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DATE RENF.WED :==!_January 1964 

. During the _past year_~ theTnvestigators ha'l.e::=s:...tJ.td.Ied~·-~a~-----
total of 57 icomp_ounds for their capacity to stim:ula_t_e__]j_a.~_e_r_ia.__ __ _ 
These 57 coms;roun-ds.:=.constsl~_<i.__Qf___.$_1._ Ph~nor:_s-:;-1_~-amines_;_ 5 alde--
hydes and ketones, 3 qu~J~rjl_aJ:')' _am111onium -compounds· and..::..2n---cu=_=n-... _--=------==-----
class ified ch-emic alif~-= Th_iS.- s tugy_Jfast)~hQ\\JD tQ.at__th.ELp_hel\olic .· 
chemicals are-=.tlie.:=.'tSes_t_c..2rnr:>ounds -for stimuiaX~n-g-bacteria. Of~~~~ 
this group they.::have~noteg~nat Q:..plienyl..;.pnenot:~-~~t,;,tert~~'l.l~.Yl--. ___ · .... 
phenol and nonyl=phenolaretne-best comp2_\.l.ll_<Ls=studied:-s-o: far.--.-_ - ... 

They have=bEfen~able_to_ produce as mucn as~a=f.O::.u~fold-fn~- --
crease in microbial-growtK-using these com.pounds~.cc Tnis _deg.._r_,._e=e--. 
of stimulation-:::ts-not as great as tl:i~rfnacrboped i-t .w~ul~t:-lte .. _.:__ -~--- _ 
For this reason,_during_'Y'te ~-~ three wee~s they=Qh~fig~<i_--:tn~_irn 
line of appr9acb-::..to_the IJroblem. ____ _ ---

They have=-p~g:~\t~.e_d_a_prodl.ICt consisting-of_::_phenol, cas_e_in ~~ 
hydrolyzate,: ye_~aLextra.c_t_~ng_peptone whiCli~has.:::.a::_much_ greater 
stimulating cap_~c-tty. -rtappears · tliat concentrations as _s~m~ __ -;::a.-,='tT' __ =_= __ =_=_= __ = __ :__== 
as 50 ppm wiiUlve them a consistant-TO~lord-; irtcrease-in=-gr()_Wc- ___ 
th. The det.er.~tion-o_f the cutting nflu!a_fs:=:gr~_a_1e_l'_ _ _i~_t!lr:~emn-m 
days than they~have. ev~r observed i_ntlieir- studitfs:::--_with th_e_s_e_~-
products at 'any:=tiiJl:e_.- ln--atld.i tTon, as y~t ~u_npublisn:::ed-i_nf_''"'Q=r=m-----
ation from tnis=lab~oratj)_ry __ !ll<iicates that~nis-:-produce=-should 
neutralize pr.ac_ti.clily __ any krio'!Ii biocide-tnat-: might- be added· 
to cutting 11\.il-ds.~=-- ----------=----- -- ········ ·· 

_ It is belHnied~a.t_t_h~)'-have arrived--at: a p_oint where· . . ... 
dynamic progress=can_o_e=a)i.t_i_e_ipa~g_. In view of_:_the_higlf]ft<:>:-=.=-==-=---
udcitivi ty arrd~promise_Q_{_r_~sult$ _t]i_a_twi,lrt)~=or direct bene-:;--·· -----. - .. 
fit to the opjt~il,~ionaL.:.aspects o1 DDP-~ . It~~~wlll-:=oe th~f::.p~fPQ§~c-c=c-~=~--
of the renewed project:__toccim'o~the two princ1Pc'les=of-bact~-- · -
erial stimulati.on::::::_(the_USJLQf__~eff~<:..Iiy_e S..Q.ncentrations_of .· 
inhibitors and_the_USEL_O_f___n_9_n-speciflC protec~ive comp_Qtll'Hts) uu- _ 

to determine th-~Lultimate-stimulatlon_ to be exp_~c_ted_-::.in.::_cu.t~------
ting fluids.: !rlore~emph3.S.is :wil).;:-1le- given to ac_tual~d_egr-adatlve_c

an st_im\.llatiori ofgro\vth p~r..:::se. -In add-·. 
