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1 . 0  INTRODUCTION 

The purpose  o f  t h i s  r e p o r t  is t o  p r o v i d e  a  comprehensive 
l i t e r a t u r e  review f o c u s i n g  on t h e  a c t i o n s  and environmenzal  r e c o v e r y  o f  
F a s t  s p i l l s  i n  l i g h t  o f  t h e  EXXON VALDEZ s p i l l  i n  Alaska .  S p i l l s  
s e l e c t e d  f o r  r ev iew w e r e  based o n  s i m i l a r i t y  of c l i m a t e ,  s h o r e l i n e  
t y p e s ,  and b i o l o g i c a l  p o p u l a t i o n s .  S p e c i a l  emphasis  was p l a c e d  on 
s t u d i e s  r e s u l t i n g  from t h e  1978 AMOCO C A D I Z  s p i l l  o f  B r i t t a n y ,  F rance ,  
and t h e  1974 METULA s p i l l  i n  t h e  S t r a i t  o f  Magellan.  Both s p i l l s  
matched t h e  s e l e c t i o n  c r i t e r i a  a n d  w e r e  o f  comparable magni tude  t o  t h e  
EXXON VUDEZ s p i l l .  The e x p e r i m e n t a l  o i l i n g  program under t aken  Ln 
B a f f i n  I s l a n d ,  Canada, a l s o  p r o v i d e s  e x c e l l e n t  comparisons t o  t h e  
Alaskan o i l  s p i l l .  

During t h e  review p r o c e s s  a t t e n t i o n  was c o n c e c t r a t e d  on t h e  
r e l a t i v e  e f f e c t i v e n e s s  of t h e  c l e a n u p  methods used ,  t h e  r o l e  o f  n a t u r a l  
p r o c e s s e s  i n  o i l  removal,  and t h e  p e r s i s t e n c e  of o i l  w i t h i n  t h e  a f f e c t e d  
environment  one  t o  t h r e e  y e a r s  a f t e r  t h e  i n c i d e n t .  I n  s e v e r a l  c a s e s ,  
long- term s t u d i e s  e n a b l e  o u r  knowledge o f  s p i l l  p e r s i s t e n c e  t o  be 
ex tended  f a r  g r e a t e r  t h a n  t h r e e  y e a r s  a f t e r  t h e  e v e n t .  These  s t u d i e s  
c o r r o b o r a t e  p r e v i o u s  o b s e r v a t i o n s  a n d ,  t h e r e f o r e ,  a r e  a l s o  d i s c u s s e d .  

1.1 REVIEW PROCESS 

The o i l  s p i l l s  reviewed i n  t h i s  r e p o r t  s e r v e  a s  p o s s i b l e  ana logues  
t o  t h e  EXXON VALDEZ s p i l l .  A l i s t  o f  t h e  s p i l l s  reviewed and t h e i r  
g e n e r a l  f e a t u r e s  i s  inc luded  i n  T a b l e  1.1. The d a t a  from t h e  ana lyzed  
s p i l l s  v a r y  i n  q u a l i t y .  S e v e r a l  m a j o r  o i l  s p i l l s ,  e . g . ,  t h e  IXTOC I and 
B u m  AGATE, b o t h  a f f e c t i n g  t h e  s a n d  beaches  o f  Texas ,  a r e  n o t  inc luded  
h e r e  because  impac t s  on sand b e a c h e s  a r e  b e t t e r  d i s c u s s e d  under  t h e  
AMOCo C A D I Z  s p i l l .  F i n a l l y ,  it mus t  be emphasized t h a t  t h e r e  has  never  
been  a  s p i l l  o f  t h i s  magnitude i n  Alaskan  environments  nor  w i t h  Prudhoe 
Bay c r u d e  o i l ,  so s p e c i f i c  r a t e s  o f  a s p h a l t  f o r m a t i o n ,  m i c r o b i a l  
d e g r a d a t i o n ,  chemica l  a t t a c h m e n t  t o  sed imen t s ,  and b i o l o g i c a l  r e c o v e r y  
i n  Alaska  a r e  unknown. 





2 . 0  ARROW OIL SPILL, NOVA SCOTIA (1970) 

2 . 1  INTRODUCTION 

? . f rer  g round ing  on r o c k s  i n  c h e d a b u c t o  Bay, Nova S c o t i a ,  on 
4 Februa ry  1970,  t h e  t a n k e r  M O W  lost approximate ly  :0,090 t o n s  o f  
Bunker C o i l  [ M i n i s t r y  o f  T r a n s p o r t  (MOT), 19701. While Bunker C o i l  L S  

n o t  d i r e c t l y  comparable t o  Prudhoe Bay c rude  o i l ,  it is  o f  v a l u e  t o  
b r i e f l y  r ev iew t h e  long-term p e r s i s t e n c e  o f  o i l  a t  t h i s  l o c a l i t y  a s  
i l l u s t r a t i v e  of t h e  p o t e n t i a l  f o r  s p i l l  l o n g e v i t y  w i t h i n  t h e  s h e l t e r e d  
env i ronments  of Alaska .  

2 . 2  CLIMATE AND COASTAL CONDITIONS 

The s p i l l  s i t e  is  l o c a t e d  i n  a t r i a n g u l a r  embayme~t  between 
mainland Nova S c o t i a  and Cape B r e t o n  I s l a n d .  The s o u t h  c o a s t  of t k , e  b i y  
i s  deve loped  a l o n g  a  f a u l t  l i n e  i n d u c i n g  a  r e l a t i v e l y  s t e e p  s h o r e l i n e .  
I n  c o n t r a s t ,  t h e  n o r t h  c o a s t  has  r e l a t i v e l y  low-lying topogra2hy .  A 

v a r i e t y  o f  s h o r e  t y p e s  a r e  p r e s e n t ,  i n c l u d i n g  rock c u t c r o p s ,  e r o d i n g  
t i l l  c l i f f s ,  g r a v e l ,  and mixed s e d i m e n t  beaches .  The a r e a  i s  
c l i m a t i c a l l y  dominated by i t s  m a r i t i m e  s e t t i n g ,  producir.g c o l d ,  wet 
w i n t e r s  and c o o l  summers. 

2 . 3  IHPACT AND CLEANUP 

During t h e  s p i l l ,  some 240 to 300 km o f  s h o r e l i n e  were o i l e d  
(Owens, 1971; Vandermeulen and Gordon,  1976; Ke ize r  e t  a l . ,  1 9 7 8 ) ,  
a l t h o u g h  t h e  q u a n t i t y  o f  o i l  o n s h o r e  was no t  de te rmined .  A v a r i e t y  of 
s h o r e l i n e  t y p e s  were a f f e c t e d  i n c l u d i n g  sand and g r a v e l  beaches  and 
exposed r o c k y  s h o r e s .  The f o c u s  o f  t h i s  r e p o r t  i s  on t h e  s h e l t e r e d  
mixed sand  and g r a v e l  beaches  where  o i l ' r e m a i n e d  l o n g e s t  and which a r e  
most comparable  t o  Alaska .  

Two and a  h a l f  months a f t e r  c l e a n u p ,  MOT (1970)  e s t i m a t e d  t h a t  
1,800 t o n s ,  o r  18% of  t h e  o r i g i n a l  amount,  remained.  Vandermeulen 
(1977)  p r e p a r e d  a  series o f  maps i l l u s t r a t i n g  o i l  p e r s i s t e n c e  a l o n g  t h e  
s h o r e  from t h e  i n i t i a l  e v e n t  t o  s i x  y e a r s  l a t e r  ( F i g u r e  2 . 1 ) .  

Cleanup o f  t h e  a r e a  i n c l u d e d  e f f e c t i v e  manual p i c k u p  o f  o i l y  
d e b r i s ,  and less e f f e c t i v e  m e c h a n i c a l  removal o f  s e d i m e n t s  ( p r i m a r i l y  
g r a v e l )  which mixed o i l e d  m a t e r i a l  d e e p e r  i n t o  t h e  beach,  contaminated 
c l e a n  backshore  env i ronments ,  c a u s e d  a d d i t i o n a l  damage w h i l e  g a i n i n g  
a c c e s s  t o  t h e  s h o r e ,  and induced  e r o s i o n  of t h e  backshore  (Owens, 1971; 
Owens and Rash id ,  1 9 7 6 ) .  I n  some c a s e s ,  c l e a n  sediment was brought  i n  
t o  r e p l a c e  removed o i l e d  g r a v e l .  S c r a p e r s  were p a r t i a l l y  e f f e c t i v e  on 
compact s a n d  beaches  and of l i t t l e  v a l u e  on c o a r s e r  g r a v e l  beaches .  

2 . 4  PERSISTENCE STUDIES 

Long-term s t u d i e s  of t h e  ARROW s p i l l  noted  t h a t  o i l  remained a s  
a s p h a l t  pavement w i t h i n  t h e  s h e l t e r e d  environments  whereas  a r e a s  exposed 
t o  wave a c t i o n  were reworked and c l e a n e d  (Owens, 1971; Owens and Rash id ,  
1 9 7 6 ) .  I n  t h e  low-energy area o f  B lack  Duck Cove, t h e  l a t t e r  a u t h o r s  
r e p o r t  t h e  "... p h y s i c a l  a b r a s i o n  o f  t h e  o i l  has  been n e g l i g i b l e  and t h e  
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Flgure 2.1. Distribution of Bunker C resldues along the shores of Chedebucto Bay resulting from the ARROW spill o f  4 February 

1970 (from Vandermeulen. 1977). & U 



extent of oil cover has not changed significantly since 1973." They 
also report that chemical evidence indicates that the race of 
chemical/biological degradation of the remaining oil is very lcw. 
Vandermeulen and Gordon (1976), using florescence spectroscopy, estimate 
chat the leaching of oil from the stranded Bunker C is on the order of 
parts per billion. After nearly eight years of physical and chemical 
weathering, Vandermeulen (1977) still found "considerable amounts of the 
fuel oil in some isolated areas, and traces in others." Vandermeulen 
(1977) summarized self-cleaning and biological recovery in the diagram 
presented in Figure 2.2, which indicates a three-year removal rate of 
oil from all high-energy beaches, and longer than seven years as 
sheltering increases. 

2.5 BIOLOGICAL IMPACT AND RECOVERY 

Studies of the ecological impact of the ARROW spill cover a time 
span from immediately post-spill t o  1977. Impacts were reported from 
the intertidal zone on rocky shores and sand beaches and f x m  coastal 
marshes. 

Thomas (1975) stressed that all of the early biological st8udies of 
the ARROW spill impact suffered from a narrow focus. Too few species 
were included in the initial surveys. A second problem, which 1s the 
usual case for most oil impacted areas, was the complete lack of 
pre-spill ecological surveys. Thomas suggested that the only acceptable 
analysis of the data would be completely dependent on obvious changes 
from the normal for the whole area. 

2.5.1 Rocky Shores 

Two species of fucoid algae showed disparate responses to ARROW 
oil. Populations of Fucus s~iralis, a high intertidal rock-encrusting 
algal species, were heavily damaged by oiling. They quicily disappeared 
from the heavily oiled shoreline and were still absent in 1975. A 
second fucoid, r. vesiculosis, occupies the lower intertidal on 
Chedabucto Bay rocky shores. Following the RRROW incident its 
intertidal range decreased in height. Through 1975 its range gradually 
increased back to normal. Throughout this period fucoid sporelings 
recruited to the upper intertidal but they never survived to the pint 
at which they could be identified. 

Barnacles (Balanus balanoides) appeared to suffer no unusual 
mortalities following oiling. Barnacle larval settlement and growth 
seemed normal from 1970 to 1975. Three algal grazing gastropods, 
Littorina saxatilis, L. littorea, and L. obtusata, remained abundant in 
the intertidal in heavily oiled areas. The vertical range of 
L. obtusata contracted due to the loss of algal habitat in the upper - 
intertidal. 

A more extensive survey of the biota began at six years, post-spill 
(Thomas, 1978). The overall design was based on the selection of four 
oiled and four unoiled control sites. Species abundances or biomasses 
were determined at each site, based on replicate samples, and were 
compared for differences in these attributee by nested A N O W .  The 





rocky s h o r e  c o n t r o l  s i t e s  had a  g r e a t e r  number of s p e c i e s  t h a n  d i d  rocky 
o i l e d  s i t e s .  S i x  of t h e  10 most common s p e c i e s  were more abundant  a t  
c o n t r o l  s i t e s .  The most obv ious  l a r g e  d i f f e r e n c e  between o l l e d  ar.d 
c o n t r o l  s l t e s  was t h a t  t h e  t o t a l  b i o m a s s  of f l o r a  a t  c o n t r o l  s ~ t e s  was 
3 . 1 1  t ; m e s  t h a t  measured a t  o i l e d  s i t e s .  

Analyses  o f  l e n g t h  and w e i g h t  f o r  L i t t o r i n a  l i t t o r e a  and 
a r e n a r i a  d a t a  were a l s o  p r e s e n t e d  i n  Thomas ( 1 9 7 8 ) .  R e g r e s s i o n s  o f  
l e n g t h  on weight  o f  t h e s e  s p e c i e s  s e p a r a t e d  o u t  a c r o s s  o i l e d  and c o n t r o l  
s i t e s  w h i l e  p o p u l a t i o n  d e n s i t i e s  o f  t h e s e  s p e c i e s  were n o t  d i f f e r e n t  
between t r e a t m e n t s .  The growth r a t e s  of both s p e c i e s  were  slowed by o i l  
and n o t  by i n c r e a s e d  p o p u l a t i o n  d e n s i t i e s .  

Numerous o t h e r  comparisons o f  o i l e d  and u n o i l e d  s i t e s  produced 
s i q n i f i c a n t  d i f f e r e n c e s  i n  t h i s  e x c e l l e n t  s tudy .  A we l l -p lanned ,  
p o s t - s p i l l  s t u d y  can produce v e r y  u s e f u l  i n f o r m a t i o n  even l n  t h e  
comple te  absence  of p r e - s p i l l  s u r v e y s .  Thomas a l s o  looked  a t  t h e  e f f e c t  
o f  c l e a n u p  t e c h n i q u e s  and c o n c l u d e d  t h a t  recovery  r a t e s  were d e c r e a s e d  
by t h e  c l e a n u p  p rocedures  used on  r o c k y  s h o r e s .  

2 . 5 . 2  Sed imen ta ry  Shores  

The most conspicuous  s p e c i e s  i n  s h e l t e r e d  Chedabucto Bay s o f t  
sediment  communit ies was t h e  c l am a r e n a r i a .  Much o f  t h e  o i l  s p i l l e d  
by t h e  ARROW was locked up i n  i c e  d u r i n g  t h e  f i r s t  p o s t - s p i l l  w i n t e r .  
Clam m o r t a l i t i e s  i n c r e a s e d  a s  t h i s  o i l  was r e l e a s e d  when t h e  i c e  cover  
me l t ed  (Thomas, 1 9 7 5 ) .  The m o r t a l i t y  r a t e  has  d e c l i n e d  s i n c e  t h e  f i r s t  
p o s t - s p i l l  s p r i n g .  I n i t i a l l y  c l a m s  l e f t  t h e i r  burrows a s  t h e  burrows 
f i l l e d  w i t h  o i l ;  exposed clams w e r e  e a t e n  o r  d i e d  f o r  o t h e r  r e a s o n s .  

A t  s i x  y e a r s  a f t e r  t h e  s p i l l  (Vandermeulen, 1977) c lams were 
g r e a t l y  reduced i n  abundances ,  t h e i r  age  d i s t r i b u t i o n s  were a l t e r e d ,  and 
a  s i x - y e a r - o l d  s i z e  c l a s s  was m i s s i n g  from h e a v i l y  o i l e d  p o p u l a t i o n s .  
Vandermeulen concluded t h a t  c lams i n  c h r o n i c a l l y  o i l e d  s e d i m e n t s  were 
under  a  g r e a t  d e a l  o f  stress. S t r a n d e d  o i l  was s lowly  b e i n g  r e l e a s e d  
i n t o  t h e  l i t t o r a l  and s u b l i t t o r a l  envi ronment  i n  h e a v i l y  o i l e d  a r e a s .  
Most o f  t h e  s t r a n d e d  o i l  moved t h r o u g h  t h e  sed imen t s  and i n  i n t e r s t i t i a l  
w a t e r s ;  v e r y  l i t t l e  of t h e  o i l  w a s  d e t e c t a b l e  i n  t h e  w a t e r  column. The 
w a t e r  column c o n c e n t r a t i o n s  d e t e c t e d  a f t e r  f i v e  y e a r s  were n o t  
s u f f i c i e n t  t o  i n h i b i t  p h o t o s y n t h e s i s  or t o  k i l l  c r u s t a c e a n  l a r v a e .  Much 
o f  t h e  sed imen t  w a s  immobil ized b y  s t r a n d e d  o i l .  The e f f e c t s  of t h i s  
i m m o b i l i z a t i o n  on  t h e  benthos  w a s  n o t  known. 

Thomas' (1978)  e x t e n s i v e  p o s t - s p i l l  survey i n c l u d e d  sed imen ta ry  
s h o r e s .  H e  conc luded  t h a t  mince o i l  was more p e r s i s t e n t  on such  s h o r e s  
c l e a n u p  might b e  h e l p f u l  i f  t h e  o i l  c o u l d  be removed by t e c h n i q u e s  which 
d i d  n o t  i n c r e a s e  sediment  p e n e t r a t i o n .  Some e v i d e n c e  o f  a  n a t u r a l  
b i o g e n i c a l l y - m e d i a t e d  w e a t h e r i n g  p r o c e s s  was p rov ided  by Gordon et  a l .  
( 1 9 7 8 ) .  The p o l y c h a e t e  A r e n i c o l a  marina ( a  burrowing d e p o s i t  f e e d e r  
found i n  sandy a r e a s  of Chedabucto  Bay) a s s i s t e d  i n  removing o i l  by 
i n c r e a s i n g  m i c r o b i o l o g i c a l  d e g r a d a t i o n  r a t e s  of o i l  i n  i t s  c a s t i n g s .  A 

d e n s i t y  o f  10  t o  2 5  worms/mz c o u l d  remove a l l  o i l  from a 1 mZ area i n  2 
t o  4 y r .  T h e i r  o v e r a l l  c o n c l u s i o n  w a s  t h a t  o i l - t o l e r a n t  d e p o s i t - f e e d i n g  
a n i m a l s  c a n  a c c e l e r a t e  w e a t h e r i n g  o f  sediment-bound o i l .  



The ARROW s p i l l  i s  i m p o r t a n t  S i n c e  it was t h e  f i r s t  North American 
s p i l l  t o  r e c e i v e  adequa te  s c i e n t i f i c  and t e c h n i c a l  a t t e n t i o n  t o  document 
c l e a n u p  e f f e c t i v e n e s s  o f  v a r i o u s  s h o r e l i n e s  and t o  de te rmine  t h a t  t h e  
long- term p e r s i s t e n c e  of o i l  was r e l a t e d  t o  s h o r e  t y p e  and e x p o s u r e .  
The s c i e n t i f i c  l i t e r a t u r e  i n d i c a t e  t h a t  w i t h i n  Chedabucto Bay ' s  
s h e l t e r e d  env i ronments ,  Bunker C f rom t h e  AFSOW remained r e l a t i v e l y  
unchanged f o r  a t  l e a s t  e i g h t  y e a r s .  Recent  r e p o r t s  by Owens ( v i s u a l  
p r e s e n t a t i o n ,  1988)  and o t h e r s  i n d i c a t e s  t h a t  a s p h a l t  from t h e  s p i l l  i s  
s t i l l  e v i d e n t  t o d a y ,  a l t h o u g h  i n  a v e r y  degraded s t a t e .  

The b i o l o g i c a l  impact  of t h e  o i l  s p i l l ,  e x p r e s s e d  a s  d e c l i n e s  i n  
b iomasses  and d e n s i t i e s  o f  many common s p e c i e s  o f  b e n t h i c  b i o t a ,  was 
s t i l l  s t o n g l y  e v i d e n t  s i x  y e a r s  a f t e r  t h e  s p i l l .  

2 .7  INCLUDED REPRINTS 

K e i z e r ,  P.D., T.P. Ahern, J .  D a l e ,  a n d  J . H .  Vandermeulen. 1978.  
Res idues  of Bunker C o i l  i n  Chedabucto  Bay, Nava S c o t i a ,  6 y e a r s  
a f t e r  t h e  ARROW s p i l l .  J .  F i s h .  R e s .  Bd. Canada, v o l .  35,  
pp. 528-535. 

Owens, E.H., and M.A.  Rash id .  1976.  C o a s t a l  env i ronments  and o i l  s p i l l  
r e s i d u e s  i n  Chedabucto Bay, Nova S c o t i a .  Can. J o u r .  E a r t h  S c i . ,  
v o l .  1 3 ,  pp. 908-928. 

Thomas, M. L .  H.  1978.  Comparison o f  o i l e d  and u n o i l e d  i n t e r t i d a l  
communi t ies  i n  Chedabucto Bay, Nova S c o t i a .  J. F i s h .  R e s .  Board 
Can. 35:707-716. 

Vandermeulen, J . H .  1977.  The Chedabucto  Bay S p i l l ,  Arrow 1970. 
Oceanus,  v o l .  2 0 ( 4 ) ,  pp. 32-39. 



3.0 ).IETULA OIL SPILL, CHILE ( 1 9 7 4 )  

3.1 INTRODUCTION 

The supertanker .WTULA (206,000 dwt) ran aground in the Strait of 
Magellan, Chile, on 9 August 1974. Over the next 1.5 monzhs 
approximately 51,500 tons of light Arabian crude oil and 2 O C O  tons sf 
Bunker C oil were released into the Strait affecting 65 to 80 kin of 
shoreline (Figure 3.1). Because no cleanup was performed, the spill 
site serves as a natural laboratory to monitor the long-term persistence 
of oil within a high-latitude env~ronment. 

Principal references for the METULA spill are Gunnerson and Peter 
(1976) and Hann and Young (1979) on initial shoreline impacts, Baker et 
al. (1976) and Straughan (1978) on short-term biological impacts, and 
Colewell et al. (1978) on microbiological changes. Followup studies 
were undertaken by the Institute de la Patagonia, located in adjacent 
Punta Arenas, Chile, concerning the effects of the HETULA on 
macrobenthos (Langley and Lembeye, 1977). vegetation (Pisam, 1976; 
Dollenz, 1977, 1978) and insects (Lanfranco, 1979). Guzman and 
Campodonico (1980) summarized these Chilean studies. 

Evaluations of the persistence of oil in the Patagonian 
shorelines, most related to this analysis, have been completed by Hayes 
and Gundlach (1975) for oil remaining one year later, Blount (1978) on 
the persistence and oil quantification One to two years later, Gundlach 
et al. (1982) for persistence 6.5 yr later, and Owens (1987) or. 
persistence and chemistry of the oil after 12.5 yr. 

3.2 CLIMATE AND COASTAL CONDITIONS 

The climate of the Strait of Magellan is classified as modified 
steppe. Temperatures are similar to the Alaska spill site with a 
monthly mean of 14'C in summer and close to 1°C in winter, with much 
variance about the mean. Ice cover is infrequent and precipitation is 
very low (less than 30 cm per yr). The area is quite arid supporting 
only sparse grasses and few trees. 

The principal coastal environments of the METULA spill site are 
mixed sand and gravel beaches, and mud/sand-dominated tidal flats. Like 
many parts of the EXXON VALDEZ spill site, the beaches of Patagonia were 
deposited by glacial action. Many similarities such as exposure, 
climate, and sediment type exist between these beaches in Chile and 
those of Alaska. At the METULA site, there are also extensive tidal 
flats and a few areas containing salt-tolerant vegetation (comparable to 
a marsh). 

The tides of Patagonia are roughly similar to those of Alaska, 
varying from greater than 6 m outside the First Narrows to 3 to 6 m in 
the embayment adjacent to the grounding site. Fetch and wave conditions 
are similar to areas in Alaska with low to moderate exposure, 
specifically those within Prince William Sound and in the fjord 
embayments of the Kenai Peninsula. 
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Figure 3.1. Location site and oiling resulting from the METULA spill of 9 August 1974. & 
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3.3 INITIAL IHPACT AND CLEANUP 

o i l  from t h e  KETUW was r a p i d l y  sp read  by wind and t i d a l  c u r r e n t s ,  
f o r z 1 7 q  ch ick  mousse a c r ~ m u l a t i o n s  a g a i n s t  t h e  s h o r e l i n e .  Coverage o f  
tb .e  1 r . t e r t i d a l  zone ranged from a l m o s t  t o t a l  t? very  pa tchy .  Hixed sand 
and g z a v e l  beaches composed o v e r  95% o f  t h e  a f f e c t e d  s h o r e l i n e ,  buz 
marshes  and t i d a l  f l a t s  were a l s o  a f f e c t e d ,  p a r t i c u l a r l y  i n  t h e  r eg ic r .  
o f  t h e  F i r s t  Narrows. 

Marshes, i n  p a r t i c u l a r ,  a r e  n o t  common i n  Pa tagon ia .  
U n f o r t u n a t e l y ,  an  a r e a  dominated by s a l t - t o l e r a n t  v e g e t a t i o n  ( d e s i g n a t e d  
Espora  marsh) l o c a t e d  i n  t h e  F i r s t  Narrows nea r  Punta  Espora was heav i ly  
o i l e d .  S i n c e  no c l eanup  was u n d e r t a k e n ,  t h e  Zspora marsh s e r v e s  a s  a 
"ty?e l o c a l i t y "  t o  i l l u s t r a t e  t h e  e f f e c t s  of heavy o i l  accumula t ions  on 
a  h i g h  l a t i t u d e  marsh system. O i l  t h i c k n e s s e s  averaged s e v e r a l  
c e n t i m e t e r s  ove r  t h e  marsh s u r f a c e .  Primary v e g e t a t i o n  c o n s ~ s t e d  o f  
s a l i c o r n i a  ambisca ( s a l t w o r t )  and Suaeda a r q e n t i n e n i s  ( s e a  b l ~ t e ) .  

No c leanup  was under taken e x c e p t  f o r  t h e  a r e a  of a  sma l l  b o a t  ramp 
t o  t h e  f e r r y  t h a t  c r o s s e s  t h e  S t r a i t .  While never  e x 2 i i c i t l y  s t a c e d ,  
p r o b a b l e  r easons  t h a t  no c l e a n u p  was under taken i n c l u d e :  a )  t h e  
government was concerned wi th  o t h e r  m a t t e r s ,  hav ing  r e c e n t l y  overthrown 
=he e l e c t e d  government o f  S a l v a d o r  Allen.de, b )  t h e  s h i p  was d i r e c t e d  o y  
a  C h i l e a n  p i l o t  a t  t h e  t ime  s o  e x p e n d i t u r e s  a g a i n s t  t h e  i n t e r n a t i o n a l  
o i l  p o l l u t i o n  fund would l i k e l y  have  t o  be re imbursed by C h i l e ,  and 
c )  c l e a n u p  had no p o l i t i c a l  s u p p o r t  due t o  t h e  remoteness  and low 
p o p u l a t i o n  of t h e  a r e a .  

3.4 PERSISTENCB STUDIES 

3 . 4 . 1  Hixed Sand and Gravel  Beaches 

On mixed sediment  beaches  i n  Pa tagon ia ,  which a r e  most comparable 
t o  Alaska ,  Hayes and Gundlach ( 1 9 7 5 )  d e s c r i b e d  two p r imary  s i t e s  o f  o i l  
d e p o s i t s  remaining a f t e r  one  y e a r :  a l o n g  t h e  s p r i n g  h igh  t i d e  swash l i c e  
and t h e  upper p a r t  of t h e  low- t ide  t e r r a c e .  An a e r i a l  photograph o f  
t h e s e  o i l e d  zones i n  C h i l e  i s  p r e s e n t e d  i n  F i g u r e  3.2 ( t o p ) ,  and 
compared t o  o i l  a l o n g  E l i z a b e t h  I s l a n d  i n  ALaeka ( F i g u r e  3 . 2 ,  b o t t o m ) .  
A d iagram i n d i c a t i n g  o i l  d i s t r ; b u t i o n  a f t e r  one  y e a r  i s  p r e s e n r e d  i n  
F i g u r e  3.3.  

The f o r m a t i o n  of a s p h a l t  pavement was p a r t i c u l a r l y  u b i q u i t o u s  i n  
C h i l e  (B loun t ,  1 9 7 8 ) .  Not o n l y  w a s  it found a l o n g  t h e  upper  low- t ide  
t e r r a c e ,  b u t  a l s o  on  t h e  beach f a c e  i n  c a s e s  where mousse had o r i g i n a l l y  
mixed and s o l i d i f i e d  i n t o  t h e  g r a v e l .  Depos i t s  of a s p h a l t  r eached  
a lmos t  20 cm t h i c k ,  and showed r e l a t i v e l y  f r e s h  o i l  i n  i t s  i n t e r i o r ,  
away from e x t e r n a l  wea the r ing  p r o c e s s e s .  To d e t e r m i n e  t h e  o i l  
c o n c e n t r a t i o n  w i t h i n  sed imen t s ,  Blount  (1978) a n a l y z e d  numerous samples 
and found tremendous v a r i a t i o n  i n  v a l u e s ,  r a n g i n g  from nea r  z e r o  t o  o v e r  
30% by volume ( F i g u r e  3 . 4 ) .  Followup s t u d i e s  by Cundlach e t  a l .  (1382)  
6 .5  y r  a f t e r ,  and by Owens e t  a l .  (1987)  12.5 y r  p o s t - s p i l l  t r a c k e d  t h e  
o i l  a l o n g  t h e s e  beaches .  O i l  remained obvFous even  a f t e r  1 2 . 5  y r  of 
w e a t h e r i n g  and some reworking o f  t h e  sed imen t s  by waves. 









Remaining o i l  c a n  be d i v i d e d  i n t o  =wo t y p e s .  The f i r s t  t y?e  
i n c l u d e s  o i l  d e p o s i t e d  a l o n g  t h e  u p p e r  berm, above t h e  zone cf  reworking 
by s p r i n g  t i d e s  (see photograph i n  F i g u r e  3 . 5 ,  t o p ) .  A f t e r  5 . 5  y r ,  o i l  
was rncst commonly found a s  crumbly,  a s p h a l t i r e d  5edLiner.t b u r i e d  benea th  
a  s u r f a c e  of g r a v e l l y  sand ( F i g u r e  3 . 5 ,  bo t tom) .  D u r x g  t h e  i n c e r v a l  
s i n c e  t h e  s p i l l ,  wave a c t i o n  had n o t  s u f f i c i e n t l y  reworked t h e  s e d i n e n t s  
t o  b r e a k  up t h e  remaining o i l .  A f t e r  6 .5  y r ,  however, t h e  m a t e r i a l  was 
h i g h l y  weathered and cou ld  be e a s i l y  broken a p a r t  w ~ t h  o n e ' s  f i n g e r s  and 
d i d  n o t  s t a i n  nor  y i e l d  a sheen.  

The second and more common t y p e  of remaining o i l  was a s p h a l t  
pavement, p a r t i c u l a r l y  w i t h i n  t h e  a r e a  of t h e  F i r s t  Narrows ( s e e  
photograph i n  F i g u r e  3 .6 ,  t o p ) .  G e n e r a l l y ,  t h i s  pavement was t h i c k e r  
t h a n  pavement obse rved  i n  Alaska o v e r  t h e  s u m e r  o f  1989 ( s e e  F igure  
3 .6 ,  b o t t o m ) ,  a l t h o u g h  f u r t h e r  a s p h a l t  fOrmat10n may occur  i n  Alaska.  
The t h i c k  a s p h a l t  pavements i n  C h i l e  s t i l l  showed some brown mousse In 
i t s  i n t e r i o r  a f t e r  6 .5  y r ,  and w a s  d e s c r i b e d  by Owens e t  a l .  (1987)  a s  
" f r e s h ,  a lmos t  f l u i d  and a p p a r e n t l y  unweathered" a f t e r  1 2 . 5  y r .  An 
a n a l y s i s  of t h a t  sample,  r e p o r t e d  by  t h e  same a u t h o r s  suppor ted  t h a t  it 
was r e l a t i v e l y  f r e s h ,  a l though  m i c r o b i a l  d e g r a d a t i o n  was o c c u r r i n g .  
Owens a l s o  found t h a t  a s p h a l t  remained common i n  s h e l t e r e d  a r e a s .  s i t e s  
more exposed t o  wave a c t i o n  showed a  l o s s  of a l l  low-t ide  t e r r a c e  
pavement w i t h i n  6 . 5  y r ,  and most beach f a c e  pavement ( a s  a l o n g  t k e  F i r s t  
Narrows) w i t h i n  12.5 y r .  

3 . 4 . 2  T i d a l  P l a t s  

The Ch i l ean  s p i l l  s i t e  c o n t a i n e d  one set o f  t i d a l  f l a t s  t h a t  was 
open and exposed,  and a n o t h e r  t h a t  was v e q  s h e l t e r e d .  On t h e  exposed 
f l a t ,  o i l  was pushed over  t h e  f l a t  up t o  t h e  h i g h - t i d e  swash l i n e ,  
a l t h o u g h  t h e  amount o f  o i l  s o  t r a n s p o r t e d  was v e r y  s m a l l .  A f t e r  6 .5  y r ,  
a  s m a l l  amount o f  weathered o i l ,  s i m i l a r  t o  a d r i e d  t a r  i n  appea rance ,  
was p r e s e n t  a l o n g  t h e  upper f l a t  (Gundlach e t  a l . ,  1982) .  

The p e r s i s t e n c e  o f  o i l  was c o n s i d e r a b l y  more obvious  i n  s h e l t e r e d  
t i d a l  f l a t s ,  a s  a l o n g  t h e  F i r s t  Narrows. A t h i c k  a s p h a l t  pavement 
p e r s i s t e d  o v e r  12 .5  y r ,  w i t h  l i t t l e  change,  on a  major f l a t  behind a  
p r o t e c t i n g  s p i t .  An a d j a c e n t  f l a t  showed a  t h i n n e r  pavement, b u t  a l s o  
l i t t l e  d e g r a d a t i o n .  

3 . 5  BIOLOGICAL. IHPACT AND RECOVERY 

As p r e v i o u s l y  moni tored ,  t h e  HETULA s p i l l  was un ique  i n  t h a t  
v i r t u a l l y  no c l e a n u p  a t t e m p t s  w e r e  under taken.  Var ious  a s p e c t s  o f  t h e  
s p i l l ' s  b i o l o g i c a l  impact w e r e  s t u d i e d  by Dol l enz  ( 1 9 7 8 ) ,  Langley and 
Lembeye ( 1 9 7 7 ) ,  Lanfranco ( 1 9 7 9 ) ,  P i s a n o  ( 1 9 7 6 ) ,  Colwel l  e t  a l .  ( 1 9 7 8 ) ,  
and Guzman and Campodonico ( u n p u b l i s h e d  m a n u s c r i p t ) .  The most 
comprehensive e p i l l - e f f e c t s  s t u d y  (S t raughn ,  1978)  was s t a r t e d  a t  f i v e  
months p o s t - s p i l l  ( J a n u a r y  1975) and r e p e a t e d  a t  b a s i c a l l y  t h e  eame s e t  
o f  s i t e e  two y e a r s  l a t e r  ( J a n u a r y  1 9 7 7 ) .  S t raughn  used a  s t u d y  d e s i g n  
which a l lowed  s t a t i s t i c a l  compar isons  between o i l e d  and u n o i l e d  c o n t r o l  
s i tes.  She s e l e c t e d  a v a r i e t y  o f  s t a t i s t i c a l  methods t o  a n a l y z e  t h e  
c e n s u s  and o i l  c o n t e n t  d a t a  c o l l e c t e d  a t  each of t h e  s t u d y  s i t e s .  







i n  January  1975, l a r g e  areas of  t h e  i n t e r t i d a l  zone w e r e  s t i l l  
c o v e r e d  by .SZTULA o i l  ( S t r a u g h a n ,  1 9 8 1 ) .  In  a t  Leas t  one h e a v i l y  o i l e d ,  
upper  i n t e r t i d a l  s i t e ,  o i l  bound s a n d y  sediments  i n t o  a  s o l i d  a s p h a l t i c  
bed. The lower i n t e r - i d a l  was r o c k y  and it was r i c h e r  i n  s p e c i e s  i n  
b o t h  o i l e d  and c o n t r o l  s i t e s  t h a n  w a s  the sandy upper i n t e r t i d a l  zone. 

Fever  organisms.  l a r g e r  numbers of  empty mussel  s h e l l s  i n  good 
c o n d i t i o n ,  and o t h e r  evidence  o f  t h e  p r e v i o u s l y  more e x t e n s i v e  mussel  
beds  d i f f e r e n t i a t e d  o i l e d  s i tes  f rom c o n t r o l  s i t e s .  S i n c e  t h e r e  w e r e  no 
p r e - s p i l l  d a t a ,  t h e  evidence  w a s  n o t  c o n c l u s i v e  t:, u n e q u i v o c a l l y  
d e m o n s t r a t e  t h a t  t h e  n o t i c e a b l e  d i f f e r e n c e s  between c o n t r o l  and o i l e d  
si tes w e r e  a  r e s u l t  of o i l i n g .  However, m o r t a l i t i e s  o f  musse l s  w e r e  
r e c e n t ,  o i l  had been p r e s e n t  i n  l a r g e  amounts f o r  f i v e  months, and t h e  
d i f f e r e n c e s  between o i l e d  and c o n t r o l  s i t e s  c o r r e l a t e d  more c l o s e l y  to 
t h e  p r e s e n c e  of o i l  t han  t o  m e a s u r a b l e  d i f f e r e n c e s  i n  p h y s i c a l  f a c t o r s .  

A t  f i v e  months a  t h i c k  l a y e r  o f  mousse d e p o s i t e d  i n  t h e  lower 
i n t e r t i d a l  had n o t  d r i e d  o u t .  S t z a u g h a n  (1981)  s p e c u l a t e d  t h a t  
r e c o l o n i z a t i o n  of  t h e  l o v e r  s h o r e  s h o u l d  proceed a s  t h e  mousse d r i e d  ou t  
t o  form a  hard  a s p h a l t i c  s u b s t r a t u m  o r  a s  t h e  mousse degraded.  The 
p r e s e n c e  o f  a  b l a c k  l a y e r  o f  a s p h a l t  w a s  p r e d i c t e d  t o  have a s t r o n g  
e f f e c t  on z o n a t i o n  p a t t e r n s  due  t o  t h e  h e a t  r e t a i n i n g  p r o p e r - i e s  of t h e  
a s p h a l t .  

h r o  y e a r s  l a t e r  ( J a n u a r y  1977)  s e v e r a l  c o m p l i c a t i o n s  a f f e c t e d  
S t r a u g h a n ' s  a b i l i t y  t o  i n t e r p r e t  t h e  d a t a .  S e a  t e m p e r a t u r e  had 
i n c r e a s e d  by ZOc t h roughou t  t h e  a r e a  and o i l  from o t h e r  s o u r c e s  was 
p r e s e n t  on some o f  t h e  o r i g i n a l  s u r v e y  sites. The i n c r e a s e d  sea 
t e m p e r a t u r e  a p p a r e n t l y  produced an o v e r a l l  b i o t i c  change i n  t h e  a r e a .  
D e s p i t e  t h e s e  c o m p l i c a t i o n s  t w o  i m p o r t a n t  c o n c l u s i o n s  w e r e  drawn. I t  
was e v i d e n t  t h a t  l i t t l e  f a u n i s c i c  r ecovery  had o c c u r r e d  a t  t h e  h e a v i l y  
o i l e d  q u a d r a t s  a t  S i t e  I d e s p i t e  t h e  removal o f  some pe t ro leum.  
F a u n i s t i c  r e c o v e r y  had begun a t  a l l  o t h e r  o i l e d  s i tes  b u t  it w a s  s t i l l  
hampered by t h e  p resence  of p e t r o l e u m .  

3 .5 .2  Sa l tmarshes  

V e q e t a t i o n  i n  s a l t m a r s h e s  was i n i t i a l l y  damaged b u t  seemed t o  be 
r e c o v e r i n g  r a p i d l y  am av idenced  a t  f i v e  months p o e t - s p i l l  by  s h o o t s  
which pushed up thzough t h e  o i l .  The e v i d e n c e  i n  1977 shoved t h a t  
s a l t m a r s h  p l a n t s  a t  S i t e  I w e r e  n o t  do ing  w e l l ;  t h e r e  was a  c o n t i n u i n g  
" d e c r e a s e  of f l o r a '  a t  t h i s  s i t e  (S t raughan ,  1 9 8 1 ) .  F i v e  and a  h a l f  
y e a r s  later, v e r y  L i t t l e  o v e r a l l  r ecovery  o f  marsh v e q e t a t i o n  uas  
o b s e r v e d  (Cundlach e t  a l . ,  1 9 8 2 ) .  I n  t h e  h e a v i l y  o i l e d  a r e a  ( 1 8  
h e c t a r e s  i n  s i z e ) ,  almost  a l l  v e g e t a t i o n  waa dead.  Only Sa1icorni.p 
shoved aome 10 t o  30 cm of l a t e r a l  n w  growth d i r e c t l y  o v e r  t h e  o i l e d  
s u r f a c e .  Roots o f  t h e  p l a n t s ,  however, d i d  n o t  e x t e n d  i n t o  t h e  o i l .  
The same c o n d i t i o n  w a s  no ted  a t  t h e  M O C O  CADI2 s p i l l  s i te  a f t e r  t h e  
i n c i d e n t .  I n  a d d i t i o n  t o  18 h e c t a z e e  o f  heavy o i l i n g ,  23 h e c t a r e s  o f  
Suaeda v e g e t a t i o n  were k i l l e d  as t h e  o i l  f l o a t e d  i n  on  a h i g h  s p r i n g  
t i d e ,  o i l i n g  o n l y  t h e  v e g e t a t i o n  and n o t  t h e  s u b s t r a t e .  The k i l l e d  
v e q e t a t i o n  d i d  n o t  r ecover ;  however.  t h e  a r e a  s u p p o r t e d  new v e q e t a t i o n  



when observed 6 .5  y r  a f t e r  t h e  sp r l l .  Twelve y e a r s  a f t e r  t h e  r n c l d e n t ,  
Owens e t  a l .  (1987)  obse rved  a  1 t o  2 cm " l a t e x "  l a y e r  o v e r  t h e  marsh 
s u r f a c e .  Photographs  of t h e  marsh o n e  yea r  a f t e r  compared t o  6.5 y r  
a f t e r  t h e  s p i l l  show L i t t l e  change ( F i g u r e  3 . 7 ) .  

The HETUL.?, s i t e  p r o v i d e s  a good analogue t o  t h e  Alaska  s i t u a t i o n .  
C l i m a t e s  a r e  g e n e r a l l y  s i m i l a r ;  b o t h  are r e l a t i v e l y  c o o l ,  a l t h o u g h  t h e  
e a s t e r n  S t r a i t  o f  Magellan receives much less r a i n f a l l .  I n  C h i l e ,  
a s p h a l t  pavement, c r e a t e d  where mousse  mixed i n t o  c o a r s e  sed imen t s ,  t ook  
more t h a n  6 .5  y r  t o  degrade ,  even  i n  some moderately exposed l o c a t i o n s .  
I n  s h e l t e r e d  a r e a s ,  t h e  a s p h a l t  pavement p e r s i s t e d  g r e a t e r  t h a n  1 2 . 5  y r .  
I n  s h e l t e r e d  a r e a s ,  a .g .  Espora  Marsh,  where an a s p h a l t  pavement d i d  nor 
form, o i l  a l s o  degraded  e x t r e m e l y  s l o w l y .  Along t h e  upper  p o r t i o n  o f  
t h e  beaches ,  ( s i m i l a r  t o  where EXXON VALDEZ o i l  is m O s K  commonly f o u n d ) ,  
degraded  o i l  p e r s i s t e d  l o n g e r  t h a n  6 .5  y r  i n  zones where wave actLon was 
n o t  s u f f i c i e n t  t o  rework t h e  s e d i m e n t s .  

Evidence of a  v e r y  slow r e c o v e r y  o f  c o a s t a l  b i o l o g i c a l  communities 
was p rov ided  t h r o u g h  a  w e l l - d e s i g n e d  sampling procedure .  Sa l tmarsh  
damages were immedia te ly  n o t i c e d ,  b u t  some recovery  of some s a l t m a r s h  
p l a n t s  w a s  e v i d e n t  a t  f i v e  months.  These  p l a n t s  d i d  n o t  f a r e  w e l l .  
T h i s  s i t u a t i o n  s h o u l d  b e  compared t o  t h e  AMOCO CADIZ s p i l l  ( S e c t i o n  
4 . 0 ) ;  s e v e r a l  s a l t m a r s h e s  w e r e  e x t e n s i v e l y  o i l e d  and mass ive  c l eanup  
o p e r a t i o n s  worsened t h e  damage. I n  b o t h  cases  r ecovery  was v e r y  slow. 
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4 . 0  AMOCO CADIZ, BRITPANY, FRANCE (1978) 

4 . 1  INTRODUCTION 

The AMOCO CADIZ o i l  s p i l l  was t h e  l a r g e s t  s p i l l  e v e r  t o  a f f e c t  
c o a s t a l  w a t e r s .  A l t o g e t h e r ,  223,000 m e t r i c  t o n s  o f  l i g h t  Arabian  and 
l i g h t  I r a n i a n  c r u d e  o i l ,  p l u s  some 2000 t o n s  o f  Bunker C o i l  w e r e  
s p i l l e d  o f f  t h e  c o a s t  of B r i t t a n y  a f t e r  t h e  s h i p  grounded on 15 March 
1978. A f t e r  i n i t i a l  h e s i t a t i o n ,  F r a n c e  mobi l i zed  a  l a r g e - s c a l e  c l eanup  
u s i n g  t h e  m i l i t a r y  a s  w e l l  a s  l o c a l  h i r e s .  Because of e x c e l l e n t  c o a s t a l  
a c c e s s ,  most o i l e d  a r e a s  were t r e a t e d  i n  one form o r  a n o t h e r .  

The French s p i l l  remains  as  o n e  o f  t h e  most s t u d i e d  s p i l l s  i n  
h i s t o r y .  The s p i l l  o c c u r r e d  i n  t h e  immediate v i c i n i t y  o f  t h e  French 
governmenta l  oceanograph ic  i n s t i t u t e  (CNEXO, now c a l l e d  IFREMER) and t h e  
o l d e s t  mar ine  l a b o r a t o r y  ( R o s c o f f )  i n  Europe.  I n  a d d i t i o n ,  j o i n t  
p r o j e c t s  w e r e  u n d e r t a k e n  w i t h  s c i e n t i s t s  from t h e  Uni t ed  S t a t e s  under 
i n i t i a l  s u p p o r t  o f  NOAA and l a t e r  b y  t h e  J o i n t  Franco-American 
Commission funded by Amoco. Numerous o t h e r  s c i e n t i s t s  from many o t h e r  
n a t i o n s  a l s o  completed  s t u d i e s  o f  t h e  s p i l l  and i t s  e f f e c t s .  

P r i n c i p a l  r e f e r e n c e s  on  t h e  s p i l l ,  which p r i m a r i l y  c o n t a i n  summary 
p r o c e e d i n g s  o r  r e p o r t s ,  a r e  H e s s  ( 1 9 7 8 )  on  t h e  i n i t i a l  impac t s ,  Conan e t  
a l .  (1978)  and Spooner (1978)  on e f f e c t s  d u r i n g  t h e  f i r s t  t h r e e  t o  s r x  
months,  NOAA/CNEXO (1982)  on summary r e p o r t s  a f t e r  t h r e e  y e a r s ,  and 
Gundlach e t  a l .  (1983)  p r e s e n t i n g  a  s i n g l e  a r t i c l e  on i n i t i a l  and 
longer - t e rm ( t h r e e  y e a r s )  i m p a c t s .  O the r  r e p o r t s  on t h e  d i s t r i b u t i o n  of 
o i l  a r e  p rov ided  by CNEXO/IFP/IGN ( 1 9 7 8 ) ,  Berne and D 'Ozouv i l l e  ( 1 9 7 9 ) ,  
and D 'Ozouv i l l e  e t  a l .  ( 1 9 8 1 ) .  Hann e t  a l .  (1978)  p r o v i d e  a summary o f  
t h e  c l e a n u p  i n  terms o f  manpower a n d  methods by which t h e  o i l e d  m a t e r i a l  
was p r o c e s s e d .  A d d i t i o n a l  m a t e r i a l  on t h e  s p i l l  and i t s  e f f e c t s  was 
produced d u r i n g  t h e  AMOCO C A D I Z  t r i a l  i n  Chicago (1987-1988).  S p e c i f i c  
documents produced d u r i n g  l i t i g a t i o n  a r e  n o t  i n c l u d e d  i n  t h i s  r e p o r t ;  
however, o b s e r v a t i o n s  are p r e s e n t e d  which were made d u r i n g  French o r  
Amoco sponsored  f i e l d  s u r v e y s  u n d e r t a k e n  i n  1983-1986. 

4 . 2  CLIMATE AND COASTAL CONDITIONS 

The cl imate o f  B r i t t a n y  i s  t e m p e r a t e ,  s t r o n g l y  i n f l u e n c e d  by t h e  
Gulf St ream.  I n  comparison t o  t h e  U n i t e d  S t a t e s ,  it is  more 
c l i m a t i c a l l y  s i m i l a r  t o  t h e  W e s t  C o a s t  n e a r  Oregon o r  Washington t h a n  t o  
t h e  U.S. E a s t  C o a s t .  I t  has  c o o l  and w e t  w i n t e r s  and summers. Snow is  
u n u s u a l .  

The maritime climate o f  B r i t t a n y  i s  dominated by s to rms  g e n e r a t e d  
i n  t h e  North A t l a n t i c  which t r a c k  from w e s t  t o  east and p e r i o d i c a l l y  
c a u s e  v e r y  h i g h  winds  and seas a l o n g  t h e  c o a s t .  Waves o v e r  6  m a r e  
common d u r i n g  t h e s e  e v e n t s .  Dur ing  t h e  s p i l l  i n  March and A p r i l  1978, 
a t  leas t  t w o  s t o r m s  o f  t h i s  magn i tude  h i t  t h e  c o a s t .  L i k e  Alaska ,  n o t  
a l l  o f  B r i t t a n y  i s  exposed t o  s u c h  wave c o n d i t i o n s .  Many p a r t s  of t h e  
c o a s t  are e n t i r e l y  s h e l t e r e d  and showed t h e  l o n g e s t  p e r s i s t e n c e  of o i l .  
T i d e s  i n  B r i t t a n y  are 6 t o  9  m ,  comparab le  t o  A l a s k a ' s .  



Coastal Brittany is composed of bedrock headlands with high wave 
exposure, broad sand beaches similar to those of the Alaska Peninsula 
area, mud-dominated estuaries (not found in the Valdez spill area), 
seagrass meadows (Zostera marina)--also found in Alaska (Aood and 
Zimmerman, 1986), long stretches of mixed sand and gravel and cobble 
beaches, and scattered marshes. Many sites serve as possible EXXON 
VALDEZ analogues. 

4.3 INITIAL IMPACT AND CLEANUP 

Similar to Alaska, AMOCO CADIZ oil first concentrated in thick 
pools within few embayments and beaches affecting a limited amount of 
shoreline during the initial stages of the spill. Heavy oil pools 
(e.g., see photograph in Figure 4.1, top) were specifically mapped as 
covering 72 !un of shoreline during the first two weeks of the spill. In 
both France and Alaska, the pools of oil dispersed before being 
collected, spreading the oil in Lesser concentrations over a much 
greater area. In France, the total extent Of oiling increased to 320 km 
one month after the spill; however, the amount of oil onshore dropped 
from approximately 64,000 tons onshore to less than 15,000 tons. 

The mobilization of cleanup equipment and manpower at the AMOCO 

CADI2 spill site was slow. Large booms placed to protect the estuaries 
and the sensitive resource areas (e.g. a lobster hatchery and marine 
laboratory) were ineffective due to strong currents and the enormous 
quantity of oil. 

The next phase of response utilized "honey wagons" or small tanks 
towed by tractors to collect the oil. The honey wagons and some tank 
trucks collected oil directly from the water surface or from collection 
pits dug into the beach (Figure 4.1, bottom). Skimmers were rarely 
used. In some cases, oiled sand was removed by front-end loader. 

The third phase of cleanup utilized high-pressure flushing and 
physical manipulation of the shoreline after oil concentrations 
dissipated. The flushing activity used fire-hoses and, in selected 
instances, a perforated hose producing a constant flow. The 
manipulation of the shoreline included the moving of oiled gravel and 
cobbles into the surf zone, or lower onto the beach (the low-tide 
terrace) with the intention that they would be more exposed to wave 
action and natural cleansing (see photograph in Figure 4.2, top). In 
areas where sediments normally had high mobility, and where oily 
material was not placed below the active beach face, the sediments were 
successfully cleaned with no change in beach characteristics. However, 
in cases where material was placed on the low-tide terrace below the 
active beach face, sediment did not return to the beach face. 

Oiled material collected from the shore was housed in temporary, 
land-based storage pits and then transported to two centralized dump 
sites. The material was all treated with quick-lime for encapsulation 
and stabilization. The site was later covered over and is now part of 
the dock facilities in Brest and recreational tennis courts in 
Tregastel. 

























The f i n a l  s t a g e  o f  c l e a n u p  u s e d  hot -water ,  h i g h - p r e s s u r e  wands t o  
remove t h e  o i l  s t a i n  from t h e  r o c k s  a n d  s e a w a l l s ,  p a r t i c u l a r l y  i n  a r e a s  
of  h i g h - r e c r e a t i o n a l  u s e  (see p h o t o g r a p h  i n  F i g u r e  4 .2 ,  b o t t o m ) .  

A f t e r  t r e a t m e n t ,  minimal s h o r e l i n e  r e s t o r a t i o n  o c c u r r e d .  The 
o i l e d  marsh a t  I l e  Grande r e c e i v e d  t h e  most a t t e n t i o n  and l a r g e  a r e a s  
w e r e  r e p l a n t e d  a f t e r  t h e  a lmos t  t o t a l  d e s t r u c t i o n  o f  t h e  lower marsh.  
A t  o t h e r  s i tes where o i l y  m a t e r i a l  w a s  s t o r e d  on l a n d  i n  p i t s ,  o r  where 
a c c e s s  was c r e a t e d  t h r o u g h  a  dune f i e l d ,  t h e  s i t e  was c l e a n e d  up and 
r e p l a n t e d .  No r e s t o r a t i o n  of t h e  c o l l e c t i o n  p i t s  o c c u r r e d  s o  t h a t  o i l  
c o u l d  s t i l l  b e  found t h e r e  a t  l eas t  e i g h t  y e a r s  l a t e r  (see pho tographs  
i n  F i g u r e  4 . 3 ) .  Remnant s c a r s  f rom t h e  u s e  of heavy equipment on t h e  
s h o r e l i n e ,  s i m i l a r l y ,  were n o t  t r e a t e d  (see photograph i n  F i g u r e  4 . 4 ,  
t o p ;  and comparison from EXXON VALDEZ, F i g u r e  4.4, b o t t o m ) .  F i n a l l y , .  
t h e r e  was no a t t e m p t  made t o  r e s t o r e  a r e a s  where g r a v e l  was moved lower 
on  t h e  beach f a c e  b u t  had n o t  r e t u r n e d .  Claims a g a i n s t  Amoco f o r  
e r o s i o n  a s  w e l l  a s  f o r  a e s t h e t i c  i m p a c t s  were s u c c e s s f u l l y  made by t h e  
l o c a l  French governments long a f t e r  t h e  c l e a n u p  teams had d e p a r t e d .  

4 . 4  PERSISTENCE STUDIES 

S t u d i e s  of p e r s i s t e n c e  a t  t h e  AMOCO CADIZ s i t e  were compl ica ted  by 
t h e  T a n i o  o i l  s p i l l  of March 1980 (a lso  d i s c u s s e d  h e r e i n )  which impacted  
much o f  t h e  same B r i t t a n y  c o a s t .  A f t e r  a  h i a t u s  from rough ly  1981 t o  
1983,  a d d i t i o n a l  s t u d i e s  began when D r .  F i c h a u t  o f  B r i t t a n y ,  under  
c o n t r a c t  t o  t h e  French l i t i g a t i o n  t e a m ,  walked much of t h e  p r e v i o u s l y  
impac ted  s h o r e l i n e .  A d d i t i o n a l  f o l l a w u p  s t u d i e s  w e r e  under t aken  by 
F i c h a u t ,  Gundlach, and o t h e r s  i n  1 9 8 5  and 1986. R e s u l t s  o f  t h e  s t u d y  on 
marsh  r e c o v e r y  have been p u b l i s h e d  (Baca  e t  a l . ,  1 9 8 9 ) .  

4 . 4 . 1  Sand S h o r e l i n e s  

Impact of t h e  sand beaches  o f  B r i t t a n y  was fo l lowed  f o r  s e v e r a l  
y e a r s  a f t e r  t h e  s p i l l .  Along f i n e - s a n d  a r e a s ,  o i l  w a s  removed n a t u r a l l y  
by wave a c t i o n  i n  a  f a i r l y  r a p i d  manner .  I n  some c a s e s ,  o i l  was 
manua l ly  c o l l e c t e d  from t h e  beach b e c a u s e  of e a s y  a c c e s s  and t h e  a b i l i t y  
o f  t h e  s u b s t r a t e  t o  s u p p o r t  heavy v e h i c l e s .  On c o a r s e r  sand beaches ,  
n o r m a l l y  s t e e p e r  and s u b j e c t  t o  d e e p e r  o i l  b u r i a l ,  o i l  p e r s i s t e d  i n  many 
a r e a s  a s  s u b s u r f a c e  o i l  l a y e r s  f o r  a t  l e a s t  n i n e  months a f t e r  t h e  s p i l l  
u n t i l  s to rm waves reworked t h e  b e a c h .  A t  a  v e r y  l i m i t e d  number o f  
b e a c h e s  t h a t  were n o t  n a t u r a l l y  r eworked ,  it a p p e a r s  t h a t  AMOCO CADIZ 
o i l  may have p e r s i s t e d  f o r  a t  least e i g h t  y e a r s  a s  degraded o i l  w i t h i n  
t h e  beach.  

4 . 4 . 2  Rockv Shores  

Along rocky s h o r e s  exposed t o  modera te  t o  h i g h  wave a c t i o n ,  o i l  
p e r s i s t e n c e  was g e n e r a l l y  v e r y  s h o r t ,  o n  t h e  o r d e r  o f  weeks, a t  t h e  
AMOCO CADIZ site. However, i n  a l i m i t e d  number o f  exposed a r e a s  t h a t  
c o n t a i n  s m a l l  m i c r o h a b i t a t s  s h e l t e r e d  from d i r e c t  wave a c t i o n ,  such  a s  
b e h i n d  b o u l d e r s  o r  i n  s h e l t e r e d  c l e f t s  i n  t h e  r o c k ,  o i l  p e r s i s t e d  a s  an  
a s p h a l t  c r u e t  f o r  s e v e r a l  y e a r s .  Along rocky s h o r e s  w i t h i n  q u i e s c e n t  
embayments, a s p h a l t  c r u s t  formed where  o i l  s e t t l e d  between t h e  r o c k s  and 
was n o t  t r e a t e d  d u r i n g  c l eanup .  



4 .4 .3  Mixed Sand a n d / o r  Grave l  S h o r e l i n e s  

These  s h o r e l i n e s  v a r y i n g  up t o  c o b b l e - s i z e d  were e x t e n s i v e l y  
t r e a t e d  by h i g h - p r e s s u r e  f l u s h i n g  a n d / o r  p h y s i c a l  m a n i p u l a t i o n .  ~ n  
boulder-dominated  a r e a s ,  e i t h e r  t h e  s u r f a c e  was s p r a y - c l e a n e d  w i t h  h o t  
w a t e r  o r  t h e  s i t e  was l e f t  t o  r e c o v e r  n a t u r a l l y .  In  a r e a s  where e i t h e r  
c l e a n u p  o r  n a t u r a l  wave a c t i o n  removed t h e  m a j o r i t y  of t h e  o i l ,  o i l  
s t a i n  and t a r  c o u l d  be found on t h e  r o c k s  f o r  a t  l e a s t  two y e a r s ,  and 
l o n g e r  i n  c e r t a i n  s i t e s .  L i q u i d  or f r e e  o i l  was n o t  e v i d e n t .  I n  a r e a s  
t h a t  o i l  w a s  l e f t  t o  remain on  t h e  s h o r e  wi thou t  t r e a t m e n t  and away from 
p h y s i c a l  r ework ing ,  a s p h a l t  c r u s t  fo rmed .  As suppor ted  by t h e  ARROW and 
METULA s t u d i e s ,  t h i s  c r u s t  i s  l i k e l y  t o  b e  found a long  c e r t a i n  s h o r e s  i n  
B r i t t a n y  t o d a y .  

4 .4 .4  T i d a l  F l a t s  

The l a r g e  t i d a l  r ange  i n  B r i t t a n y  exposed numerous f l a c s  o f  mud, 
sand and sandy g r a v e l ,  t o  AMOCO CADIZ o i l .  Some of t h e  f l a t s  n e a r  
Roscoff  a r e  covered  by t h e  s e a g r a s s  2. marina  (denHar tog and J a c o b s ,  
1 9 8 0 ) .  ~ u d - d o m i n a t e d  f l a t s  showed t h e  l o n g e s t  p e r s i s t e n c e  o f  o i l  
( p r o b a b l y  c o n t i n u i n g  u n t i l  t o d a y ) ,  b u t  a r e  uncommon i n  t h e  EXXON VALDEZ 
s p i l l  s i te .  Sandy and sandy g r a v e l  f l a t s  a r e  most common i n  B r i t t a n y .  
I n  t h e s e  a r e a s  where c l eanup  was u n d e r t a k e n  ( u s i n g  heavy equipment and 
open p i t s  t o  c o l l e c t  t h e  o i l ) ,  s u r f a c e  con tamina t ion  was r educed  b u t  o i l  
was also mixed d e e p e r  i n t o  t h e  s e d i m e n t s .  O i l  remained p r e s e n t  w i t h i n  
t h e  s e d i m e n t s  a s  l i q u i d  o i l  f o r  more  t h a n  two y e a r s  a t  many l o c a t i o n s  
(Gundlach e t  a l . ,  1 9 8 3 ) .  Fol lowup s t u d i e s  by F i c h a u t  ( u n p u b l i s h e d )  
i n d i c a t e d  t h a t  t h e  l i q u i d  o i l  r e m a i n i n g  i n  t i d a l  f l a t s  was f a i r l y  
e x t e n s i v e  t h r o u g h o u t  t h e  s p i l l  s i t e ,  a l t h o u g h  by 1985 and 1986,  it had 
been reduced  t o  i s o l a t e d  p o c k e t s ,  p r i m a r i l y  l o c a t e d  i n  a r e a s  where 
c l e a n u p  t r e n c h e s  o r  p i t s  w e r e  u s e d .  On t h e  c o a r s e r - g r a i n e d  f l a t s  
composed o f  sandy g r a v e l ,  a s p h a l t  pavement p e r s i s t e d  f o r  a t  l e a s t  e i g h t  
y e a r s  where o i l  s e t t l e d  i n t o  t h e  s e d i m e n t s .  Photographs  of an  o i l  
d e g r a d a t i o n  sequence  w i t h i n  P o r t s a l l  Harbor a r e  i n c l u d e d  i n  F i g u r e  4 .5 .  

4 .4 .5  Marshes 

A s  i n d i c a t e d  by Baca e t  a l .  ( 1 9 8 9 ) ,  s e v e r a l  t y p e s  o f  marshes  w e r e  
impac ted  by AMOCO CADIZ  o i l .  The marsh  a t  I le  Grande was most a f f e c t e d ,  
f i r s t  by t h e  o i l i n g  which w a s  several c e n t i m e t e r s  t h i c k  o v e r  t h e  e n t i r e  
s u r f a c e ,  and t h e n  by t h e  c l e a n u p  which u t i l i z e d  heavy equipment and 
e x c e s s i v e  hand- labor .  A f t e r  e i g h t  y e a r s ,  n e a r l y  f u l l  r e c o v e r y  o f  marsh 
v e g e t a t i o n  was obse rved ,  a l t h o u g h  remnan t s  of b o t h  t h e  o i l  and c l e a n u p  
w e r e  v i s i b l e .  I n  two o t h e r  l o c a l i t i e s ,  t h e  o i l e d  marsh s u r f a c e  ( b u t  n o t  
t h e  u n d e r l y i n g  f i n e - g r a i n e d  s u b s t r a t e )  was removed and had grown back 
a g a i n .  I n  s i tes where o i l i n g  w a s  g e n e r a l l y  l i g h t e r ,  o i l i n g  o n l y  t h e  
s u r f a c e  o f  t h e  v e g e t a t i o n ,  t h e  marsh  r e c o v e r e d  a f t e r  s e v e r a l  y e a r s ,  
a l t h o u g h  t h i c k e r  c o n c e n t r a t i o n s  w i t h i n  t h e  marsh v e g e t a t i o n  a s p h a l t i z e d .  
I n  marshes  where mousse p a t t i e s  s t r a n d e d  between t h e  g r a s s e s  a l o n g  t h e  
marsh f r i n g e ,  t h e  p a t t i e s  t u r n e d  t o  a n  a s p h a l t  c r u s t  o v e r  t i m e ,  b u t  d i d  
n o t  d i s a p p e a r .  



4.5 BIOLOGICAL IMPACT AND RECOVERY 

aiological impacts of the AMOCO CADIZ oil spill are described in 
st.~dies of habitats similar to those found in Prince William Sound (iiood 
and Zimmerman, 1986). Tidal flats, rocky headlands, gravel and rock 
strewn beaches, muddy and sand beaches in sheltered bays, and 
saltmarshes were oiled by the AMOCO CADIZ spill. The immediate 
biological impacts of the spill on these habitats were reported by Cross 
et al. (1978), Hyland (1978), Chasse (1978), and Dauvin (1982). Longer 
term ecological studies which began soon after the spill and extended 
for periods of up to 12 yr include Gundlach et al. (1981), Vandermeulen 
(1981), Dauvin (1982), Baca and Lankford (1987), Gorbault (1987), and 
Bodin (1988). Brief descriptions of the reported effects of the spill 
on each of these habitat types are provided in Table 4.1. 

4.5.1 Tidal Flats and aeaches 

Tidal flats in the area affected by AMOCO CADIZ oil suffered 
varying degrees of biological impact which seemed to be primarily 
dependent on wave energy (Gundlach, 1981). Oil had little impact on 
exposed low-tide terraces where it rapidly flowed over the compact sand 
surfaces. In a more depositional environment (St. Michel-en-Greve), oil 
killed much of the infaunal community. This impact was partially due to 
the presence of dispersed oil in the water column. The severity of the 
ecological impact at other sites (at three months post-spill) was 
related to the amount of oil (Table 4.2). 

Studies of the effects of oil on Zostera marina meadows are of 
interest here because they describe the effects of oiling on several 
ecological guilds. Two long-term studies of the seagrass-covered tidal 
flats began in October 1977 (six months prior to the AMOCO CADIZ spill). 
Oil reached the Roscoff grassbeds on 20 March 1978. A study of the 
benthic infauna (Jacobs, 1980), which lasted until April 1979, indicated 
that various faunal groups responded differently due to their feeding 
habits and location in or above the sediment surface. Polychaetes 
living below the sediment surface within the thick mat of seagrass 
roots and rhizomes were not strongly affected because oil could not mix 
with the root-bound sediments. Their populations recovered rapidly. 
Filter feeding infauna and those species which inhabit the sediment 
surface were most strongly affected. Echinoderms and small crustaceans 
almost completely disappeared but populations of many species, with the 
exception of amphipod species, recovered within one year. only 
short-term effects on the seagrass plants could be detected. This study 
is important because it describes the most comprehensive post-spill 
research on the effects of AMOCO CADIZ oil on intertidal and just 
subtidal ecological communities. 

A second study of tidal flat communitFes, the epifauna of 
seagrass beds (den Hartog and Jacobs, 1980), deals with the animals 
which live above the sediment surface. This fraction of the total 
seagrass community is less likely to be similar to tidal flat 
communities in Prince William Sound. However the epifaunal study does 
support the infaunal study in that filter feeders were most strongly 
affected and had not completely recovered after one year. 
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Table 4.1. (Continued) 

Reference Studies Habitat Dates Observat ions 

den Hartog and Jacobs 
(1980) 

Dauvin (1980) 

Gundlach et al. (1981) 

Vandermeulen et al. 
(1981) 

Seneca and Broome 
( 1982 ) 

Seagrass epifauna Oct 1977- 

Sublittoral 

Rocky shores 

Gravel beaches 

Tidal flats 

Saltmarsh 

Saltmarsh 

Apr 1979 

Aug 1977- 
Aug 1980 

May-Jun 

1981 

1978-1980 

1979-1981 

A very diverse assemblage of Amphipoda 
disappeared; replaced by two species. Some 
species recovered rapidly, but most 
filter-feeders did not. 

Population explosions of highly opportunistic 
species were documented; detritivorous 
polychaetes increased dramatically in abundance. 
This did not happen at a second, less 
chronically-polluted site. 

Fucus rapidly recolonized heavily oiled areae: 
areas dominated by Ascophyllum nodosum showed 
less recovery. 

No biological impact reported. 

Postulated strong effect on infaunal community; 
the polychaete Arenicola common after the spill. 

Removal of surface sediments and deepening of 
drainage channels greatly increased erosion 
rates; effects could be countered by replanting 
vegetation or damming the marsh. 

Methods of marsh restoration tried aL Ile Grande 
are described; success varied with species and 
transplantation method. 



Table 4.1. (Continued) 

- 

Reference Studies Habitat Dates Observations 

Gourbault (1987) Subtidal 1978-1984 Effects on nematode assemblages most noticeable 
at the shallowest upstream site; effects still 
detectable until four years after the spill. 
Difficult to detect effects at deeper sites 
against normal background variation. 

Bodin (1988) Beaches 1978-1984 Meiofaunal communities initially degenerated 
large decreases in density and diversity. 
Recovery began after the turning point year of 
1981; the length of the recovery period was 
dependent on functional group memberships. 

Baca et al. (1989) Saltmarsh 1978-1986 Chronology of Ile Grande marsh work from 1978 
through 1983; marsh recovery occurred within 
4 to 5 years and may have been delayed by 
cleanup activities, a delay of 20-25%; 
recommends low-level cleanup and artificial 
planting; canal and dike construction should be 
avoided, if not avoided then damage should be 
repaired following cleanup; overall emphasis 
should be on protective measures. 



Table 4.2. Summary of ecological effects 3 months after the AMOCO CADIZ 
spill on a heavily and o n  a lightly oilel locality. 

Percentage Survival 

Pollut~on Intensity 

Portsall 
+++ Plouguerneac 
+++ ++ 

Algae on rocks 9 0 
Barnacles 100 
Herbivores (limpets and winkles) 8 
Meiofauna on algae >SO0 
Meiofauna in sand 12 
Macrofauna in sand 4 0 



Cross et al. (1978) reported strandings of millions of dead heart 
urchins (Echinocardium cordatum) and hundreds of thousands of razor 
clams (w silisua and Pharus leuurnen), cockles, small surf clams 
(Mactra cinerea), and worms on beaches near St. Efflam on April 12, 
1977. Other less abundant species found dead on the beach included 
mussels (Mvtilus edulis), small clams (Veneru~is decussata, 

pullastra, Tellina tenuis, and Lutraria lutraria). A majority of the 
animals found stranded on the beach at St. Efflam were bivalves and most 
bivalves are filter feeders. A slight delay in the die-offs after the 
spill was attributed to one of two possibilities: either 1) massive 
amounts of oil were trapped by the coastline and water soluble 
hydrocarbon fractions from this oil took a few days to reach toxic 
levels or 2) dispersed oil (from dispersant use in offshore areas) 
reached the bay and accelerated the dissolution and altered the vertical 
distribution of the oil. The animals listed above were kllled when oil 
reached the bottom. Most effects were due to oil alone since they were 
observed in areas where no detergents were found (Teal and Howarth, 
1984). 

By April 30 clean-up crews, waves, and tidal currents removed most 
evidence of these massive shallow-water die-offs from the beach. Live 
Tellina tenuis, which had been abundant in the intertidal zone at St. 
Efflam, also became difficult to find. 

Chasse (cited in Conan, 1982) estimated that delayed mortality 
effects on sand and mud biota were substantial. At the St. Efflam 
beach, T .  fabula began to disappear from the intertidal zone a few 
months after the spill. As of 1982 it was completely restricted to the 
subtidal. A second example of delayed effects was due to a reduction in 
fecundity of plaice (a bottom fish) in the Aber-Benoit. Records of 
plaice fecundity from previous years and control sites were used in this 
comparison. 

Longer-term ecological changes have occurred in certain areas. 
Recruitment of bivalve species, including 2. fabula has been highly 
variable from year to year since the spill. This lack of stability was 
attributed to an unstable age distribution in the parental populations. 
Certain oil-resistant or opportunistic species (Teal and Howarth, 1984) 
have replaced the normal benthic assemblages in several oil-affected 
areas. Capittelid and cirratulid polychaetes, Ne~htvs homberai (a 
polychaete), and Amwlisca sarsii have replaced declining faunas in 
several oil-affected areas. 

Impact reports based on a single or a few post-spill collection 
dates cannot provide an adequate picture of the consequences of a large 
spill. Long term, very gradual changes may produce lasting alterations 
in species composition. 

4.5.2 Rockv Shorelines 

The most exposed rocky shores (and their associated biota) of the 
Brittany coast were protected from oil by reflected waves. On sheltered 
rocky shorelines Fucue was initially killed by cleanup operations and by 
direct contact with oil in contaminated tidal pools. The most severe 



and lasting damage was to fucoid populations growing on rocky shorelines 
near the saltmarsh at Ile Grande. This marsh was heavily oiled and was 
subjected to massive cleanup operations. CeSpite these attempts at oil 
removal much oil remained in the marsh and continued to reoil rocky 
shore algal populations through August 1979. At Ile Grand, cleanup 
included the cutting away of oiled plants and the use of high pressure 
hoses with some infrequent use of detergents (Topinka and Tucker, 1981). 
Other heavily oiled fucoids underwent gradual mechanical weakening and 
were eventually lost. Some very heavily oiled fucoids were not lost. 
Ascophvllum was killed. 

Despite continued re-oiling of the Ile Grande rocky shoreline, 
there were some initial signs of recovery by August 1979, in that all 
major fucoid species showed signs of being reproductively mature. 
Fucoid germlings were also found in the area. The presence of 
developing, mature, and spent reproductive tissues in adult plants and 
the presence of young plants was considered to be a very useful measure 
of recolonization potential. 

Cross et al. (1978) reported a nearly complete die-off of limpets 
and periwinkles (both grazers of rnicroalgae) immediately inshore of the 
wreck site. Oiled limpets in other areas survived by moving to unoiled 
rock surfaces. Mortalities of most animals occurred over a two-month 
period following the wreck. Some of the mortality on rocky shores was 
directly attributable to clean up activities. Steam and 
pressure-cleaned rocky shorelines at Meis-Vran lost their typical 
molluscan fauna. Limpets, in the low intertidal on these same rocks, 
survived beneath algae attached to the rocks. 

Fauna living beneath boulders was greatly affected. Amphipods 
vanished and few isopods and crabs (Carcinus maenas) were left. 
Subtidal populations of ascidians, sponges, hydroids, crustaceans, and 
sea stars were in good shape. 

4.5.3 Saltmarshes 

The Ile Grande saltmarsh was very heavily oiled because it lay 
directly in the path of oil slicks which moved to the east along the 
north Brittany coastline. Slicks entered the marsh continuously during 
the first month after the wreck. Most of the marsh was covered by oil 
to depths of 5 to 20 cm and, in some areas, pools of oil reached depths 
of 50 cm (Vandermeulen et al., 1981). 

Heavy machinery was used to remove the oil because it was 
considered futile to attempt to use other cleanup methods on this marsh. 
Much of the marsh vegetation and underlying sediments were removed. 
This changed the marsh profile, increased current velocities in some 
sections, and caused severe erosion of marsh sediments. 

Seneca and Broome (1982) planted five species of marsh plants in 
an attempt to rehabilitate the severely damaged Ile Grande marsh. The 
success of their efforts varied with species and with elevations in the 
marsh. Baca et al. (1987) revisited this marsh in 1985 and 1986. Their 
data suggested that marshes had completely recovered in some areas and 



w e r e  on t h e i r  way t o  r e c o v e r y  i n  o t h e r  l o c a t i o n s .  Marshes which 
underwent t h e  c l e a n u p  p r o c e d u r e  d e s c r i b e d  above recovered  more s lowly  
t h a n  t h o s e  which w e r e  n o t  c l e a n e d  a t  a l l .  S i g n i f i c a n t  r e v e g e t a t i o n  
t h r o u g h  n a t u r a l  p r o c e s s e s  o c c u r r e d  a f t e r  f i v e  y e a r s  a t  a  marsh whici-. had 
n o t  been c l e a n e d .  The s i t e  of t h e  h e a v i l y  o i l e d  and c leaned  marsh a t  
I le  Grande was judged t o  be c o m p l e t e l y  r e s t o r e d  a t  seven t o  e i g h t  y e a r s  
a f t e r  t h e  s p i l l .  These  d i f f e r e n c e s  w e r e  a l s o  a t  l e a s t  p a r t i a l l y  
a t t r i b u t a b l e  t o  d i f f e r e n c e s  i n  i n i t i a l  impac t s .  The impact of o i l  on 
marsh a n n u a l s  and p e r e n n i a l s  and t h e  sequence  o f  r e c o l o n i z a t i o n  by t h e s e  
p l a n t s  v a r i e d  from s i t e  t o  s i te .  

4 . 6  SUMMARY 

The MOCO CADIZ p r o v i d e s  a  w e a l t h  of i n f o r m a t i o n  concern ing  t h e  
e f f e c t s  o f  c e r t a i n  c l e a n u p  o p e r a t i o n s  and t h e  p e r s i s t e n c e  of o i l .  
During t h e  f i r s t  months of t h e  s p i l l  ( f r o m  A p r i l  t o  J u n e ) ,  t h e  French 
c l e a n u p  was a g g r e s s i v e  a t  removing t h e  o i l ,  f r e q u e n t l y  d i g g i n g  
c o l l e c t i o n  p i t s  and p h y s i c a l l y  m a n i p u l a t i n g  t h e  beaches .  However, 
n e i t h e r  a  fo l lowup  t r e a t m e n t  program t o  d e a l  w i t h  problem a r e a s  and 
a s p h a l t  f o r m a t i o n ,  n o r  a  r e s t o r a t i o n  program t o  r e t u r n  t h e  beach t o  i t s  
normal c o n d i t i o n  was under t aken  a f t e r  t h e  m a j o r i t y  o f  t h e  o i l  was 
removed. A s  a  r e s u l t ,  l i q u i d  o i l  r emained  i n  c l e a n u p  t r e n c h e s  and i n  
i s o l a t e d  p o c k e t s ,  and a s p h a l t  c r u s t s  were  f a i r l y  common, many y e a r s  
a f t e r  t h e  i n c i d e n t .  

A f t e r  t h r e e  y e a r s ,  a s p h a l t  pavement u s u a l l y  2 t o  4 cm t h i c k  was 
t h e  most v i s i b l e  remnant of t h e  s p i l l .  L iqu id  o i l  w i t h i n  t h e  sed imen t s  
was much less common, and was p r i m a r i l y  r e s t r i c t e d  t o  c l e a n u p  t r e n c h e s ,  
t i d a l  f l a t s ,  and f i n e - g r a i n e d  s e d i m e n t s .  Remnants o f  AMOCO C A D I Z  o i l  
were n o t  commonly found  a long  g r a v e l  berms o r  i n  t h e  upper i n t e r t i d a l  
zone a s  o c c u r r e d  i n  C h i l e ,  p e r h a p s  r e f l e c t i v e  o f  t h e  combined e f f e c t s  o f  
t h e  c l e a n u p  o p e r a t i o n ,  h igh  wave c o n d i t i o n s ,  and t h e  t y p e  of o i l .  

The AMOCO CADIZ enab led  some s i m p l e  d e g r a d a t i o n  r a t e s  t o  be 
de te rmined  (Gundlach e t  a l . ,  1 9 8 2 ) .  F i g u r e  4 .6  p r e s e n t s  t h i s  
i n f o r m a t i o n  g r a p h i c a l l y  showing t h e  loss o f  o i l  w i t h i n  d i f f e r e n t  
env i ronmenta l  components.  A s  i n d i c a t e d ,  t h e  w a t e r  column showed t h e  
most r a p i d  l o s s  o f  o i l ,  o c c u r r i n g  w i t h i n  t h r e e  t o  f o u r  months. S u b t i d a l  
s e d i m e n t s  showed a g r a d u a l  d e c l i n e  o v e r  a  two-year p e r i o d  e x c e p t  i n  
s h e l t e r e d ,  mud-dominated a r e a s  (Abers) where l o s s e s  were much s lower .  
On t h e  s h o r e l i n e ,  t h e  tonnage  of o i l  dropped v e r y  r a p i d l y  w i t h i n  t h e  
f i r s t  months, and t h e n  descended much more s l o w l y .  While t h e  amount o f  
o i l  dropped f a i r l y  r a p i d l y ,  t h e  a c t u a l  d i s t a n c e  a l o n g  t h e  s h o r e  which 
a p p e a r e d  o i l e d  d ropped  much more s l o w l y .  F i g u r e  4 . 7  shows t h i s  d e c l i n e  
p r e s e n t i n g  s h o r e l i n e  o i l i n g  f o r  t h e  f i r s t  two y e a r s ,  d i v i d e d  i n t o  
h e a v i l y  o i l e d ,  and l i g h t - t o - m o d e r a t e l y  o i l e d  c a t e g o r i e s .  The o c c u r r e n c e  
o f  t h e  TAN10 s p i l l ,  d i s c u s s e d  l a t e r ,  i n  March of 1980 p r e v e n t e d  
comple t ing  t h e  c u r v e  beyond two y e a r s .  

B i o l o g i c a l  i m p a c t s  of t h e  AMOCO CADIZ s p i l l  have v a r i e d  between 
s p e c i e s ,  between h a b i t a t  t y p e s ,  and among sites w i t h i n  s p e c i f i c  h a b i t a t  
t y p e s .  Cleanup o p e r a t i o n  a i d e d  r e c o v e r y  i n  some s i t u a t i o n s  and d e l a y e d  
it i n  o t h e r s .  I n  t h e  c a s e  o f  t h e  I le  Grande s a l t m a r s h ,  c l e a n u p  
o p e r a t i o n s  d e l a y e d  marsh r e c o v e r y  and i n c r e a s e d  t h e  f r equency  a t  which 







nearby rocky shores were reoiled. High pressure water and steam 
cleaning on rocky shorelines initially killed much of the rock crevice 
fauna but it is not known if the cleaning process aided long-term 
recovery by removing persistent oil. 

A general problem with most post-spill studies is that most have 
been quite selective and limited in scope. It is very "likely that the 
presently known effects (of spills and of post-spill cleanup operations) 
are representative of a wider range that has occurred but which has not 
been detected" (Teal and Howarth, 1984). 
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5.0 BIOS EXPERIMENT SITE, EAFPIN ISLAND, CANADA (1980-1982) 

5 . 1  INTRODUCTION 

The Canadian-sponsored BIOS ( B a f f i n  I s l a n d  O i l  S p i l l )  e x p e r i m e n t a l  
o i l i n g  s i t e  on Cape H a t t ,  North W e s t  T e r r i t o r i e s ,  o f f e r s  some v e r y  
a p p r o p r i a t e  ana logues  t o  t h e  A l a s k a n  s p i l l  s i t e .  The 810s  s i t e  was 
c h e m i c a l l y  and v i s u a l l y  e v a l u a t e d  o v e r  many y e a r s  p r o v i d i n g  a  b a s i s  f o r  
long- term compar isons  t o  t h e  EXXON VALDEZ o i l  s p i l l .  Although l i m i t e d  
a n a l y s i s  of t h e  BIOS s t u d y  s i tes  i s  c o n t i n u i n g ,  t h i s  r e p o r t  f o c u s e s  on 
t h e  f i r s t  t h r e e  t o  f i v e  y e a r s  a f t e r  o i l  was p l a c e d  down. A summary 
volume concern ing  t h e  program was p r e p a r e d  by Sergy ( 1 9 8 7 ) .  The p r imary  
m a t e r i a l  r e l a t i v e  t o  o i l  p e r s i s t e n c e  was o b t a i n e d  from Owens e t  a l .  
( 1 9 8 4 ) ,  Owens e t  a l .  ( 1 9 8 7 ) ,  and Owens e t  a l .  (1990,  ? r e - p u b l i c a t i o n ) .  

5.2 SITE CONDITIONS 

The exper imen t s  a t  t h e  B a f f i n  I s l a n d  s p i l l  s i t e  c o n s i s t e d  o f  a  
s e r i e s  o f  exposed and s h e l t e r e d  i n t e r t i d a l  a s  w e l l  a s  backshore  s i t e s  
where emuls ion  and c r u d e  o i l s  w e r e  a r t i f i c i a l l y  a p p l i e d  i n  1980,  1981,  
and 1982.  A map showing t h e  s p i l l  l o c a t i o n  is  p r e s e n t e d  i n  F i g u r e  5 .1  

Sediment types a t  t h e  BIOS s i t e  a r e  mixed sand and g r a v e l ,  
comparable  t o  many Alaskan s h o r e l i n e s ,  p a r t i c u l a r l y  d e p o s i t i o n a l  a r e a s  
( e . g . ,  s p i t s ,  g l a c i a l  beaches ,  a n d  some s h e l t e r e d  a r e a s ) .  There  i s  
l i t t l e  t o  no comparison between t h e  s i t e  and t h e  exposed,  v e r y  c o a r s e  
( b o u l d e r ,  c o b b l e )  beaches  o f  Alaska .  

Exposure  t o  wave a c t i o n  v a r i e s ,  b u t  i s  g e n e r a l l y  modera te  t o  low, 
s i m i l a r  t o  P r i n c e  Wi l l i am Sound a n d  o t h e r  a r e a s  w i t h i n  ernbayrnents. I t  
i s  n o t  comparable  t o  t h e  h igh-energy c o n d i t i o n s  o f  t h e  open Gulf o f  
Alaska  o r  S h e l i k o f  S t r a i t  r e g i o n s .  The c l i m a t e  i s  c o l d e r  and more i c e  
dominated .  The open-water season  i a  approx imate ly  t h r e e  months. 

5 . 3  EXPERIMENTAL AND CONTROL PLOTS 

5 . 3 . 1  Above I n t e r t i d a l  Zone O i l i n a  ( C o n t r o l  P l o t s ,  19801 

O i l  p l a c e d  above t h e  i n t e r t i d a l  zone i n  1980 (Bay 102 H I ,  H2) 
showed r e l a t i v e l y  l i t t l e  v i s u a l  r emova l  from 1983 t o  1985. The p l o t s  
c o n t i n u e d  t o  have a d a r k ,  w e a t h e r e d - o i l  s u r f a c e ,  w i t h  b l a c k ,  o i l e d  
sed imen t  benea th  t h e  s u r f a c e .  However, chemical  d a t a  t a k e n  th roughou t  
t h e  t i m e  p e r i o d  i n d i c a t e  a  s u b s t a n t i a l  r e d u c t i o n  had t a k e n  p l a c e  d u r i n g  
t h e  f i r s t  t h r e e  y e a r a  a f t e r  p l acement .  The p l o t  i n  F i g u r e  5.2 of o i l  
r emain ing  based  on  Owens e t  a l .  (1984 ,  T a b l e  2 . 2 )  i l l u s t r a t e s  t h i s  
t r e n d .  The r e a s o n  f o r  t h e  r e d u c t i o n  is n o t  ana lyzed ,  b u t  was c o n s i d e r e d  
as p o s s i b l y  d u e  t o  l e a c h i n g .  

5 . 3 . 2  Low-enerav I n t e r t i d a l  O i l i n a  f1980L 

While t h e  s t u d y  o f  l a n d  o i l i n g  (above  t h e  i n t e r t i d a l  zone) has  
o n l y  l i m i t e d  e x t r a p o l a t i o n  t o  t h e  EXXON VALDEZ, t h e  e v a l u a t i o n  of 
low-energy, i n t e r t i d a l  o i l e d  p l o t s  i s  e s p e c i a l l y  r e l e v a n t .  The BIOS 
s t u d y  u t i l i z e d  t w o  small p l o t s  i n  1980 (Bay 103 L1, L 2 ) ,  one w i t h  aged 







c r u d e ,  t h e  o t h e r  w i t h  e m u l s i f i e d  o i l ,  i n  a  s h e l t e r e d  i n t e r t i d a l  a r e a .  
By 1982,  t h e  e m u l s i f i e d  p l o t  showed v e r y  l i t t l e  o i l  r emain ing .  On t h e  
aged c rude  p l o t ,  a  minor amount o f  o i l  remained a f t e r  t h r e e  y e a r s ,  and 
l e s s  s o  i n  1985. Chemical  a n a l y s e s ,  a l t h o u g h  showing normal 
v a r i a b i l i t y ,  s u p p o r t  t h e  v i s u a l  o b s e r v a t i o n s .  

In  1981, a  f a i r l y  l a r g e  i n t e r t i d a l  a r e a  (Bay 11 i n  Ragged Chance l )  
was o i l e d  a s  p a r t  o f  t h e  t e s t  p r o c e d u r e  t o  de te rmine  n a t u r a l  o i l  
d e g r a d a t i o n  w i t h i n  a  s h e l t e r e d ,  mixed sand  and g r a v e l  beach.  The s i t e  
was approx imate ly  300 m l o n g  and 3 2  rn wide and doused w i t h  30 bb l  o f  
Lago medio c rude  o i l  (Se rgy  and B l a c k a l l ,  1 9 8 7 ) .  Sediments  were f u l l y  
s a t u r a t e d .  R e s u l t s  o v e r  f o u r  y e a r s  o f  s t u d y  (1981-1985) i n d i c a t e  t h a t  a  
s u b s t a n t i a l  p a r t  o f  t h e  o i l  remained w i t h i n  t h e  environment ,  a f t e r  an  
i n i t i a l  d r o p  of a p p r o x i m a t e l y  50% d u r i n g  t h e  f i r s t  two y e a r s ,  based on 
o i l e d  s u r f a c e  c o v e r a g e .  S u r f a c e  c o v e r a g e  commonly o v e r p r e d i c t s  t h e  
amount of o i l  r emain ing .  Owens e t  a l .  (1990,  p r e - p u b l i c a t i o n )  i n d i c a t e s  
t h a t  t h e  o i l  volume remain ing  had d ropped  t o  28% of t h e  o r i g i n a l  amount 
by 1983.  S u b s u r f a c e  o i l i n g  showed l i t t l e  change i n  mean c o n c e n t r a t i o n  
(900  mg/kg t o  631 mg/kg) o v e r  f o u r  y e a r s .  

