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FOREWORD

This study of the South Texas Outer Continental Shelf (STOCS)
was conducted on behalf of the U.S. Bureau of Land Management
and with the close cooperation of personnel of that agency.
The studies reported on herein constituted the third year of
a sampling program of chemical and biological parameters of
the STOCS. This study was part of an overall program of the
STOCS, other elements being (1) geology and geophysics by

the U.S. Geological Survey, (2) fisheries resources and ich-
thyoplankton populations by the National Oceanographic and
Atmospheric Administration/National Marine Fisheries Services,
and (3) biological and chemical characteristics of selected
topographic features in the Northern Gulf of Mexico by Texas
A&M University. The resultant data from this investigation
represent the first step in understanding how to assess and
control the impact of petroleum exploration and development

in the STOCS area. The central goal of these and other envir-
ommental quality surveys of continental shelf areas is the
protection of the living marine resources from deleterious
effects.

This investigation was the result of the combined efforts of
scientists and support personnel from several universities.

The hard work and cooperation of all participants is gratefully
acknowledged.

ITT
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CHAPTER ONE

INTRODUCTION

Purpose and Scope of Study

In 1974, the Bureau of Land Management (BLM), as manager of the Outer
Continental Shelf Leasing Program, was authorized to initiate a National
Outer Continental Shelf Envirommental Studies Prcgram. The broad objec-
tives of this program, as stated by the BLM, are:

(a) to provide information about the Outer Continental Shelf (OCS)
environment to enable the Department of the Interior to make management
decisions regarding OCS o0il and gas development; and

(b) to fill envirommental information needs of management, regulatory
and advisory agencies, both Federal and State, fcr a broad range of 0OCS
activities, including the preparation and review of environmental impact
statements under the National Environmental Policy Act (NEPA) of 1969,
issuance of regulations and permits, and implementation of certain other
laws, such as the 0CS Lands Act, Fish and Wildlife Coordination Act, the
Coastal Zone Management Act, and counterpart state laws.

The National OQuter Continental Shelf Environmental Studies Program
consists of three basic elements: 1) characterization studies, which are
conducted during the pre-development period; (2) long-term monitoring stu-
dies; and, (3) special studies, which may occur during the characterization
and monitoring studies phase. The four major objectives of characterization
studies of OCS o0il and gas development areas are to:

(a) provide a description of the physical, chemical, geological and
biological components, and their interactions, against which subsequent
changes or impacts can be compared;

(b) provide information for predicting the effects of OCS oil and gas
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development activities upon the components of the ecosystem;

(c) identify critical parameters that should be incorporated into a
monitoring program; and,

(d) identify and conduct experimental and other special studies as
required to meet the basic study objectives.

To accomplish these objectives for the South Texas Outer Continental
‘Shelf (STOCS), the BLM developed the Marine Envirowmental Study Plan for
the South Texas Outer Contirnental Shelf. This plan called for an initial
three-year period of intensive study to characterize the physical, chemical,
geological and biological components of the OCS marine ecosystem. After
evaluation of the initial study results, specific problem—-oriented research
will become the major focus of future OCS study objectives.

In addition to the biological and chemical components of this program
reported on here, two other major field programs were conducted concur-
rently. The U.S. Geological Survey conducted a program designed to inves-
tigate suspended sediments flux, normal and storm transport and deposition
of sediments, and sediment geochemistry in the STOCS area. The National
Oceanic and Atmospheric Administration/National Marine Fisheries Service
conducted studies to investigate the historical distribution and abundance
of ichthyoplankton in the area, to elucidate the snapper and grouper fish-
eries resources, and to determine the magnitude and economic significance
of the recreational and associated "commercial/recreational' fisheries in
the area. In addition to the above studies restricted to the STOCS study
area, Texas A&M University is conducting a major field survey of the biolo-
gical and chemical characteristics of selected topographic features in the

northern Gulf.
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Description of the Studv Area

Biological Setting

The Texas coastal area is biologically and chemically a two-part mar-
ine system, the coastal estuaries and the broad continental shelf. These
two components of the marine systems are separated by barrier islands and
connected by inlets or passes. The area is rich in finfish and crusta-
ceans, many of which are commercially and recreat:onally important. Many
of the finfish and decapod crustaceans of the STCCS area exhibit a marine-
estuarine dependent life cycle, 7.e. spawning offshore, migrating shore-
ward as larvae and postlarvae, and utilizing the estuaries as nursery grounds
(Galtsoff, 1954; Gunter, 1945). The broad continental shelf supports a
valuable shrimp fishery which, as a living resource, contributes signifi-
cantly to the local economy. An excellent overview of the zoogeography of

the norfhwestern Gulf of Mexico is provided by Eedgepeth (1953).

Location and Bathymetry

The STOCS study area corresponds to the area outlined by the Depart-
ment of the Interior for oil and gas leasing. The area covers approximately
19,250 km? and is bounded by 96°W longitude on tke east, the Texas coast-
line on the west, and the Mexico-United States irternational border on the
south (Figure 1.1). The bathymetry of the STOCS area is shown in Figure
2.1. The continental shelf off south Texas has sn average width of about

88.5 km and a relatively gentle seaward gradient that averages 2.3 m/km.

Work Plan

Objectives

The broad objectives of the 1977 study effort of the STOCS area was
to continue describing the natural temporal and spatial variability of

all major components of the OCS marine ecosystem. It was assumed that
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understanding the natural inherent varaibility of this ecosystem would
contribute immensely to evaluating potential impact to the environment

from unnatural perturbations such as oil and gas exploration and production.

Time Frame

The field investigations for the first year of study began in late
October 1974, and were complete by mid-September 1975. Laboratory analy-
ses were complete by January 30, 1976. The final report for the chemical
and biological component of the 1975 study was submitted to BLM in July
1976, and the final integrated report of all components of the STOCS study
was submitted to BLM in April 1977.

The field sampling for the second year of study was initiated in mid-
January 1976, and was completed in mid-December 1976. Laboratory analyses
were complete by February 1977. The final report for the chemical and
biclegical components of the 1976 study was submitted to BIM in April 1978.

Based on the initial results from 1976 it was determined both by BLM
and the contracts that additional information was needed in certain study
elements to meet the objectives of the investigation. Consequently, sev-
eral supplemental studies were initiated in September of 1977 and completed
in February 1978. The results of these studies were reported to BIM in
March 1978.

The field sampling for the third and final year of study, for which
results are reported here, was initiated in:mid-January 1977, and was com-

pleted in mid-December 1977. Laboratory analyses were completed by June

15, 1978.

Sampling Stations

During the first year of study (1975), twelve stations on four tran-

sects were sampled (Figure 1.3). Thirteen additional transect stations
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‘were sampled during the second year (1976) to increase coverage of three
special areas: 1) the shallower shelf environment (about 15 m depth) and
its associated sandier sediment; 2) a zone in the middle of the study area
that appeared anomalous in its sediment characteristics, sediment trace
metal content and distributions of certain biological populations; and 3)
a zone of active gas seepage near the shelf-slope break. In addition to
the transect stations, four stations on each of two submarine carbonate
reefs, Hospital Rock and Southern Bank, were sampled in 1976 (Figure 1.4).
The collection sites were decreased to two stations at each reef in 1977.
Table 1.1 presents the LORAN and LORAC coordinates, latitude, longitude,

and depth of each site sampled during the three year study.

Sampling Effort for 1977 Study

Samples were collected in 1977 during three biological-meteorological
seasons from all transects and four of the bank stations. The thrae sea-
sons were winter (January and February), spring (May and June) and fall
(September and October). 1In addition to the seasonal samplings some of
the elements sampled Transect II during the six months (March, April, July,
August, November and December) not included in the three seasonal sampling
periods.

The sampling effort was broken up into four types of sampling: water
column, benthos, histopathology and microbiology. Table 1.2 provides a
complete list of cruises by date and type of sampling performed. Tables
1.3 - 1.6 give a breakdown of the different scientific elements by sampling
frequency . Table 1.7 lists the sampling gear deployed for each sample
type. Complete descriptions of sampling methods are included in each work
element report.

Navigation and station location for water column, histopathology,

and microbiology cruises were by LORAN-A. Navigation and station location
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TABLE 1.1

BLM STOCS MONITORING STUDY STATION LOCATIONS

TRAN. STA. LORAN LORAC LATITUDE LONGITUDE DEPTH
383 382 LG LR METERS FEZT
I 1 2575 4003 1180.07 171.46  28°12'N 96°27'% 18 59
2 2640 3950 961.49 275.7L  27°55'N 96°20'% 42 138
3 2300 3863 799.45 466.07  27°34'N 96°07'W 136 439
4 2583 4015 1206.53 157.92  28°14'N 96°29'W 10 33
5 2360 3910 861.09 369.08  27°44'N 96°14'W 82 269
6 2330 3892 819.72 412.96  27°39'N 96°12'W 100 328
Iz 1 2078 3962 373.62 192.04  27°40'N 96°39'W 22 72
2 2050 3918 454.46 382.00  27°30'N 96°45"% 49 161
3 2040 3850 564.67 585.52  27°18'N 96°23'W 131 430
4 2058 3936 431.26 310.30  27°34'N 96°50'9 36 112
5 2032 3992 498.85 487.62  27°24'X 96°36'W 78 256
6 2068 3878 560.54 506.34  27°24'N 96°29'%W 98 322
7 2045 3835 27°15'Y 96°13.5'W 182  6C0
111 1 1585 . 3880 139.13 909.98  26°33'N $7°11'W 25 82
2 1683 38l . 286.38 855.91L  26°58'N 96°48'W 65 213
31775 3812 391.06 829.02  26°S8'N 96°33'W 106 343
4 1552 3885 95.64 928.13  26°38'N 97°20'%W 15 49
S 1623 3867 192.19 888.06  26°58'N 97°02'W 40 131
6 1790 3808 411.48 824.57  26°S8'N 96°30'W 125 416
Iv 1 1130 3747 187.50 1623.50  26°10'N 97°01'W 27 88
2 1300 3700 271.99 1310.61  25°10'N 96°39'W 47 154
3 14625 3663 333.77 1241.36  26°10'N 96°24'W 91 298
4 1073 3763 163.42 1456.90  26°10'Y 97°08'W 15 49
5 1170 3738 213.13 1387.45  26°10'Y 96°54'W 37 121
6 1355 3685 304.76 1272.48  26°10'N 96°31'W 65 213
7 1448 3659 350.37 1224.51  26°10'N 96°20'W 130 426
HR 1 2159 3900 635.06 422.83  27°32'05"  96°28'19" 75 26
2 2169 3902 644.56 416.95  27°32'46"  96°27'25" 2 237
3 2163 3900 641.60 425.10  27°32'05"  96°27'3s" 81 266
4 2165 3905 638.40 411.18  27°33'02"  96°29'03" 76 250
sB 1 2086 3889 563.00 468.28  27°26'49"  96°31'18" 8L 266
2 2081 3889 560.95 475.80  27°26'14"  96°31'02" 32 269
3 2074 3890 552.92 475.15  27°26'06"  96°31'47" 82 269
4 2078 3890 551.12 472.73  27°26'l4"  96°32'07" 82 269
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TABLE 1.2

SCHEDULE OF CRUISES

Cruise Sampling
Number Dates Period Cruise Type Transects
51 1/11-12 Winter Water Column II & SB
53 1/17-22 Winter Water Column III & IV
54 1/27-2/3 Winter Benthos III & IV
55 2/9-15 Winter Benthos I, II, SB & HR
56 2/17-18 Winter Water Column &
aistopathology I1
57 2/21-22 Winter Water Column I, IT & HR
60 3/4-8 Winter Benthic Micro &
Benthos Make-up I, II, III & IV
61 3/10-11 March Histopathology &
Epifauna Trawls ITI & SB
62 3/14-15 March Water Column II
63 3/25 March Water Column Micro  II
64 4/17-18 April Histopathology & IT & SB
Epifauna Irawls
65 4/20-21 April Water Column II
66 4/23=24 April Water Column Micro II
67 5/15-21 Spring Water Column I, II, III & IV
68 5/23-27 Spring Benthos III & IV
69 5/21-6/4 Spring Benthos I, II, HR & SB
70 6/9-10 Spring Histopathology &
Water Column Micro IT & SB
71 6/13-15 Spring Benthic-Micro I, II, III & IV
72 7/6-7 July Water Column 11
73 7/8-9 July Water Column-Micro
& Epifauna Trawls II
74 7/28-29 July Histopathology IT & SB
75 8/4=5 August Water Column I1
76 8/6-7 August Water Column Micro
Epifauna Trawls IT
77 8/18-19 August Histopathology II
78 9/6-12 Fall Water Column I, II, III & IV
79 9/25-29 Fall Benthos III & 1V
80 10/4-7 Fall Benthos I, II, HR & SB
81 10/10-11 Fall IMWH' Cores & I, II, III, IV &
Extra Epifauna HC? additional stations
82 10/15-18 Fall Benthic Micro I, 11, III, IV
83 10/20-21 Fall Histopathology &
Water Column Micro I1
84 11/3-4% Fall IMWH Cores I, I1, III, IV &
additional statioms
85 11/5-6 November Water Column II
86 11/18-19 November  Histopathology IT & SB
87 11/20-21 November Water Column &
Epifauna Irawls II



TABLE 1.2 CONT.'D

Cruise Sampling
Number Dates Period Cruise Type Transect
88 11/20-12/1 November Epifauna Trawls 1I
Make-up
89 12/2-3 December Water Column 11
30 12/14-15 December Histopatholog - IT & SB
91 12/16 Decenmber Water Column Micro &
Epifauna Trawls II
92 12/18-19 December Epifauna Trawls
Make-up II

SB - Southern Bank

HR - Hospital Rock
1Low-Molecular-Weight Hydrocarbons
2Epifauna hydrocarbons



TABLE 1.3
WATER COLUMN SAMPLING

Collected Collected Collected
Sample Type Seaaunallyl Stations Munthly2 Stations Pertodically Stations
Meteorology X All stations occupled X All statfions occupled X All stations occupled
STD Profiles X All transect stations X Statfions 1-6, Transect II
& two bank stattons
Light Penetration X Stations 1-3, Transects I, X Stations 1-6, Transect II
I1I & 1V: Stationa 1-6,
Transect 1I; & two bank
stations
Dissolved Oxygen X Stations 1-3; Transects 1, X Stations 1-6, Transect Il
Il & IV; Stations 1-6,
Transect II; & two bank
stations
Nutriente X Stations 1-3, all trausects, X Stations 1-3, Transect 1]
& two bank stations
Dissolved 1MW} Hydrocarbons X Stations 1-3, all transects X Stations 1-3, Transect II -
Dissolved and Particulate X Stations 1-3, all transects
HMW" Hydrocarbons
Particulate Trace Metals Winter & Stations 1 and 3, all
Spring Lransects
Chlorophyll a X Stations 1-3, all transects X Statfons 1-3, Transect II
Fluorescence Transects X Along Transect 1I X Along Transeet II
Phytoglankton
a. C'* Productivity X Stations 1-3, all trausects X Stattons 1-J, Transect Il
D. laxonomy X Stations 1-3, all transects X Stat{ons 1-3, Transect II
Shelled Microzooplankton X Stations 1-3, all trausects X Stations 1-3, Transect 11
Ciliated Protozoa X Stations 1-3, all transects X Statfons 1-3, Transect I1I
Zooplankton
a. Taxonomy ) § Stations 1-3, all ctransects X Stations 1-3, Transect II
b. Trace Metals p A Stations 1-3, all transects = Stations 1-3, Transect 1l
¢. Hydrocarbons X Stations 1-3, all traasects X Stations 1-3, Transect II
Neuston X Stations 1-3, all transects X Stations 1-3, Transect [}
Currents X Two studies during

'Winter (Jan-Feb), Spring (May-June), Fall (Sept-Oct)
2March, April, July, August, Novewber, December

sLuw-Mulecular—Helght
“Igh-Molecular-Weight

the year (see Chap=~

ter 2)

€T-T



TABLE 1.4

BENTHOS SAMPLING

Sample Type Collected Collected Collected
Seasonally' Stations “ﬁonthlyi Stations Periodically Stations
Meteorology X All scations occupled X All stations occupled X All statlions occupied
Sedlment-Texture X All transect and bank X Stations 1-6, Transect II X From gediment IMWH
stations samples
Sediment Total Organic Carbon X All transect and bank
stations
Sediment belta C'* X All transect and bauk
stations
Sediment HMW® Hydrocarbons X Stations 1-3, all
transects (each
station sampled once
during the year)
Sediment LMW'Hydrocnrhona X 50 stations in STOCS
area (each station
sampled once during
the year)
Sediment Trace Metals X All transect statfons
Melof auna X All transect and bank X Stations 1-6, Trausect II
stations
Macroinfauna X All transect and bank
stations

Macroepifauna and Demersal Fish

a. Taxonomy X All transect stations X Stations 1-3, Transect II
b. Trace Metals X Scations 1-3, all transects
c. Hydrocarbons X Stations 1-3, all traunsects X Stations 1-3, all
transects
Macronekton
a. Trace Metals X Hospital Rock and Southera
Bank
b. Hydrocarbons X Hosplital Rock and Southcern X Southern Bank
Bank

1

2Winter (Jan-Feb), Spring (May-June), Fall (Sept-Oct)
3March, April, July, August, November, December
Low-Molecular-Weight

l‘\Irligh—Molecular—Weight

y1-T



TABLE 1.5

HISTOPATHOLOGY SAMPLING

Sample Type Collected Collected
Seasonally’ Stations Monthly? Stations

Meteorology X All stations occupied X All stations occupied
Histopathology

a. Macroepifauna X Stations 1-3, Transect II X Stations 1-3, Transect Il

b. Demersal Fish X Stations 1-3, Transect II X Stations 1-3, Transect II1

and Southern Bank and Soutbern Bank
c. Gonadal Tissues X Stations 1-3, ‘Transect II X Stations 1-3, Tramsect II

and Southern Bank

and Southern Bank

:w1nter (Jan-teb), Spring (May-June), Fall (Bept-Oct)
March, April, July, August, November, December



TABLLE 1.6

MICROBIOLOGY SAMPLING

Sample Type Collected Collected
Seasonallyl Stations Monthly2 Stations
Meteorology X All stations occupied X All stations occupied
Mycology .
a. Water Column X Stations 1-3, Transect
11
b. Benthic X Stations 3/I, 1/II, 2/I1
3/11, 2/1II and 1/1IV
Bacteriology _
a. Water Column X Stations 1-3, Transect II1 X Stations 1-3, Transect
11
b. Benthic X Stations 1-3, all transects
Sediment Texture X Stations 1-3, all transects

Winter (Jan-Feb), Sprirg (May-June), Fall (Sept-Oct)
2March, April, July, August, November, December

QT-T



TABLE 1.7

SAMPLING GEAR USED DURING THE 1977 $TOCS STUDY

Type Of Sampling
STD Profiles

Light Penetration

Dissolved Oxygen

Nutrients
Dissolved IMW! Hydrocarbons

Dissolved and Particulate
HMW Hydrocarbons

Particulate-Trace Metals
Chlorophyll a
Fluorescence Transects
Phytoglankton

a.ct Productivity
b.Taxonomy

Shelled Microzooplankton
a.Discrete Depth
b.Integrated Depth
Ciliated Protozoa
Zooplankton

a.Taxonomy

b.Trace Metals and HMW Hydro-
carbons

Neuston

Sediment Texture
Sediment Total Organic Carbon

Sediment Delta C'?®

Gear Used

Plessey Salinity/Temperature/Depth
Profiling System and Nansen Bottles
Equipped with Reversing Thermometers
Lambda Photometer or Secchi Disc

Nansen Bottles Equipped with Revers-
ing Thermometers

30-2 Niskin Fbottles
30-2 Niskin FLottles

19-2 Glass Cerboy in Stainless Steel
Cage

19-2 Plastic Carboy

30~2 Niskin Fottles

30-2 Niskin Bottles
30-2 Niskin Bottles

30-2 Niskin Bottles
30-cm Nansen Net, 76 um Mesh

30-2 Niskin Bottles

l-m dia., 250 pm Mesh Net, equipped
with a Flowmeter and a Time-Depth
Recorder

l-m dia., 250 um Mesh Net, with PVC
Frame, Towed with a Nylon Rope from a
Boom at the Side of Survey Vessel

2 x .5 m Frame Partitioned into Four
Equal Areas with Four 505 um Mesh Nets

Smith-McIntyre Grab Sampler (.0125 m?®)
Smith-McIntyrs Grab Sampler (.0125 m?)

Smith-McIntyrz Grab Sampler (.0125 m?)



Type of Sampling

Sediment HMW Hydrocarbons
Sediment Trace Metals
Meiofauna

Macroinfauna

Macroepifauna Demersal Fish
Taxonomy

Trace Metals

. Hydrvocarbons
. Histopathology

a0 om

Macronekton
a. Trace Metals
b. Hydrocarbons
Benthic Mycology

Benthic Bacteriology

ater Column Mycology

Water Column Bacteriology

Sediment LMW Hydrocarbons

Current Measurements

1Low-—Molecular-Weight
2High-Molecular—Weight

1-18
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Gear Used

Smith-McIntyre
Smith-McIntyre
Smith-McIntyre
Smith-McIntyre
35-ft (10.7 m)
35-ft (10.7 m)

35-ft (10.7 m)
35-ft (10.7 m)

Hook and Line
Hook and Line
Smith-McIntyre

Smith-McIntyre

Grab Sampler (.0125 m?®)
Grab Sampler (.0125 m?)
Grab Sampler (.0125 m®)
Grab Sampler (.0125 m3)
Otter Trawl
Otter Trawl

Otter Trawl
Otter Trawl

Grab Sampler (.0125 m?)

Grab Sampler (.0125 m?)

1-¢ Niskin Sterile Sampler or Peri-

staltic Pump and Tygon Tubing

1-% Niskin Sterile Sampler or Peri-
staltic Pump and Tygon Tubing

Gravity Core with Plastic Liner

ENDECO Type 105 Recording Current

Meter
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for the benthos cruises were by LORAC navigatioﬁal systems.

A summary of high-molecular-weight hydrocarbons and trace metal quality
control samples collected during the 1977 contra:zting period is given in
Table 1.8. Hydrocarbon quality control samples were delivered to the
University of New Orleans. Trace metal quality :ontrol samples are in
storage at UTMSI/PAML, pending the naming of a trace metal quality control

laboratory.

Survey Vessel

All sampling and measurements, except the placement and recovery of
current meters were taken aboard the University of Texas research vessel,
the R/V LONGHORN. The R/V LONGHORN, designed and constructed as a coastal
research vessel in 1971, is a steel-hulled 24.38 (80 ft) by 7.42 m (24 ft),
2.13 m (7 ft) draft ship. She carries a crew of five and can accomodate
a scientific party of ten. The R/V LONGHORN is aequipped with a stern-
mounted crane, a trawling winch, scan sonar, radar, LORAN-A and LORAC

navigational systems, and dry and wet laboratory space.

Participants

The University of Texas Marine Science Inst:tute, Port Aransas Marine
Laboratory (UTMSI/PAML), was contracted by the BLM to provide overall
project management, logistics, ship time, data management and certain sci-
entific efforts. Additional scientific effort was provided by sub-con-
tracts between the University of Texas and Texas A&M University, The
University of Texas at San Antonio, The University of Texas at Austin,
and Rice University.

A total of 28 principal investigators participated in the project.
Table 1.9 lists the principal investigators by iristitutions represented

and scientific responsibility. Ship time was prcovided for the NOAA/NMFS
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TABLE 1.8

SUMMARY OF QUALITY CONTROL SAMPLES COLLECTED
UNDER BLM CONTRACT AA550-CT -1

Sample Type Hydrocarbon Trace Metal
Contracted Collected Contracted Collected

Macroepifauna and 24 24 24 24
Demersal Fishes

Particulate High-Molecular 12 12 0 0
Weight Hydrocarbons ’

Zooplarkton 12 12 12 12

Macronekton 4 4 4 4

Sediment 24 24 24 24

Ship's Contaminants 9 9 3 3



TABLE 1.9

STOCS BIOLOGICAL AND CHEMICAL COMPONENT PART1CIPANTS BY WORK ELEMENT AND INSTITUTION

Rice University

Microplankton and Shelled Microzoobenthon.

Texas A&M University

HMW Hydrocarbons in Macroepifauna, Demersal Fish
and Macronekton. . . . . . . . . . .

Trace Metals in Macroepifauna, Demersal Fish
Macronekton and Plankton . . . . . . . .

IMW Hydrocarbons, Nutrients and Dissolved Oxygen .

Zooplankton. . . . . <« ¢« . ¢ o . 4 . . .
Neuston. . . . .« ¢« ¢« ¢ « & ¢ o o o v o v e e o
Meiofauna. . . . . . . ¢ . . 00 0 0. .
Histopathology of Macroepifauna. . . . . . . .
Histopathology of Demersal Fishes. . . . . . .
Benthic Bacteriology . . . . . . . .« . « . . .

University of Texas
Austin:
Water Column and Benthic Mycology.

. R. E. Casey

. C. S. Gilam, H. S. Chan

. B. J. Presley, P. N. Boothe
W. M. Sackett, J. M. Brooks

. E. T. Park

. J. H. Wormuth

. W. E. Pequegnat

. J. M. Neff

. W. E. Haensly

. J. R. Schwarz

. P, J. Szaniszlo

Marine Science Institute /Galveston Geophysical Laboratory:

Sediment Texture . . . « « ¢ « o o « &+

. E. W. Behrens

Marine Science Institute/Port Aransas Marine Laboratory:

Ciliated Protozoa. . . . . . . . « . + . .
Hydrography. . . . . e e e e e e e e

HMW Hydrocarbons in Zooplankton, Sediment, Water
Phytoplankton and Productivity . . . . .
Macroinfauna and Macroepifauna . . . . . . .
Demersal Fishes. . . . . . . . . . . . . . . ..

San Antonio:

Histopathology:Gonadal Tissues of Macroepifauna
and Demersal Fish. . . . . . . . . . . . . .
Water Column Bacteriology. . . . . . . . .

. P. L. Johansen

. N. P. Smith

. P. L.. Parker, R. S. Scalan, J. K. Winters
. C. Van Baalen, D. L. Kamykowski

. J. S. Holland

. D. E. Wohlschlag

. S. A. Ramirez
. M. N. Guentzel, H. V. Oujesky, O. W. Van Auken

12-1



1-22

ichthyoplankton sampling. Supportive work was performed by the USGS (sed-
iment texture and sediment trace metals) and the Topographic Features

(sediment texture) components.

Program Management

For the third year of environmental studies of the STOCS, the biolo-
gical and chemical component required a full-time Program Manager and
staff. The Program Management staff consisted of a Technical Coordinator,
Data Manager, Program Secretary, marine technician, draftsperson and
ancillary data management personnel. The primary responsibilities of the
Program Manager and staff included overall program administration, logis-
tical coordination for field sampling, sample transmittals, lab analyses,
data management and meetings, and preparation of required reports.

Meetings were held at the end of each quarter of the contracting
period. All Principal Investigators for the biological and chemical compo-
nent and element leaders of other STOCS projects presented a summary of
significant findings and progress reports at these meetings. Following
each quarterly conference a Quarterly Summary Report was submitted to BLM.
These reports summarized the following: all work accomplished and problems
encountered; an updated sample inventory showing all samples taken and
their disposition; and the Principal Investigators' quarterly progress
reports. To insure communication, coordination and unity of effort, an
Administrative Council [consisting of the Program Manager, Technical Coor-
dinator, Data Manager, the Project Element Coordinators of other STOCS
projects and the Contracting Officer's Authorized Representative (COAR)]

met prior to each quarterly conference.

Problems

The usual weather and mechanical problems associated with offshore
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sampling were encountered and reported to BLM in cruise reports submitted
following each cruise. All field sampling was, aiowever, completed in less
time than originally estimated. Specific field sampling problems, as well
as laboratory analytical and taxonomic problems, .are discussed in detail in

each of the reports by the Principal Investigators.

Publications/Works in Progress

A number of publications and presentations 1ave resulted from the
1975-1977 STOCS studies. These, along with works in progress, are presented
in Table 1.10. It is anticipated that the numbe: and rate of publications

will increase as additional data are available and analyzed.
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TABLE 1.10
PUBLICATIONS AND PRESENTATIONS

HYDROGRAPHY

Smith, N. P. 1978. Longshore currents on the fringes of Hurricane
Anita. J. Geophys. Res. 1977 Data.

. 1977. Nearshore cross~shelf motion in the northwestern
Gulf of Mexico. Presented to the Am. Geophys. Un. June 1977,
Washington, D. C.

1977. Longshore coherence in nearshore motion. Presented
at the Am. Geophys. Un. Fall, 1977.

1978. Vertical coherence in wind-driven shelf motions.
(Based on spring circulatipon study). Submitted to the J. of Phys.
Res.

In Preparation. Cross-shelf variability in nearshore cir-
culation. (Based on rig monitoring current and wind data).

In Preparation. Longshore coherence in nearshore motion.
(Based on 1976 early summer circulation study).

In Preparation. Cross-shelf variability in shelf circula-
tion. (Based on 1976 late summer circulation study),

LOW-MOLECULAR-WEIGHT HYDROCARBONS, NUTRIENTS AND DISSOLVED OXYGEN

Brooks, J. M., D. F. Reid, B. B. Bernard. 1977. Methane association
with shallow nepheloid layers in the Northwest Gulf of Mexico.

Presented at the AGU Spring Meeting, San Francisco, December
5-9, 1977.

Brooks, J. M. et al. 1977 (In Press). Light hydrocarbons in recent
Texas continental shelf and slope sediments. J. Geophysical
Res.

Brooks, J. M., B. B. Bernard, and W. M. Sackett. 1976. Input of
low-molecular-weight hydrocarbons from petroleum operations
into the Gulf of Mexico. 'Presented at the Fates and Effects
of Petroleum Hydrocarbons in Marine Ecosvstems and Organism
Meeting. 10-12 November 1976. Seattle, Washington, D. C.

HIGH-MOLECULAR-WEIGHT HYDROCARBONS IN SEDIMENTS, ZOOPLANKTON AND WATER

Fry, B., R. S. Scalan, and P. L. Parker. 1977. Stable
carbon isotope evidence for two sources of organic matter in
coastal sediments, sea grasses and plankton. Geochim. et
Cosmochimica Acta 41:1875-1877.
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Parker, P. L. 1976. Petroleum hydrocarbons in Gulf of Mexico coastal
waters: chemical characteristics and biological effects.
Presented at the AIBS Symposium on Sources, Effects and Sinks
of Hydrocarbons in the Aquatic Environment. Washington, D. C.
August 9-11, 1976.

1976. Preliminary results of a chemical and biological
survey of the south Texas shelf. Abstr. Prog. Geol. Soc. Am.
8:57.

.y J. K. Winters, C. Van Baalen, J. C. Batterton, and R. S.
Scalan. 1976. Petroleum Pollution: Chemical Characteristics
and Biological Effects. Presented at the AIBS Symposium on
Sources, Effects and Sinks of Hydrocarbons in the Aquatic Envir-
onment. Washington, D. C. August 9-11, 1976.

Scalan, R. S. 1976. Hydrocarbons in zooplankton from the STOCS.
Presented to the Southern Regional Geochemists. Tulsa, Oklahoma.
May 14, 1976.

Winters, J. K., and P. L. Parker. 1977. Water soluble components
of crude oils, fuel o0ils and used crankcase oils. Presented
at the 0il Spill Conference. New Orleans, Louisiana March 8-10,
1977.

HIGH-MOLECULAR-WEIGHT HYDROCARBONS IN EPIFAUNA AND MACRONEKTON

Giam, C. S., H. S. Chan, and G. S. Neff. 1976. Aliphatic heavy
hydrocarbon composition in the benthic macroepifauna of the
South Texas outer continental shelf. Presented at the 32nd

annual ACS Southwestern Meeting. Fort Worth, Texas December 1-3,
1977.

., 1976. Distribution of n-paraffins in selected marine
benthic organisms. Bull. Env. Contam. & Toxicol. Vol. 16(1):
37-43. Springer & Verlag, New York.

TRACE METAL CONCENTRATIONS IN EPIFAUNA, ZOOPLANKTON AND MACRONEKTON

Horowitz, A., and B. J. Presley. 1977. Trace metal concentrations
and partitioning in zooplankton, neuston and benthos from the
STOCS. Arch. of Env. Contam. & Toxicol. 5(2):247-255.

Sims, R. R., and B. J. Presley. 1976. Heavy metal concentrations
in organisms from an actively dredged Texas bay. Bull. Env.
Contam. & Toxicol. 16(5):520-527.

SEDIMENT TEXTURE
Behrens, E. W. 1978. (In Press) Further comparisons of grain size

distribution determined by electronic particle counting and
pipette techniques. J. Sedimentary Petrology
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MICROBIOLOGY: BENTHIC BACTERIOLOGY, WATER COLUMN BACTERIOLORY, AND BENTHIC
AND WATER COLUMN MYCOLOGY

Alexander, S. K., H., S. Chan, C. S. Giam, and J. R. Schwarz. 1978.
Effect of crude oil on benthic bacteria of the South Texas
outer continental shelf. Presented at the Annual Meeting of
the American Society for Microbiology, Las Vegas, Nevada. May 14-19,
1978.

Kaster, A. G., J. Allen, and O. W. Van Auken. 1978. Species trends
in bacterial succession in water samples from the western Gulf
of Mexico. Presented at the Texas Academy of Science Meeting,
Lubbock, Texas, March 9, 1978.

.» and O. W. Van Auken. 1978. Bacterial succession in closed
systems incubated with and without South Louisiana crude oil.
Presented at the American Society for Microbiology, Las Vegas,
Nevada. May 14-19, 1978.

Oujesky, H. V. 1978. Water column bacteriological studies of the
south Texas outer continental shelf. To be presented at the
Annual Meeting of the Society for Industrial Microbiology in
Houston, August 13-18, 1978. To be published in Developments
in Industrial Microbiology, Vol. 20, Spring 1979.

Pouw, H., E. Ley, and 0. W. Van Auken. 1978. Some effects of South
Louisiana crude o0il on bacterial kinetics. Presented at the
Texas Academy of Science Meeting, Lubbock, Texas, March 9, 1978.

Van Auken, 0. W., R. Lutes, and P. L. Parker. 1978. Hydrocarbon
degrading potentials of water samples from the western Gulf
of Mexico. Presented at the Texas Academy of Science Meeting,
Lubbock, Texas, March 9, 1978.

., and A. G. Kaster., 1978. Iron requirements of oil-degrading
bacteria from western Gulf of Mexico. Presented at the American
Society for Microbiology, Las Vegas, Nevada, May 14-19, 1978.

Wilson, C., A. G. Kaster, and 0. W. Van Auken. 1978. Some effects

of South Louisiana crude oil on bacterial succession. Presented
at the Texas Academy of Science, Lubbock, Texas, March 9, 1978.

PHYTOPLANKTON AND- -PRODUCTIVITY

Morgan, J. C. 1975, Studies on the diatoms of the northwestern Gulf
of Mexico: identification, distribution and cultural studies.
M.A. Thesis. University of Texas, Austin, Texas. 67pp.

MICROZOOPLANKTON AND MICROZOQOBENTHON

Anepohl, J. K. 1976. Seasonal occurrence of living benthonic
Foraminifera, south Texas outer continental shelf. Abstr. Prog.
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Geol. Soc. Am. 8:2-3 (Abstr).

Anepohl, J. K. 1976. Seasonal distribution of living benthonic
Foraminifera of the south Texas outer continental shelf. M. A.
Thesis, Univ. of Texas, Austin, Texas. 130pp.

Bauer, M. A. 1976. Ecology .nd distribution of living planktonic
foraminifera of the south Texas outer continental shelf. M. A.
Thesis, Rice University., Houston, Texas 125pp.

Casey, R. E. 1977. Pre-drilling environmental impact studies on the
south Texas outer continental shelf. Presented at the Corp.
Association Meeting, Houston, December 1977.

. 1977. Cenozoic radiolarians: paleogeography and evolution
Presented at the N. Am. Paleontol. Convention., II, University
of Kansas, August 1977,

., and M. A. Bauer. 1976. A seasonal study of radiolaria
and foraminifera in the waters overlying the south Texas outer
continental shelf. Abstr. Prog. Geol. Soc. Am. 8:11 (Abstr).

., and K. J. McMillen. In Press. Cenozoic radiolarians of
the Atlantic basin margins. In F. Swain (ed)., Stratographic
micropaleontology of the Atlantic Basin and borderlands.

., K. J. McMillen, and M. A. Bauer. 1975. Evidence for and
paleo-oceanographic significance of relict radiolarian popula-
tions in the Gulf of Mexico and Caribbean. Abstr. Prog. Geol.
Soc. Am. 7:1012-1023 (Abstr). :

Hueni, C., J. A. Monroe, J. Gevirtz, and R. E. Casey. 1978. Distri-
bution of living benthonic foraminifera as indicators of oceano-
graphic processes of the south Texas outer continental shelf.

To be presented at the Gulf Coast Association of Geological Soc-
ieties, New Orleans, Louisiana Oct. 11-13, 1978.

., and R. E. Casey. 1977. Benthonic foraminifera from the
south Texas outer continental shelf; a seasonal study for 1976.
Presented at the Offshore Technology Conference, Houston,-Texas
May 1978.

Leavesley, A. S., M. A. Bauer, K. McMillen, and R. E. Casey. 1978,
Living shelled microzooplankton (radiolarians, foraminiferans,
and pteropods) as indication of oceanographic processes in
water over the outer continental shelf of south Texas. To be
presented at the Gulf Coast Association of Geological Societies
New Orleans, Louisiana Oct. 11-13, 1978.

., and R. E. Casey. 1977. Shelled nicrozooplankton as
indicators of oceanographic conditions on the south Texas outer
continental shelf, 1976. Presented at the Offshore Technology
Conference, Houston, Texas May 1978,
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CILIATED PROTOZOA

Johansen, P. L. 1978. Factors affecting the distribution of marine
protozoa on the south Texas outer continental shelf. Presented
at the ASLO Meeting, Victoria, British Columbia, June 19-22, 1978.

. 1977. Microdistribution in time and space of tintinnids and
other marine protozoa. Presented at the V International Congress
of Protozoology, New York., June 26-July 2, 1977.

NEUSTON

Pequegnat, L. H. 1979. Pelagic tar concentrations in the Gulf of
Mexico over the south Texas outer continental shelf. Submitted
to the Contr. in Mar. Sci. Vol 22,

Wormuth, J. H. 1978.. Sampling variability associated with the neuston
community: the results of an intensive two-year study on the
south Texas outer continental shelf. Presented at the Scientific
Committee of Ocean Resources and the Scientific Committee in Ant-
arctic Resources. Keil, Germany, May 30-June 2, 1978.

., and S. P. Berkowitz. 1977. Annual changes in the neuston
of the south Texas outer continental shelf and their relation-
Ship to ctkor nb«ann1 A hi~lAanst An T <rav+

1 . 1 Damn = _m A A
her physical and biclogical variables. rresenieqa ac

the annual ASLO meetings, East Lansing, Michigan, June 20-23, 1977.
INVERTEBRATE EPIFAUNA AND MACROINFAUNA

Flint, R. W., and J. S. Holland. 1978. Benthic species variability
in a marine nearshore subtidal environment. Presented at the
ASLO Meeting, Victoria, British Columbia, June 19-22, 1978,
Paper submitted to Marine Biology for publication.

.» S. A. Holt, and J. S. Holland. In Preparation. Gulf of
Mexico outer continental shelf benthos: II Macroinfaunal environ-
mental relationships.

Holland, J. S., and S. A. Holt. 1In Preparation. Estimating accuracy
and efficiency of marine benthic sampling.

Holt, G., and J. S. Holland. In"Preparation. Epifaunal community
structure of the south Texas outer continental shelf.

Holt, S. A., R. W. Flint, and J. S. Holland. In Preparation. Gulf
of Mexico outer continental shelf benthos: I. Macroinfaunal
species assemblages and distribution.

McKinney, L., R. D. Kalke, and J. S. Holland. 1978. New species of
amphipods from the western Gulf of Mexico. Contr. Mar. Sci. 21:
133-159.



TABLE 1.10 CONT.'D

Rabalais, N., and S. A. Holt. 1978. The mud shrimps (Crustacea,
Decapoda, Thalassinidea) of the northwestern Gulf of Mexico.
Presented at the Texas Academy of Science Meeting, Lubbock,
Texas, March 9, 1978

., In Manuscript. A new species of Ctenocheles (Crustacea:
Decapoda, Thalassinidea) from the northwestern Gulf of Mexico.
Submitted to Proc. Biol. Soc., Washington.

.y S. A. Holt, and J. S. Holland. In manuscript. The Tha-
lassinids (Crustacea, Decapoda) from ths northwestern Gulf of
Mexico. To be submitted to Bull. Mar. Sci.

., and D. L. Felder. In Preparation. The Brachyuran crabs
(Crustacea, Decapoda) of the south Texas continental shelf.

In Preparation. The Anomuran crabs (Crustacea,
Decapoda) of the south Texas continental shelf.

In Preparation. The shrinps (Crustacea, Decapoda,
Natantia) of the south Texas continental shelf.

In Preparation. A quantitative, diversity, popula-
tion paper on all decapods. '

Treece, G., and J. S. Holland. 1In Press. Four new records of Apla-
cophorous mollusks from the Gulf of Mexico. Bull. of Mar. Sci.
14 pp. 19pl.

DEMERSAL FISHES

Cole, J. F. 1977. Numerical analysis of trawled benthic fishes from
the south Texas outer continental shelf. M. A. Thesis. Univ.
of Texas, Austin, Texas.

Vetter, E. F. 1978. Diel variations in ottzr trawl vulnerability
of fishes from the south Texas outer continental shelf. M. A.
Thesis, University of Texas, Austin, Texas.

. 1977. A functional model of Stenotomus caprinus (Pisces:
Sparidae) distribution and abundance on the south Texas outer
continental shelf. Presented at the AI3S Conference, on Assess-
ment of Ecological Impacts of 0il Spills, Keystome, Colorado.
June 14-~17, 1977.

Wohlschlag, D. E. 1977. Seasonal and annual contrasts in distribution
and abundance indices for south Texas continental shelf fishes.
Presented at the Annual AIBS Meetings, Zast Lansing, Michigan,
August 1977.
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Wohlschlag, D. E. 1976. Distribution and abundance of STOCS benthic
fishes. Presented at the annual ASLO Meeting. Savannah, Georgia.,
June 21-24, 1976.

1976. Benthic fish distribution and abundance patterns
over the south Texas outer continental shelf. Presented at the
GERS Meeting., Lafayette, Louisiana. October 30, 1976.

HISTOPATHOLOGY

Ernst, V. V., and J. M. Neff. 1978. Gill histopathologies of various
Gulf crustaceans. Presented at the Crustacean Health Workshop,
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ABSTRACT

Recording current meter data from two field experiments, and hydro-
graphic data from nine nearly synoptic cruises over the South Texas Outer
Continental Shelf were used to describe the annual progression of physi-
cal oceanographic variables for 1977, and to infer the dominant time
scales and external forcing mechanisms. Current measurements revealed a
strong longshore transport to the south-southwest during the winter months
and little net transport during the summer. Surface temperature data
indicated a transition from strong cross-shelf gradients in the winter to
nearly isothermal conditions in summer. Salinity variations were largely
restricted to the transient decrease produced by the spring runoff. The
principal external forcing mechanisms appeared to be the winter cold fronts,
the spring runoff and summer heating.



INTRODUCTION

Shelf waters in general may be characterized by relatively great tem-
poral and spatial variability, reflecting both advective processes (out-
flow from adjacent estuaries and shelf-open ocear exchanges) and local
conditioning through the air-sea interface. The relatively rapid response
of shallow shelf waters to external, meteorological forcing greatly
restricts the representativeness of a given meastrement, both in space and
time. As a result, sampling programs must be appropriately designed with
regard to station density and sampling frequency to reveal the constantly
changing patterns.

The waters of the South Texas Outer Continertal Shelf (STOCS) provide
a good example of this characteristic of shelf waters. Though the hydro-
graphic climate is quite well known for the central Texas coast and has
been reviewed by several authors (Rivas, 1968; Etter and Cochrane, 1975;
Armstrong, 1975), the variability or scatter about the long~term averages
is much less well understood.

The purpose of the hydrographic component of the STOCS monitoring
program was two-fold. The primary purpose was tc provide supportive data
in a basically chemical and biological investigation. Temperature and
salinity measurements provided a data base suitatle for going a step beyond
simply inventorying plant and animal populations, and made it possible to
investigate the cause-and-effect relationships whkich produced the observed
biological distributions.

A second purpose of the study related to the spatial and temporal
variability of hydrographic properties in the Texas OCS study area. Repe-
titive sampling within a relatively closely spaced grid of stations made

r

possible a study of the heterogeneity that was masked by the long-term



averages. The importance of investigating temporal and spatial variabil-
ity was that the physical processes responsible for defining the general
hydrographic climate were generally both localized and transient. If the
study was to contribute to an understanding of basic processes, the sam-
pling pattern must be appropriately tailored to the characteristics of the
physical enviromment. The 1977 hydrographic sampling program seemed to
have been well suited for fulfilling both its intended purposes.

For many purposes, the first year of the monitoring program was the
1976 study, since the poor sampling frequency and station density during
the 1975 monitoring did not produce a data base sufficient for more than
a first look at large-scale, seasonal patterns. Even with the 1976 hydro-
graphic data, however, there remained the question of year-to-year repe-
tition of hydrographic events or general patterns. With the follow-up
data presented in this report, it became possible to draw tentative con-
clusions regarding the representativeness of a single year's data. The
question of year-to-year variability, however, could only be confidently
resolved with data from a much ionger monitoring study.

The following section contains a description of the methodology used
both in data collection and data analysis. These techniques have been
presented in prior reports, and are basically unchanged from those used
in the 1976 program (Smith, in Groover, 1977). A compilation of the
results of hydrographic and direct current measurements follows. This
component of the Annual Report concludes with a short integration of the

data accumulated during the 1977 monitoring.



MATERIALS AND METHODS

Data Collection

Both hydrographic data and recording current meter data are presented
and discussed in this report. Hydrographic data were normally obtained
with a Plessey Model 9060 Self-Contained Salinity/Temperature/Depth Pro-
filing System (STD). In very shallow water, or when a brackish water lens
through the upper part of the water column lowered the salinity to below
the 30-40 parts-per-thousand (ppt) range of the STD, a Martek Model TDC
Metering System (TDC) was used instead. The STD provided surface to near-
bottom analog traces, which were digitized at 3-m intervals. The TDC was
lowered at approximately 3-m intervals.

Top and bottom temperature and salinity samples were collected by
Nansen bottles equipped with pairs of reversing thermometers. Salinities
were determined by laboratory analysis following the cruise. Top and
bottom calibration data were entered into the computer to correct the raw
T-S profiles provided by the STD or TDC.

STD temperatures were read to the nearest 0.01°C; salinities were
read to the nearest 0.0l ppt. The precision of the STD is nominally within
0.1°C and 0.05 ppt, for temperature and salinity, respectively. When the
TDC was used, temperatures were read to the nearest 0.1°C and conductivi-
ties were read to the nearest 0.1 mmho/cm. In reality, however, the pre-~
cisions are more on the order of 0.2°C and 1 to - mmho/cm, depending on
the full scale being used. The precision of the salinity computed from
the TDC data was estimated to be within 0.5 ppt, incorporating the calibra-
tion data. TDC depth was read to the nearest 0.l m, though this generally
required averaging on a rolling boat.

The surface and bottom calibration data were used to calibrate both

STD and TDC profiles as the first step in a computer program used to com-



pute a group of temperature-, salinity- and pressure-related hydrographic
variables. When TDC data were obtained at a given station, the computer
program first calculated the salinity with the equations discussed by Bennett
(1976). The basic computer program was that developed by and obtained
from the Pacific Environmental and Meteorological Laboratories. OQutv ver-
sion has undergone significant modifications to (1) incorporate the cali-
bration T-S data; (2) plot vertical profiles of temperature, salinity and
sigma-t; and (3) compute the Brunt-Vaisala cut-off frequency of internal
wave oscillations. The program computed sigma-t, potential temperature
(°C), the specific volume anomaly (the difference between the specific
volume of the sample and that of a water parcel with a temperature of

0°C and a salinity of 35 ppt, in cm®/gm), the dynamic height (the product
of the specific volume anomaly and the pressure, in cmz/secz), the poten-
tial energy anomaly (in gm cm®/sec?) and the sound speed (in m/sec).
Tables of these computed hydrographic variables are presented in Appendix
A along with the calibrated T-S profiles.

A total of 135 T-S profiles was obtained during the 1977 sampling
program. This total included transect data collected on the monthly and
seasonal cruises, bank station data collected seasonally, eight profiles
from Station 3/II collected as part of an additional exercise, and pro-
files from stations 1, 2 and 3/II collected in October to provide better
temporal resolution between the fall seasonal cruise (conducted during
September) and the November monthly cruise.

Recording current meter data were to be obtained during three separ-
ate field exercises, designed to coincide roughly with the three seasonal
cruises and at the same time provide data from times of winter cooling and
convective mixing, spring run-off, and summer stratification. As a cir-

culation study had been carried out in late winter 1977, as part of the



Rig Monitoring Study, and since the Principal Investigator left the pro-
ject in November, only two of the three planned studies were in fact
carried out. These extended from 9 March to 26 April, and from 14 June

to 11 September 1977. The time periods were well suited to detect the
effects of the spring run-off and summer thermal stratification. In addi-
tion, the positioning of the current meters made possible an investigation
of cross-shelf coherence during the spring study and longshore coherence
during the summer study.

Current speed and direction were recorded either hourly or half-hourly,
and all values were time-integrated (averaged) over the sampling period.
The current meter used was the ENDECO Type 105, which has an accuracy of
approximately 6 cm/sec and a resolution of 2.6 cm/sec, according to the
manufacturer; the directional resolution and accuracy are 7°.

For the spring study, current meters were lccated at two stations, 6
and 33 km off the central Texas coast near Port Aransas (Figure 2.1). Two
current meters at the inner station were positiored 2 and 10 m above the
bottom in 15 m of water. The four current meters at the outer stations
were positioned 5, 12, 19 and 26 m above the bottom in 33 m of water. Dur-
ing the summer study, two current meters 2 and 1( m above the bottom in
approximately 20 m of water, were positioned off Port Aransas and Port
O0'Connor, Texas, and one current meter, 10 m above the bottom in 18 m of

water, was positioned off Port Mansfield (see Figure 2.2).

Methods of Analysis

Calibrated T-S profiles and computed hydrographic variables were pre-—
sented in a number of ways to characterize the hydrographic climate of
the STOCS. Calibration T-S data from the seasonzl cruises, when all 26

stations were occupied, were plotted on a plan-view base map and contoured



0 10

PORT ARANSAS

BAFFIN BA

Figure 2,1 Inner and Outer Sampling Sites for Sub-Surface Current
Data, March-April 1977.
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Figure 2.2 Locations of Current Meters off the Texas Gulf Coast.




at intervals of 1-2°C or ppt. Monthly cruise data were used to cénstruct
cross-sections of temperature, salinity and sigma-t along Transect II.

T-S values from a given location and depth on Transect II were plot-
ted on a standard sigma-t diagram (with the sigma-t lines removed). The
polygon-like figure obtained by connecting the dots provided a good over-
view of the relative importance and actual magnitudes of temperature and
salinity variations over the time interval the data were collected.
Finally, temperature, salinity and sigma-t profile data were entered on a
depth vs time graph. The resulting figures indicated the vertical movement
of the isopleths over the associated time interval.

Recording current meter data can be treated in a variety of ways to
bring out different characteristics of shelf circulation. The two methods
selected for this report provide a quick summary of water movement past
the current meter. By decomposing current vectors into speeds and direc-
tions, histograms can be constructed to show the distribution of these
variables over the time interval the current meter was in place. Alter-
nately, progressive vector diagrams, constructed by plotting current
vectors in a head-to-tail manner, show how water moved past the study
site, but may also be used to infer the general characteristics of the sub-
surfaée circulation along a given part of the coastline. More sophisti~
cated analytical techniques provide a logical follow-up to this elemen-
tary analysis, but they are not necessarily required in a baseline moni-

toring study with an emphasis on the biology and chemistry of STOCS waters.

RESULTS
Results of the 1977 hydrographic and physical oceanographic sampling
program are divided into two sections, one dealing with STD data and the
computed hydrographic variables, and the other recording current meter

data. Hydrographic data are presented chronologically, followed by a sub-
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section in which the year's data are combined to summarize seasonal and
annual variations. Taken together, the data may be used to characterize
the hydrographic climate of the STOCS waters. The direct current mea-
surements help explain both the spatial distribu:ion of hydrographic
variables, and the temporal representativeness oI the patterns measured

during monthly and seasonal cruises.

Winter Seasonal Cruise Data

Transect I (January 18-22; February 21-22, :977)

The temperature cross-section constructed for Transect I (Figure 2.3)
must be interpreted with caution as it is patched together between Sta-
tions 2/I and 5/I. The inner half of the shelf was sampled on 21 January
and the outer half was completed a month later oa 21 February. Strongest
horizontal temperature gradients were found insije Station 2/I. Vertical
stratification, particularly strong at Station 1/I, was absent at Station
2/1. Over the entire shelf, water was quite homdgeneous both horizontally
and vertically. Therewas some indication that water between 17 and 18°C
was moving up the outer shelf and rising to the surface just outside
Station 2/I.

Salinity variations along Transect I (Figure 2.4) were restricted to
within Station 2/I. This pattern was similar to that shown in Figure 2.3,
with horizontal gradients occurring between Stations 1/I and 2/I, and
vertical stratification strongest at Station 1/I. Itwasof interest to
note that lowest salinities were found approximately 10 kilometers off-

shore.

Transect IT (January 11-12 and February 21-22)

Temperatures along Transect II (Figure 2.5) were obtained a month
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after the majority of the seasonal cruise data were collected, yet the
apparent upwelling pattern had persisted, and possibly expanded somewhat.
The 16, 17 and 18°C isotherms suggested that a thick layer of water was
moving up the shelf and intersecting with the surface at or somewhat sea-
ward of Station 2/II. Water was thermally homogeneous over the inner
shelf, and outside Station 5/II through the uppe: 35 meters. This may
have reflected, in part, the effects of wave mixing which generally occurs
as winter fronts move out over the shelf waters.

The salinity cross-section from Transect II (Figure 2.6) showed that
vertical stratification was present in the upper 10-15 meters at the inner
two stations. The pattern over the middle shelf is consistent with off-
shore water moving up the shelf in sub-surface layers, but does not sup-

port the pattern of full upwelling particularly well.

_______ = ; 17“222 1977)

TTT [ Tamiimss
Lailocuie LLL \L)d.nud.t.j

Temperatures along Transect III (Figure 2.7) indicated a thick layer
of water moving in an onshore direction from below the 100 meter level at
the outer edge of the shelf, and intersecting th2 surface between Stations
5/1III and 3/III. Horizontal temperature variations were largely confined
to the inner 40 kilometers, with only slight vertical stratification at
any of the inner three stations.

The salinity cross-section for Transect III (Figure 2.8) indicates a
relatively small wedge of lower salinity water was restricted to the
shelf inside Station 5/III. Strongest vertical stratification was found

at about mid-depth at Station 4/III.

Transect IV (January 17-22, 1977)

The temperature cross-section along Transect IV (Figure 2.9) was more
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typical of the pattern characteristic of shelf waters in the late winter
months, when wind mixing and convective overturning kept the upper part
of the water column vertically homogeneous. Temperature variations
occurred primarily as horizontal gradients, particularly between the inner
three stations. The 19°C isotherm achieved a horizontal orientation only
at a depth of 75 meters over the outer shelf, indicating the extent to
which vertical mixing had occurred.

Salinity variations (Figure 2.10) were largely restricted to the
waters inside Station 5/IV. No station showed appreciable vertical strati-
fication. Except for a shallow lens that extended out toward Station 2/IV
in the upper 3-5 m, all water outside Station 5/IV had a salinity greater

than 36 ppt.

March Monthly Cruise (March 14-15, 1977)

The temperature cross-section along Transect IT (Figure 2.11) suggested
that the upwelling pattern persisted into mid March. Again, the 17 and 18°C
isotherm may be used to infer the movement of sub-surface water up onto the
shelf, intersecting the surface between Stations 2/II and 5/II. Coldest
water in the upper part of the water column was still found along the
inner shelf, indicating that seasonal warming had not progressed very far.
Temperatures at any given location had not changed appreciably from the
winter seasonal cruise.

The salinities recorded along Transect II (Figure 2.12) indicated
slightly more isohaline water was present through the water column at the
inner stations. The strong stratification seen during the winter seasonal
cruise (Figure 2.6) was missing, indicating the importance of advective

processes in altering the spatial patterns found on any given cruise.
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April Monthly Cruise (April 20-21, 1977)

The April temperature cross-section (Figure 2.13) showed the beginning
of a seasonal thermocline that was forming in the waters of the middle
and outer shelf. Inner shelf waters were vertically mixed, with top to
bottom differences of 0.25 and 0.60°C at Statiomns 1/II and 4/II1, respec-
tively. A thermocline bounded by the 19 and 22°C isotherms formed at mid-
depths and descended rapidly between Stations 6/II and 3/II. At Station
7/11, the seasonal thermocline layer extended between 45 and 95 m. Sur-
face temperatures along Transect II ranged from 21.2 to 22.8°C, with values
increasing more or less uniformly in an offshore direction.

The Transect II salinity cross-section (Figure 2.14) showed a sharp
horizontal gradient was present between Stations 1/II and 4/II. Beyond
Station 4/II, salinity gradients changed from primarily horizontal to
primarily vertical, as a shallow lens of low salinity water in the upper
5-10 m extended out to the edge of the shelf. Water below about the 10 m

level was relatively isohaline, with values above 36 ppt.

Spring Seasonal Cruise Data

Transect I (May 19-20, 1977)

The temperature cross-section from Transect I (Figure 2.15) showed that
a nearly isothermal near-surface layer was present; temperatures across
the shelf ranged only between 24.5 and 25.6°C. A seasonal thermocline,
bounded by the 20 and 24°C isotherms, was apparent at, and offshore of
Station 2/I. Strongest vertical temperature gradieﬁts in outer shelf wat-
ers were found through the 10-60 m layer.

The Transect I salinities (Figure 2.16) were very low over the inner
shelf with a surface salinity at Station 4/I just over 24 ppt. Between

Stations 4/I and 2/I, isohalines, wereoriented nearly vertically; a strong
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horizontal gradient separated water heavily influenced by river run-off
from the water further offshore. At and beyond Station 2/I, isohalines
assumed a nearly horizontal orientation. A halocline at a depth of 10-15 m
and bounded by the 34 and 36 ppt isohalines extended from Station 2/I out
to and beyond the edge of the shelf.

An interesting feature of the salinity cross-sectionwas the presence
and orientation of the 36.5 ppt isohaline at Stations 5, 6 and 3, Transect
I. Such high values were above those normally found over the STOCS and

indicated that Subtropical Underwater was moving up onto the shelf along

Transect 1.

Transect II (May 18-19, 1977)

Isotherms along Transect II (Figure 2.17) assumed the horizontal ori
entation characteristic of the summer months. Surface temperatures were
very uniform across the shelf, varying between 25.2 and 25.6°C. Below a
mixed layer in the upper 10 m, temperatures decreased relatively quickly
with increasing depth, especially through the upper part of the seasonal
thermocline.

The salinity cross-section (Figure 2.18) shcwed a very strong halo-
cline was present through approximately the upper 20 m due to the exten-
sion of spring 'runoff water out over the edge of the shelf. A low value
of just under 29 ppt was found at the surface at Station 1/II, and the
30 ppt isohaline intersected the surface just instore of Station 2/II. At
the same time, the 36 ppt isohaline intersected the Station 2/II profile at
mid-depth and extended through the 20-25 m layer over the outer shelf.
Again, salinities greater than 36.5 ppt at near-tottom levels were mea-

sured at Stations 6/II and 7/II (not shown), thotgh not at Station 3/II.
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Transect III (May 17-18, 1977)

A very strong seasonal thermocline, enclosed by the 25 and 22°C iso-
therms, was apparent between 10 and 20 m along Transect III (Figure 2.19).
Over the outer shelf, temperatures continued to decrease to below 19°C at
approximately the 70 m level. An interesting feature of the temperature
cross-section was the rapid descent of the isotherms below the 10 m level
at Station 6/IIL.

The salinity cross-section (Figure 2.20) showed that a continuation of
the strong halocline existed across the entire shelf along Transect III.
Isohalines were oriented very nearly horizontally and restricted for the
most part to the upper 15-20 m of the water column. Near-bottom salini-
ties over the outer shelf were over 36.4 ppt, but there was no indication
of near-bottom salinities greater than 36.5 ppt along Transect III. Sur-
face salinities at Stations 4/III and 1/III were slightly higher than
those over the mid-shelf, indicating either more intemse vertical mixing

over the inner shelf or the possibility of a nearshore upwelling situation.

Transect IV <May 16-17, 1977)

The seasonal thermocline, bounded by the 25 and 20°C isotherms, exten-
ded through Tranmsect IV between approximately the 10-30 m levels (Figure
2.21). Surface temperatures were quite uniform, ranging between 24.7 and
25.2°C. 1Isotherms continued the nearly horizontal orientation seen along
Transect III. Coldest temperatures were approximately 18.5°C just above
the bottom over the outer shelf.

The salinity cross-section (Figure 2.22) indicated a nearly isohaline
water column was present at Station 4/IV, but a strong vertical gradient
existed at all stations further offshore. The halocline, sitting atop the

36 ppt isohaline, was in the area bounded by the 32 ppt isohaline over the
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more stratified inner shelf, and by the 34 ppt isohaline over the outer

shelf. Lowest surface salinities were again found some distance offshore.

Surface Temperature Patterns (May 16-20, 1977)

The plan-view surface temperature pattern (Figure 2.23) was a rather
featureless one, characteristic of the summer and early fall months. All
surface temperatures fell within the range of 24.5 - 25.6°C, and it was
probable that a large part of this variation could be accounted for by
the diurnal heating and cooling that occurred during the five-day cruise.
There was some indication of onshore directed temperature gradients along
Transects III and IV, but little else in the figure that could be inter-
preted as a spatial pattern,

In contrast to the nearly isothermal surface temperature field, sur-
face salinities (Figure 2.24) showed that significant longshore and cross-
shelf gradients were present reflecting river rurnoff and advective pro-
cesses over the Texas shelf. The general pattern suggested a plume of
low salinity surface water was moving north to south along the Texas
coast. Along Transects III and IV, however, this plume was clearly cut
off from the coast. Lowest salinities along these transects were found
approximately 30 to 35 km offshore. Lowest values for the whole central
and lower Texas shelf were found at Station 4/I. A particularly strong
horizontal gradient occurred along the inner she.f of the transect, with

a salinity of over 33.5 ppt at Station 2/I.

July Monthly Cruise (July 6, 1977)

The temperature cross-section along Transec: II (Figure 2.25) showed
the generally horizontal isotherms characteristic of the summer months

and the start of the seasonal thermocline centered in the 20-40 m layer.
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Highest surface temperatures were displaced offshore and found at Station
5/II. The onshore directed temperature gradient over the middle and inner
shelf, along with the extension of the 22° isotherm to well inside Station
4/11, suggested an encroachment of near-bottom wa:er onto the inner shelf
replacing surface waters moving seaward.

The salinity cross-section from Transect II (Figure 2.26) supported the
interpretation of a surface water layer moving in an offshore direction.
The 36 ppt isohaline defined a lens of somewhat lower salinity that was

present in the upper 15 m between Stations 5/II and 3/II.

August Monthly Cruise (August 4, 1977)

The temperature cross-section from Transect II (Figure 2.27) was simi-
lar to that constructed from the July data, with warmest surface tempera-

tures of over 29°C found outside Station 4/I1 and an onshore encroachment

i~

of near-bottom water suggested by the 22, 24 and 26° isotherms. The sea-
sonal thermocline over the middle and outer shelf was centered in the
layer between approximately 40 and 50 meters.

Top to near-bottom salinity values were 36.25 * 0.15 ppt (Figure 2.238).

No spatial continuity was apparent, either horizontally or vertically,

within this range, and thus isohalines were not entered.

Fall Seasonal Cruise Data

Transect I (September 10-11, 1977)

Temperatures along Transect I were well mixed through the upper 20-30 m
(Figure 2.29). A very well defined seasonal thermocline, capped by the 29°
isotherm, appeared just above the bottom at Station 2/I. Isotherms diverged
rapidly with increasing distance from the coast. The greatest vertical temper-

ature.” gradients were at Station 3/I centered at approximately 50 m. Sur-
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face waters were generally between 29.2 and 29.4° over the middle and outer
shelf. Surface temperatures at Stations 4/I and 1/I were just below and
just above 30° respectively.

The salinity cross-section along Transect I (Figure 2.30) showed a
lens of slightly lower salinity water in the upper 10-15 m of the water
column, extending out to just beyond Station 2/I. Lowest salinities of
30.0 ppt were found at the surface at Station 4/I. An interesting feature
of the salinity cross-section was the wedge of somewhat higher salinity
water, defined by the 36.2 ppt isohaline, that extended shoreward at mid
depths over the outer shelf. This feature was apparent, though less well
defined, in the salinity cross-sections from the other transects to the

south.

Transect II (September 9-10, 1977)

The temperature cross-section along Transect II (Figure 2.31) indi-
cated a general rising of the isotherms with increasing distance offshore.
Surface temperatures were rather uniform, between approximately 29.2 and
29.8°, with highest values found over the middle shelf. As was the case
along Transect I (Figure 2.5), the seasonal thermocline appeared at near-
bottom levels over the middle shelf, but diverged significantly in an
offshore direction.

The Transect II salinity cross-section (Figure 2.32) indicated notice-
ably depressed salinities were present in the upper 10 m across the entire
shelf. Lowest salinities of just under 34 ppt were cut off from the coast

and centered at Station 4/II.

Transect III (September 8-9, 1977)

The temperature cross-section along Transect III (Figure 2.33) showed

a substantially thicker layer of the water column was present above the
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seasonal thermocline. Although the 29° isotherm extended shoreward to
inside Station 1/III, the 28° isotherm intersected the shelf just inside
Station 2/I1I and was found below the 50 m level at the outer three sta-
tions.

The Transect III salinity cross-section (Figure 2.34 indicated there
was a southward extension of the low salinity water cut off from the coast.
Lowest salinities of approximately 34.8 ppt were found at the surface at
Station 1/III. The 36 ppt isohaline extended from the surface just inside
Station 2/III to the bottom of the water column at Station 5/III. All
salinities measured at the outer three stations were above 36 ppt, though

surface values were approximately 36.1 ppt.

Transect IV (September 7, 1977)

The temperature cross-section for Transect IV (Figure 2.35) showed
there was a slight increase in surface temperatures with increasing dis-
tance offshore, though warmest surface water of approximately 30.2° was
found at Station 5/IV, 30 km off the coast. The 29° isothéfm defined an
isothermal layer that was present outside Station 6/IV and rose to inter-
sect the surface at Station 7/IV. The top of the seasonal thermocline
intersected the outer part of the shelf just beyond Station 6/IV. Strong-
est vertical temperature gradients were found thrcugh the 50-80 m layer at
the outer two stations.

There was little to note in the salinity cross-section for Tramsect
IV (Figure 2.36). The only significant feature was a region of somewhat
lower salinities extending from just beyond Staticn 4/IV to just shoreward
of Station 5/IV. It was of interest to note, however, that the band of

lower salinity water was cut off from the coast.
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Plan View Distribution of Surface Temperature

Surface temperatures were relatively uniform during the fall seasonal
cruise (Figure 2.37). Extreme values ranged only from 29.0 to 30.19°C. It
is probable that a large part of this 1.19° range was due to the normal
diurnal heating cycle. Although there was little spatial continuity in
the surface temperature pattern, the warmest temperatures were generally
found over the middle and inner shelf.

The surface salinity pattern (Figure 2.38) was much more useful in
describing the distribution and probable movement of water masses. The
34, 35 and 36 ppt isohalines strongly suggested the north-to-south move-
ment of a plume of relatively low salinity water. All three isohalines
reversed over the inner shelf, possibly as a resu.t of an offshore directed
Ekman transport maintained by the southeasterly w:nds characteristic of

the summer months.

November Monthly Cruise (November 5-6, 1977)

Transect II temperatures for the November monthly cruise are shown in
Figure 2.39. Their pattern was characterized by relatively little temper-
ature variation in the upper 65 m, in either the horizontal or the verti-
cal. What cross-shelf gradient that existed was found between Station 4/II
and 2/II. The 25° and 26° isotherms at this location were nearly vertical,
and it was apparent that winter cooling had penetrated the water column
over the central Texas shelf to a depth of approximately 65 m. The top of
the remaining seasonal thermocline was defined by the 26° isotherm, which
extended seaward approximately horizontally through the outer four profiles.
Maximum vertical temperature gradients occurred in the 65-80 m layer; temp-
eratures then decreased relatively uniformly with increasing depth.

The salinity cross-section is shown in Figure 2.40. Nearshore water

was only slightly diluted by continental runoff, znd all salinities were



2-56

CORPUS
CHRIST!

PORT
ARANSAS

30

Figure 2.37 Fall Surface Temperature (°C) Pattern, 7-11 September
1977.




CORPUS
CaRISTY

Figure 2.38 Fall Surface Salinity (ppt) Pattern, 7-11 September

1977.

AR

NSAS

® 35
L ]
I
™ 36
(') ® ¢
| ] 9 ® ® [ ]




STATIONS

| 4 2 5 6

'Ou_

50 |-
€ 100
I -
-
0. -
) | _
Q ISO;

200k

TRANSECT |t

| IR ITTeTIG: |
0 30 km

Figure 2.39 November Temperatures (°C) for 5-6 November 1977.

RC=-7



STATIONS | 4 > 5 o -
| | 35.5 s

Ot - 36 _ 2 .

- i / \ :

- I \ .

- \ :

50 | \

E 100 §

T -

e - o

200 F

30km

Figure 2.40 November Salinities (ppt) for 5-6 November 1977.

AC~-7



above 35 ppt. The noteworthy feature of the cross-section was the region
of salinities above 36.5 ppt in the upper 130 m at the outer two stations.

Previous sampling had only rarely revealed salinities in excess of 36.4

PPEt.

