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The importance of c o n t r o l l i n g  hazards a s soc ia t ed  with l a s e r  systems i s  increas ing  
a s  higher energy and power l e v e l s  become a v a i l a b l e  from the  u l t r a - v i o l e t  t o  the  i n f r a -  
red.  A t  the  same time the  n*mber of people p o t e n t i a l l y  exposed t o  these  hazards i s  
inc reas ing  a s  l a s e r  systems a r e  more widely employed i n  t h e  labora tory ,  i n  indus t ry  
and i n  f i e l d  operat ions.  
e luc ida t ion '  of t h e  mechanisms of inkerac t ion  of, high i n t e n s i t y ,  r e l a t i v e l y  coherent 
l a s e r  r a d i a t i o n  wi th  b i o l o g i c a l  systems provide da t a  pe r t inen t  t o  t h e  meaningful 
a p p l i c a t i o n  of l a s e r s  t o  biology and medicine, and of va lue  for demarcation of both 
long and s h o r t  term hazar,ds, necessary fo r  t h e  development of s a f e t y  codes. 

S tud ie s  on t h e  b io log ica l  e f f e c t s  of l a s e r  r a d i a t i o n  and 

The purpose of t h i s  p re sed ta t ion  i s  t o  d i scuss  some of t h e  f a c t o r s  assoc ia ted  
wi th  t h e  in t e rac t ion ,o f  l a s e r  r a d i a t i o n  wi th  b i o l o g i c a l  systems and t o  provide some 
recomnendations i n  regard  t o  precaut ions  and management of hazards. The degree t o  
which t h e  va r ious  f a c t o r s  c o n t r i b u t e  t o  both s h o r t  and long term hazards of l a s e r  
r a d i a t i o n  candot be assessed  a t ' t h i s  time i n  view o f ' t h e  e a r l y  s t ages  of  the b io log ica l  
s t u d i e s .  However, sone rfcomnrendations i n  regard  t o  precaut ions and management follow- 
ing a c c i d e n t a l  exposure can be given. These should be considered a s  t e n t a t i v e  s ince  
a l l  t h e  p o t e n t i a l  hazards hsv i  Got been evaluated o r ,  probably, even recognized, 
p a r t i c u l a r l y  with r e spec t  t o  long term e f f i c t s .  h e  t o  our lack of information, the  
r ecowenda t ions  may be too s t r i n g e n t ,  i n  o rder  t o  e r r  on t h e  s i d e  of s a f e t y ,  and can 
he re laxed  a s  the  f i e l d  matures. 

Analyses of biomedical s t u d i e s  have ind ica t ed  t h a t  the  b c t o r s  respons ib le  f o r  
hazards  a s soc ia t ed  wi th  l a s e r  systems may a r i s e  fro=: 

A. The leser r a d i a t i o n  and i t s  i n t e r a c t i o n  with the  b io log ica l  system. 

B. The pumping source,  e s p e c i a l l y  f l a s h  tubes.  

C. The high vo l t age  and cu r ren t s  requi red  fo r  t h e  operat ion of the  l a s e r  
system. 

The labora tory  or f i e l d  environment i n  which t h e  system is used. D. 
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A. The Laser Radiat ton a=d i t s  ZntsracrFcr. with t h e  BioloRical System. 

Short  and tong term hazards a s soc ia t ed  w i t h  t h e  Seam are dependent upon t h e  prop- 
erties of t h e  r a d i a t i o n  and t h e  b i o l o g i c a l  system. Tarameters of the  r a d i a t i o n  include 
energy and energy dens i ty ,  power and power dens i ty ,  wavelength and, poss ib ly ,  coherency 
and po la r i za t ion .  The c h a r a c t e r i s t i c s  of the  biol 'ogical ' systems include both t h e  
phys ica l  and t h e  b i o l o g i c a l  p r o p e r t i e s  of t h e  system. 
r e f l e c t i v i t y ,  t u r b i d i t y ,  e lectromagnet ic  and acous t i c  absorp t ion  c o e f f i c i e n t s ,  s p e c i f i c  
hea t ,  thermal conduct iv i ty ,  presence of i n t e r f a c e s  and c losed  c a v i t i e s ,  he te rogenei ty  
of t h e  t i s s u e  and e l a s t i c i t y .  S i o l o g i c a l  c h a r a c t e r i s t i c s  inc lude  t h e  biochemical 
a c t i v i t y ,  l o c a l  and genera l  response t o  i n j u r y ,  t h e  capac i ty  f o r  r e p a i r  o r  compensation 
and t h e  r e l a t i v e  s e n s i t i v i t y  of t h e  t i s s u e  for genet ic  changes or somatic abe r ra t ions  
( inc luding  malignant t r a n ~ f o r m t i o n s ) ~  Laser  r a d i a t i o n  of t i s s u e  c u l t u r e s  has been 
shown t o  r e s u l t  i n  chromosmsi, d e f e c t s  which were subsequently t ransmi t ted  t o  l a t e r  
genera t ions  of ce l l  c u l t u r e s  ( 1 ). 

The physical  p rope r t i e s  include 

The mechanisms which must be considered i n  t h e  i n t e r a c t i o n  include: 

l. 

2. 

3. 

4 .  

5 .  

6. 

7. 

Degradation of energy wi th  t h e  product ion of  temperatures s u f f i c i e n t  t o  cause 
therbnal changes per  se in t h e  b io log ica l  system. 

Degradation of energy wi th in  a c losed  f i l l e d  c a v i t y  (such a s  wi th in  t h e  cranfum) 
accompanied by phase t ransformations r e s u l t i n g  i n  t h e  production and t rans-  
miss i sn  of pressure  and poss ib ly  shock waves. 

The production of son ic ,  u l t r a s o n i c ,  and hypersonic f requencies .  

E f fec t s  due t o  a l t ' z r a t i o n  of wavelength a s soc ia t ed  wi th  e x c i t a t i o n  of molecules 
and s c a t t e r i n g  of t h e  primary r a d i a t i o n ,  as w e l l  .as frequency mul t ip l i ca t ion .  

Induct ion of photochemical reac t ions .  

The formation of f r e e  r a d i c a l s  and both charged and uncharaed l i g h t  and 
heavy p a r t i c l e s .  

The poss ib l e  importance of high electric f i e l d  grad ien ts  p a r t i c u l a r l y  a t  
high peak power d e n s i t i e s .  

Although degrada t ien  of energy w i t h  product ion of temperatures s u f f i c i e n t   to 
cause  p r o t e i n  dena tura t ion  cr thezmsP burns may be t h e  most immediately obvious gross  
e f f e c t ,  i t  i s  not  n e c e s s e r i t y  t h e  most s i g n i f i c a n t  i n  regard  t o  t h e  s h o r t  o r  long 
term e f f e c t s .  In so fa r  as t h e  skin i s  concerned, h e a l i n g  may be accompanied by ke lo id  
formation. The p o s s i b i l i t y  of malignant t ransformation mJst not  be neglec ted  - a 
higher  incidence of squamms ce l l  carcinoma i n  t h e  reg ion  of a l d  healed s c a r s  due t o  
burns i s  w e l l  documented ( 2,3 ). Other sequelae  of burns inc lude  i n f e c t i o n s ,  chronic  
u l c e r a t i o n  and s c a r r i n g  w i t h  de fo rmi t i e s ,  r e e u l t i n g  i n  l i m i t a t i o n  of funct ion.  

In so fa r  a s  t h e  ey is  concerned, burns of t h e  r e t i n a  and choro ida l  l a y e r s  a t  

these t i s s u e s  by incoherent  r a d i a t i o n  have been w e l l  documented -7 l e s i o n s  having 
occurred on looking a t  t h e  sun dur ing  an e c l i p s e  ( 5 ), or even a t  a photographic 
arc lamp. 
cornea can  occur a t  wavelengths s h o r t e r  than 2950 2, ,to which t h e  cornea is r e l a t i v e l y  
opaque., A t  wavelengths i n  t h e  in f r a red , ,  c a t a r a c t s  can be produced, by absorp t ion  of 
t h e  energy by t h e  i r is  pigment epi thel ium, wi th  subsequent damage, t o  t h e  underlying 
l e n s  e.pithelitLm and s u p e r f i c i a l  c o r t i c a l  Lens f i b e r s  by the  heat  produced. Such 
c a t a r a c t s ,  experimental ly  produced ( 6 by focused l i g h t  on t h e  iris, were l i m i t e d  
t o  t h e  zone of con tac t  between lens and pigment ep i the l ium of t h e  i r is ,  ( i. e. 

6943 2, and a t  10,600 f , ca,n occur a t  low energy and power l e v e l s  ( 4 ). Burns of 

A s  laser f requencies  increase '  towards the  u l t r a - v i o l e t ,  damage t o  t h e  
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pup i l l a ry  zone of iris), aad d id  not occur beneath the  be r iphe ra l  (non-contacting) 
ir is .  Delayed p o s t e r i o r  subcapsuler lens  changes occuired 60 t o  90 days a f t e r  exposure. 

We.ther unfocwed r a d i a t t o n  ( i . e .  not d i r e c t l y  focxsed on t he  iris), from e i t h e r  
a coherent o r  incoherent  Light source,  w i l l  produce a ca ta rac tous  change is not  yet  
clear. True thermal c s t a i a e t s  (Fee. t he  so-ca l led  glassblower's  c a t a r a c t )  a r e  r a r e  
today ( 7 1, and 2re occas iona l iy  confused c l i n i c a l l y  wi,th a more common f locculen t  
depos i t  on t h e  l ens  cepsule (~seucdoexfol ia t ion of t h e  l e n s  capsule) ,  e n t i r e l y  un re l a t ed  
t o  i n f r a r e d  exposure. 
reg ion  (2350 1 t o  3050 A) a r e  nDc known t o  give rise t o  c a t a r a c t  formation. 
r a d i a t i o n s  do produce l a t e n t  (approximately 8 hours) pa infu l .  s u p e r f i c a l ,  corneo- 
ccajunc:ival burns I K e r a t Q - C o n ~ u n C t i V i t i S ~ ,  which, genera l ly ,  a r e  e a s i l y  c l ea red  up 
w i t h  simple treatment, T h i s  type of exposure is, perhaps, ,of g r e a t e r  importance near 
t h e  continuous opera t ion  of gas lasers, aaherb the  production of u l t r a - v i o l e t  may be 
very  high,  and/or t h e  exposure nay be long. 

