AD=AD66 302

UNCLASSIFIED

Q-

END
é”?g

CIVIL ENGINEERING LAB (NAVY) PORT HUENEME CALIF
DETERMINATION OF OIL IN WATER BY ORGANIC CARBON ANALYSIS.(U)

JAN 79 P J HEARST
CEL=TN=1541

F/6 13/2 -




ADA066302

TN no. N-1541 WQQ@ |

3 DETERMINATION OF OIL IN WATER
tltle: BY ORGANIC CARBON ANALYSIS

author: Peter J. Hearst, Ph D

DDG FiLE copY

date: January 1979
ry

SPONSOr . Naval Material Command

program nos: zr61-512-001-049

CIVIL ENGINEERING LABORATORY

NAVAL CONSTRUCTION BATTALION CENTER
Port Hueneme, California 93043

Approved for public rcleasﬁisﬁution 6m§ 2 2 0 2 6




Unclassified

SECURITY CLASSIFICATION OF THis PAGE (Mhen Date Frtered)

| REPORT DOCUMENTATION PAGE REAR INSTROCTIGRS

e

DEFORE COMPLETING FORM

T ne n T GOV ACCESSION NO HECIPIENTY'S CATALOG NUMBE R
7 (U e £ TNA154 ; | DN244080 oL

e o I S ~: . -
b > _ 4 TIYLE (wnd Subtitle) S5 TYPE DY REFORT A P RIOD COVERLD
> DETERMINATION OF OIL. IN WATER BY . e kljl_n_n]k(pr 1972  Scp UT; \ |
b ol 9R(L~\NI(? CARBON ANALYSIS, \ RS AERRMNClb R G AR RIS
Fx' AUl - e ————— ® CONTRACT OR GRANT NUMBE R s)
i
’ ‘ “Peter | Hearst/ Ph D
. -
(8 P LRI ORMING ORGANIZATION NAME AND ADDRE 5% = ) 10 PROGRAM ot Mt n" PROJE T Task
CIVIL. ENGINEERING LABORATORY A RN T OeRRss
Naval Construction Battalion Center 62766N;
Port Hueneme, California 93043 ) ) ;/il'"()l-SlrleUHN‘)r
"« nw'mu“. ING OF FiC | VNAM! AND ADDRE S ”I p \.;'vp-u_vun' YRy T—— v
) / an 1979
Naval Material Command { Y L),_ Janumey 197 ’
Washington, DC 20360 34
T 8 MONITORING AGENCY NAME A ADDRESS(IT ifilferent from Controlling Office) | 18 SECURITY CLASS (of this report i
/ F (A Unclassified
’ = b 4 1%a OFCLASSIFICATION DOWNGRADING

\

SCHEDULE
B
//", ) ,) F/:‘: - /’, ",

Approved for public release; distribution unlimited.

fonainss * = e -
16 DISTRIAUTION STATEMENT (af this Report

VTODISTRIBUTION STATEMENT (of the absteact patered In Block 20, 1f different from Raport)

r- 2 % » /
| 22ZF&5L5L2Pg:
. .

e R R B S s i ks NS> - D

TR SUPPLEMENTARY NOTES

19 WEy WORDS (Continue on reverse side (f necessary and ident:fy by block number)

Qil-in-water, oily water, oil content, emulsification, oil emulsification, &:&anic carbon analysis.

- ! ' N [N/
/ b — S U S— - - e ——— - —————— e e —— — 4
20 AnS AC T Continue on reverse side (f necessary and tdentity by Block ntimber)

A method was investigated for determination of oil in water by establishing the organic
carbon content attributable to the oil and by converting this value to the oil content. Samples
were homogenized with the aid of an emulsifier, and a correction was made for the carbon
contributed by the emulsifier. Aliquots of 35 filor less were injected into the organic carbon
analyzer because larger samples were incompletely combusted and gave reduced recoveries, __ |*, &V eV

continued

\ Lah ded no () 1 O a8 18 Opso ' o
4 WO s W ot 0 Sy S Unclassified

SECURITY CLASSIEICATION OF THIS PAGE (Whan Date P atered

79 03 22 V260

/ ray W .

e P —

/

g2/~




Unclassitied

SECURITY CLASSIFICATION OF THIS PALE (When Data Entored)

20, Contnued
W&\\'uh corrections tor the carbon content of the water or the seawater used to prepare the
samples, samples containing 15 mg/l of white mineral ol or Navy disullate fuel gave recoveries
of about 85% with standard deviations ot about 10%. Samples of about 50 mg/l gave
recoveries of about 65%. Ut the tactor ot 1.39, instead of the theoretical factor of 1.18, had
been used to convert from carbon content to oil content, the calculated recoveries would

have been 100% tor 15 mg/l ol samples and 76% for 50 mg/l oil samples. The method will
give only an upper it tor the oil concentration unless a correction is made tor dissolved

organic materials.

Library Card
Civil Engineering Laboratory
DETERMINATION OF OIL IN WATER BY ORGANIC
CARBON ANALYSIS (Final), by Peter ). Hearst, Ph D
TN-1541 34 pp illus January 1979 Unclassitied

1. Oil-in-water 2. Oil emulsification [. ZFo1-512-001-049

' |
' I
' |
' |
' A method was investigated for determination of oil in water by establishing the organic |
| carbon content ateributable to the oil and by converting this value to the oil content. Samples |
| were homogenized with the aid of an emulsifier, and a correction was made tor the carbon con |
tributed by the emulsifier. Aliquots of 35 ul or less were injected into the organic carbon analyzer
| because larger samples were incompletely combusted and gave reduced recoveries. With correc l
| tions for the carbon content of the water or the seawater used to prepare the samples, samples I
| containing 15 mg/l of white mineral oil or Navy distitlate fuel gave recoveries of about 85% wich I
standard deviations of about 10%. Samples of about S0 mg/l gave recoveries of about 65%. It
' the factor of 1,39, instead of the theoretical factor of 1,18, had been used to convert trom carbon l
| content to oil content, the calculated recoveries would have been 100% tor 15 mg/l oil samples |
| and 76% for 50 mg/!l oil samples. The method will give only an upper limit for the oil concentra-
| tion untess a correction is made for dissolved organic materials, :
' [
! |

—— ——— — — — — — — — — — — — — — — — — — — — — —

Unclassitied

SECURITY CLASSIFICATYION OF THIS PAGE When Data Fateced)

e




CONTENTS

Page
ENFROBUCEEQON ¢ & o s v s s o o e s e s e s 1

EXPERIMENTAL WORK & ¢ & 5 % s w iy 4 %8 s 6 5% 46 % % = 4 2

ro

Organic Carbon ADALYZOY « . o o 4w v w v oa e e e

Experiments With Blender '
Use of Ultrasonic Probe CReh et

Use of Ultrasonic-Mechanical Homogenizer

Ettect of Sample Size on Carbon Analyzer Response
Analysis of 01l in Water 1T,

Analysis of 0il in Seawater . . . . . . . . . . . . . . o« .. 9

&S > w e

“n
v

BESCUSHEON. L o S o e e R e e Ly e e gt o
General Principles . & o W5 oot e e e e e a4 o
Experimental Results . o ¢ & v i s 8 % 5w s ow e e n s s ls 7
Significance of ResULES . . . ¢« & & & vt @ 5 s 4 ¢ n x o 5 12

CANERUSEANS - ¢« & & 5 % 5l e il md e R e s s e E e s x A6

NEFERERCGES" | o, wd e g o e e W S bl g e et s ke bt S i o0 1t 5 16

ACKNOWIEBGMENT . . & o o6 s w o 5 s % 5 W @ow 3 & % % v % 5 =% <« X7

gl
?
f
l
n
!




