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ABSTRACT i

" TIn our experiments we have investiaated the effects of low-level laser
expnsure on spatial vision measured in animal subjects. In monkeys g
trained to report minimal visual resolution as w~)l as contrast "‘
thresholds for varying size targets (contrast sensitivity) we found b

that small spot (50 micron) exposure can significantly alter these
measures of spatial wvision. Such effects have both medical and

tactical implications. Because such levels of exposure may produce ::‘:
protonged change in spatial visual function even at levels below the K4
) maximum permissible exposure (MPE) level, the militarv medical ;

in considerable tissue destruction in non-regenerating neural retinal
tissue long before any significant change in visual function is
4 measurable. Long-term measurements of animal spatial vision has :
revealed subtle but significant evidence of visual function loss that :
is associated with low-level laser exposure to the fovea. Such
effects may cause sufficient alterations to spatial vision to produce -
momentary distractions in complex militarv performance, such as target
tracking. These potential hazards to human vision and visual
per formance have motivated development of human visual protective
materials to counter low-level, multi-spectral laser exposure, as well
as the development of new troop training strataaies that should
provide countermeasures through improved training scenarios. &%, , g

‘ : community is faced with a dilemma that repeated exposure could result
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1.6 INTRODUCTION

In recent years, the pntential combat threat from directed
energy sources has caused increasing concern. Laser range finders
laser designators, and potential laser weapons All pose unique
hazards to the human eye. Because of the highly collimated nature of
laser light, the earliest medical concerns regarding such sources
involved the possible production of verv small lesinns in the
retina. Because military visual tasks require an intact central
fovea (the retinal area responsible for fine spatial resolution and
color wvision) and because laser lesions might destroy these visual
functions, damage to the central fovea has received considerable
attention. Furthermore, since these laser devices have ultrashort
pulse characteristics combined with a broad range of output
wavelengths in the visible and near-infrared spectrum, they pose a
unique hazard to the human visual system. Laser light characteristics,
such as narrow spectral bandwidth and beam coherence, represent
aspects of laser sources that have received limited attention,
although they may be potentiating factors in low-level retinal damage
processes.

We will review the sianificant research in the area of acute
laser exposure, limitations of this data base, and the implications
such data have for military performance and medical diagnosis of laser
combat ocular injury.

2.0 ANIMAL INVESTIGATIONS

Tn order to evaluate alteration in visual function from acute
laser exposure, extensive use has been made of animal behavioral
techniques. Such investigations have made a  significant
contribution to our present knowledge of visual deficits induced by
acute laser exposure. They form a bridge between observations obtained
from human accident cases and the exact dosimetry and manipulation
available under laboratory conditions. Furthermore, such
investigations have supported development of an increasing
understanding of retinal damaage mechanisms associated with 1ight
exposure.

\  summary of non-human nrimate Aacute foveal exposure
effects on spatial vision is presented in Table 1. These
investigations involve the gross effects on visual acuity from large
fov2al lesions as well as more subtle  effects from lower level
exposure ononditions. Each investigation has been ranked with regard
to its effect usina a human retinal injury evaluation criteria
develoved by Wolfe (1).

“he earliest animal investiadations utilized single pulse Q-
switched laser sources in anesthesized animals to irradiate the fovea
accurately (2-6). Visual acuity, the ability of the visual system to
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BRI

resolve minimil size targets, generally reauired several months for
stabilization of the effects of acute light exposure on spitial
visual function. In some studies, measurement of chromatic visual
function, spectral sensitivity for foveal and parafoveal retinal
areas, was emploved (2,7). These investigations demonstrated that
the effects of foveal damage measured with spectral bhackarounrds showed
longer-lasting effects relative to that measured with acuity taraets
having white-light backgrounds. These findings suggest that mechanisms
involving onlor as well as spatial vision need to be assessed in the
measurement of potential laser retinal injury.

Ty e sy
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The aross mechanisms of such injury wmway involve initial
peripheral edema and swelling of retinal photoreceptors in the first
two to three weeks after exposure (8). Such disturbances appear
to have a generalized effect, altering both photopic and scotpic
visual function (2). With time, retinal phagocvtic processes remove
debris and may allow adjacent photoreceptors to fill the areca of
the fovea that once coontained damaged foveal receptors (8). 1n
this manner, the ability to resolve fine detail may be preserved,
althouah foveal chromatic sensitivity may be permanently altered.

