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ORGANIC MATl'ER IN SEA WATER; AN EVALUATION 
OF VARIOUS METHODS FOR ISOLATION 1 

BY 

LELA M. JEFFREY2 AND DONALD W. HOOD 

Department of Oceanography and Meteorology 
A &, M College of TexM 

ABSTRACT 
Five methods of isolating organic materials from salt solutions are evaluated for 

applicability in separating organic and inorganic constituents of sea water. A cu. 
labeled aged algae culture was used as a test solution to determine the effectiveness 
of various methods of isolating total dissolved organic material. Organic compounds, 
known to be involved in biological metabolism, were also added to natural sea 
water to determine the effectiveness of various methods in isolation. Results show 
that electrodialysis is effective for large molecule separation; liquid-liquid extraction 
with phenol, 2,4-lutidine, ethyl acetate, and benzyl alcohol removes substantial 
quantities of organic material. Coprecipitation with iron is a promising method in 
that 95 °lo or more of the total organic material can be removed in this manner. 
Removal of the remnant iron without altering the organic material presents some 
problems. Carbon and other absorbents are effective in separating organic and 
inorganic materials, but recovery from the adsorbents is difficult. 

INTRODUCTION 

Lack of reliable methods to characterize and estimate quanti-
tatively the soluble organic compounds present in various water 
masses of the sea has long interfered with a true understanding of 
the chemical and ecological significance of these compounds (John-
son, 1955). To approach a fuller comprehension of these relationships, 
high purity organic concentrates isolated from sea water are neces-
sary. However, since the ratio of organic to inorganic materials in 
sea water is of the order of 10-4, simple concentration is impractical. 
This paper comprises a description and evaluation of five methods 
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of separation which are straightforward applications of normal 
methods for isolating organic compounds or of methods developed 
in an attempt to provide useful means of studying this problem. 
The isolation techniques investigated are: ( 1) dialysis, (2) adsorp-
tion of organic constituents on various materials, such as carbon, 
clay, cellulose, etc., (3) ion-exchange of organic constituents on 
resins, ( 4) solvent extraction of organic materials with selective 
solvents, and (5) coprecipitation with proper inorganic salts. 

In this study little or no attempt is made to relate the results to 
the organic material in natural sea water. Rather, the work con-
centrates on: ( 1) Determining the applicability of various processes 
in isolating total dissolved organic matter from an aged algae cul-
ture grown in the laboratory in fertilized natural sea water; the 
culture was grown in C14-labeled carbon dioxide system, and the 
resulting filtrate provided Cu_labeled samples of constant organic 
composition so that methods could be compared; (2) Evaluating 
various methods for isolation of added organic compounds of known 
biological significance from natural sea water; (3) Obtaining inci-
dental information on the character of organic constituents isolated 
from the filtered algae culture and natural sea water. 

Previous Work on Concentration and Character of Organic Matter. 
Analyses given in the literature show that the concentration of 
dissolved organic carbon in the ocean is between one and five mg/I. 
Plunkett and Rakestraw (1955) have reported that uniform distrib-
ution, either vertical or horizontal, is nonexistent. A minimum of 
organic carbon was found at one station in the Pacific ( 40°34' N, 
170°2' E) between 450 and 700 m in deep waters of the Pacific, or 
at a depth which roughly corresponds to the oxygen-minimum 
layer. Other stations showed little correlation. According to Nielsen 
(1955) there is an estimated 15 kg of soluble organic matter beneath 
each square meter of ocean surface, with the total dissolved carbon 
exceeding the amount of particulate matter present. The possible 
sources of soluble organic matter are: (1) decomposing organisms, 
(2) compounds secreted or excreted by living organisms in the 
course of their metabolism, (3) land sources, and (4) sediments, by 
exchange or decomposition processes. The decomposition of organic 
matter is slow in the ocean itself, but in bottles, where surface area 
is available for bacterial action (ZoBell, 1943), 25-50 °lo of the or-
ganic material in sea surface water is readily decomposed. Appar-
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ently some organic substances in sea water resist decomposition 
by bacteria indefinitely, thus some deep sea organic compounds 
may be thousands of years old (Nielsen, 1955). 

Vallentyne (1957) has summarized available data regarding the 
molecular nature of soluble organic compounds isolated from sea 
water. Wangersky (1952) reported dehydroascorbic acid from Gulf 
of Mexico waters as well as isolation of what appeared to be a rham-
noside in concentrations of as much as 0.1 g/1. Lewis and Rakestraw 
(1955) reported a concentration of Oto 10 mg/1 of total carbohydrate 
in the Pacific Ocean, and Hargreaves, etal. (1951) and Creach (1955) 
demonstrated the presence of citric and malic acids in the sea. Fogg 
(1952) postulated that pentose units may be present in marine and 
fresh water, and that certain blue green algae secrete peptides, 
amides, and pentoses. Krogh (1934) believed that dissolved organic 
matter in fresh and sea water consists principally of substances of 
a nitrogenous nature and of pentosans and that 80 to 90 ° / 0 of the 
organic compounds come from autolysis of dead organisms. Pratt 
(1944) and Nielsen (1955) demonstrated that antibiotics are given 
off by some algae; Cowey (1956) extracted soluble vitamin B 12 

from sea water in the North Sea and English Channel. 

Evidence for Significance of Organic Matter. Considerable evidence 
which indicates the significance of organic matter in the sea has 
been accumulated (Lucas, 1955; Johnson, 1955; Saunders, 1957). 
As early as 1935, Allison and Cole showed that feeding movements 
of barnacles can be correlated with abundance of dinoflagellates, 
and probably with their metabolic by-products. Collier, et al. (19.50, 
1953) found that the pumping rate of the oyster is influenced by a 
substance in the water which reacts to the carbazole test, and that 
motor response was stimulated in barnacles and oysters by niacin-
amide and ascorbic acid. Wilson and Armstrong (1952, 1954) reared 
polychaete and echinoderm larvae in water from various locations 
under the same physical conditions and found differences in growth 
rates; the growth of the larvae was retarded when the water was 
preheated, indicating the presence of volatile growth-stimulating 
substances. 

