
AN INVLSTIGATION ON THM HNMOVAL OF

ESCHERICHIA COL1 BY ION EXCHANGE RESINS

by
Themas Jackson Blair

Thesis submitted te the Graduate Faculty of the

Virginia Pelytechnic Institute

in candidacy for the degree of

MASTER OF SCIENCE

in

Sanitary Engineering

APPROVED: APPROVED:

Ülrecter 0T Graduate Studies Eead oT Üepartment

aan o Eng near ng Maier ProTessor

March, 1957

Blacksburg, Virginia



2

TABLE OF CONTENTS
Page

I• Introduction and Objective . . • • „ . • . „ „ 6

II• Review of Literature „ . • • • • • • • • • • • 9

History of Ion Exchange • „ • • • „ • • • 9

Theory of Ion Exchange • • „ . • „ „ • • 10

Bacterial Removal by Ion Exchange „ . . . 12

III• Methods and Materials • • • • • • „ • • • • • 16

Isolation of a Pure Culture of

Escherichia coli • . • • • • • „ • • „ • 16

Preparation of the Resins • „ „ . . „ • • 18

Preparation of the Bacterial Suspension . 20

Apparatus • • • • • • • • • „ „ . • • • • 21

Materials • • • • • • „ „ • • . • • . „ . 23

Amberlite IR-120 . • . • • • • • • • 26

Amberlite IRA-400 . . „ • „ „ • „ „ 26

Amberlite IRA•401 . „ • „ . . . . . 27

Filter Sand • • • • • • • • „ • • • 27
IV• Results • • • • • • • • • „ • • • • • • • • • 28

An Initial Experiment with

Amberlite IR·l2O • • • • • • • • • • • • 28

An Initial Experiment with

Amberlite IRA~400 , „ • • • • • • • • • • 34

An Initial Experiment with Filter Sand • 38



3
_ Page

An Extended Experiment with

Amberlite IRA-400 . . . . . . . . . . . . 42

An Initial Experiment with

Amberlite IRA-401 . . . . . . . . . . . . 48

An Exhaustion Experiment with

Amberlite IRA·4OO . . . . . . . . . . . . 50

An After Exhaustion Experiment with

Amberlite IRA•40O . . . . . . . . . . . . 57

A Low Escherichia coli Coneentration

Experiment with.Amber11te IRA·4OO . . . . 61

V. General Discussion . . . . . . . . . . . . . . 66

VI. Conclusions . . . . . . . . . . . . . . . . . 71

VII. Sumary . . . . . . . . . . . . . . . . . . . 73

VIII. Acknowledgements . . . . . . . . . . . . . . . 75

IX. References . . . . . . . . . . . . . . . . . . 76

X. Vita . . . . . . . . . . . . . . . . . . . . . 78



4

LIST OF PLATESI TABLES, AND FIGURLS
Page

Plate 1 - Ion Exchange Column Assembly • • • • • • 22

Plate 2 • Resin During Rlnslng Operation • • • • „ 24

Plate 3 - Membrane Filter Assembly • • • • • • „ . 25

Table 1 · Resin IR-120, Sodium Cycle, Per Cent

Escherichia coli Removal • • . • „ • • • 29

Table 2 · Amberlite IRA-400, Hydroxlde Cycle,

Per Cent Escherichia coll Removal • • . 35

Table 3 · Filter Sand, Per Cent Escherichia coli

Removal • • • • • • • • • • • • • • • . 39

Table 4 ·
Amberlite IRA·400, Chloride Cycle,

Per Cent Escberichia coli Removal . . . 43

Table 5 • Amberlite IRA·40l, Chloride Cycle,

Per Cent Escherichia coli Removal . • . 49

Table 6 • Amberlite IRA•400, Chloride Cycle,

Per Cent Escherichia coli Removal „ • • 51

Table 7 · Amberlite IRA·400, Chloride Cycle,

Per Cent Escherichia coli Removal • • • 58

Table 8 - Amberlite IRA•400, Chloride Cycle,

Per Cent Escherichia coli Removal • „ • 62

Figure 1 · Amberlite IR-120, Sodium Cycle,

Eecherichia coli Count, Influent Versus

Effluent • • • • • • • • • • • • • „ , 30



5
Page

Figure 2 - Amberlite IRA•400, Hydroxide Cycle,

Escherichia coli Count, Influent Versus

Effluent • • • • • • • • • „ • • • „ • 56

Figure 5 — Filter Sand, Escheriohia coli Count,

Influent Versus Effluent • • • • • • „ 40

Figure 4 • Amberlite IRA•400, Chloride Cycle,

401, Comparison of Per Cent

Eecherichia coli Removal • • • • • • • 44

Figure 5 · Amberlite IRA•400, Chloride Cycle,

Per Cent Eecherichia coli Removal Over

Extended Period • • • • • • • . . „ • • 55

Figure 6 - Amberlite IRA•400, Chloride Cycle,

Eaoheriehia coli Count, Influent Versus

Effluent Subeequent to Exhauetion . „ • 59

Figure 7 - Amberlite IHA•400, Chloride Cycle,

Eecherichia coli Count, Influent Veraus

Effluent „ • • • • • „ • • • • , • • . 65



6

I. IHTRODUUTION AND OBJLCTIVE

With the advent of newly developed ion exchange

resins, water of a chemical purity heretofore unrealized

except through distillation is possible. These resins

are capable of removing from water the unwanted ions

which cause hardness, alkalinity, acidity, and toxicity.

Ion exchange resins may be either anion (removing

negatively·charged ions) or cation (removing positively·

charged icns). Most bacteria normally carry a negative

charge. Since icns removed by ion exchange resins in

water treatment processes are also eharged, the possibility

exists that bacteria could conoeivably be removed from the

water by a method analogous to the removal of chemical

contaminants.

In recent years the tendency tcward a population

drift from urban to suburban and country acreage·type

developments has resulted in an increased use of welle

for individual domestic water supplies in these homes.

In many cases the water is of such a mineral contamination

that pressurized household softeners are necessary to

condition the water to satisfy the users* needs. Not only

is mineral contamination often prevalent, but also auffi-

oient bacterial oontamination may be present so that the

water does not comply with the recommended standards of the

· United States Public Health Service(8).
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The contaminated water may be effectively disinfected

by application of the techniques practiced in modern water

treatment plants, but at present a completely practical

method for small scale operation is not available. Chlo-

rination is probably the most commonly employed method of

disinfectiong but inasmuch as the use of chlorine depends

upon the preparation of solutions of the proper concentration

and the maintenance of the proper chlorine residual in

waters of variable chlorine demand, the operation required

is exccssive for the average household. Disinfection

involving the use of radiation, ultra violet light, super-

sonic waves, or silver ions are at present economically

unfeasible for household use.

Ion exchange units such as household water softeners

are unique among water treatment processes because their

performance is virtually unaffected by changes in the

character of the untreated water entering the process.

Although these units have a fixed total ion exchange

capacity, they automatically adjust to variations in load

during an exchange cycle and require no adjustment other

than perlodic regeneration. If ion exchange units should

be applicable for disinfeotion, their ease and certainty of

operation would offer a practical solution to a growing

problem.
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The objective of this thesis was to systematically

investigate bacterial removal by ion exchange resins in

the hope that an improved means of disinfecting contami•

nated household vater supplies could be disc¤vered•
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II. REVIEW OF LITERATURE

History of Ion Exchange

The phenomenon of ion exchange is not new although

it has not been used extensively until the last twenty

years. Fuchs(3) as early as 1835 reported that certain

clays released potassium and sodium when treated with

lime. Thompson and Way, however, are generally given

credit for the recognitlon of the phenomenon of ion

exchange. In 1848 Thompson reported to Way that by

treating a soll with either ammonium sulfate or ammonium

carbonate, most of the ammonia was adsorbed and the lime

released.

Shortly after the turn of the century, Gans(3)

employed both natural and synthetic aluminum silicate for

softening water and for treating sugar solutions. These

are probably the first successful attempts to utilize ion

exchange for industry.

