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CRUISE REPORT 
FOR 

THE PAC BARONESS SURVEY 
16 71-r 1987 

1.0 INTRODUCTION 

On September 2 l Y  1987* the  564-foot f r e i g h t e r y  Pac Baronessy col l ided i n  fog 
w i t h  another f re igh te r  the  At lan t ic  Winqs approxTately 20 km t o  the  southwest 
o f  Point Conceptiony Cal i fornia .  As a r e s u l t  of  the co? l i s i ony  the  - Pac Ba~oness  
eventually sank i n  about 450 t o  500 m of watery a t  a reported locat ion of 
approximately 34021.13'N l a t i t u d e  and 120038.14'W longitude. This s i t e  i s  in 
the  genera1 v i c in i t y  of  s t a t i o n s  sampled during the previous Minerals Management 
Service (MMS) Phase I Reconnaissance Survey and jus t  t o  the  south of s t a t i o n s  
t h a t  cur ren t ly  a r e  being monitored as par t  of  MHS1s ongoing California OCS Phase 
I1 Monitoring Program ( s ee  Figure 1).  

The - Pac Baroness was carrying a cargo of 2ly0O0 metric tons of f i ne ly  powdered 
(< 200 m i m a n d  concentrated copper ore consist ing of refined chalcopyri te 
cove1 1 i t e y  and native coppery and containing approximately 30% each of coppery 
s u l f u r y  and iron.  The vessel a l so  was carrying approximately 7Â¶50 bar re l s  of 
intermediate-grade fuel  o i l  and 280 bar re l s  of marine d iese l .  

The sinking resul ted  i n  an i n i t i a l  s p i l l  of an estimated 2Oy0O0 gal of o i l  
which created a v i s i b l e  surface s l i c k  t h a t  could be tracked by a e r i a l  

4 over f l igh t s  f o r  several days. Colored plumes observed a t  the  time of the  
sinking a l so  suggested t h a t  some of the copper ore  may have escaped from 
ruptured bulkheads and hatches i n  the  cargo holds. 

The copper ore onboard the  - Pac Baroness consis ts  pr incipal ly  of r e l a t i v e l y  
insoluble copper s u l f i d e ;  however i t  i s  possible t ha t  dispersion of the  
material throughout oxygenated surface  waters could promote oxidation of the 
sul  f i  de leading t o  increased concentrat ions of dissolved copper. Both copper 
( i n  the  oxidized, so lub le  form) and petroleum hydrocarbons a r e  tox ic  t o  marine 
organismsy even a t  d i l u t e  concentrat ions.  

Ba t te l l  e Ocean Sciences through a j o in t  research arrangement w i t h  the  
University of Cal i fornia  a t  Santa Barbara (UCSB) i s  conducting a l imited 
environmental study i n  the  v i c i n i t y  of the  wrecky t o  loca te  the  ve s se ly  
determine the  extent  of i n i t i a l  contamination (with a focus on copper and 
petroleum hydrocarbons) and examine the  potential  impact on benthic communities 
of the  immediate surrounding area .  Ba t t e l l e  a l so  will. be using r e s u l t s  of t h i s  
study t o  evaluate whether potent ia l  impacts linked t o  the sinking of the  Pac 
Baroness w i  11 i n t e r f e r e  with e f f o r t s  t o  detect  dr i  11 ing-related impacts 
nearby s t a t i ons  w i t h i n  the  Santa Maria Basiny which a re  being monitored a s  par t  
of the ongoing MMS Cal i fornia  OCS Phase I1 Monitoring Program. Funding f o r  t h i s  
study i s  being provided by t he  Mineral s Management Service the  National Science 
Foundationy the  National Oceanic and Atmospheric Administrationy and the  
Environmental Protection Agency. 

L 

An i n i t i a l  environmental survey was conducted i n  the v i c in i t y  of the  wreck, from 
November 17 - 2OY 1987. The support vessel f o r  the survey was t h e  M / V  Alohay 
which i s  owned and operated by Internat ional  Underwater Contractorsy  Inc. 



Figure 1.1 Map o f  Santa  Maria Basin area of the Cal i fornia  OCS with the  posi- 
t i o n  of t h e  sunken vessel  Baroness (34021tN, 120038'W), s t a t i o n  
l oca t i ons  f o r  t h e  MMS Phase 11 Monitoring Program (Regional and 
Si t e -Spec i f i c  S t a t i o n s ) ,  and h i s to r ica l  sampling s i t e s  from the  MMS 
Phase I Reconnaissance Survey. Note: = MMS Phase I S t a t i on  72 
(34028.4,'N, 120044.8'M, Depth 407 m); *2 = MMS Phase I S ta t ion  76 
(34025.4'N, 120041'M, Depth 401 I I I ) ; .*~  = MMS Phase I S t a t i on  82 
(34018.7' N ,  120029.5'kI, Depth 401 m). Locations of proposed and 
a c t i v e  platform s i t e s  a l so  a r e  shown. 



..-' M o b i l i z a t i o n  and demobi 1 i z a t i o n  occur red  a t  Ventura Harbor,  Ca1 i f o r n i z ,  on 
November 16 and 21, r e s p e c t i v e l y .  The c r u i s e  .cons is ted of  two l egs ,  separated 
by an at-sea crew exchange o c c u r r i n g  w i t h  I s l a n d  Packers' vessel  M/V J e f f r e y  
A r v i d  a t  m idn igh t  on November 18. - 

2.0 LEG 1 REPORT 
16-18 November 1987 

2.1 Ob jec t i ves  

Locate t h e  sunken vessel  - Pac Baroness us ing  side-scan sonar. 

Examine t h e  vessel  w i t h  t h e  Recon I V  ROV system, and determine o v e r a l l  
damage t o  t h e  h u l l  and sources f o r  p o t e n t i a l  d ischarges o f  copper o r e  and 
o i l  - 
Photograph and v ideo tape  t h e  wreck, surrounding sediments and b i o t a ,  u s i n g  
t h e  ROV system. 

C o l l e c t  sediment and wate r  samples (and p o s s i b l y  b i o l o g i c a l  specimens) i n  
t h e  immediate v i c i n i t y  ( w i t h i n  200 m) o f  t h e  wreck. 

Trawl f o r  animal specimens f o r  body burden a n a l y s i s  o f  t r a c e  me ta l s  
(espec i  a1 l y  copper)  and p o s s i b l y  hydrocarbons. 

Name - 
Dr. Bruce Robi son 
Dr. -Stan1 ey Margo1 i s . 
Dr. Paul S t o u t  
Dr. Bruce Luyendyk 
Dr. Rachel Haymon 
M r .  Kim Rei senbi  ch1 e r  
Mr. E r i c  Doehne 
Dr. Gary Brewer 
M r .  Mike Boy1 e 
Mr .  James cam 
Mr..Robert De 
Mr. James Coo 
6 Crew; 4 ROV 

p b e l l  
11 a e r t  
1 ey 

Operators  

2.2 S c i e n t i f i c  Personnel 

A f f i l i a t i o n  

UCSB/hSI 
UCSB/UCD 
UCSBIMSI 
UCSB/Geological Sciences 
UCSB/Geol og i  c a l  Sciences 
UCSB/MSI 
UCS/Geology 
M ine ra l s  Management Serv ice  
USGS Men10 Park 
B a t t e l l e  Ventura 
Land and Sea Surveys, I nc .  
Land and Sea Surveys,. Inc.  
I n t e r n a t i o n a l  Underwater Con t rac to r s ,  I nc .  

2-3 A c t i v i t i e s  

M o b i l i z e  M/V - Aloha f o r  b o t h  l e g s ,  a t  
Ventura Harbor. 

0000 Departed Ventura Harbor. 
0800 A r r i v e d  a t  - Pac Baroness s i t e .  
0800- 1800 Conducted side-scan searches. 
1800-2400 Performed ROV Di ves . 



2.3 A c t i v i t i e s  (Cont i  nued) 

0000-0100 Cont i  nued ROV D i  ves . 
0100-0700 Operat ions shutdown. 
0700-1530 Performed ROV Dives. 
1600-1900 Performed side-scan searches. 
1900-2130 Performed grab sampl i ng . 
2130-2400 Crew exchanges a t  Coho Bay. 

Nav iga t i on  se rv i ces  were p rov ided  by Land and Sea Surveys, Inc .  The Motoro la  
M in i r ange r  system was t he  p r ima ry  n a v i g a t i o n a l  a i d  used f o r  s ide-scann ing  and 
ROV ope ra t i ons  on Leg  2. 

Leg 1 was success fu l  w i t h  r e s p e c t  t o  two o f  t he  p r imary  o b j e c t i v e s .  F i r s t ,  t h e  
sunken vessel  was l o c a t e d  th rough t h e  use o f  s ide-scan sonar and t h e  s h i p ' s  
fa thometer .  Coord inates o f  t h e  vessel  are:  

UTM Zone 10 Coord inates LORAN- C L a t i  tude/Lonqi tude  

TDX = 27826.1 34021.43'N 
TDY = 41785.7 120038.29 W 

d The s h i p  appears t o  be r e s t i n g  on i t s  kee l  i n  about 430 m o f  water ,  and o r i e n t e d  
i n  a  no r th - sou th  d i r e c t i o n  w i t h  t he  bow po in ted  t o  t h e  NNE. 

Secondly, s ide-scan sonar r eco rds  were successfu l  i n  r e v e a l i n g  t h a t  t h e  s h i p  i s  
t w i s t e d  and f r a c t u r e d  i n t o  a t  l e a s t  t h r e e  pieces. These same images show a  zone 
o f  s c a t t e r e d  d e b r i s  w i t h i n  a  r a d i u s  o f  approx imate ly  150 m o f  t h e  vesse l ,  and a  
s l i g h t l y  l a r g e r  zone o f  d i s t u r b e d  sediment extending o u t  t o  a  r a d i u s  o f  
approx imate ly  200 m. Based on these images, i t  i s  apparent t h a t  cargo and f u e l  
compartments a r e  l i k e l y  t o  have been breached, p r o v i d i n g  a  source o f  escape f o r  
t h e  o i l  and copper ore.  A d d i t i o n a l  a t tempts were made t o  i n s p e c t  t h e  vesse l  
w i t h  t h e  ROV; however, equi  pment f a i l u r e s  prec luded comple t ion  o f  t h i  s  work. 
Therefore,  i n f o r m a t i o n  on t h e  c o n d i t i o n  o f  t h e  sunken vessel  i s  l i m i t e d  a t  t h i s  
t i m e  t o  t h e  r e s u l t s  o f  t h e  s ide-scan survey. 

The ROV was successfu1 i n  o b t a i n i n g  some environmental  samples d u r i n g  t h e  
va r i ous  d i v e  a t tempts .  Some v ideo  footage o f  ambient sediments and b i o t a  was 
ob ta ined  w i t h i n  about  500 t o  250 m t o  t h e  NW o f  t he  vessel .  A t o t a l  o f  16 wate r  
samples a l s o  was c o l l e c t e d  f rom f o u r  d i f f e r e n t  l o c a l i t i e s  w i t h i n  300 m o f  t h e  
wreck v i a  b o t t l e s  a t t ached  t o  t h e  ROV. 

I n  a d d i t i o n  t o  t h e  v ideo  foo tage  and water  samples ob ta i ned  w i t h  t h e  ROV, a  
smal l  grab sample o f  sediment was c o l l e c t e d  w i t h i n  a  150-111 range o f  t h e  vesse l .  
No t i s s u e  samples ( f o r  a n a l y s i s  o f  t r a c e  meta ls  o r  hydrocarbons) were c o l l e c t e d  
on Leg 1 (however, as no ted  i n  t h e  n e x t  sec t ion ,  these samples were c o l l e c t e d  on 
t h e  subsequent l e g ) .  



3.0 LEG 2 REPORT 
19-21 November 1987 

3.1 Ob jec t i ves  

C o l l e c t  bottom-sediment samples ( w i t h  a 0.25-m2 box c o r e r )  a t  an a r r a y  o f  
s t a t i o n s  near  t h e  wreck, and a t  comparable c o n t r o l  s t a t i o n s  a l ong  t h e  same 
isoba th ,  t o  p rov ide  a means o f  examining t h e  e x t e n t  o f  i n i t i a l  
con tamina t ion  i n  r e fe rence  t o  t r a c e  meta ls  ( espec ia l  l y  copper) and 
pe t ro leum hydro-carbons, and t h e  p o t e n t i a l  b i o l o g i c a l  impac t  on 
macro in faunal  communit ies. 

Obta in  hydrocasts  a t  a l i m i t e d  number o f  s t a t i o n s  ( f r om a subset  o f  t h e  
sediment s t a t i o n s )  t o  c o l l e c t  water  samples f o r  t h e  a n a l y s i s  o f  t r a c e  
meta l  s ( e s p e c i a l l y  copper).  

3.2 Scient i f ic  Personnel 

B a t t e l l e  Ocean Sciences 

Dr. J e f f r e y  Hyl  and, Program Manager 
M r .  E i j i  Imamura, Ventura Operat ions Manager 
M r .  James Campbell, C h i e f  S c i e n t i s t  
Ms. Janet Kennedy, Second S c i e n t i s t  
Ms. He id i  DeBra , Techni c i  an 
Ms. C h r i s t i e  D o l s t r a ,  Techn ic ian  

d 

U n i v e r s i t y  o f  C a l i f o r n i a ,  Santa Barbara 

Dr. R ichard  Zimmer-Faust 
Dr. Paul S t o u t  
M r .  R i ch  Coffman 
Ms. Karen G r i f f i n  
M r .  Ben Flowers 
M r .  Kim Rei senb i ch le r  

U. S. Geo log ica l  Survey 

Mr. Mike Boyle 

Moss Landing Mar ine Labo ra to r y  

Mr. B r i a n  Sak 

I n t e r n a t i o n a l  Underwater Cont rac to rs ,  Inc .  

8 Crew Members 



3.3 Act iv i t i e s  

Crew Exchange. 
Transi t  to  s i t e .  
Grab sampling operations.  
Operations shutdown. 
Continued grab sampl i  n g  . 
Box coring operations. 
Hydrocast near wreck. 
Box coring operations. 

0000- 1500 Box coring operations.  
1500- 1700 Hydrocast a t  control s i t e .  
1700-1730 Collection of f ina l  box core. 
1800 Departed fo r  Ventura Harbor. 

