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.energy to produce an ion pair (W) in nitrogen by 250 MeV/amu

LBL-4250

ABSTRACT

Al

The‘availébility of the Bevalac facility 6f énergetic heavy ions
with f;nge éreafer than the size of small maﬁmals makeé possible the de-
termination of the biological effects of relatively weil defined high LET,
whole body ifradiation. With the increasing application of high-energy
heavy ioﬁs in radiobiology there is a correspondiﬁg-heed to develop reli-
able techniques pf both relative and absolute absorbéd dose ﬁeasurement.

This papef_describes dosimetry studies by theFHéalth Physics Depart-
ment of‘the Lawrence Berkeley Laboratory with activation detectors, ioniza-

tion chambers, nuclear emulsion, thermoluminescent -dosimeters and X-ray

~film. The application of these techniques to an experiment designed to

study the leukomegenic effecf of the whole-body irtadiation of mice by
250 Mév/amu carbon ions is briefly deséribed. Val;és of absorbed dose
in tissue, obtained duriné this experiment, with a nitrogen filled ioniza-
tion chamber and ’'LiF thermoluminescent dosimeters are compared and shown

to be in good agreement. As a result of this work. a value for the average

+ .
& C ions of

37 t eV was determined. Values of the efficiency of 7L_iF relative to

_6°Co Y-rays for ions with dE/dx in the range 110-260 MeV g~' cm’ are re-

ported.
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1. INTRODUCTION

Until the early 1970's the energy of heavy‘ionsravailéble in-the lab- -
oratory was limited tp ~10-20 MeV/amu. There is considerable.multidisi_
plinarylinterest in reéearch using héavy ions of much higher energies. : -
(Thomas 1972, 1975a) This interést led to the modification of existing
proton synchrotrons for heavy ion acceleration. 1In the United States two
proton synchrotrons have successfully acceieréted heévy ions. 'In 1970
the Princeton»Particle_Acceleratér—-which has subéequently ceased operation--
successfully acéelerated deuterons and.alpha-particles. The followiné year
a beam of N5+ iohs‘ap an energy of 279 Mev/amu was bbﬁained. (White 1971)
In August, 1971, heavy ions were first accelerated at the Bevatron with
ions as heavy as O8+ being produced. fGrunder lé?l,vCrebbin 1973). ‘This
success at Berkeley stimﬁlated develqpment of the Bevalac facility (Ghiorso ' B
1973) which uses the SuperHILAC as an injector to ﬁhe Bevatron.with heavy . ' i
ions of energy 8.5 MeV/amu. Tﬁe beam intensity availablé'decreases with 7
ion mass. For example, at the present time, intensities of 107-10% ne!?
ions/sec have been produced at energies up to ~2 GeV/amu, but the intensity
of Ar18+ is oniy about 10" ions/sec. Plans are undérway to provide beam
intensities of ~10° ions/sec for ions és heavy as léaa up to energies of -
several hundred MeV/amﬁ.

Although the interest in the @se of energetié heavy ions in research
is multi—diséiplinary, we wish in this paper to deséribe only their appli-
cation to radiobiology. |

Figure 1 shows the.range and energy loss of different species of
heavy ion as a function of kineﬁic energy. Inspection of fig.'l shows that

the‘availability of heavy ions in the hundreds of MeV/amu energy range

.
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has madé feasible many_radiobioloéical experiments hitherto impossible.
One exémple would be the studies of biological effects resulting from the
whoie body irraaiétion.of‘small mémmals.
Patrick et al. (1974) have described the desién'of anvexperiment to

study  the incidence of leukemia in mice irradiated by c®” ions: Kelly

(1975) has reported the preliminary data obtained. In this experiment

~107 C6+ ioﬁs per sec were available at an energy.of 250 MeV/amu. These

were chuged ipto a broad beam with'full Qidth at hélf intensity of about
11.5 cm so that several anima}s could be irradiated simultanequsly. In.

such a beam typical absorbed dose rates in tissue‘were 5-10 fads/ﬁin.

Variations in absorbed dose rate were * 15% radially.and * 8% longitudinally.
Whole-body irradiation of animals by neutrons of a few MeV produces recoil-
protons having a wide range in LET in tissue. An experimental arrangement

of the type described by Patrick et al. is therefore a great improvement

when the radiation effects of well defined high LET are to be studied. As

the Bevalac facility is improved it will be possible to design even more

uniform radiatién fields fhaﬁ that described in this experiment.

