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In order to verify exact dose distributions in the state—of-the—art radiation techniques, a newly designed
three—dimensional dosimeter and technique has been took strongly into consideration. The main purpose of our
study is to verify the optimized parameters of polymer gel as a real volumetric dosimeter in terms of the various
study of MRI. We prepared a gel dosimeter by combing 8% of gelatin, 8% of MAA, and 10 mM of THPC. We
used a Co—60 gamma-ray teletherapy unit and delivered doses of 0, 2, 4, 6, 8, 10, 12, and 14 Gy to each
polymer gel with a solid phantom. We used a fast spin—echo pulse to acquire the characterized T2 time of MRI.
The signal noise ratio (SNR) of the head & neck coil was a relatively lower sensitivity than the body coil; therefore
the dose uncertainty of head & neck coil would be lower than body coil’s. But the dose uncertainty and resolution
of the head & neck coil were superior to the body coil in this study. The TR time between 1,500 ms and 2,000
ms showed no significant difference in the dose resolution, but TR of 1,500 ms showed less dose uncertainty.
For the slice thickness of 2.5 mm, less dose uncertainty of TE times was at 4 Gy, as well, it was the lowest
result over 4 Gy at TE of 12 ms. The dose uncertainty was not critical up to 6 Gy, but the best dose resolution
was obtained at 20 ms up to 8 Gy. The dose resolution shows the lowest value was over 20 ms and was an
excellent result in the number of excitation (NEX) of three. The NEX of two was the highest dose resolution.
We concluded that the better result of slice thickness versus NEX was related to the NEX increment and thin

slice thickness.
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INTRODUCTION

Due to the steep dose gradient and accurate dose dis-
tributions of recent radiation treatments or radiation surgical
techniques in a small field treatment, an unnoticeable small
dosimetric dose evaluation error may lead to serious side-ef-

fects or death for patients during treatments. Both the qualified
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radiation experts and well- organized professional institutions
deal with this issue that should nowadays be significantly con-

sidered™

One or two-dimensional dosimeter, ionization cham-
ber, diode, thermoluminescent dosimeter (TLD), and film are
heavily used for the evaluation of radiation dose delivery.
Despite the fact that these dosimeters have been used for con-
ventional radiation therapy dosimetry, its implementation to the
modern complex radiation treatments, such as intensity modu-
lated radiation therapy (IMRT), image guided radiation therapy
(IGRT), stereotactic radiosurgery (SRS), and volumetric modu-
lated arc therapy (VMAT) was somewhat limited due to the
difficulty of measuring the exact dose distribution. Thus, a
newly designed robust three-dimensional dosimeter and techni-

que was strongly considered. Three-dimensional semiconductor
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detector arrays were recently reported to measure three-dimen-
sional dose distribution directly, but these were not considered
a real volumetric dosimeter due to the incomplete analysis of
three-dimensional dose distribution.”

A gel dosimeter was a considerable volumetric dosimeter
used to measure the absorbed dose by means of the analyzing
the chemical variance of radiation in the gel matrix. Several re-
markable aspects of a polymer gel dosimeter were not only
easy to handle, but also able to increase treatment position ac-
curacy as well as obtaining the desired absorbed dose and dose
distribution simultaneously by manufacturing a volumetric
phantom. Meanwhile, acquisition of high spatial resolution was
another positive aspect of a gel dosimeter due to the use of
specific chemical variance. Since polymerization of acrylic
monomer in the polymer gel dosimeter was dependent on the
absorbed radiation dose in the gel matrix, it could be used for
a various types of imaging devices which were required the
variable density like other radiation chromic gel dosimeters.””
Imaging devices based on utilization of polymer gel dosimeter
include: magnetic resonance imaging (MRI), X-ray computed
tomography, optical computed tomography, ultrasound, and
CCD camera image. MRI studies for gel dosimetry was very
active due to the implementation of high dosimetric resolution.
The dose calculation of polymer gel in the study of MRI used
the variance of transverse relaxation time (T2) that was de-
pendent upon the absorbed radiation dose.'®*” The adequate
choice of parameters to acquire an accurate T2 time of MRI
was pivotal in this gel dosimetry because it might influence the
accuracy of dosimeters. For the T2 time of an MRI, the opti-
mized parameter of image acquisition with the unique T2 time
of materials was seriously considered. Implications of unique
pulse sequences, echo spacing, echo numbers, repetition times,
and the various type of coils with each polymer dosimeter was
decided upon for this polymer gel dosimeter. Because the echo
spacing significantly affected the accuracy of the T2 time and
signal nose ratio (SNR) of a MRI, several studies were per-
formed to find this condition. Deene et al. demonstrated the
optimized echo time by using a Monte Carlo simulation."*”

