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16 Abstract (Lutwt 200 words)
The Ixtoc I od well biowout in the Bay of Campeche resuited in the largest documented spll in history. Approximately half a
milion metric tons of oil were released into the marine envronment from June 1979 to March 1980, with an unknown quantity
of ail unpacting the northwest Guif of Maxico shelf. This study was undertaken to estzblish the effects of residues of Ixfoc ol on
the inner shelf. Dunng the study the Swman Agote oil tanker spilled part of its carge of light crude oil following a coilision. off
Gaiveston, Texas

A suite of chemical anaiytical techniques was employed successfully to flrmiy establish che range of compositions of Ixfoc and
Burmah Agote oils which might be encouncered. in sediments and animal rissue.

No pelroleurr residues actribucabie to the Ixfoc or the Swmak Aggre spills were presact in the sedirneat anywheres 1n the study

region. [rioc oil was, however; detected in suspended sedimentary matenal ac several sites durmg 1979. Poiymuclesr aromatic

bydrocarbonr compounds, products of fossil fuel combustion, wete widespread in the seditnents and varied with other geochemical

lp_:ra.mesxs. Shrimp tissues contained low jeveis. of hydrocarhons at-many stes, bus oniy one sample could be linked positively o
toc residues,

Mid- apd post-spill infaupa collections showed prewiprious declines in animal abundagee and diversity area-wnde, compared to
presspill vaiues But because [xtoc oi remduss were not present in sediments, declines in the neathos could not be relaied defini-
tiveiy to hydrocarbons or any other environmental factor.

This study established z chemical and biological framework for carrying out spill asssssment studies of this nature, 1 utilized
a significant enviroomentai data base for post- ‘“umpact” studies. for the first time and ideatified several sampiing methodoiogies
to fine-tune such 2ssesgmaents il the future.
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ABSTRACT

The blowour of the Ixtaoc I oil well in the Bay of Campeche resulted in
the- largest documented spill in bhistory. Approximataly half a million metTic
tons (140 million galloms) of oil were raleased from the minaway well from
June 3, 1979 to March 23, 1980. Of that amount, an estimatad 1l thousand
mecric tons (3 million gallons) impacted south Texas beaches, with an unknown
quancity of oil inm the waters. of the northwest Gulf of Mexico over the
biologically productive continental shelf.

As a result of the movement of oil from the Ixtoe I well blowout into
the Souch Texas Qutar Contineucal Shelf (STOCS) enviroament, a2 study was
indertaken to estaplish the wmagnitude and areal exrent of perturbacion of
the benthic commnity caused by chemical residues of Ixtoe oil. The scudy
focused on the inpner shelf region to cthe 50—metre isobath and examined both
the biology and hydrocarboun geochemistry of 12 sites coincident with cthose
2f four previously studied (1975~1977) baseline rramsects. Addicionally,

26 sites wichin the ST0CS region sampled during 1879 (mid-spill) for chemical
parameters and again in 198Q (post-spill) for chemical and biological para-
metars, and 39 other sites sampled in 1979 for chemical parameters, were
studied. The Burmah dgate oil tanker- ecollided wich the freaighrer Mimosa in
November, 157% 5 miles.off of Galveston, Texas and spilled part of its cargo
of light crude oil i{nto offshore waters. ‘“Approximacely 21 thousand zetric
tons (150,000 barrels) of the spilled oil burned in ap ensuing firs.

4s che potentially complicating impact of the. Surmah Agare Canker collilsion
was of importance in the STOCS region, a set of six sites im the Galvescon
region were sampled to gain knowledge of the presance and nature of intro—
duced chemical residues from zhis avent. The study also focused on potential
chemical impact ou the commercially important penaeld shrimp populatioun Izom
gices within and oucsida of the primary scudy region (l.e., the STOCS regiom).

4 blend of analytical chemical techniques was employed successfully
to examine a suite of oils/tars taken from the study area beaches and watesr
surface in order zo firmly escablish the range of composicionsg of Ixroe and
Burmah Agaca oils which might be encountsred in the enviroomental samples
(sediments, tissues). High~resolution, fused silicz capillary gas chroma—
tography (FSCGL), computer—assisted gas chromatographic mass spectromerTy
(GC/MS), and stable lsotope Rads spectromecry (C,H,5) were used together
successfully to define the compositional ranges and co ifdeacify highly
weatherad oil residnes.

Cuce these techniques were escablished, a2 suite of sediment and shrimp
tissue samples wara screened for oil by ulcraviolat fluorescsoce spectros—
copy (OV/F) to aid {n the salactiom of samples for mora detailed analyses.
Based on the resulcs from a subset of sediment samples examined by FSCGC,
GC/MS, and stables isotope analyses, ir was concluded that pecroleum residues
actribucable to the Ixto¢ and/or the 3urmak Agata spills were got present iz
the surface sediment anywhere in che study regiocuw. Ixtec oil was, howaver,

decacted in suspended sadimenrary material at several sices, tims indicacing

~1idi~



the presence of ¢il in the water column system duriang 1979, Significant
quancities of polynuclear aromatic hydrocarbon compounds, products of Ffossil
fuel combustion rather than of direct petreleum origin, were widespread in
the sedimentary eavirooment and varied wilh other geochemiczl parametars
(total organic carbon, grain size). Shrimp tissues examined by FSCGC and
GC/MS were shown to de impacted by low levels of chromic petroleum pollutants
at many sites, only cne sample of which could be linked to Ixtoc residues.

Through biological analyses, precipitous declines in the mmbers of'
individuals and taxa (abundance and diversity) throughout the STOCS study
area were found compared with pre-spill measurements. The mid= and post=spill
samples differed significantly in oumbers of taxa from the Zall 1976 and
wincer 1977 values and differed significantly in oumbers of individuals from
the £all 1976, winter 1977, and fall 1977 values. Detailad statistical
analyses were performed, establishing the grouping of like stations and
taxonomic correlations with grain sizs and total orgamic carbou paramectsrs.

Since rasidues of Ixtoc oil were not present in any of the sediment
samples, the: temporal variarioms in the benthic macroinfaunsl community could
not be related defipitively to either oil-spill-caused perturbation or Co any
particular human~induced or eovirommental facror(s), amd may fall wichin the
range of natural variabiliry.

This study sstablished a chemical and biclogical framewerk for carzy—
ing our spill assessment studies of this nature. It utilized a significant
environmental data base for post-"impact” studies for the firsc time, and
identified several samplinog mechodology deficiencies which, 1f correctad,
may help £o fipe-tune- such assessments in the furure.

