E+00
Z.l0ZE+00
Z.ltlE+00
?.lz1E+00

.z6qE-ol

.106E-01

.53qE-01

.0 17 E+ 0 0

.lqlE+00

.351E+00

.r529+00

.77'iE+00

r a o a t-0 7

q.Jz)L-uz
5. Zq 9E-02
6.165E-qz
7.072L-02
6.Eq4E-02
I ..0568-.0 I

1.220E-01

l,176E-01
r.5l0E-01
1.676E-01
l.al6E-01
r , 951 E-c 1

z . ?0 q E-0 I

; , q I e E- 0 I

2.5568-01

1.054E+00
l.{0tE+00
1.702E+00
,.953f+00
4.196E+00
q.596E+00
A,93lE+00
c .r\F+nn
). LLJt Y 

'

5.q76E+00
5.794f+00
5,906E+00
6.091E+00
6.26tE+00
6,5658+00
,.626f,+00
7.q6s[+00

' 1AtI t4t-
I
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APPENDIXE. (Continuzd)

Air (Dry)

D{EX,GY STOTPIXG TOHER
COLLIgIOH N,ADIATIVE TOTAL

R,ADIATIOX D[}{3. ETT.
YIELD CORI,.

( DELTA )

c5DA
RAI{G E

ftrV llcV cr l/ g lloV cr l/E ficV cr3/g flat

o.0loo r.r75Elol 1.3t?E-Ol l.t?6'E+0! ?,1!!g-01 l.0EzE-0'{ 0'0
;:;ii; i.iiii*oi i.rzru-or t..6rE+ot !.?!!E-0{ l.zttE-ot 0.0
;:;i;; i.iiii*ii i.rize-or l'(15E+ol l.gq!!-q1 r'505E-0{ 0'9
;.;it; i.zaiE*oi !.trre-o: I 2E5E+ot 7'\?l)-01 t.705E-0{ 0'0
i'.6ioi i.iiir*oi r.l:te-or 1.1538+oI !.Zl!g-01 I 'ttEE-01 0'0
;:;;;o i.iSiEroo t.t5ca-03 t.757E+00 !.11!F-05 z-zttE-0+ 0'!
;:6i6; i.iiii+60 5.t7rE-0r 6:tt6E+oo ?.91!g-05 ?.'rrE-04 0'0
;:;iil i.jiiE*oo 5.e6aE-05 7.5{'7E+00 ?-l2rE-0J ?-t55E-01 c'0

I.rrEE-01
4.0ttE-05
{ .025E-05
{,0{0E-05
{ ,057E-05
4.0 rJE-0 J
{, trlE-0 5
+, 1 75E-0 J

o -o4oo 5.t4EE+00
o .04r0 a .zEl E+00
O.05oo 5.Et,E+00
0.0550 ,.(lIE+00
0.0500 .5.lllE+00
0.0?00 4.5rtE+00 .

o . Oro0. {. t ,EE+0 0

0.0r00 !.El6E+OO

0.t000 . 3.e!tE+0o
o . t 250 .5 't 7?E+00
!.1500 z.!tlE+00
0.t750,. e.{57Eioo.
o _2000,, a..4 70E+0O.
o.zr00 2.253E+00
0.f000 .z.0E4E+00
0.1500 L97EE+00

0.4000 t.t02E+00
o.{500 LE{5E+00
o .r000 1 .l'0?E+0 0
o-5500 t.7atE+00
0.60Q0 1.7439+00
o -7000 t ,7 06E+O0

" 0.!oo0 1.6,E58+00
o.to00 I .a'{'tE+o0

| .0000 I .6tl E+00
t .2500 t.3598r00
t.5000 1.6t,1 E+00
1.7500 , l.6,7ZE+00
2.,0000 1 .6E tE+o 0

2.5000 l.7l?E+00
J.0oo0 1 .740E+00
5.5000 1.7t5E+00

{.0000 -t.7t0E+00(.5000" t.Et2E+00
5,0000 l.E53E+OO
5.5000 I .!5ZE+00
6.0000 1.E70f,+o0
7.0000 l.r0ZE+o0
E.0000 l,rJlE+00
t.0000 L t56E+00

ro.o000 l.t7tE+00
lZ,j00O 2.9299+O0
1r.0000 2.06rE+00
17.5000 ?.10(E+00
zo.oo00i z.ll{E+00
25.0000 ?.lE5E+00
!0.0000 z.zz6E+00
J5, o00o 2,257E+00

