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Bacterial Resistance to Antimicrobials 
in a Cooling Water System—Part 2
By Chris L. Wiatr, Buckman Laboratories, Inc.
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In Part 1 of this article, we discussed the 

detrimental and sometime injurious micro-

organisms that can be found in industrial 

water systems. Also discussed were the 

most common bacteria found in industrial 

water and their transformation into biofilms. 

Studies were then performed with various 

biocides to determine their effective-

ness in killing bacteria. �e result of this 

study is the subject of Part 2 of this article. 

Material and methods used in this study are 

described in Part 1.

Results

�e types of microbes that were found in 

the planktonic phase in cooling tower 4 are 

listed in Table 3. �e aerobic bacteria in 

the cooling water of tower 4 were approxi-

mately 2x108 CFU/mL. �e Enterobacter 

count was 600 organisms/mL, and the 

Escherichia coli averaged at 10 CFU/mL. 

�e Pseudomonas sp. were enumerated at 

103 CFU/mL. �e levels of Pseudomonas sp. 

and pigmented bacteria in tower 4 were at 

least 2 log10 greater than in other cooling 

towers on site. Only a small number of 

sulfate-reducing bacteria (SRB) were found. 

No clostridia were detected. Yeast did not 

grow on tartrate-acidified PDA, but a few 

molds did. �ese were Penicillium species, 

which are henceforth ignored in this report 

but, after the trial, were killed by using a 

combination of methylene bisthiocyanate 

(MTC) and 2-(thiocyanomethylthio)-

benzothiazole (TCMTB) (data not shown).

Under the phase-contrast microscope, 

neither Gallionella nor Sphaerotilus was 

found. A few protozoa in tower 4 bulk 

water subsamples were found, and few 

nonfilamentous algae were also observed, 

but not in quantities that would indicate 

a problem. �e interesting samples were 

in the biofilm samples from the cold well, 

heat exchanger, and surrounding piping. 

An example is given in the capsule stain 

showing gaps or halos in the slime itself. 

A mixture of bacteria is shown in copious 

amounts of slime exopolymer. 
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Table 3: Composition of Microbes Found in Cooling Tower 4a

Tower 4

Total Aerobic Bacterial Plate Countb 2,000,000

Pseudomonas 3,300

Enterobacter 600

Escherichia coli 10

Mucoids 3,100

Pigmented bacteria (yellow) 4,200

Anaerobic Bacteriac

Sulfate reducing bacteria 1

Clostridium <1

Fungid

Yeast <10

Mold 20

a. Microbiological counts are expressed as CFU/mL of cooling water sampled.
b. Aerobic bacteria were counted on TGE. Pseudomonas was enumerated on PIA.
c. Anaerobic bacteria were determined by sulfate-reducing medium of 

Postgate and thioglycollate medium (Clostridium). 
d. Fungi were determined on tartrate-acidi!ed potato dextrose agar (PDA) 

and unacidi!ed PDA.

Since the total aerobic plate counts of cooling tower 4 

were 2 x 108 initially, we examined the cooling system 

and aseptically sampled biofilm from the cold well, tower 

fill, and deck surfaces using a 3.5 cm x 10 cm template. 

In some sections of the deck surface, the biofilm had 

considerable cyanobacteria (blue-green algae), making 

an accurate count of heterotrophic bacteria impractical. 

However, the bacteria from the tower fill of cooling 

tower 4 gave us a healthy community of cells to work 

with, based on a total count of 3 x 109, and the cold 

well had bacteria at 5  x 108. Moreover, the bacteria 

from the biofilm samples in Tower 4 were isolated on 

antibiotic-containing blood agar plates and MacConkey 

agar. �e Pseudomonas sp. were enumerated on PIA 

supplemented with carbenicillin (200 mg/mL) and 

selected off Petri dishes containing carbenicillin and 

gentamycin. Gentamycin alone was used in PIA to select 

Pseudomonas fluorescens, but only three colonies grew 

on this medium at the 10-2 dilution, representing only 

300 CFU/mL. �e tower fill surface had Pseudomonas 

species that were 5.48 log10 higher than the counts in the 

cooling water, and the yellow pigmented bacterial counts 

were approximately 1.37 log10 higher than those in the 

cooling water. 