—-f-



TABLE OF CONTENTS

Page
DISCLAIMFR i
ABSTRACT iii
LIST OF TABLES ix
LIST QP FIGURES it
SECTION ONE INTRODUCTION 1
1.1 General Background
1.2 Transport of 0il ¢o the 3enthas. 7
1.3 Study Objectives 12
1.4 Project Strategy 14
1.5 Sample Collections 15
1.6 Project Organization 17
SECTION TWO  CHEMICAL ASSESSMENT - IYDROCARBON ANALYSES 3
2.1 Introductiom 25
2.2 Methods. and Approaches 30
2.2.1 Sampling 33
2.2.1.1 Cruise Descripriow (December 1980} 43
2.2.1.2 Sawpling Mechodsz (December L980) 43
2.2.1.3 Sample Collection Summary 48
2.2.27 Sample imalysis 50
2.2.2.1 Sample Processing: 30
2.2.2.2 UV Fluorescsncer analysis 56
2.2.2.3 PFracrionation 58
2.2.2.4 Pused Silica Capillary Gas Chromatography 58
2.2.2.5 Gas Chromacography/Mass. Spectrometry 60
2.2.2.6 Gas Chromatography/Ball Detector (Sulfur Mode) 88
2.2.2.7 Acid Extcraczioun of Nitrogen-Containiag &6

Compounds

-



TABLE OF CONTENTS (CONT.;

Page
SECTION TWO (CONT.)

2.3 Results 66
2.3.1 0ils and Tars 63
2.3.1.1 UV/T? Analyses 68
2.3.1.2 Alkanes by FS5CGC 68
2.3.1.3 Aromatic Hydrocarbons im 0ils/Tars by GC/MS 72
2.3.1.4 Aromatic Sulfur Compounds by Ball Detactor 84
2.3.1.5 Azaarene Compounds 89
2.3.2 Petroleum Hydrocarbons in the Benthic Substrats g9
2.3.2.1 UV/F Screening 89
2.3.2.2 7PSCGC Apnalysis 94
2.3,2.3 Aromacic Hydrocarbems by GC/MS 107
2.3.3 Petroleaum Hydrocarbemns in Sorbent Pads 119
2.3.3.1 PSCGC Analysis 1193
2.3.3.2 Aromatic HBydrocarbons by GC/MS 125
2.3.4 Petroleum Hydrocarbons in Macroepifauna (Fanaeld 125

Shrimp)
2.3.4.1 UV/F Screening 125
2.3.4.2 FSCGC Analysis 127
2.3.4.3 Aromatic Hydrocarbons inm Shrimp by GC/MS 139
2.3.5 Qualicy Control Program 141
2.4 Discussion 1e7
2.5 Conclusions 152
SECTION THEREE (CHEMICAL ASSESSMENT ~ STABLE ISOTOPE ANALYSTS 155
3.1 TIntroduction 157
3.2 Merhods and Approaches -4
3.3 BResul:s 150
3.4 Discussion 189
3.5 Counclusions 171

-ty -



TABLE OF CONTENTS (CONT.)

SECTION FOUR  BIOLOGICAL ASSESSMENT -~ MACROINFAIONAL COMMUNITY

4.1 Introduction

4.2 Mathods and Approaches
4.2.1 Sampling
4.2.2 Apalytical

4.3 Resultas

4.4 Discussion

4.5 Summary and Conclusions

SECTION FIVE EVALUATION OF DAMAGE ASSESSMENT PROGRAM
5.1 Ixtoc I Assassment

5.2, Damage Assessment Methodology
SECTION SIX ACTNOWLEDGMENTS
SECTIOR SEVEN XEFERENCES
SECTION TIGET INDEX
SECTION ¥INE  APPENDICES (separats volume)
9.1 Chemical Assessment (Hydrocarbouns)

9.2 Grain Size Analysis - Geomet Technologiles
9.3 3Biclogical Assessment (LGL Ecological Research)

-rii-

Page
177

175
176
176
176
182
278
287

9L
293
294
299
303

kyAN



LIST OF TABLES

SECTION ONE INTRODTCTTION

-1
-2

Suymmary of Crulses
Summary of Additional Collaction Efforts

SECTION TWO CHEMTCAL ASSESSMENT - HYDROCARBON ANALYSES

2-1
2-2

2-3

2-4
pA
-6
=7

-3
2-3
=10
2-11
=12

2=-13

2-14

2-15
2-16
=17
=18
2-19

Location of Sampling Statiouns: STOCS 3Statiens.

Location of Sampling Statiocuns: Regional Response Teanm
Sampling Locacious (Pars L)

Location of Sampling Staticus: Regional Respouse Taam
Sampling Locations (Part 2)

Locacion of Sampling Stations: Dockside Shrimp Stations
Location of Sampling Stations: Beached Oil Samples.
Location of Sampling Stations: 3Surmah Agara Stacions

Sample Summary - Ixtogc 01l Spill Assessmegt Cruifse
{December 1980) °

Sample Summary - Burmah Agate Agsassment (December 1380Q)
Sample and Datz Collection Summary: Ixtoc Damage Assessment
UV Speccrofluosromecry Apalytical Conditions

UV Spectrofluorcmecry Dacax Cucpurs

Fused Silica Capillary Gas Chromatography/Flame Iomization
Detection Analytical Conditions

Compounds Quantified by Fused 3Silica Capillary Gas
Chromatography

Fused Silica Capilllary Gas Chromatography aAnalytical
Qutpurs (Key Diagnestic Parametazs)

Explanatiow of Parroleum Weathering Ratios.

Gas Chromatography/Mass Spectrometry Instrumental Conditions

Gas Chromatography/Mass Spectrometry Apalytical Outputs
Petrolaum Alkyl Phenanthrene Alkyl Dibenzothiopheme Ratiocs
Summary of Results of 01l Idencificatioun Proceduress

18-
20

35
36

7



LIST OF TABLES (CONT.)

SECTION TWC (CONT.)

2=20

2-21

2=22

2=23

2=24

2=25

=26

2=27
2-28

2=-29

2-30
2-31

2-32
2-33
2-34

2-35

=36

Summazry of '"SUM LO" n-Alkane Data (ng-g~l) ar 12 Primary
Staticns

Summary of "SUM MID" p-Alkane Data (ng‘g~t) at 12 Primary
Stations

Summary of "SUM HI" n~Alkane Data (ng*g~t) at 12 Primary
Stacions

Summary of Tozal n—-Alkane Data (ng'g'l) at 12 Primary
Staticns

GC/MS-Determined Sedimeunt Alkyl Phananthrens/Alkyl Dibenzo-
thiophene Ratios

Comparison of Pyrogenic PAE at Staticns Samples in both the
1979 and 1980 Surveys

Comparison of Selected Aromatic Compound Concentrations
wich Bisrcorical Data

Sorbent Pad Hydrocarbon Data Summary

UV/F Reaponses to Incremental. Additions of 0Ll to a Tisswue
Exrtract

Comparison of Saturated Hydrocarbon Parameters in Penaeid
Shrimp: Samples (Pepnasus aztecus)

Summary of Quantitative Penzeus aztecus data by FSCGC Tyce

Alkyl Phenanthresge-alkyl Dibenzothiophene Ratics fm Shrizo
Samples

Pracisicn of Saturated Eydrocarbon Measurements
Precision of Aromatic Hydrocarbon Measurements (Statiom 34)

Mean concentraticons (2) of selected compounds (ng'g'l drw wt)

103

104

105

106

110

120

121

122
129

134

136
140

142
143
144

+ stamdard deviation(s) from triplicate analyses of Z.owaxmzsn II

subtidal sediment

Mean concentrations (2} of selacted hydrocarbons
(ng'g‘l dry wt) + standard deviation(s) from triplicate

. analyses of Texas [RM sediment

Mean concentrations (2) of selected hydrocarbouns
+ standard deviation(s) in EFA Mussel Homogenata

- -

-+
&~
wn

146



LIST QF TABLES (CONT.)