In 1955 Adams and Ho1mes(5) observed that synthetic

resins were also capable of exchanging ions. Stable and

high capacity cation exchange resins were prepared as

sulfonic acid resins, and anion exchange properties were

obtained by using polyamine•type resins. Since 1935 great

strides have been made in the development of synthetic

resins, with the past offering evidence of what can be done

in the future.
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Theory of Ion Exchggge

The explanation of ion exchange may be grouped inte

three theories: (l) the crystal lattlce exchange theory;

(2) the double layer theory; and (3) the Donnan membrane

theory.(9)

The crystal lattice system considers its censtituenta

to be present as ions instead of molecules. This means the

ionic solid is completely dissociated, leaving each ion of

the crystal surrounded by a fixed number of ions of opposite

charge. The ions of the crystal are then subject to certain

coulombic attractive forces that are dependent upon the

relative charges of the ions and the distance between each

ion. Consequently, an ion at the surface of the crystal is

held by fewer attractive forces than an ion beneath the

crystal surface. When placed in a highly polar substance

auch as water, the net attraotive fcrces are diminished

te the point where an exchange of ions is possible.

The double layer theory proposed by Helmholtz and

modified by Gouy and Stern offers an explanation of the

electrokinetic properties cf celloids which can be applied

to ion exchange. The double layer consists of two rigid

electrlcal layers analogous to the plates of a condenser.

The inner layer is fixed with a diffused and mobile outer

layer of charges. These charged layers are adsorbed ions

é with the inner layer portion of ions in the colloid
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determining much of the electrokinetic properties of the

system, The ions present in the diffused outer layer

extend into the external liquid medium, When a foreign

ion is added to the edium, equilibrium is disturbed and an

exchange of ions results until the system is again in

equilibrium, Since the law of electroneutrality must be

maintained, the change in the charge is stoichiometric,

The Donnan theory pertains to the unequal distribution

of ions on two sides of a membrane, One side contains an

electrolyte which holds ions of auch magnitude that they

are unable to diffuse through the membrane, By extending

this theory to ion exchange, the assumption is made that

the colloidal micelle, to which the exchangeable ions are

attached, is considered to be the non~diffusible ion, The

interface between the solid and liquid phases is considered

tc be a membrane,

If all of the ions are diffusible, as in many simple

ionic solids, the Donnan theory cannot be applied, In such

aubstances as complex silicates, phosphates, and resins one

ion is always h1gh·polymeric, non-diffusible; therefore it

is applicable in explaining exchange phenomenon,

Kunin and Heyers(3) state that essentially all the

ion exchange theories are quite similar in that the exchange

of ions must satisfy the laws of electroneutrality, The

only differences in the various theories are the position
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and origin of the exchange alte. In all cases this site

ls essentlally an lonlc grouping capable cf formlng an

electrostatlc bond wlth an ion cf opposlte charge. The

case wlth which this latter lon may be replaced depends

upon the strength of the bond, which varles ln a manner

similar to the dlssoclatlon of weak and strong electro-

lytes.

Bacterial Removal bz Ion Exchange

As prevlously stated, the theory of ion exchange ls

fundamentally an lonlc grouplng capable of formlng an

electrostatic bond with an lon of opposlte charge. It is

known that Escherlchla coll carry a negative charge. The

posslblllty exists, then, that the Escherichla coll would

be held to the surface of an anlon exchange resin by an

electrostatlc bond.

McCalla(5) states: "The baoterial cell ls undoubtedly

ln close proxlmlty to the soll partlcles and assumlng that

the bacterla may adsorb lons and hold some of them in the

outer surface of the cell, this would permlt contact

exchange of the adsorbed ions.” Thus, lccalla conslders

the bacterlum cell surface to be saturated with hydrogen

lens and the nutrlents held to the surface of the soll

partlcle, whlch could bc magnesium or calclum.

In the case of a catlon exchange resln, where calclum
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and magnesium are exchanged for auch ions as hydrogen and

sodlum, the question arlses as to whether the bacteria

would be adsorbed with the ions during an exchange process.

This seems unlikely because of the extreme size differential

between the bacteria and ions. It would seem probable that

the bacteria would release the ions which they had adsorbed

and accept those released by the resin. Based on this

assumption, there should be no appreciable removal of

bacteria by a cation exchange resin.

In considering the possibility of an anion exchange

resin removing bacteria from water, it is assumed that the

bacteria would be adsorbed on the surface of the resin.

This adsorption would not affect the release of ions held

by the resin as would occur in chemical ion exchange.

Baker(l) in 1922 made a study of the effects of

natural zeolites upon the bacterial content of water. The

following are conclusions based upon his experimentsz

1. Zeolitic water softening filters materially

reduce the bacterial content of highly carbonated water

but do not quantitatively remove Bacterium coli.

2. Bacterial removal by zeolitic filters is a

mechanical phenomenon and is not dependent upon any

sterilizing action of the minerals.

Souler(l4) in 1941 studies the effect of the

aluminate, silicate and carbonaceous zeolite on the total
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bacterial flora of raw water. His studies indicated the

following generalitiesz

1. Hydrogen zeolites are more effective than sodium

zeolites for reducing the bacterial count of water during

the softening process.

2. The destruction of the bacteria ia accomplished

by the extrem hydrogen-ion concentration imparted tc the

water during softening•

5. Reduction of the bacteria in zeolite-softened

water over the number present in raw water is not entirely

a mechanical phenomenon as was believed by Baker in 1922;

but is to a greater extent the result of lethal pH values

of the water caused by the exchange of ions.

A contemporary of Souler, Mayer(4), concluded in

further study:

l. Escherichia coli are not effectively removed

from tap water by inorganic scdium zeolites.

2. Escherichia coli are removed, to a large extent,

by crganic hydrogen zeolites.

5. The reduction of Escherichia coli in water treated

by organic hydregen zeolites is correlated with the increased

hydrogen-ion concentration; and is dependent on the rate of

flow, the depth of the zeolite bed, and the number of

Escherichia coli in the influent.
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In the partial demineralization of brackish water,

studies have been made on the effectiveness of Escherichia

coli removal.(l5) A pure culture of Escherichia coli was

follewed through a sterilized miniature of a pilot plant.

In this experiment the cation exchange resin exhibited

better bacterial removal than the anion exchange resin

when the resin neared exhaustion. During the initial

stage of the experiment, complete destruction of the

bacteria by both resins was reported. The bacterial

removal by the cation exchange resin was attributed to the

acids formed rather than to any specific action cf the

resin.

Rohm and Haas Company(lO) reported the ability of

anion exchange resin Amberlite IRA—400 to remove from

solution vegatative cultures of the bacteria Bacillus

subtilis, Escheriehia coli, and Staphylococcus aureus. No

other reference to this ability or to the resin•s adapt•

ability to bactericidal treatment of water was found in the

literature survey.
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III. METHODS AND MATLRIALS

Isolation of a Pure Culture of Escherichga coli

Escherichia coli was selected for use in this investi-

gation because it is easily isolated and identified, and

closely associated with disease-causing organisms. If

Escherichia coli were removed by a process, a comparable

removal of enteric pathogenic bacteria would be expected

because both exist under like environmental conditions.

Raw sewage was used as a source of ßscherichia coli.

A liter of distilled water was inoculated with two drops

of sewage and mixed for a period of 15 minutes. After

this period of mixing, two 50 milliliter samples of the

solution were passed through a molecular membrane filter.

The membrane filters were placed on nutrient pads contained

in petri dishes and then incubated at 35°C for 22 hours.

The nutrient medium used in these experiments was H—HD

Endo Broth.(2)

Colonies possessing a ”golden sheen" of especial

brilliance were transferred to agar slants and allowed to

gros for a period of 24 hours. The bacteria were trans-

ferred from the agar slants through a series of dilutions

and again inoculated into a liter cf distilled water. As

before, two 50 milliliter samples were taken from the

thoroughly mixed solution and the procedure was repeated.