Qn the  o the r  hand, wavelengths i n  t h e  longer u l t r a - v i o l e t  
These 

Shor te r  wavelengths of e l e c t r a m g a e t i c  r a d i a t i o n  (i.e. x and gamma rad ia t ions )  
not only produce a s u p e r f i c i a l  b w n ,  j u t  they do give rise - t o  ca ta rac tous  changes, 
u s u a l l y  a f t e r  2 cons iderable  ( seaswed  i n  months) ' l a t e n t  period. 
by f a r ,  t he  most s e r i o u s  of t he  ocular  complications,  f o r  such damage i s  i r r e p a i r -  
d1;Le. Ret ina l  darnzge fzom focused (i,e. inherent  d i o p t r i c s  of t h e  eye) coherent or 
incoherent  l i g h t ,  a t  m i n i m 1  o r  th reshold  l e v e l s ,  i s  l imi t ed  mainly t o  t h e  pigment 
ep j . the l im and photoreceptor  Tr_yers, and is  discussed i n  d e t a i l  elsewhere ( 4,8 ). 
%dera te  t o  severe  l e v e l s  of i r r a d i a t i o n  at the  r e c i n a l  su r f ace  cause g rea t e r  destruc-  
t i o n  of both r e t i n a i  2nd choroidai  Payers, with f requent  hemorrhages (Fig. 1) i n t o  
t h e  v i t r e o u s  body, with t h e i r  a t t endan t  cornplicatians o f ' s c a r r i n g  and even r e t i n a l  
detachment. 

Re t ina l  damage is, 

Degzadation of energy wi th in  a c losed  f i l l e d  c a v i t y ,  such a s  t h e  eye or s k u l l ,  
d i f f e r s  from t h a t  occurrirag on a f r e e  surface.  I n t e r a c t i o n  of r a d i a t i o n  a t  a s u f f i c i -  
e n t l y  high energy dens i ty  with the  media m y  r e s u l t  i n  phase t ransformations t o  a 
vapow or gaseous phase. Since the  t o t a l  volume of t he  c a v i t y  is f ixed,  high pressures  
w i l l  occur a t  t h e  s i t e  of i n t e rac t ion .  
t i v e l y  l i t t l e  e t t e n u a t i o n  to regions d i s t a n t  from the  s i te  of i n t e r a c t i o n ,  if a quasi-  
s t a t i c  pressure r ise  is assrsmed. This can r e s u l t  in tdssare des t ruc t ion  due t o  d i r e c t  
e f f e c t s  and due t~ t ecperary  i n t e r f e r e n c e  or d i s rup t ion  of t h e  vascular  supply a t  some 
d i s t a n c e  from t he  s i t e  r f  impact. Consequently, Severe and f a t a l  i n j u r i e s  can be 
produced. s l though t h e  l o c a l  e f f e c t  of t he  i n i t i a l  d i r e c t  l e s ions  would not  be v i t a l  
to t h e  func t ioning  ob sl t rvival  of 2he organism. 

The pressures  w i l l  be t ransmi t ted  wi th  r e l a -  

S tudies  d i r e c t e d  a t  e luc ida t ion  of t h i s  mechapism of i n j u r y  have been repor ted  
nd Klein Q 9,lO 1 ~ and EArle [ ll .).  Following undocused i r r a d i a t i o n  

a t  by Fine 6943 ! L milLisecond p u l s e ~ & u r a t i c n ,  a t  energy l e v e l s  i n  excess of 40 j ou le s  
d i r e c t e d  a: t h e  forehead o f  n ice ,  death followed with in  less th,an 30 seconds i n  10 
out  of 23 animals ( 9 1. I n t r a c r a n i a l  hmoKrhageS were present  i n  the  meningeal spaces,  
in t h e  v e n t r i c l e a  and condwcring systcmn, and within t he  substance a t  the  base of the  
brain.  a t  regions d i s t e a t  f r h n  the  s i t e  of i n i t i a l  impact (Fig. 2). I r r a d i a t i o n  of 
t h e  exposed b r a i n  a t  equivalent  energy l e v e l s  r e s u l t e d  i n  a d i s t r i b u t i o n  of Lesions 
a t  t h e  s i t e  of primary i n t e r a c t i o n ,  r a t h e r  than t h e  more general ized d i s t r i b u t i o n  of 
lesicns a t  the si te  of primry i n t e r a c t i o n ,  ba ther  than the-more general ized d i s t r i -  
but ion of l e s ions  observed on gross and a i c roscop ic  examination foLlowing r a d i a t i o n  
d i r e c t e d  a t  t he  c losed ,  i n t a c t  cav i ty .  

Fur ther  s t u d i e s  have k e m  c a r r i e d  ou t  by the  au thors  u t i l i z i n g  pressure  t r ans -  
ducers t o  determine the  relevance of t h e  previous observat ions.  With the  pressure  
t ransducer  i n s e r t e d  wi th in  the  c losed  c r a n i a l  cav i ty ,  a much higher  pressure response 
was-obta ined  than when t h e  p re s su re  t ransducer  was exposed t o  t h e  same r a d i a t i o n , w i t h  
only  s k i n - a n d  a s e c t i o n  of skull bone in te rposed  (Fig. 3). Consequently, t h e  e f f e c t s  
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of  i r r a d i a t i o n  on reg iocs  with r e l a t i v e l y  r i g i d ,  c losed ,  f i l l e d  c a v i t i e s ,  on both a 
macroscopic and microsco2ic l e v e l ,  d i f f e r  from those  involv ing  reg ions  without  r i g i d  
boundaries. 

Other reg ions  i n  which i n j u r y  may be p a r t i a l l y  dependent on t h e  presence of quas i -  
s t a t i c  p re s su re  states. on e macroscopic o r  microscopic l e v e l ,  inc lude  t h e  thorax and 
ebdomen. 
c e r t a i n  anatomical sites9 scch as the  j o i n t s ,  t h e  v e r t e b r a l  column, enc los ing  the 
s p i n a l  cord and nerves ,  t h e  a n t e r i o r ,  l a t e r a l  and p o s t e r i o r  aspec t  of t h e  neck (with 
i t s  subjacent  blood v e s s e l s ,  aerves ,  glands,  and t rachea)  t h e  meatus of t h e  e a r ,  the  
na res ,  aad o t h e r  a r e a s  wherp major blood v e s s e l s ,  nerve t runks ,  or important s t r u c t u r e s  
a r e  s u p e r f i c i a l l y  loca t ed  (Fig.  4). Darnage t o  these  vulnerable  a r e a s  ly ing  beneath 
t h e  s k i n  su r face  nay produce seve re  d i s a b i l i t y  or even dea th  ( 12 ). 

Simi lar  cons ide ra t ions  apply t o  r a d i a t i o n  d i r e c t e d  a t  t h e  s k i n  over ly ing  

The presence of  sonic  f reqcencies  a s soc ia t ed  with t h e  i n t e r a c t i o n  during l a s e r  
i r r a d i a t i o n  of i n  v i v o  and -I_ i n  v i t r o  systems has  been repor ted  ( 13 ). 
st .Jdies,  both son ic  and u l t r a s o n i c  incoherent  p re s su re  v i b r a t i o n s  have been de tec ted  
on non-Q-switched ruby l a s e r  i r r a d i a t i o n  ( i n  t h e  20 j o u l e  range) and on Q-switched 
i r r a d i a t i o n  ( i n  :he 1 j o u l e  range) of heads and ches t s  of mice. On i r r a d i a t i o n  of 
t h e  a n t e r i o r  su r faces  of t h e  ches t  and head, these  frequencies  were observed, when 
p res su re  t ransducers  were coupled t o  t h e  p o s t e r i o r  su r faces  of mice (Figs. 5 ,6  ). 

In f u r t h e r  

Bubble formation and c a v i t a t i o n  may be a s soc ia t ed  wi th  such v i b r a t i o n s ,  pa r t i cu -  
l a r l y  i f  a d iso lved  gas is present  i n  the  media. Bubble formation can r e s u l t  i n  t h e  
product ion of  f r e e  r a d i c a l s  ( 14 ). In t h e  case  of c a v i t a t i o n ,  c o l l a p s e  of  t h e  c a v i t y  
i n  a l i q u i d  may r e s u l t  i n  vezy high pzessures  and poss ib ly  shock waves i n  t h e  f l u i d  
ad jacen t  t o  t h e  c a v i t y  w a l l .  Incoherent  s cn ic  and u l t r a s o n i c  pressure  waves t h a t  
o r i g i n a t e  along t h e  pa th  of t h e  beam w i l l  r e s u l t  i n  s i g n i f i c a n t  mechanical energy 
t r a n s p o r t  t o  reg ions  d i s t a n t  from t h e  primary source  of laser i n t e r a c t i o n .  However, 
t h e  i n t e n s i t y  decreases  wi th  dihtance.  

These modes o f  energy t r a n s f e r  may be of s ign i f i cance ,  i n so fa r  a s  immediate t i s s u e  
damage and long term r e a c t i v e  e f f e c t s  a r e  concerned. The importance of such mechanisms 
w i l l  be dependent upon t h e  e f f i c i e n c y  of t h e  energy conversion from electromagnet ic  t o  
rcechanical modes and t h e  energy and power dens i ty  i n  t h e  beam. 