11/21/87 0200 Arrived Ventura Harbor. 
0800- 1200 Demobilization 

3.4 Naviqation 

The Northstar 7000 LORAN-C receiver was the primary navigational a id  f o r  Leg 2. 
All s t a t i on  navigation was based on LORAN time delays in  the  9940 Group 
Repetition Internval (GRI) using the  X and Y secondary s t a t i o n s ,  the  27-k and 
the  41-k l i n e s ,  respect ively .  S ta t ion  positions were es tabl ished by using a 
range and bearing method i n  reference t o  the  Pac Baroness t a r g e t  coordinates.  

d - 
3.5 Summary 

On Leg 2,  bottom sediments were col lec ted successfully with a 0.25-m2 box corer 
(pa r t i t ioned  i n to  25 individual 0.01-m2 subcores) a t  an a r ray  of e i g h t  s t a t i o n s  
(represented by one sample per each s t a t i on )  within a 500-m radius of the  vessel 
and a t  a control  s t a t i o n  (represented by three  r e l i c a t e  samples) located 8.25 km 
t o  the  NW (near a h i s to r ica l  sampling s i t e ) .  A nominal s t a t i o n  design f o r  
sediment sampling i s  shown i n  Figure 3-1. Subcores from these  samples were 
co l l  ected f o r  analys is  of petroleum hydrocarbons and t r a c e  metal s ,  benthic 
macroinfauna, sediment grain s i z e ,  and t o t a l  organic carbon. . In add i t ion ,  
1 arger  animals were col lec ted oppor tunis t ica l ly  from remaining unused sediment 
subcores and contained f o r  subsequent analys is  of t r ace  metals i n  t i s sue s .  

Hydrocasts a l so  were obtained on Leg 2 a t  the control s i t e  and one of the 
near f i e ld  s i t e s ,  approximately 500 m t o  the  ea s t  of the  vessel .  These water 
samples wil l  be analyzed f o r  t r a ce  metals. Samples 'were co l l ec ted  a t  various 
water depths a t  each of these two hydrocast s t a t ions .  A sample r ep l i c a t e  
co l l ec t ion  matrix and a summary of sample posit ions a re  shown i n  Tables 3-1. and 
3-2, respect ively .  

The above work fo r  Leg 2 was completed by approximately 1800 on Friday, November 
20, a t  which time a weather f r on t  moved i n ,  bringing unworkable condit ions t h a t  
were predicted t o  pe r s i s t  through a t  l e a s t  the  next day. Because of these 
condit ions,  t he  Aloha headed fo r  port  a t  t ha t  time, ending the  c ru i s e  w i t h i n  the  - o r i g i n a l l y  scheduled four-day period. 



6 

u Pac Baroness 

Sampling Stations 

Figure 3-1. Nominal station design for sediment sampling. One sample was 
collected a t  each of the stations within a 500-m radius o f  the 
wreck. Three replicate samples were collected a t  the 8.25-km 
control s i te .  The isobaths within the 500-m radius of the wreck 
are oriented in a NNE-SSW direction. Approximately 1 km from the 
wreck, the isobaths are oriented i n  the W E  direction. 



TABLE 3-1. SAMPLE REPLICATE COLLECTION MATRIX FOR PAC BARONESS SURVEY, LEG 2 

Trace Trace Trace Meta ls  
Macro fauna Meta ls  Meta ls  i n  Animal Hydrocarbons Gra in  

S t a t i o n  0-lOcm Meiofauna 0-2cm P r o f i l e  Core T i  ssues 0-2cm 2-lOcm S i ze  TOC Hydrography 

PA- 1 1 1 1 1 1 1 1 1 

PA- 2 1 1 1 1 1 1 1 

PA- 3 1 1 1 1 1 1 1 

PA- 4 1 1 1 1 1 1 

PA- 5 1 1 1 1 1 1 

<*> PA-6 1 
-c> 

PA-7 1 

PA-8 1 

PA- 13 3 

TOTAL 
NUMBER OF 

SAMPLES 11 3 .  11 5 

Sampl e B a t t e l l  e B a t t e l  le  B a t t e l  l e  B a t t e l l e  
Custody Ventura UCSB UCSB UCSB UCSB Duxbury Duxbury UCSB Ventura UCSB 



TABLE 3-2. SUMMARY OF SAMPLE POSITIONS ON PAC BARONESS SURVEY 1, LEG 2  (M/V Aloha) - 

N o r t h s t a r  7000 Range(M) 
Date and Time L a t i t u d e  LORAN Bea r i  ng(deg) Depth 

S t a t i o n  (PST) Sampl e  Long i tude  Time Delays To Wreck (MI Comments 

PAC BARONESS Reference Coord inates - 

LJ 
I 
m 

PA- 2  // 19 !;;I37 Box Core 1 

PA- 3 20 Nov 87 Box Core 1 
/ 0527 

PA- 4  19 Nov 87 Box Core 1 
1834 

Es tab l i shed  v i a  S ide  Scan Survey. 

3 0 0 ~ / 2 0 0 ~  423 F i r s t  a t tempt  unacceptable.  Pene- 
t r a t i o n  t o  20cm. Sediment l a y e r s  
ve ry  s o f t ,  h i g h  wate r  con ten t .  O i l  
v i  Dis tu rbed  s i  b l e  on sur faces .  sediment surface. 

300~/296O 428 F i r s t  a t tempt  unacceptable due t o  
over  pene t ra t i on .  Good sample, 
p e n e t r a t i o n  t o  17cm. O i l  p resent  
i n  sediments. 

1 7 5 ~ / 0 3 0 ~  432 Pene t ra t i on  t o  20cm. O i l  p resent  
i n  samples. 

2 9 0 ~ / 1 1 7 ~  436 Pene t ra t i on  t o  25cm. Samples con- 
t a i n e d  o i l ,  p a i n t  ch ips ,  and hear t  
u r ch ins  . 



- .  - - .- 0 a  
* > . F  E 
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TABLE 3-2. SUMHARY OF SAMPLE POSITIONS ON BARONESS SURVEY I ,  LEG 2 (M/V - Aloha) (Contfnued) 

N o r t h s t a r  7000 Range(M) 
Date and Time L a t i t u d e  LORAN Bea r i  ng(deg) Depth 

S t a t i o n  (PST) Sample Long i tude  Time Delays To Wreck (MI Comments 

PA-13 v' 20 Nov 87 / 1244 

PA-13 v 2 0  Nov 87 
141 1 

PA-13 1 20 Nov 87 
w 
4 d 1730 

PA- 13 d 2 0  ~;;!37 

Box Core 1 34Â°25.0 IN 27816.9 
l2O041.51'W 41813.4 

Box Core 2 34O25.03'N 27816.7 
lZOO41.57'W 41813.7 

Box Core 3 34O25.OZ1N 27816.4 
120041.66'W 41814.0 

Hydrocast 34024.701N 27816.1 
120041.77'W 41813.0 

8.25KM/l430 432 Pene t ra t i on  t o  20cm. No o i l  i n  
sediment. Wind inc reased  t o  25 k t s .  

8 . Z ~ K M / I ~ ~ O  432 Good pene t ra t i on .  Amphi pods on 
sediment sur faces.  

8.25KM1143O 432 Va r i ab le  p e n e t r a t i o n  13-23cm. 
Echino ids and shr imp i n  samples. 
Sampling c o n d i t i o n s  marg ina l  due t o  
increased wind and seas. 

7.65~Mj143O 432 Wind 25-30 k t s .  S t a t i o n  keeping 
d i f f i c u l t .  F i v e  b o t t l e s  on cas t .  



Some ve ry  i n t e r e s t i n g  p r e l i m i n a r y  obse rva t i ons  were no ted  f rom samples co1 l e c t e d  
on Leg 2. Some o f  t h e  more s i g n i f i c a n t  observa t ions  a re  as f o l l o w s :  

0 V i s i b l e  q u a n t i t i e s  o f  o i  1 were found i n  a11 sediment samples co1 l e c t e d  
w i t h i n  500 m o f  t h e  vesse l  ; these l e v e l s  were n o t  seen i n  any o f  t h e  
r e p l i c a t e d  c o n t r o l  samples c o l l e c t e d  8.25 km t o  t he  NM. 

The o i l  seen i n  sediments d i d  n o t  resemble seep o i l ;  r a t h e r *  i t  looked 
more l i k e  t h e  t y p e  o f  fue l  o i l  t h a t  was conta ined on t h e  - Pac Baroness. 

The o i l y  sediments w i t h i n  500 m o f  t he  vessel  tended t o  form i n t o  
smal l  "beads which c r e a t e d  r e l a t i v e l y  1 arge volumes o f  ma te r i  a1 
r e t a i n e d  on t h e  300-micron s ieves  i n  comparison t o  c o n t r o l  samples. 

L i v e  an imals  were no ted  i n  a11 samples; however* t h e r e  appeared t o  be 
a h i g h e r  abundance o f  amphipods i n  c o n t r o l  samples r e l a t t v e  t o  t h e  
samples co11 e c t e d  near  t h e  sun ken vessel  (amphi pod crustaceans a r e  
known as be ing  h i g h l y  s e n s i t i v e  t o  o i l  t o x i c i t y ) .  

These p r e l i m i n a r y  obse rva t i ons  made a t  t h e  t ime o f  sample c o l l e c t i o n  must 
be conf i rmed a n a l y t i c a l l y  b e f o r e  reach ing  conc lus ions  rega rd ing  f a t e  and e f f e c t s  
o f  contaminants l i n k e d  t o  t h e  Pac Baroness. These necessary l a b o r a t o r y  analyses 
a r e  proceeding a t  t h i s  t i m r m l e  i s  per fo rming  t h e  a n a l y s i s  of  
hydrocarbons i n  sediments and a n a l y s i  s o f  macro in faunal  samples, as i d e n t i  f l e d  
i n  t h e  Revised Techn ica l  Proposal  f o r  t h e  - Pac Baroness Survey, submi t ted  t o  MMS 
on November 4 y  1987. S c i e n t i s t s  a t  UCSB a l s o  a r e  proceeding w i t h  t h e  a n a l y s i s  
o f  copper and o t h e r  t r a c e  me ta l s  i n  samples o f  w a t e r y  sedimenty  and animal 
t i s sues .  P r e l i m i n a r y  r e s u l t s  o f  t h i s  l a t t e r  work a t  UCSB revea l  t h a t  exces? ive  
amounts o f  copper o r e  a r e  p resen t  i n  t h e  same sediments t h a t  con ta ined  v i s i b l e  
l e v e l s  o f  o i  1 (Stan Margo1 i s  persona1 communication). These j o i n t  r e s u l t s  
suggest t h a t  t h e  same process(es)  a r e  respons ib l e  f o r  t h e  i n i t i a l  m i x i n g  o f  b o t h  
t h e  o i l  and copper i n t o  t h e  ambient sediments. 

A fo l low-up c r u i s e  i s  scheduled f o r  mid-January t o  complete t h e  ROV survey o f  
t h e  sunken vessel  and t o  o b t a i n  a d d i t i o n a l  n e a r f i e l d  samples o f  sedimenty  w a t e r *  
and b i o t a .  Use o f  t h e  resea rch  vessel  and ROV f o r  t h i s  c r u i s e  w i l l  be made 
a v a i l a b l e  a t  no c o s t  t o  t h e  program as a r e s u l t  o f  a c o n t r i b u t i o n  f rom 
I n t e r n a t i o n a l  Underwater C o n t r a c t o r s y  I n c .  
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ABSTRACT 

A study was conducted t o  i n v e s t i g a t e  i n i t i a l  environmental e f f e c t s  o f  an 
o f f sho re  o i l  and copper s p i l l  r e s u l t i n g  from the s i n k i n g  o f  t he  f r e i g h t e r  Pac 
Baroness. The l o c a t i o n  o f  t h i s  s p i l l  was approximate ly  20 km SW of POX 
Conception, C a l i f o r n i a ,  a t  a water depth o f  430 m. Gas chromatography (GC) and 
mass spectrometry (MS) were used t o  examine the d i s t r i b u t i o n  and l e v e l s  o f  
hydrocarbons i n  s u r f i  c i  a1 sediments, and t o  compare the  pa t te rns  o f  hydrocarbons 
i n  the  sediments t o  those o f  a source-o i l  sample ob ta ined from the  vessel. 
P o t e n t i a l  impacts o f  t h e  s p i l l  on macroinfauna were a1 so evaluated by examining 
changes i n  communi t y  s t r u c t u r e  and composit ion, and i n abundances o f  component 
species, based on comparison between con t ro l  and wreck-si  t e  samples. Resul ts  of 
the  chemical analyses show t h a t  sediment samples c o l l e c t e d  i n  t h e  v i c i n i t y  o f  
t he  - Pac Baroness con ta in  e levated l e v e l  s o f  hydrocarbons t h a t  c l e a r l y  o r i  g i  nate 
from t h e  o i l  on board the  sunken vessel. Furthermore, s t a t i s t i c a l  and var ious 
o the r  mathematical comparisons o f  the  macroinfaunal da ta  revea l  d i s t i n c t  
b i o l o g i c a l  e f f e c t s  o f  t he  s p i l l  w i t h i n  t h e  immediate sur round ing  area o f  t he  
vessel, a t  water depths o f  410 t o  436 m. Among these e f f e c t s  a r e  s i g n i f i c a n t  
reduc t ions  i n  mean number o f  species, mean number o f  i n d i v i d u a l s  ( a l l  species 
combi ned) , domi nance s t ruc tu re ,  abundances o f  several component species (ha1 f o f  
which are  dominants w i t h i n  the  community) and the  combined abundance o f  
s e n s i t i v e  amphi pod species. These i n i  ti a1 1 eve1 s o f  contami n a t i o n  and 
associated environmental e f f e c t s  a re  unique i n  cons ide ra t i on  o f  t he  extreme 
water depth w i t h i n  which the  s p i l l  i nc iden t  occurred. 



1.0 INTRODUCTION 
d 

On September 21, 1987, the  564- foot  f r e i g h t e r  Baroness c o l l i d e d  i n  fog 
w i t h  another vessel the A t l a n t i c  Win , approximate ly  20 km southwest of Point  
Conception, Ca1 i fo rn i  a. T r d t  of t he  co11 i s ion  the  - Pac Baroness 
eventua l ly  sank i n  430 m o f  water, a t  a l a t i t u d e  o f  34021.43'N and long i tude o f  
120038.29'W. This s i t e  i s  l oca ted  j u s t  t o  t he  south o f  s t a t i o n s  t h a t  c u r r e n t l y  
a re  being s tud ied  by a team o f  s c i e n t i s t s  from B a t t e l l e  and o the r  research 
organizat ions as p a r t  o f  an o f f sho re  environmental mon i to r i ng  program designed 
t o  assess p o t e n t i a l  long-term, cumulat ive impacts o f  o i l  and gas development and 
praduct ion a long t h e  Ca1 i f o r n i  a Outer Cont inenta l  She1 f (Hyl  and and Neff, 1988) 
(F igure 1).  