In the former studies, we also analyzed the basic character-
istics of a MRI with fabricating gel in our laboratory and con-
firmed an outstanding result as a one-dimensional dosimeter.

To use a three-dimensional dosimeter, they further confirmed

research about selection of the adequate time echo (TE) time,
repetition time (TR) phase, image acquisition time, and image
distortion correction such as a polymer gel that has been used
as other monomers.”” The primary goal of our study is to ver-
ify the optimized parameters of polymer gel dosimeter for
MRI studies. To do so, we applied several new concepts, dose
uncertainties and dose resolutions, to evaluate the acquired im-
ages with each condition to help find the optimized para-

meters.

MATERIALS AND METHODS
1. Gel dosimeter and dose delivery

We prepared a gel dosimeter by fabricating 8% of gelatin
(300 bloom, Sigma-Aldrich, USA), 8% of MAA (Metaacrylic
acid, Sigma-Aldrich, USA), and 10 mM of THPC (Tetrakis
hydroxymethyl phosphonium, Sigma-Aldrich, USA). Normoxic
polymer gel 0.05 mM of HQ (Hydroquinone, Sigma-Aldrich,
USA) also reported. Each fabricated gel sample in the lab was
separated with several glass vials, which was 2 cm of diameter
and 4 cm of height, and then wrapped those up with alumi-
num foil to avoid the room light. Those were kept in the re-
frigerator at 4°C. We used a Co-60 gamma-ray teletherapy unit
(Theratron-780; AECL, Ottawa, Canada) and delivered the
doses of 0, 2, 4, 6, 8, 10, 12, and 14 Gy to each polymer gel

with a solid phantom.

2. Magnetic resonance image and transverse relaxa-
tion time

We minimized the temperature dependency of the gel sam-
ples kept them in the MRI room over 24 hours to be equiv-
alent with the state of the room before the MRI scan. A 1.5 T
MRI device (Magnetom Avanto, Toshiba Co, Japan) was used
as a main scanner for dose evaluations. To measure the T2
time of polymer gel dosimeter in MRI, we used a specific
head & neck coil which had characterized the circularly polar-
ized (CP) and multiple spin-echo waveforms because they
were able to acquire uniform T2 images within 120 mm from
the center of core.”” To reduce the non-homogeneity effect of
the magnetic field in terms of the position of each sample, we
used a cylindrical stand with 15 cm diameter when scanning.

For MRI scanning, three samples of polymer gel were deliv-
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ered 0 Gy and each of two samples was also delivered the
doses of 2, 4, 6, 8, 10, 12, and 14 Gy. A total of 17 samples
were put into a cylindrical phantom and then fixed (Fig. 1).
We used a fast spin-echo waveform to acquire the charac-
terized T2 time of MRI. In order to verify imaging character-
istics and dosimetric dependency with acquiring a radio fre-
quency (RF), we used a body coil and head coil and then
compared each condition. We also divided each scanning time
of 1,500 ms and 2,000 ms to verify the different imaging ef-
fects with repetition times (TR). Since echo time (TE) had a
serious affect on T2 time, TE time was performed at 12, 15,

9 the critical non-ho-

and 20 ms. According to Deene’s study,
mogeneity effect of T2 images was found when TE time inter-
vals differed from others in the multiple spin-echo method.
Thus, our study chose 150 ms for TE time, due to the echo
images, which showed the uncertainty of image calculation
when applied 30 ms and 150 ms, respectively.

