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FATTY ACIDS AND HYDEOCARBONS
IN THE SURFACE WATERS

OF THE YORK RIVER



INTRODUCTION

irsi recorded epplication of the methods by which
insoluble moncomolceeular layers were studied seems to be a
LO0C vear old cuneiform inscription found in ancient
Babylon (Teusnit, 1654). A prisst dropped seszme oil In a

N iy ey g - T iy Eod-ail B PR, WO Y 5 e iy - . o~ o7 = o C -y
flat wooden bowh filled with weiter and looked at the surface

agzinst The viving sun., The colors and movement of the oil
fitlm were thought to indicate the course of future events.

The Tact that vegetable oils are effective in calming
waves was kvuowmt to the Egyptians. Benjamin Franklin

b1 P N
genciioaeu

he conducted on a pond neaxr Clapham,

He was greatliy impressed by the visible speed and
foros of the spreading oil. He observed that on a windy

of o0il was surfficient to smooth half an

cere of wates . Trurndit (1954) noted that this corresponds
te 20 A fov the thickuaess of the oll f£ilm, which is the
corvest order of wmaguilude for a monomolecular layer.
Saurface films of organic material, very often mono-

o Lo found over mest of the lakes, estuaries and
oceans of thc vorid., Thege clicks are associated primarily
tY o high productivity areas according to Dietz and LaFond

(10505, who obgerved very fow or no surface films on the

-
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ot Sait Lake 1o Utah and over deen cceanic watevs, which
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ave both thought Lo be low in bilological pwroductivity.
Suriace f£ilms occer when wind speeds are less than ten
kricts, and become miwed with subsurface water at higher
wind spzecs. The capillary wave dampening effect of slick

. s 9 .. N it o 3 e - "
material, which produces he caim’ area, allows them to be

sean. These sourface films move under the influence of
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a2eticon and winds,
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surface currents, U
The films are compesed of relatively non-polar, water

inscluble, vrganic compounds of many varieties. There is

0]
Fh

not a great deal of information available on the agin

-
4

marine surface films, Such aging studies have been made
only on various types of fuel oils. According to Smith and
Macintyre (1871), fuel olls break down initially by
evapcration and Jdissclution.

Surface films oviginate Irom several sources.

Petvoicum slicks consist predominantly of hydrocarbons.
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These gomernimes arvrise through natural fissures, as off
' Darbara channel., 011 spills also result f£rom the
voor desizn of equipment, or the improper operation for
the cil, eaccording to the First Report of the
Pregident's Panel ca Ol Spills (1970).

Cihey surface f£ilms are of bicologicael origin. Dietz

(1950) displacaed talce on distilled water with
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tish, zooplunkton and phytoplankton. The

et
W

phytoplonkeon, consisting mainly of diatoms, produced the
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food reserve and & f£lotation mechanism (Sverdrup, Johmson,

and Flewming, 1942). Clark and Mazur (1941) showed in

[
.

itom lipids the abundant presence of fatty acids and

-
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thatances that are potential slick producers.
Urnless chservation or sempling of the slick material occurs

soon after iis generation, the surface film will be a
partially decomposed mixture of hydrocarben, biological and
locally extracted maferi&l (Garretr, 1967), composed of
hvdrocarboas £rom crude and refined oils and biologically
derived decarboxylation products of fatty acids, fatty

acids, alcohols and esters, and other lipid material,
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PREVIOUS WORK

Studies of dissclved orvganic matter in the onen ocean
(Menzel, 1907; Duursma, 1961) showed surface concentrations

to be 0,2-2.7 willigrams D.0.M. per liter. Landlocked

3

i

" S SO - -~ (IR, SRS, P ) 2 " -4 :
sreasz weare found to hove higher values, 3.3-8.0 milligiram:
WRPNE L -SSR £ TIPSR -
ver liver (Buursma, 1661,

Slowey, Jeffrey and Bood (1962) studied vertical

s in the seawater of ithe Culf of

}.—-‘.

Mexilco, Concentrations of C.5 milligrams per lifer were
reporied Lov thz 10 meter samples. Ci14:0: ©16:0: Cig:1>
Cig.gy ond Cig.q fatty acids predominated in these sanples
The fatty acid composition of phytoplankton, zooplankton

andd miillen fron Calveston Bay were alsoe reported and foumd

pEN
£y
1%

,.

te be ecimilar to the fatty acid analysis of seawatsr.
Fatty acids of the warcrs of the Straits cf Georgia,

Pacific Ocean waters were

He reported individual

1«S micrograms per
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Titer of seawater which passed through a 2.0 micron glass
fiber (fiter, Williams slso reporied fatty acid

comceentrations for algae, zooplankton and hake, obtaining
;tnilar to those of Slowey, Jeffrey and Hood (1962)
for t¢he zooplankton, phytoplankton, and mullet of the

Galveston Bay. Cr4:0, C15:0, C16:1, €18:0, and C1g:1 were
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ant fatty acids in some seawceds {(Cheucas

23

alsao the predomin
and Riley, 1966).
Stzuffer (18969) reported fatty acid data for the James

River, the lower Chesapeske Day and the nearby Atlantic

. P 3 2 T o 9 [0 BRI ~ Y A Ty T 3y Tt e 0a 2
Ocean. Velues of 3,25 - 82 wmicrcgroms per liter were

obtoined for samples which were faken at the two meter

10 and 25 micrograms per

liter. These valuss scem to be somewhat low in comparison
to other published reports.

¥
1

The fatoy acids of 20 marine animals, primarily fishes

and crustacesms, were determined by gas-liguid
bromarograpby by Lewis (12067). The fatty acids thax

predominated wove the same as ihose reported by Sicwey,

Hood (19¢62) for Calveston Bay samples. These
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its woeald scem o indicate vhat fatcty gcid analysis of
mism sawmpie would yield even
numbercd fatty acids, either completely saturated or singly

msaturaled,

rel o attempt to use screens
to gsample thin films (0.15 mw). Prior to this time, all
surface sampies were taken with buckets or bettles.
Betimates of tobkel lipid material were 0.2 -~ 1.0 milligrams
sar Tiver {(Garreit, 1967). One hydrocarbeon was identified
and the cuistence of fatty acids was reported at eight
sampling stations. Garret ‘s work was primarily concerned
with the total dissolved organic material that could bLe

exivavted from seawater with chlovcform. Tho analyses were



nol guantivacive for individual iipid compounds. Although
the screen samples the 0.15 mm layer effectively, it may
centzaminate samples with subsurface particulate matter and

L ovequires on impractically long time to collect a large

voluma of the continually changing sturface laver.
Jarvie {(1967) and Jarvis, et al, (1%597) specviated

that films of surfasce active matevial av the sea suviace

are privavily mizxiures of saturaited and unsatuvated falty
Bite IS P . P NI ey - Vo~ e ~ E - 7

acids and their esters, with lesser amounts of proteins,

caybohydra

a5 and hydrocarbons. No chemical analyses were
mace ,

Jeiffrey {1964) used soivent extraction, column,
aver and gas chromatography with infrared and ultra-
viole® absowption techniques te reveal a complex mixture of
Gllenes, alkenes, fatty acids, steroids, phospholipids and
many vnidentiiied materials from seawater. Twenty to

anes ware getected and saturated and unsaturated
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facty acids were presenit varying in carbon chain length
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tas chromatographic analysis cf gasoline in water

Ly by

}——

mineral o1l in water were carried out successfu’

\<‘

Jeltves (1967, 1969). Ry means of rvelatively simple gas
chyronatographic methods, he was able to quantitatively
analyze components of mineral oil with beiling poinis up to
300°¢C.
Smith acd Macintyve (1971), using temperature
;

programmed gas chromatography, reported e varlous

il ped



componernts of Fuel oils (No. 2, 4, and 6) after initial

aging on the sea. The following results were cbtained siw
hours aftesr the generation of a No. 2 fuel oil slick, with
winds at 18 knots and the seswater temperature 5°C:

Hydrocarbon Percent lost to surrounding:

J
3 U
H

Decane 96.1%
Hendacane 85.47%
Dodeca 58 s
Tridecane 4.JA
Tetradecane 7.0%
Pentadecane 5.7%

To date, gualitative analyses have been carried out on

ezmples taken with bottles and screens. The only
cuantitative work on surfece water has been done on botile

3 N a gt

o analvses have been carried out ou surface
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Virginia waters.

