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'-fhe effect of üæ-rärra frr'¿idir:tion eu the *.ercl:J_e

mlc.roilor.¿¿ of pctâto i.;s;lste -i¡;atec" v¡as s.budlecl.

'I'he s.ersblc nricrobl¿:l p,:enera 1':resent in pote.ta

t"J¿r$fe r¿ater bef'ore r;"nct afi;er írrailL*,ij-on v¡ith él¿:rÐmå

r¿iyg [';er"e identlf ied " 'irhe mcst ::'u.nd¿rr:le rrtal ur6i;r+zrJ.sms

grreser:t l-n 'bhe ir',råsûe at a ciosage of 0,0 rnep:ar*rrtrs i{ere

raj-crococcS-, or¿5a*Lsms of the 6ienu# Lla*llLr.rF el-Ër

riarle up å major pcrtlon of the miercfl_ora" Other

erÊiåniFms such as /ief"ob¿iotere coryne'oecterlura, Hrv;1n1a,

Sarclna, $treptomyoes alnd i{anthornon¿:F r,r¿ide up only
ni:'rcr portlons of' the mier.oflora"

Ai'ter dasages of 0.J and 1,0 megarade tr¡¿lc1lh.¡*.r

*¡¡ecles i:ecarae Lhe ]rrcdonlnant org,*"nåsms ¿lr:d af'ter
dos*ges of l-,5 ar¡d. 2.t me¿leirads theSr became tl.ie cn]y

orgizni ÉrfrF e

i4ost of the mlcrçilora r""¡as Cesbi:oyerl ¡¿f i;er

cos,:iges of 1.0 iueg;a;racís.

ilork doi:e at r"arioTåË l"evels of .i;e:tal soltrlrt
år:elicaùed ihat tl'rere KÊ.s ne *riåinif lcant dåffer.eiree izl

èlte rsc,JLstJ.on reså$taylce of çrÉ,.Eni.sus a.b hig;irer lei¡el"s

of tctr-¿l solids,
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,Ïuhe aelclS.Ll-orr of' soclum ?ry¡_rochlorl¡¿, and hJrarc.¿jen

pe::"axide 'co the içaste water prr:ved inef'fer:tive lyr

#Ë?rË lt'LziirE the rnlcraflora to {a.ni.tÐ ir,:"adl¿:tlon,
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Uener'*J- scr.eenlslg: ¡¡eti.¡od, for the lrienül-
f ica-tlon r¡f Ë;T,eä po*3-t5.ve n3"eraarg.anJ-sr¿is
1so1¡ii;ed from kia.ddcclr fll1et s i\ß(t
shuckgc! eJe:¡nsêøoo ooc oo o. o s o oo oo oo o oo c coe

ûer:er"al *creenlnpl ¡:r,otoce-l f'or- ù-r:e ldenùJ_*
f'J-c¡rt ion ofl È;rË¿ür TietrËii lve or¿,:zlr:3.srns
J.solatect frr:m haclctock fil-let* ayid
-"thuckgd clan:se o o o o o oo e so @oo €o o øc oo o o oê e o

{iener¿¿1 sos.eenli:6; riethc.¡d far" ti:e' J.ctrer¡tå*
fic¿:iior¡ of ¡1r*n ¡io$itåvç rods
isalt+"ted fv,on ¡:atatoe l,rp.iste ll,tateyo o o c e o o

[iener¿¿1 oC;:'eerninp,: neihstl fo:' ilie ådenti-
f.'icaÌ:ir:¡-r of' ¿lrer*1 ïÐsliíve cíiccl
isoL*.teo fron .¿rotåito i';egte i*¿itero o o o e ø @

tieneral ncreenS.n¡, rrethoo f'or the i.ijeittS--
i.Le*¿tlor-r a{' g;r*iri neg*-tlve org:anlnrns
lsol¿¡ûeC i'rgr¡ g;otaùo'.'¿¡¿.¿ste rrii¿ltero o o o o o o

tlez¡eral screer¡lnpl rietirod lcr blie idenbl-
i.1e$tlon oí' {',y'itTii r:e¡,s.t j.vg orÈiËrnJ.s;ts
lsof&üecl from patæ"bÐ r,¡i:i:te l'¡gte re o è s e e @

:ilï:e e Ílfeet ç]i' ,', ¿irifl$ia lrracli.etior: on tl:e
¿il$roirlo *ilcrolll-o¡,s.l, of ;;otr:to : r,rs"ste
water oontalni.ng. one trerce$t bc¡tel
¡;o1 ådso.. c c o õ o.o o o o o e c c c o o o o o o a o o o o o c o c e o
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Ï}ÏTFiODUCTTTif

The survival and gr-ov;th oÍ' the foorl industry 1s

becorning r¡epr ciepezrcìent on the solution of its pz"oblems

of v',¡ater e-nc1 lo¡a-ste dlsposal and or reclamatlon" past

experience i:a.s shov¡n ihat the cluantitles of water used

per unlt oÍ' product for most opera.tions are uesua.lly

çxcessive and as a result the; quanti.ties that âTe

pi:ysically, chernically, ¿and microblealy pclluted iìre

larger bhtan yiecessary" The use oí larEe quantitles of
wate't i^;111 soon h¿¿ve to eease ln order to sonserve

supplies to permit increaseci food production lir. í'uture

yegrf S 
"

FurÈireruore, i.n order to rneeb the requirements of
't,he ;t,resent æ.nc1 ;luture pollutj-on a.batenent la',¡¡s, bhe

process1n¡4 ccst of food products v¡111 probably increase,

clue to bhe cost incurred in ir¡aste water rllsposal,

Consequently, lf a foorl processing, esta.bl.ishnent could

reu.se its processing '¿;ater by recycllng u ELte cost of
¡,+ater and the cost of waste dlsposal could be drastf_cally

r"educed" One moblem assôcla.ted i.;ith the reuse of'

pr'ocess'ln¿ç l,¡ater is bhe presence of mic¡"o-or¡{anisurs" 'Ihe

elilr1-natåon of these undesirabl-e or"fi,&l{ig¡¡s is an important

eriterla ín l'.Jater reclanation" The destruction of

micro-o:'ga,nlsms Ln içaste v.Jårter particul_arly í'ron food

1
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proce$rr13iÉ! lnCustries hes not been ilrvesiigrrtecl very

n:L:icLr, as there is l- i.ttl-e 1nf o¡"mabion on Lhis subject

re;iorted in t he l iterature.
Tror these i:e¿ìsons a study ivas inltlatecl to evaluate

ùhe ef'flclency of ga.mma :ryaöiation irr the Cûstructlon

of micro*organisms present ln potato wasËe vta.tero
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IÌEVIE!,i OF LI?-EIìATUEE

li.a-mna Ir-racl iat lon

i'i¿ln has been subjected io 1.:"z'¿tiiation since the

beginnlng of tirie. ?r'ithout radiant energy there

Irould be no lif'e on earth. The -Éun is our prlmary $ource

of rarl i-at ioYl"

Today l,;e thlnk ofl radlation as streams of raClant

Ëner'Ey emitted fror¡ a souroe, t::an$nitted through a

r:ipace to a receptor in v¡hlch it is absorbedo Sone of

the ¡aore feimlliar types of ra-diatlon are radio räys,

ultra .¡iol-et ra¡'5, ancl x-rÐ.ys" l',Ie a,r'e usually z:,ci; so

famllfar v"ith alpha, beta, å.nd Frarnma rayso

X-rays ancl ¿j-åmïïta radiation althoug;h lclentical in

nature , ori¿: inate in cl 1f f erent nanTiers " The emlss ion of

ån electrcn fro:il an atom occurs'n':hen there ls a transltlon

of an electron f¡'om an oulter shell to a Vacancy further

i;ii;hln the innei: sLlel-1 ¿lncl 1s L:roduced 'Þy boniÏ:eirdlng a

heavy nieùal target v¡lth il¿¿st eleotrons in a man-made

acceleratorn Gamna r'¿¿iJiation 1S the res'"11b of'a transition

of ¿.rn atonnic nucl-eus frorn El'l exclted state to a grouncl

sü¿ibe âs in certain radi.o¿lc'rlve materie-ls '5il-vern:p'n and-

Sinskey (1968).

Bata radiation, arisln¡., from i'aciloactive disln'Ûegratlon,

¿i,re r:l-ectroi'ls r'¡ifh a sln¿r;le negative charge and a l.ol,ir Í:lä¿ss.