INTRODUCTION

Much recent interest has been shown in the development of rapid
methods of determining small quantities of oil in water. The standard
method for determination of grease and oil (Ref 1, p. 513) employs
partition extraction or Soxhlet extraction with Freon and determines the
amount extracted by weighing the residue left after evaporation of the
Freon solution. The method most generally used in the laboratory for
the analysis of o0il in water is a tentative standard method (Ref 1,

p. 513), which also employs partition extraction with Freon but deter-
mines the_amount of oil extracted by infrared spectroscopy using the
2,930 cm = absorption peak of the aliphatic carbon-hydrogen linkages of
the oil (Ref 2). Freon will also extract some non-oily organic materials;
if these are polar materials, such as fatty acids or many detergents,

the problem can partially be corrected by absorption of these materials
on silica gel (Ref 1, p. 520).

Other methods that have been used or studied have measured oil by
its fluorescence, by ultraviolet absorption, or by the turbidity or
opacity of oily emulsions, but these properties vary for different oils
or depend on the particle size of the oil, and they may be affected by
other suspended materials. Some of these methods have been automated,
but problems have been encountered in obtaining representative samples
and in contamination of samples by oil from prior samples.

Another potential method of analyzing oil is by determination of
the organic carbon contributed by the oil to the oily water sample.
Apparently, this method had received little attention when work was
first started at the Civil Engineering Laboratory (CEL). Since that
time the method has also been studied at the Naval Academy (Ref 3) and
an automated prototype apparatus has been constructed at the Naval
Postgraduate School (Ref 4,5).

A potential problem with this method is the difficulty of obtaining
a representative and uniform sample. Though this is a problem common to
other methods, it may be more important in this case because small
samples must be obtained and injected into the organic carbon analyzer.
The problem might be solved by homogenizing the oily water sample with
an emulsifier and correcting for the carbon added by the emulsifier.

The potential usefulness of this method was investigated, and the results
are presented in this report.




EXPERIMENTAL WORK
Organic Carbon Analyzer

A Beckman Model 915 Total Organic Carbon Analyzer (Beckman Instru-
ments, Process Division, Fullerton, Calif.) was used for determining
carbon contents (Figure 1). The organic carbon content was obtained by
subtracting the inorganic carbon from the total carbon. The total
carbon channel of this instrument, which converts all carbon to carbon
dioxide, had a ceramic combustion tube held at 950°C that contained a
cobalt oxide catalyst on pumice. The inorganic channel, which converts
carbonates to carbon dioxide, had a Pyrex reaction tube held at 150°C
that contained phosphoric acid supported on quartz chips.

The carrier gas was "zero air," containing less than 1 ppm each of
carbon dioxide, carbon monoxide, or hydrocarbon. This carrier gas was
passed through each channel at 150 ml/min and 1t served also to regenerate
the cobalt oxide catalyst. The samples were injected through injection
ports directly into the combustion or reaction tubes with spring-loaded

Hamilton syringes (Hamilton Company, Reno, Nev.) having micrometer-adjusted

capacities of up to 200 pl. The minimum time between injections was 3
minutes for samples of 50 pl or greater and 2 minutes for samples 35 pl
or smaller. The syringe was always inserted in the same rotational

position and was removed 7 seconds after the injection. The carrier gas
and reaction products from each combustion or reaction tube passed
through a condenser where excess water was removed. The moist air
containing the carbon dioxide produced from the sample then passed
through a channel select valve and into a nondispersive infrared analyzer
(Beckman Model 215B), which produced an electrical signal proportional

to the carbon dioxide concentration. This signal was recorded on a
100-mV, 10-inch strip chart recorder (Beckman Model 1005) at a chart
speed of 0.1 in./min.

To reduce errors in reproducibility, an average of at least two
readings (usually three or more for oily samples) was taken. The chart
readings can be decreased by unnoticed small air bubbles in the syringe
or increased by lint that may be drawn into the syringe. Thus, peaks
with deviations of more than 1 unit from the average for standards, or
more than 1.5 units from the average for oily samples, were generally
eliminated from the calculations.

The peak height produced by the sample was converted to the carbon
content by comparison with a calibration curve of peak height versus
carbon content in milligrams per liter. The calibration curve was
prepared daily with standard solutions spanning the expected range of
the unknown samples (for example, 5, 10, 20, 30, and 40 mg/1), with the
same volumes as the samples (25 to 100 pl), with the same carrier gas
flow (150 ml/min), and with the same gain setting for the infrared
analyzer (which was adjusted for nearly ftull range for the highest
standard solution, typically 40 mg/1). The calibration curves were
essentially straight lines at lower concentrations (for example, up to
30 mg/1 when 35 pl were injected) but had reduced slopes at higher
concentrations, and greater curvatures at higher injection levels.
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The standard solutions were prepared trom 1,000 mg/1l stock so: tions.
These contained 2,125 grams anhydrous potassium acid phthalate per titern
tor the organic carbon stock solution, or 4.404 grams anhydrous sodium
carbonate plus 3,497 grams anhydrous sodium bicarbonate per liter tor
the tnorganic carbon stock solutions.  The demineralized water used ton
the preparation ot the stock solutions and standavds was purged with
mtrogen to remove carbon dioxide.  The residual carbon in this water
was about 0.5 mg/l 1norganic carbon and about 1 mg/l organic carbon.®

Experiments With Blender

The blender unit was a 10-speed model (sold by Sears, Roebuck and
Co. and apparently manutactured by the Oster Co.) with removable blade
assembly that tit the l-quart square Pyrex contatner turntshed or a
standard Mason jar. Various preliminary experiments were pertormed with
a variety ot ouls and emulsitiers.  Typically, to 500 ml ot demineralized
water was added a measured amount ot agueous solution ot emulsitier.
1 The solution was stirrved to provide thorough mixing without apprecirable
toam tormation, and the total carbon content was determined. A weirghed
‘ drop ot o1l was added and was blended at tull speed tor 2 minutes, and
I the total carbon content was again determined atter the toam disappeared.
b The results ot such an experiment ave shown in Table 1. In this expervi-
L3 ment, the toam height ot the treshly blended oily samples was about 30
mm, and the toam required up to 15 minutes to disappear.
Other experiments were pertormed with a blender using 1/2-pint
Mason jars into which the desired amount ot o1l and emulsitier were
added 1n hexane solution. The jars were supported at a &5-degree angle
’ it a water bath at 85°C, and 1/2 1/min of mitrogen was blown into the
| jars tor 15 minutes to remove the hexane. To the evaportaed ol and
! emulsitier was added 100 ml ot water, and the blender blade assembly was
I screwed on top ot the jar. The jar was inverted on the blender base and
t the mixture was blended tor 2 minutes at high speed. The jars, with
f blender blades removed, were allowed to sit tor 20 minutes to allow the
toam to settle, and the carbon contents ot the mixtures were determined.

I'he results of such an experiment ave shown in Table 2.

f Use ot Ultrasonic Probe

Hexane soluticas of emulsitier (200 pl each and dispensed with a
spring-loaded syringe) were added to a series ot 250-ml beakers. Hexane
solutions of white mineral o1l were pipetted 1nto the beakers 1n varying
amounts. The solutions were evaporated essentially as betore except
that the beakers were kept in an upright position. Deminevalized water
was added (100-ml portions), the mixtures were agitated tor 2 minutes
each with a 300-watt ultrasonic probe (Sonic Dismembrator 300 manutactuved
i by Artek Systems Corporation, Farmingdale, N.Y.), and the mixtures were

|
|
| -
|

| ‘Where appropriate, corrections tor these amounts were made in the
plotted concentrations of the standard solutions to produce calibration
g curves that started at the intevcept ot the axes.
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analyzed. The results ot such an experiment are shown in Table 3. The
average recovery was 08.7%, with a standard deviation, 0, of 6.1 and a
relative standard deviation, RDS, of 8.9%.

When a 4.3-mg drop of Navy special tuel o1l (NSFO) was added to 400
ml of demineralized water containing aqueous Tergitol 15-5-9 (20.6 mg/1
carbon), the black oil on two occasions dropped to the bottom and became
well-mixed with a Sonic Dismembrator. The mixtures gave total carbon
values of 28.4 and 28.2, carbon in o1l values of 7.8 and 7.6, and experi-
mentally determined o1l contents of 9.2 and 9.0 mg/1l, respectively; tor
the 10.7 mg/1l o1l weighed out, these were recoveries ot 86% and 84%,
respectively. On another occasion a drop of NSFO remained on top of the
water and emulsitier and could not be mixed adequately by the Sonic
Dismembrator.