Chiao, Townes, and Sto ichef f  ( €5 ) have shown t h z t  i r r a d i a t i o n  of c e r t a i n  c r y s t a l s  
by a 50 megawatt, 30 nsec. ,  ruby l a s e r  pu lse  r e s u l t s  i n  t h e  production of i n t e n s e  
(1 k i l o w a t t ) ,  coherent ,  hypersonic  waves ( 10" c.P.s.) v i a  s t imu la t ed  B r i l l o u i n  
s c a t t e r i n g .  S tudies  c a r r i e d  c u t  by Garmire and Townes ( 16 ) have shown t h a t ,  i n  a 
s i m i l a r  way, i n t ense ,  coherent ,  hypersonic waves can be generated i n  Liquids such as 
water. Giul iano ( 17 ) has i nves t iga t ed  damge i n  d i e l e c t r i c  s o l i d s  caused by hyper- 
sonic waves (13 g.c.) ,  which were c r e a t e d  v i a  s t imu la t ed  phonon processes  both wi th in  
the c r y s t a b  and wi th in  t h e  l i q u i d s  surrounding t h e  c r y s t a l .  
r a p i d l y  a t t e n u a t e d ,  thrrs g iv ing  r ise t o  poss ib l e  damage only  i n  reg ions  near  t h e  l a s e r  
bean i t s e l f .  

As t h e  Seam i s  s c a t t e r e d ,  coherent  hypersonic wzves w i l l  be generated a long  t h e  

Gigacycle waves are 

beam path,  These f requencies  may r e s u l t  not  only i n  ce l l  death,  but  i n  c e l l  a l t e r a t i o n s ,  
poss ib ly  of long term s ign i f i cance ,  p a r t i c u l a r l y  i n  t h e  s k i n  and ocular  t i s s u e s .  

The presence of  wavelengths o the r  :han those of t h e  primary r a d i a t i o n  may be of 
s i g n i f i c a n c e ,  i n s o f a r  a s  long term e f f e c t s  are concerned. 
l e v e l s  and power d e n s i t i e s  produces incoherent  r e - r ad ia t ion  from t h e  exc i t ed  atoms, 
some of which occurs a t  wavelengths s h o r t e r  than those of t h e  i nc iden t  wavelength. 
Should t h i s  occur deep t o  t h e  s u r f a c e ,  energy quanta a r e  produced a t  s i t e s  no t  normal- 
l y  exposed t o  these  wavelengths. 
o t h e r  than those  normally produced. 
v i o l e t  rag ion ,  absorp t ion  by nnc le i c  a c i d s  and p ro te ins  may occur wi th  subsequent 
lang term e f f e c t s .  

I r r a d i a t i o n  a t  h igh  energy 

T h i s  may r e s u l t  i n  t i s s u e  o r  c e l l u l a r  a l t e r a t i o n s  
Should these  wavelengths l i e  i n  t h e  u l t r a -  
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Frequency m u l t i p l i c a t i o n  bas bee3 produced i n  c r y s t a l s  such a s  quar tz  and K D p 
on exposure t o  l a s e r  i r r a d i a t i o n  a t  6043 x Frequency doubling has been 
observed i n  amino a c i d  c r y s t a l s  I t  is poss ib l e  t h a t  frequency doubling may 
a l s o  cccur i n  t i s s u e s ,  p a r t i c u i a r l y  ir. regions where c r y s t a l l i n e  s t r u c t u r e s  such a s  
melanin granules  a r e  present .  Should t h i s  occur i n  t h e  s k i n  or eye and i n  hydroxy- 
a p a t i t e  c r y s t a l s  i n  bene, c o h e z m t  qEanta of energy w i l l  be produced a t  wavelengths ’ 

which are normally a t t e n u a t e d  by in te rvening  t i s s u e  l aye r s .  In t h i s  way, secondary 
e f f e c t s ,  e a r l y  or delayed, may be produced which d i f f e r  from those obtained a t  low 
r a d i a t i o n  l eve l s .  

( 18,19 ). 
23 ). 

Photochemical r e a c t i o n s  may a:so OCCUK a t  t h e  wavelength of t h e  primary r a d i a t i o n  
or a t  wavelengths produced as secondary phenomena. 
i n t e n s i t y  of t h e  r a d i a t i o n ,  r eac t ions  may occur, which would not  occur t o  a s i g n i f i c a n t  
ex ten t  a t  t h e  same wavelengths a t  lower energy and power l eve l s .  Laser r a d i a t i o n  has 
been sho-m t o  induce func t iona l  and/or  s t r u c t u r a l  changes i n  p ro te ins ,  inc luding  gamma 
g lobu l ins ,  enzymes. and o the r  macromolecules of b io log ica l  o r i g i n  i n  v i t r o  and i n  v ivo  
which may h e  due i n  p a r t  t o  ghotoclzemical reac t ions .  Such changes have been produced 
both i n  t h e  presence or absence of pho tosens i t i z ing  agents  a c t i n g  as .energy  transfer 

Because of t h e  r e l a t i v e l y  high 

agents  ( 21 ). 

Fho tosens i t i z ing  agents  m y  be normal endogenous formations ( i . e .  melanin, 
hemoglobin, and o t h e r  chromophores), pathologic  endogenous formations (eg. Ochronosis 
i n  Alkaptonur ia ) ,  or may be wholly exogenous (dyes, drugs,  vi tamins,  i n d u s t r i a l  
chemicals).  Fhoto-biological  r eac t ions  may r e s n l t  i n  (primary) p h o t o - i r r i t a t i o n ,  or 
i n  pho tosens i t i za t ion  by s t imu la t ing  immunological i ncompa t ib i l i t i e s  wi th  p ro t r ac t ed  
a l l e r g i c  mani fes ta t ions .  

F ree  r a d i c a l s  have been considered a s  f a c t o r s  i n  the  b io log ica l  5 f f e c t s  of 
ion iz ing  r a d i a t i o n ,  gene t i c  changes and malignant transformation. , Electron s p i n  
resonance measurements fol lowing i r r e d i a t i o n  of black mouse s k i n  and f i b r i n o l y s i n  
prepara t ions  ind ica t ed  with high p r o b e b i l i t y  t h a t  f r e e  r a d i c a l s  are produced in these  
b i o l o g i c a l  m a t e r i a l s  on l a s e r  i r r a d i a t i o n .  
lagenase gave no s i g n a l  ( 2 2  ). The e f f e c t s  of l a s e r  r a d i a t i o n  on t h e  incidence of 

I r r a d i a t e d  s k i n  of white  mice and co l -  

malignant changes in i n t a c t  mammals i s  c u r r e n t l y  under inves t iga t ion .  . . I -  

The presence of charged p a r t i c l e s  wi th in  t h e  plume e j e c t e d  from an abdomen of 
a black mocse has been shown ( 23 1. High speed photographs (8,000 - 18,000 frames 
Fer second) were taken of t h e  motion of plumes moving 
magnetic f i e l d  on l a s e r  r e d i a t i n n  i n  the  t h i r t y  j o u l e  range focused on the  abdomen 
of  b lack  mice. 

wi th  t h e  motion of charged p a r t i c l e s  moving i n  an inhomogeneous magnetic f ie . ld  ( f i e l d  
s t r e n g t h s  0 ~ 300 gatlss,  f i e l d  g rad ien t s  of t h e  order  of 200 gauss/cm.). Comparison 
with plumes e j e c t e d  from t h e  abdomen of black mice on l a s e r  i r r a d i a t i o n  by a focused 
beam i n  t h e  t h i r t y  , joule  range ia t h e  presence of zero  appl ied  magnetic f i e l d  showed 
r a p i d  d i s s i p a t i o n  of t h e  plume over a l s s g e  volume wi th  no s p i r a l  t r a j e c t o r i e s  (Fig. 8). 
Sone v a r i a t i o n  i n  t r a j e c t o r y  was observed dur ing  these  s tud ie s .  

thr.ough an inhomogeneous 

S p i r a l  pLuae macroscopic motion and confinement of t h e  luminous p a r t  
of t h e  plume t o  a r e k t i v e l y  small  (1 cm 3 1 volume was observed (Fig. 7)  i n  agreement 

observations of the decay of p l u m  luminos i ty  a l s o  i n d i c a t e  t h e  ex i s t ance  of charged 
p a r t i c l e s  w i th in  t h e  gluae. The pluae is self-luminous.  s i h c e  i t s  v i s i b i l i t y  p e r s i s t s  
beyond t h e  per iod  of t a r g e t  luminosi ty  and laser pulse  dura t ion  by a t  least an order  
of magnitude. 
l e s s  than 10 microns i n  diameter t o  be extremely rapi.d. Although these ,  p a r t i c l e s  may 
be charged, they cannot expla in  the long p e r s i s t e n c e  of plume luminosity.  
no o t h e r  p a r t i c u l a t e  m s t t e r  of l a r g e r  diameter w a s  v i s i b l e  w i t h  s u f f i c i e n t  dens i ty  i n  
t h e  high speed photographs t o  be t o t a b l y  respons ibIe  for per s i s t ence  of t h e  v i s i b l e  
plume. 
t hese  c o n s t i t u e n t s  is  slow enocght t o  expla in  t h e  pe r s i s t ence  of plume luminosity.  