2



He ta ¡'a-di-etlon irom an isoio¡ric $ource cp--nrrot penetrate

ma"i,er lals very deeply but electron..j prccti;ceo 1n man-rnaCe

nr¡chines carl i:e ¿lccel.er¿.lte11 to extrenely high energles

'¡;lrh, n. sui:seauey:t lrßt;roveHent fu: penetr¿¿tin¿t ab11lty

Sl-1verma"n ¿rnd Slnskey (1968),

l\Lpha râ¡rs l-ack suffi.cient penetr'rting abl11ty
'bo be of ¡;ractical value in bhe food industry,

Tiesearch in the 1940ôs and 1960es revealed the

poi;ential ol- rarliatlon pre$ervâtlon of foocts. Tt vlas

observecl {,hat lnsects coulcl be kflIed,, micro-orgenS.srns

could be clestr.oyed, and sprout lnlribltion ln cer-tr.in

root ve¿retables could be o'btalned b)t bhe use of gamna

år'radiatlon, aceording; to tl:e U"S" Ðe¡rartnent of
Comrrierce lLg65) ,



TLiTJ E¡t''ECTS CIT' üIAï,TJiÉ, IãJi"ANIA'TTOl}I

{Ji\ í'i TCBüü}iç'Ltii. J $;,ïS

{L) üqnçr+} {il'f"c-qËs_

f?ie cozice;:t of dÍ.r'eci ey¡d i.ndirect effects of

ioniøfng ilraoi¿¿iti-on w¿¡s rieo¡eir¡Fecl by Lea (,L956] and.

exprtnd-ed üy Lìutcl:lrusen and Pollay,c1 (1961i. Tkre s¿ction

*'î ionizlng lruacii¿¿tJ.on oyr a r¡oJ-ecule is due to Elne

eneréiJr reieased r*ithin the molecule i_isel_f ln contrasü

ùo ihe ånclirecb actlon :.esulbing from bhe dif fuslon of

radicals produced ln th¿e ad jacent 13_quid" Ttretrefore,

i.t ls seen thåt dl-reot etffec'l;s of raciL¿ltfor] o31 mlero-

org.*ai:isriiË å{re effective r'¡it}rin the org.anlsm and åire

i¿$soeiateci irltki the i;åìrgeb ...,ites " Tncllrect ef fects ln
'a sense &re stl-ll v;ithin an ürgå:llis¡:r but inactiv¿¡'ce the

r:rganism T¡y cliffusion Èo a::C reactin¡; wlth a ilensJ_tlve

siüe" This silould not 'be cc¡nÍ'l¡sed v¡i.tli another type

of effect r.ihj.cli 1s a solute erf fect; tiiat of reclicaLÊ

i¿nü other ¡'¡:.c1iailon prodused cornpounds formeú extracellu-
l¿irly in the uiecila"

{A) li.ffeoü of f:.racli,abior: on VeE-eùe'i;irre Cells

Fran e! p¿_

x-råys on cells of

(1ç50) investigated Èhe effeets of

g. Ç9Lå, A. qeg_o_gçneg, S. glggll_å,
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å, lr"t_e{e-9-sq{iF-" 'Thrëy cû}iciudecl t}:rtt the perce¡-ltåå{e cf
cr'¿l.anislns 1<iIled çü¿s tTre ${:,;¡iç regrrrd"less of' bhei_r iyritS_a1

conceirtr,atlon, {J"So t}eçurtrnent, ßi' the InberLor t196ü}

and Pr,.ratcr (1960 i írrv'esü1¡;.etleEî the desbr"u.etion of,

nicroor¿4aziisr¡s l"n fisir producte by ioniein6¡ r"acìlat3.on

of" gamnra rËàJ rj. These ån'¿estl6iall ons shc¡r¡¿e<i consicjereble

-qlåcee$s ln exteridiri6 ühe ¡;L:.elf 1lfe of flsh products"

'ïhe eÍ'fects of ¡,,íAtnifrFt is"nadiatlon ori the *¿r.i;ur¿:.1-

riics'oblal of' soil g;opulrtt3-on was lnvestigated hy liav5-su

S?:eliion, arrd Auertr¿¡ch (1956) " The or¿ianåsras were

classlf ied eccorciing Eo the iredS"a v¡hlch sup¡:ortecl thelr
grolvth" 'Ïliey rey.rc:'t*d tli¡;b s¡aa.l.1 rioseges lrr the or"eJer

?Lrsf i0/ to 10' rarls l';oulci r:educe the nt¡mber of or,¿;:anfsms

by ät le¿ist f if"ty percerit. 'Iarply g.!. gt (l-953) r:ei;cir"ted

that lnolds ¿¡nd ncTl-Ëporillr:itir:¡:; i;ecterf-a riüére r*urch *less

ïe $ist¿*nt is Ë¿imma J"r::¡¿riiai;lon th¿¡"n s¡;orulatS-ü9. bacteríÉa.

i3e ;slsc f'ounci thsb mlxed su-qpensi-ons of .n*cberJ"al

cr.¡l-tures v-¿herr irre.d3-atec1 -r,;1bh 
Fålnìiilå, rây$ sho!^¡ed slig!:tJ-y

incrc"Eised survival over 5)itre T:act;eri.¿+l srrspen,çl.on#"

itonLb and Zayed 1L962) i.rrae i"Etei.i ã. sample of loarn eoLl

iat pll 8.0, sugiplemenbed ro;ri-th one ¡;ercent gJ-uicoseu at

rlciseges of 0"1 * Ï.t ine6;eiradn, lheLr lnvesti¿ratlon

reveaLed ttiat the rJestruction of rnlcroor¿r:¿àriirifl,s ln loæ.ra

*CIål ?üË.s rii::eotly relatecl tr: tire rlosr.agen H{:i.;ever, Lirey
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repûr:"i;er bh.gi: the soil ,/râÊ not f'ree of micr.oor6,i,anJ-srns

Êven a-f bey ûr'e¿¡tr:ienb ''¡';itli l-"0 neg:ar.ads of' ¿i.lli:ia

iy'rr:"dia'bíon, Azoto-paci;er l.¡as eiestroyed by 1.ü $egãr€rds

nnú ",r¿t:¿g 'i/ery much t"e diiced 3-n nur..:bers by srnE;i-ler. dona6leæ

ivhereas ËîrüreFi r:f tT:e gen.L¿-q ül-oE;trld.3.um wer.e unnf'fec'i:ecl by

i;he sma"ller Lrcu(tiä-tlon dose.¿eH ânC exhibi.ted r':uch mcr.e

racj.le.ùion xerii-etance aþo hl"glhen ievels of irradl-atl-on,

L:tsF'ii_c L. Oli _ir dyj: Tr 0 ïi i,iE_]Lï o_I'i ü I,Ç.4u_q]i1t;¿i toJ sj.

åg$,tï-_G TIi f¿I¡

l"tork perforrxed by (iunter end Kohn {,]-gÍ9) I Hld jarm

and Firil (1961); Kerirpe t1963); iríi.ven (1g58); Pr,octon g[ et
tL955) i sLrabyj gt aL (1965); Grecz tL965\; arrcl /inellls
gV gå (J-965) showed thei tkre irreËcnce of courpouncls such

as g:lycero1, sodi.um formateu proteS-nso and o¿irbohXrdr¿¿tes

å¡:creÉseci the lrractiatlon resS.stance of mlcroorganisrûso

iiolla.ender et gL (1951); I,'ioos (Lg5Z') â a.nd Etaglnt (1953)

founcl org,anf-sms to be less ËerrslÈive to lrradia'bÍ-c¡n i'¡hen

*mino åcids, ¡,rrote3-ns, o¡: tlte mixture of, comportrrúæ

T.rre$ent in nutrient 'brobh ?üere present Ln t?¡i: inedf-ei"

There have been very fe"r¡¡ eLudj.es on the efÍect*r

*f lrr¿:.cjla,tf.on on microorg&nisms i"n their n¿lturaï

}¡a-nitaüs, but tf; i.s evident f"ron present i<norøledge thr.t

mi.¡cl'¡ lii"çrl"ier doÊÐ,áj"es of lrradiatlon are needed to destroy



rflLcracrË¿iii3.sÌTls zn a 3år;u3.d r:r:lrironae31b. SÈotzky anei

itcrLe;:*en (,T)59) cì:ser.?eil v€r¡r 1åttic clestruction
oÍ.' inici:oor¿ranå,*ms fol-1av¡ån6ç lrradiu.t5.on of a pea,ry r:o3.1-

,;;l"tlt clora,1,en u6: tn G.25 negerads" I4ol,aren gl åå {L95V}

o1-*{:e,1necl a co'mplete lethel effect on the m5-r:roblaJ- flo¡:a

5-n r. cl-ery Lo¿:.n scll- vrith a rlosage of ?."2 megarad.$6

'ilar¡rly g.å AL (L953) ::e;¡or'[;er1 bhat J¡Dung b*efertal
cell-s 'r'iere rnore :rensi.t5.¡,"e 'bo år'r.a*i-etåora L.?'¡ar: o]_d oelle ;

vÊËiefatåve TRÕrË sen.s L¿3.ve È'fian k¡ecterlal_ FJT](}res ¿¡rid

Ì¡.*.cte:'3,4 åri tLre ds'y s'Late "!'.iere ilrÕre resistant bhan 1:actey'1e¿

ån riiqueouts sslutior¡s" ?hey B-1so observecl that årrarliati.on

at lol¡ intenslty oxrel" lon¿'; perioels of time ii¡iirË of ne

¡:r'eafer eÍ'ficier:cy tÌ:ian irr¿:cli¿itÈon at l'rig;her lntensXtS.es

over shorbez. perS.orls ofl 'bS-rneu

T'1ooç (1953i reported ih.ååÈ iraeterla i-n the dry

sbnte were much less affected by irr¿¿rii.€r'tråon ti:an

bacieria- iri r:olu{:lon"

rlr iþr -Ë,Fi*i-c çii,J 4,li/,,ljrÄT Iû."!,¡ ç r,{ ËJiÇ läTl Tlit jil QlË å

fire ef"fects oí j.rreriia"i;3-n¿i vearlous sllûres ln ihe

IireElenee oÍ' ¡r'ote3.ns, nutrlent rrothu ¿iseorble ac3.d.,

s.vid tlalourea fiave i:een deecribed hy ïi,clwarcr"s e!_ åå" lt95t+);

arld l,iur¡.p"n ancl Ë.eed (195*')" They f""ound thå¿t, al-tlioitgkr

thçss cnnpouriels h¿¿d Éìn eí'fect, spÕres J-n the Tlrg$ence of



fhese coøpounds ii,rere lens suÐrc¡;ti'bl,e to : rotectlve
f.n:.'l-uertees th¿ir: t!¡e ve ¿,.ete-tlve ce1ls i¡íere e

