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SUMMARY

The behaviour of f£2 coliphage and'polioiirus I in activated
sludge treatment was studied under different operating conditiéns
of flow through time, mixed'liquo;‘suspended solids, temperature
and virus 1oadipg'in a bench scaié model plant whose pérformance
was siﬁilar‘to that of»a‘fullAscale tfeatment’plant. The liquid
and solids fractions of mixed-liquofAsamplés containing.virus wer e
assayed separately, with the solids fraction receiving ultrasonic
tréatment. The récovery of poliovirus from mixed liquor by thiS'
method was about 83 per cent, while thét of £2 coliphage was in

the range of about 54-85 per cent.

| The average‘removal of £2 coliphage across the mbdél;piént:

was about 84'pér cent, and was not significantly altered by altériﬁg
#he flow through time, mixed liquo; suspended solids and tempefature
in the piént. The removal was, howevgr, decreased from about 96

per cent to aboutr70 pérvéent with highef Vifus loads. The
association of f£2 with the mixed liquor solids Showed an inverse
relation with increased‘floh, a direct.relation with incréased

mixed 1i§uor solids, énd appérently'direct relation (with an'optiﬁum)
with increésed temperature and a clear direct relation with»incréésed
. virus load. The removal of poliovirus across the plant ovef the range .
of conditions studied was generally high and reachgd>up to ébouﬁ

99.7 per cent,



The behaviour andrremoval of both viruses in £he model plant
correlated with the association of these viruses with the suspended
sglids. The degree of association, which appeared to depend-upon
the néture of each virus and was achieved by physical adsorptiom,
was strikingly contrasting with about 18 and 85 per cenf of f2.
and poliovirus respectively detected on the solids, .The striking
differences Between the behaviour of £2 coliphgge and_polioVirug I
imposed ihteresting‘implications on the concept pf indicator virps

from the public health viewpoint.
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I. INTRODUCTION

~ The cyclic nature of the faecal-oral réute for transmission
of enteric pathogens presents a constant threat to the health
of human populations. The turnover of these pathoggns
depends upon ;he contamination of pétable water resources with
raw or badly (partially) treated sewage. Increased urbanisation
and population demsities exert ever increasing demands on natural
- water resources, and at the same time increase, proportionately,
the discharge of sewage effluent into these waters. Such
pressures, when exerted on the limited water resources of a
community, could make the natural self-cleansing mechanisms of
water highly inadequate whén these could probably be more than
adequate for a sbarsely populated region. These mechanisms,
coupled with conditions in the different zoﬁes'of this world -
whether temperate,‘arctic,’tropicél or desert - definitely
exert an effect on disease transmission which manifests itself
in the various routes for‘éommunicable disease transmission

(like food, air, water, contact and insect Toutes).

In urban centres of industrialised states the faecal-oral.
vrouﬁe for pathogen transmissibn is probably more important than
other routes since the pathogens are in a medium that reaches

every household where every individual’ﬁses it (Eig. 1)

(Schwartzbrod et al., 1973).

- 12 -~



Surface Waters

(including recreational

waters)
Potable
Sewage and
& alimentary
eventual water
@ = = contamination

v

- MAN

-(Clinically ill)

>(Symptomless carriérs)

Human Excreta

Fig. 1.1 The faecal-oral route of surface and potable
water contamination with eventual'contaminétion‘and infection

of man:(Modified from;Séhwa:tzbrod,et al., 1973)



The relationship between the consumption of raw water
and the development of an infection depends upon many factors,
the principal ones being the nﬁmber of pathogens present and
the susceptibility of the subject. For viruses it is
suggested that one 50 per cent tissue culture infecfive

dose (TCID_.) or one plaqﬁe forming unit (pfu) may be infectious

50
- to man if the conditions are suitable for it (Katz and Plotkin,

1967; Plotkin and Katz, 1967).

It was not until the 1850's when Dr. John Snow of London

established an inferential .cause and effect relationship

between drinking water and cholera, thaf the concept of water-
borne disease outbreaks was established (Snow, 1936). Decades
passed before epidemiological SUpport for Snow's conclusion was
_obtained, and today records of water-borne outbreaks of disease
include thosérof viral, bacteriél and protozoal aetiology apart
from chemical poisoning (McCabe and Craun, l975;'McDermott, 1974).
Examples of some types of’water—borne‘diseéses are given in

Table 1 which lists the water-borne outbreaks that occurred in
the United States and Canada in 1971 and 1972. Such ﬁater-borne
outbreaks of disease which were apparenﬁly low in 1951—2-(Fig; 1.2)
have been on the increése'since then. This does not neceséarily
indicate increased incidence alone because there has aléQ been

much better reporting during this time (McCabe and‘Cfaun;‘1975).

However, all these outbreaks were due to one or more reasons

which included (a) use of untreated water for potéblé‘purposes’



Table 1.1. Water-borne disease outbreaks in the United States
and Canada in 1971-72. (Modified from McCabe and

Craun, 1975)..

" Number of Number of
outbreaks cases
Gastroenteritis 22 | 5615
Infectious Hepatitis '7:"711 _ _ 266
Shigellosis o R : 614
Giardiasis | -3 | 112
Chemical Poisoning 3 , 202
Salﬁonellosis ‘ 1% ' 7 3
Typhoid ‘ 1% 5
Total - | 47 | 6817

*Individual and'private water éupply system.
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(b) inadequate or interrupted diéinfection of the water or
(c) contamination through distribution systems. Whatever
the reason for the‘outbreak, the role of the faecal-oral
route for pathogen transmission via the water route is
emphasised and prevention of such outbreaks rests in dis-
ruption of the cyclic nature of this route. This is possibié
at ce:tain.ppints; (a) at the seﬁage treatment stage priof
to disthérge into surface water bodies and .(b) at the water
tréatment stage prior to distribution to the population

(see Fig. 1.1) or (c) public health advise on the use of

untreated natural sources of water.



1. History of Sewage Collection and Treatment

The evolution of water and waste water tréaﬁment processes
has a long history.that accompanies maﬁy disease outbreak |
proble@s. Very early Sanskrit writing of 2000 B.C. advised:
people how to deal with "foul" water by boiling it, exposing
'itvfo sunlight andvdipping iﬁto_it a piece of hot copper,
then to filter and cool in an earthenware vésséi‘(Baker, 1948).:
Early Egybtians (1300 B.C.) sedimented drinking water and then
filtered it by wick syphons and through earthenware vesselé
before!using it. This method again became-widespread in 19th
century Europe, to spfead inevitably to the Unifed States in
the later part of that century (Singley, 1971). It is-clear,
therefote,‘that.modern-water treatment practiceé-have evolveé
from the early practices with which they closely parallel
(sand filtration ; filtration through earthenware vessels and
bylwick sypﬁon, disinfection-:vboiiing; residual disinfection.:

copper treatment and suniight).

The proper and hygieﬁic disposal of,human'exc:ement; due
to its foul and infectious nature, must have conéerned man since
time immemorial. - Other animals, such as éats and dogs,>throuéh
their basic instinctive behavioural patterns, do attempt to bu:y’
or at least cover with earth their excreta. Primitive’man was
instructeé, through religious teachings, of the vile hature of

excrement and ordered to dispose of it away from camps and dwellings.
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The Old Testament instructs: "Thou.shalt have a place also
without the cémp, whither thou shalt go forth abroad: And

" thou shalt have a péddle upon thy weapon; and it shall be,
when thou wilt ease thyseif abroad, thou shalt dig therewith,
and shalt turn back and cover that whicﬁ cometh from thee:

For the Lord thy God wAIketh in thé midst of‘thy Camp, to
v-deliver thee; and to give'up thing enemies befo;e thee;
therefore éhall thy camp'be holy: that he see ﬁp uncléan thing
in thee, and turn away from thee." - (Deut. XXIV, 12, 13, 14).
The Islamic feligion regards-egcreta as defiling; thus the
body orifices must be washed after every act of excretion or
else man is not clean enough'to say ‘his five déily'prayers.
DomeStic-dwe}lings are also considered defiledianQ‘unfit as a
place for préyerAif excreta, or fof that matte:,watgr:ﬁSéd for
body.washing, is n§£ properly disposed 6f Lub allowed‘to

contaminate the household.

Dispoéal of-excreta.énd waste water diréctly into land
or water ways is on1y7a>satiéfacforyApractice'in‘sparsely
populated areas. The urban Greeks and Romans provided effective
sewage syétems which conductéd used Water and human excreta to
dumping sites or to receiving waters far away from_the populated
areas (anes, 1966). Examplesbof Roman channels constructéd to
carry waste water can still be seen, for instance, aﬁ Coicheéter.
It seems, however, that the‘Greek and the Romanvpracticé-of
disposing excreta and waste waterkwas ﬁpt"adopted by\latef’
settlefs and the knowledge was lost for many centuriés (Sidwick

and Murray, 1976a).



During mediaéval times, Europe was largely without any
public sanitary measures, apart from stone chambers for sewage
.collection which were used in the houses of the nobility only,
and were called privy middens. One of the earliest, and largest,
privy midden was built at Guildford Castle in 1296. Thesé privy
middens were emptied periodically and the contents used as
fertilizer byrfafmers.i'lt was not until'1594 tuaﬁ Sir John
Harringtén in%ented‘a primitive form of a water closet which
again emptied into the privy middems. But, needless to say, the
urban poor were without any suchv"iuxuries" as water closets or
privy middens (Jomes, 1966). Thé Finns have, for years;'had an
‘equivalent system. The privy is built up say, 6 ft. above ground
andbapproached by(steps;‘ Faecal material is allowed to aécumulate

in the space'below.the privy.

Sanitary reform during the Renaissance (15th and 16th
centuries) was most advénced in Italy where health boards were
forﬁed as a consequence of the great plague epidemics_which éwept-
through the Italian peninsula in the 1l4th and 15th centuries.

The formation of ﬁhese,ﬂéalth boards represented a rejection of

the fatalistic attitudev- which‘was prevalent at that tiﬁe - and

soon these boards became a permanent feature of Ifalian édminisfration:
During epidemics, health boards took sweeping powers and they -

closed markets, prohibited festive gatherings (even religiops_“
éssemblies), isolated infected households and cleanééd éy-ééétrbyeé
their possessions., The boards even controlled'oﬁergrdwding in
dﬁellings, insbected and controlled -the quality of‘food prodﬁcts

and initiated regular mortality bills. Proper waste water disposal



was made obligatory, and the Milan Health Board decreed that
“every householder who does not have adequatebfacility for
bgllecting his wéters‘and sewage shall cause to be made one

or mofe tanks in each of his houses according to the instructions
and design of an engineer approved by the health board" (Cipolla,
1976). Mosf of these measures were q;timately cbpied in Briﬁain
by tﬁé newly created Health Boards during'the cho1¢ra epidemicA_

of 1832.

Appalling sanitary conditions had developed in Britaiﬁ :
during the Industrial Revolution (1760-1830). The country‘was
largely without any sanitary system or control of environmentai'
hygiene. Increased urbanisation and the build'up of largg
. populations of low paid wofkers couple& with a sharp increase
in the cost of living made the expense of éartage of human excreta
from midden; and cesspits too expensive. Consequently, they
:'starféd to fill uﬁ and overflow and the foql sme11$>spreéd and
with them spread infection aﬁd diseggé. ‘Mény people bﬁiit.véry

large middens which almost never filled because of the pefcolatioﬁ
of sewage into the water table with éubéequént pollutioﬁ of wells
>wheré drinking water was obtained. These conditions were aimost
certainly responsibie for the frequent eﬁidemics of typhoid,
cholera and typhus. The relative incideﬁce of typhoidvin 1847

in Nottingham was. highest (27/1000)'in_houses with privy ﬁiddens,
followed by houses with pail closet 8.3/1000) andAhpusés ﬁith
ﬁater closet (1.3/1000) (Jones, 1966).'vThes¢:fiéQres demonstrahe,
to a éertain éxtent, the health hazard.pdsedbby the ﬁisused.

domestic methods of disposal of excreta.



Very early in the 19th century, water companies were fofmed
in some urban areas to provide ﬁater not only for drinking, ana_
;ooking but also for bathing and flushing toilets. One con- |

“sequence of this practice was that even the extra large privy
ﬁiddens began to overflow. In 1847 it became compulsory to drgin
-hoﬁses by sewers often using éxisting town sewers, the earliest

of which were constructed in 1532 primarily to drain subs§i1~

' watér and”raiﬁ; The water carriage system polluted rivers to
such an extent that, for instance, "river water from;the Thames
at Blackwell was usedAas ink to write letters to newspapers."
(Sidwick and Mufraya 1976a). Much of the pollution pf the Thames
was aue to improper discﬁarge of séwage into the river on the

ebb ﬁide,rcontrary'to originai deéignbof the.éewérs and flowbv

. balancing reservoirs.

Intensive sanitary reform in England was started by Edwin
Chadwick in 1838. 1In a "Report on the sanitary condifions of the
labouring populati§n of Great Britain" he showed that the death
rate clearly indicated that their conditions were probably very
. poor and their susceptibili;y to epidemi; sickﬁess was very“high.

Cases of diseases unknown in Britain began fo‘appear; choléra :
‘which was endemic to India, became pandemic in Eurobe andireached
ﬁritain iﬁ'1831. Chadwick succeeded invconvincihg‘parliaﬁentarians
réf the fime that environmental health wés'of prime importance

(Jones, 1966).



Chadwick became a member of the General Board of Health
which was formed as a result of the Public Health Act of
1848. The responsibilities of this bqard were related to sanitary,
sewarage and diéposal arrangements of waste water. Chadwick
recommended an- arteriél sysfem of sewers and proposed the
réVolutionary idea thgt the'seweré should have an egg-sﬁaped
(paraboiic)fcross section whiéh petmits'constant flow despite_
* loading and would not block ana was éelf-cleansing. TheAboard
decided to manage Watér supply, sewage disposal and stréet'
cleansing by one éuthority. Chadwick, fufthefmore, started his
researches into sewage treatment as well as of disposal methods

like spraying sewage onto land.

A number of commissions.were created between 1861 and 1865
and all of theﬁ were concerned with fhe disposal and-utilization"
of sewage from London and other towns. The -studies done by those
commissions andAthgir committees culminated'in fhe Sewage
Utilization Acts of 1866 and 1867. These‘stipuléted that local
authorities céuld purchase ignd foxr sewage tieatment and

cooperate -together to protect'thé wéterways from pollution,

The most important public health act was, however, that of
1875 which replaced all previous public health acts coﬁcerﬁing‘,
disposél of sewage, pollution of rivers; hygiene and'Sanitat;on.
in geﬁeral. It stated that "nothing in the act éhéli authorise
any local authorify to makeAuse of>any sewer, ar;in>or:0uffall,

for the purpose of éonveying sewageior filthy water into any



-natural stream or watercourse, or into any canal, pond or lake,
until such sewage or filthy water is free from all excrementitious
‘or other féul or noxious matter, such as woﬁld affect or
deteriorate the purity of the water in them." This act was
re-affirmed by the Rivers Pollution Prevention Acts of 1876

and 1893 whiéﬁ made it an offence for any person to‘dischargé.

or permit-the discharge ‘into any stream, any solid or liquid

sewage matter.

‘Tﬁe last Sewageicbmmission of 1882 was appointed to -
investigate whether there weve evil effectsrésulting from the
-conditions under which sewage effluent was discharged into the
River Thaﬁes, and what measures could be applied to prevent
them. The Commission's final feport’wés issUéd in-November 18843
it‘was'found that evil effects did exist ana demanded é prompt
remedy. The report disclosed that chemical precipitation of
sewage with limé_and'iron salts only removed part of the organic
maﬁter and the liquid 50 $ebarated was not sufficiently free from
noxious material to juétify>its’discharge from‘the outfalls as a
bermaneﬁt measure. The report‘aiso recoﬁmended that; according
to,thebthen prevailiﬁg state of knowledge, fufther purification
of sewage can -only be efficientiy done by application on land.
This report reflected current thinking at that time and,>coupled
.with the'LQcal Government Act of 1888 which-created fiyef 5oards
and authorised county councils to enforce thevRiVer Pbliufion
Prevention,Act,venhanced the need for Betfer'énd.more effiqient

sewage treatment methods (Sidwick and Murray, 1976b).



In response to ﬁhe Commission's report of.1884,
Dibdin, the Chemist andlsuperintending Gas, Examiner of the
.London County Council, recommended sewage treatment by
biological principles; heywas though to be mad! (Sidwick and
Murray, 1976a). Development of sewage precipiting agénts con-
tinued but District Councils were discouraged to put ﬁhem‘intO'-
. practice because of the. 1884 recommendatidns.aﬁd becausé the 
councils were taking'seriously the work of saving streams and
rivers from ppllution.. Dibdin continued his work on biplogical
treatment of sewage and in 1897 he wrote "if any porous material
such as coke breeze, or bufnt clay, be placed in a vessel and
sewage water admitted théreto, a largé proportion of fhe filth
- contained therein will adhere,to’fhe rough sides offthe,coke or
other_materiél, and the organismé will commence their work by
' feeding and multiplying so that in a short time the whole surface
of each particle of coke, or other material which may be employed
will be covéred_by'them. Let the water drain off gently after
sufficient time has been allowed for the adherence of fine
particles of matter tq the coke..:Air will be admitted as the
'wa£er is lowered ahd a fresh impétus will be given to the little
workers who will soon"Be ready for another supply of food to be
given to them in the form of a second quantity of foul water."
Experiments followed by trials on filter beds made of various
.media of coke bfeezeg'burnt ballast, pea bailast aﬁd saﬁd, SUCh_
: ékpefimental filter beds were operated for'eight ﬁoqrs énd left

" 'to regenerate for sixteen hours. These experimeﬁtserSulted.with'



78 per cent organic matter removal and marked the beginning of
the trickling filter or bacteria beds method of sewage treatment.
Thése wefe soon installed in full scale treatment plants to

treat ando;ssewage, and the trickling‘filtér was - thus well on
its way as a viable means of sewage treatment. The switch over

to percolaﬁing filters was met with a iot of opposition

: especially'with,the belief thaf only application to land could
 purify Sewaée. However, it was oﬁly the huge land fequifement
(Manchester‘needed 1000 acres for complete treatment of its sewage
with an application rate of 60,000 gallons/acre/day) that affected
the change to Dibdids filtration method that reached the most
advanéed stage in design as it is known today in 1930 (Sidwick

aﬁd_Murrary, 1976¢c). -

Dibdih; howevér,,forwarded the-idea that "ﬁhe trué way of
purifying sewage, where suitable land is unavailable, will be
first to separate the sludge, and then to turn into the neutral
effluent a charge of the proper organism, whatever that ma& be,
>specially_cultivated for the purpose, retain it fdr a sufficient
period, during which time it éhouid be fully aerated, and finally =
: &ischarge into ﬁhe stream in really purified condition."
(Dibdin,'l907). This statement surely represents the earliést

inception of the activated sludge process.

