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The problem of stream pollution lias been greatly influenced

by wastes arising from fruit and vegetable canneries.

Of the many

agricultural products processed in these canneries, red beets

(Beta vulgaris) constitute a major problem not only because of their
organic content but also because of their highly colored nature.

This beet color may pass through subsequent waste treatment processes,
enter a receiving stream and impart an undesirable color to the
water.

Many canneries discharge their waste to the city sewers and
the screening and primary treatment orocesses of sewage treatment

plants give only slight color reductions.

It is toe secondary treat

ment processes which afford a means of removing beet waste color.

This study presents the ability of the activated sludge

process to remove beet color from a waste and relates this ability to
toe factors of detention time, mixed-liquor solids concentration and
the color concentration in the influent waste.

Two continuous-flow, completely-mixed, activated sludge
units were constructed for laboratory studies and an experimental

plan was formulated to investigate the effect of these factors on
color removal.

It was found that the activated sludge process will remove

over 80 percent of too beet color from a waste if toe factors of
detention time, mixed-liquor solids concentration and color concen
tration in toe influent are controlled to operating conditions.

If

these factors art not controlled, a bullcing sludge would possibly
develop and the suspended solids could not be maintained in toe units.
Varying the detention time from four to eight hours and the mixed-

liquor suspended solids concentration from 1600 to 3200 ag/L did not
affect color removals at low beet color concentrations.

BOD reduc

tions of over 90 percent were obtained under all operating conditions.
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THE REMOVAL OF BEET WASTE COLOR
BY ACTIVATED SLUDGE

INTRODUCTION

The problem of stream pollution in the Willamette Valley in
Oregon has been greatly influenced by the wastes arising from the
fruit and vegetable canneries located throughout the valley.

Of the

many agricultural products processed in these canneries, red beets

(Beta vulgaris) constitute a major problem not on3y because of the
high organic content of the waste but also because of its highly

colored nature.

This beet color may pass through subsequent waste

treatment processes, enter a receiving stream and impart an undesir
able color to the water.

Many of the canneries, after a preliminary screening process
to remove the gross solids, discharge their wastes directly to the

municipal sewers.

During the beet canning season the sewage arriving

at the sewage treatment plants is highly colored.

Since the beet

color is soluble, those plants supplying just primary treatment give
only slight color reduction.

A part of this may be attributed to the

practice of chlorination which is used for the purpose of disinfection.
It is the secondary treatment processes which afford a means of
removing beet waste color.

The two major types of secondary sewage treatment currently

in use are the trickling filter and the activated sludge processes.
Operational results of trickling filter installations in the

2

Willamette Valley and results reported in the literature indicate that

only partial color removal can be obtained by this method.

Little has

been reported on the effectiveness of beet color removal by activated
sludge, but the information available indicates that better color

removal could be expected by this process.
Purpose of the Study

The purpose of this study is to determine the ability of
the activated sludge process to remove beet color and to relate this

ability to the factors of detention time, mixed-liquor solids concen
tration and the color concentration in the influent waste.
Beet Waste Characteristics

Table, red or garden beets are grown over a wide range of
soils and climates and are popular because of their attractiveness as

food and because they are easy to grow.

For processing purposes the

Detroit Dark Red is the most widely grown variety.

They are grown in

the Northern States as summer and early fall crops and when matured

in cool weather, the interior is a very dark red (U» p. 3).
about 19,000 acres were grown in the United States (U, p. l).

In 1950
Oregon

is among the leading states in the production of beets for canning.
The canneries in the Willamette Valley which process beets

normally operate as seasonal establishments. During the crop season

the period of operation is intensive and may run 2k hours a day in
order to keep up with the harvesting and to preserve the material

before spoilage.

Therefore, the volume of waste per day is usually
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large, but the canning season may last for only a relatively short
period of weeks or months.

In the Willamette Valley area the season

lasts for about nine weeks during the months of August, September,
October and November.

