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fuuacr* crg,ildithn'

At the cuotonre/s site, biocid€s ree ueed to rnaintejn ^a
clreckon rooilart,nicrob€tt Iu tlde eitustion, the biocide'B
role ie not-to acbievc stcrility. Ibe obj6ctive is to coffior

biodsterioratioa, Altematirrc etrrtagiec for aohlcving con'

tamiaation controt rill be dilguss€d subeequently'

Lubrbmt blodsbrlorrflon

TIte objegtive of this ardclo h, prirnarily' biocide$ not

Dictrobial sctiviW in lubrieaote. Howc{6r, eri utrd€rcttnd-
ine of micmbel lornc. a basig.lbr Eeking iaforoed do'i'
gdns r€garditg biocids seletion or uaa strategros' .

Lubricaat raDciality ip ttlrtively ranE oonpaf,ed cr$n

rqstalwolking f,uid rrncidi$r. Ilonster' as refrrely opsie'

tioOS have evolved to neet incre.singly stfingett CICsD-arr

aat regulatione, the chemistry of lubrient bate'stoch1h's
shifted towad lower Eromahc fltd hlgtrcr Imrafimlc
srcatic c:omDou[d cgntants. Conseqnently; it-iE Dore

bi6rkgradab[e (not, trecsrarily a dieadvautage if ths cor:

c€|m it wrst€ 6latbeDt)'
In lubrtcant ryrt€Ec; mie.robes exiet h -a rolatively

ateady Btatc, op€mtiDg aB coDsottir' uolsaN dilurrb€d' m

a conmrtiun, the werell effect o{tJre Dicrobiat cosmrrm'
tv ir cr€ator than thE mrm of the ectivities of it8 iridivld-

uel decrberr. Sono species so{rets biosurfgctants-tblt
trao Mlcarbonr into rmdl mictlles, or invcrt omuluon

oil in water dmplsts. SpGciep Urat carr ettac] base-atock o

other luhricant cmponsnt! s€cr€io Dstabolic weEtoa-lnar
other micmbec can tue ar foorl lbi! mnirobid bod cbaiD

hae the net ellect of accelerating biodet€riotatlon'
Micmblal activiw is a coatiuuous pmc{6t. MtcroDeB

ercretd lorw molecolar wcigbt (Cl to Ct) frtty acidt' mer'

caotole, skatols aDd othm volatitre' ol5andeptic molecrrlct

tSEe. fI Itficrobe. r'te cotrtinuourly acdvo, wen if tb€re i8

on$ an occassi,otral awareno8a of theiiaymptomr'
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Biocides for lubricant rancidity and
biofouling Prevention
FrudrrlckJ. Parannn, Prceld€nt, FCIS Limff€d, lnc', Pdrrcoton' N'J'

INDUSIBIAL lubricants ale increas$y providing a
rich enviroilrEnt for micrcbirl grorth anil prdifertitio'
Most of the hqwledgB of lubricant biddeterioraftin htr
heea exhamleted &om ficld and laboratory 6ilpsrien6
with netalivorking Ouids. Compoaitiornlly Dorc conpletr
than nqA luhicatitl, rretdwor*ing fluiils En eith€r eotu-
tioas or eDulsions of 6 to 1016 @olant concantrate- m
ureterr. lbe fattv aside, sdntdted oitr' glycob and other
oqanic conpmgnta of metalwortilS fluids aDd- dltsr
tuf,ricantr prn'iae a rich food souiin ffor mitrobee' Coorant
recirqrlati,on prorridcr eeratlon to 6up-PGJ aenoDrc lltcm'
trial activitv; Mqt lubrhatim cystems do not sral€ uu8
earactcriri,ic with nstrfwo*ing Auid systoms' Lubricst
flov teods to bo slow€r and absorbe less etrtnaiisd atr'
nsdnoletilg s}tstenr p,rovirle an ideal envirunmeD! tbr
bioflros to 3rw. Large ayatomr may hcv€ ryYq3rE-qu're
nilea of gurfrcc erca fc orygpn tro be ef,polcd to luDncant'
hoogt ftr fue teEaldaut hydraulic fluidt' rvittt tlcir higb
watoi contelt, noiettltr entss the syrt€m thtouSh con-
dsneati,on-ilit 