'fhe ar¿qanisr: irhich domi.l"lates rnosb eonsiderabions

for. cie tçn¡:lrrirr¿,; the sterlll-za'Eion dosåirle requ.lreri f'oi:

fr:ods fs Çl--, Þqt]låi4r¡g, one oÍ' blr"e must radl¿itlon

res lstazib ßiiores " Pratt eË ql= ( 1958 ) lnocul¿ited lü, {,ì0û

ri:ijore$ per Ëram of el. ÞqU-ç-ll$r¿rq ty3;e å into f"oods azrcl

jlounr:í that f'o:: s'ter111ty dosap;es ojl J.û ineÉJarads å.r: pe*so

3"8 megar'¿rds f.n clllcken Eoup, and 4"Õ raegnrads tn pork

!!ere requ3.recl. Fiernpe, Ciras;kosk1, and [iillfes (J-g5Lr]

rr*t;orted tna"]. l,'¡hile the nusr'i:er of sporËs of {.:J_. þqtBåt:çq¡

va¡'ied f.'rora û,& to 40r000 i;Ër ¿:,ram the closa¿as reclulred

for ster'llLzation of' t;he cooked mer¡û v¿lri-ed frsm 2 to
4 ne[1ärac1s. Goldbli.th ana' Proctor (,I95{:); l,iesth.ef.n

tL95Y; end iiThornl-ey (,7957), founcl L[r¿rt ln oyder to sterl*
llre r*ilk ¿arirl :rll-k products ¿lnd chi-clcen 4 rne¿rarads v¡ere

required,

Bri¿r:gn (rL96A) reportecl t'fia.t i?:ere is ctr.¡3.te ¿¡ rlÍ.f*

fereÏlce ln radS-ation T'e-qisL¿ince Ì:etiieezi dlfferei'rt specÍ.es

of 'che genus Ï-14o111¡.¡s" Irie reporbed" that some shor¡,¡ee1

noft*J-i.near lnectivaElon cuPves l';l:íl-e c¡t}:ers exllltrll,ed

lir-iear lns.ctiv¿:.tfon curveçn ilonyrellan and i'lÕrçl'ii-tu (195?)

oÌrserved ltnear y'elationslilps I'oi, the trradlatlsn of

sgme ilrled specf.es of il¿icilhis, v;hlle iiome otlrer oneË
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e;ci;i blteri ¿i nûn*liue,r r. s'el¿¿ti.ons irip " Curra.n ( lg jl )

rrïâteol tk{it bþ¡e rcoct re*irfian'b sï}or*$ reqiltr_red pri:out

?,þttt]r0ûû lloent¿:ens of csi;?:oc.le räy Ëfles'[¿;y l.'or tireir.
nie*irucif-on, ';;l:ile the c6rrrespclndl-ng value for= tl1e

..re5rel,altive cell-s reetruirecl cnl-y a'bout one quuerter of' tttat
elle rgy l eveL .

IqE l"iiï :tI çÍ19 IËi'i Tiii0c äirijillj$

l'iasurovsky, i:"oss ¿lnd üc¡lcTî:1 ti;i:i lTg63) s,ri;uclleci.

clir.*l¿,:eË j.n the micr.ob¡1,1 f'lors of ll¿r.drlciak f 1l-1ei:s arlrl

Shuaked- Ëjof't Si'reI1ed Clasis nfter f.rrat.Ìi¿etlor: v;ltì:¡ cab¡cj-t

6ç iia.iÍ:tila- Ya,vS" 'Iheir ri.¿ita. Sfio"e,¡ed û?:at a rlecSc1ed ch+.nge

occured 1n tl¡e corì$tituiS.on sf the riiq:r'obtsl_ polpuletS.nir

oi' trotir produoes. The ÍIora oho.n¿;ed, f roni rníxed prlor"

üo lr¡'ac¿iritLon to u, ¡:recÍorxiriately g;r¿rüi ¡,osltive f"l.ora

i:rf.'ter ir"r"¡,ltl i.;¿ b1on, The ¿geana il:a j orl- ty af î;hose survivin¿i

iiiJ-croor¿l¿-¿nisHs ü;ey'e: Toilcrocc:oc1, ÉiT)ore-f.'r:rm1?rg tlelcl.llus,

anrl cler"tåån yer:sts, r.*o1ils, anr? Act lnomyces. Tl:e i"dentl-

fåoruilon sohen¡es set u1; by î4¿¿surovsky .Ê.t gå (Agæ) a.re

uilol"¡:r l"t: l'i¿, ures I and 2 o

fnÍ'ornration re 1¿.:t1nfl to ihe f"r'r¿rûl.atlon resl ¡;tr¿nce

of rnlcroor¡;"u¿41u*s r¡';lth ::e¿4r.;rds to total ffOli-d conceni;rA*
'i;igns i.s lron-ûxisËeyt'c 

"
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FIGURE 2. General screening protocal for the identification ofgram negaEive organisms isolated fron haddoclc flllets
and shucked clams.

Acid

acid and gas

Hzs (-)

Peritrichous
f1age11a

I

Enterobac Ëeriaceae
I

Triple sugar i.ron

Esherichia proteus

Aerobacter

Acid

acid and

Hzs (+)

gas

AIkaline
a'cid

Hzs (-)

Shigella

lu"t""l'

J:"*l

Acid

acid and gas

H2s (ì-H)

Salnonella

ter

Esherichia coli

Citra
t

(+)
t

Aerog-J

H
N)



¡{li'iERï/lLS,¿tr"I,ln l''ÌH;Tf"J0ûS



L3

SCOF.i, üi.,' itltTi IS,iiililSTf{;¡tillIüf',1

'îhe jjriTlolple c;irjective s et thls study r?ere:

I. llo identify the ¿ler:oi¡lc nåcrobl¿il Ð-enerã

present i:eÍ'ore ¿ancl afüer irr¿rü1æ.bl-on a¡itlr û:.a[ûT:ir:i rãyÐ

ln ;:ctato r¿asùe ',r'eter.

2" 'Io corn¡:are the m3-crobial '¡:opuIr,ltion of
lry"adi¿lÈecl ¿¿::d non-irr¿rdleted l,¡aste i¡;p-ter of abraslvely
peeleci potatoes 

"

3. '.llo rleterrnine whether vari-or¡s l_evels of total
s;cli"ds ln tkie ltoüatoe !¿¡r.ste v;ater krad iin effect ûzl

ühe ra*1o-re¡;3 stænce of tl¡e inÍc;rof]-ot'Éà ¡;resent.
4, To deterr¡l-ne t;!'ie'Lher tire aerobi.c nlerocr.¿1an1$pig

lrt bhe ¡;otato" i,{&-qte water could Ì:L. nad,e ríloy'û Sensl-tlrre

fo ¿1an:ma 1r"r¿lc'ìf-t¡.tion '¿;hen scdiurm Lry,*ochl-orlte v¡as addec

to tlie potai;o; bJåÍite l.;åter"

5, lilo deterri:lne t;hetner tite aeroi:lc ;nicroor¿iånisínF

1r¡ {:he potatoe w¿.:ste i,r¡¿:ter coul-cl be made r_üore s€Ttsiti-ve

8o ¿.¿:*ri¡¡¿r lrradia^üion wher:. hycriro6len 3:eroxlde ydå.Ë aiåiied

to thc iroi;;rüoe b¡aste waberu



i'Ì;\TÈitï;iI,S,Al'¡D |'1¡:TüDS

i,le ited Cem 1-:o'ba-toes ¡rrorøi ai Lhe Univer.sity of
i:¡!a.r:I1;obç, l;ere ,,¡sed 'Lirr.olighouù thi s investig;r bion. j*our

Érvera.ge sizerl poiatoes ilere peeleo by abraslon In a

ilobari ¿bras ion peeler, Four 1ltr.es of sterile disiilled
buf fered ttater v{ere used to peel the potaLoes, f}:ls
gaì¡e a I-iotato i.¡e-ste water made up of appy6xlnately one

percent botal sollds rortth a pH of f .1. This v¿aste ,,¡l¿rter

1,Jâ$ lrsed for rulcroblological- stuclles. This waste i¡as l,

sJ"niilar to comr:rercial v,¡aste excepiin6 ihe fact that no

mfcro-organisms firere added ùo the v¡aste ihrougl,i the

.t¡¡atef sUppl¡r.

Prellmlnary tr=ials v;ith several different recrvey'y

r:iedia such as: nutri.ent-¿lgärs tryptone p.lucose yeä-st*

exf¡'a-cf-a€tal', Lryptlcase soy agar and soll- extract p.gãr

i{ere performed" Tryptone g'1urcose yeast exf,yact-a€tår

recovered mo:'e aeroblc microor'¿çanisrns the-n the other

neella. Fience tryptone glricose yeast extrâci ,Eér--&r hras

used in the investlgatÍon" * ,

The plates i"jere incuba.ted at 3?.oC f'or 4B hours.

Prelimlnary tri¿:"ls :indi.c¿i'becl tLiat 3ZoC for 48 hours

recor.ered aore microor6rÊnisms than zBoC or 3ZoC teinpere-

ture s 
"

Tlie abraslon peeler ?ras enni'blzed prior to use

r4
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'u-rlì;il a :rolutlcn containtng ztt ppnr avaíl_abl-e chïorlne.
?he a-i:raslon -r;ee3€r r;as the¡r flusireci luiih s.üer'll_e

dis'cåiled irater" Fctato seiæples rJere then placed ånto
tkte peeler and peeled wi¡tle "neshing ihem l.;ibh four llÈres
of' sierlle ciistl1leú buf'f'ered v+ater" ll,he v;aste ,,,riater

co:rfaiåning i;he peelfuigs e,;iÐis bl"ien collected l-n steril_e
conuaineg"q. Allquots of 15 ml of v¡sste 'vljäter F,¡ere then

trarisÍ'e¡'red to si e;et of' fllve sterile test tubes" one

tube rü,¿¿s used €ìs tt¡e control $Ë¡rflÐJ-e v+Liile the otl.ier

four !;ere su'njected to varic¡us l-evels of Ëråmm¿å 1s-radl¿i*

i:3.on" 'Ihe racllabton dnsages *sed. ldere ü,5, l_o0, 1"5

¿¿nr? 2 "û megelrads .