I n  summary, t h e s e  BIOS c o n t r o l  s i t e  r e s u l t s  show t y p i c a l  
v a r i a b i l i t y  a t  a  r e a l  s p i l l  s i t e .  A t  t h e  smal l  t e s t  p l o t s  a t  Bay 103,  
o n l y  minor amounts o f  o i l  remained a f t e r  t h r e e  y e a r s  and less a f t e r  f i v e  
y e a r s .  A t  t h e  e m u l s i f i e d  o i l  t e s t  s i t e ,  o i l  was removed a f t e r  two 
y e a r s .  A t  t h e  l a r g e r  c o n t r o l  s i te  i n  Bay 1 1  i n  Ragged Channel o i l ,  
remained e v i d e n t  a f t e r  e i g h t  y e a r s  e v e n  though c o l o r a t i o n  changes  made 
it more d i f f i c u l t  t o  d e t e c t .  A f t e r  t w o  y e a r s ,  approx imate ly  28% of  t h e  
o r i g i n a l  volume o f  m a t e r i a l  remained o i l e d  contaminated;  and a f t e r  e i g h t  
y e a r s ,  5% (by volume) remained.  

5 . 3 . 3  Treatment T e s t  P l o t s  

The s t u d i e s  d i s c u s s e d  p r e v i o u s l y  p r o v i d e  an  overview of  n a t u r a l  
c o n d i t i o n s  of o i l  d e g r a d a t i o n  a t  t h e  BIOS s i t e .  I n  a d d i t i o n ,  s e v e r a l  
s t u d i e s  were c a r r i e d  o u t  t o  measure  e f f e c t i v e n e s s  o f  v a r i o u s  s p i l l -  
t r e a t m e n t  measures .  As b e f o r e ,  t h e s e  have  p a r t i c u l a r  r e l e v a n c e  t o  t h e  
EXXON VALDEZ s i t e  a s  some o f  t h e s e  measures  a r e  b e i n g  c o n s i d e r e d  f o r  
a p p l i c a t i o n  i n  Alaska .  

Sediment d i s c i n g  o r  t i l l i n g  is one p rocedure  t e s t e d  a t  BIOS, f i r s t  
i n  1981 (Crude O i l  P o i n t )  and a g a i n  i n  1982 (Bay 1 0 6 )  test  p l o t s .  

A t  t h e  1981 (Crude O i l  P o i n t )  tes t  p l o t s ,  o i l  was s t i l l  v i s i b l e  a s  
s t a i n e d  p e b b l e s  and c o b b l e s  a t  b o t h  t h e  t i l l e d  and c o n t r o l  t e s t  s i tes  
a f t e r  f o u r  y e a r s .  The test  s i t e  d i d ,  however, r e t a i n  a  t h i c k  p a t c h  of 
o i l ,  whereas t h e  t i l l e d  s i te  ( u n d e r s t a n d a b l y )  d i d  n o t .  A f t e r  y e a r  one ,  
chemica l  a n a l y s i s  i n d i c a t e d  s l i g h t l y  lower  s u r f a c e  and s u b s u r f a c e  v a l u e s  
t h a n  f o r  t h e  c o n t r o l s ,  a s  would b e  e x p e c t e d  from mixing t h e  o i l  i n t o  a  
l a r g e r  volume o f  s e d i m e n t .  However, a f t e r  t h r e e  y e a r s  and c o n t i n u i n g  
a f t e r  f i v e  y e a r s ,  t h e  t i l l e d  s i te  s t i l l  shows v e r y  h igh  hydrocarbon 
v a l u e s  below t h e  s u r f a c e .  A p l a u s i b l e  e x p l a n a t i o n  is t h a t  sed imen t s  
w e r e  mixed below a d e p t h  of sed imen t  reworking and t h a t  b a c t e r i a l  
d e g r a d a t i o n  was v e r y  l i m i t e d .  



A t  Bay 106 (Z l a g o o n ) ,  a d d i t i o n a l  o i l e d  p l o t s  were l a i d  down i n  
1982 a long  t h e  backshore  i n  a n  a r e a  u n a f f e c t e d  by mar ine  p r o c e s s e s .  The 
p u r p o s e  was t o  r e p l i c a t e  o i l  s t r a n d e d  h i g h  on t h e  beach a f t e r  
e x c e p t i o n a l l y  h igh  t i d e s  ( a s  happened  a t  t h e  .HETULA s i t e ) .  One h a l f  o f  
e a c h  p l o t  was r o t o - t i l l e d  t o  t e s t  t h e  r e s u l t s .  A t  t h e s e  s i t e s ,  t h e r e  
appea red  l i t t l e  chemical  d i f f e r e n c e s  between c o n t r o l  and t i l l e d  s u r f a c e  
s e d i m e n t s  ( 2 0 , 6 5 0  v e r s u s  19 ,475  mg o i l / k g  sed imen t )  and s u b s u r f a c e  
s e d i m e n t s  ( 5 , 5 2 4  v e r s u s  6 ,175 mg o i l / k g  sed imen t )  a f t e r  t h r e e  y e a r s .  
Mixing was a l s o  found t o  have no long- te rm impact  on t h e  d e g r e e  o f  
e v a p o r a t i v e  wea the r ing .  The c o n t r o l  s i t e  showed more ( n o t  less)  
m i c r o b i a l  d e g r a d a t i o n  t h a n  t h e  t i l l e d  s i t e s  based on a l k a n e / i s o p r e n o i d  
r a t i o s .  However, Owens e t  a l .  ( 1 9 8 4 )  r e p o r t  t h a t  v i s u a l l y  t h e  t i l l e d  
s i t e  appeared  less o i l e d .  

The c o n c l u s i o n s  r eached  by Owens e t  a l .  (1984)  a f t e r  r ev iewing  t h e  
d a t a  on t i l l i n g  v e r s u s  c o n t r o l s  a t  t h e  BIOS s i t e  was t h a t  t i l l i n g  had 
v i s u a l  v a l u e  i f  under t aken  i m m e d i a t e l y  a f t e r  impact ,  b u t  t h a t  a f t e r  
t h r e e  y e a r s ,  it had l i t t l e  e f f e c t  on r e d u c i n g  hydrocarbon 
c o n c e n t r a t i o n s .  

5 . 4  SUMMARY 

The e x p e r i m e n t a l  o i l i n g  BIOS program o f f e r s  much d a t a  a p p l i c a b l e  
t o  t h e  EXXON VALDEZ s i t e  and i s  s u p p o r t e d  by o b s e r v a t i o n s  a t  o t h e r  s p i l l  
s i t es .  O i l  d e g r a d a t i o n  r a t e s  w e r e  found  t o  be v a r i a b l e ;  one  s h e l t e r e d  
s i t e  showed a l m o s t  complete  n a t u r a l  c l e a n u p  a f t e r  t h r e e  t o  f i v e  y e a r s ,  
w h i l e  a n o t h e r  showed e x t e n s i v e  a spha l t -pavement  f o r m a t i o n  and l e s s  
d e g r a d a t i o n  a f t e r  t h r e e  y e a r s .  Chemical  a n a l y s e s  of o i l e d  sed imen t s  
s u p p o r t e d  t h e  v i s u a l  o b s e r v a t i o n  o f  o i l  removal and d e g r a d a t i o n .  The 
r o l e  o f  b a c t e r i a l  d e g r a d a t i o n  was a p p a r e n t l y  minor .  I t  was a l s c  
o b s e r v e d  t h a t  t i l l i n g  produced a b e t t e r  Visua l  s u r f a c e  appearance  w i t h  
p r o b a b l e  l e s s  o i l i n g  o f  mammals o r  f i s h  u t i l i z i n g  t h e  s u r f a c e ,  bu t  d i d  
n o t  p roduce  a  more r a p i d ,  long- te rm d e g r a d a t i o n  o f  e i t h e r  s u r f a c e  o r  
s u b s u r f a c e  o i l i n g .  On t h e  n e g a t i v e  s i d e ,  t i l l i n g  c o u l d  c a u s e  t h e  
p lacement  o f  o i l e d  m a t e r i a l  be low t h e  zone of a c t i v e  sediment  movement, 
t h e r e b y  i n c r e a s i n g  t h e  long-term p e r s i s t e n c e  o f  o i l  w i t h i n  t h e  beach.  

5 .5  INCLUDED REPRINTS 

Owens, E.H., J . R .  Harpe r ,  W .  Robson, and P.D. Boehm. 1987. F a t e  and 
p e r s i s t e n c e  o f  c r u d e  o i l  s t r a n d e d  on a s h e l t e r e d  beach .  A r c t i c ,  
v o l .  40,  pp. 109-123. 



6.0 MISCELLANEOUS SPILLS 

The spills described in this section are pertinent to the EXXON 
VALDEZ situation in that they occurred in areas with similar habitats. 
They provide various amounts of information on oil persistence, lascing 
ecological effects of the spilled oil, and effects of clean-up 
methodologies. The spills are organized in chronological order to show 
advancements in spill technology and monitoring as such methodologies 
are refined over the years. The T O m Y  CANYON spill is by far the nost 
studied of all cases described in this section. It was not included in 
the major spills described earlier in this report because a very toxic 
dispersant was widely used throughout the oil-impacted area. This fact 
makes it difficult to compare the effects and persistence of TORREY 
CANYON oil to the current situation in Prince William Sound. 

6.1 TORREY CANYON SPILL, WEST CORNWALL, ENGLAND ( 1 9 6 7 1  

Southward and Southward (1978) provided a summary of the many 
studies on and effects Of the TORREY CANYON spill. They reported that 
an estimated 14,000 tons of Kuwait crude oil stranded along 150 km of 
the coast of West Cornwall. This oil was treated with 10,000 tons of 
dispersant (usually 12% nonionic surfactant and 3% stabilizer in a 
kerosene extract) which proved to be extremely toxic to seashore life. 
The oil itself appeared not to have much of a toxic effect on rocky 
shores. It was difficult to determine exactly which areas had been 
affected by dispersant because much of the coast was re-coated by 
floating mixtures of oil and dispersant. Dispersant was also used 
indiscriminately in remote coves. 

Dispersant-treated oil persisted on rocks for some months in 
some areas and it seemed not to weather more rapidly than untreated oil. 
Oil on rocky shorelines, whether treated or not, disappeared after one 
year. Oil driven into beach sand by dispersant treatment, buried by 
bulldozers, or covered by natural sand movements persisted for several 
years. Crude oil weathering rates slowed after it sank beneath the 
fully oxygenated layer on sand beaches. Oil in other areas lasted for 
varying lengths of time which were usually related to each area's level 
of protection from the open sea. 

Southward and Southward (1978) provide a very detailed 
description of the ecological recovery of rocky shores for numerous 
sites spread throughout the oiled areas (Table 6.1). In general, 
recolonization of rocky shores involved a preliminary resettlement of 
algae followed by animals. The process was slow with a very protracted 
return to normal. Opportunistic species initially predominated and have 
only gradually been displaced by later colonizers. Biological 
communities on lightly oiled rocks, with moderate dispersant 
applications, required from five to eight years to recover while 
communities on heavily oiled rocks, which were alao most affected by 
dispersants, required nine to ten years for recovery. Other areas were 
still not considered to be normal in 1978 at eleven years post-spill. 



Tab le  6.1. The t ime course o f  r e c o l o n i z a t i o n  of rocky shores i n  Cornwal l ,  expressed i n  years from the date o f  the  TORREY CANYON d isas te r - ,  Mdrch 
1961 ( f rom:  Southward and Southward. 1978). 

L i z a r d  P t .  L i z a r d  P t .  Por th leven Maen Du P t .  Sennen Cove Sennen Cove Cape Cornwall Trevone Trevone 
exposed she l t e red  west o f  Perranuthnoe exposed (300 m (near P i e r )  (Porth ledden exposed she1 t e r e d  

I V e l l a n  Dranq) ( P o l ~ e o r  Cove) harbor  east  of p i e r )  s i de )  ("sewer rocks")  (MTL r e e f s )  

R e l a t i v e  exposure 
t o  wave a c t i o n  +++ ++ ++ t + +it t t +t+ +++ + 

Amount o f  o i l  s t randed + ++ t++ ++ 4 1 1  ++ ++ ++ + 
Dispe rsan t  t rea tment  (+ )  +++ i t+ I++)  ++ t++ +t ++ ++ + 

Enteromorpha maximum' 1 1 I 1 0- 1 1 I 0- 1 I 

Maximum cover  2-3 1 - 3  1-3 2-3 1-3 1-3 1-2 2 1-3 

Minimum o f  barnac les  2 2 3 4 3 3 3 2 2-6 

Maximum numbers o f  Patella -' 6 5 5 - 3 3 3 5 

Fucus ves i cu l osus  s t a r t s  
t o  d e c l i n e  4 

Fucus ves i cu l osus  a l l  gone 5 6-7 6-7 6 5 6 5 5 8 

I nc rease  i n  barnac les  4 6 6 5 4 6 4 3 7 

Numbers o f  reduced -' 6 8 7 6-7 8 7 6 

Normal r i c h n e s s  o f  species 
r ega ined  5 9 10' 8-10 9 4 8-9 5-6 9-10' 

' Only  Trevone c o u l d  be v i s i t e d  o f t e n  enough fro111 Plymouth t o  be sure of the  ex ten t  o f  t he  "greening" the 1st  year 
9 0  q u a n t i t a t i v e  da ta .  

F u l l  r i c h n e s s  o f  species p robab l y  no t  y e t  regained on t he  area surveyed. 
( ) D i spe rsan t  t rea tment  compara t ive ly  l i g h t e r  than a t  o t he r  p laces  g iven  same score 



6.1.1 Included Reurint 

Southward, A.J. and E.C. Southward. 1978. Recolonization of rocky 
shores in Cornwall after use of toxic dispersants to clean up 
the T O m Y  CANYON spill. J. Fish. Res. Board Can. 35:582-706. 

6.2 SANTA BARBARA BLOWOUT, CALIFORNIA ( 1969 L 

Cimberg et al. (1975) summarized the initial spill reports and 
rocky intertidal beach surveys through 1972 for the Santa Barbara spi?l. 
Forty-five days after the spill, which occurred at the rate of 500 to 
5,000 barrels per day, 100 miles of the Southern California coast line 
were contaminated by oil. 

Oil had its greatest effect on rock pools and high exposed 
rocks within the Santa Barbara Channel. Surf grass (Phyllos~adix) 
growing in tide pools was nearly completely coated and most was killed 
by this spill. Brown algae, with a heavy mucoid film, were not greatly 
affected by oil in the same tidal pools. Numerous species of algae 
attached to upper intertidal rocks were damaged or covered by oil. A 
small barnacle (Chthamalus fissus) in the intertidal suffered high 
mortality levels while larger barnacles (Balanus alandula) survived 
because they protruded through coatings of oil. 

Theee authors concluded that oil mortalities were localized due 
to the nature in which oil moves in the intertidal. It was difficult to 
discern oil effects because of the complications caused by sand movement 
during severe storms and due to differences in substrate stability. 
Sand sheets commonly covered exposed rocks and smothered attached fauna 
while fauna attached to overturned boulders usually died. 

6.3 IRINI OIL SPILL, STOCKHOLM ARCHIPELAGO, SWEDEN (19701 

The tanker IRINI ran aground and released about 1000 tons of 
medium and heavy fuel oil into the Stockholm Archipelago on 
6 October 1970. An estimated 400 tons of this oil drifted into a small 
bay, Gastviken, where it almost completely killed the entire littoral 
fauna (Notini, 1978). The Swedish coast guard enclosed the oil within 
the bay by laying booms across the area. Much of the oil was then 
collected mechanically during November-December 1970. The final cleanup 
was done after all ice was gone. Oily sand was removed and rocks and 
stones were cleaned. Solvents were not extensively used. All cleanup 
efforts ended by the middle of May 1971. By June 1971 very few signs of 
the massive spill or newly finished cleanup operations were evident. 
Oil was still visible under the surfaces of sandy beaches and below 
stones. Subsequent analyses of oil collected from these areas showed 
that oil degraded much more rapidly on rocky shores than on sandy 
beaches. 

Notini (1978) reported on the recovery of the littoral 
community during the period 1971-1976. No effects of the oil were 
detected on macroalgae during the summer and autumn of 1971. They 
continued to survive and prosper following natural patterns of 



succession throughout the study period. Littoral fauna were more 
strongly affected but recovered rapidly at various taxon-specific rates. 

6.4 SAN F?ANCISCO OIL SPILL, CALIFORNIA 11971L 

Two Standard Oil tankers collided under the Golden Gate Bridge 
on 18 January 1971. The accident resulted in a spill of 840,000 gallons 
of Bunker C oil into San Francisco Bay. Tidal currents carried the oil 
to sandy beaches and shale reefs in nearby coastal areas. An initially 
large mortality of intertidal marine invertebrates was observed. 
Barnacles were smothered by oil. From 1972 to 1974 counts of 
invertebrates (especially snails, mussels, limpets, barnacles, and 
crabs) and the biomass of algae and seagrasses returned to, and in some 
cases surpassed, pre-spill levels (Chan, 1975). 

6.4.1 Included Reprint 

Chan, G.L. 1975. A study of the effects of the San Francisco Oil Spill 
on marine life. Part 11: Recruitment. 1975 Conference on 
Prevention and Control of Oil Pollution, pp. 457-461. API 
Washington, D.C. 

6.5 GENERAL M.C. MEIGS OIL SPILL, WASHINGTON (19721 

A long, gradual release of Navy Special fuel oil from the wreck 
of the unmanned troopship GENERAL H.C. MEIGS occurred over a five-year 
period from January 1972. Much of the oil was released as tar globules 
with the abundance and individual size of the tar balls decreasing over 
time . 

Sea urchins (Stronqvlocentrotus purpuratus) were the first 
animal6 to show obvious damages from this unusual spill event. Many 
urchins lost spines and some lost most of their spines. This was not 
observed at unoiled control sites (Clark et al., 1978). Damaged urchins 
were found through July 1973 but were not seen on subsequent surveys. 
The abundances of live barnacles, mussels, and colonial anenomes 
steadily declined at oiled sites from March 1972 through January 1973; 
the abundances of barnacles increased by February 1977 but other species 
whose abundances originally declined remained at an unchanging low 
level. Four other species, including a second anenome, a limpet, an 
urchin, and a snail were not affected. No species of the 45 included in 
a checklist (Table 6.2) were known to have been eliminated from Wreck 
Cove (the site of the spill). 

Oil from this spill has persisted on rocks above the normal 
tidal level because the initial grounding and spill occurred under 
near-hurricane conditions. The GENERAL M.C. MEIGS was under tow from 
Puget Sound to San Francisco when the storm struck. Oil has also 
persisted for various lengths under rocks in the intertidal zone. In 
some instances considerable degradation occurred during the first 
post-spill months while little change was seen when oil was collected 
from under a rock at 21 months post-spill. Tar globules were frequently 
combined with pebbles, rocks, sand, shell fragments, and plant fibers. 



Table 6 . 2 .  Animal species p resent  a t  sampl ing s i t e s  1  through 15 i n  Wreck Cove on 20 January 1973 
27 J u l y  1973. and 20 August 1974 (From: C l a r k  e t  a l . ,  1975) 

PiYLUH 
Class 20  Janua ry  1973 2 7  JJIY 1973 2 2  August 1974 
Soecies 

COELENTERATA 
Anthopleura e leqant iss ima 
Anthopleura xanthosramn~ca 

H e n r i c i a  l e v i u s c u l a  
L e ~ t d s t e r i a s  hexac t i s  
P i s a s t e r  ochraceus 
Prcnoeadi a  he1 i antha ides  

MOLLUSCA 
Amohi neura 

T o n i c e l l a  S F .  

Cryptochi  t on  s t e l  l e r i  
Ka thar ina  t u n l c a t a  
Hooa l ia  muscosa 

sp.  
Yudi ~ r a n c h i a  
Pel ecypoda 

Entodesma s a r i c o l a  
Veneruoi s  stami nea 
H v t i  l u s  c a l i f o r n i a n u s  

Gastroooda 
~cmaea m i t r e  -- 
C a l l  i o s t m a  1 iqatum 
Ceratcstoma f o l i a t u m  
Diadora aseera 
Crep idu la  adunca 
Crep ldu la  sp.  
L i t t o r l n a  s c u t u l a t a  
L i t t o r i n a  sp. 
Mesatebennus bimaculatus 
Sea r l es i a  dira 
Tequla ~ u l l  i q o  
Thais emarqi na ta  
Thais lamel losa  
U n i d e n t i f i e d  l i n p e t  

ARTHROPODA 
Balanus ca r i asus  

Decapoda 
Hemisramus & 
Loehooanaoeus 
Oediqnathus 
Pachvcheles & 
Paqurus h i r s u t i  uscu l  us 
Paqurus sp. 
P e t r o l i s t h e s  c i n c t i o e s  
P u q e t t i a  oroducta 
P u q e t t i a  a r a c i  1  i s  

isopoda 
Ido thea wosnesenskii  

h p h  i poda 

CHORDATA 
S tve la  s i  bbsi i 



All of these materials were glued together into a brittle matrix. The 
chemical nature of the oil in this matrix had changed considerably since 
the spill. 

After the MEIGS spill it was difficult to separate old spilled 
oil from freshly released oil since there was a persistent release of 
oil from the wreck for five years. The authors analyzed samples of the 
new tar balls and found them to bear a reasonable chemical similariry to 
the originally spilled fuel oil (Clark et al., 1975). 

6.5.1 Included Reprint 

Clark, R.C., Jr., B.G. Patten, and E.E. DeNike. 1978. Observations of 
a cold-water intertidal community after 5 yr of a low-level, 
persistent oil spill from the GENERAL M.C. MEIGS. J. Fish. 
Res. Board Can. 35:754-765. 

6.6 TAMANO OIL SPILL. CASCO BAY. MAINE 119721 

The TAMANO, a Norwegian tanker, spilled 100,000 gallons of NO. 
6 fuel oil at the entrance channel into Casco Bay, Maine, on 22 July 
1972. A local clean-up contractor was contacted after the ahip reached 
its anchorage forty minutes after striking the ledge. Strong tidal 
currents in this bay spread the oil rapidly while the inability of the 
ship to dock in the shallow harbor hampered efforts to contain the 
spill. 

Casco Bay intertidal areas are predominated by steep rock 
shelves, outcrops, and intrusions. Coarse-grained beaches and a few 
marshes are interspersed between rock outcroppings. The tidal range in 
this area averages 2.75 m. Offshore islands constrain tidal movement to 
channels between the islands; this results in fairly high water current 
velocities (Eidam, 1975). Casco Bay is a major recreation area for 
Maine and significant amounts of seafood (lobsters, shellfish, and 
seaweed) are harvested from its waters. 

Much of the spilled oil was absorbed by seaweed which covers 
most of the bay's intertidal rocks. All heavily oiled seaweed beds were 
cropped to insure that large concentrations of oil in the weeds would 
not recontaminate other areas. seaweed holdfasts were not removed in 
hopes that new growth would occur from these bases. Hot water (66-77"~) 
under high pressure (56-70 kg/cmz) was used to clean rocks at public 
beaches and at other areas with distinct esthetic value. During 
cleaning8 booms were used to contain oil while sorbents were placed 
within boomed areas to absorb refloated oil. At sites further away from 
the spill area oil was usually mixed with floating debris before it 
beached. The oiled debris made it easier to clean these beaches. 

Heavily oiled cobble beaches were more difficult to clean. Oil 
was initially deposited in a 3.0 to 4 .5  m strip in the upper intertidal 
areas and rapidly penetrated into the underlying sand during low tides 
when air temperatures warmed the oil above its pour point. Penetration 
depths ranged from 10 to 30 cm (Eidam et al., 1975). Oiled sand was 



physically removed from these heavily oiled beaches in order to prevent 
contamination of other areas. 

Ecological studies began soon after the spill and were based 
upon a design which utilized comparisons of oiled treatment and unoiled 
control sites. Intertidal mud flats which supported commercial 
shellfish beds were heavily impacted. Complete loss of intertidal mud 
flat fauna were recorded at one site and contamination of clams and 
contamination of sediments by No. 6 fuel oil were recorded at less 
severely affected sites. Gradual recovery towards normal faunal 
densities began soon after the spill. 

Seaweed and barnacles were killed immediately in rocky 
intertidal areas and snails were killed in rocky coast tidal pools. 
Lobsters showed a slow increase in hydrocarbon burdens by the end of the 
first three-month post-spill period. In subtidal stations there was no 
initial decrease in population density but contaminated organisms showed 
a slow gradual build up of hydrocarbons followed by tissue degradation 
in some cases. 

At one year the affected areas were studied again to determine 
the longer-term impact of the spill (Eidam et al., 1975). Intertidal 
mud flats were still strongly affected with no evidence of new recruits. 
A new set of shellfish did occur in the control sites. Intertidal 
seaweeds on rocky shores actually did best in areas where oiled fronds 
had not been removed. Regrowth occurred in the cropped areas but not as 
heavily as in uncropped areas. Fauna normally associated with the 
seaweeds were still reduced in abundance in the cropped areas. Hot 
water cleaned areas in the upper intertidal showed slower recolonization 
rates than in areas that were not cleaned. Part of this effect was 
attributed to heavy human traffic in the upper intertidal since hot 
water cleaned lower intertidal areas fared much better. Communities on 
lower intertidal rock surfaces and in tidal pools were more diverse in 
cleaned areas than in heavily oiled, uncleaned areas. The lasting 
ecological effects of oiled sand and rock removal were not discussed. 

6.6.1 Included Re~rint 

Eidam, C.L., E.V. Fitzpatrick, and J.P. Conlon. 1975. The Casco Say 
oil spill: problems of cleanup and disposal. Proc. 1975 
Conference on Prevention and Control of Oil Pollution, 
pp. 217-221. EPA/API/USCG Washington, D.C. 

6.7 KURDISTAN OIL SPILL. CABOT STRAIT. NOVA SCOTIA (1979L 

The tanker KURDISTAN, during a severe storm, suffered major 
damages to its hull and spilled about 7,000 tons of Bunker C crude oil 
into ice-infested Cabot Strait (Duerden and Swiss, 1981). The ship soon 
split in two. The bow and stern sections remained afloat. The bow 
section, which still contained 7,000 tons of oil was later towed out to 
sea and sunk by naval gunfire. The stern section was towed to a safe 
harbor where its 16,000 tons of fuel oil were unloaded. 



O i l  s p i l l e d  from t h e  KURDISTAN was d i f f i c u l t  t o  t r a c k  because  
o f  bad weather  and i c e  i n t e r f e r e n c e  w i t h  t r a c k i n g  sys tems (Duerden and 
Swiss ,  1 9 8 1 ) .  The o i l  f l o a t e d  be low t h e  s u r f a c e  and made it n e c e s s a r y  
t o  w a i t  u n t i l  t h e  o i l  beached b e f o r e  a t t e m p t i n g  t o  c o l l e c t  i t .  An 
a s s e s s m e n t  o f  s h o r e l i n e  s e n s i t i v i t y  was made b e f o r e  t h e  o i l  beached t o  
d e t e r m i n e  where p r o t e c t i o n  and c l e a n - u p  e f f o r t s  shou ld  b e  c e n t e r e d .  The 
a r e a s  su rveyed  d u r i n g  t h i s  r e c o n n a i s s a n c e  i n c l u d e d  Chedabucto Bay where 
t h e  Arrow o i l  s p i l l  o c c u r r e d  i n  1 9 7 0 .  

Duerden and Swiss  (1981)  r e p o r t e d  t h a t  t h e  most consp icucus  
v i c t i m s  of t h i s  s p i l l  were b i r d s .  According t o  t h e s e  a u t h o r s  t h e r e  w e r e  
no long- term impac t s  d e s p i t e  t h e  f a c t  t h a t  c o a s t l i n e s  t h r o u g h o u t  t h e  
r e g i o n  were o i l e d  o r  r e - o i l e d  a s  s u b s u r f a c e  f l o a t i n g  o i l  unexpec ted ly  
emerged.  

6 . 8  TAN10 OIL SPILL, BRITTANY (1980L 

The TANIO o i l  s p i l l  o c c u r r e d  on 7 March 1980 o f f  t h e  c o a s t  o f  
B r i t t a n y ,  F rance ,  a f f e c t i n g  4 5 %  of  t h e  AMOCO C A D I Z  a r e a  (Berne ,  1980; 
Gundlach e t  a l . ,  1 9 8 1 ) .  The o i l  t y p e  was a  heavy,  No. 6  f u e l  o i l ,  
n o t a b l y  b l a c k  i n  c o l o r .  Shore  t y p e s  a f f e c t e d  were sand beaci-.es, 
s a n d l g r a v e l  s h o r e s  and t i d a l  f l a t s ,  and bedrock.  Cleanup used  t h e  same 
washing,  h i g h - p r e s s u r e  hos ing ,  and ho t -wa te r  b l a s t i n g  ( o f  r o c k s  i n  
t o u r i s t  a r e a s ) ,  a s  u n d e r t a k e n  d u r i n g  t h e  AMOCO CADI2 s p i l l  two y e a r s  
p r e v i o u s .  

Surveys  under t aken  by F i c h a u t  i n  1983 and Gundlach i n  1985 a s  
p a r t  o f  t h e  AMOCO C A D I Z  l i t i g a t i o n  found remnants  o f  t h e  TANIO s p i l l  
a l o n g  high-energy g r a v e l  s h o r e s ,  p r e s e n t  a s  1) t a r r y  b l o t c h e s  o r  s t a i n  
on r o c k  s u r f a c e s ,  2 )  as a s p h a l t e d  l a y e r s  above t h e  a c t i v e  i n t e r t i d a l  
zone ,  and 3 )  a s  mobi l e  o i l  i n  a  l i m i t e d  number o f  s h e l t e r e d ,  c o a r s e -  
g r a i n e d  ( c o a r s e  s a n d / f i n e  g r a v e l )  sed imen t s .  The p e r s i s t e n c e  o f  mobi l e  
o i l  i n  t h e  sed imen t s  a f t e r  f i v e  y e a r s  i s  n o t a b l e  (see pho tographs  i n  
F i g u r e s  6 . 1  and 6 . 2 ) .  

6 . 9  KATINA OIL SPILL, PROVINCE OF SOUTH HOLLAND 11982L 

A c o l l i s i o n  between t h e  t a n k e r  KATINA and an  o r e  f r e i g h t e r ,  t h e  
PENGALL r e s u l t e d  i n  a s p i l l  of 1 , 6 0 0  m3 of c r u d e  o i l  i n t o  t h e  North Sea. 
D e s c r i p t i o n s  o f  c l e a n u p  o p e r a t i o n s  a t  sea (Koops e t  a l . ,  1985)  and on 
o i l e d  beaches  ( K l e i j  and Gubbens, 1985)  d e s c r i b e  t h e  e f f o r t s  made t o  
r e d u c e  t h e  impact  o f  t h i s  o i l  s p i l l .  

Most o f  t h e  beaches  i n  t h i s  a r e a  are s a n d .  Sand was removed 
and s i e v e d  t o  remove most o f  t h e  o i l .  L i g h t l y  o i l e d  sand w a s  l a t e r  
b u r i e d  on t h e  same beaches  w i t h  t h e  e x p e c t a t i o n  t h a t  t h e  l i t t l e  o i l  t h a t  
r emained  would b e  removed by b i o l o g i c a l  p r o c e s s e s .  O i l  t h a t  remained 
a f t e r  s i e v i n g  w a s  burned.  

6 . 1 0  SIVAND OIL SPILL, HUMBER ESTUARY. UNITED KINGDOM (1983L 

The t a n k e r  SIVAND s p i l l e d  6,000 t o n s  o f  N i g e r i a n  Forcados  c rude  
o i l  i n t o  t h e  h i g h l y  t u r b i d  Humber E s t u a r y  on 26 September 1983. F a t e  o f  
t h i s  o i l  i s  d e s c r i b e d  by L i t t l e  ( 1 9 8 7 ) .  Much o f  t h e  o i l  p e n e t r a t e d  







marsh sediments through root macropores in saltmarshes. This oil 
remained as an important source of fresh oil after other oiled sites 
were cleaned. Descriptions of the ecological effects of the SIVAND 
spill (Mitchell et al., 1985) deal with organisms from habitats that are 
not found in Prince William Sound, Alaska. Birds and mudflat 
invertebrates, principally polychaete worms, were the most obvious 
victims of this spill. Concerns were expressed about surviving birds 
consuming carcasses of invertebrates killed and presumably Contaminated 
by oil. 

6.11 ARC0 ANCHORAGE SPILL. PORT ANGELES. WASHINGTON (19851 

The tanker ARCO ANCHORAGE spilled 239,000 gallons of Alaska 
North Slope (ANS) crude oil into Port Angeles, Washington, on 
21 December 1985. Approximately 2,150 m of the south-facing shore of 
Ediz Hook were subsequently oiled. This sheltered shore is composed of 
sand and gravel sediments extending from intertidal to subtidal areas. 
Bulldozers with ripper teeth and a water jet systems were used to 
agitate beach sediments. This action reduced beach sediment oil 
concentrations from 2,240 ppm to 670 ppm (Miller, 1989). A monitoring 
program, initiated after the beach agitation program ended, found a 
steady decline of oil concentrations in both intertidal and subtidal 
areas through 1988. Despite the observations that much of the beach in 
this area is highly sheltered and is rarely affected by episodes of sand 
transport, all signs of beach agitation were gone by May 1988. 

Port Angeles is a highly industrialized area; this fact made it 
difficult to discern the effects of the ANS crude spill on benthic 
infauna in that it may have limited recovery and recolonization of oiled 
sediments (Blaylock and Houghton, 1989; Mancini et al., 1989). An 
infaunal monitoring program began in 1986 after the cessation of beach 
reclamation activities. Control (unoiled areas) were monitored for 
comparison to numerous oiled sites. ANOVAs on infaunal densities and 
correlations of oil concentrations to infaunal counts were the major 
methods of analysis applied to these data. ANOVAs showed a steady 
increase in biomass, abundance, and diversity over time at several 
heavily oiled sites (Blaylock and Houghton, 1989). A similar pattern 
was not seen at an unoiled reference station. Correlations showed a 
negatively significant pattern of increasing abundance9 with decreasing 
oil concentrations (Mancini et al., 1989). Due to low residual ANS 
crude oil concentrations it was suspected that by 1988, on the last 
survey reported by Blaylock and Houghton (1989), that pre-spill 
conditions had been attained. 

6.11.1 Included Reorints 

Blaylock, W. M. and J. P. Houghton. 1989. Infaunal recovery at Ediz 
Hook following the ARCO ANCHORAGE oil spill. Proc. 1989 Oil 
Spill Conference, pp. 421-426. USCG/API/EPA Washington, D.C. 

Miller, J. A.  1989. Physical and chemical recovery of intertidal and 
shallow subtidal sediments impacted by the ARCO ANCHORAGE oil 
spill, Ediz Hook, Washington. Proc. 1989 Oil Spill Conference, 
pp. 487-491. USCG/API/EPA Washington, D.C. 



6.12 C A B 0  PILAR OIL SPILL. PUNTA DAVIS. MAGELLAN STRAIT, CHILE 
(1987)  

The t a n k e r  CABO PILAR s p i l l e d  5 ,200  m3 o f  c rude  o i l  i n t o  t h e  
Magellan S t r a i t  a t  Pun ta  Dav i s  on 8  Oc tober  1987. T h i s  area i s  a  
c o n s i d e r a b l e  d i s t a n c e  from t h e  s i t e  o f  t h e  grounding o f  t h e  ~ T U U  
( S e c t i o n  3 .0 ,  t h i s  r e p o r t )  b u t  t h e  b r i e f  d e s c r i p t i o n  o f  s h o r e l i n e  g i v e n  
i n  P i z a r o  (1989)  s u g g e s t s  t h a t  t h e  a f f e c t e d  s h o r e s  a r e  s i m i l a r .  

The o i l  s l i c k  was i n i t i a l l y  t r e a t e d  w i t h  d i s p e r s a n t  from a  
s u p p l y  v e s s e l  and a t t e m p t s  w e r e  made t o  c o n t a i n  o i l  i n  boomed s i d e b a y s  
on t h i s  v e r y  complex waterway. P i z a r o  (1989)  o f f e r e d  o n l y  v e r y  s k e t c h y  
d e s c r i p t i o n s  o f  t h e  i n i t i a l  e c o l o g i c a l  e f f e c t s  o f  t h i s  s p i l l .  Rock and 
s t o n e  beaches  were o i l e d  and seaweeds  w e r e  e x t e n s i v e l y  k i l l e d  b u t  o i l e d  
beaches  w e r e  s e e n  t o  b e  improving a f t e r  s i x  months. King c r a b s ,  t h e  
main economic r e s o u r c e  of t h i s  a r e a ,  d i d  no t  seem t o  b e  a f f e c t e d .  

6.13 AMAZZONE. BRITTANY i19881 

On 31  J a n u a r y  1988,  t h e  c o a s t  o f  B r i t t a n y  was once  a g a i n  h i t  by 
an  o i l  s p i l l .  I n  t h i s  c a s e  it was abou t  1500 t o n s  o f  a  h i g h l y  
p a r a f f i n i c  medium f u e l  o i l  from t h e  A!!ZZONE. Concerns were r a i s e d  i n  
t h e  a t t e m p t  t o  c l e a n  c o b b l e / p e b b l e  b e a c h e s ,  p a r t i c u l a r l y  a f t e r  t h e  AMOCO 
CADIZ which produced mixed- to -nega t ive  r e s u l t s  when s e d i m e n t s  w e r e  
moved. A s  a r e s u l t  a  l a r g e - s c a l e  wash ing  p l a n t  was moved i n  f o r  t e s t i n g  
(Huet  et  a l . ,  1 9 8 9 ) .  T e s t i n g  o c c u r r e d  u s i n g  w a t e r  washes o f  v a r y i n g  
t e m p e r a t u r e s  and w i t h  t h e  a d d i t i o n  of a pe t ro leum c u t  and s u r f a c t a n t .  
Temperature  t e s t s  were l i m i t e d  t o  17OC o r  l e s s ,  due  t o  equipment 
l i m i t a t i o n s .  

R e s u l t s  o f  t h e  tests  i n d i c a t e d  t h a t  w a t e r  o f  h i g h e r  t e m p e r a t u r e  
was b e t t e r  t h a n  c o l d  w a t e r  b u t  s t i l l  i n s u f f i c i e n t  t o  f u l l y  c l e a n  t h e  
r o c k s .  With warm w a t e r  and p e t r o l e u m  c u t  and s u r f a c t a n t ,  o i l  removal 
from t h e  r o c k s  w a s  good,  b u t  t h e r e  w a s  i n s u f f i c i e n t  r i n s i n g  s o  t h e  
p e b b l e s  remained c o a t e d .  With f u r t h e r  m o d i f i c a t i o n  and t e s t i n g  o f  t h e  
d e v i c e ,  it i s  l i k e l y  t h a t  it would o p e r a t e  s u c c e s s f u l l y .  C o s t s  of t h e  
o p e r a t i o n  w e r e  e s t i m a t e d  a t  $50 per c u b i c  meter  o f  p e b b l e s ,  n o t  
i n c l u d i n g  t r a n s p o r t  t o  t h e  c l e a n u p  s i t e .  

6.14 NESTUCCA OIL SPILL, GRAY'S HARBOR, WASHINGTON (19881 

The b a r g e  NESTUCCA s p i l l e d  875 ,000  1 of Bunker C  o i l  i n t o  
c o a s t a l  waters near Gray ' s  Harbor ,  Washington, on 2 2  December 1988. The 
b a r g e  w a s  i n i t i a l l y  towed f u r t h e r  o u t  t o  s e a  i n  hopes t h a t  t h e  l e a k i n g  
o i l  would move away from nea rby  e c o l o g i c a l l y  s e n s i t i v e  s h o r e l i n e s .  
Nearshore  c u r r e n t s ,  onshore  winds ,  and t i d a l  c u r r e n t s  moved t h e  o i l  
s l i c k  nor thward  and toward t h e  c o a s t .  T h i s  l e a d  t o  t h e  worst c a s e  o f  
o i l  p o l l u t i o n  a l o n g  t h e  w e s t  c o a s t s  of  Washington and Vancouver I s l a n d ,  
B r i t i s h  Columbia c u r r e n t l y  on r e c o r d  (Waldichuk,  1 9 8 9 ) .  

O i l e d  sand  and g r a v e l  b e a c h e s  were removed and r e p l a c e d  w i t h  
f r e s h  sand and g r a v e l  by t h e  Canadian Coas t  Guard. Thousands o f  b i r d s  
w e r e  k i l l e d  and wolves  were s e e n  s c a v e n g i n g  b i r d  c a r c a s s e s  from o i l e d  



beaches  (Waldichuk,  1 9 8 9 ) .  A t  t h e  p r e s e n t  t i m e  more p r e c i s e  
d e s c r i p t i o n 6  o f  t h e  e c o l o g i c a l  i m p a c t s  and r e c o v e r y  from t h e s e  impac t s  
a r e  n o t  a v a i l a b l e .  



7.0 CONCLUSIONS 

some primary conclusions can be reached from the revlew of oil 
persistence and ecological recovery as observed at other oil spills: 

1. There is a tremendous variation in oil spills, in the 
persistence of oil along seemingly similar environments, and in 
biological impacts among and between habitat types. 

2. Oil degradation or removal from the shoreline by natural and/or 
man-made processes proceeds rapidly at first, slowing down over the 
period of years, with relatively isolated pockets of asphalt or 
oil-soaked sediments remaining after several years. 

3. Asphalt crust or pavement is the most common form of persistent 
oil in the environment after an oil spill. 

4. Asphalt crust or pavement forms in coarse-grained or mixed 
sediments (sandy gravel/cobbles, etc.) where oil has mixed into the 
sediments. 

5. The most common locality for asphalt persistence is along the 
backshore, and to a lesser extent, along the upper low-tide terrace. 

6. Crusts or pavements have persisted for over 12.5 yr at the 
METULA site and for longer at the ARROW site. 

7. Relatively undegraded liquid or fluid oil has remained in 
isolated localities for longer than 3 yr after AMOCO CADIZ and more than 
5 yr after the TAN10 spill, where oil-saturated sediments were not 
naturally or manually flushed of heavy oil concentrations. 

8. Within mud-dominated sediments, oil persisted longer than eight 
years at the AMOCO CADIZ site. 

9. At AMOCO CADIZ sites where oil was allowed to enter the 
sediments below the zone of sediment movement through cleanup pits, 
trenches, or the use of heavy machinery on oiled tidal flats, oil 
persisted longer than eight years with little degradation. 

10. A very degraded oil was found along the upper berm of 
well-flushed sediments in Patagonia, 6.5 yr after the METULA spill, 
apparently similar to test plots at the BIOS site in Canada. 

11. Tilling haa reduced surface concentrations at the 610s site 
but has not reduced overall concentrations, and has possibly increased 
oil persistence by pushing in oil below the depth of active sediment 
movement. 

12. Mechanical reworking of the beach has produced mixed results. 
On active beaches where sediments where pushed lower but remained on the 
beach face, oiled eedimenta were naturally cleaned and returned to the 
beach. However, in 'cases where oiled sediment was placed lower, as on 
the low-tide terrace below the active zone of sediment movement, the 



g r a v e l  w e r e  c l e a n s e d  b u t  never  r e t u r n e d  t o  t h e  beach f a c e ,  w i t h  
subsequen t  l o s s  o f  s h o r e l i n e  p r o t e c t i o n  a g a i n s t  backshore  e r o s i o n .  

13 .  The r e d u c t i o n  of heavy o i l  c o n c e n t r a t i o n s  from t h e  s u r f a c e  and 
s u b s u r f a c e  a s s i s t s  t h e  n a t u r a l  r e c o v e r y  of t h e  s i t e ,  r e d u c e s  o i l  
p e r s i s t e n c e ,  and l e s s e n s  t h e  l i k e l i h o o d  of a s p h a l t  pavement f o r m a t i o n .  

1 4 .  The l o n g e s t  t e r m  b i o l o g i c a l  e f f e c t s  have been found i n  s o f t  
s e d i m e n t s  i n  s h a l l o w  p r o t e c t e d  w a t e r s .  

15.  I t  is  n e c e s s a r y  t o  e s t a b l i s h  a  r i g o r o u s  and g e n e r a l l y  
a c c e p t a b l e  d e f i n i t i o n  o f  e c o l o g i c a l  r e c o v e r y .  Recovery s h o u l d  o n l y  be 
c l a imed  when an  a r e a  h a s  r e t u r n e d  t o  i t s  p r e - s p i l l  c o n d i t i o n s  (which is 
o f t e n  n o t  known e x c e p t  t h r o u g h  c o m p a r i s o n s  t o  nearby u n a f f e c t e d  s i t e s )  
a s  d e f i n e d  a s  b e i n g  f u l l y  o c c u p i e d  by i t s  p r e - s p i l l  f auna  and f l o r a .  An 
a l t e r a t i v e  d e f i n i t i o n  i s  t h a t  r e c o v e r y  cou ld  be c l a imed  when p o s t - s p i l l  
p r o d u c t i v i t y  i s  e q u i v a l e n t  t o  p r e - s p i l l  l e v e l s .  T h i s  i s  a  much l e s s  
r i g o r o u s  d e f i n i t i o n  s i n c e  t h e  o r g a n i s m s  p r e s e n t  i n  t h e  p o s t - s p i l l  
h a b i t a t s  may be comple te ly  d i f f e r e n t  t h a n  b e f o r e  t h e  s p i l l .  
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Residues of Bunker C Oil in Chedabucto Bay, Nova Scotia, 
6 Years After the Arrow Spill1.' 

KEIZER. P. D.. T P. AHERN, 1. DALE. AND 1. H. VINDERMEULEN. 1978. Residues of 
Bunker C oil in Chedabucto Bay. Nova Scotia. 6 years after the Arroix spill. 
J. Fish. Rcs. Board Can. 35: 518-535. 

The Arrow spill i n  February 1970 heavily oiled approximalely one half of the 600 km 
shoreline of Chedabucto Bay, Nova Scotia. A n  cxtensive field surve'y and chemical 
analysis of sediment samples for aliphatic and polycyclic aromatic hydrocarbons identified 
only a few locations where Arroa. Bunker C remained in Ihc intertidal and sublittoral 
sediments. The upper interlidal zones o f  Rabbit. Crichton, and Durell islands remain 
covcred with an oi l  and sediment mixture of a "pavemenl-like" consistency. Several areas 
showed visual and chemical ev~dence o f  recent spills during the survey period. A l l  
subliltoral sediment samples contained hydrocarbons of petroleum origin. The distrrbution 
of thc most highly conlaminalcd sublitloral scdirncnls sufpesls either reentry of stranded 
o i l  into the water column and inlo the sublittoral sediments or conlaminalion from ship- 
ping and fishing vessels. Concentrations in the suhlittoral sediments are below those 
found toxic to benthic organisms. An eslirnalion of the amount of Bunker C remainrng 
in Chedabucto Bay is impossible due lo  the patchy dislribulion, contributions of more 
recenl spills, and the absence of adequate conlrol sites. 

K c y  wordr: Bunker C, oil spill. Chedabucto Bay, gas-liquid chromatography. fluorescence 
spectroscopy, n-alkanes, poiycyclic aromatic h>drocarbons 

KEIZER. P. D.. T. P. AHERN. 1. DALE. AND 1 .  H. 'V'ANDERMEULEN. 1978. Residues of 
Bunker C oil in Chedabucto Bay. Nova Scotia. 6 years after Ihc Arrow spill. 
1. Fish. Res. Board Can. 35: 528-535. 

.A la suite du diversernens de I'Arrow. en fevricr 1970, environ la rnoitiP des 600 km de 
ligne dc rivage de la baie Chedabouctou. Nourcllc-Ecosse. fut recouverlc d'unc epa~sse 
couchc de fuel-oil. U n  rclevi ditail le sur le lcrrain et I'analyse chimique des sedlrncnls cn 
vue d'y diceler la presence d'hydrocarbures aromatiques aliphatiqucs e t  polycycliques ne 
revelkrent que quelques cndroits ob il restail encore du fuel de soute C de I'Arrov, dans 
les sCdiments inteit~daux el sublit~oiaux. Lcs zones inttrtidalcs superieures des iles R;ibblt. 
Crichton et Durell sont encore recouverles dun  melange de fue!oil et de sediments a 
consislence de . pavage ,. Lors du releve. on a pu constatcr h I'oeil et a I'analyse chimique 
ies preuves de diversemems ricents. Tous lcs cchan~iilons de sediments sublitloraux con- 
lienncnt des hydrocarbures d'origine pi trol ikre La  repartition des sediments sublittoiaur 
les plus fortement contarninis suggire soil 1 reentrcc de pclrole echoue dans la colonne 
d'cau e l  dans les sedimcnls sublittoraux, soil la conlaminalion provenant des navires de 
transport et dcs bafcaux de piche. Lcs concentrations lrouvees dans les sed~nients sublit- 
toraux sont infiricurcs P celles qui son1 loxiques pour Ies orfanismes benthiques. il cst 
impossible d'estimer la quanrit i dc fuel dc roulc C qui dcmeure dans la baie Chcdabouclou 
P cause de ra disrribution irr6guii?re, dcs apporls de devtrscmen~s uliericurs el de I'abscnce 
d'cndroits tcmoins adiquals. 

Acccplcd February 15. 1978 Accep:e Ie 15 fcvricr 1978 

THE Libexan tanker Arrow,  carrying a cargo of  108 0 0 0  asround on Cerberus Roc; in Chedabucto Bay. Soi,; 
barrels ( 1  75 x 10"  L )  of  Bunker C fuel  011. r an  Scotia. on Fcbruary 4.  1970. Over the next several dayr 

an estimated two lhirds o f  her cargo was released i n l ~  
'This paper forms p:lrl of lhc Proceedings of the S Y ~ -  the Bav. 0t1 slicks. driven bv wind. currcnts, and ~ i d e  

posiurn on '-Recover). Potcnt~nl of Oilcd Msrine h'orthcrn coatcd'more [ban one h a l f  b f  (he 600 k m  o f  ihorcliol 
Enwronmencs" heid at Halifax. Nova Scolla. October 1G (Anon, 1970,, Larec of  oil in the of . . . --- 
14. 1 Y l i .  - .  

'Bedford Inslitutc of Oceanography Contribu?ion. surface slicks and o i l  droplets i n  the water c o l i ~ m n  wert 
su,cot from the Bav bv tides and currents (Fo~reslcl  

Prinred in Canada (J5 154) 
lrnprimc au Canada (J5154) 

, , 
1971 ) .  Concentrations o f  tolal o i l  in the water colurnr: 
u.ere as high as I00 ppb in May  1970 (Levy  1971 1. 
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Ftc. I .  Location of intertidal and sublittoral sampling stations in Chcdabuclo Bay, N S  

.ApnI 1971 concentrations o t  o i l  i n  the wa te r  
had dropped to  a background level o f  < 2  ppb 

(Gordon and M icha l i k  1971). By October 1973 m u c h  
the oiled shoreline had been cleaned by natural forces 

tou.ens and Rashid 1976). Physical and chemical 
analyses of  stranded o i l  suggested that the remaining oil 
sou id  persist for  many years (Rashid 1974: Vander-  
meulen and G o r d o n  1976). In 1975 Vandermeulen and 
Gordon (1976)  studied the dynamics o f  o i l  movement  
,n a lagoon contaminated w i th  Arrow Bunker C a n d  
concluded that the areas o f  pr ime interest were the 
rcd>rnents and interstit ial waters. 

.4s p a n  o f  a comprehensive study designed to  evaluate 
the long-term effects o f  the Arrou. spill, w e  have con-  
ducted an extensive survey o f  surficial sediments, in ter -  
tidal and sublittoral. o f  Chedabucto Bay i n  July 1976. 
Ls ing a variety o f  methods. we analyzed sediments fo r  
petroleum hydrocarbons i n  order to  determine the dis- 
tribution and chemical fate of the remaining spilled oi l .  

Materials and Methods 

Sitblirrorol - A van V e m  grab mas uscd to obtain samples 
of surficial scdimcnt from 137 of  Ihc I65 localions shown 
in Fig. I. The Slrait of Canso arca was not samplcd duc 
to the high probabil i~y o f  petrolcum pollution from ship 
Ira& and induslr). in this area. I t  uas no! possiblc l o  obtain 
samples at some loc~l ions duc to !he rocky nalurc o f  the 
rubstrate. The grab was thorouchl!. clcaned to rcmovc 
rrcasc and oi l  dcposits bcfore use 2nd s:trnples ucrc rcmovcd 
from thc middle of  the grab to minimize lhc probability of 
contamination. Subsamplcs wcrc placcd in glass jars and 
realcd with foil-lincd caps. 

lrirrrridal- Sampl~ng potnts uere located approx>rnatcly 
every 1.5 km along the shore ( F i g  I ) .  ard more f:equenr!j 
in areas where oil was s t i l l  vi,ib!c. Each of lhc 266 loca. 
llons w a s  survcycd for a b u t  100 m on either side o i  :he  
somplin~ point and the occurrence 01 any v~sib!e oil restdues 
in the intertidal ronc was noted A miled-sed~menr sarnplc 
from the top 10cm u.as oblained by removing a shovel o f  
srdimcnt and then sampling from the exposed suifacc o g  
pasite thc shovcl. Samples. colleclcd from low. mid-, and 
high tidc at each Iwa[ion. ucrc placed in glars jars with 
foil-lined caps. 

A l l  samples. sublittoral and inlertidal, wcre collected bc- 
luccn July J and July 21, 1976 and frozen a1 -2O'C 
uithln 6 h of collection Sample conralners and foil liners 
had bccn prcrinsed ui th rcd~s l~ l lcd methylcne chloride. 

Onc in~crtidal sire was samplcd morc intensively la dc- 
lcrminc lhc composil~on and distribution of hydrocarbons 
in thc ~nlertidal zone. Thc study site. an oiled bcach i n  
Mousrilicrs Passafc. has bccn uscd in prcvious studies ( fo r  
full dcrcription rcc Vandermculen and Gordon 19761. I t  is 
a gently sloping bcach, with sand to gravcl at thc high t ~ d c  
linc changing to fine sand and s i l t  along thc law tidc linc, 
and forms part o f  Haddock Harbour, a larpc low-cncrgy 
lagoon. A 2-3-cm thick lar laycr lics along thc upper high 
~ i d c  line. 

Scdimcnt samplcs wcre collcctcd in duplicate from high. 
mid-. and low tidc lines. in Aprll 1976 and Junc 1977. On 
thc firn datc. samplcs w r c  collcctcd in glass jars: on thc 
second. corcs wcrc lalcn and frorcn withln 3 h. 

Samplcs ucrc partlallv lhaucd and subramplcs wcrc 
placcd in prcc;tractcd glass Sorhlet thimblcs and cxtracrcd 
for I8  h u i th  250 rnL of rnclh;rnol-bcnzcnc ( 2 3  vo1:voi) 
(Fig. 21. Aftcr cwl ing. the crtract was u ~ s h e d  w ~ t h  IN 
HCI saluratcd with NaCl and thc benrcnc laycr was 
scparalcd. Thc aqueous laycr was txlraclcd trv~cc with 75 
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FIG 2. F low chart of analyt~cal p r ~ e d u r e  Details are 
g l \cn in the text. 

mL of  pentane and the combined benzene and pentane 
e\tracts were unshed again u i t h  the acidic saturated salt 
solut~on. The organic laycr was separated and dried over 
anhydrous B a Z O ,  overnight. The extract was decanted into 
a Kuderna-Danish concentralor and reduced to 10 m L  in 
\olume. After sulfur removal (Blumer 1957) an aliquot 
w a  evaporated lo  dryness and weighed on an electrobai- 
ance to determine thc conccntralion of e~trnctable o rganx  
material (EOh l ) .  

Thc sample. o r  an aliquot (mahimum of 20 mg EOM) .  
was evoporatcd almost to dryncss undcr a stream of nitrogen 
and Ihe bcnzcnc was rcplaccd u i t h  isooclanc. Tetrahydro- 
furan I T H F I  uas used l o  elute the sample from a co lumn 
of  5 g o f  Scphadex LH.20 I12 x 170 mm) .  A fraction ( 5 5 )  
conta~ning the rr-alkanes and another fraction (S6)  con- 
taining a group of  polycyclic aromallc h>drocarbons ( P A H )  
including benzo[~rlpvrcnc IHsich ct al. 1969) wcrc isolated. 

Separation of thc PAH's from S6 uas carried out o n  a 
cellulose plate dipped in 2 0 5  dimcthyllormide ( D M F )  in 
diethyl ether and dcvclopcd u i th  isooclane (White and 
Howard 1967 1 .  4liquots of the P 4 H  fraclion from 5 6  of 
A r r o *  Bunker C samples and benzo[a]p!rene wcre spotted 
u i t h  thc sediment crtracts. The developed plate was oh- 
served under long wavclcngth ultraviolet light and then 
scanned at cxcitation/emission uavclencths of  27 1 '362 and 
365. 1 4 5  nni on a Perkin-Elmer hlPF-2.4 fluorescence 

spectrophommeter equlpped w i h  the thin-l jyer 
accessory. Care was laken a1 a11 steps to mlnlmize erporu, 
of the plate to light. 

Fractions S5 and S6 !row. the gel-permcat;on ihromat 
raphy w r e  concenlraled under a rlream o f  nitrogen 9 
[he THF *,as replaced u ~ l h  1sooc;ane Samples werc 2 
chromalagraphed on a column of nlurntna on silica 
( I :  I ut lwt .  5 x 70mrn) clut~ng u ~ t h  pentane ("aliphai~c~-, 
10 and 205; benzene in pcntane (a romat i cs " .  ' 
benzene. Aliquots of each fraction werc evaporated :o 
ness and weighed. 2 

Aliquots of aliphalic fractions were injected onto a 15 
x 0.5 mm ID stainless steel SCOT column which was btk 
at 100'C for I min, then programmed a1 8'C:mln lo  !80'C 
and held Carrier-gas flow uas a1 a constant pressure of 02 
kglcm' (-4 m L  Helmin at IOO'CI. Core samples v,,, 
analyzed on a 23-m OV-I01 glass capillary column. 
injector, an MS-41 szmpling accessory. was a t  25O'C: & 
flame ionizailon detector u ,as  at 35O'C. Chro rna~ogra~  
were recordcd and peak are:ls de!erm>ned w:lh a Hcwlclt 
Pachrd 33804 1nle:rator. Areas for the unresolved comp~,~ 
n l i ~ t u i e  I U C h l )  uere determined u ~ l h  a plnnimetcr ahj 
concen~rations determined b y  calibration wilh the UCM fQ: 
a sample 01 Ar ion  Bunker C. 

A l l  solvcnts werc reafent grade, redistilled in glass. creep 
pentane which was practical grade, rcdist~lled lwice In glarl 
Th~n-layer plates were 250 ~m cellulose lClS3OO obla~ncd 
from var~ous s u ~ ~ l i e r s .  Silica ee l  was Hi-Fiasi!. 613!21~ - ." 
mesh. aclivated at 250'C for 1 8  h; alumina &as Akaa 
alumina F-20. 80/200 mesh. acuvated at 400'C for 18 h 
Both supports were deacrivated wilh 5% water (wt:wt) 
Activated copper. NaSO,, sdica gel, and alumina uere al i  
pree~lracted u i th  solvent belore use. 

Results and  Discussion 

Oi l ,  presumably f rom the A ~ r o w ,  sti l l  remains in tb 
inlertidal sediments i n  many areas of  Chedabucto Ba) 
On the southern and western shores o f  the Bay. only 
the area around Durel l  island remained heavily oiled 
(F ig .  3 ) .  Oil mixed wi th  sand, gravel. and rocks in a 
"pavement-like" consislency covers the upper half al 
the intertidal zone in rnost o f  the sheltered locations m 
this area. There was also evidence of  recent spills of 
l ight fuel oils. There i s  considerable ship movement in 
the area by inshore and offshore fishing vessels to and 
f rom !he local fish plant at Canso which may be re. 
sponsible for these spills. Owens and Rashid (1976). 
based on aerial observations. reported almost completc 
rcmoval o f  o i l  f rom these shores by October 1973. thc 
extent o f  oi l ing reported for the Dure l l  I r land area 
being somewhat less than noted i n  July 1976. The 
method of'observation and/or accumiilation f rom more 
recent spills may account for this difference. 

The northern shore was the rnost heavilv oiled area 
at the time of  thc A r r o w  spill. I n  July 1976. only an 
occasional patch o l  011 remained on [he exposed north- 
ern coast w i th  thc exception o f  Cr ich lon Island. the 
adjacenl shoreline of Bonhomme Cove and the In. 
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FIG. 3. Exlent of oiling i n  intertidal and sublittoral sediments of  Chedabuclo Bay, July 1976. 

TABLE I .  Concentrallons of"o1l" In ~ntertidal redlrnentr f rom 
Moussillers Passaze based on gas-chromalograph~c anal)ris. 
TI and T I ,  transectr I and I .  

rg Bunicr C r redmrnt-' 

June I977 
Aprd 

Location Depth (crnt 1976 T I  T2 

Hteh tide 

'Based on the area of  the U C M  usm: A r r o w  Bunker C 
fuci oil as a standard. 

habitants Bay arca (Ftg.  3). I n  thc sheltered areas o f  
Haddock and P o n  Koyal  harhors. there is l i t t lc o i l  
evident on the surface o f  the sedimenls: hou-ewr. o i l  
m x e d  wi th  coarse sand and gravel was found in layers 
several centimetres thick. 5-10 cm below the surface 

i n  several locations. Th is  oiled layer often extended 
f rom high to low tide but tended to be very patchy. I t  
i s  therefore impossible to estimate the amount o f  o i l  
that mAy be incorporated into the sediments of  the area. 
Aer ia l  observations in 1973 (Owens and Rashid 1976) 
d id  not reveal the presence o l  any 011 i n  this area, a l -  
though i t  had been heaxil) oiled at the time of  the spil l. 
This area is also frequented by small fishing and pleasure 
boats which may be responsible for some o f  the o i l  
residues. 

The shores o f  Rabbit Island i n  Inhabitants Bay and  
the adjacent point on the mainland are visibly the most 
heavily oiled areas remaining i n  Chedabucto Bay. 
"Pavemen[." u p  to I5 cm thick. covers much of  the 
upper half o f  the intertidal zone and on hot days o i l y  
films spread out among the rocks onto the waters o f  
thc Bay. The extent o f  oi l ing on thc remaining shore- 
l ine and the other islands of  Inhabitants Bay and I n -  
habitants Harbour has diminished greatly since October 
1973. Only the castern and western ends of  Evans Island 
remain heavily oiled, whi lc only scattered patches o f  
"pavcmcnt" remain on thc rest o f  the shoreline. Oc- 
casionally, dcpows o f  a subsurface oi l  and sand m i x -  
ture were uncovered in this arca. but as in the Haddock 
and Pon Royal Harbour area [he distribution was 
patchy. 

Concentrations o f  Bunker C fuel oil. based o n  
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I 

similar t o  that  c f  a fresh N o  Z fuel oil l ? ~ s  is , 
definite indication that a light fuel oil had been spIliec 
In the study area sometime near the samplinr dart 
Therefore  more  than one  spill o f  fuel oil has probab] 

Y 
contaminated this area since the grounding  o f  + 
Arrow,. Once  a c rude  o r  fuel  oil has weathered.  f he  uo 
resolved envelope that  remains is n o  more  characterirk 
of Arrow Bunker C than any  o ther  oil. Because tb 
source of petroleum-derived hydrocarbons  in the sedi. 
ments is not only Ar row  Bunker  C, it is impcssible lo 
evaluate the extent  o f  weathering and  t he  mobility d 
the stranded oil o n  the beach.  Th i s  observation m u  
also serve as a caution in interpret ing da t a  obtained 
from other  sampling locations, i n t e r t~da l  a n d  sublittoral. 

1 I , 
e ,  C r a r i ~ n e r ~ r c  dara - Concent ra t tons  of el:ractahl, 

_----------- 
IW'C 6Tmm 2M.C I H C L D I N G I  

F IG  4. Gas-liquid chromatogramr of  thc aliphalic fraction 
of Airon  Bunker C fuel oil and scdiment exrracts f rom 
htoussiiiers Passage. Thc broken line is a procedural blank; 
nurnbcrs above peaks indicate the numbcr of  carbons in 
ihe corresponding !!-alkanes: Pr is prisranc and Ph is 
phylane. 

measurement  of t he  UCM. varied by 2 o r d e r s  o f  mag -  
ni tude at  t he  Moussiliers Passage  s t udy  site ( T a b l e  1 ). 
T h e  d a ~ a  suggest removal  of the "oil" f rom the  high 
lide zone  wi th  accumula t ion  in the low t ide sediments :  
however.  the composit ion of t he  sa tura te  f rac t ion  sug-  
gests ano the r  explanation fo r  this appa ren t  change .  In 
April 1976  ch roma tog rams  of t he  s a tu r a t e  f rac t ion  
revealed only  a few m i n o r  resolved peaks  o n  a la rge  
unresolved envelope. typical  o f  a weathered  residual  
fuel oil. Littlc diRerence was  observed a m o n g  t he  
samples.  However .  samples collected in J u n e  1 9 7 7  were  
qui te  dimerent. Many  of t h e  ch roma lop rams  ( F i g .  4) 
e ~ h i b i t e d  a series of n-alkanes in t hc  n C , , - ~ i c , . ~  range  
super imposed  o n  the unresolved envelope.  a pa t t e rn  

-., 
organic material ( E O M )  in sublittoral sediments r a n g d  
from 5 to 2092 p g i g  of  d r y  sediment  T h e  lower valuer 
a re  associated with coarse-grain sediments ,  the highet 
values with fine-grain sediments and  5edimenrs col. 
lected near  more  heavily populated a reas  such  
Arichat Harbour .  Durell  Island,  and  Pe!it d e  G:at Inlet. 
These concentrat ions o f  E O M  are  generally highe: 
than in offshore sediments in this area (Keizer  rr ai 
1978 )  but of the s ame  o rde r  of magni tude  as s a m p l a  
f rom other  inshore areas ( e . g  F a r r i n g o n  and Tripp 
1978 ) .  The re  is no  evidence of a massive oiling o f  thc 
sediment where  25-50% by weight may be  extractable 
organic material .  

Pol!c~ciic a r o ~ ~ l a r i c  h y d r o r a r b o ~ r s  (PAHJ-The  
composition of  the P A H  fraction of petroleum is sub 
stantially different f r om that  of biogenic hydrocarbons. 
The  P A H  fraction in unpolluted mar ine  sediments i 
dominated by the unsubsti tuted hydrocarbons  or 
derivatives with low alkyl content .  while tn c rude  and 
Bunker C fuel oils. hydrocarbons  with a greater  alkyl 
substitution dominate  (Youngb lood  and Blumer 1 9 7 5 ) .  
N o  a t tempt  was made  to isolate and  de termine  con- 
centrations o f  individual PAH ' s .  T h e  general  composi. 
lion of the P A H  fraction should be an  indicator o f  the 
pre5ence of petroleum hydrocarbon residues.  

Thin-layer chromatography of the P A H  fraction of 
Arrow Bunker C fuel oil did not revcai the presence 
o f  any single ( o r  series o f )  dominat ing  hydrocarbon(s1  
(Fig. 5 ) .  A blue streak ex tending  f r o m  the origin to 
the solvent f ront  was apparent  under  long  wavelength 
UV illumination. Ch roma tog raphy  o f  the P A H  fract ion 
from the subliltoral sediment samples gcnerall! revcaled 
a c o n ~ i n u o u s  scries of ntul!icslored Ht~ore<cing bands 
undcr CV illumination and  a series of peaks in the 
f l uo rc sence  scan (F ig .  5 ) .  T h c  band tha t  had an  R ,  
value identical to henzo [o~py reoc  had a Ruorc<ccnce 
enlission spec t rum identical t o  Ihe s t anda rd .  Although 
ditTercnccs in the rclative intcnsities o f  peaks werc  ob- 
served. the same paltern was prescnr i n  all samplcs.  
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F I G  3. Fluorescence emission scans of T L C  plates of  PAH 
(,,c:ions (reverse phase cel lulor - 20% D M F  in ether de- 
~ ~ l o p c d  in isooctane). E.\ci~ation wavelength. 365 nn,: 
emission wa~elen!gth. 145nm. A Arrow BunLrr C fuel 

B weathered A r r u v  Bunker C fuel oil: C extract from 
,ublittoral sediment containing petroleum residues: D e l -  
tract from unpolluted subli~toral sediments~ 

This u~idespread uni formi ty  i n  the composition o f  the 
PAH fraction o f  sediment extracts has been observed 
before (Youngblood and Blumer 1975) and susgests 
a common source. possibly the anthropogenic corn- 
bustion o f  fossil fuels ( H i ~ e s  et al. 19771. 

The presence o f  an underlying blue streak a n d / o r  a 
rtrong blue band near the sal\,ent f ront  is indicator o f  
the presence o f  petroleum-derived hydrocarbons i n  
samples. Th is  visible feature was always correlated w i t h  
small peaks superimposed on a h igh background i n  the 
fluorescence scans. The  samples taken at the m o u t h  o f  
the Strait o f  Canso. near Eddy Point. and just n o n h  o f  
Durell Island. had TLC scans identical l o  Bunker C fucl  
oil. Both rhese locations are probably the recipients o f  
chronic po l lu t ion f r o m  ship traffic. 

Gos-Iiqitid c l r ro~naro~rapl t? .  - A chromatogram of  
the aliphatic fract ion o f  a sample of Arro,, Bunker  C 
fuel oi l  is shown i n  F i g  6. 11 is characterized hy a series 
of n-alkanes and isoprenoids o n  an envclope due to  a 
UC.M of  pr incipal ly naphthenic hydrocarbons (B lumer  
et al. 1970) .  Numerous studies ( c g .  Atlas and Banha  

FIG. 6. Gas-liquid chromatograms of  aliphatic fractions 
o l  Arrant. Bunker C fuel oil and sedlment extracts from 
Stations 121 (north of Janvrin Irland). 61 (north of Durell 
lslandl. and 99 I15'2S'h.  60'50.W) exhihiling. ~n order. 
decreasing de~rces o i  petroleum hydrocarbon contamina- 
l ion. The broken line i s  the background signal: numbers 
above peaks indicate the number  of carbons in the cor- 
responding r,-alkanes: Pr i s  pristane and Ph  is phytane. 
Chromatograms represent approximateiy thc same weigh: 
ot sediment. 

19731 have documented Ihe rapid bacterial degradation 
o f  the 11-alkancs. the U C M  being much more resistant 
to  degradation. 

The aliphatic fraction f rom al l  o f  the sublittoral 
samples contained a series of n-alkanes that had a strong 
odd-carbon preference (F ig .  6 )  indicative of  a b io-  
gcnic terrestrial source for these hydrocarbons ( F a r -  
rtnglon and Meyers 19751. The sample f r o m  near the 
mouth o f  !he Strait o f  Canso was an exception. I t  had a 
carbon prelerence index (Bray and Evans 1961) o f  
1.03 for ,lC,,,-~IC,,,, w i ~ h  a maximum concentration at 
IIC,:,. a slrong signal for the UCM peaking at nC,?. and 
an uC,,!phytane ratio o f  1.35. These arc all strong 
indicators o l  recent petroleum hydrocarbon input  ( F a r -  
r i n g o n  and Meyers 19751 

Chrornatograrns o i  the aliphalic fraction o f  all sam- 
ples had a rneasurablc unresolved envelope. The con-  
centration of  this U C M  ranged f rom barely detectable. 
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FIG.  7 .  Frequency distribution of the ratio o f  the nC:: 
peak area to the height of the UCM at IIC:. Thc class to 
u.hich the chrometograms from Fig. 6 belong is indicated. 
The probability of oil residues in the samples increases from 
right to left. 

<0.05. to  I 17 rg!g dry sediment. The  shape o f  the 
UCM was generally different than that fo r  Ar row 
Bunker C and indicated the loss of some of the lower 
boiling components (Fig.  6 ) .  Most crude and residual 
fuel oils contain a UCM and the presence of a U C M  
in marine organism extracts I S  generally taken as an 
indicator of  the presence of petroleum hydrocarbons 
(Farrington and Meyers 19751. Farrington and Tripp 
(1978)  have reviewed the possible sources of the  U C M  
in marine sediments and have concluded that t h e  pres- 
ence of the U C M  is a strong indicator of fossil hydro-  
carbon contamination. 

Extracts from these sediments had UCM's that varied 
considerably in shape and intensity (Fig.  61. A measure 
of the relative intensity of the UCM was made b y  com- 
paring the area of the nC1: peak relative to the height 
o f  the U C M  at this point. The  frequency distribution of 
this data is plotted in Fig. 7. Samples that have ratios 
in the far left of the histogram have a larger UCM rela- 
ti\,e to the concentration of  n-alkanes and therefore a 
higher probability of containing petroleum-derived 
hydrocarbons than those on the far right. The class to  
which the chromatograms from Fig. 6 belong i s  indi- 
cated. 

Based on the nC,: to  UCM ratio and the fluorescence 
T L C  scans of the PAH fraction. probabilities were  as- 
signed for  the presence o f  petroleum-derived hydro- 
carbons in a sample. On this basis petroleum-hydro- 
carbon residues in sublittoral sediment extracts are 
found principally in heavily traveled areas (Fig.  3) 
where the source of the rcsidues is complicated by inputs 
f rom many sources over long periods of time. O n  the 
northern shore. stations with sediment extracts con- 
taining petroleum residues are concentrated near  the 
entrance to thc Strait o f  Canso and Cerberus Rock.  This 
may be the result o f  either a large proponion of the 
fuel oil spilled from the Arrm,. being swept there by 
natural forccc and!or chronic spills by ships using the 
Strait of  Canso. it is impossible to say whether o r  not 
the petroleum residues in the sediment came f r o m  the 

Arrow;  however, the residues appear to be extensivb> 
weathered. The n-alkanes have d~sappesrcd a11d '4 composition of the PAH fractlon is s~gn~f icsn t l )  dlNerk 
from that of a petroleum product. 

Oil may reach the sublittoral sed~rnents by a wmk 
of pathways. For  a residual fuel otl such as Bunker I 
the loss of volatile and soluble components and the 
tachment o f  mineral particles can result In an oil resi&, 
with a density greater than that of seawater iMcA% 
1977). In the case of  the Arrow spill. the density 
the surface waters was only 5 %  greater than that of g 
spilled oil (Conover 1971 ) . Conover ( 197 1 ) concludq 
that zooplankton were responsible for the removal 
oil droplets f rom the water column by ingestion Iq 
subsequent sedimentation as oil incorporated with o& 
fecal material. In addition to these methods of  sedimc 
tation. stranded oil that has been mixed with i n t e w  
sediments is swept into the water column by wave Q 

tidal action and finds its way to the sublittoral s e d ~ r n e ~  
The distribution of oil-containing sediments and & 
abserice of a petroleum-derived n-alkane series lave 
the last pathway as the major source o f  petroleua 
derived hydrocarbons in the surficial sublittoral % 
ments of Chedabucto Bay. I f  i t  were assumed that ,: 
of  the extractable organic material from these sedimcn: 
were Arrow Bunker C. the concentrations would still& 
far below the level at which toxicity to benthic organist 
is observed ( e g .  Gordon el al. 1978) .  

Conclusions 

Stranded oil f rom the tanker Arrow has disappearr 
from most of the shoreline of Chedabucto Bay. 6 !  
after the spill. Visual observations and chemical a n a l p  
o f  samples f rom 600 km of shoreline (including 261 
stations) revealed the presence of petroleum hydr:. 
carbons at most locations. However. due to wealheno; 
and contamination f rom recent spills. identification c 

the residues as Arrow Bunker C is impossible. 
Only a few isolated spots remain that are visibly cor. 

laminated with large quantities o f  oil identifiable 2 

Arrow* Bunker C.  These are Rabbit. Crichton. an: 
Durell islands, where the upper high tide zones remat 
covered with a mlxture o f  oil and sediment in a "pan. 
ment-like" consistency. 

Estimation of Ihe amount o f  oil buried within dt 
intenidal sediments is hampered by its patchy disrn 
bution and re-oiling and conlamination from 0th 
sources. Chemical analysis of the aliphatic and pal! 
cyclic aromatic hydrocarbon fractions of sediment u 
tracts from one location studied in detail (Moussilier 
Passacel indicated recent contamination with a ligb 
fuel oil. In several other areas there was visual evidenc 
of light-fuel-oil spills during the survey period. 

Chemical analysis o f  the aliphatic and polycvck 
aromatic hydrocarbon fractions of i? of the 137 sub 
littoral samples collected indicated a variable degree c: 
contribution of  petroleum hydrocarbons to the extra* 
ahle organic material, The samples that contained Ih: 
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highest concent ra t ions  w e r e  general ly located a l o n g  t h e  
n o r t h e r r  s h o r e  a n d  in the Strai t  of C a n s o  area.  It i s  n o t  

Oci lh l s  10 d e t e r m i n e  w h e t h e r  Arrox,  Bunker  C i s  t h e  yc,,rce o f  these  h y d r o c a r b o n s  because of e x t e n s i v e  
uca(he:inf a n d  probable  i n p u t  f r o m  recent  spills. How.  
,,.,, the d i s t r ibu t ion  suggests  tha t  t h e  source  m a y  be 
(he reentry o f  s t r a n d e d  oil i n t o  t h e  w a t e r  c o l u m n  a n d  

the subli t loral  sed iments  n e a r  the shore .  
T h e  main  difficulty in a s t u d y  of  this  type  is o u r  in-  

ability to  f ind a con t ro l  site tha t  h a s  not  been c o n .  
l amina ted  by p e t r o l e u m  h y d r o c a r b o n s  a n d  does  no t  h a v e  

quant i t i es  o f  pe t ro leum-der ived  h y d r o -  
ca rbons  in its inter t idal  a n d  subli t toral  s e d i m e n t s .  
~ i t h o u t  a n  apprec ia t ion  f o r  w h a t  "background" l e v e l s  

be. it is impossible t o  assess t h e  m a g n i t u d e  o f  
p r o i e u m - h y d r o c a r b o n  i n p u t  f r o m  a spill. 

we thank M r  W.  R .  Hardstaff. M s  L. Rutley. and  the 
and crew of the Whip-rile-Wiud f o r  their assistance 

,, conducting the survey and D r  D .  C .  Gordon.  J r .  f o r  his 
m ~ n y  helpful suggestions. Thc  Canadian Coast Guard  p r o  
,j&d helicopler limc for prcliminary aerial reconnaissance 
~f [he sludy area.  
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F~G. 2. Lccalion of  stud! sitcs in Chcdabuclo Bay. 
B P - b c h  profiles 1970 l o  1973; BP3- tach  profilcs 
1973; BS-ncarshorc b o m m  samplcs; SP-ncarshorc 
profilcs; OC--oil wvcr stud! ;SB-scdirncnt budgclstudy; 
SS-tach scdirncnt s i x  cs~irnalcs. 

graphical distribution of oil in the shore zone,  
and (3) the impacr of littoral p r ~ c s s c s  on  t hc  
physico-chemical properties of  oil residucs o n  
the shorelinc. 

T o  establish the cffccts o f  scdimcnt rcmoval 
from the littoral zonc, da ta  ucrc  obtained in  
1973 f rom ncarshorc bot tom profilcs, bo t tom 
samples, and resurveys of beach profilcs studied 
in 1970 (Owens and Drapeau  1973) at  Eddy 
Point, Hadle)sillc, and Indian Covc (Fig. 2). 
O n  a larger scalc, an acrial rcconnaissancc of  
thc  coast was rcpeatcd t o  rccord changes in the  
oil covcr on  thc  shoreline over a 3-ycar period 
and  t o  obtain comparative photography of 
specific localities. A study of  the  coastal cnviron- 
men1 at Black Duck Cove, o n  thc Atlantic coast  
adjacent t o  Chedabucto Bay, was concerned 
with the natural physical a n d  chemical dcgrada- 
tion of oil in thc littoral zonc. In addition, a 
sediment budgct study was undcrtakcn at  Dccp  
Covc t o  providc an estimate o f  the rate o r  supply 
o f  material to the littoral zonc  from the crosion 
of till cliffs. 

The natural cnvironmcnt has bcen altcred 
directly or  indirectly b) man at  each o f t h c  study 
sites in Chcdabucto Bay. The results o f  the  
different studics discussed below providc specific 

data nhiih can he u,ed fimr be~:er n:ana:emzr: 
of the coa$lal zone and rn plzr,-in: Tor handling 
ful;rre oil spills. 

Coatla1 En\ironmtntr  and Shore Zone 
D! namics 

The character of rhe  shore zone of Chelabucto 
Ba) ranges from iheltrred, lo\\-enerfy beaches 
compcred ofpoorl)sorled till-derixed sediments. 
co'3ble and boulder braches. ro resistant roil. 
cliffs dircitly e\posed to the Srlantic Ocean. 
The combination of the inher~ted ractorc, such 
as bedrock, surfiiial iedlmenrs. and relief. w t h  
the d!narnic features of :errestrial and marine 
procctiei gives rhis area 2 great \ariel!. orcoastal 
cn\ ironnents .  O\\ens (197101 presented a ma?  
of shortline t!pes ;hat illustrates  he geop raph :~  
distribution of geomorphic ieatures o n  ;he t a u s  
of a rcconnaistance study, and discusied the 
dlnamic and inherited features of the coastal 
zone. .\Ithough the n a p  demorstrares the local 
xariation and complssit! of the coasr, it is 
possible to distinguish four major coastal en- 
vironments: the S o r r h  Coasr, the \5'est Coasr. 
the Scuth Coast, and  he .Atlantic Coast. 

The reccnt rise in sea-le\el, at a rate 01' about 
15 cm.'century in this area (Grant  1970), has 
produced a dro\vncd shoreline, and the primary 
subdivision o r  the coast is based upon the geo- 
logic rcgions defined by the Chedabucto Bay 
fault zone. North of this fault, a series of Car- 
boniferous sedimentar) rocks habe bcen modified 
by glacial and fluvial erosion into a n  undulating 
lo\rland rcgion (Grant  19?1, 1974). South of the 
fault zone, resistant metamorphic and intrusive 
lower Palaeozoic rocks have been upliftcd and 
crodcd to form an upland plateau nhich dips 
towards thc south. The dislribution of suficial 
sediments closcly rcflects these two geologic 
rcgionsuirh rclativcly [hick deposits of red, loam 
tills t o  thc north of the fault and a discontinuous 
cover of stone). tills t o  the south (O\iens 19 i l a .  
fig. 3). 

Subdi\.ision of  these two primary units is based 
on  morc local variation in shorcline orientation, 
relief, and cnposurc t o  Haye c n e r p .  Easr of the 
Strait of Canso, thc north shore of Chcdabucto 
Bay consists of a complex series of islands, inlets, 
and bays that results from the submcrgcnce of 
the Carboniferous lowlands. Areas shcltercd 
from dircct wave approach havc low-cncrgy 
beach rnvironments, usually charactcrizcd by a 



Coastal en\ironrnents and oil spill residues i n  Chedabucto Ba! , 
Nova Scotia 

In\cstigation, fol luuing ~ h c  oil <pil l  f rom thc ranker 4 a a o u .  in Chcdabuair Bay, K o i a  Siotia. 
i n  1970 habc f r * u r x d  on thc physical and chcmical dcgradation d t h c  Bunkcr C o i l  in different 
l i t toral environment, and on thc cffcct, o f r cd imcn l  rcmoval ro rcrrtxc po l lu~cd k a i h c s .  h'atural 
pruicsscs ha r t  restored the kar.hcrcfTccr i re ly on  coart rerpl rwd lou.arc acti\.il). In rhcltcrcd. 
luu-cncrg) arcas. the o i l  has undcrgont r c l a ~ i i c l y  lirrle change o\cr  lhc 3.ycar pcricd and ir still 
prc-en1 in  thc l i r t ~ r a l  zone Thc remo.al oT;ont3minalcd redirncnr, from erposcd bcachcs har 
no1 saujcd major i h ~ n g c l  bul h.tr rcrulrcd in pcrmancnl rctrcal of  lhc k a c h  :rest in arcas of  
l imired sediment rupply. 

A la s u i 1 c d e r p c n c ~ d ' h u i l c d u p i t r o l i c r 4 ~ ~ 0 u  dans la bait dc Chedabucro.Sou~eIlc.Ecosrc. 
cn  1970. dcs rc:hcr;hcr on: t r i  ;unracrCcs a la dcgradation ph)riqoc c1 chimique dc I'huilc 
Bunkcr C dans diff ircnts cnvirunncrncnrs l i t l o raur .  c l  aur cffcls dc I 'cnlt\crncnt dc scdimcntr 
c f fc i tu t  cn r uc de rcrraurcr Izs plagcs polluCes. L c r  proccsrur narurcls ant rcstauri lcr  plagcr dc 
faeon cffccti\c sur Ic5 cirlcs cspor ics a I ' ac t i \ i t t  dcs bagucr. Danr Ics regions abritccs. dc bassc 
tnergic. I'huilc a subi rclarivcment pcu dc ihangcrncnts rur la ptr icdc dc 3 ans tcoulcc cr csl 
tuupurs  pr t rcntc d a m  la zonc l i r~ora lc .  L'cnlcucmrnt dcs stdlmcnts contaminis n'a par 
p ro \ cqu t  dc changrmcnts majcurs sur Ics plagcr caposccr. mais. dans Ics rcgionr ob I'appon d< 
rtdimcnt, csr limit;. il en csl r t r u l r t  un retrait pcrmancnl de la :rile dc plagc. 

[Traduir par Ie journal] 
Can. I Eanh Sci. 13. -938 11976) 

Introduction 

A reconnaissance of the coastal zone charac- 
teristics of Chcdabucto Bay (Fig. I) was under- 
taken in  spring, 1970. This study formed part of 
a scientific program initiated by a htinistr). of 
Transport Task Force established follo\ving the 
spill of 4.8 million gallons (21.8 ml) of Bunkcr C 
oil from the tanker .ARROW (Canada kfinistr)- of 
Transport 1970). The reconnaissance provided a 
rapid assessment of coastal geomorpholog., 
lirroral processes, and bcach sediments that was 
used as the basis for developing a beach-cleaning 
program. In areas where the restoration of 
beaches ini.olved sediment removal, repetitive 
surveys uere carried out to determine the im- 
mediate effects on bcach stability ( O w n s  and 
Drapeau 1973). Subsequent investigations result 
from an integrated multidisciplinary research 
program on the environmental marine geology 
of the Canso Strait - Chedabucto Bay region, 
undertaken in 1973 by the Atlantic Gcoscicncc 

'Prcsent address: Coastal Sludics Institute, Louisiana 
Slate University, Baton Rouge. Louisiana. U.S.A. 70803. 
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FIG. I. Localion of  Chedabucto Ba). Sobs Scoria 

Centre of the Geological Sur\-c) of Canada 
(Buckley er a1 L974; Vilks er 01. 1 9 i j ) .  

The objectiicj of this paper are to report on 
the impact of man in Chcdabucto Bay uith 
reference to ( I )  the effects of beach restoration 
in the polluted areas, (2) changes in the gco- 



thin (?C-40 crn) la)er of poorly sorted m u d ,  
sand, and pebbles reiting on a till platform. By 
contrast. on  the exposed coaits, intensive w 3 \ c  
action h3s resulted in shoreline simplification 5y 
the erosion of headlands and b) depoiition across 
emba) mcnts. 

The  second unit, to the nest of the Strait of 
Canso, isalso vithin the Carboniferous Ioulands .  
but differs from the north coast on the basis of 
the more regular t opog raph  that gkes  a rela- 
ti\ely straight coastal configuration. Subrncrg- 
ence of this southeast-sloping lowland area has  
produced a series of broad drowned valle?s 
separated b) eroding till o r  bedrock headlands. 
During the post-glacial transgression, the casily 
eroded tills, conglomcratcs, sandstones, a n d  
shales supplied large volumes of sediment t o  the 
littoral zone that havc been reworked t o  build 
large barrier features across the re-entrants. This  
coast is o w n  t o  direct ware  action from the  east 
and the beaches are characterized b) a u ide ,  oi ten 
steep, intertidal zone with large cobble s t o rm-  
ridges. 

The  south coast of Chedabucto Bay fo rms  a 
straight faultline-scarp shoreline (Johnson 1925). 
The coast is characterized by low, resistant rock 
cliffs and  intertidal platforms, with occasional 
pocket beaches where sediments havc accumu- 
latedin baysproduccd by erosion along secondary 
faults o r  joint planes. 

T o  the east and south of Fox Island, the four th  
unit (the Atlantic Coast) is a complex rezion of 
drou.ned, irregular, resistant, loitland t o p o y  
raphy exposed t o  constant attack by s torm a n d  
swell waves. Sediments are scarce due to the  lack 
of glacial deposits and  the resistant nature of 
the rock outcrops. 

These different coastal environments will be 
discussed in the context of  data collected dur ing  
specific studies a t  five locations. The studies 
provide an account of  some of  the effects o f  m a n  
in the coastal zone a t  Chedabucto Bay through 
( I )  an analysis of till cliff erosion rates a n d  an 
estimation of  the sediment hudget at  Deep Cove 
(North Coast); (2) measurement of the eRects 
of  sediment removal on  beach profiles a t  Eddy 
Point (West Coast). Hadlcyville (\Vest Coast) ,  
and Indian Cove (South Coast); and (3)  the 
investigation o f  oil in the littoral zones of Black 
Duck Cove (Atlantic Coast). 

Deep Core 
The northern coast of  Chedabucto Bay has  a 

cornple': shsrtline as a result o fdr i lnz ing  of th: 
irregular and pl3ciatcd loj$land tcrrzl:,. I n  she:- 
Lered u a \ e  er.\ironrne>ts, rates of eroiion ar: 
verq lou and depesitional proceircj 3:e sloi, so 
that the shoreline has on!) pa:ria:l) adjujrcd r 
littsral procesjes. Along the sxpoied sections 
of this coast, shoreline crojion o f  the red loamy 
t i l l  cliffs has been rapid, and this has resulted i n  
the deielopment of nide, shallow, na \ e - cu t  
platforms that nox  partiall) abjorb the energ) 
of incoming naves. Houe\er ,  erosional and 
depositional processes are still important, partic- 
ularly during periods of storm !\ayes. Betlieen 
Janvrin Island and  U'est Ariihat, a series of 
islands have been coGnected by depoiition of 
bars across the shallou ernba)ments to give a 
relati\ely. straight coa5tline of alternating narrou 
bars and eroding till cliffs (Fig. 3). 