Order of magnitude caZcula t icns  shew the r a d i a t i o n a l  cool ing  of p a r t i c l e s  

In genera l ,  

If t h e  plume contzdns a high d e n s i t y  of ions and e l ec t rons ,  recombination of 
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Other mechanisms, s w h  as brernse t rahhag  may c o n t r i b u t e  t o  plume lumLnosity. 

s t u d i e s  c a r r i e d  o u t  i n  t h i s  labora tory ,  copper probes i n i t i a l l y  he ld  a t  ground p o t e n t i a l  
were p o s i t i o m d  near  t h e  pa th  of t h e  plume. 
have unequal d i r e c t e d  v e l o c i t i e s  a s  t h e  plume exp,=nds, a vo l t age  would be induced i n  
t h e  probes. 
vo l t age  change; Emever, dur ing  experimexts on charged plume p a r t i c l e s ,  precaut ions 
were taken t o  avoid d i r e c t  i r r a d i a t i o n  of t h e  probes. Probe vo l t age  changes were , 

de tec t ed  when copper probes were placed near  the  pa th  of t h e  plume e j e c t e d  from various 
phys ica l  and b i o l o g i c a l  t a r g e t s  on i r r a d i a t i o n  i n  t h e  20 j o u l e  range. 3y pos i t ion ing  
two probes a measured d i s t ance  a p a r t  a long  the  approximate plume path,  a vo l t age  
d i f f e r e n c e  or c u r r e n t  flow w a s  de t ec t ed  between t h e  two probes a s  a func t ion  of time. 
This  da t a  v e r i f i e d  t h e  presence of  charged plume p a r t i c l e s  and allowed an es t imate  
t o  be made of t h e  average v e l o c i t y  a t  which t h e  plume expands. 
v e l o c i t i e s  as high a s  1Q4 cm/sec. were de tec ted .  

The presence of charged pLme p a r t i c l e s  was s u b s t a n t i a t e d  '3s prcbe s tud ie s .  I n  

I f  t h e  ions and e l ec t rons  i n  t h e  plume 

Di rec t  laser i r r a d i a t i o n  of t h e  probes produced no dec tec t ab le  probe 

Charged p a r t i c l e  

Other s t u d i e s  were c a r r i e d  out us ing  s t r e a k  photography. The plume p a r t i c l e  
v e l o c i t i e s  measured wi th  t h i s  t echn iq ie  were i n  agreement wi th  t h e  v e l o c i t i e s  obtained 
by probe measurements a t  some d i s t ance  from t h e  animal. 
i nd ica t ed  t h a t  observable  i n i t i a l  plume p a r t i c l e  v e l o c i t i e s  near  t h e  animal su r face  
w e r e  a t  l e a s t  f i v e  times g r e a t e r  than .those v e l o c i t i e s  measured by probes placed a t  
some d i s t ance  from t h e  i r r a d i a t e d  animal sur face .  
i n d i c a t e s  t h a t  many e l e c t r o n  v e l c c i t i e s  wi th in  t h e  plume w i l l  exceed t h e  v e l o c i t y  of 
d i r e c t e d  plume no t ion  by a t  l e a s t  an order  of magnitude (g rea t e r  than LO6 cm/sec.). 
Because t h e  e l e c t r o n  mass i s  extremely small ,  these  v e l o c i t i e s  r ep resen t  very  low 
e l e c t r o n  energ ies .  

However, s t r e a k  photography 

An a n a l y t i c  model of t h e  plume 

There  a r e  s e v e r a l  poss ib l e  mechanisms f o r  ion  production wi th in  t h e  plume. Ion- 
i z a t i o n  can occncr ~n e jec t ion .  
e j e c t e d  -- hea t ing  baing due t o  continued absorp t ion  of l a s e r  r a d i a t i o n  fol lowing 
e j e c t i o n  from t h e  t a r g e t .  
is through i n e l a s t i c  ccLLisions between 5 e e  e l ec t rons  and uncharged atoms present  i n  
t h e  plume. E luc ida t ion  of the  a c t c a l  mechanisms f o r  i on iza t ion  is c u r r e n t l y  under 
inves t iga t ion .  

I cn iaa t ion  can occur j u s t  a f t e r  the  plume i t s e l f  is 

Anither poss ib l e  mechanism f o r  c r e a t i n g  charged p a r t i c l e s  

Fro= t h e  preceeding d iscnss ion ,  t h e  plume e j e c t e d  from b io log ica l  ma te r i a l  during 
and fol lowing l a s e r  i r r a d i a t i o x ,  can be bes t  descr ibed as a phys ica l  plasma. 

The high e l ec t ronagne t i c  pewtrr d e n s i t i e s  t h a t  a r e  a v a i l a b l e  from l a s e r s ,  e s p e c i a l l y  
Q-switched lasers, i n d i c a t e s  t h a t  d i r e c t  f i e l d  ion iza t ion  and secondary i o n i z a t i o n  due 
t o  r a p i d  e l e c t r o n  a c c e l e r a t i o n  may occur wi th in  b i o l o g i c a l  ma te r i a l .  
per  m2 beam has an a s s o c i a t e d  e l e c t r i c  f i e l d  of the  order  of 10 
of t h e  usua l  l a s e r  beam t o  a 1 mn. spot  produces s t r o n g  t r ansve r se  and long i tud ina l  
f i e l d s .  Band r - rp ture  2.r.ci d i r e c t  f i e l d  ion iza t ion  may be expected at f i c l d  s t r eng ths  
of LO7 volts /meter .  Sho;r.id these  e f f e c t s  occur in a c e r t a i n - r e g i o n ,  one can expect 
increased  condt ic t ivi ty  wi th in  t h a t  region. However, s epa ra t ion  of the  e f f e c t s  
produced by a high e l e c t r i c  f i c l d  f r o n  those due t o  o the r  energy t ransformations i s  
d i f f i c u l t .  

A one megawatt 
7 vol t s /meter .  Focusing 

It i s  impossible t o  ex t r apo la t e  w i t h  accuracy the! r e l a t i v e  importance of t h e  
mechanisms of energy t ransformation a t  low ?.evels of  energy and power on i r r a d i a t i o n  
of small animals ,  l i k e  t h e  mouse, t o  the  p o t e n t i a l  e f f e c t s  i n  man a t  higher  energy 
and power l e v e l s .  
is dependent on t h e  degree t o  which they occur a t  t h e  var ious  energy and power l e v e l s ,  
and t h e i r  r e l a t i v ' e  e f f ec t iveness  F n  produclcg a s p e c i f i c  b io log ica l  response. The 
da ta  obtained on seve re  i n j u r i e s  i n  "eca1e.d down" systems can, however, serve as 
guide l ines  f o r  precaut ionary  measures u n t i l  t h e i r  poss ib l e  impl ica t ions  f o r  l a r g e r  

The r e ; c t i v e  b i o l c g i c a l  s ign i f i cance  of t h e  mechanisms discussed , 
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mawals  o r  man have been c r i t i c a l l y  analysed. 

B. Eazar63 Associated w F t h  Flesh Tubes. 

Kezards assccizted wi th  f l a s h  tubes must be considered,  p a r t i c u l a r l y  s i n c e  m i s f i r e  
o r  acc iden ta l  f i r i n g  can occxr. Energy dens i ty  l e v e l s  of t h e  order  of 20 j o u l e s  per  
cm2 can  be o b t d n e d  a t  t h e  f l a s h  tube sur face .  With unshielded u n i t s ,  the  energy dens i ty  
decreases  wi th  d i s t a n c e  approximately as t h e  inve r se  square. Addition of a conf igura t ion  
of r e f l e c t o r s  will however inc rease  t h e  energy dens i ty  present  a t  any p a r t i c u l a r  d i s tance  
from t h e  f l a s h  tube. 

Ocular demage from low i n t e n s i t y  f l a s h  lamps o f  r e l a t i v e l y  long dura t ion  w i l l  be 
determined by t h e  amount of u l t r a v i o l e t  l i g h t  produced and w i l l  be l imi t ed  mostly t o  
t h e  s u p e r f i c i a l  l a y e r s  of  t h e  conjunct iva  and cornea. 
c o n j u n c t i v i t i s  has been mentionEd above. 

This form of delayed kerato-  

With s h o r t e r  p u l s e  dmration, higher  i n t e n s i t y  f l a s h  lamps, o r  longer exposure t o  
the  lo* i n t e n s i t y  lamps, r e t i n a l  damage can r e s u l t .  The normal d i o p t r i c s  of  t h e  
e m e t r o p i c  eye inc reases  t h e  power dens i ty  of t h e  inc iden t  r a d i a t i o n  on t h e  r e t i n a .  
An energy d e n s i t y  of  approximately 1.0 joule/cm2 a t  the  r e t i n a l  su r f ace  (Fig.  1) is 
enough t o  produce an ophthalmoscopically v i s i b l e  l e s i o n  ( 4 ). 
g l a s s e s  ( 24 ) designed f o r  r a d i a t i o n  wi th in  a s p e c i f i c  wavelength bank w i l l  probably 
not  provide s a t i s f a c t o r y  p ro tec t ion  a g a i n s t  broad band f l a s h  tube r ad ia t ion .  
tube explosion,  a l though uncomon, i s  another  p o t e n t i a l  hazard f o r  t h e  eyes and body 
s u r f a c e  and may r e q u i r e  prsper  sh i e ld ing  or p r o t e c t i v e  g l a s ses  of another  type ( i.e. 
r e s i s t a n t  g l a s s  e i t h e r  case  hardened o r  laa ina ted) .  

Spec ia l  p r o t e c t i v e  

F la sh  

Long term e f f e c t s  t o  t h e  eyes due t o  either a s i n g l e  i n s u l t  o r  t o  cumulative 
sub-threshold i n s u l t s  a r e  not  y e t  known but  cont inue  t o  present  a p o t e n t i a l  hazard. 

Long term hazards t o  t h e  sk in  must a l s o  not  be neglec ted ,  i n  continued t e s t i n g  
of ex osed f l a s h  tubes. Induct ion of cancer by u l t r a - v i o l e t  r a d i a t i o n ,  s h o r t e r  than 

evidence f o r  carc inogenes is  due t o  u l t r a - v i o l e t  wavelengths i s  based on epidcmiological 
s t u d i e s  ( 26 1; i nd iv idua l s  with l i g h t l y  pigmented s k i n  exposed t o  s o l a r  r a d i a t i o n  a r e  
more sub jec t  t o  development of s k i n  cancer ,  inc luding  melanomas, than those wi th  wel l  
mclanieed sk in .  Cancer of t h e  s k i n  is a o r e  preva len t  i n  reg ions  'with g r e a t e r  exposure 
t o  sunl ight .  

