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The colicidal efficiency of chlorine in both settled and unsettled

trickling filter effluent samples was determined by means of a series

of tests in which each sample was analyzed, at given time intervals,

for suspended solids, pH, residual chlorine (orthotolidine and

iodometric) and coliform count. A dye-tracer study, using Rhodamine

B dye, was conducted on a typical circular settling tank and the flow

characteristics evaluated. The results of the two studies were

analyzed individually and then combined to compare the coliform

disinfection obtained by chlorinating settled effluent in a contact

chamber with that obtained by chlorinating unsettled effluent in a

settling tank.

Based on this study, the following conclusions were made:

1. In general, the colicidal efficiency and residual chlorine tended

to decrease as the suspended solids concentrations of the samples

increased.



2. The orthotolidine method for determining chlorine residual was

found to be an unreliable indicator when used on trickling filter

effluent, with chlorine residuals of 5.0 or less.

3. Chlorination of the settled filter effluent showed better coliform

disinfection than did chlorination of the unsettled. At a chlorine

dosage of 1 mg /l, coliform regrowth occurred in both the settled

and the unsettled samples after 2 hours of contact. The dosages

of 2, 4, 5 and 8 mg/1 all gave complete disinfection (less than

0.0001% coliforms remaining) in less than 3 hours contact. The

difference in the coliform disinfection rates of the settled and the

unsettled samples decreased as the chlorine dosage was increased.

At dosages of 4 mg/1 and higher the difference in disinfection rates

became insignificant.

4. The dye-dispersion data revealed several undesirable features

in the flow pattern through the settling tank. The effects of

turbulent short-circuiting and stagnant areas were very pro-

nounced. The dispersion index for the tank was approximately

four times higher than the maximum value usually associated

with settling tanks with acceptable flow characteristics.

5. The colicidal efficiency obtained by chlorinating settled effluent

in a contact chamber was found to be consistently higher than that

obtained by chlorinating unsettled effluent in a final settling tank.

The difference was found to be small and insignificant at chlorine

dosages greater than 2 mg/l. At dosages of 2 mg/1 and lower,



the concentration of coliforms in the settling tank effluent

averaged 2 to 4 times higher than the average concentration of

coliforms in the contact chamber effluent. This difference is

quite significant and should be considered when comparing the

cost of chlorinating (at dosages near 2 mg/1) in a final settling

tank with the cost of building and operating a contact chamber.
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DISINFECTION OF SETTLED AND UNSETTLED TRICKLING
FILTER EFFLUENT BY CHLORINATION

INTRODUCTION

Plant scale chlorination of sewage was performed for the first

time more than 60 years ago at Red Bank, New Jersey. Since that

time chlorination has become common practice in sewage disinfection.

Disinfection can be obtained in several different ways. Waste treat-

ment plants that have outfalls with relatively long travel times often

dose the settled effluent with chlorine and allow the outfall to act as

a contact chamber. When a long outfall is not available, the neces-

sary contact time is usually obtained by chlorinating in some form of

detention tank. In some cases the settled effluent is chlorinated in a

chlorine contact chamber. In other cases the unsettled effluent is

chlorinated in the final settling tank.

In recent years, various states have established arbitrary

standards governing the chlorination of waste effluents. Many of

these standards consist of minimum contact time and residual

chlorine requirements (5). The contact time requirements were in

many cases longer than those being attained, and adjustments had to

be made in the existing disinfection facilities.

The chlorine contact time can be increased either by construct-

ing a contact chamber following the final settling tank or by using the

final clarifier as a contact chamber. Because of the qualitative
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differences in settled and unsettled filter effluent, the disinfection

accomplished by chlorination in the final settling tank may be sig-

nificantly less than that accomplished in a contact chamber.

Suspended solids and BOD have long been considered important

factors controlling the amount of chlorine necessary to obtain sat-

isfactory disinfection (2). The organic matter is thought to be

responsible for lowering the disinfecting ability of the chlorine by

reducing it chemically. The suspended solids are thought to provide

shelter from the chlorine for embedded organisms (11). However,

information directly comparing the relative efficiencies of chlorinat-

ing unsettled waste effluent in a final settling tank as opposed to

chlorinating settled effluent in a contact chamber appears to be

unavailable.

Burns and Sproul (2) found that approximately 23% more chlorine

was required to produce 99%-inactivation of virus in unsettled than in

settled trickling filter effluent. In spite of the fact that only about 1

virus exists in sewage for every 100,000 coliforms and that virus

react somewhat differently to chlorine than do coliforms (2), the

above results indicate that the colicidal efficiency of chlorination of

settled effluent may be significantly higher than that of unsettled

effluent. If the colicidal efficiency of chlorinating settled effluent in

a chlorine contact chamber is significantly higher than chlorinating
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unsettled effluent in a final settling tank, the cost of constructing a

chlorine contact chamber may sometimes be justifiable.



4

EXPERIMENTAL DESIGN

The objective of this study is to establish the relative efficiencies

of chlorination of settled and unsettled trickling filter effluent. To

accomplish this objective two general relationships must be deter-

mined. First the colicidal efficiencies of chlorine in both settled

and unsettled filter effluent must be established. Second, because

chlorination of unsettled filter effluent is usually accomplished by

using a settling tank as a contact chamber and chlorination of settled

filter effluent is usually associated with a chlorine contact chamber,

not used for removal of suspended matter, the flow characteristics

of both a typical settling tank and a typical contact chamber must be

determined.

A series of tests on both settled and unsettled filter effluent

were used to establish the colicidal efficiency associated with the

chlorination of each. This series of tests involved several

separate runs where both settled and unsettled filter effluent samples

were subjected to varied chlorine dosages, ranging from 1 milli-

gram per liter to 8 milligrams per liter, and various contact times,

ranging from 30 minutes to 4 hours. The data necessary to establish

the settled and unsettled chlorine efficiencies were obtained by

monitoring the p1-I, suspended solids concentration, residual chlorine

concentration and coliform concentration of each of the samples at
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the beginning and end of predetermined time intervals.