The increasing application of high energy heavy ions in radiobiology
has led to a corresponding need fo develop reliablé techniques of dosimetry.
This paper deécfibes dosimetric studies using.nucléar emulsion, ionization
chambers, thermoluminescent dosimeters, and‘activation detectors by the
Health PhySics Department in coilaboration with memberé of the Biomedical
Division of the LaQrence Berkeley Laborato¥y,

2. RELATIVE DOSIMETRY

With the present heavy ion beam intensity available from the Bevalac



-4- . ) ‘.

it is often necessary to strike a compromise between the conflicting re-
quirements for large, uniform radiation fields andvféasonably high dose
rates. Thus, it is usually necesséry to accept some non-uniformity in

‘irradiation fie;ds. If such spagial variation in ébsorbéd dose are : o ‘:
accepted, gobd experimental practice requires their.aécurate determination,

with suitable dosimetric techniques.

2.1. X-ray fi;m.

In thg design_of an experiment for the uniform while-body irradiation
of mice, we first explored the radiation field using DuPont NDT45 X-ray
film. The optical aensity of the processed emulsion was first shown to
be propbrtiohal to absorbed doses in the range 50 - 250 rad.

| Figure 2 shows a typical spa?ial distribution'of beam intensity de-
termined froﬁ measurements of-opticalvdensity of X—ra§ film exposed in a
5eam of 250 MeV/amu C6+ ions. The irradiation field is seeﬁ to be non-

uniform and asymmetric. about the beam axis.

2.2. Thermoluminescent dosimeters.

Similar measurements have been made using 7Li'F>thermoluminescent
éosimeters; We have found 'LiF chips'(l/8;in. x l/8-in. X 0.035-in., mass
~25 mg) manufactured by the Harshaw éhemicalvCompany cbhvenient:for our
.purpose. Figure 3 shows a dosimeter assembly that'may be pléced in the
rédiation field, ﬁhile fig. 4 shows ﬁhe spatial dist;ibution of absorbed
dose across a beam of 380 MeV/amu 1°+Né ions (de Castro 1975)}

it is.of intereét.to combare the information obtained‘ﬁsing thermo-
luminescent dosimeters andrx—fay film. Eigure 5 compares the radiai_y

A . . ‘ + : : .
variation of beam_lnten51ty across a 250 Mev/amu ct ion beam as determined
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" with Du Pont NDT 45 X-ray film and TLiF thermolumine3cent dosimeters (Patrick)

1974). The beam distribution détermined by x-ray film is seén to'be in

reasonable agreement with the mofe accurate TLD measurements.
Thermolu@inescent,dosimeters are also convenient fér exploring absorbed

dose Aistribﬁtions in experimental‘animals or phantoms. Figure 6 shows

the longitudinal variation of dosimefer responsé aléng a lucite phantom

_irradiated by a wide parallel beam of C6+ ions whose kinetic energy is

251 MeV/amu.I'Also shown is the caiculated absorbed dose distribution

using energy-loss data of Steward et al. (1969). Secondary particlés

resulting fromvprimary particle interactions are not taken into account

in the calculated curve. Comparisbn between the calculatéd curve and dos-

imeter.readings is not precisely possible because the dosimeter efficiency

is a function of LET (Sec. 3.3) and changes along the length of the phantom.

2.3. Wire chambers

* In recent exposures the use of a-pair of multiwire proportional cham-
bers has facilitated beam setup (Morgado 1974). These chambers provide a
visual dispiay of integrated beam intensity in the vertical and horizontal
directions. Figure 7 shows a typical display—-the.spacing between wires
being 6 mm. 'Usé of these chambers greatly reduces:thé leng;h of time
nécessary fo optimize experimental beam conditions»édmpared to that

needed using X-ray film oxr TLD.

3. ABSOLUTE DOSIMETRY
To date we have used five techniques that may be used for absolute
dosimetry--nuclear emulsibns, thermoluminescent doSimeters, ionization

chambers, and activation dosimeters. At the present time our absolute
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dose measurements by these techniques all depend upon calibration using

nuclear emulsion. We intend to introduce other absolute techniques as

_ this work develops.