agreed to investigate mlcrooial-:--fouling =-- -

~~~~~~~ .. 11--conjunction with! his-other work-.--
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These two accompl-isliments appear tobe the f~rst_::_signj;ficJiJ1t_b-reax
through tor' microbiaCdegra<fi:tion-of materia~s. Irispl-anned-to -- '· 
studf :turther.::.the _liiiii tations_()_:f __ tl:lese · appro~c:bes--=:an.d_::_t_b~J._r__jtppllct\tiol 
to a varietr:-ot-practical---iit\la_tions duriifg ··~he_ comin-g_year.----

Status: Porformance:::-:b~as '15een ·excellent. Has ·!}rogr:~s~~ ~be_l_op~ ~~p~e2~~-:~ 
ations. eu·rrent in _fis~_al ma_tte_rs. 

Requirement: .Oenerate·a_::_by 1,lndocumentcd requests.:::fr_om:::.DOP_\l_nit§._ and _div;;.;
isiOtlS as well-as--ne.etrseity_'_for TSD-to~-maintJ.io_a ~q\11~K __ (l3i!lv()ry -~ap- · _ 

- ability to meet_antie_ipf!te_~J~~'_l~e _o_p~ra_tion~L needs. · · ·. - · · 
\:~} 
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4. 

$20,000.00.-'l'o this sum must be added $800.00 representing-~--
- • i' • • • ~ 

per-c.e.:.n_~~rvts~=~ll.!l~~·g~- to ·tile: ] -[] '' " ' . . .. 
'l' • • • • ..-a·:four 

~e-111 function rs-=-cut-.Out all<l_._-~ --
- .. ••• !. L 0;" 

. . 
. . .. 

• 6 ~ • • . . - . . - '... 

s~ :To.:.talcos·t o--r-the-J>t'oject wtir~t.::.:e),<:e_ed=$~Q~~OJ>~O!) _ _::_~ _ 

Charges shoU14 be mad~ -~ga_!lis_t~-~~-l~~-lll-~11-~.::::J!o .-- 41?.5;;;-l:flfCJ-"3902. 

e -. ~"' ~ . • -.~ · ~ ~ . , 

.. ·. . "' . · .. 
- . . ~ .. ' . . . 

:_ <f ' I 

·- ~ . . . 111-requ~st: ·ttr 
. .. 

to submit: a summary_=_@.~<r()l.l_nti_ll.g of-monies r,ecei.\l.e_d and -~t~o~---

re turn an)"~'·tnexpe~nde-g:~grant fundsatthe · end~_of __ the projec~ 

year. 

granted t 

8. : Jt was mutual1y-agreed-tha:t--documentation_aQd ace-_ 

ounting for u·-avel-e~Efnse-s-whi\~h are reimbursable-:- by the 

hall conform with the accepte4-_Pt~g_tJ_9J~~ Qf·-'-----~~-~~ "" -o-~ • ~. 

,"- . . .. 
. . · .. 

that institution._~-=-

.. Distribution: - · 
Original-'--o~nly-=~ 

- ;=A 
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MEMORANDtnCFOR __ : THE- RECORD-"---·-

SUBJEC'I'· . . :~=IIKl.JLTR-A-;-=_S!_ll}pJ;o_j_e_~~ _143 . 

1. , ~e ~Ut~~si otsubp';oj7;;-is t:~~continue 
of the ·worK..::of ·at · . ~ (_:ft-

an approj1ch'::"_to ]nicrobial __ _:_2--_ ._ -~ 
: ' . 

deter i or at i_orF...".of_ma~t-:::e_l,"_l_al_s_ •. 