The TE time was from 36 ms to 144 ms for a TE space of

12 ms; from 35 ms to 145 ms for TE space of 15 ms; and from

40 ms to 140 ms for TE space of 20 ms. In order to verify
thickness dependency, we acquired an MRI with the slice thick-
ness of 2.5, 3.5, and 4.5 mm in each echo time. TE time was
from 40 ms to 140 ms for TE space of 20 ms, and the slice
thickness was 3, 4, and 5 mm for each echo time. The number
of excitation (NEX) was 1, 2, and 3 to verify dependence of
NEX. The dose analysis matrix of this study was 256x256 mm’
and FOV (Field of View) was 250x250 mm?. Since this study
was based on the evaluation of gel dosimeter’s dosimetric char-
acteristics, we acquired only scanned images from several glass
samples due to minimizing dosimetric error resulted from gel’s
temperature dependency and image distortion with multiple
segmentation. The high frequency implication in study MRI’s
might lead to not only an increase in temperature of the gel
phantom, but also affect on the T2 time."***®

Acquired MRI Images were transferred to a DDCheck pro-
gram, which was programmed by our lab. We used the ct
program for T2 calculation (Fig. 2). The calculation algorithm

of T2 at the DDcheck program used a linear regression be-
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tween the logarithm of the pixel intensities and the corre-
sponding echo times. Each of the acquired images was re-
constructed by R2 map. We then acquired R2 time and stand-
ard deviation with a pixel of 50 for a unique region of interest
(ROI) of dose. The calculation of dose versus T2 fit curve
was used a cubic function from sigma plot (Systat Software
Inc, San Jose, California, USA).

3. Dose uncertainty and dose resolution

We implied new concepts, like dose uncertainty and dose
resolution for dosimetric evaluation by the variable conditions
of MRL* Dose uncertainty in gel dosimeter was defined by
the inaccuracy of dose determination in the characteristic curve
of dose. The primary reason for dose uncertainty in gel dosim-

eter was known as various noises in the map of T2.

R2Vale i1z Slice Position: 2 = 176 (11),
X =34.19mm Y = -65.38mm Z = 1.76mm
Circle Region Radius = 4.05mm
R2 Value= 6.117
{Mean=52i, Sid. Dev. =0.62)

ose Value= N/A

Dose Value
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Fig. 2. The screen view of the DD-Check program, which was
featured by the C*" program for T2 calculation.
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We defined the combined standard uncertainty of dose with-

out considering the randomized uncertainty as

oD

(o) =22 e(72) M)

Here, u(7T2) was the standard uncertainty of the specific T2
time. So, the dose uncertainty resulted from dose versus T2’s
calibration curve should be considered the noise of T2 when

using a differential equation curve.
u, (D) =u(72) @

We calculated T2 and standard deviation s(72) for each pixel,
which referred to the specific ROI in the map of T2. The result
of the experimental standard deviation was equivalent with the
T2’s standard deviation due to using a lot of pixels. We used
two gel samples of polymer gel for the dose measurement.

Thus, when we used a and b as a sample of polymer gel,

the extended standard deviation was

u(72) = \/@w?m)wf(n) ?3)

Here, S (a, b) was the standard deviation of T2 between the

two samples, as well S.(72) and Sy(72) were the relative
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Fig. 3. The magnificent difference of MRI resulted from the dose with T2 time calculation. (a, b) T2-Dose. The optimized condition
for fit considering the radiation dose was from 40 ms to 110 ms of TE. It shows the T2’s curve and curve fitted formula when

applied from 48 ms to 108 ms of TE.
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standard deviation of T2. The relative standard deviation was
defined as u(72)/T2. Dose resolution affected to the dose un-
certainty and dose sensitivity due to the variance of T2. So,
the standard deviation of each dose was defined as o p. In ad-

dition, we defined the dose resolution within 95% as

DY =2.170,, )