Hasler and Wishy (1951) obtained evidence that minnows were 
able to discriminate between the waters of two Wisconsin creeks 
after conditioning. Cautery of the olfactory epithelia rendered them 
unresponsive; however, they reacted to the distillate rather than 



250 Journal of Marine Resrorch (17 

the residue after the water had been vacuum distilled at 25° C. 
Alderdice, et al. (1954) have given evidence of extreme sensitivity 
of migrating salmon to extracts of mammalian skin. Thus it is 
reasonable to assume that organic compounds may influence the 
movement of fish in seeking food, in locating spawning areas, or 
even in a voiding danger. 

The soluble organic matter in fresh and sea water apparently 
serves as a source of energy for some organisms whereas for others it 
serves as growth or behavior stimuli or as an essential growth factor. 
Organic matter may form organic complexes with trace metals which 
may be beneficial or detrimental. Dissolved organic matter may be 
present in the form of toxins which inhibit or kill organisms (Saun-
ders, 1957). The success of some algae, bacteria, and fungi may be 
predicted and their ecological succession determined on the basis 
of the organic materials present. 

Lucas (1955) not only summarized and emphasized the known 
ecological significance of "external metabolites" on the distribution 
and growth of marine algae, bacteria, fungi, and protozoans but 
focussed attention on the effects of natural organic substances on 
the physical responses of marine worms, echinoderms, molluscs, 
crustaceans, and fish. Saunders (1957) also presented a similar 
summary of the significance of dissolved organic material to phyto-
plankton. 

Hood and Jeffrey (1957) have recently shown that, in photo-
synthesis, Nitzschia closterium, Porphyridium cruentum, and Platy-
monas sp. utilize CO2 from carbamino carboxylic acid complexes 
(synthesized from alanine or from organic compounds isolated from 
sea water) in preference to CO2 from inorganic forms. It has been 
recognized for many years (Garrels and Dreyer, 1952) that consider-
ation of the chemistry of calcium and carbonate alone was in-
adequate to explain the solubility relationships of calcium carbonate 
in the environment. Neuberg, et al. (1957) gave evidence that pro-
teins and amino acids in sea water which appear to form carbamino 
carboxylic acids with CO2 or bicarbonate ion would increase the 
solubility of CaCO3 and Ca3(PO4) 2 in sea water. Alekin and Mori-
cheva (1957) have reported that naturally occurring organic acids, 
including amino acids, prevent precipitation of CaCO3 in saturated 
solutions. It is apparent that continuation of research along these 
lines will lead to a revision of the present concepts of the carbon 
dioxide system and of calcium carbonate precipitation and that 
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greater significance will be attributed to the dissolved organic com-
pounds in relation to these cycles. 

The solubility of petroleum in water is increased by the presence 
of organic acids of high molecular weight (Baker, 1958) and possibly 
of other compounds. If marine organic acids were adsorbed or oc-
cluded to sediments, these acids might play an essential role in the 
storage and transportation of hydrocarbons. It has been demon-
strated that soluble organic matter adsorbed to sand grains changes 
their density so that they are more easily transported than other-
wise (Saunders, 1957). Likewise, organic matter adsorbed to clays 
alters their ion-exchange capacity, ability to hold water, and general 
colloidal behavior (Grim, 1953; Whitehouse, 1956). 

Thus the molecular structure of various components of the soluble 
organic fraction of sea water seems to be important to an under-
standing of the many different phenomena observed. 

EXPERIMENTAL PROCEDURE 

Preparation of {he Basic Experimental Solution. Water collected 
at the surface from the Gulf of Mexico at the 100-fathom contour 
was placed in glass bottles, fertilized with nitrate and phosphate, 
labeled with HC140 3 , and placed in light for 90 days. No sterilization 
techniques were employed. The sample was then placed in the dark 
for one year to allow the organic material to decay. At the end of 
this time a relatively stable solution of C14-labeled organic compounds 
remained. The solution was acidified with HCl to pH 4.0 and aerated 
to remove all inorganic substances containing C14• It was then neu-
tralized to pH 7.0 and filtered through an HA-type millipore filter 
(av. pore size 0.45 µ) to remove the particulate material. This 
became the basic stock solution used in evaluating methods of 
separating dissolved organic materials contained in it ; see below. 

According to Fox, et al. (1953), colloidal material from sea water 
is retained on 0.45 µ millipore filters. Thus, in this paper, reference 
to " soluble" organic material implies material passing through a 
0.45 µ filter. To obtain information concerning the size ranges of 
the materials involved, filtrates were also obtained by passing the 
experimental solution through other pore-size filters ; Table I shows 
the various size ranges and the approximate percentage of each. 

0 14 Counting. All counting was done by means of a Nuclear Chi-
cago Model 182 A Scaler with D-47 gas flow end window Geiger tube. 
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Chromatography. Standard descending paper chromatographic 
techniques were employed, and in addition, electrochromatographs 
were prepared with the Microchemical Specialities Company electro-
chromatograph. 

Carbon and Nitrogen Analyses. Total carbon was determined by 
the wet combustion method described by Kay (1954), and nitrogen 
was determined by the micro-Kjeldahl procedure of Milton and 
Waters (1955). 

TABLE I. SIZE RANGE OF C14-LABELED ORGANIC MATERIALS IN SEA WATER 

Size Range Type of Filter "lo of Total 

15-1.5 µ Fritted glass 6.3 

1.5-0.45 µ Fritted glass 37.5 

0.45µ-IOmµ Millipore (Type HA) 6.2 
Less than l O mµ Millipore (Type HA) 50.0 

As a check on the efficiency of the five methods of isolation tested 
for specific compounds, natural sea water, obtained from the same 
location in the Gulf of Mexico (see above), was prepared by filtering 
it through a 0.45 µ millipore filter. Exact amounts of pure organic 
compounds which are known to be biological metabolites were 
added, and methods for isolation of these compounds were evaluated. 