3.1. Visual techniques--nuclear emulsion

One of the‘simplest techniques for absolute dosihetry is the use of
Anuclear emulsiqns.' We have found Kodak nuclear track emulsion (NTA),-
normally used for neutron personnel‘dosi@etry, extremely convenient. Films:
were ekposed at an angle of 45° to the incideﬁt beém (fig. 8) and the‘
large specific ionization of the’heav? ions produées dense tracks which
are readily identifiable (See fig. 9)._ Optimum‘exposﬁres produce 40-120
tracks in a 245-um square field.,

The uppér limit to track density that may be scanned with ease, with
an air objective at a magnification of 430 X, ~ 4 x 10° tracks cm"?;‘would
correspond to én absorbed dose of only =~ 1.3 rad at an LET of 20-keV/u;
Some increase in this limit could be obtained by scanning. with an‘oilQ
objective, but even so the upper limit cérresponds toran aﬁsorbed dose of

~ 10 rad. Alternative techniques must be used for absorbed doses in the

tens of hundreds of rad region.

3.2. Thermoluminescent dosimeters--measurement of efficiency

The response of thermoluminescent dosimeters is known to be a function
of the LET of the incident radiation (Cameron gE_gl,(i968). LiF’ thermo-
luminescent dosimeters may be used for the absolute dqsimetry of heavy
ions provided their response as a function of LET is known.

It is con&enient to express tﬁe efficiencies, €(S), of thermolumin-

_escent dosimeters relative to that for °°cCo YQrays. €(8) may be expressed



in the form (Patrick et al. 1975b):

© 0.805 T
€(s) = ( R )
© 1.602 x 1078 s . (L)

i

where S is the mass stopping power of the ions (Mev g_l cm? )

T is the dosimeter response to heavy ions in arbitrary units
per unit fluence : '

R is the dosimeter sensitivity to ¢%¢co Y-rays in arbitrary
units per roentgen :

and the factor 0.805 arises frqm the fact that an exposure of 1 roéntgen
deposits 0.805 rad in ?LiF (Attix 1969).

Patiick et al. (1975 a,b) have described measutements of €(S) using
carbon, oxygen and neon ions with S in the range ffém 110 to 260 MeV g_‘ cm’
which are summarized in table 1.

The response of 7LiF thermoluminescence as a function'qf absorbed dose
has been studied and shown to be linear up to at least 1000 rad. To date
this range has been adequaté for our experiments but will be extended as

the need develops.

3.3 Ionization chambers - measurement of W

Ionization chambers‘filled with nitrogen at atomdspheric pressure have
been desigﬁed by the Biomedical Group of the Lawrence Berkeley Labofatory
that have adequaﬁe sensitivity down to absorbed doses of about 1 rad
(Howard 1974). Ionization chambers thérefore provide a useful means of
aosimetry in the range of many'radiobiology e#periments-and overlap with

nuclear emulsion at the lower end of their sensitivity.

The absorbed dose, D, in tissue placed behind a parallel plate ioniza-

tion chamber irradiated by an energetic heavy ion beam (where energy loss

may be ignored) is given by:



p=10" (%9 g ' - (2)
S m ‘ ‘

where W is the average energy requiredvto produﬁe aﬁ ion pair in
the ga§ of the chamber (eV).

Q is the éhargé collected by the chamber (coulémb).

m is the mass of gas irradiéted'in the chambe; (é).

S' is the ratio of the stopping powers pfvtissue'to gas for heavy ions.

~Evaluation of the parameter W permits the use of ionization chambers for
absolute absorbéd"dose determination. |

There are surprisingly.few values of W published in the litératuie.

Myers (1968), in a recent review article, quotes values of W in
nitrogen of 34.6 * 0.3, 36.6 * 0.5 énd 36.39 + 0.04 eV for Y rays, protons. : o
and o particles respectively. Varma et al. (1975) have recently determined |
a Qalue of 38.6% 1.2 eV using 35 MeV 0% ions.