A flow diagram of a typical beet canning operation is shown

in Figure 1 (17, p. 6).
soil.

The beets are first washed to remove adhering

After washing, the beets are cooked in a blancher and then sent

to an abrasive peeler where the outer layers of the beets are removed.
Following an inspection where some of the beets are hand-trimmed or

returned for further peeling, the beets are graded and distributed for
canning as whole, sliced, diced or shredded beets.

The beets are then

packed in cans and cooked either by a continuous steam process or by
a batch process employing a hot water bath.

The main liquid waste streams in the process arise from the
initial washing, the blanching and peeling operations, the final cook
ing and the floor washings.

The spent wash water from the initial

washing is low in color and organic content and contains mostly silts

which are readily removed by settling.

The major portion of the

organic material and color comes from the blanching and peeling
operations with some additional amount coming from the cooking and

clean-up operations.

has a high 5-day BOD.

The screened beet waste is highly colored and

A chemical composition report shows that beets

are high in protein and carbohydrates (21, p. lU). Warrick, et al.

(20, p. 28) reported the following analysis of a screened beet waste;

Table 1

Analysis of a Screened Beet Waste

pH

Maximum

Minimum

7.3

6.U

Average

7.0

p.p.m.

U,0U0

1,580

2,600

Total.
.p.p.m.
Volatile.
p.p.m.
Fixed
p.p.m.
Suspended
p. p.m.
Oxygen consumed.....p.p.m.

7,100

3,860
2,620

5,360
U, 130
1,250

5-day BOP
Solids:

6,OUO
2,590
1,700
3,800

780
7U0
2,320

1,120
2,990

In 1918 G. Schudel observed the red pigment in beets and
classified the color pigment of red beet as an antfrocyanin and named

it betanin (10, p. 1).

The red pigment of beets is similar to the

anthocyanins, common water soluble red pigment, in that i t contains
glucose and has different solubilities in different solvents.

differs from the anthocyanins in that it contains nitrogen.

Betanin

The

structure of betanin is not precisely known but is closely related to
the following structure:

Alnley and Robinson isolated the pigment and their results

indicated a molecular formula as C2oH1Q-2307n2C'1l ' 3H2° (^> P* 120U).

Pucher, Curtis and Vickey proposed the formula Of&%}%0)gSI • 3%0
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for the color composition (17, p. 26).

They also determined that the

maximum absorption of light for a red pigment solution occurred at a

wave length of $30 rn^u (17, p. 26).
Activated Sludge Process

The activated sludge process is an aerobic, biological
system in which an organic waste is contacted with a continuously
circulated biological growth.

In the conventional activated sludge

process the incoming waste is seeded with an actively growing microbial
mass.

This mixed liquor then flows to an aeration chamber.

Air in a

quantity sufficient to maintain aerobic conditions and to supply-

adequate mixing is diffused into the mixed liquor.

Following aeration,

the mixed liquor is passed through a settling basin where the treated
effluent is removed as the overflow stream and the flocculated bio

logical growth is removed as the underflow stream.

A portion of the

settled biological growth or "activated sludge" is returned to seed

the incoming waste and the excess growth is wasted from the system.
The major factors which affect the process arei
1.

Detention time in the aeration chamber.

2.
3.

Type and quantity of organic material in the waste.
Quantity of air supplied to the system.

U.

Quantity of biological growth maintained in the
system as measured by the suspended solids in

5.
6.

the mixed liquor (MLSS).
Temperature.
pH of the mixed liquor.

In addition the development of a biota properly acclimated
to the waste being treated is necessary to give good treatment results.

7

The process is extremely flexible and nearly any degree of treatment
may be attained depending upon the combination of these various
factors.
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LITERATURE REVIEW
OF

PREVIOUS LABORATORY AND FIELD STUDIES ON BEET WASTE

Most studies have been concerned with the effects of beet

waste on sewage plant operation with little data on color removal.