(o.oooo z.zair*oo
(5.OOOO ?.s02E+90.jo,oo0o Z.jlrE+00
55. O00o ? 354 Er00
6o.0oo0 z.l{7E+00
?0.000'0 2.16tE+00
60,0000 z, J67Et00
!0.0000 ?.{03E+00

(.!!zE+oo !.5?Z!-01 5.e!0E-0{ 0.0
i-zisz+o0 {,0E5E-0J 3.5t4E-ot 0'0
5 tzsE+oo 4,tl2E-05 5.tooE-o{ o.o
i-lllr+oo 5.t0lE-05 (.lt7E-0{ .0.0
i.n5E+00 t.750E-03 {.{tEf,-o{ 0.0
i-ii7E+oo t.t17E-ar 5.0{tE-0t c.0
1.l6zE+oo t.rtoE-02 5.5t0E-0{ 0.0
j:EiaE+go l.sl?E-oe l.1lzE-ot o.o

1..z?zE-os 5.5s7E+00 .l .625E-02 !.t!1E1l 9'9i.ii;E-oi !.iizi+oo . 2.51?r-02 7.E?5E-0.{ t'li:id;E-ol i.iiSiroo' 3-l!3E-02 .t.tlEf,-o!'0'0
i:iiiE-oi t-ai'it+oo,'1.t0lE-be''l.00lE-0I'9'!i:;;;;-;i .i.ritimc:' r.0Bzr:oe. :l.l1lE-0I 9'9i:i;;;_ol E.iiaEtoo - r.zrzxaol !.f !!E1I 9.9i:i;;E-ol i.oiiEtoo r.527E-02 l.50zE-05 9'9;:iioE-di i:is{E+oo l.tttE-01 1.588E-03 0'!

e,..l\r-0, l.to8E+00 !.tlaE-ol !.lf!E-tt t.9i-iiii-il i.iszr+oo 1.73?E-0r 2.0{EE-al 9'9
i'.iiti-ll i.roiE+oo !.te5E-0t ?.??lE-!: !'9i:;;;E=oi i.7zic+oo ?.271E-01 e.401E-05 t'9
i:ii;E:;3 i'iiii+00 z.55rri0l z-5778-05 9.9
;:iliE-oi i.iiiE+oo l,l55E-or z'tztE-ol 9'9
i:ii;i-o; i 

-aiiE+o0 5.7?zE-01 !.e3sc-05 9'9
i:iiiE-it i:aiiE+oo . 4.515E-01 t-t5EE-05 0'0

r.271|c-02 l.a7{E+00 (.tl2E-01 l'!!TE-9-3 9'Pi:ili;-6; iiiiiu+oo ..(0sE-01 {.t03E-01 '0'0i:-i:z;;-ii i.iiiE+oo 7:r00E-or l.Il!E-91 0.0
i:fiiE-i; iliiiE+oo f.:tzE-or r'7llE1-s !'0
i'.i-tiZ-ii i.iiir+oo,t-0r5E+00 7'7tlE-os !'0
i:iit;-ot i.iiiu+oo r.57{E+00 '!'21!E-9: 0'0
i:i;ilE-ot i'icrc+oo .r:t5sE+00 !'tZIE-9? 0'0
i:ii;;-o: iliiiE+oo l.t5sE+00 l'r778-02 0'0

,.rrrE-oz 1.I5OE+Oo z.z!!E+00 1'!llE-!3 !'0
i:i6iE-i; i.iiiE+io 2.{7tE+00 \"ll4a--94 0'0
;:;iiE-;i i.ii tr+oo i.z+or+oo 2.!!!!-9? 0'0
i:;;i;-;t i.iloi+oo a,.trtr+00 z-?!!E-9? 0'0
;:i;i;j; i.irie+oo r.u!E+00 2'1?zE-r.? 0'0
i:iti;-oi i.6zoe+oo !.757E+00 ?'t11E-'l? t'0i:ii;;-oi i.oeii+oo a.e{rE+00 5.?t?-E-9? 0'0
i:;;i;-;i i.iilE+oo {.724E+00 5.{t?E-o2 0-0

t.rrsc-ct z.l5tE+o0 5'ttzE+o0 t'!1fE-!-z 0'0
i:iii;.ii i.iliE+oo 3.5zrE+00 r'155E-93 0-0
;:i;;;-;i i.isis+oo z.iors+oo .5'!s1E-9? 0'0
i:i;(;-oi t'i!iE+oo E,'lr{E+00'7.lBiE-02 0'0
i:d;ii-;i I.j!ie+oo t.{16E+oo l'!f7E-!3 0'0
l.ii;;-;i i.7iii+oo 1'lltE+ol l'006E-0r 0'0
;:iitE-oi z.ilsr+oo i -iiri+ot t 'lE6E-01 7'656E-0s
;:; j;;-ii i-6e0E+oo i ai!a+01 1.!57E-01 5'tr'{E-02