RESULTS
1. Calculation of transverse relaxation time

To verify the optimized transverse relaxation time parameters,
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we calculated T2 time curve with changing of period of echo
space (ES) and number of TE images dealt with calculation of
T2 time. We compared with the dose linearity and standard
deviation in terms of the T2 curve. Fig. 3(a) shows the curve
of T2 time with the images of TE when we applied ES of 12
ms. For the ES of 12 ms, when implied TE time to T2 time
before the ES of 48 ms, we confirmed that the dose linearity
was drastically decreased from 0 Gy to 2 Gy, as well the
result of standard deviation was also were rapidly fluctuated.
From the TE of 48 ms, we could acquire images of 108 ms,
120 ms, and 132 ms and T2’s curve. Meanwhile, we
compared to the last acquired images of 108 ms, 120 ms, and

132 ms with the TE of 60 ms. We confirmed the magnificent
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Fig. 4. A variation of dose uncertainty with coil type: (a) Dose uncertainty, (b) Dose resolution. TR time study between 1,500 ms
and 2,000 ms, it showed no significant variance of dose resolution, but for TR of 1,500 ms, less dose uncertainty was shown.
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Fig. 5. The study of various TR times: (a) Dose uncertainty, (b) Dose resolution.
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Fig. 6. The curve of the dose uncertainty and dose resolution concerning the segment thickness and TE time with MRI: (a) 2.5 mm
Dose uncertainty, (b) 2.5 mm Dose resolution, (c) 3.5 mm Dose uncertainty, (d) 3.5 mm Dose resolution, (¢) 4.5 mm Dose
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difference of MRI resulted from the dose in the Fig. 3(a). The
optimized condition for fitting concerning the radiation dose
was from 40 ms to 110 ms of TE. Fig. 3(b) shows the T2’s
curve and curve fitted formula when applied from 48 ms to
108 ms of TE. R’ was an outstanding result of 0.99, and we

could convert T2 time to dose with these formula.
2. Coil study and TR study

Generally, as signal noise ratio (SNR) of head & neck coil
was a relatively lower sensitivity than body coil, the dose un-
certainty of head & neck coil would be lower than body
coil’s. On the other hand, the image uniformity of the body
coil brought a better result than head & neck coil from the re-

sult of other studies."”

We performed the evaluation of dose
uncertainty and resolution in terms of the head and body coil
using the TE’s period of 12 ms and 20 ms. The results dem-
onstrated that the dose uncertainty and resolution of head &
neck coil were superior to body coil in the Fig. 4. The result
of the dose resolution of head & neck coil, particularly, was
stable within 5% up to 10 Gy, but that of body coil was with-
in 10% up to 8 Gy. For TR time study between 1,500 ms and
2,000 ms, it showed no significant variance of dose resolution.
We decided TR time of 1,500 ms due to less dose uncertainty

in the Fig. 5.
3. TE study

Fig. 6 shows the curve of the dose uncertainty and dose res-
olution concerning about the segment thickness and TE time
with MRI. For the slice thickness of 2.5 mm, we confirmed
the less dose uncertainty of TE time at 4 Gy. We also found
the lowest result over 4 Gy in case of the TE of 12 ms in
Fig. 6(a). A dose uncertainty up to 6 Gy was not variable
with the TE time, but a better result was 12 ms of TE in Fig.
6(b). For the slice thickness of 3.5 mm, we confirmed that the
remarkable less dose uncertainty was at 4 Gy. The lowest dose
uncertainty in the entire dose was at 15 ms of TE, but it was
not critical in Fig. 6(c). The dose uncertainty was not critical
up to 6 Gy, but the best dose resolution was at 20 ms up to
8 Gy in Fig. 6(d). For the slice thickness of 4.5 mm, we
found that the dose uncertainty of 2 Gy was at 15 ms of TE.
From 4 Gy to 6 Gy, it was at 12 ms, as well as the worse

value of 20 ms in Fig. 6(e). The dose resolution shows the

lowest value over 20 ms, even though the result of it is not
variable up to 6 Gy in the Fig. 6(f).