3200 Ii , i n  animzls has  been ex tens ive ly  reviewed by Blum ( 25 ). I n  man, much of tho 

Consequently, cons iderable  c a r e  should be taken dur ing  f l a s h  tube t e s t i n g ,  both 
i n s o f a r  as t h e  eyes and t h e  s k i n  a r e  concerned. 

C. a t r i c a l  Hazerds. 

Hazards se la . ted  t o  b s e r  systems a r e  a s soc ia t ed  n o t  only with t h e  lcser beam, 
but wi th  t h e  l a s e r  equipmcot per  se. The l a r g e  energ ies  s t o r e d  a t  high vo l t ages  i n  
t h e  capac i to r  bank a r e  dangerous ( 27,223 ). Discharge of t h e  bank can occur due t o  
d i r e c t  con tac t  wi th  a bank which has been improperly intcr1ockcd;in which tho discharge 
c i r c u i t  is not opera t iona l ,  o r  vhich has not 'completely discharged a t  t h e  time of contact .  
A f u r t h e r  hazard a r i s e s  when t h e  bank i s  in En a r e a  phys ica l ly  separa ted  from t h e  c o n t r o l  
system. 
at tempted by ose group w h i l e  a second group i s  a t tempt ing  t o  use t h e  u n i t  f o r  i n v e s t i -  
g a t i v e  purposes. .Th i s  has occurred i n  p a r a l l e l  f i e l d s .  
wi th  t h e  high v o i t a g e  c u r r e n t  ca r ry ing  cables .  F l a w  in cab le  in su la t ion , :  occur r ing  
i n  t h e  manufacture, o r  c o n t i m e d  use of t h e  cab le  w i l l  be extremely hazardous. Individ-  
u a l s  or equipment may be phys ica l ly  loca t ed  ad jacent  t o  t h e  cab le ,  while  high vo l t age  
e x i s t s  on the  cab le ,  
avoided by proper proccdurco. 

I n  a l a r g e  i n s t a l l a t i o n ,  modi f ica t ions  t o  t h e  c a p a c i t o r  bank complex may be 

A t h i r d  hazard i s  a s soc ia t ed  

T h i s  r ep resen t s  a marked hazard t o  personnel,  which can be 
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E l e c t r i c a l  shock c2n r e s u l t  i n  severe  burns,  pain,  muscular con t r ac t ions ,  trauma 
Death may be due t o  r e s p i r -  due t o  involuntary  movement of  t h e  i nd iv idua l  and death. 

a t o r y  a r r e s t  dependent 3: seve re  cont inued con t r ac t ion  of t h e  r e s p i r e t o r y  muscles o r  
involveaent of  t h e  centrcl  and/or pe r iphe ra l  nervous system. 
v e n t r i c u l a r  f i b r i l l a t i o n .  Experimental da t a  f o r  shock threshold  t o  cause ca rd iac  
f i b r i l l a t i o n  i n  man must be ex t r epo la t ed  from s t u d i e s  on animals. 
l a t i o n  thresholds  t o  60 c y c l e  c u r r e n t  were reviewed by Dalz ie l  5 & ( 27,28 ). 
E l e c t r o l y s i s  of deep t i s s u e  can occur ,  and i n j u r y  t o  v e s s e l  wal l s  can r e s u l t  i n  
delayed hemorrhage ( 29 ). 

D. The Laboratory or F i e l d  Environment. 

It may be due t o  

S tudies  on f i b r i l -  

Some hazards a s s o c i a t e d  with l a s e r  systems a r e  dependent on t h e  s p e c i f i c  environ- 
ment i n  which they a r e  used. 
improper p o s i t i o n i n g  of t h e  l a s e r  system and a s soc ia t ed  equipment d i r e c t l y  towards 
en t rance  a r e a s ,  t h e  presence of t r anspa ren t  g l a s s  i n  doors and windows throush which 
d i r e c t  and back-scat tered r a d i a t i o n  can pass with l i t t l e  a t t e n u a t i o n ,  present  obvious 
hazards. I n s u f f i c i e n t  temperature c o n t r o l  of the  environment may resu l t  i n  sweating 
by t h e  ind iv idua l ,  wi th  c o n c o m i t a n t  decrease i n  e l e c t r i c a l  r e s i s t a n c e  of t h e  body 
and r e s u l t a n t  i nc rease  i n  t h e  eleccrical  hazards. Considerable  dus t  o r  smoke may 
r e s u l t  i n  s c a t t e r i n g  of t h e  r a d i a t i o n  from o the r  than t h e  usua l  sur faces .  

Poor l i g h t i n g ,  h igh ly  r e f l e c t i n g  wa l l s  and o the r  sur faces ,  

1n t h e  f i e l d ,  hazards  a f f e c t i n g  t h e  ope ra to r  and o t h e r  personnel may a r i s e  from 
s c a t t e r  due t o  t e r a i n ,  p a r t i c u l a t e  ma t t e r ,  fog,  snow or r a in .  E l e c t r i c a l  hazards  may 
be accentua ted  by decrease  i n  e l e c t r i c a l  i n s u l a t i o n  of t h e  system due t o  s e v e r a l  of 
t h e  above f z c t o r s  and due t o  b a c t e r i a ?  or fungal  a t t a c k  on equipment. 

Control of Laser Hazards & Management of Accidents. 

Considerat ion of t h e  mechanisms of l a s e r  i n t e r a c t i o n  w i t h  b io log ica l  systems 
d iscussed  above and t h e  bioLogica1 e f z e c t s ,  repor ted  elsewhere has  Led t o  a t e n t a t i v e  
o u t l i n e  of a program f o r  t h e  c o n t r o l  of l a s e r  hazards ,  and management of l a s e r  acc idents .  

A. Contro l  of Laser Hazards 

1. General Adminis t ra t ive  Procedures 

a ,  Personnel 

(i) 22ser  Xazard Control  Of f i ce r  

(ii) 

( i i i )  

Peputy Laser Yasard Control  Off icer  

Labosatory Laser Hazard Control  O f f i c e r  

b. Medical Supervis icn 

c. Records 

2. Laboretory Design and Operation 

3. P ro tec t ion  Standards and Dosimetry 

B. Management of Laser Accidents.  

A. Cont ro l  of  Laser Hazards. 

1. General Adminis t ra t ive  Procedures. 
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a.  Personnel 

(i) Laser Ecc-zrd Control  Off icer  

The l a s e r  hazard c o n t r o l  o f f i c e r  shwdld h r e spons ib l e  f o r  a l l  
f a c t o r s  a s soc ia t ed  with l a s e r  s a f e t y  wi th in  t h e  organizat ion.  
should be r e spons ib l e  cn?y t o  t h e  sen io r  management of  ch ie f  execut ive 
o f f i c e r  of  t h e  organiza t ion ,  and should c a r r y  a u t h o r i t y  regard ing  l a s e r  
s a f e t y  which can be countermanded only  by the  ch ie f  execut ive o f f i c e r .  

He 

He should have f u l l  records  concerning a l l  s t u d i e s  us ing  l a s e r s  
c a r r i e d  o u t  w i th in  t h e  organiza t ion ,  a s  w e l l  as information concerning 
personnel and t h e  c h a r a c t e r i s t i c s  of t h e  equipment. He i s  r e spons ib l e  
f o r  monitoring l a s e r  equipment o r  a s soc ia t ed  experiments, a s s e s s i n g  
hazards t o  t h e  ex ten t  f e a s i b l e  and providing safeguards.  Information 
regard ing  proposed experiments should be forwarded t o  him i n  w r i t i n g  
i n  order  t h a t  he be a b l e  t o  assess p o t e n t i a l  hazards p r i o r  t o  t h e i r  
i n t roduc t ion  ~ I 

He should provide information regard ing  i n s t a l l a t i o n  of new systems, 
be present  dur ing  t h e  i n t i i a l  opera t ion  of a l a s e r  sys t em o r  dur ing  
major modi f ica t ions  of  experiments i n  progress.  

H e  is re spons ib l e  f o r  i n s t r u c t i o n  i n  l a s e r  s a f e t y  of a l l  personnel  
a s s o c i a t e d  with l a s e r  s tud ie s .  H e  should be a v a i l a b l e  and n o t i f i e d  i n  
t h e  event of any l a s e r  accident .  

The Laser  Hazard Control  Of f i ce r  may be a medical o f f i c e r ,  t r a i n e d  
i n  l a s e r  hazard c o n t r o l ,  or an ,eng inee r ,  i n t e r e s t e d  i n  genera l  s a f e t y  
wi th  cognizance of l a s e r  hazards. 

(ii) Deputy Laser  Hazard Control, Off icer .  

Sincc t h e  Laser Hazard Coxtrol  Of f i ce r  may be absent  or unavai l -  
a b l e ,  a 9eputy ?,?.ser Hazard Control  Of f i ce r  should be appointed ( t o  
a c t  i n  h i s  p l ace  a s  a s u b s t i t u t e  f o r  t h e  former when he i s  not  a v a i l a b l e ) .  

( i i i )  Laboratory Laser Eazard Control  Off icer .  

A l l  l abo ra to ry  a r c a s  should have an ind iv idua l  des igna ted  a s  a 
s a f e t y  o f f i c e r  f o r  t h a t  a rea .  H e  i s  t o  r e p o r t  t o  t h e  Laser Hazard 
Cont ro l  ' l f f i c e r  i n so fa r  a s  l a s e r  s a f e t y  is concerned. He i s  respons ib le  
f o r  t h e  day t o  day s a f e t y  wi th in  t h e  labora tory  and maintenance o f  
adequate records  regard ing  coapl iance  wi th  t h e  s a f e t y  s tandards.  

b. Medical S u p r v i s i c n .  

The purposes of medical superv is ion  are t o  d e a l  with t h e  medical a n i  
medico-legal a spec t s  of l a s e r  hazards. 
unknown, a balence must be achieved between poss ib ly  app l i cab le  procedures 
and those which can be considered p r a c t i c a l .  