This pattern was continued until the incubated molecular



17

membrane filter contained only colonies with the

characteristic "golden sheen"•

Further tests were run for the differentiation of

Escherichia coli from Aerebactor aerogenes• The agar

slant selected for use in this study had the following

characteristics:

Indole • • • • • • • • • • • • • • • • +

Methyl Red • • • • • • • • • „ • • • •
+

Voges-Proskauer • • • • • • • • • • •
-

Citrate • „ • • • • • • • • • • „ • • •

Standard Methods(l6) classifies these bacteria as

Escherichia coli, Variety I•

A solution of relatively constant bacterial density

was desired to enable formulation of experiments in which

the density of Escherichia coli was within a desired range,

To obtain this solution, Escherichia coli was trans-

ferred from the agar slant to a lactose tube and allowed

to grow for 24 hours, Each day a lcopful of incculated

lactose was transferred to a fresh lactose broth tub6•

By making the transfer at the same time each day, a fairly

oonstant bacterial density was obtained• The lactose tube

incubated for the previous 24 hours was used as the inoculum„

Varying dilutions of this culture were used to obtaln the

desired bacterial concentrations•
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Preparation ef the Resins

The resins were obtained from the manufacturer in

either the ehloride er the sodium form. Regeneration

was accomplished using the equipment shown in Plate 2.

In most instances the resins were regenerated according

to the recommendations ef Rehm and Haas Company for the

maximum exchange capacities.

Amberlite IR·l20, Sodium Cycle

A 10 per cent solution of sodium chloride was used

at a flow rate of 1 gallon per cubic foot of resin per

minute. The resin regeneratien level used was 10 pcunds

of sodium chlcride per cubic foot. The resin was rinsed

with an equivalent of 50 gallons of distilled water per

cubic foot at a flow rate of 0.5 gallon per cubic foot

per minute.(9)

Amberlite IRA·400, Hydrexide Cycle

A 4 per cent solution of sodium hydroxide at a flow

rate ef 0.5 gallon per cubic foot of resin, and a regene-

ration level ef 10 pounds per cubic foot of resin were

used.(l1) The resin was then rinsed at a flow rate ef

0.5 gallon per cubic foot per minute with distilled water

until the pH of the effluent was 7.0. Under these conditions

Rehm and Haas(lO) reperted the resin to be 60 per cent in

the hydroxyl form.
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Amberlites IRA-400 and 401, Chlorlde Cycle

These regenerations were performed with a 4 per cent

solution of sodium chloride at a flow rate of 1 gpm per

cubic foot of resin. The regeneration level used was 10

pounds of sodium chloride per oubic foot of resin. The

resins were rinsed with an equivalent of 75 gallons of

distilled water per cubie foot at a flow rate of 0.5

gallon per eubic foot per minute.(10) *12)

Regeneration to maximum exchange capacity was not

always used in the experiments with Amberlite IRA·400

regenerated on the chloride cycle. In the experiments

entitled ”Exhaust1on of Amberlite IRA-400, and After

Exhaustion Experiment with Amberlite IRA·400," the resin

was not regenerated to full capacity. Instead, it was

brought into equilibrium with the sodium chloride·lactose-

distilled water solution used for the bacterial suspension.

The state of equilibrium was determined through pH readings

on the resin influent and effluent.

After the regeneration and rinsing phase in the

preparations of the resin, the resin was then transferred

to the glass column shown on Plate 1, Section III. First,

the resin was transferred from the Sedwick·Rafter funnel

(Plate 2, Section III) to a glass beaker• Distilled water

was then added to the beaker to facilitate the pouring of

the resin into a glass column. The air bubbles were removed
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from the resin by continual hand inversion of the column

while the resin was beingadded to the desired depth. As

recommended by the manufacturer(lO), a depth of 24 inches

was used for optimum operating conditions.

The disinfection of the resin was delayed until the

column assembly was ready for operation. The resin was

disinfected with 100 mls of 0.74 per cent solution of

formaldehyde. The resins were then rinsed with l liter

of distilled water to remove any residual formaldehyde

from the resin.

Preparation of the Bacterial Suspension:

The desired eoncentrations of Esoherichia coli were

inoculsted into the 20 liter oarboy containing distilled

water (Plate 1, Section III). This solution will be desig-

nated as the control.

The distilled water was very effective in preventing

any extreme values of pH in the effluent from Amberlite

IRA-400 regenerated on the hydroxide cycle, but the viability

of the Escherichia coli was brief. When the anion resins

were regenerated on the chloride cycle, the use of distilled

water in the control was not necessary. For these experi-

ments a solution of sodium ehloride-lactose-dietilled water

was used to increase the viability of the organisms. This

solution was 0.5 per cent sodium chloride and 0.01 per cent

lactose.
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Apparatus

Plate 1 shows the resin column apparatus with a con-

stant flow device for the influent. A constant flow was

obtalned by the air~replacement theory. In other words,

fer a given amount of water leaving the carboy a given

amount of air was allowed to enter through a submerged

glass air tube. This provided a constant flow by main-

taining an even pressure in the carboy. The carboy was

stoppered, and the only air entering into it was through

the submerged glass air tube. The rate of flow through the

column was controlled by the difference in head between the

submerged end of the air inlet tube in the carboy and the

influent tube to the resin column. The simplicity of design

was auch that unwanted contamination was kept to a minimum.

A carboy of 20 liter capacity was used as the container

for the distilled water inoculated with Escherichia coli.

The carboy was placed on a magnetic mixer which continually

stirred the water to msintain a homogeneous bacterial

suspension.

The column used in the study was 15 millimeters in

diameter which, when filled to a height of 24 inches with

resin, occupied a space equivalent to 0.00426 cubio feet.

In order to give a practical significance tc the flow

through the column, flow rates in milliliters per minute

were oonverted to their equivalents in gallons per minute
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per square foot of resin. These flow rates were determined

by using a 100 ml graduated cylinder to measure the volume

and by using a stop watch to measure the interval of time.

Plate 2 shows the equipment used for the regeneration

and rinsing of the resins. In this apparatus the resin was

contained within two Sedgwlck-Rafter funnels joined by a

strip of rubber tubing and suspended by a burette stand.

The Sedgwiek—Rafter funnels were oalibrated to deter-

mine the volume cccupied by the resins during periods of

regeneration and rinsing. This made possible the addition

of the desired amounts of regenerate and rinse water.

Plate 5 shows the equipment used with the membrane

filter for the determination cf the bacterlal count. The

equipment shown, including the high vacuum pump, is standard

for such work. Hot shown in the plate is another filter

assembly which was used simultaneously with the pictured

apparatus. The purpose of the two assemblies was to

eliminate the possibility of chance contamination of the

effluent by the influent.

Materials

The resins used in this investigation were chosen as

typical synthetic anion and cation exchaugers. Filter sand

was also used to determine the bacterial removal which could

be expected from filtration alone.
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Amberlite IR•12O

This is high density, nuclear sulfonic acid type

cation exchange resin preduced in the form of attrition

resistent, bead·1ike particles which can be utilized in

either the sodium or hydrogen cycle of operation.(9)

A uniformity coefficient of 2.0 maximum and an

effective size of 0.45 to 0.65 millimeters may be con•

sidered as typical of this resin. It is extremely stable

at high temperatures (290?F) and in strong acid or

alkaline solutions (pH 1 to 14). Amberlite IR·l20 is

insoluble in water, aliphatic and aromatic hydrocarbons,

and all other common sclvents.

Amberlite IRA•400

This resin is a strongly basic, quaternary amine

type anion exchange resin specifically designed for

applications in which maximum basicity and temperature

resistance are required.(11) It may be utilized on either

the hydroxide or the chlcride cycle.

The manufacturer lists an effective size of 0.55 to

0.45 millimeters and a uniformity cosfficient of less than

1.75 as typical of this resin. This resin is stable at

temperatures below l40°F and its resistance to attrition

is excellent. The chemical characteristics of this resin

include resistance to acids, bases, exidsnts, reductants,

and organic solvents. There are nc limitations placed with

respect to pH.
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Amberlite IRA·401

This resin is a porous, strongly basic, amine type

anion exchange resin chemically analogous to Amberlite

IRA-40O,(l2) Amberlite IRA~401 is designed specifically

for the adsorption of anions of high moleculer weight,

and may be utilized on either the hydroxide or chloride

cycle,

An effective size of 0,40 to 0,55 millimeters and a

uniformity coefficient of less than 2,0 may be considered

characteristic of this resin, It has a high resistance to

attrition and is stable at temperatures below l40°F, No

pH limitetions are placed on the resin; and tests indicate

that it is resistent to the action of strong acids, concen-

trated alkalis, aliphatic and aromatic hydrocarbons, alcohols,

ethers, and all other common solvents,

Filter Sand

Filter send with an effective size of 0,47 millimeters

and a uniformity coefficient of 1,6 usa employed in the

sand filtration experiment, The grein size and charac-

teristics of this sand are representative of filter sand

used et rapid sand and pressure filter installations, It

is also of interest to note that the average particle size

of this sand was just slightly smaller than the ion exchange

resins employed in the other experiments,
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IV. BESULTS

An Initial Experiment with Amberlite IR•l20

Amberlite IR·l20 was selected as a typical example

of a cation exchange resin for the purpose of determining

whether it possesses the ability to remove Escherichia coli

from water.

