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INTRODUCTION

Despite the fact that the problem of procuring a safe,

palatable supply of fresh water has been omnipresent in the

history of mankind, the development of methods for the puri-

fication of water and tests for the efficiency of these

methods has been exceedingly slow. Prior to the advent of

chemical and bacteriological techniques in the early part

of the twentieth century, the only criteria available for

judging the quality of water were those of taste, odor, and

color. They proved to be very poor criteria, indeed. When

man began to congregate in towns and cities, the dangers of

pollution and contamination of water supplies were greatly

increased and there were many instances of epidemics of

water-born diseases. Churchill (5) reported a case in which

many people preferred water from a well that was contaminated

with cholera organisms to water from an uncontaminated source

because the uncontaminated water had an unpleasant taste.

The development of efficient methods for the purifi-

cation of water and the discovery of simple, objective tests

for judging the potability of the water made possible the

elimination of most of the epidemics of water-born diseases.

Today, many people are so conditioned to a safe supply of

fresh water that they no longer question the purity of water

that is available for consumption. It is entirely conceivable
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that there is once again the danger of people re jecting pure

water and turning to a questionable source for drinking water,

if the pure water has an objectionable taste.

The Problem of the cause and control of tastes and odors

in water supplies has been the subject of a great many inves-

tigations during the last half-century; however, many questions

in this field remain to be answered. Theories relating to the

cause of tastes and odors occurring in water are still rather

numerous and, at present, only a few of them are conpatable,

Although several procedures have been employed for the eradi-

cation of tastes and odors from water supplies, none of them

are completely successful.

Lendall (11) gave a brief resume of the theories at-

tempting to explain the causes of tastes and odors in surface

waters. He grouped the causes into three large categories;

namely, organisms living in the water and their decomposition

products, pollution with domestic sewage or industrial wastes,

and gases dissolved in the water. Only the tpe of tastes

and odors arising from living organisms were considered in

this investigation, because the tastes and odors caused by

pollution or by dissolved gases are better understood and us-

ually their cause can be controlled by one of the techniques

available at the present time.

The organisms that have been presumed most often to be

the cause of naturally occurring tastes and odors in fresh

water are aquatic plants known as Algae. Rohlich et al. (16)
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described some of the theories relating Algae to tastes and

odors and attempted to attribute specific types of odors to

various algal organisms. Although no direct evidence of al-

gal odors has been presented, it has been postulated that the

Algae release "essential oils" into the water and that these

products are responsible for the odors. It has been gener-

ally accepted that the decomposition of these and other

aquatic organisms do, at times, contribute putrefactive odors

to water (11).

In 1950 Silvey (17) showed that, in many instances,

tastes and odors occurring in surface waters could be traced

to a group of fungi, the Actinomycetes. These organisms have

been isolated from a number of bodies of fresh water and are

also quite common in the soil. He found that they would pro-

duce odors similar to those of fresh water when raised upon

artificial medium.

At the present time there are only two approaches that

have been used in an attempt to reduce tastes and odors in

water for human consumption (19). These two techniques are

oxidation and adsorption. Oxidation is, of course, an at-

tempt to destroy the taste and odor compounds or at least to

alter their composition so that they are no longer offensive.

Adsorption is an attempt to cause the compounds to combine

physically with a substance that is added to the water.

Hessler (8) has reviewed the history of the development of

these methods and the following descriptions are summarized

from his work except where otherwise indicated.
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Oxidizing agents have been employed in the treatment of

water supplies for about seventy-five years. They were used

originally to destroy the bacterial organisms occurring in

the water and later were designed also to remove the tastes

and odors from the water. Aeration, which was the first tech-

nique employed specifically for the reduction of tastes and

odors, was introduced by A. R. Leeds, at Hoboken, New Jersey,

in 1884. Before 1900, aeration was the only method utilized

for the reduction of tastes and odors in water supplies and

it is still employed by many water plants. Langler (9) gave

an excellent description of the techniques of aeration now

in use.

In 1883 Reidmeister suggested the use of potassium per-

manganate for the reduction of tastes and odors, but it was

in 1900 that this compound was first employed in the purifi-

cation of water. The use of potassium permanganate to reduce

tastes and odors was widespread during the early part of this

century, but this procedure was replaced by more efficient

methods because of its inability to combat many of the com-

mon. types oP odors. Carird in 1928 showed that it had the

ability to oxidize phenolic compounds, which are sometimes

found in industrial wastes in the eastern part of this coun-

try, but otherwise was not effective against taste odor

compounds.