*b"" aro most prevalent on {n*em sirdacel thele
eondsnsation co'uinel€s with lubricmt to support dsv€r'
oment. the microbee inhabitiDs the biofilnc that form
oi tU"ge eurfirc"r oct []o firsd-fi]m btohgrcd resctors;
.draeinr outrients froo the coolant and ercretiug waete
proauctr tacl into the streao' lhe net dtct il luDricdrt
biodctarioration-ffi;i,gev; 

of contaminotioo coDtf,ol b primgrilv to
ttsv€nt-biodetorio-8tiotr' A B€condEry' but often ̂ conse-
iriodd objegtivs is to miniEir. biortlald apsuEulatlotr'
fuopartv uaeA as part ofan overalllubricant.T3P. ee+ent
strat4y, hoddes pla5t a rrlqior role- ra rah'rDrung Docn
biodetedoration and biomagg accumulatiol-

Elocltbo

Btocidec nav be uc€d aa pneervatineo m disinfes{strtg'
Whgn usoil aB preeenativea, biocidoa are added to uroon'
tanlneted flulds to prevent microher &om pmliteratiug^'
Lubri€anta arc tnicsuy fmuldedwuter*ee (€N$€'pt r-itr

lrigh raters,Cotent spscialty luhricunts). llowever' tlre
t& satrn+ee ts rt[ativa A lub 'ncaat ontainiag 0'296
weter haa 2 cal of watdr for stteqy 1000 gal of prodtrcL Tbis
mry appcaqi$ignificant, butr€lltiv€ly simde cslculsti'oDg
ruvad adlfrereotperup€{ifuo. A moderutcnlisobrel roaf, ul
lubricaot rsociatid wrtar i! 10'000 bactoria/Eiflifiho: On€
allesr containrsjS r lOs mililik'et. lhog; 2 grl-of water ltr
i iOOO.csl E-vst€'Er coqttafu amruirnddv 1 xlO'b#ia
Anv oitaiination intruduced duriag blsndLing or drum'

miini can eroli&rato in-drum during storagp^ AlthouSn
cooliat corientralee rarely tuni reacid in'itiram' unpre'
erved concedrate s6a !3 g riEiifictnt cmtarrfurstign !6q-
tor fur metalworliag f,uid eysJ6ms' Used as iadrum
rires€rrativot' biocide pro@t coolant @iuconrirEes rrom-contributing 

to niciobial toedr in netalworhing svstems'
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&enistriss ae primary fmd courcec. Srdler mdecalea
eud oareffias t6d to be ettac*ed befom mors comolexeud paraffias t6d to be ettac*ed befom mors complex
moleculoe Congsouontlv, ftrbricant commnents will be
ds$etpd
iinirlrtidi

moleiulee Conecquently, ftrbricant components will be
d€plst€d sel€ctivoly. 'lhir upoeh the balance amqng ftt-
rulatiori oonponentr and leeds to performance failure:
Aa discnessil previorraly, microbss produce eubgtantial

A second. oonwntioqal wisdom.hdib tlrat misrobe€ are
not a omblern until thors ie a viaibld alims fornatioa. [t
rcquitro approrinrtely s bilfion individual bsderie to
furo a % -in. dia cirlon:. By the time equipnenrt ir covered
wtth a nicrohid ma! it ie trir latar,o conride'r either pre-
v.cntivr mearuree, or conhol tbongh bioeide u* aloae,
Irlierobes attsel lubrieants and lubricatlon ayatems hoth

dircctly and indirectly. The primipal form of ilirect attach
iE to use lubricart compoueatr ar food. Baeteria er{ fungi
cen use rneuy lubricaat additive aad baee-stoct

Viewing earn. plee under a micioeedpe ir direet ohs€rvstion-
lhir qpproadr is rarely pracdcal at industriral or Dotrer
gurer*tion eit€s. Variationa ur the viqble cell engnera-
tion metbod are the most cosmor memr of nmitoting
ni$obial loailr. Many plaate uee dipclidec coatod with
microbirl glowth.media to :eatirnate t&e nrrmber of living
bacteria or fi4rgi in coolante. Viable cell etum€ration
rrsults tend to underestisste poyilation denaiticr,
Moreoycr, viability results are not necemdrily correhted
with biodeteriorati,on, Microbeg that are astive in thr
luhrrhatioa ryrtem but do oot fortt colmier go [nd€t€ctod.
Otber micmbeE that migbt be dormant in tbs lubrricent
rray grow hxuriantly on uierobiologicdl growth media.
Posaibly, the mejm limitation to viatle cell enuhgration
values ie the incubetion period. By tlre time the date are
reported lZ4 b 72 hr), lubricant rllrtam conditions may
have dlrsady iloteriorated to tbe poiatwhere refinad tects
are ruperfluoru. Thre arr geVeral conmercialthenicd
agsryr thet c.r be ue€d to det€ct dtcrobes. Tbem provide
apced and rioplicity, eoabling opera'tora to take {mely
corrective action when nac€rgarlr, Ths eatalase testr ir a
conmonb uecd rapid array. A new lipoDohruaccalrid€
amaf hae rcccntly been iltroduced irlto thc metalwort-
ing tndustry. fire potcntial of thie nathod ag a lubricant
a'crening tool hal lnt to b€ doteroined.
In aummary, t'hort aru I vaf,i€ty of melhodr for detep