The history of activated sludge treatment can be traced to
very early in the 20th century when the suggestion was put forward

that there could be potential in'aeréting sewage with humus sludge



to treat it. It was later shown that indeed there was such
potential, but the production of good quality effluent took.
.several days. Other workers found the same result and were
discouraged by this result. Fowler and his colleagues were
Agmong these workers who had been expérimenting with aeration

when Fowler visited the United States in 1912 ana saw experiments
iﬁ aeration where the inside of the bottle wés heavy with an
, algal‘growth. Upon communicating his observa£ionsnfo his qolleaghés,
work started on aeration of sewage. Their results were positive,
high quality effluent and 'Heposited matter" were éroducéd in a
period of éeveraliweeks; This activity was generated much more
quickly when the floc was conserved and refed with fresh sewage:
and the deposited matter cqnsiderabiy increased. Soon fhey
achiéved good quélity effluent within 24 h9urs of aeration
(Lockett, 1954a, 1954b; Sidwick and Murray, 1976d). The:deposited
matter was called activated sludge‘and soon eﬁployed’in full scale
' plaﬁts mainly by converting éxist1ng settling taﬁks into aeration
tanks and thus activated sludge was put_intoApraCtice. ‘At present,
activated sludge is the mést widely spréad-method of‘seWage

théatment (Genetelli, 1971; Mara, 19763 Southgate, 1969).

- 2. Composition of Sewage

" The foul and infectious nature of sewage is reflected by its -
chemical, organic and organismal content. The composition of
sewage, however, is tremendously variable in strength and flow

(volume) since these relate to habits of the population, size of



~ the inhabited area and length of1the sewer. Such variétions
might be as much as 10 fold (even in dry weather) especially

'in smaller ;reas (Hunter and Heukelekian, 1965; Painter, 1971).
On average sewage is a dilute solution with at least 99.9 per
cent water and solutes and about 0.1 per cent suspended solids
comprising about 0.07 per cent organic (Table 1.2a) and 0.03 |
per cent .inorganic matter (Table 1.25) (Hammer, 1975; Mara, 1976;
Painter and Vinéy, 1959; and'Southgate, 1969). The organic
.constituents are ﬁainly proteins, carbohydrates and fats, whereas
the inorganic constituents are éoluble and insoluble salts and
grit in varying concentrations.»In'general, sewage is a turbid,
grey to brown liquid, but if industrial effluent is pooled

with domestic sewage then the colour and turbidity may vary'
tremendously. Sewagé also fluoresces in ultra-violet light due
to the presence of "optical brighteners'" in detergents. Its
temperature is generally about one degree higher than that of

fhe water supply with summer temperatures ranging froﬁ 17-20°C
and winter temperatures from 8-12°C in the United Kingdom.
Temperatures as high as 28-30°C may be observed in hotter
-climates‘like certain parts of India. Its pH in soft-water areas
is about 6.7-7.5 and in hard-wate: areas 7.6-8.2, Suspended solids
- are present in sewage in various particle sizes from the ultraéfine
colloidal ({1p) to the fine (1-100p) and the coarse (P100p) -

(Painter, 1971).

The higher the concentration of waste matter.in sewage, the
stronger it is said to be. To determine the strength of sewage,

howeVer, it is not imperative to determine each of the



*sojeuoINsS 2udzudq TANIV x

10T
91T

€0 - 0%

e o1

16T
112

(A
LT
LT
Juasaad
(A4
A

6°S

we

06

9
jussaad
c°0

T .

LT

€T

S

ST
vl
0L

uoT1TppE £q
stsd1eue. 4£q
1933w STTIIBTOA
uot3Tppe 4q
stsf1eue £q
uoqaed oTuEs1Q
SPIOYV °1qnios
. sopTuy
sie3ns outwy
uTulT]
sute3oxg
a syeg
SPTTOS ®TTIBIOA
uoqied OTuUe3IQ
SUTUTIIEDID-dUTIEDI)
v 10193S9T0YD
sTousyg
pTo® dTaf
x(s€gv) saualasjasq
. punoq
2914
SpIdo® ourwy
SPTo® 9TT3IBTOA
SpTo® 9]T3IBIOA-UOU
sajeapiyoqien

/3w
uoTINTOS ug

1/3u
papuadsns

1/3w
popuadsns

1/3m

uoT3INTOs uf

.<omob.

on.oD

qusn3T3SUOY

(suor3edTITPOW YITM ‘T/6T ‘I93UTeg woig) -o3eMds OT3ISOWOP JO SIUINITISUOD oTuedig

~

‘871 919l



*elep paystiqndun “y °‘H ‘x9juted worg i

*(998/33 LT uey3 orow ST MOy JT Iwesqe) sCH “Cop ‘I
. 1/3w z-1 (°3emss wnazoﬂm ur ww>Hommev.N
T/3w g0°0 ueys ssof 2g ‘A ‘oD ‘TN ‘oy ‘py 3y
*T/3w 1°0 amSu SS9 sy , S
*1/3u ¢*0-1°0 3e ‘eg ‘g ‘ap ‘ig epniouTl mucmeHwAanmo. %

A4 9'9 (@ se) @3eydsoyq
rAA , €01 -
80°0 8%7°0 qa
G9°0 _ : 9¢€°0 . uz
z'0 . 96° T , ny
G0°0 (%°0 . up
001 0°¢t BN
0z - 6°G P |
G*'9 €01 3N
60T 8°6 €D
- 1°0 v
8°0 8°0 L)
- 6°¢ IS
89 1°0¢ 10
B9V 193BM PaIBH 891y 193BM 1330S
! . N A , 3uUsnN3TIsUO)
93emag pPaTlles a23emag aTOUM

(®13T7/3w) uorjeIULOU0)

(SUOTIBOTITPOW YITM Hmmw..uuuswmm woxg) *98emds 0T3ISBWOQ FO SIUSNITISUO) OTuedIoUT *qz°1 219®l



organic and inorganic constituents especially when the amount
of oxygen needed for this oxidation during sewage treatment
pfesents an adequate measure of their total concentratiom.
There are two types of oxygen demands which can be determiped
Afor a sample of polluted water, the chemical and the biochemical
oxygen deménds (COD and BOD respectivély). COD is determined by
‘oxidizing the sample with a boiling acid dichromate solution
.resulting With>oxidation of all organic and inorganic poiluting
- matter. A measure of the oXygenvdemand thus obtained gives nb
idea whatsoever about that proportion of ofganic matter that is
oxidizable by microbial action. AThus it is more informative to
determine the BOD, (5-day BOD) which gives'the amount of oxygen
cOnsumed by bacteria and microorganis@s during the oxidationvqf
the waste for fiverdays. According to its'BODS, a sewage can be
ciassified as weak, médium, strong’or very strong depending
whether its BOD5 value is around 200, 350, 500, or» 750 mg Oé
required/liter respeétively (Mara;_1976; Southgate, 1969).. In
~addition to BOD5 and CODlvalqes,avknowledge of suspended solids
~ and ammonia cohfentvig usually_enougﬁbto assess the pollutiﬁg
strength of Séwage an& tq determine—proper treatment méasureéfor
it'(faintér, 1971). A summéry of these propefties for U.K. and

U.S.A. domestic sewage is given in Table 1.2c.

The strength of sewage varies from community to community i‘
depending on many factors including the standard of Iiving,;:..
 adequacy of water supply, local habits etc.. Table 1.3 shows

differences in sewage between tropical and temperate countries.
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The strength of sewage (or BObS) depends on the dilution
factor ~ i.e. water consumption per capita - and the BOD5
‘contribution per capita. These vafy from‘counfry to couﬁtry,
over a wide range. Mara (1976) reported the daily per capita

BOD5 contributions as follows:-

Zambia : - 36‘gm
Kenya » : _‘ 23 gm
S.E. Asia : 43 gm
India . 30-45 gm
Rural France 24-34 gm
U.K. : 50-59 gm

U.S.A. 45-78 gm

Sewage also contains most types of microorganisms and some
larger parasites or parasite eggs. The source of these organisms
is human excreta, but some others grow in sewage channels or

reservoirs and they include bacteria, protozoa and fungi.

Bacterial populations in sewage could reach viable counts of
6.3 x 10° (while totalAcounts may reach 5.6 x 108) bacteria per
millilitre of sewage (Eike ana Carxingtén, 19725{ éomeréf the
bacterial genera and species identified include_Escherichia,

Clostridium, Nitrobacter, Nitrosomonas, Streptococcus, Vibrio

cholerae, Salmonella typhi, S. paratyphi, Shigella, Brucella,

Mycobacterium tuberculosis, and Leptospira (Painter, 1971; Mara, 1976).

These examples of bacteria contained in sewage, of course, include



pathogeniC'and non-pathogenic species with the pathogenic species
.particularly abundght at epidemic times. At least 112 species
of fungi havé been identified in sewage. Sewage also contains
intestinal worms like Taenia spp. (a platyhelminth), Ascaris spp.

(a nematode) and Schistosoma spp. (a trematode) (Mara, 1976).

Of the prqtoZoan organisms identified in séwage there are

Entamoeba histolytica, Trichomonas spp. and Giardia intestinalis

as examples of pathogenic species (Jawetz, Melnick and Adelberg,
1974). Many other non-pathogenic protozoans are seen in sewage

like the free swimming ciliate Paramecium caudatum; the crawling

ciliate Aspidisca spp.; the stalked ciliates.Vorticella SpP.,
Opercularia spp., Epistylis sppi.and Carchgsium spp.; the flaéellates
like Bodo spp. and ﬁuglena épp.; and.thebrhizopods like Amoeba spp.
(Curds,‘l969; Hawkes, 1963; Painter, 1971). These non-pathogenic
‘protozoa, especially the stalked ciliates, act as pollution
indicatorsVﬁheféby-their abundance or rarity shows the saprobic

conditions of the sewage in question (Curds, 1969).

The occurrence of viruses in sewage will be dealt with further

in the review of the Literature.

3. Treatment of Sewage

- There are two main purposes for treating sewage, namely:
1. To prevent pollution of natural receiving waters With

organic and inorganic polluténts and,



2. To prevent spread of enteric pathogenic microorganisms

which potentially contaminate sewage.

The first burpose is achieved by oxidation of the pollutanté
by microorganisms (mainly bacteria) which utilize the pollutants
as food. This proéess cquld be broadly represented in.an ovéf.
simplifiedrwayrby the following equation:

Microorganisms

» Treated wastes + New

. Wastes + Oxygen
: microorganisms.

It is evident that the new microorganisms - and their break-
down products - could exert their own oxygen deﬁand; b;t these
are easily removed by gravity sedimentation before discharge of
-the treated effluent into receiving waters. The-process of
autolysis orrauéooxidation - which is observed in pure Sr'batch
cultureé after nutrient exhaustion - also plays a major role in
removal of excess or dead microorganisms in the treatment pfocess.
Since treatment is mainly by aerobic oxiaation the final hydroggn
acceptor is oxygen. This process iiberaies energy for bacterial

cell metabolism (.Genetelli, 1971, Mara, 1976).

Activaﬁed sludge treatment is the most commonly used process
for municipal waste water treatment. .In this respect it is

followed by biofilt?ation (bacteria or trickling filter beds)

aﬁd treatment in lagoqns and difches. Septic tank~treatm¢nt,is

mést cémmonly used privately by small communities‘of_léss:than"

300 persons or for individual households (Mara, 1976; Pipes, 1966).



A. ~Septic tanks

Sewage treatment in septic tanks proceeds anaerobically
in rectangular, water-tight and usually underground chambers’
in which sewége from dwell;ﬁgs is retained for 1-3 days.
During this time, solids settle to bottom forming a thick sludge,
wherea; a £hick scum fofms on the éurfacg. About halfway down
the depth of the chamber é layer of relatiyely clear liquid f§rms.
‘It is from this clear layer that the septic tank effluent is

drawn off for disposal or further treatment (Fig. 1.3) (Mara, 1976).

Septic tamk effluent, ffom-a publicfhealth point of view, is
regarded as hazardous as sewage itself. This is because the
primary-function'of thg tank-is'td remove unsightly scum and
sludge, and-bééause anaérobic reactions take place only at the
very bottom of the tank thus effecting very little oxidation of
pollutants in the clear layer. To remgdy this incomplete.treat-
vment, septic tanks are often built with coarse, upflow filters
which effect further anaerobic oxidation of its effluent.
‘Alternative methods include the iﬁcorporation of a small scale
pércblatihg filter and allbwing thé effluent to trickieoVer it,
or by using the effluent for sﬁbsurféce irrigation, or by
_ allowiﬁg»the effluent to percolate into soil Witﬁnspfficiént
Pércolétive capacity (Mara, 1976);‘ Thése~fac£s dictate a.mipimum
'distancé fof lécating avséptic-fankraﬁdvits,draihfield frém the
nearestvbuilding, Well;gstreamiiembénkmént; pool, water pipe; paths

and large trees. These minimum distances could be as long as 60
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meters from a water body if this is used as a domestic water
supply, but in any case the distance cannot be shorter than
1.5 meters for all of the above locations (Cotteral and Norris,

. 1969).

Since the desired desludging frequency of a septic fank |
is betweenAl-5 years,'and since this‘should be done when‘slﬁéger
volume reaches a maximum of % total taﬁk vdlume; then the size
ofbthe tank could easily be caléulated knowing the rate of
sludge .accumulation per person per year according to‘the

following formula: -

5v
F =
S x P
or %V = F x S x P
where vV = Iank volume in cubic metres.
F = - Frequency of desludging.
-~ 8§ = Sludge accumulation per person per year.
P :;  'Popﬁlation served.

Vincent (1963) estimated sludge accumulation rate in Zambia
to be 0.03-0.04 m3/bérson per year, and Malan (1964)7e§timétedrl
 £he same rafé in South Africa to be 0.032 m3/person'per year.
A value of 0.04 m3/pe;éon per yearkis prqbably a feasonable_&alue

for design. -



One modification'of the septic tank process is an
emergency, anaerobic sanitation unit for 500 persons in disaster
;tricken areas (Howard, Lloyd and Webber,'1975).b The unit is
'easily"installed in one day from the contents of a wooden crate
ﬁﬁat weigﬁs 500 kilograms and has an estimated working life of
5-10 years. It canists-éf a'numbef.of squatting plates éon-
hected iﬁ’series to two-21,000€iitre flexible,'reinforced.rUbbe:
sedimentation tanks which providé akreéention>time of'8-10vdays.
An optionél trickling filter may be connected to fhe outlet of
the sécond tank for better effluent quality (Fig. 1.4). The
effluent from this sanitation unit was of acceptable chemical

'quality, and its removal efficiency for Salmonellae, Vibrios,

and other bacterial pathogens was at least 83 per cent.

B. Waste Stabilization Ponds

This method of sewage treatment simply takes place by
leaving sewage’in ponds where bacterial and algal bopulations
gorw and oxidize the sewage. The ponds are usually shallow
basins enclosed by earthen embénkments thus they have a considerable
-economic adﬁantage in the cost of their constructioq and maintenance.
They are also the most importaﬁt and frequently used seﬁage treatment ,
processes in hot climatés where land is usally availablé and,ther
climate suitable -for their proper functioning. Howevei; theirAuse
is not restricted to hot coutnries és they are used in all

latitudes, even as far north és Alaska.
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The most common waste stabilization ponds are the
.facﬁltative ponds. These affect treatment by a mixtﬁre_of
aerobic and anaerobic processes with the aerobic processes
prevailing near the top layers of the pond. Two processes
~ keep the top layers in aerobic conditioﬁs namely: reaeration
“and production of photosynthetic oxygen by.the algal populétions.
Thus a symbiotic relationship exists between the algae>which
suPPly'the bacteria with 0, and réceiye.metabolic CO., from themv

2
(Fig. 1.5).

?roper performance of the pond resides in proper mixing
which depends solely on heat and wind. These create currents
in-the,pond and bring up to the photic layers of the pond those
  ﬁ6h-moti1e algae which would othe:ﬁisé:sink fo the bottom and
- exert an extra oxygen‘demand. ‘Maximum mixing by wind action
océurs when an unobstructed coﬁtact distance of 100 metres is

allowed on the surface of the pond (Méra, 1976).

Intense anaerobic sludge digestion occurs at the bottom

. of the pond at a temperature of at léast 15°C,‘ If temperaturés
rise to aﬁove 20 or 2290, intense methane pfoduction éould float =
slﬁdge and heavy sludge mats fofm on the surfacé-of.the poﬁdf
'Thésé of course‘éréveﬁt.lightrpenetfatiéh'iﬁtd EhevphotiéAzqnér
and must be removed manually. Pond depth is usually sét:bétween
1 and l;S“metres;,the lower limif is the minimum depth for

‘prevention of emergence of vegetation and the upper limit prevents
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anaerobic conditions from becoming too prevalent in the pond.
Depths of at least two metres are employed in extreme
climates; this preserves heat in cold climates and minimizes

evaporation in hot climates.

Stabilization ponds have a number of advantages that

establish their value in sewage treatment:

1. Any degree of-seﬁage>treatment can be achieved
at the lowest cost and ﬁith minimum maintenance.

2.  The environment of a stabilization pond is hostile
enough to affect high aegrees_of pathogen
inactivation. Snails do not survive in such a
habitat,.andkthus the spread of Schistosoma is
checked. Christie in 1966 reported that

stabilization pond con£ents were capable of
‘reducing poliovirus titres by 100,000 foldf

3., Stabilization ponds tolerate high ofganié and shock
kloadings.

4. They can effectivély treat a Widgbvariéty.of industrial,
domestic and»agficultuxai,ﬁaﬁfeé. -

5. Easy alteration of»deéiéﬂ for'éltereé degree of
.treatment;'

6.1Theirconsttuctionroffers easy land reclamation shoyldb
the land Be required..r

7. The algae produced in the pond is a poténéiél;high
protéin fﬁod-source which could eésily be coupled with

-

fish farming (Mara, 1976).
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C. Trickling filters

As Genetelii (1971) pufs it, "the name is a misnomer since
the biological unit does not filter nor does it trickle." Other
names for this process, in addition to trickling filters, are
percolating, Eiolog;cal filters, bacteria beds. The prbééss

is also Calied biofiltration (Mara, 1976).

Trickling filters are cifcular or rectangular beds of
coarse, porous, impervious, hard and roqgh material usually
stone such as clinker or coke breeze of 30 to 60 mm. gradiﬁg.
The beds are usually 1.8 metres deep but cbuld have any depth
between 0.9 to 3.6 metres. Settled sewage is sprayed or other-
wise.distfibuted over the bed (via a distriﬁutor) through the
air to floﬁ on the surface of the bed packing material iﬁ a
thin film in contact with air. Distributors are in the form
of :étating perforated bipes for'circular.bed$,>and in fhe form -
of a single perforated pipe usualiy tfavelling-(back and fprfh)
parallel to the wid£h and along the length of a rectangular
bed. A trickling filter'béd is also provided with underdrains
which lead to collecting channels. The system of underdrains

also allows ventilation of the fiiter bed.