Estimates of the bolurnes oi jedimcnt that arc 
being supplied to the littoral zone of this coast 
result from a study of till crojion on  a 5.1 krn 
section of shoreline in the Deep C o ~ e  area.  
Shoreline changes and ratcs of cliff erosion \\ere 
measured from vertical aerial photoerapt j  taken 
in 1936. 1953, and 1973 (Fie. 3). Rates o i  cliff 
erosion vary considerabli in this area, ranping 
from less than 10 cm,'y t o  a ma \ inum of 135 
cm.'y. The bars that connect the till cliRs are 
retreating at rates berueen I4 and 162 crn,'y. In 
addition. 21 profiles were suveyed across the 
shore zone in 1973 (Fig. 3) so that the total 
volume of material eroded or  deposited during 
the 37-year period could be calculated. The t i l l  
c l i f j  are rarely more than 10 rn in height and are 
composed of red clayloam or eravellj clay-loam 
sediments. Textural anal!sis of six sediment 
samples (numbers 5601 to 5606, Table I) from 
till cliffs indicate that thc size characttrijtics of 
the samples from this coajt and t i lo samples 
(5607 and 5608) from rhe \\eit coast near Cape  
Argos (Fig. 2) are r cmark~b ly  uniform. The per 
cent of each size fraction per cubic metre of t i l l  
u a s  calculated (Table 21, alloning an estimate of 
the annual supply ofeach size fraction (Table 3).  

The beaches of  this section of shoreline are 
composed largely of material in the granule- 
pebble-cobble size frac:ions. uhich have an 
a n n u l  rate of supply in the order of 2020 m3/y. 
Boulders are rarely mo\ed by \cave action and  
accumulate in ~ i r u  at  the baie of the till cliRs, 
whereas the silt and cla) fractions are removed in 
suspension. and the sand fraction is transported 
into the nearshore areas. 
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T ~ B L E  2 .  V01~lrc:nc anal)s:s o f  1111 c i iEs~rn?lcs a: Dcep Cove 

Bouldcr Cobble Pcbblc Granule Sand 5111. r l ~ v  U'awr 

TABLE 3 E~t i rnatcs orannual scdimcnl supply rates at D c t p  Covc  Sccmns o f  t i l l  crpoicd on  thc ihoreiinc src ourlir,ed 

i n  Fig. 3 

>Taxhum 
h lax i rnun erosion Volurnc of  size fractions supplicd by crcsion (rn3iy) 

Length height rate 
Section (rn) (m) (cm.'~) Bouldcrs Cobbles Pcbblcs Ciranulcs Sand Silt. clay T o l d  

FIG. 4. Comparison o f  1953 (Icit) and 1973 (right) vertical air phologra>hs o r  thc Deep Cobc arca. 
A l though rhe 1913 photopaph was taken at  a l ime or higher ride Icvcl than the 1973 photograph, the 
shorclinc changa i n  the central p a n  of the photographs are cvident. (National Air Photo Library. 
Ottawa. Canada: (a) A137184?, 1953, 1 ;17000. (b) RSA?33I?-116. 1973, 1:17000). 

scdiment removal; where sediment has not  been 
removed by  man, there has been net sediment 
accumulation. The effect of  scdiment removal 
during the last 20 years is particularly evident 
bctween sections B and C ( F i g  3), trhere the 
narrow bar  ha: crodcd 40 to  50 m since 1953 
(Fig. 4); whereas in the period betwcen 1936 and 
1953, the beach was erodcd only 10 t o  1 Z m. The  
retreat o f  this beach has in  turn resulted in an 
increase in the ratc of erosion of the adjacent till 
cliffs (Owens 19710, photo 11). T h e  beachcs of 

this arca arc in a delicate equilibrium with the 
littoral processes and with the rcdiment jupply, 
s o  that the impact of man in  d i s txbing  thc 
natural system can ha ie  immediate and adverse 
effects on the shore zone. 

Hadlejr.ille 
Along the Hestern margin of Chcdabucto Bay, 

glacial deposits, expojed on the coast as  cliffs 
that  vary in height from 3 to 30 m, overlie un- 
resistant Horton Group  (blississippian) red 



FIG. 5.  Hadlc)villc study area, with kch-nczrshorc  piofilc on line 5.  

sandstones and shales. The glacial dcposits are 
mainly red clay loam or gravellyslay loam tills 
(Hilchcy er 01. 1964) that are composed largely 
of silt-clay size scdirncnts (Tablc I ; samples 5607 
and 5608). The coast is undergoing rapid modifi- 
cation by deposition across the shallou cmbay- 
mcnts and by crosion of the unresistant cliffs. 
The littoral zonc xdimcnts arc mainly in the 
Sand-pebble<obblc range, and thcsc arc dcrivcd 
from Contemporary erosion and from the prod- 

ucts of erosion that have accumulatcd by the 
1andu.ard migration of beach ridges during the 
post-glacial transgrcssion. 

The bcach at Had1e)villc (Fig. 5) is charactcr- 
istic of many of thc depositional featurcs on the 
ucstcm shore of Chcdabucto Bay. The bcach 
fact is wide, up to 40 m al low tide, and has a 
high storm ridge, up to  4 m abovc mcan low 
uatcr Icvcl. Typically thc sizc of material grades 
from mcdium sand in rhc inicrtidal zonc, to 



T ~ B L E  2 .  T:\Iu:II ch3:~cl~:i~:icr of  ncarshcrc hues ssrnplcs. Lcca:ionr o l  r ~ m p ' c r  a:c indica~ed sn  :he profile llncs 
icr each rrud! are3 (n,r-no s ~ m p l c ) .  

Dis:ancc 
Sample Depth from k x h  Pcbblss Cranulcr Sacd Sill, clay 
n u r n k r  LK3[ion (m) (m)  WIZ ~ 1 %  wr7Z w r z  

5501 Eddy Point 34 1020 0 . 2  0 . 3  16 4 a 3 1  
5502 Eddy Poinl 1 1  5 290 rock: n;s 
5103 Hadlc)~ i l lc  I3 2130 cobbles 'psbbies 
55W Hadle)~ i l lc  17 2210 rock'cobblcs 
5505 Hadlc]?illc 6 880 rock: n.'s 
5506 Indian Covc 20 t 3 M  rock: n.3 
5507 Indian Coke 14 660 0 . 2  0 . 1  5 9 . 0  M.7  
5508 Indian C m e  I I 160  0 . 7  0 . 2  8 5 . 2  13.9 
5SW Indian Cobc 8 290 1 0 . 6  4 . 1  8 3 . 5  1 . a  
5510 Indian C o w  5 1 I0 0 . 4  0 . 3  94.7 4 .  I 
5511 Black Duck Corc  16 810 0 . 1  0 .  I 44 5 5 6 . 3  
5512 Black Duck Covc 14 650 0 I 0 . 2  73 .8  2 5 . 9  
5513 Black Duck Covc 9 415 0 0 0.1 8 4  9 1 5 0  
5514 Black Duck Cove 6 200 0 0 0 . 0  98 0 2 . 0  
5515 Black Duck Covc 2 channcl 0 0  0 .  I 98 1 1 . 8  
5516 Black Duck Cove 3 . 5  channel bovldcrs':obblcs. n 's  

pebbles near mean high water mark, and cobbles 
on  the beach crest (Owens 1971a, table 4). 
Sediment transport in the littoral zone is f rom 
west t o  east on this beach, and the depositional 
foreland of Oyster Point at  the eastern limit of 
this beach (Fig. 5) appears to result from t h e  
contergence of aa\e-induced longshore drif t .  
Offshore gradients are low, a n d  bottom samples 
(Table 4) indicate a rock or  till surface covered 
a i t h  pebble- t o  cobble-sized material. T h e  
bottom profiles indicate a marked break of s lope 
at about  5 m depth (Fig. 5) and this may be d u e  
either t o  bedrock control o r  to wave erosion at  a 
time of  relative sea-level stability. %furdock 
Ledge is the submerged remnant of an island 
that  was used 3s pasture during the late nine- 
teenth century and ah ich  was connected to the  
land by a road. 

During the sprinp of 1970, the bcach a t  
Hadleyville a 3 5  contaminated by oil from the  
erounded tanker .%RROW. Most of  the oil was - 
deposited at o r  near the beach crest during 
periods of  storm nave  activity. On the pebble o r  
cobble sediments, oil permeated dorrn to a depth 
of  45 cm (Drapeau 1970; Onens  1973) and  re- 
working of  the sediments b) u-avcs led to the 

burial of some contaminatsd material, which was 
subseqcentl~ exposed as l a ~ c r s  in the Scach-face 
slope. The clean-up program directed by the 
Task Force resulted ir,  the removal of approxi- 
mately 3000 rn' of material from a 1W rn 
section of this beach (Ouens  197Ib). The depth 
of sediment removal varied considerably and in 
certain areas, uhcre oil had been buried, up to 
1 m was excavated (Fig. 6.i). Most o i  the sedi- 
ment ua s  remored from the area above the 
intertidal zone because little oil itas laid don  n in 
the zone of breaking waves and any oil depositcd 
on  the beach face was abraded easily by the 
mobile sediments. O u e n j  and Drapeau (3973) 
discussed the beach profile changes for the 12- 
month period l o l l o \~ ing  sediment remoial and 
noted that, alrhough the k s c h  n a s  not seriously 
affected b) the clean-up operation, the material 
excauted  from the beach crest u a s  not replaced 
by !<are action during that period (Fig. 68) .  
Profiles surveyed o n  6 May 1973 (Fig. 6C) sho\v 
that material had been deposited in the supratidal 
zone during the preceding 21 months by storm 
wave action. This section of coast does not hare  
a dcficienc) of sediments; therefore, the material 
that rraj remo..ed from the active beach zone in 

FIG. 6. Hadicyvillc bcach profilcr. 1970 ro 1973. Profiles arc l c r a ~ c d  on Fig. 5 A .  !I .May 1970 and 
13 Junc 1970: k r o r c  and after scdirncnl rcmoval. 0 .  ?I M3y 1970 and 6 5131 1971. C .  31 hlay 1970 
a n d  6 \la] 1973. D. 31 Xfay 1970- 6 >!3) 1971 ' s ~ c c p  z@nc'(cross hatched) vilh 6 May 1 9 7  and 
18 July 1973 profile. (Vertical cxaqgcralion x 4). 
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FIG. 7 .  Eddy Point s u d y  arca. *irh beach-ncarshorc 
proS!c o n  line I .  

1970 had been replaced by normal littoral p r o -  
cess. Figure 6D displays the five sets of  beach 
profiles measured betucen M a y  1970 and  May 
197 1 as a "sueep zone" (King and Barnes 1964). 
and  it is apparent thar the two sets of profiles 
surieyed in 1973 fall uithin the range of earlier 
observations. Although some parts of each pro- 
file ma) extend above o r  beloiv the sweep zone. 
these differences are considered within the range  
of  normal \.ariation, and it is concluded that t h e  
beach has not been alrcred by sediment rcmoval. 

Edd! Point 
The barrier foreland at Eddy Point (Fig. 7 a n d  

O u e n i  1971a, photo 7) has  developed on  a 
shalloir. rock platform. There is a marked chanpe 
in shoreline orientation at  [his location, a n d  
deposition has taken place as a result of long- 
shore drift from the \test and  the south. T h e  
foreland is slo\vly migrating t o  the west under t h e  
influence of \raves from the southeast quadrant .  

The exposed east-racing Sarricr has a %wide low- 
tide terrace, a steep beaciiface slopc, and a storm 
ridge. The nest-racing bar:ier is a lou p rog rad i~g  
beach in a more sheltered enii:or.ment. ui th no 
storm ridge. The beach sediments are mainly 
in the pebbleiobble size range and ofshore,  
these sediments rest on a rock or  boulder plat- 
form. In dee?er water the coarse sedimen:j are 
replaced by silts and clays (Table 4.  Fig. 7). 

Oil spilt from the tanker A ~ ~ ~ u c o n t a m i n a t e d  
this beach a t  various times during the spring of 
1970. On the west-facing beach, oil ha s  deposited 
as a continuous layer on the upper part of the 
intertidal zone. The  contaminated material was 
remoied mechanically and replaced by rock fill 
in order t o  minimize the emects of sediment 
removal on this low beach. Profiles suwcjed 
across this beach showed no significant changes 
in the 5-month period follouing rcrtoration 
( O ~ e n s  197Ib). On the casr-facing bcach, which 
is subject to more intensi\c uabe  action, oil was 
deposited aboxe the mean high water level and 
in some cases Has buried due to the reaorking of 
sediments. Remwal  ofthe cootarninated material 
resulted in [he beach being lonered by as much as 
50 cm (Fig. 8.4, profiles I and 5 ) .  During thc 
1-year pcriod follo\ving excavation (Fig. 88). 
the northern section of this bcach suffered a net 
loss of rediment while thc central section (pro-  
files 2, 3, and 4) remained relatively stable. This 
pattern of change is still eiident from profiles 
s u n q c d  in 1973 (Fig. 8C and 8D). which show 
also that the beach at profiles 5 and 6 retreated in 
the order of 5 to 10 rn oier  the )-year period. 
This retreat may be a rejult of sediment starva- 
tion, as that material ncrmall) transported 
alongshore uould be uscd to replace thar lost by 
excavation. If this enplanarion is correct, men 
the normal process of transportation along the 
barricr has been interrupted and only the central 
section. it hich is the zone of sediment b!passing, 
has bcen unafected. The barricr beach is very 
mobile and because of the large variations 
recorded in the bcach profiles, it is not possible 
to distinguish with any degree of certainty those 
changes that were normal from those that 
resulted from sediment remo\aI by man. 

FIG. 8.  Eddy Poinr k a c h  prefilcs, 1970 to 1973, locrtcd on Fig. 7. A .  14 Junc 1970and 10 June 1970: 
bcforc and after rcdimtnt rcmobal. 9. I4 Junc 1970 and 5 hlay 1971. C. 14 Junc l9:O and 4 May 1971 
0. Id lunc  1970- 5 May 1971 'succpzone'(cross hatched). vi1h4 May 1973and 20 Jui! 1973 prorilcs. 
(Vcrlical exaqgerrtion r 4). 
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FIG. 9. lndian Cove stud? arc3, u i rh  teach-ncarrhors 
prohlc on line 6. 

Indian Cow 
The local configuration of the  faulrline-scarp 

shoreline of  the south coast of  Cheddbucto Bay 
was developed by marine erosion along second- 
ar) faults and  joint planes. The coast prcdomin- 
antl) consists of rock cliffs and platforms with 
littoral sediments accumulating in sheltered 
locations. lndian Cove (Fig. I 2  and O u e n s  
1971~1, photo 1) is an eramplc o f  a pocket beach 
that ~ 3 s  formtd as a result of  sediment build-up 
in a narrow hay formed b) erosion along a 
northuest-southeast secondary fault. Thc  beach 
a t  the head o f  the Cove is IOU, slowl) proprading. 
and is sheltered from direct u a v c  action ouc of 
the northeast. Sediments on the beach are pre- 
dominantl) in the pebble to coarse sand range, 

grading oKjhore to sand and muddy sard  
(Table 4.  Fig. 9). Relativel) l i t t le  sediment is 
supplied to the l i t~ora l  zone along this coasr, due 
to the abience of till deposits along the shore 
zone, !he resistant nature of the bedrock out- 
crops, and the steep offshore gradient. The rhore- 
line at the entrance of the Cove is rock and is 
devoid of sediment. The onl) source for the 
littoral zone is material traniported into the 
Cove on the sea-floor as bcd-load or  in suspen- 
sion during periods of storm naves. Althou_eh 
the beach is prograding. as evidenced by aban- 
doned ridpcs in the backshore, the rate of 
accumulation is slo\v becausc of the loiv volume 
of sediment input. 

The  beach was contarninstcd in 1970 by a 
rhick ( l j  to 20cm)  and s i d e  (3 m) Ia!.cr of  oil 
at  the high na t e r  1e;el. Arrcmpts to clean the 
beach here initially unsuccesjful, dile to re- 
contamination by oil released from rock pools 
on the adjaccnt shoreline. At the comple~ion of 
the beach-cleaning program, up to 2 m of sedi- 
ment \\ere excavated from thc eastern section 
of  [he beach (Fig. IOA). Lirrle sediment was 
remo\ed from the uestern section, and this part 
of  the k a c h  remained relati~ely unchanged 
throughout the period of objcrvations. During 
the first 12-month period, the beach crest in the 
eastern section retreated txtueen 10 and 20 m 
(Fig. IOB). As a result of  sediment encaiation. 
uh i ch  lowered the leicl of  the hcach face, naves 
were able to ua sh  over the crest and tranjport 
material into the lo\v backshore area. Since 1971 
it is etident that there has been a net loss of 
sediment in some sections (Fi_e. IOC and IOD, 
profiles 4 and 6 ;  Ouens  and Drapciu 1973). but 
tha t  rhs beach has cstab!ijhed a neu equilibrium 
position. 

Block Duck Core 
The .Arlanric shorelinc of the Chcdabuito Bay 

area is charscterized by lo\,, rcjijtant rock cliffs 
a n d  inlertidal platforms with occasional pocket 
beaches and depositional featurcs. The exposed 
sections of this drowned louland coast are open 
t o  direct nave action from thc east and southeast; 
these are high-energ) \cave eniironments. In- 
vestigations at Black Duck Cove (Figs. 2 and I I )  
provide information on the character of the 
littoral and nearshore zoncs and on the phrsical 
a n d  chemical degradation o r  oil in the littoral 
zone. This section of coast is bounded by rock 
outcrop< and part of  the Cove h3j been closed 



I N D I A N  C O V E  
FIG. 10. Indian Covc butch profik~. 1970 10 1973. i-wd on Fig. 9. A .  14 >fa) 1970 and 14  June  

1970: before and aflcr ~ d i m ~ n l  rcrnoral. 8.  14 .Ma) 1970 and  8 %fay 1971. C. 14  .\fa! 1970and 5 May 
1973. D. 14  May 1970- 8 .May 1971 'sweep zonc' (cross halchcd) wilh 5 ?.fay 1973 and  18 July  1973 
profiles. (Vertical exaggeration x 4). 

by a boulder spit t o  product  a shallow t idal  
lagoon. l ' i th jn  the Covc itself, u hich is set back  
from the main trend of  the  shoreline, a s andy  
pocket beach has developed. 

The  spit at  Black Duck Cove has grown b y  
transportation t o  the nor th  of locally e roded  
material. Updrift of  the spit, the littoral zone i s  
characterized by a rcsistanl rock platform, u hich 
is being eroded by storm and suell uavcs  t o  
producc large rectangular blocks up  t o  3 m o n  
their longest axes. These angular resistant hlocks 

are imbricated t o  rhc north, and are rnowd 
a lonphorc  on the rock platform. The blocks 
bccomc rounded and smaller in size (512-100 cm) 
through abrasion, and !he spir is made u p  of 
ucll-roundcd boulders that vary in diameter 
bc twen  20 and 50 cm. I n  the shcltcred lagoon, 
sediments are a poorly sorccd mixture of silts. 
clays, sands, pchblcs. and cobbles. Thc  back- 
shorc (northwest) beach of the lagoon is pre- 
dominantly pebbles and cobbles, u hich were at  
one lime suSject t o  direct u a v c  action. Scauard 
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, I 
FIG. I I .  Black Duck Co\c study a m .  uith bcach-ncarrhorc profiles on lincs A and B. Thc ncar- 

shore profile on line A was rurvcbcd a i  mid-ride. 



FIG 12. Bcach prrfilc .-i acrcir rhc bouldcr spit and I;yccn. Black DucL Ccrc, Iccarcd on Fig. I I. 
Thc rcdimcnl I ~ V  is b a r d  o r  g-ria-size crrirnalcr nLcn a1 a 3-m inrcnal ,  anc ;he vr ;rni oil c o x r  
urr  dctcrmincd along lhc prrf ik linc on a I-rn-u.idc u r i o n .  

of the spit, the relatively flat sea-floor, rvhich 
has a gradient of 1:50 (Fig. I I) is co\ercd by  
sediments that rangc from sand and bouldcrs t o  
silt, clay, and sand offshorc (Table 4). The chan- 
nel at the distal cnd of  the spit is floored by  
pebbles, cobbles, and boulders. in thc Cove, t he  
bottom sediments are wcll sorted sands and the  
beach, uhich is fronted by a a ide  sandy loa- t ide  
terrace, is composed of  medium to  coarse 
grained sand. 

In the spring of 1970, the Black Duck Covc  
area was contaminated by a large oil slick i r o m  
the ARROW (Drapeau 1973). The manner in 
uh i ch  the oil u a s  dcposited and degraded in t he  
differcnt cnvironmcnts of this section of coast  
(the crposed spit, thc lagoon, and the Covc 
beach) is rcprcsentativc of  similar conditions 
observed clseuherc in Chcdabucto Bay. 

On the cxposcd sidc o f  the boulder spit, oil 
was deposited abovc the mcan high water mark  
and somc oil was carried ovcr thc storm ridgc by 
wave splash. A travcrsc across the spit a n d  
lagoon in July 1973 indicates thc extent of  t he  
oil cover aftcr thrcc and a half ycars (Fig. 12). 
The intertidal zonc was not contaminated due to 
continuous wave action. Above the normal limit 
of  wave action little oil has becn abraded, as this 

zonc is only affected during pcriods of storm 
\ taws .  On some parts of rhe rids? oiled marcrial 
is being buried by clean cobbles and boulders 
that arc thrown up  onto the highest parts of :hc 
hcach (Buckley er 01. 1974: fig. 17). 

The lapoonal sidc of the spit and thc north- 
ucstcrn shore of the lagoon ncrc covcrcd by a 
thick (10-25cm) a o i  oil follo\\ing the 
ARROU' disaster. This oil is still prcsent (Fig. 13; 
and Bucklcy er 01. 1974, fig. 18) and is clearly 
visible on vertical acrial colour photographs 
oblaincd in August 1973 ( 1  :8000 scale). Thcrc is 
virtually no wavc action in thc lagoon due t o  its 
small size and  bccacsc o i  a bar across the 
cntrancc, uh ich  is cxposed at low tidc. m c s e  
1- condi t ion>~hyr ica l .  abrasion .of the 
oil has becn ncgligiblc and thc extent of rhc d 
Z0vtr h2S ndt-c%ingea i;'<ni%%tl) since 1970. 

On thc floor dith~-lapoon,-~Fiic3~usuaII~ 
covercd by 10-50 cm of water at  IOU,  tidc, littlc 
oil was dcpositcd cxccpt u hcrc it was trapped by 
ccl grass. In May 1973 at one location, ircsh 
clam holcs wcrc obscrved in thc partly cncrustcd 
l a y  of oil and plant shoots wcrc sccn prowing 
through thc oil in thc intertidal zonc. On the 
bar at the mouth of  the lagoon, oil is prcscnt in 
the spaces bclwcen boulders as a scdimcnt-oil 



FIG. 13. O i l  rcsiducs i n  rhc u p p r  part o f  ~ h c  i c t cz i da l  zonc on thc lagconal sidc of fhc bou:dcr spit 
at Black Duck C o w  Both phc t cgaph j  t a i cn  a! a ~ p r o r i c a t c l y  ~ h c  same locarion at low l idc: (Icff) 
h l ay  1970, x a l c  graduated in I k m  inlc>a!s; ( r ight)  \la)- 1971, scalc _eraduatcd in  S i m  squarcr. The 
uppcr l imi t  o f r hc  oi l  :o\cr is thc rncan high ride Ic\cl. 

rnatri.~. This asphalt-like material is a m i t u r e  o f  
sand  granules and oil, and is very rssistant to 
phjsical erosion. 

The  sand beach in the Cove was heavily c o n -  
taminated in 1970 by oil from the A R R O N  a n d  
was subsequently cleaned by mechanical methods 
(Owens 1971b). Follo\ring rcstoration, this  
beach u a s  recontaminated again b} oil from t h e  
adjacent lagoon. In 1973 this oil was present 
a s  a discontinuous laber. 5-10 cm thick, often 
mixed with eel grass, and occurrsd near the hizh- 
and  IOU-tvater tide levels. Individual particles o f  
neii-ly deposited oil uere visible on the surface 
o f  the beach face slope (aierage 1 cm in diameter, 
I cm thick, and one per square metre). Irides- 
cence was observed on the surface of the ua t e r ,  
on  sediments in the lagoon, and on  thc surface 
o f  the Cove beach. 

I t  is apparent that in the relati\ely moderate 
enerpq environment of  the Cobe beach some  
reuorking,  abrasion, and  burial of  the oil has  
taken place. H o ~ c v e r ,  in the sheltered low energy 
environment of the lagoon little o r  no php ica l  
abrasion has taken place. In the lagoon, the only 
physical action results from small choppy waves 
a n d  from the rise and fall of the water level d u e  
t o  tides and  storm surges. In order to measure 
the  chemical degradation of the oil. samples 

\ \ere collected in the lagoon and on the sand 
beach (Fig. 11). A sample \<as also collecred from 
near the high uater  leiel on the expoied k a c h  
at Crichton Island (Drapeau 1973). The results 
of the anal)sis of these samples ncrc comparsd 
with those from a reference sample of Bsnker C 
from the ARRO\'.. The ph~s ica l  depradation of 
oil in the littoral zone is dependen: largel) on 
the level of Have energy. From the obser\ations 
at  Black Duck Cove and from the chemical 
anal jsei  of oil residues, i t  is possible to disccsi 
the degradation of oil in the littoral zone of 
Chedabucto Bay at a more general scale. 

Distribution and 'ature of Oil Residues 

The  geographic distribution of oil along the 
coastline of Chedabucto Ba), 3+ years after thc 
gound ing  of the ARROU., is deperident upon 
( I )  the s e~e r i t y  of the original con1am;nation. 
( 2 )  the nature of thc shoreline, and  (3) the energy 
conditions at the shoreline. Drapeau (1973) dis- 
cussed the natural cleaning of the shoreline at 
Crichton Island from obsenations &tween 1970 
and 1972 and concluded that oil deposited in the 
zone of normal waic action is remoied rapidl) 
by mechanical enerzy, but that aboxe the high 
na t e r  and in inlets, phjsical cleaning of rhs  shorc 
zone is slow. 



Fc. I 4  Disrribution of oil rcsiducs in the shorc zonc. s p r i n g  1970. This m i p  rcFrcicnls a com- 
pilation of all Imtions u h c r c  oil was okr-mcd t w u c c n  l a r c h  and J u n e  19?0, a n d  indjcarcs the  
mzximum c\tent of oil distribulion in thc rhorc zonc. 

Disfribution of Oil Residues October 1973 (Fig. 16) indicate that, even in 
Few sections along the shoreline of Chcda- arcas \\here large tolumes of oil reached :he 

bucto Bay uc rc  unaffected by oil from t h e  shorcline, cleaning has hecn e t fec l i~e  n h e x  the 
_eroundcd ARROLY (Fig. 14). The arca of most  coast is open t o  dircc: !rake artion and n here the 
severe contamination \ras along the north shore oil u a s  deposited on [he heach face slope. 
betaeen Forest Cove, on  Isle Madamc, and Bear In order t o  cvaluate the e rec t  of different 
Head,  at  the entrance to the Strait of Canso. This cozstal conditions on the spilled oil, chemical 
coast \ \as  recmtaminatcd on  numcrous occa- and physical properties \\ere ana lyed  and vis- 
sions during the spring and summer of 1970 cosity measured on residue oil collccted from 
n h e n  large \-olumcs of  oil drifted into the shel- high, mcdium, and lo\\ enei_e! heach environ- 
tercd bays and inlets, parlicularly in Inhabitants mtnls  (Buckley er a/. 1971 ;  Rashid 1974). 
Bay. B). June  1970, large scctions of the coast 
had becn cleaned by normal \rave action. An Inj7uerice o/ Coasral Coudirio~ts 011 Il'eorlieri~ig of 
aerial survcy does not enable thc location of all Bunker C Oil 
oil deposits in thc littoral zone, particularly The residual Bunker C oil samples collected 
where oil was splashed by wave action or re- from representative low-, moderate-, and high- 
uo rked  into the sediments, and only those areas cncrgy coastal areas of Chedabucto Ba). a e r e  
whcrc the visiblc covcr is grcaler than 50% a r e  anal!.zed to dcrermine the magnitudc ofchangcs 
reported (Fig. 15). The west and south coasts o f  that h a w  occurred in thc chcmical and ph!.iical 
Chedabucto Bay rccovcrcd rapidly, as  con- propcnies and also t o  assess the impact of differ- 
tamination was newr  se\erc (except in isolated cnt environmental conditions on  the natural 
localities), and  thcsc coasts arc exposed t o  wave degradative processes. 
action. T h c  results o f  a reconnaissance in Thc h!.drocarbons (saturates and aromatics) 
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FIG. I5 Oil rcsiduc; in the shore zone, June  1970, fron aerial and ground ohc>a:lon, 

and non-hydrocarbons (asphaltcncs, resins, a n d  
S-S-0 compounds), nhich are the impor tan t  
constituents of crude oil, arc affected by the 
environment in  \\hich they are jpilltd and depos-  
ited. The residual oils that have remained on the  
polluted beaches for 34 years uere  fractionated 
by column chromatogr~phb to isolate the various 
major constituents. The results (Table 5) sho\ r  
thar the total hydrocxbon contents o f  the  
samples recocercd from the low and moderate 
enerp! enLironments(192 and 1 7 2 ,  respectiiel>) 
are very similar to rhar of the reference sample  
( 3 1 3  and suggest that the lo\\-energy coastal  
conditions a r e  ineffective in a fast degradation 
of oil. O n  the other hand. there is a drast ic  
reduction (34:) in the hydrocarbon content  of 
the oils recovered from high energy beaches. 
Thc  ratios of saturated hydrocarbons to a romat ic  
h!drocarbons d o  not shoir any variations f rom 
one site t o  another and suggest that the rare of 
deplerion of  these t e o  components are more  o r  
less similar. 

With the ueathering of  oils through bacterial 
dcgrddation and,'or chemical oxidation, the non-  
hydrocarbon components are reported to in-  

crease substantially (Bailey ar a!. 1973. Blu;nsr 
ei a/ .  1973; McLean and Betanrourt 1973). Our 
da ta  in Table 5 are in aprccmmt with this ob- 
servalion. In the Ion-  and moderate-energ? con- 
ditions uhcre the ueathcrinp processes appcar 
t o  be v e q  slow and limited, the nor.-h!dro- 
carbons constituted 51% and i37, rejpecti\:ly, 
as  compared to $9; in ths rcfsrcnce sar:p:e or  to 
6 6 2  in the residual oil reco\crcd from the high- 
e n e r p  coast. The chromatograms of pas chro- 
matographic anal:.sis incl,~&d in Fi!. 17  shotr 
considerable reduction in t h e  magnitude of peak 
heights of different sampler and reflect upon 
the  chemical changes. Along ni th rhs paraffins, 
the loner-range n a p h t l ~ e x s  2nd aromatics arc 
also reduced substantialli nirh rhe elsosure of 
oil to varying degrees of i t c~iher ing  condi~iani .  
The  infrared specrroscopi: anal! ~ C S  (Fi_e. I Yj 
also supgest certain change, in the peripheral 
constituents, especially in !lit functional g r o ~ p s  
of  residual oils. The absorblnce noticed at  2930. 
2850, 1170. and 13SO c m - '  i n  all ths samples is 
due  to the presence o i C H I  2nd CH,  bondingi. 
The  samples d o  not appear ro ha ie  c o n r ~ m i n a -  
tion of any sort from biolopiial source, because 



- - 

FIG. 16. Oil r c s : d u ~ s  in Ihc  shore zone. Oitok: 19;<,  from a t r i a l  obrcn~tions. 

the spcclra arc devoid of  characteristic protein 
(-SH-) absorption at  1605 crn-' .  The other 
changes can thercforc be related t o  oxidative 
processes. The oxidation proceis changes the 
carbonyl and carbouyl content of organic corn- 
pounds. The absorption noticed in the spectra 
oi  all the samples at 1600 cm- '  is related t o  the  
carbonyl group. The carbouyl function appears 
at  1775 cm". The infrared spectra of  rcfercnce 
crude oil sample (A in Fig. 18) does not show 
any absorption due  to carboxyl at  1 7 2  cm- I .  
The  spectra of the low e n e r p  sample (B) is 
similar t o  rcierence samples in this rrpion and is 
devoid ofcarbory l  peak. The  moderate and h ish  
energ) oils show the presence oicarboxyl  peaks 
(1725 cm- '  absorption in C and D of Fig. 18). 

M'irh incrcased oxidation, the carbonyl groups 
disappear. As compared t o  reference samples, a 
6 0 z  reduction occurrcd in the carbonyl content 
on  high-energ). coasts. T h e  moderate energy 
sample showed a 20x rcduction. Surprisingly. 
the highest rcduction in carbonyl was noriced 
in the oil o i  low cnergy cnvironrnents, where 
oxidation processes arc supposed t o  be low. In 
_ I .  - -  - t h r  watcr tempcralurcs were 

usually 5 .5  t o  8'C uarmcr than thc adjoi3ing 
areas. The high 1empcra:ure of the shallow 
uaters  \\.as probably responsible for the reduc- 
tion of carbonyl group. 

Some physical propeflies of the residual oils 
(specific gravity and ~.iscosity) \\ere measared 
t o  ascertain the changes ui th aeathcring. The 
data given in Table 5 shou considerable viri- 
ations in the viscosity of oils collected Irom 
direrent coastal conditions. 1n protected beaches 
uhcrc the oil is still mobile after 3f years of 
exposure, the viscosit) \alucs are low. In hish 
enrrp! cnvironmcnts where a considerable degree 
of umeathcnng has taken place, the residual oils, 
which arc usually enrichrd in non-hydrocarbons. 
are adhering to the rocks and pebble substrate. 
The \,iscosity values of these residual oils are 
unusually high. 

The chemical and physical characteristics of 
oil residues supgcst that the ratc of degradation 
is WT). slow in the low-cncrg). enbironments. In 
shcltcred cmbaynents  or lagoons (Black Duck 
Lagoon), which arc protcctcd from uave  action 
at  all times, viscosity of the oil is very lou and 
thc residues have a high h!drocarbon contcnt. 
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T ~ B L E  I .  Chcmicll 2nd physic31 char~clcrislics of Bunker C oils obtained from difcrcnt coastal 
cnr ironrcnts in Chcd15ucto Bay, X0d.a Scotia 

Low- hiodcratc- High- 
Bunker C energy energy energy 

oil coast coast coast 

Hydrocarbons (Z)  
Saturates 
Aromatics 
Total h>drocarbons 
Ratio of nrurate to 

aromatic h>drocarbons 
Son-hydrocarbons (5) 

Asphaltcnes 
Resins and SSOs 
Total of non- 

hydrocarbons 
Hydrocarbons 'non- 

hydrocarbons 
Carbonyl ( C - 0 )  content. 

mequiv,'g of orpnic  matter 
Ph!sical properties 

Specific gravity 
Viwosir~ IcP) 

O n  beaches that  a r e  no t  directly exposed t o  the 
ocean but a r c  subject t o  infrequent nave  action 
dur ing  storms. such a s  pocket beaches ( Indian 
Cove) o r  bay-head b a r s  (Black Duck  Cove) ,  
viscosity is low a n d  the h:drocarbon content  
remains  high. I t  is evident that  the e fec t s  o f  
waathering a n d  wave act ion in these 1 0 % ~ -  a n d  
medium-encrpy environments  are  a s l o ~  process. 
I r i s  therefore speculated that  this tkpe o fpo l lu ted  
beach is likely t o  remain unchanged for  a con- 
siderable length o f  rime. O n  open ocean k a c h e s  
tha t  are  exposed t o  wave action a t  all t imes, the  
oil  residues a r e  physicall)  abraded rapidly. a re  
highly viscouj, a n d  have a high resin-asphaltme 
content.  I n  these high energy environments 
(Black Duck spi t ;  Crichton Island), weathering 
forces change t h e  composi t ion o f  the oil sub- 
stantially a n d  natural  processes clean the beaches 
rapidly. 

Conclusions  
FIG. 17. Gas chromatogrlms o f  Bunker C oil samples 

(after Rashid 1974). (A) Reference Bunker C (stored in 
the labontopl.  (8) Oil extracted from the lou energy 
beach. Ma). 1973. (C) Oil cxtracied from fhc moderate 
energ? beach. >lay 19?3. (D) Oil e~tracted from rhc high 
enrrQ kach. ?lay 1973. The location of samples B and 
C is given on Fig. I I ;  sample D uas collected from !he 
south shore at Crichton Island (Fig. 3). 

T h e  selection o f  methods  t o  restore beaches 
contaminated by oil shou ld  be clowly related 
t o  the  d jnamics  o f  the littoral cn\ i ronment  a n d  
t o  the  t )pe o f  beach sediment.  The  rerno\al o f  
sedirnent f rom the k a c h e s  of Chedabucto Bay, 
e i ther  to  restore con tamina ted  sections o r  fo r  
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FIG. 18. Infrared s p t r a  of oil samples. Ail samples 
uerc  collected at the same location and a t  the same time 
rs rhose indicaicd in Fig. 17 (after Rashid 19i4). 

construction material, has resulted in permanent 
retreat of :he beach crest in areas \\here the 
amount removed excccds the natural supply of 
redlment. Rates of sediment accumulation in the 
littoral zone are lo\v and the practice of sediment 
removal from the beaches is harmful and should 
be avoided, particularly in view of the fact that 
ahundant alternate sources are readily available 
in this region (Grant 1971). At Deep Cove, the 
long-term retreat of the shore line has been 
accelerated by the excavation of beach sediments 
since 1953. Esrimates of the sediment supply from 
erosion of the till cliffs in this area show that 
approximately 8000 m3/y of material is supplied 
to the littoral zone. Only the coarse fraction 
(approximately 2000 m3/y) remains on the 
beaches, which have little sand-sized material, 
while the silts and claps are transported into 
deeper water or low energy environments. 
Sediment removal in the eastern half of Indian 
Cove resulted in retreat of the beach crest by as  
much as 2Om during the 12 month period 
following restoration. Subsequent profiles show 
that there has bcen littk replenishment of sedi- 
ment and that a new equilibrium has been 
established on this beach. 

Restoration of contarninated beaches by sedi- 
ment removal at Hadley\ille and at Eddy Point 

has had no diicernahle ad\erse effects on beach 
stability. These are high enera! en\ironnwn~s 
and changes in heach morphology appear to he 
~ i t h i n  the range of normal variation. 

Aerial and ground reconnaissance in  1973 to 
determine the distriburion of oil on the shoreline 
indicated that on expored coasts. most of the oil 
in the intcnidal zone had been removed by 
natural processes. Any oil in  he intertidal zone 
on the exposed shores \\as quickly removed by 
abrasion due to the impact oTua\.es or to abra- 
sion b! the movement of sediment. \\'here the 
shore xas  contaminated abo\ e mean high-\\ ater 
mark, natural cleaning has been less effective. 
On the lo\\--tide terraces, the surfaces of cobbles 
and boulders have been cleaned by abrasion, hut 
\\here oil a-as laid doun berueen the sediments 
it has mixed with sand, granules, and pebbles 
to form an 'oil conglomerate' or 'oil matrix', 
similar to asphalt. This \\as particularl! c\-iden1 
at the entrance to Black Duck Lagoon, at Cape 
Argcs and on Crichton Island. In louer-energ) 
environments, oil drihcd onto the shoreline in 
the intertidal zone and the rate of abrasion of oil 
has becn in direct response to t h t  amount and 
intensit). of wave action. In the lagoon at Black 
Duck Cove degradation has been negligible, 
while in the sheltered areas of Inhabitants Bay 
some natural cleaning is evident even though oil 
still covers most of the beaches. 

Analysis of the physical and chemical proper- 
ties of oil residues indicates that the rate of 
degradation appears to be strongly afected by 
the type of environmental conditions at a given 
site. In a low-energy environment, the residual 
oils are only slightly afccled and may remain 
rel+tively unaltered for years. In a high-energy 
area, the residual oils arc substantially altered to 
yield a product containing more NSO com- 
pounds with high viscosity. Oxidative as well as 
bacterial degradation appears to influence the 
chcmical and physical characteristics of oils. 

It is e\-ident that in high-energy environments, 
natural processes would have restored the 
kaches by the physical and chemical dcgrada- 
tion of the oils. Physical removal of the con- 
taminated sediments was unnecessary and was 
panicularly inappropriate in areas o i  limited 
sediment supply. In low-energy environments, 
other methods of removing oil arc required if it 
is necessary to restore contarninated shorelines. 
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Comparison of Oiled and Unoiled Intertidal Communities in 
Chedabucto Bay, Nova Scotia' 
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THOMAS. M. L. H. 1978. Comparison o f  oiled and unoiled intertidal communities in 
Chedabucto Bay, Nova Scotia. J. Fish. Res. Board Can. 35: 707-716. 

During 1976, detailed surveys of four oiled and four unoiled control stations, each 
subdivided into seven standardized intertidal levels, werc carried out i n  Chedabucto Bay. 
Seventy-one species were found, 14 unique t o  control and 9 to oiled locations. Species 
diversity was uniformly higher at control than oiled stations. N o  differences i n  horizontal 
zonation of  major species were apparent. Analysis of abundance and biomass data for 
the eight stations and seven tidal levels showcd a significant overall difference between 
oiled and control situations. However, no particular station or tidal level was significantly 
different from any other. Ten species accounted for most of the variance between oiled 
and control stalions. Six of there were more important at controls and four more iniportant 
at oiled stations. The flora werc particularly affected at oiled stations and species dominant 
on both sedimentary and rocky shores at all but the lowest tidal levels have been rgduced. 
Length and weight data for the clam Myo'grcr~aria showed significantly lower values at 
oiled stations, but that for the periwinkle Li l ror i f la lirrorca showcd the opposite. The 
length-weight relationship for both of these species showed a significantly lower increase 
in weight per unit of length at oiled than at control stations. Oiled stations showed sig- 
nificantly greater concentrations of  oi l  i n  biota and sediments than unoiled. where con- 
centrations were essentially at background levels. 

Key words: hydrocarbon, intertidal community, petroleum, pollution, sediment 

THOMAS. M. L. H. 1978. Comparison o f  oiled and unoiled intertidal communities in 
Chedabucto Bay, Nova Scolia. J. Fish. Res. Board Can. 35: 707-716. 

At1 cows de 1976, nous avons effectui des relevis ditaillCs de quatre stations aRectecs 
par le p2lrole ct de quolre stations tinloins non louchies par Ie pitrole dans la baie 
Chedabouctou. Chaque station a i t e  divisie en niveaux intertidaux standardises pouvanl 
aller jusqu'i sept. Nous avons tmuvC 71 cspkes, 14 particulibres aux stations tcmoins et 
9 aux stations affectCes par Ic pitrole. L a  diversitC d a  cspbces est toujours plus elevce aux 
stations timoins qu'aux stations afiec16es par Ie pCtrole. II n'y a pas de diRerences appa- 
renter dans la zonation horizonlale des principales csplces. L'analyse des donnies sur 
I'abondi~nce et la biomasw ;lux huit stations el aux sept niveaux de rnarie revele une 
diGrence significative dans I'ensemble enlre les situations oP il y a &role el Ies temoins. 
Cependant, aucune station ou niveau de rnaree ne diff2re significativement den autres. D ix  
especes son1 responsables de la plus grande partie de la variance entre les deux grouper 
de stations. De ces especes, il en est six qui sont plus importantes aux stations tCmoins et 
quatre plus importantes aux stations touchCes par le p6trole. L a  llore est particulibremcnt 
affectCe aux stations ou il y a pttrole et les espcces dominantes sur les rivages sedimen- 
taires aussi bien que rocheux on1 CtC riduitcs B tour les niveaux de m a r k  sauf le plus 
bas. Les donnies sur la  longueur et Ie poids de la mye commune, My4 arcnoria, on1 des 
valeurs nettement infirieures aux stations touchies par Ie pttrole, alors que celles du 
bigoincau comestible. Lirrorina lirrorea, dimontrent lc contraire. La relation longueur- 
poids dc ccs dcux cspkes accuse une augmentation nettement infirieure dans le poids 
par unit6 de longueur aux stations touchCes par Ic pCtrole par rapport aux contrdles. Les 
stations affecties par le pi trole on1 des concentrations neltement supirieures de pi trole 
dans la biocoenose et les sCdiments aux stations non touchies par Ie pitrole, ou les con- 
centrations Eont esscntiellcrnent i des niveaux de fond. 
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DESPITE the now large number o f  o i l  spills there are 
sti l l  coniparatively few published accounts o f  long-tern1 
etTects on intertidal biota o f  the o i l  alone. Where studies 
have been carried out, nlost have involved various types 
o f  crude and refined oils (Baker 1976; Hampson and 
M a u l  1978; Southward and Southward 1978; Straughan 
1977; Straughan et al. 1978) but not  Bunker C. F e w  
studies have been carried out i n  cold climates. 

I n  February 1970 the tanker Arrow,  loaded w i t h  
Bunker  C oil, grounded o n  Cerberus Rock in Cheda- 
bucto Bay. N o v a  Scotia. Large quantities o f  o i l  escaped 
and extensive areas of  shoreline i n  the area were con- 
taminated (Anon. 1970). Since that t ime the distr ibu- 
t ion and abundance o f  o i l  and common intert idal  biota 
have been monitored at a series o f  seven stations, situ- 
ated on a variety o f  shore types o n  Isle Madame in the 
northern por t ion o f  the Bay. 

Th is  experience has provided a long series o f  observa- 
tions o n  a variety o f  shores, i n  a cold climate. that were 
heavily contaminated b y  Bunker C oil. I t  should be 
realized, however, that long-weathered crude and 
Bunker C residues would be similar because on ly  simi- 
lar  high-boil ing po in t  fractions and insoluble com- 
pounds wou ld  remain. The  result o f  these surveys have 
been published b y  Thomas (1972. 1973, 1975, 1977) 
and Thomas and Har ley (1973). 

In  summary, i t  was demonstrated that o i l  adhered 
strongly to  the upper t w o  thirds o f  the in ter t ida l  zone 
being most persistent at about mean h igh t ide level. 
A f t e r  1970 surface o i l  declined at varying rates. A t t r i -  
t i on  was most rapid at lower t idal  levels o n  exposed 
shores and slowest at h igh t ide levels i n  sheltered loca- 
tions. Exposed rocky shores were generally free o f  sur- 
face o i l  after 3 yr, but  considerable o i l  sti l l  persisted at 
h igh t ide level in sheltered lagoons, 7 y r  after in i t ia l  
oil ing. 

Biot ic effects were documented i n  a number o f  com- 
m o n  species. O n  rocky shores, where fucoid seaweeds 
are dominant, the intertidal range o f  Fucus ves icu lo~us 
was depressed down the shore. followed b y  a s low re- 
tu rn  to  normal  distribution b y  1975. Fucus spiralis. 
which is normal ly  confined t o  a narrow zone a t  about 
mean h igh tide level. disappeared at study sites and  had 
not  reappeared b y  1976. By contrast. populations o f  

abundant shore fauna including barnacles. &law 
bala~~oides, and periwinkles, L i r ro r i r~a  lirrora. 4 
saxalilis, and L. obrusara d i d  not show changes in  $ 
tribution and/or  abundance except where algal c h a  
afTected their habitat. 

I n  sheltered locations, shores are o f  sand or mud 4 
there. salt m a n h  cord grass (Spartitla a l r e r r l i f l o r a ) , ~  
mon at upper intertidal levels, suffered heavy rno* 
ties delayed 1 y r  f rom the ini t ia l  spill. Recovery ri 
evident 2 y r  later and populations appeared essentiq 
normal i n  1975. A t  lower levels o n  these shores. $ 
soft-shell c lam M y a  a r e ~ ~ a r i a  was abundant. This spms 
suffered heavy mortalities where o i l  cover was exunuv 
but has shown consistent annual recruitment. Monal~ua 
declined w i t h  o i l  but were st i l l  above normal in m 
location dur ing 1976. 

These extensive mortalities involving several do6 
nant intertidal species over a long t ime period suggcrid 
that persistent widespread ecological changes had m 
curred and that a thorough study o f  the situation uz 
warranted. I n  1976 a detailed study was made 01 bim 
communities and o i l  distribution at four o f  the iniiii 
seven study locations and these were compared to th 
situation at four  unoiled but esscntially similar locatim 
i n  the same general area. 

Materials and Methods 

Figure 1 shows the locations of the four oiled and 1% 
control sites all of which were situated on I s l e  Madanr 
Table 1 lists locations and shore types for the four pa8: 

Pairs o f  st;~tions were selected to be similar, ss h r :  
possible, in ( I  ) exposure lo  wind and sea. ( 2 )  subsl~: 
type and distribution, ( 3 )  a similar shore slope. and *~ 
biotic characteristics. 

At each station a transect. to act as a reference in 6r 
tributional studies and a central line in populalion sludt 
was selected to run a right angle to the mean water 1: 
Heights o f  al l  points along this lransect were delermk 
with reference to mean low waler using the method c 
scribed by Thomas (1974). The intertidal distributionr 

TABLE I. Characteristics of study locations. 

O~led Control 

Stat~on location Width. Location W ~ d t h  Substrate 

I. Petit Barachois 14 Bewes Pond 8 Bedrock H W  
2. Janvrin Lagoon 70 Potato Island JO Muddy sand H W  

Sandy mud L W  
3. Crichton Island 21 Beak Point 65 Mainly bedrock 

Some rand H W  
4. Janvrin Lagoon 2.5 Potato Island 2 1 Muddy sand H W  

Sandy mud L W  

*Horizontal distance in metres, high water level (HW) to low water level (LW). 
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FIG. 1. Chedabucto Bay area o f  Nova Scotia showing locations of  oiled and control study 
stations 

a h r e  biota were determined in a belt extending 0.5 m 
i b t h  sides of the line. 
{Substations for quantitative studies of  biotic communities 
m established on the line at the following tidal levels 
i h e  possible: -0.3 m. 0.0 m (mean low water). 0.3 m. 
!Urn (mean tide level), 1.0 m, 1.3 m (mean high water), 
ld 1.9 m (extremely high water). Some levels were not 
hlable for study at al l  locations due to local topography. 

'At each substation the biotic community was described 
@removing all biota within a quadrat o f  0.1 to 1.25 m' 

0.43 m:. n = 37). The size of the quadrat was ad- 
to give a total sample, o f  about I kg fresh weight 
where biota were sparse. I n  sedimentary locations 
nt was screened through 4-mm mesh to a depth of 
. From these collections.'~biomass was determined for 
pecics on a fresh weight basis and the number o f  
uals of each species was counted. Sanlplcs were then 
at -2O'C and later dry weight and ash free dry 
biomass for each species were determined. A l l  statis- 
re adjusted to represent samples o f  I m'. 

htsidc Ihe quadrat but at the same tidal level, samples 
d10 L. lirrorro. 50 M. arenuriu, and/or I kg of 3. alrerfii- 
b. whichever were present, were collcctcd at random 

measurement o f  length and weight of individual fauna & for 011 content analysis o f  all species. 

 SAMPLE COLLECTION AND SURFACE OIL MEASUREMENT 
YETHODS 
hxdimcntary locations cores o f  5.5 cm diam and at least 

Ncm long werc taken by hand corer pushed vertically 
the sediment to a natural stop. These samples were 
frozen at -2O'C for later analysis. On rock, the 6 tagc oi l  cover was measured using various sized quad- 

khll sample locations were photographed. 

A t  substations at sration 2-oiled, where M. urmaria 
mortalities had previously been measured (Thomas 1977), 
mortalities werc again estimated. A core for o i l  analysis 
was taken at substation 2 where oi l  was still visible; samples 
of living and freshly dead clams (bodies present i n  shells) 
were collecled for oi l  analysis from substations 1-3. A 
sample for estimate of  abundance was taken from a point 
at station 2 previously used for this purpose (Thomas 1977). 

Two to 20 g of  wet sediment from the upper LO cm of 
the core were wet weiphed in a tared, rinsed 50-mL glass 
centrifuge tube, and slurried with pcntane-extracted distilled 
water (5  mL). The slurry was then extracted twice with 
10 m L  redistilled pcntane for 20 min on a Burrell Wrist- 
action shaker et 800 oscillationr/min. 

The sediment-pentanc mixture was centrifuged 10 min 
to separate Ihe phases. The pentane supernatant was drawn 
off and the extraction rcpcatcd. The pentane extracts were 
pooled, concentrated to ca 5 m L  (N-Evap), and trans- 
ferred to a graduated centrifuge tube. Suficicnt pentanc was 
added to yield a find volume o f  10.0 ml. hydrocxbon ex- 
tract in pcnlane. The extracted sediment was dried over- 
nipht in a drying oven at 1 IO'C, and the dry weight recorded. 

Hydrocarbon concentration in the pentane extract was 
determined fluorometrically (A,,,310 mr. A,,374 mr, 
Pcrkin-Elmcr MPF-2A fluorescence spectrophotomctcr). 
Final concentrations were expressed as micrograms Arrow 
Bunker C oil "equivalents" per gram dry weight o f  sedi- 
ment. 

TISSUES 

A l l  organisms were first thoroughly cleaned and rinsed 
under running tapwater to remove all Iraces of organic 



7 10 J .  FISH. RES. BOARD CAN.. VOL. 35. 1978 

T ~ L E  2. Species occurring i n  at least f of  all stations o f  each 
shore type and their mean upper and lower limits (metres 
above mean low water). ST, extending subtidally. 

Species Upper limit Lower l iniit 

Racky slrores 
Cludophara sp. 1 .04 ST 
Fuctrs vesiculosus 1.36 ST 
F. serrarr~s 0.00 ST 
Ascopl~yllarrr ~rodasum 0.70 ST 
Cl~ut~drru rrrrprrs 0.20 ST 
Senolarin pumilla 0.41 0.19 
Oalu,~os bala,roides I. I5 0.21 ~ ~~ -.-. 
Gan!n~arrrr ocea~rir~ts 0.76 ST 
Ar,noea resrudi,m/es 0.34 ST 
Lirrorirra saxarilis 1.35 0.08 
L. obruso~a 1.23 S T  
L. Iirrorea I .20 ST 
Thais lapillus , 0.72 ST 
M y  riius edulis 1.39 

Sedime~rrory sltores 
SporrLra al~ernijlora 1.42 0.85 
Cladophara 1.19 ST 
L. saxalilis 1.66 ST 
L.  lirrorra 1.38 ST 
A~lyrilus edrdis 1.12 ST 

detritus and sediment. They werc then rinsed thoroughly 
with acetone. Bivalves and snails werc removed f rom their 
shells and again rinsed thoroughly with acetone. After 
air-drying for 5-10 min the samples were minced inlo tared. 
prerinsed, glass lest tubes, and the wet weight o f  tissue re- 
corded. 

The tissue sample was homogenized for 2 min i n  25 n i L  
redistilled methanol-benzene with a Polyrron Ultrasonic . 
blender. The homogenate was filtered through prerinsed 
filter paper, and the remaining tissue homogenate was rc- 
extracted with methanol-benzene. The final extracts were 
pooled in a flat-bottom boiling flask. 

T o  the combined filtrates 20 m L  of pentane-extracted 
distilled water and 2 N K O H  i n  methanol werc added l o  
yield a final 0.5 N solution. This mixture was saponified for 
2 h by refluxing. The saponified sample was put through a 
wries of  aqueous NaCl washa and pentane exlractions l o  
yield a final single pentanc-benzene phase. This extract was 
dried overnight with anhydrous NaSO.. 

The sample was concentrated lo  ca 5 mL, transferred to 
a graduated centrifuge tube, and sufiicienl pentane added to 
yield a final volume o f  10.0 n iL  tissue hydrocarbons i n  
pentane. 

Hydrocarbon conccnlration was delermined fluorometric- 
ally ( A  310 me. aJ74 me. Pcrkin-Elmer MPF-2A 
fluorescence spectrophotometer). Concentrations wcre ex- 
pressed as micrograms Arrow Bunker C o i l  "equivalents" 
per gram wet weight of tissue. 

A l l  glassware used was rinsed with double distilled 
solvents. A l l  solvents used werc redistilled i n  glass. Arrow 
Bunker C, courtesy of D r  E. Levy, Bedford Institute o f  
Oceanography, served as standard. 

Results from Ihc analysis of the communities at a l l  37 

TABLE 3. Number of species and species diversity index from 
oiled and control stations. 

Number o f  species (diversity ~ndeal)  

Station no. Oiled Cantrol 

Rocky shores 
I 29 (0.56) ((0.30)) 30 (0.26) ((0.7611 
3 23 (0.34) 33 (0.52) 

Seclimerrrory slrores 
2 13 (0.04) 17(0.10) 
4 9 (0.04) 13 (0.05) 

'Shannon-Weiner diversity index (Pielou 1966) bawd la 

abundance as a nieasure of iniportance. 

TABLE 4. Species unique to oiled and control sites on rakr 
and sedimentary shores. 

Rocky shores 
Oiled Conlrol 

Xa~rrhoria parierim Pormelia sp. 
Yernrrarb sp. Elacl~isro /Lc~rola 
Ga~rer~arus serasm Pu,~cror;o Io~~foIh 
Slmr~gylwe~rrrarss droebacltie,~sis Perolo,~io pdnrora 
Podaceropsis sp. Polyriplro~ria b l o u  
Chironomidae P. vrrealarn 

Taelia /rib,a 
Cyorliura poliro 
Gormnonrr o&aa 
Hydrobio minur~ 

Sedime~rtary shares 
Oiled Control 

Sroloplos/ragilis J ~ O K I U  balrirvs 
Liress ruber Furrtr vesiridosur 
O~rcl~idorjs asperra Ha,,itoea soiirorio 

Macorm balrirr 

substations wcre analyzed i n  a nested analysis of varianrr 
The analysis was set up lo  compare ailed and control P 
tions as follows: (1) each tidal level (substation) for c q '  
l r o l  stations was compared to the same level at oiled stal ' ioq 
C2) each control station (substations pooled) was com+ 
l o  each oiled station, (3)  pooled control stations wen c o p  
pared to pooled oiled stations. ( 4 )  each species at convd 
stations was conipared l o  the same species at oiled statiolr 
Probabilities werc obtained from !he F values between N 
variances. 

Resul ts  

Seventy-one species o f  animals and plants were i d d  
fied f rom the collections, the highest number from q 
one station being 33 species. M a n y  o f  the comrm 
species showed characteristic intert idal  zonation. Tb 
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TABLE 5. Summarized abundance and biomass data lor Chedabucto Bay study stations. 

Stn. 1 Stn. 2 Stn. 3 Stn. 4 

Oiled Control Oiled Control Oiled Control Oiled Control 
-- - ~ 

Fauna individuals/m1 
Fauna fresh biomass g/ml 
Fauna decalcilied dry biomass g/m2 
h m  ash-free biomass glm? 
h fresh biomass g/ml 
Aon dry biomass g/m' 
h a  ash-free dry biomass p/ml 

%ormation is summ?rized in Table 2. The  data d o  not  
h any consistent differences in zonation of common 
lpecies between oiled and control sites. 

Table 3 shows the number of species occurring a t  
och station together with the Shannon-Weiner diversity 
tdex (Pielou 1966) calculated using both biomass a n d  
bundance as a measure of importance. The  ndmber  
of species at control sites was always as high or  higher 
lhan at oiled ones of the same substrate type. 

When oiled and control sites were compared f o r  
v i e s  found at  only one o r  the other, it was found 
b t  on rocky shores, 10 species were unique to  controls 
md 6 to oiled; on sedimentary shores, 4 t o  controls a n d  
I lo oiled. None of these is really a common species in 
k area. Data are  summarized in Table 4. 

Table 5 presents summarized abundance and bio- 
mars data for all stations. So that comparisons are valid, 
mly substations that were common to pairs of  stations 
are included. T h e  statistical analysis of  the complete 
nw data for  the I 2  most common species revealed that  
kre was a highly significant difference in biotic im- 
pnance between oiled and control stations (P < 0.05). 
This difference was mainly attributable to  significant 
differences in the importance of a few common species 
bnveen oiled and control stations, These differences 
!rtrummarized in Table 6. 

Thc most obvious large difference was that of the 
!inmass of flora between oiled and control. At oiled 

TULE 6. Summary of significant dilrerences in importance 
drpccies at oiled and control stations. 

Spcies P Dilrerence 

stations the mean fresh weight biomass was 1398 g /mZ 
whereas a t  controls it was 4390 g /m2 ( P  for  differ- 
ence <0.005.). The  analysis did not show any particu- 
lar stalions o r  lcvels to  differ significantly from each 
other in producing the observed effects. 

POPULATION STATISTICS FOR Lirtorino lirrorea A N D  Myo 
~re rmr io  

The  analysis of length and weight data  for collections 
f rom oiled and control sites revealed several consistent 
and highly significant differences (Table 7) .  Statistical 
analyses confirmed that the overall differences i n  both 
length and weight between oiled and control sites were 
highly significant (P < 0.001) for both L. lirrorea and 
M. orenorin. Comparisons between identical levels at 
oiled and control station pairs revealed similarly signifi- 
cant differences. 

Tests for  differences between all possible oiled- 
control, substation pairs a t  station I for both length 

TABLE 7. Summarized length and weight data lor Ljrrorhta 
lirroreo and Mj,u a r r~~ar iu  collected from oiled and control 
substations. 

Station 

Mean Mean 
Level length wt 
( m )  (cm) (EI 

I oiled 
I oiled 
3 oiled 
l control 
l control 
l control 

If, tdulis <0.005 ~umbershigher  a toi led 3 control 0 . 0  1 .71 1.9 
<0.01 Numbers h&r at c=l OveralI oiled 

- 1.64 1.6  
L obr~tsara 

Overall control - 1.41 1.1 
L wxarilir <0.05 Numben h&r at c& 

<0.05 Numbers w r  at o s  

- - -. . .. -. . . ~ ~  
C oirpw <0.1 Biomass higher at c* 4 control 0.3 3.15 6 .2  
i. wsiculosus <0.1 Biomass higher at control Oversll ailed - 3.36 3.2 
T. lapillrrs <O.l Numbers h x e r  at c ~ l  Overall control - 2.73 7.3 
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FIG. 2. Calculated lenglh-weight regression lines for Lilrorirro litrorea and Mya are,~aria 
from oiled and conuoi stations. 

and weight in L. littorea showed significant differences 
at better than the 99.9% level ( P  < 0.001) ( I  2 cases).  
Tests between oiled substations showed no differences 
significant at this level (two cases). Tests between con- 
trol substations showed only three of eight cases with 
differences significant a t  this level. A t  station 3 tests on 
length and weight of L. lirrorea (two cases) showed 
significant differences ( P  < 0.001) between oiled and 
control sites. 

In the case of M. arenaria all oiledsontrol cornpari- 
sons between substations, at each station, showed simi- 
larly significant differences ( P  < 0.001). 

In summary, L. lirtorea at  oiled stations were longer 
(mean 1.64 cm) and heavier (mean 1.6 g) than speci- 
mens from control stations (mean length 1.41 cm, 
weight 1.1 g ) .  M y a  arenaria a t  oiled stations were 
shorter (mean 2.72 c m )  and lighter (mean 3.2 g )  than 
specimens from control stations (mean length 3.36 cm, 
weight 7.3 g). 

Calculation of the length-weight relationships for L. 
lirtorea and M .  arenaria for  control and experimental 
locations (pooled substation data) yielded the following 
equations (weight, grams: length, centimeters) : 

M. nrrrtaria oiled In wt. = 2.47 (In length) -1.43 
M. armaria control In wt. = 2.91 (In Icngth) - 1.87 
L. lirrorea oiled In wt. = 2.27 (In length) -0.30 
L. lirrorea control In wt. = 2.64 (In Icngth) -0.42 

Differences between regression coefficients a re  sig- 
nificant at the 99% level (P < 0.01) for  M. armaria 
and at  the 95% level (P < 0.05) for L. lirtorea. Regres- 
sion lines are shown in Fig. 2. Both L. litrorea and M. 
ar~rtaria increase in weight more rapidly with length at  
control than at oiled stations. 

Population density values for L. lirrorea and  M. 
arenaria at  the substations from which they were col- 

lected are shown in Table 8. These results show no sip 
nihcant differences between oiled and control statlorn 

Figure 3 shows length-frequency histograms la 
pooled samples of L. lirrorea and M. areuaria irm 
oiled and control situations. These histograms da no 
show any notable differences between oiled and cooirrl 
situations other than different modes. 

011. I N  SEDIMENTS AND BIOTA 

The  quantities of oil extracted from sediment ad 
biota samples from oiled and control stations are pm 
rented in Table 9. The  sediment analyses confirmed U 
sediments at oiled stations were heavily contaminald 
with oil, whereas those at control stations showed o$ 
background levels. A t  oiled stations, oil concentratiom 
were highest a t  mean high water, but still very hid 
at mean tide level. 

The table also presents results for two additional se.5 
ment samples. One was from station 2-oiled at a locah 
where clam mortality has been monitored slnce 1 9 1  
and had persisted through 1976 (Thomas 1977) .  Tkn 
oil concentration was very high. A second additiom 
sample was from Janvrin Harbour Lagoon which wa 
only lightly oiled. There, oil concentrations were ints 
mediate. 

The oil content of the tissues of L. lioorea from oild 
locations averaged 12.18rg/g whereas from contrd 
it averaged 5.33 pg/g. These values are significanq 
different ( P  < 0.01 ). An additional sample from An 
chat Church, an oiled location used in previous studii 
was also higher than controls a t  12.0pg/g. 

In the case of M. arenaria, the tissues of living spcd 
mens from oiled siles averaged 157.34 pg/g and fm 
control sites. 60.73 pglg. Individual values showed gm 
variation and these differences were not significantly di 
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t a ~ r  8. Population density (no./m') for L. lirrorea and M. 
nnnrta from oiled and control subslauons. 

Slarion Level (m) No./ni' 

l oiled 
l m l a i  
l dcd 
l control 
f control 
l control 
I control 
huall oiled 
huall control 

!oiled 
l aikd 
!control 
icantrol 
herall oiled 

Lirrorbw lirroreo 
0.3 
0.65 
0.3 

-0.3 
0.0 
0.3 
0.0 
- 
- 

Mya arenaria 
0.65 
0.65 
0.65 
0.3 - 

k r a l l  control - 119 

hrcnt. However. Gilfillan and Vandermeulen (1978) 
ktained much higher values from clams from the same 
dd locations and the additional samples given here 
born newly dead clam tissues averaged 650.8 &g 
lbich i s  significantly higher than control levels 
(1 < 0.05). 
With S. alterniflora, samples from oiled locations 

&awed a mean of 15 134 &g  oil  in their tissues while 
anrrol grass showed a mean of 28.2 pg/g, !he con- 
xntrations heing highly significantly different 
'V  < 0,005). 
The amount of surface oil persisting on the surface at 

MOUS tidal levels was generally low at oiled locations 
ad always zero at controls. A t  station I no surface oil 
6m present below the I - m  level and less than I % of 
h shore between there and high water was contami- 
: a d  The situation at station 3 was similar except that 
%zero oil level was 0.65 m. At station 2 there was no 
wlace oil below 1.0 m, less than I %  from 1.0 to 
Ilm. and 30% from 1.3 to 1.9 m. A t  station 4 there 
nr no surface oil below 1.1 m, 5% from 1.1 to 1.6 m 
lpdless than I %  from 1.6to 1.91 m. 

A sample of  M. arenaria from station 2-oiled for 
mmparison with previous samples from this location 
(Iharnas 1977) showed an abundance of  560/m2. 

Discussion 

Ecologists attempting to determine the affects of oil 
pills in poorly studied locations face particular prob- 
bnr. Data on normal intertidal communities is usually 
bgrnentary or absent and access to the coastline is 
I n  difficult. These problems occurred in Chedabucto 
by and were compounded by the fact that the spill oc- 

%* in the coldest part of winter when sea-ice forma- 
was considerable and, consequently, many shores 

im impossible to observe or sample. It was even diffi- 
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FIG. 3. Length-frequency histograms for L. lilroreo and 
M .  arenaria from oiled and conrrol stations. 

cult to determine the exact extent pf  oil contamination 
because of movemcnt in and undcr icc (Anon. 1970). 
A t  the time, i t  was impossible to make precise, detailed 
studies of  newly oiled situations. Consequently, i t  was 
the spring of 1970 before areas were examined i n  detail 
and by then biotic effects had already clearly occurred 
(Thomas 1973). 

The difficulty of providing an adequate control situ- 
ation was aggravated by these conditions and i t  was 
decided that a double approach would be used. Detailed 
surveys of  six sample sites would be repeated as often 
as practicable on the assumption that with time, oi l  
effects would change and the biota would respond. I t  
was assumed that eventually intertidal communities 
would return to a normal condition and therefore pro- 
vide a self-control. A second control was attempted i n  
the comparison of  oiled sites with a reasonably close-by 
unoiled control. Unfortunately, however? this location 
was contaminated with remobilized oi l  and also suffered 
extensive natural storm damage. 

The method of  using time as a control was shown to 
be useful but lacking i n  sensitivity (Thomas 1977). 
Only large changes in common organisms could be cor- 
related with oil pollution. I t  must also be realized in 
using this method that climatic changes may cause pro- 
gressive biotic changes. Such cases have been described 
by Crapp (1971). Baker (1976). and Straughan e l  al. 
(1978). Nevertheless. if was possible to attribute large 
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TABLE 9. Quantities o f  o i l  extracted from sedinienls and 
biola from Chedabucto Bay subsamples. (Sediinents. ~t i icro- 
grants per gram dry weight; biota, micrograms Iper gra111 
wet weight.) 

Oil extracted (duplicates) 
Station Level (m) rg/g ABC equivalenls 

2 oiled 0.65 254.26 
2 oiled 0.70 11.52 
2 oiled 1 ,013 I 1  020.22 
2 oiled 1.30 19 926.33 
2 control 0.30 0.31 
2 control 0.65 1.98 
2 control 1.00 5.54 
2 control 1.30 0.88 
2 control 1.91 0.81 
4 oiled 0.65 2 644.92 
4 oiled t .OO 4 952.92 
4 oiled 1.30 I8 433.48 
4 control 0.3 0.35 
4 control 0.65 0.26 
4 conlrol 1 .OO 0.00 

Addiriorral sedimerrr snnrpler 
2 oiled SS no. 2 11 747.77 
Janvrin Hbr. 

Lagoon 0.65 168.62 

I oiled 
I oiled 
1 control 
I control 
1 conlrol 
3 oiled 
3 control 

Arichat 
Church - 

Myo orenaria 
2 oiled 0.65 52.4 
2 oiled 0.70 51.0 
Z control 0.65 47.5 
4 oiled 0.65 167.2 
4 control 0.30 29.2 

2 oiled 
2 oiled 
? oiled 
1 oiled 
2 o~ led  

2 oiled 
2 control 
4 oiled 
4 control 

Addirio~ml A<. arwaria . w ~ l p k s  
SS no. I alive 56.1 
SS no. 2 alive 183.3 
SS no. 2 newly dead 946.5 
SS no. 3 alive 59.1 
SS no. 3 liewly dead 123.6 

Sparrbra olrer11iJ7ora 
1.3 10 351.8 
1.6 67.8 
I .o 20 943.5 
0.65 15.4 

changes i n  common and important species in Cheda- 
bucto Bay to  o i l  pollution. The  dominant fuco id  algae 
o f  rocky shores were reduced in vertical distribution, 

salt marsh grasses suffered delayed mortalities, and 
shell clams i n  lagoonal sediments declined in num 
I t 'was also shown that mortalities may be delayed up 
several years f rom in i t ia l  oi l ing as was the case 
salt marsh, cord grass. I t  was also demonstrated 
common fauna such as periwinkles and barnacles 
no t  obviously affected and that i n  the case o f  barn 
reproduction was consistent even while conlaminam 
was heavy. 

The  detailed comparison of  four oiled and four cm 
t ro l  stations described here has yielded further u s 4  
information and was also used b y  Straughan (1977) Q 
ident i fy effects o f  the Meru la  crude o i l  spil l i n  the SI* 
o f  Magellan. This method, however, also lacks scr& 
tivity. T h e  basic problem is the large fundamental v u i  
abil ity o f  shallow water marine and intertidal cm, 
munities. Even i n  a single location, such associatid 
show h igh variabil ity only a part o f  which can b e d  
related w i t h  known physical variables (Hughes apd 
Thomas 1971 a, b ) .  When control  and experimentalsits 
must be geographically separated the unaccountab4 
variance becomes even higher. This tends to mask h 
more subtle but  nevertheless important effects. 

Bo th  the t ime and space control  techniques for + 
l imi t ing the long-term effects o f  o i l  o n  intertidal corn 
munities are val id and useful. T h e  information obtai 
is useful in predicting the effects o f  spills and clean 1 
procedures in diverse habitats. When combined 
experimental data i t  suggests profitable future resead 
projects. However, on ly  comparatively large changes aR 

documented .by these methods and such changes an 
l ikely to  have more widespread ecological clTects tiun 
can be readily observed. 

This study has shown several additional biotic empa! 

o f  o i l  i n  Chedabucto Bay. and confirmed preb' 'ram onr 
N o  significant differences i n  intertidal distribution c 
species between o i l  and control  sites were obsernd 
Thomas (1977)  had previously observed that such d& 
ferences had disappeared b y  1976. There was. howeva 
a very consistent difference in the species diversity,* 
shown by the number o f  species found, between oil< 
and control  sites. This situation is typical of  cornmum. 
ties stressed b y  pol lut ion but i t  is interesting that ~h 
diKcrcnce persists over 6 y r  after the disaster. especiab 
since most shores are essentially o i l  free. Diversity i+ 
dices d id  not prove t~sefu l  because results varied wid* 
according to  the mcasure o f  importance used to calm 
late them. Biomass is the most useful compara~ i~  
measure o f  species importance i n  intert idal  areas rim 
many species are compound. colonial. o r  encrustiq 
and diff icult t o  count. However. diversity indices bawd 
o n  biomass give low and misleading values. I n  the o, 
o f  station I. the use o f  biomass and numbers as measum 
o f  importance gave opposite results (Table 3 ) .  Anoth 
aspect o f  diversity differences was shown b y  the larg 
number o f  species unique to  control  lhan oiled statiw 
o n  rocky and sedimentary shores. Whi le somc of Iha 
occurrences are undoubtedly by chance. others may k 
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mitive species. Of  particular interest may be Poly- 
nphorlia lanosa, a red alga epiphytic/parasitic on Asco- 
i i l lorn ~~odocrr~n,  which is normally abundant, but 
,.as not round i n  oiled station samples. 
Cmputer analysis of the complex matrix of data 

gerated by the experiment yielded relatively few sig- 
;dcant dilferences. The overall difference in importance 
:due between oiled and control situations was highly 
~ijnificantly different but no one level, group of  levels, 
ur stations showed significant differences from others. 
he dab show that the biomass of  flora (algae and 
he r ing  plants) was very significantly lower at oiled 
da. This is consistent with large effects on flora de- 
rribed previously by Thomas (1977). However, this 
w data shows a more.widespread effect. Three algae 
hd significantly higher biomass levels at control than 
ailed situations. These were A. nodosrtm, the knotted 
nack. Chondrus crispus, Irish moss, and F. vesicrrlosus. 
Madder wrack. The first two are common and of com- 
mercial importance; the latter is often dominant on ex- 
pmed rocky shores. Only one alga. F. serrarus, which 
pccurs in the lower shore was significantly more impor- 
ant at oiled than control stations. A l l  the fucoid algae 
!pies present i n  the area have now been shown to be 
fiected by oil pollution. 

Among the fauna the differences were generally less 
noticeable. Three species of  gastropods showedsignifi- 
m l y  higher numbers at control sites. These were two 
priwinklrs. L. ab~usam and L. saxarilis, and the dog 
*hell; 7. lapillus. Showing the opposite trend were the 
halve M. ed~rlis. the blue mussel. the gastropod L. 
rincra, the chink shell, and the amphipod crustacean 
Cainrnarics oceanicrrs. I t  is interesting that the two peri- 
winkle were less abundant at oiled sites, because the 
Urd common member of this genus, the common peri- 
, , 
mnkle L. lirrorea, which was equally abundant through- 
an, did show significant length. weight, and length- 
night ratio differences between oiled and control sites. 
:The two most common animals ol lrocky and sedi- 
kmtary shores. L. lirrorea and M. aienaria, were se- 
kted for size studies. Neither showed significant dif- 
bences in abundance between oiled and control sites 
brt differences i n  length and weight were highly signifi- 
ant. Lirrorhla lirrorea, the common periwinkle. was 
hjer and heavier at oiled sites, whereas the soft-shell 
dam M. arenaria showed the opposite. Both, however. 
hwed a slower increase in weight per unit of  length 
U oiled than at control situations. I t  is known that oil 
dots both species. Lirtorina lirrorea shows increased 
hwling speed and metabolic rate with low doses of  
Lnkcr C oil  (Hargrave and Newcombe 1973) and 
nrcotization at higher levels (GriRith 1972) but gener- 
9y not mortality. Mva  orenaria may show increased or 
hrcased metabolic rates and feeding rates i n  varying 
hers  of oil production (Anderson 1972; Avolizi and 
Nuwayhid 1974; Stainken 1978). Heavy pollution often 
mltr in significant mortalities (Michael 1977; Thomas 
19171, and population declines associated with oil pol- 

lution have been denronstrated in Chedabucto Bay and 
elsewhere. TI appears that oil pollution also restricts 
growth in this species (Gilfillan and Vandermeulen 
1978), and alters the length-weight ratio. Growth i n  
weight is apparently reduced more than growth i n  
length. Length frequency studies show that the smaller 
mean size in oiled areas is not caused by large numbers 
of small clams. The periwinkles showed a similar affect 
in the length-weight relationship but individuals i n  
oiled locations were significantly longer and heavier 
than at control sites. Again length-frequency determi- 
nations suggested a growth rate effect rather than a 
population structure effect. The reason for the differ- 
ente could be associated with the algal changes ob- 
served. Lirrorir~a lirrorea browses on rock surfaces and 
reduction in algal biomass may well result i n  increased 
growth of  microflora that was formerly shaded. I t  is 
noteworthy that recruitment to populations of species 
adversely affected by oil has not been affected. Settle- 
ment and growth have been observed in Fuclrs sp., M. 
arenaria, and Balrriras bolanoides annually since the 
spill (Thomas 1977). Apparently i n  affected species the 
postsettlement period is most vulnerable with observed 
effects on both growth and survival. 

Oi l  analyses of  sediments and biota were useful i n  
confirming the general information regarding the oi l  
pollution situation at oiled and control sites. Sediments 
from oiled locations proved to still contain very high 
concentrations of oil, the highest being 2.5% at high 
tide level at lagoonal station 4. Oil concentrations at 
midtide levels in lagoons were generally an order of  
magnitude lower, but still high. In  these locations visible 
surface oil remains only at high tide level. 

O i l  concentrations in animals were significantly 
higher at oiled than control situations but not strikingly 
so. Other data for the same general areas show much 
higher levels in biota (Gilfillan and Vandermeulen 
1978). I t  was noteworthy that the oil concentration in 
living clams from a substation at station 2 where mor- 
tality continues to be above normal (Thomas 1977) 
were very high, and levels from newly dead clam tissues 
from this location were even higher. There is no doubt 
that clam mortalities are associated with oil contarni- 
nated sediments and that oil concentrations are higher 
in dying and dead clams than in others. 

Bunker C oil is clearly implicated in the mortalities 
of  several dominant and important intertidal species i n  
Chedabucto Bay. Of  particular concern are reductions 
i n  abundance, biomass. and distributions of  several 
major primary producers. Such changes alter the energy 
flow patterns i n  the communities and inevitably have 
broad ecological effects. On the shoresof southern Eng- 
land. where algae and animals suffered heavy mortali- 
ties following the cleanup of the Torrev Canvon spill. 
Southward and Southward (19781 have documented 
large unbalanced changes in the biota. which may take a 
long time to stabilize. Mortal i t ia in Chedabucto Bay 
were not nearly so extensive as in England but did aflect 



al l  sharer studied. The great increase in common peri-  
winkle size on oiled shores is perhaps a good example 
o f  ;I consequent trophic change; others are no doub t  
occurr ing but di l l icul t  t o  document. Further study m a y  
givc ~ ~ s c i u l  inCormatio11. 

Studies i n  Chedabucto Bay al low us to  predict ma jo r  
biotic changes that would occur fol lowing a s imi lar  
spill. There is sti l l  a problem, however, i n  making recom- 
mendations concerning cleanup. O n  rocky 'shores evi- 
dence suggests that cleanup measures would no t  hasten 
recovery and might even delay it, since their b io t ic  ef- 
fects wou ld  be as harmfu l  as those o f  the oil. I n  sheltered 
sedimentary locations, however. o i l  is much m o r e  per- 
sistent and becomes incorporated deep in to  sediments 
where degradation is slow. I f  cleanup methods f o r  
lagoons could be improved so that o i l  could be removed 
without sediment penetration o r  disturbance. cleanup 
should h e l p t o  minimize o i l  po l lu t ion effects. 
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Figure 1. Dislributlon oloilresidues in theshorezone o f  Chedabuao Bay, determinedbyaerialinspecfion in 1970and 
1973 (Owens and Rashid, 1976). and b y  groundsurvey in 1976. 

Today, nearly eight years after theArrow 
disaster and despite a massive Task Force 
clean-up effort by the Canadian government, 
thereare s t i l l  considerableamounts of the fuel 
oil in some isolated areas, while traces remain 
in others. These traces remain despite seven 
years of changing seasons and heavy 
weathering. 

One of the most frequently asked 
questions about oil spills is: "Just what is the 
damage from a spill?"To the scientist, this 
question poses an enormous problem -one 
that is relatively new, having come to the fore 
only in the late 1960s. And with this new 
problem comes the attendant demand for new 
scientifictechniques. The morewe investigate 
oil pollution, the more complex it becomes. 

A multi-faceted follow-up study of the 
Arrow spill was initiated about four year sagoat 
the Bedford Institute of Oceanography in 
Canada, in collaboration with colleagues at the 

Photographprecedrngpage shows that whrle the scum of 
sp~lledorl rn Chedabucto Bay soon d~sappearedunder the 
forces of wave action andscounng, traces 01 weathered 
andaged Bunker Cfuel orlpersrsted lor several years, 
especrally when out of reach of the t~de.  (Photo R. 
Belanger, BlOJ 

University of New Brunswick and at Bowdoin 
College in Maine. We measured and are st111 
measuring not only the Bunker C petroleum 
hydrocarbons still resident on and in the 
shoreline sediments, but also the rates of 
hydrocarbon movement between water 
column and sediment, the degradation rates, 
and the tissue oil load and phys~ological 
responses of oiled organisms. Hopefully by 
analyzing the data in their entirety, we can 
arrive at a preliminary evaluation of the 
self-cleaning potential on an oiled marine 
environment. And by knowing rates or 
half-lives of oil erosion and biological recover) 
in  oiled communities, we may then identify 
their more sensitive and vulnerable 
components. 

Natural Erosion Patterns: 1970-1976 

Oi1,oncestranded on shorelines, isvulnerable 
to erosion by various mechanisms - 
mechanical (wave action or bulldozer), 
evaporative, chemical (photodecomposition), 
or biological (bacteria). 

Gross self-cleaning of the oiled 
Chedabucto Bay shorelines i s  shown in Figure 
1. Of the 200 or so kilometers visibly oiled in 



hlarch of 1970, about a third were clear of 100-0 

obvious oil cover three months later, partly h 
due to the Task Force clean-up efforts 
(concentrated mainly in urban or recreational 
areas) and partly due to natural cleaning by  
wave action. By June 1970, much of the Y) 

exposed rocky high-wave energy shorelines o f  w 
2 50-  , the south shore and of the northeast corner of -6 

the bay on and around Point Michaud were - o 
C 0 

clear of visible stranded Bunker C oil. .- m lotal 011 cover 
By 1973, theoi l  cover was further i o 25 . 

reduced to  a largely patchy distribution, . 
restricted to the low-energy lagoons and s .*' - , h p y  ... oiling only 

estuaries of lsle Madame and Inhabitants Bay - -a- 
'on thenorth shore of the bay. By 1976, six years '70 '71 '72 '73 '74 '75 '76 '77 
afterthespill, a shoresurvey found only traces 
of  stranded oil. The high-energy rocky 
shorelines were largely cleansed of  visible 
stranded oil, andonly tracescould be found in 
the low-energy areas of the north shore, o n  
lsle Madame, and Janvrin Island. One 
exception, Blackduck Coveon the south shore 
of  the bay, remains heavily oiled to this day. It 
was contaminated in 1970 by a single chance 
slick that broke off from the main body of oi l  
thatwas heading out tosea. Today much o f  the 
shoreline cobble there remains covered in a 
heavy asphalt. 

The general impression, however, i s  
that most of the stranded oi l  has now 
disappeared (Figure2). Self-cleaning occurred 
remarkably quickly during the first two years 
after the spill with 75 percent of the heavily 
oiled shoreline cleansed by 1973. Although 15 
percent of  the shoreline was s t i l l  oiled in 1976, 
today less than5 percent remainsvisibly oiled. 
An estimate of one and a half to two years for a 
self-cleaning or erosion half-life' of stranded 
Bunker C in this particular environment then 
seems reasonable, although this may be a 
conservative figure because the half-life of  the 
remaining oil may be much higher. 

Wave Energy Cleaning Study 

A detailed study of the self-cleaning process of 
wave energywas carried out by Dr. Martin 
Thomas of the University of  New Brunswick. 
Immediately after theArrow spill he 
established his study sites on three heavily 
oiled beaches, revisiting them annually. These 
represented three different wave-energy 

'The time required for half the hydrocarbon 
concentration to be degraded. 

Time ( years 1 
Figure2. Erosion pattern of stranded Arrow Bunker Con 
Chedabucro Bay shorelines: 1970-7976. 

situations - high energy (Crichton Island), 
medium energy (Arichat Church bluff), and 
low energy (Janvrin Lagoon). 

His findings have shown that 
self-cleaningof stranded Bunker C can be 
directly related to the amount of  wave energy 
impingingon the shoreline (Figure3). Thus the 
rate of self-cleaning on high-energy Crichton 
Island (Exposure Index200") is significantly 
higher than on a low-energy shoreline, such as 
Janvrin Lagoon (E . I .  = 0). 

Thomas' observations also showed that 
the relative location of the stranded tar on the 
beach slope greatly affects its self-cleaning 
potential. Thus oil stranded halfway up  the 
beach is  moved off more rapidly than that lying 
along the top of the beach. In this respect, the 
high-water spray zoneon high-energy beaches 
-that boulder and tide-pool area above the 
high-water line and just out of reach of the 
spent waves - behaves similarly to a 
low-energy lagoonal shore in  terms of  
self-cleaning. Tar thrown up into these 
splash-and-spray zones, even along 
wave-washed high-energy shorelines, has 
potentially a long residence time, 
disappearing very slowly. 

Thomas' plots also provide some much 
needed numbers on  self-cleaning rates. In 
Chedabucto Bay, tar stranded along the 
mid-water l ine on high- and medium-energy 
beaches has a self-cleaning half-life of  around 

"An index of shoreline wave exposure, based on wave 
energy, tidal action, and shore topography (Thomas, 
19771. 



Figure 3. Rates of erosion of stranded Bunker Coi l  at huo 
tidal levels underdifferent wave-energy regimes. (E.I. i s  
Exposure Index, basedon wave energy, ridal flux, and 
shore topography.) (After Thomas, 1977). 

one and a half to two years. However, this 
half-life i s  increased by afactor of at least 10 
when the Exposure lndexdrops, such as with 
the oil stranded on low-energy shores of 
lagoons and estuaries. 

Recovery of Fauna and Flora 

The relationship between wave energy and 
surface oil cleaning is also reflected in the 
decimation and subsequent recovery of such 
associated organisms as the kelp Fucus 
vesiculosus, the salt-marsh cordgrass Spartina 
alterniflora, and the soft-shell clam Mya 
arenaria. 

Unfortunately, thereare no pre-spill 
data. This i s  a chief recurring problem in  
assessing post-spill damage. It is reasonable to 
assume, however, that the pre-spill 
populations were probably somewhat similar 
to those found today in adjacent non-oiled 
areas. The impactonFucus was immediate and 
devastating. More than half of the kelp 
population was destroyed. Recovery did 
occur, however, but i t  war and is a relatively 
slow process. Todafs Fucus population is not 
yet equal to the 1970stock, but recovery is 
positive. A recovery half-life* estimate of four 
years is reasonable. 

'The time required fora popuhtkn to reach half its 
former, non-ailed numbers. 

A similar reduction in abundance was 
observed for the cordgrass Sparr~na, although 
the recovery pattern differed irom that ot 
Fucus. Where Fucus experienced a gradual 
and continuous recovery, Spartina recovery 
was not seen until two yearsafter the spill. 
(This underlines the need for caution in 
post-spill audits. Many effects are not evident 
until a year or more after the accident.) 
Spartina did recover, however. A reasonable 
estimate of its recovery half-life is about the 
three-year mark. 

The third indicator organism, the 
burrowing clam Mya arenaria, showed a 
markedly different recovery pattern. Since 
1970, Mya has shown a continued decline in 
abundance, so farwith little apparent recovery 
in sight. Its recovery half-life then appears to 
be considerably longer than that of either the 
kelp or the cordgrass, and an estimate of 10 
years seems valid. 

Erosion Overview 

These various observations - the oil cover 
erosion figures and the biological recovery 
half-life estimates - lead us to a preliminary 
model of the total clean-up and recovery 
potential of this marine ecosystem (Figure 4). 
We must emphasize here that this is only an 
approximation. We have left out some 
mechanisms and have made some guesses. 
We can, however, make two observations: (1) 
although stranded oil is a tenacious material, 
i ts  self-cleaning potential is surprisingly high, 
with more than 50 percent disappearing by 
wave erosion in the first two years after the 
spill; but (2) assuming that about half o i  
Chedabucto Bay shoreline i s  high-energy and 
the rest half medium- and half low-energy, 
then about one-sixth or around 15 percent of 
the original 450,000 gallons of Bunker C 
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Figure 4. Summary ofself-cleaningandbiologicalrecovery 
processes for Chedabucio Bay shore zone, 1970.1976. 



\~.~-.lic,d ~s l io re  i s  still lying around on 
l o s i  -energy beaches and in sheltered pockels. 

Our erosion and recovery half-life 
estimates, however, draw attention to the 
continued depression of Mya arenaria and the 
slow self-cleaning of oiled soft lagoonal 
sediments. PerhapsMya i s  unusually sensitive, 
but the fact that it inhabits the soft inshore 
sediments identifies this clamtsediment 
system as a potential problem area in 
environmental recovery. It also makes us 
aware of the potential long-term impact of a 
spill, which is generally hidden from view 
within the sediments. 

