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ABSIRACr 

It is desirable to eliminate the public health hazards 
associated with land application 2f ir.unicipal. sewage sludge 
as r- fertilizer or soil conditioner, This report describes 
experimentation tc determine the effects cf heat, r&diatior-, 
and th-_-:vtoradiation on the suppression of esbrycnatior. cf 
Ascaris Xmbricoides ova, a parasite corcicr.ly rour.d ir. sevag? 
sludge. Heal effects were observed at a minimum temperature 
of 5i°C and radiation effects at doses in excess c-f 15 krads 
of ionizing gamma radiation. Ther^oradiation at hj^C suppressed 
embryonation at le^s than half the total dose required by 
radiation alone* 
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INTRODUCTION 

The p r e s e r v e and c o n t r o l of p a r a s i t e eggs ir. s e w ^ e s l u d g e credent.*: --

problem wnen t h e s ludge i s used fo r a g r i c u l t u r a l p u r p o s e s . The f e r t i l i z e 

eg^s of Ascar i s , suuit , for example , si ay repai r , v i a b l e in n s i s t s o i l for 

four t o f i v e y e a r s ( l ) , Liebmann and h i s s t u d e n t s [2) nave found t h a t 

c a t t l e b rought i n t o p a s t u r e s i r r i g a t e d by i n s u f f i c i e n t l y c l eaned sewage 

have u n u s u a l l y heavy i n f e s t a t i o n s of t h i s p a r a s i t e . Ci&ndler (3) r e p o r t s 

t h a t a German r e s e a r c h e r seeded a p l o t wi th A s c a r i s eggs ; two pe r sons a t e 

unwashed s t r a w b e r r i e s f ron t h e p] c t each yea r for s i x y e a r s and each yea r 

a cqu i r ed a few A s c a r i s . 

Of t h e p a r a s i t e eggs found in sewage- t h o s e of A s c a r i s s p e c i e s a r e s s s ; 

c o m o n , fol lowed by v a r i o u s ? r i c h o c e p h a l u j , whipworm, s p e c i e s ( k ) . Spec i e s 

from t h e II ec a t or and Ancy 1 o s t e r n EL f a m i l i e s a r e more r a r e l y found. Geo­

g r a p h i c f a c t o r s i n f l u e n c e t h e f a m i l i e s r e p r e s e n t e d in sewage and s ludge 

samples but t h e u b i q u i t y of Asc.aris p l a c e s q ^ ^ t l t i e s of t h e i r eggs in t i l 

sewage o r s ludge t e s t e d [I, 5 ) . 

Cysts o f gida-Toeba H i s t o l y t i c a a r e a l s o found ir. r r e a : q u a n t i t i e s ir. 

sewage and s l u d g e . However* t h e concern for s u r v i v a l of t h e s e c y s t s ir. 

s l u d g e used fo r a g r i c u l t u r a l purposes i s minimal . Wang and Dur.lop (5) 

r e p o r t t h a t f i e l d grown c r o p s contamina ted wi th c y s t s of Endamoeba h i s ­

t o l y t i c a a r e sa fe for raw consumption two wee<s a f t e r conta r . i r . a i io r . . 

A s c a r i s i n f e c t i o n s a r e oaozig t h e l o n g e s t .<nov:i of hu^an p a r a s i t e s . I t s 

l i f e c y c l e has been exp lo r ed and we l l c e f i n e d . This l a r g e n e i ^ t c i e in t h e 



nJylt foro is four.i in the saall intestine. The fenaie;; ?ar. r^fi^h a 

length of 2D to 35 en and rales 15 ~o 30 cr.. The eg£ proiuL'tior; of i:^ 

fenaii? ascarii ranges from 200*OCO to 250,000 eggs/day an i iJ excrete*.: in 

the feces of the host. These unseg^ented eggs rar.ge Lr, $iz? * fr^K 60 Lv 

"0 UQ by lo t,o 50 ut and are covered by a thick aiburiinou* Jo:it. >or !:,« 

eggs to develop they require ar. environment with the tcritera". ;:•>:- >vc:* 

thar, the host body, a trace of moisture, and a su?,; iy -f -xviv:.. if •„;.%-

eggs do find themselves under favorahle condition,;, -i-tlv^ *::%:7:- lev-:-., 

in a week and the eggs reach ,ir, infective stave ir. IT t-j !-• :j--yf. , " : • - ; :* 

the eggs then he ingested, tne larvae hat;-' I-,: i:\ii smul. r*.--:-~\ l:.*-, v;.or-"-

they senetra^e the nuc^us menbrane ar.i travel \:.:•.,jr... *' m :.<-- - ^ i : l. , '-:: : : L -

l iver , heart* and/or lungs, eventually the worr, Jett.c-J in '--•-- jrvill in­

testine of i t s host. 