Use of Ultrasonic-Mechanical Homogenizer

A Polytron, Type PT-20 (Brinkmann Instruments, Westburg, N.Y.)
(Figure 2) was used for the remainder of experiments reported below.

This homogenizer has a high-speed motor to which is attached a "generator.

The generator consists of a stator (a 20-cm-long, 2-cm-diameter tube
with a series of 12-mm-high vertical openings at the bottom end and long
vertical openings on two sides) and a rotor (a concentric rod with
two 10-mm-high blades at the bottom, held in place with a bearing above
the blades). The high-speed revolution of the blades past the openings
on the stator provides both shearing action and ultrasonic energy and
rapidly circulates the surrounding liquid.

The results of the analysis of intimate mixtures of white mineral
o1l and emulsitier homogenized with the Polytron are shown in Table 4.
Equal quantities ot emulsifier (1-ml portions of a solution of 1.14 gm/l
in Freon 113) were added to square, 4-oz, wide-mouth bottles, and varying
quantities of white mineral oil (none, 1-, 2-, 3-, and 4-ml portions of
a 750-mg/1 solution in Freon) were added. The solutions were mixed by
mild agitation and were evaporated in a water bath at 60°C and kept in
the bath under a tlow of 500 mi/min of nitrogen tor an additional 10
min. To each sample, 150 ml of water was added, and each mixture was
homogenized tor 1 minute. After settling ot the toams, the turbidities
of the solutions were measured and the total carbon contents were deter-
mined. The average value of the recoveries listed in Table 4 was 81.1%
(0, 4.5; RDS, 5.06%).

Eftect of Sample Size on Carbon Analyzer Response

A sample of white mineral oil (15 mg/1) emulsitied with Tergitol
15-8-5 (10 mg/1 carbon) in demineralized water was injected into the
Total Organic Carbon Analyzer in sample sizes of 10 to 70 pl. Care was
taken that the front portion of the syringe was inserted in the same
position even when micrometer settings were changed. The chart readings
tor various volumes were:
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Microliters Units

10 23.8
15 31.8
20 40.0
25 47.5
30 55.5
35 062.3
40 68.7
45 74.5
50 78.4
55 83.8
60 85.5
70 97.0

These values are plotted in Figure 3. The slope for a line drawn through
the values for samples of 10 to 30 pl was 1.57. The slope for a line
drawn through the values for samples of 40 to 70 pl was 0.92. The
incremental response per microliter at the higher injection volumes was
therefore only 59% as great as it was at the lower injection volumes.

An organic carbon standard solution, containing 20 mg/l of carbon
as potassium acid phthalate, was similarly injected. The chart readings
for various volumes were:

Microliters Units
10 16.7
20 29.8
30 42.6
40 54.9
50 66.7
60 78.1
70 88.3
80 98.2

These values are also plotted in Figure 3. The slopes for 10 to 30 pl
and 40 to 70 pl are 1.30 and 1.12, respectively; and the latter value is
86% of the former value.

Analysis of 0il in Water

From a 2-ml disposable glass syringe with a 27-gauge needle, a drop
of white mineral oil was added to 300 ml of demineralized water in a
square, 8-o0z, wide-mouth bottle, giving an oil content ot about 15 mg/1.
The syringe was handled with forceps and was weighed before and after
each addition; handling of the syringe without dispensing oil and re-
weighing gave weights reproducible within 0.05 mg. To the oily mixture,
2 ml of aqueous Tergitol 15-S-5 (2.28 mg/1, calculated to contain 1,500
mg/1 of carbon, which did not dissolve completely but formed a uniform,
light, milky suspension) was added with a pipettor having a polyethylene
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tip. The mixture was emulsified with the Polytron homogenizer for 1
minute, the toam was allowed to settle, and the total carbon content was
measured. From the value obtained, the average carbon content of similarly
treated water samples without o1l (but less vigorously mixed to produce
less toam) was subtracted to give the carbon attributable to the oil.
The latter value was multiplied by 1.18 to give the experimentally
determined otl content. The results of such an experiment are shown in
Table 5. The average recovery was 83.3% (0, 6.5).

The results of a similar experiment performed without the addition
of emulsitfier are shown in Table 6. The average recovery was 59% (o, 17).

The results of an experiment with Navy distillate fuel in demineral-
1zed water at concentrations of about 12 and 34 mg/1 (1 and 3 drops,
respectively) are shown in Table 7. An emulsifier was again used, and
the average recoveries were 81% and 70%, respectively.

Results of an experiment with Navy distillate fuel at concentrations
of up to 100 mg/l are shown in Table 8.

Some additional experiments were performed with 800 ml of water
(instead of the 300 ml of water) in a I-liter Erlenmeyer flask to produce
mixtures of lower oil content.

Analysis of 0il in Seawater

Qily seawater was made by adding about 12 and 34 mg/l of Navy
distillate fuel to 300 ml of filtered seawater. After the addition of
emulsifier, the mixtures were homogenized as in the previous experiment.
The original seawater and the emulsified mixtures were analyzed for
total carbon and for inorganic carbon. The inorganic carbon values were
subtracted from the total carbon values to obtain the organic carbon
contents. From the organic carbon contents of the mixtures were subtracted
the 1.85 mg/l organic carbon content of the seawater plus the 7.95 mg/l
organic carbon content contributed by the 2 ml of emulsifier added® to
obtain the organic carbon contributed by the oil. The results are shown
in Table 9. The average recoveries of the two concentrations were 77%
and 65%, respectively.

The results of a similar experiment performed with white mineral
oil are shown in Table 10. The correction for organic carbon contributed
by the seawater and emulsifier was the value found for such a sample.

The recoveries for the 15 and 46 mg/l white mineral oil samples were 77%
and 69%, respectively.

DISCUSSION
General Principles

The method under study for the determination of oil in water would
determine the organic carbon content of the sample that is attributable
to the oil and, by multiplying by an appropriate factor, to convert this

*The 7.95 mg/1 for 2 ml of emulsifier was calculated from the 15.9 mg/1
contributed by 4 ml in the prior experiment shown in Table 8.
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carbon content to the o1l content. To allow the withdrawal of unitorm
aliquots tor injection into the organic carbon analyzer, the oily water
sample would be homogentzed with the aird of an emulsitier, and the
carbon content contributed by the emulsitier would be subtracted trom
the total organic carbon value tound by analysis.

The tactor that will convert the carbon content ot the o1l to the
o1l content 1s the ratio ot the total weight ot the o1l to the weight ot
the carbon 1n the oi1l. For instance, tor the hydrocarbon cetane, FlS“kS‘
this tactor 1s the molecular weight (254) divided by the weight of 3
18 carbon atoms (2106), which 1s [.18. Cetane 1s a major constituent ot
distillate tuel, and tor other hydrocarbon oils the corresponding tactor
would not ditfter substantially.

In the simplest case, where the sample consists of only o1l and
water, 1t should be necessary to determine only the total carbon content
ot the emulsitied sample. Subtraction of the calculated carbon content
contributed by a known amount of emulsitier added to the known volume of
sample would give the carbon content contributed by the oil.

It the oily water sample also contains i1norganic carbonates, as are
present in seawater and freshwater, the inorganic carbon content also
must be measured and subtracted trom the measured total carbon content
to obtain the organic carbon content, trom which the carbon content of
the emulsitier is subtracted.®

It the oily water sample also contains signmiticant unknown amounts
ot dissolved non-oily organic materials, the organic carbon content of
these constituents would also have to be determined and subtracted trom
the total organic carbon to obtain the carbon content contributed by the
orl. The analysis ot such samples would be more complicated. The
investigation reported here essentially was directed at the ability of
the method to determine o1l contents and was limited to the simpler
cases mentioned above.