The odor reducing properties of chlorine gas were dis-

covered in 1904. Chloride of lime, which releases gaseous
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chlorine on contact with water, was employed both as a bac-

tericidal agent and as a method of reducing tastes and odors

at the Boomtown Reservoir of the Jersey City Water Works in

1908. An apparatus was invented for diluting mown amounts

of chlorine gas from a cylinder of compressed chlorine into

water in 1910. The modern applications of chlorine as an

odor reducing agent, as described by Griffin (6,7), include

brealk-point chlorination, superchlorination and dechlorin-

ation, and the use of chloramines.

One of the more recent developments in the field of

taste and odor control is the use of chlorine dioxide gas.

Aston (1) described the installation of the first chlorine

dioxide generator in a water plant at Niagara Falls, New York,

in 194.n The gas-was generated by feeding a solution of

sodium chlorite into the discharge line from the chlorin-

ator and passing the mixture through a reaction chamber to

facilitate the formation of the chlorine dioxide. This com-

pound is one of the most efLective agents used to reduce

tastes and odors in water but it has some limitations in

that it is expensive to produce and dangerous to handle (2).

The bacteriocidal properties of ozone have been recog-

nized for some time and it was first used in the purifica-

tion of water-by Ohlmueller in 1893. However, it was not

until 1930 that ozone was employed specifically for the re-

duction of tastes and odors. Although ozone is effective

against a great many types of odors, it has not been widely
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utilized because the equipment for the generation of ozone

is rather expensive and can be dangerous to handle, and the

gas itself is somewhat noxious.

The use of adsorptive agents for the removal of taste

and odor compounds from water is not only less expensive

than the use of oxidizing agents but also is often quite

effective. The utilization of activated carbon as a method

for taste and odor reduction was introduced in 1930 and, in

1935, it was reported that this technique was employed by

over 700 water plants (18). Although carbon is relatively

inexpensive and is easy to handle, it is often not effective

against strong odors (4).

There have been a few attempts to determine the chem-

ical identity of the compounds that cause tastes and odors

in water; however, none of them have been particularly suc-

cessful. 1Rohlich and Sarles (15, 16) reviewed some of the

information that is available which relates chemical struc-

ture to odor, and attempted to describe some of the types

of organic compounds that might possibly occur in water and

that exhibit odors similar to those found in water. Accord-

ing to their concept, the types of compounds that are most

likely to cause tastes and odors in water are amines, acids,

alcohols, esters, heterocyclic nitrogen compounds, and car-

bonyl compounds. It has been shown that the taste and odor

compounds probably occur in such low concentrations in the

water that they cannot be detected by ordinary analytical

procedures.
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A method that was apparently successful in concen-

trating some organic materials with strong odors from water

has been described (12,13). This method was to pass the

odorous water through filters of granular activated carbon

and to elute the organic material absorbed on the carbon

with solvents such as ethyl o ther or chloroform. However,

the carbon had to be dried in air before the organic compounds

could be extracted with the solvent, thereby introducing the

possibility that the adsorbed compounds might be oxidized or

altered in some other manner. It was found that the total

amounts of organic material extracted from the water ranged

from 7.5 ppb. (parts per billion) to 1.06 ppm. (parts per

million). Infrared spectrum analysis of these extracts indi-

cated the possible presence of esters, acids, amines, and

carbonyl compounds.

Although there is little direct evidence as to the

identity of the compounds associated with tastes and odors

in xater, there are a few predictions that may be nade on

the basis of the information that is available. First, it

must be presuned that these compounds are organic in nature.

There are only a few inorganic compounds that have an odor,

these compounds are gases, and their odors are readily recog-

nized (14). There are a number of inorganic compounds that

do have tastes in aqueous solution but the tastes, in most

instances, are very characteristic. Also, if the taste and

odor compounds are derived from living organisms, it is highly

probable that they are organic in nature.
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BeckMan (3) has postulated that, in order to have an

odor, a compound must be both water and fat soluble. If

this concept is to be accepted, and there is some rather

convincing evidence in favor of it, it would indicate the

types of compounds that could possibly cause tastes and

odors. Most of the compounds that are soluble in both water

and in fat are low molecular weight compounds that have only

one functional group in their structure (15).

Laughlin (10) describes some of the types of odors

that are encountered in surface waters as musty, earthy,

weedy, woody, grassy, swampy, sour, fisy, moldy, straw-

like, barnyard, potato bin, and septic. He reported that

the musty, earthy, and fishy types were most frequently en-

countered. Except for the fact that organic acids are said

to have sour odors and the fact that some amines have fishy

odors, these descriptions give little clue to the identity

of the taste and odor compounds. it is likely that the

characteristic odor of the compounds would have an entirely

different type of odor in a more concentrated solution.