The resin was regenerated on the sodium cycle and

rinsed with distilled water using the apparatus shown and

described in Plate 2, Section III. The resin was regene·

rated with a 10 per cent brine solution at s level of 10

pounds per cubic foot of resin, and a regeneration flow

rate of l gallon per cubic foot of resin per minute was

selected in accordance with the manufacturer•s recommendation

for maximum exchange capac1ty.(9) The rinsing conditions

specified by the manufacturer were 50 gallons of water per

cubic foot of resin at a flow rate of 0.5 gallon per cubic

foot of resin per minute.

After the regeneration and rinsing phase in the

preparation of the resin, the resin was transferred to the

glass column shown in Plate l, Section III. The first step

in the transfer was the removal of the resin from the

Sedgwick·Rafter funnel to a glass beaker. Distilled water

was added to the beaker to facilitate the pouring of the

resin into the glass column. The air bubbles were removed
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Table 1

Amberlite IR·120
Cycle - Sodium
Flow - 5.6 gpm per sq ft.
Control - Distilled Water

Time Since .nfluent Effluent Per Cent
Starting E. coli Moving 2 E. coli Moving pH Removal
(Minutes Count Average Count Average

0 0 6.2 0 7.2
5 76 6.2 91 7.1

10 75 70 6.2 89 87.00 7.1 -27.14
20 61 64.67 6.2 81 81.67 7.1 -25.25
50 60 57.00 6.2 75 75.55 7.1 -12.87
40 50 54.67 6.2 64 60.67 7.0 -10.97
55 54 47.67 6.2 45 48.55 6.8 - 1.58
70 59 58.55 6.2 58 58.00 6.9 0.09
85 22 26.55 6.2 55 51.67 7.0 -20.28

100 18 22.55 6.2 24 29.55 7.0 -51:55
115 27 17.00 ‘6.2 51 25.00 7.0 -47.06
150 6 16.55 6.2 20 25.00 6.9 -40.85
145 16 15.55 6.2 18 16.00 7.0 - 4.57
160 24 15.67 6.5 10 11.00 7.1 29.80
175 7 12.55 6.4 5 7.00 7.1 45.25
190 6 6.4 6 7.1

1. Escherichia coli count per 50 ml.
2. Moving average of 5 values excluding the zero count.
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from the resin by continual hand inversion of the column

while the resin was being added to the desired depth. As

recommended by the manufacturer(9), a depth of 24 inches

was used for optimum operating conditions.

The disinfection of the resin was delayed until the

column assembly was ready for operation. The resin was

disinfected with 100 mls of a 0.74 per cent solution of

formaldehyde. The resin was then washed with l liter of

distilled water to rinse away any residual formaldehyde

which might have been present in the colum.

Since the mechanics of the resin preparation remain

fundamentally the same after regeneration, rinsing, and

disinfection, no mention of them will be made in future

experiments. However, in consideration of the differences

encountered in the regeneration and rinsing phases and

their aocompanying alterations, a complete explanation of

these changes will be found in each„experiment.

The baoterial suspension was contained in a 20 liter

carboy. The solution used for the suspension was distilled

water; the flow used was controlled by gravity.

The rate of flow through the column was adjusted by

varying the height of the effluent tube from the carboy.

The rate of flow was obtained by measuring the quantity of

effluent from the column with a graduated glass cylinder

for a period of l minute. This rate of flow was then
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converted from mls per minute to gpm per sq ft of resin.

The flow for this particular experiment rss 5.6 gpm per

sq ft of resin. An attempt was made to facilitate the

comparison of the results by keeping the flow rate approxi·

mately the same throughout all of the experiments.

The suspension of Escherichia coli was kept from

settling by continued agitation with a magnetic mixer

placed directly beneath the 20 liter carboy.

Samples of 50 ml quantity were taken for both the

influent and effluent of the column.

Results

The results of this experiment are found in Table 1;

a eondensed, graphical representation of these results is

ahorn in Figure 1. Examination of Figure l makes it apparent

that no significant removal of Escherichia coli occured

during the experiment. Actually, a slight increase in the

bacterial concentration was indicated.

Table 1 reveals the pH of the influent varied from 6.2

to 6.4, while the pH of the effluent varied from 6.8 to 7.2.

It is interesting to note from Figure l that the num-

ber of organisms in the suspension progressively decreased

with relation to time.
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Discussion

The ability of Amberlite IR—l20, regenerated on the

sodium cycle, to remove Escherichia coli 1s in accordance

with previous studies referred to in Section II. In

previous invest1gations(4) (15) when significant removals

of Escherichia coli by cation exchange resins have been

observed, these removals have been credited to other

sources such as hydrogen-ion concentration rather than to

specific properties of the cation exchange resins. In this

particular experiment the resin did not impart any extreme

values of pH to the solution containing the Escherichia

coli suspension; consequently there would be no cause to

expect appreciable removals. Porter(7) gives the optimum

pH range for Escherichia coli as 6.0 to 7.0, with the

minimum and maximum pH limits for growth being 4.4 and 9.0

respectively.

The increase in the Escherichia coli concentration in

the column effluent possibly occured as a result of the

bacteria coming in contact with the cations of the resin.

Salle(13) reports the following in his text: "In general,

catlons in low concentrations tend to stimulate bacterial

growth, whereas cations in higher concentrations are

inhibitory and ultimately toxic.” H0 attempt will be made

to discuss the qualification of the situation which prevailed
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in this experiment with respect to the degree cf cation

eoncentration• Another explanation would be that the

cations had a dispersing effect upon the clumps of bacteria

in the influent• This would readily explain the increased

bacterial count in the effluent•

The progressive decrease in the number of organisms

was not viewed with alarm since this would seem to be a

normal reaction for baoteria lnoculated into distilled

water, The objective of this experiment was to arrive at

a comparison between the Escherichia coli concentrations

in the influent and effluent; therefore the progressive

deerease in the number of organisms offered no great

hindrance•

It is concluded from the results obtained that no

appreciable removal of Escherichia coli was indicated

using Amberlite IR—l2O regenerated on the sodium cycle.

An Initial Experiment with Amberlite IRA~4OO

In the initial experiment with Amberllte IRA—400, an

attempt was made to imitate the conditions of the previous

experiment with Amberlite IR-l20• By doing this a valld

comparison was cbtained between the abilities of anion and

cation exchange resins to remove Eeoherichia coli from

water•
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Table 2

Amberlite IRA-400
Cycle - Hydroxide
Flow - 4.7 gpm per sq ft.
Control — Distilled Water

TTme Since Per cent
Starting E- coli M0ving;;pH E. coli Moving;3 Removal

(Minutes) Countl Average Countl Average

0 0 6.2 0 0 6.7 100
5 14 6.2 0 0 6.7 100

10 10 11.33 6.3 0 0 6.7 100 ~

20 10 8.33 6.3 0 0 6.7 100

30 5 7.67 6.3 0 0 6.7 100

40 8 7.67 6.3 0 0 6.7 100

55 10 9.00 6.3 0 0 6.7 100
F

70 9 10.33 6.3 O 0 6.7 100

85 12
‘

8.67 6.3 0 0 6.7 100

100 5 6.00 6.3 0 0 6.7 100

115 1 2.67 6.3 0 0 6.7 100

130 2 1.33 6.4 O 0 6.7 100
145 1 1.67 6.4 0 0 6.7 100
150 2 l.67¢ 6.4 O 0 6.7 100
175 2 3.00 6.4 0 0 6.7 100
190 5 6.4 0 0 6.7 100

l. Escherichia coli count per 50 ml of sample.
2. Moving average of 3 values excluding the zero count.
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Amberlite IRA•400 was regenerated on the hydroxide

cycle. At the manufacturer's recomendation, a 4 per cent

solution of sodium hydroxide was used at a flow rate of 0.5

gallon per cubic foot of resin per minute and a regeneration

level of 10 pounds per cubic foot of resin.(ll) The resin

was rinsed at a flow rate of 0.5 gallon per cubic foot of

resin per minute with distilled water until the pH of the

effluent was approximately 7.0. The manufacturer reports

that after this treatment, Amberlite IRA-400 is considered

to be 60 per cent in the hydroxyl form.(10) In this state

the resin may be regarded as a solid, insoluble caustic

with only its hydroxyl ions free to move in solution.