A major limitation of these early investigations involved the use
of anesthetized animals, because testing after exposure in such
animals must be postponed at least 24 to 48 hr to allow for
stabilization of behavior after anesthesia. Techniques to allow more
immediate assessment of visual function loss beginning within the
first 1@ to 30 seconds after exposure were developed by studies with
awake animals and exposures made under task-oriented conditions
(7,9,10). Using such technicues for shuttered visible laser sources,
single pulse 19d-msec duration exposures produced transient changes
in visual acuity well below levels that could produce qross iniury to
the retina. Comparable effects were found for spot sizes from 50 to
350 microns. Such effects could easily last from 2 to 20 min and
longer as the transition zone from a temporary to a permanent effect
was achieved. Such transition zones varied with spot size. ¥nr large
spots, 350 microns in diameter, single 109-msec pulses of either Argon
(514.5nm or Krypton 647.1nm) could produce permanent losses in Acuity
at levels aprroximately 10 times below the threshold level for retinal
burn. For small spots. 5¢ microns in diameter, single 100 msec
exposures produced a transition zone much closer to the threshold
retinal burn level (9,18).
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More recent investigations (11) have utilized repetitively pulsed
frequency doubled neodymium laser sources. As in previous experiments,
small-spot foveal exposures were made by making the beam coaxial with
the gap in tho 1 landolt ring acuity target subtending about 1 min of
arc. Foveal l-sions produced in this manner were observed centered
on the fovea. Immediate effects within the first. 30 to 60 seoonds
of exposure were obtained. At cnerqy levels rapable of praducing
small foveal punctate lesions, recovery times of 15 to 20 minute were

o e g Bt B e B e Ot B e e s St e S et
‘.-'- ._.,—’\--.’-."s"s"g." L PO P ALY s"srs- R A S R S, QSO R




Zwick et al - 7

measurable. Paradoxically permanent changes were delaved in these
studies. Even though initial exposures destroyed the integrity of
the fovea, the visual acuitv measurements were not permanently
depressed. Only after multiple exposures was evidence of permanent
change obtained. Furthermore, such change could onlv he measured when
contrast sensitivity was used, because this visual task allows the
measurement of visual sensitivity for both small and large acuitv
targets (12).

XA RS

3.9 ACUTE HUMAN EXPOSURE

The data base for human acute laser exposure is much more limited
than that available with animal subijects. The nature of visual
function assessment is almost exclusively limited to high contrast
clinical acuity and rarely have such measurements been made at the
time or shortly after the time of exposure (1,13). While such data
may lack the cquantitative sensitivity of animal studies, occasionally
they provide insights into such effects that have been unobhtainable
with the more quantitative data bhase. In one such accident (14),
involving suprathreshold hemorrhagic exposure to a Q-switched Ruby
laser range finder, the accident victim was exposed peripheral to the
macular so that visual acuity for high contrast target clinical
measurement returned rather rapidly after exposure. However, because
the injury caused secondary mechanical traction effects within the
retina, a "wrinkling"” or "puckering" of the macula was produceqd,
resulting in a secondary delayed loss in visual acuity, which only
became apparent 6 to 12 months after exposure.

The necessity to obtain more quantitative human data has led to
the Adevelopment of various simulation technigues (15). In such
experiments, where contrast sensitivity has been measured, artificial
scotomas opticallyv stabilized on the retina have been produced that
depend on field size (16). For large fields, losses in contrast
sensitivity are restricted to small targets; for small fields such
losses are relatively independent of target size. Such results arc
consistent with immediate changes in contrast sensitivity observed in
animal experiments (11,12), where small-field sizes were used. Such
effects on contrast sensitivity also have been verified in human
patients with foveal macular holes (17). These natural scotomas
produce only small target losses in contrast sensitivity for large
field measurements but generalized loss in contrast sensitivity for
small field loss.