The Hidden Problem 

The stranded Bunker Coi l  along the top of the 
low-energy shores i s  not static, but continually 
reenters the tidal environment. Only trace 
amounts, however, enter the tidal water 
column directly. Instead, the main route of 
reentry appears to be via the sediments and 
the interstitial water within the shoreline 
structure (Figure 5). Judging from flow studies 
with oiled sediments, the subsequent release 
of Bunker C hydrocarbons from those oiled 
sediments back into the overlying water 
column appears to occur very slowly, about as 
slowly as that dissolving into the water's edge 
directly from the stranded tar. The crucial 
point is that the sediments act as a large sink, 
and that oil entrapped within these sediments 
has an extremely high residence time. 

Data fromour flow studies suggest that, 
assuming linear loss, approximately 170 years 
would be required to completely flush out by 
water flow alone the tar contained in one of  
our experimental setups. Naturally, this i s  an 
over-estimate because we did not include 
other environmental erosion mechanisms, 
both physical and biological, but it does 
demonstrate that leachingof oil from 
sediments can occurveryslowly indeed. For 
our preliminary model, the erosion half-life for 
total sediment-bound Bunker C is somewhere 
in excess of 25 years and possibly longer. 

lust what i s  the composition of the 
sediment-bound Bunker C-or is i t  Bunker C? 
Sediment samples from a chronically oiled 
beach in a Chedabucto Bay lagoon, one with a 
tar layer along the topof the beach slope, were 
taken from the low-, mid-, and high-water line. 
They were obtained at three depths, 5,10, and 
15 centimeters below the surface, so that we 

Six years aher the Arrowspillof 1970, larryacc<etions of 
weathered Bunker C, pebbles, and beach debns stdl coal 
the shoreof Blackduck Cove in Chedabucfo Bay, Nova 
Scoria. (Phoro R. Belanger, 8 /01 

would have an understanding of the changes 
in theoil's composition within the 
three-dimensional structure of the beach. The 
aliphatic or straight-portion chain of this 
sediment-bound Bunker C was found to be 
significantly reduced (Figure 6). The gas 
chromatography (CC)' spectra of all samples, 
regardless of depth or beach level, showed a 
marked erosion of the n-alkanes (n stands for 
normal or straight-chain) up to carbon-30 
throughout the entire top 15 centimeters of 
the beach. 

Slronded 

Bunker C oil 

Cordon, 1976) 

Ftgure5 SummaryoisfrandedBunker Ciuel or1 reentry 
pattern mto marme envvonment (Vandermeulen and 

'Gas chromatography is an analytical technique whereby 
individual compounds in a complex mixture can be 
separated and identified. Each peak in a CC spectrum 
represents a separate compound. 
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Figure 6. Gas chromatogramsofoiledsediment samples 
(5-centimeter subsurface) from MoussiGers Passage, 
Chedabucto Bay, N.S. Thepeaks mark& with anasterisk 
arecontaminants, probablyoforganicorbiologicalorigin. 
Thepristane peak is indicated by the large arrow. 

The unresolved envelope,' however, 
suggests there is a considerable amount of 
undegraded material. Also, the aromatic o r  
cyclic fraction does notappear todif fer greatly 
from that of theArrow's Bunker C, as indicated 
by the similarities of  the fluorescence 
synchronous" spectra. Thus thealiphatic part 

'The unresolved envelope is the large area under the 
"hump" of the GCspectrum. It represents a complex 
mixture of compounds not separated and identifiable as 
individual peaks by the techniques used. 
"Aolot of fluorescence emission intensityversus 
exc&tion wavelength, duringwhich the e*citatlon 
wavelenath 4s scanned from 220 nanometers (nml to 500 
nm, whik simultaneously scanning theemission 
wavelength, but always at 23 nm above the excitation 
wavelength. This technique wasadapted from forensic 
analytical methods involvingautomobileoils and greasein 
criminal investigation. 

of the stranded oil is being degraded 
preferentially (probably through microbial 
activity), while the aromaticand multi-ring 
components of the oi l  remain, resisting 
degradation. 

This introduces the interesting notion 
of thinking of  the beach and shoreline 
sediments as the n-alkane filter systems in 
oiled communities, with characteristic 
efficiencies and rates. The effectiveness of  
these "filters" can be estimated from data 
obtained from a salt marsh on the 
Quebec-New Brunswick border, oiled with 
BunkerCin 1974.Twoyears after thisspill, the 
aliphatic part of theoil that had penetrated into 
the marsh sediments was significantly eroded, 
despite continuous replenishment from 
surface oil. However, as in the Chedabuao 
Bay beach system, the aromatic fraction 
remained, apparently unchanged. Thus an 
estimate of two years for theerosion half-life of 
n-alkanes in natural sediments does not seem 
excessive. The erosion half-life for the 
aromaticcomponent, however, seems to beof  
much longerduration, possibly as much as 10 
years. This brings us to the b io log i~ t  s concern 
over the remaining aromatic petroleum 
hydrocarbons. Theoil found in  1977sediments 
in Chedabucto Bav. in faa. isnot the same oi l  
spilled there in  ~ e b r u a r ~  1970. We are now 
dealing not with Bunker C, but with an 
aroma& derivative - one highly enriched 
with aromaticcompounds, with a long 
half-life, with a long residence time, with a 
largely unknown composition, and with 
potential long-term biological implications 

The Biological Implications 

Our recent work with Dr. E.S. Cilfillan of 
Bowdoin College, Maine, has shown that even 
six years after the Arrow spill clam populations 
in chronically oiled sediments are greatly 
reduced in  numbers, have an altered age 
distribution, and in  many cases showa curious 
break in the six-year age class, which coincides 
with the 1970 spill (Figure 7). Tissue growth 
rates of oiled clams were lower than those of 
non-oiled sediments. Also, shell growth (that 
is, the rate at which the growth rings were laid 
down) after 1970 was less than in those taken 
from non-oiled sediments (Table 1). Of 
particular interestwas the observation that the 
clam's efficiency in utilizing food intake (that 
is. the balance between the amount of carbon 



Fngwe 7 Abundance and 
populatron structureolthe 
soft-sheilclam Mya 
arenarm from a non-oded 
(Potato Island) andan 
orfed llanvrrn Lagoon) 
lagoon on lsle Madame, 
Chedabucto Bay, N.S. 
Abundance numbers are 
per0 3 square meters 0 
ramphng hydrocarbon area. Sediment LA 1 2 3 4 1 6 7  LG 

c&cenrntions were potato ~ s ~ o n d  1=284 
determined by 
fluofescence. CHCI = 0.9 w / g m  

taken in versus that amount assimilated and/or 
respired) differed sharply between oiled and 
non-oiled clams. In Mya arenaria from 
chronically oiled Janvrin Lagoon this efficiency 
was very much reduced, and in some batches 
theclams could be said to be barely holding 
their own, precariously balancing their carbon 
budget in their struggle for survival (Table 2). 

Thus the Mya arenaria population in 
these chronically oiled sediments is under a 
great deal of stress. It is down in numbers, the 
physiologyis upset, and the recruitment effort 
may be impaired. 

Aryl Hydrocarbon Hydroxylase 

Clams from oiled sediments invariably show 
petroleum hydrocarbons in their tissues, 
sometimes in surprisingly high 
concentrations. Presumably the hydrocarbons 
are taken up while feeding on  sediment and 

TaMe 1: Shell growth inMya arenaria during the 
four-year post-spill period as against percentage of 
growth during four-year p ~ s p i l l  period: 

AN % Growth 

Nawiled: 
Cmtmi 1 + 2 

3 
4 

Wabucto Bay: 
b r i n  Lagoon 1 

2 

'Adlgrauthdetcnninedxa millimeter pryearon 
indridd growth ring5 of 11- and 12-year-old clams. 

Jonvrm Logoan 1 1:87 J o n v r ~ n  Lagoon 4 Ir66 

CHCI  =714 pg lqm I H C l =  89 pg/gm 

Table 2: Carbon budget for Mya arenaria from a 
non-oiled lagoon (Potato Island) and a chronically 
oiled lagoon (janvrin Lagoon). Dala expressed a 
micrograms of carbon per hour per 100 milligrams of 
tissue. 

Area Net C* Resp. C' C Flux' 

Potato Island 33.22 27.22 + 6.00 
Janvrin Lagoon-1 23.3 30.43 - 7.13 

-2 14.33 26.1 -11.81 
-3 6.37 30.95 -25.6 
-4 7.66 24.80 -1 7.1 5 
-5 2.27 23.03 -20.76 
-6 2.74 44.6 -41.87 

'Data relative. and bared on 1.000 micrograms of carbon 
per liter algal food. 

food particles and possibly also directly 
through the gill membranes. The mechanism 
of this uptake is not understood as yet. 
However, once into the tissues we become 
more concerned with howto rid them of these 
molecules, which are after all foreign 
molecules. The time pattern of this depuration 
or cleansing process in non-oiled seawater is 
shown in Figure& Surprisingly, when clams 
from oiled sediments were transferred to 
oil-free seawater, we found that even after 75 
days some specimens retained as much as 40 
percent of their initial hydrocarbon load within 
their tissues. In other words, with this slow a 
depuration rate in non-oiled seawater, the 
clam's cleansing effort is probably negligible 
when living i n  continuously oiled sediments. 

Why such a slow depuration rate? In 
vertebrates, such as man and other mammals 
and in fishes, aromatic hydrocarbons are 
handled by a multi-functional enzyme system 
termed the aryl hydrocarbon hydroxylase 
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Figure 8. Depuration of Mya arenaria from an oiled 
sedtrnent in Chedabucto Bay, transferred to non-oiled 
seawater. Tissue hydrocarbons expressedas micrograms 
of Bunker Cpergram wet weight of tissue. 

(AHH) system. Normally, this rids the body of 
unwanted steroids and other compounds 
naturally produced in the tissues, but when 
the bodv encounters a foreien molecule 
sufficie"tly similar to  the ste';oids, then this 
enzyme wi l l  handle it as well. In fact, one can 
enhance the activity of this enzyme system by 
feeding i t  larger amounts o f  aromatic 
hydrocarbons. Indeed, trout taken from 
polluted waters show chronically enhanced 
activity levels of this enzyme. 

In collaboration with Dr. W.R. Penrose 
of the Newfoundland Biological Station, w e  
analyzed clams, mussels, and oysters fo r th is  
AHH enzyme system. W e  then attempted to 
elicit enhancementor"induction"of this AHH 
activity by rearing the bivalves i n  
experimentally oiled waters. Whereas trout 
under these conditions showed the necessary 
basal enzyme response, aswell as the induced 
response, we were unable to  de ted  any such 
enzyme system i n  the various bivalves (Table 
3). More importantly, we were unable to  f ind  
this system in clams and mussels taken f rom 
the six-year chronically oiled sediments i n  
Chedabucto Bay. 

The implication is that in the field the 
bivalves lack the enzyme mechanism 
necessary to deal with the long-term aromatic 
enrichment o f  the sediments. This is reflected 
by the slow and incomplete depuration of 
oiled bivalves when transferred to  clean 
seawater. Indeed, the absence of this enzyme 
system, which in  other organisms metabolizes 

thearomatic hydrocarbons, may well be the 
primary causeof all the population and 
physiological problems that the soil-sheli clam 
experiences in these oiled lagoons. 

The Short- and Long-Term Concerns 

Self-cleaningofa Bunker CspiII appears to bea  
two-stage process - one short-term, one 
long. The short-term stage has a half-life o i  
about two years, and appears to be a direct 
function of wave energy. 

The long-term stage has a half-life in 
excess o f  ten or twenty years. I t  is probably 
largely a function of microbial erosion and is 
associated with low-energy environments 
(lagoonsand estuaries). Most importantly, this 
stage involves a compositional change from a 
Bunker C fuel oil to  an aromatically enriched 
oil. 

Biological recovery from shore spill 
damage is closely l inked to the self-cleaning 

Table 3: Aryl hydrocarbon hydroxylase (AHH) activity, 
as determined by benzo[alpyrene hydroxylation in 
non-oiled, experimentally-oiled and chronically-oiled 
(Chedabucto Bay) bivalve rnolluscs.Activity expressed 
as fluorescence units per milligram of protein. 

Test Treatment No. AHH act iv i ty '  
organism x 2 S . E .  

Brook 
trout control 

4-day, 
Kuwait crude 

4+, 
Bunker C 

Mya 
arenaria control 

&day, 
Kuwait crude 

-%day, 
Bunker C 

chronically- 
oiled 

Mytilus 
edulis control 

chronically- 
oiled 

Ostrea 
edulis control 

&day, 
Kuwait crude 

4-day, 
Bunker C 

'Neberl and Celboin, 1968.1.B.C. 243231: 6242-9. 
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Persistence of METULA Oil in the Strait of Magellan 
Six and One-Half Years After the Incident 
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INTRODUCTION September, a total of 51 500 tons of light Arabian 
On 9 A u p s t  1974, the supertanker METULA crude and ZOO0 tons of Bunker C were released. 
(206 000 dwt) ran aground just west of the First Due to the narrow constrictions of the Strait. 
Narrows in the Strait of  Magellan. Chile (Fig. 1 ) .  much of the oil lost washed onto 65-80 k m  of 
Over the next 1.5 months. until refloating on 25 adjacent shoreline (Fig. I ) .  Since essentiailv no 

Fig. 1 Location of the METULA oil spill site including station locations. zones of initial impact (August 1974; 
Hann Jr. 1975), and oil coverage during 197376. METULA oil remains most obvious at statlons 3. 4 and 6 
along the First Narrows. 



cleanup occurred, the METULA spill site re- 
mains comparable to a large field experiment in 
which the long-term, natural degradation of 
spilled oil can be monitored. The purpose of this 
paper is to describe the distribution of oil re- 
maining along the Strait of Magellan as of 
February 1981. and to discuss the physical pro- 
cesses that have influenced the oil's degradation 
over the last 6.5 years. 

PREVIOUS WORK 

Previous reports on the METULA incident have 
covered a wide range of topics. including details 
of the grounding and initial shoreline impacts 
(Gunnerson and Peter, 1976; Hann Jr,  1974, 
1975; Hann Jr and Young. 1979), short-term ma- 
crobiological effects (Baker et al., 1976; 
Straughan, 1978) and short-term microbiological 
changes (Coleu7ell er 01.. 1978). Folow-up studies, 
particularly of a heavily oiled marsh site. were 
undertaken from one to three years after the spill 
by the lnstituto de la Patagonia. the regional 
scientific institute of southern Chile. Published 
reports include effects on macrobenthos (Langley 
and Lembeye. 1977) vegetation (Pisano. 1976; 
Dollenz. 1977. 1978) and insects (Lanfranco. 
1979). An excellent summary of these and other 
studies. particularly the effects on birds, is pre- 
sented by Guzman and Campodonico (1980). In- 
vestigations of the physical interaction of oil 
remaining in particular shoreline environments 
were undertaken with the senior author one to 
two years after the spill and form the basis of this 
comparative study. (Hayes and Gundlach, 1975; 
Blount. 1978). 

REGIONAL SETTING 

The climate of the METULA spill site is classified 
as middle latitude steppe with rainfall averaging 
233-350 mm annually (semi-arid). Daily temper- 
atures range from 3°C to 29°C in January, and 
from -13°C to 9°C in July. The mean annual 
temperature is 7°C. Shoreline ice is not common. 

The shoreline of the eastern Strait of Magellan 
is influenced by its geologic history and impinging 
physical processes. By far, the most common 
shoreline type is composed of mixed sand and 
gravel reworked from adjacent Pleistocene glacial 
deposits. There is, however, a very large tidal flat 
composed of Recent fine-grained sediments lo- 

cated along the south side oi  the Strair betweer 
Punta Catalina and the First Nurows.  Tides var: 
from 6.0 to 10.4 m east of [he First Narrows an; 
from 3.0 to 6.0 m within the basin between rhr 
First and Second Narrows. Tidal currents read 
8 knots within the Narrows. Strone winds. corn 
monly greater than 50 kmih. blow predominantl: 
from the west (46%).  Waves generated betweel 
the First and Second Narrows may reach se\'era 
meters in height. The strong winds. high rides 
and swift currents of the area played a major roll 
in the initial distribution of oil spilled by t h ~  
METULA. 

METHODS 

This study, undertaken from 18 to 21 Februar 
1981, is based on the resurvey of stations analyzei 
during August 1975 and February and A u p s  
1976 (Hayes and Gundlach. 1975: Blount. 1978) 
These stations were pre\.iousl!. found ta conrail 
moderare to heavy concentrations of hlETUL3 
oil and were considered represenrative of tha 
shoreline segment. Figure 1 contains the locatio~ 
of all 1975i76 stations as well as those resurvey:< 
during this study. 

Comparisons u-irh the data derived durln; 
197376 are based on repeat topographic profilin: 
at three sites (where previous reference stake 
could be located). and by the analysis o 
ground-level photographs at seven other sites. A 
all stations, observations were made of the dis 
tribution (length, width, and thickness) of surfact 
oil, and trenches were dug across the beach fac~ 
to determine the extent of buried. oiled sediment 
The  physical characteristics (primarily color an1 
consistency) of the remaining oil were noted. ani 
the relationship between substrate (oiled or pre 
viously oiled) and resident biological communit 
was given special attention. 

RESULTS 

Oil spilled by the METULA in 1974 is still founi 
along much of the southern shoreline of the Strai 
of Magellan. Environments which remain con 
laminated include exposed and sheltered mixel 
sand and gravel beaches, exposed and shelterel 
tidal flats, and sheltered marshes. Observation 
are  summarized in Table 1 and are discussed be 
low by habitat type. 



I 
Punta Remo 

2 
Punta Baxa 

3 
Puerto Espora 
spit and tidal flat 

4 
Espora marsh 

7 
Cab0 Orangc 

8 
Punra Catalina 

9 
Punta Catalina 

10 
Southern edge of 
Bahia Felipe 

I 1  
Southeast corner 
of Banco Lomas 
tidal flat 

LL 

Cdbo Posesion 

57 
Punta Daniel 

TABLE 1 
Summary of observarions at srariorts revisited during rhe 1981 survey Oil was most prevalenr at 

starions 3, 4 and b a l l  iocared along the more sheltered Firsr Narrows 

Starmn number 19iSi1976 Survey ' 1981 Survey 
and locanon 

A band of surface 0 x 1 .  3 m wide, is evident along Oil is limited to an oiled-sediment layer. 5.2  rn 
the upper beach face. Buried. oiled sediment ex- wide, buricd >?O cm along the upper beach face. 
lends under the surface layer for an additional 16 The middle to lower beach face and the enrlre 
m seaward. Mousse i s  evident around the bottom 
edges of many cobbles on the low-tide rerrace. 

Scattered oily debris is evident along the upper 
high-tide swash lines. Buried. oiled sediment ex- 
tends for 12 m along the upper beach face. A layer 
of asphalted sediment. 35 m wide and I5  cm thick. 
i s  located along the upper portions of the low-tide 
terrace. 

Very extensive beds of asphalted sedimcnt are lo- 
cated along the interior of the embayment (20-40 
m wide) and along the outer. gently sloping beach 
face (up to 100 m wide). 

Consists of a very heavily oiled marsh.(l8 ha) and 
a smaller. sheltered tidal flat (3 ha). Marsh plants 
are dominated by bl icorniu nmbigua and Suaedn 
orgrrrrinmsis. Almost all Rora and fauna within the 
heavily impacted zone are killed. An additional 23 
ha was lightly orled but killed most o f  the resident 
Sr~aeda. 
Along the acti\.c mixed sand and gravel beach in 
front of the marsh. a buried. oiled-sedimenr layer. 
3.; cm thick. extends lor 16 m alun_e the uppcr beach 
face. 
To the west of this station. a zone of asphalted 
sediment. 15-10 cm thick and 100 m wide. csrends 
along ihe upper low-ride rerrace. 

T J ~  bnlls arc common along the upper swash lines 
and oil-rtaincd cohblrs appear xross much of the 
bcach iacc. Extensive depor~ts of asphalted iedi- 
munt inrermittcntly appear as pockets of clean 
gravel migrate from west to east along the beach. 

Oil-stained gravel is common along the upper swash 
lines. An  asphalted-sediment pavement. 10 m x 
150 m. is present along the upper low-tide terrace. 

Consists of a washover along the Atlantic coast 
which has several buried. oiled-sediment layen and 
a surface of asphalted sediment along the crest of 
the upper beach face. 

Small pieces of  asphalted sediment are scattered 
across the upper beach face (located dong the !\err 
side of the spit). 

Pieces of asphalted sediment are present on top of 
the spit that fronts thc arca. Behind this spit. nar- 
row discontinuous bands of asphalted sediment line 
the uppcr edges of the channel. 

A discontinuous band o f  thin oil with scattered tar 
balls is present along the very upper edge of this 
huge tidal flat. 

Scattered oily debr~s is found along the upper swash 
lines. 

Scattered oil crust is found alone uppcr berm area. 
Lightly scattered. oiled-scdimenr conglomerates are 

low-tide tcrrace are free o i  oil. 

METULA oil remains visible as oil-clumped sand 
along the beach face. and as small scattered patches 
of oiled-sediment pavement on the low-tide rerrace. 
The lower portion of the low-tide rerracc now sup- 
ports extensive mussel beds. 

The interior and exterior zones of asphalted pave- 
ment show only mlnor pavhv signs of eruslon. par- 
ticularly along the upper edges. 

7he marsh shows only minor signs of recwery. 
particularly a 1C-30 cm regrowth of Salicornio dong 
the upper oiled fringe. 

Buried. oiled sedirnenr. now composed of hard as- 
phalt. remains present along 2.5 m u i  ihc upper 
herrn. 

A zone of asphalred pavement. 9LLlUO m wide. 
remains along the upper low-t~de Icrrncc. 

Asphalted sed~ment sriil rcmans. hartny .I m a w  
mum dimension oi -Ill m x 5 m and 3 rn:cinc.,\ o r  
I.'cm. 50 other >IETL'L.\ mi 1s prcrcnr: h%mi.\<r. 
some liehr. oily ,*ashe, ut rcccntl! sp~llcd oil .~rc 
common along !he upper beach face. 

No surface or buried oil remains along the beach 
face or low-ride terrace. 

This site has been extenstvely eroded. Y o  ud could 
bc found. 

No oil remains 11 this sire 

No oil remains on the spit: houever. the narrow 
bands of asphalted sediment along the Interior mar- 
sin still pcrs~st. 

Oi l  remains just as i t  was prewously. A \.chicle has 
driven over the sire leaving tracks across the oiled 
area. 

No oil is present 

No oil is visible 

onthe upper low-t~de terrace. 

'Annual data not available. 



Fig. ? Photographs of [he Punta Remo area (station I). ( A )  Aerial view from 18 Auzust 1975. Arroo I indicates 
oil dong the upper beach face: arrow ? points to aiphalred sediment along the lo\\.-tide terrace. ( B )  Ground 
vien of station 1 on 9 February 1976. Oiling extended 3 m across the surface and penerrated 5 cm into the 
sediment. Buried layers of oiled sediment extended an additional 16 m down the beach face. (C) The upper 
beach face at station 1 on 20 February 1981. No oil is present on the beach face. but oilcd sediment rernalns 
present 5-20 cm below the surface along a zone 6 .2  m wide. Arrow indicates locarion of Fig. ZD. f D )  Close-up 
of loosely packed. oiled sediment lying below the surface at station 1 (20 February IYS1: scale = 30 crn). 

hllXED S A N D  A N D  GRAVEL BEACHES 

Exposed Beaches 
The  majority of the shoreline impacted by the 
METULA consists of exposed mixed sand and 
gravel beaches. during the 1975i76 survey, re- 
maining oil was classified into light, moderate, o r  
heavy coverage (Fig. 1). Lightly oiled areas con- 
tained scattered, asphalted-sediment fragments; 
moderate coverage commonly contained an 
oiled-sediment pavement a t  least 1 rn wide, while 
heavy coverage encompassed an oiled zone 
greater than 3 m wide. By 1981, most areas that 
had previously been lightly to moderately oiled 
were clean. Wave activity, causing shoreline 

erosion (particularly at station 8) or sediment re- 
working (e.g. stations 7 .  9. 12. 57,  and the ex- 
posed portion of station 10). was the primary 
cleansing process. Sites that still contained major 
quantities of oil in 1981 are located at station 1 
(Punta Remo) and along the First Narrows (sta- 
tions 3, 4 ,  and 6). 

Station 1 is located along a stable portion of 
shoreline exposed to waves generated by the 
westerly winds crossing the embayment between 
the First and Second Narrows. At the time of the 
spill in 1974, the entire intertidal zone was cov- 
ered by thick accumulations of oil. During our 
first survey in August 1975, one year after the 
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Fig. 3 ( A )  Comparative profiles (1976 and 1981) of station I. Surface oil present in 1976 was buried b \  1981. 
so [lie beach face appears clean. Below the surface. oiled-sediment lavers were reduced from 19 m 10.6.2 m. 
Wave action reworked most of the mid beach face sediments and removed the oil from this zone. (B) Compararlve 
protilrs (1971, and 1981) of station 4 along the First Narrows. In 1981. rock-hard asphalted sediment rsmalns 
burled in a 2 . 5  m zone along the upper beach face. Wave energy is generally low in this area. 

spill. oiled sediment remained obvious as a 3 m 
band along the upper beach face (Fig. 2A, B) and 
as several buried layers extending another 15 m 
seaward to the mid beach face. By February 1981, 
no surface oil was visible; however, a 6.2 m zone 
of loosely packed, oiled sediment remained 5-20 
cm below the surface (Fig. 2C. D). A s  indicated 
by the analysis of comparative beach profiles 

(Fig. 3A), the oiled zone is in the same position 
along the upper beach face as the original surface 
layer. Buried oil that previously extended to the 
mid beach face was reworked and eliminated over 
the intervening years. In total, the width of the 
oiled zone was reduced from 19 m to 6.2 m. 

The beach at station 4, located along the First 
Narrows, shows a pattern of oil degradation sim- 



Fig. 4 View of the asphalted-sediment pavement located along the lowei&ach face and upper low-tide ~errace 
along the First Narrows. (A)  View along the exposed side of Puerto Espora spit (station 3) on 12 February 1976. 
Arrow indicates the upper boundary of asphalred sediment. (B) Same area as 4A on 20 February 1981. More 
loose gravel is on the surface of the pavement than in 1976; hoxever, there was litrle erosion of the pavement. 
(C) Ground-level view 100 m west of Espora marsh entrance on 20 February 1981. (D) Close-up of the eroding 
upper edge of the asphalted-sediment pavement on 20 Februan 1981 (scale = 15 cm). Maximum measured oil 
concentrations reached ten per cent (Blount, 1978). In many places, brown mousse remains in the center of 
these thick deposits. 

ilar to that of station 1. In this case, oiled sedi- 
ment was originally buried along the upper 16  m 
of beach face (Fig. 3B). By 1981, a 2.5 m band 
of rock-hard asphalted sediment could still be 
found. 

In addition to the beach face, substantial quan- 
tities of METULA oil were deposited along the 
low-tide terrace portion of the shoreline, particu- 
larly on the south side of the Strait between the 
First Narrows and station 1 (Fig. 2A). In 1973 
76, oil could still be observed under the cobbles 
at station 1 and as thick asphalted sediment at 
stations 2 , 3 , 4  and 7. The widths of these deposits 
ranged from 10 m to over 100 m. By 1981, the 

low-tide terraces at stations 1, 2. and 7 were com- 
pletely free of oil. Stations 3 and 4,  which contin- 
ued to show extensive terrace oiling, were in the 
zone of heaviest initial impact. Both stations are 
located along the south side of the First Nar- 
rows-an area of high currents but low wave 
activity. A t  each site, the 10-20 cm thick deposits 
of asphalted sediment had degraded little since 
1975 (Fig. 4A-C). In several places, these 
asphalted-sediment pavements extend to widths 
of over 100 m. Brown mousse remains visible 
inside many of the thicker deposits, and gravel is 
commonly scattered across much of the pave- 
ment's surface. The primary area of degradation 



Fig. 5 Ground-level views of asphalted-sediment pavement along the interior. sheltered mixed sand and gra\.eI 
beach at station 3 at Puerto Espora. (A) View facing west on 16 August 1976. Arrow indicates slake visible In 
Fig. 5B. ( B )  \Vest-facing view on 19 February 1981. Arrow 1 marks same stake as Fig. SA. Only mmor cronon 
of the pavement has occurred over the intervening 4.5 years. There was no physical degradation at all of the 
oiled-sediment pavement in the southwest comer (arrow 2) of this area. (C) View facing east on 12 February 
1975. Arrow indicates block also present in Fig. 5D. (D) Same view as Fig. 5C on 20 F e b r u a ~  1981. Only minor 
erosion has occurred along the upper edge of the asphalted-sediment pavement in this sheltered area. 

is located along the most landward edge of the 
pavement where waves have caused an erosional 
scarp (Fig. 4D). In some cases. the pavement is 
undercut which increases the erosion rate. 

The biological community varies greatly in this 
area as it does throughout the Strait region. 
Patchy but densely populated mussel beds are  
common along the lowest portion of the intertidal 
zone. During the spill, there was complete des- 
truction of the biological community where thick 
accumulations covered these beds; however, the 
distribution of the marine flora and fauna in the  
Strait is so patchy as to make extrapolation to all 
impacted areas impossible. In the First Narrows, 

extensive mussel beds continue to be present 
along the lower intertidal zone. and in several 
areas algae are now attached to gravel on top of 
the pavement surface. In areas that were heavily 
impacted and are now free of oil, particularly 
station 2, there has been a tremendous repopu- 
lation of the area by mussels. Long-term biologi- 
cal studies by the Instituto de  la Patagonia also 
indicate an increase in populations over those 
found after initial impact (Guzman and Campo- 
donico, 1980). 

Sheltered Beaches 
Almost all the beaches of the spill site are ex- 



Fig. 6 Views of oil remaining along the upper swash lines of the enormous tidal Rat located between Punta  
Catalina and the First Narrows (station 11) on (A) 16 August 1976 and (B) 16 February 1981. A light. silt crust 
appears on the surface of the oil. Because this oil was deposited above the zone of wave acriuiiy, there has been 
only minor removal and burial of oil. Oil penetration into the compacted, silt sediment was limited to 2 cm. 
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Fig. 7 Plan view of the Espora marsh area indicating the extent of oiling. Figures 8 and 9 contain aerial and 
mound views of the marsh. In total. 18 ha of marsh and 3 ha of tidal flat remain heavily oiled and totally 
iesrroyed. An additional 23 ha were lightly oiled (only Straeda was killed). 

posed to waves; however, at stations 3 and 10, a type. Because there is very Little wave activity 
spit shelters the interior beaches of mixed sand behind the spit, there has been almost no change 
and gravel. Station 3, along the First Narrows at in the overall condition of oil in this area. An  
Punta Espora, was heavily impacted and serves asphalted-sediment pavement, 15 cm thick and 
to illustrate oil interacrion within this shoreline 20-40 m wide, extends along the entire landward 



Fig. 8 Ground-level view (A) and close-up (B) of the heavily oiled tidal flat at the entrance to Espora marsh. 
Arrow indicates location of close-up photograph. Sediment is oiled to a depth of 5 cm. 

edge of the embayed area. Differences between 
1975176 and 1981 are limited to some minor ero-  
sion along the upper edge of the pavement 
(Fig. 5A-D). In the more sheltered. southwest 
corner of this area. there has been virtually no 
change at  all. In fact. the deposited oil still re- 
mains very soft and mousse-like in consistency. 

TIDAL FLATS 

Both exposed and sheltered tidal flats were im- 
pacted by oil spilled by the METULA. although 
major impacts were limited to two relatively 
small. sheltered tidal flats located along the First 
Narrows. 

Exposed Flats 
The south side of the eastern Strait of Magellan 
contains an enormous tidal flat (10 km x 40 km) 
composed of fine-grained sand and mud. During 
the spill. a small amount of  oil skimmed over the 
hard surface of the flat and beached along the 
spring-tide swash lines in the southeast corner of 
the area (Fig. 1). Since this oil was deposired 
above the zone of wave action. it has changed 
little over the intervening years (Fig. 6A.  B). Oil 
did not sink deep into the  sediment due to the 
impermeable nature of the substrate. but remains 
only on the upper 2 cm of the flat surface. 

Sheirered Flats 
The METULA spill site provides two examples 
of impacted. sheltered tidal flats. One  is located 
behind the Pueno Espora spit on the south side 
of the First Narrows as discussed under sheltered 
mixed sand and gravel beaches; the other is a t  a 

site called Espora marsh (Fig. 7). The tidal flat 
located at the entrance to Espora marsh was 
heavily oiled during the spill. By 1981. there was 
no indication of recovery. A hard. 5 cm thick, 
asphalted-sediment pavement covered most of  
the 3 ha of tidal flat surface (Fig. 8A. B). The 
presence of a very thin layer of clav on the pave- 
ment surface. deposited over the iast 6.5 years. 
illustrates the extremely lo\v rate of sedirnen- 
tation in the area. 

The Espora area also provdes m euampi? of 3 

heavily oiled marsh system. Durins the sp~l l .  
accumulations were very hea\y.  primaril! con- 
centrated along the channel margins and along 
the upper edges of the marsh (Figs 7A. 9A). 
Pools of oil ranged up to 30 cm deep. Dominant 
vegetation types damaged by the spill were Safi- 
cornia arnbigiia (saltwort) and Suaeda argetltiilen- 
sis (sea blite). In IS ha of heavily oiled marsh. 
almost all vegetation was killed. In the topo- 
graphically lower central portions of the flat. oil 
generally floated over the Sdicornia.  but o ~ l e d  
and killed the higher-standing Siiaeda. This area 
was considered to be iightly oiled and encom- 
passed 23 ha. A third vegetation type, Leprdo- 
phyllum, is found above the high water mark and 
was not greatly affected by the oil. Assuming a 
5 cm average depth of oil over all heavily oiled 
areas, this produces an estimate of 9000 tons of 
mousse that entered this marsh during the initial 
phases of the spill. 

During the 1981 survey, very little overall re- 
covery of the marsh was noted (Fig. 9B. C). 



Fig. 9. Views of the heavily oiled marsh at Espora (station 4) along the First Narrows. (A) Overwen of the 
marsh entrance on 9 March 1976. Arrow 1 indicates the location ofthe oiled tidal flat in Fig. 8. Arrow 2 indicates 
the asphalred-sediment pavement in Fig. 4C. D. (B) Black and white, infrared photograph of the heavily oiled 
channel margin on 19 February 1981. Live Salicornia is illustrated by arrow. (C) Thick oil coating along channel 
walls of the marsh. Note that the hardened oil maintains its intearicy even though the wall is being undercut. 
(D) Common view of the remaining oil pools present on the marsh. The color of the oil is black with brown 
(mousse) streaks. 

Heavily oiled channel edges looked as they did 
previously. In many places. thick mousse deposits 
of brown color and soft consistency were still 
evident (Fig. 9D). Only Salicornia located along 
the upper channels showed some I s 3 0  cm of 
new lateral growth extending out over the depos- 
ited (and still soft) oil. Roots of these new plants, 
however, did not extend into the oil, but were 
limited to entry into the dead material above the 
oil. So, it appears that Salicornia at Espqra marsh 
is able to cover the oily surface only when it has 
a base of previously killed plant material 
(Fig. 10). The other primary vegetation type, 
Suaeda did not show recovery in the oiled areas. 
The reasons for the lack of recovery noted at  

Espora marsh are seemingly related to the thick- 
ness of the deposited oil and the lack of degra- 
dation processes. 

The coating of oil in the marsh area also influ- 
ences channel morphology. Based on a review of 
photographs taken in the same area, there has 
been no increase in the extent of slumping along 
the smaller marsh channels. It appears that the 
0.5 cm thick coating of oil on the channel walls 
actually inhibits channel collapse. The durability 
of the oil coating is especially noticeable where 
sediment has been eroded from under the oil 
drape, jet the hardened oil coating rtmains intact 
(Fig. 9C). This is distinctly different than ob- 
served at the heavily oiled, Ile Grande marsh 



I D E ~ D  PLANT MATERIAL CLEAN SUBSTRATE I 
Fig. 10 Illusrrarion of Sdicornia growlh over thick oil 
deposits. The roots of living Salicort~ia extend only into 
previousiv killed plant material and nor directly into 
the oil. The oil in this area is still soft and mousse-like 
in consistency. 

after the AMOCO C A D I Z  oil spill where exten- 
sive channel widening was caused by the loss of 
living. rooted vegetation to bind rhe channel wall 
sediments (Gundlach er 0 1 . .  1981 1. Differences 
are based on the lack of hardened oil along the 
chanels at Ile Grande. 

DISCUSSION 

The continued persistence of oil within Strait of 
hlagellan snvironments necessitates a lengthen- 
ing of the predicted duration of oil spilled in sim- 
ilar coastal sites. After the 1975176 surveys. it was 
felt that oil would remain only two to three years 

in mixed sand and gravel beaches, and up to 20 
years in Espora marsh. Now that almost seven 
years have passed since the spill and oil remains 
in many of  the previously heavily oiled areas, it 
is time to increase the predicted duration of 
spilled oil on low wave-energy, mixed sand and 
gravel beaches to some 15 years. Where wave 
action is very limited. as along the First Narrows. 
persistence may exceed 30 years on this same 
beach type. Within sheltered tidal flats, there is 
little reason to believe that oil will ever be phys- 
ically removed from this environment without 
complete erosion of the entire site (e.g. channel 
migration). Similar sentiments can also be ex- 
pressed for the heavily oiled marsh at Espora. 
With less than one percent new growth at the site 
and little evidence of oil weathering, oil may per- 
sist for more than 100 years. Even if Solicornio 
overgrows the entire site. oil would still persist 
just underneath the plants' root structure. 
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BIOLOGICAL SURVEY OF INTERTIDAL AREAS IN THE STUITS OF UAGELLEN IN 
JANUARY. 1975. FIVE NONTHS AFTER THE H E N U  OIL SPILL 

Dale Scraughan 

Institute of Marine and C o a s t a l  S t u d i e s  
Univers i ty  of Southern  C a l i f o r n i a  

Los Angeles.  C a l i f o r n i a  90007 

A b s t r a c t  

F i e l d  sampling was conducted i n  a r e a s  i n  t h e  S t r a i t s  o f  Kage l len  t h a t  v e r e  o i l e d  and u n o i l e d  
by o i l  s p i l l e d  from t h e  t a n k e r  Metula i n  August 1974. S t a t i s t i c a l  a n a l y s i s  o f  p h y s i c a l  
parameters  such a s  beach s l o p e  and i n t e r t i d a l  h e i g h t  d id  n o t  show a s i g n i f i c a n t  d i f f e r e n c e  
between t h e  group of o i l e d  and t h e  group of  u n o i l e d  s i t e s .  However, comparison of t h e  g r a i n  
s i r e  of t h e  o i l e d  and unoi led  group of  s i t e s  shoved a s t a t i s t i c a l  d i f f e r e n c e .  

Marsh p l a n t s  had s t a r t e d  t o  g r w  through a i l  in che o i l e d  a r e a s .  HIgh l e v e l s  o f  petroleum 
hydrocarbons v e r e  recorded  i n  mussels  i n  che o i l e d  areas. The presence  of  byssus  t h r e a d s  
a lone  sugges ted  r e c e n t  l a s s  o f  mussels  i n  p a r t  o f  t h e  h e a v i l y  o i l e d  a r e a .  

B i o l o g i c a l .  p h y s i c a l ,  and chemical  daca v e r e  ana lyzed  u s i n g  t e c h n i q u e s  of o r d i n a t i o n ,  clas- 
s i f i c a c i o n .  and d i s c r i m i n a t i o n .  These a ~ l y s e s  i n d i c a t e  a n e g a t i v e  r e l a t i o n s h i p  between che 
b i o t a  and p r e s e n c e  o f  p e t r o l e m .  While g r a i n  s i z e  was i m p o r t a n t  i n  govern ing  t h e  d i s t r i b u -  
c i o n  and abundance of s p e c i e s ,  t h e  v i s i b l e  p r e s e n c e  of  petroleum was t h e  most s i g n i f i c a n t  
f a c t o r .  

The Kuvait  c r u d e  o i l  s p i l l e d  i n  t h e  S t r a i t s  o f  Kage l len  is s i m l l a r  Co t h a t  s p i l l e d  from t h e  
Torrey Canyon. I n  b o t h  i n s t a n c e s  t h e r e  was l a r g e  s c a l e  mousse formation.  I t  is sugges ted  
t h a t  i t  is  t h i s  p h y s i c a l  impacc t h a t  is t h e  nosc  s i g n i f i c a n t  f a c c o r  and n o t  t h e  c o l d  wate r  
c o n d i t i o n s .  

Key words: Chocola te  mousse, b a i t  c rude ,  l i e t u l a .  mussels .  o i l  i n  s e d i m e n t s ,  S t r a i t s  of 
Magellen. 

On August 9,  1974 che grounded a t  S a t e l l i t e  Patch j u s t  vest of  t h e  F i r s t  N a r r w s  i n  
t h e  S t r a i t s  o f  Uage l len .  The v e s s e l  was n o t  r e f l o a t e d  u n t i l  25 September, 1974. 50,000 t o  
56,000 t o n s  o f  o i l  v e r e  s p i l l e d  dur lng  t h i s  p e r i o d  (Hann. 1974,  1975. Baker 1974. Baker, et 
a l . ,  1975).  Uost o f  t h i s  was l i g h t  h a b i a n  c r u d e  o i l  bu t  3,000 co 4.000 t a n s  of Bunker C 
v e r e  l o s t  d u r i n g  t h e  l a s t  f ~ i  days o f  che grounding.  The l i g h t  Arabian c r u d e  o i l  s p i l l e d  
was s i m i l a r  t o  che  Kuvait  c rude  o i l  med as m M I  r e f e r e n c e  o i l  (Warner. 1975) and t o  t h a t  
s p i l l e d  a f t e r  t h e  Tor rev  Canyon o i l  r p u l  (Warner. perr .  corn.). 

In January  1975,  at t h e  r e q u e s t  of t h e  R a t i o n a l  Oceanographic and Atmospheric M m i n i s t r a t i o n  
(NOILA), a f i e l d  s u r v e y  was conducted in i n t e r t i d a l  a r e a s  o f  t h e  S r r a i t  o f  Kage l len .  
S ince  no d e t a i l e d  background daca n r e  a v a i l a b l e .  che sampling program was des igned  t o  ac- 
count f o r  a b i o t i c  v a r i a b l e s  as wll as graded amounts o f  p e c r o l e v n  from t h e  s. 
The a b i o t i c  v a r i a b l e s  s t u d i e d  a r e  c b s e  t h a t  a r e  Lurovo co n a t u r a l l y  i n f l u e n c e  che d i s t r i b u -  
t i o n  and abundance o f  i n c e r t i d a l  o r g a d s m  e.g. i n c e r t i d a l  h e i g h t ,  g r a i n  s i z e  of sediment  
(Scraughan and P a t c e r r o n .  1975). mokcure  c o n t e n t  o f  s e d h n c s .  T h i s  approach  was i n i t i a t e d  
co e l i m i n a t e  a b i o c i c  g r a d i e n t s  which l a y  p a r e l l e l  t h e  dosage o f  o i l .  
Ana lys i s  o f  t h e  d a c a  by c o r r e l a t o r y  rcchniques  s h o u l d  then  r e v e a l  any s i g n i f i c a n t  r e l a t i o n -  
s h i p  b e m e e n  s p e c i e s  d i s t r i b u t i o n  and abundance, and t h e  p r e s e n c e  o f  petroleum. 

The d i s t r i b u t i o n  of  o i l  i n  Che i n t c n i d a l  zone was documented l o  August 1974,  (Ham, 1974, 
September-October 1974, Baker, 1974). snd January-February 1975,  (Baker, e t  61.. 1975, 
IIann. 1975).  KosC o f  Che o i l  was ashore b e m e e n  Puota Remo and Punta Anegado ( F i g .  1 ) .  
The h i g h e s r  concentrations of  o i l  vere observed i n  che P u e r t o  Espora a r e a .  I s o l a t e d  
p a t c h e s  o f  o i l  v e r e  found i n  h igh  i n c e r c i d a l  a r e a s  a s  f a r  e a s t  a s  Bahia San F e l i p e .  
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F i g .  26.1. Hap of  S c r a i t s  of Uage l lan  ta shov  survey s i t e s .  
S i t e  A is a t  P o r v e n i r  - see i n s e t .  

I n  Jaoury 1975. mst forms of  o i l  v e r e  s t i l l  p r e s e n t  i n  a t  l e a s t  one of t h e  areas r a n p l e d .  
T h i s  inc luded  d r y  o i l  i n  p a t c h e s  (Bahia San F e l i p e ) ,  v e t  c h o c o l a r e  m u s s e  on che surface of 
sediments ,  v e t  c h o c o l a t e  rmusse i n c o r p o r a t e d  i n  sed iments ,  o i l l s e d i m e n c  quicksand.  brovn 
s u r f a c e  a t  t h e  v a t e r s  edge due t o  p r e s e n c e  of  a i l .  buried l a y e r s  of o i l ,  o i l  sheen l e a c h i n g  
from sedimencs, l a y e r  o f  v e t  b l a c k  o i l  o n  s e d i m e n t s ,  poo ls  o f  o i l ,  o i l  sedimenc mix tures  
t h a t  resemble a s p h a l t  paving.  

N 1  daca  a r e  not i n c l u d e d  h e r e i n  because  t h i s  p a p e r  i s  l i m i t e d  i n  l e n g t h .  A r e p o r t  on t h i s  
r e s e a r c h  v a s  submi t ted  t o  NOAA in 1975 (Cunnerson and Pecer ,  1976).  S i n c e  submiss ion  o f  
t h a t  r e p o r t ,  s e v e r a l  samples which v e r e  b e l i e v e d  l o s t  i n  sh ipment ,  v e r e  recovered  and ana- 
lyzed.  A r e p o r t  c o n t a i n i n g  a l l  d a t a  was suhsequencly prepared  S t raughan ,  (1976).  

H a t e r i a l s  and Methods 
S i t e  S e l e c t i o n  
S i t e  selection v a s  i n i t i a l l y  based on t h e  d i s t r i b u t i o n  of  pe t ro leum reporced  by (Baker 
1974 and Lorn. 1974) and l a t e r  m d i f i e d  b y  o n - s i t e  i n s p e c t i o n .  Four s i t e s  (E.C.H.1) v e r e  
surveyed in che a r e a  where o i l  v a s  i n i t i a l l y  rmsc h e a v i l y  d e p o s i t e d  and where o i l  w a s  s t i l l  
v i s u a l l y  h e a d y  d e p o s i t e d .  S i c e  C vas  c h o s e n  t o  r e p r e s e n t  a l i g h t l y  oLled area. This  
l i g h t l y  o i l e d  c a t e g o r y  ass ignment  v a s  heed o n  Baker ' s  r e p o r t s  and on v i s u a l  o b s e r v a t i o n s  
o f  o i l  i n  e d r y  s c a r e  remain ing  o n l y  i n  u p p e r  i n t e r t i d a l  a r e a s .  Four s i t e s  (A,B,Bl.X) v e r e  
i n i t i a l l y  s e l e c t e d  as p o s s i b l e  c o n t r o l  a r e a s .  S i t e s  B and 81 v e r e  v i s i t e d  buc v e r e  noc 
surveyed. m e y  w r e  a r e a s  o f  l a r g e  c o b b l e s  and v e r e  completely d i s s i m i l a r  t o  any of rhe  
o i l e d  s i t e s  a d  v e r e  regarded  as e c o l o g i c a l l y  u n s u i t a b l e  c o n t r o l  s i t e s .  

S i r e  A is a t  P o r v e n i r .  m i l e  it s u f f e r s  from che d i radvaacage  of be ing  i n  a n  i n l e t  ad jacen t  
co a rwn and t h u s  could be exposed co o t h e r  s o u r c e s  o f  man-made p o l l u t i o n .  i c  i s  s i m i l a r  cc 
w o e  of  t h e  o i l e d  s i c e s  (e.g.. 1-5)  in t h a t  i t  h a s  both c o a r s e  and f i n e  sedimencs i n  t h e  
lower i n c e r r i d a l  a r e a s .  S i t e  I, on t h e  n o r t h e r n  s i d e  o f  t h e  S t r a i t s  o f  Hage l len ,  l i k e v i s e  
h a s  mixed i n t e r c i d n l  sed iments  w i t h  s u r f a c e  c o b b l e s  and i n t e r v e n i n g  sand and g r a v e l .  

Sampling Techniques 
Q u a d r a t s  v e r e  sampled a t  each  s i r e  t o  a c c o u n t  f o r  a l l  v i s i b l e  p h y s i c a l  and chemical  v a r i -  
a b l e s .  These inc luded:  I n t e r t i d a l  h e i g h c ,  S u b s t r a t e .  P r e s e n c e  of  O i l ,  and Presence  of 
r s l p .  

S i t e s  I and C boch inc luded  a r e a s  o n  t h e  open c o a s t l i n e  and a r e a s  on t h e  edge of a creek 
d r a i n i n g  a marsh. me marsh a t  S i t e  I was very h e a v i l y  o i l e d  v h i l e  t h a t  a t  S i c e  C only had 
a few s c a t t e r e d  pacches  o f  o i l  i n  t h e  upper  i n t e r t i d a l  a r e a .  

I n  u u s r s h l e  substrates, n a p e l y  sed iments  t h a t  are r e a d i l y  - b i l e  a n d l o r  l e s s  than 3 inches  
in d l a ~ s t e r .  che q u a d r a r s  sampled v e r e  30 f e e c  by 30 f e e t  (S 6 x 6 m). Ten p o i n t s ,  se- 
l e c r e d  from a c a b l e  o f  random numbers, v e r e  ssmpled us ing  a c o r e  3 i n c h e s  (N 7.5 cm) i n  
diamerer .  Uhere p o s s i b l e .  t h r e e  cores .  8 i n c h e s  (20 ms) d e e p  v e r e  c o l l e c t e d  a t  each of  
cheae poinCS. However, much o f  t h i s  a r e a  i s  v e r y  c o a r s e  and h a r d  and i c  v a s  imposs ib le  to 



s b c a i n  8 i n c h  cores. The sedimence vere t h e n  s i e v e d  t h r a u ~ h  screens (1 .5  wn mesh). The 
organisms were removed from t h e  remaining coarse sediments and preserved  in 100% e t h a n o l  
f o r  l a t e r  i d e n t i f i c a t i o n .  Animals vere  s o r t e d  and s t o r e d  i n  70% e t h a n o l  on r e t u r n  t o  t h e  
l a b o r a t o r y .  I n  each quadra t .  a sediment sample  was c o l l e c t e d  f a r  g r a i n  size analysee and 
sediment samples were c o l l e c t e d  f o r  petroleum a n a l y s i s .  The l a t t e r  samples were c o l l e c t e d  
d i r e c t l y  i n t o  chemica l ly  c leaned  4 o r .  aluminum c o n t a i n e r s  provided by D r .  J. S c o t t  Uarner,  
B a t t e l l e  Columbus. Ohio. Samples were kepc c o o l  ( a i r  temperacures d id  not  exceed 4O'F) un- 

t i l  d r y  i c e  was ob ta ined .  The maximum p e r i o d  between c o l l e c t i o n  and f r e e z i n g  was 2 veeks. 
Samples were sh ipped  t o  t h e  United S t a t e s  o f  America an  d ry  i c e  and t h e n  s t o r e d  a t  - 80ec. 
rhey  v e r e  l a t e r  sh ipped  i n  d r y  i c e  t o  O r .  J. S c o t t  Warner, B a c t e l l e  Columbus. Ohio f o r  che- 
mica l  a n a l y s i s  (Warner. 1975) .  

I n  a r e a s  of s t a b l e  s u b s t r a t e s .  namely l a r g e  racks, smal le r  q u a d r a t s  ( I n  s q u a r e )  were 
surveyed.  Subsamples (10 x 1 0  cms) vere recorded  andfor  c o l l e c t e d  a t  t e n  p a i n t s  s e l e c t e d  
u s i n g  a c a b l e  o f  r a n d m  n d e r s .  Samples w e r e  o n l y  c o l l e c t e d  i f  i t  were n o t  p o s s i b l e  t a  
e i t h e r  see and/or  i d e n t i f y  a l l  s p e c i e s  i n  t h e  f i e l d .  

a1 q u a d r a t s  were r e l a t e d  t o  each  o t h e r ,  a n d ,  as f a r  as p o s s i b l e  t o  permanent bench marks, 
by r e c o r d i n g  i n t e r t i d a l  p r o f i l e s  a t  each  s i t e  u s i n g  Emery s t i c k s  Emery, (1961).  

S p e c i e s  t h a c  were n o t  i n  t h e  a r e a s  subsampled b u t  were v i t h i n  e i t h e r  t y p e  o f  q u a d r a t ,  v e r e  
recorded.  S p e c i a l  a t t e n t i o n  was paid t o  e i t h e r  dead or s i c k  an imals .  Empty s h e l l s  i n  goad 
c o n d i t i o n  were  counted.  These v e r e  s e p a r a t e d  from o l d  and b a r t e r e d  s h e l l s  i n  an a t t e m p t  t o  
o b c a i n  a r e c o r d  of  r e c e n t  m o r t a l i t y .  

Suppl-ntary samples o f  t h e  ca-n m s s e l ,  t l y c i l u s  e d u l i s  c h i l i e n s i s .  were c a l l e c c e d  a t  
b o t h  o i l e d  and m o i l e d  s i t e s  f o r  chemical  a n a l y s e s  o f  t i s s u e s  f o r  pe t ro leum hydrocabrans.  
Animals were p l a c e d  i n  chemica l ly  c leaned  g l a s s v a r e  provided by D r .  J. S c o t t  Warner. 
They v e r e  k e p t  a s  c o o l  as p o s s i b l e  im t h e  f i e l d  (wximum 1 week),  f r o z e n  i n  a domes t ic  f r e e  
r e r  f o r  3 days.  t r a n s p o r t e d  t o  t h e  United S t a t e s  of h r i c a  on d r y  i c e ,  and t h e n  s t o r e d  a t -  
BO'C. R i o r  t o  shipment  t o  D r .  Warner f o r  chemical  a n a l y s i s ,  t h e  an imals  were  shucked i n t o  
chemica l ly  c leaned  glaa-are. Care was t a k e n  t o  avo id  con tamina t ion  o f  t h e  t i s s u e s  from t h e  
o u t s i d e  of  t h e  s h e l l .  The l e n g t h  of  a l l  s h e l l s  was measured and  t h e  t o t a l  t i s s u e  weight  i n  
each  sample v a s  l a t e r  weighed by D r .  Warner p r i o r  co chcmicsl a n a l y s i s .  

O i l e d  s e d i p e n t s  v e r e  vashed in a c e t o n e  t o  remove t h e  l a r g e  q u a n t i t i e s  o f  pecroleum p r i o r  t o  
g r a i n  s i z e  a n a l y a i a .  In =st cases, t h e  p e t r o l e ?  was r-ved a f t e r  24 h o u r s  o f  soak ing  i n  
6 p a r t s  a c e t o n e  t o  1 p a r t  sediments .  Hovever,  NO samples v e r e  soaked f o r  a second tventy-  
f o u r  hour per iod .  T h i s  v a s  necessa?, b e c a u s e  i n  reany i n s t a n c e s  s o  m c h  pe t ro leum i n  t h e  
form of ' chaco lace  muse' v a s  p r e s e n t ,  t h e  sediment  s t u c k  t o g e t h e r  i n  a  s i n g l e  mass. Hov- 
e v e r  t h e  washing p r o c e s s  p robably  removed some f i n e  g r a i n  f r a c t i o n s  from o i l e d  samples.  

Data  A n a l y s i s  
The K~lpOgorov-Smirnov t e s t  (S iege l .  1956: 127) v a s  used t o  de te rmine  i f  t h e  normal p h y s i c a l  
c h a r a c t e r i s t i c s  (e.g. g r a i n  s i r e )  of t h e  o i l e d  and non-oiled groups o f  q u a d r a t s  were s i g n i -  
f i c a n t l y  d i f f e r e n t . .  %is test was chosen b e c a u s e  i t  a l loued  a comparison b e m e e n  samples of 
unequa l  s i z e  groups. The e r r o r  o f  r h e  ch i - square  apprax ina t ion  w i t h  s m a l l  samples i s  always 
i n  t h e  ' s a f e '  d i r e c t i o n  s o  c h a t  i f  t h e  n u l l  h y p o t h e s i s  is r e j e c t e d ,  one can view c h i s  
d e c i s i o n  w i t h  confidence.  

An aggl-rat ive.  p o l y t h e t i c  method of c l a s s i f i c a t i o n  (Uilli-.  1971) was used t o  d e f i n e  
gmupn of s i t e s  m i t h  a s i n i l a r  s p e c i e s '  composition. The s p e c i e s  v e r e  a l s o  c l a s s i f i e d  i n t o  
groups co shov  s i n r l l a r  p a t t e r n s  o f  o c c u r r e n c e s  a c  che s i t e s .  S p e c i f i c a l l y ,  a Bray-Curt is  
d k t a n c e ' ( B r a y  and C u r t i s .  1957) was used t o  q u a n t i f y  t h e  r e l a c i o n s h i p s  between a l l  p a i r s  o f  
s i c c s  ( f o r  che  s i r e  a n a l y s i s )  and a l l  p a i r s  a f  s p e c i e s  ( i n  t h e  s p e c i e s  a n a l y s i s ) .  F l e x i b l e  
s o r t i n g  s t r a t e g y  (Lance m d  W i l l i w .  1967) was used t o  b u i l d  t h e  dendrogra- which d i s p l a y  
t h e  groups and t h e i r  h i e r a r c h i c a l  r e l a t i o n s h i p .  hro-way w i n c i d e n c e  t a b l e s  (Stephenson,  
Wi l l in=  and Cook. 1972) were employed t o  show t h e  r e l a t i o n s h i p s  becueen t h e  d e f i n e d  s i c e  
and s p e c i e s  groups. 

P r i n c i p l e  components a n a l y s i s  (Sea l ,  1964) u s i n g  t h e  Q macrix form of  ( O r l o c i ,  1966) and 
variance-covariance c o e f f c c i e n t  was used t o  a n a l y z e  t h e  sires a c c o r d i n g  t o  c h e i r  a b i o t i c  
c h a r a c t e r i s t i c s .  E s s e n t i a l l y  t h i s  a n a l y s i s  p r o v i d e s  a rank  o r d e r  o f  sites a l o n g  t h e  a x i s  
c r e a t e d  by t h e  a n a l y s i s  t o  account  f o r  t h e  m a x i m  v a r i a n c e  i n  che da ta .  

I f  t h e  b i o t i c  s i c e  g roups  o b t a i n e d  w i n g  c l a s s i f i c a t o r y  t e c h p i q u e s  c o i n c i d e s  w i t h  t h e  
a b i o t i c  s i t e  g roups  o b t a i n e d  by p r i n c i p l e  c o q o n e n c s  a r u l p i s ,  it w u l d  i n d i c a t e  t h a t  t h e  
s p e c i u  d i s c r i b u c i o n  and abundance is r e l a c e d  t o  t h e  a b i o t i c  parameters .  Spearman Rank 
C o r r e l a t i o n  Co-eff icienca (S iege l ,  1956) were  ca lcu laced  t o  compare t h e  r a n k  o r d e r  of s i t e s  
o b t a i n e d  by p r i n c i p l e  components a n a l y s l n  o f  t h e  b i o t i c  d a t a  mich t h a c  o b t a i n e d  u s i n g  t h e  
a b i o c i c  daca t o  t e a t  f o r  p o s s i b l e  c a u s e  and e f f e c t  r e l a t i c a s h i p s .  





.;:cs C and 1 ,  i n  c o n t r a s t .  tend t a  have same g r a v e l  and c o b b l e s  i n  lov  i n t e r t i d a l  areas 
' ,"L rhey a l s o  have f i n e r  sediments  i n  t h e s e  areas. Thrs  m y  t a k e  t h e  l a m  o f  a l a y e r  a 
feu inches  t h i c k  an  t h e  coarser sed iments  o r  be i n  t h e  form o f  d i s c r e t e  pz tches .  This  was 

observed a t  A-1  and a t  s i t e  H .  The lower i n t e r t i d a l  a r e a s  a t  s i t e s  C.H.1  are l o n g  and 
r e ~ a t l v e l y  f l a t  (over  1000 f e e t  v i d e  and w i t h  a t o t a l  elevation of l e s s  than 4 f e e t ) .   he 
,,pper i n t e r t i d a l  areas a t  t h e s e  s i t e s  a r e  s h o r t  and s t e e p  w i t h  a s i m i l a r  g r a d i e n t  t o  chat  
iol lnd a t  s i t e s  E and C ( 1 : l O ) .  

TWO s i t e s .  G and C. were p r o f i l e d  a n  two d a t e s  a few days a p a r t .  There was l i t t l e  o v e r a l l  
d i f f e r e n c e  i n  t h e  p r o f i l e  dur ing  t h a t  p e r i o d .  

s i r e  X is a l s o  e s h o r t  r e l a t i v e l y  s t e e p  beach ( g r a d i e n t  1 : 1 9 ) .  It b e a r s  -re cobble  than 
the o t h e r  s i t e s  b u t  s t i l l  has g r a v e l ,  coarse sand. and f i n e r  sed iments  between t h e  cobble .  

c e l p  was s t randed  i n  upper i n t e r t i d a l  areas s t  a l l  s i t e s  e x c e p t  s i t e s  A and C.  ~ o v e v e r ,  a t  
s i t e s  E and I t h e  ke lp  waa covered i n  pe t ro leum b u t  i t  appeared  c l e a n  of petroleum a t  s f t e  
G and had no v i s i b l e  petroleum a t  s i t e  X. 

Twelve of  t h e  sediment samples char  were h e a v i l y  o i l e d  were washed i n  ace tone  1 t o  2 days 
(Table 2 ) .  Th is  m a n s  t h a t  t h e s e  samples may have  l o s t  f i n e r  sed iments .  U n f o r t u n a t e l y  
t h e r e  is no vay of  de te rmin ing  v h a t  f r a c t i o n  of  t h e  sample was l o s t .  However, 0 s i r e s  as 
f i n e  a s  4.00 were recorded  from non-acetone washed s a q l e s  (5 asmples)  whi le  t h e  f i n e s t  0 
s i r e  from a c e t o n e  washed samples was 3.75 ( 1  sample) .  

TABLE 2 .  C h a r a c t e r i s t i c s  o f  Sediment Samples 

Z Conten t  
Grave l  Sand 

Sample 
Des igna t ion  

Uean 0 
( D u p l i c a t e s )  1 Acetone Washed 

(nay*) 
I 



Comparison of s i m i l a r  i n t e r t i d a l  areas, f a r  example s i t e s  C - 1 .  C-2. C-3,  and C-4 wliich are 
on a low f l a c  u n a i l e d  i n r e r t i d a l  a r e a  and whose samples were no r  ace tone  washed, v i t h  
samples from s i t e s  1-1 and 1-5 which vere b o t h  h e a v i l y  o i l e d  and a c e t o n e  washed, showed 
chac t h e  u n o i l e d ,  nan-acetone washed samples con ta ined  a s l i g h t l y  lower percen tage  o f  gra-  
v e l  (20, 65. 35. and 552 r e s p e c t i v e l y )  than  t h e  o i l e d ,  acecane washed samples (55 and 801 
r e s p e c t i v e l y )  b u t  cha t  che f i n e s t  s e d i m e n t s  recorded i n  both areas vere w i t h i n  a s i m i l a r  0 
range (3.00 t o  4 .00) .  The d i f f e r e n c e s  i n  g r a v e l  percen tage  and 0 s i z e  could e a s l l y  be due 
t o  a c e t o n e  washing but  even i f  t h e y  v e r e  n o t ,  do nac sugges t  a b i o l o g i c a l l y  s i g n i f i c a n r  
change i n  sediment  s i z e  be tveen  C - 1  and C-3 and 1-1 and 1-5. The mean 0 a c  t h e s e  f o u r  
quadra te  from s i t e  C f e l l  between c h e  0.12 l e v e l  recorded  a t  1-1 and t h e  1.36 l e v e l  recorded  
a t  1-5 (Table  2 ) .  Therefore ,  i t  is d o u b t f u l  t h a t  any d i f f e r e n c e s  i n  s p e c i e s  composiclon a t  
chese q u a d r a t s  vould be r e l a t e d  t o  d i f f e r e n t  sediment s i z e  parameters .  

The Kalmagarov-Smimov t e s t  was used t o  compare t h e  g r a i n  s i z e ,  i n r e r t i d a l  h e i g h c ,  and beach 
s l o p e  of t h e  group of quadrafs  c h a t  were o i l e d  v i t h  t h e  same parameter  i n  t h e  group of quad- 
r a t s  thac  v e r e  no t  o i l e d .  X - 1.29 f o r  beach s l o p e  and 0.822 f o r  j n t e r t i d a l  h e i g h t .  
Ne i ther  of t h e s e  v a l u e s  were s i g n i f i c a n t  a t  0.01 l e v e l .  Hwever .  X * 10.04 f o r  t h e  g r a i n  
s i r e  comparison. Thia i s  s l g n i f i c a n c  ac t h e  0.01 level f o r  a o n e - t a i l e d  t e s t .  This  i n d i -  
c a r e s  c h a t  t h e  g r a i n  s i z e  o f  sed iment  ana lyzed  from t h e  o i l e d  s i t e s  was s i g n i f i c a o r l y  
coarser t h a n  t h a t  analyzed from t h e  u n a i l e d  s i t e s .  How much, i f  any of t h i s  d i f f e r e n c e  
e x i s t s  in t h e  f i e l d ,  is d i f f i c u l t  co d e t e r m i n e  because t h e  a i l e d  sediment  samples v e r e  
vashed w i t h  ace tone .  

At lw t i d e ,  nand in t h e  upper i n t e r t i d a l  a r e a s  d r i e d  and v a s  b l o w  by t h e  v i n d .  This 
o c c u r r e d  In a l l  upper I n t e r t i d a l  q u a d r a t s  on t h e  open c a a s c l i n e  e x c e p t  a t  s i t e  X where t h e s e  
q u a d r a r s  were  dominated by cobble  and  in q u a d r a t s  v h e r e  t h e  sand was bound by o i l .  Complete 
b ind ing  by o i l  was observed a t  1-2, 1-3. E-1, E-2: p a r r i a l  b ind ing  by o i l  was observed a t  
C-8 and E-5; w h i l e  no b i n d i n g  by a i l  v a s  observed a t  C-6. C-7. E-4. G-9, 6 8 ,  and 6 7 .  
q u a d r a t s  below mean v a t e r  l e v e l  d i d  n o r  d r y  s u f f i c i e n t l y  t o  blow i n  t h e  wind. The sand  vas 
bound i n  s e v e r a l  ways: 

1 )  by wer o i l  and /or  m u s e  on or  d x e d  w i t h  t h e  sand  (E-I. E-2) 

2) by a l a y e r  o f  d r y  o i l  on t o p  of  the sand (C-8, 1-31 

3) by a n  ' a s p h a l t i c '  f a r m a r i o n  o f  sand and o i l  (1-2) 

4 )  by a quicksand e f f e c t  (E-2) 

O i l  was observed  seep ing  o u t  o f  t h e  sand  a t  G (G-5. C-6) and was a l s o  mixed into t h e  w a t e r  
as i n d i c a t e d  by the brovn waves b r e a k h g  on t h e  beach a t  s i t e s  E and G. 

A t  one s i r e .  s i t e  G. o i l  in t h e  upper  i n t e r t i d a l  zone was a l r e a d y  b e i n g  e roded  away by wave 
a c t i o n .  

Petroleum was recorded  i n  t h e  sed iments  a t  s i t e s  C,E,C,H, and I. and n o t  a t  t h e  t v o  c o n t r o l  
s i t e s  (A.X. Table  3 ) .  Petroleum was o n l y  recorded bo th  v i s i b l y  and a n a l y t i c a l l y  i n  W o  of 
rhe  q u a d r a r s  a t  s i t e  C. These d a t a  i l l u s t r a t e  t h e  pa tchy  d i s r r i b u t i o n  o f  petroleum i n  t h e  
environment u n l e s s  i t  is  p r e s e n t  in mass ive  amounts s u c h  as i n  t h e  main a r e a  of t h e  o i l  
s p i l l .  The samples  from C-5 i l l u s t r a t e  Chis  in d e t a i l .  S a q l e  C-5A was c o l l e c t e d  from one  
o f  a s e r i e s  o f  s rw of  d r y  b l a c k  d e p o s i t s  of t a r  a t  t h e  upper intertidal l e v e l  of t h e  quad- 
r a t s ;  sampler  C-5B was c o l l a c t e d  from o n e  of  a s e r i e s  of a row of  b l a c k  Car d e p o s i t s  c h a t  
were br- and v e t  i n t e r n a l l y  and were F i f t e e n  f e e t  c l o s e r  t o  t h e  ocean t h a n  C-51: sample 
C-5C was c o l l e c r e d  f i f r e e n  f e e t  c l o s e r  t o  t h e  ocean than  C-58 and where t h e r e  was no v i s i b l e  
t a r .  The tar a r  C-5B appeared f r e s h e r  and Co h a r e  been d e p o s i r e d  on a l a r e r  and l a v e r  h i g h  
t i d e  t h a n  a c  C-SA. The d a t a  p r e s e n t e d  Fn T a b l e  3 s u p p o r t  chese  o b s e r v a t i o n s .  Boch C-5A a n d  
C-58 c o n t a i n e d  p e t r o l e m  w h i l e  C-5C d i d  n o r  c o n t a i n  petroleum. C-58, t h e  sample w i t h  t h e  
wec had a higher  w a t e r  c o n t e n t  (262) than  e i t h e r  t h e  d r y  pe t ro leum sample (C-5A) 
( I f )  o r  t h e  sediment  sample w i t h o u t  any perrolema (C-5C) (32).  Sample C-5C v a s  a c t u a l l y  
s l i g h t l y  lower  i n t e r t i d a l l y  Chan C-SB and t h e  sediments  a t  C-5C would normally be expec ted  
t o  c o n t a i n  more w a t e r  than  s i m i l a r  s e d i m e n t s  a t  C-58. 

S i t e  C can t h e n  b e  c h a r a c t e r i z e d  as a si te  chac v s r  initially exposed co a s m a l l  amount of 
b t u l a  o i l  i n  comparison w i t h  S i t e s  E.G,H, and 1. S i n c e  a l l  of t h e  o i l  was conf ined  co 
d e f i n e d  h o r i z o n r a l  p a t c h e s  in upper i n r e r r i d a l  a r e a s  i n  January  1975,  t h e  l o v e r  i n t e r t i d a l  
q u a d r a t s  were no t  b e i n g  r e e x p o s e d  t o  r h i s  petroleum a t  the time of t h e  survey  and may 
never have been  exposed t o  r h i s  o i l .  I f  t h e r e  v e r e  con t inued  re-exposure o f  l o v e r  i n t e r t i -  
d a l  a r e s s ,  one would have expecred  r r a c e s  of petroleum i n  t h e  sed iments .  The p e t r o l e m  
probably c o n t a i n e d  l i g h t e r  and more v o l a t i l e  compounds d u r i n g  t h e  p e r i o d  o f  i n i t i a l  ex- 
posure ,  s o  char  w h i l e  t h e  lwer i n t e r t i d a l  areas may never  have been exposed t o  the n e t u l a  
o i l  c h a t  s t r a n d e d .  chese q u a d r a t s  c o u l d  h a v e  been exposed t o  same of che  l i g h t e r  saLuble  
compounds. 



.\r f i v e  quadra t s .  E-1. E-2. 1-4. 1-5, and 1-6. where t h i c k  l a y e r s  of petroleum were present  
,,:, thc  scdimenc s u r f a c c .  two samples were c o l l e c t e d  - o n e  on the  s u r f a c e  and one ac a deprh 
,,[ 15 t o  20 cms. I n  a l l  ins tances  t h e r e  was f o u r  t o  s i x  t imes m r e  perroleum i n  the  s u r f a c e  
samples than in t h e  subsur face  samples. T h i s  was mainly because chc s u r f a c e  sample was mare 
oil  rhan sediment. For example a t  1-4, 1-5. and 1-6, the  f i e l d  naces record chat  t h e  o i l  
,,as s c i l l  p resen t  i n  a l a y e r  u p  ra  2 i n c h e s  t h i c k  on  the surface of  t h e  sed iment .  The hig\ ,  
?"anc i ty  o f  o i l  a t  a dep th  o f  15 co 20 cms i n d i c a t e s  t h a t  t h e  o i l  had p e n e t r a t e d  much deeper 
i n r a  rlie sediments. 

7he petroleum farmed "chocalace musse"  - a b r o w  o i l  and water  mix ture .  The r a r i a  of t h i s  
m i x t u r e  c a n  be as high a s  202 o i l  t o  80% w a t e r  Berridge,  ec a l . .  (1968).  Such a mixcure 
has a s i g n i f i c a n t  i n c r e a s e  i n  the  volume of t h e  s p i l l  and can i n c r e a s e  the  a rea  of exposure  
t o  t h e  p o l l u t a n t .  

TABLE 3 .  Analys i s  of Sediment Samples from the  Uecula O i l  S p i l l  by J. S c o t t  Warner 

Sample 

A-1  No Mud 

C- 3 
C-4 
C-5A 
C-5Bd 
C-5C 
C-6 
C-7 

E-1 S u r f a c e  
E-1 Belov Sur face  
E-2 S u r f a c e  
E-2 Belov Sur face  
E- 3  
E-4 
E-5 

d 

~2~ 
C-3 
G 4  Nearby 

I 1-3 Loose Sand 
1-3 A s p h a l t i c  Sanc. 

a - Densicv of vet 

ien.icyi 
2.14 
1.64 
1.84 
2.27 
2.17 
1.85 
2.10 
1.85 
1 . 5 3  
1.78 
1.76 
1.64 
1.78 
1.76 
1.59 
1.89 
1.96 
1.71 
1 .87  
1.79 
1.84 
2.02 
1.07 
1.45 
1.86 
1.93 
1.57 
1.59 
1.54 
2.13 
1 .52  
1.96 
2.04 
1.65 
1.64 
1 .83  
1.04 
1.95 
1.86 
2.16 
0.99 
1.99 
1.97 
2.83 
2.04 
2.29 
2.08 

e n c e  [I 
The 

CCl, Excraccables ,  t 
ven Method 

Cravimet r ic  

0.0015 

J 0.0031 
carbon t e t r a  

1' e x r r a c t a b l e s  d e t e r  

No 
No 
No 
No 
h'a 
NO 
NO 

Yes 
Yes 
No 
NO 
No 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Y e s  
Yes 
Yes 
NO 

NO 
NO 

NO 

No 
l o r i d e  and 

LOO- 

''',, e x t r a c t  c m t a i n s  g r e a t e r  t h a n  5% c a r h a n y l  c o n c a i d n g  
compounds as i n d i c a t e d  by a b s o r p t i o n  i n  t h e  1750-1650 range.  - Assessment is 
determined by gas c h r o n s t o g r a p h i c  a n a l y s i s .  



Uacei  in t h e  sediment samples ana lyzed  i n  Table 3 ,  v i l l  be due t o  s e v e r a l  f a c t o r s .  tmc. 
o f  course, is t h e  o i l - v a t e r  c o n t e n t  o f  t h e  rousse. H w e v e r ,  i n t e r t i d a l  sedirnenis a l s o  c o n -  
t a i n  wacer which w i l l  be dependent  on t h e  scdimcnt t y p e ,  i n t e r t i d a l  h e i g h t ,  and amaunr o f  
t ime  t h e  sediments  have d r a i n e d  bervecn  exposure by t h c  t i d e  and c o l l e c t i o n  of sed lmenrs .  
The d i f f e r e n c e  i n  v a t e r  concent  due t o  sediment type can be b e s t  i l l u s t r a t e d  by tvo  samplus  
from A-1 .  The wate r  c o n t e n t  of t h e  coarse g r a v e l  sample was 10.71 and v a t e r  c o n t e n t  l n  the 
f i n e r  sample was 41.12. These two samplcs were c o l l e c t e d  o n l y  ~ v o  f e e t  a p a r t  a t  t h e  S a m  

i n t e r t i d a l  l e v e l  and t h e  same t ime .  

H o ~ v e r ,  i n  s p i t e  of t h e  v a r i a t i o n s  due t o  f a c t o r s  o t h e r  than  o i l ,  i t  is obvious cha t  i n  

some i a s c a n c e s ,  namely vhen t h i c k  l a y e r s  o f  o i l  v e r e  s t i l l  p r e s e n t ,  cha t  t h e s e  v e r e  a s s o c i a -  
t e d  w i t h  a high wate r  c o n t e n t .  For example, the s u r f a c e  sample a t  E-1 was l i g h t  brow' f r e s h  
appear ing  mousse. T h i s  was in a g r a v e l  r y e e  of sediment  i n  t h e  upper i n t e r t i d a l  a r e a  where 
normally t h e  v a t e r  c o n t e n t  would b e  low ( l e s s  than 5 % ) .  The wate r  c o n t e n t  was 32.6% and i t  
is sugges ted  t h a t  t h e  o i 1 : w a t e r  r a t i o  v a s  i n  the order of 1:2.  Ac S i t e  I v h e r e  t h e  o i l  w a s  
darker .  t h e  o i l  wa te r  r a t i o ,  based on s i m i l a r  o s s m p c i a n s  i s  i n  t h e  o r d e r  o f  1:l. Ac s i t e  
C t h e  r a t i o  v a r i e s .  Sample G-3 was mainly o i l  and l i t t l e  sediment  so t h a t  mrst of t h e  
wate r  was a s s o c i a t e d  w i t h  t h e  o i l  ( r a t i o  i n  t h e  o r d e r  a f  1:L). The h i g h  v a c e r  coo tenr  a r  
G 2  and G 6  was r e l a t e d  t o  v a t e r  s e e p a g e  f r w  t h e  sand i n  t h e s e  areas. This  seepage con- 
t a i n e d  o i l  in t h e  form o f  a sheen.  I n  t h e  o t h e r  samples,  t h e  amount o f  v a t e r  appeared rela- 
t e d  t o  p h y s i c a l  v a r f a b l e s  o t h e r  t h a n  o i l .  

Forcg-six s p e c i e s  o f  mar ine  i n v e r t e b r a t e s  were recorded on t h i s  survey  (Table 4 ) .  Twenty- 
e i g h t  of t h e s e  s p e c i e s  were  p o l y c h a e t e s .  T h i s  is not  a complete s p e c i e s  l ist f o r  t h e  e n t i r e  
S t r a i t s  o f  Magellen b u t  a  list of c h e  i n v e r t e b r a t e s  found i n  t h e  s t u d y  q u a d r a t s .  T h i r t y  
s p e c i e s  v e r e  recorded i n  1 3  u n a i l e d  quadracs  (A-1, A-2, C-1, C-2. C-3, C-4, C-6, C-7. C-9, 
X-1. X-2. X-3. X-4) v h i l e  1 4  s p e c i e s  were recorded i n  25 o i l e d  q u a d r a t s  (C-5, C-8. E-1, E-2, 
E-3, E-4. E-5, 61,  C-2, C-3, G 4 ,  C - 5 .  6 - 6 .  6 7 .  C-8, G 9 ,  H-1, H-2. H-3. 1-1. 1-2, 1-3, 
1-4. 1-5, 1-6). Quadra t  H-4 was i n  t h e  edge of a sha l low channe l  t h a t  a l v a y s  c o n t a i n e d  
running s e a u a r e r .  Unl ike  t h e  s u r r o u n d i n g  b l a c k  a i l e d  a r e a s ,  H-4 d i d  n o t  c o n t a i n  v i s i b l e  o i l .  
(Table  5)  and i t  d i d  c o n t a i n  b i o t a  t h a t  appeared t o  b e  h e a l t h y .  Nearby H-3 con ta ined  16-18: 
t o t a l  C C l  e r t r a c t a b l e s  w h i l e  8-4 c o n t a i n e d  0.3% c o r a l  C C14 e x t r a c t a b l e s .  H-4 c o n t a i n e d  
15  i n v e r t e k r a t c  s ~ e c i e s  c o m a r e d  v i t h  5.4, 1 found a n  H-1 ,  H-2. H-3 r e s p e c t i v e l y .  The 26 
o i l e d  q u a d r a t s  c o n t a i n e d  a t o t a l  of  25 s p e c i e s .  

TABLE 4. L i s t  o f  L i v i n g  I n v e r t e b r a t e s  i n  Quadrats  Sampled 

CRUSTACE4 
A t y l o e l l a  sp.  
Edotea t u b e r c u l a t a  
Eurypodius l a t r e i l l e i  
Exospheerama g i g s s  
R a l i c a r c i n w  p l a n a t u s  
k c r o c h i r i d a c h e a  m i c h a e l s e n i  
S e r o l i s  
V a l v l f e r a  

INSECTA 
Larvae 

I 
OLUTSCA 

Uyt i lua  e d u l i n  c h i l i e n s i s  
P a r e u t h r i a  p l l n h e a  
P a t i n i g e r a  n a g c l l a n i c a  
Sphenia h a t c h e r i  

ANNELIDA 
Ol igochae tes  
A r a b e l l i d a e  
Brania sp.  
Boccardia c f .  po lybranchia  
C a p i t e l l i d a e  
Ceracocephale c r o s s l a n d i  n.s .  sp .  
Chaetozane s p .  
C i r r a c u l i d a e  
C i r r a t u l i s  c f .  c i r r a t w  
Eteone r u b e l l a  
Euronw f u c i f e r a  
Emgone (2 s p s . )  
Hauchie l la  r p .  
I s o c i r r w  sp.  
Lagisca c f .  l a m i l l i f e r a  
Langerhansia m a p s  
L d r h e r e i s  l a t r e i l l a  
L m b r i n e r e i s  sp .  
Nere i s  eugeniae  

*Nothria  sp .  
Notoc i r rus  c h i l e n s i s  
Notomastus s p .  
Onuphidae 
Phyl lodoc idae  
Rhynchospio sp.  

T e r e b e l l i d a e  
Thelepsus s e t a s u s  
T r a v i s i a  cf. g i g a s  

I T y p o s y l l i s  ? 
This  s p e c i e s  h a s  been d e s c r i b e d  by F. P i l t z  in a  manuscript  s u m i t r e d  t o  J .  Linn. Sac. i n  

1976. 
n.6. sp .  - new subspec ies .  



.,.n?ar!san of chc number o f  i n v e r t e b r a t e  s p e c i e s  i n  v i r l b l y  o i l e d  and v i s i b l y  "na i led  
q , m d r a ~ s  i n  January 1975. showed t h a t  t h e r e  were  more s p e c i e s  i n  t h e  unoi led  than i n  c ! , ~  
. r i l ed  q u a d r a t s  i n  a l l  i n s t a n c e s  excep t  s i te  E (Table  5 ) .  The two l o u c r  i n r e r r i d a l  
a r  s i t e  E con ta ined  very c o a r s e  sand and t h u s  p robably  never any marine i n v e r r e b r a t e s .   he 
o b s e r v a t i o n s  a t  H-4 ,  where s p e c i e s  appear  h e a l t h y  and abundant v i t h i n  a mat te r  of feec of 
r h e  o i l e d  areas, vould suggest  t h a t  t h e  c o n t i n u e d  e f f e c t s  on t h e  d i s t r i b u r i o n  and abundance 
of s p e c i e s  a r e  p o s s i b l y  r e l a t e d  t o  t h e  p h y s i c a l  p resence  of  t h e  mousse i n  chat  a r e a  and not 
t o  conc inue  leach ing  o f  s o l u b l e  components. Likewise.  t h e  m s t  abundant Hvr(lus p o p u l a t i o n  
was found in H-2 ,  a quadra t  v i t h  no v i s i b l e  a i l  bu t  surrounded by  v i s i b l y  o i l e d  a r ea s .  

TABLE I .  Numbsr o f  L l v i n f l  I c v e r t e b r a t e  Spec ies  I: +aar , t ea  
Ulth and Without Pe t ro leum l l s i b l e .  J a n u a r y  19:s. 

Fig .  26.2  Normal and I n v e r s e  Classification Dendrograas v i t h  R e s u l t a n t  No-vay Table.  
Perroleton c o n t e n t  of s e d i m e n t s  war de te rmined  on t h e  b a s i s  o f  1 t o t a l  C C 1 4  
e x t r a c t a b l e s  and g a s  chronacography  t o  de te rmine  i f  t h e  necvla o i l  was p r e s e n t .  

Oi led  

Not Oiled 

A C E G H I X  

0 1 0 6 2 

9 1 9  0 7 17 14 

The rare  occurrences of b a r n a c l e  scars, e d e a d  crab, and a dead murid would n o t  i n  them- 
s e l v e s  be regarded as impor tan t .  Hovever, t h e  more caman dead l i m p e t s  ( P a t i n i f f e r a  
m a g e l l a n i c a ) ,  and a b s e r v ? t i o n s  on t h e  m u s s e l s  H y t i l u s  e d u l i s  c h i l i e n s i s  a re  of importance.  
N u s s e l s  v e r e  found a t t a c h e d  t o  rocks a t  a l l  a i t e s  e x c e p t  s i t e  E v h e r e  r h e r e  v e r e  no rocks. 

However, a l l  a t t a c h e d  M. e d u l i s  a t  s i t e  I w e r e  dead  and some of t h e  a t t a c h e d  M. e d u l i s  a t  
s i t e s  H v e r e  dead. At s i r e s  1-2 and 1-3 t h e r e  was a s t r a n d e d  l a y e r  of musse l  s h e l l s  i n  good 
c o n d i t i o n  s u g g e s t i n g  t h a t  t h e  an imals  had d i e d  r e c e n t l y .  At G-1 t h e r e  was a zone where 
murmel bysrus t h r e a d s  remained, s u g g e s t i n g  t h a t  c h e r e  had been a r e c e n t  m o r t a l i t y  among 
t h e s e  mussels .  

Ana lys i s  o f  t h e  b i o l o g i c a l  d a t a  by c l a s s i f i c a t o r p  technlquem r e s u l t e d  i n  t h e  fo rmat ion  of 
seven d i s t i n c t  s i t e  groups (Pig.  2 ) .  S i t e  g roup  1 c o n t a i n e d  s i t e s  a t  which o1igo:haetes 
v e r e  recorded.  The s i t e s  were nor  c o n f i n e d  t o  any s e c r l o n  of r h e  intertidal zone. All  
s i t e s  e x c e p t  one (E-I) had no p e c r o l e m  p r e s e n t .  W l e  s i t e  group 2  c o n t a i n e d  s i r e s  v i t h  
o l i g o c h a e t e s  a t  some s i t e s ,  i t  is  c h a r a c t e r i z e d  by t h e  p resence  of Myt i lus  e d u l i s  c h i l i e n s i s  
s h e l l s .  Empty l imper  ( P a t i n i g e r a  m a g e l l a n i c a )  s h e l l s  were a l s o  found a t  some of t h e s e  quad- 
r a t s .  These s h e l l s  were a l l  ln good c o n d i t i o n  and s h w e d  no s i g n s  of d e t e r i o r a t i o n .  The 
q u a d r a t s  i n  s i t e  group 2 were a l l  h e a v i l y  o i l e d .  
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Quadracs i n  s i t e  g roups  3 and 1 v e r e  a l l  i n  middle o r  low i n r e r t i d a l  a r ea s .  A l l  q u a d r a t s  
bore l i v i n g  5. 5. c h i l e n s i s .  . 80th q u a d r a t s  i n  s i t e  group 3 were o i l e d .  No o t h e r  i n v e r t e -  
b r a t e s  we- recorded above t h e  r a re  s p e c i e s  caregory a t  t h e s e  rwo q u a d r a t s .  S i t e  group 4 
con ta ined  bo th  o i l e d  and m o i l e d  s i c e s  b u t  a l l  a i l e d  s i t e s  were o n l y  l i g h t l y  o i l e d .  Inver- 
t e b r a t e s  i n  a d d i t i o n  t o  n. 5. c h i l e n s i s  were recorded i n  t h e s e  q u a d r a t s .  

S i t e  group 5 c o n t a i n e d  on ly  quadra t s  found i n  lav i n t e r t i d a l  areas. The p o l y c h a e t e ,  
Lvmbrlnereis  l a t r e i l l a ,  was t h e  dominant s p e c i e s  i n  t h i s  g raup .  Both quadracs  a t  s i t e  C 
vere not  o i l e d  when surveyed w h i l e  t h e  q u a d r a t  at s i t e  H was t h e  l i g h t l y  a i l e d  q u a d r a t  i n  
t h e  mids t  a€ a heavLly o i l e d  area.  

S i t e  g raup  6 con ta ined  two quadra t s  t h a t  were no t  o i l e d  and vere dominated by t h e  polychaere 
Boccardia c . f .  p a l y b r a n c h i a .  

S i t e  group 7 c o n t a i n e d  a l a r g e  number of o i l e d  quadra t s  i n  which no animals  were c o l l e c t e d .  
There is no c o n s i s t e n t  t r e n d  i n  i n t e r t i d a l  h e i g h c ,  beach s lope .  or sediment  s i r e  between 
t h e s e  s i t e s .  

S p e c i e s  g roups  A.B. and C vere found i n  t h e  middle and l o v  i n t e r t i d a l  a r e a s .  The oligo- 
c h a e t e s .  t h e  on ly  l i v i n g  i n v e r t e b r a t e s  i n  s p e c i e s  graup D ,  were not  conf ined  t o  any i n c e r t i -  
d a l  l e v e l .  None of  t h e  s p e c i e s  g roups  were r e s t r i c t e d  t o  e i t h e r  o i l e d  o r  u n a i l e d  s i t e s .  
However. twc rest abundant  p o l y c h a e t e s  Nothria sp. and Boccardia c . f .  p o l y b r a n c h i a ,  and t h e  
amphipod. A t y l o e l l a  sp . .  were n o t  r e c o r d e d  a t  t h e  o i l e d  q u a d r a t s .  

P r i n c i p a l  components a n a l y s i s  of t h e  a b i o t i c  d a t a  i n d i c a t e  t h a t  i n t e r t i d a l  b e i g h t  and v i s i -  
b l e  petroleum a r e  t h e  most impor tan t  f a c t o r s ,  in c h a t  o r d e r ,  o p e r a t i n g  on a x i s  1 (e igenva lue  
1.87, 1 t o t a l  v a r i a n c e  37.56) and t h a t  t o t a l  carbon t e t r a c h l o r i d e  e x t r a c t a b l e s  and v i s i b l e  
pe t ro leum a r e t h e  -st impor tan t  f s c t o r s  o p e r a t i n g  on a d s  2 (e igenva lue  1 .74 ,  Z t o t a l  
v a r i a n c e  31.94) in t h a t  a r d e r .  S lope  and g r a i n  s i r e  a r e  t h e  most imporcant  f a c t o r s  o o  a x i s  
3 (e igenva lue  0 . 8 4 . 2  t o t a l  v a r i a n c e  1 6 . 9 1 ) .  Comparison of t h e  rank  o r d e r  a long  t h e s e  a x i s  
w i t h  t h e  rank  o r d e r  o f  s i t e s  ob ta ined  by o r d i n a t i o n  techniques  us ing  t h e  b i o l o g i c a l  d a t a  and 
t h e  Spearman Rank G a r r e l a t i o n  C o e f f i c i e n t  r e v e a l e d  no s i g n i f i c a n t  c o r r e l a t i o n s .  