From the cooling tower biofilm, the Pseudomonas sp. 

isolated were found gram-negative, measured as 3.0 mm 

long and 1.0 mm wide, and were motile due to polar 

flagella. �ey grew aerobically. �ey grew on glucose 

oxidatively and converted nitrate to nitrogen gas. �ey 

were oxidase positive, catalase positive. �ey were 

nutritionally quite versatile; for example, they also grew 

on MacConkey agar, appearing as lactose nonfermenters. 

�eir growth was optimal between 31 °C and 35 °C. 

�ey grew at 41 °C but not at 4 °C.

From the results, it seemed that P. aeruginosa strains 

were the overwhelming majority of the pseudomonads 

present. However, cultures that yielded either blue-

green or yellow colonies that were oxidase positive were 

considered presumptive for Pseudomonas sp. and were 

tested further. Bacterial colonies were also replated 

on MacConkey agar in duplicate. Identification was 

made biochemically and analytically. �e predomi-

nant colonies were subjected to API20E biochemical 

testing for identification. (See Table 4.) Fifteen colonies 

were selected. All 15 were confirmed biochemically as 

Pseudomonas (Table 4). All of these were also confirmed 

as Pseudomonas aeruginosa by replating on TSA and 

conducting MIS-gas chromatography. In addition to 

these results, Pseudomonas aeruginosa was found positive 

for pyocyanin and lipase, and produced 2-ketogluconate 

in Haynes broth and potassium gluconate. �erefore, 

the results are quite clear that the major slime-forming 

bacterium was Pseudomonas aeruginosa. 

Table 4: Microbiological and Biochemical Testing for the 
Identification of Enterobacteriaceaa

Characteristic Pseudomonas

Oxidase (Kovacs) +b

Catalase +

Motility +

Indole -

H2S on triple sugar iron agar -

Voges-Proskauer -

Urea hydrolysis +

L-lysine decarboxylase -

Ornithine decarboxylase -

Arginine dihydrolase +

Growth on citrate (Simmons) +

Growth on KCN medium -

Esculin hydrolysis -

Growth on 6.0% NaCl +

Gelatin hydrolysis at 22 °C +

Reduced NO2- to N2 (g) +

Starch hydrolysis -

Ferments glycerol +

Acid from:

Glucose +

Fructose -

Sucrose -

Lactose -

Maltose -

Mannitol +

Xylose +

a. Incubation is at 29 or 37 °C for 18 h but checked for changes in 2 days. 
b. + represents growth or a positive test; - is absence of growth or negative result.
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Samples from the cold well were also analyzed for 

numerous bacteria and fungi after the tower was treated 

chemically. �e samples were collected 4 h after the 

cooling tower 4 bleach treatment (NaOCl) ended, when 

the free residual was measured as 0.2 mg/L (as Cl2). As 

the data indicate in Table 5, the heterotrophic bacterial 

count or aerobic bacterial count was measured at almost 

a million, or 930,000 CFU, and a pseudomonad count 

of 89,000 CFU/mL in a sample drawn 24 h post treat-

ment with 70 mg/L product (1.05 mg/L active). �ese 

results represent a log10 increase in pseudomonads 

and an aerobic bacteria count, which was observed to 

remain virtually unchanged. �e aerobic plate counts of 

the planktonic bacteria in bulk water (Table 3) typi-

cally run in the millions. �e decrease to 930,000 CFU 

represented only a 0.333 log10 decrease, which is not 

significant. In addition, the Pseudomonas count data did 

not indicate a significant log10 decrease, but rather an 

increase. Neither the mucoids nor Enterobacter changed 

significantly, but the Escherichia coli level dropped >1 

log10. �e yellow-pigmented bacteria population was 

decreased >2 log10 (from 4.2 x 103 to less than 4.0 x 101). 