4.0 LOW-LEVEL LIGHT MECHANISMS OF DAMAGE AND VISUAL FUNCTION
ALTERATION

Numerous investioAations (18-24) suagest that low-level light
exposure can alter retinal morphology and visual function.
Photocoaaulation of retinal tissue need not be produced for light
especially in the short and near ultraviolet regions to produce
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retinal damage to tissue and permanent change in visual function. Such
light effects in the retina require no more than a 1 degree change in
retinal temperature and in manv cases much less than this amount. Such
studies have demonstrated that low-level light exposure at levels
well below that required for retinal photocoagulation can cause
changes in retinal morphology, receptor cell structure, and visual
function. Explanations of such phenomena are presently divided
into two conceptual camps. One suggests a photochemical damage
mechanism that is selective to one class of photoreceptors (19,21)
while the other suggests a photochemical damage mechanism that 1is
effective across photoreceptor systems (20,22).

)

Several such investigations (23-25) have also suggested the
greater effectiveness of coherent light as compared to incoherent or
time averaged laser light in inducing low-level effects from repeated
light exposure. Such effects have been postulated to produce
their effect through  over stimulation of the neural layers of
the retina. Recent experiments in our laboratorv demonstrate that
continuous low-level visible laser exposure for small spot laser
exposure conditions, as low as a thousand times below the MPF, can
produce significant suppression of visual acuity or constrast
sensitivity for both large and small targets. Physiological
investigations utilizing minimal spot continuous foveal exposure
support retinal mechanism involvement in such effects (26).

ot s 08

5.8 VISUAL FUNCTION VERSUS VISUAL PERFORMANCE

In this paper, we have described the effects of acute and low-
level laser exposure on visual function. But alteration in visual
function is not the single determining factor in a complex perceptual
motor task such as visual tracking. Alteration in a complex visual
performance may depend upon motivational, motor, memorv or training,
and other sensory input from the visual system itself. We have
schematized the relationships between laser exposure and visual
function and performance loss in Fiqure 1. It is apparent that ocular
or visual function loss simply involves the effect of light on the
visual system whereas visual performance decrement involves a complex
change in factors in addition to visual sensory input. Obviously
performance loss will occur for those tasks having high dependence on
visual input, such as visual tracking (27,28) with less effect on
tasks that have more modest visual function requirements (29).

6.9 IMPLICATIONS

The possibilitv that subthreshold burn levels may produce
permanent loss or change in visual function or cven visual
performance at levels much lower than the MPE has significant
implications for development of laser ocular nrotection systems in the
military. At present limited attention is qiven to protecting human
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VISION

LASER EXPOSURE
{wavelength,
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PERFORMANCE LOSS OCULAR CASUALTY
(medical)

Figure 1: This diagram, notes the motential effects of laser exposure

on vision and visual performance. Field laser exposure may
result in two distinct types of visual loss. Primarv loss
of vision may occur as a direct consequence of retinal
tissue damage via thermal or non-thermal photic damage
mechanisms. This loss may be immediate or delayed. Such
loss may result in a change in visual perception such as a
loss in brightness, contrast, or color perception. Such
losses in vision may or may not affect one's military job
per formance.
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. eves from exposure levels below the Maximum Permissible level. food r
reasons exist for such limited concern. Materials development has not
succeeded in formulatinag multiwavelength protection which does not
seriously alter visual function. Requiring protection to the MPE and
below is presently a near unobtainable task with conventional filter
technology. Even fast switch technology can not operate both in the

e 1.y,

" visible and at low-activation levels. An educated awareness that such X
L effects can occur, the training of troops under simulated visual 3
e, conditions following laser exposure (3@), and develooment of visual >
N function test methods and devices for clinical detection of such N
e effects (12,23) may represent the only long range solution to this A
L problem.
¢ o

"

> A

b, ‘

2 ) a
by N Y

e e s aTe
!"".'.'. 2 2

- .j
- S
> e
. N
. oy
.

.-

‘L

oy

N

i

s

.‘_

7

-~

Ca

34

*
.
NI

LR
»
o’
IR

LY

'

