Kor. J. Microbiol. Biotechnol.
Vol. 30, No. 1, 86-90 (2002)

d

ZEHZIS0IM Biocide (NaOCI7} S0t SM W 24 540 0jR|= He

PIE-3-8
LISt A S AR Z 5

Effect of Biocide (NaOCI) in Industrial Cooling Water on Biofilm Formation and Metal Corrosion.
Khang, Yong-Ho* and Dae-Kyu Park'. School of Biotechnology, Yeungnam University, Kyongsan, 712-749,
Korea and 'Pohang Research Institute of Science and Technology, Pohang, Korea — Cooling water sampled at
Pohang Steel Company, Korea, was used to study the effect of biocide (NaOCl) on biofilm formation and metal cor-
rosion. Planktonic microorganisms were killed in the presence of biocide (0.2% NaOCI) within 1.5 h, but not sessile
microorganisms in biofilms even after one week. Black color of biofilms, possibly due to the activity of sulfate
reducing bacteria, were made with the natural cooling waters, while orange color of biofilms were formed when
cooling waters were autoclaved or when 0.2% NaOCI was added to the natural cooling waters. Microbially influ-
enced corrosion rate in black color of biofilms was 2.3 fold higher than that in orange color of biofilms.
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Fig. 1. Biofilms on the carbon steel coupon.

(a) Left: Orange color biofilms were made when cooling waters
were autoclaved. Right: Black color biofilms were made when
cooling waters were not autoclaved.

(b) Electron micrograph of black color biofilms (30,000 x)
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Fig. 2. Sulfate reducing bacterium isolated from biofilms.
(a) Transmission electron micrograph.

{b) PH effect on cellular growth.

(¢) Temperature effect on cellular growth.
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Table 1. Bacterial strains isolated in cooling waters and bio-
films

Bacteria in cooling waters Bacteria in biofilms

Actinomadura viridis
Bacteriodes ureolyticus
Campylobacter jejuni

L. . Bacillus cereus,
Clostridium malenominatum

Bacillus globisporus,

Compylobact li
pylonacter colt Bacillus laterosporus,

Escherichia coli . ,
. Bacillus megaterium,
Fusobacterum russii

Bacill 1
Gardenerella vaginalis acillus pumilus,

. . Cellulomonas turbata,
Lactobacttillus vaginals

. s Micrococcus luteus,
Methylobacterium mesophilicum

. Micrococcus lylae,
Methylobacterium organophilum 4 .
i . Pseudomonas mendocina,
Nocardia asteroides
QOchrobacterium anthropi
Paracoccus denitrificans

Phodbacter capsulatus

Staphylococcus vitulus,
Stenotrophomonas maltophilia

Phodbacter sphaeroides

Table 2. Effect of biocide (NaOCI) on the planktonic microor-
ganisms

Acrobic Condition Anaerobic Condition

NaOCl (%) (CFU/ml) (CFU/ml)
Oh 1.5k 0h 1.5h
0.0 20%x10*  2.1x10* 24x%x10Y  3.0%10*
0.1 2.8x10* 0 2.0x 10 0
0.2 2.0%10% 0 2.2 %104 0
04 2.1 % 10 0 2.2 x 10* 0
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Fig. 3. Effect of biocide (NaOCl) on the cellular death rate
constant of planktonic microorganisms.
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Fig. 4. Scanning electron micrographs of biofilms made on car-
bon steel coupons with cooling waters.

(a) In the absence of NaOC] (30,000 x)

(b) In the presence of 0.2%(w/v) NaOCl (30,000 x)
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Table 3. Effect of biocide (NaOCI) on the corrosion of carbon
steel coupons

Corrosion rate per unit . .
Relative corrosion

NaOCl time and unit area of rate
(%, wiv) carbon steel coupons %)
(mg/day) °

0.0 0.147 100
0.2 0.063 43
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Fig. 5. Scanning electron micrographs of microbially influ-
enced corrosion on the carbon steel coupons.

(a) In the absence of NaOCl (10,000 x)

(b) In the presence of 0.2%(w/v) NaOCl (10,000 x)
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