The flow characteristics of a typical settling tank were deter-

mined by means of a dye-tracer study on the secondary settling tank

at the Corvallis Sewage Treatment Plant. The necessary data were

obtained by dosing the influent to the settling tank with a known

quantity of Rhodamine B dye-tracer and monitoring the dye-concentra-

tion in the effluent. The flow characteristics for a typical chlorine

contact chamber were estimated, based on the data gathered in the

dye-tracer study made on the settling tank.



EXPERIMENTAL PROCEDURE

Experimental Apparatus

Chlorine Colicidal Efficiency Study

The chlorine colicidal efficiency study was conducted in, the

Sanitary Engineering Laboratory at Oregon State University. The

trickling, filter effluent samples used in the study were taken from

the Corvallis Sewage Treatment Plant. This plant is composed of

the three basic waste treatment processes of primary sedimentation,

high-rate trickling, filtration and secondary sedimentation. The

plant handles an average domestic waste flow of approximately 5

million gallons per day, MGD.

For the purposes of sample transportation and chlorine contact

8 plastic waste cans with a capacity of 6 gallons were used. These

plastic containers were graduated at the 10 and 15 liter levels for

ease in obtaining the desired sample sizes.

Dye-Tracer Study

The dye-tracer study was conducted on the secondary settling

tank at the Corvallis Sewage Treatment Plant. This settling tank is

of circular construction and is similar in design to the settling tanks

used in many waste treatment facilities throughout the United States.
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The tank has an inside diameter of 110 feet, a side wall water depth

of 8 feet and a theoretical detention time of 1.88 hours, at the

design flow of 7.26 MGD.

The dye-tracer used was Rhodamine B. The samples were

taken from the settling tank effluent by means of a dipper-type

sampler and placed in properly labeled 100 milliliter sampling bottles.

The effluent samples were analyzed for dye concentration using a

Turner Model 111 Fluorometer, equipped with appropriate light

filters for detection of Rhodamine B dye.

Experimental Procedure

Chlorine Colicidal Efficiency Study

The chlorine colicidal efficiency study was conducted as seven

separate tests. Fresh samples were collected for each test and the

chlorine dosages and contact times were reevaluated and sometimes

modified in each consecutive test, based on the findings of preceding

run(s). Because the changes made from run to run were of minor

procedural importance and are shown in the test results discussed

later in this report, the remainder of this section will be concerned

with the presentation of the general procedures followed in all the

tests.

At the beginning of each test period eight 15 liter samples were
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taken from the unsettled effluent of the high-rate trickling filter and

transported to the laboratory. After arriving at the laboratory all

samples were well mixed and allowed to settle without disturbance for

1 hour. After one hour of settling four of the eight samples were

again mixed thoroughly and their volumes adjusted from 15 liters

to 10 liters. The remaining four samples remained unmixed and 10

liters of settled supernatant was siphoned Horn each and placed in

clean plastic containers.

The source of chlorine used was a commercial chlorine bleach

containing 3. 5% free chlorine residual. The concentrated bleach

solution was diluted to form several dilutions such that each desired

chlorine dosage could be obtained by adding exactly 200 milliliters

of one of the dilutions directly to one of the 10 liter samples. This

approach was used so that the volume change caused to the sample

by addition of the chlorine would be minor and the volume of chlorine

solution added would be large enough to insure equal chlorination

throughout each sample.

Just prior to the dosing of the samples the suspended solids

concentration, pH and coliform concentrationwere determined for both

the settled and the unsettled samples. The general procedure used in

each of these analyses will be discussed later in this section.

In each of the seven tests one settled and one unsettled sample

were not dosed with chlorine and were maintained as a control for the
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respective group. During the course of the test the controls

(settled and unsettled) were analyzed periodically for pH, residual

chlorine and coliform concentration. The actual chlorine dosing

and sample analysiswere conducted as shown in the time schedule

in Figure 1. The chlorine dosing began with the smallest dosage

first and proceeded to the highest dosage, at fifteen minute intervals.

All seven of the tests were run as shown by the time schedule in

Figure 1, with only minor variations in the contact time and in the

magnitude of the dosage.

Several analytical tests were run on each sample during the

course of the study. At the beginning of each test the suspended

solids concentration of both the settled and the unsettled effluent was

determined. The pH, residual chlorine concentration and coliform

concentration was determined on each sample at the beginning and

end of each predetermined contact period.

The suspended solids tests were run according to the specifica-

tions given in the twelfth edition of Standard Methods.(1). The settled

filter effluent was analyzed by filtering 200 milliliters through a

Gooch crucible containing a glass filter pad. The unsettled filter

effluent was analyzed by filtering 50 milliliters.

The pH of each sample was determined using a pH meter.

The pH meter was standardized, using a standard pH 7.0 buffer,

at the beginning and periodically throughout each test period.
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Time
(min. )

0

15

30

45

60

75

Chlorine Dose
Schedule

Dose First
Unsettled sample

Dose First
Settled sample

Dose Second
Unsettled sample

Dose Second
Settled sample

Dose Third
Unsettled sample

Dose Third
Settled sample

1.

2.

1.

2.

1.

2,

1.

2.

1.

2.

1.

2.