A quanticalive study of the individual ocrganic
congtituwents was neaded, Surface concentrations of organic
wetervial may be welated to biological communities and
industrial ovr municipal effluents in the area. Surface
concentrations of ayvdrocarbons and fatty acids may be
indicators of sliczck type. The source and eventual fate of
this 1ipid material and the present concentrations are
useiful In determining the ecological significance of marine

foatiy acids and hvdvocavborn fllms.

ow



OBJECTIVE

The obijective of this work was to develop analytical
techniques in the laboratory to differentiate between a
slick of hiological origin and a petroleum o0il slick. This
objective was unable to be carried out. The analytical
results were to have been coordinated with remote sensing
data in such a fashion as to develop a system for

differentiating siick types with remote sensors. From

iy

these results an attempt was to be made to remote sense sea
slicks and determine the slick type. The remote sensing
was not carcied out due to unavailability of the aircraft.
4L second objective was to determine the effectiveness
of the drum sampling device in the sampling of thin £ilms

on sea surfaces.

- -
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MATERTALS AND METHODS

Samples were taken along the York Riwver, from the
wcuth to West Point (see ¥Figs. 1, 2, 3). Dates, positions,
nd descriptions of samples takep are given in the

Appendix, Table I.

The Sawpling Drum

Fies and Gabor (1966) showed that monomolecular lavers
o1 water surfaces can be transferred quantitatively to a
rotating stainless steel cylinder. By rotating the
eylinder in opposition to the water flow (Fig. 4) and by
chanping the depth of immersion and rotation speed, it was

shown by Ries (1968) snd Ries and Gabor (1966) that the

ims from the surface of the water was

Under laboratory conditions, Ries and Grutsch (1968)
showed that the maxinum amount of contaminant removed by
the method of a single rotating cvlinder was two percent of
the 1liquid. To maximize the recovery of oil, a dual drum
system was adopited, with the two drums rotating in opposite
directions. The first drum concentrated the surface
contaminant and the second collected the surface sample,
with as high ac 98% of the collected material being oil
(Fig. 4).

~-10-
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Harvey (1966) reported using a rotating cylinder to
coliect submillimeter thickness surface water samples. He
used a 60 x 38 em stainless steel drum coated with a
ceraniie material to prevent oxidation. Studies to
determine effective methods of collection and observation
resulied in improvemenis that saved time, reduced the
problem of deteiricratcion or alteration of the slick during
sampiing, and allowed the colleciion of a 60 i laver, with
a mintoum of vertical mixing. Samples obtained hy the
meihods of Harvey indicate larger amounts of organic
wmateyial in the thin surface layer of the sea than in the
water at o depth of ten centimeters. These organic
mareriais include living nannoplankton organisms,
atructural components of disintegrated organisms, surface
active substances, chlorophyll, and carotenoid pigments.
Ho chemical analvses were conducted on these samples ko
deterwine dissolved organic material.

The stainless steel drum was coated with Solaramic
$521.6-2C {(Solar Corpany, San Diego, California).
Specificaviocus of the coating material are given in the
Appendix, Table VII. The coating material was used pri-
marily Lo prevent oxidation of the stainless steel. The
drum is approwimacely five feet long by two feet in diameter,

The drum was supported three feet in fronit c¢f the bow
of a Cheyemne Model Thunderbird (Fig. 5). The apparatus
was reisea and lowered v en electrically operated winch.

Jhen wot in vse the weight was suppoited by a small boom



[

sk immerr device,






-17-
on the bow., Within the tubular aluminum suvporting
structurce, a stainless steel trough with a teflon blade was
mounted in such a fashion as to scrape the rotating
cylinder. The drum was driven by an electric motor at
betwesn eight and ten revoluticns per minute, a siightly

faster rate than a wheel on the boat would be turning at

the boat's spead. After being scraped from the drum and

being depesited in the trough, the sample was drawn by
vacuum through one-guarter inch teflon tubing into a

chemically clestc glass carboy., The entire system was
rinsed just price to collecting a laboratory sample with

S -SRI T T
some of tho sample,

A""n’L}" j (‘r‘ 1 Proes

Immedistely upon return to the laboratory, the samples
were gravity filtered through Gelman Type A, 0.45 micron,
lass fiber filters. Although vacuum filtration offers
speed, ruptured cells would have contaminated samples with
lipid waterial. The pH of the filtrate was then adjusted
to 2,0 to 2.5 with 12 HC1, so that the salts of the fatty
acids would be converted to the frec fatty acids. At this
point 50 mi of chloroform were added to retard bacterizl
degradaticn of the sample. This step was necessary since
it took three to four hours to extract each sample and

somciimes it was several days before ail the samples could
be extracted.

Lecording to Jeffreyv and Hood (1958), solvent extrac-

tion appeared to be most effvctive of the six common



methods for isolating organic material from seawater,
However, in that study and in more recent work by Jeffrey
{1963), efficiencies of solvent extraction with chloroform
ranged from 5 - 15%.

A seawater-chloroform ratio of 12:1 was chosen. A
continuous exwiraction device (Fig. 6) was built and an

.
i

optimul extvaction time o four hours was selectad, since
longer periods of tiﬁe resulted in a serious loss cof
chlovofornm due o evaporation. The 1500 ml of chlorcform
was ther removed and reduced in volume by vacuum rotary
evaporator,

The exivact was subjected to preparative thin-layer
chromatography according to the methods of Stahl (1969).

T“he thin-laver (0.25 millimeters) was composed of
$ilica Cel G (Merck, Darmstadt, Germany) and applied
rapidly {the calcium sulfate binder sets up rapidly) to a
20 3 20 centimeter glass plate by means of a spreading

device (Brinlkmann Instruments, Westbury, New York). The

rlate wes then ailr dried for thirty minutes and activated

-18.

at 110°C for another thirty minutes. Plates were stored in

A desiccator until ready for use.

The cevaporated sample was spotted on the thin-layer
plate with a micropipette. The plate was developed with
90:10:1 hexane, diethyl ether, end acetic acid as
recommended by Mullins (1976), who developed the procedure

used here for thin-layer chromatography. The hydrocarbon

band migrated to the solveant front while the fatty acid

S



Fig. 6. <Continuous extraciion apparstus.
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band was less than halfway up the plate.