A cowTpified heat ar,i irradiation treauisnt }yu ravv; :,**-.; _.?t-: f^r .;»-̂ 'ire.' 

sludge intended for lind usape (6). In 'AiiitiT. t . i-.a " , ; v . ' - _n of ia t ro­

genic microorganisms, for the reasons outlined a-cve, it is desirable to 

assure that a savage treatment also inactivate,* i^raslte '.%r3J~ Thu 

ubiquity of Ascaris, the presence of iar^e T*s:t:.titi 

sewage, tneir resistance to ^:.iorlnatior. (?)» *-;,*_• te:uenjy f ^-£j - n con­

centrate in sludge (M, an^ their reported r-.?.:i Jt^:.ce to ;io'jt t r0 make 

Ascar is i logical cnoice for p'iras i te ep;£-£] ui^-- t:iact iv*it ion -:tud tea. 
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MATERIALS AND METHODS 

P r e p a r a t i o n of iter.-fobrv o r a t e d ^ . g s 

?v.i - e r e o b t a i n e d f rcn pregnane f e n a l e Ascar lg l\zrtb±i?oi-ie£ v^rrr.s vhLc':. 

su:i^-jrei 2 7 - i £ £TT: in l e n g t h ( C a r o l i n a B i o l o g i c a l Supply Co. , E u r l i n g t s r , , 

; ; j ; . Absut y c:t of t h e p o s t e r i o r end of t h e u t e r u s was removed from each 

VOTT?. and p l aced in Hi I.'aOK, A f t e r a l l u t e r i had been c o l l e c t e d , t ' , ey v e r e 

rr^snej i n t o s n a i l p i e c e s , afceut 1-3 ro in l e n g t h , v i t a e g l a ^ s r o a and 

s t i r r e d for 33 rainutes wi th a magnet ic s t i r r e r - The f i x t u r e was pv - red 

Ir.r-ugr. a 1*6 mesh (295 uc) s c r e e n i n t o a f l a s k t o remove u t e r i f ragrn ' i i t s -

Af te r s e t t l i n g for ^0 m i n u s e s , most of t h e IJaGH was decan ted - The ova v e r e 

washed twice r,ore in t h e aarte manner, f i r s t w i t h f r e s h UaCK and then vi*,h 

d e i o n i e e d w a t e r , a f t e r which 0,1H H^SOi, v a & added t o t h e suspens ion ' ;n i t h e 

ova s t o r e d a t 1J°C. 

P r e p a r a t i o n of Samples 

The c o n c e n t r a t i o n of ova in t h e s tock suspens ion was d e t e r m i n e s by 

coun t ing t h e number of ova in 0 . 1 ml u s i n g a Monasters Chamber and a L e i t z 

b i n o c u l a r mic roscope a t about 125X. Samples i n which t h e ova were t o be 

exposed t o h e a t , i r r a d i a t i o n , or t h e r m o r a d i a t i o n in a d e i o n i z e d water sus­

pens ion were p repa red a s f o l l o w s . One ml o f t h e s t o c k suspens ion was 

p l aced in a 16 x 150 mm screw cap t e s t t u b e . The suspens ion s e t t l e d for 

30 m i n u t e s , 0 .5 ml of t h e 0.1H H ?S0. was rrmoveu, and ^ - 5 frl of de ion i i . ed 

water was added t o t h e t u b e . For t h o s e expe r imen t s in which t h e ava were 

exposed in a s l u d g e s u s p e n s i o n , 3-.[> ft! of v a t e r and 1,0 n l o f sludge saper-

n a t a n t (15 s o l i d s ) were added t o t h e t u b e . 