The & Baroness was c a r r y i n g  a cargo o f  21,000 m e t r i c  tons o f  a f i n e l y  
powdered copper concentrate o f  which approximate ly  71% was comprised o f  
cha l copy r i t e  (CuFeS2) ; the  remainder cons1 sted p r imar i  1y o f  chal  coc i  t e  (CuzS) , 
cove1 1 i t e  (CuSz) , and t r a c e  amounts o f  native metallic copper (Dames and Mare ,  
1987). T3e vessel a l so  was c a r r y i n g  a combined volume o f  378,943 ga l  o f  f ue l  
and l u b r i c a t i n g  o i  1 s, c o n s i s t i n g  o f  339,360 gal o f  i ntermedi ate-grade f u e l  o i  1 
(approximate ly  equ iva len t  t o  No. 4 f u e l  o i l ) ,  2g9568 ga l  o f  marine d iese l  ( w i t h  
a consistency between No. 2 and No. 3 f u e l  o i l ) ,  and 10,015 gal  o f  l u b r i c a t i n g  
o i  1 (U.S. Coast Guard, persona1 communication). 

The s i n k i n g  o f  the  vessel r e s u l t e d  i n  an i n i t i a l  s p i l l  o f  an est imated 
20,000 gal  o f  o i l ,  which created a v i s i b l e  sur face s l i c k  t h a t  was t racked by 
Coast Guard a e r i a l  o v e r f l i g h t s  f o r  several days. Colored plumes o f  powder noted 
by observers present  a t  the  t ime o f  t he  s i n k i n g  a l so  i n d i c a t e d  t h a t  some o f  the 

4 copper o re  had escaped i n t o  t h e  water column from rup tu red  bulkheads and hatches 
i n  the vesse l ' s  cargo holds. There was f u r t h e r  b e l i e f  t h a t  i f  the  vessel broke 
apar t  as i t  made contac t  w i t h  t h e  sea f l o o r ,  then both  t h e  o i l  and copper ore 
cou1 d become mi xed d i r e c t l y .  i nto  bottom sediments. 

The copper o re  on board t h e  - Pac Baroness cons i s ted  p r i n c i p a l l y  o f  
r e l a t i v e l y  i n s o l u b l e  copper su1 f i de ;  however, i t  i s  poss ib le  t h a t  contac t  o f  the 
mater i  a1 w i t h  d i  ssol  ved oxygen present  i n  t he  sea water would promote ox ida t i on  
o f  the  su1 f i  de, eventual 1y  1 eadi ng t o  increased concent ra t ions  o f  d issolved 
copper. Both copper ( i n  t h e  ox id i zed9  so lub le  form) and petroleum 
hydrocarbons can be t o x i c  t o  marine organisms, even a t  d i l u t e  concentrat ions.  
Also, coa t i ng  o f  organisms w i t h  o i l  cou ld  r e s u l t  i n  death from the  physical  
ef fects o f  entanglement and smothering. 

Because o f  the poss ib le  t r a n s p o r t  o f  these contaminants through the  marine 
ecosystem and r e s u l  ti ng b i o l o g i c a l  e f f e c t s ,  B a t t e l l  e Ocean Sci ences and the 
U n i v e r s i t y  o f  C a l i f o r n i a  a t  Santa Barbara (UCSB) rece j ved  funds t o  conduct a 
p r e l  iminary,  environmental i n v e s t i g a t i o n  o f  t h e  - Pac Baroness i nc iden t .  
Object ives o f  t h i s  j o i n t  s tudy were t o  l o c a t e  the  sunken vessel,  examine the 
ex ten t  o f  i n i t i a l  contaminat ion ( w i t h  a focus on copper and petroleum 
hydrocarbons) and determine the  p o t e n t i  a1 impact on b e n t h i c  communities o f  the 
immediate surrounding area. An a d d i t i o n a l  impor tan t  o b j e c t i v e ,  w i t h  respect  t o  
B a t t e l l e ' s  p o r t i o n  o f  the study, was t o  evaluate whether p o t e n t i a l  impacts 
l i n k e d  t o  t h e  s i n k i n g  o f  t he  - Pac Baroness would i n t e r f e r e  w i t h  e f f o r t s  t o  de tec t  
d r i l l i n g - r e l a t e d  impacts a t  nearby s t a t i o n s  w i t h i n  the  Santa Mar ia Basin9 which 

- are being monitored as p a r t  o f  t h e  ongoing C a l i f o r n i a  OCS Phase I 1  Moni to r ing  
Program (sponsored by the  Minera l  s Management Serv ice)  . 



Figure  1. Map o f  Santa Mar i a  B a s i n  area o f  t he  C a l i f o r n i a  OCS w i t h  t h e  p o s i t i o n  
o f  t h e  sunken vesse l  Baroness (340Zl.43'N9 lZO038.Zg1W), and 
s t a t i o n  l o c a t i o n s  f o r  t h e  MMS Phase 11 M o n i t o r i n g  Program (Regional 
and S i  t e - S p e c i f i c  S t a t i o n s ) .  Loca t ions  o f  proposed and a c t i v e  
p l a t f o r m  s i t e s  and h i s t o r i c a l  sampling s i t e s  f rom the  MMS Phase I 
Reconnaissance Survey a r e  a l s o  shown. 



The current report presents resul ts  of hydrocarbon and macrofaunal analyses I , 
performed by Bat tel le  Ocean Sciences. Additional work relat ing to  the analysis 

'd 

of copper i-n water sediments * and biota i s  being performed  by^ UCSB and w i  1 i be 
reported elsewhere in the l i t e ra tu re .  

2.0 METHODS 

2.1 LOCATION AND DESCRIPTION OF THE SUNKEN VESSEL 

An i n i t i a l  f i e ld  survey consisting of two legs was conducted in the 
vicini ty  of the wreck from November 17-20s 1987 on the research vessel M I V  
Aloha, operated by International Underwater Contractors, Inc. (IUC) . The f i r s t  
r w a s  devoted to  locating and describing the condition of the sunken vessel ; 
the second leg was devoted to  obtaining environmental samples for biological and 
chemical analyses. The de ta i l s  of t h i s  i n i t i a l  survey are  summarized in a 
separate cruise  report  (Hyl and g., 1987). 

Location of the - Pac Baroness was accomplished through use of side-scan 
sonar (operated by the U. S. Geological Survey) and the research vessel 's  
fathometer. Coordinates of the sunken vessels obtained with a LORAN Northstar 
7000 navigation systems are 34021.43'N and 120038.29'M; LORAN C time delays are 
TDX = 27826.1 and TDY = 41785.7. UTM Zone-10 coordinates * obtained with a 
Motorola Mi ni ranger systems are  N3804100.9 and E717220.2; Mini ranger navi gation 
was provided by Land and Sea Surveyss Inc. 

The side-scan images indicate that  the @ Baroness i s  resting on i t s  keel 
d' in about 430 m of water and i s  oriented in a north-south direction with the bow 

pointed to the SSW. The ship appears to  be twisted and fractured into three 
pieces. These same images a1 so show a zone of scattered debris within a radius 
of approximately 200 m. Based on these- imagess i t  was apparent a t  the time of 
sampling tha t  cargo and fuel compartments were l ike ly  to  have been breached, 
providing a source of escape for the o i l  and copper ore. This scenario was 
confirmed subsequently by the appearance of visible quantit ies of o i l  in 
sediments collected on the second leg of the November cruise and by resul ts  of a 
photographic inspection of the vessel and surrounding area * performed with a 
remotely operated vehi c1 e (ROV) during a fo1 low-up crui se conducted by UCSB and 
IUC from January 12-15* 1988. Video footage and s t i l l  photographs obtained on 
t h i s  follow-up cruise provided d i rec t  evidence of the presence of the fractured 
vessel * of ruptured cargo holds * and of a dl sturbed sediment zone surrounding 
the vessel. Details of t h i s  fo1 low-up ROV survey are summarized i n  a separate 
crui se report (Margo1 i s  * 1988). 

2.2 S W P L I N G  LOCATIONS AND METHODS 

Bottom sediments for  chemical and macrofaunal analyses were collected o n  
the second leg of the November* 1987 cruise,  a t  an array of eight stations 
(represented by one sample per each s ta t ion)  within a 500-m radius of the wreck 
and a t  a control s ta t ion  (represented by three replicate samples) located a t  the 
same depth 8.25 kin t o  the NW. Figure 2 i l l u s t r a t e s  the s ta t ion  sampling-design 
and re la t ive  position of each s tat ion to  the wreck s i t e .  Table 1 l i s t s  the 
exact location ( l a t i t u d e s  longitude, and depth) of each sample. 



mPac Baroness ./' 
OSarnp1 i n g  S t a t i o n s  

Figure 2. Nominal s ta t i on  design f o r  sediment 
co l lected a t  each o f  the stat ions w i th in  

sampling. One sample was 
a 500-m radius o f  the wreck. 

Three rep l i ca te  samples were col lected a t  the 8.25-km control  s i te.  
The isobaths w i th in  the 500-m radius o f  the wreck are or iented i n  a 
NNE-SSU direct ion. Approximately 1 h from the wreck, the isobaths 
are or iented i n  the NU-SE direction. 



Tab1 e 1. Reference Coordinates for  Sediment Stations 

Station 
Latitude 
Longitude 

Depth 
(MI 

-- -p 

Latitude and longitude from Northstar 7000 algorithm. 



Samples were coll ected with a Hessl er-Sandia , 0.25-m2 box corer parti t i  oned 
-.-., into 25 individual, 0.01-m2 subcores. From each sample, ten subcores were 

removed and prepared for macroinfaunal analysis. The upper 10 cm of each 
subcore were extruded from the box and live-sieved through a 0.3-mm mesh screen 
with f i l te red  seawater. Material retained on the screen was placed in 16-02 
jars and preserved w i t h  approximately 10% buffered formalin; a l l  10 subcores 
from the same box core were recombined during t h i s  sieving operation. Once 
samples were returned to  the laboratory, they were resieved on a nest of 0.5-mm 
and 0.3-m mesh screens, and transferred to  70% ethanol. The 0.5-mm size 
fraction was used for analysis of macroinfauna; the 0.3-mm fraction was 
archived. 

From each box-core sample, the upper 2 cm of sediment were removed with a 
Teflon-coated scoop from an additional,  solvent-rinsed subcore and used for 
hydrocarbon analysi s .  Foll owi ng  coll ect i  on, hydrocarbon samples were placed i n 
glass jars with Teflon-lined caps and maintained onboard the vessel i n  a freezer 
a t  -20Â°C Samples were transferred frozen on dry i c e  to the laboratory, and 
stored i n  a freezer a t  -20OC u n t i l  time of analysis. 

A source-oil sample related to  the Pac Baroness Incident was supplied by 
the U.S. Coast Guard and identified as "Ship Oil ." This sample was recovered 
from a surface s l ick adjacent t o  the sinking freighter.  The o i l  was sampled in 
a glass jar  with a Teflon-lined cap, stored on dry ice during shipping, and 
maintained a t  - 2 0 O C  until  analyzed. 

2.3 ANALYSIS OF HYDROCARBONS 

4 Saturated alkanes and polynuclear aromatic hydrocarbons (PAHs) were 
analyzed i n  each of the 11 sediment samples (eight wreck-site samples and three 
control samples) and the ship o i l .  Sample preparation consisted of a solvent- 
extracting phase fo l l  owed by chromatographic column cl ean-up (Boehm fi., 
1988). Briefly , sediment samples were prepared fo r  analysi s by thawing 
approximately 50 g of sediment, spi ki ng with recovery-surrogate compounds (RISs) 
and extracting with 1 :1 methylene ch1oride:acetone. The resulting methylene 
chloride was dried over sodium sulfate  and concentrated to  <4 mL by Kuderna- 
Danish techniques. The concentrated extract  was then subjected to  a combined 
s i l i c a  gel and alumina chromatographic clean-up. A column, consisting of 10 g 
a1 umi na and 20 g s i  1 i ca gel , was prepared and charged w i  t h  the sample. The 
Column was eluted f i r s t  w i t h  15 mL of pentane (Fl)  and then w i t h  150 mL of 1:l 
methylene ch1oride:pentane ( F 2 ) .  The two eluates (Fl and F2) were combined, and 
quanti t a t i  on internal standards (QISs) were added. Saturated hydrocarbons were 
quantified re la t ive  to  the QIS androstane, while aromatic compounds were 
quantified relat ive to  the QIS orthoterphenyl. The samples were concentrated to 
approximately 500 pL and submitted for analysis. 

Oil samples were prepared for analysis by di lut ing 50 mg of oi 1 i n  two. mL 
of hexane. The samples were spiked with the RIS and QIS, and submitted for 
analysis. 

Samples were analyzed for 24 n-a1 kanes (010-034) ; f ive i soprenoi ds 
( pri stane, phytane, i soprenoi d 1380 and 1650, and farnesane 1470) ; and 
individual two to f i  ve-ring, polynucl ear aromatic hydrocarbons (PAHs) by gas 

.-/' chromatography/mass-sel ection detection (GCIMSD) ut i  1 i zi n g  a Hew1 ett-Packard 



w 
Model 5970 gas chromatograph/mass spectrometer (GC/MS) coupled t o  a computerized 
data-acqui s i  tion system. The mass spectrometer was operated in the electron- 
impact (El) mode, which scanned the mass range from 50 t o  450 amu. The GC was 
f i t t e d  with a 30-m-long x 0.32-mm-diameter, DB-5 capi l lary column; he1 ium 
(delivered a t  30 cm/s) was used as the car r ie r  gas. The oven temperature of the 
column du r ing  analysis was programmed from 60OC to  290OC a t  4OC/min. Peak 
areas, response factors for each analyte, and subsequent quantification of 
analytes were calculated from the total-ion current profiles using the GC/MS 
data system. 

Recovery of a l l  analytes through t h i s  sample-preparation procedure was 
determined re1 a t i  ve to  the recovery of three surrogate compounds : naphtha1 ene- 
d3, acenaphthene-die, and perylene-dl?. Qua1 i t y  control of sample preparation 
and analysis was carried out by preparing and analyzing a control sample and a 
procedural blank w i t h  the batch of sediment and o i l  samples. Analysis of the 
samples was considered acceptable only i f  recovery of the surrogate compounds 
was i n  the 20 to  150% range, and the procedural blank was free from 
interferences. 

As discussed above, three sediment replicates were collected a t  the control 
s i t e .  Upon analysis,  one of the repl icates  (PA13-3) appeared to  have been 
contaminated w i t h  non-petroleum hydrocarbons, e i ther  during collection or during 
sample processing i n  the laboratory. Consequently, t h i s  sample has not been 
used as a representative control sediment for chemi s t r y  purposes. 

