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O n  t h e  R a d i o a c t i v i t y  o f  C e r t a i n  S t a b l e  I s o t o p e - E n r i c h e d  S u b s t a n c e s  ~ 

W e  wish to  d raw a t t e n t i o n  to  an effect  which  has no t  
ye t  been  m e n t i o n e d  in the  scientif ic l i tera ture ,  so far as 
we know. This  ef fect  consis ts  in t he  cons iderable  increase 
in specific r ad ioac t i v i t y  which  chemical  c o m p o u n d s  show 
u n d e r  t r e a t m e n t  for s tab le  i so tope  en r i chmen t ,  if these  
c o m p o u n d s  con ta in  a na tu ra l ly  occurr ing  rad ioac t ive  
nucl ide  which  undergoes  a concen t r a t ion  process  in t he  
same t ime.  

The  s imul t aneous  changes  in concen t ra t ions  of d i f fe ren t  
i so topes  in subs tances  be ing  s u b m i t t e d  to an isotopic en- 
r i c h m e n t  process  are  of course well  known.  Never the less  
we bel ieve t h a t  cons idera t ion  of th is  effect  was  res t r ic ted  
to  s tab le  isotopes,  on one side, or to  nuc lear  Iuels on the  
o the r  side, and  t h a t  the  ex is tence  of a l ink b e t w e e n  the  
e n r i c h m e n t  of s tab le  i sotopes  and  r ad ioac t iv i ty  in sub- 
s tances  con ta in ing  e lement s  of low mass  n u m b e r s  has  no t  
ye t  been  genera l ly  realized.  In  t he  case of h e a v y  water ,  
however ,  t h e  s i tua t ion  descr ibed  is well k n o w n  b y  t h e  
special is ts  in nuclear  energy.  The  l ink m e n t i o n e d  does no t  
mere ly  consis t  in t he  con juga ted  ac t ion  of na tu ra l  phys ica l  
facts ,  b u t  is r a t h e r  a consequence  of the  technica l  c i rcum- 
s tances  u n d e r  which  deu t e r i um and  t r i t i um are p roduc e d  
and  used  in nuclear  p lan t s  and  centers  2. 

A conspicuous  example  is given by  deu t e r i um enr iched  
subs tances .  I t  is easy to  ver i fy  expe r imen ta l l y  t h a t  t h e  
specific t r i t i u m  ac t iv i ty  of water ,  deu t e r i um enr iched  to  a 
c o n c e n t r a t i o n  of 99.5 a t o m - % ,  is of t he  order  of 0.1-1 ~Ci/ 
ml.  This  specific ac t iv i ty  range is in accord wi th  t he  values  
wh ich  are  c o m p u t e d  on the  basis  of t he  fol lowing d a t a :  
na tu ra l  specific t r i t i u m ac t i v i t y  of w a t e r  before  enrich-  
m e n t :  10-100 TU ( t r i t ium uni ts ,  1 TU cor respond ing  to  
10 - is  atom-°/o t r i t u m  in t he  t r i t i u m / p r o t i u m  mix tu r e  of 
hydrogen ,  or to  a b o u t  7.2 dpm/1 wate r ) ;  d e u t e r i u m  con- 
cen t r a t i on  of same  w a t e r  : 0.015 a t o m - ° .  E lec t ro ly t ic  iso- 
tope  enr ichment ,  w i th  t he  s imple  process  separa t ion  fac- 
tors  e = 7 for d e u t e r i u m  and  fi = 10 for t r i t ium.  In  the  
case of xzC-enriched compounds ,  t he  ca lcula ted  specific 
ac t iv i ty  a m o u n t s  to  abou t  80 ~Ci/mol ca rbon  for a ~3C-en- 
r i c h m e n t  f rom 0.1 to  90 a tom-~o in t he  case of a p robe  of 
r ecen t  origin w i t h  abou t  15 d p m  per  g ram carbon  due  to  
xaC before en r i chment .  