December Monthly Cruise (December 2-3, 1977)

Figure 2.41 shows the temperature cross-section from the December
monthly cruise. It was of interest to note that a reverse thermocline had
at least temporarily formed at Stations 4/I1I and 2/II. The cross-shelf
temperature gradient was directed shoreward and was maximum over the mid-
dle shelf. Temperatures through the upper 55-60 m over the outer shelf
were relatively uniform and formed a homogeneous layer sitting atop the
seasonal thermocline. Isotherms through the thermocline were very nearly
horizontal at the outer four statioms.

The salinity cross-section from the December hydrographic data (Fig-
ure 2.42) showed that nearly isohaline conditions existed over both the
inner and outer shelf, and slight horizontal and vertical stratification,
defined by the 34, 35 and 35 ppt isohalines, was indicated at Stations
4/11 and 2/II. There were some salinities over 36.4 ppt at the outer
four stations, but there was no indication of the 36.5 ppt water that had

been present on the previous cruise.

Seasonal Variations in Hydrographic Data

In this sub-section, hydrographic data from the three seasonal cruises
and six monthly cruises were combined to investigate the long period (sea-
senal and annual) variations in both the measured and the computed hydro-
graphic variables. Because monthly cruises were restricted to Transect II
temporal resolution was best for waters off Port Aransas, and thus results

presented here were restricted to shelf waters off Port Aransas, Texas.



STATIONS l 4 2 5 6 3 7

0

50

(m)

100

DEPTH

150

200

TRANSECT ||

R e

0 ~ 30km

Figure 2.4l December Temperatures (°C) for 2-3 December 1977.

TQ-7



STATIONS

| 4 2 5 )
34 35 36

O

50 |

€ 100F
T |
- -
o -
Wi -
o 150 -
200k

TRANSECT |1

0 30 km

Figure 2.42 December Salinities (ppt) for 2-3 December 1977.

7Q9-7



L=0J

The data are presented primarily in two ways. The first involves
plotting temperature and salinity data from a given station and depth on
a temperature-salinity (T-S) diagram. The resulting polygon-like figure
summarizes the temporal variability in temperature and salinity, and sug-
gests some of the important physical processes and time scales associated
with the local hydrographic climate. The second technique involves plot-
ting profile data against time. In this case, the resulting time-depth
plot isolates each hydrographic variable, but one has the advantage of
being able to trace tempgral variations through the entire water column.
To characterize both inner and outer shelf waters, hydrographic data from
Stations 1/II, 2/II and 3/I1 were selected for a close examination in

these ways.

T-S Polvgons

Figure 2.43 shows the annual progression of T-S pairs at the surface
at Station 1/II. The patternwas probably representative of the inner
shelf of much of the Texas coast. The general stape of the polygon char-
acterized the relative importance of temperature and salinity variations
at this location over the course of a year.

The twelve samples that went into constructing this figure showed a
total temperature range of just under 17°, as temperatures warmed from a
minimum of approximately 12.5°C, recorded on 11 anuary, to a high of
just over 29°C on 10 September. Annual heating was most rapid during the
months of March and May. Lowest salinities of just under 29 ppt were
associated with the spring runoff: in May. Salinity then increased rapidly
through the mid-summer months.

An interesting feature of Figure 2.43 was the small loop that occurred
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in August and September. At this time of year, the central Texas coast
records a maximum in the annual precipitation curve. This decreases the
salinity of shelf waters slightly, and with only minor additional heating
before the onset of fall cooling, the T-S pairs =race out the observed
loop. This same feature was recorded in the 1975 data and appeared to be
a recurring feature in the hydrographic cycle of these inner shelf waters.

Although the 1977 sampling program continued into early December,
temperatures had decreased only to approximately 22°C by the last cruise.
This suggested that the greater part of the fall and winter cooling began
around the first of the year, when cold fronts that arrived at the Texas
coast were both more frequent and more intense.

The annual progression of temperature and salinity at near-bottom
levels at Station 1/II is shown in Figure 2.44. The pattern was elongated
along the temperature.axis, suggesting a dominance of annual heating and
cooling over variations in salinity. The temperature range indicated by
the available data was just over 18°C, while salinity measurements were
between 31.8 and 36.3 ppt. The spring minimum in salinity was apparent
but less well defined and indicated salinity stratification through the
inner shelf water column at that time of year.

The mid to late summer counter-clockwise lonp was larger than that
defined by the surface T-S data from the same station (Figure 2.43).

This was due to a temporary interruption in the 2arly summer heating
revealed by the July Monthly Cruise data. This brief near-bottom cooling
may have been due to an onshore deflection of the near-bottom current.

T-S variations in mid-shelf waters were illustrated by surface and
bottom measurements from Station 2/II. Figure 2.45 gives the T-S polygon
for the surface layer. With the exception of the low salinity recorded

on 19 May, the pattern was characterized by a quite narrow range of salinity
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and a dominance of annual heating and cooling. Warmest temperatures of
just over 29°C in August and September were accompanied by a slight
decrease in salinity to produce a small loop. Fall cooling was well
underway by the November Monthly Cruise, as surface waters were cooled
approximately 3°C from their annual high.

The T-S progression of mid-shelf bottom waters is shown in Figure 2.46.
With the low-salinity spring runoff’ effegts restricted to the upper part
of the water column, the T-S pairs defired a nearly vertical pattern.
Spring and summer warming was slow through early August, but bottom temp-
eratures increased over 7°C between 4 August and 10 September. It was
during this time that the seasonal thermocline decreased to the bottom
(49 m) at this location. Maximum bottom temperatures, reached on 10
September, formed a sharp peak, as fall cooling was not accompanied by a
change in salinity.

Data from the outer shelf station (3/II) showed a quite different T-S
variation over the course of the year between surface and bottom layers.
Figure 2.47 indicates an annual T-S progression that was quite similar to
that constructed from surface measurements made at Station 2/II (Figure
2.45). The lowering of surface salinities by freshwater run-off was some-
what less at this greater distance from the coast, and the winter minimum
temperature was warmer in the deeper water at the edge of the shelf.
Although the spring runoff effect produced a substantial lowering of
salinity, the pattern was basically a response .to seasonal warming and
cooling. The transient change from a domination of temperature variations
to a domination of salinity variations, occurring at the time of warmest
annual temperaturesg, produced the same counter-clockwise loop noted at

both stations farther up on the continental shelf.
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Bottom temperature and salinity data (Figure 2.48) presented a pat-
tern that was significantly different from any of those representing con-
ditions at the surface at Station 3/II, or at the surface or bottom at
either of the two stations closer to the coast. The distinct annual pro-
gression was missing. Both temperature and salinity variations were con-
fined to a relatively narrow range, and thus the I-S diagram was expanded
to bring out the important features in the data. The elongated shape of
the figure indicated a dominance of temperature variations. Recorded
temperatures were generally clustered in two groups. About half of the
temperatures were between approximately 18.5 and 19°C; the others fall
generally between 17.0 and 17.8°C. Cooler temperatures were not associ-
ated with the winter months, however. TFor example, two July readings and
one August reading were included in this group. On the other hand, two

of the three warmest temperatures were recorded in November and February.

Time-Depth Plots

Répeated temperature, salinity or sigma-t profiles at any given sta-
tion can be plotted along a time axis to indicate gross features in the
temporal changes of that variable throughout the water column. Figure 2.49
shows the annual shift of isotherms at Station 1/II. With only two excep-
tions, the isotherms were oriented vertically, indicating a well-mixed
water column in the shallow water of the inner shelf. Early in the year,
a poorly developed reverse thermocline appeared briefly in late February;
starting in late May and continuing into mid-August the seasonal thermo-
cline appeared between 10 and 15 m before descending to the bottom. High-
est temperatures of just over 29°C occurred briefly through the entire
water column in early September.

Figure 2.50 shows the isohaline pattern constructed from salinity
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profiles obtained at Station 1/II. Again, the dominant orientation of
the isohalines was vertical. However, the departures from a vertical
orientation suggested that wave mixing through the water column was not
as complete as was suggested by the time-depth pl.ot of temperature (Fig-
ure 2.49). There was a gradual though irregular increase in salinity
through the first half of the year, until values of over 36 ppt were
recorded in early July. Two distinct minima appeared in the upper part
of the water column in February and May. In both cases, there was strong
vertical stratification. This was in sharp cont:ast with the more iso-
haline nature of the inner shelf water column in late summer and espe-
cially during the fall overturn.

The time-depth plot of sigma-t (Figure 2.51) reflected the contribu-
tion of both temperature and salinity to the density of seawater. A com-
parison with the time-depth plots of temperature and salinity indicate a
greater similarity with salinity (Figure 2.50). The two periods with
strong salinity stratification thus had a similar density stratification
which may have significantly decoupled the upper and lower layers of the
water column. This disappeared when the seasonal thermocline reached the
bottom in late summer, and again with the start >f the fall overturn.

Time-depth plots from Station 2/II showed a significantly different
pattern for mid-shelf waters. The composite of the temperature profile
data (Figure 2.52) indicated very nearly isothernal conditions, both tem-
porally and vertically, during the winter months. The entire water col-
umn remained at approximately 17°C through late March. Rather rapid
warming began at that time and continued, in the surface layer at least,
through the end of July. Warming slowed in the lower part of the water
column almost immediately, causing a distinct slope in the isotherms

through mid-September. Highest mid-shelf temperatures of just over 29°cC,
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reached in early September, exfended nearly to the bottom at this location.

The first few cold fronts of the fall months quickly destroyed what
thermal stratification there was, indicated by the isotherms returning to
a vertical orientation. Cooling was rapid through the end of October.

The November and December temperature data suggested that continued cool-
ing late in the year was slight. The difference between the 17° water at
the start of the year and the 23-24° water temperatures recorded on the
last cruises suggested that substantial further cooling was inevitable.

Salinity data from Station 2/II (Figure 2.53) indicated distinct dif-
ferences between upper and lower layers of the mid-shelf water column.

The dominant feature of the pattern was the transient lowering of salinity
in the upper 10-15 m between early May and mid June. The 36 ppt ischaline
indicated that some freshening was common throughout most of the year above
the 30-40 m level. The slight decrease in salinity in late summer and
early fall reflected the annual precipitation maximum, however, the effect
was relatively minor when compared to the lowering of salinity by fresh-
water runoff.

The time-depth plot of Sigma-t combined the effects of temperature
and salinity variations (Figure 2.54). Dominating the pattern was the
transient deérease in sigma-t values in mid-May as low salinity water
moved through the water column in the upper 10-15 m. Although these min-
imum values disappeared quickly in near-surface layers, sigma-t values
continued to decrease through early September at near-bottom levels.
Strong density stratification occurred through the 10-15 m layer in late
spring, but during the rest of the year these mid-shelf waters had only
slight vertical density variations.

Figure 2.55 shows the time~depth plot of water column temperatures

from Station 3/II. Following a nearly three-month period of near homo-
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geneity, both vertically and in time, isotherms appeared at the surface

in response to spring and summer warming and began a slow descent. High-
est temperatures of just over 29°C were reached in late August. At greater
depths, however, isotherms continued to descend through September and into
October, consequently producing a delay in the time of highest tempera-
tures that was roughly related to depth.

Salinity variations at the edge of the shelf were relatively minor
and easily summarized (Figure 2.56). There appeared to be only two note-
worthy events over the course of the year. The first was the substantial
. lowering of salinities through the upper 15-20 m in the spring and early
summer months. The second was the relatively minor and transient decrease
to values just under 36 ppt in late summer. These features occurred in
response to both the spring runoff and the late summer precipitation
maximum, respectively.

The time-depth plot of sigma-t values from Station 3/II is given in
Figure 2.57. Isopleths reflected both the near-surface salinity events
and the gradual lowering of the isotherm during the spring and summer
months. Some density stratification was present during most of the year,
however, the entire water column was nearly neutrally stratified during

the late winter months, reflecting a deep convective overturning.

Current Meter Data

Recording current meter data were collected during two separate
field experiments designed to investigate cross-shelf and longshore coher-
ence of circulation patterns in Texas OCS waters. In all cases, two or
more current meters, separated vertically at a given location, provided
additional information on vertical coherence in shelf motion.

Continental shelf circulation is characteristically complex. The
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relatively shallow water is highly responsive to windstress forcing. Den-
sity stratification in inner and mid-shelf waters, arising from river
runoff through adjacent estuaries, tends to decouple the surface layer
from the lower part of the water column. Finally, the coastline constricts
cross-shelf motion at all levels, especially over the inner shelf.

Reports of investigations of spatial coherence in shelf motion are
sparse in the physical oceanographic literature. Yet such studies produce
results which are an important prerequisite for dztermining the proper
sampling density, and for estimating the temporal representativeness of
water column measurements made on synoptic surveys. Thus, the current
study in the 1977 monitoring program nicely complements not only the-:
hydrographic study, but also the biological and chemical water column

measurements.

First Current Meter Study (March 9 - April 26, 1977)

The first current meter study, designed to investigate cross-shelf
coherence over the mid and inner shelf, provided data from two locatioms,
6 and 33 km offshore near Port Aransas, Texas (Figure 2.1). There were
two and four current meters at the inner and outer study sites, respec-

tively.

Progressive Vector Diagrams (PVD's)

Progressive vector diagrams provided a good overview of a current vec-
tor time series by indicating the net flow past the current meter over any
time interval within the study period. Figure 2.58 showed the progressive
vectors from 2 m above the bottom in 15 m of water at the inner station.
The '"'duckfeet' were entered every 24 hours along the PVD to provide a time
reference. The sampling site was approximately 6 km offshore along the

shoreward extension of Transect II. The PVD indicates there was a some-
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what meandering near-bottom current with a distinct offshore component.
Over the approximately 36-day study period, 281.2 km of water moved past
the current meter in a longshore (x-component) direction and 190 km in

the cross-shelf (y-component) direction. From this a resultant current
vector having a magnitude of 10.8 cm/sec and a direction of 179°, or 34°
to the left (offshore) of the local coastline was calculated. The pattern
was characterized by a more or less stéady flow along a southerly heading,
with slight meanders, and one interval of about four days when the flow
was halted and the current assumed a nearly onshcre heading. At the very
end of the record, the longshore component of the current reversed for the
first and only time.

At the upper level, 10 m off the bottom, currents recorded at the
inner station showed distinctly different characteristics (Figure 2.59).

The PVD showed a current pattern which was tightly constrained by the local
coastline. Midway through the record, there was a significant reversal

in the”nearshore current, but the current continted to closely parallel
the local coastline. From the endpoints of the IVD, a resultant current
velocity with a magnitude of 13.8 cm/sec, and a cirection of 214° of 1°
to the right (onshore) of the local coastline was calculated.

During approximately this same time interval, currents were monitored
at the outer station. At the lowest level, 5 m zbove the bottom, the PVD
showed a pattern that was clearly constrained by the local coastline and/or
bottom contours (Figure 2.60). The pattern was cne of longshore flow inter-
rupted at three points during the 48-day study. The first two periods
involved a reversal in longshore motion, while the third indicated a change
to predominantly onshore flow. Itwas of interest to note that this occur-
red at the same time the flow was largely in an offshore direction at the

lower level at the inner station. The bathymetr:ic constraint on the near-
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shore flow was clearly demonstrated by the resultant current direction of
217°, or just 4° to the right (onshore) of the local coastline. The resul-
tant current speed was 6.8 cm/sec.

Figure 2.61 illustrated the PVD from the second level, 12 m above the
bottom (21 m below the surface) in 33 m of water. The pa-tern was basic-
ally the same, though the two current reversals showed progressive vectors
doubling back on themselves more directly. Over the entire study period,
there was a slight indication of an offshore deflection :f the longshore
current. The resultant current direction was 210°, or 3° to the left
(offshore) of the local coastline. In view of the precision of the cur-
rent meter compass, however, this may not have been physically meaningful.
The resultant current speed was 11.1 cm/sec.

At a level 19 m above the bottom (14 m below the surface), the PVD
was essentially unchanged (Figure 2.62) suggesting that high vertical
coherence existed through the mid-depths in the water column. The two
current reversals were clearly apparent. It was of interest to note that
during the second reversal there was a net offshore displacement, while
5 m above the bottom (Figure 2.60) there had been a net onshore displace-
ment during this time interval. The PVD showed there was a distinct
slowing of the current at the end of the record. The resultant current
vecéor indicated a speed of 13.3 cm/sec and a direction of 207°, or 6°
to the left (offshore) of the local coastline.

A distinctly different pattern was indicated for the uppermost cur-
rent meter time series, 26 m above the bottom and 7 m below the surface
(Figure 2.63). The two periods during which the current reversed lower
in the water column were indicated at this level by a slowing of a pre-

dominantly longshore current with a distinctly offshore component. Instead
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of a current direction constrained by the coastline, the PVD showed that a
current pattern with a strong offshore component existed much like that
found 2 m above the bottom at the inner station (Figure 2.58). Over the
entire 48-day time interval, the resultant current vector indicated a speed
of 20.5 cm/sec and a direction of 184°, or 29° to the left (offshore) of

the local longshore direction.

Histograms

Another technique for summarizing current vector time series involved
the construction of histograms of current speed and direction. Figure 2.64
shows the current speed histogram, with intervals of 3 cm/sec, and the cur-
rent direction histogram, with 10° intervals, constructed from currents
measured 2 m above the bottom at the inner station. The speed histogram
showed most currents were below 24 cm/sec (approximately 0.5 knot), with a
poorly defined fraquency peak in the 9-12 cm/sec interval. The direction
histogram indicated currents predominantly headed into the southerly quad-
rant. The rather broad distribution of the frequency maximum in this por-
tion of the histogram suggested there was a meandering longshore flow with
an offshore component. Taking the two histograms together, the picture
was one of a longshore and slightly offshore directed transport past the
study site of generally less than 23 km/day.

At the upper level at the inner station (Figure 2.65) significantly
stronger currents were recorded, and the flow more closely paralleled the
coastline. The speed histogram had a twin peak within the range of 12-21
cm/sec, and frequencies decreased only slowly with increasing speed. Most
observations were less than 47 cm/sec, indicating daily transports of
40 km or less, characteristic of this time interval. The direction histo-

gram showed a concentration of current headings between 190 and 250°.
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At the lowest level at the outer station (Figure 2.66), current
speeds were significantly slower, and the direction histogram indicated
more of a bimodal (twin-peaked) pattern. Motion generally to the south-
southwest was largely confined to the direction interval between 190 and
240°. Two small, secondary peaks were found on eithér side of north. The
speed histogram had a frequency peak between 9 and 12 cm/sec, and most of
the observations were within the speed range of 3-18 cm/sec, indicating a
daily transport at this level of from 2.5 to 15.5 km,

The second set of histograms (Figure 2.67), using current data from
12 m above the bottom, showed a similar distribution of current directions,
but at substantially stronger current speeds. Highest frequencies occurred
within the range of 200-210°, though significant values were found from
190 to 260°. Frequencies were more or less uniformly distributed at about
1%/10° intervals through the rest of the histogram. A double frequency
maximum occurred between 9 and 18 cm/sec, and values dropped off to quite
low percentages beyond 27 cm/sec. No speeds in excess of 51 cm/sec (one
knot) were recorded over this time interval.

A similar pattern emerged from the data recorded 19 m above the bot-
tom (Figure 2.68), though an unusual twin frequency peak in the direction
histogram was found for headings between 190 and 230°. Longshore motion
occurred generally between 190 and 240°, indicating a slightly less mean-
dering current at this level in the water column. The speed histogram
showed a peak within the range of 12-15 cm/sec, and a shift to somewhat
higher values. No current speeds greater than 48 cm/sec were observed.

The observed histogram from the upper most level, 26 m above the bot-
tom and nominally 6 m below the surface, was distinctly shifted counter-
clockwise into a more southerly direction (Figure 2.69). Highest frequen-

cies occurred generally between 160 and 230°. Frequencies were small else-
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where in the histogram, with some indication of higher values in the north-
easterly quadrant than in the northwesterly quadrant. The speed histogram
increased fairly uniformly to a maximum in the interval between 24 and 27
cm/sec (0.5 knot), then decreased somewhat more quickly with increasing
speed.

Second Current Meter Study (June 14 ~ September 11, 1977)

The second current meter study was carried out between 14 June and
11 September 1977. Sampling was at three locations over the inner shelf
off Port O'Connor, Port Aransas and Port Mansfield (Figure 2.2). Current
meters were positioned at two levels, 2 m and 10 m above the bottom (how-
ever, the lower current meter at the Port Mansfield site flooded during
installation). During this study, Hurricane Anita moved west-southwestward
from its origin, approximately 250 km south of the Mississippi Delta, to
landfall about 250 km south of Brownsville, Texas. Results provided infor-
maticon on the longshore coherence of motion over the inner shelf through

most of the Texas OCS study area.

Progressive Vector Diagrams (PVD's)

Port O'Connor Current Data (June 22 - September 11, 1977)

Progressive vectors from the lower level at the Port O'Comnor
study site (Figure 2.70) showed a slight net longshore drift to the north-
east, but little resultant motion until the effects of Hurricane Anita on
August 26. At that time, a slow northeasterly current was reversed, and
rapid southwesterly flow began and persisted over the following eight days.
The southwesterly current stopped and again reversed abruptly on 5 Septem~
ber, and the current began to backtrack slowly. Though the longshore dis-
placement of water was substantial during this time interval, due primar-
ily to the hurricane effects, the cross-shelf displacement never exceeded

19 km in an onshore direction, or 23 km in an offshore direction.
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The progressive vector aiagram constructed from the data recorded
at the upper level is shown in Figure 2.71. The stronger currents indicated
at this level showed more clearly a sequence of seven reversals in the
longshore motion before the arrival of Hurricane Anita, and the rapid
return to northeasterly flow late on 5 September. The general pattern
during the sequence of current reversals involved the alternation of
bursts of longshore motion to the northeast and either a return longshore
flow with an offshore component, or a meandering, predominantly offshore
flow. The only net onshore transport at this level occurred during the

passage, further offshore, of Hurricane Anita.

Port Aransas Current Data (June 14 - August 5, 1977)

Progressive vectors recorded from the lower level at Port Aran-
sas are shown in Figure 2.72. The pattern was characterized by alterna-
ting currents and relatively low current speeds. At no time during the
approximately 53 days of sampling was the net transport, as indicated by
the prdgressive vectors, more than 38 km from the origin. There were
four major current reversals, occurring over time intervals on the order
of one to two weeks.

The PVD for current data recorded at the upper level is shown in
Figure 2.73. The pattern was characterized by four major reversals. It
was of interest to note that longshore motion was deflected to the right
(seaward) of a north-northeasterly direction, but again to the right
(landward) of a south-southwesterly direction. In contrast to the rela-
tively minor longshore transport of water past the lower current meter,
a cumulative displacement of approximately 144 km was indicated at the
upper level toward the north-northeast. Over the same time interval, a

net displacement of just over 60 km in an offshore direction was recorded.
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End points of the PVD's were used to determine the resultant
speed and direction of the current past the study site. At the upper
level, the resultant motion between 28 June and 10 August was along a
heading of 065°T, or approximately 32° to the right of the orientation of
the Texas coast at Port Aransas. Due to the alternating nature of the
current, the resultant current speed over this 44-day interval was only
2.9 cm/sec. At the lower level, 2 m off the bottom, the resultant motion

between 28 June and 5 August was a mere 0.5 cm/sec along a heading of 051°T.

Port Mansfield Current Data (June 22 - August 13, 1977)

Current data from the Port Mansfield study site were collected
half-hourly between 22 June and 13 August, 1977 and therefore, did not
contain the effects of Hurricane Anita. At the Port Mansfield study site,
progressive vectors indicated three major current reversals between 22
June and 13 August 1977 (Figure 2.74). An unusual feature of the pattern
was the distinct onshore deflection when the longshore component of the
current was toward 346°, in contrast to the offshore deflection when the
longshore motion reversed. The progressive vector diagram suggested that
transport past the current meter during this time interval was to the
northwest., However, at the end of the record, the current had reversed

and was heading southeasterly, back toward the origin.

Histograms

Again, histograms were presented for each of the time series as a
means of summarizing information on speed and direction distributions
individually. Results showed the alternating longshore current charac-
teristic of the summer months along the Texas coast, and the generally low

current speeds.
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Port QO'Connor Current Data

The speed histogram constructed from currents measured at the
lower level off Port O'Connor (Figure 2.75) showed a strong concentration
of observations within the range of 3-15 cm/sec. Percentages dropped off
quickly, and in no interval beyond 30 cm/sec was there more than 1% of the
total observations. Yet current speeds in excess of 72 cm/sec were recorded
in late August, as the effects of Hurricane Anita were superimposed onto
the pattern characteristic of summer conditions.

Figure 2.76 displays the direction histogram from the same time
series. The pattern was bimodally distributed, indicating an alternating
longshore current. Motion toward the northeast was somewhat more broadly
distributed within the range of 10-70°, but there was no clear indication
in this form of presentation of a net longshore transport in either direc-
tion.

Figure 2.77 shows the speed histogram from the current recorded
at the upper level-at Port O'Connor. Highest percentages occurred between
3 and 15 cm/sec, however, values decreased somewhat more slowly with increas-
ing speed at this level. Percentages were variable, but generally between
0.5 and 1.5% fell within each 3 cm/sec interval beyond a speed of 45 cm/sec.
Highest speeds of up to 87 cm/sec, associated with the passage of Hurricane
Anita, were found in a clump at the extreme right-hand side of the histo-
gram.

The direction histogram from the upper level (Figure 2.78) indi-
cated a bimodal pattern, with a suggestion of a preference for northeasterly
motion and a somewhat broader distribution of directions for currents to

the southwest.

Port Aransas Current Data

The speed histogram from the lower level (Figure 2.79) indicated
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a surprising concentration of currents in the low-speed range. UNo current
speeds in excess of 12 cm/sec were measured over this time interval. High-
est frequencies were found within the 36 cm/sec range.

The direction histogram for currents recorded at the lower level
(Figure 2.80) indicated a three-peaked distribution. Highest percentages
appeared along a south-southwesterly (longshore) direction, but there were
two maxima on either side of longshore flow in the other direction. The
highest freguency of just over 147, between 330 and 360°, was about 40° to
the left (onshore) of the local longshore direction.

The histogram of current speeds from the upper level (Figure
2.81) showed a somewhat skewed distribution, with the highest frequency
generally between 3 and 21 cm/sec. The tail of the histogram extended
well out into the higher current speeds. Maximum values over this time
interval were just under 51 cm/sec, or nearly one knot.

At the upper level, the histogram of current direction (Figure
2.82) showed a bimodal pattern with somewhat higher frequencies associated
with loﬁgshore motion to the north-northeast. The highest percentage
occurred within the direction range of 40-50°, or just to the right (off-
shore) of the local coast orientation of 33°., A secondary maximum was
found for directions of 220-230°. The higher percentages for north-north-
easterly flow were consistent with the general pattern of longshore motion
to the north along the Texas coast in the summer months. The bimodal dis-
tribution of current direction, however, suggested that the concept of a
unidirectional flow, and the resultant motion calculations, were an over-

simplification.

Port Mansfield Current Data
The histogram of current speeds recorded 10 m above the bottom

(Figure 2.83) showed highest percentages in speed intervals between 3 and
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22 June through 13 August 1977
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9 cm/sec. All current speeds were less than 39 cn/sec. The histogram of
current directions from Port Mansfield (Figure 2.84) was bimodal, however,
the frequency peaks had shifted into the southeasterly and northwesterly
quadrants, reflecting the change in orientation of the Texas coastline at
this point. There appeared to be a slight preferance for northwesterly

motion during this time interval.

DISCUSSION

The availability of hydrographic data from tie 1977 sampling program
made possible some tentative conclusions regarding the year-to-year repe-
tition of hydrographic events and patterns in South Texas 0CS waters. Con-
sidering the temporal and spatial variability charzacteristics of shelf
waters, the extent to which broad-scale patterns and seasonal events were
repeated was somewhat surprising.

It was clear from the data that the dominant time scale in Texas shelf
waters was an annual progression in both temperature and salinity. This
was best brought out on a T-S diagram by plotting data obtained from
repeated sampling at a given location. The resul: was an elongated, clock-
wise loop-like pattern, indicating a dominance of temperature variations
over changes in salinity (Figures 2.43-2.48),

The slow, simultaneous variations of tempera:ure and salinity were
used to define hydrographic seasons. Temperature variations were a concep-
tually straight-forward result of the annual heating and cooling. The
annual temperature range in surface waters appeared to be inversely related
to the distance offshore. The monitoring program was not particularly well
suited to detect temperature variations occurring o&er time scales of less
than several weeks. Given the magnitude of the annual temperature curve,

however, it was probable that diurnal temperature variations and those
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associated with advective processes were minor perturbations on the annual
pattern.

Highest late summer temperatures in surface waters have been shown to
be nearly uniform across the shelf, and indeed across the entire Gulf of
Mexico (Rivas, 1968). Thus, the local magnitude of the annual temperature
curve was determined primarily by the late winter low temperature reached
at a given location. This was largely a function of the heat content of
the water column, which, in turn, was directly related to the water depth.
A second, though probably relatively minor effect, was the fact that the
cold air following a frontal passage began to warm as it moved out over
shelf waters. Thus, the most intense cooling probably occurred over the
inner shelf.

At sub-surface levels, highest late-summer temperatures decreased with
increasing depth. This was especially true below the layer of wind mixing
(upper 20-30 m), which capped the top of the seasonal thermocline. Still,
an annual progression of warming and cooling was clearly apparent over the
inner énd middle shelf.

As noted in the description accompanying Figure 2.48, however, near-
bottom temperature variations at the outer edge of the shelf, at the top
of the permanent thermocline, were occurring over time scales considerably
shorter than the annual heating and cooling noted elsewhere. There, advec-
tive processes and/or perhaps vertical migrations in the top of the perma-
nent thermocline, produced temporal changes that could not be defined by
the approximately monthly monitoring during 1977.

Where the annual temperature curve was apparent, it could be used to
define hydrographic seascns in a general way. The winter months were
characterized by surface cooling and the development and slow thickening

of an isothermal surface layer. This extended through the entire water



column over the inner and middle continental shelf. Over the outer shelf,
the isothermal layer reached a depth of 70-80 m. In some cases, a slight
reverse thermocline developed where vertical variations in salinity were
great enough to preserve the stability of the water column. An important
distinguishing feature of the winter months was the cross-shelf variation
of surface temperature. Figures 2.3, 2.7 and 2.9, for example, showed a
cross-shelf gradient of approximately 8°/60 km over the inner and middle
shelf.

Spring, in a hydrographic sense, was best defined by the transient
decrease in surface layer salinity associated with the spring runoff. For
the waters of the South Texas coast, this time period extended from approx-
imately late April into early June. The entire Texas shelf exhibited notice-
ably lowered salinities (Figure 2.23), however, the strongest haloclines
were found, as might be expected, over the inner and middle shelf. Strong
cross-shelf surface temperature gradients almcst disappeared (Figure 2.23),
as the shallower waters of the inner shelf responded more quickly to sea-
sonal warming.

The summer season was also defined in terms of the temperature struc-
ture of shelf waters. The characteristic feature at this time of year was
the strong thermal stratification through the seasonal thermocline. Figure
2.27, for example, shows a nearly isothermal wave-mixed layer extending
through the upper 35-40 m and capping the seasonal thermocline. Highest
mid-summer surface temperatures reached 29-30° in Texas waters. A notable
feature of the temperature field was the continuation of the mnearly isother-
mal surface layer (Figure 2.37). The September hydrographic data (ironi-
cally collected on what was called the "Fall Seasonal Cruise") showed some
indication of lower salinities over the inner shelf along Transects I and II

(Figure 2.38), however, for the most part, values fell within a few tenths
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of 36 ppt.

The fall season began with the first cold front during the latter
part of the year. This could have occurred anywhere from mid-September to
early Octcber. The movement of relatively cool alr out over the shelf
produced a slight decrease in surface water temperatures from the annual
maximum, and started to erode the seasonal thermocline. The waters of the
inner shelf showed a more rapid cooling, and by the end of the year the
cross-shelf gradient appeared again, superimposed onto a net coéling on the
order of 6-8°C.

It should be pointed out that there was no a priort reason for selec-
ting four hydrographic seasons. This came out of an inspection of the
data itself. Based on the temperature data alone, one might choose to
define only two seasons; a winter, with a generally unstratified water
column, followed by a summer characterized by strong thermal stratifica-
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son, characterized by lower salinities over the ianer half of the shelf,
followéd by the remainder of the year in which values varied little from
36 ppt.

It was.-only by integrating the T-S data that one could identify an
annual progression with four segments. Even then, there was some question
regarding the distinction between fall and winter. The varying degree to
which spatial and/or temporal variations stood out in the annual progression
made it possible to identify almost any number of time periods, or 'seasoms",
depending on what one wished to recognize or ignore. The features discus-
sed herein were those which appeared to recur annually; deep convective
overturning, especially in the late winter months; the brackish water plume
in late spring; summer heating and stratification through mid-September;

and fall cooling, starting with the first cold fronts. Perhaps the impor-



tant point was that the selection of discrete hydrographic seasons were
based upon an accumulation of data, rather than just mirroring the calen-
.dar seasons.

The 1977 data clearly showed the dominance of the annual time scale
ovef factors associated with meteorologically driven advection or energy
exchanges, which occurred over periods on the order of a week or two. The
sampling program was not intended to monitor these higher frequency varia-
tions, but the continuity apparent from one approximately monthly sample
to the next suggested that little of importance had occurred simultaneously
to disrupt the slowly unfolding annual pattern.

The availability of current data from two time periods during the
year made possible some preliminary generalizations regarding the annual
variation in circulation patterns in Texas shelf waters. The most obvious
difference between the data coming out of these two field experiments was
in the computed net transport. During the March-April study, trausport
past most of the current meters was longshore to the south-southwest; the
two notable exceptions were at the lower level at the inner station and
at the upper most level at the outer station, where a strong offshore
deflection was recorded (Figures 2.58 and 2.63). This was most probably
a direct response to surface windstress, which, in turn, had a longshore
component almost continuously to the south-southwest.

In sharp contrast to this, the data from the summer months showed
little preference for longshore motion in either direction. The twin-
peaked current direction histograms (e.g., Figures 2.76, 2.78, 2.80, 2.82
and 2.84) reflected the effects of more nearly directly onshore winds with
a slowly reversing longshore component. The annual pattern that emerged
was one of transport to the south-southwest occurring in distinct spurts.

For the central Texas coast, at least, the annual seguence appeared to



include a strong longshore transport from late fall through early summer
(approximately early November through early June) with little net‘motion
the rest of the year. At any given time there was generally a significant
current; however, the net long-term effect was a north-northeasterly to
south-southwesterly transport along the central Texas coast.

Based on all of the above, the most important physical processes for
controlling the hydrography of the South Texas OCS study area may be listed
chronologically and, at the same time, in the approximate order of decreas-
ing importance. Cold fronts moving off the central Texas coast are respon-
sible for intense surface cooling, for a deep convective overturning of the
water column, and for providing the wind-driven push responsible for the
annual net transport to the south-southwest. The spring runoff, entering
the Gulf of Mexico primarily through the mouth of the Mississippi River,
gets caught up in the last of the westerly and southwesterly circulation
along the northern rim of the Gulf, and arrives as a4 brackish water near-
surface plume in late spring. The pycnocline presumably decouples the upper,
wind—dfiven part of the water column from motion at greater depths, though
this has not been documented with data from a prcperly designed study.

Summer heating, through characteristically clear to partly cloudy skies,
takes over as the dominant physical process in July and August resulting
in the formation and intensification of the seascnal thermocline. This form
of stratification may also decouple the motion ttrough the water column;
however, more data are required to verify this pcssibility. At this time
of year, the veering of surface winds into the scutheasterly quadrant halts
the south-southwesterly transport and produces instead a slowly alternating
longshore current with a much slower speed.

There appears in some of the hydrographic deata, evidence for an off-

shore transport in near-surface layers. This probably occurs as a small,
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cross-shelf deflection of a predominantly longshore current. Such a secon-
dary circulation may explain the axis of the low-salinity plume over the
middle shelf rather than against the coast (Figure 2.24) and the displace-
ment of surface waters and a corresponding onshore encroachment of water

at near-bottom levels (Smith, in Groover, 1977).

Lastly, the arrival of the first cold fronts of the season puts an
end to (or at least largely skews) the alternating longshore motion and
establishes the net transport to the south-southwest. At the same time,
the seasonal thermocline is lost through surface cooling and motions in
the unstratified water column become more vertically coherent.

Comments on the year-to-year repetition of physical processes in shelf
waters must necessarily be restricted to hydrographic events. Appropriate
current data are not available from previous years to provide a comparison.
Several bread-scale features in the hydrographic patterns do appear to have
been repeated in the 1977 data. Most notable are the recurrence of the low
salinity plume of Mississippi River water in late spring and the spring
cross-éhelf temperature gradients characteristic of the late winter months.
It is somewhat surprising that the small cyclonic loop in the T-S polygon
appeared again in the 1977 data, but this may in fact be a quasi-permanent
feature of the annual hydrographic cycle for Texas shelf waters, due to the
interaction of the local precipitation and heating cycles.

The rapid warming during the late spring and early summer months and
the most intense cooling occurring in the mid-Winter months suggest that
more closely spaced sampling might be in order at these times of year to
properly monitor the transitional periods. In this regard, it is unfortu-
nate that the contract is based upon the calendar year as it expires at
the start of one of the more interesting and important phases of the annual

hydrographic cycle.



CONCLUSIONS

Hydrographic data and direct current measurements from the 1977 moni-
toring program revealed a predominantly annual progression of physical
oceanographic variables. Net transport was to the south-southwest in the
winter months; there was little net movement over time scales greater than
a few weeks during the summer. Temperature and salinity measurements were
used to trace out a clockwise loop. Annual temperature variations dominated
the hydrographic climate of the South Texas OCS waters, but salinity vari-
ations were significant in late spring and early summer. The most impor-
tant physical processes influencing Texas shelf waters were frontal passages

in the fall and winter months, the spring runoff, and intense summer heating.
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ABSTRACT

This report contains a comprehensive tabulation and analysis of all
low-molecular-weight hydrocarbon (LMWH), dissolved oxygen, and nutrient
data taken as part of the BLM South Texas Outer Continental Shelf (STOCS)
program in 1977. The above mentioned parameters were measured at Stations
1-3, on the four transects during the three seasonal sampling periods
(winter, spring and fall). In addition to these samplings, Stations 1-3,
Trasect II were sampled during the six monthly sampling periods. At least
three depths for LMWH analyses, dissolved oxygen and nutrients were sampled
at each station. However, at most stations several additional samples were
taken at intermediate depths to adequately define water column characteri-
stics. Over 50 cores were also taken for IMWH analyses.

Water column LMWH were analyzed by a modification of the Swinnerton
and Linnenbom (1967) method. Dissolved oxygen and nutrients were determined
following the methods outlined by Strickland and Parsons (1972). Sediment
IMWH were analyzed following the procedure of Bernmard et al. (1978).

Methane showed considerable variation in the STOCS area waters. Near-
bottom seepage was detected in bottom waters at some stations (e.g., Sta-
tion 3/IV). This seepage was also observed in sediment LMWH along the
outer stations of Transect IV, The seepage along Transect IV may have been
of petrogenic origin. A mid-water column methane maximum developed follow-
ing stratification of the water column in summer and fall. Ethene and
propene showed the same general trend as productivity; low surface values
were observed in the winter with higher values in the spring, summer and
fall. Ethene generally showed a maximum at some shallow depths (20 to
40 m) in the water column. The olefins generally dominated over their
saturated analogs in the STOCS area. The lower Texas shelf is relatively
"clean", as most of the light hydrocarbons on this shelf are presently
derived from natural sources.

Oxygen values are controlled throughout most of the year in the upper
50 to 70 m of the STOCS area by physical processes. Nutrient concentra-
tions were typically low, being representative of open Gulf surface water.
Nitrate was limiting to productivity and disappeared during the summer and
early fall. Phosphate and silicate were affected by the spring increase
in productivity but were generally regenerated by fall. Increased conti-
nental runoff during the spring months was reflected by high silicate
values at nearshore stations.



INTRODUCTION

Purpose

The purpose of the low-molecular-weight hydrocarbon analysis program
was to establish levels for the C,;-C, hydrocarbon components in STOCS
waters and sediments. These components are very sensitive indicators of
spilled petroleum hydrocarbons and natural seeps. Once light-hydrocarbon
levels have been established, a light-hydrocarbon monitoring program could
indicate spilled oil and be a potential tracer of the more highly toxic
components of petroleum.

Methane in unpolluted areas of the shelf is also a good indicator of
suspended (organic) matter levels in the water column. Subsurface suspended
matter profiles correlate well with methane profiles. An understanding of
suspended matter variations is important since trace metals and petroleum
hvdrocarbons that are released during drilling can he adsorbed onto the
surfaces of particulate material where they may be assimilated by filter
and detrital feeders. Methane and other light hydrocarbon profiles in
sediments and near-bottom waters may also indicate areas of gas seepage
from the sediment-sea interface. These seeps may indicate the presence of
subsurface 0il or gas reservoirs. Characterization of hydrocarbon gas
sources (blogenic versus petroleum-related) is made possible by determina-
tion of methane, ethane, and propane in near-surface sediments. High con-~-
centrations of interstitial gas may also affect sadiment stability since
gas saturation in sediments has been shown to destabilize sediments which
can lead to failure of bottom-mounted structures.

The olefin levels (e.g., ethene and propene) in the water column
correlate with biological productivity parameters. Thus, the concentra-

tions of these components in the water column are related to biological
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activity in the area.

The nutrient and dissolved oxygen concentrations are determined to
support primary productivity measurements. Nutrient and dissolved oxygen
concentrations are affected by the hydrology of a region as well as biolo-
gical uptake and release. In turn, the concentrations of nutrients and
dissolved oxygen in the water column greatly affect the species diversity
and standing crop of phyto- and zooplankton. The benthic fauna are also
affected to a lesser extent by the concentrations of these components in

the water column.

Literature Survey

Water Column Low-Molecular-Weight Hydrocarbons

Dissolved gaseous hydrocarbons (methane through the butanes) in

marine waters are derived from natural processes and/or man-related acti-
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high concentrations (> 0.1 ml CHy4/%) in anaerobic waters such as isolated
fjords and basins (Atkinson and Richards, 1976; and Lamontagne et al.,
1973), the processes that control the concentrations of light hydrocarbons
in the aerobic portion of the ocean have only recently begun to be under-
stood. Prior to determinations by Swinnerton and Linnenbom (1967) of C;-
Cy hydrocarbons in two open ocean profiles, there had been no published
data for these components in the open ocean. The reported analyses of
gaseous hydrocarbons in the open ocean have been mainly restricted to

the authors' work over the past seven years in surveys of surface waters
from over 5000 miles of cruise tracks and analyses of several thousand
discrete samples (Brooks and Sackett, 1973; 1977; Brooks et al., 1973,
1977; Sackett and Brooks, 1974, 1975; Brooks, 1975, 1976) and that of

Naval Research Laboratory (Swinnerton and Linnenbom, 1967, Swinnerton
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et al., 1969; Lamontagne et al., 1971, 1973, 1974; and Swinnerton and Lam-
ontagne, 1974). MacDonald (1976), and Scranton ard Brewer (In Press) have
recently reported light hydrocarbon concentrations in the Beaufort Sea and
Eastern Tropical North Atlantic, respectively.

In the Gulf of Mexico, the author's laboratory has identified ports
and estuaries with their associated commercial anc petrochemical activities,
offshore petroleum operations, and shipping activity, as the major man-
derived sources of LMWH. Of these, the underwater venting of waste gases
and brine discharges, both associated with offshore production platforms,
are the major sources of non-methane light hydroczrbons to upper Gulf coastal
waters. These sources are apparently responsible for the two orders of
magnitude increase in Louisiana shelf waters over open ocean levels of the
light hydrocarbons with average concentrations of 3100, 31 and 22 nl/2 of
methane, ethane, and propane respectively (Brooks et al., 1977).

Natural sources of light hydrocarbons to coastal waters include seep-
age of gas out of sediments and in sttu production in the water column.
The gas seeping from sediments can originate from either bacterial cataly-
sis, involving the reduction of CO2 or fermentation of organic compounds
in anoxic environments, yielding principally methane or abiotic cracking,
either thermal or catalytic, yielding a large spectrum of aliphatic and
aromatic hydrocarbons. Processes controlling the in sttu production in
the water column of methane and olefins are not w2ll defined in the liter-
ature.

Sediment Low-Molecular-Weight Hydrocarbons

These gases were analyzed in order to evaluate the relative contri-
butions of microbially-produced and thermocatalytic gases in near-surface

marine sediments. The STOCS was cored extensively in an attempt to locate



areas of seepage of oil-related gas through faulting or bedding planes.
Except for one area, no anomalously high concentrations of thermocatalytic
natural gas were discovered on the STOCS. Therefore, the literature review
on sediment gases will focus on the production and concentrations of micro-
bial gas in marine sediments.

Bacteria obtain energy for growth and cell maintenance from a series
of dehydrogenation, or coupled oxidation-reduction reactions. The unique-
ness of each microorganism is based upon the type of molecule that can be
used as the oxidizing agent or terminal electron acceptor. Two general
types of metabolic processes are present in the decomposition of organic
matter. One process uses inorganic compounds such as 0z, NOJ, S0%, and
HCO3 as electron acceptors (respiratory processes). The second process
involves organic intermediates produced in the decomposition itself (fer-
mentative processes). Although fermentation yields relatively little
energy compared to aerobic and anaerobic respiration, they are not compe-
titive’and can occur simultaneously. In fact, fermentation processes can
be preparatory steps for some respiration processes as they break down
large organic molecules to small organic acids and alcohols.

The most efficient oxidizing agent is dissolved oxygen. During
aerobic assimilation, oxygen is consumed by microorganisms until it is
depleted. The bacteria then use other compounds capable or releasing
energy when reactively coupled as oxidizing agents with organic matter.
Table 3.1 (from Claypool and Kaplan, 1974) demonstrates the relative energy
yields when glucose (representing organic matter) is oxidized by various
agents. Actual free energy changes under natural conditions may vary but
the advantage to organisms capable of utilizing the higher energy yield
process is:.illustrated. When two or more physiologically different organ-

isms compete for the same organic substrate, those capable of generating



TABLE 3.1

ENERGY-YIELDING METABOLIC PROCESSES AS COUPLED OXIDATION-REDUCTION
REACTIONS (after Claypool and Kaplan, 1974).

ac®!
(kcal per mole of glucose
equivalent oxidized)

a. Aerobic respiration
CH,0 + H,0 » CO; + 2H,
2Hy + O0p -+ 2H,0

CH,0 + 0, + COp + Hy0 -686

b. Nitrate reduction
SCH,0 + SH,0 + 5C0, + 1OH,
10K, + 4NO3 + 4HT = 2N, + 12H,0

SCH,0 + 4NO3 + 4H' + 2¥, + 5C0, + 7H,0 -579

¢. Sulfate reduction
2CH20 + 2H20 -» 2C02 + 4H2
4Hp + 50, + S + 4H,0

2CH,0 + SO, > S + 2C0; + 2H,0 -220

d. Carbonate reduction
2CH,0 + 2Hp0 + 2C0, + 4H,
AU + arn 4 H+ ~ O, + 3,0

Sev il

- -
COZ +'H20 - HC03 + H

2CH,0 ~ CH, + CO, - 99
e. Nitrogen fixation

3CH20 + 3H20 > 3C02 + 6“2

6Hy + 2N, > 4NH4

3CH0 + 2N, + 3Hp0 > 4NHj3 + 3C04 - 57

f. Fermentation: heterolactic
glucose ~+ acetaldehyde + CO, + lactate + Hj
H, + acetaldehyde - ethanol

glucose -~ lactate + ethanol + CO, , ~ 49

g. Fermentation: Stickland reaction
alanine + 2H.0 + NH3 + acetate + COp; + 2H,
2H, + 2 glyeine - 2NH3 + 2 acetate

alanine + 2 glycine + 2H,0 + 3 acetate + CO, + 3NH, -17




the greatest metabolic energy will dominate.

The result of the oxidation efficiency succession of sediment ecosys-
tems has been illustrated by Claypool and Kaplan (1974) by a schematic
cross section of an organic-rich marine sedimentary column (Figure 3.1).
The ecological factors form three distinct biochemical environments, each
characterized by the dominant form of respiratory metabolism. The three
zones distinguished by the authors were: the aerobic zone; the anaerobic

sulfate-~reducing zone; and the anaerobic carbonate-reducing zone.

Aerobic Zone

The aerobic zone is characterized by the dominance of microorganisms
which use dissolved interstitial oxygen for respiration (aerobes). The
processes which control interstitial oxygen concentrations are consumption
by these bacteria, sediment deposition rate, and diffusion from overlying
water. Oxygen concentrations necessariiy approach zero At some sediment
depth when diffusive processes can no longer replace the oxygen consumed
by the ;erobes. The depth of the aercobic-anaerobic boundary varies with
sediment accumulation rates, organic content, and temperature. Sediments
quickly become anoxic in nearshore and delta environments, and may con-
tain no oxygen even at the surface. In continental shelf and slope regions,
the oxidation of remobilized manganese demonstrated by bands of precipi-
tated manganese dioxide illustrates the penetration of oxygen to depths
of 20-40 cm. In the deep-sea sediments, oxygen may exist at several meters
depth, as indicated by high Eh values in several Deep Sea Drilling Project
cores (Presley et al., 1970). These data are suspect, however, as recent
measurements using 0, microprobes have shown oxygen to essentially dis-
appear at less than a meter depth even in abyssal sediments (C. Bowser,

personal communication).
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Anaerobic Sulfate-Reducing Zone

The minute nitrate concentration in marine sediments is rapidly con-
sumed by denitrifying bacteria, so sulfate-reducing bacteria quickly
become dominant with the depletion of oxygen. Sulfate is present in mar-
ine interstitial waters at relatively high concentrations (28 mM at the
sediment surface) and H,S, an end rroduct of sulfate reduction, is tolera-
ted by very few microorganisms. Sulfate-reducing bacteria are able to
assimilate only a limited number of organic compounds, chiefly lactic
acid and four-carbon carboxylic acids, so these organisms require a sym-
biotic association with fermenting bacteria to provide these short-chain
organic intermediates.

Sulfate concentrations are not significantly depelted in deep-sea
sediments within the depth range sampled by gravity or piston coring due

to low sediment temperature and organic content. Interstitial waters of

sulfate concentrations hundreds of meters deep (Presley et al., 1970;
Broeckér, 1973), implying that sulfate may never by completely consumed
in some areas.

These observations indicate that the depth of complete sulfate deple-
tion is very near the sediment surface in estuarine and nearshore areas
and exists increasingly deeper in the sediment in an offshore direction.
This trend is attributed to the high bacterial activity of warm, organic-
rich, rapidly depositing, nearshore sediments being inhibited by decreas-

ing temperatures and organic input with increasing water depth.

Anaerobic Carbonate-Reducing Zone
This environment could more properly be termed the COz-reducing zone.

When interstitial sulfate is depleted, microorganisms use the next most



efficient electron acceptor available in marine sediments for respiration,
CO,. The dominant bacteria, called methanogens, produce methane by reduc-
tion of carbon dioxide, causing extensive accumulations of methane below
the depth of sulfate disappearance.

Two basic questions concerning methane arise from investigations of
these biochemical zones in marine sediments. These are:

1. Is methane produced in the sulfate-reducing zone?

2. 1Is methane consumed in the sulfate-reducing zone?

Large accumulations of methane are generally observed in sediments only
below the depth of microbial sulfate depletion. Claypool and Kaplan (1974)
concluded from relative-energy-yield calculations that methane-producing
bacteria should not be active in the presence of dissolved sulfate. Martens
and Bermer (1977) supported this view using measured methane and sulfate
distributions, concluding that methane is most l:ikely produced only in

the absence of dissolved sulfate and is consumed in the sulfate-reducing
region upon diffusing upward.

Several other investigators have also observed this apparent consump-
tion. The upward-concave methane profiles in sediments observed by Barnes
and Goldberg (1976) and Reeburgh and Heggie (1977) as well as methane
distributions in the Cariaco Trench (Reeburgh, 1Y76) can best be explained
by the postulation of a methane sink in these anaerobic, sulfate-reducing
environments. The most likely removal process is oxidation by the sulfate-
reducing bacteria. Sulfate-reducers capable of oxidizing methane and
other hydrocarbons using lactate as the principle carbon source have been
cultured by Davis and Yarbrough (1966). In contrast, Sorokin (1957) could
not detect methane consumption by sulfate-reducers when methane was the
sole carbon source. This is not surprising, however, since there are no

known anaerobic microorganisms capable of using methane as the sole carbon



source (Quayle, 1972). Martens and Berner (1977) showed that methane
could not be the chief carbon substrate for the sulfate reducers in anoxic
marine sediments because too much sulfate is reduced per mole of methane
consumed. Apparently, sulfate reducers prefer other organic compounds,
but methane may be used as a secondary carbon source.

On the question of methane production in the sulfate-reducing zone,
Barnes and Goldberg (1976) have suggested that methane generation and
sulfate reduction are not mutually exclusive processes. Rather, low con-
centrations of methane in sulfate-reducing interstitial water represent a
balance between production by methanogenic bacteria and consumption by
sulfate reducers. This hypothesis implies that methane is produced in
the sulfate-reducing zone at a rate comparable to that below the depth
of sulfate depletion. Nearly all of the methane produced in the sulfate-
reducing zone must then be oxidized to CO, to account for the observed
low concentration. However, preliminary studies in our laboratory indi-
cate that there is sufficient isotopic change in ZCO, in this region for
methane to be produced and consumed at such a high rate. Instead, methane
may be produced to a limited extent in the sulfate-reducing zone, but at
a much lower rate. As an example, Martens and Bermer (1974) suggested
that methane could be produced in the presence of interstitial sulfate
within organic~rich, sulfate-free microenvironments such as the interior
portions of decaying organisms.

Cappenberg has demonstrated an ecotogical relationship and an over-
lap in distributions of the sulfate reducers and methanogens from field
observations in lake muds (Cappenburg, 1974a), inhibition experiments
(Cappenburg, 1974b), '“C-labeled substrate experiments (Cappenburg and

Prins, 1974), and mixed continuous culture studies (Cappenburg, 1975).



Recently, Oremland and Taylor (1978) have found taat the sulfate reducers
and methanogens compete for available hydrogen so that when interstitial
sulfate is reduced to a concentration low enough that it, rather than
hydrogen, limits growth of sulfate reducers, methanogens can then use the
available hydrogen for their growth. In other words, sulfate reducers
dominate when sulfate is abundant and they effectively consume all avail-
able hydrogen produced in the sediments. When sulfate is no longer pres-
ent in sufficient concentration to support cell growth of sulfate reducers,
hydrogen becomes available to the methane producers.

Bacterial production of non-methane light hydrocarbons should also be
mentioned. Whereas production of olefins (ethene and propene) by living
marine organisms is commonly observed, attempts t> detect microbially-
reduced alkanes other than methane have generally failed. Davis and Squires
(1954) reported the first detection of trace amouits of ethane produced
from ethanol fermentation, but virtually no conclisive work since that
early date has been accomplished. In summary, Coleman (1976) states, "It
is not'generally agreed by microbiologists that bacteria do not produce
significant quantities of ethane (R.E. Kallio, personal communication)."

The data presented in this report are in conflict with these beliefs.

Previous Work

Hydrographic

During the three years of the STOCS environmantal assessment program,
salinity, temperature, dissolved oxygen (DO), and nutrient data have
provided ancillary information that has aided in the interpretation of
other important biological and chemical parameters. Nutrient and dissolved
oxygen concentrations are affected by hydrology aad biological uptake and

release. In turn, the concentrations of these components in the water



column greatly affect the species diversity and standing crop of phyto~ and
zooplankton. The benthic fauna are also affected to a lesser extent by the
concentrations of these components in the water column.

Nutrients (phosphate, nitrate, and silicate) and dissolved oxygen were
taken at three depths in the water column (surface, half the depth of the
photic zone, and near bottom) at Stat:ons 1-3 along each of the four tran-
sects during seasonal samplings and along Transect II during monthly samp-
lings. Samples were also taken near Southern Bank and Hospital Rock.
Although nutrients and dissolved oxygen are generally quite variable spa-~
tially and seasonally, similar distribution patterns were observed over
the first three years of the program. The work effort for 1977 presented
here continued to provide these basic hydrographic parameters for the

ongoing biological and chemical programs.

Water Column Low-Molecular-Weight Hydrocarbens

During the first contract year (1975) LMWH samples were taken at
three depths in the water column from Stations 1-3, on éll four transects,
seasonally. The first year effort revealed areas of natural seepage in the
STOCS region and distinct methane maxima at mid-depths during the spring and
fall samplingg. The second contract year (1976) LMWH were contracted to be
analyzed at only two depths (surface and near-bottom) along the four
transects seasonally and along Transect II monthly. However, many mid-
depth analyses of methane were made so that the important subsurface maxima

could be illustrated.

Sediment Low-Molecular-Weight Hydrocarbons

The measurements presented in this report represent the first reliable

assessment of interstitial light hydrocarbon concentrations on the STOCS.



Virtually no measurements of interstitial hydrocarbon.gas in open marine
sediments exist in the present literature. This report serves to charac-
terize concentrations of the IMWH in the STOCS area, as well as to point

out one area of anomalous seepage of presumed thermocatalytic gas.

METHODS

Hydrographic

Samples for dissolved oxygen, nutrients, salinity and temperature
for hydrograghic measurements were taken by a series of Niskin or Nansen
bottles. Dissolved oxygen samples were collected from Stations 1-3 of
Transects I, II and III; Stations 1-6, Transect II; and from Hospital
Rock and Southern Bank during the three seasonal sampling periods. In
addition collections were made from Statioms 1-6, Transect II during the
six monthly sampling periods. Nutrient, salinity and temperature samples
were collected from Stations 1-3, of all four transects, and from Hospi-
tal Rock and Southern Bank seasonally and from Stations 1-3, Transect Il

monthly.

Dissolved Oxygen

Water samples for dissolved oxygen were always drawn first from the
sampling bottles so that the tendency toward equilibration of oxygen with
the atmosphere was minimized. The oxygen flasks were filled by gravit}
flow from the sampling bottles through tygon tubing to the bottom of the
flasks. The tubing was flushed of any bubbles before the flask was filled.
The oxygen flasks were allowed to overflow approximately the volume of
the flask and then stoppered. Dissolved oxygen samples were routinely
taken and analyzed in duplicate. Samples were aralyzed using the Winkler

method, as outlined by Strickland and Parsons (1¢72) and modified by

Carpenter. Concentrations were reported as milliliters (STP) of oxygen



per liter seawater. Precision was somewhat dependent on the technician

doing the analysis, but accuracy and precision were generally * 0.02 ml/%.

Nutrients

Three samples for nutrient determinations (phosphate, silicate, and
nitrate) were also drawn from each of the sampling bottles. These samples
were collected in 200-ml Whirl-Pak plastic bags and frczen until analysis.
Samples were analyzed using an autoanalyzer following the methods outlined
by Strickland and Parsons (1972). Specific methods for each of the nutri-
ents were also given by Technicon Instruments Corporation of Ardsley, New
York, Industrial Methods Bulletins 186-72W, (silicate), 158~71W, (nitrate),
and 155-71W, (phosphate). Nutrient concentrations were reported as micro-

moles per liter seawater (pM).

Salinity

Samples for salinity were drawn from the sampling bottles into 500-ml
citrate bottles that had been rinsed twice with sample water. Salinity was
determined in duplicate on a Plessey 6210 inductive salinometer. Salinity
was reported as parts per thousand (°/,,) of dissolved solids by weight.

Accuracy and precision were typically * 0.001 °/., .

Temperature

Temperatures were read in duplicate from two reversing thermometers
attached to each sampling bottle, and reported as degrees centrigrade.
These thermometers underwent periodic calibration to * 0.005°C by our
Marine Operations section and most thermometers had a long calibration

history. Temperature measurements were typically accurate to % 0.01°C.

Dissolved Low-Molecular-Weight Hydrocarbons

IMWH samples were collected from Stations 1-3, on all transects,
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during the three seasonal sampling periods. Additionally, Stations 1-3,
Transect II were sampled during the six monthly sampling periods. Although
an attempt was made to sample the area synoptically, the physical sampling
of the twelve stations took from six days (e.g. fall seasonal) to over

six weeks (e.g. winter seasonal). Thus, rigorous interpretations of areal
distributions should take sampling periods into account. The monthly samp-
lings of Transect II required no more than three days.

Samples were taken by standard hydrographic casts using a series of
Niskin or Nansen bottles. After retrieval, the seawater samples were
transferred by gravity flow into l-liter ground-glass stoppered bottles.
The bottles were capped in such a way as to avoid entrapment of gas bubbles.
The samples were poisoned with sodium azide to prevent bacterial altera-
tion.

The 1977 contract called for LMWH samples tc be collected at three
depths (surface, one-half the depth of the photic zone, and near-bottom)
at each station. The IMWH (methane, ethene, ethzne, propene and propane)
were determined by a modification of the Swinnerton and Linnenbom (1967)
method. Seawater samples were .purged directly from the sample bottles by
a hydrocarbon-free helium stream. The purge helium was purified by a
charcoal trap at liquid nitrogen temperatures. After collection the trap
was isolated, heated by a water bath (90°C), and then injected into the
gas chromatographic stream for analysis. The LMWH were separated on a
1.8-m 3.0-mm Outside Diameter (OD) Poropak Q column, analyzed with a
Flame Ionization Detector (FID) and reported as rannoliters per liter
seawater (nl/%). Sensitivity of the method was (.1 nl hydrocarbon /&
seawater and precision was generally better than *5%.

In addition to surface and near-bottom samples, intermediate depths

at most stations were sampled for LMWH analysis. These supplemental



samples were taken in 125-ml narrow mouth bottles with screw top caps.

The bottles were poisoned and stored upside-down until analysis. They
were analyzed by McAullife's (1971) method of multiple phase equilibrium.
McAullife's method involved equilibrating (by shaking) 25 ml of purified
helium with 25 ml of sample water in a 50 ml syringe with a Luer-Lok
stopcock. Since >96% of the light alipuiatic hydrocarbons partitioned into
the gas phase, analysis was performed by injecting part of the equilibrated
gas phase into the chromatographic stream by means of a sample injection
valve. These intermediate samples provided more detailed vertical distri-
butions of methane and ethene, but since the sensitivity of the method was
approximately *5 nl/f of seawater, few of the other C; and Cj3 hydrocarbon

levels were measured at intermediate depths.

Sediment Low-Molecular-Weight Hydrocarbons

Methods for all of the previously mentioned parameters have been out-
lined very briefly because detailed procedures for each have been published
elsewhere. Procedures for determination of sediment low-molecular-weight
hydrocarbons have only recently been developed. To date, three different
approaches have been used: 1) Interstitial waters have been squeezed
from sediment sections and the dissolved gases determined after being
stripped from the pore water; 2) Gases have been stripped and analyzed
from interstitial water collected in tubes at variably spaced depths on
a gas harpoon, or in situ sampler, which has been driven into the sediment;
3) Gases have been stripped and analyzed from whole sediment sections which
have been preserved to prevent gas escape. The procedure developed by the
authors' laboratory is similar to the third method and presented in detail
here.

Sediment samples were obtained using standard gravity coring techniques.
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Upon retrieval the sediment contained in a plastic liner was removed from
the core barrel and sectioned at specific depths. Five-centimeter sections
were immediately extruded into 0.5-% containers containing 125 ml of sodium
azide-poisoned, hydrocarbon-free seawater. The containers were capped and
the headspaces flushed with helium or nitrogen through septa in the lids.
The light hycrocarbons dissolved in the interstitial water were equilibrated
with the gas phase by agitation for five minutes with a high speed shaker.
The shaker also dispersed the sodium azide throughout the sediment to inhi-
bit microbial activity. The head space gases were then analyzed or the
containers inverted to form liquid seals around the lids and stored in
darkness at near-freezing temperatures until analysis.

The system used for analysis of the sediment IMWH is shown schemati-
cally in Figure 3.2. Trap A contained activated charcoal maintained at
liquid nitrogen temperature for removal of hydrocarbon impurities in the
purge helium stream. The system was flushed by cpening all values and
heating trap B to ~ 90°C with a boiling water bath. Trap B contained
Porapak Q as a substrate to collect the hydrocarbons. Liquid nitrogen
was placed around the trap and valve C closed before the container was
coupled to the system by inserting 20-gauge needles into the septa (out-
flow line first). Helium entered the sample container through valve D,
purged the headspace gases through an anhydrous magnesium perchlorate
drying tube, and carried the light hydrocarbons into trap B where they
were quantitatively collected.

The flush rate was adjusted by valve D to ore liter per minute so
that the hydrocarbons in the 0.2 £ headspace were quantitatively
removed in two minutes. The trap was then isolated by closing valve F

and G, and the container removed from the system. The trap was then
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heated, injected into the carrier stream by a pneumatic slide value, and
the hydrocarbons separated on a 3 m, 1.5-mm inside diameter (I.D.) Porapak
Q column thermostated at 60°C. A flame ionizaticn detector was used in
conjunction with an electronic integrator for the analysis of sediment LMWH
concentrations. A typical chromatogram showing separation of the gases is
shown in Figure 3.3.

Due to the solubility differences of the light hydrocarbons in sea-
water, the partition coefficients between the water-sediment mixture and
headspace varied for each hydrocarbon. Partitior coefficients for the
individual hydrocarbons were determined by repeated equilibrations of
samples after replacement of the headspace gas with helium. After purging,
the sample container was re-agitated and the analysis procedure repeated.

The individual partition coefficients were calculated by the equation:

Ki =1 - (Xz/Xl)i (L)

where K is the partition coefficient for a particular hydrocarbon, and
(Xz/Xl)i is the ratio of the detector response generated by component i
from the first (X,) and second (X;) equilibratiors. These partition coef-
ficients represented the fraction of total gas ir a sample container that
was present in the gas phase after an equilibration. Since at least 80%
of every light hydrocarbon gas was removed from the sediment by each equi-
libration, simply summing the response from the first two equilibrations
represented at least 96%Z recovery of each gas frcm the sediment samples.
Since coefficients for a group of cores taken anc analyzed under similar
conditions were quite repetitive, it was faster and more accurate to
establish stanéard partition coefficients of eact gas in a group of core
samples by performing second equilibrations only on selected samples. The

total response of a gas in a sample (T;) could then be calculated using the
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equation:

T, = (Xl/K)i (2)

After a volume of a standard gas mixture was trapped and injected into the
gas chromatograph for calibration, concentrations of each gas could be

calculated by the equation:

c; = (C_ /X ) x T, (3)

std/vmud i

std)i x (v

std
where gas concentration (Ci) is in microliters per liter wet sediment,
Cgtq 1s the concentration of component i in a standard gas mixture in

parts-per-million, X represents detector response generated by stan-

std
dard component i, Vgpq is the volume of standard gas in milliliters, and

v

mud is the volume in milliliters of sediment placed in the sampling con-

tainer.

As an experimental verification of the analy:ical procedures, a sedi-
ment sample was equilibrated and purged five times tc remove all measurable
LMWH. A 20cc sample of standard gas containing quantitites of LMWH in the
range éf those typically measured in continental shelf sediment samples was
injected into the container. The containef was then agitated at room temp-
erature to equilibrate the hydrocarbons and headspace gases were measured as
previously outlined. After purging, the container was again equilibratéd
and the new headspace gases measured. The data generated by the experi-
ment are presented in Table 3.2. For each hydrocarbon gas, the table
lists the number of nannoliters contained in 20 c: of the standard mixture,
the integrator units generated from the first and second equilibrations
of the container, and the resulting partition coefficients. Also tabulated
were the integrator units measured from direct amalysis of the hydrocarbons
in 20cc of the standard gas (these represent total units which were injec-

ted into the container) and the total units in th2 sample. Percentage



TABLE 3.2

INTEGRATOR UNITS OBTAINED IN GAS PARTITIONING EXPERIMENTS

Methane Ethene Ethane Propene Propane
Nanoliters of gas
injected 380 16 17 15 18
Response, first
equilibration (X,;)* 619.8 51.57 60.51 72.09 91.89
Response, second
equilibration (X,) 37.25 7.425 4.039 9.313 3.966
Calculated partition
coefficient (K) 0.940 0.856 0.933 0.871 0.957
Calculated total units
in sample (T) 659.4 60.2 64.9 82.8 96.0
Response, calibration
standard (Xstd) 666.5 59.2 65.3 81.7 96.5
Percent deviation
of T from XS -1.1 1.7 -0.6 1.3 -0.5

td

*
Symbols are explained in text.
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deviations of the calculated and measured values showed that there was less
than a 2% error for every hydrocarbon by calculating concentrations from
partition coefficients. Therefore, if consistent partition coefficients
were established for a large group of samples, most of the samples analyzed
needed to be equilibrated only once.

Average partition coefficients calculated from two large groups of
sediment samples taken from the Texas continental shelf and slope are
presented in Table 3.3. Both groups were stored in a refrigerator, but
Group A was warmed to room temperature (20°C) before analysis, whereas
Group B was heated to about 40°C inahot water bath. The gas solubilities
in 20°C distilled water calculated from the data of McAuliffe (1966) were
also tabulated for comparison. Solubilities of most of these gases in
seawater are not accurately known but should follow the same trend as in
distilled water. Partition coefficients are a function of the solubilities
of gases which, in turn, depend on temperature. The coefficients listed
in Table 3.3 reflect the relative gas solubilities, decreasing with increas-
ing solubility. Group B partition coefficients were noticeably higher
than those of Group A, indicating the negative effect of higher temperature
on gas solubilities. Higher partition coefficients decreased the chance
of error in the calculation of total gas in the samples because relatively
more gas was removed from the sample during the first equilibration, so
warming the samples to 40°C was the preferred procedure.

It was also discovered after the majority of the samples for this work
were analyzed that the glass containers containing the sediment-water mix-
ture would not break if frozen. All subsequent samples were frozen before
analysis for two reasons: 1) microbial activity should be completely inhi-
bited, and 2) the crystallization and expansion of the water during freezing

tends to break up the structure of the clay particles, thus helping expose



TABLE 3.3

PARTITION COEFFICIENTS OF TWO GROUPS OF SAMPLES

Methane Ethene Ethane Propene Propane
Group A (20°C) .944 .840 .897 .835 .950
Group B (40°C) . 955 .848 .919 .902 .960
*Solubility @ 20°C 34 105 45 107 32

(ml/1)

*Calculated from data of McAuliffe (1966)
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any LMWH occluded on or trapped inside the clay lattice. Indeed, higher
apparent partition coefficients for all the light hydrocarbons, especially
ethane and propane, were observed from analysis c¢f frozen samples.