The bands of organic material were made visible by a
0.354 naanometer light. The hydrccarbon and fatty acid
bands were both vacuumed off the plate with a spot
collecting device. The silica gel was washed with methanol
to remcve the organic material. At this point the hydro-
carben and fatty acid portions of the samples were separated
to prepars them for'gas chromatograph

The methauolic hydrcocarbon solution was reduced to a
very small volume and then extracted with hexane to remove
the hydrocarbene from the methanol. This micro-extraction
was necessary to remove the methancl soluble calcium
sulfate binder. The hexane solution of hydrocarbons was
reduced in voiume to dryness and redissolved in a known

volume of hewane just prior to injection in the gas

Gas chromatographic analyses were carried out on a
Perkin-Elner Model 900 Gas Chromatograph equipped with
dual coluans i dual flame ionization detectors, being
opervzted under dual column compensated conditions.

For the hydirecarbon work, 6 ft. x 1/8 in. 0.D. copper
columns were usced. They were packed with 10% SE-30 (Dow)
on a non-2cid washed Chromosork P (Mesh 60/80) both f£rom
Appliied Scicnce, Stere College, Pa. A temperature progran
was used with an initial temperature of 100°C for two

minutes and & final teuperature of 280°C for twelve minutes.

The nrogren rate was set at 4°C per minute with the



-1~
injectors at 320°C and the manifold at 290°C. Zero grade

helimm was used as a carrier gas, with breathing quality
air and hydrogen, all from Air Products. Average injectiom
volumes were from 5 to 10 microlitexrs,

The methanolic fatty acid soclution was taken to dryness

The fatty acids were converted to

e
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their methyl esters for gas chiromatographic analysis
according to the esterificaiion method of Metcalfe and
Schmidtz (1961). To the dried sample several ml of 15%
(by wt.) boron trifluoride in methanol were added. The
samples were then sealed in vials and placed in boiling
water for ten minutes. After cooling and adding one mi of
water, three extiractions, each using two ml of hexane were
used three times to isolate the methyl esters of the fatty
acids. The hexane extract was washed with water and dried
over scdivwm sulfate for 30 minutes. The extract was then
f1ltered through hexane-washed glass wool to remove the
soadium sulfate crystals and then evaporated to dryness

The rample was then rediscolved in a known amount of hexane

and was now ready for gas chromatography.

farty acid methyl esters were run with a program
similar to the hydrocarbon program. The initial temperature
was 100°C for two minutes while the final temperature was
250°C for eicht minutes. The program rate was 4°C per
winute. The injector temperature was set at 300°C and the
feo1t

manifold was set at 275°C. Glass columas (174" x 6') were

packed with 5% S5E-30 on Chromosorbh G {(AW-DNCS, 80/100 Mesh)



prepared by Perkin-Elmer (lot #3, 8-18-70). The rest of
the prcocedure was the same for hydrocarbon analyses.

Peaks were identified by comparison of retention times
with those of a series of standards purchased from Applied
Science, State College, Pa. The areas under the peaks were
determined since they are dirvectly proportional to
conicentration when F.I.D. ig used. Duplicate ruus were
made on the standardé daily. Blanks were run to determine
contaminants of the system. A volume of chloroform (1500
ml) was evaporated to near dryness and subjected to all
analytical techniques described in the methods section.
This was conducted three times on each lot of solvent
purchasged, The contaminants were then identified on gas
chromatograms and were subtracted from the peaks present.
Kaown cencentrations of fatty acids and hydrocarbons were
added to distilled water to determine the efficiency of

recovery of organic material.

-29-



Hydrocarbong

Percent compositicon and concentration data for
hydrocarbons are recorded in Table Ii. Due to improperly
functioning injection ports, the hydrocarbon concentrations
Tfor the first eleven samples were not determined., However,
the percoent composition of these samples was calculable.

The last nine samples were contaminated by a recently
purchased lot of chloroform. This contaminant obscured

peaks and prevented determination of Cy7 and the for

“18
the last niae hydrocarbon samples., An approximate
correction factor was determined from the first twenty
gemples snd avplied to the last nime. These corrected
values for the total hydrocarbons per sample are compiled
it Teble IV.

Hydrocarbon values ranged from 0.16 - 1.20 mg/l, with
wosi values in the 0.20 - 0.60 mg/l range. The average
vaiue for the unidentifiable material was 31.10% with
nearly all values falling in the 20 - 40% range,

Samples #21 through #29 were taken with the intention
of comparing weihods of sampling. The results are compiled

in Table V for the hydrccarbons.

“23.
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Farty Acids

The per cent composition and concentration data for
the fatty ccids is recorded in Table II1T in the Appendix.
Saasple #7 was lost due to spillage.

The last nine samples were contaminated by the
solvent. Approximate correction factors were determined
from other data. This was not quite as serious as it could
have been, since blaﬁks were run through the entire system.
The last nine samples were also compared to one another.
The corrzcted values are compiled in Table VI.

Fatty acid concentration values were reported from
0.40 - 8.0 mz/1 with most samples of surface films falling
in the 1.0 -~ 4,0 mg/l range (Table IV). The average value

tor unidentified material was 9.10%.



SOURCES OF ERRCR

Before discussing the results, it is necessary to
examine the anslviical procedures adopted for sources of
error.

The drum sesmpling device pecrfermed satisfactorily, but
the troush had to be kept level to avoid spilling sample
over the side. It was mnecessary to keep the vessel as
level as possible and to tryv and avoid wakes of passing
broats. The trough also had to be keptit empty so that the
samples collected would be as uniform as possible. Some
organic material was probably lost due to adsorption onto
the stainless steel surface of the collecting trough.

While being pumped to the sample collecting bottle,
little or no organic material was lost due to adsorption
ont the teflon tubing. The sample botitle was rinsed with
some of thz sample prior to collecting the laboratory
sample, rul some ovganic material probably was lost due to
adscorpticn to the glass surface, Similar losses could be
pradicted in the fillitration process, where glass Ifiber
filter pads were used.

Extraction efficiency was predicted to be on the order
of 5 - 15% officient. This loss and the loss experieunced

duving fileration account for most of the loss of organic

-25-



material during the analytical procedures. When this

extract was reduced in volume, some of the more volatile,
lower molecular weight components were probably lost.

Thin~laver chromatography was helpful in separating
the classes of compounds from one arother as well as
conlkaminants present, Some losses could be experienced in
the vacuum spot collecting technique and the washing of the
silica gel with methanol.

At this peint, fatty acids were esterified. A series
of standard fatty acids were esteriified with boron
triflucoride methanol. The results indicated there was no
prefevential esterification of fatty acids by this
techn: rygue.

Up to this point in the analytical procedure, it was

co determine any sort of preferential loss or
quantify souvrces of errcr. Standard mixtures of hydro-

carbons and esterified fatty acids were run daily and were

found to bz reproducible within +5% (Table VII). This ic a
measurs of the reproducibility of injection techniques,

celumn and datector response of the ¥E-900 Gas Chromatographn.

