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Identification and Determination of Organic Acids in Sea Water
by Partition Chromatography*

Tadashiro KOYAMA** and Thomas G. THOMPSON#*

Abstract: Sea water was examined for the identification and determination of organic acids.
Samples were frozen at —7°C at the time of collection, and subsequently melted and-filtered
through Millipore (registered trademark, Millipore Filter Corp., Bedford, Mass.) filters in the
laboratory. From 4 to 8 liters of the filtered samples were condensed to about one-fifth of their
volume by vacuum distillation, and organic acids were removed by continuous chloroform or
ether extraction. Acetic (0.07 to 2.8 mg/liter), formic (0.03 to 1.0 mg/liter), lactic (0.00 to 0.13 mg/
liter). and glycolic (0.00 to 1.4 mJliter) acid were identified and determined by partition chromat-
graphy on a silica gel column in samples from the northeast Pacific and inshore waters of the

State of Washington.

Offshore waters contained smaller concentrations of these acids, as did

the deeper waters from the inshore stations. The evidence indicates that the major part of these
acids are breakdown products of organic compounds of high molecular weight.

1. Introduction

Since the work of PUTTER (1909), much ef-
fort has been spent on the problem of dissolved
organic compounds in sea water, and several
papers dealing with the separation of organic
acids from sea water have been published.
WANGERSKY (1952) isolated two kinds of orga-
nic crystals from sea water; one had the gene-
ral absorption spectrum of dehydro-ascorbic
acid, the other gave some indication of being
a rhamnoside which occurs in amounts up to
0.1g/liter in inshore waters of the Gulf of
Mexico. COLLIER (1953) described the signi-
ficance of organic compounds in sea water,
using as examples carbohydrates, tyrosine,
tryptophane, rhamnoside, ascorbic acid, and
unidentified compounds isolated from sea water.
CREAC'H (19552 and b) reported that in littoral
Atlantic waters the concentration of citric acid
ranged from 0.025 to 0.145mg/liter and that
of malic acid from 0.028 to 0.277 mg/liter; he
studied the fate of citric and malic acids in a
synthetic sea water under irradiation with 3100A

*Received Sept. 14, 1964
Contribution No. 317 of the University of Wa-
shington, Department of Oceanography
**¥ Present address: Water Research Laboratory,
Faculty of Science, Nagoya University
##* Department of Oceanography, University of Wa-
shington Seattle, Washington, US.A.

light and proved that acetone, acetaldehyde,
acetic acid, formaldehyde, formic acid, and car-
bon dioxide were produced. He also determin-
ed the amounts of acetone, acetaldehyde, citric,
malic, acetic, and formic acids in a single
sample of littoral sea water. SHABAROVA (1956)
reported on the intermediate decomposition
products of the organic matter of marine or-
ganisms under laboratory conditions and found
butyric, acetic, and formic acids in the products
by means of biochemical assays. VALLENTYNE
(1957) described the molecular nature of organic
matter in lakes, oceans, sewage, and soil, and
referred to many important papers on the sub-
ject.

Recently a number of papers have dealt with
the separation and identification of organic
acids by partition chromatography. ISHER-
WOOD (1946) reported a method for separating
similar organic acids on a silica gel column by
eluting the acids with n-butyl alcohol-chloro-
form mixtures. Similar procedures have recent-
ly been published by HousTON and HAMIL-
TON (1952); BULEN, VARNER, and BURRELL
(1952); ROBERTS and MARTIN (1954); and
MUELLER, LARSON, and LENNARZ (1958).
RESNIK, LEE, and POWELL (1955) used tertia-
ry-butyl alcohol instead of n-butyl alcohol to
make the end-point of the titration sharper and
also to prevent the possibility of ester forma-

(7)



210 Jour. Oceanogr. Soc. Japan, Vol. 20, No. 5 (1964)

tion, which is likely to occur on the column.

The purpose of this investigation was to
develop a method for the determination of
organic acids in sea water, and to apply this
method to determine the organic acids and
their variation in the inshore of the State of
Washington and in the northeast Pacific Ocean.
However, it should be realized that in sea water
there are some dissolved organic compounds
from which various kinds of organic acids such
as acetic, formic, lactic, and glycolic acids are
easily produced during the ether and chloro-
form extraction processes. The technique de-
scribed in the present paper is a modification
of the method of BULEN, VARNER, and BUR-
RELL (1952).

