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ROUGH NOTES OF PROCEEDINGS OF ACBM AT PUERTO RICO NUCLEAR (=ENTER, 
JANUAFtY 13-15, 1966. 

ADMHR:HDB 

D r .  Bugher reviewed the  ideas  behind t h e  Puerto Rico Nuclear Center and 
t h e  progress  over  t h e  p a s t  f i v e  years .  

Mr, Trent  noted t h e  progress  over h i s  four  and a h a l f  yea r s  a t  t h e  
Area Off ice ,  and ass igned  a good p a r t  o f  t h e  p rogres s  t o  DBM, BONUS 
i s  s t i l l  n o t  happy, a l though i t  passed i t s  f i r s t  power tes t ;  i t  has  
been rescheduled t o  go t o  f u l l  power on Tine i n  about  s i x  months. 

D r .  Bugher in t roduced  new s t a f f  members. 
i n d u s t r i a l  h e a l t h  and education. b) D r ,  Chariboga: Was Dean a t  t h e  
new school i n  Peru; he w i l l  s t r eng then  r e l a t i o n s  w i t h  teaching  of  
medicine i n  South America. 

a )  H. Andrews: Heal th  physics ,  

He d i scussed  t h e  dec i s ion  of f i v e  yea r s  ago t o  i n s t i t u t e  a graduate  
level  i n s t r u c t i o n  a t  both  Mayaguez and Rio P ied ras ,  
has j o i n t  appointments on t h e  Univers i ty  F a c u l t i e s .  

The PRNC s t a f f  

P l an t  and equipment expendi tures  are  a t  $13 M, n o t  bad cons ider ing  t h a t  
1200 s tuden t s  have been i n  the  courses .  

The Puerto Rico Water Resources Board w i l l  b u i l d  one more c o a l  s t a t i o n  
and the r e s t  w i l l  be  nuclear .  

The Medical Center  i s  a c t i v e l y  en la rg ing ,  and PRNC i s  p a r t i c i p a t i n g .  
. *  . . 

The PRNC has eAphasized a base  program i n  educa t ion  w i t h  a s s o c i a t e d  
researches.  Added on t o  t h i s  are r e sea rches  supported by DBM and 
o thers .  He d i d  n o t  go i n t o  the  d e t a i l s  of how the  DNET and DBM programs 
are  meshed. 
s tudent  and h i s  time--the r e s e a r c h  d a t a  are  of secondary importance. On 

The r e s e a r c h  p r o j e c t s  f o r  s t u d e n t s  are  picked t o  s u i t  t he  

s work and.lowman's are done f o r  s c i e n t i f i c  d a t a  

J Bonds Regular4 on the Payo11 Savings Plan 
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Howard (Thomas) Odum's s tudy  of t r o p i c a l  f o r e s t ' s  response  t o  i r r a d i a t i o n  
i s  "becoming a tes t  system f o r  many projects-60 phases  are going on now." 
Thece have been changes i n  emphasis of p r o j e c t s  as some developed more 
than  o t h e r s ,  There are t h r e e  c o n t r o l  areas under s tudy:  An i n t e n s i v e l y  
trampled area, a n  i s o l a t e d  non-trampled area, and a Machete-chopped 
area . 
Exposures from t h e  10,000 c u r i e  source were measured by LFF dos imeters  
and o the r s .  Trees are dying  o f f ,  e s p e c i a l l y  those  whose r o o t s  are 
exposed due t o  s l o p e  of  t h e  h i l l s i d e .  

L ight  i s  measured as a n  o p t i c a l  dens i ty  by r e l a t i n g  l o g  canopy intensity 
log  f l o o r  i n t e n s i t y  