SECTION TEREFE CHEMICAL ASSESSMENT - STABLE ISOTOPE ANALYSIS

3-1 Carbon, Hydrogem, and Sulfur Isctope Data for the Tars,
0ils, and Sorbent Pads-

3=2 Carbon and Bydrogen Isotopes for the Sediment Extracts

SECTION FOUR BIOCLOGICAL ASSESSMENT

4=1  Skaticn lLocations and Depths

4=2  Checklist of invertebrate taxza believed to have baen
incidentals or not macroinfauna (e.g. Plankton Forms) and
£ish and consequently omitted from data analysis for 1979-1380
Samples

4=3  Tazxonomic Checklisec for 1979 and 1980 LGL Samplas

4=4  Number of ipdividuals, sumber of taxa, evemness (V') and
diversity (E”) at each station by sampling period

4=35 Rasults of correlation analysis of abwmdance of gumerically

dominantc taxa (0.2%. cutoff) with sediment parameters)

-t

lsl

163

173
180

240

276



LIST OF FIGURES

SECTION ONE  INTRODUCTION

1-1
1-2

1-3

i1-4

1-5
16
1-7

1-8

{rarall Location of Study Areas

lLocation Map of Burmalt Agace OUsshore Impacts in
November 1979

Schematic Rapresentatiom of Weatherzing Processas aod
Irangport Pacha of Spilied GLl ac fea

Hypothesized Mechoda. by Which 0il May 3e Caused zo Sink and
Remaim on the Bottom

Master Locator Map
Overall Technical Approach and Flow of Information

Orzanizacional Overvisw Showing Major Responsibilities
of Zach Parrtieipating Group

Overall Project Organizacion

SECTION TWQ ~ CHEMICAL ASSTSSMENT ~ SYDROCARBON ANALYSES

Z=1

2-5
i=7

-4
2=9
=10
2-11
2=12
2=13

2-14

Wearharing Pacterns of Safurated Hydrocarbons. in

Amoen Cadiz 04l

Schematic of Analytical] Straceagy
Chemiscry Program and Seractegy
Shrimp Sample Stacion Locator GSrid; 1979 Samples

dntelove ind Ressarchaer/Pilarce Cruise, Sample Station.
Locacor ¥ap

Burmah Agaca Sampling Stactious

Analytical Scheme for Zydrocarbon Anmalysis for Sorbent
Pads and Qil Sammples

Apalytical Scheme fo? Tissue Samples

Analytical 5cheme Jfor Sediment Samples

UV/E Syuchronous Spectrz of Ixtoe Oila

FSCELC Tracas of Fresh (A) and Weachered Oils (Saturzcas)
Helative Abundancer of n—Alkanes {n Moyssa Samples

NARA Plaots Showing Range of Compositions of Weathared Ixtoc
Befersnee Oilsg

Composite HARA Plots of Ixtoc~Related Oils/Tar

-xiii-

32
a3
&9
70

lE)

74



LIST OF FIGURES (CONT.)

SECTION TWO {CDNT.)

2-15

=18
=17
2=-18
2=-132
2=-20

2=21

2=-22

I-23
I=24

2=15

1~-26
=27
2=18

2-29

2=-30
2=31

I=32

2-33

MARA Carbon Plots of Burmah Agate Related O4ls in
Various Staces of Weathering

HABRA Plots of Nou—-Spill Related Beach Tars

Group I Aromatics in Oils

GC/MS Analysis of (ils = Phenanthrens Serias
GC/MS Analysis of Qils - Dibenzothiophene Series
Capillary Hall Detector (S Mode) Trace of 3Beachad

Ixcoe O1l

Compositional Plots of F3CGC-Zall (5 Mode) Darived
Information

GC/HMS Mass Chromatograms of Alkylated Acridize/
Phananchridine Compovmds 1o Weatherad Ixcoc Q11 (a4}
and Weathered Burmabh Agate 011 (B)

/7 of Serial Addition of Ixtoe 01l tp Sediment

Syunchroncus Spectrofluorometry Spectrum of a Gulfl af
Mexico Sediment Extracr Showing the Resolutiop of
Bing Classes and Perylane in cha Right=Fand Sida of
the Equation

Synchronous UV/F Spectra of Sediment Sample Showing
Typical Gulf of Mexico Background Mixed with Possible
Cir Concamination

Total Hydrocarbous (1979%9) in Sediments
Tzral Bydrocarboms (1%80) in Sedimenrcs

Total Oydrocarbon Concencrations in Sediments az 2
Functicn of TOC (1379)

Total Hydrocarbon Comncentrations in Sediments as a
Tumection of TOC (1980)

FSCGL Traces of Port Aransas Sediment Hydrocarbons

Typical South Texas OCS Hydrocearbom FSCGL Tracas
{Sration N-38, I-1, 1979)

Capillary GC Tracae of Aromacic Hydrocarbons in 7
005 Intercalibration Sediment (Statiom II-2, =313,
Showing Pyrogenic PAB Inputs

Bepresentative GSCGC Traces of Burmah Agate Imsact
Arss Sadiments {(Stacion G-2)

33

90

31

33

33
36
97

98

99
100



LIST OF FIGURES (CONT.}

SECTION TRO (CONT.)

234
I=35
2=1)

2=37

2-38
2-39

=40

24l

2=42
2=43
=44

2-~44

2=47
248

=49

2-50

~5L

Phenanchrene Concentrations in Sediments (ug/g)
¥luoranchene/Pyrena Concantratisuns inm Sediments (ng/g)
Benzanrhracene/Chrysene Concentrations in Sedimencs (ng/3)

Banzofluoranchade/Benzo(a)pyrene/Benza(a}pyrens
Counceascaciona in Sedimenrs {2g/g)

Ferylene Concentrations in Sedimencs (og/fg)

Fluoranthene, Pyrepme Counceatritinas in. Sediments as a
Punction of TOC (1580 Dacta)

Janzagthricene, Chrysene famceuncracions. in Sediments as a
Functiou of TOC (1350 Dacta)

Benzoflucranthena, Benropyrane, Perylame C(oncenerations
in Sediments as a Function 9f TOC {1980 Daca)

TSCGC Traces of Sorbent Pad Hydrocarboos (Stacion $-44)
FSCRL Traces of Fydrocarbons fn Sarbent Pad (Stacion M=48)

Compariscns of o—Alkame Composition: of Oiled 3orbent Fads
with Jexz Qils

Sarial Additdon of Ixtoc 01l to Shrimp Zxtracc.