It should be evident that if the compounds that cause

tastes and odors in water are organic in nature, if they are

soluble in water and in fat solvents, and if they are low

molecular weight compounds with only one functional group

in their structure, that there are certain methods by

which these compounds could be concentrated in aqueous sol-

ution. It is the purpose of this investigation to describe
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some of these methods and to make a preliminary study of

some of the properties of the taste and odor coropounds, so

that some concept of the identity of these compounds may be

developed.



REFERENCES CITED IN INTRODUCTION

1. Aston, Roy N., "Chlorine Dioxide Use in Plants on the
Niagara Border," Journal of American Water Works
Association, XXXIX (April, 947), 667-694.

2. , "Developments in the Chlorine Dioxide
Process," Journal of American Water Works Asso-
ciation, XLII (J anuary, 190), I 71-152.

3. Beckman, Elois L., "Note sur la puissance des odeurs
et leur Solubiliteux dans lt-eau et des lhuile,"
Journal de Physiologie et Patholi ie General, VII
(M1ay., 1917) ,1.-28.

Churchill, James, Report on the Cholera Outbreak in the
Parish of St, James, Westminster, during the autumnn

7f 1LS, Presented to the Vestry by the Cholera
Inquiring Co rittee, July, 1855.

6. Grifzin, Alton E., "Chlorination, A Five Year Review,"
Journal of North East Water Works Association LIII
Thrch, 19L44) ,322-356.

7. , "Break-Point Chlorination," Technical
Publication, N 23), Wallace and Tierman Co., Inc.
Newark, New Je'sey, (1946).

8. Hassler, John W., Active Carbon, Chemical Publishing Co.,
New York, (1951).

9. Langlier, Williama F., "The Theory and Practice of Aera-
tion," Journal of American Water Works Association,
XXIV (January, 1932)T,62-73.

10. Laughlin, Harold F. ., "Palatable Level with the Threshold
Odor Test," Taste and Odor Control Journal, XX
(Augu s t ,1954) -.

11. Lendall, Harmon N., "A Comprehensive Survey of the Taste
and Odor Problem," Taste and 0 dor Control Journal,
XII (June, 194.6), 1-17.

10



11

12. Middleton, Fred, Harry Braus, ad Graham Walton,
Study of the Concentration arid Estimation of

Organic Compounds in Raw and Filtered Surface
Waters, Federal Security Agency, Public Health
Center, Cincinnati, Ohio, (1950).

13. Middleton, Fred M., Harry Braus, and Carl C. Ruchhoft,
"Fundamental Studies of Taste and Odor in Water
Supplies," Journal of American Water works Association,
XLIv (Mar ch, 1952~~733-552.

14. Moncrieff, Robert Id., The Chemical Senses, John Wiley
and Sons, Inc., New York, New York, (1946).

15. Rohlich, George A. and William B. Sarles, "The Chemistry
of Organic Compounds Responsible for Tastes and Odors,"
Taste and Odor Control Journal, XV (June, 19'j9), 1-5.

16. , "Chemical
Composition of Algae and Its Relationship to Taste
and Odor, " Taste and Odor Control Journal, XVIII
(Noverber, 1949), 1-7.

17. Silver , Joseph K. G, James C. Russel, end David R. Rin,
Actinomycetes and Common Tastes and Odors," Journal

0" merican Water Works Association, XLII (January,
1950 ), 11-16.

18. Welch, William F "Milestones in Taste and Odor Control"
Taste cnd Odor Control Journal, XII (June, 1946)1-7.



MET THODS

Procedures for the concentration of organic compounds

from dilute aqueous solutions have not been extensively in-

vestigated. The one method that has been successful in re-

moving small amounts of organic material from water solutions

is the adsorption of the coompounds on activated carbon.

Middleton et al, (5) reported employing this method success-

fully in their study of taste and odor compounds from sur-

face waters in the Middle West.

In this investigation, twenty pounds of Nuchar C-190

granular carbon was used. The activation procedure was as

follows: half of the carbon was soaked overnight in 8 10

per cent sulfuric acid solution, the other half was soaked

for the sare length of time in a 10 per cent solution of

sodium hydroxide, each batch was washed twice with distilled

water, and the carbon was dried in a hot air oven at 1500 C

for twelve hours. The two samples were mixed and placed in

an iron cylinder that had a perforated bottom.