over t he  years .  I n  many areas of t he  h i l l s i d e ,  s o l a r  cells  can  b e  used 
because d i f f e r e n t  wave l e n g t h s  are n o t  s e l e c t i v e l y  t r a n s m i t t e d  i n t o  t h e  
f o r e s t .  End p o i n t s  are: B i rds ;  green and yellow leaves as t h e  f l o o r ;  
in-growth of s e e d l i n g s  (depending a l s o  on p r o t e c t i o n  and amount of sun- 
l i g h t  r each ing  t h e  f l o o r  and g iv ing  germination);  s t a r t - u p  of  palm 
seed l ings ;  d i v e r s i t y  o f  i n s e c t s  ( increases  wi th  i r r a d i a t i o n )  and d i v e r s i t y  
of p l a n t  s p e c i e s  (decreases  w i t h  i r r a d i a t i o n ,  a l though later when sun- 
l i g h t  can come i n  t h e r e  may b e  d i v e r s i t y ;  new trunk-shoots  (decreases  
a l though more l i g h t )  ; amount o f  chlorophyl ;  growth of e x o t i c  ( introduced)  
p l a n t s ;  complete weather  and temperature  da t a ;  coqui  f rog  sounds; l e a f  
f a l 1 , i n  grams/m2/day; pe r  c e n t  of  ho les  chewed o u t  of l eaves  by i n s e c t s ;  
sequence of pu l se s  of  f lower ing ,  f r u i t i n g ,  and f a l l i n g ;  germinat ion rates 
of more than 20 s p e c i e s ;  l i z a r d  populat ions;  d e n s i t y  of l i c h e n s - a f f e c t e d  
by l i g h t  ( i nc reases )  and by r a d i a t i o n  (decreases)  ; metabol ic  levels of  
p l a n t s  (one s p e c i e s  p u t s  i t s  energy i n t o  n e t  ga in  and one i n t o  n e t  tu rnover ) ;  
metabolism of  s o i l  s u r f a c e  02 and C02 and uptake of C i n  grams per  hour;  
metabolism of s m a l l  p l a n t s  i n  a c losed  vivarium; t r a n s p i r a t i o n  and mine ra l  
cyc l ing ;  c o n d u c t i v i t y  of t h e  tree trunk;  mineral  composition of r o o t s  as 
t o  Na, K, Ca ,  Mg, P, N and r e l a t i o n  t o  t runk and leaves, His e f f o r t  t o  
make an  analogue of t h e  eco-system i n  terms of e l e c t r i c i t y  w i t h  s t o r a g e  
and feedback c a p a b i l i t y  d i d  n o t  come o f f ;  i t  w a s  too forced--not a 
n a t u r a l  analogy. H e  w i l l  p u b l i s h  a b i g  th i ck  book of  a l l  t h e i r  r e s e a r c h e s  

.- with maps, c u t s ,  graphs and co lo r s .  

J. Kline w i l l  b e  t a k i n g  over  when Odum leaves.  H i s  s p e c i a l t y  i s  s tudy ing  
the  mineral  c y c l e  from s o i l  t o  leaves  t o  s o i l  as a f f e c t e d  by l each ing  and 
runoff  and the  f i x a t i o n  of  s o i l  days. Nut r ien ts  may be leached from 
leaves i n t o  t h e  f o r e s t  l i t t e r  be fo re  they f a l l .  F a l l o u t  minera ls  may - n o t  cyc le  s i n c e  they  seem t o  p r e c i p i t a t e  on and fo l low t h e  l e a f  c y c l e ;  
they may r u n  o f f  r a t h e r  than  go i n t o  the  s o i l  and r ecyc le .  

By a c t u a l  ana lyses ,  they  f i n d  C e  144 , Ru103, Sp125, and cs 137 , fi54e 
The Mn54 and Ru103 w e r e  of Chinese o r i g i n ,  
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With d i f f e r e n t  p l a n t s ,  t hey  see d i f f e r e n t  abso lu t e  r e t e n t i o n s  as w e l l  as 
d i f f e r e n t  p ropor t ions  of t h e  above i so topes .  But C s  and C e  are seen! 
Rain water has  on ly  B e 7  i n  i t  a t  present! The ground water runoff  has  
Cs137 and Ce1u i n  i t ,  p l u s  some Ra226 from weather ing of rock. Much 
C s  and C e  are t rapped  on l e a f  s u r f a c e s  s o  t h a t  r a i n  w a t e r  may c a r r y  i t  
onto lower p l a n t s  and f i n a l l y  t o  ground p l a n t s ,  and thus t h e r e  may b e  
subcycles.  Other e lements  a t  ppm levels are be ing  s tudied .  
d r i p  ga the r s  much S04, N a ,  K, Ca ,  and Si03 f r o g  somewhere. 
such as termites, a n t s ,  and b i r d s  and lizards,/ 

The canopy 
LfLnsects 

137 Manganese-54 i s  l o s t  t o  a minor degree from t h e  canopy whereas C s  
has a h a l f - l i f e  of  s ix  months i n  the  canopy. 