2.4 ANALYSIS OF MACROINFAUNA 
4 

Macroinfauna retained on the 0.5-mm sieve we,re analyzed in each of six 
samples, consi s t i  ng of three control sampl es and three wreck-si t e  samples. Each 
sample was comprised of 10 combined, 0.01-m2 subcores, yielding a total  surface 
area of 0.1m2 per sample. The three wreck-site samples were selected based on 
the resul ts  of hydrocarbon analyses, and represent those s tat ions with the 
highest alkane and PAH loadings. These three s tat ions are  PA1, PA4, and PAS. 

Sampl es were sorted i n  the laboratory under dissecting microscopes. 
Samples were stained w i t h  a saturated solution of rose bengal to f a c i l i t a t e  the 
sorting process. A1 1 individuals were enumerated and identified to  the species 
level wherever possible. Animals that  could not be identified to the species 
1 eve1 or assi gned a provi s i  onal speci es name (e  .g., i ndetermi nate juveni 1 es , and 
damaged or fragmented specimens) usually were omitted from analysis. Such cases 
exi s t  among polychaetes , moll uscs, crustaceans, and nemerteans. One exception 
pertains to oligochaetes, which were included in analyses as a combined ent i ty  
because of the i r  numerical dominance. No ophi uroi ds , hol othuroi ds , or 
s i  puncul ids were found among - Pac Baroness samples . 

For qua1 i ty  control,  a minimum of 10% of a l l  samples sorted by any one 
technician was resorted by another trained technician. Addi t i  onal measures were 
taken to ensure tha t  the level of sorting error  d i d  not exceed 5% ( i .e . ,  the 
sample residue that  was resorted by another technican, as  part of a quality- 
control check, could not contain more than f ive percent of the to ta l  number of 
organisms contained in the original sample). Species identifications were 

U. confirmed by validation against voucher specimens or by consul ta t ion with other 
taxonomic experts. 



Potential e f fec ts  of the sp i l l  on macroinfauna were evaluated by examining 
changes in s t ructure and composition of the whole fauna, and in individual 

d species abundances, based on comparison between the three control and three 
wreck-site samples. Effects on the whole fauna were evaluated by examining 
differences in mean number of species; mean number of individuals ( a l l  species 
combined) ; Shannon-Wi ener diversi ty ,  H' (Shannon and Weaver, 1963) ; evenness, J '  
(Pielou, 1966) ; species richness (S-l)/lnN (Margalef, 1967) ; ranking of 
dominants ( f ive  most abundant species i n  a sample); and re la t ive  species 
abundances , through appl i cation of numerical -cl assi f i  cation procedures (Boesch , 
1977). 

Unpaired Student t - t e s t s  were used to  measure s t a t i s t i c a l  di fferences in 
mean number of species,  mean number of individuals for a l l  species combined, and 
mean species abundances for  individual species. The pooled t - s t a t i  s t i  c ,  which 
incorporates a combined variance term, was used i n  cases where sample variances 
were shown to  be similar (based on Cochran' s t e s t  for homogeneity of variances), 
and was evaluated a t  2n-2 degrees of freedom. I n  cases where sample variances 
were not homogeneous, the unpoolcd t - s t a t i s t i c ,  which incorporates individual 
sample-variance terms, was used and was evaluated a t  the number of degrees of 
freedom calculated from an approximation formula. Tests were performed on 
untransformed data. An alpha value of 0.05 was selected as the significance 
1 evel . 

Concordance analysis (Kendall , 1975) was used to  t e s t  for communal i ty  of 
the ranking of dominants between control and wreck-si t e  samples. An a1 pha value 
of 0.05 was selected as the s i  gni f i  cance 1 evel . T h i  s t e s t  provided a measure of 
the degree of change i n  dominance structure between the two sampling areas. 

d 

Normal (Q-mode) numeri cal cl assi f i  cation was performed wi t h  group-average 
sorting (a1 so known as the unwei ghted pair-group method; Sneath and Sokal , 1973) 
as the clustering method and the Normalized Expected Species Shared (NESS; 
Grassle and Smith, 1976) as the s imilar i ty  measure. Results wereexpressed in 
the form of dendrograms i n  which samples were ordered into groups of 
increasingly greater simi 1 a r i  t y  based on resemblances of component-speci es 
abundances. The NESS s imi lar i ty  measure i s  based on the expected number of 
species shared between random subsamples of s ize m drawn from each of two sample 
populations tha t  are  under comparison. When a large number of species are 
shared between samples and t h e i r  abundances are s imilar ,  a h i g h  estimate of 
s imilar i ty  resu l t s  (with values nearer to  1, on a scale of 0 to  1).  An 
advantage of th i s  s imi lar i ty  measure i s  tha t  the contribution of dominant- vs. 
rare species can be controlled by decreasing or increasing the subsample s ize 
( i  .e., value of m). For small subsample s izes ,  dominant organisms have a 
greater influence on the measure, and for larger s izes  the  measure i s  sensit ive 
to  l e s s  common species. In the current study, analyses were run a t  m = 10 and 
m = 100. 

3.0 RESULTS AND DISCUSSION 

3.1 DISTRIBUTION AND LEVELS OF HYDROCARBONS 

Data relat ing to  the hydrocarbon content of sur f ic ia l  (0-2 cm) sediments 
d 

throughout the study area a re  shown i n  Table 2. These data are  provided for 
wreck-si t e  samples (PA1 through PAS), control samples (PA13-1 and PA13-Z) , and 



Tab1 e 2. Hydrocarbon Levels and Other Re1 a ted  Diagnostic Ratios f o r  Baroness Sur f i  c i  a1 -Sediment Samples Shi p 
O i  1 and Background Comparison S t a t i o n s  Sampled During t h e  Cal i fornia  OCS Phase I I Moni to r ing  Program. 
Concentrations a r e  E~pressed i n  Terms o f  Sediment Dry Ueight. (LALK = Lower ,Normal Alkanes; TALK = Total 
Normal Alkanes; 4,s PAH = 4  and 5-ring Polynuclear Aromatic Hydrocarbons; N = Naphthalenes; 
P = Phenanthrenes; D = Dibenzothiophenes; F = Fluoranthenes) 

LALK TALK E P A H ~  E N  z P ID 
Sample (IJglg) (IJgIg) LALKITALK (IJgIg) (IJgIg) (IJ9/!l) (IJgIg) NIP PID 

PA1 

PA2 

PA3 

PA4 

L o  PAS 
PA6 

PA7 

PA8 

PAl3-1 

PAl3-2 

HI DALGW 

REGIONALc 

SHIP OIL 

- - -- 

aData from MMS Cal i fornia  OCS Phase I1  Monitoring Program, Platform Hidalgo Study Area (Boehm* e t  a l . ,  1988). 

b ~ n s u f f i c i e n t  data.  Most ED values below de tec t ion  limits. 

CData from MMS Cal i fornia  OCS Phase I1 Honi t o r i n g  Program, Regional S t a t i o n s  (Boehm e t  a1 . , 1988). 

~ E P A H  = I N  + ED + EP + EF + E4* 5PAH 



ship o i l .  Also provided for  comparison purposes a r e  data from nearby s ta t ions  - (Regional and Platform Hidalgo s i t e s )  sampled on the MMS Ca1 i f o rn i a  OCS Phase I 1  
Monitoring Program (Boehm 3 aJ.* 1988). Data fo r  these  samples focus on nine 
chemi ca1 parameters t ha t  ref1 e c t  the loadings of hydrocarbons in the  sediments 
and t h e i r  re la t ionships  to the source o i l .  

The control samples col lec ted 8.25 km from the  wreck si t e  a r e  characterized 
by low hydrocarbon content. These samples a r e  very s imi la r  in  chemical 
composition t o  the Platform Hidalgo samples and Regional S ta t ion  samples 
characterized duri ng the  MMS Cal i fornia  OCS Phase I I Moni t o r i  ng Program (Boehrn 
e t  $. , 1988). Average TALK and EPAH values a r e  s imi la r  among these  various - 
stations, ranging from approximately 1 t o  2 pglg and 0.01 t o  0.1 p g / g s  
respectively.  These low background alkane and PAH concentrat ions make these 
parameters s ens i t i ve  monitors of  petroleum hydrocarbon input  throughout th i  s 
study region. 

Data compiled i n  Table 2 reveal t h a t  hydrocarbons cieposfted i n  sediments 
near the sunken f r e igh t e r  a r e  not uniformly d i s t r ibu ted .  Based on TALK plus PAH 
da ta ,  samples from Sta t ions  P A l ,  PA4, PAS, and PA2 a r e  a f a c to r  of six t o  93 
times higher in  hydrocarbon content than the  average background sample ( i .e . ,  
1.6 pg/g fo r  TALK plus ZPAH values fo r  control and moni toring-program samples). 
Samples from s t a t i ons  PA6 and PA7 have TALK plus ZPAH hydrocarbon concentrations 
approaching background values ( i  .e. * only 1.8 and 1.6 times highery respect- 
ive ly )  whi 1 e samples from Sta t ions  PA3 and PA8 have s l i g h t l y  elevated 
hydrocarbon concentrations r e l a t i v e  t o  background ( i  .e. 3.1 and 2.3 times 
higher, respect ively) .  Based on the  l imi ted array of da ta ;  i t  appears tha t .  a 

4 "plume" of o i l  spread (o r  i s  spreading) i n  a d i r ec t i on  generally to  the 
northwest of the  wreck. 

Profi 1 es of hydrocarbons detected i n samples wi t h  the  hi ghest loadings 
(PAl, PA4, and PAS) match , t h e  hydrocarbon GCIMS pat tern  of the  sh ip  o i l .  A11 
major analyte peaks a r e  present in  these samples a t  the  same r e l a t i v e  r a t i o s  as 
those in the sh ip  o i l .  Figure 3 *  which demonstrates this  re la t ionsh ip*  shows 
GCIMS t races  of the ship  o i l  and the sediment ex t rac t  from Sta t ion  P A l .  

The LALKITALK r a t i o  of the  sediments with the  highest  TALK amounts (PAl, 
P A Z *  PA3* PA4, PAS* and PA8) match the LALKITALK r a t i o  f o r  the  sh ip  o i l  very 
well.  These . s i x  samples have an average. LALKITALK r a t i o  of  0.61. For 
reference* the LALKITALK r a t i o  fo r  the  sh ip  o i l  is  0.64. Background samples 
(PAl3-1 * PAl3-2, and the various moni t o r i  ng-program sampl e s )  have LALKITALK 
r a t i o s  t h a t  a r e  a fac tor  of two lower* ranging from 0.18 t o  0.35. The 
predominance of lower normal a1 kanes i n  wreck-site sediments ( r e f l e c t ed  in the 
LALK values greater  than about 1 )  and the  resu l t ing  higher LALKITALK ra t ios  i s  
i nd i  c a t i  ve of the  presence of petroleum hydrocarbons. 

Total PAH l eve l s  i n  most wreck-site sediments ( P A 1  through PA6, and PA8) 
a re  elevated 10 t o  3500 fold r e l a t i ve  t o  the  average background level  of 0.04 
pglg ( i  .e., average of EPAH leve l s  f o r  - Pac Baroness con t ro l s  and various 
monitoring program samples). The upper end of t h i s  range i s  questionable, 
however, s ince the sample w i t h  the highest ZPAH loading (PA4) conta ins  unusually 
high proportions of four and f ive-r ing PAH compounds suggesting par t i a l  i n p u t  
from a combustion source. The sample with the next highest  loading (PAl) s t i l l  

J has a EPAH value approximately 1500 times greater  than background; EPAH plus 
TALK for  t h i s  sample i s  61 times higher than the average background .value of 1.6 
pglg reported above. 

I0 



Figure 3. GC/flS total- ion chromatograms o f  sediment extract  from the Pac 
Baroness wreck-site Station PA1 (bottom chromatogram) and aship OF 
m r o m a t o g r a m )  . 



The NIP r a t i o s  f o r  t h e  w reck -s i t e  sediments vary  cons ide rab l y  because o f  
weather ing o f  I N y  b u t  g e n e r a l l y  a re  e l eva ted  r e l a t i v e  t o  c o n t r o l  and var ious  

.-/ moni t o r i  ng-program samples, suggest ing recen t  i n p u t  f rom f resh  pet ro leum 
sources. Comparison between NIP r a t i o s  o f  t h e  w reck -s i t e  sediments w i t h  
P la t f o rm  H ida lgo  sediments and Regional S t a t i o n  sediments a r e  necessary because 
NIP r a t i o s  f o r  t h e  c o n t r o l  s i t e  ( ~ A l 3 - 1  and PAl3-2) were below d e t e c t i o n  l i m i t s .  

Dibenzothiophenes ( I D )  a r e  found i n  a l l  w reck -s i t e  sediments. The ED 
concent ra t ions  range f r om 0.005 pg/g (PA6) t o  8.98 pg/g (PA l )  and f o l l o w  s i m i l a r  
s t a t i o n  t r ends  as TALK and IPAH values. The r e l a t i v e l y  low P/D r a t i o s  f o r  
w reck -s i t e  sediments a r e  caused by t h e  e l eva ted  l e v e l s  o f  LD, which i n  t u r n  a r e  
i n d i c a t i v e  o f  r e c e n t  i n p u t s  o f  pet ro leum hydrocarbons. Oibenzothiophenes. a re  
n o t  d e t e c t a b l e  i n  c o n t r o l  samples (PAl3-1 and PAl3-2) o r  a t  moni tor ing-program 
s t a t i o n s  near  P l a t f o r m  H ida lgo .  P/D r a t i o s  a t  t he  Regional  S t a t i o n s  from the  
m o n i t o r i n g  program have an average va lue o f  52. P/D r a t i o s  f o r  t h e  w reck -s i t e  
sediments average about  5  showing an order-of-magni tude d i  f f e r e n c e  i n  t he  P/D 
r a t i o  f o r  t hese  two a reas -  

3 - 2  EFFECTS ON NACROINFAmA 

3.2.1 Uhole Fauna 

Table 3 p rov ides  q u a n t i t a t i v e  species l i s t s  and o t h e r  community parameters 
f o r  t h e  t h r e e  c o n t r o l  and t h r e e  w reck -s i t e  samples. T o t a l  numbers o f  species 
range f rom 40 t o  43 among c o n t r o l  samplesy and from 20 t o  33 among wreck-s i te  
samples. T o t a l  numbers o f  i n d i v i d u a l s  range from 559 t o  736 among c o n t r o l  
samplesy and f rom 137 t o  381 among wreck -s i t e  samples. These da ta  revea l  t h a t  

4 
t h e r e  were . l a r g e  r e d u c t i o n s  i n  b o t h  numbers o f  species and i n d i v i d u a l s  a t  t h e  
w reck -s i t e  i n  comparison t o  t h e  c o n t r o l  area. Table 4 shows t h e  r e s u l t s  o f  t- 
t e s t s  performed t o  examine t h e  s i g n i f i c a n c e  o f  these reduc t i ons .  Both t h e  
average number o f  spec ies  and i n d i v i d u a l s  a r e  s i g n i f i c a n t l y  l owe r  ( a t  a1 pha 
values - < 0.05) among wreck-s i  t e  samples.. 