2. Preparation of Samples

1) Reagents

Chloroform. Purify chloroform just before
use by shaking first with sodium hydroxide and
then with distilled water; dry with calcium
chloride and distill.

Ether. Purify ether just before use by shak-
ing with alkaline Potassium permanganate
solution, acidic ferrous sulfate solution, sodium
hydroxide, and distilled water successively; dry
with calcium chloride and distill.

0.2 N sodium hydroxide.

6 N hydrochloric acid.

Phenol red. Prepare phenol red indicator by
dissolving 100 mg of the solid in 1.4 m/ of 0.2N
sodium hydroxide. Add 50 m/ of distilled water
and make up to 500 m/.

2) Apparatus

Millipore filter apparatus.

Vacuum distillation apparatus (Fig. 1).

Continuous chloroform extractor (Fig. 2). A
500 m! Wehrli extractor was modified so that
the chloroform, which dropped through the
sea water sample, was transferred into a dilute
sodium hydroxide solution in tube (A) as small
particles, and then was transferred to the
Erlenmeyer flask (B) to collect even the organic
acids of low boiling point. The sea water
sample in this extractor was cooled to about
15°C by running water.

Continuous ether extractor (Fig. 3). A 2-

(8)

liter Kutscher-Stendel extractor was used for
continuous ether extraction.

CONCENTRATED
SEA WATER

SEA
WATER
SAMPLE

Fig. 1. Vacuum distillation apparatus for concent-
ration of seawater samples.

CONCENTRATED
SEA WATER

o haon S

Fig. 2 Continuous extractor (chloroform).

L
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COMCENTRATED
SEA WAT(R
Fig. 3. Continuous extractor (ether).

3) Experimental

Twenty-liter samples of sea water were fro-
zen at —7°C at the time of collection, then
melted in the laboratory and filtered through
Millipore filters. Using a vacuum distillation
apparatus, 6 to 8 liters of the filtered sea water
were concentrated to about 1.5 liters at tem-
peratures below 60°C, adjusted to pH 3 with
6 N hydrochloric acld, then transferred with
approximately 500 m/ of distilled water into the
continuous ether extractor. Four liters of the
same water sample were concentrated to about
400 m/, then adjusted to pH 3, and transferred
with about 100 m/ of distilled water into the
continuous chloroform extractor. Fifteen m!
of sodium hydroxide (0.2N) and a few drops
of phenol red indicator were poured into tube
(A) through funnel (C); and finally, distilled
water was added to fill the tube (Fig. 2).

The chloroform and ether extractions were
carried out at rates of 20 and 50 m/ per minute,
respectively, for a period of three to five weeks.
At one week intervals, the ether, chloroform,
and dilute sodium hydroxide were replaced by
new reagents and the weekly yield of organic
acids was determined. The chloroform and

dilute alkali were transferred into a separatory

funnel and shaken: the aqueous phase was
separated from the chloroform, and the chloro-
form again shaken with a mixture of 5 ml of
0.2 N sodium hydroxide and 100 m/ of distilled
water, in successive portions. Finally, the
entire aqueous phase containing the acid salts
was evaporated to dryness. When, during the
chloroform extraction process, the alkali was
neutralized, 5m/ of 0.2N sodium hydroxide
solution were added to tube (A) (Fig. 2). The
weekly yield from the ether extraction was
transferred to a separatory funnel and shaken
with a mixture of 10 m/ of 0.2N sodium hyd-
roxide and 300 m/ of distilled water, in succes-
sive portions.  Finally, this aqueous phase
containing the acid salts was also evaporated
to dryness.

3. Chromatographic Technique

1) Reagents

Silica gel. Prepare silica gel from Mallinck-
rodt’s silicic acid by treatment with hydrochloric
acid. Remove chloride ion and fine particles
by repeated suspension in distilled water and
decantation of the slower settling particles.
Filter the remaining fraction through a Biichner
funnel and wash with water until chloride ion
is completely removed; dry at 100°C for 48
hours and store in a closed container.
Chloroform. Purify chloroform as for the
extraction.

Eluting solvents. Prepare eluting solvents
from redistilled reagent grade chloroform (A.
C. S. specifications) and redistilled C. P. tertiary-
butyl alcohol to contain 4, 8, 14, 22, 26, 32%
(v/v) of the alcohol in chloroform. Equilibrate
each of the first three solvent mixtures with
one-tenth of its volume of 0.5N sulfuric acid
and each of the other solvent mixtures with
one-tenth of its volume of distilled water by
shaking the two phases in a separatory funnel
and passing the solvent layer through a dry
filler paper with a piece of absorbent cotton
on the bottom to remove suspended water
droplets.