2. IY.1rlni-- the first year a- syste-m-was developed which--

. allows .a lO_fOl-astlmulatlon of--themicrobial----:-de.terlol'atiQn-:-'---::~---= --

of solubl~oil__co&rants_(as,a_;type-systetn) ~stn·g~e_xtrept_e}y-----~ n n n --

small quant1tie$of active materiaL- ·rn a:ddition-=a~sy~S.t~m _______ _ 

was found ·which_app_al'_e_nt_ly-servesmto .inacti:vate_ mos_t_~mJcl'o.,;,_ 

" bial inhibit_ors_trt=su_cJi ... a· product-.- Tllis w~~uchc-more.,_~--'o"-'f.___.a"""nL__ __ _ 

accomplishment_:_than_w.as=-expected, - F~th£ comin-g_:- y~ar-1 't 1~----- ___ :__= 
planned to-explor~t:h~._l].m_iJa~ioh§_~~.:,~§_e approaches as ,----- ---------- - ~- --

they apply- to-cut_ting~oils -and otlier petrol.eum-:-based pt:oduct~s--=---

1 t is hoped=tna i-..-these techlliques--wj._~'\:_::_"[e_jtj>pl icabl~c-=a2t-R~§>--=_c;_-.c_" - _-

the-board' to::: 9.11 _ sabo_tage-or- hara:~!::;rr;~n tmsystems_i nv_o_lyi_ng _____ -~~ _ ~~~~~~~~ 

microorganisms,- P!".o-m-o-ting --~ more-de:'~_!verable p~_c]t~age~;t:<>~ t_h~---------

operator.' 

3. 
~ : ~· . - ·...-. -.... ' ' .. 

' • • ~ , ~. • • \I ( • i' ' : '• ' • • - principal inves,tigator;_has-been~ .. c~ 

cleared t]lrough.::_SECRE_ 

LTRA 
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Under., t~e:. :·authori ;:y~ grauted ·in.· th·~ ;l,a~'!c.rAndurr-:::-6.;-:.todcl3:~Ar.ii"H· 1'35~ .: 
-' 

.. ~ ·. -· . -.: ~ .. 
from thi! r..cr · to··~~~-:_·ribi'A. ~ari{Lfh~~-;e~;en~:i'fon~cf~tli~~~auth::.>~:-1.0irL~;n,~~-..:...~'---~ 
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During the past year we:- ham__ studied a- total ot 57 comQQ1;111clS'~for-:: their-,----~- - - - -- -
capacity to St:iJn'iJ.late_bacte:r."ia. These_$7~-C~llq)Ounds consiSted_Of 34 __ · ____ _ 
phenols, 13 amines1$aldeby_de~ andketones, 3 qua~rnarrarnmo¢Jlm--- · 
compounds and 2 ilncUssltie<LehemiCals.__This ruJ.dy __ }1a~shown-that_:_the_: ___ _ 
phenolic chelllicals_are·i:,he __ best_compQunds_ to-r--:::sUmulat.iiig-=~~cte_r_!a~ -_ or--~-_-
this group we have-::.n-oted_t.Mt_Q;l'll~lij'l.:.phenol, g-test-but!l.Phenol;=di~-==-==·=·=-====--:::~~~~ 
see-bu tylphenol, : dOdeey-1_ pC)nnoJ, 2--;4~.:-:di,IItethYl ~~tes t-bu t:rlptl~e~-n~o-""E:=--"a~n~a=-==---_____c____c----=--'----'----c--=== 
nony-1 phenol are- the_ oestc~ounds- studied so_l'ar. -- - -

We have been abU~t<Ll'rodtice as :-rouch-:-asa -rour -!old increase-in-microbial_-_- ___ _ 
growth using ,tbe3e::.-cOlJ!l'Oun<ls. TlUs _degree of st.imulation-1S-'11"9t-:::.as- -- ~c ~-~ ~------ -

great as we ha.d hope\l-u=woula -ba._ For this reason, during J.~ past-- -- -
three wseks we chqEtcl_~r_l1he ~f'_apQroach t,o_the_p:rob~~;-_:__--_-_--_--_-_______ _ 

We have produced a::.pr_<>sl_u~t;_:-colisist.ing o£ pher1ol; casein; ey_dr_olyza te, 
yeast extract a.r.d~~BtoM_ wh1Ch::Jm.s a much:.great-er sti.Jilulating~p~~ity~~ 
It a.ppe.lrs that ¢oncentrations_as_small a.s_SQ_ PRm w:Ul._give-:us=-a_c-onsts~-------.-:-=-=------ _,__ 
tant 10 .told increase-tn~growth.-- The deterioration of the cut.tini tl1i.td · - .. - _u ___ _ 
is grea~r in three-:::-da,-s tlim-we have ever_ob_~_.rve_(j_in_~ur.:::studies .witn ___ __· ___ _ 
these products a~ aey-=-~ime_.__-_ J:n adQ..i.ti()n, as Y'et unp1.,1.bli~hed Worl!IAtion____ _____ u___ • __ 

from this laboratory_ljjdiea.tes t}W.t,_ t_Q.is p~oduct should neutraliZe prac· · · 
tically any known biocide_or,__:_sta.t-tnat DU.gllt~be-::aaoea.:to~·cutting fl~gs •.. 