For each section of sediment sampled for LMWH, an adjacent sample
of sediment was collected, weighed, freeze-dried, and reweighed for the
determination of weight percent interstitial water. From this percentage,
porosity could be calculated and concentrations c¢f sediment LMWH were
reporced per liter interstitial water rather than wet sediment.

For measuring methane concentrations in excess of saturation at one
atmosphere pressure, such as are typically found in sulfate-free reducing
sediments, the sampling method outlined here is inferior to the so-called
in 8itu pore water samples (or gas harpoons) developed by other investiga-
tors, because of the possibility of outgassing during core retrieval. How-
ever, existing imn situ samplers cannot collect enough pore water for pre-
cise determinations of light hydrocarbons other than methane. The sediment
depth which can be reached and the sampling intervals are also limited with
the ¢n s?tu technique. Concentrations of hydrocarbon gas existing in the
top few meters of the Texas continental shelf and slope sediments are far
below saturation so that the escape of gas during handling by our sampling
method was driven only by the processes of molecular diffusion from the
core material. The time period that the core material was exposed to condi-
tions causing loss of gas due to outward diffusion after extrusion was gen-
erally less than one minute. The depth within thz core section to which
significant gas loss occurred during this time was estimated using a dif-
fusion coefficient of 2 x 10~% cm?/sec (Martens aad Berner, 1977) to be
about 0.1 m&l In“effect then, in one minute diffusive processes skimmed
the outer 0.1 mm from the surface of the exposed core section, introduc-

ing a maximum reduction of one percent in total gas content of a sample.
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RESULTS AND DISCUSSION

Water Column Low-Molecular-Weight Hydrocarbons

Table 3.4 shows the number of observations, mean, minimum, and maximum
values for each of the LMWH measured in the STOCS region in 1977. These

values are tabulated in Appendix B, Tables 1 through 24.

Areal Distribution of Methane

Figure 3.4 shows near surface methane concentrations during the sea-
sonal cruises in the STOCS area in 1977. The processes controlling the
surface concentrations of methane on the STOCS appeared to be similar to
those occurring in the open ocean waters of the Gulf of Mexico. 1In the
open Gulf of Mexico, concentrations are controlled mainly by biological
processes occurring in the water column and exchange across the air-sea
interface. Biological and physical processes (e.g. salinity and tempera-
ture variations) are more pronounced in the coastal zone resulting in
greater variability than observed in the open Gulf. The lower Texas shelf
is generally free of the large man-derived additions that control surface
methane and other LMWH concentrations on the upper Texas-Louisiana shelf.
These man-related sources include offshore drilling and production, trans-
portation losses, river runoff, and inputs associated with bays and harbors.
The STOCS region is relatively clean with respect to man-induced IMWH since
large scale drilling and production has not commenced on this part of the
Texas shelf.

Surface concentrations of methane on the STOCS are influenced by air-
sea exchange. If there were no man-derived or natural inﬁuts of methane,

surface concentrations would be at equilibrium with the atmosphere. The



*
SELECTED PARAMETERS IN THE STOCS (1977).

TABLE 3.4

Number of

Variable Observations Mean Minimum Maximum
Methane (nl/2) 411 339 39 5,410
Ethene (nl/%) 387 4.8 0.11 20.5
Ethane (nl/) 356 1.7 0.12 58.5
Propene (nl/%) 255 1.0 0.25 2.8
Propane (nl/%) 251 0.9 0.20 16.6
R (methane) 323 6.1 1.11 104
Depth (m) 528 37.9 0 130
Temperature (°C) 414 22.7 9.62 30.16
Salinity (a/oo) 349 35.47 27.946 36.679
Oxygen (ml/2) 524 4.89 2.90 6.95
R (oxygen) 346 1.0 0.56 1.16
Phosphate (uM) 406 0.21 0 4.74
Nitrate (uM) 419 1.0 0 18.1
Silicate (uM) 419 2.7 0.10 13.9

*
Includes Topographic Features Study (BLM Contract AAS50-CT7-15)
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concentration of a dissolved non-reactive gas in seawater is determined
according to Henry's Law by its solubility coefficient at the temperature
and salinity during water mass formation and its partial pressure in the
atmosphere. For the LMWH, only the partial pressure of methane (1.4 * 0.1
ppmv for the atmosphere over the entire earth) is known with any degree of
certainty. Using this value and the Bunsen solubility coefficients reported
by Yamamoto et al. (1976), the equilibrium solubility of methane in the
water column at the existing temperature and salinity has been computed for
each observation. Also computed for each observation was an R value, where
R is the ratio between measured and equilibrium methane concentrations, with
R greater than 1.0 indiﬁating supersaturation. The R values (Table 3.4)

for methane ranged from 1.11 to 104 times equilibrium concentrations in the
water column (mean = 6.1; 323 observations).

Figure 3.5 shows R values of near-surface methane concentrations dur-
ing the seasonal cruises in the STOCS area. Althoigh higher values were
usually observed at nearshore stations, there wer:z no seasonal or spatial
patterns observed in these surface samples. Ther2 were 54 surface obser-
vations for methane in the STOCS area during 1977 which ranged from 1.19
to 9.26 times equilibrium concentrations and averaged 1.81. Thus the sur-
face waters in the STOCS area showed a consistent surface supersaturation
with respect to the partial pressure of methane ia the atmosphere.

These observations agree with the reports of several other investiga-
tors (Lamontagne et al., 1971; 1973; Brooks and Sackett, 1973, 1977; Swin-
nerton and Lamontagne, 1974; Brooks, 1975; and Scranton and Brewer, InPress)
which show that the mixed layer of the ocean is sipersaturated with respect
to the partial pressure of methane in the atmosphare. The supersaturation
appears to be a permanent feature of the world oceans, except in the regions

of strong upwelling such as the Yucatan Shelf (Brooks et al., 1973) and in
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some ice-covered areas of the Antarctic (Lamontagne et al., 1974). Sources
of the excess methane in coastal water include offshore production opera-
tions, runoff, transportation activities, and diffusion from methane-rich
sediments. The source of the excess methane in tte open ocean has been
attributed to im situ production in the water column (Lamontagne et al.,
1973; ﬁrooks and Sackett, 1973; Seiler and Schmidt, 1974; and Scranton and
Brewer, In Press). Since man-derived additions of LMWH.on the STOCS do
not, at present, appear to be affecting LMWH levels, the excess methane on
the STOCS must come from in situ production, diffusion out of methane-rich

sediments, or gas seepage.

Vertical Methane Distribution

The vertical distribution of methane in the $TOCS region exhibited
both seasonal and spatial variatioms. Table 3.5 shows the number of obser-
vaticas, average mean water column concentration, the average surface
concentration, and the minimum and maximum values for each of theAthree
seasonal and six monthly samplings. Téble 3.6 shows the surface and near-
bottom methane concentrations at STOCS stations al.ong Transect II. There
did not appear to be any discernible seasonal pattern in surface methane
concentrations along Transect I1I, although higher surface methane concen-
trations were observed during the December sampling at all stations. Sta-
tion 1/II generally had higher surface methane levels than .the stations
farther offshore, no doubt due to the close proximity of the sediment-
water interface and coastal contributions (e.g. runoff). Higher surface
methane concentrations were associated with Station 1, Transects I and II
than along Transects III and IV, probably due to more river and estuarine
runoff into these nearshore areas.

The vertical distribution of methane showed large seasonal variations

at intermediate depths (30 to 100 m) in the water column over the 1975 to



TABLE 3.5

SUMMARY OF NUMBER OF METHANE OBSERVATIONS, MEAN, MINIMUM AND MAXIMUM CONCENTRATIONS (in nl/ ) OBTAINED
SEASONALLY AND MONTHLY IN THE STOCS AREA (1977).

Season 0§:2::Zt;£ns Mean Minimum Maximum ngiice
Winter 62 198 77 825 178.6
March 9 155 65 403 88.3
April 16 192 47 519 92.3
Spring 78 263 41 1280 82.4
July 22 524 48 4000 230.3
August 19 124 44 391 48.7
Fall 86 253 49 1800 82.7
November 19 146 49 354 81.0

December 17 163 75 341 103.7

L T PN of



TABLE 3.6

SURFACE AND NEAR-BOTTOM METHANE CONCENTRATIONS (nl/ ) AT STOCS STATIONS
ALONG TRANSECT TII.

SAMPLING STATION
MONTH 1/11 2/11 3/11
Surface

Winter 91 229 109
March 90 110 65
April 121 108 59
Spring 68 50 59
July 578 65 48
August 44 50 52
Fall 113 55 98
November 75 119 49
December a7 75 139

Near-Bottom

Winter 99 241 250
March 127 223 403
April 208 480 519
Spring 145 194 439
July 510 185 116
August 391 116 209
Fall 98 154 288
November 98 132 308

December 96 124 212




1977 sampling period in the STOCS. 1In 1975 the water column was fairly
uniform with respect to methane during the winter sampling. A large maxi-
mum (up to 4000 nl/%) was observed from the spring sampling at intermediate
depths of several stations. This same maximum, although at much lower
concentrations, was also observed from the fall sampling in 1975. 1In
1976, a similar but not identical pattern developed. No concentrations in
the thousands of nl/2 methane were observed in 1976, as was the case in 1975.
In 1976, the winter sampling of all deep stations (Statiomns 3/I, 3/1I,
3/II1 and 3/1V) showed a fairly uniform methane distribution in the water
column with the exception of Station 3/II. The March sampling at Station
3/I1 showed that a broad methane maximum had developed in the 50 to 80 m
depth interval. This maximum was absent during the April, spring and July
1976 samplings of this stations. The maximum was again present during the
August sampling at the 70 to 100 m depth interval. Although no mid-depth
samples were taken during the fall sampling, near-bottom concentrations at
Station 2/II during the fall 1976 séemed to indicate the presence of the
mid-depth maximum. It was also present during the November 1976 sampling,
although insufficient sample depths were obtained to define its extent. 1In
December, a uniform water column with respect .to methane-had again developed.
In 1977, large mid-depth methane concentrations were again observed
in the STOCS (Figures 3.6 to 3.14). These maxima appeared to develop-with
formation of a thermocline in April (Figure 3.8). The maximum became pro-
nounced at 60-70 m during spring, July and fall (Figures 3.9, 3.10 and 3.12)
sampling periods. As in 1975, concentrations as high as 4000 nl/% were
observed within this maximum (Figure 3.10) during July. The maximum was
deeper (80 to 100 m) and therefore only present at Station 3/II during

the August and November samplings (Figures 3.1 and 3.13).
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The origin of the mid-depth maximum is only partially understood. It
has been observed to be associated with the thermocline (Brooks et al., 1977,
Scranton and Brewer, In Press). One explanation for the maximum is advec-
tion of coastal water with high methane concentration off the shelf with
subseguent loss of the methane in the mixed layer by air-sea exchange. It
has recently been shown, however, that advection off the shelf cannot account
for this maximlm in the open:ocean .(Scranton and Brewer, Inm Press). It
igs more probably due to in sZftu generation in the water column.

During the late spring, summer and fall months, stratification of the
water column occurs, which restricts turbulent mixing of bottom and surface
water masses. There subsequently develops an accumulation of suspended
matter at this boundary because of the restriction of settling velocities
across the density gradient. It is postulated that methane is formed in
small micro-reducing environments from the organic mattér in the suspended
material. Another explanation is that the methane is formed in the reduc-
ing guts of zooplankters that are associated with the thermocline. Although
the origin of the methane is uncertain, it appears to be associated with
suspended material. In some of the data obtained in 1976, there was a
good visual correlation between methane and transmissometry (suspended
‘matter) .

An anomalous observation during 1977 was that the winter sampling
showed high methane throughout the water column in most of the STOCS area.
The source of these high methane levels were unknown. Figure 3.4 indicates
the highest levels were found at Stations 2 and 3 along all transects
indicating it was not a coastal source. The winter methane contour of
Transect II (Figure 3.6) indicated there was a wedge of higher than normal

methane levels along the middle of this transect. The other transects



(Appendix B, Table 13) also showed this wedge of ﬁigh methane extending past
Station 3. A possible source of the intrusion of high methane into STOCS
waters may have been a major well blowout that occurred about 100 miles
south of Galveston during late November and December 1976 (Brooks et al.,
In Press). The high levels produced by this blowout could have been
advected by currents into STOCS waters.

Of the twelve stations sampled, Station 3/IV was unique in that the
near-bottom samples from this station always showed very high methane
concentrations. The concentrations were measured as high as 400 nl/%,
with no seasonal influence. Methane concentrations typically remained
above 100 nl/%, 20-40 m above the bottom. These high concentrations
measured continuously over a three year period were the result of natural
gas seepage across the sea-sediment interface.

Seeps appear to be a common phenomenon in the Gulf of Mexico. The
Principal Investigators have detected many of these seeps with sonar equip-
ment by the acoustical reflection produced by the rising bubble plume,
or by hydrocarbon "sniffing" which identifies dissolved hydrocarbon anom-
alies in the vicinity of seeps. Over one hundred (100) of these bubbling
seeps have been detected in the waters of the Louisiana shelf (Tinkle et
al., 1973) and many are known to exist in the Scuth Texas OCS region
(Holmes, personal communication). Many of these seeps are associated with
topographic highs, although many have also been observed along flat bottom
such as at Station 3/IV. The Principal Investigators have collected over
25 seep .gases in the Gulf of Mexico (Brooks et al., 1974; Bernard et al.,
1976). The hydrocarbon patterns over these seeps are chiefly characterized
by methane anomalies in near-bottom waters. All profiles over seeps show
a significant increase in dissolved methane withk depth because of increas-

ing solution of methane due to increased partial pressure in the bubbles
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with depth.

Areal Distribution of Olefins

The concentrations of unsaturated hydrocarbons (e.g. ethene and pro-
pene) were measured in surface, half the depth of the photic zone,-and
near~bottom samples at the 12 line stations. Ethene was also measured at
some additional intermediate depths. The number of observations, mean,
minimum, and maximum values for the olefins are shown in Table 3.4. The
unsaturates dominated over their saturated analogs in most areas of the
STOCS, with exceptions generally occurring in the deeper waters, or Station
3 areas, along the four transects. Ethene averaged 4.8 nl/2 in the STOCS
area, but concentrations as high as 20 nl/2 were measured. Propene con-
centrations were almost always a factor of four lower than ethene concen-
trations, only averaging 1.0 nl/2 in the STOCS area in 1977.

iniike methane, the exchange of olefins across the air-sea interface

v
)

i
in the STOCS region is more speculative. This is because there are no
well-established atmospheric partial pressures for ethene and propene.
Also, solubility data at oceanic temperatures and salinities do not exist
in the literature. However, since oxidation of the olefins occurs within
hours in the atmosphere, all the olefins found in the surface waters of
the Gulf must be biologically derived and/or introduced through losses
from refined products during transportation or manufacturing operations.
It is therefore assumed that the direction of olefin exchange across the
air-sea interface is from the ocean to the atmosphere.

Figures 3.15 and 3.16 show near-surface concentrations of ethene and
propene, respectively, during the seasonal cruises in the STOCS area in
1977. These figures indicated that the highest concentrations of olefins

occurred at inshore stations during the winter seasonal cruise. The oppo-
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site trend was observed during the spring and fall seasonal samplings;
highest surface concentrations were observed at cffshore stations. There
did not appear to be any overall north-south trerd in olefin levels in the
STOCS area. The trends observed probably reflected biological productivity
patterns, since olefins are known to be metabolic intermediates.

Tables 3.7 and 3.8 show the number of observations, the average mean
water column concentrations, the average surface concentrations, and the
minimum and maximum values found during each of the three seasonal and six
monthly samplings for ethene and propene, respectively. The mean values
in these tables showed a general trend of low comncentrations in the winter
months with higher concentrations in the spring, summer and fall. These

trends emulated seasonal productivity measurements.

Vertical Distribution of Olefins

ables 3.9 and 3.10 show surface and near-bottom concentrations of
ethene and propene, respectively, for each of the three seasonal and six
monthl& samplings of Transect II. The near-bottom samples were almost
always lower than surface samples, in agreement with general observations
that olefins are high in surface waters but decrease rapidly with depth.
Olefins are usually found only in trace amounts below a few hundred meters
in the water column. In the water column there was generally a subsurface
maximum in ethene concentrations (see Appendix B, Tables 13 through 24).
The maximum was generally shallower than the methane maximum and was

probably associated with phytoplankton maxima in the water column.

Distribution of C2~Cy Saturated Hydrocarbons

Ethane and propane concentrations were measured at the 12 line statioms.

The number of observations, mean, minimum, and maximum values for these sat-



TABLE 3.7

SUMMARY OF NUMBER OF ETHENE OBSERVATIONS, MEAN, MINTMUM AND MAXTMUM CONCENTRATIONS (in nl/R)
OBTAINED SEASONALLY AND MONTHLY IN THE STOCS AREA (1977).

Season o§::t$:ci§ns Mean Minimum Max fmum Sszﬁzce
Winter 59 2.6 0.11 7.5 3.3
March 9 3.7 2.7 ) 5.0 4.0
April 12 3.5 1.8 4.6 3.5
Spring 61 4.6 1.0 9.8 4.4
July 22 4.7 0.7 14.0 4.8
August 19 7.0 1.3 20.0 4.9
Fall 86 5.6 0.8 20.5 4.8
November 19 4.3 1.7 8.4 4.4

December 17 3.4 7.2 4.8 3.8




TABLE 3.8

SUMMARY OF NUMBER OF PROPENE OBSERVATTIONS, MEAN, MINIMUM AND MAXIMUM CONCENTRATIONS (in nl/g)
OBTAINED SEASONALLY AND MONTHLY IN THE STOCS AREA (1977).

Season Number of Mean Minimum Maximum Surface
Observations Mean
Winter 36 0.6 0.3 1.0 0.6
March 9 1.2 0.6 1.7 1.4
April 9 1.3 0.6 1.9 1.8
Spring 36 1.1 0.4 1.9 1.3
July 12 1.1 0.3 1.8 1.2
August 16 1.5 0.5 2.6 1.5
Fall 36 0.9 0.3 2.0 1.1
November 9 1.1 0.5 2.6 1.3

December 9 1.2 0.4 1.7 1.3
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TABLE 3.9

SURFACE AND NEAR-BOTTOM ETHENE CONCENTRATIONS (nl/p) AT STOCS STATIONS
ALONG TRANSECT II.

SAMPLING STATION
MONTH 1/11 2/11 3/11
Surface
Winter 4.1 2.9 3.8
March 4.1 3.6 4.4
April 4,1 3.2 3.1
Spring 3.8 5.2 5.7
July 3.3 6.0 5.2
August 3.3 5.9 5.6
Fall 3.2 3.2 8.5
November 2.2 6.2 4.8
December 4.4 3.5 3.4
Near-Bottom

Winter 4.0 2.9 1.2
March 3.8 3.5 2.7
April 4.3 3.2 1.8
Spring 4,2 3.8 1.0
July 4.9 1.6 0.7
August 6.1 20.4 1.3
Fall 3.3 6.5 1.7
November 2.5 2.9 1.7

December 3.6 4.3 1.5
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TABLE 3.10

SURFACE AND NEAR-BOTTOM PROPENE CONCENTRATIONS (nl/f2) AT STOCS STATIONS
ALONG TRANSECT II.

SAMPLING STATION
MONTH 1/11 2/11 3/11
Surface
Winter 0.9 0.5 0.6
March 1.7 1.5 1.0
April 1.9 1.5 1.9
Spring 1.2 1.2 1.2
July 0.6 1.3 1.8
August 1.4 1.5 1.7
Fall 1.2 1.0 1.1
November 0.5 2.6 0.7
December 1.7 1.3 1.0
Year-Bottonm

Winter 1.0 0.6 0.4
March 1.3 0.8 0.6
April 1.4 1.0 0.6
Spring 1.3 0.7 0.4
July 0.7 0.8 0.3
August 1.2 1.4 0.5
Fall 1.1 0.8 0.4
November 0.9 1.2 0.6
December 1.2 1.1 0.3




urated compounds are shown in Table 3.4. The gaturated hydrocarbon concen-
trations were generally lower than corresponding olefins in the coastal
waters of the STOCS area. Ethane and propane showed mean values of 1.7

and 0.9, respectively, nl/% in the STOCS area. Figures 3.17 and 3.18 show
surface ethane and propane concentrations, respectively, during the seasonal
cruises in the STOCS area in 1977. Concentrations of these LMWH components
were generally higher at inshore stations and decreased seaward. They
showed little seasonal variation as seen by Tables 3.11 and 3.12, which

are monthly tabulations of numbers ofvobservations, mean, minimum and maxi-
mum concentrations for ethane and propane. Butane levels were almost always
below detection limits in the STOCS area.

The saturated C;-Cy hydrocarbons have man-derived and natural sources
similar to methane. They are derived from petroleum, either from offshore
platforms, transportation activities, or runoff. Although there is no
evidence that they are produced in situ in the water column, they are found
in trace amounts in gas seepage. Most biogenic gas contains small amounts
(< 0.5%) of ethane and parts per million quantities of propane. It might
be reasonable to assume that some of the long-lived anthropogenic hydrocar-
bons (e.g., ethane and propane) found in marine atmospheres are deposited
into the ocean either by rainout or by air-sea exchange.

Tables 3.13 and 3.14 show surface and near~bottom ethane and propane
concentrations along Transect II. There was no large variation in the ver-
tical distribution of these components with depth, although bottom samples
were generally higher than surface samples, probably reflecting diffusion

or seepage out of the sediments.

Hydrocarbon Correlations

As mentioned in the earlier discussions, several LMWH showed close
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TABLE 3.11

SUMMARY OF NUMBER OF ETHANE OBSERVATIONS, MEAN, MINTMUM AND MAXIMUM CONCENTRATIONS (in nl/R)
OBTAINED SEASONALLY AND MONTHLY 1IN TUE STOCS AREA (1977).

Season 02:223;ti£ns Mean Minimum Max {mum S;Z;ice
Winter 59 0.7 0.4 .1 0.7
March 9 0.7 0.5 0.8 0.6
April 12 1.0 0.2 8 0.7
Spring 57 0.8 0.2 4.0 0.3
July 22 0.8 0.1 4.6 0.2
August 19 0.8 0.2 4.6 0.2
Fall 76 1.0 0.1 17.5 0.3
November 11 0.5 0.2 1.2 0.6
December 9 0.6 0.3 0.9 0.6




TABLE 3.12

SUMMARY OF NUMBER OF PROPANE OBSERVATIONS, MEAN, MINIMUM AND MAXIMUM CONCENTRATIONS (in nl/2)
OBTAINED SEASONALLY AND MONTHLY IN THE STOCS AREA (1977).

Season 0§::2::t:£na Mean Minimum Maximum Snzﬁ:ce
Winter 36 0.5 0.4 0.7 0.5
March 9 0.5 0.4 0.7 0.5
April 9 0.7 0.3 1.2 0.7
Spring 43 0.6 0.3 1.5 0.4
July 9 0.5 0.3 1.1 0.3
August 11 0.9 0.3 4.5 0.6
Fall 36 0.4 0.2 2.2 0.4
November 9 0.3 0.2 0.7 0.3
December 9 0.4 0.3 0.5 0.4
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TABLE 3.13

SURFACE AND NEAR-BOTTOM ETHANE CONCENTRATIONS (nl/f%) AT STOCS STATIONS
ALONG TRANSECT II.

SAMPLING STATION
MONTH 1/11 2/11 3/11
Surface
Winter 0.8 0.6 0.5
March 0.8 0.6 0.5
April 1.6 0.4 0.2
Spring 0.3 0.3 0.3
July 0.1 0.2 0.1
August 0.2 0.2 0.3
Fall 0.3 0.2 0.5
November 1.2 0.4 0.2
December 0.9 0.8 0.3
Near-Bottom

Winter 0.8 0.7 0.4
March 0.7 0.8 0.8
April 1.7 1.3 1.0
Spring 0.6 1.0 0.9
July 0.9 0.3 0.3
August 0.6 0.9 0.5
Fall 0.3 0.8 0.4
November 0.4 0.4 0.9
December 0.9 0.3 0.3




TABLE 3.14

SURFACE AND NEAR-BOTTOM PROPANE CONCENTRATIONS (nl/2) AT STOCS STATIONS
ALONG TRANSECT II.

SAMPLING STATION
MONTH 1/11 2/11 3/11
Surface

Winter 0.6 0.5 0.4
March 0.6 0.6 0.4
April 1.1 0.5 0.4
Spring 0.4 0.4 0.4
July 0.3 0.3 0.3
August 0.3 0.3 1.1
Fall 0.5 0.4 0.7
November 0.4 0.3 0.3
December 0.4 0.3 0.3

Winter 0.5 0.5 0.5
March 0.7 0.5 0.5
April 0.9 0.5 1.2
Spring 0.7 1.0 1.0
July 0.9 1.1 0.4
August 0.7 0.5 0.7
Fall 0.4 0.6 0.5
November 0.3 0.3 0.7
December 0.4 0.3 0.5
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correlations with other chemical and biological parameters. Table 3.15
shows correlations of the IMWH with each other ard other selected chemical
parameters measured in our study. Methane showed little correlation with
other LMWH. There was a correlation between methane and ethane and no
correlation between methane and propane. There was a correlation coeffi-
cient of 0.74 between ethane and propane. Although both ethene and propene
are products of metabolic activities, they showed only a weak correlation

coefficient of 0.45.

Dissolved Oxygen

All dissolved oxygen measurements performed in 1977 are tabulated in
Appendix B, Tables 1-12. Mean monthly oxygen concentrations, as well as
minimum and maximum values observed in the STOCS area in 1977, are repor-
ted in Table 3.16. Table 3.17 lists surface and near-bottom dissolved
cxygen values measurad seasonally and monthly at the three primary sta-
tions on Transect-II. The surface concentrations at all stations were
highest in the winter months and decreased in the summer, reflecting
seasonal changes in surface temperature and salinities.

Near-surface temperatures and salinities are plotted for the winter,
spring, and fall on Figures 3.19 and 3.20, respectively. Wide tempera-
ture variations were apparent between the seasons and between nearshore
and offshore stations of a particular season. Likewise, salinity was
affected by proximity to the land. Increased runoff in the spring drasti-
cally reduced salinity at nearshore stationms.

Gas solubility in seawater increases with decreasing water tempera-
tures and salinity so surface oxygen concentrations are seasonally con-

trolled, as further illustrated by surface measurz=ments from the 12 pri-

mary stations shown in Figure 3.21. Not only wer: surface oxygen concen-



TABLE 3.15

CORRELATION COEFFICIENTS' ON STOCS 1977 DATA.

Variable Methane Ethene Ethane Propene Propane
Methane 1.0 - 0.611 - -
Ethene 1.0 - 0.450 -
Ethane 0.611 - 1.0 - 0.741
Propene - 0.450 - 1.0 -
Propane - - 0.741 - 1.0
Depth - - - 0.520 -
Temperature - - 0.514 -
Salinity - - - - -
Oxygen - - - - -
Phosphate - - - - -
Nitrate - - - 0.424 -
Silicate - - - - -

TOnly corre

lations greater than 0.400 are tabulated.



TABLE 3.16

SUMMARY OF NUMBER OF OXYCEN OBSERVATIONS, MEAM, MINIMUM AND MAXIMUM CONCENTRATIONS (in ml/Q)
OBTAINED SEASONALLY AND MONTHLY TN THE STOCS AREA (1977).

Season Og::Esztiins Mean Minimam Max fmum ngiﬁce
Winter 82 5.53 4.19 6.95 5.73
March 18 5.46 4.46 6.00 5.62
April 25 5.03 4.55 5.37 5.11
Spring 917 4.96 3.71 5.43 5.06
July 32 4.73 3.03 5.70 4.81
August 31 4.79 3.30 S5.48 4,64
Fall 102 4.53 3.37 5.33 4.57
November 29 4.65 3.57 5.21 4.74
December 27 4.65 3.34 5.40 5.07

€9-¢



TABLE 3.17

¢

SURFACE AND NEAR-BOTTOM DISSOLVED OXYGEN CONCENTRATIONS (ml/&) AT STOCS
STATIONS ALONG TRANSECT II.

SAMPLING STATIONS
MONTH 1/11 2/11 3/11
Surface
Winter 6.06 5.92 5.55
March 6.00 5.64 5.67
April 4.90 5.16 5.05
Spring 4,88 5.04 5.00
July 4.83 4.79 4.83
August 4.73 4,74 4,55
Fall 4.51 4.12 4,57
November 5.08 4,26 4,74
December 5.40 5.05 4.87
Near-Bottom

~ Winter 5.33 5.83 4.19
March 5.70 5.34 4.46
April 4.70 5.25 5.11
Spring 4,18 4,88 4.59
July 4,22 5.14 3.02
August 5.19 5.38 3.30
Fall 3.91 4,32 3.84
November 4.65 4.71 3.57

December 5.12 4.84 3.34
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the Seasonal Cruises in 1977.
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trations highest in the winter at all 12 stations, but nearshore stations
which were subject to more drastic seasonal temperature changes showed the
greatest seasonal oxygen fluctuations.

Equilibrium oxygen solubilities can be calculated if the temperature
and salinity of the water sample are known (Weiss, 1970). Calculated
equilibrium values can be compared to measured oxygen concentrations to
determine the relative influence of physical and biological processes.

The ratios of measured surface oxygen values to calculated values
are plotted seasonally for the 12 primary stations in Figure 3.22. Very
small deviations from unity for most stations (e.g. 1/II and 3/III)
indicated that fluctuations in surface oxygen concentrations were prin-
cipally due to physical processes such as seasonal changes in water temp-
erature and salinity. A few stations were consistently '"supersaturated"
however, (2.g. 1/I1I) suggesting an enhanced productivity in these areas.

Oxygen concentrations have been contoured in Figures 3.23 to 3.31
with cross-secticnal maps of Transect II for each sampling period of 1977.
The figures showed the seasonal variations of the intrusion of oxygen-
depleted bottom water and the increased stratification of the water column
in summer. The highly-oxygenated winter surface water could also be
traced as it was formed nearshore and gradually displaced from winter to

summer.

Nutrients

All nutrient  concentration measurements performed in 1977 are
reported along with respective temperatures, salinities, and dissolved
oxygen concentrations in Appendix B, Tables 1-12. Nutrient concentrations
are reported in micromolar (uM) units which are equivalent to previously

used microgram-atom units. The nutrients, nitrate, phosphate, and sili=-
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cate are discussed separately.

Nitrate

Table 3.18 lists minimum, maximum and mean monthly nitrate concen-
trations in the STOCS area for 1977. Monthly surface and near-bottom
concentrations from primary stations along Transect II are listed in
Table 3.19. Surface values were generally lower than 0.5 uM, being
typical of Gulf of Mexico near-surface water. DMitrate is the limiting
nutrient for productivity in the Gulf and concentrations dropped to
near-zero in the summer after major phytoplankton blooms in the spring.
Nitrate concentrations remained low until the beginning of regeneration
and/or destabilization of the water column with increased vertical mixing
in November-December. The annual summer deplet:ion of surface nitrate is
jllustrated over the entire STOCS area in Figure 3.32. This figure of
winter, spring, and fall values at all 12 primary stations showed that
surface concentrations were generally highest in the winter and almost
undetected by our method in the summer.

Nitrate concentrations have been contoured in Figures 3.33 to 3.35
with cross-sectional maps of Transect II for each seasonal sampling
period of 1977. Figure 3.33 indicates .that win:er nitrate was generally
lower than 0.5 pM throughout the cross-section and increased moderately
below 60 m. Spring runoff boosted near-shore and surface nitrate con-
centratians, as seen by Figure 3.34. Also, the water column began to
stratify with warming of the surface waters, hiadering the mixing of
deeper nutrient-rich water with shallower water. The high productivity
in spring and early summer stripped the water of the limiting nutrient,
nitrate, and waters above 100 m were barren by fall, as seen by Figure

3.35. By this time the water column was highly stratified, inhibiting



TABLE 3.18

SUMMARY OF NUMBER OF NITRATE OBSERVATIONS, MEAN, MINIMUM AND MAXIMUM CONCENTRATIONS (uM)
OBTAINED SEASONALLY AND MONTHLY IN THE S$TOCS AREA (1977).

Season Og:2332c:£ns Mean Minimum Maximum S;Z£ﬁCé
Winter 10 1.1 <0.1 1.7 0.8
March 9 0.5 <0.1 3.6 <0.1
April 15 0.8 <0.1 3.5 0.2
Spring 70 0.97 <0.1 4.8 0.3
July 19 1.5 <0.1 13.8 0.2
August 22 1.1 <0.1 9.3 0.1
Fall 93 0.5 <0.1 10.2 0.1
November 20 0.9 <0.1 11.2 0.1
December 18 2.7 0.2 11.8 0.5
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TABLE 3.19

SURFACE AND NEAR-BOTTOM NITRATE CONCENTRATIONS (uM) AT STOCS STATIONS
ALONG TRANSECT II.

SAMPLING STATIONS
MONTH 1/11 2/11 3/11
Surface

Winter <0.1 0.3 0.3
March 0.1 <0.1 <0.1
April 0.5 0.1 0.1
Spring 0.2 0.2 0.2
July 0.4 0.2 <0.1
August <0.1 <0.1 <0.1
Fall 0.1 <0.1 <0.1
November 0.1 <0.1 <0.1
December 0.5 0.8 0.3

Winter 0.4 0.1 7.7
" March 0.2 0.2 3.6
April 0.6 0.3 0.2
Spring 1.3 0.4 2.8
July 0.4 <0.1 13.8
August <0.1 <0.1 9.3
Fall 0.9 <0.1 5.8
November 0.9 <0.1 11.2

December 0.6 1.1 11.8
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mixing of deep and shallow water, and nitrate concentrations rose rapidly
to values greater than 5 uM in deeper waters. As winter temperatures cooled
and destratified shelf waters, surface nitrate concentrations rose once

again.

Phosphate

Table 3.20 lists minimum, maximum and mean monthly phosphate concen-
trations in the STOCS area in 1977. Surface and near-bottom phosphate
levels for the primary stations of Transect II are listed in Table 3.21.
Concentrations were generally lower than 0.50 UM, being representative
of Western Gulf surface water. Since phosphate is not the limiting nutri-
ent, values seldom approached zero. There was a decrease in phosphate,
however, to a minimum in the summer after the major phytoplankton blooms,

corresponding to the removal of nitrate discussed earlier. Since nitrate

n

remained depleted through the summer and fall, productivity was restricted
and phaosphate was allowed to accumulate in the later months.

Seasonal surface phosphate variations over the entire STOCS area are
illustrated by Figure 3.36. This map of winter, spring, and fall phos-
phate levels indicates that the highest surface values were found near-
shore.

The phosphate gradient below 60 m is clearly seen from phosphate
level contours through cross-sections of Transect II in Figures 3.37-3.39.
The three figures, drawn from winter, spring, and fall sampling data, all
exhibited the high near-shore phosphate levels that decreased offshore
laterally and increased down-slope towards deeper water. Since phosphate

is not the limiting nutrient, seasonal trends of shallow offshore water

were not as obvious as with nitrate.



TABLE 3.20

SUMMARY OF NUMBER OF PHOSPHATE OBSERVATIONS, MEAN, MINIMUM AND MAXIMUM CONCENTRATIONS (uM)
OBTAINED SEASONALLY AND MONTHLY IN THE STOCS AREA (1977).

Season ngzisztﬁgns Mean Minfmum Max imum S;Ziﬁce
Wintex 71 0.22 0.01 1.88 0.19
March 9 0.25 0.1 0.63 0.20
April 15 0.11 0.05 0.21 0.08
Spring 62 0.21 0.1 4.74 0.11
July 18 0.12 0.1 0.60 0.23
August 20 0.10 0.1 0.42 0.03
Fall 33 .16 .03 057 0.18
November 20 0.38 0.12 0.94 0.32
December 18 0.40 0.17 0.74 0.30
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TABLE 3.21

SURFACE AND NEAR-BOTTOM PHOSPHATE CONCENTFATIONS (uM) AT STOCS STATIONS
ALONG TRANSECT II.

SAMPLING STATIONS
MONTH 1/11 2/11 3/11
Surface

Winter 0.56 0.07 0.05
March 0.32 0.24 0.06
April 0.15 0.05 0.05
Spring - 0.05 -
July - 0.43 0.02
August 0.03 0.06 <0.01
Fall 0.42 0.12 0.06
November 0.46 0.27 0.24
December 0.40 0.29 0.20

Near-Bottom

Winter 1.34 0.24 0.41

March 0.63 0.20 0.38
April 0.17 0.06 0.10
Spring 0.25 0.17 0.17
July 0.23 0.04 0.60
August 0.16 0.06 -

Fall 0.35 0.16 0.34
November 0.46 0.28 0.64

December 0.73 0.24 0.74
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Silicate

Table 3.22 lists minimum, maximum, and mean monthly silicate concen-
trations of the STOCS region in 1977. Monthly surface and near-bottom con-
centrations are listed for the primary Transect II stations in Table 3.23.

Seasonal silicate concentrations exhibited variations similar to
those of nitrate and phosphate in the STOCS region. Silicate is not the
productivity-limiting nutrient in this region so levels rarely approached
zero, but seasonal trends could be distinguished. Seasonal variatioms
of near-surface silicate over the entire STOCS region are illustrated
in Figure 3.40. Levels were typically highest n2arshore and lowest during
the spring increase in productivity.

As with nitrate and phosphate, silicate concentrations increased
below ~ 60 m, reflecting the influence of nutrieat regeneration and the
influence of 200-300 m Western Gulf Waters on th2 deeper STOCS water.

The silicate gradient with depth is clearly illustrated by contours of

silicate concentration on cross-sectional maps of Transect II in Figures
3.41 to. 3.43. The figures also displayed high levels of nearshore sili-
cate that reflected the nearby land influence, and levels that decreased

laterally offshore. Increased silicate with depth below 60 m was evident.

Oxygen and Nutrient Correlations

Correlation coefficients for dissolved oxygsn and nutrient data are
tabulated in Table 3.24. The table showed reasonable correlations of
nitrate with depth and oxygen, due primarily to the intrusion of nutrient-
rich, oxygen-poor water at depth in the 'STOCS region. Phosphate
and silicate did not correlate well with depth, due apparently to large

surface influxes from continental runoff.



TABLE 3.22

SUMMARY OF NUMBER OF SILICATE OBSERVATTIONS, MEAN, MINIMUM AND MAXIMUM CONCENTRATIONS (M)
OBTAINED SEASONALLY AND MONTHLY IN THE STOCS AREA (1977).

Season ngztsztiﬁna Mean Mindmuom Max{imum Szziﬁce
Winter 71 1.7 0.2 5.2 1.7
March 9 1.9 <0.1 4.7 1.6
April 15 2.8 0.8 6.7 3.1
Spring 70 2.0 0.4 7.5 1.2
July 19 2.3 1.3 5.8 2.2
August 21 1.9 0.8 6.3 1.6
Fall 93 4,2 1.4 13.9 5.5
November 20 4.6 2.3 12.7 5.6
December 18 4.3 2.3 1.5 5.0
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TABLE 3.23

SURFACE AND NEAR-BOTTOM SILICATE CONCENTRATIONS (uM) AT STOCS STATIONS
ALONG TRANSECT 1II.

SAMPLING STATIONS
MONTH 1/11 2/11 3/11
Surface
Winter 2.3 1.4 0.5
March 3.7 1.1 0.1
April 6.2 1.3 1.7
Spring 2.5 0.8 0.8
July 3.3 1.7 1.7
August 1.3 1.7 1.7
Fall 11.9 3.4 2.4
November 9.2 4,7 2.8
December 6.8 4.9 3.4
Near-Bottom

Winter 2.2 1.6 4.3
March 4.7 1.2 2.2
April 6.2 1.7 0.8
Spring 6.7 3.3 3.3
July 3.3 2.1 3.8
August 5.0 1.7 6.3
Fall 6.7 4,2 3.5
November 12.7 4.8 5.3

December 7.5 3.5 5.0
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Table 3.24

CORRELATON COEFFICIENTS ' ON STOCS 1977 DATA

Variable Oxygen Phosphate Nitrate Silicate
Methane - - - -
Ethene - - - -
Ethane - - - -
Propene - - =-0.424 -
Propane - - - -
Depth - - 0.618 -
Temperature - - - -
Salinity - - - -
Oxygen 1.0 - -0.536 -
Phosphate - 1.0 - -
Nitrate ' -0.536 - 1.0 -
Silicate - - - 1.0

<
'Only correlations greater than 0,400 are tabulated.
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Sediment Low-Molecular Weight Hydrocarbons

Light hydrocarbon concentrations measured in sediments taken at 53
stations of the Texas continental shelf and slope are listed in Appendix
B, Table 25. Locations of these stations are also listed in Appendix B,
Table 25 and are plotted on Figure 3.44. Most of the stations were located
on transects either progressing seaward from the shoreline or tangent to
the coast. Methane concentrations were reported as microliters (NTP) per
liter interstitial water and the other gases as nannoliters (NTP) per
liter interstitial water. Estimated errors for dissolved gas determina-
tions were less than * 3%.

Transects comprised of up to seven stations are illustrated in Figure
3.44. Transect I was sampled in March and Transect II in July. Intersti-
tial methane concentrations along the upper two transects are plotted
against sediment depth in Figures 3.45 and 3.46. Stations 4/I, 2/I, 5/I,
3/I, 49, 50 and 51 (Transect I) are shown in Figure 3.45. Transect II
contained Stations 1/IT, 2/II, 5/1II, 3/II and 7/I1. Concentration profiles
are positioned on the figures relative to the sea floor depth where the
cores were taken (dashed lines represent sea floor contours). Water depths
and distances from shore to the stations are indicated along the axes of
the profiles. Concentration and sediment depth scales are identical in
all profiles. The profiles were plotted in téis manner to illustrate the
change in methane concentration profiles with increasing water depth.
Methane levels were generally higher at nearshore stations, and showed
very discernible maxima within the top 30 to 40 cm of sediment.

Interstitial sulfate in the top few meters of these shelf sediments
had not been significantly depleted. In this area of the South Texas
shelf sulfate has been found down to several meters below the sediment

surface, so methane should not have been produced so extensively in the
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surface sulfate-rich sediments.

Methane maxima in near-bottom waters have been consistently observed
in some areas, but few concentrations above 0.4 L2/ have been recorded.
Therefore, methane concentrations in surface sediments as high as several
hundred microliters per liter cannot be a result cf diffusion downward from

the water column, but result rather from Zn sifu production.

That microbial populations are most extensive and physiologically

versatile in the top layers of sediment has been known for some time

(Certes, 1884; Russell, 1892; Drew, 1912; Lloyd, 1931; Reuszer, 1933;

Zobell and Anderson, 1936; Kaplan and Rittenberg, 1963). Whenever verti-
cal profiles of bacterial populations have been examined in marine sediments,
a progressive decrease in the bacterial populations with increasing sediment
depth has been observed (Zobell, 1946). The decrease is most rapid in the

1 11

1 £ -1 . . 1 : P m e
top few centimeters of sediment, and generally slows, becoming erratic with

[

increasing depth, as illustrated by Table 3.25 taken from Zobell (1942).
The vertical distribution of bacteria in sediments can be directly corre-
lated with available organic matter and nutrient material. Much of the
organic matter of marine sediments consists of material which is fairly
refractory to bacterial decomposition, so changes in total organic matter
with sediment depth due solely to microbial activity are seldom observable.
The surface sediment is subject to a constant raia of organic detritus,
however, including the more labile material which is rapidly consumed by
bacteria before burial. As available organic matter and nutrients dis-
appear with depth in the sediment, bacterial populations decrease.

There were obvious similarities between vertical bacterial distribu-
tions and the vertical methane profiles of nearshore stations illustrated

in Figures 3.45 and 3.46. The two figures suggested that the methanogenic



TABLE 3.25

BACTERIA PER GRAM SEDIMENT AT THREE CORE SITES OFF THE CALIFORNIA COAST
(ZOBELL, 1972)

Core Depth Bacteria Bacteria Bacteria
(cm) per gram per gram per gram
0-2 840,000 38,000,000 7,500,000
3-5 102,000 940,000 250,000
10-12 63,000 88,000 160,000
23-25 19,000 36,000 23,000
36-38 1,500 2,400 8,700
48-50 2,200 400 2,100
74-76 370 180 600
99-101 190 330 200

150-152 210 250 300
201-203 140 130 100
252-254 140 290 150

Water depth 430m 950m 1090m

80T-¢
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bacteria existed in large numbers near the sediment surface, and were pos-
sibly active inside small, sulfate-free microenvironments in the sediment
after reduction of ambient sulfate had occurred. These micro-niches could
have taken the form of fecal pellets, decaying organic matter, shell frag-
ments, or flocculent clay particles. Methane produced ‘n the microenviron-
ments apparently diffused into the surrounding sediment, where it was bac-
terially oxidized, and diffused upward into the overlying bottom water
where it was removed by advectionm.

The shelf stations taken along Transect I, II and III (Figures 3.45
and 3.46) were at similar water depths and distances from shore. Conse-
quently if only these factors affected methane ccncentrations, correspond-
ing profiles in the two figures should ideally have been identical. This
was not the case since the profiles along Transect I showed that methane
increased upward to the 5-10 cm interval, whereas the profiles of Transect
I1 indicated a methane maximum at the 25-30 cm interval (concentrations
in the 0.5 cm interval are unknown) .

The lack of uniformity in the distribution cf bacteria among the var-
ious sediment types observed on the Texas shelf might have explained these
differences. Bacterial distributions were intimately associated with the
physical consistency and organic content of the sedimentary deposits. In
some areas, submarine topography had a greater influence on the median
particle size and organic content of the sediments than the depth of water
or distance from shore. Zobell (1946) stated that bacterial populations
were more closely related to the character of the sediments than to their
distance from land and, as a rule, sand contained fewer bacteria than sedi-
ments consisting of smaller particles. The greater abundance of bacteria
found in finer sediments was attributed primarily to a higher organic con-

tent.
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The absence of high surface methane concentrations along Transect II
could also have been attributed to seasonal influences. Transect II was
sampled in July, whereas Transect I was sampled in March. Nearshore
water temperatures approaching 30°C in the summer months may have been
above the temperature range for optimum growth of the methanogens, effec-
tively inhibiting methane production. Other possible seasonal effects
included changes in fluxes of organic detritus and nutrients to the sur-
face sediments.

Figures 3.45 and 3.46 also illustrate the disappearance of the surface
methane maximum in cores taken progressively further offshore. Figure 3.45
shows that the methane maximum decreased significantly at Statiom 3/I,
was barely visible at Station 49, and disappeared at Stations 50 and 51.
The decrease of the near-surface methane with increasing distance from
shore could be explained by changes in microbial activity rather than
changes in populations. Bacterial numbers generally decrease outward
on thg'Texas continental shelf (J.\Schwarz, personal communication),
although millions of bacteria per gram of sediment are still found in
sediments several thousands of meters deep. Therefore, the observed
decrease of the methane maximum could not be explained on the basis of
bacterial numbers alone.

In some areas there are actuélly more bacteria in sediments from
deep water, where the temperatures are 3-7°C, than in those from shallow
waters, where bottom temperatures are considerably higher (Zobell and
Anderson, 1936). The optimum temperatures for the multiplication of mar-
ine bacteria probably range from 20-25°C, but while lower temperatures
retard reproduction, survival of the bacteria is prolonged.

General water temperature contours at the study area are shown in

the insert of Figure 3.45. These temperatures were representative of late
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spring but did not change significantly below 200 m throughout the year.
Stations were marked on the insert and surface methane concentrations
correlated well with the temperature contours. Temperatures below ~ 15°C
and decreased labile organic inputs beyond the shelf break apparently
inhibited microbial activity and metliane production to an extent that
methane diffused out of the sediment before it could accumulate as it did
nearer shore. The increase in hydrostatic pressure may also have suppressed
production of methane in these slope sediments. For example, Jannasch et
al. (1971) found that rates of microbial activity were 10 to 100 times
slower in the deep-sea than in controls at comparable temperatures.

Changes in production with temperature again implied that surface
methane concentrations in Texas shelf sediments were seasonally influenced.
Low temperatures nearshore in winter (~ 12°C) could have inhibited micro-
bial activity and slowed methane production. Warming of the sediments in
the spring, enhanced by increased detrital input from phytoplankton blooms
and runoff, might have accelerated methane production in the microenviron-
ments, causing methane oscillations at the tops cf nearshore sediments.
These oscillations, if real, could have provided an excellent means of
evaluating the magnitude of the effective diffusion coefficient of methane
in porous sediments.

Sediment methane concentrations below the surface maxima also varied
with distance from shore. On the upper continental shelf, methane levels
in this layer generally ranged from 15 to 20 ul/4{ poreé water and
showed no trends with depth in the upper 1.5 m of sediment. In the slope
region, concentrations decreased progressively in an offshore direction
to less than 5 uf methane /&% pore water, and slight increases .in
methane concentration were observed with depth in the sediment. Higher

methane concentrations in the shelf were attributed to greater microbial



activity in the sediments as a result of higher temperatures and greater
amounts of available organic material than in sediments deposited further
offshore.

Concentrations of the non-methane LMWH (ethene, ethane, propene,
and propane) at Station 50 are plotted against sediment depth in Figure
3.47. These profiles were representative of the concentrations measured
in continental shelf and slope sediments and illustrated the behavior of
the light hydrocarbons in the top 1.5 m in this region.

Ethene concentrations fluctuated with depth in the cores, whereas
ethane, propene, and propane were relatively constant. Ethene levels were
typically twice as high as the other gases, but no trends with sediment
depth were observed. Figure 3.48 shows average concentrations of the four
hydrocarbons throughout the cores of Transect I stations (Figure 3.45).
The average conceﬁtration of each hydrocarbon was highest nearshore and
decreased seaward until fairly uniform values were observed in the continen-
tal slope region (Station 49, 50 and 51). Average concentrations along
Transect II followed the same trend although no samples were taken in the
slope region for comparison.

The trends of the C2 and C3: hydrocarbons with distance from shore
were similar to the behavior of methane. These patterns suggested that
the concentrations of the C, and C3; in the top few meters of shelf and
slope sediments were microbially supported. Like methane, concentrations
of the C; and C3 hydrocarbons were probably controlled by biological oxi-
dation and diffusion into the overlying water.

The concentrations of the hydrocarbons listed in Appendix B, Table
25 generally represent ''baseline values" in the Texas shelf region. How-
ever, anomalous concentrations of ethane and propane were observed in one

area of the shelf. Anomalous hydrocarbon concentrations were seen in near-
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bottom water for all nine samplings of Stations 3/IV and sediments at
Stations 6, 3, and 7, Transect IV, indicating the presence of anomalous
seepage in the region.

Figure 3.49 shows typical water column methane profiles obtained at
Station 3, Transect IV (the concentration axis is logarithmic). As is
typical of all profiles at this statiom, there was a significant increase
in methane (50 to ~ 500 nl/%), ethane (0.23 to 0.58 nl/%) and propane
(0.24 to 0.49 nl/%) in near-bottom relative to surface water during the
May sampling in 1976. These increases were attributed to seepage, since
gas seepages had also been detected by acoustic reflection profiling in
the region and were not observed at other statiors such as Statian 3/III.

Figures 3.50 and 3.51 show interstitial ethene and propane profiles,
respectively, at statiomns along Transect III and IV on the STOCS. Concen-
trations at stations along Transect III were similar to Transects I and
II and were typical of the normal distribution of light hydrocarbons
from biogenic sources in the shelf sediments. Typically, interstitial
ethane and propane concentrations varied between 20 and 40 nl/% in this
area. As shown in Figures 3.50 and 3.51, ethane and propane concentra-
tions along Transect III tended to decrease.in an offshore direction
with ethane levels generally slightly higher thar propane.

Hydrocarbon distributions along Transect IV were not similar to the
other transects in this area of the shelf. The outer stations (Stations
6, 3 and 7) along Transect IV showed anomalously high concentrations of
gaseous hydrocarbons. TFigures 3.50 and 3.51 indicate that the largest
anomalies occurred at Station 3, corresponding tc observed seepage iden-
tified by near-bottom water sampling. The interstitial ethane and pro-

pane concentrations were at least two orders of magnitude above normal
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levels in the outer three stations. Figure 3.52 shows C;-C3 hydrocarbon
concentrations and C;/(C2+C3) ratios in sediments at Stations 3/IV and
3/I11. Although interstitial methane increased from 10 to greater than
30 u&/% between these two stations, ethane and propane increased almost
two orders of magnitude. This was illustrated by C;/(C2+C3) ratios of
several hundred at Station 3/III, decreasing to as low as 14 at Station
3/IV. The decrease in C;/(C;+C3) ratios with depth at Station 3/IV could
be attributed to biogenic production in the upper few tens of centimeters
diluting the more thermocatalytic ratios observed below 30 or 40 cm.

Both the sediment and water column hydrocarbon profiles implied the
presence of gas seepage in the area. Water column analyses of near-bottom
waters suggested that this seepage was of biogenic origin since these
waters had C;/(Cy+C3) ratios in the hundreds in all instances. On the
other hand, anomalous concentrations of ethane and propane in the sediments
suggested an oil-related source of the seepage. One explanation for this
dichotomy was that molecular fractionation was occurring in the sediments,
so thaé higher hydrocarbons were being retained relative to methane. In
this case, the seepage could have been from microbial sources from which
small quantities of higher hydrocarbons were being concentrated by pre-
ferential retention in the sediments. However, the seepage was more
likely to be thermocatalytic gas undergoing molecular fractionation,
accounting for the high C;/(C2+C3) ratio in the water column. It was
impossible without further analyses (e.g. the determination of 813C of
the methane or concentrations of C,-Cg hydrocarbons) to fully resolve
this problem.

The seepage in this area was apparently widespread due to the spatial
extent of the anomalous concentrations both in near-bottom waters and

sediments. It appeared that there was both molecular and discrete bubble
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seepage of gas in this area. Ignoring the fact that bubbling seeps had
been observed acoustically in this region, one would have predicted that
there was bubbling seepage occurring since hydrocarbon anomalies were
seen in most instances almost 50 m above the bottom and, for several pro-
files, all of the way to the sea surface. Bubblin~ seepage would have
contributed hydrocarbons throughout the water column as bubbles rose,
although the greatest solution would have been near the bottom due to
hydrostatic pressure. If the seepage were only cu:curring due to molecular
diffusion, hydrocarbon anomalies would have been observed in the very
bottom waters. Therefore, molecular diffusion could not have accounted
for the large anomalies observed considering the rapid movement of water
through this relatively shallow (90 m) area.

Hydrocarbon anomalies were observed in the sediment at all three
outer stations along Transect IV (ranging in water depth from 65 to 130
m). It would be fortuitous if three cores taken at random were actually
over bubbling seeps. Therefore, there must be scme mechanism by which the
seeping hydrocarbon gas is distributed over this fairly large area. The
concentrations measured in the sediments were most likely controlled in
part by molecular diffusion but the exact mechanism by which subsurface
reservoirs produce high concentrations in surface sediments is poorly
understood. Presumably, petroleum-related gas had migrated upward through
natural conduits in the sediment and was dispersing in the near-surface
sediments and bottom watersf Therefore, future work should include
attempts to core on distinct topographic features in this region, such as
faults, fractures, or bedding planes, in order to locate sites of distinct

petroleum-related gas seepage.
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CONCLUSIONS

The STOCS is relatively ''clean' with respect to hydrocarbons, as LMWH
in the area are chiefly derived from natural sources. The major source of
methane appeared to be iZn situ production in the water column. There
appeared to be a seasonal pattern to the vertical distribution of methane
in the water column. In the winter, due to turbulent mixing, the water
column was fairly uniform with respect to saturated LMWH. During the sum-
mer and fall, as stratification of the water column developed, a maximum
in methane associated with the thermocline developed. This concentration
maximum could be almost an order of magnitude higher than levels above and
below. The maximum probably resulted from accumulation of suspended matter
on the stratification boundary due to restriction of settling velocities
across the density gradient, with subsequent production of methane in
small micro-reducing environments of suspended particles.

The unsaturated hydrocarbons (2.g. ethene and propene) generally
follow productivity patterns, being low in winter with higher values in
the spring, summer and fall. Ethene and propene were known to be produced
by biological processes, thus their strong correlations with phytoplankton
productivity parameters were to be expected. Ethene also showed a shallow
subsurface maximum associated with a productivity maximum. The unsaturates
dominated over their saturated analogs in the STOCS area.

Oxygen concentrations in the upper 60 m of the STOCS region varied
seasonally, being generally highest at nearshore stations in the winter
and lowest in the summer. Temperature and salinities were measured on
subsamples of water taken for oxygen determinations so that equilibrium
oxygen concentrations could be calculated and compared to measured values.
Ratios of measured oxygen to equilibrium oxygen concentrations indicated

that oxygen variations in the upper 60 m were generally controlled by
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physical processes (seasonal changes in seawater temperature and salinity)
rather than productivity fluctuations. The mass of highly oxygenated
water could be traced by cross-sectional concentration contours as it was
formed nearshore in the winter and displaced by warming in the spring and
summer. The intrusion of oxygen-depleted 200-300 m Western Gulf Water
was evident year-round below approximately 70 m in the STOCS region, and
seasonal variations in stratification of the water column could be seen
by the extent of vertical mixing with this bottom water.

Nutrient concentrations were representative o7 open Gulf surface
water in most of the water above 60 m depth, but continental run-off influ-
enced nearshore concentrations, especially in the spring. Nitrate as the
limiting nutrient to productivity disappeared after the spring phytoplank-
ton blooms through the summer and early fall. Phosphate and silicate were
affected by the high spring productivity but not completely removed.

These nutrients were gradually replenished during the summer and fall to
moderately high values by December. The intrusion of the nutrient-rich
200-300 m Western Gulf Water could again be clearly seen below 70 m from
nutrient concentration contours across cross-sectional diagrams of Transect
II.

Concentrations of light hydrocarbons in the top few meters of Texas
continental shelf and slope sediments were highest near shore and decreased
regularly in an offshore direction. Vertical methane profiles exhibited
maxima in the top 40 cm of sediment on the shelf, in contrast to downward-
increasing gradients in the slope region.

Methane was apparently microbially produced in micro-reducing environ-
ments and removed by biological oxidation and diffusion into the overlying
water. Production rates were related to microbial activity, organic con-

tent, and temperature of the sediments. Profiles c¢f C, and C; hydrocarbons



I=LLY

implied that background concentrations of these gases were also control-
led by microbial processes.

These conclusions implied that methane concentrations in near-surface
shelf sediments were seasonally influenced. Warmer temperatures and
increased detrital and nutrient input in the spring might have enhanced
microbial production, so that oscillations of methane could be observed.
If real, these oscillations in methane concentration could provide an
excellent means of quantitating the magnitude of the effective diffusion
coefficient of methane in porous sediments.

Interstitial concentrations of ethene, ethane, propene, and propane
were relatively constant with depth in the upper two meters of shelf,
slope, and abyssal sediments, decreasing progressively from 160, 100,
110 and 60 nl/{ pore water in nearshore sediments, fo fairly
uniform levels of 80,.25, 30 and 25 nl/% downslope, respectively. The
concentrations reported here generally represent 'baseline values' of
the light hydrocarbons on the Texas shelf. One area of anomalously high
ethane and propane was found, however, indicating an input of thermocata-
lytic gas from the subsurface. This gas was apparently migrating upward
through natural condu;ts in the sediment and dispersing in near-surface
sediments and bottom waters in the region. Future sediment work as well
és prospecting for reservoired hydrocarbons should include coring on or
near geological features such as unconformities, faults, bedding planes,
or distinct gas seepage in an effort to detect additional anomalous gas

zones.
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ABSTRACT

An extensive survey of the level of natural and petroleum type hydro-
carbons in seawater, zooplankton and sediment from the South Texas Outer
Continental Shelf (STOCS) was made. The presence or absence of indicator
parameters, including n-paraffins, odd-even ratios, unresolved GLC humps,
and GC/MS confirmation of aromatic hydrocarbons, were taken as a measure
of petroleum contamination.

Some zooplankton samples showed contamination with petroleum-like
hydrocarbons. Twenty-eight (28) of the 60 samples showed contamination.
Similar studies in 1975 and 1976 showed approximately 7 and 307% contami-
nation respectively. This apparent increase in contamination may have
resulted from increased transportation of petroleum and petroleum products
through the area.

Dissolved and particulate hydrocarbons in seawater were determined in
56 samples. Concentrations of dissolved and particulate hydrocarbons were
similar in magnitude. Particulate hydrocarbon concentration generally
decreased with distance offshore; dissolved hydrocarbon concentration
showed less variation. Winter and spring samples of both fractions had
higher average concentrations than did fall samples. The hydrocarbon
composition of dissolved and particulate samples were similar. The most
abundant n-alkanes were in the C,5 ~C,;; range with a slight preference
for odd carbon numbers.

Hydrocarbon analyses of 15 sediment samples from the open shelf showed
that the sedimentary environment was still a pristine one. No gross con-
tamination of sediments with petroleum-like hydrocarbons has been observed.
Total organic carbon content increased with increasing distance from shore,
probably reflecting the increasing clay content of the sediments. Stable
carbon isotope distributions were fairly uniform throughout the STOCS area.

A possible trend of more positive Delta c!? values shoreward may have been due
inclusion of estuarine derived organic matter (seagrasses) in these sediments.

to
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INTRODUCTION

The level of petroleum derived organic compcunds in the marine envir-
onment relates to two questions which differ only in reference to their
respective time-frames. First, it must be established whether present
day levels of o0il in the sea are having a deleterious effect on plants
and animals. Second, it is necessary to establish the long term trends
of pollutant levels so that the eventual consequence of the utilization
of non-renewable or living resources can be pred:icted.

The studies reported here provide a partial answer to these two
questions. By combining envirommental concentration data with data on
biological effects from other studies, a crude idea of the degree of
present day ecological damage can be induced. The second use of environ-
mental data is to serve as a data baseagainst which future levels and
patterns of pollution can be compared. While soohisticated statistical
inferences cannot be drawn from the present data base, trends and patterns

can be recognized to develop hypotheses for future study.

Background

Careful chemical analyses were carried out for a large suite of
samples. The approach taken was to isolate the hydrocarbon fraction from
material from the STOCS area and to identify molecules which are the com-
mon components of petroleum. This report deals with hydrocarbons in the
molecular weight range of C-15 to C-36, saturated, umnsaturated and aroma-
tics isolated from the water column, zooplanktor tows and sediments. In
addition measurements of Delta C'? were made to evaluate the potential of
using this parameter to recognize petroleum derived carbon in sediment.

The hydrocarbon geochemistry of seawater, plankton and sediment are



best understood when viewed as part of the overall organic geochemistry

of the ecosystem. A very simple model of the carbon cycle in coastal
waters is useful for pointing to critical relations. Figure 4.1 illustrates
such a model. All organic matter in the system is derived from the photo-
synthetic fixation of inorganic carbon by phytoplankton. Hydrocarbons

are among the natural products which make up each of the carbon reservoirs
showmn. However, as Tables 4.1, 4.2 and 4.3 show, hydrocarbons are minor
components. The hydrocarbons synthesized by plants, animals and bacteria
and modified by chemical reactions are in general fairly simple, such as
normal and isoprenoid saturated and unsaturated compounds. Aromatic hydro-
carbons and most of the hetero-compounds characteristic of petroleum are
absent. It is this organic geochemical generalization that has guided the

experimental design of the STOCS baseline study of hydrocarbons.

MATERTALS AND METHODS

The goal of this project was to obtain a significant body of analyti-
cal data on environmental hydrocarbon levels and Delta c!® values which
could serve as a data base against which future levels might be compared.
An intense effort was made to identify hydrocarbon molecules which might
serve as indicators of petroleum., The experimental elements were care-—
ful collection, preservation and transportation of samples in the field;
laboratory analyses using as nearly as possible standardized and modern
techniques; and central data storage and computer analysis. A study of
the level of total organic matter in sediments was done to provide nutri-

tional baseline data for the benthic biology program.

Sample Collection

The sampling frequency, stations sampled, and number of samples col-
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Figure 4.1 Model of the Carbon Cycle in Coastal Waters.




TABLE 4.1

ORGANIC MATTER IN SURFACE GULF OF MEXICO SEAWATER (mg/1l)

CONSTITUENT LOCATION CONCENTRATION RANGE

pocl Open Gulf?3 0.45 - 1.1

POC? Open Gulf 0.02 - 0.13

DOC N.W. Gulf ocs“ 1.2 - 2.5

POC N.W. Gulf 0CS 0.1 - 0.4

DOC N.W. Gulf, inner shelf" 1.0 -4.0

P0oC N.W. Gulf, inner shelf 0.2 -2.5

DOC N.W. Gulf estuaries” 3 =30

POC N.W. Gulf estuaries 1 =30

1DoC = total dissolved organic matter
2pocC = particulate organic matter
3from Fredericks and Sackett (1970)
“from Maurer and Parker (1972)



TABLE 4.2

SPECIFIC DISSOLVED ORGANIC COMPOUNDS IDENTIFIED IN SURFACE SEAWATER (ug/l)

SUBSTANCE LQQATION CONCENTRATION RANQE REFERENCES
noc! Average value 1000
Amino Acids total North Atlantic 6 - 47 Pocklington (1971)
Alanine " 1.7 - 15 "
Leucine " 0.1 - 5.4 "
Total carbohydrates Average 200 -600 Williams (1975)
Individual sugars Average 0 - 20 "
Lipids
Total Lipids Gulf of Mexico 150 -310 Jeffrey (1970)
Total Fatty Acids N. E. Pacific 1 - 9 Williams (1965)
Individual Fatty Acids N. E. Pacific o - 2 Williams (1965)
Total n-Paraffins Gulf of Mexico 0.8 - 1.0 Parker (1972)
Non-Volatile Hydrocarbons Mediterranean 4 Monaghan (1973)
Vitamins Average 0.1 Stumn (1375)

1p0C = total dissolved organic matter



TABLE 4.3

MATERIAL BALANCE IN AN IDEALIZED GULF OF MEXICO SURFACE SEDIMENT!

Dry Weight 16 g
Total Organic Carbon 100 mg
Non-~Lipid Carbon 95 mg
Total Lipid Carbon 5 mg
Total Non-Saponifiables 3 mg
Total Fatty Acids 0.4 mg
Total Sterols 0.1 mg
Total Fatty Alcohols 0.1 mg
Total Saturated Hydrocarbons 0.03 mg

lerom Parker (1967), Parker (1969), and Sever and Parker (1969)



lected was as shown in Table 4.4.

Zooplankton

Zooplankton samples were collected with a 1l-m net (250 um NITEX mesh)
which was towed obliquely from near-bottom to near-surface for 15 minutes.
The net, dedicated to this use, was kept in a special clean box when not
in use. This clean box was constructed of 3/4-in. plywood which was cov-
ered inside and outside with a layer of fiberglass cloth sealed with epoxy
resin. The box was of sufficient size to contain the frame, net and all
lines. The 1lid was sealed so as to exclude dust. Samples were not "washed
down' the net into the cod-end so as to avoid contamination from the ship's
pumps. If thenet needed cleaning, it was lowered to a depth of 20 m,
raised, and lowered without a cod-end collecting jar. The samples were
placed in precleaned glass jars with teflon lid liners and frozen on board
ship. The jars were precleaned by washing with high phosphate detergent
and hot water followed by rinsing with double distilled water and then

with methanol.

Seawater

Seawater samples were collected from 10 m below the surface using
a collection device which consisted of a glass carboy which could be
opened and closed (from the ship's deck) by means of a plug attached to
a nylon line. A minimum of 38 % (two, 5-gallon carboys) was taken. The
samples were filtered through glass fiber filters which had been precleaned
by reflux with chloroform. The nominal pore size of the filterswas 1,2 um.
The pads containing the particulate organic matter (POC) were placed in
small glass jars with teflon lids and frozen. The filtrate was poisoned

with 50 ml of chloroform and processed as soon as possible on returning



TABLE 4.4

SUMMARY OF SAMPLING FREQUENCY, STATIONS SAMPLED AND NUMBER OF SAMPLES

Sample Type

Water/dissolved he
Water/dissolved hc

Water/particulate hc
Water/particulate hc

Zooplankton

Sediment/shelf hc

Sedinent/Topographic
Highs hc

Sediment/shelf
Delta C!? and TOC

Sediment/Topographic
Highs, Total Organic
Carbon and Delta C!3

Microbiology1 he

Station/Transect

1-3/1-1v
20 replicated taken at random

1-3/1-1V
20 replicates taken at random

1-3/1-1v :
24 replicates taken at random

1-3/1-1V
3 replicates taken at random

1-4/Four banks taken at random
2-3/East Flower Garden

1-7/1-1V
2 + 4/Two banks
40 replicates taken at random

1-4/Four Banks
2+3/East Flower Garden

1-3/11 Water Column
1-3/1 & IV Benthic
Special Project Samples

Time

3 Seasons

3 Seasons

3 Seasons

Taken at random

Spring '78

3 Seasons
3 Seasons

1 Season
Spring '78

9 Monthly
3 Seasons
Taken at random

'Received 412 samples but analyzed only 320 as per direction of Program Manager

Number of Samples

36
20

36
20

36
24

75
12
40

- 209
38
L)

Grand Total

56

56

60

15

19

127

17

670

0T-%



to the laboratory.

Sediment

Sediment samples were obtained as subsamples of repeated Smith-McIntyre
grabs. Each subsample, weighing approximately 10-15 kg, was taken from the
top 5 cm of the grab. The samples were placed in precleaned glass jars
with teflon 1id liners, taking care not to fill each jar more than one-half
full. The samples were frozen on board ship and <ept frozen until analysis.
Obvious marine animals were seldom encountered in the sediment, but were
discarded when found. 1If the sample was a pooled sample, this operation
was performed at sea prior to freezing. In cases where chemical analysis
was possible within a few days after collection, the samples were maintained

at 0°C to avoid the risk of the jar breaking due to freezing.

Laboratory Analvsis

Throughout the study, purified solvents, inorganic chemicals and double
distilled water were used. Control samples and blanks were used to insure
that nc gross contamination was present. The laboratory was in a new
building and had never been used for any other purposes. At no time was
severe contamination encountered. The most serious problem was electronic

and background problems in the GC/MS.