E. F. Eldridge (7, p. 17) reported that the BOD (biochemical

oxygen demand) of a tomato-beet waste would be reduced by U2.3 percent
when coagulated with lime, but he did not connect this with color
removal.

R. A. Webster (22) reported on studies of combined beet and

corn waste using chemical coagulation, deep filter and high-rate

filter for BOD removal, but his report did not include color removal.
L. F. Warrick, et ajL (20), in connection with the National

Canners Association, made a study of many methods of treating cannery
waste, including beet waste. Chemical treatment and biological fil

tration were the emphasis of the beet waste study. Tney found that
with the addition of lime to screened beet waste in an amount suffic

ient to raise the pH to approximately 11.0 produced a supernatant
liquor that varied in color from a light orange to yellow and with an

average BOD reduction of $9 percent. Activated carbon produced no
improvement in BOD reduction with no report on color removal. The

combination of lime and lead acetate gave a BOD reduction of 38 per
cent with no report on color removal. Supernatant liquids from all

bentonite tests were murky and the BOD reductions poor. Different
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combinations of lime and alum gave an average BOD reduction of 36
percent and a supernatant liquor with varying colors reported as
cloudy dark brown, reddish orange, clear dark wine red and clear
light yellow brown.

Combinations of ferrous sulfate with lime pro

duced a rapid settling precipitate with a BOD reduction of 75 percent
and a supernatant liquor with color varying from clear amber to clear

yellow.

Combinations of ferric chloride and lime gave an average BOD

reduction of 5U percent and a supernatant liquor that was yellow or
greenish yellow in color.

Combinations of lime and zinc chloride

gave an average BOD reduction of 85 percent and a nearly colorless
supernatant liquor.

Results of trickling filter studies indicated

that the beet waste could be treated biologically if enough contact

time and sufficient filter capacity were available.

Color reductions

by the trickling filters were not reported.

R. E. Pailthorp (17) made studies of beet color removal by
various treatment methods.

He concluded that a high-rate trickling

filter would not produce adequate treatment to remove enough beet
color from the combination of beet waste and domestic sewage to pre
vent its detection in a receiving stream.
chlorine and lime removed the color.

He also concluded that

Limited studies using activated

sludge on a batch process basis gave an amber colored effluent.

N. L. Nemerow and T. A. Doby (lU) made a study of color
removal in waste-water treatment plants by sending out questionnaires

to 386 plants throughout the United States.

Of the 138 replies, only

10

lit plants computed color removal efficiencies, and seven of these
plants were of the activated sludge type.

The color originated from

a variety of industrial wastes with no mention to what particular
waste such as beet waste.

The activated slud.;e plants reported a

removal of 93 percent of the color when more than 90 percent of the
BOD and suspended solids were removed.

However, one should be reminded

that the plants reporting were concerned about color removal and,
therefore, concentrated more upon removing color.

Of the seven

reporting plants, one had a color source of canning and chemicals.

Tney reported a 100 percent color removal on the basis of visual
inspection.

Nemerow and Doby also concluded that in the future more

attention will be given to the color problem in waste-water and its

reduction in municipal treatment plants handling industrial wastes.

E. B. Besselievre (2) reported that in Celina, Ohio, where
a mixture of cannery wastes and domestic sewage is treated, the
secondary treatment of activated sludge has proved effective.

The

cannery waste was subjected to chemical precipitation prior to dis
charge to the sewer.

The plant records showed a BOD reduction of

98.k percent during the canning season for beets, tomatoes and
potatoes.

Color removals were not reported.

R. S. Ingols (9) gave results that the activated sludge
process was used successfully in treatment in laboratory studies on

canning wastes.

Type of waste and color reduction was not reported.

He stated that the process must develop an adequately adapted flora
in order to function effectively on canning wastes.
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METHOD OF STUDY AND EXPERIMENTAL DESIGN

Laboratory studies were made to ascertain the ability of
activated sludge to remove beet color.