Phenol red indicator. Prepare phenol red
indicator as for the extraction.

Methyl orange indicator. Prepare methyl
orange indicator by dissolving the solid in water

(9)
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to make 0.01% aqueous solution.

Standard 0.01 N sodium hydroxide Solution.
Prepare with the addition of a small amount of
barium chloride to free from carbonate.

0.5 N and 6 N sulfuric acid.

2) Apparatus

Chromatographic tube (Fig. 4). This con-
sists of two parts. The upper part is a solvent

COMPRESSED
| AR

SOLVENT

MERCURY

| SILICA GEL
COLUMN -

Fig. 4. Apparatus for chromatographic separation.

reservoir 15cm long with an inside diameter
of 30mm ; the lower part is a tube 30 cm long
with an inside diameter of 12mm. A stop-
cock is attached to the bottom. The pressure
regulating device was used successfully to
maintain the flow-rate of the solvent.

Automatic fraction collector.

Microburet. 2ml capacity.

3)

The chromatographic procedure was carried
out on a mixture of six organic acids: acetic,
formic, lactic, glycolic, malic, and citric. The
preliminary separation column was prepared,
using seven grams of the silica gel triturated
with 4.7 m/ of 0.5 N sulfuric acid. The result-
ing freeflowing mixture was slurried in 30 m/

Experimental

(10)
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of chloroform, previously equilibrated with wa-
ter, and added to the chromatographic tube.
A glass-wool plug placed at the base of the
tube supported the column. The remaining
silica gel was completely transferred to the
tube with 30m/ of chloroform in successive
portions. A gas pressure of 2 to 3cm of
mercury, applied to the top of the tube, hastened
the drainage of excess chloroform. Care was
exercised not to let the solvent level fall below
the top of the column.

A mixture containing 0.03 to 0.06 millimoles
of each of the organic acids was made alkaline
with 5m/ of 0.2N sodium hydroxide and eva-
porated to dryness. A drop of methyl orange
indicator was added to the residue, which was
subsequently placed in a freezer. While cooling,
the residue was neutralized with 6 N sulfuric
acid, a slight excess of the acid was then added,
and finally the solution was diluted to 0.5 ml
with 05N sulfuric acid. The solution was
thoroughly mixed with one gram of silica gel,
chloroform was added, and the mixture trans-
ferred quantitatively to the top of the column. A
glass-wool plug was forced down on the surface
in order to prevent disturbance of the column
during the addition of eluting solvents.

Development of the six organic acids was
carried out by adding a series of tertiary-butyl
alcohol-chloroform mixtures under suitable pres-
sure. The selected schedule was 80 m/ of 4%,
60 m/, of 8%, 60ml of 14%, 100ml! of 22%,
100 m/ of 26%, and 100 ml/ of 32% alcohol in
chloroform. A pressure equivalent to 2 to 10
cm of mercury applied to the reservoir provided
a flow-rate of approximately 2ml! per minute.
Each solvent was added as soon as the previous
solvent entered the upper glass-wool plug.
Effluent fractions of about 3.5 ml/ were received
in test tubes by an automatic fraction collector;
3ml of water and one drop of phenol red
indicator were added to each fraction and the
acid was titrated with 0.01 N sodium hydroxide.
The upp:rmost chromatogram (Fig. 5) shows
the relative position of the acids and the rela-
tionship between the titration values and the
fraction numbers.

In addition to organic acids, boric acid can

be extracted from sea water by ether. A mix-
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MIXTURE OF Six xINDS OF ORGANIC ACIOS
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Fig. 5. Interference of boric acid in separation of
organic acids.

ture of the organic acids and 280 mg of boric
acid, corresponding to 10 liters of sea water,
produced a chromatogram (center of Fig. 5)
indicating that the peaks of acetic and formic
acids were still sharp whereas those of the
other acids were less pronounced. To determine
accurately the presence of acids other than
acetic and formic, it was necessary to separate
them from boric acid by the following process:
after the acetic and formic acids were eluted,
the other acids were eluted with 100 ml/ of
26% and 100 ml of 32% tertiary-butyl alcohol-
chloroform mixtures. The latter efHuent frac-
tions were combined in a separatory funnel,
and the organic acids were extracted by shaking
with dilute sodium hydroxide. The aqueous
phase was then evaporated to dryness and the
organic acids determined by repeating the
chromatographic separation. Acetic, formic,
lactic, glycolic, malic, and citric acids in the
presence of 280 mg of boric acid were separated
with recoveries of 95% to 100%. The lowest
chromatogram in Fig. 5 illustrates the results
thus obtained.