The  specific ac t iv i t ies  a t t a i ned  as a resu l t  of isotopic  
sepa ra t ion  d e p e n d  on the  specific ac t iv i t ies  of the  subs tan -  
ces before en r i chment ,  on the  s imple  process  separa t ion  
fac tors  e and  fl for the  s tab le  and  the  rad ioac t ive  i so tope  
considered,  wh ich  in t u r n  depend  on t h e  t y p e  of enr ich-  
m e n t  process,  and  f inal ly on the  degreee of e n r i c h m e n t  
pe r fo rmed ,  wh ich  m a y  be mesu red  by  the  isotopic con- 
cen t ra t ions  of the  s tab le  i so tope  before  and  a f te r  enr ich-  
ment ,  or by  the  n u m b e r  n of s tages ( theoret ical  plates)  of 
the  separa t ion  process.  I t  is t hus  no t  possible  to  give pre-  
cise indica t ions  w i t h o u t  cons ider ing  in deta i l  the  d a t a  per-  
t a in ing  to a given sys tem.  Bu t  some clues of general  in- 
t e res t  m a y  a l ready  be d r a w n  f rom a s imple  theore t i ca l  
e x a m i n a t i o n  of t he  s i tua t ion ,  as will  be  done  now ve ry  
brief ly.  

L e t  us s t a r t  f rom the  f u n d a m e n t a l  express ion  
X .~ 6AlCoA X (1 - -  Con)/(1 - -  ca) = ~", where  Con and  CA are t he  
mole  f rac t ions  of t he  s tab le  isotope before  and  a f t e r  en- 
r i c h m e n t  and  x a shor t  form for the  lef t  m e m b e r  of t he  
equa t ion .  Consider ing t h a t  the  mole  f rac t ions  CoB and  cB 
of t he  r ad ioac t ive  species are a lways  m u c h  less t h a n  uni ty ,  
t he  cor responding  express ion  appl ies :  [ - CB/CoB = 1~ r*, 
where  [ r ep resen t s  t he  fac tor  of mul t ip l i ca t ion  of the  
specif ic  a c t i v i t y  consecut ive  to  the  isotope e n r i c h m e n t  
process.  Def in ing  k - fl/e, w e g e t  af ter  s o m e s i m p l e a l g e b r a i c  
opera t ions  / = x(1 +log k/log e). For  t r i t i um/deu t e r i u m,  
k ~ 1.4, c¢ = 7, [ = x (l+0,1s) ~ x. For  x4C/xzC, k = 1.01, 

= 1.01 (chemical  exchange  me thod) ,  ] ~ x 2. For  e and  
k ~ 1, the  general  re la t ion  ] = ;:[1 + (n ~ 1)/(e-1}] appl ies  w i t h  
a good app rox ima t ion .  Thus,  the  3H- and  x'C-specific 
ac t iv i t ies  of organic c o m p o u n d s  are e n h a n c e d  by  the  same 
a p p r o x i m a t e  fac tor  of a b o u t  106 when  t h e  d e u t e r i u m  
concen t r a t i on  passes  f rom 0.015 to  99.5 a t o m - % ,  or w h e n  
the  13C-concentration passes  f rom 1 to  90 a t o m - % .  The  
increase of specific r ad ioac t iv i ty  of a g iven e l emen t  
consecut ive  to  the  isotopic  e n r i c h m e n t  of a n o t h e r  e l e me n t  
in a same c o m p o u n d  depends  on the  chemica l  processes,  
in pa r t i cu la r  isotopic  exchanges ,  wh ich  t h e  cons idered  
e l ement s  m a y  undergo.  Thus  i t  is no t  possible  to  foresee 
the  specific aH-ac t iv i ty  of wa te r  enr iched  in ~70 or ~so. 
Table  I reproduces  the  values  measu red  in our  l abo ra to ry  
by  l iquid sc in t i l la t ion  count ing.  