Data i n  Table 3 show t h a t  bo th  se ts  o f  samples a r e  comprised predominant ly  
o f  po lychaetes and crustaceans.  However among wreck-si  t e  samples, polychaetes 
rep resen t  55% o f  t h e  fauna and crustaceans represen t  o n l y  27%, w h i l e  a t  t he  
c o n t r o l  s i t e  c rus taceans  and polychaetes a re  more even l y  p ropor t ioned ,  
r e p r e s e n t i n g  45% and 42% o f  t h e  fauna* r e s p e c t i v e l y .  Th i s  d i f f e r e n c e  r e f l e c t s  a  
d e c l i n e  a t  t h e  wreck s i t e  i n  numbers o f  crustaceans, t h e  l a r g e s t  percentage o f  
which i s  amphipods. Data i n  Tab le  5 show t h a t  the  average d e n s i t y  o f  amphi pod 
species among w r e c k - s i t e  samples i s  s i g n i f i c a n t l y  lower  ( a t  a lpha  - < 0.05). . 

Mo l luscs  a r e  t h e  n e x t  most abundant taxonomic group a t  each s i t e ,  
r ep resen t i ng  8% o f  t h e  fauna ,among bo th  samples sets .  There a r e  no obvious 
e f f e c t s  o f  t he  s p i l l  on mo l l uscs  as a group ( w i t h  t h e  excep t i on  o f  one o f  t he  
component spec ies Cadulus c a l  i f o r n i c u s  as no ted  below). 

Data i n  Tab le  3 a l s o  i n c l u d e  va lues o f  Shannon-Wiener d i v e r s i t y  (H I )  
evenness ( J ' )  , and spec ies  r i chness  (S - l / l n N ) .  None of these  f u n c t i o n s  revea l  
s i  gn i  f i c a n t  d i  f f e r e n c e s  between wreck-si  t e  and c o n t r o l  samples. Ranges o f  HI 
and J' o v e r l a p  between t h e  two sample se ts ,  and a r e  t y p i c a l  o f  t h e  va lues 
ob ta ined  f o r  samples co1 l e c t e d  a t  s i m i l a r  depths d u r i n g  t h e  C a l i f o r n i a  OCS Phase 
I I M o n i t o r i n g  Program (B lake  & G.  1988). Species r i chness  va lues  however, 

1 are  s l i g h t l y  l owe r  among t h e  w reck -s i t e  samplesy r e f l e c t i n g  an i n f l u e n c e  o f  the  
r e d u c t i o n  i n  numbers o f  spec ies on t h i s  measure. 



Table 3. Species Abundances and Other Macrobenthic Comunity Parameters 
f o r  Ureck-Site and Control Samples 

Species 
Ureck-Si t e  Control 

PA1 PA4 PA5 PAl3-1 PAl3-2 PAl3-3 

POLY CHAETA 

Chloeia pinnata 

ffeptrtys cornuta comuta  

Chaetozone nr.  setosa 

Levi nsenia graci  1 i s  

Minuspio sp. A 

Cossura candida -- 
Cossura r o s t r a t a  

Acmi ra lopezi lopezi 

Prionospio lobula ta  

GI yci nde armi gera 

Levinsenia oculata 

Ophel i na acumi na t a  

Podarkeopsis sp. B 

Subadyte mexicana 

Onuphi s i r idescens  

Heteromastus sp. A 

Mediomastus sp. A 

Phyl lochae to~ te rus  l imicolus 

GI ycera branchiopoda 

Euclymene d e l i  neata 

Nephtys punctata 

Opheli na p a l l i d a  

A1 1 i a antennata - 
Ci rrophorus branchi a tus  

Pect inar ia  c a l i f o r n i e n s i s  

Harmothoe s c r i  p tor i  a 

Laonice appel lof i  

Muqqa sp. A 



Table 3. Species Abundances and Other Macrobenthic Cornun i ty  Parameters 
for  Wreck-Site and Control  Samples (Continued) 

Species 
Wreck-Si t e  Control  

PA1 PA4 PA!i PAl3-1 PAl3-2 PAl3-3 

CRUSTACEA 

Eudorel la sp. 2 

Paraphoxus oculatus 

Munnopsurus sp. A 

Araphu-a sp. B 

O i a s t y l i s  sp. 1 

Harpi n iops i  s f u l  qens 

T r i t e 1  l a  tenuissima 

Synchelidium shoemakeri 

Leucon sp. H 

L i l  jeborqia 

Ampel i sca carey i  

Phot i  s b rev i  pes 

Phot is l a c i a  -- 
Photis sp. D 

Bathymedon vulpeculus 

Bathymedon sp. A 

Monoculodes lat iss imanus 

Ni c i  ppe tumi da 

Heterophoxus oculatus 

Calastacus quinqueseriatus 

Bathyleber is hancocki 

Parasterope hu l  i n q s i  

Parasterope barnesi 

Philomedes dentata 

Pseudomna sp. A 

Pseudomna c f .  roseum 

Pseudoma. truncatum 

Leptoqnathia c f .  brevi remi s 

Hemileucon sp. 1 

Lev tosy l i s  sp. 1 

Campylaspis sp. 5 

Camvylasvis sp. 8 

Campylaspis sp. 11 

Eudorel la sp. 3 

Lamvropidae sp. 1 

Leucon sp. 2 - 
D i a s t y l i s  sp. 8 



Table 3. Species Abundances and Other Macrobenthic Comunity Parameters 
for Wreck-Site and Control Samples (Continued) 

Species 
Wreck-Si t e  Control 

PA1 PA4 PM PAl3-1 PAl3-2 PAl3-3 

HOLLUSCA 

Cadulus ca1 ifornicus 0 

Chaetoderma sp. H 0 

Amphi ssa bi color 0 

Chaetoderma sp. F 0 

Chaetoderma hartmanae 1 

Dentalium vallicolens 1 

Dentalium recttus 0 

Nuculana conceptionis 0 

Galeomatidae Genus A ,  sp. A 0 

ECHINODERHATA 

Brissopsi s paci fica 0 2 0 0 0 2 
Brisaster la t i f rons 2 3 1 2 0 0 

OLIGOCHAETA 

01 i gochaeta 

OTHERS 

Listriolobus hexamyotus 0 .  1 0 0 0 0 
Unident. invertebrate no. 1 0 0 0 0 0 2 
Ceriantharia sp. R 0 1 0 0 0 0 ------  

Total No. Species 20 32 33 43 41 40 

Total No. Individuals 137 381 302 559 560 736 

Shannon-Wiener Diversity (He ) 2.940 3.688 3.670 4.060 3.640 3.700 

Evenness ( J '  ) 0.681 0.738 0.728 0.748 0.680 0.696 

Species Richness (S-111nN) 3.860 5.216 5.600 6.640 6.320 5.910 



Table 4. Average Number of Species and Individuals From Ureck-Site and 
Control Samples * Results of t-Tests Performed on Ureck-Si t e  
Vs. Control Comparisons of These Parameters Are Also Shown. 

Wreck S i t e  Control t-Test 
(n = 3) (n = 3) Results 

Ave. No. Species 
Per 0. IM-2 

28.3 41.3 S i g n i f i c a n t  
(T  = 3.05; OF = 4; 

alpha 5 0.05)  

Rve. No. Individual  s 27 3 610 Signif icant  
(A1 1 Speci es Combi ned) (T  = 3.73; OF = 4;  
Per 0. IN-2 a1 pha 5 0.05) 

Table 5. Results of t-Tests Perfomed on a Ureck-Site Vs. Control 
Comparison of Amphi pod Densities 
(a1 1 h p h i  pod Species Combined) . 

Wreck S i t e  Control t-Test 
(n = 3) (n = 3) Results 

Ave. No. I n d i v i d u a l  s 5 -7  32.3 S i  gni f i cant  
(A1 1 Amphi pod Speci es ( T  = 3.27; OF = 4;  
Combi ned ) Per 0 . 1 ~ - 2  , alpha - < 0.05) 



Table 6 prov ides l i s t s  o f  the t o p - f i v e  dominants ( i  .e. * f i v e  most abundant 
d species) f o r  w reck -s i t e  and c o n t r o l  samples. Rank scores (score o f  5  f o r  the  

most abundant; score o f  1 f o r  the l e a s t  abundant), d e n s i t i e s *  and cumulat ive 
percent abundance ( r e l a t i v e  t o  t o t a l  faunal abundance) a re  a1 so given. These 
t o p - f i v e  dominants represent  50% o r  g rea ter  o f  t he  t o t a l  faunal abundance i n  
each o f  the  samples. Resul ts  o f  Kendall ' s  concordance ana lys i s  (Kendal l  1975) 
reveal  t h a t  t he  rank ing  o f  these dominants between the  two sample sets ( c o n t r o l  
samples vs. wreck-s i te  samples) i s  s i g n i f i c a n t l y  d i f f e r e n t  a t  alpha < 0.05. 
This  d i f f e r e n c e  prov ides an i n d i c a t i o n  t h a t  the s p i l l  has caused a  change-in the 
dominance s t r u c t u r e  o f  t he  in faunal  community i n  the  v i c i n i t y  o f  the  wreck. A 
major f ac to r  c o n t r i b u t i n g  t o  t h i s  change i s  the  d e c l i n e  i n  r e l a t i v e  importance 
o f  the  polychaete Chloeia p inna ta  among wreck-s i te  samples. Th is  polychaete * 
which i s  a  c o n s i s t e n t l y  s t rong dominant among c o n t r o l  samples9 appears as a  low- 
ranked dominant i n  o n l y  one o f  the wreck-s i te  samples. Many o f  t he  i n d i v i d u a l s  
o f  t h i s  species from wreck-s i te  samples contained h e a v i l y  o i l e d  setae, which 
probably r e f l e c t s  t h e  animal 's  l i f e  s t y l e  as a  sur face browser. 

F igure  4 provides dendrograms r e s u l t i n g  from c l u s t e r  analyses o f  c o n t r o l  
vs. wreck-s i te  samples performed w i t h  NESS a t  m = 10 (Dendrogram A) and m = 100 
(Dendrogram B) as t h e  s i m i l a r i t y  measure and group-average s o r t i n g  as the  
c l u s t e r i n g  method. I n  bo th  dendrograms* wreck-s i te  samples c l u s t e r  separa te ly  
from c o n t r o l  samples r e v e a l i n g  d i f f e rences  i n  the  s t r u c t u r e  and composit ion o f  
these two bas ic  sample sets. Dendrogram A s  r e s u l t i n g  from NESS r u n  a t  m = l o s  
revea ls  t h e  i n f l u e n c e  o f  dominant species on sample s i m i l a r i t y 9  which leads t o  
the  format ion o f  two d i s t i n c t  c l u s t e r s  (one con ta in ing  c o n t r o l  samples and the  
o the r  con ta in ing  t h e  th ree  wreck-s i te  samples). When NESS i s  r u n  a t  m = 100 
(Dendrogram B) g rea te r  numbers o f  species, i n c l u d i n g  l e s s  dominant ones e x e r t  

d t h e i r  i n f l u e n c e  on sample s i m i l a r i t y ;  as a  r e s u l t *  wreck-s i te  sample PA1 
c l u s t e r s  by i t s e l f  * showing low s i m i l a r i t y  t o  the  remaining two wreck-si  t e  
samples as we11 as t h e  con t ro l s .  This r e s u l t  i s  cons i s ten t  w i t h  the  f a c t  t h a t  
sample PA1 experienced the  greates t  . reduc t ions  i n  numbers o f  species and 
i n d i v i d u a l s  (Table 3 ) .  

3-2 -2  I n d i v i d u a l  Species Abundances 

Among the species presented i n  Table 3 Â  s i x  show s t a t i s t i c a l l y  s i g n i f i c a n t  
reduc t ions  i n  abundance i n  wreck-s i te  samples r e l a t i v e  t o  c o n t r o l s 9  based on 
r e s u l t s  o f  t - t e s t s  ( a t  alpha 5 0.05). Histograms o f  the  abundances o f  these 
species a re  prov ided i n  F igure  5 .  These species c o n s i s t  of  t h e  polychaetes 
Chloeia p i  nnata Lev i  nsenia g r a c i  1  i s, and Glycinde armi qera ; t h e  crustaceans 
Eudorel l a  sp. 2 ( c w a n d  T r i  t e l  l a  tenuissima (amphipodj ; and the  mol lusc 
Cadulus c a l  i fo rn i cus .  Three o f  these species (Ch1 oe i  a  i nnata Levi  nseni a  
y a c i  l i s *  and Eudore l la  sp. 2) a re  regarded as community dominants ? ~ a b r  

4.0 CONCLUSIONS 

Sediment samples c o l l e c t e d  i n  the  v i c i n i t y  o f  t h e  - Pac Baroness con ta in  
e levated l e v e l s  o f  hydrocarbons t h a t  c l e a r l y  o r i g i n a t e  from the  f u e l  ho ld  o f  
t he  sunken f r e i g h t e r .  Th i s  conclus ion i s  supported by  p a t t e r n  comparison 
between GC/MS chromatograms o f  contami nated sediment and o i  1  from the  f r e i g h t e r *  
by comparison between r e l a t i v e  amounts o f  major hydrocarbon components i n  the  



Table 6. L i s t s  o f  the Top-Five Oominants (i.e., Five Most Abundant Species) i n  Ind iv idual  Samples From the Control and 
Ureck-Site Sampling Areas. Species Are Ranked From Highest (Score o f  5) t o  Lowest (Score o f  1). Abundance per 
Square Meter and Cumulative Percent Abundance (Relat ive t o  the Uhole Fauna) are Also L is ted fo r  Each Species. 