During the months of September and October of 19541, the

Lake Hefner reservoir of the Oklahoma City water supply had

a siege of rather intense tastes and odors. The cylinder was

attached to a raw water tap at the Lake Hefner Filtration

Plant on 3ept. 18, 19514., and was removed on Oct. 30, of the

same year. During this time the water was flowing from the

12
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tap at the rate of 1.4 gallons per minute or approximately

eIghty-four gallons per hour. As the cylinder was attached

to the tap for forty-two days the total amount of water that

filtered through the carbon was about 84,000 gallons.

Immediately after the cylinder was removed from the

raw water tap, the moist carbon was placed in a glass con-

tainer and was covered with about one gallon of-the rgw water.

A device was arranged so that a stream of hot air (150 0C)

could be bubbled through the submerged carbon. At the same

time the water covering the carbon vas heated to boiling.

The vapor from the carbon was passed through a series of scrub

bottles that contained odor-free water at 00 C. The water in

the scrub bottles was changed when odors could be detected in

the air emerging from the last bottle. This process ;as don-

tinued until the carbon was o mpletely dry.

This procedure is not likely to effect a quantitative

collection of the taste and odor compounds from the raw water,

but it is felt that the most important aspect of the problem,

at this time, is the identification of these compounds and

that this method is the mst likely to produce a concentration

of the compounds without altering their structure.

The method Which is in general use for the determination

of the intensity of odor in a water sample is the threshold

odor test that was described by &Qalding (8). According to

this method, a threshold odor number is assigned to the tample

of water, the higher numbers indicating more intense odors.
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The threshold odor number is determined in the following

manner: a series of dilutions of the sample are made,

using odor-free water as the dilutant, the total volume

of each dilution being 200 ml. (milliliters); the dilutions

are heated to about 600 C and sniffed by the operator; the

niuber of the greatest dilution at which the odor is not

detectable is the threshold odor number of the sample. The

number of the dilution is determined by dividing the total

number of milliliters (200) by the milliliters of water from

the sample. For example, a dilution of 10 ml. of water

from the sample and 190 ml. of odor-free water would have a

number of twenty. The odor-free water may be generated by

passing distilled water through activated carbon (2).

If the taste and odor compounds are more soluble in

water at one pH than they are at another, it would be expected

that the threshold odor number of a sample would vary with

the pH of the solution. The threshold odor number of the

sale should be the least at the pH at which the compounds

are the most soluble, as that would be the pH at which they

are the least volatile. inice knowing the pH at which the

compounds are the most soluble might give some clue to the

structure of the compounds, a series was run to determine the

threshold odor number of the solution at various pH values.

A sample of the solution of taste and odor compounds was

diluted one to ten with odor-free water and the pH of the

sample was lowered in steps by the addition of concentrated
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hydrochloric acid. The threshold odor number of the sample

was determined at various pH values. Likewise, a second

sample of the solution was diluted one to ten with odor-free

water and the pH of the sample was raised stepwise with

solid sodium hydroxide; the threshold odor number of the

sample being determined at various pH values. The amount of

sodium hydroxide or hydrochloric acid needed to change the

pH of the samples was found to be negligible in respect to

the total volume of the sample. The determinations of the

pH values of the various samples were made with the Beckman

model 11-2 pHmeter which has been described by Willard et al (10).

Schriner and Fuson (7) have described a method for the

separation of a mixture of water-soluble organic compounds.

Following this method a 300 ml. sample of the solution of

taste and odor compounds was made acid with hydrochloric acid

and. steam distilled. The residue from this distillation

should contain the basic compounds that were present in the

original solution. The distillate was made basic with sodium

hydroxide and steam distilled. The residue from the second

distillation should contain the acidic compounds that were

present and the distillate should contain the neutral com-

pounds. The threshold odor number of each of the three rac-

tions was determined in order to calculate the relative

quantities of the compounds in each fraction.

Schriner and Fuson (7) have also described a method

which may be employed to separate a mixture of water-insoluble
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compounds into fractions according to their acidity or basicity.

Although the compounds in question must have some water soli-

bility, it is possible that their water solubility could be

low enough that they would be separated by this method. Accord-

inglr, a 300 ml. sample of the solution of taste and odor

compounds was extracted with 300 ml. of ethyl ether in three

100 ml. portions. The ether extracts were combined and the

ether solution was extracted first with 100 ml. of a 10 per

cent hydrochloric acid solution andd tnen with a 10 per cent

solution of sodium hydroxide. The acidic compounds should

now be in the sodium hydroxide solution, the basic compounds

should be in the acid solution, and the neutral compounds in

the ether. The there should odor numbers of the acid and al ka-

line solutions were determined after allowing the ether in

the solutions to evaporate.

