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ABSTRACT: Following the accident in 1977 at an offshore oil producing platform in the Ekofisk oil 
field (North Sea) an estimated amount of 13000-15000 tons of oil polluted the sea. Microbiological 
investigations were conducted one to five weeks after the blowout and compared with data 
collected in the same area during the years before. Bacterial numbers in the water were fairly low. 
In the floating oil particles, however, extremely high values were obtained (2 × 10 ll heterotrophic 
bacteria 1-1 and 5 x 101° oil degrading bacteria 1-~). The data on oxygen consumption gave 
markedly different results indicating that the oil degradation potential of the water seemed to vary 
widely from one station to another. The greatest increase in oxygen consumption (following the 
addition of oil to the bottles) occurred in samples taken at the station where oil particles from the 
blowout were observed floating on the surface. This indicates a higher oil degradation potential. 

INTRODUCTION 

T h e  a c c i d e n t  i n  t h e  E k o f i s k  a r e a  

On April  22, 1977 a b lowout  started at the oil product ion  plat form "Bravo",  s i tuated  
56o33 , N, 03 ° 12.2' E wi th in  the Ekofisk area  in the North Sea. The  b lowout  resu l ted  in 

uncontrol led  discharges  of crude oil through the open p ipe  20 m above  sea surface at an 
es t imated rate of 3000-4000 tons per  day. The  oil was  b lown  another  30 m into the air 

and sprayed over  the sea surface. D e p e n d i n g  on wind  forces and the m o v e m e n t  of 

surface waters  dur ing the fo l lowing days, the resul t ing  oil slick a t ta ined  vary ing  shapes,  

patches of about  1-cm thick oil slicks in t e rchang ing  with  areas of thin film and s t reamers  
of oil. Ekofisk crude oil is l igh t - f lowing  and has a h igh  content  of vola t i le  a romat ic  

hydrocarbons.  The b lowout  lasted 71/2 days until, after severa l  at tempts,  an exper t  t eam 

succeeded  in capp ing  the wel l  on Apri l  30. The  r ema in ing  oil  slick, e s t imated  at some 
13000-15000 tons, had  then spread over  an area of about  4000 km 2 in te rspersed  with  

areas of seeming ly  unpol lu ted  waters  (Bratberg, 1977). 

At the statutory mee t ing  of ICES at Reykjav ik  in 1977 some scientists,  i nvo lved  in 
research re la ted to the enviror~rnental consequences  of the Ekofisk "Bravo"  blowout ,  met  

and agreed  that a joint  publ ica t ion  should be prepared.  On  invi ta t ion and under  the 
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cha i rmansh ip  of Dr. G. Berge,  Inst i tute  of Mar ine  Research,  Bergen,  Norway,  25 scien- 
tists from severa l  ins t i tu tes  of North  Sea  countr ies  met  from Feb rua ry  27 to March  3, 1978 
at Va tnaha l sen ,  N o r w a y  to discuss  the  resul ts  of the i r  work  after the blowout .  Different  
w o r k i n g  groups  s ta r ted  to p r epa re  chap te r s  which  focussed on the  effects of oil  on the 
l iv ing  mar ine  resources ,  and  also phys i ca l  and  chemica l  aspects  inc lud ing  drift, d isper-  
s ions and  wea the r ing .  For reasons  ou ts ide  the  respons ib i l i ty  of Dr. Berge the p l a n n e d  
pub l i ca t i on  of a joint  repor t  d id  not mate r ia l i ze .  In the fol lowing,  the p roposed  contr ibu-  
t ion on mic roorgan i sms  and  oil d e g r a d a t i o n  is p resen ted .  G. Berge ' s  efforts in p r epa r ing  
this cont r ibu t ion  are  very  much  apprec ia t ed .  

G e n e r a l  r e m a r k s  a n d  o b j e c t i v e  

Bacteria,  yeas ts  and  fungi  are  normal  m e m b e r s  of the  mar ine  biota.  These  micro- 
o rgan i sms  are  ac t ive  in d e g r a d i n g  o rgan ic  mate r i a l s  in t roduced  to, or p roduced  in, the 
sea. Concomi tan t  wi th  this d e g r a d a t i o n  they  also l ibe ra te  inorgan ic  nut r ients  bound  in 
the  o rgan ic  mater ia l .  The  u t i l i za t ion  of inorgan ic  nutr ients  by  mar ine  phy top lank ton  in 
the  course  of pho tosyn the t i c  p r imary  produc t ion  exceeds  the  amounts  of inorgan ic  
nut r ients  i m m e d i a t e l y  ava i l ab l e  in the surface water .  It is par t ly  sus t a ined  th rough  the 
mic rob ia l  m ine ra l i za t i on  of o rgan ic  mater ia l .  