U u l t i p l e d i s c r i m i n a n t  a c a l y s i s  of t h e  d a t a  i n d i c a t e s  v i s i b l e  petroleum is t h e  most i a p o r t a n t  
a b i o t i c  f a c t o r  ( c o e f f i c i e n t  o f  s e p a r a t e  de te rmina t ion-  40.6). Grain s i z e  ( c o e f f i c i e n t  of 
s e p a r a t e  d e t e r m i n a t i o n  - 64.9) is t h e  dominant  f a c t o r  on t h e  second axis and t o t a l  carbon 
c e r r a c h l o r i d e  e x r r a c r a b l e s  ( c o e f f i c i e n t  o f  s e p a r a t e  d e t e r m i n a t i o n  - 46.9) is t h e  dominant 
f a c t o r  on t h e  c h i r d  a d s  (Table  6 ) .  

TABLE 6. C o e f f i c i e n t s  of S e p a r a t e  Dete rmina t ion  

The Spearman Rank C o r r e l a t i o n  C o e f f i c i e n t  o f  - 1.09 i n d i c a t e d  a s i g n i f i c a n t  (4. - 0.01) 
n e g a t i v e  c o r r e l a t i o n  between t h e  number of s p e c i e s  found i n  each  s i t e  group and t h e  mean 
frequency of v i s i b l e  petroleum. The Spearman RHlk C o r r e l a t i o n  C o e f f i c i e n t  was n o t  s i g n i f i -  
c a n t  (-C - 0.05) when t h e  site groups vere ranked accord ing  t o  mean f requency  of  v i s i b l e  
p e c r o l e m  and =an g r a i n  s i z e .  T h e r e f o r e  t h e s e  @m g r a d i e n t s  d o  n o t  c o i n c i d e  and t h e  nega- 
t i v e  c o r r e l a t i o n  between s p e c i e s  numbers and o i l  must b e  r e g a r d e d  as r e a l  and n o t  l u s c  a 
c o i n c i d e n t a l  r e f l e c t i o n  o f  sediment  g r a i n  s i z e  d i f f e r e n c e s .  

A b i o c i c  
A t t r i b u t e  

Intertidal Heigh t  

I n t e r t i d a l  S l o p e  

V i s i b l e  Pe t ro leum 

F x t r a c t a b l e  Organics  

Gra in  S i r e  

b 

Uany o f  t h e  a l g a e  c o l l e c t e d  on t h i s  s u r v e y  a v a i t  f i a a l  I d e n t i f i c a t i o n .  Bowever. genera 
s u c h  a s  Porphyra.  w, Enceromorpha. a, a r e  w e l l  r e p r e s e n t e d  i n  t h e  a r e a .  S i n c e  no 
d a t a  a r e  a v a i l a b l e  i n  che  a r e a s  on a p r e s p i l l  b a s i s ,  i t  is in iposs ib le  t o  say  how t h e  abun- 
dance  of t h e  a l g a e  compared v i t h  t h a t  of p r e v i o u s  years .  T e n t a t i v e l y  t h e  c o l l e c t i o n  has  
been s e p a r a t e d  i n t o  o v e r  20 genera. H w e v e r ,  bleached Porphyra v e r e  observed aC H-1, H-2. 
and 1-2. T h i s  a l g a e  cou ld  have been b l e a c h e d  when expoaed co h igh  tempera tures  due t o  t h e  
o i l  in che a r e a  a n d l o r  t h e  exposure  t o  h i g h  (about  80.F) t empera tures  t h e  week b e f o r e  the 
survey .  At G 4  E n t e r o M r p h a  was a l r e a d y  g r w i n g  over a t h i n  l a y e r  o f  o i l  on rocks.  K w -  
e v e r ,  i c  was n o r  g r o v i n g  o v e r  t h e  mussel b y s s u s  t h r e a d s  on t h e  rocks  s u g g e s t i n g  t h a t  t h e  
l o s s  o f  chese  wsels  had o c c u r r e d  o n l y  a s h o r t  t ime p r i o r  c o  t h e  survey. 

Axis 
1 2 3 

7.2 1 4 . 2  13.8 

18.5 2.5 29.9 

40.6 11.9 2 .6  - 
17.6 6 .4  - 46.6 

16 .1  64.9 - 6.7 



~ c v c c a l  s p e c i e s  o f  p l a n t s  were o i l e d  i n  u p p e r - i n t e r t i d a l  a reas  a t  s i t e s  C and I .  ~h~ 
S a l i c o r n i a  ambigua had r e s h o t  th rough  t h e  o i l  a t  both s i t e s .  ~ i l  a i l e d  spec inens  

ar C-5 had sho t  whi le  12 o u t  o f  32 o i l e d  spec imens  a t  1-4 had s h o t .  The specimenc. ar 1-4 
which had not  sho t  appeared t o  be dead. The g r a s s .  Elymua a r e n a r i u s ,  was a l s o  o i l e d .  s i x  
o i l e d  p l a n t s  a t  1-4 had a l l  s h o t .  The woody p l a n t  Lepidophyllum c u p r e s s i f o m e  was h e a v i l y  
a i l e d  a t  S i t e  I .  A high percen tage  of t h e s e  p l a n t s  had a l r e a d y  sprou ted  even though a t  lov 
r i d e  chey remained i n  pools  o f  o i l  and w a t e r  a b o u t  a foo t  deep. 

Table 7 shovs t h e  r e l a t i v e  s i r e  and hydrocarbon c a n t e n r  o f  n. e .  c h i l i e n s i s  t i s s u e s .  Host 
of t h e  a n i w l s  c o l l e c t e d  i n  t h e  o i l e d  areas were r e l a t i v e l y - t h G n e r  than  chose from t h e  un- 
o i l e d  areas. This  i s  p o s s i b l y  i n d i c a t i v e  o f  stress from t h e  very h igh  c o n c e n t r a t i o n s  of 
hydrocarbons recorded (100C t o  5000 ug/g) i n  t h e  t i s s u e s .  The background l e v e l s  from t h e  
c o n t r o l  s i r e s  were i n  t h e  o r d e r  of 10 to  1 5  ug lg .  

TABLE 7. T i s s u e  Analys i s  i n  M y t i l u s  E d u l i s  C h i l i e n s i s  

Uydrocarbon (+lg/g) 
Wet Weight (g )  Length (m) F r a c t i o n  

T o t a l  Average Max. M i n .  Uean 1 2 3 

16.6 2.77 54 36 44 .1  7 3 1 

15.3 1.7 53 36 46.1 940 1100 100 

13.0 0.9 49 27 37.3 1600 1300 140  

8.0 1.0 46 3 1  37.0 2700 2000 280 

15.2 0.7 42 28 34.1 500 710 110 

10.0 2.0 46 34 41.6 490 460 60 

15.3 1 .5  44 26 36.9 10 5 1 

D i s c u s s i o n  

The s u r v e y  of t h e  S t r a i t s  o f  Uage l lan  i n  J a n u a r y  1975. showed cha t  l a r g e  a r e s  of t h e  incer -  
t i d a l  zone were s t i l l  covered from o i l  f rom t h e  U e r u l a  o i l  s p i l l .  T h i s  is  d e t a i l e d  by 
(Hann, 1975). The p r e s e n t  s t u d y  on t h e  b i o l o g i c a l  e f f e c t s  .hawed t h a t  i n  t h e  a r e a s  most 
h e a v i l y  a i l e d  i n  t h e  F i r s t  Narrows, t h e r e  is e v i d e n c e  of con t inued  d e t r i m e n t a l  e f f e c t s  o f  
t h e  o i l  s p i l l .  These i n c l u d e  t h e  changing o f  s e d i m e n t  c h a r a c t e r i s t i c s  by b i n d i n g  sand  t h a t  
fo rmer ly  blew i n  r h e  wind a t  l o v  t i d e  i n t o  a n  a s p h a l t i c  t y p e  of bed. This  vi l l  undoubtedly 
i n f l u e n c e  t h e  s p e c i e s  which v i l l  r e c o l o n i z e  t h e  a r e a .  

Data comparisons on u n s t a b l e  i n t e r t i d a l  s u b s t r a t e s  a r e  g e n e r a l l y  n o r e  d i f f i c u l t  t h a n  on 
s t a b l e  r o c k  i n t e r t i d a l  s u b s t r a t e s  because o f  t h e  lower  n u d e r  of s p e c i e s  i n  t h e s e  u n s t a b l e  
a r e a s .  For example, t h e  i n f a u n a l  comparison of  marsh s p e c i e s  o n l y  r e v e a l e d  one specimen of 
a o l i g o c h a e t e  s p e c i e s  a t  1-4. T h i s  s p e c i e s  was a l s o  recorded a t  o t h e r  o i l e d  and u n o i l e d  
high i n t e r t i d a l  q u a d r a t s  o u t s i d e  t h e  marshes.  

I n  g e n e r a l ,  more s p e c i e s  a r e  found in lrnrer  i n t e r t i d a l  than h i g h e r  i n t e r t i d a l  a r e a s  
(Straughan,  1973, 1975; S t raughan  and P a t t e r s o n ,  1975,  P a t t e r s o n ,  1974).  T h i s  t r e n d  i s  a l s o  
found i n  t h e  S t r a i t s  of Uagcllan.  Hence, comparison of d a t a  on t h e  low i n t e r t i d a l  f l a t s  ar 
s i t e s  C.H and I should  prov ide  d a t a  t h a t  is = r e  r e a d i l y  i n t e r p r e t e d  than  c o q a r i s o n  of d a t a  
from upper i n t e r t i d a l  areas. Likewise,  c w p a r i s o n  o f  t h e  fauna  i n  t h e  s i m i l a r  marsh qua- 
r a t s  r e v e a l s  l i t t l e  in format ion  s i n c e  o n l y  one  i n v e r t e b r a t e  s p e c i e s  was recorded .  

Comparison of  s i m i l a r  q u a d r a t s  from t h e  lw f l a t  i n t e r t i d a l  a r e a s  a t  s i t e s  C and I revea led  
l i c r l e  d i f f e r e n c e  i n  p h y s i c a l  parameters  b u t  a narked  c o n t r a s t  be tveen  t h e  number o f  s p e c i e s  
i n  t h e  o i l e d  and unoi led  a r e a s .  There were no l i v i n g  animals  c o l l e c t e d  in 1-1 and 1-5 whi le  
t h e r e  were 9 , 5 , 6 ,  and 1 s p e c i e s  recorded  a t  C-1, C-2, C-3, C-4 r e s p e c t i v e l y .  It should  be 
no ted  t h a t  whi le  o n l y  one s p e c i e s  o f  tube  d w e l l i n g  po lychae te  Boccardia.  was recorded  a t  
C-4. o v e r  500 of t h e  specimens were c o l l e c t e d  i n  t h e  quadra t  samples. 

The p h y s i c a l  p resence  of t h e  o i l  on and i n  t h e  sed iments  appears  a  very  impor tan t  f a c t o r .  I n  
o t h e r  words, any s o l u b l e  c o q o n e n t s  may n o t  b e  h a v i n g  a s i g n i f i c a n t  e f f e c t  on t h e  b i o t a  
a f t e r  5 months. T h i s  was s u p p o r t e d  b a t h  by v i s u a l  o b s e r v a t i o n s  end d i s c r i m i n a n t  a n a l y s e s .  
H-4 had no o i l  v i s i b l y  p r e s e n t  b u t  is sur rounded  b y  v i s i b l y  a i l e d  a r e a s  (e.g., H-3). F i f -  
t e e n  s p e c i e s  were recorded  in H-4 and onLy one s p e c i e s  was recorded  i n  H-3. The number of 

s p e c i e s  i n  H-4 a l s o  b e l i e s  any s u g g e s t i o n  t h a t  t h e  s i r e s  v h e r e  t h e  o i l e d  q u a d r a t s  were 
l o c a t e d  con ta ined  f e v e r  organisms p r i o r  t o  t h e  o i l  s p i l l  than t h e  s i t e s  where t h e  "on-ailed 
q u a d r a t s  were  l o c a t e d .  



The dara r e v e a l  f e v e r  organisms i n  t h e  h e a v i l y  o i l e d  ares. l a r g e  numbers o f  empry s h e l l s  
i n  good c o n d i t i o n .  and ev idence  t h a t  mussel c o m u n i r i e s  were ancc more e x t e n s i v e .  While 
c h i s  does nac  c o n c l u s i v e l y  demons t ra te  cause and e f f e c r .  becausc tine m a r t a l i t i e s  were re- 
c e n r ,  bccausc t h e  a i l  had been  p r e s e n t  i n  l a r g e  aoounrs f a r  f i v e  m n t h s ,  because s p e c i e s  
d i r t r i b u c i o n  and abundance v a s  mare c l o s e l y  cor re laccd  r a  cine presence o f  pe t ro leum than 
n a t u r a l  p h y s l c e l  parameters  such as sediment  g r a i n  s i r e .  one c a n  o n l y  conclude t h a r  t h e  
continued presence  o f  s p i l l e d  o i l  v a s  r e s p o n s i b l e  far  raduc lng  rhe  b i o t a .  

These f i n d i n g s  have been c o n t r a s t e d  t o  t h o s e  repor ted  by Baker 1 9 ; 4 ,  i n  t h e  months i m e d i -  
a c e l y  fo l lowing  t h e  s p i l l .  Baker concluded t h a t  t h e r e  v a s  l i t t l e  damage from t h e  o i l  s p i l l .  
The presen t  r e p a r t  shows t h a t  i n  c h e  f i v e  months a f t e r  t h e  s p i l l  t h e r e  must have been morta- 
l i t y  because t h e  d i f f e r e n c e s  cannot  be r e l a t e d  t o  p h y s i c a l  parameters .  The d i f f e r e n c e s  
be tveen  Bakes 's  c o n c l u s i o n s  and t h e  o b s e r v a t i o n s  r e p o r t e d  h e r e i n ,  are  probably  p a r t i a l l y  s 
r e s u l r  of t h e  age  o l d  q u e s t i o n ,  vhen  does one count  t h e  dead bodies?  S p e c i e s  such as me- 
s e l s  a r e  a b l e  t o  s u r v i v e  a d v e r s e  c o n d i t i o n s  f o r  w e e k  a n d / o r  could be counted as l i v i n g  i n  
e a r l y  surveys  bu t  be covered by o i l  v i t h  t h e  s h e l l s  c l o s e d ,  and r e a l l y  be dead. Other  
d i f f e r e n c e s  such  a s  d i f f e r e n c e s  i n  in fauna  bemeen  t h e  two surveys  are r e l a t e d  t o  t h e  
d i f f e r e n c e s  in t h e  tvo  surveys .  Baker surveyed a l a r g e  number of s i t e s  i n  a month and d i -  
r e c t e d  her  r e p a r c  t o  a l m a s t  t h e  e n t i r e  ecosystem. I n  t h e  p r e s e n t  s u r v e y ,  t h e  t ime v a s  
s h o r t e r  bur mre d e t a i l e d  o b s e r v a c i o o s  v e r e  made on a few s p e c i f i c  areas conf ined  t o  t h e  in- 
t e r t i d a l  zone. 

Recovery of  che v e g e t a r i a n  had c-enced in the marsh a r e a s  a s  i n d i c a t e d  by t h e  r e g r o v t h  of 
p l a n t s  through t h e  o i l .  Llovever, c h i s  o p t i m i s t i c  n o t e  must be viewed v i t h  c a u t i o n  b e c a u s e  
s t u d i e s  a f t e r  t h e  Arrow s p i l l  i n  Canada have sh- t h a t  maximum m o r t a l i t y  i n  a t  l e a s t  one 
marsh p l a n r ,  S p a r t i n a  a l t e r n i f l o r a ,  may be recorded 2 y e a r s  a f t e r  t h e  o i l  s p i l l  (Thomas, 
1977).  

This  s p i l l  d i f f e r s  from - s t  of t h e  documented l a r g e  oil s p i l l s  i n  s e v e r a l  r e s p e c t s :  

1 )  o i l  v a s  d e p o s i t e d  i n t e r t i d a l l y  i n  t h e  farm of c h o c o l a t e  mousse 

2) o i l  remained i n t e r t i d a l l y  f o r  a long  p e r i o d  

3) l o v e r ,  a s  v e l l  as h i g h e r  i n t e r t i d a l  a r e a s ,  v e r e  h e a v i l y  contaminated by t h h  
c h o c o l a t e  mousse f o r  a t  l e a s t  5 manths. 

It is d i f f i c u l t  t o  compare t h e  s u s p e c t e d  mor ta l i cy  v i t h  r h a t  o f  o t h e r  c r u d e  o i l  s p i l l s  b e  
cause of  t h e  l a c k  of  documenta t ion  of  s i m i l a r  h a b i t a t s .  However, d a t a  recorded  from un- 
s t a b l e  areas 6 months a f t e r  t h e  o i l  s p i l l  i n  t h e  Sanca Barbara Channel d i d  o a t  r e v e a l  any 
e f f e c t s  on t h e  b i o t a  f r w  t h e  o i l  s p i l l  (Trask,  1971, S t raughan ,  1973).  D i f f e r e n c e s  b e t v e e n  
t h e s e  two c r u d e  a i l  s p i l l s  i n c l u d e  chemical  composit ion of  o i l ,  p h y s i c a l  b e h a v i o r  o f  o i l .  
and t i n e  o f  exposure  t o  o i l .  Sandy beaches i n  t h e  Sanca Barbara Channel v e r e  no t  exposed t o  
prolonged dosages  o f  o i l  o f  t h e  magnitude recorded i n  t h e  S t r a i t s  of Uage l lan .  and t h e r e  are 
no r e c o r d s  of t h e  excens ive  t y p e  o f  mousse fo rmat ion  r h a t  occur red  i n  t h e  S t r a i t s  o f  
&.lagellan. 

The o n l y  o t h e r  l a r g e  s p i l l  o f  s i m i l a r  a i l  t o  t h e  Uetu la  s p i l l .  was t h a t  from t h e  Tor rey  
Canyon. Kuvait  c r u d e  o i l  v a s  s p i l l e d  i n  t h e  l a t t e r  case. (Warner, 1975) r e p o r t s  c h a t  t h e  
U e t u l a  o i l  is very s i m i l a r  t o  t h e  API s t a n d a r d  Kuvaic c r u d e  o i l .  I n  b o t h  c a s e s  t h e r e  was 
ext-ive mousse fo rmat ion .  b w e v e r ,  t h e  s h o r e s  of G r e a t  B r i t a i n  v e r e  s u b j e c t e d  t o  a r i g o r -  
ous  c leanup  program which i n c l u d e d  t h e  use of  decergencs c h a t  a r e  nov c o n s i d e r e d  t o o  t o x i c  
f a r  g e n e r a l  uoe. The a v a i l a b l e  b i o l o g i c a l  d a t a  r e p o r t s  mainly on comauni t i es  a s s o c i a t e d  
v i t h  more s t a b l e  rocky  s h o r e s  i n  B r i t a i n ,  r a t h e r  than  t h o s e  l e s s  s t a b l e  s u b s t r a t e s  found o n  
t h e  s o u t h  s h o r e s  o f  t h e  F i r s t  Narrows. 

It is i n t e r e s t i n g  t o  compare t h e  o i l  c o n t e n t  of sand examined a f t e r  t h e  T a r r e y  Cloyon w i t h  
c h a t  r e p o r t e d  h e r e i n .  For example, t h e  h i g h e s t  o i l  c o n t e n t  of sand r e p o r t e d  by (Smith. 
1968) was 112 from v e r y  h e a v i l y  p o l l u t e d  sand  a t  S e m e n  approximate ly  3 months a f t e r  t h e  
o i l  s p i l l .  T h i s  is c o n s i d e r a b l y  l o v e r  than  t h e  o i l  c o n t e n t  o f  t h e  mast p o l l u t e d  s i t e s  in 
January  1975 (302-402). T h i s  s u g g e s t s  a  l o v e r  l e v e l  o f  con tamina t ion  o f  B r i t i s h  t h a n  
Chi lean  s h o r e  l i n e s .  

Therefore.  in a d d i t i o n  t o  b e i n g  one o f  t h e  l a r g e s t  o i l  s p i l l s  t o  dace ,  t h e  p o l l u t e d  i n t e r -  
t i d a l  a r e a s  of C h i l i  have been s u b j e c t e d  t o  t h e  l o n g e s t  and h i g h e s t  dosage of t h i s  t y p e  
of  c rude  o i l .  As t h e  o i l  has b e e n  i n  a m u s s e  form it h a s  no t  d r i e d  ou t  t o  even form r e -  
c o l a n i z a b l e  e u b s t r a t e s  bu t  h a s  remained i n  a  s t i c k y  f o r .  which is nac a t  a l l  s i m i l a r  t o  
any normal i n t e r t i d a l  p h y s i c a l  h a b i t a t .  Exposure t o  t h e s e  p h y s i c a l  parameters  d o u b t l e s s l y  
had a s i g n i f i c a n e  influence on t h e  b i o t a  wi thout  even c o n s i d e r i n g  t h e  chemica l  t o x i c i t y  
o f  t h e  o i l .  
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ABSTRACT: The latest i n  a series of jmm Franco-American 
surveys of rhe Amoco Cadiz (233.000 IOU; March 17. 1978) 
sp i l l  site was conducred during May and Junc 1980. The 
purposes of this survey wcre to determine remaining surface oi l .  
bur ied oi led sediment, o i l  incorporarion i n  imersririal water, a n d  
recovery of arrached macraalgae. 

O i l  was found ro persisr pr imari ly as tar blorches and black 
sraining along exposed rocky shores and as o i l - c o n r a m i ~ r c d  
(indicated by surface sheen), intersririal warer i n  previously 
heavily oiled, sheltered t idal  flars. Lcss commonly, o i l  was 
present as asphalted sediment and oil-coated rocks i n  shellered 
embaymenrs. The cleaned marsh ar I l c  Grande remained sig- 
nificanrly damaged from the oil; however, both upper and lower 
marsh grasses showed some recovery. Ar a ~ t h c r  marsh. n o  
recovery occurred in unclcancd. heavily oiled areas. On shel- 
rered rocky shores, hcavily oiled algae showed rapid recoloni- 
:mion bg Fucus; however, Ascophyllum nodosumdominated 
areas showed less recovery. 

The Tanio o i l  spi l l  on March 7. 1980 ( 7 . m  r o w  lost) 
rmpacred 45 percent of the Amoco Cadizspil l sire and severely 
contplicaredfunher differenriation of A m o m  Cadiz o i l  i n  many 
areas. In  roral. 197 kilometers (h) of shoreline were impacted: 
45 km were heavily oiled. Nine weeks aftcr ini t ia l  impan. Tanio 
o i l  occurred as parches of heavy o i l  along shelrercdand uposed, 
rocky shores. Sand beaches and ridulflors were generally free of 
oi l .  Several hundred soldiers continued to pressurc spray disper- 
sums and warer ro clean up oiled areas. even i n  high wave 
energy and isolated lacalirics. 

L n t r o d u c t i o n  

The 2-year study o f  the Amoco Cadiz (233.000 tons of crude 
o i l  March 17. 1978) o i l  spill site in Brittany. France, presents an 
opportunity to understand the longer term impacts o f  spilled o i l  
on a variety o f  temperate shoreline types. The extent o f  shoreline 
ail ing. resulting from the offshnre breakup of the 27.000-dwt 

tankerToni0 during spring 1980. is also discussed because thc 
addition o f  this new oi l  along some of the same section o f  
Brittany coast may x m l y  complicate ongoing fate-and-effecu 
studies. 

Repom about lhcAmaoCadiz are numerous and encompass a 
wide variety of bidogical, chemical. and geomorphic topics. 
Hess (1978). Conan n aL(1978). Spooner (1978), and a forth- 
coming symposium poccedings cdiled by D'Ozouville and 
Conan (in press) p ram1 the most comprehensive summary o f  
impacts and effects. Papers particularly concerned wi th  the 
persistence o f  Amoco Cndiz oi l  are Atlas et al. (in press). Bcrni  
and D'Ozouvilleetd.(1980),Gundlach (1979). and Hayes et al. 
(1979). Detailed invatigation o f  the Tanio was undertaken b y  
Bern6 (1980). 

The climate of Brittany is temperate, moderated by the strong 
influence of its muit ime wtting. Low-pressure areas formed in 
the North Atlantic a s  responsible for generating strong, wester1 y 
winds and high seas. She shoreline is characterized as a low. 
lying. plateau-shielded coast having large protruding headlands 
dominated by igneous bedrock, large embaymenls associated 
with each headland, and smaller. less common, drowned r iver 
valleys (rias). Because o f  a 6- to 9-maer (m) tidal range, the 
bottom of each embayatcnl often becomes exposed during low 
tide. creating a very large surface area that could be oiled. This 
factor was paniculvfy impanant in the long-term persistence o f  
o i l  i n  sheltered tidal flats. Lastly, tidal currents, strongly pro- 
grading from west to east through the English Channcl, were 
extremely important in influencing the overall distribution o f  
shoreline oil. 

M e t h o d s  

Visits to the spill site l o  determine o i l  persistence wcre made 
during March. April. August, and November 1978: March and 
November 1979; a d  May 1980. A total o f  147 sites have been 
established since 2 days after the grounding (Figure I). T w o  
types ofstatmns werecrcalcd: ( I )  rapid survey sutions. at which 



mgure 1. Oi l  dklribulioo and a t n h  locations d n h g  initial impact o f  
Amwo Cndir oil (adapted from Berne and D ' h r i l k .  1979). 

surface and buried o i l  concentrations and obvious biological 
impact were qu~ck ly  assessed; and (2) detailed study stations, at 
which surface and subsurface o i l  content w e n  measured along a 
topographic beach profile and overall o i l  distribution was studied 
i n  detail. Numerous overfl ighu o f  the spill site added under- 
standing of init ial o i l  distribution patterns. During the Tanio 
study undertaken from March 20. to Apr i l  21. 1980. 56 new 
stations were added to yield a total o f  131 survey s i t a  i n  chis 
impact zone. Two aerial overflights aided i n  determining 
overall o i l  distribution, especially o n  offshore islands. Detailed 
analysis of algal growth, surface area covmge. and zonation 
were undertaken at four oil-impacted sites i n  Poruall during June 
1979 and June 1980. 

Results 

Overa l l  changes. Figures I and 2 show shoreline distribution 
of visible Amoco Cudiz o i l  during and one year after the spill 
Figure 3 shows the extent o f  oi l  spilled by Tanio. Changes i n  
surfdce oi l  coverage and concentration are tabulated i n  Table I 
As indicated. i t  was approximately 62.000 tons (or 26 percent) o f  
the total m o c o  Cudiz cargo that washed onshore during the first 
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J 
F w r e  2. Shoreline oil remaining one after Ammo Codiz wreck. Oii 
was found mm( commonly in more shel led embaymenu (adapted 
from Bemi and D'Orouville. 1979). 

few weeks after the grounding. Within 3 weeks. this content was 

reduced to I 5  percent of this (to less than 10.000 tons) primarilx 
by natural processes. By 1 year after the spill. natural processes 
had diminished further the extent of shoreline still showinF 
evidence o f  the spill. I t  was expected that by April 1980 (2  years 
after the spill), obvious shoreline oil ing would be very limited. 
but the occurrence of  Tanio greatly confused the issue. 

Persidenee ofAmoco Cadi.? oi l  on particularshoreline types. 
Because of the great complexity of the Brinany shoreline, init ial 
and followup observations are discussed in terms of specific 
shoreline typcs. These environments coincide with those discussed 
by Hayes et al. (1980) as pan of  an o i l  spill Environmental 
Sensitivity Index (ESI) which ranks shorelines in terms o f  ihc 
potential, long-term persistence of oil. The 2-year study of  the 
Amoco Cudiz site provides an opportunity lo reconfirm or modif? 
the index accordingly. The ESI is juxtaposed with observations 
from this study in Table 2. Environrnenu are discussed in order 
of increasing o i l  persistence. 

Exposed, rocky headlank. As first observed during the L'r- 
qrrioln spill, waves reflecting off steep, bedrock headlands kept 
floating oi l  from impacting !he shore (Gundlach et al.. 1979: 
Figure 4A). Very similar conditions existed during the Aftroc<, 

Crrdt spill. so that these areas generally re~w incd  frcc a l  011 

throuyhout Ihe spill (Figure dB). 
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Figure 3. Shoreline impact of Tmio  oil. Appmdmalcly 45 p r r m t  o f  
ws previously oiled by Amoco Cdu rere rroikd by Tanio. 
C.stclmeur and the tourist arcs calkd lhe  "rose coast" were most 
hewily oiled (adapted from Btrac, 1980). 

Emding, wave-cut platfarm. Unfonunately, most wave-cut 
platforms were dominated by surface coverage of boulders or 
sediment, so a clear case of o i l  on this shoreline type is not 
available from this study. Where typical. well-defined platforms 
are present. oil ing was not heavy, and high waves and difficulty o f  
access prevented investigation. 

Fine-grained sand beaches. Several typral. compact fine- 
grained sand beaches were present and heavily oiled i n  the study 
site (Figure 4C. D). Incoming waves rapidly removed most o f  the 

Table 1. Shoreline Pollution Rsul l ing From LbeAmoco C d r  and 
Tanio O i l  Spills (March 1978 (0 April 1980) 

Slale o f  shoreline oiling. 
Hcavy. light to Tons 

km moderalc. km oresent 

Amoco Cadir 
End of March 1978 72 0 62.000 
End of April 1978 175 155 10.000 
End 0 1  May 1978 109 I23 (a) 
November 1978 54 156 ta) 
March 1979 8 69 ( 2 )  

Tmio 
Apnl 1980 45 152 -- - -- 6.000 

h l k u l l  10 dnc mow h c x u x  nd r r r  t~nlnlr u m c m d  .long most u l  tk r h o r c l ~ .  

011: hurial was nlinor and l imlcd 1,) lcsr ~ h m  30  ccn~intctcr* ( c m ) .  

In areas where wave actlu~ty was I~m\ tcd.  mcchw,cal cleanup was 
necessary. Uy July 1978. only light and rcatlercd 011-sedlmenl 
layers werc cvidenl; I year Ialcr no of1 was visible. In  one 
mechanically cleaned area. subslanrial erosion wa? observed 2 
years d l e r  the sp~l l :  however. because of no long-~crrn monitoring 
studies, natural erosion cannol he separated from lhat induced by 
man. 

Caarn-grained rand beaches. Less than I percent of the 
Brinany spill sile can be characterizd as coarse-grained sand 
bcach. In  contrast lo the long. open sand beaches of  the United 
Sates (e.g.. Cape Cod and Long Island, the beaches in Br i t~any 
are small. semisheltered pocket beaches (Figure 4E). During the 
spill, extensive mechanical cleanup was used to remove heavy o i l  
deposits. N o  surface oil was visible by July 1978. but several 
dceply buried. oiled-sediment layen werc present. Because o i l  
first impacted the shoreline during an erosional phase of  the 
beach cycle (storm-induced), subsequent deposition o f  sand 
during calm weather caused burial o f  the oiUsand mixture. I n  
fact, 2 years later. since there was no intervening period o f  
similar erosion, o i l  still was found 84 cm deep at a coarse- 
grained sand bcach near the wreck site (Figure 4F). 
Mixed sand andgravel beaches. Models for this shoreline type 

were b a v d  on heavily-oiled, mixed sand and gravel beaches 
exposed to moderate-to-high wave energy at the Metufa site 
(Palagonia. Chile). Such exposed beaches a n  not common in 
Brittany where. for the most pan, they are located in fairly 
sheltered embaymenlr fronted by large tidal flats. O i l  impact o n  
these bcaches varied from light to moderate; there was little 
mechanical c l w u p .  Because o f  relatively low wave energy, the 
scanersd o i l  formed an asphalt pavement (Figure 5A. B). which 
was still present 2 yean after the spill. 

Gravellboulder beaches. This shoreline type comprises mod- 
erately sorted gravel, cobble, and boulder beacha. A t  least one 
good example o f  heavy o i l  impact on each was observed during 
the Amoco Cadiz spill. The historical sequence of o i l  persistence 
on a gravel beach is presented b y  study of  station AMC-16 (see 
Figure I for location). Initial o i l  impact on the area was very 
heavy and conccntrated along the upper beach face (Figure SC). 
As similar deposits from the Merula had turned to an asphalt 
pavement over time. cleaning of the area was attempted, not b y  
removal of oiled gravel. but by pushing i t  down the beach face 
into the active swash zone; this was somewhat effective. The 
quantity o f  remaining oi l  was reduced by November 1979. but 
since there were yet no major storms (generating high waves), o i l  
was present sti l l  along the lower beach face. B y  the time o f  the 
next site visit i n  May 1980. after a particularly stormy winter. no 
o i l  remained (Figure 5D). 

Station F-82 (south of the wreck site) is illustrative o f  the 
behavior o f  o i l  on exposed boulder beaches. The area was 
heavily impacted duiing Aph l  1978 (Figure SE) as a result o f  a 
wind shift at the beginning o f  the month. By November 1978. the 
extent of oi l ing was reduced substantially (Figure SF). A year 
later and after several severe winter storms, only scattered 
blotches o f  tar remained. Therefore, residence time for natural 
degradation of o i l  i n  this environment at the Amoco Cadiz site 
was limited l o  I to I .5 yean. 

Exposed ridolJ7afs. Tidal flats exposed to moderate- to high- 
wave energy are present in the following two forms in Brittany: 
( 1 )  as e~posed, low-tide terraces fronting fine-grained sand 
beaches: and ( 2 )  as wide (several kilometers) sand deposits 
located in de,w,\tlional embayments. O i l  had little impact on 



Figure 4. A. Aerial view o f o i l  (arrows) being held oCTshorc ofsteeply dipping, rocky rhoreline ( E S I  = I )  s t  Urquiolo spill site i n  Spain. 
8. C)ccurrencc ofthe same phenomenon south afAmoco Cadi2 wreck site. C. Cleanup oihcavily.oiled, line-grained rand beach (ESI = 
3) near wreck site; white dashes denote oiled area. D. Oi l  incorporation into bench illustruled in  4C. Oi l  was buried less than 30 cm: 
Penetration was limited to 3 cm. SlaRucross top o f  trench = 1.1 m. E. View o f  heavily ailed, coarse-grained sand beach near Porkal l .  
F. Trench showing almost I rn oi l  burial (arrow1 2 ).ears after the spill. 



Figure 5. A. View ofasphalted oi l  (dashed line) onshellered, mixed sand and gravel beach (ESI = 5) on July 19. 1978. El. Same area on 
May 14. 19.90; the extent o f  asphal t  was reduced. C. South view ofheavily-oiled gravel beach (ESI = 6)  at AhlC-I6 during Apri l  
1978; dashes denote heavy oiling. D. Same area (locking no r th )Bow ing  impinging wave action during November 1979; no oil  
remained. E. Heavily oiled boulder beach (ESI = 5) during in i t ia l  Anoco Cadiz impact. F. Same area on November 7, 1978. Mart  
spilled oi l  was removed rapidly by r ave  activity; dmher indicate remaining oil. 



Figure 6.A. Overvkw and closeup of recently ki l led mollusks at exposcd sand flat (ESI = 7) at St. Michel-en-GrCve. 6. Cleanup 
operations of St. MicheI.cn Grew. Usc o fo i l  mllcctino pi& may have incrcacd Lhe persistemeoroil i n  the flat's iatcrstitial waters. C 
and D. Views ofshcilcred rocky shore (ESI - 8) nt P o r h d l  on November 7. 1978 and June 1978 and 1980. M e r  oiling *ad cleanup. 
much of Lhe a l g n  was no longer pmml. By June 1980. many riles *ill showed incanplde ( e b n i u d o n  where Awophylkrm, mthout  
f ucu5, Was m n t .  E. and F. Vir of north st the sheltered rocky shore at Por tu l l  in July 1978 and November 1979 showing suhslantinl 
regrowth of algae (primarily Fucur) during in lcrvming year. 



Tsblc 2. kscrip(ioas o f o i l  Persiclcnct Ancr Arnao  Cdiz Oil Spills 

Sensitivity index valuc 
and shoreline type 

Commcne 
(Duntian of  pollution) 

Obscrrcd cleanup 

I .  Exposed m k y  headlands Composcdof bcdmk with high 
impinging wave xtivisy: waw 
reflection kept mart of the 
oil  offshorr: no c lunup was 
ntcded 
(day or vccw 
No good example o f  o i l  in&- 
action. 

Exporcd m aodcnbz-to-high 
waw energy; liWs pcmclmtion 
into the buFh k a u u  o f  com- 
plct sand; h m  b u d  l a y m  
commonly pmirlod in deposi- 
tional area . 
(monhs lo  I y u r )  

Difficult access; natunl proccrrcr 
sufficient. 

2. Emding wavcsut p ldorms 

3. Fine-grained rand beaches 

Usually difficult 
access. 

Easy access; 
can be cluncd mechanically: 
bwicd Isyen difficult to rcmovc 

4. Coarse-grained rand beaches Common b wmirhckrcd m u  
in B r i m y ;  ~IUIU pcnm- 

Easy acuss: rand mmoval may caurc teach 
emion; difficult to uw mcchanicnl 
mCMS. 

5. Mixcd sand md gravel 
bcachcr 

Found w i L b  romc r h c l f c d  
uur of Britunv. .n u p h l t  

Easy access; p n c n l l y  hard surface permined 
somc clunup o f  surface oil: 

pvcmsnr fan& in roA low 
energy urn d o 3  dqwsilion. 
( I  m 2 y ~ ;  more in sk l lc rcd  
-1 
Showcd npid ild k p  pcnura- 
tion o f  o i l  
(I to 2 y u n )  

high-prrssurc horing without 
sediment removal recommended 

6. Gnvc l  beache. Gencnlly easy accus; removal af xdimcnt not 
recomm&lcd; high-prarure spraying with 
mschaniul -waking o f  wdimcnt 
ioto surf zonc proved most effective. 

7. Exposed. compacted tidal 
f lau  (modcnfc to 
high b i o w s )  

Easy wscrs; campct flars cleaned easily mechanically: 
Imnchcz .J pan o f  c lunup may 
have c r u d  increased oiling 
o f  inrentitial warer (visible 
after 2 years). 

8 .  Sheltered n x k y  shores Access varier. but is ohen 
difficult: high-pressurc spraying 
rcmovcd algae and organisms 
as wcll as thc oil; low-prcssurc washing as lhc oil 
comes onshore may be less 
damaging biologically. 

pools of o i l  bsrwau c t ~  rocks 
ewntudly mrnd u, aspl~alt 

9. Sheltered tidal flaU Accesr difficult on soti flau: 
clunup very difficult and 
not usudly cffDztivc: 
huvy machinery mixed oi l  
inm h e  sediment. 

10. Marshes Acccrs varies: 
haw wuipment funher 

but ncscrsary in hcavily oilcd 
aMS. 



expobed low-tide terraces and rapidly pushed over the compact 
sand sudace. I n  contrast. when o i l  impacted the large tidal flat at 
St. Michel-en-Greve (with its extremely rich. low intertidal to 
subtidal population of various mollusks). almost the entire 
infaunal population was kil led (Figure 6A. B), due primarily to 
dispersed o i l  i n  the water column. Two years after the spill, no 
surface o i l  was visible at St. Michel-en-Greve or the adjacent 
beach; however. very light oi l  sheens were visible on the water 
surface i n  trenches i n  upper portions of  the tidal flat. As a result 
of these obsewations, the original index was modified to "raise" 
high biomass, exposed tidal flats from a five to a seven to 
consider potential biological effects. 

Shelleredrocky shores. This shoreline type is common in the 
many embayments of Brittany and hosts an extensive cover of 
fucoid algae. Pomall  (close to the wreck site) provides an 
example of o i l  impact. Much of the mid-to upper-tidal fucoid 
algae was heavily oiled and by late summer 1978 was scraped off 
o r  lost as part o f  cleanup activities (Figure 6C. D). I n  the same 
vicinity, floc'h and Dioris (1980) observed agradual attrition of 
attached plants aftcr oiling. especially at low and high t idal  
levels. B y  summer 1979, the extent o f  algal cover had increased 
substantially (Figure 6E. F); the feared suppression of reproduc- 
tive viabil ity was not long-lived (Topinka and Tucker. 1980). 
However the community stnrcture had altered from Ascophyllum 
 dos sum to Fucus dominance (as similarly observed after Torrey 
Canyon by Southward and Southward. 1978). Recolonization 
and growth of fucoid were aided by the presence of mature Fucu 
i n  the immediate vicinity. 

Unfonunately, not all areas recolonized. I n  AscophyNum- 
dominated sites (without nearby Fucus), a substantial portion o f  
rock surface remained denuded (Figure 6E). F u c u  propagates by 
releasing eggs i n  gelatinous masses which tend to adhere to rocks 
i n  the immediate vicinity. Without mature plants, Fucus coloni- 
zation is restricted; Ascophyllum w i l l  eventually cover these bare 
areas again, but the process is much slower. If rock scraping and 
plant removal arc undertaken as pan of cleanup. it is best to leave 
some mature plants to act as sources for rceolonization. 

Sheltered tidal-. Sheltered tidal flats are very common i n  
the spil l site area. Many were heavily oiled and consequently 
subjected to a large cleanup operation, utilizing much manpower 
and heavy machinery. Generally. the suface of  each flat was free 
of o i l  within several months after the spill; however. subsurface 
contamination was a long-term problem. A moderate-lo-heavy 
o i l  sheen (with o i l  droplets i n  some cases) was present on the 
water surface i n  trenches dug along upper portions o f  the tidal 
flat. usually within 50 to 100 m o f  the beach face. Samples of 
t idal flat sediments from station AMC-4 and Aber W'rach (100 
rn seaward o f  the high water line), taken from Apri l  1978 to July 
1979. had o i l  concentrations of  56 to 630 micrograms per gram 
dry weight (Atlas ct al., 1980). Although the polychaete 
Arcnicola was very common throughout the arca after o i l  
impacts. the continued elevation o f  petroleum hydrocarbon 
values undoubtedly affecs the infaunal community. 

Marshes. I n  contrast to the large estuarine marsh systems of 
the East Coast o f  the United States. Brittany has only small. 
isolated pockets of marsh grass. Two examples are as follows: 
( I )  a heavily oiled large marshltidal flat complex laated at I le 
Grande. which was subjecled to extensive cleanup activities; and 
(2) a much smaller. heavily oiled marsh fringe located at Station 
F-137, which was nor cleaned. The dominant plants at I le Grnnde 
were Juncus n~uririmes. Purcineli io moririwo. Trigiochin 
mrt1:mo. Hal inr ron~ porrucmdes, and Limonium Durtng the 

spill, about 7.OCQ tons of 011 wcre in thc arca. 3 to 5 c m  thick o. 
the niarsh surface. and up to 15 cm deep in smdl  pools (Figur 
7A. 0) .  A large clsmup opcratbun of both men and rnachiner 
began soon after otling Surfacc dnd pooled oi l  werc drained 
collected, and pumped up. Both high- and low-pressure sprayin) 
o f  marsh grasses were used also. By July 1978, lower mars1 
g a s e s  were dead: upper niarsh plants survived in some area 
(Figure 7C). The removal o f  soil-binding vegetation cause' 
channel walls to slump into the channel (Figure 7D). The uppe 
grasses werc improving by November. although the lowe 
grasses as yet showed no comeback. By May 1980, there w a  
slow regrowth of  the upper marsh and, finally, some appearance 
o f  new growth o f  the lower marsh grasses (Figure 7C). The area 
i n  general, obviously remained oiled. Light o i l  patches were or 
the marsh surface; channel sediments were highly contaminated 
and asphalt pavement was evident along the adjacent rock! 
shore. 

The marsh at station F-137 is also dominated b y  marst 
grasses. O i l  impact was limited to a 50 x I 5 0  m section. bein6 
heaviest (mostly I cm deep, with a few pools 5 to 10 c m  deep 
within a 10 x 50 m section. As indicated i n  photographs taker 
from Apri l  1978 to May 1980 (Figure 7E. F), there is nc 
evidence of recovery i n  m a s  where o i l  was heaviest. As at thc 
Mcrula site, no recovery o f  the heavily-oiled marsh was evident 2 
years after oiling. Thus, there is evidence that cleanup of very 
heavily oiled marshes is warranted, but i t  is also obvious thar 
cleanup should be well-controlled and carefully r e r ~ c w d ;  h c a q  
machinery and human access on the marsh surface should be 
limited. 

Shoreline impact of Tanw. The tanker Tanio broke up on 
March 7.  1980. some 60 k m  o f f  the Brittany coast. while 
carrying 26.000 tons o f  fuel from Germany to Italy (OSIR, 
1980). The foresection sank with about I l.5W tons. while the aft 
section was salvage with 7.500 tons. The rest was spilled in to  the 
English Channel. Most o f  the o i l  drifted onto the Brittany 
shoreline from March 9 to March 21. 1980. resulting in a 45 
percent overlap of  areas previously oiled by the Amoco Codiz 
(Figure 3). I n  total, o i l  impacted 197 km of shoreline; 45 km 
were heavily oiled. I n  contrast to the case of  the Ammoco Cad i i  
where only one-quaner o f  rhe total lost impacted the shoreline. 
most o f  the spilled Tanio o i l  came onshore. Offshore surveys by 
Cenee pour I'Exploitation des Oceans (CNEXO) and Station 
Biologique dc Roscoff found only trace quantities o f  o i l  in the 
water column o r  on the bonom (Bemt. 1980). The amount o f  o i l  
deposited onshore by Tanio was roughly one-tenth that of the 
Amoco Cadiz (6,000 versus 62.000 tons). 

Cleanup of Tanio o i l  began shortly after impact. Even more so 
than with Amoco Cadiz. Tanio o i l  impacted the "rose coast" 
tourin area of Brittany. Two months after init ial impact. the spill 
site still showed light-to-moderate oiling, particularly of rock) 
areas. Emphasjs of cleanup activities had switched f rom removal 
of major o i l  concentrations by skimmers and pumps to high- 
pressure hosing of oil-stained, rocky areas. Cleanup was not 
restricted to high tourism areas, but included sites well-removed 
from tourist traffic. Nor was i t  restricted to sheltered areas where 
cleanup by natural processes would be expected to take several 
years. I n  f x t .  many areas being cleaned in May were located 
along the exposed rocky coast where natural cleanup would be 
expected within I year. Clearly, as a cleanup policy that may (or 
may not) have applicability to the United States. the French 
system deserves murc ctudy from the technical and economic 
side. 



Figure 7. A. Aerhl view ofoilcd marrh a1 Ile Crnnde during initial i m p r l .  8. Ground view of heavy oiling nt n e  Gnnde duringinitisl 
impact: pool in foreground of phola is composed enlirely o f  oil. C. Surviving. lower marsh plane at Oc Crsnde, May 15, 1980. 0. 
"'WW of Same nrur as 76 on May 15, 1 9 w  bctter m v e r y  of  upper marsh gram (Juncur mzriiirnur) than a1 lower manh plan& v u  
observed. E and F. comparison ofslation F-137 on April 25. 1978 end May 14. 1980; white d p r k  indicate oiled area: mosl heavily 
oiled are= have not recovered. 
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The Fate of Amoco Cadiz Oil 

Er ich R .  Gundlach. Paul D. Boehm, Michel  Marchand. 

Ronald M. Atlas. David M. Ward. Douglas A. Wolfe 

On the evening of  16March 1978. after 
losing steerage in the western English 
Channel, the supertanker Amoco Codiz 
firmly grounded on rocks a few kilome- 
ters offshore o f  the small fishing village 
o f  Portsall. Brittany. France (Fig. I ) .  
O v t r  the next 2 weeks. the entire cargo 
(223.M)O metric tons) of  light Arabian 
and Iranian crude oils and a small 
amount of  bunker fuel C was lost to 
channel waters during extremely stormy 
weather and rough seas (I). In this man- 
ner. the Arnow Cadi: entered history as 
the largest tanker spill as yet to have 
occurred, being nearly twice the size o f  
the Torre? Cnfiyon spill, until then the 
largest. Because of  the enormous size of  
the spill and the close proximity of  sever- 
al renowned marine laboratories, the 
spill attracted great scientific attention 
from investigators in France. the United 
States. Canada. the United Kingdom, 
and several other countries. Key sum- 
mary volumes are included in the refer- 
ences (2-7). I n  this anicle. we attempt to 
synthesize the extensive data on the 
physical-chemical fate o f  the spilled oil 
during the next 3 years. This anicle is 
based primarily on data and discussions 
from a workshop held i n  South Carolina 
in September 1981 (61. To guide access 
to  the abundant international liter- 
ature on the biological impacts of  the 
spill, we also provide a brief overview 
o f  these effects, particularly as presented 
at the November 1979 IS) and October 
1981 (7) symposia held in Brest. France. 

One o f  the more scientifically interest- 
ing questions to be answered about a 
well-studied oil spill is. Where did the oil 

Erich R.  Gundlirch i, xnlor \cirnlt,i. Rc\elrrh 
Planning In,l~lulc. I n z .  925 C ~ r r r i r  Slrcct. Colum- 
hnr. Soulh Carultra XIII. P d  D. Bwhm s , c n w  
research 5cicnlirl. Energy Rcwurcrr Comp~n!. 
Carnbndgc. Marrachuxcm CllR (prccrnll) rl BPI- 
tcllc Laboralnnr$. Duthun. Mawchurcllr 02133 
M ~ h d  Marchand ir r & n h  rcirnli%l. Ccnlre 
Occnnolog~quc dc Brctry.. 3 2 7 3  Brc$f Ccdcr. 
Fnnce. Ronald M. Albs k proferror o( biology. 
Univerr~ly of Louirvillr. Louiwillc. Krolucky 
rO?Y?. Dwsd M. Ward ir aswcmr p r o h r o r  oi  
microbiology. Monlana Sins Vnwcnily. Boxman 
5Yl17. Douglas A. Wolfc is dirrc~or of ormnunzl 
programs. National Ocerrw and ~lrnordhcnc Ad- 
mini\trrlion. Omce of Orrams Arw~~nvnl Diririon. 
Rakvi l le .  Maryland 20XSZ. 

go? As described i n  several models 18). 
spilled oil can be degraded or dispersed 
by several processes, including dissolu- 
tion, biodegradation, emulsification. 
evaparation, photochemical oxidation. 
agglomeration and settling to the bottom. 
and shoreline stranding. The wide varie- 
ty of data collected at the Amoro Cadiz 
spill site provides the most complete 
field evidence to date that would allow 

As oil left the breached shlp. hiu 
waves quickly formed a stable water.u, 
oil emulsion ("mousse") containing 
to 70 percent water 110). The h~gh wart 
activity also rapidly distribuled 
throughout the nearshore water column 
Oil on the surface initially spread cap. 
ward as a result of storm winds and t i a  
currents until a wind sh~ft ? weeks at, 
the wreck caused a strong oil movemenl 
to the southwest. Approximately I S , &  
km' of  orshore uaaters showed some 
surface oiling during this period (Fig. 1, 
(11). 

Although the Arnoco Cadi: cargo coo. 
sisted of two different crude oils in addi. 
tion to its bunker fuel. authentic cargo 
samples could not be obtained from the 
ship prior to breakup because of rough 
seas. Analyses of surrogate Arabian and 
Iranian crudes indicated thai the oil! 
contained 45 to 62 percent saturaed hy- 

-- 

Summary. The Amoco Cadiz oil spill (223.000 metric lons) of March 1978 is the 
largest and best studied tanker spill in history. Of the total oil lost. 30,000 lons (13.5 
percent) rapidly became incorporated into the water column, 18.000 tons (8 percent) 
were deposited in subtidal sediments. 62.000 tons (28 percenl) washed into the 
intertidal zone. and 67.000 tons (30 percent) evaporated. While still at sea. approxi- 
mately 10.000 tons of oil were degraded microbiologically. After 3 years, the most 
obvious effects of the spill have passed, although hydrocarbon concentrations remain 
elevated in those estuaries and marshes that were initially most heavily oiled. 

one to determine the relative importance 
of major mass-balance pathways. 

The climate of  Brittany is temperate. 
moderated by the strong mfluence of its 
maritime setting. Low-pressure areas 
formed in the N o n h  Atlantic are respon- 
sible for generating strong westerly 
winds and high seas. The shoreline is 
characterized as a low-lying. bedrock- 
dominated coast with large protruding 
headlands, large embayments associated 
with each headland. and smaller. less 
common. fine-grained estuaries (abers). 
Offshore sediments are dominaled by 
coarse-grained calcareous sands and 
gravels, whereas nearshore bays gener- 
ally have finer grained sands and silts. 
Tides. strongly prograding from west to 
east. have a range o f  b to 9 m. which 
exposed a very large intertidal area l o  
incoming oil. The flora and fauna of the 
subtidal and intertidal zones o f  the Brit- 
tany coast are very rich and diJerse, and 
supporl very productive commercial 
fisheries. I n  1976. this region produced 
about 40 percent of  the total fishery 
products i n  France 19). Principal prod- 
ucts. in order of value. are finfish. crus- 
taceans. cultured oysters, other mol- 
lusks. and marine algae. 

drocarbons. 23 to 28 percent aromatic 
hydrocarbons. and 4 to 5 percent residu- 
al 110. 12) .  Analysis ofan authentic "ref- 
erence mousse" taken by helicopter ad- 
jacent to the ship revealed a composition 
more similar to that of  the Arabian crude 
139 percent saturates. 31 percent aroma- 
tics. 24 percent polar components. and 3 
percent residual) 1/31. The gas chromato- 
graphic (GC) profiles of the surrogate 
Arabian and Iranian cludes and cargo 
oils were similar for saturated hydrocar- 
bons. Only the relative percenwges of 
the saturates and aromatics appear to 
dilTer. with the lranian crude being richer 
in saturates. Additional chemical charac- 
teristics of  the oil are presented by Du- 
crcux 1/01 and Calder et al. 112). 

While oil was being rransporied in or 
on the surface of  the water column. its 
chemical composition was significantly 
altered. Evaporative losses caused a loss 
of  lower molecular weight aromatic and 
saturated compounds. while concurrent 
microbial degradation caused a depletion 
of  normal alkanes In-alkanes) relalive to 
branched alkanes and an increase i n  the 
polar content of the oil even before 
shoreline impact occurred. The general- 
ized sequence of  compositional changes 
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inF in the surface slick and in 
and tissues is presented 

glcd 
it F,fs. ? and 3. The rates of change at 

site depended on a variety o f  
P:ors including the extent of  original 
hC 

the mixing energy. and, in sedi- 
m,ni,, the oxidation state. 

7he saiurated fraction of the original 
oil had an n-alkane boiling range from n- 
CIo '0 n-Clo (Fig. 2A). n-Alkanes domi- 
Nile the CC trace. with branched al- 
kanes appearing as significant secondary 

between the n-alkane peaks. 
aromatic fraction is dominated by 

tvo-ringed aromatics (naphthalenes) 
,,,d. to a lesser extent, by the three- 
ringed phenanthrene and dibenzothio- 
,,hene (sulfur-containing aromatic) se- 
ries. Alkylated aromatics (that is. 
benzznes. naphthalenes. Ruorenes. 
phenanthrenes. and dibenzothiophenes) 
dominate over unsubstituted com- 
punds. as i s  the case for all crude oils. 
Since alkylated phenanthrenes and di- 
benzorhiophenes are more resistant to 
degradalive processes. they serve as a 
long-term chemical marker of  the oil. 

The first stages of  the weathering 
process involved the rapid depletion of  
lower molecular weight alkanes and sin- 
gle-ringed aromatics (benzenes) through 
evaporation and a general depletion of  n- 
alkanes relative to branched alkanes (for 
example, isoprenoids) through microbial 
degradation of unbranched alkanes. The 
ratio of n-alkanes in the n-C14 to n-Cls 
region to five selected isoprenoids in the 
same region of  the GC trace indicates the 
microbial degradation process (14). n- 
Alkanes are more readily degraded than 
the isoprenoids. This ratio was 4.0 in the 
original oil but decreased to less than 0.5 
as weathering proceeded. The resultant 
GC traces (Fig. 2. E D )  illusrrate these 
changes which began i n  the water col- 
umn and continued to occur (days to 
weeks) after oi l  deposition i n  all sedi- 
ments. I n  fact. initial changes i n  the 
relative concentrations of  hydrocarbons 
indicate that biodegradation was occur- 
ring as rapidly as evaporation in the high 
molecular weight carbon range ( I S ) .  To 
our knowledge. this represents the first 
documentation of a case where biodegra- 
dation contributed significantly to the 
early removal of  hydrocarbons from the 
environment. 

After the early changes in the relative 
proponions of  hydrocarbons. the iso- 
prenoid hydrocarbons became more 
prominent. although they too decreased 
in absolute concentration. An unre- 
solved complex mixture (UCM) in- 
creased in prominence. Naphthenic and 
naphtheno-aromatic compounds in the 
UCM were resistant to degradation. 
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Fig. I. Maximum distribution of surface slicks berwcen 17 March and 26 April 1978 (11) .  See 
Fig. 6 lor more delail of ihc spill-atTec~ed shoreline. 

whereas components below n-CI, were 
no longer present (Fig. 2. C and D). 

As weathering proceeded in sedi- 
ments. the pentacyclic triterpanes (C1, 
to CI cyclic alkanes = naphthenes), 
which are of  very minor importance dur- 
ing early weathering stages, increased in 
relative prominence because of their re- 
fractory nature (Fig. 2.  D and E) and 
became major molecular markers o f  
Arnoco Cadi: oil (10. 15. 16). As the 
triterpanes and steranes increased in rel- 
ative abundance. the isoprenoids were 
degraded and a secondary UCM (CZ5 to 
C,,) emerged. This UCM is presumably 
formed through microbial or chemical 
processes taking place mainly in the sed- 
iments. Figure ?E illustrates the saturat- 
ed hydrocarbon assemblage at the end of  
2 years' weathering. Beyond 1 year, the 
isoprenoids were degraded while the tri- 
terpanes and the bimodal UCM persisted 
as recognizable features through June 
1981. 

The general weathering process o f  the 
aromatic hydrocarbons from Arnoco Co- 
d;: can be separated into three stages. 
The first step (already described) in- 
volved the loss of  volatile and soluble 
compounds (Fig. 3. A and 0). Next. the 
two-ringed aromatics were removed 
through physical and oxidative process- 
es. The alkylated dibenzothiophene and 
phenanthrene compounds persisted 
through June 1981 as the major aromatic 
molecular markers, and the UCM was 
the most quantitatively important aspect 
of  the chromatogram. 

For comparison. background hydro- 
carbon assemblages from sediments of  
this region arc shown in Fig. 4. A and B. 

I n  general, background or nonspili hy- 
drocarbons are composed of combina- 
tions of  ( i )  biologically produced hydro- 
carbons from marine and terrestrial sys- 
tems. ( i i)  compounds produced by the 
high-temperature incomplete combus- 
tion and pyrolysis offossil fuels. and (i i i l  
other long-term sources of  oil contarni- 
nation (for example, sewage effluents). 
I n  the background distributions for this 
study, the saturated hydrocarbons are 
largely dominated by higher molecular 
weight, odd-chain n-alkanes of  a lerrige- 
nous plant source and a UCM of general 
long-term anthropogenic origin. Arorna- 
tics are dominated by three- l o  five- 
ringed polynuclear aromatic hydrocar- 
bons o f  a pyrolytic rather than petroleum 
origin. 

Oil in the Water Column 

Several French and British cruises 
were undertaken between March and 
September 1978 l o  characterize the dis- 
tribution and concentration of Atnoco 
Codiz oil in the water column ( 11-13, 17. 
18). Water samples were extracted and 
analyzed by standard ultraviolet Rubro- 
metric methods ( 1 9 ) .  Oil concentrations 
were found to range from 3 to 20 pp'liter 
in the offshore zone (49' to 49"30'Nl. 
from ? to 200 pg/liter i n  the nearshore 
zone (shoreline to 49"N). and from 30 tc 
500 pg/liter in Aber Wrac'h and Aber 
Benoit. These values are comparable tc 
those found at other surface spills [Eke 
fisk. 30 *d i rer  (20); ArgO Mercl~unr. 4% 
parts per billion (ppb) (21): Arru~t.. 4: 
ppb (22)j l ut are much lower than r h ~  



7000 pph ohserved a1 the subsurface During the first 3 weeks. -20.000 met- 
l r roc I blowout (23). BY mid-April 1978. ric tons of oil were incorporated into the 
concentrations in the o6shore region had water column; this estimate is based on 
decreased to background values (< 2 pgl average concentrations and four com- 
liter). I n  nearshore areas elevated values plete water changes (Table I). Indirect 
were obtained until mid-May, and until evidence (oxygen depletion) indicates 
September within the estuaries. that an additional 10.000 tons of  oil were 
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degraded by microorganisms (24). 
would raise the total oil content i I n'b water column l o  some 3 0 . m  to,, 
13.5 percent of the amount Spilled. C 

Oil  in Subtidal Sediments 

Oi l  was transponed to the sub* 
sediments o f  three regions: (i) offsho,c 
areas composed of  coarse.grained qL 
careous sediments and exposed to & 
current velocities. (ii) the more sheltered 
Bay of Lannion and Bay of Mo* 
composed o f  finer grained dim*, 
and (iii) the very sheltered estuaries a 
Aber Wrach'h and Abcr Benoit. which 
contain mostly silts and clays. A n  e x t a  
sive array of sampling techniques 
analytical work was famed out on the 
oiled sediments collected from these u. 
eas ( 2 4 ,  25). 

During the first month o f  the spill. 
- 18.000 tons of  oil were incorporated in 
subtidal sediments (Table 21. T h r p  
months later. hydrocarbon concentra. 
tions i n  these sediments were generally 
lower than the initial oil concentrations 
(17). although exact station comparisons 
were difficult. Detailed follow-up sur- 
veys (293 stations) i n  the Bay o f  Lannion 
and Bay o f  Morlaix revealed a decreare 
in oi l  content from 7600 to 1800 tons by 
July-August 1978. and to 800 tons by 
August 1979 (25).  By August 1980, m a t  
stations had little or no o i l  I< I 5  pans 
per million (ppm)]. although three sites 
still showed values over 100 ppm as 
measured by infrared spectroscopy. 
Cleansing was attributed to storm pro. 
cesses, although microbial activity was 
not measured. 

I n  conlrast to the case for offshorc 
sites that underwent a rapid sedimen~ 
cleansing. sheltered interior sites with 
line-grained sediments showed elevated 
oil concentrations (600 ppm) through 
June 1981 (Fig. 5). Oi l  persistence in 
subtidal sediments appears related t o  thc 
physical energy o f  the particular sile and 
the type o f  sediment. 

Fig. 2. Capillary gas chromnlogrdphic tGC, 
traces of compositional changes in saturdtcd 
hydrocdrbons of Amoco Cudi: oil repre. 
sentalive d generalized oil weaihcring pa!. 
terns in the oil slick. sediments. and lissuei 
110. 11 . . .37 refer to the number of carbon! 
in n-alkanes: Furn = famesane: Prir = pris. 
m e :  Phy = phytane: 1x0 = unidentified iw 
prenoid alkanes: 1380 and 1650 = other iso. 
prenoid hydrocarbons: H = hopanes: PCA 
= polycyclic aliphatics: UCM = unresolvec 
complex mixtures: IS  = inlcmal standm 
= androslane (in C. D. and El or cholestanc 
(in A): no inrernal svsndard in BJ (16). 11 dical. 
ed limes are only npprorimalc. 
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Table I .  Calculation 01 the total hydrocarbons incorporaled into the water column durmp Ihl 
fin1 3 w e k s  of the Amoco Cadi: milt. 

on the basis of  detailed measurements 
at 19 stations and ext rap-  tion the entire oiled zone dcrivcd 

wm ,dditional ground stations and aeri- 
it was estimated that 

rme 6!.00(, tons of oil came onshore 
during the first weeks of  the spill (26). 

,ever.  by the end of  April 1978. this 
MO qua,,uty had decreased to - 10.000 tons. 
Jlhough the extent o f  oiled shoreline 
irsrcased from an initial 72 km (Fig. 6 )  to 
over 320 km as large individual slicks 
bmke up and spread. After this initial 
  case, the extent o f  obviously oiled 
coast declined rapidly at first and then at , much slower rate as a result o f  the 
persistence o f  oil in very sheltered local- 

(Fig. 7). By November 1979. oil 
*malned along only 50 km of coast. This 
~ ~ ~ l y  decreasing trend pre~umably 
would have continued had not the tanker 
70,qin spilled some 7000 tons of  oil in 
uarch 1980 over roughly half the shore- 
line previously impacted by Anloco Cu- 
di: oil (27. 28). 

The most efficient shoreline-cleansing 
process resulted from wave and tidal 
stion. Cleanup operations. in which 
bousands of  workers panicipated until 
september 1978. removed approximate- 
ly 25.000 tons (4). Microbial activity was 
*sponsible for the degradation o f  o i l  
remaining after the cleanup. especially in 
sheltered areas (29). 

Several intertidal sites were chemical- 
ly monitored to determine oil degrdda- 
tion rates and products. Detailed GC 
analysis o f  hydrocarbons from fine- 
grained intenidal sediments (for exam- 
ple. I le Grande marsh and Aber Wrdc'hl 
confirm the compositional trends noted 
in Figs. 2 and 3 as well as the overall 
decrease i n  conccntration with time. By 
mid-1981. hydrocarbon conccntrations 
in intertidal sediments varied greatly. 
from near background levels as observed 
at sites in Aber Wrac'h to over 11.000 
ppm of highly weathered oil (beyond 
chemical recognition) at Ile Grande (16). 
Even the alkylated aromatic markers. 
evident through June 1980. were largely 
absent. having been depleted as a result 
of  combined weathering processes. 

The behavior o f  oil in the upper inter- 
tidal sediment o f  Aber Wrac'h contrast- 
ed strikingly with t h a ~  o f  adjacent lower 
intertidal-subtidal sediments. Whereas 
the upper intertidal sites were virtually 
clean by June 1981 (Fig. 5. stations 51 
and 61). high oil conccntrations still re- 
mained i n  the decperareas. probably due 
to the greater extent o f  oiling and thc 
anoxic conditions o f  the lower intertidal 
and subtidal regions. 

Deplh Average Stand- 
of Area 

conccntration 
Zone above back- ing Total 

mixing (km') ground' Of (ions 

(cm) oil* 
(uwltlerl (tons1 .. . - ~. - 

Mshore (49" to 4PM'N)  30 l.Wby30 I0 2.250 9.00 
Nearshore (shore to 49-N) 30 IMby30 20 2.700 10.80( 
Estuaries (Benoit and Wrac'hl 313 I2 by 0.3 120 120 11 

Total (3 weeks) 19.RI' 
.-- 

'See Ill. 12. 17. 181. tAmoun8 or oil st one given lime. tBared on four complclc w a r r  chanecr. 

Fig. 3. Capillary GC traces o~cornposi t io~l  changes in aromatic hydrc?rbons of Amoro r ~ d i  
oil represenrltive of generalized oil weathering patterns in the oil slick. sediments. and tissue 
IN = naphthalene: DBT = dibenzothiophenc: Phrn = phenanthrene: C,. C?. C,. C. indicat. 
the number olalkyl substitutions on aromatic molecules: UCM = unresolved complex mixlure 
15 = internal standard = dculcrated anlhracenel 1/61, Indicated limes are only spproximdtc. 

I?? 



In intenidal areas. concentrations de- 
creased with depth to roughly 20 cm, 
although fine-sectioning of the core indi- 
cated some variability in this trend. espe- 
cially among individual hydrocarbon 
components (Fig. 8). The physical move- 
ment of sand as pan of the natural ero- 
sional-depositional beach cycle (26). and 
pssibly the downward migration of oil 
influenced by tidal action (30). caused a 
much deeper bunal of oil (up to I m). In 
addition to variability with depth, the 

severe patchiness of the distributed oil. 
as well as the secondary input of Ammo 
Cadi: or Tanio oil. or both. at several 
stations (16). severely complicates the 
short-term interpretation of chemical 
concentration data. 

Although physical processes were the 
major cleansing mechanism at moderate- 
to high-energy beaches and cleanup was 
responsible for the superficial removal of 
oil at nearly aU heavily oiled locations. 
microbial activity played a principal role 

Fig. 4. Capillan GC traces of the typical background hydrocarbon distribution not influenced 
by Amoco Cadi: oil: (A1 saturated hydrocarbons (the abbreviations not listed are the same as in 
Figs. 2 and 3):  15 = internal standard = androstane: (81 aromatic hydrocarbons (161: PAH 
= polynuclear aromatic hydrocarbons. 

Fig. 5. Hydrocarbon 
wncenmtions in Aber 
Wnc'h sediments 
from March 1978 
through June 1981. 
Samples at stations I 
through 9 were IM- 
lyzed by infrared spec- 
v m ~ p y  (48): samples 
at stations 51 and 61 
lintmidal (1611 were 
analyzed by GC. 

A794 in degrading oil remaining In shel 
environments. On the basis of oil d> 

h dation rates measured with the use 
radiolabeled tracer hydrocarbons, 4 
estimated that microorganisms would 
capable of degrading some 0.5 k g  of 4 

ol per day per gram of sediment (291 
,' .a,. 

perimposing this rate over a 
age intenidal zone for the 320 k, 
shoreline that was oiled. we esti Q 

% that some 880 tons of oil could b,t 
k e n  degraded by March 1980, the & 
of additional oil inputs from the fay 
spill. 

Oil residing in subsurface sedim=% 
was more persistent. For exampk 
changes in aromatic hydrocarbons: 
which dominated the hydrocarbon a 
semblage in sediments, occurred m o ~  
slowly in deep muddy sediments than i, 
surface sandy sediments where mixinl 
energy is greater (31). Microbial hydr,, 
carbon biodegradation is often Consid 
ered an oxygen-dependent process I( 
that limited oxygenation might explaii 
slower biodegradation. However. evel 
under carefully controlled anaerobic lab 
oratory conditions with the use of muddl 
sediments. radiolabeled hydrocarbon: 
were still slowly oxidized (31). Althou@ 
there exists the potential for anaerobit 
biodegradation in these sediments. th, 
rates are probably 40 to 300 limes slowe 
than under aerobic conditions. 

Biological Effects 

The biological and ecological effects o 
the Amoco Cadi: spill have been studie~ 
extensively by researchers from France 
Canada. the United Kingdom, and tha 
United States (2-7). Selected observa 
tions are briefly reviewed here to direc 
readers to the appropriate literature. es 
pecially where more recent updates an 
available (6. 7). 

Three principal classes of biologicall: 
associated values are subject to impac 
from oil spills: (i) the commercial marke 
values of fisheries products may drol 
because of contamination or tainting: (ii 
the productivity of fisheries species ma! 
be altered directly through toxic. patho 
logical. physiological. or reproductiv~ 
effects. or indirectly through similar ef 
fects on other species required as fooc 
for the commercial specles; and (iiil non 
commercial species or communities o 
aesthetic value (for example. birds) ma) 
be impacted through the processes listec 
in (ii). Effects of the Amoco Cadi: spil 
were manifested through most of thc 
mechanisms listed above. 

In the initial few days of the spill 
monalities ofrocky bottom-dwelling fin 
fish species occurred near the wreck 



hut these species are little sought $'. 
and the impact was poorly quanti- 

Jlcr Experimental trawls conducted 
@ 1978 and 1979 in the Bay of  Mor- 
ynnc , and Bay of  Lannion su&cested a 

o f  several well-known finfish 
$8 
IFecies. but many had returned to nor- 

lnal 
densities by the end o f  

19p.. The most imponant impact on fin- 
fish probably was the reduction o f  flat- 
gr,, reproduction. especially in the Bay 

Lannion where young soles were ab- 
g,t in 1979 (32). Flatfish growth in Aber 
%noit and Aber Wrac'h was reduced 

1978. coincident with an increase 
in pathologies and fin ne- 
@ses (33). Although these disturbances 
have strong implications for the near- 
&ore fisheries population as a whole, i t  
isunlikely that changes in future catches 
*rill be attributable to the Amoro Cadi i  
will because ofthe high natural variabili- 
ty of the catch data. 

The catch of  edible crabs tCunrrr pa- 
p r l i s  and Lirhodrs main) in 1978 was 
lower than expected: however. by 1979, 

catches o f  these species as well as 
lobsters (Hornorris wl.carisl and rock 
lobsters (Palinrirus vrrlgaris) were nor- 
mal. The low percentage o f  egg-carrying 
female lobsters observed in 1978-1979 
could lead to reduced recruitment i n  
1982-1984 (32). 

In  the intenidal zone. the spill most 
severely affected the oyster mariculture 
industry located in Aber 'Wrac'h and 
Aber Benoit and the upper Bay o f  Mor- 
laix. Initial mortalities in the abers were 
20 to 50 percent o f  the total population. 
Those oysters not directly killed were so 
heavily contaminated b y  hydrocarbons 
that they could not be marketed: this 
resulted i n  the intentional destruction o f  
500 tons o f  oysters i n  1978. Contaminat- 
ed oysters transponed to  clean areas 
showed some depuration o f  biologically 

Fig. 6. Initial distrihu- 
lion (March-April I9781 
of Amom Codi: oil 
along thc shoreline 1281. 

Tablc 2.  Calculalion of A F w o  Cod;: oil depsitcd in rubl~dal scdirncnt~ k1O80n a \ r c ! t i c  
gnvit, for oil of 1.0 (r/Cm and a specific ~ a v i l y  for sedtrncnt of 1.5 p;'cml. 

~- -- 
Area Average 

concenlra- Depth Total 
tkm'l lcml ltonsl tion Inn-' . . a * , ,  - 

Nearshore I R M '  35t I O t  7.1 1 1  
Bay of Morlair and Bay of Lannion 321 2109 102 7.M7 
Aber Wrac'h 2.6 I . R R ~ - I ? . O I I  20 147) 1.919 
Abcr Bcnoit 2.1 74h-28.475' 20 147) 1.38 

-- . 
'75 percent of thr area considered lo he marrhore 111I: 25 pcrccnl considered to bc nonoded rocky area 
bawd on grab wmplmp. t70  ppm lnonpurificd extract1 I111 i s  halved lo account for petrolcum 
hydnxarbonr (purified extract) only 1461. tSamplcs laken by revcr r l  Iyper ai grab samplers. $Aver- 
l e e  of u n  ri les (11). IlTwo zones: : ,  km: x 1.8R7 ppm. an! 0.14 km. x I2.m ppm Ill). rThrce 
-5: 0.9 km' x 746 ppm. 1.12 km: x 3.021 ppm. and 0.04 km- r 28.475 ppm 111). 

assimilated residues [consistent with 
findings from the Tsesis spill (34) and 
numerous laboratory studies (3S)I. New 
oysters reintroduced into the abers i n  
January 1979 became strongly contam- 
inated (IS0 to 190 ppml except in a few 
areas where the oiled sediment had been 
removed and replaced (32). Effective re- 
stocking occurred in 1980. and oyster 
production in the aben had resumed by 
1981 (36). The situation was somewhat 
different i n  the upper Bay of  Morlaix. 
Few mortalities occurred in the original 
oyster stock. and by spring 1979 hydro- 
carbon concentrations in the oyners had 
decreased to  concentrations acceptable 
for marketing (32). 

Other mollusks commercially harvest- 
ed i n  the impact zone include scallops 
(Perten), cockles (Cerasroderma). mus- 
sels (M~t i lus) .  and several species o f  
venerid clams. Although the accumula- 
tion o f  hydrocarbons and dibenzothio- 
phcnes was documented in several spe- 
cies and histopathological anomalies 
were detected i n  some (3.3). no changes 
in overall productivity could be quanti- 
fied (9) .  

N o  significant effects o f  the Anloco 
Cadi: spill have been documented for 

the production of  kelp or other algae 
which are extensively harvested in Brit 
tany for fertilizer and silage, and for thi 
manufacture of  alginates. The growth o 
kelp (Laminaria) appeared impeded ii 

April 1978 but returned to normal forth, 
balance of 1978 and was apparently slim 
ulated in 1979 132). I n  Portsall Harbor 
where algae (primarily Fucus and Ascn 
plr.vllrirn) were physically removed iron 
rocks and breakwaters during cleanup 
reestablishment o f  a superficially abun 
dant community had occurred by 1980 
although the community structure ha1 
been altered (28). 

The intenidal marsh area behind 11' 
Grande was heavily oiled during the spil 
(see Fig. 6 for location). A n  extensiv 
manual and mechanical cleanup opera 
tion caused additional damage by tram 
pling and soil removal. I n  areas wher 
surficial oi l  was mopped 08 the mars, 
and picked up without disturbing surfac 
sediments. several marsh plants (mos 
notably. Holimionr. PucrineNia. an' 
I r m c i ~ )  i n  places survived the spill. B 
1979. limited repopulation had started 
especially by annual species (for exam 
ple. Salicornia) (37. 38). I n  areas whert 
surface sediments were removed. soi 
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Fig. 7. Extent of shorclinc oiling from March 1978 to April 1980 (261. 

Fig. 8. Depth profiles for hydrocarbon components from a representat~ve core taken at Ilc 
Grande in March 1979 IN = total naphthalene: P = total phcnanthrcnc: DBT = total diben- 
zothiophene; 202.228. and 252. indicate summatton of polynuclcar hydrocarbons (not attribut- 
able to Amoco Cadi:) of molecular weights 202. 228. and 2521 1/61. 

S ~ b l 1 d . l  s.dln.n~. 
r8.000 IOM earl 82.000 tons 1288)  

w.1.1 C O l ~ r n "  

30.000 Ion*  t I3.SCl 
Biodwrmd.6 

10.000 Ions (4.58) 

U " . C S O U " ~ . ~  l o r *  
~ v a o o r . t ~ o n  48.000 lonm tro.681 

sr.aoo lone ~ a o r i  

Fig. 9. Quantitative estimate ofAmoco Chdi: oil dispersal components for the first month ofthe 
spill. 

(DID 1970  1080 10a1 

Fig. 10. Sbnthcsir of data id iat ing the rehtivc pers~stcncc of Anrot.', Cud;: oil in various 
components. March I978 through Junc IWI. 

A-96 
nutrients were depleted and little 
natural succession has occurred. h% 
ever. planting aided by fenilirers Qb. 

been successful in these areas. es hrc 
r'=% ly for Halimione and P v r c i n ~ l l i ~  

38). & 
Intertidal and nearshore suhlidal . 

h vertebrate communities suffered hq, 
initial mortalities in 1978 with the n I 

e% complete disappearance of  some spe 
C'Q or groups i n  certain areas (for exam& 

Ampelircrts amphipods i n  the Bay 
Morlaix and Bay of  Lannion. and Tcfli,, 
fahula clams in the lower intertidal 
at St. Michel-en-Greve on the soutb 
shore o f  the Bay o f  Lannion). The* 
initial losses were followed by invasion, 
(or population explosions) ofopponuniu 
species such as polychaetes (Mediom,,. 
rus and Arenicola) and nematodes. e r k  
cially i n  1979 (37. 39. 40). Species rich 
ness increased slowly after the in",= 
impact. By 1980 or 1981. most specie! 
had reappeared and were undergoin$ 
typical seasonal fluctuations. The up 
stream ends o f  the abers showed th, 
slowest recovery (40). Microbial com 
munities involved in anaerobic decom 
position within sediments were not sig 
nificantly affected by Amoro Cadi: oil 
although evidence suggests that norma 
carbon and electron Row could be inhib 
ired by unweathered oil (31). 

The chemical program associated wit1 
these biological studies centered on de 
termining alteration products and hydro 
carbon concentrations within key s p  
cies. For the most pan, analyses of  fisl 
tissues revealed only sporadic direct evi 
dence o f  recent unaltered petroleum resi 
dues i n  spite o f  detectable histologica 
changes. thus indicating a probablt 
metabolic transformation o f  assimilater 
oi l  (15). However, residues were readil! 
apparent in oysters although the origina 
Amoco Cadiz oil composition was a1 
tered through selective uptake and depu 
ration processes. The most persisten 
chemical feature o f  oil-contaminate1 
oysters (until June 1980) was the domi 
nance of the alkylated phenanthrene anc 
dibenzothiophene compounds in the tis. 
sues (as in Fig. 38) ( IS.  41. 421. Tht 
concentrations o f  these aromatic com- 
pound classes were I to 20 ppm (corn. 
pared to a total hydrocarbon concentra- 
tion o f  400 to IOOO ppml. Concentration! 
generally decreased over the 3 year! 
with slight to moderate indications ol 
significant depurdtion. depending o r  
sampling location. The transplantation ot 
contaminated oysters to clean sedimen~ 
accelerated the depuration process but 
did not result i n  complere purging 01 
Antoc.o Cadi:-related aromatic hydro- 
carbons (residual concentrittions o f  40 to 
80 ppm) (42). 



,+le .estimate that during the first 

the 123.000 tons of oil spi l led b y  
Am,K,, Cndi: were dispersed as shown  

F,~. 9. The  amount incorporaled in the 
iP 
LalEr co lumn is greater than tha l  ob- 

@' 
ed at o ther  spdls (43) .  hut  l h i s  excess 

Crohahly due to  the very  high wave 

cne 
associated w i t h  the A m o r o  Cadiz 

wh ich  forced oil i n t o  the water  

column ove r  a large surface area. Evapo-  

*tion remains a major  unmeasured com- 
ponent; however ,  indirect  evidence from 
c o m P ~ ~ i t i o n a l  changes, as we l l  as sever- 

J lahoratOry studies (44). indicate a 20 t o  
K )  percent loss through evaporat ion.  W e  

Eonrider an  average of 30 percent a rea- 

sonable estimate. Photochemical  oxida- 

tive processes were probably insignif i- 

in Ihe high-energy Br i t tany  env i ron-  

ment. i n  dist inct  contrast t o  the  case for 
the I r ~ o t  I spi l l  (calm water and w a r m  

,limatel where they were impor tant  (45).  
Figure  10 presents a general ized 

,&erne of relative oil degradation w i t h i n  

the var ious spi l l  components. In i t ia l ly .  

oil in the water co lumn was replenished 

rapidly as oil was removed from the 

shoreline b y  wave act iv i ty.  Replacement 

slowed as oil leached our of the remain- 

ing oi led shorelines and b o t t o m  sedi- 

ments. T h e  l ighter f ract ions of i ncoming  

oil were probably degraded b y  microb ia l  

a c ~ i v i l y  and  evaporat ion.  T h e  high wave 

energy associated w i t h  the  B r i t t any  

coast appears t o  b e  v e r y  impor tant  in 
maintaining an  adequate supply of nutri- 
ents (oxygen. nitrogen. and phosphorus) 

and in redistr ibut ing the  oil as a f ine 

emulsion. T h e  high wave energy p rov id -  

ed op t ima l  condi t ions for high rates of 
biodegradation. Residual. nonbiodegrad- 
ahle components of the oil persisted as 

small t a r  bal ls or particles. 

Oil was transported to the boltom 
whi le surface slicks were  st i l l  extensive, 

bul add i t iona l  inputs occur red as oil was  

carr ied seaward 05 the beaches. panicu- 
lar ly 2 lo 6 weeks af ter  the ship's brcak- 

up (Fig. 10). T h e  cleansing rates of subti- 

dal  areas after oiling diflered. depending 
on sedimenl type and the physical  ener- 

gy  o f t h e  part icular site. Oil deposited in 
coarser grained local i l ies exposed t o  

swi f t l y  mov ing  currents was cleaned fair- 
I!. rapidly. However .  in sheltered areas 

having fine-grained sediments. microbio- 
logical ra ther  than physical  processes 

dominated so that the rate of degradat ion 

was much slower. In fine-grained Abcr 
Wrac'h, the  hydrocarbon content of the 

sediment remained elevated m o r e  rhan 3 
years after the  spill. 

Oil deposited on the shoreline was 

removed pr imar i ly  b y  wave ac t ion  and 
cleanup act iv i t ies on the short rerm (sev- 

eral months)  and  b y  m ~ c r o b i a l  depradr-  

lion on the long term.  However .  since 

rapid biodegradat ion is  restr icted to aer- 

obic surface sediments. oil remaining 

bur ied  in anaerobic layers may  persist 

for several m o r e  years. Chemica l  ev i -  

dence of the  A m o c o  Cadiz oil spi l l  re -  

mains  a t  the  upper  ends or Abe r  Wrac 'h  

and Aber Beno i t  and at  the in ter t ida l  

marsh a t  I l e  Grande.  Particularly at I l e  

Grande, patches of asphalt- l ike mater ia l  

can  st i l l  be found in upper intert idal  

rocky areas. Similar long-term oil per- 

sistence in low-energy  env i ronments  has 

been observed at the Wes t  Falmouth, 
Arrow, and  Mctula oil spi l ls  (46). Petro- 

l e u m  residues and the remnants of cer-  

t a i n  ecological  changes a t  the  A m o r o  

Cadiz si te are  expected t o  persist  for 
ove r  a decade, par t icu lar ly  where  oil i s  

buried in anaerobic zones be low  the sur- 

face. 
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ABSTRACT. Detailed obwrvations, mapping and sampling were conducted following an experimenul spill of I5 m' of crude oil adjacent tq Ihc coast at 
ace Han. Baffin bland. N.W.T. The beach could nor retain all ofthe oil [hat reached the shoreline. and as a result. one-third of the soilled oil was 
movered in cleanup activities on the warn, approximarely one-third was lost to the atmosphere and to the ocean and one-third remained s k n d c d  on [he 
intertidal zone. The s u a d c d  oil was subject t o n a d  cleaning p m e s s e s d u ~ g  appmximarely 6 months ofopen-water xriods from 1981 to 1983. Over 
i i s  period the surface a m  of oil c o v a  was reduced by appmx~iiatcly half. wtKrc& esumatcaindicate that 80% ofthe &I initially spanded (5.3 m') was 
removed. This narunl removal of s m d e d  oil a d  in a very shellPed environment. The reduction of the surface area and of the volume of oil 
resulted primarily from rhe physual pmcuses ruaiared with wave activity and gmund-watcr leaching. By 1983 an asphalt pavement had developed m 
Ihc upper i n t e n i d  zone on rhe beach-face slope. T a d  hydrccvbon concenmtions of samples collezted fmm the asphalt pavement indicated a 
s ign i f ic~ l  in- in oil-in-sediment vducs in h i s  mne m concenmtim in the order of 2.5%. Oil removed from the beich w& m p a n e d  into the 
adjacent neushore bonorn d i m e n & .  where oil concenmtionr increased sixfold knveen 1981 and 1983. Physio-chcmical weatheMg ntcs we= 
relatively npid immediately following the d e r u  of the oil, as Ihe lower molrmlar weight (C, m C,.) hydralrbons evaponted. Subsequent 
physi&he& changes were hacrog~n~ous :  wurheriog and biodegdaion propSSing sloi'ly where oil-in-Gdiment concen&tions exceeded. 1%. 
The primuy conclusion from rhc inveuigatiaru undertaken m dare is Ihu oil is removed in subsuntial quantities fmm the inlenidal zone e w n  in such a 
~helkrcd. low-energy arctic environment. Similar changes should also be expected fmm compurble &vimnmsm in lower Iatiiudes. 

Key words: oil spill. n a n d  oil wearhcring, asphalt pavement, beached oil 

&Uhlf. On a effecnrCdu obumt ionr .  des vriwrd'khantillons el derrelcvts dCdll& i la suite d'undtverwment exdrimental de I5 m' de d m l e  
brut, i pmx~mitd de Iacdtc ducap Han i I'lle B ~ ( T .  N - 0 . ) .  L plagen'a pas pu re tcwtou  Ie + w l e  qui a acum le &av. et il a fdlu en enlever un 
uen de la sudace de I'eau lond'optruiomde oenoyage. Un a u m  uen eawona  ttt tlbnut par Cvaporuionn pardisso~uuon dans I'ocCan. el .e demier 
lien u t  resu & h o e  sur la Iaisse. Ce DCtmle khcd a t l t  sournis i d a  smcasus de nenovanc n a d s  andant  ies DCriodes d'eau libre toulisant envimn 
6 mois e n m  1981 et 1983. Pendant ;ene *ode. la surface couvenebc pCmle a dimi~uiuCenvimn d; maitid. econ a t i k  qu'environ~80% du volume 
original du &role khouC (5.3 m') a C l i  Climin-5. Cene Climinalion naNrelle du d w l e  khouC s 'u r  vmduite dans un e n v l m ~ e m e n t  ~s abritd. La 
d i ~ n u t i o n  he la surface conlami& a du volume de p t m l e  C d t  due princip~emcnt aux pnxess& physiques rclits i I'action des vaguer et m 
ruiuellemenr dc I'eau sur ie sol. Une plaque d'rrphake s ' t d t  fonnke. avmt 1983, dam la zone sup6riew. de la Iaisu. sur la pa& inclink de la plage. 
Dcs khanullons prtlevts dans la plaque d'asphalte avaient des concenmtions totales d'hydmcarbures qui indiquaicnt une augmenurion significative de 
laquantitt de pivole dyls les d d i m t s  de cent zone. jusqu'ides concenmtions de I'ordrcde Z B 5 1 .  Lc pCwle enlcve de la plage etait panspant dlns 
Its sCdiments du fond & la m a  pris du rivape, ou les conccnmtioru en d m l e  ont ttd mult i~l icn DX six e n m  1981 el 1983. L d t d a u o n  
physio-chmique h i t  relat ivcme&pidcjusuip~ ledtwnement de p iml i .  pendant ~ ' t v a ~ o r a u ~ n d e s  hydrocarburesdc faible poids moltc;lak ( C ,  
i C,.). Lcs changemenu physicshimiques subsiqucnlr tllicnt hWmgtnes. la dtandation el la bio-dkomposition prom'crsant lcntemcnt IP ou les 
concenmtions d e - p ~ m k  d& les s t d i k n r s  dtp&nt 1%. L corrlision pnncipalc des &u&s enmpri& j u s q u ' i b r t x a  est que, mdme dans un 
cnvi ro~ement  arctiquc i faible Cnergic russi abiitt. le pCmle est C l i d  de la laisu en quanutts impamtes .  On s'anend a une Cvolurion wmbiable 
dans dcs c n v i m ~ e m e n t s  simts & d u  h d d a  plus basus. 

Mots clts: dtvusement de pitrole, dtgndation uaturcllc du p tmle ,  plaque d'asphaltc, pCmle k h o u t  

Traduit paw le journal par Ntsida Loys.  