Analysis Schedule
Run tests on unsettled control
Run residual chlorine on first unsettled sample

Run tests on settled control
Run residual chlorine on first settled sample

Run tests on unsettled control and first unsettled sample
Run residual chlorine tests on 2nd unsettled sample

Run tests on settled control and first settled sample
Run residual chlorine tests on 2nd settled sample

Run tests on unsettled control and 1st and 2nd unsettled
Run residual chlorine tests on 3rd unsettled sample

Run tests on settled control and 1st and 2nd settled sample
Run residual chlorine tests on 3rd settled sample

90 Run tests on unsettled control and 2nd & 3rd unsettled samples

105 Run tests on settled control and 2nd, and 3rd settled samples

120 Run tests on unsettled control and 1st and 3rd unsettled samples

135 Run tests on settled control and 1st and 3rd settled samples

150 Run tests on unsettled control and second unsettled sample

165 Run tests on settled control and second settled sample

180 Run tests on unsettled control and 1st and 3rd unsettled samples

195 Run tests on settled control and 1st and 3rd settled samples

210 Run tests on unsettled control and second unsettled sample

Run tests on settled control and second settled sample

Run tests on unsettled control and third unsettled sample

Run tests on settled control and third settled sample

225

240

255

Note: 1. The term "TESTS" includes pH analysis, residual chlorine analysis and membrane filter
coliform analysis.

2. The term "residual chlorine tests" includes the iodometric titration and orothotolidine
comparator determinations.

Figure 1. Typical chlorine colicidal test
time schedule.
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The chlorine residual in all samples was determined by two

different methods. The first, the standard Iodometeric Method,

was conducted exactly as specified in the twelfth edition of Standard

Methods (pg. 376), with one exception. The normality of the standard

iodine titrant was reduced from the specified normality of 0.0282 to

a normality of 0.00564. This change was made so that a 1:1 relation-

ship would exist between the standard iodine titrant and the standard

sodium thiosulfate reagent (0. 00564 N), allowing greater accuracy in

measuring the chlorine residuals by this method. The second method

used to determine chlorine residual was the standard Orthotolidine

Comparator Method. A turbidity-compensating comparator was used

and the test was run as is suggested on page 379 of the twelfth edition

of Standard Methods.

The coliform concentration was determined for each sample

using the membrane filter technique given on pages 610 through 615

of the twelfth edition of Standard Methods. The chlorine residual in

the chlorinated samples was neutralized before filtration by the

addition of excess sodium thiosulfate. Three serial dilutions were

made of each sample taken and 20 milliliters of each dilution was

passed through a membrane filter. The magnitude of the dilutions

varied from a high of 1:10,000 for non-chlorinated samples to a low

of no dilution for highly-chlorinated samples. The dilutions used

varied from sample to sample and were designed in each case to
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produce, when possible, one plate with 30 to 60 coliform colonies.

After filtration of the samples the membrane filters were placed on

absorbent pads in petri dishes containing 2.0 milliliters of M-Endo

Broth and incubated at 35 degrees centigrade for 24 hours. The

membrane filter apparatus was disinfected before each new run by

soaking in 95% ethanol and rinsing with sterilized water.

Dye-Tracer Study

The dye-tracer study was conducted on the secondary settling

tank at the Corvallis Sewage Treatment Plant. The study included

two tracer tests on separate consecutive days. In both tests the

tracer was introduced into the settling tank influent by means of a

batch-dump of a dilute Rhodamine B dye solution.

The amount of dye added was controlled by the total volume of

the settling tank. In the first test the total mass of dye to be added

was estimated as approximately 2.15 grams. This estimate was

made by assuming that measureable dye concentrations could be

obtained in the effluent by adding enough dye to produce a concentra-

tion of 1 part per billion if evenly distributed throughout the tank

volume. The mass of dye added to the influent stream was increased

five-fold (10. 75 g) in the second run, because the effluent dye con-

centrations obtained in the first run were too low to make maximum

accuracy possible in the analysis of the samples.
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The dye solution was dumped into the tank influent stream and

after 5 minutes the first sample was taken. The samples were

composite effluent samples and were taken at 5 minute intervals,

except during that time period in which the maximum peak occurred.

During this period the samples were taken at 2 minute intervals.

The samples were analyzed quantitatively, shortly after being taken,

using a Turner Model 111 Fluorometer.
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RESULTS AND DISCUSSION

Chlorine Colicidal Efficiency Study

This study is composed of seven separate tests. The data

obtained during each test are given in tables in the Appendix. The

data in these tables are given in the form in which they were recorded

during the course of conducting the tests.

The pH of each sample was measured periodically throughout

all of the tests and was found to vary only slightly from a value of

7.0. The fact that the pH remained relatively constant was probably

due to the high buffering capacity of the waste.

Suspended solids determinations were run on both the settled

and the unsettled samples at the beginning of each test. These data

are not complete enough to allow the development of an exact relation-

ship for the effect of suspended solids on the efficiency of chlorina-

tion. However, the colicidal efficiency and the chlorine residual

tended to decrease as the concentration of suspended solids increased.

Both the iodometric and the orthotolidine residual chlorine

determinations were used to analyze the samples for chlorine

residual. Figure 2 shows a comparison of the results obtained by

the two methods. At residuals below 5.0 the results obtained by

the orthotolidine analysis were consistently lower than those obtained



5.0

4.0

3.0

2.0

1.0

15

1,0 2.0 3.0 4.0
Iodometric residual chlorine (mg/1)

Figure 2. Comparison of residual chlorine as measured
by the orthotolidine and iodometric methods.

5.0
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by the iodometric technique. The lower the residual the more pro-

nounced was the difference. The difference seems to result from

interference with the orthotolidine analysis by some material or

combination of materials present in the effluent samples. The inter-

ference showed no consistent change with changes in suspended solids

concentration.

The results of the coliform tests are given in the Appendix in

terms of actual number of organisms present. These results were

converted to percent-remaining and are shown as points on the per-

cent-remaining vs contact time curves given in Figures 3 through

16, These curves show the colicidal-contact time relationships found

for each chlorine dosage (up to 8 mg/1). The numbers shown next

to each data point on the curves are the corresponding iodometric

chlorine residuals, in milligrams per liter.