Stephens_ég_gl, (1975 ) have meaéured W for C§+ ions éf'kinetic
energy 250 MeV/amu in nitrogen. A parallel plate ioniéafion chamber filled
with nitr&gen at.ambient temperature and pressure was uéed'and the .inci-
dent heavy ion fluence was measured usingﬂ7LiF thérminminéscent dosimeters
that had been célibrated?using nuclear emulsion. ‘Three independenﬁ -
determinations of W were.made.having a weighted meén of 36.6 * 0.8 ev.
(table 2). |

The value 6f W is expected to bé dependent upon ﬁET and thus on the
species of heavy ion and its velocity (Chatterjee 1975). As the'LETvof.
the ion incréasés, there will be a correspondingly éreater energy denéity

around the particle trajectory which in turn increases the probability.b



of ionic recombination leading to higher values of W. However, comparison
éf thevpublished values of W shows thi; variation is probably nat larger
than about 10 - 15%. A preliminary determination of Wof 37 + 3 ev farv
375 MeV/amu N'e”+ ions in nitrogén (Thomas 1975b), although of low accuracy

at present, does not indicate any great difference from the other values

of W quoted here.

3.4. Comparison of dose estimates using TLD and ionization chambers

Patrick et al. (1974) have compared estimatea of absorbed dose in
tissue derived from measurements using a nitrogen filled ionization chamber
and 7LiF TLD.. Table 3. summarizes their data using a value.of W of 36.6
eV/ion pair and € of 0.89. The errors for the ionization chamber estimates
are taken to be *5%, whereas only statistical errors for the TLD measure-
ments are given. The absolute-accuracy of the TLD measurements is alsq
.judged to be *5%. The two sets of estimates.are seen to be in good agree-
ment_with.the.ionization chamber values consistently higher by a little

less than 4%.

3.5. Activation dosimeters

Acti&ation dosimeters have been used with great success in the
absolute determination af particle fluences at conventional particle
accélerators. There is no reason to doubt that they might be used'to
monitor high-energy heavy-ion beam intensities. |

There are speaific advantages to the development of activation
dosimeters, which may be summarized as follows:

a; Suitable reactions give high aétivity enabling relative data of
high.statistical precision to be obtained. Such reactions may therefore

be used as a standard with which the reproducibility of all other dosimetric
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systems may be compared..

b. Suitable reactions may be used as a standard againét which the
linearity of.thermoluhinescent dosimeters, ionization chambers,bsecondary—
emission chambers and other dosimeters may be compéred.

c. Thexuse of several activation detectors with the dosimetric
techhiques can givé information on the inéident he;vy ion beam composition
{beam purity).

Ssmith (1974) has reported initial:tests‘of aluminum activation detec-
tors irradiated by 375 MevV/amu l(.’+Ne ions. The reagtidn 27p1+2%Na was
utilized and the induced 2"Na activity was measuréa usiné a Nai(Tl) vy-
spectrometer situated in the Health Physics Department Low Background
Facility (Smith 1966).

The absolute efficiency of the spectrometer used was ~ 35%.for-2“Na.
Compéting-raaionuclides (other than 2“Na) produced were Hc(20.3 min)vand
18 (110 min). simultaneous counting of six aluminum discs-(0.8i5 in.
diam, 0.250 in;'thick, 1.71 gm cm™?) gave an adequate counting rate to
easily obtain a statisticalvprecisioﬁ of‘t 1% for_exposUres corresponding
to an absorbed dose in tissue of ~ 30 rad. The production of '8F in
aluminum is capable of comparable statistical préciéion but cérrection
for the prodﬁction of lic (whicﬁ also emits positrons) is an added cowbli—
cation. |

Many sﬁitable feactions are available, but, provided there is
adequate sensitivity, as a general.rule thoée reactions that produce radio—

nuclides with half-lives comparable to the length of irradiation will

prove to be most convenient. Table 4 summarizes some possible activa-

tion reactions.



-11-:

In radiobiologiéal experiménts it wili often be convenient to use
activation‘taigets of composition similar to that in‘tissue, such as
polyethylene,'iucite.or polystyrene. 1In such‘materials the production of
?IC from 12.C is a convenient reaction. For absolute dosimetry, the reac-
tion cross section must be known. Smith and Thomas (1975) have reported
a value of 75 * 7 mb for>the production cross section for e by 375 MevV/amu
Ne1°+ ions on carbon. Using an acﬁivation target‘of polystyrene 3 in.

