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A Bac i l lus  Spec i e s  G r o w i n ~  on the  L i p o p o l y s a c c h a r i d e  Frac t ion  of Salmonel la  

Salmonella minnesota R-2050 (a s t r e p t o m y c i n  sens i t ive  
s t ra in)  was grown in a 80 1 b a t c h  on  t he  fol lowing m e d i u m  : 
beef  e x t r a c t  1 % ;  p e p t o n e  1 % ;  NaC1 0.5%. The  p H  of 
the  m e d i u m  was ad ju s t ed  to  7.2 before  s ter i l iza t ion.  
Af te r  a g r o w t h  per iod  of 24 h a t  37 ~ t he  ceils were har -  
ves ted  b y  c e n t r i f u g a t i o n  and  dr ied  w i t h  acetone.  F r o m  
the  ace tone-dr ied  cell m a t e r i a l  t he  ] ipopolysacchar ides  
were e x t r a c t e d  accord ing  to  t he  m e t h o d  of GALANOS, 
LI~DERITZ and  ~VVESTPHAL 1. 

A s y n t h e t i c  m e d i u m  was composed  con t a in ing :  
(NH4)eSO 4 0 .1%;  K2HPO 4 0 .1%;  N a H 2 P O  4 0 .125%;  
MgSO~.7H~O 0.05% ; CaC12 0 .001%;  F e S Q .  7t-I20 
0 .001%;  yeas t  e x t r a c t  0.3% ; l ipopo lysacchar ides  0 .2%;  
aga r  1.5%. The  p H  of the  m e d i u m  was a d j u s t e d  to 7.2 
before  s ter i l iza t ion.  The  steri le m e d i u m  was d i s t r i bu t ed  
in pe t r i  dishes.  Soil par t ic les  were i n o c u l a t e d  on t he  
surface  of th i s  agar  m ed i um .  Af te r  a n  i n c u b a t i o n  per iod  
of 48 h a t  28 ~ mic rob ia l  g r o w t h  was obse rved  a r o u n d  
the  soil par t ic les .  The  colonies were pur i f ied  on  the  same 
aga r  m e d i u m  b u t  w i t h o u t  yeas t  ex t rac t .  Af te r  severa l  
pu r i f i ca t ion  t r ans fe r s  colonies were o b t a i n e d  cons is t ing  
of g ram-pos i t i ve  rods.  This  g ram-pos i t i ve  rod  cu l tu re  was 
pur i f ied  b y  h e a t i n g  a suspens ion  d u r i n g  10 m i n  a t  80~ 
and  s t r e a k i n g  on  t he  l ipopo lysaccbar ide  agar.  Luxur ious  
g r o w t h  of t h e  pur i f ied  cu l tu re  was o b t a i n e d  on t he  l ipo-  
po lysaccha r ide  aga r  m e d i u m  (wi thou t  yeas t  ex t rac t ) .  

The  m i c r o o r g a n i s m  occurs  singly,  ill pa i rs  a n d  shor t  
chains .  The  ceils are g ram-pos i t i ve  and  s t a in  un i formly .  
Grown  on t he  l ipopo lysacchar ide  m e d i u m  t h e y  are 0.9 
b y  4 microns .  Spores are 0.9 b y  1.4 microns,  el l ipsoidal  
to  s u b t e r m i n a l .  The  spo rang i a  are  on ly  s l igh t ly  swollen 
if a t  all. The  cells are moti le .  Acid  b u t  no gas is p roduced  
(with p e p t o n e  as source of n-i~Qgen) f rom xylose, glucose, 

fructose,  galactose,  mannose ,  lactose,  sucrose, mann i to ] ,  
sorbi tol ,  dulc i to l  and  dex t r ine .  No acid or gas is p roduced  
on  arabinose ,  r h a m n o s e  or sorbi tol .  S t a r ch  is no t  hydro -  
lyzed. A m m o n i u m  sal ts  are no t  ut i l ized as source of 
n i t rogen .  Ni t r i t e s  are p roduced  f rom n i t ra tes .  Urease  no t  
produced .  Indo le  is no t  formed.  No g rowth  occurs  in 
10% NaC1. Ci t ra tes  no t  ut i l ized.  On p o t a t o  a weak  yellow- 
ish p i g m e n t  is formed.  Ge la t ine  s t a b :  slow c ra t e r i fo rm 
l iquefact ion.  H2S is no t  formed.  On b r o t h  a l igh t  un i fo rm 
t u r b i d i t y .  A c e t y l m e t h y l c a r b i n o l  is no t  p roduced .  The  
M R - t e s t  is posi t ive.  Milk is coagula ted .  

