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Fraction C atoms M. Wit
Gas 1-4 16-58
(asoline 5-12 712-170
Kerosene 10-16 156-226
Diesel 15-22 212-294
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Problem Principal types of microorganisms

Blockage of pipes, valves, filters and incorrect readings Fungi, polymer-producing bactera
from fuel probes

Increased water content All

Sludge formation All

Surfactant production, causing oil'water emulsification. entry  Fungi and aercbic bacteria
of cells into the oil phase and ccalescer malfunction

Corrosion of storage tanks and lines Fungi and anaerobic bactera
Production of suspended solids in the fuel All

Breakdown of hydrocarbons Fungi and aerobic bacteria
Shortened filter life All

Fouling of injectors Agrobic bacteria and fungi
Increased sulfur content of fuel SRB

Shortened life of engine parts Undetermined

Penetration of protective tank linings Fungi

Health problems Endotoxin-producing bacteria,

opportunistic pathogens, SRB.
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Bactena

Acinetobacter™
Acinetobacter calcoaceticus
Acinetobacter cerificans

Brevibacterium ammoniagenes  Pasteurella sp.

Clostridium sporogenes
Corynebacterium sp.

Psendomaonas sp.™
Pseudomonas aeruginosa™

Actinomycetes Enterobacter cloacae Pseudomonas fluorescens
Aerobacter aerogenes Enterobacter glomerans Fsendomonas maliphora
Alcaligenes™ Flavebacterium arborescens Psendomonas oleovarans™

Bacillus sp.®

Bacillus acidocaldarius
Bacillus megatherium
Bacillus subtilis

Flavobacterium diffusum
Micrococcus sp.
Moraxella sp.
Cchrobactrum anthropii

Psendomonas putida*
Serratia marcescens
Serratia odorifera
SRB*

Yeasts

Aureobasidium pullulans

Candida guilliermondii®

Candida zeylanoides

Candida sp.™ Candida lipolytica™ Hansenula mrakii
Candida famata™ Candida rugosa Rhodotorula sp.*
Candida fluviatilis Candida tropicalis Saccharomyces sp.

Filamentous fungi

Acremonium sp. Fusarium sp.® Penicillium hirsutum
Acremonium strictum™ Fusarium acuminatum Penicillivm minioluteum

Alternaria sp.
Alternaria alternata

Fusarium moniliforme*
Fusarium oxysporum®

Penicillium notatum#
Penicillium spinilosum

Aspergillus sp.™ Fusarium sambucinum Penicillivm thomii
Aspergillus clavatus Geomyces cretaceus Penicillium waksmanii
Aspergillus fischeri Geotrichum candidum Pestalotiopsis agquatica
Aspergillus flavus Gliomastix sp. Phialophora sp.
Aspergillus fumigatus™ Helminthosporium sp. Phialophara richardsiae
Aspergillus niger® Harmaoconis resinae™ Phama sp.

Aspergillus nidulans Humicaola grisea Phomapsis sp.
Aspergillus ochraceus Mucor sp Psendallescheria boydii

Aspergillus paradoxus
Aspergillus sejunctus#

Paecilomyces sp.
Paecilomyces lilacinus

Rhinocladiella sp.*
Rhizopus oryzae

Aspergillus sydowi Paecilomyces variotii* Sordaria fimicola
Aspergillus versicolor Paecilomyces virvus Stemphylium botryosum
Aspergillus tamarii Penicillium sp.= Thielavia sp.

Batrytis cinerea Penicillium brevicompactum Trichoderma sp.
Cephalosporium sp. Penicillium canescens Trichoderma harzianum
Chaetomium dolichatrichum — Penicillium citrinum Trichoderma koningii
Chaetomium globosum Penicillium corylophilum™ Trichoderma viride™
Cladesporium sp. Penicillium cyclapinm*# Trichosporon sp.™
Cladosporium cladosporoides™ Penicillium digitatum Trichothecium roseum
Cladosporium herbarum Penicillium echinulatum Tritirachium aryzae
Cladosporium sphaerospermum Penicillium expansum Ulocladium sp.
Curvularia lunatus Penicillium frequentans# Ulocladium atrum
Drechslera cynodontis Pemicillivum funiculosm Ulocladium chartarum

Epicaoccum purpurascens

Penicillium glabrum#

* organisms with reported ability to grow in fisel

# Synomms:-

Aspergilhis sjumeius = A rubvobrinnens, Penicillinm frequentans = P glabmm, P eylopium = P airrantiogriseism,

P notatim = P elwysogemim
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Oil soluble Water soluble
Isathiazolone formulations Morpholines
Organoborinanes Oxazolidines
Pyridinethione Halides
Hexahydrotriazines Aldehydes
Imidazolcarbamate Phenolics