Distilled water was used for the bacterial suspension

control. The flow rate used was 4.7 gpm per eq ft of resin.

Results

The results of this experiment are shown in Table 2

and a graphioal representation appears in Figure 2. From

observing either Table 2 or Figure 2, lt ie clear that a

100 per cent removal of Escherichia coli was realized. The

pH value of the influent ranged from 6.2 to 6.4, while those

of the effluent remained constant at 6.7 (Table 2).

As in the previous experiment, the organiems progres-

sively decreaeed in the control solution with relation to

time.
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Discussion

The true extent of the phenomenon shown when Amberlite

IRA·40O removed Escherichia coli in entirety from a water

solution is better visualized with a more extensive discus-

sion. The use of distilled water prevented the exchange of

the hydroxide ions• These ions would have greatly increased

the pH of the effluent; and, consequently, had an adverse

effect on the Escherichia coli. By using distilled water,

however, the pH of the effluent did not exceed the range of

optimum growth for Escherichia coli as stated by Porter.(7)

This means, excluding the possibility of filtration, that

anion exchange resins must possess a singular ability to

remove Escherichia coli from a water solution. Because of

the continulng comparison of influent and effluent, the

decrease in organisms as the experiment progressed was

considered relatively unimportant.

Amberlite IRA·400, regenerated on the hydroxide cycle,

was capable of 100 per cent removal when low concentrations

of Escherichia coli were applied. This removal was not a

result of extreme pH values.

An Initial Experiment with Filter Sand

Previous experiments indlcated that high removals of

Escherichia coli were effected when an aqueous suspension

was passed through a column containing anion exchange resin
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Table 5

Filter Sand
Flow - 4.5 gpm per sq ft.
Control - Distilled Water

Time
sinceStarting E. coli Moving E. coli Moving pH Removal

(Minutes) Count Average Countl Average‘ "

0 0 6.4 0 6.7
5 27 6.5 12 6.5

10 17 21.55 6.5 25 20.00 6.4 6.24
20 20 16.67 6.2 25 21.55 6.4 -27.95
50 15 15.55 6.5 16 18.67 6.5 -21.79 •

40
_ 15 15.55 6.2 15 15.00 6.5 2.48

55 14 10.55 6.5 8 9.55 6.5 9.68
70 4 8.55 6.5 5 6.00 6.5 27.97

e 85 7 5.00 6.4 5 7.00 6.5 -40.00

_ 100 4 6.55 6.4 ll 6.00 6.6 5.21
115 8 5.00 6.4 2 5.55 6.5 - 6.60
150 5 5.00 6.5 5 5.00 6.6 40.00

145 4 5.55 6.5 4 5.67 6.6 -10.21
160 5 2.67 6.5 4 5.00 6.6 -12.56 A
175 1 5.00 6.4 1 2.55 6.6 22.55
190 5 6.4 2 6.6

1. Bscherichia coli per 50 ml sample.
2. Moving average of 5 values excluding the zero count.
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Amberlite IRA~400, No appreciable removal was obtained

with a similar column of cation exchange resin Amberlite

IR-120, To facilitete comparison of the performance of the

resins with a standard material, an experiment was carried

out in which a suspension of Escheriohia coli was passed

through a column of disinfected standard filter sand such

as is used at water treatment installations, A flow rate

of 4,5 gpm per sq ft of resin was used,

Results

The complete results of the experiment made to deter-

mine the removal of Escherichia coli effected by sand

filtration are given in Table 5, Graphical results of this

experiment are presented in Figure 3, Examination of Figure

5 reveals the concentration of vlable organisms in the

influent and effluent of the column was essentially the

same, Thus, no removal of Escherichia coli was indicated

during sand filtration•

As in the previous two experimente, the number of

bacteria present in both the influent and effluent

diminished progressively with time,

As shown in Table 5, no extreme values of pH were

encountered in either the influent or the effluent„

Discussion

The negligible removal of bacteria indicsted by the
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results during the rapid sand filtration was expected

because in practice to obtain significant bacterial removal,

this process must be preceded by chemical coagulaticn• The

fact that the porosity of the filtering media in all cases

(the anion exchange resin, the cation exchange resin, and

the filter sand) was the same order of magnitude conc1u·

sively shows that the meohanism involved in the removal of

Escherichia coli by the anion exchange resin is not

mechanical stra1n1ng• This is evidence suggesting that

anion exchange resins have an unusual affinity for bacteria•

An Extended Experiment with Amberlite IRA—4OO

In view of the fact that Amberlite IRA-400 showed the

ability tc remove Escherichia coli from water in previous

experiments, further study was deemed necessary to resolve

some of the limits of the resin's competence. The previous

experiment was performed with the resin regenerated on the

hydroxide cycle• It was felt, however, that further study

should entail the use of the chloride cycle of regeneration•

The chloride cycle was chosen not only with the thought

of gaining information as to the capabilities of Amberlite

IRA·4OO using another cycle of regeneration, but also with

the anticipation cf decreasing the accelerated death rate

of the organisms observed in past experiments• The

accelerated death rate of the organisms when distilled
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Table 4

Amberlite IRA—400
Cycle — Chloride
Flow - 5.1 gpm per sq ft.
Control - 0.5% NaC1, 0.01% Lactose -

Distilled Water Solution

Time Since lnfluent » ‘ff1uent Per Cent
Starting E. coli Moving·.pH L. colé Moving pH Removal
\(Minutes) Count ·veragé” Count Average

0 96 6.6 0 7.7
5 89 92.00 6.5 6 5.55 7.8 98.84

10 91 92.67 6.5 10 8.55 7.8 98.20
20 98 100.00 ..6 9 8.67 7.9 98.27
50 111 106.55 6.7 7 8.00 7.2 98.50
40 110 105.00 ..5 9 6.67 7.1 98.75
55 94 102.67 ..4 4 7.00 6.8 98.64
70 104 104.67 •.4 8 6.67 6.7 98.75
85 116 107.00 ..4 8 9.00 6.7 98.52

100 101 105.55 6.4 11 10.67 6.6 97.94
115 95 95.55 •.4 15 12.67 6.6 97.54
150 92 81.55 ..4 14 15.67 6.6 96.64
145 59 77.00 •.4 14 15.55 6.6 96.54
160 80

· 71.55 ..5 12 11.67 6.6 96.75
175 75 80.00 ..4 9 10.55 6.6 97.42
190 85 ..5 10 6.6

1. Escherichia coli count per 10 ml.
2. Escherichia coli count per 50 ml.
5. Moving average of three values.

¥
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water was employed as a control was believed to be, to a

large degree, the result of osmotic pressure.

To obtain a 0.5 per cent solution, sodium chloride was

added to the distilled water to lessen the effect of osmetic

pressure. The addition of sodium chloride to the control

solution while the resin was regenerated on the hydroxide

cycle would have resulted in extremely high pH values.

These high pH values would have been caused by the exchange

of the hydroxide ion for the chloride ion when the control

solution was passed through the resin. The net gain of

information from such an experiment would have been of

little help in determining the limits on the ability of

Amberlite IRA—400 because the Escherichia coli would have

been inactivated by the high pH values, irrespective of any

action on the part of the resin. Laotose was also added to

the bacterial suspension to the extent of 0.01 per cent for

its nutrient value.

An unused sample of the resin was regenerated on the

chloride cycle to a level corresponding to the use of 10

pounds sodium chloride per cubic foot of resin. A 4 per

cent solution of sodium chloride applied at a rate of 0.5

gallon per cubic foot of resin per minute was employed for

regeneration. The resin was rinsed with an equivalent of

75 gallons per cubic foot at a flow rate of 0.5 gallon

per cubic foot of resin per minute. This rinsing was
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a definite excessive regeneration because the resin was

shipped in the chloride form; however no ill effects

reeulted. The resin was then brought into equilibrium with

the prepared sodium ch1oride—lactose·distilled water

solution. A check was made on the pH of the influent and

effluent of the resin to determine when this equilibrium

had been reached.