Description of Methods of Isolation. 
1 a. DIALYSIS. Cellulose acetate membranes (Visking Corporation), 

with a reported pore size of 24 A and a diameter of 3 cm, were 
investigated to determine their effectiveness in separating organic 
from inorganic compounds. The sea water was dialyzed by standard 
techniques against flowing tap water followed by distilled water. 

1 b. ELECTRODIALYSIS. Electrodialysis was investigated as a 
method of isolat ing the organic and inorganic fraction of sea water in 
a cell of the type shown in Fig. 1. Cells of similar design containing 
0.70-12.01 of sea water have been constructed so that the water 
of greater density flows into the sea water compartment at the 
bottom, where it is deionized and displaced by fresh incoming sea 
water. The supports are located so as to serve as a means of separat-
ing the cathode membrane from the outside of the sea water cell 
membrane and of limiting diffusion between compartments. The 
deionized sea water is then removed from the top of the sea water 
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cell. The cathode is constructed of brass, of other metals which 
resist alkaline condit ions, or of graphite. The anode is made of solid 
graphite rod or plugs. 

A power supply having variable. voltage between 1 and 120 volts 
with a maximum amperage of 4 amps was used. Flushing rates 
were maintained to give an effluent pH of less than 9.5. 

1 c. ELECTRODIALYSIS WITH loN-ExcHANGE MEMBRANES. Use of 
ionic membranes, a currently important method for desalination of 
sea water (Kirkham, 1956), was investigated. The membranes were 
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Figure l. Cell for eleotrodie.lysis by cellulose acetate membrane. A - fresh water input; 
B - desa.lted sea. water output; C - sea water input; D - to aspire.tor; E - insulated con· 
ductor; F- carbon a.node; G- rubber stoppers; H- support rods; I- bre.ss or carbon ca-
thode; J - water level; K - glass container; L - perforated gle.ss tube. 
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Rohm and Haas A-1 and C-1, and the cell was made of fabricated 
leucite. The electrodes were carbon blocks and the power supply 
delivered a varying amperage, depending on the salt content of the 
water and the conductivity of the cell. Sea water to which organic 
compounds in known amounts were added was placed in the sea 
water cells and a potential of 70 volts was supplied across the mem-
branes for a period of 12 hours. 

2. ADSORPTION. The following were used in columns for adsorbing 
organic material: activated carbon, Granular Darco 4 x 12, supplied 
by Atlas Powder Co.; acid alumina, a powdered chromatographic 
grade, No. Al-0109 T, supplied by Harshaw Scientific Co.; silica 
gel, 28-200 mesh, supplied by E. A. Sargent Co. ; infusorial earth, 
supplied by E. A. Sargent Co.; bentonite, supplied by Harshaw 
Scientific Co.; and magnesium-oxide, reagent grade and, calcium 
carbonate, reagent grade, supplied by Mallinkrodt Chemical Co. 

3. loN ExcHANGE. Samuelson (1954) reported the use of mixed-
bed ion-exchange resins for deionization of dilute organic solutions. 
Amberlite resins (Rohm and Haas, IRC-50, IR4--B, IRA-45, MB-I, 
IR-120, and IR-400) and Dowex 1, 2, 3 and 50 resins (Dow Chem-
ical Company) were used in these studies. 

4. SOLVENT EXTRACTION. Analytical grade, commercial solvents 
were used. In each case a 500 ml sample of sea water, adjusted to 
a suitable pH, was extracted five times with 25 ml of each solvent. 
Recovery of the organic material from the solvent was accomplished 
(I) by direct evaporation or (2) by adding ether to the solvent, 
extracting the organic material into an ammonium carbonate sol-
ution, evaporating the water, and finally subliming the ammonium 
carbonate. 

5. COPRECIPITATION. The pH of sea water was adjusted to 10.0 
with ammonium hydroxide or other alkali. The resulting precipitate 
of magnesium hydroxide contained much of the organic material. 
The final precipitate was brought into solution for further isolation 
of the organic material. 

A 0.1 M ferric chloride solution in sea water produces a ferric 
hydroxide floe, with coprecipitation of organic material. Lesser 
concentrations act similarly but precipitation is slower. Solution of 
the precipitate after separation from the supernatant followed by 
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reprecipitation allows for purification of the organic material. Iron 
is extracted with isopropyl ether from 3 to 6 N HCI solution. 

Reduction of Solution Volume. A continuous feed flash-type evap-
orator of 2 l volume obtained from Instrumentation Associates, 
New York, was used. Also, a large evaporator was constructed from 
a IO-foot tube-and-shell Corning pyrex glass heat exchanger which 
was mounted at about 10° to the horizontal; the solution was al-
lowed to flow along the bottom surfaces of the tubes; upon flashing, 
the vapors passed up the tubes toward the end of reduced pressure; 
the raffinate was then collected at the bottom. A pressure of ap-
proximately one pound was maintained in the evaporator and the 
jacket temperature was held at approximately 70° C. With recycling 
of raffinate, this system concentrated in excess of two gallons per 
hour. With these evaporators the samples seldom reached a temper-
ature of over 60° C. 

RESULTS AND DISCUSSION 

Dialysis, Electrodialysis, and Electrodialysis wi,th lon-Exclw,nge 
Membranes. Dialysis and electrodialysis are established methods of 
separating dilute salt solutions from organic molecules. This tech-
nique is used extensively in preparing samples for paper chromato-
graphic separation or in preparating column chromatograms. In 
these cases the concentration of organic material is relatively high 
in proportion to the salt content. With sea water, the normal salt 
concentration of about 35,000 ppm with an organic content in the 
neighborhood of 10 ppm results in a more difficult isolation. 

