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ABSTRACT

I+ 15 desirable 4o elimirete the pablis heal+il hazerds
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and Therzorediption on the suppressisrn of embrronation of

zunoricolides cva, & parasite coazenly [oung In Ssewsge

Ascaris
sludpge. Heat effects were chzerved at A minimum temperature
of 51°C mnd rudistion effects at doset in excess of 15 kreds

of ionizing gamma radietion.

Thermoradiation at L7°C supprussesd

embryonation at less than helf the total dose required by

radietion alone.
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INTRCDUCTIGH

The presence ans control of perasite eggs in sewgpge S.Uudge [renenti o
sroblem whnen the sludge Is uzted for agricustural Turpsses. The foriollzes

(]

1-
E'— SG.-.-. -5

"

egrs of Azceris suvurm, Ior example, may rerain viable n nc

four to five years {1). Liebmenp and his students {2} nave found :that
cattle brought into pastures irrigated by insufficicentily cleaned sevage
have unusually heevy infestations of this parasite. Czandler (3) revcre:

that 2 German researcher seeded s plot With Ascaris eggs; LWo persons ate

anwashej siravberries froo thne plzt sach year I6r 51X Years enc each year

azjuired a few Ascaris.

3f the porasite egegs found in sewage. those of Ascaris stecies mre meost

common, followed by various Trichocephalus, whipworm, species (L), Ececies

from the Hecator and Ancylosternn i'omiiies are more rarely found. Jeo-

graphic fectors influence the families reprecented in sewvage and slugge

ies of wnelr eggs Inm kll

sarDles Tut the ublizuitly of Ascaris places juznti

sewage or siudge tested (L, 3].

Zysits ¢f Indaroebe Histclivrice ere alsc T2und In preat suantities In

sovage and sludge. However, the concern for survivel o0 Lhese cysis in
sludge used for agricultural purvoses is mininal. Wang and Dunlasn [(S)

report thot ield grown crors contaminated wWith ecysts of Endnmoena His-

tolytica are safe (or roaw cansumption Lwo wee<s afler contaminmation.
F

Ascaris infections are amgng the longest 4nown o huTan pArasites.

~ife gyvecle Tas been expoored png well gelirei. This large ne-ptasie in The
- L [ ]
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ength =f 20 %o 35 en ané =meles 15 =z 30 oo, The egg production o
female ascarid rarges Trom 202,000 o 250,000 eggs/dany and 15 exeretcl in
the feces of the host. These unsegmented eggs rasge in 5ize from 50 Lo
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) um by L) “o 50 x> and are ceovered by a tihick alilbwun
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eggs ¢ develap they regulre an envirgnment with the Lonperatirs Iower
Lian the host Sody, o trace of moistuare, and a supyly 0 xecen. I8 i
egEs 4o nd themselves uyncer favgritie 2onditiang,
in a Wweex and ithe egZ3 recch an IRTSQLIVe StoRe W0 L0 WU e iaNEL 0 il
the f2ges then De ingested, Lhe "arvae Datct In Lha o omall Lo, woors
vhey penewrsatieé Lne mulosus membrane ani Lravel TLYLATL . W T Ll L i

liver, heart, andfor lungs. Eventunlly tie worm S=tti_ o0 Jnotee small in-
testine of 1t3a host.

A combined heat and irpadiation wreatiient N5 poen [0 e for Gewree
sludge iutended for land usafse (GO}, In widilti-n L. Iamoniveslion ofF juatan-
genic miereoorganisms, for the reasons putlined z2ucve, it 1s desirable e

assure that o sewage treatment alsc inactivabes Lsaslie ofA3.  The
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ubiguity of Ascaris, the npregsence

sewage, thelr resistance Lo coiorination (7)., <ie tenliency o0 epps o eon-

centrate ln siudge {h), mod thelr regorted recistznee o neat (3) muxe

hzcaris o logical ecnoiee for parasite cpe-slulpe lnactivation scadies.
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MATERTALS AND METHODS
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Jvn were gbtained frem pregnont femaie Ascaric Zumbrisoides iwarmso wWhiel

3
-

menzured 27-3€ om ln lengtk {Tarciina Siglagical Supply Co., Burlinglon,
e s. Abou+r 5 em of the posterior end af the uterus was removed Trem each
& i BE

worm 2nd oiaeed in 15 LelH, frver all uteri nad been csllecied, ey were

mesnesd Ints snmall pleces, pbout 1=3 mm In lengon, with e glacss roa o0l

%1}

stirred for 30 minutes with g xTAagnecle stirrer. 7The mixture was poure
vnrougn o 48 nmesh (235 ue) sereen iats a flask Yo rezove uteri fragmcnts.