we reel that we now-hal'e:-arrived:&opoilif where-we :can make:::.some.:::dro~w--------~-~--
progress ~ During . the coDiiilg_ year we. hop~e_t'!_"o..__.:,___ ___ _ 

1. Study additional ohe:ulc.als and::media prOducts for their~sti.imllatory
capacity. 

2. Det-ermine the best._ratios ()£~the Ifledia--oomt>onents and g~~rally_c~- :_ .. ~·--~-----~-=-=--=~~c~~,~ = 
illlprove the formuiiUon. · · · -- -

3. Determine the ei'!ect of~forimilaf.ion_on _ot.her_Re-tNleum_pr~og1.;cts. _ _-
4. Detertnine if .the.:-foriilulat;ion_has-tl'ie_capaCity~j.Q_~l!~\lt.ralize~anti-_;~=----.:~~~~- -__--:_-_.~~c·~-:.--:-

microbial agents. 
$. Begin work oq_ l;loW'~the=tonmuatioiLst.iJillil-ates-mrcroorgB.nisms.- ___ :_:-_ ··· -·- ·----===-=--:---_--::--
6. Determine the effect-ot :the- formUla tion..--ply§ju':i.n~~.:Qli microbial ~gl"9W"t.tri~~:- ==:~~~ . -_ 
I believe these points cover too-main -objectives~ tor -the com.ing-y~az--.-::--:-:::-::------------

Kindest personal regarc;is. ____ -~-::~~~=-=-=---=-~~- ·•··· :::_ ····•·· ... --- - ·· Siiicerely your.$.,· · ,\ ,.,. · 
--<: .. " ~ 

-- . 
, I 

~ ,. •. . . . . . . . 
,. • ~ ;II :. ~ :\ .. _ ~ 
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····- . 3.~_ll-~eet .wi _ 
fundmg mechamsm:s_at: 1115_ thts_date. 
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Status: 
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_pr~~~.\as_~d:o~~~~~-~~~0~?=~-~',---,~.~,:~- :~-.£~~--~-_---~--:· ; · .. 
. 2. _Alt.l:i~ tli~CmOdelsystemfor tbese studi~fiLYiU '®_ ~t _______ .:__ -

roleum p~ucts,-this~ppraoeh to stililUlation of de::.W.1~ration may __ _ 

o't interest_to 'm.D-. ·- · ------- ._ -- .. -~ 

~:· ~- .. 

----=-. ,=-.oi .. --

princ1pe.l 1nvestiga.t9r,-basbeen clea~d.--::' c:_:. , ... · 
-. -·_- _. 3· 

-- ..... through ~CBET.- - ---- ~- --
·' -: -.. ~ 

~. 'fbe cost of-this Pl"Ogram for the tirst--,.ear-is *19-;8l6~oo~ 
. . - -

To this sum-=-urost ~-:-Mded-$793~44 representing a:f_our_:_per cent-service 

-·· 5· To.t&l_e.oa_~r--~~_proJect for a per1oi ~t?f one~year-vill not . - -------------- ---- --- -

exceed $20,629~lflt.' Charses should be ma.d.e agalnst::-Allotmen't No. 
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Co 1 or imeters . 
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reported ··that __ -_50 _ppm of--'2-;-~-";6~'t-r~icflToro 
- -;_. __ ·- :: .r..;._ • • ~ J::.:-~~-~~_., .... ~.-. . ·~_;... ·-·- . ·:... 

·the growth of bacter_ia_HLemulsion_oils. ___ fn some-Jnstances_this--~---
l_·. _~ .. ·.:' =·· -~:. . _::;:;,· __ ,.··~ ~- .. _ - .· . . . 

compo~n-d p~od~~e~(~ lmost:_a-=:tfireefold--inc~ie~se ·-in·the· number_ of celts:____:_ 
' 

in the environment~._ __ ____,__,_~-~-~--·~-----~ 

found that .:2s to~ISO ppm o0-;4~-dlnlfrop eno rn·creas-e-s=the 
... · .. / ... ·~~~- ~-:..-.~~·~ ..... ·"'·:·:,~:::.:~ ····/· ./. . ;:._·\·:·- . - . .. : : ;· ). 