4. Confirmation

The organic acids were removed from an 8-
liter sample of Millipore filtered sea water which
had been concentrated to 2 liters by four weeks
of continuous ether extraction, following the
adjustment of the pH to 3. Known concentra-

(11)

tions (0.006 to 0.06 millimoles) of acetic, formic,
lactic, glycolic, malic, and citric acids were
added to the concentrated water. After one
week of ether extraction, 80% of the first four
acid were recovered, and 95% to 100% were
recovered in three weeks; however, not more
than 5% of the malic and citric acids were
recovered even after three weeks (Fig. 6). Four
liters of sea water were similarly concentrated
to 500 m/, and 0.006 to 0.06 millimoles of acetic,
formic, lactic, and glycolic acids were added to
the concentrations; continuous chloroform ex-
traction for four weeks yielded a recovery of

L
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Fig. 6. Extraction efficiency: Recovery of organic
acids added to a concentrated sea water
free of organic acids (ether extract).

A: 0.03 mmole OF LACTIC ACID AND
0.06 mmole OF THE OTHER ORGA-
NIC ACIDS WERE ADDED TO 2L
OF CONCENTRATED SEA WATER
FREE OF ORGANIC ACIDS.

: 0.006 mmole OF EACH OF THESE
SIX ORGANIC ACIDS WERE ADD-
ED TO 2L OF CONCENTRATED
SEA WATER FREE OF ORGANIC
ACIDS.

85% to 100% of these acids (Fig. 7).

Six liters of filtered sea water were concent-
rated to 2 liters by vacuum distillation. The
organic acids in this water were determined
after extraction by ether for four weeks. 1.80'
mg of acetic acid and 1.38 mg of formic acid
were added to 6 liters of the same sample and
then concentrated to 2 liters using the vacuum
distillation apparatus. The organic acids in
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Fig. 7. Extraction efficiency: Recovery of organic
acids added to concentrated sea water free
of organic acids (chloroform extract).

A: 0.03 mmole OF LACTIC ACID AND
0.06 mmole OF EACH OF THE
OTHER ORGANIC ACIDS WERE
ADDED TO 2L OF A CONCENT-
RATED SEA WATER FREE OF
ORGANIC ACIDS.

B: 0.006 mmole OF EACH OF THESE
SIX ORGANIC ACIDS WERE ADD-
ED TO 2L OF CONCENTRATED
iECII\D\éVATER FREE OF ORGANIC

this sample were determined after extraction
by the same method for the same period. The
amounts of acetic and formic acids present in
the first sample were 2.51 and 0.37 mg, res-
pectively; those in the second sample were
4.37 and 1.56 mg, respectively. Fig. 8 shows
the chromatograms thus obtained.

5. Application

The residues containing organic acid salts
obtained from concentrated sea water samples
by ether or chloroform extraction were acidified
with sulfuric acid, mixed with silica gel, and

A 6 LITERS OF SEA WATER SAMPLE,
CONCENTRATED TO 2 LITERS
EXTRACTED WiTH ETHER

ETHER EXTRACT NO
ACETIC FORMIC LACTIC

c] a Flm — r—

B OUPLICATE EXTRACTION, AS IN
A, WiTH (80 mg, ACETIC aCiD
AND t 38 mg, FORMIC aCi0

ETHER EXTRALT NO t
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LA A

ETHER EXTRACT NQ 2
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ETHER EXTRACT NO 2

LA

ETHER EXTRACT NO 3

<

ETHER EXTRACT NO 3

1.oa )

ETHER EXTRACT NO. 4

ETHER EXTRACTY NO 4

VOLUME (mi) OOIN NoOH PER FRACTION

'
o ] Y - v v o I. SN ¥
< . s © 0 2C 30 40 50

' 2 3
FRACTION NUMBER FRACTION NUMBER

ToTAL
EXTRACTED: ACETIC ACID 437mg
FORMIC ACID 1 56mg

Fig. 8. Recovery of organic acids from seawater.