After sextling Tor «0 nminutes, most 27 the HeCE was decented. The vva ware

[

4 4 -
- L 2 dw kM
uan.. * . daa

Wwashel ivice more in the same Rearer, first with Cresh lialk an

deionized water, after which 0.1H H 50, was odded to the sustension ni the

2

ova stored at L°C.

rreparotion of Samples

The coneentration of ove in the stocd suspensizn was determinen by
counting the number of ova in 0.1 ml using m ichasters Chamber and o [eitz
ginnocul ar micrascope at about 125X, Somples in which the ove wWere to be
exposed to heat, irrndiation, or thermoradiation in a deionized water ;us-
pension were prepared as Tollows., One ml of the stock suspension was
placed in a 16 x 150 mm serevw cap test tube. The susnension settled for
30 minutes, 0.5 ml of the 0.1R HQSDh wos rrmover, and 4.9 ml of deionized
water was nadded to the tube. For those experiments in which the ove were

exposed lp a sludge suspension, 3.5 ml of water and 1.9 ol of sludge sgyper-~

natant (1% solids) were ndded to the tube,



ITrradint ion

Irradintion was accompliched in the Sandia Gumma Irradistion Fuelility
{GIF) using o 92 kiloecurie Cobalt=00 source. Most of the experiment: were:
ronducted using dose rotes of about 18 ‘o 36 WKrads per minute., hermo-
luninescert dosimetry (TLD=L20's5) was used to meamsure sSs-orbed Jo3e in
ench experiment. The ova Were irradiited pt ompient temueraturs O

~0 229 and ian concerntrations ranglng from 2 x 127 o

Thermoradiaticon

Thermoradiation exteriments were also conductel i the I¥., In talc
cpse, the sumple tubes were placed in o temperature controlled water bLute
during the time of exposure to rodiation. ThHe wnter temiaralire Wi ooi-

-
- ey gy = o L e R L LECIY
il L I - .7 dad . - Rl Tl B-Japiri b

ko

+rolled o » 0.1°C. Thermoluriresr-ent dos

aasorbed deose in each of these experlihnents., Lte ova Wers [eraiis

A

temperatures ranging frem L7°C to 6890 un

3

dae

3 x 1D to lﬂh ner ml.

Heat

Sample tubes exposed to heat were rlaced In o temperabure ooalsniieg
water bath witn e shaker fixture o provide mili wrltatlun, Wt er wom
perature was controlled to = 2..%0. AL the en: .U Lie ueXisure poeri_oo,
the tube was renoved from the shaker 1nd dmmezliotely glaced 1n ow Wi
for 30 seconds to lovwer the temperature ranildly Lo ambilent, AL a0 Same
time, che upper portion of tne tube, above tac wuvter line off Lhwe suspen-
sion, was flamed to ilnuctivate any ova which may have been atbtmched to Lpe

inner surface above the water line nnid not exposel to the gsnme lepree of

neat as “hose ov¥a in Lthe suspensisn.
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EMBRYONATION RATIO

IRACTIVATIC . OF ASCARIS LULBRICCIDES BY HLAT

10” @ = ? — )
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Slgure 1. Inactivation cf Asceris ovh o nest,
Ceservatisns gre Ilndicated tv@- -T2,
v- 51°C0,0- 55°C, endD- 62°0,
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negligicle,