In general, the efficiency of retention of this soluble organic frac-
tion by either dialysis or electrodialysis is dependent on the dimen-
sions and arrangement of the cell components, on the initial and 
final salt concentrations, and on the inorganic and organic ions 
present. Results of a study of the effect of concentration of salt on 
the retention of glucose, methionine, and phenylalanine during or-
dinary dialysis are presented in Fig. 2. A salt concentration may be 
selected which will allow nearly complete recovery of some organic 
compounds, whereas at longer dialysis time (or with a lower salt 
concentration) almost complete removal occurs. 

In general, if dialysis is stopped at a salt content of not less than 
I °loo, complete recovery of many of the small organic molecules is 
possible. If the resulting dialysate is then evaporated in a low-
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temperature flash evaporator until the salt content again becomes 
30--40 °loo, the sample can be redialyzed to a salt content of about 
1 °loo• This process may be continued with a large sample of sea 

3000-------o--o.,. 

C/M 

100 

2 3 4 5 6 7 8 9 10 11 12 48 
TIME IN HOURS 

Figure 2. Concentration of certain organic compounds with time of dialysis. 

water until the material in the final stage is predominantly organic, 
with a low percentage of salt and a high retention of organic com-
pounds. 

Retention of various organic molecules in dialysates of sea water 
is shown in Table II. Ordinary dialysis over a period of six hours 
allows almost complete retention of glucose, sucrose, DL methio-
nine, DL histidine, thiamine, chlorophyll-A, penicillin, and the 
C14-labeled organic matter of sea water. However, such compounds 
as ascorbic acid, alanine, and phenylalanine are poorly recovered 
by this technique. The percent retention decreases substantially for 
small molecules if dialysis is continued as long as 15 hours. It is 
noteworthy that the C14-labeled organic matter of sea water 1s 
completely retained under these dialysis conditions (Table III). 
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In preparing organic-carbon concentrates from sea water, using 
organic membranes, leaching of the membrane may result in higher 
than actual carbon values. It was found that between 10-6 and 10-'g/l 
of carbon were obtained from new membranes by soaking them in 
distilled water. All membranes were therefore soaked and washed 
before use. 

Various ions in sea water do not dialyze in proportion to their 
concentrations. Solutions containing sulfate ion must have special 
treatment to reduce effectively concentrations of this ion. This may 
be accomplished by final dialysis against pure distilled water, but 
this process lowers the yield of organic constituents isolated. The 
sulfate ion may also be removed by electrochromatography. 

TABLE II. RETENTION OF ORGANIC COMPOUNDS BY CELLULOSE ACETATE MEM • 
BRA.NEB DURING DIALYSIS AND ELECTRODIALYSIB 

1 Din.lyBU, Electrodw.lyais 
Compounds 0

/ 0 in °lo in Per- Cl Method of Analyais 
6 Hrs* 15 Hra** cent (

0/oo) 

Glucose 98 65 48 0.05 cu counting 

Sucrose 98 68 53 0.05 cu counting and anthrone 

Rhamnose 50 0.05 Anthronet 
Raffinose 60 0.05 Anthrone 

Ascorbic acid 25 0 30tt 0.05 Dinitrophenylhydrazine 

Citric acid 69 0.05 Dihydroxyacetone + 
DL Alanine 5.0 0 5 0.03 cu counting 

DL Serine 20 0.03 Ninhydrin 

DL Methionine 92.5 15 cu counting 

DL Histidine 90 0 Ninhydrin 

DL Phenylalanine 20 10 5 0.25 cu counting 

DL Arginine 70 1.0 a. naphtholL'.1. 

Thiamine 100 Spectrophotometric 

Vitamin Bu 1006.6. 0.1 Lactobacillus leichmanii 

Chlorophyll 100 100 0 0.03 Spectrophotometric 

Penicillin 98 Total carbon 

cu.labeled organic 
matter of sea water 98 97 99(84) 1.0(0.03) CU CO\IDting 

* Chloride content 0.5 °/00• - ** Chloride content 0.05 °/oe- - t Morris, 1948. -

tt HPO8 added. - + Hargreaves, et al., 1951. - 6. Koch and Hanke, 1943. -

6.6. HPO
8

, NaHSO8 + NaCN added. Mercuric chloride added in all casea to prevent 

bacterial action. 
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Certain compounds (e.g., vitamins B 12 and C) and certain amino 
acids (tyrosine, arginine, etc.) may be destroyed by dialysis or 
electrodialysis procedures unless special precautions are taken. Pre-
treatment of water with certain chemicals (see Table II) precludes 
this decomposition in many cases. 

When the above techniques are used, the volume of resulting dial-
ysate is as great as or greater than the initial volume of sea water 
sampled. To facilitate chemical analysis, the volume of solution must 
be reduced. Low-temperature fl.ash evaporation was most suitable. 
Evaporation in these studies was carried out at 60° C, but in some 
cases, lower temperatures obtained by freeze-drying or desiccation 
may be desirable. 

The technique of electrodialysis with ion-exchange membranes 
may be expected to give results similar to electrodialysis in separat-
ing organic materials from salts. In addition, it has the advantage 
that many cells can be assembled with a single pair of electrodes, 
and the large equipment currently being used in the desalination of 
saline water affords an opportunity to work with large volumes of 
sea water in attempting separation of organic components. 

By the end of the 12-hour experimental period in such an attempt, 
the chloride content was reduced to 0.03 °/00• Under the conditions 
employed, recovery of organic compounds was about equal to that 
obtained in electrodialysis. It is believed that under controlled con-
ditions with respect to current, time and membrane arrangement, 
this technique has unrealized capabilities for the separation of 
certain organic compounds. 

Characteristics of Organic Concentrates Prepared by Electrodialysis. 
Natural sea water concentrates prepared by electrodialysis and flash 
evaporation had a yellowish-brown color and were soluble in alkali, 
were partially soluble in distilled water, methanol, pyridine, dimethyl 
sulfoxide, and were insoluble in acid, chloroform, ethyl ether, 
petroleum ether, carbon disulfide, carbon tetrachloride and acetone. 