I r r a d i a t i o n 

I r r a d i a t i o n was accomplished in t h e Eandiu Parana I r r a d i a t i o n F a c i l i t y 

(GIF) using a 92 k i l o c u r i e Cobalt-GO source . Most of the expe:'iner>t,j w.r 

conducted using dose r a t e s of about l9 *o 36 ItradJ tier minute, J'ner^o-

lumnescer . t dosimetry (TLD-^OO's) was used t o measure abs~rbeJ Jo^t- i:: 

each experiment . The ova were i r r a d i a t e d a t a^bier.t temperature o r l u . \ 

t o 22°C and in concen t r a t i ons ranging fron 3 x 1C to ICT ;-?•,- - 1 . 

Therm or ad i a t i on 

Thermoradiation experiments were a l so conducted In the JI>\ In t : i i j 

c a s e , the sample tubes ve re p laced in a temperature c o n t r o l l e r wrasr L-tt:. 

dur ing the t i n e of exposure t o r a d i a t i o n . The v i t e r t e n x e r a t j r e J-"'t.> .",:,-

t r o l l e d t o ^ 0 .1°S. Thercao^urcines^ent dosimetry *--i~ a l so 13*11 •_' s\ea:;;rv 

absorbed dose in each of t hese exper iments . The ova ver* Lrra ; i ' ' -£u 'it 

t empera tures ranging from ^T aC t o 6C°C ar*i Ir* ccrvzer.ti'titlcr.s rar.iV",- Tr r. 
^ U 

3 x 1 0 J t o 10 per ml. 

Heat 

Sample tubes exposed t o heat were placed in ^ temperature -.'on-rfjlit*; 

water bath viuh a shaker f i x t u r e to p r - v i i e ~;1 i -Lritatl-jr.. WV *.*r t^r.-

p e r a t u r e was c o n t r o l l e d to * 3,*.DJ. At the e:i; ,:L t:.e V X X S ' J : \ - :*.-:•:_;, 

t h e tube was removed fron the shaker ir.-i i^ .o . : l a t e l y pi'i.o,"i i:. IJU vit-jr 

for 30 seconds t o lower the temperature r ap i !]y f' ambien:,. ,\;. *.:K> ̂ -unt-

t i m e , i.he upper por t ion of tne tube , above tne wi ter l i n e of the suspen­

s i o n , was flamed to i n a c t i v a t e any OVIL which may have been -iL^ti'h^d tu t:i*_i 

inner sur face above the water l i n e find not expose! to the sane ioflree of 

hea t as those ova in the suspension. 
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;-• v : v-'--" [ : . c : ; v - : f^r r i i*tyc -*L 'irj°r* ^ 'i r ' U l ^ r drum wh>,*n rw%lv- : i 

r r i l ' . v i M - enbrvcf*&':cr M t h e l u b e s were shaker, v i g o r o u s l y *c ^ver.ly u : : . -
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jvn ; r r :--f* r \ i l i ?ae I 'V i **ere l i s r e ^ a r i e i * Ov»j wefe cons i d e r e i ^rr.bryon&tei 

"":*!/ If L-r,: ?\v: •-i k. ; : : , - . i : r-*-*?*^': *_r*c l^rv?il 3 " ^ ^ -.*- ih& l u r v a B-QC o l ^ t r - y 
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b •• _ . . n • . , 

'̂ —— - ' i - j ^ t i j i A i + r̂  u*—-1-— * J - w ^ ( d*^**t,4 t 1 u c . . 1 ; , i , . ̂ n _*.**- - i_ _ _* t: yw i r ^ t i ; a rf ^ ^aw 

a i r c-xh^j^t. Worms vert 1 1 : j s^^ teJ u:; ier vaLer 'i;ii 'Jlo:-: were ren^ve.; in 

a fun** ho?, 1 t o J o c r e a s e jperu-oi" exirooirc- : : usoa.r>"l« Tes - , l u b e i c c n -

U i i n - r r a ' jnrle. : vc re 'jlwity^ v i p e i v i t : ; *i:: ^vao i ie 3 = l u i i ~ : i ^f *y~ xyler .e 

anc 5Cf c*L;iaij'-)l ' ^ ) unJ -:ie ^ t r e::i r-eali?i v i t : . r a r i f : I r v::e:: -r.ey v e r s 

r^movci from tjie bio-srifc-ty c n u i n e t . 