The Beckman Model 915 Total Organic Carbon Analyzer used in the
experiments was described in detail in the experimental section ot this
report. Samples are injected 1nto the inorganic channel where carbonates
are converted to carbon dioxide by reaction with phosphoric acid at
150°C, and duplicate samples ave injected into the total channel where
all carbon is converted to carbon dioxide by reaction with a cobalt
oxtde catalyst at 950°C. The carbon dioxide trom each channel is deter-
mined with a nondispersive intfrared analyzer. Comparison of the peak
heights produced on a strip chart recorder with a curve of the peak
heights ot known standards gives the carbon contents of the samples.

Experimental Results

One problem in the evaluation ot an analytical method for the
determination of an oil-in-water sample is the obtaining of a known
sample. Oil-in-water mixtures are not stable, and samples withdrawn
from such mixtures would not remain the same. In the initial experiments,
*Alternatively, the inorganic carbon could be removed by aciditying
and sparging, but this might be a complicated procedure for the oily
samples.




the samples were therefore prepared in a blender, and the whole content
of the blender was used as the sample. The emulsifier was first added
to the water and its carbon concentration measured before the oil was
added dropwise from a weighed syringe.

Various experiments were performed with Navy special fuel oil
(NSFO), with Navy distillate fuel (NDF), and with white mineral oil.*
Various emulsifiers were also used, including Nokomis no. 3, which is
used for emulsifying oil spills at sea, and several emulsifiers supplied
by Fram, Inc. for emulsifying oil with an oil test kit. Other emulsifiers
used include Aerosol OT, Tergitol NPX, and the series Tergitol 15-S-3,
15~S-5, 15-S-7, and 15-S-9. The latter series consists of nonionic
surfactants manufactured by Union Carbide Co., in which the solubility
in water changes from very slightly soluble to very soluble as the
length of a polyethylene oxide side chain is increased.

One problem encountered in the experiments with blended samples was
the production of foam, which apparently was high in carbon content
because it left less than the expected amount of carbon in the liquid
mixture. Sampling before the foam disappeared thus gave lower carbon
values attributable to the oil and lower calculated oil contents or
recoveries. (The recovery is the percentage of oil found, compared to
the known amount of oil added.) The recoveries were often in the vicinity
of 80% for oil contents of about 10 to 100 mg/l but varied from values
below 50% to occasional values approaching 150%. Examples of some
results are shown in Table 1.

It was believed that the potential accuracy of the method could be
better determined by intimately mixing known amounts of emulsifiers with
known amounts of oil and then adding water, emuisifying the mixture, and
analyzing for carbon. The emulsifier and the oil, in hexane solution,
were placed into 1/2-pint, wide-mouth Mason jars, and the solvent was
evaporated. The white mineral oil used for these experiments did not
evaporate under the conditions used. After the addition of water,
blender blades were attached to the Mason jars and the mixtures were
emulsified. Mixtures containing 0, 5, and 10 mg/l of oil and selected
amounts of emulsifier were prepared.

By this method, recoveries of about 70% to 95% were obtained, but
occasional high apparent recoveries of up to 270% were also obtained.

The latter appeared to be caused by the seepage into the mixture of
grease from the blender blade bearings. An example of the results of
such experiments is shown in Table 2.

Tc prevent contamination from the blender blade bearings, new
experiments with evaporated oil and emulsifier samples were performed
using an ultrasonic generator to produce the emulsions. This generator
had the additional advantage of producing much less foam than the blender.
To reduce the electronic noise level of the Total Organic Carbon Analyzer,
the gain of the instrument was reduced and the sample was increased from
50 to 100 pl. The repeatability of the method was improved (as ill::trated
by the experiment shown in Table 3), but the recoveries were only ibout
70%. In the experiment illustrated, the carbon content contributed by

*This is also called liquid petrolatum.




the emulsifier was higher than that contributed by the oil. It was
found in subsequent experiments that emulsions that were stable for 1
day could be produced with emulsifier concentrations that contributed
about one-half as much carbon content as the oil contributed and that
reasonably stable emulsions could be made with lower emulsifier content.

A disadvantage of the probe-type ultrasonic generator is that most
of the energy is dissipated at the tip of the probe and little agitation
occurs in other portions of the liquid. Thus, when dispersion of a drop
of NSFO was attempted, the black oil on the glass at the surface of the
liquid and also oil on the probe itself sometimes was not dispersed.
Both 150- and 300-watt ultrasonic generators showed this problem.
Sometimes the drop of NSFO went to the bottom of the bottle containing
dilute emulsifier solution and was well-mixed. In one experiment with
10 mg/1 of NSFO and 50-pl samples, 85% recoveries were obtained.

A Polytron ultrasonic generator was obtained for subsequent experi-
ments. This mixing instrument has a high-speed impeller that provides
both mechanical and ultrasonic energy. Much more agitation is provided
by the Polytron than by the ultrasonic probe generators, but more foam
and air entrainment are also produced. Therefore, after mixing of the
sample, it was necessary to allow the entrained air to rise and to allow
the foam to settle.

A variety of experiments were performed with intimate mixtures of
white mineral oil and emulsifiers to develop optimum conditions of
comparatively low foaming but adequate emulsification. The oil and
emulsifier were measured out in Freon 113 solutions, which could be
evaporated at lower temperatures than the hexane solutions. The amount
of oil added gave from 0 to 20 mg/l in the 150 ml of emulsified mixture.
The amount of emulsifier added was kept constant in any one experiment
and was such as to provide about 5 to 15 mg/l of carbon to each sample.

The emulsifier that gave the least foam was Tergitol 15-S-5. At
concentrations contributing 5 and 10 mg/l of carbon and mixed for 1
minute, the foams settled in about 1/2 and 1 hour, respectively, when no
oil was present, but settled in about 7 and 30 minutes when 10 mg/1l of
oil was present. When no oil is present, the stirring can be greatly
reduced to reduce foaming, and the carbon contributed by the emulsifier
would not have to be determined for each analysis if the same concentration
is always used. Tergitol 15-S-3 would probably give even less foam but
is so water-insoluble that it could not be used in a practical application
employing only aqueous reagents.

One experiment with 5 to 20 mg/l of white mineral oil intimately
mixed with emulsifer gave average recoveries of 81% with a standard
deviation of only 4.5 (as shown in Table 4). However, in other experi-
ments, recoveries were not as reproducible; one experiment gave values
of 45% to 88%. Generally, in this series of experiments, the recoveries
ranged from 69% to 81%.

Ultimately the objective was the analysis of oily water, which
would be performed by adding a known amount of emulsifier, emulsifying
the mixture, and analyzing for organic carbon. This procedure was
simulated in the next series of experiments in which a weighed drop of
white mineral oil in 300 ml of demineralized water (a concentration of
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about 15 mg/1) was emulsified after addition of aqueous Tergitoi 15-S-5
solution. Recoveries for the white mineral oil were quite reproducible
but averaged only 58% (with a standard deviation of 3).

The method was checked by replacing the white mineral oil with
potassium acid phthalate, which is the chemical used to standardize the
Total Organic Carbon Analyzer. By subtraction of the carbon in the
emulsifier and use of the factor of 2.125 (the molecular weight divided
by the total atomic weights of the carbon atoms), the recoveries for the
potassium acid phthalate averaged 94%. Thus, the method appeared sound,
but the white mineral oil apparently was not converted to carbon dioxide
as well as the potassium acid phthalate.

It was suspected that perhaps the injection level of 100 pl might
have been too high to obtain complete combustion of the oil, even though
injection levels as high as 200 pl are recommended for samples low in
carbon. To check this possibility, samples of emulsified white mineral
oil were injected at various levels from 10 to 100 pl. As shown in
Figure 3, a strong change in the slope of the curve occurs at about 35
pl, and the response per microliter is much lower at higher sample
levels. For the oil and emulsifier mixture, the slope from 40 to 70 pl
was only 59% of the slope from 10 to 30 pl. These results indicate that
nearly one-half of the emulsified oil beyond 35 pl that was injected was
not converted to carboun dioxide.