Fig. 7 shows the curve of dose uncertainty and dose reso-
lution regarding the thickness of segmentation and the NEX.
For the slice thickness of 2.5 mm, the NEX of three was the
lowest dose uncertainty in Fig. 7(a). Meanwhile, the dose reso-
lution also was an excellent result for the NEX of three, and
we confirmed that a NEX of two was the highest dose reso-
lution in Fig. 7(b). For the slice thickness of 3.5 mm, the
NEX of 1 was outstanding for the dose uncertainty and reso-
lution in Fig. 7(c). For the slice thickness of 4.5 mm, the dose
uncertainty was not significant with variance of NEX in Fig.
7(e), but the dose resolution in the NEX of one and two

showed a slightly less value up to 6 Gy in Fig. 7(f).
DISCUSSION AND CONCLUSION

To get an accurate T2 time, it needed a large amount of
time for TR and a number repetitions for TE in the spin echo
sequence.”” However, the result of this study showed that T2
time was not dependent on the TR time rather than the less
TE. We analyzed the imaging variance with various types of
coils without using the dose distribution and confirmed that
head & neck coil brought an outstanding result of image var-
iance due to the effects of SNR. The Polymer gel that deliv-
ered a high dose was manufactured over a short time for T2
due to the manufacturing of high density of material that was
a result of radiation exposure. In MRI studies, in order to get
the optimized contrast images which depend upon the time of
T2, we selected the average time of T2 as the time of TE. To
determine an appropriate clinical approach, we considered the
reasonable dose and selected the appropriate TE time due to
the variance of the delivered dose for each sample. Unlike the

29 we found variables of TE with the

result of former studies,
slice thickness, as well we confirmed that a short TE was a
better outcome of the dose uncertainty and dose resolution
when it comes to having a thin segmentation and low dose. In
contrast the dose uncertainty in the case of the thick segmenta-
tion was outstanding in a short TE, but a relatively long TE
brought a better result in the high dose area. As the signal to
noise ratio (SNR) of MRI was dependent on the dose re-

construction and dose accuracy, we needed to not only per-
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form several MRI scans for the average image, but also extend

the acquiring time of the signal to improve the quality of

images.”” We concluded that the better result of slice thick-

ness versus NEX was related to the NEX increment and thin

slice thickness. Based on the results of our study, further re-

search should be considered concerning other predictable pa-

rameters when it comes to changing MRI scanners.

10.

11.

12.

REFERENCES

. Ezzell GA, Galvin JM, Plata JR, et al: Guidance document

on delivery, treatment planning, and clinical implementation of
IMRT: Report of the IMRT subcommittee of the AAPM radiation
therapy committee. Med Phys 30:2089-2115 (2003)

. Ezzell GA, Burmeister JW, Dogan N, et al: IMRT com-

missioning: Multiple institution planning and dosimetry compar—
isons, a report from AAPM Task Group 119. Med Phys 36:
5359-5373 (2009)

. Papagianis P, Karaiskkos P, Kozicki M, et al: Three—di-

mensional dose verification of the clinical application of gamma
knife stereotacitic radiosurgery using polymer gel and MRI. Phys
Med Biol 50:1979-1990 (2005)

. Oldham M, Baustert |, Smith TAD, et al: An investigation

into the dosimetry of a nine-field tomotherapy irradiation using
BANG-gel dosimetry. Phys Med Biol 43:1113-1132 (1998)

. Maryanski MJ, Schulz RJ, Ibbott GS, et al: Magnetic res—

onance imaging of radiation dose distributions using a polymer
gel dosimeter. Med Biol 39:1437-1455 (1994)

. Maryanski MJ, Ibbott GS, Eastman P, et al: Radiation

therapy dosimetry using magnetic resonance imaging of polymer
gels. Med Phys 23:699-705 (1996)

. Mcjury M, Oldham M, Cosgrove VP, et al: Radiation dos—

imetry using polymer gels: methods and applications. Br J Radiol
73:919-929 (2000)