Accord ing  to Bergey ' s  M a n u a l  of D e t e r m i n a t i v e  Bac-  
ter iology,  t he  m i c r o o r g a n i s m  should  be classified as 
Bacillus/irmus. 

E x p e r i m e n t s  are  now be ing  u n d e r t a k e n  to s t u d y  the  
b r e a k d o w n  of Salmonella-lipopolysaccharides b y  th i s  
mic roorgan i sm.  

Rdsumd. U n  baci l le  gram-pos i t i f ,  capab le  de se dOve- 
lopper  sur  des l ipopolysacchar ides  isol6es de Salmonella, 
c o m m e  seule source de carbone,  ru t  isol6 de son mil ieu 
et  fur  ident i f i6  c o m m e  Bacillus/irmus. 
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Microb ia l  D e g r a d a t i o n  of A r o m a t i c  H y d r o c a r b o n s  U s e d  as  Reac tor  Coo lant s  

The  organic  hea t - ca r r i e r s  used a s . c o o l a n t s  in nuc l ea r  
r eac to r s  fire usua l ly  m i x t u r e s  of a r o m a t i c  h y d r o c a r b o n s :  
d ipheny l ,  n a p h t h a l e n e  and  i ts  a lky lde r iva t ives ,  t e r p h e n y l s  
a n d  h ighe r  a romat ics .  These  c o m p o u n d s  crea te  serious 
diff icul t ies  in  d e c o n t a m i n a t i o n  p rocedures  when  p re sen t  or 
c o m b i n e d  w i t h  r ad ioac t ive  c o n t a m i n a n t s ,  as t h e y  are 
chemica l ly  s tab le  a n d  insoluble  in  aqueous  solut ions .  Con- 
s equen t ly  a b o u t  50 so lven t s  h a v e  been  e x a m i n e d  for  
t h e i r  so lven t  power  a n d  a choice was m a d e  on  t he  basis  
of t h e i r  chemica l  a n d  phys ica l  proper t ies ,  t ox i c i t y  and  
cost  for d e c o n t a m i n a t i o n  purposes1.  

Since t he  use of pu re  organic  so lven ts  is no t  possible  
a t  all in d e c o n t a m i n a t i o n  procedures ,  we successful ly  
t r i ed  t he  use of so lven t  emuls ions  a n d  two-phase  sys tems  3. 
However ,  t he  was te  wa te r s  f rom th i s  d e c o n t a m i n a t i o n  
process  could no t  easi ly be  t r e a t e d  b y  usua l  coprec ip i ta -  
t i on  m e t h o d  a. W e  the re fo re  t r i ed  a bac ter io logica l  pre-  
t r e a t m e n t  of t he  was te  waters ,  s ince some a r o m a t i c  
h y d r o c a r b o n s  are k n o w n  to be  m e t abo l i z ed  b y  a large 
n u m b e r  of m ic roo rgan i sms  *. 

The  was te  wa te r s  h a v e  a p p r o x i m a t e l y  the  fol lowing 
compos i t i on  : 0.33~ m - t e r p h e n y l ;  0.17~ o - t e rpheny l ;  
t r aces  of p - t e r p h e n y l  a n d  h igh-bo i le r s ;  1.5%0 the rmip .  
T h e r m i p  is a h e a t - e x c h a n g e r  suppl ied  b y  E S S O  S t a n d a r d  
Oil Co. w i t h  a n  a p p r o x i m a t i v e  compos i t i on  of 7% n a p h -  
tha lene ,  70% m e t h y l n a p h t h a l e n e ,  23% d i p h e n y l  and  
a l k y l d e r i v a t i v e s  of n a p h t h a l e n e  ~. 