Jiner eurevinaents Were 7onlutledl ccosetermines el e LT L

no difference in embryonation wosd Jetecied, o Daet, e Z-agtivation
curves in Flgure 3 are nearly lzaniisnl,
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Thermsrediation (sinulianecus apclizatio:

neriments were gonducted a4 bolo 472 apd 9172, &4 w77 (Figure 2) &

shoulder similar to that neoted with ireadiation wplone was observed, bl
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EMBRYONATION RATIO
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EMBRYONATION RATIO
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Dlgure 3. Inactivotion of Acomris ova by irradiation
in sewage sludge, pa , as compared to Water,
Q.




wilh gdditional irradialion, embryonuticn decreased rapidly as follows:

15t log decrense - Z6 xrads

’nd log decrease - G rrads

3rd log decregse - 5 krads
10 embryoreted ova were obszrved et a tetal dose of US krads and only te-
twaen G.2 and 1.5% aw a dase of 3T rrads,

The results from 51°C thermoradietion experiments (Figure L) were very
similar to the 479C results for the ovu irradiated in a wuater suspension.
At DJ°C, exbryonation after exyesure to 12 krads was less than 0.1% with
total inactivation at 1% krads. At 60°C, after exposure to 10 krads,
embryonation was less than 0.1% with total inasctivation st £15 krads. A
diff'erence was roted, however, “when the ova were eixposed Iin a sludge sus-
L=nsion. For example, it was noted that in sludge & three log reduction

in embryonation required 65 krads as compared to about L0 krads lor ex-

pEure in welter.

DISCUSSION

Preparation of Ova for Storage or Use

A number of experimentars have developed their own protocol Tor ex-

tracting and c¢leaning Asceris lunbricoides ova for subsejuent experi-

mentation (10, 11, 12}. This experimentation required large guantities
of fo-tilized egga, therelore procedures which provided the greatest yield

in the nast effliclent renner were selected.

15
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Figure 4, Thermcradiative inactivation of Ascaris
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Tt wns doetermined that about % em segments of the bifurcate uteruc

vould previie the greatest juantity of ove, most of whieh were fertiiizea,

%1

This represented a compromise between the 1-2 em uzed by Titani, =t &l

(13} and the B om used by Fairbaira {(1i}. I <his vay, zhe peroent <
non-fertilized ova to the total count was held to 6~8%. Also, from this
lergth segrment of uteri, it was Jlound thai “re conircl saciles ihowes
that an average of about 93% of tine fertillzed ova completely embryoneici
to the larval stage. The yield of fertilized ova per worm variez snz
ranged from 0.1 x th to 2.0 105.

Evern though the proteinaceous layer was virtually remcved by the
method described, we experienced ova losses through their edherence to
latorntory glassware surfaces. For this reason, several steps were teken
vhich minimized the loss of eggs. The use of s blender to chop the uterl
irto snall pieces was discardeg In favoer of the giass rod metnod. Simi-
larly, separation of ova from supernatont after washings was secomplisted

-

by settling rather than centrifugasiz;i. The ova settlel resdiliy {15-Z0

[ B4

minutes} in deionized water and in 0.1H HEEDh‘ but reguired s longer time

{30-LC minutes) irn HaCH. Whepever possible. piastis Zisposable Lipets

were used in plece of glass pipets, which tended to reduce ove loss, also,

a silicon conting was anplied to certnin pieces of glassweare. This was
reascnetly effeetive, but could not De used during the first two wasnes
because the [JalH would have removed the coating.

In order to estnblisk tase lire dein sgalnst which the effects of
thermoradletion could be compared, it was Tirst necessary to examine the

separate effezts of sxposing Ascerils lumbricoides cva tp hent and irradin-

17
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Tor various bteopergtures and redialiorn
Hent

The resualis Cbialnesi fren the experiments conduct2l in Lnis Shaily Wn.ao
J3Te A narrow temrerature band In which temperature e€llects vary [romon
inkinition of ecprysasticn ad L7°C to a very sierp drso and nearly ooo-

plete inhibition at 55°C for & li-minute exposure. =
At S1°C suggest this tempersture to be the threzhold at whiech &
teccme readily 2iscernable since no innlbition @4l obhsorved of
minutes at temperatures below 51°C. Exposure to temperatures in

of 51°C shoved an inecreasing inectivation rate.

