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INTRODUCTION

Microorganisms are essential components of all ecosystems. Changes

in microbial populations may greatly alter the characteristics of an eco-

system. Human activities often modify the environment for microorganisms.

In some cases microorganisms respond to such changes in a way that lessens

the human impact. For example, microorganisms are capable of biodegrading

many pollutants that man adds to various ecosystems, often maintaining en-

vironmental quality in such situations. In some cases, microorganisms are

unable to biodegrade polluting materials and undesirable accumulations of

the pollutants occur. In still other situations, mciroorganisms carry out

transformations of the pollutants that produce undesirable toxic products.

Microorganisms also carry out metabolic activities essential for ecologic

balance. Human modification of an environment may alter the ability of

microorganisms to carry out key elemental cycling activities. Some micro-

organisms cause disease in man or other organisms. Human activities may

change the populations of such pathogenic microorganisms, altering the

incidence of a particular disease.

This project was designed to investigate the potential interactions

of microorganisms and pollutants that may result from development of petro-

leum resources in the outer continental shelf of the Beaufort Sea. Know-

ledge about the naturally occurring microorganisms is essential for such

an assessment. Studies have been begun on establishing a baseline descrip-

tion of microbial communities in the Beaufort Sea. This baseline descrip-

tion includes quantitative information on the occurrence of different physi-

ological groups of microorganisms and on the qualitative taxonomic
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characteristics of dominant species of microorganisms. It includes infor-

mation on the ability of the indigenous microorganisms to transform petro-

leum hydrocarbons that might enter the ecosystem from outer continental

shelf petroleum development.
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MATERIALS AND METHODS

Literature Review

A review of existing literature on microorganisms in the Beaufort

Sea including microorganisms related to petroleum pollutants was conducted

using the computer search facilities OASIS and of the Lockheed data base.

Data bases searched include National Technical Information Service,

Biological Abstracts, Bioresearch Index, Oceanic Index, Selected Water

Research Abstracts and Chemical Titles. Abstracts were reviewed and

appropriate articles obtained form NTIS or the original source.

Sample Collection

Water and sediment samples were collected during August and Septem-

ber in the Beaufort Sea. Samples were collected from the USGS Beaver

aircraft and with small carft. Due to adverse ice conditions sampling

was done nearshore, including within Elson Lagoon and Prudhoe Bay. Water

samples were collected with a Niskin sterile water sampler. Sediment

samples were collected with a mud snapper. Surface ice samples were

collected with aseptically with a spatula. A total of 3 ice, 39 water,

and 33 sediment samples were collected (Table I). The locations of sample

collections are shown in Table II and Figure I.

Abiotic Sample Parameters

Salinity and temperature, determinations were made with a Yellow

Springs Instrument Salinometer. Aliquots of samples were filtered through

glass filters, placed in acid-washed bottles, rapidly frozen with dry ice
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and sent to Dr. Vera Alexander for analysis of phosphate, ammonium,

nitrate and silicate concentrations.

Enumeration of Microbial Populations

Direct counts from water and sediment. Aliquots of water samples

were immediately preserved upon collection by addition of formaldehyde

1:1 v/v. For sediment samples an aliquot was weighed and dried for deter-

mination of wet wt./dry wt. conversion factors. A second aliquot was

diluted with sterile water and preserved with formaldehyde.

One-tenth to five-tenth milliliters of sample was mixed with one

milliliter of 0.1% acridine orange in sterile tris buffer pH 7. One minute

after mixing, the stained sample was filtered through a 0.22 µm Sartorius

black filter. The filters were immediately viewed with an Olympus epi-

fluorescence microscope, with a BG 12 plus blue exciter filter and a 480 nm

blue barrier filter. Cells fluorescing orange or green were counted. Ten

fields were counted for each aliquot filtered. Two aliquots from each

sample were counted. Counts were converted to number per ml for water

samples and to number per gram dry wt. for sediment samples.

Indirect plate counts from water and sediment. Viable microorganisms

were enumerated as different physiological groups using different micro-

biological media and incubation conditions. Two non-selective media, marine

agar 2216 and MSWYE, were used for enumeration of total viable microorgan-

isms. Several selective media were also used for enumeration of different

groups of microorganisms. TCBS agar was used for enumeration of Vibrio

species. Pseudosel agar was used for enumeration of Pseudomonas species.
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SS agar was used for presumptive enumeration of Salmonella-Shigella

species. Saboraud dextrose agar was used for enumeration of fungi. Oil

agar (Bushnell Haas Agar plus 0.5% Prudhoe crude oil plus marine salts)

was used for enumeration of oil-utilizing microorganisms. Counts of oil-

degrading microorganisms were corrected for organisms that could grow on

Bushnell Haas agar without added oil. These media were either incubated

at 5C for enumeration of viable psychrophilic and psychrotrophic microor-

ganisms or at 20C for enumeration of viable mesophilic microorganisms.

Depending on the concentrations of microorganisms in the samples

counts were either from surface-spread plates of serial dilutions or from

Millipore-filtered (0.45 µm) samples. Counts for 20C plates were done

after 10 days of incubation; counts for 5C plates were done after 21 days

of incubation. Triplicate plates were used for all counts.

Qualitative Characterization and Identification of Microorganisms from

Water and Sediment Samples

Colonies that developed on marine agar 2216 were restreaked for puri-

fication. Colonies isolated at 4C and 20C from different samples were

selected at random for taxonomic studies. Colonies were also selected at

random from 4C and 20C oil agar plates for characterization of range of

hydrocarbon metabolism.

For taxonomic characterization an extensive series of tests were run

on each organism. A complete list of tests being used is shown in Table

III. Not all organisms are characterized with every test. The tests

examine three broad areas: morphology, physiology and biochemistry, and

nutritional. Tests from each broad area are needed to characterize and



classify a microorganism. Morphological tests include size, shape and

specific morphological features. Some of these specific features are

shown by staining reactions, the key taxonomic staining test being the

gram stain. Other specific features, such as motility, presence of endo-

spores, acid-fast stain reaction, arrangement of cells, etc., are keyed

to classical bacterial taxonomy. Physiological and biochemical tests

include realtions to oxygen, temperature, growth range, salt tolerance,

presence of specific enzymes, sensitivity to antibiotics, presence of

specific metabolic pathways, etc. These tests can be used both in taxo-

nomic identification of the organisms and in understanding the ecological

distribution and role within the ecosystem of these organisms. Nutritional

tests included the ability to utilize many different substrates including

the ability to metabolize different classes of compounds such as amino

acids, carbohydrates, amines, carboxylic acids, alcohols, nucleic acids,

and hydrocarbons. Extensive hydrocarbon utilization tests were run for

organisms isolated from oil agar.

Analysis of data. In order to analyse the data generated from taxo-

nomic testing, an agreement was made with Dr. Micah Krichevsky, National

Institute of Health, for use of the NIH computer programs and facilities.

The data is arranged in a searable form so that organisms with any tested

characteristic of interest, e.g. ability to metabolize hydrocarbons, can

be identified by source of isolation. When testing of organisms is con-

pleted, the programs allow for comparison to other organisms including

known organisms with generation of similarity coefficients.



RESULTS AND DISCUSSION

Literature Review

A review of the literature showed that while a large number of studies

have been reported on distribution of microorganisms in marine environments

and on the microbial degradation of petroleum hydrocarbons, only a limited

number of such studies have been conducted in or near the Beaufort Sea. A

bibliographic listing of those reports directly applicably to the Beaufort

Sea is shown in Table IV. Included in this listing are some reports on

hydrocarbon biodegradation in soil under Arctic conditions which are rele-

vant for studies on the Beaufort Sea. Table IV also includes a listing of

major reviews of the fields of marine microbiology and petroleum microbiol-

ogy.

An analysis of the literature shows that little is known about the off-

shore microbial communities in the Beaufort Sea. Studies that have been

conducted have been restricted to nearshore regions. This is also true for

studies on petroleum biodegradation in the Beaufort Sea.

Abiotic Sample Parameters

The temperatures and salinities of collected samples is shown in Table I.

Most salinities were between 15 and 25‰ , indicating the influence of terres-

trial runoff and melting ice on the samples. The temperatures of all sam-

ples collected were less than 3C and generally less than 1C.

Nurtient analyses of the samples are shown in Table V. Phosphate levels

in water samples collected near Barrow were significantly higher than those
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from Prudhoe Bay. Most samples from near Barrow had greater than 4 µg at

P0 4 -P/1. Ammonium nitrogen was low in almost all samples, less than 1 µg

at NH3-N/l. Nitrate-N concentrations were higher than ammonium concentra-

tions. Levels of nitrate nitrogen were similar in most samples ,approximately

1.5 µg at NO[subscript]3-N/1. There were no major differences in nitrogen levels

between Prudhoe Bay and Barrow samples. Levels of silicate were generally

higher however in Prudhoe Bay samples, greater than 10 µg at. Si03-Si/l, than

in Barrow samples, generally less than 10 µg at.SiO3-Si/l. Water samples 9, 10,

and 41 from Elson Lagoon showed higher levels of silicate and nitrate than

other samples from that area.

Enumeration of Microorganisms

Direct counts. Direct counts of total microorganisms in ice samples showed

about 106 organisms/ml (Table VI). Water samples showed similar counts to

ice samples, 105-106 organisms/ml. There were no sigificant differences in

direct counts of total microorganisms in water samples collected near Barrow

or in Prudhoe Bay. Direct counts from sediment samples were higher than from

water samples, of the order 10 7/gm dry wt. As with the water samples there

was no significant difference between direct counts of Prudhoe Bay and Barrow

sediment samples.

Indirect plate counts. Enumeration of total viable aerobic heterotrophic

microorganisms showed higher counts on marine agar 2216 (Tables VII, VIII)

than on modified sea water yeast extract medium (Tables IX, X). In ice

samples counts of mesophilic heterotrophic microorganisms (Table VII) were

lower than counts of psychrotrophic-psychrophilic organisms. In water and

sediment samples counts of heterotrophic mesophiles and psychrophiles-
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psychrotrophs were not significantly different. Counts in ice and water

samples from comparable areas were not significantly different. Counts from

sediment samples were generally one order of magnitude higher than from

water samples. Counts from water collected in Prudhoe Bay were higher than

from water. This difference was most pronounced in the mesophilic counts.

Counts of viable "fungi" (Table XI, XII) were much lower than counts of

total heterotrophs. Fungal counts from ice samples were higher than from

water samples and were of the same magnitude as fungal counts from sediment

samples. Counts of psychrophilic-psychrotrophic fungi from ice samples were

higher than comparable mesophilic counts. Fungal counts in water were

generally 1-2/ml. Sediment samples generally showed counts of 10-100/gm

dry wt. It should be noted that some bacteria are able to grow on the media

used to select for fungi and that some bacteria may be included in the

"fungal" counts.

Counts of Pseudomonas spp. from ice and water samples were low, less

than 10/ml except from one ice sample (Table XIII). Counts of Pseudomonas

spp. from sediment samples were all less than 1/10 ml. Counts of "Salmonella-

Shigella" species (Table XIV) showed similar patterns as the Pseudomonas.

Only one ice sample showed high counts of "Salmonella-Shigella" species.

Counts of Vibrio spp. on the other hand were in excess of 100/ml from most

ice and water samples. Vibrio counts were very low in the ice sample that had

the high"Salmonella-Shigella"and Pseudomonas counts. Counts of psychrophilic-

psychrotrophic Vibrio were significantly higher than counts of mesophilic

Vibrio.

Counts of oil-utilizing psychrophiles-psychrotrophs were higher in sediment
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samples than in water samples (Table XVII). In water concentrations of

psychrophilic-psychrorophic oil-utilizing microorganisms were generally less

than 1/10 ml. Counts from Prudhoe Bay water samples were higher on the

average than from water samples collected near Barrow. Counts of mesophilic

oil-utilizing microorganisms (Table XVIII) were higher than counts of

psychrophilic-psychrotrophic oil-utilizing microorganisms. There was no

significant difference in mesophilic oil-utilizing counts between samples

collected in Prudhoe Bay and near Barrow. Except for one water and one ice

sample oil-utilizing microorganisms were isolated from every 10 ml water

or ice and 1 g sediment sample.

Qualitative Characterization of Microbial Isolants

A total of 552 microbial isolants have been characterized with respect

to their nutritional and physiological characteristics. Most morphological

characteristics of these isolants have not yet been examined. The sources

of isolation for these organisms are shown in Tables XIX and XX. The

sources of the isolants were closer to include stations near Barrow, in

Prudhoe Bay, and from an intermediate location.

Summaries of some key characteristics of these organisms are shown in

Tables XXI-XXIII. These tables show the total number of strains by type of

sample and incubation temperature which had a particular characteristic.

With respect to the morphological characteristic of pigment color, an easily

recognized characteristic, only a low percentage of all organisms produced

diffusible pigments. About half of the isolants produced pigments that were

not diffusible and about half produced non-pigmented gray colonies.

Physiological characterization showed the ability of the isolants to
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tolerate various temperatures, salinities, and pH levels. Greater than 95%

of all isolants were able to grow at temperatures of 10 and 15C. Ninety-five

percent of the 20C isolants could grow at 5C, making them psychrotrophs.

Thirty-two percent of the 4C isolants could not grow at 20C, indicating that

they were psychrophiles. Only 3% of all isolants were able to grow at 37C,

the temperature of warm-blooded animals. Such information should be valuable

in predicting and detecting effects of heated pipelines. While 91% of all

isolants could tolerate 3% NaCl, only 73% were tolerant to 5% NaC1 and only

35% to 7.5% NaCl. Sediment isolants were more sensitive than water isolants.

Brine influx from drilling operations would thus be deletorious to many of

the indigenous microorganisms. Tests on the ability to tolerate different pH

levels showed that most organisms could tolerate a decrease in pH from the

normal 8.3 of seawater to an acidic pH of 6 but not to more acid conditions.

Examination of the nutritional characteristics of the isolants showed

that 84% required growth factors. Vitamins were required by 56% of the iso-

lants. Twenty-eight percent had more complex growth factors and 6% could

only be cultured on complex media. Almost twice as many sediment isolants

required yeast extract and amino acids as water isolants.

Carbohydrates were the most readily utilized class of components followed

by amino acids, dicarboxylic TCA cycle intermediates, alcohols, and fatty

acids. More water isolants were capable of utilizing these compounds than

sediment isolants.

Only 2% of all isolants were able to utilize hydrocarbons. All but one

of these isolants should be capable of metabolizing hydrocarbons at 5C in

the presence of 3% NaCl. Forty-three percent of all isolants were capable of



utilizing fatty acids which are intermediary metabolites of hydrocarbon

biodegradation. Thus, following primary attack on the hydrocarbon, these

organisms would be capable of utilizing the fatty acids formed. Thirty-four

percent of the isolants could grow on acetate, a breakdown product of fatty

acid metabolism. Less than 2% of all isolants were capable of utilizing benzoic

and or phenol which may be intermediary metabolites of aromatic hydrocarbon

metabolism.

Tables XXIV-XLIV show further summary data analysis by station. The

general trends discussed above held for all stations, but on some specific

tests at a given station, there was great variability. For example, organisms

from near Barrow within Elson Lagoon (Station 2) were less tolerant of high

NaCl concentration and low pH levels than organisms from offshore in that

area (Station 10). In contrast, organisms offshore at Prudhoe Bay (Station 71)

were less tolerant to high NaC1 concentrations than organisms from nearshore

(Station 55). Station 70 which was located between Stations 55 and 71 showed

similar physiological characteristics as the nearshore location but intermed-

iate nutritional characteristics compared to Stations 55 and 71.

With respect to hydrocarbon metabolism the highest percentage of hydrocar-

bon utilizers were found at Station 10, 7% of the total population. At several

stations less than 20% of the total population was capable of hydrocarbon

metabolism. The distribution of hydrocarbon-utilizing microorganisms was

equally distributed between sediment and water.

Much more detailed tables showing which organisms had specific character-

istics are included in an appendix to this report.
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Future Work

During the remainder of the contract two more samplings are scheduled,

one using helicopters and the other aboard an icebreaker. One of the sam-

plings will begin April 1. Additionally, beach samples are being collected.

These samples will be processed for enumeration of microorganisms and com-

pared to the previous samples. Microorganisms will be isolated from these

samples for taxonomic characterization. It is anticipated that taxonomic

characterization should be completed on microorganisms isolated from the

August-September samples as well as the April sampling by October 1, 1976.

Isolants from the August 1976 cruise will not be completed by that date.

As planned, assays will be made during the forthcoming samplings for rates

of hydrocarbon biodegradation and bioemulsification. Assay should be com-

pleted by October. A ccmplete proposal for future work during a second-

year contract is being prepared.
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Fig. la. Locations of sampling sites in the
Barrow area.
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Fig. lb. Locations of sampling sites near
Prudhoe Bay.
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SAMPLE DESCRIPTION

SAMPL. iU Day . MoYr Location Station Type
ItE Sea Area

AJO ?jl _ ? J 1CHi C H1]. PA POW STATIONC5B JICE
'*-^ oJi -- 23 J3,7CHUtCIQ iUAiPkP STATIfIONu9A ICE

bWUOO ?L1. 23 L C'75CHLKCiI1 ?APR0  STATIONO9B ICE
w 0)4J?3 ?1 23 A75CHLC CH 3APARRGw STATILNJ9C ICE

,qAT L<ýW-NA T E5 
WATERWJ u'2?J)i 23 j9 75CPCK f- U KRLC STHU 1VIONiS WATER

HB A dk 31 C 75 CHUKCH11 RAtR<W STATIONO6 WATER
'AQkOO4 j?C01 25 'C : CILUKC Iit B Rnt ' 'W STATIONO8 WATER -

4d iJl 2J ' I753'AUF RT FLSON LAGOON STATION01 WATER
"" y 002 1 2 j 0. 20 o75 fAUFUPT tLSCN LAGOON STATJION01 WATER

-J6 WJ3?ji ___ 2 18 75 AUJF PT FLSCN LAGOON STATION10I WATER
BuJilT 11 7 F I73PAi)RT E LSCN LAGOON STATION 0 WATER

i5WOJ35?61 17 C975REAUFORT CLSE' LAGCON STATION01 WATER
nWO20?u1 11 Oc75BEAUFrPT ELSCN LAGOON STATION 02 WATER

4J0036?ui 17 07-jTBEAUF&RT ELSCN LAGOON STATIJNO2 WATER.bW..uJ.y 05C S £915BFAIJFORT FLSC\ LAGOON STATIONU3 WATER
1WU 2iJi 1i 0975,BEA !JFRT ? LSGN LAGCON STATIONO3 WATER

4RJji7?Ju 1? 0 F7 AHAUFP)T FLSEN LAGC(N STATIONO3 WATER
)51?0M 0'7505P1AUJFOGT PLOVER PT. STATION04 WATER

3j 022? Ji ii CAý75SBFAUFuRT ELSON LAGOON STATION34 WATER
"J0~41?701 23 097C EAUFJJRPT FLSCN LAGOON STATION05A WATER

-6 W J i6 J?"1 31 E75 lSrcAuFIOrRT t- LSCN LAGOON STATIONlI WATER
1 jUJ4?i 28 & 7(6-E A FOPT PF C INT eARRjW STATIJON12 WATER

C"001 k7 -  5U- A75UrAUFC' T PCINT BARROW STATION12 WATER
SBA J0011? J1 J5 79>75PFAUF"RT CLIGTOK PT. STATION30 WATER

" " Wiu0 2 "5 j'975RrAUjFURT PRUDHOE bAY STATION40 WATER
13 U 9 7 13 0975EAAUFFCRT PRUDIHOE PAY STATION50 WATER

<kA 3#i7? j 09i 9752FAUFCRT PPUCHOE FAY STAT IONU1 WATER
SwJi3 '?J ___ ____ 097 R AfIJ F !R T PRUOHOE HAY STATION52 WATEPdjiiOO v? 9? u1 1i3 4075i3FAJFCPTI PPUDHOU BAY STATION52 WATERX :d3L4Li 3 ? j 8 07.75iFAJJF!]RT PRUDHDE bAY STATION53 WATER

q640023?701 12 0970 ,BAFJO<T P<INUDH(F PAY STATICN53 ATER
s34012l8?ul C2 9275E4AUFOPT PPUOHOJF HAY STATION54 WATER
Thx 01 i .i3 fl 5 ? d 975REAUF RT fEPPUbrUGHO JE HAY STATI1N55 WATER
_34 Ot6lo?l0 08 0_ C5 G SMFAUFCPT PRUHlD R1 PAY STATION55 WATER

DWjUZ?12 02<75kiAHF-A T I PPUDOF PAY STATIUN55 WATER
B wJOZ/?0l 12 0c75rEAUF0riT PPULHCq BAY STATI.N56 WATER

ThWOO30?01 13 c75 RAUFnRT PRUIHPE BAY STATION57 WATERP
245u2o?Jl 12 ICI75RAUFORT PRUDHOit iAY STATION70 WATEP

UBaOi1?jl 13 09,75HFAIJFORT PRU(DHOF PAY STATION70 WATER
iW<1. 02(?Jl 12 0/7 tEAIJFUPT PPUOHfE PAY STATION71 WATERAB2uuV?11 12 39U 7EA'JF0PT PPUDHIF LAY STAT ION7 1 WATERý4u 'j"j'J- ui"-? " "" 1 9-7""" U, "'[3 F 4,-,) F LC R- T--P, F -U-A Y-, -"S, T A- T- 1 L N-- 7"1~" A-, T E P
BW0U33? jl 14 0G75vEAJFmrT PRUDOHt HAY STATION7?2 WATER

1Wvu34 ?0 1 1 )4 37t5 7 AUF) OR.T PPUDHO; PAY STAT IN 73 WATFR
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Table I (cont'd)

S tI M E__NT

•BiBBu2?OL 20

B t3uO I?J 1 1 1,B3ý,Oj 1?0 o 11t

: ! tBB O32?Jl 176 BB017?01 11

S28

43i0u300u 1 31
tbJuiJ9?Ol i 15

d OJi?OL_ ;s8

•8003~?01 8... .. ..... .t Lj00 3 u ? 1

-xBBOO- lu iI

l?1 ?

b " 0J2d?0 1 1

L3B•33 ,?Oi 13
•BBOZ!? l 1

.. r.. .l 3J2 d ' 1 1. . 3
*6t L ,3 2 ')? 0 i /-8
aBtiJ 3 3?'.) 1 12

Pjt

j0 75R AUFl t R T FLSCN L
CL75f iFAJFPT- F LS CN L

(975PF-A •. lFOiJRT cLSCN L
30975 1BeAL.lFi T f LSUN LI

097' 15AAUFCRT tLSCN LA
0h7,bHECA'IRT FLSON Lf
0975 REA!JFn RT ELSCN LA
09 7SAU)FikT PULVER F
U975R AtlFrRT L SCN LI
09T75r FAUFORT ELSCN L/

CH75 AUF !.iF:U T LSCN LA
.f•.7t •A• -FC w 'T LLPiT Li

'75:YpF FA'FCRT PT EARf C
l75. H!AJFC -RT PT hAF fr

C , 7*5 t AI FtR T PLIGTO K
0)75 E F -ART PP UOHO F

C' 75B P r 'F FOP kT P - UOi.J'H":75ffEAUJF rT PRIDPH3L

' 7: 7,i; rF• U'-J ' F ' "P-T P i R 0H 0 F:

u97 i EtA'JF C T P PRUDHnO-u'i 7, -! L A' F k RT P FP DHO nr
0975 ;AJP JFr:'QT ORUI r, C
Lf75 tE AI: G R T PRIJDHIE
L') 7 j Bt A J F" T P P U D HU F
05 75 EAUFRT PPUDIIHO1

S75 , A'JFCRT PRU T CHU

.9 75 A!.jrnpT PPRLJUnHFr
*j 75BPAiFCRT PRUDHOE
S097 ') EAlF R T P P UD 0 C E
' 7 5 f A F iRT PRPJFTHOtE

\GOON STATIONOl SEDIMENT
\GCON STATIONO1 SEDIMENT
AGC•C; STATION01 SEDIMENT
AGCON STATION01 SEDIMENT
\GOON STATION02 SEDIMENT

G OiN STATINOi02 SEDIMENT
GO(ON STATIONO 3 SEDIMENT
GGOON STATICN03 SEUIMENT
T STATION04 SEDIMENT
0GCON STATION04 SEDIMENT

\AOON STATICNO3 SEDIMENT
!GCON STATIONIO SEDIMENT

mGOC STATION1 SEDIMENT
JW STATIONI2 SEDIMENT
1W STATION12 SEDIMENT
PT STATION30 SEDIMENT
BAY STATION40 SEDIMENT
BAY STATTON50 SFDIMENT
BAY STATION51 SEDIMENT
BAY STATIONI5 SEDIMENT
PAY STATION52 SEDIMENT
PAY STATION53 SEDIMENT
eAY STATION5.J SF I MENT
BAY STATION54 SEDIMENT
BAY STATION55 SEDIMENT
BAY STATION55 SEDIMENT
CAY STATION57 SEDIMENT
PAY STATION70 SEDIMENT
3AY STATION70 SEnIMENT
BAY STATION71 SEDIMENT
iAY STATION71 SEDIMENT
RAY STATION72 SEOIMENT
BAY STATION73 SEDIMENT
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Table II

SAMPLE LOCATION

SAMPLEL "G. I atitudeL ,...
ICE
B400UJ5?u,2 _71-20.81N
61WU.3 8?702 71-17. 23 1
3 w 3 9 ? O2 71-17. -1 )) 1%!
Sw 4 j? 2 71- 18. 85

WATER
4. 0ý- 042702 Y 1- 2.2. 8 1 2 8 N

BtlW0Ju18?02 71-21.21'!
rw0043?;J ~ 71-23.15.

_^8 W 0_0u 1?02 771-2 15. 2 2'1SrwO^ulZ0 71-21. 22N

---*WJWot?J2 71- 21. J21'L3SwOul?02 
71-2 1.4994S6W0019?02 71-21.422

BW0n3j?J2 71-21.229N
'WOJ2b?J2 71-21. 49'N

'"'B ^O J "71-2 1. 491
c__)J u ?0 71-21. 55N

3  ju ?J2 71-21.5. N 5
B WQj-37?,2 71-21.5 5
433JJ10?02 71-22.13Nr

SWJ W ? J)2 7 1- 2 2. 1 39
dwJj+t?J2 711-20.94N
B v0OOb?02 71-19.0N

SN wu 3J4? J 2 71-15. 7,.
a 0_J3 J; q 71-15. b^"J

r 600112?92 7C-3u.6CU

fl jW 0 J 017 d? J2 7 -2 0. 5 '

BiwjLd?__2 7C-21C. 1

AU 0uj29 ?02 70-2 0. GJ74
B3wol4?02 7;-19.14'

* '- J00Lc3?0 7;-19. 141
xHWOul1?02 7C-2 C. 11
4 6 Wud15? J02 7:-2 .31.J
s 6Jc ?7 -z 7 -2i. 311
B J2 4? 7- 2 3 1 ,;
Nt025 ?J12 7,-21. 741
w. ̂  j 3 j -J? 70-2 2. i

tWi v.j )26?12 70-24.53 N
3W J31?02 7Z0-24.53 5

W 0 2 7 ? 02___ /-2 6. 57"!
"BuJu32?J2 7 -2 .57r
BWiiJij.?02 7 L-24. 641

* w00.34?j2 70-23. 591

Sali-
Depth nity

I.Lngitud__. 0(m) (/oo)

156b-5.17.l
156-48. 8W
156-46. 304
156-43.37W

156-35.174

Temp.
(r)

*J0 .. U
( .0

O .0

LC..O 2 .5 -1.0
156-4 2.1 Rt D1. . 25.5 +2.0
156-29.24W 00.J 2f.- -1.2
156-32.174 C1.0 26.0 +3.0
155-32.17W 01. 2 6.5 +3.2
156-203.)J. 01..0 23.8 -0.5
15 6 -32.17W C1. 18.3 -0.5
156-32.174 i .0 22.C -0.5
156-26. i9 01.0 18.2 <0.0
156-26.194 01. 22.2 -0.5
156-21.08d 01.C 20.0 -0.2
155-21.18W 381. 18.5 <0.
.56-21.dw 0 1.. 22.2 -0. 5

156-21.74w 01.0 20.5 -0.2
156-21. 74W 1.: 16.8 (<u.
156-35.22t CO.J 27.0 -1.0
156-15. 7',W 01.01 1 17.0 +2.0
1 5I - C .0 1. 22.5 +2._J
156- C.½ L0lv4 13.0u 21.0 +1.5
149-31.21w f4 . 12.1 +1.9
14t9-u 3.15W ul. 18.8 +1.8
14 8-27.53A l1.O 17.8 +2.5
148-23.'45W 0I.C 11.4 -0.5
14 8-22.06 1.0 22J.u 1+1.5
T18-21.6W- 01.0 15.1 +1.9
148-1C.35W 01.3 11.8 -O.6
14r-19.35% 01.0 14.5 +1.0
148-26.0C5 01.0 (C.. -0.4
148-2J..;2W ul.) 11.1 -0.8
148-20.)2w 02.3 19.8 -0.4
14 98-2.' 2 W 1.0 16.C +1.5
148-23..4W I.0 19.5 +1.5
148-21.45W C1.0 16.2 +2.2
1+ 3-22.2 01.0. v 2t0. +1.0
143-22.29 0V1.0 18.5 +1.5
148-23.47W C1.C 21.5 +0.5
148- 2 3 .4 1W J . 0 20.2 +0 .3
18-25.?6 W 01.0 16.0 +1.9
148- 2 7.26ni 01.0 15.8 +2.3
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Table II !cont'd)

SEDl IM T, 4 T
iJj ?J2 7 1-?1. 22".

HI3Jj02?02 71-21.221%
ri J J15?0 2 71-2 1.22 \

Br 0-j3 1?j2 71-21.22N4
;66BJ16?0 71-21.4N '
SB0 0 3 2J?02 71-21. 5

B O'Jj 7?uZ7 ~ ' 71-21. 55
*BjJi 7?J2 71-21. 5 5\

6 Bjj8?0J2 '71-22.13N
*BJj18?J2 71-22.13N
~tbh30033?J2 71-21. 5 5N
'Bu BvkdnOA3?o 2 71-25.1) !
"BiJOjS?3 J 71-1_."JN
*BHOOU4?U2 71-15. 70N
" cBBr J6?02 71-1 5. 7 N
B3BJ09)j2 70-30G.-0C

S6j 023 ? 02 7 -2 1. 7
Bd 13JJi?02 7C-2C.87 7N
bbIJ4 24?J2 7,-220.87 J
60a j z02 5? 0b ' 7C0-2 .C.tON

xtj UB0011 ?02 70-1 . 1 /t
""'B B ; 8 i ?j2 7 - 119. 14N i

rti u0 014 ?02 7C-2 L. 11i
BBJoi2 ? '" 7,-20.31 r!i" 2' L7 2 71 -2 Th. A V

Tbhud ?U2 7e? -22.-U
B J21 ? 2 / 7,-24. 3 1,i

7d ? j 2 10-24. S i
33 J 02 ?Z 2 7--26. ;7

6Z 72-2 .64N

156-32.17W 03.7 - +3.6
156-32.17 02.3 - +3.2
15 6-3 2. 7 02.3 - -
156-32.7W i 7 .0 - -0.5
156-26.1TW 02?.0 *--v
156-26.1w (2.3 - -J.5
156-21.)W64 11.3 - -
156-21. ud 11.3 - -.
156-21.74W 08. -- -
156-21.74W J).C -
16-21. 08, C2.3 -0.5
156-20. OW 9.3 - -"
156-15.7w 7 03.3 17.C +2.0
156-LC.uOA 32.0 22.8 -
15-CO.CJW j3.3 - +1.5
149-34.21W 02.0 - +2.9
149-03.154 2,.L -L +1.8
148-27.53v 31.7 17.5 +2.3
14Y-2 1. )5W 02 . 19.8 -0.2
148-23.95W J2.3 19.3 +2.2
149-22.06Wv J2.7 18.5 +2.2
148-1 3.354 02.C 19.2 -0.8
148-1)9.35 u5.7 19.5 +1.0
143-26.S 5 01.7 17.5 -%.2
148-2 . ,2W u2.3 19.8 -j.4
148-2..0.2 03.3 20.0 +11.5
143-21.45- 01.7 15.2 +1.8
1 28-22.29;w :3.3 21.C +1.0
14t-22.2 W L6. 7 221.5 +0.3
14-23..47'W (7.7 22.5 0.0
148t-23.44 7, 0 .3 2 1.3 0.0

I - U ) .05.C 19.2 +0.6
I 46-27.26 5' 2 .3 2 .' +1.5
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Table III

ATLAS QUETION SET SFQUENTIAL

003001: Cells are spherical.
003905: Cells are pear-shaped.
003008: Cells are rod-shaned.
003011: Rod axis is curved in one plane.
003013: Rod axis is helical (sniral).
003016: Rods have tapered ends.
003017: Rods have rounded ends.
003018: Rods have square ends.
003023: Pleomorphic cells are characteristic.
003026: Longer axis of rod is less than twice the shorter

axis (cocco-bacillary).
004091: Longest axis of each cell is less than 0.5 micrometer.
004012: Longest axis of each cell is 0.5 - 1 micrometer.
O00403: Longest axis of each cell is 1.1 - 2.0 micrometers.
OC40C4: Longest axis of each cell is 2.1 - 3.0 micrcreters.
004005: Longest axis of each cell is 3. 1 - 4.0 micrometers.
004006: Longest axis of each cell is 4.1 - 5.0 micrometers.
004007: Longest axis of each cell is 5.1 - 10 micrometers.
004003: Longest axis of each cell is 11 - 15 microme t ers.
OO4009: Longest axis of each cell is 16 - 100 ricroreters.
004011: Shortest axis of each cell is less than 0.5 micrometer.
004012: Shortest axis of each cell is 0.5 - 1 micrometer.
004013: Shortest axis of each cell is 1.1 - 2.0 micrometers.
004014: Shortest axis of each cell is 2.1 - 3.0 micrometers.
004015: Shortest axis of each cell is 3.1 - 4.0 microreters.
004016: Shortest axis of each cell is 4.1 - 5.0 micrometers.
005004: Poly beta-hydroxybutyric acid inclusions in the cell.
005006: Poly metaphosphate inclusions (volutin) in the cell.
006001: Endospores produced (any refractile intracellular body capable

of germination into a new vegetative cell).
006007: Endospore(s) central in sporangium.
006009: Endospore(s). terminal.
006014: Endospores wider than the vegetative cell (sporangium swollen).
008001: Cells branch.
011001: Capsule is present.
012009: Cells are acid fast by Ziehl-Neelsen method.
012014: Sudan black B reveals intracellular lipids (fat bodies) (also

see Sections 5 and 21).
012021: Gram positive.
012022: Gram negative.
012023: Gram variable.
013001: Cells motile.
013004: Cells demonstrate creeping or gliding motility on a

solid surface.
013009: Cells have flagella.
013010: Flagella polar.
013022: Flagella peritrichous.
013023: Two or more flagella of distinctly different appearance in

different locations on the cell.
015001: Clls occur singly.
015002: Cells occur in pairs.
015003: Colls arranged in angular fashion after division (snapping).
015004: Cells occur in chains.
015005: Cells arranged in irregular aggregates.
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Table III (cont'd)

015006: Cells arranged in two-dirensional tetrads.
015007: Cells arranqed in cubical packets (three-dimensional).
015017: Organisms filamentous, greater than 10 micrometers, if

multicellular the organism has little or no indentation at each

septum (For branched filaments also see Section 8).
016005: Aqar macro-colonies are translucent.
016006: Agar macro-colonies are transparent.
016007: Agar macro-colonies are opaque.
016008 : Aqar macro-colony margin is entire.
0 1 6009: Aqar macro-colony margin is erose.
016010: Agar macro-colony margin is filamentous (rhizoid).
016015: Aqar macro-colony is convoluted.
016015: Aqar macro-colony is flat (membranous).
016017: Agar macro-colony is raised but not convex.
016018: Aqar macro-colony is umbonate.
016019: Colony swarming is exhibited on agar (dispersion of

individual merbers of a population due to active motility).
016023: Colony consistency is viscid (mucoid).
016027: Colony surface is glistening.
016028: Colony surface is dull (matte).
016030: Colony surface is smooth.
016031: Colony surface is rough.
016043: loccular growth in liquid culture.
016044: Ring growth on the wall of the tube in liquid culture.
016046 : Pellicle in liquid culture.
016053: Growth takes place at an initial pH of 9.0.
016054: Growth takes place at an initial pH of 7.0.
016055: Growth takes place at an initial pH of 6.0.
016056: Growth takes place at an initial pH of 5.0.
016057: Growth takes place at an initial pH of 4.0.
016060: In 1.5-2.0% previously solidified agar, inoculated by stab,

growth is confined to the surface or a depth from the surface
of approximately no greater than 1 mm. (i.e., an obligate
aerobe)

016062: In 1.5-2.0% previously solidified agar, inoculated by stab,
growth begins BELOW THE SURFACE when incubated in air.

016063: In 1.5-2.0% previously solidified agar, inoculated by
seeding or by stab, incubated in air, growth is largely
confined to a linear dimension of approximately 5 cm from
the bottom of the tube in a 16 x 150 mm tube filled with medium
to a depth of 9-10 cm. (i.e., obligate anaerobe)

016136: Molecular nitrogen can be used as the sole source of nitrogen.
016137: Ammonium salts can serve as the sole source of nitrogen

for growth.
016138: Nitrate can serve as the sole source of nitrogen for growth.
016139: Nitrite can serve as the sole source of nitrogen for growth.
016187: Growth takes place at an initial pH of 8.0.
016189: Agar macro-colony is convex.
016190: Turbidity of liquid culture is evenly dispersed.
01619u: Growth takes place at an initial pH of 10.0.
016206: Maximum turbidity in liquid cultures is slight.
016207: Maximum turbidity in liquid cultures is moderate.
016208: Maximum turbidity in liquid cultures is heavy.
016212: At least one vitamin (growth factor) is required for growth.
016249: Urea can be used as the sole source of nitrogen.
016347: Urea can be used as the sole source of carbon and nitrogen.
016357: Isolated agar colonies are less than 1 mm. diameter within

ten days.
016358: Isolated agar colonies are 1-2 mm diameter within ten days.
016359: Isolated agar colonies are 2-6 mm diameter within ten days.
016361: Aqar macro-colony margin is lobate.
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TABLE III (cont'd)

016362: Agar macro-colony margin is undulate.
016363: Colony spreading is exhibited on aqar (growth extends

several millimeters or more beyond the point of innoculation).
016369: Gelling agent (eq., agar) is required for growth.
017011: Growth at 0 C.
017012: Growth at 10 C.
017013: Growth at 15 C.
017011: Growth at 25 C.
017015: Growth at 37 C.
017032: Growth at 5 C.
017037: Growth at 20 C.
017045: Growth at 43 C.
018003: Growth in the presence of 0.5% NaC1.
018004: Growth in the presence of 3% NaCl.
019006: Growth in the presence of 5% NaC1.
018008: Growth in the presence of 10% NaC1.
018009: Growth in the presence of 15% NaC1.
018022: Growth in the presence of 7.5% NaCl.
018028: Added NaCl is required for growth.
019001: S nsitive to ampicillin concentration (disc) 2 ugm.
019021: Sensitive to bacitracin concentration (disc) 2 units.
019043: Sensitive to chloromycetin (chloramphenicol) concentration

(disc) 5 ugm.
019044: Sensitive to chloromycetin (chloramphenicol) concentration

(disc) 30 ugm.
019063: Sensitive to chlortetracycline (aureomycin) concentration

(disc) 30 ugm.
019064: Sensitive to colistin concentration (disc) 2 ugm.
019065: Sensitive to colistir concentration (disc) 10 ugm.
019084: Sensitive to 2,4-diamino-6,7-diisopropylpteridine

(0/129 vibriostat) crystals on agar.
019085: Sensitive to erythromycin (ilotycin) concentration (disc)

2 ugm.
019086: Snsitive to erythrorycin (ilotycin) concentration (disc)

15 uqm.
019105: Sensitive to kanamycin concentration (disc) 5 ugm.
019106: Sensitive to kanarrycir concentration (disc) 30 ugm.
019129: Sensitive to nalidixic acid concentration (disc) 30 ugm.
019148: Sensitive to. neorrycin (mycifradin) concentration (disc) 5 ugm.
019149: Sensitive to neomycin (mycifradin) concentration (disc) 30 ugm.
019168: Sensitive to nitrofurantoin concentration (disc) 100 ugm.
019169: Sensitive to nitrofurantoin concentration (disc) 300 ugm.
019188: Sensitive to novobiocin (albarrycin) concentration (disc) 30 ugm.
019208: Sensitive to oxytetracycline (tetramycin, terrarrycin)

concentration (disc) 30 ugm.
019210: Sensitive to penicillin G concentration (disc) 2 units.
019211: Sensitive to penicillin G concentration (disc) 10 units.
019230: Sensitive to polyrryxin B (aerosporin) concentration

(disc) 50 units.
019231: Sensitive to polyrryxin B (aerosporin) concentration

(disc) 300 units.
019233: Sensitive to streptomycin concentration (disc) 2.0 ugm.
019235: Sensitive to streptomycin concentration (disc) 10 ugm.
019274: Sensitive to tetracycline (achromycin) concentration (disc)

5 u ;n.
019275: Sensitive to tetracycline (achromycin) concentration

(disc) 30 ugm.
019294: Sensitive to triple sulfa (sulfadiazine/sulfamethazine/

sulfamerazine) concentration (disc) 1 mgm.
019297: Sensitive to vancocyn (vancomycin) concentration (disc) 30.0 ugm.
019374: Sensitive to gentamicin concentration (disc) 10 ugm.
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I Table III (cont'd)

019430: Sensitive to ampicillin concentration (disc) 10 ugm.
019434: Sensitive to chlortetracycline (aureomycin) concentration

(disc) 5 ugm.
0194 86: Sensitive to novobiocin (alhamycin) concentration (disc) 5 ugm.
020001: Colonies are pure (paper) white on solid medium.
020002: Colonies are gray on solid medium.
020007: Colonies luminescent in the dark.
020019: Diffusible (water-soluble) pigments are produced.
020020: Diffusible blue pigments are produced.
020021: Diffusible yellow pigments are produced.
020022: Diffusible green pigments are produced.
020023: Diffusible red pigments are produced.
020024: Diffusible orange pigments are produced.
020025: Diffusible violet (purple) pigments are produced.
202026: Diffusible brown pigments are produced.

020027: Diffusible black pigments are produced.
020038: Non-diffusible red pigments are produced.
020039: Non-diffusible brown pigments are produced.
020040: Non-diffusible green pigments are produced.
020041: Non-diffusible violet (purDle) pigments are produced.
020042: Non-diffusible blue pigments are prcduced.
020043: Non-diffusible golden (yellow) pigments are produced.
020044: Non-diffusible orange pigments are produced.
020057: Non-diffusible black pigments are produced.
02005R: Colonies fluoresce with short wavelength ultraviolet

light (ca. 260 nm.).
020060: Fluorescent pigment observable with short

wavelenqth ultraviolet light (ca. 260 nm.).
020080: Non-diffusible pigment occurs only in the center of the colony.
020081: Non-diffusible pigment occurs in concentric rings within the

co lonv.
024004: Agar is hydrolyzed (liquefied).
024005: Carrageenin is degraded.
024007: Casein is hydrolyzed (peptonized).
024000: Gelatin is hydrolyzed (liquefied).
024011: Pectin is hydrolyzed.
024014: D-Glucose catabolized aerobically.
024015: D-Glucose catabolized anaerobically.
024114: Tryptophan yields indole.
024135: Ammonia is produced.
024138: Nitrate is reduced.
024139: Nitrate is reduced to nitrite.
024140 : Nitrite is reduced to nitrogen gas.
024149: Thiosulfate is reduced to hydrogen sulfide.
024154: Hydrogen sulfide is produced from cysteine.
024164: Hydrogen peroxide is decomposed.
024185: Methyl red test is positive.
024191: Voqes-Proskauer test positive (also see question 35).
024199: Sheep blood hemolysis is beta.
024210: Nitrite is reduced.
024212: L-Arginine utilization results in basic endproducts

(medium becomes alkaline).
024248: Kovacs' oxidase test positive (smear from colony turns dark

purple with tetramethylparaphenylenediamine dihydrochloride).
024251: Hydrogen sulfide is produced from peptones.
024448: Nitrite is reduced to nitrous oxide.
024449: Nitrate is reduced to nitric oxide.
025007: L-Arabinose is utilized.
025010: D-Rihose is utilized.
025012: D-Xylose is utilized.
025017: L-Phamnose is utilized.
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Table III (cont'd)

027901 :

025021:

0 290 23:02 0223:

0 25n 77 :

0250239:02503402507 :7
025039:
0250 1:
025042:
025044:
025053:
0251814:
025193:
0251q4:
025195:
0251 06:
025211:
025212:
025213:
025215:
025216:
0 2524:
025251:
025252:
0 252'3:
025254:
025269
025270:
025271:
025273:
025274:
025300 :
025309:
025311:
025312:

0253'1 :
025352
0253-7:
0 26002:
026003:
0260 5:
026014:
026015:
0 260 3 :
026045:
026052:
026057:
026065:
026068:
026075:
026079:
026089:
026351:
026363:
026371:
026453:
026465:
026473:

D-Fructose is u+ilized.
D-Gcalactose is u'ilized.
D-Glucose is utilized (also see Section 24).
D-Mannose is utilized.
LT-Sotbose is utilized.
Salicin is utilized.
Collobiose is utilized.
Lactose is utilized.
Maltose is utilized,
Sucrose is utilizerd.
Trehalose is utilized.
Raffinose is utilized.
Alginic Acid is utilized.
Acid produced from D-Ribose.
Acid produced from D-Fructose.
Acid produced from D-Galactose.
Acid produced from D-Glucose (also see Section 24).
Acid produced from D-Mannose.
Acid produced from Cellobiose.
Acid produced from Lactose.
Acid produced from Maltose.
Acid produced from Sucrose.
Acid produced from Trehalose.
Gas produced from D-Ribose.
Gas produced from D-Fructose.
Gas produced from D-Galactose.
Gar produced from D-lGluccse (also see Section 24).
Ga! produced from D-Mannose.
Gas produced from Cellobiose.
Gas produced from Lactose.
Gas produced from Maltose.
Gas nroduced from Sucrose.
Gas produced from Trebalose.
D-Fibose can be used as the solo source of carbon.
D-Fructose can be used as the sole source of carbon.
D-Glucose can be used as the sole source of carbon (also
Mannose can serve as the sole source of carbon.
see Section 24).
Cellulose is.hydrolyzed.
Chitin is hydrolyzed.
Starch is hydrolyzed.
Allvl Alcohol is utilized.
1-Eutanol is utilized.
Ethanol is utilized.
1-Propanol is utilized.
2-Prcpanol is utilized.
D(-) 1,2-Propanediol is utilized.
1 ,2,3-Propanetriol (Glycerol) is utilized.
D-Arabitol is utilized.
Dulcitol is utilized.
D-Mannitol is utilized.
D-Sorbitol is utilized.
Cyclohexanol is utilized.
Meso-Tnositol is utilized.
Phenol is utilized.
Acid is produced from 1,2,3-Propanetriol (Glycerol).
Acid is produced from Dulcitol.
Acid is produced from D-Mannitol.
Gas is produced from 1,2,3-Propanetriol (Glycerol).
Gas is produced from Dulcitol.
Gas is produced from D-Mannitol. r



026555: 1,2,3-Propanetriol (Glycerol) can be used as the sole
source of carbon.

026625: 2-Phenylethanol is utilized.
026631 1-liexadecanol is utilized.
0 08002: Acetic acid is utilized.
029003: Butyric acid is utilized.
028004: Caproic acid is utilized.
028005: Caprylic acid is utilized.
028008: Isovaleric acid is utilized.
028009: Lauric acid is utilized.
028011: Palmitic acid is utilized.
028013: Propionic acid is utilized.
028016: Valeric acid (pentanoic acid) is utilized.
029021: Glutaric acid is utilized.
028022: Maionic acid is utilized.
028027: Succinic acid is utilized.
028037: Oleic acid is utilized.
028045: Fumaric acid is utilized.
028046: Itaconic acid is utilized.
028047: Maleic acid is utilized.
028052: DL-Glyceric acid is utilized.
028054: Be+a-hydroxybutyric acid is utilized.
028057: DL-Lactic acid is utilized.
028061: Mucic acid is utilized.
028064: L(+) Tartaric acid is utilized.
028066: Citric acid is utilized.
028068: 2-Ketogluconic acid is utilized.
028071: Pyruvic acid is utilized.
028072: Alpha-ketollutaric acid is utilized.
028078: Benzoic acid is utilized.
028079: Meta-Hydroxybenzoic acid is utilized.
028080: Para-Hydroxybenzoic acid is utilized.
028097: Ascorbic acid is utilized.
028099: Galacturonic acid is utilized.
028101: D-Gluconic acid is utilized.
028105: Ortho-Hydroxybenzoic acid is u+ilized.
028107: Saccharic acid acid is utilized.
028109: Acetic acid can be used as the sole source of carbon.
028134: Succinic acid can be used as the sole source of carbon.
028152: Fumaric acid can be used as the sole source of carbon.
028161: Beta-hydroxybutyric acid can be used as the sole source

of carbon.
028164: DL-Lactic acid can be used as the sole source of carbon.
028178: Pyruvic acid can be used as the sole source of carbon.
028179: Alpha-ketoglutaric acid can be used as the sole source

of carbon.
028208: D-Gluconic acid can be used as the sole source of carbon.
028662: Stearic acid is utilized.
028668: Cyclohexane carboxylic acid is utilized.
029003: L-Alanine is utilized.
029004: Beta-Alanine is utilized.
029008: Gamma-Aminobutyric Acid is utilized.
029013: L-Arqinine is utilized.
029015: L-Asparagine is utilized.
029016: L-Aspartic Acid is utilized.
029017: Betaine is utilized.
029020: L-Cysteine is utilized.
029021: L-Cystine is utilized.
029023: L-Glutamic Acid is utilized.
029024: Glycine is utilized.
029025: Hipnurate is utilized.
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I Table III (cont'd) I

02?026:
02°0 0 :
0 20 32:
0290'5:
0 29 036 :
029037:
02'-0 3,1
02'90 4 1

0290a2:
029 44 1
029045:
029047 :
029040:
0290n 51 :
02911 ,:
0 29125 :
029137:
029141):
0 2)9 1 5 :
0291f56:
029168:
02916:I0 29 16(; :
029173:
029174:
029176 :
020177:
029179:
0291 33:
029185:
029188:
029189:
C 29192:
029194:
029197:
0 29198:
029200:
0292032:
029204:
029204:
0 29 30 2:
029319:
029341:
0293 43:
029620:
0 3000 3:
030012:
030015:
030025:
0 300 28 :
030031:
030144:
030147:
030162:
030377:
030399:
030401:
030413:
030415:
030474:
031993:
031101:

L-!'i::;tidino is utili;:ed.
L-T eucino is u'ilized.
L-Iso-Leucine is utilized.

1.-lysine is utilized.
L-Methhionine is utilized.
L-Orni-hine is utilized.
L-Phenylalanine is utilized.
L-Prnline is utilized.
Sarcosine is utilized.
L-Serine is utilized.
L-Threonine is utilized.
L-Tryptophan is utilized.
L-Tyrosine is utilized.
L-Valine is utilized.
L-Zisoartic Acid can be used as the sole source of carbon.
L-Glu-amic Acid can be used as the sole source of carbon.
L-Lysine can be used as the sole source of carbon.
L-Tryptophan can be used as the sole source of carbon.
L-Alanine can be used as the sole source of nitroqen.
L-Arginine can be used as the sole source of nitrogen.
L-?sparagine can be used as the sole source of nitrooen.
L-Aspartic Acid can be used as the sole source of nitrogen.
L-Cysteine can be used as the sole source of nitrogen.
L-Cystine can be used as the sole source of ni t rogen.
L-Glntamic Acid can be used as the sole source of nitrogen.
Glycine can be used as the sole source of nitrogen.
L-Histidine can be used as the sole source of nitrogen.
L-Leucine can be used as the sole source of nitrogen.
L-Iso-Leucine can be used as the sole source of nitrogen.
L-Lysine can be used as the sole source of nitrogen.
L-me--hionine can be used as the sole source of nitrogen.
L-Phanylalanine can be used as the sole source of nitrogen.
L-Proline can be used as the sole source of nitrogen.
L-Serine can be used as the sole source of nitrogen.
L-hrzeonine can be used as the sole source of nitrogen,
L-Tryptophan can be used as the sole source of nitrogen.
L-Tyrosine can be used as the sole source of nitrogen.
L-Valine can be used as the sole source of nitrogen.
L-Phenylalanine is deaminated.
L-Tryptophan is dearinated.
L-Arginine is decarboxylated.
L-Lysine is decarboxylated.
L-Ornithine is decarboxylated.
DL-Carnitine is utilized.
Alpha-Amylamine is utilized.

4thanolamine is utilized.
Histamine is utilized.
Putrescine is utilized.
"rvotamine is utilized.
Allantoin is utilized,
Ethanolamine can be used as the sole source of nitrogen.
HiFramine can be used as the sole source of nitrogen.
Allantoin can be used as the sole source of nitrogen.
N-Acetvylglucoseamine is utilized.
Guanine is utilized.
Guanine can hb used as the sole source of nitrogen.
Thymine is u/tilized.
Thymine can be used as the sole source of nitrogen.
Taurine is utilized.
Cyclohexanone can be used as the sole source of carbon.
N-Decane is utilized.
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I Table III (cont'd) I

031102:
031103:
031104:
031106:
031107:
03110 0 :
031111:
031112:
031113:
031114:
031115
031118:
031119:
031120:
031127
031136:
031137:
031144 :
031158:
031160:
031161:
031162:
031163:
031165-:
03116F:
031169:
031171:
031172:
031174:
031175:
031176:
031178:
031179 :
0315q0:
031602:
031608:
031614:
031620:
031626:
031632:
031638:
03164U:
031650:
031656:
031662:
031669:
031674:
031680:
031686:
031692:
031698:
031704:
031710:
031716:
031722:
031728:
0317 34 :
031740:
031746:
031752:
031758:

N-nocosane is utilized.
N-nodecane is utilized.
N-ricosane is utilized.
N-li p!-adecane is 4-Jilized.

N-Honltane is utilized.
N-ioxadecane is utilized.
N-Nonadecane is utilized.
N-"onane is utilized.
N-Octadecane is utilized.
N-Cctane is utilized.
N-?entadecane is utilized.
N-Tetradecane is utilized.
N-Tridecane is utilized.
N-Undocane is utilized.
3-M -thyl Hexane is utilized.
Cvclohexane is utilized.
Cis-Decalin is utilized.
1-Oc+adecene is utilized.
An-hracene is utilized.
N-nutylbenzene is utilized.
P-Cvmene is utilized.
N-Dodecylbenzene is u-ilized.
thyvlbenzene is utilized.

2-9..:-thyvlnapththal, ne is utilized.
1-r'ethylnapththal-ne is utilized.
Naphthalene is utilized.
Phonanthrene is utilized.
Omoqa-Phcnyldecanf is utilized.
3-Pho'nyleicosane is utilized.
Omega-Phenyloctad'cane is utilized.
Pseudocumen- is utilized.
Toluene is utilized.
Xylenr is utilized.
Pristane (2,6,1 ,1 4-Tetra-methylpentadecane) is utilized.
Pentadocylcyclohexane is utilized.
N-Triacontane is utilized.
N-Pctriacontane is utilized.
N-H1xatriacontane is utilized.
2-Methylbutane is utilized.
2,2,4 -Trimethylpentane is utilized.
2,2,4 ,,6,8,8R-HFeptamethylnonane is utilized.
2-Methylundecane is utilized.

IMethylcyclohexane is utilized.
Me-'hylcyclopentane is utilized.
1,2-Dimethylcyclohexane is utilized.
1 ,4 -Dimethylcyclohexane is utilized.
Ethylcyclohexane is utilized.
Octylcyclohexane is utilized.
Dicyclohexyl is utilized.
4-Tert Butylbenzene is utilized.
1,2,3,U-Tetramethylhenzene '(prehnitene) is utilized.
1-Phrnyltridecane is utilized.
Diphenylmethane is utilized.
1,3,5-Triphenylbenzene is utilized.
2-Ethylnaphthalene is utilized.
2,3-Dimephylnaphthalene is utilized.
2,6-Dimethylnaph*halene is utilized.
1,2,3, 4-Tetrahydronaphthalene is utilized.
Acenaphthalene is utilized.
9-Methylanthracene is utilized.
1-Me-hylphenanthrene is utilized.
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I Table III (cont'd)

031764: N-Setracosane is utilized.
031770: 1-Pentadecene is utilized.
031776: 2,2,4,6,6--Pentamethylheptane is utilized.
031782: 1-Phnnylheptane is utilized.
031788: N-Octocosane is utilized.
031794: 2,2,4,6,6-Pentamethyl-3-heptene is utilized.
031800: 1-Phenyl-3,4 dihydronaphthalene is utilized.
031806: 1-Phenylnaphthalene is utilized.
031812: 1-Phenyl-l-cyclohexene is utilized.
031819: Chrysene (1,2-Benzphenanthrene) is utilized.
031824: Pyrene (Benzo-phenanthrene) is utilized.
031830: Triphenylene (9,10 Benzphenanthrene) is utilized.
031836: Isopropylcyclohexane is utilized.
032020: Tween 20 is hydrolyzed.
032023: Tween 8O is hydrolyzed.
034137: Alkaline phosphatase (3.1.3.1) is produced.
034143: Urnase (3.5.1.5) is produced.
040331: Sensitive to oxytetracycline (tetramycin, terramycin)

concentration (disc) 5 uqm.
0980C1: Non-diffusible pink pigments are produced.
098002: D-Ribose is utilized when yeast extract and amino acids

are added.
098003: D-Glucose is utilized when yeast extract and amino acids

are added.
098004: D-Fructose is utilized when yeast extract and amino acids

are added.
098005: D-Gluconate is utilized when yeast extract and amino acids

are added.
098006: Pyruvate is utilized when yeast extract and amino acids

are added.
098007: Acetate is utilized when yeast extract and amino acids

are added.
098008: Succinate is utilized when yeast extract and amino acids

are added.
098009: Lactate is utilized when yeast extract and amino acids

added.
098010: Alnha-Ketoqlutarate is utilized when yeast extract and amino

acids are added.
098011: Glycerol is .utilized when yeast extract and amino acids

are added.
098012: Beta-Hydroxybutyrate is utilized when yeast extract and amino

acids are added.
098013: L-Aspartate is utilized when yeast extract and amino acids

are added.
098014: L-Glutamate is utilized when yeast extract and amino acids

ARE ADDED.
098015: L-Pryptophan is utilized when yeast extract and amino acids

are utilized.
098016: L-Lysine is utilized when yeast extract and amino acids

are utilized.
098017: Pertone is utilized.
098018: Proteose peptonE #3 is utilized.
098019: Tryptone is utilized.
098020: Phytone is utilized.
098021: Peptone is utilized when yeast extract and amino acids

are added.
098022: Proteose peptone #3 is utilized when yeast extract and amino

acids are added.
098023: Tryptone is utilized when yeast extract and amino acids

are utilized.
098024: Peptone can serve as sole source of carbon.
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I Table III (cont'd)

098025: Proteose peptone #3 can serve as sole source of carbon.
098026: Tryptone can sore as sole source of carbon.
098027: Unknown qrowth factors are required.
OqO028: Yeast extract plus amino acids plus vitamins serve as

qrowth factors.
098029: Vitamins can serve as growth factor.
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* 64C 9706? - 3.3E2 2CC ALRC3 C S WARIINE 2216

*BWoj02 1?J6 ____ -1. - F3 2 C AER(I C S "AI [NER 2216

3OU3i?3106 7.4E2 AG AETikIC S NARITkL 2216

*dWO0lU?06 3.7F2 20)C AERC'IfC S VAPINF 2216

RWUU227uCb 1.vr 2C AERCkI C S MA INF 2216

*P3W041?J6 8.6E2 20C AEPf3CC S PfrINE 2216
2dLGJ - 3.2E3 2 CC IAEC C S VARINC 2216

T6WOOJ4?n 1._21F4 2CC AEERC"4C S RINE 2216__

bWOU iO O3.00c2 20C A1FCIC F SMAPINE 2216

*BW00l1?0Ib 8.5E3 20C ArFC'r C S AP I NE 2216

SdvW43 012?J"b 1.62E4 2C.AC AS F'INE 2216

4__ WOJ02d?6__ .4E3 20C AF8 5EC S PARINE 2216
6wFO17? Jo 1.2F4 200C AEKrF IC S WA INE 2216

_*B_413?06____ _ 2.3E4 20C A F ! C C S PAR INF 2216_

340C29706 8.8E.3 A2C bAECdiC 5 MARIjE 2216

*BWuj14?ub 1.7F4 20C AFRKCIC S ARIdNL 2216

*BWOu2,?36 2.7E4 20C AE'C1ITC 5 PARINfE 2216

*BWJul.8?J 1.1F4 2C AFRCbIC 5 I ANTNE 2216
rtWlJ5'?u6 - .3E'4 20C AFr'F I C 1S PR I NF 2216

4ýW0016?06 1.2 4 20C AFR '(:;i C S PA- IN 2216

*f3WJ24?06 1.9L4 2%C AVPCPtIC S VARIN\F 2216

_8 002io 1 .674 20C APEFrIC S AFPINE 2216
Bw0b030?06 1.8F4 2GC ýAECiIC S VAkINF 2216

shwn J26?j6 1.3F4 20C AFC fIC S PArKINE 2216

Bwi31j6 36.rF 20C AfrC'I C S APINF 2216
90 .0C7?0 6  9.A6E 3  2CC EkCBIC 3S KARINF 2216

CWAuf'32f?-6 A 'JCC lC S '/A4P INF- 2216

_ vWOJU33?c6 1.uE4 20C CAF: CIC S PAPINE 2216
.A3wufj34?.)-6 1 ."4F' 2CC AL r I[ S P ARINE 2216
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I

_SED IA4ENT
a3ýJJ00I?06 3.0E3

"BULO 5 ? 6

*RdjJi32?J6

B B . 0J 6 ? 6
B6300C7?"06

B... .... 7- 0

600O3?1706
•B003J245?6

•B6001,.7?Oo*BBOOi 4?06
B B300j' 3? 6

'BHOOi24?b

•BB•uJ0?JoMBB 042 1 ?._800J24?06'rdBJ33J?06

fl3uu2 7?6t6B 3 0;7 9 ? 06
B300031u?0

^8Br0U9?06
IBBrJjj3/JJ6

20C AE>CiJIC S VA In• t 2216
5.9E4 u2C AF•C TIC S NARINE 2216
2.5F.5 .2 ;C AE irCBI C WPFI NE 2216
.l1:4 )iC ArFCl IC S vMRINF 2216

5.7 4 20C Ac,~r•~C S 'ARTTN 2216
1.1 5 2C A ERC St IC S PA IA F 2216
1.4F5 2CC A F CIC S 2KRINE 2216
1. 6 F4 ?LC AErCI',IC S VAPINE 2216
5. E1 5 2CC AF (RIC S VARINE 2216
7.7F5 0CC AFRCPIC S VAR INE 2216
2.9' 3 20C Ak ct'~IC S "AP INE 2216
1.3F4 2,C AE R C IC S MAPINE 2216
1.dES 2CC MAFPCrC S NAPTl E 2216
7.7E5 20C AF-CBIC S VANINE 2216
1.9E5 2'C AtPCBIC S MAPRINE 2216
2.5P5 2CC PERC[IC S IARINE 2216
4.1E4 2(CC AFRC IC 5 PAnINF 2216
1.5E6 2uC *EFHCIC S vARINE 2216
2. E4 ZCC AF•C3IC S AP INE 2216
3.2 5 ?•C Ai[ r;IC S PARfIE 2216
5.3F4 2 C AEPC-IC S NAPINE 2216
4.5F4 2u0C AE£C? C S VARINF 2216
1.4E, 6 20C AfERm IC S tkR INE 2216
1.6F5 2CC .LFrlflIC S PARINE 2216
3.2E, ?OC ýEPORIC S PARINE 2216
3.iF5 2CC PFLCHIC S PtRINE 2216
1.3t- 2. C AE PCHIC S VARINV 2216
4.1 4 c20 AERC iIC 5 MARINC 2216
S1.E5 2CC AE1fCrIC S NARINE 2216
5.2E4 2CC AiFC:IC S MARIEN 2216
I 4 ,6E 5 2C AE•RCF IC 5 IS NA INE 2216
2.7E5 20C ,AEPC IC S ARIN 2216
S7.J qS 2- C' AiPCi C S 'At 1INE 2216
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AEROBIC HEuR'EOIOPHIC PSYCHEPHILES. .AND PSYCHBI IRZ)PHS

SAPLL L_ _.___ COUNTI

ICtE
'3wJ005? 7 3.7C2

bW 3dO3?7 4.5i3

39?O 1O 1 .t· E '+

*BNA,? u ( 2 .01

S0 042? 0 2.u41
BWjjjd2'?j7 2.4E2

8du0 11 1 14 E 2

,4 1J,)j2?J7 3.78
SW00J3?u7 1.4E 3

3uC 19?07'1 1. .804

4611u3)5?7 / 8.6(3
"3r4Ou'Z:?J 8.103

_ _ 3va) 3 T ? Z 5
__ t__,,

WiOjJJj9?j17 2.502
*3Wui,21?07 3.2E3

A0Jv37UTJ/ 4.)7F3

RWJJiUL?01 4.602
3AUj22 ?107 1.23

6lrtJJ41?J ____ : i3
BhJJ6u'7 2.?E

NOOO-J ?O17 1.7t 3
J) 3W /?17 . E8.1 2

1W7Jli?J7 8.27L3

4'3uJ2d?J7 3.1E4
S0017O?1 " 2.20E4

XW3Ji3?1 .7 1.3E4

SW014?07 2.3 4

_ 3B3LdL5'?j _ 2.2E3
rWUU35?j 1. 9 4

sdWOu2b?j7 1.302
' u" 3i'?J l 6.5E7

vi J3 u21?117 1.J 2

3dwJj32?j1 2.973
ttJw3j33?j1 2.3F4

' ^ ^w O 3 4 ? 0T 3 . .E 4

0N TI TC\NS

u4C .A C rIC S MSwYE
o40 LF<CHC S m SWY

40C AE¼CIC S MSWfYE
_4C ArS CI S NSwYiF;

u4C AprFlIC 5 ISWYE4C AIUCV*IC S MSwY L
)4C AErCsIC S VMSwYE
'4G AVFCA3C S M iYF

.iC AE~ri!IC 5 MLS ~YE
:04C AF RIC S MSWYF

0 4 C ACPCHIC S /S Y
A4C AF3C4IC S 1SwYE

. AC ACR CAC1 S MSnYF

.'4C A 'F C3IC S V SWYE _ _

4C AFL-'CNIC S S YSE
4C, AtrFCIOC 5 VSWYE

c4C AtFPt IC 5 MSaYK
'4C AFrCOIC S MSWY E
L4C A-rCBI:C MsWyk
_(4C0 ArlfR HIC S5 MSWYF

40C AtC. )IV C S MSWYE
04C A IRC fC S MSwYF

40C LERL.rIC S MS WYE
4C AFt, r I S V F _ _SWYE.

;4C AEIC HC S MSWYE

uItC AFCriIC S YSWY F
G4C AFtkCITC S MSAYE
04C AtkCPIC S SAWYE-
u4C AFt RHC s P'S vrY
:14C AIR ClC S MSYE

6 4 A4FFC'k IT 5 , YE
C4C AxfL IC S VSWYE
A4C A 2i t 1C S VSYE

,,4C AF C ' TIC 5 SwYEF'LPC I C _rS P ! c s 's Yr'
/40C Er'Ci 1C S MS jYU
4C A ' u IC S "S14YF

;4 Ar-4C'IC S VSWYF
;4CC f: 1F F IC S M SWYE

04C AE; Cl S MS'YC
""'G4Cf SL n ^ * - c ^ ----------

Q40 AE )CtfIC S rlSVWYf
4C MAPRAlC S MSVYC

24C A&rI; r S SwYF
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Table IX (cont'd)

SSEJ IMFT _

13 bQu JJI ? 7.4L 3 4C
-B 3UJ2?u 9.2F3 J4C
• ,3Ui•.?.7 2.0E5 .4C

3 Jt B ,J O 7 ?0 7I I . 2 E 5 i, 4 C

1wBBOOl7?u7 2.1 L4 4C
dQQ001?7UI 3.14 u4C

*i3BJGI8?J7 7.7E5 U,4C

BBJL ?J?7 6.6E.4 i'4C
i4VH5.4Q7QJ37Th744 u

•~B0004?0 7 ... 5 04C .
BB3LJUJ6?j/I l.4 4C
BBJC)9?j7 3.4E4 04C

rBdO0IU?u 1 2. 7E4 U4C ,
•BaU23?j77 l.iE6 ,4C

8a30 1? 3 6.7F4 .j4C
.BOC24?07 4.5Lt5 0 4C

riBduj25 ?u7 3. E5 A4C
BBO3Jii?47 4.9E4 C4C

*b j t9I7 1.9,E5 A4C
___ bH'bJI4?07 5_.6E4 04C

B J'jO 1 -? U7 , ..-4 f. 4 CB0F3012?U7 6.1E4 04C
-*Lt UJ2u?j7 9 .aE4 4C
*BBj026?707 1.1E5 L4C
•Bi00Z 17 i _ 2.0E4 u0C
. a d2. -j•7 ? 0 74 1. 1 5 C
*bc2 _Z?_07 4. 1 E4 y4 A
4bdJ02?o70( 9.7E4 04C

BJt0"29? r.'3E4 04C I-..s.k. ti ..?o7 1.5 •~ c

AERC4IC S MSWYF
AEFPCIC S MSWYV
A-eC t)IC 5 $S YF
AErtuIC S N'SWYE

FRi'fsIC S MwYFAF •E<C' C S 'S __YE

AERKCHIC S V5SwYE

AFa~E~IC S Sw YE
ERCi-IC 5 M$SyrYE

AERC(JIC S t'SWYEF

4FPC1IC S MSWYE

AFEREC IC 5 SWNY - . ...
?A c RCýIC S ýMSWYE"AMR"HIC S 'SWYEL-RCiIC S s4 YE

AEPCI.IC 5 MSwYE

AEFRirIC S tISWYF
AECrIlr S .SwYFfE (I IIIC s VYWYF _________AFR-'C3IC S SISWYF:

AE-CIt ,C S VSwYF
'EFr C IC S r'SWYE

.. Rc.c s ,swYE .......
ER-F.CRi! C S VS5 YF

%,E.Cri•IC S SWYE

AFPC $IC S kSwYEiikC IC 5 SwAYF

pLFf ri:C s iS wYFER FIC S MSWYE
•ERTfIC 5 MSwYE
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AEROBIC HEOTEP PHIC cESOPHILES

SAMPLE NU. COUNT

stuWOu ?J8 _ 1.2E2 20C

SWOO3d?J8 1.5E3 20C

WoW0039?O 8 1.2E3 20C

BTWOuO4%?u3 2.u .i 2oC

CNCITICNS

A:RCBIC S MSiyVE
AERCBIC S MSWYE

AEPCOIC S YSWYE

AERC3IC S MSWYF

WATiER
*8WOU4270d - 7.2 20 AERC. IC p S WYE

*BWOo08?08 2.6E2 20C AERCBIC S MSWYF

3W,•.43? -0 2.7E2 2C AEAwOIC S MSWYE

_800ul?08 _ 2.5E3 20C AFCCi61C S SWYE

rf003JU2?d0 7.HE2 20C AFRCIC S MSWYE

S.j.? j
.__ 

4.3E2 20C AErCBIC S MSWYE

WJi ?A-F 0.UOE 2CC AF CrTC -WSWYE

*~6d335?38 3.623 2?C AERCtOIC S MSWYE

*j0UJZ'J)?u8 2.4E3 20C AERCbIC S MSWYE.

*Br0t36?08 6.5E2 20C A FRCIC S ?SWYF

*BW09?J8 3.0E2 20 C ACR IC S MShYE

*3BWo021?d 1.0E3  20C AERCBIC S MSWYE

*••OOT37?08 7.3F2 20C A ERCfIC S WS.YE.

*BWJO1J?J0 2.2E2 2JC AEROBIC MSWASYE

8FWO'O22t0 2.6E2 20C AERbIC S" WSWYE

*3vy ?i;4 1 8.1 2!0 AE RC R IC S vSW YE

6wUuJ6?Jb 8.8E2 210C A EACIC S MSWYE

tSWOOJ4?uj 5.83 20C AEPCBIC S NSwYE

iaWQOO7?8 .7E2 2 LC AERCIC S MSWYF

S*3WO1?ud 1.5'-3 2JC AE<CIC S MSwYE

*•B0012?08 1 .0 2I0C AERCBIC S MSwYE

*O3 2da?J8 1,2E4 22C AFRCBIC S MSWYE

43WO017?Jd 1.3E4 2 C AEFr"lIC S SSWYE

3BW0013?08 1.6E4 2CC AEPCBIC S MSWYE

t3WUOJc9ub 1.1E4 2C AER CBiC S SwYYE

aJu1jI4?o J1.3E24 20C AFEPCIC S SWYE

* bWZ023?08 5.8F3 - 20 AEPCFIC S MS "YE

*R JWOOi?0_8 1.1i4 2CC AFRCBIC S VWSYE

w o i00i5?08 1.7E4 2GC AE•iC S FSaYF

*dWjioL6o?8_ 1.1E4 21C AERCPIC S MSwYE

*BWOU24?08 3.8F3 2jC AE•CBIC S MSWYE

*B__*w025?08 2.26 20C AERCiIC S PSW.YE

Bw3"w"J ?J8 - 8.,- A 3 20C AEPCBIC S S MSYE

*BWJ,26?Ud 1 . 4E3 20C A.EPRIC S NSWYE

z3W0031?0 t6.1S3 20C EPuC S S rYE

*8tOO32?j? 1.2r3 2-C AhERC 1C S "SWYE

BWJO3i~?JO 4.9E3 20C AF CAIC S NSWYE

*BWOO33?08 .1./E4 2,C AF r:IC S 2SWYE

4'FW 034icO 1.4+ 2JC AEs C3IC S MSWYE
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Table X (cont'd)

SEC ji13V¼T3~

s ~'1:13 31 4. 3 7tFe

*KC~u/jj 5. 0%

~udu~u~v ~ 8.1F4
4 0rtj34u1 dfl 9 i rE

M~~U~jj~2 ;.3r-4

+HJ 33~~i 3.3%~
3Hu303lj~2.6%~

*Bd3u.~2?3d 1. ltz

CH~JJ~~~ ~ 4.QFS
Th3.,J2L ) JO £· *------- -i 5C

*bH~-i4yt4? 3.4E't
~B~u~r~vj4.1E4

~dtHxJLc0?J 7.iE3

mJ44 tLL?~ 8.lF4
Th300237?u j1jrZ5

*"Fdru022?JcI 5.5F4
~H~~~Ln6. ad&4

~t333u9?jd e~.uE5

'idduji ~Jt 5 0 3f5

L20C
20C
2 bC

2CC

20r

?*;€zoc1C'

2 LC

2 C
2L (.*2'oc

2 C' C20C20C.

LLC~2CC2 . C

'oC'-UC-2LC
2 C

2CC
2'CC
2 C

2 uCI20C

2 iC
20C"

2'C

A i' s  rC I C

2. .: rC :, I C

A E F , i * I C
A : F'- C H I C

A F£ - C ' I C
At~ riCIC

rF i- c I C

c' : ctj I I--/ F R C I CAf-CBtICAF•CiUiC'AE.'^C:•I CA ['KC ''41CA G.. I C
A F ' C. 'I C

AE. *(-. 1 C
A c- t n' ic.A E i? C r I CA fT ¼ C -s I CA rL r' ~C IC

AF? 'SIC

A E ¼- F 0* I a

A I ¼ C 'U C

S
S
S
S
S
S

S
S
S

S

S

S

Ss
S
S
S
S

S
S

S
S
S

SSs

Sssss
_s
s'
si
s
t>

s
_s
s"
s
s
s
s
C

5

s
s
s
s"s
s
s

,"'•S 1· Y F'AS-YE'"C^IYF

VSWYE

"t Sv Y

,9 S WY _
"Y^^ " V ---

MS tiPM• S W YEF

tSi v _______
•, S rJ V L

PSWYE

;" S~z +• Yw S y. Y ["SrY[-
C Sv•YE:3S$WY C

'SwVrYE

Y S : YE

N S WY F-MSWYE
^S'^Y F.

NS YC
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PSYCHQIPHILIC AND PSYCHRITROPHIC "FUNGI"

SAMPLC NJ.
ICE

* 5 403 O 5? 1 5
HWjj3di?15

WATbr __

00 42? 15

vWOJJU 1?15
xRWJjJO2? 15

[v ,jutJ3? 15 <

*f-80035? 15
1-5 .....i..

* 40u 009? 15

96WtJJj4?i 5 <_^w Ju11?l5
*34tui ?15
4iuVOU102?15

*;^Jji'o?5

3Nwd U4?i5

Wu's12d15

5 v43 1*?15
'34j0&3?15 <

j j r0093 ?1 5

3, 0 024? 15
- 3n su25? 15

'tf0NJ073?1 5
3400?(115

jU 034??15
4yB/<uJi)o ia `7l 5

CO UNT

2. * 2

CC NEITI CNS

04C

u4C
LC'r(

AFrCeIc 5 SCA

AERCBIC 5 SCA
AEkC.KIC S SrA

1.5i ' C A R Fi .IC SSCA
1.12 [7 4 f A 1CIC S SCA
1.6 ] 04C AEQFI0C S SCA
3.6F ,.4C AEFRC3IC S SC0
3.6i A4C AFUCNSIC 5 SCA
1.3El '4C AFriC bIC S SDA
4.1EUJ 4C AFPC'IC S SLA
1.0E 2 4 L AERfKIC S ScA
1. 1 .4C' Al < riC S SLA
2.400 4;C A ' IC S S SCA
F).UFO 40 AFPriF C S S(U
u.)F9 J4C AELC2IC S SDA
3.3FJ AC AFFRtIC S S CA
3.0 P  CitC A 61F 3IC S 5ECA
Ji3J E C AECLKlC S SCA

0.6 2 A4C AEtPC IC S SCA
1.1 A'.C AEF'CiIC S SCA
1. 04 4C AFPC. IC S SCA
C.4rc 040 c AFPC(:<IC S SCA
5.2E10 4C AEkCf8IC S SD
1.102 24C 4[kC0IC S SCEA
I.1O0 CAC AFP CIC 5 SCA
1.3I .) 4C At-FCiIC S S SCA
1,QF0 34C /tPC1IC S SCA
I.0FO 040C AIRPC6IC S SCA
1.4-[ ) '40+C AF C.IC S SCA
l.1FF % 4C AC F C iI0 S' S CA
2.jE P 4C ArFC-IC S SOA
1.7FO 14C ASECblC S SlA
1.E. 7 4C APCJ!C S SCA
1.20: ,4C AEFr- IC S SCt
C.YF: -4C AECP!IIC SCA
1.0c-1 j 0 4f'R IC S SIA
1.AEI) 40 AECIUC S SCA
C.iE3 ;4C AErCh lC S SCA
1.3E0 i4( PrN 'IC S SUP
4,6AL, 04C AEtCiIC 5 SDA

SC.2 AF-C.< .C S S 1F
L .2FJ 4C AE \C. IC S SCA
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Table XI (cont'd)

St.) I AfEa T

*80j?331?15 15 1

*i00O15?15 1.81

H'jjl031?15 1.1 4E

" I O b bLn? 5 1 .2 %2
'Brt003?15 1.0
n• .Ju 7•'215 9.0 fI

S6i I8 30 0 1 7 7
? 

1 5  2.7F2
adJSdrl) 6.7E2

6R 116d?15 2.4a3
8 3 71••5 26 E

• 6j0ij3? 15 4.4E%
0 J iS?15 : 4 5 3
3 300Q4 ? 10 5 4,4 0

sBud'Jj?1"j 3.7%
jOUj-) ? 3.3E1

*b0jo010715 5.8F 1
B•B•go15__ i._ E2

SBBO013? 15 1 i.12

-BBJJO4?15 5.01'E
S'Ko13LJ 5 ?i b .. 2.8 1

BJO11l?15 6 . 5E3
J 19 15 1.3 ?

aJSl97?1iX 3.4F1

-lrUU12'?i5 1.32... ... - b 1  ̂  u ; 5 ..... ... .... .1 . 4 F o

"'b' 3& O 67 15 (,.4F1

SB Z 1715 43. IFt

.. 0.... - t 28" .5.46
,Bou/, 15 1. F2
B.. FB uO 0? 1. 3. 3 FL

44C

4... - -C.
04C
14C

0 4C

J4C
04C
J4C

u4C
2.4C

44C

34C

04C

0.4C

J4C
44C

04C

J4C

j4C
u4C4C£

2 4 Ch c
C-4tC

A I. R C 3 IC

AEKCUl C
AEr C I C

AERCBIC

AERC''?ICt, rf r i I C

AFRCRICA FRC IA F NCR I 0
A F F- C I C

AFFR IIC

AEk:CP !C

A E P r- C I C

AFIrC 1 C

AFri I C

A F i' C 11 C

A • ! I C I F

ALPECRIC

A L. C " I C*JE lC
A F C IL
A F C

S SUA
5 S CAS SEA
5 SCA
S SCA
S SCEA
S SCA
S SCA
S SCA
S SCA

S SEA
S Sr:A

5 SEA
S SCA

S SCA
S SCA
S SI C
5 SA
S SCA
S SDA
S sEAS SCA
S SCA

S SEt
S SCA
S SCA

S SCA

S SEA

S SCA
S SDA

s sCA
S SCA
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Table XII

M.SOPHILIC "FUNGI"

SAMPLct i. COUNT CuNCITICNS

*WoJjj5?16 1.3E2 U20C fAEPCFIC S SDA
0*RZWd?l^ l'j.l 2UC ArTCKr C S SCA

3sW003? 16_ b.l 20 C AFRC3IC S SCA
Sa .3.6 E 2)C AFkrCtAIC S SCA

WATER4
*~W •042?L4 C.dEO 20C AFPCRIC S SC•
*bWOJJ8?16 6 .E) 20C AFPCyIC S SCA
*8WOr43?1b 6.3FO 20C AERC!3IC S SCA...... ooi~ r& Z ' - •1•- .... ... Z: .-5^9^ . .. 2 " .C^ • F ^ p F. U -S--- • ... -.. - ...................-.. ........ . ... ...........

u WUOl?1b 5.9E1 2;C AFFVRIC S SCA\
*B¾wO02?16 --- 22C AE'<CIC S SCA
4*WuUJ-'?lb <1.OE1 20C AERCBIC S CA
'aobWU19?i6 4.11E 2CC A'CrCIC S SDA
MRsvu35?1I 7.uEc 20C A6FCBIC S SCA
*•dw 30020J' 2.4F1 20C AEFCRIC S SCA
Sw3 0J3 ••6 L.3 E 20C AFRCIC S SS

*B~_ Jjo9?10 3.5F1 O2C AtICRIC S SCA
*BdW 021l16 1.961 2CC AFRCi.lr. S SEA
4BWO)37?16 1.1E0 2CC AFRC-hIC S SEA

_*Bn0022?16 3.0E0 20C AFPCBIC S SCA...._.?r ~.W 2 __ _. .... ! . .......... _ ____..F • . . -. .. . __... ....... .............. ... ....
3BWO341?16 u.0EJ 20C AERC3IC S SCA

*•3BWa b?16 1.uE2 20C AERC;RIC 5 SECA
*bWU004?1o - 20C APFRCIC S SCA
_lBWJOuIo?10 1.2E2 2CC AEFC3IC S SCA
*3wj)1i?lb 2OE1i 202(C AERCRIC S SECA

BWJO12?1b 1.2. 1 20C AERCUIC S SCA
"BWJO312716 1.2El 2y C APCblC 5 SCA

E'WJ328?16 1.4Jt 2`C AEFC6IC S SCA
:*WtO3J l_7?16 61.6E 20C AERCIC S SrA

i'WO-i3?1--'T6 5.3_1.. C AF RCIC S SCA
*BW0029?16 3.16E 20C AERCRIC S SCA

W14716 .El 2GC APER. IC S SDA
__*dtj023? 1 _2.OEJ 20C AFPCBIC S SCA

4d-OOwi?1 6 j5.160 2 CC 2 AFTRCAIC S SA ..