A. Control Samples 

Rank Oens t y  CUM2 Rank Oensi t y  CUM2 Rank Oensi t y  CUM2 
Species Score M-l Abundance Species Score W 2  Abundance Species Score W 2  Abundance 

Chaetozone nr. setosa 5 810 14.5 Chloeia pinnata 5 1,410 25.2 Chloeia pinnata 5 1,650 22.4 

Nephtys cornuta 4 710 27.2 Nephtys cornuta pephtys cornuta 4 1,010 43.2 4 1.060 36.8 

Chloeia pinnata 3 670 39.2 Chaetozone nr.  setosa 3 560 53.2 Chaetozone nr. setosa 3 960 49.8 

01 lgochaeta 2 530 48.7 Oligochaeta 2 550 63.0 Oligochaeta 2 750 60.0 

Minuspio sp. A 1 470 57.1 Levinsenla g r a c i l i s  1 460 71.2 Eudorella sp. 2 1 640 68.7 

0. Ureck-Si t e  Samples 

PA1 PA4 - - - PAS 

Rank Density CUM2 Rank Density CUM2 Rank Oensity CUM2 
Species Score M-2 Abundance Species Score W 2  Abundance Species Score M-2 Abundance 

Nephtys cornuta 5 480 35.0 Oligochaeta 5 720 18.9 Nephtys cornuta 5 710 23.5 

Oligochaeta 4 350 60.6 Nephtys cornuta 4 700 37.3 01 icjochaeta 4 610 43.7 

Minusplo sp. A 3 120 69.4 Chaetozone nr. setosa 3 580 52.5 Chaetozone nr. setosa 3 280 53.0 

Chloeia pinnata 2 70 74.5 Minuspio sp. A 2 300 60.4 Ninuspio sp. A 2 260 61.6 

Cossura candida -- 1 70 79.6 Cossura candida 1 260 67.2 Levinsenia g r a c i l i s  1 210 68.6 -- 



Figure 4. Dendrograms resul t ing f r o m  c luster  analyses o f  control vs. wreck-site 
4 samples, performed wi th  NESS a t  B = 10(A) and dP= 100(8) as the 

s i m i l a r i t y  measure and group-average sort ing as the clustering 
method. PA1, PA4, and PAS are  wreck-site samples; PA13-1, PA13-2, 
and PA13-3 a re  control samples. 

PA1 PA4 PAS PA13-1  PA13-2 PA13-3 PA4 PAS 



= Average Control Density 

= Average Ureck-Si t e  Density 

* = Signif icant  reduction based 
on r e s u l t s  of t -Tests  
( a t  alpha - c 0.05) 

I I I 

Cop- Log. G-a. . E.sp.2 C.C. 

Figure 5 -  Density histograms for  individual  s p e c i e s  with s i g n i f i c a n t l y  lower abundances i n  
wreck-si te  samples i n  comparison t o  con t ro l s .  (C-p. = Chloeia p innata ;  
Log. = Levinsenia q r a c i l i s ;  G.a. = Glycinde armiqera; E.sp.2 = Eudorella sp. 2; 
C.C. = Cadulus ca l i fo rn icus ;  T o t .  = T r i t e l l a  tenuissima).  



sediments and the ship o i l ,  and by the large degree of s imilar i ty  between the 
J sensit ive LALKITALK ra t ios  for  thes-e various samples. 

The dis t r ibut ion of o i l  in the vicinity of the wreck s i t e  apparently i s  not 
uniform. Although a more extensive survey would be required to determine the 
exact spat ia l  extent of hydrocarbon contamination, i t  can be seen that samples 
from Stations P A l ,  PA4, and PAS, located w i t h i n  the northwestern sector of the 
sampling array, contain the highest levels of o i l  (TALK plus ZPAH). These 
levels are within one to two orders of magnitude (15 to 93 times) higher than 
the average background level (1.6 ~ g / g  for TALK plus ZPAH values from control 
and monitoring-program samples). Samples from Stations PA6 and PA7, located 
within the southeastern sector of the sampling array, contain o i l  a t  
concentrations tha t  a re  w i t h i n  a factor of two relat ive to  background. 

Macroinfauna were analyzed from the three control samples and the three 
wreck-si t e  samples w i t h  the highest hydrocarbon loadings (PAl, PA4, and PAS). 
S t a t i s t i ca l  and other mathmatical camparisons between these two basic sample 
sets  reveal d i s t i n c t  e f fec ts  of the sp i l l  on the structure and composition of 
the infaunal community w i t h i n  the immediate wreck-site area,  and on the 
abundztnces of several component species. Evidence of such ef fec ts  i s  provided 
by differences in mean number of species; mean number of individuals ( a l l  
species combi ned) ; dominance s t ructure;  re lat ive species abundances (c1 usteri ng 
of fauna1 s imi lar i ty) ;  and the abundances of several component species (s ix  
species of polychaetes, crustaceans, and molluscs, three of which are  normal 
cornunity dominants). The combined abundance of a l l  amphipod species i s  also 
s ignif icant ly lower i n  wreck-si t e  samples in comparison to  .controls; amphi pod 

-' 
crustaceans a re  known as being sensit ive to  o i l  tox ic i ty  (Cabioch - e t  -* a-1 1978) ; 
Sanders e t  a1 ., 1980). 

The cause of these biological effects  could be related to  physical 
disturbance of the sediments; o i l  toxici ty  or  other related ef fec ts  due to  
entanglement and smothering; copper toxicity;  or a combination of these sources. 
Video tapes and s t i l l  photographs of the sea floor surrounding the wreck reveal 
a zone of large surface cracks and upheaved slabs of sediment (Margolis, 1988) 
providing evidence tha t  physical disturbance could be partly responsible for the 
effects .  Direct evidence of an oi l - related source of impact ex i s t s s  since 
macrofauna were analyzed from the same samples tha t  contained t h e  highest 
hydrocarbon loadings i n  the sediment. Additional evidence for oi l - related 
effects  i s  provided by the f ac t  tha t  vis ible  quantit ies of o i l  were observed in 
these samples as they were being processed on board the research vessels- and 
were found on the body surfaces and in the guts of animals l i v i n g  in the 
samples. Evidence of a copper-related source of impact also i s  provided by the 
fac t  t ha t  these same three sediment samples contain copper a t  concentrations 
ranging from 830 (PAS) to  24,000 (PAl) vg/g dry weights which are  38 to 1,090 
times higher, respectivelys than the average control concentration of 22 vg/g  
(Stan Margo1 i s ,  UCSB, persona1 communication). T h i s  l a t t e r  control 
concentration i s  similar to  the background concentrations of copper found in 
sediments a t  nearby s ta t ions  sampled on the MMS California OCS Phase I1  
Monitoring Program, which range from 8 to 31 vg/g  dry weight and average 16 p g l g  
(Crecel i u s ,  1988) . 

Regardless of the exact cause, these i n i t i a l  environmental effects  are - unique in consideration of the extreme water depth within which the sp i l l  
incident occurred. Most previous oi 1-spill  s tudies ,  for example, have reported 



ef fects e i t h e r  i n  i n t e r t i d a l  o r  r e l a t i v e l y  shal l owy  s u b t i d a l  systems (e.g. - w i t h i n  depths o f  about 10 t o  40 m f o r  the h i g h l y  v i s i b l e  West Falmouth and Amoco 
Cadiz s p i l l s ,  r e s p e c t i v e l y ) .  I n  the cu r ren t  s tudys  d i s t i n c t  adverse e f f e c t s  on - 
the benthos are  repo r ted  a t  water depths o f  410 t o  436 m. The authors a lso  are  
no t  aware of p r i o r  s tud ies  o f  the e f f e c t s  o f  copper a t  these depths. The 
e levated l e v e l s  o f  bo th  o i l  and coDDer observed i n  s u r f i c i a l  sediments 
surroundi ng t h e  - Pac Baroness reveal  t h a i  ' these chemi ca1 contaminants were m i  xed 
direct1.y i n t o  bottom sediments, probably as a  r e s u l t  of  t h e  resuspension o f  
sedimenis as the  vessel made contact  w i t h - t h e  sea f l o o r .  

Resul t s  o f  t h i s  p r e l i m i n a r y  study document i n i  ti a1 envi  ronmental ef fects of 
the  - Pac Baroness i n c i d e n t  ou t  t o  the l i m i t s  o f  the c u r r e n t  sampling a r ray  ( i  .e. 
w i t h i n  a  500-m r a d i u s  o f  t he  wreck). The s p a t i a l  ex ten t  and pers is tence o f  
these e f f e c t s  w i t h  t ime  should be the  subjects o f  a d d i t i o n a l  fo l low-up studies,  
p a r t i c u l a r l y  i n  view o f  t h e  magnitude o f  i n i t i a l  chemical contaminat ion and 
e f f e c t s  on t h e  benthos the  p o s s i b i l i t y  o f  subsequent food-chai n  e f f e c t s ,  and 
t h e  p o t e n t i a l  sources o f  sediment and p o l l u t a n t  t r a n s p o r t  throughout  t h i s  
r e g i  on. 

The authors a r e  c o n f i d e n t y  howevers t h a t  the  above e f f e c t s  should n o t  
i n t e r f e r e  w i t h  t h e  a b i l i t y  t o  de tec t  and moni tor  p o t e n t i a l  d r i  11 i n g - r e l a t e d  
changes i n  t h e  environment as p a r t  o f  the ongoing C a l i f o r n i a  OCS Phase 11 
Moni to r ing  Program (Hyland and N e f f y  1988). The c l o s e s t  s t a t i o n s  t h a t  a re  being 
monitored a re  about 15 km t o  the NW o f  the Pac Baroness. Although these 
s t a t i o n s  a r e  i n  t h e  same genera1 d i r e c t i o n  as t h n n i m t h  o f  contaminat ion 
from the - Pac Baroness, immediate e f f e c t s  o f  the  s p i l l  apparent ly  d i d  no t  reach 
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these mon i to r i ng  s i  t e s y  as evidenced by t h e  l ack  o f  e f f e c t s  among & Baroness 
con t ro l s ,  l o c a t e d  about halfway between the wreck s i t e  and these neares t  
mon i to r ing  s i t e s .  Furthermore any subsequent sp i  11-re1 a ted  e f f e c t s  t h a t  may 
occur a t  these s i t e s  should be t raceab le  and d i s t i n g u i s h a b l e  from p o t e n t i a l  
d r i  11 i ng- re la ted  sources O f  impact. For example w i t h  respect  t o  hydrocarbons 
the  sh ip  o i  1  i s  ve ry  d i  s t i  ngui shabl e  from t y p i c a l  p roduct ion  o i  1. Comparisons 
of t h e  sh ip  o i l  t o  P l a t f o r m  H o l l y  p roduct ion  o i l  (analyzed p rev ious l y  by Boehm 
e t  1988) show t h a t  t he re  are  l a r g e  d i f f e rences  i n  t he  shapes o f  gas - 
chromatograms ( revea l  i ng the  greater  complexi ty  o f  t h e  product ion  o i l  r e l a t i v e  
t o  the more r e f i n e d  nature  o f  the sh ip  o i l )  and i n  t he  r e l a t i v e  values o f  
s e n s i t i v e  d iagnos t i c  r a t i o s  (e.geS phenanthreneldiben~othiophene~ C17/pr is tanes 
and C l8 /phy~ane) .  M i  t h  respect  t o  copper s p i  11 - re1  a ted  sources o f  
contaminat ion should be d i s t i n g u i s h a b l e  from d r i  11 i n g - r e l a t e d  sources by 
c o r r e l a t i n g  the  presence o f  copper w i t h  o ther  metal s y  such as bar iumy which most 
1 i  k e l y  would appear a long w i t h  the  copper i f  the  t r u e  source was a  d r i l l i n g  
discharge. 

This  phase o f  t h e  - Pac Baroness study was funded by t h e  U. S. Department o f  
I n t e r i o r I M i  ne ra l  s  Management Serv ice (Paci f i c  OCS O f f i c e s  Los Angel es 
C a l i f o r n i a )  and t h e  U. S. Environmental P ro tec t i on  Agency (Region g Y  Water 
Management D i v i s i o n s  San Francisco C a l i f o r n i a )  through MMS Cont rac t  No. 14-12- 
0001-30262. Apprec ia t i on  i s  extended t o  Drs. Gary Brewer and Fred P i l t z  o f  t he  
Minera l  s  Management Serv ice  and Dr. B r ian  Me1 z i  an o f  t he  Envi ronmental 

-- Pro tec t i on  Agency f o r  t h e i r  support and guidance throughout t h i s  research. 
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crew for the i r  support. 

Mr. Mike Boyle of the U .  S. Geological Survey (Branch of Pacific Marine 
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Eikelmanns and Elaine Byers. The expertise and dedication of these individuals 
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a group) and polychaetes were performed by one of the authors (Susan Williams). 
We wish to  extend our appreciation to the following individuals for identifying 
and enumerating species from remaining taxonomic groups: Les Watl i n g  
(cumaceans) Charles Phi 11 i ps (nemerteans) Bruce Thompson (echi urans) , John 
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conducted under the supervision of three of the authors: Paul Boehm, Allen 
Uhler, and William Steinhauer. We wish to thank other members of the Bat tel le  
analytical team for the i r  support in the laboratory, and members of the U.S. 
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ABSTRACT: A study was conducted to investigate the initial environ- 
mental effects of an offshore oil and copper spill resulting from the 
sinking of h e  freighter Pac Baroness approximately 19 kilometers (km) 
sourhuest of Point Conception, Calvornia, at a water depth of 430 
meters (m). Gas chromatography with mass spectrometry detection 
(GUMS) was used to examine the distribution and levels of hydrocar- 
born in su$cial sediments and to compare patterns of hydrocarbons in 
the sehents  to those of a source-oil sample obtained from the vessel. 
Potential impacs of the spill on macroinfauna were also evaluated by 
examining changes in communiry structure and composition and in 
ab~dances of component species, based on comparison between con- 
trol and wreck-site samples. Results of the chemical analyses show that 
sediment samples collected in the viciniry of the Pac Baroness contain 
elevated levels of hydrocarbons and other petroleum components that 
clearly originate from the oil on board the sunken vessel. Stht ica l  
comparisons of the macroinfauna1.data reveal disrinct biological effecu 
of h e  spill within  he immediate surrounding area of the vessel, at water 
depths of 410 to 436 m. Among these effects are significant reductions 
in mean number of species, mean number of individuals (all species 
combined), abundances of several component species (half of which 
are dominants within the communiry), and the combined abundance of 
sensitive amphipod species. These initial levels of contamination and 
associated environmental effects are unique in consideration of the 
extreme water depth in  which the spill occurred. 

of 339,360 gal of intermediate-grade fuel oil (similar to No. 4 fuel oil), 
29,568 gal of marine diesel (between No. 2 and No. 3 fuel oil), and 
10.015 gal of lubricating oil.' 

The sinking of the vessel resulted in an initial spill of an estimated 
20,m gal of oil, which created a visible surface slick that was tracked 
by Coast Guard overflights for several days. Colored plumes of pow- 
der noted by observers present at the time of the sinking also indi- 
cated that some of the copper ore had escaped into the water column 
from ruptured bulkheads and hatches in the vessel's cargo holds. 
There was further belief that if the vessel broke apan as it made 
contact with the sea floor, then both the oil and copper ore could 
become mixed directly into bottom sediments. 

The copper ore on board the Pac Baroness consisted principally of 
relatively insoluble copper sulfide; however, it is possible that contact 
of the material with dissolved oxygen present in the sea water would 
promote oxidation of the sulfide. eventually leading to increased con- 
centrations of dissolved copper. Both copper (in the oxidized, soluble 
form) and petroleum hydrocarbons can be toxic to marine organisms, 
even at dilute concentrations. Also. coating of organisms with oil 
could result in death from the physical effects of entanglement and 
smothering. 