D i f f e r e n t  f o r e s t s  majr have d i f f e r e n t  accumulation rates poss ib ly  due t o  
type of p l a n t  o r  tree, as w e l l  as t o  r a i n f a l l  per  year  and type  o r  ra te  
of cycl ing.  ,He seems w e l l  on h i s  way t o  g e t t i n g  good gamma s p e c t r a l  
st;;’-. LGamma s p e c t r a  from s o i l s  which ove r l ay  l imes tone  have much 
Ra i n  them. Contact  Van Middlesworth re this,/ 

P. Weinbren ( t o  leave i n  March) r epor t ed  t h a t  mosquito and t i c k s  and 
mammals, ( t he  b a t ,  R a t t u s - r a t t u s ,  and a few wild pussy cats)  are carriers 
of v i r u s e s ,  e s p e c i a l l y  a rbov i ruses .  

r.. 

The r a t  blood from c a p t u r e s  is  pu t  i n t o  baby m i c e  ( t h e  Bugher technique)  
and beginning i n  March through August 1964,  they i s o l a t e d  coxaxie v i r u s  
A-10 from 70 animals  and from 6 mosquitos, He b e l i e v e s  the  v i r u s  became 
evident  a f t e r  r a d i a t i o n  began as judged by ant ibody appearance,  b u t  n o t  
proved according t o  Koch p o s t u l a t e s .  Also the  v i r u s  appeared i n  outward 
progress ing  ( r a d i a l  sp read )  t ransmiss ion  by o r a l  rou te .  

He has i d e n t i f i e d  f i v e  s p e c i e s  of mosquitos inc luding  Culex and Aedes 
and Anopholes. 

- /Who w i l l  c a r ry  on t h e  ra t  t r app ing  and virology.  

t rapping and e v i d e n t a l l y  i s  doing so  now? 
very  tricky-blood drawing and v i r a l  c u l t u r e  techniques and the i n t e r -  
p r e  t a  tions,/ 

- 
Without an e x p e r t ,  

. -  t he  p r o j e c t  becomes u n c e r t a i n  t o  meaningless, Odum wants t o  do t h e  
No one i s  on hand t o  do t h e  

Friday Morning: 
bases  f o r  t he  two programs a t  R i o  P iedras  and Mayaguez. Or ig ina l ly ,  t h e  
program grew o u t  of  a r a d i o i s o t o p e s  a p p l i c a t i o n  course  a t  t he  Un ive r s i ty  

Amador Cobas gave the  f u l l  h i s t o r y  of t he  PRNC and t h e  
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of  Puer to  Rico under Cobas. 
physics ,  s p e c i f i c a l l y  t h e  e lectr ical  conduc t iv i ty  of home-grown c r y s t a l s ,  
This  l a b  i s  i n  t h e  Physics  Department of t h e  Un ive r s i ty  of  Pue r to  Rico, 
More r e c e n t l y ,  they  have begun t o  work on t h e  p i e z o e l e c t r i c  e f f e c t  of 
b i o l o g i c a l  t issues--bone and t o o t h  apat i te--which may b e  a s s o c i a t e d  w i t h  
growth. 
i n  t h e  Univers i ty  i s  thereby  r e s u l t e d .  