Add i t ion  of o rgan ic  ma te r i a l  to sea  wa te r  wi l l  no rma l ly  cause  an increase  in 
bac t e r i a l  activity.  Hydroca rbon  p roduc t ion  and  hydroca rbon  d e g r a d a t i o n  are  spec ia l i zed  
but  normal  act iv i t ies  of mar ine  mic rob ia l  biotas.  An oil spi l l  may  represen t  a drast ic  
c h a n g e  in  the  quan t i ty  of o rgan ic  m a t e r i a l  a v a i l a b l e  for mar ine  microorganisms.  One 
m a y  assume that  i m m e d i a t e l y  after an oil spi l l  some m e m b e r s  of the microbia l  biota  may  
be  k i l l ed  due  to toxic qua l i t i e s  or harmful  concen t ra t ions  of some oil  components .  Many  
other  mic roorgan i sms  wil l  r e spond  to the  oil spi l l  as they  wou ld  to any increase  in 
o rgan ic  content  of the  sea  water .  

By measu r ing  the o i l - d e g r a d i n g  act iv i ty  of the  mic rob ia l  popu la t ion  one may  assess 
at wha t  ra te  oil  can  be  r emoved  from the env i ronmen t  by  this mechan i sm.  One  may  also 
ob ta in  an es t imate  of oil d e g r a d a t i o n  rates  ind i rec t ly  by  measu r ing  the number  of oil- 
d e g r a d i n g  o rgan i sms  in the  water .  Direct  m e a s u r e m e n t s  a re  m a d e  difficult  by the 
na tu ra l ly  low rates  of bac te r i a l  oil d e g r a d a t i o n  and  by  l imi ta t ions  due  to low concentra-  
t ions of al l  components .  The  use of i s o t o p e - l a b e l l e d  mode l  hydrocarbons  may  par t ly  
solve this  difficulty. The number s  of bac te r i a l  cel ls  e s t ima ted  by  direct  microscopic  
count ing,  the  number s  of mic roorgan i sms  ab l e  to grow on complex  organic  subs tances  or 
the rate  of oxygen  consumpt ion  by  the microb ia l  flora may  all  be  cor re la ted  to the  oil 
d e g r a d a t i o n  ra tes  in the water .  The p rope r  re la t ions  b e t w e e n  these  pa r a me te r s  are 
diff icult  to assess  and  may  be  m a s k e d  by  severa l  uncon t ro l l ed  or u n k n o w n  factors. 

The  diff icul t ies  in ob ta in ing  di rec t  m e a s u r e m e n t s  of oil  d e g r a d a t i o n  rates 
e m p h a s i z e d  the  impor t ance  of d e t e r m i n i n g  the corre la t ion factors for the  more eas i ly  
o b t a i n e d  indi rec t  measu remen t s ,  such as bac te r i a l  numbers  or oxygen  consumption.  The 
effect of env i ronmen ta l  factors such as t empera tu re ,  l ight  in tens i ty  or nutr ient  concentra-  
t ions on the act iv i t ies  of the  bac te r i a l  f lora must  be  d e t e r m i n e d  if one is to correlate  a 
bac te r i a l  popu la t ion  wi th  its b i o c h e m i c a l  act ivi ty.  

Different  me thods  have  b e e n  u sed  in the p resen t  inves t iga t ions  to assess the oil 
d e g r a d a t i o n  activity,  as  wel l  as the  effect of the  oil e x p e l l e d  by  the b lowout  upon  the 
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genera l  he te ro t rophic  mic rob ia l  o rgan i sms  in the  af fec ted  areas .  Most  of these  me thods  
are indirect  measu remen t s  of act ivi ty,  and  are  ma in ly  b a s e d  upon  mic rob io log ica l  
enumerat ion.  Re l iab le  d i rec t  methods  for measu r ing  oil d e g r a d a t i o n  are  not ava i l ab le .  
There is, however ,  some a d v a n t a g e  in us ing  the ind i rec t  methods  in that  the  resul ts  from 
the presen t  inves t iga t ions  can  be  d i rec t ly  c o m p a r e d  wi th  b a s e l i n e  s tudies  a l r e a d y  
performed over severa l  years  in the Nor th  Sea  and  spec i f ica l ly  in the  a rea  su r round ing  
Ekofisk. 