Oxidation of sewage is accomplished by the film of micro-
organisms on the surface of the bed packing material.. It is
evident that a new bed would be lacking this microbial film

which soon develops on the surfaée‘df_packing matérial and



eventually reaches a population equilibrium. The seed for
:Fhese microorganisms, mainly bacteria and protozoa (Genetelli,
1971), comes with the sewage and attaches itself to the filter.
These microorganisms or biota oxidize theﬂofganic matter in
-sewage as it diffuses into the microbial film. Suspended,
colloidal as well as dissolved organic matter is utilized as
 >nutrient$ fqr these microorganisms and are removed and oxidizea
inkthis way. Treated sewage goes from the filter to settling
tanks to femoﬁe any suspénded matter - also called humus solids =
that might 5e in it. The origin of such suspended matter is
often due to the sloughingvoff of the microorganisms which die
and leave the filter with the treated sewage (Fish, 1973;

Genetelli, 19713 Mara, 1976).

VFull scale trickling filter planté are opefafea in.single
or multiple filter beds, in series or in parellel,iwith various
proportions of their_effluents'recyC1ed'thrgugh‘the:filper
(Genetelli, 1971). Supernatent liquor from humus settling
ﬁanks-is also:returned.and:pobled'with the filter beds influent.
When~trick1ing‘filt¢fs afe'§§era£ed and maintained propeflybwithr'
ouf overloadihg they pfdduce_a good quality effluenf within |
20-36-mg/1 BODS; It ié evidentrthat a filter continues to
function propériy if conditions do not allow blockage.of ;he
filtéf and if the‘infiuent does not cqﬁtain substances toxic to
fiifer organisms such as cyanide, copper, chromiuﬁ;and.othgr

heavy metals (Genetelli, 1971). .



D. Activated Sludge Treatment

ActiVated-sludge process is the alternative to bio-
filtration .and is the most common waste water tfeatment method
in the U.K. and other regions of the world. In this procéss
séttled.sewage is led to the aeration tank where it is ﬁixed
with the sludge that is composed of bacterial flocs on which
protozoa andisomeimetazoa graze...After'mixing‘and aetating
the sewage and activated sludge for 6-8 hburs, the mi#ed liquor -
as it is now'called, is led to the.final settling tanks where
the aCtivated sludge is>sett1ed and returned to the aeration
tanks to treat further incoming sewage. Activated sludge solids
qoncentration is usuaily maintained at 2,000 to 8,000 mg/l and -

loading of 500-600 mg per litre

the plant operates at a BOD5

of miked liquor. Excess siudge is usually diSposed of on sluage
drying beds, used as fertilizer or for land fills or incinerated.
The supernatant liquid fromAsettling‘tanks forms thé‘final

effluent from_the plant which is dispharged into receiving waters
(Fish, 1973; Genetelli, 1971; Ma?a, 1976; Pipes, 1966; Southgate,

1969).

_When a new activated sludge plant starts operation, it is
eithér seeded with activated sludge from another plant, or, if
the sewage is aerated, sludge will form and it will have the
‘ desiredisuspended solids within 4-6 weeks prqvidéd it is  "‘
properly settled and returned to aeratioq.. Thesg solidéiﬁre 

‘mainly composed of bacteria in flocculated masses of Slimy matter
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on which protozoa attach and graze. The majority of these
bacteria are gram-negative bacteria which may be of the

nitrifying or non-nitrifying varieties mainly belonging to

the genera Pseudomonas, Achromobacter, and Flavobacterium-
Cytophaga (Pike and Carrington, 1972). Lighthart and Oglesby
‘(1969) classified these principal genera int6 three clusters,

I faecal forms, II Pseudomonas aeruginosa and

IIT undefinable types. Of these types, the main nitrifying

speciesvof baéteria, Nitrosomonas and Nitrobacter are pfesent ,
inbactivated’sludge and they are responsible for oxidizing
ammonia (Hawkes, 1963; Pike and Carrington, 1972; Pipes, 1966).
Many other bacterial génera have been isolated from activated
slpdge; but due to the complex naturé.of activated sludge, no
-siﬁgle listiof bacteria or other organisms can be taken as |
complete of exclusive;~ADifficulties relating to the isolation
procedure'espeéially with the mass of flqé inkwhich the orgahisms
are present, éoupled with specificity and senéifivity of the
media or procedures chosen, make any such study far from being

complete (Hughes and Stafford, 1976).

>'Fioc formation in ‘activated siudgé'Was first thoﬁght‘to be
due to the slime production by Zooglea, into which bacteria
V and inert debris get entangled. 'Butterfield, (1935).¢on¢1udéd
‘that Zooglea was the main species reéponSible foﬁ f1oc fdrmatioh,
but this was disputed when many bacteria'of aCti§éted‘siudge were
induced.to flocculate in aerated pure,cultureé (McKinney and

Harwood, 1952).



The meéhanisms of floc formation in activated slﬁdge
largely depend on the.nature of the gelatinous, slimy
substance secreted by ﬁhe'bacteria (Hughes and Stafford, 1976).
-The bulk of the slimy substances on activated sludge'flocs was
found to be composed of polysaccha;ides; heteropolysaccharides
and a polyester (ﬁ-hydroxybutyrié acid), (Forster,’l971; Steiner,
McLafen.aﬁd Forstef, 1976; Wéllen ana Davis, 1972). There are
four thepries for mechanismsrbylwhich floéculatidn of Bacteria
and colloidal particles takes place in activated sludge. All these
dépend, to a lesser or greater extent, on a combination of van der -
Waal's forces, ionic and electrical charges and the ability of
polymers to neutraliéé them, complexing and binding capacities of
poiyvalent cations and an affinity of écti#atéd»sludge flocs .to

air-water interfaces (Hughes and Stafford, 1976).

Activatéd sludge also contains a multitude of organisms
Tanging QVer the'whole-spectrumlof microorganisms including
_protozoa ﬁith a Aumber'of metazoa. The sources of activated
slnge organisms are from natural freSh@atér, hﬁman_microfaﬁna
and microflora. Organisms from animal origin, for example
cattle,'sheep oryswiﬁe alﬁost certainly exist in sewage and
sewage treétment plénts‘egpecially where farm effluent is pooled

with -domestic sewage.

Of these groups of organisms, protozoa are abundaﬁtly
represented in activated sludge, ﬁaking up 5_pe; cent of the
mixed liquor solids and nﬁmbering'at'least-ZZS species of which

160 are ciliafes (Pike and Curds, 1971) which were considered the



most important species by these authors. When a new sludge
forms, there is an ecologicai succession in the type of
Qrotozoa present that correéponds to the conditions of the
sludge. The first protozoa to populate activated sludge would
be.rhizopods (e.g, Amoeba),_followed by flagellates (e:g.
Euglena);'freefswimming ciliates (e.é. Paramecium), crawling
ciliates (é.g. Aspidisca) ‘and finally stalked ciliates

(e.g. Vorticella;_Opercularia) (Pipes,'1966). Whether protozoa -

are responsible for breakdown of organic matter or for clarification
of wastewater is a debated issue. No matter what, fhese brganisms
live in the environment of activated sludge and obviously get

theif food from it and ciliates are known to belong to one of

thtee‘groups as far as théirfeeding.habit,is concerned;

(1) Bacteria'feéding,.

(2) omnivorous, and

(3) carnivorous (Curds, 1969)., = Curds, Cockburn
and Vandyke, 1968 , however, reported that withdrawal of ciliates
from the treatment process prdduced turbid effluent while their
re—intrdduction clarified it. Similar'experiments}iggustrial

effluent did not produce the séme result (Hughes and Stafford, 1976)

Fungi are also present in activated sludge but they are .
not as abundant as bacteria or protozoa and this may well be
due to lack of reports in the literature. However,-somé»of the

genera that were isdlated include Aspergillus,ﬂRhizopus,

Penicillium and others. Some other genera were reported in :

very large numbers in activated sludgg (Pipes, 1966).



It is not unlikely thaf fﬁngi play an important role -
e§peciallyAin~fIOC‘formation of activated sludge,’bﬁt research
in this field is still lacking. Some fungi,ihowever, were
isolated from bulking activated sludge - a condition
characterized with poor séttling énd effluent - and these

were mainly filamentous fungi like Sphaerotilus, Geotrichum,

and the rotifer trapping fungus Arthrobotrys (Pipes; 1966).

Invertebrates like rotifers and nematodes are frequently
present in activated sludge as well as insects.- and insect
larvae. No definite roles have been attributed to these in

activated sludge (Pipes, 1966).

‘In addition to the bésic activated sludge proﬁess and thé
operat16n51 modifications like tapered aeration, stepped -
aeration and contact stabilization, there are other methods
like the aerated lagoons, oxidation ditches‘(Mara, 1976) and
the newest ICI deép Shaft aeiétion process. All these proceéses
utilize the same medium of activated sludge but their process
design is different. Aerated lagoons are activated sludge.units
without sludge'retufn. They evolved from:waste stabilization
ponds with simplg addition of aerators to supplement algal
Voxygen, but_as'éoon as aerators were put into operafion thé
algae disappeared and the»miﬁrobial flora resembledvthat éf
‘activated sludge.:.Aé;atéd légoons cbulq achiéVé a BODS removgl of at 1ea§t
'90‘per cent with relatively.IOng.feténtiqn‘time.bf 2—6 days_

(Mara, 1976).



Another modification of activated sludge is the oxidation
ditch (Pasveer ditch) which is a long or oval channel and
about 1-1.5 metres deep. The oxidation ditch liquor is
aerated by one or more cége rotors (brush aerators) placed
across the channel. These rotérs prépel the liquor along the
ditch at a speed of.0.3-0.4 metreé per second. A sludge
"~ concentration of 3000-5000 mg/l is usually maintained in the
ditch by recirculation of the settled Sludge_and thé excess
disposed 6f usuélly on sludge drying beds (Mara, 19763 Southgate,

- 1969).

A no?el sewage treatment process devised by Imperial
Chemicalilndustries Ltd. is called the ICI deep shaft aeration
prdqess for effluent treatment. The prdceés-was originally
designed for large scale production of protein employing‘pure ,
cultures of microorganisms, but ﬁaé later utilized as a seﬁage

'treatmept_pfocess. The process is mainly aimed at land saving
in populated areas, and employs a deep, partitioned shaft in
which the liquor circulateé, mixed with air in a downward flow
section called the downcomer and in the upward flow section
called the riser. The process isbaimed at meéting the 20:30
effluéﬁt standard in about two hours retenfibp time,:thé étandard
échievéd by the conventional methods_iﬁ a retentioﬁ fimé of
6-8 hours. The increased efficiency of this procesé ié imparted
by incfeased éolubility of air at pfessuréSAOf 100;300 metres
Ofrﬁater, this being the depth of the shaft. Other processes,
both pfe- and‘post-aeration‘remain the same as the conventional

 methods (Hines et _al., 1975)



E. Marine Disposal of Sewage

Another method of sewage disposal is that of the
disposal of raw, whole sewage into the sea or ocean. This
practice is still the main method of sewage disposal in many
countries. - This method is'pfbperly'done by discharging sewage
‘at least ten metres deép under the low water level and in such
a location as to allow cﬁrrents to carry it away from the |
seashore. Dilution and other naturél oxidation processes coupled
with settling usuélly inactivate the sewage, but this is a slow

process and results in coastal pollution if not done properly.

F. Treatment with Water Hyacinth

‘A new method for sewage treatment was reported recently;

it simply involved leading sewage into a lagoon where a water

hyacinth (Eichhornia crasépipes) was planted. The hyacinth

was highly brblific in.sewage with as high'BOD5 removal ésHSO per cent.
VThis simﬁle method involves no high cdst‘énd has advantages in

.that the hyacinth itself is very good for proauction of fertilizer,
biogas (60-80‘per cent methane) and animéllfeed. All these

features méke i; quite suitable totreat sewage on large and small

scales equally (Wolverton and McDonald, 1976).

~The survival and persistence of pathogens in seWage‘andv
sewage treatment processes will be dealth With,1n5the review of

the literature.



I1. OCCURRENCE AND TRANSMISSION OF VIRUSES BY
WATER AND WASTE WATER

(Review of Literature)

Feachem (1977) and Bradley (1977) classified pathogens which
may bé~transmitted‘by water according-to,theirvrelatioﬁship-to.the
- water cycle as'watér;borﬂe (faegal-oral transmitted.ageﬁts e.g.

cholera and infectious hepatifis); water-washed (skin aﬁd eye
infections, e.g. trachoma), water-based (Schistosoma in snails) and
water—related insect vectors (which transmiﬁ diseases such as
sleeping sickness and malaria), The control of the incidence of
diseases caused b& these pathqgens and parasites entails (a) proper
~£reatment ahd disposal of sewage and excreta, (b) improvéd
hygiene, (c) iﬁproved management of surface water quality, and

(d) elimination of host (e.g. SnaiiS) and vector (e.g. insects)

organisms.

The removal of viruses from water and waste water is far from
| satisfactory (Berg 1973a, Chang, 1968). However, the larger
organisms may be removed by filtration and sedimentation énd the
coliform test, which is considered an adequate and reliable
indicator of faecal pollution aﬁd water quality (Wolf, 1972),
provides an indeﬁ of the success of these measures. Although it

ié worth noting that Dutka (1973 and{Sca:ﬁinp (1971, 1975) have

expressed doubts about the validity of the coliform test on the
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- basis that it did not strictly conform to the criteria which

should be met by an indicator organism. These criteria, include
(1) presence (in greater numbers than pathogens) whenever pathogens
are present, ° (2) higher resistance to treatment or disinfection
than.pathogens, (3) inability to proliferate in the water mediﬁm,

. (4) have simbié characferistic and‘unamﬁiguous identification

procedure, and (5) the indicator must be harmless to man.

A more satisfactory bacterial group which could meet these
criteria are the faecal streptococci since, unlike coliforms, they
rarely (if ever) multiply in natural waters (Geldriech and Kenner,

1969),

The presence of bacteria as indicators of pathogehic viruses
is unsatisfactory. Forinstance, Gilcrease and Kelly (1954)

compared the survival of E. coli, the E. coli B bacteriophage and

Coxsackievirus A in samples of spring<water, stored,autoclévéd salf*
vwéter, rivgr water, brackish, swamp and hard,ﬁater.- On the basis
of fheir’reSUits they qonclpded that the absen#é,of coliform
bacteria indicated the absence df'intestinal,viruses; bﬁt this
conclusion is rather‘puzzling-Sipcé~their reéUlts shé& that the

viruses tested survived betﬂer than E. coli (Table 2.1).

| Fﬁrthér evidence féi a léck of correlation betﬁeeﬁ ﬁhe’extent‘b
of Eécterial and virél éoilutiq@ of water was provided in an
analysiS»of tbe hepatitis A epidemic invNew Delhi_in 1955-55,__
in which the number of hepétitis cases was in stark contiast to the
ébsencé of concomitant increase in typhoid‘or dYéenteryfcéseé which

led Dennis (1959) to conclude that the control of bacteria and



protozoa at the Chandrawal water treatment works remained adequate

while hepatitis A escaped these measures.

Table 2.1. Survival of some viruses compared to that of E. coli.
(data from Gilcrease and Kelly, 1954). -
s Salt Spring Water Chlori-
Reservoir .
-water nation
water o © 1 A0 o (0.1 ppm
- - - . 9
(8-10 Q) 8-10"C 59-60"C 10 minutes)
E. coli, 12 weeks 5 weeks 3-4 weeks 15 minutes 50%
- (1%)
‘E. coli. B 36 weeks 25 ‘weeks 3-4 weeks ‘4 hours = - 40%.
phage (58%) ’
Mouse _ 3-4 weeks 1 hour . - 100%
encephalo- (100%)
myelitis
Coxsackie- 3-4 weeks
‘virus A

(100%)




1. Occurrence of viruses in Sewage

Much of the direct evidence for the presence of enteric
viruses in sewage is from reports of surveillance and monitoring of
water and waste water. Indirect evidence, however,lcontributes
significantly especially.in accounté_of previous epidemibs of viral
,diéease where‘the water source had been incriminated and reports
.of'experimentalvinfection~of-ﬁUman voluhteers by édministratibn of
stools filtrates from clinicélly ill patienfs with sﬁspec£ed viral
disease. The viruses include pblio, Echo, Coxsackie, adeno, reo
and rotaviruses and the_ggents of inféctious‘hepatitis and wiﬁter
vomiting disease, all df which may be excreted in large numbers in

the faeces (Berg, 1973a; Kollins, 1966; Appleton and Pereira, 1977).

~In théory, of course,ail enteric:Qiruseé_may-be present ip
sewagej; and, depending upon thé.type of sewage treatment, these
viruses hayireach and infect humans. Soﬁé‘virUSes whiqh are
excreted by man in the urine may also be present in sewagé. For
exaﬁpie,‘these'include the viruses of herpes simplex, rubella,
~».Coxsackie, Echo, vaccihia, meésles, mumps, .lassa and rabies
(Utz,.1974); But thé role of water in the ecology and transmission
of disease caused by these viruses is probably neglibible. Whatever
the case, the transmission of eateric viral infections depénds upon
the social factors anduthe way df-life people lead. _Hygiene.and
the quality of municiéal sewage wofks provided for the;cémmunity
arelof prime imbortance in the control of éntérié diSeééé_transmiséion

(Kréjs,. Gassner and Blum, 1974).



Thg viruses of hepatitis A and infeétious gastroenteritis
(rotaviruses), in addition to other viruses, are probably the
mo;t iﬁportant examples of.viruses which may-be present in water
and, of course, may be responsible for outbreaks of diseasé (Fattal
and Nishmi, 1977; Flewett, 1977; Kollins, 1966, Krejs,'GassnerAand
Blum, 1974; Nupen,rl970;,Thornton and Zuckerman, 1975). Evi&ence
for the transﬁission of rotavi:usrby the oral route is éésentially

experimental and in a formative stage of investigationm.

' There were fifty documented outbreaks of water-borne
infectious hepatitis from around the world (Berger, 1970; Mosley,
-1967).’ Later, McCabe and Craun (1975) listed éleven water-borne
outbreaks in the United States and Canada in 1971-72 alone. The
worst of all these1reported epidemics, by far, was that which
eccurred in New Delhi in 1955-56 where about 29,000 cases were
Teported (Dennis, 1959; Viswanathan, 1957). The cause of that
epidemic was attribﬁted to a heavy contémination with sewage of
the raw water supply of the Chandrawal treatment plants. Attempts
to prevent contamination of the Jumnah river at the point of raw
water intake by the heavily contaminated sewage channei of
Najafgarh Nallah that drained the seﬁége of anviﬁaustrial community
of 40,000 failed, éﬁdithevexPlosive oﬁfbreakjocéurtéd.' Dennis (1959)
concluded that the capacity of the wéter treatmentjto'cope ﬁith
. bacterial contaminants was unimpaired because there was noluntohard
increase ip typhoid or dysentery despite an enormous hepétifié‘

epidemic, -already noted.