The PE-900 Gasg Chromatograph is sensitive to organic

material of 5 x L0712 gm carbon/sec,



DISCUSSION

The original intent for this investigation was to
dififeventiate between predcwinantly hydrocarbon (petroleum
sliclks) and fatty acid (recent organic generation) slicks
The results of the first twenty samples showed that
chemical difforenitiation would be extremely difficult,

Sample #12 wes taken at the mouth of the York River.
It was & very light slick with no foam or particulate
matter noticesble. Sample #14, taken just upriver on the

-

lay, wase veported to be heavv with foam and
3 o

LY
rad
ot
o
=
)
P
~

particulare matter. This slick also contained hundreds of
dead jellyfish. These twe samples were analyzed and found
to heve the same concentrations of faity acids and hydro-
carbone, Tha light slicl sample (#12) showed slizhtly
larger concentrations of fatity acids and hydrocarbons.
Samples #1% and #17 showed relstively large amounts of
hydrocarbons. They were taken in the area of the Naval
Weapons Station dock in Yorktewn. Higher amounts of

rocarboens would be expected in this arca since there is

o)

hy
usually a slick being generated from the dock area.

In geueral, the results chowed that the fatty acid and
hydrocarbon content of the samples taken seemed to bear no

relation te the area in which the sawmple was taken or the
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particular appearance of the slick, Samples taken off the

Amoco (Yorktown) Refinery pier showed no exceptionally

e
n

large concentwrations of hydrocarbons even though there
always a glick present around the terminal. There is
little industrialization and light ship traffic on the
York River but higher concentraticns of hydrocarbons would
be expected in the areas of the Naval Weapons Station and
the Awmoco Refinery iﬁ Yorktown.

The results obtainad for the last nine samples
indicated that the drum skimmer device i3 effective in

sampling suvface films., ITn all cases, the surface f£ilm

samples couteined wmore dissolved fatty acids than samples

(,.

-

taken jusﬁ cutgide the slick with the drum skimmer, Bottle
samples taken just under the slick had lower amouwnts of
fartv acids than any of the slick samples taken, indicating
this to be a poov method ¢f sampling surface films.

i contyvast, the hydvccarbon concenirations reported
for scamples #21, #24, and #27 were lower than other
hydiccevbon semples. These are slick samples taken with
the drom sikimmer. The corresponding samples for just
“he eliek reporvted higher concentrations of
hydrocarboas., The bottle ssmplies taken just under the slick
also weve veported to contain higher concentrations of
hydrocavizons. The concentration of hydrocarbons in
non-stick surface samples was higher than the bottle samples.
This may be explained by the relative surface pressures of

the hydrocarbeons and fatty acids. The relatively polar



fatty acid material may force the ncn-polar hydrocarbons
outsida the main body of the slick., Due to the differing
crientaticns of the hydrocarbon and fatty acid molecules at
the aiv-sea interface, the hydrocarbon film would be much
thinner amd less easily seen. This does not explain the
higher ceoncentrations of hydrocarboas in the samples taken

ith hoitles,

The liast nine samples of

:;4
®
-
e
joi]
”Z‘
)
l
rf
o
et
=
|—~4
\s
o
e
)
,..
e—~l
=
T
1)
~
1]
Q

{(related to wind velccity).

cther conditions were fairly constant during the sample
Ae the day progressed, wind velocity increased somewhat and
there wss considevrable mixing of surface and subsurface
water, as iundicated by the results, even though the wind
veloeity was cnlv 8 - 10 knots. The concentrations of
fatty acids in slick and non-slick sawmples wers more

oncentration values become diluted,
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ck samples and becttle samples changed less

(3

while the won-sli
drasiicelly,

This was not true for hydrocarbons, however. As the
winds increased, concentration values increased for slick,
non-slicl and bottle samples. The sliclk sample was still
the least concentrated with the non-slick samples being of
greatest concentration.

Samples taken on the same day showed various total
concentratiocns but were very similar in their per cent

composition., The last nine samples did not agree with this
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completely., The fatty acid concentrations of samples #21,
#24, #27, contained large percentages of Cyy.qg and Cjig.q-
These values were lower for non-slick and bottle samples.

A monomolecular layer is on the order of magnitude of
50 A, Calculations show that the slick material in a
sample, assuming the drum picks up a 100 micron layer
represents approximately (6.005% of the sample by volume.

A eightcen liter elick sample consaeguently would contain
abcut nine-~tenths of a gram of slick derived organic
material., This amount of meterial was not recovered in

part due to adsorption in the filtering process, low
extraction efficiency and low sampling efficiency. A layer
of orgenic material on the water does increase the amount
of orgauic material dissolved in the water just under the
¢lick according to T.e Chatelier's principle.

The non-slick samples and bottle samples had total
concentration values for fatty acids of 0.3 to 0.7 mg/l.
Sicwey, Jeffvrey, and Hood (1962) reported subsurface

concentration values for fatty acids of the Gulf of Mexico
to be 0.5 mg/l. landlocked bodies of water were reported

to have values of 3.3 to 8.0 mg/l of dissolved organic
matter (Duursma, 1961). Since only part of the D.O.M. is
fatty acid, thesse figures do not seem in conflict.

The fatty acids from scawater most often mentioned in
the literature were the Cir.0, C16:0» Ci16:1s C18.0, and
Cig.q fatty acids (5lowey, Jeffrey, and Hood, 1962;

Wiltiams, 19€5: Cheucas and Riley, 1966; Lewis, 19067



Stauifer, 1969). The data reported by this author are
basically in agreement with other published reports. The
three slick samples taken on November 3, 1971, added Ci17.0
to this list but the non-siick samples contained iittle of
this fatty acid.

In samples #21 through #29, fatty acids are shown to
be more concentrated in slicked over areas than non-slick
areas. This is some#hat in disagreement with the work of
Carrett (1967), who stated that surface fatty acid concen-
tration was independent cf slicks in the area. However,

his slick samnles were taken at sea with screens. The

samples taken for this study were from an area of extremely

high bioclogical productivity. This may account for the

difference in results.
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RECOMMENDATTONS FOR FURTHER WORK

This author feels that the drum skimmer device is an
efficient device for taking large wvolume surface samples.
it is recommended, however, that in the future the device
be constructed in such a fashion thaet 1t be independent of
thie main bedv of a vessel. It should eiither be towed
behind cn pontoons, such as Harvey's (1965), or be able to
be vemoved from the water end stored in the research vessel.
In this monmer, research operation could be carried out at

sea or in areas that might be potentially dangerous to a

In this study the drum skimmer was compared to the
bottle sampiing technique used for sampling surface water.
The differences in non-slick samples, slick samples, and

bottle samples were noted in the discussion section. It

st to compare the drum skimmer technique to
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the screen technique developed by Garrett (1965).

A complete temporal and spatial examination of organic
materials in a body of water may be of interest. By
coordinating these data with particulate analysis and

.

knewn in the area it may be possible to facilitate

7
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spe
the study of a food chain, especialiy when higher molecular

acids and hvdrocarbous that are not metabolized
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are studied. By having background information available of
this type, statements having to do with quantities of oil
in the ecosystem or concentration of pesticides in surface
films could be more firmly supported by fact.

In examination of surface films, it has come to this
author's attention that it would be most helpful to have
the thickness of the surface film being sampled as a known
factor. Perhaps it ﬁay someday be possible to get
estimates of film thickness from a physical measurement.

