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ABSTRACT 

THE EFFECTS OF HYPOCHLORITE ON BACTERIAL 
CAPSULAR MATERIAL 

S. Thomas Dydek 

The uptake of chlorine by mixed bacterial cultures of 

varying polysaccharide content was studied in a homogeneous 

reaction system. The destructive effects of hypochlorite 

oxidation were noted by measuring decreases in solids con¬ 

centrations of bacterial cultures and by measuring changes 

in molecular size distributions of polysaccharides extracted 

from those cultures. The bactericidal effects of a given 

concentration of chlorine were observed for bacteria with 

and bacteria without polysaccharide capsules. 

The uptake of chlorine by bacterial cultures was found 

to be significantly faster and greater for cultures grown at 

a higher carbon-to-nitrogen ratios (larger production of 

polysaccharides) as opposed to cultures grown at a lower 

carbon-to-nitrogen ratios, (smaller production of poly¬ 

saccharides) . Greater destruction of solids occurred in 

bacterial cultures with a higher polysaccharide-to-total- 

solids-ratio for equal chlorine concentration applied. The 

molecular size distribution of bacterial polysaccharide mole¬ 

cules was shifted to a smaller average molecular size by 

the hypochlorite oxidation reactions. At the chlorine con¬ 

centration used (50 mg/1), no added bactericidal protection 

was observed in bacteria with larger capsules. 
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INTRODUCTION 

Description of Problem 

Most waters present in water distribution systems con¬ 

tain organic material. Microbial films are found attached 

to surfaces in contact with such waters, and often cause 

large increases of frictional resistance to flow. The re¬ 

sult is decreased capacity for gravity-flow systems and 

increased power requirements for pumped systems. In cooling- 

water systems, the presence of microbial films adversely 

effects heat transfer efficiencies. (4) 

• The "films" generally consist of bacteria living in a 

matrix of ca’psular slime material (4, 7) . Several authors 

(12, 15, 19, 20) have characterized such capsular material 

as mostly polysaccharides with some species producing muco¬ 

polysaccharides, proteins, and, less frequently, nucleic 

acids. In a mixed culture a large fraction of slime material 

is therefore presumed to be polysaccharide in nature. 

The addition of hypochlorite has been commonly used as 

a means of eliminating microbial slime films. It is gene¬ 

rally assumed that the bacteria are killed, which causes 

the films to slough off. Characklis (4) found, however, 

that the hypochlorite acts as a chemical oxidizer of the 

polysaccharide present. Glucose metabolism continued after 

chlorine dosage in his system, implying that many of the 

bacteria remained viable. 
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In the present research, uptake of chlorine in a 

homogeneous reactor by bacterial cultures of varying 

polysaccharide content was studied. The effect of chlorine 

oxidation on overall solids concentration and molecular 

size distribution of polysaccharides was also studied. 

The bactericidal effects of chlorine on each type of 

bacterial culture was also noted. 

Literature Review 

Wilkinson (22), in his classic monograph on extra¬ 

cellular bacterial polysaccharides, outlined cultural con¬ 

ditions conducive to increased production of polysaccha¬ 

rides by bacteria. Such conditions included nutrient con¬ 

centration, temperature, pH, and oxygen levels. An analy¬ 

sis of the data of Duguid and Wilkinson (8) shows that the 

amount of polysaccharide produced by a known number of the 

bacteria Aerobacter aerogenes increases upon increasing the 

carbon to nitrogen ratio, reaching a plateau at a ratio of 

about 50:1. Phosphorus levels of less than 6 mg per gram 

of lactose utilized also caused increased polysaccharide 

production. This corresponds to a carbon to phosphorus 

ratio of 43 to one. Schaezler (18) found that 6.1 mg of 

phosphorus per gram of glucose (c/P = 66) was sufficient 

for complete utilization of substrate, normal growth curve, 

maximum cell production and complete phosphorus utilization 

for a mixed, acclimated bacterial culture. Duguid and 

Wilkinson also found polysaccharide production per bacterium 
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to be greater at 15-20°C than at 35°C, and greater under 

aerobic conditions as opposed to anaerobic conditions. 

Production was lower at pH 4.1-4.2 than at pH 6.5-7.1. 

Bunting, Rabinow, and Bunting (2) present similar results 

for Serratia marcescens. Morgan and Beckwith (14) found 

that the most slime material was formed in coli, typhus 

and salmonella strains grown at 10-20°C as opposed to 

other temperatures. Dagley and Dawes (5) found that glu¬ 

cose concentration below 10 millimoles (1.8 gm/1) limits 

polysaccharide production in Eh coli. Hoogerheide (11) 

noted that most capsular material of Klebsiella pneumonias 

was formed after the log growth phase. All of these fac¬ 

tors were -taken into consideration of bacterial culture 

growth conditions in the present work, in order to obtain 

varying polysaccharide production. 