Total Organic Carbon and Delta C!3

The percent total organic carbon was measured using a high temperature
combustion technique which has been used for several years in this labora-
tory (Hedges and Parker, 1976). The frozen sample, 1-5 g, was thawed and
treated with dilute HCl in a tall beaker to remove carbonate carbon. If
magnesium or iron carbonate were suspected of being present, the acid was
heated to aid decomposition. The mixture was washed with distilled water

to remove excess acid. The sediment was collected by filtering onto a



glass fiber pad. The damp sediment was removed from the pad, dried at
40°C and ground to pass a 40 mesh sieve. An aliquot of this powder,
100-200 mg was weighed into a LECO clay combustion cup, iron powder and
Cu0 were added and the sample burned in a LECO RF furnace for two minute
intervals. The evolved CO2 was collected by freezing with nitrogen, the
excess 0; was pumped away and the CO, measured manometrically (Calder,
1969). The data are expressed as percent organic carbon on a carbonate
free basis.

The samples for Delta ctd analysis were treated according to the same
procedure. In this case, it was necessary to burn a large enough sediment
sample to yield three milliliters of CO; for mass—-spectrometric analysis.
The MS analysis was done on a 15.24 cm, 60° sector field mass spectrometer
(Model 6-60-RMS-26) made by Nuclide Corp., State College, Pa. The data
are reported as permil deviations from the PDB standard. The standard

deviation for repeated analyses was $.3.
p b

Zooplankton Samples

Zooplankton hydrocarbons were isolated and purified using the method
which was used in the previous two years of the STOCS program. The
samples were quickly thawed by standing the jars in warm water. Care
was taken not to contaminate the rim of the jar. The sample was inspec-
ted for tar-balls greater than 1 mm and any present were discarded. Micro-
tar balls were present in some samples and were taken as a valid part of
the sample. The thawed sample (approximately 25 g wet weight) was poured
into a pre—cleaned (by extraction) cellulose Soxhlet extraction thimble
(Whatman, single thickness, 33 x 80 mm) and allowed to drain. If the
seawater filtrate showed color, it was extracted with a few milliliter

of toluene which was added to the Soxhlet extractor.



The thimble was placed in a Soxhlet extractor, heated on a steam
table, and continuously extracted for 12 hours using a solvent charge of
125 ml of the methanol-toluene (7:3) azeotrope. The extraction was
repeated with fresh solvent and the extracts comb:ined. The solid residue
in the thimble was dried at 80°C and weighed. The extracts were taken to
dryness on a roto-vap at 45°C with one-half an atmosphere of vacuum.

The lipid recovered by Soxhlet extraction was saponified by refluxing
(six hours) with a 0.5 KOH-methanol solution. This reflux solution had been
pre—purified by extraction with toluene. In cases where GLC indicated that
methyl esters were present, the sample was re-saponified. In general, ester
formation did not occur if a few milliliters of distilled water were added
to the saponification solution an hour prior to reflux termination. When
saponification was complete the mixture was transferred while warm to a
separatory funnel and enough saturated NaCl solution was added to cause
two phases to form when 15 ml of n~hexane was added. The non-saponifiable
lipids, which included hydrocarbons, were extracted into three 15 ml por-
tions of n-hexane. The saponifiable fraction was discarded, and the non-
saponifiable extracts combined and set aside for purification by column
chromatography.

Column chromatography was carried out to purify the total hydrocarbon
extract and to separate it into two chemical fractions, saturated hydro-
carbons and the non-saturated hydrocarbons, which include both olefins
and aromatic molecules. This method is described in the following para-
graphs.

A large batch of one part alumina plus two parts silica gel, both
Activity I, was prepared using hydrocarbon-free chemicals. Column chroma-
tography was carried out using this material with a sample to packing ratio

of 1:300 in a glass column with a teflon stopcock and with a length to



inside diameter ratio of about 20:1. As standard procedure, the packed
column was washed with two column volumes of hexane prior to sample loading.

The sample from the saponification procedure which had been reduced
to a small volume (a few ml) using an all glass flash evaporator was trans-
ferred to the top of the column using a transfer pipette. The saturated
hydrocarbons eluted with two column volumes of hexane were set aside for
gas chromatography (GLC) and gas chromatography-mass spectrometry (GC/MS).
Hexane insoluble material not previously added to the column was washed
onto the column with a few milliliters of benzene. The nonsaturated, so-
called "aromatic", fraction was eluted with two column volumes of benzene.

The benzene in this fraction was gradually replaced by adding hexane
and by evaporating under a stream of nitrogen, taking care not to let the
sample go dry at any time, yielding a final volume of 1 ml or less. The
hexane eluate was reduced in volume in the same way. The weight, when
enough material was present to weigh, of each fraction was determined of
an aliquot of the eluates. The samples were set aside and later submitted
to GLC and, if appropriate, to GC/MS.

The GLC and GC/MS techniques used are described later in this section
of the report.

A tissue sample from the 1976 study, spiked with n-C32 and phenan-
threne, was taken through the procedures described above and gave 95 and 987%

recovery, respectively.

Water-Particulate HMWH

The frozen filters containing particulate hydrocarbons were thawed,
placed in a 50 ml flask and extracted with 15 ml hexane on a hot plate
at 50°C for at least three hours. The hexane was decanted, replaced with

an equal volume of chloroform and the extraction was repeated for an addi-
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tional three hours at 50°C. The extracts were combined and reduced to
near dryness under a nitrogen stream. A small amount of hexane was added
continuously to replace the chloroform phase. Th2 hexane was evaporated
to about 0.1 ml under a stream of purified nitrogsn at room temperature.
The sample was transferred to a micro silica-gel-alumina column (0.4 cm x
8 cm). Another 0.4 ml portion of hexane was used to rinse the vial in
which the sample was evaporated and this hexane wis added to the column.
Hexane was used to elute a 0.2 ml initial fraction which was discarded,
following which a 2 ml hexane fraction was collected. The non-saturates
were eluted with 2 ml of benzene. Hexane and benzene eluates were evapor-
ated under nitrogen to a volume of about 100 pl. The samples were tightly
sealed in a vial with Teflon-lined caps and furthar concentrated to a
volume of about 25 uf (exact volume was measured with a 50 ul syringe)

just prior to gas chromatographic analysis.

Water-Dissolved HMWH

Samples were extracted with chloroform in a continuous flow extractor
as shown in Figure 4.2. The 38-2 sample was passed through the apparatus
at a flow rate of about 26 ml/minute (38 2 in 24 hours). The extraction
efficiency of the method was tested during the 1976 STOCS study (Winters.
et al., 1976). The results of these tests (Table 4.5) indicated an effi-
ciency of greater tham 95% when the flow rate was less than 38 /18 h.
After the water had been extracted, chloroform from the extraction chambers
was transferred through glass tubing to a flask in which the pressure had
been reduced by means of a small diaphragm pump. Chloroform from the car-
boys was poured into the same flask. The sides of the extraction chambers
and the collection carboys were rinsed with fresh cloroform. The chloro-

form extracts were then combined and reduced to a volume of 5 ml by dis-
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TABLE 4.5

EXTRACTION EFFICIENCY TEST RECOVERY OF n-Cpq
ADDED TO 38-1 OF FILTERED, EXTRACTED SEAWATER.

Standard

Standard
Diluted, Evaporated

Test 5
24 hr Extraction

Test 6
24 hr Extraction

Tast 7

<18 hr Extraction

Test 8
<15 hr Extraction

INumbers represent electronic integration values

CONCENTRATION: 0.13 ug/l

#1

17421

1727

1701

1779

1649

1487

1812
(1811)

1506

{3

1700

1682

1661

1638

Av.

1730

1749

1702

1513

PARAFFIN

Percent
Recovery

100%

101%



tilling off the chloroform at reduced pressure through a Kuderna-Danish
column. The sample was then further concentrated under nitrogen and
transferred to a microsilica-gel-alumina column as described for the par-
ticulate hydrocarbon samples. The final hexane and benzene eluates were

held for GLC and GC/MS analysis.

Sediment

The sediment samples were freeze-dried as the first step of analysis.
This was accomplished by spreading the sample as a thin paste on stainless
steel trays. The freeze drier used was a VIRTIS Model 25 SRC. The freeze—
dried mud was kept frozen until used for analysis.

Hydrocarbons were isocalted from sediments and purified using the
reflux method which was used in the 1976 STOCS study. This procedure is
as follows: The freeze-dried sediment sample (300-700 g) was placed in a
large round-bottomed flask (1-2) and covered (approximately 200 ml) with the
toluene-methanol azeotrope (3:7) using care that the flask was not more
than one-half full so as to avoid severe bumping on the steambath. The
flask was placed in reflux on a steam bath for 14 h using a Friedrichs'
condenser with standard taper joints and a drip tip. The solvent, while
warm, was decanted through a pre-washed filter (Whatman 541) and set aside
for later analysis. Fresh solvent and any sediment on the filter paper
were added to the flask and the reflux extraction repeated for 7-10 h.
Finally, the sediment was filtered onto a Buchner funnel, the sediment
washed with warm hexane and all extracts combined. The sediment was dried
at 45°C and weighed. This procedure was repeated several times for each
sample in order to process 10 kg.

The combined extracts were taken to just dryness on a roto-vap and

taken up in hot KOH-methanol (0.5 N) for saponification. Saponification
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was carried out according to the procedure described above for zooplankton.
No severe problem was encountered with the formation of methyl esters, but
in cases where GLC or GC/MS indicated ester formation, the samples were
resaponified. Texas coastal sediment is not high in organic matter rela-
tive to California basin sediments; for this reason elemental sulfur was
not indicated to be a problem in this study. The non-saponifiable fraction
obtained in the hexane extract of the saponification mixture was taken to
dryness and weighed, yielding the weight of non-saponifiable lipids. The
saponifiable fraction was reserved for later fatty acid analyses. The
non-saponifiable lipids were submitted to silica-zel-alumina column chroma-
tography according to the scheme described for zooplankton.

The two hydrocarbon fractions isolated from sediments and purified,

saturated and non-saturated, were finally taken uo in a small volume of

hexane (0.05 to 0.5 ml) for GLC and GC/MS analysis.

HEMW Hydrocarbon Analyses in Support of Microriology Projects

A large suite of samples (324) were processed for HMWH in support of
the water column bacteriological and water column and benthic mycology pro~
jects. One goal of these projects was to measure the microbial decomposi-
tion of a Gulf coast crude oil. The samples supplied to this laboratory
were part of that research. The results and discussion of the microbiology
are reported in Chapters 8 and 9 of this report.

All samples were received frozen or as benzene extracts. The samples
were oil-microbe-water mixtures which had been incubated to test for pet-
roleum decomposition. The same crude oil from South Louisiana was used in
all experiments. Water Column samples were thawed and extracted twice
with 20 ml of benzene. Benthic samples were extracted in a soxhlet extrac-

tor with 100 ml of methanol, followed by 100 ml of benzenme. All extracts
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were taken to near dryness and by repeated addition of heptane converted

to a heptane solution. The heptane solution was submitted to silica gel
fractionation using the method described earlier and the saturated and
aromatic fractions collected. The two fractions were taken to a 1 ml

volume and GLC analyses carried out using the standard methods. Since

these oils are fairly well characterized it was possible to report n—alkanes,
pristane, phytane, and seven other branched compounds. The aromatic frac-
tion was analyzed for 17 selected peaks. The data are reported in the

above mentioned chapters,

Instrumentation

Gas Chromatographic Analyses

The primary tool for component identification and quantifiéation used
in this project was the gas chromatograph (GLC). Identification by GLC is
accompliished by compariscn of the relative retention times of the unknown
compounds with those of selected known standard compounds. Such identifi-
cation”techniques are reasonably valid if the mixture 1is. not complex and
expected components are encountered,

The GLC instruments used in this study were Perkin-Elmer'(PE) Models
900, 910, 3920B, and a Varian Model 3700. The PE 910 had glass capillary
columns. All instruments were equipped with dual column flame ionization
detectors. Electronic integration of peaks was done for all instruments
by a Hewlett-Packard!3352 Lab Data System. However, due to the complex
nature of the GLC patterns and the limitatiomns, of all the integrators,
it was necessary to hand check each GLC,.

GLC instruments, other than the PE 910, used 0.32 cm (1/8 in.) x 183 cm

lUse of brand names does not constitute an endorsement but is included
for descriptive purposes only.



(6 £t) dual, packed columns to effect the separation. The column packing
material was 60-80 mesh Gaschrom Q (acid-washed) with a five percent by
weight loading of FFAP (product of Varian Corp.) as the stationary liquid-
phase. Generally, the operating conditions were as given in Table 4.6.
These columns and conditions were used for virtually all analyses of STOCS
samples. At the end of the study time a 20 m glass capillary column coated
with SP-1000 or OV10l became operable and a few STOCS samples were rum on it.

The high temperature to which these columns were subjected was higher
than that recommended by the liquid-phase manufacturer. For this reason,
the columns had a large amount of column 'bleed" zt the high temperature
which shortened the useful life. Approximately 100 samples could be
analyzed before the resolution was considered too poor to permit further
analysis.

Instrument sensitivity and resolution were checked daily by running
a standard mixture of components. When the resclution fell below that
recommended in Attachment A(Contract AA550-CT7-11), the GLC columns were
replaced. The daily standard check was used to establish the sensitivity
of the instrumentation to allow quantification of the GLC peak data.

GLC peak data for each sample are presented in Appendix C, Tables 1-4.
The data consist of a listing of peak retention indices and concentrations
in the sample for each of the two analyzed fracticns: hexane eluate and
benzene eluate from liquid column chromatography. . The retention index
used was normalized to the relative retention times of the n-alkanes. Thus,
for example, the hydrocarbon n-hexadecane had a relative retention index
equal to 1600, n-heptadecane equal to 1700, etc. Hydrocarbons having inter-
mediate retention times between n~alkanes were assigned interpolated reten-

tion indices; for example, pristane (19 carbon atoms) had a retention index
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TABLE 4.6

OPERATING CONDITIONS FOR GLC ANALYSIS

Carrier Gas Helium

Carrier flow rate 30 ml/min.

Flame detector gas flow rates

Hydrogen 30 ml/min.

Air 300 ml/min.
Temperature programming

Initial temperature 70°C

Initial temperature hold time 6 min.

Program rate of rise 6°C/min.

Final temperature 270°¢C

Final temperature hold time 24 min.
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of 1670 and phytane (20 carbon atoms) a retention index of 1780 in as
much as their peaks were eluted prior to elution of n—heptadecane and
n-octadecane, respectively, on the columns in this study. Retention
indices depend upon the nature and molecular size of the component being
eluted. Thus, on FFAP, branched chain hydrocarbons elute earlier than
the straight chain homologs of the same molecular weight while unsatura-
tion of carbon to carbon bonds will cause the component to elute later

than the saturated compound having the same numbzr of carbon atoms.

Gas Chromatography-Mass Spectrometer-Computar Analyses

Where complex compoment mixtures were to be analyzed it was necessary
to augment the chromatographic technique with otaer organic compound
identification methods. One of the more powerful methods was mass spec-
trometry. Gas chromatography combined with mass spectrometry GC/MS was
applied to many of the samples also characterized by gas chromatography
alone. A computerized data system was used to assist with data acquisi-
tion ahd data analysis.

The 1977 contract called for GC/MS analysis of 10% of the sample
fractions generated in the study. In all, €60 zooplankton, 56 water fil-
trates, 56 water particulate and 15 sediment extracts were generated with
two fractions for each sample. In addition, 19 sediment samples were
processed in conjunction with the Topographic Features Study. Thus, 206
samples or 412 fractions were processed. Because of the technical problems
associated with the acquisition and interpretation of a large suite of
samples only a limited number of the 41 contracted GC/MS analyses are
available for inclusion in this report. The remaining analyses and data
will be reported in an addendum to this report.

The instrument used was a DuPont Instruments Model 21-49 GC/MS with



a DuPont Instruments Model 21-094B MS Data System. The chromatograph
associated with this instrument was a Varian-Aerograph Model 2700 modified
by DuPont for this service. The effluent from the single chromatographic
column was split 9:1 with the major portion of the sample going to the
mass spectrometer and the minor portion to a flame ionization detector.

The chromatographic column. and conditions used for GC/MS analysis
were identical to those used in standard GLC techniques.

It was recognized that for this column these conditions were not
necessarily the best for general GC/MS work and that column 'bleed" above
220°C was high for GC/MS analyses. However, these parameters were the
same as those used in the standard GLC analyses of the samples and, thus,
the interpretation of the data was enhanced by direct comparison of the
two data sets.

The mass spectrometer was operated with a source temperature of 200°cC,
electron accelerating potential of 70 volts and an ion accelerating poten-
tial of approximately 1400 volts. The mass ‘range from above m/e = 500
to below m/e = 40 was continuously scanned.

The instrument is capable of unit resolution at m/e > 1100 but slits
and focussing parameters were adjusted for maximum sensitivity at m/e ~ 600.
Sensitivity was estimated at better than 1.5 ng hydrocarbon at molecular
weight 282 in the reconstructed chromatogram. Specific ion mass-chromato-

grams effectively allowed even better sensitivity.

RESULTS AND DISCUSSION

Delta C'3 and Total Organic Carbon

The results of the Delta C!'® and total organic carbon analyses are
summarized in Table 4.7. There was a very clear trend of increasing total

organic carbon with distance from shore. This trend correlated with the
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TABLE 4.7

SUMMARY OF SEDIMENT DELTA C!3 AND PERCENT TOTAL ORGANIC CARBON DATA

Line I Nearsnore Mid sShelf Cffshore Line Avarage
Winter -19.92(.72) -20.40(.88) -20.24(1.02) -20.18(.37)
Soring =13.38(.s7) =20.50(1.3%) -20.45(1.74%) -22.13(.86)
Tall -13.2%(.33) -19.83(.94) ~19.82(.3¢) ~19.80(.3%)
Year.y -12.23(.38) -22.2070.3¢; ~23.20(. 3¢} -13.59(.310)

Wwinter -20.35(.70) -20.35(.88) -20.39(1.12 -23.40(.50)
Spring =20.17(.23) -20.28(.39) -20.36(1.13) -~20.30(.98)
Tail -19.43(.32) ~19.55(1.C2} ~20.24(1.:8) -13.77{L.C%)
Yearly -19.29(.32) -20.12(.23) -20.36(1.18) -22.17(.97)
Line IIIl
WNintar =13.75(.%24) -13.30(1.32) ~20.10(.384) <19.32(.34)
Spring -19.34(.44) ~19.95(.27) =20.32(L.12) -19.34(.34)
Tall ~13.394(.42) -19.93(1.921) 19.38(2.30) -12.68C(.21)
Yearly -19.40(.80) ~13.34(1.90C) -20.10(%.28) ~19.82(.30)
Lire IV
Winter 10 (.73) =-20.12(.77) -20.3C(1.19) «19.99(.30)}
Spring i8¢(.23) -19.75(.793) ~19.31(.79) -19.581(.82)
Tall 2(.23 ~-12.39(1.7%) -20.26(.86) -19.86(.34)
ZTaaxly 300,33} -12.24 (.32 -22.180.3 -1%2.32¢,32)
Bank 8 Bank 9 Bank Average
Winter -20.35(1.01) =-20.30(.7Q) -20.32(.86)
Spring -20.26(1.04) -20.38(1.12) -20.32(1.08)
Fall -20.32(1.03) -20.19(1.22) -20.26(1.12)
Yearly -20.31(1.G3) -20.29(1.04) -20.30(1.04)
Line I Line II Line III Line IV
Nearshore 4,1 1,4 4,1 4,1
Mid Shelf 2,5 2,5 5,2 5,2

Cffisnore 6,3 6,3 3,6 6,3,7
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percent clay in the samples. There was a less well defined but significant
change in Delta c'? with slightly more positive (}3C enriched) values nearer
shore. Seagrasses are more 13¢ enriched than plankton and this trend may
represent the export of seagrasses from the estuary to the shelf especially
along Transects I and II. The bank stations were very uniform.

The rather uniform pattern of Delta c!? and the low values of total
organic carbon suggest that petroleum pollution at a fairly gross level
could be detected by Delta c!'® shifts. 1If oil of Delta C!® equal to =30
is added to sediment at a level to shift the total organic carbon level
from 0.5 to 1.0, then the Delta C'® will shift from -20 to -25. Such a
total organic carbon shift could go undetected but such a Delta c!?® shift
would be easily noted. Even if the 0il lost its chemical identity as a
hydrocarbon, due to partial oxidation and incorporation into cells, the

Delta C!? shift would persist.

Zooplankton

The data from GLC analysis of 60 zooplankton samples are presented in
Table 1, Appendix C. Illustrations of the n-alkanes distributions and
0dd-Even Preference (OEP) curves are given in Figure 1, Appendix C.

Inspection of these figures and tables for smooth n-alkanes distribu-
tions and OEP values near unity indicate that about one-half (28/60) of the
samples showed the possible presence of petroleum-like organic matter.

This was slightly more than was observed in samples collected in 1976 (30%)
and considerably higher than observed in 1975 (7%). This apparent increase
may reflect the increased import activities for crude oils in the STOCS
area. It is not likely that STOCS exploration activities have grown for

a size that pollution effects would be observed.
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Tables 4.8, 4.9 and 4.10 list various ''ratio' type parameters for
these zooplankton analyses. Mean values for thesz parameters are presented
in Table 4.11. Correlations which were apparent among these averaged data
were seemingly without significance. For instancz, the correlation of OEP
with season which appeared to be very strong was without significance since
a "t" test of the data used to obtain the means siows that there was no
significant difference between the greatest value (1.30 for winter) and the
least value (1.13 for fall).

Similar trends were tested and found lacking in significance. For
example, pristane/phytane ratio vs. season, pristane/phytane ratio vs. OEP,
pristane/phytane ratio vs. transect (data not shown), were possible correla-
tions which failed to pass statistical tests of significance.

The criteria for presence of petroleum=-like organic matter are smooth

1
raater than

distributions of n-alkanes in the region of molecular size

U

C21 and OEP values close to unity. In the case oI samples analyzed by GC/MS
techniques, the presence of aromatic compounds is usually indicative of
petroleum-like material.

Table 4.12 lists seven zooplankton samples for which the benzene
eluate portion was investigated by GC/MS analysis. One sample, 3/IV, Spring
contained polynuclear aromatic hydrocarbons (PAH) in quantities such that
they were readily identified even though the quantities were too inadequate
for the components to be observable in the gas chromatographic analysis.
Four samples, (1/II, Spring; 2/III, Spring; 3/II, Spring; 1/IV, Spring),
showed possible trace quantities of PAH's by GC/MS analysis though quanti-
ties were inadequate to permit certain identification. Two samples, (2/IV
Winter; 1/I1I, Fall) showed no indication of presence of PAH's. All seven
of these samples met the n-alkanes diétribution criterion as possibly having

petroleum-like organic matter present.
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Season

Winter
Spring

Fall

4=2J1

TABLE 4.11

MEAN VALUES FOR RATIO PARAMET3IRS
FOR ZOOPLANKTON SAMPLES

Pristane/ Pristane/ Phytane/ Odd-Even Preference
Phytane nCi7 nCig

136 7.0 0.4 1.30

178 5.5 1.2 1.22

434 20.9 0.3 1.15



TABLE 4.12

ZOOPLANKTON SAMPLES FOR WHICH THE BENZENE FRACTION HAS BEEN INVESTIGATED BY GC/MS ANALYSIS

Sample Code
BAZD
BJEX
BJOF
BJOL
BJSI
BJWL

BOPW

Station/Transect
2/1V
1/11
2/I1L
3/11
1/1v
3/1v

1/111

Season
Winter
Spring
Spring
Spring
Spring
Spring

Fall

* PAH - polynuclear aromatic hydrocarbons

Remarks

no indication of PAH*
traces of PAH

traces of PAH

traces of PAH

traces of PAH

good indication of PAl

no indication of PAH, separation of
saturates and unsaturates poor.

(A%
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Some of the major peaks in the gas chromatographs of the benzene
fraction have been identified by GC/MS analysis. Table 4.13 lists the
average retention index and the probable compound identification for some
of the more frequently encountered compounds. The computer program used
to group the data for generation of this table had more stringent ''clus-
tering' requirements than that used in past reports. The net result was
that the "average" retention index reported for a component was somewhat
more precise and was generally 30 to 60 index uni:s heavier than previously

reported values.,

Water

Particulate-Hexane Eluate

Total n-alkanes for each sample of particulate organics analyzed
were calculated from data included in Table 2, Appendix C, and is presented
in Figure 4.3. The concentration of n-alkanes ranged from 0.003 to 1.60
ug/&. About 90% (*'As) of the values fell between 0.0l and 0.50 ug/4.
These concentrations were similar to those reported during 1976.

The data indicated a trend toward higher concentrations at the inshore
stations as was observed in both the 1975 and 1976 STOCS studies. In 6
of the 12 transects (4 transects x 3 seasons) in Figure 4.3, Stations 1 had
a higher concentration than Stations 2 or 3. Stations 2 had the highest
concentration in 3 of the 12 transects.

The 1977 seasonal averages of all stations were calculated to be:
0.22 pg/% for winter; 0.25 ug/L for spring; and 0.09 pg/? for fall. Sea-
sonal values for 1976 were: winter, 0.31 ug/%; spring, 0.12 ug/2L; and
fall 0.31 pg/&. Calder (1977) reported the following seasonal values for
the MAFLA sutdy area: winter, 0.31 ug/2; summer, 0.14 ug/%; and fall,
0.06 ug/%..

Percentage composition.of the n-alkanes in particulate matter did not



H=0%

TABLE 4.13

SOME GAS CHROMATOGRAPHIC PEAKS OF SIGNIFICANCE
BENZENE ELUATES OF ZOOPLANKTON EXTRACTS

Retention Formula Identification by GC/MS
Index
1910 C14 H26 14:2 hydrocarbon
2131 Cl6 H30 16:2 hydrocarbon (probably
cyclohexylclecene
2204 C21H38 21:3 hydrocarbon (probably branched
chain)
2222 C15H31COOOCH3 Methyl ester of ClG:O fatty acid
2340 C18H34 and 18:2 hydrocarbon and
con 20:6 hydrocarbon
20°°30
2472 C7;H46 25:3 hydrocarbon
2649 ? Phthalate ester

3366 ? Phthalate ester



4=22

*a very large or small value of a

replicate not included in this average

le

003
1.60
.07

ug/L.

.003
.26
.11

Figure 4.3 Total Particulate Alkanes at Each

III

-
> e

S Z

2. .01

.09
.26

3. .02
* . .10

.01

,090%*

-

ITI .07

Key Order

Winter
Spring
Fall

Seasonal Average

Winter .22
Spring .25%
Fall .09

v

.004
.09*

.01

Station and Season,




appear to vary in a systematic manner either with season or with distance
offshore. The most abundant n-alkane in about 75% of the samples occurred
in the C-27 to C-32 range with a slight preference for the odd carbon
numbers.

OEP and pristane/phytane ratios of particulate samples are given in
Tables 4714 through 4.16. OEP values for spring seasonal samples averaged
slightly higher than winter or fall samples. These higher values may have
reflected a higher input of terrestrial organic matter due to spring runoff.
An increased percentage of recently synthesized marine biogenic hydrocarbons
could also have resulted in  higher OEP values. Plots of OEP for parti-

culate samples are presented in Figure 2, Appendix C.

Particulate-Benzene Eluate

The total benzene eluate varied in concentration from 0.006 to 13.2
ug/4 witch about 803 {(*%%ss) of the values between 0.1 and 1.0. These values_
were similar to those obtained in 1976.

Spring samples had generally higher concentrations than winter or
fall.samples. Sixty percent (60%) of the spring samples had concentrations

greater than 0.5 ug/%2. Only 10% of the winter samples and 7% of the fall

samples exceeded 0.5 ug/%.

Dissolved-Hexane Eluate

Total n-alkanes for each sample of dissolved organics analyzed was
calculated from the data included in Table 3, Appendix C, and was
presented in Figure'4.4. The concentration of n-alkanes ranged from
0.01 to 4.08 ug/%. About 90Z (3% s) of the values fell between 0.0l and
0.5 ug/2 as was the case for alkanes in the particulate matter.

The trend toward higher concentration at inshore stations, seen with
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*A very large or small value of a replicate \’54//
not included in this average.

.15
.18
.01
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i .03
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9 .33 .24 Winter
.23 L17%* Spring
- .06 .19 Fall
Seasonal Average
Winter .21
Spring .18%
Fall .12
l. e 2.¢ 38 IV
.21 .08 .04
.08 .08 .30*
.10 .34 .04

Figure 4.4 Total Dissolved Alkanes at Each Station and Season, ug/4.
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particulate samples and to some extent with dissolved samples in 1976,
was not observed in the 1977 data (Figure 4.4).

Seasonal averages of all stations were as follows: winter, 0.21 ug/%;
spring, 0.18 ug/%; and fall, 0.12 ug/%. These values were quite similar to
seasonal averages last year which were 0.24, 0.14 and 0.11 ug/%, respec-
tively.

Percentage composition of n-alkanes in the dissolved fraction was
similar to that found in the particulate samples. The most abundant alkane
in more than 70% of the samples contained between 27 and 33 carbons with a
strong preference for the odd numbers.

Pristane/phytane ratios and OEP values for dissolved samples are
given in Tables 4.17 through 4.19. Winter and spring average OEP values
were similar and somewhat higher than the fall average. Plots of OEP for

dissolved samples are presented in Figure 3, Appendix C.

Dissolved-Benzene Eluate

Thé total benzene eluate from dissolved organics varied in concentra-
tion from 0.013 to 107.7 ug/2. Of those samples with concentrations
greater than 1 ug/%, about 75% had only one or two major components. The
major components appeared to be biogenic compounds, such as squalene and
other polyolefinic hydrocarbons, and phthalates. No systematic variation

in concentration was apparent either with season cr distance offshore.

Sediment HMWH

The results of the HMW hydrocarbon analyses of sediment samples are
given in Table 4, Appendix C, and include both saturated and non-saturated
hydrocarbons. The results were in agreement with the Delta C'?® and total

organic carbon data in that the very low level of saturated hydrocarbons



Tanps 4.17

ML AVY HYDRLOARRDE AMALYSES -~ STACS - 1Q77

SO TY2E v D15 PERIOD

Chor LAY, Pk / HH PRI/C=17 PH/C=1K

- - - e - - e - L e - ey e -

RIEER 1 /1 L AL VoA
ALY 2 /T Part o <
Farl 3701 L0 TeAw T
Yy AR 5 7/ T Vg it A, ""41
4AFS 3 /1 IR S
RAAg 1 /7 11 2en .25
R 1 /11 Y, LI
4l 1 / I R v,
14 P e/ 11 v, Ao
PRI VA t,d3 P27
AT 1/ 111 1, T
A s 2 / 1Tl A, LR FERS TN
Ay 3 /7 111 AL VA RIAI%
A /7 1Tt AL t, A S
24 30/ 171 Tyt v, .
o MV HIPRR I I
A X o/ L A, S, 00 1,0
81D 1 7 Ty St LY (A A
BN NAY 2 /7 1v vig 20 N, A ARG
Ry Ay 3/ Ty h.85 Aol R~

<
-

W N0 W nNd
FO

(AR MY ORI ¢

RNV e

—— b b ok s &

[ A

N R I

_.._.,_.
POV AR N
VRN VNIRR VIR F e

3 PR

SRV
RN



TARLF 4.18

SEAVY HY)QROCAEARCGN ANALYSES - STACS - 1977

AVELE TYSE ¢ DIR PERTIOD ¢+ SPRIMNG

C.Jon Locerv, R/ PH FR/C=17 PH/C =N QEP
Ty 1/ 1 PRI A A 1.53 LRy
AT 2 7/ 1 1.725 R .54 {4
4 FEN 1 /7 11 1.91 .U .31 .5
SRR 2/ 11 B Vet R 1.238
ATl s /11 1.%2 .4 35 1.8
AR 3/ 17 .23 .93 3,54 1,27
AJIR T/ 11 A, y, 21 M IRLYY 1.15
SRS /7 111 .17 .49 3R .25
~Tx 2/ IT7T 5.1¢6 .42 o1 113
cio? 3 0/ 117 ! .73 <35 1,43
3700 5/ IVl et .35 .17 1.7h
RIS EREN 3 /7 111 S <33 R % t,d
1333 1/ [y R T.A te24d .41
AR /o /T t.Su .53 .39 1.43
21 T/t 3,54 e L2 1, A
T 3/ T 1,49 ol .37 1.17
<< L 3 /01 .31 .51 1.3%9 1., '
<A 3/ 1 tL e .27 A 2 1.12
REEATY 3 /1 A <31 1.732 1.39



TARLE 4.19
ACaVY AYOEROCETANN A4 YSES ~ STOCS = 16877

SAOLE TYRPZ ¢ DTS SESTIND * FALL

Coe Locart, PR/ On PR/C=17 PH/C=12 NEP

oo /T t, e A, a0 P, 1,7
Y2 2 /00 vig 47 A A vy 1A 3,00
CE e 3 /71 AL, 09 1, A AL 4,90
i 1 /7 Il .25 d4.11 t.12 .95
[N T 2/ 11 o, ANy A, ALAR
AT 2/ 011 AR 4.1% 1.33 1.72
AREER s/ 11 A 2.5 n,93 .80
3 h T/ 11 T LA L A ", a0 <AZ
aner v/ ITI .1 . Ak t.13 A2
RERENS 2 7/ 111 P g 11,53 1,42 1,15
SRR T/ 111 V,ad 1, a1 .9 .99
~Uv A v/ TV LR .91 1.8 1.°3
AR 2 / 14 AL AL 7,0 .71
YA 5/ Iw Yol ALrd A Y. 2R
AR ERAR Lt 1.23 L9 AL
/ 3

’,

~.
.
.
.
.



445

detected (0.1 to 1.9 ug/2) pointed to a natural biogenic population of
hydrocarbon molecules. Data reduction given in Tables 4.20 through 4.22
and Figure 4, Appendix C, support this conclusion. For example, no OEP
values near unity were present nor were high pristane to C-17 values
reported. With respect to sediment high-molecular-weight hydrocarbons,
the STOCS must be viewed as a very clean area. Detailed analyses of the
three years of HMWH data as related to other envizonmental parameters will

be carried out in the three year data synthesis.



b dngie AV

TasLE 4.20

HEIVY AYDNEICARPENN ANMALYSES =~ STIHCS - 14077

SAVPLE TYRS ¢ C435 PERICD ¢ JHINTER
aONE LuCaTt, i A PR/C=17 PH/C=1& JE®e
~iE v /T Gadt .n .21 1,71
v 31 2 /1 3.13 .32 .17 1443
Ty 3 /T 1,95 L33 .33 2,63
<407 Vo I 3,42 La L] I.h4

STAVY AYISOCARANY AN TSES = 3TICS - 1977

AT Ty2E v w3 PERINON ¢ SPRTNS
(SEEENES) LuCaAT, PR/ P RP/C=-17 PH/C=1R nEe
S~ T t 7 I S.725 .75 o2 dg1n
TR 2 /7 11 AL dk 1.1 .18 2,28
A 35 /7 11 1.91 on7 .39 2,72
BTOT 2 / 1y .73 .32 .31 Ao
= gJ<T 1 7 11 1.89 «34d «43 .72

TARLE 4.22
HEAVY HYDRJCARPICH AMALYSES - STOCS = 1977

SAMRIE TYPF : CHG PERIOD ¢ FALL
CNNF LOCAT. PR / PH PR/C=17 PH/C=1R JEP
3450 e / 111 4.2 LA .1 3,39
ATy 32/ 1V 4,89 .54 .27 2.9%
SN 1 /7 I11 216 45 U6 4,36
ISEK e / 111 2.95 .51 .2h 4,27
JEEL /7 II1 A.bS U5 .13 3.26
RFEM 3/ 1V 2,47 «HA .43 2.97



4-47

LITERATURE CITED

Calder, J. A. 1977. Seasonal variation of hydrocarbons in the water column
of the MAFLA lease area. pp 432-441. In Fate and effects of petroleum
hydrocarbon in marine organisms and ecosystems. D. A. Wolfe (ed.)
Proc. of Symp., November, 1976, Seattle, Washington. Permagon Press.

1969. Carbon isotope effects in biochemical and geochemical
systems. Dissertation Ph.D., the University of Texas, Austin, Texas.

Fredericks, A. D., and W. M. Sackett. 1970. Organic carbon in the Gulf
of Mexico. J. of Geophysical Res., Oceans and Atmospheres, 75(12):
2199-2206.

Hedges, J. I., and P. L. Parker. 1976. Land-derived organic matter in
surface sediments from the Gulf of Mexico. Geo. et Cos Acta, 40(9):
1019-1029.

Mauer, L. G., and P. L. Parker. 1972. The distribution of dissolved organic
matter in the nearshore waters of the Texas coast. Contr. in Mar.
Sci. 16.

Parker, P. L. 1969. Fatty acids and alcohols. In Organic Geochemistry.
Methods and Results. Springer-Verlag, New Ycrk.

1967, Fatty acids in recent sediments. Contr. in Mar. Sci.
T7.1"7
-~ dmot

(§)]

1
“~

Sever, J., and P. L. Parker. 1969. Fatty acids (normal and isoprenoid)
in sediments. Sci. 164:1052.

Winters, K., R. O'Donnell, J. C. Batterton, and C. Van Baalen. 1976.
Water soluble components of four fuel oils: chemical characterization
and effects on growth of microalgae. Mar. Biol. 36:269-276.



CHAPTER FIVE

HEAVY MOLECULAR WEIGHT HYDROCARBONS
IN MACROEPIFAUNA AND MACRONEKTON SAMPLES

Principal Investigators:

anm

S. Gi
S. Chan

O

Associate Investigators:
Grace Neff

Yang Hrung

Darlene Garey

Kathy Gage



5-2

ABSTRACT

A total of 207 samples of benthic macroepifauna and macronekton from
the South Texas Outer Continental Shelf (STOCS) was analyzed for heavy-
molecular-weight hydrocarbons. These analyses included samples of muscle,
liver, and gonads. Five (5) large samples, 36 intraspecific variability
samples and 3 ship's contaminant samples were also analyzed. The samples
generally had very low levels of total hydrocarbons, averaging 2 ppm or
less, with C;5 and C,7; alkanes and pristane predominating. The aliphatic
hydrocarbon distribution and the very low levels of phytane and aromatic
hydrocarbons (generally 0.0l ppm or less) detected were suggestive of bio-
genic origins for the hydrocarbons in the samples analyzed. The absence
of correlations in the pristane/phytane, pristane/C,7;, phytane/C;g and
CPIL 4-2¢ ratios also implied the absence of significant levels of petro-
leum in the organisms analyzed.



INTRODUCTION

Heavy molecular weight hydrocarbons were analyzed in macroepifauna
and macronekton samples from the South Texas Outer Continental Shelf (STOCS)
in order to obtain hydrocarbon data for these organisms which would charac-
terize the natural quantities observed. There is relatively little infor-
mation available on the hydrocarbon composition of marine organisms. Thus,
the hydrocarbon data obtained from the relatively pristine STOCS provides
a needed data base for evaluating the effects of petroleum exploration and
production on the hydrocarbon composition of organisms in this area.

The macroepifauna samples analyzed in this study were obtained from
the STOCS area during the 1977 study period. The samples represented three
classes of organisms (molluscs, crustaceans, and fish) and consisted mainly
of fish and shrimp which included all species listed in Appendix D. The
macronekton, fish of the snapper family, were obrtained from the Southern

tations during seasonal and monthly cruises.
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Laboratory analyses were based on methods outlined in Attachment A
of BLM Contract AASSC—CT7—11. Qur methods are detailed in the following
section.

MATERIALS AND METHODS

Background

The sampling scheme and frequency of sampling presented below were
followed whenever possible. Epifaunal and demersal fish samples for
hHydrocarbon analyses were collected three times (seasonally) at Stationms
1-3, all transects, with a 35-ft (10.7-m) Texas box otter trawl. The
epifaunal samples consisted of five individuals each of three species.
In addition, 36 intraspecific variability samples were collected opportun-
istically to allow the analysis of six individuals of the same species.

Five 10-kg samples were also collected opportunistically for intense study



of the aromatic fractions. Macronekton were collected at Southern Bank
and Hospital Rock seasonally and monthly by hook and line; samples
consisted of five individuals of each of two species per bank station.
Every reasonable precaution was taken to avoid contamination during
sampling. Samples were packed in cleaned glass jars fitted with teflon
or aluminum foil. When potentially contaminating sediment or other
foreign material was adhering to the organisms they were rinsed with

seawater. All samples were immediately frozen and so kept until analysis.

Laboratory Analysis

Materials'

Solvents were Mallinckrodt NanogradeR and were used as received or
redistilled when required. Silica gel (Woelm, 70-230 mesh) and Aluminum
Oxide Woelm Neutral (Activity Grade 1) were activated at 200°C for at
least 24 hr before use. Hydrocarbon standards were obtained from Analabs

and Polyscience Co.

Instrumentation

A Hewlett-Packard 5830A gas chromatograph (GC) and a Varian 3700 HC
were used. Both were equipped with dual flame ionization detectors, pro-
grammable integrators, and 30 to 50 m OV-10l1 or SE-30 WCOT glass capillary
columns. The injector was at 270°C and the detector at 280°C. The column

oven was temperature-programmed from 70 to 270°C at 3°/minute.

Procedures
Background Information

Prior to actual sample analysis, procedure blanks and recovery studies

!Trade names of reagents, solvents and equipment, and the suppliers are
included to facilitate recognition by interested readers of what we use;
there is no implication that these are solely recommended.



were performed. All solvents to be used in the procedure were concentrated
to the extent required by the procedure and analyzed by gas chromatography.
Any solvent exhibiting any impurities in the hydrocarbon region of the spec~-
trum was rejected or redistilled in an all-glass system. Solid reagents
were purified by heating in a 325°C oven for at least 24 h; concentrates

of solvent rinses of these materials were inspected by gas chromatography
as described for solvents. Glassware and equipment were washed with Micro
cleaning solution (International Products Corp.) and distilled water,
rinsed with acetone, methanol and hexane and heated overnight at 325°C.
After heating, they were rinsed with two portions of benzene and two of
hexane. The final hexane rinse was concentrated and checked by gas chroma-
tography. If any impurities were present, rinsiag was repeated as needed
to obtain an acceptable blank. Glassware checks accompanied each sample

run and procedure blanks were performed at frequant intervals®.

Extraction and Saponification of Macrofauna

Approximately 100 g of tissue were used for all analyses, except for
the 10-kg samples which were divided into 600-700 g portions for digestion.
When possible, a minimum of five organisms or portions thereof was used
per analysis to minimize the natural variability of hydrocarbon content
in conspecifics. Each sample was macerated and the wet weight determined.
An aliquot of the sample was then placed in a tared beaker and dried at
60°C until a constant weight was obtained. In this manner, the wet and dry
weights of the sample were obtained. The remainder of the sample was
saponified.

Saponification was conducted by refluxing the sample with 0.05 g

KOH/g tissue in approximately 50 ml methanol/100 g tissue. Saponification

2procedure blanks constituted approximately 10% of the total analyses.



5-6

was continued until the tissues were digested. After the completion of
digestion, an equal volume of purified water was added to the mixture.

The mixture was then refluxed overnight. Upon completion of hydrolysis,
the mixture was diluted with an equal volume of a saturated NaCl solution.
The mixture was then extracted three times with n-pentane. The volume of
h-pentane used for each extraction was equivalent to the volume of methanol
initially used in the saponification. The n-pentane fractions were then
combined and washed with an equal volume of water. The solvent was removed
from the pentane extract (for weight determination) prior to column chroma-

tographic separation.

Column Chromatography

Weight ratios of about 100 parts alumina to 1 part lipid sample and
200 parts silica gel to 1 part lipid sample were used. The column had a
length to inside diameter (i.d.) ratio of approximately 20:1. Both the
silica gel and the neutral alumina were Activity I. The column was packed
in hexane and rinsed with one column volume of n-pentane. At nc time was
the column allowed to run dry. The extract taken up in a small volume of
n-pentane was then applied to the column and the aliphatic fraction eluted
with two column volumes of n-pentane. This was followed by elution of
aromatics with two column volumes of benzene. The eluates from the two frac-
tions were then taken to near dryness. They were then transferred to screw
cap vials with teflon-lined caps, and the remainder of the solvent was
removed with a stream of purified nitrogen. Following column chromatography,

all eluates were analyzed by gas chromatography.

Gas Chromatographic Separations
Each eluted fraction obtained from the column chromatographic separa-
tion was quantitatively dissolved in a small volume of iso~octane for

injection into the GC. A WCOT glass capillary column (30-50 m) of 0OV-101



or SE-30 was used for the analyses. The column resolved n-C;; from pris-
tane and n-Cis from phytane with a resolution (R) of approximately unity,
where

R = 2d/w1 + ws and,

w = the width of each peak at the base on one phase for both
pairs of components, and

d = the distance between apices.
The column was also capable of resolution of hydrocarbons from n-C;. through
n-C3,. To assist identification, the following :zompounds were used as
standards to match the retention times of peaks in the gas chromatogram:
aliphatic hydrocarbons Ci1s5-C32; trimethylbenzene; 1,2,3,5-tetramethylbenzene;
1,2,3,4-tetramethylbenzene; naphthalene; 2-methylnaphthalene; &4-phenyltoluene;
3,3"-dimethylbiphenyl; 4,4'-dimethylbiphenyl; fluorene; l-methylfluorene;

phenanthrene; anthracene; 9-methylanthracene; fluoranthene; and chrysene.

Gas Chromatography-Mass Spectrometry (GS-MS)

1
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aligucts of extracts 10% ¢f the GC samples were analyzed by GC-iS.
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The runs were made by L. Burchfield of the Center for Trace Characteriza-
tion. Since the concentrations of components were very low (often near the
limit of detection of GC-MS), only major compourds found in gas chromatograms
were identified.

The analyses were performed with a Hewlett-Packard 5982A dodecapole
mass spectrometer interfaced to a 5710A gas chromatograph. This GC-MS
system was supported with a 5933A Data System, a Tektronix 4012 CRT termi-
nal, a Tektronix 4631 Hard Copy Unit, and a 15,000 spectra reference
library stored on a single disc (Aldermaston).

Capillary columns coated with SE-30 (30 m) or SP-2100 (25 m) were
used in the GC. Helium was used as the carrier gas at 36 cm/sec. All
samples were run in the splitless mode with injector flush occurring 40

seconds after injection; the injector temperature was 250°C. For the SE-30
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column, the temperature program was held at 70°C for four minutes and then
raised to 200°C at 2°/minute. For the SP-2100 column, the temperature
program was held at 50°C for four minutes and then raised at 4°/minute to
250°C. The column effluent was taken directly into the ion source pro-
ducing a pressure of 6 x 10~% torr. The source temperature for all runs
was 180°C * 10°C. The mode of ionization was electron impact using a

beam of 70 eV electrons at a current of approximately 200 ua. Mass range
was scanned from 50 to 500 amu at a rate of 162 amu/sec.

The total ion chromatogram for each sample was permanently stored on
auxillary discs. The spectra were background-subtracted where necessary.
Major sample components which appeared in both GC and GC-MS were identified.
Some minor sample components were not identified due to poor signal-to
background spectra. The electron-impact spectra of individual components
were permanently stored on disc for comparison with library spectra or
for other uses. 1Individual spectra from data files were compared as
follows: 1) by computer with spectra included in the Aldermaston Library
on disc using the "search" routine; 2) with reference spectra run on our
instrument; and 3) with the "Eight Peak Index of Mass Spectra" (Mass
Spectrometry Data Center). Table 43, Appendix D, shows the compounds that
were confirmed by GC-MS for each sample.

| Procedure blanks were performed prior to sample analyses and excellent
procedure blanks (< 0.0l ppm) were routinely obtained. For a detailed
discussion of our decontamination procedures, see Giam and Wong (1972)

and Giam et al. (1975).



TABLE 5.1

PROCEDURAL RECOVERY! OF ALIPHATICS AND AROMATICS

COMPOUND MEAN RECOVERY (%)
n-Pentadecane (Cig) 78 + 17
n~Hexadecane (Cig) 84 + 12
n-Heptadecane (Cy7) 79 + 11
Pristane (Pr) 80 + 11
1-Octadecene (C;g.1) 69 + 16
n—-Octadecane (Cyg) 79 + 10
Phytane (Py) 80 + 12
n-Nonadecane (Cyg) 78 + 11
1-Eicosene (Cpq:1) 72 + 13
n-Eicosane (Cpq) 82 + 11
n-Uncosane (Cy1) 80 + 11
n-Docosane (Cz3) 81 + 10
n-Hexacosane (Cyj3) 79 + 20
n-Octacosane (Cy3) - 80 + 13
n-Triacontane (C3g) 80 + 17
n-Dotriacontane (Cj33) 92 + 7
Sa-Androstane §2 i }?
Sa-Cholestane . 79 + 14
Naphthalene 51 + 39
l1-Methylnaphthalene - 64 + 33
1,3-Dimethylnaphthalene 80 + 27
Biphenyl 78 + 21
Acenaphthene - 85 + 18
Fluorene 81 + 22
9,10-Dihydrophenanthrene 91 + 12
Phenanthrene 84 + 18
3,6-Dimethylphenanthrene 70 + 13
Pyrene 47 + 24
Nonadecylbenzene 79 + 17

lRecovery of hydrocarbons subjected to all steps in the analytical
procedure in the absence of biota; 20 analyses were performed.



RESULTS

Twenty recovery studies were carried out on spiked samples and yielded
the results in Table 5.1. The limits of detection for our procedure were
0.001 ppm or better. The capillary columns used in these studies gave excel-
lent resolution of the aliphatic hydrocarbons from n-C;4 through n-Cj;.

The chromatogram of the BLM reference mixture (Table 5.2) shown in Figure
5.1 illustrates the resolution obtained (compare to Figure 5.2). Examples
of the chromatograms obtained from samples are shown in Figures 1-4, Appen-

dix D.

Analyses of Macroepifauna Samples

The results of the analyses of 109 seasonal macroepifauna samples are
detailed in Tables 1~-9, Appendix D, as total concentration of alkanes,
percent distribution of n-paraffins, the levels of pristane and phytane,
and the ratios of pristane/phytane, pristane/C;; and phytane/C,;3 and the
carbon preference index (CPI) ratios. In most cases, the C;5 and C;»
alkanes were the dominant n-alkanes. Pristane was present in almost all
samples at relatively high levels, while phytane was present in approxi-
mately 30% of the samples at concentrations generally less than 0.1 ppm.
The pristane/phytane ratios ranged from 2 to 283. The pristane/C;; ratios
were found to be from 0.3 to 162 while the phytane/C;s ratios were mainly
in the narrow range from 0.3 to 3. The majority of the CPIis_z¢ ratios
were between 0.6 and 31. The CPIg.32 ratios were in the range of 0.2 to
20.5 with the majority of wvalues from 0.5 to 3.0. Aromatic compounds were
detected in a number of samples, but in guantities too low for quantitation
(< 0.005 ppm). GC-MS confirmation was, however, possible for many of the
compounds. The compounds detected were 1, 2, 3, 5- and 1, 2, 3, 4-tetra-

methylbenzene, biphenyl, 2, 6- and 1, 3-dimethylnaphthalene, acenaphthene,



TABLE 5.2

COMPOUNDS AND PEAK REFERENCE NUMBERS OF BLY REFERENCE MIXTURE

Naphthalene
l1-Methylnaphthalene
Biphenyl
1,3-Dimethylnaphthalene
Acenaphthene

€15

Fluorene

16
9,10-Dihydrophenanthrene
€17

Pristane

Phenanthrene

Phytane

16.
17.
18.
19.
20.
21.
22.
23.
24.

19
3,6-Dimethylphenanthrene

Sa~Androstane

Cr0:1

0

Pyrene
€21

C22

Nonadecylbenzene
€26

g

Su-cholestane

10
c

29
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Figure 5.2 Gas Chromatogram Provided by Supelco for the BLM Reference Mixture.
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4-phenyltoluene, fluorené, 3,3'-dimethylbiphenyl, 9,10-dihydrophenenthrene,
l-methylfluorene, phenanthrene, anthracene, fluoranthene, pyrene, and chry-
sene. Squalene was present in almost all samples. Acenaphthene, 3,3'-di-
methylbiphenyl, 9,10-dihydrophenanthrene and pyrene were detected most
frequently, but no pattern suggesting a single source of aromatic compounds
was noted.

The data for the 36 intraspecific variability samples is in Tables 10-
12, Appendix D. As illustrated in Table 5.3, the intraspecific variability
samples showed relatively little variance in hydrocarbon content among
individual organisms.

The data for the five 10-kg samples are in Tables 13-16, Appendix D.
For these samples, l-kg aliquots (yielding 600 to 700 g of tissue) were
analyzed. These samples yielded little additional information relative to
the standard samples. Thus, analysis of the remaining material was not
performed as little, if any, additional information would be obtained.
Quantifiable amounts of aromatic compounds were found in these samples, but
the concentrations were very low, ranging from less than 0.005 to 0.03 ppm.
The types of compounds found and their distribution were similar to that

found for other macroepifauna samples.

Analyses of Macronekton Samples

The results of the analyses of the 54 macronekton samples are presented
in detail in Tables 17-40, Appendix D, as total concentration of alkanes,
percent distribution of n-paraffins, the levels of pristane and phytane,
and the ratios of pristane/phytane, pristane/C,;, phytane/C;s and the CPI
ratios.

The range of total concentrations of n-alkanes in muscle, liver and

gill, as well as the ratios calculated from the data are shown in Table 5.4.



SPECIES
STATION
(Code)

Longspined
porgy
2/11

(BUDX~1-6)

Longspined
porgy
3/

(BUDU-1-6)

Blackeared

sea bass
2/11

(BUDY-1-6)

Blackeared

sea bass
3/11

(BUDV-1-6)

Wenchman
2/11
(BUDZ-1-6)

Wenchman
3/1X
(BUDW-1-6)

TABLE 5.3

MEAN AND RANGE OF VALUES OBTAINED FROM THE ANALYSIS OF SIX INDIVIDUALS FOR INTRASPECIFIC VARIABILITY

Total

Total

Pristane

Phytane Pristane Pristane Phytane CPIy,. CPI
Alkanes Paraffins Phytane C17 C1s 14-20 20-32
1.03+0.19 [ 0.6620.23 | 0.35£0.09] 0.03+0.01 ]} 17.3048.48 | 1.82: 0.99§ 0.62+0.13 ] 3.63+0.87 1.7840.32

A\
1.02+0.37 ]0.631£0.13 | 0.3640.29] 0.02+0.0] | 16.63x 5.61| 1.62+1.21 | 0.5710.22 | 3.45+1.43 | 1.52:0.17
0.78+0.25 | 0.7420.26 | 0.03+£0.02 | 0.01t0.00{ 3.33+ 1.51 | 0.33+0.17 0.25:+0.05 | 1.22+0.15 | 1.0510.14
0.77+0.18 [ 0.72+0.17 | 0.04£0.02] 0.0140.00§ 4.33% 1.51 | 0.35+ 0.05| 0.23+0.05 1.37+0.16 | 1.1320.12
2.16+1.22 {1.58+0.89{ 0.56+0.59| 0.01+0.02| 19.58+22,60{ 8.78+13.07} 0.42+0.58 | 14.95:6.11| 1.8811.57
4,36%4.63 [ 3.40£3,261 0.95¢1.54) 0.02+0.02| 32.42+28.72| 0.98+ 0.73] 0.27+£0.16 | 10.97+6.50! 1.48:0.66

CTeC
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TABLE 5.4

RANGES OF PARAMETERS CALCULATED FOR MACRONEKTON

Total Alkanes
(ppm)

Pristane/Phytane

Ratio
Pristane/C17
Phytane/C18

CPL, 4-20

CPL,0-32

Muscle

0.02-2.4
0.0-115.0

0.5-42.4
0.52

1.0-32.9

0.2-16.1

a Only 1 level

found.

Liver

1.1-28.1
4.9-166.8

0.4-36.8
0.1-4.0

1.3-125.8
0.9-2.3

Gonads

2.3-98.6
6.6-234

0.3-42.4
0.1-1.5
1.0-19.5
0.9-1.7



The C;5 and C;; hydrocarbons were the dominant n-alkanes. Pristane was
present in almost all samples. Phytane was present in approximately 107%

of the muscle samples and in all liver and gonad samples. Few aromatic
compounds were detected in these samples; those present were at levels too
low for quantitation. Squalene was the dominant hydrocarbon in the aromatic

fraction.

Analyses of Possible Shipboard Contaminants

Samples of oily bilge water, a ship's lubricant and a fuel oil were
analyzed .by techniques similar to that used for biota. These substances
yielded characteristic petroleum—like patterns of aliphatic hydrocarbon
distribution with no odd-even predominance. Aromatics were found in the
appropriate samples, 2.g., the fuel oil. The results of these analyses

are summarized in Tables 41 and 42, Appendix D.
DISCUSSION

General Comments

The overall purpose of this study was to provide basic data for hydro-
carbons in biota and to evaluate if the hydrocarbons detected were of bio-
genic or anthropogenic origins. As the hydrocarbon concentrations in biota
are generally very low, the avoidance of contamination during sampling and
analysis is essential. The good blanks, recoveries and reproducibilities
of this study along with the absence of evidence of ship's contaminants in
the samples demonstrated that adequate precautiors were taken. The analy-
tical methods used were also sufficiently sensitive for this study as shown
by the fact that the analysis of larger samples cid not yield additional
information. The data obtained from this studywere similar to that obtained

in previous years. The total concentrations of aliphatic hydrocarbons in
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muscle were in the low parts per million (ug/g dry weight) with n-penta-
decane, n-heptadecane and pristane being the dominant hydrocarbons. Aro-
matic compounds were found at very low levels, generally from 5 to 30
parts per billion (ng/g dry weight). Overall, the data suggested very

little, if any, petroleum contamination of the study area.

Macroepifauna

Analyses were carried out on 109 macrobenthic samples collected sea-
sonally, and on 36 intraspecific variability and five 10-kg samples col-
lected opportunistically. These data are summarized in Tables 1-16,
Appendix D. As in the past, sampling problems yielded a rather wide diver-
sity of species, making data correlations difficult. In addition, the
absence of laboratory studies on the effects of low-level, chronic exposure
to petroleum made it difficult to assess which parameters accurately indi-
cated the presence of petroleum. Thus, although some trends could be
inferred, it was difficult to draw any definite conclusions from the data.

Two parameters that are generally associated with petroleum pollution
are the presence of phytane or an unresolved complex mixture (UCM)(Farring-
ton et al., 1972). Unresolved complex mixtures occurred in 56 of the
samples while phytane occurred in 30; they occurred together in 29 samples.
Station 1/IV had the most samples with phytane and a UCM, with Stations 1/I,
2/I1 and 2/IV having the highest frequency of these parameters. These
results were suggestive of contamination from onshore and shipping activi-
ties; further studies are needed to confirm this hypothesis. As the levels
found were very low (ppb) and as organisms tend to concentrate hydrocarbons
when in contaminated water (Anderson et al., 1974; Neff et al., 1976), these

findings suggested very low levels of petroleum hydrocarbons.
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The carbon pfeference indices (CPI) have also been used as a measure
of petroleum contamination (Clark, 1974). These ratios generally yield
low, consistent numbers for petroleum and high, varied numbers for biolo-
gical hydrocarbons due to the odd-carbon dominance found in organisms.

These parameters were calculated as follows:

n=19 - =’19
£ HC odd £ HC odd
CPI]‘-@-_—ZO = 1/2 n =15 i 'n = 15
n =20 n o= 18
b HC even T HC even
n =3l n = 31
I  HC odd I  HC odd
CPI20-32 = 1/2 n =21 L on= 21
n = 32 a = 30
L HC even T HC even
n = 22 4 = 20

The CPIjq_32 1is generaily of the same order of magnitude for petroleum
(mean 1.2) and for biological organisms (mean 1.0-1.5), but the CPI,4_29
more accurately reflects the odd-carbon dominance of biological samples
that is absent in petroleum. The CPIj,_7¢ is almost always greater than
two for organisms, and averages less than one for petroleum (Clark, 1974).
In this study, fairly consistent CPI values were found within species,

as shown in Table 5.5. In some cases, such as shrimp, the CPI value appeared
to normally be less than two. In most cases, low CPI values did not cor-
respond with the presence of phytanme or an unresolved complex mixture in
indicating the presence of petroleum. This was probably due to the domi-
nance of the Cis and C;7; hydrocarbons which tended to yield high-CPI values
and thus possibly masked the effect of petroleum on the CPI. These hydro-
carbons were probably present at high levels (often 70% or more of the
hydrocarbon concentration) due to the diet of the organisms; the C;s and

C17 n-alkanes are the dominant hydrocarbons in algae (Clark and Blumer,
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TABLE 5.5

RANGE OF CPIiy.20 VALUES IN SELECTED SPECIES

Number of CPIju.20 Values Range of
Species Number §émpied CPI 4.2y Values
Penaeus aztecus 11/16 0.8-3.6
(Brown shrimp)
Pristipomoides 10/11 6.4-16.9
aquiloraris .
(Wenchman)
Stenotomus caprinus 8/9 1.3-9.3
(Longspine porgy)
Miecropogon undulatus 5/5 1.9-5.0
(Atlantic croaker)
Cynoscion arenarius 4/5 : 6.9-31.2

(Sand trout)



1967). 1In this study, the CPI ratios did not indicate the presence of
significant petroleum contamination in the study area.

There was also an absence of correlation between and within stations
of the pristane/phytane, pristane/C;, and phytane/C,s ratios. These para-
meters are often used to identify sources of oil pollution and would be
expected to be similar in organisms exposed to a single petroleum source,
although there is some indication that biogenic hydrocarbons can affect
the ratios (Farrington and Medeiros, 1975). The lack of correlation of
the ratios, however, further implied the absence of significant petroleum
sources in the STOCS. The very low levels of aromatic compounds detected
also suggested that there was very little petroleum pollution in the study

area.

Macronekton

Only 54 of the 72 ;ontracted macronekton anilyses were performed due
to the unavailability of samples. Specifically, only two (of four con-
tracted) fall and winter samples were received aand the two March samples
were not received. (Each sample yields three analyses, thus the six
missing samples produced a loss of 18 analyses.) The samples were red and
vermilion snapper and yielded fairly consistent hydrocarbon profiles.
The range of values calculated for the samples is shown in Table 5.4, while
the hydrocarbon distributions are detailed in Tables 7-10, Appendix D.
The dominant hydrocarbons were the C;s and C;; n-alkanes and pristane.
Phytane was present in only :2 of 18 muscle samples, but was present in
all liver and gonad samples. An unresolved complex mixture was detected
in the chromatograms of almost all samples. The significance of this
finding was difficult to ascertain, as the very low levels of aromatic

compounds and the calculated parameters were not suggestive of the presence
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of petroleum in the study area.

CONCLUSIONS
As in the previous years of this study, the hydrocarbons detected in
biota were of mainly biogenic origin. Occasionally, some evidence of
hydrocarbons of petroleum origin was found, but the levels were very low
suggesting very little contamination of the study area. The hydrocarbon
profiles for a large number of species were obtained. These profiles
provided a wide data base for determining the effects of petroleum explor-

ation and production on the hydrocarbon content of biota from the STOCS.
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ABSTRACT

Concentrations of 10 metals (Al, Ca, Cd, Cr, Cu, Fe, Ni, Pb, V, 2Zn)
were determined in 340 samples including: zooplankton (60); muscle tissue
from fish (52) and shrimp (19); fish gill (8) and liver tissue (115); and
shrimp hepatopancreas (86). Samples were collected from Stations 1-3, all
transects, Southern Bank and Hospital Rock during 1977. Concentrations
were determined by flame atomic absorption spectroscopy (AAS)(Cu, Fe, Zn),
flameless AAS (Cd, Cr, Ni, Pb) and neutron activation analysis (Al, Ca, V).

In 1977, fewer species (8) were analyzed than in the previous two
years so that the number of replicate analyses of selected samples collected
at the same place and time could be significantly increased. Replicate
analyses of primarily liver and hepatopancreas tissue from individual
organisms accounted for 597% of the total analytical effort. These tissues
were selected because they contain detectable levels of all metals studied.
An average of four replicate samples of these tissues were analyzed for
each fish and shrimp sample collected.

No indication of substantial heavy metal pollution was observed.
Sample groups in order of decreasing total trace metals content (except
Al, Ca, V) were zooplankton, liver, hepatopancreas, gills, shrimp and fish
muscle. No significant changes in annual mean trace metal concentrations
were found for any sample group between 1976 and 1977.

The amount of variability in trace metal concentrations among the
major sample groupe in 1977 was similar to that observed in 1S76. Groups
in order of decreasing variability were zooplankton, liver, hepatopancreas,
shrimp muscle, fish muscle and gills. Variability within species was
only moderately less than that in groups. However, intrastation varia-
bility for zooplankton, liver and hepatopancreas samples as determined
by replicate analyses was less than half that of the groups. With this
level of variability, a 507% difference in the trace metal levels between
two stations could be detected statistically (p < 0.05) on the basis of

5-10 replicate analyses at each station.

For zooplankton samples, Pb concentrations decreased offshore, and
Cd levels showed the reverse trend. The levels of all metals except Cd
were highest in the fall season.

Fish and shrimp muscle had generally low, uniform trace metal levels
with few apparent geographical, seasonal or interspecific differences.

Fish species in order of decreasing total content of trace metals
(except Al, Ca, V) were Rhomboplites aurorubens, Stenotomus caprinus,
Pristipomoides aquilonaris, Lutjanus campechanus, and Serranus atrobranchus.
Few significant correlations between liver trace metal concentrations and
fish length were observed. Levels of Cd, Ni, and Pb were generally highest
in livers of S. caprinus collected from the northern half of the STOCS study
area.

Gill and liver tissue from R. aurorubens had generally higher levels
of trace metals than similar tissues from L. campechanus. Cadmium levels
were higher in livers than gills for both species. Within each species,
the concentrations of all metals studied were similar for both bank stations.



Both species of shrimp analyzed had similar levels of trace metals in
their hepatopancreatic tissue. This tissue contained the highest Ni levels
of any sample type analyzed. Cadmium levels were similar to those in fish
livers. Cadmium and Ni levels were maximal in the winter season. Signifi-
cant differences between concentrations of various trace metals at differ-
ent stations were observed, but no consistent geographical trends were

apparent.



INTRODUCTION

This report covers the third (1977) and final year of the South Texas
Outer Continental Shelf (STOCS) benchmark study for trace metals in epi-
fauna, zooplankton and macrornekton. The purpose of this project was to
establish a data base on trace metal concentrations in STOCS organisms
before extensive o0il and gas exploration and production begins. The col-
lection of this data would then provide decision-makers with the ability
to assess the impact of future drilling/production activities in terms of
changes in organismal trace metal levels. To assess the geographical
variability of trace metals in STOCS biota, a variety of organisms were
collected each year from Stations 1-3 on each of the four transects and
from several topographic features (fishing banks). All stations except
a few bank stations were sampled at least three times a year to determine
any seasonal eflfects on trace metal levels.

During the first two years of this study (1975, 1976) trace metal
levels were determined in a variety of organisms from the STOCS area.
Replicate analyses of the same tissue from samples of the same species
collected during the year were limited. Only single pooled samples of
tissue from organisms collected at the same station and time were analyzed.
Essentially no replicate analyses of tissues from individual organisms of
the same species collected at the same station-and time were conducted.
The resulting data sets gave only a general picture of metal levels in
STCCS biota. Broad geographical or seasonal trends could only be analyzed
statistically by grouping similar samples in various ways to get an esti-
mate of the variability in trace metal concentrations. The variability
in such grouped data was high and very few significant relationships were

observed. Comparisons between individual stations were not possible.



In an effort to reduce variability in the trace metals data and permit
comparisons between individual stations, the number of species analyzed in
1977 was drastically reduced (Z.e., 29 in 1976; &€ in 1977). Replicate
analyses of liver or hepatopancreas tissue from individual organisms col-
lected at the same time and station were emphasized. These tissues were
chosen because they contained measurable levels of most of the metals of
interest. Many of the sample types (e.g., fish muscle, shrimp muscle)
analyzed in previous years contained levels of several trace metals that
were below the detection limits of even flameless AAS analysis. This
approach provided estimates of intra~station variability in trace metal
levels. Such estimates were essential to statistically compare trace
metal levels observed at different stations and to determine sample size
requirements for any future monitoring program.

The purpose of this report is to characterize the 1977 trace metals
data in terms of mean concentrations in the various types of organisms
analyzed and to compare these levels with similar data from 1976 and 1975.
The geographical and seasonal trends in 1977 organismal trace metal con-
centrations are discussed for each sample type and for individual species.
The nature and magnitude of possible future changes in STOCS organismal
trace metals levels that could be detected using the current data set is
evaluated. Finally, the sampling regime which should be employed in any

future STOCS monitoring program is discussed.

MATERIALS AND METHODS
All samples were collected by personnel of the University of Texas,
Port Aransas Marine Laboratory. Shrimp and demersal fish samples were
collected with a 35 ft (10.7 m) Texas box otter trawl. Zooplankton samples

were collected with a metal-free, 1 m, 220 um mesh net. Macronekton



samples were caught by hook and line. Subsurface suspended patriculate
matter samples were taken using 20-% acid-cleaned polyethylene carboys.
Every reasonable precaution was taken to avoid contamination during sam-
pling. Shrimp, demersal fish and macronekton samples were placed in poly-
ethylene bags. When potentially contaminating sediment of other foreign
material was adhering to the exterior surfaces of the organisms collected,
they were rinsed prior to being put into the polyethylene bags. Zooplank-
ton samples were transferred from the cod-end of the net to plastic snapcap
vials. During this procedure a representative aliquot of each zooplankton
sample was taken and preserved in buffered formalin for later taxonomic
analysis by Dr. Park's laboratory. To avoid any release of metals from
the organisms caused by microbial activity, all samples (until prepared
for analysis) were immediately frozen on board ship and remained frozen
during transportation and storage. To minimize the growth of phytoplankton
and other microorganisms in the particulate matter samples, each sample
was poisoned with chloroform immediately after collection. These samples
were kept refrigerated in the dark until preparation for analysis.
Epifauna and demersal fish sampling trawls were made at Stations 1-3,
all transects, during the three seasonal sampling periods. However, to
permit more intra-station replicate analyses, only six selected species
were taken from these trawls for trace metal amalysis. The species sélec—
ted were Penaeus aztecus and P. setiferus (shrimp), Pristipomoides aquilo-
naris, Serranus atrobranchus, Stenotomus caprinus and Trachurus lathami
(demersal fish). These species were chosen because of their ecological
and/or commercial importance within the STOCS region and because of their
frequent occurrence in collections from the first two years of this study.