» G r H V * _ ^ _ x t - _ > /~L kJ ^ L£ * * •- - . - - * P i t , . - -_- .* w. _ _r _ * _ . . » , * r F r 

• ^ " • - " * _ 

, * ^ v - + # * 
, 1 1 ' f p i 

• r F. 

- T * * * > 
I J ^ : " C : r ? r . . » * . -_L ^ 4 . + + 

4 * x * -r- -r- -
* • r 

V ^ £ -,-r.•.;".-,• J * > x : 

j 4 ri ri ri 

, j i - r 4 . ' 

•L • -

M * * u . ^ b 
- • > : L ^ - : 

L . * h • * H* r • 

— ' " l • — ~ fa ' " " * L *h . - • - L i h ' 

" h fa. fa** h » * T . • H P • * - * " - - - F * ' - * F H H " . r - r , 
k 

= > 

+ + - + - ' • 

J \ * ^ •+ ^ 

f . r : . r l i . . w J - - - - - -
, ' • * • " 1 * * d - H 

1 C 



INACTIVATIC": OF ASCARIS LUMBRICCIDES BY HEAT 

3D 40 

TIME (MINI 

~igur-e 1. Inaet ivai ion cf Ascaris cva j ; - r.ev.. 
I f * reservations ^re ir- i i-&tei t y@- - - 3 ^ 

7 - 5 I C C 1 0 - 55°C ar .sO- cC°r. 



I r r a d i a t i o n 

Mfst of : :K- Aacar i s ova were In t tf^O .3u^r^:.Ji^n u r i : ^ ; i i ^ i i i v 1 :,. 
h-

The i r r a i i a t i ^ r , ourv*? '.:i Figure 2 In tyr- ic i l '-' ' •>? L rr ' i i i ' i - f *:. ••fr--'' 

.•?:: e=bry^r:a-_i:r. I nh ib i t ir.n. A J I i»v:t a:.?:;; :cr w*" ~L *•/;•-.-o : ;: " 'i ' 

i c ^e o f~ - l r ^rci js , : i f ter vfcick t:je i r raJ ; -*: : O.T ef ; \v : ^vr-"!'-' '.:..:rvi.m'*:..-_\ 

evident as shovn fcy the fol lowing err.bryonjition i a t a : 

1s t log i n c r e a s e - lie rf.ru.is 

2nd ICE decrease - 21 kra^t; 

: r i lo^ iecre&3e - 1» /.vu.i^ 

w* - C ' • ' - > _ _ • - " • . J * — U . • *t i J » » ^ . W — -* * I V - » — »• I* - 1 . . ^ " — " . + X J . ' » » » W - - , * — . _ L r * -

2,5 x 1-2' ova* 

T- ar.cr/r.er se t of i r r a d i a t i o n 3;*;:eri:r.c:;t^ •-—:••:: " - - " - il:":'- ="- ' 

ba-ch of v o m s , i"-e moulde r e f fec t was no:-:- : r'!.•: i:.r-?j, • ..-.:' ^y 1- •--

ing tne niJ iaLiu: : ^ ' e r e s u i r e a for eac:: 1 J £ 'ieor^nc*.* I:, --Lyy-:.*i* ; :,. 

About 9^ tav'j.15 

vai ic . i ^rr^jei*-

• t J-ta O A**&22 ari3 t:;e t : : ; r s i2£ . f.r'*± . . o ; v :*i:•- £ ; : • _ : . --::~* ;r : 

n e g l i g i b l e . 

Other eKrenr .or /^ were T',;.; '^-"-^i \~ ietvr-1:--- •-;.•.-",.•* , - :.--

Skifpe^si^n offered &ay prct'_-c: 'in t c '.':.? n v i i^r':;.,- i r r ^ j . \ 1 . ^ . 

•r • 

- , ; J : , 

no d i f f e r ence Li embryonution vas 4etoete . l . Tr. fic #-» t;.e l-activ-.it ion 

curves in Figure 3 are near ly i a e n t i ^ ' t i . 