Diseribucion of UV/F—Detarmined Spectral Band Inceasity
Ratiow

ieprasentative Synchronous OV/F Speetra of Shrimp

Percant Discribugion of . a=Alxanes i3 Penamus aztecus
(Shrimp) Samplas.

Typical n-ilkane Cowpositcional Profiles of Jhrimp from
che Study legom

Type I PSCGC Saturated Hydzocarbonm Traces {(Qil) of
Shrinmp Samplas

Type 11 FSCGL Saturated Hydroecarbon Patrern {Weathared.
Hl) 4o Sariap

SECTION THREE CHEMICAL ASSESSMENT — STARLE I[SOTOFE ANALTSTS

3=l

=2

Carbon, Fydrogen, amd Sulfur Tsocope Daca for che Tars,
MHls and Sochent Pads

Carbon and Bydrogen laotope Crousaplot for the Aromatic
Fraction of tha 01l and Tar Samples

-

i

17

113

123

126

128
13a

31
1532

133

37T

138

183

1546



LIST OF FICURES (CONT.)

SECTION THREE (CONT.)

3=3

3~4

3=3

Crossplot of the Carbon Isotopes of the Arcmatic Fractiom
Vaersus the {345 of che asphaltenes from tars and samples

crcssplot‘of the §13¢ for the Saturate and Aromatic
Fractions for the Tars and 0ils

Carbon and Hydrogen Isotope Flot for the Sediments Pxtracts

SECTICN FOUR BIOLOGICAL ASSESSMENT

4=1
4=2

4—3
b=a

4=
-

Gt

4-8

4=-8

4=10

4=11

=12

Map af 12 STOCS and LGL/ERCO Stactions

Total individuals apd numbers of taxa remainfing ac wazious
mindmum cutoff values

Number of taxa at 21l statiocus togethar, by sampling period

Non—-sigunificant diffsrences (p>0.05) (underlined) in aumbers
of taxa for all stations togecher <a> (Preidman 2-Way ANOVA)
and for individual staciouns <b> (Kruskal-Wallis ANOVAS;

1¥ cucoff within stations), by sampling pericd

Number of taxa cccurting in ome or more sampling pericds

Numbar oi individuzls at all statioos cogethar, by sampling
pariod

Hom=sigpificant diffarences (underlined) in numbers af
individuals for all stations together <z> (Frisdman l-way
ANOVA} and for ipdividual scations <b> (Kruskal-Wallis
ANOVAS; 1X cutoff within starions}, by sampling pericd

Associacions between sampling pariods for oumbers o
individuals frop) and numbers of taxa (bottom), sasel on
total nom-sigmificant pairs between timae periods in the
Eruskal-Wallis ANOVAS (1% cutoff within stcatisas)

Relacive proporticons of aumbers of imdividuals of
numerically deminant taxa for all starions together, by
sampling period

Ralative provor=zioms of aumbers of individuzls of mziar
groups of taxa for all stations together, by samplinz reTiad

Relarive proportions of numbers of indiwvidualsz of zumarical’ly
dominant taxa ar Station I«4 (12 Cutoff}

Belarive proportions of oumbars of individuals ol ma oy zroups

of numerically dominant faxa at Stacicon I-4, by sazplizy
period (1% suzoiff)

- L

167

168

170

173
183

193
133

196
187

138

* -
L
W

200



LIST QF TIGORES (cCout.)

SECTION FOUR {(CONT.)

4=-13

d=1b-

4=15

4=16

4=17

4=18

4=-19

4=-20

4=21

4mZZ

4=23

b=

4=25

=26

=27

4-28

Relative proportions of gumbers of individuals of cumerically
dominant taxa ac Staticu I-1, by sampling period (1% Curoff)

Relarive proportions of oumbaers of individuals of major
groups. of oumericzlly domigant taxa at Scacion I-l, by
sampling period (1% Cutoff)

Relative proportions of pumbars of individuals of gumerically
domimant taxa 2t Station I-2, by sampling pericd (1% Cutoii)

Relative propertions of qumbers of individuals of major groups
of dominant taxa at Statiom I-2, by sampling perfod (1% Cutgff]

Relative proporticus of aumbers of individuals of oumerdically
dominant tzza at Station II=l, by sampliog pexriod {(IF Cugoii)

Belarive proportions of numbers. of individuals of major
groups of gumerically dominanc taxa ac 3tatfon II-L,
by sampling period (1X cuzoff)

Relagive propeortions of gumberz of individuals of 2umerically
domimant zaxa at Station II~4, by sampling period {1X curcff)

Ralarive proporztions. of numbers of individuals of wmajor
groups of numerically dominant fixra at Sgation II-4,
by sampling periad (1X cumefZ)

Relative proportions of numbers of individuals of agmarizally
deminant taxa ac Stacion IT-2, by sampling period (1% cucoff)

Relative proportiocns of numbers of indtviduals of zajor
groups af numerically dominant caxa at Stacion II-2,
by sampling pericd (1T cutoff)

Relative propezcions of opumbers of individuals of numerically
dominanc caxa at Station IIl=4, by sampling perlod (1% cutofi)

Relative proportisms of numbars of individuals of major
groups of pumerically dominant caxa at Stacion IIT-4,
by sampling pericd (1X cutoff)

Ralative proportions of aumbers of ifodividuals of oumerically
dominant caxa at Stacion. III-1, b¥ sampling pariod (1I cucoff)

Relative proportisns of numbers of individuala of major
groups: of numerically deminant taxa 4t Station III-L,
by sampling period (12 cutoff}

Xelacive proportions of numbers of individuals of numerically
dominant taxa ac Stationm III=-5, by sampling period (1% cutsff)

Relative proportions of numbers of individuals of major
groups of numerically dominant cawxa at Statiow III-53,
by sampling period (1X cugoff)

-xvii~

205

206

207

208

299

210

F

&

214

216

ar

218

19

220



LIST OF FIGUORES (CONT.)

SECTION FOUR (CORT.}

4=29

4=30

4=31

4=32

4-33

4=34

4-35

4=36

4=37

4=38

4-39

4=40

bd=dl

4=42

4=43

=il

=45

Relative proportions of oumbers of individuals of numerically
dominant taxa at Station IV, by sampling period {1X cuteff)

Relative preportions of numbers of individuals of major
groups of numericazlly dominant taxa at Station IV-4,
by sampling period (lI cucoff)

Relative proporticns of aumbers of individuals of numerically
dominant taxa at Sratiow I¥=1, by sampling periecd

Relacive proporcions of aumbers of individuals of mmjor
groups of numericzlly domirnant taxa at Station I7-1,
by sampling period (IX cutoff)

Relative proportions of numbers of ipdividuals of numersizally
dominant faxa st Staciom IV-5, by samplipg pariod (1 curofsl)

Relative proportions of oumbers of individuals of major
groups of aoumerically domisant taxa at Station IV=-3,

by sampling period (1% cutoff)

Commumiry sutmary atatiscics (B, ¥, number of taxa,
aumber of individuals) for all stations together,

by sampling pericd

Community summary statistics at Station I-4,

by sampling periocd

Commmity summary statistics at Stationm I-l,

by sampling pericd

Community summary atatistica at Scationm I-2,
by sampling puriod

Commmmiry summary statisties at Station II-l,
by sampling period

Commumnity giummary statistics ar Station IT-4,
by sampling period

Community summary statfistics at Staticnm II-2,
by sampling period

Commmity summery statistics at Station III=4,
by sampling periocd

Commmity summary statiscics at Station III-1,
by sampling pericd

Commmity summary stariscics at Statiom III-5,
by sampling pericd

Commmity summary statistics at Station IV,
by sampling period

-xriii-

221

222

223

224

[
[
w

)
3]
o

227

228

229

230

-

- -



LIST OF FIGURES (CONT.)