However, agents responsible for gastrointestinél disorders
may bé bécterial; protozoal or viral. Many such 6utbreaks are
"_éocuﬁented;'and viral aetiology is usuaily incriminated when no
other agent is isolated (Mosley, 1967).  Weibelet al. 1964 1isted
lé6 epidemics ofbgastroénteritis and 16 epidemics of diarrhea in
the United Stétes between:1946 and 1960.' Causative agents for ;he
majority of these outbreakswneren§t identified but viral'aetiology
waéisuspeéted; bolin EE_QLQ(1971)~experimented with tﬁe transmission
of gastroenteritis to healthy VOlunfeers by oral administration of
" stools filtrates frqm one gastroenteritis epidemic on a U.S. Navy
ship and three others on continental Uﬁited States.v These workers
confirmed the transmission of cliniéal gastrdintestinal illness
thrdugh the adminisfration.of a'filterable - thus probably vira1 e
agent. Eariier studies (Cb£don,’Iﬁgraham aﬁd Korns, l947;fJ§rdaﬁ,
bGordon and Dorrance,‘1953) also confirmed probable’viral aetidlogy'

of gastroenteritis using the same technique.

Poliovirus may also bé trén§mitted via faeéally contgminated
water (Mosléy, 1967). Kling as the director of the State Bacterio-
- lbgical Institute in Sweden - the firSt»country in which paralytic
éoliomyelitis became appérant.in epideﬁic proportions‘- went so far
as to advocate the idea that all poliomyelitis epidemics were
vSPread only by Watef:"sans eaubaucune formation de foyeré
poliomyelitiques" (Fenner i_eg, 1974; Mosley, 1967). MolsAleyv(l967),
however, did not rule out other rquﬁes for:thé epideﬁics whi¢h

occurred in Sweden (during 1930's and 1940's)vand attributed them to



an over entﬁusiastic search (sparkéd by Kling's conclusions) for
instances of water-borne poliomyelitis. Mosley lists other
épidemiés of poliom§elitis but only two examples are reasonably
weil documented; The first occurred in Huskerville; Nebraska in’

. 1952 (Bancroft, Englehard and Evans, 1957) and another in Edmohton;
Alberta in Canada in 1953 (Little, 1954). The Hﬁékervillé epidemic
téok place in a univérsity commugity of families li#ing in. temporary
rhouses and claimed seventeén cases ofvparalytic and twenty eight -
cases of non—paraiytic illnesses. The cases weré,aistribﬁﬁed iﬁ
two and a half rows of the houses, with only one non~paralytic case
in the remaining one and a half rows. The distribution of cases
followed a pattern which closely correlated with the locations of
those'water closets whose flush VaLQes‘wefe not provided with
vaguum breakers which prevent'aerosolA spread dﬁfing flushing; and
'wifh the location of water mains in which wide fluétuations in

pressure (down to negative) occurred before and during the outbreak.

The 1953 Edmonton epideﬁic‘wés markedrwith an upsurge in thé
number of incidences and 75 cases were reported in the first two
Weeké,bf November.u The COincidenée between these cases and the
féilure of éewage effluent chlorination facilities in Devon -~
the town. 20 mileé upstream - where,thefe were 5 confirmed and 30
sﬁspecf poliomyelitis caées.' These fécts, coupled with the‘ére%ioué
knowledge that poliomyelitis patients-cpntinue t§ excrete the virqé'
for weeks, led to an incrimination of.the water §up§ly;£pkEdm§nton

(Little, 195&).



An important question which arises from the evidence for
transmission of viral disease via faecally contamiﬁated water is
ﬁould_disease have been prevented had é test -~ - -~
indicator virus been availablé? Bacteriological disease is
certainly controlled on the basis of the.coliform test. But,
unfortunateiy, no equivéléﬁt indicator virus or.test has yet

"been formulated or aCéepted as adequate for viral pollution.

There are only a few reports on the efforts to find an

indicator of viral pollution, for_ihstance, Gilcrease and Kelly

(1954), recommended the use of E. coli based.on comparative studies
with Bacteriéphage, Coxsackie viruses A and mouse encephalomyelitis
virus. Cohen and Shp§a1 (1973) re-examined the suitability of
coliforms, faecal coliforms and faecal,streptocécciiés.indiCatofs
of Qiral pollution. :They mdﬁitofed two‘bioiogital filtfatién
scwage treatment plants, an open sewer, a polluted river, a lake,
poiluted springs and Wellé for coliforms, faecal coliforms and
streptococéi, aﬁd related their incidence with that of seiected
enteric viruses; All thiee bactérié had én apparently high ratio
to virus,'l:lO6 for éoliforms, 5:105 for faecal coliforms and
2.5:104 for féeéal stréptococéi in polluted waters., They céhclpdedAA
that it would be beét to take the faecal streptococci as indiéators
ofkviral bollution-but it should be noted that therezwés_no-éoﬁment

about the sensitivity of their methods for isolation of the viruses.

It is, of cburse, poésible to use»the“énteficlvirﬁseg tﬁem-
selveé as ihdiéators<>fvvir§1 and faecai‘pbiiution. Coin EE;QL'
(1964) after an extensive survey oh moﬁitoring bacteria. and viruses
in thelParis,watet supply andwaste‘water systems found thatrpoliovirus

was- most frequently isolated from  their samples.



Based on this observation, they recommended the use of poliovifus

~as a suitable indicator of faeﬁally polluted waters. Whether
‘poliovirus would be as an indicator for.hepatitis A'is less than_
clear as for other faecally transmitted viruses; fo¥ there is

littie information on the relative numbets of different‘virﬁses
With-respect to each other.Metcaif (1971), in a review article
warned that the use of poliovirus és an indicator was unsatisfactory,
. He further argﬁed that fhe preseﬁée or absence of.any bf the entero-
virusés‘does not provide any'ihformation on another unrelated entero-

virus.

The presence of bacteriophages as natural inhabitants of fhe-
human intéstines, and their consequent presence in séwage of
domestic origin led many investigators to considér them as potential
indicétorsvof faecal and viral poliﬁtion (Scarpind,:l975>.  Their
frequency in sewage and sﬁfface waters, coupled'with the economic,
simple, rapid and reliable estimation of their numbers géve them
added advantages. Ware and Mellon (1956) reported the presence of
102'57 pfu/ml and Pretorius (1962) repo?ted the presence of 103'42
pfu/ml in sewage. Much wider‘fluctuations were‘repbrted by other

authors varying from 101'26 - 103'98 pfu/ml (Dias and'Bhat,-1965), -5

and from'lol'56 - 104'20

pfu/ml for séwage from various’rural and
urban localities in Hong Kong (Dhillon et al., 1970). ‘The ratio Qf‘
cdliphagesito coliform bacteria, however, shdwed wide variations'

-from 1:52 (Pretorius, 1962) to 1:358n(Ware and Mellon, 1956).:‘>



: Burés apd Kott (1966) put forward a recommendatioﬁ that
coliphages be used as indicators of viral pollution of water.
" Later, Shah and McCamish (1972) recommended the use of f2 as an
indicator virus in waterrand waste water based on its resistance
to chlorination; Kott et al. (1974)-reaffirmed this recommendation
based on thei£ findingé on the relative survival of f2 coliphage
and poliovirus IAin an experimental oxidation,pond in which ﬁhe
sﬁrvival’of'both viru§$§as unaltered. Their‘results also yielded
coliphage to enterovirus ratios from 1l:1 to 105:1 in flood watefs,
wastewater in various seasons, trickling filter and oxidation pond
. effluehts with the highest ratios for“waéte water and the lowest
ratios for flood waters. Seasonal vafiations were.observed in
-wastewaterand effluents with high to‘moderate ratio valﬁes for
srpiﬁg_and fall. Attempté‘;o,isoiate.coliphééeé‘from weli wéter
during 3 outbreaks of enteric'éiééase in small communifies yielded
no coliphages, and only two samples were positive for enterovirus.
All the above results were obtained by filtering samples through 0.45p f£il
ter, folléwed by further concentration by alginate ultrafiltration

and recovery of virus therefrom - a somewhat complex procedure.

_ Experimentsvoﬁ the relative resistance&of Vi;uses to

' diéinfectants have shown that £2 was mostrresistant to éhlorination
followed by poliovirus ana T2 (Shah and McCamish, 1972); Similar
r:ésﬁlté were-obtainéd by Scarpino (1975) with chléréminés; wheréas
hypqchloréus_acid éhowed a reversal of that obSerQatioh:With ?qlibvirus

I being the most resistant followed by Coxsackie virus_A9,»MSZ and



£2 coliphages, E., coli. and T5 coliphage. Preliminary results in
this laboratory using chloramine-T as a disinfectant at levels of
i-18 ppm (determined as actiﬁe chlofine) in effluent (pH 7.6-7.8)
did not seem to effect any inactivation of the £2 coliphage tested

(Hajenian, 1977, personal communication).

There have been other recommendations for the use of

bacteriophages as inditators; Carstens et al. (1965) recommended -

that bacteriophages of Serratia marcescens could be used as

indicators for pathogenic bacteria and animal viruses in water.

This was based on the observations that Serratia marcescens bacterio-
. phages wére inactivated at rates similar to fhat 6f E. coli. and
slower than that of Mahoney strain of poliovirus I. Smedberg and
Cannon (1976) have made a>-provocative reﬁommendatibnvthat the

cyanophage LPP-1, a parasite of the filamentous, non-blooming,

blue-green algae Lyngbya, Phormidium and Plectonema, be used as a
replécement of the coliform index for bacterial and Viral con-
tamiﬁants of water. This fecommendation'waé baéed on the authors'
conclusion that the Virué,vwhich is easily and rapidly titrated; ié
éiways present in pollﬁted.water in largé numbers and iS ﬁore |
resistaﬁt to cﬁloriﬁation‘tﬁan E. éoli. The authors' conclusions
-and récommendations we¥¢ in striking contradication to their-déta
Wﬁich.show LPP-1 tokbe much ﬁore sensitive té chlo;iﬁatiqn, :These
facté make their paper entirely unsatisfactory, and.thé aﬁthors'did
fecognize.the drawbacks of théir paper but claimed thaf later

unpublished results confirmed and supported their recommendation

(Cannon, 1977, personal communication).



The search for a bacteriophage (or other phage) és an
indicato; for Qiral pollution has intensified in recent years.
fhe justification for using these organisms as indicators for
entéréviruses_is the alleged siﬁilarity in behaviour although

this behaviour is not yet adequately understood (Metcalf, 1971).

2. Removal of virus during waste water treatment

The removél or inactivation of virus.during the various
nmtﬁods of waste water treatment hés receivéd'ihcreésing attention
for at least thirty years. But it was not unfil l§52, when Dulbecco
introduced the plaque assay method to animal Qirology, that
(accurate and meaningful)vquantitative studies on the efficiency
of virus removaliduringwésfe wétef’treafmentvwere possible, Since
theﬁ;‘many stuaies.weré'répbrted e@ploying differént viruses,

laboratory models or full scale treatment plants.

A. Laboratory model studies:. -

.Thevfirst réporped study of viruses inwaste water treatment
Wanthaf 6f Carlson, Ridenouf and McKhann'(l943). They inbculated
a batch type aerafion'unit filled with mixed 1iquof from a fuil
scale activated sludge treatment plant and néted that gréat
reductions in the infectivity of the virus were achieved. HoweVer
they did ﬁot feel justified in eXpressing theif results quantitatively
3,si@ce_the‘virus‘ﬁas-asséyed'in mice;and'the'animalsjdied>at.different

' times with or without the development'of paralysis.



Kelly, Sanderson and Neidl (1961) also used a Y"fill-and- -
draw" laboratory model for their studies of the removal of viruses,
including poliovirﬁs I, Coxsackie virus B type 5 and T2 coliphage.
However their‘results were presented in a confusing way which'
makes an assesément difficult. Forinstance, they mention tﬁat
they used Coxsackie}virus B5 in some experiments but do not give
the resﬁlts;r In the studies on poliovirus,78 per cent was removed
while for Tzﬂcoliphage oply ébout 40 per cent wés removed. The
authors also reported no 1035 of virus when they bubbled nitrogen
gas iﬁstéad of air through‘the tank. Furthermoie-the incorporation
of glucose at final cbncentratiohs of 0.001-0.01 molar had no
effect on the behéviour of the viruses. But the addition of the
metabolic inhibitor, malonic acid (which inhibits suécinic acid
dehydrogenase)‘greatly reduced the removal of virﬁs, whereas a
respiratory stimulant had no detectable effect. This information

'may indicate a certain relationship,between.the metabolism of
activated sludge and virus removalj; and itvié,regfetted.that the
authors did not follow it up to make its interpfefation possible.
Their low recovery of virus.from the inoéulated"séwagg, mixed
liquor liquid and "sludge', led them to conclude that ihéctiVation
was taking place. Although -the authors reporfAvirus titres for
"sludge'", it is not-clear whether this refers to_thevsolids

fraction of the mixed liquor or whole sludge.



Clarke SE_§l~ (1961) were the first to ﬁse a laboratory
modél of a continuous process of activated sludge for the study
: ;f reﬁoval of virus. The model had been devised by Ludzak (1960)
for other types of studies and consisted of an aeration tank,
subdivided_to provide a settling compartment. \They studied the
removal of Coxéackie virus A9 and pdliovifus I during the
continuous process while'cqntinuouély inoculating the plant With
vifus andvbbse;§ed‘that 79-94 per cent of poliovirus I was
removed while the vélues-for Coxsackie virus A9 ranged from 96.1
to 99.4 per cent with rates as high as 99.99 per cent removal
in six hours also reported. Thgse authors also studied the fate
of éoliovirus I introduced into batches of sewége which were then
.allowed to settlé out. In the uppermost layers of the seﬁage,
only 29-62 per cent of ﬁhé>§irus wés_reéévered after 24 hours.
While in control éxpefimeﬁts in‘buffered aﬁueous suspensions,
ppliovirﬁs was not significantly reduced-by aeration or storage.
None of their experiments, were unfortuﬁafely aimed at aﬁ ekaminétion

of the deposited solids in the process.

- Laak:and McLeén“(l§675 iﬁféétigatéd the suivival of polioVirus .
III in»én activated sludge treatmént plént model by condudting
single inocﬁlation experiments and monitofing the vifus in the
centfifuged effluent and mixed iiquorv(liquid).‘.Poliovirus was
‘found to peréist inrthe mixed ;i§u9r (1iquid) for ub to six days,
:éndﬁinbtherefflueﬁt'for;atfléast’3 days. ~ Sand column éffiuent,

thfoUgh'Whiqh the model plantfeffluént-wés-allbwed to percolate,



were positive for virus for about as long as the model plant
effluent was positive. But sand core samples from these columns
were positive for virus for about 2-5 days after the model plant

effluent ceased to be positive.

Sobsey and Cooper (1973) investigated the survival of
poliovifug I inAg laboratory model.ofra stabilization pond treétf
mént'éro?esé énd deduced from measuremeﬁt of virus in the.liquid
fraction that 25-50 pér cent of the VirusAﬁas adsorbed to the
solids. They compafed this with virus survival in bactefial,
algal, algél-bacterial batch cultures and in pond bacteria. They
observed highest virus "inéctivation" in the pond bacteria cultures
reaching 99.999 per cent over 280 hou:;. Again the-stu&y, like
‘that okaiarke gi_gl. (1961), was iﬁéoﬁplefé iﬁ‘that'there ﬁas no

attempt to recover viruses directly from the solids.

Other authors (Malina et al., 1974; Malina et al., 1975)
_studied poliovirus inactivation in a'laboratory modei of the
activated sludge process. Their plant consisted.of a ﬁixed\liqubr .
V'aefatipn'tank subdividédIt6 éccommodéte a settling tank. Polid-x
virus was assayed bj both infectifity assays and byAtritium :
radioéctifity counts. The virus parti;les"ésSociated_wiﬁh solids
'wére>élutéd by shaking solids, after.éentrifugatibn,jiﬁ:distillédi
- deionized water for fiffeen minutes at high‘speed using.é mechanical
shaker and the virus suspénsion obtained used fof,infectivity‘assay. :
Their data on bétch studies indicated immediate'adsdkétion offfﬁe 
virus oﬁto activated>51udge solids.  Thé1dist£ibﬁ£ion of.radio-

activity counts at six minutes after inoculation was 179 cpm/ml of



the liquid fraction and 6000 cpm/gm (presumably grammes wet weight)

of solids at a suspended solids concentration of 2200 ppm.

Malina and his co-workers considered that pbliovirus which
.did not appear in the effluent ﬁas inactivated by activated sludge
solids which hafe constantly changing surfaces and are constantly ‘
oxidizing substrates. They stated in the results that the
‘actiﬁated‘sludgé sdiids exhibited a capacity permanently to
"inactivate" adsorbedlvifus_with}bdnsequent release of degraded
viral componentéf"Their results showed average reduction through
-their‘model'plaﬁt‘of 98’per cent with no differences between
rexperiments aeréted with oxygen or air. They obtained similar
results in experimen£s in a model of the contact stabilization
process. Tﬁeirtatteﬁpts to recover and assay virus-adsbrbed to :
the éoiids by.elufing the virus in a 10 per cent calf serum iﬁ
borate saline buffer at pH 9 yielded only about 1 per cent .éff
the,influent‘virus'on the mixed liquor solids. They also reported
‘noraccuﬁulation of{&irus:on thé solids dﬁring prolonged inbculation

of their model plant up'to 8 days;f>

Méiiha SE;EL; (1975)'¢onc1uded that the capacity oanéfiﬁéted 
sludge to inactivate, poliovirus was independent of organicvioading'
of the model>p1aht, retention time, suspended solids concenpratidﬁ-'
or amount of oxygen in the aerating gas. -Furthermqré,.tﬁey‘cqnqluded
ftﬁat'their‘modél of ﬁhé contact stabilization proéess (With contact
,tiﬁé:of'16 miﬁuféS)'was‘ndilesé éfficient»iﬁ’reﬁoving poiiovirus
théu tﬁeir model of'£ﬁe coﬁ?éﬁtioﬁal.activéted sludge process (with‘

contact times of 5 to 15 hours). None of their data indicated any



loss or decrease in the capacity'of sludge to inactivate virus-

upon continuous and prolonged inoculation.

Clarke and'Chéng (1975) have been the only group to report
-on the removal of enteroviruses by a bench scale rotary-tube
: trickling filter. The model they used was composed of three -
lucite fubes whose inside.sméoth surfaées were roughened to
7p¥ovid¢ a suiﬁablé surfaceyfor slime growth. The'tubes were fed~
with.domeétic sewage and rotated at 16 revolutions per minute.
Eighty five, 83 and 94 per cent of poliovirus I, echovirus 12
“and Coxsackie virus respectively were removed at medium filtration
rates (correspdnding to a.lO million gallon per day (mgd)/acre of
filter area). Lower rates of 59, 63 and 81 pér_cent‘ were reported
for pbliovifus I, eghbvirus 12 and Coxsackievirﬁé A9“(r¢spep£iVeiy)

at a high filtration rate (of 23 mgd/acre);

B. Full scale plant studies: -

Kelly and Sanderson (1959) surveyed sewage Ergatment plants
in the United States and found}thét sewage treatmént may not destroy
virus. The frequency of isoiatibﬁ.from'activated éludge influent
was greater thaﬁvfrom tﬁe éffluent, but the frequency of isolation
‘ fromAtrickling filter inflﬁent and effluent was about the ;ame. The
fréquency of virus isolétioﬁs_followed a'coﬁsistent pattern with:a’
"minimum (10 per cent 6f samples) around Februafy and Mar@h“and a,‘
maximum (80 per cenﬁ of gamplés) érpuéd,Jﬁly éﬁd Augpét;‘.This

pattern of distribution agrees with the pattern reported by Mack et al.