Ultraviolet and visible spectra showed no specific absorption 
peaks for the material. Strong absorption noted in the ultraviolet 
region is thought to be due to inorganic salt. Preliminary infrared 
spectra with the potassium bromide pellet technique were not 
conclusive because of the high sulfate content of the concentrate. 

Electrochromatography of the concentrate buffered at pH 7.0 on 
3 mm Whatman paper showed at least three constituents which 
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exhibited fluoresence in ultraviolet light. One remained at the origin ; 
the second moved toward the positive side of the paper; and the 
third moved to the negative side. Customary spray tests for sugars 
and amino acids were negative. 

Descending-strip chromatography with various organio solvent 
mixtures was compared with the electrochromatography technique. 
Three constituents were apparent in phenol-a:cetic acid solvent, in 
2, 4-lutidine, and in butanol-pyridine-water (60-20-20). However, 
four fluorescent spots appeared when phenol-ammonium was used 
as the solvent. 

Elemental analysis of the electrodialysis concentrate showed a 
C:N ratio of 13.8: 1, absence of phosphorus, and a high content of 
sulfur as inorganic sulfate. Sulfate ion may be removed by electro-
chromatography, but it is a rather lengthy process. Precipitation by 
conventional methods results in the simultaneous precipitation of 
organic materials. 

No evidence of protein resulted from ultracentrifugation of the 
concentrate. Free amino acids were not found, but after hydrolysis 
with acid, tests for amino acids were strongly positive, thus in-
dicating the presence of peptides. 

Adsorption. Carbon appeared to be the most promising absorbent 
of the several tried for adsorption of organic materials from sea 
water (Table IV). The liquid flow in carbon columns was also 
faster. 

Recovery of added carbohydrates, amino acids, peptides, vita-
mins, organic acids, and other organic compounds is shown in 
Table V. Carbohydrates were easily recovered by a method re-
ported by Whistler and Durso (1950) by elution with gradient con-
centrations of ethanol. Dehydroascorbic or ascorbic acid was re-
covered with 15 °lo ethanol elution. Amino acids were lost or de-
stroyed unless the columns were pretreated with hydrocyanic and 
acetic acids. The aromatic amino acids were strongly adsorbed on 
carbon and were eluted with a number of solvents, such as phenol-
acetic acid, isopropanol-water, or benzyl alcohol. 

If one were to proceed, it is expected that vitamin B12 could 
have been removed with a 1 : 1 mixture of water and isopropanol 
(Fantes, et al., 1950), and the antibiotics (streptomycin and peni-
cillin) with methanolic formic acid (Kuehl, et al., 1946, and Peck, 
et al., 1946). 
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TABLE III. EFFECT OF CuRRENT AND TIME ON RETENTION OF ORGANIC MATTER 

(Ret. = Retained) 

Initial Time 

Current Volta.ge 8 Hours 13 Hours 24 Hours 

(ma) Ret.(°lo) Cl (°lo) Ret. (°lo) Cl (°lo) Ret. (°lo) Cl(°lo) 

1400* 15.0 14.0 0.5 14.0 0.5 14.0 0.10 

375 5.5 99.0 1.2 99.0 0.5 43.0 0.10 

250 2.5 99.0 0.9 99.0 0.5 97.0 0.10 

0 0 99.0 0.9 99.0 0.4 97.0 0.10 

• Precipitation of salts occurred immediately. 

TABLE IV . SoRPTioN oF SOLUBLE ORGANIC MATERIAL FROM SEA WATER ON 

30 X 1 CM ADSORPTION COLUMNS 

Adsorbent 
Percent cu Organic 
Material Adsorbed Eluting Agent 

Eluted 

(°lo) 

Activated carbon 

Acid alumina (Harshaw 
chromatographic grade) 

Infusorial earth 
Silica gel 
Calcium carbonate 
Magnesium oxide 
Bentonite 
Florex III 

100 

65 
65 
15 
50 
50 
65 
55 

Reflux with: 
phenolacetic acid 62 
chloroform trace 
acetone trace 
methanol trace 

HCl 
HCl 

trace 

100 
100 

Effect of .Activated Carbon on Organic Compounds. Activated car-
bon can cause aminolysis of amino acids as well as complete oxida-
tion to CO2, N 20, and NH 3 (Wachtel and Cassidy, 1942). These 
oxidations can be largely prevented by the use of small quantities 
of HCN. Carbon chromatography, which is used extensively for 
separation of carbohydrates, peptides, antibiotics, and fatty acids, 
is dependent on the uniformity of the carbon. Impurities which may 
constitute more or less active centers cause irreversible adsorption 
or trailing of part of the substances to be separated. The tendency 
to irreversible adsorption is greatly reduced by mixing the carbon 
with some inert or weak adsorbent, such as diatomaceous earth, in 
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TABLE V. SORPTION AND RECOVERY OF ADDED ORGANIC COMPOUNDS FROM SEA 
WATER ON GRANULAR DARCO 4 X 12 ACTIVATED CARBON COLUMNS 

Compound Pretreatment r- Pe1·cent Eluent 
Adsorption Rewvery Analytical Method 

Rhe.mnose 
Glucose 
Sucrose 
Raffinose 
Serine 
Alanine 
Phenyl alanine 

H,O 
H,O 
H 20 
H 10 
KCN,HAC 
KCN,HAC 
KCN,HAC 

Tyrosine H 1O 
Tryptophane KCN, HAC 
Glycyl-DL-Serine KCN, HAC 
Thiamine H 10 

Ascorbic acid 

Nucleic acid 
Nicotinic acid 
Niacin 
Chlorophyll 

Vitamin Bu 

Penicillin H 1O 

Total radioactive H 1O 
organic carbon 
in see. water 

100 
100 
100 
100 
100 

0 

100 
100 
100 

100 
100 

99 
99 
99 
98 

0 

0 
95 
95 
95 

0 
0 

100 98 

100 0 
100 0 
100 0 
100 0 
100 98 

5 °lo Alcohol 
5 °lo Ethanol 

10 °lo Ethanol 
15 °lo Ethanol 
Phenolacetic acid 
Phenolacetic acid 
Phenolacetic acid 
Phenolacetic acid 
Phenolacetic acid 