*0W)215?16 1.OE1 20C AECBIC S SDA
•B.300 ?16 .621 2CC AFPCEIC S SEAO*1j30024?16 _ 1.06 0  2CC AFRBIC S SSA

_W3Oi30?16 0.363 200C AFPC9IC S SC&
1 OLO326?16 . <i•j CC AFPC.iIC S SCA

*WUUJ3i?16_ .6FJ 20C A&RCHIC S S SA
,sWO327?16 1.E0C 2C0 AFPCMIC S SCA
*6J0032?16 1.2El 2LL AERCPIC S SCA
*3fWUO33Jo 0.4F0 2!,C AECk I. C S" SCA
4 B00,34?16 C.3EO 2CC ER(JCIC S SCA

49



Table XII (cont'd)

SEUIMEnT
_*B JJul? 1_ 1.4E1 zL

adUmjJ210 1.1-l 2 C
*u8aj15?I.uCE3 2CC

b %jj?716M 3.'4E2 2CC
6B Ji5?16 7.c-1 2cC

*a303J2?16 2. 6F 2 2, C
___s  ?7716 B.7E i 20C

irmjJI/?M771I6 2.3 E2 2 :
46JJU08?16 6.bEl 5 ?CC
*Rid? i 6 4. 7 22 C
*B80O333?1 a.6F1 2uC
"B6d00u3?16 't.40 20C

6,j u 7u 1 F.1 20C
40ad0u4?16 4.2F- 2"CC

a3j007?16_ 3.7E1 2CC
" 3B 6?16 rj .7 6.0r1 2 OC
4301OiOlo 5.4E1 2CC
* H 3?1 i . 1 2 2. :
*9BJu13?1b 7.1E1 zOr

3u002'4?l16 1.22 2CC
*'Buu2j?16 6.031 2':C
46 3 Ju i i ? I t-, 1.4F4 20C
*630019?16 2.lE2 2?&
'L T3 31491i 6.231 2C:
xjti612a 1 1.7E__2 2CC
BBUJ02j? 16 j.E2 2 C
Rd2676 1.42F 20
SiOU021l 1 9 .31 20C

')r0027?15 6.2E1. CC
8i 3J22?16 4.4F1 20C

*t028?16 _ 7.2E1 2CC.
S3 2Ju ? 16 6.8E1 20C
BBuJ)jjlb 2.,02 .2C

AFRL IC S
A I C I '1C S
A''CIIC S
AERCiIC S
A E C I C S

AFRMI IC S

AF C'hIC S

AMFP I FIC SAF-CHIC S

AFHrC IIC SAFHC¼IC S

A P C I C S

AE'PCBIC S
ALE CIC S
AFRC2IC S5AECBIC S

AEFCGIC 5S

AFRCLIC SACI-k IC S
AEPCHIC S
ACEC IC SCr-Iu C S

A Cir. I C S

AFr<%IC S

SPA
SCA
SCA

SCA
SCA

SPA
SCA

SI A

SCA_ ___

SCA
SDA
SCA
SCA
SDA

ScA

SCASPA
SPASeA
SCA

SDA
SCA
SCA
SCA
SCA

SCA

50



Table XIII

PSEUDCMONADS

C C UNTSACPLF 40.J
ICE

WOJu5 ?12 2.92F3 2-C

'dJU ?39?12 < .E1-1 w I C
- ý)j^ 'r U. <I ^..^.. .,.^

WAT ELr
*BWJuk2 ?1e
4iJOUJcd? I
43A0043? 12
*BiCWJU)1? 112
"'PrWJj02?12
'B Wj.J3? 12

'3Wjj019?I1e

bWJi3j2? 12

4r i003 u? 12
t3OJ339?12

fdWOO ? 12Z
iWOO2sL?l2

*iBWQJ4?12

A Rw01 't? 12

S0013?12B 1 43 ii? 12S1J233d I 12

v3u1OJi ?L2

4 b301j6?l12
"0uj247? -12

T1Ad.3,j4 ? -1 ----

3W3 0026?12

4u i 7 J 27?32?12
ThWjQ32 ?12
A5WjJ 33? '2
SJ 3'3?12

CCNCI TICAS

AF pCrIC i"v P$SEt DnSEL

jAFkljC %M PSLEUCSE-L
" A E r jI C V P S- UC L FS EL

r, t

6. jEJ 2-C AF C IC rM' PSF-U0USFL
<i.JF-1 20C AFC IC M PSFUCOSEL
<L. CE1 2:C A FC-,C M PSIU U1SFL

l.4El 2;C AFkC IC M PSF(UEOSEL
2.0E1 20C AfPC('IC 'M PSELCCOSEL

<.1E-1 2CC AFZCF CbIC A PFSEUnSFL
<L.GE-i 20r AFRCIC M PSISUCOSEL

1.0 2C AF[RC7IC M PSFLrJSsEL
<1.JE-1 ;20 AFRCOIC M PSEUC'JS EL
<1.O -1 20C AFRCiIC M PcPELFOSEL _

4.EJ" ' C AFRCBIC M PSEUDSEL
<1. .- 1 20C AER2CrIC M PSFUCUSEL
<1.OE-1 20C AEICHIC M PSELnOSFL
1.EFJ aUC AEIRCHIC M PSUfLJSEL
1.OEJ 200C AFRC IC M PSFUCfSEL

<1. .C-1 2C AFRC'iIC Y PS SFUIOSE L
<(1.E-1 21 C A EP U 0IC M PS ELC, S EL

1.7E1 2CC AF-NCCIC MI PSFUCoSEL
3. E J 2LC AEfKCPIC M PSELiCOSFL
3.OtF 22.C AF 9C:I C M PSFEUrLOSIL
1.=o 2CC AEC6IIIC * PSLUCOSFL
(<1.-1 2C ,'iFCFMrC 1 PSLU1SE:L
3.JU JCL ArlCPIC N PSLUCOSIL

1.UE 2JCC EHC'IC V. PSFUCLCSEL
<1 .u-1 2rC. CEC IC M PSF UCtS FL

7.2FO 20C AFRC IC M PSFUCOSFL
.3.E3 20C AFL IC M PSF-UCOSFL

3.00 20C AF P IC iI PStUEDSEL
6.5 1 2uC Q r F r IC I1 PS Lf1,SFL
1.CE) CC AFrc-;IC F PSCLC SAFL
1.JEJ 2cC LFFr.(IC . PSFUCOSFL

<1.0F-1 2CC AErC;IC v OScLDOSEL
1.u' 20C AtLCIC IM PSEUCISEL

<1. 3E-I 20C AFr IC A PSEULXJSF L
3.3 E 2:C AF-iC CIC MV PSF L SF

<1.uE-1 2CC Ai I-LIC PFSEUCOSFL
3.4F2 200 FSCiIC M PLFLCjOSFL

<1.')-1 0 2C 2 APFrSIC N PStLC'ISFL
3.0 2CC A F PSIr V PSF-UCEISfL



S EDIME4TSF) tIj 0 ?iTIL <

bJIj01?IZ -

*$ftJjjl 112 -

*c803 Jt ?12 <1. 3-1
$JUj5tl?2 <1..)E-i

. :J ,."12 <i. ?- 1

' B" ' Jj j ? 12 <1 . E -1
5 ~,1OO7.i?12 <1. E-l

tBJOu• 18? 12 <3.E-

a50013712 <l.O E-I
B.6 10 j ? T12 <1 i.0E- -

.... 4O. ••- 1 ? 12 <l.• -1aj2.?2 <l.)1-i

" '0i03 13? z <i . -

'B•yj 4.12 <1.3J-1iJD Z'6) 12 <I.)i-1
BR~u1 <1.

" B <jj Ljy ^ <1. LF- 1

36B60069?12 <1.0- I

S!: J. 3J j ? <1.. E-1

C,

41 -C2'_ C

26Ci c2 :.. C2 :c20C

' CC
2-'I2 1 C

2CC

C/

20 C

SC..,01 'c4 CA:
CA.1

A C , ' CI

A '' •" 'AECu;IC.

AFC' I

^o". if C
AFr'C 11C
A -R UC C

A F. i

*'r IC c
A R R CF I C

r F C r; I c

A. [A.Q i c
AC, rQ I C

A Mr IC

Al F'.0lC

AnLO IC

1f- t , ( • ' C
A F " C r C
Al <C IC

PS-LinOSEL
PS EUC(JUSEL
PSFUCOSFL
PS L C' S
PS CUEDSEL

S U 1 Cos FLP CSELfOSE LPSEUCKOSELP S rtFi;S F LPS F UL EL
i: SU lRI!SEL

P S ICO S EL
r S: r7 tp MJ S .F

rP S _ U L; o S F LP SF LDOS EL
PSFULI:OSFL

PS CULO SFLPSftJCOSELOS.-LCOSELPS iU COS CL

PSFLrCSELPSFbDI SEL

L SP SFLPS UCIOSELPSELPOSEL

-S Ut •F l LSPL.
P c LCL 0 S L

PIF oS ( S F L

Pc L1 r .C S E L

PSILCSFL

r:,r

I

Table XIII (cont'd)
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SAIMEJELIA-SHIGELLA

SAMPLE NO. COUNT CCNCITICNS

ICE
_*WOOulS?I1 4.5E2 20C AERCBIC M SS

*WOO3-d?Li <(1.OE-i 2 0C AERCi.IC -M SS--

*BWu039?1 <IL.CE-1 20C AERCBIC M SS

6*dW0403?I <1.OE-1 20C A ERCIC M SS

WATER
*BWOJO42?11 .0E0 20C AERC3IC M SS

BWO008? 11 <L.OE-1 20C AERCBIC M SS

*BWOO43?11 <1.OE-1 20C AERCBIC M SS

*HBW0001?I <L.OE-1 2GC AERCIBIC M SS

*BWOO02?11 <1.OE-1 20C AERC31IC M SS

348W000?11 <1.OE-l 2CC AEPC3IC M SS
*BWjO3019? <I.OE-1 20C0 AERC IC M SS

*BW00I05?1 <1.3EO- 20C AERPBIC M SS

*Bw02O?11 <1.06-1 20C AEFCBIC NM SS
*BWOO30?11 <(1.E-I 20C AERCif C M SS

*BWOO21?l (1.0-E 20C APRCFIIC M SS

BwJ37J41?ii <1.JE- 2C0 AEPCrIC M SS

*WO004?LI1 2.9Ei 20C AERCHIC M SS

*R31J74111 5.0EU 20CC -AERCDC M SS

;WOjUi?ii <l.OF-.) 20C AERCBIC M SS
w0O004 1 1 _ 2. 9 E -1 20C AECBIC M SS

*BW007?11 <?I1.E-1 2CC AE CBF C i SS
*BWJO0L.?11 31.OJ E  2C AERp•CC M 5S

*buBO14?11 5.1OE-1 2CC AERCBIC M SS

SfO28?l711 -1.OE- 20C AERCBIC M SS

*'BWO01i7? <1.uO-1 2oC AFRFpIC M SS

*BWOO3ill31 1.JE-1 20C AERCtIC M SS

*3Bj0O14?11 <l.OE-1 23C AERCBIC M SS

*twJOO25?1 < 1.E-i1 2 C AERC IC M SS
_*3060(?11 <1.jE-1 2cC AERCBIC M SS

3 j0067 ?1 <1 .J- 2 C A•RC3 IC M SS

*Bw0026?1 1. .OEO 20C AERC-IC t SS

*3B)j311? <1.0E-1 20C AERCHiC •M SS

*tWjJ 7?11 <1.JE-1 20C ACKCoIC i SS

BW•0032?11 r1. '4E1 2CC AFRi3IC ' SS

*B•OO33?•i <1.)E-1 2-C AFCtlIC M SS

oJ53471 ""'1 i-1 2CC aFRC MIC I 55

53

_I I-··1--·----_·~------··1 - · ·_

-. ~i~·-· ~---···--._ L··--_~ ·

-___.--·r-~._ · ·--- _~-.·. I.~- .__.-L~··~~_- -- ·-- _~-C~I-·

.__~__ I i

I

.. ...... ... . . .... . .... _, ,

Table XIV
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Table XIV (cont'd)

SEDIMENT
a 1O9011 -_-

'fl_30002?11 __

*8BJ$io?1i <1C.)E-1
*B300327?1 <1.0E-1
*BBJ 007 ?11 6. EY

3LJU7U?11 <1.0E-1i
881..00711 (1.E-1
BB)ul_8? __<i. E-1

BQJO33OJ1 1.? -

20C AEDCBIC M SS
2CC AEFCBITC
20C AEPCBICC
2CC AERCUIC
20C AERCOICl
20C AEFHFrIC
2)0C AFRPCHIC
20C AERC.IC
20C AFR4CBIC
2uJC AERCr1C
20C AEPCHIC
2JC AFRCBIC

M

M

M

M.

M
;
M

ss
$S
SS
ss
ss35
SS
ss55

5S

5$
*HJ0U,?l1 - 20C &ERCUIC M Ss
*bd800jll -- 2C AERC4IC M S 5
;Lxou .b i -.2c A EIIR bC IM 5
4803309?i1 1.3EO 20C AErCbIC M SS
-- h1Oý1U?'11 .3Eo 2CC A ER I C M SS
x'BBfJU23?11 <1.iE-1 2LC AERCBIC 5SS
4B3O13?11 <(1.0E-1 20C AERCBIC M SS
*BB0024?11 <1.OE-1 20C AERCPIC M SS
*BRJJ25?11 (1.0E-1 20C AEkCITC M SS
rB30U11?11 <1.OE-1 20C AEQC!31C M SS

<, 0019711 (1 .E-1 20C AFRCBIC M SS
iBB.j314?11 <1.3E-1 20C IFRCBIC M SS
*B3Oiu2?11 <l.OE-i 20C trPC
*_0023J??1i <1.0E-1 20C AEAC
*BBJ02o?11 (1.3E-1 230 Ai FR

'3rNOu021?11 <1.uE-1 20C AEPC
bd0J272? (l<10O-1 20 C A E

4*B0022?1i <i.OE-1 200C AELC

Bd0029?1I < (1.)E-l 2CC AEPC2

N*I

V

N

M

M
P

SS

SS

SS

SS
SS
SS
3$

SS
SS
SS

54

__
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PSYCHROPHILIC AND PSYCHROTROPHIC "VIBRIO"

ICE

*BW oo3o?jU9

4dW003j9?09
aBwadu4J^9

3.5E I
2.5E2
3.5E

.Cf LFRCKIC
04C AEPCAIC
J4C AENC3IC1
v4C AF&SCIC

WATE ___

BWj04'?J,9 4.3E2 J4C

___ Oai?09 1,3E2 04C

'*B-W 30 43?J9 2.3 L2 )4L

*BWjOJl?09 3.3*E2 u4C

*sw0002?09 5.6E2 J4C

*BWjUj37?9 8.5EI 34C
^d'WO Ol 9 7 0 -- 2 -. b- - ---- ^

*iAWJO9?09 2.6E2 4 C

4RWJ335?09 4.4E2 4CG

SWuj2j?09 1.dEZ2 ~ 4C

_ BjOj36?09 ___ 1.7E2 u4C

3 VBW ud ?J '9 1'.2 7:2 4C

3BWO021?09 1.7E2 04C

*BaW347?Ut 2.4E2 u4C

*bWUJIO?j9 1.6E2 C 4

3 *OWdu2?Y 1.1E 4C

*'3WJO41jq9 3.6E2 A4C

%*WU0 6 ?9 2.3E2E 04C

3WOuOO4709 5.0E1 04C

*'BWJO0)j7J9 2.7E2 44C

dW0Jlpi?09 _ 1.6El 4 C

BwO012?u19 1.5EZ C4C
t*3WuJ28709 4.3E1 t04C
'BNOut77?9 1.5FI tA4C

3BW0O13?u9 1.5F1 C4C
#bwiZ29? 09 5. 0E u4C

*bWOu14,?09 7.5FO u4C

*BWJu23 J?u9 5.3E1 4 C

*BWul0S?09 1.5El 04C

*3sWOU15??V5 4.3E1 0 4C

*3B0Jl?099 3.0EI 14C

*3Wou247?9 6.0F1 04C
*3WO025?u9 2.3E1 t4C

3wUj.O3u?0 9 2 .3Ef1 ,4C
*RWO02709 <1,.1F1 'F4

*BJWOd31aJ (1.>E1 "'C
aWd3127709 (1.'Th1 r4f3

*uwoU33?09 .1.EL2 4C

4Bnwju340?9 5.01 1 4

A IRGIIC S TCBS
AFRCYIC S TCBS
AELP 0IC S TC3S
AFCBTIC S TCPS
AEPC'IC S TCHS
'AFPC P IC S TCPS
AFFCIIC S TCiS
AFIGAIC S TCBS
AERCFtIC S TC'HS

AEFCAIC S TCBS
AfFjrIIC S TCFS
AE;C'IC S TCRS
AERCHIC S TCHS
AEC '-sIC S TCBS
AFRCBIC S TC)RS
AF!CHIC S TCES
AERCHIC S TCRS
AERCAIC S TCeS
AEPO1 C S TC8S
AERCBIC S TCgS
AERCBIC S TCBS
AEPC3IC S TCBS
AERC>IC S TCBS __ _____

AfERCBIC M TCBS
AERCRIC M TCBS
4AEPRC1IC S TCBS
AFRC IC S TCUS
AERC(IC S TCSS
AER C C S TCBS
4AF PCIC r TCCS

AFRCUCG S TCBS
AFPRCIC S TCBS
AE-C3IC IV TCPS

AFRCd lC M TC"S

AE[C IIC S TCbS
tEFýrIC S TC1 S

AECniC S TCHS
AcECBTC S TCRS

55)

M TCPS
M TCBS
S TCBS
S TCHS

_ ~____CI____IIIII_____

Table XV



Table XV (cont'd)

SEUIMENT_
*BHd8UO?u9 <1.0CI C4C AECRG3

<BIdO 2?<9 <1.JE1 ,4C A RCH
t1SOOiS?u9 1.4E2 .4C AFRCrB

*880031?09 3.2EF3 04C AERCH
'Bia0167?09 2.3t3 A4C A EPC

B33•s05?2J _ 3.dE3 A4C AERC i

*r60007?09 1.6E3 04C Af kCi
0BJ017?J'9 6.)El 34C AERKCh

BBOOGU8?09 (<1.E1 .. 4C A RC
uBOOlId?09 2.3E3 04C AFRCB
*BR3,3?0 ~1.1E3 4C AERC!

MBu0uOJn?09 135E2 J4C AERCB
*i3ju5?J9 l.4F 3 '4C A&ERC

B$3JOO470'9 4.2r2 c4C AERCB
*Bh0006?09 l.6E3 04C AERCIH
*8300.9?U09 3.7E2 34C AERCB
*BBvJ1J?09 1.E2 04C AERCB
*88002J3 ?09 1.2E2 G4C AFRPC
*BBJ01J?09
*8BOO24?J9' BB0u2 5?09
*BJI005i?09
*8830011709
Bau0197?09

4BBJ014?09

3BO0U2 0709
^rBOO2b?@9

BO32 7i?7J9
•BBS,2Z?J99

~d3J0297?0J
V",0t0u0e8?c^9 "

IC S

IC S
IC SIC S

IC S

TCBS

TCBSTC13 S

TCBSTc (ITceS
IC 5 TCBS
IC S TCPS
IC S TCBS
IC S TCBS
IC S TCHS
IC S TCPS

S
S
S
S

S

TC3STC 3 S

TC8S
TCBS
TCBS

TCBS
TCI•S1.JE1 04C AFRCAIC S TCHS

1.9F2 34C AERC6IC S TCfS
1.4E2 04C AERC3IC S TCSS
4.,El 34C AERCBIC S TCBS
6.oE1 04C AFPCRIC S TCRS
3.0Ei 04C AERC3IC S TCBS
T. E2 -A C04 AcACIC, s- TCHS
7.OEI G4C AFkf3IC S TCHS
5.O1I ,4C AERCiIC S TCHS
3.8' I C4C AECtIC S TCBS
-1.- 2 . 4C AE• C T S I -- TC t S
4.2E2 -4C AERCHIC S TCPS
1.2E2 04AC AERCIC S TCPS
4.6E2 44C AEpCnIC S TC(iS
1.3E2 04C AEaCuIC S TCBS

;5

1$tBHJ0 U?3

.·~__~~i_··_i···r~_ ~~ii- -···i ii · · i. ·

-- ~- - i-- ·~
'- -..... Y ·- i

L- _111__II~~-_~._~~... __ilL___

I



Table XVI

MESOPHILIC "VIBRIO"

SAMPLE NO. COUNT
ICL
B*W0005?1U <1.0EO

*BWOJ38 1u 2.0Ei
*By00 3 9 ?1 _ 5.8EI

dwti00+?010 1,0OE1

CCNCITIONS

20C
2CC20C
2CC
20C

AERC;IC M
AERCBIC M'
AERCHIC M
AE CB IC M

WATER
*BW0042?10 1.El 20C AER.BIC . TCBS

4WO008_?LQ <(1.0E ZOC AFROGIC M TCOS
*BW0043710 2.5E0 20C AERC3IC M TCBS
*Rw)HOOJO? <1.0E3 2CC AERCI3C M TCRS

*BWuOu2?10 <1.0EO 0T AERCb'ICN M TCUS
*Bw0003?10 9.OEO 200 AERCIIC M TCRS
•B*Wuo019?1 <1.3E3 2OC AERCBIC M TC S
*8~'035?10 2.OF1 20C AFPCOIC M TCRS

4•0wj2J?1 <1.. i-.0 E- 2C AERClIC M TCBS
*3WO-3b?id 2.5E) 20C AMRCrIC m TCS_
*BW00097?10 2.0EO 20C AERCRIC M TCRS
*8_o00217?1 <1.E0 2CC AEPCBIC M TCS
*BWU~OJ7?1 1.OE1 QC -AENROIC U TCBS .

*BWOLO?o1 1.0___ 20C AFFC'iIC Y TCBS
*'RWJ22?10 2.5Ev 2 P0C 3AERIC M TC3S
*BW3Ji41?7j 5.0EU 20C AFPRCHIC M TCI!S
*BWUa0006?O 1.OE 20C AMRC31C M TCBS
*8BWQJO4?71 5.OE2 ZOC AERCBIC M TCPS

*BW0007?I1 <I.OEO 20C AERC-IC M TCBS

*bW•Ol11? 1,OE3 20C AERCRIC M TCBS
BWO0]L2?.1 5.0EO 20C AERCBIC M TCBS

*BWO028?71 2.5FO 20C AEPECIC M TCPS
*8WOU17?10 <1.0E) 20C AERCBIC M TCBS
*BWU013?10 2.0EO 20C AFKC3IC M TCBS

*B,-0029?1u <10EO ..0 2-0C AER C31BC-M' CB-S"'

BaWO014?1u <1.0EO 20C AERCBIC M TCBS
*BWOj23?10 <1.0-E 20C AERC IC M TCBS

*BW0018?1O 2.5E0 2CC AERCBIC M TCBS
*3B5U16?lo 1..3E 20C AERC IC M TCBS
*BWOOi6?lu 1.0E1 20C AFREriIC v TCBS

*BWO025?70 7.50E
4 wJ3'i 1O? 0 2.5 ED
*BwO026_?1 <1.0EO
*BWO0031?1 2.50E
*BW0027?1J <I,0EO

ByWJJ032?10
*BWOu33?10
*BWOJ3471f

20C

ZGC

20C
20C

5.8A1 2ŽCC
<1..EO 2CC
5.0EO ZiC

AERCL31C
A ^ P C H I CA RC IC
"EKC? fC
AfPCaICt

AFRC3IC
AFRC 3C
AERCs IC
AERCtIC

"AERCBIC

M

M

M'
M
M
M
M

TCBS

TCBS

TC s
TCR S
TCBS
TCtiS
TCBS
TCiS

57

TCBS

TCHS

TCBS

-~i·- I

- II- -



Table XVI (cont'd)

SEDIMENT
4*1BB0J31O1u <1.OF 20C AFRCi
*883002?10 <1,OEO 20C AFFC

ij3J801i51j1 2.03 2CC AERC
*BBOU31?i_ 4.8EV 20C AERC
S80 Q16?10 <1. OE 20C AE C
_ 88_B327?1 4.8E1 20 C AE R C I
*t BB00071iJ 5.4C0 2CC AERCI
*80017710 1.2EI 20C AERC!
*Bduu 1? 0 1. 3E.) 20C AE RC
*BB0018?10 1.1E2 20C AERFC
*88J00331u 5.50' 2CJC ACRCE
*)BjJJ3?10 2.OF1 20C AERCi
*Bb30035?1 <1.0EO 20C AfRCi
_630004?1.0 2.6E2 20C AERCI

BHJUJ6?10 <(1.E3 20uC AFRCt

B80009?10 4.2EE1 2CC AFxC
*BBJJ11j?l 2.SE) 20C AEkRC
*BbOJc3?iu 2.8EI 20C AERCf
*B60013?10 <1.0EO 20C AFRCI
BB0024?iJ <1.nO50 20C AERC

*BB0uJ25710 7.3JE 20C AEPCf
t860011?10 7.5E2 20C AFR-CF

* B4u191? <1. E 0 20C AEC
*Bb0014'1U 9.5EO 2CC AERC;
BdBO?1210

3u-026U6?10J
*B B U 021?1 _

3B60027?iVu
*880022?10
*Bbu026?1J
*380029?i10
"B5od30 ?1i

3.3E)

<1.3 E
L<.JFO

<1.0EO
<1.OE.J

__ <l_.LBO

2CC AERC3IC
20C AERCRIC
20C APFRCIC
20C AEPCBIC
20C AF-CIICC
20C AFRCSIC
20C AEFCBIC
20C AFPRC6iC
2)C AERCPIfC

rIC M TCPS
JIC M TCBS
BIG M TCBS
BIC S TCBS
HIC M TCHS

JIC S TCBS
iIC S TCRS

HIC S TCBS
I1C M TC5S
RIC S TCCS
3IC" M TCRS

GIC S TCBS
IGC M TCRS
UIC S TCBS
31C M TCBS
HIC S TCRS
3IC M TUCBS

GIC S TCHS
:IC M TCBS
HIC M TCHS
3IC M TCHS
ITC S TCOS
BIC M TCRS
IIC-M T1CRS

M

M
MM
B

'x1

TCBS
TCRS
TCBS
TCoiS
TCBS
TCHS
TCU3S
TCBS
TCRS

II



OIL-UTILIZiNG PSYCHROPHILES AND PSYCHROTROPHS

SAMPLE NJU.
[CE

S-3BWOU 5?713
- iBWu3d?i3
*W 03'9713

COUNT

<1 .0E0
7.661
1.2EO

CCNCITICNS

Z40 AERCNIC N CIL
04C AERCOIC M CIL

C4C AFPCHIC M CIL

*dWJO4J?13 1.OEl C4C AE

_ ATER
*8WU04Z?13 C.8EO C4C AF

*BWOJud?13 <1.0•5 04C AE

*3woO43?1 C.8EO C4C AE

*BWJ01?13 <2.OEl C.4C AE

*BW0002?1.3 3.1E C4C AF

•d0UJ37?13 2.6E1 .04C AE

3BW00L3513 <1.0EO t4C AF

*3WOQ35?13 (1.300 J4C AF

*B0020?i3 <1.J0E
*BWOJ36?71 <1,0E0
*BW0009?13 2.5E1
*BW0021?13 <1.,EO
*BWOl37713 <1.0E0
*BWOU1J?13 <1.0E0J
*8WJ022?13 <1.OEO
*BW0041?13 <1.CEO
*8tv0J6?13 <1.0EO

*BWOU04713 1.3E1

*dW0007?13 <i.OEo
*BW001I?13 <1.00EO

*BWOO12713 <1.0E0

*6w0021713 0.1E0
* 3 W00 17?3 1.1. E
vBW00i3?13 2.E1
*BW0J29?13 6.2E0
*BW00L4?13 <1.0ý 0-
*BWO2U3?14 2.2EJ
*SW0018?13 <1.uE0

*BW00U6?13
»BWOO24?IJ

*BW0025?13
*tBWOO3u?13
*Bw0026?i1
*dWU031713
*RWuO27713
*BWJ0327?13
*3W0033?13
*Wu0 347 13 j

6. 7E1
4.5EI

.1E I
U.IEC
2.7E0
C.4EO
3.4E0
3.2E0

<. 3f)
3. F)E

04C At
04C AE
C4C AF
C4C AE
04C AE
04C AE
04C AE
04C AE
(C4C AE
04C AE
L4C AE
J4C AE

U

4-;CbIC M CIL

:PC. IC M CIL
RCBIC M CIL
sRCHIC M CIL
RC3BIC M CIL

TPCBIC M CIL
RiRCI, IC M CIL
R:FCC M CIL

RPCbI• C N CIL

RCBIC M CIL
RCHIC M CIL
-PCHIC M CIL
RCBLIC M CIL

RCb•IC M CIL
pRCIC M CIL
P:CBIC M CIL

PCOIC M CIL

CRHIC M CIL
RCRC MI CIL

44C AERCBIC M' CIL
04C AERCHIC M CIL

04C AECHIC ~CIL

C4C AERCBIC M CIL
,40 AEFsFC•IC M CIL
34C AERCBIC M CIL

34C A.Fr C IC .. CIL
u4C AFRCOIC CIL

C4C ALtIC3IC M CIL

44C AFPCLIC M C Lt

C4C AERCOIC M CIL
Q04C AECOBIC M CIL

04C AERFCIC M CIL

;4C AERCBIC I CIL
'4C AEPCBIC M CIL

59

04C A

-
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I

S&D IMzNT

BB0002713 1.0EIC

*8B0031713 <IOEO
*Bd;JO16?13 1,4E3
*B30032? 13 3.5 E

300B0771?3 1.5E3
*SB0Q17113 1.0E2
*88u008?1l 3.CE2
*kt0010?13 1.0h2O
*8B033713 1.7F1
SBB00031 ?I 9.El

*bBOOU4?13 5.0E3
*BB6jJQ6?13 3.4E3
*886U9?1?3 1.3E3
*BBJ10?713 6.1E2 04C
*B30023713 7.3E1 04C
*8uj013J?13 4.0E3 040
*ta2O4?713 2.E2_ u4C
*Btoo?25?13 <1.OEO 04C

,4C AEPRC IC M CIL
24C AERCBIC M CIL
4c AERCHIL NI CTI

sAC AERCOIC P CIL
)4C AERCHIC M CIL
04C AFRCQIC P CIL

. .C .C A E R EC {•IC .. C IL
34C AF•CBIC M CIL
G4C AFRCCOIC M CIL

04C AFRCRIC M CIL
040 AF-fRIC ý M CIL
04C AERC'IC M CIL

04C AERCBIC M CIL
u4C A REPCIC V CIL
'4C AERCBIC M CIL

AE
AF-
tAE
AEI
AEl

*BBU38 1?13 4.1E3 04C AEl
*800 19713 9.ZF2 04C AFI
*BO0147?3 1.3E3 04C A-I
*880012?13 7.0E3 - 4C ,AF
4BJQ020?13 3.8EI C4C A F
*880026?13 <1.)OE0J 4C AE
*B60021?13 2.4E2 04C AEl
*830027713
*Bd8022?13
*83U0,d?LI
*830029713
*880BB3J13

<. OEO<1. IFO
S1.1E2

<1.0EC
1. JE••

04C
04C

04 CGi4CL:54 c

AF
AEF
AFt

AEI

RCBI

RCBI
PC3 Ir C 3 I

hC')I-RCOB I

RCBI

CH I
PCI 31
'PCI.~~ C (

C
C

C
C
C

M

M

CIL
CIL

CIL

CILCIL
CIL

C M GIL
C M CIL
C M CIL

C M CIL
C M OILL ______C
C
r

CC
C

CIL
M IL
M CIL
I GIL

SCIL

G0

~3_11___ _ ~II_

- II I--^I

Table XVII (cont'd)



OIL-UTILIZING MESOPHILES

SAMPLE NJ._
ICE

sBWoujj5?14
4W00398?14

4 WOO 39? 14

C 'LNT

<1.308
2.3F-
2.0E03

btWJ040?14 5.2F1 21uC AE

WATER

6*BWo42?14 2 .Vo0 20C AF

F3W0008?14 6.1E1 2C AE

*BRW;U43?14 0.7EYj 2uC AE

*BWtU01?14 2.0%E 2CC AF

S'3WOOOju? 14 3.> cl 20C AF

___ WU03?14 2.uEl 2Cc Al

*Bd.19?214 6.2E0 Zu, AE

iBwdUJ33S?4 8.1EU 2jC AE

*0w U J,2u? 14 3.0E) 20C AU

*BWtOO36?1 0.5E0 20C Al

ddjJj9?14 1.3E1 2CC AI

_ BW 100 I? 714 1.3 C 200 AE

*W3,0b37?14 0.510) 20C Al
Bri?3ul?14 6.3EO 2t0C AF

*B 0£?l214 0.8E0 2CC AE

*BwUU41?14 2.0EO 20C AE

+uBWO»14 1.0E2 2CC AE

__iWuU47?14 1. 71 20C AF

IWOJJi7?14 L.OE2 20C AE

*d0J1li?14 4.8E3 200 AF

*BW0012?14 4.0ED 20C A

*RW0928?14 1.1E3 2CC A

B0J017 ? 14 1.0 J 200C A

*bw0013?14 5.OEG 2CC A

RWOU9 ?14 0u.6 U 20C A

*BWOJJ1?14 2.5r0% 2CC A

-t6OO23?14 1.OEO 20C A

*3WoU18d?14 5.2E' 20C A

*BWUJ15714 1.1E1 20C A

f WO O 16?1 4 __ 3.SEO 2uC A

P4W0024? 14 1.30E!) 20C A

*BW0025?14 2.JFO 2CC A

48WJ03U?14
*BWO26? 14
*BW0031?14
*o__ 0 27?14_

W uJ 3d?2 4
*BW0033714
*bWUJ 34? 14

0 .1 E
7. EO
0.2100

<1 * E

1.0 FO'
0. 2 F0 C

61

IC ITIC NS

ERC- IC CIL
'PFC7IC M CIL
:R:CIC t" CIL

RCBIC M CIL

GiCBIC M CIL

RcrIC M i1L
IC. FM FIL*P(OILC ._ CIL

NIC ^ CIL

'C1 IC N CIL

RIC'ý I M CIL

pCrITlC' P CILOCI40 N C CL

RCi IC 1 CIL
TRC1C M CIL

* CIG I C M ICTL_______

RCHIC M CIL
PPC IC M C IL
RCTIC -' CIL

RC3IC M CIL

:RCf AIC C IL

:rCMIC M CIL
RCAIC Y C Lt

-CcinIc C CIL
R1CBIC M CIL
R0c6IC M7 COIL
;C IC M CIL

PC1EIC M rlL

:PC>IC M CIL

P:C IC M CGIL
:CbIC 

M CIL""

RC'lIC " CIL

kRCPIC M CIL

kRCIC M CIL
ICRIC N CIL

PCOIC M CIL

0.7E0 ? )C AERC II C M CIL
I

Table XVIII
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4BBOtJU ? 14

*BBOO31?14
*BI J ul ? 14
__8BUJ02?14

#Nrsh007? 14
BHuOOT?1i4

SBB0018?14l

*B6uJJ03? 14

B8d0ujo4? 14

#BBOOjj?14

1.4E1

I. 4 E I

7. IF?
7.0F1

1.4E2
1.5-2
2,7E2
4.5Ei1
1.3E2
4.161
3.4EZ
2.1E2
1.1E2

-RCHIC M CIL
e[Ct IC M CIL
•RC.IC M EIL

FPC('IC M r LL
cTC I C. L

_C;hC HG CILFRCiIC M GIL
ERC iIC YM CIL

ECIIlC MA CIL
E i CBIC i M ILRCC IC M C IL
RPCB-IC TA CIL
P:rIC M CILFRCBIC M TIL

FCBIC 3 ' CT IL
FPCE IC M CIL
~ • cI C c I .L .
:Kc I c v CI!L

BBOOljj4 6.5e1 20C AFRCHIC M CIL
_ BB0023?14 3.2E2 2CC AFRCBIC M CIL
8800J13?14 2.5E2 20C AERCBIC M CIL

*BH0024?14 2.6E2 2CC AEPCBIC M CIL
880025?14 2.4E2 2C AFRCBIC- M CIL
BBU011?4 8. 83E3 20C AFRCBIC M CIL

tJ600i1914
*80014?14
'8Bu0012?14

830020?1 4
I8•BOu26?14

*BOU2i?14
*BB0027?14
_BBJU22?14
.BBOO28? 14
*BBOO029?14
IBBOJ30?14

4.2E1
1.5E2
7.OE3
7..6E1
8.0El
6.4E1
6.2E1
1.2E1
5.4 F-
8.4E1
2.7E2

20C AFRIC IC
2CC AEPCHIC
20;C AF PCiIC
2CC AERCGIC
2C AERGOIC
20C AFkRCIC
ZCC AFRC IC

20.C AFRrIC
2CC AEPUEICG

V CIL
M CIL
" CIL
M CIL
M CIIL
M CIL
" rIL
M CIL

M CIL
M GIL

_ 1____1_

Table XVIII (cont'd)



Table XIX

NUMBER OF ISOLANTS BY IOCATION

4C
Water

4
28
13

2
23
25
25

Sediment

5
29
24
24
25
25
24

F *

20C

1
2

10
30
55
70
71

Water

24
24
25
19
20
21

Sediment

24
22
24
24
25
24

Station



Table XX

NUMBER OF ISOLANTS BY LOCATION

Station 4C 20C Water

1
2

10
30
55
70
71

0
48
46
49
43
45
45

Sediment

5
53
46
48
49
50
48

Total

9
105

83
75
91
95
94

·-·--- ~-=-~-I

9
57
37
26
48
50
49

4
52
37
27
42
45
46



TABLE XXI

NO. OF ORGANISMS TESTED

lORPHOCOGY

Non-pigmented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PHYSIOLOGY

Capable of
Capable of
Capable of
Capable of
Capable of
Capable of
Capable of
Capable of
Capable of
Capable of
Capable of
Capable of

NIJRITIONAL
Capaole
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of

growth
growth

graothgrowth
growthgrcwdx

growth
growth
growth
growth

growthgrOwrth

at 5C
at 1i0
at 15(
at 20(
at 37;
in pr
in pr
in pr4
at pH
at pH
at pH
at pH

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

esence of 3% NaC1
esence of 5% NaCi_
esence of 7.5% NaCl_
4 or pH 5
6
7
8 or 1p 9

carbohydrat
amino acids

.es

alcohols
phenol
carboxylic acids (TCA cycle)
fatty acids

Capable of utilizing pyruvic acid
Capable of utilizing acetic acid - -
Capable of utilizing benzoic acid
Capable of utilizing hydrocarbons
Capable of utilizing hydrocarbons at 5C in presence of
Require growth factors (vitamins, amino acids or unknowr
Amino acids and yeast extract serve as growth factors

(vitamins alone ir
Require unknown growth factors
Vi -tarmini n c-rve as crcwt4h fA-rfnr

4C
Water

Isolants
1 )f

18

79
0

23

116
115
104

1
98
84
32

94
152

110

84
56

0
41
31
36
24

0
I
1

115

30
6

7Q

4C
Sedirent
Isolants

1i f

70
58

4
24

152
151-

85
0

142
106

31
115
135
137
146

99
84
58

1
76
42

77
26

0
2
2

118

29
8

20C
Water

Isolants
1 :-:

8337

0---
13

127
127
128
-

10
126
120

81
68

128
128
128

115
103
108

I
109
107

97
99

6
5

110

5

20C
Sediment
Isolants

4565

1
32

136

138

6
137

91
48

105
141
137
139

3

123

15

Ri q7

73
61
51

0
62
56
55
40

5
3

~ ___ · ___ j
156 ---

18 70---

23 24

---------

I I I__

34 ---- ·-------- ---- ~--
__

Ri q7

-------- ~-----

-

t---------

. 29
8

1 - - 1 H

83 45

0 1
13 32

C

8 or pH 9

140

3d

6

110 123

8 53



TABLE XXII

NO. OF ORGANISIS TESTED

M3RPHOLOGY

Non-pigmented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigmcnt not recorded

PHYSIOICGY

Capable
Capable
Capable
Capable
Capable
Capable

S Capable
Capable
Capable
Capable
Capable
Capable

NUTRITIONAL
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of
of
of
of
of
of
of

growth
graoth

graoth
graowth

growth
groath

growth

growthgra.th
growth
growth
growth

at
at
at
at
at
in
in
in
at
at
at
at

utilizing
utilizing
utilizing
utilizing
utilizing
utilizinq
utilizing
utilizing
utilizing
utilizing
utilizing

5C
10(
153
20(
37(
pr
pr
pre
pH
pH
pH
pH

C

esence of 3% NaCl
esence of 5% NaCl
esence of 7.5% NaC1
4 or pH 5
6
7
8 or pH 9

carbohydrat
amino acids

:es

alcohols
phenol
carboxylic acids (TCA cycle)
fatty acids
pyruvic acid
acetic acid
ba-zoic acid
hydrocarbons
hydrocarbons at 5C in presence ot 3% NaCiRequire growth factors (vitamins, amino acids or unknown

Amino acids and yeast extract serve as grcwth factors
(vitamins alone inRequire unknown growth factors

Vitamins serve as growth factors ___

4C
Isolants

276

RR_
1 . V7

4
47

266
189
1

240
190
63

168
229
239

S183
140

92
I

73
113

Sn--
0-

3

3--:233

59

20C Water
Isolants Isolants

276 253

12
-102

1
45

263

266

16
263
211
129
173
269
265

138
169

159I
171
163

152
152
139 2

11

8

61
-"fl

Al-- -

101
in;

36

243
243

--

11
224

204
113
121
222
230

199
164
142

1
150
133

6

7
6

38

- -U----

Sediment Total
Isolants Isolarts

299

115
123

5
56

289
--

6
279
197

79
220
276
274
285

172

145

1 9l
1--

13898
132
132

66
r

5
5

82
23

552

216239

92

532
--
17
503
401
192
341
498
504

171
309
251-^-JL - -

288

265
^je

1LN -

12
1-

120
4t

160 152 1 7~ 1 ~ 219

M M - M-

--- - -- -- ~I-------

---
` -

-------- ---------- --

133 J^ _' _

14 ZU JA 31 ~4

160 152 176 l3 139

r, - -

-- -

152 176 136 312*-

R8 128 101 216
17 q 102 116,

0 5

C
263

268 267 292 535

o 256 267 238 523

159 4 n I109 3CI

1 1
1i/ 150 138 288

138 2:W
152

1I3qn 152
0 13 I 123 3•»• f
3 11 c; 11

3 9 7 5 12
6 5 11

82 120



TABLE XXIII

EORPHOIOGY

Non-pignented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigmrnt not recorded

of
of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of
of

growth

growth
grcwth
grcx'ith
growth

growth
grcmthgrowth
growth
growthgrowth
grow;th

PHYSIOLOGY

Capable
Capable
Capable
Capable
Capable
Capable

" Capable
Capable
Capable
Capable
Capable
Capable

NUTRITIONAL
Capable
Capable
Capable
Capable
Capable
Capable

at 5C
at 10
at 15
at 20
at 37
in pr
in pr
in pr
at pH
at pH
at pH
at pH

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

C
C
C
C_
esednce of 3% NaCl________________________
esence of 5S NaCl_
esence of 7.5% NaC1

4 or pH 5
76
7

8 or pf 9

carbohydrat
amino acids

es _

alcohols
phenol
carboxylic acids (TCA cycle)
fatty acids

% ISOLANTS
4C

32
50

1
2

97
96
68

0.3
87
69
23
61

'-87

93

66
51
33

0.3
42
26

Capable of utilizing pyruvic acid 47
Capable of utilizing acetic acid 1"8 ...
Caabl.e of utilizing benzoic acid _
Capable of utilizing hydrocarbons__ 1
Capable of utilizing hydrocarbons at 5C in presence of 3% NaCl___ 1
Require growth factors (vitamins, amino acids or unknoýn)) 84
Amirn acids and yeast extract serve as growth factors

(vitamins alone insufficient) 21
Require unknown gr-wth factors 5

20C

46
37
0.3

16

97
96
--

6
95
76
47
63
97
96
r97

61
58

0.3
1 62

55
50

3
3

84

22

Water

40
46-

0
14

96
96
--
4
88

81
45
48
88
91

94

79
65
56

0.3
60n
55

53
49

Sediment I

38
4'----

2
19

98
97
-
2

93
66
26
74
92
92

58
48
36

0.3

32_

44
22
22

21 2

S2
2

89 8

15 1 27
/ 4 1

4 8

Total

39
431
17

97
96
--

3
91
73
35
62
90
91

67
56

4;
0.3

43

48
34

2
'*1

2--
84

----

_ _ - -

-- - =_
.

f ^-
r
-'---

---

2

89 81 84

15 27 79

/

,

4 8

~ ----- '--

Pign~~~nt no ecre

40 38 39
46 41 43

I

• or p• 9

95

93 Q9 95

alcoholsphenol

349 45

52

4 2 2 3



Table XXIV - STATIMO 1

NO. OF ORGAIS'S TESTED

M-DIHOLOCY

Non-pigmented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PFHYSIOL=GY

of
of
of
of
of
of
of
of
of
of
of
of

grath
growth
grcwth
grao.th
groCwth
grrowth
gro-..th

growth
gracth
grcwth
growth

at
at
at
at
at
in
in
in
at
at
at
at

5C
10C
15(
20(
37(
pr
pr
pr
pH
pH
pH
pH

esence of 3% NaCl
esence of 5% NaCl_
esence of 7.5% NaCI_

4 or pH 5
6
7
8 or pn 9

N'TUTrRlfIT~I~IA

Capable of
Capable of
Capable of
Cazable of
Capable of
Capable of
Capable of
Capable of
Capable of
Ca-able of
Capable of

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

utilizing
utilizing
utilizing
utilizing
utilizing

carbohydrat
anino acids
alcahols
phenol
carbo:xylic
fatty acids
pyruvic aci
acetic acic

es

acids

d
d_______________

(IiCA cycle)

oenzoic acid
hydrocarbons
hydrocarbons at 5C in presence of 3% NaCi

Re;aire grroth factors (vitamins, arino acids or unknwcm
-aino acids and yeast extract serve as growth factors

(vitamins alone irn
Require unkrnon grca-th factors
Vitamins serve as grorth factors

Water

4'

.0
2
n
2

4
2
0
4
4
1
3
4
4

3
3
3
1

0
I

2

1

0

a3- -

1

0

Sediment

5

1

4
n
A

--5--5

5

50
2
1
4
5
5

5

4

2
0
.-

2
1

0

0A

0

2 5

Water

0

Sediment

0

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

CO1

~I

--
--
--
--

I
--

I

c

c

c

--

I

i

_11
2 5

I 5

--

4C 20C

4 5 0 0

.0
2 4
n n
2 n

4

4 5

1 2
n n
1 1
1 2

n 0

0 n
3 5

0
n



NO. OF ORGANIS.S TESTED

'IkRPEOLOGY

Non-pigiented (gray) colonies

Table XXV - Station 1

Produce non-diffusible pigment
Produce diffusible pigment
Pigent t t recorded

PHYSIOLOGY

Capable

CapableCapable

CapableCapableCapable

Ca.able
Ca-eble
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

groath
growth
growth
growth

growth

growth
gra.-th
grc.wth
growth
growth
growth

at
at
at
at
at
in
in
in
at
at
at
at

5C
o10C

15C
20C
37C
pre
pre
pre
pH
pH
pH
pH

sence of 3% NaC1I
sence of 5% NaCl_
sence of 7.5% NaCI_
4 or pH 5
6
7
8 or pH 9

NUIRITIONAL

Capable of utilizing carbohydrates
Capable of utilizing amino acids
Ca-able of utilizing alcohols
Capable of utilizing phenol
Capable of utilizing carboxylic acids (TCA cycle)
Capable of utilizing fatty acids
Capable of utilizing pyruvic acid
Capable of utilizing acetic acid
Capable of utilizing benzoic acid
Capable of utilizing hydrocarbons
Capable of utilizing hydrocarbons at 5C in presence of 3
Require gro~th factors (vitarmins, amino acids or unkncow
AIno acids and yeast extract serve as growth factors

(vitamins alone in
F£e.ire unkr-nn growth factors
Vitamins serve as growth factors

9

6
0
2

9
9
7
7
0
0
6
2
7
9
9
q

8
7
3
0
2
3
4
2
00
0
8

1
n

0
4

0

20
2

4
4
2
0

0
1
1
2

1
0
0
0
3

1
0

5

1

4
00

5
5
5
0
5
2
1
4
5
5

5
4

2
0
1

2

1
n0
0

5

0
0

9

1

n *
2

9

7

9
6
2
7
9
9

8

73
A

2

-2--0

A
-. 0 ... i* -

1

f)
7 25

4C 20C Water Sediment Total

I T

4

3
3

4
4
1
3
4
4

10

_

2 5 7

---

0 0
-

4 5 9

1.
2 4

n0

%

1
I

8 or pH 9

0

5 9

1 2
n n

3
9

9 4

0 n
o

n

7



Nn. OF ORGNISES TESTED
Table XXVI - Station 1

Non-pignented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PHYSIOLOGY

Capable
Canable
Capable
Capable
Capable
Capable
Capable
Capable

Capable
Caoable
Capable
Capable

0

N-JTRITIONAL

Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of
ofof

growth
grjoth
gra-rth
growth
growth
growth
growth
growth
grow.th
growth
growth
growth

at
at
at
at
at
in
in
in
at
at
at
at

utilizing
utilizing
utiliziing
utilizing
utilizing
utilizing

5C
10

15

20
37
pr
pr
pr
pH
pH
pH
pH

C
C
C
C
esence of 3% NaCI_
esence of 5% NaCi_
esence of 7.5% NaCI_

4 or pH 5
6
7
8 or pH 9

carbohydrat
amino acids
alcohols
phenol
carboxylic
fatty acids

Capable of utilizing pyruvic ac
Caabloe of utilizing acetic ac
Capable of utilizing benzoic a
Capable of utilizing hydrocarb
Capable of utilizing hydrocarb
Require growth factors (vitami
A-ino acids and yeast extract

ReF•~ire unkrnom graoth factors
Vitamins serve as growth factc

acids (TCA cycle)

cid
id
cid
onss
ons at 5C in presence of 3% NaCI
ns, amino acids or unknown)
serve as growth factors

(vitamins alone insufficient)

4C

11

-a-

100
100
78

0
100

66
22
78

100
100
100

89
78
33

0
22
33

44
22
0
0
0

89

11
0

78

20 C

Percentaae
Water

50

0

50

100
100
50
0

100
100
25
75

100
100
100

75
75
25
0

25
25

50
25
0
0
0

75

25
0

E n

Sedh nt Tlotal

20
80
0
0

100
100
100
0

100
40
20
80

100
100
100

100
80

40 -
0

20

40
20

0
0
0

100

0
0o

"0l f\n

I~~

11l
66

022

100
100
78
0

100
66
22
78

100
100
100

89
78

330
22

44
22
0
0
0

89

11
0

*701

-- 1
--------

~I

-
-
-
--
--
--

--
-

--
--

-
es

.

33

*70ors 78 1;( ^
--

Ino

-1--- -- Iv

0 20 11
80 66

0 0 0
79 050

8 or pH 9

--
334Q

25- 20
40



NO. OF ORG-A•ISS TESTED
Table XXVII - Station 2

Non-pigented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

P.7YSIOLi; Y

Capable
Capable

Capable

Capable
Capable

Capable
Capable
Cacable
Capable
Capable
Capable

of
of
of
of
of
of
ofofof
of
of
ofofof
of
of

grc•th
gro*th
grc.tdh
gra•th

gra--thgroath

grcwathgro.-eth
growth
growthgrowth
gravth

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
2C
37
pr
pr
pr
F-H
pH
pH
pH

C

IC
C

-esence of 3% NaCl___
esence of 5% NaCI
esence of 7.5% NaCI_

I 4 or pH 5
16
17

S8 or pH 9

N\~'r?;ITTfI \i~~FL

Capable
Capable
Capable
Capable
Ca-able
Capable
Capable

of
of
of
of
of
of
of

utilizing
utilizing
utiliziing
utilizing
utilizing
utilizing
utilizing

carbohydrat
arino acids
alcohols
phenol
carboxylic acids (TCA cycle)
fatty acids

pyruvic acicI
Cap-zle of utilizing acetic acid_
Cap:ble of utilizing banzoic acid
Ca-able of utilizing hydrocarbons"
Ca able of utilizing hydrocarbons at 5C in presence of 3% NaCI
P~r-ire grow•th factors (vitamins, amrino acids or unknown)
-2-ino acids and yeast extract serve as groth factors

(vitmirns alone insufficient)
F.eqire ur-.knŽ n grwth factors

Water

4C 20C

28

10
14

0
4

~ecdiment
29

19

4
0
6

25 29
25 28
20 10

0 0

20
17

7
5
17
20
21

28
17

3
18
26
27
23

15 21
16 14

S 1 17--
0

13
11
11

14

1
17

4~0~~

4
0
1
1

25

9?
Vitam-ins serve as grcwrth factors

4
8

Water
24

3ediment
24

2

9

18

6^-
00

24
24
24
--

1
24
23
11
10
24
24
24

23

13

20

013

24
24
24

1
121
8
1
9

24
23
22

6
4

20
3-c -- -
4
9

2
0
0

23

13
e;

0
21
20

19

19
0
0
0

22

0

1

~-----

0 0
~---------- -- I

es

I

~---1 -----

Vit•rd•-• sez-•e as gr•,,•_h factors

----
11 20 4

7
0
0
0

25

8
S

-- 18 22 4

- -
6 9
0 0

• 8orpH 
9

a!c•hols•nol

20 2
A

3



NO. OF ORG-ANIS:S TESTED
Table XXVIII - Station 2

NDRPHOLOGY

Non-pig-ented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PHYSIOLOGY

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

gra.th
gro'th
growth
growth
grc.%th
growrth

growth
growth
gra.vth
growth

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
20
37
pr
pr
pr
pH
pH
pH
pH.

C
C
C
C
esence of 3% NaCi
esence of 5% NaC1i
esence of 7.5% NaCl

4 or pH 5
:6
:7
I or pH- 9

KNUTRITIONAL

Capable
Capable
Capable
Capable
Capable

Capable

of
of
of
of
ofa
of
of

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

carbohydrat
amino acids
alcohols
phenol
carboxylic
fatty acids
pyr•uvic aci

acids (TCA cycle)

Capable of utilizing acetic acid
Capable of utilizing benzoic acid
Capable of utilizing hydrocarbons
Capable of utilizing hydrocarbons at 5C in presence of 3
P-quire growth factors (vitTains, airno acids or unknown
7-dno acids ard yeast extract serve as growth factors

(vitamins alone in
Paquire unkný=nm grawth factors
Vitamins serve as growth factors