·-·.:; .··.· ... :.of C4~-. Ci~·_.·cs~c 10 ~--~-~ 12 ,________f 13 ,_ c 14• and_illatty acids._The . 
~;:. ·;>~· .:. ... ~ -.. ;t;;>~.~-;;~~~;~~-'~·· ·--t.~-.. -~~~--~ ::,::_~ -·'-::_~ '.:~;--.:~~-:~-<-~---~---"-- ~:;;~_ : -?*- ~-;· .. . ~-· .· -~-

.~~-.~- · ·". inerea'se ·'was. as-~och--::as· .IOO%_~anawasnot-as soc i"ated ·with- an ·increase· in~: 
.~~" • .... , • ~-·.'!·~· ... ~·f .. ;:·~~~:~~,~-~~.. ~-~~~ .. $£;:~:. ·.·:~~ ____ :____·~·~-~~-~~~;·~~~~~·:__-~~~ .J;A::__ '·::. 
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·These of:-stimu19tioncmay be. 
,• t ' I • -.. -· .. 

produced by sub~~ta_tie- c-6-ncentrations~of-'HIIiibitor;s.__:_ First,~---~· __ :_ 
' - : -· - - - . •. -~---. ~: ;" . -=..-:: ~;· :::-: -· ~: .. ... . _ .. -:. . - . _-.-r------.~.-- ----------- ' . ' 

metabo1 ic stim~talion--ma"y~be produced where the cells_-:::do_o_ot __ jn_~l'_ease 
- ... .:_- .. ~---- ~- ~ ---~-~---=- i: ~--... · ... __ -~- ·>. ~-t .. ~ --_- -. ~ :-,~~::. -- ~ -~- - .. ·---.. • ".;- I . :_ --.------_-- -----

. in .. number but th i s~meta_b.ot i c rate i-s)nc.reased. SeC:o_od ,__!he _number 
-_ "~·- .. -_::::~ ~~- -~~:< --~~:-·:;:_;-;~::._ ~~~\.--.. ~:;~~f{~~:·-~:~)~:>~., -:.~~:;: ~-,/--~ • :~z~~~~~-Y"}·~~~~;-~:- ~~~~'- --r~-~ ._-, ~ .... · .··:- . ----_--~ ~~-,_-- __ _ 

. _-:-: o_f_cells in.the·en.YJronment·may·be-Jnereased-by ~he~comp_o~JIJ.d~--~Jt~' ··:· .. ---·
~- '·- ~----;-,,~ :~-\~ =~(-i_:·'J{::c.~--:~:~~~~~ /~~:;:3S~ :· ~~;::~~}-~!::?:~~;~~~z--~~k~:~~~:.,~-=~~~~~~~:=:;~~~s·~~~-:;E:~~~~~~~;-~}~-~-J:~---;-:: ~:--~ -- ~f~ · ·-·~-- · ·" · -.- :. --, -~ - -~~~-
< ·" remains t:o· be ··see.ri5Jhethef:_ there· i s'':c~a. st irm.il at io·n- i n'-"-the i nd iV i dua 1 

"~~~~i~l~~~~ 
.. :· .· '· in- activity~_· ho~e~.er ~,: .. thl! __ may -on 1 y be due to· th~-9Lea ter_-_I1{J!flber-.:of _ .'"-: _:;:::

__ c._e. 1,1:-s~-.· ... ~--~ · "·---,~::.<·r:-:1:.·.~--:~:.:}\~_2_: __ ~_::_::~?_'-·_-_t_Z',-. ·:,~_~<···-~;;-(- ·.--'·-:- -~:--- ·· · :--;:----c::-:- .::-:-~_,,~~~-:~ · _ .. _-::_ ~,~ ~,:~ 
-.. - ~ ~ _:: -:,., -~~f ,::.--.:.- ,_ " ~-. ~:. ·. ~~~ 

• ' - ~ # =: ' .... 6 - ~ •,. .. • • - ~ 

-,. · t ~N.~UB~ \S~Erl' iti~·d~fc~~\,~~.~: ;,.;\~,:~ ~<: .;~;•J," )r ··. ·h~t:~;· ik~ {it ~ 
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. _1000 ~Pro. _if 2~n_~ tro: 1 ~l)ij--~Y~. a~~ tate_ produce as 3 :fola--=_tn2iji!ase]ci'~ --~~:--"~--"= 

d~c ~~-od ~f,~ r:~"Jffi ii'\~bfP e~ I <:-[.II I..,; ,, .;;: . c .A•-.$ c •.• \~~:J,!f:§$~5t~ ?~~-~,o}~;~~1~2~~'~ ;:c 
0

• • : .• •• : .~~ '.. •••• • L ~{ ·J .. -~~· 
. . •. ~ '< ¥: ·: ': ~:.!(kii±~~~~rY~pj,~~- ~~.gx~a~~ I o: ~f"hy<!ro~a r bo~ ~. ";Y '~ :! ' 

· be l-1m1ted by the rate of.<:ruJ•s•on-~of thecompoundaeross th~ ''· . 