In a reg ion  l ike  the  North  Sea, sub j ec t ed  to s t rong inc reases  in explora t ion ,  p roduc-  
tion, load ing  and sh ipp ing  of oil, a s t e ady  increase  in po l lu t ion  due  to chronic  sp i l l age  
and to major  acc idents  is to be  expec ted .  In order  to ob ta in  b a s e l i n e  informat ion  for 
further work, eco log ica l  inves t iga t ions  were  in i t i a t ed  in 1975 cover ing  the  open  Nor th  
Sea, with main  emphas i s  on the mic rob io log ica l  and  chemica l  aspec ts  of mar ine  oil  
pollut ion.  The  Biologische  Ans ta l t  H e l g o t a n d  (BAH), FRG, fu rn i shed  the r e sea rch  vesse l  
"Fr iedr ich  He incke" .  Scient is ts  and  t echn ic i ans  from the  BAH toge the r  wi th  c o l l e a gue s  
from Norway,  USA and  the UK, pa r t i c i pa t ed  in cruises  in 1975 and  1976. Some of the  
results  have  been  repor ted  e l s e w h e r e  ( O p p e n h e i m e r  et al., 1977; G u n k e l  et al., 1980; 
Gunkel ,  W., in dahresber icht ,  Biologische  Ans ta l t  H e l g o l a n d  1976, pp.  40-44;  1977, pp. 
36-40; 1978, pp. 33-36; Gassmann ,  G., in Jahresber ich t ,  Biologische  Ans ta l t  He lgo l and ,  
1976, p. 40; 1977, p. 39; 1978, pp.  36-38).  

Scientis ts  from G e r m a n y  (FRG), Belgium,  Norway  and  S w e d e n  p a r t i c i p a t e d  in the  
1977 cruise of "Fr iedr ich  H e i n c k e "  wh ich  c losely  fo l lowed the cruise  t racks  of 1975 and  
1976. The cruise t racks and  s tat ions number s  for the "Fr iedr ich  H e i n c k e "  cruises  in 1975 
and 1977 are shown in F igures  1 and  2. The  cruise  t rack  and  s ta t ion gr id  sys tem for the  
"G. O. Sars" 1977 cruise are  shown in F igure  3. 

The resul ts  p r e sen t ed  in this  chap te r  we re  o b t a i n e d  dur ing  the  cruises  wi th  "G. O. 
Sars" (27 .4 . -2 .5 .  1977) and  "Fr i ed r i ch  H e i n c k e "  (11 .5 . -20 .5 .  1977) and  are  c o m p a r e d  
with da ta  ob t a ined  in 1975 and  1976. 

As sampl ing  t ime and  s a m p l i n g  me thods  may  in f luence  the  resul ts  ob ta ined ,  the 
methods  and resul ts  ob t a ined  from the vesse l  "G. O. Sars" and  "Fr i ed r i ch  H e i n c k e "  are  
ident i f ied  by  the in i t ia ls  GOS and  FH respec t ive ly  in the  fo l lowing sections.  

METHODS 

The 5 and  10 m dep th  s amples  (GOS) were  co l lec ted  by  Nisk in  flasks,  and  a s ter i le  
ZoBell s ample r  was used  for the 2 and  10 m dep ths  (FH). The surface wa te r  was s a m p l e d  
us ing a bucke t  (GOS) or a spec ia l  s k i m m i n g  dev ice  s a m p l i n g  the u p p e r  5 cm of the  
surface wate r  and  p u m p i n g  it on boa rd  th rough  a tef lon tube  us ing  a per i s ta l t i c  p u m p  
(FH). 

Bacter ia l  numbers  were  d e t e r m i n e d  us ing  seve ra l  d i f ferent  methods :  
(1) " O i l - d e g r a d i n g  b a c t e r i a ,  m e m b r a n e  f i l t r a t i o n  t e c h n i q u e "  