Whenever any of these species were present in the trawl catch at any sta-



tion, at leést five individuals were sampled. Samples were not collected
at all twelve stations during each of the three seasons due to variability
in the occurrence of these species at the sampling sites. A total of 63
shrimp and demersal fish samples were collected during the three seasonal
sampling cruises. The number of samples of each species collected during
1977 is detailed in Table 6.1. At least one species sample was collected
at 10 of the 12 sampling stations during the year. Only the two, northern,
inshore stations (1/I and 1/II) failed to yield any samples of the selected
species during 1977.

Macronekton samples were also collected from Southern Bank and Hospi-
tal Rock during the three seasonal sampling periods. Optimally five indi-
viduals of two species (Lutjanus campechanus and Rhomboplites aurorubens)
were collected from each bank during each sampling season. A total of
eight macronekton samples were collected as summarized in Table 6.1.

Zooplankton samples were collected from Stations 1-3, all transects
during the three seasonal sampling periods (Table 6.1). Sixty (60) zoo-
plankton samples were collected including 12 samples taken in triplicate.

Suspended particulate matter samples were collected from Stations 1
and 3 on each of the four transects during the winter and spring sampling

seasons.

Sample Preparation

Non-contaminating procedures used to prepare each of the major sample
types (Z.e., zooplankton, shrimp muscle and hepatopancreas, fish muscle,
liver and gills) are detailed below. Experiments conducted during the
1976 study (Presley and Boothe, In Groover, 1977) showed that these pro-
cedures made no detectable contribution to the levels of the eight metals

of interest observed in the resulting samples.



ANALYSES BY SAMPLE TYPE, SPECIES AND COLLECTION DATA

TABLE 6.1

Species collection data

Number of Number of Number of Number
Sample type and ies Seasons Transect Bank of
P ype a spec Sampled Stations Stations Samples
Sampled Sampled Analvzed
Zooplankton (ZPL) 3 12 - 60
Macroepifauna (EPI)
A._ Shrimp - muscle
(tissue pooled from < 10 individuals)
1. Penaeus aztecus 3 9 - 15
2. Penaeus setiferus 2 ' 3 - 4
B. Shrimp - hepatopancreas
(tissue from individual shrimp)
1. Penaeus aztecus 3 9 - 67
2., Peneaus setiferus 2 3 - 19
Demersal fish (EPI) and macronekron {(MNK)
A. Muscle
(tissue pooled from < 10 individuals)
1. Lutianus campechanus 3 - 2 4
2. Pristipoomoides aquilonaris 3 5 - 14
3. Rheombonlit2s aurcrubens 3 - 2 4
4, Serranus acrobrancaus 3 8 - 11
5. Stenotomus capriaus 3 6 - il
6. Trachurus lathami 2 3 - 8
B. Cills
(tissue pooled from < 5 individuals)
1. Lutjanus campechanus 3 - 2 4
2. Rhomboplites aurorubens 3 - 2 4
C. Livers
(cissue pooled from < 5 individuals) )
1. Lutjanus campechanus 3 - 2 N
2. Rhomboplites aurorubens 3 - 2 4
D. Livers N
(tissue from individual fish)
1. Lutjanus campechanus 3 - 2 18
2. Pristipomoides aquilonaris 3 5 - 39
3. Rhomboplites aurorupens 3 - 2 20
4. Serranus acrobranchus 1 1 - 3
5. Stenotomus caprinus 3 6 - 27
Total 340




No sorting was made of the diverse and variable group of zooplankton
organisms collected. Each sample was thawed and poured into an acid-
cleaned 140 mm diameter plastic petri dish. Filtered seawater was added
as necessary to cover the entire sample. The sample was carefully inspected
using a dissecting microscope. Any foreign material was removed and the
relative proportion of major types of zooplankton (e.g., copepods, ostra-
cods, crustacean larvae, chaetognaths, etc.) in the sample was estimated.
The sample was poured o6nto a 220 um NITEX screen and rinsed sparingly with
deionized water. The deionized water used for all work in this study was
prepared by passing distilled water through an ultrapure, mixed-bed demin-
eralizer column (BARNSTEAD D0809). Excess water was removed by placing the
screen over a series of paper towels and gently squeezing the sample with a
teflon spatula; the sample was weighed immediately to determine wet weight.
The vial was covered with parafilm and placed in a freezer until it could
be freeze-dried.

Fish and shrimp samples were thawed just prior to being prepared for
freeze drying. They were rinsed with deionized water as necessary to
remove any mud or other foreign material adhering to the exterior surfaces
of the organisms. All dissections were done in a clean room on acrylic |
plastic cutting boards using stainless steel scalpels, scissors and nylon
or teflon tweezers as required. At no point during the dissection were
the preparer's fingers allowed to touch the tissue to be analyzed. All
dissecting equipment was thoroughly rinsed with 1 N nitric acid (HNO3) and
deionized water between each sample. At the end of each preparation
session, all equipment was thoroughly cleaned in a NapCO3 solution and
rinsed with 1 N HNO; and deionized water. The equipment was stored in
polyethylene bags until the next use. The acrylic boards were soaked

in 0.5 N HNO3; between each use.



Muscle tissue from all fish and shrimp collected was prepared for
analysis. A maximum amount of tissue from each individual was prepared
for freeze drying as described below. This action was taken to insure
that extra freeze dried material would be available for repeat analyses
when necessary and to avoid having material from the same sample stored
in two different ways for long periods. An equivalent wet weight tissue
aliquet was taken from up to 10 individuals in the sample (if available)
and pooled in a tared plastic, snap-cap vial to give a total wet weight
if possible of 6-12 g. After dehydration this pooled sample yielded a
dry weight of 1-3 g, all of which was analyzed for trace metals. Pooled
muscle tissue samples were prepared in this manner to insure that the
trace metals concentrations in the pooled sample represented a true average
of the concentrations existing in each of the individual organisms included
in the sample and also to avoid>having to homogenize a large, pooled sample
with a ball mill or mortar and pestle and risk contamination. If suffi-
cient tissue remained, reserve pooled samples identical to the first were
prepared in separate vials. If there was insufficient tissue remaining
to prepare a second replicate pooled sample, or if there was still tissue
left over after the preparation of the additional replicates, the remain-
ing tissue from each individual was placed in separate vials for possible
future use. Pooled samples of gill tissue from each Lutjanus campechanus
and Rhomboplites aurorubens sample were prepared in this same manner.

The hepatopancreas was removed from the body cavity of each shrimp
for analyses. The excision was accomplished while the shrimp was still
partially frozen. This approach minimized the problems associated with
removing such a friable organ intact. After removing the hepatopancreas,
the total length (from rostrum to tail) and sex (whenever possible) were

determined for each individual. The head and thorax were then cut off and



discarded. The abdominal musculature was removed by making a mid-ventral
incision with scissors and peeling off the exoskeleton. The mid-ventral
artery was removed from the surface of the muscle and the digestive tract
and dorsal artery excised by making a mid-dorsal incision. This procedure
was done to reduce the variability in sample trace metal concentration
since vascular and digestive tissue could have significantly different
trace metals content than the muscle tissue. The muscle tissue was
rinsed sparingly with deionized water to remove any remnants of the arteries
or digestive tract and was then handled as described below.

The standard length and sex (whenever possible) of each individual
fish were determined. 1In dissecting out the lateral trunk musculature,
a concerted effort was made to avoid contamination of the muscle sample
which could occur if the sample came into contact with the exterior sur-
face of the skin. On each side of the fish, a dorso-ventral incision was
made along the anterior margin of the lateral trunk musculature. This
incision was continued posteriorly just lateral to the mid-dorsal and mid-
ventral planes. The skin was flayed off and discarded. The muscle was cut
away from the axial skeleton, and, when sufficient tissue was available,
the margins, where possible contact with the exterior skin could occur,
were trimmed off and discarded. If there was insufficient tissue available
these margins were rinsed sparingly with deioniéed water. For macronekton
samples, gill tissue were also sampled. The gills (including gill rakers)
were removed by cutting the dorsal and ventral attachments and were rinsed
sparingly with deionized water to remove any foreign material. Pooled
samples of gill tissue were prepared as described above. The liver was
removed from most fish for analysis. 1Initial work showed that because
of their small size too little liver tissue was available from individual

Serranus atrobranchus and Trachurus lathami to permit routine trace metal



analysis. Thus, analyses on the liver tissue from individual demersal
fish were restricted to two species (Pristipomoides aquilonaris and
Stenotomus caprinus). In some cases even with these species, it was nec-
essary to pool liver tissue from several individuals to achieve a dry
weight (> 0.1 g) sufficient for analysis. Pooled liver tissue samples
from each macronekton sample (Iutjanus campechanus and Rhomboplites auro-
rubens) were analyzed. These pooled samples were prepared by mixing egual
dry weight aliquots of homogenized liver tissue from each individual fish
of a species collected at the same time and place. Because of the rela-
tively large livers in these species, it was also possible to analyze
separately samples of liver tissue from each individual fish of both
species collected.

At the end of each sample dissection, the tissue sample(s) was placed
immediately in a tared snap-cap vial and weighed immediately to determine
wet weight. The samples were covered with parafilm and placed in a freezer.
When a sufficient number of samples had accumulated, all samples were
freeze-dried for 24 to 96 hours to a constant weight. After removal from
the freeze dryer, the samples were reweighed to determine dry weight and
the percentage of moisture lost by each sample was calculated. Samples
were then stored in a desiccator until analyzed. The following experiment
was conducted to confirm the assumption that trace metals were not being
lost from the samples during freeze-drying. Three pairs of duplicate fish
muscle samples were prepared. One sample of each pair was prepared for
analysis in the normal way. The second sample was handled in the same
manner except it was digested wet without first being freeze-dried. No
significant differences in trace metal levels were observed between any
of the three pairs of samples. Any error involved in converting wet

weight to dry weight concentrations for comparisons was negligible.
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Suspended particulate matter samples were allowed to gravity settle
for several months while refrigerated in the dark. The top 18 £ of each
sample was then carefully removed by siphoning using acid-cleaned teflon
tubing. The remaining 1-2 & was vigorously shaken and filtered through a
tared 0.5 ym fluoropore filter. These filters were carefully desiccated
in non-contaminating containers and the weight of each determined to the
nearest microgram before use. All filtrations were conducted in a clean
room using acid-cleaning glassware to avoid particulate contamination.
The filter is composed of PTFE teflon on a high density polyethylene back-
ing and was chosen because it could be leached in a hot acid solution
without decomposing. After use the filters were placed in the same non-
contaminating containers, desiccated in the same manner and reweighed.
The total weight of material collected on the filters ranged from 1.57-
92.8 mg. The filters were then leached individually in acid emploving
the same wet oxidation procedure used to prepare organism samples for AAS
analysis (see the next section). The only exception was that before the
acid solution was evaporated to near dryness the filters were removed with
non~contaminating tweezers and rinsed with 0.1 N Ultrex HNO3. The con-
centrations of the eight metals in the resulting sample solutions were
determined by flameless AAS analysis. This approach was used to evaluate
which metals of interest associated with suspended matter would be
released in significant amounts when organisms with incorporated particu-

late matter were digested.

Digestion (Wet Oxidation) of Samples

Freeze-dried samples were prepared for atomic absorption spectro-

'

photometric (AAS) analysis using a nitric (HNO3;) perchloric (HC104) acid

digestion procedure described in Method 3 of Attachment B to the 1977 BLM
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contract. This procedure, as used in our laboratory, yielded very accep-
table procedural blanks which are summarized later in this section. In
this procedure the volume of acids used was minimized by employing an
essentially closed refluxing system during the digestion process. A 1-3 g
dry weight sample was placed in a spoutless, electrolyte style pyrex
beaker and 4-5 ml of 707 HNO3 per gram of sample and 1 ml total of HC10,
were added. The beaker was covered with a 75 mm, non-ribbed pyrex watch-
glass and allowed to sit overnight at room temperature. The mixture was
then refluxed at low heat on a hotplate for 6-24 hours. A bent glass rod
was placed between the beaker 1lip and the watchglass and the heat increased
to permit HNOj3 evaporation. At the first sign of white HC10, fumes (Z.e.,
when most of the HNO; was gone), the glass rod was removed allowing the
watchglass to again rest flush on top of the beaker. The sample was
allowed to reflux until cleared completely. If the sample did not clear,
an additional 1 ml HNOj3 and 0.5 ml HC10, was. added and the refluxing
continued until clearing occurred. This step was repeated once if nec-
essary. Finally, the watchglass was removed and the mixture was allowed
to evaporate to near dryness. Spike recovery experiments conducted
frequently during the 1976 study showed that there was no significant

loss of any of the metals studied during this digestion procedure (Presley
and Boothe, In Groover, 1977).

Each digested sample was transferred to a tared 30 ml Oak Ridge-
type, screw~top polypropylene centrifuge tube by washing the beaker several
times with 0.1 N HNO; (BAKER ULTREX grade) and pouring the resultant solu-
tions into the centrifuge tube. This transfer procedure was apparently
quite complete. Randomly selected beakers were occasionally rinsed with
stronger acid (1 N HNO;) after the sample had been removed to determine

the amount of metals remaining. This acid solution was then analyzed



using our routine AAS procedures. Even for samples such as zooplankton
and fish livers which contain relatively high levels of the trace metals
studied, the residual amounts of metals in the digestion beakers were
minimal ({.e., << 1%Z). Each sample was brought to 15-25 ml, thereby
diluting the original dry weight sample 10-30 times. The volume of each
sample was determined by reweighing the filled sample tube. No correc-
tion for the specific gravity of the sample solution was necessary because
this value was very close to 1.0 (Z.e., averaged < 1.03). Insoluble resi-
due which occurred in significant amounts in several zooplankton and fish
gill samples was allowed to gravity settle in the tubes. Further dilutions
from the original solution were made on a weight,/weight basis in pre-
soaked 5 dram snap-cap vials using 0.1 N HNO,.

All digestion glassware was soaked immediately after use in a solu-
tion of '"Micro'" detergent and distilled water in covered polyethylene pans
for up to several days. The glassware was then rinsed thoroughly with
deionized water and socaked in 3 N reagent grade HNOj3 in covered polyethy-
lene or polypropylene pans until the next use. The centrifuge tubes
were prepared for use by cleaning in a '"Micro" solution. They were then
filled with 5 N reagent grade HNO;, heated for several days at 50°C and
stored at room temperature until used. Prior to use, the tubes were
emptied, rinsed thoroughly with deionized water and tared. The 5 dram
snap-cap vials used for further dilutions were filled with 1 N reagent
grade HNO; and allowed to sit at room temperature for several days. Prior
to use they were emptied, rinsed with deionized water and tared.

About 50 samples and blanks were digested at any one time using the
above procedure. Three to five procedural blanks were included in each
digestion to determine the amount of each metal contributed to the samples

by the digestion glassware and reagents. These tlanks received the same
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reagents and treatment as the tissue samples. An aliquot of the 0.1 N
HNO; used to transfer and dilute the sample was placed in a centrifuge
tube and analyzed with each digestion as a diluent/tube blank. Reagent
blanks were analyzed for all bottles of acid prior to their use in sample
digestion. These blanks were prepared by taking > 10 ml of acid, evapor-
ating it to near dryness in digestion glassware and transferring the
residue to a centrifuge tube in the same manner described above. For each
series of dilutions made using 5 dram vials, one or more vial blanks were

prepared and analyzed.

Atomic Absorption Spectroscopy (AAS) Procedures

Eight elements (Cd, Cr, Cu, Fe, Ni, Pb, V and Zn) were analyzed in
biological samples from the 1977 STOCS study. Cadmium, Cr, Ni and Pb,
which occurred at low levels, were measured using flameless AAS. These

L A [ S SRR S o
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analyses werz made using a PERKIN-ELMER Model
trophotometer equipped with an HGA-2100 graphite furnace atomizer. A
summary of the instrumental operating conditions and the average procedural
blanks for all eight digestions are given in Table 6.2. External and
internal furnace purge gas flow rates were verified at specified levels

of 0.9 and 0.3 & per minute respectively at 40 psi delivery pressure.
Injection volume was 25 pl. The furnace temperature gauge was calibrated
using a clamp-on (inductive) ammeter and an optical pyrometer. Dry, char
and atomization temperatures and times were optimized for each metal using
selected representative samples according to the manufacturer's recommen-
dations (Anon., 1974). Non-resonance lines used for this optimization to
estimate the magnitude of broad bank molecular absorption for various
sample types were 226.5 (Cd), 231.6 (Ni), 282.0 (Pb) and 352.0 (Cr) nm.
Corrections for non-specific or broad bank molecular absorption were made

by a deuterium arc background corrector. For Cd and Pb, sample dilutions



TABLE 6.2

SUMMARY OF OPERATING CONDITIONS FOR FLAMELESS ATOMIC ABSORPTION ANALYSIS

Minimum Average
Element Wavelength Source!l Temperature (°C) Detectable Sensitivity3 Total
(nm) Time (seconds) Concentration? (pg) Procedural
dry char atomize (ppb) Blank"
’ (ng)
Cd 228.8 EDL (5) 85° 300° 1800° 0.025 9 < 2
HCL. (8) 60 sec 60 sec 8 sec
Cr 357.9 HCL (10) 85° 800° 2600° 1 25 20
60 sec 30 sec 8 sec
Ni 232.0 HCL (20) 85° 1200° 2500° 4 100 <90
60 sec 30 sec 8 sec
Pb 283.3 EDL (9} 85° 500° 2000° 8.5 25 18
60 sec 60 sec 8 sec

Electrodeless discharge lamp (EDL). Numbers in parentheses are source energy in watts. Hollow
Cathode Lamp (HCL). Numbers in parentheses are source current in milliamps.

2 At 10x scale expansion and approximately 1 chart unit; except Ni at 3x and 2 chart units.
3 Average amount of metal injected giving a signal of .0044 absorbance units.
4

Total nanograms of element added to sample by reagents and labware used in sample preparation.

/T-9
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2 1/50 were used for quantitation, and for Cr and Ni, dilutions of < 1/50.
Chemical interference was evaluated and corrected as necessary by frequent
use of the standard additions technique and check dilutions. Mixed stan-
dard metal solutions were prepared in dilute HNO; (BAKER ULTREX grade) by
diluting concentrated commercial atomic absorption standards. Samples
were quantitated by peak height comparison with bracketing standards
injected before and after the sample. Consideration was given to temporal
variations in instrumental sensitivity, non-linearity between bracketing
standards and gross differences in peak shape.

Copper, Fe and Zn were analyzed by flame AAS using a JARREL-ASH Model
810 atomic absorption spectrophotometer. Analyses were carried out follow-
ing the manufacturer's recommended procedure (Anon., 1971; 1972). A sum-
mary of the operating parameters for these analyses is given in Table 6.3.
Non-specific absorption was monitored by measuring simultaneously the
absorbance of a non-resonance line and the analytical line of the element
of interest. A lean air-acetylene flame with flow rates of circa 7 and
2.5 % éer minute, respectively, were used for all three elements. Aspira-
tion rate was generally 5 to 6 ml per minute. Chemical interference was
checked by use of the standard additions technique. Mixed standards used
were prepared as described above.

The accuracy and precision of AAS analysis was evaluated by analyzing
a National Bureau of Standards (NBS) standard biological reference material
(Z.e. #1577 bovine liver) with each digestion. The results of these analy-
ses compared to NBS certified values are given in Table 6.4. Why our aver-
age Fe concentrations is consistently below the NBS value is not known.
Several different batches of Fe standards were used to determine these
various concentrations during the course of this study. A locally prepared

fish muscle house standard was also analyzed with each digestion to estimate



TABLE 6.3

SUMMARY OF OPERATING CONDITIONS FOR FLAME ATOMIZATION ATOMIC ABSORPTION ANALYSIS

Average
Analytical Non-resonance Sensitivity1 Total
Element Wavelength Wavelength (ppm) Procedural

(nm) (nm) Blank?

(ng)

Cu 324.7 322.¢ 0.05 < 75
Fe 248.3 247.5 0.07 <100
Zn 213.9 220.% 0.02 < 75

[

Average concentration giving a signal ot .0044 absorbance units. Minimum detectable concentration was
generally about one half of the sensitivity.

2 Total nanograms of element added to sample by reaycnts and labware used in sample preparation.

rr



TABLE 6.4

ACCURACY AND PRECISION OF ATOMIC ABSORPTION ANALYS!S

Standard
Reference
Material

Cd

Cr

Cu

(ppm dry weight

Concentration
* 1 standard deviation)

Fe

Ni

Pb

Zn

Bo&ine liver
(NBS No. 1577)

This study (n=7)
NBS values

Precision?

This study

NBS values
Fish muscle
(House Standard)
This study (n=8)

Precision?

This study

<0.01

0.26
0.27 +

15

14+

0.02
0.04

0.09 + 0.02
<0.21

26
NA

0.9 £ 0.4

39

183
193 +

1.2 «

45

10

232 ¢
270 #

12

I+

44

10
20

<0.

0.

08 + 0.02
<0.2!

23
NA

29 + 0.04

15

0.37 £ 0.05
0.34 + 0.08

I+

14
24

0.12 £ 0.06

49

130
130

19

1+

I+

10

! Not certified values.

2 Precision expressed as

percent coefficient of variation i.e.

(std. dev./mean) x 100.
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b—-<1

the precision of AAS procedures at the very low metal levels observed in
many of the sample types analyzed routinely (e.g. fish and shrimp muscle).
These results are also summarized in Table 6.4. The precision of measure-
ment decreased for several of the metals at low concentration, which would
be expected. Cadmium was undetected in all eight of the replicate samples
analyzed. Taken together these data indicate the AAS techniques used were

acceptable.

Analysis of Vanadium in Organisms

As outlined previously, an effort was made tais year to develop a
chelating/co-precipitation procedure using ammonium pyrrolidine dithio-
carbamate (APDC) which would improve the sensitivity of Vanadium (V)
analysis in organisms by neutron activation analysis (NAA). Several
separate recovery studies were conducted using a fish muscle sample
matrix spiked with varying concentrations of stable Sly+3 A4 standard or
#8y+® radiotracer. The sample pH and other parameters of the APDC proce-
dure were varied in an effort to achieve an acceptably high and consistent
yield. These experiments were not successful. Yields were generally < 60%
and very inconsistent.

A possible explanation for this situation is that V can exist in a

yFs

variety of different ionic species in solution. is probably the domi~

nant oxidation state present in the highly oxidized organism digests.
Cotton and Wilkinson (1972) list eleven pH dependent ionic species for vts
in aqueous solution. At least three of these occur at the V concentrations
and pH (Z£.e. 3-4) existent in the coprecipitation solutions. These three
species can interconvert among themselves over this pH range. Differences
in the distribution of V among these species in various samples plus any

differences in the affinity of APDC for these species could be responsible

for the variable and apparently very pH dependent yields observed.
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Because of the above results, V concentrations in organisms were
determined using the NAA method described in Attachment B to the 1977 BLM
contract. In this procedure, sulfuric acid (H;SO,) and hydrated antimony
pentoxide (HAP) were used as pre-irradiation chemical treatments to remove
interfering chlorine (Cl) and sodium (Na), respectively, from acid digests
of organism samples.

To remove Na, an aliquot of each organism digestate was diluted with
an equal volume of 16 N HNO3;. The resulting solution was passed through
a column of HAP according to the procedure of Girardi and Sabbioni (1968)
as modified by Science Applications Inc. (Reed, 1977). Vanadium was not
quantitatively eluted from this column. Corrections for incomplete recov-
ery from the column were made on the basis of spiked replicate samples run
with every group of samples. The antimony (Sb) carryover experienced by
SAI was a continuing problem. However, careful manipulation of the count-~-
ing parameters gave detection limits of 10-20 ng V which was adequate for
most of the STOCS samples. Cl in the elutriate was removed by adding
0.2 ml'of concentrated H;S04 and evaporating the solution in a teflon beaker
to near dryness or until SQ; fumes were observed. The teflon beaker
contents were poured into a 1.5 ml irradiation polyvial used by the Texas
A&M University Nuclear Science Center. The vial was heat-sealed to pre-
vent sample loss during analysis.

Each sample was irradiated separately for one minute by a 1 MW TRIGA
REACTOR. This process was facilitated by a pneumatic transport system
which could rapidly transfer samples in and out of the reactor core.
Standards prepared from commercial AAS standards or pure metals were used.

After return of the sample and an appropriate delay period (usually
two minutes, so that the dead time was < 30%), the irradiated sample was

placed on an ORTEC Ge(Li) detector and counted using a separate GEOS Quanta
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4096 channel pulse height analyzer. After a two minute counting period,
the spectrum was stored on magnetic tape.

Data reduction was done using the program HEVESY (Schlueter, 1972).
This program calculated peak intensities and converted them to concentra-
tion by comparison with standards. Corrections were made for varying
delay times, dead times and neutron fluxes.

One characteristic of NAA was its capability for analyzing several
elements from a single irradiation. Concurrent with V analysis, the con-
centrations of Al, Ca and Cu could be determined. However, the analytical
conditions could not be optimized for all four elements during a single
irradiation, The sensitivity for Al was good and the Al concentration
data satisfactory. However, the sensitivity for Za was marginal and many
of the samples were below the detection limit whi:h was quite variable
and often very high. The sensitivity for Cu was very poor and almost all

the samples were below the elevated detection limit.

RESULTS AND DISCUSSION

Appendix E contains the complete 1977 trace metals project data set.
Aluminum, Ca and V data are missing from several samples for one of two
reasons. First, Sb carryover in some samples prepared for NAA resulted in
excessive background activity as discussed under methods. For a few samples
insufficient sample remained after AA analyses to permit NAA. Table 6.1
summarizes the 340 samples analyzed according to the major sample groups
during the 1977 study year: =zooplankton (ZPL), macroepifauna and demersal
fish (EPI), and macromekton (MNK). For the 1977 study these three groups
were further divided into six groups of similar types of organisms or tissues:
zooplankton, fish muscle, fish gill, fish liver, shrimp muscle and shrimp

hepatopancreas. As discussed previously, analyses of a few selected
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species collected seasonally was the analytical approach used in the 1977
study. As a result certain sample types present in the 1976 STOCS data

set are absent this year. Squidwere not analyzed in 1977. Also, Spondylus
americanus (Spiny oyster) and macronekton samples collected as part of the
Topographic Features study are included in the fainal report for that pro-
ject. Shrimp hepatopancreas tissue was added as a sample type in 1977 for
reasons noted earlier.

This approach resulted in a significant increase in the number of
replicate samples analyzed during the 1977 study. In 1976, 29 different
species plus zooplankton were analyzed for trace metal content. This year
samples from only eight species plus zooplankton were analyzed. Analyses
of shrimp hepatopancreas tissue and fish livers accounted for 59% of the
total analytical effort. For every sample of shrimp or fish collected
more than four replicate samples of hepatopancreas or liver tissues were
analyzed. These replicate samples are very important because they provided
an estimate of the variability in trace metal levels within a species
population at a single station. Such variability estimates were essential
to statistically compare metal levels at different stations. Also, such
estimates were needed to determine how many replicate analyses would be
required in any future monitoring program to detect a given percentage
difference in mean trace metal levels between different statiomns.

In 1975 and 1976 essentially no intra-station replicate analyses were
done. To make temporal and spatial intraspecific comparisons within th;
STOCS study, data from individual species were organized into larger,
meaningful groups. For purposes of comparing trace metal data from dif-
ferent years, the 1977 data were also grouped. The six groups selected
for discussion were noted above. The zooplankton were a diverse group

resulting from a specific sampling technique, and no sorting was done on
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the resultant samples. The fish muscle and liver groups included MNK
samples from two bank stations and demersal fish (EPI) samples from the
eight offshore transect stations (Z.e. all statioas 2 and 3). Gill samples
were taken only from MNK samples taken at the two bank stations. Shrimp
samples wefe collected at nine transect stations (except 3/I, 3/II, 3/IV)
and thus was the group which had the largest geographical distribution.
Table 6.5 compares the annual mean concentrations of 10 elements in
the above six groups with similar data from 1976 and 1975 analyses. These
annual averages, although derived by grouping several similar species,
provided a concise and general way of comparing differences in trace metal
concentrations among different types of organisms and between the same
kind of organism collected during different years. All averages in Table
6.5 were calculated using less—than values at the indicated limit of detec-
tion to avoid excluding too much data from consideration. Also, a few data
points which were more than five standard deviations away from the annual
averages were not used in the calculations to avoid unduly biasing these
means. Few undetectable concentrations were observed in 1975 due to the
systematic overestimation of the concentrations of several metals in many
sample types for reasons discussed previously (Presley and Boothe, In
Groover, 1977). Many more undetectable levels were observed in 1977 and
1976 due to the use of flameless AAS analysis. Fish muscle had the most
frequent undetectable values for Cd, Ni and Pb and less frequently for Cr.
Preliminary NAA work on 1977 fish muscle samples suggested that V levels
in these tissues will again be generally low with many samples being below
the detection limit of the analytical procedure. Nickel and Pb were gen-
erally below detection limits in shrimp muscle samples. Because less-than
values were used in these calculations the true annual means for the above

elements and sample groups were lower than indicated values. However,



TABLE 6.5

COMPARISON OF ANNUAL AVERAGES OF TRACE METALS 1N MAJOR SAMPLE TYPES FROM 1975, 1976 AND 1977

Sample No. of No. of Year Concentration

. e Lppm dry weight 1 1 standard deviation)
lype. Species Samples Cd ot Cu o Ni
Zooplankton - 60 77 3.1 1.5 3.8 + 3.6 43 + 87 3700 + 4200 6.9 + 5.8
(zpPL) - 62 76 2.9 4 1.4 4.3 2 4.2 20 + 22 2100 * 3000 6.6 ¥ 6.2
- 70 75 3.5 2 1.4 4.4t 2.6 137 e———- 7.1 4 3.4
Fish Muscle 6 52 17 <0.0L + 0O 0.04 ¥ 0.02 1.2 £ 0.7 6 15 <0.08 + 0.02
(EPI, MNK) 20 140 76 0.02 14 0.02 0.04 + 0.03 1.1 + 0.5 6 + 4 <0.09 * 0.06
16 118 75 0.11 + 0.07 1.8 7+ 1.3 1.2 + 0.6  ————— 1.0 + 1.1
Fish Gills 2 8 77 0.33 1 0.21 0.09 £ 0.05 2.4 + 0.7 260 # 80 0.60 * 0.12
(MNK) 3 31 76 0.82 ¢+ 1.2 0.12 + 0.07 2.9 + 2.5 140 ¢ 70 0.48 + 0.14
1 6 75 0.67 t 0.25 3.8 + 0.2 1.0 ¢+ 0.4 116 + 10 4.6 + 0.4
Fish Livers 5 115 77 5.8 4 5.6 0.10 1 0.09 28 + 22 820 + 580 0.58 + 0.76
(EPI, MNK: 3 29 76 7.2 + 8.5 0. + 0.05 25 + 23 850 + 640 0.24 + 0.22
pooled and 1 6 75 4.5 + 1.4 2.2 0.2 12 & 2 560 + 180 0.87 + 0.10
individual) .
Shrimp Muscle 2 19 77 0.03 + 0.03 0.04 + 0.02 23 + 4 5 + 7 0.08 + 0.02
(EPI) 4 19 76 0.09 + 0.08 0.04 + 0.02 24 1 9 4 + 3 0.21 + 0.14
5 29 75 0.15 * 0.07 1.8 + 0.8 25 + 4 —— 0.93 *+ 0.66
Shrimp 2 86 77 7.7 + 4.1 0.45 t 0.34 420 + 320 250 + 180 7.8 + 5.7

Hepatopancreas
(EPI)

9¢-9



No. of

Sample No. of  Year
Type Species Samples
ooplankton - 60 77
ZPL) - 62 76

- 70 75
ish Muscle 6 52 77
EPI, MNK) 20 140 76
16 118 75
'ish Gills 2 8 77
MNK) 3 31 76
1 6 75
'ish Livers 5 115 77
EPI, MNK: 3 29 76
woled and 1 6 75
ndividual)
thrimp Muscle 2 19 77
EPI) 4 19 76
5 29 75
shr imp 2 86 77
lepatopancreas

EPI)

TABLE 6.5 CONT.'D
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!
0.136
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0.02
0.06
.50
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.20

S U

Ca

Concentration
(ppm dry weight + 1 standard deviation)
I v Al
280 1V 340 14 + 13 6,000 + 7,500
120 4170 13 * 20 3,100 + 5,500
Iy 38 17 ¥ 15
12 v 4 <0.07 + 0.03 19 + 8.0
1207 0.20 ¥ 0.30 25 + 13
161 6 1.8 F L.4
85 9 0.70 + 0.60 55 + 16
82 bt 48 2.0 + 2.0 110 + 140
64 b 7
190 1 130 1.3 1.5 45 + 50
120 1 350 1.0 ¥ 6.0 80 + 120
160t 67 -
5309 0.11 + 0.10 20 + 20
63 1 18 0.50 + 0.90 40 + 40
51 9 -
120 ¢ 36 4.5 + 5.5 350 t 1,100

40,000 + 25,000
35,000 + 20,000

950 + 950
2,000 + 5,500

60,000 + 30,000
75,000 + 40,000

900 + 650
60,000 1 70,000
’ — b
1,300 + 850

1,800 + 1,700

2,500 + 2,500
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since the 1977 and 1976 detection limits for Cd, Cr, Ni and Pb were quite
low (i.e. < 0,01 to 0.1 ppm dry weight), overestimation of these means should
not be excessive and should not affect the relationships in these general
éomparisons.

Twe approaches were used to characterize systematically the relative
levels of trace metals (except Al, Ca, V) among the groups in Table 6.5.
The first approach was to rank the groups numerically from one to six for
each of the seven metals. The average ranking for each group was then
determined (Z.e. sum of ranks for each group/7). In 1977 zooplankton had
generally the highest trace metals concentrations with shrimp hepatcpancreas
and fish livers having somewhat lower levels. The order of the remaining
groups was fish gill, shrimp muscle and fish muscle.

The hepatopancreas and liver perform many of the same physiological
functions in shrimp and fish, respectively. Both tissues accumulate simi-
lar levels of Cd and Cr. Lead levels were also generally similar in both
tissues. However, significantly elevated Pb levels in Stenotomus caprinus
liver tissue raised the mean Pb value for the fish liver group and masked
this similarity. Higher Cu levels in hepétopancreas tissue are expected
since Cu is the active metal moiety 'of the respiratory transport pigment
(hemocyanin) present in crustaceans (Prosser, 1973). Higher Fe levels are
likewise expected in liver tissue because of the blood pigment hemoglobin
present in fish. The high levels of Ni in shrimp hepatopancreas could
provide a means of detecting changes in the concentration of biologically
available Ni in the environment.

The second approach was to order the six groups according to the sum
total of the seven metals in each one. Using this second criteria the
order remained unchanged except that hepatopancreas and liver reversed

positions. ZooplanktonAhad the highest total metal content (4.05 mg/g)



with livers second <1.05 mg) and hepatopancreas third (0.7 mg). All three
of these sample types had total metal contents greater than that in 1976
Spondylus samples (Z.e. 0.42 mg). Gill tissue had a mean total of 0.35 mg
with shrimp and fish muscle both having < 0.1 mg.

As discussed previously (Presley and Boothe, In Groover, 1977) compari-
sons between 1975 and 1976 trace metals data were limited due to differences
in analytical techniques. However, for 1976 and 1977 essentially all aspects
of the sampling regime and analytical techniques were the same. The only
major change was the reduction in the number of species analyzed in 1977.
Still the species emphasized in 1977 were those that were also analyzed
most frequently during 1976. Thus the two data sets are very comparable.

The trace metal levels observed within the major sample groups in
1976 and 1977 were very similar (Table 6.5). The 1976 and 1977 mean values
were extremely close for both the fish muscle and shrimp muscle groups. The
other groups exhibited some differences between years but none were signifi-
cant, and no consistent trends were apparent. Such differences were probably
just a reflection of the relatively high variability within most groups.

The higher mean Pb level in fish livers in 1977 was caused by the higher Pb
levels in Stenotomus caprinus liver samples which were included in the 1977
group average. More detailed geographic and seasonal comparisons of trace
metals data within each sample group are discussed in separate sections below.

Variability in this data set is the key factor which determines how
small a change or difference in organismal trace metal concentrations could
be detected during a future monitoring program. Relative variability among
the six sample groups in the 1977 data set (Table 6.5) was quantitatively
characterized in two wavs. First, the mean percent coefficient of var-
iation [mean percent CV = (std. dev/mean) x 100] for each metal from the

six groups was calculated. Zinc had the lowest variability (mean per-



cent CV = 47). The remaining elements in order of increasing variability
were Ni, Cr, Cd, Cu, Fe and Pb (mean percent CV = 60, 69, 72, 77, 85, 113
respectively). As in 1976, Zn had the lowest variability among the three
metabolically important elements analyzed (Z.e., Cu, Fe. Zn). This fact
suggested that Zn metabolism in the organisms sampled may be more indepen-
dent of environmental and organismal factors than Cu and Fe metabolism.
Copper an& Fe are directly involved in respiration, a physiological pro-
cess sensitive to environmental change. Of the elements potentially
released into the coastal environment by offshore petroleum-related
activities, Ni, Cr and Cd would be the best choices for any monitoring
program because of their comparatively low variability. Lead, which also
exhibited the highest variability in 1976, should not be included in such
an effort.

The second way of examining the relative variability in trace metals
content (Table 6.5) wés to calculate the mean percent CV for each of the
six major sample groups. Zooplankton showed the greatest variability
in trace metal concentrations (mean percent CV = 124) with fish liver
samples second (mean percent CV = 109). The remaining groups in order
of decreasing variability were shrimp hepatopancreas, shrimp muscle,
fish muscle and fish gills (mean percent CV = 66, 56, 43, 41, respectively).
These values are generally similar to comparable mean percent CV's cal-
culated from the 1976 data set. The value for zooplankton and fish liver
samples in 1976 were 128 and 105, respectively. For shrimp muscle the
value was 77. However, the mean percent CV for 1977 fish muscle (43) was
about half that of the 1976 group (84). This reduction was probably a
reflection of the fact that only six fish species were analyzed in 1977
compared to 20 in 1976. The 1977 mean percent CV for gill tissue (41)

was similarly much lower than the 1976 value (84). A reduction in the



number of sampling periods for these samples in 1977 compared to 1976
(i.e., three versus nine, respectively) was at least partially responsible
for this observed decrease in variability.

The amount of variability in trace metal conzentrations within
several of the groups in Table 6.5 was high. Probable reasons for this
variability were discussed previously (Presley and Boothe, In Groover,

1977). For zooplankton, these included the variable species composition

of the samples and the variable incorporation of aluminosilicate detritus
by zooplankton over space and time. Possible reasons for other groups
were the lumping of numerous different species in a single group, the cal-
culation of means and variances using less-than values and small differ-
ences in sample preparation techniques. Because of the lack of replicate
analyses in the 1975 and 1976 studies, however, it was difficult to eval-
uate how much of the observed variability was due to the above factors and
how much was simply that naturally found among similar individuals of the
same species from any one place and time.

This distinction is an important one. The amount of intra-station
variability in trace metal levels among similar individuals of a single
species should approach the minimum variability observable under practical
conditions. The majority of controllable sources of variability (e.g.,
different sampling equipment or techniques, different location or time,
different species populations, etc.) are minimized. Thus the magnitude
of this intra-station variability will determine 1ow small a difference
in trace metal concentrations between stations can be detected statisti-
cally under optimal conditions. Such estimates are essential in planning
the sampling strategy for any monitoring effort.

The goal of the 1977 study was to obtain estimates of intra-station

variability in trace metal levels by analyzing liver and hepatopancreas



tissue from similar individuals of the same species collected at the same
time and place. For fish liver samples, the mean percent CV of such repli-
cate samples for all seven metals was approximately 45 compared to 109
for the fish liver group as a whole (Table 6.5). The comparable mean
percent CV for replicate hepatopancreas samples was also about 45 com-
pared to 66 for the whole group. Intra-station variability was signifi-
cantly less than that observed among groups of stations. This situation
was encouraging because it suggested that reasonable differences could be
detected between stations. This general level of variability (Z.2. mean
percent CV = 45) indicated that with a sample size of five replicate
analyses, a 507 difference between the means of two samples could be
detected statistically (p < 0.05; Sokal and Rohlf, 1969).

Twelve zooplankton samples were run in triplicate during 1977. The

mean percent CV of these twelve sets of replicate analyses for all seven
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(Table 6.5). This significant reduction in variability suggested that
much of the variability observed in the zooplankton group was caused by
grouping dissimilar samples and was not due to extreme intrinsic varia-
bility among similar, replicate samples. This level of intra-station
variability indicated that a 407% difference between sample means could

be detected statistically at p < 0.05 with a sample size of five.

Zooplankton

Geographic trends observed in the 1977 zooplankton data were similar
to those observed in 1976. Cadmium exhibited a consistent, definite
increase in concentration with increasing distance from shofe. A one-way
analysis of variance test (Sokal and Rohlf, 1969) showed that mean Cd
concentrations at Stations 1, 2 and 3 of all transects were significantly

different at p << 0.01. This trend has been observed in each of the three
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years of the STOCS'study. The increase in Cd correlated with the decrease
in zooplankton biomass observed offshore (see Dr. Park's zooplankton report
Chapter 14). Lead concentrations in zooplankton generally decreased away
from shore although the differences were not significant due to considerable
variability in the data. This trend was also observed in 1976 and was pro-
bably a result of offshore samples being farther away from coastal sources
of Pb input to the STOCS area.

The concentrations of all metals except Cd were highest in Fall sea-
son zooplankton samples. However, this difference was unknown but it could
be related to differential incorporation of aluminosilicate detritus among
the seasons. Seasonal trends in zooplankton trace metal levels were not
observed in 1976.

As expected the concentration of suspended matter was significantly
greater at inshore stations. The trace metal levels observed in the parti-
culate matter samples were extremely variable. No comnsistent relationship
was observed between the concentrations of metals in suspended matter and
the levels found in zooplankton sampled concurrently. These analyses did
demonstrate that significant amounts of the trace metals present in the
particulate matter were released into solution during the digestion proce-

dure used to prepare organism samples.

Fish Liver

Table 6.6 gives the mean concentrations of trace metals in fish liver
tissue from five fish species. The values in Table 6.6 are annual means,.
All samples of each species collected and analyzed during 1977 were used
in calculating these values. In the case of MNK samples (L. campechanus
and R, aurorubens), both pooled and individual liver tissue sample data

were included in the means. Only liver tissue samples from these two



AVERAGE CONCENTRATIONS OF TRACE METALS IN FISH LIVER TISSUE IN 1976 AND 1977

—____ (ppm dry weight

Number Year
Species of .
Samples Collected Cd
PI’istipomoideS 39 1977 3.9 + 3.2
aquilonaris
Rhomboplites 24 1977 12 + 6
aurorubens 12 1976 14 + 9
Serranus 3 1977 1.3 £ 0.2
atrobranchus
Stenotomus 27 1977 76

eaprinus

TABLE 6.6

Cr
0.04 + 0.04
0.05 + 0.02
0.08 + 0.08
0.08 t 0.08
0.1 + 0.06
<0.03 + 0.03
0.2 + 0.07

Concentration

Cu - e
17 &+ 8 600 +
20 £ 15 500 ¢
25 + 18 600 +
30 4 18 1300 +
30 + 30 1300 +

4 + 1 200 2
45 1 28 1000

* 1 standard deyiation)

Ni
300 0.2 + 0.1 0.2
300 0.1 + 0.07 0.2
300 <0.3 + 0.2 0.2
700 0.3+ 0.2 0.3
800 0.4 + 0.3 0.6
60 <0.6 = 0.1 0.1
600 1.5+ 1.1 6

<= 1+

I+

1+ i+ I+
=
.

I+
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TABLE 6.6 CONT.'D

Number Year Concentration
Species of ©~ (ppm dry weight * 1 standard deviation)
Collected === oo oo 2
Samples Zn ‘ Y Al Ca
Lutjanus 22 1977 120 + 30 0.35 t 0.25 25 + 15 750 * 450
campechanus 16 1976 120 £ 40 0.65+ 0.50 70 * 90 9,000 * 18,000
|
Pristipomoides 39 1977 120 £ 40 0.75 ¥ 0.70 40 + 25 700 & 650
aquilonaris
Rhomboplites 24 1977 360 + 180 1.7 * 1.4 45 + 110 1,000 # 600
aurorubens 12 1976 600 + 400 3.5 4 2.5 40 + 20 750 * 30
Serrarus 3 1977 60 + 4 0.70 £ 0.55 80 t 11 1,300 # 300
atrobranchus
Stenotomus 27 1977 200 + 80 2.5 %+ 2.0 55 + 30 1,200 600

caprinus

Se-9



species were analyzed in 1976. The means for both years were very similar.
The few differences observed were relatively small and none are significant.

The average total amount of the seven trace metals in the liver tis-
sue of each species was determined. The five species fell into three
groups on the basis of this parameter. Livers of Rhomboplites aurorubens
(1.7 mg/g dry weight) and Stenmotomus caprinus (1.45 mg/g) contained sig-
nificantly more of these metals than the other species. Comparatively
high levels of Cd, Fe and Pb (in the case of Stenotomus) were responsible
for this difference. Because of the higher levels, these two species
would be logical choices for any future monitoring program.

Livers of Lutjanus campechanus (0.74 mg/g) and Pristipomoides aquilo-
naris (0.75 mg/g) contained an intermediate amount of the seven metals.
Serranus atrobranchus liver tissue contained the smallest amount of metals
of any species (0.27 mg/g). Because the livers of this species werc so
small and difficult to exise only one set of three replicate samples was
analyzed. Had more liver samples been analyzed, the average amount of
metals observed might have been higher.

There appeared to be few significant correlations between liver trace
metal concentration and fish length or total liver dry weight. The meta-
bolically important metals (Cu, Fe and Zn) exhibited the best relation-
ships, but few were significant because of scatter in the data. Zinc did
show a significant positive correlation with fish length for Stenotomus
caprinus. Iron showed a negative correlation for the same species.

All samples of Pristipomoides and Stenotomus were collected at off-
shore stations, primarily Station 3 on all four transects. This situation
provided an excellent opportunity to observe any north-south trends in

liver trace metal levels. Stenotomus samples from Transects I and II



exhibited generally higher levels of Cd, Ni and Pb than comparable samples
from Transects III and IV. Some of the differences were significant.
Pristipomoides exhibited a similar trend for Cd, but the relationship was
weaker for Ni and Pb.

Annual mean trace metal levels in MNK liver tissue samples (both
pooled and individual) according to collection site are given in Table 6.7.
The data used in this table were the same as that in Table 6.6. No sig-
nificant or consistent differences between the 1976 and 1977 data were
observed. TIrace metal levels in Rhomboplites were generally not signifi-

cantly different from concentrations in the same tissues from Zuzjarus.

)

At both bank stations, however, Cd levels in Zacmborlices were signifi-

Y

cantly greater than those in Lutjanus. Also in a majority of compari-
sons (21/28) at both stations, the metal levels in Rhomboplites were
higher than comparable ones in IZwuZjorus. This relacionships was also
observed in 1976. Within each species, the concentrations of all metals
studied were similar for both Hospital Rock and Southern Bank. Too few

samples were analyzed in 1977 to distinguish any possible seasonal trends

in trace metal levels. No seasonal trends were observed in 1976.

Fish Gills

Table 6.7 gives the annual mean trace metal concentrations on MNK
pooled gill samples collected at Hospital Rock and Southern Bank. Only
two gill samples of each MNK species (Zutjanus and Rhomboplites) were
analyzed from each bank station during 1977. Although the trace metal
content of gill tissue was generally less than that of liver tissue from
the same species, the relationships were very similar to those observed

for liver samples. No consistent or significant difference between the



TABLE 6.7

AVERAGE CONCENTRATIONS OF TRACE METALS IN MACRONEKTON GILL AND LIVER TISSUE IN 1976 AND 1977

Bank No. of ‘Concentration
Species  Station' Samples Tissue? Year e Kppm dry weight * 1 standard deviation
Cd Cr Cu TFe N1i

Lutjanus R 2 G 77 0.14 4 0.08 0.1 *+ 0.1 1.8 + 0.9 200 + 60 0.6 + 0.1

campechanus 6 76 0.16 £ 0.14 0.1 + 0.06 1.8 + 0.8 100 * 40 0.5+ 0.2

SB 2 G 77 0.2 £ 0.04 0.1 +0.04 1.8+ 0.1 230+ 100 0.6 + 0.3

6 76 0.5+ 0.4 0.1 *0.07 1.5*0.6 110+ 30 0.4 %0.2

Rhombonlites HR 2 G 77 0.6 + 0.1 0.1+ 0.01L 3.0 + 0.0 350 4 70 0.6 + 0.0

pertes 3 76 0.6 t 0.1 0.2+ 0.1 2.7 +1 240 + 110 0.6 * 0.1
aurorubens

SB 2 G 717 0.4 + 0.2 0.1 + 0.01 3.0 + 0.0 240 + 80 0.6 + 0.0

7 76 2.1+ 1.8 0.1 1 0.07 4.31 4 160 + 80 0.4 % 0.1

Lutjanus - HR 12 L 77 1.2 + 0.4 0.04 * 0.05 1414 540 4 180  <0.1 * 0.0

campechanus 6 76 L.5 4 0.6 0.05 ¢+ 0.01 22 + 23 680 + 300 0.1 + 0.0

SB 10 L 77 2.0+ 1.0 0.04 * 0.03 20 1 10 610 + 460 <0.2 t 0.2

6 76 L.6 * 0.5 0.06 + 02 13 1 6 350 + 150 0.1 + 0.0

Phomboplites HR 11 L 77 8 L2 0.03 4 0.02 25 + 23 800 + 280 <0.2 *+ 0.1

pertes 3 76 15 1 4 0.1 4 0.08 144 4 1900 + 1100 0.7 + 0.4
aurorubens

SB 13 L 77 1y v 7 0.12 + 0.09 35 + 11 1700 + 670 <0.4 + 0.2

5 76 9 1 6 0.08 1 0.03 30 + 50 1100 2 600 0.2 0.0

'HR = Hospital Rock; SB = Southern Bank ,
G = gill tissue; L = liver tissue (both pooled and individual samples)

8€-9



TABLE 6.7 CONT.'D
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1976 and 1977 data was observed. As seen with liver samples, trace metal
concentrations in Rhomboplites gills were consistently higher (24/28 com-
parisons) than those of Lutjanus, but these differences were generally not
significant. One exception was Pb which was significantly higher in the
gill tissue of Rhomboplites at both bank stations. This relationship was
also observed in 1976 but was not significant due to variability in the
data. Within each species, the concentrations of all metals studied was
similar for both sampling sites. No seasonal trends were apparent from

the limited data. No such trends were observed in 1976.

Shrimp Hepatopancreas

This shrimp tissue was first analyzed in 1977. Trace metal levels
were similar in the hepatopancreas tissue of both penaeid snrimps analyzed.

As with fish livers, few significant correlations were observed between

trace metal levels and

tal hepatopancreas dry weight.
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A significant positive correlation existed between Zn concentration and
total length. A negative correlation was observed between Fe and length.
Seasonal differences were observed but none were significant due to
variability in this grouped data. Cadmium and Ni concentrations were maxi-
mum during the winter seasons. Significant differences between levels of
certain trace metals at different stations were observed, but no real geo-
graphic trend was apparent. The concentrations of Ni and Pb were generally

highest at Transect II statioms.

The relatively high concentrations of Cd, Ni and V accumulated in
hepatopancreas tissue make this sample type a logical choice in any moni-
toring effort. In addition, shrimp are both ecologically and economically
important in the STOCS area. The comparatively low intra~station varia-

bility of these elements should make it possible to detect differences



6-41

between stations with only a reasonable number of replicate analyses

(Z.e. 5=10).

Fish Muscle

Table 6.8 gives the annual mean concentrations of trace metals in
muscle tissue from the six species of fish analyzed. The levels observed
in 1977 were very similar to those found in 1976. The trace metal con-
centrations in fish muscle were generally low and uniform among the dif-
ferent species. Even macronekton samples colleczed at the two bank sta-
tions had trace metal levels similar to fish collected from the 12 tran-
sect stations. The only significant difference was also observed in 1976.
No significant geographical or seasonal trends in trace metal levels in
fish muscle were observed for any of the species.

Fish muscle would not be a useful sample type for any future monitor-
ing program in the STOCS area. The trace metals of real interest in such
a program (Z.e2. Cd, Cr. Ni, Pb, V) all occur at levels in fish muscle that
are near or below the detection limits of even flameless AAS. With so many
less-than values, no real estimate of intra-station va;iability in trace
metal levels can be obtained. As a result, statistical detection of dif-
ferences between samples is generally not possible.

In addition, fish muscle was not a good indicator of elevated trace
metal levels in other tissues in the same fish. For example, Stenotomus
caprinus livers contained significantly higher levels of Pb than did the
livers of other species. Still the levels of Pb in Stenotomus muscle
were the same as other species. More sensitive and similarly rapid tech-
niques for routine determination of such low elemental concentrations in

biological materials were not available.



TABLE 6.8

AVERAGE CONCENTRATIONS OF TRACE METALS IN POOLED SAMPLES OF FISH MUSCLE IN 1976 AND 1977

Number Year Concentration
Species of COl;:Cted e . _(ppm dry weight % standard deviation)
Samples cd Cr Cu Fe Ni
[utjanus 4 1977 <0.0L £ 0.00 <0.02 ¢+ 0.0L 0.7 + 0.1 3.2 * 0.5 <0.06 + 0.01
campechanus 17 1976 0.03 + 0.00  0.03 +0.01 0.8+ 0.3 5.4+ 2.8 0.06 * 0.02
fTistipomoides 14 1977 <0.01 % 0.00 0.04 *+ 0.01 1.2+ 0.6 4.2+ 1.6 <0.08 * 0.03
aquilonaris 28 1976 0.02 2 0.02 0.04 & 0.04 1.3 £ 0.5 3.8+ 1.8 0.08 = 0.03
Rhomboplites 4 1977 <0.01 * 0.00 <0.02 * 0.01 0.6 * 0.1 5.8 + 0.5 <0.07 + 0.00
aurorubens 14 1976 0.01 + 0.01 0.03 £+ 0.03 1.0+ 0.2 6.9+ 2.7 0.05 * 0.02
Servranus 11 1977 <0.01 £ 0.00 <0.06 £ 0.01 0.9 * 0.5 4.1 + 1.1 <0.08 + 0.01
atrobranchus 11 1976 0.02 + 0.01 0.03 + 0.01 0.8 0.3 2.9 1.5 0.08 + 0.02
Stenotomus 11 1977 <0.01 * 0.00 0.04 £ 0.01 1.0+ 0.3 4.9+ 0.9 <0.07 + 0.02
caprinus 9 1976 0.02 £ 0.01 0.03 + 0.01 0.9 *+0.2 4.6 1.9 0.10 * 0.03
Trachurus 8 1977 0.01 = 0.00 0.06 * 0.03 2.5 1 0.7 18 + 5.6 0.09 + 0.01
lathami 12 1976 0.05 * 0.03 0.04 ¥ 0.05 2.1 + 0.7 13 + 6.1 0.13 *+ 0.10

79



TABLE 6.8 CONT.'D
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Shrimp Muscle

Trace metal levels in shrimp muscle are given in Table 6.5. The
levels in Penaeus aztecus and Penaeus setiferus were very similar. No
separate tabulation by species was necessary. The levels of all but the
metabolically important metals were very low. Concentrations in shrimp
muscle in 1977 and 1976 were essentially the same. No seasonal or geo-
graphic trends were apparent in the 1977 data. Shrimp muscle would not be
a good sample type for any monitoring efforts. The reasons for this recom-

mendation are the same as those discussed above regarding fish muscle.

CONCLUSIONS

The primary purpose of this three year study was to establish basic
concentrations of trace metals in marine organisms within the STOCS study
area. This characterization data could then be used to determine if future
0il and gas exploration and production in the area contributed significant
amounts‘of trace metals to the biota.

No indication of significant heavy metal pollution was observed in
the STOCS area. For many of the types of organism samples analyzed, trace
metal levels were generally low and quite uniform over the entire regionm.
Adequate initial data in the form of annual mean trace metal concentrations
(Tables 6.5 - 6.8) were obtained for certain tissues of several species of
organisms during this study. These species and tissues included: Perngeus
aztecus and P. setiferus (muscle and hepatopancreas); Lutjanus campechanus
and Rhomboplites aurorubens (muscle, gill and liver); Pristipomoides aqui-
lonaris and Stenotomus caprinus (muscle and liver); Serranus atrobranchus

and Trachurus lathami (muscle); Spondylus americarnus (whole organism).
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More detailed trace metals data were obtained during the 1977 study when
extensive replicate analyses of liver and hepatopancreas tissue from cer-
tain of the above species were conducted.

Intraspecific variability in trace metal levels within the STOCS area
as a whole was high. However, data from the 1977 study showed that this
variability among individuals of the same species collected at one place
and time was much lower for most of the metals studied. Thus in any future
monitoring program, emphasis should be placed on replicate analyses of a
few sample types from a few key stations. In this way relatively small
differences in trace metal levels could be detected between sampling sites.
For example, at the level of intraspecific variability observed for most
metals, a 50% difference in means between stations could be distinguished
statistically (p < 0.05) on the basis of 5-10 replicate analyses of the
same sample type at each station. The large amount of general data
obtained from this three year study could be used to select the best mon-

itoring sites for such a program.

Of the sample types analyzed during this study, three are best suited
for any future monitoring effort in the STOCS region. Spondylus americanus
(spiny oyster) would be the best choice. This species is a sedentary,
filter-feeding bivalve. It contains measurable levels of all the metals
studied and the intra-station variability in metal levels is quite low.
Spondylus, however, has a very discontinuous distribution within the STOCS
area and could be difficult to obtain in suitable numbers. Thus the use
of this organism could cause problems depending on the location of the
area to be monitored. A solution to this limitation would be to transport
individual Spondylus to the areas of interest and allow them to "sample"

the ambient metal levels for several weeks or months.
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The remaining two sample types are fish liver (Z.e. L. campechanus,
P. aquilonaris, R. aurorubens, S. caprinus) and shrimp hepatopancreas
(P. setiferus, P. aztecus). Although relatively mobile, these species
are widely distributed within the STOCS area and generally available
in sufficient numbers most of the year. These tissues contain measurable
amounts of most of the metals studied and their intra-station variability

in trace metal levels is very acceptable.
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ABSTRACT

During 1977, 576 samples representing 6 replicates at each of 25
line and four bank stations sampled during each of 3 seasons (winter,
spring, and fall) and 18 miscellaneous samples per season taken for
mycological and bacteriological studies were analysed for sediment tex-
ture with results reported as mean grain size, standard deviation, skew-
ness, kurtosis (moment parameters) and percentages of sand, silt, clay,
and fine clay. The purpose of these data was to provide substrate tex-
tural data for benthic organism studies. The samples also provided
analyses of textural variability which generally increased from a low
at the outer shelf edge to a maximum just seaward of the boundary be-
tween shoreface sands and offshore muddy bottoms and then decreased
again as sand became dominant shoreward. Five stations are interpreted
as having significant seasonal changes. The most consistent pattern
seems to have been a general coarsening in muddy sand bottoms of the
inner shelf especially between winter and spring sampling. This
supports a suggestion of this trend observed in 1976; but a similar
trend on the outermost shelf observed in 1976 was poorly supported.



INTRODUCTIONl
Purpose
The purpose of this study was to provide sediment grain size distribu-
tion (texture) data for comparison with the results of biological and chem-
ical analyses of bottom samples, especially analyses for macroinfauna and
microbiology. The replication of samples at a station and through time
allowed analysis of the variance of sediment texture within sampling sta-

tions and analysis of seasonal trends in grain size characteristics.

MATERIALS AND METHODS

Sediment texture samples were taken from Smith-McIntyre grab samples.
Each sediment texture sample consisted of not less than 100 g sediment.

Textural analyses were done by the rapid sediment analyer (Schlee,
1966) for the sand-sized fraction and by the pipette method (Folk, 1974)
for the mud fraction. The sample was homogenized by kneading in the
plastic sample bag. Twenty (20) cc were extracted, dispersed in hydrogen
peroxide, diluted to about 0.5 2 and allowed to stand for two to three
days. The clearer supernate was decanted through a 1.2 ym MILLIPORE filter
and the filtered sediment was returned to the beaker. The sediment was
resuspended and poured through a 0.062 mm screen. The screen (preweighed)
and trapped sand were dried, weighed, and set aside for later settling
tube analysis.

The mud fraction was transferred to a graduated cylinder and the
sample was diluted to 1 %, stirred, and allowed to stand overnight. If
no flocculation occurred (none ever did), the temperature was measured,

settling rates were calculated by Stoke's Law, and withdrawal times and



depths were calculated to obtain nine intervals from 4 to 10 phi. Twenty
(20) ml samples were pipetted at the appropriate times, transferred to
preweighed beakers, oven dried, weighed, and size fraction weights calcu-
lated.

A representative portion of the sand fraction was introduced into a
settling tube and fall times were recorded continuously. Graphs were read
for the proportion of sand at each 0.25 phi interval. These data were
used to compute moment and graphic grain size parameters by standard
methods (McBride, 1971).

Of particular concern for data comparison purposes was the handling
of data for the fine clay fraction. The last pipette measurement defines
the quantity of material finer than 10 phi. Extrapolation of the cumula-
tive curve beyond 10 phi very commonly indicates that all of the sediment
is coarser than 14 phi. Therefore, a common computation procedure is to
extrapolate cumulative curves to 1007% at 14 phi (Folk, 1974). One set of
grain size distribution parameters was done on this basis.

The Coulter Counter technique defines the relative abundances of mate-
rial in each of several size classes over the range of measurement. How-
ever, it does not determine how much of the mud fraction is within that
range of measurement and how much is finer than the lower limit of the
smallest class measured (10.6 phi). Therefore, the computational proce-
dure assumes all of the mud is coarser than the finest size measured.
This, in effect, redistributes the fine clays over all the silt and clay
classes, and therefore, computes coarser mean sizes. To determine the
extent of this and other possible effects, the raw data were used to com-
pute grain size parameters by the technique necessitated by the Coulter

Counter analysis technique.
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RESULTS

Tabulation

The mean grain size, standard deviation, skewmess, and kurtosis deter-
mined by the method of moments and percentages of sand, silt, clay and clay
finer than 10 phi for each of the 576 grab samples are presented in Table 1,
Appendix F. Means and standard deviations of each of these values for the
groups of six replicates taken seasonally at each station are also presented
in this table.

The statistical parameter of standard deviation is used in two contexts
in this report. The range of grain sizes determined by the analysis of a
single sample is the standard deviation of that sample. It is expressed in
phi (@) units and is abbreviated s.d.. This is a measure of the degree of
sorting of grains in that sample and is usually referred to as sorting.
Variability within a group of samples (e.5., the s5ix replicates at a par-
ticular station) is also expressed as standard deviation of some grain
size distribution parameter (usually mean grain size) measured on each
sample in the group. This parameter is abbreviated s, and is referred to

as variability or variance (variance is mathematically defined as s?).

Station Variability

The lowest variability between replicate grab samples within a station
was for the clayey, outer shelf Stations 3/I, 6/I1, 3/II, 5/1I, 6/I1, 2/III,
3/11I, 5/111, 6/III and 7/IV. These stations generally displayed mean grain
sizes well within the clay range (8.5 to 9.6 @) and averaged only 5% sand
and 33% silt. Station 6/I was somewhat coarser (7.7 @) with 18.57% sand
and 37% silt, but it had the same low variability between grab samples.
The standard deviation (s) between mean grain sizes of replicate grab samples

was less than 0.32 @ for these stations. Station 5/II was an exception to



this because of a high s (0.80 @) for the spring cruise. However, LORAC
navigation failed on Transect II during the spring cruise, so this value
probably represented a different station than sampled on the other seasonal
cruises. Unusually high s values for Stations 4/II and 6/II suggested that
the same navigational variance affected these stations. Equally low vari-
ability was characteristic of Station 4/I1II which displayed a slightly
muddy (10%), very fine sand on the innermost shelf.

Almost all stations with low replicate variability were also charac-
terized by relatively low standard deviations of grain sizes within each
analyzed sample. The values were generally below 3 #. The coarsest of the
outer shelf stations, 6/I, was the exception to this with a s of 3.5 #.

Four stations within the low variability group (3/I, 3/II, 2/III and
3/I1I) were tested for intragrab sample variance by analyzing four or five
replicates from each of three grab samples from each station. These analy-
ses showed that except for Station 2/III there was no significant difference
between grab samples. This implied that the best textural values for any
grab sample from these stations was usually obtained by averaging all
analyses for that station.

Station 5/1 was unique in that it was as fine textured (9.5 @) and
well sorted (s = 2.90 @) as the other outer shelf stations, but variation
between grab samples was consistently high. Sandiness was particularly
variable with many samples having less than 1% but some having over 10%.

The bank stations HR 2, HR 4, SB 2, and SB 4 were within the outer
shelf province of clayey sediments and generally had mean grain sizes
within the range of 8-10 @#. However, bottom conditions were extremely
variable at these sites, and variability between replicate samples ranged
from very low (s = 0.05 @) to very high (s = 1.2 @) for any particular

sampling period.



Station 2/II, although coarser than the outer shelf group, had equally
low intra-station variability (s = 0.27 @). However, when the spring cruise
data point was removed, s became 0.35 @ and this station was more like the
group of stations with intermediate variability. This group included Sta-
tions 1/I, 2/1, 4/I, 4/II, 1/IVv, 2/IV, 4/IV, and 5/IV. Standard deviations
for means of groups of replicates (s) for this group varied from 0.35 to
0.55 @. Although the means for these stations were generally in the silt
range, silt was almost never predominant, and relative amounts of sand,
silt, and clay were extremely variable with each ranging from 20 to 40%.
Consequently, sorting was poor (s = 3.5 * 0.3 @#). Three of four stations
tested for intragrab sample variance showed that variability within grab
samples was as great as between grabs and this accounted for variability
between them just as with the low variability group. Station 1/I was the
exception to this rule.

Of the five stations with highest variability between replicate grab
samples (s = 0.6 to 0.9 @), two (3/IV and 5/IV) were within the Rio Grande
delta, two were innermost shelf muds (1/II and 1/III), and one was the
uniquely variable Station 5/I. The Rio Grande delta stations had the poor-
est sorting (s > 4 @) because of the greatest variety of sediment sources.
Sorting of the inner shelf muds was equivalent to that of the intermediately
variable, mid shelf muds; Station 5/I was clayey with typically good sorting
(s = 2.9 ¢§). Two out of the three stations in this group that were checked
for intragrab sample variance yielded results that indicated that individual
grab samples for this group should be considered to have unique textures as
a rule. At Station 1/III variance was primarily due to variability within

grab samples.



Seasonal Variability

Absolute seasonal variations fell into two discrete categories.
Outer, clayey stations (including two more than in the low variability
group, 2/II and 5/I) and innermost, sandy stations (4/I, 4/III and 4/IV).
All these had low seasonal variations while all other stations had distinctly
higher seasonal variations. However, these variations closely followed
intrastation variance, for the most part, and thus could simply reflect
that variance.

In order to determine the significance of seasonal variations they
were compared to intrastation variations by first ranking all stations by
average s values and then by total variance of all 18 grab samples taken
during the year at that station. The second measure, in effect, adds
seasonal variability to the first. If seasonal variability were due solely
to station variability, the two rankings would have been the same; but if
real seasonal changes did occur, they would cause a station to drop in
ranking relative to stations that had no significant seasonal changeé.

The ranking comparisons (Table 7.1) showed seven stations that dropped in
rank: 1/I, 2/I, 3/I, 3/11, 2/III, 4/III and 2/IV.

A similar comparison was made by plotting the pair of values for each
station (Figure 7.1). Again, if seasonal variations were due to intra-
station variability, the point for a station would be on or near (nearness
measured by one standard deviation of the mean intrastation variance) a
line representing equal mean intrastation and total seasonal variance.
Although for almost all stations the variance increased when seasonal
effects were included, the increases were within one standard deviation
of the s value except for Stations l/I, 2/1, 3/1, 1/11, 3/1I, &4/111I, 2/IV

and 5/1IV.



TABLE 7.1

STANDARD DEVIATIONS OF GROUPS OF MEANS
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26 L4400 .51 40 1/1 . -6/1V .56 33
.33 .62 .31 42 6/I;§§§§§§;4/II* .56 17
.36 .42 .56 45 2/1v .- /I .62 55
.53 .82% .43 L48% L/TIRS 5/1 .65 -
.30 1.046 .26 .53 4/1 - 4/1 .67 26
.35 .72 .56 .54 2/1 1/1V .67 26
45 .84 .34 .54 1/1v- 3/1v 71 16
.54 .26 1,02 .61 3/IV- 2/1 .72 33
64 .72 .66 .67 5/17 \. 1/I1I .79 16
.54 .73 .78 .68 1/III- ’jx(S/IV 1.08 44
.69 .68 .89 .75 3/1v- " \l/II 1.11 25
1.11 .76 .80 .89 1/II- " JIV 1.75 289

W-winter, S-spring, F-fall

First column of stations is ranking by average within
station variance; second column of stations is ranking
after seasonal effects have been added.

further discussion.

See text for

* - stations where LORAC navigation was not available;
corresponding s values were not included in calcula-
tion of mean or total s.
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Comparison of standard deviations of mean grain size
with (ordinate) and without (abscissa) seasonal
effects., Horizontal lines are one standard devia-
tion of average of three seasonal values.




Stations can further be compared by noting the percent of increase in
varainces of mean grain sizes by adding the seasonal effect. Stations with
greatest percent increases were: 1/I, 2/I, 3/I, 3/1I, 4/III, 2/IV, 5/1IV,
and 6/IV (Table 7.1). Stations common to these three estimates of signifi-

cant seasonal variations were: 1/I, 2/I, 3/I, 3/1II, 4/III and 2/IV.

DISCUSSION

Station Variability

Stations varied enough so that each could be treated as having unique
characteristics. More efficient or meaningful comparisons with other data
could be obtained however, if generalizations could be based on groups or
gradients of textural data. The most distinctive group was the outershelf
clays. These also graded from finest, best sorted, and least variable

texture for the outermost stations (7/IV, 6/III, 3/I1I and 3/II) to slightly

less w ed, siltier, more variable stations Q/III, 5/I1II, 5/1I, 6/1I

rr

ell sor
and 3/I). Station 5/I was very similar to this group but was more variable.
Station 6/I was similar in variability but slightly coarser and less well
sorted.