s.s55E-01 J.l67Eloo I.5tt'E+01 I '524E-ol 1'174F-91
i.i6ii-oo 5.iiii+oo i.rotE+ot !'!Z!E-9! ?'z{6E-cr
i.iiii*oo !.liii+oo i 'i+ii+ot I 'tzlE-01 I' I tzE-o1
i.iiii+oo !'5i2E+oo i.iroE+ot l't6EE-01 {'120E-01
i:i;(;;;o !.iiie+oo i-zzlE+ot z.to(E-01 5'02tE-ar
i.iiii*ot i'ior,E+oo i.+sLi+ot t'l!lE-!l t-762E-01
i liiii-oi i.irrr+oo i"ilii+o i z'srae-ot E-36sE-01
i.iiii*oo i.!!iE+oo t-itiE+01'2'ElsE-or t'E{z!-01

252
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APPENDIXE' (Continutd)

Warer (Liquid)

'XB6Y 
STOP| IX6 POUEX'

CDL!I5iOX R DIITIVE TOTTL

flcV )1rV cr tu g l1rV cr l/9 Fl.V cr r/g

l.Et6Er0l
1.6478+0t
l.(61[+01
LJIE[r0l
l.ll0E+01
t,657Er00
I 5t6Er00

t.t&?E+00
l.t{tcr00
L6.tE+00
l.E{{ErQ0
l.E50E+00
l.E6tE'00

c5 Dr
tlxc E

gtctt

2,5r5[-0{
5,li7E-0{
a ,75 I E-0{
t.5{68-0(
1.7!6t-05
z.J0rE-05

ITDIITIOH
Ytrt h

t.10rE-05
1 , I JJE-0{
1.Jl6E-04
1.1928-0r'
l.66JE-0(
l. tt0E-0{
2.l0lE-0{
2.5ttE-0{

.E{lE-0{

. r r ?E-04
, rz6E-0{
.t t{E-01
.r?tf,-q(
,r6lE-0J

tltr-61
.qt6E-0J

OEX5. ETF.
c0R,\.

0.0
0,0
0,0
0,0
0.0

0.0

o.oloo ?,?56E.01 5,!t!E-0J
o.ol25 r.t!7Erol 5,t27E-05
0.ol5o t.617Erol !.tt{E-01
o.0l?5 l.{6lE+01 5,tr5E-0J
0.0200 l.Jl7E{al 5.t6lE-o5
0,0250 l.l0rE+ol J.t7{f,-oJ
0.o50o t,655E+00 I.t!{E-01
o.oJ5o r,5t2E+00 J.t9if,-05

0.0{oo 7.777Erdo {.005E-0I 7.7SlE*OO 2.tltE-0J 2.E!6E-0{ 0.tr
O,OqfO 7..110E400 {.olEE-Oi 7,lJ{[4oo 5.5tlE-0] J.l6tE-o'\ 0'0
i.oloo 6 60iEloo (.0ltE-oJ t,607Eioo (.JzoE-01 l'{l5E-0{ 0'0
o o!50 6.166[{00 a.04tE-O] 6.170E'OO 5.l0lE-o1 J'6rlE-o{ 0.0
i.oioo l.?t7E;oa {.o6eE-oJ t.E0lElo0 ,.t10C-01 5,t55E-0{ 0,0
i.otoo j.zozl*oo {.0tsE-oJ i.2tt[+oo 7.76?E-0J {.{528-01 0.0
i,oaoo s.llzc.oo {.ll6E-oJ {,7{ZE.OO t.77Jt-01 {'t!lE-0{ 0.0
o.oroo {.{o2C.OO q,lrlf,-ol (.{07E+oo l.lt([-02 5.J9]E-O{ 0.0

0.1000
0,1250
c.l50o

0,2000
0.2500
0.J000
0.1500

A, 1208r00.
!.5t6E400
1.2{2f,}OO
z,t6EE{00
?.716[f60
2,55tEr00
2.510[t00
e.211f,r00

z,l!(rr00
2.0t0E100
2.0{ltfo0
z.0o5El00
l.t72Ei(0
I . t26 Er00
t.Et{tr00
1.E71f,.00

L M[-02
z.E17t-nz
1.6 z2 t-o z
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