The Escherichia coli concentration in the control

solution was increased to ascertain whether the quantity

applied would effect the per cent removal.

The flow rate utilized was 5.1 gpm per eq ft, which

was in accordance with the flow rates of the preceding

experiments.

The results shown in Figure 4 are given in per cent

removal of Escherichia coli. Figure 4 also contains the

results from a similar experiment performed using Amberlite

IRA-401, which will be discussed in a following section.

The use of per cent removal instead of plotting the influent

versus the effluent, es had been done previously, was

brought about by the quantity difference between the influent

and effluent samples. In the preceding experlments the size

of the samples collected for influent and effluent flow was

identicsl. However, the use of higher concentrations of

Eecherichia coli necessitated the use of unlike sized

samples to provide a readable count on the membrane filter.
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Results

The results of this experiment are shown in Table 4;

a graphical presentation is displayed in Figure 4. The

removal of Escherichia coli by Amberlite IRA·400, regen-

erated on the chloride cycle with a higher applied bacterial

concentratlon, was not as efficient as when the hydroxide

cycle and a lower applied baoterial concentration were used.

The per cent removal of Escherichia coli ranged from a high

of 98.84 to a low of 96.54 (Table 4). The lowest bacterisl

count was six Escherichia coli per 50 ml of sample. Table 4

also indicates that the pH of the influent varied from 6.4

to 6.7; whereas the pH of the effluent varied from 6.6 tc

7.9. The organisms did not progressively decrease as the

experiment continued but remained relatively constant.

Discussion

Even though the percentage removal by Amberlite IRA•4OO

was relatively high, it did not prcduce a potable water in

accordance with recommended standards of the United States

Public Health Service.(8) It must be concluded from these

results that highly contaminated waters cannot be adequately

disinfected by Amberlite IRA·400 operated on the ehloride

cycle. This does not eliminate the possibility of the use

of this resin for household well water supplies even though

the bacterial concentration anticipated is not the same order

of magnitude used in this particular experiment.
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An Initial Experiment with Amberlite IRA-401

To determine whether the removal of Escherichia coli

was characteristic to all anion resins or limited only to

Amberlite IRA-400, it became necessary to obtain a comparison

of anion resins under similar operating conditions. The

resin selected for this comparison was Amberlite IRA·40l,

and the conditions of this experiment attempted to emulate

the conditions that prevailed in the previous experiment.

Amberlite IRA~401 was regcnerated on the chloride

cycle. The regeneration was done with a 4 per cent solution

of sodium chloride at a flow rate of 1 gpm per cubic foot of

resin. The level of regeneration was 10 pounds of sodium

chloride per cubic foot of resin. The resin was rinsed with

an equivalent of 75 gallons of distilled water per cubic

foot at a flow rate of 0.5 gallon per cubic foot per minute.

The same sodium chloride·1actose-dietilled water

solution as used in the previous experiment was used for the

Escherichia coli suspension. The flow rate used was 5.1 gpm

psr sq ft of resin.

Results

The results of this experiment are shown in Table 5,

with the graphical representation appearing in Figure 4.

The per cent removal of Escherichia coli by Amberlite IRA-401

varied from a high of 94.16 to a low of 87.06 (Table 5).
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Table 5

Amberlite IRA—401
Cycle · Chloride
Flow — 5.5 gpm per sq ft.
Control — 0.5% NaCl, 0.01% Lactose -Distilled Water Solution

TimesinceStarting
L. coli Moving E. coli Moving;5 Removal

(Minutes) Countl Average Count? Average

0 197 6.1 0 6.1
5 194 189.55 6.1 66 55.55 6.2 94.16 ·

10 177 184.00 6.1 100 95.67 6.5 89.60
20 181 180.00 6.1 121 111.67 6.7 87.59
50 182 179.00 6.1 114 112.00 6.5 87.49
40 174 174.67 6.1 101 115.00 6.5 87.06
55 168 174.67 6.1 124 107.67 6.2 87.67
70 182 177.67 6.1 98 107.67 6.5 87.88‘
85 185 175.67 6.1 101 99.55 6.2 88.69

100 162 168.00 6.1 99 101.55 6.5 87.94115 159 162.00 6.1 104 97.55 6.5 87.98
150 165 155.00 6.2 89 95.67 6.5 87.76
145 155 145.55 6.2 88. 88.00 6.2 87.89
160 156 150.67 6.2 87 72.55 6.5 88.95
175 121 129.55 6.2 42 76.67 6.5 88.14190 151 6.2 101 6.5

1. Escherichia coli count per 10 ml.
2. Lscherichia coli count per DO ml.
5, Moving average of 5 values.
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The pH of the influent ranged from 6.1 to 6.2, while the

pH of the effluent ranged from 6.1 to 6.7. Figure 4

presents the removal by Amberlite IRA-401 as being a lower

order than the removal evidenced by Amberlite IRA-400.

Again, the sodium ch1oride·lactose-dlstilled water

solution helped to sustain the viability of the organisms

as may be seen by examining the Escherichia coli counts of

the influent listed in Table 5.

Discussion

Under similar operating conditions, the removal of

Escherichia coli by Amberlite IHA—401 was of a considerable

lower order than that of Amberlite IRA·400. The explanation

for this phenomenon might be correlated with the poroaity

and amine linkage of the resins involved; however the

writer's limited background and knowledge of the organic

structure of the resine involved prevents further elab·

oratlon. The essential realization with respect to this

study is that Amberlite IRA·400 possesses an affinity for

Escherichia coli removal which is not common to all anion

exchange resins.

An Exhaustion Experiment with Amberlite IRA•40O

To become more cognisant of the extent of the

Escherichia coli•removing properties of Amberlite IRA-400,

an investigation of the resin during an extended period of
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operation was initiated. The time length selected for the

extended period of operation was 51 hours and 15 minutes.

The increased viabllity of Escherichia coli resulting

from the use of the sodium chloride•lactose-distilled water

solution took on an even greater importance in this experi-

ment.

The application of a fairly constant concentration of

bacteria to the resin throughout the operation presented

a problem. To inhlbit extreme variations in the applied

bacterial concentratlons approximately every 5 l/2 hours,

one carboy was replaced by another which had been newly

inoculated with Escherichia coli.

In order to be relatively sure of a definite exheustion

of the Escherichia coli•removing properties of the resin,

a high coneentrstion of bacteria was applied to the resin

column. Because cf this high concentration, it was neces-

sary to take 5 ml samples from the influent to the resin

column for countlng purposes. The effluent samples consisted

of both 5 ml and 50 ml samples which were taken simultaneously.

The 50 ml samples were used during the first stages of the

experiment to compute the per cent removal when the degree

of removal was enough to obtain a readable count on the

membrane filter. As the experiment progressed and the

resin•s ability to remove Escherichia coli decreased, the

5 ml effluent samples were used to compute the per cent

removal.
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The resin sample, already on the chloride cycle from

a previous experiment, was not regenerated but merely

brought into equilibrium with the sodium chloride-1actose•

distilled water solution. A regeneration was not believed
lto

be necessary in view of the established equilibrium in

the previous experiment. A flow rate of 5.5 gpm per sq ft

of resin was used.

Results

The results from this experiment, designed to define

the capacity of Amberlite IRA·400, are found in Table 6.

These same results appear graphically in Figure 5. Table 6

specifies the per cent removal varied from a high of 97.28

to a low of 18.02. The pH of the influent varied from 6.1

to 6.6; the pH of the effluent varied from 6.2 to 6.8.

From Figure 5 it is apparent that after a 12·hour

period of operation the per cent removal was variable.

An abrupt drop in the per cent removal occured after 14 hours

of operation. This low removal continued until the 20th

hour of operation when the removal again approached that

observed after 12 hours of operation. On approximately the

27th hour of operation, however, another abrupt drop occured

which was followed by another trend of increased removal.