The fac ts  descr ibed have  far  reaching  consequences .  
Thus  the  presence  of t r i t i u m in pure,  higly d e u t e r a t e d  
c o m p o u n d s  m a y  heav i ly  impa i r  t he  e s t a b l i s h m e n t  of 
cor rec t  isotopic ba lance  in dual  t racer  (deu te r ium/ t r i t ium)  
s tudies .  I t  seems inev i tab le  t h a t  suppl iers  of chemica l  
subs tances  enr iched in s tab le  i sotopes  will have  to pro-  
v ide  in fu ture  r ad ioac t iv i ty  speci f ica t ions  for s table  iso- 
tope  enr iched subs tances  which  are to  be used jo in t ly  w i t h  
rad ioac t ive  t racers .  F u r t h e r m o r e ,  the re  is t h e  ques t ion  
w h e t h e r  subs tances  enr iched  in s tab le  i sotopes  which  are 
free of rad ioac t iv i ty ,  will  be  r eques ted  and  to  w h a t  e x t e n t  
i t  will  be  poss ible  to  m e e t  such  r equ i remen t s .  I n  a n o t h e r  
connect ion ,  i t  is wor thwhi l e  men t ion ing  t h a t  the  specific 
ac t iv i ty  of s t rong ly  2H-, ~70-, ~sO-enriched w a t e r  and  of 
cer ta in  ~H- and  poss ib ly  l~C-enriched organic  c o m p o u n d s  
is of such a level t h a t  these  subs tances  fall def in i te ly  in to  

Substance Enrichment Activity Activity 
atom-}/o 104 dpm/ml [zCi/mol H 

1 DzO 99.76 1.90 0.08 
2 D20 99.75 0.88 0.04 
3 D20 99.75 15.7 0.64 
4 D20 99.8 24.0 0.99 
5 D20 99.7 267 10.9 
6 H20 • 2.57 0.11 
7 Acetone-d e 99 15.0 0.82 
8 Acetone-d e 99.5 14.6 0.79 
9 Benzene-d e 99.5 0.25 0.02 

10 Methanol-d 4 99 1.10 0.05 
11 Methanol-d 4 99 0.46 0.02 
12 DMSO-d s 99.5 12.4 0.66 
13 Pyridine-d~ 99 3.66 0.26 
14 CDC13 99.5 5.86 2.12 
15 Acetonitrile-d 3 99 9.34 0.74 
16 Methyliodide 50-60 b ~ 

1, Norsk Hydro Elektrisk, Oslo; 2, Norsk Hydro Elektrisk (more than 
16 years old); 3, Merck Darmstadt, BRD; 4 and 5, Eidgen. Institut 
ffir Reaktorforschung; 8, 9, 10, 12, 13, 14 and 15, Ciba Basel, Swiss; 
7 and 11, Elektroehemic Turgi, Swiss. • 170: 11,1%; 1sO: 44,8%; 
D: 64,8 ~/o. b Enriched in 13C; ~ means no activity above background 
detected. 
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2 D. L~GER, G. DmIAN and E. ROTH, t~nergie nucl. 72, 135 (1970). 
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the  ca tegory  of rad ioac t ive  substances  as to the  safe ty  
regula t ions  of mos t  countr ies  concerning t h e  t ranspor t ,  
hand l ing  and  use of open rad ioac t ive  sources. This  v e r y  
p rob lem is lef t  to  the  a t t en t ion  a n d  responsibi l i ty  of the  
c o m p e t e n t  na t iona l  as well  as in te rna t iona l  authori t ies .  