( M F T )  G O S .  Dilut ion ser ies  (10 -1 to 10 -6 ) were  set up, and  20, 10 and  1 ml of 
und i lu t ed  wate r  s amples  and  1 ml of each  d i lu t ed  s amp le  were  f i l te red  th rough  
m e m b r a n e  filters (Selectron, 0.45 mm pore  d iameter) .  The m e m b r a n e  fi l ters were  p l a c e d  
in pet r i  d ishes  on top of ce l lu lose  p a d s  s o a k e d  wi th  a sea  w a t e r / m i n e r a l  sal ts  med ium.  A 
mixture  of different  oil cons t i tuents  (n-C~4, n-C16 and  n-C18 a l k a n e s  p lus  motor oil SAE 50 
in equa l  amounts,  total  0 .1%w/v)  was  used  as the  ca rbon  and  e n e r g y  source.  The fil ters 
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Fig. 1. Courses and stations for RV "Friedrich Heincke" 28 July - 14. August 1975 

were  incuba ted  at 10°C for a per iod of 1-3 weeks. Results by this t echn ique  are referred 
to as "o i l -degrad ing  bacter ia  (MFT)" and  "o i l -degrad ing  fungi  (MFT)". 

(2) " D i r e c t  m i c r o b i a l  c o u n t s " ,  F H .  Microbial  counts were obta ined by 
direct  epif luorescence microscopy of s ta ined and  filtered samples  (Indrebo & Dundas,  
1977). The number s  ob ta ined  by  this method represent  the total sum of active, rest ing 
and  dead microorganisms.  These results will  be  referred to as "direct microbial  counts". 

Bacterial number s  were also de te rmined  by s tandard  techniques  which have b e e n  
used  in  our laboratories for m a n y  years (Gunkel  & Trekel, 1967; Gunke l  & Rheinheimer ,  
1972; Gunkel ,  1973; G u n k e l  et al., 1980; Gunkel ,  1968). The number s  of colonies formed 
in "pour plates" with Agar  Sea Water m e d i u m  2216 E after ZoBell were de te rmined  after 
3 weeks  incuba t ion  at 18 °C. Results by this t echnique  are referred to as "heterotrophic 
bacteria".  

(3) " O i l - d e g r a d i n g  b a c t e r i a ,  m o s t  p r o b a b l e  n u m b e r  t e c h n i -  
q u e " ,  F H.  This method is based  on the observat ions of growth on oil in l iquid mineral  
m e d i u m  (aged sea water  enr iched  with inorganic  n i t rogen  and  phosphate  salts). The 
only carbon and  energy  source was a mixture of wea thered  Ekofisk crude and diesel fuel 
oil. 

Decadic di lu t ions  of water  samples  were inocula ted  in  triplicate. Growth was 
indica ted  by turbidi ty  in  the media  after 8 weeks  incuba t ion  at 18 °C. Numbers  of 
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bacter ia  in the original  sample  were  ca lcu la ted  us ing  the "'most p robab le  n u m b e r "  

tables. Results by this t echn ique  are referred to as "o i l -deg rad ing  bac ter ia  (MPN)". 
( 4 ) " O x y g e n  c o n s u m p t i o n  i n  o i l  p o l l u t e d  w a t e r "  F H .  At each  

station, six half-l i tre bott les were  comple te ly  f i l led with  surface water .  To each  of three  
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b o t t l e s  100 m g  of w e a t h e r e d  E k o f i s k  c r u d e  w a s  a d d e d .  Al l  s ix b o t t l e s  w e r e  i n c u b a t e d  in  

t h e  d a r k  a t  18 °C. T h e  o x y g e n  c o n t e n t  i n  p a r a l l e l  bo t t l e s ,  w i t h  a n d  w i t h o u t  a d d e d  oil,  w a s  

d e t e r m i n e d  a f t e r  5, 10 a n d  15 days ,  u s i n g  a m o d i f i e d  (a f te r  Kal le )  W i n k l e r  t e c h n i q u e .  

Resu l t s  b y  t h i s  t e c h n i q u e  a re  r e f e r r e d  to as  " o x y g e n  c o n s u m p t i o n " .  

R E S U L T S  

T h e  n u m b e r s  of o i l - d e g r a d i n g  b a c t e r i a  a n d  o i l - d e g r a d i n g  f u n g i  i n  w a t e r  s a m p l e s  

f rom t h e  E k o f i s k - " B r a v o "  a r ea ,  as  f o u n d  5 - 8  d a y s  a f t e r  t h e  b l o w o u t ,  a re  g i v e n  w i t h  t h e  

c r u i s e  g r i d  i n  F i g u r e  3 a n d  T a b l e  1. 