In the Beckman Model 915 Total Organic Carbon Analyzer, the sample
is vaporized and combusted in a tube at 950°C. Apparently, a sample of
about 35 pl of water produces sufficient steam to fill the front portion
of the tube and also the portion holding the catalyst. Any additional
amount injected is swept through the catalyst too rapidly to be completely
oxidized. The emulsified oil is less completely oxidized under these
conditions than is a potassium acid phthalate standard. For this standard
solution there is also a break in the curve, but the slope from 40 to 70
pl is 86% of the slope from 10 to 30 pl. 1If the standard solution had
shown the same reduction in response as the oil emulsion, the low recov-
eries at higher injection level would not have been noticed.

Subsequent experiments were performed with 25- and 35-pl samples.
Although the former amount would more surely fall on the straight portion
of the curve, the latter would give a higher signal-to-noise ratio and
was chosen because of noise problems in the nondispersive infrared
analyzer. With 35-pl samples of 15 mg/l of white mineral oil emulsified
in water, an average recovery of 83% was obtained, with a standard
deviation, 0, of 6.5. With 100 pl samples, the same mixture gave an
average recovery of 58% (0 = 5.5). In other experiments with 25-pl
samples, recoveries of 88% (0 = 8.5) were obtained, but the difference
could be within experimental error.

The addition of emulsifier to obtain good samples and the subtraction
of the organic carbon in the emulsifier adds an additional error.
Experiments were therefore performed without emulsifier to determine [
whether use of the emulsifier was worthwhile. In one experiment with 15
mg/1 of white mineral oil in demineralized water, recoveries of 36% to |
79% were obtained (as shown in Table 6), and these values would have




been even lower if a correction had been made for carbon in the deminer-
alized water. In another experiment with five samples, a similar increase
in recoveries, from 51 to 86%, was obtained in the set of samples. It

is not known whether oil was absorbed on the Polytron mixer. In other
experiments with smaller numbers of samples, recoveries ranging from 71%
to 93% were obtained. The reproducibilities of peak heights in multiple
injections of one sample were quite poor, with standard deviations

ranging from 1 to 3 units (compared to below 1 unit for emulsifed samples).
Sometimes succeeding injections gave increasingly lower peaks. Lower
peaks were also obtained when samples were held in the syringe for any
appreciable time before being injected into the analyzer.

With 35-pl samples of 12 mg/l of Navy distillate fuel in demineral-
ized water, a recovery of 81% (0 = 1.8) was obtained. There was a
negligible difference between the recovery of the original oil and the
recovery of artificially weathered oil that had lost 25% of the more
volatile portion. The recovery values for weathered NDF were lower at
higher concentrations, possibly because of incomplete combustion.
Recovery values at different oil concentrations were as follows: &
mg/1l, 86%; 12 mg/i, 81%, 32 mg/1, 70%; 100 mg/1l, 68%. Some of these
results are shown in Tables 7 and 8.

In the experiments with demineralized water, the carbon impurities
in the water totaled only about 1 mg/l. If only the oily water samples
were available for analysis and corrections were made only for the
emulsifier added, the results of the oil analyses would be expected to
be too high by about 1 mg/l. But in the analyses where blanks (with
emulsifier but without oil) were run, a correction was made for any
carbon in the original water by subtracting not only the carbon contributed
by the emulsifier but, instead, subtracting the carbon content of the
aqueous solution containing the emulsifier.

In seawater the organic carbon content was about 1.7 mg/l, or only
slightly higher than that of the demineralized water, but the total
carbon content was about 28 mg/l because of the high inorganic carbon
content contributed by the carbonates and bicarbonates in seawater.
Therefore, in experiments with seawater, both total carbon and inorganic
carbon were measured, and calculations were made with the difference
between these values, which is the organic carbon.*

In seawater experiments with samples containing 11 and 34 mg/1 of
Navy distillate fuel, recoveries of 77% and 65%, respectively, were
obtained when corrections were made for the organic carbon in the seawater.
These results are shown in Table 9.

In a similar experiment with seawater containing 15 and 46 mg/1 of
white mineral oil, recoveries of 77% and 69% were obtained. These
results are shown in Table 10.

*Because the original seawater was available, calculations could have
been made using only the total carbon values, but these would have been
misleading because in the emulsification of the oily seawater samples,
the inorganic carbon content was reduced by about 2 mg/l.
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In the above experiment, the difference between the average oil
contents of the two sets of samples was 31 mg/l, and the difference
between the average amounts of oil found experimentally was 20 mg/l.
Thus, the recovery for the additional white mineral oil added was only
65%. In the prior experiment with Navy distillate fuel, the difference
in the average concentrations was 23 mg/l; and the difference in results
was 14 mg/l, or a recovery of 59%. 1In the demineralized water experiment
discussed earlier (where 12 and 32 mg/l of Navy distillate fuel gave
recoveries of 81% and 70%), the difference in concentration of 20 mg/1
gave a difference in results of 14.5 mg/l, or a recovery of 65%.

Significance of Results

This method of determining oil in water — by homogenizing the
sample with an emulsifier that adds a known carbon content, determining
the organic carbon contributed by the oil, and calculating the oil
content can be useful provided limitations of the method are kept in
mind. It has been investigated as a manual method rather than an automated
method.

In the experiments performed, the amounts of soluble organic materials
in the water were very small and were corrected for. Under these rela-
tively ideal conditions, and for oil contents of about 15 mg/l, the oil
content found by analysis was generally near 80% to 85% of the oil
content added to the samples. At oil contents of about 50 to 100 mg/l,
the recoveries were about 65%.

The low recoveries could be caused by incomplete combustion of the
oils. Most organic compounds are readily converted to carbon dioxide in
the high temperature furnace and produce high recoveries, generally in
excess of 99% (Ref 6). It appears from the experiments that oils are
not as readily oxidized and, besides giving lower recoveries, may also
give less reproducible results.

If the oil recoveries were always low but consistent, they would
present no analytical problems. Thus, if the recoveries were always 85%
using a factor of 1.18, one could use a conversion factor of 1.18 + 85%
or 1.39 - to calculate the oil contents for 100% recoveries. The recoveries
of 65% for samples containing about 50 mg/l of oil would then become
recoveries of 76%. A higher conversion factor may be appreopriate for
higher concentrations of oil (for example, a factor of 1.18 + 65%, or
1.82); but there were not sufficient experimental data to suggest a
curve for a changing factor with changing carbon content attributable to
the oil.

The reproducibilities of the recoveries for samples in a single
experiment, with oil concentrations no higher than 20 mg/l, were often
such that the relative standard deviations® were considerably less than
10%.
*The relative standard deviation is the standard deviation divided by

the average value; thus, for example, in Table 5, the standard deviation
of 6.5 for the average recovery of 83.3% is a relative standard deviation
of 7.8%.




There are many potential sources for lack of reproducibility in the
operation of the Total Organic Carbon Analyzer. The specitied repeatability
of this apparatus, ftor repetitive injections of the same sample, is
2% of tull scale at 50 mg/1 carbon full scale and *5% of tull scale
at 10 mg/1 carbon full scale.® Under good conditions, much better
repeatability is possible. Thus, the standard deviations of the chart
readings in the experiments with emulsified oils were generally in the
vange of 0.5% to 1.0% of full scale. At 40 mg/l full scale, which was
a range often used, a 1% error would be 0.4 mg/l. It the error in
the determination of the carbon in the emulsified sample and in the
emulsifier were both 1% but in opposite directions, the total error
would be 0.8 mg/l of carbon or about 1 mg/l ot oil.

The errors just discussed might generally be smaller because
averages of at least two readings were always taken; but, if inorganic
carbon is measured and subtracted from the total carbon values, this
adds to the potential errors caused by uncertainties in the chart
readings. In some experiments, improper operation of the infrared
analyzer added to the problems by increasing the noise levels.

The chart readings or peak heights obtained with the Total Organic
Carbon Analyzer are converted to carbon contents by comparison with
the peak heights produced by standard solutions. Thus, the accuracy
of the measurements is no greater than the accuracy of the standard
solutions. The latter can deteriorate with time. The organic standards
may develop bacterial growth to give erratic readings. Inorganic
carbon standards may change by several milligrams per liter in 1 week
if the container is not tightly closed because the solution absorbs
carbon dioxide from the air.