Rdsumd. Des mesures  de rad ioac t iv i t6  de nombreux  
6chant i l lons d ' eau  lourde et  de substances deut6r6es de 
p rovenances  les plus diverses on t  mont r6  que  les substan-  
ces de t eneur  61ev6e en deu t6r ium ( >  99%) pr6sentent  une 
radioac t iv i t6  sp6eifique de l 'o rdre  de 5 ~Ci par  g r amme  de 

deut6r ium,  due  au t r i t i um d 'or ig ine  na ture l le  concentr6 
en m e m e  t emps  que  le deut6r ium.  Le ph6nom6ne ne se 1f- 
mi t e  pas  aux  isotopes de  l 'hydrog~ne.  I1 est  de caraet~re 
g6n6raI et  compor t e  d ' impor tances  cons6quences ttz6o- 
r iques e t  p ra t iques .  
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P h o t o c h e m i s t r y  o f  B i l i r u b i n  

Al though  the  phenomenon  of a decrease in serum bili- 
rub in  levels in animals  and h u m a n s  i r rad ia ted  wi th  UV- 
l igh t  is well  known (and exposure  of infants  to f luorescent  
l ight  is c o m m o n l y  ut i l ized to t r ea t  neona ta l  jaundiceZ), 
the  mechanisms  invo lved  and the  products  of bi l i rubin 
decay  have  no t  been identif ied.  I n  v i t ro  pho todecom-  
posi t ion of bi l i rubin was also s tudied a t  l ength  2, b u t  no 
p h o t o de r iva t i ve  has  been isolated as yet .  I n  th is  paper  
we wish to  repor t  the  s t ruc ture  de t e rmina t ion  of the  
products  we succeeded in isola t ing af te r  i r rad ia t ion  of 
b i l i rubin  in v i t ro  in the  presence of alcohols. 

W h e n  bi l i rubin (I)3 dissolved in chloroform conta in ing  
10% (v/v) m e t h a n o l  was exposed in a pyrex  flask to a 
mercu ry  l amp (k > 300 nm) 4, fo rmat ion  of a pho top roduc t  
was observed and followed by  TLC on po lyamide  5 [meth- 
a n o l -  10% a m m o n i a  9:1 (v/v)]. Af te r  60-70% of bili- 
rub in  was conver ted  (ca. 30 h), c h r o m a t o g r a p h y  of the  
reac t ion  mix tu re  on a po lyamide  co lumn developed wi th  
ace tone  gave  the  yel low pho tode r iva t i ve  [20% yield on 
the  s ta r t ing  ma te r i a l  a f te r  c rys ta l l iza t ion  f rom CHC13- 
CH3OH;  i t  b lackens w i thou t  me l t ing  ove r  250~; 2 cHcJ" 

~ l a x  

446 n m  (e 58,800); vmaz = 3420, 3260, 1695, 1645, 
1615 cm -1 (in CHC13) ] to which  the  formula  C34Ha0N,O 7 
could be a t t r i bu t ed  on the  basis of its mass-spec t rum 

[m/e 616 (2.5%, M+), 584 (37%), 286 (100%)] and its 
e lementa l  analysis  ~. In  addit ion,  this  pho top igmen t  gave 
a posi t ive  d iazoreac t ion  ~ and afforded bi l i rubin when its 
ch loroform solut ion was st i rred wi th  aqueous  HC1 I 0 N  
for 2 h a t  r.t .  I n  the NMR-spec t rum,  as shown in the  
Figure,  i t  exh ib i ted  the  character is t ic  ABC pa t t e rn  of 
1 v iny l  group s, which could be  ana lyzed  as an  A B X  
sys tem ~ (6 l ines in t he  X p a r t  and 8 lines in t he  A B  
pa r t :  6A, ~B, ~SX = 5.53, 5.38, 6.59 p p m ;  JAx, Jnx ,  JAB --~ 
17.2, 10.3, 1.7 Hz),  and fu r the r  a set  of peaks  associated 
to t he  grouping  - C H ( O C H 3 ) - C H  3 [a s inglet  a t  ¢% 3.21 
(3H. -OCH3),  a double t  centered  a t  6 1.40 (3H, J ~ 7 Hz,  
--CH3) and a q u a r t e t  centered a t  J 4.32 (1H, J = 7 Hz; 
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NblR-spectrum at 60 Mttz of 8a-methoxy-8a,8b-dihydrobilirubin (III) in CDC1 a. Chemical shifts are in ppm (5) from internal tetra- 
metlaylsilane. 