Figures 3, 4 and 5 show the colicidal-contact time relationships

found for a chlorine dosage of 1 milligram per liter in three separate

runs. Although the absolute magnitude of the effective coliform kill

varied somewhat from run to run, the settled samples demonstrated

a consistently higher relative coliform kill in all three runs. The

results from Runs 1 and 2 show a substantial regrowth of coliforms

after 2 hours of contact, The results of Run 3 show a regrowth of

coliforms after 2 hours of contact but at a much lower rate than that

shown in Runs 1 and 2. In all three of the runs the regrowth occurred
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100.0

0.70
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00
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0. 1

1-8
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0.001

0.0001
0

Run 1 (Test 5)
Chlorine dosage

pH

Suspended
solids

Initial coliform
concentration

Unsettled sample

0.60

= 1 mg /1
settled = 7.0
unsettled = 7.0
settled = 44 mg/1
unsettled = 80 mg/1
settled = 31, 500/m1
unsettled = 31, 000/m1

I

0. 00

0.80
0. 10

Settled sample

0. 20

0.00

Note: Figures shown adjacent to points
are the corresponding iodometric
chlorine residuals.

1, 0 2.0
Contact time (hours)

3.0 4.0

Figure 3. Percent coliforms remaining vs contact time.
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100.0
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0.001

Run 2 (Test 6)
Chlorine dosage

pH
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concentration

Unsettled sample
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settled
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=
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unsettled = 7.0
settled = 32 mg/1
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unsettled = 35, 000/m1

Settled sample
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/
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Note: Figures shown adjacent to points
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chlorine residuals.
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Figure 4. Percent conforms remaining vs contact time.



100.0

10, 0

1.0

0. 1

0.01

0.001

0..0001

Run 3 (Test 7)
Chlorine dosage = 1 mg/1
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Chlorine dosage = 2 mg/1
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concentration unsettled = 45, 000/m110.0
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Figure 6. Percent coliforms remaining vs contact time.
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Figure 8. Percent coliforms remaining vs contact time.
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after the residual chlorine in the samples neared zero.

The colicidal-contact time relationships for chlorine dosages

of 2, 4, 5 and 8 milligrams per liter are shown in Figures 6 and 7,

8 thru 10, 11 thru 14, and 15 and 16 respectively. No regrowth of

coliforms was encountered at any of these chlorine dosages. All of

these dosages gave complete disinfection (less than 0.0001% remain-

ing) before the passage of 3 hours of contact time. The disinfection

rates in the settled samples were consistently higher than those in

the unsettled samples, at all of these chlorine dosages. However,

the difference tended to decrease as the chlorine dosage increased.

Dye-Tracer Study

The results obtained from the dye-tracer study are given in

Figures 17 and 18. The results of the first run are included for the

purpose of showing the reproducibility of the dye-dispersion curve.

Comparison of the curves shown in Figures 17 and 18 shows that the

two curves are very similar, except the dye concentrations in Run 1

are about one-fifth the magnitude of the dye concentrations recorded

in Run 2. This difference is exactly as would be expected since five

times as much dye was added in the second run as in the first. Close

comparison of the two curves shows that the results obtained in the

dye-tracer study were very reproducible. The fact that both runs

were made when the flow through the settling tank (approximately
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7.30 MGD) was relatively constant and very close to the design flow

of the tank, 7.26 MGD, is also an important consideration, since the

ideal time to test the flow characteristics of a settling tank is under

design conditions.

Because the magnitude of the readings taken in the second run

placed them in the highest accuracy range of the fluorometer, they

will be used in the analysis of the tank's flow characteristics. The

various features of a settling tank are determined by means of

several non-dimensional statistical parameters. These parameters

are determined using a dye - dispersion plot such as that shown. in

Figure 18.

The time of first appearance of the dye in the effluent of the

settling tank, t., is the parameter used to indicate the most serioushs or the settling
tank used in this study is shown in Figure 18 as approximately 10

minutes. The theoretical detention of the settling tank, T, is also

given in Figure 18 as approximately 113 minutes. The non-

dimensional form of this index is ti/T and has a value of approximately

0.09. The value of ti/T would be 1 for an ideal settling tank, but

usually ranges from 0.24 to 0.05 in actual practice (10). A value of

.t T/ of 0.09, as obtained in this study, is extremely low and indicates

that serious short-circuiting is occurring, causing a portion of the flow

to pass through the settling tank in about one-eleventh of the
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theoretical detention time.

The time to the center of gravity of the area under the disper-

sion curve (Figure 18) is termed the relative arithmetic mean deten-

tion time, tG The value of tG for this study was determined from

Figure 18 as approximately 72.0 minutes. The value of the non-

dimensional parameter t G/T is approximately 0. 64, which is con-

siderably less than the value of 1.0 associated with an ideal settling

tank. A value of t G/T of 0. 64, as was determined for the settling

tank used in this study, indicates that there are stagnant areas

present in the tank through which the flow does not penetrate. The

presence of these stagnant areas has reduced the effective volume

and detention time of the settling tank to approximately 64 percent

of the theoretical values.

The median detention time, tA, is determined by locating the

time on the dispersion plot (Figure 18) such that 50 percent of the

area under the curve lies on either side. In this case the value of

t
A

was found to be approximately 67.0 minutes. The non-dimension

median detention time tA
/T was determined as approximately 0.59

which is considerably less than the value of 1.0 associated with an

ideal settling tank, Values of tA/T of 0.7 to 0.95 are common in

actual practice (10). The 0.59 value is quite low and indicates that

the total short-circuiting, caused both by the stagnant areas and

eddy currents, is quite serious in this particular settling tank.
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The modal detention time, t p/ is defined as the relative time

to the peak dye concentration on the dispersion curve (Figure 18).