SECTION POUR (CONT.)

4=46

=47

4=48

4=49

4=31

=32

G=33

b=54

§=35

4=56

4=37

Commmity summary statisties. at Szaciomn IV-l,
by =2ampling pmriod

Commmity summary statistizs at Sgarionm IV-5,
by sampling perind

Prasencs (+} of numarically dominapt taxza (listad top ta
bottom in order of increasing collaction depth) during
siz collaction perlods {ia chromological order laft to
rdzhe) at twelve scacions (listed left to tighe by
inereasing depth, within each collaction period)

(0.2Z cuzoff)

Presapce (+) of ommerically dominant taxa (listad top to
bottom iz order of lncraasing collaccion depth) during
six colleetion pariods (listed one-six im chronological
order for each station (0.2% cucoff)

Jumbers of taxa (y) at a given aumber of stacions (x),
by sampling period (¥ max = cotal number of Caxa per
sampling period)

Relative proportions of ouwmbers of taxa (X of y max fzom
Figure 4=30} at a given noumber of stacioung, by sampling
period

Echamatic nap of starioaq groupings darived from cluster
inalysis of abundance of oumerically dowinant zaxa, for
winzar L9765 (Q.2% cugofi)

Schematic map of station. groupings darived from cluster
analysis of abwumdance of oumerically dominant zaxa, far
fall 1578 (0.2% curoff)

Schematic map of station groupings derived from clusta_
analysis of abundance of gumerically dominang taxz, for
wizear 1977 (0.2% cutoff)

Schematic map of station groupings derived from cluster
analysis of abundance of gumerically dominant taza, fac
fall 197% and. wincer 1977 togethar. Stars iodicatas
scitiona at whiech fall 1%78 amd winter 1977 samplas did
mot cluster mesc. closaly, iL.e., pairwisae (0.2% cucof

Schematic map of station Zroupings derived from cluster
apalyais of abundance of cumarically dominant taxa, for
fall 1977. (0.2% cutoff)

Schematic map of statlon groupings derived from cluscar
analysis of abundamce of oumerically dominane caxa, for
1979 (0.2% cucoff)

~-xix-

238

29

242

244

258

259

251

232

153

254

255

56



LIST OF FIGCURES (CONT.)

SECTICN FOUR {CONT.)

§-=58

4=39

4—60

=Gl

4=g2

bebd

b

4=H6

467

Schematic map of station groupings derived from clustar
agalysis of abundanmce of cumerically dominant taxg, for
1980 (0.2% cucoff)

Apimal Groups (left) and Staticn Groups (right) derived
from cluster amalyses (0.2X cucocff}

Station Group 1 (from Figure 4-39); stationm numbers and
sampling periods are shown In cluszer diagram (rop) and
on schematic location grids {ascerisgks, bottom); sediment
profiles for each szation (eceater) imelude six sampling
pariods (dotsz) for ccmparizon

Station Group 2 (from Figure 4-59); station znumbers and
sappiing periocds are shown in cluster diagram {(ton) amo
on schemacic location grids {asterisks, bottom); sediment
profiles for =ach station {center) include six sampling
periods (decs) for compariscn

Station Group 3 (from Figure 4-=39)}; stacricn oumbers and
sappling periods are shown in cluster diagram (top} and
on schemacic location grids (asterisks, borttom); sedizant
profiles of each station {cemter) inglude six sampling
periods (dots) for compariscon.

Station Group 4 (from Figure 4-59}: acation aumbars and
sampling perinds are shown in closter diagram {cop) and
on schematic locaticun grids (astarisks, bottom); sediment
profiles for each station (cencer) include 3six sampiing
pericds (dots) for comparison

Numbers of iodividual inimz]l Cluster Groups 4 through =
{from Figure 4=39), by sampling pericd

Relative proportioms of numbers of ipdividuals of Animal
Cluster Groups & through I (from Figura 4-53%), as & of
total within each sampling period

Numbers of individuals per taxon within Amimal Cluscer
Groups A through 1 (from Figure 4-59), by sampling
period

Sediment characrerization by stacion for six sacpliag
pericds

-xX~

258

239

50

261

[
oh
D%}

269

274



SECTION CONE

INTRODUCTION

Authoer: Paul D. Boelm
(Project Manager)

ERCO/Energy Rescurces Co. [ne.
Enviroumental. Sciences Division
185 Alewifa 3rook Parkway
Cambridge, Massachusetts 02138

-] -



SECTION CNE

INTRODUCTION

1.1 Gemeral Background

In the last two decades, man's inceresC in assessing the impacts of his
regional and global activities ou the "natural scate” has led co comsiderable
focus of his energies. BResearch techniques and tools have been applied,
refined, and reapplied t¢ obtaim information concerming how ecological
systems operats, how a malcitude of anchropogenic pellutants are introducad
to and transferred between these systems, how (and if) chese introductiouns
perturb the gystem, and how these perturbations affect man. Once they were
recognized and popularized, the impacts of industrialization on the coastal
marine envirogmenc became the focus of many basic and. applied research
Programs .

Pollurtant additions to the marine enviroomeat fall under oue of Cwo
general c¢lasses: continuous or chrooic ippur, 2aod acute or espisodic addi-
tions. The chronic addition of certaino products of industrial development
including petrolsum related materials to coastal marine systams has had
profound. impact on indigenous marize populations  apd has altered che use of
some localizad marine eavirowmentcs for significant periods of time (e.g., New
York Bight, as a result of ocean dumping). Other chromic igputs, such as
those that result in fregquent ispur of tar/e¢il zo the Texas Gulf Coast {(Geyer,
1981), have less of an obvious ecological impact, if any. The Briftany coast
of France has been acutely affected for several years: by the imoco Cadiz oil
tanker spill (CNEXO, 1981) as has the Tiarra del Fuego region as a result of
the Mertula spill (Straugham, 1378). The existence of substancial baselize
informacion allowed major and subtle impacts of oil spills to be detected in
the cases of the West Falmouth oil spill (e.g., Burps and Teal, 1979) and
the Tsesis oil spill (linden et al,, 1979). An incegral parzt of che impact
assessmenr process is meonmitoring the recurnm to pre=spill conditioms or
recovary, as was undertaken for the Zoe Colococronl (Gilfillan er al., 1981)
and Amoco Cadiz (NOAA, 1981) spills. )

Qffsnore exploration amd producticn of petrolaum ou cthe Countinental
shelf was and is a logical extension of land and nearshora production of oil.
The goals of the U.S.. Department of Interior, Bureau of Land Management's
Quzer Contimental Skelf (0CS) Envircamental Study Program are to: (1) cbtain
envirommencal data ou the impacts of perrolsum exploracion and production
acrtivities. on the QCS, and (2) provide relevant information for the decizion
making (managemenc) process, vis—a~vis offshore mirerals management.