niniagtrh€tlu ryrtena bave rmcontrolled miembial cu-
tamiaati<ir that ig adverE€ly a&cting operations,

Stratrgbs

lBfodde,ulocehbaAr-lJainot*o, er: . , , ,  l

r ln.drum.
. In.spplfoation.

Each of the two categpris can be further diJidsd in
eub+tegorie.s. Itr-druE hiocidc uso can bd.i:ntended ftr
either lubricant coneontrate prcrerrratloo (dircureed pevi.
onsly) c ploduct enhaneament. When formulators expoct
biocides tlrathaveboen.built into lubdcant fonnulationrto
inbibit Eieobialcoataninatiol b lubrieant rydemr, they
are uriag ths biooidea ar porftrbmcc ailditiveg. By larv,
any prodwt that nalee anti-mkmbial alaimr murt be rtg-
istcr€d utrdcr thc ngulationr of tbc Fedoral lruccticide,
Fulgicide ad Bodenticide A.f G'IFRA). (FIFRA tcgula'
tions a!6 fqtnd h 40 CFR 16t to 186.) Few lubricaut com-
poundqs ure eufEdietrt biocide ooacentrations, i[
fomulationg, to provide in-uso biocide pcrfrrmancc,
Howevtr, sitrce apeciftc aati-nicrobial claime ars uot
nade, eitber in the producL litaraturc or on drum labelr,
thay do lrot regider th;elr cmlant fuaulations.
Biocidgs may be ured in-applicatior to citbcr prewnt

uncontrollod micmbial coirtaminetion ptublens r aoroct
therm mce they have occured" hwcntive troatmeDt
etret4iea frll into brro categorier; pdodfc and pmopor-
tioaal In periodic trdatmsnt prqgralrs, biocide is added
either in acctrdrnce *ittr a pe.determirrtd echedule m
hq.d on roonitoring aleta. Soheduled edditimc are ooDvG-
oient ia thet theg becore part of the plant routinc.
However, thcy do not tate ryrtom varirbility iato acrbunt
For eranrple, vari:etionc in water to coolant naka,up ratns
have a oignificant impact ou biocide demald. Biocidec are
cmruned ar theyhin nicrobee. Moreova, thef mayreeet
sith diaeolved metal ions and othor cmlaat eystens
chemical"r, or becoas i$e\rcrdbty bound to partider and
d:her gurfscog. Ths net rate at wbich Hrotogic[v a.tive
biwido diaappeara frora tha ayltamr ia csllod th€ biocide
denand, Failu.re to crmpcnsate for thi; variitisn can
hanrlata into eitlrer under*ddsing or ovondoeilg with bio-
dde. Sinihr problema cau occrr if the arsumptionr ou
which ths acheduled additioa p1qtam war designcd are

volumsr of low moleeuhr weight o'rpnlc acidr, as waste
b"-poductq or uetabo[tee. Theg6 er{dic nctabolites
ruact with end neutfalize coolant formtlation amines.
Wb€r! tbey accumulata loca$r, ar in biaffIus, they can
etdr metal rurfaccs, inducing or acceleratiag cormrio[.
lbo orgrnig acidr nrta alro destabilijzc enulsioac, iuduc-
ing sil to eplit fton thc rater*pharc (fr e*anple in high
watsFbamd bydrautic fluidr). Depcudiry ou thc prcvail-
bg conditionr, ei{rober can emulsi& or dcmdsify lrrbri-
cants.

l|onltoa4g,fortntqUrl,oomrmhsltorr :r;i I ;; I :

tberc are four gcuerrl typea ofobaen adonr tlet rystsug
opcatms can na&e tn ncoentdng Efcrobisl contemlna-
tion:

. Gtos.