The value of t was determined as approximately 25.0 minutes. The

non-dimensional modal detention time, t /T was determined as

0.22. This value of t P/T indicates that the largest single slug of

tracer passed through the settling tank in approximately one-fifth

of the theoretical detention time.

The dispersion index is defined as the ratio of the time

required for the first 90% of the dye dose to pass through the settling

tank, t90, to the time required for passage of the first 10 percent,

t10.
The value of t90/t10 as determined from Figure 18 is

approximately 8.4. This value is much higher than the value of

t90 /t10
= 1.0 associated with an ideal settling tank, and indicates

that a high degree of mixing in the form of long and short-circuiting

is present in the settling tank. Morrill (8) states that a well

designed settling tank should have a value of t90 /t10 equal to 2.0

or less.

The plot shown in Figure 19 was derived from the area under

the curve, shown in Figure 18. The graph in Figure 18 was extended

beyond the last data point, as shown by the dashed line, until the

area under the curve equalled that area necessary to represent total

recovery of the dye introduced into the system. Then several points

along the time axis were selected, and the area under the curve and
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to the left of each selected instant of time determined., When these

areas are divided by the total area under the curve the numerical

value resulting in each case represents the fraction of the total flow

that has passed through the tank between the time of dye introduction

and the selected instant of time.

Figure 20 is a hypothetical plot of percent flow passed versus

time for a circular chlorine contact chamber designed to have a

theoretical detention time of 1 hour. This curve was developed from

Figure 19 by multiplying all of the time values by the ratio of the

theoretical detention time of the hypothetical chlorine contact chamber

and the theoretical detention time of the settling tank. Construction

of this curve by this method requires that two assumptions be made.

First the tanks must be assumed to be of similar construction.

Second the reduction of the theoretical detention time from 1.88

hours to 1.0 hour must be assumed not to significantly affect the

general flow characteristics of the tank. These assumptions are

quite broad and may not be completely true in the actual case. How-

ever the curve shown in Figure 20 provides an adequate and somewhat

similar basis for comparing the previously presented chlorine

colicidal efficiency data, as will be seen in the next section of this

report.
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Combined Results

The curves shown in Figures 21 through 25 simulate the fate

of the conforms and chlorine residual in slugs of settled and unsettled

filter effluent that have been dosed with 1, 2, 4, 5 and 8 milligrams per

liter of chlorine, respectively. The slug of settled effluent passes

through a chlorine contact chamber with a theoretical detention time

of 1 hour. The slug of unsettled effluent passes through a settling

tank with a theoretical detention time of 1.88 hours.

The total kill vs time curves were constructed by integrating

the curves given for the settled samples in Figures 3-16 with the

curve in Figure 20, and integrating the curves given for the unsettled

samples in Figures 3-16 with the curve shown in Figure 19. For

example, the curves for the settled effluent in Figure 21 resulted

from the integration of the percent remaining-time curves given for

the settled samples in Figures 3, 4 and 5, with the discharge-time

curve shown in Figure 20.

The residual chlorine vs contact time plots were developed by

averaging the iodometric residual chlorine data obtained during the

colicidal efficiency study. The arithmetic mean of the iodometric

chlorine residual was determined for each chlorine dosage and

corresponding contact time and plotted against time.

Figure 21 shows that the average total coliform kill produced
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by a chlorine dosage of 1 milligram per liter is. approximately 2

percent less in a settling, tank than in a chlorine contact chamber.

However, this difference decreased to approximately 1% when a

chlorine dosage of 2 milligrams per liter was used (Figure 22), and

approached zero when chlorine dosages of 4, 5 and 8 milligrams per

liter were used (Figures 23, 24, and 25).

In the chlorine contact chamber the total coliform kill was

found to be approximately 99. 7% at a chlorine dosage of 2 milligrams

per liter (Figure 22), with less than 0. 3 percent added kill resulting

from increasing the chlorine dosage from 2 to 4 milligrams per liter.

In the settling tank the total coliform kill increased from approxi-

mately 97.0% at a chlorine dosage of 2 milligrams per liter (Figure

22) to 99. 95% at a chlorine dosage of 4 milligrams per liter (Figure

23). Increases in chlorine dosages above 4 milligrams per liter

produced only slight increases in coliform disinfection.

Chlorine dosages greater than 2 mg /l in the chlorine contact

chamber and 4 mg/1 in the settling tank do not increase the coliform

disinfection enough to justify the added chlorine required. However,

Burns and Otis (2) have shown that viruses present in water require

a higher chlorine dosage for adequate disinfection than do coliforms.

If removal of viruses is a primary consideration higher chlorine

dosages must be used.
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CONCLUSIONS

1. In general, the colicidal efficiency and residual chlorine tended

to decrease as the suspended solids concentrations of the samples

increased.

2. The orthotolidine method for determining chlorine residual was

found to be an unreliable indicator when used on trickling filter

effluent, with chlorine residuals of 5.0 mg/1 or less.

3. Chlorination of the settled filter effluent showed better coliform

disinfection than did chlorination of the unsettled. At a chlorine

dosage of 1 mg /l, conform regrowth occurred in both the settled

and the unsettled samples after 2 hours of contact. The dosages

of 2, 4, 5 and 8 mg/I all gave complete disinfection (less than

0.0001% coliforms remaining) in less than 3 hours contact. The

difference in the coliform disinfection rates of the settled and the

unsettled samples decreased as the chlorine dosage was increased.

At dosages of 4 mg/1 and higher the difference in disinfection rates

became insignificant.

4. The dye-dispersion data revealed several undesirable features'.

in the flow pattern through the settling tank. The effects of tur-

bulent short-circuiting and stagnant areas were very pronounced.

The dispersion index for the tank was approximately four times

higher than the maximum value usually associated with settling
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tanks with acceptable flow characteristics.