Based on the above discussion, the consistency of the

resin•s ability to remove Escherichia coli at a flow rate of



56

5.5 gpm per sq ft of resin and an average applied bacterial

count of 50.5 Escherichia coll per 5 ml cannot be depended

upon after 12 hours cf operation. There is a safety factor

in the selected 12-hour limit considering that the same

sample of resin had been used for a 3-hour and l0·minute

period of operation ("An Extended Experiment with Amberlite

IRA-400”). Ho further substantiation of the safety factor

is found in studying the results from this experiment and

the previous one using Amberlite IRA—400. In this experi-

ment (Table 6) the hlghest per cent removal approximates

the lowest per cent remcval in the previous experiment

(Table 4).

At no time during this experiment did the resin

produce a potable water by United States Public Health Ser-

vice recommended standards.(8)

Discussion

An explanation of the variability of the resin's

ability to remove Escherichia coli would be difficult. Such

reasons as the frailty of the organisms and the indicated

increased per cent removal resulting when a newly inoculated

carboy replaced an old carboy of dying organisms could be

lntroduced and discussed at length without satisfaction.

In contrast, some satisfaction can be obtained from a

closer examination of the dependable 12-hour period of
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operation before servicing of the resin is required,

Assuming a home resin bed diameter of 8 inches and a daily

flow of 200 gallons, the 12-hour operation of the pilot

column with a flow of 5,5 gpm per eq ft of resin would be

equivalent to a week•s use, Not to be overlooked is the

high concentration of bacteria used in this experiment which

would no doubt have an effect on the time length of the

dependable period of operation,

It may be concluded from this experiment that the

ability of Amberlite IRA·400 to remove Escherichia coli is

dependent upon the integrated quantity of bacteria applied

to the resin, The resin is also capable of a reasonable

dependable period of operation before servicing is required,

After Exhaustion Experiment with Amberlite IRA-400

It was indicated in the preceding experiment that after

a resin had reached a certain lower level of removal, the

process of disinfection would not restore the original

removal capacity of the resin, The purpose of this experi-

ment is to further examine the resin without regeneration

to determine the limits of disinfection on the resin•s

effectiveness for removal,

For this experiment the applied Escherichia coli

concentration was greatly reduced, Samples of 50 ml quantity

for both influent and effluent were used because of the

reduced applied bacterial concentration,
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„ Table 7

Amberlite IRA-400
Cycle - Chloride
Flow · 4.4 gpm per sq ft.
cenuroi - 0.6% NaC1, 0.01% Lacuose -

Distilled Water Solution

Time Since Influent Effluent Per Cent
Starting E. co Movingg pH E. coli Moving

_pH
Removal

(Minutes) Count Average Count Average

0 14 6.5 5 6.4
15 21 17.67 6.6 21 15.67 6.7 22.64
50 18 19.67 6.6 17 16.67 6.9 15.25
45 20 18.67 6.6 12 16.67 6.8 10.71
60 18 20.00 6.6 21 15.67 6.7 21.65
75 22 19.00 6.7 14 14.67 6.7 22.79
90 17 20.67 6.7 9 11.67 6.8 45.54

105 25 21.67 6.7 12 11.00 6.8 49.24
120 25 22.67 6.7 12 12.55 6.8 45.61
155 20 18.55 6.7 15 12.55 6.8 52.75
150 10 15.67 6.7 12 15.00 6.7 2.15
165 17 15.00 6.7 20 14.67 6.8 2.20
180 18 16.67 6.7 12 15.55 6.8 8.04
195 15 15.00 6.7 14 15.00 6.7 15.55
210 12 14.67 6.7 15 17.00 6.8 -15.88 ‘
255 17 6.7 -24 6.8

1. Escherichia coli count per 50 ml of sample.
2. Moving average of three values.

1
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As had been done in the previous experiments, the

resin was brought into equilibrium with the sodium

chloride•lactose·distilled water solution and then disin—

fected with the formaldehde solution.

The flow rate was 4.4 gpm per sq ft of resin.

Results

The results are shown in Table 7 and represented

graphically in Figure 6. The results in Figure 6 show that

although there was a trend in reduotion, itwas not trenchant.

Although the count of the organisms was somewhat variable,

the progressive dcrease in the count with relation to time

did not exist in this experiment as it did before when a

graphical comparison of influent versus effluent was made

(Figure 6). As shown in Table 7, no extreme values of pH

existed.

Discussion

The Esoheriohia coli•removing properties that Amber-

lite IRA-400 possessed before exhaustion cannot be reatored

by disinfeotion alone. In considering the results obtained,

it seems that the resin needs to be regenerated, backwashed,

and disinfected in order to re·eetablish its properties for

removing bacteria.

It is within reason to visualize a regeneration using

sodium hydroxide as vital in restoring the Escheriohia
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coli·removing properties to the resin. This regeneration

could be followed by a conversion of the resin to the

chloride cycle for household use in order to abate the high

pH resulting during the exchange cf lens when the resin

used is regenerated on the hydroxide cycle.

Low Escherichia Coll Concentration
Experiments with Amberlite IRA—400

In all of the past experiments with Amberlite IRA•40O

on the chloride cycle, a relatively high concentration of

Escherichia coli had been used. It was the intent of this

experiment to determine the effectiveness of the resin on

the ohloride cycle under conditions similar to those which

might be expected from a household well water supply.

An unused sample of Amberlite IRA~40O was selected for

this experiment. The resin was regenerated on the chloride

cycle to a level of l0 pounds per cubic foot, using a 4 per

cent solution of sodium chloride at a flow rate of 0.5 gpm

per cubic foot. The resin was rinsed with an equivalent of

75 gallons of distilled water per cubic foot at a flow rate

of 0.5 gallon per cubic foot per minute. It was then brought

into equilibrium with the sodium chloride•lactose•d1stilled

water control solution.

The flow rate was 4.4 gpm per sq ft of resin.
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Table 8

Amberlite IEA-400
”

Cycle — Chloride
Flow - 4.4 gpm per sq ft.
Control - 0.5% NaC1, 0.01% Lactose —

Distilled Water Solution

Time Since Influent hffluent Per Cent
Starti E. coli Moving {pH L. colä Movingz pH Removal

(Minutegä Countl Average Count Average

0 0 6.6 0 0 7.4
15 2 1.55 6.7 0 0 7.2 100
50 2 2.00 6.6 0 0 7.1 100
45 2 2.00 6.6 0 0 6.9 100
60 2 1.67 6.6 0 0 6.9 100
75 1 1.55 6.6 0 0 6.8 100
90 1 0.67 6.6 0 0 6.8 100

105 0 0.55 6.6 0 0 6.7 100
120 0 0.55 6.6 0 0.67 6.7 -105.05
155 1 0.67 6.6 2 0.67 6.7 0
150 1 1.55 6.6 0 0.67 6.7 49.65
165 2 1.00 6.6 0 0 6.7 100
180 0 1.55 6.6 . 0 0 6.7 100
195 2 1.67 6.6 0 0 6.7 100
210 5 1.67 6.6 0 0 6.7 100
255 0 1.55 6.6 0 0 6.7 100
250 . 1 6.6 0 0 6.7 100

1. Escherichia coli count per 50 ml.
2. Moving average of 5 values including the zero count.
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Results

The results of this experiment are shown in Table 8 and

displayed graphically in Figure 7. The applied concentration

in the influent contained the desired low Escherichia coli

concentration (Table 8). In all but one instance there

is complete removal of the Escherichia coli by the resin.

The bacteria in the influent remained fairly ccnstant

throughout the experiment (Figure 7). In referring to

Table 8, no extreme pH values are revealed.

Discussion

The results of this experiment indicate that Amberlite

IRA•400, regenerated on the chloride cycle, is capable of

complete removal of Escheriohia coli when applied in low

concentrations. This removal is apparently not as fool-

proof as when the resin is regenerated on the hydroxide

cycle but there is also the possibility that chance contaml-

nation could be held accountable for the indicated leakage

of Escherichia coli through the resin column. Strength is

added to the argument of chance contamination in view of the

perfect removals before and after the contaminated sample.

It has been indicated that Amberlite IRA-400, regenerated

on the ohloride cycle, possesses potentiality for the complete

removal of Escherichia coli when applied in low concentrations

to simulate conditions which might be encountered in household
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well water supplies. It is believed that further investi•

gation of anion resins is warranted not only to expand the

trends indicated by this study but also to define more

closely the limitations to be expected from these resins•
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V. GENERAL DISCUSSION

In the field of water purification there is a need for

an adequste and simplified means of purifying slightly

contaminated heusehold well water supplies. In the hope of

discovering a better method to remove the harmful bacteria,

cation and anion exchange resins were investigated.