TOTAL
EXTRACTED ACETIC ACID 2.5!mg
FORMIC ACID 0 37mg

chromatographed according to the previous
procedure. Usually more than 0.5m/ of 6N
sulfuric acid was necessary to acidify the residue
from chloroform extraction. In such a case
the amount of silica gel had to be increased at
the rate of 1g for 0.5m! of sulfuric acid.

Five surface samples from the northeast Paci-
fic and 16 samples from inshore waters of the
State of Washington were analyzed. Fig. 9
shows the typical chromatograms of the organic
acids for two of these samples, and a reference
chromatogram. A comparison of these two
chromatograms with the reference chromatogram
shows several peaks corresponding to acetic,
formic lactic, and glycolic acids. However, the
sharp peaks corresponding to glycolic acid
which were found in the chloroform extracts
were not found in the ether extracts.

The peaks corresponding to malic and citric
acids were not found in any of the sea water
samples examined.

To confirm the identify of each of the four
separated organic acids, the procedures that
follow were carried out. Tests were made ac-
cording to directions in FEIGL (1956).

Acetic acid. Collect titrated fractions for the
peak corresponding to acetic acid in a separa-
tory funnel. Separate the aqueous phase con-
taining the acid salts and then evaporate it in
the micro-distillation apparatus shown in Fig.

(12)
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Fig. 9. Separation of organic acids from seawater.

o]
Fig. 10. Microdistillation apparatus.

10. Add 0.2m! of concentrated phosphoric
acid to the residue and warm under aeration.

(13)
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Introduce the air, containing the volatile acid,
from the outlet into the micro test-tube (A)
containing a definite amount of standard sodium
hydroxyde solution. Remove an aliquot and
back titrate with a standard hydrochloric acid.
Test with lanthanum and iodine, according to
FEIGL (1956, p. 342).

Formic acid. Collect titrated fractions for
the peak corresponding to formic acid in a
separatory funnel. Separate and evaporate the
aqueous phase in the micro-distillation flask
and continue procedure as for acetic acid. Test
with mercuric chloride and test by conversion
to formaldehyde according to FEIGL (1956, pp.
341 and 340).

Lactic acid. Collect fractions for the peak
corresponding to lactic acid in a separatory
funnel; separate the aqueous phase and evapo-
rate it in a 50m/ beaker. To remove the large
amounts of phenol red indicator remaining in
the residue, acidify with sulfuric acid, mix with
silica gel, and then chromatograph with 80m/
of 8% and 60ml! of 14% tertiary-butyl alcohol-
chloroform mixtures. Separate the indicator
from the organic acid with the first solvent
mixture and elute the separated acid with the
second mixture. Extract the organic acid in
the eluate by shaking with a diluted sodium
hydroxide solution. Separate the aqueous phase
and concentrate to a small volume. Use this
concentrated solution, and test with p-hydroxy-
diphenyl and sulfuric acid, and with o-hydroxy-
diphenyl and sulfuric acid (fluorescence test)
according to FEIGL (1956, pp. 348 and 349).

Glycolic acid. Collect fractions for the peak
corresponding to glycolic acid in a separatory
funnel, separate the aqueous phase, and evapo-
rate it in a 50m/ beaker. Acidify the residue
with sulfuric acid, mix it with silica gel, and
then chromatograph with 80m/ of 14% and
100m! of 22% of tertiary-butyl alcohol-chloro-
form mixtures. Separate the indicator in the
residue from the organic acid with the first
solvent mixture, and elute the organic acid
with the second mixture. By shaking with a
diluted sodium hydroxide solution, extract the
organic acid in the eluate. Use this concent-
rated solution and test with 2, 7-dihydroxy-
naphthalene and sulfuric acid, and with chromo-
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Table 1. Organic acids in the ether and chloroform extracts from sea water.