5. The colicidal efficiency obtained by chlorinating settled effluent

in a contact chamber was found to be consistently higher than that

obtained by chlorinating unsettled effluent in a final settling tank.

The difference was found to be small and insignificant at chlorine

dosages greater than 2 mg /l. At dosages of 2 mg/1 and lower,

the concentration of coliforms in the settling tank effluent

averaged 2 to 4 times higher than the average concentration of

coliforms in the contact chamber effluent. This difference is

quite significant and should be considered when comparing the

cost of chlorinating (at dosages near 2 mg/1) in a final settling

tank with the cost of building and operating a contact chamber.
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APPENDIX

Tabular Data

Chlorine Colicidal Efficiency

Tests 1 through 7



Test 1 TABLE Al

Detention
Time
(Hours)

Analysis
Chlorine Dosages

Unsettled Samples Settled Samples
0 5 mg/1 10 mg/1 30 mg/1 0 5 mg/1 10 mg/1 30 mg/1

0

pH
Residual

Starch-Iodine

7.0

0.00

25, 000
184

7.0

4.40
< 5.00

25, 500
184

7.0

9. 10
<10. 00

26, 100
184

7.0

21. 9

26, 000
184

7.0

0.00

31, 400
22

7.0

4. 60
< 5.00

30, 000
22

7.0

9. 30

<10.00

31,000
22

7.0

23.0
---
32,000
22

Chlorine
Comparator

(mg/1)
Conforms/ ml
Susp. Solids (mg/1)

1.0

pH
Residual

Starch-Iodine

7.0

0.00

26, 000
---

7.0

4.00
> 2, 50

0. 1
---

7.1

8. 20
< 10.00

0.05
---

7.7

20. 1

0.00
---

7.0

0.00

37, 000
---

7.0

4. 30
> 2. 50

0. 05
---

7.2

8. 90
< 1Q. 00

0.00
---

7.8

21.7

0. 00

- --

Chlorine
Comparator

(mg,/1)
Conforms/ ml
Susp. solids (mg/1)

2. 5

pH
Residual

Starch-Iodine

7.0

0.00
---

20, 000
---

7.0

3. 10
< 1.5Q

0.00
---

7.2

6.90
> 5.00

O. OCT

___

7.6

16. 2

0.00
---

7.0

0.00

28, 100
---

7.0

3.60
< 1. 50

0.00
---

7.1

7.30
> 5.00

0.00
---

7.8

18.4

0.00
- --

Chlorine
Comparator

(mg/1)
Coliforms/ ml
Susp. Solids (mg/1)

4.0

pH
Residual

Starch-Iodine

7.0

15, 000
22

7.0

2.30
> 1.00

0.00
22

7. 1

5.60
> 5.00

0.00
22

7. 6

12.3

0.00
22

7.0

0.00

21, 500
22

7.0

2.90
< 1.50

0.00
22

7. 1

6. to
> 5.00

0.00
22

7. 7

14.0

0.00
22

Chlorine
Comparator

(mg/1)
Coliforms/ ml
Susp. Solids (mg/1)



Test 2 TABLE A2

Detention Chlorine Dosages
Time Analysis Unsettled Samples Settled Samples
(Horns) 0 5 mg/1 10 mg/1 20 mg/1 0 5 mg/1 10 mg /1 20 mg/1

pH 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9
Residual
Chlorine Starch-Iodine 0.00 4. 5 8. 7 16. 1 0.0 4. 6 9.2 18. 3

Comparator ___ --- ___ --- ___ - --
(mg/1)
Colfforms/ml 31, 000 31, 000 30, 500 30, 000 37, 000 38, 000 36, 500 36, 000
Susp. Solids (mg/1) 161 161 161 161 32 32 32 32

PH 6.9 6.9 7.1 7.5 6.9 6.9 7.1 7.6
Residual

Starch-Iodine 4. 10 6.6 10.0 0.0 4. 30 7. 5 12. 4
Chlorine

C
1.0 (mg/1)

Comparator

Conforms/ ml 2.0 0. 10 0.00 1. 3 0.05 0.00
Susp. Solids (mg/1) --- --- --- --- - --

pH 6.9 6.9 7.0 7.4 6.9 6.9 7.0 7.5
Residual

Starch-Iodine 3. 00 5. 2 8. 1 0.0 3. 50 6. 0 10. 8
Chlorine

2. 5 (mg/1)
Comparator

Conforms/ ml 0.05 0.00 0.00 0.00 0. 00 0.00 0.00
Susp. Solids (mg/1) --- --- --- --- --- --- - --

pH 6.9 6.9 7.0 7.4 6.9 6.9 7.0 7.4
Residual
Chlorine Starch-Iodine 2. 40 4. 4 7. 2 0.0 2. 80 S.3 9. 4

4.0 (mg/1)
Comparator --- --- --- ---

Conforms/ ml 22, 500 0.00 0.00 0. 00 30, 000 0. 00 0.00 0. 00
Susp. Solids (mg/1)



Test 3

Detention
Time
(Hours)

TABLE A3

Analysis
Chlorine Dosages

pH
Residual
Chlorine

Starch-Iodine 0.0

0 (mg/1) Comparator 0. 10

Coliforms/ ml
Susp. Solids (mg/1)

PH

Unsettled Samples
1 mg/1 5 mg/1 10 mg/1

0.70
0. 15

4.50 8. 70
<5.00 < 10. 00 0. 10

0.0

25, 000 25, 000 25, 300 25, 500
180

Residual
Starch-Iodine 0.0Chlorine

1. 0 (mg/1)
Comparator

Coliforms/ ml
Susp. Solids (mg/1) 180

PH
Residual
Chlorine Starch-Iodine 0.0

2. 5 (mg/1) Comparator

Coliforms/ml
Susp. Solids (mg/1) 180

pH
Residual

Starch-IodineChlorine
4, 0 (mg/1)