Two continuous-flow,

completely-mixed activated sludge units were constructed for this
purpose.

An experimental design was formulated to investigate the

effect on color removal by the variables of detention time, mixedliquor suspended solids and color concentration in the influent waste.
A factorial experiment designed to Investigate these three variables
at two levels resulted in the following plan:
Table 2

Experimental Plan
MLSS

Test Run
No.

Cone.

Detention
time

(mg/'L)

(hrs.)

1600
3200
3200

8

It

1600

It

3200

7

1600
1600

8
8
U

8

3200

h

1
2

3

U
5
6

8

Color
Cone.

(absorbance)
0.15
0.15
0.15
0.15
0.30
0.30
0.30
0.30

The detention time was controlled by proper adjustment of
the pumping rate of the influent waste.

The mixed-liquor suspended

solids were controlled by daily sampling and the wasting of excess

growth.

The beet color was controlled by adding liquid drained from

canned beets to the waste and adjusting the color concentration by
spectrophotometric measurements.
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EXPERIMENTAL APPARATUS

The apparatus used in the study consisted of aeration tanks,
refrigerated waste storage facilities and a pumping arrangement to

provide continuous feed to aeration units.

A flow diagram is shown

in Figure 2,

The aeration tanks were cylinders four inches in diameter

and 16 inches long which were tapered at the bottom with 60° cones.
The units were designed to provide a liquid volume of two liters with
a liquid depth of nine inches.

A porous plate in the bottom of the

cylinder served as an air diffuser.

A one-inch diameter tube in the

center of the tanks directed the flow of air and mixed liquor in a

circulating flow pattern.

A baffle plate separated a portion of the

cylinder to serve as a settling zone.

The area behind the plate was

used for the sedimentation and the overflow of the effluent (Figures

3, U and 9).
The waste was stored in five-gallon glass carboys in a

refrigerator kept at approximately 5° C. (Figures 5 and 6).
Positive displacement diaphragm pumps were used to transfer the waste

to the aeration tanks (Figure 7).
compressed air.

These pumps were activated by

A solenoid valve connected to an electric timer

controlled the time cycle of the pumps.

Two-way check valves

controlled the flow into and out of the pump chambers.

The flow

could be regulated by either adjusting the timing cycle or the

displacement volume of the pump.
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Compressed air was obtained from the laboratory air supplylines to provide power for the pumps and air for the aeration tanks.
A pressure regulator reduced the pressure in the system to approxi

mately 10 p.s.i.g. (Figure 8).

A surge tank placed in the air lines

after the pressure regulator maintained a flow distribution in the
system.
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ANALYTICAL METHOD

All analyses in this study followed the procedures outlined

in "Standard Methods for the Examination of water and Wastewater" (l)
unless otherwise noted.

A Beckman glass electrode pH meter was used for pH
determinations.

The meter was standardized each time against a pH 7.0

buffer solution and adjusted for temperature.
Temperature

Temperature measurements were made with a mercury-filled
centigrade thermometer.
Absorbance

A Baush and Lomb 3U0 spectrophotometer was used in the
absorbance determinations for the colorimetric measurements involved

in the study.

Test tubes with 1 cm. light path were used in the

determinations and distilled water was used as a standard for initial

zero setting of the spectrophotometer.
Mixed-Liquor Suspended Solids

The MLSS were determined by the total suspended matter (non-

fiitrable residue) method.

In place of the recommended asbestos

filter mat, a filter mat was prepared by placing a fiber glass filter

pad (Hurlbut Paper Company) in the crucible and drawing through, under
suction, 20 ml. of a 5 gm/L suspension of Celite (Johns-Mansville
Celite Analytical filter-aid).

20

Biochemical Oxygen Demand

The 5-day BOD was determined by the dilution method.

The

dilution water was seeded with 2 mg/L of mixed liquor for influent
samples.