The Baffin Island Oil Spill (BIOS) Project involved a series of 
related studies that investigated the fate and effects of untreated 
and treated oil spills in a nodern  marine environment. Sergy 
and Blackail (1987) provide an overall summary of rationale. 
design and results. One component of this multidisciplinary 
experiment had as its objective the shon- and long-term moni- 
toring of a nearshore release of 15 m b f  aged Lagomedio crude 
oil allowed to drift ashore onto an adjacent gravel beach. The 
fate of the oil, in terms of concentrations and composition 
changes, was monitored in four major environmental 
components: the water column (Humphrey er al.. 1987b), the 
intertidal beach sediments (this paper), Ihc subtidal sediments 
h e h m  er a[.. 1987) and the tissue of selected benthic inverte- 
bntes (Humphrey et al. .  1987a). Biodegradation of oil was 
monitored in the intertidal and subtidal sediments (Eimhjellen 
and Josefson, 1984; Bunch and Canier, 1984). As part of the 
shoreline studies, the distribution of surface oil was mapped and 

the beach sediments wen sampled and analyzed for hydrocar- 
bon concentrations and composition at intervals following the 
release of the oil. This data set was used to determine quantim- 
tive changes in the distribution of suanded oil and in the budget 
of oil on the shore. The objectives of this paper arc to present a 
time-series set of results from the shoreline component of the 
experiment that (1) demonstrate the character of the chemical 
and physical changes in the stranded oil, (2) describe changes in 
the intertidal oil distribution and (3) estimate the changes in the 
volume of stranded oil. Additional data on related aspects of the 
shoreline phase of the BIOS Project are given by Owens and 
Robson (1987) and Owens er al. (1987~). 

Previous studies have provided information on various aspects 
of the persistence and fate of s m d e d  oil. The distribution of 011 
on the shoreline and natural self-cleaning have been described in 
detail following the Arrow spill (Owens. 1971; Owens and 
Rashid. 1976; Thomas, 1977), the Amoco Cadi: spill (Hayes er 
01.. 1979). the Merula spill (Blount, 1978; Gundlach er 01.. 
1982) and the lXTOC blowout (Gundlach et al., 1981). Based 
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in part on these field investigations, the processes that control 
the persistence of stranded oil in terms of the oil cover and of oil 
volumes have been discussed by numerous authors (e-g.. Fusey 
and Oudot, 1984: Gundlach and Hayes, 1978; Gundlach eral., 
1985; Gundlach and Reed. 1986; Nummedal, 1979; Owens, 
1978.1985; Reed eral., 1986; Tsoukeral., 1985; Vandermeulen 
and Gordon. 1976; Vandermeulen, 1977. 1982). Analytical 
data on stranded oil weathering have been presented by Boehm 
er al. (1981). Calder er al. (1978). Calder and Boehm (1981). 
Cretney et a[. (1978), Keizer er al. (1978). Rashid (1974) and 
Vandermeulen er al. (1977). These field studies and analyses of 
spilled oil have been in response to shoreline contamination 
following spill incidents. Ln the shoreline phase of the BIOS 
Roject it was possible to collect data and samples on a pre- 
planned design over a period of years from a small area of 
shoreline ( 10 000 m3.  The project has produced a time- 
series data set that considers the fate and weathering of stranded 
oil in greater detail than had becn possible in previous studies. 

The results presented in this paper an based upon a reinter- 
pretation of the entin data set from the 1981 through 1983 field 
activities funded by the BIOS Roject. This reinterpretation has 
resulted in an updating of the derived data sets presented in the 
BIOS Working Repons (Owens n a!., 1982, 1983; Owens, 
1984a). The oil budgets and the surface oil distribution results 
and interpretations presented here represent a more accurate and 
thorough analysis than was possible in earlier unpublished 
documents. Subsequent data collected in 1985 as a follow-on 
study have been presented elsewhere (Owens, 1987; Owens 
er 01.. 1986a.b. 1987a.b). 

PHYSICAL SETnNG 

The location of the experiment, designated as Bay 1 I. is on 
the eastern shore of Ragged Channel, adjacent to Cape Han, on 
northern Baffin Island (Fig. 1). This site is a fiord coast and the 
fetch within the Ragged Channel fiord is less than 10 km. The 
beach is sheltered from the nonh and open to waves through a 
60" arc between southwest and west-northwest. The open-water 
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f l ~ .  I .  h a t i o n  of Bay I I  in Ragged Channel. Baffin Island. N.W.T. (water 
depths uc shown In fathoms). 

season in this area is on the average 65 days each year, but rnav 
vary from as little as 35 days up to a maximum of 90 dam 
(Dickins. 1987). No long-term wind data for the region art 
available but observations indicate that the prevailing 
during the open-water season (July through October) arc froq 
the northwest quadrant (Meeres. 1987). This shoreline is sub: 
ject to refracted waves from the northwest. 

The tidal range at the study site varies between 1.0 m at n e a  
tides and 2.0 m at spring tides. The tides are semi-diurnal 
unequal in height, and the tidal range at the time of 
experimental spill was 1.9 m (Buckley er al., 1987). 

The limits of the Bay 11 beach are set by two be&L 
outcrops 400 m apart that shelve steeply (459 into the  water^ 
The width of the intertidal zone of the beach varies throughouC 
the bay and is greatest in the cenaal part, with a maximum width 
of approximately 50 m. The lower intenidal zone is character4 
u e d  by a low ridge that has the features of an ice-formd 
incipient boulder barricade. This ridge is composed predomi 
nantly of gravel- and cobble-sued sediments. The ridge gives 
way landward to a wide trough of silt and sand-sized sediments 
that is a pathway for freshwater sueams to cross the beach from. 
the backshore. Landward, the mugh gives way to a beach-face 
slope of sand and gravel material, which terminates just above 
the mean high-water mark in the form of low pebblekobble 
berms. The beach is subject to change by the redistribution of 
sediments by wave and ice action. Water within the sediments 
would be affected by the normal freeze and thaw processeC 
associated with the movement of the frost table in the intertiaal 
zone (Owens and Harper, 1977). 

U(PWUMEt4TAL DESIGN AND METHODS 

Oil Release 

On 19 August 1981, approximately 15 m3 of Lagomedio 
crude oil, which had been weathered artificially (8% loss by 
weight), was discharged onto the water surface adjacent to the 
shoreline of Bay 11 (Dickins et al., 1987). The period of 
discharge (15:40-21:40 h) coincided with the ebbing tide. The 
oil slick was carried to the shoreline by a prevailing onshore 
breeze and was contained within a boom attached to the nonh 
and south ends of the bay (see Fig. 3a). At the end of the 
discharge period (which was low tide), operations commenced 
to remove oil that had not snanded on the beach from the water 
surface by skimming and sorbanu. Removal of oil from the 
water surface continued from the evening of 19 August to 16:m 
on 21 August, when it was decided there was insufficicnl 
refloating of oil from the shoreline to continue operations. Four 
complete tidal cycles had elapsed by this time. A total of 
approximately 5.5 d ofoil wasrecovered. The booms were lefi 
in place for several weeks thereafter to contain sheening and 
distribution of minor quantities of refloated oil. 

Intertidal Oil Cover Surveys 

The ~nrcnidal surface dismbution of 011 was mapped by a 
series of surveys conducted in 1981, 1982 and 1983. Each 
survey involved visual observations of the percentage of oil 
cover at a 2 m interval along 19 cross-beach profiles set 20 m 
apart, perpendicular to the low-water line. A single observation 
estimated the surface oil cover, to the nearest 5%. over an area 
of approximately 40 m'. The observations made in 1983 used a 
sllghtly different t~chnique, pacing ramer than tapmg, but the 
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c,,mparison of these d m  with those from the previous years is 
,c~enheless valid. Cross-checkin; by two independent observ- 
e r ~  in 1983 estabIi>hed the repeatability of the mapping tech- 
"ique to be on the ordtr oi  ~ 5 %  (Owens. 1984b). These visual 
observations were used to calculate the Equivalent Area of 
100% Oil Cover (IOOQEA). For example: 9 observations 
(equal to an ar:a of 360 m') of a 10% oil cover yield a lW%EA 
value of 36 m-, and 5 observations of 80% cover would give a 
value of 160 mZ. The 1007iE.4 value for each complete data set 
is obtained by summation of the 21 individually calculated 
values. To simplify the presentation of the oil distribution data 
the observations have been grouped into four categories: light 
cover, 0.1-248; light to moderate cover, 2549%; moderate to 
heavy cover. 50-746; and heavy cover, 75-1006. 

In addition to these systematic surveys, visual estimates were 
made on each occasion from a helicopter flying at approxi- 
mately I00 m elevation and from a rock outcrop at the northern 
end of the study beach. approximately 5 m above the high-water 
mark (Owens, 1984b). 

Sediment Sampling and Ciremisrry Analyses 

Sediment samples up to 2.4 1 in size were collected from the 
surface (top 2 cm) and the subsurface (5-10 cm depth) of the 
intertidal beach. Samples were taken on three occasions in 198 1 
(one day, one week and three weeks afterthe release) and on one 
occasion in each of the 1981 and 1983 field surveys. A surface 
and a subsurface sample were collected along each of three 
beach profiles in 1981 and four profiles in 1982 and 1983 from 
the lower. middle and upper third of the intertidal zone (Owens 
er a l . .  1982. 1983: Owens. 1984a). This sample set was 
intended to provide data on changes in the totzil hydrocarbon 
(1-h) content of the sediments through time. In 1983 additional 
samples were collected to provide data on specific features. in 
paniculv the asphalt pavement that had formed by that rime. 

The total hydrocarbon analysis by infra-red specuophotome- 
by consisted of a solvent extraction, using Freon 113. followed 
by measurement of a CHI absorption at 2850 cm". The detec- 
tion limit was 30 mg.kg-l, with a precision at low concenm- 
tions of 10 mg.kg-' and of 1% at high concenuations. Sampling 
accuracy, the validity of the analytical resultsand the interpreta- 
tion of the data are discussed by Humphrey (1984) and by 
Owens and Robson (1987). 

Exuaction, fractionation and analysis of the samples were 
based on the method of Brown er a l .  (1979). Gas chromato-m- 
phy with flame ionization detection (GUFID) was used to 
quantify the n-alkanes and isoprenoids. whereas selected parent 
and alkylated benzenes and poiynuclear aromarics were quanti- 
fied by gas chromatography with mass spectrometry (GCIMS). 
Three diagnostic ratios were used to describe weathering (Table 
I). Biodegradation is indicated by the Alkane-Isopnnoid Ratio 
(ALWISO), which approaches 0 as the n-alkanes are preferen- 
tially depleted. Evaporative weathering is indicated by the 
Saturated Hydrocarbon Weathering Ratio (SHWR), which 
approaches 1.0 as low-boiling-point satunted hydrocarbons 
(n-C,, to n-C17) are lost by evaporation. The Aromatic Weath- 
ering Ratio (AWR) approaches 1.0 as low-boiling-point aro- 
matics are lost by evaporation and/or dissolution (Boehm er 01.. 
1987). 

Oil Budxer Compurarions 

Two methods were developd to calculate the volume of 
surface oil on the beach. The first is based on changes in the 

TABLE I .  Petroleum weathering ratios 

la )  The Bicdcgradation Rauo lAlkmc!Isoprenoidl 

lb) Thc Sawrated H y d r o c h n  Wcathennl Ratio (SHWRI 

sum of n-alkanes from n-C,,, to n-CU 
SWHR = 

sum of n-alkanes from n-C,, lo n-CU 

(c) The Ammiic Wealhering Ratio ( A m )  

Akvl  kruenes + na~hthalencs + fluorenes + 
AWR = . phenmthrcnes dibenzorhiophenes 

Total phenanrhrrnes + diknzothiophenes 

distribution of the surface oil cover, whereas the second involves 
use of the total hydrocarbon data and the total oiled area. 

The fmt, and more simplistic. approach uses the initial 
volume of stranded oil and relates this to changes in the 
IW%EA value. A change in the 100%EA value from one dara 
set to the next is considered to reflect a change in the volume of 
surface oil (top 2 cm) on the beach. Thus, if the lW%EA value 
is reduced by half between two surveys. the volume of surface 
oil is assumed also to have halved over that same interval. 

The second ("volume") method integrates the total hydro- 
cJrbon concenuations with the oil dismbuuon data. The total 
area of the oiled beach. 8570 m' in August 1981, is multiplied 
by the sample depth o f 2  cm to give a volume of the oiled beach 
surface at the time of 171.4 m3. The weight of the surface beach 
material. to 2 cm depth, is a product of the volume times the 
assumed density of the beachsediments (1.6): 274 metric tonnes 
or 274 000 kg. As the mean oil concenmtion is 17 400 mg.kg" 
on 19 August 1981. and as there are 274 000 kg of sediment. 
multiplication gives 4772 kg of oil on the beach on that date. 
Using a density of 890 kg.m" for the oil. this converts to a 
volume of5.3 m' ofoil on the beach surface on 19August 198 1 .  

RESULTS AND OBSERVATIONS 

Disrriburion of Oi l  on rhe Shore 

Light southerly winds prevailed during the initial oiling 
period and resulted in heaviest loading levels on the nonheast 
portion of the Bay 1 I shoreline. Visually observed concenm- 
tions were highest along the high-water mark and on the ridge 
near the low water. The upper oil limit was visible as a distinct 
line, indicating that oiling occurred under very calm conditions. 
Observations showed that the oiling of beach sediments was 
variable and patchy and was most uneven along the southern 
pan of the shoreline. where oiling was also the lightest. After a 
period of three days. oil apparently came in direct contact with 
mineral material and was much more resistant to refloating. 
Initially oiled rocks could be placed in a small smam at the site 
and cleaned within 10-15 min. but a few days later the same test 
resulted in very little oil being removed (D. MacKay, pen. 
comm. 1984). This was consistent with the observations of 
others that by the third day only minor quantities of oil uerc 
being refloatedoffshore by tidal action (G. Sergy. pers. comm. 
1984) and is similar to events reported at the Amoco Cadi: 
incident (Hayes era[.. 1979). 

On the evening of 25 August 1981, prior to the first oil 
distributim survey, a higher tide causrd oiling above ine 
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It,,ious upper oiling limit. It is significant that very little oil 
redistributed, the initial oiling line remained distinct and oil 

,ov,"ngs in the newly oiled areas were less than 10%. Temper- 
atures were low during the high tide; frazil ice formed near the 

line and may have contributed to the lack of free oil 
&lable for contaminating previously unoiled areas. The obser- 
,,,ion is significant as this indicates that within one week much 
of be oil had been stabilized. 

Systematic visual observations of the distribution of surface 
,il along staked profile lines on the Bay I I beach were made 

the three-year period (1981-83) to provide: (1) detailed 
iafonnation on the spatial variability of oil cwer  and (2) input to 
b e  development of oil budget estimates. The fmt  mapping 
, w e y  was conducted on 26 August 1981, seven days after the 

of oil (Fig. 2a). Heavy surface oil coverings are apparent 
in two sections of the intenidal zone. The fmt  section is the 
upper one-third of the intenidal zone, near the high-water lie. 
and the second i s a  gravel ridge on the low-tide terrace in the 
lower one-third of the intenidal zone. These two sections q 
separated by a comparatively oil-free area (Fig. 3a), which is 
composed of fine sediments (silt and sand) and is affected by 
surface run-off from the adjacent tundra backshore. Some oil 
was visible on the sediments below the mean low-water level. 
having been deposited there during lower low tides that had 
occurred after the oil release. 

Comparison of the 1981 and 1982 maps (Figs. 2a and 2c) 
indicates that significant reductions in rhe surface oil distribu- 
tion had occumd, although the total arca of oil cover increased 
(Table 2) due to redistribution above the line previously teached 
by oil. ?he areas of fine sediment and those affected by surface 
run-off showed the greatest reduction in oil cover, whereas 
areas of coarse sediment, panicularly in the upper half of the 
intenidal zone, showed the least change. 

Although the areas of oil concenaation were reduced signifi- 
cantly between 1982 and 1983 (Figs. 2c and 3c). the gross 
changes were similar to previous years in that a broad area of 
comparatively clean sediments was present in the mid-intemdal 
zone and areas of heavy oil cover were located in association 
with come sediments in the upper and lower sections of the 
intenidal zone. A major element of the 1983 oil distribution was 
an asphalt pavement that had formed on the beach face of the 
upper intenidal zone (Fig. 4) subsequent to the 1982 s w e y  and 
observations. The pavement accounud for half (325 m3 of the 
total area with a heavy oil cover (75-100%) in 1983 (615 m2). 

The tocat area of oiled shoreline and the mapped areas 
associated with each of the four oil-cover classes for each of the 
three surveys are listed in Table 2. The mosr sipficant features 
of this data set are: (1) the noticeable dccmsc in the total area of 
Surface oil between 1981 and 1983 (only 45% of the originally 
oiled area rerained an oil cover), and (2) the large decrease in the 
moderate-to-heavy and the heavy oil cover categories. 

The oil disaibution data can also be used to provide estimates 
of changes in the oil budget of the beach after three years. The 
100%EA values (Table 3) indicate that approximately 70% of 
ale 198 1 oil remained in 1982 and approximately 30% remained 
in 1983. Although the estimates are simplified, they provide an 
index of the oil reductions that occumd by natural processes at 
this site. 

Changes in Oil-in-Sedimenr Concentrations 

Repetitive surface and subsurface samples were collected in 
1981, 1982 and 1983 (Tables 4a and 4b), and a set of additional 

w. LObliquewrial pbolograpbrof Bay 11: (a127 August 1981.8days.fccrrk 
spill: (b) 14 August 1982. (c1 14 Auguu 1983. M photographs were &en m 
appmximtely la0 m altitude. The metcornlogical lower on Ihe bench in (a) md 
(b) is approximately 4 m in heigbt and is locued in Rgum t a d  3b. 

surface samples was collccred in 1983 (Table 4c). A significanr 
fearure of the data is the sample variability, which masks 
general mnds and emphasizes the need for large numbers ot 
samples to adequately represent true oil-in-sediment content 
(Humphrey. 1984; Owens and Robson, 1987). Nevenheless 
some notable trends are evident: 

initial oiling levels were approximately one to two orders of 
magnitude higher in surface sediments than in subsurface 
sediments; 

soil concenmtions ten days and one month afrer the initial 
oiling. on 28 August and 15 September respectively. were 
comparatively uniform in the across-shore dic t ion:  
surface oil concenmtions increased in the upper pan of the 



E.H. OWESS , a  I Id 

TABLE 2. Surface oil cover changes: 1981-83 

Total oded 0 1 1  drsmbuuon by class tm') 

Year area tm'l 0 1.24% 23.49% 50.74% 75-10056 

1981 8570 2015 1700 1145 3710 
1982 9.503 5200 1775 1320 I305 
1983 3925 2120 ' 8 4 0  350 615 

TABLE 3. Changes in equivalent oil cover (1009aE.4) on beach: 
1981-83 

Ycar Equivalent m a  of 100% oil cover (m2) Pemnt of initial oil 

1981 48% 100 
I982 3282 67 

intertidal zone (the asphalt pavement area) prior to the 1983 
samples, whereas in the lower intertidal zone surface oil 
concentrations decreased progressively after August 1981; 
and 
some increases in subsurface oil concenaations occurred 
during the sampling period in the middle and upper sections of 
the intertidal zone. 
The long-term trends can be seen more clearly if the results 

arc interpreted in the context of the beach morphology that 
characterizes this section of shoreline. In 1983 samples were 
collected for total hydrocarbon analyses in the three intertidal 
sections (ridge -trough -beach face) identified in Figure 4. 
The results of these analyses arc combined in Table 4c with 
samples collected as pan of the regular sampling program. The 
high oil-in-sediment concentrations on the beach face and on the 
low-tide beach ridge accurately reflect the mapped surface oil 
distribution panem. The mid-tide rough is characterized by 
bcth low surface and subsurface oil concentrations and by a light 
oil or no oil cover. This stratified sample panern (Table 4c) 
reflects the actual conditions more accurately than the set of 
repetitive samples. which were collected at fixed intervals along 
staked profiles. The value of the repetitive samples is primarily 
in the provision of a time-series of mean oil-in-sediment con- 
centrations (Tables 5 and 6). 

From the observations in the field and the results of the total 
hydrocarbon analyses it is evident that there was anmobilization 

f lc  i Schematic of rclarionship kfwecn beach morphology, sediment rypc and 
surface oil concenuauons 1% oil in sediment by weight) in August 1983 dong 
Rotile 5 (Fig. Zc). 

TABLE 4.  fntenidal total exuactable hydrocarbons (oil in sedimentbj 
weight: mgkg") 

- 
C P ~  Mlddle Lawcr 

Date mentdal zone lntenidal zone lnten&J 

(a) Mean of repeutlve surface sed~rnent samples (bawd on 3 wnples cou- 
in each zone from the upper 2 cm. sample Iocat~ons show on Fig 2) 

19 Aug 1981' 28000 I9300 4850 
20 Aug 1981 8830 3790 8600 
28 Aug 1981 7010 7980 4950 
IS Scpl 1981 7060 6810 3770 

10 Aug 1982 8370 2970 1860 
16 Aug 1983 28600 5980 990 

(b) Mean of rrpetitive subsurface sediment rampla (bawd on 3 sampla sol: 
lcclcd in each zone fmm rhe 5-10 cm deprh interval) 

20 Aug 1981 263 93 146 
28 Aug 1981 2050 293 356 
IS Sept 1981 % 310 27 1 

10 Aug 1982 2670 310 I26 
16 Aug 1983 7 10 1270 424 

(c) Mean Valuer of surface umplcs collected in 1983 in differcnr morpholopicil 
wgmenu of the intcnidal zonc (see Fig. 4) 

No. of samples Surface Subsurface 

Such face 6 19800 1240 
Mid-kach w g h  3 480 10 
Lower beach ridge 4 7900 2600 

*Mean of 2 samples from each zone. 

TABLE 5. Time series of mean total extractable hydrocvbon con-. 
malions and computed oil volumes: 1981-83 

Mean surface 
loul hydmc?hon Surface oil volume 

No. of concenmuon 1 0 0 % ~ ~  Volume 
Dale Samples (rngkg.') method method 

19 Aug 1981 6 I7400 c 5 . 3 d >  5.3 rn' 
ZOAug 1981 9 7070 - 2.2 
28 Aug 1981 9 6650 - 2.0 

15Seprl981 9 5880 - 1.8 

10Aug 1982 9 MOO 3.6 1.5 
16 Aug 1983' 9 11900 - 1.6 
16Aug 1983b 10 4800 - 0.6 
16 Aug 1983' 19 8150 1.5 I.! 

' S ~ m p l a  c o l l e d  at the ume 9 locations the previous sample wu. 
%mplu u 10 additional w k a d  locations. 
'(a) + (b) 

and redistribution of the oil in the intertidal zone after the second 
year's observations, in 1982, and prior to the 1983 survey. The 
maximum single concentration measured on the asphalt pave- 
ment in 1983 was 58 000 mg.kg-' (approxim&ely 6% oil in 
sediment by weight). This remobilization occurred even though 
the stranded oil was apparently qcite stable within a short pried 
following the oiling of the beach. 
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TABLE 6. Time series of mean subsurface total exunctable hydrocar- 
bon concentr3tions: 1981-83 

7 

Mcm subsurface total 
hydrocartan 

D ~ l c  No of samples concenmrlons (mg.kg") - 
20 ~ u q  198 1 9 186 
28 A u y  1981 9 900 
15 k p t  1981 9 226 

10 Aug 1982 9 1030 
16 Aug 1983' 9 803 
16 Aug 1983b 10 1920 
16 Aug 1983' 19 1390 

Note: (c) = (a) + (b). 

Budger of Oil on the Shore 

The development of an oil spill budget for the initial few days 
is difficult, due to the rapidly changing behaviourand character- 
istics of the oil. It also is of lesser imponance when considering 
oil fate in terms of years, as was the case in this study. 
Nevenheless, this information is discussed to demonstrate the 
derivation of the budget numben used for yearly comparisons 
and to illustrate the variability encountered. 

DeducriveAccounting: Seventy-fourdrums, orapproximately 
15 m' of oil. were discharged on the water surface on 19 August 
1981. Fifty-eight drums of oil-in-water emulsion were m o v -  
end from the water surface by the evening of 21 August. This 
equates to 27.2 drums of crude oil, or approximately 5.5 m3. 
The estimate of oil losses due to dissolution duringthe discharge 
is 0.26 m'; loss due to evaporation on the w a r  surface during 
the 6 h discharge is estimated at 1.95 m' and during the next 18 h 
at 0.45 m3 (Dickins cral., 1987). Nor includingotherlosses that 
may have occurred on the shoreline, this calculation fails to 
account for 6.84 m' of oil, and this residual volume is taken as a 
deductive approximation of the amount of oil that remained on 
the beach by the low tide on the evening of 21 August. 

Calcularion of Jnirial Surfoce Oil Budget Using Toral- 
Hydrocarbon Amlysis Results: The mean total extractable 
hydrocarbon values derived from the analysis of six samples 
taken on 19 August and of nine samples collected on 20 August 
are contained in Table 5. Surface oil budget calculations using 
the volume method, based on these data and on the dismbution 
of oil on 26 August. produce oil volumes of 5.3 m' and 2.2 m3 
for 19 and 20 August respectively. The dramatic reductions in 
the t-h concenuations and in the computed surface oil budgets 
indicate that the beach rapidly reached its maximum loading 
level. Some portion of the stranded oil was refloated and would 
have been collected and some of the oil would have penetrated 
into the subsurface sediments. 

Budget of Subsurface Oil: No subsurface samples were 
collected on 19 August, but some were obtained from the same 
location as the surface samples on subsequent collection dates 
flable 6). Mean subsurface oil values increased from 170 
"%,kg-' on 20 August to 900 mg.kg" on 28 August but dropped 
fO 215 rng.kg1 by I5 September 1981. 

The subsurface oil content of the beach cannot be calculated 
accurately due to variability in the oil penetration depth. How- 
ever. it is possible that the major ponion of the oil unaccounted 

could have miprated into the subsurface sediments of the 
Bay I 1 beach. The surface samples wen collected in the upper 2 

cm: the subsurface samples were collected between 5 and I C  
cm. Thus. 3 cm is unaccounted for in the sample design. The 
subsurface samples cover a larger depth range than the surface 
samples (5  cm vs. 2 cm). Using the volume method to calculate 
a subsurface sediment volume basedon an 8 cm depth (2-10 cm, 
provides a value of 685.6 m'. The assumed sediment density of 
1.6 produces a total sediment weight of 1097 metric tonnes, or 
1097 x 10(6) kg. The subsurface samples from28 August 198 1 
have a mean of 900 mg.kgt,  so that the weight times the 
concenmtion gives avalue of 987 x lO(6) kg. Convening to m' 
by multiplying by the density of 0.89 indicates an oil volume of 
1.1 m3. This assumes that the entire depth range from which the 
sample was collected has a total hydrocarbon concentration of 
900 mg.kg". A similar calculation for 20 August, when the 
mean t-h concentration was 170 mg.kg". produces an oil 
volume of 0.2 m'. 

Initial Oil Budget: On the basis of chis analysis we have 
developed a budget that reflects both our data and the field 
observations. The budget given in Table 7 reflects the period of 
initial oiling on 19-20 August 1981 and the situation on 28 

TABLE 7. Initial budget estimates of the fate of the spilled oil (m3) 

19 August 20 August 28 Augur1 

SpiUcd 15.0 
Evapon~edldbrolved 2.66 2.66 
Recovered 5.5 5.5 
Oil on rhe surface 5.3 2.2 2.0 
Oil in rhe subsurface 0.2 1.1 

August, when relatively stable conditions were reached in tenns 
of oil retention in the intertidal zone. These estimates of 10.56 
m' for an initial budget on 20 August and of 11.26 m3 on 28 
August. after the snanded oil became stabilized, arc an appmxi- 
mation but arc considered to be accurate within the context of 
the study. Given the difficulties of sampling variability on 
gravel beaches (Owens and Robson. 1987) and estimating the 
surface oil cover (Owens. 1984b). the initial surface budget for 
the stranded oil of 5.3 m3 on 19 August and the subsequent 
surface plus subsurface value of 3.1 m3 for 28 August are 
considered acceptable. 

Oil Budget 1981-83: On the basis of the initial oil budget and 
of the changes in the IOO%EA values and the mean t-h concen- 
trations of the beacb sediments, it is possible to estimate the 
volume of surface oil that remained on the beach two yean after 
the spill (Tables 5 and 8). It must be remembered that the 
two-year calendar period over which these changes have takcn 
place in fact represents a total of only approximately 28 weeks, 
or 6 months, of open-waur conditions at this site. These 
estimates relate to the volume of surface oil only, as no data arc 
available on the areal distribution of subsurface oil. 

TABLE 4. Estimated volume of shanded oil: 1981-83 (baed on changes 
in the lOOSbE.4 value: Table 3) 

Chmm from initial Gunuccd oil . - 
Dau o , l L ~ n e  (s) volume (m3) 

19 Aug 1981 100 5.3 
L I AUJ 1982 67 3.6 
I5 Aug 1983 28 I .S 
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A budget based on the IOO%EA computed oil volumes 
assumes that if the oil volume of 5.3 m3 on 19 August 1981 is 
equivalent to LOO?. then the progressive reduction of that 
initial value, as drnved from Table 3, represents a volumetric 
change in the amount of stranded oil remaining on the beach. 
This approach produces a value of 1.5 m3, or 28%. of oil 
remaining on the beach in mid-August 1983. This figure is 
equivalent to approximately 10% of the initial volume of oil 
released on the water surface in August 198 1 and approximately 
30% of the initial volume of stranded oil. 

The volume method indicates a sharp decrease in the oil 
volume from 19 to 20 August 1981, followed by a small but 
progressive reduction to the last value for 16 August 1983 
(Table 5). 'Ihe combined mean t-h value (c) is considered more 
representative of the oil-in-sediment concenaations, as this 
incorporares the results of 19 analyses, and this provides a 
surface oil volume of 1.1 m3. approximately 7% of the volume 
of oil released and 20% of the ioitial volume of stranded oil. 

A characteristic feature of the intertidal zone during 1983 was 
the presence of an asphalt pavement that extended 150 m 
alongshore in the upper intertidal zone (Fig. 5). The area of the 
pavement was 325 m' and the thickness varied between 3 and 10 
cm. An estimate of the volume of oil contained in the asphalt 

no. J. Asphalt pavement in the vicinicyofhfilc 5 Fig. t) on 14 A u y u  1983. 

pavement was made using the volume method with an assumed 
pavement thickness of 5 cm. This approach produces an oil 
volume of 0.58 m3 (Table 9). Applying the same method but 
using a sample depth of 2 cm for the remaining area of the oiled 
beach produces an oil volume of 0.45 m3. The combined total of 
1 .O3 m3 closely approximates the computed overall oil volume 
of I. 1 m' in August 1983 (Table 5). The asphalt pavement is the 
most obvious visual feature of the intertidal zone in 1983 and 
conrains approximately half of the total volume of oil that 
remained on the beach within 8% of the total oiled area. This 
volume of oil in the pavement is on the order of 20% of the oil 
originally stranded in 198 1. 

Changes in rkc Oil Chemistry 

Detailed chemical analyses were performed on a suite of 6 
repetitive samples of the Bay 11 beach suface sediments 
collected one day, one month and one year aher the stranding of 
od. A more extensive sc ( of 25 surface and subsurface sediment 
samples was collected in 1983, two yean after the stranding. 
This data set is listed in Table 10. 

TABLE 9. Estimated oil budget for Bay I I intertidal zone, A- 
1983 

Mean ioul - 
h y d r c c h n  

Area (m2) 

Asphalt pavement 325 20WO 038. 
Remaining m a  3600 3500 o.&+ 

TABLE 10. Summary of chemical analyses and weahring ~~~cxSI  
Bay 11 beach sediment samples. 

Sampling period Total oil 

Original oil - 
One day 18WOO 

a m  
30000 
1m 
8 0 0  
UXX) 

One monrh 3 3 m  
(Sep 1981) um 

21000 
13000 

One vear 7200 

Two wars 194Ol 

4.0 1.4 1.3 3.5 

'Defined m Table I. 

Analytical results confirmed that physio-chemical weathe: 
ing (i.e., evaporation and dissolution) had begun immediatel 
after the Bay I1 oil release and subsequent saandin_e, large1 
due to evaporation of lower molecular weight saturated an' 
aromatic hydrocarbons (Figs. 6 and 7). The stranded oil Sam 
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pled one year after the spill had weathered significantly due to 
physio-chemical and biodegradative process%. Samples taken 
one day after the oil release exhibit SHWR values of 2.4-2.9. 
similar in range to the original value of 25-29 in the spilled oil 
(Table 10). Samples taken one month I= exhibited SHWR 
values of 1.2-1.9, illustrating a substant ia lh ,  due toevapora- 
tion, of the Clo duough Ci7 normal *More substantial 
weathering was observed in samples of lomeroil concentration, 
presumably due to the larger surface area d l a b l e  for evapora- 
tive loss. One year after the release the m k z i n g  oil had beea 
nearly uniformly weathered to the point b & e  SHWR values 
are 1.0-1.2, indicating a near total loss o fdrCto  to C17 normal 
alkanes at all oil concentration levels. 

The preferential loss o f n o m a l ~ e s ~ v e ~ o ~ e h c h e d  
isoprencid alkanes, due to biodegradationadmlting in lower 
ALKEiO ratios, began one month afer the oil release. 
Biodegradation of stranded oil midues orrawnth after the spill 
was observed to occur only in the sampledhwest oil concen- 
tration (Table 10) which has an ALK/ISO&of 1.8. One year 
later. a dramatic decrease in the ALlC/lSO~ario. with values of 
0.6-1 .S. compared witti an original value dZ.5, ancsts to the 
important role of biodegradation in reducizgthe ?-alkane con- 
tent of the oil residues. The degree of W g n d a t i o n  was 
inversely proponionid to the oil concena;oiar. Thus. one yeu  

after the spill the existence of a heterogeneous weathering 
regime was indicated by a significant degree of biodegradation 
on the beach in most of the samples with, at the same time. 
several illustrations of relatively undegraded oil still present. 

With an increased intensity of sampling two years after the 
spill, in 1983. the heterogeneous chemical nature of the suanded 
oil became quite apparent. This patchiness evidently corns- 
ponds with the absolute oil concentration (Table 10). Areas of 
high concentrations of oil are, for the most pan. characterized 
by a less weathered oil. Examples can be seen in samples with 
an oil content ranging from 13 500 to 19 400 ppm. Both the hizh 
SHWR (1.6-2.0) and high W I S O  ratios (1.9-2.5) indicate 
that weathering was less extensive where large oil concentra- 
tions persisted. These 1983 values represent oil nearly as 
"fresh" as that sampled in September 198 1, one monthafter the 
suanding. However, areas of Low concentration sampled on the 
lower beach face were highly weathered from both physio- 
chemical (SHWR) and biodegradative (ALKIISO) aspects. An 
illustration of the range of chemical composition encountered 
two years after the stranding of the oil is shown in Figure 8. 

The observation of extensive; dbeit patchy, biodegradation 
on the beach itself is important, as subtidal biodepdarion w a  
seen to be an insignificant weathering process over Lhe two-Yeu 
post-spill period (Boetun et al.. 1985). The existence of 
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biodegraded oil in the subtidal environment was apparently 
almost solely due to erosion of weathered oil from the intertidal 
zone and deposition in the adjacent subtidal zone over time. 

Previous Studies 

The principles of natural self-cleaning as a function of wave 
energy levels at the shoreline have been recognized for many 
years. Despite the large number of spills documented and 
investigated, few time-series data sets have been developed on 
the fate and persistence of stranded oil. In the case of the Arrow 
and the Arnoco Cadi? incidents. ongoing studies were curtailed 
by the effects of second spills on the same coasts (the Kurdisran 
and Tanio respectively). The fate of stranded oil is considered 
by Vandermeulen and Gordon (1976) to be related to tidal 
flushing and interstitial water movement that transport oil into 
the water column. The rates at which this uanspon takes place 
me a function primarily of wave energy levels at the shoreline 
(Owens, 1978. 1985; Thomas. 1977; Tsouk et al., 1985). 
However, little data exist on changes in the oil-in-wdiment 
concentrations of beach sediments or on changes in the dismbu- 
tion of oil on the shoreline. other than lengths of oiled coast. 

Similarly, there have been few anempts to budget the fate 
spilled oil, other than at a very general scale, or to produce d; 
sets that permit estimation of the changes in the volume 
stranded oil through time. 

Following theArrow oil spill in Chedabucto Bay in 1970, n; 
samples were couected from an asphalt pavement at Arichi 
Nova Scotia, three months after the oil was snanded. Analy! 
of these samples produced values of 40 000 and 50 000 mg, kg 
(Owens. 1971). That asphalt pavement was subsequent 
removed by heavy equipment so that no further data we 
available from this site. Visual observations three yean after d 
same spill, at Black Duck Cove and at Crichton Island, NO' 
Scotia, indicated the.pnsence of asphalt pavements (Owen 
1978). Sediment samples were collected at that time fro 
different intmidal locations. and Rashid (1974) noted that d 
samples from the low-energy environment were rciacive 
unweathered in comparison with the original oil. Vandermeub 
and Gordon (1976) show that after five years h e  amounts of ( 
in pavement samples in this area were 11.6 t 8% (wt.wt-') 
that oil-in-sediment concentrations ranged from 6700 10 15 8( 
mg.kgl. Samples collected in the following year in the san 
area producedoil-in-sediment concentrations up to 25 000 m g  k. 
( t ~ o m a s ,  1977). 

Large asphalt pavements were formed following the Mew 
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FIG. 8 .  GC' mce of Bay I I beach dimenu;  showing undegradcd. unwud~md oil (A1 and weathered and depded oil (8) two y e a  rflu smnding. 

spill in the Strait of Magellan, Chile. Dam from asphalt pavc- 
ment sediment samples collected 1% years after the spill 
provide values in the range of 10 000-80 000 mg.kg" oil in 
sediment concentrations, with half of the values between 20 000 
and 50 000 mg.kg" (Blount, 1978; Owens et al.. 1986b). 
Visual observations 6th years after the event (Gundlach er al.. 
1982) indicate that an asphalt pavement up to I5 cm thick and 
20-40 m wide was still present at one site in the upper intertidal 
zone. 

A small spill of 130 m3 of dieselfuel on a sheltered low- 
energy beach in Van Mijenfjord, Spifzbcrgen, in 1978 was 
sampled two years later (Gulliksen and Taasen, 1982). Sedi- 
ment samples from the top 10 cm of the beach surface adjacent 
to the source produced values of 826 and 5892 mg.kg-' in the 
upper intertidal zone and 147 mg.kg" in the middle zone. These 
data are diicrly comparable to the experimental results dis- 
cussed in this paper. as the area has a similar icedominated 
environment. fetch areas are in the same order of magnitude and 
the beach sediments are sandy gavels. 

Data on the weathering of snanded oil have been presented by 

a number of authors to illustrate the changing composition of ( 
with time. Field and laboratory studies have shown that sat 
rates are weathered more rapidly than aromatics and that d 
asphaltenes are more persistent and decrease more slowly thi 
the resin or hydrocarbon fractions (Boehm e ta l . ,  1981; Cald 
and Boehm. 1981; Fusey and Oudot, 1984). 

Budgets of Stranded Oil 

Either measurements of the total hydrocarbon concenaatio~ 
of oil in sediments or maps of the surface oil cover are e s ~ n t i  
elements of a data basifor  the investigation of the fate ar 
persistence of stranded oil. A major difficulty with large c 
spills is that accurate data sets arc difficult to develop due to d 
variety of shoreline types that may exist in an area. the contini 
ously changing distribution of the oil in the initial post-spi 
period and the difficulties of obtaining reputable results fro1 
shorelines. For an initial budget of the oil that remains I[ 3 
shoreline. it is necessary to account for the volumes of o ~ l  !h. 
evaporate and are lost by dissolution, suspension and disp.-~:o 



into the water column before the oil reaches the shoreline. 
Budget estimates must relate to the volumes of oil ( 1 )  that are 
initially armded and retained on the shoreline within the first45 
h and (2) that stay after a period in the order of seven days. This 
is necesucy because major changes in the volume of oil that 
remains an the shoreline occur during this initial period. If 
cleanup operations are undertaken, then it is necessary to 
estimate the total volume of sediment chat must be removed or 
the volumc of oil that has to be dispersed. 

Time-stries data are required to determine changes in the 
surface mrea contaminated by the stranded oil and in the concen- 
trations d t h a t  oil. Surface and subsurface samples should be 
collectcdfor total hydrocarbon analysis from both the intertidal 
and suWenvuonments .  The subsurface and surface disuibu- 
tion of snnded oil is usually exmmely variable, so the program 
of data &stion should take into account the level of accuracy 
required for use of the infomation. The integration of one data 
set in w k h  analyses are conducted to accuracies of parts per 
million faoil concentrations with another that has accuracies in 
the order of 5 or even 10% to estimate the surface oil cover 
would appear initially to be inappropriate. In reality these two 
data setsac  complementary and provide the basis from which 
estimates can be made of the volume of oil remaining on the 
shorelim through time. 

The W activities and observations on this relatively small 
section d c n a s t  show that a simple estimate of the length of 
sl~orelim that is oiled is of little value other than to provide a 
measure d t h e  total contamination in aesthetic terms. In order to 
providekbmation that can be of value for the development of 
cleanupdkisions or for an assessment of the potential impact or 
long-ternbe of saanded oil. it is n e c e s q  to estimate (1) the 
length ddmoreline that contains oil. (2) the surface area per unit 
length dd contamination and (3) the volume of oil based on 
the areal caverage, the surface and subsurface amounts of oil 
and toul hydrocarbon concenmtions. At this site the actual 
length d visually contaminated shoreline, based on ground 
observaths with greater than 25% oil cover, was reduced from 
275 to 191)m(i.e.. by 30%) between 1981 and 1983. Ifan areal 
survey af m extensive length of coast were conducted with 
similar d t s ,  the interpretation would suggest a d u c t i o n  in 
the contrdnation probably in the order of 30%. expressed as a 
length. &contrast, the h l d  data show that: ( I )  theduct ionof  
the conmsinated surface area at this site was in the order of 
55% andm'the reduction of the estimated volume of saandcd 
oil was i t b e  order of 80%. 

The Fare &Stranded Oil 

Manga~mmentaton (forexample, Seip, 1984) haveobserved 
that once lhe most obvious effects of snanded oil have disap- 
peared Ilatncovery rate is apparently very slow. This observa- 
aon a p p k t o  many of the large spills observed and documented. 
Few dQdRd explanaoons of the processes that effect the 
changesi&e characur and the volume of 011 at the shoreline 
have born presented. Vanderrneulen (1977) notes that the 
general p4ern following the Arrow spill (a weathered bunker 
fue!) wasashon-term removal by wave action, which resulted 
m the mmval of 50% of the stranded 011 in one year, 75% 
~ ~ t h ~ n  daa: years and 95% w ~ t h ~ n  seven yean. 

The W i n g  of 011 from the lntenldal zone of the Bay I I 
beach h a d d e n  place as a result of wave-induced processes and 
by surf= run-off from the backshore across the beach. The 

reduction in the volume of oil in the beach was accompanlal 
an increase in the total hydrocarbon concentrations found ha 
adjacent subndal sediments (Boehm er al.. 1984). sampL 
analyzed in 1982 yielded values in the range of 2-10 ppm, wi 
the highest values (up to 70 ppm) located adjacent to hofile6. 
water depths of 3 and 7 m. The analytical results from 1% 
(Table I I )  show a sixfold increase in the total h y d r w  
concentrations in the subtidal sediments of this area, 
pared to the results of analyses conducted on samples cou&j 
in 1981 (Boehm er ol., 1982). The highest concentratioas 
again in the vicinity of Profile 6 in the area between the 3 apd 
m depth contours. As previously noted. geochemical analy& 
the subtidal samples indicates that the oils sampled.k.3 
subtidal sediments were biodegraded as a result of p w  
that occucred when the oils were resident in the intertidal a 
(Boehm et 01.. 1985). 

By mid-August 1983, less than 10% of the original v o l e 3  
spilled oil remained on the shoreline. so that by this time mg 
than 60% of the spilled oil had been lost to theatmospheric a 
oceanic environments. This change in the distributioniif~ 
spilled oil is significant because only 20% of the oil smndedt 
the shore zone remained after a period of approximately 3 
weeks, even though this environment is regarded as haviag 
very sheltered wave climate. 

The generally accepted pattern for medium or heavy oils? 
one of the rapid removal of the snanded oil from the intertid 
zone. where wave energy levels provide sufficient mechaG 
energy, and of very slow rates of degradation, by biological I 
biochemical processes, of oil stranded above the 1imiu1 
normal wave action or in low-energy environments (Ow@ 
1978). This concept is elaborated by Owens (1985) to take id 
account rates of shoreline change and is pursued funheifunhei_6 
Fusey and Oudot (1984). who developed a semi-quantitatn 
graphic model to evaluate the relative roles of mechanid 
removal and of biodegradation of saanded oil on the basis.c 
field experiments on a sheltered coast in northwest France. 

Rimary problems that limit the comparison of different 
seu from experiments or from spills include the effects C 

cleanup operations, contamination from other somes.  diffa 
ences in oil types, environmental conditions and differences i 
measurement or analytical procedures. Despite these pounti; 

TABLE I I .  Analytical rcsulu hum subtidal sediment samples C O U ~  
on a microbiology aansen from the ccnae of Bay 11. 13 August 19% 

Dcplh below DUMC from ErtLnntcd pc~le lsq 
suuon LWL* (rn) LWL* (rn) c a ~ c w a ~ ~  (mg w 

I 11.3 143 1.7 

.LWL = low vazcr line. 



problems. [he:: doe.; appex  to be jome consistency between 
iron: ~ii:i:rcnr studies - for example. ( I )  the analysis 

ofrsjirnenl jampiis from asphalt p3vements from four different 
?r,duces tots1 hydrosubon contents generally in 

r2nge o i  1 - 5 5  (Owens rr dl. .  1986b). and ( 2 )  rates of 
rcsthcnng u i  inten~dal oil sppeu  to be a function of oil 
,.,,ncentratiuns. low rates being associated with high concentra- 

(Boehm el 01.. 1981, 1985). 
me processes that control the fare and persistence of the 

w d e d  oil are still poorly understood. Leaching by ground 
-[errhat flows from the tundra backshore through the intenidal 
nne  is a significant oil removal process. Large areas of sheen 
~ v e  been observed on @e water surface adjacent to Bay I1 
oUowing periods of rain with offshore wind conditions (B. 6 umphrey. pen .  comm. 1984). Degradation of the oil by 

b i o l o g d  or biochemical processes at this loeation at the end of 
&e observation period was active but was an imponant weather- 
,bg process only for sediments with relatively low oil concenm- 
fions. Oil in the asphalt pavements had weathered linle following 
.the initial loss of the low molecular weight hydrocarbons. and 
this "pavement oil" was relatively "fresh" in character. The 
physrcal procases of erosion and removal by wave action and by 
gound-water leaching are believed to be the primary agents that 
account for the reductions of oil concenmtions and volumes in 
the intertidal zone. 

CONCLCSIONS 

This study leads to the followin_p conclusions: 
1. The fate of the 15 m' of crude oil released on the nearshore 

waters of Ragged Channel was initially (19-22 August 1981) in 
the order of: one-third (5.5 rn3) recovered by the cleanup 
activities on the water, an estimated one-third (5.3 rn3) suanded 
on the intenidal zone and one-third, not directly accounted for. 
losr to the ocean and the atmosphere by dissolution and evapora- 
tion. Within ten days of the release, the estimated volume of 
stranded oil on the beach surface had decreased to 3.1 m3. By 
the end of the study period (August 1983). approximarely six 
ope?-water months after the spill, less than 10% ( 1.1 rn3) of the 
volume of the oil released on the Bay 1 I waler surface remained 
on the beach surface. 

2. An aerial reconnaissance survey over the study area, 
similar to that which would be undertaken following areal spill 
situation, indicated that ar the end of the study period the 
intertidal zone was still heavily oiled. The detailed field obser- 
vations, however, have shown that significant changes took 
place in both the area of surface oil cover and the volume of oil 
thar remained on the shoreline. 

3. The oil that reached the shoreline did not immediately 
adhere to the sediments but appeared to have stabilized within 
one week. The initial areas of heavy oil cover were on the beach 
face and on the low-tide terrace. associated with the dismburion 
of coarse sediments. These sections of beach remained areas of 
heavy oil cover and of high oil-in-sediment conccnmtions 
houghout  the study period. 

4. In terms of the dismbution of oil on the intenidal zone, 
over the six-month open-water period of observations the sur- 
face cover of oil was reduced by approximately half. The 
changes in the sur fxe  area of oil and in the volume of con&- 
nailon we of great imponance. as these occurred over a cumula- 
:lLe open-water period of only approximately six months in a 
kc?: sheltered environment. The reduction of sumded oil 

resulted pnmmly from the physical processes assocured wrh  
wave ~ C ~ I V I I Y  and ground-water leaching. 

5 .  A major change in the physical chwacrerof [he strmded oil 
took place wirh the development o i  an asphalt pavement in the 
upper inten~dal zone on the beach-face slope. Tow1 hyirocu- 
bon concenu~tions on [he beach face increased s~gnlficantly b? 
the thud open-water observation period 11983). w~th  values in 
the order of 2-5% oil in sediment by weight. At the time of the 
I983 survey the volume of oil within the pavement (0.6 m3) was 
approximately half of the total volume of stranded oil ( I .  1 m3). 
although the pavement accounted for only 8% of rhe ioul oiled 
area at the time. 

6. The results from associated studies in this series of BIOS 
experiments indicate that the oil was deposited in the adjacent 
neanhore bottom sediments and that oil concenmtions in 1983. 
after the f int  two inshore sample periods (198 1 and 1982). had 
increased sixfold. 

7. The initial weathering in the days immediately following 
the spill was due largely to evaporation of lower molecular 
weight hydrocarbons (CI  to Clo). Subsequent weathering over 
the next two years progressed more npidly in m a s  with low oil 
concenuations ( 1%). Oil in areas wirh high oil concentrations 
had weathered linle after two y e m .  as was determined from a 
comparison of samples collected one month after the spill. 

8. Biodegradation was observed to be an imponant factor in 
reducing [he n-aikane content of oil in samples collected after 
one year. Over the study period the degree of biodegradation 
was invenely proponional to the oil concenuaiion. 

This study was undenaken as pan of the BlOS IBaffm lsland Oil 
Spill) Roject. a pan of the AMOP (Arctic Myine Oilspill R o p m l  
series of snrdics. The lead agency for this series of smdies har been the 
Environmental Rotection Service of Envwnmenr Cmada. Subsmual 
suppon and funding were made available from numerous indusq and 
government agencies both wirhin Canada and from olhcr counrries. 
Considerable assrstancc was provided rhioughout the field studies by a 
larp numkr of individuals. bur panicular acknowledgement is made 
ro the field and laboratory work conducted by Blair Humphrcy and hrs 
associates of Seakem Oceanography. 
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Recolonization of Rocky Shores in Cornwall After Use of Toxic 
Dispersants to Clean Up the Torrey Cnt l~on  Spill' 

A. J. SOUTIIWARLI AND EVE C. SOUTHWARD 
Marirw Oiolopicd A.r.rocinrion. Ciladel Hill. PI?IIIONIII. U.K 

S o u T t t w ~ ~ o .  A. J.. *No E. C. SOUTIIWARO. 1978. Recolonization o f  rocky shores i n  Corn- 
wall after use of  toxic dispcrsnnts to clean up the Torrr? Canyon spill. 1. Fish. 
Res. Board Can. 35: 682-706. 

Fourteen thousnnd tons of Kuwait crude oil. reduced froni I8 000 tons by weathering 
at sea, was stranded along IS0 L-ni o f  the coast o f  West Cornwsll. England, i n  March 1967. 
The o i l  was treated wi lh 10 000 tons o f  toxic dispersants during cleaning operations. BY 
itself the o i l  was not very loxic. although it kil led lome limpets and barnacles, and most 
o f  the mortalities that followed clenning were due to the dispersants. There was a graded 
ellect. Most animals and sonic algae were kil led on the shores trented heavily with dis- 
persants, while a few aninials and most algae survived i n  p l a c n  less heavily treated. H o w -  
ever, long stretches o f  coast were contaminated to some extent by drift ing of  patches o f  
o i l  and dispersants along the shore and b y  indiscriminate dispersant ux i n  remote cova. 
The general sequence of  recolonization was similar to that which has been found after 
sniall-scale experiments. where the rocks were scraped clean. o r  where limpets were 
rcmoved. but took longer to coniplete. 'There was first a rapid "greening" by the alga 
Btrrrontnrpho: then a heavy sectlenient and growth o f  perennial brown algae (FIICIIS 
species). lending to loss o f  surviving barnacles. A settlement o f  limpets and other grazing 
animals followed. with eventual removal o r  loss of  the brown algae. The final phases were 
a reduction i n  the limpet population and a reseltlement of barnacles. Lightly oiled, wave- 
beaten rocks that received light dispersant treatment showed the most complete return 
to normal. taking about 5-8 yr: heavily oiled places that received repeated application 
o f  dispersants have taken 9-10 yr and may not be completely norntal yet. Most common 
species returned within 10 yr, but one rare hermit crab is still missing from places directly 
treated with dispersants. The early recolonization b y  algae resulted i n  a raising o f  the 
upper l imit  o f  Lrntirmria digirara nnd Hinmrrrhnlia elor~para b y  as much as 2 m i n  wave- 
beaten piaccs. demonslrnting that grazing pressure by limpets must be one o f  the factors 
controlling  he zonation of these plants. Later, other species o f  plants nnd animals were 
found higher up the shore than usual. under the shade and sheller provided by the dense 
canopy of  F~rcrs. Fluctuations i n  the populations of algae and herbivorous animals during 
the COUrK of the recolonization illustrate the importance o f  biological interactions in 
controlling the structure o f  interlidal communities. Pollution disturbance affects the 
herbivores more than plants. hence the poinl  of stabilily o f  the community is shifted 
towards the sheliered shore condition of low species richness and greater biomass. 

Key  words: petroleum. dispersant. rocky shore, Torre?. Can}wn, recolonization, coastal 
ecology, pollution 

SOUTH WAR^, A. I.. AND E. C. S o u m w ~ ~ o .  1978. Recoloniz.ilion of rockv shores i n  Corn- 
wall after u a  o f  loxic dispersanls to  clean up the Torrr? Gmrorr spill. I.  Fish. 
Res. Board Can. 35: 682-706. 

Quatorre m i l k  lonnes de pClmle brut de Kowc'it. provcnant de 18 000 tonnes rCduites 
par a l t h t i o n  L I'nir en mer. se sont k h o u i e s  sur I 0  k n ~  do cBles dans la pnnie ouest de 
Cornounillcs. Angleterrc, en ninrr 1967. A u  w u r s  des opCr;~lions de nettoyage, le pClrole 
1111 trait; b IOIWXI lonnes de il1rpersant3 tnxiqucs. 1.c p3ru lc  n'i lait pas par h i - m t m e  
t r b  toxique, bien qu'il causa la  nlort de quelques pulelles e l  hnlanes. Ln dispersants 
forcnt rcsponsnbles de In pluparl des nmrtnlitcs qu i  sltivirenl Ie netloyage. II y eut effet 
progressif. Sur les rivages lounlenient trnitfs nux dispersants. In  plupart des aniniaux el 
quelqun algues furent aCs. alors que. aux enilroits moins lourdement traitb, quelqucs 
animaux et In plupart des algues survkurenc. Cependnnt. de Ion@ xgments de 18 cdte 
furent plus ou moins contaniinbs par la derive de pi trole et de dispersants le long du 

'This paper forms psrt of the Proceedings of the Symposium on "Recovery Potential o f  Oiled Marine Northen 
Environments" held :it Halifax. Nova Scotia. October 10-14. 1977. 
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rivage E l  p;lr I'cnlploi i tor1 el i tr:lvers Jc dispcrsmls dana des ;$noes dloigllfcs. I.;, 
rccolonis:~lb~n \c lil CII gdnL:r:tl wir:jur Ir: III~.IIK urdre qtlC crllli qlli il~ilit 21;. ,,J,~~~YI: 
d:lm i lcs  c\lkricnr.ss :I I)L.I~I\: L.cItclk tI:tns I c ~ ~ ~ e I l c s  (ICS r ( 3 ~ l l ~ ~ ~  ilv;licll~ CI? IIC~~,,y& ,.I 
ICS p:lIeIIus CIIICVCUS. I!Ik se l i t  lllttl~Lbis pills IUII~CIIIFIII. I! y uttt ,l'ill>o~-d 1111 . VC~~ I~~~~~ I I~ I I I  - 
rwidc p:lr I';~lgilc ~ t t r~~n~r~ror l~ / ! t r ;  ensuilc unc abo~dtnte coloniul~it>al e l  r;kpide croisr:~t~cc 
~l'dlpues hruncs viv;~ces (csp5ces dc F~tcrts), cnlr:~inanl unc pcrtc du b;~l;ines qui awient 
survicu. Vinl cnsuite une colonis;~lion d ~ '  p;~lelles e l  ;limes bro~~teurs, cnusanl 6ven111cl- 
lcment I'enthvenicn~ ou la perk dcs algucs hruncs. Lcs phases lin;~lcs compart&renl unc 
rC41rlion de kt wp l~kdon  de patcllcs et use souvellc coloniw~ior~ <Ic b;tl;tner. I.cs rochers 
l m l l l ~ s  Ipilr les v;lgUcs el legirenlenl louchis pair le petrole, qui nc reprent qu'un Iigcr 
II.IIICIIICII~ :NIX dispersants. son1 ccllx qlti rctuurncrcnl Ie plus prhs de l e  norlt~ulc. apds 
CISV~I'UII 5 1 8 illis; lcs endruils fol-lcnlcnt louchCs p;tr le picrolc c~ qui rcgurcnt une n p  
plicalion rbp6tCc dc dispersants prirent 9 P 10 a11s B sc rCt;iblir et ne son1 peul-Ctre pas 
encore revenus i la norntule. I;, plupnrt dcs csphccs comaluncs CI:tienl rcvcnws cn 
dcdans de 10 ans, nrais ion Ucrn;~rd I'Erniite rare nmnque encore ;lux c~dl-oils d i ~ ~ x ~ e n ~ e n t  
trait6 aux dispcrssnls. Cornme coesiquance de I;, recolonisa~ion par les algues, la lit~iitc 
supirieure de htr inur ia cli,virrrcu el d 'Hir~~a~~rl~ul i r r  c l o t ~ g ~ ~ u  s'est ClevCe d'une distance 
allanl jusqu'P 2 m aux endroits battus par la vagurs, cc qui dimontre que le broutage 
par les pau l lo  doit i tre un des factears contr6lant la rCpartilion en zones de ces planter. 
Plus tard, on a tmuvC dcs espices de planles el d'aninrrux a un niveau plus Clevi que 
&habitude sur le rivage, profilsnt de I'ombre et de L'abri fournis par de denses tapis de 
Fncur. Les fluctuations que subissent Ies populations d'algues el J'nnim:iux herbivores au 
cours de la recolonisation ddnmntrent bien I'importance des inle~xclions biologiques dans 
le contr6le de la structure dcs conin~unauds intcrtidales. La perturbation callsic par la 
pollution aKecte la herbivores plus que les plantcs. II en ddcoule que le point d'iquilibre 
de la comrnunautd se ddplace vcn une condilion abritec dcs rivapcs. i bible JiversilC 
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THE staff of the Marine Biological Association (Smith 
19681 have described the immcdiate consequcnces of 
k rcle~sc of 1 19 000 tons o f  Kuwait crude oil  from the 
.inter 7'orrcy Carlyon which grounded on the Seven 
ilonei T C C ~  <iff. the wcstern tip of  Cornwall in 1967; the 
;.port was compiled i ~ n d  published within a year of  the 
:i,;l,ter. and little could bc w i d  about recolo~iiwtion of  
inuded sliores or long-tern1 changes i n  the ccosystcm. 
Lttr accounts of  the situation i n  Brittany (Bone and 
Holme 1968; Stebbings 1970) and at Ponhleven (Bryan 
1949) described events up to 18 mo after the spill. but 
rere also unable to deal with long-term changes. More 
itctnt information has been reported at oi l  pollution 
;mposia and i n  general reviews (Nelson-Smith 1968. 
1912; Spooner 1970, 1971: Crapp 1971d). T o  balance 
$xmy forecasts of  ccodisaster made in 1967, attention 
radrawn to the rapidity of the start o f  recolonization. 
Unfortunately, the use of.the term "recovery" seems to 
h e  encouraged later wr i ten to believe that all was now 
..umal oe Cornish shores: e.g. "recolonis:~tio~r by ani- 
-:A lroni unpolluted cases. . . began almost at once. 
Jaly at first but then more rapidly. By the time of  the 
h a  Barbara oi l  spill (i.e. February 1969). recovery 
:i rnuu of the polluted areas seemed esscnlially com- 
phc" (Steinhart and Steinhnrt 1972); "considering the 
rcmakably short period used up in recovery. . . o f  the 
crurd communities" (Mackin 1973); "the damage was 
ilmlnt completely restored in one year, and returned to 
armd after a few more" (Wardley Smith 1976). 
'wh rxccption ("Tampico Maru" spill) intertidal 
~mmunities appear to have been affected least and to 
t i s t  recovered the fastest . . . usu:~lly within two yralr" 

(Hyland and Schneider 1976). These authors overlooked 
a serious contribution by Cowell et sl. (1972) who 
"expected recovery to be very protracted," as indeed i t  
has been in Cornwall. 

Now, after I 0  y r  the affected shores i n  West Corn- 
wall have achieved sonie degree o l  normality, which is 
what we understand by the word "recovery." Hence i t  
is at last possihle to give an account of the rccoluniwtion 
of the intertidal zone. I n  this contribution we describe 
sonie o f  the broad-scale changes observed on rocky 
shores and relate them to more detailed studies of fluc- 
tuations in population abundance o f  barnacles. limpets. 
nnd other common organisms at selected stations. Some 
ddi t ional  data are given on the fate of  the oil, and of  
events in other habitats. derived from informalion kindly 
wpplied by colleagues. 

Taxonomy is based on the Plymouth Marine Fauna 
(Marine Biologic:d Association 1957) and on Parke and 
Dixon ( 1976) : authors' nanies and references to species 
;~rc quoted only where a dilfcrent usagc is employed. I t  
113s heen impossible to narnc Ihe encrusting coralline 
algae; they are referred to here collectively as "litho- 
thamnia." as in general works on intertidal ecology. 

Thc Oil and the Dispersants 

The amount o f  oi l  released by the Torrey Canyon 
spill has not been exceeded since. though i t  was almost 
cqctalled hy thc Urqrrivla disaster at 1.a Coruna i n  1976 
IQuiroga 1976). Ahout half of  the cargo did not reach 
the shore. and was sunk at set after weathering or was 
d iqxned by natural agencies (7ahIr I, Fig. I ). but 



TAIILF I. Chronolo~y of the Torrte? Crrr~?wt oil s[?~l l .  

Mar. IR, 1967 
Tirrrc? Cow,vw. carrying I I Y  I M l t J  lixrs Kuvni! cr~rtle oil 
(S.G. 0.869) slrariclcil on Seven Slallcs reef. 

Mar. 20. I967 
3 1 (If10 tolls of  oil rela2scd utr lo this date. sonre treated a t  
~ ~ 

sea with dispersants (64 IKQJ hni~). 

Mar. 25. I967 
First oil catrie ashore in Cornwall. 

Mar. 26. 1967 
Cun~utative total of 49 IXX) to~is of  oil released f r o ~ t ~  wnck: .- - ~ ~ 

thc last 18 OUO Ions went townrds Cor~iwall and lust 4000 
tons by evaporation of the lighter fractions. 

Mar. 26-28. I967 
40000-W000 tons more oil released as ship breaks up; 
ntost of i t  never reached the shore and was ultiniacely sunk 
or weathered in the Bay of Biscay. . .  . 

Mar. 28. 1967 
By this dale an estimated 14 000 tons of  oil had corneashore 
in West Cornwall: I O M X )  tuns of  dispersants were usrd'to 
clean i t  up. 

Apr. 6-1 1, 1961 
The oil relca.4 up la March 20 now cans ashore in the 
Chan~tel Iskrnds and North Itritlnsy. a81 rstic~rated 2UOOD 
tons after uvapuration. 

May 19-20. 1967 
A sniallquantity ofthe oil(3W tons) rrlcnsrcl fro111 the wrmk 
in the period March 26-28 now ciuiie ashore in West 
Brittany; the rest was sunk by trciltnirnt with stcarate! 
chalk. or was lost in the North Atlantic ocean. 

some 40 000 tons is still believed to  have come ashore 
in Cornwall. Brittany, and the Channel Islands (Smith 
1968; Cabioch 1971). What distinguishes the aflait 
from many other oi l  spills is not the quantity o f  o i l  
that came ashore, hut the quantity of  dispersants (re- 
ferred to as "detergents" at the time) used to remove 
oil  from the beaches and rocky shores. There were 'un- 
doubted instances of  organisnis being killed or damaged 
bv the oil alone (O'Sullivan and Richardson' 1967). but ~- ~~ . - 
t i e  relatively low toaicity of the o i l  is believed to' have 
been further reduced by evaporation of  thelighter and 
aromatic constituents during the interval of I wk o r  
more between release and stranding (Smith 1268; Corner 
et al. 1968: but cf. Spooner 1971). Thus, although a 
little oil has persisted for some years. most of the effects 
observed on Cornish shores are due to short massive 
kills by dispersants applied in the spring'' nionths of  
1967. 

A small quantity of the Tnrrey Ca~iyorr oi l  remained 
on the Cornish coast after dispersant application ceased. 
and a larger quantity was left on the shore in Guernsey 
and Brittany when clenning opcrntionr ended there. 
On dispersant-trc:rted shores a l i l t lc oi l  often remained 

on the rocks for sonic months. as for example at Porth- 

lcven arid Trcvorrc. I>rtt this wcnlhercd as fast as i s i  
apparently untreated oi l  at Godrcvy I'oinl x ~ i d  lit1lcs 
lcft after I yr. 111 contrast. oil drivcn into Irenclr sat- 
hy dispersan! trcntmclrt. buried by httlldozirtg. or cmi 
ercd by ~iatural  sand movemcnts. pcrsisteil for sevtri 
years. 111 1968. oil was sc~rfsci~ig 111 Whilesarrds, Sennrr 
betwccn mean tide lcvcl (MTL)  and high waler ne?: 
( M H W N )  cnusing iridcsccnt streaks: and in the hark 
at Porthleven. grrnter quatililies of oil were found !. 
5 cm deep, cnsily rcvcnlcd by turning over large stone 
Bolh of  tliese supcrlici:tl oi l  seepages disappeared L: 
1976. I n  n small ercs at Watcrgntc Ray. on the nor(' 
const of Cornwall (helwccn station 9 and Trevonc c: 
map. Fig. 2) .  weathered o i l  was uncovered by nalwi 
bench ~iiovenients in 1970. hnving undergone verylill 
biological degradation (Spooner 1971 ); the same 
was exposed again in I971 and 1972 (Spooner persou 
communication). A smaller trace of  oi l  was found d 
St. Ives i n  1971. on dead shells o f  L ts is  buried ISa 
down i n  the sandy bottom at 10 m depth of  wrtr 
(Forster personal conr~nunication). I n  view of  the ra i  
tancc o f  crude oil l o  dcgradntion oricc i t  has sunk bcla 
thc fully oxypc~ratcd lnycr in thc snnd (Johnstonc 1970! 
i t  is likely that trirces still remain loday on the Corni. 
coast. huricd i n  the sands and the immediate suhlittor~ 

Unlreeled o i l  survivcd for over a year on ~ ior th  Bd 
tany shores. on high water rocks, sands and salt marshc 
but considerable weathering occurred in this time ( 0  
and Holmc 1968: Stebbinp 1970). Similar patcha 
o i l  survived several years on some partly sheltered hi 
water rocks on the west coast of Guernsey, but 
!mount still present in 1971. the last year photograpM 
tvqs very small. the bulk o f  i t  having weathered awl 
(Forster and Swinfen personal conimunicalion). 

I 
I n  the estuary at Hayle (between I I and 12 on mq 

~ i g : ' i ) .  which was not treated with dispersants (Smi.' 
1968): a thin coating o f  oil on a sea wall had di 
appeared by 196% in contrast. in a very sheltered regir 

tide level: 'there were still patches of  wcll-wcalherr 

I 
at th;'liead of  the creek. at extreme high watersprir 

nsphal~-(;kc oi! I cm thick i n  1970 (Spooner pcrson: 
co~nmunica~idn). 

A l l  of  tliese' exaniples of  persistent Torrcp Cnn? 
oil  represent a very small fraction of the original. not; 
a11 comparahle' wi lh the amounts that have penisu 
after other oi l  spills: . . 

1 

nonionic 



FIG. I. Approximate track of the oil from the Torrey Canyon, and the places where it 
came ashore; see also Tablc I. Rcprdured by permission of Ihc Marine Biological Associa- 
tionfromSmith (1968). 

xds, and their application became omcial policy. Un- 
brlunately the rcsults of  the toxicity tests were dis- 
lnbuted only in mimeographed reports. and not pub- 

?G 2. Rocky shore stationr invntign~ed each year in 
iuthwest Britain since 1955. Black recfangles, much af- 
*.~d by Torrcv C~t,r,.ntr opm~lions; h;df while circle, 
rhlly ,~ffected; while circles, free of lirrrcy CW.VUII ellcls. 
:umbers: 9. Newquay; IU. Chapel I'orlh; I I. Ciwlrcvy 
bnl; 12. St. Ivcs: 13. Pcndecn; I S .  Sennen Cove; 16. 
ulhgwrra; 17, Lmorna Cove and Motaehulf; 18, 
' k u ~ o n  (Pcrranuthnoe is  just lo the cus0. 

lished until after the Torrey Catlyon cleaning was over 
(Simpson 1968; Portmann and Connor 1968). I n  the 
cmcrgency few peoplc were informed of  the toxicity of  
thc dispersants to all forms of  life. and indeed some of 
the spraying was carried out without enough regard 
for the safety o f  the operators themselves (cf. instruc- 
tions in Warren Springs Laboratory. 1963 with those in 
Wardley Smith 1968). Scientific and public concern at 
the widespread use of  dispersants was therefore directed 
at thc surfactant component, initially hascd on published 
reports o f  experiments with freshwater l i fe (c.8. Mar- 
chctti 1965). The extreme toxicity of  the dispersants to 
marine l i fe soon bccamc apparent through field ob- 
servations and hastily arranged laboratory tests. Today 
there is much published information on this point of 
which we were then ignorant (Boney 1968; Baker 1971; 
Crapp 1971 b, d: Ottwoy 1971; Portmann 1972; Brown 
1973; Beynon and Cowcll 1974; van Gelder Ottway 
1976). The most commonly used dispersant during the 
To'orrey Cmn'ott clean up contained 12% nonioni'c sur- 
factn~il and 3% st:tbilizcr in ;I high aron~nric solvcnt 
("keroscnc extract"). Thc niixturc was shown to  havc a 
24-h 1-C,,, varying from 0.5 to 5 ppm on si~blittorul 
organis~ns. and from 5 to 100 ppm on intertidal or- 
ganisnls. Over short periods the solvent was the most 



roxic component ( C o r ~ ~ e r  el al. 1968). hut over long 
periods all components wcrc very toxic ( W i l s o ~ ~  1968) 
Most nf  the ~lillerc~rccs i n  scnsjlivily I~clwcen species 
wcrc fully supported hy licld ohscrv:tlio~ls. and the nlost 
censitivc cn r r l~ i r c~~~  :~~ r i r na l s  wcrc llrc limpet Parrllrr 
t.rrlr.ml~ i~~!er t id ;~ l ly  ( 5  ppm) :tnd !he razor s l~cl l  E~rs i .~  
i ; I ; q w r  ~ ~ 1 1 ~ l i t t o r : ~ I l ~ ~  (0.5 pp1111. Tlrc c o ~ i c c ~ t t r : ~ l i ~ ~ ~ ~ s  at 
uhic l i  l l ~ c  d i ~ ~ ~ c r w r ~ t ~  were IOX~C 10 a l l  liSc were very 
II~CII k w c r  t11;rtt III~W r c ~ p i t c d  c~iiulsify the nil ( I  
p r t  US dispcrwnl It, 2 4  p ~ r l s  td (dl ;uld vcrv 11111ch 
I ~ ~ w e r  still I ~ I I  ll~r r :~ l i v  :rr.l~~:all\ ;~lrplicd in llrc licld 
I l1)tKItl t<u~s {IS di<~>erwt~ls 10 I4  OOtl ~UIIS uf str:~nded 
oil  I .  

The twc rcdccming le;~ture of the dispersants. shown 
hy lnlior:~tory testing. was thc rapid loss of  toxicity of  
the solvent fraction whcn exposed to Ihe air. though 
the surfactant and stabilizer were more persistent 
(Corner et al. 1968: Wilson 1968). However. Aeld 
studies depressingly confirmed the results of  the la- 
horatory tests. and showed that close to dispersant 
sprayirig pr:dc:~lly all :1nini:11 lire was killed. while 
many algae. i~icluding n~enihers of the Chlorophyta. 
Rhodophyta. and Phncophyta wcre killed or damaged. 
The herbivorot~s gastropods. the decapod crabs, and the 
echinoderms seemed to be the worst affected. and on 
places cleancd thoroughly hardly a living animal could 
he found. Thus on some rocky shores recolonization 
started from scratch: on others. treated less heavily. 
some fucoid algae. the more hardy animals such as 
hamacles. some sea anemones. the top-shell Mot~odonm. 
and occasionally a few limpets survived. There was thus 
a graded effect which would influence recovery, most 
severe on heavily treated shores close to tourist centers 
and especially around high water mark. and least severe 
on a few stretches or steep cliffs or along the outer 
edge of reef platforms at low tide level. 

In theory. i n  view of  the rapid decline in toxicity 
of  the solvent component. recolonization o f  affected 
shores could have hegun within a week or two of the 
last application of dispersnnts. nnd in fact settlement of  
the larvae of the barnacle Bnlrrrrws hrrlnr~nides was seen 
at  some placn early in May. Howcver. rocky shores with 
easy access by road were treated several times. a few o f  
them for up to 3 mo after the first oi l  came ashore. The 
characteristic aromatic smell of  the dispersant could be' 
detected at Trevone and Sennen Cove. for example. i n  
June. I n  such places there was the danger that the re- 
peated applications would not only bring the total k i l l  
to 100% (cf. Crapp 197th. c) of  all organisms. but 
wotlld lead to acc~~mulation of ll ie pemistent coniponents 
strcli as the surfnctanls and the higher hoiling point aro- 
matics in the sandy benches (cf. Blurner et el. 1970) and 
i n  sand and gravel under bouldcn or in crevices on 
rockv shores. This aspect has to he horne i n  mind when 
considering the slower course of  recolonization on some 
sections of  the shores. 

A final problem caused hy the widespread use of 
dispersants is that i t  has never heen fully possihle to  
separate the eliects o f  oil alone from the effecls of  dis- 

pcrsants. AllhcrugI~ many parts d tlic \\'c\l ' ,.r! 

cti:~sl are cither inaccc%sihle or approached hy IO.I<I~ ::. 

suilnhlc for heavy t r :~~~spor t .  dispersants wvre often car. 
ricd by I~elicopccr. ;111d the opened dru~ns silnply rolY 
w c r  llre clilr (Hrc tw~~ 1077: F r d  1974). I)iwrt'? 
p:~tclics ~ I I '  ni l -d i~pvrs:~~~ts driltcd ;~l,~rgslnire wilh I! 
tides ; I I ~  c u r r c w  (S~t l i lh I O h S I  ew1%1-i11$ I l l a t  i n k  
~rlcdi;~tc strelclics \\,,,re ;tlro :~llcclcd. ,\I o w  lilnc v. 

t l1~~1gItt l l i :~t IIIC h ~ t  lc~igt l i  OS coast (r~111r Laniwr: 
( ' ow  to M ~ r ~ ~ s c l ~ ~ d e  WOIII~ i ~ i r ~ l ~  :I s:~tisf:tctory wnlrd 
IVII e v c r ~  l~c rc  UBIIIC oil c:~nte :~sli(we latc in l l i c  sp~ll 
;tmI W;IV trc;~tcd with dispcrs;t~~ts ( i k I l :~ t~ i y  el :ti. I9671 
I t  is tlius incorrect to refer in general to "recolonisalio~ 
from unpolluted onscs" whcn continuous lengths d 
coast wcrc affcctcd Lo some degree. and when many d 
the returning organisms had to travel considerable di* 
lancer. 

Kecolonization of  a shore can occur in four w a ~  
(a) hy migration of  adults of mobile species from un. 
affected areas (cf. Uauer and Simon 1976): (b) h 
dircct settlerncnt o f  planktonic spores or larvae liberatt: 
hy brccding orpi~nisnis in unaffected areas: (c)  nticn 
tion of juvenilc stages of  species with dircct develop 
nrent (i.e. withuut planktonic larvae): ( d l  raftingino' 
adults or their egg masses attached to floating seawsi 
or debris. The first process. as we have mentioned. u; 
hampered hy the lengths of coastline affected, as f -  

some extent was the third. leaving the settlcntent c '  

planktonic larvae and spores as the most likely inili 
stage of  recolonization. with rafting as the next 
bility. For plaiiklonic stages much depends on life hir- 
tory. breeding season. and time elapsed between li 
cration and settlement. At  temperatures cxpericnctd 
inshore i n  West Cornwall (annual range 8-16°C) limp: 
larvae lake about 10 d from spawning to reach xtb- 
Incnt stage. and harnacle larvae take about 20d f m  
hatching to settlc~ncnt. hence possihle travel distancs 
01 30-50 LIII might he anticipated (cf. Crisp 19581. M 
t:~~ices of this order arc within reach o f  the complelrl! 
i~nh:~rmed shores outside the damaged area of Wt!! 
('ornw;~ll (Isles of  Scilly to the west: beyond Trevm 
to the north: round the Lizard peninsula to t k  dl. 
For species without planktonic larvae such distam 
represent formidable barriers. and we have to lod 
closer. for possible spread from p lacu treated lo; 
heavily with dispersants or from islets and reefs off th 
coast outside the main drift  of  dispemlnts. 

The General Course o f  Recolonization 
on Rocky Shores 

Figure 2 shows the stations i n  southwest Britain tk 
have been visited annually since 1955 to  follow natunl 
changes in selected intertidal animals. chiefly b 
barnacles (e.g. Southward 1967): records for somcd 
the stations go back to the 1930s (Fischer-Piette 19361 
Not one of  the stations i n  the Torrrv Cmyon arcas 
caped some damage due to o i l  or  dispersants. We fun 
selected certain of them to  follow details of  recolos 



TAAI.E 2. The t i r l l r  course of recolonization ofruclry shores in Corn\vall. exjmscd in! )ear, fro111 lhc dale of thc 
% v r +  (''111i1w disa,ler, hl;ush l'Jh7 

- .. - - - -. .. .- - -- 

nclal~ve exposure to wave action +++ + + +f + + + + + ++ +++ +++ + 
\mount or od stranded + ++ ++f + ++ +++ f f  ++ +++ 
Ikuxrsanl treatment (+) +++ +++ I + + )  ++ +i-+ ++ ++ +++ 
!,~vrun~orplru maximum. I 1 I 1 0- I I I 0-1 I 
?Iaaimum Frr~rs cover 2-3 1-3 1-3 2-3 1-3 1-3 1-2 2 1-3 
\lininlurn of barnacles - 7 2 3 4 3 3 3 2 2-6 
:Irximuni nuolkrs of  Pa~i4h -b 6 5 5 -b 3 3 3 5 
IKU, ~csh.ulosrn starts to decline 4 4 4 4 4 5 3 3 4 
TKUI ve~i(.~~ln.sr~s all gone 5 6-7 6-7 6 5 6 5 5 8 
Inireare in barnacles 4 6 6 5 4 h 4 3 7 
!iumbers of Purrlla reduced -V 8 7 6-7 8 7 -18 6 
Hwml richness of s ~ c i c s  regained 5 9 I OF 8-10 Y 9 8-9 5-6 9-IOa 

Qnly Trevone could be visited often enough from Plymouth lo be sure ofthe extent of the 'greening' the 1st yr. 
,No quantitative data. 
=Full richness of species probably not yet regained on the area surveyed. 
I )Dispersant treatment cornparativrly lighter than at olher places givm same score. 

iuon, and the sequence of  events is summarized in Tahlc 
!. Our data are partly in the form of licld notcs, ill- 
eluding counts o f  the commoncr aninials on quadrvts 
31 l x 1 dm and I XI m, and partly i n  the form of 
.dor transp;~rencies. I t  is impossible to ovcrcrnphasize 
hc importance of  pond color pl~olt~gmplis. i ~ ~ c l u t l i ~ ~ g  
.Lnc-ups. in Coltowing ~IIIIII~CS 01' tliis Ii;lturo. 

The first opporlunists to return were the green algae 
fn~tro~norpha and Ulva, seen during June and becom- 
in; very obvious through the summer and autunia. 
This "green flush" i s  by now well know~ i  l o  follow sevore 
.! p4lution or dispcrsnnt applicatio~i on temperate zone 

'rc, ( I l c l lmy  ct ;~l. 1967; Smith 1968; Nclron-Smith 
'08. 1972; Crnpp 1971 b. d. f; Baker 1976a. b). It is 

jiincipelly a sign that the grazing herbivores. such as 
:hprr, top-shells, and winklcs. are absent or greatly 
:tJucud in number. This can happen n;~turally on a 
mall scale due to storms, clianpe> i n  sand levels. scour- 
8% by sand and gravel, or  excessivl: freshwater run-off. 
hmay also be caused by pollution other than oil  (Smyth 
1968). in which case we must distinguish i t  from 
-pn ing"  due to eutrophication. for which Vlvu rather 
h n  En~erontorpha is the best indicator (Burrows 1971). 
Thecontinuance of  "greening" is dependent not only on 
ibrcnce of herbivores but on the facility for rapid re- 
paduction possessed by these relatively simple plants 
rtiose gametes and spores show peaks of  abundance 
dated to spring tides (Christie and Evans 1962: Khyne 
1973: see also Knight and Parke 193 1 l .  On some slwres. 
1.8. Trcvone and Sennen Cove. the grcen algae did not 

immcdi;~tely recolonizc the inner sheltered pans of  the 
reefs, which showed niaxi~num "grccni~ig" the next year. 
I t  is conceivable that this delay was due to persistent 
traces of  dispersants adsorbed into gravel atid sand 
under boulders or i n  silt in creviccs in a coocentration 
suflicicnt to damage thc motile ,ports clr gumetes which 
resetiihlo unicellul;~r ;IIC;IC and may have a similar low 
resistance l o  toxi~is (cl. Smith 1968; Vandermeulen and 
Ahern 1976). 

During the late summer and autumn o f  1967 the 
large brown algae F. vesic~rlorru and F. serrarrrs began 
to succced the green algae. The first of  these species 
exists in at least two forms or varieties i n  northwest 
Europe. I n  sheltered places thc plants are large and 
carry air bladders (vesicles) dong the fronds. I n  wave- 
beaten places, where limpets and barnacles are abund- 
ant, the plants are niuch smaller, without air bladders, 
and are usually referred to as f. litrearis (=evesiclrlosus) 
(Lewis 1964; Boney 1966). From December 1967 
through the spring o f  1968 the outer parts of the reefs 
were browned by dense growths of  f .  li~tearis, while in 
less damaged sheltered shores f. vesicrrlosur also flour- 
ished (Fig. 4. 5 .  6; Fig. 16, 17). This succession of  
the "green flush" by fucoids is also well established now 
for oil-polluted temperilte shores after dispersant treat- 
ment (e.g. Crapp 1971 b; Nelson-Smith 1972; Baker 
1976b). However. places where greening was late or 
prolonged to the second spring usually failed to de- 
velop ;I growth of  F. vcsiculrur~.r during the 1st yr. I t  
is not certain i f  this was due to the absence of Enlero- 



,~r,,,-plrtr u,hicli provides protection from clcssic:~tion at 
:I critical 5t:tpc in spcrre dcvclup~nc~rt :rftcr scttlcnic~il 
(KnigIrt irtid I'arkc IY5Ol crr i f  rcsidcrd diqvxs:~r~t lox- 
icily llli~lll II:IVC rcmai~rcd long e l l~ i l gh  to inhibit settle- 
lirellt 01 .;pore.; during the s u n ~ ~ r ~ c r  fruiting season. 

Untlcr tlrc dcnsc rnat nf  green and hrown algae covcr- 
ing the allectcd shores i n  1968 animal life was much 
reduccd coniparcd with that existing bcfore the disaster. 
A few limpets had survived in places. and the cleared 
patchcs they nvaintained in llrc Errrrrrmorpkn by hrows- 
ing allowed some harnnclc scttlcnic~it, but otherwise the 
lrnrnaclcs tlri~t h:id survivcd tlrc clcening operations were 
gradually ovcrgrowtr by the Enrcronror~lrn and Furrr.i 
and evcntu:illy died. We do not know exactly why 
barnacles can~rot live under a canopy of Frrrrrs. I t  may 
br due to screening from thc plankto~ric organisms on 
which the barnacles feed (Moore 1934). or physical 
~(lccts such as ahrasiori of thc yottng stages hy the algal 
fronds whca they arc n~oved ahout hy waves (Menge 
1976). Annthcr possibility is that thc shcltcr and shade 
provided hy the algac might allow thc dog-whclk N~rc r l l n  
to feed on the barnacles for a longer pcriod at low tide. 
and i t  is significant that barnacles can occur i n  quite 
high densities under Arcoplfyllrrrn and Frrrirs i n  parts 
of estuaries where Nlrrr l ln is absent or less common 
(cf. Moore 1934). 

The few liti~pets that had survived oti the cleansed 
chores grew n~trclr f:~stcr th:~~r rrorm:il on the :~hundance 
of algal food provided. up to 10 times faster than 
usual. and during 1968 they were joined hy :la equally 
fast growing nu~nher v f  juvenile Pr~rrl ln which had 
settled at low tide levcl or i n  wct places during the 
winter (Fischer-Pictte 1941. 194% Jon- 1948: Lewis 
and Bowman 1975: Bowman and Lewis 1977) and 
were now moving up into the Ftrrrrs belt. The species 
of  Parrllrt found in Britain and NW Europe can feed 
on a nii~clr widcr rmipc of plants than is usual i n  othcr 
p:~rtc o f  the world or ;~nrong rpccies of  thc rclatcd genus 
Arirmm (Hraach 1976). They normally browse on 
nricrnscopic diatoms or otlrcr unicellular algae and 
I:lrgcr encrust i~r~ species. rejecting only a Icw such as 
/Inl/.ri~r (Southward 1964). hut when the opportunity 
olTcrr thcv wil l  rcndily feed on Iargc and small plants 
of  Fr~rrrr. S~~ial ler  li~npcts. hclow 20 Inm length can be 
found feeding u ~ i  the fronds and stipcs of  the Frrcri.r. 
hut all sizes wil l  gnaw away at thc holdfast and lower 
part of the stipe. where their tooth-marks can easily be 
seen. When large numhrs of  limpcls arc prcsent the 
grazing on Ftrrrrr hcconrcs severe. a11d the stipcs arc cut 
tlrrouph or wcakencd to the pcrint whcrc they are torn 
away hv the waves (Jones 194R: Southward 1956). 

The first scttlcn~ent of Pnrcllrr on the Torrry Cnrt?.on 
nlTcctcd sliorcs wnc Inc;~lly :~huoda~it (8- l l ldn i?)  hut 
the overall nu~iilrers wcrc low. :mil so w;a tlicir s i x .  
hence grazing wns ins~~flicicnt to prcvcnt a further heavy 
settlement of  Fnr ro  during the stlmmcr and autumn of  
1968 (Fig. I I ). I t  was at this stage. spring and summer 
of 1968, that we observed striking changes in zonation 
levels. 

A sccwd :~nd larger settlerncnt of  Pnfrlln occrwrcrl 
during the winter crf 1968-69. hut the still inurcawc 
gn~rvth of the Frrcrrr c;i~ropy prcvcntcd return 111 lb;. 
h;~r~iaclcr. which rcaclred thcir ~riininrunr in tlrc ! - l . : ~ r b  

I969 and 1970. The grow rapid incrcarc in linlpcl I~IW 

hcrs and hio~~i;iss (Fig. 12 ) rcstrictcd f r~ r t l~c r  sctllc. 
mcnt of Frrrar in I969 and Iatcr y c m .  so llinl 1101. 
1970 tu 1972 thcrc w;~s :I rapidly agcing and thinrriv 
canopy of  F r ~ r l r s  providing food for n quickly gl-winj 
pnpul;~tion of  limpets undcrncath. Froni I972 to 1972 
most shores I>CF;III tn lose the F~rrrrs dotiii~rancc as tk 
litrrptts rc~iiovcd crr weakened the plants. and the lart 
shores hcc;~riic "h;~rc" i n  1975. 

I n  thc ;~hsence of large algae the now enormous popn 
lation ctf hig limpcts was reduced to feeding on mictc. 
xopic and encrusting plants again. and there was nci 
cnough food to sustain them all. Many of  them reacted 
hy departing fro111 tlrcir semisedentary ways (cf. Aitkrn 
1962) end formed hugc migrating "fronts" which 
worked their way across thc reefs (Fig. 7)  attackinf 
the I;~sf rcnr:rini~ig clumps of  F. vc.rkrrlo.rrrs. and then 
gathering close to F. srrrarlts persisting i n  pools and acl 
places (Fig. 14). Others. less adaptable, seem to ha\< 
dicd or fallen easy prey to predators. and dcad shell; 
were washcd up on some hc:~chcs during the winter ~i 
1972-73. Tlic typical linipet "frotits" werc first secn r: 
Porthlevcn in tlrc wintcr o f  1971-72. ndvn~lcing wl- 
ward. hut similar "fronts" dcvclopcd clscwlrc~c in IQ" 
and 1973. The remnants of thc "front<" c:ln <!ill ' 
recognized i n  1977. eathcrcd r o t ~ ~ ~ d  p~%blr C I ~ I ~ I : I ~ I I ; ~  . 
rrrrrrfrr.r. having t~~rdergonc a th i~ in i r~g  1t11t :III.I ,I?'. 

liz:~tion since I975 (Fig. 14). After the p:tsra&e 1,i 

tlicse "fronts" across the survey arcas. the population01 
Pnrclb becanie reduced and the barnacle numben 
steadily increased. From 1975 barnacles were dominv: 
on most rocks. a~ rd  algal growtlis scc~nccl much 1 : -  

duccd conip:~rcd with licfc~rc the ,disartcr: in Ibri?h' 
s l~ r i~ rg  s i~~i l ig l r t  in 1976 : ~ n d  1977 tlie SIIOTCF :~ppc~rcC 
hr i l l i :~~i t ly  whitc (Fig. 6. 11. 17). 