In addition to the errors in determination of the carbon contents,
errors could occur due to retention of oil or emulsifier by the Polytron
and possible transfer to other samples. The Polytron was agitated
twice with water immediately after each sample mixing; and after use
with oily water not containing emulsifier, 1t was agitated with dilute
emulsifier solution and then with water. In addition to the other
errors discussed, a 1% error in measurement of the water used, of the
oil weighed out, or of the emulsifier added could each add a 1% error
to the reproducibility between otherwise identical samples used in the
experiments.

Reproducibilities of the recoveries with relative standard deviations
of considerably less than 10% within a single experiment are thus as
good as can be hoped for. There were not sufficient experiments pertormed
under identical conditions to establish reproducibilities between ditterent
experiments. Under good experimental conditions, these relative standard
deviations are estimated as probably not much greater than 10% where only
total carbon is measured or 15% where total and inorganic carbon are
measured.

*With a Model 865 nondispersive infrared analyzer, instead of the
Model 215B used in these experiments, the repeatability is improved
at the lower ranges and is specified as 5% of tull scale at 5 mg/l
full scale.
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The precision of a method is the reproducibility and can be expressed
as the relative standard deviation. The accuracy of a method is the
agreement between the amount measured and the amount present and can be
expressed as the percentage measured, which is the same as the recovery.
Thus, the accuracy under ideal conditions was 85% for 15-mg/l oil samples
and 65% for 50-mg/l1 samples if the theoretical factor of 1.18 was used.
The average accuracies would have been 100% and 76%, respectively, if a
factor of 1.39 had been used.

The accuracy of this method of determining oil in water would be \
reduced if interfering organic materials were present for which a correc-
tion could not be made. The demineralized water and the filtered seawater
used contained about 1.5 mg/l of organic carbon. If this soluble organic
carbon had not been corrected for, a positive error of about 2 mg/l of
oil would have resulted. For 15 mg/i of oil, 15 mg/1 would have been
found instead of 13 mg/l if a factor of 1.18 were used, and 17 mg/1
would have been found instead of 15 mg/l if a factor of 1.39 had been
used.

When used without a correction for dissolved carbon in non-oily
materials, the method thus gives only a maximum limit for the oil content
rather than the actual oil content. 1f the estimates of the precisiocn
are correct and a factor of 1.39 is used, a sample determined to contain ;
9 mg/l of oil by this method could contain up to 10 mg/l of oil if no
soluble organic materials were present; or it could contain lesser
amounts (or even no oil at all) if sufficient soluble organic materials
were present. In some cases, determination of a maximum limit for the
oil content might be all that is required.

If appreciable unknown amounts of dissolved organic materials are
present in the samples, these would have to be corrected for to determine
the oil content. Some procedure would have to be established to measure
the soluble organic carbon content and subtract it from the total organic
carbon content. This problem was outside of the scope of the present
investigation. However, one possible solution would be to remove insoluble
oil from a duplicate sample by filtration and to determine the difference
between the organic carbon contents of the unfiltered and filtered
samples. If complete removal of oil by filtration were possible, the
method would determine the insoluble oil in the sample rather than the
total oil, but the insoluble o0il is the oil that generally is most
objectionahle and the only oil that a separator can remove.

In a preliminary experiment, water containing 1.3 mg/l total carbon
was shaken with white mineral oil equivalent to 100 mg/l. Part of the
mixture was filtered through Whatman 2V filter paper, and the filtrate
had a total carbon content of 5.3 mg/l. Whether this additional 4.0
mg/l represents only soluble oil or whether insoluble oil was not com-
pletely removed was not established. This approach for making a correc-
tion for all soluble organic materials and thus determining the insoluble
oil in the sample may be feasible if the oil is not too well emulsified, }
but much more experimentation would be needed.

In the experiments described in this report, the mixing time for %
each sample after the addition of emulsifier was 1 minute, but this |
could perhaps be reduced. Sample injections must be spaced at least '
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2 miautes apart and three injections per sample tnto two channels (total

and norganic) require 12 minutes.  Two injections may be sutticient it
the values agree, but a sample 1njection may at times produce a peak

that ditters so much trom the avervage that i1t needs to be rejected. In
some cases the tnorganic carbon content may be known, and these deter-
minations can be omitted. The average working time per sample, including
Cleaning ot the emulsitying apparatus, may thus be 15 minutes. The
average elapsed time, including settling ot toam and calculation ot
results, may be 25 to 30 minutes tor any one sample. These time require-
ments can be reduced 1t the foam settles rvapidly and it the number ot
injections can be reduced.

The method ot determining orl i1n water by emulsitication and carbon
analysis could be a usetul manual method, where the dissolved organic
carbon content is known or will not limit the usetulness ot the rvesults
and where personnel skilled in the use ot the carbon analyzer are avail-
able. The accuracy and precision of the method would need to be turther
established, particularly tor seawater samples or other water samples ot
high mnorganic carbon content. Where there 1s substantial unknown
dissolved organic carbon present, a method of correcting tor this would
have to be devised.

As mentioned carlier, the results were obtatned under relatively
tdeal conditions.  More work would have to be done to determine to what
extent this method wonld be a usetful laboratory technique. For example,
samples were run in ovder of increasing oil content, and the possible
carryover ot o1l trom a sample of high o1l content to a sample ot low
o1l content by the Polytron mixer has not been determined. The Polytron
mixer will retain some otl when ¢l 1s homogenized without emulsitier;
and when the Polytron mixer ts cleaned with relatively concentrated
emulsitier solutions, considerable rinsing 18 necessary to remove residual
emulsifier.

More extensive experimentation would be necessary to determine
whether the estimated reproducibilities between experiments, as cited
carlier, can be maintained. 1t was not always possible to reproduce
experiments that well somet imes because of known experimental ditti-
culties and sometimes tor unknown reasons. The unknown reasons might
have 1ncluded the operation ot the Total Organic Carbon Analyzer. The
precision or reproducibility of this analyzer is given as a standarvd
deviation of about 1 to 2 mg/l (Ret 1, p. 534) and as a standard devia-
tion of about 4 mg/l (Ret 7), and both ot these are much greater standard
deviations than observed 1n most ot the experiments presented in the
tables of this report. Some ot the analytical errors ave probably
associated with deterioration ot standards, and better methods ot handling
these (other than retrigeration in glass-stoppered bottles between use)
would be desirable.

Direct comparison with the extraction-intrared spectroscopy method,
with respect to accuracy and time required, would be desirable betore
employing the organic carbon method as a manual method tor oil-in-water
determinations. Finally, sampling methods would have to be evaluated.
However, no turther work i1s planned.




CONCLUSIONS

1. Total organic carbon analysis can be useful as a manual method for
the determination of oil in water, provided the limitations of the
method are taken into account.

2. The use of an emulsifier to provide a more homogeneous mixture of
the oil and water, and subsequent correction for the carbon added, gives

more reproducible analytical results than analysis without the emulsifier.

3. Under ideal laboratory conditions, oil of up to 15 mg/1 (or ppm) was
analyzed with recoveries of about 85% and relative standard deviations
below 10%.

4. At oil contents of about 50 mg/l, the recoveries were about 65%.

5. The oil apparently was not completely combusted to carbon dioxide in
the Beckman Total Organic Carbon Analyzer. Therefore, the theoretical
conversion factor of 1.18 from carbon found in the oil to oil present
might be too low. A value of 1.39 would, on the average, have given the
theoretical amount of oil for 15-mg/l1 samples and 76% recoveries for
50-mg/1 samples.

6. Organic carbon contributed by non-oily material will give high
results and must be corrected for. 1If no corrections are made, the
method will give only an upper limit for the oil content.

7. The analysis of a filtered sample may be suitable as a method of
correcting for dissolved organic materials.

8. The method investigated is non-automated and requires reasonable
laboratory skill.

9. After the instrument is standardized, an estimated working time of
15 minutes is required per sample, and the elapsed time is about 25
minutes for an average sample. (The time requirements could be reduced
under some circumstances.)