I n  the  p re sen t  p a p e r  t he  o rgan i sms  able  to  grow on 
d ipheny l ,  m - t e r p h e n y l  and  on t he  t h e r m i p - n f i x t u r e  are  
descr ibed,  t o g e t h e r  w i t h  t h e  biological  d e c o n t a m i n a t i o n  
p rocedure  of t h e  was te  waters .  

Experimental. The  mic rob ia l  d e g r a d a t i o n  of t he  aro- 
m a t i c  h y d r o c a r b o n s  w h i c h  are p re sen t  in  t he  was t e  
wa te r s  has  been  o b t a i n e d  in m i n e r a l  m e d i u m  cul tures  b y  
3 d i f fe ren t  organisms.  The  f i rs t  one, Pseudomonas desmo- 
lyticum, able  to  ut i l ize n a p h t h a l e n e  and  i ts  a lky lde r iva -  
fives,  h a d  p rev ious ly  been  isola ted ~ whi le  t he  o the r  2 
o rgan i sms  were o b t a i n e d  b y  e n r i c h m e n t  cu l tu res  w i t h  
d i p h e n y l  a n d  m - t e r p h e n y l  as sole c a r b o n  and  ene rgy  
source. I sp ra  soil was used as inoculum.  The  b a c t e r i u m  
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able to  grow on d ipheny l  is a motile,  Gram-nega t ive  shor t  
rod  which produces  a f luorescent  green p i g m e n t  on King B 
medium,  b u t  no t  phenaz ine  p igmen t  on King  A med i u m ~ ; 
i t  does no t  produce  gela t inase  and by  the  cr i ter ion pro-  
posed by  STANIER et al. s m a y  be considered a s t ra in  of 
Pseudomonas putida. The o ther  bac t e r ium able to utilize 
m - t e r p h e n y l  is a nonmoti le ,  Gram-nega t ive  shor t  rod, 
which  does no t  p roduce  f luorescent  and  phenaz ine  pig- 
meri t  and  gas f rom ca rbohydra t e s ;  it  m a y  be t en t a t i ve ly  
ass igned to the  genus A cinetobacter. At p re sen t  no organ-  
isms have  been  isolated which  are able to utilize o- and  
p - t e rphenyI .  

The degrada t ion  expe r imen t s  have  been  pe r fo rmed  in 
two groups:  a) a romat ic  hyd roca rbons  separa te ly  t e s t ed  
and  b) organic m ix tu r e  cor responding  to  was te  wa te r  
composi t ion .  E x p e r i m e n t s  of group a) have  been carried 
ou t  in 3000 ml glass jars  con ta in ing  2000 ml of TAUSSON 
m e d i u m  9, suppl ied wi th  the  required organic comp o u n d  
a t  t he  ra tes  descr ibed in Table  I. Otherwise  the  degrada-  
t ion  expe r imen t s  of the  organic mix tu re  normal ly  p resen t  
in t he  was te  wate rs  (group b) were carr ied out  in 200 1 
s ta inless  steel  t a n k s  (150 cm he igh t  and  50 cm width)  
con ta in ing  150 1 of TAUSSON m e d i u m  to which  m-ter-  
pheny l  (0.33~ o- te rphenyl  (0.17% o) and  t he rmi p  
(1.5~ were added.  The addi t ion  of P O E - n o n y l p h e n o l  
as su r f ac t an t  did no t  s ignif icant ly  change the  degrada t ion  
condi t ions .  Resul ts  are repor ted  in Table  II .  