Alt l~ough tlic "grccning" hy Errrrrorr~orplro extendcrl 
rivcr such I m p  rtrctchcs of  co:~st. we wcrc still surprised 
Iy the cxtc~it trf tltr sttccccding fucoid scltlcmenl~ oh. 
scrvcd in I968 and 1969. At Porthlcven. for cxampb. 
i t  could clearly he secn from the cliff top that theF11r111 
donrinancc spread nc;~rly 3 kn i  west. almost toTrewarr 
Hcad. yet thc main dispersant treatment i n  1967 ex. 
tcndcd only 750 n~ west (sce Bryan 1969). Cornpan. 
lively late i~icrcnscs in heoid covcr occurred at othcr 
lightly ;~lTcclcd. stations where "grccning" was m.. 
 roti iced i n  1968. hence wc havc to  raise the possihiltl: 
that sonic of  thc increase i n  F r r n ~ . ~  i n  Cornw:ill in 19hi 
and 1969 was ;I result of the heavy scttlcnrcnt tlie 1st :. 
hringinp ;~lnrut ;I loc:~l i~tcrcnsc i n  spore production 
I'nini the results o f  Ptrrt4lrr clcar:~ncc i ~ r  thc lslc of Alrr 
(Rurrows and I .dge  19SO: Southward 1956) it r.; 
wspcctcd thnt thc high density of  Frrrrrr on the expc.' 
mental strips m:~y have produced such a local ahundn~:. 
of  s p o m  that the surrounding rocks were colonized 1 

a greater exfcnt than would otherwise havc heen p... 



A The ininicdi;~te whlittcir:d 7onc s~~f fc rcd  drastic nior- .' !: telitics clow to plxcez whcrc Iarpc qw~ntilics o l  dis- 
pera:ults were 11scc1 ( c . g  P~~rtlllcve~i. St. Ives). hut 

i rccoloniz:ition hy ~noliilc lish ; I I ~ L I  crust:~ccnns war rc- 
c portcd within a few nionrhs (Drew et ;,I. 19671. The 

100 %, infauna of such sublittorul :~l-c:~s W:IS slower to rcturn 
I +... v-  .... 

T (Forster pcrsond c o n l ~ ~ ~ l ~ n i c ; ~ [ i # ~ ~ i ) .  having to wait for 
b , , , , , ,  

favor:~blc scttlemcnts of I ~ I - v : I c .  a11d thc Iirst rcpop~~la- 
tion hy the heart-urchin Erlri~~ocrrr.divr,~ was noticed 
2 yr later. The razor-shell El~.vi.r was slower to return. 
even though some migration by adults seems to have 
happened. and the last observations. in 1971. suggest 

, the population was not as abundant as would normally 
be expected. 

We have very little information on sandy beaches 
.j other than that reported in Smith (1968). There wcre 

no previous puhlished data on the meiofaona of the 
ir coarse sand beaches affcctcd hy dispersants in West 

Cornwnll, hut mortalities are believed to have been 
I I , u 

heavy. and the heach structure was temporarily changed 
, I 
I I hy dispersant treatment. Judging from lahoratory ex- 

perintents (Johnstone 1970; Bleakley and Boaden 
1974) recolonization may have been slow. 

w 
Effect nf Wave Actinn and Varied Dispersant 

L--4 . 50 Treatment nn Recolonization 
1 A - - - A  A range of rocky shores was investigated in detail. 
;.: 

-A*' and the rcst~lts selected here illustrnte how local circum- 
_,-* stanccs may infl~~cnce the coursc of recolonization. 

68 70 72  74 76 

FIG. 3. Ponulntion fluclualions during recolonization on PORTI~LEVEN 
ht rocks a; mean tide level nl  Porthlevcn from 1968 to me harbor region at porthleven received very heavy 
1977. Filled circles: percentage cover by Fncsr. Filled treatment, and the roc.s outside 
ri~nplcs, no. of Parclla iv~lgrrre/nl'; open circles, pcrcentngc 
af rock covered by encn~stinp coralline algae ("litho from both direct treatment and drifting of partly diluted 
~hamnia"), filled rectangles. ot barnacles ( C k r / ~ ~ ~ ~ ~ ~ a l ~ ~ . ~ ) /  dispehant. The early course of recolonization by one 
.m.. 611-A rr;.netcc and dolled line. no. of doa-whelks species. the predatow rastropod N~rcella. has been de- ...,,....--...-..~.---..- ~. . - 
~\'~tcrllo IanilIrrrI on u vertical surface near to the &h'als scribed by Bryan (19691, and we can now follow this 
on ihich the othkr species were counted. through several more years. Some individuals a1 lower 

sible. If this happened in Cornwall, on the very much 
larger scale resulting from the disaster, it would help 
to explain the slower progress of the succession com- 
pared with the small experiments. and the longer period 
needed to regain stability. 

The foregoing description refers to the rocky mid- 
litioral or eulittoral zone as defined by Lewis (1964) 
and Stephenson and Stephenson (1972). It should be 
noted that the lichens of the supralittoral fringe were 
damaged by dispersants and were slow to return to nor- 
rul (Brown 1972. 1973.1974). More localized damage 
raulted in maritime terrestrial communities where dis- 
ptnants were spilled on the cliff tops d ~ r i n g  cleaning 
operations, and these have been equally slow to recover 
IFrost 1974). 

tide levels appear to have escaped the cleaning opera- 
tions, and egg-cass were seen on the outer pan of the 
reef at the end of April. By autumn 1967 a few adults 
with a shell showing "ledging," marks where growth 
was stopped for a while by dispersant effects. began to 
appear higher up the shore accompanied by larger num- 
bers of juveniles which may have becn survivors born 
before the disaster or may have hatched from the eggs 
seen in spring. These survivors and young specimens 
appear to have bred well, and by 1969 the population 
of Ntccella was much larger than before the disaster 
(see Fig. 3): this may have been a result of lack of 
competition from other predators. or the shelter and 
shade provided by the growths of Frmrs, In later years 
(Bryan personal communication. author's observations) 
the numben of Nacclla declined, perhaps as a result of 
the great reduction in the numbers of the barnacles 
on which they feed (Fig. 3 ) .  

As general recolonization of the inner parts of the 





FIG. 7. Porthleven, December 2. 1971, showiq the "front" oft'. viilgt~lflt ";ldvancinp" wcslwards ~ow;~rds the 
st i l l  densc growths of Frrcrrs in thc background. 

iufs progressed. the area occupied by N~rcella ex- 
pnded. A single example was found near the harbor 
mtrance (area d of  Bryan 1969) early in 1970, and 
tk species was found in soniewhat greater number by 
thespring of 1973. This means that in the wont  affected 
uu. at least 34 rno were taken for recolonization, and 
by a species of considerable resistance to dispersants. 
In contrast. the decapod crabs which showed less re- 
iitance to dispersants, but which have planktonic larval 
urges and are more mobile in the adult sti~ge. l i n t  hcgan 
lo return to the harhor area in Novcmher 1967. when 
hq were found living under stones in thc prmence o f  
prsistent oil. 

We have studied recolonization by several other 
~ c i e s  at Porthleven, mostly in the area of  flat reefs 
11 the most southerly point (area ;I o f  Bryan 1969). 
Quadrats were photographed and sampled annually 
tach spring, and additional information on breedins o f  
PtttlIa was derived from autumn samples taken closer 
10 ~ h c  hnrhor. Details o f  rhc main scqirenrce o f  changes 
rt .VTL arc shown i n  Fig. 3 and some points illustrated 
ia Fig. 4. 5. 6. I t  can be seen that 2 yr after the estnh- 
Il~hnient of the Fecrrs cover. harnaclcs had disappc:trcd 
i r m  the horizontal rocks at MTI.. and there was a 

corresponding drop i n  numbers of  Nucella found on 
vertical faces nearby. I t  is noteworthy that the shells 
of Chrharnolrrs have a high content o f  organic matter 
(Barnes el al. 1976) and do not persist long on the rocks 
after death; by 1969 all signs of  the barnacle mortality 
clearly seen i n  1967 had vanished. The population of 
Frrrrrs began to decline first near the harbor (area b of 
Bryan 1969) i n  1971, a region of irregular rocks where 
grazing by Parella was reinforced by development of a 
hig population of  edible winklcs. Lifrorir~a lirrorea. The 
"front" of Pnrellcr migrating from this area (Fig. 7) 
passed across thc quadrat region i n  the spring of 1971 
and coincided with the lirst drastic decline of  the Frrcus 
there. A major resetlleriient of  barnacles followed i n  the 
mlumn. i ~ n d  by 1974 the rocks wel-e virtually without 
dg;~e. From 1975 l o  date thc b;~r~iacle population has 
continited to increase while the limpets have declined. 
hot the algal growths at MTL and MHWN are less than 
ohservcd before the disaster (Fig. 6) .  

At  Porthlcven most plants below MLWN survived 
the more diluted dispersants received at this level. 
thot~gh the limpets were killed. Considerable algal 
growths. including some "greening." occurred i n  the 
first 2 yr, but hy 1972 the nieali low water spring tide 

FIGURES 4.5,  ;~nd 6. Changes at Porthleven. 

FIG. 4. May 8. 1967 nfler most of theoil had been renloved by dispersants. The rocks look superki;~lly normal. 
but in the absence of grazing molluscs, all killed. a film of  diaton~s and other small algae is beginning to darken 
lhc barnacle zone. Note the sn~illl tufts of Fiiri is, some of them now d;tnt;rged but s i l l  illuslri~tinp the typical small- 
scale mosaic effect of the norni;~l community on this shore. FIG. 5. May 11. 1968. a closer view of the southern 
corner of the rock outcrop seen in 4. Newly settled young plants of Frcus ~~c:sicrrlosrts cover most of the rock. the 
remaining areas being hright green wilh Ei~rc~roi~mrplra and U/I,,I. FIG. 6. Mity 18,. 1977. the same viewpoint as 5. 
rhowing return to P,i~rrrrlln/Clril,rr,~nli,s domin;mce. Frrcsr is  now sc;lrcel- than hefora the diw~slw. 





FIG. 9. Fluct~~ations in the numbers of Clrrharnalrrs at 
Porlhleven from 1968 to 1977. Means and standard devia- 
iwns are shown for counts in the years before the Torrey 
Cpngorr clean up. HW = mean high water neap tide level; 
ill = mid.tide level: LW = menn low wnrer neap tide level. 

:rating into nearby p w l s  where they would find con- 
&a1 conditions. The counts of barnacles at  Porthleven 
,how some interesting differences between tide-levels 
~Frg 9). At both HWN and MTL they declined t o  a 
minimum density in 1970. The HW region began to 
k recolonized sooner, though numbers are still below 
the nnge of abundance found before the disaster. The 
SITL region under its cover of Frrcrrs was much slower 
lo improve, but the numbers of Chtharnalus reached 
heir former level by 1976. At first the LWN region 
appeared to be unharmed, but the population declined 
later to a minimum in 1971. It has since built up  to 
much greater densities than expcricnced before 1967. 
possibly as a result o f  the competing algae being re- 
duced by the larger numbers of Prrretla. 

The extensive ref's at  Trevone showud the maxinium 
Ixnl Jiffere~iccs in 11ic lintu ct111rse of recolonizntion, in 
p4rt  related to intensity of dispers;int treatment. 

On the outer edge ("sewer rocks") not all the herbi- 
mres were killed, and just over 50% of the mussels 
and barnacles survived. However. there was a n  im- 
mediate "green flush" of 61trro1aorpl1a during the sum- 
nlrr of 1967; though some settlements of B. balanoides 
..,I c'lttl,~r~rra/r~.r occurred. By 1968 the cover by F. 
~b~r l~~s r r s  I. lirri~u~is had increased and the barnacle 

, q h t i o n  w:~s reducud, hut this change was quite short 
d t h e  Frrcrrr began to  thin out in 1970, when bnrnacles 
.od,\l~r;lrrs ci11tli.s resettled in some number. Conditians 
w e  fairly normal by 1972-73. 

lr contrast. the partly sheltered MTL flat rocks half 
ray out over the reef) have taken nearly twice as long 
w go through the cycle of recolonization. Some details 
angiven in Fig. 10; it is noteworthy that the Ftrcus here 
consisted of very large plants of typical F. vesiculonrs. 
with F. serrnrrrs among them (Fig. I I ). The Fucus 
dominance lasted for 3 yr. and took a further 3 yr to 
disappear. As a consequence the barnacle w n e  on 
brizontal surfaces at MTL virtually vanished for 6 yr. 

FIG. 10. Population fluctuations during recolonization of 
flat rocks at mean tide level at Trevone from 1968 to 1977. 
Lower ~rcriorr, circles indicate percentage cover by Frrcus. 
triangles no. P. vrrlgwra/m'. Upper section, squares indicate 
no. Balan~s  balanoideslcm', diamonds no. Chthamalur 
srAarus/cm*. 

Parrlla vrrlgara never reached the same high numbers 
as at otherstations. thoueh its rate of growth appears t o  
have been very fast (Fig. 12). In 1970 there had been 
a good settlement of Spirurbis rrrpesrris under the Frrcus, 
and G. rrrnbilicalis had also returned. By the following 
year G. umbilicalis was present up  to 40/m?. and the 
P. vrrl6.ata had reached a maximum length of 50  mm. 
a remarkable size for  21 yr growth. Nrrcella luprllrrs re- 
turned in 1969. but was more common in 1970; it may 
have heen feeding on the numerous Spirorbis and the 
population of the low water barnacle B. crenarur which 
had now replaced the normal mixture of  Chrharnalus 
and 8. balanoMes previously present (Fig. 12).  The 
first reduction of Fucrrs, in 1971. enabled 8. balnnoidcs 
to settle in some number, and it became the dominant 
barnacle for 3 yr  (Fig. 10).  The rocks were not really 
clear from Frrcru until 1974, by which time the limpet 
population had fallen, and Chthuri~drrs was then able t o  
resettle (Fig. 13). 

Of the limpets, only P. iwlgata was present in the 
MTLquadrats during the firs( 5 yr at  Trevone; P. ospera 
resettled in some numbers on the outer reefs in 1967- 
68 ( u p  t o  2OO/m', 9-23 mm length at  MLWN in April 
1968). but the southern species. P. depressa, was much 
slower t o  return than on  the south coast of Cornwall, as  
for example at  Porthleven and Perranuthnoe. The adult 
population in the southwest had been reduced by a suc- 
cession of cold winters, and it is probable that the larval 
density in the plankton was lower along the north coast 
than on  the warmer southern coast which carried more 



FIGURES 11, 12. 13 AND 14. Fluctuations i n  algae and herbivores at Trevone. 
FIG. 11. Apr i l  3. 1969. A metre quadrat has been clenrcd i n  the dense algal grotvths (20% F. vesicrrlorr~~. 
80% F. .wrrarrr.r) just below mid-tide level. The rock under the ztlgae is without hnrn;rcles. and the only fauna re- 
corded was six small P. vttlx,rrn. Fig. 12. June 24. I97 1. Closc-up of  p;W o f  a cle;~rcd quidrat at mid-tide lcvcl 
showing the rapidly gmm P. vrrl,qurr, now beconling abu~d ;~n l  underncilth thc alg;d cover (90% Fncwr). The r a t  
surface carries many t u b s  o f  the worm Spirorbi.~ rrrpcstrb and several h'elrrnr,~ crrrwrrrh usunlly found only belor 
low tide. Scale indicates 1 cm. Fig. 13. April 5.  1977, the wnic region photographed in If and 12, showing com- 
plete dominance o f  P. WIIPIII~ and mixed Clrrberr~~lrrr/B. hnlor~oidrr. Wire fr;rrne is 10 X 10crn. Fig. 14. April 24. 
1975. An  "npgegute" o f  old P. vrrlgura gathered at the edre o f  a sh;~llow pool containing some pl;unts of F. .wrrnrrn. 
These limpets are survivors o f  lhc I969 and 1970 settlcaicnts I ;is in 12). und now have rings on the shell showing hou 
rapid was growfh in the first 3 yr. nrnl how litt le hns taken phcc since. Sc;~lc i~~dicates 10 cnl. 

breeding adults. A fcw did scttlc at Trcvonc i n  1961 
and  later years. but  w e  m u l d  find on ly  6/m"t the 
nlost i n  1971. However. b y  1975 the nt~ntbers o f  P. 
k p r c s s a  had slowly bu i l t  up. and  the lo rn l c r  compnra- 
l ive ly  large size f o r  t h k  species o f  u p  to  4.5 1nnt hod  
been regained. though a t  24/1n' the ahundance a t  the 
best station. an MLWN plat form just inside the outer 
reefs. was less than in a previous period (Or ton  and 
Southward 1'161 ). Further increiises have followed, and 
this species is n o w  present i n  snisl l  ~ i u n i b e n  over niost 
o f  the rock5 n l  Trcvone. 

One spccics t h t  has nnt yet rcgaincd i ts former cw- 
d i t i o ~ i  :it l ' rcvonu is the long-lived b r o w n  :11gi1 A.rcnph 
Irrm r r o d ~ r r r r ~ ~ .  I n  1977 the surviving plants wcre o111 

;I tenth cif ~ h c  prcvious populat ion cxisting at M L l W  
below Atlant ic l 'crr;~cc. Ascoplr,vllrrr~r h ;~s l x c n  rho:-- 
t o  be sensitive to  o i l  m d  dispers;~rits and is slow to  1:. 

cover fro111 cut t ing (Boncy 1966. 1968: Keser el : 
1977: Stecle 1977). I t  may  never recover from L: 
cornhinut io~ i  o f  Torrq Cnnyo~r  elTects and incresiq 
recre;~tiunal usc o f  this part icular stretch o f  shorc (cl 
Bo;~lcl i  nnd Jeplison 1978). 



ii. IS. Fluctuntions in the nuntbcrslcm' of Chrhnrr~irlrrr 
.I~III\VN, htTL. ;!nd MLWN on l l l e  outer edge of the rcef 
,I Cape Corr~~v;cll 1ron1 1956 to 1977. Means and standard 
ksialions i~ rc  i~dic i~ted for the I0  yr before the disaster. TC 
= no counls col~ld be nxde in 1967, at the time of the spill. 

CAPE CORNWALL (AND SENNEN Cove) 

h greater quantity of oil was stranded at Sennen 
Covc than at Capc Cornwall. but we have more bio- 
bgiwl inlorniation for the latter. The outer edge o f  the 
rtef on the northwest side of  Cape Cornwall has been 
vrveyed each year since 1956. I t  is very exposed to 
rave  action and normally carries a population of  P. 
apera as well as P. iwlgirra. I n  the MHWN to MTL 
region dense cover by F. ~~esicrrlo~rrs f. litrearis persisted 
only for a short time (see Tuble 2)  after the disaster. 
but while present i t  was very thick. Frtcrrs spirnlis settled 
in the HWS region a year later than F. vcsisiiirlosrrs i n  
1"s-69, but was never as dcnse:Then was a heavy 
rnrtrl~.n~ent by P.. vrrlg~~tn and P. arpera i n  the first 3 yr, 
lnd this n u y  have helped, together with the wave 
Aon, in shortening the period of  Ftrc~rr dominance. 
i\ ihowo in Fig. 15. there wss a lcss severe fall in the 
hdmacle cover st this station than at Porthleven or 
Trevonc. Changis were comparatively slight at the 
HWN level, where the spaced-out Ftrcrrs plants allowed 
m e  recruitment. and the numbers~havc been back at 
heir normal level for 5 yr. A t  MTL the reduction i n  
Chrhornnlrts coincided with maximum development of 
IC Frrcrts canopy in 1970. but although all the large 
algae had gone by 1973 the numbers o f  Chrharr~altrs at 
his level arc still less than those found over the period 
1956-66. possihly an effect o f  the increased Pnrrlln 
ppul;ttion. At  MLWN the barnacles were smothered 
hy the trpw:trd extension of  the inlralit!oral fringe (see 
k l w )  ;~nd C l~ r l r~~ r r~n l~ rs  rcturt~ed gr;~dually over a 
p r i d  of 5 yr. and is now just within its former rnnge 
~iabundance after a peak in 1973. 

Althol~gh Pordla was wipcd out at Cape Cornwnll in 
1967, L. rrigrnliueirra Gray survived. This species is 
.~pptlrcnrly ov ip i~ ro~~s  (8ergcr;lrd 1971; Hcllcr 1975) 
illid i s  ttseslly iound at 11\VS-I.I\YN ill ;~asoci;tlion with 
C/rr/rnrrm~ur. The survivors sllc,wcd the cllccts tll' Ihc 
cleaning operations in thc s:t~iic way as tltc hurviving 
N~rrrllu at Porthlcvcn (Rryxn 1969) in the forni 01' a 
growth check on ~ h c  shcll. The n~~nlbers  incrcnscd. and 
i n  1970 and 1971 t lxy co111d hc found :~ggreg;ttcd at 
the base of the clumps o i  Rrctts. together with Porcllu. 
and probably contrihmal to the cvcnttral renioviil of  
the algae. The year 1910 rnarkcd the return of  other 
herbivores, G. rrrrtbilidis and L. obra.rnra, both in slight 
shelter, the latter taking advantage of  the greater Fucus 
cover than normal to extend over towards the wave- 
beaten outer edge o f  tk reef. A few young specimens 
of  Nrtcella were found at Cape Cornwall in 1968, and i t  
is assumed that one or two adults survived to breed or 
else some egg cases w i v e d  the cleaning operations as 
at Porthleven. By 1972 the populntion of  this species 
had increased considerably, with up to I 5/m? on vcrlical 
faces on the sheltered side of  the rcef. The large top- 
shell Mor~o~ lo r~ ru  took longer to return here. and was 
not seen until 1972, when a few L. ruilis Maton were 
also recorded. 

The inner side of  the reef studied at Cape Cornwall, 
like the rest of Porthlfdden. o f  which i t  is the outer 
part. retained a full -green Rush" into 1968. unlike the 
wave-beaten outer edw where Frrctrs built up during 
196748. F~trrrr  did not dominate Porthledden until 
1969. and i t  seems porriblc that the delay may rcflect 
the heavy disperhant treatnrent received i n  the inner 
parts of  the bay. 

At Sennen Cove t h  was a similar prolongation of  
the "greening" and d&y in the subsequent development 
of Frrcus cover. in an arca extending from 100 m west of  
the pier eastwards to the main sandy beach. The ex- 
tremely heavy oiling hcrc was treated for a long time 
with dispersants. and rs we know that the oi l  persisted 
in the sands for nt lcrw a year. i t  seems possible some 
components of the dispersant also lingered i n  the sands 
and in sand and gravel under the boulders for a shorter 
period. I n  this region no molluscs survived to 1968. I n  
1970 N. lnpillrrs and G. rinrbilicnlir were occasionally 
found. and by 1972 at1 thc top-shell species had re- 
turned. together with C rrri1i.r. Our routine survey sta- 
tion at Scnncn i s  300m west of  the picr and received 
lcss dispersant (Fig. 16. 17). As at Cape Cornwnll, L. 
rriyrolirteafa survived when the limpcts were killed. and 
Frrcru cover developed during the 1st yr, the remaining 
changes being quite simil:~r to thosc on the outer edge 
of the reef at C n p c C o m i ~ l l  (T;~hlc 2) .  

MAEN DII POINT. PFJUN~ITIINOC 

Wc have already mcntioncd thc dispersant treatmcnt 
applicrl l o  Perran S ; m L  at I ' e r r i ~ ~ t ~ ~ t h ~ ~ o c ,  il l id the el ie~ts 
on the hcach inlruna h w e  been rcported in Smith 
(1968). The rocks at the northwest end of the beach 





nceived moderate oiling, comparable to Godrevy PI.. 
but up to the beginning of May 1967 many herbivores, 
including the top-shells. were still alive, though some 
limpets had died in H W  pools close to the thicker 
prcches of oil stranded at extreme high watcr spring 
lideleve1 (EHWS). 

Oil was still present on these rocks a year later. hence 
we think that most of  the effects then found are due 
to drift of  oil-dispersant patches from the heach opcra- 
lions. This drifting was seen from the cliff top i n  1967. 
At any rate, the observations in 1968 show that most 
of the limpets had eventually died, though some o f  the 
Monodonfa survived. Much "greening" was then 
present. together with heavy settlements o f  F. vesic- 
u10n1.r. A.slight trace o f  o i l  persisted at EHWS to 1970. 
buf by this time i t  had weathered and was no worse 
than the more usual small patches of "chronic" oiling 
 hat occur afresh every year on most Cornish shores. 
The maximum cover by FIIC~ varied from 50% (F. 
fpiralis at HWS) to 80% (F. vesicrrlorus at MTL- 
LWN). and by 1970 P. vu(earo and P. depre.xsa had 
returned in some number. I n  later years, i n  spite of  the 
lower mortality that had occurred among the herbivores, 
and the lesser density of  the Fucur cover. the changes 
took as long as on shores treated directly with dis- 
persants (Table 2). 

Moderate oiling occurred at Godrevy Pt., but this 
K National Trust owned land. and lies close to a well- 
known breeding ground of  the Atlantic gray seal. I n  
consquence, direct dispersant treatment was resisted. 
However, there may have been drift  from nearby parts 
of St. lves Bay, and the oi l  itself may have carried traces 
of the persistent fractions from dispenant spraying at 
=a a week before stranding. I t  is thus not possible to 
bc sure, but from circunlstantial evidence we believe 
 his is the only station we inspected where the effects can 
be attributed to the oil. Thc o i l  was principallv restricted 
lo the inner pans of  the reef. f r o r n ' ~ ~ ~ ' t o  EHWS. but 
was nowhere more than I to 1 rnm thick; it remained i n  
the form of a water-in-oil erttulsion for sorm wccks i n  
spite of exposure to sun and air at low tide. After a 
month some of the barnacles had managed to clear an 
opening i n  the film of  oi l  and showed normal cirral 
activity when examined i n  the laboratory. The gut did 
MI contain any traces of  oil, in marked contrast to 
grazing herbivores examined at the same time. The 
mussels Mvrilu.r erl~tlis were apparently unharmed. and 

we saw no change in the N~rcello population. Limpets, 
P. v~rl,qoro, howcver, suffered heavily on oiled verticnl 
faces hctween M T L  and MHWS. The limpets must 
hnve died. or hcen weakened sufficiently to lose hold of  
thc rock, or else they nioved elsewhere, for their "scars" 
or homes. wherc they had lived before the disaster, 
showed up as light-colored patches against the hlackish- 
hrown coating o f  oil. 011 flnttcr surfaces at Godrevy, 
as on other lightly treated shores. we found limpets 
browsing on oil-covered rocks. and oil droplets were 
present in the gut. A t  this stage of  weathering the oi l  
ingested did not appear to be toxic. and a few limpets 
that had actually grown and increased their shell-size on 
a diet including oi l  were found later on another shore. 

I n  spite of the apparent loss of limpets there was no 
ahnormal "greening" o f  this shore. which often carries 
patches of  E~r tc r r~~orphf l  and Porphvrn during the spring. 
By 1968 some limpets had recolonized the vertical faces 
affected i n  1967 though i n  lesser numbers than before. 
Many clear patches o f  rock could be seen, howcver, and 
i t  was obvious that about 50% of the barnacles had died. 
Traces o f  oil remained on Ratter surfaces in 1968, but 
a new settlement of  B.  balanoirlcs took place in the 
spring. regardless of  this remaining oil, and Chrhn~nalus 
also resettled later i n  the year. 

A l l  the o i l  had gone by 1969, and no obvious long- 
term effects could then be seen. The mortality at this 
place was therefore confined to barnacles and limpets 
that had been thickly coated with oil, and a large sec- 
tion o f  the shore was apparently unharmed. The whole 
reef was back to normal after 2 yr, i n  striking contrast 
to those shores that were treated with dispersants. The 
oil did k i l l  some animals, and was thus not as harmless 
as we thought i n  1967 (Smith 1968). but i t  was ob- 
viously much less toxic than many other crude oils and 
distilled products (Blumer et al. 1970; North et al. 
1965; Sanders 1973; Thomas 1973; Kuhnhold 1974; 
Linden 1976: van Gelder Ottway 1976; Neff et al. 1976; 
Kice el at. 1976). 

A most interesting aspect of  the process of  recoloniza- 
tion of  the denuded shores was a change i n  zonation 
patterns resulting from alterations i n  species interactions 
and the differing time scales o f  resettlement. 

Such a change was most obvious on the outer edge 
o f  the reef at Cape Cornwall (Fig. 18). where there was 
an especially luxuriant regrowth of algae by the spring 
of  1968. On the travenc investigated, the infralittoral 

FIGURES 16 AND 17. Sennen Cove. wave-beaten rocks at the south end. 
FIG. 16. May 21, 1970.  ear the camera there is dense cover by F. spiralis (spper cdtc) and F. vcsicvlosus f. 
linearis, but farther to senward the algal cover is already thinning out as the new population of  herbivores develops. 
Fig. 17. June 1. 1977. A more or less complete return to nornral Pa~el l~ /Cl i~hn~~ia lar  dominance has occurred. There 
are a few tufts of F. t~csiwlos~~r in the bsrnacle zone (as inimedinte foreground), and the blwk lichen Lichi~la 
pyg~~iaee h;~s recovered i t s  former abundance at high-walcr(:rppcr lcfl side). 



FIG. 18. Cape Cornwall. wavc-beaten outer rocks: sketches 
based on photographs showing fhe change in zonation after 
the disaster. Upper. situation in May 1968, 13 nio after all 
herbivores had been killed by dispersants; below. situation 
9 yr later in May 1977, after restoration of the herbivore 
population. Upper limits of Lnn~inaria digirora and 
Hin~asrhalia rlongara were 1.5 to 2 m higher in spring 1968 
than in spring 1977. MT = mean tide level. LWS mean 
low water spring tide level. 

fringe (principally L. digirnm. though Alaria csc~rlerrra 
and L. lrypcrhorea are present). was raised above its 
normal upper limit by 1.5-2 m. so that quite large plants 
of L. hgitora were growing at between M L W N  and 
MTL i n  places where there was previously a com- 
munity of  barnacles. limpets. and smaller algae. A cor- 
responding upward shift had taken place in Hir~ranrhalia 
clongaro. which at this place normally forms a belt 
overlapping the infralittoral fringe and the lower third 
of  the midlittoral. Plants with wcll-developed "thongs" 
were present up to MTL, and "buttons" occurred right 
up to MHWN. I n  addition Comll ir~a was much better 
developed and bushier than usual. There was dense 
cover by young plants of  F. vesk~rlosrrs f. Ihwaris f rom 
MHWN to M T L  and some patches o f  this extended 
right down to  MLWN. mixed with the Hisiart~hnlia and 
Lortri~raria. After 3 yr the Laninaria had retreated. but 
Hima~rthalia was still present in a thick belt at least 1 m 
above its usual level. and a return to normal patterns 

was nor seen until 1973-74. after the pcak in the linlprl 
population had been reached. 

This upward shift in the algal zonation must be re. 
lalcd l o  the absence of grazing pressure by linlpets. On 
such a wave-washed site i t  would appear that this 
biological interaction may b e  more important than a 
physical factor such as desiccation, which has usuallj 
been accepted as the cause of the upper limit of Lt 
infralittoral fringe. This hypothesis probably still ap. 
plies to sheltered shores where P. aspero is absent and 
limpets less common. At wave-beaten edges of  the rttl 
at Cape Cornwall P. a.rprra is normally dominant in 
thc region showing the change i n  zonation. and occun 
i n  smallcr nu~lihers right up to MHWN. This specie! 
recolonized between M L W N  and MTL i n  small num. 
hers in 1967-68, and had reached a length o f  9-10 17 mm 
by the spring of  1969. These measurements indicate a 
slower rate of  growth than i n  P. vulgnta and probabl! 
a slower build-up in the population. hence the restora- 
tion o l  the normal algal zonation at this level must k 
attributed also to the larger number o f  P. vul,?ara 
present at MTL and their subsequent movement down 
the rock. P. n.rpcra increased later. and the species per- 
sisted in smaller numbers at MTL to M H W N  for five 
years after the end of  the Flrcus canopy. 

Other changes in zonation have occurred. less ob 
viom than the shift i n  algae, but involving similar 
vertical distances. Most of them were upward utea. 
sions o f  species which took advantage of  the shdtrr 
and increased moisture provided by the Fucl~s cover. 
Thus. in 1969 on several shores. including Lizard PI.. 
Porthleven. Perranuthnoe. Sennen Cove and Trevont. 
5. rrlprsrris became abundant at MTL under the canop! 
of  F. vcsiculosur and F. scrratus. In such places it wlr 
replacing the normal barnacle zone (cf. Moore 19341. 
and was frequently found in association with other 
organisms more usually found towards low tide level M 
in. pools. including encrusting coralline algae ('lithe 
thanmia'). Ihe barnacles B. crerior~r.r and B. prrforara 
and the L W  limpet P. a.Tpprn. Spirorbis rupcsfris was 
not confined to "litholhamnia" coated surlaces. and also 
nccurred o n  thc hare rock and on limpet shells. Thc 
uplift of  8. prrfornrrr~ was particularly noticeable d 
Porthleven and on the outer edge of  the reefs at Trevoix. 
Some specimens occurred u p  to MHWN where t h y  
survived for a year or two after the end of the Fucm 
cover. 

During the period of  Fircur decline. especially aflcr 
1972, i t  was quite easy to distinguish places when the 
algae had heen abundant by the presence of tk 
pradnally dyinp remains of  all of  these uplifted animal 
zones. and by patches of  "lithothamnia." The gemnl 
abundance o f  the crustose coralline algae was notd 
on all Torrc.v Cnnyon shores, but some of  the grou.th 
of  these species could be related to  the initial abunt 
of limpets as well as to the greater moisture levels unk! 
the Frrrrrs. Existing limpet "fronts" show clcarlp rh: 
heavy grazing pressure also exerted on such calcarea~s 
algae. 



It wodd sccm therefore that the disturbance of the 
~,~ ,p ten l  caused by removal o f  a l l  grazing animals 
llsd two etTects on zonation; one was related to a lessen- 
mg of desiccation caused by algal growths; the other 
rrs more cornplcx. and resulted from direct interaction 
kcween the herbivores and the plants. I t  seems possible 
that corresponding changes have accurred elsewhere 
through oil pollution, even when dispersants have not 
k e n  used (cf. Thomas 1975). 

Loss OF SPECIES 

The absence of  evidence showing loss of a species 
has often been claimed to show that the dispersants had 
m long-term effects on the ecosystem (e.g. Shelton 
1971; Wardley Smith 1976). We have no data for the 
dpe. which are still i n  need o f  a complete survey. 
However, one animal species has not returned to shores 
directly treated with dispersants: the rare, warmwater, 
hermit crab. Clibanarius erythropuc (Southward and 
buthward 1977). 

The British population of  Clibannrius appears to be 
1 precarious one, maintained by occasional settlements 
.if planktonic larvae derived from the more abundant 
populations i n  south Brittany. and it is possible that 
ltsent climatic and hydrographic changes may have re- 
duced the chances of recmitment. 

There is a surviving colony of  this species at Wem- 
bury, South Devon. outside the affected area. and e 
k w  specimens escaped at Great Hogus rock. Marazion. 
*hen others were killed on the causeway rocks. But at 
Lizard Point, Porthleven. and Trevone the species was 
w~ped out and has not returned; the latter locality was 
the only known record on the north coast of  Cornwall. 

Strictly speaking this species has not been totally lost 
from the Cornish fauna. hot the known population in 
Britain has been reduced by half from that existing 
before the Torrry Cat~yo~r  disaster. We could regard this 
IS the LC,, for the species. 

Discussion 

The widespread mortalities on west Cornish sea- 
ihores resulting from the Torrev Canyon clean up pro- 
udcd a large-scale experiment on the successional s e  
quence of  rocky shores and on the influence of 
krbivores and predators on the ecosystem. The small 
.mount of prespill data. the lack o f  sites where o i l  was 
kh entirely untreated. and uncertainties o f  how much 
diipersant reached marginal areas have prevented ac- 
curate statistical comparisons. However, the f rquent  
,np \tretclies of coastline showing dispersant damage 

;J> meant that the first few years of  recolonization 
died more on larval dispersal than on local adult 
mtgration. a factor that has always interfered with small- 
d e  erpcriments on rocky shores (cf. Southward 1956; 
irken 1962: Emson and Faller-Fritsch 1976). Incom- 
plete as the results are. we still have a mass o f  informa- 
wn which helps to illuminate current theories on the 
arwture and stability o f  ecosystems. 

Reference to alniost any recent ecological journal or 
book wil l  show the co~ltinuing lack of agreement on 
what constitutes stability, and how i t  is related to 
diversity (Odum 1971, 1975; Orians 1975; May 1975; 
Menge and Sutherland 1976: McNaughton 1977). On 
rocky shores environmental stress by physical factors 
can be important (Sanders 1968; Lewis and Bowman 
1975; Bowman and Lewis 1977) but biological inter- 
actions appear to provide many of  the reasons for the 
community patterns observed (e.g. Connell 1972. 
1975). I n  a simple system with high environmental 
stress (Menge 1976) interspecific competition for space 
is important i n  wave-exposed areas, predation important 
in shelter. I n  more complex communities both predation 
and competition for space and food operate i n  different 
facels o f  the community or at different tidal levels (e.g. 
Connell 1970; Luckens 1975; Branch 1976; Menge and 
Sutherland 1976). However, experimental removal o f  a 
dominant predator or grazer results i n  an increase in 
biomass, and often reduces species diversity (Paine 
1966, 197 1; Paine and Vadas 1969; cf. Connell and 
Orias 1964: McNaughton 1977). 

I t  should thus be no surprise that a disturbance on 
the scale of  the Toncy Canyon affair can cause long- 
term instabilities to a typical northeast Atlantic rocky 
shore community, and shorter-term changes i n  zonation 
patterns. I t  was at one time thought that the typical 
shore o f  the region was dominated by belts o f  the large 
brown seaweeds, and that the transition to a barnacle- 
or mussel-covered shore i n  exposed points was a direct 
effect of  the wave on settlement and survival of  the 
plants, and there was some experimental evidence to  
support this view (Hatton 1938). However, experiments 
carried out since 1946 show that the negative correla- 
tion between wave action and a Frrctcrdominated com- 
munity is indirect, mediated through the grazing activ- 
ities of herbivores. mainly limpets (Jones 1948; Lodge 
1948; Burrows and Lodge 1950; Southward 1956; 
Aitken 1962). Removal of  the limpets from a west 
coast shore of  Britain produces a regular succession: 
(1 ) a film o f  benthic diatoms and other unicellular and 
filamentous algae. a brief transitional phase that may 
be obvious only i n  late autumn and winter when lack o f  
light reduces algal growth; ( 2 )  a green flush of  
E~tteromorpha, which may dominate for a year: (3) 
heavy settlement of  Fscus i n  the 1st-3rd yr, replacing 
the Enreromorpha; (4) settlement andgrowth of Patella 
follows. so that further increases i n  Fucus are prevented 
by grazing during and after the 3rd yr. (5) the older 
plants then die off o r  are removed by Patella grazing; 
(6) the rock is available for resettlement by barnacles 
i n  the 5th and 6th yr. and the number of  limpets falls 
as their food supply is reduced: (7) by the 6th and 7th 
yr  o r  so there is a return to a Patella-barnacle dominated 
community, and the cycle could be restarted again. At 
the:end of  the field experimenls quoted above, the 
cleared areas could be distinguished from the surround- 
ing natural communities by a total absence o f  large 
algae above MTL 
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k c .  19. Model of the theoretical relalionship (Lotka- 4 
Volterra plot) between the numbers of a herbivore (Patelb) 
and the density of an ales (Furrs). A. On wave-beaten & 
shores; B, on sheltered shores 

, , , , 1 1 1 I l  I 1  1 1  
50% 

Evuu c a r  
Natural. cycles with the same succession occur on 

small scale, due to storms, beach movements, or similar FIG. 20. Number/ml of Pafclla plotled against thc pcr 

factors causing Local reduction in the limpet popula- C'nWC cover of FUFI~S at MTL Trevone (solid ltne and 

tion, and may follow shipwreck or harbor construction war") and at MTL Porthlcven (broken line and trlanplal 
to compare with Fig. 9. Dates of some of Ihe points in lk where new surfaces are exposed to the sea (Seshappa are shown. 

1956: Southward 1956; Moore 1939). Not all of the 
stepsin this succession necc~sarily follow the preceding 
stage, in agreement with Connell (1972). Barnacles can 
settle immediately on cleared surfaces at some seasons 
(personal observations), and limpets can follow 
E~iterotnorpha without a Fucus phase, but most often 
the full sequence is seen. The same cycle of events was 
followed on the shores badly affected by the Torres 
Canyon clean up, but the situation was complicated by 
the fact that all herbivores and some of the barnacles 
were killed. In the absence of Patella the littorinids can 
exercise control over algal regrowth (cf. Menge 1976; 
Keser et 81. 19771, while dead barnacle shells would 
be expected to provide a surface favourable to settle- 
ment of spores (cf. Menge 1976). Nevertheleu, the 
main course of recolonization has been similar. and, 
as on the experimental areas. there have been fluctua- 
tions in zonation patterns and the sequence has ended 
with a shore devoid of large seaweeds (Burrows and 
Lodge 1950; Southward 1956). Only the time scale 
has been different. Along the wave-beaten edges to the 
reefs and in a few spots where Fucus failed to become 
dominant the cycle was completed in 5-7 yr; elsewhere' 
periods of up to 10 yr have been noted. This longer 
period to regain equilibrium may be due to ( I )  residual 
toxicity, with delays up to 1 yr. (2) the sheer scale of 
the mortality restricting possible migration of adult 
herbivores such as was possible on small experimental 
areas and must happen naturally. (3)  the removal of 
all herbivores. as noted above. If a future major spill 
of toxic oil should occur. more attention must be paid 
to these aspects of recolonization, by sampling for oil 
and dispersant residues. and by examining the edges of 
the treated areas for migration. 

In the absence of large-scale disturbances and where 
environmental fluctuations are of small amplitude. the 
balance between the large seaweeds and the herbivores 

either becomes stabilized at some particular point in thr 
cycle, or undergoes cyclic changes of smaller radius 
(Fig. 19). Increasing wave action favors the limpets 
and barnacles while increasing shelter and increasing 
shade favor the algae, but in a natural system the no 
extremes - all algae. o r  all barnacles and limpets -arc 
rarely found. Instead there is usually a mosaic related 
to small-scale local variations in wave action, insolation, 
desiccation, herbivore density, and irregular predation 
by the next trophic level (NuceNa, crabs. fish. a d  
birds). We arc here considering a very simplified vcr. 
sion of the system. and have not taken into account 
other common animals such as mussels (Lewis 1972, 
1976), the pseudoperennial algae such as Luurrnc~r 
and CoraNina, and the smaller and encrusting algae 
which are also grazed by the herbivores. Even with 
these additional factors, the situation is still simpler than 
in other parts of the world where limpets are more 
specialized, and more species exist in closer relation. 
ship with their food organisms (Branch 1976). 

We can consider the fluctuations in algae, herbivores. 
other sedentary animals and predators resulting from 
the Toncy Canyon affair as a series of damped oscilli. 
lions in which the delay in responw of one organism 
to changes in the other is much greater than in a typical 
Lotka-Volterra system (cf. Odum 1971 ). The time 
scale of the oscillations is prolonged since breeding and 
recruitment are annual (or less frequent) and the typical 
organisms can live for a long time: Fucus 4-Syr 
(Knight and Parke 1950). Patella 20 yr (Fischer-Pielk 
1941 ). Clrrha~nalus 5 yr. The point at which the limpet- 
FIICIIS balance reaches equilibrium can still be ill& 
trated in terms of Lotka-Volterra equations. though thb 
is a great oversimplication (cf. Harte and Levy 1975). 
By plotting the changes on Torrey Canyon affected 
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FG. 21. Theoretical representation of the effects of dis- 
h n c c  to the ce0suJcrm on rocky shorn. The ordinale 
n k  u n  indicate distance from a source of chronic pol- 
Iulion, or (as in the Torrcy Canyon sequence) the ttme 
from a single catastrophe. 

&ores compared with the model (Figs. l k 2 0 )  we can 
rethat the relationship swung first to a part-cycle repre- 
mting the more sheltered shore type of community, 
lhen to a part-cycle typical of more exposed shores, but 
tvtntually the system runs off the graph since the food 
app ly  is drastically reduced. The relationship between 
Paw//a and FNCIIS is thtn confirmed to be much less of 
I wialized "prey"-"predator" system than that found 
ktween the kelp Egrefiio and the limpet Acmaea insessa 
(Black 1976) and some of the South African species 
(Branch 1976). Parella can and does graze on many 
achcr food organisms, and is also capable of modifying 
b grazing pressure by extensive migration (Aitken 
1962) where local variations exist. 

In theory the balance of the intertidal rocky shore 
mmunity could be disturbed (cf. Cowell 1976) by 
lay man-made event that alters the abundance of one 
dthe common species. It is most often the herbivores 
cbtr a n  sensitive, whether to oil, dispersants, sewage, 
a other toxins, and hence the effects are usually seen 
a a transition, temporary or permanent. towards the 
rheltered shore type of community (Baker 1976a). Such 
tshifl in the equilibrium reduces the number of species, 
hugh the total standing crop (biomass) may be 
higher. We may express the relationship as a general 
pinciple (Fig. 21 ). based on the model suggested for 
gdluted rivers (e.g. Hynes 1950). Apologists for pol- 
Laion, and some fishery technologists. like to think of 
che lower diversity mode of such a system as an increase 
in productivity (cf. Regier and Cowell 1972; Cowell 
1976). In the intertidal habitat we must be careful to 
p r a t e  increases in biomass, as in the growth of 
prcnnial seaweeds. from the lesser annual primary 
prcduaion. 

A final point to be cons ided  in relation to the time 

c k of recovery is climate. This is one of the faclors 
t may have helped to mitigate some of the effects of 

bu Toncy Canyon on marine life in Cornwall. though 
h may have contributed to the mortality of certain 

species (cf. Crapp 1971a). Cornwall is close to a 
boundary hutween zoogeographical regions. It is at the 
southern limit for many horcal species, but temperatures 
are htgh enough to permit some warm-temperate species 
to live and reproduce. In colder waters we would expect 
the oil lo weather much more slowly and there would 
he slower recolonization by the organisms affected 
(Prouse and Gordon 1976; Vandermeulen et al. 1977). 
On the other hand, in low latitudes blackening by per- 
sistent oil can lead to very high temperatures in the 
intertidal zone due to absorption of solar radiation 
(Chan l977a; cf. also Straunhan 1976) and this could 
delay recolonization even though the progress of 
weathering would be faster and the period of settlement 
greater in the tropics (cf. Stirling 1977). On Cornish 
shores the oil weathered quite rapidly when it was giwn 
the chance, and resettlement was not noticeably in- 
fluenced. giving us the best of the two extremes. How- 
ever, the position at the edge of distribution of certain 
species has contributed to the partial loss of a rare 
animal and may have been one of the causes of the 
delay in recruitment of southern species such a* P. 
depressa and Monodonta fineafa. 

Conclusions 

It is unfortunate, to say the least, that the myth of 
rapid and complete recovery of Torrey Canyon affected 
shores has become enshrined in the literature, and has 
even reached elementary textbooks on pollution ecology 
je.g. Mellanby 1972). We must emphasize again. 
therefore, that recovery has not been rapid. Recoloniza- 
tion. first by algae and then by animals has taken place 
slowly year by year, the number of returning species 
increasing as dominance by opportunists and early 
colonizers became reduced. Many of the species breed 
for a short time only once a year, and not all of the 
animals have planktonic larvae. Return to normal has 
therefore been very protracted. As might have b a n  
expected, the lightly oiled wave-beaten roeks that re- 
ceived moderate dispersant treatment have shown the 
most complete return to normal. taking about 5-8 yr. 
Other places that received the brunt of dispersant treat- 
ment have taken longer, from 9 to 10 yr, and it is the 
opinion of other ecologists besides ourselves that some 
shores are still not normal. This is a partly subjective 
estimate, based not only on species richness but on the 
presence of a wide range of sizes and age-groups of the 
longer lived species and on the "photographable" quality 
of the mosaic of contrasting organisms that characterizes 
a mature and balanced intertidal community on the 
open coast of Cornwall. 

The effects have been more obvious, and have pmb- 
ably been detectable for longer periods on the west 
coast of Britain than they might have been in places 
where limpets are less abundant or in regions where 
the genus Patella is absent (cf. Stephenson and Stephen- 
son 1972). However, in some regions where limpet5 a n  
less dominant there is a more ,complex pyramid of 



herbivores and several levels of predation (e.g. Pacific 
North America: Connell 1970; Menge and Sutherland 
1976). and the aftereffects of oil spills can be of still 
greater severity (North el al. 1965; North 1973: bul 
contrast Chan 1977b). It is perhaps the one tangible 
benefit of the Torrey Canyorr afiair that it drew uni- 
versal attention to the dangers of dispersant. Thus our 
misfortune in Cornwall has helped prevent excessive 
use of dispersants to clean up later spills such as thc 
Santa Barbara blowout and thc Arrow wrecking 
(Straughan 197 I :  Canada. Ministry of Transport 1970), 
and has eventually lead to some changes in U.K. d- 
cia1 policy with regard to treatment of spills. 

In discussing the use of dispersants to clean lki 
shores affected by the Torrey Carrgorr. the editor of the 
Marine Biological Association report (Smith 1968) 
(p. 178) "the decision to use detergent for  the d i s p e d  
of the oil was taken on the view - with which there 
will be general agreement - that the preservation d 
the coastal amenities was of first priority. and in t k  
hope that the effects of the detergents on marine life 
would not be catastrophic." This view has been ap- 
plauded and amplified beyond the original in a reviev 
by Mackin (1973). The  suggestion that there was ar, 
alternative approach t o  the problem than w i d e s p d  
dispersant application is not borne out by experience 
in Guernsey and France and by later spills. It is quite 
clear now. with hindsight. that the developers of tk 
dispersant technique never thought it would be d 
on a massive scale. Thus. Wardley Smith (1962) be- 
lieved that only large local authorities, with co+da- 
able tourist interests. would be able to afford the msl 

operations dispersants were used in such large quantitia 
that some of the oil was driven deep down into Ib 
sands and only released later during winter storm 
Similar consequences of dispersant application to sandy 
beaches are still being reported after recent oil spilh. 
such as the lakob Maersk in Portugal (Duerden 19761 
and the Sf. Perer in Colombia (Hayes 1977; D. 1. Crisp 
personal communicslion), showing how little seems lo 
be learned at the practical Icvel. It is only now. I O y r  
later. after studying the results of other strandings a d  
of laboratory expcriments that one can see how for. 
tunate we were in Britain that the Torrry Carryon d& 
aster was no worse. If the wreck had happened on r 
more embayed section of the coast o r  in an estuaq 
complex. if the tanker had been carrying distilled prod. 
ucts or  one of the more toxic crude oils, if all the oil hd 
w m e  ashore and ,had been treated with an equivslmt 
ratio of dispersants. in these wu we might indeed 
have been closer t o  ecdisaster. 
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A STUDY OF THE EFFECTS 
OF THE SAN FRANCISCO OIL SPILL ON MARINE LIFE 

PART II: RECRUITMENT 

Cordon L Chon 
Cblkge of Manh 

KentpeId, CoUfomh 

ABSTRACT 

A study of marine organism on internm& Rluueen c~ompoacd 
the crnrml thenu of observing the effects of the Sun fincireo 
Bunker C oU rplll of Jmwy 18. 1971. Fivm a conprrLon ofpm 
oil and p o s t 4  tmnsect &to with computation of 95% confidence 
inruv& for pprrlmion means. it w errinmted tlmr 4.2 to 7.5 m& 
lion marine Wutebmtu, chi& bamuelcr, ww rmothered by the 
oil In subsequent obnrwrionr fmm 1972 to 1974, the mmpk 
mvnn of inmtebmtes had rehund to, and In wme mrcr ~ p a ~ ~ d ,  
preoil tmnrect lev& No lhgcflng eflects ofthe oil r p 9  have k e n  
noted in any ofthe he xpech  

on h u u y  18, 1971, duriag the mrly morning hour& two 
Standard Oil tankerr wUided unda the Golden Gate B r W  h thick 
fog spilling 840,000 of B d a  Coil &to thc sovbl vmtcrr 
of the SM F r m h  Bay uca of (Wlornh (tiyrr 1). D* the 
following days, tidal cumnu d d  thc oil to ntuby reefs in 
M.rin County where my s h l d a b  and I hd &UI 
muiae Life tnnrse8. some u u d y  u 1958. Compuhm of (bc prp 
oil and p o s t 4  counts on thue tmwrs mlutimted thc lnrlydr of 
the dunrge to mrrine life by this tpiL T~IC r d t r  of ctudiea con- 
ducted through August 1971 apt pbliahed in thc report,A SNdy 
of the Effects of the Son Fmncko Oil SpiU on Kark  (kLMtrmr, 
Avt I [21. The study on r d t m e n t  induda data p thacd  
through April 1974. 

Sampling Methods and P r o Q d ~  

Them were 37 trrnoccts involved in the study. The tnmects. 
WuaUy 10 meters long, arnc chosen from random r m m k  A 
 meter quabat frme, with at  leut ten rqurtbdsdmeta 
mtionr within the fnme. was moved dong a tcrnneW line, and - 
O % U I ~ S M  thc h e  WUe w ~ n t d .  

'Ihe mount of residual oil on uch tMwa rrr h m d e d  
rated according to the p a n t y  of square meten with oil: 

N = no q u u e  meten hrd oil 
+ = 1-255 with oil 

++ - 26-502 with oil 
+++= 51-75%with oil 

++++ = 76-100% with oil 

'Ihc r t a l t i d  95% confidma inteml based on nmple data w u  
UJcd conrirnntly to &tennine the m t c d  within which We m u  

Figun 1. Localities of the 1971 Son Francisco oil spill 

expc( the wmlation mean or wvuktion mowrtion If. on the 
bjir of rrp&t&l nmpling. 95% w&&ac. kte& for th;popula- 
tion man ue act up. then .pproxim~tcIy 95% of these wnfrdena 

hypothe& of $ p i t i i t  ditTmna be&& popuhtion m L h  MS 

tested by Ntistipl analysis, wmuuing &la of diffaent nmplina 
U? !JMRds: Ho: - pz; HI: p i  + p q ; a  = .05. Reject no i( 

test ShtutK Zi t  > 1.96 or < -1.96. 

Obsenrtiona and Fidhg up to 1974 

s.udito mt8 

In thc arlv d w s  of thc will. the Sul Rack am was Wke ted  . --. 
with nL The tnmect hen hid ;plus 4 (+m) rating with dI of the 
muue meten huvily mvacd with oil. Bued on the 9SLkconfideaa 
idwd, m atbat& nnge of 3.6 to 6.2 million b u n a d a  (33.6 to 
35.5% of the m~uhtion). Bahnur zhndub and Chthamnhu 
m y  hmvc diad h; thk tn.wct study uu of 1,000 squue metus 
in the p a l  Bridgeway seetion of Saunlito. 



 hi^ ra,nc transect in May 1972 showed solid recruitment of 
.,,,jne tile to the study area. Figure 2 shows Ilral the= acorn 
barnacles have nearly tripled in the sample counts from a mean of 
93l;vc!dm~ in Ma). I971 to 278livc1dml in May 1972. 

By May 1972 the oil had eroded of( to a plus 2 (++) rcsidud oil 
rating, leaving bare spots and many barnacle wan. Small acorn 
barnacles, aboul 1 mm in sue, were wen scattered in profuse num- 
bers; much of the new barnacle recruitment has settled on the old 
barnacle base scars. 

The data from this random Sampling indicate that the planktonic . ~ 

barnacle larval population in Sm ~ r M c & o  Bay oppars t o k  follow 
ine a sound recruitment pattern. such thrt the 1972 live population 
&an is rienifiuntlv different from that of 1971 by an i n t k l  s- - --- 
timate of differenci ~ a w i n g  from 1Q1.1 to  268.5 &I dm'. At Fort 
Baker. a nooil tmnscct waa established in July 1971 as a control 

Figure 3. P.clrygr.psus crwssiwr and Hemigrapsus nudus counts 
a1 Sausaiito Seal Rock reef a m  

* 0 11ve 

- -  . - 
reference of  comparison with the S d  Rock oil tranrect There w 
no simificant difference between the live mouMion means of the 
acorn- barnacles of thest two k m e t s  k i971. A y a r  later, in 
1972, there also wu no significant difference betwan the live 
population means. indiatingthat the recruitment for the oil tnnrect 
was on a comparabk kvcl with that of the nooil k larccl  

The limpet sampk munl for Colli~IIa spp. (formerly Acmaea 
qp.) increased from a total of 21 in 1971 for 63 random dm2 to 90 
in 1972 for 60 dm? Tbc movement of these f i t  p u o p o d r  is 
ouite variable. so the hLhcr density count cannot be auto nu ti all^ 

Rior to  the soill. the nurine wlychrete. Neprhvr califomienris. 
was quite abund.ht in the ~timodBuc~~ t A w c i ,  b;t  s& the spill. 
this worm has not returned in postoil counts. On the other h a 4  
the worm has continued to be prcrcnt at h a k a  Beach the control 
tr i lust .  Both u u s  currently show low densities of marine 

&strued as a recruitmek growth b t t m .  
The most mobile of the Saunlito intcrtidd imertebnta  are the 

shorecrabs. Pachypap~scrOIIipn and Hemi#mpnu nuda Although 
the oil spin W e d  off many m b s  (21. the rumviw c m s ~  were o r ~ m L m  Althouh the oil nuv have had its l m o t h e ~ g  effect. 

&haps the major &ntributing & o n  for the poor recruitment a n  
k related to an ap lop ia l  sad disturbance of winter and summer able to-dodge into the acric&.nd maintain 1 f.irly consirtent 

poplation level lhrovgh 1972 (fuure 3). 

Stinon Bueh kt8 

This long sandy beach wpr covered with oil during the early days 
of the soill. Standard Oil C o m m v  reported that its mechanical 

conditions rather t h k e  spill m d  deanup disruptions. 
Guard and a b e t  (31. fmm thek experiment with Bunker fud  

oil on beach und. rcoorted Uut n o d  beach conditions auickly 
returned u 8 resuli o ierrect i~c d-up combined with the i a t u n l  
procorer of cvapontion. dissolution. and beach nosion Thc rvl& 
of Stinron Buch today do not show much effect of the 1971 oil spill. 

graden i d  liftm. in the proonrbf the oil and debris. had 
d i r ~ p t e d  m d  remove4 on the nenac. tlr uppa six inch- of the 
wd'i surfaces. Siwe this u o a r  &tion of &d cont.incd a l a r e  
percentage of the tranrcct &uiation, it was not possible to G- 
tinute the number of dead organism Ln Rr( I of this report on the 
spill (21, 1 could not d a t e  the dnstiaUy r e d u d  marine life 
density a t  this lmsect u a direct result of the oil SOU. Thrrt nuior 

Thr major locality for the oil spill study was this Lsrge 6 6  
rue shdc reef in Bolin~r. W o r n L .  about twenty miles north of 
San Frmciuo. Quadrat studies hrve been conducted here rim 
1958. A t o w  of 33 mnsects were used for stacirtid compuiron; 
26 of thur were estab1ish.d before the spill. Data for the most 
heavily rffccted uur r m J e d  20% of P organism counted m e  
dud.  An estimate of over o m  million orga~tkms had been suffocated 
by the oil, with the b-kr and limpet3 suffering the h i a t  
mortality in rdrtion to their population densities. 34% and 22% 
rupectivdy for the sampls studied. 

By the m n m z  of 1971, the oil waa fut disappuring from the 
reef's rocky ruxfurs. chipped off by water emdon. The present 
condition of the reef gpan to  be quite hulthy. About 9S% of the 
oil ha eroded away m d  recruitment of Mlinc life is s n d y  

spec& have k e n  o k m d  at the Boyk'r a n d  fe& tnntccl I& 
W l e  Dcl Siem: Emerita a a l o k .  the mde or sand cub ;  Neprhyr 
califomiensis, the sand worm; m d  O ~ ~ k s r w ' d e a  c d i f d n n r  the 
beach hopper. The same medcr w m  a h  counted at  Drakes Buch 
where no-oil had been report.d. A wmpuiron 01 the combined 
mean number per square meta  for dl t k  rpccier since 1965 show 

13004 with a few i.xaptions. me reefs status as a state mvinc 
reserve smcc 1971 hu generally protected the muine invenebn ts  
from coUecton A chr&logy of the effects of oil on the marim 

1. M v i n c  Phnk Although the surf grass. Phyllotpadix scwleri. 
and other uooer-zoned Ilnre. Ci1~~fina roo. and Endccloda muricala. 
s u t ~ n e d  so;& dicoffs .7 the iipr of ii plants from the o i l  their 
growth is now as luxurio~u as eva. 

AU the marine .I* seem to be growing at p m i l  densities. The 
macroscopic rmrtorc. Rdfsh pacifica. has b e n  growing profusely 
on dl rocky lurfrcsr. indudily on top of old oil, from the low to 
the high tide levels. There had bccn thick growths of the green algae. 
Umspora peniciIIiformis, particularly on m u s d s  which had oil on 
their shdlr. This Iihmentour rlaae, whiich is common on upper 
intertidal boulders [51, continuid to  be present throughout the 
summer of 1972. but at only 25% of the density observed during 
the post-oil summer months of 1971. There were small traca of thrs 
algae during the summer of 1973. No harmful effeet on mannc 
fauna was attributed to this algae growth of U penicrllrformrs 



2. Snails. The black turban snail, TeguC funcbralis, is a dominrnt 
r p a i a .  occurring in large numbers throughout the Duxbury Reef 
shale flats. in our I l.transcct sample of 100 q u u e  meters, this 
sruil had a fluctuating rampie mean number between IS and 40 
per square meter (see fgwc 5 ) .  

Figure 4. Comp.riron of tmrrco s t  Stinson Bauh and D n h  
Beach fa thm m c i n  combined: Enwrio uulop., Naprhys 
ulifomiensis, md Olehamidr u l i f o m * ~  

~ s n u l l p c r i ~ ~ ~ n ~ r u n r b t o , i s h r r n n b d t h y  
state of recrui tmat  Some of the quaremetea in the berm mntects 

n i s i *  otmavc+i c n n b g  on top of encnuhd on P e d y  u &se 
months after the initid W d t  of oil on the I&. 

The only soail which ippun to be on the v e r ~  of extinction 
is a wry s d  powltion of Littoha p k i r ,  found in mall 
section if the &a A berm. Although it is 8wy common on otha 
reds throughout a n -  C.tifornL, chir my paivinkle soail has 
never been-abundant in our muntr: DI&J &on ~ielded total 
t m n i c t  numbers noging from 18  to i4 ,  while w u n i  in 1971 to 
1973 n a m d  from 0 to 7. T%c 1971 dl SDU w u  1 mdor factor in 
reducing 'he total counts, with only t& observed-in 1 I s e n t  
April 1974 count. 

3. Muuck This reef is Mared with 1 hp,c population of approxi- 
mately 1,2W,000 murrel, Mytilut caUfmionUz The mussel beds 
form a large cheniile-like rug on tap of fhh red, covering about 
2.000 square metes. S ina  about 50% of the be& had been covered 
with oil, a high rate of mortality was expected; ho-er, muuels in 
the Area C tranroct beds. covcriog about 1.000 square meten. 

survived the oil uith only a 2% loss, or 12.000 dead The h i  
survival rate, despite the blanket of Bunker C oil, is probably due to 
their effectiveness in kecping their shells d o ~ d  during the time of 
oil coveraw. Kanter. in his study of the effects of nude oil on 
M. califw~ianur 141. also found ihr t  this avoidance behavior w s  
v m  simificanl for sumvd. The present condition of mussds 
indiut; a hedthy state of rccn&ent; many musels measure 2 
to 5 cm, a r i p  of new population growths. Statistical arulysis 
of data for July 1971 through December 1973 showed significant 
differences in -population & a n  when compued to pr&il data 
through June 1971 as shown in R u r e  6. 

= "-- 
D.C a~, ~ry wr all ~ . t  *pr irly me 
1961 1-1 IS69 1971 1971 1971 171 1971 1971 1-13 --- 

Fiwm 6. Liw Mytilus ullforni~nur for Durbwy Reaf, A m  C 
m n r s n ,  100 square daamner  m p l i n g  

4. LimpsY Scrml specks of limpet* CollkcIh app., together 
form a d i d  pic* d d e w  rccrvitmcnl on the Duxbury R o d  
berm u a  F w  7 prrrcnts data &.lins back to 1964. 

Figum 7. Live COIIselIa rpa for Duxbury Reef b r m  A-8, 9: 
M square metan 

The pail sample means ware vny cooistent, from 2 8 1 m h  
30/mz, while the sample means during the immedute y u r  f o l l o ~  
ing the oil spin varied from lllm' to  24/01? The y c m  1972 d 
1973 showed a L y e  influx of limpen to the hnscci dl-. b y  
of these limoctr were less than 1 cm in length iodicating y o u q  
populations. .ao encouraging ecolagiul r i g  of rrcnriment. Cow 
w d y ,  there hu been r steady decrease in d u d  limpetr. which ue 
still "efued" to thc s u e  rock by the old oil and svsw mrrrix. For 
bcrm &nsectr t&ig 30 squaremeten. d u d  limpets have decreased 
from a mean of 9.31102 in April 1971 to 0.9/m* in Aprit 1973. 



s. Earnacles. M Y  initial reuort stated that some one million b u m -  
~ ~ 

cles were smothered by 00: however. the rubvquenl natural reauit- 
mcnt of barnacles. Bomnus~hnduh andChrrumolus dalb. to tranwct 
sites has been successful. Where the oil o n a  covered the shale 
berm, for instance. thousands of small bunacla,  mostly kss than 
2 rnrn in diameter. now occupy the b u e  rock surfacu. The sample 
mean for three berm transeci. 30 q u u e  meters, ha5 increrrcd from 
13.SIm3 in 1971 to SO.llml in 1972 to 81.81m2 in 1973. Each 
&&ive y c u  since the spill has shorn a signifcant difference 
between the Live population means for these tnnnocu 

F i r e  8 affords two notnble obremtions in the compuiron of 
two transccu with no rcsidud d to seven Innsects with 76-1008 
oil mveraec. indudinn the berm and m d  bed truacctr The .- .~ 
oil trans& with high& ratio of d a d  to live due to oil, showed an 
h o s t  t h r d o l d  muare. a reauitmcnt ~omp.nWe to  Ihat of the 
nooil innsects and similar to thrt of Sruvlito md Fon  Baker. 
Where w8ve .ctionr w e  m o n  vigorom on the txporcd outer mast 
reefs. more oil was splashed on aita; likewise, more kme 
settled on rites of pod wave action, 1 &or t u t o r  h the healthy 
recruitment. 

6. Mnine Oak The shore cnb, A r h v  emdpa, hn not 
returned to prc-oil densities. TOM counts of cnbr for Area A benu 
mansects pm4our to the oil spill hd ru!& from 30 to SO- Post- 
oil total counts for thir same uer rrrysd from, 0 to 2 for 1971 and 
1972. and from 1 to 14 for 1973. with tome y o n q  cnba notedin 
the July m u n t  'lk d- b the cnb poplLtian is mainly 
rtbibutlble to the oil spill. The ptscnt low nmba Is fwthu 
h u u w d  by hundreds of school drildrcll who vidt the d, pick up. 
m d  abuse these remnant oqykm for 1 *show ud tdl" rsrdon on 
the reef. Vi i ton to this -e - mlut k admonished not lo 
touch these o r g d s m r  In uu C P. cmnfpu oecup*r habitlo 
under the protection of the m d  .ad rppmu io be n o d  m 
denrig, for this section of thc rat. 

7. Other Mninc Orplnbw Thc mrfuh population ofJVsurter 
ahraceus haa declined from p r e d  tob l  counts of33 to 51  within 
the transect to  post41 totals m& fmm 1 5  to 32 I b e  July 
summer counts showed 32 for 1971,27 for 1972, and 17 fox 1973. 
The drop in numkr  may be due to scdogial  facton o t b a  than the 
oil spill. Our r ( l r i i  trlavct is adjacent to tk m u d  bed p o w  
tion. which ir their chief food sourre. Pabqu t h e  mobile echi- 
nodcrms had migmted to uw where museis &id not ha- oil on 
the shells. Howcva, in my general lpcrrment of the s M i  the 
populations do appcu normal throughout the hrxbury Reef inta- 
tidal and subtidal 

Totll trmsect counu for Lottiu gigant- ~ c e  1959 ran& 
from 16 to 28. In Febnury 1971 dl but one of l e  22 limpets 
counted had oil on their shells. A low of I I in July I971 may be 
partully due to the spill. December 1973 showed a high of 34. 
none of which had oil. The ~ub l le  rruon why this limpet sew to 

be increasing may perhaps be its prorection f m  collectors and 
f w d  Inmlers due to the marine reserve r t r a c  of the reef. 

Data for olllcr nlarinc species noted in our tr--1 wcrc inmn. 
dusive as regards any relationship to  the oil @. TAc status of 
post-oil counts is described as compared to preoil~uonts: 

Anrhopleum xanrhogmmmica, w anemone incrusing 
A. elepnrinima. sea anemone same 
Polticipes polymerus, goose barnacle increasing 
Piatyodon canccllahrs, boring clam same 
Pholedidea mnita, borina mddock sa me 
Hermeina &tithi, blackiidibmnch 
Haliotis rufucms. red abalone 
P ~ N I  G.. krmi t  u a h  same 
Pugerrl sp., kelp crab same 
Hendgapars nudw, purple shore c n b  same 
Cancrr a n r e n ~ r i w ,  cancer rock u a b  same 
Snon~yIaenhohrs  p w p m M ,  purple ru urchin decrwing 

Thc at.blihmmt of J nutine mefve at h r e  Reef in 1971 
haa &tiuitely w h c e d  the population of muiP8h, on the reef. 
The populations of n memow,  boring dams, Skptd .  and snails 
have escaped the predatory h b c  of thc hun(acolkctor, man. 
'Ihe dar r rdng  populations of the red rbdonc 1Hbnr N~CTCN. 
the black nudIbnnch Hsnwhm mihi. and t h e e  sea urchin 
Stmngybnnmrus prrpuratus are aU probaw artributabk to 
ccologial rrrirbka runounding the m f h b i t l t .  

We have mntinucd oar ulldersnter s w d r r  of subtidal 
inn- and hrrc d u d e 4  that the m b i q  l b l s ~ e d .  H. tufa- 
c a u ,  from t h e  bnsects  hrve migrated e l x w b k t o  fmd a more 
favonblc niche. I have not obxrved any hum- ibIone hunter on 
thir r a f  for thc pnrt three y u n .  

Figure 9. Summvy of square m t e r  runpliq tor a11 s p c i n  
counted, Duxbuy Reef. 13 c m n r c p  

8. Sumlan). Tmumfs Figure 9 presents && 13 vrnrcctr 
selected b u r  of corresponding invest ipt ia  a(c+ The berm 
and m d  bed fanrcctr uc not induded in tllirnrmuy goup. 
Spdcr  counted and noted in t h s c  summary included: 

Anthopkum xanthogrammica and A. e l c g r n t i t i s  sta anemone 
Mamu &duh and CkthamIus &lK acorn 
Nlicipa polymenu, gmne lmnuclc 
A r h y g r q ~ s  cmmipes, *biped &ore c n b  
Nemigrapsus nudus. purpk shore crab 
CMccr a n t e m w W  unm c n b  
Fugwrfa sp., kelp c n b  
Pagurus spp., hermit u a b  
Ik,paIia muxosa, chiton 
Mytilus califomurnus, xr m u d  
Platyodon cancelbhrs, b o ~ g  clvn 



Colliscllo digiralir and C. aabm. limpet 
Liffwina scurulofa, periwinkle snail 
T e y b  funebralis. black turban snail 
Acanrhina spirafa. tooth mil 
firarfer orrhraccur, seastar 
Snong).locenfrorur pupurarur, sea urchin 

There was no s~gnificant difkrcnce between the population 
mans for the species counted of July 1972 zr compared to dl 
other summer months for 1969 and 1971 shown in figrue 9. There 
-was dro no signiilcant difference between the April population 
mum of 1971 and 1972, indicating possible ~cwrul spring low 
atttibutablc to the hieh mobility of T. funebmlu. the bhck turbm 

di r r~~ent  from dl the orwil and wstoil rumma m a &  wide the 
1972 m a n  was for only j of the 5 auinms me& For this 

rcuon. I tumcct the h i l l 9 7 1  dodine was prt i r l ly  due to suffoa- 
tion of &e life frim the oil spill. ~ p r i i  cum& should be am- 
t i n d y  monitored in future yeas. 

CONCLUSIONS 

Suffocation by the Bunks C oil w the aimuv c a w  of duth 
unong muine o&dsms due to thc collid& of t& S ~ d u d  Oil 
tankm on J m w  18, 1971. which resulted in 1 840,OWuUon 
oil rpill in Sm Frmckoo Bay. Bucd on my rmrine h d  
rtudia in trml I d t i e r ,  an a t i m t e  of 4.2 to 7.5 million 
oqanismr. mostly t l y d e s .  had ban  mothered by thc IS, based 
on m orcd  25% d a d  in the m a t  hum oihffscted rite& Fm 
Duxbun R a f s ~ m d m d b c d ~ 2 l % o f ( h s n m p l e d  
orgrnirllg -re dad .  with m exlnpohtion of wme 643.000 to 
1,375,000 dud, bud on 95% contidcna intnnls [2]. Now, in 
Apil 1974, lea thrn 5% of the oiI remaim on the rocky uuI.ea 

ddubled in sample & k t y .  '~cvcnl species of Ilmpctr. cobiselk 
rpp., on the k r m  of Duxbury Raf,  have more than doubled in 
amp* muo, withyouqlimpetslerrthalsmink~&~toin& 
ate hulthy rrcndtmnt ?hc -mud ,  Wt&'fnllf&ur. 
bu also n d y  doubled in sunple counts, and (hc prrccnt popuh- 
tion mean b significantly different from p d  roan& 1. fad, 
rmny small mu&. 2 t o 5  a n . u n k o b r c d i n d l m y h u b u r y  
lmmat  sites-. good sign of the reproducing apbil i t iu of this 
mdlusk. 
'Ih good recruitment of bmmcla to the h.nrccta rimply 

indicates that planktonic production f a  thac banude lpoda hu 
b a n  equal to or highu than that of p m i l  y u n  Although my 
study did not deal with the effects of Bunka C on p h b n  p m  
duction, the good r ephama t  of b m d a  in that study n t a  
Leads me to condude that the Bunkcf C furl M little Lutty 
effect on t k c  kml crustaamr. Guud and Coba (31 .Ira corn 
eluded in their study of B u k a  fud tht the bidoricllbr active 

tu. thc ~ffmtin. S n t  on the nu& life of the intdidd mefa. 

the eroded oil & chippd OK the rocky n u f - e  thb bf t  much 
exposed surface for the sucecasion of algae, b.nudc Lmc, mda 
md Lim&ts to occupy t h e  open rprca. 

On the minus side, there were some de=rusa in redorgniuar. 
Thc miped shore crab, Pachygrap~~ cronlpn, which manu on the 
R.1 M e  of Duxbury Reef, u still Wow praoil counts. My 

assumption is tbf many of these crabs were ~ I l o u t e d  by the oil. 
Homer ,  the br number may also be attributed to the relentless 
owrhanming b~ hundreds of students who visit the reefs. Such 
a h x  h u  bees &wed many (Ima. despite the enactment of the 
1971 marim m e  on tuxbury Ref.  The grey periwinkle. 
Lirronna p & d  on the berm of Duxbury R e f  xcms to h on 
the verge of afinction. This wry srmll population of about 20 
SruiI.5 Was blmhrcd by 04 and a reant count in April 1974 revealed 
a seasonal low d r w o  srullr rcm.ining. 

Thc summm d e w  of 13 hasects (excluding the berm and 
m u d  bed t r a c t s )  on Duxbury R a f  showed a significant de- 
w e  of lire a p x k m s  in the spring of 1971. 'Ihir drop in muine 
life density is pmkUy attributed to the mobiity of the black turbm 
mil, Te@& -L. but a h  reflects the I& of o r g d m  which 
died from the d tpill. Compuitonr of dl summer counts for 1969. 
1971. md 197'2 m u k d  no rirnifianl difference bclakn ~ o o u h -  

md m n  the dilkmcaOCIin the oil morpbolqy, that oat may won& 
how nlid my enhatiom uc wuamias the cffma of the 1971 

a d  aWoq.nbm5 luda mc to ~ ~ u d c  that, at this prrrcat 
I ~ a a m ~ ~ c f f ~ o f  this ~unka cfud .%emd 

UK r e p b m c l  d m;ins ~ i f e  mtore tbcw mtertidd m o m  to 
thdr luah of b u m  and flon, poviding there is not mo tha  
cahatmphic poMon  of one form or ~ 0 t h ~ ~  
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Observations of a Cold-Water Intertidal Communitj After 5Years 
of a Low-Level, Persistent Oil Spill from the G c t ~ c r n l  A1.C. M c i g s l  

Biolopicol nrzd C/rr~niral lrrc.crr(cnriorrr Swrbtr. H'asltinpron S~OIP DP~~TIIIIPJI~ o j  ECOIOI. 
Ol)~rtpia. W'usb. 96504. USA 

CLARK. R. C. IR.. B. G .  PATTEN. AND E. E. DENIKE. 1978. Observations of a cold-water 
intertidal commi~nity after 5 years of  a low-level. prsistent o i l  spill from the 
Gr t~r ra l  M.C. M r i ~ s .  I .  Fish. Res. Board Can. 35: 754765. 

A rich and productive intertidal community was exposed continually for over 5 yr  
to small quantities o f  a Navy Special fuel o i l  from the unmanned troopship Gcncral 
M.C. Mcip that came aground on the Washington coast in January 1972. Ob~rval ions 
of animal and plant populations and their petroleum hydrocarbon uptake patterns showed 
early evidence of contamination and the persistence of the oil spill throughout the study 
period. Abnornul and dead urchins, and loss of algal fronds and pigment were observed 
in localized areas near the wreck for at leost I yr. Within 2 mo of the accident. paraffinic 
hydrecarbons had been mken up by prominent membcrs of the community and continued 
to appcnr in certain species evcn after 5 yr. Although changes were seen in certain species 
during thc early days of this persistent low-level pollution incident. the cornmunil). balance 
i n  this rocky. intertidal ecosystem does not appear to have been markedly altered. 

Kc? words: oil spill, hgdrocarhons, Genrrol M.C. Mrips. petroleum contaminat;on. 
biologic?l cflects 

CLARK. R. C. 1%. B. G. P I ~ E X .  AND E. E. DENILE. 1978. Observations of a cold-water 
inter~idnl community after 5 years of a lo\\-lcvel. persistent oi l  spill from the 
Gotcral N.C. .\I<.i.c.t. J. Fish. Res. Bodrd Can. 35: 751765. 

Cnc comniitnautf intcrtid:~le richc et productirc a C t i  exfosf.c conlini~cllement durnnt 
5 ans b dc faihles qunntitis dc fuel-oil . Ir;:~v? Special . proven-nt d t ~  Crnrrn l  M.C. Mcips. 
un trmsport dc troupes dPsard qui s'cst lchoui  B l a  c6te de Washington en janricr 1972. 
Dcs observations fnites sur les populations aninwles el vlgftales. ct sur les modnliti-s de 
leur ah.rorp~ion des hydrocarbures du p6trolc d6monlrcnt qu'il ?. cut contamindtion dts 
lc debut de la * r i de  d'ltude ct que les eKets du dcversement pcrsisdrent duranc toute 
la piriode. Pendant au moins I an. nous avons ohservi des oursins de mer anormaux 
et morts. ainsi que la perte de frondcs el de pignrcnt par les algucs dans dcs rigions 
locslisics du voisinafe de I'lpavc. En moins de ? mo aprbs I'accidenl. dcs mcmbres im- 
portnnts de la comnn~nautC nuicnt abrorG dcs hydrocarhurts pnrafliniqucs qui ctaient 
cncorc prkscnts chez ccrtaincs cspkes ni6nre aprcs 5 ons. Bicn qu'on nit conaalC des 
changcments dans cenaincs espkes au dtbut dc celte faihlc pollution pcrsistnnte. I'dquilibrc 
dcs communautCs dans cct ecosystbme intertidal rochcux ne semhle pas wo i r  ill nola- 
blement alt ir l .  

1 l i l~ 1t1111i~tntd t r m p h i p  Ce I ! ,  ti:\ .!l.C. . ! f # ~ i ! : ~  f .4P-I 16. 
I Icngh. 3 n h i  I 7.1,rn Jra:!). uh i l c  
under IOH from Pugct Sound to San Francisco. broke 
loose and came aihnru on  thc nnrthwcst coal1 o f  Ihc 

~ ~ 

'This papcr forms part 01 thc Proccd in~s  o f  the S!ni- 
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l Y 7 i .  

Printed in Can:tdn I J I50 I 
Iniprimt au Canada I JS1501 

St:ttc o f  \\';~\hinpton on Janusry 9. 1972. Thc hull 
J r i w n  onto :I rock pinn:!clc \rhr.rc i t  in~muJi::lel! h10Lt 
into how and stcrn bcctions forming a hrealu.aler 1M 

prrwctcd 'Wreck Cove" Iron1 ~ h c  incoming w a w .  Tbr 
fantail then separated f rom thc stcrn section (Fig. 1). 
Suhzcqucntly the stern section has bccn progrersi\.* 
r i p p d  apxn hy wave action unt i l  only the mas tr- 
I I 21. The h . ~  wsti.w hit, i~irhstooJ !C: 
pounding of the seas wi th only a slow Lob< ol  its SuFp 
ctructiirc. 

Oi l  (Navy Special fuel o i l )  from rup!ured fuel 



FIG. I. General M.C. Mrigs aground at Portage Head 05 Wreck Cove 5 mo after the 
accident. Sire is indicated by the two pcnons in a raft at lower center. 

released as the stern section of the hulk war ground 
wn onto a submerged rock ledge running parallel to 
the bfach. A major single oil spill occurred during the 
ynt ? d following the accident. and most of the fluid 
dl  came ashore on the shallow rock shelf and inter- 
d a l  margins of Wreck Cove. Oil released in the form 
ddrscrere globules. up to 3 0  cm diam, has continuously 
&wed into Wreck Cove where it becomes incorporated 
d o  the coarse sand beach. Fresh tar globules have been 
ebrerved for over 5 yr although the individual size and 

FIG. 2. Remains of the Grneral M.C. Mcigs 5 yr after the 
%dent showing the relatively intact bou scclion tlcltl and 
:ac aft marl. uhich had apparcnll) beionic ucdgcd Inlo a 
mbrnergcd rock reef (right). The grounding occurred on 
Q Makah Indian Reservation: the headland in the upper 
k f ~  is being included in h e  Cape of Arches ponion of the 
Olympic National Park. Washington. 

abundance of the globules have diminished with time. 
The immediate and short-term e f i c t s  of the oil con- 

tamination resulting from the Gencral M.C. Meigr inci- 
dent on the biota of this rocky shclf ecosystem have 
been reported by Clark et al. (1973). The  recovery of 
the disturbed areas. as studied from January 197? to  
August 1974. was reported in a second paper (Clark 
et al. 1975) and summarized in a review (Clark and 
Finley 1977). We are now reporting the results from 
over 5 yr of visual and chemical investigations of the 
impact of this persistent. low-level oil pollution on  the 
cold-water marine environment at Wreck Cove. These 
investigations include assessment of the effects on ani- 
mal and plant communities. the petroleum hydrocarbon 
uptake by certain species. and the weathering of the oil 
that had been released into the study area. 

Materials and Methods 

Lonf-term changes in the occurrence and abundance of 
populations of animals and changes in their condition ucre 
studied for cvcr 5 !r in N'rccL Cow and nc.,! b! control ::rr.s. 
b) making I U  wr%c).s during period, of Ihc losrrrl monthl? 
tide (Table 1 ). Methods of making the surveys have been 
reported (Clark el al. 1973. 1975) but are brieRy reviewed 
here. 

The procedure of a survey included ( I  ) making a general 
inspection of the condition of animals throughout Wreck 
Cow: CI m~in~cr.i~ine pronincn! ryi icr  ar przJeternrincrl 
nrsrked 4 1 ~ s :  1 3  1 m:Air.g a chr.iL.lirt of f.hins found sd. 
iacenr lo a marked rile: and ( 4 )  photqgraphinp promincnl 
communities of animal life to record existing diversity and 
biomass. Surveys for evidence of oil contamination were 
confined to Wreck Cove because this was the primary area 



TABLE I. F i l d  invcsti~ations at the site of  the wreck of the Grnrml A1.C. Abigr. 
- 

. - . 
General obwrvations 

Visual ovcr\*iew/photogrr& X X X X X X X X X X X X X X X ~ ,  
Biological survey - X X X X X -  X X - - -  X - -  - - X X X X - X X - - -  X - -  X ,  

Animal population counts - r 
Plant population o b ~ l v a t i r m  X X X X X X X -  X  X  X ' X  X X  K ,  
Hydrocarbon uptake samplpb - X X X X X X X X X X X X X X x ,  

of impact. Observations of the area were made as identical 
as possible within limilatims im@ by the duration of  
the low tide. the tide height,& height of  the storm surf, and 
daylight. Priority was g i m  to enumerating species at a 
marked site and making r checklist of fauna adjacent to 
these sites. 

Fifteen sites were selectcdlo include prominent species 01 
animals in each of  the inlatidal zones of the shelf (Fig. 3). 
Sites were located along a pofile from the upper intertidal 
(+1.7 m )  seaward to the bwer tidal zones o f  the shelf 
(-0.2 m) (Clark el al. l9?3!. Each site was marked with a 
nail driven into the rock substrate with a cement nailing 
gun. The nails were easb located wer  the 5-yr period 
using a map of the bea& Only t w  nail sites were lost 
during this period. probably from log or wood debris beins 
dashed against the rock subarate by waves. 

At each site. selected seals within a 30 x 3@pn ruled 
frame thal was oriented aim a compa%s werc enumerated 
and photographed. Thus. a ~ i c a l  areas at each site were 
audied on nine surveys. AS sites uhcre snails. limpets. and 
barnacles wcre studied. th mere cmnted within a specified 
I@cm' area within the frrae. and mussels were counted 
within a specified 10 x 3- area. 

The counting procedure mai led counting the numbers of 
live and dead small barnacb (Cfrrlramalus datli and BaCnrrs 
sp.). large barnacles ( B a l u  carions), and mussels (My- 
rillrs calilornia~~as) i n  Ihc l iamcr Three to five replicate 
counts of mussels and b a d e s  were made at four sites l o  
determine counting err= Abundance of the colonial 
anemone (Anrhoplnrra e-rissima) within the frame at 
site no. 4 was determined b$ estimating the percent of the 
substrate they covered. 

A checklist of species *in 5 m d a site was compiled 
by identifying animals d- the survey or  by collecting 
s~mplcs and idcntifyinp than lstcr in  rhc lahrulor!. Thesc 
species included commor uncommon. and cryptic types 
tCl;lrk rl 11. 1973. 197.0. 

4 rock suh>tralc beach u \\':aa~ch Point 16.3 Lm north 
of N'recL Cove). which W r t s  mamy of thc aninials that 
are present at Wreck Con.was u x d  as a control site (Clark 
et al. 1973). Observaticas (Apri l  17 and June 12. 19721 
made a1 this control site -red omly g m u  aspects of the 
animal and plant comm- compared with the studies at 
Wreck Cove. 

A reference algae colleuka was Dude from a systematic 

- 
search at most of the animal population study sites (&, 
Sites I. 2. 3, 4-7, 8-12. and 13-15). Thirty-seven p- 
species of algae werc identified (Clark et al. 1973). % 
damage to the plant community was divided into 1- pp 
gories: (1) physical changes to plant structure (h 
fronds) and oi l  coatings; and ( 2 )  chemical change am 
denced by loss of  color ("bleaching"). 

Dominant species of plants and animals that had 
posed to oil contamination from the Gotrral M.C. & 
wcre analyzed and compared with unexposed conma- 
mens of the same species. A l l  samples were chilLd 1- 
transportation to Seattlc and frozen within 16 h. hi- 
of  collection. preserration, preparation. and a e r  d 
intertidal biological specimens to determine uptak cii po: 
lutant hydrocarbons have heen previously described (CM 
ct al. 1973: Clark and Finley 1973a: Clark and F in lq  P9741 

Algae (Bo~sir l la sp.) and goose barnacles (Mirekpo':. 
rnrrus) were extracted after removal o f  epiphlu rl- 
endemic organisms, and excess surface water. M d  wc 
shucked while partly thawed; mussels and goose bwaKb 
were homogenized between extractions (Clark aad F) 
1973a). A sample consisted of  3-11 injividual ofgaba 
depending on the species; weight of  a sample v a r d  Imsl 
40 to 60 g. wet weight. 

The amounts of the n-paraffin (n-C,H,J) hydmcuboDl 
were quantified by gas chromatograpby. Concenlratoawm 
expressed on a parts-per-billion (ppb: 10-'11~) dr) 
extracted-weight basis: i.e. the weight of  each i d idud  
n-paraffin divided by the sum o f  the weight d k dr). 
residue remaining after removal of  the organic mamid rd 
the u.cich: of thc solvcnt extractahles (Clark and W e !  
1973a). 

Tar plohules (usually 4-6 cm diam and several cent; 
mclrc, th;:L) and scrnpings from rocks ucrc stored drjl!ri 
wrapped in alunlinunl foil. and frotcn on return 10 S~2112 
The samples were extracted 3 times with pentane f y n Y  
I m L  each for sample sires of 0.5-1.5 g of tarry ratd*). 
each time with I-2-min exposure in an ultrasonic *m 
pentane-soluhles uerc then chromatographed over d 
and alumina as mere the biological samples 1- 
Fink, 197;;1!. Thc pcn1:m-i-roluhlc rcsiduc the 
r i n d  uith ~hrcc. I-ml. aliquo~< of ? O r i  lvo l  .vol: m:b! 
ene chloride in pentane; this material was chromsrogr~M 
in  a total of one bed volume of this solvent on Ik 



FIG. 3. Wreck. Cove shoring the animal population study sites and the hydrocarbon 
sampling sites. 

&ma as for the pentane-solubles. A third set of rinsings 
blbued using pure methylene chloride: the column was 
.ripped with a fourth fraction by percolating through one 
b d  volume of methanol. The laa three fractions contained 
.L unsaturated and aromatic hydrocarbons and the polar 
rbaancer. 