Amberlite IR·l2O was selected as a typical cation

exchange resin for the investigation. The results showed no

sppreciable removal of Escherichia coli by Amberlite IR·12O

regenerated on the sodium cycle. In fact, a slight increase

was observed in the bacterial count of the effluent. This

increase could have resulted from contact with the cations

of the resin. The cations may have stimulated the growth

of the bacteria or had a dispersing effect on the clumps

of bacteria in the influent.

Filter sand was selected to facilitate the comparison

of the resins' performance with a standard material. The

removal of Escherichia coli using filter sand was negligible.

Ho removal had been anticipated because of the reoognized

necessity of coagulation preceding sand filtration to obtain

a significant bacterial removal.
I

Anion exchange resin Amberlite IRA•400 indicated the

greatest potentialities for the removal of Escherichia coli

when regenerated on the hydroxide cycle. When low
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concentrations of Escherichia coli were applied to the

resin, 100 per cent removal occured. This removal was not

a result of pH values because distilled water was used as

the solution for the bacterial suspension. Apparently, the

removal was not caused by mechanical filtration either

because the filter sand evidenced no ability to remove

Escherichia coli from water. This removal of Escherichia

coli strongly indicates the resin has an unusual affinity

for bacteria.

Amberlite IRA-400 was also examined on the chloride

cycle of regeneration. After regeneration the resin was

brought into equilibrium with a sodium ch1oride·1actose-

distilled water solution. The removal using high Escherichia

coli concentratione was not sufficient enough to produce a

potable water. The resin was examined under extended

periods of operation, and it appeared that the resin•s

ability to remove Escherichia coli was dependent upon the

integrated quantity of bacteria applied. Once the resin has

lost this ability, a more extensive treatment than disin-

fection is necessary to restore its affinity for Escerichia

coli. The resin was capable of a period of dependable

operation equivalent to one week•s use in an average house-

hold before servicing would be necessary.

To determine whether the ability of Amberlite IHA·400

to remove Escherichia coli from solution was typical to all
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anion exchange resins, an experiment using Amberlite IRA-401

was performed, Amberlite IRA•40O was found to be superior

to Amberlite IRA-401 in Escherichia coli removal, Thus,

the degree of affinity possessed by Amberlite IRA—400 for

Escherichia coli evidently is not common tc all anion

exchange resins•

Low concentrations of Escherichia coli were applied to

Amberlite IRA·400, regenerated on the chloride cycle, and

brought into equilibrium with a sodium chloride·1actose·

distilled water solution, The results showed that 100 per

cent removal is possible; however in one instance a leakage

occured giving a positive Escherichia coli count in the

effluent,

Anion exchange resin Amberlite IRA•400 offers a poten·

tial method for the treatment of slightly contaminated

household well water supplies, It is capable of a 100 per

cent removal of Escherichia coli and a dependable period

of operation.

Today, most slightly contaminated well water supplies

use chlorine as a disinfectant. The use of chlorine, how-

ever, requires the preparation of solutions and the continual

checking of residuals to control the chlorine doeage, These

operations are somevhat excessive for household supplies,

In contrast, Amberlite IRA-400 would have operational

advantsges over chlorine, The resin could be installed and
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then replaced or treated at the house when it neared

exhaustion, with no interim stages of adjustment being

necessary.

The experimental work initiated was not complete in

all phases. More realistic trends could have been obtained

had actual pathogenic bacteria been used instead of the

indicator organism Escherichia coli. The use of pathogenic

bacteria, however, was not practical for this investigation.

Amberlite IRA•400, regenerated on the hydroxide cycle, was

not investigated using high concentrations of Escherichia

coli. Consequently, there is no information relating to

the ability of Amberlite IRA·400 to remove high concen·

trations of Escherichia coli in cycles of regeneration other

than the chloride cycle. The method used on the exhaustion

experiment was not extremely satisfactory because of the

neces=ity of exchanging the carboys periodically. A con-

stant source of bacterial contamination would be more

applicable in future experiments.

More extensive research sheuld be undertaken using

Amberlite IRA-400. It would be highly advantageous to use

a slightly contaminated well water supply as a constant

source of bacteria. This constant source, in conjunction

with an extended period of operation, would provide much

valuable data. The cycles of regeneration used could

include the hydroxide, chloride, and hypochlorite.
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The use of the hypochlorite cycle of regeneration

would add another interesting facet to the investigation,

and it could be obtained by using calcium hypochlorite as

the regenerate. During the exchange of ions, a chlorine

resldual would be imparted to the water. This residual

would insure not only the removal of Escherichia coli but

also the pathogenic organisms. The amount of chlorine

administered would be dependent upon the chemical charac-

teristics of the influent; thus eliminating the preparation

of chlorine solutions.

The information obtained from this investigation

evidenced favorable trends for the treatment of sllghtly

polluted well water supplies using Amberlite IRA—400. More

research is necessary to expand these trends and to define

more closely the limitations to be expected from the resins.

The possibility exists that further searching into the

potentialities of Amberlite IRA•4OO could yield a new con-

cept in small scale water treatment processes.
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VI. CONCLUSIOHS

1. Amberlite IR-120, evaluated as a typical cation

exchange resin, indicated no significant removal of

Escherichia coli when regenerated on the sodium cycle.

2. Anion exchange resin Amberlite IRA-400, regenerated

on the hydroxide cycle, was capable of 100 per cent

removal when low concentrations of Escherichia coli

were applied. This removal was not a result of

extreme pH values.

3. The removal of Esoherichia coli by Amberlite IRA•4OO

was not effected by mechanicsl straining, but instead

by an affinity of the resin for the bacteria.

4. Amberlite IRA•400 when regenerated on the chloride

cycle and subjected to high ooncentrations of

Escherlchia coli did not produce an effluent passing

the recommended standards of the United States Public

Health Service for a potable water.(8)

5. Amberlite IRA·400 was superior to Amberlite IRA·40l in

removing Escherichia coli from water. Apparently, the

degree of affinity Amberlite IRA-400 pcssessed for

Escherichia coli remcval is not common to all anion

exchange resins.
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6. The ability of Amberlite IRA•4OO to remove Escherichia

coli from water was dependent upon the integrated

quantity of bacteria applied to the resin. The resin

indicated that a dependable period of operation was

possible before servicing would be necessary.

7. Once Amberlite IRA·40O had been exhausted, disinfection

did not restore its Escherichia coli•removing properties.

8. Amberlite IRA—400, regenerated on the chloride cycle,

indicated the potentiality for complete removal of

Escherichia coli applied in low concentrations similar

to those which might be encountered in many household

well water supplies.

9. Further investigation of anion exchange resins is

warranted, not only to expand the trends indicated by

this study, but to define more closely the limitations

to be expected from these resins.
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VII. SUMMARY

The purpose of this study was to evaluate the ability

of typical cation and anion exchange resins to remove

Escherichia coli from water. The objective was to obtain

a method of purifying slightly polluted, private well water

supplies.

The investigation consisted of passing water samples,

inoculated with known concentrations of Escherichia coli,

through resin colums of known volumes. The reslns were

subjected to vsrying Eecherichia coli eoncentration= and

oyoles of regeneration.

The results indicated the anion exchange resin, Amber-

lite IRA·400, possessed the highest potential for removing

Escherichia coli. One hundred (100) per cent removal was

possible when applying low concentrations of Escherichia

coli to Amberlite IRA-400. With high concentration, how-

ever, the effluent was not potable. The phenomenon of

removal was due neither to filtration nor to extreme values

of pH sometimes caused by the ion exchange process.

The ability of Amberlite IRA·400 to remove Escherichia

coli from water was dependent upon the integrated quantity

of bacteria applied to the resin. The resin indicated a

dependable period of operation was possible before servicing

was necessary. Once the resin had lost the ability to
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remove Escherichia coli, disinfection did not restore its

original affinity for the bacteria•

Anion exchange resin Amberlite IRA·401 also possessed

the ability to remove Escherichia coli from solutions but

its ability for removal wa; not as efficient as Amberlite

A IRA-400.

Cation exchange resin Amberlite IR·l20 was incapable

of significant Escherichia coli removal•
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