Roberts and Gibbons (16), reported a shift in the 

molecular weight distribution of starch upon hypochlorite 

oxidation, which implied the breaking down of starch mole¬ 

cules into smaller fragments. A similar effect was anti¬ 

cipated for the effects of hypochlorite upon molecular 

weight distributions of bacterial polysaccharides. 

Experimental Procedure 

Mixed bacterial cultures were grown up at different 

carbon-to-nitrogen ratios (C:N's), with all other cultural 

conditions constant. These conditions were those outlined 

in the literature as being conducive to production of capsular 
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polysaccharides. Four C:N's were used, 3:1, 15:1, 50:1, and 

100:1. More polysaccharides should be produced by the 

higher C:N cultures. Differences in chlorine uptake can 

be attributed to differences in polysaccharide content of 

the various cultures. Phosphorus was not limiting. 

The hypochlorite reaction was followed by determining 

free and total chlorine residuals with time for the various 

C:N's and for different solids concentrations. The reac¬ 

tions took place in a well-mixed, homogeneous reaction 

system. Changes in solids concentration and in total viable 

bacteria were also monitored. 

Polysaccharide produced by bacteria grown with a C:N 
* 

of 50 was extracted from the culture before and after six 

hours of hypochlorite oxidation. Molecular size distribu¬ 

tions were obtained for each case by Sephadex gel filtra¬ 

tion chromatography. 

Results: 

Polysaccharide content of bacterial cultures increased 

with increasing C:N. The uptake of hypochlorite by bac¬ 

teria was found to be characterized by a rapid initial rate 

followed by a subsequent slower rate. , The initial rate and 

ultimate uptake of hypochlorite increased with increasing 

polysaccharide content of the bacterial cultures. 

Rate and extent of solids destruction was found to be 

directly proportioned to the C:N at which the bacteria 

were grown. The molecular size distribution of bacterial 

polysaccharide molecules was shifted toward smaller average 
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molecular size by the oxidation reaction. 

No significant differences in the bactericidal effi¬ 

ciency of hypochlorite were observed for bacteria which 

formed slime capsules as compared to bacteria which did not, 

at a hypochlorite concentration of 50 mg/1. 
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EXPERIMENTAL 

Culture Conditions 

Seed Culture: 

A mixed bacterial seed was obtained from the sewage 

treatment plant at Bellaire, Texas. After filtration 

through Whatman #2 filter paper, 100 milliliters of this 

seed was placed in a four-liter Erlenmeyer flask, contain¬ 

ing five grams of glucose and five grams of tryptic soy 

broth in one liter of tap water. This mixture was stirred 

on a magnetic stirrer at 37°C and aerated with a sparger. 

Every twenty-four hours, ninety percent was wasted and five 

grams of glucose and five grams of tryptic soy broth were 

added and made up to one liter again with tap water. In 

this manner an acclimated seed was maintained. Innocula for 

subsequent experimental cultures grown at different carbon 

to nitrogen ratios were obtained from this seed culture. 

Experimental Cultures: 

Five milliliters of innoculum was added to about 400 

milliliters of tap water in a two-liter Erlenmeyer flask. 

Table 1 lists carbon source and nutrients added. Table 2 

indicates carbon concentrations and NH^Cl concentrations 

which were varied to obtain the different carbon to nitro¬ 

gen ratios. Each flask was then diluted to 500 mis with 

tap water. These flasks were shaken together on a mechani¬ 

cal shaker at the rate of 180 minute Incubation at 20°C 

for 24 hours was sufficient to produce solids concentra¬ 

tions between 2000-3000 mg/1. 
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Table 1. Carbon Source and Nutrient Solutions Used for 
Experimental Cultures- 

glucose 

phosphate buffer* 

FeCl3 (0.58 g/1) 

MgS04*7H20 (45 g/1) 

g/i) 

in 500 mis. of tap water 

CaCl2 (55 g/1) 

2.5 grams 

2.5 milliliters 

0.25 milliliters 

0.25 milliliters 

0.25 milliliters 

*17 g/1 KH2P04, 43.5 g/1 K2HP04, 66.8 g/1 Na2HP04*7H20 

Table 2. Concentrations 
Culture Flasks 

of Glucose 
for Varying 

and NH4Cl in 
C :N ' s. 

C:N glucose 
mg/1 

carbon NH4Cl (30 g/1) 
mg/1 mis 

Nitrogen 
mg/1 

3 5000 2000 44.0 666 

15 5000 2000 00
 

• 00
 

133 

50 5000 2000 2.6 41 

100 5000 2000 1.3 20 
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Reaction System 

A simple reaction system was used to provide a defi¬ 

nable environment (3). It consisted of 400 ml beakers pro¬ 

vided with magnetic stirring bars on a six-place magnetic 

stirring apparatus. The reaction system was well-mixed 

and well-aerated from atmospheric contact. Temperatures 

varied from 25-26°C. 