The raoLatlon ÊfJLÌrce !,;as a Cobalt 6û Galilma üelt
I"lndel 22a su5;pllecl by the ÄLonrie ]iner6ry commisslon of
canada. A'b the tirne of the lnvestly.ai.lon the $ruree

/
cle.l-J.yered an absorbed. rlosage varylng f ï'om l.ZZg y, 1ûo

r¿¿ds ¡;er hour i-n June of 3g6B to 1 .0665 x 106 raas i-ier

irour ln July of Lg6g, Ðetatled ctiscunslon of the sourcess

e*-1åLrraû1on, eonstrucbion of Lhe sl'ii-eld, ar:d vaz'louË

¡.rppliances rel"';ted to the ugË of the eqr.lipment 't'.;¿ns

supplf.ed by ühe Ätomlc Eìnergy comruission of c:¿nada LL{i"

The t*ou.r test tt"lbeB cÕrrl'balnin¿1 'bhe srii-nples !¿ere

placed in the cþi¿.:inber oÍ" t?te Gæ-rnrne Cell and a rurm¡rJ-e

{,"i¡¿is rernoved ¡,¡fi;er it had r"ece:lved the r"equlrer.ì cìosa¿;e,
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É.11 ::r:r¡if'¡les i¡iere lrr¿¿cliated *"i; a|nbj-en'L tereperature ûf

¿,: f"n ,nt";lps¡ohe re.

Stanelard Pl¿it;e ccl¡nts acc,lrdin¡i to St¿ryrdart

irîe'uhads (l"9tit ) nere lJerf orrûed on each af the sar:¡;les

¿¿nc1 the nurn"þer of ools11lss rdere cleber¡nlned af,ter

incuÌ:aiion ¿rf; 32oC f or Lr.B hoLtr€;,

TdentS.i"lcati"on of' organf-sns Ln the control sa.inpLes

B.nd in the sarn¡;Ies r,',¡hlch î4ere ùrrlated irlth 0"J me¿,;ar&d$

al r¿;,ä1a-tlon lnvolved bhe sel-ecb3.r¡yl of 2J caloi:ies fr"om

et;ch af <ii-i¡:'i-lcaie plr.ites and 1,i,¿insferråug es-cþr to

n*trlent oroth, ir total of 50 cr.¡,lture$ rrreys pfepared

f'rorn Ët':"cÈ1 seirn3,,le " [he co]-oi:ies to be tr;lcked i.+ere selecteü

i:y rneans of a 5 x 5 grfd givlng a par.ttern hrlth 25 inter-
sectåons. T-'he colony nearest the intersectlan p¡as

-l icliecl .

I¡or ti'ie na.inples receS.ving 1-"0u 1,5 *no 2.t megÊ.-

r:¿¡c1s respectively, e-11 of the color¡les 3-n esrch î-rlate vÅele

¡:tcked s.nc1 J.d*nt3-f,led. ithe reasoil be irrg tlinb r:lthaughi

i;h¿ere iií¿iÉi st 111 ¡:r'ov;üÏr on 'bl:+: 6:1-Eltes l;he cour;üs 'r?ere

uuuuliy les,$ 'bl'rs.¿n tirlrty colonJ.es ¡)er t-rlate"

liftc+r i.ncr¡.-nation Ílor. ZLr hcurs ¡it SZaC the nutrf.ent

broÏ;h cultures r/rer'e streaked- onto tryptone 6,i1r-tcose ;ieelst

e;*iract ¿à&,ar platee. 'Ihås rsË-s done to ensure bhat ï)ure

r:ulLurss:r-v'd-ouJ-d be xninûatned. Furth.errflÐre cclony cL¡arRc-

i;er"å*tícs Élr:d ceie¡l-ase tesils cor¡ld be rec*rdeci f'roÐl lhe
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plâteË" CInce i;he ¡;i;rliy of the cultu:.e had been estab*

l-ictred colonle-q fg"our the trl"pÈone-, 6';l-ucose yeåst exi;tezct

plra'bes ''r,iere ;r1"cker1 and. transierred into nu.trient broÈh

tubes p"nri lncubaied et 32oC for 18 hours. ürram ntaJ-na,

accordin¿ io the f,ianual af ifi_crobi.a1 I'ie,thods {f957} v;ere

then ¡;er"forrned ofl tacl': ct'¡re oil the samples nnt'1 the

sta.S.nlng re¡.ction and ^Lhe nrorphoS-ogy of the ct¡lture rr'rÊre

fecorcled, l!'¡e g:r.e\n i;osl-1;ive c¿*ü¿rlase 1:os3.tf.ve r.od-s r¿iere

transi'e¡'recl froi:l the pure c¡alture fn nutr'lent*broth to
anoiher tube of, nutrlent broth and ?dere lncubated at

\Z"C for f lve days afbes. r,,lhi.eh ,çrïeftrs eiere n:¡aüe and

Ëb¿ll-¡rs accorcling. to ihe I'1¿tirual of i'ïi-croblal l'le'irþ¿üds

qf-?57) were -uerfornned.

By usf.n¿ 'che iclenbf"f ica'bi"on schene ln årfg,ui:e 3

the g,;s'ein i:os5-tive c'ocl or.ganisms conlrl bc ldentlfied,
iil-l cif the Gra-r: ?iegË.rtive rods anit t?ie (irern ponlbive
goscl t¡¿ere lnoc¡"llated into tçso tu.bes of iiugh r+nc1

Lelfson media accord.in¿i 'bo *åugh end Lelf-qon (L953),

ï'ollou;ii:¿,; bhe llugh ¡:nd Le ifson i;est the Gram

neg5ative org--Ëinisms coulcl be l"dentlfi-Êd Ërsûordlng to

ùhe .qclremes ln Flíqu.s.e J and 6" 'Ihe {iram positlve aoeci

coulil. elso be ldenblfied- accordlng tcl the identlf'lc*tå.on

scheme ln Figure l"L. !'or the other portlon of t?re s'i;udy

the waste r'úâs collecbed 3-n the sårfle r:iazu:er l¡ut i;he

percenLage ofl tr¡tal solids in the v¿¿¿sie i.¡ater r¡as
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eili;cred tc varåçns l-er,'eJ-s"

Potaices; i-rc¡¿r: tbe Ëå¡*e #üLttrce i,j€3'e sllced år¡to

zi:tj-n sl-ices E¡.nd tÌ:ren frc¡sen 3-tr Liriuid. nitrr:¿ten. fhe

nlj.ces t';erc then freeue*dried in ¿¿ ijirf;ås i¿ibûr's¿tc:ry

raod"eJ- freeze-drier. itfEey dz.yLng bliese sllceË Ltere

¡¿::ounci rnba a 3:or+der ir: si snåI1. 1.:;î:oral*oz'y ¡rr3_nder. Ti:e

g,lroutr.d ¡:otata 3:;ct'*der lrraí-i *lren Êrtûred ln sterlle 6;lasa

ccr:tu iners o

it'ïre v;¿este co1lesì:ed from the nbyatsåo:n ¡.reel-er

ccntr¿ined nçri::¿ll-ly a-iplrro:rilirai;eLy ûrre i:err:ent icfr¿l_ so1lds,

?.'tte ¡;erceritelge oí' ial;al ¡¡.¡l-1dç coulcl be ¿r-l-tererl *o r*,ny

clerclre(i Le¡,"el l¡¡t tire arirlitlcn of the pctato powðeru

lTlhe desir:ecl J-evel- ',r,,;as; ¿rchleveil by addån6ç i;Ìie reiiui-red

i¿ruc¡unt ta l-t{i á'lyå.fns c1l ¡;oûato; ij¡¿lste ',¡¡ater. Hf-5lht 1er¡e1s

rt{ total sollds iÅrere sturil"ed ancl t}rey rtere êrs f i:l1-oø¡s:

L;iiu 2:n, 3'Ìá, \ii'u 10¡d, L5ii, ?,üfe a:nd 3ü'i/u"

J:fter" i;he total soÏ3.ds level had been adjr-asted

'co'brll- s;o1lds testr.s ÞreT"e llerllormec! oy:l thc weste to riet€T'*

*:ine '¿.;Ìtether prCIper â.incllnhs cf' ;;:cbrrüo p*r,rdc;r hafi 'neen

addect,

ilweirty ¡,:r¿ì-ns of çasi:e io;¿t'cer i{ås lr;e'i-¡,,lred ån'co

dry a1-uinJ.nun rj åshes. *4111- sar.rples r.;ere l,erformeä iy¡

iiu¿rl" i*eti;e " Af ter '¿;e 3-ghin¡r: thr': d 1sl"leg "úrcrÊ ï:rl-¿¡ceg in e.

steat"it i:ath anil bhe niolsti.lrg tdr.rs evai.-'ol'a'üed.. ,{f i;er

evå1;iilrÊrtisn Lhe ryÊrTrlrlÊsi 'r'iere ,+lacecl ln p- r¡f¿ouurí¡ Õvfn åt
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â teiir¡perature oÍ' gOoC" ,jhc våûuuru wÉi$ re6iulelüed. at
25 lnclzes of ñeï.cL?r.yu ,Îhe sen-¿:l-eg t;l*T'e ctrlecj tn the

Õven f or 12 hours" ¿'if ier dr;rrin¿.ç ¿þg sam¡:1eË ?üeT"e i}:en

pli:cerå 1n ¿,r dessiea.tar to cool. jrfte r coolti:g; the seurples

:*Jere weigheeì and tlie totaL sollds idere cz-.lculeted"