Station 4/III was most characteristic of the outer margin (shoreface)
of the barrier island sand body where variability was low probably because
wave action could constantly maintain a fairly well sorted texture. Slightly
seaward of this zone sand usually remained predominant but was mixed with
considerable amounts (20-50%) of shelf mud. Stations characteristic of
this environment were 1/I, 4/I, 1/IV and 4/IV. The stations on Transect I
had fine to very fine sand as the coarse fraction while those from Transect
IV had much coarser sand and some gravel in the coarse fraction.

The rest of the stations on Transect IV (3, 4, 5 and 6) were charac-

teristically very poorly sorted, variable mixtures of fine gravel to fine
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clay. High grab sample variability suggested that bottom conditions were
least uniform in this environment with abundant patches of both very clayey
and coarse, sandy sediment. Slight navigational errors probably made the
greatest differences in bottom conditions sampled in this area.

Maximum variability was characteristic of a zone just seaward of the
boundary between shoreface sands and shelf muds. Stations 1/II and 1/III
were in this zone. Fine sand was rarely predominant but constituted between
10 and 40% of the sediment and was apparently distributed very heterogeneously
on scales from centimeters to tens of meters. Adequate statistical sampling
in this zone and on the Rio Grande delta would require the largest number of
replicates, probably more than has been used in the BLM studies.

The last group of Statioms (2/I, 2/II and 4/II) represented mid-shelf
muds of moderate variability. Although their variability was measurably
less than that of the most variable stations, it was generally large enough
to require at least as many replicate samples as has been used in the BLM

studies of the Texas OCS region (6 or 7).

Seasonal Variability

Although precision navigation was used to relocate stations sampled at
different seasons, navigational errors, if they occurred, may have caused
the seasonal variations observed. Whether sedimentary processes or naviga-
tional errors caused the observed variations could not be determined con-
clusively, but the specific nature of the seasonal variations, considered
in the light of possible physical causes, provided information from which
inferences could be drawm.

The greatest seasonal change occurred at Station 2/IV where the winter
mean was 5.40 @ and the sample was about 55% sand. In spring and fall the

mean grain size was 8.9 - 9.0 @ with a sand content of seven to eight percent.



A similar, large variation‘(mean size change of 2.5 @) occurred between

the spring sample and the winter and fall samples of the 1976 study. On
that occasion LORAC navigation failure accounted for the divergence of the
spring sample. Only periodic mud flows and subsequent, irregular winnowing
away of almost all fine sediments could account for such drastic changes
naturally, and no processes of this nature were known to have operated on
the continental shelf in this region. Therefore, it was concluded that

the winter sample for Station 2/IV was taken at a different locality than
the other seasonal samples.

Four stations (1/II, 2/1III, 5/IV and 6/IV) showed significant seasonal
changes in sediment texture according to one or two of the methods of
estimating significance but not all three. Station 5/IV showed seasonal
effects well beyond the range of intrastation variability (Figure 7.1). It
did not change rank, only because it was more separated from the next higher
ranking station (1/II) by twice as much as any other difference between
stations (Table 7.1). In addition, the next higher station had the maximum
variability of any station sampled. The change was a coarsening during the
spring accomplished by both an increase in sand and a decrease in clay with
little change.in silt content. This may have occurred from winnow-
ing of clays and some fine silts during the spring when seasonal winds were
at a maximum; however, the high spatial variabilicy of the Rio Grande delta
and the high probability of at least one navigational error having occurred
in this region made navigational variance a slightly more plausible explana-
tion in this case.

Station 6/IV was among the group with a high percentage increase in s
with the addition of possible seasonal effects, but no other indicators
suggested a real temporal change at this station, and none was believed

to be significant.
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Station 1/II was similar to 5/IV in its extremely high intrastation
variance. Thus the marginal degree to which this station extended beyond
one standard deviation of s when seasonal effects were added to intrastation
variance, probably did not represent real temporal changes. A further
indication of this was that the type of change observed in 1977 was oppo-
site to an equally large 'seasonal variation in 1976 at this station. Sta-
tion 2/III dropped in rank in Table 7.1 but showed no other evidence of
seasonal change, and none was considered real.

The remaining five stations that showed significant seasonal changes
according to all three methods of estimating significance were 1/I, 2/I, 3/I,
3/II, and 4/1III. The seasonal changes at Station 3/II followed the most
widespread, significant seasonal changes observed in 1976. Those were spring
coarsenings at the outer shelf, clayey stations accomplished by reduction
in the quantity of finest clays (> 10 -@). Statioms 6/I, 4/1II, 5/II, and
6/11, also followed this trend, but most of these stations lacked the
precision LORAC navigation on the spring cruise when coarsening was observed.
Furthermore, the spring coarsening was caused by complex variations in sand,
silt, and clay contents rather than just loss of fine clays. Many stations
(3/1, 3/111, 5/111, 6/I1I, and 7/IV) in the outer shelf group showed no
pattern or opposite seasonal trends. Consequently the trend apparent in
the 1976 data of spring coarsening on the outer shelf by winnowing of the
finest clays had little support from the 1977 data.

In contrast to the outer shelf stations, the inner shelf stations with
high sand contents (30 to 80%Z) showed similar coarsening trends throughout
1977. Although changes at Station 4/III were relatively small, the small
intrastation variance made them significant. Coarsening occurred through-
out the year, whereas in 1976 spring coarsening was followed by fall fining

at this station. Significant spring coarsening also occurred at Station 1/I.
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All coarsenings at inner shelf stations accompanied increases in sand con-
tent and decreases in mud content. They may have occurred because of sand
deposition, mud erosion, or both. If sand deposition occurred it would
imply a general offshore movement of sand from the barrier shoreface. This
and mud erosion may have resulted from an increase in wave climate. The
coarsening effects apparent in the fall seasonal samples may have been
related to such an increase resulting from the passage of a hurricane just
south of the study area in August preceding the fall sampling cruises. The
effectiveness of this event was supported by some fall coarsening at all
inner shelf stations even though Stations 4/I, 1/IV and 4/IV did not pass
tests of significance.

Station 2/I behaved similarly to the inner shelf stations during 1977
in that an increase in sandiness caused the spring texture to be signifi-
cantly coarser than the texture for the winter samples. However, there
was no significant change between spring and fall at this station.

Station 3/I showed the opposite trend of spring fining and fall coars-
ening. These changes apparently resulted from clay deposition in the spring
and silt deposition in the fall. These events represented the deeper water

equivalents to coarser particle deposition at the inner shelf statioms.

CONCLUSIONS
The suite of 25 line stations sampled as a part of the BLM sponsored
STOCS study included a wide range of sediment textures from silty clays to
muddy sands. Several textural characteristics could be described for the
suite in terms of groups of similar stations and gradients of properties.
The textural gradients from outermost shelf landward were as follows.
There was a silty (30%) clay of very uniform texture from sample to sample

which sometimes showed a seasonal tendency to coarsen by winnowing ef



finest clays during the early spring at Stations 3/II, 3/III, 6/III, and
7/IV. A slightly coarser, more variable silty clay occurred at Statioms
3/1, 5/1, 6/1, 5/11, 6/II, 2/III and 5/II1. There was quite a variable
sand-silt-clay, midshelf mixture at Stations 2/I, 2/II and 4/II in the
northern part of the study area and a similar group with somewhat more
variability at least partly because of a much coarser sand mode with some
gravel at Stations 2/IV, 3/IV, 5/IV, and 6/IV on the Rié Grande delta.
Further landward were the most variable inner shelf sandy muds at Stations
1/II and 1/III. The most landward stations (Stations 1/I, &4/I, 1/IV and
4/IV) had moderately variable muddy sands near the barrier shoreface sand-
offshore mud boundary. Finally, Station 4/II1 was within the shoreface
sands where variability became as low as at the outermost stations due to
the efficiency of wave action consténtly sorting the bottom sediments in
shallow water. At the inner shelf stations there was also a suggestion of
seasonal coarsening in early spring and a year-long coarsening in 1977

perhaps related to Hurricane generated waves between spring and fall sam-

pling.
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ABSTRACT

The 1977 water column bacteriology studies were intiated as a part of
the South Texas Outer Continental Shelf (STOCS) program to identify and to
quantitate the heterotrophic and hydrocarbonoclastic microbial populations
at Stations 1-3, Tramsect II; to determine the o0il degradation potential
of the hydrocarbonoclastic bacteria; to study the ecological succession of
mixed bacterial cultures in the presence of 0il; and to study the effects
of different nutrients on metabolic activities of pure and mixed bacterial
cultures.

These studies were conducted on water samples collected on the sea-
sonal and monthly cruises, at a depth of one meter. The results have pro-
vided a limited, but preliminary, overall picture of the distribution and
abundance of the heterotrophic and hydrocarbonoclastic bacterial genera
occurring in the water column at the one meter depth.

Heterotrophic populations ranged from 5 x 102 cells/% in July to 1.55
x 10° in April. Hydrocarbonoclastic bacterial populations were consistently
very low, ranging from O to 12.9 cells/%. Although the percentage of o0il
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degrading bacteria ranged from 0 to 2.05%, it was usually less than 0.5%.

A total of 1,905 marine bacteria were isolated from the samples and
1,631 generic identifications have been completed at this time. Fourteen
(14) genera were represented by the isolates. Acinetcbacter, Aeromoras,
Alcaligenes, Flavobacterium, Pseudomonas, and Vibrio were the only hydro-
carbonoclastic genera isolated from any of the three stations. They were
also prevalent in the heterotrophic bacterial isolates. Alecaligenas,
Aeromonas, Fseudomonas, and Vildrio were the predominant genera for both
the heterotrophs and hydrocarbonoclastic isolates. The greatest diversity
of genera occurred at Station 3/II in April, with eight genera represented.
Usually only three or four genera represented the bacterial populatiomns in
a given sample. Pseudomonas was the only genus represented in all 27
sample collections.

The highest percentage of o0il degraders occurred in July and August
when the heterotrophic population was decreased somewhat and the hydrocar-
bonoclastic populations were increased. Seasonal fluctuations in hetero-
trophs were most prevalent at Stations 1/II and 3/II, while the microbial
populations at Station 2/II were most stable. In the winter season, the
decreases in populations offshore was more pronounced. It was less appar-
ent in the fall.

Some experiments conducted on the effects of South Louisiana crude oil
(SLCO) on pure cultures and mixed bacterial cultures showed concentrations
of 0.1% and 0.5% enhancing microbial growth even after four to six weeks.
Temperature effects on microbial density was indicated, with the greatest
populations occurring between temperatures of 23.8 to 26°C. The relation-
ship of salinity to bacterial density in the water column seems inconclu-
sive at this time.

The major genera in the succession studies represented, either in
respect to number or frequency of occurrence, were Pseudomonas, Alcaligenes,
Flavobacterium, and Coryneforms. The presence or absence of SLCO in incu-



bating seawater samples was responsible for little, if any, change in total
number of organisms or successful changes. Bacterial populatioms in both
cases changed drastically within 7 to 10 days in the closed systems of the
laboratory. Counnts of ~ 10° to 10° colony forming units (CFU) per milli-
liter total heterotrophs and ~ 10° to 10* CFU/ml of hydrocarbonoclasts
were found. However, it appeared that in time, deviation in genera of bac-
teria comprising these populations occurred. These changes did not seem
to be due to the SLCO. It was also evident from hydrocarbon analysis and
turbidimetric measurements that the metabolism of o0il by bacteria in the
Gulf of Mexico water was insignificant due to the low number of hydrocar-
bonoclasts and nutrient limitationms.

The nutrient experiments showed that addition of nitrogen, phosphate,
and iron, or a complete mineral salts medium significantly enhanced hydro-
carbon metabolism. The total heterotrophic count increased 2% orders of
magnitude over those samples without nutrients or oil. The hydrocarbon
analysis performed on samples in time indicated an almost complete removal
or metabolism of some n-alkanes.

The kinetic studies involved using a limited number of marine isolates
and showed the optimum temperature for growth was between 31 and 41°C. The
various combinations of temperature and o0il stress produced no substantial
changes when compared to the temperature controls without oil. The SLCO
did not, in any case, enhance the growth time. However, the oil at the
concentrations tested did not appear to produce significant inhibitiom.

The above conclusions are based on limited statistical treatment.



INTRODUCTION

The water column microbiology baseline study was initiated in 1977 as
a part of the BLM South Texas Outer Continental Shelf (STOCS) program. The
purpose of these investigations was to quantitate and identify the hetero-
trophic and hy-irocarbonoclastic microbial populations, to study ecological
succession of mixed natural bacterial populations in the presence of South
Louisiana Crude 0il (SLCO), to study oil degradation potential of the mixed
bacterial populations, and to study the effects of crude oil on bacterial
growth and metabolism.

Although the levels of pollution resulting from large-scale oil spills
have been high, such disasters account for only 4% of the total oil entering
aquatic systems. Chronic inputs of low concentrations of crude oil and
refined petroleum products account for the remaining 96%. These low level
inputs are the results of normal operations involved in the production,
transport use, and disposal of petroleum hydrocarbons. Natural effects
which might be responsible for the clean-up could include biodegradation
of 0il by microorganisms in the environment. Spudies involving the rela-
tionship of the presence of hydrocarbons in the environment and microbial
communities adapted :to the'degradation: of hydrocarbons have been conduc- -.
ted largely in areas subjected to continuous and appreciable petroleum
hydrocarbon contamination. For this reason, it is important to know the
indigenous potential for the petroleum degradation.

Naturally occurring marine microorganisms have been shown to oxidize
and degrade Louisiana crude oil (Miget et al., 1969; Kator et al., 1971).
The microbes preferentially degraded the normal saturated paraffins. Pri-
chard et al. (1976) investigated the use of diesel fuel as a substrate for

mixed bacterial populations. They found that both alkanes and aromatics
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were removed from the culture by microbial degradation. Certain species of
bacteria are highly specialized for growth on crude oil and they will only
utilize certain hydrocarbons, but other species can utilize numerous dif-
ferent carbon compounds (Horowitz et gql., 1975). Mulkins-Phillips and
Stewart (1974) showed mixed bacterial populations could degrade Bunker C
fuel oil. Other similar studies have been conducted in the Chesapeake Bay
Region (Walker and Colwell, 1976), the Arctic (Atlas and Busdosh, 1976;
Roubal and Atlas, 1978), the Eastern Sea Coast (Kator, Oppenheimer and
Miget, 1971), and the Western Sea Coast (Soli and Bens, 1972). However,
few studies have been conducted on the Western Gulf of Mexico to identify
the normal microbial populations and to determine their oil degradation
potential. Environmental factors such as temperazure, salinity, nitrogen,
phosphorus, irom, and other mineral nutrients, in addition to oxygen, are
very important.in establishing the rate of bacterial oil degradation (Mul-
kins-Phillips and Stewart, 1974; Soli and Bens, 1972; Atlas and Busdosh,
1976; Dibble and Bartha, 1976). If the proper conditions are available,
the rate of utilization can 5e very rapid.

Due to the fact that few studies of this type have been conducted on
the Western Gulf of Mexico, this study was initiated to provide microbio-
logical data for future comparisons. This report presents the data obtained
in this initial year's study with some correlations with a few environmental

factors.

MATERIALS AND METHODS

Shipboard Procedures

Sampling

Water samples for the water column microbiological studies were col-

lected aseptically using one of two procedures. For smaller volumes, the



sterile Niskin bag sampler was used; however, for larger volumes of water
(15-20 %) a peristaltic pump and tygon tubing were employed. The collections
were made at a depth of one meter at Stations 1/II, 2/II and 3/II during

six monthly and three seasonal cruises, for a total of 27 samples (Table 8.1).

Analysis

After transferring the samples aseptically to sterile carboys, the
initial plating and inoculations of the marine microorganisms on microbiolo-
gical media were made. In order to determine the total viable cells (TVC),
or colony forming units (CFU), of aerobic heterotrophic bacteria, both the
spread plate technique and the membrane filter techmique were employed.
Ten-fold dilutions of the water samples were prepared to 1:10 dilution,
and 0.1 ml aliquots of each of the two dilutions were plated out, in trip-
licate, on Marine Agar 2216 (MSA) and Difco Marine Agar 2216 containing
10 ug/ml Fungizone (FAM), using the spread plate technique. Fungizone was
incorporated into the medium in order to eliminate yeasts and molds from
the cultures. Microbial populations of the water samples were also con-
centrated by membrane filtration in order to assure collection of adequate
numbers qf heterotrophic bacteria. Bacteria from 0.1, 1.0, 10 and 50 ml
of seawater sample were collected (in triplicate) on sterile membrane fil-
ters, which were then aseptically transferred to MSA and FAM plates.

In order to assure collection of an adequate number of potential hydro-
carbonoclastic (petroleum degrading) bacteria, aliquots of 100, 500, 1000,
and 2000 ml of water sample were passed through sterile membrane filters.
The filters were then transferred aseptically to Silica Gel 0il (SGO)
medium and Silica Gel 0il medium with 10 pg/ml Fungizone (FOG) plates
(Walker and Colwell, 1976). Triplicate samples were prepared for each vol-

ume of water used.



TABLE 8.1

CRUISE DATES

Cruise _Date _

Winter Seasonal 2/17/77
March Monthly 3/25/77
April Monthly 4/25/77
Spring Seasonal 6/10/77
July Monthly 7/9/77
August Monthly 8/6/77
Fall Seasonal 10/21/77
November Monthly 11/20/77

December Monthly 12/16/77
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All plates were returned to the laboratory and incubated at in situ
temperatures. The MSA and FAM plates (for heterotrophic bacteria) were
incubated a minimum of seven days, and the SGO and FOG plates (for hydro-
carbonoclastic bacteria) were incubated a minimum of seven weeks. These
incubation time: were found to be necessary to assure growth of the maximum
colonies (Figures 8.1 and 8.2). Enumeration results were recorded as total
number of heterotrophic microorganisms per liter, total hydrocarbonoclastic
microorganisms per liter, and percent oil degraders.

Studies of the hydrocarbon degradation potential and microbial succes-
sion of mixed cultures were initiated on board ship. For each statiom (at
each location, during each cruise) at least 12 flasks (250 ml capacity) were
used. Table 8.2 lists the scheme required for the succession studies and
the oil degradation studies. Four additional flasks were collected at
Station 1/II. Four additional flasks per station were used during the
first three cruises to get a better estimate of the time course of the
degradation.

Each flask with oil contained a total volume of 100 ml, usually 99.5
ml seawater plus 0.5 ml sterile SLCO. The oil concentration was reduced
to 0.1% on August, Fall, November and December cruises. Those flasks with-
out oil had 100 ml seawater. The flask treatments were as follows, and
are given in Table 8.2.

Except for the first three cruises, six flasks containing SLCO were
used for studying the bacterial succession with oil added. Six flasks did
not have any oil and were used as the bacterial controls. Six flasks had
SLCO and were used for chemical analysis. Six flasks were extras; three
had oil and three were potential bacterial controls. Two sterile weathering
controls and two zero time controls were also collected at Station 1/II for

chemical analysis.
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Figure 8.1 Time Required to Obtain Maximum Colony Counts on Marine
2216 Media. Bacteria were Plated from Seawater Samples
Incubated Without 0il in the Laboratory on a Rotary
Shaker at 25°C. Open Circles Represent the Actual CFU
(Colony Forming Units), and the Closed Circles Repre-
sent the Percent of the Maximum CFU.
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2216 Media. Bacteria were Plated from Seawater Samples
Incubated with 0.5% South Louisiana Crude 0il on a
Rotary Shaker at 25°C. Open Circles Represent the
Actual CFU (Colony Forming Units), and the Closed Circles
Represent the Percent of the Maximum CFU.




TABLE 8.2

NUMBER OF FLASKS PREPARED ON BOARD SHIP FOR THE BACTERIAL SUCCESSION STUDIES
AS WELL AS THE OIL DEGRADATION STUDIES

Station Number

Treatment 1/11 2/11 3/11
Time Zero (SLCO)* (frozen) _ 2
Bacterial Analysis (SLCO) 2 2 2
Chemical Analysis (SLQO) 6 6 6
Extra A. (SLQO) 1 1 1
B. Control 1 1 1
Bacterial Control (No oil) 2 2 2
Weathering Control (sterile~SILQO) 2
Totals 16 12 12

*Samples marked with SLCO contained 0.1-0.5% South Louisiana crude oil.
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After the water sample was added, the flasks were carefully capped.
Aseptic techniques were used at all times. The inoculated flasks were
returned to the laboratory and incubated at room temperature (20-50°C) on
a reciprocal shaker for six to eight weeks or more to determine the micro-
bial succession, as well as the hydrocarbon degradation capacity of the
mixed culture. All flasks were sterilized by autoclaving prior to use in
these studies. Added oil was filter sterilized with a 0.45 yu Millipore
Filter(R) prior to use. Zero controls were placed in ice immediately after
collection, and then frozen on return to the laboratory. Mercuric chloride
(0.1 g) was added to the eight week weathering controls to prevent micro-

bial activity during the incubation period.

Laboratory Procedures

Isolation and Identification of Heterotrophic and Hydrocarbonoclastic
Bacteria

Plates used for the enumeration studies were usad as the source of
heterotrophic and hydrocarbonoclastic bacteria, for isolation and identi-
ficatioﬁ of the bacterial genera. For the identification procedures, a
minimum of 30 colonies were picked from one or more of the MSA or FAM
plates depicting the best isolated colonies for each of the three stations
sampled. For isolation of the heterotrophic bacteria, all the colonies
were picked from a single plate, or a quadrant of the more heavily populated
plates. All oil degrading bacteria enumerated on the SGO and FOG plates
were isolated and identified. The heterotrophs were transferred directly
to Marine Broth 2216, incubated at room temperature (with shaking) for a
minimum of 24-48 h prior to being restreaked on Marine Agar 2216 to assure
purity of the isolates. After purity was established, the heterotrophs
were maintained on MSA slants for future studies.

For the hydrocarbonoclastic isolates, the organisms were transferred



from the original FOG or SGO plates to SGO plates to assure purity and
hydrocarbon utilization by the isolate. Once this was established, the
petroleum degraders were also inoculated in Marine Broth and then trans-
ferred to Marine Agar slants for maintenance for further tests.

The bacterial isolates were identified to the generic level according
to their microscopic, morphological, and biochemical characteristics, as
outlined in the Eighth Edition of Bergey's Manual of Determinative Bacteri-
ology. Approximately 15~20 tests were conducted for each isolate, depend-
ing upon the specific genus being tested. Some of the differential media
and tests employed in the identification of the bacterial isolates were
litmus milk, gelatin, triple sugar iron, tryptone broth, Simmons citrate
agar, urea broth, ornithine decarboxylase, carbohydrate fermentation media,
marine oxidative fermentative (MOF) medium, motility test medium, catalase
test, and oxidase test. All isolates were Gram stained and flagella stained.

Most of the marine isolates were identified according to Bergey's Man-
ual. However, other references specifically concerned with bacteria of
marine origin were also employed in the bacterial identifications (Baumann
et al., 1971a; Baumann et al., 1971b; Colwell, 1970; Floodgate and Hayes,

1963; Hayes, 1963; Stanier et al., 1966).

Effects of 0il on Pure and Mixed Cultures

For the studies involving pure cultures, 100 ml artificial seawater
with nitrogen and phosphorus supplements, was added to 250 ml screw cap
flasks, and inoculated with the appropriate amount of SLCO to give final
concentrations of 0.01%, 0.05%, 0.1%, 0.5%, 1.0%, and 2.07 as required for
the specific experiment. After the flasks were sterilized and cooled they
were inoculated with the appropriate isolate.

For the mixed culture-oil studies, seawater samples were used in place
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of the artificial seawater, and also provided the bacterial inoculum for
the study. The flasks were incubated at room temperature (with shaking)
for eight weeks. All flasks were sampled at regular intervals to deter-

mine the TVC/ml.

Succession Studies

Isolation of Organism

Morphologically distinct colonies of the heterotrophs and hydrocarbon
utilizing bacteria found on the 2216 or SGO plates were counted, picked,
and streaked on 2216 media for isolation. After the purity of the isolates
was assured by restreaking, the isolates were maintained on slants of the

2216 medium.

Identification of Organisms
The bacterial isolates were identified to the generic level according
to a number of morphological features and biochemical tests. All bacterial

tests were incubated at 20-25°C.

During the study Dr. Neal Guntzel developed a screen that was used for
the bacterial identifications. This screen may be found in Figure 8.3.
The first test in the screen was the gram reaction. If the bacteria was
gram positive the eighth edition of Bergey's Manual of Determinative Bac-
teriology was used for identification. Very few gram positive organisms
were found during the study. If the bacteria was gram negative the screen
was used to key out the organism. The key tests were the oxidase test,
oxidative-fermentative (OF) glucose, motility and luminescence. Other
tests used to key out the genera are found in Table 8.3. The bacterial
screen that was developed and used was quite simple, it used key fixed
characteristics, which are not easily changed, and it was easy to use and

saved considerable time. A considerable effort was expended developing
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TABLE 8.3

TESTS USED TO IDENTIFY BACTERIAL TISQOLATES

Colony Morphology
Gram Stain
Oxidase

Indole

Catalase
Motility

Citrase

Urease

Lysine decarboxylase

10.

11.

12,

13.

15.

16.

17.

18.

Arginine dihydrolase
Fluorescence

Glucose

Arabinose

Saccharose

Xvlose

Rhamnase

Adonitol

Lactose
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the screen.

Two additional method simplifications were integrated into the identi-
fication scheme. To reduce costs and space requirements and to speed up
handling of.the numerous bacterial strains, multipoint applicators similar
to those described ty Lovelace and Colwell (1968) and microtest plates were
used. This type of automation and miniaturization allowed a 30-60% reduc-
tion in the time required to read most of the biochemical tests used for
bacterial identification. Also, 96 tests were rum on a single plate (Fig-
ure 8.3) reducing the amount of media required as well as the number of

plates required for microbial identification.

Degradation Rates

To determine the degrading potential of pure cultures of the isolated
microorganisms, procedures similar to those previously used for determining
the degradation potential of the mixed cultures in seawater were employed.
Duplicate flasks containing 100 ml of marine basal salts medium and 0.0l -
1.0% (v/v) SLCO were inoculated with the individual isolates. All flasks
were incubated six to eight weeks on a reciprocal skaker at temperatures
ranging from 15 -~ 45°C. At appropriate intervals, bacterial growth was
evaluated by turbidity measurements, and by plating samples on marine agar.
Gas chromatography analysis was also conducted on selected samples at
appropriate intervals to establish the rate of hydrocarbon degradation of
the isolates.

Mixed culture degradation studies initiated on board ship were also
evaluated at appropriate intervals with regard to total CFU, microbial

succession, and rate and pattern of hydrocarbon degradation.

Nutrient Studies

For a selected number of mixed cultures, several parameters were adjus-
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ted under controlled laboratory conditions to represent variations which
might occur at the sampling site. The effect of aitrogen, phosphate,

iron, and organic concentrations on growth rates and generation times

were determined. Other turbidimetric studies using a Spectronic 20 set

at 600 nm and 25 x 250 mm capped growth tubes were used to determine ratios
of known media on o0il degrading capacities. Reaction mixtures usually
contained 10 ml of raw seawater, an aliquot of Bushnell-Hass (BH) medium,
an aliquot of 3.5% NaCl to make the total sample volume equal 20 ml plus

0.0 - 0.5% SLCO.

Extraction and Chromatographic Analyses

Oil-water suspensions used for bacterial hydrocarbon degradation analy-
ses and determining the rates of degradation were frozen and shipped to
Dr. P.L. Parker at the UTMSI/PAML for extraction and chromatographic analysis.
Printouts were returned after quantitation for inspection and statistical

treatment.

Kinetic Studies

Effects of 0Oils on Microbial Populations

SLCO .was :used to investigate the effects of hydrocarbon: concentrates
on certain.mixed populations and .certain isolates. Growth rates, oxi-
dation rates, and succession, where appropriate, were determined.

The SGO media as described by Walker and Colwell (1976) was modified
and had the components listed in Table 8.4. We found during the study that
at pH 8.1, it was necessary to add 0.5 g/2 of Fe citrate for FeCl; in order
to adequately enumerate the hydrocarbon degraders (Figure 8.4). When iron
was used the maximum number of colonies could be counted after 15 days
(Figures 8.5 and 8.6). Other experiments suggested that lowering the pH

of the media (toward the neutral range 7.0 - 7.5) would allow much smaller



TABLE 8.4

COMPONENTS OF THE SILICA GEL-OIL MEDIA REQUIRED TO MAKE TWO LITERS OF MEDIA

Solution A

1000 ml Salts Solu.

Solution B

1000 ml Silica Gel Solu.

Amount Canponent Amount Canponent
2 gm KCl 60 gm Fisher Grade 923
2 gm NH NO4 Silica gel (100-
200 mesh)
8 gm MgS0, 40 gm NaOil
2 gm kH PO, 1000 ml H.,0
.03 gm Phenol Red Indicator
10 ml South Iouisiana Crude
OIl,
0.5 gm FeCl;
1000 ml H,0

2

¢C¢-8
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Figure 8.4 Dependence of Determination of Maximum CFU on the Fe(x)
Concentration Present in the SGO Media. Points Represent
the Average of Three Replicate Experiments * 1 SD.
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Figure 8.5 The Effect of Additions of Ferric Citrate on the Number
of Bacterial Colonies (CFU/ml) Found on SGO Media.
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amounts of iron to be added to the media and still obtain rapid growth of

the microbial colonies.

RESULTS
A total of 1,905 marine bacterial isolates were tested for identifi-
cation to the generic level. Of these, 1,489 were heterotrophs and 416
were hydrocarbonoclastic bacteria. Of this total, 1,631 isolates have now
been identified. The results presented herein report data on the enumera-
tion studies, the identification, distribution, and predominance of certain

genera, and the effects of 0il on pure and mixed cultures.

Distribution and Abundance

A summary o% the total heterotrophic bacteria, total hydrocarbonoclas-
tic bacteria, and the percent oil degrading bacteria for the 27 water col-
umn samples is presented in Table 8.5. The range of heterotroph abundance
was from 4.88 x 102 TVC/% in July (Station 3/II) to 1.55 x 10° in April
(Station 1/ITI). In April, October, and November, there appeared to be a
decrease in heterotrophic populations with increasing distance offshore.
However, this was not consistent throughout the year's investigation.
Hydrocarbonoclastic populations were consistently very low, ranging from
0 to 12.9 TVC/2. Except for the 2.05% oil degraders recorded for Station
3/1II, in July, the other percentages of o0il degraders were gignificantly
less than 0.5%. Figures 8.7, 8.8 and 8.9 show the monthly variations of
heterotrophic bacterial abundance, hydrocarbonoclastic bacterial abundance,
and percentage of hydrocarbonoclastic bacteria. A comparison of these
three figures indicates that the significant increase in percentage of oil
degraders in July and August resulted from two phenomena. First, hetero-
trophic populations at all three stations decreased during July. Secondly,

there was a sharp increase in the hydrocarbonoclastic populations at Sta-



TABLE 8.5

TOTAL HETEROTROPHIC BACTERIA, TOTAL HYDROCARBONOCLASTIC BACTERIA, AND PERCENT OIL DEGRADERS FOR
EACH WATER COLUMN SAMPLE IN THE 1977 COLLECTIONS ALOMG TRANSECT II.

Collection Station 1/II Station 2/1II Station 3/11

Time Heterotroph 0il Deg.* % OD**  Heterotroph 0il Deg.* 7 0%*% Heterotroph 011 Deg.* 7 OD**

TVC/liter TVC/Liter % TVC/liter TVC/liter % TVC/liter  TVC/Liter %

February 1.1 X 107 0 ND##% 6.1 % 103 0 ND*** 6.5 X 103 10.0 0.154
March 1.5 X 105 12.9 0.008 1.2 X 104 2.0 0.02  1.48 X 10% 0.67  0.005
April 1.55 X 107 8.5 0.005 4.77 X 10° 4.6  0.01 1.5 X 10% 1.5 0.01
June 4.3 X 10% 2.4 0.006 2.56 X 104 2.2 0.0l  5.67 X 10% 4.0 0.007
July 5.26 X 102 2.4 0.46 7.15 X 103 9.4  0.132 4.88 X 102 10.0 2.05
August 2.03 X 103 6.2 0.31 1.03 x 103 2.75 0.27 2.4 X 103 1.5 0.063
October 9.2 X 104 3.6 0.004 5.45 X 10% 1.5  0.003 1.06 X 10% 1.13  0.011
November  8.97 X 10% 5.0 0.006 7.33 x 10* 1.42  0.002 4.8 X 10% 1.84  0.004
December  8.53 X 102 1.75  0.205 1.98 x 103 3.6 0.182 7.9 X 103 0.75 0.0095

LT-8

* 0il Degrading, or hydrocarbonoclastic bacteria.
** Percent 0il Degraders _ Number of Hydrocarbonoclastic Bacteria

X 100
Number of Heterotrophic Bacteria

**%% Not determined.
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Figure 8.7 Monthly Variations of Heterotrophic Bacterial Abundance
(cells 1~!) Along Transect II in the Water Column at a:
Depth of One Meter.
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Figure 8.8 Monthly Variation of Hydrocarbonoclastic Bacterial

Abundance Along Transect II at One Meter's Depth in the
Water Column.
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Figure 8.9 Monthly Variation of the Percentage Hydrocarbonoclastic
Bacteria Along Transect II at One Meter's Depth in the
Water Column.
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tions 2/II and 3/II. The monthly variations in heaterotrophic populations
at Stations 2/II and 3/II were quite similar throughout the year.
Seasonal variation in heterotrophic abundancz presented in Figure 8.10
shows an offshore decrease in cell number along Tramsect II during the
winter season. A somewhat lesser decrease in numbers of organisms from
Station 1/I1 to Station 3/II occurred during the summer season. This
trend was not apparent in the fall populations. Seasonal patterns in the
fluctuations of the hydrocarbonoclastic bacteriawere not apparent. This
may possibly be attributed to considerable deviation in the samples with
regard to hydrocarbonoclastic populations, and thz fact that there were
so few organisms in each sample. Filtration of larger volumes of water
could have possibly increased the number of hydrocarbonoclastic bacteria.
It was quite apparent that the deviation of o0il d=grading bacteria in the

water samples was extremely high.

Bacterial Identification and Distribution

Examination of the enumeration plates for the selection of isolates
for identification revealed a wide variety of colony types and pigmentation.
Table 8.6 shows the 19 pigmentation types which were observed for the var-
ious heterotrophic and hydrocarbonoclastic bacteria. Colonies of the whites
and off-whites most frequently occurred in samples collected from Station
1/11, while a larger number of the more chromogenic colonies were found
in the samples from Stations 2/II and 3/II. However, chromogenic colonies were
also observed in Station 1/II samples. .

Of the 1,905 isolates selected for identification, 14 bacterial genera
were represented. Six of these, Acinetobacter, Aeromonas, Alcaligenes,

Flavobacterium, Pseudomonas, and Vibrio were found in both the heterotrophs

and hydrocarbonoclastic isolates (Table 8.7).
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TABLE 8.6

PIGMENTATION OF BACTERIA ISOLATED FROM WATER COLUMN
SAMPLES COLLECTED AT STATIONS 1, 2, AND 3, TRANSECT II, IN 1977.

Pigmentation Heterotroph* Hydrocarbonoclastic**
Beige X X
Black X
Bluish Translucent X
Brown (Light) X X
Burgundy (Light) X
Cream X X
Dark Center X
Orange X X
Reddish COrange X X
Peach X
Pink X
Pink Orange X
Yellow X X
Yellow, Fluorescent Canary X
Red-Brown (Light) X
Red-Orange X X
White X X
White Translucent X X
Off White X X

* Isolated from samples plated on Marine Agar 2216.

*% Isolated from samples plated on Silica Gel 0il, or Silica Gel 0il

with fungizone.
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TABLE 8.7

BACTERIAL GENERA OCCURRING IN WATER COLUMN SAMPLES
COLLECTED ALONG TRANSECT II DURING 1977.

Genus Heterotroph Hydrocarbonoclastic
Acinetobacter X k
Aeromonas X X
Alcaligenes X X
Alteromonas X
Bacillus X
Enterobacteriaceae X
Flavobacterium X X
Moraxella X
Neisseria X
Photobacterium X
Planococcus X
Pseudomonas X X
Vibrio X X
Xanthomonas X
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Tables 8.8 and 8.9 show the frequency distributioﬁ of the heterotrophic
and hydrocarbonoclastic bacterial genera. Pseudoronas was the only genus
represented in each of the 27 water samples. With regard to the hetero~-
trophs, Alcaligenes did not occur at all in April, but did occur in 22 of
the 27 samples collected. Aeromonas and Vibrio also occurred with great
frequencies, 24 of 27 samples and 20 of 27 samples, respectively. With
the hydrocarbonoclastic bacteria, Pseudomonas again was the predominant
genus, followed by 4lcaligenes, Aeromonas, and then Vidrio. The Vibrio
genus occurred in only four of the 27 samples in the case of the hydrocar-
bonoclastic bacteria, and these samples were collected in April, June and
July.

Tables 8.10, 8.11 and 8.12 show the seasonal distribution of hetero-
trophic genera. ZPseudomonas appeared to be one of the predominants, if
not the dominant, at all stations in each of the seasons. Vidbrio isolates
cccurred most frequently at Station 1/II. The only luminescent genus
isolated, the Protobacteriwn,was isolated only in April and June. Table
8.11 presents data supporting the fact that the greatest diversity in
heterotrophs occurred in June and July, with the predominants being Pseudo-
monas, Alcaligenes, Aeromonas, and Vibrio.

Figure 8.11 shows the monthly variations of the four predominant gen-
era in this year's study, Pseudomonas, Alcaligenes, Aeromonas, and Vibrio.
The Pseudomonas population at Station 1/II exhibited large biphasic peaks
in populations from April to June and again from August through November.
All four organisms showed extremely fluctuating populations at Station 3/II.
The Pseudomonas, Aeromonas, and Vibrio populations peaked at different
times during the year at Station 2/II, which appeared to be the most stable
of the three stations sampled.

The monthly fluctuations in the heterotrophic Pseudomonas populations



TABLE 8.8

FREQUENCY DISTRIBUTION OF HETEROTROPHIC BACTERIAL GENERA IN WATER COLUMN
SAMPLES COLLECTED ALONG TRANSECT II

GENUS Month FEB MAR APR JUNE JULY AUG ocCT NOV DEC
Station |12 3 123 123 123 123 (123123 }123 |123
Acinetobacter X X X X X X X X b4 X X X X
Aeromonas X X X X X X X X X X X X X X X X X X X X X X X X
Alcaligenes X X X X X X X X X X X X X X X X X X X X X X
Alteromonas » X
oo
Bacillus X g
Enterobacteri~
aceae X X
Flavobacterium X X X
Moraxella X
Neisseria X
Photobacterium ’ X X X
Planococcus X
Pseudomonas X X X X X X X X X X X X X X X X X X X X X X X X X X X
Vibrio p'4 X X X x x X X X X X X X X X X X X X X
Xanthomonas X




TABLE 8.9

FREQUENCY DISTRIBUTION OF HYDROCARBONOCLASTIC BACTERIAL GENERA IN WATER COLUMN
SAMPLES COLLECTED ALONG TRANSECT II DURING 1977%*

Month Feb Mar Apr Jun July Aug Oct Nov Dec

Genera Station 123 123 123 123 123 123 123 123 123
Acinetobacter XX X X
Aeromonas X X XX XXX X
Alcaligenes X X X XX XX XXX XXX X XX
Flavobacterium X X
Pseudomonas X X X XXX XXX XXX XXX XXX XXX
Vibrio X XX X

* All hydrocarbonoclastic bacteria were isolated from cultures on Silica Gel 011 medium or Silica Gel
0il medium with fungizone.

Le-8



8-38

TABLE 8.10

GENERA OF HETEROTROPHIC BACTERIA ISOLATED IN WATER COLUMN
SAMPLES COLLECTED IN WINTER 1977 ON TRANSECT II

Station 1/II Station 2/II Station 3/1I
Genera A % %
February:
Acinetobacter 0.00 8.33 ( 4)* 13.33 ( 2)
Aeromonas 8.70 ( 6) 0.00 0.00
Alcaligenes 2.90 ( 2) 25.00 (12) 33.33 (9
Pseudomonas 86.96 (60) 64.59 (31) 33.33 ( 5)
Vibrio 1.44 (1) 0.00 0.00
Unidentified 2.08 (1) 20.00 ( 3)
Viability Lost** (D (12) (25)
March:
Aeromonas 22.22 (&) 16.67 ( 7) 30.77 ( 8)
Alcaligenes 38.89 ( 7) 9.72 ( 4) 7.69 ( 2)
Pseudomonas 11.11 ( 2) 21.43 (9 61.54 (16)
Vibrio 11.11 ( 2) 42,86 (18) 0.00
Unidentified 16.67 ( 3) 9.25 ( 4)
Viability Lost*= {1 (3
April:
Acinetobacter: 0.00 0.00 2.00 ( 1)
Aeromonas 18.31 (13) 14,28 ( 4) 28.00 (14)
Bacillus 1.41 ( 1) 0.00 0.00
Flavobacterium 0.00 0.00 2.00 ( D)
Neisseria 0.00 0.00 2.00 (1)
Photobacterium 0.00 28.57 ( 8) 2.00 ( 1)
Pseudomonas 52.11 (37) 17.86 ( 5) 16.00 ( 8)
Vibrio 28.17 (20) 39.29 (11) 46.00 (23)
Xanthomonas 0.00 0.00 2.00 (1)
Viability Lost*#* ’ ( &) ( 2)

* Number in parenthesis indicates number of isolates.
** Isolates which lost their viability prior to completion of the
microscopic and biochemical tests for identificationm.
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~ABLE 8.11

GENERA OF HETEROTROPHIC BACTERIA ISOLATED IN WATER COLUMN
SAMPLES COLLECTED IN SUMMER 1977 ON TRANSECT II.

Station 1/11I Station 2/11 Station 3/II

Genera A A A
June:
Acinetobacter 0.00 2.44 ( 3)* 8.41 ( 9)
Aeromonas 9.33 (18) 4.07 ( 5) 9.35 (10)
Alcaligenes 8.29 (16) 4.88 ( 6) 14.95 (16)
Enterobacteriaceae 0.00 0.31 (L) 0.00
Flavobacterium 0.52( 1) 0.00 0.00
Moraxella 0.00 0.00 0.94 (1)
Photobacterium 1.04 ( 2) 0.00 0.00
Pseudomonas 55.95 (108 22.76 (28) 61.68 (68)
Vibrio 23.83 (46) 65.04 (80) 2.80 ( 3)
Unidentified 1.04 ( 2) 0.00 1.87 ( 2)
Viability lost** ( 2) (2) (7
July:
Acinetobacter 5.66 ( 3) 4.76 ( 2) 0.00
Aeromonas 18.87 (10) 19.05 ( 8) 53.38 (19)
Alcaligenes 32.07 (17) 19.05 ( 8) 0.00
Flavobacterium 7.34 ( 4) 0.00 0.00
Planococcus 1.8 ( 1) 0.00 0.00
Pseudomonas 32.07 (17) 35.71 (15) 3.12 (1)
Vibrio , 0.00 21.43 (9 37.50 (12)
Unidentified 1.89 ( 1) 0.00 0.00
Viability lost ** (3 0 (21)
August:
Acinetobacter 1.82( 1) 0.00 12.25 ( 6)
Aeromonas 34.54 (19) 3.57 ( 2) 4.08 ( 2)
Alcaligenes 3.64 ( 2) 25.00{14) 4.08 ( 2)
Pseudomonas 60.00 (33) 57.14 (32) 79.59 (39)
Vibrio 0.00 14.29 ( 8) 0.00
Viability lost ** (1 (0 (2)

* Number in parenthesis indicates number of isolates classified.

*%* Isolates from original Marine Agar 2216 platas which lost their via-
~ bility prior to completion of the microscopiz and physiological tests.
These were not included in the calculation of percentages for the
genera shown.
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TABLE 8.12

GENERA OF HETEROTROPHIC BACTERIA ISOLATED IN WATER COLUMN
SAMPLES COLLECTED IN FALL 1977 ALONG TRANSECT II.

Station 1/1II Station 2/1II Station 3/II
Genera % % %
October:
Acinetobacter 3.85 ( 2)* 0.00 0.00
Aeromonas 9.61 ( 5) 46.51 (20) 46.15 (12)
Alcaligenes 5.77 ( 3) 13.95 ( 6) 3.85 ( 1)
Enterobacteriaceae 0.00 0.00 3.85 (1)
Pseudomonas 78.85 (41) 39.54 (17) 11.54 ( 3)
Vibrio 1.92 ( 1) 0.00 19.23 ( 5)
Unidentified 15.38 ( 4)
Viability Lost** ( 0) ( 2) ( 0
November:
Acinetobacter 0.00 0.00 5.72 ( 2)
Aeromonas 0.00 51.61 (16) 20.00 ( 7)
Alcaligenes 16.67 ( 5) 29.03 ( 9) 20.00 ( 7)
Pseudomonas 70.00 (21} 12.91 ( 4 25.71 ( 9
Vibrio 3.33 (1) 6.45 ( 2) 8.57 ( 3)
Unidentified 10.00 ( 3) 20.00 ( 7)
Viability Lost** (1) ( O ( 0)
December:
Acinetobacter 25.00 ( 8) 3.23 (1) 0.00
Aeromonas 9.38 ( 3) 0.00 12.12 ( 4)
Alcaligenes 28.12 ( 9) 9.67 ( 3 12.12 ( 4)
Alteromonas 0.00 0.00 3.03 (1)
Pseudomonas 31.25 (10) 51.61 (16) 63.64 (21)
Vibrio 6.25 ( 2) 32.26 (10) 9.09 ( 3)
Unidentified 3.23 (1)
Viability Lost** ( O ( Q) ( 0)

* Number in parenthesis indicates number of bacterial isolates.
*% Organisms losing viability prior to completion of the microscopic and
physiological studies for identification.



Y,

TR 3

8-41

Station 1/I1 °  © pgeudomonas
® Alcalipenes

80 O _Aevomonas
a Vibrio

odt, v

POPULATION

“
0

Station 3/11I

: M O NTH
Figure 8.11 Monthly Variation in Abundance of Four Predominant
Genera of Heterotrophic Bacteria in the Water Column :

Along Transect II.



8-42

at the three sampling stations is' quite clearly presented in Figure 8.12.
This may be partially attributed to the versatility of these organisms for
utilizing a wide variety of substrates. Biphasic curves occurred at Sta-
tions 1/II and 2/1I, while the greatest variability occurred at Station
3/1I, with four peaks (March, June, August, and December).

Tables 8.13, 8.14 and 8.15 present the seasonal distribution of the
hydrocarbonoclastic genera. In the winter season, Station 3/II had the
fewest genera of bacteria represented. The generic diversity was greatest
for the hydrocarbonoclastic bacteria in the fall, and the least diverse
in the winter. Pseudomonas was the most frequently occurring hydrocar=-
bonoclastic genus in the summer and the fall seasons.

Figure 8.13 graphically presents the monthly variations in abundance
in the hydrocarbonoclastic predominant genera (deromonas, Alcaligenes,
Pseudomonas, and Vidrio). It was quite clear that Psseudcmonas was the
dominant at all three stations, particularly from June to December. The
Vibrio -demonstrated a moderate peak in population at Station 3/II in June.
Alcaligenes peaked in April at Station 1, but not until July and August
for Stations 3 and 2, respectively.

Figures 8.14, 8.15 and 8.16 show the monthly fluctuations of the
three predominant genera and compare the fluctuations in the hetero-
trophic versus the hydrocarbonoclastic strains. Peaks in the hydrocarbon-
oclastic isolates did not always correlate with those of the heterotrophic
members of the same genus. In order to more fully understand this phenom-
enon, additional sampling efforts would have to be made in order to deter-
mine if these fluctuations in the populations were perhaps only transitory,
rather than normal population variations. In general, the monthly varia-

tion of Alcaligenes were not as drastic as those of Pseudomonas and Aeromoras.
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TABLE 8.13

GENERA OF HYDROCARBONOCLASTIC BACTERIA ISOLATED IN WATER COLUMN
- SAMPLES COLLECTED IN WINTER 1977 ON TRANSECT II.

Station 1/II Station 2/11I Station 3/II

Genera A 4 VA
February:
Pseudomonas 0.00 0.00 100.00 (3)*
Viability lost ** @Y (1) (0)
March:
Aeromonas 13.33 ( &) 0.00 0.00
Alcaligenes 43.33 (13) 0.00 0.00
Pseudomonas 43.33 (13) 0.00 0.00
Viability lost %% (22) (3) (2)
April:
Aeromonas 0.00 38.46 ( 5) 0.00
Alcaligenes 100,00 ( 2) 7.69 (1) 0.00
Pseudomonas 0.00 46.16 ( 6) 000
Vibrio 0.00 7.69 ( 1) 0.00
Viability lost ** ( 0) (12) (6)

* Number in parenthesis indicates number of isolates.

** Isolates which lost their viability prior to completion of the bio-
chemical tests for identification.



TABLE 8.14

GENERA OF HYDROCARBONOCLASTIC BACTERIA ISOLATED IN WATER COLUMN

SAMPLES COLLECTED IN SUMMER 1977 ON TRANSECT II.

Station 1/I1

Station 2/I1

Station 3/I1

Genera A 7 y
June:
Aeromonas 0.00( 0)* 26.32 { 5) 44 .00 (1)
Alcaligenes 37.50 ( 9) 15.79 ¢ 3) 0.00 ( 0)
Pseudomonas 62.50 (15) 52.63 (10) 32.00 ( 8)
Vibrio 0.00( O) 5.26 ( 1) 24.00 ( 6)
Viability lost ** (0 (0
July:
Acinetobacter 25.00 ( 1) 10.00 { 1) 0.00 ( 0)
Aeromonas 25.00 ( ) 10.00 ¢ 1) 20.00 ( 1)
Alcaligenes 0.00 ¢ o) 20.00( 2 20.00 ( 1)
Pseudomonas 25.00 ( 1) 60.C0 ¢ 6) 60.00 ( 3)
Vibrio ‘ 25.00 ( 1) 0.0G6 ¢ 0) 0.00 ( Q)
Viability lost ** (9 (¢ 8) D
August:
Alcaligenes 25.00 ( 2) 25.57 ¢ 2) 8.57 ( 3)
Pseudomonas 37.50 ( 3) 42.86 ( 3) 88.57 (31)
Unidentified 37.50 ( 3) 28.57 ( 2) 2.86 ( 1
Viability lost ** ( 2) (1) ( 9)

*

k%

Number in parenthesis indicates number of isolates.

Isolates which lost their viability prior to completion
chemical tests for identification.

of the bio-
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TABLE 8.15

GENERA OF HYDROCARBONOCLASTIC BACTERIA ISOLATED IN WATER COLUMN
SAMPLES COLLECTED IN FALL 1977 ON TRANSECT II.

Station 1/II Station 2/II Station 3/I1

Genera A A . A
October:

Alcaligenes 27.27 ( 3)* 28.57 ( 4) 15.67 (1)

Flavobacterium 0.00 7.14 (1) 0.00

Pseudomonas 63.64 ( 7) 57.15 ( 8) 83.33 ( 5)

Unidentified 9.09 (1) 7.14 (1)

Viability lost ** (¢ 3) (2) (Q°))
November:

Acinetobacter 0.00 0.00 6.67 ( 1)

Aeromonas 6.66 ( 1) 0.00 0.00

Alcaligenes 26.67 ( 4) 0.00 0.00

Flavobacterium 0.00 16.67 ( 1) 0.00

Pseudomonas 46.67 ( 7) 33.33 ( 2) 40.00 ( 6)

Unidentified 20.00 (¢ 3) 50.00 ( 3) 53.33 ( 8)

Viability lost *% (5) 7 (11)
December:

Acinetobacter 3.57 ( 1)

Alcaligenes 10.72 ( 3) 19.05 ( 4)

Pseudomonas 71.42 (20) 61.90 (13) 100.00 ( 1)

Unidentified 14.29 ( 4) 19.05 ( 4)

Viability lost #*%* (8 (1) ( 0)

* Number in parenthesis indicates number of isolates.

** Isolates which lost their viability prior to completion of the bio-
chemical tests for identification.
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Figure 8.15 Monthly Variation in Abundance of Heterot{ophic and
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in the Water Column (One Meter's Depth) Along Transect II.
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Monthly variations in two environmental factors, temperature and
salinity, are considered in Figures 8.17 and 8.18. The highest water
temperatures occurred in June and August, while the lowest temperatures
occurred in February. Pseudomonas exhibited the highest growth rates
in February, August, and October, which included the lowest and the
highest water temperatures. This was a clear indication of the tempera-
ture tolerance of pseudomonads. There appeared to be some correlations
with temperature in that the highest populations were observed in a
temperature range of 23-26°C.

Salinity appeared to be of little influence on the bacterial popu-
lations enumerated in this study. There appeared to be little correla-
tion with the salinity variations shown in Figure 8.18, and the variations
in abundance of any particular group of microorganisms. This needs to be
investigated more thoroughly since salinity became quite critical in cul-

turing the isolates on the identification media.

Effects of 0il on Pure and Mixed Cultures

Figure 8.19 depicts the effects of various concentrations of SLCO
on mixed bacterial populations. The 2% oil concentration appeared to be
more detrimental than either the 0.5% of 1.0% concentrations. The biphasic
peaks for all flasks with oil supplements suggested that some, if not all,
of the microorganisms in the mixed culture were able to metabolize either
the 0il, its degradation products, or water soluble fractioms.

Similar studies with a VZbrio isolate (heterotrophic) showed concen-
trations of 0.01% through 0.1%7 o0il as causing corsiderable modifications
in the growth rate of the organism. This is clearly shown in Figure 8.20.
Nutrition studies with this isolate showed that the organism required

supplements of peptone for a carbon and a nitrogen source to have optimum

growth. Apparently, it was able to utilize some of the lower concentrations
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Figure 8.17 Monthly Variations of Surface Water Temperature Along
Transect II at the Time of Collection of Water Column
Samples for the Bacteriological Studies.
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Figure 8.19 Effects of Various Concentrations of South Louisiana Crude
0il on Mixed Bacterial Populations from Station 1/II
Samples of August 1977.
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of the crude oil, however, as demonstrated by the peaks at four weeks.

The mixed culture-crude o0il study was repeated with October and
December samples from Station 1/II and with lower concentrations of oil.
As shown in Figures 8.21 and 8.22, the populations appeared to reach a
stationary phase between one and two weeks with o0il concentrations of
0.1, 0.5 and 1.0%. The predominant genera for August, October, and
December at Station 1/II were Pseudomonas and Alcaligenes.

Table 8.16 summarizes the number and percentage of bacterial genera
isolated from the water column along Transect II in 1977. Although there
were some variations between the percentages of occurrence for the same
genus as a heterotroph versus hydrocarbonoclastic bacteria, the overall
picture was remarkably similar. The same four genera were predomiants
for both groups of microorganisms, and the same four genera made up 92.87%

of all the heterotrophs and 89.17 of all the oil degraders studied.

Succession Enumeration

The enumeration of the total heterotrophs and the oil degraders was
the result of averaging duplicate plates (usually containing 30-300 CFU)
from each of two flasks/station. Average CFU/ml and the log;¢ for the
total heterotrophs grown on 2216 media and for the o0il degraders grown on
SGO media may be found in Appendix G, Table 1. Also found in this table
are the ratios of o0il degraders to total heterotrophs. Data are reported
for nine cruises, three sampling sites per cruise and for treatment flasks
(with 0il) and controls. Figures 8.23 - 8.31 show graphically the data
represented in the above mentioned tables. Note in these figures that
both heterotrophs and oil degraders reached a relatively steady state
population in a relatively short time and then did not deviate greatly. The

August cruise (Figure 8.28) was the best example of this rapid increase in
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Figure 8.21 Effects of Various Concentrations of South Louisiana
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1/11 Water Column Samples of October 1977.
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TABLE 8.16

NUMBER AND PERCENTAGE OF BACTERIAL GENERIC GROUPS ISOLATED FROM THE
WATER COLUMN (ONE METER'S DEPTH) ALONG TRANSECT II DURING 1977

Percentage of

Group Type Genera Number Population
Heterotrophic Aeromonas 216 15.5%
(1,390)*
Alcaligenes 160 11.5%
Pseudomonas 654 47.0%
Vibrio 260 18.8%
Unidentified 31 2.27
Other genera 69 5.0%
Hydrocarbonoclastic Aeromonas 29 9.67%
(302)*
Alcaligenes 57 18.9%
Pseudomonas 171 56.6%
Vibrio 9 3.0%
Unidentified 30 9.9%
Other genera 6 2.07%

* Number of total viable isolates to be identified.
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Figure 8.23 Microbial Populations (TVC= total viable counts) in
Water Samples Collected on the Winter Cruise(Feb. 17,
1977). Samples were Incubated with 0.05% SLCO. Solid
Lines Indicate Total Marine Heterotrophs and Broken
Lines Indicate 0il Degraders.

O = Station 1; @ = Station 2; &= Station 3.
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Figure 8.24 Microbial Populations (TVC = total viable counts) in
Water Samples Collected on the March cruise (March 25).
Samples were Incubated With or Without 0.5% SLCO. Solid
Lines Indicate Total Marine Heterotrophs and Broken Lines
Indicate 0il Degraders.
O = Station 1; e@= Station 2; &= Station 3.
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Figure 8.25 Microbial Populations (TVC = total viable counts) in
Water Samples Collected on the April Cruise (April 25).
Samples were Incubated With or Without 0.5% SLCO.
Solid Lines Indicate Total Marine Heterotrophs and
Broken Lines Indicate 0il Degraders.
© = Station 1; e@= Station 2; &= Station 3
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Figure 8.26 Microbial Populations (TVC = total viable counts) in
Water Samples Collected on the Spring Cruise (June 10).
Samples were Incubated With or Without 0.5% SLCO. Solid
Lines Indicate Total Marine Heterotrophs and Broken Lines
Indicate 0il Degraders.
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Figure 8.27 Microbial Populations (TVC-= total viable counts) in
Water Samples Collected on the July Cruise (July 9).
Samples were Incubated With or Without 0.5% SLCO. Solid
Lines Indicate Total Marine Heterotrophs and Broken Lines
Indicate 0il Degraders.
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Figure 8.28 Microbial Populations (IVC = total viable counts) in
Water Samples Collected on the August Cruise (August
6). Samples were Incubated With or Without 0.1% SLCO.
Solid Lines Indicate Total Marine Heterotrophs and
Broken Lines Indicate 0il Degraders.
O = Station 1; @-= Station 2; &= Station 3
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Figure 8.29 Microbial Populations (TVC = total viable counts) in
Water Samples Collected on the Fall Cruise (October 21).
Samples were Incubated With or Without 0.1% SLCO.
Solid Lines Indicate Total Marine Heterotrophs -and
Broken Lines Indicate 0il Degraders.
O = Station 1; @@= Station 2; &= Station 3
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Figure 8.30 Microbial Populations (TVC = total viable counts) in
Water Samples Collected on the November Cruise (November
20). Samples were Incubated With or Without 0.1% SLCO.
Solid Lines Indicate Total Marine Heterotrophs and
Broken Lines Indicate 0il Degraders.
O = Station ; e= Station 2; &= Station 3
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Figure 8.31 Microbial Populations (TVC = total viable counts) in
Water Samples Collected on the December Cruise (December
16). Samples were Incubated With or Without 0.1% SLCO.
Solid Lines Indicate Total Marine Heterotrophs and
Broken Lines Indicate 0il Degraders.
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cell population. Data for the first few cruises were quite erratic in
some cases (especially the April cruise, Figure 8.25), but with the com-
pletion of the iron experiments and the stabilization of the SGO media,
the data became more consistent.

Figures 8.23 - 8.31 also depict a considerable difference in number
of heterotrophs versus oil degraders. Several analyses of variance were
performed on different components of the data. In most cases the number
of heterotrophs from Station 1, 2 or 3 were not statistically different.
Also, the oil degraders from Station 1, 2 or 3 were nor statistically
different. The total heterotrophs from all three stations were however
usually statistically different from the oil degraders from all three sta-
tions.

Ratios of o0il degraders to total heterotrophs are presented in
Appendix G, Table 1. Trends were not apparent ir this data
upon cursory inspection. OCne would expect higher ratios of oil degraders
in samples with added oil, however,.this did not seem to be the case.
Higher ratios appeared as frequently in samples without o0il as they did in
samples with oil. It was interesting to note that the population of oil
degraders increased under laboratory conditions as did the total heterotrophs.

Several figures were prepared in an attempt to summarize some of the
enumeration data. Figure 8.32 represents the interpolated heterotrophs and
0il degrader data at 60 days after a sample was collected. Three sites are
plotted for all cruises. Dramatic changes occurred for some stations on
one or more cruises, but for the most part, seasonal trends, if present,
were minor. Spatial trends were also minor. Degrees of significance will
have to wait for the next phase of the project. Figure 8.33 depicts the
same picture. Figures 8.34, 8.35 and 8.36 represent a comparison of oil

treatment and control populations for all cruises. Points represent 60
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Figure 8.32 Log Number of CFU/ml 60 Days After Sampling. Samples
Were Collected on Transect II: O = Site 1; @O Site 2;
A= Site 3, and Incubated Without 0il. Solid Symbols
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Figure 8.33 Log Number of CFU/ml 60 Days After Sampling. Samples
Were Collected on Transect II: @ = Site 1; DO= Site 2;
& = Site 3, and Incubated With 0.5% SLCO (Winter, March,
April, Spring and July Cruises) or 0.1% SLCO (August,
Fall, November and December Cruises).
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Figure 8.34 Log Number of CFU/ml 60 Days After Sampling. Samples
Collected at Site 1, Transect II. Symbols are as Follows:
@ = Total Heterotrophs, Incubated with SLCO; © = Total
Heterotrophs Incubated Without SLCO; @ = 0il Degraders
Incubated With SLCO; @§ = Oil Degraders Incubated Without
SLCO.
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Figure 8.35 Log Number of CFU/ml 60 Days After Sampling. Samples

Collected at Site 2, Tramsect II.

Symbols are as Follows:

@ = Total Heterotrophs, Incubated With SLCO; © = Total
Heterotrophs Incubated Without SLCO; @ = 0il Degraders
Incubated with SLCO; g = 0il Degraders Incubated Without

SLCO.
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Figure 8. 36 Log Number of CFU/ml 60 Days After Sampling. Samples
Collected at Site 3, Transect II. " Symbols are as Fol-
lows: @ = Total Heterotrophs, Incubated With SLCO;

O = Total Heterotrophs Incubated Without SLCO; ® = 0il
Degraders Incubated With SLCO; g = 0il Degraders Incu-
bated Without SLCO.
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days bacterial populations. The treatments and controls for both the

total heterotrophs and oil degraders for sites 1, 2 and 3 were essenti-
ally the same, however, analyses of variance were not performed on all of
the data. By inspection, the treatment had a higher population than the

controls approximately 50% of the time.

Succession Genera

Data concerning bacterial succession may be found in Appendix G,
Table 2. Data for the winter, March and April cruises were
very meager due to problems in the laboratory at that time. Samples dried
out or were lost in culture before or during the time they were worked up,
enumerated, picked, or plated. Data for the remaining six cruises were
more complete; only a few plates were lost due tc dessication and a much
lower proportion of strains were lost in culture. Table 8.17 lists the

WaAL2Y 3am

s

3 1 .3 3 4 - J I AT
various genera cocf bacteria found in th e rudied. Nine

b
7}
"

.
era have been found in the controls and seven in the SLCO treated samples.
Moraxella was found only in the controls. It is a pathogen and was not
expected in salt water samples. There is some question about the identi-
fication of this genus, but its frequency and dominance were very low.
Bactllus was also only found in the controls at low density. Two genera
.not included above but presented in Table 8.17, have not been confirmed as
yet. Because of an error noted in one of the tests and difficulties with
this test, we have not been able to differentiate Plesiomonsa from Vibrio,
Alcaligenes and Flavobacteriwm and from several strains of the genus Pseudo-
monas (Table 8.18). The major genus found in all cases was Pseudomonas.

A trend noted in some cases was the reduction in species richness that
occurred in time as a sample was incubated in the laboratory. When colony
types were used, many samples showed this trend (Figure 8.37 and 8.38).

When the genera were plotted in the same manner and the unidentified strains
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TABLE 8.17

GENERA OF BACTERIA FOUND IN THE CONTROL SAMPLES AND THOSE TREATED WITH SLCO

Genus Control S1CO

Pseudamonas X X
Flavobacterium X X
Acinotobacter X X
Coryneform X X
Actinamycetes X X
Moraxella* X 0
Vibrio X X
Bacillus X 0
Micrococcus X X
Plesiomonas + +
Alcaligenes + +

+ Identification not confirmed at this time.
* Pathogen, not expected in salt water samples.
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CRITERIA FOR THE IDENTIFICATION OF Pseudomonas, Alcaligenes AND Flavobacterium

Strain Pigment {Oxidase
Pseudomonas #1 Absent :‘ B
Pseudomonas #2 Ye]low-“ “_“"t )
Pseudomonas #3 Absent . +—-*
Pseudomonas #4 Absent v
Pseudomonas #5 Absent ;—‘A”
Unknown Ps #5+% Various 7:—“"
Unknown Ps #G6** Absent + -
Unknown Ps #7% Various ; )
Unknowq Ps #8++% Absent ‘A;A»#M
Flavobacterium #1 Yellow ;“ -
Flavobacterium #2 Orange ; N
Flavobacterium #3 Pink--lted :"‘”

Non-Pigmented Pscudomonuads are nol 7
Motite Plavobacterium are undiflicrentiated from pigmented Pseudomonas species.

Flagella staining is in progress.

= oxidative

inactive
positive
negative

or

Glucose Urcase Citrate JFlugella
i ¥ " Polar
i n + Polar
o ¥ n Polar
i 3 + Polar
i + - Polar
i . Polar or
- ) -a .y .
P’eri Ly ichous
i Polar or
- - Peri trichous
i . - Polay or
i Letchous
. Polar or
i - + teritrichous
i 1 + Non-motile
i I n Non-motile
i ¥ " Non-moti o

sepavated from genus Alcaligoenes.

STRAINS.
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Figure 8.37 The Number of Species is Defined by the Colonial

Morphology on Difco 2216 Agar for Marine Heterotrophs.
Samples were Plated at Two Week Intervals. The Solid
Line (———) Represents the Data Obtained from Flasks
Incubated with 0.5% South Louisiana Crude 0il. The
Dashed Line (- - - -) Represents the Data Obtained
From the Control Flasks.
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Figure 8.38 The Number of Species is Defined by the Colonial Mor-
phology on Difco 2216 Agar for Marine Heterotrophs.
Samples were plated at Two Week Intervals. The Solid
Line ¢ ) Represents the Data Obtained from Flasks
Incubated with 0.5% SLCO. The Dashed Line (-—--)
Represents the Data Obtained from the Control Flasks.
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were included, some samples showed the same trends.

Differences did not seem to depend on the addition of SLCO. In some
cases simplification was greater with the oil, however; quite often these
trends did not appear. The dominant species at the end of the treatment
time in some cases was either not present in the first sample or was of
minor importance. When working at the genus level the degree of sensi-
tivity needed did not occur. To show the true trends in succession the
species level was used. Also, another important factor was replication.
A greater estimate of reliability was needed before trends could be con-
firmed and predicted. Further evaluation of the successional data will
be completed in the data synthesis effort. Numbers of genera and strains
will be compared with an analysis of variance to show statistical differ-

ences in time and treatment.

0il Degradation

0il degradation data may be found in Appendix G, Table 3.
A very large number of samples were taken and analyzed. Two fractions
were included for each sample, including the saturated alkanes and the
aromatics. Consequently, two computer printouts are presented for each
sample. Data appearing on most printouts for the aromatics includes name
(a2 retention index number), percent composition and component weight in
micrograms. Some printouts do not have weights, but those weights are
available and will be evaluated during the data synthesis effort. Data
appearing on most printouts for the saturated hydrocarbons include name
(a retention index number), percent composition (1100-3200), percent of
1600-3200, component weight in micrograms, pristane/phytane (Pr/Ph), Pr/1700,
Ph/1800, and the sum of the n-alkanes 1600-3200/Pr + Ph.
| Data for the Winter, March and April cruises include zero time sam-

ples, maximum time weathering controls (sterile samples with oil added),
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intermediate time samples as well as samples taken at the end of the
experiments. Duplicate samples were used for each treatment and control.
When individual hydrocarbons were looked at and relative values were plot-
ted, trends were noted. The percent concentration of some components
decreased (Z.e. the lighter fractions) while others increased (the heavier,
less volatile fractions). Over 60-90 days, these changes were not large,
and never were greater than the weathering controls (Figures 8.39 through
8.43). These figures show relative decreases in 1600, which is Cl6, a
saturated alkane, and 2020, which is dimethylnaphthalene, an aromatic
(Figure 8.39 and 8.41); relative increases in 2400, which is normal C24
(Figure 8.39), 1670, which is pristane (Figure 8.40), 1780, which is phy-
tane (Figure 8.40), and 2130, which is Cj3—naphthalene and methylbiphenyl
(Figure 8.43); and no relative change in 3000, which is C30, a saturated
alkane (Figure 8.39). Some of the ratics increased, such as Pr/17 and
Ph/18 while others decreased, such as Z nC;¢-32/Pr + Ph (Figure 8.41).
During the first three cruises, ﬁhe weathering controls were autoclaved
for sterilization as was the SLCO. Autoclaving changed the samples more
than the bacterial treatment. In all other cruises, o0il samples were
filter sterilized (0.45 pyM) and HgCl, was added to the weathering controls
to prevent microbial growth. Inspection of data for the spring through
December cruises indicated considerable variation, not only in total
weights of hydrocarbon samples, but also in the weights and percentages
of individual components. Ratios varied considerably as well, but not
as would be expected if the samples were being actively metabolized.
Analyses of variance were performed on a number of parameters for
several cruises, including total hydrocarbons, pristane/phytane ratios,

weight of C;¢ and percent of C;g. No statistical differences were found.
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Figure 8.40 Average Percent Pristane and Phytane Found in all Incu-
bated Degradation Samples for the Winter Cruise in Time.
The Open Circle is the Average Percent Weathering Con-
trols. Correlation Coefficients are 0.960 and 0.903,
Respectively.
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An example of the printout for the analysis of variance, the one tailed
T~test comparisons and the average perceant of C;s found in those samples
may be found in Table 8.19. To date, no significant differences have
appeared between the treatments and the controls, however; a great number
of parameters have not been tested and will have to be tested before it
can be said categorically that there are no differences.