Roig and Cobas are s tudy ing  s o l i d - s t a t e  

Thei r  l a b  i s  used f o r  graduate  s tuden t  t r a i n i n g  and a MS program 

D r .  Roig noted that  a l l  t h e  work i n  t h e  Div is ion  of  I s o t o p e s  App l i ca t ion  
i s  supported by t r a i n i n g  funds,  none by con t r ac t .  
graduates  t h a t  have gone on t o  t h e  U. So f o r  PhD worko There are now s i x  
MS and BS s t u d e n t s ,  he lp ing  t o  s tudy  t h e  o p t i c a l  t r ansmiss ion  i n  he te ro-  
c y c l i c  organic  l i q u i d s  kep t  a t  77 

They have three MS 

0 K as a f f e c t e d  by gamma r a d i a t i o n .  

They a l s o  hope t o  do'some ESPR s t u d i e s  on r a d i a t i o n  products  of t h e  he te ro-  
cyc l i c s .  Another s tudy  i s  on the  mechanism of ox ida t ion  of  dibenzylethane,  
etc. The b a s i c  r a d i o i s o t o p e s  t r a i n i n g  f o r  t echn ic i ans  and beginners  
cont inues  a t  ry 30/yr.  

Szmant*s ideas  of  BIO con ta in ing  compounds f o r  neu t ron  c a p t u r e  are: 
_. 

/e 
R 

P 
C 
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D r .  I r i z a r r y ,  Chemical Appl ica t ions  Divis ion,  i s  supported by 07 funds. 
Between 58 t o  62, a more o r  less f i x e d  format of courses  on t h e  c l i n i c a l  
uses  of r ad io i so topes  was developed. 
a t t r a c t e d  many men from L a t i n  America. In  a d d i t i o n  t o  t h e  "Basic C l i n i c a l  
Appl ica t ions ,"  a l s o  given are  a "Semester Res idents  General  Or ien ta t ion ,"  
a "Medical Spec ia l ty , "  and an  extended "Informal Training" course  t a i l o r e d  
t o  s u i t  requirements  of t h e  person;  a l l  are  very  f l e x i b l e  i n  t h e i r  
approach. The number of s t u d e n t s  i s  about  20-25/yearJ h a l f  from L a t i n  
America and hold ing  key p o s i t i o n s  there,  O r i g i n a l l y ,  t h e  work w a s  c a r r i e d  
o u t  s e p a r a t e l y  from the  medical school--but w i th  r e o r g a n i z a t i o n  of t h e  
Medical School and c e n t r a l i z a t i o n  of f a c i l i t i e s ,  t h i s  PRNC s e r v i c e  has  
become the  c e n t e r  f o r  r a d i o i s o t o p e s  i n  the  Medical School ,  doing c'4500 
procedures p e r  year .  

One i s  two months long and has 

1 0 1 0 b 9 4  
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I r i z a r r y  and h i s  s t u d e n t s  are a c t i v e l y  r e p o r t i n g  t h e i r  c l i n i c a l - r e s e a r c h  
observat ions--ei  h t  papers  i n  l a s t  f i v e  years .  
of uptake of 
s e p a r a t i n g  hypo-, normo, and hyperthyroids .  
induced i n  dogs r e s u l t s  i n  a f a s t e r  loss of RISA-1131 from blood p l u s  a 

He i s  looking  a t  r a p i d i t y  
two-three minutes a f t e r  i n j e c t i o n ,  as a means of 

H e  has found t h a t  a g a s t r i t i s  

- s h o r t e r  T/2,  and i s  i n v e s t i g a t i n g  why t h i s  happens. 

D r .  V, Marcial noted  t h a t  h i s  phys i ca l  f a c i l i t i e s ,  161 beds,  etc., are 
supported by agencies ,  whi le  AEC suppor t s  salaries and two i r r a d i a t i o n  
f a c i l i t i e s  by t h e  07 budget.  H i s  group t akes  care of t h e  r ad io the rapy  
f o r  70% of a l l  cases of cancer  i n  Puer to  Rico. H e  a l s o  has commitments 
f o r  cancer d e t e c t i o n  and c o n t r o l  programs. The i s l a n d  i s  d iv ided  i n t o  
two treatment areas: 
San Juan and 0.9 m i l l i o n  f o r  Ponce. They have h igh  rates f o r  cancer  of 
t h e  stomach i n  t h e  m a l e  and f o r  t h e  c e r v i x  i n  t h e  female, Also,  t h e  h i g h e s t  
cancer  of t he  esophagus rate i n  t h e  world i s  i n  Puer to  Rico. 
o b j e c t i v e  i s  t o  t r a i n  f o r  r ad io the rapy  and q u a l i f y  men f o r  Boards, meaning 
t h a t  t h e  r e s i d e n t s  must diagnose,  dec ide  on t rea tment  of  choice,  t reat  and 
main ta in  follow-up , and be  knowledgeable zn  pathology, surgery ,  b io -  
s ta t is t ics ,  r ad iob io logy  and dosimetry'. 
course  t o  medical s t u d e n t s ,  r a d i a t i o n  p h y s i c i s t s ,  nu r ses ,  t echn ic i ans ,  
etc. 
has a gues t  t h e r a p i s t  and f i v e  r e s i d e n t s  i n  t r a i n i n g .  H e  i n s i s t s  on 
good, W 100% follow-up. (Cytotechnology t r a i n i n g  i s  i n  Department of 
Health) Over t h e  yea r s ,  Marcial has t r a i n e d  29 phys ic ians  and 30 special  
medical s tuden t s  