;lf'ter üi:e tofiår1 -qolids cnntent of the ¡:otaio
lçasfe ':'¡ater h¿¿rl T:een a"djus;ted" tl:e sainples ri¡ere j.rrsdteted

tn 15 raL aliquots in sterlle test tr.rbes fzr the zz0 Gamrc.¿

Cell- at lerrsfs of ü.t, 9.5, 1"0, 1.J and- 2"t) negaraei.s

of ra"iliatfon" lrf'ter lrr"aciLa'blor-"r the samples i,,,ieï.€ plated.

or: [j,P "Ç. ê.€l&.r 3:lates, The plates t¡.irre iUcu.bated_ et

32ûc for il8 horiv"s [ifter l,¿h3eh the total countis r,,îere

recorded" .Ihe cla.ia frçr* thi.s lnvesb3"6:ab1t:ln i,,.ras subjeoted

f o ¿l statistical r.nalye is in r¡rciec' to ascertaln o-¡ircther

tlrere l^Jex'e å?Ìiy sig;nif io¿¿nt dif'ferenaes in tlre irr¿ldi¿ltion
resista:lce oÍ' tl:e org;arilsms in pr:taùo v;¿iste water coi:ta3.nLng

dlfferenfi levels of total eollds.
lü1 investÍ¡:atíon ws-s ¿1æo perí'orreed on the adrti-

j;åon of socllum hy1roehlorltes bo potarto t',raste lsater

coni;sinf-ng one ¡¡rer.cenÈ total sollds"

íitand.ard pl.ate cor-ints aceordlr:g. bo litancia¡"d i'1*l,hods

(1pó0) ';,rere corapared on the irr"adLated ¡rota'bo '¿;¿sÈe

'¡¿tez" rzÍth nt sodlurn hy¡rochlortte eclded ¡lnd irrariiabed.

potrito w¿¿ste u¡a-ter øÍ-th sodi¡¡m h"ypoehloriçe added."



3-iyc1r=ogeu î¡eroxlde l,;a,s al*-o ¿,rclded i;c¡ r;oi;ato ;,,:tiste

r,'lr-iLe3" ¿rÍ; l-eve1s up to 5tû pprn. /r¡,.aån tlte i,:erce,nt -Loiel

,soli-cs cor;'i;ent 3;otai;o rt¡¿cte þru.i;er '¡;aa üne þercerito

s'cc*nii¿rT=d ¡;laie coui':ts *¿ccorrllri¿l to sbalidard, l{ettiod llg(}t)
w€i:e ¡:erflorr*eci oil bhe'o,'ip.ì.Ðte "o';ãtL-r-" v;1i;h liytirog:ezr pe::oxi.de

¿:dded., and eontrolË ç'rith rro å:ydrogcn peroxide" Also

courrtp û11 the T,Je*qie ',r¡ith hydro¿4en peroxide arlded coui:led

t',¡ith lr.r"aciil,¡.ü1cn at ilosap4ee clf 3.5, 1.û, 1,5 and ?.e

r-ie¿rarr&ds ¿r,nd couÊbs Õn the !{Íiiste riFiter wf.th no }r;varo6gen

g:eraxlde. arldeci, ccupl-ecl i.;lbT,:. Lyraúir;Llon dorj¿ri¡.es of ''tbe

s¿ìme leve L e f'!"eye rjoii'ïi.)¿lreü 
"



nEtJiJtr'îÍ;



nESiÍ1,?s

li. ilìjíi ,¿! F;'ii,ñÏC i,1ICÊ!B_T4I¿ FI,ORlr, üF:,-lli)T;:L'TO__ i_djl$Tji

fhe total aeroi:ic mlcrablal trre;pui-a-tfon of tkre ten

tc'åals of ldentlílce.tlon ¿at an lrr¿rcii¿ltf-on level- of ü.0

ineg::r'acls T,1)€¿s deterrirlned end the results are presented

ln Table 1u l*he :nlorocçccus åTenils v'ias the most Fr€-

domf.nabely occurxwtg or6r:ani$m ffi¿¿lil-nËî up 3E.B pereent of
'bhe i,solated or'¡'-;anlsms. ú2"¡,;avrisms belonp:ing to Ëhe

ï:'e"cill,us ¿ienuÊr í¡'rere elLso falrl-y pr:.edornlnate inakf-n6 up

2l+"i+ ;:ercent of bkre i;of:41, The Pset¡doÌnonas éTenus lr¡ade

u'p 5.6 percenü of the to'bi¿l, jlhe É:enu.se$ of ",{erobâicte'ru

üoryriehaeteråurn, liri¡lziJ.a, Särcånæ, $ür.epùornyceÐ, elnd

xer:ttiroii:¿inas nacle L¡p :J,2, 2"t, Å}..ll.u 2.t , J,2 and" 3 
" 
2 pec"-

cerit re ¿ql.i€otively. Flolcl g::owth at th5-s 3-rrad.latf oyi I evel

*noi¡nterl to 1,6 percent of bhe j;cltal, Yeast 61r"o;^ri;h r*as

r' lLible #û.r'e pr.edoritír:æ-nt lnr;klng up 3"û l,.erc€Ttii of toiÌ41

¡rricreiî:lerl fl.ora, Tl'lose ori¡:l;yllsnls ¿lpjiearlnE leasü preCor,n-

3"nantly belol'rgeri to the ¿;enuses É.lcal-i¿;å.nes, Avr,hrobri:rter,

I,'l¡,¿ve¡b¿¡,cterlum, Lopl'lomotr:ls, irr"oüeus and lìtaphyloooooufi o

?lte i;ercei:r'br:-¿:es of the totai- T:i¡:l(tre up by tiienö ûr.gìr:nåsíils

varJ-ed flran ü,6 Frer.eent tc l-"lt. Fercenü" {)f the 5At

i-solatior¡s st ti¡ls level or:ly oyie ö-qhericlrl¿l genlå$ r,;as

f'';u.nci resultfirg; in ü"2 percerrt ai bhe total-"

2t+
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'ÏAELE] 1

'ïO'ÍAL Or¡ ú1ìüÀi,iï$i't$ ISOLå'ïEÐ Õirj tì!ì}J ,TËIALS
Ál 0,û i'ÍtsG"{ii¡tlls

tjenus t¡6f¿f |rìo" Iss)lated Perceni;ap;e ef Total

*terob¡rcter

hleal lglne s

Arthrol:acter

Iï¿ic 1l 1L¡ s

iir;.trynebac teri-um

Iirr¡lnåa

Estrerlehla

Fl-avok¡a-e te rLu¿m

Lophomonas

i.'lS.crocoeous

l'{old

ïtio grcr.,tth

Froteus

Pseud.omonas

Sarclna

Staphylo0oeeus

Sf reptornyce s

Xantlzor0n¿¿s

Ye¿rst

L6

_)

7

L?2

10

22

I
l+

4

Lgt+

B

L6

)

28

L0

4

L6

l_6

l_5

3,2

a,6

1,¿+

z¿+.t+

tn

l+,l^t,

ú,2

t,8
0.8

38,8

I.b

QO)øí-

t.6
,"b

2"0

L.0

3,2

)"á

i^0

?otal- 5oo i-0CI.00
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lire total of. i;hc or-ga,nrsr:i,.: lsolElted on 'ben trial-s
a'c ¡.in åryadlabior¡ level cf 0,J rnegarr:cls 1$ pre,sl.¡rted 1.n

;Fanìn 2 t. no-¿ìz¡å Å4.?.!a^-^..Lt:'rr¿-v d.ø :.." ri¡&rk@d, dlfferer¡ce i{as Ëeen krere li: th.e .bc,ca1

¿rerceTi'cnge liaüe up'b¡r eac\t Ëîenus fro¡c the i::ratltablon
level of 0"t meg;airads, /\t a level of 0"J n;egnraris

thc i,'recÈopl-nani; ð€nuñ' lúås $Ëici-1Lu$ rïËâklng up 81,8 percent

o:1" 'i;he 'bota1 numbev" of 1r;ol*t1ons. ftîold lsolatlons
accouÐbed f'or ?.? peroent of the botal, Hl-crocoeeus

al-so oocr.lg.red f'¿,ilrly ûor'lslsten'Ll¡r and u:ade ìrp S"A iler-
cent. /LeroLrricter, Al-c¿,¿Liglner, ::rpiÌ"rx.okraictern iirlilniao
anrl Streptoiayces aceounted for" percent:lp;es varyin6q froni

0"2 J;ercent ùo û,4 l,etroel1t, A cCIïlÍrideraìrle percer:.t*ge

of 4l.6 5:ercent did nc¡t ¿row at thls ievel,
'Ihe tobel af' tlie ¿¿,enuses isolai:ed at ¿in frrE¿cl1¿t*

f;ion level of 1.0 ntegeirads is sl"iov.¡n ln ilahle 3" út i:he

r;t>tal* ojl 2.5 lsolatå.ons liere "96 belonged iyr tkre Ë;enug

Ëiac111uu" î.iold l-so1*.båoris s¿rcounied for B.j|g peraent

çf ihe total. At tiÌls level onLy one orËEìnisrn i¡¡as lost
in the plckl-npl zi.nci l,rensferring; procedune"

'ïkre tçtrtL of the organismu i.sûlâted ¿lt irra_Cia-

tloi:. levels of" l-"5 ¿ne1 2.t n:egr*rads i.r-r,e shor¡rl in iilables

Lf' a:te}- 5" 0f the toisl nuuber oÍi orgarrisrns tscl-ated here

1üü percenü of ihem r,¡ere Facillus,



TABLE 2

ïOT'ËJ- CIl: L¡IìGAI,ìISfiÍS ISOLJi'IED Oi,i TEN ,IËIALS
AT ü,5 i"iEüÉjì,qDS

Genus
lotal Ïiio,
l$û1i]"ted

Percentage
of Totsl

iler=sbeûter

Alcal iglr:e s

¿lrthroburcter

lSac 11.l-us

liri.¡å.n3.4

i']åcrc¡ec:ecL¿s

i;iold

i'io grou;th

n Jr

t,3
t.4

8L. B

0,2

5"0
tìç
l ek

LL u6

Iitrep'uon:r.yöes I t^?.