- (1962) who monitored an a¢tivated sludge plant by collecting dip
(grab), pad and sludge samples. All their samples (including
siudge samples) were centrifuged and oniy~the supernatant fluid
was assayed for virus. The frequencies of isolation of virué,
which those authors obsérved, were 0.3 per cent of the'dip
samples, 16.4 pér cent of the gauze pad samples_and 10.9 per cent
of .the sludge saméles. Cradual decrease in virus cqﬁtent of sewage
was observed as it was proceésed and £he highest reduction

(92-95 per cent ) was observed after chlorination.

Seasonal fluctuation in the virus content of sewage was
aléo observed by Bagdasaryan and Kaéantseva (1965). These authors
employed the gauze swab method to collect their samples, and their
findingé confirmed fh;t treatment reduces thervirﬁékconteﬁt of sewage;

no complete de-contamination, however, was obtained. -

Isherwood (1965) and Bush and Isherwood (1966) studied the
fate of Coxsackie virus 413 in a.combined'activéted151ﬁdge and
trickling filte: sewage treatment plantbby inoculating the influent
and monitoring the virus tﬁrbugh the planf. ‘Fluid from the gauze
ﬁads which ﬁefe ﬁsed to monitor thé incidéncevof virﬁé was
centrifuged and aésayed by intramuscular inoculation of mice,
Although no quantitative results for the efficiency qf the plant were
reported, they concluded, in general, that Coxsackie vi;ﬁs_Al3 "

could be detected in the effluent.

Virus reductidq in‘waste'stabiliZatioﬁfponds was Studiedvbyv
Christie (1966), who used tube cell cultures for the assays of the -

virus. He deduced that the bulk of the poliovirus was "inactivated"



on the baéis of low titres of virus in the liquid fraction. He
also reported that no virus was recovered from the sludge at
éhe bottom of the pilot stabilization pﬁnd‘(5525-1itre capacity)
but gave no details of the method for examining the sludge nor

déd’ he define what he meant by "sludge".

Malherbe and Strickland-Cholmley (1967) were apparently
the first to aésay virus in "whole sewégg" by tﬁe difeCt
inoculation of cell culturesf By whole sewage they meant influent
sewage without further settling, fiitration or centrifugation,
they did however treat it with chloroform to ieduce bacterial
contaminants. They were examining trickling filters and found
that these éffected insignificant reductions in the numbers of '
enteroviruses and reoyiruses betwéen influent’aﬁd sécéﬁdar&‘humus.i
ténks, bﬁt the éverall reduction across thé piaﬁts testéd resulted
in recovery of only low titres of virus which they did not consider
to present a public health riskf These authors also reportgd
that no poliovirus I surVived in Ringer's solution which WééA
incubated at 37°%¢ for 18 days. ' They cbncluded, someﬁhat:surprisingly,
that this Would be répreseﬁtative of thé behaviour:of_leiévirﬁs

during sludgé‘dige$tion at 37°C.

Engiénd’gg_él, (1967)’$$sessed'thé sewage treatment fagiiitiesi
at Santee, California after abéut‘60 per'cént. of the population
of 12,000 served by this treatment facility had been vaccinated;
against the‘threé.polioVirﬁsbtypes. The treatmeﬁt facility iﬁciuded

in series;"activated‘sludge tanks, oxidation pond, sand aﬁd gravel”



 filtration and finally chlorination. The activated sludge facility
effected 76-90 per cent reduction in the number of samples positive
for virus between influent and effluent, whereas virus became non-
detectable in later stages and, not surprisingly, especially after
chlorination. Further studies with known tittes of poliovirus III
seeded,into‘tne sand and gravel filtration stages led them to
conclude that activated. sludge removed yirns more efficiently than
filtrationband'eettling. In studies on other viruses, these authors
recovered adenoviruses; reoviruses; polioviruses,?Goxsackieviruaes B
andvechoviruses in raw sewage but in lower numbers after each stage

_of treatment specially activated sludge.

In a review of the virology of waste water treatment, Grabow
(1968) outlined the methods used for ﬁonitoring and isolating viruses
from waste water. 'Hevpointed out that virnees may surviﬁe waste
water treatment processes and alluded to the suitability of standards
set for bacterial indicators and the health risks involved. His
sutvey showed that virus removal by the trickling’filters was poor
and. probably inadeqnate;bwhereas activated sludge removed-viruses
much mdre efficientiy. ﬁoﬁever,rfurther work'on the quantitatiVe'
recovery of virus from all stages of the process-stili reqnired

careful study.

The efficiency. of the actiyatedysiudge precess_alene in

‘remOVai of enteric virus was studied by‘Lund,Heastronland Jantzen
(1969) Wno coileeted weekly dip samples of raw senage and effluent
frqm'a‘plant serving 40,000 inhatitants. Theirtmethod.emplOyed

direct inocnlation onto HeLa cells and they ebserved about 97 per cent

drop in titre across the plant.



‘Naparstek (1973) assessed the removal of virus in two full
scale activated sludge blants by seeding the influent with f2
coliphage as a ﬁodel of enterovirus behaviour. His results
indicated that removal ranged between‘80-90 per cent. Later, the
éame group of researchers (Sherman et al., 1975) studied the
removal of f2 coliphage in full scale tricklihg filters by seéding
the influent sewagé with abou£‘10§ pfu/ml of £2 coliphége. Their
observations shéwed reasonably consistent removal by primary
sedimentation, 32-37 per cent, . while the trickling filter beds
effected removals between 1.3-40.4 per cent with averages between
9-18.9 per cent for both'planfs. Remo&al in the secondary clarifiers
agreed>with results of removal in the primary clarifiers and |
a#eraged 28.4-30.1 per cent. Chlorination, ho&éver,.gave the highest
and most consistent»removél (inaétivation) rates réaching 85.2- |
88.6 per cent which led them to conclude that if a goal of -one
virus particle in each ten gallonswas to be échieved for recreational
waters, greater efficiency of the terminal disinfection of effluent

must be achieved.

The same group (Naparstek_gg_gl., 1976) investigated f2
removal in a 750,000 gallon'per day stepped aeration‘activated
vsludge.plant.. The background.cpunts‘of phage capable of forming
plaques on the host bacterium used (E. coli K-13) fluctuated
betweenvlo2 and 104 pfu/ml. The average removal oflvirus invtﬁeib
,successifevunits in the plant‘rangéd from-0-16.7’per ceﬁt,‘v-

average 7.5 per ceﬁt,_ for the preliminary grit units3>20.0-68.4

per cent, average 46.8 per cent, for primary sedimentation,



0-33.3 (their figures were 2mnil ;emoval values - which were

realiy hegative removals - and a third value of 33.3 per cent j;
average 11.1 per cent ) for the aeration stage, 11.8-31.0 per cent
for sand filtration (average 22.2 per cent ) and 66,0-79.2 per cent
for chlorine contaét basin (aVerage 72.d per cent ). The average
rcumuiative remo§éi acrossrthé plaﬁt was reported as éO.S per cent
v(but when calculated frqm these authorS_figurés by the_pfesent
authér the value shoﬁld have been 90.5 per tent ). Napa;stek‘ég_gl.
again stress the importanée of terminal disinfection for improved

viral quality of effluents.

Safferman and Morris (1976) investigated the fate of f2
coliphage in a multi-stage activated sludge,plaﬁt including a
~deﬁitrification stage. ~Coliphage baékéréund tifreslin'fhe primary
A effluent_(ééttled’sewage) raﬁgedufrom 5 x 1017£§ 8 X lbz'pfu/mlr
with peak values in the afternoon (16.00 hrs).. The plant was
seeded af 500 times these indigenous levels and the obséfved
reduction in the actiﬁated sludge modﬁie ranged bétWeen 89 td
98 per cent with an average of more than 95 per cent. The authors
 thus concluded that modifying the sasic activated sludge.proceés by
increasing the loading did affect the capcity of the plant to
remové virus. Similar values‘wére achieved after denitrification
(96.9'pér cent ), while nitrification effected removals between
58-78.6 per cent and filtration, removals on thevaverage were
18.2'pér.cen£ (ranging from 0-48 per cent ). ‘ThéTOQerail,iemoval

across the whole plant was at least 99.98 periéent;_"



3. Methodology and Interpretation

From the above account it is clear that the removal of virus
by the activated sludge process is superior to most other treatment
systems. A better understanding of the mechanism of removal, though,
is warranted especially as it relates to the role of suspended solids
and microorganisms found in the;ersolids. Such deficiencies in.the
state of knowledge of the removal (inactivation?) mechanisms are also

stressed by other authors (Grabow, 1968; Schwartzbrod, 1973).

The methodology of virﬁs recovery from waste water and waste
water sludges seems to be of paramount importance if an understanding
of the mechénism of removal and inactivation (if any) is to be
achievedf Cliver (1971) pointed out.the apparant inability of many
researchers in the field to.distinguish between the phenomena of
non-detection,vihactivation, adsorption or aggregation of virus.
This is a very difficult distinction to be able to make clearly
and without mixing up one with the other. Kelly, Sanderson and,v
Neidle (1961) considered non-detection to ﬁean inactivation without
attempfing to assay the virus on the solids. Clarke et al. (1961)
deduced, probably rightly, by monitoring titres of the mixed
iiquor liquid only that activated sludge removed viruses by physiqal
adsorbtion accordiqg to a Freundlich isétherm. The'establishmeﬁtb
of such a»reiationship requires a measurement of the_proportion ;
adsofbed,éspecially in the case of'viruses,when it is probable -

that they have more than one fate (Treybal, 1968).



It was only recently that more pfomising methods were

devised fbr the recovery of viruses from sewage sludges and these
“include direct inoculatiom, ultrasonic treatment and radioactive
nuclide labelling of vifuses. Direct inoculation of whole sewage
was used by Malherbe and Strickland-Chélmeley (1967),

Lund, Hestrom and Jah£2en (1969) and Buras (197 4) and indeed these
authors ;epofted'better recoveryrof virus fromrsewége. The
excellent tool of radioactive labelling of'virué was used by

Cliver (1971), Malina et al. (1974) and Malina et al. (1975), but
this method‘offers no clue as to whether the radiation detected is
from a viable, inactivated, adsorbed, monodisperée, aggregated,
virus or other material. Homogenization of the sedimented-soli&s_
offersthe a&vantage of better accuracy in-theise;ial dilution of
the suspension with finer particlés. To this'end,.workers in

the field used homogenization ('Cliver,. 1975) and ultrasonic
disintegration (Subrahananyan, 1977; and Wellings, Lewis and
Mountain,.1976),.the téchnigﬁe which improved greatly (222 per cent )the
>recovery of viable bacteria f;om activated sludge (Williams et al.,
l970§ Williams, Forster and Hughes, 1971). Combinations of;the
above ﬁethods'maykwell prove advantageous in the recheryrof.Qirus
o frbm sqlids éspecially wheﬁ.agents'facilitate elutioh or. which
‘prevénfyreadsérptipn (Bitton, 1975) a£e coup1ed with ultrasonic
disiptegrétiou and direct inoculation (Sattar énd Wéstﬁood,vl976;
‘Subrahmanyan, 1977). These methods could still be greétly improved
‘aithough re;o&ery rates as high as 95vper cent are repbrted 

(Sattar and Westwood, 1976).



Review papers by Berg (1971, 1973a, 1973b) also stressed
the need for better methods for recovery of virus from water and
wéste~water. He evaluated the activated sludge treatment process
as the most efficient with reported removal rates ranging from

70 per cent to at least 90 per cent.

Trickling filters were much more. erratic in.their capacity
ﬁo remove virus.withlﬁalues-ranging from 15-100 per ceﬁt. Berg also
$tfessed that such wide fluctuations in the recovery of'viruses
from water and waste water are the result of inherent characteristics
of the purification system and the virus in question. No practical
‘recommendations, however, were offered to improve the detectability
of‘virus in these systems. Metcalf (1971) also stressed the need
Vto unaerstand the biological parameters invﬁlved in rémoval,
inactivation and transmission of viruses in the wéter environment.
In particular he referred to the problem of detection of virus when
it finds shelter in organism (e.g. clams) or'other,constituents
(solids) in relation to the knoﬁledge of their persistence énd

the possible hazard to public health.

Thus,’the preséﬁt study ﬁasvplanﬁédrﬁo reappriase the "removal'"
or “inacﬁiﬁation" bf f2 coliphage and poliovirus I in a model
activated sludge treatment plant under defined conditions.>AThé
modeivplant, first devised by Curds and Fey (1969)5 ﬁas tﬁe,
’advantages of allowing sampling ffom all stages of aetivéted s1udge_

treatment in order to focus attention on the solids fraction of



activated sludge. The model plant also allowed control of such
parameters as suspended solids concentration, temperatures and

flow times through the aeration tanks.

The study also included batch experiments of inoculated
sewage, mixed liquor and effluent as controls on the isolated

-effects of each of the fluids mentioned on the inoculated virus.

Two methods of inoculation of the model plant were used,
namely: continuous and single inoculation. These methods would
offer opportunity to study behaviour of the viruses used under

different loadings of the activated sludge with virus.



III. MATERTALS AND METHODS

1. Activated slﬁdge treatment plant model

A. Construction:

A 1aboratofy scaie model of the activated sludge treé£ﬁent
process was constructed based upon that devised by Curds and
Fey (1969). The model plant conformed with the basic stages of
aeration and final settlingrin the activated sludge process

(Fig. 3.1).

The aeration tank was made of a one-litre Quickfit fermenter
vessel (Cat.#* FVIL) covered with a Quickfit flange lid
(Cat. #£ MAF 2/2) having five ground glass socket fittings. Both
fermenter and-lid were figtéd togéthef with a Quickfit flange
,vclipi(Cat.#Z JC100F). The aeration tank was different from the
original design in that it had a water jacket fitted on it for

temperature regulationy(Fig. 3.2).

The settling tank was a 500 ml capacity inverted conical
flask sealed,at‘the neck and fitted with three Quickfit screw.
fittings size SQ 18 along a diameter of its top surface with one
of these screw fittings at the centre. A curved side arm.with
Quickfit ground glass cone fitting (Cat.Z#* SRB size 19/26) was
fitted at the midpoint of the side of the tank andtﬁoinfing towards
the top, (Fig. 3.2, 14). The ground glass ¢one fi££iné-on;the
side arm was used in'cbnjunétion With a,Qﬁickfith-fubé with

cone and 2 threads (Cat.# MQl, cone size 19/26, screwthread size 18).

- 80 -
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Another part of the plant was a sampling device that
consisted a piece of 2.5 cm internal diameter glass tubing
(10 cm in length) fitted with a ground glass stopcock (Quickfit
Cat.#4H 1/3) at either end with a 5 cm 1ength of 8 mm internal
diameter giass tubiﬁg as inlet and outlet. A side arm tube
(8 mm ‘internal diametér glass tubing) was added to vent the
sampling device chamber near the inlet, and a hood made of a
7-cm length of 2.5 cﬁ internal diameter glass tubing was also

added over the outlet tube (fig. 3.2 (4) ).

The model plant was provided with two 2.5-litre bottles for
influent sewage and effluent. The influent reservoir was comnnected
to the aeration tank via a peristaltic pump into one of the ground
glass fittings through a Qﬁickfit cone-screwthread adapter
(Cat.#ST52/18). Air from an air pump (3 1/min.) was provided
thrﬁugh another of the groﬁnd glass cone fittings on the flange
1id via a Quickfit T-tube with.ground glass cone énd 2 screwthreads
(Cat.%éMQl). The air tube was provided with an aquarium air
diffuser that was lowered as low as possible in the aeration tank
without hindering movements of the stirrer magnet. An outlet
tube from the aeration tank was provided via a third of tﬁe
ground glass cone fittings to the top inlet on tﬁe Tefittihg on
the side arm of the settling tank. The remaining»freé'opening
of the T-fitting on the side-arm of the settliﬁg taﬁk was
connected with a tube to one of the side screw_fittings on the

‘top of the conical settling flask. A straight piece of 10 mm.



diameter glass tubing was inSertéd into the settling flask and.
its tip kept at a distance of 1.5-2 cm away from the bottom

" of the flask. This tubé was coﬁnected; via a peristaltic

pump, to the aeratibn tank'using the same ground glass fitting
through which air was introduced. A three-way valve, used to
sample return sludge, was inclﬁded in this tube at point 19

(Fig. 3.2). The sampling aevice was .connected to a fourth
ground glass fifting via‘é length of silicone rubber tubing

V(lO mm diameter) and a stfaight length of glass tubing that was

pushed to about midway down the aeration tank.

An iron wire (0.5 mm thick, 12 cm long) encased in gléss
was driven around the inner.surface of the settling tank by a
motor driven, externally located magnet at a speed of one -
revolution per minute (r.p.m.). Stirrer magnets were placed in
the aerétionitank énd in the influent sewage reservoir; and

these were driven by magnetic stirrers at 200 r.p.m.

B. Operation:

The plant wés operated aS’anAair-tight system which receives.
influent sewage and aif into the aeration tank and discharges
effluent and air into the efflueﬁt resérvoir. Thé aeratiqﬁ tank
wasvinitially fiiled Witﬁ.mixed liquor from the Guildfordlseﬁége_
works and any adjustment of the mixed'liquér sﬁépended SOlidS'
’(MLSS) concentration was‘dohé by withdrawing (through the sampling
device) or adding (through the extra port %n the aeration"taﬁk>

flange cover) an appropriate volume of mixed liquor.. Figure 3.2a



" Fig.  3.2a. The Model activated sludge plant. . -
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shows the plant in operation. The influent and effluent
"reservoirs were covered loosely with a piece of aluminium

foil each.

The movement of liquids through the plant and from one
compartment to another in the piént was either propelled by -
‘the movement of air through it or by the aid of peristaltic
pumps. Rate of sludge return was kept -constant at 60 ml/hr.
throughout, whereas influent sewage rate of flow was regulatéd
to give different flow-through times of 12.5, 10.0 and 5.4 hours
as required. Flow-through times across the plant were taken as
the times required for one litre of influent sewage to be
collected as“efflueht. The level of‘the mixedbliéuor outlet
tube in the aeration tank was adjusted to maintain the volume
of mixed liquor at exactly ome litre. Samplervstopcocks were

normally kept closed.

The témperatureAdf the aeration tank was regulated by
connecting the water-jacketito.a Grant fhermocirculator unit
with rubber tubing and filling’the jacket and the thermocirculator
unit with distilled water (with 10% v/v industrial methylated

spirit (IMS) as anti-freeze).