49 53 10552

28
20

0--

21 49
13 33

0--- 3
19 23

43
42

1
49
25

4
27
50
50

102
101

2
93
65
22
42
91
94

20
15

0

13

48

48
48

--if
45

-i-a

19
48
47

29
127
22

A

24

24
28
21

A

58

29
18

0

10

54
53
30
0

48

-I0
23
43-
47

36
|30
J3SL

1
in

15
19

1
n
1
1

13M

32

27
18

65
47
50

4

49
49

1
44
40
18

41
44

38
29
31

0

34

31
30

0

J
47

I

12
I36

19
1 1

20

8 139

17
~~~6~~ 37

1

A

1

13

1I

'1
4Q

C
26

1 iRY-

Q

22

'1

58

-

--

es

54

mi
1 36 22 58

13

-- ~---------
-

-- 26-..

4C 20C rater !ediment total
49 52 53 105

h.

0 0 0
4 1Q 23

I

• orpH • 44 4tA 4d A4; 90

22 1q
1 0n n 1 1

74 34 70 54

15 24 31 8 139
Id 28 30 17 47

11 21

n n n n

n n 1 I

A7 AQi~n An

I R ia

c -a 0



NO. OF ORGa•NISM TESTED

~~DPHOLOGY

Non-pigrented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigrent
Pigrent not recorded

Table XXIX - Station 2

PHYSIOL•GY

Canable of
Capable
Capble
Capable
Capable
Capable
Capable
Capable
Caeable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of

growth

growthgrapth
growthgrroth
growth

growth
gror.wth
groith
growth
growth

at 5C
at 1o
at 15
at 20
at 37
in pr
in pr
in pr
at pH
at pH
at pH
at pH

C
C
C
C
:esence of 3% NaCI_
:esence of 5% NaCl
esence of 7.5% NaCi_

4 or pH 5
6
7

I 8 or pH 9

NUTRITIONAL

Capable of utilizing carbohydrates_
Capable of utilizing amino acids_
Capable of utilizing alcohols_
2Caable of utilizing phenol

Capable of utilizing carboxylic acids (TCA cycle)
Capable of utilizing fatty acids
Capable of utilizing pyruvic acid
Catable of utilizing acetic acid
Capable of utilizing benzoic acid
Ca•zble of utilizing hydrocarbons__
Ca-able of utilizing hydrocarbons at 5C in presence of 3% NaC1
Require growth factors (vitarins, airino acids or unlknwn)
Žrino acids and yeast extract serve as groFth factors

(vitamins alone insufficient)
PN-uire untknvwn graoth factors
Vitamins serve aS growth factors

4C

51
32

0
18

95
93
53
0

84
60
18
40
75
82
77

63

52
67

2
53
26
33
19

2
22

88

23
9

Percentaae
20C IWater

42
31

0

27

100

100
100

4
94
64
25_
40

100
98
96

60

46
0

50

58

44
0Q
0
0

94

27
12

54
38

0

a

94
94

2

85
77
35
29
79
85
87

73

56

600

58
50
0
0
0
90

15
6

Sediment

40
25

0

36

100
98

2
92
47
8

51
94
94
85

51
34

3'6
2

32--~-

32
11

0
2
2

91

34
15

Total

47
31

0

22

97
96

2
89
62
21
40
87
90

62

45
48
1
- I

45
30
0
1
1

90

25
10

42

=j

-- - -·

--

~

60 15 '17
Capable of utilizing carbohydrates
Capable of utillz!ng e_.•nino acids
Capable of utilizir•g a!c•hols
Ca•-•able of utiliz•_n• phenol

__
»56 54 69 55

- -

Pi•-•nt not recorded 27 8 36 22

[4 8 or pH 9 86

<

(
(

I

FQn 36 4R

4R 51
50



Table XXX - Station 10

Non-pigented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigent not recorded

PH-YSIOIDGY

Capable
Ca-able
Capable
Capable
Capable
Capable

Capable
Ca-able• :  Capable
Capable
Capable
Capable

NJTRITICNAL

Capable
Capable
Capable
Capable
Ca--able
Ca-able

Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of
of
of

of
of

gr owth
grcath
gra~.th
grow.rth
growth

gro.-.-th
growh-
growth
grcwth
growth
groath
grc.roth

at
at
at
at
at
in
in
in
at
at
at
at

utilizing
utilizing
utiliziig
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

5C
1
1i
2(
3'
p1
p1
p1

pi
p
p

3C
7C
resenrce of 3% NaCl
resence of 5% NaCl
resence of 7.5% NaCl
i 4 or pH 5
H 6

i 8 or pH 9

carbohydrat
amirno acids
alcohols
phenol
carbcxylic
fatty acids
pyruvic aci
acetic acic
benzoic ac:

es

acids

d

d

(TCA cycle)

d
i

Capable of utilizing hydrocarbons
Capable of utilizing hydrocarbons at 5C in presence of 3
Reuire growth factors (vitamins, amino acids or unxknoma
Ar-ino acids and yeast extract serve as grorth factors

(vitamins alone in
Pr-eque ur•krnn groF.th factors
Vit-id-ns serve as growth factors

Water

13

A0

7
0

6

13
13
6
0

11
10

4
7

10
11

6
0

2- L
0-

0

4C 20C

0

0

0
n~~0~

12

Sediment

24

13

3
0
8

24
23

4
0

23
20

0
19
22
22

24

15
6

12

0

10
5

3
0
0

16

4A

Water

24

3

19
0
2

24
24
-
3
24
21
13
24
24
24

20202020
1I

1

13
19

1515
-3-

-'3

3
1R

Sediment

22

8

10

14
14
14

5
3

38

I 19 19

NO. OF ORGANISS TESTED

0
4

21
19
-
2

21
21
15
19
21
20

13
12

13
0

14

|i I I- 1 n J

6 12 1 c; 19

3 3
-I (I nI

6 12 "5, 1ý2 i

13 24 24 22

DRPHODLOGY

13 Fln 3I

7 3 19 10
0 n 0 0
6 R 2 4

C

H•orpHH

24 21

13 24 24 21

2 12 18 13
0 O 1 0

0 10 13 14
0 5 19 14
2 16 18 14

i 0 n 3 3
IR

3 A . 3



Table XXXI - Station 10
NO. OF ORG7qIS>S TESTED

iDRPHOLOCGY

Non-pigpanted (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigarent not recorded

PHYSIOIOGY

of
of
of
of
of
of
of
of
of
of
of
of

growth
gr.c-th
gra-wth

growth
growth
grort-h
crloth
grcwth

growth

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
20
37
pr
pr
pr
pH
pH
pH
pH

C
C
C
C
esence of 3% NaC1l
esence of 5% NaCI_
esence of 7.5% NaCl

4 or pH 5
6
7
8 or pH 9

NTiJiITIONAL

of
of
of
of
of
of
of

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

carbohydrat
amino acids

es

alcohols
phenol
carboxylic acids (:tA cycle)
fatty acids
pyruvic acid

Capable of utilizing acetic acid
Capable of utilizing benzoic acid
Capable of utilizing hy'rocarbons
Capable of utilizing hydrocarbons at 5C in presence of 3% NaC1
PRuire growth factors (vitamins, amino acids or unknown)
Aiýro acids and yeast extract serve as growth factors

(vitamins alone insufficient)
F-qLcre -ur-'... grc,.-th factors

13
10

0
14

37
36
0

30
4

16
32
-33-
37-

11

14
0

10
5

18

3
0
0
0

28

I

0
f;

45
45-
43

-5-45
49

28
43
451
44
45

33-
32
31

1
27

32

29
8
6

3
26
0
P

37
37

3

311
17

311
-34
35
17

20n
1

13
19
20

15
3
3
3

-a--

46

21
J-i

0
12

45
42

2
44
41
19-35-
138
43
42
45

28
18
25

0
24
19
30

17
5
3
3

34

7
I

24
39
0

20

82
79
--

5
79
73
32
69
77
77
83

54
38
45

1
37
338
50
32
8
6
6

64

13
r

Vitami~c srv-e as growth factors

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

Cd1

Capable
Capable
Capable
Capable
Capable
Capable
Capable

1 2 0 ?nr
I

1~ L-U~

463
rater Sediment botal

3_ 7 --

29
-~--~

ý ý

I

26
20

14 31 20 25 45

33
----

5 - 19

JL8_ L27 21 24 45

83

8 or pH 9



N1. OF ORANISNS TESTED
Table XXXII - Station 10

IADRPHOLOGY

Non-pigmented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PHYSIOLOGY

(7

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

growth

gra...•ingrowth
grc,.w-th

gro...-th

grorth
growthgroa.th

growthgrowt.h
grafrthgrowth
growth
grow h

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
20
37
pr
pr
pr

pH
pH
pH

C
C
C
C
esence of 3% NaCl
esence of 5% NaCl_
esence of 7.5% NaCl
[ 4 or pH 5
6
7
8 or pH 9

NUTRITIONAL

Capable
Capable
Capable

Capable
Capable

Capable

of
of
of
of
of
of
of

utilizing
utilizing
utilizing
utilizing
utilizingg
utilizing
utilizingutilizing

Ca•pble of utilizing

carbohydrat
amino acids
alcohols
phenol
carbo:xylic
fatty acids
pyruvic aci
acetic aci

:es

acids

d
d

Capable of utilizing benzoic aci
Ca-able of utilizing hydrocarbon
Capable of utilizing hydrocarbon
Reuire grow.th factors (vitamins
7iano acids and yeast extract se

P•qruire urcJy-n gCrawth factors
Vittmins serve as gra.,th factors

(TCA cycle)

di
s
s at 5C in presence of 3% NaCl_
, amino acids or unknown)
rve as grcwth factors

(vitamins alone insufficient)_

4C

35
27
0

qR

ion100
97
27
0-^Z

92
81
11
43
86
89-i3L

100

30
16
38

0
27
14

49

8
0

-0
0

1-9

-a-49

Percentaae

24
63

0
1;

qR

-98
93
-i-
98

91
61
93
98

96
ca

72
70
67

2

59
72

70

63_
17

-3-

-7-

59

fater Sediment

46
70 I 28
0 0

97 I 6A

98
91

4
96
89
33
83
93
91
98

I
100

8
95
84
46
84
92
95

inn

70 61
54 39
54 54

3 1 0
3 -

35 52
1 1 41

54 65
41 37
8 11
8 7
8 7

81 74

16 15
R 2. 72

57 52

otal

29
47

0
9d

99
95

6
-95
87
39
83
93
93

100

65
46
54

1
45
A4
60
38
10

7
7

77

16
7

54

1

20C

---- C-------

-L,

-Y -- · --

"'

I

--

. . . . . . . •

46 29

0
?A

8 or pH 9



Table XXXIII - Station 30

~PHOL3OGYL

Non-pig i nted (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pig?.nt not recorded

PHYSIOLoGY

Ca!pableCapable

Caable

Cap-able
CapableCapable

Capable
Capable
Capable

Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

growth

growth

gra.th

growth

growth
grc.wth
gr•orth

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
20
37
pr
pr
pr
pH
pH
pH
pH

C
C
C

esence of 3% NaCl_
esence of 5% NaCI_
esence of 7.5% NaC1

4 or pH 5
6
7
8 or pH 9

Ni7TRITIONMIL

Capable of utilizing carbohydrates_
Capable of utilizing amino acids_
Capable of utilizing alcohols_
Capable of utilizing plhenol _
Cacable of utilizinq carboxylic acids (TCA cyclG)
Capable of utilizing fatty acids
Capable of utilizing pyruvic acid
Capable of utilizLng acetic acid
Capable of utilizing benzoic acid
Cap-abe of utilizing hydrocarbons_
Capable of utilizing hydrocarbons at 5C in presence of 3% NaCI
RePuire growth factors (vitairns, amino acids or unknwrn)
~irno acids and yeast extract serve as gra.oth factors

(vitamins alone insufficient)
F-gq-ire ur-nc.n growth factors
Vita.ins serve as gixrwth factors

4C 20C
Water

2

0
9
I0

0

2
1
2
0
2
0
0
0
2
2
2

2
0
0
n

1
0
1
0
0
0
0
2

0
0
2

Sediment
24

11
7
3
3

22
22
18

0
22
15

3
19
20
20
22.

11
14

4
n

13
13
17

4
0
1
1

14

3
0

11

Water
25

19
1
0
5

24
23
23
--

0
23
23
19
6

0
6

24
24
24

1
24
17

9
22

23 24

21
n

22
21
20
19

0
0
0

21

2
2

7
8
2
n
7
9
7
2
0
0
0

20

14
1

17 1 5

op n~,~5 c··~

Sediment
24

8
10

N..

NO. IOF Ma:CNTISýS TESTED 2 24 25

--

~*

- 3

23 24
23 24

I
21
21

--- ------ '-----0 0 ^ -- ^__*'_ -- *"- -

týý2 L

8 or •H 9-

Capable of utilizing carbohydrates-Capab-" le of utilizLng amino acids
Ca•!e of utilizLtg alcoholsCa•_ble of utilizLng phenol
Ca•ab!e of utilizLnq carbox•lic acids ('ICA cyclG)



NO. OF CRAL IS: S TESTED
Table XXXIV - Station 30

5D?HCLOCYX;

Non-pig-ented (gray) colonies
Produce non-diffusible piguent
Produce diffusible pigment
Pigrent not recorded

PHYSIOIOGY

CO

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

Capable

Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

growth
growthgra7th

grvoth
growth
graoth

gro.vthgrow..,th

growth

groath
gra~h

at
at
at
at
at
in
in
in
at
at
at
ata L

5C
10C
15C
20C
37C
pre
pre
pre
pH
pH
pH
pH

-sence of 3% NaCl
sence of 5% NaCI
isence of 7.5% NaCi
4 or pH 5
6
7
8 or pH 9

K-TRIT IOAL

Capable
Capable
Caable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of

utilizing
utilizing
utiliziing
utilizing
utilizing
utilizing
utilizing

carbohydrat
amirno acids

es

alcohols
phenol
carboxylic acids (TCA cycle)
fatty acids
pyruvic acid

Capable of utilizing acetic acid
Cp-abl-e of utilizing be.zoic acid
Ca:pble of utilizing hydrocarbons
Cap-able of utilizing hydrocarbons at 5C in presence of 3% NaCl

quire grc tth factors (vitamins, amino acids or unknown)
A-Lr acics and yeast extract serve as growth factors

(vitamins alone insuffic
FReq-ire ur..nown grcrwth factors
Vitamins serve as gr.owth factors

4C
26

11
9
3
3

24
23
20
0

24
15

3
19
22
22
9A

13
14

4
n

1 A
14

13
18

4
0
1
1

3
n

49

27-
11

0
11

48
47
47
--

1
47
40
28
28
47
47
47

28
29
23

n

30

30
27

21
0
0
0

41

16f
-3-

99

rva.c A.

26 1

19
3
0
5

25
24
--

0
25
23
19

6
25
25
95r

23
21
21

fn

93

21
21

19
0
0
0

23

2
9

11 -a- 10

aL.nLL II

48

19
17

3
9

46
--

1
46
32
12
41
44
44

.Ta 4- r\ 1 CrArn~ ri- total
75

38
20

314

70
--

1
71
55
31
47
69
69

44

41
43
27

A
-l

.43
45

25

18
22
6
n

?n

22
24

6
0 0

1
1

1
1

34

17
]

57

19

1

2 Cn

- ---

" __1- 0
29_ 23 20_^

-- -- -- -- LL-

---

"11 1Q If i

1--- . 0--- . 0 1
1

I 2-L ~--=i----
I r ~------L-

-^5--_ _ _ 1
S

V

.

3

8 orpH 9

46 71

6Q

n

A1

'43

Ca l fuii-n ctcai



NY. OF ORGANISNS TESTED
Table XXXV - Station 30

IN.EPHCLOGY

Norn-piirented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigjent not recorded

PHYSIOLOGY

Capable

Capable
Capable
Capable
Capable
Catable
Capable

Capable
Casable
Capable
Capable

0•

of
of
of
of
of
of
of
of
of
of
of
of

growth
groath
growth
grc•wth
growth
gra.-.th
artvqth
croa-.th
gracvtlh.
growth
growth
growth

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
20
37
pr
pr
pr

pH
pH
pH
pH1

C
C
C
C
*esence of 3% NaCI_1
esence of 5% NaCIl
esence of 7.5% NaCi_

4 or pH 5
6
7
8 or pH 9

NUTRITIONAL

Capable
Casale
Capable
Capable

Capable

of
of
of
of
of
of
of

utilizing
utilizing
utiliziig
utilizing
utilizing
utilizing
utilizing

carbohydrat
amino acids
alcohols
phenol
carboxylic acids (TCA cycle)
fa-ty acids
pyravic acid

Capable of utilizing acetic acid
Capable of utilizing benzoic aci
Capable of utilizing hydrocarbon
Carable of utilizing hydroc-arbon
R~eiare grwth factors (vitamins
~-rino acids and yeast extract se

FPaire u.r-nor. grwth factors
Vitarins serve as growth factors

s
s at 5C in presence of 3% NaCl_
, amino acids or unknown)
rve as growth factors

(vitamins alone insufficient)

4C

42

3511

1-f

92
88
77
0

92
58
12
73
85

92

50
54
15

0
54
50n

15
0

4-

0LA 5[

PPrcentaae
20C

55.
220

22

98
96
96

96
82
57
57
96
96

57
59

470
59

-,
43

0

n

24-0-

6-45
4c;

Jater

70-~
i10

IR

93
89

0
91
85
70
22
93
93

93

85
78

780

85
78
78

700
-CI-
0-

85

7RV;'0...

Sediment

40
356

96
96

92
92
92

38
46

130
42

50
13

0

71

---- 23-35-
-2

-33

Total

51
27

4

19

95
93

1
95
73
41
63
92
92

55
57

360

57

33

1

7P6

25
47--4----
0

--

es

15

- I5 61

0 0

46 57
, 60

-~--- 15

•v

Pig--.•--nt .•mt reoorded

55 70 40 51
2735 22 11i 35

1911 22 !R

{ 8 or•H 9 96 93 92 92

a!c•holsph•_nol

d

47 78 13 36

R5i 42 57
61 7R 4d6 $7

69 55 7R 5n 6n

d
70 13 33



NO. OF ORGANISISS TETED
Table .XXXVI - Station 55

ICRPKOLO~

Non-pignented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigrent not recorded

PHYSIOLGY

O

Capable
Capable
Capable

Capable
Capable
Capable

Capable
Capable
Capable

Capable

of
of
of
of
of
of
of
ofof
of
of
of
of

grawth
growth
gratnh
grc,•th

grcwth
growth
gro-.th
gra•wth
graowth
growth
gravrth

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
20
37
pr
pr
pr
p:
pH
pHpH1p1-

C

'CC

_esence of 3% NaC1
esence of 5% NaCI_
esence of 7.5% NaCi_

I 4 or pH 5
16
17
1 8 or pH 9

NUTTITIONAL

Ca-able
Capable
Capable
Capable
Capable
Capable
Capable
C~pale

of
of
of
of
of
of

of

utilizing
utilizing
utilizinrg
utilizing
utilizing
utilizing
utilizing

carbohydrat
amino acids

es

alcohols
phenol
carbocylic acids (TCA cycle)
fatty acids
pyruvic acid

Capable of utilizing acetic acid
Capable of utilizing benzoic acid_
Capable of utilizing hydrocarbons
Capable of utilizing hydrocarbons at 5C in presence of 3
Require grFwth factors (vitamins, amino acids or unknown
Arino acids arnd yeast extract serve as gro.rth factors

(vitamins alone in
rirre u -nkno.,n growth factors
Vit.mins serve as growth factors

Water 2Sediment
25Ti I

1

170
5

23
23
23
0

20
17

6
13
20
22
23

20
13

10a
9
8
8

8
0
0
0

23

3
n- u

6

180
1

24
24
19

0
20
19
14
17
19
18
22

14
14
4
0

9-;- -

10
4
0
C

0--~
19

7

20 11 15 15

water ediment
24L19

15- 12

30 B1
3

20

23
23
--

0
24
19

9
16
24
22

1

18
18
19
--

0
19
18
15

6
19
19
19

17
16

150

24

22
16

130

16

20

11
0
0

17

13
14

1
1

1 0
2217

2
A

6
1

" '

I----- --- ,

'

_ _

4

-------------

1

203 11 15 15

19

- -»-^ -- = --

4C 20C-- v

3 1 ?4

15
17 18 3 8

a!cc/nolsph•.ol

10 15 13

9 17 16
5 15 13

0 01
17 22

n



NO. OF OR-NIS>S TESTED

MI ?? HOLOGY

Non-pig~nnted (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

Table XXXVII - Station 55

PHYSIOLOGY

Capable
Caable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

growth
gracth
grcwth
grow.th

grcF.,rh

growthgraoth
growth
growth

at 5C
at 10(
at 15(
at 20(
at 37
in pr
in pr
in pr
at pH
at pH
at pH
at pH

esence of 3% NaCl
esence of 5% NaCI_
esence of 7.5% NaCI_
4 or pH 5
6
7
8 or pH 9

NIRIT MONAL

Capable
Capable
Capable
Capable
Ca:-able

Capable
Capable

of
of
of
of
of
of
of

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

carbohydr
amino aci
alcohols
phenol
carboxyli<
fatty acic
pyruvic ac

Capble of utilizing acetic ac
Capable of utilizing benzoic a
Capable of utilizing hydrocarb
Capable of utilizing hydrocarb
Rýsjire grotfTh factors (vitami

-r-no acids and yeast extract

quire ur'•unxn. grat-h factors
Vitmins serve as gra.rth facts

at
ds

ds

es

acids (TCA cycle)

cid
:id
Icid
ons
ons at 5C in presence of 3% NaCI
ns, amino acids or unk-rnarm)
serve as growth factors

(vitamins alone insufficient)

ors

48

7

-35
n

47

42
0

40
36
20
30
19
40

34
27

14

18
13
18
12
0
0

10±

L42-]-
I31m

42 49-- 91

34

4';

1n

Cc
E*

16

'A
0

42
--

0
39
35
21
19
39
41

18

26
1

4

47
--

0
44
38
23
33
41
40
46

46
30

in

69

0
83
73
44
52

80
81

93
59

27-

'1

4

38

41
42

0
43
37
14
22
43
41

39
32

28
0

28
33
25
1
1
1

39

30o

37
29

0
17 42

25
0

25

26
23
21

22
1
1
1

40

5

35

Si

51
37

1
1
1

81

18

161

30
15
0
0
0

41

13

1 26

4C 420
43

-ater ediment Total

---'

I

1ft 41

9149

Pi•-=._nt mint reoorded

Ar,Kn n)
1

A 4

C 47 41 41 47 8R

45 43 42 8R

14 28 25 17 42
0 0 0n 0 0

IR 11 51



NO. OF ORGANISS TETED
Table XXXVIII - Station 55

!hRPEOLOGY

Non-pigaented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PHYSIOtDGY

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

C0
r

of
of
of
of
of
of
of
of
of
of
of
of

graoth
growthgra~th
grcrth

groath
grc;th
gro;.th
growth
gro-oth
growth
growth
growth

at
at
at
at
at
in
in
in
at
at
at
at

5C
IC
1I
2C
3;
pr
p
p

p
p
pi

C
5C
0C
7C
resence of 3% Nad_______Cl __
resence of 5% NaC1_
resence of 7.5% NaCI_
H 4 or pH 5
S6
I 7
i 8 or pH 9

N~IJRITIC~AIL

Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of

of

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

carbohydra
amino acic
alcohols
phenol
carboxylic
fatty aci<
pyruvic ac

Capable of utilizing acetic ac
Capable of utilizing banzoic a
Capable of utilizing hydrocarb
Capable of utilizing hydrocarb
Require grcwth factors (vitami
rino acids ard yeast extract

P uire unkn-.n cgr•th factors
Vita~rns serve as growth facto

it
ds

es

acids (TCA cycle)

:id
id
cid
ons
ons at 5C in presence of 3% NaC1
ns, arino acids or unknown)•)
serve as gro-th factors

(vitamins alone insufficient)

ors

4C

71
0

13

98
98
88
0

83
75
42
63
81
83
q4

29

0
38

27
38
25

0
0

88

21

65

2
9

88
95
98
--

0
100

86
33
51

100
95

100

91
74
65

0
77
65
77
58

2
2

91

19
=
70

Percentage
ater

4R

14

98
100
--

0
93
83
50
45
93
98

innO

88
69

0
62
cc;

50
52

2
22

95

12
0..0 .

RI

;ediJrent

37
53

2
8

96
96
-

0
70
78
47
67
84
82
94

94
61

51

61
30

0
0
0

84

27
4
53

fTtal

37
50

1
11

97
76
-

0
91
80
48
57

-- 88
89
97

91
65
46

0
35

0
56
45
56
41

1

1
I 1

88

20
?

67

20C

- 15 wv

73 26
-_

71
56

17

29 60 35

'

2

H 8 orpH 9

--
c
ds

f0n



>03. CF OR&ANIS1~S TI~'TED
Table XXXIX - Station 70

iDRPHOLOGY

Non-piganted (gray) colonies
Produce non-diffusible pigmnnt
Produce diffusible pigment
Piment not recorded

PHYSIOLOGY

Cacpable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

growth
growth
grawth
grath
growth
gra.oth

growthgrcwth
groarth
growth
growth
graith

at
at
at
at
at
in
in
in
at
at
at
at

5C
10
15
20
37
pr
pr
pr
pH
pH
pHt
pH

C
C
C
'C
:esence of 3% NaC1_
esence of 5% NaCI_
esence of 7.5% NaCl_

I4 or pH 5
6
7

I 8 or pH 9

NU TRITICMAL

Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

carbohydrat
amino acids
alcohols
phenol
carboxylic acids (TCA cycle)
fatty acids
uprtric acid

Capable of utilizing acetic acid
Capable of utilizing benzoic acid
CaEpble of utilizing hydrocarbons
Cazable of utilizing hydrocarbons at 5C in presence of 3% NaCl
Require growth factors (vitamins, aino acids or urdnown)
Arino acids and yeast extract serve as gr.owth factors

(vitamins alone insufficient)
Require unkn-wn growth factors
Vitamins serve as gr9wth factors

Water
9;

3
18

0
A

24

24
23

0
22
19
11
10
19
20
23

18
11

6
0
6
6
8

5
0
0
0

25

7
0

18

4C 20C
Sedirment

9r;

14
1
A

24
25
19
0
23
18
5
19
22
23
23

17
19

8
n

11
9

13

5
0
0
0

22

5
2

15

Water
9n

2
0

17
19
18

3
18
16
16
5
18
18
18

14
17
16
n

16
16
15

15
0
1
0

17

1
2

14

15

6
0
0
0

21

7
3

11

Sediment

11
12
0
?

cc
(2

25
25
25

2
25
12
8

18
25
25
25

17
15
11
n

12
'9

NO. OF ORMNIS1,23 TESTED 25- 25 ii

3 V - ...- ---- --

-- ·

I -
4- - 4 3-f .11 „ - *

I

es

-----

0 0 S_

, ,

9r

6v

S

KSorr•9

,,



NO. OF ORGANIS'S TESTED

,i>R?HOIDGY

Non-pigented (gray) colonies

20C I Water 1 Sediment

Produce non-diffusible pigment
Produce diffusible pigment
Pigrent not recorded

PHYSIOILGY

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

growath
growth
graAoth
growth
growth
growth
growth

grorwth
grow-th

growth
growth
growth

at 5C
at l0<
at 15
at 20
at 37(
in pr<
in pri
in pr•
at pH
at pH
at pH
at pH

C

esence of 3% NaCl
esence of 5% NaCI_
esence of 7.5% NaCl_
4 or pH 5
6
7
8 or pH 9

.UTRITIONAL

Capable
Capable
Capable
Casable
Ca:able
Capable
Capable

of
of
of
of
of
of
of

utilizing
utilizing
utilizi-ng
utilizing
utilizing
utilizing
utilizing

carbohydr
aino aci
alchols
phenol
carboylix
fatty aci
pyruvic ac

Capable of utilizing acetic ac
Capable of utilizing benzoic a
Casable of utilizing hydrocarb
Capable of utilizing hydrocarb
Rquire growth factors (vitani
Arino acids and yeast extract

PR-aire ur•-rnum gro.th factors
Vitai -ns serve as growth fact

at
ds

cs
ds

es

acids (TCA cycle)

cid
id
cid
ons
ons at 5C in presence of 3% NaCI
xns, amino acids or unknown)
serve as growth factors

(vitamins alone insufficient)

ors

9
32

48
49

42
0

45
17

29
31
43

35
30
14
n

17
15
21

10

0
0

47

12
2
33

45

8
20

50

17

95

25
46

1
8

0
7

CC
4>

26
1
6

49

1
13

52

45

26
14

0
5

42
44
43
--4

43

2R43
-24
23
43
43
43

31
32
27

n
23
18

-1-
0

1243_5
26

50

2
48
t'n
13
37
47
48

34
34

iq
0

92

-5--5
88

65f9c
40
52
.84
86

66
62
1-

0

43
42

---
3

40
35-
27
15
37
38
41

32
28
22

A
22
22
23

20
0
1

42

8
2

32

23
45

28

11
O-a-0
O

43

12
-5

26

51

31
0

1
0

85

20
7

SR

4M~ ------ c--------i btal

--

--- L-- --------

-- - --

40

RR

0 0_ _ 0

I

-- -- c-----

Table XL - Station 70

tn Water

C

8 or •4 9 46 48 89

19 41
0 n

45
18



NO. OF ORG-\ISVS TESTED
Table XLI - Station 70

EDRPHOLOGY

Non-pigrented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PHYSIOLOGY

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

C Capable
Capable

NUTRITIONAL

Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of
of
of

growth
grxowth

graoth
growth
gramwth

growthagrcth
growth
growth
growth
growth
groth

at
at
at
at
at
in
in
in
at
at
at
at

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

S5C

15
2C
3;
pr
pr
pr
pl-
p1
p1
p

C

C
esence of 3% NaCi__l _________
resence of 5% NaCl_
:esence of 7.5% NaCl_
1 4 or pH 5
H6
17
H 8 or pH 9

carbohydrat
amino acids
alcohols
phenol
carboxylic acids (TCA cycle)
fatty acids
pyruvic acid

Capable of utilizing acetic aci
Capable of utilizing benzoic aci
Capable of utilizing hydrocarbon
Capable of utilizing hydrocarbon
Require grcwth factors (vitamins
Ar.ino acids and yeast extract se

Paquire urmnaown growth factors
Vitamins serve as growth factors

s
s at 5C in presence of 3% NaCi_
, amino acids or unknown)
rve as growth factors

(vitamins alone insufficient)

4C

18
04

2
SiL

96
98
84
0

90
74
32
48
62
86
92

70
60
28
0

34
30
42
20

0
0

94

24
66-
66

Percentacre

58
Ji
U

J_

93
98
96

-5-
96
62
53
51
96
96
96

69
71Z
60

0
51
40
62

-Q-240

58

Jater 1 Sediment

18

U
L O

96
93

7
89
78
60
33
82
84
91

71

62
49

0
49
49

51

-0-
n3

0
93

18
4

71

otal

26

1
.I

55
97
--

5
93
68
42
55
88
91

69
65
43

34
:2

-S
-1

98
100

---
4

96
60
26
74
94
96

68
68
38

0

4636
56
22

0-23-

86

24

52

a
47
'42
54
33

n

21
0761

20C
1ae

~ 44
~

4i
I

" - ,,

es

--
--

d

30 40 49 36

da

----- ~'

*k

1

H8orpH9
96 94

a!c•hols a
46 47

'42



NO. OF ORGANIS.S TESTED

~?PE~iOL~OGY

Non-pignrnted (gray) colonies
Produce non-diffusible pigient
Produce diffusible pigment
Pigrent not recorded

Table XLII - Station71

PHYSIOLOGY

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

grath

growth

growthgrcoth
grow.th

grow-th
grcrth

growth
growth

at
at
at
at
at
in
in
in.

at

at
at
at

5C
10
15
20
37
pr
pr
pr
pH
pH
pHi
F-H

C
C
C
C
*esence of 3% Na __Cl
esence of 5% NaCl
esence of 7.5% NaC__

4 or pH 5
6
7
8 or pH 9

N~JTRIETIOAL

Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of

utilizing
utilizing
utilizingg
utilizing
utilizing
utilizing
utilizing

carbohydrat
amino acids
alcohols
phenol

.es

carboxylic acids
fatty acids
pyruvic acid

(TCA cycle)

Capable of utilizing acetic acid
Capable of utilizing benzoic acid
Ca-able of utilizing hydrocarbons_
Capable of utilizing hydrocarbons at 5C in presence of 3% NaCI
R;quire growth factors (vitamins, amino acids or unknown)
Arino acids and yeast extract serve as growth factors

(vitamins alone insufficient)
Pequire unkrmr n growth factors
Vitanmins serve as growth factors

Water
25

2

0
4

25
25
25
1

19
17

14
20
23
24

20
15
4
0

11
I;

4
3
0
1

24

8
n

Sediment
24

14

0
2

24
14
8
0

21
15

52

2122

23

16
11
11
0

4
11
4
0
0
0

16

5
a

Water
21

13
b

0
2

20
19
20
--

3
18
19
.7
17
20
20
20

19
21
18

0

12
17
2
1
1

15

0
]

Sediment
24

4
16

4

22
22
23
--

0
19

6
2]
23
23
21

8
6

10
0

7
12
5
0
0
0

19

10
1

19
-"

'

'--- -- ----

.

11 18 10

c-Y----- --
16

- - _ -

Vit•ns serve as gr•,•,h factors

5- . w - 4 16- 7

16 8 14 8

4Cv 20C

Pi•nt not reoorded
y

8 or pH 9

a!c•holsphenol



NC? OF ORýANIS>S TETED
Table XLIII - Station 71

~CRH0L0GY

Non-pigmented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pigment not recorded

PHYSIOLDGY

Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

grao•th
growth

growth
grcwth
gr.othgrcz.th

grow.th
growth
growth
growth

at
at
at
at
at
in
in
in
atc._

at
at
at

5C
10
15
2C
37
pr
pr
pr
pH-
pH
pH
pH

C
C
'C
C
esence of 3% 7Ne4___aCl
esence of 5% NaC1d
:esence of 7.5% NaC _

1 4 or pH 5
6
7

1 or pH 9

NUIJDITIGN.AL

Capable
Capable
Capable
Capable

Ca-able
Caca.ble
Capable
Capable

of
of
of
of
of
of
of

utilizing
utilizing
utilizi;ng
utilizing
utilizing
utilizing

carbohydrat
amino acids
alcohols
phenol
carboxy lic
fatty acids

utilizing pyruvic aci

es

acids (TCA cycle)

d
Capable of utilizing acetic acid
Capable of utilizing hen.zoic acid
Ca-able of utilizing hydrocarbons
Capable of utilizing hydrocarbons at 5C in presence of 3
PRquire growth factors (vitaeins, amino acids or unknonm
Amino acids and yeast extract serve as growth factors

(vitamins alone in
Fe-quire ,unk~n grorth factors
VitamiTns serve as growth factors

4C 1

49 I

S16
27

0

49
39
33
1

40
32
8
33
41
45
47

36
26

15
0

269
15
-7-

0
1
1

-3-

20C
NS5~

17
22

0

41
43
--

3
37
33
13
38
43
43
43-

27
27

28
0

2923
24

iii
.1~.

1

99__?t..

15 18
25 24

ni"-·
-

44
45
--

0
-- -

46
37
-

4 0
37 40
36 29
10 11
31 40
40 44
43 45

39 24
36 17

22 I 2
0 - I. 0.-a i - .,
1 I 24

21 11
16
20 2zizzn

9

0^

n -

total
94

33

49

0

Cc
NJ

12

90
82
--
4
77
65
21
71
84
88
90

63
53

43--
0

55
3239

7'
7/I

12

12j.

S 0

n

I 1

Water Sediment
46 48

6 _6

7T

nr I A 1 1

9A

-- --------c-------

2 1

29

2
2

I-~c--- '

.

j
49

n n n 1 n n
h F i ! 6 19

• 8or•4 9

42

4 4 df>

15 28 22 21 43
0 0 0 0 0

26 29 21 24 55
32

23

9

An

0 I •



Table XLIV - Station 71

MDCPHOLOGY

Non-pigFented (gray) colonies
Produce non-diffusible pigment
Produce diffusible pigment
Pig:ent not recorded

PHYSIOLOGY

Canable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable

of
of
of
of
of
of
of
of
of
of
of
of

growth
growth
grcwth
growth
growth

grath

growth
growth
growth
growth
growth

at
at
at
at
at
in
in
in
at
at
at
at

5C
1i
1
2C
32

Ip
p1
pF

p
p

C
5C
0C
7C
resence of 3% NaCl
resence of 5% NaCI_
resence of 7.5% NaC1
H 4 or pH 5
H 16
H 17
H 8 or pH 9

KNJURITIOWNAL

Capable of utilizing
Capable of utilizing
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Capable
Ca!able

of
of
of
of
of

of
of
of
of04.

utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing
utilizing

carbohydrat
amino acids
alcohols
phenol
carboxylic
fatty acids
pyruvic aci
acetic acid

acids (TCA cycle)

d
d

ba-zoic acid
hyr-rocarbons
hydrocarbons at 5C in presence of 3% NaCI

RPquire growth factors (vitamins, amino acids or unkncown)
Ar-no acids and yeast extract serve as growth factors

(vitamins alone insufficient)
Pi -uire ur'j--,n gryowth factors
Vitamins serve as growth factors

33
55
0

12

100
80
67

2
82
65
16
67
84
92-92.
96

73
53
31

n

532
18
31
14

0

82

27
;

20C

38
49

0
1-3

93
91
96
--
7

82
73
29
84
96
96
96

60
60
62

n
64

51
53
49

4

9

76

22
A

Percentaqe
eater

33
54

n
1t

96
98
--

9
80
78
22
67
87
93
96

85
78
48

0
67
46
35
43

4

A

85

17
3n

;ediment

38
50

0
13

96
77
--

0
83
60
23
83
92
94
96-- r - v

50
35
44

n
50
23
48
19

n
0
n

73

31

Iotal

35
52

0
1-

96
87
--

4
82
69
22
76
89
94
96

63
56
46

n
R58

34
41
31

2

2

24

~1.4
49

NO. OF ORGANISIS TESTED
4C

-~---

I --

~es

t-- - - - -- --

1_ 67 50 58

49 49 65 33

2
2

2 4 2

L

L4
0 2

c. c-~-
fic-Y t-- 9n-

0
13

H 8orpH 
9

.

•e gro,,-•h factors (vitamins, ami•m acids or •)
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Strains isolated from water at 4C showing gray colonies on solid medium.

BOO053L
B00(05SL
B00059L
B0:0067L.
B00069L
B00071L
EB0073L
B00075L
B00109L
B00114L
B00174L
E00216L
B00219L
BOO225L
BOI32SSLBOO282L
-00283LL

BOO294L
B00295L

B1E:L tIiiF- 0ITBEAUFORT
BEAUFORT
BEAUFORT

BEAIUFOIRT

BEAIUFORTBEAUF'ORT

BEALUFORT
BEAUF OCRT
BEAIFORT
BEE:UFORT
BEAUFORTBElRUFORT
BERUFORT
BERUFORT
BEFEUFOr'T
BEAUFORT
BEAUFORT

SHMPLE
SrMF'LE

SA:.MIiPL..E
SR-IPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPF'LE
SRMPLE
SAMPLE:.:i; p jF' _SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE

2EI

20
LO
20
20
20

20

20 I

24
26
;6.
26
19
19
36
36

HFIT ER
WATER
NATER

I.WATER
WFITER
WATEF:
WATER
WATER
WRTER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

04C:
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
liii

STATION002
STATION002
STT I ON002
STATIO 002
STATIO 002
STATION002
STT I ON002
STATION002
STAT I ON071
STAT ION071
STAT 1011055
STAT I N070
STATION070
STT ION070
STAT ION001
STATION1001
STATION002
STAT ION002

EiD) FORM
-. STRFtIS

90

.L

'21314
1567

9
10

13
14
15.
161 '

1. :3



Strains isolated from sediment at 4C showing gray colonies on solid medium.

1

4

is

111213
14
15
16
17

I 9
0.

24
25
26
27

29
30
L..L.

31

33
34
35
36
37
38
39
40
41
42
433
44
45
46
47
48
49
50

B00028L
B0029L
B00030L
Bi0032L
B00033L
IB0034L
B00038L
B00039L
.B00040L
B00041L
BOOO47L
B01048L
B00049L.
Bt0077L
E00078L
BOOOSOL
B0O082L
BOOO84L
B00085L
B00086L.
B0008uS9L
B00091L
BE00093L
B00094L
BOO095L
E00097L
B00O98L
BO0099L
B00100L

:00126L
B00127L

B00128L
BOOI29L

B00131L
B00132L
B00133L
B00134L
B00135L
E00136L

0i0137L
:00149L

3B00150L
£B0176L
Bi301SlL
B00189LBOO19L
B0i0191L
B00195L
B00197L
BOO226L

BEAUFORT
DERUFORT
BEAUFORT
BEAUFORT
BE:AEUFORT
BEFLAU.FORT
BEAUFORT
BERUFORT
BERUFORT:[, E F:. I F 0O F: T

BEAUFORTBE.RUFORT
BERUFORT
BEAUFORT
BEFiIFO:RT

BERUFORT
EERUFORIFIT
BEAUFORT
BERUFORT
BERUFORT
BEAUFOCRT
BEAUFORT
BEAUFORT
BERUFORT
BEAUJFORT
BEAIUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEARUFORT
BEAUFORT
BEFAUFORT
BEAUFORT
BEFUFORT
BEAIUFORT

BEAUFORT
BERUFORT
BEAUFORT
EEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAEUFORT
BEFlIUFORT
E: EUFORT

BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORTBERUFORTBEAUFORT

SAMfPLE 03 :
SAMPLE 03
SAMPLE 032
SAMPLE 03

SAMPLE 03
SRAIFPL.E 03
SRMPLE 03:

SFMPL.E 0I
SAMPFLE 03
SAMFPLE 03
SAMPPLE E03
SMPILE 03
SRFMPLE 16
SAMPLE .16
SRMPLE 16
SAMPLE 16
SAMPFLE 16
SAMPLE 16
SRMPLE 16
SRIMPLE 16
SRMPLE 16
SAMPLE 16
SAMPLE 16
SAMPLE 16
SAMPLE 16
SAMPLE 16
SAMPLE 16
SAMPLE 16
SAI'MPLE 22
SAMPLE 22
SAMPLE 2E
SAMPLE 22
SAMPLE 22
SRMPLE 22
SAMPLE 22
SAMPLE 22
SAHMPLE 22
SAMPLE £0
SRMFLE 22
SRMPLE 22
SRAMPLE 22
SAMPLE 22
SRMPLE 220

SAMPLE 20
SAMPLE 220
SAIMPLE 20
SRMPLE 20
SAMrPLE 20

SRA1PLE 21

SEDIMENT

SEDIMEN-IT
SEDIMENT
SED IMENT
SEDIMENTSE:T I* lIE] IT
SED I TMEMT

SEDIMENIT
SE I MENT
SEDIMIENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENTT
SEDIMENT
SED I MENT
SEDIMENT
SE I MENT
SED IIMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENIT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIiMENT
SED I MENT
SEDIMIENT
SEDIMENT
SEDIMENT
SED IMENT
SE I MENT
SED IMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

(U
v-1 L

04C
04C
04C
04C
040
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C04Ci4CiI4C:04I1.4C
ain.)4

Li4i

STAT ION010
STI1TION0!10
STIT I ON010
:STATIOr 01
STRT I ONO 1
STATION010
STATION0 10
STATION0 10
STATION010
STITION010
STATION0 10
STATION010
STATION010
STATION0002
STATION002STFT ION002

STATI ON002
STATION002
STATION002
STATION002
STAT I ON00
STATION 002
STATION002
STATION1002
STATION002
STATION002
STAT I ON002
STATION002
STATION002
STATION071
STRTION071
STATION1071
STATION071
STATION071
STTION 0071
STATION071
STATION071
STAT ION071
STATION071
STATION071
STTION 071
STATION071
STRTION071
STATION0055
STATION055
STFITION055
STATION 055
STATION055
STATION055
STATION070



51
52
53
54

55
56
57
5.9
59
60
61
62
63
64
65
66
67
63
69
70

B00227L
B00236L
B00241L
B00244L
B00248L
B00251L
B00252L
B00253L
BOO257L
BOO258L
B00265L
B00267L
E00268L
B00271L
E00273L
B00275L
B0090L
B00297L
BOO298L
BOO0300L

BEAUFORT
BEAUFORT
BEAUFORT
BEEFUFORT
BEAUFORT
BEARUFORT
BEALFORT
BEAUFORT
BERAUFORT
BEAUFOFRT
BEAUFORT
BERUFORT
EERUFORT

EEAUFORT
BEAUFORT
BEFUFORT
BERUFORT
BERUFORT
BEAUFORT
BERUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE

21
21
21
21
2 1
09
09
09
09
09
09
09
09
09
09
09
15
32

3232I. t:'
-- 1,-.

END FORM
70 STRRINS

'4.

SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENTT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION 070
STATION070
STATION070
STATION070
STATION070
STATION030
STRT I ON030
STATION030
STATION030
STAT I 0N030
STATION030
STATION030
STATION030
STATI 0N030
STATION030
STATION030
STATION001
STATION002
STATION002
STRTION002



1
2
Lr.

5314156

10
11
12
13
14
15
16
17
18
19
20
21

£332425326

273132
33
34
35
36
37
38
39
40
41
48
43
44
45
46
47
48
49
50

B00002H
B00003H
B00010H
B00051H
B00053H
BOOS54H
B00055H
B0058H
B00059H
B00060H
E00061H
B00064H
E00065H
B00066H
B00067H
E00068H
B00069H
E00070H
B00072H
B00073H
B00075H
E00101H
B00102H
B00103H
B00104H
EB00110H
B00113H
B00114H
E00115H
B00116H
B0011O8H
B00119H
B00120H
B00121H
B00151H
B00152H
B00153H
B00154H
B00155H
I00156H
B00158H
E00159H
B00160H
E00161H
E00163H
B00164H
B00166H
B00168H
B00169H
B00202H

DEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAIUFORTT
BEAUFORT
BEAUFO'RT
BEAUFORT
EEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
EERUFCORT
BEFUF ORTT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUIFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
IEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

SSAMPLE
SSAMPLE
SSAMPLE
SSAMPLE
SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMFPLESAMPLE
SAMPLE
SRMiPLE
SAMPLE
SAMPLE

SAMPLESA-MPLE
SRMPLE
SAMPLE:
SAMPLE
SFMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAiMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SRFlMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SRMPLE E

03

20202020

202020
20
20
20
20
27

20

20

20

202727

2727
272727

27

242427
,7
'7

24
24
24
£4

24
242424

24
24
24
24
24
24
26

SWATER
3 WATER
3 ATER
1 WATER

SWRTER
SWATER
SWATER

WA ITER
SWATER

WATER
SWATER
SWATER
WATER
HATER
WATER

SWATER
SWATER
I ATER

WATER
SWATER
SWATER
'WATER
'WATER
WATER
WATER
lATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
HATER
WATER
WATER
HATER
WATER
WATER

20C
20C
20C
20C:
20C
20C
20C
20C
20C
20C

20C
20C

20C20C20C20C'20C

20C
20C20C20CC20 C20C20C
20C
20C

20C
20C
20C20C20C20C20C
20C

20C
20C
20C20C20C

20C20C20C£0C
£0C£0C0OC20C
20C

E20C
20C
30C

93

C STATION010
SSTAT IONM10

SSTATION01
SSTATION020
SSTATION020
STATION020
STATION020
STATION002
STATIONB02
STATION002
STATION002
STATION002
STATION002

STATIONOO£
STATION002
STATIOM002
STATION002
STATION002
STATION002
STATIO N02
STATION071
STATIO 1071
STATION071
STATIOM171
STATION071
STATION071
STATIO1N71
STATION071
STATION071
STATION071
STATION071
STATION071
STATION05571
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070

Strains isolated frac water at 20C showing gray colonies on solid medium.

I



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
791
80

t i
82
83

BO0204H
BOO205H
B00206H
B00207H
BOO208H
BOO210H
BO0211H
BOO212H
BO0213H
BOO217H
BOO219H
B00221H
B00222H
BOO223H
BOO251H
BOO252H
B00253H
BOO254H
BOO255H
BOO258H
B00259H
BOO260H
B00261H
B00262H
B00263H
B00264H
BOO265H
B00268H
B00269H
BOO270H
B00271H
BO£273H
BOO275H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAERUFORT
BEALIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

26
26
26
26

26
26
26
26
26
26
26
26
26
11
ii
11
1.1
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C:
20C
20C
20C
20C
20C

20C
20C:

20C
20C

END FORM
83 STRAINS

94

STATIONM70
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STAT I ON030
STATION 0030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030

STATION030
STATION030
STATION030



Strains isolated from sediment at 20C showing gray colonies on solid
medium.

134

16

17S4

15191021

24

211.1.I?3243

442536
27

29
30
31
32
33
34
35

39
40
41

44
45

BOO026H
BOO29H
B00030H
B00032H
B0003:3H
BE0O3SH
B£00042H
B00045H
BO0006H
B00098H
B00135H
B.00141H
E00145H
EB01 78H
BOE179H
£001SOH
B00182H
E00184H

EB001S5H
B00187H
B00188H
E00189H
B00192H
B00193H
E00198H
BOO200H
BOO230H
E00233H
B0035H
B00237H
B00239H
BOO240H
B00241H
E00243H
E00244H
BOO249H
B00250H
B00276H
B00283H
BO£284H
B00286H
B00287H
"E: 00258HBOO288H
BOO290H
B00295H

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAIPLE
SAMPLE
SAMPLE:
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SFMPLE

03
03
03
03
03
03
03
03
16
16
22
22
22
20
20
20

20

SEDIMENT
SEDIMEINT
SEDIMENT
SED IMENT
SEDIIMENT
SEDIMENT
SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMErNT
SEDIMENT
SEDIMENT
SED I MENT
SED IMENT
SEDIMENT

20C
20CF
20C
20CL
20C
20C
20C
20C
20C
20C
L28C20C

20C
20C
20C£OC
20C20C
20C

STATION010
STATION010
STATION010
STATION010
STRTION010
STATIONO10

STATION010

STRTION002

STATION071
STfTION071

STATION055
STAT I ON055
STATION055

STAT ION071
STATION1055

BEAUFORT
BERUFORT:
EEAUFORT
BEAIFORT
BEAUFORTi

BEIAU.FORT
BEAUI.FORT
BEAUFORT
BEAUFORT
BEAUFORT

EEAUFORT
BEAUFORT

EFAUFORT
BERUFORT

BEAUFORT
BERUFORT
BEAUFORT
BEEUFORT

BEAUFORT
EALIFORT

EERUFORT
BEIUFORT
BEAUFORT
BEAUFORTEEAUFORT
EEAUFORT
BEAUFORT
BEAFUFORTBEAUFORT
BEAUFORT
BERUFORT

BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORTB:EUFORT
BEAUFORT
BEAUFORT
BERUFORT
EEAUFORT
EERUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPFLE
SAMPLE
SAMPLE
SAMPLE
SAMP LE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SAMPLE
SFMPLE:
SAMPLE
SAMPLE
SAMPLE

20
20
20
20
20
20
20
21
21
21
21
21

21
21
21
21
21
21

09
09
09
09
09
09
09
09

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SE I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
20C:
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C20C:
20C
20C
20C
20C
20C

STAT ION055
STATION055
STATION 055
STATION055
STAT ION055
STAT I ON055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION 0070
STT I ON070
STATION070
STATION 070
STATION070
STATION 070
STATION030
STATION030
STATION030
STAT rON030
STATION1030
STATION 030
STATION030
STATION030

END FORM
45 STRFINS

-,5

SAMPFLE 20 SEDIMENT 20C STATION055



Strains isolated from water at 4C producing at least one of the
following non-diffusible pigments: white, red, pink, brown, black,
green, violet, blue, gold, orange.

1
2
3
4
15
6
7

149
10

12

1314
15
16
17

1920
21

4:3
24
25
26

274829
30
31
3£2
33
34
35
36

38
39
40
41
42
43:
44
45

46
47
48
49
5Q

.B00005L
B00006L
B00009L
B00012L
B00014L
B00024L
B00025L
BOO051L
B00052L
B00055L
B0057L
B00060L
BO0061L
BO062L
B00063L
B00066L
B00068L
B00070L
E00074L
B00101L
BO0102L
BO0104L
B00105L
B00106L
B00107L
B0010SL
E00110L
B00111L
BO0112L

B00113LPOO 1B:L

BO0116L
B00118L
B00120L
B00121L
BO0122L
BO0124L
B0125L
B00151L
BO0154L
BO0155L
B00156L
BOO157L
B00159L
B00162L
B00163L
BOO165L
B0166L
BOO168L
B0169L

BEA.IFORT
BEAlUFORT
BEAUFORT
BEAUFORT
BEARUFOPRT
BERUFORT
BEERUFORT
BEFAiUFORT
BEAUFORT

EAEUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFIORT
BEAUFORT
EEAIFORT
EEAUFORT
EEAU.FORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SSAMPLE
SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPL..E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
03
03
20
20
20
20
20
20
20
20
20
20
20
20
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
24
24
242424,
24

24
c4.424242424

: WATER
HATER

SWATER
SWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

96

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION010
SSTATION010
SSTATION010
STATIOM010
STATION010
STATIOM010
STATION010
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATIO0102
STATION002
STATION002
STATION002
STATION071
STATION071
STATION071
STATION071
STATIOM071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055



I

51
52I
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
7T9

BO1170L
B00171L
BO0172L
BOOI73L
B00175L
BOO201L
BO0203L
B00204L
BOO205L
BOO206L
BOO207L
BOO208L
BO0209L
BOO210L
BOO213L
BOO214L
BOO215L
BOO217L
POO218L
BOO220L
B00222L
B00223L
B00224L
BOO278L
BOO2SOL
BOO281L
BOS284L
BOO291L
B00292L:Ee0£9£SL

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

END FORM
7'9 STRAINS

24
24
24
24
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
11
11i
19
19
36
36

WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C

STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATIO 070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION001
STATION001
STATION002
STATION002



Strains isolated frcm sediment at 4C producing any one of the following
non-diffusible pigments: white, red, pink, brown, black, green, violet,
blue, gold, orange.

I"

'-I3
10

11
12

13145
161718

19
20
112213

141516

17

1930
3102£3

3435£6

37
08£931

40
4Q

B00026L
B00027L
B00044L
BOO076L
B00079L
BO0083L
B00088L
B00138L
B00139L
B00140L
B00141L
B00143L
B00144L
B00145L
B00148L
B00178L
B0O179L
B00180L
B00182L
B00183L
B00184L
B00185L
B001S6L
B00187L
BO0188L
B00190L
B00192L
B00193L
B00194L
B00196L
B00198L
B00199L
BOO200L
B00228L
BOO230L
BOO231L
BE0233L
B00234L
BO0237L
BOO238L

BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFOR'T
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT
BEAUFORT
EEALIFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

EARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIUFORT
BEAUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE 03
SAMPLFE 0:3
SAMPLE 03
SAMPLE 16
SAMPLE 16
SAMPLE 16
SRMPLE 16
SAMPLE 22
SAMPLE 22
SAMPLE 22
SAMPLE 22
SAMPLE 22
SAMPLE 22
SAMPLE 22
SAMPLE 22
SAMPLE 20
SAMPLE 20
SAMPLE 20
SA:MPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 20
S:AMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 2.0
SAMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 21
SAMPLE 21
SMF'LE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21

SEDIMErNT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SED IMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED IMENT

-98

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04CLitI0401

STATION010
STATION010
STATIOIN010
STATIOtN002
STATION002
STATION002
STATION002
STATION071
STATION071
STATIOM071
STATION071
STATION071
STATION071
STATION7 1
STATION071
STATIONO55
STATION055
STATION055
STATION055
STATIONO55
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATIOM055
STATION055
STATION055
STATION055
STATION070
STATION070
STAT I 0070
STAT I ON070
STATION070
STATION070
STATION070



BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAFMPLE
SAMPLE
SAMPLE
SAMPLE

21
21
21
21
21
21
21
09
09
09
09
09
09
09
15
15
15
15

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATIONt070
STAT ION070
STATION070
STRTIONO70
STATION070
STAT I ON070
STATION070
STATION030
STAT I ON030
STATION030
STATION030
STATION0 3 0
STATION030
STATION030
STAT ION001
STATION001
STATION001
STATION001

END FORM
5% STRAINS

41
42
43
44
45
46
47
48
49

53
54
55
5658r 5
C) C',

..! |"

B00239L
BOO0240L
BOO245L
EB0246L
E0B247L
B00249L
E00250L
E00254L
EBO256L
BOO262L
BOE263L
EBO264L
BOO269L
BOO274L
BO£286L
BOe287L
B80028L
BOO2S9L



1
2
'-.3

14
5

167
18
'9

10
11

1213
14
15
16
17
1:8
19
20
21

23
24
25
26
27
28
29
30:
31
32£

34

36:37

B00004H
BO0005H
B00006H
B00007H
BOOOO HBE008H
B00011H
B00012H
B00013H
BO0014H
B00015H
B00016H

B0001SH
BO0O19H
BOO20H
EB0021H
B00022H

B00024HBOOO23HHBOOO24HB00052H
B00056H
B00057H
B00062H
B00063H
B00071H
B00106H
B00111H
B00112H
E00117H
BOO122H
B00123H
B00157H
B00165H
BO0170H
BOO203H
EB00216H
BOO253H

EEAUFORT
BEAUFORT
BEAUFORT
BEAU.IFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAULFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SMPL..E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
20
20
20
2020
20

27
27

27
27
27
27

24
24
24
26
26
11

WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
IWTER
WATER
IATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

END FORM
37 STRAINS

100

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
80C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATIO 010
STATION010
STATIOM010
STRTION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION020
STATION020
STATION020
STATION002
STATION002
STATION002
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION070
STATION070
STATION030

Strains isolated frma water at 20C producing any one of the following
non-diffusible pigments: white, red, pink, brown, black, green, violet,
blue, gold, orange.



Strains isolated from sediment at 20C producing any one of the following
non-diffusible pigments: white, red, pink, brown, black, green, violet,
blue, gold, orange.

1*
2,
3
4
5

6-?

19

20
11
.
23

141516
17
28

19

30
31
32
33

34

35
3647

4831
34

4536

47
48
39
50
50

B00027?H
BOOO28H
B00031H
BO035H
B00036H
B00037H
B00039H
B00044H
B00047H
B00048H
B00076H
B0077H
B00078H
BOOO84H
B00085H
B0OO91H
B00095H
B00096H
B00097H
B00126H
B0127HH
B01228H
B00129H
B00132H
B00133H
BEO136H
BO0138H
BO0140H
EB00142H
BO143H
B00144H
BOO146H
B00148H
B00149H
B00150H
BO0176H
B00177H
B00181H
BOO186H
B0190H
BOE194H
B00196H
B00199H
B00226H
BOO227H
B00228H
B00229H
BOO231H
B00232H
BOO234H

BEIUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
03
03
03

03
03
16
16
16
16
16
16
16
16
16
22

22
22
22
22
22

222222
22
22
22
20222220

20
20
20
20
20

21

2121

212121
212£-I.1
SO1
so:'

SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
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20C
20C

20C

20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION01O
STATION010
STATION010
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070



BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

21
21
21
21
21
09
09
09
09
09
09
09
09
09
09

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030

E-ID FORM
65 STRAINS

102

51
52

54
55
56
57
58
59
60
61
62
63
64
65

B00242H
BOO243H
BOO246H
B00247H
BOO248H
BOO277H
B00278H
BOO279H
BO0280H
B00285H
BOO289H
B00292H
B00296H
E00297H
B00300H



F.

4-

•.02i60L

BE0O2E6L

:7ERUFOi:RT S•rIFM'LE 21 SEDIME IIET 04C STATIONC-I70
iE::RUFORT SRIFiL.E 09 SEI I MEMT 04-C STAT ION3OO

BEAUFORT S:FM1PLE 09 SE' DIMIENT 04C. STATION030
BEIUFORT SFAMPL.E 09 SEDIMENT 4 4C STRTION030

END -FORM
4 STRA i-IS'

103

Strains isolated from sediment at 4C producing at least one of the
following diffusible pigments: blue, yellow, green, red, orange, violet,
brown, black.



Strains isolated from water or sediment at 20C producing any diffusible
pigment.

1 BB001O6H BELIFORT SAMPLE 20 SEDIMENT O2C STRTIONQ55

END FORM
1 S'TRAINS

r--Ll .. .. - -J•

104



12

3
4
5
6
7
8
9
10
11
12
1:3
14
15
16
17
18
19
20
21
22

23
24
25
16

27
28
29
30
31
32

33
34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

EOBOO1HB0000 1H
E00002H
B00003H
B0004H
B00005H
B00006H
BOOO07H
B00008H
B00009H
BO0010H
B00011H
BO0012H
B00013H
B00014H
B00015H
B00016H
B00017H
B00018H
B00019H
BOOO20H
B00021H
E00022H
B00023H
B00024H
E00051H
B00052H
B00053H
B00054H
BOO00055H
B00056H
B00057H
B00058H
B00059H
B00060H
B00061H
B00062H
B00063H
B00064H
BOH065H
B00066H
B00067H
B00068H
B00069H
B00070H
B0071H
BOOO71H
BOOO72H
B00073H
BOO075H
B00101H
B0102H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUEORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

2727
-- I-,

-..

I,.

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
RWTER

HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

SSTATION010
STATIONM10
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION01
STATION010
STATION010
STATION010
STATION010
STATION010
STATION020
STATION020
STATION020
STATION020
STATION020
STATION020
STATION020
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STRTION002
STATION071
STATION071

Strains isolated fran water at 20C capable of growth at 5C.

I



51 BO0103H
52 B00104H
53 B00106H
54 B00109H
55 B00110H
56 B00111H
57 BOO112H
58 BOO113H
59 B00114H
60 BOO115H
61 B00116H
62 B0011T7H
63 BOO118H
64 B0119H
65 B00120H
66 BOO121H
67 E00B22H
68 E0B123H
69 B00151H
70 B00152H
71 BO0153H
72 B00154H
73 B0155H
74 B00156H
75 B00157H
76 B00158H
77 B00159H
78 B00160H
79 B00161H
80 E00163H
81 B00164H
82 B00165H
83 BOO166H
84 B00168H
85 B00169H
86 B00170H
87 B00201H
88 B00202H
89 B00204H
90 B0205H
91 BO0206H
92 B00207H
93 BO2008H
94 B00210H
95 E00211H
96 BO0212H
97 BOO213H
98 E00216H
99 B00217H
100 B00219H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFOFT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

27
27
27
27
27
27
27
27
27
27
27
2727

27
27
27
27
27
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

26
26
26
26

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

STATION071
SSTATION071
SSTATION071
SSTATION071
STRTION071

SSTATION071
SSTATION071
SSTATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055

STATION070
STATION070
STATION070

gEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070

BEAUFORT SAMPLE 26 WATER 20C STATION070

106



101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

120
121
122

123
124
125
126
127

BEAUFORT SAMPLE 26 WATER 20C STATION070
BEAUFORT SAMPLE 26 WATER 20C STATION070

BEAUFORT SAMPLE 26 WATER 20C STATION070

B00221H
BOO222H

800223H
BOO251H
B00252H
BOO253H
B00254H
E00255H
B00256H

BOO258H
B00259H
B00260H
BO0061H
B00262H
B00263H
E00264H
B00265H
B00266H
0B268H

EBO269H
E00270H
BOO271H
B00272H
BOO273H
B00274H
POO275H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

END FORM
127 STRAINS

107

STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STRTION030



Strains isolated frma sediment at 20C capable of growth at 5C.

1
2.

3
4
5
6
7
8
9

10
11
i2
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37,
38
39
40
41
42
43
44
45
46
47
48
49
50

108

BE0026H
B0027H
BO0028H
B00029H
B00030H
E00031H
BOO032H
E00033H
BO0035H
BEOO36H

B00037H
B00038HBOOO3SH
E00039H
B00040H
E00041HBOBOO41H
D00042H
BO0043H
B00044H
B00045H
E00047H
BOO048H
BE0076H
BE0077H
B00078H
B00079H
B0080H
B00081H
BOOO2H
B00083H
B00084H

B00085H
B00086H
B00087H
B00088H
B00089H
B00091H
E00092H
B0093H
B00094H
B00095H
B00096H
B00097H
E00098H
B00099H
E00100H

B00126H
B00127H
B00128H
B00129H
B00130H

BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BERUFORT SAMPLE 03 SEDIMENT 20C STATION010

BEAIFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STRTION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
EEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
EEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATIONO10
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION00
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
EEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
EEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
EEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071



51
52

53
54
55
56
57
5i,-."
58
.J .

60
61
62
63
64
65
66
67
68
69
70
71

73
74
75
76
I77
78
79

81
82
83

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
109

BOO131HH
BOO132H
BOO133H
BOO135H
B00136H
BOO 1 38H
B00140H
B00141H
BOO142H
B00143H
E00144H
B00145H
BO 146H
EBO147H
B00148H
B00149H
BOO150H
BOO176H
EO0177H
Bo00178H
BOO 79H
BOOE180H
B00181H
BE0183H
BOOE84H
EBO186H
BOO187H
BOOISSH
B00189H
BOO 190H

B00191H
B00192H
BOO194H
BOO196H
BO0197H
B019BS8H
B00200H
BOO226H
BO0227H
B00228H
B00229H
BOO230H
B00231H
B00232H
B00233H
BOO234H
BOO235H
BOO236H
BOO237H
BOO238H

BEAUFORi
EEAUFORT
BEAUFORI
EEAUFORI
BEAUFORT
BERUFORI
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORT

BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

:FAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
EEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SSRM1PLESSAMPLE
r SAMPLE
SSAMPLE
* SAMPLE:;SAMPLE
SSAMPLE

* SAMPLE
* AMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE

SAMPLE
SAMPLESAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLESAMPLE
SAMFPLE
SRMFPLE
SAMPLE

SAMPLESAMPLE
SArM1PLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

22

2E22
22
2222
22
22
22

2222

22
22
.--,L22

2220
20
20

20
20

20
20
20
20
20
20
20
20

20
2
20

21
21
2121
£1

21i
21

el£1

i,2120'
20i

* SEDIMENT
-SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT

SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED IMENT
SE DIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

109

20C
20C
20C
20C

20C
20C
20C
20C
20C

20C
20C

£0C20C
20C
20C

2OC20C:

20C
20C
20C
20C
20C

20C
20C
£OC20C
20C20C20C
20C
20C
20C
20C

20C20C

20C20C20C20C
20C20C20C
2OC20C20C

SSTATION071
STATION071

SSTATION071
STATION071
STATION071
STATION071
STATION071
STATION071

SSTATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STAT ION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STRTION055
STATION055

STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION07?
STATIONO70

STATION070
STATION070
STATION070
STATION070
STATION070
STATIONO70



101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

E00239H
B00240H
BOO241H
B00242H
B00243H
B00244H
B00245H
B00246H
B00247H
B00248H
B00249H
BOO250H
B00276H
B00277H
B00278H
B00279H
B00280H
B00281H
B00282H
B00283H
B00284H
B00285H
B00286H
B00287H
B00288H
B00289H
B00290H
B00292H
BOO293H
BOO294H
BOO295H
BOO296H
BOO297H
BO0298H
E00299H
BOO300H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

21
21
21
21
21
21
21
21
21
21
21
21
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09

END FORM
136 STRAINS

110

SEDIMENT
SEDIMENT
SEDIMENT
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STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030



U~m

1
2-I
3

4
5
6
7
8'
9

10
11
1.2
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
'e~1r50

B00003L
B00005L
B00006L
BO0009L
B0OO12L
B00013L
BO0014L
B00015L
BO0021L
BO0022L
B00023L
BOO024L
BEOO25L
BOO052L
B00053L
B00054L
BO055L
B00057L
BO0058L
B00059L
B00060L
BOOO61L
B00062L
B00063L
B00066L
B00067L
B00068L
B00069L
BO0070L
BO0071L
B00072L
BOO073L
B00074L
BOO075L
BE0011L
B00102L
B00103L
B00104L
BOO105L
B00106L
B00107L
B00108L
B00109L
B00110L
B00111L
Bi0112L
B00113L
B00114L
B00115L
B00116L

BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

27
-'7
27
27
27
27
27
27
27
27
27
27
27
27
27
27
£7?

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

123

Strains isolated from water at 4C capable of growth at 15C.

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION071
STRTION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071



51 BO0117L
52 BQO11O8L
53 B00119L
54 £00120L

55 B00121L
56 B00122L
57 B0123L
58 B00124L
59 B00125L
60 B0O0151L
61 B00152L
62 B00153L
63 B00154L
64 B00155L
65 B00156L
66 B00157L
67 B00I159L
68 B00160L
69 B00162L
70 BE00163L
71 B00164L
72 B00165L
73 B00166L
74 BO0167L
75 B00168L
76 B£00169L
77 B00170L
78 B00171L
79 BE00172L
80 B00173L
81 B0 0174L
.82 B00175L

83 B0£201L
84 B£00202L
85 BOO203L
86 EBO204L
87 B0020a5L
88 B00206L
S9 B00207L
90 BOO208L
91 BOO209L
92 B0210L
93 300211L
94 B0021LL
95 B00213L
96 BOi214L
97 B00215L
98 BO%216L
99 B00217L

100 B800218L

BEAUFORT SAMPLE 27 WATER
BEAUFORT SAMPLE 27 WATER
BEAUFORT SAMPLE 27 WATER
BEAUFORT SAMPLE 27 WATER

BEAUFORT SAMPLE 27 WATER 04C
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
:EAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SSAMPLE
SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

27

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
£24
24
24
26
£6
26
26
26
26
26
26
26
26
26
26

£6
26
26
26

262626.·
;£67

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

S04C STATION071
S04C STATION071

04C STATION071
04C STATION071
STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STAT IN0055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION 055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070

124



BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

26
26
26
26
26
26
11
19
19
19
19
36
36
36
36

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION001
STATION001
STATION001
STATION001
STATION002
STATION002
STATION002
STATION002

END FORM
115 3'STRAINS

125

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

BOO219L
BOO220L
B00221L
BOO222L
B00223L
B00225L
B00278L
BOO281L
BOO282L
B00283L
B00284L
B00291L
E00292L
BOO294L
B00295L



Strains isolated frcm sediment at 4C capable of growth at 15C.

1
I,
:3
4
5
16
17
8i

192114!21415
16
17
18
19
20
21
£2
23

242526
4728
29
30
31
32
33
34
35
36
37
438
39
40
41
4£
43::
44
45
46i
47
48
49
50

B0026L
B00027L
BOOO28L
B00029L
B00030L
E00031L
BOO032L
I00033L
B00035L
BOOO36L
BEOO37L
B0038L
B00039L
B00O40L
B00041L
B00042L
BO043L
B00044L

00Be46L
E00047L
BO0048L
B00049L
B00050L
B00076L
B00077L
B00078L
Bo00079L
BOO080L
BOO081L
B00082L
BO0083L
BOOO84L
BOO85L
B00086LBOOOS6L

B00091L

BOOO93LB00092LP00093L
B08094L
BOO095L
BOO096L
B00097L
B00098L
B00099L
B00100L
B00126L
B00127L
B00128L

BERUFORT
BEAUFORT
BEAIUFORT
BERUFORT
BERUFORT
BEAUFORT
EEAUFORT

flEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEALUFORT
BEAUFORT
EEAUFORT
BEAUFORT
EERUFORT
BERUFORT
BEAIUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
B:EAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BElAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
22
22
22

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SED IMENT

126

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION010
STATION010
STfTION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STHTION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STHTION010
STATION010
STATION010
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION071
STATION071
STATION071



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7' ,
'73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
83
89
90
91

93
94
95
96
97
983
99

100
101I
102
103
104
105
106
107
108
109
110

B00129L
BOOE130L
B00131L
BOO 132L
BOO133L
B00134L
BE0035L
E00136L
BO0137L
BOO138L
B00139L
BOO 1I40L
B00141L
BOO 43L
BOO144L
B00145L
BOO1il46L
B00147L
BO0148L
BOO149L
B00150L
BOO0176L
BO0177L
BOO178L
BOO179L
BOOEISOL
B00181L
BO0182L
B00183L
B00184L
BOEO1835L
E00186L
BOO1S7L
B001S8L
B00189L
B00190L
BO0191L
B00192L
B00194L
E00195LBOO 1 956LB00196L
BO0197L
BOO198L
BOi199L
BOO200L
BOO226L
BO0227L
B00228L
B00229L
BOO230L
BOO231L
BOO232L
BOO233L
B00234L
B00235L
B00236L
B00237L
B00238L
BO0239L
BOO240L

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEALUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BERUFORT
BERUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE,
SAMPLE
SAMPLE

22
22
22
22
22

2222
22

22
22

22
22
22
22
22
2222
22
22

20
20
20
20
20
20
20
20
20
20
20
20
20820

20
20
20
20
2020

20
20
20
20
21

21

2121210
210
210

21021021
21

212121
212020202121
£1
21
21
21

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SE DIMENT
SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SE DIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

127

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION071
STATION071
STATIONO71
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STHTION055
STATION055
STATION055
STATION055
STATION055
STATION055
STHTION055
STATION55
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070



111
112
113
114
115
116
iiT117

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

BOO241L
BOO0242L
BOO243L

:BO244L
B00245L
B00246L
B00247L
BOO248L
E00249L
E00250L
BOO251L
B00252L
B00253L
B00254L
B00256L
BOO257L
B00258L
B00259L
E00261L
B00262L
B00263L
B00264L
B00265L
B00266L
B0267L
B00268L
B00269L
BOO271L
BOO272L
B00273L
B00274L
B00275L
BOO286L
E00287L
B0288L
B00289L
B00290L
B00296L
B00297L
B00298L
B00299L

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

EEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

21
21
21
21
21
21
21
21
21
21
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
15
15
15
15
15
32
32
32
32

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

END FORM
151 STRAINS

128

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STRTION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION001
STATION001
STATION001
STATION001
STATION001
STATION002
STATION002
STATION002
STATION002



Strains isolated frcm water at 20C capable of growth at 15C.

BEAUFORT SAMPF'LE 03 WATER 20C STATION010
BEAUFORT SAMPLE 03 WATER 20C STATION010
BEAUFORT SAMPLE 03 WATER 20C STATION010
BEAUFORT SAMPLE 03 WATER 20C STATION010
BEAUFORT SAMPLE 03 WATER 20C STATION010
BEAUFRT SAMPLE 03 WATER 20C STATION010

1
2I

3
4

7
8
9

10
11
12
13
14
15
16
17
18IS
19
20
21

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

B0001H
B00002H
BOEOO3H
BO00O4H
B00005H
B006H
B00007H
B00008H
B00009H
B00010H
E00011H
BO0012H
BOO013H
B00814H
B00015H
B00016H
B8OO17H
B00018HBOOO1SH
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SAMrIPLE
SAMPFLE
SAMPLE
SAMPLESAMFLE
SAMPLE

SAMPLE
SAMPLE
SAMPLESAMPLE
SAMPLE

SAMPLE
SrlMPLE
SRMPLE

SAMPLE
SAMPLE
SAMPLE
SFRMPLE:

SAMPLE
SAMPLE
SAMFLE
SAMPLE
SAMPLE
SRAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLESAMPLESAMPLESAMPLESAMPLESAMPLESAMPLE
SAMPLESAMPLEi

SAMPLE
SAMPLE
SAMPLE

03
03
03
03
0320 -.
20

20

20
201
20
20
20
20
20
202020

2020

LO2020
20
27

270
270
270

27

27i27
273272727

27

27
27
27
27

272727

2727:U7

-. 7

C£

17
L..7

NFTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WFITER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
FITER

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C

04C04C04C
044C

ii4fl
c1.
1011.l
1.11

:STATION010
SSTATION010

: STATION010
SSTATION010
SSTATIOM010
: STATIOM 010

STATION002
STAT ION002
STATIO11002
STAT I 0002
STATION002
STRTION002
STATION02
STATION002
STATION002
STATION002
STATIOM002
STATIO 002
STATIO 002
STATION002
STATION002
STATION002
STATION002
STATION002
STRTIOM002
STATION071
STRATON071

STATION071
STATIONM071
STAT I ON071
STAT ION071
STATION071

STATION071
STRTION071
STAT I ON071

STATION071S;TAT ION071
STATION1071

STATION071STAT 101171
STATION071

STATIONt071STATION0071
STATION 071
STATION0071
STATION071

STATION071STATION0071
STATION071STAT I 0D1071

Strains isolated from water at 4C capable of growth at 20C.



51i

53
54
55
56

58

59

6361
64
65
66
67?

S68

69
70
71

74
75
76
-" ...77
78

81
82 C

83
084
87'

88
89
90
91

93
94
95
96.
97
983

99

101

103
104

B01 25L
B00151L
B00152L
BOO 153L
BOO154L

I00157L
BOO159L
B00160L
B00162L
BOO163L
BOOI 64LB00164L

B00166L
B0O167L
B00168L
B:0169L
B00170L
BOO171LB@0171L.
B00172L
B00173L
B00174L
B00175LL

B00203LBWsO203L
BOO204L
B00205L
BO0206L
B00207L
B:0208LL
BLUO209L
BOO210L
B00211L
BOO212LL
B.K0213L

BO0214L
BO0215L
B00216L
B00217L
B0021 8LL
B00219L
BOO220L
BOOS222L
B00223LL
B00225L

OOS0278L
B00280L
B00 81L
E00283L
BO0291L
BOO294L
BOO295L

BEAUFOR1
BEAUFOR1
BEAUFOR]
BEAUFOR
BEAUFORI
BERIFORf
BEAUFOR1
BERUFORI
BEARUFORI
BEAUFOR1
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUIFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORTF E. .IF IOPIT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEARUFFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAULFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT

SAMPLE
r SRMPLESSAMPLE
SSAMPLE

- SAMPLE
- SAMPLE
- SAMPLE

- SAMPLE
SRAMPLE
SAMPLE

" SAMPLE
SSAMPLE
SSAMPLE
SAMPLE
SAMPLE

SSAMPFLE

SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SRMPLE
SAMPLE
SRAMPL.E
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SARMPLE
SARMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE 1
SAMPLE
SAMPLE 2
SAMPLE jSAMPLE 2

2
24
241
i24

24
24

24242424
24
24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26
c-r

26C
26
26
26
26
26
26
26
26
26
26

c26
26
26

E'6
26:

1 1
11I

I-,-

,6,

16

7 WATER
1 WATER
I WATER

SWATER
WATER

SWATER
1 WATER

! WATER
SIWATER
• WATER
SWATER

WATER
WATER

*WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WARTER
WATFER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER (
WATER
WATER
WATER
WATER '
WATER C

04C
04C
04C:
04C:
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C04C
04C

84C
34C
14C
34C
44C

:14C

EMTi FORM
104 STR'IRS

C STATION071
C STATION055
: STATION055
* STATION1055

STATION055
SSTAT IO055
STATION055
STATION055
STATION055
STATION1055
STATION055
STAT I ON055
STAT ION055
STATION055
STATION055
STATION055
STATION055
STATION0 55
STAT ION055
STAT ION055
STAT ION055
STATION0055
STATION 055
STATION055
STAT IN070
STAT ION070
STATION070
STAT ION070
STAT ION070
STATION070
STATION107
STAT I ON070
STATION070
STATION070
STATION070
STAT ION070
STATION070
STATION070
STAT ION070
STRTION070
STT ION070
STATION070
STATION070
STATION070
STAT ION070
STATION070
STAT I ON070.
STATION030
STATION030
STATION001
STATION001
STATION002
STATION002
STATION00E

1090301



1':

4
51689?1 3

11
12
13
14
15
16

4920'
1;

24
25

27

29
30
31
32
33
34
35-
36

37:38
39
40

4'7
4£
493

50

$iE003 .L

:bO08264L
BD0085L

B00093L
B00096L
EBO0171LBOOO84L
BO' 1 :30L
B00138L
Bi0 Q139L
B0014L0L
B00143L1100 1 46LBT301?7LE0014SL
B001508L
B00177L
BOSOL 7L

B00182L
BOO 182L
1:001 83L

B00187L
BE0188L
B00189L
B00190L
BO 1 91L
BE:0192L
BO0194L
B00196L
B00197L
B00198L

BOO200LBO 2192L
BOO226L
B00227L

BOO229L
BOO2E30L
B00232L
EB00233L
B:0234L
BOO235L
BOO236L
BOO237L
BOO238L

BEULIFORT
BEFAUFORT
BEAUFORT

B: E. IA F OP.TBE AUFORTBEAUFORT

BEAUFORT
BEAUFORT
BELAUFORT
BEAUFORT

BERUFORT
BERUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFCORT

BERUFOFRT
BEHUFORT
EEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUIUFORT
BEAUFORT

BEAUFORT

BE A UFO0 RTBEAUFORTBEAUFORT
BEAUFORTBEARUFORTP
BEAUFORT
IEAUFORT
BEAUFORT

BERUFORT
EE RUFORT

BEAIFORT
BERUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT

;ASRMPLE
SAMPLE
SAMPLE

SAMPLE
SARMPLE
SAMPLE
SAMPLES'MPL:FE
SRMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLESRMPLE

SAMPLE
SAMPLE
SRMPLE
SRMPLE
SAMPLESAMPLESAMPLESRMPLESAMPLE

SAMPLE:;AMPLE
SRMPLE

SAMPLE

SRMPLESAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE

SRMPLESAMPLESAMPLE
SAMPLE
SAMPLE

SRMPLE
SAMPLE
SAMPLE

SRAMPLE

SARMPLESAMPLESAFIPLESAMPLE
SAMPLE
SAMlPL.E

SAMPLE

SAM;PL.E
SiIAMPLE

03
03
03
03
16
16
16
16
16
1.6
16
22

22
22L-i-

22

2 0
20

20

20s8
20
20
20
20
20
20
202020
20

20
20
20
210

21
21
21
21

21
21
21

2121
21

SEDIMENT
SED IMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENTE
SEDIMENT
SED I MENT
SEDI MEMNT
SE DIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMErNT
SEDIMENT
SE DIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

04C
04C
04C
C14C
04C
04C
04C
04C

04C04C
04C
04C04C04C034C
04C.
04C.
04Cu4C

04C04C

04C
04CU4C
04C
04C
04C
u4C
@4C
04C
04C
04C

04C

0:4C
04C

C14C
04C

014C
04C04C
04C

137

S:E;TRT I OCiO 10': STRTION010'
SSTATION010
:STAT ION010

:STAT I ON10
STATION002

T: 100ATN1102STATION002
SSTATION002

STATIONO00
STATION002

TSTATION02
STATION071
:STATION071

SSTATION071
STATION071
:STATION071
STATION071
STATION071

STAT ION0755
STATION055
STATION055
STATION055
STATION055
STATION0055
STAT ION055
STATION055
STATTION055
STATION055
STAT I ON55
STATION055
STATION055

STAT I ON055
STATION055
STAT ION0055
STATION055
STAT I01ON055
STAT ION055

STAT I 0055
STAT I 070STATION070

STATION070
STATION 070
STAT I N0170
STATION070

STATION1070
STATION070

STATION 070

STATIN011070
S.-".TAT I 011070

Strains isolated fron sediment at 4C capable of growth at 20C.

I



I

51
52
53
54
55

56
57
58
59
60
61
62
i' .,
63
64
65
66
67
68
69

I'

73'
74
75
76
77
78
79
80
81

83
84
85

BO0240L
B00241L
BOU243L
BOO244L
BOO245L
BOO246L
B00247L
BO024 9 L
BOO250L
B00251L
B00252L
B0O253L
BOO254L
BOO256L
B00257L
BO0258L
iBO259L
BOO261L
B00263L
B00264L
B00266L
B00267L
B00269L
BOO272L
B00273L
B00274L
BOO275L
BOO286L
B0e287L
B00288L
E0289L
BOO290L
BOO296L
BOO297L
BOO299L

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SRMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 15
SAMPLE 15
SAMPLE 15
SAMPLE 15
SAMPLE 15
SAMPLE 32
SAMPLE 32
SAMPLE 32

END FORM
85 STRAINS

138

SEDIMENT
SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDI MENT
SEDIMENT

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION001
STATION001
STATION001
STATION001
STATION001
STATION002
STATION002
STATION002



Strains isolated frman water at 4C capable of growth at 37C.
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1

4
5-

6

-48

10

BOOi 14H
BOE0017H
B009024H
E00067H
B00112H
B00122HH
B0O12-3H
BOO203H
B00216H
B00222H

BE:UFOFRT
BERUFORT
BEARUFORT
BEAUFORT
BERAUFORT
BEAUFORT
BEAUFORT
BEUAIFORT
BERAUFORT
BEAUFORT

SAMP'LE
SAMPFLE
SRMPLE
SRMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPILE

03
03
03
20
27
27
27
26
26
26

WATER
WATER
WRTER
WATER
NATER
WATER
WATER
WATER
WRTER
WATER

20C
20C
20C
20C:
20C
20C
20C
20C
20C
20C
L :il

STATION010
STATION01"10
STATION010
S;TAT ION00
STATIOH071
STAT I ON071
STAT I ON71
STAT ION070
STAT I ON070
STATION070

ENDl: FORM
10 STRAINS

_140

Strains isolated from water at 20C capable of growth at 37C.



BERLIFORT
BERUFORT

BERUIFOFRTBEARUFORTEEALIFORT

SAMPLE.
SRAMPLE

SAMPLE
SAMFPLE
SAMPLE

03
03
16
21
21
09

SEDIMrENT
SED I MENT

ED I MENT
SEDIMENT
SED IMErNT
SEDIME NT

20C
20C

20C
20C:

2 o•::

;STTION010
STRT IHN01 0STAT I orA i1. 0
STAT I ON002
STAT I ON070
STATION070
STAT I ON030

END:II FORM
6 STRRINS

141

1

:3

4
5
6

@00027H
BOO:36H
B00098H
BOO@29H
B0e230H
PITJOE9S~~1H

Strains isolated frcm sediment at 20C capable of growth at 37C.
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4
5
6-
i

12
113
i ;-
is

14
.'

I5

16
2'17
IS

21

r4

4i;

31.

34

36
37

,r"

3

41

46
474:=

49

BOOOO3L
BOO005L

BaIOSLB00006LB00009L

BO0021L
B00022L
B00024L
BEOO25L
Be0053L
BI0EO054L

:B08063LB.0057LBOOO60LBOO06:3L-Ei00066L

B00068L
i00069L

Bo00071L
B00072L
B00073L
BOO074L
BO0075L
B00103L
B00104L
B00106LBal00108L

BEi019L
B00111L
BOO1 12L
B00113LBE:O I 14L
B00115L
i:)O 115L
B00116L
B00117L
E00119L
B00120L
BE:00121L
B00 122L

BO0153LBE00 124L3001 -i,4L£,00154L

BEAUFORT
BEEUFORTF
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFOFRT
iBEAUFORT
BE:UFORT
BEAUFORT
BEU:EIFORT
BElAUFORT
IBEAiUFORT
BEAUFORT

BEAUFORT
BERUFORT
EEUIJFORT
BERUFORT
BEAUFORT
BERUFO:RT
BEAUFORT
BEARUFORT
BERUFORT
BEAULFORT
BEAUFORT
BEAUFFORT
BEAUFORT
BEAUFORT
BEARUFORT
BEAUFORT

BERUFORT
BEFAUFORT
EBERUIFORT
B:E:UFORT
BE:UFORT
BEAUFORT

BERAUFORT
BEHUFORT

BERUFORT
BEA FUFORT
BERUFORT
BERUFORT

BEAUFORT
ERIUFORT

BERUFORT
BE:UFORT
BEUFORT

SSRAMPFLE
H SRMPLE

SMPL..E
SAMPLE
SAMPLE
' SAMPLE
* SAMFPLE
SSMPLE
SSRMPLE
SSAMPLE
SAMPLE
SA1PLE
SSAMPLE

SFIMPLElSAMPLESAMPLESRMFLESAMPLESRMPLESAMPLESAMPLE

SARMPLE

SRMPLE
SAMPLE
SAMPFLE
SAMPLE

SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLEF:; P' 1 1ESSAMPLESAMPLE

SAMPLE
SAMPLE
SRMPLE

SAMPLESAMPLESRMF'LLESAMPLESRAMPLE
SRMPLE

SRMFLE
SAMPLI.E

03:
03
0:3
03:
03
03
03
03
03
03
03
20
20
20
20

2020.LL1

202020

2020

20

20

27

cr

212c7

r24£E7£7
,:4

SWATER
SWATER
WATER
SATER
WATER
HATER
HATER
WATER
WANRTER
WATER
WRTER
WARTER
HAlTER
WATER
WA HTER
WARTER
WATER
WANRTERF
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WRTEP
WATEF
WATE
WATEE
WATEF
WATER
WATERF
WRTER
IRTER
WATER
WATER
WATER
WATER
WATER

WATER

WFITER
WATER
WATER
WATER
WRTER
WATER
WATER

WATERI-.IHTER
WATER
WATER

142

04C
04C
04C
04C
041:

04C
04C

04C
04C
04C
04C04C04C

04C
04C
04C
04C
04C
04C
04C
04C04C

04C
04C
04C
04C

04C
04C04C04C04C
04C
04C04C04C04C04C

04C
04C
04C

04C104C04C
041C
04C
04C

STATION010

STATION010
STATION010
STATION010
STAT I ON010
STATION010
STATION010
STATION 010
STRTION010
STATION010
STATION010

TAT I ONOO
STATION002
STRTIONOO0
STAT I ON002
STATION002
STT ION002
STATION002
STATION002
STATION002

TRT IONrOo

=TAFIT I OH'.IOOS-STATIONi002STAT I ON002'STATION002O
STAFTION002
STRT I ON002

TT I ONM002
STATITO071
STAT ION107.
STATION071
STATION071
STATION071
STRTION071
STATIO N71
STATION071
STAT ION071
STT I ON071
STATION071
STATION071
ST I ON071

STRT 0IN1071
STfATIONO71
STATION071
ST:ATION971
STRTION071
STRTION071
STT ION055
STT I ON055
STITION0r55
STRTION055

Strains isolated from water at 4C capable of growth in the presence of
3% NaCl.



I

;:1. -B201 5 L

5:: tB00156L
S.. B00157L

54 BOa1. 59L
35 B00160L
56 B00163L
5:7 B00164L
58 B00165L
59 B00166L
60 B00167L
61 BOI' 169L
62 B00170L
63 B00171L
6 4 B00173L
65 B00174L
.66 .t00175L
67 B00201L
68 B00202L
69 B..0203L
70 B00205L
71 B30206L
72 I00207L

-'"73 B00208L74 B00210L75 B00212L76 B0"213L
77 B00214L
78 B0£215L
79 B00216L

::i B 218L

F2 B00219L
83 B:IO220L
84 B00221L
,5 B00222L
86 B00£223L
87 B00224L
88 B0£225L
89 B00278L
90 B0'OESOL
91 B002BIL.
92 B00282L
93 BO 83L
94 B00284L
95 B00291L
96 B00292L
97 B00294L

.98 B00295L.

END F"ORM
98 :ST:RRIN

BEHUFORT
BEAUFORT
BEU:FORT
BEAUFORT
BEFUFORT
BEAUFORI
BEAUFORT
BEAUFORT
BELUFORT
BEAUFORT
BEAUFORT
BEAUFORTBEALUFORT

BERUFORTBEF.FORTBEALUFORT

BERUFORT
BE:AUFORTBEIIUFORT

BERUFORTBERUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEARUFORT
BEAUFORT
BE:UFORT
BEAUFORT
BEAUFORT
BEFUFORT
.BERUFORT
BEAUFORT
BEAUFORTBERUFORTBEAUFORT

BERUFORT
.BERUFORTBEAUFORT

BEAUFORT
BEAUFORT
BEFUFORTBEAtIFORT

BE:UFORTBEFAUFORT

BEFAUFORT
BEAUFORT

SSMPLE
SSRMPLE

SSAMPLE
SSAMPLE
SSAMPLE
SRMFLE

SSAMPLF'LE
SS1AMPLE
SAMPLESSMPLE
SSAMPLE
SSMPLE
SSH1PLE
SSAMPLE

* SrAMPL.EH SAMPLESAMPLE

SAMPLE

SFIMPLE

SAMPLE

SAMPLE

SRMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE.
SRMPLE
SRMPLE

SRMPLESHMPLESAMPLE
SRMPLESAMPiLE

SAMPL.ESAMPLESAMPLE
SAMPLEqHjPI.E

SRMPLESAMPFLESHMPLE

SRAMPLE
- L;R PFLEHIFIMFLE

HU_ IF1PE

SFilF:'LE

_AtHiF:'L.E

24
24
24
24
24
24
24:
24
24
24
24
24
24

24
24
24
26
26
26-
26
26

86
26
26
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Strains isolated from sediment at 4C capable of growth in presence of
3% NaC1.
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SAMPLE

SAMPLE
SRMPLE

SFRMPLE
SFIMPFLESAMIPL.E

:SAM1PL.E
SRMPLE

SHMPLE

SHMPLE
SaIMPLE

03
03• .
03
03
03
03
03

03
03:
03
93
03
03
03
03
03
03
03i
03

3i
16
16
16
1. 6

16
16
16
1616
16
16
16
S16
16>

c. .

22

L..C L

L .
L- L..
L..< -

220

SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT I

SEDIMENT
SEDIMENTiT

SEDIiMENT
SEDIMENT
SEDIMEHT

SEDIMENT
E D " 11 EI I TSEDIMEINT

SEDIMENT
SED:IMENT

i-F.1 I MEJ ITSEDIMENIT
SE.1 IMENTSED:I TMEiEHT

SEDIMENTSEDIMENTSEDIMENTSEDIMENT

SED IMENT
SE DIMENT

SEDIMENT
SE DIIMENT
SEDIM ENT
SEDIMENT
SED IMENTSEDIMENT

SEDIMENT
S'EDIMENT

S'EDIMEITSEDIME NTSEDIMENTSEDIMENT
SEDIMENT

SEDIMENTSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENTSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMEN-T

0,4C STATION010
04C STATION010
04C S-TATION010
04: STATIONMl0
04C STATION01i10
04C STATIONO10
04C STRFTIOT 01
04C: STATION010
04C STATIO 1 0

04C STRTIO0I10
04C STATION010
04C STATION010
04C STAT ION0H 10
04C ST TION 10
s04C :TAT I CONI 10 I

040 STATION01.0
04C STATION010
04C STRTION01 0
04C STATIONO100
04C STRTION002
04C STAT IO I002

u04C STFTIONI00
040 STRTIOT002
04C STATION002

04C STATION002

04C STATION002
04C STATION C002

04C STATION0ODE
04C STATION002
04C STFIT I ON002

04C STATION002
04C STATION071
04C STATION071
04C STATION071
04C STATICON071.
04C STATION071LI40 CSTATI ATO?1 10
04C STATION071

04C STFIT I CIN07 104C STATION'7104C STFITION07 1

04C STFTIOH071
04C STAT ION07 104C: z;TAT I ONCL1.
04C STFIT I H 1717

04C STATIO NH71
04C STATIONI071
04C: STAT I INO 055
04C: STFAiTIONC075

1L^ 1111F

Strains isolated form sediment at 4C capable of growth in presence of

5% NaC1.



55;

57

.6

63i

64
65
66. I

67

72i73

74
-7576
7'0

·-I -71i" L^.784
79

83

i :,i848586

89
90
91.
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106

BOO 178L
:00179L

EUO0180LBOO I SOL

B00186L

B00188LBOOS 1 SL
B00190L
B00191L
B•001 92L
B00195L
B00196L
B0 0198L
:00199L

B00200L
B00227L
B00228L
B0E0230L
B0232L
B00233L
BOO234L
B00236L
B00237L
B0023SL
B00241L
B00242L
BOO:0243L
B00244L
E00245L
B00246L
B00247L
B00248L
B00249L
B00251L
B00252L
B00324L
B00256L
B00258L
B00262L
BO0263L
Bi00264L
BF00265L
B0£266L
B:O0267L
B00268L
BOO269L
B00271L
B00273L
BOO2:87L
B08O290L
B00298L
E00299L
B,00300L

BEAUFORT
BEAUFORT
BEAUFORT
£ERUFORT
BEAUFOLRT
BEFUFORT
BEFUFORT
BERUFORT
BERUFOFRT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERLUFORT
BEAUFOPRT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAIUFORT
EEAUFOIRT
BERUFORT
BERUFORTBERUF ORT

BEFIUFORT
BEALUFORT
BEAUFORT

EEFAUFORT
BEAUFORTEEAUFORTBEFRUFORT
BEALUFORT

BE:UFORT

SAMFPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SRMPLE

'_;F riPFL ESAMPLESAMPLESAMPLE
SAMPLE
SAMPLEFIM1F'L.tE
SAMPLE
SRMPLE
SAMPLE
:SRFPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAEMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMiPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLESAMPLE
SAMPLE

SAMPLE
SAMPLE

SAMPL.E
SAIMPLE
SAMPLE
SAMPL.E
SRMPLE
SRMPLE
SAMPLESAMPLE

SARMPLESAMPLE

SAMPLESAMPLE
SAFMPLE

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

2ri1
21
21
21
21
21
21
21
21
21
21
21
21
21
21
2121

21
09
09

09
09
09
09
09
09
09
09
09
09
09

S0909

1515* I
321

32

21?121
09

14-?

115

15
-':• L :

:::;..-

SEDIMENT
SEDIMENT
SEDIMEINT
SED IMENT
SEDIMENT
SED IMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIrMENT
SEDIMENT
SEDIMENT
SE IMENT
SEDIMENT

ED I MENT
SEDIMENT
SE I MENT
SEDIMiENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT

SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENTSEDIMENTSEDIMENT

SED IMENT

SEDIMENTSEDIMENT;E IE I MT
SE:i I liEMlIT

SED IHENT

SEI i[MlEMT
EI:I MENT

iEND FORM
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04C
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04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C:
04C
04C
04C

04C
04C
04C

04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C

04C
04C
04C

04C

STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STAT I ON055
STATION055
ST ATIO 055
STRTION 055

STFIT I ON055
STATION055
STRTION055
STATION055
STATION055
STATION055
STATION055
STAT ION055
STATION070
STATION070
STATION070
STATION070
ST TION070
STT ION070
STATION070
STATION070
STAT I O070
STAT ION07
STATION070
STATION070
STATION 070
STATION070
STATION070
STAT ION070
STATION070
STAT I ON070
STRTION030

TAT ION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030STIT I ONO30ST TION030STATION030:

STATION030STATION01:3STAT I ON00STATI ONM30
STAT I ON003
STAT I ON00.TAT I D•r-1002
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ed from water at 20C capable of growth in the presence of
Strains isolat
5% NaC1.

1 BO00OO1H
2 B00002H
3 B00003H
4 :00004H
5 B0005H

6 BOOO6H
7 B00007H
S3 B008H
9 B00009H

10 BEO010H
11 B00012H
12 PBO013H
13 BOOO14H
14 B00016H
15 B0:0017H
16 BE0018H
17 BOOO20H
18 B00021H
19 B00022HH
20 B00023H
21 BOOE24H
22 B00051H
23 B00052H
24 BO0053H
25 B8O054H
26 B@0055H
27 BOe057H
aS BOOO58H
29 BEO059H
:3 BOO060H
31 B00061H
32 BE0062H
33 B00063H
34 BOEO64H
35 EB00065H
36 BOO066H
37 B00067H
38 B00068H
39 B@OO69H
40 EBO0070H
41 B00071H
42 E00072H
43 E00073H
44 B00075H
45 B001Q1H
46 B00102H
47 BO0103H
48 B00104H
49 B001i6H
50 ' OEOI9H

BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT

ERAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BERUFORT
BEEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEARUFORT
BEAUFORT
BEEUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERAUFORT
BERUFORT

SSAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

BEAUFORT SAMFPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAIUFORT SAMPLE

BEAUFORT SAMPLE 03

E 03 WRTER
E 03 WATEF
S03 WATEF
0 3 WATER
03 WATER

WATER 20C
S03 WATER
03 WATER
03 WATER
03 WATER
03 WATER
03 WATER
03 WRTER
03 WATER
03 WATER
03 WATER
03 WATER
03 WATER
03 WATER
03 WATER
03 WATER
20 WATER
20 IATER
20 WATER
20 WATER
20 WATER
20 HWTER
20 WATER
20 WATER
20 WATER
20 HATER
20 WATER
20 WATER
20 WATER
20 WATER
20 WATER
20 WATER
20 WATER
20 WATER
20 IATER
20 WATER
20 WATER
20 WATER
20 WATER
27 WATER
27 IWATER
27 WATER
27 WATER
27 WATER
27 HATER
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20C STATIONO10
00C STATION0010

20C STHTION010
20C STATION010

0 C STATION010
STRTION010
20C STATION010
20C STATION010
20C STATION010
20C STATIO0O10
20C STATION010
20C STATIOOON1
20C STATION010
20C STATION010
20C STATION010
20C STATION010
20C STATION010
20C STATION010
20C STATION010
20C STATION010
20C STTION0110
20C STATION020
20C STATION020
20C STATION020
20C STATION020
20C STATION020
20C STATION020
£0C STATION002
20C STATION002
20C STATION002
20C STATION002
20C STATION002
20C STATION002
20C STATION002
20C STATIO002
20C STATIONOO2
20C STATION002
20C STATION002
20C STATION1002
20C STATION002
20C STATION 002
20C STATION002
20C STATIO 002
200 STATION002
20C STATION071
20C STATION071
20C STATION071
20C STAT ION1071
20C STATION071
20C STATION 071

I



51
52
53
54
55
56
57
58
59
60
61
6. ;
63
64.
65
66
67
68.
69
70
71
72

74
75-:?i~-
76
77

79
80
81

85
86
87
00
89
90
91
92
93
94
95
96
97
98
99

100

BOI 10H
B00112H
B00113H

BO 116H

B00118HBOOI iH
BO0119H
BOI0120H
B00121H
B00122H
B00123H
B00151H

BOE153H
B00154H
BOO155H
BOO156H
B00158H
BOO159H
BOO160H
B00161H
B00162H
BOO163H
BE0164H
BE0165H
BOO166H
B00168H
B00169H
BOO170H
BOO202H
BO0203H
B00204H
BOO205H
BOO206H
BOO207H
BOO210H
B00211H
BOO212H
B00213H
BOO216H
BOO217H
BOO219H
BOO221H
BOO222H
B00223H
B00251H
B00252H
BOO253H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEROFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEARUFORT
BEAUFORT
EEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
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SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

27
27
27
27
27
27
27
27
27
27

27
27
27
24
24
24
24
24
24
24
24
24
24
24
-24

24
24
24
24
24
24
26

26
26
26
26
26
26
26
26
26
26
26
26
2626

26
11
11
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WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

A TER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
200
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C20C2001
200C
200:
200:

STATION071
STATI ON071
STATION071
STATION071
STATION071
STRTION071
STATION 071
STATIO N071
STATION071
STATION 071
STATION071
STATION071
STATION071
STATION055
STATION055
STAT I ON055