No anaerobic bacteria were detected after dosing with a 

combination of chlorine and isothiazolones. Fungi were 

also not detected and were of no concern. �e prominent 

gram-negative bacterium was found to be Pseudomonas 

aeruginosa (Table 5). In addition, other gram-negative 

bacteria were found but were not listed in the table 

because they were not found as prominent colonies in 

the water samples. �ese were Pseudomonas fluorescens 

and Pseudomonas sp. Gram-positive aerobic bacterial 

species were primarily Bacillus sp. and Streptococcus sp., 

neither of which, in this case, formed slime exopolymer. 

Five mucoids were selected and identified by MIS-GC, 

and 100% were found to be Pseudomonas aeruginosa. 

Based on the results, this treatment approach had 

to decrease and control P. aeruginosa, which had the 

capability to grow a slime exopolymer. In some cases 

the slime polymer was overproduced, as indicated by 

the mucoid phenotype on several types of media. To 

discover the best approach for predicting performance 

of antimicrobials against these microorganisms, several 

nonoxidizing biocides were tested against a labora-

tory strain of Pseudomonas aeruginosa, then a wild type 

Pseudomonas aeruginosa from the biofilm, and finally the 

best program was tested in the mill cooling system. In 

cases of strong exopolymer producers, key approaches 

would be to try several of the well-known biocides that 

are recognized for their capability to kill microbes and to 

remove biofilm (e.g., DBNPA, glutaraldehyde, polyquat, 

isothiazolones) and to try using synergistic biocides. 

Table 5: Composition of Microbes Found in Bulk Water From 
Tower 4 – After Treatmenta

Nonoxidizing Biocide

Total Aerobic Bacterial Plate Countb 930,000

Pseudomonas 89,000

Enterobacter 300

Escherichia coli <1

Mucoids 3,300

Pigmented bacteria 40

Anaerobic Bacteriac

Sulfate-reducing bacteria <1 

Clostridium <1

Fungid

Yeast <10

Mold <10

Dominant gram-negative bacteriume Pseudomonas aeruginosa

a. Microbiological counts are expressed as CFU/mL of cooling water sampled. 
Tower 4 was treated with 0.2 mg/L free residual chlorine alone. Subsequently, 
the tower was treated with a nonoxidizing biocide.

b. Aerobic bacteria were determined by standard procedures on TGE 24 h. after 
treatment was applied.

c. Anaerobic bacteria were determined on sulfate-reducing medium of Postgate 
and thioglycollate medium (Clostridium). 

d. Fungi were determined at <10 CFU/mL on both tartrate-acidi!ed and 
unacidi!ed PDA.

e. The dominant gram-negative bacteria were isolated from MacConkey medium 
and were transferred to TSA. They were identi!ed by the API 20 method given 
in Table 4, then speciated by MIS-GC analysis.

An explanation of the effects of a synergistic combina-

tion of biocides is given in Figure 1. �is figure illus-

trates a comparison of the kill rate of single treatments 

of MBT and TCMTB and a combination of the two, 

called MECT, versus a mixed culture of bacteria. �e 

results in Figure 1 indicate that when 4.5 mg/L active 

of TCMTB is applied to a laboratory culture of bacteria, 

only 18% of the population is killed in 2 h, 60% in 5 h, 

and 80% at 8 h, not improving beyond that percent kill. 

When 1.5 mg/L of MTC active ingredient is used, 78% 

of the population is killed in 2 h, and 8 h is required to 

achieve a 98% kill. However, when these two biocides 

are combined at only 1.0 mg/L total active (which is far 

less than the 6.0 mg/L total active of the combination or 

3.0 mg/L, which would be half the combination total), 

100% kill is observed in 2 h, and that kill was sustained 

throughout the 12 h time course.

�e combination of MTC and TCMTB was much 

more effective because these biocides are synergistic, 

meaning the combination at a low dose was much more 

effective than the addition of the two biocides at a 
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higher dose. Synergism is the interaction in which the 

total effect is greater than the sum of the individual 

effects. Some combinations of biocides have a greater 

synergism than others. In this article the MECT shown 

in Figure 1 and the effect of combinations shown, 

particularly in Figures 2 and 3, are the result of strong 

synergistic combinations. 