48 h pure  cul tures  of Ps. desmolyticum, ]:'s. putida and  
Acinetobaeter sp. grown on the rmip ,  d iphenyl  and m-ter-  
pheny l  respec t ive ly  were used as inoculum separa te ly  or 

in mix tu re  according to the  organic compounds  p resen t  
in the  cul ture fluid. The ra t io  of inoculum vs. cul ture 
fluid was 6% . The aerobic condi t ions  were always 
effected by  vo r t ex  aera t ion  sys t em ~~ After  incuba t ion  
the  cul ture  fluid was made  alkaline and  t h e n  ex t r ac t ed  
wi th  t r ich loroethylene .  The ex t r ac t  was dr ied and the  
solvent  evapora ted  to a vo lume of 100 ml. The sample  
was examined  by  GLC-gasch roma tography  as previous ly  
descr ibed u,~2. Da ta  were referred to  a 'b lank '  ob ta ined  
by  per forming  the  solvent  ex t r ac t ion  immedia te ly  af ter  
inoculat ion.  

Conclusions. F r o m  the  above results  it  m a y  be con- 
c luded t h a t  bacter iological  p r e t r e a t m e n t  can  be success- 
fully employed  for the  decon tamina t ion  processes of 
was te  wate rs  conta in ing  a romat ic  hydroca rbons  used as 
reac tor  coolants.  

The f e rmen ta t i on  exper iments ,  pe r fo rmed  wi th  3 dif- 
fe ren t  organisms able to grow on diphenyl ,  o- terphenyl ,  
naph tha l ene  and a lky lnaphtha lenes ,  are r epor ted  in 
Table I and  II .  Sterile controls  show t h a t  abou t  20% of 
t h e rmi p  evapora tes  dur ing incuba t ion  in 24 h. The degra-  
da t ion  of m- te rpheny l  s ta r t s  a f ter  the  comple te  ox ida t ion  
of the rmip .  N a p h t h a l e n e  and m e t h y l n a p h t h a l e n e s  are 
degraded more  quickly t h a n  d iphenyl .  W h e n  t h e r m i p  and  
m- te rpheny l  are bo th  p resen t  in the  cultures,  the i r  
degrada t ion  is slower t h a n  when  t h e y  are separa te ly  
suppl ied as only carbon source. 

Research  is in progress  on the  degrada t ive  p a t h w a y  of 
d iphenyl  and  m- te rphenyl .  

Table I. 2000 ml of TAUSSON medium with thermip 1.5o/00, or 
m-terphenyl 1~ or thermip 1.5~ and m-terphenyl 0.075~ 

Hydrocarbons Time (h) 
recovered 

0 24 48 96 

Thermip 100 2 2 1 

m-terphenyl 100 10 3 3 

Thermip b 100 18 a 8 1 

m-terphenyl b 100 100 100 20 

Values are expressed as percent relative to quantities present at t 0. 
Naphthalenes no more present, b Simultaneously supplied to the 

same culture. 

Riassunto. Alcuni rea t to r i  nucleari  impiegano come 
scambia tor i  di calore miscele di idrocarbur i  a romat ic i  
(bifenile, terfenile,  naf ta l ina  e alcuni dei suoi alchilderi- 
vati) .  La decon taminaz ione  delle acque di lavaggio dalle 
scorie r ad ioa t t ive  p resuppone  l 'e l iminazione di tal l  com- 
post i  organici.  Le difficoltb~ incon t ra t e  nelI 'appl icazione 
di metodi chimici  hanno  suggeri to  di  t en t a r e  un  t r a t t a -  
men to  microbiologico. La degradaz ione  microbica  degli 
idrocarbur i  aromat ic i ,  p resen t i  nelle acque di lavaggio, 

s t a t a  o t t e n u t a  med ian te  Ie rmentaz ione  con t re  d i f ferent i  
microrganismi ,  due dei quali, capaci  di crescere in pre- 
senza di bifenile e m terfenile,  sono s taff  isolati  da  col ture 
di ar r icchimento ,  semina te  con te r ra  di Ispra.  
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Table II. 1501 of TAUSSON medium with m-terphenyl 0.330/00, 
o-terphenyl 0.17~ and thermip 1.5~ 

Hydrocarbons Time (h) 
recovered 

0 24 72 

Thermip 100 30-40 10 

m- terphenyl 100 100 80 

o-terphenyl 100 100 100 

Values are expressed as percent relative to quantities present at t o . 
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