T re rps ra^ ia t i c r , 

?her:r.c.radiat icn (simultaneous a p p l i c a t i o n "f heat -^r,: i r r a d i a t i o n * ex*-

perir ,ent5 were conducted a* bote :"?CC and 5 ! 3 1 . At 1*T°C (Figure 2) a 

shoulder s i m i l a r t o t,hat noted with i r r n d i n t i o n a lon^ was ^bservei» Dut 

12 
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I ' IACTIVATIO% OF A5CARIS 
L./:3RIC0fDES OVA 

a: 

O 

CD 

60 80 
DOSE (KRADS) 

Figure 2. Synergist is inac-ivsii-^r, 
ova by ther tora i ia t ion . 
95^ cor.fider.ee intervals . 

T 1 

http://cor.fider.ee


_ ^ « H 
H , 

< 

o 
CD 

DOSE (KRAD5) 
Figure 3- Inactivation of Ac jar is ova by irradiation 

in sewage sludge, £ , as compared Lo water 
O. 



with addi t ional i r r a d i a t i o n , entbryonation decreased rapidly as follows: 

1st Isg decrease - 26 krads 

Jr,ct l e g decrease - 6 kra-^s 

3rd log d e c r e a s e - 5 k r a d s 

'.lo e ^ b r y o r a t e d cva were observed &t a t o t a l dose of ^5 krfids and on ly b e ­

tween C,2 a:.d 1*5? a t a dose cf 37 fcrads. 

The r e s u l t s from 51°C t h e r m o r a d i a t i c n expe r imen t s (F igu re k) were very 

s i m i l a r t o t he *A7°C r e s u l t s f o r t h e ov& i r r a d i a t e d in a water s u s p e n s i o n . 

At 60°C, e.r.bryonation a r t e r e*pcs-,-re t o 10 / . rads was l e s s t h a n 0.12 -with 

t o t a l i n a c t i v a t i o n a t 15 k r a d s . At 6 0 o C , a f t e r exposure t o 10 k r a d s ^ 

embryonat ion vas l e s s t h a n O.lfS w i t h t o t a l i n a c t i v a t i o n a t 4 1 5 Krads . A 

d i f f e r e n c e was n o t e d , however» when t h e ova were exposed in a s l u d g e s u s -

j . a n s i o n . For example , i t was noted t h a t in s l u d g e a t h r e e l o g r e d u c t i o n 

in emhryonat ion r e q u i r e d 65 k r a d s as compared t o about 1*0 k rads for e x ­

posure ir. v e t e r . 

DISCUSSION 

P r e p a r a t i o n _ o f O v a for j t o r a g e or Use 

A number of e x p e r i m e n t e r s have d e / e l o p e d t h e i r own p r o t o c o l f o r e x ­

t r a c t i n g and c l e a n i n g A s c a r i s l u g b r i c o i d e s ova fo r subsequent e x p e r i ­

m e n t a t i o n (10 , 1 1 , 1 2 } . This e x p e r i m e n t a t i o n r e q u i r e d l a r g e q u a n t i t i e s 

of f e r t i l i z e d e g g a , t h e r e f o r e p r o c e d u r e s which p rov ided t h e g r e a t e s t y i e l d 

i n t h e n o s t e f f i c i e n t tcenner were s e l e c t e d . 



DOSE (KRADS) 

Figure hr Thermcradiative inactivation of Ascaris 
ova at 51°C in sewage sludge, a, & s 

compared to water, o« 



Tt wis determined that, about 5 cm segments of the b i furca te u terus 

would provide the g rea tes t quanti ty ' vf cv&j T-o-t of which were f e r t i l i z e . ! . 

This represented a compromise between the 1-2 cm used by T i t a n i , et a l 

(13; and the 6 ex. used by Fairbairn ( l i } . Tr. -h i s vay, -he percent ^f 

non- fe r t i l i zed ova to the t o t a l count vas held to 6-8J&, Also, from t h i s 

length segment of u te r i» i t was found tha t the control sacples shoved 

tha t an average of about 93? of the f e r t i l i z e d ova completely embryonated 

to the l a rva l s tage . The y ie ld of f e r t i l i z e d ova per worm varied and 

