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Abstract : Microbial contamination and corro-
sion rate of a cooling water system were analyzed
three times in April, July, and October 2014. Mi-
crobial analyses and Biocide efficacy test were per-
formed according to NACE standard TM 0194 and
ASTM EG645 standard, respectively. Weight loss
measurementswere performed to determine the cor-
rosion rate of simple carbon steel in water samples.
Genera heterotrophic bacteria (GHB) and sulfate-
reducing bacteria (SRB) were observed in al wa
ter samples. Highest microbial contamination was
observed in July which GHB and SRB counts were
10° and 10? per milliliter of water, respectively.
Corrosion rate of April, July, and October samples
were 3.5, 15, and 4.1 mpy that reduced to 1.7, 5.3,

INTRODUCTION

Corrosion creates many problemsin different en-
vironments and industries and often is associated
with devastating consequences and extensive eco-
nomic loss. Many factors can cause corrosion, one
of the most important ones are microorganisms. Mi-
croorganisms have various and different role on the

and 2.5 mpy respectively, after biocide application.
The July sample required at least 30 ppm biocide,
while the April and October samples, required 20
ppm biocide for effective results. The results not
only demonstrated the importance of microbiologi-
cally influenced corrosion in the studied cooling
water system but also revealed the importance of
monthly biocide optimizationin aparticular system.
© Global Scientificlnc.

K eywor ds: Cooling water; Corrosion rate; Gen-
eral heterotrophic bacteria (GHB); Microbiologi-
cally influenced corrosion (MIC); Sulfate-reducing
bacteria (SRB).

planet earth. They havevital rolesin organic matter
decomposition and nutrient cycles. By bindingto dif-
ferent surfaces and biofilm formation, microorgan-
isms damage substratum materials causing corro-
sion*2, Corrosion dueto the presence and/or activ-
ity of microorganisms is called microbiologically
influenced corrosion (MIC)34, In various studies,
the proportion of MIC intotal corrosionisestimated
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invarying amounts. Commonly, MIC isestimated to
accountsfor about 20 percent of thetotal corrosionf®.

In most industries and organi zations one of the
most important equipments are cooling water sys-
tems. These systemsincrease water contact with the
air, causing rapid cooling of the water and conse-
quently related equipment(s). Most cooling water
systems are made of a closed circuit which the wa-
ter absorbs unwanted heat from process and trans-
fer and excreteit to the air. The proper functioning
of the cooling water systems is critical for appro-
priate process efficacy. Cooling water systems suf-
fer many formsof problemsincluding corrosion and
failure dueto its physical, chemical, and biological
conditions®.

Cooling water systemsare suitable environments
for microbial growth™. Inthisregard, MIC isvery
important and emerging asaseriousprobleminthese
systemg®. Many studies investigated MIC and its
control in different cooling water systems®4., It
should be noted that each system hasits uniquefea-
tures. A MIC control program (such as biocide ap-
plication) that is appropriate in one system may not
be suitablein another system. For example, study of
Minnos et al. ¥, showed the importance of biocide
concentration optimization for each cooling water
system.

Since MIC can reducethe efficiency of the cool-
ing water systems and increase the cost of mainte-
nance, inthisstudy microbia contamination and cor-
rosion rate of acooling water system were analyzed.
Furthermore, the corrosion rate was eval uated after
biocide application.

EXPERIMENTAL

Water sampling procedure

Water samples collected in glass bottles accord-
ing to APHA 9060 A% from acooling water system
in Tehran, Iran. Bottles sterilized in 121 °C for 15

minutes. Na,S,0, and disodium salt of
ethylenediaminetetraacetic acid (Na,EDTA), were
added to the bottles for neutralizing residual chlo-
rine and reducing toxicity of heavy metals, respec-
tively. Sampling was performed threetimesinApril,
July, and October 2014.

Detection and enumer ation of microor ganisms

Detection and culturing of general heterotrophic
bacteria(GHB) and sulfate-reducing bacteria (SRB),
two main group of microorganismsrelated to MIC,
were performed according to NACE standard TM
01941, Standard bacteriol ogical nutrient broth was
used for cultivation of GHB. Composition of this
medium was: beef extract, 3.0 g; peptone, 5.0 g; and
distilled water 1,000 mL. Composition of SRB me-
diumwas(g/l): sodium lactate solution, 4.0 mL; yeast
extract, 1.0 g; ascorbic acid, 0.1 g; MgSO,.7H20,
0.2g, K,HPO,, 0.01g; Fe(SO,),(NH,),.6H,0, 0.2
g; NaCl, 10.0 g; and distilled water 1,000 mL. Bac-
terial number enumerated according to NA CE stan-
dard TM 01947 by serial dilution.

Water sampleanalysis

Water sample parameters were analyzed using
standard methods. These parameters were: nitrate,
nitrite, sulphate, and sulphite, TDS, Mg, Caand Na.

Corrosion rate measur ements

In order to find the corrosively of water samples
and testing efficiency of biocide, weight loss mea
surements were carried out using carbon steel cou-
pons. Coupon chemical composition (TABLE 1)
analyzed accordingtoASTM E415%8. Couponswith
2x70x14 mm dimensions dipped in 500 ml of water
samples at room temperature for 30 days. Before
each experiment, coupons were abraded with wet
SiC paper (grades 600-1200), polished with emery
paper to mirror surface, washed with double dis-
tilled water, degreased with acetone, sterilized in
ethanol 70 % for 1 hour, dried and then weighted.