The initial general suwey in February 1972 provided 
u evidence of recent major damage or extensive ani- 
mal mortalities. The expected indications of damage 
a*b as dead or dying animals. numerous empty mussel 
~harnaclc shell<. and ban rwk areas showing vestiges 
0' remt hie uerc not cvidcnt. :\n;tl!.si~ of the count 

did not indicate differing ratios of live to dead 
b l e s  or mussels during the period February 1972 
bhgust  1974 (Clark et al. 1973, 1975) or as late as 

February 1977. However. the abundance of live bar- 
nacles. mussels, and the colonial anemones steadily de- 
clined from March 1972 lo January 1973; the abund- 
ance of barnacles had increased by February 1977, 
whereas the other species remained at an unchanging 
low level (Fig. 4).  Four other species did not have de- 
tcctahlc or consistent changcs in abundmce (Fig. 4) .  

General surveys made throughout Wreck Cove did 
not disclose ohvious damage to animal, escept to the 
purplc sca urchin (Sworr#?.lorc~rrror,rs pr~rp~rralrrs). 
Damaged urchins were found inshore from the stern 
section at the 0.0 tidal level and below. In March 1972 
thex urchins had lost spines from the aboral surface. 
and by April some urchins were nearly aspinous. At 
some locations up to 7 0 4  of the urchins hnd lost spines 
ilc~n~ thcir :ihbraI wrfacc. and thc occurrence of broken 
tests with tissue remaining indicated recent mortalities. 
Dead or abnormal urchins were not observed at the 
control sites. Damaged urchins were noled through July 



19??. but they appeared normal on subsequent surveys. 
Sane  of the 45 animals observed in the species chcck- 

list (Clark el al. 1973. 1975) is known to have been 
eliminated from Wreck Cove or  from a specific study 
site. nor were thc numbers of species during any survey 
considered to be unexpectedly low. Analysis of the 
photographs did not reveal changes in animal popu- 
latians. 

Physical changes were severe for Laminaria andcr- 
son;; in the area immediately inshore of the stem sec- 
tion; this alga had completely lost its fronds while the 
stipe and holdfast remained. This damage, which was 
initially observed several months after the grounding. 
was still apparent 2 yr later (Clark et al. 1975). Bleached 
algal tissue was observed within 6 mo of the grounding 
for a few species of Rhodophyta, notably the intertidal 
rock and tide pool dwelling plants Corallina vancouvcr- 
irnsis. Prioniris lonceolara, and Ceramium sp.. as well 
as the spermatophyte Phpllospadix scoulmri (false eel 
grass) (Clark et al. 1973 ). 

During the summer of 1973 ( I t  yr after the incident), 
the brown alga (Hedophpllurn srssilr) outgrew other 
algal species to become the dominant alga in the middle 
intertidal zone of Wreck Cove. By the summer of 1974 
(2t  yr later). however. other algae such as Halo- 
raccion. Egrrgia, Des~narrsria. Gigarrina. Rhodoglos- 
sritn, Iridaea. Codiurtl. and Ulva began to appear in an 
ckpected distribution pattern. During the last field ob- 
servation (February 1977). the early spring devclop- 
men1 of all plant growth was progressing exceptionally 
well. False eel grass blades were green and healthy 
with no traces of necrosis. All new algal growth was 
crisp and regular. No degradation or  attrition of fronds 
was observed nor was pigment loss noticeable in either 
thalli or coralline encrustations of the red algae. 

Hydrocarbon patterns have been compared and in- 
terpreted for exposed and control samples of algae 
(Fvcus gardnrri. Cnlliarrhron schr~ritrii. and Bossiclla 
sp.1. false eel grass. purple sea urchins. goose barnacles. 
purple shore crabs (Hrmigrapsus nudus). and mussels 
(Clark et al. 1973: Clark ct al. 1975: Clark and Finley 
197.;bl. 

Moderate-level hvdrocarhon uptake (Fig. 7) wac re- 
pcrted f ~ v  muw% collcctcd and an:ll!zed 2 mn afrer 
S a y  Special fuel oil leaked from the Grrrrral M.C. 
Meigs (Clark and Finley 1973b). The n-parafin pattern 
of mussels collected at the Freshwater Bay control loca- 
tion (Fig. 3 )  is an average value of two composite 
samples collected in February of 1972 and 1973. This 
iq  aswmed tn represent the h iqenic  t v  cnvirnnment;~l 
h!?!.>c::rhw h ~ w l i n ~  of the niuswls. Thc 11-parallin pat- 
tern of the exposed organisms (Orange Rock. March 
1972: Fig. 3 )  represents the biogenic baseline plus the 
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FIG. 4. Abundance of animals in numbers of indi- 
percentage of surface area covered. and numbers of d 
at or near a sampling site during the 5-yr study. T h e m  
bers of small barnacles. musscls, mails. limp<% md 
anemones ( A .  xanrhogranm&-a) are averaged for l L r a e W  
six sites 

pollutant uptalc. If the 11-paraffin pattcrn of the cm:' 
saniplcs is suhtraclcd from that of the chpascd 
ism>. the difference constitutes the residual. p r e r d v  
petroleum-related. n-paraffin hydrocarbon pattern The 
residual hydrocarbon pattern (Fig. 5B) c a l c u l d  in 
this fashion for the mussels and the n-paraffin 
carbon pattern of  a represcntative hcach nil 
wniplc show similarities hebond 11-C,. in thc ci,n%a=- 
tion of their patterns (peaks at 20-21. 25. 28, 3 1 . 4  
34-35 and the troughs at 19. 24. 26-27. 29. and 33). 
In addition. the residual hydrocarbon content d the 



FIG. 5. Panfin hydrocarbon patterns for mussels (Myrilus calijorniunus) exposed to 
moderate-level oil pollution. (A)  Exposed mussels collected at Orange Rock 2 mo after the 
grounding of the Genrral M.C. Mriss arc compared with control mussels collected at 
Freshwater Bay; (B) the residual hydrocarbon pattern is compared with the Navy Special 
fuel oil residue paturn in a beach tar globule (No. 1, June 1972; Clark et d. 1975). 

ncorporated n-paraffins was from 100 to  1000 ppb. 
total residual paraffin hydrocarbon (nC1,-a;) con- 

mt i n  mussels was 11 ppm which is over 3 times the 
hagenic content of the controls. 

parafin hydrocarbon patterns from mussels collected 
,!Wreck Cove 5 yr after the accident are shown in Fig. 
6 The Orange Rock samples had a total paraffin content 
(17ppm. n-Cl,.3:) twice that of the nearby Nonh Point 

population (8 ppm); mussels from both areas 
b d  contents greater than the winter average of 
.ws& from Freshwater Bay ( 3  ppm). The residual 
.wrocarbon content (Fig. 6R) of Orange Rock mussels 

14 ppm and of Nonh Point mussels was 5 ppm. 
These residual patterns were similar to one of the two 
or globules collected inshore of these sites during the 
rmt sampling period (peaks at 17. 21-22. 25. 30-31. 
ad 35 and troughs at 19-20.23. 26. and 32) although 
&similarity between the residual patterns and the pol- 
b a ? t  is not as apparent a\ in the I-mo sample (Fig. 
J k t .  

Analyses of goose barnacle sampled in June 1972 
5 m,> after the grounding I and in Fchruary 1977 (more 
'ban 5 yr after the grounding) at thc same site (Fig. 3 )  
& ~ e d  different hydrocarbon patterns. The June  1972 
vmple displayed an n-paraffin hydrocarbon pattern and 
w e n t  (Fig. 7 A )  similar to those reponed earlier 
%. 1 I in Clark et al. 1973). The plot of the 1977 
u W e .  hcwver. s h o w  a considerably different pattern 
- O X  that i~ morc simil:ir in \hap? (Fig .  70:  trough 

mar 19-20 and broad peak at 25-29) and content 
=able 2 )  to samples collected at a site (Mukkaw Bay) 

remote from known sources of pollution. 
One coralline algal species (Bossiella. 18 g wet whole 

weight) collected 5 yr after the grounding had an n- 
paraffin pattern nearly identical to a control sample from 
Freshwater Bay (81 g we: whole weight; C h k  et al. 
1975). The analysis of only one other coralline alga. 
Calliarrhron rchrnitrii (65 gwet whole weight). obtained 
1 mo  after the grounding (Clark et al. 1975) suggested 
that within the 1st mo. the calcified alga did not appear 
to incorporate measurable concentrations of the pollu- 
tant. although other coralline species (such as Corallina 
r an ros~wi rns i s )  had become bleached. 

The unsaturated hydrocarbon fraction from the 
alumina-silica gel column chromatography separation 
step (fig. 10  in Clark and Brown 1977) eluted with 
20% (vollvol) methylene chloride in pentane was 
studied using capillary gas chromatography (MacLeod 
et al. 1976). Preliminary findings show that the Bossiclla 
algae collected in February 1977 had a simple gas 
chroniatogr~m of  the unialuratcd hydrocarbon fraction. 
This chromatogram contained only 46 well-resolved 
pc::hs over ~hc .  rclenticn lime range from the methyl- 
naphthalene, to bcyond pcrylenc (MacLeod ct al. 1976) 
and displayed a baseline without any unresolved com- 
plex mixlure envelope (Clark and Brown 1977). Fif- 
teen of the peaks had no corresponding peaks on  a 
complex-appearing gas chromatogram (133 peaks and 
an onrcsolwd cclrnplcx mixture envelope ahove the in- 
clrtmient h:twl~nc I wcn in x tar glnhule (No .  I.  Fehru- 
ary 1977) collecled at the same time. 

In contrast t o  the gas chromatogram of the rela- 



FIG. 6. Paraffin hydrocarbon patterns for mussels (M. colijorniaf~as) collected 61 mo 
(Feb. 1977) after the grounding of the C~,rrrrd M.C. Mvirs. ( A  1 Samples collected at Orange 
Rock and North Point arc comparcd with mean February values of  mussels from the 
Freshwaler Bay control site; ( B )  the residual hydrocarbon patterns are compared with a 
fresh tar globule (No. I )  collected in Feb. 1977. 

FIG. 7. Parnffin hydrocarbon patlerns for goose barnacles (Yirrlln pol?ntrrrr.l) from the 
Grr~crul A1.C. Y c i ~ s  s i l o  are compared with patterns from con~rol  wmples. ( A )  Exposed 
samples from North Point (Feb. and June 1972) arc compared with a control Sample 
from Mukkau Bay. 3 km north (May 1972: Clnrt ct al. 1973 1: (BI  sxnplc from North 
P o # n !  (Fcb. 1977 ,  is romparcd urrh nw;m F d ~ u ; ~ t !  balues of goose barna~lel  fWnl the 
F~crhuater  Bay control rite. 
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f, g Paraffin hydrocarbon patterns of Navy Special fuel 
-1 after xwra l  periods of weathering a! Picture 
L d .  

.,c~y uncomplicated unsaturated hydrocarbon fraction 
d the alga. the gas chromatograms of the mussel 
vmples collected over 5 yr after the accident displayed 
cnmplen patterns containing many peaks. unresolved 
ampiex mixture envelopes above baseline, and other 
hilarities to tar globule chromatograms. For instance, 
Q Orange Rock mussels had 1 I 8  pcaks in the methyl- 
mphthalenes-perylene region and the North Point mus- 
uLc had 107 peaks compared t o  133 peaks in the tar 
dobule (No. I .  February 1977). Sixty-seven of the 
p k s  in the Orange Rock mussel chromatogram and 
78 in the Nonh Point sample corresponded to peaks in 
h e  tar globule. 

E~::ncti from goosc harnacles collcctcd 5 rno aftcr 
Iht incident gave a gas chromatogram with 134 major 
pcaks appearin: ahwe  an unrcsoltcd coniplcx mivure  
t~wlopc. .4 tar glohulu (So .  2 .  Junc 1972 I cunr;litied 
137 major peaks. 123 of which also appzarcd in the 
W e  barnacle chromatogram. A solvent blank had only 
three major peaks in the methylnaphthalenes-perylenc 
Qion. Extracts from goose barnacles collected 61 mo 
dter the initial spill showed no obvious similarity to the 
!Jrglobulc> uniplcd :!I ~h:rt rims. Thi, rcccnt IFchti~:tr? . . 
'977)  goobe barnacle chronldtogram shvwcd .L r~rnplc. 
W e m  with no unresolved complex mixture envelope 

and a total of only 26 peaks in the methylnaphthalenes- 
perylenc rcgion. All o f  these peak, corresponded in rc- 
tention times to peaks in thc earlier goose barnaclc 
sample (June 1971 1 but correlilred with only five of the 
pcaks in a tar globule (No. I .  Fcbruary 1977). which 
suggests that thc recent goosc barnacle sample had 
little, if any. petroleuni-related unsaturated hydrocarbon 
content. 

Thew preliminary findings based on gas-chromato- 
graphic retention times are being supplemented by gas- 
chromatographic-mass spectrometric (GC-MS) ex- 
aminations of the major individual components usin8 a 
peak-by-peak correlation between organism chromato- 
grams and tar globule chromatograms. This effort is cur- 
rently in progress and results will be reported in the 
future. The results thus far from the unsaturated hydro- 
carbon fractions. however. closely complement and 
support the n-paraffin hydrocarbon data: (1) the 
Bo.~.~iclla alga (February 1977) did not display measur- 
able petroleum hydrocarbon uptake; ( 2 )  the mussels 
collected over 5 yr after the accident (Orange Rock 
and Nonh Point) displayed n-parafin hydrocarbon 
uptake and complex gas chromatograms similar t o  tar 
globules: ( 3 )  the goose barnacles collcctcd 5 mo (June 
19721 after the accident had 11-paraffin patterns very 
similar to previously reported contaminated organisms 
and the unsaturated hydrocarbon chrornatogram had a 
complex pattern similar to a tar globule collected at that 
time: and (41 the more recently collected goose bar- 
nacles (February 1977) had an 11-parafin pattern simi- 
lar to uncontaminated control samples and a relatively 
simple (nonpctrol:um\ unsaturated hydrocarbon gas 
chromatogram. 

In the 2 d following the grounding. near-hurricane 
conditions caused considerable amounts of releascd oil 
to be deposited on  a rock (Picture Rock. Fig. 3) located 
about 2.8 m above mean lower low water in the north- 
east extreme corner of Wreck Cove. Since the oil was 
well above the usual tide line and only occasionally 
ehposed to the splash from winter storms. oil residues 
have remained in the cracks and crevices (1-10 mm 
depth) of the rock for the entire period of observation. 

Chemical analyses of the n-paraffin hydrocarbon 
cornpclicntb (Fig. S l  havi  shown th; usual loss o i  low 
moleculnr weight hydrocarbons lBlumer and Sass 19721. 
hut the lor% we ohqerved was slow (Clark c! A. 197.0. 
The 10131 11-pari~flin contcnt oI' the tar scraping, (Tshle 
I I varied betwcw i a m p l o  as some saniplcs from Picturc 
Kock were thicker than others. depending on crevice 
depth. and may have weathered less rapidly than thin- 
ner scrspings. The  pattcrn for residues collected over 
5 yr after thc initial oiling showed a distinct loss of 
Lwcr rnolccul:tr vwight p:mflin h!drocal-hons and a 
gcncral smoothing o l  the paraflin curve over the n-C,., 
to n-C,, region. 





taminaticn by the tar globules in combination with the 
persistence of  the original large petroleum uptake im- 
mediatcl! aftcr the incident. Different species have dif- 
ferent mechanisms for accumulation and release of oil 
(Varanasi and Malins 1977) ,  a fact that might explain 
the difference in the paraf in  hydrocarbon patterns found 
in goose barnacles con~pared  with mussels. both samplcd 
5 yr after thc accident. We suspect that recontamination 
by uainter discharges of tarry material f rom the hulk 
caused the high levels in the mussels. T h e  hydrocarbon 
pollutant patterns represented by the residual paraffin 
plots of the organisms reflect the degree of pollution 
throughout the sampling period. 

The  weathering of oil residues is dependent on the 
variations of environmental conditions t o  which the oil 
is exposed (Clark and MacLeod 1977); however, most 
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up& splash zon;' where it cannot be routinely at- 
tacked by microorganisms that require an aqueous 
medium for growth (Karrick 1977). Presumably. the 
tough coating would be hard to penetrate and would 
reduce evaporation. The  usual loss of low molecular 
weight hydrocarbons was expected. like that reported by 
Blumer et al. (1973)  for  a weathered oil sample o n  a 
warm and d n  rock o n  Manha's Vineyard. Mass.. which 
was studied for 15  mo. 

We believe that throughout o u r  5-yr survey we have 
found newly released residues of Navy Special fuel oil 
from the Gctreral M.C. Afeipr and that the reasonable 
similarity o f  the original paraffin hydrocarbon patterns 
of the oil t o  subsequent patterns suppons this bclief. 
However. one t a r  globule collected in February 1977 
(tar @lobule No. 21 appeared t o  be very different chem- 
ically from the other 14 tar globules analyzed over the S- 
yr study period. Either a tank containing a very different 
oil had been ruptured during the winter of 1977 o r  this 
globule came from some source other than the Grnera l  
Af  .C. Mrips. 

~ l t h o u g h  the Grnrral  M.C. Mcigs incident was a rela- 
tively minor spill. based o n  initial oil loss and type of 
petroleum involved (Clark and Finley 1977). tangible 
evidence of  damage and pollutant uptake bv the inter- 
tidsl orpnisrns wa? oh,crvcd. This cmphrrsizcs the sensi- 
tivity and vulnerability t o  pollution of those organisms 
thst are pcnerally considered hardy hy vinue of thc 
en\ ironmcntnl atrusaes they normally encounter. 
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F 9. Paraffin hydrocarbon patterns of fresh oil flohules 
(dktd in southeast Wreck Cove over a 5-yr period. 

4,: and the one collected in February 1977 described 
dove. The other tar globule (No. I ) collected in 
Wmary 1977 was somewhat intermediate in character 
loving some loss of n-paraffin hydrocarbons below 
d,, and a slight saw4oothed pattern below n-Cz0. 

The grounding of the troopship Ge~reral M.C. Meigs 
A:: thc rerul~ing oil pollurion evposed scssilc anima!~ 
ud plants in Wreck Cove on the Washington coast to 
*? slictr and tar plobulei from lanunry to June 1972. 
Cler this period. tar globules appeared to be the princi- 
$4 form of contamination throughout the study. 

Changes in the number. occurrence. or  oven con- 
dition of animals in Wreck Cove were not obvious for * 5 yr following the oil spill incident except in the 
0( of the urchins. small barnacles. mussels. and the 

'%i*i  cnelnonc. \:;tri:ttions that did occur could h a w  
*cn the resuh of na~ural  fluctuations (Dayton 1971 ). 
-changes in the ecology of Wreck Cove caused by the 
&water effect of the remaining hulk. If the oil pol- 

lutant had any effect on the animal populitions, it was 
too subtle or localized to be detected by our methods 
except in the case of the purple sea urchin. 

Observations on thc damage to the sea urchin 
coupled with studies on hydrocarhon uptake suggest 
that oil pollution had aflected this animal. During the 
first 10 mo of  observations following the accident. many 
urchins in localized areas were dead or had lost enough 
of their spines to make their survival improbable. The 
behavior of urchins "decorating" their backs with avail- 
able material of small size in the tide pools resulted in 
extensive use of fragments of false eel grass for such 
decoration. F a l x  eel grass was one of the species of 
plants that became coated with oil immediately after the 
grounding: large quantities of eel grass fragments spot- 
ted with tarry residues or bleached white were awash 
in tide pools in Wreck Cove. Consequently. about 80% 
of the urchins used f a l x  eel grass for decorating them- 
selves immediately after the accident. By August 1974 
only about 5% of the urchins still used the false eel 
grass for decoration; at that time, the eel grass appeared 
green and healthy. Based on our observations and on 
the hydrocarbon uptake data (Clark et al. 1975) we 
can conclude that the only logical reason for damage t o  
urchins was from the oil contamination caused by the 
General M.C. Meigs. 

The oil contamination-related damage and deaths of 
the purple sea urchin were not widespread. and they 
were outside the site transect (Fig. 3).  Therefore. one 
must not discount the possibility that other less promi- 
nent species could have been affected hut not detected 
by our study methods. It is also porsihle that the be- 
havior of the urchin in decorating itself with pieces of 
contaminated plant material make it a unique and 
spe~ial  case predisposing it to take up considerably more 
oil pollutants than other animals. 

Several species of intertidal plants were seriously 
affected for several years in Wreck Cove as evidenced by 
physical changes (loss of fronds and coating with tarry 
residues) and by chemical changes (loss of pigment and 
uptake of petroleum paraffin hydrocarbons). Based on 
the observations from the General M.C. Meigs and on 
other oil pollution studies (Smith 1968: Nelson-Smith 
1971; Baker 1971; Baker et al. 1976). intertidal algae 
may serve as one of the medium t e r n  ( 1 4  mo after 
the initial short-term animal mortality phase) indicators 
ul' pctroleum pollution. 

Our analyses demonstrated that pctroleum hydro- 
carbon residues were present in certain marine animals 
for at least 9 mo after the initial wreck and oil spill. 
whereas in specific algal species residues remained for 
niorc than a year (Clark s t  al. 1975). We have now 
found niuw-Is cnllcitcd o icr  ? y r  ;dtr.r thr n:cidcnr that 
contain similar hydrocarbon residues. 

The long-term occurrence of contamination in or- 
ganisms is possibly the result of their periodic recon- 
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THE CASCO BAY OIL SPILL: 
PROBLEMS OF CLEANUP AND DISPOSAL 

Gvl L Eidam. Edwrd V. Finpatrick. and John F. Conlon 
U.S. Envwnmentdhtection &cncy 

INTRODUCTION 

Euly in the morning of July 22, 1971. the Bl&foot ( 2 4 7 4  
Nom* taker, Tamno. en mute to Cuco Bay, M h .  s(N& a 
mbmernd led= in H-v Sound. an entnnc. rh.lloel to the b y ,  .~ ~~~~ " ~ ~ 

lar&;ote in the no. 1 atudoud wing tank ( T i  I). The 
dunaec nurltcd in a still of a rermatcd lOO.000 d o n s  (422,000 1) ~. 
of 10; pour (20°C) no: 6 fuel oil.' 

Spillage from the incident wn w t  sppuca~t until fhc ship 
reached its offshorn mchonrc. fm mi*r (8 Irm) fmm Por lbd  
& o r ,  npproximatdy forty minutes dta r- the kde when 
oil was o b s e d  esxmiM from buruth the ship's hull. A bed 
dunup contractor w 3  ~ t d i i t c l y  mnt.cted by IIIC hip's agent, 
and he responded with cquipmmt, including amL8inmcnt boomr 
C!oncumndy, tank red& &re taken on thc  hip, a d  m attempt 
w made to transfer the product from the surpccted d m @  lank 
to other t a n k 8  aboard the r h ~ .  By 5:30 AM., the ship was pu- 
M y  boomed from bow to midships, and cnci~ckmeat of the rhip 
with boom wtr comoktcd by 9:30 A.M. (Two 2). 

Under most cir&mrun&, 8 stricken s i p  uo be bmlyhl into a 
lart a1e8 where suwort ficilitb M ~uxs ib* ,  and the polccccd 
den of the MI &'more membk  to spill conUtmaent md ck* 
up. This procedurr was not available ta the Tamm, howcvu. A 

ship of th+ T#~Mo's  draft (44 ftll3.4 m) cannot enter Portland 
Hubor's dullow (35 ftl10.7 m) channel dapths. T h u ~  these rhip 
must utilize offh01~ anchorass for p d  a compktc om- 
Ar 1 mult  of this limitation, many probkrm. time dchyr, 
md perhaps a w U e ~  s p e d  of (he pol lu~nt  were encountcl.eb In 
addition. the lack of mrilrbility of bed equipment to remove oil 
directly from both the dvtugd compIMImt md the boomed 
area mwltcd in iug losses of oil in the initid period of the spill 
This factor, couplcd with smng tidal cumnts pmv&nl in the bay, 
mnscqucntly fiected mmy miles of shnLm. 



Movemcnt of spilled rmteriJ and fedal/strte 
rrspo= 

Within c a t  hours aftex the spill, pnonnel from the US. Cowl 
Gvua the US. EPA. and mnl uencka m the State of khim 
&tlMirhed a mintro~ &(cr at me US. COW ~ u u d  buc in PO- 
and b e m  aordiscinr b u p  &aN Captain DJ. M dSnn of lhc 
us. &st Guard - d u i i t d  on-soene~owrdhutor (OSO. PTi. 
muy mnarn  initmy centered uound three main uru: 

1. mod of oil from thc d m w d  W: 
2. removal of oil Imm thc boancd .rca mound the ship 
3. removal of deaificant concentntions of oil in the Bay. 
Conddcnble dmculty ws? expricnc+d initLL& in tnadcf of 

oil at the ship. M y  e l e  pumps that would proride the 
5Ofoot (15-m) head -saw to vlllold the h e a  tmk Lom the 

&e; thus; w m m e r u  pumps from o u w  the m a  M to bc 
bought in. 

Oil within the boomed uca was removed with rlimmen attached 
to 6,000grIlon (22.7104) ncvum trucka which was mounted on 
work b y &  ULtinuWy, two b a r s  uch con- Uircc hJrr, 
sere utilized Oil from mb o ~ I i o n  .nd from the dmnytd tmk 
on board ship w a  thcn t c in s f ek  to tank b y ,  for dktniulon to 
shoreside s t o w  tvlkr 

Heavy oil alicks moving in Cum Bay quiz& picked up hgt 
mounts of o m n  arflaa debris, which, in some cua, wm helpful 
m abrorbiq oil but which m d c  rrmonl more difliadt One mall 
paddle whal *Mma was aniLMc at Portlnd and this w a  
utilized to purv.ac the oil Some tl*kr were trclted with hay urd 
comlled with booms for Ltcr rnaovil Other d;immcn brought h 
Imm the Boston uca were also used m removing free oil slick$. 

RLn.rilv u a r c d t  of the h e t u  urchDtec. the Tbmcmo 
hcident r&ly had m a y  of the & r n c ~ t i a  of offshore qilL 
Thirwrrcvidenad by t h e g e o m o h i u l d i i d  theslicksand 
Uu many miles of rhorelinc-Jf&&d. 

Aerial surveillance duriy the f a t  day indialed t)ut oil went 
shore on the islands immediately s a d  of the Tamno's 
mchwe~ (figure 1). The waterborne oil was quickly dirpurcd by 
strong tidal mmnk. and by the rccond day, 1ppIOldmatelY 60% of 
Huuey Sound wu covered with heavy M.ek streaks and rainbow 
f h +  S i m t  qumtities had llta moved out of the bsy into the 
mterr of the Gulf of Urine. Oil remaining in thc bay spfead concern 
IriuUy in response to changing tides mer the next men days until 
70% of the bay's shorelines wrr affected. Oil d i l  named out into 
the Gulf of Maine travekd southward under lhc influena of linonl 
currents. eventuauv rffectinc shorelines 33 mil- 153 km) south of 
the spiusite. In &, che Atamination included 46 mil& (74  km) 
of mainland coastline and 18 iJmdainCauo Bay 111. 

Development of environmental priorities for 
shoreline cleanup 

Casca Bay is typical of tb ruged Maine coastline, hanng been 
cuvcd by reant gladation. Intertidal zones are predominated by 
sleep rock shelves. outcrops, and intmdons, interspersed by coarse 
graincd beach arcas and lcw marshes The tidal rangc in the area 
averages nine f a t  (2.75 m) and the prerencc 01 numerous ofkhorc 
islands mnstrains tidd movement to channels, resulting in fairly 
high water current velocities. The bay s ews  as one of Maine's 
prime recreation axas. Numerous m u i n s  and many summer and 
year-mund homer dot both thc mainland and offshore islands. 
~ d i t i o n r ~ y ,  the bay provides a significmt resource for Ute 
huvesting of shcW~sh. lobsters. and intertidal seawee& The 
phyaal cburctcrbtics of Uc area, in addition to ib  m k d  uslgc. 
piuentd a lonuidable Wk in utablishing environmental priorities 
for shohardin dunup. 

Ihc at.blihmwt of such priorities bzrcd upon knowledge of 
PnLmnn( .L  effects of pollution discharm and emironmenu1 
pollution control tcchniiuq includii u romen t  of techniqua. 
hu become one of EPA's major roles in coaW oikpiU mposr 

In order to determine the methodr to be used in c h u p ,  Irom 
thc standpoint of both feuiility and minimrl en*ironmcnul 
b . g .  d rhaclt~ ucu ncctad by the w y c d  by 
EPA and S t r e  d khim p m s L  B u i d y .  those shofelina 
affected by the ipill mutd bc chmctuized into two groups (1) 
-wad d rodu. a d  (2) cobble, gnel or s u d  bucha. 

The obj& of thuc nuvzyr was to -mend a clunup 
approdl w w  would: 

.UOIP thc anapkte fuhiltmcnt of all of thoe objectin% Therrfore. 
(bcvltinutcdoddaub8dtobetcmprrdintcrmroE 

1. a m ? a r i i  of thC yc. to clunup quipmalt 
- . .  r dqpr+ ~r~~ll- i ion 

3. public access to the m 
4. potential fa rocontuninrtion of other uru (apccLlly those 

-of hi@ le4oltra v¶he) 
5. physical ch.ncterirtia of the oil 
6. effect and effectiveness of c h w  o a n t i o n r  

Sea mui Shofe Fisheries produced valuable information in bocJ con- 
ditions a d  m o u r n  UUI Both of these dep.rtmmts wre 
invaluable in urbting in the ihorelim sumyr uid the dmlopmnt  
of pidelLvr for shoreline cleanup which w e  rubmittal to the 
OSC fof impkmcntltioa 

The ahom& rumya fcvulcd that m most mcky interiidd 
nur thc lunohnt r i d  mowth which umn the intertidal 

Cthc ires in q&tion, i&eocntr& p m p k  m d p d  by thi 
Ibcurh Corporation of Hcw E-d, then p f i o n h  under 
amtnct  to EPA, an aycngc oil concentration of 114 
gms& on seawed in the more h d y  imp.cted ucu 121. It w n  
thus decided Ih.1 111 hcavilv hnmctcd seaweed be& would be 
a o p p d  to in- that thcv -hgt ~wnccntntions of oil would not 
recontaminate o h  amrr Holdfob. which attach individual su 
wad  fr&ds to the rock, ucre kft  inW 'in the h o p  that mom 
npid regrowth of the .tlpc would W r .  

In ucu of public amx$s Or of distinct rsthctic nlw, m k y  
 so ckmed a high-pmsun hot-water h o n  

(f&ure 4). Thc ckming systcm us& produced water tempcntum 
of 15&17@F (66-7PO a 80&1000 psi (56-70 Lglan2). Individual 
MU to k cleaned were boomed off during the opention; sorbents 
were plaad within the boom; and a secondary waler Icura wrr 
used to pmcnt removed oil from settling and recontaminating 



other While lhb system mr dfcctire in mmm oil, it 
pmrrdtokfaidyrbra~dsolJdodybeuedduriDgfplartidd - 

bkny of thebsrcLaLntlmOlvoBay urnuc&comidemblo 
dirtma. 2 0 4  mila (3244 Ion). fmm the ha of the apiL Come- 
quently, by the tinv oil clme - h these uou it wu well 
mixrdvithoaa~~&~dcbrb~*rdsd(oholdtheoilm 
the beaches' sutf-. &wing f a  fairly sr). -lL Some d the 
bclcber on the oE&ae irlndr were not w *I-. One b e d  in 
puticulu, Werkrn Bach oa Loql W, ru o m  of the T i  rhore- 

with penetration into sand on the &dn d & la two inches 
(2 5 J cm). As stated culicr, the rpiUed oil h d  a pour point of 20.C 
(68.F). Thus, during periods of low ti& d e n  a m b i t  air tem- 
pcrahues cxaeded Ibis figure. the oil audily b e a m  fluid U I ~  
moved within the nnrx ma(m of the berh (fuure 5). This 
chuxlcrirtic of the oil, in conjunction with the dyn-&ic Atun of 
UK beach. w l t e d  in the fmd mumination d lhe enti- intertidal 
zone of the beach with pmtntion ~craring four lo six inches 
(10-15 cm). and in some uea a d k p  u 12 inches (30 cm) (figure 
6). Thirtv-four core mo le s  of the k h  obtained bv EPA acrson- 

e~~ ~~~ ~ ~ . -~ ~- 

riel revtaied that oil conantncions in the hentamina&~n 
meraged 2.78% of Ihc dry wight of the und. which conwatively 

catinuted out to slightly ova forty thousand gallons (151,400 I) of 
o l  colltdned Ln the buch 

Undef narmd condition& uwcr hycn of a bueh will (cnd to be 
trrnsporied offshote during d& months, erped+lly dudw storm 
mnditionr Thus. the oil contaminated mrtsrillr of Western Be& 
would be transported into wbtidal m u  and be blended into rut- 
tidal sediments where further incorporauon into the marine food 
web could lake oluz. Thrs process would be acaknted  due to the 
prcxna of the oil, as this matcrial Iills interstitid spaces in the 
kach.  thus dIcnLilBBiu; flushing characteristics; and +Is0 acts as a 



lubricant k t w c n  ir~dwidual mains. Uecaus of t l~c potential for 
massive sublidd contaminalion. and thc intcricrencf with rccrca- 
bond use posed by line prcrencc of (Itis oil, it was dccidcd that 
phy&al removal of the contaminalcd beach sand war thc only 
rcasiblc mcans of clcanup. Thc logistics and mechanics orperform- 
ing the removal operations presented a unique challenge to on. 
w n c  pcrsonncL One of the major problems m conducting such 
operations was the inaccessibility of the arca The beach is louted 
on one of the offshorc idands in Cnxo Bay which is served by only 
a small boat dock. This dock is not suitable for handline heaw 
equipment neoErsary for the cleanup or for the transfer-of (h; 
wntaminated material Through the cooperation of the Division of 
Oil and S p e d  M a t e d ,  EPA, Wuhhgton, wnsultlnts fmm URS 
Rcwvch Company. San Matw, California, w r e  brought in to 
develop spcdfic clunup methods for lhis beach 

It was decided that a grounded bpac 4 t h  two a rnes  on board 
would be used as a temp0.y dock, whiL a bulldozer m d  dnglirv 
m u l d  be employed to m o v e  the ooUzontunLuted sand to stock- 
pile in the backshore a r  A frontznd loader would move thc 
material from the stockpile onto the poUnded be, and a psond 
buge would be uud to tnnsporl &rial to  the fd disposal rite 
(fwre 7) 131. This system proved quite c f f a n t  in uvawmin$ the 
lack of facilities in the uy and 4310 ylrds of ccmtlmirvted 
i t e r i d  which comprised an avenge sand depth of eight inches 
(20 cm) were ultimately mmd. Ria to  mnovd opntionr. 
cersonncl from the US. Army Corm of Enskeen a u m e d  the 

an a bimonthlV hdr for wrb a y e u  foUorinr the m o d  to 

figurc 8. Western &&I, Long (iland dtarcl- 

Disposrl of contaminated materials 

A maior nroblcm cncwnlcred durine UIC Tatnano mill was Ihc 
dirposai br dlc vast amounts or c o n t a m h c d  nwtcriai which had 
been removcd from the fleeted shorclincs. This material includcd 
almost 10,000 yards(7,646 m3) of oil-loakcd rawccd and shorellnc 
debris. and over 4.500 y u &  (3,440 m3) 01 contaminated beach 
a d .  No preeslablishcd disporal rile capable of acwpting thls 
amount of material was availabk in thc Portland. Maine, area, so 
alternative a~nroaches had to be wnsidemd. These included 
incinention oi all material with recycling of the sand. landfilling all 
material. and landfillhz non-bumable material and incineration of - 
bumabks 

Totdincinention ismnsidercd to bethe most desirable appro~ch. 
for once the n u t e k l  is burned, any potential for further contamina- 
tion is c l l n i t e d .  After imcstytion by personnel from EPA and 
the State of Maine, however, this apprmch was eliminated M a  no 
inciaetaton unrc naiiabk in New Etlslmd that muld handk the 
r~nge of materials m m s y y  for (hir f o i  o f d h p d  An incinmtor 
wu louted in Gray. Mune. which would handle the burnable con- 
hmhuted suweedmd rh&Iinc deb& ThL incinerator is normally 
d for burairy waste oils .od utilizes three in-selier burning 
dumben capable of r t w  t e m p n h u a  of 3400°F. In order to 
kun the oilsontminated tuwced, a feed grate w u  designed 
utilling 8 mnvcyor urrngcmenf This system eventually incinenled 
dl of thc bumabk lorcline material m o v e d  in the Tanwto spill. 
The con of disposing of debris mounlcd to over $70,000. 

It  .M decided that lvldti1 r e m x n t e d  the only fcrribk 
.pprach in d i i  of the m.ini non-bumabk materid A 
number of potcnthl dtn were investigated for possible lvldfii u r  
Thc d md pot i t id  burien hnpoxd by loal p u n m e n t s  and 
Uu public provided the m a t  rdour problem in ob ta in i i  a rite. 
Although a number of dtes w t c  inveriigatcd md qpnd to k 
rcmniully mplabk togelher with mvimnmentll rrfeguudr for 
disposal, fprther action was not ponibk due to local opposition. A 
d k  wm I i d v  h a t e d  in UIC Wi u c a  of the Nwrl A u  Statim - -. - 
at  ~nmswick: Maine. The Nny off& to  upcpt and store thc 
i tedi l  tempondly d the W1 until it could be used for 
amrtruction a t  the base. 

Thc following requirements for site prepantion *re developed 
by E.PA p-I: 
t A rh.llow e-tion was to  be ma& over the enfire dispovl 
w 

2. 'lhc c n l i ~ ~  uca was to be surrounded by an earthen dike. 
3. The bottom and rides of the area were to be lined with 4 - d  

polyethylene *ling. 
4. O ' i  sand m d  gravel p l l d  in the disposal ate were to be 

mixed with common earth fill in a 50/50 nt io  to wak up any 
hn.t or free o i l  ~- 

5. Upon wmpkt im of the dirposrl operation, the entire u c a  
was to be w v e d  with polyethyknc h l h g  and backfilled 
with dirt 

Once the site was p r e p a d ,  the contaminated sand was tram- 
ported by barge fmm the buch uu to  Uu navy base and p l a d  in 
the d k p d  uu In June 1974, the Navy reported that they had 
expcrienad no luching or groundwater contamination pmblcm with 
the rmte rd  which had &en used in part to cover munition bunkers 
on the base. 

It should be noled that the requirements for d i i o v l  w r e  not 
bPrcd on r rn iousb  w k t e d  data or experiences, but rather on an 
e n g i r n ~ ~  jud&n~ A dislinct la& of information and knowkdg. 
armntly  exists with rcgud to the ultimate disposal of oil-soaked 
nuterial This probkm perpetually plagues omitc  personnel during 
spiU tcsponr operations. A much gruter research effort is nadcd 
to develop site requirements, materid preparation, and the p e  
establishment of disposal sites dedicated primarily for the dirposd 
d oil and huardow materials on a regional basis 

Enwmnmental effects and effectiveness of 
cleanup 

Environmental effects of the C m  Bay oil spill and the effective- 
mr of cleanup methods utilized were investigated by the Research 



( ,,rv,ra-mn of New Englnnd under contract to EPA. The purpox 
,,I thew ,lud~es w a  to rusl obtain m oveniew of the impact which 
ltm \plU had on the marine cnvironmcnt of the u e a .  and. secondly. 
10 Jetemme i f  clcmup mcthods were bcncficial in mitigating damage 
md enhzncmg rcpopulalion of a e c t c d  arus  14) .  

The mttial phax of there studies consisted of tiuce rumysover , thrw-month period following the rpilL These surveys included 
biologicd sampling of dfecled u c u  to determine population 
density, diversity. and chemical cxmin.ti0n of intertidal and s u b  
tidal organisms and sediments lo determine oil conccnlration and 
uptake. 

The vcond study phue was conducted one y e u  f i r  the spill 
& was used to  u s e s  the effeclivennr of ckanup operations and 
LC longer-tern impact of the Spill. 

Initial surveys showcd th.1 tbe muine wmmunitkr in the rtudy 
mu WCIC rdnrocly affected lo nryinL dcgen. lntutidrl mud 
h t s ,  vmich support commercial s h e l l t i  beds, we= the moat 
h v i l y  impacted. Chcmid malyrs  of both dams and pdimcncr 
of thew uur showed thc p r e m a  of no. 6 fud  o i l  Popuktion 
densty m d  d i i t y  were x m l y  aflLie(cd with .hnost mmp*tc 
brr orgnirms at one inmidr l  f i t  *tion ~OIIOW- the ~ r n  md 
subsequent gulual  recovery. Size and f r q v m y  .nrlyu of she& 
fuh in eonlamiruled utu showed a mmpk(c loss of an a r t y  pf 
which wu present a t  control slations, but apparent r c sc t thnn t  by 
m = a m  folkwing thc will. ..- 

~ k k ~  intertiddlrru &X rlro m d y  hnpa~tcd. h hnmcdhtc 
kiIl of Lugc amounts of x a w c d  md W c k s  in the ucn of thc 
p t e r t  &I wnantn t ion  wu CYident, and L.ac numbers of 
paiwinkles were found lying upside down in tidal pool% 'Ihac 
organisms that did runive the initial impxl of the spill inanponW 
oil into their t t ruu.  The tiuuu rlowb d c g d e d  during UK course 
of the runeys. 

Althouch a shift in wpulation density and diversity N not 
o&& ;I subtidal driiois surveyed, influx of oil into the 
sediments was d e a c w  and pidually hvrrucd in conontntion 
- . - - -. - - - 

-r which initidy showed n o  c*idenm of fAdil contmrhutim 
had a defmitc hydrocubon buildup by thc end of the (hrramwth 

the longer-te& impact of the spill md rLpD Lbe e f f r ~ t k m o f  &an- 
w oprat ions  CRIenlly, intertidal us+r rac btginnk to - 
f i m  the effeccr of the spill In aca rbac sea& M ken 
Wed off, ncw fronds were beginning to tppes. a l tho~& growth 
wrr glru, and the gcnaal denrity ad dinrrity of spxies in the 
intertidal zone had incrcasd S k C  prCVbU n m y r  In uur W h e n  
obviius oil mat ing still remained on tbc lo&, hon*er. m w  wla 
of organisms. such u brrmda. did M nwin. Length- m d  
f r c q u e n c y ~ b u t i o n  d y e r  wen D p i !  conducted on shdlfnh 
rnouhtions from inlertidrl mud fits d&ld by thc Spa Shcs 
~ y w s  showed that while some sheMirL in the more hcnily im- 
a c t e d  areas did w i v e  the qiU. no m orgm~irms were p m a ~ t  in 
ihc e~ntuninatcd uur Thcre w y  -r. a ncw rct of shdlllhh 
p r n t  in dean u e u  uod m mnlrols m thc m y .  Thus, it a p  
p a r  that w h i  thc m i n e  w m m W  of the C.rm Bay a m  u 

gradually remveriq from the cffeas of 1LL spa. it utlll bc wme 
rimc before mmplelc remvcry can lakc p h  

Clcanupcffcctlvcners stud~cs ulilized, a a -dud. thc success 
of recoloniution m d  sumval of orpnwms i tbov zcar lhal u.ctc 
d u n e d  compared to Ulose lhat w& not. OCprcul in tcresl was the 
effect that wawed cmpping and Ulc u p  4-prururc hot water 
had on the intertidal wmmunitia 

In thow ueu w h e  s c a d  had berr raoocd. rrcrowlh was - - - 
occurring but w u  spmc. Populatiora d ~ s m s  normally 
ruocirtcd with these .Inr' =re still ~ d d i  both numben md 
diversity. ~ u r p r i s i n ~ l ~ , - r u ~ c d  in ma were no1 cropped 
s h o d  remulubk rrconry. Apparcntlr, Bet plants that mukl 
aurin the initid imnvt  of thc will were * to rid themselves of 
h e  oil malink ~ h k ,  it app& that wbik tIih cleanup method 
does maenfully =move the ~oUu!ant a d  errmt i t  from recow 
hmiruting o& n.r, it doo arr u & t h d  m a  on UI 
mrironmnt  and xhould k urd only dm amfully usesti~~ 

colkaed regding (hc effccb md & c s t i e e r d c * m u p  metbods 
prrrently behg n r a i  m y  with snd~ data*. bue can we v9dly 
mlrutc the envinmmmt.l nee& a d  -which a PlftlPI,k 
spill may -I. and thus mJu nticd &Morn on mitiptut~ 
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INFAUNAL RECOVERY AT EDlZ HOOK 
FOLLOWING THE ARC0 ANCHORAGE OIL SPILL 

William M. Blaylock and Jomthan P. Houghton 
Dames & Moore, 500 Market Place Tower 

2025 First Avenue 
Seattle, Wprhingron 98121 

ABSTRACT: The Arco Anchorage crude oil spill occurred near Ediz 
Hook. in Pon Angel-. ~mhingt& in 1985. Following the qiU, r e p  
L'care infaunal samplinf was carried oul duringfive rwnmer and winrer 
s c m o i  ar a sen; of R~IUCCLS h a  ranged from relatively clean and 
unaffecred by d e  spill ro indutrialized sires fhar had received heavy 
oiling. Average wr wrighr biomau. abundance, species diveiry, and 
number of species were calculared for d samples. Analysir of variance 
ua~ wed ro ru t  for differemu in rhue parmeten over lime within a 
nmecr.  A staritricallr. signific~r increase in average biomnu, denriry. 
andspecies diwrriry war seen nrsmrd hewily oiledsrariom over rime. 
A sin& oanern was norseen ar an unoilcd referenusrm.on. Biomass, 
&&j, dnd number qf species had signifi& nrpiuc conclafionr 
wirh sedimenf hydrocarbon conceNIoDNIoDon. A widapread renlnnrnt of 
b i w l w  war observed in October I198 samples. Seveml specia from 
rhirsenlcmenr fe.g.. Mamma ruruta MdClinocardium nunallii) mrr 
preseN in successively larger sized clrrrre in rubsqucnr samplings. 
The indutnialized name of Ediz Hook MdpoUunbn num unrelcrrrd 
ro rhe oil g i l l  probably h i r e d  the de ice  of recowry and re- 
colonization documenred ar several of rhe ramem. 

The December 21. 1985. Arc0 Anchorarc crude oil spill and sub- 
sequent beach cleanup activities affcncd ikertidal and ;hallow sub- 
tidal habitats along the south-facing shore of Edk Hook. Washington. 
A 30-month physical. chemical. and biological monitoring program 
was implemented by Arm Marine. Inc., at the request of the Wash- 
ington State Depanment of Ecology, to evaluate the remvery of that 
pan of E d i  Hook affected by the spill and subsequent cleanup. The 
o anization of the monitoring program team is presented in Miller et =% al. The physical and chemical monitoring program results are dis- 
cussed in Miller," and an overview of the spill rqonsc and post-spill 
cleanup is discussed in Yancini et al .?lt is paper presents the results 
of biological monitoring to document recovery of infaunal popu- 
latans ~&owinc the S D ~ I  and cleanu~. -~~~~ ~= . 

Benthic infauna includes thox organisms. primarily invenebrates. 
that typically live within the upper 30 to 45 antimeters (cm) of the 
seafloor. Although infaunal communities are mou fully developed 
below the intertidal zone. intenidal infaunal populations can be an 
abundant and imponant component of shoreline biota. Infauna are 
t w i d v  xdentary, using a variety of feeding devices to filter food 
d;mcl& out of t h ;  ware; column or remove k i e n t s  from ~ngested 
~ a i m e n t s  and dctriw. Due to thew relative immobility and feeding 
habits. infauna are particularly vulnerable W environmental per- 
turbations such as an oil spill." 

Methods 

Fidd sampling. lnfaunal communities were sampled at five tram 
sects within the Ediz Hwk study area (Transem 1.3.8.9, and 11: 

Figure 1). Samples were coUected on five o a a s i o n s a r m  l&month 
period: in August and October 1986. January a a d u y  1987. and 
January 1988. The pnmary sampling cRoK involvedlrasc of a small 
hand-held. coring device (with an effective -2 f e a a u r r  lower la, 
water datum) ro take samples on each of five tmwms (20 fotal 
statiom). Sampling transects and tidal elevations MUun s ~ n c v d  
previou;ly and l o c k d  wth shore-bned benchmark" 

Rve replicate small-core samples were cuUecrednsrch elffalion 
during each sampling period. A meter tape was s t~dtcd  along the 
beach contour at each elevation and samples weredfi?med at pre- 
viouslv selected random ooints alone the t a ~ ~ .  s m v l n  
were L e d  in buflered fokal in  prio;to labo;atgiCocasing. - 

Samples obtained wilh the small coring devia  v d  througb 
a 0.5-millimeter (mm) mesh sieve in the Iaboratay.@rgan*mr re- 
tained on h e  screen were segregated by major t a x ~ . p r o u p  (e.g.. 
clams. crurtaaanr. +ad pdychaete wonnr) for a m e r a t i o n  and 
weighing. Clams. rmstaceam, and polyxhaetn r a r f u n h c r  identi- 
fied to the meo'es lcvcl bv taxonomic rwcialirtr. 

A large & f a c e  area (0.i m:) box mre.samp1er used during 
A u m t  1986, July 1987. and January 1988 sampli.grm col lm rela- 
tivdv lame b i d &  that. because 01 theu size or  hdiDth of their -~, .--- ~ .~ -~ -~ ~~ ~. 
burrow, would not normally b+ sampled by the d m ; i a g  device. 
Three replicate larce-core sam~les  were edkctedmaao elcvauons: 
+3  and d feet. ~hcbox core uhr plunged 30 an -if110 the sedi- 
ments and the contents r m o ~ d  out and sieved a t l S c m .  B~valves 
retained on the screen were'hed with buffered hdh. 
hta m y & .  Tests for differences in infaunal parame- 

t en  among ;ampling penods b!, devauon w i t h  a r p l a l a r  transecr 
were done wing one-wv analysis of variance (AN-). ANOVA is 
a fundamcntal;ntirticplstatti method used to test pmdbDw of more 
sampk means could have been ob~ained fmm pcplldoas with che 
same parametric mean with respect to a given viiIilh." One-way 
ANOVAs of polychaete and bivalve density .ad lliiplrrr by sam- 
pling period were also performed. A Student-Neaa-Kuelr multi- 
ple range test was used foU&ng a signifKmt - to examine 
pain of means. Spearman's rank mmlation was ulcu- 
lated to examine the relation becwcen sediment h-n conccn- 
tration (data from Miller ct al.") on biomau. d-rpci.5 diver- 
sity, and number of species. 

Results 

Comdt ion ot benthic -b@.ga. Average td! infaunal den- 
sity, biomass. diversity. and numb& of sped& *solaghly variable 
wthin mv parncular tranrect over t~me  (Tables L Z  3. and 4). At . . 
several stations values for these parameters undailm-increase over 
the counc of the monitoring program. However.Skknend was not 
obxwed at all stations. The parameters also tendatlooincrease with 
increasing depth: lower beach elcvatiom generallyWhigher values 
than did upper elevations. Initial infaunal m l l e b , & r i n g  August 



' ~ d i z  H o o k  
R e f e r e n c e  S t a t l o  , 

A r e a  i m p a c t e d  by c r u d e  oil spi l l  

Port Angeles H a r b o r  

8 
L o c a l i o n  of S O  
A n c h o r a g e  Grounding  
o n  D e c e m b e r  21. 198: 

. . 

S c a l e  in F e e l  

EXPLANATION: 

:O S a m p l i n g  T r a n s e c l  L o c a t i o n  and N u m b e r  
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and October 1986 were dominated by oligoduetes m d  nematodes at 
stations that had been heavily oiled. As cbe monitoxing p r o p m  
progressed, the relative abundanm and biomur of other group, 
espedally polycbaetcs, increased. 

Trnnrccu within the ares of heaviest beach oiling (8. 9, and 11) 
generally had less diverse i n f a u d  populaciom lbla did Tnnrectr 1 
and 3. This vend wa5 obvrvcd in initial sampling priodc (Au- and 
Octokr  1986) and h subsequent s ~ ~ p i i n g .  T n n r c m  8. 9. and 11 
have llro been &wed  by previm l ad  m g o i q  industrid miv i t ia .  
~ h c  surficial xdimcnrr m t h e  sita,  npcd.lly Tnnrcm 9 l ad  11, 
contain relatively large amounts of organic matter (sawdurt. b8rk 
residue. and wood debris) as M U  u Mber rypn of debris fmm plrt 
indusuial adnt ics .  

Bivalve m d  polychaete abundana  and biomass within 1 vlosccl 
and at a particular elevation were analyzed us in^ malysis of variance. 
A significant difference in n u m k n  d biomass of polyduetes 
among the sampling petiods was o k m d  at T- 8.9 ,  and 11 
(pc0.05). In most insunas where siBnificln1 difrercnar w r e  
found. the differena ws due to relatively higher mua nlues for the 
parameter in later sampling periods compared to initial sampling 
periods. Significant differences in bivalve abundance d biomass 
among the sampling periods were seen at T n n s ~ s  8 m d  11. The only 
parameter showing significant differenas over time at TI- 3 was 
bivalve biomass at Elevations +3. 0. and -2 feet: bivalve biomass 
increased significantly over time at thew lautions. 

A comparison of results from Transem 3.8.9, and 11 with T r r n x n  
1 (the reference station) showed that similar inneases in density and 

biomass over time generally did not occur at Tranren 1. Only poly- 
chaete density at 0 and -2 feet shaved significant differences over 
time at T n n w  1. Thus. while polychaete and bivalve parameters 
remained relatively constant over time at the referena station, these 
parameters increased over timc at a number of the muons that had 
been heavily oiled. 
B M  rrrmitwat mod &*.I. The combined results of small- 

and Iargc-aore sampling showed that bivalve recruitment ocourrd 
during the monitoring program at wenl of the mwm affected by 
the oil spill and subsequent d u a u p  activities. Smrllavc samples 
from all periods following Augurt 1986 contained rrmll ( 4 0  mm) 
bivalves. Taro periods in particular, O n o k r  1986 and Jmuaby 1988. 
had relatively high numberr of s d  (<2 mm) individuals. indicating 
chat a set of bivalves had recently occuncd. There recently xnlcd  
bivalves m e  d'ipersed over all tidal elevations klwccn +3 m d  -2 
feet. but generally did not ocarr at +6 feet. Funher, the rctr were 
evident at Tnmects 1.3.8. and 11, but not at Trans% 9. An malyris 
of n r i a n a  of b i d v e  biomass a W c  clewtiom within a uanwcr 
indiatcd a significant differem among sampling periods with in- 
creased bivalve biomass in later sampling pr iods  macrasted with 
earlier rampling periods at Elevations +3.0, and -2 feet of Transen 
3, Elevations +3 and 0 feet of Transen 8. and Elevation +3 feet of 
Transem 11. No significant differences in bivalve biomass over time 
were found in small cores at Transem 1. the referena station. 

The l a rgearc  sampling showed that adult clams of xveral species 
were relatively abundant at Transem I throughout the monitoring 
program (Table 5). Relatively few bivalves were prexni at Transecl 
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2. durrhy (nmmbcrlm') (t l rc.ll&rd deviation) of Edii H d  inlu. by trans& and ekntion, for d l  sampling periods 

Elet~aon 

Transenimonth +6 feet ($1 SD) +3 feer (21 SD) 0 feet (: 1 SD) -2 fcct (=I SD) 
- - 

TR 01 
Aupst  1986 
October 1986 
January 1987 
July 1987 
January 1988 

TR 03 
August 1986 5.629 (2612) 
October 1986 96.472 (-43.991) 
January 1987 164.650 (240.804) 
July 1987 14.110 (22.456) 
January 1988 10.443 (22.589) 

TR08 
August 1986 
October 1986 
January 1987 
July 1987 
January 1988 

TR09 
August 1986 
October 1986 
Janurry 1987 
July 1987 
January 1988 

- -  - -  - ,-*,-*., 
October 1986 225337 (t106148i) 273;306 (2136.92) 143.356 jr116214) 15,294 (212,708) 
January 1987 60.068 (-19.197) 42.959 (214,802) 50,404 ($10.966) 39.072 (219.500) 
July 1987 48.440 (238,005) 21.035 ($14,857) 20.071(29323) 14.332 (211.182) 
January 1988 30.885 (320,292) 51,031 (233.078) 14,664 (23,949) 4.777 (~2.057) 

TR 11 
August 1986 54.439 (238.885) 39.071 (231.229) 64.512 (239.293) 1.815 (21.219) 
October 1986 225,237 (+106.482) 273.306 (~130.928) 143.356 (2116214) 15,294 (212,708) 
January 1987 60.068 (-19.197) 42.959 (214,802) 50,404 ($10.966) 39.072 (219.500) 
July 1987 48.440 (238,005) 21.035 ($14,857) 20.071(29323) 14.332 (211.182) 
January 1988 30.885 (320,292) 51,031 (233.078) 14,664 (23,949) 4.777 (~2.057) 

Elevation 
Transedmonth +6 feet +3 feet 0 feet -2 feet 
TR 01 

August 1986 1.08 1.68 2.04 2.44 
October 1986 0.91 1.51 2.60 2.32 

0.97 1.80 2.44 2.82 
0.34 1.95 2.48 2.34 

January 1988 0.84 1.71 2.78 2.71 

TR 03 
August 1986 1.16 0.43 1.50 2.06 
Oaober 1986 0.79 0.68 1.75 2.23 
January 1987 0.20 0.63 1.32 1.82 
July 1987 1.32 1.64 1.80 2.47 
January 1988 1.20 1.71 1.85 2.71 

TR Dg 
August 1986 1.02 1.28 2.18 
October 1986 0.94 2.07 1.75 

0.90 o.n 0.82 
"38' 
1.13 

0.84 1.60 1.42 1.83 
January 1988 1.55 1.71 1.37 1.89 

TR 09 
August 1986 0.66 1.03 1.66 0.81 
October 1986 1.49 1.17 2.26 2.24 
January 1987 0.10 0.73 0.47 0.58 
July 1987 1.31 0.85 0.86 0.42 
January 1988 1.56 l.W 1.61 1.50 

-~ ~~ 

August 1986 0.66 1.03 1.66 0.81 
October 1986 1.49 1.17 2.26 2.24 
January 1987 0.10 0.73 0.47 0.58 
July 1987 1.31 0.85 0.86 0.42 
January 1988 1.56 l.W 1.61 1.50 

TR 11 
August 1986 0.65 1.01 0.75 0.27 
October 1986 1.06 1.92 0.53 1.4 
January 1987 0.75 O.% 1.15 1.29 
July 1987 1.57 1.19 1.24 0.42 
January 1988 1.46 1.49 1.62 0.97 

crude 6llsm~tntrations in Ediu Hook sedunents were below thew 
b a c k g d  l m k  rfta July 1987." Horvcver. intertidal mu insid1 
E d u  Hd. may not necessarily have backpound sediment hydro 
mrbonamcmuations this low. especially near the heavily indvrm 
dized V ~ S T I I  pan (Trameccs 8. 9, and 11). For instance. M a c k  
et al. -red total hydrocarbon mnccntrat~ons rangmg from 170 s 
1,530 in 13 intertidal sediment sample near a polluted m c l  
ailthin thei!orI Angeln Hubor Shoreline ' If these lweh arc mon 
indicatirof background I m h  in sediments of the spill uea .  it I 

Iikelv Ba tbev were reached well before the July Iqnt udimcn , . - . - - -. . . - - 
chetksqfsampling. 

Mea!rmtsena of ANS a u d e  oil in experimentally treated Icdi 
ments ID UP^^^ Angelet showed retention time to be influenced b: 
a numburof factors. including initial oil concentration. ridal e l m  -. ~~. - 

tion, e m r e  of the area to wave activity, and sediment grain size.' 
R e t e n b o f  oil in sediments during three three-month emerimenr: 
showediLacavr ranging from 20 w 43 percent, from initid -n- 
t ra t iomd 1.W to 2,500 ppm. Dam collected as pan of the E3i~ 
HooklPlrilaring prognm indicate that more than 74 percent of the 
residuflmdc oil in the rcdimtnrc was removed by phyrial a g i u w n  
of the d m e n t s  dunng the beach rcdmation praxlr. This hi& .~~~~ 

p e r c e a r g  d m -  6 residual mnccntntion occumcl appriz-  
matelyfkax monfhs following the oil spill. Thus, beach r e d u n a w n  
 undo^ decreased the retention time of oil in the sediments from 
that apd based oa aatunl warhering procases alom, wcu- 
larlv fmdkeoer sediments (7.5 to IS cm below the surf=-) ---,. 

Sk&thon have aokd that the relative importance of cenain 
tolcrarU@~chaete species often is increased following a spill.'.'' and 
the dosiiRnce of polyehaetes and oligochaetcs seen in our 1986 run- 
plingsaay reflect this tolerance. Reproducing adults of a number of 
polyebnks. including species that bear their young from capsules on 
the bd$pdace (e.g.. Exogone lourei, Brannia sp., and Nothrid sp.) 
were mumonly identified from July 1987 and January 1988 sunpks. 
i n d i c e r h a t  rcproduaion was o c a m n g  at the sites.'Juvcnile poly- 
chaeleswuc also ~ commonly p observed. 

~ ~- 



Elevation 

Transectlrnonth +6  feet ( 2  l SD) +3 feet ('1 SD) 0 feet (21 SD) -2 feel (21 SD) 
TR 01 

~ u g u s t  1986 4 (22) 
Ociober 1986 2 (20) 
Janua? 1987 3 ('1) 
July 1987 Z(t1) 
January 1988 3 (21) 

TR 03 
August 1986 
October 1986 
January 1987 
July 1987 
January 1988 

TR 08 
August 1986 
October 1986 
January 1987 
July 1987 
January 1988 

TR09 
August 1986 
Onober 1986 
January 1987 
July 1987 
January 1988 

TR 11 
August 1986 2 (20) 4 (23) 4 (zl) 1 (21) 
October 1986 3 (21) 6 (22) 5 (22) 6 (~3) 
January I981 2 ($0) 4 (21) 6 (rl) 8 (22) 
July 1987 S (21) 6 (24) 6 (z2) 6 ( r 4 l  
January 1988 6 (22) 10 (%5) 7 (23) 3 (21) 

Conclusions from initial sampkr in the buvily affcned m. Tbcir reappcosncc 
in O a o k r  1986 sampler was due to a widespread wttlementtbrough- 

Recovery at agitated t r anxm likely wcurred much more rapidly than out the sampling mu. Sewral species from this scnlcmmt (e.g.. 
m the absence of beach rgiution. In prticulm, rcsololrlntian by Macoma wtu. and Clinocardium nundio were present io M s -  
bivalves would likely not have occurred as quickly withoul the docu- sively larger size drrrs in ~ b x q u e n r  mplingr, demonsuamg sur- 
mcnred rapid reduction in sediment hydrocarbon mncrnartionr that vival and growth foUoving initid recolonization. 
occurred follouing ~ d i m e n t  agitation. Bivalves were vimully absent The physical nature of the wdimena and industrial a c t ~ t * r a l o n g  

Demi~y (numkdm? Biomass (urn') Number of species 
Tranxdclevation Augwt 86 July 87 J l m u y  811 August 86 July 87 J m u a y  88 August 86 July 87 Jammy 88 

Transccc 1 
-3 feet 3 (26) 0 - 32 (255) 0 1 0 - - 
0 feet 20 (210) 21 (219) 7 (212) 2,755 (21.614) 2,273 (21.383) 14.410 (224,958) 2 5 2 

Tranwn 3 
+3 feet 0 0 0 0 - - 0 0 - 
0 feet 30 (~26) 70 (250) 50 (269) 123 (2136) 74 (262) I75 (2280) 2 5 4 

Transcn 8 
+3 feet 0 0 - 0 0 - 0 0 - 

0 feet 0 137 (2108) 67 (235) 0 252 (2140) 49 (228) 0 4 4 

Transect 9 
+3 feet 0 0 0 0 - - 0 0 7 

0 feet 0 0 0 0 0 0 0 0 0 

Transen 11 
+3 feet 0 0 - 0 0 - 0 0 - 
0 fcct 0 $0 (t) 20 (220) 0 94 (210) 23 (223) 0 3 3 

1. "-" designates no sample mllmcd at this elevation 



the wenern pan of MU Hook undoubtedly influena inhunal popr- 
larlonr at Transens 8. 9. 11, and (to a le+yr extent) 3. For examok, 
a depresvon of tnfaunal abundance and bomass would k erp&ed 
In areas rub~ect to wood debnr deposluon from lophandllng xuv-  
itics.*This pan of Ediz Hook is a& subjea to pen:odic cpis&s of 
rccurrine pollurion that probably influenced intenidal recovery from 
the ~ r c o  knchornne solll. For examole. hvdrocarbons from a & u r a  
other than honh ilopc y d e  011 &re detmed In the wd~ments m 
thlr area after Juh 1967 Thls new pollutant source may ha- mllu- 
enced asscmblapc paramelen calculated from samples collected dur- 
tng Januar) 1988. %,hen several statlonr In thts area had low b~omass 
( e l . .  Elevations 0 and -2 feet at Transea 9). 

lnfaunal biomass. density, and diversity generdy inaerwd over 
time at transens affected by the soill and subsequent dcanuv miv- 
ities. Given this general increase k infaunal a&mblage p&cters 
and the currently low residual ANS crude oil concentrationr in the 
sediments, it is possible that 1988 conditions may be similar to pre- 
soill conditions It is also probable that, with ongoing industrial miv-  
iiies and periodic p ~ u t i d n  events, infaunal a&mbl&s at Transuts 
8. 9. and 11 will not show much huther development, except for 
increase in average sire for longcr.livcd species such as bivalves. 
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w e n  b&h!Apd l k  (- d con tzkdm 670 ppm) Md July 
1987 (mean d d l l ~ ~ f l o t i o n  IlOmnnh Am'mlhrrxmmr w~~obxcrved 

,re d i u h  ddYOn;Ologr~~( fa he  u n d  oil f&m the 
Arw Anchonac 

s k t d  &of mC~uvdv on0 j iovrw,  the h c r  dronacs ob- 

- 
Hook during rC monitoring p r o p m .  

On Deccmin 21.1983. the U n k c r A r c o ~ r a n  uround in 
the southearm portion of Port Anflu ~arbay  Tbc &xmding 
mpnved the bl) of the veuel. Ipilline 239,000 ylbar of Alaska 
Nonh Slope (AM) crude oil.' W d s  wried -8 d wrthwW of 
the spill site, r h e  some of the oil ame to rest Ig.inn approximately 
7.W feet d & south-facine beach of Edh Hook. Some of the 
stranded oil -fed c0~c:grtred intw6dz.I tediments in an ir- 
regular pat- Even after a SUM ckaaup of Iff& portio~~$ of 
the beach. paiDdic wave action r d t e d  in oil emergence t o m  the 
Kdiments apd mewed fouling of the M. 

Arm M a k  implemented & w m i v c  tudI agiution program 
to remove opn of the crude oil from the intercidd sediments. The 
beach agitathpr0p.m was accomplished by bulldozen operating in 

agicatioa program d; sucotoful in reducing th; avenge audc oil 
moccnmtioD m the intenidal IcdimenU h m  2.240 parts per million 
@pm) pvior to a&ion to 670 ppm lhcr rcclunrtibo. dm of cbe 
intenibl ucrr affcacd by the spill were inaacsible to the b c b  

shore of Ediz Hook were documented by a 30-month monitoring 
program thst addressed sediment chemistry. sediment pain s k .  lad 
infauna (redimentduzUing organisms). The d t s  of the physical 
and chemiul monitoring of Ediz Hook are presented in this paper. 
lnfaurul mdia  are summarized in Blaylock and Houghton.' An 

Loentioll and setting 

Pon A&es Harbor is located io Washington State dong the 
nonhcm mastline of the Olympic Peninsula. Mnrinc anten of the 
Strait of Juan de Fuca border the norhem masdine of (be Olympic 
Penhsda and xvarate the United States mainkand &om V~DCOUVCK 
Island. British ~ lumbi i .  Thc city of Port Aagekr and Port Angela 
Hubs arc sheltered by a three-mdonc-hd-&-long split kaown 

rand, gmel. Pad cobbks.' 
Demig tbe ha that the natural sediments along the soutb-facine 

&re &c relatively comparable grrin-rirc dimib&ons at qd tid; 
elentiom along the wit. rubstaotial differences exist in p h y r d  4 
enviro~lamlal &adit& mthin the study aru. TIK &t end of the 
spit isanpied by U.S. C o w  Guard Surion Edk Hook (Figure 1). 

sctivitia than'prur h t c d  w k o f  fbe Coast Guard skion. The 
Donim of the %?it between the Coast Guard rution md the A-FIMC 
; heady used by rhe public and only moderately affected by indus- 
trial m i d y .  The A-Frame is used for log loading opentioar and the 
intertidal knd sballow subtidal x d i i n o  in this isred arc mmmonlv -~~~ ~ .~~ - 

blanket& by. or mixed with, organic debris fmm the log-handling 
opentiom: The A-Frame area was heavily oil@ by the Arco Anchor- 
age @. 'lbe rhore area w a l  of the A-Frame is moderately to heavily 
impaaad by industrial activity and little used by the public. 



Ediz H o o k  
Strai t  o f  Juan de Fuca 

A r e a  i m p a c t e d  b y  c r u d e  oil spi l l .  
k c c e s s i b l e  p o r t i o n s  of t h e  i n t e r t i d a l  
zone w e r e  s u b j e c t e d  t o  b e a c h  
a g i t a t i o n  in 1986. 

S t a t i o r  

Port Angefes H a r b o r  

8 
L o c a t i o n  of ARC0 
A n c h o r a s  Grounding  
on D e c e m b e r  2 1, 198! 

S c a l e  in F e e t  

EXPLANATION: ' S a m p l i n g  T r a n s e c t  L o c a t i o n  and N u m b e r  10 - . .  

F w r e  1. Sa@q bt ions  fa Edi  Hook rnoniloring program 

Methodology 

Sediment c b a k y .  Postsleanup monitoring of W Hook sedi- 
ment chemiruy inwlved repetitive sampling of i n l c ~ z o d  subtidal 
sediment$ for ANS crude oil content. Sediment -were ob- 
tained for chemical analws fmm 13 um~Liaa (nnsn @muC 1) 
afcordmg to the rchedu& presented on ~ible-1. &re rnL 
lectcd at five elevations for each sampling vrarm (+6.+3,0, -2 and 
-4 feet. mean lower low water (MLLW) datum). Tbcsmpks from 
beach levels +6. +3. 0 and -2 were obtained d e b  tide by 
excavating a hole in the sediment with a sbmd mdl.1Kning xdi- 
m a t s  to-a depth of approximately 12 i n c h .  'lbc sqld from 
Elevation -4 were obtained from a boat using a Shipb.rprfro urn- 
aler. Sediment samnla were obtained -65 - dur- r--- - ~ ~ 

ing each sampling~period (5 sampling b - ~  sampling 
tnnrcca). A sample was not retaiaed f a  the -4 k d o f  TruDccl9 
(located at the A-Frame) because h i s  ympk d e n t i r e l y  of 
wood chips and bark raidue during each umplhy pis+ 

For each sampling period. subsampkr d bucb dk8nt me ml- 
l e d  from seven randomly selccted sampling -These sub 
umples were obtained for depth innemem of 0 - 2 i Q  and 2-12 
inches. The purpose of the subsampling was IO c n b c r b e t h e r  the 
vew shallow sedimcnt (0-2 inch-) wiu less than the 
de&r sediment (2-12 hches). 

~ l l  d i m a t  chemistry samples collected h h g  the d t o *  
program were analped for ANS crude oil usingtLin layer cbro~natog- 
mohv m. Frah  ANS crude oil was wed as IL W d  standard -- , . 
for qualit& and quantitative identification d m~cenuat iom of 
ANS uudc oil in sediment samples. 

Approximately 10 percent of the sediment ~ ~ D # C S  anal+ during 
the Edh Hook monitoring program by R C  were liro anal@ by gas 
chromatography (GC). The GC analyses on sp& samples were in- 
tended to provide data on the reliability of the TLC analytial method 
as well as information reeardine the decree of wuxbcrina of thc rerid- 
ual ANS crude oil in se&men;at Edii Hook. 

- 
Sediment c n h  rbe. Sediment samples were abnined for the pur- 

pore of grairkize testing according toihe dredulc presented in Table 
1. Tbe samples were wUccred from Transcct~ 1. 3, 8, 9 and 11 at 
Elevations +6. +3. 0 and -2 feet (20 d s a m ~ l a  for uch 
sampling peridd). The samples were'obtaincd d r boning & v i a  
havinp an end diameter of 11 cm d delivered m the l a b t o r y  for 
grain& testing. 

Sediment sampler were visually e d n e d  before they were tmed. 
Grain-sh determinations were not done on rapla that consisted 
predominantly of wood tiber or organic maner. Tbc samples selccted 
for teslinn were dried at hieh temuerature with a ms stove to etimi- 
mate h y d k m  and org&c maner in the scdie;ht. The sediment 
sam~les  were then washkved through U S .  SPndard meens for 
pin-s ize  determination. 

- 

Type of sampling Aug. 1986 Oct. 1 s  Jan. 1987 Apr. 1987 July 1987 Oct. 1987 Jan. 1988 

Sediment chemistry x x x x x x 
Sediment grain size x x x x x 
Notes: 1. Tranrectr 1.3. 8.9, and 11 were sampldllhr sediment grain size. 

2. Transecrs I through 13 were vmrpkd f a s l i m e n l  chemistry. 
3. T r a n ~ c t  locations arc shown in Figure L 



Srdimcnt chemistry. 1-LC scdimcnt chemist? rcsulla arc rumma- 
.,,,.d in 'hhlc 2 Thc lollow~np spatial and temporal relationships lor ..--- 
wdimcnt chcmist? wcrc cvdcnt at the conclusion 01 the monitoring 
pr*gr"nl: . lianscct I (thc reicrcnzc stal~on on U.S. Coast Guard property) 

had w r y  low to nondctectablc levels of ANS crude in intertidal and 
challow rubtidal sediments throughout the monitoring program. 
<is transcct was not oiled by t h c ~ r c o  Anchorage spj l .~ 

- 

0 For !he intertidal zone in arcas oiled by thc Arco Anchorage spill. 
rcidual ANS crude oil concentrations were hiehest at Elevation +6 -- 
and lowest at Elevation 0 shonly after cond&ions of b u c h  recla- 
mation i n  1986. Differcncs In mean oi l  conantrations for different 
jnkrtidal sampling elevations werc small at the condusion of  the 
monitoring program in 1988. 

0 For the subtidal zone. residual A N S  audc oi l  w n a n t n t i o m  werc 
higher at Elevation -4  than at Elevation -2 shody aher beach 
reclamation in 1986. This pattern generally pcnisted through the 
duration of  the monitoring program. However, the differeooc i n  
mean o i l  wncentratiom between Elevations -2 and -4 was small 
aher the Apri l  1987 sampling pcriod. 

0 Residual oi l  wncentratiom i n  subtidal and intercidd sediments 
were cxtremelv variable s~atiollv. Oi l  mncentrations sere k l o w  
detkction lid& (50 ppm) ior  miny of  the sampling sutiom. 
Exccot for the October 1981 rundine period. the avcme oil wo-  
ccnt;attons in the shdow sediieat d* increment ( 0 - f i a )  o f  
the mtcrt~dal wne  sere lerr thnn the avenge oi l  a~nctn l r lbon in 
the deeoer deoth increment (2-12 iadta). fix ratio of rh.tlow-to- 
deep a&agc 'oil coanntnt iom ranged $om 0.17 to 0.87 for thoe 
sampling periods. Thc shallow-todeep avcnge oi l  waccnmtion 
ratio was 2.12 for October 1987. Thii sampling pcriod a p p d  to 
reflect the p r r v n a  of "oew" bydrocubons on the wrf.ce of  the 
beach between Transxts 9 and 13 during the October 1987 sam- 
pling period. 

0 Average residual ANS oil maccntrrtions in the intertidal wne  dc- 
clioed sfeadiiy from 670 ppm in Mpreb /April 1986 to a minimum o f  
110 ppm in July 1987. The average intenidal oil maccnrnrion in- 
creased slightly to 140 and 150 ppm, for the Octoba 1987 and 
January 1988 sampling periods. rerpeaively. 
Residual oil maantration data for the subtidal wne were wt 
available before o r  immediately rfter compklion of the beacb rec- 
lamation activities. Averaxe residual oil wnccnmtiom in rbe sub- 
tidal zone dedined steady from 460 ppm in Agun 1986 to a 
minimum of  l lOppm in July 1967. The average 6ubtid.l o i l  anaa- 
[ration i n d  to 410 and 260 m m  for the Onobcr 1987 and 
January 1988 sampling periods, rc+ively. 
Some of the sed~mcnt samples analncd bv ?LC were Ibo aol lned 

by GC. Relatively good agr&nent the TLC and GC i e t h -  
ods resulted until lu ly 1987. The July 1987 chromatogram from the 

GC analysis dlke sediment difkred ripnlfrantlv front thc chrornato- 
grams dcvclqud earllcr lor unweathered ANS crude 011. The chro- 
matograms in&ated that by July 1987 very little"( ttle volatile, rrla- 
lively lighlw* hydrocarbons in the crudc oil remained i n  the 
scdimcnt. A h ,  the lypical chromatogram pattcrn lor crude oi l  with 
easily rccogniuhk alkanes and aromatics was nor prcscnt. 

The cxtensk wathering of residual crude oil in the July 1987 
xdimcnt s a m  made internretation of thc oi l  concentration in the 
xdtment vcr~dfGcult by GC: Thc laboratog. standard (unweathered 
ANS crude d) war dissimilar from thc residual hydrocarbons in thc 
sample e x t r a .  However, rcasonablc success was achieved in thc 
TtC analysesbr July 1987. The TLCmethod was capable of develop- 
ing rough e s r i w s  of  crude oi l  concentration i n  wdtment even 
though the r e s i b l  oi l  i n  the sediment was highly weathered in w m -  
pariron to fhc asiginal standard. 

m e  TLC e i c a l  technique proved l o  be a uszful method for 
determining d smccntntions in Edii Hook sediment, particularly 
durine the f i m ~  v c u  after beach reclamation activities (when ANS 
aude"oil eom&trations were relatively high and before extensive 
wuthcriog d hc residual ANS aude oil). The TLC prorxdurc is 
n o n s d  rl detenr the oracwc  of  most nonvolatile hvdro- r~ ~~ ~ ~~ ~~ 

a rbom. C h 6 d h y d r A n s  u e  separated on thc sil~iliu gel i lates 
used in the T W  method, providing visual evidence of the hydro- 
carbons that rc C X C M ~  from the sediment onmplcr. 
The TLC -for Edu Hook samples iadiatcd the prrvna of  

hydrautDnitffoc+r t h u  (1) panitioncd on the s i b  gel p l a t s  and 
were d i n i a p i b b l e  from A N S  crude oil, and (2) did not padt ion 
and were -bk from crude oi l  wing the TLC method. 'Ih ?LC 
oi l  o o n c e a v r b d r u  pracatcd in Tahk 2 indudes wn-AN$ inter- 
fering h- that did not partition on thc dia gel plata and 
excludes mrtrib that pulit iod on the plater. 

7 L C i o t e r l w a  were not a difScult analyhul pmbkm mril after 
the July 1981 smpl ing period. By July 1987 the wnccnmtion of 
residual ANS- oi l  i n  the sediment was generally very low rod  the 
residual oil a hiPhlv w thered .  Sediment conurnination by other 
h y d ~ o a l m m  wy &ere fore, more significant and noticcabie aher 
July 1987. 
lie o r i d 6  d the 'ILC interferenas. whether biopedc or other- ~ ~- 

aiu, arc mmain. ~though  TLC I& aher ~ u l y  ~sin occasiondy 

unwuthuedlhaed& crude oil, subsequent GC runs did not indicaie the 
presence of- crude o i l  in the d i t .  
Sbdimcat g.e dze. The gnin-size testing indicated considerable 

variation in d e n t  g n k i z t  distribution along the kngth of  Ediz 
Hook and t i a k a t  iarbt ioa bv beach clcvatiw. In eenenl, d- 
ment p i n  L- coarsest neai the bigh tide line and finest in the 
subtidal arenSLdiments at UevatiOns +6 and +3 typically W ~ ~ t e d  
o f  sandy g m d d  grve11y sand with occasional wbbla.  Gravelly 
d war prcnr at Elevations 0 and -2 for Trrnrens 1. 3 and 8. 
Sediment a m t i o n s  0 and -2 for Transccts 9 and I 1  consisted - - -  

primarily o l d  chips, bark residue. and/or fibc-pained organic 

Mean o i l  concentration in s k e n t  (ppm), 

Sampling station Mar& M W  
elevation April Apri l  Aug. Oa. kpil July Oct. Jan. 

(MMLW datum) 1986, 1% 1986 1986 XS? 1981 1981 1988 

Intertidal zone 
+6 - - 840 550 14Ll 180 110 190 
+3 - - 370 130 la 6 125 85 

0 - - 40 50 110 70 190 65 
Intertidal average 2.240 670 420 250 E?O 110 140 150 

Subtidal zone 
- 2 - - 130 120 190 100 410 Za, 
-4 - - 810 570 2M 125 405 325 

Subt~dal average - - 469 340 ZZO 110 410 260 

1. Conccntrat~ons arc rcwned on a wet wewht basis wifh ANS c ~ d e  oi l  as a standard. 1Sta for Tranwct 1 (not oded by the Arco Anchorage 
spill) a:e not included 
2. Rior  to beach agttatton 
3. Aftcr beach agltalton 



matter. Thcse organic sediments generally had a hydrogen sulfide 
odor. 

I Y S 7  Lowcr oil conccntratims in thr. shrllar sedimcnt would helm- 
pectcd duc lo the incrcarcd cffuctivcncss of dcpradattonal proc- 
in the near-surfxc cnvir(~nmcnt. 081 awrage. the cnncentrauon nlrul. 
in shalloc 1n1crtid:ll scdimcnt w s  morc than doulllc the d e e o d  

Sediment at Transecl 1 was generally conncrthan the sediment col- 
lected at other transccts. The kach at Transcct 1 i s  less sheltered than 
other transects along Ediz Hook (Figure 1). The coarse nature of the 
sedimcnls at Trlnscct I probably reflects the higher waveenergy envi- 
ronmcnt near the c3stcrn end of Ediz Hook. 

I n  general. relatively little change in sediment grain size was noted 
for s~ecific samplinp stations dur in~  the Ediz Hook monitorinn oro- 

concentration for the Oclohcr 1987 san~plinp. pcrtod. The anal&.d 
data indicatcd a h~ph prohahilily of n source of "new" hydrocarhn~ 
to the study area sitorily hcrorc~the Octoher 1987 sampl~ng periadm, 
the A-Frame area and west or the A-Frame. The source and c h a r m  
of this "new" material was not determined. This "new" sourad.  

gram Somc of the &mplllg Stauon-~ were remarkably stable tl;helr 
sediment gram.rm datnbut~ons for the durat~on of the monltonng 
oroeram fTransect I. Elc\atton -3 .  Transect 3 Ekvat~on - 6  Tran 

hydrocarhns also appearid in subtidal arcas for all of the samplbg 
transccts. based on increases in oil concentrations detected in subMd 
samples during the October 1987 sampling period. 

The January 1988 sampling period showed a reduction of oil EI- 
centration for most sampling sites compared with October 1987, i&- 
rating partial degradation of at least some of the "new" hydropr- 
bons. However, relativelv laree increases in TLC oil concentratisa 

~~~ ~. ~ 

&"8, ~l&ation +6). Relatively stable conditions were er- 
~ectcd due to the sheltered nature of the monitoring area. Haucver. 
&me sampling stations resulted in a variable conient of sand and 
gravel. Transen 1 (Elevation 0) and Transect 9 (Elevation +6) wcre 
Gharacterired by more coarse sand and gravel in summer than in 
winter. Other variations in sand and gravel content muld not be 
correlated with seasons. 

w r e  found at several s&cifisarnpling stations during the Jan- 
1988 sampling period. For instance, the TLC oil concentrationih 
Traosect 7 (Elevation - 6 )  was 75 ppm in October 1987. The 8c 
station had an 800 ppm TU: oil concentration in January 1%. 
Relatively large in-s i n  niC oil mnccntntion dues  for J m u q  
1988 were also detected at several other tnnweu located near t& 
A-Frame and w+st of the A-Frame. A split sample of sediment hr 

Much of rhe intertidal zone affmed by the A m  Anchorage spill 
was "armored" with a suriiad layer of cobbles prior to the buch ad- 
tation program in 1986. The s d a a  armor lay& was most preval&t 
east of the A-Fnme b e w n  Elevations +1 and +7.' The mbble 
laver hmicallv had a bamacle enmustation indicatinn that i t  was T r a m  7 (Elevation +6) was analyzd by gas chromatognphytr 

comparison with ANS crude oil. The resulting ch roma tog~ l  iEI- 
cated the prcaence of relatively lightweight hydrocarbons with a& 
matognm pattern dissimilar to that of fresh or weathered ANS cmth 

mbv+dkry &frequendy. The armor layer was bruched"by the bueh 
rcdmation activities that f o U 4  the A m  ANhoragc spill. The 
swfao cobbles b e m e  mixed with deeper sediments duing the proc- 
ey of beach agitation. Tbc action of the agitation equipment also 
resulted in ridges of beach cobbles oriented roughly p lnuel  to the 
shoreline. Photographic documentation indicated little residual cvi. 
dena of the beach ridges in May 1988. I n  addition. muchof tbe um.n 

oil. 
The increase of mean oil macentrations in Ediz Hook scdk~&r 

after July 1981 indicated the introduction of other souras of b e  
carbons to the s ~ d y  area in mncenlntiom higher than the rrui&l 
ANS crude oil. Considering the indusuid name of Pon A&b 
Harbor and Ediz Hook, penodic spilLr of petroleum products MU& 
release of other hvdroerbon oollutants would k emeetcd. H- 

lrpr was msrablishd by thir I&, IWO yean after completion of the 
beach aptation program. 

no spadfic splllr in Port ~ n &  Harbor were rcpdrted to the & 
inmon Deoanment of Ecoloav or the US. Coast Guard krwceolldr D i i i o n  and cooclBons 

&dvk.l Im(bodr lor udimmt chemblrr. Sediment analvsis bv 

- 
167  and january 1988. 

ANS rmde oil was not identifiahk by GC at the conclusion dtfk 
monitorine oroeram. The verv low lnomuantifiable~ amountsdlm- 

TLC &d GC proved to be useful l a d  reliabie for detuminiog ANS 
crude oil conantntiom duting ammximately the 6nt 19 months 

sidual AN$ bu& oil in Ediz ~ o o k  I;dim&~ts at the wndusion 
sNdv were armtiarable with or ley than other hydrocarbon lodhm 

after the A m  Anchorage spill. fbiiccyrpcy oithcae analytical meth- 
ods was limited after July 1987 because the Laboratory standud used 
for calculating oil macentrations (unweathered A N S  crude ail) dif- 
fered cdgnificaatly from the weathered oil l ad  othcr hydrocPrbons 
that were present in the sediment after mid-1987. 'Ihc d t s  of the 
TLC analyses appeared to be less af£CCfed by weathering of the oil 
than the GC results. 

in Ide sediment: 
- 

The beach redmation activities undertaken at Ediz Hook in- 
1986 r e m o d  most of the crudeoil from the intenjdal  en^ 
to initiating the monitoring prognm described herein.' The 
aeiution D&S undoubtcdl6 a&krated the rate of deeradatisof 
Ke  residial crude oil by d'ucing the initial oil mnan&tmrrad 
makine the proasses of eva~ontion. ~hoto-on&tion. s o l u f i m d  

Other long-term beach monitoring programs hm used a toul  pc- 
aoleum hydrocarbon (TPH) anal+ using solvent uPsetion of crude 

biodegkauon more effecti;e. I t  & that the proccs dha- 
e n d  the time interval needed for nvm~fu l  r d t m c n t  of inhum 

oil from ;d immu followed bv infrared ~ ~ h o t o r n e t r v ~ ~  Hav- and bioloeical recoverv of the area aevcrclv a f f d  bv the &aa 
ever, biogenic carboo can inn;encc the ?PH A y s i s  ionrepre- 
rcnutive TPH comenuadon values can result in ueas wirb si5i6cmt 

~ ~ h o r a ~ c  spill.' 
Sedimmt enin-ch. The north rhore of Ediz Hook has a si-t - 

amounts of biogenic cubon in the sediment. 
The intertidal and subtidal d i e n t s  at Ediz Hook l o d y  contain 

udiment fi& due to littoral nanspon of sediment in a k t  
easfuard direction.' However. the southern, sbeltercd rhorc of- 

hi& conantrations of bvdmarbons from sources o tbu  ihan the Hook has very little input of sediment and is subject to only idbr- 
quent storm waves. 

The variarions in sediment erain-drt distributions duumineddlr- 
~k Anchorage, as well k biogenic carbon. -&I subtidal 
m a s  located i n  the vicinity of the A-Frame. Considcricu the limits- 
tiom of a TPH analysis fo; Edu Hook udimenu, the lk and GC 
methodology w d  for the Edu Hook monitoring p r o m  a p m  to 

ing the Edi Hook monitoring pmgnm indicated that in te r t id&d 
shallow subtidal sediments in the sheltered study area an so- -. - . . 

have been?&nable and appropriate. 
%rids in oU mncmtntim. The Ediz Hook monitorins. pmanm 

mobile. No consistent pattern was apparent withregard to c h u p h  
d i e n t  tenure relative to beach elevation, t r a m  location am- - .  - 

documented a steady dedine of residual ANS oil conantrations in 
intertidal and subtidal areas kom March /April 1986 to July 1987. The 
mean oil concentrations were higher for the October 1987 aod Jan- 
uary 1988 sampling periods. in  comparison with the minimum values 
determined i n  July 1987. Elevated concenlntiom of oil in sediment 

son. The shallow sediment is probably mobile relatively i n f r e q d  
during major storm events. The infrequent mobility of t h e m  
wassuficient to remove almost all visible evidena of beach aginCID 
by May 1988 and to reestablish the buch  annor layer in a skdb~ 
 att tern as that whKh existed orior to the 1986 kach  reclamdm 

after July 1987 <re found in subtidal and intehdal uus located 
both east and wet  of the A-Frame. but not at T r a m  1. 

Approximately 10 perccnt of the intertidal sampling stations were 
subsampled to invenigate potential chemistry differences between 
shallow (0-2 inches) and deep (2-12 inches) sediment. The sampling 
stations wcre selened randomly for each sampling period. The mean 
oil concentration for the shallow sediment war consistently ley than 
that for the deep sediment for a l l  sampling periods except October 

activilia. 
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