STATION055
STAT IN0055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATIO N055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION 070
STATION0070
STATION070
STATION070
STAT ION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
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101
102
1033
104
105
106
107
108
109
110
111

112
113
114
115
116
117
11 3
119
120

STOP?

.BO254H
B00255H
BOO256H
B00257H
BOO258H
B00259H
B00260H
B00261H
B00262H
BOO263H
B00264H
BE0265H
B00266H
BOO268H
BOO269H
BOO270H
B00271H
BOO272H
E0B273H
B00275H
Y/N):11

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EERUFORT

EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SArMPLE
SAMPLE
SAMPLE
SAMP.LE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
S;AMPLE

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

1111ii

11IIIi.
Ii.

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

END FORMI
120 STRAINS-
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20C
20C
20C
20C
20C:
20C
20C
20C1
20C
20C
20C
20C
20C:
20C

20CL£OC:20C
20C
20C
20C

20C

STATION030
TAT I ON030

STT ION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STHTION030
STATION030
STATION030
STAT ION030
STATION0:30
STATION030
STATION030
STATION030
STAT ION030
STATION 030

I



Strains isolated from sediment at 20C capable of growth in the presence
of 5% NaC.

1
L.2
3
-ft

5
64

C:

I-

is910111.
13
14

16
17
18
19
20

3127

332435

231

37

3831

"01.41
4233
433536373839414I43,
I44

45

50

i:c00026H
B00027H
B00028H:B6OO2OEE'H
BI:;OO29H

P00031H•
B00032H
B9033HH
B00035H
BO0036H
B000537H
BOOO38H
B00039H
B00040H
B00041HBOOO41H
B00042H
BE00043H
B00044H
B00045H
E00047H
B00048H
B00085H
E00086H
B00087H
B00089H
B00093H
BOOO94H
B0_095H
B00098H
B00126H
B00128H
B00131H
B00136H
B00138H
E00139H
B00140H
BO0142H
B00143H
B00144H
:B 145H

B0i0146H
B00147HBO• 147H
E00148H
B00177H
B00178H
B00179H
B00180H
BO0181H
B00183H
B00184H

BEAUFORT
BEAIUFORT
BEAUIFORT
BEAUFORT
BERIUFORT
BEHUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFOFRT
BEAUFORT
EERUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
EEAUFORT
BEALIFORT

BEAUFORT
BEALIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAP1FLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAFMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SARMPLE
SAIFMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLESAMP1FLESAMPLESRMPLE

SAMPLE

SAMPLESRMtIPLESAMIPLESIIMPLE
SAMPLE
SFMPLE
SRMPLESfAMPLE

SAMPLE
SAMPLE
S-'RMPL_E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
16
16
16
16
16
16
16
16

22
2222=
22

CC22

-22

CC22
22CCc"-,

2220
L- L-c-c

20

20

£0

i SEDIMENT
SSEDIMENT

' SEDIMENT
:SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENTI
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEB I MENT
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20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C:

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C:

2EOC

STATION010
SSTFATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STRTION010
STATION010
STATION010

STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION002
STATION002
STATION002
STRT ION002
STATION002
STATION002
STAT ION002
STATION002
STATION071
STAT ION071
STATION071
STATION071
STAT ION071
STATION071
STATION071

STATION071
STATION 071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055



m

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

87

89
90
91

BOO186H
B00187H
BO0188H
BOO189H
BOO190H
B00193H
B00194H
B00196H
BOO 197H
B00198H
EB0199H
1BOO200H

FBOO227H
B00230H
B00234H
BOO235H

B00240H
B00241H
BE0243H
B00244H
B00248H
BO0250H
BOOE77H
BOO278H

BOO279H
B00280H
BOO282H
BOO283H
B00284H
BOO287H
BO0288H
BOO289H
BOO290H
BOO292H
BOO293H
BOO296H
BOO297H
BOO298H
B00299H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEARUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

s0
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
21
21
21
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09
09

END FORM
91 STRAINS

161

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030



Strains isolated from water at 4C capable of growth in presence of 7.5% NaC1.

1.

3
4
5
6
7

1?

l0
11
12.
13
14
15
16
17
18
19
20

22
23

25
26
27
28
29
30
31
32

B00005L
B00006L
BE00021L
BO0024L
B00057L
BOO058L
BOO860L
B0OO062L
B00063L
B00066L
B00068L
B00189L
E00111L
B00117L
B00157L
B00163L
BE00164L
B00165L
B00173L
B0O175L
BOO202L
BOO203L
B00205L
BO0206L
B00207L
B00208L
BOO210L
BOO212L
BOO213L
EOO217L
BOO218L
BOO282L

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
20
20
28
20L
20
20
20

24
24
24
24

26
26

26
26
26
2626 4264

26
262619at'rI'?

WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C:
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

END FORM
32 STRAINS

162

STATION010
STATION010
STATION010
STATION010
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION071
STATION071
STATION071
STATION055
STATION055
STATIOH055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION001



2.

C-

4
145:

9
10
11
12
13
14
15
16
17
18
19
20
21

£3
--- IL24

26

300
31

B90088L
BO095L
B00126L
B90127L
BO0133L
B00134L
B00143L
BO01'78L
B00179L

B00184L
Be00185L
B0186LB00190L

EB0192L
BOO196L
BO0198L

BOOI57L
BO0236L
BOOI237L
BO9246L
E00249L

0B2&51L
B00264L
B00249LBOO269L
E00287L
BO0299L

BEFRUFORT SAMPLE
BEAULFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BERUFORT SAMPLE
BERUFORT SAMPLE
BEAUFORT SAMPLE
BEA.UFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BERUFORT SAMPLE
BEEUFORT SAMPLE
BERUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BERUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BERUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEIUFORT SAMPLE
BEAUFORT SAMPLE
BEAUFORT SAMPLE
BEEAUFORT SAMPLE

END FORM
31 STRAINS

163

16 SEDIMENT
16 SEDIMENT
22 SEDIMENT
22 SEDIMENT
22 SEDIMENT
22 SEDIMENT
22 SEDIMENT
20 SEDIMENT
20 SEDI MENT

20 SEDIMENT
20 SEDIMENT
20 SEDIMENT
20 SEDIMENT
20 SEDIMENT
20 SEDIMENT
20 SEDIMENT
20 SEDIMENT20 SEDIMENT
20 SEDIMENT
20 SEDIMENT
20 SEDIMENT
21 SEDIMENT
21 SEDIMENT
21 SEDIMENT
21 SEDIMENT
21 SEDIMENT
09 SEDIMENT21 SEDIM ENT
09 SEDIMENT
09 SEDIMENT
15 SEDIMENT
32 SEDIMENT15 SED'IMENT
32 SEDIMENT

04C STATION002
04C STATION002
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STRTION055
04C STATION055
04C STATION070
04C STATION070
04C STRTION070
04C STATION070
04C STATION070
04C STATION030
04C STATION030
04C STATION030
04C STATION001
04C STATION002

Strains isolated from sediment at 4C capable of growth in presence of

7.5% NaC1.



Strains isolated fran water at 20C capable of growth in presence of
7.5% NaC1.

1

3
4
15
6
17

9
10
11
i2
13
14
15
16
17

18

20

23
24

25
3--26

28

.31

3334
35

39
40

E00001H
BOE0002H
B00003H
B00005H
E00007H
BO3008H
BOE009H
B00017H
B0001i8H
BOOE20H
B00081H
B00022H
B0024H
BOO052H
BOO054H
BO0055H
B00059H
E:B0061H
B00064H
BQ0066H
B00070H
B00071H
B00072H
B00073H
B0I106H
B00112H
B00113H
B00118H
BE0119H
B00122H

001 23H
B00151H
B00152H
B00154H
B00155H
B00156H
E00158H
B00159H
B00160H
B00162H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIFORT
BEIRUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEALFORT

BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPFLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE

03
03
03
03

03
03
03
03
03

03

03
03

20
20
20
20
20
20
2020
20

20
207

27
2727

2727,
27

2724
24

24
24
24
24
24
24
24

WATER
4ATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER,
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER.
WATER
WATER
IA TE:R

WATER
HATER
WATER
WATER

164

20C
20C
20C
20C
2OC
20C
20C
20C
20C
20C
2OC
20C
20C
20C
20C
20C
20C
20C£OC
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20CUL-c
20C20C20C
20C20C20C200:200C

STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATIOM010
STATIOM020
STATION020
STATION020
STATION002
STATION002
STATIONM0N
STATION002
STATION002
STATION002
STATION002
STATION002
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STAT I O055
STAT I ON055

__



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
0 i

BO0163H
BE0164H
B0166H
B1O 168H
B00169H
BOO170H
BOO202H
BO0203H
BOO204H
B00205H
BOO206H
BOO207H
BOO208H
BOO210H
BOO211H
BOO212H
BOO213H
BOO216H
BOO217H
BOO219H
B00221H
BOOS 1222H
BOO251H
BOO252H

BOO254H
BOO255H
BOO256H
BOO258H
BOO259H
B00260H
BOO262H
B00263H
BOO264H
E00265H
BOO266H
BOO268H
B00269H
BOO270H
BOO272HBOO276H
B00273H
BOO28e75H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

24
24
24
24
24
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
lWATER

WATER
WATER

ENDI FORM
%1 STRAINS

165

20C
20C
20C
£0C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STRTION070
STATION070
STATION070
STATION070
STRTION070
STRTION070
STATION070
STATION070
STATION070
STRTION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STRTION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030



12
2...

4

6
7
8

9
10

13
24
15
16

17
1.8
19

21

24

3-%,

£33425
26
27
28
29
30
31

423334
35
36
37
38,
39
40
41
42
43
44
45
46
47
4S

END FORM
48 STRAINS

166

B00026H
E00027H
B00028H
B00029H
B 0033H
B0O035H
B00036H
B00037H
BOOO38H
E00039H
BOOO42H
B00043H
B00044H
B0045H
B00048H
BOO098H
BOe131H
B00136H
B00140H
B00143H
B00145H
B0014SH
B00178H
B00180H
BOO183H
B00187H
B00188HBOOB1SAH
B00190H
B00193H
B0196H
BOO200H
B00229H
B00230H
BOO239H
BOO240H
B00241H
B00243H
B00248H
B00250H
BO0279H
B00280H
B00283H
BO0284H
B00287H
B00289H
B00293H
B00296H
B00297H

BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010

BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEFUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SRMPL.E 03 SEDIMENT 20C STATION010
BERUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SRMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUIFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 16 SEDIMENT 20C STATION002
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAIUFORT SAMPLE 22 SEDIMENT 20C STATION071
BERUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAUFORT SAMPLE 22 SEDIMENT 20C STATION071
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 20 SEDIMENT 200 STATION055
BEAUFORT SAMPLE 20 SEDIMENT 20C STATION055
BEAUFORT SAMPLE 21 SEDIMENT 20C STATION070
BEAUFORT SAMPLE 21 SEDIMENT 20C STATION070
BEAUFORT SAMPLE 21 SEDIMENT 20C STATION070
BEAUFORT SAMPLE 21 SEDIMENT 20C STATION070
BEAUFORT SAMPLE 21 SEDIMENT 20C STATION070
BERUFORT SAMPLE 21 SEDIMENT 20C STATION070
BEAUFORT SAMPLE 21 SEDIMENT 20C STATION070
BEAUFORT SAMPLE 21 SEDIMENT 20C STATION070
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030
BERUFORT SAMPLE 09 SEDIMENT 20C STATION030
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030
BEAUFORT SAMPLE 09 SEDIMENT 20C STATION030

Strains isolated fron sediment at 20C capable of growth in presence of
7.5% NaCl.

MI



0

3
I34

6
I-.

1.0
11

2. 213

14

1516

I7

18i. ''-1i9

41 1

31

.2 I34.36

31
38

340

464,740
4 1

-5243

46t
47

50

B.t00O5L
300006L
B00013L
B00014L
B000D15L

u00021L
BiiQ024L
B00054L
BOOO60L

900069L

B:i0106L.
B:0if, 108L
B0111LL

iOO 113L.
B00115L
B0u0117L
B00119L
B30.120L

eB00i121L
B001i22L L
B.0124L
BE 0125L
B00154L_
BOO 155L.
B00157L

.B00160L
:;B00 163L
B0i 165L
B0t0 166L
Bi1i 67L
B00169L
B00170L
EI00171L
BO 173L

:BOE'175L
BOO203L
B:EI205L
BE002:06L

B0E0208L
B£00210L
B0i0213L

OS 00217L
.800218L
BOE220L.L
B00281L
200282L
BEi0284L
BO00291L

BER:IWFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFOFRT
BE1FUFORT
BEAUFORT
BEAUFORT
BEAiUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEARUFORT
BERUFORT
BEFUFORT
BE:AUFORT
BEUJFORT
BEAUFORT
BEAUFORT
IBEF.IFORT
BEAUFORT
BER'IUFORTT
BEAUFFORT
BEAUFORT
:EAUiFORT
BERUFORT
BEAUFiORT
BEAUIFORT
BEA.UFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEFIUFOR:T
BEFIUFOPT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT

SRMPLE
SHMPLE
:S;IMPFLE:
SHMFFLE
SAMPLE
SAMPLE
SAMPLE
SRMPFLE
SAMPLE

SRMPLE
SAFMPLE:
SRMPLE

ISAMPF LE
SAMPLESRF:iMPLE

SAMPLE
SAM1PLE
SRFIPL.E
SAMPLE
SAMPLE
SA'1PLE
SFilHPLESFM1F:'LE

SAPIFLE:
SAMPL.ESAMIIPLE

SFlMPL.E
SFMPLE
SAMPL.E
SAMPLESRMPLE

SAFMPLE
SAF'LE
S;AMPLE
SAMPLE

;AP1FLE
SAMPLESFtiPLE

SAMPLE
SAHPLESRMPL.ESAMRPL.ESAMPLESAMPLE:CARIFl..E:SAMIPLE

SRMPL.E:
SRMPLE
SAMPLE
SAMPLE
SAMPLE

03

03
03
03

03
03
20
20
20
20

20
27
27
27
i:. C27
27

27
2.7

27
27
27
27
. I

27

2424

2424-24

41
24

24
24

41
24

24
24
26
26Lr

26
26
26£;...

2626

2626

19,
19
19
36

WATER
WFTER

RATER

WATER
WITER
WFiTER
WFITER
WIlATER
WATER

FWATER
WATERW.ITER
WATER
WARTER

WATER
WFTER

WATER
WFITER
WATER
WATER
I.IRTER
WATER
WITER
WATER
NRTER
WFRTER
WATER
IAJTERATRTER

WRTER
WITER

WATERWFIITER
HWATERWRTER
WATER
NWATER

ARTER
WATER

WFTERWHTER
WI•TER

WFITER
WATER
WATERWATER
i.lATER
WRTER
WRTER
WATER
.JATE:R
1A TER
WRTER
WATER
WATER

iEN FORM
53 STRAINS

16 7

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C:
04C
04C
04C
04C
04C
04C
04C
04C
04C:
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C:

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C

04C
04C

)'IC

04C04C04LCi

nw4C

n4C

04C4

EI bj

0 111
Liii·C

L~I CI

Li ii13

STAFION010
STRTIO N010
STAT ION0l 1
STT ION010
STATION0100
STRTION010
STATION 010
STATION002
STRTION002
S;T I ON002
STATIO 002
STATION002
STATION071
STAT I ON71
STAT IOM:071
STATION1071
STRTIO0071
STAFTION 071

STFTIOH071
STRT ION071STATIO 071
STRITION071

STATION071
STATION 071
STATION071
STATI 07155
STATION055
STATION055
STATION 055
STAT ION055
STAT IN0M55
STATION 055
STATI N055
STATION055
STAT I ON55
STATION0r55
STAT ION0155
STRTION055
STAT I ON055
STATION070

SFIT RTON070
STATION 070

STATIONI070
STATION070
STATI ON070

STATION001
STAT ION001
STATION001
STRTION002

Strains isolated from water at 4C capable of growth at pH 4 or pH 5.



I

3
4

I-.'

156811
12
13
14
15
16
17
18
19
20
21
-£2

24

345C.?6
27
28
29
30
31

3233
34
35
36
37
38
39
40
41
42
43-

44
45
46
47

49
50

:BO0026L
BOO027L
BO0028L
BOOO29L
BO0030L
BO0032L
BOOBB3L
BPOO35L

B00036L
BOO037L
BOOO39L
B00040L
Ba0041L
BO0042L
B00044L
BOOO47L
BOOO48L
BO0049L
B00050L
B00076L
B00077L
B00079L
BOE3030L
BOOOS2L
B00087L
BO0089L
B00091L
BOOO92L
BOOO94L
B00095L
B00096L
BOOO97L
BE00098L
B00099L
B00100L
B00126L
BQ0128L
B00129L
B00130L
B00131L
B00132L
BO 133L
B00134L
B00135L
B00136L
B00137L
B00141L
B00143L
B00144L
B00145L

BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BE:RUFORT
BEARUFORT
BEAUFORT

BEAIJUFORTBEAUFORT

BEAUFORTBEAUIFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFOPRT
BEAUFORT

BERIFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT

BEAUFORT
EEAUFORT
EEAUFORT

BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT
EEAUFORT

SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE

SAMPLE

SAMPLESRMPLE

SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SA;MPLE
SAMPLE
SAMPLE
SAMPLESRAMPLE

SAMPLE
SAFMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
S:AMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
63
03
03

03
03
03
03
03
03
03
03
03
03
16

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
22
22

22
22
22
22
22
22
22
22
2222
22
22
2216~

SEDIMENT
SEDIMENT
SEDIMENT
SE DIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SE:DIMENT
SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SE DIMENT
SEDIMENT
SEDIMENT
SED I MENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENTSEE' I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIM ENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
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Strains isolated from sediment at 4C capable of growth at pH 4 or pH 5.

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION010
STATION010
STAT I ON10
STAT ION010
STATIO N010
STATION010
STAT I ON10
STATION010
STAT I ON10
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION0 10
STAT I ON010
STATION010
STATION 10100
STATION002
STT I ON002
STATION002
STAT I ON002
STATION002
STTI ON002
STATION002
STATION002
STATION002
STATION002
STAT ION002
STATION0002
STATION002
STRTION002
STRTION002
STATION002
STAT I ON071
STATION071
STATION071
STAT ION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STRTION071
STATION071
STATION071
STATION071

1I



51
5 .

eL3
54

55
56

58
59
60

C-616263
64
65
66
67

69
70
71
72
73
74
75
76
77

8' .

79
80

=--1i
33
84
85
86
87

89
90
91
92
93

97
98-'- '.-
99910iCI C'--It--I1 OZ'O

BOO147L
BO00148L
BOO I149L

B00178L
B00179L
BOOl1 SL
B00112L

B00183L
B00184L
BO0185LL
B00186L

BO8191L
B00192L_
B00195L
B00198L
BOO200L
BEO227L
BOO228L
B00229L
BOO230L
B00232L
B00234L

B0O236L
EB00237L
BOO238L
E00240L
BO00241L
BOO242L
B00244L
B00245L
B00246L
B00247L
EBO248L

BOO249L
EaBeseLB01O251L
BE02512L
B00253L
B£0254L
B00256L
BO0257L
BOO259L
BE0261L
BEaiO262L
B00263L

BEAUFOR
BERIJFOR-
BERUFOR
BERUFOR
BEAUFOR
BEAUFOR
BEAUFOR

BEAUFOR'
BEAUFOR]
BEAUFOR1
BEHUFORI
BEAUFOR1
BEAUFORF
BEAUFORI

BEAUFORT
BERUFORT
BEAUFORI
BEAUFORI
BERUFOR1
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT

BEAUFORTBEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORTBEAUFORT

BEAUFORT
BEAUFORTB~EAIUFC'F:T

T SAMPLE
T SAMPLE
F SAMPLE
T SAMPLE
F SAMPLE
r SAMPLE
r SAMPLE
r SAMPLE
T SAMPLE
T SAMPLE
- SAMPLE

SAMPLE
SSAMPLE
SSAMPLE

- SAMPLE
SSAMPLE
SSAMPLE
SSAMPLE
SAMPLE

* SRMPLE
SSAMPLE
* SAMPLE
SSAMPLE
SAMPLE

SSAMPLE

SSAMPLE
SAMPLESAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE ;
SAMPLE ;
SAMPLE
SAMPLE
SAMPLE I
SAMPLE (
SAMPLE C
SAMPLE ESAMPLE C

SAMPLE f
SAMPLE 0
SAMPLE 0SAMPLE 0
SAMPLE 0

2;-
2;

ct

2C
2c

262E2k
2C
2C

202020202021320
21
201
20:

21
21
2121
21
21
21
21
21
21
21
21
21
21
21
21
21
21

19
19

19

'9

)9
99

2 SEDIMENIT
2 SEDIMENT
2 SEDIMENT
2 SEDIMENT
3 SEDIMENT
0 SEDIMENT
3 SEDIMENT
3 SEDIMENT
J SEDIMENT

SSEDIMENT
SEDIMENT

SSEDIMENT
1 SEDIMENT
SSEDIMEINT
SSEDIMENT
SSEDIMENT

SEDIMENT
SSEIIMENT
SSEDIMENT
1 SEDIMENT
1 SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDI MENT
SEDIMENT
SEDIMENT
SED I ENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMErNT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT I
SEDIMENT C
SEDIMENT C
SEDIMENT E
SEDIMENT C
SEDIMENT 0
SEDIMENT 0

041
04i
04:
04C
04(
04
041:
04C
04C
041:
04C
04C
04C
04C:
04C04C
041C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
14C

04C

)4C
14C
34C
44C

i4C
i4C
14C

.169

C STATION071
C STATION071
: STATION071
C STATION071
C STATION055
C STATION055
C STATION055
C STATION055
C STATION055
STATIO 101055
STATION055
STATION0055
SSTATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
SSTATION055
STATION055

STATION070
: STATION070
:STATION070

SSTATION070
STATION070
STATIO N070
STATION070
STATION070

STATION070
STT I ON070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION 030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030



SAMPLE
SAMPLE
SRMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SFlMPLE
SAMPLE

SAMPLE
SAMPLE
SRMP1PLE
SAMPLE
S.ARMPLE

09
09

09

09

09C9
09

15
15
15
15
32
3£2

SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDI MENT
SElI MENT
SEDIMENT
SEDIMENT
SEDIMEINT
SETD I r*lE 4T

04C
04C
04C
04C4
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION030
STAT IOrN30
STATION030
STATIO N030
STATION030
STATION030
STRTIO N030
STATION030
STATION030
STATION001
STATIOM001
STATION001
STATION001
STATION002
STATION002

END FORM
115 STRAINS

ENITER COMMAND

170

101

103
1i04
105
106
107
108

110
111
11ii
113
114.
115

B00264L
BOO265L
BO0266L
BOO267L
EBO268L
EB0269L
B00272L
B00273L
B00274L
B0287L
BOO288L
B00289L
BOO290L
BOO297L
B00299L

BEE:RUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT



Strains isolated from water at 20C capable of growth at pH 4 or pH 5.

i B0000f1H
2 B00U02'H
3 B00003H
4 F00004H
5 B00005H
6 B00006H
7 B0iD0007H
8 BOs008H
9 BE0009H

10 B0001'0H
11 B00011H
12 B00012H
13 B00013H
14 B00014H
15 BE00015H
16 BOO016H
17 E00017H
18 B00018H
19 BOO19H
20 EB0020H
21 B00021H
22 EI00022H
23 B0'2O3H
24 B•0024H
25 BE0052H
26 EB00054H
27 Eu00055H
28 B00056H
29 B00057H
30 B00062H
31 B00063H
32 B600070H
33: B00071H
34 B00075H
35 BEi0011H
36 B00102H
37 B00103H
38 B00106H

:39 B0109H
40 B00110H
41 £:B0111H
42 B0011-2H
43 EB0113H
44 B00114H
45 B00115H
46 B00116H
47 BO117H
48 B:0011i8H
.49 B00119H
50 B00122Hl

BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BELIUFORT
BEAUFORT
BEAlUFORT
BE:AUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUIFORT
BEAUIFORT
BERUFORT
BEAUFORT
EEAUFORT

BEAUFORT
BERUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
EERUFORT

BEALUFORT
EERUFORT
BEAUFORT
BEAIUFORT
BERUFORT
BERUFORT
EEAUFORT
BERUFORT
BERUFORT
BEEUFORT
BERUFORT
BEAUFORT
BEFAUFORT
BEAUFORT
BERUFORT
BEAUFORT

BEAUFORT
BEAUFORT.EEAUFORT

SRMPLE
SRMPLE
SAMFPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SFiMF'LE
SAMPLE
SAMPLESAR'MPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SRMPLE
SAMPLE
SARMPLE
SRMPLE
SARMPLE
SAMPLE
SAMtPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
:SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE

SAMPLE
SRMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
035
03
03

03
03
03
03
03
03
03
03
03
03
03J
03
03
03
03
20
20

01:
20
20
L=O20
20
20
20

20

27.
27

27

2727
27
27
27

.27
27.1
27
27
27
27
27

WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
NRTER
WATER
WATER
WATER
WRTER
WATER
WATERF
WATER
WATER
WATER
WATER
NWTER
WATER
WATER

LiC
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C:
20C
20C
20C
20C
20C20C20C20C20C

20C£OC20C20C£OC£0uC
£0C

STATION 010
STATION010
STT I ON010
STATION0110
STATION010
STATION010
STATION010
STATION0 10
STATION010
STATION010
STATION010
STATION010
STATION010
STATIO1N010
STATION010
STATION0110
STATION010
STAT ION010
STRTION0O10
STATION0 10
STATION010
STATION0810
STATION010
STATION010
STATION020
STAT ION020
STATION020
STAT I ON20
STRTION020
STAT I ON002
STATION1002
STAT ION002
STATION002
STATION002
STATION 071
STATION071
STATION071
STATION071
STAT IN0071
STATION071

STATION071
STATION071
STATION071
STATION071
STATION071
STAT IN071
STATION0071
STATION071
STATION0071
STATION071

171



BEAUFFORTEEFUL.IFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEEFUFOORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEHUFORT

BEAIUFORT

BERUFORT

BERUFORT
BERUFORT
BEAUFOIRT

SAMPLE
SA1MPLE
;AMPL.E

SAMPLE
SRMFPL.ESAMPLE

SAMPLE

SAMPLE
SRMPLE

S;AMPLE

SAMPLESRMPLE
.SR:;FIMPLE
SAMPLE
SARMPLE
SF IMPLES'AMPLE
SAMPLE
,-,AMPLE

27
24
14

24

L-24
£4
16

26
26
26
161

11
11
11
11
11
11

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C

20C20C20C
20C

20C
2OC

C-1 0

STAT I ON71
STAT IN0055
STAT I ON055
STATION055
STAT IO 055
S'TAT I ON055
STAT I OOM55
STT I ON070
STATIONH070
STAT I ON070
S:TAT I ONO70
STAT I ON070
STATIONOr30
STATIONO30
STAT I ON030
STAT I ON030
'S-TAT I OH030
S;TAT ION.030

END FO:RM
,:: STRRAINS

172

51
52

54
55
56
57
583
59
60
61
62.
63
64
65
66
67

· · -,.

B0-i 0123H
B00154H
B00155H
BO0157H
B00161H
BO0169H
B00170H
BOO120 1HP00201 H

BOO207H
B£00216H
BOO222H
BOO252H
B00253H
B)0257H
B00265H
BOO266H
B00272H

I



10
1214156t:.17Is9

10
11

13
2-14
1516
17
18
19

21
425
43
24
25
26

47

i.=:4930
31

33

34
35
36
37
:38
:39
40
41
42
43
44
45
"46
47
48
49
50

B00026H
BE0027H
B00028H
BO0029H
BOOO30H
B00031H
BOO032H
B00033H
BO0035H
B00036H
BO0037H
B00038H
B0039H
B00O42H
E00043H
B00044H
BOO045H
B00047HBOOO47H
B00048H
B00077H
B00078H
BO0085H
BOOOS9H
B00092H
B00093H
B00095H
B00098H
B00099H
B00126H
B00127H
B00128H
B00129H
B00130H
B00131H
B00132H
B00133H
B00135H
B00136H
B00138H
B00140H
B00141H
B00142H
B00143H
B00144H
B00145H
B00146H
B00147H
B00148H
BO0150H
B00176H

BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
16
16
16
16
16:16
16
16
16
2222
22
22

22
22
22
22
22
22
22
22

22
22

22

2220c-C

I.-I..

'-0

SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

ED IMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

173

STATION010
STATION010

SSTTION010
STATION010
STATION010
STATION010
STATIONO10
STATION010
STRTION010
STATION010
STATIOIN10
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STRTION002
STATION002
STATION002
STHTION071
STATIONO71
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STHTION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055

Strains isolated from sediment at 20C capable of growth at pH 4 or pH 5.

I



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
8o
81

83
84
85
86
E:7
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105

BO0179H
BOO180H
BOO183H
BOO184H
B00185H
B00187H
BO0188H
BOO190H
B00191H
B00192H
B0019:3H
BOO195H
BOO196H
B00197H
B00200H
B00226H
B00227H
BO0228H
B00229H
B00230H
BOO231H
B0232H
BOO234H
B00235H
B00236H
B00238H
B00239H
BOO242H
B0O244H
B00245H
B00246H
B00248H
B00249H
BO0276H
B00277H
B00278H
BOO280H
BOO281H
B00282H
B0083H
B00284H
BOO285H
B00286H
B00287H
B00289H
B00290H
B00292H
BOO293H
B00294H
B00295H
BOO296H

0B2997H
B00298H
E00299H
EOO300H

BEAUFORI
BEAUFORI
BEAUFORT
BEAUFORI
BEAUFORT
BEAUFOR1
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SSAMPLE
SSAMPLE
SSAMPLE

F SAMPLE
SAMPLE

SSAMPLE
* SAMPLE
* SAMPLE
SSAMPLE
SSAMPLE
SSAMPLE
SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SANRLE

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
09
09
09
09
09
09
09
0909
09
09
09
09
09
09
09
09
09
09
09
09
09

SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SSEDIMENT
SEDIMENT
SEDIMENT

SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

END FORM
105 STRRINS

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C20C
20C
20C
20C

20C20C
20C20C
0OC

20C
20C
20C
20C
20C
20C
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STATION055
STATION055
STATION055
STATION055
STATION055
STATION055

SSTATION055
STATION055
STATION055
STATION055
STATION055
STATION055

SSTATIONO55
SSTATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030



1 3
17

19

10
11-

I.

127i3

18

22

43
.4
25
26
27
28
29
30
31.
32
33
34
35
36
37
38
39
40

42
43
44
45
46
47
48
49
50

B00003L
B00005L
B00006L

•B0001:3L
B00014L
B00015L
B00021 L
B00022L
B0024L
B00025L
BOO52L
BOO053L
Bi0054L
B00055L
BOO60L
B00061L
B00062L
BiO063L
B0066L
:BO067L
100068L
B00069L
BOO70L
BE0071L
B00072L

BOO075L
B0EiO3L
B00104L
B00105L
B00106L
B00107L
B00108L
B00109L

B00111L
B00113L
BO0115L
B00116L
B00117L
B00118L
B}:,11i9L
B00120L
BO0121L
B00122L
B00123L
BOO124L
Bl00125L
B00152L
B00153L
BO0154L

BEUIFORT

:.i::AI. FCIFT TBEAUFORT
BERUFORT

BEIUFORT
BEAUFORT
BEFAUFORT
BEAUFORT
BERUFORT
DERUFOART
BEAUFORT
BEfUFORT
BEEFlUFORT
BEAUFORT
BEAUFORT
BEERUFORT
IBELUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFFORT
BEAUFORT
BERAUFORT
BE:AUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BLEAUFORT
BERUFORT
BEARUFORT
BERUFORT
BERUFORT

SAMPLE
SMIFLE
SRAMPLE
SFMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SRMPLE
SAFMPLE
SRMPLE
SAMFLE
SAMPLE

SAMPLE
SRMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE..
SAMPLE

SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLESAMPLESAMPLE
SAMPLE
SAMPLESAMPLESAMPLE

SAMPLE

SAMPLESRMPLESAFPLE:

SAMPLE

:;ArMPLE

SMH1PLE

03
03
03
03
03
03
03
03
03
03

L0
1.1

20
20
20
20LO

202020

2020202020

L, I
2020:20

27272727
27

27
27"

27
27
27
27
27
27
27
27

272727

24
24
24Il- !

WATER
WATER
WATER
WATER
WATER
WATER
IWATER
WATER
WATER
WATER
WATER
WATER
WATER

A-ITER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER.
HATER:
WATER
WATER
HATER

RWTER
.ATER
WIATER
WATER
WATER
WATERF
WATER
HATER
WATER
WATER
WAITER
WATER
WATER
NRTER
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04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C04C04C
04C
04C

04C04C04C
04C
04C
04C

Or4C
04C
04C
O':IC

STAT I ON010
STARTION010
STATION010
STAT I O010
STAT ION010
STATION010
STATION010

STT ION010
STATION010
STATION010
STATION002
STATION002
STATION0002
STATION002
STATION002
STATION002
STATION002
STATION 002
STAT I ON002
STATION002
STATIN0002
STATION002
STATION 002
STATION002
STATION002
STATIOHN002
STATION002
STATION071
STATION071
STATION1071
STT I 0N071
STATION0071
STATION071
STATION071
STT I ON071
STATION071
STATIN01171
STATION 071
STATTION071
STATION071
STATION071
STRTION071
STRTION071
STAT10N1071
STATIO N071
STAT IN0171
STATION071STATION071
STATION055
STATION055
S;TATO 1N0155

Strains isolated from water at 4C capable of growth at pH 6.



I

51
II52

53 '
54.

56
57

58
59
60
61
62
63

65
66
67"

69
70

7'4

76
77
78

7"1

8:3
84
85
06

,9,

91

94

OO 1 55L1
B00 1 56L
B00157L_
B00159L
B00160L
Bi:00163L
B00164L
Ei00165L
B00 166L
BE00167L
BOO 168L
B00169L
EOO 170L
B00171L
BOOTI72L
EBOO173L
BOO 175L
B::0201L
BOO202L
B00E203L
BOO205L
B0O206L
BOO207L
EBOOE'SL
B00209L
B00210L
B00211L
B00212L
B002£13L
B01 2 1 4L
:O30 15L
BE0216L
B00217L
B£0021SL
B00219L

BOO280LB00278LBOO2SOL-
BOO281L
B00282L
B002983L
B00284L
BOC291L
BOO292L

BEAUFORT
BEEL:UFORT
BEFAUFORT
BEAIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEFAUFORT
BEAUFORT
BEAUFORT
BERAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT.E.fHLIF'JF.TBEAUFORT
BEAUFORTBEAUFOFRTBEAUFORTBERAFOIRTBELAUFORT

BEARUFORT
EERUFORTBER:AUFORITBEAUFORTBEAUFORTBEAUFORTBEAULFORTBELIUFORTUE:I OPRTE:F*. JF':iF...T:BEALIFORT*ELAIUFOF:TBEAUFORT

BE',Ef.IFORT

SAMPLE
SAMPLE
SAMPLE
SAMPFLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SFAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLESAMPLE

SAMPLESAMPLEStM F'LE:

SIJMF:'LE
SAMPLE
SAI;MPLE
SAMPLE
SF1MPLE

SAFMPLE
SAMP.LE

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26';.-I.
26
26
26
26
26
11
11
19
19
19

19
36
36

END: FORM
94 STRAINS

176

WATER
WFTER
WATER
WATER
WATERF
WATER
WATER
WATER
WATER

WATER
IWATER
WATER
WATiTER
WATER
HATER
NWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
NWATER

WATER
WATER
NWATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
HATER
WAHER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C::
04C
04C
04C
04C
04C
04C
04C

04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C04C04C

04C04Cfl4C

04':

i14C

04C

04C

O1:4;

STATION0155
STATION055
STAT I ON055
STAT I ON055
STATION055
STATION 055
STAT I ON55
:TATION055

STATION055
STATION055
STATION055
STATION055
STT I ON055
STATION055
STATION055
STATION0055
STAT ION055
STATI ON070
STATION070
STATION070
STAT ION070
STATION070
STATION070
STATIONH070
STATION070
STATION070
STAT ION070
STAT I ON070
STATIO H070
STATION070
STATION070
STAT I ON070
STATION070STAT I OHOTO
STAT ION070
STATION070H
STATION070
STATION030
STATION030

STAT ION001
STATION001 t
STATION001
STATION002
STRTIO 1002
STF:T I: 0H·002

m



3
4,

6
7

I-3

14
15
16.
17
18is
19
20

Sit

23
24
25
.26
27
28
29
:30

31
:32
33
34
35
36

37
38
39

40
41482
433

44
45
46
47

48
49
50

BOOE027L.

W30029L
B90030L
BRO031L

00031 2
BOOO33L
B00034L
B00035L
E00036L
BO037L
B00038L
B00039L
B00040L
B00041L
B00042LBOOO44L

B00047L
B00048L

B00049L
B00050L
BEO076L

100081L
B00082LBOOOS3L

B00089LB00091L

BOO092L

B00093LB,0094LBEO095L
BOE096L
B00097LBUOO89L

B00098LBO0093LE00094L
B0012096LEc'00097LB001988LBOO$99L

B00169L
E.01£ 9L
E00130L
E001:31L

BEFIIUFORF:
BEAUFORT
BEAUFORI
BEAUFORT
BEHUFORT
BErUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORTBERUFORT,EFILF ':'lR-

BEUALIF'OR
"lEAUIJFOTR"
BEAUFiOF:T
BEFIUFYORT
BEAIJF ORT
BEAULIFORT
BEAUFOPT
P:EAUFORT

PEEAUFIFRT
BEAFUFORT

BEAUFORT

BE:A.IFOIRT

PEAUF ORT

:E:LAUFOPT
.BE:uUFORT
BEALIF'JPT

BEFIUFORT

BEAUFOF:T

BE rUFUR T

BEF:IFUFRT

BEFIUFOPT

EEAIJFORT
BEFUF ORT
:.EBEFiUFOFT

BEAIUFORPT

SSRAMPLE
- SAMPLE
[ SRMPLE- SAMPLE

SAMPLE
SSAMPL.E

* SAMIPLE

* SAMPLE
* SAMPLE
SSAMIPLE

SAMPLE
SAMPLESRMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARPLE

SAMPLE

SAMPLE
SAMPLE

SRMPLESRMPLESAMPLESAMPLE
SAIMPLE
SRMPLE
SAMFPLE

SAMPL.E
SMPFLE
SRIHPLE

SAIIPLE

SAMPLE
SAMPLE

SRMPLE

SRMPLE
'SRMF'LE

'SRMIPLE

0::

030:
03

0303103

0303
03
03
03
03

0310303
03
0303
03
03

161616
16
161616
16
16
16
16
16
16
16e.
16
16
16
16
16
16161616

2222cc22161616

16.

1 L.L1LL1 I

L- a..

:SEDIMENT
SDSEDIMENT

SSEDIMENT
SEDIMENT
SEDIMENT
:SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT

SEDIMENTSEE' I MEFIT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C41i4i
04C
04C04C

04C

04C04C04C
u4C
044C
04C1

04C:
u4C
u4C
u4C
A4C

dr4C

177

SSTATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STAT I ON010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
ST ION010
STATION010
STATION0O10
STT I ON002
STT I ON00
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STT I ON002
STAT ION00
STATION002

STHTION002
STATION002
STAT ION002
STT I ON002
STATION002
STT I ON002
STATION002
STATION002
STATION002
STATION002
STATION002STATION002
STATION071
STATION071
STATION071
STRTION' 71
STATION071

Strains isolated frac sediment at 4C capable of growth at pH 6.

Ii



51
52
53
54
55
56
57

5S

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78
79
80,O
81

83
84
85

86
87
88
89
90

91
92
93

94
95
96
97
98
99

100

BOO132L
B00133L
B00134L
BO0135L
B00136L
B00137L
B00138L
BOOE140L
B00141L
B00143L
B00144L
BOO145L
E300147LBOO 1 47L
E00148L
B00149L
B00150L
BOOE178L
BOO179L
EB001I80L
B00181LBOO I82L
B00182L
B0E183L
B00184L
BOO185L
B00186L
B001S7L
B0018SL
E00189L
B00191L
B00192L

I800194L
BOO195L
B00197L
B00198L
BOO200L
B00227L
BOO228L
BOO229L
BO0230LBOO232L
E:00232L
BOO234L
BOO235L
BOO236L
B00237L
BOE038L
BOO239L
BOO240L
BOO241L
B00242L
B00243L

BEAUFORT
BEAUFORT
BEEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIUFORT
EEAULFORT
BEAUFORT
BEAUFORT
EEAUFORT

BERUFORT
BEAUFORT
BEfUFORT
BEAUFORT
BEAUFORT
BEAlUFORT
BEAIUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEALUFORT

:EEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT

BEAUFORT
BEAULFORT

IEALUFORT
EEAlUFORT

BEALUFORT
BEAlUFORT
BEAUFORT
BEAUFLORT
BEAUFORT
BEfAUFORT
BEAUFORT
BEAUFORT

BEALUFORT
BEALUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMFPLE
8At1FLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
S=AMPLE
SAMPLE
SAMFLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMIPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SAMP1LE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAfMPLE
SAMPLE
SArMPILE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAFMPLE
SAMPLE
SAMPLE
SAMPLE

iC.

2£
2222
22
22
22
22.2222
'-I
L-L.

22
22

22

20
20c

20
20

20
20
20
20
20
20
2020

20
20

20
20
20

2020

21
21

21
21

21
21
21

21
21
2121

21
21
21

21

SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SE I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

.;E1 I IMEMTSEDIMENTSEDIMENT

SEDIMENTSEDIMENTSET)IMEIT
SED I MEMT

SETI)IMEHT
SELT I MEMT
SEA)IMENT

SET)I IMErT
SET) IMEMT
SET) I MEWT
SETD I MENT
SETI MENT
SE-T I MENT

SET)IMENT
SET I MENT

SETI MEr-IT
SET) I MENT

SE' I MEHT

SEI) I1 ME-T
:SE:T) I MENT

SET) I ['lEI--T

SET) I MEriT
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04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C-

STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071

STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STAT ION070
STAT ION070
STHTION070
STATION070
STAT I ON070
STATION070



101
1i02
103
1i04
105
I iii106
107
108
109
110
111
112
113
114
115
116
1217
118:
119
120
121
122
123
124
12£5
126
127
128
129
130
131
132
133
134
135

B00244L
B00245L
B00246L
B00247L
B00248L
B00249L
B00250L
B00251L
B00252L

300253L
E00254L
B00256L
B00257L.
B00259L
B00261L
B00262L
B00263L
B00264L
B00265L
E00266L
B00267L
B00268L

BO0269L
B00272L.
B00273L
B00274L
B00275L
B0286L
:00287L

E00288L
B00289L
B00290L
B00296L
BOO297L
B00299L

BEAIUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BERUFORT
BEEUFORT
BERUFORT
BERUFORT
BERUFORT

BEHUFORT
BEAUFORT
EEAUFORT

BEHUFORT
BEAUFORT

BEAUFORT
BEAUFORT

BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEEUFORT
BERUFORT
BEAUFORT
BE:UFORT
BEAUFORTIEAIUFORTD~E:tI F`FIPT

SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLEtlF'L..E
SRMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE

21
21
21
21
21
21
21
09

8909
09
09
09

09
0909
09
09
09
09
09
09
09
09
09
09

09
15
15
15
15
15
32
32
32

END FORM
1.35 STRAINS

179

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C04C0~4':.0S40

STATION070
STRTION070
STATION070
STATION070
STRTION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STRTION030
STRTION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION001

STATION001
STRTION001STATION001
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Strains isolated frcm water at 20C capable of growth at pH 6.
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Strains isolated fran sediment at 20C capable of growth at pH 6.
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Strains isolated from water at 4C capable of growth at pH 7.
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Strains isolated from sediment at 4C capable of growth at pH 7.
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SAMPLE
SAMPLE
SAMPLE

;AMPLE
SAMPLE
SAMPLESRMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

03
03
03
03
03
20
20
20
20
20
20
L0
20
20
20
20
20

20
20
20
a0
20
202020
20

20

2020

207

,JWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
NRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

RATER
WATER
WATER
WATER
WATER
WATER
WHTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IATER

WATER
WATER
WATERF

IATER
WRTER
WATER
WATER

191

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
00C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C

20C

20OC20C

20C40-:aClo

20C:
2OC

SOC

20C
ScC

20C

STATION010
STRTION010
STAT I OO 10
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010

STAT I ON10
STAT ION010
STATION010
STATION010
STATION010
STATION0210
STAT I ON01
STATIO 20 1
STATION100
STATIONO10
STAT I ON10
STATION0210
STATION010
STATION1002

STAT ION002
STATION0102
STATION002
STATIO N002
STAT I ON002
STATION0102
STATIO0102
STAT ION002
STATIO1002
STATION1002
STATION002
STTTION002
STAT ION002STAT 101"1002
';TFAT I 1r0l002

STAT ION002
STATION 002
STATION010

STAT I OM00STRT 1 or-1002
STRTI011001

STATIO-NT1
STATI ON071

Strains isolated from water at 20C capable of growth at pH 7.



51

54
55

56
57
58

6cl
63
64
65
66
67'
68
69
70
71
72
73

a" '..'

i.-'.7417677

81
82,
83
84
35

-.- ic

89
90
91
92'
93
94
95
96
97
98,
99

100

B00103H
BOO00104H
B00106H
B00109H
BOOl1IOH
E00110HB001 1IH
BOOI12H
B00113H
BOO114H
B00115H
BOO116H
B00117H
B0011SH
B00119H
B00120H

B00122H
B00123H
B00151H
BOO152H
B00153H
B00154H
B00155H
B00156H
B00157H
E0015SH
E00159H
£00160H
B00161H
BOO162H
BOO16:3H
B00164H
BOO165H
B00166H
BOOE168H
E00169H
B00170H
B00201H
BOO202H
BOO203H
B00204H
BO205H
B00206H
B00207H
BOO208H
BOO210H
B00211H
E00212H
B00213H
B00216H

EEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEEUFORT
BEAUFORT
BEFIAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT

BERUFORT
BEARUFORT
BEAUFORT

BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT
BEEUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEARUFORT
BEAUFORT
BEAIUFORT
BEEUFORT

ERAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT

EAIUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT

SARMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPF'LE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL E

SAMPLE
SAMPLE
SAMPLE
SRIAPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE

;:i,'-

L7
27
27
27-

I..2727
27
27
27
27
27£27
27
* -1

2724
2C.

24-
24

24'24242424
24

24
24"24

24c2424

24
2414
26-

26
26
262626

26•--- :1-262626262616.6

£:6
L£-

lATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WARTER
WATEF:
WATER
WATER

lATER
IWATER

WATER
WATER
WATER
WATER
WATER
WATER

IWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

ARTER
WATER
WATER
WATER
WATER
WRATER
WATER
WATER
WATER
WATER
WATERA.IITEF:
WRTER
WATER
WATER
HATER
WATER
HATERWATER
WATER
1HATER

192

20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20c
20C
20C
20C

20C
20C
20C
20C
POC

20C
20c
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
P'AC

STATION071
STATION0171
STATION071
STT I ON071
STATION071
STATION0171
STATION071
STATION071
STATION071
ST I ON?071
STATION071
STFTION071

STATION071STATION071

STATION071
STAT ION071
STRTION071
STATIN01071
STATION055
STATION055
STAT I ON055
STATION055
STT I ON055
STATIN01155
STATION 055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055STAT I ON055
STATION0055
STATION1055
STATION055
STAT ION155
STATION055

STATION070STARTIO 070
STATIO 070

STAT I O070
STATI ON070
STATIO T070
STATION070
STATION1070
STAT I ON070

STAT I ON070
STATION070
STAT I ON070
STAT ION070



I

10i
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
1221
123

124
125

127
108

B0O217H
E00219H
BOO221H
B00222H
B00223H
BO0251H
BOO252H
B00253H
BOO254H
BOO255H
BOO256H
B00257H
BOO258H
BOO259H
BO0260H
B00261H
B00262H
EB0263H
B00264H
BOO265H
B00266H
B00268H
B00269H
BOO270H
B00271H
B00272H
BOO273H
B00275H

BERUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

EEAUFORT
BEEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT

BEAUFORT
BERUFORT

SARMFLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

26
26
26
26
26
11
11
11
11
11
11

11
11I
11
11
11
11
11
11
11
11
11
11
11
1111
11
11

WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRATER
WATER
WATER
WATER
I.ATER
WATER

END FORM
128 STRAINS

193

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20CW£OC20C
20C

20C

20C20C20C
20C

2£C
20C
20C
20C

20C20C
20C

LOC
20C

20C
aOL:

STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STAT ION030
STATION030



Strains isolated from sediment at 20C capable of growth at pH 7.

12

:3
4
5
6r'I

9
'!I

10
11
12
1:3
14
15
16
17'
18
19
S0

L3

F1

*70-414
42
433

4445

463748

49

50:31404 .

50

B00026H
B00027H
B00028H
B00029H
BO003H
B00031H
BOOO32H
B00033H
BOOO35H
B00036H
E00037H
BO0038H
E00039HBOOO43 H
B00040H
B00042H
BOOO43H
B00044H
I00045H
B00047H
E00048H
BOO076H
BOO077H
BxOO078H
E00079H
BOO080H
BOOOS1H
:E00082H

B00083H
BOOO84H
BO0085HB086M06
BOO086H

P00088HBEOOOSH
E00089HBOOO891H
B00091H
B00092H
B00093H
B00O94H
B00095H
E00096H
Ba00097H
BE00098H

B00099H
B00126H
B00127H
B00128H
BO0129H

B00130H
B00131H
BOO 132H

BEULIFORT
BERUFORT
BEAUFORT

E AUFORT
BEFUFORT
BELAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEALUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EERUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BE:AUFORT
BEFUFORT
BEAUFORT
BEAUFORT
iBEAUFORT

BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BERUFORT
EEAUFORT

SAMPLE
SAMPLE
SRAMPLE
SRMPL.E
SRMPLE
SARMPLE
SRMPLE
SRMPLE
SAMPLE
SRAMPLE
SAMPLE
SRMPLE
SRMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SRMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMFPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLESRMPLE
SAMFLE
SAMPLE
SAMPLE
SArMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03

03

03
03
03
03
0303
03
03
03
03
03
03
0303
01
16
16
16
16
16
16
16
16

16
16
16
16
16
16
16
16
16
16
16
16
16
16
22
22
22
22221c.6
1

SEDIMENT
SED IMENT
SED IMENT
SEDIMENT
SED IMENT
SEDIMENT
SElDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENTSEDIMENT

SEDIMENTSED I MENTSEE' I MlEHT
SEDIMENT
SED IMENTISED I1MENT

194

.OC
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C20C
20C
20C
20C
20C
20C
20C
20OC
£.OC
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C20C

20C
20C
20C
20CSOC20C

20C
20C
20C
20C:
20C
20C
20C

20C20C£0C
2OC

STATION010
STATION010
STATION010
STATION010
STATION010
STATION0010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION002
STATION 002
STATION002
STATION1002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION002
STATION 002
STATION002
STATION002
STATION002
STATION002
STATION002
STA TION002
STATION002
STATIONO02
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071

I



51
52

56,

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
T?.

74
75

S76
77
78
79
SO

0 _fSW
83
84
85.

86-
374
'S
89
90
91
92
93
94
95
96
97
98
99

100

B0O133H
BOOI35H
B00136H
BOO 138H
EB00139H
B00140H
B00141H
BOO142H
BO0143H
B00144H
B00145H
E00146H
B00147H
BOO148H
B00149H
BOOI50H
EB0176H
B00177H
B00178H
B00179H
BOO180H

0B0181H
B00183H
BO0184H
Bo0015H
B00186H
B00187H
BOO I 8H
EB00189HBOOB19H
B00190H
BO0192H
BOO 93H
BOO0194H
B00195H
B00196H
B00197H
BOO199H
B00200H
B00226H
B00227H
BQO228H
B00229H
BOO230H
BOO231H
BOO232H
B00233H
BOO234H
:0O235H
BOO236H
B00237H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIEFORT
BEAIUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

EERUFORTBERUFORT

BEAUIFORT
BEAUFORT
BEAUFOFRT
BEAUFORT
BERUFFORT

BEFIUFORT

SAMPLE
SAMPLE
SAMFLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPL.E
SAMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE

SAMPLE
SAMPLE
SAMPLE

SAMPLESAMPLE
SAMPLE
SRMPLE
SAMPF'LE
SAMPLE
SAIMPLE

SAMPLESRMPLE
SAMPLE
SAMPLE

22
22
22
22
22
22
22c
22
22
22
22
222222

22

22
22
2020

2020

20
20
20
20

201
20
20
2020
20
20

2020
20

20
20
20
21
21
21
21
L21210
21
21
21

21
2121l

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SSEDIMENT
SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENTSEDIMENT

SEDIMENTSEDIMENTSEDIMENT
SET I MENT

SEA I MEWIT
SEDIMENT

SED I MENT
SED I MENT

SEDIMEIIT

SEDIMENT
SED IMEMIT
SED IMEMNT

'EDIIMENT
ED I MEMIT

SED I MIET
SEDBIME1.T

SED I MEHT

SET I MEIT
SEDIMENT

E;ED I M'ERI~T

195

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
S20C
20C

0OC
20C

S20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

S20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

;STATION071
STATION071
SSTATION071
SSTATION071
SSTATION071
STATION071
SSTATION071
STATION071
STATION071
STATION071
STATION071
STATIONO71
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STRTION070

I



101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

B00238H
B00239H
B00240H
BO0241H
B00242H
B00243H
B00244H
B00245H
B00246H
B00247H
BOO248H
B00249H
B00250H
B00276H
B00277H
B00278H
B00279H
B00280H
E00281H
BO0282H
B00283H
B00284H
BOO285H

0B0286H
B00287H
E00288H
B00289H
B00290H
B00292H
B00293H
B00294H
B00295H

0B0296H
B00297H
B00298H
B00299H
BO0300H

BEAUFORT
BEAUFORT
BEAUFORT
BEEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SERAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
EEALIFORT
BEAUFORT
BEfUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAULFORT

EEAUFORT
BEAUFORT
BEAUFORT
PEEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 21
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09

SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENIT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT

END FORM
137 ST:RAINS

196

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C20C2008C200:

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030



Strains isolated from water at 4C capable of growth at either pH 8 or
pH 9.

1 8iI00003L
2 B:IS005L
3 BL000i06L
4 .B00009L
5 B0o012L
6 B001:13L

SBi00014L
8 B100015L

1I BOU023L
,1' Bi:,O 24L

15 .B0053L
15 B':iL0054L
17 Bi00O55L
IS B00057L
19 1E000;5 9L

::.1 B IO•iG. LL
:20 B00060L

21 B.i1062LL
:22 B00063L
23 B0F0066L-
24 B00067L
2 "i00068L
26 B00069L
27 BUOO70L
28 BiO071L
29 B00072L
30 BOO073L
31 B00I074L
32 E:00l075L
33 :B010 1L
34 Bi00102L
35 BO0103L
36 BI:0104L
37 B00105L
38 BQ00106L
3:9 B00107L
40 B0!0108L
Q B00109L

4i .E011 1L

43 B-' 'i 12LL
44 .B00113L
4-5 B.•A 14L.
46 BO0115L
4? 800116L
48 Bl00117L

00 B00119L

BEA:UFORT
BEAUFORT
BEAUFORT

.E Fi..FO'F' ' TBEAUFORTBEAUFORTBE:RUFORTBEAUFORT

BERUFORT
BEAUFORT
BEAUFORTBERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFIUFORT
BEAUFORT
.BEAUFORT
.BEAUFORT
BERUFORT

BEiREUFORTBEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAFUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BE:RAUFORT

BEAUJFORT
BERUFORT
BERIFRUFOPT
.BEAUFORT
BEAiUFORT
BEiUFORT
BElAUFORT

BEAUFORT
BEAUFORFT

SR;PILE
S i-1IPLE
SAMPLE
SAMPLE
SAMPLE:
SAMPLE§ R-iliF-LI.E
SAFMPLE

:3Rf1FiLESHMPLESAMPLESAMPLE
SRMPLE
SAMPLE
SAMPLE:
SAMPLE
SAMPLE
SRAMPLE

SAMPLE
RSAPLE

SAMPLE

SAMPLE

SAMPLE

SRMPLE
SAMPLE

SFiMPLFLESAMIPLESAMPLESRMPLE

SAMPLE
SRIMPLE
SAMPLE
SAMPLE
SAMPLESRMPLESAMFPLE
SAMPLE

SAM.PLE
SAMFPLE
SAMPLE
SHMPLE
SAMPLE
SAMPLE
SAMPLESAHMPLE

SRMPLE
SRMPLESAMPLE

SAMPLE

0:3
03
03
03

03
03
03
03
03
03

03
03I0

20
20
20
20
20
20
2020

O0

20
2O020
20
20
20
20U
20
c20
20

27
27T
27
27
27
27
27
27
27
27
27
27
27
27
27
27

2727iCLI

L- 1

C. i

.-. I

L- IL"' 1

SlFiTER
WATER
WATER
WATER
NFITER
WATER
NATER
WATER
WAlFITER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WFTER
WFITER
WATER

WATER
HATER
WATFER

AHTER
WFITER
WATER
WATER
WATER

IWTER

WATER
WATER
WATER
WHTER
WATER
WFITERF
WATER
WATER
WATER
WR ER
WATER
WATER
I--.iTER
HATERIKARTER

WATER
ANiTER

WATER
IATER

HATER
INRTER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C04C
04C
0F4C
04C
04C

04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C

04C
04C
04C04C
04C04C
04C
04C

04C
04C

04C04CU4C

I.1'4';

STATIOH01
STATION010
STATIO0i10
STATION010
STATIOHOIN
STATIO 1010
STiTION010
STFIT ION010
STATIO 010
STATION010
STRTION010
STATION010
STATION010
STATION002
STATION002
STFITIONO00
STATION002
STT IOf002
STFITIONH002
STATIOH002
STAT ION02
STRTION002
ST'iFTION002
STATIONB00
STAT I OH02
STAT ION 0E
STATION002
STRTION002
STATIT 002
STATIONOO2
STFTION002
STATION002
STATION071
STATIO1071
STATION071.
STATION071
STATION071
STATION071
STAT ION1071
STATION 1071
STATION071
STATION071
STATION071
STAITION071
STATIO 071
STATION071
STATION071
STATION071
STRTION071
STFIT ION071
STFAT IOCt 07 1
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51
i2i.

53
54

56

59

61

63
64
65
66
67

69

71

72

74

i- i'
F I7778
79

80

83
84
8 r'5
86

87
899
i90

93
934
95

loo

Br i120L
B00121L
BO L122L

B00124L
B0125L
B00151L
B I0152L
B00153L
B0I154L
BOOi55L
E00156L
B00157L
B0J159L
B00160L
BOOI62L
B00163L
B001 64L

B00165L

B00: 167 L
B00168L
B00169L

BcI1 72L

B00174L
BO 175L
B00 01L L
3010202L
B00203L
100205L
B00206L
B00207L
B00208L
b30209L
B00210L
B00211L
B00212L
B00213L
BO10£214L
B00215L

BO216L
Bo0217L

B0021i8L
B00219L
B0220UL

900221L.
100222L

BEAIUFORT
BEfAUFORT
BElAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFlUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
.BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEfUFORT
BERUFORT
BEUI.FORT
BERUFORT
BEAlUFORT
BEAUFORT
BEAlUFORT
BEAUIFORT
BEAUFORT
BEFlUFORT
BEAUFORT
BEAUFORPT
BErUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUF OPT
BERUFORTT
BEAUFORT
BERiUFORT
.BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SrMPLE
SFMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE:
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE:
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAfMPLE

SAMPLE
SAMPLE
SAMPF'LE
SAMPLE
SRMPLE
SAMPLE
SFAMPLE
SAMPLE:
SfAMPLE
SRMPLE
SAMPLE
SRM1FLE
SAMPLE
SRMPLE
SAMPL.E
SAMPLE
SAMPLE
SRMF-LE
SRMPLE
SAtPLE
SFlMPLE
SflMPLE
SAMPLE
SAMPLE
SRMPLE
I rr iiF t l F -'.1E

27
27.
27
271127
27

24
I4

24
24
24

24

24
24
24

24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26.

£6
2L.

26
26
c6
c26
26i
26
26c
26
26
26
26
26
26
26
E6
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NWATER
WATER
WATER
WATER
WATER
WIATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IATER
IFTER

WATER
WATER
WATER
WlATER

fWATER
fWATER:

IWITER
WATER
WATER
WATER
WATER
WAITER
WATER
WIATER
WRTER
WATER
WJATER
WATER
WATER
WATER
WAFTER
WATER
WAFTER

fWATER
I-TITER
WATER
WRTERF
WAITER
WATER
WATER:
WATER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

040
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C04C04C

04C04CI-I L
n42
1.41

~i.4L
Cl-IC.

STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
ST1ATION055
STATION055
STf0TION055
STAfTION055
STAT ION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STFTTION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STFITION070
STATION070



,0022a3L
i;iOi224L

B:-:3027E8L
:j00280L.

B00281L

..B0028.3L
i:02Uc_84L
B00291L
Bc0292c'L

BEFiUFORT
BEAUFORT
BEAUFORTB I_ A Ui_ FT F' !

BEAUFOFRT
BEAUFORT
BEAUFORT
:BEAUFORT

BEAL.FORT
BERUFO'RT

SAMPLE
SAMPLE
SAMPLE
SAIIFL.E.
SAMPLE
SHMPLE

SRMPLE:
SAMPLE"
SAFMPLE

26
26b

11
11i
19

? iI.

WATER
.AFTER
WRTER
WRTER

hilRTER

I.IATERIFATER
WATER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STAT I ON070
STATION070
STAT I ATHO0
STIRT I ON30
STATIO00rl
STAT I 0001

STAT I ON001
STATION001
STATION002
STATIONDB2
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Strains isolated from sediment at 4C capable of growth at pH 8 or pH 9.

-.

!-'.

4
5
6.

i9
10

11
12
13
314
15
16
17
48

is20
£1

:::'".

24.
25

29

31
.32

33
34

36
37
38
39
40

41i
42
43
44
45
46
47;
48

49
50

:E:00IS6L
B00027L
B800028L
Ba0029L
B80030L
BQ0031L
B00032L
B00033L
B00034L
B80035L
BOO036L
Bi0037L
B00038L
BO:039L
Bi00040L
.EB0041L
B00042L
B00043L
B0044L
B0F046L
Ei0047L
BOOO48L
BO0049L
BOOO50L
B00076L
B00077L
BO0007SL
BOOO79L

BO0082L
BOOO83L
B00084L
B00085L
B00086L
B00087L
B00088L
BOOO89L
B00091L
B00092L
B0fi93L
B00094L
B00095L
BOO096L
B00097L
BE00098L
BOO099L
E'B00100L
B00126L
BO012i7L
B00128L

BEAUFORT
BEAUFORT
BEFIUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BE:FUFORT
BEAUFORT
BELAUFORT
BEFUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEIUFORT
B:EAUFORT
E:EiUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BERUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT

BEfUFORT
BEAUFORT
BERUFORT

BEAUFORT
BEAFUFORT
BE:FUFORT

BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
.BEIAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SA-MPLE
SAMPLE
SAMPL..E
SAMPLE
SAMPLE
SFAMPLE
SARFLESAMPLE
SHMPLE

SAMPLESAMIPLE

SAMPLESAMFPLESRMPLE

SAMPLE

SFIMPLE

SAMPLESRMPLE
SAMPLESAMPLESAMPLE

SF1MPLE

SAMPLESARMPLE
SAMPLE

SAMPLE
SAMPLESAMPLESAMPLESAMPLE
SAMPLESAMPLE:SAMPLESAMPLE
SMAPLE
SAMPL.E
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SAMPLE

SFHP1LE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

16
16

16
16
16
16
16
16
16
16
16.
16
16
16
16
16
16
16.
16

16
161616

22!.6
22.22.
Jclc
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SEDIMENT
SEDIME:NT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIIMEINT
SEDIMENTI
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEIDIMENT
SEDIMENT

04-C:: STATION010
04C STATION0H10
04C STATION010
04C STAT I ON010
04C STATION010
04C STATION010
04C STATIOIN010
04C STATION010
04C STATION010
04C STATION010
04C STAITION010
04C STATION010
04C STATION010
04C STATION010
04C STATIONM10
04C STATION010
04C STATION010
04C STFITIOH010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STFTION010
04C STATION010
04C STT I ON002
04C STATION002
04C STATION002
04C STATION002
04C STATION002
04C STATION002
04C STAiTION002
04C STFTION002
04C STATI ON00£2
04C STATIO H002
04C STATION002
041: STATION002

04C STAT I ON00
04C STRiTION002
04C STATION002
04C STATION002
04C STATION002
04C STATION002
04C STIT I ON002
04C STMTION002
04C STFITION002
04C STATIO C002

04C STATION071
04C STA:TI ON071.
04C STATION071



:51
52I
53
54

t57
58
59
60
61
62
63
:,4
65
66
67
68

71
72
7'
74
75

78
79

81
82

84

86

88
9l

92
93
94
95
96
97
98
99

100

Bi0012i9L
B00130LL
B00131L
BOOI 32L
BOOIl33L
EB0134L
B00135L
B00136L
B0i0138L

:001401.
B00141L
BOOI143L
BOO0144L
B 001 45L
BEOi146L
EBOl14 ?L
B00148L
B00149L
B00150L
BOtI 176L
BOO 78L
B00179L
BOO 1 8LL
B00181L

BE0185L
B00186L
'80 1 &,L

BOOIi9lL

I:80192L
R_.00.194L
BEE195L
B.0::0196L
BO0198L
B00199L
BO0200L

BEiOO226L
BO;22P7L
BO.O228L

0e0230L
B00232L
B00233L
B'OO234L

BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
.BEAUFORT
BERUFORT
BEFIUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEF:UFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEFAIUFORT
BERUFORT
BEAUFORT
BELAUFOPT
BEAUFORT
BEAUFORT
:EFUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
:EAUFORT
.BERUFORT

E::AUFORT
EFIUFORT

BE::.AUFORT
BERUFORT
BEEUFORT
BE:RUFORT
BEUFl ORT
BEA:UFORT
BERUFORT
BERUFORT
BERUFORT
BERUFORT
BEAUFORT

SAMPLE

SAMPLE
SAMPLE:
SAMPLE:

SAMPLE
SAMPLE
SAMPLE
SAMPLE

SFIMPLESAMPLESAMPLE
SAMPLE
SAMPLE

SAMPFLESAMPLESAMPLE

SAMPLE

SAMPF'LE
SRMPLE

SAMPLE
SAMPLE
SAMPL.E

SAMPLE

_SAPLESAMPL.E
SAMPLE

SARPLE:SAMPLE

SAMPL..ESAMPLE

SAMPLE
SAMPL.E:
SRFMPLE
SAMPLESAMPLE
SAMPLE
SAMPLESRMPLE
SAtMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMF'LESAMPLEESRMFPLESRMPLE
SRMPFLEF

22
22

2£

22
22
22

20.

22-
20
220

2021
i.L-

21
21
2121
I-L

20
£0

0U

£tci
£0li U

20
£.

a: i£0i- I£1?
2' I
C1

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENTSEDIMENT

SEDIMENTSEDIMENT

SEDIMENTSEDIMENTtEI:IIMEHT
SEDIMENT
SEDlI I MENT
SEDIMENT

SEDIMENT

SEDIMENT
SEDIMENT
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04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C04C1-I C

01-i ~

LI TI:
Li T

LITI45

: STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STRTION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STFITION071
STATION071
STATION071
STATION071
STATION055
STTFI ON055
STATION055
STT I ON055
STATION055
STATION055
STRFTION055
STATION055
STATION055
STATION055
STATION055
STATION055
STFTION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION 705
STATION070
STATIN0070
STATION070
STATION070
STATION070
STATION070



i01 E00235L
i02 B00236L
103 BOO237L
104 B00233L
105 B00240L
106 B00241L

107 BOO242L
10S B00243L
109 B00244L
110 B00245L
ill B00246L
112 BEO247L
113 BO0248L
ii4 .B00249L
115 B00250L
116 BO0251L
117 B00252L
118 BEO253L
119 BOO254L
120 B00256L

-21 BOO257L
122 B.80258L
123 B00259L
124 BOO261L
125 B00262L
126 B00263L
127 B0O264L
128 B00265L
129 B00266L
130 B00267L
131 B00268L
132 B00269L
133 B00271L
134 BO0272L
135 B00273L
136 BOO274L
137 B20275L
138 B00286L
139 B00287L
140 B00288L
141 B00289L
142 B00290L
143 B0o296L
144 B00297L
145 B00298L
1.46 B00299L

BEAUFORT SAMPLE 21 SEDIMENT
BEAUFORT SAMPLE 21 SEDIMENT
BEAUFORT SAMPLE 21 SEDIMENT
BERUFORT SAMPLE 21 SEDIMENT
BEAUFORT SAMPLE 21 SEDIMENT
BEAUFORT SAMPLE 21 SEDIMENT

BEAUFORT SAMPLE 21 SEDIMENT 04C
BEAUFORT
BERUFORT
BEAUFORT

BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT

BEAUFORT
BEAUFORT
BERUFORT
BEAIUFORT
BE:IUFORT
B:EUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BERUFORT
EEAIIUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEHUFORT
BERUFORT
BEAUFORT
BER:UFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE

21
21

21E'

2121

91
09
09

09
09
09
09
0909
09
09
09
09
09
09
09
09
09
09
09
0909
1509

15

1515
15

32

I32
*32

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT

04C STATIONT070
04C STATION070
04C STATION070
04C STATION070
04C STATIONO70
04C STATION070
STATION070
04C STATION070
04C STATI ON070
04C STATIOM070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION030
04C STATIOM030
04C STATION030
04C STATION030
04C STATION030
04C STRTION030
04C STFTION030
04C STATIOM030
04C STATI0O030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION001
04C STATION001
04C STATION001
04C STATION001
04C STFITIOH001

04C STFTION1002
04C STFTION002
04C STRTION002
04C STRTION002E

END FORM
.146 STRAIN*S

202



Ii.
4
5
6-':-

,:;

10
11
12
13
14
15
16
S17

19
20
21

L,- lI

26

i ,'-,

30

.31
C2

34
35

39
40
41
42
43
44
45
46
47
48
49
50

B0000i1H
IOBOOSH

B00003H
BE0004H
BO005H
BOOO06H
Bi00007H
F: 00Baa8H
B00009H
B00010H
B00011H
B0001 2H
BE00013H
B:00014H
B00015H
B00016H
B00017H
B00018HweOO ISH

B00020HB00023H
BOOO2:3H

B00024H
iB00051H

B00052H

B00053H
BOO054H

B0055H
B0056H
B00057H
B00058H
:00059H

B00060H
B00061H
BOO062H
B006:3H
B00064H
BQ00065HBOO065HB00066H
B00:067H
B00069H
BOO069H
B000070H
B00071H
B00072H
BE?073H
BOO075H
Bi: 01 1H
B00102H

BERUFORT
BEAUFORT
BERUFORT..E:F:FiJLF 0 TBEAIUFORT

BEAUFORT
BEA:UFORT
BEAUIFORT
BEAUFORT
IiEARUFORT
BERUFORT
BEFUFORT
BERUFORT
BERUFORT

BERUFORT
BEAUFORT

BEA UFORT
BE:EFORT
BEAIUFORT

EEAUFORT
:EFLIUFORT

FEAUFORT
BEAUFORT
EERUFORT
BEAUFORT
BERUFORT
BE:IUFO:RT
BEAUFORT
BEAUFORT
BE:RUFORTBERUFORT

BEAUFORT
BERUFORTBEAUFORT
EERUFORT
BERUFO•RT
BERUFORT
BEAUFORT

BERUFORT
BEFUFORT
BEAUIFORT
B:EAIUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEA UFORT

BEIUFORT
.EAUIFOiRT

SFRMPLE
SAMPLE
SAFIMPLE
SRAMPLE

;ISMFPLE
SAMPLES:*IrlF'LE
SFAMPLE
SAMPLE-FIIMF'LE:
SAMPL.E
SRMPLE:
SAMPLE
.SAMPLESRMPLE

SAMPLE:
SAMIPL.E
SRMPFLE
SRMPLE
SH-IPLE

SAMPLE

SAMFLE
SRMPLE
SRMPLE
SAMPLE

SAIM1F'L.ESAMPLE

SHM F:LESRMPLESAMPLESAMPLESAMPLESAMPLESAMPFLE
SAMPLE

SRMPLE
SAMPLE
SAMPLE

SAMPLES;AIPLE
SAMF'PLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE

SRMPLE
SAMPLE
SAMPLE
SAMPLESAMPLESAMPLESAMPLE
SAMPLE

03:
03
03
03
0:3
03
03:
03
03
03
03
03:
03
03
03

I:-030303i
i03
03
03
03
03
03
20
20

20
20
20
20
20
20
20
20
20
20

20

20
20
20
20
20
20
20
2020
20
27
27-1
27

WHTER
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Strains isolated from sediment at 20C capable of growth at pH 8 or pH 9.
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SAMPLE
SRMPLE
SAMPLE
SHMPLE

SRMPLE
SAMPLE
SMPFLE
SAMPLE
SAMPLE
SHMPLE

SAMPLE
SAMFPLESA;MPLE

SAMPLE
SAMPLESA'MPFLE

03
03
03
03
03
03
20
20
20
20
20
20
20
20

L.. |L O20
20202727

27

2,.-?C„r272727
L7

272727
27

2727
27
27
27

24£4
24
24
24
24
24

24
24
24
24
24

: ATER
WATER

SWATER
IATER
WATER

RATER
WATER
IATER
HATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER[IATEFE.
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER

209

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C04C
04C
04C04C
04C

STATION010
:STRTIONO10
:STATIOM010
STHTION010
STATION010
STATION010
STAT I ON002
STATION0102
STATION002
STATI01N002
STATION002
STATION002
STATIO0002
STATION 002
STATIO 0002
STATION002
STATION1002
STAT ION002
STATION071
STAT I O071
STAT IO071
S;TT I ON071
STATIOM071
STATION071
STATI011071
STATIO 0171
STATION071
STATION071

STATION 101071
STAT ION071
STAT ION071
STATION071
STAT I ON071
STATION071
STATION071
STATION071
STATION071
STATIN01055
STATION055
STATION055
STATION1055
STATION0055
STATI01N055
STATION0055
STATION0055
STATION055
STAT I01055
STATION 055
STAT IO 0N055

Strains isolated from water at 4C capable of utilizing any of the
following carbohydrates: arabinose, ribose, xylose, rhamnose, fructose,
galactose, glucose, mannose, sorbose, cellobiose, lactose, maltose,
sucrose, trehalose, raffinose, salicin.

I



51
52
53
54
55
56
57
58
59
60
61
68
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

B00166L
BOO167L
B0169L
BOO170L
BOOE171L
BOO 173L
B0O174L
BOO175L
BOO201L
B00202L

BOO203L
BOO205L
E00206L
BO0207L
BOO208L
BOO210L
BOO211L
BOO12LL
BO0213L
BOO216L
BOO217L
BOO218L
BOO220L
B00221L
BO0222L
BOO223L
BO0O278L
BOO280L
BOO281L
BO0282L
BOO283L
BOO291L
B00294L
B00295L

EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

24
24
24
24
24
24
24
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
11

11
19
19
19
36
36
36

WATER
WATER
WATER
WATER
WATER
WARTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
HATER
WATER
WANRTER
WATER.
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

END FORM
84 STRAINS

210

STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070

STATION070
STATION070
STATION070
STATION070
STATION070

STATION070
STATION070
STATION030
STATION030
STATION001
STATION001
STATION001
STATION002
STATION002
STATION002



L.

1 5

is

311021
1312
14
15
16
17

i..20

23

3 425V:%L
36
27

29
30
31

34033:34

4353647

3841

44
454647
49
50

BE00I26L
B00027L
BO0O28L
BI0029L
B00030L
B00031L
BOOO32L
BPI0035L
BOO039L
B00040L
1B00041L
B00044L
B:00047L
i"00041

00B49L
iE00076L
B00077L
E00078L

B0OOS2L
B00084L
B00086L
B00087L
BO0009L
B00091L
B00092L
B00094L
£00095L
BOO96L
B00O97L
BOOO98L
BOi099L
B00100L
B 00126L
B00127L
B00129L
B00131L
B00133L
B00135L
B00137L
B00 138L
E00140L
B00141L
B00143L
B00144L
EB00145L
B00146L
B00148L
B00149L
B00176L

BEAUFORT
BE.UFO:RT
BERUFORT
BEAUFORT

ERAUFORT
BEAiUFORT
BELIUFORT
BEAUFORT
EEA.IFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EERUFORT

BEAUFORT
BERUFORT
BEAUIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUIFORT
BEAUFORT
EEAUFOCRT
BEAUFORT
BEAUFORT
EERUFORT
BEARUFORT
BERUFORT
FFili IFORT

BEEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

EEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEFIIFORT
BEAU.FORT

S;SRMPLE
* SAMPLE
* SAMPLE
* SAMPLE
* SAMPLE
* SAMPLE
SAMPLE

SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
S;AMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SRMPLE
SAMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

If-i030303
03
03
03

03
03

03
03
03

03
03
03
16
16
16
16
16
16
16
16
16
16
16
16
1616
16
16
16

1616
22
22
22
22
22
cc-22
22

22

22
..,L..22
L2

-2..2
E.0

SSEDIMiENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI1MENT
SEDIMENT T

2.11.

04C
04C
04C
04C
041C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C

04C04C04C

04C

04C:
04C

04C:
04C
04C

04C
04C
04C
04C

: STTION010
STATION010
STATION010
STATION010

SSTATION010
SSTATION010
STATION010
STATION010
STATION010
STATION010

STATION010

STATION010
STATION010
STATION002
STATIONOO2
STATION002
STATION002
STATION002
STATION002
STATION002
STATIONOM02
STATION002
STATION002
STATION002
STATION002
STAT I ON002
STRTION002
STATION002
STATION002
STATION002
STATION002
STATION071
STATIONO71
STATION071
STAT IH0171
STATION071
STATION071

TAT I ON071
STAT ION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STAT I O071
STATION055

Strains isolated from sediment at 4C capable of utilizing any of the

following carbohydrates: arabinose, riboxe, xylose, rhamnose, fructose,

glactose, glucose, mannose, sorbose, cellobiose, lactose, maltose, sucrose,

trehalose, raffinose, salicin.

I



51
52
53

54
55
56
57
58
S59

60
.61

62
63

I...i6465
66
67
68
69
70
71i
72

73

74
'75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92.
93
94
95
96
97
98
99

0017 8L

BOO184L
BOO 185L
B00187L
BOO190L
B00191L
B001 92L
BI00193L
BOe194L.
B00195L
BOO 198L
BO 1199L
BOO226L
B00227L
B002238L
BOO229L
BOO230L
B00231L
B00232L
B00233L
B00234L
B00236L
E00237L
BE00238L
B00243L
B00244L
B00245L
B00246L
B0E0247L
B00251L
BOO252L
BEO253L
BOO254L
B00263L
E00264L
B00265L
B00266L
B00269L
B0e270L
B00274L
BOO286L
BOO287L
E00288LS
B00289L
BOO29OL
B00296L
B00297L
B00299L

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT

ERAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

ERAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT '
BEAUFORT :
BEAUFORT :

SR:MPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLES-H1F L_E
SAMPLESAMPLE
SAMPLE
SAMPLES;AMPLE

SAMPLE
;AMPLE

;:AMPL.E

SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE

09
09
09
09
09
09
09
09
09
09
09
15
15
15
15
15
32:
.2

:32*-'
1
C-

2
2

2E2C2C2C.
20
20
20
20
20

20

21
21

21
21
21

21
21
21
2121
21

21£1
21
21

0 SEDIMENT
D SEDIMENT

SEDIMENT
E SEDIMENT

SSEDIMENT

1 SEDIMENT
SEDIMENT

SSEDIMENT
l SEDIMENT
• SEDIMENT
i SEDIMENT
SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SErDIMENT
SED IME1NT
SE DIMENT

SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMErNT
SEDIMENT
SEDIMENT
SEDIMENTSEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT I.
SEDIMENT

04C
04i
04(
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
34C
14C

04C
W4C

END FORM
99 STRAINS

212

C STATION055
C STATION055
C STATION055

STATION055
STATION055
SSTATION055

T STATION055
STATION055
STATION055
STATION055
STATION055
STATION1055
STATION055
STATION070

:STATION070
SSTATION070
STATION070
SSTATION070
STATION070
STATION070
STAT ION070
STATION070
STATION070
STATION070
STATION070
STATION070
STAT I ON070
STATION070
STATION070

STATION030
TATION0130

STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STRTION030
STRTION030STATION030

STATION001
STATION001STATI ION001

STATIOIN001STATION001
STATION002
STATION002

STATIOH002STAT I 01002
STAT 10'.oO02



Strains isolated from water at 20C capable of utilizing any of the
following carbohydrates: arabinose, ribose, xylose, rhamnose, fructose,
galactose, glucose, mannose, sorbose, cellobiose, lactose, maltose,
sucrose, trehalose, raffinose, salicin.

2'I

6
?

18
9

10
11
1 '
13
14
15
16
1. i'17

1819
20
21

34
;.•5

26

3231-'-' 1

36

40
41
42
43
44
45
46
47
48
49
s50

B00001H
BOOOO2H
BE:00S3H
BO0004H
BO0005H
B00006H
BOO07H
BOOOOSHIe0008'H
B0000I9H
E0001 0H
BO0012H
E£00013H
BOE014H
B00016H
BE0017H
BO001 8H
BO0020H
B0022H
B00023H
BE0024H
BOO051H

B0053H
BO0054H
BO0055H

EB0057H
B00058H
B00059H
B.060H

:00061H
B00062H
BOO063H
EB0064H
100065H

BE:0066H
B00067H
B00068H

BO069H i

BOO072H
Bl0073H
B00101H

eB0 102H
S0010:3H

BOO109H
B00110H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFO RT
BEAUFORT
BEAUFORT
BEAUFOIRT
BEAUFORT
BEARUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEERUFORT
BEAUIFORT

EEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

* SAMPLE
* SAMPLE
* SAMPLE
SSAMPLE

* SAMPLE
* SAMPLE
SRMPLE

SSAMPLE

SAMPILE
SAMPLE
SARMPLE
SRMPLE
SAMPLESRAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAIMPLE
SAMPLE
SAMPLE

SAMPLE

SAMPLE
SRMPLE
SRMPLE
SAMPLE
SAMPLE

SRMPLE

03
03
03
,:3
03
03
03
03

03
03
03
03
03
03030303
03

03
03
20
20
20
20
20
20
202020

Lo20202020
20
20
20
2020
20
20
20
20

2027
27
27

L7
27

'-7
L.. I'

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IATER

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
IATER

WATER
WATER
WATER
NRTER
IATER

WATER
WATER
WATER

213

0CO
20C
20C
20C

o0C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C20C:

20C
20C
20C
20C20C:

20C
20C
20C20C
O0C
20C20C

20C
20C
20C20C

20C

SSTATION010
STATION0110
STATION010
STT I ON010
STATIION010

S TATION010
SSTATION010
STAT I ON010
STATIO01110
STATION010
STAT ION010
STATION0r10
STATION010
STATION010
STAT I ON010
STATION010
STATION010
STAT I ON10
STATION010
STATION0 20
STATION020
STAT ION020
STAT ION020
STATIO020
STAT ION020
STAT I ON00
STATION1002
STAT ION002
STATION002
STATION002
STATION002
STATION002
STAT ION002
STATION002
STAT ION002
STATION002
STATION 002
STATION1002
STAT ION002
STAT ION002
STATION002
STAT I ON002
STAT ION071
STATION071
STAT ION071
STATION071
STATION071
STATION071
STATION071



51
52
53
54
55
56
57
58
59
60
61

-=.

63
64
65
66
67
68
69
70
71
72
73

75
76

771

.0

Si,

,-, 079S08318485'6
37
88
89
90

95
96
97
98
99

100

B00111H
BOO 112H
EB0113H
E00114H
B00116H
E001 17H
P0011SH-
B00119H
B00120H
BE00121H
B00122H
B00123H
E00151H
BOO152H
B00153H
B00154H
B00155H
B00156H
BOO157H
B00158H
B00160H
B00161H
BOO162H
BO163H
B00164H
BOO165H
BO0166H
BOO1 68H
B00169HBOO169H
E00201H
B00202H
BOO204H
BOO205H
B00206H
BOO207H
BOO210H
B0211H
B00212H
BOO213H
E00216H
BOO217H
B00219H
E00221H
BOO222H
BOO251H
BO0252H
BOO254H
B00255H
E00256H
B00257H

BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
B:EAUFORT
BEAUFORT
EEAUFORT
IEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERAFORT
BEAUFORT
EEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SFAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLESAMPLE
SAMPLE

SAMPLESAMPLESAMPLE
S;RIPLE
SAMPLE

SRAIIPLE'S1MPLESRMPLESAMPLE

SRMPLE
SflMPLE
SfIMPLE

SRMPLESRMPL.EsrMPLE
SRMPLE
S"AMPLE
SfAMPLE
SAMPLE

SRMPLE
SRMPLE

27
27
27
27
27
27
27
27
27
27
27
27
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26
26

6.
26
26
26
26
26
26
26
26
26
11
. 1
11
11

11
11

214

WATER
IWATER

WATER
WATER
WATER
WATER
WATER
HATER
IWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
HATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WHTER
WATER
WATER
WATER
WATER
WHTER
HATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C:
20C
20C
20C20C20C20C20C20C
20C

20C

20C

20C20CsoC
£OC

STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STRTION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATIO•N055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030



BEAUFORT
BEAUFORT
BEAUFORT
BEAULIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAIMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

20C
20C
20C
20C
20C
20C
20C
20C
20C
2OC
20C
20C
20C
20C
20C
£0C

STATION030
STATIOM030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATIONM30

END FORM
115 STRAINS
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101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

B00258H
B00260H
B00261H
B00262H
B00263H
B00264H
B00265H
B00266H
B00268H
B00269H
B00270H
BOO271H
B00272H
B00273H
BOO275H



Strains isolated from sediment at 20C capable of utilizing any of the
following carbohydrates: arabinose, ribose, xylose, rhamnose, fructose,
galactose, glucose, mannose, sorbose, cellobiose, lactose, maltose,
sucrose, trehalose, raffinose, salicin.

i.

11

2:34
5
6

-7

8s

920
12
13
14
15
16
17

1819

20

21

22
232425362728
29

303132
3334

45

36473S8
39.
40
41
42
43
44
45
46
47
48,
49
50

EB0026H
B00027H
B00028H
B00029H
B000:30H
B00031H
B00032H
B00036H
BOO038H
B00044H
E00045H
B00047H
B00048H
BOOOS5H
BO0086H
B00091H
E00093H
B00098H
B00099H
BOO130H
B00131H
BO0132H
EB0133H
B00138H
B00143H
B00145H
B00176H
E00177H
BO0178H
BE0180H
B00182H
B00183H
E00184H
B00185H
EO0186H
B00187H
B00188H
B00189H
B00190H
BE0191H

BO0192H
EB 193H
B00194H
B00195H
B00196H
E00197H
B00198H
B00199H
B00200H
BOO226H

EERAUFORT
BERUFORT
BEAUFORT
BEAFUFORT
BEAUFORT
BERUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
EERUFORT
EERUFORT

BEARUFORT
BEARUFORT
EEAUFORT

BEARUFORT
BEARUFORT
BEAUFORT
BEAIFORT

BEAUFORT
BEAUFORT
EERUFORT
BEAUFORT
BEAUFORT

BEAUFORTEERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORTBERUFORTBEFIUFORTEERUFORT

PEAUFOF.T

SAMPLE 20
SAMPLE 20

ASRMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 20
SAMPLE 20
SARMPLE 20
SAMPLE 20
SAMPLE 21
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SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAFMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLESAMPLESAMPLE
SAMPLESAMPLESAMPLESAMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
16
16
16
16
16
16
22
22
22£
22
22
22
22
20
20
20
20
22
20
20
20202020202020
20

2O

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENT
SE DIMENT
SEDIIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MENT
SEDIMENT
SED I ENT
SEDIMENT
SEDIMENT
SED I ENT
SEDIMENT
SEDIMENT
SE DIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SED I MENT
SED IMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C:
20C
20C
20C
20C
20C
20C
20C
20C
20UC
20C

£OC
20C

20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C20C
20C

20C
20C
20C

20C
20C
20C
20C.
20C
20C
20C2
20C

20C20C2ec

20C

20C

HI :I
20Cr
20Cl

STATION010
STATION010
STATION010
STATION010
STATION010
:STATION010
STATION010
STATION010
STATION 10
STAT 10N010
STATION010
STATION010
STATION010
STATION002
STATIO002
STATION002
STATION 00
STATION002
STATI ON071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STAT ION055
STATION055
STATION055
STATION055
STATION071
STATION055
STTION055
STATION 055
STATION055
STATION055
STATION055
STATION055
STATION055
STAT IO055

STATION055
STATTIO055
STATION055
STATION055
STATION0M55
STATION055
STATION055
STATION055STAT I 0fL055
STATIN0155
STATION070



BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORT
BEAUFORT
EEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORTBEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

21
21
21
21
21
21
21

21
21
21
21

21
21
21
21
21
09
09
09
09
09
09
09

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C20C
L [IL
LBT

EII:

2007

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STRTION070
STATION070
STATION070
STATION070

STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030

END FORM
73 STRAINS
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51
5£
5:3
54
55
56
57

58
59
60

61
62
63
64
65
66
67
68
69
70
71
72
73

B00228H

B00236H
BEO239H
B00240H
B00241H
B00242H
BOO243H
BOO244H
BOO245H
BOO246H
BOO24SH
BOO250H
BOO279H
B00282H
BOO283H
BE0285H
BOO290H
BOO294H
BOO297H



Strains isolated from water at 4C capable of utilizing any one of the
following amino acids: alanine, Beta-alanine, Gammna-aminobutyric, arginine,
asparagine, aspartic betaine, cysteine, cystine, glutamic, glycine,
hippurate, histidine, leucine, iso-leucine, lysine, methionine, ornithine,
phenylalanine, proline, sarcosine, serine, threonine, tryptophan, tyrosine,
valine.

3

4
5
6

10
11
12
13
14
15
16
i7
18

1920
-:I2i
22
23-
24
25
26
27
28
29
30
31
32
33
34
35
36

38
39
40

BOO053L
B00057L
Bi00058L
Bd0059L
B00063L
BOO067L
BOO071L
B00072L
B00073L

0B0074L
BOOE75L
BOO101L
BO0103L
B00106L
B010SL
.B00109L
B00111LBOOlliL
B00114L
BO0116L
B00117L
B00118L
B00119L
B00120L
B00121L
B00122L
B00123L
B00151L
BE00152L
B00153L
B00154L
BOO156L
B00157L
E00164L
B00166L
B00167L
B00169L
B00170L
B00171L
BE0174L
BOO201L

BE:UFORT
BEAUFORT
BEAUFORT
BEAULIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAIUFORT

EAERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

20
20
20
20
20
20
20
20
20LU
20
27
27
27
27
27
27

27

27

27
27
27
27c727
24

24
2424
24

2424

24
24
24
L.1

24
2424

26c e.

WATER
WATER
IWATER
WATER
IATER

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
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04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATIOH002
STATI Oi-002
STATION002
STATION002
STAT ION02

STATION002
STATION002
STATION002
STATION002
STFTION071
STATION071
STATION071
STATION071
STATION071
STATION071
STAT I ON071
STATION071
STATION071
STAT ION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STAT I ON055
STATION055
STAT ION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION0070



BO£202L
BQ0203L
B00205L
B00212L
BOI213L
BEIO216L

B00222L
B00223L
BOO225L
BOO28IL
B0282L
BOO283L
BOO291L
BOO294L
BOO295L

BEAUFORT
BEEUFORT
BEAUFORT
BERUGORT
BEAUFORT
BEAUFORT
BEFIIUFORT
BEAFUFORT

BERUFORT
BEAHUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE

SAMPLE
SrMPLESF~IMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

26
26
E6

26
26.
2626

26
26

19
19
19
36
36
36

WHTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

RATER
WATER
WATER
WATER
WATER
WATER

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STRTION070
STATION 070
STAT I ON070
STATION070
STATION001
STATION001
STATION001
STATION002
STATION002
STATION002

IEND FORM
.6 STRAINS
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4-,41424344

451464849
50
51
52

54

56



134
5
6
1?

*1
9

10
11
12
13
14

S1516

21717i 8

I9l£0

21

43
34

6-

£73827303435
36.

338
39
40
41

43
44
45-
46,
47
48
49
50

B;00027L
BE•0029L

:B00035L
B00042L
B00077L

B0O084L
BOOES7L
BO0089L
B00091L
BOO092L
B00093L
£0:i.0094L
B00095L
:00097L
B8O098L

B00099L
B00100L
BO0126L
B00127L
E00128L
B00130Ll:,i 1 .:3 L
B00131L
B00133L
B00144L
B00145L
B00146L
B00149L
B00150L
B00178L
B00184L
B00185L
BO•186L
BOO187L

B00189L
B019.0L
B00191L
B00192L
B90193L
B0194L
B300195L
B00198L
B0199L
BOO226L
BOO227L
B,00230L
BOO232L
B00233L

BERUFiOR i
.BEA:UFORT
BEAIJFOR7
BELIUFORI
BEAUFORT
BEAUFIFORI
BEIAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEFRUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EERUFORT
BERUFORT
BEFIUFORT
EBEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERAUFORT
EEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERAUFORT
BEAUFORT
BEAUFORT
BEAIUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SFIMPF'LE

SAMPLE
SAMPLE

SAMPL.E

SSAMPLE
SAMPLE
" SAMPLE

t SAMPLE
SSAMPL.E

SSRMPLE

SAMPLESAMPL.E
SAMPLESSRMPLE
SAMPL.E
SAMPLE
SRMPLE
SAMPLE

S'AMrPLE

SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SA=MPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
0Z03
0
0:3
03::

16

16I
16
16
16
1616
16

16

1616

16
16.
227

22
226
22
22
22
22

222222

20
20
202I0

20
20
20
20
20
E0
20
2020

202121

21

2121Li0
2di

: SEDIIMENT
SSEDIMENT

, SEDIMENT
SSED IMENT

: SEDIMENT
, SEDIMENT

:SEDIMENT
S EDIMENT
SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SE DIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
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04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C1
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C:
04C
04C
04C
04C
04C
04C
04C

04C04COII":
a-toC
3:14
3:41::

:STATION01I10
STATION:00!
:TATION 010
STATION010
:STATION:010
STATION010
STRATION002
STATION002

STATION002
STATION002
STATION002
STATION00
STATION002
:STATIONHOE
STATION002
STATION002
STAT I ON002
STATION002
STATIO 00D
STATION071
STATTION071
STAT IO071
STAT I ON071
STAT ION71
STATION071
STATION071
STATIONt071
STATION071
STATION071
STATION7O?1
STT IONH055
STAT I ON055
STAT ION055
STAT I 0055
STATION055
STATION 055
STATION055

STAT IN0055
S T I ON055
STATION055
STAT I0055
STATIN0055
STATION055
STAT ION055
STAT I O070
STATION070
STATION070
STATION070
STATION070

Strains isolated from sediment at 4C capable of utilizing any of the
following amino acids: asparagine, aspartic, gamma-aminobutyric, cysteine,
cystine, glutamic, clycine, histidine, leucine, iso-leucine, lysine,
nethionine, ornithine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, valine.



51
52
53
54
55

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
731
74

76
77
7:3
79
s8
81
82

83
84

BOO234L
BOO235L
BOO237L
BOO238L
BOO239L
E00240L
BOO241L
B00242L
BOO243L
BOO244L
B00245L
BOO246L
B00247L
BOO250L
BOO251L
BOO252L
BOO257L
BOO259L
BOO261L
E00263L
BOO265L
BOO267L
BOO268L
BOO270L
BOO271L
0BO272L

BOO273L
BOO274L
BEO286L
BOO287L
B3O289L
BOO290L
B00296L

'BO299L

BEAUFORT
BELAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEUFORT
BEAIFORT
EEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BERUFORT
BEARUFORT
BEEUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BERUFORT
BEAUFORT
BEFUFORT
BEAUFORTBE A UF 0F'T

SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SArMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPFLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

;SRMPLE
SAMPLE

END FORM
84 S;TRAINS
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21
21
21
21
21
21
21
21
21
21
21
21
21
21
09
09
09
09
09
09
09
09
09
09
09
09
09
09

15
15
15
15
'32
32_

SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION001
STATION001
STATION001
STATION001
STATION002
STATION002



Strains isolated from water at 20C capable of utilizing any one of the
following amino acids: alanine, Beta-alanine, Gammna-aminobutyric, arginine,
asparagine, aspartic,betaine, cysteine, cystine, glutamic, glycine,
hippurate, histidine, leucine, iso-leucine, lysine, methionine, ornithine,
phenylalanine, proline, sarcosine, serine, threonine, tryptophan, tyrosine,
valine.

12131516

8910121314

1516
17
18
19

312023£435
£6
27
38
29
30
:31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

B00OOU1H
B00002H
B00003H
B00004H
B00005H
B00006H
B00007HBiOOOH7H
B0008H
B:E0009H
BO0010H
B00013H
E0B014H
B00016H
B00017H
B0018HH
B002i0H
B00021H
BO0022H
B00023H
BO0024H
EBl051H
BO00052H
BO0053H
B00054H
B00055H

OOO58H
EB0059H
B00060H
E00061H
E00063H
BO8064H
B00065H
B00O66H
B00101H
B00102H
E00103H
BE0104H
B00106H
B00109H
B00110H
B00111H
B00112H
B00113H
B00114H
B00115H
BO0116H
B00117H

B00120H

BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BERUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLESAMPLEsRrMPLE
SAMPLE

SAMPLESAMPLESAMPLE

SRMPLE

SRMHPLE

SRMFPLE

SR[IPLE

SHRMPF'LESHMPLE
SRMPLE
SRMPLE
SRHMPLE
SRMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
20
20
20
20
20
20
20
20
20
20
2020L=U
20
27
27

27
27
27
27
27
27
27
27
27
27
272727

27'2727
27

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
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Strains isolated from sediment at 20C capable of utilizing any of the
following amino acids: alanine, Beta-alanine, Gammna-aminobutyric, arginine,
asparagine, aspartic, betaine, cysteine, cystine, glutamic, glycine,
hippurate, histidine, leucine, iso-leucine, lysine, methionine, ornithine,