Analytical Techniques 

Solids Measurement: 

Solids were measured gravimetrically on each experi¬ 

mental culture after the 24 hour incubation period. Ten 

milliliter samples were filtered through tared 0.45(JL fil¬ 

ters. Three replicates were run for each determination. 

The error in these determinations was _+ 50 mg/1. Appro¬ 

priate dilutions were made in order to obtain the desired 

solids concentration in each reactor. 150 milliliters of 

bacterial culture was placed in the appropriate reactor. 

Chlorine Uptake: 

Sodium hypochlorite (Clorox-5.25% NaOCl) was diluted 

with distilled water to a 100 mg/1 free chlorine solution. 

150 milliliters of this solution were measured into sepa¬ 

rate flasks, one for each reactor. The total chlorine con¬ 

centration in each flask was then determined using the iodo- 

metric method as outlined in Standard Methods (21). Ten 

milliliter samples were taken and pipetted into flasks con¬ 

taining 5 mis of concentrated acetic acid and excess potas- 
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sium iodide (about one gram). Free chlorine was also 

measured, using the method of Black and Whittle (1). Five 

milliliters of filtered sample was added to 4.8 milliliters 

of distilled water, 0.1 ml mixed indicator solution, and 

0.1 ml of mixed buffer solution. Absorbance was read im¬ 

mediately at 592 m^,. 

In order to estimate the inherent error in these two 

chlorine measurements, six identical reactors were set up 

which each contained 300 mis of 50 mg/1 hypochlorite solu¬ 

tion. There is some initial uptake of chlorine by the 

water, so no measurements were taken for 2 hours to mini¬ 

mize this effect. After this time, both total and free 

chlorine determinations were made and analyzed statisti¬ 

cally to obtain an estimation of error inherent in the 

tests. The total chlorine error was + 0.5 mg/1 and the 

free chlorine error was +1.0 mg/1, each at the 95% con¬ 

fidence level. 

The experiment was initiated by adding 150 mis of hy¬ 

pochlorite solution to the reaction vessels containing 

150 mis of bacterial culture. Thus, initial chlorine con¬ 

centration was 50 mg/1. Initial uptake of chlorine is rap¬ 

id. Therefore, more chlorine determinations were made dur¬ 

ing the first hour of the reaction. The chlorine reaction 

continues during the analysis until the endpoint of ti¬ 

tration is reached, and thus the time of reaction is taken 

as the elapsed time of chlorine contact to the end of each 
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titration. During the period of rapid initial uptake of 

chlorine (about 60 minutes), the overall experimental error 

was _+ 1.0 mg/1 chlorine. After this initial uptake period, 

the error was + 0.6 mg/1 chlorine. 

Glucose, nitrogen and chloride determinations: 

Glucose was determined by the alternate semi-micro 

Glucostat method (Worthington Biochemical). Total nitrogen 

was done by the Kjeldahl method (21). Total chloride was 

done according to the method found in Standard Methods 

(21). For the materials balance experiment, nitrogen in 

the form of ammonium sulfate was added instead of ammonium 

chloride. 

Solids destruction: 

Solids concentrations were determined gravimetrically 

during the reactions to determine destruction of solids by 

hypochlorite oxidation for bacterial cultures grown at 

carbon to nitrogen ratios of 3, 15, 50, and 100. Each re¬ 

actor had an initial solids concentration of 1000 mg/1. 

Endogenous destruction of solids was also determined and 

subtracted from total destruction to give the effects of 

hypochlorite oxidation. In these experiments, solids were 

"destroyed" if they could pass through a 0.45 n, filter. 

Polysaccharide extraction: 

The following procedure was used to extract extracellu¬ 

lar polysaccharides from capsule-forming bacteria (C:N = 50): 

1) To bacterial culture, add 5 volumes cold (0°C) 1.0M 

sodium acetate, let stand overnight in the cold; 
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2) Centrifuge, discard pellet; 

3) Add 3 volumes cold 95% ethanol to supernatant, 

let stand overnight; 

4) Centrifuge, pellet contains polysaccharide. 

Polysaccharide extraction in the case of bacterial 

cultures still containing chlorine was preceeded by neu¬ 

tralization of residual chlorine by addition of sodium 

thiosulfate. Polysaccharides extracted in the above manner 

were used in molecular weight distribution studies des¬ 

cribed below. 

Molecular Weight Distribution: 

The molecular weight distributions were determined on 

a 2.5 x 100 cm Sephadex gel filtration column. The column 

was prepared according to Sephadex instructions (16) with 

downward flow, utilizing one flow adapter at the top of 

the column. Table 3 gives a typical set of experimental 

conditions. 