One oi the more recently developed methods of analytical

chemistry that is often useful in the identification of or-

ganic compounds is absorption spectrxoscopy. Stearns (9) and

Gibson (3) have described the application of ultraviolet ab-

sorption spectroscopy to the analysis of organic compounds.

Since water can be used as a solvent in the ultraviolet region

of the spectrum, the solution of taste and odor compounds was

subjected directly to ultraviolet absorption analysis using

odor-free water as the blank. The nstrument employed in

this determination was the Beckmian model DU Spectrophotometer

which has been described by Willard (10).
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Infrared spectrum analysis offers the most promise in

the analysis of the structures of organic compounds- and in

the identification of groups of compounds. Randall et al. (6)

have described most of the thehniques of infrared absorption

spectroscopy and have indicated how the data thus obtained

can show the presence or absence of a given group of com-

pounds. Due to the fact that water absorbed strongly in the

infrared region of the spectrum, other solvents must be used

in the determination of infrared absorption spectra ( ). In

this investigation, carbon tetrachloride, carbon disulfide,

and chloroform were used as solvents. The carbon disulfide

was purified by allowing it to stand in contact with mercury

for three days and then distilling it. Theother solvents

were obtained in spectroscopically pure grade from a chemical

supply house.

A 300 Ml. sample of the solution of taste and odor com-

pounds was extracted with 100 ml. of carbon disulfide. The

carbon disulfide was dried over sodium sulfate and filtered.

The infrared spectrum of the carbon disulfide solution was

determined using the Baird Associate Two-Bewn Infrared

Spectrophotometer (10). The infrared spectrum of the pure

solvent was determined for comparison purposes.

Three 300 ml. samples of the water solution of the

taste and odor compounds was extracted with chloroform.

One of the samples was made acid with hydrochloric acid

before extraction, the second was made alkaline with sodium
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hydroide before extraction, and the other was extracted

without changing the pH of tie solution. Likewise, three

extractions of the solution at different pll values were

made with carbon tetrachloride, The extracts were dried with

sodium sulfate and filtered , ITie infrared spectra of the

solutions thus prepared were determined using the instrument

pecified above, The spectra of the extracts of the acidic

nid neutral solutions were determined using the two cell

techique. The spectra of the extracts of the basic solu-

tions were determined usint the one cell technique.

Infrared absorption spectrum analysis can indicate the

presence or absence of some specific groups but for several

reasons it cannot prove the presence of any specific struc-

ture, especially in the analysis of a solution of several

compounds (6). Each absorption azimun that aPpears in the

Spectrum of a solution is due to the absorption of some

specific structure or group of structure; however, the maximum

may be due to skeletal vibrations of a molecule or to vibra-

tions of a functional group (6). Also the absorption maxima

of a specific group may be disp laced by the solvent or by

the presence of other compounds in the solution (4).
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RESULTS

During the time that the taste and odor compounds

were being Collected from the water from Lake Hefner, the

threshold odor number of the raw water at the Lake Hefner

Filtration Plant varied from ten to one hundred fifty. The

odor of the raw water was described at various times during

this period by the plant operators as being earthy, musty,

fishy, and foul. After the carbon filter was removed from

the raw water tap and when the carbon had been submerged in

the waterr for a period of two days, the water covering the

carbon was found to have a threshold odor number of 200.

The odor of the water was predominately musty and woody.

The hot air distillation of the submerged carbon pro-

duced approximately two gallons of a solution containing the

taste and odor compounds. This solution was found originally

to have a threshold odor number of 4,000 However, the sol-

ution was stored in a refrigerator at about 50 C during the

experimental period and the threshold odor number of the

solution dropped to 2,000 during the first two months of stor-

age. Thereafter, the intensity of the odor remained constant.

The odor at first was predominately musty and woody but altered

over a period of six months, so that the earthy odor became

predominant. However, the experimental uork was completed

before the odor had changed appreciably.

20
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Figure 1 shows the threshold odor number of a ten

to one dilution of the original solution of taste and odor

compounds plotted against the pH of the dilution. It may

be seen from the graph that the threshold odor number of

the dilution decreased as the pH was decreased from a value

of seven. However, raising the pH of the solution above a

value of eight apparently had no effect on the threshold

odor number of the dilution.

The steam distillation of a 300 ml. portion of the

solution of the taste and odor compounds produced three

fractions, each of which should have contained a portion of

the compounds according to their acidity or basicity. The

residue from the first distillation which should have con-

tained the basic and amphoteric compounds was found to have

no detectable odor. As this solution was acid,4t was mad

alkaline with sodium hydroxide and the threshold odor was

determined again. Once more it was found to have no detect-

able odor. The residue and the distillate from the second

distillation which should have contained the acid and neutral

compounds respectively, were also found to have no detectable

odor. From these results it was apparent that the compounds

were either lost or destroyed during the distillation process

and therefJore, this line of investigation was abandoned.

The extraction of a 300 ml. portion of the solution of

taste and odor compounds with ether and the subsequent ex-

traction of the ether solution with solutions of sodium
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hydroxide and hydrochloric acid produced three water so-

lmtions and the ether solution, each of vhich should have

contained a portion of the taste and odor compounds. The

residue of the original solution that had been extracted

with ether was found to have a threshold odor number of

five but the type of odor was different from the original

odor of the solution. The basic extract of the ether so-

lution was found to have a threshold odor number of two.

The acid solution had no detectable odor other than that of

ether and had a threshold odor number of two when the pH of

the solution was raised to a value of eight with sodium hy-

droxide. These data would seem to indicate that the com-

pounds must have remained in the ether solution but, when

the ether was evaporated by passing a stream of air through

it, no residue remained.

The ultraviolet absorption spectrum of the solution

of taste and odor compounds is shorn in figure two. The

optical density (absorbency) of the solution was plotted

against the wave length expressed in millimicrons. Three

separate determinations of the spectrum were made on different

sw ples of the solution and the results of the three have

been plotted on the sane figure; the wurve shown being the

mean of the three values determined for each wave length.

The wave length range of the instrument employed for these

scans extended only to 205 millimicrons in the far ultraviolet

and it is possible that the sensitivity of the instrument
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was low in this region (2); however, the results obtained

were found to be reproducible, as indicated by the curve.

Figure 3 is the infrared absorption spectrum of the

purified carbon disulfide that was used for extraction

and Figure is the spectrum of the solution obtained

by the extraction. Both of these spectra were determined

employing the single cell technique using air as the blank.

Table I lists the wave lengths of the absorption maxima

that occur in Figure )-. but not in Figure 3. These

should be the absorption maxima that were due to the absorp-

tion maxima of the compounds dissolved in the solvent. The

lists of compounds that absorb strongly in the region of

each absorption maximum found were taken from Randall (4.)

and Harley (3).

TABLE I

TYPES OF COMPOUNDS INDICATED BY THE ABSORPTION MAXIMA OF
THE INFRARED SPECTRUM IOF IT E CARBON DISULPIDE EXTRACT

Wave length Types of Compounds with Maxima
of Maximum at GIven Wave Length

8.3 microns . . . . . . . .lines, aromatic compounds
alcohols, carboxylic acids
esters, aldehydes, ketones.

12.9 . . . . . . . . Amines, aromatic compounds,
carboxylic acids

13.1 . . . . . . . . . Amines, aromatic compounds.
15.0 . . . . . . . . Amines, aromatic compounds.

The infrared absorption spectrum of the solution that

was obtained by extraction of the aqueous solution of taste

and odor compounds with carbon tetrachloride is shown in
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Figure 5. Figure 6 shows the spectrum of the carbon

tetrachloride that was used to extract the acidified solu-

tion. Both of these spectra were determined by the two cell

techniue usin ir as a blank. Apparently none of the taste

and odor compounds were extracted from solution by the carbon

tetrachloride because neither spectrum shows any significant

Figure 7 shows the infrared absorption spectrum of

the chloroform solution of taste and odor compounds obtained

by the extraction of the water solution of these compounds.

Figure 8 depicts the spectrum of the solution obtain-ed

by the chloroform extraction of the acidified solution. Both

of these spectra were determined using the double cell tech-

nique with the pure solvent as the blank. Since both curves

show the same absorption maxima they were considered together.

The maxima appearing 1n both spectra are listed in Table II

along with the types of compounds that absorb in the region

of each marima. Table II was prepared with the aid of data

published in several places (1,3,.).