. Kang HJ , Cho SJ , Jeong EK, et al: The Use of Polymer

Gel for the Visualization of 3-D Dose Distribution in
Brachytherapy Using Magnetic Resonance Imaging. Korean
Journal of Medical Physics 9:207-215 (1998)

Pappas E, Maris T, Angelopoulos A, et al: A new poly—-
mer gel for magnetic resonance imaging (MRI) radiation
dosimetry. Phys Med Biol 44:2677-2684 (1999)

Deene YD, Hurley C, Venning A, et al: A basic study of
some normoxic polymer gel dosimeters. Phys Med Biol
47:3441-3463 (2002)

Baustert IC, Oldham M, Smith TAD, et al: Optimized MR
imaging for polyacrylamide gel dosimetry. Phys Med Biol
45:847-858 (2000)

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

_79_

oletzel : M23d M23 2012

. Berg A, Ertl A, Moser E: High resolution polymer gel dosim-
etry by parameter selective MR-microimaging on a whole body
scanner at 3 T. Med Phys 28:833-843 (2001)

Barasa P, Seimenis |, Kipouros P, et al: Polymer gel dos—
imetry using a three—dimensional MRI acquisition technique. Med
Phys 29:2506-2516 (2002)

Deene YD: Fundamentals of MRI measurements for gel
dosimetry. J Physics: Conference Series 3:87-114 (2004)
Olding T, Holmes O, Schreiner LJ: Con beam optical
computed tomography for gel dosimetry |: scanner charac-
terization. Phys Med Biol 55:2819-2840 (2010)

Oldham M, Kim L: Optical CT gel-dosimetry II: Optical arti-
facts and geometrical distortion. Med Phys 31:1093-1104 (2004)
Vandecateele J, De Deene Y: Preliminary evaluation of op-
tical CT scanning versus MRI for nPAG gel dosimetry: the Ghent
experience. J Physics: Conference Series 164:12034 (2009)
Hill B, Venning AJ, Baldock C: A preliminary study of the
novel application of normoxic polymer gel dosimeters for the
measurement of CTDI on diagnostic X-ray CT scanners. Med
Phys 32:1589-1597 (2005)

Hill B, Venning AJ, Baldock C: The dose response of nor-
moxic polymer gel dosimeters measured using X-ray CT. The
British Journal of Radiology 78:623-630 (2005)

Mather ML, Charles PH, Baldock C: Measurement of ul-
trasonic attenuation coefficient in polymer gel dosimeters. Phys
Med Biol 48:N269-N275 (2003)

Mather ML, Collings AF, Bajenov N, et al: Ultrasonic ab—
sorption in Polymer gel dosimeters. Ultrasonics 41:551-559
(2003)

Mather ML, Baldock C: Ultrasound tomography imaging of
radiation dose distributions in polymer gel dosimeters: Prelimi-
nary study. Med Phys 30:2140-2148 (2003)

Lepage M, Jayasakera PM, Back SAJ, et al: Dose reso-
lution optimization of polymer gel dosimeters using different
monomers. Phys Med Biol 46:2665-2680 (2001)

Baldock C, Lepage M, Back SAJ, et al: Dose resolution
in radiotherapy polymer gel dosimetry: effect of echo spacing in
MRI pulse sequence. Phys Med Biol 46:449-460 (2001)

De Deene Y, de Qalle RV, Achten E, De Wagter C:
Mathematical analysis and experimental investigation of noise in
quantitative magnetic resonance imaging applied in polymer gel
dosimetry. Signal Processing 70:85-101 (1998)

Cho SJ, Shim SJ, Kim CY, et al: Analysis of the dosimetric
characteristic of normoxic polymer gel by magnetic resonace
images. J Korean Physical Society 56:874-879 (2010)
Maryanski MJ, Aude C, Gore JC: Effect of crosslinking and
temperature on the dose response of a BANG polymer gel dos—
imeter Phys Med Biol 43:303-311 (1997)