Anthrone 
Anthrone 
Anthrone 
Anthrone 
Ninhydrin 
Ninhydrin 
Ninhydrin 
Ninhydrin 
Ninhydrin 

Phenolacetic acid Total carbon 
Phenol Tata! carbon & 

15 °lo Ethanol 
absorption 

Dinitrophenyl 
hydrazine 

Alcohols, Phenol Total carbon 
Phenol 
Phenol 

Total carbon 
Total carbon 

Alcohols, Phenol Spectrophotometric 
Isopropanol Lactobaculus 

water Leichmanii 
100 98 Methanolicformic Total carbon 

Acid 
100 62.0 Reflux with cu counting 

liquid phenol 

addition to pretreating it when recovery of such compounds as 
peptides, certain amino acids, proteins, and fatty acids is desired. 

Characteristics of Organic Concentrate Pretpared by Carbon Ad-
sorption and Elution. The concentrate of natural sea water eluted 
from the carbon column was yellowish-brown, and, like the elec-
trodialysis concentrate, it was partially soluble in water, methanol, 
and pyridine but insoluble in acetone, ether, chloroform, or carbon 
tetrachloride. A rather high ash content, apparently removed from 
the carbon by the phenol, characterized the concentrate and made 
studies of its physical properties difficult. 

The material was electrochromatogrammed in a series of different 
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pH inorganic buffers with 3 mm filter paper. Four :fluorescing con-
stituents appeared. Descending strip-paper chromatography with 
organic solvents yielded varying results. No separation occurred in 
phenol-acetic acid solvent, but about six poorly-defined :fluorescing 
spots appeared in phenol-NH3 solvent. Four :fluorescing spots were 
noted in pyridine-butanol-water (60-20-20) and in 2,4-lutidine-H20 
(80-20). 

I on Exchange Deionization. Several types and combinations of 
ion-exchange resins were investigated in attempts to isolate the 
C14-labeled organic matter from the aged algae culture. While 
cation exchanger resins remove inorganic cations, they remove al-
most none of the organic ions from sea water. On the other hand, 
anion exchange resins remove both anions and organic material if 
a strong resin is used; if a weak resin is employed, approximately 
40 °lo of the tagged organic material is removed. Combinations of 
strong anion and cation exchange resins remove inorganic ions and 
a large portion of the organic material. A strong cation and a weak 
anion exchange resin combination was more effective in isolating 
the C14-labeled organic material from sea water. Combinations of 
Dowex-50, IRA-45, and Dowex-3 were less useful than IRC-50 
and IR4-B, as shown in Table VI. Subsequently the Dowex-50-
IR4-B combination was examined for its ability to isolate specific 
compounds from saline solutions. Known amounts of organic com-
pounds were added to sea water; the solutions were first passed 
over 30 x 1 cm columns of Dowex-50 maintained in the hydrogen 
form and then over IR4-B in the hydroxyl form. Both columns 
were washed with distilled water and all effluents were combined 

TABLE VI. RECOVERY OF ORGANIC COMPOUNDS FROM SEA WATER WITH 

!ON-EXCHANGE RESINS 

Exchanger Type Percent cu in Elulant Percent Cl in Elutant 

Dowex-50 (strong cation) 97.0 100 
IRC-50 (weak cation) 95.0 100 
Dowex-1 (strong anion) 0.0 0 
Dowex-2 (strong anion) 0.0 0 
Dowex-3 (weak anion) 60.0 0 
Dowex-45 (weak anion) 60.0 0 
IR4-B (weak anion) 90.0 0 
IR-400 (strong anion) 0.0 0 
MB-1 (IR-120 + IR-400) 25.0 0 
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and evaporated under vacuum at 60° C. Analyses of the specific 
organic compounds are shown in Table VII. 

TABLE VII. EFFICIENCY OF DoWEx-50 CATION EXCHANGE RESIN AND IR4-B 
ANION EXCHANGE RESIN IN SEPARATING KNOWN ORGANIC FROM INORGANIC COM· 

POUNDS OF SEA WATER 

Through Through 
Organic Compound IRC--50 IR4-B Methcd of Analyaia 

("/o) (°lo) 

Raffinose 98 97 Anthrone 
Rhamnose 98 96 Anthrone 
Xylose 95 93 Anthrone 
Glucose 95 93 cu tagged 
Sucrose 97 95 Anthrone 
Alanine 99 98 cu counting 
Methionine 99 98 cu counting 
Phenylalanine 98 97 cu counting 
Thiamine 99 98 Total carbon and 

Ultraviolet absorption 

The data in Table VI indicate that organic material of the aged 
algae culture consisted predominantly of negative ions, of which 
60 ° / 0 are weakly negative and 40 ° / 0 are strongly negative. The 
strongly negative ions are probably derived from organic acids, 
as will be shown later. 

Since ion-exchange resins are insoluble acids or bases, a series of 
reactions could be brought about by their action on organic com-
pounds. Carbohydrates are especially susceptible to strong base 
resins (Samuelson, 1954). Strong cation and weak anion exchange 
resins were chosen in this study, thus minimizing the possible de-
gradation of the organic material present. 

Disadvantages in the use of ion-exchange resins: high values for 
organic matter are obtained in the controls unless extreme care 
and time are taken in washing the resins; large resin quantities are 
necessary to desalt a sufficiently large sample of sea water; volume 
of extracted liquid is at least double the original sample. 

Ion-exchange resins probably have their greatest value in final 
separations of partially desalted organic concentrates prepared by 
other methods. For example, the sea water organic concentrate 
might be passed over a small column of Dowex-50 and then over 
IRA- 45. Carbohydrate materials would go through both columns, 
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nitrogenous bases would remain on the first column, and organic 
acids would remain on the second column. The organic material 
could then be recovered by eluting the first column with dilute 
HCl and the second with NH 40H. 