Because of the possible transport of these contaminants through 
the marine ecosystem and resulting biological effects, Battelle and the 
University of California at Santa Barbara (UCSB) received hinds to 

On September 21, 1987, the 564-foot (ft) freighter Pac Baroness 
collided in fog with another vessel, the Atlantic Wing, and later sank 
approximately 19 km southwest of Point Conception, California, at a 
depth of 430 m. This site (figure 1) is located j u t  south of stations 
that are being studied by a team of scientists from BatteUe and other 
research organizations as part of an offshore environmental monitor- 
ing program sponsored by the Minerals Management Service (MMS). 
The MMS study, designed to assess wtential long-term, cumulative 
impacts of oil and gas &velopment and productioc along the Califor- 
nia outer continental shelf lOC3. ~rovides backwound data or. a 
variety of environmental p a & c t & ~  and proce-in the vicinity of 
the Pac Baroness wreck.' 

The Pac Baroness was carrying a cargo of 21,000 metnc tons of a 
h e l y  powdered copper concentrate, of which approximately 71 per- 
cent was comprised of chalcopyrite (CuFeSz); the remainder consisted 
primarily of chalcocite (Cu2S), covellite (Cus), and trace amounts of 
native metallic copper.' The vessel was also carrying a wmbiied 
volume of 378,943 gallons (gal) of fuel and lubricating oils, consisting 

Fiiwe 1. Map of study area and position of the sunken vessel Pac 
8amess (3491.43'N, 12038.29'W) 
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conduct a preliminary environmental investigation of the Pac Baron- 
incident. The objectives of this joint study were to locate the 

sunken vessel, examine the extent of initial contamination (with a 
+' focus on copper and petroleum hydrocarbons), and determine the 

potential impact on benthic communities of the immediate area. The 
current report presents results of hydrocarbon and macrofaunal anal- 
yses performed by Battelle. Additional work relating to the analysis 
of wpper in water, sediments, and biota is being performed by UCSB 
and will be reported elsewhere in the literature. 

Methods 

I&dion a d  dcm@ht  of the sdicn vt&icl. An initial field survey 
consisting of two legs was conducted in the vicinity of the wreck from 
November 17 to 20, 1987 on the research vessel M N  Aloha, owned 
and operated by International Underwater Contractors Inc. (IUC). 
The first leg was devoted to locating and describing the condition of 
the sunken vessel; the second leg was devoted to obtaining environ- 
mental samples for biological and chemical analyses. 

Location of the Pac Baroness was accomplished through the use 
of side-scan sonar (operated by the U.S. Geological Survey) and the 
research v c s d s  fathomerer. & d i a t e s  of t& sumken &uf, ob- 
tained with a Loran Northstar 7000 navigation system. are 3471.43'N 
and 12098.29'W; Loran C time deliys are-TDX =27826.1 and 
TDY = 41785.7. UTM Zone-10 coordinates, obtained with a Motor- 
ola Miniranger q m m ,  are N3804100.9 and E717220.2; Miniranger 
navigation was provided by Land and Sea Surveys Inc. 

The side-scan images indicate that the Pac Baroness is resting on its 
keel in about 430 m of water and is oriented in a north-south direction 
with the bow pointed to the south-southwest. The ship appears to be 
twisted and fractured into three pieces. These same images also show 
a zone of scattered debris within a radius of approximately 2UO m. 
Based on these images, it seemed likely at the time of sampling that 
cargo and fuel compartments had been breached, providing a source 
of escape for the oil and wpper ore. - This scenario was later confirmed by the appearance of visible 
quantities of oil in sediments collected on the second leg of the 
November cruise and by the results of a photographic inspection of 
the vessel and surrounding area, performed with a remotely operated 
vehicle (ROV) during a follow-up cruise conducted by UCSB and 
IUC from January 12 to 15,1988. Video footage and still photographs 
obtained on this follow-up cruise provided direct evidence of the 
presence of the fractured vessel, of ruptured cargo holds, and of a 
disturbed sediment zone surrounding the vessel. 

Sampling locations and methods. Bottom sediments for chemical 
and macrofaunal analyses were collected on the November I987 
cruise at an array of eight stations (represented by one sample per 
each station) within a 500-m radius of the wreck and a1 a control 
static2 (represented by three replicate samples) located at the same 
depth 8.25 km to the northwest. F'igure 2 illustrates the sampling 
design and position of each station relative to the wreck site. 

Samples were collected with a Hessler-Sandia 0.25-ma box corer 
partitioned into 25, individual 0.01-ma subcores. From each sample, 
ten s u b r e s  were removed and prepared for macroinfaunal analysis. 
The upper 10 centimeters (an)  of each subcore were livesieved 
through a 0.3-millimeter (mm) screen with filtered seawater; all 10 
subcores from the same box core were recombined during this sieving 
operation. Material retained on the screen was placed in l h u n c e  
(02) jars and preserved with approximately 10-percent buffered for- 
matin: Once samples were returned to the laboratory, they were 
resieved on a nest of 0.5-mm and 0.3-mm screens and transferred to 
7Gperant ethanol. The 0.5-mm fraction was used for analysis of 
macroinfauna; the 0.3-mm fraction was archived. 

From each box core, the upper 2 an of sediment were removed 
with aTeflonaated scoop from an additional, solvent-rinsed s u b r e  
and used for hvdrocarbon analnu. follow in^^ collection. hvdrocabn 
samples ~ e r e - ~ l a c e d  in glass jars with ~ e f l k t i n e d  &*and main- 
tained on board the vessel in a freezer at -2W Celsius (C). Samples 
were transfemd frozen on d q  ice to the laboratory, and stored in a 

>freezer at -2W C until time of analysis. 
A source-oil sample related to t h i  Pac Baroness incident was sup- 

 lied by the U.S. Coast Guard and was identified as "Shiv Oil.'* This 
b m p l ~ w a s  recovered from a surface slick immediately adjacent to the 

m Pac Baroness 

0 Sampling Stations 

P ~ 1 3  {. 8.25 km - Control 

Fgure 2. Nominal slation design for sediment sampling-One sam- 
d e  was collected at each of the stations within a 500-m radius of the 
keck. Three replicate samples were collecled at lhe 8.25km control 
site. The isobalhs wiIhim the 500-m radius of the wreck are aiented 
in a NNE-SSW dimctbrr. Approxirnatdy ? h from the wreck fie 
isobaths are oriented in the NW-SE direction. 

W i g  freighter. The oil was sampled in a glass jar with a Teflon-lined 
cap, stored on dry ice during shipping, and maintained at -2V C until 
analyzed. 

Analysis of hydrocarbons. Saturated alkanes and polynuclear a r e  
matic hydrocarbons (PAHs) were analyzed in each of 10 sediment 
samples (eight wrcck-site samples and two control samples) and the 
ship oil. Sample preparation consisted of a solvent-cxtracting phase 
followed by chromatographic column cleanup.' Sediment samples 
were prepared for analysis by first thawing approximately 50 grams 
(g) of sediment, spiking with rewvery internal surrogates (RISs) for 
quality-mntrol purposes, and extracting with a 1-to-1 solution of 
methylene chloride and acetone. This i ~ t i a l  extract was dried over 
sodium sulfate and concentrated to less than 4 milliliters (mL) by 
Kuderna-Danish techniques. 

The concentrated extract was then subjected to a combined silica- 
gel and alumina-chmatographic cleanup process. A column, con- 
sisting of 10 g alumina and 20 g silica gel, was prepared and charged 
with the sample. The column was eluted first with 15 mL of pentane 
(Fl fraction) and then with 150 mL of a I-to-1 solution of methylene 
chloride and pentane (F2 fraction). The two eluates (Fl and F2 frac- 
tions) were combined, and quantitation internal standards (QISs) 
were added. Saturated hydrocarbons were quantified relative to the 
QIS androstane, whik Gomatic compounds-were quantified relative 
to the QIS orthotemhenyl. The samvlcswere concentrated to avvrox- . . 
imately 500 microl~ters ( p ~ )  and sGbmitted for analysis. 

The source-oil sample was prepared for analysis by diiuting 50 
milligrams (mg) of oil in two mL of hexane. The samples were spiked 
.with RIS and QIS compounds, and submitted for analysis. 

Samples were analyzed for 24 n-alkanes (CvCw), five isoprenoids 
(pristane, phytane, mprenoid 1380 and 1650. and farnesane 1470) 
and individual two to five-ring polynudeu aromatic hydrocarbons 
(PAHs) by gas chromatopaphylmm-selection detection (GOMSD) 
on a Hcwlett-Packard Model 5970 gas chromatograpMmass spectro- 
meter (GUMS) coupkd to a computerized data-acquisition system. 
The mass spectrometer was operated in the electron-impact (EI) 
mode, which scanned the mass range from 50 to 450 atomic mass 
units (amu). The GC was fitted with a 3&m-long x 0.32-mmdiameter 
DB-5 capillary column; helium delivered at 30 d s e a n d  (s) was used 
as the carrier gas. The oven temperature of the column during analysis 
was programmed from 60' C to 290' C at 4' Uminute (min). Peak 
arcas, response factors for each analyte, and subsequent quantifi- 
cation of analytcs were calculated from the total-ion profiles using the 
GUMS data system. 

Analysis of ~ ~ a a ~ u .  Macroinfauna retained on the 0.5-mm 
sieve were analyzed in each of six samples: three control and three 
wreck-site samples. Each sample consisted of 10 combined 0.01-ma 
subcores, yielding a total surface area of 0.1 ma per sample. The three 
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wreck-site samples were selected based on results of hydrocarbon 
analyses, and represent those stations with the highest alkane and 
PAH loadings. These three stations are PAl, PA4, and PAS. 

Samples were sorted in the laboratory under dissecting microscopes 
and were stained with a saturated solution of rose bengal to facilitate 
the sorting process. All individuals were enumerated and identified to 
the species level wherever possible. 

Potential effects of the spill on macroinfauna were evaluated by ex- 
amining changes in structure and composition of the whole fauna and 
in individual species abundances, based on comparison between the 
three control and three wreck-site samples. Effects on the whole fauna 
were evaluated by examining differekes in mean number of species, 
mean number of individuals (all smcics combined). and relative SDC- . . . . acs abundances through ap&&i  of m- Go- 
adurtx.2 

Unpaired Student t-tests were used to measure statistical differ- 
ences in mean number of species, mean number of individuals for aU 
species combined, and mean species abundances for individual spe- 
aes. The p l e d  t-statistic, which incorporates a combined variance 
term, was used when sample variances were shown to be similar 
(based on k h r a n ' s  test for homogeneity of variances) and was eval- 
uated at 211-2 degrees of freedom. When sample variances were not 
homogeneous, the unpooled t-statktk, which incorporates individual 
sample-variance terms, was used and was evaluated at an approxi- 
mated number of degrees of freedom. Tests were performed on un- 
transformed data. An alpha value of 0.05 was selected a the signifi- 
caoce level. 

Normal ((2-mode) numerical classification was performed with 
groupaverage sorting (also known as the unweighted pair-group 
method)u as the clustering method and the normalized expected 
species shared (NESS)' as the similarity measure. Results were ex- 
pressed in the form of dendrograms in which samples were ordered 
into groups of increasingly greater similarity based on resemblances 
of component-species abundances. The NESS similarity measure is 
based on the expected number of species shared ktween random 
subsamples of size n drawn from each of two sample populations that 
are under comparison. When a large number of species are shared 
between samples and their abundanccs are similar, a high estimate of 
similarity results (with values nearer to 1, on a scale of 0 to 1). An 
advantage of this similarity measure is that the contribution of domi- 
nant vs. rare species can be controlled by decreasing or increasing the 
subsample sue (that is, value of n ) .  For smaU subsample sues, dom- 
inant organisms have a greater influence on the measure, and for 
larger sizes the measure is sensitive to less common species. In the 
current study, analyses were run at n = 10 and m = 100. 

Results and discussion 

Distribution and levels of hydrocarbons. Data relating to the hydro- 
carbon content of suficial (0-2 cm) sediments throughout the study 
area are shown in Table 1. These data arc provided for wreck-site 
samples (PA1 through PAS), control samples (PAl3-1 and PAl3-21, 
and-ship oil. Also provided for comparison purposes are data from 
nearby stations (Regional and Platfonn Hidalgo sites) sampled on the 
MMS California OCS Monitoring Rogram.' Data for these samples 
focus on nine chemical parameters that reflect the loadings of hydro- 
carbons in the sediments and their relationships to the source oil. 

The control samples collected 8.25 km from the wreck site are 
characterized by low hydrocarbon content. Average total normal al- 
kanes (TALK) a d  2AI-I v a h a  for the two controls are l .23 kg/g 
and 0.01 *g/g, respectively, which are very similar to the background 
levels char%krizcd for &mples collected on the MMS mo&oring 
program.' 

Table 1 also reveals that hydrocarbons deposited in sediments near 
the sunken freighter are not uniformly distributed and are extremely 
high at some stations. Based on TALK plus PAH data, samples from 
stations PAl, PA4. PAS, and PA2 are a factor of six to 93 times higher 
in hydrocarbon content than the average backgroundsample (that is, 
1-6 &g for TALK pius XPAH For coatrol and MMS monitor- 
ing program samples). SampIs from stations PA6 and PA7 have 
TALK plus EPAH hydrocarbon concentrations approaching back- 
ground values (that is, only 1.8 and 1.6 times higher, respectively) 
while &es From stations PA3 and PA8 have slightly elevated hy- 
drocarbon concentrations relative to background (that is, 3.1 and 2.3 
tima higher, respectively). These data suggest that a "plume" of oil 
spread in a direction to the northwest of the wreck. 

Rofics OF hydrocarbons detected in samples with the highest load- 
ings (PAl, PA4, and PAS) match the hydrocarbon GCMS pattern of 
the ship oil. AU major analyte peaks are present in these samples at 
the same relative ratios as those in the ship oil. Figure 3, which dem- 
onstrates this relationship, shows W S  traces of the ship oil and the 
s c d h n t  extract from station PAl. 