ranged from 6.1 x 10 t o 5.5 x 10 -

Even though the proteinaceous layer vas v i r t u a l l y removed by the 

method described, we experienced ova losses through t h e i r adherence t o 

laboratory glassware surfaces . Tor th?s reason, several s teps vere taiteTi 

which minimized the loss of eggs- The use of a blender to chop the u t e r i 

in to sna i l pieces vas discarded in favor of the glass rod method. Simi­

l a r l y , separat ion of ova from supernatant af ter washings vas accomplished 

by s e t t l i n g ra ther than cen t r i f jga t i s ; ; . The ova s e t t l e s readi ly (15-23 

minutes) in deionized water and in 0*111 H ŜOi , but required a longer time 

(SQ-^0 s i n u t e s ) in 1I&CK. Whenever poss ib le , p l a s t i c disposable p ipe ts 

were used in place of g lass p i p e t s , which tended to reduce ova l o s s . Also, 

a s i l i con coat ing was applied to ce r t a in pieces of glassware* This was 

reasonably e f f ec t ive , but could not be used during the f i r s t two wasnes 

because the IlaOH would have removed the coating. 

In order t o e s t ab l i sh base l i ne data against which the e f fec t s of 

thermoradiation could be compared, i t was f i r s t necessary to examine the 

separate effects of exposing Ascaris lumbricoides cva to heat and i r r a d i a -



t ; ^ n environments . In t h i s way i r . ac t iva t ion p&rar.etc-rs ve r " i r^or^int ; ; 

f c r v a r i o u s temperatures and r a d i a t i o n doses . 

The r e s u l t s obtained frcn the experiments c o n d u c e ! ±r, t h i s s'.uty *:..--

c a ' e a narrow t e - p e r a t u r e band in which temperature e f f ec t s vary rror. r.t 

i n h i b i t i o n of ecbrycnat ien a t W°C t s a very shar:: drcp ar*j r, ea r ly ctr .-

p l e t e i n h i b i t i o n a t 55DC for a h-minute exposure. £xi:criciL':*:.; e u r . l i v t r i 

at ^1°C suggest t h i s temperature to be the th reshold at vhic: . heat efT,'-" -

become r e a d i l y d i s ce rnab l e sir.ee no i n h i b i t i o n was observed af*-er T ^ - ' ; 

minutes a t temperatures below 51°C Exposure to temperatures in excess 

of 51°C showed an i nc reas ing i n a c t i v a t i o n r a t e . For example^ < 1% 

of the ova exposed t o 6^°C for one minu-ed embryonated. 

Du.ri.ng the i n i t i a l heat experiment-:, some spurious res^l*:* in ' :^ :' rr. 

of a mail ing e f fec t were encountered vhero genera l ly < i £ of t::e ova 

counted were crr.bryonat ed ever, a f t e r e i t e m e d per in i s •-.-."? heat oxtt™ j r e . 

We t u e c r i t e d t h a t t h e j e ^nbryonate i ova were the r e s u l t of ova s t i c k i n g 

t o the s ides af the tubes ^cove the In t e rna l water l l n * ^n- "-hereftrt :*t-

r-_-%^ — ?*-.-- ' " ' • - • ' .2 • " ' * i | ( i * i " F • * • * - i " / l " " \fC- I • * - " * * ^ *", " " * • - . _ . i" - - . » - : ' - * - ' " r . . 

tub*?, above the water l i n e , w.iile the -?*:<!:• p c r ' i ^ n w^- --ziir-t; ir. - ; e 

water for 23 seconds, subsequent *o ; l c a t ey.t--.-ure, 

t u t i o r . of 1 ml £? sludge for . ml o:" water ( t c ' . a i :f * ni in tuce 5 v- ^ : 

a f fec t the r e s u l t s of heat exposure, furvlv^il f em>ryor*at icn ] v;i.i ,:i;/;:iL:y 

r.i^her fr-j? tne ova ;.erttel in t:<t* -lui*-:e ^ ;s:'jr.-^i^n, b i t r ;.-.- i;fferi?nce v . : 

cor;"ifjerei In^Irn i Hear.*. • 

http://sir.ee
http://Du.ri.ng
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I r r ad ia t ion 

AscarijL ova are known to be :;rjnsitive to i r r ad ia t ion (13) , altnouEh 

low doses or gaijuna i r r ad ia t ion up to shout 15 ,<rad3 'lid not show any ap­

preciable effect an embryonation, as depicted t • the small shoulder ir. 