S35 §393 4 oS 5 (18 ol an cod b 5 T e Sy Sy gen¥ga 8 gy L 03Y ol
E g 3l oatlaz slozyB g L iSL adde Ol (sloaimn yo lasdled L 11 oy ¥ < Gaylarde , Bento
el il g0 psisel Ul SlaS 5 5 Oslsilisinl 5l (bslore a8 0l (st g Wi S aley] S

Wiy 0 )5 Cg Yo o /F- T g ol (Sodll lp s o5 o il A Yo T sgus wpsm 0,8 A e
s 5 it o9lisa] 45 el 00258 05501 (glbromnlS 5 Sam Cengli i Loty Ll 55516 S, il o s
A5 o APy Sz g5

t b G ) Olasdo —A

0gd il bl g5, y90



(S At -4
g il oo (05 mlie (lgie 4 s glo ()T 5,008 Sl oslitul g b Ci g (655 2 o) 4 OB LewnslS g Se
oS Jlad Jalge oy ol e Gl ) ISt B g coiS 2alS Aoz 5l Shled 59 4 ymie Sl oo el 0l
Blae Sl g (ES g 0235 e sl ) 5 (3l (T )95 el SlES g (9,5 Wgedgal ol Wi oo oS s
e JalS (g 3,555 (lime Gl Sl Sidod o 2ld pee LS (05 Sgdne o S g )de o B WSS gm p
Bl (9,500 (S5l 5l (65K 5SS 11 09 adles cdlane gl (2l 5 (jloe Liblome Y @ 35di 9350 lalad
bls salgt Ol pani g 6 S sl anje alS o (5 g0 B g

(SIS yud g S

2=l

WWAY=(olnl (53555 ozl 4,580) 555 dalibiad =" Sy3glsn (59,95 (SleomsilSa 1 lailine o5 0l [1]

2l Gk " olily s 008 Lol (slap S iy SY5 5 ST5glsm (F9,05 5 g e alse (gt tsbailian; 5,0l (Y]
VWAool o5 olEails cpsle saSasls wus )| owlis IS

gy obiw = Luai g0l Coslas i 2506 ol ys SeilKe (sl ain, Jle 098 S — "o jolits jo 9,55 ¢ ailiaa, o5 0l [Y]
VWA obo poge « Jsl ol = el sl

g Y8 (59,05 e daglia” f il o5,mlbs 1L, o 053 ,0l9> ¢ ol ¢ o3 soly> « sl «loludl 8,50 ¢ o5 [F]
VIAY 8la,5 =0l 45 olRiils = (53,93 (ho 0,58 (paiiinn "aligy Ao g &y SleitS ) S¥ b 0uiS Lol (slen 1S

VEVO XY+ o ladienitan JlopmSin Canio b ymnd="08 )5 1Siwd Wl 45 eddi gy See (59,95 1o (Lo ,aly> [0]
[6] Taheri,R.A , Nouhi,A , Hamedi,J , and Javaherdashti,R; “Comparison of corrosion rates of some steelsin
batch and semi-continuous cultures of sulfate-reducing bacteria’-Asian Journal of Microbiology,
Biotechnology and Environmental sciences, Vol 7, No.(1) : 2005
[7] R. A. Stuart; ’"MICROBIAL ATTACK ON SHIPS AND THEIR EQUIPMENT”, Lloyd's Register Technical

Association, Paper No. 4 Session 1994-95

[8] Chrigine C. Gaylarde, Fatima M. Bento, Joan Kelley; "MICROBIAL CONTAMINATION OF STORED
HYDROCARBON FUELS AND ITS CONTROL ", MINI-REVIEW, Rev. Microbiol. vol.30 n.1 SSo Paulo
1999

[9] Woodyard D , ”Microbial Contamination of Fuels and Lubricants’, in:Pounder’'s Marine Diesel Engines,
Seventh edition, 1998

[20] Videla,H.A, ”Manual of biocorrosion”, Lewis Publishers, 1996

[11] Silverman,D.C., and Puyear,R.B,. ”Effects of Environmental Variables on Aqueous Corrosion”. In: Metals
handbook, Vol.13 (ASM Handbook) — American Society for Metals, 1994

[12] Hamilton, W.A. 1998, “Sulfate reducing bacteria: Physiology determines their environmental impact ” .
Geomicrobiology, 15, 19-28

[23] Hill,E.C., “Microbial corrosion in ship engines’, in “Microbial corroson”, proceedings of the conference by
The National Physical laboratory and The Metals Society, Published by The Metals Society, London, 1983,
UK.



[14] Javaherdashti,R., Singh Raman,R.K. “Microbiologically-Influenced Corrosion of stainless steels in marine
environments with sulphur-reducing and iron bacteria: an overview”, proceedings of Engineering Materials,
Australia, Melbourne, September 23-26,2001.

[15] “Enhanced degradation of Military Material”, www.sunshine-project.com

[16] Javaherdashti,R. “A review of some characteristics of MIC caused by sulfate-reducing bacteria: past,
present and future”, Anti-corrosion Methods and Materials,Vol.46,No.3, 1999.