Tha blowour of the Ixtoc I offshore drilling rig in the 3ay of Campeche,
Mex{ico ou June 3, 1979, resulted ig the spillage of 0.5 million metric toms
(140 million gallons; 3.5 milliom bbl) of oil into the Gulf of Mexico (OSIR,
1580C) and tramsport of a significanr part of this oil nerthward into J.S.
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coastal waters (Figurs 1-1). Surface oil entered U.S. waters oan August 6,
1979 (0SIR, 1980) and continued to be seen in significant surface concentra~
tions (i.e. patciies of oil, sheen) until the morthward-flowing western Gulf
of Mexico current reversed during September 1979, The well was finally
capped on March 23, 1980. During this period of time approximately 4-11
thousand mecric tous (l1-3 million gallons) of Ixtoc oil impacted cthe beaches
and seashore intertidal area where oil residues mized with sand to form tar
mats (OSIR, 1980; Gumdlach et al., 1981; Tumnel et al., 1981) and perhaps

3 to 10 times as much passed through the Texas OC5 region, largely in the
form of swall patches of emulsified oil (mousse) (Pactom et al., 1981),
without impacting shore., Approximately 180 mectric tous of oil, or less than
5 percent of the total quantity of oil initially beached, was presant in the
tar mats. The beached oil was largely removed during a tropical storm in
September 1979 and either redeposited im the ansarshore bar/trough system or
taken further offshors. The ultimacte fate of the bulk of the o1l ramaiss
unresolved, although the weathering and physical breakup process described by
Patton et al. {(1981) and Beoehm et al. (1981) followed by distribucion of
small tarry particles in surface and subsurfacge waters in the Gull of Mewvico
waters seems likely.

Early in November 1979 and still during che Ixtoc T epill, the tanker
Burmah Agate, carrying ~36,000 metric tous (10 milliem gallons) of oil,
collided with the freighter Mimosz approximacely 3 miles off of Galvestoam,
Texas (Figure 1-2). The collision caused the Burmah Adgate to spill part of
its cargo of light crude oil into offshores waters., Kana and Thebeau (198Q)
have astimated that approximately 21,000 metric toms (150,000 barrels)
buzned in the eusuing fire. They also estimared that ~7,000 metric toums
(48,000 barrels; 2 x 105 gallons) dispersed offshore during cortherly
winds. Approximately 10 percentc of this o0il was recovered offshcr-z, leaviag
a large portion of the spilled oil to weather by evaporation, phvtschemsczl
oxidation, etc., or to become mixed in the watar column. The fate(s) of
the remaining o0il include {1) emulsificaticn, dispersion and weathering,

(2) nizing with sediment followed by sinking to the affshore bearches, or

(3) direct simking of partly combusted residual oil from the five. Crude

0il exposed to high temperatures, such as those produced duriag she fize,
shows a rapid loss of volatile low-molacular-weight macerial Wiion zay causc
an increase in density followed by rapid simking in seawactar (Xolpack et al.,
1978). Sinking of large amounts of parcly combusted oil and asu was the
major fate of ¢il spilled from and burmed during the Sansinepa oil spill in
Los Angeles Harbor (Kolpack =t al., 1978), & similar spill/firs azvent.

The spilled oil from the Buzrmah igate was observed to hava o impact
on the Texas coast considerable distances from the wreck [~277 u=).

A study of the impact of these spills on the marine exviraamenl saccld
focus on an envirommental compartment {e.g., offshore beazlaos, l.<iiy I3 2e
affected over a long snough time period to facilitate an accurace dazage
assessment. In the case of the Ixrtoc/Burmah Agate spillis tle 3gumsctancas
for an accurate damage assessment were favorable because 4 diswallnz
the South Taxas Guter Contimental Shelf (STOCS) area had oce2z zooliu
1875 to 1977. This baseline informatiocn, generated as ;a.T . Ins
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Environmental Study Program’s STOCS program (conducted from 1875-1977)
consists of a variety of biclogical, geclogical, and chemical oceanmegraphic
and biogeochemical data deseribing the pre—spill state of the OCS regioum.

In order to direct damage assessment sampling activicies and to use Chis
dara base (the first such attempt of its kind) successfully, some knowledge
of the potential behavior of spilled o0il vis—a-vis benthic impagct musc be
incorporates into a study design.

1.2 Traaspoert of 0i]l to the Benthaos

“"Weathering™ of o4l ar sea indicates the physical and chemical changes
that alter cthe compesition of the petroleum mixture through evaporation,
dissolucion, photochemical oxidation, and microbial degradatiom. The physical
processes that both mediate these changes and also have subsaquent important
roles 1o transport of oil are mixing (dispersion), emulsificaticmn, and
sorpcion (NAS, 1975; see Figure 1-3).

It is :lear that the axtenr of loug=-cerm bilological effects of most oil
pollucion avents studied to dace 1s direcrly dependent on the extent of
0iling of che benthic substrate in and upon which organisms dwell. The
existence of oil Lo the offshore benthos is completely dependant on dme or a
combination of transport mechanisms which do aot come into play when shore-—
line impacts {(marshes, mangrove swamps, intertidal regioms) are being studied.

There are several postulated mechanisms by which watarborme petroleum
iydrocarbous from an offshore spill event may be transported to the underlying
sediment. Three of these mechanisms are presented in Figure 1-4.

There hava been faw studies directly pertaining to the transport of oil
to the ciishore coatioencal shelf benchos via che important phenomenon of
adsorption of oil om living or deerital parziculata mactar (or vice versa)
followed by sedimencacion te the benthos. Ao evaluation of the possible
extent of this process (Figure 1-4) duriog a spill event i3 axtremely impor-
tanc in order to predict the exposure of important henthde Tesourcas to
petroleunm hydrocarbons released from offshore blowouts. This process 1s
dependent ou the availabilicy and concentration of suspended particulatas
and their surfacs area (Poirier and Thiel, 1941; Mactsen and Grosa, 1979%;
Naciooal Academy of Sciences, 1975; Thier and Stumm, 1977). Another possibls
route of transport Lo the benthos is by ingestiowm of oil by zooplaakton
followed by fecal pellec tramsport (Comover, 1971; Jobansson et al., 1980).
These Cwo processes are thoge most likaly %o rasult in direct wacer columm to
benchos trausport of petroleum hydrocarbons ia continencal stelf envirooments.