Station® Depth

Sample and Date  in  Extract O%83%C Eyy 1#% Ext 2 Ext.3 Ext4 Ext.5 Total
. Location meters

NORTHEAST

PACIFIC mg/l mg/l mgll mg/l mg/l mg/l

1 BB 199-9 7-11-58 0 Ether Ace 0.03; 0.03s 0.0l 0.09

47°54'N For. 0.02, 0.00, 0.00, 0.03

146°22' W Lac. 0.04; 0.00s 0.00, 0.05

Gly. 0.00, 0.00, 0.00

Chloroform  Ace. 0.06; 0.02; 0.00 0.10

For. 0.04; 0.01s 0.00s 0.07

Lac. 0.045 0.00s 0.00, 0.05

Gly. 003 0.01, 0.00; 0.06

2 BB 199-11 7-13-58 0 Ether - Ace. 0.05: 0.06; 0.09; 0.00 0.22

44°00' N For, 0.04; 0.049 0.01; 0.00; 0.11

146°40' W Lac. 0.02; 0.00; 0.00, 0.03

Gly.  0.00, 0.00

3 BB 199-14 7-17-58 0 Chloroform Ace. 0.25, 0.00, 0.01, 0.27

38°14'N For. 0.09; 0.0ls 0.02 0.13

140°28' W Lac. 0.04;, 0.01z 0.0l 0.08

Gly. 0.11; 0.10, 0.02; 0.14

4 BB 202-7 9-27-58 0 Ether Ace. 0,02 0035 0.29, 0.04, 0.035 0.43

50°01. 2' N For, 0.02, 0.045 0.04; 0.02, 0.00, 0. 14

139°49. 3 W Lac. 0.02, 0.02; 0.00; 0. 06

Gly. 0.02, 0.00, 0.02

Chloroform  Ace. 0.27, 0.025 0.02, 0.32

For. 0.30, 0.04 0.03; 0.38

Lac. 0.03, 0.02; 0.0l 0.08

Gly. 0.66. 0.08, 0.03, 0.78

5 BB 202-10 9-29-58 0 Ether Ace. 0.05 0.01; 0.27, 0.25, 0.11, 0.71

47°58.1’N For. 0.02, 0.02; 0.060 0.14s 0.06. 0.32

133°08.0' W Lac. 0.04, 0.00, 0.00, 0.00, 0.00, 0.06

Gly, 0.00, 0.02 0.00, 0.03

Chloroform  Ace. 0.38, 0.14: 0.22; 0.07, 0.82

For. 0.10 0.05 0.05; 0.02 0.24

Lac. 0.05 0.01z 0.01; 0.00, 0.08

Gly. 0.300 0.33 0.31; 0.08 104
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H *
SaI{I‘:)P‘e St::t:f{n Date Deigth Extract Ofg‘?gic Ext. 1#** Ext.2 Ext.3 Ext4 Ext5 Total
. Location meters aci
INSHORE

WATERS mg/! wmg/l mgl mg/l mgj; mg/l

6 BB 209
New Dungeness 12-19-58 0 Ether Ace. 0.260 0.20; 0.48, 0.08 1.03
48°15.78' N For. 0.38¢ 0.043 0.100 0.00s 0.53
123°04, 73' W ‘ Lac. 0.05¢ 0.01; 0.00, 0.00 0.07
‘ Gly. 0.03, 0.00, 0.03
Chloroform  Ace. 0.82: 0.47; 0.13; 0.03; 1.47
For. 0.10s 0.06s 0.03: 0.00; 0.22
Lac. 0.10;, 0.00, 0.03: 0.00, 0.13
Gly. 0.70c 0.54: 0.12, 0.03s 1.40

7 BB 209
New Dungeness 12-19-58 120 Ether Ace. 0.32, 0.17, 0.01, 0.00; 0.51
48°15. 78’ N For. 0.16¢ 0.07; 0.01; 0.00, 0.26
123°04. 73’ W Lac. 0.04 0.016 0.00, 0.07
Gly. 0.00, 0.000 0.00
Chloroform  Ace. 0.33; 0.48: 0.01s 0.01; 0. 86
For. 0.10; 0.20; 0.03, 0.00s 0.34
Lac. 0.03, 0.05, 0.01s 0.000 0.11
Gly. 0.18; 0.66s 0.160 0.05; 1.07
8 BB 209 12-20-58 0 Ether Ace. 0.073 0.29, 0.20, 0.10s 0.05 0.72
Pt. Pillar For. 0.03, 0.01; 0.07, 0.01; 0.00, 0. 14
48°18. 40' N Lac. 0.06; 0.01; 0.01g 0.00, 0.10
123°05.1' W Gly. 0.040 0.00; 0.00, 0.04
9 BB 209 12-20-58 150 Ether Ace. 0.120 0.04, 0.01; 0.19
Pt. Pillar For. 0.03; 0.01g 0.00s 0.06
Lac. 0.11; 0.01, 0.00, 0.13
Gly. 0.00, 0.00, 0.00
Chloroform  Ace. 0.17¢ 0.049 0.02 0.25
For, 0.04¢ 0.05, 0.03; 0.13
Lac. 0.04p 0.04, 0.02 0.12
Gly. 0.16; 0.06, 0.01; 0.24
10 BB 182 4-12-58 0 Ether Ace, 0.05; 0.165 0.155 0.04s 0. 42
Protection Is, For. 0.02; 0.02s 0.0lz 0.00 0.06
48°12' N Lac. 0.01g 0.00, 0.02
122°54' W Gly. 0.00, 0.00, 0.00
50 Ether Ace. 0.03, 0.00, 0.025 O0.00; 0.07
For. 0.02; 0.00, 0.01s 0.00; 0.05
Lac. 0.04; 0.00, 0. 05
Gly. 0. 00, 0.00