.l‘l

e L e e e e R e e e e e e T e e e A A e




N
S
*
e
Zwick et al - 11
»
:‘.
*
&
7.0 REFERENCES
v
1. Wolfe JA. Laser exposure of the human foveomacular retina and its ~
effect on vision. In: Beatrice ES, Penetar DM, eds. Handbook of N
Laser Bioeffects Assessment. Volume 1. Bioeffects Data. ~
Presidio of San Francisco, CA, Letterman Army Institute of .
Research, 1984:Chapter 1. 5
2. 2wick H, Bedell RB, Bloom KR. Spectral and visual deficits -
associated with laser irradiation. Mod Prob Ophthalmol t:-
1974;13:299-306. iyt
o
3. Yarckzower M, Wolbarsht ML, Galloway WD, Fligsten KE, Malcolm R i
Visual acuity in a stumptail monkey. Science 1966:;152:1392-1393.
G
4. Weiskrantz L, Cowey A. Comparison of the effects of striated ::-:
cortex and retinal lesions on visual acuity in the monkey. L
Science 1967;155:104-~106.
-’:
5. Graham ES. Farrer DN, Younqg FA, Klopfer DF. Retinal lesions and
visual acuity in the rhesus monkey. Holloman AFB, NM, 6571st i
Aeromedical Research Laboratorv 1969; Technical Report ARL~TR- -
69-3. o
6. Merigan WH, Pasternak T, Zehl D. Spatial and temporal vision of '__-
macaques after central retinal lesions. TInvest Ophthalmol 1981;
21:17-26. b
7. Robbins DO, Zwick H, Haenlein M. Chanaes in spectral acuitv o
following laser irradiation. In: Proceedings of the Human \'-
Factors Societv V.1980; 24:162-166. D
8. Tso M. Photic maculopathy in rhesus monkey. Invest ophthalmol 8
1973; 12:17-34. -
9, Graham ES, Farrer DN, ¢Crook GH 11, Garcia P. A self-adjustment f:;
procedure for measuring the visual acuity of rhesus monkeys. -
Behav Res Meth Tnstr 1971; 2:301-305. e

13. Robbins DO, Zwick H, Holst GG. A method for producing foveal
retinal exposures in an awake, task-oriented, rhesus monkey.
Behav Res Meth Instrum 1973; 5:457-461.

B

LA

11. Zwick H, Bloom KR, Lund DJ, Beatrice ES. Laser ocular flash
effects. West Point, NY. 1In: Proceedings of Army Science
Conference, 1982

5". Y.

A Y 4

[
8

- 3 v, e
» & L
(-l a € 9 1 N

-~
.‘
»

l.r

‘l ‘) .' [

- - -
. s

q.' “® v v ATV AR .. ..; S A - ;."'_JP -_'-r‘_“‘. SR IRV ._ DR ..’-.._ W ‘ e ey SRY ;\.‘\-;\ RIS R ATy




vp I Yt 4ha S0 Juns’ Sua 3o ) 40" N2 oo i 40 AEAEEAN Tl R Tl LA s wallh e o S ben B e 20 B on i i i el M
M

TEL T, Ve

T

13

12 - Zwick et al

12.

13.

14.

150

15,

17

18.

19.

20.

21.

22,

23.

24.

Zwick H. Bloom KR, Beatrice ES. Permanent visual change
associated with punctate foveal lesions. In: Proceedings of NATO-
AGARD Aerospace Medical Panel Symposium,Athens Greece, April
1985, In Press.

Stuck, BE. Ocular susceptibilitv to laser radiation: Human vs
Rhesus Monkey. In: Beatrice ES and Penatar DM eds. Handbook of
Laser Bioceffects Assessment. Volume 1. Rioeffects Data Presidio
of San Francisco, CA: Letterman Army Institute of Research,
1984 :Chapter 1V.

Glovinsky L, Regenbogen L, Bartov E, Blumenthal M, Moissiev LB.
Macular pucker following accidental laser burn.
Metabolic,Pediatric, and Systemic Ovhthalmology 1982; 6:355-359.

Kelly DO. Photopic contrast sensitivity without foveal vision.
Optics letters 1978; 2:79-81.

Hammon R. Causes for sensitivitv loss from retinal scotomas.
Invest Ophthalmol Suppl 1984; 25:143.

Mitra S. Human spatial vision with nonfunctional fovea. In:
Proceedings of ICO Conferecnce. Helsinki Finland June 1985, In
press.

Noell WK, Walker VS, Kang BS, Berman S. Retinal damage by light
in rats. Invest Ophthalmol 1966; 5:459.

Gorn RA, Kuwabara 'I‘,b Retinal damage by visible light: a
physiological study. Arch Ophthalmol 1967; 77:115-118.

Ham WT, Mueller HA, Sliney DH. Retinal sensitivity to damage
from short wavelength light. WNature 1976; 260:153-154.