The effluent samples were not seeded.

Dissolved oxygen was

determined by the Winkler method using the Alsterberg (sodium azide)
modification.
five days.

The BOD's were incubated in a 20° C. incubator for
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EXPERIMENTAL PROCEDURE

Development of Activated Sludge
A stock culture of activated sludge was developed for later

use in the continuous flow units.

This culture was developed by

aerating a synthetic waste seeded with raw sewage obtained at the City

of Corvallis treatment plant.

The synthetic waste was composed of

glucose, nutrient broth, urea, soap and inorganic salts.
ulation is given in the next section.

a twice daily feeding basis.

The form

The culture was maintained on

After sufficient growth had developed

to produce a settleable floe, a daily settling and decanting procedure

was followed in addition to the twice daily feeding.

The pH of the

culture was maintained in the region of seven by adding a buffer
solution of sodium carbonate and sodium bicarbonate as needed.

Synthetic Waste and Beet Color

A synthetic waste similar to a domestic sewage was used as

the basic feed for the activated sludge units.

Juice from canned

beets was added to this waste to give the desired intensity of beet

color.

The formulation of the synthetic waste is given in Table 3.
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Table 3

Formulation of Synthetic Waste
Basis: one liter volume of waste

Glucose
Nutrient Broth
Urea

225
mg
150 mg
62.5 mg

NagHPOj^ . 7H20

37.5 mg

NaCl
KC1

50
50

rag
mg

MgSO^ • 7H20

50

mg

Soap

25

mg

The feed was made once or twice weekly at 50 strength and
stored in the refrigerator until needed.

The BOD of this formulation

was 117 mg/L.
Juice from "Diamond A Oregon Sliced Beets" distributed by
the Eugene Fruit Growers Association, Eugene, Oregon, was used as a
source of beet color.

Tests were made to determine the color inten

sity obtained by adding different volumes of beet juice to distilled
water.

The color intensity was expressed as the absorbance and was

measured with a spectrophotometer.

These tests served as a basis for

calculating the amount of beet juice needed in the synthetic waste to
produce the desired color intensity.

It was found that h ml. of beet juice per liter of synthetic
waste gave an absorbance of 0.15 when measured with a 1 cm. light
path and at a wave length of 530 m/c.

This was used for the low color

concentration level in the influent.

The 530 m/t wave length was

established from the maximum point on an absorbance soectrum made on

a diluted beet juice (Figure 10).

A dilution curve for the beet juice

was established on the spectrophotometer at this wave length (Figure
11).

The h ml. of beet juice had a BOD of U7 mg/L and combined with

the feed formulation to give a total BOD of 16U mg/L for the
synthetic waste.

The synthetic waste consisted of the combination of

beet juice arid feed with city tap water.

It was found that 8 ml. of beet juice per liter of
synthetic waste gave an absorbance of 0.30 when measured with a 1 cm.

light path and at a wave length of 530 m/<.

This was used for the high

color concentration level in the influent.

The strength of the

synthetic feed formulation was adjusted and combined with the 8 ml. of

beet juice to maintain a total BOD of 16k mg/L for the synthetic
waste.

The flow rate of the influent waste was 6 L/day for the
eight-hour detention time and 12 i/day for the four-hour detention
time.

Laboratory Procedure

For each test run the mixed liquors were acclimated to the

specific test conditions for a period of five days.

The following

data were obtained every morning at 10x00 o'clock for the next five
days;

1.
2.

The temperatures of the room and the mixed liquor.
The pH of the influent and the effluent.

3.

The MLSS.

U.

The light absorbance of the influent and the effluent.
The volume of synthetic waste in the storage facilities was

checked daily to verify the flow rates and the necessary adjustment
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of the pumping rates were made.

Excess sludge was wasted from the

aerators on the basis of the daily MLSS determinations.

the effluent was determined once during each test run.