Several studies have addressed Chege mechanisms of trapsport of oil to
the benthos following cffshore platfora blowouts and tanker spills. Xolpack
(1971), and Xolpack et al., (1971) have atrributed. the large coacentrations of
oil in sediments followizg the Sanca Barbara blowoul to the inmteractiocn of
pecroleun aydrocarbons with sedimenc-rich river plumes, followed by sorpticn
and sinking. Low but significant comcentrations of oil in sediments wers
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observed following the Ekofisk-Bravo hlowout in the North Sea (Jobmsonm et al.,
1978) although no specific mechanism was investigated. McAuliffe et al.
(1975) have associated the spilled oil in sediments in the viciaity of the
Chevron platcform blowout at the mouth of the Mississippi River with sorption
and sedimentation procsssas. Boehm et al. (1982) have examined the detailled
chemistry of sedimenting oil captured in sediment traps deployed during the
Taesis tankar spill in Swaden. They found that microbial degradatioo caused
rapid alteration of the chemical compoaition of the spilled cargo, and that
the hydrocarbon composition of benthic deposit feeders (Macoma balchica)
reflacted this composition. Jobhanssou at al. (1980) estimated that 15 to

20 parcent of the oil spilled during the Tsesis event was transported to the
benthos by sorption and sedimentation and/or by ingesticn and zooplaokton
fecal pellet transport.

The rates of these processes are dependent on the rata amnd extenr of
weathering of oil ac the sea surface and on mixing energy which disperses oil
inre the wacer column in fine droplets, hence incrmasing the probabilicy of
sorption of petTolaum hydrocarbons on particulate matter. Sedimentation of
0il in offshore envirouments Lls thought o be a minor sink for hydrocarbous
{Mackay at al., 1979), the exrtent of which is dependenrc on suspended sediment
loading and blological producrcion (i.e., planktonic concentracions) as well
as weathering changes. ip: the oil itrself.

The specific gravity of most erude and rafined odils spilled at sea does
not exceed thac of sea watar (+l1.025) (Ferraro and ¥ichols, 1972) and hence
direct ginking (Figure 1-4) of petroleum residues. at sea 1s rare. Yotable
exgeptions are spills associated with the Anre Mildred Brovig collision in
the North Sea (Mattson and Grose, 1979) and che USNS Potomac (Grose eg al.,
1979) during which some sinking of oil appears to have accurred probably due
to weathering and subsequent fractiomation of the oil; and with the Sansinena
Bunker ¢ 2pill (Kolpack et al., 1978) during which the burming of the cargo
resulced {o the sinking of residuals (amalogous to the Burmah agate situa—
tion) (Figure 1-4). Studies of the Ixtoe I emulsified crude oil (mousse)
masses off the Texas c¢oast during Augusc 1979 (Pattom et al., 198l; Pactoun
and Amos, unpublisbed data) found that photochamical and evaporative proe-
esses presumedly rasulted in skinning over and subsequent flaking of wmousse
patches. Wind—driven dispersion (apparenc sinking) drove thesa neutrally or
positively buoyant particlas inro the wartar c¢olumn (Patfon et al., 1981},

Petroleum hydrocarbons have become associzted with imntsrtidal and sub-
tidal sediments following many spills during which landfall, subscrace oiling
and offshore transport (Figure l-4) of affeciad sediment have accurred.
Loug=tarmm assoclatice of hydrocarbons. with sedimencs has occurrad. during the
West Falmouth (T&al et al., 1378), Chedabucco Bay—arrow (Cratuey et al.,
1978; Keizer ef al., 1978), and Amoco Cadiz (Beslier et al., 1980: Boeom =t
al., 1980) oil spills, among ochers. Similar landfall followed by offshare
and hence subtidal transport may have occurred to a great extenc duriazg and
after the Ixtoc I blowout on hoth the Mexican and Texas Gulf Coasts. The
only documented observacions wers recorded off the southern Texas coast,
where the formation of “tar maes™ resultaed (Gundlach ag al., 1381).

-11-



In a study designed to quantify the extent of watsr—column-to-benthos
transport of Ixtoc I oil through sampling and analyses of sedizeancary pac-
ticles (sediment traps) and surface sediment from the wellhead to the Taxas
coast, Boehm and Fiest (1980b) found that only wminor amouncs of oll reached
the offshore benthos in the vicinity of the wellhead by mechanisms A and B
(Figure 1-4). The extent of offshore tramsport of oil by mechanisms C and D
remains unexplored.

Given the Ixtoc spill's history, the beaching and apparsnt offshore
transport of petroleum, and the existence of significant amounts of suspended
matter in the water column of the STCCS region, one would expect that detect=
able sedimentary petroleum residuas would be revealed.

In this light, the BLM contracted ERCO and its subcoatractors, LGL
Ecological Research associates, Global Geochemistry Corporation, and Geomet
Technologies, to undertake a detailed assessment of the impacr of the Ixtog
spill and the Burmah dgate "complications” on the offshore beathos of the
STOCS region.

1.3 Study Objecrives

The primary cbjectives of the Ixtoc assessment study are {0 2xamine anc
quantify the chemical impact of the Ixtoc and Burmah Agate spills on the
offshors benthic envircoment and to determine if sueh impacts resulted iz
sustained perturbation of the benthic biological community. Thous whiie cthe
scudy relies heavily on information contained ilo samples from the Taxas beaches
and from the wellhead region, the assessment study focmses on tae offshore
Texas 0CS (Figure 1-5) from am arez seaward of che offshore bars (a3 meters
depth) to the 60-meter depth contour some 30~40 miles ofishore. .4 secomd
objecrive was to detarmine to what extent and for what duration am Importanc
commercial fisheries resource, the shrimp fishery, had been chemically affected
as a resul: of these specific spills.

The integrated damage assessment strategy for this project iavelved i:2
following alements:

1. Decermination of whar habitats have been affactad.

2. Determination of the nmature and extent of the chemical impact.

3. Detesrmination of whether biological and ecological perturbatiocs
resulted from this impact as compared to both the ore~spill

envircnment (baseline information) and the unaffecsed covizen—
ment (refarence stations).

4. Decermination of 2 causal relaticoship between any ocsarved
biological changes and the chemical impact.

5. Determinaticn of damage to 3 commercially impoTstant ™=sicTce
(shrimp fishery) due to the chemical impact.

-1
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6. Determination of the pre—spill value of the ecological and/or
commercial resource and the extent to which its use and/or value
has been diminished.

Elements 1l and 2 are chemical questions whose answers define the
exposure: of an ecological system to contamipants from a particular spill.
A detailed chemical-source fingerprinting has to be combined with a knowladge
of possible weathering sequencas to identify locations within habitats spe-
cifically affected by a spill event (Sections 2 and 3). Element 3 involves
an analysis of the detailed biota, its abundance and diversity, and a com~
parison of pre—spill measurements with a knowledge of the range of nacural
variability (Sectiecr 4). Element 3 then draws on the results of 1 and 2 to
address element 4. Impacts on commercial species, which affect markatabilicy
and twman health, are separately defined through chemical apalyses of rissues
specifically directad to quantification of toxic arowmatic hydrocarbons. The
assignment of pre—spill “value” is beyond the scope of this project, but the
overall goal of assigning an "extent of damage” in a quantifiable form from
the biological data is cemtral to the damage assessment stratagy.