Finally, tha other classes of compounds present in the
surface film samples should be examined. Since surface

ms are so common in the biclogically rich areas, it

M
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5
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be interesting to see if these materials serve any

function in the ecosystem.
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TABLE T

SAVMPLING SITE TOCATIONS, DATES, AND DESCRIPTIONS

SAMPLE #1

(3]

August 18, 1970 0940 hrs.
Long. 76°32'5" Lat, 37°15'33"
Jacer Temp. 28.0°C Ambient Temp. 27°C
The siick extended from the Yorktown Naval
Weapme Station (N.W.S.) to about 1/2 mile
northeast of the N.W.S. dock. The slick
also extended to mid-channel. Light slick
material, no particulate matter and no foam
werz noted,

August 18, 1970 1105 hrs.
Long. 76°28'37" Lat. 37°14'30"
Water Temp. 28°C Ambient Temp. 27°C
The slick was about 2 miles long and 49
feet wide in the vicinity of the Coleman
Bridge. Little particulate material, no
foam and heavy damping of capillary waves
was reported. Increasing winds were also
experienced.

August 18, 1970 1215 hrs.
Long 76°28'37" Lat. 37°15'29"

Water Temp. 29.5°C Ambienit Temp. 30°C
Due to increasing winds, this sample was
taken in the Sarah's Creek inlet. The slick
was reported as very light with scme
particulate material and very little foam.
Sampling was discontinued at this time due
to extreme weather conditions.
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TABLE I (Continued)

SAMPLING SITLE LOCATIONS, DATES, AND DESCRIPTICNS

SA
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Lol August 27, 1970 1200 hrs.

Long. 76°34'55" Lat. 37°17'35"
Water Temp., 23°C hmbient Temp. 29°C

A slick was found ofif Cheatham Annex. It
was very Lar ge but tight, with
little foam and paxr i metter. The
siicl ext 1 ; ovm the river and
ouf into the main uhannal. The winds were
Tight.

-f')

*

SANILI 5 Auvgust 27, 1970 1200 hirs
Lopg. 76°31'48" Lat. 37°15'22"
Water Temp. 23°C Ambient Temp. 30°C

The slick was located 200 vards off the
N.W.S. Yorl,towzrl, bothr up and down river.
It was light snd haed little foam and
particulate material.

SAMPLE #5 August 28, 1970 1200 hrs.

Long. 76°48°%25" Lat. 37°31°'54"
Water Temp. 28.5°C Ambient Temp., 29°C

The slick was located just south o¢f the
Pamunkey River Bridge at West Point, near
the Chesapeake Corp. Particulate material
and some feam was noted in a heavy slick.,

CAMPLE #7 Avgust 28, 1970 1245 hrs.
~ 1! - ~ P
Long. 76745710 Lat. 37°23'8"
Warer Temp. 28.5°C Ambient Temp. 29°C

¥

Down river from West Point, a2 heavy siick
* 1] . - ’

with much particulaize matter and foam was

netad.



SAMPLE
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STTE LCCATICHS

TARLE I (Continued)

, DATES, AID DESCRIPTIONS

August 28, 1970 1430 hrs.
Long. 76°32'57" Lat, 37°16737"
Water Temp. 29°C Ambient Temp. 29°C

A very large slick was reported to contain
much particulate material and foam. It
extended up and down river for several

miles with a width atout 50 yards.

September 24, 31970 1030 hrs

ong. 76° 26135 Lat. 37°13%34%
Water Temp, 27°C Ambient Temp. 24°C

A glick was reported off the
3 )

ARoco (Vor“n
town) Ugbr Tt was 11 SO
2

;ome foam

Fn

and marticulate matte

September 24, 1970 1145 hrs.
Tong, 76730718 Lat. 37°14'3

Water Temp. 27°C Ambient Temp. 24°C
sample was talken under the Coleman
Br;m:n. It was reported as light with 1
foam and little particulate material.

September 24, 1970

I £ PRREA : 50 et 18
6°32%7 Lat, 37°15'34

al o Fo 3 e [ o
Tewmp. 27°C Ambient Yemp. 25°C

This slick was al* 1ight with some foam
and little particulate matter. The sample
was taken in the area of tha N.W.S.,
Yovktown.

(S%



TABLE I (Continued)

SAMPLING STTE LOCATIONS, DATES, AND DESCRIPTIONS

SAMPLE #1412 May 15, 1971 0915 hrs.
Long. 76°23" Lat. 37°14%20"
Water Temp. 18°C Ambient Temp. 20°C

The sample was taken at the mouth of the
York River near the Chesapeake Bav. The
slick was very light with no foam or
rarticulate material.

SAMPLID %12 May 15, 1971 0945 hxs.
Long. 76°25° Lat., 37°13'53"
Watier Temp. 18°C Ambient ‘femp. 20°C

Down gjfcr from the Amoco (Yorktouwn)
Refinerv a slick was noted., There was
some foum and particulate material but the
slick was light

e
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ay 15, 1971 1015 hrs.

Long. 76°26'33" Lat. 37°13'32"
Water Temp. 18°C Ambient Temp. 21°C

A very heavy, foamy sl
west of the JfAmoco Refine:
e

ick was TGQOlr'd just
v
of dead jellyfish wer o

v pier. BHundreds
a in the slick.

SAMPLY #15 May 15, 1971 1050 hrs.

Tong. 76°29'25" Lat. 37°14'17"
Water Temp. 18°C Anbient Temp. 21°C
A slick was noted close to the Virvginia
Institute of Marine Science pier. It was
light with some foanm and pariiculate matter

Winds were increasing.



SANMPLE
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TARLE I (C

LOCATIONS, DATES, AN

The slick was L*”hl but had much
llﬁvlb feam and the

L
LOCTe Was

material. s
increas ol

winds weiro

May 15, 1971

Long. 76°35730"
\/‘]at&,.!. T(‘.‘-l!:]f)s 19\0

Conditions
sample due
siight damp

There was much org“nl

TFoam,.

May 15, 1971

Long. 76°38"
Water Temp. 18°C

conditions were

May 15, 1971

Long. 76°44'50"
Water Temp. 18
the

Conditions were

May 15, 1971

Long. 7644750
Water Temrp. 187C

Condition@ and pos
Sample was

the water's surface.

(:'J

matex

very similar to

ition
taxen Ly dipping a bettle und

,-‘.i
=
[9)]
>

Lat. 37°17'
Ambient Temp. 21°C

Lot

rg5h

lLat. 37719
femp. 21°C

Ambient

‘—J

to a non-slick
wvind. A wvery
reported.

rial and little

1245 hre

LY

Lat. 32°21'35"

Ambient Temp. 19°C

cample

1400 hrs.

Lat. 37°29"

Ambient Temp. 19°C

same as #17 and #18.

1420 hrs.

Lat. 37°29"
Ambient Temp. 19°C

the same as #19.
e wdor

particulate

LA
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TABLE T (Continued)

LOCATIONS, DATES, AYND DESCRIPTIONS
November 3, 1971 1300 hrs.
Long. 76°29'42" Lat. 37°14'39"

Water Temp. 18°C Ambient Temp. 20°C
Taken just after a very heavy storm.
Absolute calm with very slight capillary
waves, Slick was either a monclaver oxr

very clLose tn 1. Very light with no foam
and no particulsate matter.
November 3, 1971 1330 hrs.

Long. 76°29738" Lat. 37°14°'50"
Water Temp. 186°C Ambient Temp, 20°C

Sample was taken with drum skimmer owtside
the slick. Conditions were the same as #21.

November 3, 1971 1315 hrs.
Long,. f6°°9'42” Lat. 37°14739"

Water Temp. 18°C Ambient Temp. 20°C
Sample caken by dipping a large mouth glass
bottle under the slick. Conditions were
the same as samples #21 and #22.

November 3, 1971 1415 hrs.