10. Although comparatively good accuracy and precision are possible
under ideal conditions, as noted earlier, further study of the method
under anticipated conditions of use would be desirable before using the
method as an analytical procedure.
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DISTRIBUTION LIN1

AEB (AL D), Waght-Patterson OH: AFCEC/XR, Tyndall FL; AUL/LSE 63-465, Maxwell AL HQ Tacucal An
Cmd (R F.Fishen), Langley AFB VAL SAMSO/MNNE, Norton AFB CA

ARMY BMDSC-RE (H. McClellanm) Huntsvaille AL Engr Distniet (Memphis) Library . Memphis TNS Tech, Ref. iy,
Fort Huachuca, AZ

ARMY - CERL Library . Champauign 11

ARMY COASTAL ENGR RSCH CEN Fort Belvorr VA

ARMY CRREL A Kovaes, Hanover NH

ARMY ENGWATERWAYS EXP STA Library, Vichksburg MS

ARMY ENGR DIST. Library . Portland OR

ARMY ENVIRON. HYGIENE AGCY D Environ. Qual, Edgewood Arsenal MD: HSE-RP-HG/Pest Coord.
Arberdeen Proving Ground, MD

ARMY MATERIALS & MECHANICS RESEARCH CENTER Dr. 1 enoe, Watertown MA

ARMY MOBIL FQUIP R&D COM Mr. Cevasco, Fort Belvoir MD

BUREAU OF RECLAMATION Code 1512 (C. Selander) Denver €O

CNAVRES Code 13 (Dire Facihities) New Orleans, 1A

CNO Code OP-413 Wash, DC; OPYR7) (J. Boosman), Pentagon

COMOCEANSYSPAC SCE. Pearl Harbor HI

DOE Dr. Cohen

DINSRDC Code 4111 (R Gienich), Bethesda MD

DINSRDC Code 4121 (R. Rivers). Annapohis, MD

FLTCOMBATIRACENLANT PWO, Virginia Bch VA

GSA Office of Const. Mgmt (M. Whitley), Washington DC

HEDSUPPACT PWO. Laper, Taawan

MCAS Code S4. Quantico VAL PWDL Dir. Maint. Control v Iwakum Japan: PWO (1L TIG R. Torrecanon), Yuma
AZ:PWO. Yuma AZ; UTC Dupalo, Iwakoni. Japan

MCODEC NSAP REP. Quantico VA

MCT SBPAC BS20, Barstow CA

MIFIVARY SEALIFT COMMAND Washigton DC

NAD Engr. D Hawthorne, NV

NAE PWO Sigonella Sicily : PWOL Atsugr Japan

NAS Asst S CE Corpus Chiist, TX; CO, Guantanamo Bay Cuba; Code 187, Jacksonville FL: Code 18700,
Brunswick ME: Code ISU (ENS P Hickey), Corpus Christt TX: Code 70, Atlanta, Marietta GAS D Uil v,
Bermuda: Lakehurst, NJ: PWD, Maintenance Control Dir., Bermuda; PWD, Willow Grove PA: PWO (M. Elhot),
Los Alamitos CA: PWO Chase Field Beeville, TX: PWO Key West FL: PWO Whiting FId, Milton F1

NATNAVMEDCEN PWO Bethesda, MD

NATPARACHUTE ESTRAN PW Engr. El Centro CA

NAVAL FACILITY PWO, Cape Hatteras, Buxton NC

NAVAVIONICEAC PWD Deputy Dir. D701, Indianapohs, IN

NAVCOASTSYSLAB Code 423 (D, Good), Panama City FL: Code 718 (). Muttleman) Panama City, FL; Code 718 ().
Quirk) Panama City, FI

NAVCOMMSTA CO (61F) Puerto Rico: PWO., Adak AK: PWO, Exmouth, Australia: PWO, Fort Amador Canal Zone

NAVCOMMUNIT Cutler/E. Machias ME (PW Gen. For.) '

NAVEODEAC Code 605, Indian Head MD

NAVFACENGCOM Code 0451 Alexandra, VA Code 04B3 Alexandria, VA Code OR1B Alexandria, VA PW Brewer
Alexandria, VAL PC-22 (E . Spencer) Alexandria, VA

NAVFACENGCOM - CHES DIV, Code 408 Wash, DC

NAVFACENGCOM - LANT DIV,

NAVFACENGCOM - NORTH DIV, CO: Code 114 (A. Rhoads): Design Div. (R, Masino), Philadelphia PA

NAVFACENGCOM - WEST DIV, AROICC, Contracts, Twentynine Palms CA

NAVFACENGCOM CONTRACT AROICC, Point Mugu CA: Dir, Eng. Div.. Exmouth, Australia; ROICC Otf Pont
Mugu. CA; ROICC, Diego Garcia Island

NAVHOSP LT R. Elsbernd, Puerto Rico

NAVNUPWRU MUSE DET Code NPU-30 Port Hueneme, CA

NAVOCEANO Code 1600 Bay St Louis, MS

NAVOCEANSYSCEN Code S2 (H. Talkington) San Diego CA: Code 6565 (Tech. Lib)), San Diego CA: Code 7511
(PWO) San Diego, CA

NAVPETOFF Code 30, Alexandria VA

NAVPEIRES Director. Washington DC
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NAVPGSCOL B Thoraton, Moaterey CA

NANPHIBASE Harbor Clearance Umit Twol Lattle Creeh . VAL OIC UCT ONE Nortolk, Va

NAVRADRECEAC PWO, Kami Seva Lapan

NAVREGMEDCEN PWO Newport R

NAVREGMEDCLINIC B Herdem HEL Pearl Harbor HI

NAVSE ASYSCOM Code 0325 Program Mg, Washmgton, DU Code OOC (1 T R MacDougal), Washmgton DO,
Code SEA OOC Washington, DO

NAVSE U Code 6034 (Library ). Washimgton D(

NAVSECOGRUACT Faal Ot Galeta s Canal Zone, PW O Edezell Scotland, PW O, Puerto Ricor PW O Locto Sta,
ORimawa

NANSHIPREPEAC Librany . Guam

NANSHIPY D bty Portsmouth NHO PW D (Code 400), Phaladelphia PACSCE, Pearl Harbor HEL Tech b
\allew, CA

NAVSEA Mamt Cont Dy, Guantanamo Bay Cuba, PWO Mudway Island, ROICC, Rota Spaan

NAVSTEA BISHOPS POINT Harbor Clear: Umit one, Pearl Harbor, HI

NAVSUBASE SCHL Peant Harbor HI

NAVSUPPACT CO, Brookhyn NY | Security Ofte, San Francsco, CA

NAVSURFWENCEN PW O, White Oak. Silver Spong. MD

NAVUSEAWARENGSTA Revport, WA

NAVWEPNCEN Code 2636 (W Bonnen), Chuna Lake CAL PWO (Cade 263, China Lake CA

NAVWENSTA FARLE Code 092 Colts Neohk N1 ENS G A Lowny, Fallbrook CAL Mt Contol D, Y orktown
VA PW Othee (Code 09C T Yorktown, VA

NCBC Code 135, Port Hueneme CAL Code 23511 Port Hueneme, CAL Code 400, Gultport MS: PW Eogrge. Gulfport
MS. PWO (Code 8y Port Hueneme, CA

NCR 200 Commuander

NORDA Code 440 (Ocean Rach O Bay St L ous MS

NSC COL Briomedical Rach Lab, Oakland CA

NSD Scecunty Otte, Yokhosuka, Japan

NIC Code SSENS PG Jackeh, Odlando FLL Commuander Orlando, FLL OLCC, CBLU 401, Great Lakes 1

NUSC Code SB 33 (Brown), Newport Rl

OCEANAN Mangmt Into Div . Arhington VA

OCEANSYSEANT LT AR Guneola, Nottolk VA

ONR BROFE, CO Boston MAL Code 481, Arhington VAL Code 481, Bay St Lows, MS

PW O ACE Ottice (F TG Se Germam) Nottolk VAL Code 120, Oakland CAL Code 1280 Guam: Code 200, Great Uakes
I Code 200, Guam: Code SOSA (H Wheeler): Library, Subic Bay, R P