(15)
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A .
Sample Staten Date "B Extract Organic gyt 12+ Ext.2 Ext.3 Ext4 Ext.5 Total
) Location meters

INSHORE

WATERS mg/l mg/l mg/l mg/l mg/l mg/l

12 BB 196-4 5-23-58 0 Ether Ace. 0.03; 111 0.02 1.17

48°40. 29’ N For. 0.02, 0.14¢ 0.01. 0.18

122°54. 00'' W Lac. 0.0l 0.00, 0.00, 0.03

Gly. 0.00, 0.000 0.00

13 v v 20 Ace. 002 0.29; 0.24; 0.09; 0.66

For. 0.00, 0.03, 0.02 0.02 ' 0.09

Lac. 0.00; 0.00, 0.00

Gly. 0. 60, 0.00

14 BB 220B-2 3-7-59 0 Ether Ace. 0.09; 0.740 0.63, 0.21; 0.04, 1.72

48°35. 45' N For. 0.00; 0.47, 0.11; 0.02; 0.00, 0.62

122°51. 0/ W Lac. 0.03 0.0l 0.00; 0.00s 0.000 0.05

Gly. 0.00, O0.00, 0. 00

15  220B-2 3-7-59 5 Ether Ace. 0.11; 0.38 145 0.30s 2,25

For. 0.05; 0.13, 0.75 0.10, 1.03

Lac. 0.06; 0.02; 0.01, 0.000 0.11

Gly. 0.044 0.00, 0.00 0.05

16 BB 196-1 5-23-58 0 Ether Ace, 0.700 2.02 0.08 0.01, 2.83

48°35. 50’ N For. 0.35 0.36, 0.025 0.0l 0.75

122°50, 75' W Lac. 0.06s 0.00, 0.07

Gly. 0.040 0.02 0.02 0.00, 0.08

17 30 Ether Ace. 0.01, 0.15 0.25; 0.08:; 0.51

For. 0.00s 0.03; 0.02; 0.01, 0.08

Lac. 0.03s 0.00, 0.04

Gly. 0.00, 0.00, 0. 00

18 BB 182 1-21-58 0 Ether Ace. 0.63; 0.07; 0.02, 0.73

Pt. Jefferson For. 0.21, 0.28, 0.04, 0.54

47°44' N Lac. 0.02s 0.02, 0.00, 0.05

122°25' W Gly. 0.00s 0.00, 0.01

19 50-60  Ether Ace. 0.05, 0.25, 0.03 0.34

For. 0.05, 0.06; 0.02; 0.14

Lac. 0.01; 0.00s 0.03

Gly. 0.00, 0.00, 0.00

20 v y 100-110 Ether Ace. 0.06; 0.04s 0.01, 0.12

For. 0.12; 0°06; 0.01; 0.21

Lac. 0.04; 0.00, 0.05

Gly. 0. 00, 0.00

21 BB 209 12-23-58 Chloroform Ace. 1.20 0.22, 0.04, 1.47

Pt. Brown For. 0.41s 0.06; 0.02, 0. 50

47°19.2' N Lac. 0.00, 0.01s 0.00° 0.03

121°08.0' W Gly. 1.10 0.19, 0.03, 1.32

* BB—M. V. BROWN BEAR. First three digits represent cruise number. Digits following hyphen
represent station number.

** Ext. 1, 2, 3, 4, and 5 are the extracts which were obtained during the first, second, third, fourth and
fifth weeks respectively.

(16)
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tropic acid and sulfuric acid according to FEIGL
(1956, pp. 346-348).