Long. 76°36" Lat. 37°17'48"
Water Temp. 18°C Ambient Temp. 20°C

Winds are increasing but this sample was
taken on the western shore of the York River
near Queen's Creek. A great deal of detri-
tal material and foam was flowing out in a
heavy slick. This slick was des PFLLtG as a
semi~permanent variety by Lake (1972).
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TABLE € (Continued)

SAMPLING SITE LOCATIONS, DATLES, AND DESCRIPTIONS

SAMPLE £25 November 3, 1971 1440 hrs.

Long. 76°36'10” Lat. 37°17'36"
Water Temp. 18°C Ambient Temp. 19°C

Conditicans were the same as #24. The Sample
mA% taken with a drun skimmer out of the
s J._ JJ.;»-..

;J.’j’x_‘;,:' 1'« : ./ ; v L‘-" rVemnmners 3 “ ;,. b .)Vi.. it .
CARAT B Sl af tyeys s 1071 14'501
- o [l . o 1

Long. 76°36 Lat., 37°17148"
Water Temp. 18°C Ampient femp. 19°C
Sample tsken by dippiung large mouth boutle
undayr siick sample F24.

GAMPLL 27 November 3, 1971 1545 hrs
Long. 76°30° Lat. 3791445
Water Temp. 18°C Ambhient Temp. 17°C
Winds increasing in a slick thszt is light aond
was I artic natter end no foam.
has some particulate matter aznd no foam
Sample taken just oiff VIMS pier.

SEMPLE #2858 November 3, 1971 1630 hrs.

Long. 76°30'5' Lat. 37°14°48"
Water Temn. 18°C Ambient: Temp. 17°C

Sample taken with the drum skimmer outside
the slick 2rca. Conditicns similar to #27.

SAMPLE 429 November 3, 1971 1600 hrs.
Long. 76°307 Lat. 37°14'46
- r s RN *_ 3 PR P oL . -
Water Temp. Ll3°C Ambient Temp. 17°C

Qtnaln taken by dip

1iny bottle wnder the
slict Conditions the

same as 27 and #28.



HYDROCAREGN SAS

CARTOR SAMPLE
SEa ~
WO, ugs/l.
10

oncontration

PR T S, - : “ A a
frdanple lost dee

values unaval

TABLE IT
PLE CONCENTRATION

L e
1%

7% T.H. Lgs/L.

tr
5.67
8.76
10.31
4,64
27.89

lable.
- ey ¥ sy e
O & PLL } A,

D

AND COMPCETTION

SAMPLY: #2%
% T.H.

C.23
0.12
0.25
0.21
1.13

1.06

1.58

40,74

"/

SAMPLI #3%%

pes/L.

o T.H.



TABLE 1Y (Continued)
WYDROCARECY SAMPLE CONCENTRATION AND COMPOSITION

CARBON SAMPLE 4% SAMPLE #5% SAMPLE #6%

NO . pas/l. 7% T.H. pps/l. 7% T.H. ugs/1l. % T.H.

0 .10 0.15 0

11 0.08 0.41 0.11
12 0.07 0.16 0
13 .31 1.07 0.61
14 0.13 6.31 2.58
15 0,75 4,20 4,58
16 1.38 6.97 7.40
i7 9.24 10.41 9.00
18 11.62 8.41 8.37
19 16.10 9.68 14.29
20 .30 6.54 7.19
21 7.11 5.14 5.37
22 9.20 3.87 5.80
23 4.81 5.21 4.49
24 1.36 1.87 3.3L

? 28.35 29.60 24,60

*Concentration values unavailable,



wlilye
TABLE 11 (Continued)

HYDROCARBON SAMPLE CONCENTRATION AND COMPOSTITION

CAKBON SAMPLE #7% SAMPLE #8% SAMPLE #9%
[RisIN pes/i, % T.H. pgs/l., % T.H. ugs/l. % T.H.

10 0.45 0.32 0.23
1L 0.18 0.13
12 0.23 0.10 .13
13 6,68 0.47 1.53
14 3.12 2.50 5.36
15 3.76 3.71 8.75
e 5.12 4,66 8.49
L7 &8.21 8.21 11.40
18 8.00 9.70 9.75
19 14.37 16.74 8.62

43

L
.

20 .37 5.95
21 6.28 4.32 3.58
4.93 4.77
3.73 1.59
0.88

N ] Ny
R QDN
o O u
[ Y - L)

O 0 W
~ co =t

? 29.07 39.88 29.23

*Concentration values unavailable,
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TABLE I7 (Continued)

HYDROCARGOY SAMPLE CONCENTRATION AND CUMPOSTITICN

CARRON SAMPLE 10 SAMPLE #11 SAMPLE #12
NG, pgs/l.  h TUHL pgs/L. % TUH. ugs/i. % T/
LG T Lty

1x C.08 tr tr

2-‘ et el | I 3 =t
"~ T“ Ner £ '~
e [9%) —
e [ N o~ (&)
~d < I <
i SR ~d = [e3}
- N -t
N U ul e N (@) O
! (o2} Ln o Rl (W] N
o e SN O
N [ ane T
o0 -t = =
N N O
Y - . r’-
N £ L3 =
~lt o N

L
C{)
(¥4}
@)
H
N
L
(W)

24 68 15.15
? 19.52 28.62 1606 36.92

Total L4G
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HYDRGCARS

TARLE IT (Continued)

LE CONCENTRATION AND COMPOSITION

AT AN ¥
0N EAMPLE

~ A A L
SAMPLE 13

wgs/1.

4
y)

L

tr

—t
(22 (\e] x
(&%)

N2
8
\O

% T.H.

pu

N
N

€

l.
0.2

e
~!

tr

0.55
3.41
5.71
10.16
.70
10.22
3.85
5.49

[ex)

~-

2.64

3f\€;‘

. SO

46.15

SAMPLE #14

pgs/l.

tr

1

i

25
27
52
16
51
14
33
12
16
166
423

% T.H.

tr

0.30

SAMPLE #15

pgs/L.

tr

tr

tr

18
20

4L

31

(o))

O, "y 3
l/o 1. .H-

tr

tr

9.77
24.07

A



TARLE I1 (Continued)}

HYDROCARBON SAMPLE CONCEITRATION AND COMPOSITION

CARZON SAMPLE 16 SAMPLE #17 SAMPLE #18
NO. ugs/l. % T.H. pugs/l. 7% T.H. ugs/1. % T.H.
10 tr 0.06
i1 tr tr tr t3
12 1 0.09
13 1 0.09 3 0.55 tr tr
14 ) 0.18 1 0.13 tr tr
15 7 1.32 4 0.66 5 0.19
16 22 4,11 19 3.53 23 5.14
17 L9 3.63 48 8.75 20 4,54
18 46 &.77 63 11.40 61l 13.69
19 23 4,26 37 6.68 12 Z.70
20 483 i8.73 65 11.75 54 i2.06
21 17 3.12 23 4.15 23 5.11
22 27 5.16 41 7.37 33 7.38
23 13 2.40 11 2.07 10 2.27
24 17 3.12 20 3.69 28 6.24

7 239 45,09 216 39.14 178 39.69

Total 529 552 L4G
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TARLE 11 (Continued)
HYDROCARZON SAMPLE CONCERTRATION AND COMPOSTTION
CALRDON SAMPLI #19 SAMPLE #20
NC, pgs/l., % TLUH. gs/l. % T.H.
10 tr 0.03
11 tr t

12 o1 0.04

et
g~
N
(> R ]
oo
—

Ls 4 0.81 2

17 25 5.61 27 13.12
18 52 11.86 33 16.37
19 20 4. 60 21 10.38
20 29 6.62 9 4.53

2

22 46 10.50 15 7.55

23 20 4. 60 9 4,53

24 59 13.23 21 10.18
7 139 31.39 31 15.28

Toral 442 202



HYDROCARBON SAMPLE CONCENTRATION AND COMPCSITION

CARBON
NO.