Solvent Extraction. Many common solvents for liquid-liquid ex-
traction of soluble organic compounds from sea water were invest-
igated. The C14 activity of both the solvent and the water phases 
was determined by drying an acidified portion of each phase and 
by measuring the C14 activity. Table VIII presents the data obtained 

TABLE VIII. THE EFFICIBNCY OJ!' SELECTED SOLVENTS l!'OR LIQUID-LIQUID Ex-
TRACTION OF C"-LABELED ORGANIC COMPOUNDS FROM SEA WATER 

Initi,aJ, pH of 
Organic M ateri,a/, in 

Solvent 
Sea Water 

Solvent Phase 

(approx . °lo) 
Ethyl ether 5.0 5.0 
Hexane 5.0 5.0 
N-ethyl-n-butylamine 8.2 5.0 
Chloroform 5.0 5.0 
Carbon tetrachloride 5.0 5.0 
Carbon disulfide 5.0 5.0 
Toluene 5.0 11.0 
Aniline 8.2 12.0 
n-buta.nol 3.0 13.0 
Isobuta.nol 3.0 13.0 
Phenyl ethyl alcohol 5.0 16.7 
Hexyl ce.rbitol 5.0 17.0 
Phenyl carbitol 5.0 18.2 
2-methyl 5-ethyl pyridine 8.2 22.0 
2,6-lutidine 8.2 32.0 
Phenol 5.0 68.0 

8.2 68.0 
Ethyl acetate 2.0 40.0 

8.2 20.0 
Amyl acetate 2.0 10.0 
Benzyl alcohol 2.0 68.0 

8.0 68.0 

with various solvents. Phenol, benzyl alcohol, ethyl acetate, and 
2,6-lutidine were the most promising solvents from the standpoint 
of quantities of radioactive organic material extracted. Data from 
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a brief study of the types of biological compounds extractable by 
these four solvents are presented in Table IX. 

TABLE IX. EXTRACTIBILITY OF SPECIFIC ORGANIC COMPOUNDS FROM SEA. WATER 

BY PHENOL, ETHYL ACETATE, 2,6-LUTIDINE AND BENZYL ALCOHOL 
(Ext. = Extractability) 

Method of Phenol 
Ethyl 2,6- Benzyl 

Gmnpound 
Determination 

Acetate Lutidine Alcohol 
Ext. pH Ext. pH Ext. pH Ext. pH 

Alanine CH counting • 5.0 • 3.0 • 8.2 

Phenylalanine CH counting + + 5.0 ++ 3.0 + 8.2 + 5.0 

Methionine CH counting + 5.0 + 3.0 + 8.2 • 5.0 

Glucose cu counting • 5.0 + 3.0 ++ 8.2 + 5.0 

Sucrose Anthrone • 5.0 + 5.0 

Rha.mnose Anthrone + 5.0 + 5.0 

Raffinose Anthrone • 5.0 

Dehydroa.scorbic acid Dinitro phe-
nyhydrazine • 5.0 • 3.0 

Thiamine Total carbon ++ 5.0 ++ 5.0 

Vitamin B 116 + + 5.0 + 5.0 

Nicotinic acid Total carbon ++ 5.0 ++ 5.0 

Glycyl-dl-alanine Total carbon • 5.0 

Glycyl-dl-phenylalanine Total carbon • 5.0 

Riboee nucleic acid Total carbon • 5.0 • 5.0 

Chlorophyll Spectro-
photometric ++ 5.0 • 8.0 ++ 5.0 

cu.labeled organic cu counting ++ 5.0 + + ++ 5.0 

material 

+ + Nearly Quantitative Extraction (5~100 °lo); + Partial Extraction (1~50 °lo); 

and • Negligible Extraction (~10 0/o). 6 (Cowey, 1956). 

Characteristics of Marine Organic Comp011,nds Isolated by Li,quid-
Li,quid Extraction. 

a. ETHYL ACETATE EXTRACT. Records were made of visible, ultra-
violet and infrared spectra of an ethyl-acetate extract of 5 gallons 
of filtered sea water recently collected. The visible spectra showed 
no peaks, but strong absorption occurred in the ultraviolet region. 
The infrared spectrum showed several peaks (3140-2800 cm-1 (CH), 
1725 (C = 0), 1450 (CH2), 1410 (C -0), 1280 (C- 0) and 745 (CH2)X), 
indicating a mixture of weakly ionized acids, possibly including 
fatty acids. Ethyl-acetate extracts of sea water from which the 
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organic matter had been removed in carbon columns were used as 
controls. 

Each extract and its corresponding control were electrochromato-
grammed, employing a series of inorganic buffers ranging in pH 
from 2.0 to 8.6 on both 3-mm Watman and Schleicher SS598 chro-
matography paper. Voltages of 900 and currents of 5-10 ma were 
commonly used. Two spots which fluoresced strongly in ultraviolet 
light were easily separated by this method. One spot remained near 
the origin and the other moved rapidly toward the negative electrode. 

This extract was also chromatogrammed on strips of 3-mm chro-
matography paper in a series of organic solvents with nearly the 
same results. In basic solvents such as butanol-pyridine-water 
(60-20-20) and 2,6-lutidine-water (80-20), the spot remained at 
the origin; i.e., no separation occurred. In butanol-ethanol-water 
(60-20-20) two spots appeared, but the separation was not as good 
as that in the electrochromatography technique. It may be tenta-
tively concluded that two types of acids were present. The ethyl-
acetate extract had an average molecular weight of 403, determined 
by means of the ebullioscopic technique (Bonner, et al., 1958). 

b. PHENOL EXTRACT. Extracts of sea water with phenol contained 
a relatively high ash content; hence, many of the usual physical 
tests were omitted. The visible, ultraviolet, and infrared spectra 
resembled those of the ethyl-acetate extract. However, one extract 
of sufficient purity and concentration showed an ultraviolet curve 
which corresponded to that of thiamine. Weakly ionized acids were 
strongly indicated by infrared analysis. 