San Juan  and Ponce, w i t h  1.6 m i l l i o n  people  f o r  

Thei r  main 

Marcial a l s o  g ives  a month's 

They see about  1000 cases /yea r  of  a l l  kinds.  A t  p re sen t ,  Marcial 

Research i s  of  t h e  c l i n i c a l  sort: Incidences and value of t rea tment  
bo th  as c o l l a b o r a t o r  i n  t h e  b i g  n a t i o n a l  p r o j e c t s  and on h i s  own. They 
have repor ted  on the  v a l u e  of r ad io the rapy  of c e r v i x  i n  women who had been 
s u r g i c a l l y  s t e r i l i z e d ;  t h e  va lue  of s p l i t  dose therapy given over seven 
weeks versus  t h r e e  weeks; and s tudy  of chromosome changes i n  p a t i e n t s  being 
given therapy. 
m i c e  and r a d i a t i o n  n e p h r i t i s  i n  m i c e ,  H i s  c l i n i c a l  f ive-year  s u r v i v a l  d a t a  
on' cancer  of t he  u t e r u s  and esophagus are impressive. 

But he has a l s o  had a go a t  experimental  chondrosarcoma i n  

-.- 

Paul Weinbren r e p o r t e d  t h a t  baby m i c e  become s e n s i t i v e  t o  Dengue v i r u s  
fol lowing a LD50/30 400 R X-ray. 
t o  be  900 R i n  a i r ,  w i t h  Cs137 about  halfway between. 

With C060, he f i n d s  the  LD50/30 va lue  

Strontium-89 i s  absorbed by s n a i l s - - i n  f a c t ,  i t  i s  e n t i r e l y  removed from 
s o l u t i o n  by t h e  s n a i l  and p u t  a lmost  e x c l u s i v e l y  i n t o  the  s h e l l .  He 
planned t o  t r y  autoradiography t o  l o c a l i z e  the  SrgO;  such s n a i l s  produced 
fewer young. 

Coxaxie, ECHO, and p o l i o  v i r u s e s  have been found i n  a n a l  swabs from Puer to  
Ricans a s  proved by t r a n s p l a n t s  i n t o  t i s s u e  c u l t u r e s  and i n t o  baby mice. 

Weinbren was.  a l s o  sea rch ing  f o r  B'O-labeled compoundfowhich would e n t e r  
cu l tu red  c e l l s ,  e , g o ,  HeLa ce l l s ,  s o  as t o  exp lo re  B -neutron therapy,  
One,compound t r i e d  w a s  t r ie thanolamine  b o r a t e ,  and by use  of a Po-Be source,  
(Io4 nvt )  he could  demonstrate  r a d i a t i o n  damage of  t h e  chromosomes. The -w-, WE ARCHIPE- 
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karyotyping w a s  done by the  Army,but w i t h  d e p a r t u r e  of the  Army co l l abora to ry ,  
t h i s  has  come t o  an  end. 

He noted t h a t  t he  DC-2 chondrosarcome can be  c u l t u r e d  t o  g ive  a) a f ib rous  
type;  b )  a squamous type  wi th  d r o p l e t s ;  o r  c) a s y n c t i a l  type;  he w i l l  t r y  
t o  observe the  e f f e c t  o f  r a d i a t i o n .  