10
11

SAMPL

pgs/L.

37

TABLE 11 {(Continued)

E #21

% T.H.

27.21
11.56
21.44

~J4
=~
wn

.68
.10
.04

v

23.53

SAMPLE #22
pgs/1. % T.H.
12 3.77
21 6.99
52 12.90
27 8.52
15 L .14
6 1.80
90 27.12
114 34.62
332

SAMPLE #23

ugs/1.

52
50

138
35

130
495

% T.H.

0.54
10.12
9.09
16.25

w = O
oo
L

o~
o
B

26.18

-49-.



TABLE I1I (Continued)

RYDROCARRON SAMPLE CONCENTRATION AND COMPOSITION

CARBON SAMPLE {24 SAMPLE #25 SAMPLE. #26
NO, pgs/l. % T.H. ugs/1l. % T.H. pes/t. % T.H.
10
11
12
13 3 0.51 2 0.44
14 9 6.45 65 12.24 59 13.52
15 16 11.35 71 13.36 37 8.46
16 20 14.33 77 14.65 34 7.79
17
18
19 16 11.22 51 9.67 53 12.04
20 10 7.30 11 2,11 54 12.39
21 9 6.76 11 2.17 8 1.74
22 4 2.97 17 3.18 7 1.59
23 5 3.24 25 4.77 9 2.09
24 12 8.38 44, 8.37 40 9.07

? 39 27.57 153 28.97 135 30.79

Toral 141 528 437



HYDROCARBON

CARELOR
NO.

10

Total

-TABLE 11 (Continued)

SAMPLE
SAMPLE #27
ugs/i. % T.H.
tx tr
23 10.47
13 5.84
47 21.29
19 8.41
i 4.12
14 6.18
3 1.37
11 4.72
65 29.14
222

CONCENTRATION AND COMPOSITION

SAMPLE #28

pes/L.

75
31
86

81
27
197
93
31
2956
1000

(=7}
/0 TDH‘

0.86
7.53
3.13
8.56

§.08
2.74
19.67
9.30
3.13
29.064

SAMPLE #29

ugs,/1.

51
27

84

40
10
16
69
64

535

o7
/o T'Hn

9.62
4.99

7.41
1.85
2.99
12.97
11.97
26.01

-5] -~



TABLE 11X

FATTY ACID SAMPLE CONCENTRATION

ACTD SAMPIE
uzs /L
10:0
11:0 13
12:0 104
15:06 157
L4 0 567
14 112
15:6 207
16:C 2510
VO 720
16:2
17:0 95
12:0 274
181 1142

19:0 20
20:0 43
21:0 46
97940 303
23: 0 100

9 747
Total 7861

1.43
2 .64
31.93
9.80

1.21
11.12

pad
I~
W3]
W

2
W]

oo Q©
Ln
(W3]

1
€

I~
L2

Ch
N

Somand
L]

o
Cn

.44

S LWP IJ E
ugs/l.

tr

248

52
728
€28

AND COMPOSTITION

e/
(<4

#*2
T.A.

0.44
0.61
tr

6.31

2.38
38.21
3.43

1.33
18.50
15.95

1.27
.33
0.83
1.33
0.27

co
o ¢
O

SAMPLL #3

ugs/1.

10

173

91
1754
159
tr
62
782
627

OI/O T'A.

0.24

_r_\

.
N
.

N
by
Ut

_F\
Wl
(]
N3]



TARLE 111 (Continued)

FATTY ACTD SAMPLE CONCENTRATION AND CCHMPOSITION

ACID SAMPLE #4 SAMPLE #5 SAMPLE '/
vas/l. % T.A. pzs/l. 7% T.A, pgs/l. % T.

10:0 5 0.12

11:0 5 i4

12:0 28 1.13 37 .98 4 0.16

0.
0
3. 51 1.92
85 3.19

135

el
[N
<
}—-
~
GO
(&)
O
N
\D

228

<
P
I
(6.9
bf'

O
N
(o))
(@)
Ul

.09 77 2.05 61 2.29

15:0 52

N

16:0 852 34.06 1316 34.96 1142 42.85

1691 116 4,62 274 7.29 222 8.34
162
17:0 48 1.92 61 1.62 35 1.31

'—.l
i
N3
O

18:0 3949 15.%94 625 16.61 407

o
.
i
et

1&:1 379 15.16 600 16.03 333

12:2
i9:0 153 .52 17 0.46 & 0.2¢9
20:0 28 .13 11 0.2¢9 30 1.14

2330 13 0.35 10 0.37

et
L)

e0] ) = o
W
N

22:0 .19 227 6.02 101 3.80
0.41 23 0.86

? 03 2.53 113 3.01 151 5.60

N
-
(W]

NS
o
<o
W
o
L
()
st
wn

Total 2501 3764 2665



w5l
TERLE 111 (Continued)
FATTY ACID SAMPLE CONCENTRATION AND COMPOSITION

ACTID SAMPLE #7% SAMPLE #8 SAMPLE #9
ugs/i. % T.A. pugs/i. % T.A. pgs/l. 7% T.A.

10:0

11:0

12:0 30 1.11

13:0 tr 13 0.48 50  5.58

14:0 2.89 370 13.50 40 4.49

1l 39 1.43

15:0 0.72 35 1,27 19 2.06

16:0 31.05 1052 38.36 339 37.74

1601 L.44 314 11.44 4G 4.49

L2

17:0 1.08 18 0.64 14 1.58

16:0 22,74 166 6.04 130 14.44

18:1 31.05 383 13.98 162 15.08

18:2

19:0 tr tr

20:0 0.36 ty tr 16 1.82

Z21:0 tr te

22:0 8.66 61 2.22 64 7.16

23:0 ty tr
? 261 9.53 23 2.55

Total 2743 897

*Mo concentretions available.,



TABLE 111 (Continued)

FATIY ACID SAMPLE CONCENTRATION AND COMPOSITION

ACID SAMPLE #10 SAMPLE #11 SAMPLE #12
pgsil., % T.A. pgs/l. % T.A. ugs/L. % T.A.
10:0
13.:0
12:0 tr tr 13 1.13 16 0.63
13:0 tr er tr tr 20 0.79
P40 71 5.09 111 9.65 102 4,10
1ad 9 C.35
i5:0 29 2.11 43 3.69 37 1.49
160 615 44, 21 342 29.71 428 17.23
16:1 tr tr 26 2.27 27 1.10

17:0C 01 4,38 48 4,16 75 3.02
18:0 361 25.90 249 21.67 287 11.57
18:1 59 3.60 122 10.60 117 4.73
18:2
19:0 19 1.33 19 1.70 16 0.66
20:0 40 2.89 28 2,27 75 3.02
21:0 tr tr tr tr 388 15.62
22:0 117 8.37 117 10.12 424 17.05
23:C tr tr tr ty 10 0.39
7 29 2.11 35 3.03 453 18.24