Electrochromatography of the phenol extract showed three 
fluorescing spots in contrast to the two found with the ethyl-acetate 
extract. In descending-strip chromatography in butanol-ethanol-
water (60-20-20), five fluorescing spots were detected; in phenol-
ammonia (trace NH 3}, four fluorescing spots were detected. 

Coprecipitation. When the pH of sea water is increased to 10.0, 
all magnesium and calcium salts and a large percentage of the or-
ganic matter are precipitated. According to our results, 79 °lo of 
the C14-tagged organic matter of the aged algae culture is precipi-
tated with these salts. The dried precipitate contains 1.2 °lo carbon 
whereas the original sea water contained 5 mg/1 or 0.0005 °lo; thus 
the carbon is concentrated by a factor of 2,000. Concentration of 
the soluble organic matter is increased even more by simply adding 
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0.1 M FeC13 to sea water at its normal pH of 7.6 to 8.2. Approxi-
mately 95 °lo of the soluble organic matter is precipitated with 
Fe(OH)3 , as shown by results with C14-tagged water. With Fe(OH)3 

the soluble organic matter of natural sea water was concentrated 
by a factor of 10,000. Either precipitate may be decanted and re-
dissolved in acid; then the inorganic salts may be removed by re-
precipitation, by solvent extraction of the organic material, or by 
adsorption of the inorganic ions on ion-exchange columns. 

Effects of precipitation with alkali or ferric chloride on soluble 
organic compounds are not known. It is believed that this method 
has distinct possibilities in isolating large quantities of the total 
spectrum of soluble organic compounds from marine waters. 

CONCLUSIONS 

Quantitative isolation of soluble organic compounds from sea water 
without alteration of one or more constituents is difficult for four 
reasons: (1) many compounds are easily destroyed by bacterial 
action; (2) the ratio of inorganic to organic material in sea water 
is extremely high; (3) destruction by heat or slight change in chem-
ical conditions is difficult to prevent in the case of many compounds 
of biological origin; and, (4) organic matter readily adsorbs to sur-
faces where it becomes difficult to desorb. In the final analysis, 
satisfactory isolation requires great care if definite conclusions are 
to be drawn concerning the nature and quantity of the organic 
constituents present. 

Four possible ways are indicated for the isolation of at least a 
portion of the soluble organic constituents of the oceans : ( 1) dial-
ysis or electrodialysis, (2) column adsorption and elution, (3) sol-
vent extraction, and (4) coprecipitation. Ion-exchange deionization 
could be considered a fifth method, but because of the high value 
for organic matter in the control and because of the large volumes 
of resin necessary, it is usable only in the final stages of removal 
of traces of inorganic ions and in separating the classes of organic 
material. Table X summarizes the efficiency of each method for 
removal of soluble organic matter and points out the advantages 
and disadvantages of each technique. 

The coprecipitation method holds tremendous possibilities, since 
it removes practically all of the organic species from solution. How-
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TABLE X. SUMMARY OF EFFICIEN0Y OF VAl!.IOUS METHODS FOR ISOLATION OF 

ORGANIC MATERIAL FROM SEA WATER 

Method 

Total Organic 
Matter Isowted 

Electrodialysis 
with cellulose 
membranes 

Carbon adsorption 
and elution with 
phenol 

Coprecipitation 
with FeCl3 

Solvent extraction 
A. Phenol 
B . Ethyl acetate 
C. 2,6-lutidine 

Ion Exchange 

("lo) 

97 

100 adsorbed 
62 removed 

with phenol 

100 

65 
40 
32 

65 

Advantag/!8 Diaadvantag/!8 

Ideal for large mole- Inorganic sulfates not re-

cules or colloidal 

micelles. 

All of organic consti-
tuents adsorbed. 

moved. Large volumes 
of water must be evap-
orated at e. low tem-
perature. 

Carbon must be refluxed 
with phenol, which re-
moves inorganic impur-
ities from carbon. 

All of organic conati- Fe(OH)8 must be sepa-
tuents cone. by a rated from organic frac-
factor of 10,000 in tion. 
one simple operation. 

Quick and simple to Any one solvent sepa-
prepare an organic rates only a fraction 
concentrate without of the organic matter. 

altering organic com-
pounds materially. 

No particular advan- Too large an organic blank 
tage. is obtained. Impracti-

cally large volumes of 
resin are necessary to 
prepare a sample. Lar-
ge amounts of liquid 
must be evaporated to 
obtain the organic con-
centrate. 

ever, there remains the secondary problem of separation of ferric 
ion or other coprecipitating ions from the organic matter. 

Column adsorption, especially with pretreated activated carbon, 
is effective in t he removal of organic materials from sea water, but 
only part of the organic fraction (carbohydrates and some protein-
aceous material) can be readily eluted. 

Dialysis and electrodialysis are useful methods, but they must be 
used with care t o iwoid precipitation or destruction of the com-
pounds. Most membranes which retain a reasonable percentage of 
small organic compounds will also retain inorganic sulfates, which 
can, however, be removed by electrochromatography. These tech-
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niques necessitate evaporation of large quantities of water at a low 
temperature, which is inconvenient. Nevertheless, for certain pur-
poses, such as isolating large molecules or small colloidal micelles, 
dialysis or electrodialysis is probably the most effective method 
investigated. 

For ease and speed in obtaining an organic concentrate, the sol-
vent extraction method is most propitious. It is also felt that the 
method causes less damage to the organic compounds extracted. 
No single solvent removes all compounds, and some compounds may 
not be extracted effectively by any solvent. Ethyl-acetate, phenol, 
2,6-lutidine, and benzyl alcohol appear to be quite useful, especially 
if they are of high purity. 
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