Table  1. Numbers  of o i l -degrading bacter ia  and fungi in water  samples  from different depths  in the 
Ekofisk-"Bravo" area, 5-8  days after the blowout (Values are given as numbers  × 1-1). The station 

numbers  refer to positions g iven  in Figure 3 

Station 0 m 5 m 10 m 
Bacteria Fungi  Bacteria Fungi Bacteria Fungi 

218 50 < 50 3.4 × 104 < 50 2.0 × 103 < 50 
220 50 < 50 7.8 x 10 3 < 50 1.4 × 104 < 50 
222 1.4 × 103 < 50 2.0 × 104 1.4 × 103 8.0 × 103 50 
223 50 < 50 1.0 × 104 < 50 1.4 × 104 < 50 
225 6.0×102 1.4 X 102 1 .1Xl04 < 5 0  4.3X 10 s < 5 0  
227 1.4 × 102 < 50 8.7 × 103 50 1.4 x 104 < 50 
228 2.0 X 10 3 < 50 .5.9 X 10 3 < 50 1.1 × 104 50 
230 50 < 5 0  5 .9x  I03 < 5 0  I . i × I 0 4  < 5 0  
231 5.4 X 102 50 
B 1 2.0 × 102 < 5 0  1.1×103 50 1.4 X 102 < 5 0  
B 2 50 < 50 
B 3 50 < 50 2.0 × 102 2.8 × 102 4.0 × 102 < 50 
B 4 6.0 x 102 < 50 
B 5 50 < 50 6,7 x 102 6.7 × 102 50 < 50 
232 7.4>(102 1.6×103 4.9×103 < 5 0  3 .8x  103 < 5 0  
233 1.4 × 102 < 50 2,7 x 104 1.6 x 103 3.0 × 103 50 
235 6.0 X 103 50 5.3 x 103 < 50 3,0 x 103 < 50 
237 1 . 4 x i 0 2  < 5 0  4 . 0 x  I02 < 5 0  < 5 0  < 5 0  

T w o  f e a t u r e s  a r e  e v i d e n t  f rom t h e s e  da t a .  Firs t ly ,  t h e  c o n c e n t r a t i o n  of o i l - d e g r a d i n g  

b a c t e r i a  (MFT)  in  t h e  s u r f a c e  s a m p l e s  was ,  i n  g e n e r a l ,  l o w e r  t h a n  in  t h e  s a m p l e s  f rom 5 

or  10 m d e p t h s .  S e c o n d l y ,  t h e  n u m b e r s  f o u n d  i n  s a m p l e s  v e r y  c l o s e  to t h e  " B r a v o "  

p l a t f o r m  i t se l f  w e r e  q u i t e  low.  

T h e  n u m b e r s  of h e t e r o t r o p h i c  b a c t e r i a ,  of o i l - d e g r a d i n g  b a c t e r i a  a n d  of b a c t e r i a  

o b s e r v a b l e  b y  e p i f l u o r e s c e n c e  m i c r o s c o p y ,  f o u n d  i n  w a t e r  s a m p l e s  f r o m  t h e  N o r t h  S e a  

- " B r a v o "  a r ea ,  3 - 4  w e e k s  a f t e r  t h e  b l o w o u t ,  a r e  g i v e n  i n  T a b l e  2. T h e  s t a t i o n  n u m b e r s  

r e f e r  to  t h e  p o s i t i o n s  g i v e n  o n  t h e  c r u i s e  g r i d  i n  F i g u r e  2. T h e  s a m e  d a t a  for h e t e r o t r o p h i c  

b a c t e r i a  a t  t h e  s u r f a c e  a n d  a t  10 m a r e  p l o t t e d  w i t h  t h e  c r u i s e  g r i d  in  F i g u r e  4a.  T h e  

p e r c e n t a g e  of o i l - d e g r a d i n g  b a c t e r i a  a n d  of h e t e r o t r o p h i c  b a c t e r i a  a t  t h e  s u r f a c e  a n d  at  

10 m a r e  p l o t t e d  o n t o  t h e  c r u i s e  g r i d  in  F i g u r e  4b.  T h e  n u m b e r s  of h e t e r o t r o p h i c  b a c t e r i a  

w e r e  i n  a l l  c a s e s  h i g h e r  a t  t h e  s u r f a c e  t h a n  a t  10 m. 
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Fig. 4. Stocks of heterotrophic bacteria (upper grids) and share of oil-degrading bacteria (lower 
grids), 3-4 weeks after the blowout. (Numerical values in Table 2) 