.-:_ ·' ~· ' _•\' ·: .~• ."'· .~. :-: ~:~ --~-·.,. ~~:::c·.~--~~;~ ·1..,···· ;.._-.f--·. • ~-:_~~~-- ~-:. ~-.. • --- -- ~> :.,.. ·. . •>. ' • ' -.·-·,- -.·~--~-

permeab•il i ty barr ie.r:.._=lt _is ·a].§o \1.1-e_Jl- known that.-_surf..ace actjve agents 
• . . . .. · • .,_ .. ·~-= .. ~·....... ~. ...... ..~.-.------------:;;- ~ . . - -~ - -

. increa-~e the pe~~ab-f'i i~~-;~Qf~i_~y~opla:~m-ic-meffibr_an_e_. s_everal~~)'ear~~-· 
- 0~ • ; .··'\. ••• - :.~---:· :.- ··: .. ~.: .. :_...:.~_ -~--~- ... :;_:-----::-------.-~--------_----. • : • .: • • - • ----

~gQ · de'l.e loped the i dea~that the- use of- sur_f_a_ce_ ae t~lve------'- - -C 

compounds may· .i nc-~e~s~---t~e --~~~~ss it i~-ity _.~f~hfdroea rbon _ _s~bst r~ tes ----

to microbial att~~k_-:.an_d _t;~u{~P'~~~L~~~~=th~ ox idat.ion=of ·these -eo~p-ounds ;-. 
Du~ t~-.sev~~~J: f~ct~;s.,:·~~~!]~-;~9~~~~lae~ -~f-,f(fnd~r;-:-this. idea has 

~ . . .. ·.- ~ . . . - . -

. ' 

never been tes·ted to any_ ext_~nJ: .-~~ .::__!()-:-_'!<! t_e, we- have::_s_tud i.ed:::-l~heno 1 i c ~-
compounds. Two_of~t:h~es·e compou~ds produced-sti,··:.ulation and one did 

not. 

We propose_ to,_st_u9y ~he effec't_::of_s_ubstat ie concentrations of ' 
".:: .- .. ·. 

. .. \ .. 
. ·. 

.c . .·~ 
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: Pse·udomonas w:nt-:.~e used)n~_nt~_)nv~stiga __ "tlq!1• Th_e_cultures· ·· -

. -~~: 
: .. ~_.:-.: 

.... -~· 

·":·.'""'' 
-~--

.,._ . 

. ' 

CHEMICALS J 
The -b-~st--~r~de_:_~f-ih-emfialob'-taJnablewi l1 be used t_hrc>~:~ghout 

' - ~ - - - . - -

.. 
this invest i gatl.oa..____----'----~~~--'--, ~--~ 

GLASS\'/ARE 

All flasks,':.:_tubes and other glass-equipment wi 11 be ac-td cleaned 

prior to each exp~~r~i~m~e~n~t~·~--------~----~ 
·' 

HYDROGEN JON CON.CERIRAT roN 
:~---~:-----~ 

'the pH· ot the-environment ~i tur=va.ry. ac-co;din9 ~io __ -ibE!~ e~r t_icut ar~-~---:-
. ::. exper_!ment. lh general, we wtll-le-r-tffePhof ttie cutt ing-Jri:lid__ ~-~---~,-~~:-_ 

#·:_ •• ~-· _ _,_~;. ·~· ~1.:.-. --~ ·- -, • ... -- ·- ·:'• ·~·-· •. ' -. :-•• ~--- : 

.· ..... 