Total 1392 1151 2485



56~
TARLE T1TIL {(Continued)
FATTY 20310 SAMPLE CONCENTRATION AND COMPOSTITION

ACTD SAMPLE #13 SAMPLE 14 SAMPLE #15

ves/l. % T.A. pge/l. % T.A. pgs/i. % T.A.
10:0 tr tr
11:0 tr tr
12:0 31 0.75 tr tr 10 0.80
13:0 i7 .43 26 2.14

0 220 5.41 59 2.86 63 5.17

16:0 &06 19.83 311 15.09 183 14.97%
1611 ty tr 69 3.33 28 2
16:2 tx tr

17:6 157 3.86 59 2.86 78 6.42
15:0 577 14,26 212 10.32 94 7.66
181 146 3.56 718 34.89 138 11.32

19:0 tr tr 13 0.63 8 0.62
20.4 650 16.24 2L7 12,02 23 1.87
21:40 128 5.16 24 1.16 25 2.05
22:0G 603 14 .84 2 9.90 357 29.23

5

P, :

7 636 15.65 114 5.56 146 11.94

1 0.80

-
[m)
Ead
+
=
rr
H
ct
=
=
<

Total LGS 2058 1222



TABLE TIT {Continued)

FATTY ACID SAMPLE CONCENTRATIOM AND COMPOSITION

ACID SAMPLE #16 SAMPLE #17 SAMPLE #18
pgs/l. % T.A. pgs/l. % T.A. pes/l. % T.A.
10:0C
i1:0 tr tr
12:0 tr tx 9 0.73 11 0.44
13:0 tr er 19 1.55 26 1.06
1400 35 5.29 52 4,32 63 2.56
1401 5 0.74 14 0.57
15:0 11 1.65 18 1.50 33 1.33
16:0 98  14.89 179 14.97 113 14.59
16:1 14 2.15 19 1.59 342 13.87
(602
17:0 32 4.80 472 3.50 g1 3.71
1610 49 7.44 97 8.15 209 8.48
19:0 tr tr 7 6.55 13 ¢.53
20:0 11 1.65 28 2.32 98 3.98
21:0 8 1.16 10 0.86 L4y 1.77
220 205 31.10 386 32.23 536 21..74
23:0 8 1.16 4 0.32 11 0.4
7 99 15.05 199 16.61 309 12.55

Total 559 1197 2465

£

- / ane



TABLE JII (Continued)

FATTY ACLD SAMPLE CONCENTRATION AND COMPOSITION

ACID SAMPLE #19 SAMPLE #20
pes/l. % T.A. ugs/l., % T.A.

10:0 1 0.18
11:0 3 06.39 1 0.1°
12:0 7 0.806 3 0.42
13:0 16 1.91 12 1.66
14:0 45 5.47 3 4.58
14:1
15:0 22 2.63 7 0.97
16:0 126 15.22 67 9.43
16:1 & 0.92 21 2.95
16:2 16 2.29
17:G 50 6.06 234 32.71
18:0 5¢ 7.18 14 1.99
18:1 61 7.38 242  33.76
18:2
19:0 3 0.33 1 0.18
20:0 16 1.91 13 1.76
21:0 3 0.33 1 0.18
22:0 282 34,12
25:0

? 117 14.10 41 5.77

Total 827 716



TABLE ITI {(Continued)

FATTY ACYD SAMPLE CONCENTRATION AND COMPOSITION

ACTD SAMPLE #271 SAMPLE #22 SAMPLE #23
ugs/1. % T.A. ngs/i. % T.A, pes/l. % T.A,

9 0.18 3 0.40 16 3.97
10 0.20 11 2.86
16 0.32 7 1.02 8 2.07

148 2.98 29 7.35

‘—-i
[Ne]
o o O o ©

14 59 1.19 42 5.77 30 7.67
1401
15:0 14 0.28 16 2.18 17 4,30

16:0 270 5.43 83 11.38 36 9.09
5.00 45 11.49

,,..
<
Jramd
O
)
o O
N
(U]
<~

16:2 11 .22 32 4.39 23 75
170 2343 47017 5 7.76 27

Sy O
Co
(o))

|
[
~!
0
W e
™
un
NN
w
"

7.006 25
1697 34.16 135 18.44

40 .81 21 2.92 5

W —
N
~

20:0 39 0.79 114 15.52 15 .82
21:0 &4 8.73 16 4.15
22:0
23:0

1 116 2.33 63 9.238 20 22.83

Total L9967 732 395



TARLE YI1 (Continued)

FATTY ACID SAMPLE CONCENTRATION AMD COMPOSITION
ACID SAMPLE #24 SAMPLE #25 SAMPLE #26
uxe/1. % T.A. vgs/1. % T.A. pes/il. % T.A,

10:0 7 0.39 tr tr
11:0 4 0.25 10 3.31 3 0.41
12:0 9 0.54 4 1.21 5 0.82

o

13:0 21 1.19 ) 2.07 1.04

~
(91
.

(o))
—

14:0 34 1.95 45 14,69 34
14:1

N
D
.

(O3]
o]

16:0 48 5.64 69 22.56 181
16: 1 39 2.24 16 5.38 41

()Y
<
W

17:6G 511 29.27 4 1.21
18:0 530 1.70 1 0.30 93 15.37
18:1 7832 44,76 45 14.79 48 7.89

20:0 57 3.25 19 6.39 42 6.85
21:0 Ly tr 19 6.20 14 2.28

7 9% 5.49 37 12.20 1.04 17.08
Total 1745 305 608



FATTY ACILD

ACID

i0:

11:

: 0
: 0
20

22:0

TABLE 111 (Continued)

SAMPLE #27

“gs/l.

% T.A.

.70

48.05
6.31
12.42
0.99
5.20
1.05

SAMPLE #28

ugs/1.

7
15

119
145

49

78

2
% T.A.

1.04
2.18

17.85
21.83
0.85
7.41
1.23

11.77

SAMPLE CONCENTRATION AND COMPOSITION

SAMPLE #29

pgs/i.

26

18

417

35

32
653

% T.A.

0.14

4.03

© N
=
r\ H

(@)}
~!
=

2,80

1.45
63.81

4L .88

61~
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TABLE IV

FATTY ACIDS AND EYDROCAREONS DISSOLVED IN SAMPLES

SAMPLY # FATTY ACIDBS HYDROCAREQONKNS
(mg.) (mg )
7.861
3.935
4,058
2.50L
3.764
2.665
2.743
0.897
1.392
1.151
2.485 0.449
4,065 0.289
2.058 0.423
1.222 0.276
0.659 0.529
1.197 0.552
2.465 0.448
0.827 C.442
0.766 0.202
5.317 0.164
0.782 0.368
0.421 0.595
1.871 0.169
0.326 0.634
0.650 0.521
1.150 0.266
0.710 1.2090
0.697 0.642
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TABLE VII
SOLARAMTC S5210~-C DATA SHEET

Dated: 6/4/59
Revised: 10/12/66

Purpose of Coating

To prevent oxidation, carburization, etc.,
of c¢hromiuvm containing steels.

Color: Green to vellow-green
Finish: Vitreous

Type: Ceramnic

Thickness: 0.0015" to 0.0035"

]

ckress:
Added Wt.: 11 o 25 gms/f£r”7,

Prope:

Salt spray recistance (200 hr test):

Fxcellent

Ft

or Coating Application

Scurce

P

Solar, a Division of International Harvester
San Diego, California
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