TABLE 1 : The chemical composition of carbon steel coupons

Element C Si Mn P S Cr Mo Ni Al
(%) 0.15 011 0.48 0.02 0.016 0.06 001 0.01 0.038

Element Co Cu Nb Ti \% W S As Fe
(%) 0.015 0.04 <0.005 <0.002 <0.005 <0.02 <0.005 <0.002 Base
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After completion of the test, coupons were washed
and cleaned using water and smooth brush. Weights
of dried coupons were measured and corrosion rate
calculated as mpy.

Biocide efficacy test

Based on water analysis, economic assessment,
and previous experience an imidazoline-based bio-
cide selected for efficacy test. Biocide efficacy
evaluated according to ASTM standard E 6459 at
10 to 100 ppm concentration. The cooling water
sampleswere used asreceived. All tests performed
in duplicate.

RESULT AND DISCUSSION

GHB and SRB, which involved in MIC, were
observed in the cooling water samples at different
times (TABLE 2). Highest microbial contamination
was observed in July. In this month GHB and SRB
counts were 10° and 10? per milliliter of water, re-
spectively. Monthly variations of microbial countin
cooling water systems have been reported by other
investigationgd?2Y, Water chemical analysis(TABLE
3) indicated that the cooling water had enough nutri-
entsfor microbial growth. The higher amount of sul-
phate was observed in July that was correlated with
SRB count. Sulphate stimul ates SRB growth and uti-
lizes as terminal electron acceptor by this group of
bacteria under anaerobic conditiond?. Sulphate

content of the cooling water samples were between
235 to 310 mg/l which were approximately similar
to sulphate content of the SRB medium of NACE
standard TM 0194*7, Accordingly, the amount of
sulphate was sufficient for SRB growth. SRB are
the most well known bacterial groupin MIC and are
present in most MIC cases?. It iswell known that
SRB are important causative agent in most micro-
biologically influenced corrosion of cooling water
systemg®l. So, their occurrences increasethe risk of
MIC in thisindustrial cooling water system and it
must be managed properly.

Biocide efficacy tests were performed using
April, July, and October samples. As shown in
TABLE 4, the used biocide efficiently killed bacte-
riain all water samples. However, efficient con-
centrationswere different according to the sampling
date. The water sample with higher bacterial count
required higher biocide concentration. Inthisregard,
the July samplerequired at least 30 ppm biocidefor
effectivekilling of GHB, whiletheApril and Octo-
ber samples, that have lower bacterial counts, re-
quired 20 ppm biocidefor effectiveresults. Similar
to Minnos et al.,[*¥ these results demonstrated the
importance of biocide concentration optimization for
each cooling water system.

Corrosion rate of thewater sasmplesaregivenin
TABLE 5. Maximum corrosion rate was related to
the July sample and significantly reduced after bio-
cide application which demonstrating useful ness of

TABLE 2 : GHB and SRB counts per ml of water samples

General Heterotrophic Bacteria (GHB)/ml

Qulfate-Reducing Bacteria (SRB)/ml

April July October April July October
10* 10° 10* 10" 10° 10"
TABLE 3 : Water samples chemical analysis (data represented as mg/l)
Chemical , Quantity (mg/) Analyss Method
April July October
sulphate 53 310 235 ASTM D516
suphite 37 4 32 APHA 4500-SO,
nitrate 24 250 234 APHA 4500-NO,
ritrite 0.02 0.01 0.01 ASTM D1254
TDS 1637 1795 1648 APHA 2540 C
Mg 12 15 13 APHA 2340 C
Ca 25 22 19 APHA 2340 C
Na 510 537 525 APHA 3111 B
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TABLE 4 : Biocide efficacy test results, (+): effective, (-): ineffective

Sampledate
Biocide concentr ation (ppm) April July October
GHB SRB GHB SRB GHB SRB
10 - - - - - -
20 + + - + + +
30 + + + + + +
40 + + + + + +
50 + + + + + +
75 + + + + + +
100 + + + + + +

TABLE 5 : Corrosion rate of water samples with and without biocide application measured by weight loss method

Corrodon r ate (mpy)

Water sample

Without biccide With biocide
April 35 1.7
July 15 5.3
October 4.1 2.5

April

July

OCtOber— ’

N

Figure 1 : The surface of carbon steel coupons before (A) and after (B) biocide application in different months

imidazoline-based biocide in such systems. Corro-
sion rate of treated water samples from April, Jduly,
and October were 51, 65, and 39% lower than un-
treated samples, respectively. Correlation of corro-
sion rate with bacterial count and its significant re-
duction after biocide application indicated active
role of bacteriain corrosion of the studied cooling
water system. Despite the active role of microor-
ganismsin corrosion occurrence in the system, cor-
rosion was observed on coupons even after proper
biocide application. Thisindicates that in addition
to MIC, there are other types of corrosion in water
samples. Consequently, other chemicals such as cor-
rosion inhibitors aso should be used in order to
minimizethe corrosion rate. Figurel showsthe sur-
face of carbon steel coupons before and after bio-
cide applicationin different months.

Taken together, theresults not only demonstrated
theimportance of microbiol ogically influenced cor-
rosion in the studied cooling water system but also
reveal ed theimportance of monthly biocide optimi-
zation in aparticular system.
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