Harwerth RS, Sperling HG. Prolongel color blindness induced by
intense spectral light in rhesus monkeys. Science 1971; 174:520-
523.

Lawwill T, Crockett TS, Courrier G. Retinal damage secondary to
chronic light exposure, thresholds, and mechanisms. Doc
Ophthalmol 1977:;44:379-402.

Zwick H, Beatrice ES. lLong-term changes in spectral sensitivity
after low-level laser (514 nm) exposure. Mod Prob Ophthalmol
1978; 19:319-325.

Zwick H, Jenkins NDJ. Coherency effects on retinal neural
processes (ERG) of pseudemys. Colour Vision Deficiencies V, 199
146-150.

T R T N W N S A T T N N LR LRI LT O ATATTYOY
by

ay
P

LRI
PRAEND

P »
VA 0% o e Pt

NN "-‘ J

s oA

rr
bty 4,

A

R

g Ty e e e
Rl A |




»Ve 8 4 BN

.......

26.

27.

28.

29.

30.

- e a0
AV SIS AL S AR

Zwick et

/wick tl, Robbins NN, Knepp A. Changes in tectal spectral
sensitivity and receptive field organisation following ooherent
light exposure. Colour Vision Deficiencies Vv, 1988; 151-156.

Zwick H. Low level laser exposure effects on vision for minimal
spot exposure (U). In: Beatrice ES, Penetar DM, eds. Proceedings
of 6th Annual Lasers on the Modern Battlefield Conference.
Presidio of San Francisco, CA: Letterman Army Institue of
Research 1984 (S).

Levine RR, O'Mara PA, Stamper DA, Molchanv JW, Lund DJ. Effects
of repetitive, small~spot, incoherent light flashes on pursuit
tracking performance. Presidio of San Francisco, CA: Letterman
Army Institute of Research 1984;Institute Report 176.

Molchany JW, Stamper DA, Levine RR. Pursuit tracking performance
an flash disruption: The effects of training the non-dominant eye
on target reacquisition. Presidio of San Francisco, CA: Letterman
Army Institute of Research Institute Report 196.

Callin GD, Devine JV, Garcia P. Visual compensatory tracking
performance after exposure to flashblinding pulses. II Subdamage
threshold laser irradiation of rhesus monkey subiects. Brooks
AFB, TX: USAF School of Aerospace Medicine, 198l; Technical
Report SAM-TR-81-7.

Zwick H, Monroe D, Sherman L. Computer simulation of contrast
sensitivity deficits induced by laser and chemical antidote
exposure. In: NATO - AGARD Aerospace Medical Panel Symposium.
Athens Greece, April 1985, In Press.

-
-«

RN

. - - - .~ - .« - -~ R o L o, "- . '.. . * . "-
A Y '.'b'.'p.f'.' TN T R S AR

al -13

PR

e YA N Y

N %
) N

LAY

l‘.\.
¥

v

2

*‘r"-l

(k)

™

v e e
* a b
-SRI

]

.
A
v _*

- *
l. lr ’
.

PP
iy

1 [ODEEN

.
.

(3
“a e

-



SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T REPORY NUMBER 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
4. TITLE (and Subtitle) $. TYPE OF REPORT & PERIOD COVERED
Ocular Hazards Associated With Laser Interim Report
Exposure Jan 85 - Dec 85

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Harry Zwick, Ph.D., Joan Allen, BS

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. P:giR.M'AoERLKEnsrTT.NPRO'JEECST TASK
Letterman Army Institute of Research Project No. 3M161102BS10CF
Presidio of San Francisco, CA 94129-6800 Work Unit 245: Physiologic

. Basis of Laser Effects
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Medical Research and Development Command, March 1986
Pt Detrick, Frederick, MD 21701-5012 13. NUMBER OF PAGES

8

13. MONITORING AGENCY NAME & ADDRESS(!f different from Controlling Office) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

e e r v ve
16. DISTRIBUTION STATEMENT (of this Report)

This document has been approved for sale or distribution; distribution is
unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, it different from Report)

Same as for Report.

18. SUPPLEMENTARY NOTES

LI‘Ione . L,

\t»,-‘-i

19. KEY WORDS (Continue on severee side If necessary and identily by block number)

Low Level/Acute'Laser;wilisual Acuity;gontrast Sensitivity; Function Effects;
Vision; Animal; Human; Small/large Spot; ub/sgpra threshold; Q-switch LASER.