The LALWALK ratio (LALK, lower normal alkanes) of the sedi- 
ments with the highest TALK amounts (PAl, PA2, PA3, PA4, PAS, 
and PA8) match the LALWALK ratio for the ship oil v e v  well. 
These six samples have an average LALMALK ratio of 0.61. For 
reference, the L A L U A L K  ratio for the ship oil is 0.64. Background 
samples (PAl3-1. PAl3-2, and the various MMS monitoring program 
samples) haw LALMALK ratios that are a Factor of two lower, 
ranging from 0.18 to 0.35. The predominance of lower normal alkanes 
in wreck-site sediments (reflected in the LALK values greater than 

Table 1. Hydrocarbon levels and other related diagnostic ratia for Pac Bumncss miMal-sediment samples, ship oil, and background 
comparison stations sampled d u ~ g  the MhfS California OCS Monitoring Propam. Concentrations arc apruscd in terms of sediment dry 

weight. (LALK=lower nomal d-, TALK=totai normal alkanes; 4 3  PAW4 and 5-ring plynuclear aromatic hydrocarbons; 
N=mphthaIenes; P=phenanUuents; D=dibmdhpheues; F=fluoranthem) 

LALK TALK LALKI ZPAH. ZN EP ZD 
Sample (wgIt3) (wgk) TALK (Wig) ( ~ g l g )  ( ~ g l g )  (wglg) p m  

PA1 27.W 36.80 0.73 61 -400 20.600 20.200 8.980 1.020 2.25 
PA2 2.83 4.52 0.63 5.470 1.470 2.870 0.746 0.512 3.84 
PA3 1.61 3.20 0.50 1 .720 0.510 0.830 0.193 0.614 4.30 
PA4 6.46 9.75 0.66 139.000 49 .W 32.100 4.250 1.550 7.55 
PAS 10.60 14.50 0.73 9.020 2.890 4.180 1.410 0.690 2.96 
PA6 1.21 2.38 0.50 0.420 0.044 0.353 0.005 0.125 71.00 
PA7 O.% 2.59 0.37 0.012 - - 0.058 - - 
PA8 1-28 2.95 0.43 0.731 0.103 0.526 0.014 0.1% 3S.W 
PAl3-1 0.40 1.15 0.35 0.012 - - z - 2 

PAl3-2 0.35 1.32 0.27 0.008 - 0.003 2 - z 
Hidalgo1 0.3 2 0.2 1.5 2 0.5 0.18 2 0.1 0.128 2 0.10 0.094 0.0548 2 0.172 2 

Regional, 0.5 2 0.3 2.1 2 0.9 0.21 2 0.1 0.083 * 0.03 0.010 0.021 0.0004 0.476 52.00 
Ship oil 11.400 17,684 0.64 8,700 2,127 4,229 6.91 1 0.503 0.612 

1. Data h m  h4hfS California OCS Monitoring Program, PlatForm Hidalgo study area1 
2. Insufficient data; most ED values below detection limits 
3. Data From MMS California OCS Monitoring Program, regional stations' 
4. XPAH = SN + ZD + ZF + S4, SPAH 
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Fgure 3. GC/MS total-b chromatograms of "Ship Oil" (A) and sed- 
iment extract from the Pac Bamness wreck-site Station PA1 (B) 

about 1) and the resulting higher L A L m A L K  ratios are indicative 
of the presence of petroleum hydrocarbons. 

Total PAH levels in most wreck-site sediments (PA1 through PA6, 
and PAS) are elevated 7 to 2,317 fold relative to the average back- 
ground level of 0.06 pg/g (i.e., average of ZPAH levels for Pac Baron- 
ess controls and viuious MMS monitoring program samples). The 
upper end of this range is questionable, however, since the sample 
with the highest ZPAH loading (PA4) contains unusually high propor- 
tions of four and five-ring PAH compounds, suggesting partial input 
from a combustion source. 'The sample with the next highest loading 
(PAl) still has a ZPAH d u e  approximately 1.000 times greater than 
background; ZPAH plus TALK for this sample is 61 times higher than 
the average background value of 1.6 pg/g reported above. 

NIP ratios for wreck-site sediments vary wnsiderably because of 
weathering of ZN, but generally arc elevated relative to wntml and 

various MMS monitoring program samples. susgesting receni inputs 
of petrolcum hydrocarbons. I N  and I P  values are below or near de- 
tection limits for controls. 

Dibcnzothiophenes (XD) are found in all wreck-site sedimcnts. 
The XD concentrations range from 0.005 figg (PA61 to 8.98 pgg 
(PAI) and follow similar station trends as TALK and IPAH values. 
The relatively low PID ratios for wreck-site sediments are caused by 
the elevated levels of 2D. which in turn are indicative of recent inputs 
of petroleum hydrocarbons. Dibcnzothiophenes arc not detectable in 
control samples (PAl3-I and PAl3-2) or at MMS monitoring program 
stations near Platform Hidalgo. PID ratios at the regional stations 
from the MMS monitoring program have an average value of 52. PID 
ratios for the wreck-site sediments average about 5. showing an order- 
of-magnitude difference in the P/D ratio for these two areas. 
EK& m d m f a u n a .  Whole fauna. Table 2 provides a com- 

parison of various macrobenthic community parameters for the three 
control versus three wreck-site samples. Total numbers of species 
range from 40 to 43 among control samples, and from 20 to 33 among 
wreck-site samples. Total numbers of individuals range from 559 to 
736 among control samples, and from I37 to 381 among wreck-site 
samples. These data reveal that there were large reductions in both 
numbers of species and individuals at the wreck-site in comparison 
to the control area- Table 3 shows the results of t-cas performed 
to examine the significance of these reductions. Both the average 
number of species and individuals are significantly lower (at alpha 
values s 0.05) among wreck-site samples. 

Table 2 also show that both sets of samples are comprised predom- 
inantly of polychaetes and -iaceans. However, among wreck-site 
samples, polychaetes represent an average of 55 percent of the fauna 
and crustaceans represent an average of only 27 percent, while at the 
control site crustaceans and polychaetes are more evenly propor- 
tioned, representing averages of 45 percent and 42 percent of the 
fauna, respectively. This difference reflects a decline at the wreck site 
in numbers of crustaceans, the largest percentage of which is com- 
prised of amphipods. Table 4 shows that the average density of am- 
phipod species among wreck-site samples is significantly lower (at 
alpha ~0 .05) .  

Molluscs are the next most abundant taxonomic group at each site, 
representing an average of 8 percent of the fauna among both sample 
sets. There are no obvious effects of the spill on molluscs as a group 
(with the exception of one species, Cadulus cdifomicw, as noted 
below). 

Figure 4 provides dendrograms resulting from cluster analyses of 
control vs. wreck-site samples performed with NESS at m = I0 (Den- 
drogram A) and m = 100 (Dendrogram B) as the similarity measure 
and group-average sorting as the clustering method. In both dendro- 
grams, wreck-site samples cluster separately from control samples. 
revealing differences in the structure and composition of these two 
basic sample sets. Dcndrogram A. resulting from NESS run at m = 
10, reveals the influewe of dominant species on sample similarity, 
which leads to the formation of two distinct clustc'rs (one containing 
control samples and the other containing the three wreck-site sam- 
ples). When NESS is run at m = 1W (Dendrogram B) greater num- 
bers of speaes. including less dominant ones, exen their influence on 
sample similarity; as a result, wreck-site sample PA1 clusters by itself, 
showing low similarity to the remaining two wreck-site samples as 
well as the controls. This result is consistent with the fact that sample 
PA1 experienced the greatest reductions in numbers of species and 
individuals. 

Table 2. Macrobenthic community parameters for wreck-site and control samples 

Wreck-site Control 

Parameter PA 1 PA4 PA5 PAl3-1 PAl3-2 PAl3-3 
- -- 

Total number of pa6 20 32 33 43 41 40 
Total number of individuals 137 381 302 559 560 736 
Relative faunal composition 
(P-=nt) 

Polychaetes 65 .O 47.0 52.0 44.0 41.5 40.0 
Crustaceans 15.0 31.0 33.0 42.0 44.0 9 . 0  
Molluscs 10.0 6.0 9.0 9.0 12.0 2.5 
Others 10.0 16.0 6.0 5.0 2.5 7.5 
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Tabk 3. Average number of species and individuals from wreck-site 
and mntrol samples. Rc.Sults of t-tests performed on wreck-site vs 

control comparisons of these parameters are also shown. 

Wreck site Control (-Test 
(n = 3) (n = 3) results 

Average number 28.3 41.3 Significant 
of species (T = 3.05; 
per O . ~ M - ~  DF = 4; 

alpha 5 0.05) 

Average number 273 618 Signiticant 
of individuals (T = 3.73; 
(all species DF = 4; 
combined) alpha 5 0.05) 
per 0.1M-2 

I n d i v W  species abtutdanees. Among the various species identified 
ia this study, six show stat is t idy significant rcchdons in abudaacc 
in wreck-site samples relative to controls, based on results of t-tests 
(at alpha s 0.05). Histograms of the abundances of these species are 
provided in Figure 5. These species consist of the polychactes Chloeia 
p i n ~ t a ,  Lcvimenia gracilis, and Glycinde armigera; the crustaceans 
Eudorella sp. 2 (cumacean) and Truelfa fenuissima (amphipod); and 
the mollusc Cadulus californicus. Three of these species (Chloeia 
pinnata, h i m e n i a  gracilis, and Eudorella sp. 2) are regarded as 
community dominants (that is, they are among the five most abundant 
species for a particular sample). 

Chloeia pinnata is a consistently strong dominant among control 
samples. The decline in the abundance of this species in wreck-site 
samples is largely responsible for an observed shift in the dominance 
structure of the infaunal community at the wreck site. Although the 

- data arc now shown here, this latter change can be revealed by mults 
of concordance analysis' performed on the ranking of dominants be- 

Table 4. Results of t-tests performed on a wreck-site vs control 
comparison of amphipod densities (all amphipod species combined) 

Wreck 
site Control (-Test 

(n = 3) (n = 3) results 
Average number 5.7 32.3 Significant 

of indi\<duaIs (T = 3.27; 
(All amphipod DF = 4; 
species combined) alpha 5 0.05) 
Der O.l&l-: 

tween the two sample sets. The decline in Chloeia is consistent with 
the fact that many of the individuals of this species from wreck-site 
samples contained heavily oiled setae. 

Sediment samples collected in the vicinity of the Pac Baroness con- 
tain elevated lev& of hydrocarbons that clearly originate from the 
fuel hold of the sunken freighter. This conclusion is supponed by 
pattern comparison between GUMS chromatograms of contami- 
nated sediment and oil from the freighter, by comparison between 
relative amounts of major hydrocarbon components in the sediments 
and the ship oil, and by the large degree of similarity between the 
sensitive LALWALK ratios for these various samples. 

The spatial distribution of oil in the vicinity of the wreck site appar- 
ently is not-uniform. Stations PAl, PA4, and PAS, located within the 
northwestern sector of the sampling array, contain the highest levels 
of oil (TALK plus ZPAH). These levels are within one to two orders 
of mgnitude (15 to 93 times) higher than the average background 
level (1.6 kg/g for TALK plus ZPAH values from control and MMS 

PA1 PA4 PAS PAl3-1 PAl3-2 PAl3-3 PAl PA4 PAS PAl3-3 PAl3-2 PAl3-I 

figure 4. Dendrograms resulling from duster analyses of conlrol vs. wreck-sile samples, performed wilh NESS at m = 1 O(A) 
and m = 1 W(B) as the similarily measure and groupaverage sorting as the clustering method. PAl, PA4, and PAS are 
wreck-site samples; PAl3-1, PAl3-2, and PAl3-3 are anlrol samples 
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Figure 5. Density histograms for individual species that revealed significantly lower abundances in wreck-site samples in 
cornoarison to controls. (C.P. = CWoeia pinnata; L.Q. = Levinsenia gracilis; G.a. = Glycinde armigera; E.sp.2 Eudorella 

monitoring program samples). Concentrations of oil at Stations PA6 
and PA7, located within the southeastern sector of the sampling 
array, are within a factor of two of background levels. 

Maaoinfauna were analyzed from the three control samples and 
the three wreck-site samples with the highest hydrocarbon loadings 
(PA1, PA4, and PAS). Statistical and other mathematical compari- 
sons between these two basic sample sets reveal distinct effects of the 
spill on the structure and composition of the infaunal community 
within the immediate wreck-site area and on the abundances of sev- 
eralcomponent species. Evidence of such effects is provided by differ- 
ences in mean number of species, mean number of individuals (all 
species combined), relative species abundances (clustering of faunal 
similarity), and the abundances of several component species (six 
soccies of ~olvchaetes. crustaceans. and molluscs. three of which are 
normal community dominants). The combined abundance of all am- 
phipod species is also significantly lower in wreck-site samples in 
comparison to controls; amphipod crustaceans are known as being 
sensitive to oil toxicity.'"' 

The cause of these biological effects could be related to physical 
disturbance of the sediments; oil toxicity or other related effects due 
to entanglement and smothering; copper toxicity; or a combination of 
these sources. Videotapes and still photographs of the sea floor sur- 
rounding the wreck reveal a zone of large surface cracks and up- 
heaved sediment slabs, providing evidence that physical disturbance 
could be partly responsible for the effects. Direct evidence of an oil- 
related source of impact exists, since macrofauna were analyzed from 
the same samples that contained the highest hydrocarbon loadings in 
the sediment. Additional evidence for oil-related effects is provided 
by the fact that visible quantities of oil were observed in these samples 
as they were being processed on board the research vessel, and were 
found on the body surfaces and in the guts of animals living in the 
samples. Evidence of a copper-related source of impact also is pro* 
vided by the fact that these same three sediment samples contain 
copper at concentrations ranging from 830 (PAS) to 24,000 (PA1) 
pg/g dry weight, which are 38 to 1,090 times higher, respectively, than 
the average control concentration of 22 This latter control 
concentration is similar to the background concentrations of copper 
found in sediments at nearby stations sampled on the MMS moni- 
toring program, which range from 8 to 31 pg/g dry weight and average 
16 We.' 

Regardless of the exact cause, these initial environmental effects 
arc unique in consideration of the extreme water depth in which (he 
spill occurred. Most previous oil spill studies, for example, have re- 

ported effects either in intertidal or relatively shallow, subtidal sys- 
tems (for example, within depths of about 10 to 40 m for the highly 
visible West Falmouth and Amoco Cadiz spills, respectively). In the 
current study, distinct adverse effects on the benthos are reported at 
water denths of 410 to 436 m. The authors also are not aware of orior 
studies of the effects of copper at these depths. Elevated levcisof 
oil and copper observed in surficial sediments surrounding the Pac 
Baroness reveal that these chemical contaminants were mixed directly 
into bottom sediments, probably as a result of the resuspension of 
sediments as the vessel made contact with the sea floor. 

Results of this preliminary study document the initial environ- 
mental effects of the Pac Baroness incident out to the limits of the 
current sampling array (that is, within a 500-m radius of the wreck). 
The spatial extent and persistence of these effects with time should 
be the subjects of additional follow-up studies, particularly in view of 
the magnitude of initial chemical contamination and effects on the 
benthos, the possibility of subsequent food-chain effects, and the 
potential sources of sediment and pollutant transport throughout this 
region. 
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