phenylalanine, proline, sarcosine, serine, threonine, tryptophan, tyrosine,
valine.
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Strains isolated from water at 4C capable of utilizing any one of the
following alcohols: D-arabitol, 1-butanol, 2-propanol, 1-propanol,
D-mannitol, D-sorbitol, Meso-inositol, 1,2-propanediol, ethanol,
glycerol, dulcitol.

L.-,

:3
i:

I4

10
11
12
13
14
I :15

16
L. iA

19
0 I

21

£25

26,

;-29

31
*.-: ,.'

34;

B0E067L.

:00074L

B0UL109L

B0011.4LB00117L

B00121L
B00152L
BlEi00153L

B 00160L

B00164L
B00165L.
.E:B 166L

100167L
t001656LB00174L

B002015L

B::00;202L

E:00216L
-02271L.

iO0.225L

E-,283L

00 294L
E.l00295L

BEL IUORT

Ii', ':iI 'F" O F: "
;BEHl_.iFORT
Bi:UFORPT

BE RUFiJFRT

BE:lU.IFORT

BERI.UF ORT
B:E I.IFOit "
BE:IU.IF:ORT

E:E UFIORT
BEIIAUF..ORT
BEAUFORT

EAUFLFORT
BEH:IUFOR T

B:;iEUFORT
BEFAUFORT
BEAUFORT
BEAUFORT
BE:AUFORT
BEAULIFORT
BEA:RLIFORT
BEAUFORT
BEAUF.ORT
BERUFORT
BERIUFORT
.BEFUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEARUFORT
BEARUFORT
BEAUFORT

S:1i PLE:

SiPF:'LE

iPP:LF:LE:SRiFPLE:
SAMPLE:

SiFPIF'LE.SAMPl'LE
SA:iMPLE

*:FRMPI...ESAMFLESRMFLE

S'3 1F'L.ES Rr1PIF ..ESRFMPLE
SAMIPLE
SAMFLE
SRMPLE..
SAMFP'LESRMPLESFIMPLESAMPLE
SAMPLE

SRMPF'LESRMPL.ESAMPL.ESAriPLESAMPLE

SAMFLE

SFMFPLLESAMPLESRMPLFSAMPLE
SAMPLE

03
0:3

20
20'20

.•0

2020

27

2424

24;-_'4:

24
L.. 124

26
26

262624
L4

26i6
36

26-I -£63I-.
36h

EWATER
RiSTER

WRTER
TF:I ER

IIHTERWIRTER

WFITERWATER
WI.ITER
WATER
WFITER
WATER
WARTER
WATER
WATER
WARTER
WHTER
WATER

RWATER
WRTER
WATER
IW.IRTER
WRTER
WATER
WATER
WATER
WHTER
WATER
WATERWATERWRTER

WATER
WATER
WATER

l~ATERF

ELT F'ORI .1 :0.0 9:

214-.

212G

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C

04C04C14C

4t:
04C
04C
0i4C:

04C

04C

04C

141i::

STT ATIO1O0i
STAT IO 010

S:TFIT 101t1I30H2STRTION002STATION 002STATION002STATION002

STRTION 002
STAT I NOOl2
STRTION002
STATION002
STATION071
STFITIOM071
STATION071
STATION071
STAT ION055

:.TA1;T FT 1110r55STRT IO1055ST 0TION055
STATION0055
STARTION0155
STATIN01055
STATIO1055STATION055
STATION055
STRTION055

STAT I ON070
STRTION070
STAT I O070
STATION070
STATIO1070
ST I ON070
STATIONO01
STATION002
SRT ION002



1i,

I-

.11
I

1£

14
15
16
17.
1 I

19.

L0
1I

;4

:6
.:I---^:,: ',:',C7 I
30'
31

34"

2,00030L
.:0iu:31 L

:i':i035L

i: C00339L
Bii;:iO44L
i:;,0ii-:438L

BaC0i?76LiBOOOi49L
.t:;, lU ,77L

-:;j00078L

I:03Q0084L

BL 089L
Ei: 0091L

B,00094L

i:,OOu:44L

B:008i99L

:1B01 '16L
T:O 10 P7L

i800133L
E0 i4 ,354

.Er0:1 45L
B00146L
:L• V 1 4:L..
.z.,,il 1 IL

:,E:_. - ii 'P.TFBERlUFORT

BEFIUFORT

BEFlIFORT
.BEAUFORT
BE:::UFiORT
BE:RUFORT
BERUFORT
BEAUFOF'T

iriF"it C F4' T
BERUF-ORT

.:E'IALIF :LIR T

b:EAUFOF:T
BEAUFORT
BEFIIIFORT
BEAUFlORTTBEAUFORT

:BEAUFOITF:BEAUFORT

BIERUIFORT'

.EE::IIUFORT

SBE;RFl-IFORTBERUFORTBEAUFORTBERUFORT.BEAUFOIRT
BEUFF ORT FTBEFiUFORTBERUFORT

.BEAUF ORTF

BEJUF ORTBE..UFORTlE'1UFORT
BERUFORT

SRMPL.E
SCi F PLE:

SRHPLE
S::;AMPLE
S.:.MF'LE:
S:IMIPLE
SFIMPLE

SRMPLE.SAiF'PLESAMPLE

SRAMPLESF-rIPLE

SRMPL..E:SAMPLE'SAMPLESRMPLE

' MPF'LESAt1F'L.ElSAMPLE

SRMPILE
SAMPL.E
SAMPLE
SA.-F'LE

SRMFLE

SAMPLE

SAMPL.E

S:;AMPLE.;FiIP L_E
SFIPLE

:SHMPLLESAMPLE

SRMPL.E
SAMPL.E
S;F'PL.E
SFIFMPLE

r::FIR PL.E:
SR:iPMFLE:.SfLPLEl

03
03
03
03
03
0:3
03
03:
03,
03
03

16.

16
16
16

16
16.

.16
160.

16.
16
16
16
16
1621.
12,,-"l16

-. I

SEDIiENT

-..; E I:H I M E I T

SEI: MENT
SE DIMENTI

SEDI•MENT
SED IMENT
SEDiMENT
ELI MENT
SEBIMET IE
SEDIM ENT

SEDIMENT
SEDIMENT

S:ED I MENT

SEDIMENT
SEIi I MEltIT
SEDIMENT
SEDIMENTSEDI MEMNT
SEDIMENT

SEDIMENT

SEDIMENT

SEDIMENT

SEI MENT
SEDIMENT
SEDIMELNT

SED I MENTSED I MEMIT

SEl I MElNT

' E:DI MEtIT
;ErI I MEINT
E:r; EIiI i tEMT

SED I MEHT

227

B4C
04C
04C0,:C:

04C
ii4C

04C

04C

04C
04C:
04C
04C
04C:

04C040
04C

04C@4C

04C
04C:
04C
04C
04C
04C
04C:
04C

04C:
04C
04C:
04C
04C
@40
0.4.C
04C
04C

04C04C

STATION010
STATION010
:T ATION010O
ST1TION0i@

STATION01HSTT I ONO 10ST ,TI"D 'EI'l@0
STAT I ON 10

ST TI OO 10
:S;TT TION O10
STFITIONOiS
STFTIONrOu2

T A:TIONr-i-10STATI ON100STT I ON002
.STFIT ION02
STATION002
STAT I ON-00
JASTRTION002
STT I ON002
STAT I ON002
STFITION00£.2

TAT I ONOO£
STATION002
STAT I ON002
STATION0@2
STFITICION071TAT I CIOON0

STATION071STAT I ON071
.;T FT I ID ? 1

STITION071STAT I ONI07 1
STTT I IONrO71
STATION071TFAIT I O-lN-O 1
,:-1 FAT IF 04,1071

STATION071
STAT 10N11055

Strains isolated fron sediment at 4C capable of utilizing any one of the
foll oing alcohols: D-arabitol, 1-butanol, 2-propanol, 1-propanol, D-
mannitol, D-sorbitol, Meso-inositol, , 2-propanediol, ethanol, glycerol,
dulcitol.
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BEARUFORT
BERUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT

BEAUFORT
BERUFORT
BEFUFORT
BERUFORT
BERUFORTB:EAUFORT
BEAUFORT
BEAUFORT
BEAFJFORT
.BEAUFORT

SARMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLESAMPLESA.H1F L.E
SRMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMRPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPILE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SRAMPLE
SAMPLE
SRMPLE
SRMPLE
SRMPLE
SAMPLE
SRMPLE
SAMPLESAMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLESAMPLE
SAMPLE

SAMPLE-:,r*1F'LE
SAMPLE
SRMPLE
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03
03
03
03
03
03
03
03
03
03
03
03

03
03
03

03
03

03
20
LO20
20
20
20
20
20
20
20
20
20
20
20

20

2020202020

20
207
207

2727
27-,I

27
27c2.
27
27

L- I

L. I
I-.-L..I

i IlTER
I,1ATER
WIATER
I WIATER
WA RTER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

RATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

WATER

WATER

20C
206C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
£0C
20C

20C

20C20C£;0C

20C

20C

.OC

20C2OC20C:
I. FILII:
L LII

III~T
L.CI'

15Af:
200'c

SSTATIOO010
STAT I ON010
STATION010
STATIONr10
STT ION010
STATION010
STATION010
STATION010
STATION010
STATION010
STRTION010
STATIOM 10
STATION010
STATIONO10

STATION010
STATION010
STATION010
STATION020
STATION020
STATION020
STAT I ON02
STATION020
STATION002
STATION002
.STT I ON002
.STAT 101M0.02STATION1002
STAT ION002
STATION0002
STATION002
STATION002
STATION0002
STAT 1ON002
STATION1002
STATION 002
STATION 002
STATION002
STAT ION002
STATION0171
STATION071

STATION071
STATION071
STATION071
STATION071
STATION0711
STAT I O071
STATION1071
STATION 071
STAT011071
STATION071

Strains isolated fram water at 20C capable of utilizing any one of the

following alcohols: D-arabitol, 1-butanol, 2-propanol, 1-propanol, D-

mannitol, D-sorbitol, Meso-inositol, 1,2-propanediol, ethanol, glycerol,

dulcitol.



5I.
54
55
56
57
58
59
60
61
62
63
64
65
66
i67

68
69
70
71
72
73
74
75
76
77
78
79
8s

81 '
8
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
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1023
103
104
105
106
107
103

B0011SH
B01 19H
EOO120HH
B00121H
B00122H
B0123H
B00151H
BOO152H
B00153H
B00154H
EOO155H
B00156H
BE0158H
BO0160H
B00161H
BOO163H
B00164H
B00165H

B00166H
BOO168H
BOQ169H
BOO20IHB00202H

B00204H
B00205H
BOO206H
BOO207H
BOO208H
B00210H
B00211H
BOO212H
BO0213H
B00216H
BOO217H
BOO219H
BOO221H
BOO222H
B00251H
B00252H
B00254H
BOO255H
BO0256H
B00257H
BOO258H
BOO260H
BOO261H
B00262H
i00263H

BOe264H
BO0265H
B00266H
BO0268H
BOO269H
EB00270H
BE0271H
B00272H
BOO273H
BOO275H

ENDI FORM
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BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORTEEALIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

ERAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BERUFORT
BEAfUFORT
EEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SA1PL.E
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE

27
27
27
27
27
27
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26
26
26
26
26":'.
26

26
26
26
26
26

11
11
11

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11.

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

A.TER
lATER

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IATER

HATER
W!ATER
WARTER
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20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C80C20C
20C20C

2OC
20C
20C
20C

20CSOC20C20C

20C

20C20CSOC
20C
20C

20C20C20C

20C
20C
20C
20C
20C20C20C20C20C
20C

20C20C20C
20C

20C
20C2OC£oC£QC
£OC
£0C
£0C
SOC
20C
20C2£0C
20C

20C
20Co0C

O0C
£0C
20C

o0C
£0C

STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION 055
STATION055
STATION055
STATIOM055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATIO 070
STRTION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STRTION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030

STATION030
STAT I ON030
STATION030
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14
15

16179
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11
12

15
16
17

:I19

30;1 1
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36
37
38?9
30
43132

433
44
35
436437

4S8
439
4041

51

B00026H
B00027H
B0002:8H
B00029H
B•0030H
E:00032H
BOOE33H
BE00036H
i00038H
B:0039H
B0044H
Bs000a45H
BO0048H
B00085H
BO0086H
BO00130H
B00131H
B00132H
B00136H
B00139H
B00140H
B0 143H
E300145H
BO0146H
B00178H
B00180H
B00182H
B00183H
B00184H
B00187H
B00188H
B00189H
B00190H
B001 91H
B0B0193H
B00196H
B00198H
BO0200H
B:00230H
B100232H
B:00234H
B00239H
B00240H
Bi0241H
B00242H
B100243H
BOO244H
BOO246H
BOO250H
B00283H
B00297H

BEiAUFORT
BEAUFORT
BERUFORT
BERUFORT
BERUFORT
BEULIFORT
BEAUFORTi
BEFUFORT
BEA UF ORT
BEAUFORT
BEAUIFORT
BERUFORT
BERUFORT
BEF:UFORT
BEAUFORT
BE:AUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUIFORT
BEAIFORT
£EAUFORT
BEIAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAULFORT

BEAUFORT
BERUFORTBEAIUFORT

EEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAEUFORT
BEAUFORT
BEAUFORT
BERAUFORT
BEAUFORT
EEAUFORT

BERUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SRMPLESAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLESFMF'LtE
SRMPLE?
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPL.E
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPLE
SFIMPLE

03

03
0303
03
03
03
03
03
03
03
03
03
16
16
22
2--
22L
22
22

22

2020
22
20
2022
20
20
20
2020

20

20

21
21
21
21
21
21
21
21
2121
21

09

09

SEDI'MENT
SED IMENT
SE I MENT
SEDIMENT
SED IMENT
SEDIMENT
SEDI MENT
SEDIMENT
SED I MENT
SEDIMENT
SE I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
:SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

END FORM
51 STRAINS

20C
20C
20C
20C
200
20C
20C
20C
200C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C:
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C20C20C

20CL0C

20C20C

20C
20C
20C

20C
20C20C

20C20C
20C
20C20C20C2ULC:
L.. Lit

STRTION010
STAT ION010
STATION110
STATIONH10
STATION010
STATION010
STATION010
STATION010
STT ION010
STATION010
STATION010
STATION010
STATION0100
STTI ON002
STATION002
STATION071
STATION071
STATION071
STATION0 71
STATION071
STT ION071
STATION071
STATION071
STATION071
STATION055
STATION055
STRTION071

STHTION055
STATIN0155
STHTION055
STATION055
STAT IN055
STRTION055
STATION055
STATION0055STATION055
STATION055
STATION055
STATION070
STATION070

STRTION070
STATION070
STATION070
STATION070STT I ON070
STAT ION070
STAT ION070
STATION1070STR-T I 0070
STATION070TE;AT 10 lqH070
STATION 030
STATION030
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Strains isolated frcm sediment at 20C capable of utilizing any one of the
following alcohols: D-arabitol, 1-butanol, 2-propanol, 1-propanol, D-
mannitol, D-sorbitol, Meso-inositol, 1,2-propanediol, ethanol, glycerol,
dulcitol.



Strains isolated frman sediment at 4C capable of utilizing phenol.
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Strains isolated from water or sediment at 20C capable of utilizing phenol.
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Strains isolated from water at 4C capable of utilizing any one of the
following carboxylic acids: succinic, fumaric, malonic, a-ketuglutaric,
citric acids.
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j. CL

15
16
17
19
20
ii

L.. -24E526
27

29
30

32i
33 I

34
35
36
37

39
40
41

H:.0053L
BOU058L
BOO059L
.B)00060L
B00067L
B00069L
E00071iL
B.00072L
BOO073L
£E00a4L
B00075L
BOOIOIL

B10103L
BOOI B06L
B0010CSL
B:0010 9L
B00ii4L
31i 1i6L
300117L
Bil0119L

0i0120L.
,00122L
0:;0152L

E00153L
BO0154L
2:00156L
B80164L
1I.016i5L

3!yyi69L
B10174L
B00201L
BiO202PL

@00212L
100216L
E00221L
BOO225L
B00278L
200283L
B002£94L
6:r0029-5L

.BEFilFORT
BEAUFORT
BEFUFORT
BERUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEA;UFORT
BEEUFORT
BEFUFORT
BELIUFORT
BEAUFORT
BERUFORT
BEAUFORT
BE:AIJFORT
BEFUFORT
:EBHIUFORT
BELUFORT
.EFIUFORT
BEHUFORPT
BE:RUFORT
BEAUFORT
BEAlUFORT
BEAUFORT
BEAUFORT
[:'..RUFORT

FBELIUFORT
EFIUFORT

BEAUFORT
BEAUFORT
EERUFORT
BERUFORT
BEIUFORT
BERUFORT
BEAUFORT
BEAUFORT
BErUFORT

SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPI...E
SAMPLE
SRMPLE
SAMPLE
SHMPLE
SRMPLE
SRAMPLE
S;AMFLE
SAMPLE
SAMPLE
SFMPLE
SRMPLE

SAMPLE
SAMPLE

SAMPLE
SRHPLE
SA:P1FLE
SAMPLE
SAMPLE
SFMPLE
SAMIPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SRIMF'LE
SAMPLESAMPLE

SAMPLE
SAML L.
SAMPL.E

20
20
20
20
20
20
20
20
20
c:li20

27
27r
27
27
27
27
27
27
27 .Clii
27
24
24
24
2::4c.-24
cL '-t

24

24
24

26
26
26
26
26

11
19
36

96

WATER
NHWATER
WATER
WATER

HFTER
WATER
WRTER
WATER
WATER
WATER
1.FITERWATER
WATER
WATER

RFITER

WRTERWFiTER
WATER
HATER
1ATER

HFITER
I-iATER

W-ITER
WFATER
WATER
WATER
W•1TER
WATER

WFTER
WHTER

WARTER
WATER
WATER
WFITER
WATER
WRTER
WATER
WATER
WHTER

WATER
WATER

NRTER

Eiil FORM1
01 STRAINS;
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04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C14C0i4C

S~L J:
Ei I]

04(2-
£149'-:

STATION002
STATIOM002
STATION002
STT I ON002
STATIOM002
STT IOM002
STATIOM002
STATIOM002

STATION002
STFATIONM002
STAT I N0071
STRTION071
STATION071
STATION071
STAT I ON071
STATION071
STATION071
STATIOM071
STRTIO 1071
STATION071
STATION071
STATION055
STATION055
STATI OM055
STATION055
STATION055
STAT I O1055
STATIOM055
STATIOM055
STATIOM055
STFITIOM070
STAT I OMj070
STATIOM070
STAT IO070
STATION070
STRTION070
STFITIOM030
STATION001
STARTIOM002

STATIOHOOE



Strains isolated from sediment at 4C capable of utilizing any of the
following carboxylic acids: succinic, fumaric, malonic, a-ketoglutaric,
citric acids.

'

::i

10
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S202421

16
27
18i 69.
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36i728319

40I 143

47:--2 -48355-O4?r:48 -`· I·:50

E;100I026LLBii0027LB00029L
Bt000321L

B:.10035L
B800044L
B00047L
.Ei049LL
B00050L
Bi00076L
5.'I00077L

BOOOS4L

B00089L
B00091L

B00092L
B00093SL
B00094L

BI001 5L

8000:i96L

BOil:099L

O:: 1i44LB001045L
1001236L

B00IS2L100129L100130L000132LB00134LB0.0135L
B00137L

800144L

E00181L

540197L

BEil..UIFOR:T
BERUFORT
BERUFORT
BERUFORT
BEAUFORT
BE:IlUFORT
BERUFOFRT
BE:iUFORT
BE:FUFORT
BEHUF'ORT
BEAHUFORT
BERUFORT
BERUFORT
BEAUFORT
BEA!UFORT
BEAUFORT
BEFIl.IFORT
BEFAUFORT
BEFlAUFORT
BERUFORT
SERAUFORT
BEFIUFORT
BEEAUFORT
BEFUFORT
BEAUFORT
BEFUFORT
BERUFORT

BERUFORT
BEAUFORT

B:E:AUFORT
BEAUFORT
BERUFORT
YEAUFORT
BEAUFORT
BEEUFORT
BERUFORT
:EF:IUFORT
BEFUFORT
BERUFORT
BERIUFORT
BEAlRUFORT
*BEAUFORT

BERUFORT
BEFUFORT

SAMHPLE 03
SRMPLE 03
SAMPLE 03
SAMPLE 03
SAMPLE 03
SRMPLE 03
SFAMPLE 03
SFiHPLE 03
SAMPLE •03

S:RMPLE 03
SAMPLE 16
SAMFLE 16
SRFMPLE 16
S:AMFPLE 16
SAiMPLE 16
SRMPFLE i6
S;iPLE W16
SAMPLE 16
SRMPFLE 16
SRMPLE 1.6
SAMPLE 16
SFiMPLE 16
SAMPLE 16
S:AMFPLE 16
SAMPLE 16
SRMPLE 16
S;AMPLE 22
SAMPLE 2E
SAMPLE 22
SRMPLE 22
SRMPLE 22
SFIMPLE 2E
SAMF'LE 22
SAMPLE ;2
SAMPLE: 22
SFtMPLE 22
SAMPLE 22
SAMPLE 22
SAMPLE 22
SRMPLE 22
SRiHPLE 22
SAMfPLE 20
SAMPLE EO
SAIMPLE 20.
SAMPLE 20
SRMPLE 20
SAMPLE 20
SRMPLE 20
SAMPLE 20

SAMPLE 2.0

SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MEIT
SE:IIMEINT
SEDIM lE NT
SEDIMENT
SEDIMENT
SEDIMENT
SELIMENT
SED iMENTI
;SEDIMEINT

SEDIMENT
SEDIMENT
SEDIMENIT
SEDIMENT
SEDIMEINT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENTSEDIMIENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIiMENT
SEDIMENTSED I IMEI-IT
SEi: MEENT

ELI I MEJT
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04C
04C
040
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C04C

04C04CIc i
• ,:.,iO~i IIlit!C:

n iF1~

bjC 4r

Li-I4

II pC

E7j C

k41I
EL P
6rLi P

ii'1C

1.41~

L~I II
C~Li Li

STRTION010
STATION010
STATION010
STIIT ION010E
SATI::T oI 1 cl

T1 IFIT I OF-Wi 10STATIONO10
STATION010
ST TION0 10
S:T I ON010
STATION1O02STATIONOIP

STATION002
ST:FTION002STATION002

STATION 002
STRTION002STATION002

STRT I O'N2
STATION002STATION002

:;TFIT I 01002STAT I ON02STATION002

STFITIONl27
1STFTION 10

STAT ION0027STATION002
STRTIONOO2

STA TION071
STATION071
STFTI 0N071.
STATION071
STRTION071
STFTION 071
STrTION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATIOH071
STRTION071
STATION071
STRTION055
STATION055
STATION055
STATION055
STRTION055
STFT I ON055
ST TIN11055

STFTION055



53

58::

59
60
61i

62

64654

66
67?

69
70
71
72
73

75
76

20i226L
iE00227L

B00£230L
P'00232L
BO0234L
B00235L
100236L
B00237L
Bi0E41L L
BOO243L
BOO247L
BIOO251L
BOO25 2 L
BOO253L
BO0I257L
B:00258L

BOO270L
BO8271L
300273L
B00274L
Bi00275L
B0iO289L
B0i299L

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT

BEiUFORT
BERUFORT
BEAUFORT
BEAUFORT
BE:RUFORT
BEHUFOFRT

BERUFORT
BEHUFORT
BERUFORT
BE:rUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT
BERUFORT
BErUFORT
BEFIUFORT

SAMPLE
SAMPLE
SAMPLE
SRMPL.E
SAMPLE
SAMPLE&HMF'L.E
SRMPLE
SAMPLE
SRMPLE

SAMPLE

SFMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAHMPLESRMPLE
SAMPLE

SAMPLE
SAFIMPLE
SAMPLE
SAMPLE
SRMPLE
SAM;HPLE.

21
21
21
21
21
21
21
21
21
21
21
09
09
09
09
09
09

09
09
09
09
09
09
09
15
32

ELN FORM
7T STRAF.'liS
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SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDI'MENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C
SEDIMENT 04C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STRTION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STRTION030
STATION030
STATION030
STFITIONO30
STATION030
STATION030
STATION030

STATION001
STATION002



:-1

;CI

16

9
10

1. 1

I.14
15

19
1'.

24

26
30

31
.- *,,-,

41

4I36
37
48
33
40

4:3

46i G

BOBOO2iH
B:00002H
E£ii0005H
1BO0006H
fO0007H
Bi00 13H
EiOO 014H
B00016H
B00017'H
D.00018H
EB0020H
:E:00023H

BOO 30532H
E0005:3H
B0O054H
BOO55H

EB:10057H

B00059H
:B000660H
B00064H

BcOO065H
E-006 7H

B00068H
B00069H
E000704H

BOOO?3HBEOO7CiE5HB001026H
B100103H

B300104H
BO0106H

E0011 0H
B 0 111H
1B00112H
Bi,00113H

BE0114H
1B0011 5H

B00 I 116H
BE:011SH
IB0D118H
B00119H

BEFEAUFORT

.BEAUFORT
BEAUFCOFRT
:EEFIUIFOI•RT

BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BERUIFORT
BEFAUFORT
BEALUFORT

BE:AUFORT
BEALUFORT

BEAUFORTEEAUFORT
BEALIFORT
BE AUFORT 0 FTBE'AUFOFRT:T

ERI..IUFORT
.1EAUFORTT

BEAUFORT
BERUFORT
BEAUFORT

;EERF11O1F0RT
BEAUFORT
BEAUFORT

EAULIFORT
BEALUFORTBEAUFORT
BERUFORT

EERAUFORT
BEFUFORT

BEERUFORTBEA-UFORT
BEAUFORT

BERUFORT.
BEAUFORT
BEFIUFORT
BERLIFORTBEAUFORT

BER:.UFORTBEFiUFORT

BERUFORT

BERUFORT
B EFItUFORT
BEA:UFORT
BEAIUFORT

SAINPLE
SAMPLE

SAMPLE
SAFMPLESAMPLE

SAMPLE

SAMP'ILERAMPLESAIMPLE

SAMPF'L.E':"Fi IPI._E
SAMFP'LE
SAMPLE

'rI' 1PLSRMPLE
SFiMF'LFESAMPLE
SAMPL.E

SAMIPLE

SFMPLESRMIPLE
SAMPLE
SFIMPLE

SAMPLESF:MF'LE

SAFMPLE
SAMPLESR MFPLESAMPLE

SAMPLE
SAMPLE
SAMPLE

SAMPLE
SRMPLE
SARMPLE

SRI'1PLESAMPLESAMPLESAMPLESAMPLESAMPLE
SFMP'LE
;FMPLESAMPLES.ARMPLESRMPLE

SRMPLE
SRMPLE
SAMPLESAMPLE
SRMPLE

03
03
03
23
03
03
03

3

0303

20
20

0I
£0

L0

£0

03

20

272727:20L ..2 i

217

27

2727

-'7
27

,--27I

WATER

WATERWATER

IR.ITER
IATERIATER

WATER
WATER
WATER
WATER
WATER
WATER

FATER
HIATER
WATER
WATER
1.FI TEER
HATER

WATERWATER

WATERWF-IITER
HATER
WATER
WATER
WATER
WATER
HATER

IATER
WATER
WATER
IATER

WATER
WATER
HATER
WATER
WRTER
WATER
WATER
IWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

9IATER
TFITER

.IATER

237

2Cc
£.OC
2o0C
20C
£8C
20C
20C0
20C
20C

20C
20C
20C

S20C20C:
2.0C

20C
£OC
£0C:
20C.I: MC:
LOC

20C
20C

2'OC:20C20C.

20C

20C
20C
20C

£0C:
7£0C20C20C20C20C20C
20C
20C

20C

20C

20C
200
20C

20C

STAT ION0110
SITAT IONO 10
STATIO 010
STATION0010
STAT I ON0 10
STAT I ON110
STAT I ON010
STT TION010
S;TT I ON010
STATION010
STAT IO1010
STAT I ON 10
STATION0102
STATION020
STAT I 1N020
STAT IONO20
STRTION020
STAT I ON02
STAT I ON020
STATI 01002
STATIO N00
STATION002S;TAT I ON100

STAT ION1002
STAT I ON002
STITION002

STRTION002

STRTION00£C;TAT O1i002
STAT I ON002
STAT ION002
STAT I ON002
STATION002
STATION002
STATION002
STATION071
STATI ON071
STAT I ON71
STAT ION071
STATION071
STATIONO?1
STAT 101N-71

STAT I ON071
STATION071
STATION 101071
STATION071
STAT I ON071

STATI ON0071-;TAT I INC7 I1STATI ON071STF•T ION1071

Strains isolated from water at 20C capable of utilizing any one of the
following carboxylic acids: succinic, fumaric, malonic, a-ketuglutaric,
citric acids.

I



51
52

56
57
58
59
60
61
' r

63
64
65
66
Tc-?67

68
69
70
71
S72
73
74
75
76
77
78

I':. :D798152,

84
85
86
87

89
90

93:

94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109

B00120H
B00121H
BO0122H
BOO123H
BO0151H
BOO152H
B00153H
B00154H
B00155H
BOOI56H
B0O0157H
BOiOI58H
B00160H
B00161H
E0B162H
B00163H
B00164H
B00165H
BE00166H
BOO 1 68H
B00169H
B00201H
BO0202H
B00204H
BOO205H
B00206H
B00207H
&B00208H
B0210H
B00211H
500212H
BOO213H
B00216H
BOO217H
B00219H
BE0221H
BOO222H
BOO251H
B00252H
BO0254H
BOO255H
BIO256H
BOi257H
BOI258H
B1000260H
BC0261H
BOO262H
BOO263H
B90264H
BOO265H

1BO266H
BOO268H
B:E269H
BOO270H
BOO271H
B00272H
BOO273H
B0:0274H
BOO275HI. L:k12TU~H
1:0 0275H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAIUFOCRT

BERUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAFUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEitlFORT

SAMPLE
SAMPLE
;SMPLE

SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE

SAMPLE
SAMPLE

SAMPLESRMPLE
SAMPLE

SRMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SRMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE

SAMPLE

SAMPLE
SAMPLE
SiAIPLE
SRMPLE

27
27
27
27
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

11
11
11
11
11
11
11
11

11111111
11
11
111111

11

SWATER
WATER
' ATER
WA'TER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IATER

NRTER
WATER
WATER
NITER
WATER
WATER
WATER
WATER
WATER
i,.TER
IWATER
WATER
WATER
IATER
.iRTER

WFITER
HRTER

WATER
NRTER

20C
20C
20C
20C
20C
20C
20C
20C
20C
200
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
200
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
200
20C
20C
20C
20C
20C
20C
20C
20C20C

20C20C

20C20CSOCl

0oc

311;JC

c orC
3:G11

~I-HI

L': rjI
311~C

eIllC

ENf-D FORM
109 STRRINS

SSTATION071
:STATION071
STATION071
STATION071
STATION055
STATION055
STATIOM055
STATIOH055
STATIOM055
STATION055
STATION055
STATIOM055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STRTION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STRTION070
STATION070
STATION070

STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STT I ON030
STATION030
STATION030
STATION030
STATION0030
STATION030
STATION030

STATION030
STATION030

STATION030
STATION030STA•T I 011030
STATION030
STATION030



I

::1

4
5
-.
i'"

1. 1

14
15
16
L I
18

2. E

--1

£1

2425 r26

29
30

34
35
36i:

40
4 1

42
43
44
45S
46

48
49
50

B0002i6H
BO00027H
BO00E28H
B00029H
B00030H
BOO032H
B00033H
BOOO36H
B00038H
B00043H
B00044H
B00045H
B0047H
B00048H
B00085H
BO0086H
B00093H
B00130H
B00131H
.B00132H
B00135H
B00136H
B00143H
B001 45H
:B00147H
BE00176H
BOO 77H
B00178H
BOO 180H

SB0182H
EB018 3H
B00184H
B00185H
BWO187H
B00188H
B00189H
E00190H
BF00191H
BE01 92H
BO0193H
.B .:0198H
B00200H
B00231H
B00232H
B002033H
B00239H
B00240H
BOO241H
B00242HtB02413HU 0 0L:4 5H
§ilEI4.3Ht

BEALUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BERUFORT

BEAUFOF:T
BEAULFORTEERUFORT
BERUFORT

PBEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEFILIFORT
BEAUFORT IF
BEFIJFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUIFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFOFRT
BERUFORT
BERUFORT
BEFHUFORT
BEAUIFORT
BEHRUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT

BEAIUFORT
BEAUFORTr
BEAUFORT
BERUFORT

SAMPILE
SAMPLE
SAMPLE
SRAMPLE
SRAMPLE
SAMPLE
SRAMPLE
SAMPLE
SAMPLE
SRAMPL..E
SRMPLE
SRMPLE
SAMPLE
SAMFLE
SAMPLE
SFMPLE
SAIMPLE
SRAMPLE
SFHMPLE
SAMPLE:
SAMPLE
SFMPLE
SRAMPLE
SFRMPLE
SRMPLE
SRMPLE
,SAMPLE

SAMPLESAFMPLE

S;RAPLESAMPLE
SAMPLE

SAMPLESAMPLE
SAMPLE

SAMPLESAMPLE

SAMPI. F
SAMPLE
SAMPLE
SRMPLE
SAMPL..E

SAMFLE
SRAMPLE
SRMPFLE
SAMPLE;
SAMPLE

03
03
03
03
03
03
03
03
03

03:
03
03
03
03
16
16

Li-

. .*-.
162222

202021-'

D::,121O2.121

2120
£1

:SEDI.MENT
SEDITMENT
ED I MENIT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT;ElDI IENEHTSEDIMENT

SEDIMENT
SEDIMENT.E D I H·1EHT

SEDIMENTSEDIMENTSED I NEUT
SEI I ME r IT

SED I M1El-IT
ED I MENT

SEI I rI*MT
SED IMENT
SED I MENT

SEDB I tME MT
SED I MEIIT

ED I MENT

£SE DIMENT
ED-I; E: I: I EIT

;ED I M1EMT
ED I MENT

SED I. MENT

239

20C
20C
20C

20C

20C
20C
£0C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C

20C, ..IIe0C20C20C£0C:

3 11_.2.0CU0Ci

Cit
-?nC

£3W11

LII:

STATION010
STATION010
STT I O0 10:T AST I D 10 "10
STAT IO010
STT ION010
STATION010
STATION010
STATION0 10
STATION010
STATIOIN01
STATIMO010
STATION010
STT I ON10
STARTION010

STATION002
SAT ION002
STATION071
STATIOO071
STATION071
STATION071
STATION071
STFITION071.

STRTION071
STT ION055
STATION 055
STAT I ON055
STATION055
STATION071
STAT ION055
STAT ION055
STATION055
STATION055
STATION 05
STATION055
STAT 101155
STATION055
STRTION055
STATION055
STATION055

STATION070
STATION0705
ST I ON070
STAT ION070
ST ATION070
STATIONT H70
ST::;TTION070

Strains isolated from sediment at 20C capable of utilizing any one of
the following carboxylic acids: succinic, fumaric, malonic, a-ketuglutaric,
citric acids.



BEEUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEAUFORT
BEAUFORTT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEFAUFORT

SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPFLE
SARMPLE
SAMPLE
SAMPLE
SRMPLE
SRAMPLE
SAMPLE

21
21
21
21
21
09
09
09
09
09
09
09

SE DIMENT
SEDIMEMT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
20C
20C
20C
SOC
20C
20C
20C
20C
20C
20C

o0C

STAT ION070
STRTION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STAT ION030
STATIONo030

ENDI FORM
62 STRAINS

240

51
52i
53
54

156
57
58
59
60
61
62

BOO844H
B00245H
B00246H
E00248H
B00250H
B00276H
P00282H
BE0283H
BOO286H
E:O295H
B00297H
80O300H



J.

4

i 5

1".I:T
j 5
1. $16
17184

1.9

216

23

LS

:31

BE00 53L
BLOO58L
E00059L
B00067L

B00073L

B.U0074L
B0075L

B 11 L.L
B00114L
BOO11 7L
B00152L
B00153L
B00156L
B00160L
B00164L
BOO 167L
B00169L
B00174L

:V00201L
BOO202L

B00216L
B00221L
BOOi225L
BOO282L
B30294L
BE'0295L

BERAUFORT
BE:AUFORT
BEFiUFORT
BEAEUFORT
BERUFORTI

BEAUFORT
.:EAUFORT

BEAUFORT
BEAUFORT
BEEAUFORT
PE:IUtFOFTBEAUFORT
BEAUFOPRTSEEAUFORT T

BEALUFORT
,EULJF.ORT

T:EfUFORT
SF UFl F..'.PTBEAUFORT

BE.RUFORT

BERflIFORTBEAUFORT
BEAUFOFRT
BEAIUFORT
BEIAUFORT

BE.A.UFORTBEAUFORT
BEAUFORT
BEFIUFORT
BEfRLUFO"RT

SHii1PLE CE

SAMFPLE 20
SAMPLE 20

SAfMPILE 20
SAMIPL E 70

SAMfPLE 2£
SAMPLE £27
SAMPLE 20

SAMPLE 7SAMPLE 27
SAMPLE '7
SAMPLE 27
SAMPLE 27
SAMPLE :2

SAMPLE L4

SAFMPLE £4
SAMPLE 24
S:R,-PIlL.E £f4
SAMPLE 24
;HMPLE 24'

SrIF'LE i4
SIAMPLE 2E
SRA-MPLE 26
SRMPLE 26
SFAMPLE 26
SRMPL.E 26

SAfMPLE 19
3SAMPLE 36
SAMPLE 36

ENHD FORM
.31 STRAINS

HIATER :04C
WATER 04C
WATER 040C
[lATER 04C
IIATER 04C
WATER 04C
WATER 04C
WATER 04C
WATER 04C:
.WATER 04C
WATER 04C
WATER 04C
WATER 04C

IF:ITER 04C
IWATER 04C

WATER 04C;
WATER 04C
WATER 04C
WATER 04C

AfTER 04C
WATER 04C
WATER 04£C
HATER 04C
NlATER 04C
WATER 04C
WATER 04C:
WATER 04C
WATER 04C
WATER 04C
WRTER F04C:
WATER 04C

3TFSTATION002
STATION£OOSTAT I ON002
S,:TAT I Ot002
STATION002

STAT ION002
STFAT I iON002
STAT I C'rONo1
STATI ON002
STTfTION071
STATION071

STATION071

STATION0T1STATIN055
STAT I 0r055
STAT I1ON055
STAT I N0955

STATIOONSSSTAT I OM055
STAT I ON055STAT I 01C055
.;TAFTION055

STATION 070
STAT I ON070
STAT I ON070

STAT I ON070
STFATI ON070
STIT I Or001
:ETAT I £'1N00I

TT 0TION002'.TFlT ION0£0

i01 9

241

Strains isolated from water at 4C capable of utilizing any of the
following fatty acids: proprionic, butyric, caproic, caprylic, lauric,

palmitic, stearic, oleic, valeric, isovaleric.

I



Strains isolated from sediment at 4C capable of utilizing any of the
following fatty acids: proprionic, butyric, caproic, caprylic, lauric,
palmitic, stearic, oleic, valeric, iso-valeric.

;12

1314i-1692015
.16

13
194

2 3

29213..
33-4

I5£6::. i-37
318

35
40
41
42

EB00028L.
B000:31L
B00035L
£B00038L
BO0002L?
B00078L

BOOO84L
BO:093L
B00127L.
:0012SL.
B00146L
B00149L
B00186L

100190L
B00191L
B00195L
B00197L
B00226L
B00227L
B00232L

BOO236L
BOO237L
B00241L.
BOO242L
B00243L
B00251L
BOO252L
B00257L
BOO258L
B00261L
B00265L
BOO267L
BOI268L
BOO270L
B00271L
B00272L.
B 00273L
BOO274L
B00287L
BicO290L
BJO299L

B::ERUFORT
BEAUFORT

BEAUFORT
BERUFORT::: 3:i F I.I F 0i F T
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BERUFORT

BERUFORT

BEAUFORTSEA FI'U F RF T
BEAUFORTBEAUFORT

BEAUFORT
BERUFORT
BERUFORT
BEAFUFORT
BERUFORT
BEAUFORT
BEAUFORT:BEFRUFORTBEAUFORT

BERUFORT
BEAUFORT
BERUFORTBE:EUFORT

BEAUFORT
BEAUFORT
BEAUFORTPFFIIJFOF:TBEALUFORTBERUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BERUFORTBEAUFORTBEFUFORTI:EFAIIFOIF:T.E:EA FIU::IF:T

:BEFUFOFRTBEARUFOiRTFE[iUF_-ti F--IR J T

SRMPLE
SSRMPLE:
SRMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SFAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE

HSMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
-SRMPLE

SAMPLE
SAMFPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE.
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE

0i:
03
03
03
03
16
16

c-c-16

22122 .222220

Li202020
21
21
21
21
21
21
21
21'1
21

09
U09
0909

09
09
09
09
09
09
09
09
09
15
15
32 '

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENTSEIDIM ENT

SEDIMENT
SEDIMENTSED IMENTSEDIMENT

SEDIMENT
SEDIMENT
SEDIMENTSEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENTSE IMENTSED I MENT

SEPDIMENTSEDI MENT:E'P I [EHT
CERD I "E -·I T

SF.. I [lEtMIT
S'.-; E 3.I rEwTr
:,;Eri I iEr--IT

SEi INrENT

'SEI:i I riE:-IT

SEtI I MEt-IT
SET.tMEMT

END FORM
42 STRAItNS

2' , .1 '.

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C04C:04C

04C04C04C

041
Li if1

:STATION010
:;TAT I ON010

STAT I ON0 10
STATION01'0

STAT ION010STATION002
STATION002
STATION002
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATIONt055
STATION055
.STATION055
STATION070
STATION070

STAT ION070
STATION070
STT ION070
STATION070
STATION070
STATION070

STATION030
STATTION030
STATION030
STATION030
STATION030
STATION030
STATION030
S;TATI ON030
STATION030
STATION030
STATION030
:TT I OMNO':
:',gTT T .rl¢• 1

STATION 001
STATION 00



m

3.

...

14

6

9,
10
11
12
13.
L~-l14
15

17
1618

19
20

2:-:
£-124

25
26

47

29
30
31:
32
33

35
36
37-

39
40
41
42

44
45
46
47
48
49
50t

.B0000i2H

DOOO0:.HB00003H
B0000 15H

B00016HEB00073H

B000104HB000109HB00017HB100013H
E00015H

B00020H
BOOO21H-
BE00022H

B00024H
B:00051H
BE00052H
BiOO153H
B00054H
B O055H
B0:E158H

O00059H
B00060H
B10061H
E00064H
B00065H
BO0066H
B00067HH

E00068H
B00069H
B00070H
B:00071H
B0072H
BOEO073H
B00075H
B001801H
BIc00102H
E00103H
BE0Oi10"4H
B00186H
B00109H
L'i00 11 0Hro1ti11-H

i00 13H
B00114H
BE:0115H
B00116H

BEAlUFORT
BEAUFORT
BEAUFORT
BEFlUFORT
BEFAUFORT
BEAUFORT
BEAUIFORT
:EAIUFOFRT
BEAUFOFRT
BEAUFORT
BEAUFOR T
BElAUFORT
BEAUFOFRT
BE:EAIFORT
BEAUFORT
BERUFORT
BEAUFORT
BEA:.UFORT
BERUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAU FORT
BEAUFORT
EEAUFORT

, ERFIIF OFITBEAUFORTBEFAUFORTEEfUFORTSEREUFORTBEAfUFORT
BERUFORT
BEFUFORT
E:E .... IITBEUIFORT
BEAfUFORT
BEAUFORT
BE:UFOF.RT
BEAIUFORT
B:E:UFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFlUFORT
BEAUFORTI
BEAUFORT
BEAUFORT

BEFrUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPF'L.E
SAFMPLE
SAMPF'LE
SRMPLE
SFlMPLE

SRMPL.ESFMIPLE
SAMPF'LE
SAMPLE

SAMPPLE
SAIMFLE

SRMPLE
SAMF'LE
SAMPLE
SAMPLE
SAfMPLE

SAFMPLE
SAMPLE

SRMPL.ESfMPLESAMPLE
SlMFLE
SAMPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE
SRMF'LE
SRMPLE
SAMPLE
SAMPLE:
SAMPLE
SAMPLE
SAMPLE

SFIMPLE

SAIMPLESflMPLE

SAtMPLE
SA'MPLE

SAMPLE
SAMPLESAlMPLESRMPLE

SAMPLESAMPLE

SAMPLESAMPLESAMPLEI.[
SAF:IJPE:

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
-0
20
20
20
20
20
20
20
20
20
20
£0
20
20
20
20
20
20
20
20
27"

27
27
27
27
27
272727
27

27.--, -,

HWATER
I..IATE: R
WATER
WNTER
WATER
WAfTER
WATER
WATEF
NWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
NWTER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WRTER
WATER
WATER

fWATER
IWATER

fWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IWATER
WNTER
WATER
WFITER

24)

Strains isolated from water at 20C capable of utilizing any of the
following fatty acids: proprionic, butyric, caproic, caprylic, lauric,
palmitic, stearic, oleic, valeric, isovaleric.

20C

20C
20C
20C
20C
OC:

20C
20C
20C
20C
20C
20C
20C
20C
20C
200
20C
20C
£0C

20C:20C20C20Ci0C20C:EI ii:

20C

20C:
20C

2£OC

£OC:
£O1C

20C2OC

20C:20CcULC200Fi200I_200.:~SPmc:I:
200IC

STATION010
STITIO11010

STATIONO10STATION010

STATION010

STAfTION010
STATION0 10
STATIO0 10
STATIOM010
STAT ION01101
STATION010
STAT ION010
STATION010
STATION010
STATION1010
STATION 010
STATION010
STATION0100
STATION020
STAT I ON20
STAT I N020
STATI 0020

STRTIONH002
STAT ION002
STATION 002
STRTIO 002
S;TATIONr002
STATION 002
STATION002
STATIONr002
STATION 002
STATION002

STATION002
STATION002
STATION 002
STATION002
STRT ION071

STATION071
STAT I ON071
STAT I0N071
STATION 071
STATION071
STT I ON071
STATION071
STATION071
STATION071
STATION071

I



I

51
52
53
54
55
56
57
58
59
60

62
63
64
65
66
67

63
69
70
71
72
73
74
75
76
77
78
79

89
:81
32
83
84
85
86
87

89
90
91
92
93
94
95
96
97
98
99

100
101
102
10:3
104
105
106
107

B00118H
B00119H
BOO1 20H
B00121H
B00123H
B00151H
:00152H
BOO153H
B:0154H
BOO155H
BOO 156H
BOO1I58H
BO 1 60H
BO0161H
B00162H
B00163H
B0O0164H
BO0166H
B0168H
BO0169H
BOO202H
BOO203H
B00204H
B0205H
BOO206H
B00207H
B00208H
BOO210H
B00211H
BOO212H
BOO213H
B00216H
BOO217H
B00219H
BOO221H
BOO222H
BO0251H
BOO252H
BOO254H
B00255H
BOO256H
BOO257H
BOO258H
BOO260H
BOO261H
B00261H
BiO263H
B00264H
BOO265H
B00266H
I00268H

BOO269H
BOO270H
BOO271H
B00272H
B00273H
BOO275H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
B:E-AIIFOFPTBEAUFORT
BEAUFORT
BEAUIFOFRT
BEAUFORT
BEAUIFORT
EEAUFORT
BEAUFORT
EEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEEAUFORT
EEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
EERUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
EEAIUFORT

SAMPLE
* SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
S;AMPL.E
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL..E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE

27
27
£7
27
27
24
24
24
24
24
24
24
24
24
24
24
'24

24
24
24
26
26
26
26
26
26
26.
26
26
26
26
26
26

112626

11a
11
11

111126

11
11
11
11
11111111111111
11
11
1111ii
1ii

SATER
SWATER
SWATER

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IATER
WATER
HATER
IATER
WATER
WATER
WATER
WFTER
WATER
WATER
WATER
WATER
WATER
WATER

END FORM
107 STRAINS

244

20C
20C
2OC
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C

20C20C
20C20C
20C
20C
20C
£OC

20C
20C
20C
20C

20C20Ci20C£0C20020C20c

20C
20C
20C

2£020C
20C20C

£OC:

zoC

£0C

STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION1055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATIOM055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION0O30



Strains isolated from sediment at 20C capable of utilizing any of the
following fatty acids: proprionic, butyric, caproic, caprylic, lauric,
palmitic, stearic, oleic, valeric, isovaleric.

1
::,

3
4
5
6

9

11i

12

16

17?
18
19
20
21

22
23
24

25
26
27

28
29
30

31
32
33
34
35
36
37

39
40

B00026H
E00027H
B00028H
B00029H
B00030H
E00032H
BOOO33H
B00036H
BOOOB8H
B000i38H
B0043H
B0044H
BO0045H
B00O47H
B00048H
B00077H
BE0085H
BO0086H
B0098H
BOi131H
BE0135H
B00136H
B00143H
B00145H
BOE147H
E00178H
BO0180H
B00182H
B00183H
BO0184H
E00187H
B00188H
BOO189H
BOO190H
B00191H
B00192H
B00193H
B00198H
BOO200H
B00233H
B00239H

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT

SSAMPL.E
SSAMPLE
SAMPLE
SAMPLE
SSAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03

03
16
16
16
16
22
22
22
22
22
22
20
20
22
20
20
20
20
20
20
20
20
20
20
20
21
21

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
0OC

20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C20C

SSTATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION002
STATION002
STATION002
STATION002
STATION071
STATION071
STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
STATION071
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION055
STATION070
STATION070



BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

21
21
21
21
21
21
21
09
09
09
09
09
09
09
09
09

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030
STATION030

END FORM
56 STRAINS
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4 3.
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

BOO240H
B00241H
BOO243H
BOO244H
BO0248H
BOO249H
BOE250H
BOO276H
B00279H
B00282H
B00283H
BOO285H
B00286H
BO0295H
B00297H
B0300H



Strains isolated from water at 4C capable of utilizing pyruvic acid.

J.
•1

4.

61"is
09|

10L

11

12 -

'-,S

3 '
141617181920

i .,

:7 i

30

36.:3

36

00 009L
:800012L

t!i 5l:::L.I300053L
Bi00057L
B£00058L
B00059L
B00067L
B:I.00071L
•BO O073LB;OOC16PiL
BE0074L
E£B0O75L
ra0010i9L
.IB0112L
EB11 i4L
B00117L
BI00151L
B00152L
B00153L
:E00156L
B00164L
B00166L
B00167L
E1U 1 74L
BOOU201L

r0021:2L
B0:0216L
Bi:8221LL
BiO222L
B00223L
B00u225L
B:3.0278L:L
B£0282L
B00283L

CB;o'29'4L
B10295L

BEAIFORT
EERIUFORT

BEAUFORT
BEAFLFORT

BEAUFORT

BEAIUFORT
BERUFORT
BERUFORT
.BEAUIFORT
BEALIFORT
BEA:UFORT

iBEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERAUFORT
BEAUFO•RT
IBEFSUFORT
BEAUFORT
BEAUFORT
BERUIIFORT
BEAUFORT
BEAUFORT
BEAFUFORT
BERUFORT

SRMPLE
SA;FMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPFLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAFMPLE
SRMF'LE
SRMPLE
SAMPLESRMFPLE:
SAMPLE
SFIMPLE
SAMPLE

SAMPFLE
SAMPLE
SRMPLE
SAMIPLE
SAMPLE
SFRMPLE
SAMPLE
SRMPLE
SFIMPLE
SFIMPLE

SAMPLE
SAMPLE;

SARMPFIL.E

SAMPL.E
SAMPLE5A-rMPL.E
SAMPLE
SHtMPI..E

03-
03
L20
20

20
20
L0
20
C20
20
20
27
27
27
27
24
24
24
24
£4
L.: I

24

24
24
26
26
£6
26
26
26

-

19
19
36

• -: -t

WIATER
WATER

FITER
WATER
WFITER
WATER
WRTER

WATERNWFTER
WATER

WNTER
WFITER
WATER
WAiTER
WATER
WFTER
WATER
IATER

WIATER:
WITER
WATER
WATER
WIATER

HATER:
WRTER
WlATER
WATER
WATER'
NATER
WRTER
WATERWATER
WRTERWATERWlATER
iF TE:R
lAYTF F

U4C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C041C04C04C

04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C
04C04C04C

04CLi IiLi ii

c'i C:

ENrD FORM
36 S T ::IlNS
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STATIOM010
STT I ON010
STATION002
STAT ION002
STATION002
STRT ION102
STATION002
STAT ION002
STATION002

STATION002
STATIO 002STAT I 00-I002
STRT I ON071
STATIO N071
STATION 071
STATION 071

STAT ION055
STATION055
STATION 055
STRTION055
STATION055STATION 055
STAT IN0855

STATION055
STATION070
STATION070
STATION070
STATION070STAITION1070

STATION070
STATION070
STATRTION070
STATION030
STATION001
STAT I OM001
STATIO 1002
STT I ON002



Strains isolated fran sediment at 4C capable of utilizing pyruvic acid.

4
5

3

14
15
16
1718

19
20

15
226

38
24
25
26

S27

2829
30
31
32
3:3
34
35
36
37

39
40
4.
42
43
44
45
46
47
48
49
50

B000£26L
BO027L
B:O028L
E00030L
BOO031L
BO0032L
BOOi35L
B00038L
B00040L
B00041L
800042L
BOO043L
B00044L
B00046L
BE0049L
BO0050L
BOO&76L
BE8077L
B00078L
BE0084L
B00093L
B000Q96L
B00126L
B00127L
B00129L100?i31L

BOi134L
B90135L
B00144L
1.:00145L
B00146L

001i49L
S;0150L
b00176L
B00184L
.U00185L
BOA186L
BO0187L

00Q189L
B00190L
B00191L
BO0195L
B00197L
BO£226L
B00227L
BOO230L
BOO232L
B00233L
B00234L
BOO235L

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAU.FORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERAUFORT
BERUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEUFORT
BEAUFOFRT
BEAUFORT
BEAUFORT
BERUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
S;MPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
16
16
16
16
16
16
22
22
22
22
22
22
22
22
22
22
22

20
20
20
20
20
20
20

20

20
20
21
21
21
21
2121
21

24:8

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SED I MEtITSEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SE I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT.
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATION010
04C STATIONO1
04C STATIONO01
04C STATIONO00
04C STATION002
04C STATION02
04C STATION002
04C STATION002
04C STATION002
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION071
04C STATION055
04C STATIONO55
04C STATION055
04C STATION055
04C STATION055
04C STATIONSS
04C STATION055
04C STATION055
04C STATION055
04C STATION055
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070
04C STATION070



3.53

5 i

t: c;.1
559

54
65
6660768:69

747178 ~·
73 '·

:EgO236L
BIO237LL
B00241L
B00242L
.:00243L
E:00247L
B00251L

BOOK&53L

I:00261L
B00263L
,00265L

B00267L
B00268L
:P0270LL
B00271L
B:00272L
B00274L

200275L
BOO287L

B.0£290L
B00297L
'•0299L

BEAUFORT
BERUFORT

BERFUFORT
BEAUFOIRT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFOPRT
BEFUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT

BEAUFORT
BERUFORT
BEAUFORT
BERUFORT

BEAUFORT
BERUFORT

SAMPLE i
SAMPLE 21
SRMPLE 21
SAMPLE 21

SA::MPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SAMPLE 09
SARMPLE 09
SAMPLE 09
SAMPLE 09
SRMPLE 09
SAMPLE 09
SAMPLE 15
SAMPLE 15
SAMPLE 32
SAMPLE 32

ENDI FORM
,' ' ;: A . H .tR T

249

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SE DIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMIENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SED IMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

04C STATION070
04C STRTION070
04C STRTION070
04C STATION070
04C STATION070
04C STATION070
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION030
04C STATION001
04C STATION001
04C STATION002
04C STATIONO



Strains isolated from water at 20C capable of utilizing pyruvic acid.

1..

:1

14

15
16

7'is9
2 0
I

141515

17

18.19s0124
25

.6'
.i.'37

?9
:30
31

::* ::,

35
,6

37
":'"3

40

4 -

48
49
50

B00001H
B O0002H
B000083H

B00006H

B0000ei8H
B00009H
B00010H
B00013H
BOO014H
B00016H
BO0017H

B00018H
B00020H
B00022H
B00023H
DBOO24H
B00051H
B00052H
B0053H
B00054H
BO0055H
B00057H
BOO058H
B00060H

B00065H
B80066H
B00067H

B00070H
B00071H5
E000572H
BO00073H
SB00E075H

B00104H
B001 06H

B00II1H

Bii0112H
B900114H

BO0115H
EB0120H

BO01251H
BO0122H
B08123H

BOl151H

BEERUFORT
BEIRUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFOLRT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT

EAUIFORT
BE:AUFORT
BEA.UFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BE:AUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLEI
SAMPLE
SAMPL.E
SAMPLE

SAMPLE
SAMPLE
SFMPLE
SAMPLE

S PF'L..E
S;AMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE

SAMPLESAMPLESAMPLE
SAMPLESRMPLEsArPLESAMPLESAMPLES-HMPLE
SRiPLE
SAF'MPLE
SRMFiPLE

3RMPLESAMPLE

;HMPLE
SRMFLE
SHRMPLE
SAMPLE
SRHMPLE

SAMPLE

SRIMPLE
3-AMPLE

iSRMF'LE
SAMPLEARiPLE

SAMPLE

SAMPLE

::.HFi1LE

03
03
03
03
03
03
03
03
03
03
03
03
03
03
83
03
03
03
20

208

L.0
20

20
20

20
20
20
20
20
20Li.a202020
20

2720

27
27
27
2727

27

27
2724I;: 4

WATER
WI.ATER
NFTER
WATER
WATER
WATER
HATER
WATER
WARTER
WATER
NRTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WANRTER
WATER
WATER
WATER
WATER
IATER
HATER
HATER
HATER
WATER
.ATER
HATER
WATER
IATER

WRTER
WATER

IATER
WATER

250

20C
20C0
20C

200
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C1
20C
20C
20C
20C
20C
20C
20C
20C
200
20C
20C

20C

20C20C20C

20C
50C
20C
20C

.0C
20C
20C

210C

STRTIO l010
S;T I ON010
STAT I O 10
STATION010
STATION010

TAT ION010
STAT I ON010
STATION010
STATION010
STTION0 10
STATION010
STATION010
STATION010
ST;ATION0O10
STATION010
STATION010
STATION010
STATION010
STAT I ON0
STAT I ON020
STATION020
STATION020
STATION020
STRTION020

STATION002STAT ION002
STATION002
STATION002
STATIO 002
STAT ION002
STATION002
STAT I ON002
STRTION 002
STAT ION002
STAT ION00
STATION002
STAT I ON002

STRATION071STAT I rN71
STATION071.
STAT ION071
STATION071
STATION071
STATIN0071
STATION071.;TAT I tO ,i-7 1
STATIN0171
STAT ION071
STATION071
STATION071
STATION 0055



524

54

56t

58
;:..I '

60
61
62--
63?
64
65
66
67
68
69
70
71
S72

73
74
75
76
77
73
79'

3: !

23

80 4
-. L
( 4

83985386

*87

97

95
96
97.

BLQ0152H
BOO 154H
Ba0156H
B00158H
EiO 1 60H

B00164H
B00166H
BO0I168H
BOO 169H
B00201H
BOO202H
BOO203H
BOO204H
BOO205H
BOO208H
B00210H

B00211H
BOO212H
BOO213H
B00216H
BOO217H
B00219H
B00221H
EB00222H
B00251H
B00252H
BOO254H
BOO255H
BOi256H
BOO257H
B00258H
B00260H
B00261H
B00262H
B00263H
BOO264H
BOO265H
B00266H
BO0269H
BOO270H
B00271H
BOO272H
E00273H
BOO275H

BEEUFORT
BEHUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT.
EEAUFORT

BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUF ORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFOF.RT
BEEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEU.IFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAFFORT

ERAUFORT
BEAUFORT
BERUFORT

SRMPLE
SAMPLE
SAMPLE
SRMPLE
SRMPLE
SAMPLE

SRMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLESAMPLE
SAMPLE

SAMPLE
SAMPLESAMPLE
SARMPLE
SAMPLE
SAMPLE
SAMPLE
SRMFPLE
SAMPL.E
SAMPL.E
SAMPLE
SAMPLE
SAMPF'LE
SARMPLE
SAFMPLE
SAMPLE
SAMPLE

SRMPLE
SAMPLE
SAMPLE
SAMPLESAMPLES~AM1PLEF

24
24
24
24
24
24
24
24
24
24
24

24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

11
11
11
1111
11
11
11
11ii
11
11
11
11
11
11
11
11
11
11
11

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
HATER
WNTER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
HATER
WATER
WATER
WAITER
WATER
WATER
,IATER
WATER
WATER
WATER
HATER
WATER
WATER
WATER
WATER

IATER
WATERR.iATER
WATER

IWATER
WATER
WATER
WATER
WATER

ENil FORM
97 STRAINS

20C
20C
20C
20C
2.0C
20C
20C

20C
20C
20C
20C
20C
20CEOC:

20C
20C
20C
20C
20C

20BC
20CL£6

20C

20C20C20C20C

20C
20C
20020C:20C20C

20C20C

20C:20C20C20C200
20C

20C

20C0CC

£0C£AC
S:?OC

STATION055
STT I ON055
STATIO 055
STATION055
STATION055
STATIN0055
STATIO 1055
STATION055
STATIO N055
STATION055
STAT ION055
STATION055
STATI011070
STAT ION070
STAT ION070
STT I ON070
STATION0070
STATION1070

STATION070
STATION070
STAT ION070

STAT I ON070
STATIONT70

STAT ION070
STATION070STATION070
STAT IOr030

STRTIO r30
STAT ION030STATION030
STAT I T030
STATION030
STAT ION030
STAT ION030
STATIN01130
STAT IN030
STRTION011030
STATION030
STAT ION030
STATI 01030
STATION030
STAT I O030
STATIO rN030
STATION 030
STAT 1ON030
STATION 101030
STAT I ON1,30

251



Strains isolated from sediment at 20C capable of utilizing pyruvic acid.

1213

145

6178
9

10
11
12
13
14
15
16
17
18
19
30

31

22

'35
£16

373839
30
3132

33:
34

353637
38
39
40
41

4344
45
46
47
48
49
50
51
5£-
53
54
55

B300026H

B00028H

BQOO29H
BE0030H
B00032H
BOOO33H
B00036H
B00038H
E00043H
B00044H
B00045H
B00047H
BEOO48H
BOOO085H
B00086H
B00131H
B00132H
BO0135H
B00136H
B00141H
B00143H
EO0145H
B00147H
B00178H
BI001OH
B00182H
B00183H
BOO184H
BOO185H
B0187H
BO0188H
E00189H
B0090H
B00192H
B00193H
B00198H
BOO0200H
BOO231H
B00232H
B80233H
BO0239H
B00240H
B00241H
BOOS42H
BOO243H
B00248H
BOO249H
B00276H
BOO282H
BO0283H
BE00286H
BOO295H
B00297H
BE0300H

lBE:AUFORT
BEAUFORTT
BE:AUFORT
BEAUFORT
BEAUFORT
BEAIUFORT
EEAUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAULIFORT
BEAUFORT
BEAUFO.RT
EEAUFORT

BEAUFORT
BEAUFORT
BE:RUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORTBEAUFORTEEAUFORTBEAUFORT
BEAUFORT
BEAUFORT

BEAUFORTEEAUFORTBEAUFORTBEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORTBEAUFORT
BEAUFORT
BEAUFORTBERUFORT

BEFI.IFORT

SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESRMPFLE

SAMPLE
SAMPLE
SF-~IIP1..E

03
03
03
03
03
03
03
03
03
03
03
03
03
03f
16
16
22
22
22
22
22
22
22

20

20
22
20
20
20
20
20
20
2020202020

210
2102020202020
21
21
21
21
21
21
21
21
21

09
09
09

09
09
09

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SED I MENT
SEDIMENT
SEDIMEMNT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED I MENT
SEDI MENT

SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDI MENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

END- FORM a"
55 STRAINS

L20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C

20C
20C

20COBC
20C
20C20C:
20C
20C
20C
20C
20C

20C20C
20C

20C
20C
20C
20C
20C
20C
20C£OC

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C

20C20Cr IB1

sirf~
200~c
200T
SoC:

Soc:
SOCl;

soC:

200L~

STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STRTION002
STATION002
STRTION071
STATION071
STRTION071
STATION071
STATION071
STATION071
STATION071
STATION071

STATION055
STATION055
STHTION071
STATION055
STATION055
STATION055
STATION055

STATION055
STATION055
STATION055

STATION055
STATION055

STATION055
STATION055
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATION070
STATIOH070

STRTION030
STRTION030
STATION030
STATION030
STATION030
STATION030
STATION030



Strains isolated from water at 4C capable of utilizing acetic acid.

i::-'

I'I

10

11

3.

It.i -1 3
L I

i.9

.: -::
i;... .
,23,

B00058L
::cj0059L

300074L

E00109L
B00114L
900117L

B.30 1 52L
BOji103L
BLj01'56L

BOOi 1L5
:8:00i174L

BO0202L
S0021 2L

.00221L
100225L

BZ'0282L
Bi0294L
0:00295L

BERLUFORT
BERUF:IFORT
BEAUFORT
BEAFIUFORT

BEAUIFORT
BEAUFORT

BEAUFORTBIE:Ri..IFORTEEAUFORT

BEALIFOF:T
BERUFORT
BEAUFORT.
BERLUFORT
BEFUFORT
Bi EFII..IFO:F:T

BEIUFORT
BERUFORT

BEFlUFORT

BEAUFORT

BEAUFORTBERUFOFRT
BEAFIUFORT

SFirPLE
SAMPLE
SAFMPL.E
Sl;IMP FLE:
SRMIF'LE

S::AMPLE
SFiI.iF'. EfS3AMPL.E
SRAML..E
SAMrPLE
SFAMFPLESAMPLE

SF1PILF'LE
SAMF'LE
SRMFPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLESRMPLE

SAMPLE
SRMPLE
SAMPLE
SRAMPLE
SAMPLE

20
2
20
EO
20

27

27
24

24
24
24
24I.. !
24
24

24
26
26
26
26.
26

I363-tc '"*.r

WATER
WFITER
WNFTER
WATER
WATER
NFITER
WATER
W..IHTER
WRTER
WFITER
WIATER
WATER
WRTER
WATER
WNTE:R
HARTER
WATER
WATER
HATER
I..ITER
WIATER

•RTER
WATERF:TER

END: FORM
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04C
04C
04C
04C
04C
04C
04C
04C
0:4C
04C
014C
04C
04C
04C
04C
04C04C::
04C:
04C
04C

04C
04C(i4i::.04C04C0,4-C
0'I4C

STAT I ON002
STAT ION002
STAT ION002
STA;fTION0002
STAT I 0002
STAT I O-1071
STATION071
STATION71
STRFTIOH055
STRTION055
STAT I 055

STATION055
STAT ION055
STFT ION 055
STATION055
STAT I ON05
STATIO070
STATION070
STAT I O070
STATION070
S:TATIO N070
::;:TAT I 01001
STAT I ON00
STFITION002



Strains isolated from sediment at 4C capable of utilizing acetic acid.

1 B~~026L
2 B00027L
3 B0038L
4 1:00078L
5 BI:E84L
6 B0i:093L
? Bi 1 27L.
8 B0012i8L
9 B00146L

10 BE0149L
ii B:00184L
12 B:00185L
13 B00186L
14 B00191L
15 BO:226L
16 Be0227L
17 BE0232L
18 B00236L
.9 BOO237L

20 B00243L
c.i BOO251L

22 .E:BOO252L
23 B00265L
24 B00270L
25 BOO,27L
26 BOO299L

W.HUFORT
BE :AUFORT
BEAUFORT
BEARUFORT
BEARIFORT
BEAUFORT
BEAUFORT
BEAUFORT

.BEFUFORT
BERUFORT
BERUFORT
BEIAUFORT

BE:UFORT
BERUFORT
BERUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BERUFORT

SRMPLE
SAMPLE
SAMPLE
SRMPLE

SRI1PLE
SMPFLE

SAMPLESRMPLE

S:IMiPLE
SFIPLE
SAMPLE
SRMPLE
SRMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLESAMPLE

SAMPLE

03
03
03
16
16
16
22

22

22
20
20
LW

20
20

21
21
21
21
21
21

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT

SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIIMENT
SEDIMENT
SEDIMENT
SEDIMENT

BEAUFORT SAMPLE 09 SEDIMENT 04C
BLIUFORT SAMPLE 09 SEDIMENT
BERUFORT SAMPLE 09 SEDIMENT
BEAUFORT SRMPLE 09 SEDIMENT
BEAUFOURT S:MPLE 15 SEDIMENT
BEAUFORT SRMIiPLE 32 SEDIMENT

04C STATION010
04C ST ATION 10
04C STATION010
04C STAT ION002
04C STATION002
04C STRFTION002
04C STATION071
04C STFTION071
04C STRTION071
04C STATION071
04C STATION055
04C fSTATION055
04C STATION055
04C STATION055
04C STFITION070
04C STATION070
04C ST TION070
04C STATION070
04C STATION070
04C STATION070
STATION030
04C STATION030
04C STATION030
04C STATION030
04C STRTION001
04C STATION002

END FORM
26 STRAINS



S.

4
.-r

'5
6
7

9
10
11
12
13
14
15
16
17
18.
19
20
21

£3
2.4

26
2?7

29
3s-, i

31

33
34
3::5
:36
37
3s
39
40
41
42
43
44
45
46
47
48
49
50

BE:i0f 1H
B000P02H
B00005H
B00006H

B00008H
B00 1 3H
:B08014H
B00016H
B00017H
B00018H
B0002iH
B00022H
B00023H
BO0024H
B00051H
B00052H
B00053H
B:00054H
BOOO55H
B00058H
BOO059H
B00060H
B00061H
B00064H
:BQ065H
B00066H
E00067H
BO0E68H
BOQ069H
BEEO070H
B0f071H
B00072H
B00073H
BOO101H
E00102H
B00103H
BO0104H
B00186H

BOOil0H

B0011 1H
B0011:3H
B00 14H
B00115H
B00116H
B00118H
B00119H
B0E0120H
B00121Hl

BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

*::EF:ILJFflRTBEAUFORTBEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORTBEAUFORT

BEAUFORT
BERUFORT
BEERUFORT
BE:RUFORT
BEFUFORTBEAUFORT

BE:EIUFORT
BERUFORTBEAUFORT
BEAUFORT

1,:E A IF RF TBEAUFORTBEAUFORTB:EAUFORTBERUFORTBERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORTBERUFORTB:EAUFORTBEAUFORT'E: Ft IF .,F: T

BEAUFORTEEAUFORTBEAUFPORT
BEAUFORT

BEFRUFORT

:FIHF:'L..ESRMPFLE
SAMPLE
SFAMPLE
SFMPLE:
SAMFPLE
SAMPLE
SFMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMFPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLES;AMPLE
SAMPLE
SAMPLE

SAMPLE
SAMPLE

03
03
03
03
03
03
.03

03
03
03
03
03
03
03
03
20
20
20
20
20
20
20
20
20
20
20
20
20
202020120
20
20

20

27
27207

20'2027
;:27
;--27

27,

27

2727£7£7£7£7
27

27

27

27

.WATER
HATER
WATER
WATER
WATER
IWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WIATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
IIATER
WATER

IATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
1.4ATrER

255,t

20C
2OC
20C
20C
20C
20C
20C

2OC
20C
20C
20C20C20C

20C

20C20C20C

20C
30C

80CIIC20C20C
I0C20C

20C
20C20C

20C

20C

20C

20C20FCI.0it

20Li
2L0I
;.:i:0
L20CI

STATION010
STATION 0 10
STATI ON010
STAT I ON010
STATION010
STATION010
STATIOM010
STATION010
STRT ION010
STAT I O010
STATIOM010
STAT I ODM 10STATIONr010

STATION010
STATIOr010
STATION020
STATION0o20
STAT I ON20
STAT I OM020
STATION020
STAT ION002
STATIO M002
STAT I ON00
STAT I ON02
STATIOM002
STAT I MO002
STATION002
STT I ON002
STAT ION002
STATION 002
STATION002
STATIONM002
STATIOND002

STATION0 71
STAT I ON071
STATION071
STAT IOM071
STATIOM071
STAT I ON071
STRTION071

STATION071
STATION0 1
STATION071
STATION071
STATION071

STAT IN0071
STATION071
STATION071
STATION071

Strains isolated from water at 20C capable of utilizing acetic acid.



51

54
55
'56

57

59
60
61
62
63
64
-65
66

76869;70
71
72
73
74
75
f I

79

81
÷3-"

34
85
86
87
;' C;÷

89

91
92
93
94
95
96
97
93
99

B0012 3H
B00151H
BOi152H
BOO153H
B00154H
B00155H
Bi00156H
BO 158H
Ba 0160H
B00161H
B00163H
BO 164H
B.O 166H
B001 68H
BO01 69H
E00202H
BO8204H
B:00205H
B00206H
BE00207'H
B00208H
B0021OH
B88211H
BOO212H
B00213H
B00216H
B00217H
B00219H
B01221H
BOO0222H

Ba0251H
BOOL52H
B00254H
BOO255H
BOO256H
B0025SH
B00260H
B00261H
BSO262H
B00263H
£00264H
BO0265H
B0O266H
B00268H
B00269H
B00270H
:00271H

BO8273H
B00275H

BEAUFORT
BEAlUFORT
BEAU.FORT
BEAUFORT
BEAUFORT
BEAU.FORT
BERUFORT
BEAUFORT
BEAIUFORT
BERUFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUIFORT
BEAUFORT
BEAUFORT
BERUFORT
BELIUFORT
BEFAUFORT
BEAULFORT
BEIUFORT
BEAUFORT
BEAIUFORT
BERUFORTP
BEAUFORT
EElAUFORT

BEAUFOFRT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEFAUFORT

EEAUFORT
B:EAUFORT
BEAIUFORT
BEAUFORT
BEAUIFORT
BEAUFORT
BEAUFORT
EEAIUFORT
EEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEALUFORT
BEAUFORT
BEFIUFORTBEA IFTIF?~IT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAFMPLE
SAM1PLE
SAMPLE
SRAPL.E
SAMPLE
SAMPLE
SAMPLE
SAMPFLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE

SAMPLESflnRL.ESAMPLE
SRMPLE
SAIMPLE
SAMPLE

SAMPLE
SRMPLE
SAMPLE

SAMPLES:AMPFLESAMPLESAMPLESAMPLE
SAMPLE

SAMPLE
SAMPLES MF'L..ESAIMPLESAMPLESAfMPLE

SAMPLE
SAMPLESAMPFLESAMPLESAMPLESHM"PL.E
SAfMPLE
SAMPLE
SAMPLE
SRMPLE

27
24
2424

24
24
24
24
24
242424

24
24
26

26
26
26
26
26
26
26
26
26

2626

262626
26
a6

11
11
112.6
1. 1
11
16
11

11

1111116

11
11
11
11
11
11
11
11J

SWATER
WATER
SWATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
HATER
WATER
IWATER

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
1WATER
WAlTER
WATER

RWATER
IATER

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

]END FORM
99 STRAINS

256;

20£C
20C
20C
20C
20C
20C
20C
20C
20C2OC
20C

20C20C

20C
20C
20C
20CEOC

20C
20C
20C
20C
20C
20C
20C
20C
20C20C

20C
20C
20C20C:20C20C

20C
20C
20C

EOC20C20C20C

20C
20C20C20C20C20C20C

20CL:OCLOG
2.C.

STATIOH071
STAT ION055
STATION055
STATIOM055
STAT I O055
STAT IO 055
STATIO 1055
STATION055
STATION055
S'T I ON055
STATION055
STAT I ON055
STAT ION055
STATI N055
STATION055
STAT IO 0170
STATION070
STAT I ON070
STAlTION070
STATION070
STATION070
STATIONM070
STATION070
STATION070
STATI0H070
STAT IO0170
STAT I O070
STAT ION070
STATION070
STATION070
STATIOH030STATIO N030
STATIO 0030

STATION030STATIONM030
STATION030

STATION030
STAT I OO30

STATION030
STAT ION030
STATION030
STAT I O030
STATION030STAT I 010:-0,
STATIO 0030
STATION030
STAT I 0N030
STAT I O030
STAT ION030
STATION030



Strains isolated from sediment at 20C capable of utilizing acetic acid.

1 EB00026H
2 B10028H
3 Be00029H
4 BE0030H
5 .Bi032H
6 BOO033H
7 BOO036H
3 BOOO38H
9 Bo00042H

10 B:00043H
11 B00044H
12 BOOO45H
13 BE0047H
14 E00048H
15 S00085H
16 EB00086H
17 E30130H
18 B00135H
19 BE0143H
2.0 B00145H
21 B001 7SH
22 B00180H
23 B£00182H
24 B00184H
25 B00187H
26 E00188H
27 P00189H
28 lB00190H
29 B00192H
30 E00193H
31 B00198H
32 BOO200H
33 B00233H
34 B0OO240H
3:5 E00241H
36 :00243H
37 BOO244H
38 B00250H
39 B00276H
40 E00283H

STOF'?(Y 'H)i :I

EDl FOTRMRS
40 STRAINS

BERUFORT
BEFUFORT
BEARUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
EEAUFORT
BERUFORT
BE:UFORT
EERUFORT
BEAUFORT
:ERUFORT
BEAU.FORT
BEARUFORT
BERAUFORT
EERUFORT

BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BERUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT
BERUFORT
BEAUFORT
BEZRUFIIRTBEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SSAMiPLE
SAMPLE

"SRMF'LE:SAMPLESAMPLESRMPLE
SAMPLE
SAMIPLE
SAMPLE
SAMIPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPFLE
SAMPLE
SAMPLE

SAMPLE
SAMPLESR-MFLE
SAMPLE
SAMPLE
SAMPLE

03
03
03
03

03
03
03
03
03
03
03
03
030
0:3

16
2;--'_16
22
22
22
22i
20
20
22

20202020120
20
20
20

21
21
212121

c0

09

09

SEDIMENT
SED 1MENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENTEED I MEEHT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMEMT
SEDIMENT
SED I MENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDI MENT
SED IMENT
SED IMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SED IMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMENT
SEDIMEiNT
SED IMENT
SEDIMENT
SEDIMENT:SEla IME:hIT

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C

20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C
20C2017~cl

: STRTION010
STATION010
STATION010
STRTION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STATION010
STAT I ON00
STATION002
STATION071STATION071STAT I OHO? 1
STATIONH071
STATION071

STATION055

STT I ON071
STATION0H55
STT I ON055
STATION055
S;T TION055
STRTION055
STRTION055
STATIOH055
STATION055
STATION055

STATION070
STT ION070
STATION070
STT I ON070

STATIONT070
STATIONI070
STATION030
STATION030

2 h7



L;!

3-

4
5
6 !

B00002H
BOOOU7H
B00020H

00 i 15H
B001F23H
.B00161H

BEAUFORT
BEAUFORT
BEFI.IFORT
BEFIUFORT
BERLIFORT
B:E:AUFORT

SRFAPLE
SAMIPLE
S:AM'LE
SAMPLE
SAMPLE
SAMPiFLE

03
03
03
27
274
24r

WATER
WATER
WATER
WATER
IWATER

I..ATER

20C
20C
20C
20C
20C
20C

STRTIONH01
STATIOH10
STATI ONH 10
STATION 071
STATION 071
STATION055

ENID FORMI'
6 STRIAIHS

258

Strains isolated from water at 20C capable of utilizing benzoic acid.



2 ,i:-t00030H l
3 BOO032H

4 B80;44H
5 .B00048H

BEFIUFOIRT

BEFLIFORTBEAUFORT
BEAUFORT
BERUFORT

SrMPLE
SAMRPL.E
SAMPLE
SAMPFLE
S1MPLEf

03
03
03
©3
L3

SEDIMENIT

SEDIMENTSEDIMENTSEDIMENT

,;Ic
ROC

80C
20C

STRT I OlN

S:TFIT TI Ot10 ICj
STATIOI010
STFTI i-i010

EliD:l FORM
5 STRAIMS

259

Strains isolated fran sediment at 20C capable of utilizing benzoic acid.

I



I

j ;Cf8Oi8 17L. :BE Ur : 1OR SCPLE :: FITER 04C ;ST'FiITIO1071

A .i FIri. i

Strains isolated from water at 4C capable of utilizing any of the following
hydrocarbons: pentadecane, hexadecane, octadecane, dotriacontane, pristane,
dodecylbenzene, 1-phenyltridecane, 2-ethylnaphthalene, phenanthrene.

i* i -·



B: . c-- -. ,i BE:!.UF:'FOT S:rtMPFLE 09 SET.IMENrT r04: STiRTION30
BL::F:RUL:O S:IPFLE: :;3 SEDIiETTIT 04C STAFTIONtiO02

iE::i FORPM
: .: TFRAt.iS

261

Strains isolated from sediment at 4C capable of utilizing any of the
following hydrocarbons: pentadecane, hexadecane, octadecane, dotriacontane,
pristane, dodecylbenzene, l-phenyltridecane,2-ethylnaphthalene, phenanthrene.



I

1.
2ID

4
65
6t

BOOOO2H
EQ00007HBOOOOiH
B00020H
B00106H
B00161H
B00203H

BEAUFORT
BEAIFORT
BEAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SRMPLE
SAMPLE

03
03
03
27
24
26

HATER
HATER
WATER
HATER
WATER
WATER

20C
20C
20C
20C
20C
20C

STAT.ION010
STATIOM010
STATION010
STATION071
STAT ION055
STATION070

END FORM
6 STRAINS

262

Strains isolated from water at 20C capable of utilizing any of the
following hydrocarbons: pentadecane, hexadecane, octadecane, dotriacontane,
pristane, dodecylbenzene, 1-phenyltridecane, 2-ethylnaphthalene, phenanthene.



Strains isolated from sediment at 20C capable of utilizing any of the
following hydrocarbons: pentadecane, hexadecane, octadecane, dotriacontane,
pristane, dodecylbenzene, 1-phenyltridecane, 2-ethylnaphthalene, phenanthene.

BO0028HH
O00044H

E00048H

BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010
BEAUFORT SAMPLE 03 SEDIMENT 20C STATION010

END FORM
3 STRAINS

1
2
3c.._:*



Strains isolated from water at 4C capable of growth at 5C with 3% NaCl,
and utilizing any of the following hydrocarbons: pentadecane, hexadecane,
octadecane, dotriacontane, pristane, dodecylbenzene, 1-phenyltridecane,
2-ethylnaphthalene, phenanthrene.

1 Bi01 17L BE1UFOFR. T SM;F1FLE 27 4IATEF 04C STA-iTIONf071

EfiHD FORMF
1 STRFINS

264

a.0192



j-iv I
Hf .i·Ei?- -'Lt

BEfnliORT S'FamPLE ir S :;EIMiT t04C STRTION 130

'.Fii T SF"IFLE_ F' FL 3 SE -I• IEHT 04C STE; TIOOT I
i~fii-•is~iiJF~l~it17j - -•F! F* . . ::,i:' : _ .]t e H , 1.74-"• . . . . . . .

i,) Cry
C~3 !3 j!

I

Strains isolated from sediment at 4C capable of growth at 5C with 3% NaCl
and utilizing any of the following hydrocarbons: pentadecane, hexadecane,
octadecane, dotriacontane, pristane, dodecylbenzene, 1-phenyltridecane,
2-ethylnaphthalene, phenanthene.

i-ND FOFR.i
'. : i; T i : _T -

I



Strains isolated from water at 20C capable of growth at 5C with 3% NaCl
and utilizing any one of the following hydrocarbons: pentadecane, hexadecane,
octadecane, dotriacontane, pristane, dodecylbenzene, 1-phenyltridecane,
2-ethylnaphthalene, phenanthene.

BEAUFORT
BEAUIFORT
BEAUFORT
BEAUFORT
BEAUFORT

SRMPLE
SAMPLESAMPLE
3RMPLE
SA:MPLE
SAMPLE

03
02

U..:

WATER
WATER
WATER
WATER
IATER

20C

20C
20C
20C
£0C

STATIONO0I
STATIONO10
STATIONO 1
STATION071
STATION055

END FORM
5 STRINS

1

4

1-'00002H
BOOO07HH
BOOO20H
BOO106H
E00161H

I



M

BCOOOH --- H
E00044H
B000438H

BERAUFFORT SRMIFLE :3 SE;EDIM ENT 20C S;TATIONfI10

EEAUIFORT SAMPLE 0:3 SEDIMENT 20C STATIONO10

EEAUFORT SAMPLE 03C: SEDIMENT 20C STAT I ONO10

END FORM
3 STRAINS

-

I

Strains isolated from sediment at 20C capable of growth at 5C with 3% NaCl
and utilizing any of the following hydrocarbons: pentadecane, hexadecane,
octadecane, dotriacontane, pristane, dodecylbenzene, 1-phenyltridecane,
2-ethylnaphthalene, phenanthene.

2+ ""



Strains isolated fran water at 4C which require at least one growth
factor for growth.

i: I

I4

Sis

11
17
i S
149

16

20

24iL

:6::-:

I2

31

33i -::3
34

.;:

47

49-i
so:

B:00003L.

:,:ii:-: OO SLB0.005LB00006L

B00014L
B00015L
B00021L
B000E'2L

B00051L
B00052L

B0::055L
B00057L
300058L.
Bi0859L

BD03061L

BOO£069L.
B10070L
BUOO71·L.I-:,0007 i L
B010072L
00073L
BE0074LB 0075L

BOjL1LOiL

aO. ::103L
B00104L.
BO0105L

.B00106Lr- v81 igIL
B:iI 12d':L
E001089L

B00111L
B00112L
B i,.0113L
B00114L
B0115.L
B00116L

BEAUFORT
BE..HUFORT
BE:UFORT
:BEUFORT
BEAUFORT
.B:ERUFORT
BEAFUFORT
BEAlUFORT
B::EFUFORT
B::E:UFORT
BEAUFORT
BE:IUFOPRT
.BEAUFFORT
BEAUFORT

BE:UFORT
BEAUFORT
E;T IUFORT
:E~UrIFORT

BE:AU:: FI:OIRT
BEAULIFORT

DERUFORT
bERUFORT
BEAUFORT
BERUFORT
SBE:RUFORT
r.lEA::UFORT
BEARUFORT

.iEE: F:IFTORTBEAUFOIRT
B:ERUFORTE il.UF'FRT

BEAUFORT

BEAUFORT
B:ERUFORT
BEAUFORT

1iEFUFORTBEAFiIFORT

BERUFORT
BERUFORT
BEFUFORTLEAUFORT-BEAUFORTF'FIEAFORF FT

SRHIPLE
SAMPLE
SAMPLE
SAMPLE
SAMPL..E;
SAMPLE
SAMPLE

SAMPLE
SAlPLE.

SHIiPLE
SAMFPLE
SAMPLE
SAMPLE.
SRAMPLE
SAMPLE
SAMPLE

SRMPL..E
SRAMPLE:
SAMPLE
SAMPLE
S:FMPLE

SAMPLE
SiA'PL..E
SArFMPLE

SHNPLE
SAMPLE,;i-iF'..EF
SAMPLE
SAMPLE
SAHPLE
SRiPLE
S;iAMPL.E
SRP'IFPL-.E
SRF:MPi..E
SFiMPLE

:,:A!FPL..E:
SAHFPLESRMPI.LESAMPLE
SAMPLESRMPL..E

'SiMPLE
SAMPLESRMPiiLE

SAMPLE

SHMPLE

SFIMPLE

03
03
03
03
03
03
03
03
03
03
03
03
03
20
201
20
20
20
210
20

2c
LO:. I20

0

20
20
£0
20
20
20
2020

27i
27
27
27
27

L..7
2.

27
272727
£7?

L7 i

NATER 04C
WFITER 04C
WATER 04C
WITER 0'4C

WiTER 04C
.FITER 04C
WATER 04C
WFTER 04C
WHTER 04C
iWATER 04C:
WATER 04C
I..i!ATER 04C
I.iFTER 04C
WIATER 04C
WITER 04C
WIATER 04C
I..iTER 04C
HWTER 04C

WATER 04C
WATER 04C
WA.TER 04C
WATER 04C
WATER 04C

WAfTER 04C

.WFTER 04C

iHATER 04C
WATER 04C
i..lATER 04C
WAfTER 04C
WFITER 04C
WATER 04C

W.IFiTER 04C
lAITER 04C

NRTER 04C
WIHITEF '04C

WHTER 04C
WRTER 04C
I.lATER 04C
OI-TER 04C
W:RTER 04C
WATER 04C
i-FATER 04C
HATER 04C
WIITE'R 04C:
WATER 04C
WATER 04C
WATER 04C
iFITER 04C
iATER 04C

STRT : ION 10
STATION010
STAHTI ON0 10
STATION010
STATION010
STATIOH010
STFIT ION10
STATIOH010
STATION010
STATION010
STATIOOIO1
STATION010
STATION010
STATION002
STATIONI002
STATION002
STRT I N0002
STAT I O002
STAT ION002
STFIT I ONr02
STATION002
STFITION002
STAT ION002
STATIOH002
STAT I ON.2
STFTIO NI02
STATIONH02
STATI ON002
STATION002
STRTION002
STATIOHOO2
STT I ON002
STFIT IONrli2
STATIONO2
STATION071
STATIOH071.
STAT IOHN071.
STRTION071STRT A1011071
STATIONO!71
STATION071
STATI Hi:071
STATIOi N-71
STATION'071
STFITION071
S;TATICN071
STF!TIO3N071
STi!TION071

STAT 10O171
STATION071
STHTION071-



5 i

:L3

6-1 7

6

'-5-0 -

-5

1. I..17 i?9'2, ::,

-100 C

,U:0 '19L
O::120L

B001££L
0i:.0 1 I.3L

EO 00151L

:015_4L

LVJ0 i 5:6LB..U155L
B-; -l57L

D: Iti L

i.l .64L

-i- L

.dc1 •, 4L: a01c]. 8LB 0171L;Ci: 1 ' L.,

.0£2.1 ':4L

it:;00: 13L.:00217LJ ya-L
L~y~^

:: EFhiIJF•RT
BEHUF-OiRT

LERi RT
t:-A ."F t F' 'FT

LIUF FORT_BEr UFO.RT

BE.IUFIORTF, E:-tL F- QI F R T
E;,E•RUFORT,:I 'E A IU F' (.1FP: T

LERUF ORT
FEFUFORT

lBEFRULIFORT

DEHUFORT
:Bi E: UF: RT

:BE.FiIUFORT

BEFIlFOURT

1.SEFlRTF
BE, IF ORT
!BEUFIII RT

BERUFL iPT:,ERi..IFOR.' T

2:EiiUF-OPT

:,L:FIUFO:RT

.BF, L.I-,FlRT

7.C'.FI_.IFORT

BAEiUF"OR T

BERIJFFORITPEi-JCiF.l TI PE.iE'iFRT

SH:PLEI

S:NPRIIF'LESAMPLE:

SF'PF'L.E:

S1PLESRMPLE:SFiIFPL..E
S'FiPFLE:
SrMAlPLE
SARHF'LE

SFIRMFLE:S;MPLE:Sr:;FiHPLE-
,SFlAPL.E:

,S7' IFF'L. :SRMIPL ES:MPLES; F-iF'L.E:
-IRMF'L.E

S:iMPF'LE
SAMPLE

RAi;FMPL.E

;Fi' IF'L E

SRFHPLE:SSAPF:'LEIRM ..PLE-:;RIF'SPL.E:

::-IHMF'LE

SRHP:Ei..
'-iFIiF'L. E
*.:"IFPLE

M'IPL E

SRHF'LE
:FMI'lLEL
A;:IFPL.E"r1iPL..E

Si-Pf'lFLE
SFPLE:
S FMPL.E:

S'IPF'LEI

S;MPL.E:

'.i;:IM:,'E:iP«~.

I -
27

I7'C'-? 7

Si'

24
24
24
2. 4

2.4

Lr424-4£4: 4

L4U

24
;::4
24

2.4
24

24

26
£ i::i.
26

2626
26
26

26

26

'6

269

WATER
WRTER
W4RTER

I-i PEP
WIRTER

R.11TER
SIFITER
Il.IFTER

fWATER
kIlITERLWITER

WATE:R
I-JRTER

WATER
IATER
NFATERWIATER

W.FITER

IIRTER
WRTER
IWATER
WAFTER
I.-IFITER

.RFiTEF:

I.iARTER
I.iFITER
WHTER.

WHITERNH]:IT EF:

T.!RER
i.IFTER

RTFIER
W!RTER

IFRTER

WATER,W.ii TERF
RliTER.RFITE:RN.I TER

I-F:ITER

lWTER:
NRTER

SI-,RT ERI-.IFl T E FIH
WNTER
i.'-iFITERF

tRTERlIRTEF'H;I-li E::

04C04C

04C

04C:
04C

04C

04C

(14C.

04C

04C

04C:04C
4C40

040:04C

Ii4C04C
fl-ill

04C.147::"4.-C04C
04C

SSTT 1TIO1-071
STRTION071
STIT I 0TOr71

-TITIf 101-1071

STAT ION 07 1
STFIT I Or71
STATIOHO?5

STATION507STRTIONi55EiTAlFT I 01055STAT ION055

S:T I N0r155
-:TSTATION055

STAT I 11055
STAT IOr055

STAT I ON055
STAT ION1055
-E:T FITION c055

STATI OTOt55
ST T I OrN55

STFIT IO 055STR TIO055

STAT ION7s55
STAT I 01055
STATIONIS0
STRTION-US

S;TAT I O070
S;TT I CON07'C.TAT I AHO[I0?
STAT I ON070
STAT I ONe7J'STRTION 0t070

STAT IO1070
STRTION070

.T::T I ON070

S (TATION?0-T AFTION01070mnTi·· ]: 01".1071>STITIOT 101070

STIT T10O1070

;STAT I OCI70
S !:!T : PHO}7

~

I I



BEflUFORT
BEAUFORT
BEFAUFORT
BEfUFORT
BEAUFORT
BEALUFORT
BEAUFORT

fERUALIFOIRT
BEALIFORT

BEAUFORT

BELUFORT
BEfAUJFORTBi~flUFORT

SA""FMLE
SAMPLE
SMPFLE

SAMPL.E

SF*1PLE
SA•MPLESAMPLE
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Strains isolated frma water at 20C which require at least one growth
factor for growth.
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BERUFORT
BEAUFORT
BEEUFORT
BEAUFORT
BEAUiFORT
BEAUFORT
BEFUFORT
BEAUFORT
BEAUFORT
BEAUFORT
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SAMIF:'L.ESAMPLESAMPLE

SAMPLE
SAMF'IE

SRMPL F
SFMPLE

03
03
Li:-
0::

©3

03i
03

0303

01:3

1061616161616.1616.16
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STAT I ON010
STATION010
STATION010
STATION010
STATION010
ST I ON010
STATION010
STATIONI10
STAT I ON0 10

TAT ION 010
STATION010
STATION010
STATION010
STATION010

STAT I OHO 10

STATION010
STATION010STRTION02
STATIONi002STATION002
STATION002

STATION002STIT I ONP002
STAT I ON002
STATION002
STATION002
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STFTION00L
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STATION002
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STATION002
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Strains isolated from sediment at 20C which require at least one growth
factor for growth.
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SED IMENT
SEDIMENT

SED IMENT

SED IMENT

SEDI MENT
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STATION071
STATIO N071
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STATION055
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STATION055
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STATION055
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STATION055
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STATION055
STRTION055
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STT I IO070
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BEAUFORT
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SEDIMENT
SEDIMENT
SEDIMENT
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20C
20C
20C
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STATION030
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STRTION030
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BOO292H
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24
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WATER
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WATER
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WRTER
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NRATER
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WATERF
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WATER
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STAT I TIO 10
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STAT I 0N071
S;TT I ON071STATION07 1

STFATI O10r71STATION071
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STAT ION 055
STAT I N0155
STTION 0155
STHATION0170

TAT TI ON710
S:TAT I ONO70
STTTION070
STAT IOHO 70
STRTION0170
STRTION070
STRT I ONO01

STAT I i1NOO2

E.HD FROFR
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1 Q
20

24
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Strains isolated from water at 4C which require yeast extract and amino
acids as growth factors.



Strains isolated fran sediment at 4C which require yeast extract and amino
acids as growth factors.
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6
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E@0033L
BE001034L
Bf00036L
B00037L
B00079L
B000:3L
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BEAUFORT
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BEAUFORT
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BEAUFORT
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BEAUFOFRT
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BEAUFORT

SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SARMPLE
SAMPLE
SRMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPLE
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STATION071
STATION071
STATION071
STATION071
STATION055
STATION055
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STATION0r55
STATION055
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BEAIUFORT

BEAUFORT
BLEUFORT
BLEAIUFORT
BEALIFORT

SHHP'LESA1PL.E
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0. 0 1'?1
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.:0001i5H
EB10019HH

BOO223H
1.00253H
DUCi959H

Strains isolated from water at 20C which require yeast extract and
amino acids as growth factors.
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BOO292H

PBOO294H

B00296H
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SRMPLE
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STAT I OHO 10
STATIONo0QI
STATION002
STAT IO 1002
STAT I ON02
STAT I ON002
STATIONOO2
STATION O02
STATIONOO

STAT I ON002
STATION002
STAT I ON002

STAT I 0M002STATION OOB2
STAT I 00710
STATIN0071
STAT I ON071
STATION071

STAT I ONO71
STATION071
STATION 071
STTION 071

STATION 055
STAT I O055
STAT I r1055
STATIONO055
STATIO N055
STATI ONO055
STATI ONl070STATION0570
STT I N0070STAT I ON070

STATION 070
STAT ION070

STRT 1017100STRTION070

'T FAT I N:i0 70STAT 1ONO1130
STAT I N030
STATIONO30
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STAT ION 030
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'STATIONO.3OCI
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Strains isolated from sediment at 20C which require yeast extract and

amino acids as growth factors.
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Strains isolated from water at 4C which require unknown growth factors.

4
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STATION002

ENDI FORM:
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EERAUFORT
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STATIONI071
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Strains isolated from sediment at 4C which require unknown growth factors.
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Strains isolated from water at 20C which require unknown growth factors.
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BEHUFORT
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SAMPLE
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27
26

11
11

WATER
WATER
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BERIUFORT
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BEAlUFORT
BEfAUFORT
BEAUFORT
BEAUFORT
BEAUFORT

BEAUFORT
BEAUFORT

BEAUFORT
BEALRFORT
BEAUFORT

S'AMPLE
SAMPLE
SRMPLE
SFMPLE
SAMPLE
SRMPLE
SRIPLE
S;AIMPLE
SRMPLE

SAMPLE
SAMPLE

SAMPLESAMPLE
S;RMPLE

03
03:

16
16
16
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16
16

20
21
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SEDIMENT
SED I MENT
SED I MENT
SEDIMENT

SEDIMENT
SEDIMENTSED I MENT1;ED i MEHTSzET) I IMEIT
SE I iEIIT
SE' I MEHT
SED I MEHT

C;ED I MEMT
SEDI MENT
SED IMENT
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200C
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£8C20C
20C
20C

2OC20C20C
20C
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20C20C.
20C210 C

STATI N0100
S;TATIO O 1
STATT ION 10
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STAT I ON02
STAT I ON02
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STAT ION002

STAT ION002
STAT I 01?001
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STAT I10170O
STAT O1011030

ENI. FORM
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B00034H

BE00041H
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B00C78H
Ei00796H

EPfj96H
BOO 1097H
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B00227H
BOO238H

OO02S1H
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7:8
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INTRODUCTION

Microorganisms are essential components of all ecosystems. Changes

in microbial populations may greatly alter the characteristics of an eco-

system. Human activities often modify the environment for microorganisms.

In same cases microorganisms respond to such changes in a way that lessens

the human impact. For example, microorganisms are capable of biodegrading

many pollutants that man adds to various ecosystems, often maintaining en-

vironmental quality in such situations. In some cases, microorganisms are

unable to biodegrade polluting materials and undesirable accumulations of

the pollutants occur. In still other situations, microorganisms carry out

tranformations of the pollutants that produce undesirable toxic products.

Microorganisms also carry out metabolic activities essential for ecologic

balance. Human modification of an environment may alter the ability of

microorganisms to carry out key elemental cycling activities. Sone micro-

organisms cause disease in man or other organisms. Human activities may

change the populations of such pathogenic microorganisms, altering the

incidence of a particular disease.

This project was designed to investigate the potential interactions

of microorganisms and pollutants that may result from development of petro-

leum resources in the outer continental shelf of the Gulf of Alaska. Know-

ledge about the naturally occurring microorganisms is essential for such

an assessment. Studies have been begun on establishing a baseline descrip-

tion of microbial communities in the Gulf of Alaska. This baseline descrip-

tion includes quantitative information on the occurrence of different physi-

ological groups of microorganisms and on the qualitative taxonomic characteristics
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of dominant species of microorganisms. It includes information on the

ability of the indigenous microorganisms to transform petroleum hydrocarbons

that might enter the ecosystem from outer continental shelf petroleum devel-

opment. Also, information is included on the natural incidence of potential

human pathogens in shellfish in the Gulf of Alaska.
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MATERIALS AND METHODS

Literature Review

A review of existing literature on microorganisms in the Gulf of

Alaska including microorganisms related to petroleum pollutants and patho-

genic microorganisms was conducted using the computer search facilities

OASIS and of the Lockheed data base. Data bases searched include National

Technical Information Service, Biological Abstracts, Bioresearch Index,

Oceanic Index, Selected Water Research Abstracts and Chanical Titles.

Abstracts were reviewed and appropriate articles obtained from NTIS or the

original source.

Sample Collection

Water and sediment samples were collected during October in the

western Gulf of Alaska. Samples were collected from the NOAA vessel

Discoverer. Water samples were collected with a Niskin sterile water

sampler. Sediment samples were collected with a VanVeem grab or Haps

corer. Sediment samples were removed aseptically from the top 2 cm of

the core or grab sample. Samples were collected at Gulf of Alaska Shelf

Study Stations Nos. 101, 102, 103, 104, 105, 106, 119, 121, 124, 133, 134,

137, 145, 146, 148, 156, and 159. The actual location and depth of each

samples has been supplied by Discoverer personnel (Fig.l, Table I and II).

Both Dungeness and Tanner crab samples were supplied for analysis

of associated microorganisms that are potentially pathogenic for man by

the Alaska Department of Fish and Game,Kodiak, and by the National Marine
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Fisheries Laboratory, Seattle. Approximately 10 crabs per month have been

received since October. The location of the crab collection is supplied

by the collecting parties (Fig.2). Most of the crabs were collected in the

western Gulf of Alaska. Some Tanner crabs also have been supplied from

a cruise of the Miller Freeman in the Bering Sea.

Abiotic Sample Parameters

Salinity, temperature, and depth determinations were made by Discoverer

personnel using a STD rosette sampler. The readings from the STD cases are

to be supplied after readout of the computer storage. Aliquots of samples

were frozen and sent to Dr. Vera Alexander for analysis of phosphate, ammon-

ium, nitrate and silicate concentrations.

Enumeration of Microbial Populations

Direct counts from water. A sample of water was inmediately preserved

upon collection by addition of formaldehyde 1:1 v/v.

One-tenth to five-tenth milliliters of sample was mixed with one milli-

liter of 0.1% acridine orange in sterile tris buffer pH 7, One minute after

mixing, the stained sample was filtered through a 0.22 µm Sartorius black

filter. The filters were inmediately viewed with an Olympus epifluorescence

microscope, with a BG 12 plus blue exciter filter and a 480 nm blue barrier

filter. Cells fluorescing orange or green were counted. Ten fields were

counted for each aliquot filtered. Two aliquots from each sample were counted.

Counts were converted to number per ml.
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Indirect plate counts from water and sediment. Viable microorganisms

were enumerated as different physiological groups using different microbio-

logical media and incubation conditions. Two non-selective media, marine

agar 2216 and MSWYE, were used for enumeration of total viable microorganisms.

Several selective media were also used for enumeration of different groups

of microorganisms. TCBS agar was used for enumeration of Vibrio species.

Pseudosel agar was used for enumeration of Pseudomonas species. EMB agar was

used for enumeration of enteric bacteria. SS agar was used for enumeration

of Salmonella-Shigella species. Saboraud dextrose agar was used for enumer-

ation of fungi. Oil agar (Bushnell Haas Agar plus 0.5% Prudhoe crude oil