'Iotal 5üû lot"o

I
2

409

l^

43

36

rJ
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'rAllLIi 3

'JiITAL OF Oir,C.A.l'lIå1ïtfS I$OLiïTilÐ ûi,i t.'lii,¡
Tllìuil,$ !,T 1,û iliiiciåFáIls

-C:ienus
Tatal I¡'o 

"IsoLated
Peroe-*ta6e
of lotaÏ

j*ec111us

f{oIcl

L96
r{)¿o

t

9]",156

8 "379
irio ¿ii.or¡th c -l+

r'otaÏ ?.L5 100.000

:ï"q.BLTi 4

'ICI'ïAL OF 0!iGL!i'¿f$i'i$ IiiOLii_'rlHD OIit TËi+
TËIALS A'r L"5 l,iEcAÏiltüs

..-.d-

Genus
Total }io 

"Ïsolated
Fez'centa6e
of Total

F¡ac11lu

i.llotal- L3Tþ

I0û

1Sû
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.L-¡llLE 5

Ttl,I¿i]. úF 'Ji¿LirfiÏl;l{S T$fJL;:iT.T:lIl CIïü T }tþï
'TF¿ïALS ilf 2"û ill;:Gtiïtiiil$

{ienus
'ïlot¿¿l f'Jo,
ïsc:1ä.'bed

Percenbag.;e
of 'îot*.1-

l3$cllIus 28 10t

ltoi;aL 28 10ö

ts-"- jidrr _¡:¡4'IEi Ë _ Q ll" _Ij,i ËllFtlt'ïI Çi'í - t¡l¡ TJÍS. 4F 
-il tiBI Ç

t{c}iùF,url, tir{¿Ëii Jl¿ p!-9A40,'_ ii¿i::,TË Jl{¡'tEA

F.g- (j lj.ii :r¡ê. I 484ËI;. :'i Qiù

?Lie rai:es of' criesti:'uctlcn oÍ' tl"ie aerobS,c nics,úTJi¿11

,+.'1Ora, åtr i:ot¡-rLo ' !i¡¡.SÙe r,¿a-ter ¿:,t the eiË¡.ht cilf f'erenl;

levels oÍi total scrlLcls är'e sì'ro'o'.rn ln ùite r+p¡rencllx (?r¿bles L

yp 6g incluslve). 'l.lhe retes of destruci;åc¡n curves âre

shoffil l"vi ];'l¿iures 7 to 14 ii:clusl\ren T?re dE,stn.¡ctlori by

r,årä1rìËr frr¿¡d1¿-*tlon in the i:otaüc.¡ i.¿¡¡ste v¡¿¡ter of ilie

¿lercì-,¡1e *åarobLal iilor¿e .?¡,it)ËÊr-rs to have tsro ci.intj"r.rct

råtes of desbruction"



$f gur"e "/. I'he effect of gamma irraci,l-a-tion
on the eerobic mlcroflor,¿ì of
pot€ìto t¡aste v¡ater contal-nlng
one percent toial solirls"
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Figure B. 'i'he efí'ect of g.amma ir:"adlatlon cn
the ¿:eroirlc rnicroflor"a of 5;otai;orsaste v+a_ter containingl tvto percent
tot¡:ì.. sr:1lds,
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Fíg:ur"e 9. The effect of piamrna irracliatlon on the
¿rero-bic rnicroflo:'a of potato y¡aste r,¿ater
ccr:fninlng three îiercent tatal- sol_ld.s,
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Irig;ure f0" The ef'fect oí.' €¡:¿:rilrr:a irradii,tion onllre aer.oi:ic ¡¡:lcroflora of potaüo lçaste
l,{Lì.'fer ccnia"ining fJ_ve Fercent tot¿¿l
soJ.lds.
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Ì"i¿1uire 11" ?he ef'f ect oí p.r:nimei irr';,¡rJ ia.tloll oT1
ti¿e ¡;.ercj:ic nj.crc'flora of 'patat,o r.¡¿¿ste
r,¡ater corit¿lininË. ten Fercent total
soj- ids .
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T|gure J-2, ?he effect of ç-amrna l-y're.dlatic¡r on the
aerol:lc microflora oi' ¡;ota-to l¿aste
Ir,âter containirrg fif'teen percen.b totel
sol lds 

"
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l¡lßure !3, T.'he effect af gamma ir.rar1letlon on ihe
aeroblc rnl.cr.cflor:a. aí potatto rìrã.sì;e
rr¡aì;er coritaining bi,;enty rercent
tobal solfos,
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Fig;ure 14 " The r:ffect of ¡ia".:jne iz.ra,dj_a.Lion onthc ¡;.ercj:j.s nicr,cflora oi" po.bato ,;¡aste
¿'¿ater. ccntaintng thirty percent totalcol ids 
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s$i¡sr,ip9n". qf .l',q,[q.i. Iipq.Eeril",] qgunþjs L?. "rotr'-rtp
**çç'tle l+eþ*eq at- tþq _{,,ir}.1t- I¡i._{j:L=iêbJ Ir.cjeTË-F-
'Is-üq-l È,q¿t_d-s,.

Ä:t arrellysls uf *¡¡¡rlai:ce teat fias ¡:erfornred to
deters¡i"i:e l';iretiier ì;here',/r¿as ¿.* <i"iffev'ence iir r¿¡dli,rtian

reçi::tance r:f 'Lhe organi.nins l,,,irer¡ bhe total solirle
caviter:t of i:i:e ¡;otabc l.¡¿¿ste '¡¡a1,er u6,s r*iseid"

Ihe t"er¡ults ltirl icntect tiigit tlicy,e 'ûlra-$ yto s ip.rii_Í"å-

ca"nfr riíÍlfereylce in tlie rr:cìir.;tfr¡n resi¡;t¿ryice of

or'¿1ærii.si,?s ãit h1¡rher' ,-l_eve]s cf' toüaI sollrls. (:"r,¡"r¡rencti_x

Iable 69),

'Itte averrige fen:iperrii:ure ¿,,1i, l¡¡i:ich the pota.i;et,;

waste lira-tes, v¡¿í...? irra,11la,beC Iüå,lcii î loiu" Ldo li.,ci;ein;.,ts

:,"t+lre r:i¿lcle to conirol tL:¡e i;enper'*i;ur.e cf ,che poirito.
w¿¡ste rvater ciurS.r:p_; lrr'¡;.dia-tion Jla;:' lü i";as felt t?iaü

i-T! (i$iuiriãre ial tr;ractfoe t;i:ls v;or¡id ;¡l¡;o be the oÉise,
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llhis sbuldy ';ea* lnS.t,iated i:o i cìentlfly ùhe r¡erobj-c

irilcroirJ.a-l- generá present before avlel aí'üer, lrranl¿tisyr
ta exainine the possibfl ít¡' 69" uüilJ.sLng; dt_:sa¿,ies of,

garîJilgi lrradåatl-on i:o destroy tl:e nlcr"oflor.a of pottEa

l,¿egte r"¡eter ¿ind s¡lso hs def,errnl.ne r¡;hei;lier va.rious levels
of tob¡;¿1 soli.ds in i;-tie potauo l;as'r;e i'¡¿iter hed an eff'ec.b

on ttre r.¿.r-d3-o-z,eslstance of the inicroflora present"

?l'ie resi;Lts o-þtained 1n ttils *tudy reveal-ed tkrt:-

Piicroeüccus ayid l:acl-lIus ïîere the ffiost ;:redoriineint

organlsms found l-ilbhe irr¿¡"dJ.aüed weste 'r;¿iter. ,.'ioì.;f.s j.s

quåte easily expl*:ined -ny 'i;he Í'¿rcc t?iÐ.t both or¿-ani.sms

cìo ¡;::edoruf.riate ln sc¡il-s. fhe Sropi¡labf on of' organl slns

present in ¡;otatcl t.rãsbe v¡¿¿ter -r,;as clerived from the

soil in ik'¡is study 'becatisç ster.i.le l.¡ater and. sierj.le
er¿u3.pment niere L¿secl ùhr.cu6::hout l;llic rtudy. 'Ihe otl:er

or"ganisms lsok-¿,ted ln 'bhe study äre ¿¿lso founcl ln sotl
except Í'or tt¡e €{cner¡i Starpl:ylococcus. the preiieïrce of

St*¡-:1ty1çcoccus nraiy be explaå.ned by tl:re f¿rct ùir¡rt the

l,Ç'úÉitoeß L¡cd *een Lir¡nciled 'by hur:ian l-iands ¿inci ina)/ ilave

i;e*l: çov:i;¿imina'bea i';ibh bhr.; organism ln thts ïilârulere

¡llfÈer blte ¡¡aste ltacl -i:een cubjectectr to ayl irca:cila*

flun c3c*æ-¡ie of' 0"J nleg.aråds Êr i**rkecl dlilference îrJ¿ls

cilserved ilr the boù*.1 ¡;ez'ceni;r.i¡1es r:¡ade up by eaeh i.eTier8.

uf' tl:e 3;o¡:u1:ition, Ðr,c11l¡is ?:ecar:¡e tlie predoinf"n¿int

¿+o
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ür'å:¡r.fi1-sifi .Êresent in the pc.r¡¡ulr'.tlori" "lhis ir,- due m*3-n1y