The plant>was provided‘with raw settled sewage and mixed
liquox collected from the Guildford sewage treatment plant. Raw
settled sewagevwas used>in'all_expérimentsion the mpdél plant

unless otherwise indicated.



- W

2. Collection of settled sewage, mixed liquor and efflgnt

Field samples of settled sewage (henceforth referred toA
as sewage), mixed 1iqﬁor for use in running the model plant
and to perform other ‘batch | experiments; together with
activatgd sludge efflueﬁt for use in batch exéeriments were

collected from the Guildford sewage treatment plant (fig._3.3);

The Guildford sewage treatment plant at present employs
botﬁ activated sludge and percolating filter érocesses for
sewage treatment. It is designed to function for a population
of 89,000 and the present population is about 77,500 (1973
estimate). The dry weather flow into the plant is 3 million '
gailons per day (mgd), and the retention time in the activated
sludge aeration tank is 9.6 hours undér these conditions. The
plant was designed to meet the Thames River Authority .effluent
standard of 20 mg/l suspended solids and 15 mg/l Boﬁs.

Sewage was collected in 2.5-1litre bottles aé grab samples
after the pfimary séttling tanks (fig. 3.3,‘point A) and
immediatély taken to these labbratofiés where it was either used
immediately or was stored at 4°C to be used within 48 hours.
Filtered sewage samples were prepared by passing them through

Whatman GF/C glass fibre filters.

- Mixed liquor samples were also collected from the Guildford
works (fig. 3.3, point B) as grab samples, usually in l-litre

bottles. The samples were immediately used in the laboratory
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either in the model plant aeration tank or as material for

batch  experiments.

When required, effluent samples were also collected as
grab samples (fig. 3.3, point C), usually in 1l-litre bottles.

These samples were used immediately.

3. Performance of the Model Plant

The performance of the model plant was monitored twice a
week by characterising both the effluent and influent with

respect to its BODS, ammonia, nitrate and suspended solids.

A, Determination of biochemical oxygen-demand:
Assay.of the 5-day biochemical oxygén demand of sewége'and .
effluent samples required the following reagents (Department of

the Environment, 1972):

I. Dilution water nutrients:

a) Ferric chloride solﬁtion (Analar, 0.0005 M’
b) " Calcium chloride solution (Analar, 0.25 M)
c) Magnesium sulphate solution‘ (Analar,‘O.l M)
d) Phosphate buffer stock solution pH 7;2: KH,PO,
(Analar) 0.45 M, NaOH (Fisons) ‘0.22 M, diséo_lvedfin.: 0.7 x
the final volﬁme and the pH was adjusted:toi7.2;f>Eﬁouéh'-~
ammoniﬁm sulphate (Analar) was added‘tb makélthé fin;ilr

solution 0.015 M in (NH4)2804..



II. Manganous sulphate solution (2.1 M MnSO4 (BDH);

dissolved in water and filtered if necessary).

III. Alkaline iodide solution: enough NaOH (Fisons) to
make1t£N solution was'dissolvéd in % the final'volume'fo
which was added enough Nal (BDH) to make the final solution’
6 M in NaI. The mixture was kept hot (at léast 70°C) until
~all NaI was dissplved, which was then made up to the final

volume after cooling to room temperature.

Iv. Sulphuric acid: H

250, (Analar) 50% v/v in distilled

water was prepared.

V. Standard sodium thiosulphate: N/80 Na28203.5H20.(HBL)'

solution was prepared.

Sewage_samplés usually required dilution up to 50 times with
dilution water prepared from one litre of aerated distilled water
with 1 ml of each of the dilution water nutrients mentioned abqﬁe
(effluent samples did not normally need dilution). Two 250-ml
glass stoppered_bottles were filled to overflowing with the sample
of effiuent'(or diluted ééwége) and left to settle down for at
leasf two minutes and then were tapped»with the glass stopper tolﬂ
allow any trapped small air bubbles to escape. The bottles wefé;v'
numbered 1 and 2, and bottle 1 was stéppered firmly to avoid'.-'
further aeration.- Bottle 2 was stoppefed and then uns£pppérééAtoA
make space for‘l ml of alkaline iodide and 1 ml oflmaﬁgansué_suiphate,

and both bottles were incubated at 20°C in the dark for fivéidays;



A series of reactions would take place (in bottle 2) involving
the production of a brownish precipitate of manganic hydroxide

"~ equivalent to the amount of oxygen present in solution as follows:

MFSO4 o+ 2NaOH - Mn(OH)2 + Na2S04

white ppt.

Mn(OH), + 0,  ———— 2Mn O(OH ),
Dissolved brown ppt.
in sample

At the end of 5 dayé, both bottles were acidified with 2 ml

of 50% H,S0,;

the iodine from KI in an amount equivalent to*the_oxygen present,

this dissolves the brown precipitate and liberates

and the difference between the two bottles gives the amount of

oxygen consumed by microorganisms. The reactions are as follows:

—’ )
— Mh(SQQ>2 ‘ + 3H,0

MnO(OH )p+  2H,SO )

4

—_—
Mn(804)2 + 2KI M‘nSO4 + KZSO4 + 12

A.suitable aliquot (25-200 ml) from each bottle was
ééparately titrﬁted against N/80 (0.0l25 N) thiosulphate unfil the
‘Eoléur changes from honey to stfaw colour. At this point,Z'drops
of starch indicator were added and titration continued tofé

colourless endpoint.

'AOxygen content of each of the two bottles at day 54was_’ '

calculated using the formula (Goltérman, 1971):V_7;A



vol. ofrﬁhigsulphate (ml) x N x 8 x 1000
Volume titrated (ml)

0, (mg/l) =

(where N is the normality of thiosulphate). The difference

’

between the O2 concentration of the two bottles was taken as the

BOD5 of the sample after accounting for dilution factors if any.

B. Determination of Ammoniaf

. Ammonia was determined by a direct Neéslerisation procedure
(The British Drug Houses, undated (a) ). An appropriate (1-5 ml)
sample of sewage or effluent was filtered through a Whatman
number 1 fluted filter paper and place& in a 50 ml Nessler's
cylinder and the volume made up to 50 ml with distilled deionized
water. Two millilitres of Nessler's reagent (BDH) were added aﬁd_:
the contents thoroughly mixed. =~ A blank cylihder was prepared
similarly with distilléd deionized water and Nessler's reagent.
Both cylinders were read by compéring colours atv5 minutes using
BDH Nessleriser and apprépriaté colour discs, (BDH's NAA, NAB,
NAC discs). The amount of ammonia was read directly on the
matching colour diéc as parts per million for each millilitre
used in the sample with prépéf"cohéideration for initial ailution

(i.e. NH3 ppm = § reading x No. of ml used x dilutioﬁ).

C. Determination of nitrates Nitrogen:

Nitrates nitrogen in influent settled sewage and in effluent
samples were assayed by direct Nesslerisation employing the-pheﬁol

disulphonic acid method (The British Drug Houses Ltd., undated (b) ).



The method required the following reagents:

1. Phenoldisulphonic acid reagent (BDH).
2. Ammonia solution (BDH)Alo‘Z,-NH3 wiw.
3. Glacial acetic acid (BDH).

4. Silver sulphate (Analar).

The'sample‘(lo mi) fo be analysed was treated with 1 ml
glacial acetic acid and 0.1 gm.silver sulphate, mixed and left
to stand fér 10 minutes after which it was filtered through a
Whatman No. 32 filter paper. After chlorides wére removed by that
preliminary treatment, a 1l-ml aliquot was dried in a porcélain
evaporating dish by placing it in a shallqw'bpiling,water,bath..
The residue was then cooled and dissolved in 1eml'pﬁenoidisulph6nic
acid and the liquid transferred with 30-ml distiiled'waterrinto a
50 ml Neésleriser cylinder., Ten millilitres of ammonia solution
were then added into the cylinder, the contents were mixed and
cooled and.their volume made up to the 50-ml mgrk. A blank was
prepared similarly using distilled water as the initial sample.
Nitrate nitrogen (in parts per million) was read directly on the
matching colour disc (BDH,‘NHP disc) in a Nessleriser. Dilution
and amount of sample used were accounted for as follows:

Nitrate (N) ppm = J reading x No. of ml used x dilution factor).

"D. . Determination of suspended solids:

Suspended solids were determined,by'filfering a suitable

- sample (50 ml for mixed liquor, 100-200 ml for settled sewage and



effluent) through a dry, pre-weighed, 4.7 cm diameter Whatman
GF/C filter paper. The filter paper, with tﬁe solids, was then
dried at 105°C in a drying oven for one hour and cooled in a
desiccator and weighed; The difference between the final and
the initial weights was taken as the weightAof the suspended
solids in the sample and the quantity ééﬁtained_in one»litre of
the sample_in milligramsvwas éxpressed as parts per million-

(ppm), (Department of the Environment, 1972).

4, Inoculation of the model plant

Two types'of experiments, single dose and continuous
inoculation, were performed on the model plant. The former
method of inoculation was done by the introduction ofrenough
suspension into the éeration tank to give an épproximafe titre of
lO5 plaque forming units (pfu/ml) in the mixed liquor. The other
'_methodbofrinoculation involved-inoculatiﬁg the influent sewage with
enough virus suspension tb give a titre of about lOSIpfu/ml, and
by repeating this operation daily when the influent reservoir was
changed in orderito ﬁaintain this inflﬁént titre for a number of
days. Inoculafion was stopped by supplying the plant ﬁitb.

uninoculated sewage.

5.  Sampling from the model plant

Samples. of influeﬁt sewage, mixed liquor, returnf31udge and
effluent were taken from the model plant for virus aséay in the

. following ways:



I. Influent sewage samples were taken by pipetting

5 ml from the influent reservoir directly.

II. Mixed liquor samples were obtained from. the
aeration tank by opening the top sampling device stop-
cock and constricting the mixed.liquor outiet from the
 aeration tank (éf,point 18 fig. 3.2). The increased
air pressure in tﬁe aer;tion ténk filled thé sampling
device chamber and when about 20 ml was collected, the
constriction ( at point 18) was released and the
sampling device top stopcock closed. The mixed liquor
volume wasvthen emptied into a 20-ml bottle by opening
the bottom stopcock. Five ﬁillilitres were pipetted from -
that bottle into a_numbered bijou Bottie aﬁd'the -
remaining contents of the universal bottle refurnéd to
the aeration tank via a spare port in the flange lid.
The numbered bijou bottle contents were kebﬁ for virus

assay.

Samples of mixed liquor to be used for determination o
of suspended solids were also taken via the sampler as

A»described above.

III.k Samples of return sludge were obtained from-thg'- 
3-way valve at point 19 (fig. 3.2) by thé folloﬁingAﬁethod_
whicﬁ ensured selection of a'represgntétiVé specimen. |

A five millitre capacity syringe was fil1edeonée with the
return sludge and emptied into a 20 ml bottle to be retufned

to the aeration tank later. The syringe was filled again



to the five millilitre mark and this sample was retained

in a bijou bottle for testing.

IV. Effluent samples (5 ml) were collected directly
from the effluent tube as it emptied into the effluent

reservoir (fig. 3.2).

6. . Inoculation and Sampling of volumes of water, sewage and

mixed liquor

Known volumes of distilled de-=ionized water, sewage, mixed
liquor and 10% mixed liquor (prepared as 9 + 1 volumes of MLL and
ML respegtively) were inoculated with known volumes of virus
preparation. After thorough mixing, the liquidbwaé sampled at
intervals usually over a 24 hour beriod. The volﬁmes were
thoroughly mi#ed by swirling occasionally between times of sampling
and especially prior to sampling.! Samples were stored and assayed
for the appropriate virus using the apptopriate method for the

fluid concerned.

7. Treatment of the samples

Samples from experiments with f2 coliphage were treated in

a different way to those containing poliovirus I.

‘A, Samples from experiments with f2 coliphage:

All samples containing f2 coliphage were shaken with 0.5 ml

of chloroform (BDH) for thirty seconds and were stored in the



refrigerator at 4°c. Samples of influent settled sewage and

effluent did not recelve any further treatment until assayed.

Mixed liquor samples were further treated by bubbling
nitrogen gas through them to evaporate all chloroform. Later
they were centrifﬁged at 1500 x g for 10 minutes af 20°C and
the supernatent liquid fraction decaﬁted into a bijou bottle
and labelled as a mixed liquor liquid (ﬁLL) sample. The solids
fraction was resuspended up to a final volume of 5 ml with
dilution fluid into which 10% v/v newborne calf serum (Flow)
was ‘incorporated. The resuspended solids were subjected to
ultrasoﬁic disintegration for one minute using an exponential
probe (pt. No. 34041) in an MSE 150 watt»ﬁltrasoﬁig disintegrator
for one;minute at ZQC at.a peak totpéakvamplitﬁdéiof l3uk(giﬁing
an effective amplitude of 91p since the probe usedlhas a trans-
formation ratio of 7:1). All ultrasonic treatment was similar

to this except where otherwise indicated.

After the ultrasonic treatment, samples were again stored
at 4°C until assayed., All samples with f2 coliphage were assayed

within 48 hours of sampling.

B. Samples from experiments with Poliovirus I:

All samples containing poliovirus I were stored at -28°C
until assayed. Mixed liquor and return sludge samples, however,
were centrifuged at 1500 x g and the supermatant liquid fraction

decanted into bijoux bottles, labelled and then'étoredAat -28°c



until assayed. The pelleted solids were resuspended up to

5 ml in 10% newborne calf serum (Floy Labs.) in diluent, aﬁd
subjected to ultrasonic disintegratién under exactly the

same conditiqns described for f2 coliphage. The solids fractions,
after this treatment, were stored at -28°C until assayed.. No

time limit ﬁas.set before assay.

8. ° Tissue culture media

A, Growth medium:’

Tissue culture growth medium had the following constituents
in sterile distilled, de-ionized water:

10X . .

Medium 195\(Wellcome Labs. Ltd.) | 10.0% v/v
Foetal calf Serum (Flow Labs.) _ | 5.6% | "
Bicarbonate bﬁffer (Wellcome Labs. Ltd.)  2.5% "
Penicillin (Crystapen, Glaxo) : 200 ﬁnits/ml_
Streptomygin (Glaxo) v v 100 pg/ml

B, Maintenance medium:

Tissue culture maintenance'medium contained the following
constituents in sterile distilled, de-ionized water:

Medium 19¢(Wellcomelabs. Ltd.) lO.Q%,~}v‘v/v

Foetél éalf Serum (Flow Labs.) | A _ ‘2,5% ;-b "

* Bicarbonate buffer (Wellcome Labs. Ltd,)x ‘5.0% i " _A
Pénicillin (Crygtapen, Glaxo) - 200 kunits/ml
Streptomycin (Glaxo) . '106 pg/ml



C. Diluent: The diluent had the same constituents

as maintenance medium without the serum.

D. Agar overlay medium:

Two solutions, A and B were prgpared'fbr the agar overlay -
medium.and both solutions wefe used in-equal Qolumgs.v Solution
_A was a double strength maintenance medium containing 0.00047%
neutral red (GIG stains and reagents) and Amphotericin B(Flow
Labs.) at a final concentration of 2.5ug/ml, and solution B was
a 1.6% solution of Difco purified agar.. Solution B was auto-
claved (151b./in2'for 15 minutes), cooled to about 50°C and held
at 43°C in a water bath. Solution A was warmed to 43°C and then

added to solution B and the mixture was held at 43°C until used.

E. Phosphate buffer saline:

To prepare a litre of phosphate buffer saline at pH 7.3, the

following solutions were required:

Solution A

Sodium chloride (Analar) - 8.0 grams
Potassium chloride (Analar) 0.2 "
Disodium hydrogen Phosphate (NaZHPO4, BDH) 1.15 gm

Potassium dihydrogen phosphate (KH2P04, 'BDH)  0.20 gm

Distilled de-ionized water 800 ml



Solution B
Calcium chloride (BDH) 0.1 gm

Magnesium chloride (BDH) (MgcC1 .6H20) 0.1 gm

2
Distilled de-ionized water ’ 200 ml
After dissolving the salts, the solutions were autoclaved
(A atlﬁ:lb./inzfor 15 minutes and B atl‘Olb/in2 for 20 minutes).
'Whén cool, the two solutions were mixed and dispensed aseptically‘

into 100 ml bottles and stored at 4°C-until used.

F. Versene - trypsin solution:

An ampoule of freeze dried trypsin (Wellcome Reagents Ltd.)
was reconstituted with 10 ml sterile de-ionized water to give a

5% w/v solution.which was stored frozen (-28°C) in 1 ml amounts..

The versene - trypsin solution was prépared by adding 1 ml
of 5% trypsin to a bottle containing 100 ml of 1:5000 Versene

-(Wellcome Reagents Ltd.)

9. Bacterial culture media ,

The following media were used to grow the bacterial host

Escherichia coli. K., Hfr and to assay f2 coliphage (Poynter épd

12
Slade, 1977).

A, - Tryptose soya broth (TSB,'Oxoid): A 3% ﬁ/v solution »
of TSB was prepared and autoclaved atl15 lb/iﬁzﬂfor'15 minutes..

It was then stored at room temperature (22°C) until used.



B. Lawn Agat: The following constituents were used .

in the preparatibn of the lawn agar:

Bacto tryptone (Difco) 1.0 - wlv
Yeast Extract (Difco) 0.5% "
Sodium Chloride (Analar)  0.5% "

Glucose (BDH) 0.1% "o

All were dissolved in distilled de-ionized water and the pH
adjusted to 7.2 with 1 N NaOH. Agar (Davis) was later added at
a concentration of 1.0% w/v and the mixture autoclaved at
-151b/in2 for 15 minutes. When the medium was cooled down to 45°C,
CaCl, and MgSO |

2 4
0.0025 M (actually done by adding aseptically 5 ml of a 0.5 M

were each incorporated at a final concentration of

sterile stock solution of the CaCl2 and MgSOA). The medium was
then distributed in 15 ml volumes into 90 mm petri dishes which

were stored at 4°C until used.

C. Soft agar: The soft agar ﬁsed in the overléy method
' was prepared accordiﬁg to Douglas (1975) with the following

constituents in distilled de-ionized water:

Agar (Davis) 0.65% . w/v
Nutrient Broth (Difco) 0.80% "

Sodium chloride (Analar) 0.50% - "

The agar was autoclaved atlS'ib/in2 for LS‘minutesrand
distributed aseptically into 100 ml bottles which were stqred at

4°C until used.



D. Dilution fluid: The coliphage diiution fluid

was prepared according to Poynter and Slade (1977) with the

following constituents in distilled de-ionized water:

Sodium Chloride (Analar) . 0.03% w/v
Peptone (Difco) = 0.10% . "
' Magnesium Sulphate (GPR) 0.0005 M

Tris (Hydroxy methyl) methylamine (pH 7.8) BDH 0.01 M

The solution was autoclaved and stored in 100 ml volumes

at 4OC until used.