Inspection of computer generated plots for the Winter, March and
April cruises, for the relative percent of each n-alkane versus carbon
number and odd-even preference (OEP) values versus carbon number also
suggested little change in samples (Appendix G, Figure 1). Changes did
cccur but the changes were the same type and magnitude as the changes

in the weathering controls (Figures 8.44 and 8.453).

Nutrients

tty

Soon after looking at the nvdrocarben data for
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it became apparent that lictle if any hydroéarbon oxidation was cccurring.
Experiments were éet up to determine potential nutrient limitation of the
seawater samples. Buchnell-Haas broth, a complete mineral media with
3.5%Z NaCl (Table 8.20), was used in these experiments, coupled with addi-
tions of 0.5% SLCO. Turbidimetric measurements were made for seawater
samples from Station 1/I containing varicus ratios of Bushnell-Haas media.
Figure 8.46 is a presentation of growth curves for various combinations
with the BH media. When no o0il was present, only straight turbidimetric
changes occurred. When no BH media was present, the same thing occurred.
When 5% and 50% BH media were present with SLCO, significant growth (opti-
cal change) occurred in 10-15 days. When the maximum optical density (OD)
was plotted against the BH/seawater ratio (Figure 8.47), a drastic increase

in the maximum OD occurred up to 10% BH (y = 0.929).
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SAMPLE PRINTOUT OF THE ANALYSIS OF VARIANCE AND THE ONE TAILED T-TEST COMPARISONS CALCULATED
FOR THE SPRING CRUISE SAMPLES, AND THE ESTTMATE OF MEAN PERCENT OF C16 FOUND IN THOSE SAMPLES
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Figure 8.44 The Relative Percent of n-Alkanes Versus the Carbon
Number Analyzed in Time for the Winter Cruise, Transect
IT, Station 1. A = 0 Day; B = 39 Days; C = 57 Days;
D = 79 Days; E = Weathering Control at 79 Days.
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Figure 8.45 The Odd-Even Preference Values (OEP) Versus the Carbon
Number Analyzed Over Time for the Winter Cruise, Station
1, Transect II. A = 0 Days; B = 39 Days; C = 57 Days;

D = 79 Days; E = Weathering Control at 79 Days.
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TABLE 8.20
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Figure 8.46 The Effect of SLCO and Various Ratios of Bushnell-Haas
Media on the Growth Rate of Mixed Natural Bacterial
Populations.
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The critical ratio of BH/seawater is 0.10. The specific mineral
elements that were limiting were investigated as well. Nitrate, POy, and
Fe were chosen. Quadruplicates were run singly and for each combination
of elements (Table 8.21). Data for the three elements together and for
any two together may be found in Figure 8.48. 1Iron plus NO; of PO, caused
only slight changes in OD. Nitrate plus PO. caused a drastic increase in
bacterial growth as indicated by turbidimetric measurements. The addition
of all three elements further stimulated growrth.

The above experiments indicate the bacteria could grow on the SLCO
given certain concentrations of NO3, PO, and Fe. The rates of degradation
are still not known. A new experiment was set up using seawater from the
November cruise, BH media and 0.57% SLCO. Tubes were harvested hetween 0

and 21 days. The resultant growth curve is presented in Figure 8.49.

o

The number of ug of n-C,;¢, n~-C2s and n-Cj3; are indicated in Figure 8.30.
Note that almost 1007% of each of these components was used up. Very litcle
of the hydrocarbon was lost from the controls. Wwhen the number of ug from
the branched chained hydrocarbons (pristane and phytane) were plotted in
time, it was apparent they were metabolized as well (Figure 8.51). The
Pr/Ph ratio did not change very rapidly, indicating they were utilized at

a relatively constant rate. When the percent of the original hydrocarbon
utilized was plotted for n-C;¢, n-Cs4, n-Cj, and pristane and phytane .
(Figure 8.52), it was obvious that the three normal alkanes were used at
the same rate, whereas the pris;ane and phytane were metabolized more
slowly. Comparisons with weathering controls indicated only a small loss
due to physical factors. When other alkanes were examined, such as n-C;-

and n-C;3, it was found they were rapidly metabolized as well (Figure 8.53).

Ratios of Pr/17, Ph/18 and I n-alkanes/Pr + Ph also indicated a rapid
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EFFECT OF ADDITIONS OF VARIOUS COMBINATIONS OF NO3, POs, FE, AND SLCO
ON THE OPTICAL DENSITY OF NATURAL MARINE BACTLERIAL POPULATIONS
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Figure 8.48 Growth of Marine Bacteria (Increase in Outside Diameter)
in Time as Effected by Combinations of NO,, PO,, and Fe.
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Figure 8.49 Charge in Outside Diameter of a Natural Marine Bacterial
Population in Time. Bacteria Were Grown in BH Media.
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Figure 8.50 The Metabolism n-Cl6, n-C24, and n-C32 by Natural

Populations of Marine Bacteria. Points in the Figure
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metabolism of the n-alkanes and also show a disproportionate rate of meta-

bolism of the n-alkanes and the branched alkanes (Figure 8.54). The print-

outs of the raw data for the n-alkanes and aromatics may be found in

Appendix G, Table 3. Example chromatograms for the n-alkanes taken during

the course of this experiment may be found in Figure 8.55. The gas chrom-

atography for the aromatics may be found in Figure 8.56. Although differ-

ences in the aromatics did occur, they may have been artifacts.

A second series of experiments was set up using water samples for

stations collected during the December cruise. The printouts of the raw

data for the n-alkanes and aromatics may be found in Appendix G, Table 3.
When counts of total heterotrophs were compared for water samples
grown with 0.1%7 SLCO and either with or without 50% Bushness-Haas media,

the counts for the samples with the 30% BH media were at least two orders

Lk 7 laga N
aizgner ! L2

(O3]

~

s o
Figure 3

N

z than those without the nutriencs T
hydrocarbon content of these samples may be found in lppendix G, Table 3.
The number of o0il degraders should have been equal to the total hetero-

trophs at this point of the experiments, but the experiment failed due to

problems with the culture media.

Kinetics

Growth rates defined specifically as growth times (the time required

for the bacﬁeria to cause
to 0.2) were measured for
one Coryneform, one Group
ments were carried out in

The organism used, 3A4'0.1

a change in optical density at 600 nm from 0.1
15 strains of bacteria including 11 Pseudomornas,
4~E and two unidentified. Early growth experi-

250 ml Erlenmeyer flasks using 2216 broth.

(1), was identified as a Pseudomonas in later
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studies. The effect of SLCO on this strain was investigated. Turbidi-
metric data collected in these experiments is found in Tables 8.22 through
8.25. Both OD and cells or CFU/ml were determined and recorded. Growth
kinetics for these experiments are shown in Figure 8.58. Growth constants
(k) and doubling times (D») were calculated for the controls and 0.06%,
0.33% and 0.67% SLCO treatments at 30°C. The k and D; for these experi-
ments are found in Tapble 8.26. Little change occurred in either growth
constant or the deubling time with incresing exposur: to SLI0. Doubling
time did decrease with the exposure to higher levels of the SLCO.

Problems related to this early study can be seen in Figure 8.383.

The low end of the growth curves were missed and consequently, only lim-
ited data at higher cell densities was available for rate calculations.
A system was developed that did not require opening after sterilizacion
except for inoculation. Capped 25 x 250 mm growth tubes were used and
the Spectronic 20 was fizted with an adapter.

The first experiments carried out were to determine the zrowth times
for the 15 bacterial strains at 25°C on 2216 broth. Figures 8.59 through
8.63 are examples of the average growth curves for each of the bacterial
strains at 25°C. The curves are nice, well-behaved, smooth curves. From
these data, growth times were determined and they may be found in Table
8.27. Raw data is not being included in this report for this experiment.

Additional triplicate experiments were carried out at 15, 31, 41,

45 and 50°C. Growth times were determined and they may be found in Table
8.27 also. None of the strainé grew at 50°C. The growth times for sev-
eral strains may be found in Figure 8.64. These strains all showed a
rapid increase in the growth time just above 40°C. The response below
40°C was for the most part a gradual increase in the growth time with

decreasing temperature.
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TABLE 8.22

GROWTH KINETICS FOR BACTERIAL STRAIN 3A%0.1(1) ISOLATED FROM STATION 3,
TRANSECT II, WINTER CRUISE.
CONTROL POPULATIONS WERE GROWN IN MARINE BROTH (2216 DIFCO),

AT 30°C, IN A WATER BATH SHAKER, AT 100 OSCILLATIONS/MINUTE,
POPULATIONS WERE ESTIMATED WITH A SPECTRONIC 20 AT 600 mm

-

A L 3 “Ave.No,| Log;q ave.
| ' Cells/ | Cells/al

Tize CC | Calis/=l Leayg $D | Cellsiali{lszy; | =

(2rs) ’ ‘Ceils/all . Ceils/ad l

3.90 ¢+ 0.2 =~ - 3.0 } - - -- -- -
5,23 : 0.9 | -- -- 9.5 -- -- -- --
5.45 ) SO 9.1 -- -- -- --
2.03 0.0 -- -- 2.9 -- -- -- -
3.5 3.0 -- -- 9.9 - -- -- --
11.53 10.203 |1 -- I R S LA A e
ta.02 lo.130 '3 sorxza’ g saauaxia® ) 350
533 o.1s3 gs 7.5x097 1 3,375 s 3%197 | 3.233

‘ ;
13.3 9.202 %7 }1.23;01113 279 3 3~.39§ 3,331
| ; [, S R S RN,

B 2,302 0L i; 5417 ;-. 233 L ~\..1 20 lis
13.33 ©0.335 |1 % E: 1x-3L%13 279 .70t ) 10230
22,23 | 0.53 Ez 2x10%%10.36209.59  2.sx19 019,513 2. ax107Y 10,330
27,53 1a.5s |2 3{lGL%lO 353{2.70 2 5A13LJ10 ~15|:.s<zo*i 10.413
30,03 [ 0.74 |2 sx10l910.55700.72  .rxiotia.esz 2. 3xe0td 10 s7
31.92 [0.77 |2 9x101%10 ss210.76  l2.8x10%010.547 (2.9%20%9 19,4452
34.00 |0.33 3.1x1olﬂ10 49110.80 13.ox10*%10.477 [3.1x10%% 10.451
37.22 10.30 3.4x101ﬁ10 s3100.38  [3.3x10t%10.519 13.4x00%" 10,531
19.08 |o0.98 |3.7210%710.563{0.99 [3.7x10'%10.568 [3.7x10'9 10.56s8
49.90 | 1.15 A.JKIOL%LO s330t.15  L.3xin*910.833 le.3x20%Y 10,533
5532 ' 1.16 |e.ax10t910.53301.19 b.sxrotio.s53 l4.exiotd 10,543
$7.32 |1.14 4.3X101410.633 1.19 r.5x1ololo.6s3 46210 10,543
53.58 | 1.18 afaxlol%lo.saz 119 p.sxiotfioiesy plsxiot? 1olsas

-~ 3elow dateczion liaic * Mot Averaged
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TABLE 8.23

GROWTH KINETICS FOR BACTERIAL STRAIN 3A%0.1(1) ISOLATED FROM
STATION 3, TRANSECT II, WINTER CRUISE.
TREATMENT POPULATIONS WERE GROWN IN MARINE BROTH WITH 0.06% STERILE SLCO
ADDED AT ZERO TIME.
CULTURES WERE GROWN AT 30°C, IN A WATER BATH SHAKER, AT 100 OSCILATTIONS/MINUTE.
POPULATIONS WERE ESTIMATED WITH A SPECTRONIC 20 AT 600 mm

A 3 | Ave.lo. chl) Ave,
| | Cells/ | Cells/al
Tize | cD Cells/al Lo;l?’ ) 2D C3115/3l4?5§}0. J' al
(Hrs) | Cells/nl | C2lls/=
0.30 £.09 - | - 9.00 T - -
4.28 3.60 N 9.0 - - - -
5.45 3.00 - - 0.¢0 - - - -
3.08 2.0¢ - - 9.480 - - - -
3.50 | 0.00 - - a.co2! 7.siae? | t.ars | 7usxaioTe 7.a7se
11.58 0.00 - = 9.011) 4108 | 3513 | s.n0de] 3510w
14.08 I g.085 3. 25203 i 5.205 9.0551 2.:.x207 f 3.322 1 2.7x20% | 9.s31
15.08 0.170 6. 4x29° ! 5.836 | 0.1601 s.0x20? 3.773 ta 2x29? 3.732
15,37 | o0.215 ‘a 11202 l 3,908 : 0.190" 7.ac? 1 3.3t oio7.sad? ' 3,381
17,33 | 3 3555_ BRGDE i 1riie o0 113 1.1mat? - tTe e -\_”-‘35-0 tii
. ‘ | i ‘ Al
13.33 | a.sz0ji.eiactd | 1siace |o0.205) Losmastdpioiis | SEESER R
24.23 0.52 l2.3watd 1 10.362 | 0.5 i 2.300%0 (13,352 2.3%2549110. 362
27.53 0.59 |2.5K0%T ' le.ans | 353 ! 2.5x2040 | 13,415 L 2eactflio s
30.03 0.75 |2.8x10%? | 10647 | 0.77 | 2.9x20%? 13,462 2 5x1010 10, 552
31.92 0.82 13.1x1020 | 10,491 | 0.8s | 3.220%° 10.505 | 3.2x10%%110.505
34.00 0.93 [3.5x20%0 | 10,564 | 0.95 | 3.6x2040 | 13,556 | 3.5x10%0)10.556
37.22 ‘0.95 3.6%10%0 | 10.556 | 0.98 | 3.7x1010 |10.568 | 3.7x1¢%0}10.568
39.08 | 0.98 |3.7x10%0 | 10.568 | 0.99 | 3.7x20%0 |10.3563 | 3.7x101010.558
49,90 1.2 |4.5%10%0 ] 10.4653 | 1.20 | 4.1x2010 |10.613 | 4.3x20%010.633
55.32 1.2 l6.5x200 | 10,653 | 1.10 | 6.1:00%0 |10.613 | 4.3x2040]10.633
57.25 1.2 l4.5x1010 | 10.653 | 1.10 | 4.1x10%0 {10,613 | 4.3%10%9)20.533
33.33 1.2 la.sxob0l 10,553 | 1.0 | 3.3x00%0 [:9.530 | s.2x10t9110.623

-~ 3elow detection limit
* Yot averagad
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TABLE 8.24

GROWTH KINETICS FOR BACTERIAL STRAIN 3A%'0.1(1) ISOLATED FROM
STATION 3, TRANSECT II, WINTER CRUISE.
TREATMENT POPULATIONS WERE GROWN IN MARINE BROTH WITH 0.33% STERILE SLCO
ADDED AT ZERO TIME.
CULTURES WERE GROWN AT 30°C IN A WATER BATH SHAKER, AT 100 OSCILLATIONS/MINUTE.
POPULATIONS WERE ESTIMATED WITH A SPECTRONIC 20 AT 600 mm

N
3
~4
>
3
"
)
n
(]
f
[
i)
[$)
I8
) e
us
[en
N
(]
b
[}
.
'
9
IS
Iy
4
'
]
N
"
@
(@]
Q

| ; ! ) - : -
13.33 1 0.410 1.3x10%%10.075; 9.335 1.3x107T00. 01 1LaxioY 10,1
; | 11; t '!( ’

26.28 ;0.52 2.3x10°710.352) 0.58 2.1x107710.322 2 -x10+% 10342
27.53 j0.59 | 2.sx19t%0.01s) 056 R.sxiotTiolasn 2.sxzoltl 10393
; ; . 1, | f
30,03 10,72 la.7x00%0.031] 0,57 hlsxiot9i0.398 2.sx20t% 1o.ans

ce1nl ; rerqld il
31.92 [0.73 | 2.7x20%%0.431) 0.72 p.7xaot%i0.431 2.7%20%% 10,431
H ! 1 !
36.00 [0.39 | 3.3x10%%0.519 0.35 p.2xiot%io.ses hl3xiot® toste
37.22 [0.95 |3.6x10'%10.556] 0.93 3.5X101i10.545 3.6210%% 10.556
i ‘ ,
39.08 {0.99 |3.7x20"%0.553] 0.95 B.sx10%%10.555 3.7x20%0] 10,563
49.90 |1.15 [4.3x10'%10.633] 1.03 t.9xlo‘jxo.ssl bo1x10t9 10,613
55.32 |1.15 4.3x1oli10.533 1.00 .sxlolllo.sso 4.1z10t% 10.513
57.25 |1.11 |s.2x10%%10.623] 1.00 F 8xlo-ﬂlo 530 k.0x102 10,602
A . 1 ol . 1o}
58.33 1 1.20 je.2x10tf10.623) 100 3.3x20%%10.530 4.0x10'% 10,602
| ] I i

-- 3elow Detection Liait * Not Averaged
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TABLE 8.25

GROWTH KINETICS FOR BACTERIAL STRAIN 3A'0.1(1) ISOLATED FROM
STATION 3, TRANSECT II, WINTER CRUISE.
TREATMENT POPULATIONS WERE GROWN IN MARINE BROTH WITH 0.67% STERILE SLCO
ADDID AT ZERO TIME.
CULTIURES WERE GROWN AT 30°C IN A WATER BATH SHAKER, AT 100 OSCILLATIONS/MINUTE.

POPULATIONS WERE ESTIMATED WITH A SPECTEONIC 20 AT 600 mm.
A ! 3 | !
T T 5 1 . [
: LoG. o PAva. oL Loz .
23 | ozanisomnd =i o !Ce“sf‘ l‘=7’§/— Tells m1 i zaiiios
3.20 f 2.3 ! - f - 2.20 ! - - -
! ! i l ' ‘
4.28 | o.c0 - booae 0.20 | = S b e
; | | | !
5,45 1 0.20 | - -- I 9,20 - R b
| i ; f l
| I | 1 l
3.38 1 290§ - - i 0.20 -- - - P -
i j ? ! !
3.3 2.30 1 == R g.00 - D I
i i ‘ I
11.33 | 2.90 {1  -= -—- 3.80 -- -— - i -
z : | :
1i.38 | 5.¢o0 E - - 0.20 - -— i -
: ' |
15.08 | 0.990 | 3.4x2” 3.531 | 9.080 | 3.2x10% | 9.477 13.2xz0® | 3.zas
| : ! ’ !
1827 | osizes Daimae? 1 osiver | surioiz.axis? o :taz Lsamas L 3.
. f i ) t
N O LS T T um b o auiad . ! o}
17033 0,275 ¢ onoswactd b si000 2.240 1 3.3x20° | 9.95¢ | l.ox10-7 [12.00c
; ; i |
18.133 0.355 | 1.3x20%% | 10.114 } 0.202 | l.ixioi3fio.car f1.2x20%C {10,272
. ' ‘A |
24.23 0.460 | L.7x12%7 | 10.230 | 9.54 2.0x10-°1.0.301 i1.3x:07° {19.279
. ! :
- f 10 - ‘ 10 N I - 10
27.53 0.56 2.5x10 10.398 | 0.83 {2.4x20%% 10.239 (2-5x2012 110,398
30.23 9.87 2.5x20%% | 19,398 2.68 | 2.5x20%90 19,325 12.5x10%? |10.413
a 10 ; 0 . sral0
31.22 0.71 2.7x10 10.431 | 0.70 |2.8x20%%110.415 |2.7x20%° |10.431
34.00 0.85 | 3.2x10%0 | 10.505 | o0.8L |3.0x20%C|10.477 3.1x10%° |10.491
37.22 0.91 | 3.4x10'9 | 10.531 | o0.89 |3.3x10%9|10.519 |3.4x10%0 |10.531
0
39.08 0.94 3.5410" 10.544 0.94 |3.5x101% 10.594 |[3.5%x10%9 |10.544
1
43.30 1.25 | 4.3x20%0 | 10.833 | 1.15 |4.3x10%910.633 |4.3x10%° |10.633
55.32 1.13 | 4.2x10%0 10 2 10
. . . 2x10 10.623 | 1.12 [4.2x10%°]10.623 |4.2x10%? |10.623
57.25 1.12 | 4.2x2010 | :9.523 1.19 14.5x20%%110.8353 |4.4x2019 ]10.543
33.33 1.2 4.2x10%9 | 10.523 1,19 [4.3:020iC 15,53 4.0%:9%0 119,542
~= Below detaction limit
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TABLE 8.26

GROWTH KINETICS (k) AND DOUBLING TIMES (D,) FOR STRAINS 3A%'0.1(1) GROWN

AT 30°C AND TREATED WITH SEVERAL CONCENTRATIONS OF SLCO.

k D2
0il Concantration

A B Ave, 3 Ave,
0.00% 0.50% 0.44 0.47 2.0%%* .25 2.13
0.067% 0.66 1.00 0.83 1.51 00 1.2%
0.337% 0.66 0.89 0.78 1.51 13 1.32
0.677% 0.91 0.91 0.91 1.09 .09 1.09
* Doublings/hr

* % Time of doubling in hrs.



OPTICAL DENSITY
. " .

i
13 H 10 15 > >} 30 18
]e
12
[ J
1.1

OPTICAL DENSITY

3+ 3
2T 2T o
4 ) 4
.‘I' l
s 10 s @ 235 W\ IS 40 s W 18 20 I WV B 80
TIME (Hours)

Figure 8.59 Growth Curves for Four Strains of Marine Bacteria.
A. Pseudomonas (112'01511-1), B. Pseudomonas(11201511-8),
C. Group 4-E (11201511-7C), D. Pseudomonas (112'01511-5C).




8-115 -

OPTICAL DENSITY

OPTICAL DENSITY

134 13
B
12 12 e ®
1.1 1.1
] ] °
1.0+ 1.0 4 [}
94 3 1 e
F g s+
7+ .7 4
] R
s 44
3+ 5
e
L
JT ’
R JV
134 19 18 2 L] 10 18 Fo] hi] 30 -} «0
1.2 4
11
1.9+
e
)/'1_|
3+
yd !
2 ‘
e
5 st
°

R ‘<L

3

_24

R r

Py ™ 40 s 10 18 20 25 30 W™ 40
TIME {Hours)

Figure 8.60 Growth Curves for Four Strains of Marine Bacteria.
A. Unknown (13201517-1), B. Pseudomonas (131'01517-1),
C. Pseudomonas (11201511-6A), D. Fseudomonas (11201511~

7B).




8-116

L
. .
e

OPTICAL DENSITY
w ia N B b B 4
PSS VU S VU S S S SO S S o
n @ W B B B o
-

a
@
4
&
8
u
5
L

[

4

OPTICAL DENSITY
»

(¢}
‘.\
+
i b 8 - .
R e e D O s &
o
.\\

~
e

TIME (Hours)

Figure 8.61 Growth Curves for Four Strains of Marine Bacteria.
A. Coryneform (611118067), B. Pseudomonas (112'01511-24),
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TABLE 8.27

BACTERIAL GROWTH TIMES

Genus TEMPERATURE
15° 25° 31° 41° 45°

Unidentifiad 56.3% 50.0 43.75 187.5

(13201517-1)

Pszudcrerag SP. 93.8 62.5 82.5
(llZOl 11-64)

?"',N”M”f*s sD. 75.0 50.0 30.0
(131'01517-1)

Pszudomenas sp. 150.0 93.8 75.0 30.0 75.0
(11201511-78B)

Unidentified 62.4 40.9 47.0 225.0
(132'03517-2)

~sauaﬂmowa9 sp. 550.0 125.0 67.5 950.0
(112°01511-8B)

Coryneform (LLT) 75.0 75.0 75.0 62.7 93.75
(61111806 7)

Pseudomonas sp. (LLT) 375.0 112.8 50.0 75.0 787.5
(1r2+0L511-24)

Pseudcmonas sp. 110.0 75.0 75.0
(111'02516-7)

Preudoriovas sp. 225.0 37.5 75.0 73.0
(11102516-7)

Pse uacmnnab sp. 75.0 75.0 75.0
(112'01511-1)

Pseudomornas sp. 225.0 93.8 87.8 56.25
(11201511-8)

Group 4-E 81.3 75.0 106.25
(11201511-7C)

Pseudamonas sp. 150.0 93.8 52.5 81.25
(112%)1511-5C)

Pseudomonas sp. 175.0 93.8 75.0 50.0 225.0

(112%01511-11C)

*Growth Time in Minutes
LLT=Long Lag Time



8-120

0s

(D) 2anyuaaduma)

ot 0

0z

(M 1-11S10, 211

v ods seuouopnasg

(.~-90811119)
v W10 AUN100)

0ot

00¢

00¢

an

L dIncdy

(&

(Ut} au

ns

(D) Pimraaduay

ot 0%

0¢

T }

A8-11st-,211
® "ds sruocuwopnasy

11510, 051
0 "ds seuowopnasd

0ot

00¢

00%

an

(*utw) SwWTL 43IM0I9

Figure 8.64 The Effect of Temperature oum Bacterial Kinetics.




O—1l4Ll

Another series of experiments testing the interaction of SLCO and
temperature was carried out. 0il concentrations used were 0.0, 0.1, 0.5
and 1.0. Temperatures tested were 25, 31, and 41°C. Little change in

the growth times occurred.

DISCUSSION

The water column bacteriology studies on the 27 samples collected
during 1977 provided data, which although limited by only one year's inves-
tigations, provided some insight into a preliminary overall picture of
the distribution and abundance of the heterotrophic and hydrocarbonoclas-
tic bacterial genera occurring in the water column at the one meter depth.
Results of these investigations of the bacterial nopulations in the water
column along Transect II have indicated that relazively few zenera make
up the predominants of the stations studied. Only 14 genera of hetero=-
trophs were identified, and of this group, three zenera (3qeilius, Plaro-
coccus, and Xarntnomownas) only occurred once. The luminescent Fhorobacier-
Twn strains were isclated only in April at Stations 2 and 3 and at Station
1 in June.

Pseudomonas, Alcaligenes, Aeromonas, and Vibrio appeared to be the
predominants for both the heterotrophs and the 0il degraders. These organ-
isms are all Gram negative, aerobic rods, and apparently have many repre-
sentatives which can degrade the crude oil.

The microbial population of the water column was relatively small
when considered with those populations of the sediments. However, the
5. x 10% to 1.55 x 10° cells per liter for heterotrophs was similar to
values for the water column reported by other investigators (Roubal and
Atlas, 1978).

Early issues dealt with the kinds of media to use in the enumeration

of various types of bacteria. The medium for the oil degraders is still a
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problem. The choices were salt water, nutrient agar, or an inert solid
medium, such as silica gel, which was finally used. Early experiments
indicated that the SGO medium should be modified to contain 0.5 g/f FeClj.
With this modification came reduced variability and increased reliability.

Bacterial succession enumeration work proceeded quite well. Increases
in populations were found to occur within a week of bringing the samples
into the laboratory. A preliminary experiment indicated this increase
occurred within 24 h. Other investigators have found similar trends for
marine bacteria. Apparently, the increased surface area provided by the
container available to the organisms stimulated this burst of growth.

Seasonal traends have been reported for marine bacteria in the past,
and seasonal trends have been reported for certain chemical factors in
the South Texas Outer Continental Shelf (STOCS) area, but we did not

find anv distinct temporal patterns in our snumeration data for succession

+

studies for any of the sampling sites. Further statiscical analyses need

0

to be completed before the final answer to this question is given. Defin-
ite differences occurraed between the populations of total heterotrophs and
the 0il degraders at each site and time, but the site differences were
not that great or constant. Further analyses will also be required here.
Trends were noted with the bacterial numbers for both groups or
organisms. Successional populations in closed systems with or without
SLCO increased to a maximum level very quickly and then did not change
appreciably thereafter. This pattern appeared consistently and was prob-
ably due to nutrient limitation.
Species trends during successional studies were clouded. Differences
with or without oil were very slight. The genera represented at the start
of the study were not always present at the end. Dominants at the begin-

ning were not dominant at the end. Gemera that were minor components or
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not even detected at the beginning sometimes bécame dominant at the end.
These trends were expected for the samples.

The strains that were found during the succession studies were com-
mon genera that have been reported from many marine environments. One
strain, a minor component, was identified as a pathogen, but it may have
been a contaminant. Becuase of a problem with ore of our diagnostic tests,
which was not discovered until the end of the corntract period, we have not
been able to separate several strains of four gerera. The problem has been
worked out, but unfortunately, not in time to be included in this report.

Studies with raw or natural Gulf of Mexico water containing indige~
nous bacterial populations did not show any hyvdrocarbon metabolism or degra-
dation. Slight changes in sample hydrocarbon cortent occurred, but changes

were as great or greater in the controls. The addition of complete min-
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eral media or N0:, PO:, and Fe caused the metabolism of zo 93% of the

saturated hydrocarbons. Aromatics seemed r£o be remeoved as well, but this

[}

indication appeared to be an artifact. Other investigators have reportad

[

similar results from other oceanic or marine are:zs.

Kinetic investigations showed that all isolates tested were meso-
thermal. They had optimum growth times between 30 and 40°C. 1If other
isolates from winter cruises or deep waters had been used some psycrophiles
may have been encountered. Strains tested showec a rapid increase in
growth time just above the optimum. This interesting ''threshold" has
been reported for other strains of bacteria. Double stressed bacteria,
which were stressed with temperature and oil, did not show any apparent
change in their growth times. Further statistical treatment will be
required for the substantiation of the above.

In order to have a more meaningful set of data for the microorganisms

of the Western Gulf cf Mexico, it will be necessary to continue studies
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similar to these now being reported, for an additional two or three years.
This would provide sufficient data for determining if the predominants
and populations in this initial study are the most likely to occur. 1In
addition, a more accurate assessment of the influence of water tempera-
ture and salinity on microbial growth and species distribution would have
to be made.

In order to study the effects of other environmental factors on
the bacterial populations of the water column, one should attempt to cor-
relate the microbiological data with factors known to influence bacterial
growth and metabolism. Some of these factors to be included are nutrients,
total organic carbon, oxygen, temperature, salinity, trace metals {such as
copper, magnesium, zinc, mercury, cadmium and manganese), phytoplankton,
sediment type and texture, wave action, nitrates, and phosphates. Another
aspect of the study which should be considered is that of collection time.
Little information is available as to possible variations in microbial
populations collected at different times of the day.

In order to more accurately assess the oil degradation potential of
the hydrocarbonoclastic bacteria, additional degradation rate studies and
fate and effects of 0il studies should be conducted. Pure culture studies
and mixed culture studies in this area need to be expanded if a more accur-

ate estimate of the o0il degradation potential is to be made.

CONCLUSIONS
1. Marine bacteria of the water column are relatively few in number
when compared with those in the sediments. Heterotrophic bacteria ranged
from 5.0 x 102 to 1.55 x 10° cells per liter, while hydrocarbonoclastic

bacteria ranged from 0 to 12.9 cells per liter.
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2. The percentage of o0il degraders ranged from 0 to ZLOSZ, but the
values were usually significantly less than 0.5%.

3. Heterotrophic populations exhibited wider diversity in June
and July, but heterotrophic populations were usua.ly much lower in July.

4., Hydrocarbonoclastic populations peaked in July and August,
thereby resulting in increases in percentage of oil degraders.
5. A total of 1,905 marine bacteria were isolated from the water
column samples and 1,631 generic identiricacions werz zompleted. Fourt=en
(14) genera were represented in these isolates. dAetnetopactar, Zeromownas,
Pseudomoras, and Vibris were the predouminant genera for both the hetero-
tropins and tne hydrocarbonoclastic bacteria.

6. Pszudomonas was the only genus represenzad in all 27 water column
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8. The greatest generic diversity occurred at Station 3/II in April
with eight genera represented. Usually only three or four genera repre-
sented the populations in the water column samples.

9. Seasonal fluctuations in heterotrophs were most prevalent at
Stations 1/II and 3/II, while microbial populations at Station 2/II appeared
to be more stable.

10. Seasonal fluctuations were observed between stations. The winter
season exhibited offshore decreases in populations. This was least appar-
ent in the fall.

11. Temperature fluctuations appeared to have had more significant
effects on bacterial populations than did the salinity variations. Optimum

temperature range for the marine organisms was from 23 to 26°C.
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12. Pure culture and mixed culture studies on the effects of SLCO
indicate that concentrations of 0.5% or less increased the growth rate
after four weeks, following a decrease after the first 7 to 14 days of
incubation.

13. The relationship of salinity should be more effectively explored,
since many marine isolates demonstrated sensitivities, or tolerances, to
several ranges of salinity.

14. The major genera of bacteria found in the successional studies
were Fseudomovnas, dloaligenes, Flavobacteriwn, and Corynejorms.

15. The presence of 0.1% or 0.57% SLCO did not seem to effect the
number of bacteria present during the successional studies.

16. In some cases, the number of genera present in the succession

cultures decreased with increasing time in the laboratory.

17. The presencs of SLCO did not seam to effect the course of

18. Hydrocarbon analyses and turbidimetric analyses indicated that
an insignificant amount of SLCO was metabolized during the successional
stages.

19. 0il degradation rates for Gulf of Mexico water tested were insig-
nificant or essentially zero unless minimal nutrients were added to the
water samples.

20. Additions of nitrates, phosphates, iron, or a compliment of
mineral salts to the medium significantly enhanced hydrocarbon metabolism.

21. Kinetic studies indicated that optimum temperatures for growth
of the bacterial isolates was 31-41°C.

22. The addition of SLCO did not alter growth time of selected

strains of marine bacteria.

is
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ABSTRACT

Water samples were collected at three stations during six monthly
cruises. Bottom sediment samples were collectaed at six stations during
three seasonal cruises. Sediments were diluted and water samples concen-
trated before plating on hydrocarbonoclastic selective and nonselective
media for fungal enumeration. Sediment and water samples were overlaid
with crude o0il and sampled periodically to determine the effects orf oil
on the fungi. Upcn termination of the experiments, the alkane and aromatic
fractions of residual oils were anzalyzed to evaluate the degradation
potential of each sample and the preferential degradation of individual oil
components. Similar studies were conducted on fungi in pure culture.
Several hundred isolates were tested for their ability to grow on crude
oil as a sole source of carbon and energy.

The numbers of total fungi in the water column were uniformly distri-
buted and much more abundant in spring than later in the year, but the
percentage of oil-degraders increased offshore and throughout the year.
Total benthic fungi increased from spring to fall. Fungal n-alkane degra-
dation potentials of benthic and water samples tendaed to decrease off
across the shelf especially during the summer. Degradation was graat
incraased in the presance of river cutrwash. Intermediata al

sSnore
1v

wera frarersntially uciiized Do oZungi sut Izoallkancs wers
Crude 01l was initially toxic to the petroleum-degrading
aral served to stimulate fungzal growth after a peried of
weeks.



INTRODUCTION

The objective of the 1977 Mycology Project was three-fold: 1) to
describe the spatial and temporal variation in the abundance and taxonomic
composition of the STOCS mycota; 2) to assess the capacity of indigenous
fungi to degrade crude o0il and; 3) to determine the possible effects of
crude o0il on the fungal community. Since marine mycolegy is still in its
infancy and no data on the fungi of the westera Gulf of Mexico were avail-
able, a major effort was directed early in this pilot vear toward develocp-
ing an appropriate methodology. The results of our studies, when inte-
grated with those of other projects will provide information for predic-
ting and measuring the effacts of oil and gas development activities upon
the STOCS ecosystem.

The significance of marine fungi (those fungi that can survive and

7 = = + < < YT 1. i - T
rasumably zrow in the sea) has been Zrzguently overlockad. hev zare ub
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uitous in the marine enviromment and are important both as decomposers

A1

and as parasites. The availability of nitrogen and phosphorous, a limiting
factor in the productivity of the continental shelf, is controlled, at
least in part, by fungal activity. Fungi serve directly as food for
marine invertebrates. A negative impact on the food chain, however, can
result from mycoparasitism of diatoms and copepods. Fungal diseases of
economic importance also occur among oysters and teleost fish. Clearly,
precipitous changes in the fungal community could have far reaching ecolo-
gical effects.

Perhaps the most significant aspect of marine mycology for BIM is
the ability of fungi to penetrate, emulsify and degrade masses of petro-
leum. It has recently been recognized that fungi are more efficient than

bacteria in utilizing petroleum hydrocarbons, buz little is known about
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their capacity to disperse and oxidize all components under natural condi-
tions because most previous studies have incorporated unnaturally high
concentrations of nitrogen and phosphorus. An attempt was made to approx-
imate existing nutrient conditions in the studies of the interaction of

STOCS fungi and crude oil.

The Marine Mvcota

Taxonomyv

There have been few previous surveys of the mycota of sublittoral
areas (Colwell 2t al., 1976; Roth 2t ai., 1964; Steele, 1967). Marine
mycology has focused almost exclusively on yeasts (Fell, 1967) and on wood-
inhabiting filamentous ascomycetes (Barghoorn, 1942; Jones, 1576). Per-
haps because Sparrow's pioneering work on marine sediments (Sparrow, 1937)
revealed a fungal flora strikingly similar to that of terrestrial soils

and air spora, marine microbiologists have guestioned the importancs and

T
fu

even the existence of free-iiving sapropaytic fungi in the seas (Hughes
1975). Johnson and Sparrow (1961) isolated fungal filaments from marine
mud and obtained from them cultures of Cephalosporiwnm, Asvergillus, Peni-
etllium, Altermaria, Heterosporium and Cladosporiwm species, the same "ter-
restrial" imperfect genera found earlier by Sparrow. Mycelial fragments
have been frequently encountered in marine sediments at water depths as
great as 4000 m (Morita and Zobell, 1955). That these fungi can grow and
colonize new substrates in estuarial waters was demonstrated by the isola-
tion of 30 fungi representing 22 genera from submerged wood panels (Siep-
mann and Johnson, 1960). All but one belonged to '"terrestrial' genera of
the Fungi Imperfecti. In cases where marine and estuarial yeasts and free-

living filamentous fungi have been identified to species, they were generally

found to be species common on land (Ahearn et al., 1962; Borut and Johnson,



1962; Rotl: <t al., 1964 Steele, 1967). IfAhas long been established that
yeasts and filamentous soil fungi can tolerate a wide range of salt toler-
ance (Borut and Johnson, 1962; Gray 2% al., 1963; Norkrans, 1966).

In addition to the ubiquitous terrestrial species of yeasts and Fungi
Imperfecti the seas are also inhabited by a relatively small number of
exclusively marine fungi. About 300 such species have been described to
date (Jones, 1976). These include members of the primitive zoosporic
femily, Thraustochytridiaceae (Bahnweg and Sparrow, 1974), and advanced
specialized ascomycetes and their imperfect states which are confined to
submerged plant material. The fungi found in the areas are precisely
those which are able to grow over a wide range oI salinities, whereas the
growth of those fungal groups not generally found in the seas, the ter-

restrial ascomycetes, mucoraceocus fungi and freshwater hyohomycetes, is

inhabited by low concentrations of seawater (Fell 2% 27., 1960; Stzele,
J >
1987 Combs 2+ 27., 1%71; Bvrna and Jones, 1973

Though the growth and reproduction of soil Zungi is not inhibited by
seawater, spore germinetion is decidedly recuced by volatile, heat-labile
factors which appear to be almost universal in fresh seawater (Borut and
Johnson, 1962; Byrne and Jones, 1975; Conrad et al., 1976). Borut and
Johnson (1962) found that these inhibitory effects could be reversed by
supplementation with carbohydrate or amino acids. They drew attention
to the similarity of the marine phenomenon and the universal soil phenom-
enon of fungistasis. Fungistasis is considered to be due to a balance
of inhitition by volatile, heat-labile factors and stimulation by nutrients
(Watson and Ford, 1972). This phenomenon has been largely ignored by
marine microbiologists even though there appears to be a similar inhibi-
tion of bacteria by components in seawater (Dawe and Penrose, 1978).

These inhibitory substances might be of microbial origin (Buck et cl.,
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1963). The erratic fungal enumerations reported in the literature might

be related to this complex phenomenon.

Abundance

The difficulties encountered in using standard plate count methods
for marine fungi have led many authors to report their results as percen-~
tage of samples that yield fungi, but some conclusions can be drawn from
available enumeration data. Up to 7.5 x 10° colony-forming units (CFU)
of filamentous fungi have been obtained from polluted estuarial sediment;
the overlying water yielded only 7 x 10* CFU/2 respectively (Walker and
Colwell, 1974a). The high and low concentrations of yeasts and filamen-
tous fungi in pelagic waters may be related to the productivity of the
area as illustrated by the following: Yorth Sea, veasts < 10/2 to 3 = 103%/2
seawater (Meyers, Ahearn, Gunkel and Roth, 1967); Black Sea, veasts 0/.

to 130/% (Mevers, Anearn an
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1967); Florida Straits, filamentous

fungi 0/% to 50/2; Gulf of Maxico, y=zasts 0/1 to 80/%{ (Ahearn 2% cl., 1968);
and Indian Ocean, yeasts 0/2 to 513/% fungi 0/% to 26/ (Fell, 1967). Van
Uden and Castelo-Branco (1963) found that yeasts densities along the Pacific
Coast of the United States varied from zero CFU/L to 1.9 x 103/, whereas
along the Atlantic coast yeast numbers varied from < 1/2 to 6 x 10%°/% and
filamentous fungi numbered from < 1/2 to 6.5 x 10°/% (Colwell et al., 1976).
Total numbers of fungi in the waters around Mid-Pacific Islands varied

from 60/% to 3940/ with an average of 140 CFU/L of water (Steele, 1967).
Most of the aforementioned investigators detected a general trend toward
higher numbers in the vicinity of land masses, especially in the case of
molds. This tendency was found in one study to correlate with nutrient
gradients. Threshold concentrations of carbon sources may limit fungal

growth in seawater as they do bacterial growth (Jannash, 1970). Marine

yeasts were found to increase concurrently with the decline of a WNoctiluca



bloom in the North Sea (Meyers, Ahearn and Roth, 1967) and increase from
80/% to 6800/% of water near a spewing oil well located in the Gulf of

-

Mexico (Ahearn ¢ «l., 1971).

Origin

The fact that molds are more restricted thar yeasts to the viciaity
of land might be, in part, a function of their centinual reintroduction
from terrestrial sources, either by air transport or freshwater outwash.
Pady and KXapica (1953) reported that on the same flight the density of
airborne fungal spores varied from 529 spores/fc’® to 0.5/ft°. Apparently
the spore concentration was a characteristic of sir masses and was not
related to distance from land, although spore vizbility decreased with
time in the air.
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The generic composition of the Arlanti pora was reportad to be
the same as that cver North Atlantic agricultural lands with snoras of
Jlazosporiwn predominating. Strong evidence azainst the outwash origin
of marine molds came from a comparison of fungal population densities in
sediments on the leeward and windward sides of an island. The leeward
sediment yielded 3.18 CFU/g, but the windward sediment contained only

0.28 CFU/g even though it was in an area receiving heavy terrestrial

outwash (Steele, 1967).

Nutrition

Most marine fungi, including many of the yeasts, have the ability
to form filaments which penetrate solid substrates. Extracellular hydro-
lytic enzymes are secreted by fungi resulting in the release of biologically
available forms of nitrogen and phosphorous. In addition to this impor-
tant role in nutrient cycling, fungi contribute directly to the energy

flow by serving as food for grazing invertebrates such as amoebae, flage-



llates, Daphnia and other micro-invertebrates (Cook et al., 1973) and

even animals as large as the fiddler crab (Pitts and Cowley, 1974).

Parasitism

Sparrow (1936) was the first to note the impact of a fungal epiphy-
totic in a marine primary producer when he reported an 88% infection rate
by Zetrogella perforans in a population of the diatom genus Licmovhora.
Members of the brown algal genus Fusus are reportedly severely rotted by
a Jeprnclosporium species (Andrews, 1977). Higher up the fcod chain,
copepods are attacked by various fungi (Alderman, 1976; Seki and Fulton,
1969). Atkins (1954) studied a fungus which was able to infect the pea
crab as well as two species of barnacle. Another fungal pathogen has
been found, however, that is apparently specific to barmacles and can

cause up to 100% mortality in egg masses (Johnsom, 1958). Szirolpvidium
zocpnairorum is potentially economically heneficial as one of the few
biological control agents of the ccmmon oyster drill (Ganaros, 1937).
Other fungi occasionally have damaging economic effects. In the Gulf
and Atlantic states the most serious disease of oysters is caused by
Labyrinthomyza marina (Ray and Chandler, 1955). Another fungus attacks
the larvae of both oysters and clams (Davis et aql., 1954). Periodic

epizootics in teleost fish have been attributed to fungal parasites

(Sproston, 1944; Alderman, 1976).

Petroleum Degradation by Fungi

According to best conservative estimates approximately six million
metric tons of petroleum and petroleum products are introduced into estu-
aries and oceans each year (NAS Workshop, 1975). The hydrocarbonoclastic
ability of a wide range of fungi has long been known but only recently

has their importance in the biodegradation of oil been recognized. After



comparative studies Perry and Cerniglia (1973), Colwell.et al. (1978 Arch.
Microbiol., In Press) and Jomes and Edington (19683) concluded that fungi
can degrade petroleum more extensively and more efficiently than can bac-
teria.

The relative recalcitrance to degradation of various classes of hydro-
carbons by a number of marine isolates has been datermined by Perry and
Cerniglia (1973). Compounds were increasingly resistant to fungal degra-

1

dation in the following order: n-alkanes C:;:-C;3, n-alkenes C,2-C;q, gases
C;-Cy, alkanes Cgs-Cy, branched alkenes to C;», alkenes C3-C;,, branched
alkenes, aromatics and cycloalkanes.

Cladosporium resince has been used as a model organism in hydrocarbon
studies because it is the most frequent contaminant of jet fuel (Cofone
2z ai., 1973; Coonev and Walker, 1973). Growth of this species on 107 v/v

concentrations of intarmediate length (C.;-C;.) straight chain hydrocar-

43 on glucose. dow-

[

beons as sole carson and 2rergv sources approached vie
ever, growth decreased as chain length decreased or increased. No growth
on gaseous hydrocarbons and no growth on paraffin oils containing n-alkanes
Cz9-C3; was detected. Growth was slower on alkenes than on the correspond-
ing alkanes. No growth was recorded on branched alkanes, phenol, naphtha-
lene, anthracene or phenanthrene and only slight growth observed on cyclo-
alkanes, benzene and xylene.

None of 76 fungi isolated from polluted water by Turmer and Ahearn
(1970) grew on the aromatic, cyclic and heterocyclic compounds tested.
Eighteen (18) of the 29 filamentous fungi (11 of 14 genera tested) screened
by Lowery 2t al (1968) were able to utilize n-alkanes as sole carbon and
energy sources. However, only 11 of 66 (16 genera) yeast isolates had
that capacity. Most of the latter represented species of Candida with

both Rodotorula and Debaryomyces having only one positive strain.
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Many fungi surveyed through the years were found to be able to assi-
milate n-ketones. Markcvetz (1968) also found the ability to utilize n-
alkanes to be widespread among filamentous fungi. He also noted that
fewer isolates could use the corresponding l-alkenes.

Degradation of hydrocarbons by fungi may be even more common in
nature than batch culture tests indicate. This may be so because alkane
oxidation is inhibited by its fatty acid products (Bell, 1971) and also
the utilization of one hydrocarbon may be facilitated by another either
by cooxidation (Turner and Ahearn, 1¢70; ahearn e¢ zl., 1971) or increas-
ing uptake (Walker and Cocney, 1975).

From the foregoing discussion of substrate selectivity it is obvious
that the extent to which a particular fungus can degrade petroleum will

depend upon its composition. Perry and Cerniglia (1973b) found that

could degrade 30-307 of z light parzfifin-based crude oil in seven davse,
while degrading only 40-453% of a heavy asphalt-based oil. Conversely,

mixed hydrocarbon substrates will support the growth of a limited range
of organisms. For example, when 498 strains of yeast belonging to 26
genera were tested for utilization of kerosene as a sole source of carbon
and energy, only 58 were positive and of these, 56 were Candida species
(Komogata et al., 1964). Ahearn et aql. (1971) discovered such selection
occurs in nature among strains of the same species. He found that strains
from an o0il polluted area grew better on kerosene than those from unpol-
luted areas. Culturing several strains together on a complex hydrocarbon
substrate can increase the percent of substrate degraded. Some micro-
organisms can utilize n-alkanes while oxidizing cycloparaffins to forms
still unavailable to them but available to other microorganisms (Beam and

Perry, 1974a). 1In another study certain combinations of veasts grew on



hydrocarbon substrates which failed to support the growth of individual
strains separately (Ahearn 2% <., 1971). Walker (Walker and Colwell,
1974a) found that yeasts and filamentous fungi in mixed culture degraded
up to twice the amount of complex hydrocarbon substrate that they did

individually.

0

Limiting Factors for Fungal Desgradation of 0il in Natural Systems

That microbial degradaticn occurs continuously in nature is evidenced
by the compcsition of residual petrcleum in the oceans. This particular
oil ccnsists largely of arcmatics, isoparaffins and cycloparaffins (Ledet
and Laseter, 1974; Brown and Huffman, 1976). Thase are the petroleum

ractions most resistant to micrcbial oxidation. Under some conditions

rt
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degradation may be slowed. Blumer 2t z7. (1970) found almest no change
in the composition of a fuel after two months in estuarial sediment and
gvan aftar two years some oI the rezdily degradab
along with the more recalcitrant iso- and cycloalkanes and aromatic aydro-
carbons (Blumer and Sass, 1972). Below a depth of 2.5 cm there was little
evidence of even n-alkane removal, suggesting that oxygen could be a
limiting factor. Recently oxygen was proven experimentally to limit oil
degradation in sediment columns when fine textured material was used
(Gibbs and Davis, 1976). It is doubtful, however, that oxygen is limiting
in open waters or surficial sediments except where tarballs or coagulated
0il masses are concerned.

Temperature is unquestionably a limiting factor in some areas (Atlas
et al., 1978) and there is some indirect evidence that it may be more
important for fungi than for bacteria (Walker and Colwell, 1974a). Atlas
and Bartha (1972a) reported the growth-lag period in crude-oil amended

liquid culture was a linear inverse function of the incubation temperature.
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Since the lag period was eliminated by using weathered oil, the low temp-
erature effect was attributed to the increased solubility of toxic volatile
compounds.

The hydrostatic pressure at extreme ocean depths has been found to
limit the rate, but not the extent, of o0il degradation by bacteria (Schwarz
et al., 1974). The only pertinent information on fungi suggests that pres-
sure on the continental shelf should not be a factor of concern (dorita,
19653).

The lack of hydrocarbonoclastic inoculum does not appear to be a
problem, since under non-nutrient limited conditions sediment and water
samples from nonpolluted areas, even from abyssal depths, show uniform
and significant oil-degrading activity (Conrad 2% z1., 1976; Atlas and
Bartha, 1973). However, samples from oil-polluted estuarial waters and
sediments exhibit superior activity, especially toward alicvclic and

es from clean areas {(wa

i

aromatic nydrocarbons, when comparad o samp
and Colwell, 1974a; Walker and Colwell, 1973).

The availability of nutrients, especially nitrogen and phosphorous,
but also iron, is the major factor limiting oil degradation in the marine
environment (Dibble and Bartha, 1976; Gibbs and Davis, 1976). Atlas and
Bartha (1972b) obtained an eight-fold increase in biodegradation of
Sweden crude when they added optimum concentrations of nitrogen (10 mM)
and phosphorous (0.35 mM) to natural seawater. Ammonium appears to be
a better nitrogen source than NO3 for crude-oil mineralization (Perry and

Cerniglia, 1973a).

Interactions of Fungi and Bacteria

Walker and Colwell (1974a) were able to increase hydrocarbon degra-
dation in petroleum-enriched estuarial sediment samples with increasing

concentrations of streptomycin. The decrease in bacterial population was
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accompanied by an increase in yeast growth. In the absence of antibiotic,
the yeast reached log growth phase after seven days and the filamentous
fungi reached log phase only after 45 days. Zobeall and Prokop (1966)
noticed that in still cultures of sediment overlaid with crude oil, fungi,
after some weeks, permeated the floating oil and caused it to sink. In
another study using natural sediment amended with South Louisiana Crude
0il (SLCO), bacterial numbers decreased while fuagal numbers were increas-
ing during the fourth week. One week later, however, chitinolvtic bacteria
increased dramatically with a concommitant precinitous decline in fungi,
most of which have chitinaceous cell walls (Walker zz 22., 1975). There
is an obvious need for an holistic approach in the study of microbial

degradation.

Effects of Petrolsum on Ffungi
Genm=rally, the zrowth of fungl 13 cventually stimularzad by tfhe
presence o:i patroleum In both arcificial culture and in natural situations.

Turner and Ahearn (1970) measured an increase in yeast cell density from
30 to 200/ml to 10% and 10°/ml at various stations along a stream that
had received a 10,000 gallon waste oil spill. 1In the Gulf of Mexico,

the numbers of yeasts in surface waters jumped from a maximum of 8/100

ml to 1088/100 ml with the intrusion of crude oil from a spewing well
(Ahearn et al., 1971). 1In closely monitored laboratory experiments, an
initial decrease in fungal population has been observed upon application
of petroleum. This lag in growth activity might be due to the facts that
n-alkane-oxidizing enzymes are inductive not constituitive (Cofone et al.,
1973) and that one effect of oils on eukaryotes is the inhibition of
nucleic acid synthesis and DNA polymerization (Davavin et al., 1975).

The toxicity of an o0il to fungi can be a function of its concentra-
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tion (Turner and Ahearn, 1970) or its composition (Walker and Colwell,
1975a; Walker et al., 1976). Abiotically weathered o0il was found to be
more toxic to a marine bacterium than the parent material, especially under

starvation conditions (Griffin and Calder, 1977).

Mycological Pollution Indicators

The abundance of oil-degrading bacteria (Atlas and Bartha, 1973a) and
the relative abundance of these organisms (Walker and Colwell, 1975) have
been correlated with existing low levels of pollution. No convincing evi-
dence has been published that the same relation holds true for fungi. It
has been established that total numbers of hydrocarbon degraders are not
a good predictor of the hydrocarbon degradation potential of an area. The
presence in coastal waters of certain species of Candida, especially C.

nd . Iypolytica is an indication of general

QO
[v3)
o,
W
m

there is a high level of carbon compounds (Van Uden, 1967; LePetit 2z 27.,
1970). Wilhm and Dorris (1966) found a low species diversity index of
benthic macroinvertebrates to be a useful indicator of oil pollution in

a fresh water stream and a similar index has been applied successfully

to a Texas estuary (Copeland and Bechtel, 1971). Llanos and Kjoller (1976)
found that the fungal community in a soil treated with waste oil had a
significantly lower diversity index than a comparable non-treated soil.
Since a diversity index is a function of all biotic and abiotic factors
acting on a community, it would seem a logical choice as a parameter to

be monitored in petroleum impact studies.
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MATERIALS AND METHODS

A major objective of the 1977 3TOCS-Mycology project was the development
of standard methods for the collection, enumeration and isolation of free-
living saprophytic marine fungi. Though numerous quantitative studies of
marine -2asts have been published in the last 15 years (Fell, 1976), there

have been few attempts to enumerate the filamentous fungi on the continental

[}

shel?, Extensive tasts of methods were conducted parallel to the regular
N o

data acquisition. These led to some procedural adjiustments but generally

confirmed the validitv of methods established earlv in the study.

Sampling

A limited number of line stations was selected for study because of the

pioneering nature of the investigaticon and because of the extensive on-bocard

ty
or
)
(]

laboratory manipulation required of avcolozical specimens. 7o maximize

f
o]
e}

-

information available from 18 water column samples, Scations 1/IT, 2/II
3/11 were sampled on six monthly cruises in March, April, July, august,
November and December. The locations provided data on a typical STCCS
transect comprising a shallow inshore station, an intermediate station and

an offshore deep~water site. The addition of Stations 3/I, 2/III and 1/IV

to the three stations on Transect II for purposes of seasonal benthic

sampling permitted a number of internal comparisons. The latter three

stations form a long transect in the study area which is approximately
perpendicular to Transect II and which passes from the northermmost offshore
station to the southermmost inshore station. This selection of sites allowed

the study of gradients parallel to shore, as well as inshore-offshore gradients,
while supplying duplicate shallow, intermediate and deep benthic samples.

Collections made at these six stations during late winter (March), late



spring (June) and fall (October) comprised the 18 benthic samples of the

study.

On-board Processing

Benthic
The standard on-board procedures for processing of benthic samples are

Bottom sediment samples were :ta
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flocculent laver was collacted

a 0.025 m” Smith-McIntyre grab and the surficial
with a sterile spatula and a sterile screw-capped jar. Where the flocculent
layer was absent the top 5.0 cm of mineral sediment was collected. All
subsequent procedures were performed in a sterilizable transfer hcod.

For o0il rate-degradation studies {(0il component analysis and determination

Louisiana Crude oil (SLCO). Similar cultures without SLCO were prepared to

serve as controls. The number of replicate, oil-enriched cultures per sample
varied from one for the winter cruise to two for the spring cruise and three
for the fall cruise. In addition, triplicate cultures containing 0.1% (v/v)
SLCO were prepared from the fall samples.

Filter-sterilized antibiotics were used in both the rate-degradation and
enumeration media. The antibiotics were employed in final concentrations as
follows:

Winter: Penicillin G 50 mg/Q

Streptomycin 25 mg/ g
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Figure 9.1 Procedure for On Board Processing of Benthic Samples. Artificial Seawater with Antibiotics (a);
‘ Southern Louisiana Crude 011 (b); mycological agar plate medium with antibiotics (¢); silica-
gel 0oil plate medium with antibiotics (d).
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Spring: Penicillin G 100 mg/2
Streptomycin 50 mg/%

Fall: Chloramphenicol 400 mg/%

The penicillin and streptomycin inadequately inhibited bacterial growth in
the winter and spring samples. The efficacy of 400 mg/?2 chloramphenicol

was demonstrated in the fall samples by a reduction in the number of rate-

degradation cultures which contained bacteria. Thirty-seven (37) of the
48 culturss to which chloramphenical was added contained bacteria after
15 days, whereas 9 of 48 contained bacteria after 45 days Thers was a

five-fold reduccion in total numper of bacteria present. A test of chlor-
amphenicol at 800 mg/? indicated no apparent fungal inhibition sven at
this hizher concentration.

Enumeration of total aerobic fungi was accomplished by plating ten-
fold sarial dilutions in duplicate. Samples were diluted with ASW and
plated on Mycological Agar (MA; DIFCO). Hydration of the MA was with ASW
containing antibiotic as described for the rate-degradation cultures and
fortified with 0.1% w/v Yeast Extract (DIFCO). The original dilution was
a 1:10 dilution of sediment in ASW for winter samples and a 1:5 dilution
for spring and fall samples. One-tenth milliliter (0.1 ml) of each dilu-
tion was spread on each of two MA plates with a flamed bent glass rod.
The abundance of hydrocarbonoclastic fungi was estimated from similarly
prepared dilution series plated on 3.0% (w/v) silica-gel (pH 7) in ASW
with antibiotics and 0.5% (v/v) SLCO (Walker and Colwell, 1976).

A consistently low incidence_of yeast colonies on MA enumeration
plates led us to compare the fall results on this medium with those on
Wickerham's Yeast Nitrogen Base medium (DIFCO) plus 1% (w/w) glucose.

Yeast colonies appeared only on the MA medium.



Water Column

The standard on board procedures established for the collection and
processing of the water samples are presented schematically in Figure 9.2.
On the March and April monthly cruises, STOCS near-surface water was col-
lected from é depth of approximately one meter using a sterile Niksin bag
sampler. A change of procedure, developed on two non-contracted cruises
in June, required 18 & samples and compelled the use of a more efficient
collection system. Sterile surgical tubing and a peristaltic pump system
were subsequently used to collect water in sterile 20 & polyethylene car-

boys.

Since no estimate of fungal population densities in the STOCS study area
were available, rate-degradation and enumeration cultures were initially made
from diluted water samples. For rate-degradation cultures, March samples were
diluted 1:10 (v/v) with ASW containing Penicillin G at 50 mg/2 and streptomycin
at 25 mg/%. April rate-degradation cultures were prepared from undiluted
seawater with 100 mg/2 Penicillin G and 50 mg/2 streptomycin.

Enumeration cultures from March and April water samples were prepared
by the dilution method described earlier for benthic sediments, but with the
10° dilution consisting of natural seawater. These procedures yielded
irregular fungal colony counts on MA medium and very low counts on silica-gel
cil medium (SGO); bacterial contamination was also a problem.

A filtration procedure described by Roth et ql. (1964) was instituted
beginning with the July cruise (Figure 9.2). Briefly, this procedure involved
the use of membrane filters (white, 47 mm, Millipore cellulose-ester with
porosity 1.2 pm) to concentrate the inoculum for both the rate-degradation
and the enumeration cultures. After filtering 900 ml of sample water through

each membrane, natural-mixed cultures were established by placing the filters
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in 250-ml Erlenmeyer screw-capped flasks containing 99 ml water sample with

or without 0.5% SLCO and filter-sterilized antibiotic (400 mg/f chloramphenicol).
This procedure effected a ten-fold concentration of the inoculum. In order to
study the effect of different concentrations of oil on natural mixed fungal
cultures, July and August samples were also enriched with 0.1% SLCO for
comparison with the standard 0.537 concentration.

Enumeration of total aerobic fungi was accomplished by placing filters
directly on duplicate MA plate medium after filtration of 1.0, 0.5 and 0.1 2
of each sample. Similarly, duplicate SGO plates for the enumeration
of hydrocarbonoclastic fungi, received filters after filtration of 2.0, 1.0
and 0.5 % of sample. Chloramphenicol at 400 mg/{ was the antibiotic
used in enumeration media in July and thereafter.

Since colony counts on SGO of hydrocarbonoclastic fungi had been very

low with Marzh and April

]

amples, samples from Julv, November and December
were also plated on silica-gel medium with 0.5% (v/v) n-hexadecane. The
hexadecane was used as a control to evaluate the possibility of inhibition of
fungal growth by the crude oil. Subsequent comparisons indicated that there
were, in fact,no significant differences in the enumeration of hydrocarbono-
clastic fungi in the presence of SLCO or n-hexadecane. The frequency of
yeast colonies detected in the August water samples was nct improved in Yeast
Nitrogen Base medium compared to the standard MA medium.

The sterility of the transfer hood was monitored at each station on
both benthic and water-column cruises by exposing sterile control media for
approximately 45 seconds. Only 4 of the 36 controls were positive during the
year. Two of the six controls from the March cruise, one with three fungal
colonies and another bearing a single colony, indicated a potential contami-

nation problem. Measures were taken to insure the sterility of the work area.



Laboratory Processing

Enumeration Cultures

All enumeration cultures were incubated at 25°C. The MA cultures were
examined microscopically and isolations performed after 3, 7 and 14 days.
The SGO cultures were similarly examined after 3, 14 and 30 days. At these
times, the number of colonies were enumerated and each fungal type described
according to colonial morpholegy. Slope cultures of each type were estab-
lished on MA medium. Slope cultures showing identical culctural characteri-
stics were grouped, given a code number, and a typical represantacive of
2ach group was enterad into the permanent culture collection. This proce-
dure proved to be very conservative. It is doubtful that there were anv

scecies pr

L

sent which were not detected and isolatad. The permanent cul-
ture collection included several isolates of most common species.

For the purpose of identification, Riddell slide cultures were pre-

cared {(R3Iddall, 1393307 of all wiabia isclates in the culture collection.
Zach slide culcure yislded two permanenc slides All sporulating filamen-

tous isolates were identified to genus and many to species. Identification
was accomplished using the standard taxonomic literature based on grosé
colonial and microscopic characteristics. Yeast isolates were identified
to genus and in a few cases to species by a combination of physiological
and morphological characters. A synoptic key of these characters was
prepared especially for the identification of the yeast isolates of the

STOCS project.

Silica-Gel, 0il, Tube-Assay

Assimilation of hydrocarbons by STOCS fungal isolates was measured
semi-quantitatively using a silica-gel, oil, tube-assay (Nyns et al., 1968).

Each isolate was inoculated onto duplicate slopes of Wickerman's Yeast Nitrogen
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Base medium rehydrated with ASW and solidified with 3% Silica-gel (final
pH 5.0). The only available carbon and energy source in this medium was
glucose (0.01%) which was added to.establish the culture. After incuba-
tion at 25°C for one week, SLCO was added to one culture of each isolate
so as to submerge one-half of the culture. The isolates were scored after
one month for growth (e.g. good growth, weak growth and no growth) above
and below the oil surface. The amount of growth was determined by compar-

ing the amount of mycelium present in the oil-enriched and the control cultures.

Rate-Degradation Cultures

Rate-degradation cultures were processed according to the procedures
outlined as follows. Cultures were incubated at 25°C on a gyratory shaker
(New Brumswick Model G-10) rotating at 250 rpm. In addition to the cul-
tures prepared on board, abiotic-weathering control flasks containing 0.57%
{v/v) autoclaved-SLCO in 100 ml of ASW were similarly incubated. The
effects of crude o0il on fungal population densities and succession were
assessed by the dilution plate method. A 2.0 ml aliquot was removed from
each flask and diluted with ASW in a four step 1:10 (v/v) series; 0.1 ml
of each dilution was plated in duplicate on MA medium. Samples for dilu-
tion plating were removed at 10-day intervals from both oil-enriched and
control cultures. Fifteen (15)-day intervals were used for the fall benthic
samples and for November and December water samples. MA dilution plates
were incubated for one week at 25°C. Fungal colonies arising on these
plates were enumerated, isolated and processed as previously described for
those colonies originating in enumeration cultures.

Incubation of rate-degradation cultures was terminated after 20, 40
and 45 days for the winter, spring and fall benthi: collections, respectively.

Rate-degradation cultures established using water column samples were
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incubated for 20 days (March), 50 days (April), 40 days (July and August)
and 45 days (November and December). Upon termination of incubation, the
benthic-derived, rate-degradation, cultures and control cultures were
frozen and transmitted to Dr. P.L. Parker for extraction and analysis of
hydrocarbons. Rate-degradation cultures derived from water column samples
and the controls were processed immediately after termination of incuba-
tion. The contents oL each [lask were extracted twice with analytical
grade benzene. The benzene extract was evaporated to a volume of 1.5 ml
and stored in a tube sealed with a teflon membrane. Standard methods

used for sediment extraction and quantitative hydrocarbon analyses are
described in the section of this report dealing with hizh molecular weight

hydrocarbons in STOCS sadiments,

RESULTS

STOCS Mvcetsa

water Column

The average fungal population demsity for the year was a rather low
0.01 colony—formihg units (CFU) per ml in water column samples. The high-
est concentration, 84 CFU/ml, was recorded during March. Populations of
this magnitude were detected at all water column stations (1/II, 2/II
and 3/II) on both the March and April cruises (Figure 9.3; Appendix H,
Table 1). Fungal abundance in July, August, November and December varied
between 0.001 and 0.7 CFU/ml. In November, a slight secondary peak of
questionable significance was detectable. The lowest monthly average was
that of August with 0.004 CFU/ml. A decrease in abundance toward shore
was evident in the July samples but over the year the intermediate station
yielded significantly fewer fungi while the total number collected at the

other stations was identical.
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The percentage of fungi that were able to degrade crude oil (SLCO)
ranged from a low of 0% at the inshore station during the spring and summer
months to a high of 70 to 677% in the November and December samples from
Station 3/II. A very consistent offshore gradient of increasing relative
abundance of o0il degraders was detected throughout the year and the per-
centage tended to increase from the spring low to an early winter maximum
at all stations (Figure 9.3; Appendix H, Table 1).

The generic composition of the STOCS water column mvcota was not
noticeably different from a terrestrial fungal flora with the possible
exception of the greater abundance of veasts (Tables 9.1 and 9.2). Mem-
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representatives of the darkly pigmented hyphomycete form-family Demateaceae

occurred more frequently in the cool months of spring and fall. among

were found most frequently at Station 2/II, the station with the lowest
fungal abundance. The generic richness data was perhaps the most usefui

to come from the floristic study. The total number of genera recorded for
each station was the same, but the number recorded from each monthly cruise
decreased from a March high of six to a July low of two, then increased

to a year~high of eight in December.

Benthic

The year's average fungal population density in benthic samples was
236 CFU/ml sediment. The greatest concentration, 1600 CFU/ml, was recorded
in the fall sample from Station 3/II. There was a general progression

toward larger fungal populations from the late-winter low to the fall high



TABLE 9.1

OCCURRENCES! (BY STATION) OF FUNGAL GENERA IN WATER COLUMN SAMPLES

Station
Genus 1/11 2/11 3/I1
MA® sco® ma? 5G0° wa®  sco®

Pencillium 4 (1) 5 0 3 (0)
Cladosporium 1 (1 3 (1) 2 (1)
Candida® 1 (0) 4 (0) 1 (1)
Aiternaria 0 (1) 1 (1) 1 (1)
Aspergillus 1 (0) 1 (1) 1 (1)
Phoma 1 (1) 1 (0) 0 (0)
Torulopsis 1 (0) 1 (0) 1 (0)
Aureobasidium 1 (0) 0 (0) 1 (0)
Black yeast 0 (0) 1 (0) 1 (0)
Fusarium 0 (1) 0 (1) 0 (0)
Rhodotorula” 0 (0) 2 (0) 0 (0)
Chaetomium 0 (0) 1 )] 0 (0)
Coniothurium 0 (o i 03 G (2
Cryptococcus” 0 (0) 0 (0) i )
Diheterospora 0 (1) 0 (0) 0 (0)
Drechslera 1 (0) 0 (0) 0 (0)
Humicola 0 (1) 0 (0) 0 (0)
pPaecilomyces 0 (0) 0 (0) 1 (0)
Pestalotia 0 (®) 0 (0) 0 (1)
Peyronellaea 1 (0) 0 (0) 0 (0)
Scopulariopsis 1 (0) 0 €0)) 0 (0)
Zalerion 1 (0) 0 (0 0 (0)
Total number

of genera 11 11 10

lNumber of months (max. 6) during which a genus occurred at each station.
Occurrence on Mycological Agar plates (non-selective)

Occurrence on Silica-gel 0il plates (selective for hydrocarbonoclastic
fungi).