ïo the ]:ì*cil-rus genus q s abil3.ty Lo forin spores " r{aciÍ-*-

f'esX-s;arï*e of spore formeirs tja$ åilflo obsrrved by

Tirat,þ Så pl lL}5BI , Kenpe, Gz'a*koski, and Gtllj.es (f 954),
ü,old.T:l1i,he i).nd Pröc'itór (,L956j, i,.jerthefm {lg5g), a.nd

'TLrcrnly {,I95?'} 1n t}ref.r. j.r:vesbigert j_ons " 'j.'he f¿".ct tliat
tlre microesce$- ú?åàde Lrp e.$ le"rg;e ä ïrercenta6le of the

poputl*ûLon as al:serverl m¿;y k¡e exg,l-ilrlned by bhe fa"et tl.'et
Hicroctccus or¡:;a.nlsms Lrã¿tre been f'ound bo T:e the flost

radio*resl¡;tanb ve6,'eta.tive cell-s ( jtndes"Êon, e!" eL (]*956) )

lir;1ús ¿,lso il¿lde up & cansÍder¡iT:le pr-opcrtion of tt,e bobal

po¡rulartlon. rhis äiay also j:e ex;:lni.nec1 by tl:e f'act tl:r,r'b

¡i¡olcls ¿ire sipûrö' fcrn:ez'n ¿:lild tbat spores å:ire more raci:io-

res is tant thr,n ,""egetstive cells. I'ior"ierrrty ( 1950 ) fourril

certåi.tr nalcls rnuch i:rüre radic*l:esis t¿1-nù r,;ha.n vegec::iti.ve

þac'berlp¿l cells;" 'rhe oilre z' Ì:acterf-a present r¿ade up only

a snia.ll prnportlon oll tlie total pop,"r1*,t1on. l..,lo radío-
s'esist¿rnce char¿:"ûLeristi.cs shot¡Icl Ï-¡e coi:trik¡uted to
fhcn. Iù ls ¿ruibe probable tllet btie i¡¡a.ste l:a,ä no.b ì:oen

*nlrJecbed to er:ougLl radía.t;lon to destroy all vegeti:;tive

çells,

The áie:neráÀ isoleted ef"ter 1.0 re6tare.ds of irr¿¿dla-

fi1cn liëìÉr riråcie urp of 91.16 percent lj¡_cillr.¡s and 8. j8
"çer*enb rnald o !''gain fiE¿c1]lus an{, ieolds åre s"riore forffierg



LrZ

av:aï Ùh e j-r ïi:i-fl i¡-¡*i:i 13 Ír:¿nce ina,-y'3e ex::r1t ined ì:y Fr"ett

q! +-1 {1Í}58}, Kernpe, i.rre,"rskosit3., ¿¿ncf iil115"es {1951¡¡,

üolclþ1f ti:re if,nd Í3r'Õctrr tLg56I , '#e :.bheJ"rn tTgsgj , ¿+nd

T'tro:.::3.y tJ-?57j "

ïie¡c 11lus iç,.as the ai:l_y firlluri l"sol¿:ted aftes
1"! littd 2.Õ rneg;arade eif g;amica. 3r.t"adj.utJ"on. Tlhe ab3.1Lty

of 'chis genus Tc forn spcres and ttre resåsLance cf
these .sÍiûres to irr.¿¿dLaiåon :,+oulcl a.ccsunt for tirf_s oT:$er-

¡¡¡;.t J"t3t.

T;¿ol-ds T/';ere nat í'or"¿¡:cl e¿fier dona¿1es J_.5 æ.nd 2"0

;::*g*"ru.ds" lh3-s ffie.y 'i:e e:r;i:'Iaínc=cå by 'i;he fdct: t?r¿rt no]-ds

tarl* rsporÐ$ rualnly as a inee-nß of' re3:rc¡dücticn ei-tirougle

'ûl:ey do Ì:r*,ve ti're abiLity to ,rli;tisi:¡¿nd certaln envirot:-

r:en'Lal- T:auards such ns drou¡::þ¡, T:acteråal- sÐores ¿ire

Í"orraed, however, ilãfnLy ¿Ì.ri & rneans o11 preservatS_on

nncj are able f bereflsre to vi¿ithstand mÕre severe eirr¡lron-

mental facLars hacarcious 'ü'¡ 'bL¡e 1f fe of mJ.croorg;anl$fiìÊø

Iù ï'{aÍi ¿¿1so ol:served elurin6,: i:ire ånvesbi¡lation t?:et

i¡ÏiÌ rociSsion cåfter 1.5 ox 2.t megs'ireds tliere i:;a$ nÕ

survl-viri€i äero'tria nicrofl-ors." lilhf-s ney be ex.plained b¡r

ihe f¿lct ùh¿et clåfilereni; s3:ecler; of IJacå1j-us h*.rre Ëpores

r¡uL"r\t vnrylng degz'ees of, ræ-rllo-y.esist¿¡nce . î}rj.¿;E.s (1960 )

repcrted tliat ti:ere l-s s clifference i:n radieriion ::esistanee

i:eiil'u'Êen speoåesef tl¡e fler¡us I:tacå1luc. 'Â{e r*¡:o:"ted Ebæt
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_)

Êoiitç sf:JecieFj s?iol.,red z:on*lJ-¡rear ln¡;cblvatioyl curves i,¡kiile

oihers eNir j-'pite ct Iånear l-nagbiv¿,,. bl-on curî/es e l¡onnell¡in
e-nd !4orov¡Ltz (,L957) ha+ simSlar findl:rg¡:*. currs-n ti-.)SLJ

sf¿.i.ied il:a'i; th.e rnost sesísi;ant njp()ves requiy,ed ¿bout

2úür000 lìoentgens of Catlrode råy enÈrgy f'or thej-r
destruc'bÍon whlle the csrr€sponding varue f os" the r,zeé_(e-

i;¿iflve aells rerlLllred only one quEirter of ttrat enerÊ:y

level.

ilunn, tampbellu Frarn and liiltchins (Igdr8) i"ryadlated

large populatlons of' so11 org:;lzri.Ëmso filLrey founrl tlrat
i.¡¡¿s¡erla]. sp'Jr€s cou.l-<1 be greeitly recluced ln nur¡bers of
2.Q rneçiu.re¡d.s rítcltls and å'e¡:ste rrùere 61ener.111y clesbroyed

b)' -l-.ç :le¿iæ.racls" \fegei;ative eells v;ere al-I clestroyed

a'b dosages of less tkran 1.t1 rr.regarads of lrra.di¿¡_tion"

Froci;or a.ncl (ioLdblåth r (1951) and îi,lor.iarf.ty (1950)

;;ublåshec very sJ.mllsr reslllts. ,Ïhû resu-lis of thf_s

3":rvesûlp;atlon coinpr:re well ultl¿ the flndiirgs of tLrese

i.it-athors 
"

It shoulcl lre ,;t€:Tt'6loneC th¿rb tirese or¿:anlnns i,\iere

irrarilated in a l3-quíd iilediurli E¡Lnci ti::rit nost of t?le bcbal

aû}id.s ¡;resent in the potaì:o r¡asLe i¡¡aier wa.s cerlved.

fr"om i;hc. ;.;tar.ch of the pof;atoes" 'r,;ork done ïry t"iun'i:e::

nnd Kol:n (1958), I-]ldJarrm snd Pl:J-l_ { 1961), Kempe (1963),
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itjåven (rgj8), pr'r:ctor Ëlü. pÌl {rg55), uhabyJ çJ e* l¡*ga5tr,
Grecz (,f965j, ¿:ylrJ r:ii:el]ls çå gå (W6S) shar,rred ihat
ccm¡;oulnds such ¿¡s glycera1, eodiun f os,r*ate, ¡:roteåris,
aci'd' carì:ohydråtes l.rlcre¡irjed the årr'¡*ctiatlon resJ-$tanee
of micrcolrêïånås*s" 'rk¡ls ri¿ìJ¡ aLeo account fo' the
observatJ-ori on numbes's oi' g:enera obnerverr aftex t.S
megnrarSs of ¡i*mi:i:r irraiii¿rtion. ifol_Iaenrieï, ç-S- g.L (1g51),
l4oos {L952), and }3íaginr (Lg53) fou:rd slmllar r"eÊuzltsu

Eld-u,¡arcls 9-ü- a1- (AgSì+) and t{or.gan tLgSt+) aricl

Reed, lLgSl+) found th.¿:t trre pren€noe of:" p,z,oteins, nutr.rent
Ìrrotïru asûorblc ecåd end 'bLrloure¡¡. in a nrecia ineresised
tiie raal**resii;L¿i:rce oÍ" br:cterial- $jlorefi . -,i.,hey rto.i;eei.,

irol'';lever, tire-t Írïrores FJere less suseeptible to ¡:r"oterctlve
ånf l-uence of these corn¡.rounds tiian veÉìtetåtive cells 

"
An atùeinpt rrjas made rlurf r:¿,- the 1n,,¡es.L!¿:rrtion tc>

Feilsltize the rnJ.cr.oflcra to irr.aidi¿,¿iion, ,Sodfum hyFo*
chlor'1ûe an¿t iryeirogen Fer.oxide adcied to potaüo v+r:ste

w¡,:ter praveci to þe li:effective 3-* sensittztn¿ç the
*:J-croorg¿¡nåsms. l.'ie a'bter:ipt ï{¿ås nade i;o irensltåze i;he
inlcr"oor¿,,anlsüts v; ibh or¿:-:rnlc ¡.,eroxå_des " ti:ts c6uld_

poseS_bly be doyle j_n a::ather Eturly"

?he resul'Ls af c!':ås inveBtl¿"¿1¡i6o show tlrat rilerst

oÍ'ti:e rif.croor¿rai:istrs ¿lre d.esûro)red after 1.0 negarëzcls"