plus marine salts) was used for enumeration of oil-utilizing microorganisms.

Counts of oil-degrading microorganisms were corrected for organisms that

could grow on Bushnell Haas agar without added oil. These media were either

incubated at 5C for enumeration of viable psychrophilic and psychrotrophic

microorganisms or at 20C for enumeration of viable mesophilic microorganisms.

Depending on the concentrations of microorganisms in the samples

counts were either frcm surface-spread plates of serial dilutions or from

Millipore-filtered (0.45 um) samples. Counts for 20C plates were done after

10 days of incubation; counts for 5C plates were done after 21 days of incu-

bation. Triplicate plates were used for all counts.

Indirect plate counts from crab samples. Tissue from crab muscle, gill

or gut was macerated in sterile water, 1 g tissue to 10 ml water. Serial

dilutions were surface-spread in triplicate onto either marine agar 2216 for

enumeration of total heterotrophs; McConkey's agar for enumeration of gram

negative enteric bacteria, and TCBS agar for enumeration of Vibrio species.

Plates were incubated at 35C aerobically for enumeration of mesophilic
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populations. Replicate marine agar plates were also incubated anaerobically

using a Gas Pak system for enumeration of mesophilic anaerobes.

Qualitative Characterization and Identification of Microorganisms from

Water and Sediment Samples

Colonies that developed on marine agar 2216 were restreaked for puri-

fication. Colonies isolated at 4C and 20C from different samples were

selected at random for taxonomic studies. Colonies were also selected at

randam from 4C and 20C oil agar plates for characterization of range of hydro-

carbon metabolism.

For taxonomic characterization an extensive series of tests were run on

each organism. A complete list of tests being used is shown in Table III.

Not all organisms are characterized with every test. The tests examine three

broad areas: morphology; physiology and biochemistry; and nutritional. Tests

from each broad area are needed to characterize and classify a microorganism.

Morphological tests include size, shape and specific morphological features.

Same of these specific features are shown by staining reactions, the key

taxoncmic staining test being the gram stain. Other specific features, such

as notility, presence of endospores, acid-fast stain reaction, arrangement

of cells, etc., are keyed to classical bacterial taxoncmy. Physiological

and biochemical tests include relation to oxygen, temperature, growth range,

salt tolerance, presence of specific enzymes, sensitivity to antibiotics,

presence of specific metabolic pathways, etc. These tests can be used both

in taxonamic identification of the organisms and in understanding the ecological

distribution and role within the ecosystem of these organisms. Nutritional

tests include the ability to utilize many different substrates including the

ability to metabolize different classes of compounds such as amino acids,
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carbohydrates, amines, carboxylic acids, alcohols, nucleic acids, and hydro-

carbons. Extensive hydrocarbon utilization tests were run for organisms

isolated from oil agar.

Identification of microorganisms from crab samples. Tanner crabs were

sent from the field frozen; Dungeness crabs were sent from the field alive.

For analysis the crabs were separated into muscle and gill tissues. In one

case eggs were also recovered. The aseptically rmnoved tissues were macer-

ated and immediately added to tubes of enrichment media. Four different en-

richment media were used to maximize the probability of isolating any micro-

organisms present that were capable of causing human disease. The initial

enrichment media used were Trypticase Soy Broth with and without 3% marine

salts added, and Brilliant Green Bile Broth with and without 3% marine salts

added. Incubation of replicate initial enrichments was for 24 hours aerobi-

cally at 25C and at 35C. Additionally incubated plates of Trypticase Soy

Agar were incubated at 35C under anaerobic conditions using a Gas Pak anaerobic

system.

The enrichment cultures were then streaked onto isolation media. The

isolation media used were Trypticase Soy Agar, marine agar 2216, EMB agar,

EMB agar with 3% marine salts, SS agar, SS agar with 3% marine salts and TCBS

agar. The EMB, SS and TCBS media are designed for the isolation of enteric

bacteria, Salmonella-Shigella species and Vibrio species respectively. All

of these are gram negative bacterial species. Trypticase Soy Agar and marine

agar 2216 are considered non-selective media.

All distinguishable colonies were isolated for identification. All iso-

lates were capable of growth on Trypticase Soy Agar and were therefore main-

tained on this medium. Gram negative rods were identified using the API 20E

295



8

identification system. Gram positive cocci were identified by morphology,

mannitol salt reaction, catalase production, reaction on blood agar, growth in

SF medium, and optochin and/or bacitracin sensitivity tests. Gram positive

rods were examined for presence of endospores and relation to oxygen.

In vivo Pathogenicity Studies

Cultures of Yersinia, Klebsiella, and Staphylococcus isolated from the

crabs were prepared for administration to mice by intraperitoneal, intravenous

or oral routes. The cells were washed free of medium by centrifugation and

resuspended in non-pyrogenic sterile physiological saline. Replicate cells

were also suspended in saline without washing. For intraperitoneal adminis-

tration, the cells are injected with a 26g hypodermic needle. For oral admin-

istration, the cell suspension is added to the drinking bottles of animals

who have been deprived of water overnight. The test animals were adult CFW

male mice, 6 to 8 weeks old. Each test was performed in triplicate. The

animals were observed for one week after treatment, or until death occurred,

for behavioral symptoms. Animals that survived one week were killed by ether-

ization and an autopsy performed. The lung, liver, mesentery, intestine, and

spleen were examined for gross pathology. Animals that died during the week

were immediately examined.

Analysis of data. In order to analyse the data generated from taxoncmic

testing, an agreement was made with Dr. Micah Krichevsky, National Institute

of Health, for use of the NIH computer programs and facilities. The data is

arranged in a searchable form so that organisms with any tested characteristic

of interest, e.g. ability to metabolize hydrocarbons, can be identified by

source of isolation. When testing of organisms is completed, the programs

allow for comparison to other organisms including known organisms with generation

296



9

of similarity coefficients. The API 20E system was used for identification

of isolates from crabs.
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RESULTS AND DISCUSSION

Literature Review

A review of the literature showed that while a large number of studies

have been reported on distribution of microorganisms in marine environments,

on the microbial degradation of petroleum hydrocarbons and on the occurrence

of microorganisms in shellfish that cause human disease, only a few studies

have been conducted in or near the Gulf of Alaska. A bibliographic listing

of those reports directly applicable to the Gulf of Alaska is shown in

Table IV. This table also includes reference to some major reviews of the

field.

Abiotic Sample Parameters

It was only possible to complete nutrient analysis on a few of the

water samples collected (Table V). Nitrogen in most samples was equally pro-

portioned between NO3 and NH3 . The average total inorganic nitrogen was

approximately 13 µg at -N/1. Phosphate-P was present in lower concentrations

than nitrogen, averaging 2 pg at -P/l. Only at Station 133 were phosphate

concentrations high, 6.7 pg at P/l. Silicates ranged from 9 to 14 pg at Si/l..

Enumeration of Microorganisms

Direct counts from water samples. The direct counts on water samples

ranged from 1 x 105 to 5 x 105/1 (Table VI). All counts were of the order 105

organisms per ml. The highest counts were found at Stations 156 and 159

which were nearest to the Bering Sea.

Indirect counts from water and sediment. The indirect plate counts of
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aerobic heterotrophic microorganisms (Tables VII-X) from water were statis-

tically significantly lower than the direct counts. Counts on marine agar

2216 (Tables VII-VIII) were higher than on MSWYE media (Tables IX-X). There-

fore it was decided to use only marine agar 2216 in future work for total

viable counts. The counts of mesophilic microorganisms were higher in almost

all cases than the counts of psychrophiles and psychrotrophs. The total viable

mesophilic counts from water ranged from 101 to 10 3 /ml. The total viable

psychrophilic-psychrotrophic counts from water ranged from 10 -102/ml. The

highest total viable counts from water were found at Stations 156 and 159

nearest the Bering Sea.

The indirect plate counts of heterotrophs from sediment samples were

several orders of magnitude higher than comparable counts from water. Hetero-

phic counts in sediment ranged from 10 4-10 6/gm dry wt. Mesophilic counts

from sediment samples were slightly higher than psychrophilic-psychrotrophic

counts.

Counts of fungi in sediments (Tables XI-XII) were 1-2 orders of magni-

tude lower than the total heterotrophic count. Some bacteria are capable of

growing on the media used to select for fungi and may appear in these counts.

Although only a few mesophilic fungal counts were performed, the comparable

psychrophilic-psychrotrophic counts were higher. Counts of fungi in water

showed generally less than 10/ml.

Counts of specific bacterial groups were very low. No mesophilic

Pseudamonas sp. were detected in any of the water or sediment samples indi-

cating if such organisms were present, they were in very low concentrations

(Table XIII). Organisms that developed on the media selective for Salmonella-

Shigella genera were also low with no colonies from sediment samples and less
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than 1/ml from water samples (Table XIV). Counts of "enteric" bacteria

were similarly low (Table XV). Mesophilic Vibrio species, on the other

hand, were detected in all samples tested and showed counts as high as

10 4/gm dry wt. in sediment samples (Table XVIII). With the exception of

the Pseudomonas counts such results are consistent with other marine areas.

Oil-utilizing microorganisms were not detected in most samples tested

(Tables XVII-XVIII). Only in one case at Station 124 were counts in excess

of 10/ml. In most cases the numbers of oil-degrading microorganisms were

less than 1/ml. These counts are consistent with other non-polluted marine

areas.

Plate counts from crab samples. The microbial counts from crab sam-

ples are shown in Table XIX. The counts show that the greatest concentra-

tion of bacteria occurred in the gills of the crabs and that muscle tissue

had relatively few bacteria per gram. There were also significant differ-

ences between the counts from crabs collected from different regions. The

lowest counts were for the crabs collected from the Bering Sea. The highest

counts were from the Dungeness crabs collected near Kodiak City.

Characterization of Microbial Isolants frnm Water and Sediment Samples

Only the morphological characteristics of 206 of the 370 heterotrophic

isolants from Gulf of Alaska water and sediment samples have been completed

and processed for computer analysis. A summary of some of the key morpho-

logical characteristics is shown in Table XX. Clearly, the majority of

organisms isolated from both sediment and water samples were gram negative

and were rod-shaped (Table XXI). Only 5.3% of the organisms were gram

positive and only 1.6% of all organisms were coccoid-shaped. Almost two-

thirds of all organisms were motile. There was a significant difference
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in motility between organisms isolated at 4C (75.8% motile) and those isolated

at 20C (50.5% motile).

Although only a limited anount of data presently is stored in the com-

puter for searching, it was decided to test the versatility of the data

retrieval system and analyse some of the data that was stored. Examples of

computer output are shown in Tables XII and XXIII. In Table XXII the data

was searched for the source of all of the gram positive isolants and the out-

put showed that the distribution of these organisms is sparce but not restricted

to one location. The data was searched for endospore-forming bacteria. Gram

positive aerobic endospore-forming bacteria are members of the genus Bacillus.

Endospore production is important because it is associated with heat resis-

tance. Only one such organism was found, it having been isolated from sedi-

ment at 20C from Station 137. In Table XXIII the data was searched for posi-

tive reaction on acid fast staining. Most such isolants were from Station 133.

Acid fast staining is a characteristic test for the genus Mycobacterium which

contains several pathogenic species. Other searches of the data were used to

generate Tables XX and XXI.

Several organisms isolated from oil agar plates have been tested for

their ability to utilize 50 different hydrocarbons.

Identification of Microbial Isolants from Crab Samples

The species of bacteria that have been isolated from Dungeness and Tanner

crabs are shown in Tables XXIV and XXV respectively. Examination of the data

shows that the Dungeness crabs collected nearest Kodiak Island harbor in Octo-

ber had the greatest number of microbial species. In these Dungeness crabs

many gram negative microorganisms were found in gill and muscle tissue as well

as gram positive isolants. Many of these gram negative bacteria are considered
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as indicators of human pollution. In the gill and muscle tissues of Tanner

crabs isolated in Ugak Bay in December away from human activity there were

fewer species of gram negative isolants. The frequency of occurrence of the

isolants in muscle of Dungeness crabs was Staphylococcus >Sarcina >Acineto-

bacter >all others. In Dungeness crab gill tissue the isolation frequency

was Streptococcus >Pseudamonas >Alcaligenes >Moraxella = Acinetobacter =

Aeromonas = Citrobacter = Enterobacter >Sarcina = Yersinia = Staphylococcus

= Klebsiella. In Tanner crab muscle and gill Staphylococcus was isolated

more frequently than Micrococcus. In the eggs of Tanner crabs Staphylococcus

was also nost frequently isolated.

Pathogenicity Studies

Three mice injected with coagulose negative Staphylococcus intravenously

developed behavioral symptoms, lethargy, and disinterest in food, 24 hours

after injection. The symptoms lasted for 3 days after which the animals

recovered. Autopsy failed to show any pathological abnormalities.

Of six mice exposed to the Yersinia enterocolytica, 2 by iv, 2 by ip,

and 2 orally, all showed behavioral symptams 24 hours after inoculation.

Symptoms included staggering, lethargy, and lack of responsiveness. One

mouse died 5 days after intravenous injection.

Of 12 mice inoculated with Klebsiella all showed overt symptams and 4

of the mice died. The greatest death occurred with intraperitoneal injection.

It was possible to recover Klebsiella pneumoniae of the same biotype as the

culture used for inoculation from blood, liver, spleen, and kidney of these

dead mice. No deaths occurred following oral inoculation.

It appears from these results that serious potential human pathogens

are associated with crabs collected from near Kodiak harbor. Further studies
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should immediately be conducted to assess the safety of commercial fishing

for these crabs and consideration should be given to condemning such contami-

nated fishing areas.
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Table I

SAMPLE DESCRIPTION

SAMPLE NO. DAY MOYR LOCATION STATION TYPE

4Gwl1Z?O31
*GWulU3?ji
-'UGW0104/ut
4GWOld 5?3 1
*"GoW 31 73 i

14
14
1 't
15
15

1 4J7SGLLF

1 71-GLLF
1775GLLF
IL75GUL.

CF
L1F
CF
!OF
GF

ALASKA
ALASKA
ALASKA
ALASKA
ALASKA

STATI9ON101
STATION102
STATION103
STATION104
STAT ION 05

WATER
WATER
WATER
WATER
WATER

GW1OiobOi 15 1075GLLF G.F ALASKA STATION106 WATER
*GW0119?01 14 l175GULF CF ALASKA STATION119 WATER
*'GWJ124?uj 13 1J75(GLF OF ALASKA STATI1IN124 WATER
*GWO13j?JlI 12 Iu75GLLF CF ALASKA STATION133 WATER
*G.•J333701 12 17IJGULF IJF ALASKA STATION137 WATER
*GWi145?UI 11 1C75GULF CF ALASKA STATION145 WATER
*GWolk8?01 11 1075GULF OF ALASKA STATION148 WATER
GWOIlS6?i 1 1 CI75GLLF OF ALASKA STATION156 WATER

$GWU I 9?J 13 1075GLLF OF ALASKA STATION159 WATER

*GBJl£1?Oi1
*GBuI21?01
*GBo134?01
*GBOi137?UI
*GBItJl6?O1
*GbJ14d?ul

14
13
12
12
11

11

1 G75GULF
1071GULFC
1075GLLF
1075GLLF
1C7 5GULF
I10bGULF

CF

OF
CF

ALASKA
ALASKA
ALASKA
ALASKA
ALASKA
ALASKA

STATION101 SEDIMENT
STATION121 SFDIMENT
STATION134 SEDIMENT
STATION137 SEDIMENT
STATION146 SEDIMENT
STATION148 SEDIMENT
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Table II

SAPPLE LCCATION

SAMPL-E IJ. LAfITT!-r LCNGITUDE DOPTH(F) TEMP(C)

*Gwulýj1?o2 59-18.60J 152-23.48W CC2.0 +9.1
*GW0102?J2 59-10. I1N 152-C4.45W (32.0 +9.2
4GWiOJ3?J2 59-30.55N 151-48.15W C02.0 +9.3
_*G, Oj·,o4? 58- C.OON 151-2t..LSw C02.0 +8.4 . .
*GWU135?02 58-40.11N 151-07.32W 002.0 +8.4
*GWJ106?32 58-28.74N 150-49.28W 002.0 +7.7

SGW l9?1 02 57-6.01Q lS6-CC.58W L02.0 +8.6
*GW0124?02 56-07. IN 154-39.93W 002.0 +8.3
*GW0133702- 55-44.•2N 158-4S.33W 020 2. + 8.8
*GWJi37?J2 54-55.03N 157-58.54W C002.u k0+8.6
4GW0U14 ?32 55-01.00N 161-19.8 W 002.0 +8.0
*GW014d?02 54-23.69N 160-49.24W C32.J +7.8
*GWJIo?.1..0 54-29.')N 165-11.4 W C02.0 +6.4
*GWu159?J2 53-51.98N 164-33.71I C02.0 +7.5

*G8310i?u2 59-18. 6N 152-23.48W 091.0 -
*GB0121?02 56-43.64N 155-27.98W1 230.5 -
* 8J134?32 55-33.5 N 158-39.951 154.0
*GBU137?%. Z 54-55.C3N 157-58.54W 099.0
SGBj146?32 54-49.50N 161-11.77W 375.C -
*G8014,?Z0 54-23.69N 16C-49.24W 1C9.7
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Table III

ATLAS QUESTION SET SEQUENTIAL

003001: Cells are spherical.
003005: Cells are pear-shaped.
003008: Cells are rod-shaped.
003011: Rod axis is curved in one plane.
003013: Rod axis is helical (spiral).
003016: Rods have tapered ends.
003017: Rods have rounded ends.
003018: Rods have square ends.
003023: Pleomorphic cells are characteristic.
003026: Longer axis of rod is less than twice the shorter

axis (cocco-bacillary).
004001: Longest axis of each cell is less than 0.5 micrometer.
004002: Longest axis of each cell is 0.5 - 1 micrometer.
004003: Longest axis of each cell is 1.1 - 2.0 micrometers.
004004: Longest axis of each cell is 2.1 - 3.0 micrometers.
004005: Longest axis of each cell is 3. 1 - 4.0 micrometers.
004006: Longest axis of each cell is 4.1 - 5.0 micrometers.
004007: Longest axis of each cell is 5. 1 - 10 micrometers.
004008: Longest axis of each cell is 11 - 15 micrometers.
004009: Longest axis of each cell is 16 - 100 micrometers.
004011: Shortest axis of each cell is less than 0.5 micrometer.
004012: Shortest axis of each cell is 0.5 - 1 micrometer.
004013: Shortest axis of each cell is 1.1 - 2.0 micrometers.
004014: Shortest axis of each cell is 2.1 - 3.0 micrometers.
004015: Shortest axis of each cell is 3.1 - 4.0 micrometers.
004016: Shortest axis of each cell is 4.1 - 5.0 micrometers.
005004: Poly beta-hydroxybutyric acid inclusions in the cell.
005006: Poly metaphosphate inclusions (volutin) in the cell.
006001: Endospores produced (any refractile intracellular body capable

of germination into a new vegetative cell).
006007: Endospore(s) central in sporangium.
006008: Endospore(s) terminal.
006014: Endospores wider than the vegetative cell (sporangium swollen).
008001: Cells branch.
011001: Capsule is present.
012009: Cells are acid fast by Ziehl-Neelsen method.
012014: Sudan black B reveals intracellular lipids (fat bodies) (also

see Sections 5 and 21).
012021: Gram positive.
012022: Gram negative.
012023: Gram variable.
013001: Cells motile.
013004: Cells demonstrate creeping or gliding motility on a

solid surface.
013009: Cells have flagella.
013010: Flagella polar.
013022: Flagella peritrichous.
013023: Two or more flagella of distinctly different appearance in

different locations on the cell.
015001: Cells occur singly.
015002: Cells occur in pairs.
015003: Cells arranged in angular fashion after division (snapping).
015004: Cells occur in chains.
015005: Cells arranged in irregular aggregates.
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Table III (cont'd) 19

015006: Cells arranged in two-dimensional tetrads.
015007: Cells arranged in cubical packets (three-dimensional).
015017: Organisms filamentous, greater than 10 micrometers, if

multicellular the organism has little or no indentation at each
septum (For branched filaments also see Section 8).

016005: Agar macro-colonies are translucent.
016006: Agar macro-colonies are transparent.
016007: Agar macro-colonies are opaque.
016008: Agar macro-colony margin is entire.
016009: Agar macro-colony margin is erose.
016010: Agar macro-colony margin is filamentous (rhizoid)
016015: Agar macro-colony is convoluted.
016016: Agar macro-colony is flat (membranous).
016017: Agar macro-colony is raised but not convex.
016018: Agar macro-colony is umbonate.
016019: Colony swarming is exhibited on agar (dispersion of

individual members of a popula t ion due to active motility).
016023: Colony consistency is viscid (mucoid).
016027: Colony surface is glistening.
016028: Colony surface is dull (rratte).
016030: Colony surface is smooth.
016031: Colony surface is rough.
016043: Floccular growth in liquid culture.
016044: Ring growth on the wall of the tube in liquid culture.
016046: Pellicle in liquid culture.
016053: Growth takes place at an initial pH of 9.0.
016054: Growth takes place at an initial pH of 7.0.
016055: Growth takes place at an initial pH of 6.0.
016056: Growth takes place at an initial pH of 5.0.
016057: Growth takes place at an initial pH of 4.0.
016060: In 1.5-2.0% previously solidified agar, inoculated by stab,

growth is confined to the surface or a depth from the surface
of approximately no greater than 1 mm. (i.e., an obligate
aerobe)

016062: In 1.5-2.0% previously solidified agar, inoculated by stab,
growth begins BELOW THE SURFACE when incubated in air.

016063: In 1.5-2.0% previously solidified agar, inoculated by
seeding or by stab, incubated in air, growth is largely
confined to a linear dimension of approximately 5 cm from
the bottom of the tube in a 16 x 150 mm tube filled with medium
to a depth of 9-10 cm. (i.e., obligate anaerobe)

016136: Molecular nitrogen can be used as the sole source of nitrogen.
016137: Ammonium salts can serve as the sole source of nitrogen

for growth.
016138: Nitrate can serve as the sole source of nitrogen for growth.
016139: Nitrite can serve as the sole source of nitrogen for growth.
016187: Growth takes place at an initial pH of 8.0.
016189: Agar macro-colony is convex.
016190: Turbidity of liquid culture is evenly dispersed.
016194: Growth takes place at an initial pH of 10.0.
016206: Maximum turbidity in liquid cultures is slight.
016207: Maximum turbidity in liquid cultures is moderate.
016208: Maximum turbidity in liquid cultures is heavy.
016212: At least one vitamin (growth factor) is required for growth.
016249: Urea can be used as the sole source of nitrogen.
016347: Urea can be used as 'he sole source of carbon and nitrogen.
016357: Isolated agar colonies are less than 1 mm. diameter within

ten days.
016358: Isolated agar colonies are 1-2 mm diameter within ten days.
016359: Isolated agar colonies are 2-6 mm diameter within ten days.
016361: Agar macro-colony margin is lobate.

308



I

Table III (cont'd)

016362: Agar macro-colony margin is undulate.
016363: Colony spreading is exhibited on agar (growth extends

several millimeters or more beyond the point of innoculation).
016369: Gelling agent (eg., agar) is required for growth.
017011: Growth at 0 C.
017012: Growth at 10 C.
017013: Growth at 15 C.
017014: Growth at 25 C.
017015: Growth at 37 C.
017032: Growth at 5 C.
017037: Growth at 20 C.
017045: Growth at 43 C.
018003: Growth in the presence of 0.5% NaCl.
018004: Growth in the presence of 3% NaCl.
018006: Growth in the presence of 5% NaC1.
018008: Growth in the presence of 10% NaC1.
018009: Growth in the presence of 15% NaCl.
018022: Growth in the presence of 7.5% NaC1.
018028: Added NaCl is required for growth.
019001: Sensitive to ampicillin concentration (disc) 2 ugm.
019021: Sensitive to bacitracin concentration (disc) 2 units.
019043: Sensitive to chloromycetin (chloramphenicol) concentration

(disc) 5 ugm.
019044: Sensitive to chloromycetin (chloramphenicol) concentration

(disc) 30 ugm.
019063: Sensitive to chlortetracycline (aureomycin) concentration

(disc) 30 ugm.
019064: Sensitive to colistin concentration (disc) 2 ugm.
019065: Sensitive to colistir concentration (disc) 10 ugm.
019084: Sensitive to 2,4-diamino-6,7-diisopropylpteridine

(0/129 vibriostat) crystals on agar.
019085: Sensitive to erythromycin (ilotycin) concentration (disc)

2 ugm.
019086: Sensitive to erythromycin (ilotycin) concentration (disc)

15 ugm.
019105: Sensitive to kanamycin concentration (disc) 5 ugm.
019106: Sensitive to kanamycir concentration (disc) 30 ugm.
019129: Sensitive to nalidixic acid concentration (disc) 30 ugm.
019148: Sensitive to neomycin (mycifradin) concentration (disc) 5 ugm.
019149: Sensitive to neomycin (mycifradin) concentration (disc) 30 ugm.
019168: Sensitive to nitrofurantoin concentration (disc) 100 ugm.
019169: Sensitive to nitrofurantoin concentration (disc) 300 ugm.
019188: Sensitive to novobiocin (albarycin) concentration (disc) 30 ugm.
019208: Sensitive to oxytetracycline (tetramycin, terrarmycin)

concentration (disc) 30 ugm.
019210: Sensitive to penicillin G concentration (disc) 2 units.
019211: Sensitive to penicillin G concentration (disc) 10 units.
019230: Sensitive to polymyxin B (aerosporin) concentration

(disc) 50 units.
019231: Sensitive to polyrryxin B (aerosporin) concentration

(disc) 300 units.
019233: Sensitive to streptomycin concentration (disc) 2.0 ugm.
019235: Sensitive to streptomycin concentration (disc) 10 ugm.
019274: Sensitive to tetracycline (achromycin) concentration (disc)

5 ugm.
019275: Sensitive to tetracycline (achromycin) concentration

(disc) 30 ugm.
019294: Sensitive to triple sulfa (sulfadiazine/sulfamethazine/

sulfamerazine) concentration (disc) 1 mgm.
019297: Sensitive to vancocyn (vancorrycin) concentration (disc) 30.0 ugm.
019374: Sensitive to gentamicin concentration (disc) 10 ugm.
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019430: Sensitive to ampicillin concentration (disc) 10 ugm.
019484: Sensitive to chlortetracycline (aureomycin) concentration

(disc) 5 ugm.
019486: Sensitive to novobiocin (albamycin) concentration (disc) 5 ugm.
020001: Colonies are pure (paper) white on solid medium.
020002: Colonies are gray on solid medium.
020007: Colonies luminescent in the dark.
020019: Diffusible (water-soluble) pigments are produced.
020020: Diffusible blue pigments are produced.
020021: Diffusible yellow pigments are produced.
020022: Diffusible green pigments are produced.
020023: Diffusible red pigments are produced.
020024: Diffusible orange pigments are produced.
020025: Diffusible violet (purple) pigments are produced.
020026: Diffusible brown pigments are produced.
020027: Diffusible black pigments are produced.
020038: Non-diffusible red pigments are produced.
020039: Non-diffusible brown pigments are produced.
020040: Non-diffusible green pigments are produced.
020041: Non-diffusible violet (purple) pigments are produced.
020042: Non-diffusible blue pigments are produced.
020043: Non-diffusible golden (yellow) pigments are produced.
020044: Non-diffusible orange pigments are produced.
020057: Non-diffusible black pigments are produced.
020058: Colonies fluoresce with short wavelength ultraviolet

light (ca. 260 nm.).
020060: Fluorescent pigment observable with short

wavelength ultraviolet light (ca. 260 nm.).
020080: Non-diffusible pigment occurs only in the center of the colony.
020081: Non-diffusible pigment occurs in concentric rings within the

colony.
024004: Agar is hydrolyzed (liquefied).
024005: Carrageenin is degraded.
024007: Casein is hydrolyzed (peptonized).
024009: Gelatin is hydrolyzed (liquefied).
024011: Pectin is hydrolyzed.
024014: D-Glucose catabolized aerobically.
024015: D-Glucose catabolized anaerobically.
024114: Tryptophan yields indole.
024135: Ammonia is produced.
024138: Nitrate is reduced.
024139: Nitrate is reduced to nitrite.
024140: Nitrite is reduced to nitrogen gas.
024149: Thiosulfate is reduced to hydrogen sulfide.
024154: Hydrogen sulfide is produced from cysteine.
024164: Hydrogen peroxide is decomposed.
024185: Methyl red test is positive.
024191: Voges-Proskauer test positive (also see question 35).
024199: Sheep blood hemolysis is beta.
024210: Nitrite is reduced.
024212: L-Arginine utilization results in basic endproducts

(medium becomes alkaline).
024248: Kovacs' oxidase test positive (smear from colony turns dark

purple with tetramethylparaphenylenediamine dihydrochloride).
024251: Hydrogen sulfide is produced from peptones.
024448: Nitrite is reduced to nitrous oxide.
024449: Nitrate is reduced to nitric oxide.
025007: L-Arabinose is utilized.
025010: D-Ribose is utilized.
025012: D-Xylose is utilized. 310
025017: L-Rhamnose is utilized.

21



I Table III (cont'd) 22

025019: D-Fructose is utilized.
025020: D-Galactose is utilized.

025021: D-Glucose is utilized (also see Section 24).
025022: D-Mannose is utilized.
025023: L-Sorbose is utilized.
025036: Salicin is utilized.
025037: Cellobiose is utilized.
025038: Lactose is utilized.
025039: Maltose is utilized.
025041: Sucrose is utilized.
025042: Trehalose is utilized.
025044: Raffinose is utilized.
025053: Alginic Acid is utilized.
025184: Acid produced from D-Ribose.
025193: Acid produced from D-Fructose.
025194: Acid produced from D-Galactose.
025195: Acid produced from D-Glucose (also see Section 24).
025196: Acid produced from D-Mannose.
025211: Acid produced from Cellobiose.
025212: Acid produced from Lactose.
025213: Acid produced from Maltose.
025215: Acid produced from Sucrose.
025216: Acid produced from Trehalose.
025242: Gas produced from D-Ribose.
025251: Gas produced from D-Fructose.
025252: Gas produced from D-Galactose.
025253: Gas produced from D-Gluccse (also see Section 24).
025254: Gas produced from D-Mannose.
025269: Gas produced from Cellobiose.
025270: Gas produced from Lactose.
025271: Gas produced from Maltose.
025273: Gas produced from Sucrose.
025274: Gas produced from Trehalose.
025300: D-Ribose can be used as the sole source of carbon.
025309: D-Fructose can be used as the sole source of carbon.
025311: D-Glucose can be used as the sole source of carbon (also
025312: Mannose can serve as the sole source of carbon.

see Section 24).
025351: Cellulose is hydrolyzed.
025352: Chitin is hydrolyzed.
025357: Starch is hydrolyzed.
026002: Allyl Alcohol is utilized.
026003: 1-Butanol is utilized.
026005: Ethanol is utilized.
026014: 1-Propanol is utilized.
026015: 2-Propanol is utilized.
026039: D(-)1,2-Propanediol is utilized.
026045: 1,2,3-Propanetriol (Glycerol) is utilized.
026052: D-Arabitol is utilized.
026057: Dulcitol is utilized.
026065: D-Mannitol is utilized.
026068: D-Sorbitol is utilized.
026075: Cyclohexanol is utilized.
026079: Meso-Inositol is utilized.
026089: Phenol is utilized.
026351: Acid is produced from 1,2,3-Propanetriol (Glycerol).
026363: Acid is produced from Dulcitol.
026371: Acid is produced from D-Mannitol.
026453: Gas is produced from 1,2,3-Propanetriol (Glycerol).
026465: Gas is produced from Dulcitol. 311
026473: Gas is produced from D-Mannitol.
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026555: 1,2,3-Propanetriol (Glycerol) can be used as the sole
source of carbon.

026625: 2-Phenylethanol is utilized.
026631: 1-Hexadecanol is utilized.
028002: Acetic acid is utilized.
028003: Butyric acid is utilized.
028004: Caproic acid is utilized.
028005: Caprylic acid is utilized.
028008: Isovaleric acid is utilized.
028009: Lauric acid is utilized.
028011: Palmitic acid is utilized.
028013: Propionic acid is utilized.
028016: Valeric acid (pentanoic acid) is utilized.
028021: Glutaric acid is utilized.
028022: Malonic acid is utilized.
028027: Succinic acid is utilized.
028037: Oleic acid is utilized.
028045: Fumaric acid is utilized.
028046: Itaconic acid is utilized.
028047: Maleic acid is utilized.
028052: DL-Glyceric acid is utilized.
028054: Beta-hydroxybutyric acid is utilized.
028057: DL-Lactic acid is utilized.
028061: Mucic acid is utilized.
028064: L(+) Tartaric acid is utilized.
028066: Citric acid is utilized.
028068: 2-Ketogluconic acid is utilized.
028071: Pyruvic acid is utilized.
028072: Alpha-ketoglutaric acid is utilized.
028078: Benzoic acid is utilized.
028079: Meta-Hydroxybenzoic acid is utilized.
028080: Para-Hydroxybenzoic acid is utilized.
028097: Ascorbic acid is utilized.
028099: Galacturonic acid is utilized.
028101: D-Gluconic acid is utilized.
028105: Ortho-Hydroxybenzoic acid is utilized.
028107: Saccharic acid acid is utilized.
028109: Acetic acid can be used as the sole source of carbon.
028134: Succinic acid can be used as the sole source of carbon.
028152: Fumaric acid can be used as the sole source of carbon.
028161: Beta-hydroxybutyric acid can be used as the sole source

of carbon.
028164: DL-Lactic acid can be used as the sole source of carbon.
028178: Pyruvic acid can be used as the sole source of carbon.
028179: Alpha-ketoglutaric acid can be used as the sole source

of carbon.
028208: D-Gluconic acid can be used as the sole source of carbon.
028662: Stearic acid is utilized.
028668: Cyclohexane carboxylic acid is utilized.
029003: L-Alanine is utilized.
029004: Beta-Alanine is utilized.
029008: Gamma-Aminobutyric Acid is utilized.
029013: L-Arqinine is utilized.
029015: L-Asparagine is utilized.
029016: L-Aspartic Acid is utilized.
029017: Betaine is utilized.
029020: L-Cysteine is utilized.
029021: L-Cystine is utilized.
029023: L-Glutamic Acid is utilized.
029024: Glycine is utilized. 312
029025: Hippurate is utilized.
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029026: L-Histidine is utilized.
029030: L-Leucine is utilized.
029032: L-Iso-Leucine is utilized.
029035: L-Lysine is utilized.
029036: L-Methionine is utilized.
029037: L-Ornithine is utilized.
029039: L-Phenylalanine is utilized.
029041: L-Proline is utilized.
029042: Sarcosine is utilized.
029044: L-Serine is utilized.
029045: L-Threonine is utilized.
029047: L-Tryptophan is utilized.
029049: L-Tyrosine is utilized.
029051: L-Valine is utilized.
029118: L-Aspartic Acid can be used as the sole source of carbon.
029125: L-Glutamic Acid can be used as the sole source of carbon.
029137: L-Lysine can be used as the sole source of carbon.
029149: L-Tryptophan can be used as the sole source of carbon.
029156: L-Alanine can be used as the sole source of nitrogen.
029166: L-Arginine can be used as the sole source of nitrogen.
029168: L-Asparagine can be used as the sole source of nitrogen.
029169: L-Aspartic Acid can be used as the sole source of nitrogen.
029173: L-Cysteine can be used as the sole source of nitrogen.
029174: L-Cystine can be used as the sole source of nitrogen.
029176: L-Glutamic Acid can be used as the sole source of nitrogen.
029177: Glycine can be used as the sole source of nitrogen.
029179: L-Histidine can be used as the sole source of nitrogen.
029183: L-Leucine can be used as the sole source of nitrogen.
029185: L-Iso-Leucine can be used as the sole source of nitrogen.
029188: L-Lysine can be used as the sole source of nitrogen.
029189: L-Methionine can be used as the sole source of nitrogen.
029192: L-Phenylalanine can be used as the sole source of nitrogen.
029194: L-Proline can be used as the sole source of nitrogen.
029197: L-Serine can be used as the sole source of nitrogen.
029198: L-Threonine can be used as the sole source of nitrogen.
029200: L-Tryptophan can be used as the sole source of nitrogen.
029202: L-Tyrosine can be used as the sole source of nitrogen.
029204: L-Valine can be used as the sole source of nitrogen.
029294: L-Phenylalanine is deaminated.
029302: L-Tryptophan is dearrinated.
029319: L-Arginine is decarboxylated.
029341: L-Lysine is decarboxylated.
029343: L-Ornithine is decarboxylated.
029620: DL-Carnitine is utilized.
030003: Alpha-Amylamine is utilized.
030012: Ethanolamine is utilized.
030015: Histamine is utilized.
030025: Putrescine is utilized.
030028: Tryptamine is utilized.
030031: Allantoin is utilized.
030144: Ethanolamine can be used as the sole source of nitrogen.
030147: Histamine can be used as the sole source of nitrogen.
030162: Allantoin can be used as the sole source of nitrogen.
030377: N-Acetylglucoseamine is utilized.
030399: Guanine is utilized.
030401: Guanine can be used as the sole source of nitrogen.
030413: Thymine is utilized.
030415: Thymine can be used as the sole source of nitrogen.
030474: Taurine is utilized.
031093: Cyclohexanone can be used as the sole source of carbon.
031101: N-Decane is utilized. 313
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031102:
031103:
031104:
031106:
031107:
031108:
031111:
031112:
031113:
031114:
031115:
031118:
031119:
031120:
031127:
031136:
031137:
031144:
031158:
031160 :
031161 :
031162:
031163:
031165:
031166:
031169:
031171:
031172:
031174:
031175:
031176:
031178:
031179:
031590:
031602:
031608:
031614:
031620 :
031626:
031632:
031638:
031644:
031650 :
031656:
031662:
031668:
031674:
031680 :
031686:
031692:
031698:
031704:
031710:
031716:
031722:
031728:
031734:
031740:
031746:
031752:
031758:

N-Docosane is utilized.
N-Dodecane is utilized.
N-Eicosane is utilized.
N-Heptadecane is utilized.
N-Heptane is utilized.
N-Hexadecane is utilized.
N-Nonadecane is utilized.
N-Nonane is utilized.
N-Octadecane is utilized.
N-Octane is utilized.
N-Pentadecane is utilized,
N-Tetradecane is utilized,
N-Tridecane is utilized.
N-Undecane is utilized.
3-Methyl Hexane is utilized.
Cyclohexane is utilized.
Cis-Decalin is utilized.
1-Octadecene is utilized.
Anthracene is utilized.
N-Butylbenzene is utilized.
P-Cymene is utilized.
N-Dodecylbenzene is utilized.
Ethylbenzene is utilized.
2-Methylnapththalene is utilized.
1-Methylnapththalene is utilized.
Naphthalene is utilized.
Phenanthrene is utilized.
Omega-Phenyldecane is utilized.
3-Phenyleicosane is utilized.
Omega-Phenyloctadecane is utilized.
Pseudocumene is utilized.
Toluene is utilized.
Xylene is utilized.
Pristane (2,6,10,14-Tetra-methylpentadecane) is utilized.
Pentadecylcyclohexane is utilized.
N-Triacontane is utilized.
N-Dotriacontane is utilized.
N-Hexatriacontane is utilized.
2-Methylbutane is utilized.
2, 2,4-Trimethylpentane is utilized.
2,2,4,4,6,8,8-Heptamethylnonane is utilized.
2-Methylundecane is utilized.
Methylcyclohexane is utilized.
Methylcyclopentane is utilized.
1, 2-Dimethylcyclohexane is utilized.
1,4-Dimethylcyclohexane is utilized.
Ethylcyclohexane is utilized.
Octylcyclohexane is utilized.
Dicyclohexyl is utilized.
4-Tert Butylbenzene is utilized.
1,2,3,4-Tetramethylbenzene (prehnitene) is utilized.
1-Phenyltridecane is utilized.
Diphenylmethane is utilized.
1,3,5-Triphenylbenzene is utilized.
2-Ethylnaphthalene is utilized.
2,3-Dimethylnaphthalene is utilized.
2,6-Dimethylnaphthalene is utilized.
1,2,3,4-Tetrahydronaphthalene is utilized.
Acenaphthalene is utilized.
9-Methylanthracene is utilized.
1-Methylphenanthrene is utilized. 314
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031764: N-Tetracosane is utilized.
031770: 1-Pentadecene is utilized.
031776: 2,2,4,6,6-Pentamethylheptane is utilized.
031782: 1-Phenylheptane is utilized.
031788: N-Octocosane is utilized.
031794: 2,2,4,6,6-Pentamethyl-3-heptene is utilized.
031800: 1-Phenyl-3,4 dihydronaphthalene is utilized.
031806: 1-Phenylnaphthalene is utilized.
031812: 1-Phenyl-l-cyclohexene is utilized.
031818: Chrysene (1,2-Benzphenanthrene) is utilized.
031824: Pyrene (Benzo-phenanthrene) is utilized.
031830: Triphenylene (9,10 Benzphenanthrene) is utilized.
031836: Isopropylcyclohexane is utilized.
032020: Tween 20 is hydrolyzed.
032023: Tween 80 is hydrolyzed.
034137: Alkaline phosphatase (3.1.3.1) is produced.
034143: Urease (3.5.1.5) is produced.
040331: Sensitive to oxytetracycline (tetramycin, terramycin)

concentration (disc) 5 ugm.
098001: Non-diffusible pink pigments are produced.
098002: D-Ribose is utilized when yeast extract and amino acids

are added.
098003: D-Glucose is utilized when yeast extract and amino acids

are added.
098004: D-Pructose is utilized when yeast extract and amino acids

are added.
098005: D-Gluconate is utilized when yeast extract and amino acids

are added.
098006: Pyruvate is utilized when yeast extract and amino acids

are added.
098007: Acetate is utilized when yeast extract and amino acids

are added.
098008: Succinate is utilized when yeast extract and amino acids

are added.
098009: Lactate is utilized when yeast extract and amino acids

added.
098010: Alpha-Ketoglutarate is utilized when yeast extract and amino

acids are added.
098011: Glycerol is utilized when yeast extract and amino acids

are added.
098012: Beta-Hydroxybutyrate is utilized when yeast extract and amino

acids are added.
098013: L-Aspartate is utilized when yeast extract and amino acids

are added.
098014: L-Glutamate is utilized when yeast extract and amino acids

ARE ADDED.
098015: L-Tryptophan is utilized when yeast extract and amino acids

are utilized.
098016: L-Lysine is utilized when yeast extract and amino acids

are utilized.
098017: Peptone is utilized.
098018: Proteose peptone #3 is utilized.
098019: Tryptone is utilized.
098020: Phytone is utilized.
098021: Peptone is utilized when yeast extract and amino acids

are added.
098022: Proteose peptone #3 is utilized when yeast extract and amino

acids are added.
098023: Tryptone is utilized when yeast extract and amino acids

are utilized.
098024: Peptone can serve as sole source of carbon. 315
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098025: Proteose peptone #3 can serve as sole source of carbon.
098026: Tryptone can sere as sole source of carbon.
098027: Unknown growth factors are required.
098028: Yeast extract plus amino acids plus vitamins serve as

growth factors.
098029: Vitamins can serve as growth factor.

316
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Table V

N!JTRIFNT ANALYSES

SAMPLE 14O. P0/4-P NH3-N C,3-N SI02-SI

*Gwull9?0Q
4Gw ) 14?3 J
*GWul33?0u
-*GwJ17703

*Gw U 14303
~.iWJl48?03
*GW0156?03
*GWJ159?03

05.S5
J7.82
06.5 2

02.2
02.2
C6.7
C2.3
C1.4
22.2
01.2
32.7

07.30

07.93
07. 72
0o.L49

C5.5
C7.8
C5.S
C7.9
C6.C

C7.1
C7.1'

013.0
CC9.3
014.0

CC9.9

010.0
010.0
Ole'.O

I
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Table VI

DIRECT CCUNT

_WATER
*GWjJl?u4
*GWJlu2?04
*GWJi03?04

*GWOlu4?04•

*GWj lub??04

COUNT
1.2E 5
3.0 5
1. 4E5

4.3r 5
3.8ES
1.8E5

4GWU119?04 3.6ES
*GW0 124?J4 3.3E5
*GW133704 . 3. 8,5
*GWO3 7?04 1. 5
*GWj4?04•• 2.8 5
4GwutP4d?O4 2. 1ES
*GW015Ol,? 5.0E5
*GWul59?u4 4.7E5

SED IMqcNT
*GBjOLl?0 4

*GB0 121 ?0J
*GbJ134?04
*GBJ137704

*GB 146704 -
*GBJ14t8?4 -4
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Table VII

AE-ROB! C I-H TERC " -,.Pr' IC PSYCt-PUPHILFS AND PSYCHPCTPCPHS

WAFKLR
;GW'J1Jj ?J,
4~GWJ132?05
*GWul 1.3 ? 3_;

'Gwjli,4?J 5

.6 4k) J ?0^5

*GW £ 13j?J5

*GW3124?05

C l vi J 1 3 3 ?u J

*WnI I't5?YjQ
#GwJi ji8?5

.GW 151•..
GW)3159?05

CLUN T Ci- C Ni I c s I NS
5.5. 1 .4C ArP C Q' IC S M•A INE 2216

5.0E 1 04Cf AF C IC S tMINF 22.16

2.Ob1 J4C AE C-IC S 'A IINE 2216
.CF JI 4C A- AF -•IC S , I INF 2216

6. C41C. '• -t'C '• L S V L aRINE 2216
6.5E1 4A-C Ai rC I IC S RINE 2216
3.5"1 04C A[~RCHrC S N RINE 2216

9. I 1 04C Af PCrsIC S rAPI NE 221t

9.2F1 04C AF fCE IC S P,-INE 2216
1.2E2 0-,C AFRC•IC S N PINE 2216
1.3E2 4 C A ERC IC S tA•RI E 2216

1.9E2 U4C ACCIC S MARINE 2216
.2.5E2 04(C AFF CBIC S 'APIN•E 2216
2.2E2 4: C AE'CRIC( S NAF.INF 2216

SE3DI MNT
*GB3J1Jl?J

_Gj3j3 4?ub-GBl1>7?05

GBJ146o?'5

1. •L4

2 . ij_--- 5

2L) 4 4

K4C AF 'rC IC S N RINE 2216
04C ^4, F- '•IC S IAIrE 2216

4C AF.CE IC S AP IE 2216
4'C AZED•CC S PARIN&E 2216

u4C AcN4CIC S AFPI, 2216

44C AFCAic S IARINE 2216

3L1

32
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Table VIII

AFkRCIC HETEiR',rTLPiI-C MESOPHILES

CO CL' T Ci-:PtCITIG(7NS

WGal J4?u .

*GulJi u1 Jj?

*G.j 11i? it

: Gw J 1 3j? " 6
3GWJ137?uJ
*Gw 1a 85?06
*Gwy )ljt '7106
4GwNU16'?Oo
SGWl 159706

S lJ. I.i T
*GQHjlji ?Jlu

G0Su l34'?J60

FGBlu 14u 36
'Gti J i ' ?'i J',GUci•, Z : • o

- 20C

-- 2CC

-- 2GC
-- 2"C

4. 3- 1
8.5 C 1
3.1E2

5. 7E2

2CC
20C
23C
20C
2GL
20C

rAFRCIC S ~ARINE 2216
A.FRC3IC S PA IhNE 2216
AE:-CrI C S 'A RINE 2216
APcC IF, 5 P IINE 2216
AF•C•lIC S 'ARINE 2216
at-PC IC S WV RII.NE 2216
4AE PCI- C S

AFsYBHIC S
AFiKBIC S
AF7CBIC S
AERCEIC S

2. C3 20C AFkRCIC S
5.6Lr2 ?2C AELrOP!IC S

PWRINE 2216
'AR INE 2216

MARINE 2216
A RINF 2216

IPAPINE 2216
SMA INE 2216

APRINF 2216
VA INE 2216

?0C At kCtIC S M~INE 2216
S. 4tr j

1.2L (;
-j, 5-. 5
3i5E53Ir '

20C AtF- ThG IC S PATr I E 2216
20C AErCIICI 5 InAQINE 2216
2CC AcF lIC S VA1INE 2216
2CC AFR-3IC S .A RIE 2216
2 C AEQ L(I:IC S M~P INE 2216
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Table IX

AEROBIC HETCRCTIF'rnPIIC PSYCHPCPHILFS AND PSYCHRCTRTPHS

WATc>
I*GW Ijul?,7

*GAOiu ?UI
GwU 13io3? 07
GWU003?J07

*G~ 1 1 - ? 7

Wt,, I1 1 , I

C i. U4 T CCNrI TICNS
S4C AERCBIC S. MSWYE
04C AEPC31C S WSWYE
04C AEO!BIIC S MSWYF
')4C "AEKCBIC S PSWYE

-- u4C AERC31C
-- :4C AERCHIC

n zr ACý r i- r

S
S
5C

Gw0124?0/ - 04C AFFC'~IC S SWYF
1*G 3?13?J7 -- 4C AERCFRIC S MSWYE

GvWj.) 7O17l?7 -- 0 •4C AE-CYIC S PWSWYE
*G(iJl+45?j7 3. 1 34C AERC IC S MSWYE

~J1 0 4 . .?J 1 5. -1 1 04C AFNRCRIC S vMSWYF
*Gwu156'?OI 7 .0C'1 04 AERFCBIC S WSwYE

G6lJ 50??J7 5. -F 1 j4C AFRCBIC S VSWYE

SE D I) EN T
_Gd~3lJlJ1 - "4C AFRCBIC S NSWYF

GB. 2?J 7 -••' :)4C AC CIC S MSWYE
'GRJL34?0o1 -- 04C AFRCBIC S MSWYE

*Gt6J131?37
GbJlJo?u L-G6j0148j?0

*GSOIt04?0 1

7. 3 3

2. 57I

C4C
04C
C4C

AERCBIC
AEPCBIC
AERCHIC

S
S
S

ISWAYE
MSWYE
WSWYE
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MSwYE
VSWYE
VýSWYF
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Table X

AE(',TIIC HCTERJTPCPHIC wESOPHILES

WjAT ER C J II T CCNCI IT ICNS

*GdJiiUJi - 20C ALPCRIC S MSWYF
GW)•LJ/2?Uo - 20C PtFC13IC S wSWYE

-GIiC ? -- 20C A%!CRIC S MSWYE

GU;,uI i O 4 ?0 20C AERCBIC S N'SwYE
.G .,• 5?W1-S - 20C A-PRCbIC S VSWYF

GAu1J6o?0o - 20C AFfPCBIC S NSWYE
*GWjl1)v?0- 20C AFPCBIC S VSWYF
*GwJiz2'+?• -8 20C AERCBIC S MSWYE
*GWOI•.?J, - 20C AFPCHIC S NSWYE
G•ijl37?3 5.C. L20C AFRO.IC S NSWYE

_GWJ4l?Jo 2.C'2 20C AF RCIC S WSWYE
*GW313Jt?0 2.Ct- 20C AF.RCB!C S MSWYE
*GW , .Jl 5?j8 5.'.?:2 20C APRCBIC S M SWYE

cG J.,15 ?lJd 2.-.F1 20C AFPCBIC S MSWYE

Srct I4ENT
*GBiJ.JJ-d . - 2CC AFkRCBIC S PSIYE
*GhJI 2 ?l'?J3 - 2CC AEFR-C(IC S MSWYE
GBui147j6 -z- C A4 R GI/m C S 'wýiYf

2. 3F4-- I•

ii

*G ii0 .>t7? u i
IGBJ146?ub

*GBl0 1 dU

20C
2 0 C20C
20C

AFPC:sIC
A E FC B I CAERPCRIC
AFPRIC

S
S
S5
5

HSWYF
NSWYE
ISWV F

324



Table XI

PSYCIH•)PiHILIC AND P S YYC 1orTPU!'HIC J FUNGI

GL. J 3 ? i(7v~ £431Q

*(,,) I• 7 1

..(o, ~I 1 ?1

*G uo i ; ?1 5

*GO 3 7T?1)
*G Wj I ? 5?1'

*Gwjia 6?1
*UtJ U]. 91 L

. !L IT
<.

I F1 .. F J
8.7E
1. 3E1
4.0 £ j
2. .)E 3

< 1. -F )

<1.0FJ
<lj

CCNCITICNS
,)C AFrCH.IC M S A
.4C AFRCIC M SCA
c4C AEFCI3C M SCA
;)4C AtECRIC
04C AF'rCi IC

4CC A E RCHIC

04C AFPRO IC
G4C AE•CrIC
24C AERACRIC
04C AEPCIIC
J4C A FPCRIC
.4C AEfRCBIC
04C AFPCBI'C

N SEA

. SCA
'1 SOA
M SCA
M SEA
M1 SCA
N SCA
M SEA

M SCA
N SCA

SLI) I I."1 T
G •13 1 t I ? .sE2

*Gi3j 1i ? 1 2. iL4

:G j 13 7?15 b.' F3

Gia it 1l .?1 --
^Gabl%?15S Jel.L. 4

04£ ARtCBIC
'4C A ECRIC
o4C AERCRIC
.'4C AcRC .IC

S SCA
S SCA
S SCA
S SCA

04C AERCBIC S SCA
L4C AFRC3IC S SCA
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Table XII

Ebs!PHI LIC "FIUNG"; !g'

WAT-ER-
*GWj 13• ?1
*GWJI 72?16
*GWo ui3?I

SGW~1047o 1
*GUIlj5? 16

'GwO 106? Io
*^GW0119716

CI-

7. CLC

4GWO124710 1.2E
*GWu133?16 7.CEC
*GWJ137?71 1.2c0

CCNCIT ICNS
20C AFICBIC M
20C AERCIC M
20C AERC'IC M
2CC AEPCBIC M
2CC AERCBIC M
20C AFRCRIC M
2CC AFPCBIC %

2CC AERCCIC M
20C AFR.CHIC M
20C AEPCBIC M

*'i b145?16 I.6.o 1 2C AtRC!-IC M SEA
'Gwul+•.?16 2.C'. 20C AERCBIC M SCA

SGWIO i> ?i o - 20C- AERCBIC M SCA
G uj15''l?16 L)-. 21. 1 20 C AERC-IIC M SCA

S Eu I N T
vGbul1?1b OE 2CC AFRCBIC S ScA
GH~UlII6b 1.5L4 20C AERGRIC S SCA

*G(31j)*?16 3.1E1 2uC AFRCBC S SCP
'Gd0OL37?G -6 2oC AFPCBIC S SOA
*GBf3ul3?i6 --- 2CC AFRCBIC S SCA
*Gbl?1416 -8 * 2CC AFPCi IC S SCA
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SCA
SCA
SCA
SCA

SDA
SEA
SCA

SCA
SDA
SCA
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Table XIII

PSEUO NiDU'Rt, DS

WATErK

*(?W0102 ?12

C JUN T CCNCITICNS
2OC AERCBIC M PSEUDOSEL
20C AFRCHIC M PSEUDOSFL

IGWiJji?i2 - 20C AERCBIC M PSEUCOSEL
*Giw0U4?i --- 2uC AEPCoIC P PSFUCnSEL
4GwO~J5?i2 -- 20C AFRO3IC M PSFUDOSEL
*GWO146?12 ý' 2 AC AERCBIC M PSEUDOSEL
GW-119-?12 <1.0F-1 2LC AFRCRIC M PELLCDOSEL

*GWJI24?12 (1.'E-1 20C AEPCIIC M PSFUDOSEL
*GW0133?12 <1.-'3L- 20C AFRC'IC M PSEUCOSEL
*GW0137?12 <I.CF-1 20c AERC1IC M PSELDOSEL
*GWO145?12 < 1.CE- 20C AE.CHIC M PSEUDOSEL
*GW0148?i2 <(1.E-1 2QC AEPCBIC M PSEUCOSEL

-GW015b1 < 1. CF- 1 2CC AFRC IC M PSELDOSFL
*GWCOll9?12 (<.OE-1 20C AERCBIC M PSEUCOSEL

SEEL)IMENT
*GBOlOi?12 " 20C AEPCBIC M PSEUFOSEL
SGB0121?12 <1.CE2 ?OC AERCriIC M PSEL)OSFL

*GBJ134?1d <1.OE2 2JC AEROBIC A PSEUDOSEL
*GB0137?12
*Ga0146?12
4GB1i4d?I2

<1.CF2 2CC
20uC2DC

AEoCRICA F k C B I C
AFPRGBIC
AERC-iC

M'M

PSEUCUSEL
PSFUDOSEL
PSEUCOSEL

'2' '"
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WAT EK
SG 4W 10 ? I i

*GWO I '?Ii
4Gw01U3? 1

4GW01247211
*GWJI33?ll
*GWJi3 ? it
*Gwu it 5? 11
*";Woi 14 t ? I L
*GW4J 1? I
*GWJl3')?ll

SEO IlME1T
*G0B13J11 l

Gl801341? 11
*GBs 13 ?11
*GB.I 4&?
*GBu 14-6?11

C 2U T CAENCIT ICNS
- 20C A^EC3IC M SS

2CC.

L.Ccr-
<1. CC-l
<1. ;-1 -

0. 21  
.

<1.0E-1
1.or-i

<i. C.c< " 0c'
<1. 2 I T I

<1. or
**

2CC
2uC

2CC

ZOC
4 ci

2CC

2 C: C20C20C
20C
20C

2) C
20C
20C

2I CC
20C
?'C-

AFRCLIC AM
AFkH IC M
AEFC IC I
AFPC3sIC M

AFRCBIC M
AFRCHIC MA
AERHPIC M
AER-cBIC M
AFRCO• IC M

AEPCHIC M
DEr'ClIC M
ArRC IC M

A FRC - IC
4 F RC i I C
AUPCHIC

M AECIC
AERCHIC

M

Si
M

M
Si

SS
5ss

SS
5ssSS

SSss5$^

ssssSSSS
SS
$S
SS
SS
ss

ssSS
$5
SS
cS
CC
?^
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Table XV

*"FNTEF IC F ACTER I A"

WATER
u'i J iJ i? i 7

q, v JI2?' I
6f J 3?17
G WiJ i) 4?i I

*GWOla 1 7
0G:NO11{9717

*G, j24? 7 1
*CGWOijy.?j

C, UN T

<1. C--I
<1.CE-1

1. * CFC

CCNFITICNS
20C AFRCRIC M CEP
21C AERCOIC V E[B

20C AERCAIC M EM

2•C AFPC'IC M ESB
2k'C _ARC'UC M EMB
20C AERCBIC M F[B

20C AERCBIC M iFP
2CC AE;CBIC M EMB
20C AFQCStC M ENR

*GWJ137717 <1.CE-l 2CC AERCBIC M EV1

*GWj.i4b?17 2.Ju .2CC AECi3IC M EVB

'GWOi4d?i? 1.3F1 2CC AEPFC! C M FVn

'G'4J15o?17 <I.C-l1 20C AEPCPIC M [EH

'IGWul5?1 ? <1.CE-1 ZOC AFRECrIC M EW

SE&D IM FT AT

G*GBUJLo.?i 1
*G3012 17 7
"Gt, 134?i 7
*G6di137?1

- 2CC AEZO:IC M E[B

<1.C 2 20C AERCHIC M EI R

<1.C-2 20C AEROBIC M ENB
<1.CE2 20C AFRC!HIC M EF'N

- 2.C AE:CBIC ' ER

-- 20C Af CIC M EW

32 )

GBtO14uo? 1 7
*GSl.di3? I
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Table XVI

VI3~' IC r ESCPHILES

cIU'lir C(NCITICNS
*G040 IaJ ?. -- 20 C AfERCCIC M TCHS

*GWJ13iJ?1 - 2.C AhERCUIC M TC1S*G•WlI'ti0 -, 20C AERC3IC M TCBS
*;GWGl• •?1u -- 20 C A4f-RClC M TCBS

*GlJ'?lj - 20C AERCBIC Y TCBS

*GWOil•?1lO 1.51 2CC AFRCBIC M TCetS
GWqj 1/4? /,1 1.2 1 2' C AEPCBIC M TCBS
GWoi3J?iJo 4.'.C I 0C AFPCBIC T C S

*6lwOl37?1J 5.4^t-C 20C AERC0IC M TCP S
_Gwl14,5?i 8.?7 20eC AE RCBIC M TC[S
*GW1J48d?1 4.9, 2CC AF&CUiC M TCOS
*GWOJ155?j 1 1. C' 20C AF FCBIC F TCBS

,S7W j 1 9?j ' . -. 9E; '20C AFPCHBIC M TC S

SOB Ii-' L T
*GBOJIi? ",- 20C AEPCHIC M TCBS

. G30121i?1 4.0L4 2CC AERC'IIC M TCBS
,GBI~3134?i 4.2r4 20C AEROBIC M TCBS
*GBl/l?luo 2.4E3 20C AE RCIC M TCHS
*GBul46?10
*GBJl18?l1

20C AFRC3IC M TCBS
20C AERCBIC M TC8S
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Table XVII

OIL UTILIZING PSYCF•- PHILLS AND PSYChRnTROPHS

WAT &E C L LNT C N I T I C N S .

Gw li,?J?13 <<1..E-1i C A ERCBIC M CIL

GWtJi?il -- u4C AFRCU iC M CIL
*GwJu3?3 - t4 C AFRROIC ! CGIL

*GWuoiJt?13 -- 34C AERCBIC M CIL

^GwoJIO?i -- "4C A'cCPIC M CIL

'GwolJbJl? . 4C AFRCrIC M CIL

*GWOI Lfi3 1. 5~ J 14C AFPC(hIC M CIL
"Gwjl24?IJ 1.5E1 A4C AEFCQDIC AM CIL

.GW~lbll G<1.0F-1 jAC AFMCIC MICIL
*G(Jl3j?13 <1.C0-1 04C AEURCiIC V CIL

*Gw0145?13 <(1.E -. 4C AERC3IC M CIL
<GWuld?1 z <1.0,C ,J4C AEPL.IC M CIL

*GoILbo?13 C.5FO 04C AERCi6I.C P CIL
*G31i " .' t4C AFRCBBIC M CIL

S-OMMT
*GB•;t.ji ?1 <(1.0?2 4JtC AEPC IC S CIL

*G3 0121?1 <1.CE2 uC AFRCB3IC S OIL
4GB0 13? 1 3 <1.C2 04C AERCBIC S CIL
*G6u1371?j <1.CE2 C4C AERCBIC S CIL
* GBI14o?1 3
*G3014'?13?

-- 04C AECOBIC S CIL
<1.JE2 ý4C AEPCBIC S CIL
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WATER
*GWJ1Ji?1+
*GWJIJc?14
*GW0103?1:

*GW lt?l14

W«yj'i3771
aGWu 145 14

*GWJi56?1 I
*GrWl ?31;? 4

StUINENT

*Gdjlji?14
'GU xl3Z? 1 4
1"6HA34~?14

*GBJ17?14
B Si 1 4 ?1 4

*GBt14t814

C U1JT
2XC
2GC

< --<1.0F-1
1.EC

<1.0LE-I
<1.0'-1

<1. E-1<(.. 2-L
<1.oF-1

<1.02NJ, _;

2CC
?cc
20C
2CC
2uC
?. UC.

20C

20C

20C
2CC

20 C
20C
20C
2C
2u C
20C

CON.iTIC NS

AF CBIC
AEC3 IgC
AC ER Cii C

AFRCHIC
AERC UIC
AF'CRIC
AFRCi; I C

AFGCHIC.
A F R C R I C

AFPCu IC
AFERCtIC

AERCHlIC
AERCBIC
AE PC IC
A E R c IC
AERCHIC
AFrPC1IC

M
M

M.V

M
M
M

,M

M
M

M

S
s
S
S

s
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CIL
CIL
CIL
CIL
CIL
CIL
CIL
CIL
CIL
CIL
CIL
CIL
CIL
CIL

CIL
CIL
0I1L
CIL
CIL
CIL

I
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rIL JTIL llN NrF-SCPHILES
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Table XIX

PIATE COUNTS

Type Area Organisms/gram tissue wet wt.

of of Marine Agar TCBS (Vibrio) McConkey's Anaerobic Marine Agar

Crab Collection Muscle Gill Muscle Gill Muscle Gill Muscle Gill

Dungeness Chiniak Bay -400 1.66x105  <50 <103 <50 <103 <50 <50

Tanner Chiniak Bay (1) <50 1.7x10 4  <50 <103 <50 <10 3  <50 2.5xl04

(2) <50 4.3x104  <50 <103  <50 <10 3  <50 1.2xl03

Bering Sea (1) <50 <103 <50 <103 <50 <103 <50 5.5x102

(2) <50 <103 <50 <103 <50 <103 <50 <50

Ugak Bay (1) <50 6.0xl03  <50 <103 <50 <103 <50 9.0x102

(2) <50 5.2x104 <50 <103 <50 <103 3.8xl03 3.6x10 4

C
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Table XX

Number of Isolants

TOTAL ISOLATED

Gram Positive

Gram Negative

Coccoid-shaped

Rod-shaped

Non-motile

Motile

Water

60

4

49

2

49

23

31

20C
Sediment

49

2

38

1

40

25

18

Water

73

4

67

0

68

15

56

4C
Sediment

24

0

24

0

24

8

16

334

Total

206

10

178

3

181

71

121
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Table XXI

PERCENTAGE OF ORGANISMS TESTED

Total 20C Isolants

Total 4C Isolants

Total Water Isolants

Total Sediment Isolants

TOTAL ORGANISMS

Gram+

6.5

4.2

6.5

3.1

5.3

Gram-

93.5

95.8

93.5

96.9

94.7

Coccoid

3.2

0

1.7

1.5

1.6

Rod

96.8

100.0

98.3

98.5

98.4

Non-motile

49.5

24.2

30.4

47.6

37.0

335

Motile

50.5

75.8

69.6

52.4

63.0



Table XXII

ACID FAST STAINS

nIUlBER =10 10190
G000076 GJLF
G00000: G JULF
G•01009iH GULF
G0COu 094 G'ULF
G Q00152 GULF

0005,2 GULF

OF
OF
OF
OF
OF
OF

IuLA;f-KR
AL-RSKA

ALASKA'
-L HS2- `K'ALASKRA
LA'.3KR

WATER 220C

WATER ,:OCHNTER 20C

WATER- 2C1C
WATER 04C

3TATI ON1 133
STATION133
STRTION133

STAT ION 148-
STRTION124

EfND FORM
6 STRAINS

FORMI
1

3-i

-- I4
6

100190l

336
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Table XXIII

GRAM POSITIVE STAINS

FORMU NLIUMBER :100190
GULF
GULF
GULF
GULF
GULF
GULF
GULF
GULF
GULF
GULF

OF
OF
OF
OF
OF
OF
OF
OF
OF
OF

ALASKA
ALASKA
ALA:SKA
ALASKA
ALASKA
ALASKA

ALRSKA
ALASKA

END FORM
10 STRAINS

WATER 20C STATION1:33
WATER 20C STATION133
HATER 20C STATION148
WATER 20C STATION159
SEDIMENT 20C STATION121
SEDIMENT 20C STATION134
WATER 04C STATION106
WATER 04C STATION124
WATER 04C STATION124
WATER 04C STATION148

100190

ST. ; i

1
2
3
4
5
6

8
910

lia

G000087
G000152
GOO02'12
G000258
G000278
GQ00527
G00057,7
G000O582
G000681
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Table XXIV

Microorganisms isolated frmn: DUNGENSS CRABS

Gill Muscle

Acinetobacter calcoaceticus
Pseudomonas maltophilia
Pseudomonas fluorescens
Group D streptococcus, including

one isolate - Enterococus
Enterobacter agglomerans
Citrobacter freundii
KLebsiella pneumoniae, possibly

K. ozonae
Aeromonas hydroxyla
Staphylococcus epidermidis

(Coag. neg.)
Sarcina spp.
Yersinia enterolitica
Alcaligenes spp.
MoraxeZZa spp.
Pasteurella spp.

Staphylococcus epidermidis
Sarcina spp.
Group D streptococcus
Pseudomonas spp.
Alcaligenes spp.
Moraxella spp.
Pasteurella spp.
Acinetobacter calcoaceticus
Micrococcus spp.
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Table XXV

Microorganisms isolated frcm: TANNER CRABS

Gill Muscle Eggs

Staphylococcus epidermidis Staphylococcus epidermidis Staphylococcus epidermidis

Micrococcus spp. Micrococcus spp. Micrococcus spp.

Alcaligenes spp. Sarcina spp.

Moraxella spp. Alcaligenes spp.

Acinetobacter catcoaceticus Apinetobacter caZcoaceticus
Pseudomonas fluorescens

'i ' *
</ .) ..
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Fig. 1 Map showing sampling locations for water
and sediment samples.
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Fig. 2 Map showing locations for crab collections.

a. Bering Sea
b. Ugak Bay
c. Chiniak Bay
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Future Work

During the remainder of the contract two more cruises are scheduled

aboard the Discoverer for sampling. One of these cruises is presently in

the northeast Gulf of Alaska. Additionally, beach samples are being col-

lected. These samples will be processed for enumeration of microorganisms

and compared to the previous samples. Microorganisms will be isolated

from these samples for taxonomic characterization. It is anticipated that

taxonomic characterization should be completed on microorganisms isolated

from the October cruise as well as the April cruise by October 1976. Iso-

lants from the August 1976 cruise will not be completed by that date.

Crab samples will continue to be examined for analysis of potential

pathogens. Additionally, some clam and salmon specimens should be received

for analysis.

As planned, assays will be made during the forthcoming cruises for

rates of hydrocarbon biodegradation and bioemulsification. Assay should

be completed by October. A complete proposal for future work during a

second contract year is being prepared.
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH
RESPECT TO OCS OIL AND GAS DEVELOPMENT

The objectives of this study are to assure the quality of
the chemical data reported to NOAA and to develop accurate

and precise methods for chemical analysis of the marine

environment. Specific conclusions can be found in the body
of this report. Of maximum interest is the development

of new liquid chromatographic procedures which enhance

both the selectivity and sensitivity of analysis of hydro-

carbons in biological tissue samples and polynuclear aromatic

hydrocarbons in all matrices. The first sediment intercalibration

study, while small in scope, nevertheless shows the advantages of

such studies.

II. INTRODUCTION

A. General Nature and Scope of Study

1) Quality assurance program for trace hydrocarbon

analysis

2) Methods development for analysis of individual

high molecular weight aromatic hydrocarbons by

LC-fluorescence techniques

3) Methods development for trace hydrocarbon analysis

in the sea ice and at the sea ice-water interface

B. Specific Objectives

The objectives of the proposed research are 1) to

serve as a quality assurance laboratory for hydrocarbon analysis

in sediments, tissue and water, 2) to develop methodology for

identification and quantitation of individual 3-, 4-, 5-, and

6-condensed ring aromatic hydrocarbons at ng/kg (part per

trillion) levels; 3) to develop methodology for sampling the

sea ice-water interface and analyzing it for its organic
content; and 4) to continue methodology development for the

determination of trace hydrocarbons in marine tissue.
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C. Relevance to Problems of Petroleum Development

With the large number of environmental analyses

being performed, the need for quality assurance (i.e., accurate

and precise measurements) is great. Clearly, accuracy is far

more difficult and costly to achieve than precision, and indeed,

even precision is not easily achieved on an interlaboratory

scale. Until such time as standard reference materials are

available, a quality control function is essential to assure

the comparability of numbers obtained by different laboratories.

With increasing petroleum development, serious

consideration must be given to the presence of toxic polynuclear

aromatic hydrocarbons arising from petroleum in the marine

environment. In order to assess the biological effect of these

molecules it is first necessary to develop chemical methodology

for their analyses at very low levels (ng/kg). The liquid

chromatographic (LC) technique described in this report permits

ng/kg (ppt) analyses.

The NOAA task of primary emphasis in this research is:

A-33--Determination of total content and chemical

species of hydrocarbons in the water column, in selected

marine organisms, in sea ice and in the sea ice-water

interface.

The results of the proposed research could have

secondary influence on the following NOAA tasks:

A-31--Determine the relationship of living

resources to the ice environment.

B-8--Examine the processes which determine the

fate of hydrocarbons introduced into the environment.

B-14--Develop means to predict possible inter-

actions between ice and oil and other contaminant

discharges.
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III. CURRENT STATE OF KNOWLEDGE

Due to the unavailability of standard reference materials

and the lack of intercalibration samples no concerted laboratory

intercomparison program exists to date. Current methodologies for

determination of hydrocarbons in marine tissues and polynuclear

aromatic hydrocarbons are not sensitive enough for the Gulf of

Alaska study.

IV. STUDY AREAS

A. Gulf of Alaska

B. Bering Sea

V. SOURCE METHODS AND RATIONALE OF DATA COLLECTION

N/A

VI-VII. RESULTS AND DISCUSSION

Technical Note 889 titled "Trace Hydrocarbon

Analysis: National Bureau of Standards Prince William Sound/

Northeastern Gulf of Alaska Baseline Study" has been released.

This technical note describes in detail the NBS procedures for

hydrocarbon analysis of the marine ecosystem and presents

partial results of the baseline study. A less detailed, but

complete, summary of the methodology was recently published

in the Journal of Chromatographic Science. Copies of these

two publications are appended to this annual report.

The hydrocarbon content (including polynuclear

aromatic hydrocarbons [PAH's]) in water samples collected

in spring 1975 were reported for all the baseline sites.

Results were also reported for sediment samples collected

in spring 1975 and water samples collected jointly with Dr.

D. Shaw in October 1975. The tabulated data and a detailed

discussion of these results are contained in the December 1975
semi-annual report.
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Several new methods of analysis are reported below

in the summary of fourth quarter operations. A procedure

has been developed for the sensitive determination (> 1 ng)

of PAH's. This technique utilizes liquid chromatography with

both UV and fluorescence detection. Progress has been made

in optimizing the procedure for determining the trace hydrocarbon

content of marine tissue.

As previously reported, studies are underway to

determine if the Katalla River sediment would be suitable as

a petroleum-in-sediment intercalibration material. Frozen

samples of this sediment have been sent to J.A. Calder, Florida

State University, and J.S. Warner, Battelle Columbus Laboratories,

for trace hydrocarbon analysis by their respective analytical

methodologies. In addition, we retained 'and analyzed four

bottles of the sediment by headspace sampling and GC/GC-MS.

The contents of a fifth bottle were Soxhlet extracted and

cleaned up by LC to give the water content of the sediment

and a total extractable hydrocarbon value. A complete

discussion of results is found in the summary of fourth

quarter activities.

VIII. CONCLUSIONS

The water and sediment data determined for the spring

1975 collection is consistent with prior water and sediment

data. The results of our first limited sediment sample split

are encouraging. The results of the analysis of the water

samples collected jointly with Dr. D. Shaw indicated no

difference (within experimental error) between the two water

sampling devices used. Differences in the results, based

on analytical methodology, cannot be assessed until

we receive Dr. Shaw's results.
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IX. NEEDS FOR FURTHER STUDY

Since the sea ice-water interface project was severely

cut back this year, next year's efforts will have to be enlarged.

Funding was not sufficient for us to collect samples this

year and although the University of Alaska had agreed to collect

samples for us, they have not as yet supplied us with samples.

We expect the quality assurance program to grow in the

next year. During this period we should complete a sediment and

tissue round robin. We expect all NOAA contractors involved

in trace organic analysis to participate in this study. Of

relevance to the quality assurance program are the recommendations

of the NBS/EPA Workshop on SRM's for Offshore Drilling of

Petroleum. A summary of this Workshop is appended to this

annual report.

X SUMMARY OF FOURTH QUARTER ACTIVITIES

A. Sediment Intercalibration Study

As stated above, a small sediment intercalibration

study was initiated. To date we have received data and results

from Dr. John Calder of Florida State University. His results

and ours are summarized in Table 1. Dr. Calder's analytical

procedure involved multiple ultrasonic bath extractions of the

sediment with methanol and methylene chloride followed by

saponification of the lipids. The extracted non-saponifiables

were subsequently chromatographed on alumina:silica gel, reduced

to a small volume for GC analysis and then taken to dryness for

weighing. A single sediment sample was analyzed at NBS by

Soxhlet extraction (48 hours with ethyl ether). The ether

extract was passed through anhydrous Na2SO4 and reduced to

2 ml; the hydrocarbons were isolated by liquid chromatography

on a µBondapak NH2 column, reduced to a small volume for GC
analysis and then taken to dryness for weighing. We have

shown µBondapak NH2 columns to be efficient in the removal

of organic compounds of biological origin from sediment

extracts. These columns also yield more efficient class
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separations of the various compounds of interest (aliphatics,

aromatics, thiophenes) than do the alumina:silica gel columns

commonly used.

Although the results obtained from this intercalibration

experiment are quite limited, they show that a more extensive

intercalibration exercise using the Katalla River sediment

would be valuable.

Homogeneity studies of the sediment from four different

sample bottles (analyzed using headspace sampling-GC) gave

values listed in Table 2. Statistical analysis indicates that,

at a 99% confidence level the results from the 1Q series do

not belong to the same population as the results of the other

series. A possible explanation for this may be the following.

Examination of the GC data of the 1Q series shows a much

larger recovery of the first two internal standard compounds

than normal for headspace sampled sediment. Inasmuch as

the bulk of the hydrocarbons elute in the GC region of the

first two internal standards, the high recovery of these

standards causes the calculated analytical results to be low.

The data from the sediment in the three sample bottles,

9P, 10P, and 3N, indicate that with a sample size of ~40 g the

relative bottle-to-bottle precision is of the same order of

magnitude (µ10% relative standard deviation of the mean) as

that obtained for three replicate analyses from the same bottle

(~6% average relative standard deviation of the mean). A

more extensive intercalibration exercise will be preceded by

more efficient homogenization of the bulk sediment; thus

the bottle-to-bottle precision should improve.

In comparing the gas chromatographic results of both

laboratories several comments may be made. The overall agree-

ment between the results (.97 pg/kg vs 3.5 pg/kg) is quite good
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considering the present state-of-the-art of hydrocarbon analyses

in sediment samples. It is evident from the list of four most

abundant compounds that the extraction methods appear to

emphasize the recovery of the aliphatic hydrocarbons at the

expense of the substituted two-condensed ring aromatic

hydrocarbons. The substituted naphthalenes, of interest due

to their high toxicity to marine life, elute chromatographically

in the n-C11 - n-C13 range. An examination of Calder's and

the NBS Soxhlet extraction GC data and the quantitative amounts

of the various n-alkanes indicates some losses of compounds

(presumably during the evaporation-concentration step) up to

~n-C15 . The four largest peaks from Calder's aromatic fraction

are listed in Table 1. These peaks, while unidentified, do

elute in the range of the substituted naphthalenes (n-C11 -
n-C1 3) and would be subject to losses during the evaporation-

concentration step.

The difference in GC elution profiles from solvent extracted

and headspace sampled sediment samples is made further evident

by comparing histograms of concentration vs time corresponding to

the respective gas chromatograms (Fig. 1). While the n-aliphatics

are more prominent in the extracted sediment (Fig. 1A), the

substituted naphthalenes are more prominent in the headspace

sampled sediment. The GC-MS total ion chromatogram and m/e 43 and

m/e 142, 156 and 170 single ion records (Fig. 2) confirm the

latter. It appears, then, that while both the solvent extraction

and headspace sampling methods yield essentially the same value

for low level hydrocarbon contamination in a sediment sample,

they emphasize different aspects of that contamination. Solvent

extraction methods primarily provide information about the

aliphatic hydrocarbons, in the n-C1 2 - n-C30 molecular weight

range,in contrast to the headspace sampling method which

additionally provides information about the toxic substituted
naphthalenes. The latter technique can be complemented by the

NBS extraction-LC-fluorescence detection method which provides
information about the PAH concentration of the sample.

352



- 8 -

In the near future an NBS sampling party will collect

~100 kg each of two Alaska intertidal sediments (Katalla River

and a control site) for a more extensive intercalibration

exercise. These sediments will be homogenized, have their

homogeneity evaluated and be sent to the laboratories

participating in the exercise.

B. Hydrocarbon Analysis in a Tissue Bound Matrix

Work is continuing on the development of an analytical

method for the determination of petroleum hydrocarbons in

various marine tissue samples. Initial efforts have been

previously reported; in short, they involve dynamic headspace

sampling of the tissue homogenate followed by liquid chromato-

graphic removal of the biogenic polar components extracted.

High resolution gas chromatography is then used for quantitation

of the petroleum hydrocarbons present in the headspace extract.

Two main areas of concern are currently being pursued.

(1) Since most of the organic compounds being removed from

the tissue homogenate are of biological origin, a substantial

effort is being concentrated on the liquid chromatographic

cleanup and removal of these biogenic compounds from the

total extract. Effective cleanup should permit a reduction

of the biogenic background in the gas chromatogram used for

quantitation, and allow greater sensitivity (sub-microgram per

kilogram) than now possible for individual components. (2) The

determination of the relative recoveries of the petroleum

hydrocarbons incorporated in the tissue sample is also of

great concern. It is necessary to establish the level

of recovery of the various classes of petroleum hydrocarbons

from tissue so that appropriate sample sizes can be used

for desired sensitivity levels. It is also imperative to

know whether the internal standard compounds added to the tissue for
quantitation purposer are rccovered to the same extent as
these components would oe if incorporated in the tissue matrix.
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As previously reported (July 15, 1975 Quarterly Report),

a number of liquid chromatographic packing materials have been

investigated for their ability to separate the petroleum hydro-

carbons of interest from the biogenic compounds simultaneously

headspace extracted from mussel tissue homogenate.

µBondapak NH2 is an LC packing material currently being

investigated for its ability to separate hydrocarbons from

common biogenic compounds as a clean up step prior to GC

analysis. When using a nonpolar mobile phase such as pentane,

the µBondapak NH2 column provides a class separation similar

to that obtained using a silica column, i.e., saturated hydro-

carbons elute before unsaturated hydrocarbons and aromatics,

and the elution volume for the aromatics increases with the

number of condensed rings. Retention volume data for some

hydrocarbons and some alcohols (Table 3) indicate that alcohols

are strongly retained on the µBondapak NH2 column when a

nonpolar mobile phase is used. The alcohols (possible biogenic

compounds) can be eluted from the column by increasing the

polarity of the mobile phase. Using the µBondapak NH2 column

to achieve a class separation eliminates the major difficulty

encountered when using silica columns: loss of resolution

due to deactivation caused by the presence of traces of

water in the sample.

In a previous report (July 1975) a partial LC cleanup

of the biogenic background headspace-sampled from mussels

was reported using a copolymer (styrene/divinylbenzene/

methacrylic acid) packing material. Figure 3 compares the

hydrocarbon separations achieved using this acid column (A)

and the uBondapak NH2 column (B). Clearly, the µBondapak NH2

provides a more efficient separation of the test mixtures.

In addition the copolymer packing material was available only

in a limited quantity. Further investigations using

this material were abandoned to pursue the more promising
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µBondapak NH 2 column. Figure 4 compares the gas chromatogram

obtained from a headspace-sampled mussel TENAX GC column (A)

and the gas chromatogram of the 3-13 ml fraction (evaporated to

ca. 200 µp) collected from a pBondapak NH 2 column (B).

The very efficient class separation and biogenic cleanup

provided by the µBondapak NH 2 column will allow the collection

and subsequent GC analysis of narrow fractions according to

hydrocarbon class, such as aliphatics, unsaturated hydrocarbons,

benzenes, naphthalenes, 3-ring aromatics, and higher PAH's

(i.e., those having 4,5, and 6 rings). The possibility exists

for using the µBondapak NH 2 column to achieve the class separation and

then using a pBondapak C1 8 column to separate the various

collected fractions according to solubility. Investigations

of the pBondapak NH 2 column for cleanup and class separation

of the headspace sampled mussels are continuing.

In the LC cleanup procedure the LC TENAX column (3 cm

in length as compared to 6.5 cm for the GC TENAX column)

which contains the extract from the headspace-sampled mussel,

is stripped with pentane onto the µBondapak NH 2 column and

a 10 ml fraction of the eluent is collected. The fraction is

evaporated to ca. 200 µl and subsequently tramsferred to a

GC TENAX column for high resolution GC 'analysis. Pentane

is vented from the TENAX column by allowing the carrier gas

to flow through it for about 5 minutes prior to connection

to the capillary GC column.

Various experiments were performed in order to determine

the extent of hydrocarbon losses which occur in the various

steps of this LC cleanup procedure. Losses of the internal

standard hydrocarbons due to the venting of excess pentane

from the GC TENAX prior to GC analysis were found to be

minimal (<10%). In the evaporation of the 10 ml pentane

fraction to 200 µl and subsequent GC, some losses of lower

molecular weight hydrocarbons were observed (~75% for Me 5C7,

25% for MeC 1 4 and µ10% for MeC 1 6 ). These losses are assumed

to have occurred during the evaporation-concentration step.
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In order to determine the overall recovery of hydrocarbons

using the headspace sampling-LC cleanup procedure, a water blank

containing known amounts of various hydrocarbons was analyzed.

The overall hydrocarbon recoveries observed were 69% for MeC 14,

84% for MeC 16, 20% for phenanthrene and 93% for MeC 18 . The low

recovery of phenanthrene is consistent with previous headspace

sampling results from water, indicating minimal losses during

the LC cleanup procedure. Recoveries of the aliphatic hydro-

carbons are quite comparable to those obtained above from the

evaporation-concentration process. In summary, the losses of

hydrocarbons during the LC cleanup procedure are quite acceptable

(~25% for MeC14 and less for higher molecular weight compounds),

and it will be utilized further in our experimentation with tissue.

We had previously determined that aromatic hydrocarbons

utilized as internal standards in headspace analysis of Mytilus

tissue homogenate can be recovered to the following extent (no

LC cleanup): naphthalene 61 ± 20%, trimethylnaphthalene 31 ±

22% and phenanthrene, 16 ± 14% (NBS Technical Note 889). Experiments

conducted with Mytilus exposed to 1C-naphthalene showed a

recovery of 78 ± 12% by the same headspace analysis technique.

This indicated that, at least in the case of naphthalene, the

aromatic internal standard added to the mussel tissue homogenate

could be recovered to the same extent as that aromatic hydrocarbon

incorporated into the live mussel.

Subsequent experimentation confirmed the previously

determined recoveries of the aromatic hydrocarbons (18 ± 16%

recovery for trimethylbenzene, 76 ± 31% for naphthalene,

47 ± 19% for trimethylnaphthalene and 12 ± 7% for phenanthrene)

but indicated that aliphatic hydrocarbons added as internal

standards show much lower recoveries from tissue homogenate

(12 ± 6% for methyl-C11, 11 ± 4% for methyl-C 14 , 4 ± 0.5% for

methyl-C 16 and 2 ± 0.8% for methyl-C 18). It was assumed that

the aliphatic hydrocarbons were being retained in the lipid

fraction in the tissue homogenate and the partition coefficient

for these hydrocarbons between the headspace sampling gas
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(He or N2) and the organophilic lipid fraction was quite un-

favorable. A series of experiments were conducted using

KOH, KC1, KOH+KC1, squalane and caffeine, as additives to

the tissue homogenate, to determine whether the presence of

these additives would cause the recoveries of the aliphatic

compounds to increase.

Results of these preliminary experiments show some improve-

ment in the recoveries of the aliphatic hydrocarbons when the

homogenate was made 0.1F in KOH and 1F in KC1 (9% for methyl-C 11,

19% for methyl-C 14, 17% for methyl-C 16 and 13% for methyl-C 18).
Some marginal improvement was noted with the use of squalane

(~20 mg in 30 g of tissue) and no improvement for the other

additives tried. At the same time 0.1F KOH appeared to increase

the recovery of the aromatic hydrocarbons added to the tissue

(especially for trimethylnaphthalene and phenanthrene) while

caffeine and 1F KC1 appeared to reduce these recoveries. The

combination of KC1 and KOH appeared to have minimal effect on

the aromatic hydrocarbon recoveries. Work is continuing on

the problem of hydrocarbon recovery from tissue with the use

of longer headspace sampling times (at 70 °C) being

investigated alone and in conjunction with the KC1+KOH additives.

C. Liquid Chromatography of PAH's

The coupled column liquid chromatographic technique

developed in this laboratory (see attached Tech Note #889) has

been shown to be an effective means of preconcentrating and

separating polynuclear aromatic hydrocarbons (PAH's). The

extraction efficiency of the pre-column, and the elution

order from the chromatographic system appear to be inversely

related to the solubilities of these compounds in water (see

Table 4). However, actual recoveries of PAH's from water

samples are maximum for compounds with molar solubilities on

the order of 1x10-7. More soluble compounds such as benzene

and naphthalene are not efficiently extracted by the pre-column.

Recoveries of compounds with smaller molar solubilities in

water suffer from adsorption losses on glass surfaces and

transport tubing. 357
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The effects of a 0.1% solution of caffeine on the
solubility of various PAH's has been determined. It has
been postulated that caffeine forms water soluble complexes

with PAH's. (See Eisenbrand, J., and Bawmann, K., Z. Lebensm-

Unters. Forsch. 1970, 144(5), 312-317). Our experimental