Yeast.



OCCURRENCE!

(BY MONTIH{) OF FUNCGAL GENERA IN WATER COLUMN SAMPLES

Genus March April

MA? $GO ma? SCO
Penicillium 2 0) 3 (0)
Cladospor ium 2 (0) 0 (0)
Candida 1 0) 1 )
Alternaria 0 (0) 0 (0)
Aspergillus 1 (0) 0 (0)
Phoma . 0 (0) 0 0)
TorulopsisL 0 (0) 0 0)
Aureobasidium 0 (0) 2 )
Black yeast 0 (0) 2 (0)
Fusarium . 0 (0) 0 (0)
Rhodotorula 1 (0) 0 (0)
Chaetomium 0 (0) 0 0)
Coniothyrium 0 (0) 0 )
Cryptococcus 1 (0) 0 (0)
Diheterospora 0 (0) 0 (0)
Drechslera 0 (0) 1 (0)
Humicola 0 (0) 0 (0)
Paecilomyces 0 (0) 0 (0)
Pestalotia 0 (0) 0 (0)
Peyr onellaea 0 (0) 0 (0)
Scopulariopsis 0 0) 0 (0)
zalerion 0 (0) 0 (0)

Total number
of genera

6

5

TABLE 9.2

~ Month

o July
At suo”
] )
0 (0)
0 )
0 (0)
2 (1)
0 0)
1 (0)
0 (0)
0 (0)
0 ()
0 (0)
0 0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 )
0 (0)
0 0)
0 (V)

|
OO0 OCDO0OCOCCOCCOTCOOCONF l;

e
=

__August November December
sco?  mA® sco®  mA® sco®
(0) 2 (0) 2 (1)
(0) 3 (0) 0 (3)
(0) 0 (0) 2 0)
(0) 0 (0) 2 (3)
(1) 0 (0) 0 (0)
(0) 2 (1) 0 (0)
(0) 1 (0) 1 (0)
(0) 0 (0) 0 (0)
(0) 0 (0) 0 0)
(0) 0 (2) 0 (0)
(0) 0 (0) 1 (0)
(0) 0 (0) 1 (0)
(0) 0 (0) 1 0).
0) 0 (0) 0 (0)
(o) 0 (1) 0 (0)
(0) 0 (0) 0 (0)
(0) 0 (1) 0 (0)
(0) 1 (0) 0 )
(0) 0 (0) 0 (1)
(0) 1 (0) 0 (0)
(0) 0 (0) 1 (0)
(0) 1 (0) 0 (0)

3

7

1 .
Number of stations (max. 3) at which a genus occurred durving each monthly crulse.

b

LYeast.

Occurrence on Mycological Agar plates (non-selective).
Occurrence on Silica-gel 011 plates (selective for hydrocarbonoclastic fungi).



(Figure 9.4; Appendix H, Table 2). No intelligible spatial patterns were
discernible, however, there was a strong correlation (r = 0.87) between
the annual averages of total sediment organic matter and fungal popula-
tion density (Figure 9.5). The calculated percentage of fungi capable of
degrading oil varied radically in the benthic samples from a low of 12%
to a high of 290%; most values exceeded 50% (Appendix H, Table 2). An
artifactual excess of hydrocarbonoclastic over total fungi has occurred
in previous studies using the same methods (Walker and Colwell, 1974;
Colwell et al., 1976).

The generic composition of the benthic mycoflora was very similar to
that of the water column. Here too, Pznicilliwm spp. were predominant,
occurring at all stations in all collection periods (Tables 9.3 and 9.4).
The dermatiaceous form-genera were again more abundant in the cool seasons.
Generic richness was constant among seasons, but varied greatly between
stations, from a low of three at Station 3/I to highs of eight at 3/11 and
nine at 1/IV. There was no correlation of generic richness with depth.

A comparison of generic frequencies in water column and benthic samples
showed that fungi which occur as yeasts, including Aureobasidiwm sp., were
encountered more frequently in water (Table 9.5). Other genera, notably
the form-genera Aspergillus, Cephalosporium and Fusarium were recovered
more often from sediment than from water samples.

A complete list of the genera and form-genera isolated and their
origins is presented in Appendix H, Table 3. Of the 43 genera encountered
only Zalerion is considered to be exclusively marine. There were 16 pig-
mented and 11 non-pigmented hyphomycete form-genera, but only four form-
genera of Coelomycetes and five imperfect yeasts. Sexual fungi were
scarcely in evidence with only five ascomycete genera including a yeast

and a single basidiomycetous yeast being encountered. A single species of



Figure 9.4
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Fungal Population Densities (logio CFU/ml of Sediment)
in the STOCS Benthos. Enumerations were Performed on
Mycological Agar Dilution Plates. Symbols: W = winter,
S = spring, F = fall.
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TABLE 9.3

SEASONAL OCCURRENCE! OF FUNGAL

GENERA IN BENTHIC SAMPLES

Season
Genus Winter Spring Fall

ya? $GO MA $GO va® SGO
Penicillium 4 (0) 6 (6) 6 (4)
Asperzillus 3 (2) 3 (3) 5 (1)
Cladosporium 5 (0) 2 Q) 4 (3)
Fusarium G (1) 1 (0) 3 (4)
Cephalosporium 1 (0) 1 (0) 2 N
Candida® 1 (0) 2 (0) 0 (0)
Paecilomyces 0 0 1 (0) 1 (L)
Rhcdotorula® i (0) 0 (0) 2 (0)
Trichoderma 0 () 1 (1) 0 (0)
Alternaria 1 € 0 (0) 0 (0)
hrysosporium 0 (o) 1 (0) 0 (0)
Coniothyrium 0 0) 0 (0) H (0)
Pestalotia 1 (o) 0 ) 3 (0
Saccha:omycesC 1 (0) 2 (0 0 0)
Total number
of genera 9 9 8

1 , . .
aNumber of stations (max. 6) at which a genus occurred during each month.

bOccurrence on Mycological Agar medium (non-selective).

Occurrence on Silica-gel 0il medium (selective for hydrocarbonoclastic

fungi).
c
Yeast.



TABLLE 9.4

OCCURRENCE ! (BY $TATION) OF FUNGAL
GENERA IN BENTHIC SAMPLES

. Station
Genus . 3/1 - . 1/11 b az/gju . - 3/171 : . 2/11X ) - 1/1v

MA SGO MA SGO MA N{H0] MA SGO MA SGO MA SGO
Penicillium 2 (2) 3 (2) 3 (2) 3 (2) 3 (1) 2 (1)
Aspergillus 2 (0) 3 (1) 0 (1) 2 (0) 2 (2) 2 0)
Cladosporium 3 (1) 2 (0) 3 (1) 1 (1) 1 (0) 1 (0)
Fusarium 0 (0) 2 (2) 1 (L) 1 (1) 0 (0) 0 (1)
Cephalosporium 0 (0) 1 (0) 0 (0) 0 (0) 1 (0) 2 1)
candida® 0 (0) 0 0 0 (L) 1 (0) 0 (0) 2 (0)
Paecilomyces 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1)
Rhodotorula® 0 (0) 0 0) 1 (0) 1 (0) 0 (0) 1 (0)
Trichoderma 0 (0) 0 (1) 0 (0) 0 (0) 0 (0) 1 (0)
Alternaria 0 (0) 0 (0) 0 0) 0 (0) 1 (0) 0 (0)
Chrysosporium 0 €)) 4] (0) 0 {0) i {0) 0 (0) 0 (0)
Coniothyrium 0 (0) 0 (0) 0 0) 0 (0) 0 (0) 1 (0)
Pestalotia 0 (0) 0 (0) 0 (0) 1 (0) 0 (0) 0 (0)
SaccharomgcesC 0 (0) 0 (0) 1 (0) 0 (0) 0 (0) 0 o)
Total Number
of genera 3 5 5 8 5 9

Number of seasons (max. 3) during which a genus occurred at each station.
Occurrence on Mycological Agar medium (non-selective).

Occurrence on Silica~gel 0il medium (selective for hydrocarbonoclastic fungi).
Yeast.

=2 I

C
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TABLE 9.5

WATER COLUMN/BENTHOS HABITATl
PREFERENCE OF FUNGAL GENERA

Genus Water Column Benthos

) oa
Toruiopsis 3

o

Aureobasidium

N

Black yeast
Phoma
Chaetomium
Cryptococcus 2
Drechslera
Peyron=ll gea

Scopuiariopsis

oo e b N
O O 0O 0 0O 0O O O o O

Zalerion
a

andraa

y

[N (@ 2N

Alzernaria

= | P51

Coniothyrium

(SO
=
(o))

Penicillium 1

[VS]

Rhodctorulaa

|
—

Cladosporium

[\

Paecilomyces

=
—

Aspergillus

Chrysosporium
Pestalotia
Saccharomycesa
Trichoderma

Cephalcsporium

O O O O O O ™~ H oM™

N s

Fusarium

lFrequency of occurrence in 18 water column and 18 benthic samples on
Mycological Agar medium.

Feast



zygomycete, Syncephalastrum racemoswn (Cohn) Schroeter, was isolated.

Species Identification

Many of the fungi isolated in these studies were identified to species.
Of these species, most have been reported previously from marine or estu-
arian habitats. However, most all were considered to be terrestrial. By
far the most common Peniciliiun form-species was P. citrinwn Thom. Other
form-species of the same form-genus in order of frequency were F. piscariwn
Westling, P. cyano-fulvum Biourge, P. lanoscs-viride Thom, P. steckii Zaleski,
P. rolfsii Thom, P. lgnoswn Westline, P. nigricans Bainier, P. rubrum Stoll,
P. sptnulosun Thom and P. stoloniferwum Thom.

4dspergillus form-species were found primarily in benthic samples and
in rate degradation cultures from water samples. The two most frequently
encountered were 4. Flavus var colwmnaris Raper and Fennel and 4. sydowii
{Bain and Sart.) Thom and Church. The next most common ASY2rgt.lus was a
strain from the fumigatus group which was morphologically similar to 4.
viridi-nutans but had colony characteristics of 4. paradozus.

Some Fusariwm strains, isolated mainly from the benthos, deviated some-
what from published species descriptions, a fact which suggested evolution-
ary divergence from their terrestrial counterparts. The most common
Fusariwn strain was similar to F. ventricoswn and the second most abundant
was most like F. moniliforme and subglutenans Wr. and Reink.

A majority of the isolates of the very abundant form-genus Cladosporium
belonged to the ubiquitous species (. cladosporioides (Fresen.) deVries.
Candida diddensii (Phaff, Mrak et William) Fell et Meyer, a marine imper-
fect yeast first described from the STOCS area and another imperfect

yeast, Cryptococcus albidus Kutzing emerd. Poeffet Spencer, were also

identified among STOCS isolates.



0il Degradation

Natural Mixed Cultures

The ability of the fungi in each sample to degrade the n-alkanes in
crude oil was determined by gas-chromatographic analysis. The relative
quantities of pristane, phytane and normal alkanes C;s and C;,; remaining
after several weeks incubation were determined.

The ratios of pristane/n-hepatadecane, phytane/n-octadecane and the
sum of normal alkanes from C;s to C3z/the sum of pristane and phytane were
calculated for water samples (Appendix H, Table 4) and sediment samples
(Appendix H, Table 5). Differences in these ratios between samples from
the same cruise were assumed to be proportional to differences in the oil-
degradation potential of the samples.

Because different incubation times and analyzers were used an the
samples from different cruises, the data were normalized to the ratio indi-
cating the greataest oil degradation among the samples from each cruise.

The average of the normalized ratios for each sample are presented for

intra-cruise comparisons in Figures 9.6 and 9.7. It should be kept in

mind that the absolute amount of o0il degraded is in no way reflected by
these data.

The fungal, oil-degrading potential of water from the inshore station
1/I1 appeared to be superior to that of the offshore stations during the
spring and early summer. However, all differences disappeared by August.
Slightly better degradation was accomplished in samples from 2/I1 than from
those of 3/II during the same period.

A similar, but more pronounced, offshore decrease in degradation poten-
tial was seen when the benthic stations from Transect II were compared.

The effect was most pronounced in June though it was still present in the

fall samples. When all six benthic stations were considered together, 1/II,
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Figure 9.6

TIME (month)

Relative n-alkane Oxidation Potential of the STOCS Near-
Surface Water Column (A) and Benthic (B) Mycota by Month
at Stations 1/II, 2/II and 3/1II. The Relative Oxidation
Potential was Based on the Station Exhibiting the Great-
est n-alkane Degradation at Each Collection Period as
Indicated by the Ratios Pristane/n-C:;, Phytane/n-Cys and
In-C;§~C32/(pristane and phytane).
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Figure 9.7 Relative n-alkane Oxidation Potential of the STOCS Benthic
Mycota by Season. Potentials were Based on the Station
Exhibiting the Greatest n-alkane Degradation at Each
Collection Period as Indicated by the Ratios Pristane/n-
Civ, phytane/EfC13, and Efcls—ng/pristane and phytane.
W = winter, S = spring, F = fall.




2/I1I and 1/IV exhibited high relative degradation rates in late winter
and late spring, whereas the lowest values occurred at Stations 3/I and
3/11 (Figure 9.7). The very strong oil degradation shown by the fall
samples from 1/IV generally overshadowed differences between the other
stations, though values from the two deep stations were still noticeably
lower than the others. A near one to one correspondence between the
normalized June values for oil degradation by bacteria and by fungi sug-
gested common limiting factors for both groups of microorganisms (Figure
9.8).

The preferential oxidation of aliphatic (Table 9.6) and aromatic
(Table 9.7) compounds was studied by recording the differences in relative
percent composition of each component in an abiotically weathered oil-sea-
water control compared to its relative percent composition in natural
mixed fungal cultures from sediment samples. The October benthic sample
from Station 1/IV and the average values for all October benthic samples
were used for this study because they exhibited the greatest amount of
degrading activity. The most outstanding result from the alkane fraction
was the very large increase in the relative concentration of the branched
alkanes, pristane and phytane, indicating that they were more recalcitrant
to fungal degradatiocn than the n-alkanes. This finding, though not unex-
pected, lends credence to the oil-degradation ratios based on branched
chain/unbranched chain ratios. Another, unidentified, compound with a
Kovats index of 1851 proved to be resistent to degradation. A clear pre-
ference was shown for the utilization of n-alkanes of intermediate chain
length Cy¢ to Cz2, especially n-heptadecane and n-octadecane. Longer
chain n-alkanes showed a lower but somewhat uneven rate of utilization.
There was some evidence that the preference pattern varied with oil con-

centration. A similar but more pronounced concentration dependence existed
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TABLE 9.6
PREFERENTIAL DEGRADATION OF SLCO! ALKANES BY NATURAL MIXED CULTURES FROM OCTOBER BENTHIC SAMPLES?

- 1

Weathered Controls Station 1/1IV Avg. All Stations

Kovats %4 Composition A% Composition A% Composition
Index 0.1% oil 0.5% oil 0.1%2 o1l  0.57 oil 0.1% oil  0.5% oil
1600? 8.50 12.30 -3.50 1.70 1.10 1.05
1620, 2.30 3.40 -0.60 -0.40 0.98 -0.37
1670 6.10 6.95 29.50 0.45 7.17 -0.88
1700 9.70 10.90 -8.40 0.90 -1.28 0.62
178¢°¢ 2.85 2.85 6.25 0.45 3.68 0.45
1800 9.55 9.45 -5.35 0.15 -1.27 0.25
1851 3.40 3.20 7.50 0.00 1.62 0.10
1900 9.15 8.30 -3.65 -0.50 -1.15 -0.10
2000 7.55 6.75 -3.25 -0.55 -1.08 -0.05
2100 6.40 5.55 -4.40 -0.25 -1.27 0.15
2200 5.80 5.20 -3.20 -0.20 -1.05 0.18
2300 5.05. 4.50 -1.65 -0.30 -0.82 0.10
2400 4.25 3.75 -1.35 -0.35 -0.78 -0.05
2500 3.35 2.95 -3.35 -0.45 -1.17 -0.18
2600 3.40 2.95 -1.90 -0.25 -0.87 -0.10
2700 2.65 2.35 -2.65 -0.15 -0.83 -0.03
2800 2.15 1.65 -2.15 0.05 -1.08 0.05
2900 2.15 1.80 -2.15 0.20 -0.55 0.05
3000 2.20 1.90 -2.20 -0.10 -0.83 -0.40
3100 2.05 1.95 -2.05 -0.135 -0.18 -0.63
3200 1.45 1.45 ~-1.45 -0.15 0.35 0.32

1Southern Louisiana Crude 0il.

2After 45 days in shake culture at 25”0; sediment diluted 1:5 with artificial seawater.
#ndices with two final zeros indicate n-alkanes, e.y. L1600 = n—Cl6.
b ]
Pristane, an isolkane.

CZPhytane, an isolkane.



TABLE 9.7

PREFERENTIAL DEGRADATION OF SLCO! AROMATICS BY MATURAL MIXED CULTURES FROM OCTOBER BENTHIC SAMPLES?

Weathered Controls

Station 1/1V

Avg. All Stations

%ﬁX:;S % Composition A% Composition A% Composition Tentative Component ldentiflication
0.1% o1l  0.5% oil  0.17% o1l 0.05% oil 0.1% oil 0.05% oil

1750 0.00 1.65 0.0 3.05 0.0 3.00 Naphthalene

1870 0.00 11.15 0.0 0.75 7.03 1.38 Methylnaphthalene

1910 0.00 2.45 0.0 2.55 2.06 2.67 Methylnaphthalene

1980 4.50 9.75 2.50 -0.75 3.30 ~0.68 Dimethylnaphthalene

2020 9.65 15.95 2.05 1.85 5.28 1.40 Dimethylnaphthalene & Biphenyl

2060 1.50 4.10 5.10 0.40 3.07 0.27 Dimethylunaphthalene & C,-Naphthalene

2080 1.00 3.95 3.10 -0.95 2.43 -0.73 Dimethylnaphthalene & C-Naphthalene

2110 1.00 3.75 2.90 -0.15 2.62 -0.23 C3—Naphthalene & Methylbiphenyl

2130 18.60 10.00 ~-1.60 1.12 -5.83 1.10 CB—Naphthulcne & Methylbiphenyl

2170 11.15 7.90 -0.55 -1.20 -1.63 -1.22 CJ—Naphthalcne & C,-Naphthalene

2210 8.20 6.55 0.20 -1.05 -0.77 -1.20 C3~Naphthalene & CA—Napththulene

2220 1.70 1.20 -0.10 0.20 -0.05 0.02

2240 4.40 3.20 -1.00 0.10 -0.47 -0.10

2290 2.70 1.55 -0.20 -0.35 -0.73 ~0.48 Other peaks are mostly unknown at this

2310 6.85 3.40 -1.55 -1.20 -3.20 -1.48 time.

2430 15.80 8.55 -3.60 -2.85 ~5.93 -2.98

2520 13.00 4.85 -7.40 -1.55 -7.07 -0.75

lSouthern Loulisiana Crude 01l

2

After 45 days in shake culture at 250C;sediment diluted 1:5 with artificial seawater.

DA
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for the degradation of aromatic compounds. For example, dimethylnaphtha-
lene appeared to be more susceptible to degradation at the lower oil con-
centration than at the higher. Naphthalene, methylnaphthalene and dimethyl-
naphthalene appeared to be relatively recalcitrant. The data suggested

that Ci-naphthalene might have been more easily degraded than either its
unsubstituted counterpart or naphthalene with an even-numbered side chain.
However, most of the metabolic activity was directed toward the unidenti-

fied, heavier arcmatics with retention indices above 2300.

Pure Cultures

The purpose of these experiments was to evaluate quantitatively the
potential of selected fungal isolates to utilize SLCO. The STOCS isclates
tested were selected on the basis of their response in the silica-gel-oil
assay; each isolate demonstrated the potential to grow in the presence of
SLCO. Two yeast and two filamentous forms were examined. The yeast iso-
lates were identified as (ryptococcus aliiius and Cardida diddensii; the
latter is most frequently found in marine environments. The two filamen-
tous forms selected were Paecilomyces sp. and Nodulosporiwm sp. Each
organism was tested for its ability to grow and degrade SLCO in the pres-
ence or absence of inorganic supplements. The effect of glucose addition
to cultures with inorganic supplements and SLCO was also examined.

Stationary-phase cultures grown iﬁ a chemically defined medium were
used as inocula. RILA Marine Mix (RILA Products, Teaneck, N.J.) hydrated
to a 3.5% final concentration was used as a basal solution for the experi-
mental media. Three experimental media were prepared and supplemented as
follows: 1) SLCO, 0.1%; 2) SLCO, 0.1%; KNO3, 50 mM; NH.Cl, 50 mM; KH,PO,,
10 mM; ferric-ammonium citrate, 100 ug/2; ZnCl, 100 ug/%; and 3) SLCO, 0.1%;

inorganic salts, as described above; and glucose, 2.0%. For each type of
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medium tested, each isolate was used to prepare five cultures. All experi-
mental cultures were incubated at 25°C on a reciprocating shaker. At
intervals, one culture growing in each type of medium was removed and the
amount of growth and oil degradation determined. TFor the yeast cultures,

a. 0.1 ml aliquot was removed from the culture for determination of the
number of CFU/ml. The remaining culture was subjected to Soxhlet extrac-
tion with benzene. The extracts were analyzed by gas chromatography. Cul-
tures of the filamentous isolates were processed as described for the cul-
tures of the yeast isolates except that determination of the number of CFU/ml
was not performed. Instead, growth of the filamentous cultures was
estimated by dry weight determinations following extraction. Determinationms
of growth and oil degradation were performed after 0, 5, 10, 20 and 30

days incubation.

Of the two veast isolates tested, only (. diddensii exhibited an
increase in the number of CFU/ml during culture in the simple medium sup-
plemented only with SLCO (Figure 9.9; Appendix H, Table 6). Growth
(increase in the number of CFU/ml) in the medium supplemented with inorganic
salts did not differ significantly from that observed in cultures grown in
the simple SLCO medium. In both media there was about a ten-fold increase
in the number of CFU/ml during the first days of incubation, after which
the number of CFU/ml remained nearly comstant. Initially, C. diddensii
grew at a faster rate in the glucose-supplemented medium than in the simple
SLCO medium. Later, however, the number of CFU/ml decreased. In contrast
to C. diddensii, C. albidus was unable to grow in a medium supplemented
only with SLCO. 1In fact, the number of CFU/ml decreased dramatically
(Figure 9.9; Appendix H, Table 6). Growth of (. albidus in glucose-sup-
plemented medium was similar to that exhibited by (. diddensii in the same

medium.
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Figure 9.9
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Growth of Two Yeast Isolates in Pure Cultures in the Pres~
ence of 0.1% v/v Crude 0il (SLCO). Results Presented in
A Represent Growth of Candida diddensii and Those in B
Represent Cryptococcus albidus. (@) - SLCO; (B -SLCO, N,
P, Fe, Zn; and (& - SLCO, N, P, Fe, Zn and Glucose.
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Because of the technical difficulties, it was not possible to quanti-
tate the growth of the filamentous forms. However, it was observed that
Paecilomyces sp. grew to relatively limited extent in medium supplemented
with SLCO or with SLCO and inorganic salts. Slightly better growth was
observed in the glucose-supplemented medium. ~Nodulosporiwum sp. appeared
to grow only in the medium containing glucose.

Analysis of SLCO degradation by the four STOCS isolates was not quanti-
tative. This was due primarily to the inability to perform dry weight
determinations on the extracts. Also, the data were incomplete because gas
chromatographic analysis had not been performed on all samples prior to the
termination of the project.

For the marine yeast, (. diddensi?, the only samples analyzed were

those collected on day 30 (the final day). Comparison of the gas chroma-

I
T

tograms of the culture extract (Figure 9.104) tc .the:contrcl-extract (Fig-
ure 9.10C) indicated that the culture of . diddensii supplemented with
inorganic salts degraded n-alkanes in SLCO at least through C,s. The
ratios of the peak heights on n-alkanes to iscalkanes, which were much
lower in the culture extract than in the control extract, indicated that
the n-alkanes were degraded. 1In fact, the most notable difference between
the culture extract and the control was the much lower C;7 to C;g/pristane-
phytane ratio. Analysis of the other two 30-day culture extracts of C.
diddensii indicated that SLCO was not significantly degraded. None of the
cultures of C. albidus appeared to degrade SLCO (Figure 9.10B).

The data indicated that Paecilomyces sp. was able to degrade SLCO.
Extracts of 30-day cultures grown in simple SLCO medium degraded n-alkanes
greater than C3¢, whereas extracts from cultures grown in medium supplemented

with inorganic salts degraded n-alkanes through C;7 to Cig. In cultures

grown in glucose-supplemented medium, n-alkanes up to C;; were degraded by
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day five. At day 10, degradation of n-alkanes up to C,; was evident. No
further degradation occurred in cultures incubated for 20 and 30 days. The

data indicated that Nodulosporiwn sp. was unable to degrade SLCO.

Effects of 0il

Natural Mixed Cultures

In both water column and benthic samples fungal growth was eventually
stimulated by the presence of o0il (SLCO). In the water samples the effect
was noticeable by the 20th day at the 0.5% oil concentration, but was delayed
beyond the 30th day at the 0.17% oil level (Figure 9.11; Appendix H, Table 7).
By the 40th day the population densities at both o0il levels were approxi-
mately the same and were almost 100-fold greater than the control. Stimu-
lation of fungi in the benthic samples occurred before the 3C0th day at
both 0il levels when the oil treatment populations were approximately equal,
but double that of the control (Figure 9.12). The presence of available
carbon compounds in the sediment was suggested by the growth of the control
population through the 30th day. At the 45th day fungi were still increas-
ing in numbers in the higher o0il concentration. However, the numbers had
begun to level off in the low o0il treatment, while in the control the num-
bers decreased. After 45 days the 0.5% o0il supported seven times the num-
ber of fungi in the control and a 3.6-fold difference was maintained by the
0.1% oil level.

A study of generic succession in oil-enriched and control water column
samples showed that most genera were stimulated by the presence of oil
(Table 9.8). Some, like the form-genera 4spergillus, Rhodotorula and
Fusarium predominated in the first two weeks then decreased, whereas others
such as Aureobasidium appeared after a longer oil exposure. The marine
imperfect yeasts Candida and Rhodotorula actually decreased in frequency

after 30 days in the control.
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Figure 9.1l Effect of Crude 0il Concentration on Fungal Growth in
Natural Mixed Cultures of STOCS Near-Surface Waters.
The Numbers Represent the Mean Values for all Samples
from the July and August Collections.
(@) - 0.5% oil (SLCO); (0) - 0.1% oil (SLCO); (®) - control
to which no oil was added.
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Effect of Crude 0il Concentration on Fungal Growth in
Natural Mixed Cultures of STOCS Benthic Sediments

Diluted (1:5) with Artificial Seawater. The Numbers

are the Mean Values for all Samples from the Fall Cruise.
(@) - 0.5% oil (SLCO); ©) - 0.1% oil (SLCO); (¥) - control
to which no oil was added.




TABLE 9.8

OCCURRENCEl OF PREDOMINANT FUNGAL

GENERA AS A FUNCTION OF TIME IN 2

NATURAL MIXED WATER-COLUMN CULTURES

Genus 0il Time (days)

Content 0 10-15 30 40-45

Penicillium + 12 3 2 2
- 12 3 1 1
Candida + 6 1 2 2
- 6 0 6 3
Cladosporium + 6 2 2 3
- 6 1 0 2
Aspergillus + 3 6 1 5
- 3 3 2 1
Aurecpasidium + 2 0 1 1
- 2 0 0 1
Rhcdorerula + 2 3 0 1
- 2 1 3 3
Paecilomyces + 1 2 3 0
- 1 0 2 0
Fusarium + 0 3 1 0
- 0 1 2 0
Total Frequency + 32 20 12 11
- 32 9 16 11

lNumber of samples (max. 18) 1in which genus occurred at each time.

2Shake cultures of seawater with natural inoculum concentrated on
filters; oil enrichment to 0.5% SLCO (v/v)
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Generic extinction was approximately twice as fast in the benthic
controls as in the oil-enriched sediment (Table 9.9). 4spergillus and
Fusarium persisted in the presence of the o0il throughout the experiment.
The yeast Candida performed better in the presence of the oil than in the
control. (ladosporium appeared relatively frequently in the earlier and
later stages of o0il degradation in both the water and the sediment samples,
but was less frequent at 30 days. The number of genera in the oil-treated
benthic cultures remained high, whereas the generic richness of the corres-
ponding control cultures decreased (Table 9.10). 1In oil-enriched water
samples generic richness decreased initially, but then showed a steady .

increase toward the original number of genera.

Pure Cultures

The growth response of a fungal isclate in the silica-gel-oil tube
dassay was a good indicator of the stimulatory effect that oil might have
on. that particular strain in the water column. No growth indicated either
toxicity or an isolate's inability to use crude oil as a sole carbon and
energy source. Approximately 60% of the isolates tested were able to grow
on crude oil (Table 9.11; Appendix H, Table 8). Candida and Penicillium
isolates exhibited predominantly good growth on oil; Rhodotorula, Cephalo-
sporiun and Alternaria 1isolates also tended to grow well. Form-genera
exhibiting predominantly no growth were Cladosporiwn and Cephalosporium.
Other form-genera responding poorly were Fusariwm and Aureobasidium. Two
form-genera, Aspergillus and Paecilomyces, showed a very uneven response
to oil with many isolates exhibiting excellent growth on oil, but with even
more isolates showing no growth.

Most of the studies to date on the effect of petroleum on fungi in

pure culture have used high densities of log phase inoculum and high levels



TABLE 9.9

OCCURRENCE! OF PREDOMINANT FUNGAL GENERA AS A FUNCTION OF TIME IN

NATURAL MIXED BENTHIC CULTURES?

Genus 0il Time {(days)
Content 0 10-15 30 40-45
Penicillium + 156 6 3 1
- 16 6 1 0
Aspergillus + 11 9 5 4
- 11 1 3 4
Cladosporium + 11 7 0 2
- 11 3 0 0
Candida 3 2 3 0
- 3 0 0 0]
Fusarium + 3 6 5 4
- 3 5 4 1
Rhodotorula + 3 1 0 0
- 3 0 0 0
Paecilomyces + 2 1 1 1
- 2 1 1 0
Total Frequency + 49 37 17 12
- 49 18 9 5

lNumber of samples (max. 18) in which genus occurred at each time.

2Shake cultures of 20 ml benthic sediments diluted 1:5 with artificial
seawater; oil enrichment to 0.5% SLCO (v/v)



TABLE 9.10

EFFECT OF SLCO'! ON GENERIC
RICHNESS IN NATURAL MIXED CULTURES®

Benthic Water Column
Time (days) 0ila Control 0ila Control
0 8.0 8.0 5.0 5.0
10-15 10.5 5.0 2.4 1.6
30 8.0 4.5 3.6 1.4
40-45 9.5 3.5 3.8 2.2

1 . . ,
Southern Louisiana crude oil.

2 - . .
Average number of fungal genera per cruise (2 benthic, 5 water column )
in Southern Louisiana Crude-treated and control subsamples.

A
Cil added at $.5% (v/v)
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TABLE 9.11

EFFECT OF SLCO' ON GROWTH OF PREDOMINANT FUNGAL GENERA®

Isolates (%) by Genus

Genus
Good Growth® Weak Growthb No Growth® Total
Isclates
Tested
Penicillium 56.0 16.0 28.0 75
Aspergillus 27.1 25.7 47.1 70
Fusarium 6.3 42.8 50.8 63
Cladosperium 3.9 25.5 70.6 51
Candida 74.4 16.3 9.3 43
Cephalosporium 19.2 19.2 61.5 26
Rhodotorula 28.6 52.4 19.0 21
Paecilomyces 31.6 31.6 36.8 19
Alternaria 36.4 45,2 18.2 i
Aureobasidium 0.0 50.0 50.0 10
TotalZ 30.8 28.0 41.1

lSouthern Louisiana Cirude 0il.

2Oil added to cover one-half of silica-gel slant culture established in

presence of limited (0.01%) glucose; growth scored after one month.
aIsolates showing good growth (G) above or below oil surface.
bIsolates showing only weak growth (g) above or below o0il surface.

c . . R
Isolates showing no growth or toxicity symptoms--above and below oil
surface.



of nitrogen and phosphorus. These conditions bear little resemblance to
natural conditions in marine waters. The effect of SLCO on Candida didden-
817 in artificial seawater was studied using low densities of starved inocu-
lum and various combinations of the high and low concentrations of nitrogen,
phosphorus, carbohydrate and iron present in the STOCS water column (Figure
9.13). Triplicate shaken cultures of the various treatments with and with-
out 0.1% (v/v) oil were sampled periodically and the number of CFU/ml were
determined as described for the rate degradation studies. The inoculum
consisted of 190 cells/ml (final concentration) starved bv thrae successive
subcultures after 24 h in unamended artificial seawater.

Severe oil toxicity was observed in all cases, with survival rates
ranging from O to 3% of the no-oil control. Maximum toxicity was observed
at three days in some treatments and six days in others, but no consistent
association between nutrient level and recovery time was discernible. By
the 1lth day, the cell density of most oil treatments exceeded the no-oil
controls and by the 22nd day, oil treatments had from 350 to 650% more
cells than the controls. The slow rates of reproduction in the controls
and the reduced growth in oil treatments toward the end of the experiment
were consistent with the hypothesis that growth was being limited by the

rate of autolytic nutrient recycling.

DISCUSSION

STOCS MYCOTA

The high concentrations of fungi recorded in the spring water samples
(max. 84 CFU/ml) were quite similar to those reported for March samples
from the United States Atlantic continental shelf (Colwell et al., 1976).
The spring peak in water column fungi corresponded to the peak spore load

of continental air masses resulting from the coincidence of maximum substrate
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Figure 9.13
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availability with optimum temperature and moisture conditions. The last
continental fronts of the season moved out over the Gulf during this period.
The much lower fungal counts during the hot, dry summer months (Figure 9.3)
coincided with a period of low air spore loads coupled with the prevailing
onshore movement of maritime air. The latter prevented significant new
fungal spore deposition. The low numbers of fungi detected during the

STOCS summer cruises were comparable to those reported from pelagic waters
(Meyers, Ahearn and Roth, 1967; Ahearn 2% zl., 1971; Fell, 1967). An unus-
ually dry fall on the mainland may have reduced the secondary abundance
peax noted in the November collectioms.

The pattern of decreased fungal counts toward shore in the July samples
was similar to the pattern of microbial inhibition in Atlantic continental
shelf water which Colwell et al. (1976) were able to remove by heating.

The patterned distribution of inhibitors, if they were present, would have
been broken up by the reversal of currents along the coast which usually
occurs in August.

That fungi were inhibited in STOCS water was suggested by the detec-—
tion of 16 different genera in the second (day 30) sampling of rate-~degra-
dation control cultures when only nine genera were detectable in the
first (day 10-15) sampling (Table 9.8). Further evidence for inhibitory
factors, probably associated with particulate matter, was noted in the
enumeration studies. The greater the dilution of sediment, the greater
the estimated number of fungi. Conversely, the greater the concentration
of water sample, the lower the estimated number of fungi.

Another source of underestimation of the number of fungal propagules
was the 100-fold increase in fungi in the surface film compared to water
taken from 10 cm below the surface as reported by Crow et al. (1975).

Benthic fungi were found to be more than 10* times more abundant than
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detectable water column fungi. This difference was larger than any
previously reported.

An inshore to offshore and spring to winter increase of the percentage
of hydrocarbonoclastic fungi in the water column is presumably associated
with the concentration of organic pollutants (Atlas and Bartha, 1973; Col-
well et 2l., 1976). However, no such correlation was found from the data
available in this study.

The general increase from late winter to fall in the abundance of
benthic fungi was probably associated with an increase of available nutrients.
However, no good correlations were found except between the annual station
averages for total organic carbon and fungal abundance (Figure 9.5). This
was not unexpected since fungi are heterotrpphic and the organic carbon
level was very constant throughout the year, wherzas the levels of avail-
able nitrogen and phosphorus fluctuated radically. Fifty-six (56) individual
comparisons were made, mostly by scattergrams, of fungal abundance, degrader
ratios, degradation rates and generic frequencies with trace metal, hydro-
carbon and nutrient 'concentrations, as well as STD, sediment texture and
bacterial populatioﬁ data. None showed a significant association.

Though no hard data are available from this minimal, one-year study
effort for comparing seasonal effects, the evidence suggests that site
specific wvariables, probably relating to nutrition, are more important
than seasonal differences (Figure 9.7). The n-alkane-degradation rates at
the two deep benthic stations remained low relative to the rates at the
other stations during all three seasons. The surge in the relative oil-
degradation in the October sample from the Rio Grande delta station (1/IV)
coincided with the sharp peak in the annual discharge of runoff of agri-
cultural lands from impoundments up river. The effect of oil concentra-

tion on the degradation 'potential" of benthic and water column samples
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was predictable and evident from the experimental results. In water column
samples, where limiting levels of nitrogen and phosphorus are to be
expected, the rate of degradation (utilization) should be independent of
0il concentration (Figure 9.11). 1In the benthic samples, where. more nitro-
gen and phosphorus is available and growth is limited by carbon levels,

one expects to see more degradation (utilization) of oil at the higher

0il concentrations (Figure 9.10). The preferential degradation of Ci-
naphthalene compared to the unsubstituted compound is similar to the
results noted by Beam and Perry (1974b) for n-alkyl-substituted cyclo

paraffins.

CONCLUSIONS
L. Viable fungal units were much more abundant in the STOCS water
column in the spring than in the summer, fall or early winter.

hvdrocarbonoclastic fungi in near-surrface waters

[}

2. The percentages 0O
increased from a low in the spring through the summer to a winter aigh.

3. The percentage of hydrocarbonoclastic water column fungi increased
with the distance from shore.

4. The population density of benthic fungi tended to increase from
late-~winter through late-spring to a fall maximum.

5. The annual average abundance of benthic fungi at-each stdtion was
a - function of the organic carbon concentration of the sediment.

6. STOCS benthic fungi wereAgenerally over one thousand times more
abundant than detectable fungi in near-surface waters.

7. Form-species of Penteilliwn, Cladosporiwm and Candida predominated
in the water columm.

8. Form-species of Penicillium, Aspergillus, Cladosporium and Fusarium

predominated in the benthos.
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9. Generic richness of the water mycota decreased during the warm
months.

10. The taxonomic composition of the STOCS mycota, with the exception
of the yeasts, was similar to that of continental air spora.

11. The fungal n-alkane degradation potentials of STOCS waters and
sediments tended to decrease offshore across the shelf, especially during
the summer.

12. Fungal n-alkane degradation potential was greatly increased in the
presence of freshwater outwash.

13. Conditions limiting bacterial oil-degradation potential in June
also limited fungal oil-degradaticn.

14. Fungi in pure and natural mixed cultures preferentially utilized
n-alkanes of intermediate chain length.

15. [Isoalkanes were relatively rasistant to fungal degradation.

16. Naphthalene appeared to be more recalcitrant to fungal degradation
than was its C3-substituted counterpart.

17. Crude oil (SLCO) toxicity to a petroleum-degrading yeast, Zandida
diddensii, increased during the first few days afrer applicatiom.

18. Natural mixed fungal cultures were generally stimulated by SLCO
after a lag period of one to four weeks.

19. Form-species of Penticillium, Aspergillus, Cladosporium and Fusariwn
were frequently encountered after two weeks in oil-enriched water and sediment
samples,

20. Crude o0il increased the generic richness of natural mixed cultures
over that of the controls.

21. A majority of the isolates of Candida and Penicillium tested in

pure culture grew well on whole oil.
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ABSTRACT

Selected characteristics of benthic bacteria of the South Texas Outer
Continental Shelf (STOCS) were measured. Populations of total aerobic
heterotrophic bacteria ranged from 4.6 x 10" to 1.3 x 10°/ml wet sediment.
Hydrocarbon degrading bacteria ranged from 8.0 x 10 to 1.1 x 10°/ml wet
sediment. The percentage of bacteria in the population able to degrade
hydrocarbons was from 0.10 to 20.68%. Bacterial populations exhibited
both seasonal and spatial variations.

The predominant genera of aerobic heterotrophic bacteria were Bacillus,
Vibrio and Pseudomovnas. Hydrocarbon degrading bacteria were predominantly
species of Pseudomonas.

0il biodegradation by natural sediment populations ranged from O to
91.6%. Low molecular weight n-paraffins were utilized to a greater extent
than high molecular weight paraffins. Degradation rates exhibited seasconal
variations, but were evenly distributed geographically. Four pure cultures
of hydrocarbon degrading bacteria removed from 6.1 to 51.0% of the C14-Cs2
n-paraffins. The maximum degradation rate of gf[l-igc] hexadecane by pure

cultures of hydrocarbon degrading bacteria was 0.03 ug/day.

The addition of oil to sediment increased bacterial populations, and
changed the composition of the population to one more capable of degrading
oil.



INTRODUCTION

A total of 6 x 10° metric tons of petroleum hydrocarbons enter the
marine environment annually (McAuliffe, 1976). Marine transportation and
industrial /municipal waste disposal contribute the majority of oil enter-
ing the oceans (McAuliffe, 1976; Wardley Smith, 1976). Two additional
sources of hydrocarbons in the marine environment include natural seepage
and offshore oil producticon. The latter source presently contributes
less than 3% of the total hydrocarbons in the oceans (Grossling, 1976).

0il on the sea surface spreads rapidly, increasing the reactive sur-
face area for physical, chemical and biological processes. Evaporation
removes many of the volatile components of oil at the sea surface, the
rate dependent on weather conditions and oil type (Floodgate, 1972). 0il
on the sea surface is also subject to destructior by photooxidation

T’ L)
(Klein and P

~

1, 1974). Water solubla componerts of oil are leached,
leaving a heavy residue that may sink to the bottom (Nelson -~ Smith, 1970).
The presence of large quantities of suspended matter and ingestion-egestion
by filter feedéis may increase the rate at which 0il sinks to the bottom
(Butler et al., 1976).

Microorganisms are active in degrading petroleum hydrocarbons in the
marine environment and are most active in estuarine waters (Lee and Ryan,
1976). Numbers of hydrocarbon degrading bacteria in the marine environ-
ment likewise are most numerous near land, where their numbers range from
0.1 to > 10%/ml sediment or seawater (Zobell, 1969).

Degradation rates of petroleum in the marine environment are depen-
dent on a number of factors: 1) chemical composition of the oil; 2) num-

ber and types of microorganisms present; and 3) environmental parameters,

including nutrient concentration and temperature. The dependence of oil
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degradation on these factors is discussed below.

The n-paraffins of crude oils are the most susceptible to microbial
degradation (Mechalas 2t «l., 1973; Lee and Ryan, 1976). Among the n-par-
affins, the lower molecular weight compounds are degraded most rapidly.
The aromatics and cycloalkanes of crude oils are the most resistant to
microbial breakdown (Zobell, 1969; Mechalas e¢% al., 1973; Lee and Ryan,
1976). Since different crude oils contain different proportions of n-par-
affins, aromatics, and cycloalkanes, they would be expected to undergo
different rates of breakdown (Lee, 1976).

A single microbial species is not capable of significantly degrading
crude oil, because each species of hydrocarbon degrading bacteria usually
attacks only selected crude oil hydrocarbons (Zobell, 1973). Some micro-
organisms degrade primarily n-paraffins, while others preferentially oxi-
dize arcmatics, or attack a wider range of hydrocarbons (Soli, 1973).

Two important envirommental parameters that iimit oil degradaction in
the marine environment are nutrient concentration and temperature. The
addition of nitrogen and phosphorus to seawater significantly increases
0il degradation rates (Atlas and Bartha, 1972a). Low temperatures decrease
0il degradation rates and increase the period preceding degradation (Atlas
and Bartha, 1972b). Other environmental parameters that regulate the
degradation rate of oil in the marine environment are oxygen concentra-
tion, oil dispersion, salinity, turbulence, organic matter concentration,
0il concentration, and microbial predators (Zobell, 1973).

Degradation of oil by marine microorganisms has been demonstrated
extensively. The effects of oil on marine microorganisms, however, have
received comparatively little attention. Hood et al. (1975) compared ben-
thic bacteria from an oil field salt marsh with those from a pristine

salt marsh. Although there was no significant difference in total aerobic



heterotrophic bacteria, the number and percent hydrocarbon degrading bac-
teria were significantly greater in the oil field salt marsh. The authors
suggested that the presence of o0il altered the relative abundance of the
predominant aerobic heterotrophic bacteria.

Walker et al. (1974a) examined the effects of South Louisiana crude
0oil and No. 2 fuel o0il on the growth of estuarine bacteria in laboratory
cultures. The addition of o0il to cultures inhibited the growth of lipoly-
tic, proteolytic, and chitinolytic bacteria duringz the first seven days
incubation. Walker and Colwell (1976c) compared »opulations of hydrocar-
bon degrading bacteria from an oil-contaminated area with those from an
oll-free area. Numbers of hydrocarbon degrading bacteria and oil biodeg-
radation potential were higher in the oil-contaminated area. Sediment
bacteria from the oil-contaminated area were stimulated by oil added to
laboratory cultures, while sediment bacteria from the oil-free area were
inhibitéd by added oil.

The effects of four oils (Louisiana crude, Kuwait crude, No. fuel
0il, Bunker C 0il) on the heterotrophic uptake and mineralization of D-
glucose—I“C were examined by Hodson et al. (1977). The four oils inhibited
D-glucose uptake and mineralization. The degree of inhibition by o0il was
dependent on both the oil type and concentration.

Selected characteristics of benthic bacteria of the South Texas Outer
Continental Shelf (STOCS) were measured during 1977. No studies similar
to the one described below have been conducted on the benthic bacteria
of the STOCS. However, a study comparable to the present one was conducted
by Gunkel (1973) in the North Sea.

Data collected at Stations 1, 2 and 3 on all four transects during
three seasons (winter, spring and fall) included: 1) number of aerobic

heterotrophic and hydrocarbon degrading bacteria; 2) percent hydrocarbon
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degrading bacteria; 3) predominant genera of aerobic heterotrophic and
hydrocarbon degrading bacteria; and 4) oil biodegradation potential. Lab-
oratory studies included: 1) degradation of crude oil and radiolabeled
hexadecane by pure cultures of sediment bacteria, and 2) effects of crude

0il on the growth and composition of sediment bacteria.

MATERIALS AND METHODS
The crude oil used in this study was South Louisiana crude oil (SLCO).
SLCO is produced in the Gulf of Mexico and has been frequently employed in
biodegradation and effects studies.
Sediment was collected with a Smith-McIntyre grab at Stations 1, 2
and 3 on all four transects during winter, spring and fall (4-8 March,
13-15 June, and 15-18 October, respectively). The top centimeter of sedi-

ment was removed with a spatula and placed in a sterile 130 ml beaker. After

Fy

10 ml sediment subsamplas were removed for bacteriological analyses.
Bacterial analyses were initiated immediately after collection of

sediment to minimize alteration of bacterial numbers and activity. Pro-

cedures initiated immediately included: 1) inoculation of plates and tubes

with sediment dilutions for subsequent enumeration and isolation of total

aerobic heterotrophic and hydrocarbon degrading bacteria; 2) inoculation

of flasks with sediment for oil biodegradation studies; and 3) inoculation

of flasks with sediment for oil effects studies. All inoculated plates,

tubes, and flasks were secured for subsequent transfer to the laboratory.

Enumeration of Sediment Bacteria

Total Aerobic Heterotrophic Bacteria

Duplicate 10 ml sediment subsamples were diluted 1:10 in artificial
seawater (INSTANT OCEAN, Aquarium Systems, Inc., Wickliffe, Ohio) and

mixed by swirling for one minute. The resulting suspension was serially
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diluted in artificial seawater and three dilutions plated in triplicate
on Marine Agar 2216 (DIFCO). Bacterial colonies were enumerated with a
Quebec Colony Counter after 10 days incubation at the seasonal in situ
temperature.

Contamination of Marine Agar 2216 medium du2 to manipulation of this
procedure was not a problem. Less than five bacteria appeared per uninoc-

ulated plate.

Hydrocarbon Degrading Bacteria

The most probable number (MPN) technique as described by Gunkel (1973)
in the three~tube series was used for the enumeration of hydrocarbon
degrading bacteria. Duplicate 10 ml sediment sudsamples were serially
diluted in artificial seawater and one milliliter of four sediment dilu-

it T arad X7 70 T a2
LuToaelaved SLuv., Lthe a

t

tificizl ssawzter was sunplemented with 1 z NHE.NO;
and 1 g XH3P0. per liter. The pH 0f the medium was adiusted to 7.6 bv tha
addition of 1N NaOH. After inoculation, tubes were incubated stationary
for 30 days at the seasonal Z7 situ temperature. Positive tubes were
determined by visual observation of growth.

Control tubes without oil were incubated at the lowest MPN dilution
to assure that growth was due to decomposition of o0il and not due to nutri-
ents in the sediment incculum. Growth in control tubes occurred infre-
quently and was slight compared to growth in tubes containing oil.

Total aerobic heterotrophic and hydrocarbon degrading bacteria were
enumerated as described above. The mean number of hydrocarbon degrading
bacteria per milliliter wet sediment was divided by the mean number of
aerobic heterotrophic bacteria per milliliter wet sediment. The ratio

obtained was multiplied by 100 to obtain the percent hydrocarbon degrading

bacteria.
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Predominant Genera of Aerobic Heterotrophic and Hydrocarbon Degrading

Bacteria

Aerobic heterotrophic bacteria were selected from Marine Agar 2216
medium on the basis of colonial morphology. Isolates were maintained for
subsequent identification and use in pure culture studies.

Marine Agar 2216 medium was inoculated with growth from MPN oil tubes
for isolation of hvdrocarbon degrading bacteria. Isolated colonies were
inoculated into fresh oil tubes. Bacteria exhibiting growth in fresh oil
medium were considered hydrocarbon degraders. These isolates were main-
tained for subsequent identification and use in pure culture studies. Bac-
terial isolates were identified to genus level according to Bergey's Manual

etermivative Bactericlogy, 8th editiom.

Artificial seawater with Zv 37%u concentrations of nitrogen and phos-
;

n

phorus (referred to subsequently as basal medium) was employed in all the
0il biodegradation and effects studies described below. YNitrogen concen-
trations used ranged from 0.0l to 1.2 mg NH.NO3 per liter, while levels of
phosphorus used ranged from 0.003 to 0.1 mg KHpPO, per liter. These nitro-
gen and phosphorus levels were representative of nutrient concentrations in
STOCS bottom water (Sackett et al., 1976).

Pure cultures of aerobic heterotrophic and hydrocarbon degrading bac-
teria were used in oil biodegradation and effects studies at a cell den-
sity of 10%- 10° cells/ml and 10° - 10" cells/ml respectively. These cell
densities were representative of bacterial populations in STOCS sediment

as determined by this study.

Biodegradation by Natural Sediment Populations

Duplicate 10 ml sediment subsamples were diluted 1:10 in basal medium
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containing SLCO. The oil concentration used during winter and spring was
0.5% V/V. SLCO concentration was decreased to 0.05% V/V during fall.
Autoclaved ocil was used during winter, but subsequent gas chromatographic
analysis revealed that the autoclaving process removed a significant frac-
tion of the lower molecular weight n-paraffins. For this reason, unauto-
claved o0il was used during spring and fall.

Diluted sediment was incubated staticnary at the seasonal % situ
temperature for eight weeks and then frozen until extraction and gas chro-
matographic analysis. The extraction and gas chromatographic procedures
used have been described in Chapter 5 of this report (Giam, 1978).

Duplicate zero-time and weathering controls were included for each
season. Zero-time controls were inoculated wich 10 ml sediment subsamplsas

from Station 1/I and frozen immediately. Unincculated weathering controls

)

7% tempera-

were incubated with 2xperimentczl flasks at the seascnal =7

Biodegradation by Four Pure Cultures of Hydrocarbon Dezrading Bacteria

One milliliter of a 48-hour pure culture of hydrocarbon degrading bac-
teria was added to duplicate flasks containing 98.95 ml basal medium and
0.05 ml unautoclaved SLCO. Flasks were incubated stationary at the sea=-
sonal in situ temperature for eight weeks and then frozen until extraction
and gas chromatographic analysis as before.

Duplicate zero-time and weathering controls were included for each
pure culture. Zero-time controls were frozen immediately after the addi-
tion of cells. Weathering controls, which contained_heat—killed cells,

were incubated with experimental flasks at the seasonal in situ temperature.
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Utilization Rate of n-[l—IQC} Hexadecane by Four Pure Cultures of Hydro-

carbon Degrading Bacteria

One milliliter of a 48-hour pure culture of hydrocarbon degrading
bacteria was added to 30 ml serum vials containing nine milliliters basal
medium and 0.05 ml unautoclaved SLCO. Each vial received 1 ul 37[1-1“c}
hexadecane (specific activity, 54 mCi/mmole; 98% radiochemically pure;
purchased from Amersham Corporation, Arlington Heights, Illinois). after
addition of the radioisotope, vials were sealed and incubated stationary
at 25°C. The reaction in duplicate vials was terminated after 0, 3, 8,
24, 48 and 72 hours by injection of one drop of concentrated HzSOu.

The 1l+COg and bacteria in vials were collected using methodology
described by Walker and Colwell (1976b). Samples were added to 10 ml of
"cocktail' [4 g OMNIFLUOR (New England Nuclear, Boston, Massachusetts) per
lizer toluene] and assavad using a liquid scintillation counter. <Counts
per minute were corrected for background and percent efficiency using
n-!*C-hexadecane as an internal standard.

Duplicate control vials for hexadecane volatilization and adsorption
of radioactivity to cells were included for each pure culture at each
incubation period. Activity of control vials was subtracted from that of
experimental vials.

Growth of pure cultures was determined after O, 24, 48 and 72 hours

'
in separate vials using enumeration techniques described previously for

total aerobic heterotrophic bacteria.

Effects of 0il on Sediment Bacteria

Four 10 ml sediment subsamples were diluted 1:10 in basal medium. Two
of the four diluted samples contained 0.5% V/V autoclaved SLCO. The remain-

ing two samples contained no added oil and served as controls. Samples were
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incubated stationary for eight weeks at the seasonal Zn situ temperature.
At four periods during the eight weeks, total aerobic heterotrophic bac-
teria were enumerated as described previously.

One milliliter of a 48-hour pure culture of aerobic heterotrophic or
hydrocarbon degrading bacteria was added to four flasks containing 98.5 ml
basal medium. Two of the flasks contained 0.5% V/V autoclaved SLCO. The
remaining two flasks contained no added o0il and served as controls. After
0, 0.17, 1, 3, 7, 15 and 30 days stationary incubation at 23°C, the total
viable cells were enumerated as described previously for total aerobic
heterotrophic bacteria.

Sediments collected from four stations (1/II, 3/11, 1/III, 3/II1I) dur-
ing spring and from three stations (i/I, 2/I, 3/I) during fall were used to

determine the effects of o0il on the number and percent hydrocarbon degrad-

o8]
[

ing bacteria. Four 10 ml sediment subsamples ware diluted 1:10 in bas

added oil and serwved a

O
W

medium. Two of the diluted samples contained n
controls. Samples were incubated stationary for eight weeks at the sea-
sonal 717 sifu temperature. At four or five periods during the eight weeks,
the number and percent hydrocarbon degrading bacteria were enumerated as
described previously.
The t-~test statistic was used to evaluate seasonal differences in

bacterial populations and differences due to the addition of eil. Linear
regression analyses were employed to correlate bacterial populations with

available environmental parameters.

RESULTS

Aerobic Heterotrophic and Hydrocarbon Degrading Bacteria

Aerobic heterotrcphic bacteria ranged from 4.6 x 10* to 1.3 x 10%/ml

wet sediment (Figure 10.1 and Table 1, Appendix I). Statistically signi-
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TOTAL VIABLE COUNT/ML
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STATION
Figure 10.1 Total aerobic heterotrophic bacteria of sediment collected

at each station during the winter (4), spring (Q), and
fall (o).
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ficant seasonal fluctuations occurred at all stations except 2/I, 2/II,
and 3/I1. Highest populations did not occur during any one season. Aero-
bic heterotrophic bacteria decreased as the depth increased (r = -0.72,
-0.87, -0.55 for winter, spring and fall, respectively).

Hydrocarbon degrading bacteria ranged from 8.0 x 10 to 1.1 x 10°/ml
wet sediment (Figure 10.2 and Table 2, Appendix I). Seasonal fluctuations
occurred at the majority of stations. The significance oif seasonal dii-
ferences, however, could not be determined due to limited replication.
Highest populations occurred during fall at the majority of stations.
Hydrocarbon degrading bacteria were not highly correlated with depth
(r = -0.49, -0.56, -0.41 for winter, spring and fall, respectivelv).

The percent hydrocarbon dagrading bacteria ranged from 0.10 to 20.68%
(Figure 10.3 and Table 3, Appendix I). Hydrocarbon degrading bacteria
were generally less than 17 of the population during winter and spring,

ng duvinx £all Ma m,arhant
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hydrocarbon degrading bacteria was not hignly correlate with depth (r =
-0.07, -0.17, -0.35 for winter, spring and fall, respectively).

A total of 229 aerobic heterotrophic bacteria was selected from
Marine Agar 2216 medium. Of these, 88 (38.4%) lost viability on subse-
quent transfers. Of the remaining 141 pure cultures, 122 were identified
to genus level and 16 to family level (Table 10.1). The predominant genera
éf aerobic heterotrophic bacteria were Bacillus, Vibrio and Pseudomonas.
Species of the Enterobacteriaceae were also frequently isolated.

A total of 166 bacteria was isolated from growth in MPN oil tubes.
Of these, six exhibited growth in fresh oil medium. Five of the six iso-
lated were identified as species of the genus Pseudomonas. The remaining

pure culture was identified as a species of the genus Vibrio.
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NUMBER OF HYDROCARBON DEGRADING BACTERIA/ML
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Figure 10.2 Number of hydrocarbon degrading bacteria of sediment

collected at each station during the winter (A), spring

), and fall (o).
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PERCENT HYDROCARBON DEGRADING BACTERIA
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STATION

Figure 10.3Percent hydrocarbon degrading bacteria of sediment

collected at each station during the winter (&),
spring (@, and fall (o).
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TABLE 10.1

PREDOMINANT HETEROTROPHIC BACTERIAL GENERA OF SEDIMENT

Station/
Transect Total isolates? of
Bacillus sp. Vibrio sp. Pseudomonas SD. Unidentifiesd sp.
(Enterobactariaceae)
1/1 5 6 1 5
2/1 3 0 3 1
3/1 4 5 2 1
1/1I 10 2 1 1
2/11 6 0 4 1
3/11 3 1 2 9]
1/111 10 2 1 2
2/111 2 1 1 0
3/11I 5 4 2 3
1/1v 5 8 2 0]
2/1V 8 6 0 0
3/ 2 4 1 2
TOTAL 63 39 20 16

aIsolations during winter, spring, and fall are combined.
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Biodegradation of 0il by Sediment Bacteria

The percent biodegradation of 0il by natural sediment populations
ranged from 0 to 91.6% (Figure 10.4 and Table 4, Appendix I). A measure-
able amount of oil degradation was recorded for the majority of sediment
samples collected through the year. Highest degradation rates of oil
were measured during fall. O0il degradation rates were not highly corre-
lated with depth (r = 0.03, -0.56, -0.25 for winter, spring and fall,
respectively).

The four pure cultures of hydrocarbon degrading bacteria (Vidrio sp.,
Pseudomeras sp. 1, Pgseudomonas sp. 2, 3acillus sp.) degraded 41.1%, 33.37%,
51.0% and 6.1% of the C;4-Ciz n-paraffins, respectively. A mixed culture
of these four isolates degraded 33.7% of the C;.-C32 n~paraifins.

Gas chromatographic analysis revealed that all n-paraffins from Ciu
to C3p wers degraded by natural sediment populatisns and pure cultures,

aan/ i 1 I Ty P 3 ks - P T .- g 3. ot 3 s B
rne 1cw molecular welgznt OyaroCaraons, oowseEver, were aggraded (0 4

extent than the high molecular weight hydrocarbons.

Utilization Rate of n-[1-'"C] Hexadecane by Four Pure Cultures of Hydro-

carbon Degrading Bacteria

Maximum degradation rates of gf[l—luC] hexadecane to '“CO, occurred
during the initial eight hours (Figures 10.5 - 10.8 and Table 5, Appendix
I). From 88 to 100% of the radiolabeled substrate utilized during this
initial period was converted to 1%C0,. The maximum degradation rate of
hexadecane to CO; was 0.03 ug/day, assuming no significant isotope effect.

The period of maximum uptake of radioactivity by cells varied with
the pure culture. Uptake, expressed as percent of the total utilized,

however, was greatest after the initial eight hour period.
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Figure 10.4 Mean percent degradatiom of South Louisiana Crude Oil

by sediment collected at each station during the winter
(A), spring (@, and fall (o).
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Figure 10.5 Utilization rate of g_—[l—l“C] hexadecane by Vibrio sp.
Mineralization to 1“CO, (A): uptake of radioactivity
by cells (o0); growth (D).
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Figure 10.6 Utilization rate of Ef[l—lhc] hexadecane by Pseudomonas .
Mineralization to 1%C0, (a); uptake of radio-

sp- 1.

activity by cells (o); growth ().
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Figure 10.7Utilization rate of E_—[l-ll‘C] hexadecane by Pseudomonas
sp. 2. Mineralization to 1“%CO, (a); uptake of radio-
activity by cells (o); growth ().
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Figure 10.8 Utilization rate of 3—-[1-1L‘C] hexadecane by Pseudomonas
sp. 3. Mineralization to l"“CO; (d); uptake of radio-
activity by cells (o); growth Q).
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Effect of 0il on Sediment Bacteria

0il significantly stimulated the growth of total aerobic heterotrophic
bacteria at the majority of stations during the three seasons (Table 10.2
and Tables 6, 7, and 8, Appendix I). Growth stimulation by oil occurred
after one week and continued through eight weeks. Significant growth
inhibition by oil was not observed.

The six pure cultures of sediment bacteria exhibited different growth
responses to added crude oil (Figure 10.9 and Table 9, Appendix I). Two
pure cultures of heterotrophic bacteria, Pszudomonas sp. and Vibrio sp.,
were significantly inhibited by oil after one and seven davs, respectively.
Inhibition continued through 30 days. The third heterotrophic isclate
tested, Bacillus sp., was stimulated by oil after one day. Two pure cul-
tures of hvdrocarbon degrading bacteria, Pseudomornas sp. 2 and Vidrio so.,
were stimulated by oil afiter one and three davs, respectively. The third
nydrocarbon degrading pure culture tested, Ps2udcmoras sp. 1, was inhibited
by oil after one day, but subsequently was stimulated.

The number of hydrocarbon degrading bacteria of sediment was signifi-
cantly increased by the addition of oil (Table 10.3). Stimulation of
hydrocarbon degrading bacteria by oil was recorded after two days and
continued through eight weeks.

The percent hydrocarbon degrading bacteria of sediment was signifi-
cantly increased by oil after two days and one week (Table 10.4). After
one week, oil typically had no effect on the percent hydrocarbon degrading
bacteria (inhibition of percent hydrocarbon degrading bacteria after eight

weeks in the spring did not occur in the fall).

DISCUSSION

Enumeration of sediment bacteria during winter, spring and fall indi-
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EFFECT OF SOUTH LOUISIANA CRUDE OIL (SLCO) ON 'I'HE CGROWLH OF AEROBIC HETEROTROPHIC BACTERIA IN SEDIMENT.

TABLE

10.2

THE DATA (MEAN * 1 STANDARD DLEVIATLON) WERL ANALYZED BY THE t-TEST

Season Stations
Sampled
Winter 12
Spring 12
Fall 12

48ignificant at P < .01
bNot significant at P < .01

Incubation Period
(weeks)

[o IR, ROy oSN

oW W e

Number of Stations Wher
srowth of Bacteria was

€

Stimulated

by S§1.coa

9
11
10
12

11

10
11

Inhibited Not Effected
by SLCO2 by SLcoP
0 1
0 3
0 4
0 2
0 3
0 1
0 2
0 0
0 1
0 3
0 2
0 1

E7=-NT
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Figure 10.9 Effect of 0il on the growth of six pure cultures of
sediment bacteria: three aerobic heterotrophic
(Bacillus sp. (@), Vibrio sp. (o), Pseudomonas sp. (4)]
and three hydrocarbon degrading bacteria [Pseudomonas sp. 1
(w), Vibrio (e), Pseudomonas sp. 2 (A)].
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TABLE 10.3

EFFECT OF SOUTH LOUISTIANA CRUDE OIL (SLCO) ON THE NUMBER OF HYDROCARBON DEGRADING BACTERIA OF SEDIMENT.
THE DATA (MEAN * ] STANDARD DEVIATION) WERE ANALYZED BY THE t-TEST.

Season Replicate Incubation Period Number of hydrocarbon
Samples (weeks) degrading bacteria/ml wet
_____ Sediment (x 107)
Control SLCO
Spring 8 il 0.22 + 0.30 1.14 + 0.90P
3 0.63 + 0.86 5.86 + 4.663
5 1.81 + 3.73 6.83 + 4.69"
8 1.10 + 0.75 5.31 + 4.89P
Fall 6 0.3 0.03 + 0.03 0.99 + 0.262
1 0.25 + 0.29 7.43 + 3.992
3 0.73 + 0.90 3.54 + 4.20°
5 0.28 + 0.30 4.99 + 4.852
8 1.13 + 1.79 6.58 + 5.03

8significantly different from control at P < .01
bSignificantly different from control at P < .05
CS8ignificantly different from control at P < .2

9¢~-01



TABLE 10.4

EFFECT OF SOUTH LOUISIANA CRUDE OIL (SLCQ) ON 'PHE PERCENT HYDROCARBON DEGRADING BACTERIA OF SEDIMENT.
THE DATA (MEAN * 1 STANDARD DEVIATION) WERE ANALYZED BY THE t-TEST.

Season Replicate Incubation Period Percent Hydrocarbon
Samples (weeks) B degrading bacteria
Control SLCO

Spring 8 1 7.5+ 5.5 18.8 + 14.5¢
3 23.5 + 30.6 33.1 + 32.89
5 29.4 + 31.3 26.1 + 17.84
8 62.1 + 35.4 14.6 + 13.12

Fall 6 0.3 3.5+ 2.8 39.2 & 24.7§
1 27.3 + 34.3 76.4 % 27.1
3 29.9 + 38,7 13.8 ¢ 15.4
5 30.4 + 34.9 19.4 + 16.84
8 39.8 + 47.6 16.3 + 14.79

a5ignificantly different from control at P < .01

bSignificantly different from control at P < .05
Csignificantly different from control at P < .1
Not significantly different frowm countrol

LZ-0T
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cated that populations are not static, but fluctuate from season to season.
The significance of seasonal variations in the number and percent hydro-
carbon degrading bacteria could not be determined due to limited replica-
tion. Statistically significant fluctuations in total aerobic heterotro-
phic bacteria were observed at a majority of the stations, but may be only
a consequence of spatial variation. Replicate grab samples taken at Sta-
tions 1/II, 2/II and 3/II during fall revealed no significant difference
between grabs at two of the stations. At Station 3/1I1, however, total
aerobic heterotrophic bacteria of replicate grabs varied approximately ten-
fold.

Sediment bacterial populations were notevenly distributed over the
STOCS. Highest populations of aerobic heterotrophic bacteria occurred at
sha%low depth stations near terrestrial influences. This distribution of
bacteria in the marine environment has been attributed to the nigher con-
centration of organic matter in nearshore sediments (Zobell, 1946).

The percent hydrocarben deéradingbacteria of sediment has been directly
correlated with the concentration of contaminating oil (Hood 2% zl., 1975;
Walker and Colwell, 1976). For this reason, the percent hydrocarbon degrad-~
ing bacteria has been proposed as an indicator of oil pollution. A low
percent hydrocarbon degrading population (generally < 1%) during winter and
spring indicated the pristane nature of the STOCS. However, a higher per-
cent hydrocarbon degrading population (> 1%) occurred during the fall. The
observed seasonal variations must be considered if the percent hydrocarbon
degrading bacteria is used as an indicator of oil pollution on the STOCS.

0il biodegradation rates varied seasonally, with highest rates recorded
at all stations during fall. Fluctuations in degradation rates may not
have been entirely due to season, because of variations in the steriliza-

tion and concentration of oil added to degradation flasks. The fall high
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for degradation rates of oil, however, coincided with a seasonal high in
the number and percent hydrocarbon degrading bacteria.

0il biodegradation rates did not appear to vary geographically, nor
did they appear to be related to transect or depth. Likewise, the number
and percent hydrocarbon degrading bacteria were not effected by transect
or depth.

The addition of 0il to sediment increased bacterial populations. Stim=-
ulation of aerobic heterotrophic bacteria by oil suggests that it serves as
a nutrient source for growth. This contention is supported by two lines of
evidence: 1) oil significantly increased the number of hydrocarbon degrad-
ing bacteria, and 2) a significant fraction of oil was degraded. 0il not
only increased bacterial populations, but also changed the relative abun-
dance of aerobic heterotrophic bacteria. Pure culture studies indicated
that certain species of sediment bacteria are stimularted by oil while others
are inhibited. Studies with natural sediment populations indicated that
0il increased the percent of the bacteria in the sopulation capable of
degrading oil. The fact that oil increased the percent hydrocarbon degrad-
ing bacteria during the first week only was likely due to substrate limi-

tation after one week in oil-containing flasks.

CONCLUSIONS

1. The data collected here on total aerobic heterotrophic bacteria,
and number and percent hydrocarbon degrading bacteria are of limited value
because of a lack of sufficient replication to establish significant sea-
sonal and spatial variations, and only one year of data.

2. 0il biodegradation potential of sediment of the STOCS varies
seasonally, but is evenly distributed geographically.

3. The addition of o0il to sediment increases bacterial populations,

but changes the composition of the population to one more capable of degrad-

ine oil.
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The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places;
and providing for the enjoyment of life through outdoor recreation. The Department assesses
our energy and mineral resources and works to ensure that their development is in the best
interests of all our people by encouraging stewardship and citizen participation in their care.
The Department also has a major responsibility for American Indian reservation communities
and for people who live in island territories under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS)
primary responsibilities are to manage the mineral resources located on the Nation's Outer
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian
lands, and distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally
sound exploration and production of our Nation's offshore natural gas, oil and other mineral
resources. The MMS Minerals Revenue Management meets its responsibilities by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection.
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