Figure 1: The kill rate of single treatments of 
methylene bisthiocyanate (MTC) at 1.5 mg/L, 
2-(thiocyanomethylthiocyanobenzylthiazole (TCMTB) at 
4.5  mg/L and a combination called MECT, at 1.0 mg/L active 
ingredient(s), versus a mixed culture of bacteria
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!e following experiments were conducted (a) to test 

the biocide currently used at the mill for its effects, 

increasing the dose to determine whether there was 

bacterial resistance; (b) to identify a single nonoxidizing 

biocide that would be the best antimicrobial agent in 

killing the problematic bacteria, and to find out if a 

single biocide could not be found to control the micro-

bial problem; then (c) to discover the synergistic combi-

nation that would perform well both in the laboratory 

and in the field.

!e nonoxidizing biocide treatment was increased.  

!e isothiazolone concentration was raised to 200 mg/L 

product (3.00 mg/L total active isothiazolones). Based 

on data of several nonoxidizing biocides, this dose was 

known to decrease the level of the laboratory-grown 

Pseudomonas aeruginosa strain in 3 h (see Figure 2a, 

Nonoxidizing Biocide C). However, the 200 mg/L  

(as product) dose was ineffective in the cooling water  

of tower 4. A significant effect was not observed over 

time. !e reason for failure of the nonoxidizing biocides 

in the field can be understood from the laboratory 

studies conducted. See Figures 2a-2d.

Figures 2a-2b: Bacterial counts of Pseudomonas aeruginosa
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FIGURE 2a: NONOXIDIZING BIOCIDES 
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FIGURE 2b: NONOXIDIZING BIOCIDES vs 

Pseudomonas  LAB CULTURE -- 7 h.

Figure 2 c-d: Bacterial counts of a Pseudomonas aeruginosa 

wild type strain
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Figures 2a-2b are the bacterial counts of Pseudomonas 

aeruginosa ATCC 15442 laboratory strain challenged 

by various nonoxidizing biocides for 3 h and 7 h and 

plated on TGE. Likewise, Figure 2c-2d consists of data 

of bacterial counts of a Pseudomonas aeruginosa wild type 

strain that was isolated from the recycled water in the 

cold well of the cooling tower containing biofilm. In 

each graph, the negative (untreated) controls are given 

first for each set of experiments: A represents counts 

obtained following treatment with 50% glutaraldehyde at 

25, 50, 75, and 100 mg/L active concentration; B repre-

sents counts with 1.50% isothiazolone combination used 

at 0.75, 1.13, 1.5, 3.0 mg/L active; C represents results 

obtained by polyquat used at 0.6, 2.0, 6.0, and 12.0 mg/L 

active; D involved treatment with 20% DBNPA at 4, 8, 

10, and 20 mg/L active; E is the combination of isothia-

zolones plus the polyquat used at the respective concen-

trations of 0.07+0.6, 0.35+3.0, 0.7+6.0, and 1.4+12.0. 

!e results in Figures 2a and 2b indicate that the 

nonoxidizing biocides A, D, and E performed well 

against the laboratory strain Pseudomonas aeruginosa. 

In fact, biocides B and C at higher dosages performed 

well at 3 h. At 7 h, biocides A and E killed the best at 

all concentrations, while biocides B, C, and D at their 

higher dosages killed well vs. the control. (Figure 2b) 

By the 7 h sampling time point, some growback was 

starting to occur for D, which does happen with this 

biocide due to lack of persistence. !e results in Figure 

2c and 2d, however, indicate that most biocides tested 

did not kill the wild type Pseudomonas sp. At 3 h, only 

nonoxidizing biocide E at the highest dose provided 

a significant kill, which was slightly greater than a 

one log10 kill. Figure 2d indicates that all dosages of 

nonoxidizing biocide E gave a kill at 7 h. !at is, the 

lowest dose gave nearly a 1 log kill, the second and third 

dosages gave >2 log kill, while the highest dose provided 

a 4 log kill. None of the other nonoxidizing biocides 

affected the wild type pseudomonad. 