Korean Soc Magn Reson: Magnetic Resonance Imaging. 1st
ed, lichokak: Seoul, (2008)



: A Study of Optimized MRI Parameters for Polymer Gel Dosimetry

Sam Ju Cho, et al

QmWﬁm%ﬂm%m@qﬂ%%w_m%%ﬂ
e R e ST s R EN SR EE
m.mv_.r_m._._4luuﬁnuy vIDIOEow___MRul.A.meq/ [¢)
oo R R @ sz DA RN = 0o
il < 5 < o] o ~ '
Nl B2 s By g M
- W ols - &N g WX =T O %o R
< +— K Mn S E © =T Wk ok €& % 5
K al Sp_ w58 T gD N D
M o ~ne=022 0 oW U=
e . ol WL g3 . w® = o F W T _ o
00 I Tl T ogr U o 2 S = Ik or O = X ol
Kjo ol W o 2y & E S DUt R | LR <0 wr
AL . TH S 5 Mg oo NS ___OEA_.
o0 o W30 0 gly§ oo bz 20
<K RO T T o 5 Sl 80T E RO
0 X! A_I ,1_|0T7.__|_|_.U.WJ.Fm.mO_IxOMMSMOO_IA_._._z
23 A R o IWRBEUSHEL 4wy
oF = - Q - — o =
P - artocpzsoEpgeda Y E RS
o oo == 5T g Ker om0 o b
HE o Hamal §Ss¥ppudsh xEzESW
s 2 oo XMW F EX w O N
= = X0 -0 W < . .ro.:.u._AI_.anS.__.___oFLuurdo
o= - .Aoﬂ_:_n__._._o(M\rOH_mvlu_.uo_.kl._mL_AE__-OU__o.__/
eo W MR RIS g g w2
ol . — g oo Me R oo K oF 2=
LTH = XK AR m s s~ |
B Wy e F S R HERE
<M = =l _Ao|7._am_.ooﬂ.._m°o_e oTw_lucr._ _ SR =
H = o S K — - zp o S oo WT =
oK 7 - zr < o -~ < g =)
o o MogpougB o BN TsWNEMNTD S
00 = o uuzo|_.JUUuA|ﬂAm._.__._zut_._._AMSAQ
Ko == M T =R mo 1 B
KO = LY il L EESHE R T oW
o ® mRIEAsLL LM T e Z
TEH B Lm0 I2BADG MM Wy T
0o . %Mmoﬁﬁ_a&Aawmm_ﬁﬁ%m”;m_uxru._wﬂé
ot i 1o o R —
W v mR oD EEwmg s MEMN Sy
px W O Pogwld ky My OFT N
alm N0 W Hog oo T REme L o8 b=
.r_|m_~.. ° Eﬁmﬁﬂ@u.mﬁo&%Ao|k_ﬂ_m_/._%onOu_.._m
i - < 30 S 9% o _ w RN
e WEFHogas 5 8w X o b 10U
o N T = S @ 3 8 g 0 -
jurel n S E_Eou_o(OA._C > = — 3 I =T X1
e 8 mEIsowmsz WM Fgt L0
) NS m._rW..AromUuBm.u_7AT4b§o_tAo
El3 Aacw_amemmowxmr___ﬂthE_Mﬂ
roR o« WEg:t o8 ExrTpmto Wi Ng
X i (RS SN PR Z < o X oj
= K R mogEgrO e o Wy
BT @ FWEREENgEsty Fumsd
Al K W X o B 2m < W s XK g g
- RIBF" B ogradon =2 % 3 o5 W
_A_.,_I_o I_.OIRUH_% 3 K oW 7 Mo
o ME sTwgd o E o Wy
o s WR g gw f® ™y Ean
WU E S g5 gl mogy, TN
= KKHTN S B ooy -
<o EW:._.onunW.o_ouAl ongﬂ_o._m_E
Wio3dTFMHME T ST X RN AR

_80_

T8 NEX7} Soto 2

X
=

A S5k £

3

O:



