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INTRODUCTIOR

The problem of tastes and odors in water supplies was
not encountered by primitive man since his meager demands
could be satisfied by the abundance of available water in
natural streams and lakes. As man passed from the era of the
stream~slde village and the community well into one in which
soclety demanded a palatable, abundant, and healthful water,
the problems of supplying the consumer were multiplied. 1In
areas where industry flourished, by-products from the plants
were diverted into streams, rivers, and lakes, resulting in
partial ruination of potential supplies., Many cities and
towns were fraught with epidemics of water-borne diseases
and other difficulties that were exhiblted in populations
consuming chemical wastes. Within the last twenty yearsz many
advances have been made in water purification so that today
the average eltizen is furnished a commodity that is free of
disease producing organisms and generally healthful. However,
the advancement in purification techniques has not attained
sufficient skill to be able to produce an odorless, tasteless
water at an economical figure. Many cities have water
supplies that contain a concentration of odor and taste
producing compounds that are reduced but not removed in the
filtration process. Until this problem is solved, water
plants are not accomplishing the tasks they were designed to

complete.
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In the Southwest rapid growth in population and industry
made such demands on the natural water supplies, that munici-
palities found it necessary to impound rivers and streams in
an effort to ceconserve and insure adequate supplies of water.
These impoundments gave rise to reservoirs that assumed the
characteristies of both a river and a lake. This type of
ecological condition promoted a series of sporadic biological
growths, Tastes a%ﬂ odors were multiplied many fold as a
direct result of the increased biological activity. This
sudden upsurge in the blota resulted not only in the abun-
dance of higher pl%nts snd animals, but also in lower forms
such as molds, alg%e, and aetinomycetes.

Silvey (195b3?repartad that actinomycetes and their
by-products were rpspanﬂible for a high percentage of the
tastes and odors encountered in surface water supplies in the
Southwest. To augment this primary source, there were pollu-
tive agents such as industrial waste, domestic sewage, and
decomposition products of plant and animal remains contribut-
ing to tastes and odors., In an attempt to avert disaster,
municipalities in this area hawe encouraged the investigation
of potential methods of improving the present surface water
and making more avallable.

The davylapmant of methods that would permit the use of
surface water in city distribution systems has been in prog-

ress about a century and a quarter. The early history of

this period has been reviewed by Hassler (1941) and the fol-
lowing ehronology is summarized from his wvork.



Eerly purlfication efforts were directed principally to-
ward producing a colorless or clear water whieh was thought
to be safe for consumption, To supply this type of water,
James Simpeon installed the first slow sand filter in 1829
for the Chelgea Water Works in London. In 1832 Albert Stein
designed and directed the installation of the first filters
to bs put into operatiocn in the United States at Richmond,
Virginia. EKirkwood's recommendation in 1860 was responsible
for the use of sand filters by & half dozen Midwestern cities.
Between the years 1832 and 1882 sixty-five cities installed
filters that were similar tc those operating at Richmond,
Virginia, The filters wvere clearing the waterj however, the
taste and cdor contents were not affected.

In 1884, A. R. lLeeds, employed by Hackensack Water
Company, was the first to introduce aseration as & method of
odor reduction a2t Hoboken, New Jersey. In his design, com-
pressed air was forced into the water in an attempt to hasten
nature's scheme of odor removal by exposure of the water to
air, Until 1905 azeretion was the only method especially de-
signed for the removal of tastes and odors from munieipal
water supplies.

The uﬁe;ef potassium permangsnate for taste and odor re-
duction was suggested by Reidmeister in 1883; however, Fuller
in 1900 first made use of the chemical for iron and odor re-
duction in Providence, Rhode Island. This method was popular
during the first part of the twentlieth century, but socn lost



favoer because of its inabllity to eradicate a variety of
odors. Carird in 1928 revealed that the action of potassium
permanganate was largely effective on phenol odors such as
those found at Rochester, New York. That experiment showed
that potassium permanganate had power to oxidize phenols, but
otherwlse was limited in its ability to reduce tastes and
odors,

The practice of coagulation in water treatment dates
back hundreds of years. Possibly the Egyptians first used
this method to preecipitate mud and other suspended materials
from the water of the Nile River. Tunnels Clark in 1841
first used lime and socda-ash coagulation in a London filtra-
tion plant. James A. Seddon in 1890 conducted a study using
& combination of the previous ideas on purification plus
sedimentation for the reduction of tastes and odors. The re-
gults obtained from this study led to investigations and sub-
sequent use in the United States. The first use of softening
and sedimentation in the United States was at Overland, Ohilo,
in 1905. The use of this process was soon adopted by other
cities such ag Columbus in 1908, New Orleans in 1909, and
St. Louls in 1915.

Krokenke in 1884 suggested that the control of tastes
and odors inelude methods which would prevent contamination
as well as eliminate pollution already existing in the supply.
To accomplish this task, Krokenke used copper sulfate in suf-
ficient quantities to kill algae, thereby reducing the odors



in reservoirs. This work led to the use of copper sulfate
as an odor control measure by Moore (1904) who also showed
that the incidence of typhoid dropped in direet proportion
te the amount and frequency of copper applied. This chemical
is the most common algaecide in use today as a means of con-
trolling tastes and odors in surface water supplies.

Bactericidal properties of ozone were first observed by
Fox in 1873. Ohlmueller in 1893 employed ozone for purifica-
tion of water but it was not until many years later that it
was used for taste and odor control. Ozone plants were in-
stalled at Longbeach, Hobart, and Whitney, Indiana, in 1930,
1932, and 1938, respectively (Bartuska, 19%1). The ozone
treatment of these waters has been helpful in correcting se-
rious taste and odor conditions. However, the equipment for
ozone generation requires an expenditure of considerable
funds, which doubtless accounts for the few installations in
both industries and municipalities.

Credit for the invention of chloride of lime is given to
Dr. Duik, a Belgian chemist, Chloride of lime was first used
as a bactericidel agent at Boomiown Reservoir of the Jersey
City Water Works in 1908. The invention of compressing chlo-
rine gas into eylinders led to the use of an apparatus devised
by Major C. R, Darmell in 1910 for diluting known amounts of
¢hlorine gas into the water supply. Odor reducing properties
of chlorine were accidentally found by Rideal in 190% but the

reasons for its success were unknown to him, Howard and



Houston in 1919 (Howard, 1922) conducted about three thousand
experiments on the action of chlorine on different types of
odorg and found that the addition of greatly elevated levels
of residual chlorine would destroy odors originally present
and those resulting from t;e addition of smaller amounts of
chlorine, Heale (1929) used this new process of “super-
chlorination® in Jamiica, New York, with good results. This
method never gained much favor because it is the most diffi-
cult to control of all procedures employed in water treatment.
In the search to find a cheaper method for sterilizing
water, Race in 1916 noted that chloramine was not only a good
sterilizing agent, but also that it had good odor reducing
properties. Howard (1922) reported acceptable results from
laboratory experiments using chloramine as an odor eradicat-
ing compound. McAims in 1926 employed chloramine in plant
operations at Greenville, Tennessee, with splendid results.
Experiments conducted by Houston in 1929 (Gainey and lLord,
1952) indicate that this process frequently "back fires" in
that the odor producing compounds are reformed and magnified,
One of the better methods of taste and odor control was
introduced by Spaulding (1930) vwhen he demonstrated that ac-
tive carbon could correct taste conditions in munieipal water
supplies at a very moderate cost. According to Wrench (193%),
by 1935 the use had extended te 700 communities. This process
is still widely used throughout the United States, even though
the expense of carbon to destroy high threshold odors may be~

come impractical.



Realizing that it is not financially feasible to treat
large gquantities of high threshold odor water with the acti-
vated carbon process, competitors turned to further ehloriﬁa»
tion studles. One of these studies was introduced by Griffin
(194%) in 1939 in his report to the New Jersey section of the
American Water Works Association on a new process called
“break-point® chlorination., Break-point chlorination has
been used for a varlety of taste and odor problems and has
yielded variable results.,

One of the more recent developments in taste and odor
control is the applieation of chlorine dioxide. Mathieson
Chemical Corporation began a search to develop methods for
preparing and applying chlorine dioxide gas to water supplies.
Roy N. Aston (1947) and his assistants installed the first
chlorine dioxide generators at Niagara Falls, New York, in
1944 by feeding & solution of sodium chlorite into the dis-
charge line of the chlorinator, then passing the mixture ef
chlorine ané chlorite through a reaction chamber to facili-
tate the formation of chlorine dioxide. Chlorine dioxide was
successful in oxidizing the phenocl compounds and thus reduce
ing tastes and odors to a minimum at that site. In looking
at results reported from laboratory and plant experimentation
there are undoubtedly many other speeific reactions which oc-
cur when chlorine dioxide is administered directly to water.

Although many investigations have been conducted on
methods for taste and odor control, no standards exlst that



indieate how much of any product is required to control a
particular type of odor. Lack of such standards posed the
first prableﬁ in this investigation.

Becondarily, it seemed desirable to investigate many
compounds in an attempt te.find an inexpensive material or
formula that would control tastes and odors in surface water
supplies. After many experiments, a compound which is an
activated vegetable extract was found that appeared to have
possibilities and which could be readily used in laboratory
investigations. By comparing this compound wiih other com-
pounds used in taste and odor control, results would indicate
the real value of the new material. The major part of the
problem deals with investigations that reveal the value of
the new compound in control of tastes and odors in filtration
plants.



METHODS

A review of the literature indicated that previous in-
vestigators have used raw water samples for determining the
amounts of odor reducing materials necessary to eradicate
tastes and odors. These samples doubtlessly contained many
varieties of cdor producing compounds from numerous sources.
Consequently, their methods ylelded variable results that had
no quantitative or formulative bases for comparison of edor
treatments to be applied in different localities, Therefore,
the first step in the present investigation was to produce a
standard odor bearing water fér all determinations so that
quantitative and gqualitative methods could be applied to such
problems in the Southwest.

Aetinomycetes and their metabolic by-products, according
to Silvey (1950), produce a high percentage of the tastes and
odors found in the surface waters of North America. 8Since
actinomycetes and their decomposition ocdors are variable,
different strains of actinomycetes were raised in culture so
as to have a representative sample of the odors attributable
to actinomycetes and algae. The strains of actinomycetes
used in the study were first plated from raw, untreated water
samples taken from various reservoirs containing actinomycete
odors. The water samples were thoroughly mixed and two milli-
liters of water were pipetted into a sterile petri dish
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containing fifteen milliliters of double strength nutrient
agar. The plates were rotated gently to insure a water film
distribution, then permitted to solidify, inverted, and incu-
bated at room temperature for fourteen to twenty-one days.
Transfers were made until actinomycetes were free of bacte~
rial and fungal contaminations. The isclated colonies of the
a@tinamyaétas vere then transferred to prepared nutrient agar
slante for stock cultures. Transfers were made from these
cultures to Erlenmeyer flasks containing one hundred {ifty
milliliters of nutrient broth and incubated at room tempera-
ture for five days or until well developed pellicles were
floating on the broth. Several of the larger pellicles wvere
placed in a tissue homogenizer and ground into a pulverized,
senl-so0lid state. The by-products were added to carboys
containing five gallons of odor free distilled water in con-
centrations suffieient to obtalin a threshold odor of forty.
Diversion or seepage of industriasl wastes such as efflu~
ent from a formaldehyde, aleohel, or similar plants are com~
mon causes of tastes and odors probleme. In an effort to
reproduce this type of water, ghamieaxly poelluted water sam-
ples having odors similar to those found in seetions of the

- Trinity River in Texas, parts of the Mississippi River, the

Ohio River, and streams in Northeastern Oklahoma were procured
from streams which carried the wastes of cracking plants.

The samples contained known amounts of short chain aldehydes,
ketones, amines, and aromatics. 8mall amounts of these
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concentrates were added to a carboy. containing five gallons
of odor free distilled water until a threshold of forty was
attained. |

There have been few satisfactory methods employed for
treating phenolic tastes and odors. This odor is perplexing
to municipalities in highly industrial sectlons of the Mid-
west and North. The economic and social importance of this
type of chemical pollution makes it desirable for further
investigation to be followed on control of phenclic wastes.
Sufficient amounts of primary hydroxy benzene (phenol) were
added to carboys containing five gallons of odor free dis-
tilled water so that the threshold odor of the sample was
forty.

The method used for determining threshold odors was the
technique described by Spaulding (1930). The procedure con- .
sisted of comparing varying dilutions of odor bearing water
samples with an odor free standard. The highest dilution at
whieh odor eould just be detected was called the threshold
point. The odor at the threshold point is expressed quanti-
tatively by the threshold number, which is simply the number
of times the cdor bearing sample is diluted with odor free
wvater. |

The preparation of odor free water used in the threshold
determination was accomplished by allowing distilled water to
flow by gravity through a 1000 milliliter separatory funnel
filled with activated carbon.
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The writer found that a properly activated ehlernﬁhylln
containing vegetable material, if used in correet proportions,
would remove essentlially all of the taste and odor compounds.
Although a hydrated chlorophyll-containing vegetable material
wag satisfactory for the purpose of a produet, a dehydrated
chlorophyll-containing vegetable material was preferred as a
constituent of the composition of the odor reducing compound
since proper dehydration by removal of water reduced the ex-
perimental problems without reducling 1ts effectiveness.

There sre a number of known processes for removal of most of
the water content of chlorophyll-conteining vegetable material
without causing disintegration of the cehlorephyll-molecule.
The dehydration methods differ essentially in the amount of
vaeuum used or the type of dehydration accomplished. The
chlorophydl-containing vegetable material may be dehydrated
under any conditions which dehydrate the materisl without
breeking down the chlorophyll-molecule. In other words, the
resultant chlorophyll content must permit saponification to
yield activated materials.

In order to permit proper setivation of the selected
vegetable materlal, the composition of the product must con-
tain proper proportions of a suitable alkaline material.
Alkaline materials that activate these vegetable materizls
can be, for example, magnesium hydroxide, caleium oxide, and
ealeium hydroxide. Of these, hydrated lime or ecalcium hydrox-

ide was preferred. The reasons for this preference weres it
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is generally undesirable to add magnesium to water and scdium
oxide, sodium hydroxide and the corresponding potassium conme
pounds sre very strong caustics and exceptiocnally deliguescent.
The preferred alkaline material, namely calcium hydroxide,
when dry mixed in proper proporticns with the vegetable ma~
terials does not pick up sufficient water to bring about hy~
dration of the vegetable material and therefore does not re-
sult in premature formation of active substences. Premature
activation has been found to lower the effectiveness cf the
compositionsg of the active product.

One to three parts by welght of calcium hydroxide were
added for each ten parts cof vegetable material. The most
satisfactory mixture in this range iz one which employs a
very high grade lime and 2 high chlorophyll-containing vege-
table material. To attain meximum activation of vegetable
material sufficlent amounts of the mixture were added to water
to obtain & pH range from 11,1 to 11.8.

In order to demonstrate that meximum activation was ob-
tained, in an aqueous solution between pH 11.1 to 11.8, vary-
ing emounte of calelum hydroxide were added to 1C0 milligram
samples of dehydrated vegetable material and placed in 100
milliliters of water. The amounts of caustic added produced
a pH range of from 9.5 to 12.5 in steps of 0.1 pH factor meke
ing a total of thirty samples. After a contact period of
five minutes with vigorous agitation, sawples of fluid vere
centrifuged and the densities were read in a Beckman DU
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Spectrophotometer, using a slit width of 0.06 millimeters at
a wave length of 402 millimicrons.

To be certain that readings of optical density were a
true measure of the active substances that removed tastes end
odors, a further series of experiments was performed. Aqueous
golutions contalning progressively inecreasing emounts of the
preferred composition, that is, four parts by weight of lime
for each twenty-one parts by welght of dehydrated vegetable
material, were mede up to obtain a pH range of from 9.5 to
12.5 in steps of 0.1 pH factor. After sufficient time for
amﬁiva#ion, sampleg of water containing actinomycetes products
and having a threahcid odor of forty were treated with each
of the made-up activated v&getab?e samples in an amount equive-
elent to five parts per million ?f the dry mix.

‘Vhen the dry product eempos}tian was added to water for
the purpose of esctivation, the ti%@ and temperature of active-
tion were of importance. To ill%atrate the effects of time
and temperature upon aetivatian,éfaur 100 milligram samples
of the dry mix product were added to four 250 milliliter
beakers containing 100 milzilite?s of distilled water each
and was thoroughly mixed for fiv% minutes. Two of the samples
vere read in the Beckman DU ﬁpaeiraphstameter at hour inter-
valg for a period of eight haurs?and again at the end of
twenty-four hours. The remeining semples were subjected to
temperatures ranging from thirty-five degrees Fahrenheit to
boiling to demonstrate effects wpon activation as well as

degeneration.
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In order to duplicate verious water plant operations in
chemical trestments and show the effects of these treatments
upon the odor reducing properties of sctivated vegetable ma-
terial snd activated carbon, the following procedures vere
enployed. One-gallon, wide mouthed glass Jars vere chosen as
containers for the three-liter samples to be used in the
study. PFix standard actinomycete water solutions were placed
into one-gallon jars. Three of these were treated with acti-
vated vegetable material in amounts varying from fifteen to
one hundred twenty milligrame (five to forty parts per million).
The remaining samples were treated with activeted carbon in
amounts varying from thirty to one hundred eighty miliigraﬁs
(ten to sixty parts per million) and then allowed to stand
for two hours to insure complete sedimentation. Approximately
four hundred milililiters of each were filtered through a two
by eight ineh column of anthrafilt into odor free glass -
stoprered containers., Threshold odor values were determined
by the zbove deseribed method, giving a clear comparison of
the odor reducing properties of activated vegetable material
and carbon under these circumstances. Henceforth, this pr&cu
tice will be referred to as sedimentation and filtration.

A second group of actinomycete water standards was: taken
frem the ecarboy and placed in six one-gallon Jars. Fach
sample was pre-chlorinated by the additlon of seven and a half
milligrams of chlorine (two and one-half parts per million).

4 time interval of ten to twenty minutes was given for chlorine
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ito disperse itself through the sample., Three of the samples
were trested with sctiveted vegetable material in amounts
varying from thirty to sixty milligrams (ten to twenty parts
per million), while the remeining three were trented with
activeted carbon in amounts varying from thirty to one hurndred
twenty milligrams (ten to forty parts per million). These
mixtures were stirred slowly using an elfctrieally povered
paddle stirrer for & period of five minutes tc insure 2 thor-
ough mixing of the materiels with the water. The electrodes
of the Beckman pH meter were placed in the water throughout
the following operations for the purpose of continually re-
cording the pH. A sufficient zmount of aluminum sulfate was
added to the samples to give 2 pH reading of approximately
6.5. After the aluminum sulfste wes completely dissolved,
another pH reading wes teken to make sure that the pH had not
fallen below six. Upon increasing the speed of the stirrer,
caleivm hydroxide was added in sufficiernt amounts to bring
the pH to elght or initiate the formeticn of a white floccu~
lent precipitate of aluminuw hydroxide., The vigorous agita-
tion of this mixture, referred to in water plant operation

ag "flesh mix," waes continued until the precipitate wss very
evident. The paddle stirrer was turned to a slow speed zllow-
ing the sample to roll slowly, erncoureging additicnal floceu-
lation. The samples were removed from the stirrer at the end
of five minutes of slov stirring and =llowed to stand for a

period of two hours to give the suspended precipitate, now
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referred to as "floc," sufficient time to settle to the bottom
of the jar. Approximately 400 milliliters of the supernatent
of each was filtered through anthrafilt as desecribed above.
Threshold odor determinations were run on each sample, Fur-
ther account of this procedure will be referred to as pre-
chlorination, flocculation, sedimentation, and filtration.

A third group of actinomycete standard samples was placed
in six one-gallon Jars. Each was flocked, allowed to settle,
and filtered as deseribed above, and then post-chlorinated
by the addition of one and one-half milligrams of chlorine
(0.5 parts per million). Threshold odors were determined in
the preseribed method. This practice will be referred to as
the post-chlorination method throughout this paper.

The other standard odor bearing samples were given an
identical sequence of treatments as those employed above in
the treatment of actinomycete standards. The amounts of odor
reducing materials were varied with respect to the standard
treated. The raw water samples obtained from Cineinnati,

New Orleans, and Philadelphia were pre-chlorinated by addition
of three perts per million chlorine. Varying amounts of ac-
tivated vegetable material were necessary for reducing the
odors liberated by these raw water samples. These samples
vere floecculated and filtered by the above desceribed methods.
Threshold odor determinations were run on these samples in
order tc note the reduction or alteration of the odors.



A8 & basis for the tésting of the previously deseribed
experimental design, a quantitative measurement of the ag-
tivity or odor redueing potential of the activated vegetable
naterial was essential. Varying concentrations of the ac-
tivated vegetable materlal were measured as rauiproéala of
trensmitted light or optical densities with the Beckmen DU
Spectrophotometer. These solutions were then added to water
containing a threshold odor of forty. A retrogressive or
inversely proportional relationship betweern optical density
ag odor reducing potential and actuel reduction of the
threshold odors is shown in ﬁahlu 1.

In order to control experimental error, variable envi
ronmental factors that might influence the activity of the
vegetable materisl were tested. When one of these, the pH
of the solution, is ahangnd,'aanenntratian or activity is
altered (Table 1). Since optical densities are the greatest
for & given solution between a pH range of 11,1 to 11.8, all
treatment solutione were adjusted to this range.

The relationship of time and temperature to activation
was revealed by the results of previously desoribed methods.
A minimum time necessery for complete activation of the veg-
etable material at seveniy degrees Fahrenheit was found to

18
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TABLE 1
THE RELATIONBHIP OF OPTICAL DENBITY A8 ACTIVITY

OF STANDARDIZED VEGETABLE MATERIAL T0
THRESHOLD ODOR REDUCTION AND 7O PH

pH Optical Density Threshold Odor
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be approximately twenty-five seconds. At ninety degrees
Fahrenheit, complete activation occurred in fifteen seconds.
At thirty-five degrees Fahrenheit, complete activation re-
quired two minutes. When aqueous solutions of activated
vegetable material containing proper proportions of dry mix
vere allowed to stand for long periods of time, the odor re-
ducing activity became less efficient., Optical densities
taken at regular intervals indicated a progressive decrease
in getivity (Table 2). Thus, activated vegetable material
in solution lost more than half of its effectiveness within

twenty-four hours.

TABLE 2
RELATIONSHIP OF TIME TO RELATIVE ACTIVITY MEASURED AS
OPTICAL DEWSITY OF STANDARDIZED ACTIVATED
VEGETABLE MATTER

Time in Hours Optical Densities
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The graphic representation of results obtained when
standard water samples were submitted to various chemical
treatments and odor reducing materials will be discussed
briefly because the curves do not show all integrations of
the data.
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When the actinomycete odor standards were treated with
varying amounts of activated vegetable material and/or acti-
vated carbon, followed by sedimentation and filtration, as
shown in Part A, Flgure 1, the activated vegetable material
reduced the threshold odor number to a value of three in
concentrations as great as fifteen parts per million. The
amount of activated vegetable material added to obtain a
threshold odor number of three is ealculated on the basis
of dry weight of the mixture of vegetable materials and
caustic rather than its weight in the aqueous solution.
However, water having a threshold odor of forty could not
be ﬁr?atad with activated carbon, since inefficient odor re-
ductign was observed even at sixty parts per million. Thus
samples were substituted with a threshold odor number of
twanty~fiva. In these samples, forty parts per millian of
carbon lowered the odor to a threshold number of eight. The
results obtained when an excess of activated vegetable mate-
rial was added indicate that there is an upper limit to the
amount of activated vegetable material which may be used
withant 9biainiag undesirable results. This feature of the
produ#t is evident in each graph of all aspects of the study.
~This upper limit is around fifteen parts per million. In
fact, if the amount added is too much in excess of this con-
centration, the resultant threshold odor of the treated
water may be greater than that of the raw or untreated water.

Wben'samples of standard actinomycete water were treated

with activated vegetable material and/or activated carbon
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then subjected to pre-chlorination, flocculation, and sedi-
mentation (Part B, Figure 1), the threshold odor in the
samples treated with activated vegetable material was re-
duced to five when twelve parts per million were used., Also,
activated carbon at a concentration of forty parts per mil-
lion reduced the threshold odor to six.

In the additional actinomycete standard odor samples
which were flocked, filtered, and post-chlorinated, treated
with activated vegetable maéerial and/or activated carbon,
concentrations of between ten and twelve parts per million
of activated vegetable material removed most of the odor
from the water (Part C, Figure 1). In order to lower the
threshold odor to two and one-half, a concentration of sixty
parts per million of activated carbon was necessary.

Flgure 2 shows the results obtained by the addition of
activated vegetable material and/or activated carbon to a
series of the chemical standard odor water samples. Activated
vegetable material in a concentration of from six to seven
parts per million reduced the threshold odor number to four;
vhereas, carbon in concentrations of sixty parts per million
reduced the threshold odor number to two in those samples
which were not chlorinated. A threshold odor number of two
or three 1s not usually noticeable in domestic water.

In the second group of chemical standard odor water
samples which were pre-chlorinated, a concentration of six

parts per million activated vegetable material reduced the
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threshold odor to twelve (Part B, Figure 2). Forty parts
per million activated carbon reduced the odor to eight.

For those samples of water of the same make-up as those
employed above which were treated with activated carbon
and/or activated vegetable material and subsequently subjec-
ted to flocculation, sedimentation, and post-chlorination,
the addition of activated wegetable material at a concentra-~
tion between four and six parts per million reduced the
threshold odor from forty to three (Part C, Figure 2). Ac-
tivated carbon at a concentration of forty parts per million
reduced the odor to five.

The phenol odor standards, after treatment as in the
other sequences with post-chlorination, showed that the
lowest threshold odor was obtained with the activated vege-
table material (Part B, Figure 3). This odor was reduced
fr;m forty to twenty-one at a concentration of ten parts per
million. The activated carbon in concentrations of forty
parts per million reduced the threshold odor slightly below
thirty-five., The odors of phenol samples of the same make-~
up as those used above, as shown in Part 4, Figure 3, were
more effectively reduced by pre-chlorination regardless of
odor-reducing compounds. However, activated carbon in con-
centrations of forty parts per million lowered the threshold
odor to fifteenj; whereas, activated vegetable material in
concentrations of between ten and twelve parts per million
reduced the threshold odor to only twenty.
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After pre-chlorination, raw water samples from the Ohio
River, the Mississippl River at New Orleans, and Philadelphla
Water Supply were treated with five, five, and twelve parts
per million activated vegetable material, respectively
(Figure 4). Results show that after the samples were flocked
and filtered the Ohio River raw water was reduced from a
threshold odor value of sixty to ten. The New Orleans raw
water threshold odor value was lowered from sixteen to four.
The raw sample from Philadelphia water supply was reduced
from a threshold odor value of forty to four.
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DISCUSSION

Under controlled quantitative conditions, activated
vegetable material was conclusively an excellent odor reduc-
ing compound when used to eradicate common types of odor
that may be encountered in water supplies, because of the
wide-ranged magnitude of its reductions. Furthermore, this
compound yielded as great or greater odor reductions than
the best types of aaor reducing practices used today regard-
less of the type of chemical treatment used in conjunction
with this compeund.; Also, the experimental evidence sub-
stantiated its effectivity as being far beyond the limits
of experimental err?r in that in almost all cases an objec~
tionable threshold éﬁor of forty was reduced to a level
which is not often éiseernible by the consumer. When actl-
~ vated vegetable mat?rial was compared to activated carbon,
this new material w&s a more effective odor reducer for
~ most odors. Although the experimental results show its su-
periority for most given situations that would be encountered
in different water plants using various operations, maximum
produciion of relatively odor-free water can be assured by
a controlled use and treatment procedure with this compound.

In addition to its odor reducing efficiency, iﬁ would
be more advantageous to use activated vegetable material in

filtration plants than activated carbon. Only one-fifth as

29
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much activated vegetable material as carbon 1s necessary for
accomplishing odor reduction. Thus, less bulk would simplify
the existing problems of handling and its costs as well as
the actual cost of the material, Furthermore, the activated
vegetable material does not offer any of the objectionable
problems associated with the use of activated carbon. Carbon
is not always available because of several difficulties
allied with its manufacture; whereas, the production of ac-
tivated vegetable material appears to be less complex. More-
over, many plants have found activated earbon hard to store
because it is difficult to locate carbon at some place in
the plant where it is accessible and at the same time does
not cover the entire area with a layer of scet. Filtration
plant officials have partially alleviated soot deposition
by using wet storage. This solution involves an expensive
installation and higher operational costs. 8ince activated
vegetable material does not present such a soot problem and
there is no need for wet storage basins, these expenditures
are eliminated.

Substantiation of the odor~-reduction characteristics
of activated vegetable material may be shown more specifi-
cally by the experimental results. One of these was the re-
duction of the actinomycete odor without chlorination from
a threshold value of forty to an undetectable ocdor of three
where fifteen parts per million actiwated vegetable materials
were used. This reduction is significant because most odors

encountered in water supplies of the Southwest are of this
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type and because carbon effected no significant reduction
of this type with concentrations up to sixty parts per mil-
lion. However, when the samples were pre-chlorinated the
reduction of a threshold value of forty was approximately
the same by activated vegetable material and activated car-
bon. Again as in the non-chlorinated samples similar pat-
terns of reduection were apparent in post-chlorinated samples.,
Thus it would be impractical to use carbon in plants where
it 1s either unnecessary to chlorinate the water or where
post-chlorination practices are essential, In any event
activated vegetable material will give more effective reduc-
tion for this type of odor.

In water polluted by sewage and chemical water from
industries, odor-free water could only effectively be pro-
duced beyond the level of detectability by using activated
vegetable material with post-chlorination. Where pre-
chlorination is employed a very high concentration of acti-
vated carbon is more effective than activated vegetable ma-
terial; however, maximum reduction by carbon was to an in-
effective level of eight. Because of carbon's greater ad-
sorption of esteric compounds, such as are commonly found in
chemical wastes, activated carbon would produce an odor-free
water without chlorination, but it is improbable that water
containing chemical wastes could be processed without chlo-

rination.
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In localized areas where industries are highly concen-
trated and divert their total wastes into a stream, the
phenolic compounds are sometimes encountered. These are
particularly troublesome because their odors are detectable
in concentrations as low as forty to sixty parts per billion.
Neither the type of odor reducing compound, the chlorination
practice, nor the concentration of the two compounds used
reduced the threshold odor level of the samples to a signif-
icant point. Activated vegetable material was slightly more
efficlent than activated carbon with post-chlorinationj
whereas, in pre-chlorinated samples the role of these two
compounds was reversed. In pre-chlorination practices,
chlorophenol, which has 2 low base exchange capacity, is
formed and is undoubtedly the reason for less reduction.
Nevertheless, phenol threshold odor was halved by actlvated
vegetable material with only one-third as high a concentra-
tion as that of activated carbon. Such a reduction would be
significant in those instances where phenol odors are unduly
high and great quantities of carbon would be necessary to
effect any amount of odor amelioration. Thus the use of
activated vegetable material would allow an application closer
to the filter and in appreciable lower quantities.

The standardization and separation of the odors together
with the application of water chemical procedures, served a
useful purpose in the determination of the capecity of acti-

vated vegetable material as an odor adsorber and its comparison
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to the activity of carbon. However, actual field application
was desirable and with water from problem areas regardless

of threshold level or odor type. The reductions of odor in
the pre-chlorinated Ohio River water of 83 per cent, in the
New Orleans water of 75 per cent, and in the Philadelphia
water of 90 per cent suggest that the use of activated vege-
table material would be highly practical. When such per-
centages of odor reduction can be effected with a cheaper,
easier to handle and cleaner agent, existing compounds and
methods should be revised.

Several recommendations can be made for the use of ac-
tivated vegetable material in a conventional water plant to
facilitate maximal results in operational control and to be
funetional as a mean resolution of odor and taste variance.
Since pre-chlorination practice is preferable in some in-
stances, in accordance with the use of activated vegetable
material, the addition of properly activated product is de-
sirable just after the pre-chlorination step, that is, just
before flocculation. Although it is possible to add this
product to the flocculators or even the clarifiers, preferred
results are obtained when the activated vegetable material
is added earlier in the treating process. In the event that
a particular water purification plant has only primary sedi-
mentation without the application of chemicals, then the
produet should be added at the point of primary sedimentation
or if pesgible, on the raw water line, followed by chlorination,
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When tastes and odors are attributable to chemical effluents
and/or to actinomycetes or their decomposition prqduets,
pre-chlorination practices, as revealed in the data, reduced
the threshold odor number even lower than that obtained with
the use of activated product alone. Since these types of
odors are the most commonly encountered, it would be wise

to pre-chlorinate in conjunction with activated vegetﬁbla
material for the removal of most of the odors encountered.
To make sure that the proper amounts of activated vegetable
material are added to give optimum results, a mean amount

of the product has been calculated. For most general types
of odors which are attributable to actinomycetes and/or
chemical by~-products, one part per million activatad‘vegeta-
ble material will reduce a threshold odor value five units.
For example, eight parts per million actlivated vegetable
material are required to effectiwly reduce a threshold odor
of forty below the level of detectability. Therefore, since
most odors of the above described type will not exceed a
threshold odor vaiue of forty and if present will not fall
below a threshold value of twenty-five to thirty, a mean of
six to elight parts per million activated vegetable material
can safely be added to most waters with common types of odor
to produce a relatively ocdor free water. Also, this mean
amount is well below those concentrations of activated vege-

table material that give an increase in threshold values.
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It is of the utmost importance in the use of activated
vegetable material to maintain a pH of from 11.1 to 11.8 of
the treating solution. When distilled water is employed, a
treating solution containing 5000 parts per million of ac-~
tivated vegetable material will attain a pH of approximately
11,6, Wwhen using the average raw water of the Southwest,
the same proportions will result in a pH of 11.8. In most
natural waters tested from, for example, the Ohio River, the
Mississippl River, the Canadian River, the Trinity, and
reservoirs of the Trinity water shed, the pH obtained using
5000 parts per million of the dry mix formula has been ap-
proximately 11.6 to 11.7. During the time when threshold
odor numbers are low and smaller amounts of activated chlo-
rophyll compounds sre needed for the removal of tastes and
odors, smaller quantities of the dry mix may be employed in
making up the treating solution. For example, when 1000
parts per million of this particulaer dehydrated vegetable
material and calcium hydroxide are added to raw waters such
as those mentioned above, a treating sclution having a pH of
approximately 11,2 will result. Preferably, the solutions
produced from the compositions of activated vegetable mate-
rial should not contain less than 1000 parts per million nor
more than 5000 parts per million of the dry mix. Between
these varied qualities, pH values are sufficient to produce
a maximum activated state of vegetable material. One further

precaution to be obgerved in the use of activated vegetable
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material would be to control the rate at which the activated
vegetable material is injected into the water system. If
the dry mix plus water is injected into the system immedi-
ately, there is insufficient activation because optimum re-
sults are obtalned when a maximum of approximately two
minutes is allowed for the alkaline material to activate the
vegetable material in solution. On the other hand if the
operators allow the activated liquid to stand for any length
of time, a progress decrease in activity will occur.



SUMMARY AND CONCLUSIONS

l. & reviaq of the methods and practices of water
purification suggested thet municipal water supplies are
relatively free of water-borne disease organisms and chemi-
cal impurities but that techniques for the production of
odorless and tasteless water are inadequate at an economical
figure.

2. The most coumon odor reducing compound in use today
is aetivated carbon which is axpanaivé, hard to handle, and
ineffective for most odors and tastes except at very high
concentrations,

3« A new activated vegetable compound which is cheaper
and cleaner than carbon was synthesized and activated.

4, To investigate odor and taste reducing capescity and
arfieiaaay of the new compound as compared to carbon, quan-
titative bases were set up for standardization of different
types of odors encountered in water, such as actinomycete
by-products, chemical wastes and phenols; level of threshold
odor; and measurement of activity of the compound.

5. The comparative studies involved the preparation
of sets of samplesg with threshold values of forty for each
of the three types of odors. 1In each of these three series
to duplicate various water plant operations in chemical
treatment, three duplicate sets of samples were flocked and

37
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filtered; two sets were pre- or post-chlorinated and the
third was not chlorinated. Prior to floeculation one half
of the samples m each series were treated with activated
vegetable material and one half with activated carbon and
their reductions of odor recorded.

6. In addition, raw water samples from odor problem
gupplies with varying threshold levels md -odor Ws were
pre-chlorinated and treated with activated vegetable material
to test the praetiecal application of this new product.

7. In 2ll of the sequences actiwbted vegetahle material
proved as effectlive as or superior to carbon in threshold
odor reductions with one third as much material. The most
common types of odors were reduced from a high level to an
undetectable level using activated vegetable material in
econjunction with pre-chlorination.

8. Recommendations are given for the control and
application of activated vegetable material in a conventional
water filtration plant.
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