SPCC Code 1228 Mechamesburg, PAL PWO (Code 1200 Mechaniosbuig PA

US DEPT OF COMMERCUE NOAAL Paciiic Manine Center, Seattle WA

USDEPTOF HEALTH ED X WEHLFARE Food & Drug Adoun, (A Story ), Dauphin s Al

LS GEOLOGICAL SURVEY Ot Mane Geology ., Puelekr, Reston VA

US NATIONAL MARINE FISHERIES SERVICE  Highlands NY (Sandy Hook 1 ab-bibiany)

USCG G EOV)Y Washimgton Do (G ECY oh) (Burkhar) Washimgron, DC CO Oceanographie Unit, Washigton DC,
G EOE 46l Dowdi, Washington DC

USCOG RADCENTER CO Groton, CH D Motherway, Groton C1 L HIG R Dar, Groton C L Fech Dies Groton, Ol

USNA Eaergy Environ Study Gap, Annapohis, MDD Ocean Sys Bog Dept (e Monney ) Annapohs, MD

CALIE DEPT OF FISH & GAME Long Beach CA (Manmne Tech Into Cun)

CALIE DEPTOF NAVIGATION & OCEAN DEV - Sacramento, CA G Avmsttong)

CALTE MARIETIME ACADEMY Vallepo, CA (Library)

CALIFORNIAVINSTHIUTE OF TECHNOLOGY Pasadena CA (Keck Ret R

DAMES & MOORE TIBRARY LOS ANGELES, €A

DURKE UNIV MEDICAL CENTER B Muga, Durham NC

FLORIDA ALLANTIC UNIVERSIHEY BOCA RATON FE (MO ALLISTER)Y

FLORIDA ATEANTIC UNIVERSIHEY Boca Raton FL (W Tessin)

FLORIDA THCHNOLOGICAL UNIVERSILY OREFANDO, FL (HARTMAN)

INDIANA ENERGY OFFICE Energy Group, Indianapohs, IN

INSTEITUTE OF MARINE SCIENCES Morehead City NC (Directorn)

PEHIGH UNIVERSITY BETHL FHEM, PA(MARINE GEOTECHNICAL 1 AB . RICHARDS), Bethlehem PA
thrnz bngr Lab Noo 13, Beedle), Bethlehem PA (Linderman Libo No 30, Fleckstemer)

MAINE OFFICE OF ENFRGY RESOURCES Augusta, ME

MEE Cambndge, MA (Harleman)

NATL ACADEMY OF ENG.ALENANDRIA, VA (SEARLEL IR

NYS ENERGY OFFICE Bibrary . Albany NY

32




ORFGONSTEATE UNIVERSEEY (CF Dept Grace) Convallin, OR: Corvalis OR (School of Oceanogiaphy)

SEATTEE U Prot Schawacgder Seattde WA

SEATE HOUSE AUGUSTAME (MAINE STATE FUBL ALTOC X CONSERN OFE D)

SEATE UNIV. OF NEW YORK Buttalo, NY

PENAS AXM UNIVERSEEY College Station TN (CE Dept. Herbich)

UNIVERSEEY OF AL ASK A Manme Science Inst College, AR

UNIVERSIEY OF CALIFORNIA Berkeley CA (Dept of Naval Archos Berheley CA (- Pearson), Ea Jolla CA Gy
Dept, Lib 0784

CNIVERSITY OF CONNECTHCU T Geoton O ¢hst. Manme Se Labray)

UNIVERSITY OF DEL AW ARE Newark, DE (Dept of Coval Engineering, Chesson)

UNIVERSHY OF HAWAR HONOL UL U, HUSCIENCE AND TECH. DIV )

UNIVERSITY OF IELINOIS URBANALUIL (NEWARK)

UNIVERSITY OF KANSAS Kansas Geological Survey Lawrence KS

CNIVERSHTY OF MASSACHUSE UES (Heronemus), Amtherst MA CE Dept

UNIVERSITY OF RHODE ISEAND KINGSTON, RL(SUSSMAN)

UNIVERSIEY OF TENAS Inst Manme Scrbabrany ), Port Arkansas I\

CNIVERSEEY OF WASHINGEON (FH10, D Carlsond Seattle, WAL SEATTEE. WA (OCEAN ENG RSCH T AB,
GRAY L SEATTLE . WA (PACIFIC MARINE ENVIRON T AB . HAL PERN) Scattle WA (B Lingern)

VMIRGINTAINST OF MARINE SCL Gloucester Pomnt VA (Library)

ARVID GRANT OF YMPIAL WA

ATEANTIC RICHEIE T D COCDALLAS, TN (SMIETHD

AWMW A RSCH FOUNDATION R Heaton, Denver CO

BELGIUM HAFCON. NV L Gent

BRUTISH EMBASSY S & Tech Depto o) MeAuley), Washington DC

BROWN & CALDWELL B M Saunders Walnut Creek, CA

BROWN & ROOT Houston TX (D Ward)

CANADA Library, Calgary . Albertas Surveyor, Nennmger & Chenevert Ineo, Montreal: Warnock Hersey Prot. Siy
Ldo Lo Sale, Quebed

CHEME D CORP Lake Zunch 1L (Dearborn Chem: Div Lib))

CHEVRON OIL FIEL D RESEARCH CO. LA HABRA, CA (BROOKS)

COLUMBIAGULE TRANSMISSION €O HOUSTON, IX(ENGLLIB)

CROWLEY ENVIRON. SERV . CORP Anchorage, AR

DINIE DIVING CENTER Decatur, GA

DRAVO CORP Pittsburgh PA (Grannino): Paasburgh PA (W nighn

DURE ACH, O'NE AL JTENKINS & ASSOC Columbia SC

EVALUATION ASSOC INC KING OF PRUSSIA, PA(FEDELE)

FORD, BACON & DAVIS,INC New York (Library)

GENERAL DYNAMICS Flee Boat Dy Eoviron Faogr (H Wallman), Groton C1

GEOTECHNICAL ENGINEFERS INC Winchester, MA (Paulding)

GRUMMAN AFROSPACE CORP. Bethpage NY (lech. Into. Cu)

MAKALC FAN ENGRNG INC. Katlua, HI

KORE A Korea Rach Inst: Ship & Ocean (B Chon, Seoul

FTOCKHEED MISSHEES & SPACE COUINC. Sunnyvale, CA (Phillips)

FLOCKHEED OCEAN I ABORATORY San Diego CA (F Simpson)

MARATHON O CO Houston TX (€ Seay)

MARINE CONCRETE STRUCTURES INC. MEEFAIRIE, U A (INGRAHANM)

MEDALL & ASSOC INC DT GAFFEY TESANTA ANA CA

NORWAY A Torum, Trondhemm: Norwegian Tech Umy (Brandtzaeg). Trondheim

OCEAN ENGINEERS SAUSALITO, CA(RYNECKD

PORTLAND CEMENT ASSOC. Shokie I (Rseh & Dev Lab, Lib)

PUERTO RICO Puerto Rico (Rsch b, Mavaquez PR

SANDIA T ABORATORIES Library Div, Livermore CA

SEAFOOD I ABORATORY MOREFHEAD CITY. NC (1 IBRARY)

SHELL O €O HOUSTON, IX (MARSHAL L)

SWEDEN VBB (1 ibrary ). Stockholm

THE AM. WATERWAYS OPERATIONS, INC. Arhington, VA (Schustern)

TIDEWATER CONSTR. CO Norfolk VA (Fowlen)

UNITED KINGDOM D1 ee, London

UNITED TECHNOLOGIES Windsor Locks C1 (Hamulton Std Dy | Library)

WESTINGHOUSE FI ECTRIC CORP. Library, Pittsburgh PA

WM CELAPPLABS - BATTELLE DUXNBURY, MA (1 IBRARY ). Dusbury, MA (Richards)
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MWOODWARD-CLYDE CONSUL TANTS PLYMOUTH MEETING PA (CROSS, 1)
AL SMOOTS Tos Angeles, CA

KRUZIC, 1P Silver Spring. MD

CAPL MURPHY Sunnyvvale, CA

GREG PAGE FUGENE ., OR

R.Q. PAL MER Kutua, HI
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