10. Tissue Culture

Stock cultures of Vero cells (African green monkey,

Cercopithecus aethiops, kidney cells - MacFarlane and Sommerville,

1969) were growh in 20-o0z glass medical flat bottles, in 40 ml of
growth medium. At 3 days, when the celi layer was confluent,

each bottle was'drained of tﬁe growth medium and washed with ten
millilitres of PBS (pre-warmed to 37°C) which was drained off_aﬁd
replacedVWith 40 ml of maintenance medium. At seven days,-#ﬁe'.
cultures were drained of the maintenance medium ana the‘ceil-layer
was washed with 10ml of warm PBS. The PBS was drained off and
10ml of vetsgne-trypéin Solutién was added.. The bottle was

rocked gen;ly to emnsure complefe céhtact of»theIVerseneftrypsin
with the ce}l layer and about half df’it was_fhgn pouréd off and

discarded. After further imncubation 4at 37°¢C for about 5



minutes the cell layer was stripped. The cell snspension from
all bottles was renoved and added to growth medium and the
number of cells enumerated in a haemocytometer. The final
volume of the cell suspension was adjusted to give at least

5 x 104 cells/ml'es,a seeding level (this was usually.4 x tﬁé:
original yolune)f 'This cell suspension was used to grthmore
stook cultures in 20-oz bottles and to prepare cultures in 2'02
bottles for the plaque tests. The 2-0z bottles were seeded with
7.5 millilitres of cell suspension and became confiuent at 3-4

days, when they were ready for use.

The cell culture was maintained in this manner for about
six months When new deep-frozen, cell suspension was takenvfrom
liquid nitrogen, thawed and used as a younger seed to propagate
the cell line. This ensured that the cell line was always within
6 months old from the starting stocks which were obtained from
Dr. J. é. Slade of the Metropolitan Water Board Scientific

Services Laboratories.

’ The deeo ftoéen cell suspensions were prepared.By centrifuging
the versene—ttYpsin cell suspension>for 5 minutes at 306 Xg and.u
decanting the versene-tryp31n. The cells were resuspended in- »
growth medlum containing 7.5% v/v dlmethyl sulfox1de (BDH Analar)
at a cell concentration of at least 4 x 105 cells/ml : ThlS cell
suspen31on was distributed in 0.5ml volumes 1nto glase ampoules

that were sealed, and placed in a polystyrene contalnergat'4 C



for about 4 hours. Afterwards, the polystyrene container with
the ampoules was placed at the top of the liquid nitrogen
container to ensure gradual cooling down before storing in

the liquid nitrogen at -196°C.

When the deep frézen amppules were used to propagate the
cell line, they were removed_from liquid nitrogen and immersed
in a water bath étA37°¢ for rapid thawing. The ampoule was then
broken and the cell suspension added to 15m1 érowth medium that
was placed in two 2-o0z bottles,and-incubated‘for 3 hours when
the cells were observed under the microscope to have attached to
the gléss‘surface. The medium was then poured off and replaced
with frésh growth medium. . These;cells wére‘propagated in‘the

same way as described above when they became confluent.

‘11. Baéterial Cultures

Escherichia coli (KlZHfr) obtained from Dr. J. S. Slade of

the Metropolitan Water Board, Scientific Services Laboratories,

was gréwn in 3% tiyptose soya broth (TSB) at 37°CAtq a multi-
plicity of about 108 cells/ml. Stock slant guitures.wére grbwﬁ

on nutrient agar (2.8% w/v oxoid nuﬁpienf agar aqtoclaved af-
15.lb/in2 for 15 minutes) at~37°C uﬁﬁil visible grbwth'was observed.'

Replicate slants were stored at~4°C'unti1_needed.“



Working cultures of E.  coli K szr were grown overnight

1
by inoculating a 15-20 ml volume of 3% TSB with a loop of
E. coli Klefr from a nutrient égar slant. The working culture

was stored at 4°C.

12

Daily working cultures of E.coli K
overnight by imoculating 15-20 ml of 3% TSB with 0.5 ml of the

Hfr were grown

'Wofking culture and‘incubafing at 37°C. These culturéS'Were'A]

discarded after use and within 24 hours.

12. Viruses

A. Poliovirus I:

Stocks of’quiovirus typeLI,vLS-c,‘Zab obtaineé from
Dr. J. S. Slade of fhe Metropolitan ﬁaterABOard Scientific
Services Laboratories were prepared in vero cells. Confluent
(3-day) vero §e11 mqnolaYers in 26-oz medical flat bottles
were drained and ﬁashed with warm (37°C) PBSAand were inoculated
with 1 ml of a virus suspension at about 106 plaque forming units
v(Pfu/ml). fhe bottlesvwere returned to 37°C for virus adsbfption.
After 30 minutes thé bottles here drained of tﬁe inotﬁlum(énd
40 mls maintenance medium was added to each andvtheAbotfléé‘returned
to 37°%C. Control, ﬁnindculated, similarly treatéd; botiléé were

included.

‘The cell monolayers were observed daily for e?ideﬁ?e of
cytopathogenic effects (CPE), and when all cells showed_QPE}the
virus was harvested by three cycles of freeziﬁg and thawing

(-28°C to +20°C) and pooling the infective fluid. The virus
P g



preparation was'further clarified by dividing the pooled fluid
‘into 8 ml volumes in sterile universai bottles and shaking each
with an eéual volume of 1, 1, 2-triéhlorotrifluorethane (axcton).
The mixture was subjécted to ultrasonic disintegration using an
‘MSE 1562watt ulfrésonic disintegrator at 13p probe tip amplitude
at 2°¢ using an exponential probe (ﬁt. No. 34041, end diameter
1/8th‘of:an inch, having a tfansférmafion ratio of 7:1 resulting
with an,effectivé amplitude of 91p). The mixture was cenfrifuged
at 3000 xg for ten minutes and the upper aqueous layer containing
the virus preparation was decanted into another sterile universal
bottle. The arcton extraction and ultrasonic treatment were
.repeated twice again. The clarifigd'virus suspension from each
universal bottle Waékpooled, ﬁixed thoroughly, and distribu;ed
aseéticaliy into sterile bijoux bottles in 2ml volumes and §tored
at -28°C. For all experiments with poliovirus the fluid from a
thawed bijou bottle was used as the inoculum. Once a Bijou bottle
was opened to take an inoculum, it was kept for assay after which

it was discarded.

B. . f2 Coliphage:’

The £2 coliphage*ﬁas obtained from Dr, J. S. Slade of the
Metfopolitan Water BoardrScientific Services and stock culture were
prepared in the following‘way. Fifty millilitres of 3% TSB:werev
.placed in a sterile, éotton plugged 125nmlcapacity erienmeyei flask

and- inoculated with Iml of a working culture of E. coiiAKlefr.



The inoculated medium was vigorously aerafed,in a shaking water
bath at 37°C until a cell count of 2 x 108 cells/mi was obtained.
Enough f2-coliphage suspénsion was added to.achieve an inoculation
ratio of 5 coliphagé‘particles to the bécterial cell. Incubation
was resumed with aefation for about 3 hours when the medium cleared
indicating a good degree of lysis of bacterial cells. Iﬁcﬁbation
was theﬁ stbéped and 5 ml chloréform'was added and mixéd by
swirling the flask. The‘mixturefwas-then distributed eQuallyvinto
4 univeréal bottles and centrifﬁged at,400vxg for ten minuteg.

The pooied supernatant aqueous fraction ‘that contained the coliphage
was stored at 4°C over 5 ml chloroform. Inocula were taken

aseptically from this pool.

13. Virus'AssaX

A. Poliovirus microtitre assay method:

Vero cell suspension, at a cell counf-of 105 cells/ml, weré
prepared in maintenance medium containing Amphotericin B (Flow
Laboratories) at a fiﬁal coﬁcentration of 2.5pg/ml and'doublé the
normal»concehtration of newborne calf serum. Using a standafd
dropper (40 drops/ml, Flow Labbratories), 0.05 ml of ﬁhe éeli
suspension waS»added to each well of a Linbfovmicrétitre'platé;
(Flow Laborétories).' Ten-fold serial dilution of virus ﬁéfé,,"
preparéd by cérrying over 0.3 ml in a Series §f{bij6ﬁ bdttlgs
" containing 2.7 ml diluent) of either the éxﬁéfiﬁéﬁ#élréamplé or

control poliovirus I'suspénsion. Using a standard dfopper



(40 drops/ml, Flow Laboratories) * Ql'mlof each dilution was
added to the cellfseedeé'wells. Eight replicas were prepared
from each virus dilution. Virus controls and blanks were
prepared in the same way, énd ﬁhe plates were covered with

sellotape and incubated at 37°C.

The microtitre wells were observed under the microscope
for CPE which was taken as evidence for presence of virus in
the sample. Titres were calculated using the Reed and Muench

equation and expressed as TCIDSO/ml.

B. Poliovirus plaque assay method:

Confluent vero cell monolayers‘in 2-0z bottles were drained
of fheif mediuﬁ, washed With PBS (37°C) and inoculated with 0.5ml
of a tén-fold seri;l dilution §f poliovirus I (or experimental
éample). The Qirus sample was allowed to adsorb to the celis for
30 minutes at 22°C after which 7.5ml agar overlay medium’ at 43°C
was - added into the bottle by pouring it onto the side WithAno

cell layer and then allowing the agar to flow j;and set on the cells

as it cooled.

"The bottles were incubated inverted at 37°C in the dark
and observed for plaque formation daily, and the total plaqués
céuntéd and recorded at 3 days of incubétion. Control virus and
blank bottles were similarly tfeated and included in all assays

performed.



Titres were calculated from plaque counts by averaging
duﬁlicate counts and accounting for dilution factors and

inoculum sizes.

C. £2 coliphage plaque assay:

Coliphage inocula were taken from ﬁen-fold serial dilutibns
Aprepared by‘carrying'over 0.5ml intd sﬁccessi#e tubes containingA
4;5m1 dilution fluid. To 0.5ml of each dilutibn, 0.1ml E. coli
culture at 108 cells/ml was added and the mixture added to a tube
containing 2.5ml of molten soft agar at 43°C. The contents of
the tube were thoroughly mixed for 10 seconds using a Voftex
mixer and immediately poured over an agar plate that héd been
pre-warmed to 37°c. ~The’plates'hére left.at,ropﬁ témpefaturé
ﬁo set, andeereAincubated overnight in an inverted poéition at

37%.

_ Plaque counts were made after incubation for at least six
hours (overnight) and titres calculated by averaging duplicate
counts, accounting for dilution factors and inoculum size, and

the titres expressed as Pfu/ml.

14, Statistical methods:

The statistical methods used were as follows (Loveday, 1975):

- Mean (x) and Standard deviation(s) of a set of observatioms,

x = Zx , s =’E(x->-<)2
n n-1



where =X is the sum of the values, X is each individual

value, n is number of values.

- Significance of the difference between two means (t-teét),

; - 2 2
t = 1 T %2 , where s, , = (n)-1)s;" + (ny-L)s,
H

S I +1 R _ oyt - 2
n n » _ :

where il and iz are the means of the first and second

measurements, sq and s, their standard deviations and n,

and‘n2 the number of observations in each.

$1.9 is the combined standard deviation for the two means.
2 : -

t is the computed test value.

- Confidence limits of the mean,

(symbols are as above), 
- Coefficient of regression (slope).

C.Ro = A ni}gf - zxa
nex? - (Ex)¢4

X and Y are the coordinates of each observation.

. Other symbolsvas above.



- . Standard error of the mean

- Coefficient of variation

C.V. = %

X1l o



Iv. RESULTS

1. Performance of the model plant:

The performance of the‘model plant with respect to its
capacity to remove suspended solids, BOD5 and ammonia is
summarized in table 4.1‘€é;h) for éacﬁ set of bperating
chhditions. On the-éyerage, the plant was capablerof femoving
- 93.6 per cent of the influént suspended ‘solids, 9.4 per cent

of the influent BOD. and at least 88.7 per cent of the influent

5

ammonia (table 4.2).

The bH of sewage, mixed liquor and effluent from the
Guildford plant, as well as those from the model plant was

‘consistently between 6.8-7.5.

The performance of the model plant pérelleled the
performance of the Guildford sewage treatment plant as
summarized in table 4.3, and was‘well Within the Thames Ri§e?,“
Authority treatment standards of 20 mg/l suspended solids and

15 mg/1 BOD

5 in the effluent.

2. Recovery of. f2 ColiphagE'from inoculated water,’sewage,

and mixed liquor

The behaviburv(or fate) of £2 coliphage in iﬁpculéted
sewage and mixed liquorAWas>s£ﬁdied bybmegsufing reéovéfy of :

the ihbéuiétéd fousuaily over 24 hours. LThé,use‘Of'samples of

- 113 -
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serially diluted whole sewagé,‘mixed_liquor and effluent as
inocula for virus titration had no adverse effects on the

formation, size or shape of £2 plaques.

A. Recovery of f2 cbliphage from water:

The recovery of f2 coliphage, and its survival in distilled,

deionized water at pH 7.0 at 23°C was meaSﬁfed over‘éé hours.
o The inoculated wate:'was mixed well prior to each sampling and

" also betweén sampling times. Tﬁe total recovery was as high as
43.65 per cenﬁ at time zero (Fig. 4.1 and table 4.4) and
declined down to 18.62 per cent after 24 hours. -It must be
stressed at this point, and for all experiments, that zero-time
sampling was done immediately after inoculation after complete

- mixing was insured.

To avoid ambiguity, figures are reported as calculated:
to two decimal places and not rounded off to the nearest whole

unit, although their absolute significance is doubtful.

Another experiment represented in Figures 4.2 gnd table
4.5 was done to recover f2 cpliphage;frqm water_(distilled and
deionized) at pH 4y 7 andv97A The‘fecbvery at Zero time‘from
ﬁaﬁer at pH 7 was 54.95 per cent , at pH 9 was 19wer at 16.59
pef cent , whereas at pH 4 it‘was much less at 0.44 per cent.
Later recoveries declined moderately at pH‘7, sharply atva 91
and was increased to a peak.of 25.12 per cent vénd.finally'td
14.13 per cent at pH 4 as showﬁ by thé'reéfessioﬁ coéff{ciéhts
of +0.12 for pH 4,'-1,78 for pﬁA?~aﬁd ¥3.68 for pH 9; Thé pH
VariatiOn pbseryed at'24‘hburs iﬁ_the thteesliquids were from

4.0 to 5.8, from 7.0 to 7.4 and from 9.0 to 7.5:
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B. Recovery-of £2 coliphage from sewage:

The recovery of inoculated f£2 from sewége over 24 hours is
represented graphically in figure 4.3 and in table 4.6.
Of the calculated initial titre of 6.38 loé10 pfuﬁnl, only
73.51 per cent was recovered at zerovtime. The titres peaked
at around 5 hours. after inoculation giving a recovery of .-
87.06 per cent that of'the calculated inoculum. At 24 héurs
“the recove:ywaé as iow'as 18.62 per cent thus giving aﬁ overall
Vrégression coefficient of -2.55 thus indicating almost the same
decliﬁe'rate in comparison to the decline of the background phage

in the uninoculated control sample (regression coefficient -2.88).

~ A sample of uninoculated sewage was monitored for virus
capable of producing plaques on E. coli~K12Hff to”estimate the
background titres of naturélly existing phage particles (which

replicate on E. coli K, Hfr) in sewage. The initial titre was

12
3.63 loglopfu/ml which declined steadily to 3.05 log10pfu[nﬂ(26 per

cent of initial titre) at 24 hours (Fig. 43. and Table 4.6).

~ The background count of naturally existing phage was, in
this‘case,,O;OOZ per cent of the inoculum and no evidénce of

substantially increased titre was detected in any experiment.

In another experiment aimed at measuring inoculated f2 '
recovery from natural and pasteurlzed sewage (30 mlnutes at
‘ 60 C) the pattern of recovery of £f2 in pasteurlzed sewage was

very similar to that in natural (Fig. 4. 4, Table 4 7) w1th an
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initial recovery at zero time of 93.31 per cent and 117 per cént

for pasteurized and natural sewage respectively. A peak titre

w;s also observed here at 5 hﬁurs with recoveries of 129.00 per cent and
117.00 per cent from pasteuriged and natural sewage respectively.

Tﬁe recovered titre at 24 hours was 22.92 per cent and 24.50 per

cent of the inoéﬁlum for pasteurized aﬁd naturgl sewage ‘
respectively;,.The decline slopes were very ;lose being -4.04 for

pasteurized and -4;34 for natural sewage.

C. Recovery of f2 coliphage from sewage - statistical analysis:

The reproducibility of f2 recovery from sewage was tested
in an experiﬁent summarized in table 4'8', Twenty replicate samples
of inoﬁﬁlated sewage taken at zero time'wére éés;yed'gnd gave‘an
‘average recovery of 41.06 per cent with 95 pericéﬁt confidénce.limits
from 28.62 per cent to53.50 per cent. This would result with the
rejéction of the vaiues_indicated (70 per cent_of‘the determinations),

had rejection been employed.

_To evaluate £2 recovery from sewage in relation to £2 |

recovery from the virus stock itself, ten replicate samples of a

10-4 dilution of £2 stock (approximate titre 108pfu/ml) were

-assayed (Table 4.9)." The avefage recovery was 99.11 per cent with
‘confidence limits (at 95 per cent level) of 86.03 - 112.19 per cent. Only
four values fell outside this range and would be rejected had

. réje;tion been employed.



The récovery of £2 from inoculated sewagé and fiitered
sewage from ten réplicate samples taken at zero time and 4
h;urs is summarized in table 4.10. The f2 recoveries at zero
time in both sewage and filtered sewage were similar
(47.30 per cent and 45.77 per cent respectively) and with no
significént difference at the 95 per cent significaﬁce lgvel
of the t-test. The average_reco?ery from sewagé at 4 hours
waS’greaterv(67.48 pervcént) than that ét zero time (47.30 per
cent), but with no significant difference at the 95 per cent.
confidence level, whereas the saﬁe difference was significant
at the 90_per cent ~significance leVel.\ The difference between:
recoveries from filtered sewage at zero and 4 hours was not
- significant, whereas the differgnce.betwéep récoveries from
seﬁage and filtered sewagevatithourstwere again éiénificant

at the 90 per cent significance level.

The effect of ultrasonic treatment alone and ultrasonic
‘freatment coupled with the iﬁcorporation of serﬁm was also
'studied. Table 4.11 summarizes results from an experiment where
.fifteen replicafe samplesrwere‘taken.frém an inoculated sample
of sewége at zero time and five of them assayed without treatment;
thevnext five were éubjected to ultrésonic}treatment andfth¢§~‘
assayed, and to.the third group of‘five enough calf”serum:was éaded
:tq ﬁakelfhem 10 pef cent in calf serumiand‘thén‘the&_ﬁefé'
treéted ultrasbnically and assayed. ‘Exg@tiyitﬁé same method was

followed for énothér group of.fifteeﬁ'samples‘that were taken’

7



Table 4.8. Recovery of f2 from sewage, results of 20 replicate

samples.
Sewage titre : fer cent recovery
loglopfu/ml. : (% of expected titre)¥*
5.20 _ : 16.98%%
5.47 31.62
5.73 o 57.54%%
5.8 . o 20. 423
5.83 : R 72. Ll
5.37 | V 25.12%%
5.45 , ‘ ' 30.20
5.41 | 27.54%%
5.44 29,51
5.82 ©70.79%%
5.77 ' 63.10%%
5,26 o ' 19.50%*
5.42 28.18%%
5.23 18.20%*
5.44 . 29.51
5.18 - B 16,224
5.98 | 102.33%x
5.94 ' . 93,33%%
5.43 | - 28.84
5.57 , . 39.81
x 5.58 . 41.06 %
s ' ' 26.11 %
C.V. - 63.59 %
s.e. | o 5.84%
95% confidence limits x + %%?) = 41.06 j:(z'li_f_26'%;? Af f
N20. e

41.06 + 12.44

-

* Calculated expected titre 6.00 log,, pfu/ml.