S ince  t h e  long t e r m  h2zards a r e  

Medical superv is ion  should inc lude  an i n i t i a l  medical examination. 
The h i s t o r y  should emphasize previous r a d k t i o a  exposures ar.d a spec t s  
a s s o c i a t e d  wi th  t h e  eyes and sk in .  
more than usual  a t t e n t i o n  t o  t h e  eyes and s k i n ,  and should be accompanied 
by l abora to ry  s t u d i e s .  
a t  3 t o  6 month i n t e r v a l s  and fol lowing an acc ident .  

The phys ica l  examination should g ive  

FolLox up s t u d i e s  should be c a r r i e d  out  p e r i o d i c a l l y  
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(i) Radiat ion Exposure His tory  

A h i s t o r y  should be ovtained regard ing  previous exposure t o  l a s e r  
r a d i a t i o n ,  t o  high i n t e n s i t y  r a d i a t i o n  i n  t h e  r ad io  frequency or micro- 
wave reg ions ,  and t o  u l t r a v i o l e t ,  x-ray,  gama ray  or p a r t i c u l a t e  
r ad ia t ion .  Records of previous r a d i a t i o n  exposure should be obtained. 

( i i )  General Medical History.  

P a r t i c u l a r  a t t e n t i o n  should be paid t o  a previous h i s t o r y  of i n j u r y ,  
i n f e c t i o n  or inflammation of t h e  eyes or v i s u a l  dis turbances.  
t o  t h e  s k i n  should inc lude  information regarding a l l e r g y ,  photosens i t i -  
v i t y ,  previous s u r g i c a l  exc i s ions ,  or abnormal wound heal ing.  

At ten t ion  

( i i i )  Physical  Examination. 

The phys ica l  examination should inc lude  a complete ophthalmologic 
and dermatologic evaluat ion.  The eye examination should of  c o u r s e '  
inc lude  t h e  usua l  t e s t s  o f  v i s u a l  a c u i t y ,  r e f r a c t i o n ,  s l i t  lamp examin- 
a t i o n  and a c a r e f u l  ophthalmoloscopic examination under f u l l  mydriasis 
w i th  both white  and red  f r e e  l i g h t .  Screening of t h e  c r i t i c a l  a r e a s  
of the  macula and fovea by e i t h e r  r o u t i n e  tangent sc reen  examination 
or campimetry i s  too tedious and gene ra l ly  not  p r a c t i c a l .  One r ap id  
method of sc reening  t h i s  important c e n t r a l  a r ea  and one which may be 
c a r r i e d  o'3t qu ick ly  and simply by a '  t echnic ian  or t r a i n e d  a i d e  i s  t h e  
use of an Amsler gr id .  A negat ive  screening  he re  adds t o  t h e  s t r e n g t h  
of  a nega t ive  r o u t i n e  type of  examination. These s p e c i a l  t e s t s  may 
be r e se rved  f o r  eva lua t ion  of l e s i o n s  de t ec t ed  by o t h e r  means. 

Fundm photography i s  probably n o t ,  i n  genera l ,  u s e f u l  a s  a 
r o u t i n e  screening  procedure unless  an ophthalmoscopically d e t e c t a b l e  
l e s i o n  o r  o t h e r  eye pathology i s  found. 
l e s i o n  may then be of cons iderable  va lue ,  
however, provide a base l ine  for evalua t ion  of progression of any v i s i b l e  
l e s i o n  which m y  develop ~ Evalilation of  a foveal  l e s i o n  should be 
done w i t h  g r e a t  ca re ,  f c r  e c l i p s e  burns f requent ly  produce ophthal-  
moscopically d e t e c t a 5 l e  l e s i o n s  i n  the  fovea l  a r e a  wi th  no apparent  
de fec t  i n  t h e  c e n t r a l  v i s u a l  acu i ty .  

Photographic record ing  of t h i s  
Fundus photography may, 

The 6ernato:ogic examination should inc lude  p a r t i c u l a r  a t t e n t i o n  
towards t h e  presence of kera toses  and s k i n  malignancies,  a s  wel l  a s  
benign derna toses ,  p a r t i c u l a r l y  those  r e l a t e d  t o  pho tosens i t i za t ion .  

( i v )  Laboratory Studies .  

These should include a complete blood count ,  r o u t i n e  u r inana lys i s ,  
and blood smear. 

. , '  
c .  Records. 

Adequate records  should be kept  regarding:  

( i )  Personnel 

( i i )  C h a r a c t e r i s t i c s  of t h e  l a s e r  f a c i l i t i e s  w i th in  t h e  organiza t ion .  

(iii) opera t ion  of l a s e r  f a c i l i t i e s  

( i v )  Accidents.  
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2. Laboratory Design and Operation. 

The a t t e n t i o n  tihLch s::c-J~.<. bc d i r c c t e d  towards labora tory  design 2nd operat ion 
i s  dependent on t h e  e n e r y ,  po-.:er Lcvels and wavelengths used. Should high energy 
o r  high power equipaent  be use?, t h e  opera t ions  a rea  should be separa ted  from the  
charg ing  bank and f r o 3  "ne l a s e r  OUtput a rea .  
locks a r e  requi red  t o  prevent i nd iv idua l s  from en te r ing  t h e  l a s e r  f i r i n g  a rea  o r  
t h e  capac i to r  Sank a r e a ,  dcr ing  charging of t h e  bank or f i r i n g  of t h e  u n i t .  
Information concerning the  Laser beam i n t e r a c t i o n  can be obtained us ing  c losed  
c i r c u i t  t e l e v i s i o n  systems o r  photography of e i t h e r  the  i n t e r a c t i o n  o r  t h e  meter 
measurements necessary wi th in  the  beam area .  A s i g n  i n d i c a t i n g  t h a t  t h e  a rea  i s  
a l a s e r  l abora to ry  should be posted a t  t h e  en t rance  of t h e  laboratory.  A dual  
s e t  of v i s u a l  s i g n a l s  swi tch ing  from green t o  red  can be used to enhance s a f e t y  
dur ing  opera t ion  of t h e  Laser equipment. The dual  system enhances t h e  r e l i a b i l i t y  
of t h e  s a f e t y  system, s i n c e  one v i s u a l  s i g n a l  such as  a l i g h t  must be on and t h e  
o the r  o f f  a t  a l l  times. With a s i n g l e  l i g h t  s i g n a l ,  i t  i s  not  known whether t h e  
l a s e r  i s  not  be ing  operated,  or t h e  l i g h t  has burned out .  Auditory s i g n a l s ,  i n  
some cases ,  may detrac: from r a t h e r  than add t o  s a f e t y ,  p a r t i c u l a r l y  s i n c e  dual 
a u d i t o r y  systems a r e  imprac t ica l .  

Under these  circumstances i n t e r -  

There should be s u f f i c i e n t  i s o l a t i o n  between var ious  l a s e r  u n i t s  cpera ted  i n  
the  same a r e a ,  t o  prevent exposure of personnel t o  r a d i a t i o n  from o the r  l a s e r  a reas .  
Enclosure of t h e  l a s e r  head, the  i r r a d i a t i o n  s i t e  and t h e  space between them (when 
f e a s i b l e ) ,  w i l l  a s s i s t  i n  reduct ion  of hazards.  

The room should be wel l  l i g h t e d  t o  minimize pupi l  diameter and consequent 
l i g h t  absorp t ion  by t h e  eye. 
r e s i s t a n t  ma te r i a l  which w i l l  absorb a t  the  l a s e r  wavelength used w i l l  be of 
value.  
i n t e r a c t i o n  of the  beam with ma te r i a l  may r e s u l t  i n  backscat tered r a d i a t i o n  a t  
wavelengths o t h e r  than those  of t h e  inc iden t  r a d i a t i o n ,  a t  which t h e  a t t e n u a t i o n  
f a c t o r  of t h e  g l a s ses  may be Low. This i s  of p a r t i c u l a r  s ign i f i cance  s i n c e  t h e  
e f f e c t s  of long term c u n ~ l a r i v e  r a d i a t i o n  wxposure a r e  unknown. Another f a c t o r  
which w i l l  l i m i t  t h e  e f f ec t iveness  of g l a s ses  i s  t h a t  the  r a d i a t i o n  i s  not  
s c a t t e r e d  i n  a mathematical ly  predictab1.e manner, and i n  some ins tances  may be 
s c a t t e r e d  predominantly ic a s p e c i f i c  d i r e c t i o n .  Glasses  t h a t  have been d i r e c t l y  
exposed to unusual ly  high i n t e n s i t y  r a d i a t i o n  should be discarded s ince  t h e i r  
e f f e c t i v e n e s s  may be degraded, without obvious gross  de fec t s .  Consequently, i t  
is p r e f e r a b l e  t o  avc id  looking f t  t h e  beam or back-scat tered r a d i a t i o n  r a t h e r  
than depending on g l a s ses .  A ccunt-down procedure dur ing  cpera t ion  of the  l a s e r  
shos ld  be used. 

Pa in t ing  or coa t ing  of t h e  wal l s  with a f i r e  

F u l l  r e l i a n c e  should not  be placed on l a s e r  g l a s ses  during operat ion.  s i n c e  

A t  u l t r a -v io ' e t  2nd i n f r a r e d  -.ravelengths the  problem i s  accentuated s ince  
t h e  beam is z o t  v i s i 5 l e .  Consequently, e i ther '  t h e  beam should be enclosed, o r  
t h e  a r e a  so  arranged t h a t  an ind iv idua l  c ~ n n o t  e i t b e r  pass  through t h e  d i r e c t  
beam, o r  be s u b j e c t  :o s c a t t e r e d  rrc ' iat ion.  E . ;  may r e q u i r e  the  use  of 
sh i e ld ing .  
t h e  radiatLon d i s t r i h t i o n .  
high power l a s e r s ,  r k c e  cons tan t  noxi tozi-g of t h e  a r e a  

.'out t h e  on time 0: t h e  beam i s  i ~ p r e c t i c a l .  
problem of s t r o n g  of:-axis p ~ a k s  m i s t  be recognized. In both these  cases ,  
monitoring i s  reqcirec '  t o  d e t c r n i n r  t h e  rzdiatio;..  l e v e l s  i n  a l l  regions of the  
room. 