Comparator

Coliforms/ ml
Susp. Solids (mg/1)

0.60
0. 15

4. 10 8.60
<2. 50 < 10.00

50.0 1.0

Settled Samples
1 mg/1 5 mg/1 10 mg/1

0. 85
0. 15

4.40 9.20
< 5.00 < 10.00

24, 000 24, 000 20, 000 18,000
22 ---
- --

0.0

0. 50 10.0
22

0. 80
<0. 10

4.20 8.80
< 2. 50 < 10.00

0. 50 0.50

0.50
0. 15

110.0

3.40
2.00

7.30
5.00

0.00 0.00

0.0 0.70
0. 10

3.90 7. 80
< 2.50 < 5. 00

0.50 0.00 0.00
22

0.0 0.40
0. 10

14, 000 115.0
180

2.80 6.50
< 2. 00 < 5. 00

0.00 0.00

0.0 0. 40
0. 10

16, 500 0.00
22

3.20
2.00

6. 90
< 5. 00

0.00 0, 00



Test 4

Detention
Time
(Hours)

TABLE A4

0

Chlorine Dosages
Analysis Unsettled Samples Settled Samples

0 mg/1 1 mg/1 5 mg/1 10 mg/1 0 mg/1 1 mg/1 5 mg/1 10 mg/1
pH 7.0 7.0 7.0 7.3 7.0 7.0 7.1 7.4

Residual
Starch-Iodine 0.0 0. 80 4. 30 9.00 0.0 1. 0 4.60 9. 10

Chlorine
Comparator < 0. 15 <5.00 < 10.00 < 5.00

(mg/1)
31, 000 31,500

< 0. 20

31,500 31,500

< 10. 00

31,500Coliforms/ml 31, 000 31, 000 31, 000
Susp. Solids (mg/1) 180 --- --- --- 44 --- --- - --

pH 7.0 7.0 7.0 7.3 7.0 7.0 7.1 7.3
Residual

Starch-IodineChlorine
0. 5

(mg/1)
Comparator

Conforms/ ml
Susp. Solids (mg/1)

pH

0.0 0.70
0. 15

4.00 8.40
>2.50 < 10. 00

0.0 1.0
0. 20

4.40
> 2. 50

8. 50
<10. 00

33, 400 7, 550 2.50 1.0 39, 000 1, 850 1.0 1.0
180 --- --- --- 44 --- --- - --
7.0 7.0 7.0 7.2 7.0 7.0 7.0 7.3

Residual
Starch-Iodine 0.0 0. 60 3.70 7. 80 0.0 0. 80 4. 20 7. 80

1.0
Chlorine

Comparator 0. 15 2.00 > S.00 0. 20 >2. SO > 5.00

Conforms/ ml 36, 800 700 0.20 0.05 50, 300 75.0 0.05 0.00
Susp. Solids (mg/1) 180 --- --- --- 44 --- --- ---

pH 7.0 7.0 7.0 7.1 7.0 7.0 7.0 7.2
Residual

Starch-Iodine 0.0 0. 10 3. 10 7. 00 0.0 0. 20 3.60 7. 20
Chlorine

2. 0 Comparator --- < O. 10 <2 .00 > 5.00 < O. 10 2.0 > 5.00

Conforms/ ml 43, 000 120 0. 10 0.05 71, 500 20.0 0. 05 0.00
Susp. Solids (mg/1) 180 --- --- 44 -- - --- - --

pH 7.0 7.0 7.0 7.1 7.0 7.0 7.0 7.2
Residual

Starch-Iodine 0.00 0.00 2. 70 6. 30 0.00 0.00 3. 30 6.70
Chlorine

3. 0 Comparator < 1.50 > 5.00 --- --- < 2.0 5. 00
(mg/1)
Coliforms/ml 40, 000 890 0.0 0.00 62, 500 190 0.00 0.00
Susp. Solids (mg/1) ---



Test 5

Detention
Time
(Hours)

0

TABLE AS

Chlorine Dosages
Analysis Unsettled Samples Settled Samples

0 1 mg/1 4mg/1 8 mg/1 0 1 mg/1 4 mg/1 8 mg/1
pH 7.0 7. 0 7.0 7.0 7.0 7.0 7.0 7. 0

Residual
Chlorine Starch-Iodine 0.00 0.80 3. 10 6. 20 0. 0 1. 00 3. 30 6. 40

Comparator 1. 50 > 5.00 1. 50 > 5.00(mg/1) < 0. 15

Coliforms/ ml 35,000 35,000 36, 000 36,000

< 0. 20

34, 500 34, 500 34, 000 34, 000
Susp. Solids (mg/1) 151 151 151 151 32 32 32 32

pH 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Residual

Starch-Iodine 0.00 0. 50 2. 50 5.60 0.0 0. 70 2. 70 5.80Chlorine
1. 0

(mg/1)
Comparator 0. 15 1.20 5.00 --- < 0.20 < 1. 50 5.00

Conforms/ ml 38, 300 1, 000 2.0 0. 50 35, 000 101 0.05 0.00
Susp. Solids .(mg/1) --- ---

pH
Residual

Starch-Iodine 0.00 0. 10 2.00 5. 10Chlorine
2.0

(mg/1)
Comparator <0. 10 0.75 < 5.00

Coliforms/ ml 39, 000 300 0.05 0.05
Susp. Solids (mg/1)

0.0 0.30 2.30 5.50
< O. 10 < 1.00 5.00

37, 500 32 0.00 0.00

pH
Residual
Chlorine Starch-Iodine 0.00 0.00

3. 0
(mg/1)

Comparator

Coliforms/ml 40, 000 1,.000
Susp. Solids (mg/1)

1.80 4.50
< 0. 75 < 5. 00

0.00 0.00

0.0 0. 10
< 0. 10

37, 000 97

2. 10
0. 75

4.90
< 5.00

0.00 0.00



Test 6 TABLE A6

t.n
cr

Detention
Time
(Hours)