1.4 Projeet Strategy

As no c¢omprehensive offshore damage assessmeant ¢f this nature has
praviocusly been undertaken, we feel that the best way to accomplish che
program’s objectives is to address specifically the impacts of the spills
under consideration and to establish and test cur methodologies undar the
broader context of “damage assessment methodology development.”™ Taarefore
in many- cases, new techmiques and their applications have been useda singly or
in. combination to address the program’s objectives. These will “e explored
in more detail in the technmical chapters.

The basic elementcs of the project stratagy were to:

l.. Obtain a set of biological, chemical, and supportive dazz irom
samples -obcained during Regiomal Response Team acriviiies,
Aungust~December 1979 (i.e., mid—-spill) (see NOAA, 1J82).

Z. Obtain a set of binlogical, chemical, and SUpPPOrt./€ uiia ilua
samples obtained during the Decamber 1980 Tonya and Joe cruise
{i.e., pogt=sprll).

3., Compare.mid- and post—spill biological and chemi

1 “zoandizicns”
with each other and wich pre=spill "conditioams”™ (31

c2
{31M=~STICS orogram.

4, Examine. possible cause—and—effect relatiomships oy syntlesizing
bioiogical and chemical measurements.

5. Define magnitnde and areal extant of Ixtoc spill-related damage.
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In order to achieve the program's. basic objecrives as previously outlined,
two sets. of envirommental samples, ome from the mid-spill time period (mid to
lace 1979) and one from the post—spill time period (lace 1980), were cbtained.
From thess samples bioclogical and chemical informacion was extracted by -a -
variety of methods and compared teo the substantial pre—spill (1975=1977) data
on similar samples. This latter sec, from che STOCS/BLM-sponsored benchmark
program, provided a base with which to compars the pre— and post~-spill diological
and chemical dara. The value of the spill assessment program depends upom its
ability to detect envirommental changes and to assign them to proper causes.

The STOCS program included a variety of emviroumenral measurements made over a
3~year period (1975-1977) and therefore represents. a potentially valuable
source of information, especially with regard to temporal variaticns in biclogi-
¢al and chemical parameters.

All program elaments operated indapendently, as indicated in Figure 1-5,
uneil causal relationships wers explored during the data syuthesis effort.

1.5 Sample Callections

A variety of samples were collacted for che chemical anmalysis program.
Three basic sets of samples were collactad:

1. Samples designed to aid in establishing the possible range of
“chemical signatures™ of weathersd Ixtoc and Burmah igacte odils.

a. Floating oil/cars.
b. Beached oil/tars.

2. Samples designed to astablish the presence of oil in the offshore
benthic envircament.

2. Surface sediments.

b. Sorbeat pad samples (water—column-borne oil/resuspecdeq sedizenc).
3. Samplas desigmed to establish spill impact on epifaunal popularions.

a. Penaeid shrimp.

The biology program relied om collactions of benthic infaunal organisms.
from sediment grab samples.

The geochemical support program included determinatiouns of sedimentc
texture Or graln size distributions for all beachic biological samples and
sedimentary total organlec carbon {TOC) on benchie biologlcal and chemical
samples.
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Details of the nature of each collection and sampling technique employad
are found in Secrtions 2 and 4, in Appendix 91 and io the “Summary Cruise
Report,”™ Jamuary 15, 1981 (BLM, New Qrlesans OCS office).

The acquisition of samples centered on four cruises conducted in 1979
(mid-spill) and one undertaken as part of this project during late 1980 (see
Table 1=1). The biology program and geochemical support program utilized
samples from the Longhorm IV and Tomya and Joe cruises, while the chemical
program relied not only on samples taken from these cruises, but also aa
some- obtained during the Western Gulf cruise and ou several other collection
programs. shown in Table 1-2.

1.6 Project Organizacion

Four organizations participated in the study. Their roles are indicared
in Figures l-7 and 1-3.
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TABLE 1-1

SUMMARY OF CRUISES

VESSEL & SPONSOR

DATES

OBJECTIVES

5.

*6.

*7.

*8-

Valiant (USCG)

Point Baker (USCG)

Cruise FSU-I (NSF)

Longhora I (UsCG;

Longhorn II (USCG)

0SV_aAntealope (EPA)

Researcher/Pierce
{NOAA)

Western Gulf
{(NQAA/NMFS)

July 16-21 (1979)

July 27-29 (1%79)

July 26=31 (1879)

Ang 4=8 (1979)

Ang 15-22 (1979)

sug 25-Sep 8 (1979)

Sept 11-27 (1979)

=18~

Collect surface eurrenc data
on Western GCulf Contipental
Shelf; log o0il locations;
collect oil samples

Sample oil in Mexican wacers

Emplace dsap—ocgan curraat
water arrays; tast on—board
research equipment; log oil
locations; collect oxl samples

Search for oil in water column
off Texas coasc; collect oil,
water, and biological samples;
take oceanographic measuraments

Survey 21l concsarracizos
along Texas/Maxico coastline;
observe paysical condifion of
oil

Determine surface and sub—
surface oil discributior and
physical form; deteraine
gozposizioa wf L1l and esti-
ma2te COXI:_Zy, %280 2li-<0CS
and Bizlegiial samplas i
microbiologiczal analysis

Determine effacts of oi:
weathering oun marime enviroo=
ment; estimare microbial
affaets on weathering; sTudy
fiacts or 21l oo oallsz. ia
and plamkica

Seafcod sanmnliag



TABLE 1-1 {CONT.)

OBJECTIVES

VESSEL & SPONSOR DATES

9. Cruise FSG-II (NS¥F) Gct 31-Now & (1979)

*10 Lounghorm IV (USCG) Nov l6—Dec 13 (1979)

#11 Tonya & Joe {BLM) Dec 2~Dac 13 (1980)

Recover current meter arrays
deployed on FSU-I; study the
thermohaline structura of
the water columm; log oil
locations; collact samples
for geochemical analysis

Survey bottom oil distri-~
bucion in the offshore,
nearshors, and pass areas
of Secuth Texas

Damage assassment offshors
benthos and shrimp sampling

*Samples obtained and used Zor this project.
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TABLE 1=-2

SUMMARY OF ADDITIONAL SAMPLE COLLECTION EFFORTS

COLLECTION NAME COLLECTOR TIPE OF SAMPLES LOCATIONS DATES
RPI various beached o0il and South Texas July=~Sapt
beach sediment barrier beaches 1979
Hooper C. Hooper floating tar South of Corpus 12=14% Aug
balls Christi to 1879
Mexican border
URS Sturtevant beached oil/tar South Texas beaches Nov/Dec
18779
NOAA Beach Ernsc, beached oil/tar South Texas beackes  1979/1940
Survey Hannah
Burmah ate Coast Guard oil in water Galveston area Nov 1979
beached oil
RPI~IT various- beached oifl. San Jose Island Nov 197¢
(Burmah Agate) aresa
Dockside Fha shrimp Shrimp landings Suzmer/
Sampling (5. Texas) Fall 1979
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