TABLE II

TYPES OF COMPOUNDS INDICATED BY THE ABSORPTION PAXIMA OF
THE INFRARED SPECTRA OF THE CHLOROFORMSOLUTIONS

Wavelength Types of Compounds with Maxima
of Maxima at Given Wavelength

2.8 microns . . . . . . . .Alcohols
3,.4 . . . . . . . .Amines, acids, aromatic compounds.
7.1 . . . . . . . .Amines, alcohols, aldehydes.
8.14 . .. . .Amines, alcohols, aldehydes, acids.
9.1 . . . . . . . .raines, alcohols, aldehydes.
11,. . . . . . . . .Amines, alcohols, aldehydes.
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Figures 9 and 10 are the infrared spectra of the

carbon tetrachloride and chloroform extracts of the basic

solutions of taste and odor compounds. Tiese spectra were

determined by the single cell technique. As they show no

absorption maxima that are not shown by the spectra already

considered, they will not be discussed separately.
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DISCUSSION

From the data presented it is apparent that the taste

and odor compounds from the raw water were adsorbed by the

activated carbon and that the same comp ounds were eluted

from the carbon. Since the only method available for meas-

uring the type and intensity of odor in water is the sub-

jective method of smelling the solution, it would be diffi-

cult to prove that the compounds were identical to those

that caused the tastes and odors in the water. However,

since it is rare for threshold odor of more than 100 to

occur in surface waters (3), it may be said that the solu-

tion obtained by the collection procedure was a concentrated

solution of the compounds present, and since the odor of the

concentrated solution closely resembled the odor of the raw

water, it is likely that the compounds were not altered to

any great extent.

The fact that the threshold odor number of the solu-

tion was found to decrease with a decrease in the pH of the

solution would indicate that some of the compounds present

are more soluble in acid solution than in basic or neutral

solution. This would, of course, indicate that the com-

pounds are basic in nature. Since there are few organic com-

pounds, other than amines, that are basic (6), this would

seem to demonstrate the presence of amines. However, it is

33
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possible, though not probable, that the compounds could

have reacted with the acid to form a non-odorous product.

In this case, compounds that are easily hydrolyzed by min-

eral acids, such as esters, would be indicated.

It has been generally accepted that the taste and odor

compounds must be readily volatile (3). This fact could ex-

plain a great deal of the observed data. It could explain

the loss of odor from the solution while it was being stored.

It could explain the loss of the compounds during the steam

distillation or during the extraction with ether and the

evaporation of the ether solution. It is probable that the

volatility of the compounds was at least a factor in the

aforementioned instances.

On the other hand, if the taste and odor compounds were

hydrolyzed by hydrochloric acid, these same observations

could be explained. If the loss of odor in the cool solu-

tion is due to the hydrolysis of the compounds, the same

compounds would certainly be hydrolyzed by boiling in hydro-

chloric acid. It is probable that the loss of the taste ahd

odor compounds during storage and during the extraction was

due to volatility and that the coimounds were hydrolyzed dur-

ing the steam distillation.

The groups of organic compounds that have absorption

maxima in the region of 208 millimicrons are compounds con-

taining the carboxyl group or the carbon-sulfur double bond.(2).

It would seem more likely that the absorption maximum observed



in the ultraviolet spectrum of the taste and odor compounds

would be due to the presence of the carboxylate group than

to the presence of the carbon-sulfur double bond, as certain

maxima occur in the infrared spectra of the same compounds

that could be explained by the presence of the carboxylate

group. of course, since the ultraviolet spectrum was scanned

only to 205 millimicrons, it is possible that the true max-

imum of these compounds occurs further out in the ultraviolet.

Also, the location of the maximum could have been shifted by

the presence of other compounds in the solution.

Table I shows the possible compounds indicated by the

infrared spectrum of the carbon disulfide extract of the so-

lution of taste and odor compounds as being amines, alcohols,

carboxylic acids,,esters, aldehydes, ketones, and aromatic

compouncds. If alcohols were present, another maximum would

be expected in the 2.75-3.25 micron region (2). If the ob-

served maxima were due to the presence of acids, esters, or

carbonyl compounds, an absorption maximum would be expected

in the 5.5-7 micron region (2). However, all of the maxima

expected in the presence of aromatic amines are either pre-

sent as such or they would be masked by the absorption of the

solvent, so that it is probable that aromatic amines were

present in the solution.

The compounds indicated by the infrared spectrum of the

chloroform solutions are alcohols, amines, acids, aldehydes,

and esters. All of the expected maxima for the amines,
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aldehydes, alcohols, and enters are present in the spectra

of the solutions. The absorption maximum near six microns

expected for acids is not present. The fact that the spec-

tra of both extracts were almost identical would seem to in-

dicate that the compounds in question were neutral compounds.