FiC-re £• A s -ne •iose increased, the i r r ad i a t i on effect becace readi ly 

':i.:,arent. I t was evident , however, tha t the shoildering effect continued 

*,- influence the inaet ivat ior . r a . e , as each successive leg drop ir. e^try-:-

naticn required l e s s t o t a l dose. 

We found i t d i f f i c u l t to compare our r e s u l t s with others so far as i r ­

radiation, e f fec t s or. Ascaris ova are concerned, for the following reasons; 

1- Some dose measurements are expressed in absorbed dose while others 

designate exposure dose, as evidenced by -he use of the ter=s re] , , 

rad , and roentgen, 

2. Ir. sooe cases , the d~^e i-a** V I ; rot civ*?. i.rA in o*-r***-* i t w*i? *»̂  

low as 0.11 fcraas/min., cenpared to the dose r a t e s of about 15 to 

36 krads/min.used in nost of our radia t ion experiments. 

3* Host researchers conduct t h e i r experiments with a speci f ic purpose 

in mind, i . e . , the effect af various doses of i r r a d i a t i o n or the 

effect of i r r ad i a t i on at various stages cf enbryonation ra ther t/.ir. 

complete suppression of embryonation, ar.l therefore the r e su l t s 

are not eas i ly comparable. 

Ir. several i r r a d i a t i o n experii&sr.ti, i t WHS noteo tr.1^ ova expose; t c 

joses of > 100 krads had advanced -o 2 - , ^ - , and 8-cei l stages during 

incubation for 21 days bu^ none had enbryonated "_o the l a rva l s-age. Ir. 

two cases , the ova suspension was incubated for an addi t ional 13 days, 

in nei ther case were fully enbryonated ova observed af ter 31 days ir.cu-



V n i i ; : ^ thus csii-imiufi; the ri^-JIrit- o:̂  Vurr,a V > ' T. 
i- • » L 

;^ irreversible. 

The effectiveness of tr^rcoradia.- -c:: h ^ Leer. 03*.aill3;,?i :" r . v-v. 

of Bacillus subtili= var. :;l*:er \ 11)- A- ^-cjcrice- ^rll-:", ̂ >: 

rosure of A scar is ova to either he&t :r iri'^iia-*^:: er.vir*rjx=:,v- î'.':-

lishei x.iresholds which inhibit embrvor^titr.. îr.re the ;rJ;:-;r;--r .f *... 

=tiu\ was to determine the lowest levels :f ;.ê t ^:.l Irr'j ii^t:t;; :.-".-:;e 

;: aompietelv inhibit ervbryor-atim , ve a,^: i:.ve.;t ;^te : th^rrir^l'-t i 

fc ^ n 1 

r. C?r^er to t a*e aavantage ?: ztie s y r e r ^ i z t i i ' e : : e - t t i t e r . ; : - ' : ^r. 

A *e^rera"UFe cf -7°C" v&s ^ l e2*e - i Czr Lv.i r" fc\ h ^ l V •" r T F_. 

,er.t3 cecause t h i s t e n p e r a t ^ r e Va: i ^ l£„ t - ; . • * - ^ 

ft * n ^ b 

£ — ^ * 

r -* -irr ^ 
. i - * ' L ri 

vr.ir--cr-at--r. w* = -^££ vv.:. „•„." - * • - , f 

1 :.-r 2 t i * » _— * * ^ 

_ r * * v — - * * ; . _ _ _ ± 

•rffe?--; ir-= e v l : = - t f ' r "-„•= % > \ * * * « 

- . > . . _ i > 
> | i F *" * • ' > 



ere very s i c i l a r , especial ly when a difference in ambient temperature 

rad ia t ion res i s tance i s ncted .compare Figure 2 and Figure 3) . 

I t was noted tha t inac t iva t ion occurred at a somewhat jover r a t e duriri£ 

thermoradiation in a sludge suspension than in a water suspension (Figure 

h). The t o t a l dose required for ext inct ion was — 75 fcrads a t 51°C which 

i s well within the es^i j^ted system (6) operating U n i t s of about SCO 

kreds at 60°C, especia l ly sir.ce we fcur.d t o t a l extir-.ctic.-. ir. w , e r *ft*=r 

1*5 seconds and 15 krada a t 60 oC. 
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