Table 3: Experimental Conditions for Sephadex Chromatography 

Column: 2.5 x 100 cm with flow adapter. Total 

volume, Vj_ = 422 mis. 

Eluant: Potassium phosphate buffer, 0.05 M, pH 6.95 

containing 0.1 M NaCl and 0.02% NaN^. 

Flow Rate: 20 mls/hr. 

Void Volume, VQ = 140 mis. 

Sample Applied: 1 ml of 20 mg/ml solution of poly¬ 

saccharide . 
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The column was calibrated with Dextran fractions T-110, 

T-70, T-40, and T-10, which have average molecular weights 

of 112,000, 60,500, 42,400 and 9,300 respectively. Void 

volume was determined with Blue Dextran, MW = 2,000,000. 

Due to the polydisperse nature of' these fractions, calibra¬ 

tion measurements were made with only one fraction at a 

time (10). Four ml. fractions were collected automatically. 

Peaks in elution volume were determined by using the colori¬ 

metric method of Dubois, ejt aJL (6). 0.2 mis of each frac¬ 

tion was added to test tubes containing 1 ml of 5% phenol 

solution. To this, 5 mis of concentrated H2S04 was added. 

The absorbances were read at 488 mja,. This test is specific 

for sugars and their derivatives. 

Bactericidal Effects: 

Bacteria were grown under conditions identical to those 

described above, with C:N = 3 and C:N = 50. After cultures 

were diluted to approximately equal solids concentrations, 

150 mis of each were placed in separate reactors. Samples 

were removed and a total bacterial count was made. Then 

150 mis of a 100 mg/1 hypochlorite solution was added. Total 

bacterial counts were done again after 10 seconds and after 

30 minutes of chlorine contact. Chlorine remaining in 

these samples was neutralized with sodium thiosulfate prior 

to bacterial count. 
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The method used for total bacterial count was as 

follows for each aliquot or dilution (13): 

1) Place a sterile 0.45p, filter, grid side up 

aseptically on sterile Millipore filter holder; 

2) Add 20 mis sterile buffer, add sample, apply 

vacuum; 

3) Rinse funnel walls with sterile buffer; 

4) Remove filter and transfer aseptically into a 

plastic petri dish containing an absorbent pad 

saturated with 2 mis of double strength tryptic 

soy broth; 

5) Invert the dish and incubate at 30-32°C for 18 
«» 

to 24 hours. 

Photomicrographs: 

Samples of bacteria grown at each of the four carbon 

to nitrogen ratios were taken prior to contact with hypo¬ 

chlorite. These were centrifuged, resuspended and stained 

with India ink according to the method of Duguid (7). 

This method allows demonstration of bacterial slime cap¬ 

sules. Photomicrographs at 1800x were taken. 
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DISCUSSION OF RESULTS 

Polysaccharide Production 

A basic premise of the present research is that bacteria 

grown under nitrogen-limited culture conditions produce 

larger slime capsules and thus, more polysaccharides. 

Duguid and Wilkinson (9) found increased polysaccharide 

production at high carbon to nitrogen ratios (Figure 1). 

This was confirmed by photomicrographs of bacteria grown 

at different C:N (Figures 2-5) and by carbohydrate analy¬ 

ses of various culture filtrates (Table 4) using the method 

of Dubois, ist ad. (6) • 

Bacteria grown at C:N = 3 and 15 produced smaller cap¬ 

sules and less carbohydrate than bacteria grown at C:N = 50 

and 100. A carbon to nitrogen ratio greater than 7.5 is 

nitrogen-limited for this system (3). There was no signi¬ 

ficant difference in capsule size or filtrate carbohydrate 

concentration between C:N = 3 and C:N = 15, or between 

C:N = 50 and C:N = 100. Therefore, the two cases shall 

subsequently be referred to as "high" or "low" carbon-to- 

nitrogen-ratio cultures. 

Chlorine Uptake 

The initial experiment was carried out with 500 mg/1 

solids concentrations of bacteria grown at each of the four 

C:N's. No significant difference was observed between 

chlorine uptakes of bacteria grown with C:N = 3 and 15 or be¬ 

tween uptakes of bacteria grown with C:N = 50 and 100. A 
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FIGURE 2 - PHOTOMICROGRAPH OF BACTERIA GROWN 
AT C:N = 3 AND STAINED WITH INDIA 
INK (1800X) 

FIGURE 3 - PHOTOMICROGRAPH OF BACTERIA GROWN 
AT C:N = 15 AND STAINED WITH INDIA 
INK (1800X) 