Dur ing  the FH cruise in 1977, f loating oil particles were only found in an area north 
of the cruise track followed in  1976 and  1975. The oil particles had a size of about  0.5 cm. 
They formed "wind-rows"  - about  100 m long and  1 to 2 m wide. Such wind-rows were 
invar iab ly  separated by at least 50 to 100 m of water  devoid of vis ible  oil particles. 
Microscopic inves t iga t ion  of these oil part icles indica ted  that they consti tuted a stable 
o i l - in-water  emuls ion  con ta in ing  great  number s  of the diatom Rhizosolenia sp. Micro- 
bial  analys is  showed that the oil part icles conta ined  2 × 1011 heterotrophic and  5 x 101° 
o i l -degrad ing  bacter ia  per liter oil. This is about  seven orders of magn i tude  higher  than 
the bacter ia l  number s  found for the su r round ing  water. 

The results of the oxygen consumpt ion  exper iments  are shown in Figure 5, In all 
bottles a s ignif icant  decrease in  oxygen content  was observed. In 20 out of 24 pairs of 
bottles, oxygen consumpt ion  was s ignif icant ly  e n h a n c e d  by the addi t ion of oil. The 
greatest  e n h a n c e m e n t  was found in water  from station 18/77; it was at this station that 
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Fig. 6. Average number of (a} heterotrophic and (b) oil degrading bacteria (MPN), during the 1975, 
1976 and 1977 observations from RV "Priedrich Heincke" in the North Sea 

floating oil particles from the blowout  were observed. The e n h a n c e m e n t  found in  water  
collected very close to the "Bravo" platform, at station 27/77, was minimal .  

A considerable  part of the bacter iological  work done dur ing  the three cruises by RV 
"Friedrich Heincke"  in  1975, 1976 and  1977 is compi led  in  Figure  6. This f igure shows 
the mean  values obta ined  in the North Sea for heterotrophic bacter ia  and  o i l -degrad ing  
bacteria in  the surface water, at 10 m, and  in the surface layer of the sediment .  No data 
for the bacteria  in the sed iment  are ava i lab le  for 1977. The data are presen ted  as the tog 
of the bacterial  count per  liter of sample.  The numbe r s  of bacter ia  in  the sed iments  were  
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severa l  orders  of m a g n i t u d e  h ighe r  than  those of the  over ly ing  water .  The  numbers  of 
bac t e r i a  in the  surface wa te r  were  cons is ten t ly  h ighe r  than  the numbers  obse rved  at 
10 m. Fur thermore ,  the  n u m b e r  of bac te r i a  ab le  to g row on complex  organic  media ,  i.e. 
he te ro t roph ic  bac ter ia ,  was  a lways  g rea te r  than  the number  of o i l - deg rad ing  bac te r i a  for 
the same  samples .  

DISCUSSION 

The resul ts  to be  d i scussed  we re  ob t a ined  by  different  s a m p l i n g  p rocedures  at 
dif ferent  t imes  and  inves t i ga t ed  by  different  methods .  It is accord ing ly  difficult  to draw 
gene ra l  conclusions,  and  par t  of the  d iscuss ion m a y  only be  va l id  in re la t ion  to the 
specif ic  set of da t a  b e i n g  d iscussed .  

The  bac te r i a l  numbe r s  found in 1976 were  in  a l l  cases  h ighe r  than  those found in 
1975 (Fig. 6). This  also app l i e s  to the  concen t ra t ion  of hydrocarbons  in the  wate r  
(Gassmann,  G., in Jahresber ich t ,  Biologische Ans ta l t  He lgo land ,  1978, p. 38). After  the 
b lowout  in 1977 one migh t  have  expec ted  an a p p r e c i a b l e  inc rease  in bac te r ia l  numbers ,  
but  the  oppos i te  was  found to be  true. The  ave rage  bac t e r i a l  numbers  found dur ing  the 
"Fr i ed r i ch  H e i n c k e "  cruise  in 1977 were  even  lower  than  those recorded  in 1975. Even 
the a v e r a g e  hydroca rbon  concent ra t ions  in the  wa te r  we re  lower  than  those found in 
1976. These  observa t ions  ind ica te  tha t  condi t ions  affect ing seasona l  var ia t ions  may  be  
more  impor tan t  than  o ther  factors in d e t e r m i n i n g  the s ize of bac te r i a l  popu la t ions  at  sea. 