. Pby8ical.
r Chstlicsl.
r Microbiolc'gic.l.

Any monttortng or ooatamirntion oontrol pmgram mrret
be derigocd with cleai o\iectivea. It ir poeeible to monitor
too ftcquentb .nt to u* bocidee aggr€.dvoly..Not dt
ob$rystion D.sd to be madc rith f \c eame frequency. A
rhort llrt of AaS parara€tfi! ahould bo idmtrified. l$eae
alc eaeily rltrde obcGrvations that indicate that a Dot0!0.
tial ptobl€n ui!t6 srrd Out edditional tastiag DrrV b6
necdcd to dotaoirc tho basic caure of tlro poblcrn For
och panoqtar, ddns coltrol critoriB, Aho, define rpe-
cific actime to bo tat€n if urcasur€mentc fall outdde the
coilrol limitc: {a[goi! baing ncanu,eil Conilltions in a
fleftfy chargsd ryltsm !€rrre aa the benchnark.
Sta{etical proccu e,hartr fudicatc wh*her a eyrtem ic in
cmtrrol or mt- Any ne*hod that ir adopted murt bo
apSied conairtently, othcrwire, the chogeo obsoryod
may be ilue to procedrrral variatioor rather than ayatem
duogea.
Moet grosg observationr can be nade during a virit to

the ebop f,or. Unuaral odory slime on or arcund syetem
corirponentr or comodon on rurbces, uncontrollied nicro
bid conteninsdon ould be the caure.
Fhyrfual obaerratiooe may ruquire instruDentation.

Haze and virlble, nsnmetallic particulater are the first
ciga of aignificat* microbial contarninatimr.
Sinple' chenir:al tests for water-phare rampleo indude

PlI, atkllitrity snrl corrrogivity. Moet lub'ricante ere built
wlth emcess baae..Ths total bffc numbot (TBtil) ic a maa-
arre of a lubrieant'e basicity. Ita rued lulriiant'r'TBN is
<?596 of a ftosh pmduct'r TBN, microbial contanination is
a lihcly carre. lilorc aopbirticrted tad proco&rror can be
used to bar& oncontrdionr of rpecific lubricant compo'
ncota or Dirrobsl netabolitec,
Uicoblotogieal tertg can be catqe'rized aa direct obgen-

vation,. viable csll enumeration or chemical acs$t.
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not: valid (turnover raterii biocide denaud, microbial cont-
arhinEtioq rate6, stc). : .
D'ata-&'iven:periodie biocide sddition ii genrerally more

ewt efhctive and safer th&d a schedulod ailditidl One or.
more of the parapeters discuased previously are used to
tlete,rmiae when biocide is necded (fo1 era,bpl€ TBN and
catalaee ectivtty).'Generally, microbial grovth insea6€8
wheu bioeide couc€Dtf,atioub fall below efrective lwels
(Fie, 2), Cousequertly, datd-driven bFtmatrt prov.cnt8
over-dori4g th€ syrt6m. It is important to monitor syr'
ter[E both b€bre and after treatoent- Qccqsionally, Dopu'
lations that are regi€taut to a parthularrbiocide gain
Brsdominence as biocide sencitive bfurobei are eul>
precaed. this pheionenou hac Bom€tiin€o becn confueod
with biocid€ tsgistance mutations that mals the initially
eenciti$c opeciea leso sustoptiblo to dininfectioa(Fig, 8a)"
Poprilstion mutation SiftErarlg more likely to o6lctr in sys-
temg routturoly treated with gub'lethal biocide dosss (F8.
3b). The effects of altsmativ€ heatment strstegier' @
biohrden e illultrrted b Fig. 4.
'Sub-l6thd trcat@ant ie most llkcly to occur it syst€mg

treated proportiouateb sith biaride. Some qrd-usoie con-
Eldsr this qpproarh ae a rncabr ofinruriag that thelreys.
teor rrE rccetving outinuour tr€{tmdt llowever, the
ardu'pento aguiqd sc.h6duleil, pqr{odic treatnsrt opply
in thls cme as well. It ig Brely advloabls to add bloqids (or
aqy other additive) without a data-gupported basig for tho
adrlttion. Moreover, givqr t'he rulsdvgly lnrye volunc of
'biocide coDaumsd throUgh plo?ortionsl trestoant, plmt
op€rators nay c.hooee to. uee lowor tlian reootnanded
dosec. Cluo|ric eub'lcfhd tr€etE€[t i{ thg bedt sttmlrls$
for mutent pgpulation esleqtiou (fig.3a). trn edditim, vtu'
tually all tortic $ubstdDc€E erhibit en oligodyaaamic cfttt"