Analysis

Chlorine Dosage
Unsettled Samples Settled Samples

0 2 mg/1 4 mg/1 8 mg/1 0 2 mg/1 4 mg/1 8 mg/1

0

pH
Residual

Starch-Iodine

7.0

0.00

45, 000
92

7.0

1. 50
> 0. 15

45, 000
92

7.0

3.20
1.50

37, 000
92

7.0

6.30
> 5.00

34, 200
92

7.0

0.0

31, 500
29

7.0

1.40
> 0. 15

31, 500
29

7.0

3.40
1.00

31, 000
29

7.0

6. 30
> 5.00

30, 000
29

Chlorine
(mg/1)

Comparator

Coliforms/ ml
Susp. Solids (mg/1)

0. 5

pH
Residual

Starch-Iodine

7.0

0.0

37, 000
---

7.0

1.30
0. 15

2, 150
---

7.0

2.80
2.00

0.60
---

7.0

5.70
5.00

0. 50
---

7.0

0.0

31, 000
29

7.0

1. 30
0.20

2. 50

7.0

3.00
1.00

0. 10

7.0

5. 70
5.00

0. 10

Chlorine
(mg/1)

Comparator

Colfforms/ml
Susp. Solids (mg/1)

1.0

pH
Residual

Starch-Iodine

7.0

0.0

31, 400
---

7.0

1.00
0. 10

0. 50

7.0

2.50
1.50

0.05
---

7.0

5. 10
5.00

0. 10
---

7.0

0.0

30, 000
29

7.0

1. 20
0. 15

0. 10

- --

7.0

2.70
1.40

0.05

7.0

5. 10
5.00

0.00

Chlorine
Comparator

(mg/1)
Coliforms/ ml
Susp. Solids (mg/1)

2. 0

pH
Residual

Starch-Iodine

7.0

0.00

10, 500
29

7.0

0. 80
0. 10

1. 50
29

7.0

1.90
1.00

16. 5
29

7.0

4.60
< 5.00

0.05
29

7.0

0.0
---
30, 500
29

7.0

0. 80
0. 15

0.00
29

7.0

2. 20
< 1. 50

0.00
29

7.0

4. 60
<5.00

2. 60
29

Chlorine
(mg/1)

Comparator

Coliforms/ ml
Susp. Solids (mg/1)

3.0

pH
Residual

Starch-Iodine

7.0

0.0

10, 000
29

7.0

0. 50
< 0. 10

0.0
29

7.0

1. 70
0. 75

0.05
29

7.0

4. 10
> 2.50

0.00
29

7.0

0.0

25, 500
29

7.0

0.60
< 0. 10

0.00
29

7.0

2.00
> 1.00

0.00
29

7.0

4. 30
> 2.50

0.00
29

Chlorine
(mg/1)

Comparator

Conforms/ ml
Susp. Solids (mg/1)



Test 7

Detention
Time
(Hours)

TABLE A7

Analysis
Chlorine Dosages

0

0.5

pH
Residual
Chlorine
(mg/1)
Coliforms/ml
Susp. Solids (mg/1)

PH

Starch-Iodine
Comparator

Residual
Chlorine
(mg/1)
Coliforms/ml
Susp. Solids (mg/1)

Unsettled Samples
0 1 mg/1 2 mg/1

7.0 7.0 7.0

Settled Samples
4 mg/1 0 1 mg/1 2 mg/1
7.0 7.0 7.0 7.0

0.00 0.80 1.60 3.20 0.00 0.80 1.70
0.00 <0. 10 < 0. 15 1. 50 0.00 < 0. 10 0.20

Starch-Iodine
Comparator

42, 500 42, 500
148 148
7.0 7.0

0.00 0.40
< O. 10

1.0

pH
Residual
Chlorine
(mg/1)
Coliforms/ml
Susp, Solids (mg/1)

Starch-Iodine
Comparator

7, 350

7.0 7.0

0.00 0. 30
< O. 10

pH 7.0
Residual

Starch-Iodine 0.00
Chlorine

2. 0 Comparator
(mg/1)
Coliforms/ml
Susp. Solids (mg/1)

pH
Residual
Chlorine

19,000
38
7.0

Starch-Iodine 0.0
3, 0 Comparator - --

(mg/1)
Coliforms/ml
Susp. Solids (mg/1)

4 mg/1

36, 500 31, 000 22, SOO 22, 500 21, 000
148 148 38 38 38

7.0 7.0 7.0 7.0 7.0

1. 10 2.60 0.00 0. 50 1. 20

0.10 1.40 < O. 10 0.15

27.5 3.0 --- 2, 900 15.0
--- --- 38 --- - --
7.0 7.0 7.0 7,0 7.0

0.80 2.40 0.00 0.40 1.00
< 0, 10 < 1. 20 < 0. 10 0.10

7.0

3.20
1.50

20,000
38
7.0

3.00
1.40

0. 10

2, 150 2.25 0. 10 --- 270 1. 50

--- --- --- 38 --- - --
7.0 7.0 7.0 7.0 7.0 7.0

7.0

2.50
< 1.40

0.10 0.60 2.10 0.00 0.30 0.70
< O. 10 < 0. 10 0.75 < O. 10 < 0. 10

1, 650
38
7.0

9.50
38

7.0

1. 50 20, 000 255 0. 10
38 38 38 38

7.0 7.0 7.0 7.0

0.00 0.50 1.90 0.0 0.10 0.60
< 0. 10 < 0.75 < 0. 10 < O. 10

18, 000 1, 800
36 36

1.00

7.0

2.20
0. 75

1.05
38
7.0

2.00
< 0. 75

0.00 0.00 18, 500 260 0.00 0.00
36 36 38 38 38 38