results indicate that this complex is broken on the pre-column
with the PAH being trapped and the bulk of the water soluble
caffeine passing through unretained. Glucose and barbital

have also been investigated as adsorption suppressants.

It is evident from Table 5 that substantial losses of PAH's

occur in untreated aqueous systems even after relatively
short time periods (0-4 hours). The relative effectiveness

of caffeine as a complexing agent in keeping the PAH's in solu-
tion is also quite evident. While some losses do occur, the
test solutions appeared to be stable and suffer no further
losses of PAH's after 16-20 hours. Neither glucose nor barbital

approached the effectiveness of caffeine in these studies.
Work to determine the minimum amount of caffeine needed to
achieve this enhancement in recovery is underway.

During the past year we have investigated the use of
fluorescence as a tool for obtaining added sensitivity and

selectivity, and also as a tool to aid in the identification

of PAH fractions as they elute from the chromatographic system.

All photoelectric instruments for measuring fluorescence

are termed fluorometers. Every fluorometer or fluorescence

spectrometer, no matter how simple or complicated contains

three basic items: 1) a source of radiant energy to irradiate

the sample; 2) a sample cell; and 3) a detector to measure

the fluorescence. They are designated filter fluorometers or

fluorescence spectrometers (spectrofluorometers), according

to the method of selecting the exciting and fluorescence wave-
lengths. The filter fluorometer uses optical filters for
selection of the optimum spectral ranges for maximum emission
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intensity for a given class of compounds. The spectrofluorometer

employs two monchromators for this purpose. With dual mono-

chromators the wavelength of excitation and fluorescence may be

determined and utilized selectively. These monochromators

which provide a narrow spectral bandpass to increase selectivity,

cause a loss in sensitivity. Thus, although filter fluorometers

provide more sensitivity, spectrofluorometers allow us to

obtain both excitation and emission spectra permitting compound

identification.

We have briefly evaluated the fluorescence detectors

of three commercial manufacturers and compared their performance

to that of the Model 44D UV detector manufactured by Waters

Associates. The data obtained during this limited study appear

in Table 6 where the detection limits reported refer to the amounts

of material represented by a given peak and not the amount of

material actually in the detector flow cell at any given time.

The most sensitive filter photometer evaluated offers

only one order of magnitude increase in sensitivity over the

UV photometer. The detection limits reported for the UV

photometer and the spectrofluorometer are comparable. However,

the spectrofluorometer may be used as a selective detector

for a given PAH family (utilizing specific excitation and

fluorescence wavelengths) or to obtain spectra on the

various fractions as they elute from the chromatograph.

In order for the Jasco FP-4 spectrofluorometer to function

both qualitatively and quantitatively as we desired several

modifications were made to the instrument by Mr. Richard

Christensen of NBS.

1) Modifications to Cell and Holder

It was noted that the holder for the 6 µl-flow

cylindrical cell was constructed in such a way as to reduce

the aperture of both the excitation and emission beams

(Figure 5). The original holder was modified to admit the

whole beam to the cell and another cylindrical cell of
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slightly larger dimensions was tried (Figure 5B). These

modifications provided some performance advantages, but the

sensitivity seemed to be limited by the small volume of the
cell. In addition, considerable scattering from the excitation
beam arose from the tubular geometry of the cell. Therefore
it was decided to adopt a 36-µl cell of square cross-section.
This cell and its holder are shown in Figure SC; it has proven
to be quite satisfactory except for some difficulties in
clearing bubbles from some solvent systems.

2) Modifications to the Monochromator

In order to gain sensitivity, the manufacturer had
fitted the monochromators with slits which gave a 10 nm
spectral bandpass. It was therefore very difficult to obtain
spectra from which identifications could be made (Figure 6A).
Since the emission monochromator is readily accessible
in the instrument, it was decided to sacrifice some sensitivity
and fit it with smaller slits. The 1.0 mm slits were replaced
with 0.5 mm slits, resulting in the improved spectrum shown
in Figure 6b.

3) Modifications to the Flow System

In order to obtain spectra of peaks of interest, it
was necessary to trap a part of that peak in the cell. (Total
peak widths range from 0.5-2.00 cc depending upon the
conditions under which the run is made.) This may be done in
either of two ways:

a) stop flow; or

b) use a valve to shunt the flow from the
chromatograph around the cell after the peak of interest has
been trapped.

The latter method was selected since it does not cause
any disruption in the chromatographic run. With the use of a
three-way valve a spectrum may be taken every 1.5 minutes.
Under normal run conditions, (flow rate 2 cc/min) peaks
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must be separated by 3 cc. However, the flow rate may be

slowed to the point that each peak need only be resolved by

2 cc . Figure 7 shows the LC fluorescence analysis of the

ether extract of a sediment sample collected in the Bahamas.

A library of reference spectra is being compiled and

several other sediment samples are being analyzed by this

LC-fluorescence procedure. The results of these analyses

plus analyses of water samples by coupled column and an

extraction LC-fluorescence technique will be given in a

future quarterly report.
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Table 1. Results of an interlaboratory study of a Katalla River sediment.

Laboratory

J.A. Calder

Total Hydrocarbons
(ug/g dry weight basis)

bravimetr

33.0 3.5 (C 1 2 -C 2 5 range)

Pristane/Phytane
Ratio

3.37 ± 0.44*
(n=2)

Sample Size
(dry weight)

207 g

Percent water

20

1-4

NBS-Headspace
sampling
GC/GC-MS

NBS-Soxhlet
extraction

0.97 ± 0.07*
(n-8) (C 1 1 -C 22 range) 2.34 ± 0.08*1(n-5)

85.5 3.5 (C11-C 2 2 range) 1.56 (n-l)

25-35 g

190 g 24

Four most abundant
compounds/amounts
(ug/kg)

pristane/270, n-C1 9
/178; n-C 2 0 /178;
n-C21/70
**four largest

peaks from aro-
matic fraction

(retention time/amount)
3.09 min/100;
2.61 min/82; CV
3.92 min/74; C1
3.33 min/59 CO

CH3 -naphthalene/
40 ; (CH ) -naph-
thalene/18, (CH3), (CH3) 2naphthalene/27;
(CH3 ) 2 -naphthalene/
26

n-C +(CH ) -
napAthalefAe247;
n-C /105; n-C 1 7 /
77;1 -C /6. 1 7-15

* Standard deviation of replicate values from the mean of n replicate values.

** Identity of peaks not provided with data; see text for further discussion.
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Table 2. Homogeneity studies on Katalla River sediment.

Analysis # Number of Replicates
Concentration (µg/g
dry weight)

10P 3 1.04 ± 0.03*

9P 3 0.77 ± 0.03

1Q 3 0.27 ± 0.02

3N 2 1.18 ± 0.25

*Standard deviation of replicate values from the mean of n

replicate values.
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Table 3. Chromatographic Retention Volumes (in milliliters) for a number of hydrocarbons
chromatographic packing materials.

and alcohols on three liquid

µBondapak NH,

Cyclohexane

2% CH2 C12

Cyclohexane

µBondapak CN

10% CH2 C12

Cyclohexane Cyclohexane

µBondapak C1 8

60% CH3 CN

40% H20

Benzene
m-xylene
mesitylene
naphthalene
2-methyl naphthalene
2,3-dimethyl
naphthalene

anthracene
2-methyl anthracene
phenanthrene
p-terphenyl

3,5-triphenyl
benzene

pyrene
fluoranthene
1,2-benzanthracene
chrysene
20-methyl cholan-

thene
benz(a)pyrene
3,4-benzopyrene
perylene
indeno[1,2,3-cd]
pyrene

benzo[GHI]perylene
dibenzo(DEF,P)

chrysene
ruberene
n-pentanol
g-undecanol
n-hexadecanol
p-cresr

Compound

4.4
4.4
4.4
6.0
6.0

6.0
8.7
8.7

10.1

12.6
12.2
14.2
19.0
19.8

22.0

26.6

4.2
4.2
4.2
5.3
5.3

5.3
7.3
7.3
7.4
7.4

8.5
8.9
9.6

11.8
12.4

13.2
16.3
15.9

22.5

32.4

4.1
4.0
3.9
4.4
4.4

4.4
5.2
5.1
5.3

5.3
5.8
6.1
6.6
6.8

6.9
8.9
8.9
8.8

9.5
10.1

11.9
16.6

6.9
11.5
15.2
10.9
14.4

18.3
19.1
26.6
18.2

24.7
29.1
35.0
33.0

50.0

3.3
3.3
3.3
3.6

3.6
3.9

4.0

4.0
4.1
4.2
4.5
4.5

4.6
4.8
4.8
5.0

5.4
5.3

6.2
>175
>175
>175
>175



Table 4. Retention of polynuclear aromatic hydrocarbons on µBondapak C18

Coupled Column
Elution* LC Recovery
Volume (ml) From H,0 Solubility (mo

Benzene 6.9 <5 2.3 x 102 a

Naphthalene 10.9 19 ± 2 8 x 10-4 b

Phenanthrene. 18.2 92 ± 12 9 x 10-6 c

Pyrene 24.7 78 ± 17 9 x 107 c

Fluoranthrene

Chrysene

1,2 Benzanthracene
o

3,4 Benzpyrene

1,2,5,6 Dibenzanthra-
cene

29.1

33.0

35.0

50.0

66.0

58 ± 12

14 ± 8

1.2 x 10-6 d
-9

7 x 10 c
-8

5 x 10 c

1.6 x 10-9 b

2.0 x 10-9
2.0 x 10

c

* Chromatographic Conditions

column - µBondapak C18
mobile phase: 60% CH 3 CN, 40% H20

temp - ambient

a) McAuliffe, C., J. Phy. Chem. 70, 1267 (1966).

b) Eisenbrand, J., Deut. Lebensm. Rundsch. 67, 435 (1971).

c) Davis, W.W., Krahl, M.E. and Clowes, G.H.A., J. Am. Chem. Soc. 64, 108 (1942).

d) Eisenbrand, J.Z. Lebensm. Untersuch. Forsch. 144, 312 (1970); Chem. Abstracts, 74, 46153h.

1/1)



Table 5. Recoveries of various PAH's during coupled column LC analysi

Experiment Complexing Agent Experimental Conditions

1 0.1% caffeine Stir ~4 hr, then analyze
None "

2 0.1% caffeine Stir 16-20 hr, then analyze
None "

3 0.1% caffeine Stir, 40 hr and analyze
None "

4 0.1% glucose Stir 40 hr, then analyze

5 0.1% barbital Stir 40 hr, then analyze

* 0.5 µg of each PAH present in 500 ml of distilled water.

** I recovery compared to an on-column spike of the PAH's onto a C18-µ

s of aqueous solutions containing complexing agents.

Percent RecoveryPercent Recovery
Pyrene

90
71

75
26

88
4

3

29

Chrysene

90
39

71
28

78
7

20

28

Benz(a)pyrene Dibenzanthracene

90 56
32 22

68 39
14 15

75 39
4 3

5 20

6 28

reverse phase LC column.



Table 6. Detection limits (in ng) of PAH's on various commercial LC detectors

Naphthalene

Waters 1

4

Jasco 2

FP-4 (as received)

13

Aminco3

X

Schoffel 4

X

Phenanthrene

Pyrene

Chrysene

3,4 Benzpyrene

1,2,5,6 Dibenzanthra-
cene

0.04

0.09

0.10

0.06

1.5

0.19

0.14

0.05
0.02*

0.200.51

X

X

X

0.02

1.55

X

X

X

0.007

No measurement made

1 Waters 440 UV photometer - absorbance at 254 nm monitored.

2 Jasco FP-4 Spectrofluorometer - excitation and emission [lambda]'s optimized for each compound.

3 Aminco-Bowman Fluoro-monitor - primary filter: Corning #7-51, Secondary filter: Wratten #8.

4 Schoffel Model 970 Fluorescence monitor - excitation - 254 nm; emission: filter, max

transmission at 418 nm

X Spectral region for detection of these compounds excluded by secondary filter employed.

By selecting other filters, these compounds could be detected.

* Detection limit for 3,4 benzpyrene after flow cell and optical modifications.

** Detection limit defined as that amount of material that must be injected onto column 
to

give a detector response twice that of noise.
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Figure 1. Concentration vs time histograms of (A) Soxhlet
extracted and (B) headspace sampled Katalla River sediment.
Peak heights from the respective gas chromatograms have been
plotted as single species concentrations (reduced relative
to the internal standards). The retention times of the inter-
nal standards are denoted by dashed lines.
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Figure 2. GC-MS analysis of Katalla River sediment: (A) composite m/e 142, 156 and 170 single ion
records indicating presence of C1 , C2, and C3 -naphthalenes, respectively, (B) m/e 43 single ion
record, (C) total ion chromatogram. C =alkane containing x carbon atoms. Cx-0=benzene substitute.
with x carbon atoms (e.g. C3 -0 could be trimethyl-, propyl-, isopropylbenzene, etc.) Peaks labele
1,2,3,4 are the internal standards methyl-C11, methyl-C14, methyl-C16, and methyl-C18, respectively
Identifications followed by "?" are not definite due to incompletely resolved spectra.

C2-cyclohexane
C2-0
C2 -0
C3-thiophene
n-C9
C3-cyclohexane
propyl-0

Ca-0c,-¢8
cr-¢

j C3-0 8 C.-thiophene
k Cr-thiophene
1 n-Cio
m UC-0
n C4 -cyclohexane
o C4 -0
p Cs-thiophene ?
q n-Ciu
r C 4 -0
s Cs-cyclohexane

t C2 -decalin
u n-C12
v UC-cyclohexane
w Ci-naphthalene
x Cl-naphthalene
y n-Cz3
z ethyl-naphthalene
as Cz-naphthalene
bb n-C 1 4 4 C2-naphthalene
cc U2-naphthalene

dd C 2 -naphthalene
ee ethyl-naphthalone
ff n-Cis
gg UC-naphthalene
hh n-Cic
ii n-C 17
jj pristane
kk n-C1 a
11 phytane
mm n-Cis
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Figure 3 . (A) Liquid chromatogram on copoly(styrene/divinylbenzene/
methacrylic acid) packing material; hydrocarbon test mixture:
mesitylene, naphthalene, trimethylnaphthalene, phenanthrene
and 9-methylnonadecane; (B) chromatogram on µBondapak NH 2 ,
test mixture: mesitylene, naphthalene, anthracene, pyrene,
chrysene, benz(a)pyrene
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4 3 2 1

Figure 4. Gas chromatograms of headspace sampled whole mussels
(A) with no LC cleanup of sample and (B) with LC cleanup
using pBondapak NH 2 column. Both samples were spiked with
(1) 5-methyl-tetradecane, (2) 7-methyl hexadecane, (3)
phenanthrene, and (4) 2-methyl-octadecane.
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Figure 5. Modifications on Jasco FP-4 flow cell.
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A

B

Figure 7. A. UV (254 nm) monitored chromatogram of an
ether extract of a sediment sample collected in the Bahamas;
B. Fluorescence monitored (ex 290 nm; em 405 nm) chromatogram
of the same extract; C. Fluorescence emission spectrum of the

major component in both chromatograms.
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Workshop on SRM's for Offshore Drilling - Petroleum

Santa Barbara, California, October 6-7, 1975

Summary

There are currently nine offshore platforms along the coast

of Santa Barbara, California. These platforms contain as many

as 70 wells each. In the near future the number of offshore

drilling rigs will probably drastically increase. This increase

is being preceded by a large number of environmental baseline

studies and will require significant efforts in environmental

monitoring once offshore drilling begins. In 1973 the Bureau

of Land Management contracted $400,000 for the purpose of off-

shore baseline studies; in 1975 baseline studies were funded at

the level of $50,000,000. These baseline studies require many

measurements and yield large volumes of data. For all these

data to be meaningful they must be made comparable to data obtained

by other researchers, at other times and in other geographic

locations. One means of providing comparability is through

intercalibration efforts between laboratories. NBS Standard

reference Materials (SRM's) are designed to be tools for insuring

meaningful measurement and hence, comparability of results.

SRM's are defined as well-characterized materials, produced in

quantity and certified by NBS to help: calibrate instruments,

develop reference methods of measurements, and provide long-term

quality control in measurement systems. It was the aim of

this workshop to determine what SRM's are desired for analyses

related to offshore oil drilling, what problems must be solved

before these SRM's can be made available, and what interim

calibration materials are desired to serve the time period

until SRM's are released.
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I. Summary of Suggestions and Viewpoints Expressed at the Workshop

A. General Comments

Several people presented background material on prior

intercalibration studies. The ASTM has run round robin experiments

on its oil and grease method. This technique is sensitive to

high levels of hydrocarbons (mg/1) and is based on the 2930 cm-

infrared adsorption band of freon extractable hydrocarbons. The

method does not differentiate recent biogenic from non-biogenic

material. ASTM is currently working on a technique to solve this

problem. As part of IDOE-5 a round robin experiment has been

organized on hydrocarbons added to cod liver oil. Results of

this experiment indicate that aliphatic hydrocarbons in the range

n-C 1 6 to n-C 28 are apparently stable over a two-year period if

stored frozen with intermittent thawing for sample removal. There

is currently a proposal for funding of a joint USSR-USA

intercalibration program as part of IDOE. An SRM has already

been issued by NBS for trace elements in fuel oil; trace

elements in a sediment are currently being certified. A tuna fish

research material is available from NBS for trace element

intercalibration. This material has also been used by some

laboratories for hydrocarbon intercalibration, but no hydrocarbon

homogeneity check has been performed on the material by NBS.

Numerous problems exist in releasing even a research material

for hydrocarbon intercalibration purposes. First, microorganisms

can degrade crude oil, so they must be carefully excluded from

any intercalibration material to avoid a change in its composition

with time. Second, there are many laboratories performing

hydrocarbon analyses and each laboratory has a different objective

and different analytical method. The parameters determined are

as variable as source identification of waterborne oil, vg/kg

(baseline) hydrocarbon determination with or without single

compound identification and quantitation, polynuclear aromatic

hydrocarbon determination and volaile hydrocarbons (C1 -C1 0 )

determination. The analytical methods differ in sample preparation
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and instrumentation. The end result is determined by any one
of the following means: IR, UV, GC, LC, GC-MS, colorimetry

and gravimetry. Given the current state of the art each method

has a different bias and hence, yields somewhat different answers.

It was suggested at the workshop that NBS specify acceptable or

advisable techniques when sending out samples. It was further

suggested that in all cases two samples would be desirable - a

synthetic sample (SRM) certified for hydrocarbon content and a

natural sample certified only for homogeneity. A suggested source

for natural samples was Coal Oil Point, a known seep site near

Santa Barbara.

B. Matrix-free SRM's

Several people expressed desires for matrix-free

hydrocarbon SRM's. These requests fell into two classes: a) pure

compounds and b) reference oils. Included in the first category

were: pure n-octadecane, pure phytane, and pure representative

aromatic hydrocarbons. Also included in this group were requests

for mixtures of pure, representative compounds in an organic

solvent (~10 ppm) and a synthetic oil composed of a mixture of

pure compounds. Requests in the second category included: reference

oils for "fingerprinting" purposes, weathered oils from controlled

weathering experiments (1 day and 3 day), and a series of oils

such as the API "reference oils." Finally, since oil concentrates

metals and pesticides, it was suggested that an oil certified

for these constituents be considered as a candidate SRM.

C. Matrix-bound SRM's

1. Water SRM

There was considerable interest in trace organics

in water SRM's. However, the general consensus was that the release

of this SRM would be extremely difficult due to problems in

stabilizing the SRM, probable large volume of the SRM and adsorption

on container walls of trace constituents. Interests included

drinking and waste water standards, and ocean water standards

(several salinities) spiked with a reference petroleum at

different concentrations (1, 5, 10 µg/l and 100 ng/l, suggested).
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If one can produce a standard with the C1-C 1 0 hydrocarbons present,

HgC12 should be added to prevent biodegradation. Due to possible

adsorption losses, user made dilutions of the most concentrated

standard would not be an acceptable means for making the more

dilute standards. If a water sample is released it was suggested

that one specify acceptable sampling techniques and analytical

techiques, as well as blank handling procedures.

2. Sediment SRM

Although there was great interest in a sediment SRM,

the only request for a specific material came from BLM. They would

desire two standards, one at 200 ppb and one at 1000 ppm. Several

people presented results of their research which would be helpful in

feasibility studies for a sediment SRM. It is not currently known

how hydrocarbons are held onto sediments. Possible means of

stabilizing a sediment SRM include freeze-drying, radiation

sterilization, and shipping under N 2 . There is some evidence

that dry sediments decompose faster than wet sediments. At 60 °C

there is a finite amount of decomposition over a period of weeks.

If one uses solvent extraction procedures, freeze-drying will not

affect the hydrocarbon content of the sediment sample (since

both freeze-drying and solvent concentration result in loss of the

more volatile hydrocarbons). Finally, sediment acidification

enhances the yield of solvent extractable material.

3. Tissue SRM

The requests for tissue SRM's also fell into two

classes: a) compounds spiked into a lipid matrix and b) marine

tissue containing trace level petroleum constituents. The IDOE-5

study has shown that a distillate crude is stable in cod liver

oil for 3 years when stored frozen with occasional thawing for

sample removal. A proposal was made that NBS release a lipid

SRM containing hydrocarbons, as well as some of the characteristic

nitrogen and sulfur compounds from petroleum. As far as actual

tissue SRM's are concerned, there is no known ideal bioindicator

species, but Mytilus seems to be the best currently available.

Most people considered it important to have the whole tissue
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SRM so that all the interfering biogenic compounds would be present.

There was disagreement over issues such as release of whole

organism vs individual organs, frozen vs freeze-dried tissue

material, and biological incorporation vs laboratory spiking

of marine tissue. As far as hydrocarbon concentration in a

tissue SRM is concerned, the Bureau of Land Management recommended

two standards, one at 4 ppm and one at 2000 ppm (total extractable

hydrocarbons, including biogenics).

II. Recommendation Resulting from the Workshop

At the conclusion of the workshop, five SRM's were recommended

by the participants for NBS consideration. These SRM's in order of

decreasing priority are as follows:

1) natural sediment certified for trace elements and

hydrocarbons;

2) biological tissue certified for trace elements and

hydrocarbons;

3) a synthetic mixture of pure organic compounds

contained in a pure lipid or an organic solvent.

4) a reference crude oil;

5) sea water certified for trace elements and hydrocarbons.

The sea water SRM was given lowest priority because of the

presumed difficulty in preparing it, not because it was necessarily

the least desired SRM.

NOTE: This report has been formally printed as Natonal
Bureau of Standards Technical Note #889. Since the annual re-
ports are in press the formal edition is not included.
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ANNUAL REPORT
July 1975 to April 1976

Environmental Assessment of Alaskan Waters
-Trace Element Methodology-

Inorganic Elements

A. Introduction

The research reported here is directly related to Task

A-33, to determine the content of selected trace metals

in the water column, suspended particulate matter and

bottom sediments. A part of this includes Task A-32,

a survey of the available literature (including an

evaluation for data on the concentration and distribution

of selected trace elements.

A portion of the acquired data may be used as a part

of Task B-ll, to characterize chemically sediment influx

and deposition and all of the data may be used as a part

of Task E-2, to predict possible short and long-term

environmental effects of possible oil and gas

development.

For practical purposes the progress reported here is

divided into three main areas:

1. The results of the literature survey and the

evaluation of this survey.

2. The collection of samples and the analyses

of these. This section includes data

obtained on sample containers and the

cleaning of these.

3. Data on the possible determination of

speciation in ocean water and sediments.

This was not a part of the original

proposal but was discovered during this

research and has been pursued as time

permitted.

B. Progress

1. Literature Survey and Evaluation.

As described in our original proposal, a literature
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survey as well as an examination of existing sample

collections was in progress as a part of a program

entitled "The National Environmental Specimen Bank",

sponsored by the Environmental Protection Agency and

NBS. This survey has been completed and an evaluation

completed. The general evaluation and references

are included as appendix A. A summary of the results

are as follows: Nearly all previous results of the

concentration of trace elements in ocean waters,

suspended particulate matter and sediments must be

treated as suspect. Most of these results are probably

worthless. This is the result both of the lack of trace

element methodology of sufficient accuracy as well as

a general lack of knowledge of the concentration of

trace elements in the reagents used, in the containers

used for collection and storage and in the laboratory

environment used for sampling and analysis. Fortunately,

this state has improved greatly in the past year.

Improvements in the methodology and instrumentation

have increased the precision and, most important, the

accuracy which may be obtained. This is true for the

three most commonly used analytical techniques, Graphite

Furnace Atomic Absorption, (AAS), Anodic Stripping

Voltammetry (ASV) and Activation Analysis (NAA). As

an example of this, we have recently analyzed a water

sample of known trace element concentration by AAS.

The concentrations of 17 elements were determined either

directly, or for three elements, with a ten-fold

concentration (i.e. 10 µl total sample) with results that

were accurate to ±3%. All elements were in the low ppb

range.
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The greatest remaining problem lies in contamination

by the sample containers and/or the analytical environment.

As a result of a study of the content of trace elements in

containers and cleaning methods we are able to suggest both

suitable containers and cleaning procedures that are

adequate. This is treated in detail in Section 2 below.

It is now evident that contamination from the laboratory

environment can only be prevented by the use of the

most stringent precautions inlcuding the use of class

100 laboratory space either as complete laboratory

facilities or by means of small portable laboratory benches.

2. Collection of Samples and Analyses.

a. Sample Collection

One sample collection consisting of about 38

samples was made by NBS personnel near Glacier Bay.

These samples were all acidified and frozen within

one hour of collection, shipped frozen and kept frozen

at NBS until analyses time. We had intended that part

of this collection be filtered at the time of collection

but unfortunately the filtering devices would not

work properly in the cold conditions and there was

not time to either repair the units or to use an

alternate system we had prepared.

We received a second set of 8 samples hand-carried

by Dr. D. Burrell. These had been acidified but not

frozen. Additional samples sent to arrive coincident

with Dr. Burrell were delayed by the airline and were

ultimately received in bad condition. The worst of

these were discarded, the rest used only for testing

of various analytical techniques.

An additional set of samples sent by Dr. Burrell

were received in good condition, still frozen and

have been kept frozen until analysis time. The list
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of samples is shown as Table one.
These samples are being analyzed by AAS and NAA.

The analyses are not yet complete but are on schedule.
We plan to cross check several analyses by isotope
dilution mass spectrometry.

b. Container and Cleaning Study

A complete report of the study of suitable containers
and a suggested cleaning procedure
is shown as Appendix B. We recommend that teflon or
conventional polyethylene bottles be used and that
the bottles be cleaned according to the method given.
In addition, to prevent the loss of moisture from the
polyethylene bottles or the transport of volatile
metals (i.e. mercury) into the containers that they
be kept either frozen or in bags made of polyethylene
coated-aluminized mylar. This material is readily
available, inexpensive and may be easily heat sealed.

3. Speciation Studies

During the course of the analytical program we
analyzed several samples by a new method called Dual
Plasma Emission Spectrometry developed in our laboratories.
The details of this method and the instrumentation
used is shown in Appendix C. During the analysis we
discovered that we can identify at least two forms of
mercury and chromium in varying amounts in the sediment
and sea water samples. We believe that one of the
mercury forms is methylmercury and the other is
inorganic (probably mercuric chloride). The chromium
species are as yet unidentified. We believe that it is
possible with future work to identify and quantitatively
determine these species and possibly others.

C. Suggestions for Future Work.
1. Storage, Analyses and Standards.

We believe that, given the present state of knowledge
of the trace element concentration in ocean water and
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sediments, research should be conducted into the proper

methods of collecting and preserving samples. We have

initiated some work in this area and are currently

preparing to collect several hundred gallons of clean

sea water. We will study the effects of freezing,

freeze-drying and additions of acids and noble metal

preservatives on the loss of trace elements. The

goal of this work would be a recommended method of

collection and storage and, most important, to provide

standards for analyses.

2. Speciation

Additional work should be done to determine the

speciations of as many metals as possible but particularly

mercury, chromium and tin in water and sediment samples.

This will have important effects on our knowledge of

the ultimate fate of trace element contamination of the

natural environment.



Table 1

Alaskan Samples from University of Alaska

Sample Size Container Description

Water 1 liter Polyethylene bottle NBS-000-25

Water " " " Duplicate W.G.A.
Station 146
Bottom 10/11/75
Filtered, Acidified

Water " " " NBS-000-5

Water " " " NBS-000-50

Water " " " NBS-000-0

Water " " " NBS Duplicate
W.G.A. Station 133
Bottom 10/12/75
Filtered, Acidified

Water " " NBS Duplicate
W.G.A. Station 120
Surface 10/13/75
W.A.

Water " " " NBS Duplicate
W.G.A. Station 121
Surface 10/13/75
Filtered, Acidified

Water 250 ml " " MB 69 Surface OF
Duplicate

Water " " " #59 30M Filtered,
Duplicate

Water " " " 046 Surface, Filtered
Duplicate

Water " " " 046 Surface
Unfiltered, Duplicate

Water " " " #59 30M Unfiltered,
Duplicate

Water 1 gallon Poly-"Cube tainer" W.G.A. 158-5
Unfiltered, Acidified



- 2 -

Sample

Watera

Watera

Waterb

Waterb

Waterb

Waterb

Waterb

Waterb

Waterb

Waterb

Sedimentb

Sedimentb

Sedimentb

Sedimentb

Size

1 gallon

"

1 liter

Container

Poly-"Cube Tainer"

" "

Polyethylene bottle

"

"

"

"

"

"

"

500 ml

"

"

Wide Mouth Poly Btl

Description

Bering Sea MB-46-0 M
NBS Duplicate

Bering Sea MB59-5
30 M NBS Duplicate

EGA 15 11/27/75
1500 M Filtered,
Acidified

WGA 110 11/30/75
173 M Unfiltered,
Acidified

EGA 24 11/25/75
410 M Unfiltered,
Acidified

EGA 11 11/29/75
1350 Filtered,
Acidified

1500 M 11/27/75
Unfiltered, Acidified

WGA 110 11/30/75
173 M Filtered,
Acidified

EGA 24 11/25/75
410 M Filtered,
Acidified

EGA 11 11/29/75
1350 M Unfiltered,
Acidified

Bering Sea Station 54

" " " " Burrell Station
32-2-6C Eastern Gulf

" " " Bering Sea Station 19

" " " " 119 M EGA 55
Burrell Station 55
Eastern Gulf 11/29/75



- 3 -

Sample

Sedimentb

Sedimentb

Sedimentb

Sedimentb

Sedimenta

Size

500 ml

"

"

250 ml

Container Description

Wide Mouth Poly Btl Eastern Gulf Station
25-1-6C
Silas Bend

" " " " Bering Sea, Station 60

" " " " Bering Sea Station 63

" " " " Burrell, Eastern Gulf
Silas Bend

" " " " Station 42 HAPS Cove
0-6 cm Gulf of Alaska
42-1-6C

a Presently being used by Dr. Hanamura.

bStored in freezer.Stored in freezer.
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APPENDIX A

APPENDIX I

Literature Survey on Sampling, Sample Handling, and 
Storage

for

The National Environmental Specimen Bank

E. J. Maienthal and D. A. Becker

Analytical Chemistry Division
National Bureau of Standards
Washington, D. C. 20234

Approximately 660 of the returned survey forms sent out

by ORNL for the NESB have been studied and evaluated at

least two times with regard to the suitability of 
the specimen

collection for sample integrity after long term 
storage.

Few of the survey respondents answered the questions 
in

sufficient detail to give a definitive answer, but 
most of

the collections appear to be of use largely for taxonomical

purposes.

In order to develop a consistent and comprehensive 
set

of guidelines for the evaluation of this survey, 
a large

portion of the recent literature concerning sampling 
and

storage of environmental specimens has been examined. 
This

has been done both manually and by use of bibliographical

retrieval services such as Medline, Chemcon, Biosis, 
Cain,

Defense Documentation Center and others. Also, the advice

and opinion of workers in various aspects of the 
field has

been obtained. A summary of the results of this survey is

found below, separated into the various areas of 
concern.

Trace Elements

For trace elements there is an abundance of reports on

sampling and storage (which should also apply to radionuclides);
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however, many of them are contradictory and should be further

resolved by careful experimental work. Much of the published

analytical data apparently is inaccurate because of such

problems as gross sampling contamination or subsequent

procedural contamination and failure to make proper blank

corrections. Richards states that some oceanographers have

permitted the perpetuation of the notion that the concen-

trations of the sea are well known, when, in fact, they are

not (1).

Patterson and Settle (2) report that the great mass of

published lead data in plants, animal tissues and water is

in error because of gross positive errors, and that the

relatively large blanks usually present with lead concentra-

tions less than a few µg/g often makes the value obtained

meaningless. Many trace element analysts, particularly in

the field of oceanography and marine biology, believe that

much of the previously published work is unreliable as a

result of sample contamination. The values being reported

are progressively lower as techniques are being improved.

Hume reports that if a synthetic sea water were prepared

from the purest reagent chemicals available, it would still

be higher in many trace elements than natural sea water (3).

Whitnack also has evidence to show that the reagents used

are more contaminated than sea water (4). Speecke, et al.

state that many chances exist for a biological material to be

contaminated before it is analyzed (5); but few authors give

the impression of the awareness of this and that meaningless

phrases are used, such as "metal-free" containers, "chemically

clean" glass, etc., with no evidence to back it up. Berman

states that one must never assume anything is acceptably

free from trace metal contaminants until it has been

tested (6).
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It is felt that the materials, techniques, and expertise

exist to provide viable long-term stored samples for most

trace elements in most matrices; however, few in the field

are using these techniques, partially because as Boutwell

says, "...validity is an expensive commodity" (7).

The first consideration is the choice of the container

and sampler composition and the method of cleaning and

sampling. Murphy, Robertson, Thiers, Patterson, T1lg, and

many others show results which indicate that rubber, neoprene,

vycor, polyvinyl chloride, polystyrene, glass, polypropylene,

linear polyethylene, platinum, etc., will introduce contami-

nation in sampling and storage (8, 9, 10, 10a, 2, 11).

Patterson recommends first, FEP Teflon, then ultrapure

quartz, conventional polyethylene or TFE Teflon containers.

All cleaning and sample treatment should be done in laminar

flow hoods or a clean room. He recommends cleaning with hot

concentrated HNO 3 for three days, rinsing with high purity

distilled water, followed by hot dilute 0.05 percent HNO 3 (both

water and acid, prepared as described by Kuehner, et al.

(12)) for one day, rinsing and heating with 0.05 percent

HN03 five days, rinsing, then storing filled with 0.05

percent HN03, wrapped in cleaned polyethylene until ready

for use. (The two dilute HN03 leachings have not been found

necessary by some other workers). When ready for use, the

containers can be thoroughly rinsed and dried in laminar

flow hoods. Cleaned plastic gloves are worn in all phases

of cleaning, sampling, etc. (2). Berman found that even

after thorough cleaning and scrubbing of fingers, 0.1 to

0.4 µg of lead could still be washed off. Washings from a

chain smoker give results of 0.3-4 µg of lead (6).

Karin, et al. report a three-day leach of polyethylene

in either 8 or 16 M HN03 was necessary to remove certain

trace metal contaminants (13).
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Sampling implements Patterson recommends are either

Teflon or Teflon-encased, except for frozen tissue sampling

where a series of HN03-acid cleaned stainless steel blades

are used with very elaborate sampling procedures to remove

areas contaminated by the blade (2). All of these type

operations should be done in laminar flow hoods or clean

room conditions.

Deionized water which has not been followed by distil-

lation should not be used in any stages of the cleaning,

sampling, or analysis as organic breakdown products may be

formed, complexing some of the trace elements (8).

Numerous types of water samplers have been devised.

Segar, et al. have described water sampling with Niskin

bottles with rubber coated springs, Teflon coated coil

springs and a new design Niskin bottle without internal

closures. All gave trace metal contamination except the

latter (14). Since Teflon is rather porous, apparently some

metal diffusion through the spring coating must have occurred.

Barrison, et al. have designed a Teflon cylindrical

sampler with a mechanism for opening both ends after

submersion to the desired depth to avoid contamination from

the water surface (15). It is attached to a metal frame

and rudder which have a baked-on Teflon coating. It is

also adapted so that the sample may be filtered immediately

in an attached container holding a precleaned polyethylene

bag in which the sample can be immediately sealed and

frozen in liquid nitrogen. If the water sample is to be

filtered, Morrison and Pierce, and many others suggest

that it is best to do it immediately (16). The filter

must be thoroughly precleaned, rinsed, and stored in

cleaned polyethylene bags.
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The sample chamber used by Patterson (2) consists of

accordion pleated Teflon tubing, the entry port being pro-

tected by a bath of ultra pure water (prepared as already

mentioned). At the deep water sampling depth desired, a

-trigger retracts the water bath shroud and ruptures the end

diaphragm which contains the pure water. The water sampler

is lowered continuously so that it is continually dropping

into virgin water. After a short interval to allow the bath

water to be washed away, a second trigger expands the sample

accordion bag and seals the entry port.

The storage of aqueous samples presents an even greater

challenge as most samples start undergoing changes the

instant they are sampled. Pre-aging the sampler and sample

container with some of the same sample would be desirable

whenever possible. Amore states that losses as high as 50

percent can occur during one hour of storage (17). An EPA

manual on methods of water analysis says that complete and

unequivocal preservation of samples is a practical impossi-

bility, that complete stability can never be obtained, and

that preservation techniques only retard the chemical and

biological changes that continue after the sample is

taken (18). The methods of preservation are intended to

retard biological action, retard hydrolysis of chemical

compounds and reduce the volatility of the components.

Their recommended methods include pH control, chemical

addition, refrigeration, and freezing.

Although there is much in the literature on relatively

short term storage of different aqueous (non-frozen) solutions

under varying conditions, there are many disagreements and

most of the results do not look favorable for long term

storage. A USGS manual for water analysis says that the

shorter the time that elapses between the collection of a



sample and its analysis, the more reliable will be the
results (19).

Pettis and Phillip give an excellent review of the
literature on trace metal analysis in sea water. They
discuss sampling and cleaning procedures, sample pretreatment,

standard reference materials, and analytical method of

determination of the trace metals (19a).

Robertson found that sea water adjusted to pH 8 stored

in polyethylene resulted in a 90 percent indium loss in 20
days and a 90 percent loss of iron in 55 days (20). Hummel

found that 75 percent of the gold in sea water was lost

after three weeks in polyethylene (21). King, et al. found

that less than 3 percent of the cadmium was lost to poly-
ethylene at pH's of 3 to 10 after two weeks storage (22).

West, et al. (23) found more silver adsorption on glass at
pH 4 than at pH 7, a significant decrease occurring at pH 7,
and a rise at pH 8, and they also state that pyrex showed

more erratic adsorption patterns than polyethylene or silicone-
coated containers. Struempler (24) states that acidification

with nitric acid to pH 2 prevents adsorption of silver,

lead, cadmium, and zinc on pyrex, and silver on polyethylene.

Dyck (25) reports lack of confirmation with the work of
West, et al. with silver, and states there is a direct

increase in silver adsorbed on glass with increase in pH.
He also states that for periods over several months, plastic
adsorbed more silver than glass. Lai and Weiss (26) found
no silver loss when sea water was stored in polyethylene and
acidified to a pH of 3.5 to 4.0 with acetic acid. King, et
al. (22) found losses as high as 75 percent for cadmium when

stored in glass at pH 9. Eichholz, et al. (27) compared

adsorption of a number of elements on pyrex and polyethylene

and state that pyrex is preferable to polyethylene; however,
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they found less contamination for cesium, ruthenium, and

zirconium when using polyethylene. Smith (28) studied

stability of a number of ions including cadmium, antimony,

tin, and lithium, and states that of the elements studied

only lithium was stable over the pH range of one to 11. He

therefore recommends acidification to pH one. In another

report (29), he states that freezing the liquid samples as

soon as they are collected is an excellent solution for the

adorption problem. The losses may be due to adsorption or

also to precipitation or particulate formation. Salman

also states that freezing can be used to preserve the water

samples at the collection site (29a).

Rattonetti examined the stability of a large number of

trace metals in a variety of water matrices stored in poly-

ethylene at differing pH's and concluded that loss to con-

tainer walls is insignificant compared to losses to the

particles present in natural aqueous systems (30).

Moody, et al. have prepared two mercury in water Standard

Reference Materials at the 1 ppm and 1 ppb level which have

been stable for over a year in both glass and polyethylene (31).

This was achieved by the addition of 10 ng/g of Au+ 3 and

0.5 N nitric acid. Lo and Wai verified this for shorter

term storage with 0.2 µg/g Au+ 3 and nitric acid at pH 0.5 (32),

but were unable to confirm Feldman's stabilization with

potassium dichromate (33) or the report of Issaq and Zielinski

with hydrogen peroxide (34). Avotins and Jenne state that

the biological effects have been overlooked in many of the

mercury in water investigations, and that as a result of the

unpredictable growth of bacterial and yeast populations,

with production of metabolites, mercury may either vaporize,

bind to the walls of the vessel or be stabilized in
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solution (35). Huey, et al. have reported that cadmium can

be volatilized from its inorganic salts by a microorganism

-through conversion to a volatile organic compound (36). The

volatilization is stimulated by vitamin BI 2 . Methylmercury

formation by this organism is also stimulated by B1 2 , the

absence of which causes the organism to form metallic mercury

from inorganic mercuric salts. In samples where this type

of reaction occurs, freeze-drying is not advisable as a

method of sample preservation. For long term preservation

for trace-element analysis, freezing and possibly freeze-

drying for most elements (probably followed by radio-

sterilization), would seem to be the most likely alternatives.

Morrison and Pierce state that freezing may be a suitable

preservation technique for trace elements but has not been

adequately tested to date (16). Allen, et al. recommend

immediate freezing at -10 to -15°C to prevent microbiological

changes in soluble mineral and silica concentrations (37);

however, for long term storage, immediate freezing in liquid

nitrogen as recommended by Harrison, et al. (15) and

others (29), followed by freeze-drying for most trace elements

(and radiosterilization) or storage at -70° to -80°C would

seem preferable. Low temperature (oxygen plasma) ashing and

dry ashing are also possibilities in some cases.

Harrison, et al. (38) and Filby, et al. (38a), have

reported that radioisotope studies of the volatile elements

such as arsenic, antimony, selenium, bromide, and mercury

have shown no significant losses in water samples which have

been freeze-dried.

Heron studied the determination of phosphate in lake

water before and after freezing (39). It was expected that

rapid freezing would cause cell rupture resulting in higher

phosphate values, but this did not occur. Varying phosphate
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values were found whenever growth of bacteria was occurring.

This was prevented by pre-cleaning the sample bottle with a

solution which is 5 percent in iodine and 8 percent in

potassium iodide and immediate freezing of the water sample.

Philbert found that in freezing lake water samples

soluble reactive silica and phosphorus concentrations were

decreased in the thawed samples (40). A decrease in total

alkalinity and dissolved chloride was also observed.

Inconsistent changes were observed for ammonia and the

various forms of nitrogen.

A USGS manual on methods of water sampling recommends

that water samples for inorganic analysis should not be

frozen (19); however, there is sufficient reason to expect

that if the process is performed properly, freezing is

acceptable for most trace elements. The samples should be

subsampled before freezing, because once thawed, they should

not be refrozen. The entire subsample should then be taken

for analysis. They should be frozen in one of the container

materials already discussed, under a gas such as nitrogen or

argon to prevent sample oxidation. They should be sealed in

at least 2 and possibly 3 [as Patterson recommends (2)]

series of plastic bags. Since most plastics are porous (41),

they should then be placed in a tightly sealed glass container

containing nitrogen or argon with minimum void space, followed

by storage in the dark at -70°C. Bothner and Robertson (42)

have reported that sea water samples stored in polyethylene

containers have picked up mercury from being stored in a

room contaminated with metallic mercury. This has been

verified in a closed chamber with pools of clean mercury

surrounding a mercury solution in Teflon and polyethylene

bottles, but has not as yet been verified in an ordinary

laboratory atmosphere where spilled mercury would probably
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be covered with dust, thus effectively diminishing its vapor
pressure (43).

When the frozen water sample is used, the whole sample

should be used because of possible selective ion incorporation

in the ice (44). The walls of the inner container will

probably have to be washed with acid to remove any hydrolyzed

or adsorbed material.

The possibility of losing organic or inorganic mercury

during freeze-drying of biological materials was investigated

by LaFleur, as Pillay, et al. had published data indicating

losses (45). LaFleur found no losses for inorganic or

naturally bound methyl- or phenylmercury in tissue and

blood; however, for aqueous solutions, losses of.up to 90

percent could occur for organic and up to 10 percent for

metallic mercury (46).

Biological-Tissue and Fluids

For tissue and biological fluid sampling, the sampling

device presents considerably more difficulties. The use of

a laser beam for cutting bone by Hislop and Parker (47)

offers many interesting possibilities. Some loss of trace

elements on the surface may occur but would be negligible

with regard to the entire sample. A quartz or glass knife

should also be suitable for many kinds of tissue. Montgomery,

et al. used a glass knife to cut fish in small pieces for

the determination of iron, zinc, lead, cadmium, copper, and
manganese (48). A problem here is the chipping of the

cutting edge; weighing the knife before and after use may

indicate if this is a problem.

Most workers use stainless steel implements. However,

this is frought with dangers of contamination for many trace
elements even when done as carefully as described by Patterson
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earlier (2). Versieck, et al. report on the contamination

introduced during needle biopsies of liver (49). They state

that steel surgical blades lead to somewhat less contamination,

but are not suitable for some trace elements such as chromium

and nickel. The needle biopsies resulted in contaminations

of as much as 1.7 ppm of copper, 0.64 ppm of manganese, 11

ppm of chromium, 12 ppm of nickel, 20 ppm of iron, 0.24 ppm

of cobalt, 0.012 ppm of silver, 0.46 ppm of tin, 0.069 ppm

of antimony and 1.2 ppm of tantalum. Speecke, et al. have

reported on the sampling and storage of bilogical materials

for contamination by chromium, manganese, nickel and cobalt

by drawing 4 series of 20 ml portions of blood using dispos-

able needles (5). For manganese, the first 20 ml showed

contamination of 0.2 ppb, the fourth, 0.02 ppb; for chromium,

the first 85 ppb, the fourth 15 ppb; for nickel, the first 71

ppb, the fourth 12 ppb; for cobalt the first 0.9 ppb, and

the fourth 0.2 ppb. They also compared contamination intro-

duced in another series of liver samples using Meneghini

biopsy needles and surgical blades. For the needles, they

found contaminations of as much as 600 ppb of manganese,

9000 ppb of chromium, 12,000 ppb of nickel and 230 ppb of

cobalt; for the surgical blades, 3 ppb of manganese, 15 ppb

of chromium, 60 ppb of nickel, and 1 ppb of cobalt. They

discuss the possibility of using laser beams on hard and

soft tissues and platinum-rhodium alloy needles; however, it

is preferable that the platinum needles have Kel-F hubs to

avoid contamination. For storage, Speecke, et al. recommend

immediate, rapid freeze-drying, but point out that some

volatile materials may be lost. All the work should be done

in a clean-room type laboratory with no exposed metal parts

which might cause contamination.
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Fisher, et al. (50) also reported that serum samples

should be quickly frozen with as little air space as possible

(as described earlier, the air should be displaced with

nitrogen or argon). They also checked storage at room

temperature, 8°C and -15°C. No differences for calcium,

magnesium, copper, zinc, sodium, and potassium were noticed

up to 16 days. Essentially no changes were observed in the

refrigerated and frozen samples up to 50 days, but changes

did occur. in the samples stored at room temperature.

Longer term storage would probably also result in changes in

the refrigerated samples. Some microorganisms can grow

in a temperature as low as -6°C (51).

In a discussion of sampling for clinical chemistry,

Ibbott recommends separating the serum from the clot as soon

as possible to avoid contamination from cell leakage (52).

He also states that the majority of the serum components are

stable indefinitely in dry ice (about -70°C), and that the

samples exhibit concentration gradients due to freezing and

must be thoroughly mixed after thawing. Omang and Vellar

also point out the concentration gradients obtained after

freezing and thawing serum, sweat, and urine. They found

top-bottom differences of thawed samples of up to one

hundred (53).

Museum Specimens

The futility of trace element analysis of museum type

specimens stored in preservatives has been pointed out by a

number of authors. Bowen and Sutton in analysis of marine

sponges found that nickel accumulation in the preservative

occurs quite frequently in these types of samples (54).

Gibbs, et al. investigated the effects of time and preserva-
tives in museum fish specimens and found no evidence to
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support the theory that preserved museum specimens can

provide reliable estimates of heavy metal concentrations (55).

They tested many types of preservatives such as ethanol,

formalin, isopropyl alcohol, etc., and found interaction

with the specimens in all cases. They may either leach

trace metals from the specimen or contaminate the specimens

by heavy metals contained in the preservatives or container.

In many cases, metal identification tags are placed in with

the preservative, which contribute even further to the

contamination of the sample. In some instances, the trace

metal content increased over the years and in other cases,

decreased from leaching even in a short period of time, such

as a month.

A possible exception for the museum type specimens are

those which have been stored in relatively clean, dry areas

not subject to leaching or contamination. Cockburn, et

al. (56) describe the autopsy of an Egyptian mummy, Pum II,

which included the analysis of some trace elements in bone

by R. G. Smith (57). He found 0.6 ppm of lead and 0.43 ppm

of mercury. The lead content of modern bone averages 6.55

to 18 ppm (58). Assuming no leaching has occurred, it would

appear that man's environment has contributed considerably

to his lead body burden. The mercury level is relatively

unchanged, that of modern bone averaging about 0.45 ppm (59).

Crustal and Botanical Materials

The sampling and storage of soils, rocks, minerals,

sediments, and plants does not present quite as many problems

as the matrices already discussed, but more precautions

should be taken then are generally observed. Morrison and

Pierce (16) state that the use of a spade to sample soil is

preferable to a soil auger and that dry samples can be

collected in a clean cloth bag, but this procedure would
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certainly lead to contamination for some trace metals.

Clean Teflon encased tools as recommended by Patterson and

Settle (2) should be used except for most plants which can

be picked with clean plastic gloves. It appears that soils

and sediments with any significant water content (especially

sediment samples) should be frozen in such a way that no

water loss can occur, and stored as recommended for water

samples.

There are many papers in the literature which indicate

that soils and sediments undergo changes in structure and

chemical state even when dried at room temperature. This

should not have a great effect on the total trace element

content in most cases, but if speciation, organic extractable

trace elements, etc., are of interest, any form of drying

may invalidate the sample. Attoe (60) reports that potassium

may be fixed in a nonexchangeable form when a potassium-

fertilized soil is air-dried. Air drying of unfertilized

soils resulted in a 4-90 percent increase in exchangeable

potassium when the soils are remoistened. Schalsha, et

al. (61) state that air drying produces significant irreversi-

ble changes in volcanic ash soils. For instance, soil

samples with a clay-type texture in the field, change to a

sandy texture with air drying. Air drying also reportedly

markedly affects cation exchange capacity, soluble phosphorus

and iron, and decreases the pH slightly. Air drying decreased

the total exchangeable and acid soluble iron, but increased

the chelatable iron extracted by salicylate. The mechanical

and chemical analysis of volcanic ash soils more accurately

indicate field conditions when samples contain the original

moisture at field capacity.
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Barrow (62) found when soils were dried, inorganic

sulfate immediately increased (probably as a result of

decomposing organic sulfates in the soil becoming immediately

available to the plants). Even when two different soils are

dried at the same temperature, the relative availability of

the sulfur may be no indication of the relative availability

when they were fresh.

Harpstead and Brage (63) reported that the drying and

storage of soils leads to a pronounced increase in their

nitrifying ability because of the changes in the relative

numbers of various microorganisms in the soil. Birch found

that when remoistening dried soil, the first rapid decom-

position slows down and this pattern is repeated during

successive dryings and wettings (64). The magnitude of the

decomposition depends on the amount of carbon in the soil

and on the drying conditions, air drying being less effective

than oven drying. Vacuum drying and oven drying gave the

same moisture loss results, but oven drying gave a much

greater amount of decomposition on rewetting.

Birch (65,66) also states that the longer a soil is

kept air dried, the greater the amount of water-soluble and

organic material that can be extracted, even though it does

not lose additional moisture, and also the greater the

amounts of carbon and nitrogen are mineralized on remoistening.

He also finds greater effects if the soil is dried at 100°C,

possibly because of increased gel porosity and surface area,

and possibly because of increased microbiological activity

occurring during the remoistening of the dried soil.

Nevo and Hagin (67) state that the changes occurring

after three months of air drying storage was independent of

microorganisms. The major factor is the change in the

physical structure of the organic fraction. They found a
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good correlation between the nitrification rate and the

-surface area of particles of an organic soil.

Hesse (68) states that oven drying a soil, despite its

reproducibility, should not be recommended, because of the

profound changes caused. Also he says that storing a soil

in a moist state has the effect of incubating it, but without

temperature or moisture control, resulting in a build-up of

carbon dioxide at the expense of oxygen. As such treatment

results in many complicated reactions, it is most undesirable

to keep a soil in a moist state for any length of time for

the purpose of analysis. He also reports on investigations

of J. M. Coleman (private communication) that moist soil

samples stored in plastic containers can result in fundamental

changes in clay minerals. It is thought that an organic

complex passes from plastic into the clay mineral. All

these references seem to point out that drying or freeze-

drying may result in irreversible changes which will affect

also the complexation state of the trace metals and that

freezing at -70°C to -80°C as recommended earlier should be

the method of storage.

Plant sampling can probably be done by picking with

plastic gloves and storing by freezing in containers as

already mentioned, with care to avoid moisture loss.

Arkeley, et al. (69) state that trace elements such as

carried by peat dust deposited on plants are easily washed

off (high purity distilled water should be used) but those

deposited by sprays are not, because of partial absorption

in the leaf. Lagerwerff (70) found increases in absorption

of cadmium, zinc, and lead on leaf surfaces probably enhanced

by drying.

Work by Koeppe and Miller (71) showed a much higher

uptake of lead by maize roots than in the stems or leaves.



Washing with distilled water removed little lead, but washing

with EDTA solution removed about 90 percent of the lead,

-indicating the lead is largely retained on the exterior

surface of the roots.

For sampling of air particulates, Patterson and

Settle (2) recommend cleaning Millipore or Nucleopore filters

by soaking in cold 6N HC1 two days, rinsing on a cleaned

-polyethylene Buchner funnel with high purity distilled

-water, soaking two days at 55°C with 1 percent NH4F (prepared

by neutralizing high purity NH0OH with high purity HF)

followed by rinsing with high purity water. These operations,

of course, are carried out in a clean room atmosphere or

laminar flow hoods. The filters are then stored in cleaned

polyethylene bags or boxes. The lead blank on these filters

was found to be less than 1 ng/47 mm filter.

Organics and Pesticides

With the exception of the use of plastic gloves for

sampling to avoid contamination from body oils (72), storage

containers and implements for trace organics and pesticides

must definitely not be plastic of any kind with the possible

exception of Teflon, as plastic is known to both introduce

interferences and sorb pesticides (and organics) (73,73a).

Many examples are given in the literature which show that

additives such as plasticizers, organo-metallic or other

stabilizer antioxidants, colorants or other components are

leached from the plastic and contaminate the sample (74).

Some polyvinyl chloride tubings were shown to release a

constituent to some systems containing alcohol, propylene

glycol or polyethylene glycols (75). Gibbs found that

asbestos fiber was highly contaminated by 3,3'-

5, 5'-tetratertiary butyl diphenoquinone after storage-in
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polyethylene bags (76). Lipids in soil samples stored in

standard plastic lined canvas bags were found to take up

phthalate esters and other contaminants from the plastic (77).

Most workers in the field recommend storage in glass

containers with Teflon or aluminum foil lined caps

(72,73,73a,78); however, it has been reported that Teflon

sheet and aluminum foil have been found to contain up to 400

and 300 ppb, respectively, of di-2 ethylbutyl phthalate

(79,80).

Hertz, et al. (81) recommended cleaning,the glassware

with soap and water, then in concentrated H2SO4 at 100°C for

30 min and finally rinsing with specially prepared distilled

water made by redistilling the house distilled water over

KMnO4-KOH. The distillate is then passed through an XAD-2

column, and the water is redistilled to remove any particu-

lates from the XAD-2 resin. Finally, the bottles are then

rinsed with methanol and triple-distilled pentane, and filled

with nitrogen from a liquid nitrogen source and sealed.

Others recommend wrapping the cleaned glassware in

aluminum foil and heating at 625°C for four hours (82). The

maintenance of high quality distilled water can be a problem

as some microorganisms can grow rapidly in distilled water

and some chemical reagents (82,83,84). It is reported by

Hamilton and Myoda (82) that the amino acids, proteins and

bacteria often found in some laboratory reagent solutions

and distilled water, are probably airborne and enter the

outlet of the stills or deionizing systems where they multiply.

A method of catalytic pyrodistillation has been reported to

remove organic impurities not removed by ordinary or oxidative

distillation because of the steam volatility of the compounds

or their derivatives (85).

It has been recommended in sampling that "an analyst or

person directly concerned with the particular study should
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collect the samples. Inexperienced personnel should never

be allowed to collect the samples unless they are very

closely supervised" (78). This, of course, is true to all

types of environmental sampling.

When sampling marine organisms and sediments for organics

or pesticides, most workers recommend freezing immediately

in dry ice or liquid nitrogen (72,81) and final storage at

about -70" to -80°C (86) in the dark. Breakdown of pp'-DDT

to pp'-TDE in Bengalese finch liver, and breakdown due to

other biological processes have been reported at home freezer

storage conditions (approximately -14°C) (87,88).

Bristol reported in a study of pesticide residues in

potatoes that metabolically incorporated 2,4-D untreated

potato samples stored whole at 4°C decreased over a period

of 15 months, while those of 2,4-DCP remained constant.

Recoveries of 2,4-D from frozen samples were constant over 
a

15-month period, but those of 2,4-DCP decreased slowly from

88 to 47 percent. The 2,4-DCP samples stored in plastic

bags gave a characteristic odor, indicating the losses were

due to volatilization from the frozen samples (89).

It is reported by the Federal Working Group on Pest

Management that increased knowledge of sample contact with

various kinds of synthetic wraps and containers demonstrates

the necessity for glass and perhaps aluminum foil to preserve

the integrity of wet samples. Immediate freezing and mainten-

ance of the frozen sample until analysis is the best way to

protect samples and prevent degradation and loss of pesticide

residues (73). (This also is undoubtedly true for all

organic components.) They also state that pesticides can

migrate to the walls of a container and be adsorbed; hence,

even with a glass container, after the sample is poured out,
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the walls should be rinsed with the solvent in case'the
extraction is not made in the container itself (this should
also apply to any organics).

There is evidence in the literature that samples to be
analyzed for organics or pesticides cannot be dried or
freeze-dried without danger of some loss. One study showed
79 percent loss of lindane, 37 percent for dieldrin, 57
percent for p,p'-DDT and 31 percent in o,p'-DDT-DDD on whole
eggs and 50 percent for lindane in egg yolk when samples
were frozen at -23°C, freeze-dried for 24 hr, and transferred
and stored in sealed glass vials at 4°C, so that there was
no volatility loss in storage (90).

-Morris found that preservation of zooplankton in formalin
and methanol resulted in hydrolysis of the animals' lipid

-and degradation of polyunsaturated fatty acids (90a). He
found that the samples were stable up to nine months if
stored deep frozen under nitrogen.

Smith reports that changes in nonstructural carbohydrate
-concentrations occur during the storage of either heat or
freeze-dried tissues and concluded that no preservation

method is as good as the immediate analysis of fresh tissue;
however, he did not investigate straight freezing (91).
Other workers found losses in higher fatty acids under
either oven or freeze-drying conditions after storage for
nine months (92).

Dessicants for tissue preservation are used by some
workers who are unable to freeze their samples. The samples
are chilled, homogenized, and blended with a combination of
sodium sulfate and powdered silica. It is stated that the
resulting mixture is a dry, free-flowing powder wherein the
pesticide residues are stable for 15 days or more at room
temperature (73).
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Microbiologicals or cellular organisms consist of many

-different types such as algae, protozoa, fungi (molds or

yeasts), bacteria, submicroscopic viruses and other (micro-

scopic nematodes, some insects and some crustaceans), necessi-

tating a wide variety of different sampling and storage

conditions. Most preservation has been done through culturing

and subculturing. With care, these have been maintained for

5-8 years'(93). The sampling implements and containers

should obviously be sterile and glass is preferred to plastic,

since bacteria tends to grow on plastic surfaces. Since all

known life forms require water in the liquid state, this

automatically limits the temperature range for microorganisms.

Both bacteria and viruses can be freeze-dried to maintain

culture collections and to preserve them for use as vaccines.

Insects have been supercooled to -30°C without apparent

damage; however, they die if ice crystals are formed. Mouse

embryos have survived deep freezing to -196°C. Freezing is

accompanied by the removal of water, so the cell is subject

to damage by both freezing and drying. Mechanical injury is

caused by ice crystals and the removal of the water causes

an increase in dissolved substances. Biochemically debilita-

ted cells may show a reduction or complete loss of some

enzymes, and ice-damaged cells may have leaky membranes or

an altered structure. The damage from freezing, drying, and

thawing can range from essentially none to 100 percent,

depending on the specific organism and conditions. Spores

are resistant to both cold and drying. Rapid freezing is

reported to be usually better with bacteria, whereas slow

freezing is better for animal cell survival. It has been

stated that rapid thawing gives better survival than slow

thawing (51). Fleischer and Kervina report in studies on
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long-term preservation of liver for subcellular fractionation
that rapid freezing and thawing minimizes the time in which
degradation can occur (94). Repeated freezing and thawing
is more harmful. Freeze-dried bacteria are better kept at
refrigerator temperature than at room temperature (51).

McPeak and Camp (94a) have reported on work of Valeri,
et al. (95), Meryman and Hornblower (96), and Gibson, et
al. (97). Their studies on storage of red blood cells show
that if.the samples are stored at a higher temperature
than -60°C, they deteriorate within a few weeks. If glycerol
is used as a cryoprotective agent and the cells are frozen
rapidly in liquid nitrogen and stored at -80°C, the cells
are reported to be stable for over 10 years. Fluctuations
in storage temperatures of not more than 10°C above or
below -80°C are reported to have no adverse effect. Farrant,
et al. (98) report that improved recovery of frozen cells
can be obtained by interrupting rapid cooling with a timed
exposure to a single subzero temperature.

There is a vast amount of additional information in the
literature on the subjects of sampling, handling, and storage
for microbiologicals, blood, and other biological samples.
Since there are so many different types of species and the
related optimum handling appropriate to each specie, it is
difficult to summarize; however, a number of additional
references are given below to indicate the type of problems
that are encountered as well as some additional references
concerning other subjects discussed above.
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APPENDIX B

Summary of Activities - Container Studies

The integrity of any sample can be no better than that

of the container in which it is stored. The need for extremely

clean containers for SRM's and other samples is obvious.

Unfortunately, few subjects in chemistry are likely to provoke

more disagreement than the choice of the proper container

materials and the selection of the best method to clean them.

Although Teflon remains the container of choice for most

materials, its high cost prevents more general usage.

A number of investigations have been undertaken at NBS

in an attempt to learn more about container materials.

Among the materials investigated were Teflon (FEP, TFE, ETFE,

PFA, and TFE Tape), conventional polyethylene (CPE) linear

polyethylene (LPE), polycarbonate (PC), polypropylene (PP),

polymethylpentane (PMP), polyvinylchloride (PVC), and poly-

styrene (PS). Four of these materials (CPE, LPE, PC, and

FEP) were examined by isotope dilution mass spectrometry.

The amount of lead leached from the container in one week of

soaking in (1+1) HC1 was determined and then the amount of

lead leached from the same containers was determined after

the bottles were soaked for one week in (1+1) HNO 3 . Only

the Teflon bottle was heated, however, at the end of this

preliminary treatment with HC1 and HNO 3 , no further leaching

was observed (except for PC) after long term leaching with

dilute HNO 3 (0.5%).

Nineteen elements were examined using the spark source

mass spectrometer. The leaching of the plastics was carried

out in the same manner described for lead. Reports summariz-

ing all of the mass spectrometric data are attached. It

should be borne in mind that numbers at or below 1 ppb are

essentially upper limit values. All concentrations are

expressed in terms of ng/g of solution stored in the containers.

Neutron activation analysis was employed to look at the

impurity levels within the plastics themselves both before
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and after a cleaning process. Nineteen plastics and twelve
elements were examined when possible. Due to the uncertainty
in the data, we were unable to correlate the amount of an
element leached out of a plastic with the change in the con-
centration of that element within the plastic.

It should be noted that reactor irradiation changes to
some extent the nature of the matrix. All samples absorbed
considerable gamma radiation and were visibly browned by
ratiation damage. Some materials, especially PVC and the
Teflons, were further damaged by the absorption of beta
radiation induced in the matrix itself. Furthermore those
radioactive atoms that are detected in the leach solution are
precisely those which have undergone Szilard-Chalmers recoil
and hence may not be representative of the unactivated atoms
of interest. The overall result may be summarized as follows.
CPE, PFA, TFE, PP, and PS were generally clean. FEP contained
large amounts of K and W while Teflon pipe tape contained very
large amounts of Zn. Among the other plastics, LPE contained
large amounts of Na, Zn, and Ca. PMP contained large amounts
of Zn, PC contained large amounts of Br, and PVC contained
large amounts of Na and Sn. Usually, the concentration of
impurities in a plastic were not significantly changed by
the cleaning process. This would seem to indicate that only
the surfaces of the plastics are being cleaned.

The plastics were also examined from the point of view
of moisture loss. Teflon and polypropylene breathe water
vapor at an annual rate of <0.05 percent. Conventional
polyethylene loses about 0.1 percent per year, PVC loses
about 0.5 percent per year, polymethylpentane loses about
1 percent per year and polycarbonate loses about 2 percent
per year. Considering these results, and eliminating all
Teflon products by virtue of cost, one is left with only
one choice, . . . . . . conventional polyethylene. Poly-
methylpentane and polypropylene have slightly greater
contamination levels and the other plastics still more.
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Based upon the experience of these studies, the follow-

ing is the minimum suggested cleaning for conventional

polyethylene. Remove surface contamination (wipe using a

solvent), rinse, and soak for one week in (1+5) HC1 followed

by soaking for one week in (1+5) HNO 3. Rinse with best dis-

tilled water, fill with distilled water and allow to stand

for several weeks to remove acid which has diffused into

the container walls. Empty and air dry in a clean room.

Containers cleaned in this manner have been used for the

preparation of SRM 1643, Trace Elements in Water. To date,

no evidence of contamination has been found in preliminary

sample work and although long range data is not yet available

previous experience with stability studies would indicate

that contamination will not be a problem. These results are

being prepared for presentation as a paper in Analytical

Chemistry.
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August 8, 1975

MEMORANDUM FOR T. J. Murphy

From: M. J. Seward and P. J. Paulsen
Analytical Spectrometry Section

Subject: SSMS I.D. Analysis of Impurities Leached
from Plastic Containers.

The analysis of the impurities in HC1 and HNO after
leaching plastic containers is given in the a tached
tables. Please note that the volume of acid analyzed
and amount of spike added are optimum for the analysis
at the 3 to 10 ppb level. For this reason all values
at or below approximately 1 ppb should be considered
as upper limits. These elements were not necessarily
actually detected in the samples.

Attachment

cc:
P.D.LaFleur
I.L.Barnes
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Teflon FEP Linear Polyethylene

Elements

Pb
Tl
Ba
Te
Sn

Cd
Ag
Sr
Se
Zn

Cu
Ni
Fe
Cr
Ca

K
Mg
Al
Na

(1+1) HNO3
1A

1
< 0.5
*2
0.3
0.5

0.2
< 4
0.1
0.1
2

1
1

*10
0.4

40

1
4
3
3

(1+1) HC1
1B

1
< 0.5
*1
1
0.7

0.3
< 3
S0.5
0.4
2

3
0.4

*8
2
1

0.8
0.5
2
1

(1+1) HNO3
2A

1
< 0.5
<= 0.1

0.1
0.6

0.1
0.1
0.5
0.2
4

0.2
*0.8
*1.6
0.1
8

1
0.3
0.7
5

(1+1) HC1
2B

0.3
< 0.3

0.7

< 0.5

0.1

0.1
0.2
4.7

0.6
0.4
0.7
0.4

30

0.5
0.2
2
3

* Positive presence in sample

Note: Samples are spiked for an optimum concentration
of 3 to 10 ppb; don't take 1 ppb and lower numbers
too seriously (i.e., <= values).
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Impurities Leached from Plastic Containers
ppb by weight

Conventional Polyethylene Polycarbamate

Elements

Pb
Tl
Ba
Te
Sn

Cd
Ag
Sr
Se
Zn

Cu
Ni
Fe
Cr
Ca

K
Mg
Al
Na

(1+1) HNO 3
3A

0.4
0.8
1

<= 0.3
<= 0.5

0.1

0.1
2
1

1
0.3

*2
0.5
6

1
0.4
7
5

(1+1) HC1
3B

11
2
0.2
0.4

<= 0.5

0.2

0.1
< 0.2

0.6

0.4
0.2
0.6
0.2
0.5

0.4
0.4
6'

26

(1+1) HNO3
4A

0.2
<= 0.5

0.2
0.2
0.1

0.2

< 0.1
0.3
0.5

0.5
0.4

*2
0.2
2

1
1
3
2

(1+1) HC1
4B

6
0.4
2

S8

< 5

0.2
< 3

< 4
0.2

< 30
< 3

< 10

S3
0.5
2
5
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June 18, 1975

MEMORANDUM FOR I. L. Barnes, Chief
Analytical Spectrometry Section

From: T.. J. Murphy and J. W. Gramlich
Analytical Spectrometry Section

Subject: Cleaning of Plastic Containers

The cleaning of plastic bottles by the alternate use of
hydrochloric and nitric acids has been investigated by
monitoring the lead leached from the bottles by each
acid cleaning. Four plastic container materials were in-
vestigated. They were FPP Teflon, linear polyethylene,
conventional polyethylene, and polycarbonate. The bottles
were filled with the appropriate acid and allowed to stand
full for a minimum of one week. The FEP Teflon bottle was
heated to about 80 °C and the others were kept at room
temperature.. ..

The total lead leached from each bottle was determined by
spiking a 200 g aliquot with 2 0 6 pb, evaporating and deter-
mining the lead by mass spectrometry.

The results of these determinations are shown in Table 1.
The results show that the bottles were essentially clean in
regards to lead after the first cleaning with (1+1) HCl.
The 0.5t HN03 was tried since Dr. Patterson of the California
Institute of Technology claims that concentration of nitric
acid is more efficient for cleaning Teflon Containers than
(1+1) LN0 3 . However, this was not confirmed in the present
study. Even after two months standing, no further leaching
of lead occurred.

Attachment

cc: P. D. LaFleur



Table 1 - Lead Leached From Containers

Bottle

Teflon FEP

Linear Polyethylene

Conventional Polyethylene

Polycarbonate

Size

ml
1000

1000

500

500

(1+1) IICI
1 week

ng Pb

203

98

54

111

(1+1) HNO3
1 week

ng Pb

7

7

0.S% HNO3
1 week

ng Pb

O.St HNO3
2 months

ng Pb

7

-- No significant amount over blank level.



APPENDIX C

Summary of Activities - Speciation in Water, Air and

Related Materials

Determining the chemical species or form of an inorganic

element in water, air, sediments, etc., is a difficult, if not

impossible, task using most analytical techniques. This is

true since most methods. require some chemical pretreatment of

the sample which invariably alters the chemical species.

We have developed a method which can be used in many

cases to examine samples "as-is" and looks very promising for

the determinaiton of speciation where the various chemical

forms have a different volatility. This method, which is

called dual plasma emission spectrometry, utilizes a separate