FIGURE 4 - PHOTOMICROGRAPH OF BACTERIA GROWN 
AT C:N = 50 AND STAINED WITH INDIA 
INK (1800X) 

FIGURE 5 - PHOTOMICROGRAPH OF BACTERIA GROWN 
AT C:N = 100 AND STAINED WITH 
INDIA INK (1800X) 
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significant difference was observed between C:N = 3, 15 and 

C:N = 50, 100. Subsequent chlorine uptake experiments were 

done with bacteria grown with C:N = 3 and C:N = 50. Two 

separate chlorine uptake experiments were run: (1) solids 

concentrations of 1000 mg/1 and 3000 mg/1 and, (2) solids 

concentrations of 500 mg/1 and 2000 mg/1. The reaction was 

followed for eight hours in most cases. 

Table 4. Carbohydrate Content of Filtrates From Cultures 
of Varying C:N's After 24 hours Incubation. 

C:N Carbohydrate (mq/1) 

3 72 

15 60 

50 106 

100 100 

Table 5. Analysis of Residual Glucose and Kjeldahl 
Nitrogen from Experimental Cultures After 24 
Hours Incubation. 

C :N glucose 

3 50 

15 44 

50 57 

100 62 

(mq/1) total N (mq/1) 

4 

5 

2 

3 
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Bacteria grown in a high C:N environment exhibit more 

rapid and greater ultimate uptake of hypochlorite than bac¬ 

teria grown at low C:N. The differences are most striking 

for a solids concentration of 500 mg/1 (Figure 6), but also 

occurred at solids concentrations of 1000, 2000, and 3000 

mg/1 (Figures 7,8). The difference is attributed to diffe¬ 

rences in polysaccharide content. As further evidence, 

chlorine uptake by bacterial culture filtrates was measured 

for a high and low C:N. The filtrate higher in carbohy¬ 

drate content had a higher chlorine demand (Figure 9). 

Chlorine uptake was characterized by a rapid initial 

rate followed by a subsequent much slower rate. Since all 

free chlorine disappears simultaneously with the observed 

change in rate, it is presumed that the initial rate is due 

to the disappearance of free chlorine. Figure 10 shows an 

example of the disappearance of free chlorine and of total 

chlorine disappearance for C:N = 3, 1000 mg/1 solids. In 

the oxidation-reduction reaction, free chlorine may be com¬ 

pletely reduced to the chloride form or partially reduced to 

form combined chlorine species. The latter are detected by 

the total chlorine test. The slower rate of chlorine disap¬ 

pearance is presumed to be due to the reaction of combined 

chlorine. An overall materials balance between chlorine spe¬ 

cies and chloride showed 90-95% recovery of starting materials 

(Figures 11,12). 



Figure 6. Chlorine Uptake by Mixed Bacterial 

Cultures Grown at Varying C:N’s 

T
im

e 
A

ft
e

r 
C

hl
or

in
e 

A
d
d
iti

o
n
 (

h
rs

.)
 



o 
00 
<T 

■ 
c/> 

rn 

O) 

tN 

o « 
or> 4^ 

o 
M 

O 
ON 

o 
vO 

o 
cn 



F
ig

ur
e 

8.
 

C
hl

or
in

e 
U

pt
ak

e 
by
 

V
ar

yi
ng
 

C
on

ce
nt

ra
tio

ns
 o

f 

<e 
■ mm 

o> 
3 

O) 
X 

1 

o 
m 

<] © 

Total Chlorine Taken Up (mg/l) 

o 
co 

o 
<r 

o> 

o J 
^ S 

o 
o\ 

o 
10 

o 
ro 

In
it
ia

l 
C

h
lo

ri
n

e
 

C
o

n
ce

n
tr

a
tio

n
 =

 5
0

 m
g
/1

 



a> 

-EL 
© 

00 
B 

vO O 

00 
B 

CD 

oo 
B 

00 
B 
o m 

\ 
ZJi 
E 

un 

II 
c 
o 

© w 
cz 
o 

© 

o m 

o 

o vo m 
m m 

Total Chlorine Taken Up (mg/l) 
Figure 9. Chlorine Taken Up by Culture Filtrates 

Only, from Different Growth Environments 

Ti
me
 A

fte
r 

Ch
lo

rin
e 

Ad
di

tio
n 



Figure 10. Uptake of Free and of Total Chlorine 
by 1000 mg/l of Bacteria Grown at C:N=3 
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Figure 11. Materials Balance on Chlorine 

Species During a Typical Experiment, I 
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Figure 12. Materials Balance on Chlorine 

Species During a Typical Experiment, II 
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The effects of different initial chlorine concentrations 

were also observed. Experiments were done with bacteria 

grown at C:N = 3 and C:N = 50, solids concentrations 500 mg/1, 

and chlorine concentrations of 25, 50, and 100 mg/1 (Fi¬ 

gures 13, 14). There was little difference in the seven hour 

uptake on a per-unit-concentration-chlorine-applied basis. 