The number s  of o i l - d e g r a d i n g  bac te r i a  in the  surface layer  (0-20 cm) at different  
loca t ions  in the  E k o f i s k - ' B r a v o "  area,  as p r e s e n t e d  in Tab le  1 and  F igure  3, were  
cons ide rab ly  lower  than  the number s  ob ta ined  for o i l - d e g r a d i n g  bac te r ia  in the same 
gene ra l  a r ea  in 1975 and  1976 (Fig. 6) and  in 1977 (Table  2). 

Before d i scuss ing  poss ib l e  env i ronmen ta l  causes  for the  obse rved  devia t ions  from 
an  e x p e c t e d  "no rma l"  mic rob io log ica l  condi t ion  in the  Ekof isk  a rea  after the  blowout ,  it 
is impor tan t  also to be  aware  of the  di f ferences  in s a m p l i n g  methods  and cul tur ing 
t echn iques  used,  both  wi th  r ega rd  to the  p resen t  inves t iga t ion ,  as we l l  as other  invest i -  
ga t ions  refer red  to in this discussion.  

Whi le  G u n k e l  et  al. u sed  a surface s k i m m i n g  dev ice  ( O p p e n h e i m e r  et al., 1977), 
t a k i n g  wate r  from the uppe rmos t  5 cm laye r  over  a fair ly l a rge  surface area,  the surface 
s a m p l i n g  from "G. O. Sars"  was  clone us ing  a bucket ,  wh ich  m a d e  r ep roduc ib l e  
s a m p l i n g  ra ther  difficult.  It was  also imposs ib le  to ascer ta in  w he the r  any  of the  surface 
f i lm was  co l lec ted  in the  s a m p l i n g  bucket .  The  ques t ion  is of impor tance  b e c a u s e  there  
is e x p e r i m e n t a l  ev idence  that  o i l - d e g r a d i n g  bac te r ia  t end  to become  concen t ra ted  in the 
l ipoph i l i c  surface f i lm (Gunkel ,  u n p u b l i s h e d  results).  

The  su rpr i s ing ly  low number s  of o i l - d e g r a d i n g  bac te r ia  (MFT) found in the surface 
s amp le s  (Fig. 3) m a y  have  b e e n  due  to one  of severa l  causes,  r a n g i n g  from poss ib le  toxic 
effects of the  recen t  and  mass ive  oil  spi l l  to se lec t ive  adsorp t ion  of the bac te r i a  onto an 
oil f i lm wh ich  was  not  cap tu red  dur ing  the bucke t  s ampl ing  procedure .  The consis tency 
of the  resul ts  does, however ,  m a k e  this poss ib i l i ty  less l ikely .  It is also poss ib le  that  any 
an t i -cor ros ion  or an t i - sca l ing  add i t ives  a d d e d  to the "Bravo" we l l  pr ior  to the b lowout  
migh t  have  an  effect on the mic rob ia l  flora. 

The  n u m b e r s  of o i l - d e g r a d i n g  fungi  (Table  1) we re  in a l l  cases  qui te  low. The 
obse rved  mic rob ia l  counts  (Table  2) were  of the  same  order  as commonly  obse rved  for 
unpo l l u t ed  waters  from the North  Sea. 
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The da ta  on oxygen  consumpt ion  (Fig. 5) gave  m a r k e d l y  di f ferent  resul ts  for 
different s ampl ing  stat ions,  i nd i ca t i ng  s e e m i n g l y  that  the  o i l - d e g r a d i n g  po ten t i a l  of the  
water  var ied  w ide ly  from one  s tat ion to another .  It is i nd ica t ive  that  the  g rea tes t  i nc rease  
in oxygen consumpt ion  fo l lowing add i t i on  of oil to the  s amp le  (e.g. the  g rea tes t  oil  
degrada t ion  potent ia l )  was found for the  s amp le s  t a k e n  at the  s tat ion w h e r e  oil pa r t i c les  
from the b lowout  were  obse rved  f loa t ing  on the surface.  On the other  hand,  the  inc rease  
in oxygen  consumpt ion  fo l lowing  oil  add i t i on  was  not co r re l a t ed  to the numbe r s  
ob ta ined  for " o i l - d e g r a d i n g  bac te r i a "  (MPN). S ta t ion  9/77 (Fig. 5) h a d  a tenfo ld  h i g h e r  
number  of o i l - deg rad ing  bac te r i a  than  s ta t ion 10/77 (Table 2), but  the  la t te r  s amp le  
exhib i ted  the  h ighes t  oxygen  consumpt ion  of the  two. 