The BOD of

The waste-

storage tanks, the pumps and the supply lines were cleaned period
ically to prevent excessive growths from developing in the storage
and pumping system.
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RESULTS

Only test runs 1, 2, 3 and k of the experimental plan were
successfully completed.

These runs were for the conditions in which

the beet color concentration in the waste was at the low level.

Repeated attempts to complete test runs $, 6, 7 and 8 in which the
beet color concentration was at the high level failed.

data were obtained for test runs 5 and 6.

Partial

Therefore, the experiments

yielded results which could only be evaluated for the effects of MLSS
concentration and detention time.

The percent color removals obtained in runs 1, 2, 3 and k
are shown in Table U.

Table h
Percent Color Removal

Run No.

Days from start
of test run

1

2

I

k

MLSS 1600
Det. 8 hr.

MLSS 3200
Det. 8 hr.

MLSS 3200
Det. h hr.

MLSS 1600
Det. h hr.

Color 0.15

Color 0.15

Color 0.15

Color 0.15

6

7U

7U

75

7

87

83

69

7k
81

8
9
10

80
79
93

82
85
9$

75
75
81

80
8U
87

Average Removal

83

~~8H

flf '

8l

The average color removal of the test runs was 81 percent.

The similarity in the average color removals in test runs 1, 2, and

h in Table h should be noted. The color removal increased with time,
indicating the 5-day acclimation period was not sufficient.
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When the activated sludge units were operated with the high

color concentration in the waste, a bulking sludge resulted and the
suspended solids could not be maintained in the units.

Partial data

obtained from runs 5 and 6 before the bulking sludge caused the units
to become inoperable showed average color removals of 82 and 80 per
cent respectively.

No data were obtained for runs 7 and 8.

The results of the determination for pH, BOD reduction,
temperature and MLSS for runs 1, 2, 3, kt 5 and 6 are given in Table 5.
Table 5
Laboratory Determinations
Run No.

pH

Max

infl.

Min
Mean

pH

1
7.1
6.9

2
7.2
6.7

3
772"
7.1

7.0

6.8

7.2

k
TO

5*
771

6»
7.3

6.9
7.1

6.9
7.0

6.9
7.1

Max

7.2

6.9

7.3

7.3

7.2

7.1

Mixed
Liquor

Min
Mean

7.0
7.1

6.7
6.8

7.0
7.1

7.1
7.2

6.8
7.0

6.7
6.9

Temp.
Mixed

Max
Min
Mean

25
21

25
22
2k

25
21
23

25
21

23

26
2k
25

26
2k
25

Liquor

2k

(oc)

MLSS

Max

20U7

3500

3592

218U

3700

2330

(mg/L)

Min

1728

3216

2810

1625

2833

1750

Mean

i860

3311

3078

1930

331U

2135

93

98

98

96

95

93

BOD

Reduction
(percent)

*Data for only a partial run

The MLSS used in the test run were an average MLSS of the

laboratory determination and the experimental plan.

This is because
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the MLSS determinations were taken when the solids concentration was

at a maximum or prior to wasting the excess growth.

All BOD reduc

tions in the test runs were over 90 percent indicating a satisfactory
treatment was obtained.
It was observed that if the effluent was allowed to stand

for an hour or longer, all traces of remaining color disappeared when
visually inspected.
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CONCLUSIONS

1.

The activated sludge process produced color removals of

over 80 percent in treating a combined beet and synthetic waste.
2.

Varying the detention time from four to eight hours did

not affect color removals at low beet color concentrations.

3.

Varying the mixed-liquor suspended solids concentration

from 1600 to 3200 mg/L did not affect color removals at low beet
color concentrations.

U.

A bulking sludge occurred in all operating conditions

at higher beet color concentrations.

5.

The activated sludge process will adequately remove the

oxygen demand of the waste as evidenced by over 90 percent BOD

(biochemical oxygen demand) reductions.
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