Figure 3 indicates the heterotrophic plate count 

(HPC) and the Pseudomonas sp. count from samples 

obtained from cooling tower 4 at the mill during a 

field trial. !ese are data collected subsequent to the 

testing done for Table 5. !e counts were determined 

on samples taken approximately 24 h after the addi-

tion of the biocides. !e results indicate the effects of 

the isothiazolones and the combination of the polyquat 
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plus isothiazolones on the bacterial population of 

cooling tower 4. Normally, treatments using 1.05 mg/L 

isothiazolone slug doses were done every three days with 

0.2 mg/L free residual chlorine already in the water. At 

day 1 the HPC was 2.9 x 106 CFU, and the Pseudomonas

counts were 3.1 x 105 CFU/mL. At day 3 the same treat-

ment was added (data not shown). After the concentra-

tion of the active isothiazolones was increased to 3.00 

mg/L at day 6, the total bacterial population was still 

not reduced significantly (2.9 x 106/day 1 to 6.7 x 106/day 

2); likewise, the Pseudomonas sp. population remained 

almost the same (3.1 x 105 to 2.8 x 105). Evidently 

using isothiazolones and chlorine, the bacterial counts 

were found not to decrease with treatment; in fact, the 

total count increased approximately 0.33 log10. At day 

9, a synergistic combination of polyquat and isothia-

zolones was introduced, and in 24 h, the total aerobic 

count dropped over a full log to 3.33 x 105, and the 

Pseudomonas count decreased to 3.26 x 104. Additional 

treatment at day 15 resulted in almost a log decrease in 

HPC and half-log in Pseudomonas count. 

Figure 3: Bacterial kill of the heterotrophic plate count (HPC)

While the 3.0 mg/L active isothiazolone dose was effec-

tive against the laboratory strain of Pseudomonas aerugi-

nosa (Figure 2a and Figure 2b), this concentration did 

not have a strong effect against the field bacterial popu-

lation in cooling tower 4 (Figure 3, Figure 2c and 2d). 

Clearly, the dose of isothiazolones alone was inadequate 

against the wild type bacteria. 

Consequently, the combination of polyquat and isothia-

zolones was introduced to the cooling water at days 

14 and 15, and samples again were drawn for analyses 

approximately 24 h later. "e results in Figure 3 indicate 

that the combination of 1.4 mg/L active isothiazolones 

and 12.0 mg/L active polyquat caused an approxi-

mate 2 log reduction in both HPC and pseudomonad 

counts by day 16 and an overall >4 log reduction in 

HPC by the end of the trial. After the combination 

polyquat+isothiazolones was fed, we performed the 

classical experiment for the mill and returned to their 

previous program, using 3.00 active isothiazolones 

on two separate days (days 23 and 26.5). As a result, 

the total bacterial count rose almost a log, while the 

Pseudomonas count increased nearly the same (Figure 3, 

day 27). A return to isothiazolone chemistry as the sole 

nonoxidizing biocide failed even though at this time 

point chlorine was present at 0.25 mg/L (as free residual 

Cl2). "ree days later the mill wanted to return to the 

combination of polyquat plus isothiazolones. "e combi-

nation resulted in a 2 log drop in HPC and approxi-

mately one log decrease in Pseudomonas counts. 

Figure 3 illustrates the bacterial kill of the heterotrophic 

plate count (HPC) and Pseudomonas counts over time. 

"e treatments were given approximately 24 h prior 

to sampling of the cooling water for microbiological 

analysis. At day 1, the result is for the treatment using 

1.05mg/L active isothiazolones the day before. "e 

result at day 7 is for the dosage of 3.0 mg/L isothia-

zolones used on the previous day. On days 9 and 15, 

the combination of 12 mg/L polyquat and 1.40 mg/L 

isothiazolones was applied. At days 23 and 26.5, the mill 

returned to the treatment using 3.00 isothiazolones, and 

the result is given as the data point at 27 days. At day 

29, the combination of 12 mg/L polyquat and 1.4 mg/L 

isothiazolones was dosed. No nonoxidizing biocide treat-

ment was dosed at day 30. 