The sch is tosomias is  work i s  based on i r r a d i a t i n g  t h e  c e r c a r i a  (SC) t o  
produce an an t igen  s u i t a b l e  f o r  man. 
3000 roentgen must be  given;  more o r  less g i v e s  no response  i n  m i c e .  
r o u t e  and n a t u r a l  r e s i s t a n c e  o f  t h e  m i c e  a re  c r i t i ca l ;  the  percutaneous,  
n o t  I. Po, r o u t e  must be  used. Fu r the r ,  t h e  number of SC given i s  important.  
Weinbren uses e i g h t  p a i r s  o f  
and tests the  feces  t e n  days later. Age i s  impor tan t ,  as o lde r  m i c e  (1 year )  
r e q u i r e  th i r ty- two p a i r s  of SC €or  infes ta t ion . ,  

The r a d i a t i o n  i s  c r i t i c a l :  2700 t o  
The 

i n  eight-week o l d  m i c e  percutaneously 

Weinbren thinks the  f u t u r e  work should be  i d e n t i f i c a t i o n  of dose r equ i r ed  t o  
lower t h e  number of SC p a i r s  t o  t h e  p o i n t  a t  which the re  w i l l  be no active 
i n f e s t a t i o n  and then test t h e s e  animals  f o r  ac t ive  r ' e s i s t ance - - t i s sue  immu- 
n i t y  and/or  ant ibody immunity i n  t h e  blood of t h e  mouse. The monkey i s  t h e  
only animal o ther  than m i c e  t h a t  can be  used f o r  experimental  i n f e s t a t i o n .  

D r .  Luce of the  A g r i c u l t u r a l  Sc iences  has  a MS degree  program by co l labora-  
t i o n  wi th  the  Departments of Biology o r  Agr i cu l tu re ,  H i s  group i s  
unders ta f fed  and he i s  looking f o r  people.  Puer to  Rico Nuclear Center 
helped s t a f f  t he  USAEC t r a v e l i n g  l a b  e x h i b i t  i n  Cen t ra l  America. 

The r e sea rch  program i s  o r i e n t e d  t o  t r o p i c a l  c rops ,  
g e n e t i c s  improvement program i s  t h r e e  yea r s  old.  The seeds and germinat ive 
buds are i r r a d i a t e d  w i t h y - r a y s  o r  neut rons  and allowed t o  grow. He is  
looking for  b e t t e r  sucrose  product ion,  d i s e a s e  x e s i s t a n c e ,  and to l e rance  
t o  unfavorable s o i l s  such as those  low i n  PO4, S O 4 ,  N, e tc  
D r .  Tukey w i l l  t r y  t o  complete t h i s  c y c l i n g  p r o j e c t  and PO;* 
has been s tudying the  e f f e c t  o f  we t t ing  agen t s  on t h e  f o l i a r  uptake of 
PO4 s o l u t i o n  by aer ia l  appl icat ion. ,  
i s  being s tudied  a s  i t  i s  t h e  enzyme t h a t  conve r t s  sucrose  t o  glucose and 
levulose .  Research on s t e r i l i z a t i o n  of t h e  sugar  cane bo re r ,  supported 
by DBM, was notab ly  advanced by development of  a d i e t  (250 d i e t s  were t e s t e d )  
which p e r m i t s  r e a r i n g  t h e  larvae of t h e  b o r e r ;  they  have a l s o  determined 
the  dose,  20-25 kR, f o r  s t e r i l i z a t i o n ,  t he  t i m e  of mating, t he  way the  
male i n s e c t  l o c a t e s  t h e  female, b u t  u n f o r t u n a t e l y  they are mul t ip l e  maters; 

I r r a d i a t e d  mangos and banan as are b.eing s t u d i e d  f o r  f i rmness ,  accepta- 

without  hur t ing  the  f r u i t  o r  taste;  s t a g e  of  r i p e n i n g ,  cond i t ions ,  of 
s to rage ,  v a r i e t y ,  etc. are be ing  s tud ied .  A twenty-day ex tens ion  i s  

D r .  Walker's sugar cane 

Mineral cyc l ing ;  
D r .  Mayer 

I n v e r t a s e  a c t i v i t y  i n  m e r i s t e m  t i s s u e s  .- 

b i l i t y ,  and food value.  W'th P 40 kR r ipen ing ,  p o s t - i r r a d i a t i o n  can be slowed 

pos s i b  1 e w i t h  
without  harm. 