If acids were present, the spectrum of the acid extract would

show their absorption more strongly than the neutral extract.

If amines were present, the neutral extract would show their

spectra while the acid extract would not, since amines are

fairly soluble in acid solutions and probably would not be

extracted from the acid solution. From this data it would

appear that the most likely compounds are aldehydes, esters,

or alcohols.

The fact that apparently none of the taste and odor

compounds were extracted by the carbon tetrachloride should

indicate something about the structure of the compounds.

Carbon tetra.chloride is a non-polar solvent and would'dis-

solve non--polar compounds more readily than polar compounds;

however, both carbon disulfide and chloroform are non-polar

solvents and they apparently dissolved the taste and odor

compouids. The failure of the compounds to dissolve in the

carbon tetrachloride was probably due to poor extraction

technique rather than to any intrinsic factor.

If the taste and odor compounds were altered during

the extraction process or while the solution was being

stored, the reactions that they might undergo would be
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oxidation or hydrolysis. If esters were present in the so-

lution, they could have been hydrolyzed to acids and alcohols.

Since acids, alcohols, and enters are all indicated by the

spectra of the compounds this might serve to explain a part

of the data. If alcohols were present they could have been

oxidized to aldehydes and/or acids. Since all three types

of compounds were indicated by the spectra of the solutions,

this could also explain some of the data. However, the oxi-

dation of an alcohol requires a fairly strong oxidizing agent,

and would not likely occur in a cold solution. If any reac-

tion did occur, the hydrolysis of enters would seem to be

the most likely explanation.

The taste and odor compounds studied in this investi-

gation were found to be rather evanescent. Apparently the

compounds were easily lost by vaporization or destroyed by

contact with acid. Also, their extraction from the water

solution at different pHis in selected solvents was found

to be unpredictable. All of the solvents used were non-

polar solvents that resemble each other somewhat in their

physical and chemical proper ties; however, the absorption

spectra of the compounds in the chloroform extracts indicated

that the concentration of the compounds in the chloroform was

greater than the concentrations of the compounds in the other

solvents. In addition to this, apparently a different group

of compounds was extracted by the carbon disulfide than was

extracted by the chloroform and, although none of the
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cormpounds were found in the acid and neutral extracts with

carbon tetrachloride, the basic extract with the same sol-

vent contained several of the compounds.

Rohlich and Sarles (5) have pointed out that various

tTpes of Algae produce a number of the aino acids which may

be broken down into amines, aldehydes, and acids. It has

been shown that Actinomycetes produce eaines, aldehydes, and

acids directly as by-products of their metabolism (1,4).

From this and from the data presented herein, it would be

possible that the taste mad odor compounds could have been

produced by either Algae or Actinomycetes. However, if they

were originated by Algae, another group of organisms would

have to be postulated to metabolize the amino acids produced

by the Algae. The most likely explanation would seem to be

that Actinomycetes could have produced the compounds directly,

while Algae could have produced the neutrant materials for

another group of organisms, either bacteria or Actinomycetes,

which in turn could have produced the taste and odor compounds.

This investigation should make no pretense of having

exhausted the techniques of analytical cheistry that could

be applied to this type of study. It is probable that a more

thorough study might elucidate the actual identity of some of

the compounds. However, there are inherent difficulties in

this type of investigation because the compounds occur in

such small concentrations in the water und several types of

compounds are concerned.
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Once the identity of the compounds has been positively

established it might be possible that the techniques of taste

and odor control could be established on the basis o attack-

ing specific types of compounds that are known to be present.

This vould seem to be a more logical approach than the em-

pirical method of trial and error that is now in use.
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SUM114ARY AND CONCLUSIONS

1. A method of concentrating small quantities of taste

and odor compounds into a concentrated aqueous solution was

described. This method was apparently successful in con-

centrating the organic compounds from about 84.,000 gallons

of water into a volume of less than two gallons without

greatly altering the structure of the compounds.

2. These compounds were found to be readily volatile

and they were apparently destroyed by the action of strong

mineral acids on the solution.

3. The solubility of some of the compounds was found

to be greater in acidic solutions than it was in basic or

neutral solutions, indicating that anines were probably

present.

4.. From the study of the ultraviolet and infrared

absorption spectra of the taste and odor compounds it was

concluded that the major groups of compounds present include

aromatic amines and aldehydes. The possible presence of

alcohols, carboxylic acids, esters, and ketones was also

indicated.
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