~diam X 0.25 in. (30.4 g) and an irradiation of 2.40 x 10° ions (average
fluence'5.27 x 10’ ions cm™? corfesponding to an absorbed dose in tissue
of ~267 rad) counting rates about a factor of a thousand greater than

; background'in positron annihilation peak. Statistical precision ~ 0.1%
wés readily obtained. Thus, if statistical precision bf ~ 1% is acceptable,
absorbed dose$ down to a ~ 1 rad may be measured. In most radiobiology
experiments, however, an’activation 0.25 in. thick would be unacceptabie
in front of the target because of the large energy loss involved. A
reasonable éompromise between‘enérgy loss in the target and sensitivity
puts the lower limit of sensitivity for this reaction at an absorbed dose
of'~ 10 rad in tissue.

Activation detecfors-would be more acceptable in some experiments if
they could be placed behind the irradiated biological sample to detérmine
the particle fiuence leaving the experiment. In this. case it is‘first
necessary to study the.production of the radionuclide to be measured as

: )
a function of depth in an irradiated sample.
Smith (1975b) has reported some preliminary studies of the distribution

. . - + . .
of 18F_and 2%Na in aluminum irradiated by 375 MeV/amu Nel®" ions. Figure 10

18

shows the distribution of '®F in aluminum. The initial portion of the '°r

curve is caused by the production of 18p in the aluminum target material;

#
o

e

666 0 F
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the peak in the region 14-20 g cem™? is due to'lsF.fragments from the

original heon ion beam. ("Autoactivation", Tobias et al. 1971). Such

fragments have a range of ~ 17 g cm™? in aluminum and are thus seen .

superposed on the continuous distribution of '3

F due to target activation.

Beyond the range of the primary ions (~16-17 cm"z)'lsF is produced by the

reaction of lighter fragments with the target aluminum (residual activation).

18

The.total F due to stopped fragments is approximately equal to that due

to target activation. Residual activation is not ‘insignificant being nearly

of the same magnitude to that due to targef activation at the entrance of
the stack. Thé total quantity of residual 18p activity is, however; only
a few peréent‘of that due to target activation because it rapidly decreases
with increasing‘depth, beyond the primary ion range.

The distribution of 2%Na is shown in Fig. ll”and_exhibits the typical
buildup of activity as a function of depth (™~ factor 3 increases) observed
in high-energy irradiations. Beyond the range of the primary ions there
is a sharp reduction in 2*Na production. Residuai acti?ation is seen to
be higher beyond the neon ibh range £hahvthe target'activation at the
target entrance. .Since 2"‘Na"is-heavier than.the primary ions (2% Ne)
autoactivation is not feasible;  | | |

These preliminary studies indicate the need télstudy the three
mechanisms-of:

a. autoactivation

b. target activation

c. residual activation
in some detail if activation techniques are to be used -for absolute
'dosimétry behind éonsiderable thickness of material;

If one uses the "in-beam" techniques employed in the autoactivation
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studies of Chatterjee et al. (1575) then the shorter-lived radionuclides
could be used in target activation beam monitoriné; For example, the
positron-emitters 130 (2.05 min), i7F (66 sec), and 1v?Ne (19 sec) might
be useful to provide aimost immediate monitor results:from irradiations
that required from one to a few beam pulses.

Smith (1975) has aléo reported approximate cross sections for the

184 and 2L’Na in several materials irradiated by 375 MeV/amu

+ . .
Ne!®" jons. ‘Table 5 summarizes these values.

4. SUMMARY AND CONCLUSIONS

‘Preliminary studies of both relative and abéolute dosimetric tech-
niques for high-energy heavy ions have been described.

At the Bevalac, beam setup is most conveniently achieved using multi—
wire proportional chambers. ~Detailed exploration of the relative field
is then conﬁeniehtly done using thermoluminescent dosimeters.

Nuclea; emulsiohs have beéen used to provide an absolute basis for
dosimetry, but Have an upper limit of ~ 10 rad. Absoiute calibration of
TLiF thermoluminescent dosimeters using nuclear emplsion at the 0.1 -

5 rad region, and their known lineérvresponse ﬁp to ~ 1000 rad extends the

range of absolute dosimetry into the range needed for many radiobiological

‘experiments. The efficiency of "LiF thermoluminescent dosimeters to

heavy ions in the range of LET from 11-26 kév/um are consistent with pub-
lished expefimental data and theoretiqal predictions.

A value of W 36.6 £ 0.7 eV has been determined for 250 MeV/amu 6+C
ions in nitrogen. Use of this value gives estimates of absorbed dose

in tissue in agreement with those obtained using TLD to better than 4%.