For example, < 1%

of the ova exposed to 6LPC for one minu.ed embryoneted.

Juring the Initcial hent experiments, some spurious resuitz in

o' o tailing effect were

Coullned were

We raeoricad

cmbrionated even after extaenied

Lnese 2abryonaiad

L -=

encount=ered wnere generally < 17 ¢f tnie “vn

oy

.. -~ - % i - — -
rearindls ol neat exu-zare.

Lo the sijdes =2f «whe tuaoes zCove Lhe internal Waler J.nd wns thLorelers nit
sublestel to the degree of ezt 2xppriencel L Tl VR I L WaRLerT SLo-
sensison.  ThIs Ziluautlisn woes recsliveld oy flermlinc e wrper risilin S0 i
Luge, 1Love Lne water line, wWnile “nge Jowor nLoviinn wWal ooIiliog o Lle
woter Tor 30 seeonds, sulsejuent L0 neal eMiioure

AL 2Xperiment wWas ossndusted at 517 1o odelerming Wiheunor L0 SuuILi-
vavian of 1 ml af gigdse Tor Loml oo water (tonal of S omlolnowubw ) weuls

ffect the rez2ults of nent

righer

~r
-

froe =,

e pOSUre,

e oy onentel! In Loe Sluage

rurvival {emurronantical) wns JIisat
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Irrndintjiaon

Ascaris ova are known to be sensitive to irrqadiation (13), sltincugh

-

low doses of gammza irradinsion up to gbout 1% 2rads 4ld nobt zhow any an-

=

rreciable effect an embryonatlion, as depicted ¢ - tone small snoulder in

inticn effert Cecape rezcill

[AF]
b]l

Ipure 2. As the <ose increasesd, tne Irr
wurnerent. Iy wes evident, however, ihat the sheuldering eflect continue:
noe Lhe Ingetivaiion raete, &5 each successive log drop in esiry-
naticn regulred less totel dose.

We found it 4ifficult to compare our results with others so far es ir-

rasiaticn effects on Ascaric ova are concerned, for the fallswing reas<nz:

1. B5Scome dose measurements are expressed in absorbed dose wkile other:z

des gnate exrtosure Zcse, as eviienced by 2he use of the terms rerwn,

'1

ai, and roentgen,

§=rr

-y J:I"' 1"“1-5

- n

14

.*. ﬂ-'n-.-- q-.z

2. 1In scpe gases, tng d~5f rata yas mat pliver ond
low &% 0.11 krais/min., comrared to the d05e rates of about 13 <2
36 krads/min.used in most of our radiation experiments.

3. Host researchers conduct <helr experiments wWith a specifis purzcoc:ze

in mind, i.e., the effect af various doses of Irradiatiaon or ih

r
Lo

4l

effact af irrediation ot varlsus 3.sges »f emtryonation ratshner -

)
b
)4
b
O
1
(1]
ct
-y
D
1
o
Il
[
L A |
'R
1

cgmplete suppressiczn of estryenraticn, ani th
nre Lot eas:i:ly congerable,
in several Lrradiavion eatarimosnts, L WMl noLed LOALT S7e RAPOSSL Le
doses of » 100 kraeds had advanced o 2—, U=, mnd B-cell stages zZuring
incubation for 21 deys bui nane nad embryconated *o ine larval stiage. .o
+wo cases, the ova suspension was Incubated for an mdditional 13 dars.

in nelvher case were Tully entryconated ovn observei after 31 duws incu-

'.l'
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are very sicilar, espesianlly when a difference in axbient texperplure
roadiation resistance is ncted compare Figure 2 and Figure 2},

It was5 noted tnat inactivation occurred at & somevwhet Iower retve during
thermoradiation in & sludge suspension than in s weter suspension {Figure
L)J. The total dose required for extinctisn was —~ 75 krads at 51°C wniern
is well withir the estimsted system {£) operating limits of atout 250
rreds at £0°C, especially zince we fourd zotel extinction in weser =fier

L5 seconds and 15 kreds at &0°C.
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