flg. '| - Effs6t ot altemallve bbclde- traqFriail dt bioburdon: pcrF
odic ogmdtw dolhg; pryiodrc, sdtl€&ded ptsrttntvo d8ittS; and
perbdc, dab"&lrcn pur€nhD, (AiTorvs indrcatebiockl€ fiehffisnt:
sihgP afior, poriodc consdtE; rnd &[6tc ailo*, pctudlc si$od-
ufecJ

Tln otgodytomtc effect, itluttratad. in Fig, 6, occure
whe.n a chemical is toxis at.@Daentr-{trone above a certaiir
threshold lel el. At the tlrreehold, t! has no sfiect but'at
lower ilosoc it ia a stimulslt. At 125 BPp or. highs corr'
contrations, tbe btocide illustnrtad in Fig. 4'afuively
kilk micobea. At 76 pprn it.hrie no cfrect. Tlis mitrobial
l.vd in fluid tlbstsd widr 25 ppm biocide ie 2000 timeg
birher than that.in the urrtreated gontrol. Under-tte'at"
mint can create wome problerte th*n no trgatrnent at all.
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lhe lssst dolirablabiostde applicetlon ttr&b8yis corlue
dve troatnrot.: Altlrolrgh it iB actuelly::a vsriatiou oa
ditadxivcn:periodic preeoDtiv€ trQtthent; corlrscttvs do8'
ing providee too little, too late. Biocidc donsnd, 8s di&
cureed previpurly; ir a critital - but gonerally aa
uuecogr$red factor in.ovddl bioaide perhrmaho. Onco
e ryoteio ha€ grosB eeidenarc dEsrious micr'obid coltami'
nation, the coolaut has a.head'} bepn dana8pd Dayold
r,ecoverA. Thick birifil"ms cen protec embedded mierobec
frorr biscids mol€culea lhe heaqy over-dosfutg !gsd4 to
bring sucll ryetcme uDder cottrol Bay caurq reepirdcry
irritrtioo or derimatitis. Moreoverr, s8 biofiIs eulboald€d
birrobes are killtxl, Iargs flocr'cf biotogicril debrie coae
See fron sy.gtam eqrfte'8. Tlfirse tloct can pltrg ilta's or
glnay nozzle lqaalr. TheV caa .*rlsd be dpporited on
work-piece sur{acen, advergely afrectingfinishet. .
Iu eunmery, under Eost cimilitiotrr, fu-ilrum pFeaei'va-

tion couplod with data-drivcn, periodic, preventive
tank.siilc biocids rrddition ii tb€ mort cost c$ocdinE dtrat
egr for enolanJ qicrobiotogica! contamination conbnol

Blocldc aahcfion

At pr�egoat, thet€ ale wer thtgty {JSEPA reglster-ed active
igr€diorts for lubriqant bibcindos, (Eadh regiqt6ted bio-
cide conteiae one u Erot€ ttotog&stly active cheriicale,
known aB scfive iugredtente. ldmt biocid;cs also mntain
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Hg, 3 - Efi€ct d biocide treatrn€nt a; Mutadon lotlndng bbdd€
t?cEtn€nti drd b. Popuhton succ€Eclon folo$,l4g,bhbl& treatildrt,
(Arr€urg lndlcrt€ bhclde |rbdmEntB.l
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biolosicaUy inert chemicals as solvonte, disperaante or
stabilizer€" One.actjve ingredient rnay app€ar in neAy
biocide fomnrlations.) fiiere arc two general approaelies
to biocide clsssifrcatiou:

.. Target microorganism(s); . .

. Active irryrediont chemistry(iss).