Do00DZAEECOOD
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Preliminary studies show that activation techniques will continue to
be important in heavy ion doéimetry,vas they have been for protons and
- neutrons. 7 Studies of the fundamental data needed for absolute dosimetry

are well underway.
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Table 1. Measurements of €

dE

e Te s
—_— T/R
ax in Ll? /
Ion species (MeV g lem™2) (roentgen/unit ion
. fluence)
+ ' -
c'é , 116 2.06 107 °© 0.89 .02
+3g _ 6 .
(o] 112 2.01 10 0.90 .05
+g ” : -6
o] 186 3.03 10 0.82 .05
0.73

+19 -
Ne !° 259 3.76 10”°©

.03 -
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' ‘ v + '
Table 2. 'Measurements of W for 250 MeV/amu ch ions in Nitrogen
. (Stephens et al. 1975)

_ Run No. ’ w(ev/ion pair)
- : o o - 35.3
Y 2a _’ - 37.4
b 33.3
3a 34.7
b | | 37.1
Mean.value: | ) . 36.6 £ 0.8

*
Collected from data presented in Patrick et al. (1974).

' . ' + o
Preliminary measurements with 375 MeV/amu N_e10 ions indicate

a value of W close to 37 eV/ion pair.
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Table 3. Comparison of entrance absorbed dose 1n tlssue irradiated by.

250 MeV/amu c®t ions.

Irradiation Group Entrance absorbed dose in tissue

Ratio
No. - No. ‘ , (rad) "LiF _ionization
: Ionization* Thermolumlnescent Chamber to
Chamber Dosimeters** ' TLD
1 - a ~ 64.0 £ 3.2  6l.2 0.5 1.045
1 ' b 96.6 + 4.8  93.6 0.9 1.032
2 a | -128 £ 6.4 124 2 1.032
2 b 193 + 10 186 4 . 1.038
*

Using a value W = 36.6 eV/ion pair. Errors 15%.

**Using a value € = 0.89. Statistical errors only:




Table 4. Some useful target activation reactions tha

than about 10 minutes.

t produce radionuclides with halflivesilonger

Target material

Reactions useful for dosimetry

Competing and Reactions

1. 2721 in aluminum

2. °Be in beryllium

3. Y2¢c in graphite,
polystyrene; or
polyethylene

4.1°F in Teflon

5.1"N in boron

nitride

6.'%0 in water

7.'%0 in beryllium

oxide

8. 2%si,?%si, ?%si

in fused quartz

14

27A1+2HNa
27A1*22Na
2714185
27113
27595110
27a1+ "Be

. 9Be+'Be

120 511¢

12¢ 5 7ge -

19p Ll18p
19p 13y
19p 4114
19 > 7Be
N »!°N
lkN +llc
%N + "Be
160 +13N

IGO *11C

180 > "Be

160 +13N

160 +11C
lGO 5 7Be

si +Na2"®

15.0 hr
2.60 yr’

109.7 min
9.93 min

20.34 min

53.6 day
$3.6 day
20.34 min
53.6 day

109.7 min
9.93 min
20.34 min
53.6 day
9.93 min
20.34 min
53.6 day
9.93 min
20.34 min

>53;6 day

9.93 min
20.34 min
53.6 day

B~ - 1368, 2754
e-capt, B+ 511, 1275
B+ 511
B+ 511
B+ 511
e-capt - 478
half-life, e-capt 478
B+ - 511
e-capt 478
B+ 511
B+ 511
B+ 511
e-capt 478
B+ 511
B+ 511
e-capt 478
B+ 511
B+ 511
e-capt 478
B+ 511
B+ 511
e-capt 478

keVv
keV
keV
keV
kev
keVv
keVv
kev
keVv

keVv
keV
kev
keV
kev
keV
keV
kev

kev .
kevV -

kev
kev

keV

12

12

11

9

cllc

o> "Be -

B,Bl°

Be+'Be

+Be’

-1z~
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1a production sections - 375 MeV/amu Ne

+ .
197 jons.

Target

A127

Si
S
Al

Si

Reaction

Production cross

’ section‘(mb)

'+2 HNa

24

-+~ "Na

2y

>~ "Na

S18p

Sl8g

8

63

15

11

40

36

.16

5
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