The a rea  should be noc.ltored be fo re  and a f t e r  s h i e l d i n g  t o  determine 
This problca  i s  p a r t i c u l a r l y  acu te  with continuous,  

by an ind iv idua l  through- 
With semiconductor l a s e r s ,  t h e  

A l t h o u ~ h  ,jefj.n!' - ' I - -  3 ~ 1 -  :c.~- ,. . : '~:  , . . m y  c 7 .  ? , . I . ,  i.w- ,o l?.yz?rc!s a s soc ia t ed  w i t h  the  capac i to r  
, ~ _ . .  . discharge  s y c t c ; , ~  ;i.,. .. '. ' :.. .:. , ' , ' I -.. -1-.f:n has been accumulated on 

e l e c t r i c a l  ' , '  ~ -:,.-!~i;; f r o v  the  high energy . .  
c"ctr-pl ( 7 7 , ; ' '  ' . . - L . ,  . , : .? tors  on t h e  capac i to r  
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bank a r e  used, i t  i s  irnF-rtant t o  no te  t h a t  time cons t an t s  a r e  involved, and t h e  
d ischarge  system mi?. f a i l .  2an.r.al discharge us ing  a grounding rod should there-  
f c r e  be used as a beck ?:.? device p r i o r  t o  con tac t  with the  capac i to r  bank. These 
grounding rods  x i t h  visLj:.e grcliniing should be a s soc ia t ed  with each bank. 

The cab le s  e r a  the  ? m e r  sx;;?ly t o  the  l a s e r  head should be placed s o  t h a t  
a c c i d c n t a l  cor, tact  wi th  them cen-“t occur,  s i n c e  these  cables  c a r r y  high cu r ren t  
a t  high vol tage .  Equipment such a s  osc i l loscopes  should be so  placed t h a t  the  
observed i s  not  requi red  t o  t z r n  or face  towards t h e  beam dur ing  charging of the  
bank ar.d f i r i n g  of t h e  l a s e r ,  Meters which measure high vo l t ages ,  and o s c i l l o -  
scopes a s soc ia t ed  with t h e  l a s e r  esqipment and with t h e  experiments should be so 
arranged and p ro tec t ed  a s  t o  present  rninimal hazards t o  t h e  i n v e s t i g a t o r s .  

The p lacenec t  of f i r i n g  but tons must be a t  a d i s t ance  from those  05 t h e  
charge  or hold b u t t e r s  i n  order  t o  prevent acc iden ta l  d i scharge  of the  l a s e r  
through p res s ing  of t h e  wrong but ton,  Unless automatic recharge of t h e  capac i to r  
baak i s  req*Lired foz experimectal  purposes,  charging should be under manual 
c o c t r o l ,  and n o t  a u t o a s t i c .  

Capaci tor  d i scharge  through o the r  than t h e  usual  discharge c i r c u i t  inc luding  
discharge due t o  c a p x i t o r  breakdam may occur.  
can be minimized by t h e  use  of d i s t ance  and mechanical s h i e l d i n g  between t h e  
ope ra to r  and t h e  bank. 
accompanied by a k i d  swJnd - t h i s  can be minimized by s e c t i o n a l i z i n g  t h e  bank 
and by sound damping techniques.  

Hazards a s soc ia t ed  wi th  t h i s  

nlscharge of a bank due t o  capac i to r  breakdown may be 

O t h e r  f a c t o r s  Fcclude t h e  usua l  ones of r e s p o n s i b i l i t y  and a u t h o r i t y  being 
ves t ed  i n  one ind iv idua l  (Labcratosy Laser Hazard Control  Off icer )  i n s o f a r  a s  
making c e r t a i n  th2C t h e  a r ea  is secure  p r i o r  t o  opera t ion  of t h e  u n i t .  
be r e spons ib l e  f o r  charg ing  t h e  bank and f i r i n g  t h e  u n i t .  
important.  The s a f e t y  procedures,  p recaut ions  t o  be taken, techniques f o r  mouth 
t o  mouth r e s u s c i t a t i o n ,  the xaaes ,  addresses  and telephone numbers of t h e  physician,  
Laser Hazard Cont ro l  O f f i c e r ,  2nd t h e  ophthalmologist  should be posted. 

3 .  Pro tcc t ion  S tan tarda  2nd Dosimetry, 

He should 
Working i n  p a i r s  i s  

Due t o  t h e  ioccrnF2eteness o f  our  knowledge concerning b io log ica l  effec:s, 
p a r t i c u l a r l y  w i t h  regard  t o  long  term e f f e c t s ,  i t  i s  not  poss ib l e  t o  s e t  f i rm 
standard; a t  t h i s  :!.-ne. A u s e f u l  gu ide l ine  for pro tec t ion  in so fa r  a s  irmnediate 
or s h o r t  term e f f e c t s  i s  concerned, i s  t h e  minimal th reshold  dose of radia:ion 
requi red  t o  produce i z j u r y .  

Considerable  e t t c n t i o n  has been. d i r e c t e d  towards determinat ion of th reshold  
doses of pJ l sed  l a s e r  r a d i a t i o n  f o r  damage t o  t h e  eye,  p a r t i c u l a r l y  wi th  respec t  
t o  i n j u r y  to t h e  r e t ina -choro ida l  l aye r s .  
heterogenei ty , .pi .~?lcntatLon and biood supply and extrapo1a:ion of  st.-ldics on 
animals t o  ma1‘. a r e  5 2 c r ~ r s  which a x s t  be considered. The  th reshold  va luc  obtained 
w i l l  be dependerr? on t h e  method used.  
examination and phetcgrz.phy, micrcscopic s t u d i e s ,  his tochemical  and enzymatic 
techniques,  e l e c t r o n  %i.crnscopic i n v e s t i g a t i o n  and the  measurement of e l e c t r i c a l  
changes by e lec t r? rPt icography,  
have been c a r r i e d  ?’:: j:, :p:’.l<?n T. Wnms J r . ,  3c? ) Walter Gearaets ( 4 ) ,  Ben 
S .  F i e e  { 8 1: 2r6 !;i:.tcr 7 ? ? c :  c :  __ -71 ‘ ,, 2 :  ).  r m  genera l ,  the  threshold  dose a t  
6943 A .  T . . ~ P , - ~ - F  ~ . t ? ? . . ! .  7:::,’.i~,:rr:~d ,~:‘.?-.cIs.:~c. i..; ci?-nsge t o  t h e  r e t i n a  i s  i n  the  
fangc 0.5 tr, ! j p - . ’ . :  - r - :  r - > l  < - - ; r : - - v  ,,. . ~ . 2;: t:l:< :c:i.-~. 

Biologica l  v a r i a b i l i t y  inc luding  

Such methoiis inc lude  ophthalmoscopic 

St::dies OR the, eyes t o  de t e rn ine  threshold  e f f e c t s  

The energy requi red  t o  
producs thrcrL,c;(l :I,- ‘ii- ...,. - . l  , ~r , i - , - j  ~. :ii:. . . .,<*‘. .., d r r r e a s i r g  pulse  dura t ion  ( 4 ). 
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In our  s t u d i e s ,  the  threshold  ? m e  f o r  gross  v i s i b l e  damage t o  t h e  s k i n  of 
mice appears  t o  be one o r d c  of m?.gnituc‘e higher  than t h a t  f o r  the  eye. T h i s  
d i f f e r e n c e  may 5” &?e t o  r e f l e c t i v i t y ,  s c a t t e r  and diathermanous p rope r t i e s  of 
t h e  s k i n  of mice, ’-: wel l  as h!.r->gical f ac to r s .  A lower s k i n  threshold  dose 
was obt f ined  a t  htgn Teak ?ow=: :.evels w i r h  Q-switched systems a s  compared t o  
thresholds  a t  longer  p l s e  t i - xa tLons  ( 32 ). 

T h i s  da t a  i n  conjunct ion wi th  a s a f e t y  f a c t o r  of a t  l e a s t  100, provides 
guide l ines  f o r  r a d i a t i o n  p ro tec t ion  s tandards ,  a t  the  ruby wavelength. 

Order of magnitude c a l c u l a t i o n s  i n d i c a t e  t h a t  d i r e c t  viewing of even a 1 
m i l l i w a t t  gas l a s e r  a t  6328 8 i s  extremely hazardous. 
c a r e  should be t a k e n , i n  a d j c s t a e n t  of even low power gas l a s e r s .  

Consequently, cons iderable  

Standards wi th  r e spec t  t o  high vo l t age  e l e c t r i c a l  equipment should comply 
wi th  acceptab le  s tandards  of e l e c t r i c a l  engineer ing inc luding  those of t h e  A . S . T . M . ,  
A.S.A. ,  aild I .E .E.E.  a d  a r e  referenced i n  E l e c t r i c a l  Engineering Handbooks ( 33 ). 
The s p e c i f i c a t i o n s  s e t  by the  appropr i e t e  agencies  must be complied with fo r  
systems t o  be used i n  the  f i e l d .  , 

Dosimetry of two types is des i r ab le .  One, incorpora t ing  a photodetector ,  
would measure instantaneous r a d i a t i o n  i n t e n s i t y ,  f o r  p ro tec t ive  purposes,  t h e  
o the r  would measure cumi la t ive  exposure fo r  medico-legal as wel l  a s  medical 
purposes. These two types of dosimetry a r e  used fo r  personnel exposed to X 
and gamma r a d i a t i o n .  
because of t h e  s h o r t  pu lse  d.crztion. Fur ther  development of adapt ive  f i l t e r  
g l a s s e s  may provide some pro tec t ion .  The former type of dosimeter can, however, 
provide information regard ing  r ad ia s ion  i n t e n s i t y  a t  a po in t ,  f o r  succceding 
pu l ses ,  or fo r  cont inuously opera t ing  u n i t s .  Although t h e r e  a r e  a number of 
problems a s s o c i a t e d  w i t h  the  l a t t e r  type of dosimeter ,  i t  o f f e r s  a means fo r  
main ta in ing  exposure below maximum permiss ib le  dose l eve l s .  