The reaction with 100 mg/1 chlorine concentration exhibited 

a lower initial rate of total chlorine disappearance on a 

similar basis (Table 6). 

Table 6. Ultimate Uptake and Initial Uptake Rate for 
Varying Initial Chlorine Concentrations. 

Chlorine 7-hr. uptake (mg/1) Initial rate (hr 
cone. OCl applied (mg/1) 

C:N = 3 C:N = 50 

Avg. OCl 

C:N = 3 

cone. 

C:N = 50 

25 mg/1 0.60 0.68 0.60 1.90 

50 mg/1 0.54 0.60 0.38 2.00 

100 mg/1 0.54 0.57 0.27 1.20 

Table 5 shows the amounts of residual glucose and total 

filtrate nitrogen present at the beginning of a typical chlo¬ 

rine uptake experiment. Chlorine uptake by pure solutions of 

varying glucose concentrations indicated minimal reaction for 

glucose concentrations less than 75 mg/1 (Figure 15). Thus, 

overall uptake was unaffected by the presence of glucose in 

the reactor. A 5 mg/1 solution of NII^Cl took up 7 mg/1 of 

chlorine. The uptake by NH^ is significant, but the fact 



Figure 13. Chlorine Uptake at Different Chlorine 
Concentrations. Solids = 500 mg/I., I 
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Figure 14. Chlorine Uptake at Different Chlorine 
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Figure 15. Chlorine Uptake by Pure Glucose 

Solutions of Varying Concentrations 
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low C:N cultures contained more nitrogen than high C:N cul¬ 

tures (Table 5) only reinforces the points made above con¬ 

cerning the differences in chlorine uptake by high and low 

C:N bacteria. 

Solids Destruction: 

Measurements of solids concentration with time showed 

that both the rate and extent of solids destruction were 

proportioned to the carbon to nitrogen ratio at which the 

bacteria were grown (Figure 16). Solids "destroyed" were 

defined at those which passed through the 0.45p, filter. 

Since bacteria grown at high C:N's produce large cap¬ 

sules while bacteria grown at low C:N's produce small cap- 

sules, if any, these findings indicate that polysaccharides 

are degraded to a greater extent than the bacteria them¬ 

selves . 

Molecular Weight Distribution; 

Sephadex gel filtration chromatography indicated a 

change in molecular size distribution upon hypochlorite 

oxidation. The polydisperse nature of polysaccharides 

produced by the mixed bacterial culture did not allow a 

precise quantitative analysis, but it was clear that large 

molecules were being broken down into smaller ones. There 

were two major peaks in each molecular size distribution, 

one corresponding to a molecular weight of about 100,000 

and the other to a molecular weight of between 1000 and 2000 

(Figures 17, 18). These values were obtained from the 

polysaccharide calibration curve (Figure 19). The ratios 



Figure 16. Destruction of Solids from 
Experimental Cultures at Varying C:N’s. 
Results are Corrected for Endogenous 
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of peak height to total area under the distribution curves 

give a quantitative estimate of the molecular size changes 

due to hypochlorite oxidation. Table 7 lists these ratios: 

Table 7: Molecular Size Distribution Changes Upon 
Hypochlorite Oxidation. 

Before Chlorination 

After Chlorination 

Absorbance at Each 
Peak/Total Area Under Curve 

MW = 106 MW 1000-2000 
peak  peak  

0.52 0.26 

0.47 0.36 

There is one reservation concerning this data. Since 

Sephadex really only measures molecular size, the molecular 

weight calibration curve is only good for molecules with 

shapes similar to those of the polysaccharide with which 

the column was calibrated. There is no assurance that 

fragments formed upon oxidation are shaped similarly. It 

is clear, however, that the large molecules are being de¬ 

graded . 

Bactericidal Effects: 

The presence of a slime capsule apparently had little 

to do with protecting the bacteria from the bactericidal 

effects of chlorination in the experimental system (Fi¬ 

gure 20). Initial chlorine concentration was 50 mg/1. 

This concentration of hypochlorite is probably high enough 

to overpower any protection the capsule may have afforded. 
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RECOMMENDATIONS 

The present research was done in a homogeneous reaction 

system. The next logical step would be to extend the study 

to a system in which the bacterial slime is attached to a 

surface. Another extention would be to employ a continu¬ 

ous stirred tank reactor (CSTR). The effluent could be 

monitored for concentrations of chlorine and solids and 

for other relevant parameters. 