Discussion

In this study, several biocides as well as a synergistic 

biocide were examined versus P. aeruginosa in the 

laboratory and then applied to a problem case in the 

field. "ere, the mill felt that chlorine and isothiazolone 

would solve their problem; however, the data in Table 3 

clearly indicate that the bacteria in cooling tower 4 

were not under control using the steel mill’s standard 

program of chlorine and isothiazolone. After chlorine 

was increased, more slime-forming bacteria grew. When 

the isothiazolone concentration was increased in the 

laboratory (Figure 2c and 2d) and in the field (Figure 3), 

the product allowed increases in Pseudomonas counts, 

indicating that the organism clearly did not adapt to the 
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biocide but actually developed a resistance to it. Several 

single biocides also failed, and only the polyquat plus 

isothiazolones synergistic combination succeeded both 

in the laboratory (Figures 2c and 2d) and in the field 

(Figure 3). In the field, the classical experiment was 

carried out by shutting off the combination biocide and 

restarting the isothiazolone chemistry alone; subse-

quently, the isothiazolone-resistant bacteria again 

began to flourish. Afterwards, when the polyquat and 

isothiazolone combination was returned to the cooling 

water, the synergistic combination demonstrated success; 

success in dropping the counts to only 3.99 x 105 and 

2.76 x 103 quickly demonstrated proof of the successful 

program. Since the total heterotrophic bacteria were 

at a level lower than the initial level, the combination, 

being a successful and appropriate biocidal product for 

this system, easily reduced the HPC and Pseudomonas 

populations quickly. 

It is worth discussing the original 

problem where the mill supervi-

sion believed that they could 

gain control of the bacteria and 

bacterial slime development by 

accelerating the chlorine dosage, 

but chlorination alone did not 

solve the problem. However, it 

was demonstrated almost 30 

years ago that low-level chlorina-

tion does not prevent attachment 

of the surviving viable cells and 

subsequent biofilm accumulation 

[2]. Increasing the chlorine level 

makes the biofilm rougher, thereby 

increasing the roughness on the 

tube surface [4]. Chlorination 

preferentially removes the EPS, 

not the biofilm cells. (HOBr and 

other halogenated oxidizers do the 

same.) �e survivors are effective 

EPS producers [19]. Increasing 

chlorination leads to an increase 

in EPS. In the field study, based 

on standard microbiological and 

biochemical testing, the micro-

organisms were found to be the 

cause of the problem of slime in 

the cooling system, and the species 

was Pseudomonas sp., which 

expressed the mucoid phenotype 

(Tables 3 and 5). Pseudomonas 

sp. would have to be controlled 

with a nonoxidizing biocide, and 

the oxidizer would be used to 

help knock down the planktonic 

bacteria in the bulk water. 
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Unfortunately, single nonoxidizers that were normally 

effective against Pseudomonas (Figures 2a and 2b) were 

not effective against the field isolate that caused the 

slime problem in the cooling system (Figures 2c and 

2d). In the case study, the isothiazolones were ineffec-

tive, most likely because it was added at a low concen-

tration, enabling the bacteria to become resistant. !en, 

increasing doses of isothiazolones were also ineffective 

(Figures 2c and 2d). It is also interesting that in the 

laboratory study, single doses of both isothiazolones and 

glutaraldehyde were effective against laboratory strains 

of Pseudomonas aeruginosa ATCC 15442 but were not 

effective against the wild type Pseudomonas strain found 

in cooling tower 4. In the writer’s laboratory, 12 strains 

of Pseudomonas and closely related Burkholderia sp. in 

a culture collection are resistant to isothiazolones, and 

three are also resistant to glutaraldehyde. !e resistance 

occurs at the outer membrane level, where both isothia-

zolones and glutaraldehyde attack. Isothiazolones at 

low levels are actively transported [6]. It is well known 

that glutaraldehyde attacks the outer membrane of 

the cell and reacts with the amino groups within the 

membrane proteins. One of the mechanisms of reaction 

of isothiazolone chemistry with the bacterial cell is also 

membrane transport dependent. A mutation in a trans-

port protein could account for lack of transport across 

the membrane. 