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- ·_··-,:;-.~ .. wil J .be used to~ inoculate. the _tubes 'Qr flasl<s~·. -.- ' ... ' '·- ···:_?> 

; 'i, J~it' ~r'E~:,~ ;;~:-~t~~~~,~~!i~~t~~1~t~:,f~{~f?t} ')?\ -. .. --. : ·.· . >:.;. 'c. '': , i' 
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containing the! pe't ro 1 eum p roCiuc-fs~ 

~ ;;,,: ~?~r~ols,,; .).:~;~~~ ,~·.'~'t'~f:t:~~s:,~-,¥ . } .'- \ :c ,-,~.:- • •• ~. •.··· • . . . .• • . ;;hf:~' 
····:·.- -):. __ .,; · Appropr ia te~contr"oJ~s~ wLl L_6e. Jncluiiei:l_~in~ eiilch~~experiment. -~ Ea_cli~-~;-_, 

-· .. -" ~:~:- .. ":"·-~ ... _ - -... -:::-· .-; ... . .;·_! -:- . :-:. - :-- .. . - . . . . - - . . ' -.·: : .. ::· 

experiment wi 1!6e_done_tn__cfUjiEacate_ana_r_ep~ated_:_at~Leas_t_::__o:nce._~~ _ __c__~_ 

~----·"'_-_CUTTING FLUIDS; ... :,·· -·--:·- .::,- "-'- -~ __ .. ,._ 

--· .--~;,-t~,--- :~\ :_' Thre~--<fi ffe~~~~::'~~~ ~ r~~~~ it~;d~ _;~i-·J·l . b~ used in=th ts~·Jnv~~ t ~-~~ion~~-- ~ 
. .._ . _ .. -._ - . ...... -~~~ :.._ ~: . . ·j.>~. . -. -~ _·· ·.: :· :~ :: : -. ~. : ..... : " . . ..._ . . .. . . . . . . . . -. -.. ·. : 

--.... ~·-··._--~gns i sting.-. of two~chemical·~co6Hfnts,~_--ao_d_one petroleum product. ~·~.: ~~~, -. 

";·- -:~-·:, ;~XPE'k 1:~~-~-TAL··- TEC'R;fQ~~--- -i-:\:_~;_::·~:··~,;-·_.. ·:'> :'. ,~~ - . . . ·-,• 
'-""'-··. . 

··- ,··~ ~--- -._ Ea:ch -~~tt .. tng---=ttur~i~~OFQ:_e·-· pj_ep~_r_e_d_ iri~~--1! ~~25~diLutfo~~in_tap--'-~-
- ·: . . ~ "' - . . .• . . . _. - . 

:;w~·ter .. - ~ne\unared~ml~o.Lthis~coolanLwiLLbe_ p·taced in each 250-mr· 

Erlenmeyer flask~-,~rne::.numoer ~ oCfJask·s----used __ in' each experiment wi1 J. 
... . . . 

vary from time_: to_ t lme~c~-~ T1le_inh1bJ_to_LW.lLC6_e <tdded.c to the_ser i es_ of-=--__ ~ 

flasks in varyTng-:<;_go_c_en.tr_atJpn~"--~-'t'l[~s_e -f-Ms_[{~~ilt~be=stetLLfzed by-
. . 

au toe 1 av i ng and _then _rnocul a ted __ wnh-::-tlie-::-res-t_org~~nt~_f11J;~~:II1~~_f(a_~_~s~ ~c-

wi 11 be incubated_ for_a __ pefTod~of-:::-time (probab J y. two_weeks_)_ in_ a _ ~ 

shaking incubator.=~~-------------

At period 1 e~tnterva1 s_ot=abol.ft_~~ ~_2_:_d~ys--t1me-the number ~~~of--ceTrs-~-

per ml will be-determined for~each-~"flask-:-_A_t--tnecsame-time the pH 

of the flask wj 11 be::determineo an·d cother biocnemica1 tests_(such as 

dehydrogenase' activity) may be conducted to determine the deg~r_ee __ o~f~--~-
• rftAI-:.h.-.1 tr. a'c:t ivltv_In..:...fnELenvJ.lonmenL ~ At the eo_d-of the exoer fment 
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