TENTATIVE GENERAL C O N C L U S I O N S  

Microbio log ica l  da t a  o b t a i n e d  over  severa l  yea r s  in the  Nor th  Sea  are  a v a i l a b l e  for 
compar ison with the da ta  ob t a ined  after the  "Bravo" blowout .  From such compar i sons  
one tends  to conc lude  that  hydro log ica l  condi t ions  and  seasona l  c l imat ic  var ia t ions  m a y  
be of equa l  s ign i f icance  to the  oil supp ly  i tself  in d e t e r m i n i n g  the size of the  bac te r i a l  
popula t ions  and thei r  act ivi t ies .  The va l id i ty  of such a conclus ion  m a y  be  l imi ted  to an  
oil spi l l  occurr ing  unde r  s imi lar  condi t ions  as the  "Bravo" spill .  The  quan t i t a t ive  
correlat ions b e t w e e n  bac te r i a l  numbe r s  and  oil  d e g r a d a t i o n  ra tes  a re  diff icult  to es tab-  
lish. In corre la t ing  the microb ia l  numbers ,  o b t a i n e d  by  di f ferent  methods ,  one m a y  ge t  
an i m p r e s s i o n  of the  re la t ive  oil d e g r a d a t i o n  ra tes  in di f ferent  samples .  The  h ighe r  
pe rcen tage  of o i l - d e g r a d i n g  bac te r i a  found in 1975 and  1976 in samples  from stat ions 
close to the Ekofisk a rea  (Gunke l  et  al., 1980) ind ica te  a h ighe r  ra te  of oil  d e g r a d a t i o n  in 
this a rea  c o m p a r e d  to o ther  reg ions  of the  Nor th  Sea.  The  h igh  numbe r s  of o i l - d e g r a d i n g  
bac te r ia  found after  the  "Bravo" b lowout  m a y  thus  to a g rea te r  ex tent  be  due  to chronic  
oil po l lu t ion  in this a rea  ra ther  than  to the  "Bravo" spi l l  itself. 

Since the ac tua l  hydro log ica l  condi t ions  s eem to be  of major  impor t ance  wi th  r e g a r d  
to bac te r ia l  numbers  and  act ivi t ies ,  it is r e c o m m e n d e d  that  al l  mic rob io log ica l  me thods  
used  should  be  ex tens ive ly  e m p l o y e d  i m m e d i a t e l y  after  an  oil  sp i l l  in a non-af fec ted  
a rea  close to the spill .  Data  from such a reas  w o u l d  serve  as ac tua l  b a s e l i n e  for da t a  
ob ta ined  wi th in  the  spill .  The  bac t e r i a l  n u m b e r s  found  in oil  pa r t i c l es  (o i l - in -water  
emulsions)  after the  spi l l  ind ica te  that  more  work  should  be  d i r ec t ed  towards  s tudy ing  
microbia l  act ivi t ies  in the  oil itself. 

Fur ther  d e v e l o p m e n t  of d i rec t  me thods  for m e a s u r i n g  ac tua l  mic rob ia l  ra tes  of oil 
deg rada t ion  is u rgen t ly  needed .  Methods  b a s e d  on d e g r a d a t i o n  of i s o t o p e l a b e l l e d  
hydrocarbons ,  on h y d r o c a r b o n - d e p e n d e n t  o x y g e n  consumpt ion  by  microorganisms ,  and  
on d e g r a d a t i o n  products  of hydroca rbons  s e e m  most  p romis ing .  Work  is also n e e d e d  in 
es tab l i sh ing  corre la t ion  factors b e t w e e n  ind i rec t  me thods  of m e a s u r e m e n t  of oil deg ra -  
dation, such as microb ia l  numbers ,  and  the ac tua l  d e g r a d a t i o n  rates  in situ. 

Until  sat isfactory di rec t  me thods  for m e a s u r i n g  oil d e g r a d a t i o n  have  b e e n  
deve loped ,  the use  of seve ra l  ind i rec t  methods ,  p r e f e r a b ly  on the s ame  samples ,  may  
give usefut  in ferences  abou t  the  oil  d e g r a d a t i o n  po ten t i a l  of the  water .  It is de s i r ab l e  that  
sampl ing  methods  and  s a m p l i n g  dep ths  if poss ib l e  be  s t a n d a r d i z e d  for mic rob io log ica l  
inves t igat ions  dur ing  further oil spills.  
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