Fr-'*n ¿¡ carrrirerclel stancl;r.,olrltri:;ras.l;e r¡a.ter thr.rt has .i:eez:
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J-r¡"aoi-ated- at thls level r¡l$ht be acceptaì:le to be

reclr.culated into the procesÊing, sy'stem" ltlso lf

seTlsi-tizers could be ¿;dded to Lhe l.¡a.sbe to make Èhe

orgânisns nore suFceptible to lrradiation dosages of

less than 1.0 $iegaracls rnlght be used" The sensítlzer
oÍ' course v¡ould have to be Er cornpounci that i";ould not

lnterfere v¡ith åny Fart of a processing system"

Jå \rery imporùant oorisicieratic¡n trere ls the

possibillty of onganisns cleveloping radlo-reslsta.nce as

â result of exposure a.nd recirculablon" This coulC

influence the cornrilercia"l va.lue of such a. practice ayld

also the level of irracli*:.¿1o* that has i;o Ìre ulsecl to

assure thai radlo-res 1sù¿::ice does not occu.t:e

1'he resulbs of "ülre lnr¡estigation of various

l-evels of total sollds on radlo-reslsta.nce of nlcro:

organisms indic¿rterl t,hat increased levels of üob¿¿l solids

dj.d not offer more radLo-resistance to the or¡rr*ts*s

than 1o'¿¡er levels, Results of' this seci;lon did show,

howe'.rer, bhat tlre inacilvation curves of' the mlcro-

organisms were not linear. Tk¡i-s has been explãlned by

Lawrence and Block (1968). They found slirvivor curves

to have ttris d.lsti-nct characterlstic ru¡lienever sanples

cor.Ltained organlsns of' tlço riistinct Levels of heai

resistance. Sinoe arg.anisrrrs of two r1istlnct levels of
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*f r:t:.t¡f al;1on t e'a iti-i;a;ice !.,;ere prÉ:Ëerib

rråfibe ,$âr.dçy' tllJ-s 1-q ilrr:-bably l';?r5r tl:le

*l:lÐ*,ar' #ii hhey do,

in'hÏ:e ¡rotil't,o

f)\,x'r -{ 3,v Õy û 11 t,ve û
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ifT¿Is s'budy iylvolved tlte e f'feci tf) g,atr:t,:& L¡'rs.cliation

oir the aero.Df-c i,ricrofloï,¿i of i;.obl+to u¡aste ,¡;ai;er . \)he

lilenti-fi-c¿¿tion of bhe aerobLc mleroflora ofl t"rre 3:otato=

v¡¿¿*cfe ''"¡e"ter at varJ-ous levels of' z.¡:Cie.tlon dosag.es

i'evealed that at riosages of (r,t rneg;;rrads the r:cst funria-

mental org{anlsins identifi.eei i,Jer.e ml-crocooci" Or¡r:a,nisrne

of' the genu$ BaolLlus äl-so nacle up a !räJo3. parti.Jn of
'the total- nur¡ber identlf led, Other org¿iítl$¡ns such aç

Á.erobaci;er, üorynebacberiunu Llri¿inia, Éìarclna, Str.e3:'bo-

ijiytes, É:nd Xanthomoneis maiie up only nlnor ¡rorf;åons of
"üÏte rnlcroflora.

A.f ber ilosages of' ü, J a.ncl 1.0 me¿1e.râc1s Tlacil.lt.le

specles 'l.:ecame tl¡e ;¿:redorntnanû or6i:anf.sm and p-,r.fter c1+sages

of' l-"5 ¡;-ncl 2"0 r*eg;rråd-q th.ey beco¡äe the ,rnly or¿,jaîJlËms,

ï,1osb o"ì" t'rie mlcrof'lor& errlÊ desüroyed after dosa"ges clf

1" û rnegeradF u

The sbudy rif the râtes oi ciesì;r,uetlon of tkre

aeroklle rnicrol¡fal- flora oi' potato' uraste l;ith tot¿rrL

sollds levels vnrying from one to 3ü l.rercent subjected
'üo g,ar*ma 3-rreiili.atlon revealed that threr€ r'üaB no sÍ.gitif,t-

ca¡ii cllíferenoe ln the rariLa.i;lon resist¡*nre oí or¿,iærlsms

*.f f l:e l:5,¿.her 1evels of tc'bel sol-lds. There ¿,¿pr:e¿¿red. Èo

be tlco cilsüinct rates of äesùruci;ían of ttie nlcrofl_Õra

e.v;p}ËìJ-i:ed iiy tÌre f€¿ct tl:¿it i;he ,.:rgrainlsrns pre$enü h¿ld

t+7
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ür,ço diritirrst level_s cf' r'¡di¿rÈj_on :'enictence,

?he ¿¿Ccitloz: of *odåun hypoctrlor.lte and hyrlya.'..en

peroxide separately to tlre potaüo i¡,u¿ste v,iater proved

ta üe lnefÍlectlve ln serirri'blzin¿ the aerr¡'bic nrJ-cs'of'lçr.¿r

çl' i;he' lr;ti$te lo ¿rËånffia lr.r,Ad.ir,.rtlono
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iìndËr.qenu _Á.: is. , I'lorcan, li:,ü 
" , Cåi_in, ,rj ";,', , par.rish, ß,

:¿Hd lli-l¿.-¿-*.ii, iì" L956. ¡jtuûier-r û1:r tA t,¿,'."(iTo*yesl*,rant
n¡ir:r,oeoccus, I" ïsolation rncri;irolariy eultural
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},'ûcn lilechirol_. u lG, ST 5-ST8 "

/inell-1s u .I\. s Uyeez, li " , c,lnd Tie:"kol,oLtø, I], Ig(t3. lit¿r,,vivaL
of' Closùridluru boti:Ilnun $pioraÊ. ltp;-rf " iliic:'oblol,
L3 u 397-4ol_.

Lr'er'åiels l{*nual ol,' IleterülinE;,bi,vc *acterlol. TtYi ed,Lg5?,
3¿:"ltimore, :fhe 'i'-¡i"1-Il¿i'ms end ìiilkins Co.

.tSlegfnt C, [ìllr-nt:rì;e.tive iaspects of tLre inr]l¡'ect actj_on
of X-r,aciåebioli at varlou.s cc¡t:ce;ltr..¡etio::s ûtl
Ti " ool. J- . :''iå:. 'cure, Ltrnü. o , 79 53 , I"Ì2 u 868 ,

lirl¡r¿is u !r.,, 19óû" illte rËsisûirnce ûf spsres oi i,h.e ¿teriulsIJa.alllus i;o phe,;,o1, iteá.t, and lrractJ.ation,
J. ,{p:pL. i:iåc bertr¡1" . Zy(3} g ÞgC-504,,

Cuirran, l'i"Ii", i95i-, frûsir:tance in lìacterlsl sj.rore$"
TlacterloL " Eerrl_ei¡s " 16, 11ì.*11i"

lJ&',rls, F"J,, Sheloor:, J.L,, l:iilcÏ ilr.lre-brr¿eh, S" T . L<)56.
Lethal eflf'ects of ¿:;a.rnrca irr,¿rrf j.¿:'Llon u¡)on se¿;;meni;s
of' a r¡:.,turaL i*lcrobiE¿I popuSetion. J " B¿lcierj"ol, 

"' 72, 5t 5-5Lt 
"

no:rnel-1an, J.E" u Ëind ttarosi¡itz, lî.J " 7.957, ,iltìe ir"r"aijl¿.;"tion
of cì"ry spores of ijacllluæ subti.les u;itlr f'ast
chtrn¿led pari;J"cles. äæ.li"Hes. 7 u ?l_ "

Ildir¡ardso-l¿.8.r Pe'berson, LoJ" u nnd CLli'ülnXn¿;se D"ti., l.gSLr 
"'lhe ef'fect eif' Cl'rtl'rcde, rays or: bæ.ci;cr1a. rrood

Teci:no1. E, 28¿+.

TildJarrri, L" arrd Fiti1, A. 1961" ',,ecli:,inlsns of ;;raLcctJ.ve
und i]'ensrå.ù1zf.n¿i ,'-rcliion" fn i;ieci:i¿rilsms 1n
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Õ
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fr.r¿iúl-¿1.Ì;ion Le*yel ïot¿il Count

( or.¿iar: i. snr s/ul )

-::i::l{J.0 g"l x l0?
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1

2
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J
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2

oo

Õ
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Õ
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I'iÏcFiJBIlil, i:jLolirh oI.' FüTJit'û i'ús'ilil j"i;t':.'lìF.
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,i:ä.T.í\"L I

ïrradlatf.on Level
( i;iegtararls )

ifots.L Count
(orgr.rnlsr¡rn/m1 )

*.Q
/-ì É,

1.0
'i4

2 "t)

?"8 x 1O?

¡+ "g * ra?

1.? x tûl
1"2 x L0Ï

ü"1 x 10tr
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/rlca11¿t;lne ç

Ár'throh,t"cter.

[iacl]^J.us

tor¡me bacterf unr

1i'1B"vo brrctertunr

i{lcrococcue

i¡js1ü

itio g;rc¡";¿th

Pceudomon¿-¡-s

,Sarci.na

StreptoTiye€E

X¿lnthomona s

-L t:(3 ù t

l_

I
T?"

1

L
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I
I
2

I
)

l-

3

2

2

2l+

2

eL

Lt l+

2

2
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2

6

,

6
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Lþ3

2

J

2
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tu.

()
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c rji;,i,j:t I lijT i,,iü oiii H Fi;!:.ciiil,l T,r.ûlivil tìû1, I Ð s
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n
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B

2
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6
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L
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2

I
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iriicrosocet¡s
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'aá

{.

l-1

I

7z
j t.

22

2

:foial 5o i-0ü
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l-0?
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i\IJllilJiiïì OTr {;};ü¡ìi,jT Si,is/i4L

l"B x ro]
4.u0 x 10i
4.6 x 10J
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