. .  

some v a r i e t i e s  of t h e  f r u i t s ,  P e c t i n s  may be degraded b u t  
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On Saturday  morning i n  Mayaguez, D r .  Bugher d i scussed  t h e  areas of phys ica l  
s c i e n c e  s e l e c t e d  f o r  study. They are n o t  h igh ly  expensive b u t  s t i l l  are 
w e l l  up i n  f o r e f r o n t ;  they have mul t i -use  a s p e c t s  and could be use fu l  t o  
L a t i n  America, The b e s t  example i s  t h e i r  s o l i d  s t a t e  physics-neutron 
d i f f r a c t i o n  program b u i l t  up wi th  t h e  h e l p  o f  t h e  BNL phys ics  s t a f f ;  BNL 
provided a neutron spectrometer ,  

A t  Mayaguez t h e r e  are the  Departments of Nuclear Engineer ing and Physical  
Sciences.  The PRNC ac t iv i t ies  are t i g h t l y  woven i n t o  t h e  Departments 
of Phys ics  and Chemistry of t h e  School of  Engineer ing  of t h e  Univers i ty  of 
Puerto Rico and the  Bonus Reactor,  The Plowshare Program has suggested 
t h a t  L a t i n  American Engineers could  be t r a i n e d  h e r e  f o r  t he  Canal P ro jec t ,  
Various ways have been worked o u t  t o  g i v e  MS and PhD programs t o  s tuden t s ,  

Frank Lowman's program i n  marine b io logy  i s  s o l e l y  on 06 funds, a l though 
some of  t h e  technic ians  are doing graduate  work on t h e  s ide .  New chemical 
a n a l y t i c  techniques have been added, namely, a c t i v a t i o n  a n a l y s i s  and K-edge 
d i f f r a c t i o n ,  The r e sea rch  focuses  on b o t h  t h e  elements  brought  i n t o  the  
sea and t h e  r e l a t i o n  of  t h e  organisms i n  the sea t o  t h i s  mixing environment. 
H e  is  us ing  t h r e e  ad jacen t  r i v e r  systems, which d r a i n  l imestone,  vo lcan ic  
and s e r p e n t i n e  formations,  t h e  s p e c i a l  d i scha rges  of  which i n t o  the  sea 
a l l o w  i d e n t i f i c a t i o n  of movement and formation of  sediments ,  

The r a t i o s  of concent ra t ions  of elements i n  t h e  organisms r e l a t i v e  t o  
t h o s e  i n  the  discharged d e t r i t u s  are i n  gene ra l  less than  one; t h i s  i s  
i n t e r p r e t e d  t o  mean non-specif ic  uptake i n  the  d i g e s t i v e  process  and/or  
s u r f a c e  contamination of t he  organism. 

They are a l s o  doing ana lyses  of marine organisms, such  as sponges and sea 
u rch ins ,  f o r  world-wide f a l l o u t .  There are d i f f e r e n c e s  i n  species uptake, 
b u t  r iver  run-off i n t o  the sea is  a more impor tan t  de te rminant  of what w i l l  
b e  found i n  the  organisms, 

The ZOO plankton c o n c e n t r a t e m o s t  elements from t h e  phytoplankton, bu t  
- _  except  f o r  Zn, the sea  ay3qals (marlin) do n o t  c o n c e n t r a t e  t h e  elements 

from t h e  zooplankton; C s  a p p e a r s  i n  t h e  mar l in  b u t  n o t  i n  the.zooplankton.  

He no ted  t h a t  d i f f e r e n t  elements are  b e s t  done by d i f f e r e n t  methods, 
depending on l i m i t  of  s e n s i t i v i t y  r equ i r ed ;  hence, he  m u s t  have these  va r ious  
types  of a n a l y t i c  systems. It may be,  however, t h a t  he i s  g e t t i n g  too 

. involved  i n  a n a l y t i c  e x p e r t i s e ,  r a t h e r  than  i n  doing on ly  those  elements 
necessary  t o  g e t  a t  the ecologic  problems. 
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