When closlrilied by target microorgauiarn, producta are
designated as:

' Bactericides - targot bactcria, generally ineffec.
tive againet fungi

o Fungicides - tsrge! furryi {yeaets and molds}, not
pqrticularly effectirrc agaiaet bacteria.

r Micnobiciilee - bmad epectirum, kill both bacteria
aad fungi

ttre boundariee among theee gronpB are not nece$arily
d€an. At high concentrationg (2 to 3 times the dosc used
to control bacteria); many bacterieides will also kill fungi.
Fuagicides will algo hill bacteda at high doce lwela.
However, cost-effectiye perftrmanco ie moat readily
achieved when pmduets from the appr,opriatc.group are
selected.
Ti"ii.f "r"r*ification is more eomplicated. Alternative
claesifrcation schernee are bae€d on overall molecular
structure (alkanes, hetervcyclice, phenolics, ete)r. slemen-
tal compoaition (nitmgen comgmndo, organo-sulfur con-
pounde, organo-metallic compounds, etc) or qrnthetic
interinediates (formildehyde condensate, etc). Each
a.pproach providee usofirl infornati,on to som€ cotnmuni-
ty. I{oeevor,. claecification cchemee uay alao be confug-
ing. Active ingredienta. wilh similar moleclrlar structwes
might b6 expeoted to react cinilerly' For example,.alile'
hyde biocidee (formaldc$e, glutaraldsbyde; 2"bydroxy-
2-nitro-1,3.propanediol) all denature endotoxins associat-
ed with gram negatire bacteria cell.walla.s hformatioa
on chemical claebiEcation or itrorgsoic ions in biooido
.molecrilee aleo.ehable coolant fonnula-lors to predict
potential chemical s}'uorgiea or incompstibiliti€8 b€tw€sn
biograles and. other formulation componente'
Clsgeification by ieaetive int4rEediate ie tJre approach
moet lrkely to causa.confueioa. UDinfonned potontial

. uscrg make biocide choices (more of[eu negative choices
in ths form of product bran&) baseal on theil under-
rtanding of ths toxicity of one or more of a biocidels reac-
tive intermediates. The r€cont controvercy over
fiormaldehyde condensste blocides ie an erample.
Although formaldehyde is a suspect e&rcinogen,
formaldehyde coadengate. biocides arc not.{

The first etep ia biocid€ seldction ir tlefining the appli.
eation strategy. Mucts with relrtively short halflivee
or with chemical incompatibilies are generally inappro'
priate candidatee. for in-drum prossrvadod. However,

. they mry be exeellent biocid€s for tanh€ide use to treat
syst€us with 7 to.10% daily tigrrover rat€s. If fuDgEl con-
ta&ination ir the principal prgblem, thefl fr$gicidsl
products peed to be evaftiatbd. Biocide pel{otrance ie
lubricant specific and often eydem specific. thig r€fl€cts
the variability o{ conditione between rixiroulrting sys-
tema, even whon superficially tlrcy appeai to be identicel.
Inedequate tr€atm€$t spectra aro often confused with
mutant seloction.
The glowth pattern typically seen when biorosiste[t

mutante of a particular epecios euoceede thejr biociile
Labile parente is illuetrat€d in Fig. 3a. More oft44, mem-
bere of thermicrobjal comrnunity that So.undetocted
beoause other (biocide susceptible) nicrobee are f58t€r
gtowing, or :compgtc more succ€B€fully. for evailable
nutri€nt8, Ilourieh, onte their coFp€titsr€ have boen
inhibit€d (Fig. 3bl Total plate couat data rray yield sim-
ilar resulte (the poprrlatioa no longer respo.nds to bioeide

:
44 lron an f S0.lE4t[|r.€t

troatnent). htpeJ dofiage prevents mutatrt suvival.
Erpad apectruin treatme$t guards agaimit e€Ieetiox for
difrerelt mierobial epeciee. Orrce the Ese strategy and
target microbea are deffned, one or.more candidate prod-
uctg catr he solecded for laboratory ecreening. Cotmonly
run bench tegte are ASTM D3946,5 E-6866 and E-970.1
Ttre biocide or biocide combibation that grves the inost
copt effective eoutrol in bench testg should thcn be gub'
jeet€d to field trials. Continuing trsatrneDt ahould be
ilata.driven; no two eystems ale identieal in tbeir trcat'
ment r€quire.nrenl8:

Blocld€t md blonsbtant molrecutras

Becently, a number ofoompanier hove introduced biorp-
eigtant lubricant additivca into their product lines. In
some casee, these are bone fidg neutralizing amiaeg,
anti-corrosion p'roducte or other firnctionql aoleculec.
Ilowever, there er€ aleo companies atrketiug chemicals
that provlde no other beirefit tb'l reducing a lubricant'e
tendency to go rancid. Tltesa prcducts mby be eimply
un-regietertd biocidea; A.bi'oreeistant additiv€ has no ILS.
EPA registration This means that tlero aro few or no tbl'
icity data aveilabl,e and the prodrrct @nt&inor will have a
short labol. Ttrig ia legal if the additive meets the frllow-
irlg two critetial

e Doee nd kill micrcbeg,
. Does ptwide non-biolqgical performanoe propen

ties to the Q.rmulation.
The di.fersnee bdtween e biocidal and biorcBidtant addi-

tive ie illustrated in Ftg. 6. Srhen a challeh{p.inoelrlum ie
added to a preeewe,il lubricsnt' ibe microbtal populati,on
is kille-d off quickly (cur.v€ a),'llqwevet, in a bloresistant
lubricant the population glowly dedinee eg it essentially
etalves (curve b), If e putatively bioreeistant edditive pen
formg like ri biocid€, then it protinbly ia. Ilgwever' biocidd
chemica;ls are routinely us€d that are trot regirts!"d p68'
ttcides, Muriatlc acid, pickling soluiiona,.caustic, etc, have
clearly deftned perfornanc6 propertioa other l,lua dieir'
fectiob. However, in coucrntiatred form,.tbey are all toric.
Since thery are.not used aE biocides, they do nct have to be
resistereil aa peeticidee. Before adopting ar-r additive rec.
onucended ar bei4g biornddant, r'erificafion slrculd be
ma;d€ that ii is not an illegal, unregidered peaticide.

:c:.o
P
.oo
ifi:

Tine
Flg. 6 - Dynamlcs of popufatlon de+ff In Dirclde'trBatad ard bioo'
elsEnt lubrhdnl lomul|tion6.

RegardilS biociiles, there ir a misconception thst tnot't
iaformeiion E€,qDs more toxicity. Uolike many ot}rer
eqnatly tmic substaneee ueed in inetalworking plante,
biocidos arc shiculy regulatd&'lhey receivq r'tgistration
only efter lenghty toxicity testing ond USEFA ilsta
review. Lsbel inforsration on regirteied pesticides i;
ilefineil bv law. Each Droduci leliel ie individuqlh
review. Lsbel inforsution on regirteied pesticides is
tlefined by law. Each prodrici lebel ie individually
approved by. the USEP-A.,Coueequently, peeticide tabele
dritain eonsiderable product lnformgtion. Besidee lieting
all active.ingredierlt€, *re kbel provides hanilling and
epill cleau-up instruciioru, guidance lbr container dispoa'
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al and recomnended ure levels. In contraet, oqst haz.
ardous chemieale have a .grreatly reduced anrount.of infor.
mation. Even with curtont hazardoug msterial
comrnunicatisn regulations, non-Besticide labele pmvkle
aubetantially lees product information than wiU U founa
on a bioeide lahsl. A longer label (.more information) ls uot
equivalent to greater riek..Uced in aceorilance with their
label inetruc{ionr, metahvorking fluid biqcidse pose no
unuFual risk to plant @eratoiE.

Summary and concluci,onc

Lubrichnt rysfieno piovide a good environnent for miqro,
tliol oommunitios. Growing moct abundantly on eurhqss,
nicrobbs can drange lubricant performancc.propertiee bv
eglectively dapletiag. functional addltivei. Moreovei.
ruicroHaf netsbolitac can etirnulate csnooion qnd ifrduce
invert emrrlsion formation,
Thc keys to mierobial coatamination cottml eft tood

furduEtrial hygicne, moriitoring and tinely treetmlnt.
There are more than 30 USEPA re*istered metalworkins
fluid bjocideei, Each has an applicalion whare it providei
cost-€ffective protection. Biocider rhould be 

-s€lected

baeed on performance in a particular coolaat and eJr6ten-
Moet oftcn, biocideg with limit€d solubility in rron-oolar
soleents wmk better in lubricants. BeD& ieots o"ooide u
relatively inexpensive method for evalualiqg aliernative
tr€atmantsi Bcndh teit, data need to be conflrned
ttrrough ffeld evaluatiocrs. Bioresistant additivee that
heve no.obvious funetionality.other than roplacins reris-
t.ered biocirles ehould be conoider6d with ca;e.