Table 1 shows the amounts of the organic
acids found in the samples.

6. Discussion

Table 2 shows the range of values and aver-
age values of the organic acids. This table
indicates that (1) the amounts of acetic, formic,
and glycolic acids, determined by the present
study, are less concentrated in the offshore sur-
face waters than in the inshore waters; (2) in
the inshore water, the amounts of acetic and
formic acids are greater in the surface waters

Table 2. Ranges of values and average values of

than in the bottom waters.

Fig. 11 shows the distribution of acetic, formic,
and glycolic acids in the northeast Pacific.
There the quantity of acids decreases with the
distance from shore. Analyses of sea water
samples from the northeast Pacific and the in-
shore waters of the State of Washington indi-
cated the following:

oo,
the organic acids in sea water examined.
w?
Northeast Pacific surface waters. .
Average N 3
Ranges values <y
(mg/l) (mg/l) 1 200" 150°. wr 10 15 Ji
Acetic 0. 09-0. 82 0.37 Fig. 11. Distribution of acetic, formic, and glycolic
Formic 0.03-0.38 0.18 acids in surface water of the northeast
. ' ’ Pacific Ocean.
Lactic 0.03-0.08 0.0 acie

Glycolic Ether
Chloroform

0. 00-0. 03 0-01
0. 06-1. 04 0.51

~——

Inshore surface waters

Average

Ranges values

(mg/l) (mg/l)
Acetic 0.72-2.83 1.83
Formic 0. 06-1. 03 0. 46
Lactic 0.02.0.11 0.07

Glycolic  Ether

Chloroform

0. 00-0. 08 0.03
1.32-1.40 1. 36

Inshore bottom waters

Average

Ranges values

(mg/l) (mg/?)
Acetic 0.07-0. 86 0.39
Formic 0.05-0. 34 0.15
Lactic 0.00-0. 13 0.07

Glycolic Ether 0. 00-0. 00 0.00

Chloroform 0. 24-1,07 0. 66

(17)

(a) Acetic, formic, lactic, and glycolic acids
were obtained in the ether and chloroform ex-
tracts. The chloroform extracts yielded con-
centrations as high as l.4mg/liter of glycolic
acid, but the ether extracts did not yield con-
centrations higher than 0.08 mg/liter.

(b) Concentrations of acetic acid of the off-
shore surface waters varied from 0.09 to 0.82,
of formic from 0.03 to 0.38, of lactic from 0.03
to 0.08, and of glycolic acid from 0.0 to 1.0
mg/liter. These concentrations decrease with
the distance from shore. Five surface samples
were analyzed.

(¢) Concentrations of acetic acid of the in-
shore ‘surface waters of the State of Washing-
ton varied from 0.72 to 2.8, of formic from 0.06
to 1.0, of lactic from 0.02 to 0.11, and of gly-
colic acid from 0.0 to l.4mg/liter. Eight sam-
ples were analyzed.

(d) Concentrations of acetic acid of the in-
shore bottom waters varied from 0.07 to 0.86,
of formic from 0.05 to 0.34, of lactic from 0.0
to 0.13, and of glycolic acid from 0.0 to 1.1
mg/liter. Eight samples were analyzed.

Malic and citric acids were not found in any
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of the sea water samples examined; therefore,
from the accuracy of the present method, it
may be deduced that the amounts of malic and
citric acids in the samples may have been
smaller than 0.05 mg/liter.

The following results support the theory that
the greater part of the four acids are break-
down products of organic compounds of large
molecular weight, formed during the extraction
process:

(1) The chloroform extracts yield concentra-
tions of 1.4mg/liter of glycolic acid, but the
ether extracts yield concentrations of less than
0.08 mg/liter.

(2) In many {cases, the amounts of acetic
and formic acids which were extracted by ether
for the first week were smaller than 0.1 mg/liter
and thus smaller than amounts of these acids
extracted for the second or third weeks.

This indicates that the amounts of acetic and
formic acids which will be in a free state in
sea water may usually be smaller than 0.1 mg/
liter.

(3) It usually took four or five weeks to
extract the greater part of these four acids.
If in a free state in sea water, 80 to 85% would
be extracted by ether in the first week.

Acetic, formic, and lactic acids determined in
the ether extracts were similar to those de-
termined in the ether extracts obtained from
river waters by MUELLER, LARSON, and LEN-
NARZ (1958).
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