20. ABSTRACT (Cauntinue an revirse side If necoessry and identify by block mumber)

DD ,".,, 473  €0imon OF 1 NOV 68 1S OBSOLETE

SECUMTY CL ASEIFICATIAN QOF THIS PAGE /When Data Freered) N

ST U T I N R N A P S0 A N S A T FUN T O PRSP P S N el et et
AL SRS PRI e et o
” ARG | o, ", ‘ 5 EOAC AN R R

A N S T T A AT AN &

CRE )
.
o'
"

AR

KA

[ o T¥ g ~
. l""~‘. e '.."«
PR L

~8- s B B

i
RN
s frtr e

o2

. -
o




1 S i el A 4

»,

o o
&

I

R A

SECURITY CLASSIFICATION OF THIS PAGE(When Dets Entered)

i

*§0TJIBUADS
Sutuieay poacadwr YSnoayz seanswvowasjunod apraocad prnoys 3vYyq satdejiways
Fututeas dooaj mau Jo juamdorarap aY3 sB [19M sB ‘sansodxa aesw] [eIjOads
~13TNE  ‘T9AST-MOT J93UNOD 03 STBIISIBU JATI0830ad TensTA usuny jo juswmdoraaep
Po3BATIOW 8ABY 8dURWICIIAd {BNETA PUB UCISTA UBUNY O} SpavzvY T®ljusjod
asay] -Suriowal 39918} S8 Yons ‘asourwaojaad Laewzi7iw x8TdWOO UT SUOTORIFISIP
Livjuswow aonpoad €3 uUCISIA [BIjBdS €} SUOIJBI8lTE JUDTOTIINS 3snwd AW 630993J8
yong *waAol ayjz 03 axnsodxa Jesul [OAST-MO] Y3ITM POIRIDOSS® ST 3BY} SESO0]
UOT30UN} TBONSTA JO 80UIPTA® 3JUBOTJTUIIE 3Nq 273QNS PafBaAax SeY UCTSIA TBIjeds
{sUWTUE JO Sjuswaansvew wIej Suo] ‘eTqRINSBAW ST UOTIOUNJ TBNSTA UT 8Fuvyd
3ueo1JTUdTS Aue 8I0JOQ UOT oNSST] [BUT3SZ TBINAU FUTIBIBUSFBJI-UCU UT UOTIONIFSIP
anssT] 9TqBISPISUCO UT JTNsSad pinco 2anscdxe pojsadal 3BY} BUWOTIP B U3ITM poow]
81 £3Tunuwod Teorpaw AILITTTW oY) ‘T8A8T (FdN) eansodxs eyqisstwasad wnuwixeuw
9Y3 MOTOq ST9A9 38 USA® UOT}OUNJ TeNSTA [eTIjBds Ul 9dueyo paduoyrocad sonpeoad
Lvu sansodxe Jo sT@AdT Yons asneded °*su0TIBOTTdwWT [8OT3083 pu® TeOTIpPOUW Y30q
9ABY 83003J° Yong °UOTSTA [BIjBds JO seansvow osay)l 1831w LTJUBOTITUI IS uUBO
eansodxs (ucaotu (G) 3ods [reuws 38Y3 punoj am ‘(£3TAT3TSULS 35BI3UCD) s388a8Y
8zT8 JUTAIBA J0J SPIOYSIJIY} 3EBJIJUOD BB [19M 8B UOTINTOSad TBNSTA [BUTUTIW
jzodea o3 pauteaj sfojuow ul -s308(QqNE [BWIUB UT PEaNEBRAW UOTSTIA TBTBRAE UO
eanscdxe 19887 [8A81-MOT JO 83083J2 9yl po3udricaaul oAy om sjuswrzedxe Jano uj

N

Wt
s 4 @
I

L4
L

Al



%Y

A i . -
il:} ".'-’{._"‘.'.:,h.". -

y »
* e ‘~.\' .

DT A AN N ey e W
‘" \'-"-'. L FALIY ',’n.'\!.-, PO
RS ) AN A AR R AR S A 0K A (I e N
Loy RIS MO A IR AT

> e
)

'-
.
L]

'
o
-

> '.‘\