Although the chlorine uptake of bacterial material was 

measured by iodometric titrations in the present research, 

it is also possible to trace the hypochlorite oxidation re¬ 

action by means of an oxidation-reduction electrode. After 

a suitable calibration is made, readings can be easily made 

with the electrode immersed in the reaction vessel. Figure 

21 shows a typical trace obtained from such an experiment. 

The reaction system was similar to that described above 

with chlorine concentration of 50 mg/1 and solids concen¬ 

tration of 1500 mg/1. The use of a strip chart recorder 

would be desirable in such work. 

In further work on bactericidal effects, smaller con¬ 

centrations of hypochlorite should be used. If the cap¬ 

sules do indeed serve as a protection against disinfection, 

there should be a difference in killing efficiency at some 

lower chlorine concentration. 



Figure 21. Chlorine Uptake as Traced by 
Oxidation-Reduction Electrode 
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APPENDIX 

Statistical Analyses of Errors: 

The "t-test" was used to determine errors in total chlo¬ 

rine and free chlorine determinations and in iodometric titra¬ 

tions. The confidence interval, d, is given by 

d = + t s 
— x 

where t is the t-statistic and x is the d-error. In this 
x 

case the confidence level was 95%, so x = 0.05. ^ 05 = ^-306. 

The sample standard deviation, s, is calculated as fol¬ 

lows : 

I <*-xi>2 

2 _ i=l 
s  

n-1 

where X is the average value of differences in replicates and 

Xi's are the individual differences. The following is an 

example of such a t-test , for 

Differences 
in replicates X-X. 

I   1 

0.1 0.01 
0.2 0.11 
0.1 0.01 
0.2 0.11 
0.1 0.01 
0.0 0.09 
0.1 0.01 
0.1 0.01 
-0.1 0.19 

= 0.8 

Thus s2 _ 1 = 0.009 and s 

interval is d = +0.22. Hence, 

total chlorine titrations: 

(X-X±)
2 

0.0001 
0.0121 
0.0001 
0.0121 
0.0001 
0.0081 
0.0001 
0.0001 
0.0361 

£ (X-X^2 = 0.0689 

.095. The 95% confidence 

times out of 100, the error 
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in titrations of the same solution differs by less than 

0.2 mis of titrant, or 1.0 mg/1 of total chlorine. 

The following table (Table 8) gives 95% confidence in¬ 

tervals for the various determinations made in this research. 

Table 8. 95% Confidence Intervals for Various Determi¬ 
nations . 

Determination 

Overall Chlorine Uptake Experiment 

a) 0-60 minutes 

b) after 60 minutes 

Free Chlorine 

Iodometric Titrations 

Gravimetric '-Solids 

95% Confidence Interval 

+ 1.0 mg/1 

_+ 0.6 mg/1 

+ 1.0 mg/1 

0.5 mg/1 

+ 50 mg/1 

Chlorine Uptake Data; 

Table 9 C:N=3,15,50,100 ; 500 mg/1 solids concentration 

Table 10 C:N=3; 500 and 2000 mg/1 solids concentration 

and C:N=50; 500 and 2000 mg/1 solids concen¬ 

tration. 

Table 11 C:N=3; 1000 and 3000 mg/1 solids concentration 

and C:N=50; 1000 and 3000 mg/1 solids concen¬ 

tration. 

Table 12 C:N=3,50; 500 mg/l solids concentration; and 

chlorine concentrations of 25,50, and 100 mg/l 

Calibration Curves: 

Figure 22-Free chlorine calibration 

Figure 23-Total nitrogen calibration 



Figure 22. Free Chlorine Calibration Curve 
(Black and Whittle) 
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Figure 23. Total Nitrogen Calibration 



Table 9 

Solids concentration: 500 mg/1. Titration constant, C, 

was 3.86 mis titrant/ mg/1 total chlorine. 

time 3: 1 C:N 15 : 1 C:N 50: 1 C:N 100 : 1 C:N 
mins. 

AS-AB* mg/1 AS-AB mg/1 AS-AB m/1 AS-AB mg/i 

1 1.1 4.2 2.1 8.1 4.8 18.5 3.7 14.4 
15 1.8 7.0 3.7 14.2 5.5 21.2 6.2 24.0 
30 3.2 12.4 4.2 16.2 6.8 26.3 6.3 24.4 
60 3.9 15.0 4.7 18.1 7.0 27.0 6.7 26.7 

120 5.8 22.4 6.0 23.2 7.3 28.3 7.2 27.8 
240 6.3 24.3 6.5 25.1 7.8 30.1 7.3 28.2 
360 7.0 27.0 7.5 29.0 7.8 30.1 7.4 28.6 
480 7.7 29.4 7.9 30.5 7.8 30.1 7.5 29.0 