Dosimetry p ro tec t ion  f o r  a s i n g l e  pulse  i s  not  f eEs ib l e ,  

B. Management of AccidmTs. 

P i r s t  a i d  shcu1.d be r e s t r i c t e d  t o  minimal, e s s e n t i a l  manipulation of t h e  p a t i e n t  
a s  r equ i r ed  f o r  a r r e s t  of hemorrbege, coverage of t h e  a f f e c t e d  region with s ter i le  
gauze, and i m o b i l i z e t i o n  of t h e  a f f e c t e d  reg ion ,  p a r t i c u l a r l y  i n  t h e s e v e n t  of f r a c t u r e  
fo l iowing  e l e c t r i c  shock. In t:ie case  of r e s p i r a t o r y  a r r e s t ,  mouth t o  mouth a r t i f i c i a l  
r e s p i r a t i o n  should be i r s - d i a t c l y  beg.22, and continued u n t i l  medical a t t e n t i o n  i s  
obtained.  The e q - i p e n t ,  tcch.r.iques and knowledge necessary t o  ap?ly c o n t r o l l e d  counter- 
shock i n  t h e  s h o r t  per’ci av?.i?..?.bie if v e n t r i c u l a r  f i b r i l l a t i o n  occurs and t o  a t tempt  
F2cemaking is -ot ava:.lzblc i n  the  f i e l d .  Considerat ion can be given t o  maintenance 
of c a r d i a c  output  b;, e x t e r n a l  m.2ss.?ze. 
a t t e n t i o n .  An ophtha lholcg ls t  sb,~~i: .d be on c a l l  a t  a l l  times. A general  physician,  
a l s o  on c a l l  at a l l  t imcs,  s h o u l i  bo ,?vr?.lab:.c f o r  accic‘cntr involv ing  regions o ther  
than t h e  eye. Their phocc numbers shoil:.:‘ be postcd i n  the  Lnboratory. 

4.11 acc idents  should r ece ive  immediate medical 

S ince  sFeci::.c t r e a t n c n t  cC the  laser i-<.,:ced i n j u r y  i s  no t  a v a i l a b l e ,  i icdical  
management of the  imnedi.:.te i n j u r y  vill :ollc-.- the  usual procedures f o r  t h e  t reatment  
o f  t raumat ic  l e s i o n s  o f  ccro?arable degrers  05 s e v e r i t y .  

R e t i n a l  dail.?g?. as  c r ~ . - i x s ? ) -  r r -n r icncd,  i s  i r r e v e r s i b l e  and medical c a r e  c o n s i s t s  
mainly i n  eva lca r i cq  0.t c h i  r . - -  -nl- ;.i..r! r.:c.-vccti.n~. cy t r ~ a t m p n t  of poss ib l e  complications.  
Su r face  b u r n s  d l c  tc ::!I.:”,--. t. .-:,: ~ ; r c - i : : l ~ . y  sim1.y cared fo r  with t o p i c a l  
medica t iops  b:lt ,? ?,.xr:.., :.c..-!ticg from impact of s t r o n g  
r a d i a t i c n  cn t h e  i-i:- :.”- .~ . ~ .  ,, . c -  ’ n . ?  ;: ,:!.c: c n d  perhaps evcn systemic 
str.:oids t@ c m t r . . ?  
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Follow ap should be c a r r i e d  out  wi th  p a r t i c u l a r  a t t e n t i o n  t o  delayed anatomical 
and func t iona l  d.isturkax.es of t h e  eye and t o  t h e  poss ib l e  Late mani fes ta t ions  of 
chronic  inf lan .a tc t -y  changes i n  the s k i n  and dee2er s t r u c t u r e s .  

The deiaycd e f f e c t s  i n  t h e  s k i n  and subcutaneous t issues may inclu.'c s cz r r ing ,  
a t roFhy,  indolen t  u l c e r s ,  7 e r s i s t i n g  s inuses ,  chronic  granuloma, and poss ib ly  
mali.gnmt tranr.!ormations. 
wi th  e s t a b l i s h e d  dermatological  methods of nanagcment. 

Treatment of these  l a t e  sequelae should be i n  accordance 

Accidents  involv ing  p a r t i c d a r l y  s e n s i t i v e  s i t e s ,  such a s  j o i n t s ,  cranium, super- 
f i c i a l l y  loca t ed  blood v e s s e l s  acd  nerves ,  r e q u i r e  the  i m e d i a t e  a t t e n t i o n  of t h e  
r e s p e c t t v e  medical s p e c i e l i s t s .  The ex2e:imental f i nd ings ,  a s  d i scussed  i n d i c a t e  
t h a t  trau?a t o  these  reg ions  cannot be assessed  on t h e  b a s i s  of t h e  ex ten t  of the  
s c ? e r f i c i a l  i n j u r y ;  the  F a t i e z t  should consequently be c a r e f u l l y  followed i n  t h e  
event  of i n j u r y  t o  thesc  regicns.  

Each acc iden t  shcTJld be re;orted t o  t h e  Laser Razard Control  Of f i ce r  (L.H.C.O.) 
a s  wel l  a s  t o  t h e  a t t e n d i n g  phys ic im.  
made a b a i l a b l e  t o  t h e  L.IJ..C.O. 

Abs t rac ts  of the  medical records  should be 

SJMMRY 

Energy t ransformzt icns  s s s o c i a t e d  wi th  t h e  i n t e r a c t i o n  of l a s e r  r a d i a t i o n  wi th  
b i o l o g i c a l  systems has been discxssed. 
l e v e I s ,  and wavelengths) d i r e c t e d  towards e luc ida t ion  of the  mechanisms of energy 
t ransformat ioo  i s  requi red .  
i n s o f a r  a s  s h o r t  and long term b i o l o g i c a l  e f f e c t s  a r e  concerned i s  dependent on t h e  
parameters of t h e  r a d i h t i o n ,  and t h e  p rope r t i e s  of t h e  b i o l o g i c a l  system. Razards 
a s s o c i a t e d  with t h e  cpe re t ion  of l a s e r  systems o t h c r  than those due t o  t h e  r a d i a t i o n ,  
per se have t een  considered.  Sone recommendations have been presented regard ing  con t ro l  
of hazards and managemer? of acc idents .  Further  i nves t iga t ions  on the  b io log ica l  
e f f e c t s  of l a s e r  rad ic t io- ,  will resuLt  i n  a b e t t e r  understanding of t h e  sho r t  and long 
term hazards ,  and providc a k s i s  f o r  core dc ' i n i t i ve  recomendat ions  regarding 
hazard c o n t r o l  and acci6eZr manageclent. 

Fur ther  s tudy  ( a t  var ious  energy and power 

The r e l a t i v e  s i n n i f i c a n c e  of these  energy t ransformations 
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FIGUXE 1 

Fundus photograph 0 5  a pigmented r a b b i t  eye showing fou r  almost 
u n i f o r a  l e s i o n s  produced by a pulsed ruby rod laser. 
a t  t h e  retins ' .  s u r f a c e  ?or t hese  l e s i o n s  w a s  approximately 1.0 
joules/cmZ. 
l e s i o n  k s  a '>ciorrh:.gic c e n t e r  and w a s  produced b:! 3 r e t i n a l  
d e n s i t y  of - .:oxin.ately :.O jcxles/crn2. A t h i r d  i n s u l t ,  p r c < . x e d  
by a ~ p r o x i r n ~ t c - . y  0 .1  joules/cm2 a t  t!le r e t i n a l  su r f ace  t o  t h e  r i g h t  
of  t h e  up?ermost mild l e s i o n  i s  not ophthalmoscopically v i s i b l e .  
- Courtesy of D r .  R.W. Neidl inger ,  Ophthalmology Serv ice ,  Walter 
Reed General Hosp i t a l ,  bhshington, D.C.  

The exposure 

The L.----r l e s i o n  to t h e  l e f t  of t h e  u?permost mild 
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Effects of unfocused non-Q-switched 6943 A, 0 60 joules (60 
joules/crn2) laser radiation on the shaved skin surface of 
the forehead of a m?use. 
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FIGURE 3 

Comparison of relative pressure amplitude within the ewlosed 
cranial cavity and pressure amplitude within the cranium with 
free boundaries. Irradiation at 6943 8 ,  .25 joules/cm2, unfocused. 
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FIGURE 5 

Sonic frequencies  produced on non-Q-switched ruby laser 
i r r a d i a t i o n  of the  shaved forehead o f  mice. 
0.02 vlcm. ( r e l a t i v e  pressure  amplitude) Abcissa ax i s :  
0.5 mseclcm. 

Ordinace ax i s :  
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FIGURE 6 

Ultrasonic  frequencies  produced on 1 j o u l e  Q-switched ruby 
l a s e r  i r r a d i a t i o n  of the shaved forehead of m i c e .  Ordinate 
a x i s :  0.05 v/cm ( r e l a t i v e  pressure amplitude) Abcissa a x i s :  
50p sec/cm. Three spikes  produced on Q-switching. 
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FIGURE 7 

S p i r a l  plume t r a j e c t o r y  from abdomen of  mouse on a p p l i c a t i o n  
of a magnetic f i e l d .  I r r a d i a t i o n  a t  6943 x, 30 j o u l e s ,  non- 
Q-switched, focused. S ing le  frame of f i l m  taken a t  8,000 
frames per second. 

I . 

FIGU::: 9 

L i n e a r l y  d i r e c t e d  plume and outwax-d i i c w i s p i i L r i c a 1  d i s t ens ion  
of abdominal s k i n  of mouse, i r r a d i a t i o n  a t  G O  joules a t  
6 9 4 3  k' focused. 
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