controlled temperature heating chamber connected to a

capacitively-coupled plasma torch (CCP). The characteristic

emission is then analyzed using one or more monochrometers

with electron multiplier detectors. A diagram of the dual

plasma torch unit is shown in figure 1. In this example the

sample (which may be liquid or solid) is shown inside the

coils of a small induction furnace which is programmed

through a specific, and known, heating cycle. The evolved

species are carried by the argon/nitrogen carrier directly

into the CCP where emission of the characteristic wavelength

takes place. For very refractory samples a high temperature

plasma can be formed within the sample chamber. Alternately

the induction furnace can be replaced with a simple resis-

tance furnace and/or cooling coils to permit the sample to be

taken through any desired heating, cooling cycle.

The unit has been used to date to examine air particulate

filters, adsorption tubes with vapor samples and a variety of

water, sediments, tissue, yeast and other samples to examine

these for various species of lead, mercury, chromium and

arsenic contained within the samples.

1



Two examples of the application of this method are shown

here. In figure 2 is shown the change in intensity of the Hg

line as a sample of lyophilized tuna fish is heated through

the temperature cycle shown. The peak starting at 184 °C has

been shown to be due to mercuric chloride and that starting

at 353 °C is due to mercuric oxide. A typical working curve

for mercuric chloride is shown in figure 3. Similar curves

have been obtained for ocean sediments and sea water, both of

which show a lower temperature peak determined to be methyl

mercury, but this has not as yet been examined quantitatively.

A similar effect has been noted for chromium in yeast
0

(figure 4). In this case the chromium line at 4289 A has

been repetively scanned as the temperature was increased to

look for any possible changes in background. The low temper-

ature peak is believed to be an organo-chromium compound

although it has not as yet been identified. The higher

temperature peak is inorganic chromium. In neither case

have the amounts of chromium been determined quantitatively

although this should be possible.

The potential of this method to determine chemical

speciation in a wide variety of samples and for a number of

elements has been demonstrated. Much work remains to be done

to further identify organo-metallic species and to determine

these quantitatively. This aspect is being explored for

chromium in yeast and mercury in fresh fish, sediment and

water. Other applications will be explored in the future.
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1. GENERAL SUMMARY

1.1 Objectives

The low molecular weight hydrocarbon program was initiated in the

OCS of Alaska in response to the environmental guidelines set forth in

the Environmental Study Plan for the Gulf of Alaska, Southeastern Bering

Sea and the Beaufort Seas (January, 1975). Briefly, the purpose was to es-

tablish the spatial and temporal variations (seasonal and diurnal) in the

dissolved hydrocarbon fraction composed of methane, ethane, ethylene, pro-

pane, propylene, isobutane and n-butane. These data are being collected

in order to establish baseline levels of naturally-occurring hydrocarbons

in the lease areas prior to exploration, development, and production of

fossil fuel reserves. These components have proven to be valuable indi-

cators of petroleum input arising from drilling, production, and trans-

portation of crude oil and refined products.

In support of the basic objectives, attention is being given to

natural hydrocarbon sources, namely gas and oil seeps, production of hydro-

carbons from near-surface sediments, and biogenic sources within the

euphotic zone.

1.2 Conclusions

Field studies were conducted in the Northeast Gulf of Alaska and

the Southeastern Bering Sea (Bristol Bay) during the Fall of 1975. No

seasonal data are yet available.
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1.21 Bristol Bay

Dissolved methane is the dominant and most variable hydrocarbon ob-

served in the waters of Bristol Bay. Near-bottom concentrations of methane

ranged from 600 nl/l near Unimak Pass to 60 nl/l in the extreme northern

and eastern extremities of Bristol Bay. Surface concentrations were less

variable, averaging near atmospheric equilibrium values of 50-70 nl/l.

Anomalous surface concentrations of methane were observed near Izenbeck

Lagoon and Herendeen Bay.

The C2-C3 fraction was much less variable, ranging from 0.3 nl/l

to 1.5 nl/l. In general, ethane and ethylene increased with depth toward

the bottom as did methane, indicating this region is a probable source.

Propane and propylene were generally invariant with depth, averaging 0.5 nl/l

for the sum. An apparent source of ethane exists near the Izenbeck Lagoon,

but the data are inconclusive at this point.

Correlations between the near-bottom concentrations of methane,

ethane, and ethylene and organic carbon concentration in surface sediments

is apparent.

The concentrations of isobutane and n-butane was uniformly near or

below the detection limit of 0.03 nl/l. Maximum values near 0.1 nl/l

were observed in selected samples, but these results may be biased from

shipboard contamination.

1.22 Northeast Gulf of Alaska

Not unlike the Bering Sea, methane is the dominant dissolved hydro-

carbon at all depths, exceeding the concentration of all other components

by a factor of 100 or more. Near-bottom concentrations of methane in the

shelf region were uniformly greater than 200 nl/l in sharp contrast to the
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normal conditions observed in the Bering Sea. Extremely high concentrations

of methane were observed in the Hinchinbrook Sea Valley just south of the

island of the same name. Here, the concentration of methane reached a maxi-

mum of nearly 1600 nl/l within 5 m of the bottom. The apparent plume of

methane-rich water arising from this source could be traced toward the east,

over Tarr Bank, to a point near the Copper River Delta. It is not certain

whether the observed trajectory of methane is due to circulation or a bottom

source of methane arising from the fine-grained sediments north of Tarr

Bank (Molnia and Carlson, 1975).

Surface concentrations of methane were unusually high over the shelf,

rarely falling below 100 nl/l. Surface concentrations exceeding 250 nl/l

were observed near Kayak Island, although the source is not known. Ac-

cumulations of methane in surface waters are observed (Lamontagne et al.,

1971, 1973a), but the relationship to biological processes is obscure.

Concentrations and spatial variations of ethane, ethylene, propane

and propylene were similar to those observed in Bristol Bay. Ethane and

ethylene demonstrated a weak correlation with methane, although the methane/

ethane ratios observed were much larger in the Gulf of Alaska than in Bristol

Bay. It is not known why this is true, however, it appears that increased

methane production from shelf sediments in the Gulf of Alaska is not supported

by increases in other hydrocarbons.

The concentrations of ethane, ethylene, propane, and propylene were

generally less than 1 nl/l. Iso- and n-butane, were near or below the

detection limit of 0.03 nl/l.

Without additional corroborating evidence, it would appear that the

concentrations of hydrocarbons observed in the OCS study areas arose from

the bottom and the immediate surface layers. Methane production from
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organic-rich sediments is reasonably well understood, but the mechanisms

leading to the production of ethane and ethylene from the same sediments

is not clear. Increased concentrations of hydrocarbons in the mixed layer,

not supported by a bottom source, appears to be biological in origin, al-

though the mechanisms are not understood.

1.3 Implications to Oil and Gas Development

These studies were enacted as a part of the baseline characteriza-

tion of dissolved natural hydrocarbons on the OCS of Alaska. The hope was

to establish concentration levels, temporal and spatial variability of

hydrocarbon components common to petroleum or natural gas prior to actual

production. These measurements were felt to be an invaluable precursor

to future monitoring efforts.

Measurements to date in the Bering Sea and Gulf of Alaska have es-

tablished ambient concentration levels, and spatial variations, but have

not addressed seasonal changes or source areas. The remainder of the field

studies, largely to be completed in FY 1976, will address the remaining ob-

jectives outlined above, although somewhat incompletely.

A cursory examination of our present findings indicate that the LMWH

will be excellent tracers of petroleum input in the Bering Sea because of

their naturally low ambient concentrations. Surface methane concentrations

in the northeast Gulf of Alaska are higher and more variable than those ob-

served in the Bering Sea, which will reduce its effectiveness as a tracer

of petroleum. On the other hand, the concentrations of the C2 -C4 fractions

are extremely low, providing a monitoring team with excellent tag of petrol-

eum or natural gas containing these components. Our studies have also shown

that normal production of methane from shelf sediments can be traced for dis-

tances greater than 100 km from known sources. Based on these preliminary
454
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observations, it is concluded that surface exchange and in situ consumption

of a low molecular weight hydrocarbons may be sufficiently slow so as to

allow them to be used as tracers of the soluble fractions of crude oil.

Of course, the value of these components as tracers will depend critically

on the magnitude of the input, whether it is at depth or at the surface,

and the prevailing hydrographic and meteorological conditions at the point

of input. The extent to which microbial metabolism of the volatile hydro-

carbon fractions is important is not clear at this time.

The distribution of methane may also serve as a qualitative or semi-

quantitative measure of local circulation. If benthic fluxes can be esti-

mated, together with in situ consumption rates of methane, subtle near-

bottom circulation processes may be characterized that are not resolved

readily by routine velocity field observations. A case in point is the

near-bottom methane plume observed near Tarr Bank and the Copper River

Delta.
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2.1 General Nature of Study

The development of petroleum resources in the Gulf of Alaska may

result in the release of toxic hydrocarbons to the marine environment with

possible deleterious effects on the pelagic, benthic, and intertidal biota.

increases in the natural levels of petroleum-derived hydrocarbons are likely

to occur from the normal activities associated with exploration, production

and transportation of crude and refined products within the region. Thus,

it is of environmental importance that baseline levels of both naturally

occurring and petroleum-derived hydrocarbons be established prior to the

development of fossil fuel resources in the area.

Petroleum contains three broad classes of compounds: alkanes, cyclo-

alkanes, and aromatics, but not olefinic hydrocarbons. The proportions of

each varies in petroleum, depending on the geologic and geographic sources,

but on the average paraffins represent about 30% of the total (Wilson, 1975).

The low molecular weight hydrocarbons (UIWH) probably represent no more than

5% of the total, although the exact amount would depend on the natural gas

content of the source rock.

It is presently believe that the most toxic fractions of crude oil

are the low boiling point aliphatics and aromatics as well as the poly-

nuclear aromatics (Blumer, 1971). Also associated with these complex

fractions are the LMWH, in varying amounts. While these compounds are of

lower toxicity than the aforementioned fractions (Sackett and Brooks, 1974),

they are more soluble and hence are likely to be dispersed by normal mixing
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processes. Although the evaporation rates of the low molecular weight com-

pounds are quite rapid (McAuliffe, 1966), significant injection of these

volatile hydrocarbons into the water column can occur under conditions of

turbulence.

Because of their relatively high solubility and low natural abundance,

the temporal and spatial distributions of C1-C4 hydrocarbons are valuable

indicators of petroleum pollution arising from offshore drilling and pro-

duction platforms, ballast tank discharge, and shipping and transfer opera-

tions involving petroleum and petrochemicals (Brooks and Sackett, 1973;

Sackett and Brooks, 1974).

The occurrence of light hydrocarbons in the water column may arise

from both petroleum production activities and natural marine sources.

Gaseous hydrocarbons may exchange across the sea surface in response to a

concentration gradient (Broecker and Peng, 1974) diffuse from underlying

sediments (Frank et al., 1970), escape in the form of bubbles from natural

occurring gas and oil seeps (Link, 1952; Geyer and Sweet, 1973), or be pro-

duced by in situ biological processes (Lamontagne et at., 1973b).

Methane (CH4) is a significant component of natural gas and is also

produced in anoxic sediments by bacterial CO2 reduction and fermentation

reactions (Claypool, 1974). Thus, the presence of excess methane in the

water column overlying organic-rich sediments is not an unequivocal indi-

cator of a petroleum source, unless viewed jointly with the distribution

of the heavier fractions, C2-C4  (Brooks and Sackett, 1973).

Above saturation values of methane, ethylene and propylene also

have been observed in the surface layers of open ocean and are believed

to be related to biological activity or photochemical reactions involving
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organic matter (Swinnerton and Lamontagne, 1974; Lamontagne et at., 1973b).

2.2 Objectives

In conjunction with and in support of the OCSEAP program, the LMWH

studies were carried out in the northeast Gulf of Alaska and the south-

eastern Bering Sea. The objectives of the program are to determine the

distributions and natural sources of methane, ethane, ethylene, propane,

propylene, isobutane and n-butane prior to drilling activity. Observational

activities include areal and seasonal coverage to denote biological pro-

cesses, benthic sources, as well as short-term time series to elucidate

diurnal changes.

As a secondary objective, known offshore seeps were investigated

to ascertain the composition of natural gas seeps and to evaluate the merits

of naturally-injected LMWH as tracers of petroleum input. The successful

implementation of this subprogram depends critically on seep composition

and activity, depth of water and unconsolidated sediment cover, mean cur-

rent fields, and topographic structures (Fischer and Stevenson, 1973).

2.3 Relevance to OCSEAP

The principal concern surrounding the distributions, sources, and

sinks of LMWH is not their direct impact on biota, but rather as tracers

of more toxic hydrocarbon fractions commonly found in crude oils. Of par-

ticular value is the use of LMWH to identify probable trajectories of the

toxic dissolved fractions (e.g., PAH) during a spill or a well blowout.

Because some of the hydrocarbons common to petroleum are also manufactured

by marine organisms, it becomes necessary to evaluate the normal background

levels of hydrocarbons before an accurate assessment of anthropogenic input

can be made.
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Accidental introduction of crude oil onto the surface of the ocean

can be readily traced by a variety of visual techniques (e.g., remote sensing).

However, the dispersion of soluble hydrocarbon fractions cannot be so easily

traced, except with the expenditure of considerable time in sampling and

laboratory analysis. In all likelihood, the results would not be available

for days, or possibly weeks. The LMWH becomes valuable short-term tracers

of dissolved hydrocarbon fractions because of the sensitivity of the method

(i.e., parts per trillion), ease of the analysis, and real time data access.

Utilizing a pumping system, sample processing, extraction and analysis can

be readily accomplished in less than 10 minutes, or nearly in real time.

This provides the monitoring team with the capability of ascertaining the

time and space scales of the subsurface dispersion plume and to outline

probable lateral boundaries for more detailed hydrocarbon sampling.

The success of the method depends on the nature of the accident,

hydrographic and meteorological conditions, input concentration of hydro-

carbons, and the natural ambient levels against which increases can be mea-

sured. Observations conducted in the Gulf of Mexico show that propane and

butane are enriched by factors of 103 to 104 over ambient background levels

in areas of known petroleum input (Brooks and Sackett, 1973).

The overall objective is to provide the criteria for an early warning

detection of petroleum-derived hydrocarbons and to establish the feasibility

of using light hydrocarbons as dispersion tracers, particularly in reference

to near-bottom mixing and resuspension processes. In the event of a spill,

it is likely that the C1-C4 fraction may be useful in guiding a sampling

protocol for the relatively soluble toxic fractions of crude oil.
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3. CURRENT KNOWLEDGE

Prior to these investigations, no observations had been made on the

ambient concentrations of LMWH in the Gulf of Alaska or the Bering Sea

(Rosenberg, 1972). In contrast, a few analyses are available from Cook

Inlet (Kinney et al., 1970). In this investigation elevated concentrations

of methane were observed in the vicinity of the Forelands, north of Kalgin

Island, but no definitive conclusions could be drawn as to the probable

source. Gas seeps were cited as a possible source, but benthic methane

production could not be ruled out. Unfortunately, the analysis of the

C2-C4 fraction was not reliable, hence confirming data on the possible

source of the methane was not available.

Recent studies carried out by us in the northeast Gulf of Alaska

and the southeastern Bering Sea have determined characteristic LMWH dis-

tributions for the late fall season. Local hydrocarbon sources have been

identified and some measure of the diurnal variability documented. Both

vertical and horizontal distributions are available from our observations.

Details of our findings to date will be presented in sections 6 and 7 of

this report.
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4. STUDY AREAS

4.1 Bering Sea

Observations for LMWH were conducted according to the station grid

shown in Figure 4-1. The PMEL survey grid was developed primarily for the

suspended particulate matter program, but because of its uniform coverage

it was adopted as a preliminary operation grid for hydrocarbons as well.

The PMEL grid was supplemented by observations from the Institute of Marine

Science (IMS) cruise track, which increased the areal coverage toward the

west. A total of 80 stations were occupied, 69 of which (51 PMEL and 18

EBBS stations) were sampled in vertical profile. Because of the shallow

depths encountered in Bristol Bay, 3-4 nominal depths were selected at each

station. The remaining 18 PMEL stations were involked to investigate the

surface transport of LMWH from Izenbeck Lagoon. Only surface sample were

acquired at these stations.

4.2 Northeast Gulf of Alaska

Observations for LMWH were conducted at the stations shown in Figure

4-2. The grid shown in Figure 4-2 was developed primarily to investigate

the distributions of suspended particulate matter, but because of its uni-

form coverage it was adopted as a preliminary operational sampling grid for

hydrocarbons as well. A total of 47 stations were occupied in vertical

profile, usually 5-6 discrete depths being sampled at each station. Surface

and near bottom samples (bottom -5 m) were taken uniformly at each station.
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Figure 4-1 Station locations in the southeastern Bering Sea. The PMEL
grid is denoted by 0; the IMS grid by Q. Surface stations
near Izenbeck Lagoon are shown in lower case letters
(i.e., a,b,c, etc.)
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Figure 4-2 Station locations in the northeastern Gulf of Alaska.
Investigations of gas-charged sediments near Kayak Is-
land were conducted near station 22.
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An attempt was made to identify gas seeps or gas-charged sediments

along the southeast site of Kayak Island. However, the probable locations

were in shallow, uncharted depths and it was not possible to sample the

proposed sites without endangering the vessel (DISCOVERER).
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5. METHODOLOGY

5.1 Sample Concentration

LMWH are stripped from 1 l volume of seawater using the procedure

recommended by Swinnerton and Linnenbom (1967). A diagram of the gas phase

equilibrator is shown in Figure 5-1. Although the system actually used in

these studies is somewhat simpler in detail than that shown in Figure 5-1,

the principle remains the same.

Hydrocarbons are removed in a stream of ultra-pure He (120 ml/min)

and condensed on an activated alumina trap maintained at -196°C. Approxi-

mately 12 minutes of stripping are required to quantitatively remove the

hydrocarbons (>98%) from solution, after which time the trap is warmed to

90-100°C and the absorbed gases are allowed to pass into the gas chromato-

graph (GS).

5.2 Gas Chromatography

The hydrocarbons are chromatographed on a column (3/16" x 8') of

Poropak(R) Q, 60-80 mesh, and detected sequentially with a flame ionization

detector (FID) as they emerged from the column. The GC is a Hewlett packard

model (R)5 71 1, equipped with dual FID's. Analysis was carried out isother-

mally at 30°C with a GC He flow rate of 60 ml/min. Total chromatographic

analysis time through the C4 's was approximately 15 minutes. A typical

chromatogram of aliphatic components is shown in Figure 5-2A.

In order to be prepared for the 1975 field season, sufficient time

was not available to adequately develop optimal GC analytical parameters



Figure 5-1 Low molecular weight hydrocarbon extraction system
(Swinnerton and Linnenbom, 1967; Swinnerton et al.,
1968). The extraction system shown is a recent modi-
fication given to us by Mr. R. Lamontagne of the
Naval Research Laboratories, Wash. D.C.

468

18



UP He
TANK

GAS
SOURCE

.u..c"
** .-

tI-
tO



Figure 5-2A

Figure 5-2B

Chromatographic response for the C1 -C4 aliphatic hydro-
carbons. Retention times are given in minutes. The sample
was a Matheson certified standard containing methane (21.8
ppmv), ethane (1.3 ppmv), propane (1.25 ppmv), and n-butane
(1.1 ppmv). Separation of the hydrocarbons was effected
isothermally at 30°C on PoropakR Q (3/16" x 8') with a
helium carrier flow of 60 ml/min. Integration was performed
by a Hewlett PackardR model 3380 reporting integrator.

Chromatographic response of the C1-C 4 aliphatic and ole-
finic hydrocarbons. Retention time in minutes is shown
above the individual components. The sample was a Matheson
certified standard containing methane (102.7 ppmv), ethane
(5.0 ppmv), ethylene (1.9 ppmv), propane (5.0 ppmv), pro-
pylene (2.0 ppmv), iso-butane (5.1 ppmv) and n-butane
(2.0 ppmv). Separation of the hydrocarbons was carried out
on a PoropakR Q column (3/16" x 8') in series with an acti-
vated alumina column (3/16" x 2") impregnated with silver
nitrate (1% by weight). Temperature programming betwen
100° - 150°C was used to accelerate the analysis. Integra-
tion was performed on a Hewlett-PackardR model 3380 report-
ing integrator.
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(i.e., flow rates, solid supports, temperature programming, etc.). However,

during the last 3 months, considerable effort has been given to the rapid

chromatographic analysis of LMWH. The original Poropak(R) Q column has

been supplemented with an activated alumina column (3/16" x 2") impreg-

nated with 1% silver nitrate by weight. This modification, coupled with

temperature programming from 110-150C, has resulted in sharper peaks,

better separation and reduced retention times for all components (Figure

5-2B). Although the total analysis time is now regulated by stripping

time (i.e., 12 minutes), we are currently developing a vacuum extractor to

reduce the stripping time to less than 3 minutes.

5.3 Quality Control

5.31 Standardization and Accuracy

The LMWH analysis was referenced to specially prepared hydrocarbon

mixtures supplied and certified by Matheson Gas Products. The concentra-

tions of the individual components were adjusted to meet the naturally-

occurring hydrocarbon levels expected in the OCS study areas, although

concentrations less than 1 ppm could not be reliably prepared. To confirm

the analysis, one of the standards was sent to NBS for LMWH analysis, the

results of which are given in Table 5-1. The NBS analyzed standard will

be used to calibrate the remaining hydrocarbon standards.
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TABLE 5-1. Analysis of Matheson certified hydrocarbon standard by
National Bureau of Standards

Component Matheson NBS

Nominal Concentration ppmv

methane 23 ± 1 21.8 ± 0.8

ethane 1 ± 0.1 1.3 ± 0.1

propane 2 ± 0.2 1.25± 0.02

n-butane 1 ± 0.1 1.1 ± 0.02

5.32 Precision

Precision of analysis was accomplished in two ways. First, precision

errors associated with standard injection and GC response were determined by

replicate injection of standard gases. Injection of gas standard was accom-

plished with the aid of a Carle(R) sampling valve fitted with a calibrated

1 cm sample loop. The results of this experiment are depicted in Table

5-2, together with estimates of the relative error. It is readily seen

that individual component precisions are better than 2.2%. Relative error

increases as carbon number increases.

The overall error in precision, which includes water sampling, sample

stripping, and GC response characteristics, was estimated from replicate

analysis of near surface sea water. Water samples were taken in a 10 l

(R)
Niskin (R) sampler and subdivided for replicate analyses. This experiment

was repeated 7 times, 4 in the Bering Sea and the remainder in the northeast

Gulf of Alaska. The results of this study are shown in Table 5-3 in terms

of mean concentrations (X), standard deviation (S), and the relative error

in percent. A blank column indicates that hydrocarbon concentrations were

too low to produce an integrated response. Ignoring spurious values, it may
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be noted that the relative errors, except for n-butane, were generally

less than 10%. Precise measurement of low concentrations of n-butane pre-

sented a problem, primarily because of inherent difficulties in obtaining

quantitative stripping of the C4 fraction.

The detection limit for each component was estimated from the nominal

background noise. Interpreted peak areas less than 200 counts were con-

sidered insignificant, placing a defined lower limit on the detectability.

The values are, based on the data shown in Table 5-2, methane - 0.12 nl/l,

ethane - 0.06 nl/l, ethylene - 0.07 nl/l, propane - 0.04 ml/l, propylene -

0.04 nl/l, isobutane -0.03 nl/l, and n-butane - 0.03 nl/l.

TABLE 5-2. Analytical precision of the LMWH analysis determined from
replicate injection of standards

Cone. A [sigma]A N
Component C o n c  A  a A % Error N

Componen ppmv Unit Areas Err No. Samples

Methane 102.7 173793 1160 0.7 8

Ethane 5.0 15804 102 0.6 "

Ethylene 1.9 5254 77 1.5 "

Propane 5.0 25085 229 0.9 "

Propylene 2.0 9980 186 1.8 "

Isobutane 5.1 30584 454 1.5 "

n-Butane 2.0 11970 270 2.2 "

5.4 Data Collection Rationale

The original scope of the baseline study was to determine horizontal,

vertical, and seasonal variations of LMWH in the study areas as a precursor

to petroleum development. Stress was placed on the distribution of propane

and butanes as their presence in elevated amounts is much stronger evidence

for petroleum hydrocarbon input. The investigation of seeps was only
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TABLE 5-3. Replicate analyses at 7 stations in the Bering Sea and northeast Gulf of Alaska. The mean (X) and standard
deviation (S ) are based on 3 replicate analyses at each station. Relative error (R.E.) is the quotient of
the standard deviation and the mean, given in percent. All concentrations are given in nl/l (NPT).

Stations Methane Ethane Ethylene Propane Propylene n-Butane

X S R.E. X S R.E. X S R.E. X S R.E. X S R.E. X S R.E.
x x x x x x

Bering Sea

EBB 59 63.9 3.6 5.6 0.63 0.06 9.5 0.66 0.02 3.0 - - - - - - 0.24 0.11 45.8

PML 5 55.0 2.4 4.3 0.37 0.01 2.7 0.43 0.02 4.6 - - - - - - 0.14 0.04 28.5

EBB 43 60.6 1.6 2.6 0.43 0.02 4.6 0.77 0.02 2.6 0.28 0.04 14.3 0.54 0.02 3.7 0.17 0.07 41.2

EBB 41 66.3 3.7 5.6 0.41 0.10 24.3 0.33 0.13 39.4 - - - 0.40 0.16 40.0 - -

NEGOA

PML 1 173.1 0.86 0.5 0.53 0.10 18.8 1.0 0.10 10.0 0.17 0.01 5,9 - - - - - -

PML 40 591.6 20.6 3.5 0.44 0.02 4 5 0.91 0.01 1.1 0.18 0.01 5.5 0.25 0.04 16.0 - -

PML 9 123.6 1.0 0.8 0.16 18.7 18.7 0.64 0.02 3.1 0.11 0.01 9.1 0.18 0.01 5.5 - -

VI
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tangentially approached as our sampling grid was not "tight" enough to un-

equivocally locate seeps. We did, however, attempt to locate seeps along

the 10-fathom fault line southeast of Kayak Island with a dedicated 12

hour study (Carlson et al., 1975).

In addition to the baseline survey, two 36-hour time series stations

were occupied in each area. The purpose of these investigations was to as-

certain the short term temporal changes in hydrocarbons, and thereby es-

tablish normal ambient variability against which future observations might

be compared.

Ethylene and propylene, while not characteristic components of natural

gas, were determined routinely in conjunction with the normal aliphatic

components. Chromatographic separation of the olefins from the parent ali-

phatics results in a more accurate assessment of the concentrations of the

latter, since the unsaturates are usually found in greater amounts.

In addition to the investigations carried out on the distribution

of LMWH, considerable effort was mounted to elucidate natural hydrocarbon

sources. To accomplish this, surface and near bottom samples were taken.

In the Gulf of Alaska, sampling of the surface layers was carried out in

conjunction with the productivity observations to ascertain possible hydro-

carbon input due to photosynthetic or related biological processes. Near

bottom samples were taken to characterize hydrocarbon sources in sediments.

The origin of natural hydrocarbons must be understood before effective

monitoring measures can be effectively mounted.
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6. RESULTS

6.1 Bering Sea (Bristol Bay)

A total of 72 stations were occupied in Bristol Bay, comprising PMEL

and IMS grids (see Figure 4-1). Usually 3 to 5 standard depths were sampled

at each station, depending on the depth of water, hydrographic conditions,

and sampling logistics. Analytical difficulties were encountered during

segments of the cruise, resulting in an incomplete data record. Considerable

difficulty was encountered with ship-induced petroleum contamination of the

water samplers.

The results of our findings will be described in terms of areal dis-

tributions of significant hydrocarbon, their relationship to known source

regions, and short term variability in concentrations brought about by

tidal influences and/or meteorological events. Complete analysis of the

hydrocarbon data in terms of hydrographic parameters has not been accom-

plished to date, but will be discussed in the final report (October 1976).

6.11 Areal Distributions of Methane

Surface methane concentrations in nl/l are shown in Figure 6-1.

A strong surface source of methane is indicated in the region of Izenbeck

Lagoon and Herendeen Bay with normal equilibrium concentrations found else-

where. Solubility calculations for methane have not been completed as yet,

but surface sea water in equilibrium with the atmosphere should contain

between 50-70 nl/l NPT of methane (Lamontagne et al., 1973b). Values less

than 60 nl/l were observed in the delta regions of the Kuskokwim and Kvichak
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Figure 6-1 Surface distribution of methane in Bristol Bay during
Sept-Oct. 1975. Concentrations are given in nl/l (NPT).
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rivers, which presumably represent fresh water influence or the absence

of a bottom methane source.

The distribution of methane in the near-bottom waters demonstrates

the marked influence of benthic sources (Figure 6-2). Methane concentra-

tions exceeding 700 nl/l were found north of Unimak Pass and presumably

indicate localized organic-rich sediments. This observation is borne out

by the surface sediment distribution of organic carbon (Sharma, 1974),

which are significantly higher in this region as compared to eastern Bristol

Bay. In contrast, regimes characterized by river discharge plumes reveal

low methane concentrations indicative of coarse grained sediments low in

organic carbon (Sharma, 1974).

The zonal plume of relatively high methane concentrations lying along

580N latitude may be due in part to the intrusion of cold water from the

north. Near bottom temperatures for stations EBBS 38, 46, and 56 were in

the range 0-1°C, whereas higher temperatures in the range 3-6°C were ob-

served both to the north and to the south. The origin of this water is not

precisely known, but is thought to arise in the Gulf of Anadyr (Takenouti

and Ohtani, 1974). The methane also may be of local origin, but sediment

size frequency and organic carbon concentrations in surface sediments would

suggest an advective source (Sharma, 1974). More detailed measurements are

needed to clarify the issue, however.

6.12 Areal Distributions of Ethane and Ethylene

Surface concentrations of ethane are shown in Figure 6-3. The ethane

distribution shows little horizontal variations; concentrations range from

lows of 0.3 nl/l to highs near 0.6 nl/l. The average for all surface values

was 0.5 nl/l. A lobe of relatively high ethane concentration appears to
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Figure 6-2 Areal distribution of methane 5 m from the bottom in
Bristol Bay during Sept-Oct. 1975. Concentrations are
given in nl/l (NPT).
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Figure 6-3 Surface distribution of ethane in Bristol Bay during
Sept-Oct. 1975. Concentrations are given in nl/l (NPT).
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emerge from the lagoon areas and move counterclockwise around the eastern

Bering Sea. Because of low ambient concentrations of ethane and relatively

high analytical uncertainty, it is difficult to predict at this time whether

the observations are reliable. It is of interest, however, that the high-

est ethane values observed at the surface, occurred near Herendeen Bay.

Near bottom concentrations of ethane shown in Figure 6-4 revealed

a pattern similar to that observed for methane, although the localized

maxima and minima are highly attenuated. Vertical profiles near Izenbeck

Lagoon and Herendeen Bay indicate that the sediments are probably not the

source of the high ethane concentrations shown in Figure 6-3. The low

contour frequency in Figure 6-3 simply reflects the rather uniform hori-

zontal distribution of ethane.

Concentrations of ethylene showed no discernible spatial patterns.

The range of values observed fell between 0.1 and 1.5 nl/l, the highest

concentrations normally occurred near the bottom. Average surface values

were identical to the ethane average of 0.5 nl/l.

In general, ethane and ethylene increased with depth and correlated

with methane concentrations. This situation is graphically displayed in

Figure 6-5 for all samples. Although the correlation is not good, the

trend suggests a common source for these homologs.

6.13 Distributions of Propane, Propylene, Isobutane and n-Butane

The distribution of propane plus propylene in the surface waters of

Bristol Bay shows little spatial variation (Figure 6-6). Concentrations

range from a low of 0.3 nl/l to a high of 0.9 nl/l. The average for all

samples is 0.5 nl/l. Because of incomplete chromatographic separation of

propane and propylene during segments of the cruise, the integrated
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Areal distribution of ethane 5 m from the bottom in Bristol
Bay during Sept-Oct. 1975. Concentrations are given in
nl/l (NPT).
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Figure 6-5 Methane versus ethane for all samples analyzed in Bristol
Bay.
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Figure 6-6 Surface distribution of propane plus propylene in Bristol
Bay during Sept-Oct. 1975. Concentrations are given in
nl/l (NPT). Approximately 2/3 of the total is propylene,
based on complete chronatographic analysis at selected
stations.
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responses for the two components were combined. From the analyses of sam-

ples in which separation was effected, it appears that propylene equals or

exceeds the concentration of propane. Most samples showed an enrichment

of propylene over propane by a factor of 2.

Near-bottom concentrations of propane plus propylene indicate two

major source areas as depicted in Figure 6-7. One near Herendeen Bay, the

other in the central portion of Bristol Bay. As cited above, approximately

2/3 of the total is propylene. The average for all bottom samples is near

0.4 nl/l, only slightly less than the surface values. The absence of a

bottom source for propane and propylene, combined with strong vertical

mixing would result in a homogeneous water column with respect to these

components.

The concentrations of the C4 's are not shown since their concen-

trations were everywhere near or below the detection limit. Normally, the

concentrations of n-butane ranged from a trace (0.03 nl/l) to approximately

0.1 nl/£. Higher concentrations were observed during the initial phase of

the cruise, but contaminated water samplers were thought to be the cause.

6.14 Time Series

Short-term temporal changes in hydrocarbons were monitored at sta-

tions EBBS-37 (36 hours) and PMEL-46 (24 hours). These results are shown

in terms of the time variation of methane at the surface and near-bottom

(Figure 6-8).

Station 37, located in central Bristol Bay, showed systematic varia-

tions in methane in the surface layers and almost none in the near-bottom

layer. Variations seen in the bottom layer largely reflect analytical im-

precision. The periodicity seen in the surface layers is probably related
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Figure 6-7 Areal distribution of propane plus propylene 5 m from the
bottom in Bristol Bay during Sept-Oct. 1975. Concentra-
tions are given in nl/l (NPT. Approximately 2/3 of the
total is propylene, based on complete chromatographic
analysis at selected stations.
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Figure 6-8 Diurnal variations in the concentration of methane at the
surface and 5 m from the bottom at stations EB 037(A) and
PM 046(B) in Bristol Bay. Observations were conducted in
late September 1975.
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to tidal components, although it is impossible at this time to be specific

about che actual source of the perturbations.

In contrast to the rather static conditions at station 37, large

perturbations were observed in the Unimak Pass area. Over a 24-hour per-

iod, bottom methane concentrations varied by more than a factor of 2 (Fig-

ure 6-8B). Again, the periodicity suggests tidal influences, but here the

relationships between source areas and circulation become quite important

(cf. Figures 6-1 and 6-2). We propose that the large perturbations seen

in the near-bottom layer are related to the large benthic methane source

to the north, whereas low concentrations of methane may represent additions

of water depleted in methane. The source of this water is probably to the

east or south.

The maximum surface methane concentration noted at 0400 hrs may

represent the biological production of methane in the upper layers. Com-

plete analysis of the vertical profile taken at this time reveals that the

water column was rather uniform with respect to methane, but not temperature.

The concentration of methane increased from a surface concentration of 190

nl/l to 260 nl/l at 11 m, then decreased monitonically with depth to a near-

bottom value of 185 nl/l. The intermediate maximum in methane concentration

may be biologically related (Lamontagne et al., 1973b).

6.15 Typical Vertical Profiles

Typical vertical profiles of methane, ethane, ethylene, and propane

plus propylene are shown in Figure 6-9A,B for two stations in Bristol Bay.

Although it is difficult to choose a typical profile from any of the re-

gions, the occurrence of ethane and ethylene appears to correlate with

methane concentrations as noted earlier. The two stations chosen represent
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Figure 6-9 Vertical distributions of methane, ethane, ethylene, and
propane plus propylene at stations PM 014(A) and PM 045
(B) in Bristol Bay during Sept-Oct. 1975.
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diverse benthic environments in order to identify the importance of the

oottom in regulating hydrocarbon concentrations. PMEL-14 (Figure 6-9A) is

located near Cape Newenham and shows little bottom influence on the dis-

tributions of hydrocarbons. The sediments here are coarse-grained and the

organic carbon concentrations is low (Sharma, 1974).

In contrast, station 45 (Figure 6-9B) located just to the north of

Unimak Pass shows striking increases in methane, ethane, and ethylene with

water depth. Again, propane and propylene do not appear to be generated

within the sediment column.

As new data become available, hydrocarbon distributions will be

analyzed in terms of biological parameters and sedimentological provinces

to clarify the significance of surface productivity and CO2 reduction in

sediments.

6.2 Northeast Gulf of Alaska

A total of 51 stations were occupied in the northeast Gulf of Alaska,

including Prince William Sound. The station grid, shown in Figure 4-2,

was developed for the survey of suspended particulate matter and was adopted

for this program as well.

Sample analysis included 274 normal depths and 84 samples arising

from time series at stations 46 and 62. These hydrocarbon analyses were

supplemented by an intense near-bottom study off the southern tip of Kayak

Island in which two 5-1 Niskin bottles were suspended 2 and 4 m above the

bottom. Hydrocasting was conducted along the surface exposure of the

10-fathom fault line, which was suggested as a possible source of hydro-

carbons (Dr. Bruce Molnia, USGS, Menlo Park).
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The results of these findings will be described in terms of areal

distributions of significant hydrocarbons, their relationship to known

source regions, and their temporal variability. As mentioned above, com-

plete analysis of the hydrocarbon data in terms of hydrographic parameters

has not been completed, but will be included in the final report (October

1976).

6.21 Areal Distribution of Methane

Surface methane concentrations over the shelf region were generally

high. Concentrations of methane rarely fell below 100 nl/l except at sta-

tions seaward of the shelf break (Figure 6-10). Extremely high surface

concentrations of methane were observed in the vicinity of Kayak Island

as shown in Figure 6-10. The source of this methane may be the underlying

sediments, but a cursory analysis of the vertical distributions at each

of the stations often reveals a subsurface maximum in the concentrations

of methane. It is indeed unusual to observe high concentrations of methane

in surface waters where atmospheric exchange should rapidly reduce to the

concentrations to 50-70 nl/l, particularly under conditions of intense

wind mixing (Broecker and Peng, 1974).

It is possible that the high methane values observed near Kayak

Island are due to gas seeps, however, as we shall see later; the ethane

and propane components are not abnormal, at least not abnormally high com-

pared to other shelf areas investigated.

In Figure 6-11 is shown the near-bottom distribution of methane.

Concentrations of methane do not fall below 200 nl/l in the survey region,

with an intense maximum centered south of Hinchinbrook Entrance. Actual

near-bottom methane concentration at station 45 was 1577 nl/l, the highest



Figure 6-10 Surface distribution of methane in the northeast Gulf of
Alaska during Oct-Nov. 1975. Concentrations are given in
nl/l (NPT).
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Figure 6-11 Areal distribution of methane 5 m from the bottom in the
northeast Gulf of Alaska during Oct-Nov. 1975. Concentra-
tions are given in nl/l (NPT).
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value measured anywhere to date on the OCS of Alaska, Because station

positions near Montague Island were not sufficiently dense, the actual

source of the methane is not known. Based on the observations made at

stations 43 and 44, it would appear that Prince William Sound is not the

source.

The trajectory of the methane plume is east across Tarr Bank, a

topographic high consisting of coarse-grained relict Holocene sediments,

toward the Copper River delta. Without knowledge of the magnitude of the

benthic sources in the region, it would appear that methane generated near

Montague Island moves under the Copper River plume in response to estuarine

circulation. Sampling occurred in early November and it is presumed that

river discharge was low at this time of the year, thereby reducing the

normal estuarine driving mechanism. A methane source to the west and north

of Tarr Bank is suggested because of the occurrence of clayey muds, pre-

sumably high in organic carbon. Methane distributions in the near-surface

sediments are required to resolve the extent and magnitude of the bottom

source.

6.22 Areal Distribution of Ethane and Ethylene

The surface distribution of ethane is shown in Figure 6-12. There

is no discernible areal pattern except for highly localized maxima and minima.

The average surface concentration is 0.3 nl/l with a standard deviation of

0±0.2 nl/l. A single high value of 1.4 nl/l was observed west of Kayak

Island, but its significance is not known at this time. A plot of ethane

vs. methane for all samples is shown in Figure 6-13. The correlation is

poor, but the trend suggests a common source for methane and ethane. A

low methane-ethane ratio would indicate a possible petroleum source.
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Figure 6-12 Surface distribution of ethane in the northeast Gulf of

Alaska during Oct-Nov. 1975. Concentrations are given in

nl/l (NPT).
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Methane versus ethane for all samples analyzed in the

northeast Gulf of Alaska.
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The surface distribution of ethylene is similar to that of ethane,

showing localized maxima and minima. In general, the concentrations are

higher than ethane and reveal larger spatial variability. The average sur-

face value was 0.7 nl/l with a standard deviation of the mean of ±0.20 nl/l.

Near-bottom ethane concentrations are presented in Figure 6-14. In

general, the concentrations are greater than those observed at the surface,

again indicating a sediment source. Slightly elevated concentrations of

ethane were observed in the vicinity of Kayak Island, but the source of the

ethane and its significance is not known at this time. Similarly, relatively

high ethane values were observed south of Resurrection Bay. The average

near-bottom ethane concentration is 0.5 nl/l, with a standard deviation of

±0.2 nl/l.

Analogous to the ethane distribution, the near-bottom ethylene dis-

tribution is variable and correlative with distribution of methane. These

observations are indicated in Figure 6-15,

In general, elevated ethylene concentrations are observed in the

shallow shelf region, and in particular the area south of the Copper River

and Kayak Island. The average near-bottom concentration of ethylene in the

shelf area is 1.1 nl/l with a standard deviation of the mean of ±0.3 nl/l.

In general, lower concentrations are observed offshore at shelf depths and

to the east in the region of Icy Bay and Yakutat Bay.

6.23 Propane, Propylene, Isobutane and n-Butane

Surface values of propane show little variation throughout the entire

survey region, except in the vicinity of Kayak Island. The average surface

value for all samples is 0.2 nl/l with a standard deviation of the mean of

±0.1 nl/l. To the west and south of Kayak Island, surface propane concen-

trations are in the range 0.3-0.4 nl/. 511



Figure 6-14 Areal distribution of ethane 5 m from the bottom in the
northeast Gulf of Alaska during Oct-Nov. 1975. Concentra-
tions are given in nl/l (NPT).
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Areal distribution of ethylene 5 m from the bottom in the

northeast Gulf of Alaska during Oct-Nov. 1975. Concentra-

tions are given in nl/l (NPT).
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The concentrations of propane 5 m above the bottom are shown in

Figure 6-16. The distribution is spatially uniform with an average value of

0.2 nl/l and a standard deviation of the mean of ±0.04 nl/l. The elevated

propane values observed in the surface waters west and south of Kayak Is-

land are not reflected in the near-bottom concentrations.

Propylene concentrations over the shelf were uniformly at or below

the detection limit of 0.04 nl/l at both the surface and at depth. Again,

west and south of Kayak Island, measurable concentrations were observed,

the range being 0.2 to 0.3 nl/l. Chromatographic difficulties were encountered

in the separation of propane and propylene, resulting in many incomplete peak

integrations. Even so, it is apparent that the concentration of propylene

was uniformly low throughout the region, which may have been caused by the

late season and a corresponding reduction in photosynthetic activity (Lamon-

tagne et al., 1973a).

Isobutane and n-butane concentrations were everywhere below the de-

tection limit of 0.03 nl/l.

6.24 Time Series

Two 36-hour time series were taken at stations 46 and 62 (Figure 4-2).

The results of this study are depicted in Figure 6-17A,B. Station 46 is

located on Tarr Bank, a region already shown to be characterized by high

methane concentrations and strong lateral gradients. The bottom temporal

sequence shows an eight-hour periodicity, characterized by assymetrical

amplitudes (Figure 6-17A). It is unfortunate that a longer time sequence

could not be taken in order to document the frequency of the major perturba-

tions. Surface values were nearly invariant, suggesting little vertical

exchange with water rich in methane from below.



Figure 6-16 Areal distribution of propane 5 m from the bottom in the
northeast Gulf of Alaska during Oct-Nov. 1975. Concentra-
tions are given in nl/i.
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Figure 6-17 Diurnal variations in the concentration of methane at the
surface and 5 m from the bottom at stations PM 046(A) and
PM 062(B). Observations were conducted in the northeast
Gulf of Alaska during Oct-Nov. 1975.
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Temporal variability of methane at station 62 is depicted in Figure

6-17B. Unlike the near-bottom observations at station 46, only modest ex-

cursions in methane were observed during the time series. Complete analysis

of the mean flow and tidal current measurements has not been completed, but

the modest changes in the concentration of methane reflect the fact that no

large localized sources of methane exist in close proximity of station 62.

Assuming mean tidal velocities of 10 cm/sec over a time interval of 8 hours

(Schumacher, personal communication, 1976), we estimate that a significant

methane source would have to be closer than 3 km to register in the time

sequence. Inspection of Figure 6-11 reveals a rather "flat" horizontal

methane distribution over a space scale of 3 km; hence little variation

would be expected. Most of the variation may be attributed to imprecise

depth position of the sampling bottle.

During the time study at station 62, the mean flow (35 hr filter) at

177 m was weak and variable. Early in the period at was toward the north

at 10 cm/sec, diminishing to less than 5 cm/sec for the remainder of the

period. Current direction was variable.

6.25 Typical Vertical Profiles

The vertical distributions of methane, ethane, ethylene and propane

are shown for two stations in the Gulf of Alaska. Station 21 (Figure 6-18A)

is located just south of Kayak Island, near the 100 fathom isobath. Methane,

ethane, and ethylene concentrations increase monotonically with depth, sug-

gesting a bottom source. There is an intermediate maximum in the concentra-

tion of methane and ethylene, which suggests lateral advection of hydro-

carbon-rich water at 100 m or possible biological activity. The concentra-

tion of propane is uniform with depth, and appears not to be related to a

bottom source.
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Vertical distributions of methane, ethane, ethylene, and
propane at two stations in the northeast Gulf of Alaska,
PM 021(A) and PM 045(B). Observations were conducted
during Oct-Nov. 1975.
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Station 45 is located near Hinchinbrook Entrance and is characterized

by extremely high concentrations of methane. Surface values are near 300 ml/l

increasing to 1577 ml/l at depth. Corresponding increases in ethylene and

ethane are also observed as the bottom is approached, with propane and

propylene remaining invariant with depth.

6.26 Kayak Island Seep Study

Relying on verbal information from the U.S. Geological Survey at

Menlo Park concerning the locations of gas-charged sediments, approximately

12 hours of ship time were dedicated to an intensive study of the 10 fathom

fault exposure south and west of Kayak Island (Carlson et al., 1975). We

had hoped to investigate the fault along the eastern boundary of the island,

but shallow, uncharter waters prevented a study of most of the fault. Approxi-

mately 7 hours were used to run detailed transects for navigational purposes.

At the same time, continuous fathometer readings were taken to delineate the

fault and at the same time scan the waters for gas bubbles. None were con-

clusively observed.

Sampling was carried out along the fault every hour by lowering 2

Niskin bottles to within 2 and 4 m of the bottom. Sample bottle positioning

was established by the PDR trace and a fix was taken at the moment the bottle

was tripped. The results of the study are shown in Table 6-1 as time averages.

TABLE 6-1. Average concentration of LMWH taken 2 and 4 m from the sea
floor at six stations along the 10 fathom fault line south of
Kayak Island. The numbers in parentheses are standard de-
viations.

Distance

2

4

Methane Ethane Ethylene Propane

442 ± (90) 0.4 ± (0.2) 1.0 ± (0.1) 0.2 ± (0.07)

442 ± (91) 0.4 ± (0.2) 1.0 ± (0.3) 0.2 ± (0.03)
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No unusual concentrations of hydrocarbons were observed other than

the normal variabilities in methane already discussed in section 6.24.

Average and discrete methane, ethane, and propane concentrations were con-

sidered typical for the region near Kayak Island.

The failure to observe elevated concentrations of aliphatic hydro-

carbons in the C2-C4 range indicates that gas seep activities were small

or absent. Actual seep activity for the Kayak Island region has never been

reported, only the presence of gas-charged sediments. Our investigation

along the southern exposure of the fault would suggest that the gases in the

underlying sediments are of normal biogenic origin, but analysis of dissolved

gases in the surface sediments would be most helpful to confirm our sus-

picions.

Efforts are continuing with USGS to establish more precisely the lo-

cation of the gas charged sediments, and seeps, near Kayak Island.



7. DISCUSSION

7.1 Sources of Hydrocarbons

Natural levels of LMWH in the marine environment occur via enzyme

catalyzed biochemical reactions and the low temperature cracking of more

complex organic molecules (Frank et al., 1970). Small, but significant,

amounts of hydrocarbons are also produced in the surface layers of the

ocean, presumably in response to photosynthetic activity there. The nature

and extent of these processes in the surface layers of the ocean are not

well understood, but seasonal correlations with productivity are apparent

(Lamontagne et al., 1973a).

7.11 Benthic Hydrocarbon Indicators

Methane is the dominant hydrocarbon observed in shelf waters; its

concentration often exceeds other LMWH components by a factor of 100-1000.

The production of methane is presumably through the biochemical reduction

of CO2 within anoxic sediments. CO2 reduction is actually a complex

series of microbial reactions, the sum of which results in the conversion

of organic matter into carbon dioxide and methane (Claypool, 1974). This

process is carried out by strict anaerobes and is indicative of organic-

rich sediments. Coarse-grained sediments, including the sand fraction,

are usually low in organic matter and consequently do not support vigorous

methane production. Similarly, river deltas characterized by coarse-grained

sediments of low organic carbon content would not represent environments

conducive to biogenic methane formation.
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Our measurements in the Bering Sea and the Gulf of Alaska support

the aforementioned generalizations. Although the sedimentary environments

in the Gulf of Alaska have not been fully investigated as to their potential

for the formation of biogenic methane, the conclusions arrived at in the

Bering Sea will probably carry forward.

Near-bottom sampling in the Bering Sea and the Gulf of Alaska re-

vealed a positive correlation between the methane concentrations and ethane

(cf. Figures 6-5 and 6-13). In the Bering Sea the data are contained in an

envelope delineated by methane-ethane ratios of 40 to 300, whereas the same

ratios in the Gulf of Alaska range from 300 to 2000. The major difference

between the two environments is the relatively larger methane concentra-

tions in the Gulf of Alaska. Assuming equal solubilities for methane and

ethane, it would appear that gas seeps would have to be characterized by

ethane concentrations in excess of 2% in the Bering Sea and 0.3% in the

Gulf of Alaska before environmental distinctions could be made. It is

not clear at this time why the differences in the ratios for the two areas

should be so great.

A more informative ratio to consider might be the ethylene-ethane

ratio. An example of the relationship between ethane and ethylene is

shown in Figure 7-1, The slope of the least-squares line is a 0.45

(ethane vs ethylene) or 2.6 if ethylene is regressed against ethane. The

standard error of the slope is ±0.03. Because this relationship shows a

much stronger correlation (r = 0.66) than that observed in the plot of

methane vs ethane, small variations in the ratio might be indicative of

the hydrocarbon source. The ratio between ethane and ethylene should be

extremely sensitive to petroleum or natural gas contribution because of

the near zero levels of the olefins in natural gas.
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Figure 7-1 The relationship between ethane and ethylene concentrations
for all observations in the northeast Gulf of Alaska. The
slope of the line is 0.45 ± 0.03 (r = 0.66).
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In both Bristol Bay and the Gulf of Alaska, concentrations of the C3

and C4 fractions were exceedingly low. Because of the pristine nature of

the Alaskan shelf environment, these parameters may well show the largest

perturbations in LMWH arising from accidental spillage. This is certainly

the situation observed in the Gulf of Mexico, where 100-fold increases were

observed in the concentrations of propane and butanes 100 km off the Missis-

sippi River delta (Brooks and Sackett, 1973).

7.12 Atmospheric Exchange Processes

Volatile hydrocarbons produced in the marine environment or intro-

duced through petroleum development will eventually escape to the atmosphere.

An unknown fraction of the total will be microbially degraded by indigenous

marine organisms. The relative magnitudes of the two processes are unknown,

but atmospheric exchange should be the easier to estimate (Broecker and

Peng, 1974). Microbial degradation will depend on many environmental para-

meters, including salinity, temperatures, nutrients, nature and surface

area of particulate matter, bacterial flora, and possible microbial syner-

gistic effects.

Our measurements conducted on the shelf region near Kayak Island re-

veal anomalous concentrations of methane in the surface waters (cf. Figure

6-10). In view of the intense mixing characterizing these waters, parti-

cularly in late fall, it is indeed surprising to observe these elevated

amounts. Inspection of vertical profiles in the region suggest a source

of methane at the surface, rather than at depth. Comparison of surface

methane values with chlorophyll-A and primary productivity did not yield

meaningful correlations (Jerry Larrance, personal communications). We

assume that the observed concentrations are the result of biological activ-

ity, but the mechanisms or processes are unknown that produce methane in
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well-oxygenated waters (Claypool, 1974).

7.2 Hydrocarbon Tracers

One of the objectives of this hydrocarbon program was to establish

the criteria under which LMHH might be useful as tracers of the toxic

soluble fraction of crude oil. Although no major seep areas were identi-

fied conclusively, the high concentrations of methane generated on the

shelf were used to characterize the space scales over which LMWH might be

useful as tracers in the event a significant source were present.

To illustrate the potential, two vertical methane sections were con-

structed normal to the coast of Alaska. The first of these was constructed

from observations made along the line of stations commencing in Resurrection

Bay (cf. Figure 4-2), the latter originating in Yakutat Bay. The results

are shown in Figures 7-2 and 7-3.

It is apparent that methane generated on the shelf of the upper slope

has been transported off the shelf more than 100 km. Because the mean flow

in the upper layers at this time of year is largely parallel to the isobaths

or with a significant onshore component (Galt and Royer, 1976), we conclude

that the distributions of methane shown in Figures 7-2 and 7-3 have arisen

largely from lateral diffusion or from episodic offshore advective transport.

At the time the eastern section was being occupied (Nov. 7-8, 1975), current

measurements were being taken at station 62, located approximately 120 km

to the west. Current measurements taken at 175 m and filtered for a 6-hour

interval, show a weak flow to the west on 7 Nov., shifting to an onshore com-

ponent of 10-15 cm/sec on 8 Nov. Concurrent observations taken at 104 m

show a continuous NNW component at 15-20 cm/sec (Schumacher, personal com-

munication). At this point, the actual source of the methane cannot be
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Figure 7-2 The vertical distribution of methane along a north-south
transect originating in Resurrection Bay (cf. Fig. 4-2).
This line of stations (PM 001-PM 004) defines the western
boundary of the survey region.
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Figure 7-3 The vertical distribution of methane along a north-south
transect originating in Yakutat Bay (cf. Fig. 4-2). This

line of stations defines the eastern boundary of the
survey region.
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stated unequivocally. But it seems clear, based on a rather cursory examina-

tion of current meter data, that the apparent penetration of methane off-

shore may have resulted from advective transport of waters from the east

enriched in methane. The expected attrition of methane in direction of

mean flow due to in situ consumption would be supplemented by lateral dif-

fusion from the shelf region. Ignoring for the moment the mechanism by

which methane was transported off the shelf, it was unusual and totally un-

expected to find high concentrations of methane in well-oxygenated water

at relatively great distances from known sources.

Because of these observations, it would appear that the near-bottom

methane plume observed to the west of and underlying the Copper River plume

may be the result of circulation and not a benthic source (cf. Figure 6-11).

Seasonal observations and methane profiles in the sediment should assist in

the clarification of the issue.
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8. CONCLUSIONS AND SUMMARY

The low molecular weight hydrocarbons, including methane, ethane,

ethylene, propane, propylene, isobutane and n-butane were determined in

Bristol Bay and the northeast Gulf of Alaska. The measurements were car-

ried out in vertical profile in order that sources and sinks might be more

clearly defined. This report indicates conditions as they existed during

the fall of 1975.

In general, strong bottom sources of methane were identified in both

the Bering Sea and the Gulf of Alaska. Just to the north of Unimak Pass

in the region called the "Golden Triangle", methane concentrations exceeding

600 nl/l were observed within 5 m of the bottom. Without confirming evi-

dence on the distribution of methane in surface sediments, it is assumed

that the methane arose from microbial degradation of organic matter with

subsequent diffusion to the overlying water. Sediments characterized by

lower concentrations of organic carbon generally reflected diminished near-

bottom concentrations of methane.

In the Gulf of Alaska, extremely high concentrations of methane

were observed south of Hinchinbrook Entrance; the origin is presently un-

known. Concentrations of methane near the bottom were uniformly high

(>200 nl/l) over the entire shelf area and presumably reflect sedimentary

carbon concentrations, although corroborating evidence is not at hand.

In the Bering Sea, surface methane values were generally in the

range of 50-70 nl/l, indicating a diminished bottom source and equilibra-

tion with the atmosphere. In contrast, the northeast Gulf of Alaska
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revealed high concentrations of methane in the surface waters, presumably

due to an underlying benthic source. In the region surrounding Kayak Is-

land, surface concentrations were greater than 250 nl/l, indicating a sharp

departure from equilibrium conditions. Again, the source of the methane

is not readily apparent, but appears to be a surface generated phenomenon.

Time series measurements made in both the Bering Sea and the Gulf

of Alaska suggest strong diurnal variations in the concentration of methane.

The magnitude of the variations depends on short term current fluctuations

and strong horizontal methane gradients. The periodicity of the fluctua-

tions suggest tidal frequencies, but a complete analysis has not been made

to date.

Correlations of ethane, ethylene, propane, and propylene have been

made against methane. With the exception of propane and propylene, the

others show a positive correlation with methane, suggesting a common ori-

gin. It is not known at this time whether the ethane and ethylene arose as

the direct result of a biochemical process or as the result of low tempera-

ture cracking of organic matter. The former process seems more likely.

An analysis of ethane-methane ratios in the near-bottom waters of

the Bering Sea and Gulf of Alaska suggests that ethane is never greater

than 2% of the methane (Bering Sea) and is significantly lower than that

in the Gulf of Alaska. There the ratio was highly variable, ranging from

a low of 0.03% to a high of 0.2%. If we assume that natural gas contains

more than 2% ethane by volume, we would conclude that no seep areas were

unequivocally located in these surveys.

The differences observed in the ethane-methane ratio for the two

environments may simply reflect a variable input of methane. As stated

above, concentrations of methane in the Gulf of Alaska were significantly
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higher than those observed at comparable depths in the Bering Sea, but the

concentrations of the C2 and C3 fractions are nearly the same in both

areas. This may indicate that a saturation effect in which increased pro-

duction of methane beyond a certain limit is not reflected in the concentra-

tions of other hydrocarbon species. Additional studies are required to un-

ravel the complexities of hydrocarbon production in marine sediments and

in surface layers.

The concentrations of the C2 and C3 hydrocarbons were uniformly

low in both the Bering Sea and the Gulf of Alaska. Concentrations generally

averaged less than 1 nl/l, with only a few notable exceptions. Ethylene and

propylene concentrations were generally two-fold greater in concentration

than their aliphatic homologs, and did not show the high surface concentra-

tions that are normally indicative of photosynthetic activity.

Measurements for iso- and n-butanes were carried out, but the con-

centrations were uniformly low in both survey areas. Concentrations rarely

exceeded 0.1 nl/l and were usually near or below the detection limit of

0.03 nl/l. Values greater than 0.1 nl/l were generally attributed to con-

tamination arising from the ship.

539



9. FUTURE RESEARCH ENDEAVORS

The present research activity centers largely on the seasonal and

spatial variations in low molecular weight hydrocarbons with some attention

being given to significant source regions. It is estimated that present

field scheduling in the Bering Sea, Norton Sound, Chukchi Sea and the north-

east Gulf of Alaska will, for the most part, satisfy our commitment to the

establishment of baseline levels of LMWH in these areas. Since some of

the geographical areas will be visited 3 times, others only once, seasonal

information will be limited in scope in some areas, absent altogether in

others. It would be desirable from a scientific point of view to continue

our studies on the distributions, sources and ultimate fate of natural

marine hydrocarbons, but we recognize that all of these goals may not be in

the best interest or within the capabilities and jurisdiction of the OCS

program. For these reasons, we feel that future research activities con-

cerning LMWH should be redirected toward local source areas.

Future research activities should concentrate on known hydrocarbon

inputs, whether they be natural or man-made. Included in these categories

would be: a) anomalous hydrocarbon sources, b) natural gas and oil seeps,

and c) existing petroleum platforms and producing wells. The aim of these

studies would be to ascertain the sources and composition of the hydrocar-

bons, their input rates, and their usefulness as tracers of soluble hydro-

carbons.

Detailed measurements of anomalous hydrocarbon sources, such as those

revealed near Hinchinbrook Entrance and the Herendeen Bay in Bristol Bay,
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should be undertaken. Emphasis should be placed on near-bottom gradients

and trajectories of the hydrocarbon plume. These efforts should be sup-

ported with detailed examination of the hydrocarbon content of the under-

lying sediments, particularly on surficial gradients from which flux cal-

culations can be carried out. Attention should be given to the composition

of the gases with particular regard for the C2 -C5 fraction. If the con-

centration of methane is sufficiently high, it should be extracted and

analyzed isotopically for 613C composition. The isotopic composition

of the methane should reveal its primary source, whether it be principally

biogenic in origin or the result of the percolation of natural gas from

underlying reservoir rocks.

Similar detailed studies of natural gas and petroleum seep would

also be indicated. Here, the Geological Survey should be consulted as to

the seep location, input activity, and possible hydrocarbon composition.

We are continuing our dialogue with the Conservation Division and the Gas

and Oil Branch of the USGS as to the location of promising seep areas in

the OCS.

In the event that a hydrocarbon source appears to be derived from

petroleum or natural gas, a supplementary program should be initiated to

sample the higher molecular weight fractions, as appropriate for the source.

For example, in the case of a conventional petroleum seep, the C6-C 12

(gasoline and kerosene fraction) may be of interest as confirming evidence.

Lastly, we feel that the current production of petroleum in upper

Cook Inlet should be examined in terms of LMWH. The results of Kinney

et at. (1970) indicated elevated levels near the Forelands, which they as-

cribed to possible gas seeps. Observations will be conducted this spring
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in lower Cook Inlet and special attention will be given to the Forelands

area. Based on these results, as well as geological data on the occurrence

of seeps and sub-bottom geological structures, a study should be conducted

into the sources of the hydrocarbons (i.e., platforms or natural seeps).

Sampling of localized sources of hydrocarbons should be carried

out according to a high-density sampling grid. To be cost effective,

sampling should be conducted with an in situ pumping system interfaced with

a rapid gas extractor and chromatographic processor. Such a system has

been built and will be field tested in May 1976.

Our findings in the Gulf of Alaska and the Bering Sea have shown in-

teresting, but yet unexplained, relationships between methane, ethane, and

ethylene. If the latter two components arise from the sediment, as we be-

lieve the bulk of the methane does, what are the processes that result in

the formation of ethane and ethylene? Conceptually, we envision a biochemi-

cal origin for these gases, but the purely inorganic cracking of more complex

organic molecules also may contribute significantly to their production.

In the broadest context of the environmental assessment program, it seems

that a knowledgeable understanding of the sources of natural hydrocarbons,

the rates of input, and the ultimate fates are of paramount importance.

Traditionally, it is the investigation of natural contaminants under natural

environmental conditions that results in more reliable predictions concerning

capacities, stress tolerances, and rates of recovery of a given system.

The production and escape of LMWH from sediments ought to be studied

in the context of environmental and geochemical factors. Relationships

between hydrocarbons and environmental characteristics, such as sediment

type, size frequency, organic carbon content and origin, redox potential,
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sedimentation rates, pore water chemistry, and microbial populations, should

be emphasized. Because the LMWH fraction is volatile, special coring ap-

paratus must be constructed to eliminate exchange of gases with the atmos-

phere during sampling. As a first step, surficial hydrocarbon gradients

and the loci of hydrocarbon production should be investigated in the upper

2 m of the sediment column. Depending on the outcome of these observations

in promising localized areas, additional experiments should be developed

to elucidate mechanisms and environmental control parameters.
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10. SUMMARY OF 4TH QUARTER OPERATIONS

10.1 Task Objectives

In accordance with the guidelines set down by OCSEAP, two field

programs have been conducted in the Bering Sea (RP-4-DI-75B-III) and in

the northeast Gulf of Alaska (RP-4-DI-75C-I). The principal focus of these

operations was to evaluate the spatial and temporal variations in the con-

centrations of the low molecular weight hydrocarbons (LMWH), methane, ethane,

ethylene, propane, propylene, iso- and n-butane. Emphasis was also placed

on natural sources of hydrocarbons, short term temporal variations, and po-

tential seep areas. A detailed description of the program is presented in

work unit #153/155.

10.2 Field Activities from January 1 - April 1, 1976

No field observations were conducted during the last quarter.

10.21 Laboratory Activities

During the winter months, work has continued on the development of

rapid hydrocarbon analysis to augment our future field endeavors. Work has

continued on the development of a vacuum gas extraction system to facili-

tate rapid sample processing. To supplement our ability to degas water

samples rapidly, progress has been made in the optimization of the chroma-

tography of LMWH. We have augmented the Poropak Q column (3/16" x 8')

with an activated alumina column (3/16" x 2") impregnated with 1% silver

nitrate by weight. This modification, together with temperature program-

ming, has achieved sharper peaks and reduced retention times for all
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components. Chromatographic analysis has been reduced to under 7 minutes,

compared to 15 minutes in the original procedure. Typical chromatographic

responses are shown in Figure 5-2A,B of the annual report.

Plans are being initiated to develop, in cooperation with the biolo-

gists (J.D. Larrance and D.M. Damkaer), an in situ pumping system to which

the vacuum extraction system will be interfaced. This will provide for

increased mobility in the rapid and quantitative assessment of localized

hydrocarbon inputs.

10.3 Laboratory Procedures

The procedure, originally developed by Swinnerton and Linnenbom

(1967), has been modified slightly to facilitate field operations, includ-

ing logistics. Samples are taken from either 5- or 10-1 Niskin(R) samplers

and stored temporarily in 1-1 glass-stoppered bottles, to which has been

added 100 mg of sodium azide to retard bacterial metabolism. Within two

hours of sampling, hydrocarbons are quantitatively stripped from solution

with ultra-pure helium and adsorbed on activated alumina at -196 0C. After

12 minutes of stripping at a He flow rate of 120 ml/min, the cold trap is

warmed to 90-100°C, and the released hydrocarbons chromatographed on a

column of Poropak(R) Q (3/16" x 8'). Complete sample analysis of dissolved

hydrocarbons including stripping, through C4, requires less than 30 min-

utes.

10.4 Sampling Protocol

No field samples were taken during the reporting period.
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10.5 Data Analysis

LMWH data collected during the aforementioned cruises were reduced

and compiled according to the format designed by EDS/NODC. A copy of the

format is shown in Appendix I.

Data for the cruises was submitted to Mr. Mauri Pelto, OCSEAP Data

Manager, on February 12, 1976. Xerox copies of the data are included in

Appendix II for your reference.

10.6 Results

The results of our field activities in late fall of 1975 are graphic-

ally displayed and discussed in sections 6 and 7 of the annual report and

will not be reproduced here. Final data processing is continuing.

10.7 Financial Statement

The financial posture of the LMWH program, through April 1, 1976,

is estimated on the following page. Because of salary overruns arising

from unanticipated overtime commitments during scheduled cruises and the

failure to carry forward FY 75 salary money, the anticipated salary short-

ages will be covered from existing supply and equipment funds. No hard-

ship to the program is envisioned.
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ESTIMATE OF FUNDS EXPENDED THROUGH 1 APRIL 1976

Salaries and overhead

Major equipment

Expendable supplies

Travel and per diem

Shipping

Publications

Allocated

63.0 K

26.5

17.5

2.0

4.0

4.0

TOTAL 122.0 K

Expended to Date

42.8 K (b)

17.5

8.4

3.0

1.5

0.0

73.2 K

reallocation necessary to

4K lost from FY 1975 (not

pay future salaries

carried over)

Balance

20.2 K

9.0 (a)

9.1 (a)

4.0

2.5

4.0

48.8 K

(a)

(b)
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Appendix 1 and 2 listed in the table of contents of this report are two
sets of data not included here.

These data may be obtained by NAPIS # upon request from:
Jim Audet
NOAA/EDS/NODC
3300 Whitehaven St., N. W.
Washinton, D. C. 20235

NAPIS # 76-0630 (Discoverer

NAPIS # 76-0631 (Discoverer cruise, September 21-October 3, 1975) -- includes
700 punched cards
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cruise, October 21-November 5, 1975) --
500 punched cards

includes

* U.S. Government Printing Office: 1976-679-578/459 Region 8
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