Properly used aB on€ @mpon€nt of a complete lubricant
ryetem ma-nagemeol program, data.driven biocide uce
{an gxtend lubricant, lift dra-atiixlly, reduce dovrntime
and create a healthier work en-vironment
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WorH Cnrb Sieel Productlon Reechcr 384.5 iir'ltion Tonneo at Mld.yeer

-Total June cnrde stesl p'roductiin rrepqrtl! bv 66-steel prgducfurg nations to.the Internatioual trrim and Steel
Inatiluts- OISI) yas !0.1-iril!on trxiaoi 6.6% rn-ore tli"n-pioUo"d;-ih tI;; sd; rnootl- trct rr"r. World total rru
ductlo{r ^Ior tJtG lifdt half of this y6ar reac.bed 38a.6 mittt6l t6aass, toppilg la$ yeorrs produatiilii of geCS miUion

ffiirit$S.t"ffiSffiot 
6.4%. Exeeptirg the former u.s.s.R., Africa and oceania, en resiong

-.Iule f99l- productiotr of 15.0 ririllion tortc in Wedtern Europe wae 1O.8% hish€tr tban ia June 1996: In the.
Europsqq 996, ovsrau production Et 13:7 million foDnes wes rno"e tban 11.0% h.igher corrpered to regirlte in the
seme montn last par' In all major 8te6l produeing countries in the EU recion, productio[ cdrtinu€d to rise consld-
€rably, r&nging from a 8.0% increass in the U,K to a B4:g% bcreese.in Finland.
f1 r'fatern Europe, ttjtal June 199? production war eetimated at 2.8 millisn tonnea. €.b% above outout.in tlre same

m{mth f aat year. Totat output in the former U.S.S.R. rosd alighfly,by 9,4%, wirh production of a egtiroated Z.Z l!il. .
Iron tonoeE in the Ukraine ap L2.8 ftom the June 1996 level, but dowo,I,4% in Ruspra, t6 ah c*imakd B,g mil_

North Arnerican production in June rose b'y 4.$%, to 10.? million tonnes..hodrrc.tion ir NAFIA counkies U.S. {8.1
miluon tontre8), Canada (13 nillioa toirneg) and lfexico (edimatad at 1.2 million tonnee) mse above the Juns 1996
level by 8.6%, 8.6% and 10,6%, roerac+ively. 

--- - --- - - -

South Amtirica'e mqior prrdurer, Brazll, ieportad Jlne 199? productioo of crude steel at 2.3 millioD. tonh es. g.7%
more than ii'r the sase nonth laet year. Total productiion in the region in Juae lgg? wag i,l rnillion tonaos, i rise
of 7-3% ovet the:year-saflier figur€.
,In Afrha, June crude steel production feu by.0:g%, to I.0 niltidD tonucs, with Droduction in South Africe down bv
&.2 %; tn 678,@0 tom€g. Jute.1997 output ii the Midille Eas& reached gt0,oO0 tonnes, tl.8% abow:last veat'i

ffi;TJfrll"H.lt*1trffi3frffig|:ction 
rsr in saudi Aratiia, to 218,0@ tonnes. Howev€r,:in Iran outrui roeo,

InAsilalio, Junc 1997 regults were an impmvsment od yeqr.oaf,li'or ffgurss in all nqior ste€l.producingicountries.
ld Pyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy.l( $nrnaoutput was €stisat0d to havereached 8.9 millio'n torines,6.4% nme thsn ir Juae Iast yoa?. In Jenan.
proifuction-rcse W 6'6%, tb 8.? raillion tonnea; In the Republic of Korea, produttion:was sr bv ?.6%. to A.E miilion :
todns. In lhaua, finre 1997 output reached 1.8 miltion,tonnes,.llp 1.6% fromyear.eartier rdeults. ellri Dioductiotr in'l'arrr$r.wlc eBtlmeted el 1,4 llilliob tonnea, 60,6% mo,re than in the *urie inott}r last yea-r- Tbtal reiioual outout
i n J u n e 1 9 9 7 r o 8 c h e d 2 4 . 3 u i l l i o n t o n n e 8 , ' s 7 ' 7 % i n c r e a g e o v e r y t c a r : e a r l i e r r c e d ] t e . � � � �
June 1997 production in Oceania (Austratia ar*l tte* Zeatandl wae ?20,000 tonnec, 4.g% leee than in the earne

month lac!.yeer, A

AcS|r lfoT liorr |rrdr.,Sl : Fnolltrf,