!e synergistic biocide employed in this study performs 

by a different set of reactions. !is biocide consists of 

a combination of nonoxidizing biocides in a propri-

etary water-soluble formulation. One of the actives is 

a polyionene, which acts as a cationic surface-active 

detergent. !e polyionene dissociates in water to give 

a positively charged polyquat cation and a negatively 

charged chloride ion; then, the polyquat activity makes 

the cell membranes and the cell wall of a bacterium 

positively charged. !e cations neutralize the negative 

surface charges of the bacterial cell, and the surface 

becomes positively charged because of the absorption 

of the cations. One of the other ingredients consists of 

two isothiazolin-3-ones, which, in combination with 

the polyionene, serve as a synergistic biocidal product 

[26]. With the polyquat attacking and neutralizing the 

translocation proteins within the cell membrane, the 

isothiazolones can penetrate the cell and perform an 

electrophilic attack on accessible, critical sulfhydryl 

groups, forming an isothiazolone–protein disulfide bond. 

Give Back!
Volunteering and giving back is a core 

value of the AWT. To embody this value, 

AWT is partnering with Pure Water for 

the World (PWW), a nonprofit providing 

safe water, hygiene education and 

sanitation solutions to children and their 

families living in underserved regions of 

developing countries. They are currently 

working in Haiti and Central America.

AWT members can work with PWW in the 

following capacities:

• Advisory: Technical advice/support

• Awareness: Events/special fundraising, 

guest blogs, newsletter stories

• Action: Hands-on trips to Haiti/Honduras

• Aid: In-kind and financial donations

For more information on how to 

get involved, visit www.awt.org. 



22 the Analyst   Volume 23  Number 3

Bacterial Resistance to Antimicrobials in a Cooling Water System—Part 2  continued

Other reactions cause formation of free radicals that 

cause further damage [3,7]. Eventually the cells accumu-

late more damage than they can repair, and they die.

In previous studies [26,27], the combination of polyquat 

and isothiazolones was found synergistic versus other 

bacteria. �e biocide combination is formulated in a 

proprietary composition called WSKT-10.

Conclusions

1. Pseudomonas aeruginosa was found to grow up in the 

cooling tower with Pseudomonas fluorescens and other 

Pseudomonas species.

2. An appropriate biocide program was required to 

maintain in check the biocide resistant bacteria, 

particularly Pseudomonas species. 

3. Chlorinating alone was insufficient, and increases in 

chlorination led to increase in slime-forming bacterial 

development.

4. A nonoxidizing biocide, such as isothiazolones at 

sub-lethal dosage, even in the presence of free residual 

chlorine, was proven to be inadequate at controlling 

wild type bacteria in the cooling system over 

time. Sub-lethal dosage of isothiazolones allowed 

development of isothiazolone-resistant bacteria. 

5. A combination of nonoxidizing biocides (WSKT-

10) provided the best control of the wild type 

microorganisms, including Pseudomonas, in the 

cooling tower vs. bleach alone or bleach plus one 

nonoxidizing biocide. 

6. Reduction in planktonic bacterial count does not 

necessarily indicate reduction in bacteria on surfaces 

in a cooling system. Bacterial resistance levels are 

often >3 orders of magnitude than those displayed by 

planktonic bacteria of the same strain.

7. Problematic microorganisms may reside in biofilms on 

system surfaces.

�e presence of microbial slime masses on cooling tower 

surfaces, the appearance of atypical color surfaces or 

pigmented bacteria, and atypical differences between 

past and present performance of a cooling system may 

indicate problems of microbial deposition. During 

weekly inspections, it is important to observe the 
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appearance of the deposition, as bacteria can grow 

up well within the deposits in a short time. If found 

early and treated with an appropriate and effective 

biocide program, the microbial deposits are more 

easily controlled, and their problems can be reduced or 

eliminated. When there is less control of the situation, 

one finds that the biofilm populations will grow more 

uncontrolled, leading to major problems with the cooling 

systems and possibly even the health of the workers. �e 

frequency of Pseudomonas, in particular, in causing these 

problems will be the subject of a different study. 
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