Table 10 

C = 4.95 mis/ mg/1 

time 3:1 C:N 3:1 C:N 50:1 C:N 100: 1 C:N 
mins. 500 2000 500 2000 

mg/1 solids mg/1 solids mg/l solids mg/l solid 
AS-AB mg/i . AS-AB mg/l AS-AB mg/l . AS-AB mg/l 

1 0.0 0.0 4.0 19.1 3.3 17.7 5.6 27.8 
15 0.5 2.2 5.1 25.2 4.2 21.3 7.3 36.2 
30 0.8 4.1 5.9 29.4 5.0 25.1 7.4 36.7 
45 1.3 6.3 5.9 29.4 5.4 26.8 7.3 36.2 
60 1.7 8.1 5.9 29.4 5.4 26.8 7.4 36.7 
90 2.1 10.2 6.1 31.0 5.6 27.7 7.4 36.7 

120 3.2 15.7 6.3 32.2 5.7 28.2 7.4 36.7 
240 4.2 20.8 6.6 33.0 5.9 29.2 7.4 36.7 
360 4.9 24.6 6.9 34.2 6.0 29.7 7.5 37.2 
480 5.8 28.8 7.0 34.7 6.1 30.2 7.6 37.7 

*AS-AB signifies the change in sample minus change in blank 
from the initial concentration of total chlorine. 
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Table 11 

C = 4.57 mis/ mg/1. 

Time 3:1 C :N 3:1 C:N 50:1 C:N 50: 1 C:N 
mins. 1000 3000 1000 3000 

mg/1 solids mg/1 solids mg/1 solids mg/1 solids 
AS-AB mg/1 AS-AB » mq/1 AS-AB mg/1 AS-AB mq/l 

1 0.7 3.2 7.7 35.5 4.4 20.2 8.3 38.2 
15 1.9 9.3 8.0 36.9 6.5 30.0 9.1 42.0 
30 3.7 17.1 8.1 37.3 6.5 30.0 9.1 42.0 
60 5.8 26.8 8.7 40.0 6.8 31.4 9.1 42.0 

120 5.8 26.8 8.7 40.0 6.8 31.4 9.2 42.4 
240 6.1 28.0 8.7 40.0 7.0 32.2 9.2 42.4 
360 6.6 30.4 8.8 40.4 7.1 32.7 9.3 42.9 
480 6.9 31.8 8.8 40.4 7.2 33.1 9.3 42.9 

Table 12 

Different chlorine concentrations, C = 3.67 mis/ mg/1. 
Solids concentration was 500 mg/1. 

time 3:1' C:N 3:1 C :N 3:1 C: N 
mins. 25 50 100 

mg/1 < shlorine mg/1 chlorine mg/1 chlorine 
AS-AB mq/1 AS-AB .mq/i AS-AB mg/i 

1 0.3 1.1 0.4 1.5 0.6 2.2 
20 1.4 5.2 1.6 5.9 2.8 10.3 
40 2.3 8.5 2.8 10.3 5.1 18.7 
60 2.6 9.6 3.1 11.3 7.5 24.6 

120 3.3 12.1 4.9 18.0 10.0 36.7 
180 3.6 13.2 5.9 21.6 12.4 45.5 
240 3.6 13.2 6.8 24.9 13.6 50.1 
330 4.0 14.4 7.0 25.6 14.2 52.2 
420 4.1 14.8 7.1 25.9 14.7 53.5 

50: 1 C:N 50: 1 C:N 50:1 C:N 
25 50 100 

mg/1 chlorine mg/1 chlorine mg/1 chlorine 
AS-AB mq/l AS-AB mq/1 ASnAB mq/1 

1 1.0 3.7 1.6 5.9 4.7 16.6 
20 3.3 12.1 7.5 24.6 9-8 36.0 
40 3.4 12.5 7.6 25.0 10.8 39.7 
60 3.3 12.1 7.6 25.0 10.9 40.1 

120 3.5 12.9 7.9 26.1 12.4 45.5 
180 3.9 14.0 8.1 26.8 13.3 47.6 
240 4.5 15.9 8.3 27.5 14.2 52.2 
330 4.7 16.6 8.3 27.5 15.2 55.9 

420 4.8 17.0 8.4 27.9 15.5 57.0 



Sephadex Calibration Data; 

Figures 24-28 show the peaks in absorbance (a measure of 

concentration) versus elution volume for various fractions 

of the polysaccharide dextran with which the column was 

calibrated. Once these peaks are found, a "K " value is 

found for each fraction: 

K av 

V o 

where Vg is the value of elution volume at which each peak 

appears, VQ is the void volume as determined by the elution 

of a totally excluded polysaccharide fraction, such as Blue 

Dextran (M = 2,000,000), and V, is the total volume of the 
W "C 

column. 

A plot of log molecular weight versus Kgv is used for 

a calibration curve. 
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Figure 25. Sephadex Calibration Curve 
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