** These values would be rejected since they are outside than
.confidence limit. I '



Table 4.9. Récovery of f2 from stock virus.

e pecoren).
7.94 | 93.33
7.90 »7 o 85.11%
>7.85 | - C 75.86%
. 7.94 . 53.33 :
8.10 - 134.90%
8.01 109. 65
7.94 93,33
7.95 95.50
8.06 : 123.03%
7.91 | 87.10
% 7-§7 99.11%
S | | - 18.13%
V. - 18.29%
S.e. | 5;73%
-qénfidence limits X + Eﬁ?;‘ - 9911 (2'237§r18~13)

99.11 + 13.08

s
«

 These values would be rejected (outside confidence limits).
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Table 4.lla. t-test values.for comparing means of
Tablg 4.ll(t95 é 2.31).

means compared

Time Sewage-Sonicated Sewage Sewage-
' Sonicated

_sewage
(10% serum)

Zero . 0.38 0.69

24 hrs. - 1.54 2.19




24 hours after inoculétionf Recoveries at zero time were 97.21
per cent , 104.08 per cent and 85.82 per cent from sewage,
sonicated sewage aﬁd soniéated-in 10 per cent serum in sewage.
The decrease in recoveries at 24 hours was varied, being least
in the sonicated 10 per cent serum in sewage (5;95 %)

followed by the sewage samples (27.12 %) and finally

by sonicated Sewage (41;09 %W. - Tablé 4.11a shbws
t-fest values for compa:ing the means of each ofbthe sonicated
saﬁpleS'against the untreatea samples of the same time. No

significant differences were'shownAby this test.

D. Recoveryrof f2 coliphage from mixed liquor:

The recovery of.fZ'from mixed 1iquof wasiddﬁe on both 1iquid
and solids fractions of thé mixed liquor. Solids werévassayed
. for f2 after resuspending in dilution fluid. Background phage
counts were assayed in all.experimehts and .it was generally observed
.thatitheir titfes constituted only aivery sﬁail proportidn of the

count due to the inoculated f2.

-Results 6f f2 reéoVefy over 24 hours from mixed liquo?rsolidsi
and 1iquia phases are presented in figurer4.5 aﬁd.table 4.12. Thé
voverall decline inntitre of virus was 87.41 per ceﬁt.over‘the
24-hour period with the majority of this decline“océurriﬁg in the
MLL (régressionbcoefficient -6.93 as opposéd to :egféséion
 coefficient of MLS titres of -0.03). 'iﬁ;féct, thé fatiﬁvonSOlidé
to liquid titres assumed an aSCendiﬁg.mode witﬁ;é tegreésion.
coefficient (slope) of +0.57. This indigaﬁéd persistence of the £2°

coliphage on the solids fractiom.
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- T

The following experiment was designed to study the effect
of reduced MLSS in the mixed lTiquor on the recovery of
inoculated f2 (Fig. 4.6 and Téble 4,13). Ten per cent ML was
prepargd from the séﬁe sample of ML‘used for the previous
experiment. In this experiment, solids were assayed after
resuspending in dilution fluid. Similér to the results in
fig. 4.5, dééline invthe titre of £2 was observed both in ﬁLL
and MLS fractions, %ith reéression'coefficients of -1.65 and
-0.06‘r§$pectively; The maximum total recovery was 87.10 per cent
of the input titre, with a regressioﬁ coefficient of -1.72.
Greater rate'of decline and totai maximum recovery.ﬁere.observed
in this experiment in comparison to that of figure 4.5. The
ratio of titres of solias to liquids assumed a»élight decline
‘with a slope of - 0,02, thus implying also a certain degree

of persistence of f2 on the solids.

Further daté in suppbft df'the persistence of f2 on MLS
is preéented‘in figure 4.7.apd.t§blév4.14.‘ The éame features of
recovery of f2 coliphagé»ffom_mi%ed liquor wereobvious as in
figurés 4;52and 4.6 with a,maximum tétal,recovery_qf £2 of
76.85.per éent with a regressibn coefficient of ;2.26 over the"
24-hour pefiod. The ratio of solids to liquid titres again v‘
éssumed an ascending mode with a regression'cbéfficient>of_+6;00,
indicating‘continued uptake and persistence.of fé on thef;qlias"

fraction.
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The comparison of'recoveries of f2 coliphage from mixed
liquor solids after ultrasonic treatment. of the resuspeﬁded'
.solids in dilution fluid or in 10 per cent calf serum in
dilution fluid is represented in table 4.15. The tablebalso
includes data from the MLL.samples because values for total

recoveries from the inoculated samples were required. -

It is eviaent that there ﬁas nofsignificanﬁ différénce
between meaﬁ virus recovery in the MLL samples, whereas, a'
significance up,tobthe 99.9 per cent cohfidence level occurred:
between average titfes oﬁtained from the two methods of recovery
of virus from MLS. - No significant difference was observed ink
the total recovery by the two ﬁethods, although the absolute
reéoverj by the serum method averaged more< 54.37 per cent VS

-46.2§'per cént. The differences bétweeﬁ-the méans of percentage
ratios of MLS/MLL titres by both methods was significantly

different.

The adopted method of recévery of virus from MLS was sonic
treatment in 10 per cent _serum.and the relative efficieﬁcy of
the method after one or more suc¢essive treatménts'was tested;
For this pufpose; an experiment was performed whereby an inoculated .
‘100~m1 volume of mixed liquor was stirred for 16 hours; and six
5-ml samples were taken from it. The sampléS'ﬁere treéte& inAa .
series of'fractionations_fqllowed by resuspenéioﬁ-és'illustréted
.in;figﬁre'ﬁ.sé 3fhe fe¢ov¢ry,offvifus (Table 4:L6).showed;a slight

increase amounting to an additional 9.65 per cent after the second
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Duplicate
Samples
#'s 1-and 2

First
treatment

MLS

.'—-'.

(A) (4)

Second
treatment

Third
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Duplicate
Samples
#'s 3 and 4
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S

A

MLS,
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(A) - (A)-

Duplicate
_ Samples
" #'s 5 and 6

e

/\

MLS

J_.'-

(4)

Vas

MLS

.(—'-

<A) o (A)

3.

'vFig. 4,.8. Samplertreatment protocoi for experimental results on Table 4.16.

% Samples éenfrifuged;AMLL énd.MLS.separated,

alaats
”"noan

(A)vFractlons assayed.

_MLS resuspended in 10 per cent
' treated ultrasonlcally..

- serum in dilution fluid, and
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treatﬁent-- and 17.49 per. cent after the third treatment
(as compared to the first amount recovered). The amount of
;irus on the solids, however, was réduced from 45.33 éer cent
to 12.93 per cent to 6.37 per cent (as percentageof total
ML titre) after each successive ultrasonic treatment, thus

implying increased elution with every successive treatment.

3. . Behaviour of f2 colibhage in the model plant:

The behaViour of £2 coliphage in the laboratory model
plant of the activated sludge treatment process was investigéted
by inoculéting the influent sewage with f2, and monitoring it
through the model élant. Samples of influenf,_effluent and mixed
liquor were monitored with special attentionAgivénféé Ehe éoiids

contained in the mixed liquor.

The results from a preliminary experiment done at 15°C,
2000 ppm MLSS, and 10 hours flow through time are presented.
in figure 4.9 and table 4.17. The average recovery of f2
coliphage froﬁ the»inocuiafed influent Wa3160.26 ?er-cent. Titres
in the mixed liquor fractions,andfeffluent‘répidly_reached:pléteaqx :
after six hours;jand theipompariéon of‘averagé plateaux‘titreé
‘showed- an overéll £2 coliphage feduéfion across the plant of
95.53 pef‘ceﬁt-ibf the totai recovered input. Thé recbvérgd
mixed 1iqﬁof‘t0téi ﬁitfes averaged 18.62 ber centl that of‘the.
iﬁflueht;iénd-fhe distribﬁtion between solidsband‘liQﬁid pﬁases

was in the order of 36.31:63.69 respectively.
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Titres of mixed liquor fractions and effluent reverted to pre-

inoculation titres within 24 hours of inoculation stop.

Another experiment under the same conditions (15°C,

2000 ppm MLSS, and 10 hours flow through time) showed a similar
pattern of behaviour and distribution of f2 in the model plaﬁt,
(table 4.18 and figure 4.10). The recovery of f2 coliphage

from fhé influent averaged 56.23 per cent of the calculated
titre, and the mixed liquor fractions and the effluent titres
reached their plateaux values at about seven hours from the
start of inoculation. Thé efficiency of the model plant in
remdving f2 was 88.88 per cent v(11.22 % in the effluent).

and the total mixed liquor average amounted to 10.23 per cent
that of the influent. The distribution of f£2 between,the’éolids
and,liquidvfraétions of the mixed liquor was 21:88:78;12 |
respectively. Another feature of this éxperiment was the rapid
decline in effluent and MLL titres to‘near background values
within 60-70 hours after inoculation stoppage; whereas the MLS
fraction appeared to sustain its titre dufing the same period.
»Ih fgct;vthe regression'coefficient of the MLS titres between
7-70 hours was +299, and ~-121 after inoculation stoppage ipaicating
"slower dgcline in titres after inoculation stoppage whereas the -

Buildup of‘titre‘ﬁaé more accelerated;
Information on the effect of mixed liquor suspended solids
on the behaviour of f£2 in the model plént-ﬁas{soughtiby doubling

" the MLSS to 4000 ppm whiie-leaving the temperature at 15°C and
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the flow through time at-lO»hours. The results of a continuous
inoculation experiment are presented in table 4.19 and figure |
4.11; In this experiment, the average recovery ofhf2 coliphage
from influent titres uas 89.31 per cent and the average titre

of the total mixed liquor amounted to %9.51-per‘cent that of
the influent. The average titres of»MhS only represented 4;79
per cent those‘of the ML, and thehMLS had regression coefficient:
values of +485 from 5 hours until.inocuiation atop, and -328
from inoculation stop until 221 hours thus indicating a slower

rate of decline.

Further information on the effect of MLSS was sought by
stepping un the MLSS to 6000 ppm'uhile leaving the temperature
at 15°C and the floﬁ through;time at~1OJhoursfv The results of
this experimentvare represented in'figure’4.12'and table 4.20.
The efficiency of recovering £2 coiiphage titres from the
influent sewage was 51.29 per cent and thertitre ot the average
total mixed 1iquor amounted to 25. 70>per cent. The efflclency
of the plant in removing f2 collphage during the experlment
averaged 86.20 per cent and the MLS tltre represented 26.92 per

cent that of the total m1xed 11quor.

Again it was observed that titres of effluent and mixed
llquor reached their plateaux values rather rapidly in about

four hours, and were malntalned at that level throughout 1noculat10n.



Table 4.19. Titres,(loglopfu/ml) during continuous inoculation

experiment with £2 coliphage (also respresented in

figure 4.11)

TITRES

Time INF - MLL MLS . EFF
~preinoc. 3.41 2.20 2.16 3.04
. zero ' 6.20 .

1.5 hrs. 6.28 . 5.28 - 3,60 4.75

5 6.56 ‘ 5.77 3.80 5.42
20 : : 6.33 .. 6.07 4,26 5.84
24 (preinoc. 3.45) A
25 6.37 -
30 6.39 6.10 4,26 6.10
46 C6.34 6.00 4,34 6.03
48 (preinoc. 3.30) ‘

_ 6.82

54 6,38 - 6.17 4.68 6.07
69 . 6.38 : 5.76 4.59 5.79
72 (preinoc.3.34) : .

' ' . 6.52 : _ :
78 » 6.56 "5.65 S 4,75 5.96

95 5.78. . 4,69 6.06

96 . (preinoc. 3.30) i
6.44 : ‘

117 5.93 5.58 . 4.56 5.75
120 (preinoc. 3.95)

, . 6.64 S

125 6,62 5,73 4.86 6.14

141 6.38 5.93 4.94 6.36

INOCULATION STOPPED -

155 o 3.55 " 5,27 4.66 4,62

166 3,50 . 4,03 4.33 4.62

171 - - 3.50 C 4015 4.30 4.31

190 3.26 4.03 3.37

192 - - 3.76 3.76 4.30 3.67

212 - ' 3.21 4,32 3.08

216 - 3,46 _ :

221 : S 3.20 4.04 3.05
X L b.bb* 5.91 4,61 6.01

s , 6.12 © 5,57 4,39 5.73

’ SR Total ML X 5.93 : S

. - = ' 3 S 209290

- inoculum 9.90»loglopfu/m1, Calculated titre 10°°"" = . 6.51

- 72500

aferage,recovery from INF: 106'46' x 100 = 89.31%
a 6.51 - |
, 10777
EFF . . .. ML, _ . MLS.
ST % = 35.48% B = 29.51% % = 479

- MLS regression coefficient
from 5-141 hrs + 485 and from 155-221 hrs. - 328

- - ) - e - e . . I S SO N e
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Table 4.20. Titres (loglopfu/ml)-during continuous inoculation
experiment with £2 coliphage at 6000 ppm, 15°C and
10 hrs. fléw fhrough time. (also represented in
figure 4.12).

TITRES
Time (hrs) INF MLS © MLL EFF
- 24 3.08 2.85 2.65 1.50
0 (preinoc 3.20)5.60 - 3.08 3.00 2.10
1 5,91 3.89 . 4.67 3.57
4 , 6.21 4.39 5.09 4.69
8 5.20 4,51 - 4.93 5.60
(preinoc. 3.10)
24 6.10 4.19 4.83 4.39
33 .. 5.96 4,69 5.43 5.09
48 (preinoc. 3.4) 4,61 4,66 4,32
: ’ 5.91
54 : 5.66 _ 4.70 5.57 5.16
68 " 5.17 4,84 - 4.53 4.17
72 . 6.00 : )
- (preinoc. 3.65 ) _ o
78 o 5.91 4.86 5.15 4.79
96 . 6.000 - 4.89 . 5.07 - 4.92
118 5.91 - 5.00 5.26 5.17
INOCULATION STOPPED
120 3.71 4.96 4,20 4.55
124 3.28 4.65 4,26 3.18
144 o 3.42 4.66 4,15 2.62
165 . 3.59 4.63 4.03 - 1.86
174 3,58 4.60 3.72 1,78
189 3.61 4,55 3.61 1.78
X 5.89% 4.73 5.16 5.03
s 5.62 _ 4,42 5.02 5.06
‘ Total MLX = ~ 5.30
inoculum ‘= 109'58pfu/m1 Calculated INF Titre 10°-°8 = 6.18
L : 2500
INF Recovery = 51.29 %
EFF o ' o . - & L i_, C/ - yﬁ o) o
INF b = 13.804 INF b = 25.7OA _ ML A 26.92L“‘
MLS regression coefficients —
" from . 4-118 hours .+ 665

from 120-189 hours : . . = 512

% from zero time to 118 hours ** from 4-118 houré._



-(sIY 8TT - O UOT3eTnoout)dWr} Y3noiyl MOTF sinoy (T pue 9,5T

‘ggT wdd 0oo9 3e 3ueid Topow Byl 3O uoT3leTNOOUT snonurjuod Sutanp oSeydr(od zI JO uoTINGTIISIQ ‘71 *31d

. . _ *(°*say) auwry , : .
ooN om,ﬁ ooH oﬁ ONH ooH .ow oo oq ,om., .o,. qmu
_ . . . _ _ _

1 L 1 1 1 L 11
L N
YTV Ja1
6—8 1y
U——0 1] : B T
O0——0 JNI _ : 5 , R K

*(1Tw/nzd OISO[) 213713 73



These titres declined rapidly after inoculation stoppage except
in the mixed liquor solids. The regression coefficient of the
MLS titres from 4 hours to inoculation stop was +665, and that

of MLS from inoculation stop to 189 hours was -512.

The foilowing experiments were designed to investigate
the effect_of reducing the‘flow through tiﬁe to 5.4 hours.
The first such experiment was_done at'ZOOO.épm MLSS, 1506 and
5.4 hoﬁr flow through time (figure 4.13 and table 4.21). The
efficienéy of recovering f2 coliphage from the inflﬁent>was
32.36 per cent and the avérage titre for the total mixed liquor
amounted to 20.42 ﬁer cent that of the influent. The efficiency
of the model plant, removing f2 coliphage was 89.53 per cent and
_;he MLS titre fépfesented,15.85'pef cent that of the mixed
liquor. The same trendrwas’obserfed iﬁ the rapidjétfainment of
plateaux titres by the effluent and the mixed 1iquor'fractions
by about éix hours- after inoculafion also the rapid decline
after inoculation stopbage.especially in effluent and MLL titres.
The regression éoefficient for the MLS between 6iand'94 hours

was calculated as +65, and ~45 between 96 and 168 hours.

.Thé»p#efiousbegberiment Was.extended'by another continuouéb
inoculatioﬁ experiméﬁt~dahe at 5.4 hours flow through time,:QOQOI'
' ppm MLSS and 15°C,and its results,arevrepresented-in”figﬁfefé{ng
and table 4.22.v.1n‘this experiment, the average'inflpént titfé'i

was 6.01 loglopfu/ml representing an averége recovery of 69;18:per cent



Table 4.21. Titres (loglopfu/ml) during continuous inoculation
experiment with f£2 coliphage 15°C, 2000 ppm SS and

5.4 hours fLOW'through time (also represented in Figure 4.13)

TITRES
Time INF MLS MLL EFF
-72 3.18 - 3.00 2.70 - - 2.70
- 48 _ : 3.36 » 3.00 - 2.84 2.90
L= 26 ~3.30 . 3.04 2,90 . - 2.07
0 (preinoc.3.34) . - 3.15 2.85 2.80
1 5.14 3.60 4,19 2.88
3 5.19 3.70 . 4.13 3.51
6 5.08 3.58 4.10 3.98
22 ~5.10 3.55 3.70 4.41
24 (preinoc.3.60)s5, 3y
31 _ 5.30 3.55 4.30 4.39
46 ' 4.6 3.75 5.04 4.28
48 (preinoc.3.58)5,50 _ 4.07 4.59 4,24
54 5.39 3.88 4. 42 4.49
- 72- (preinoc.3.49)5 .31 3.91 . 4.50 4.26
9% - 5.00 3.90 4.52 . 4.31
. INOCULATION STOPPED , - o
96 3.80 3.78 3.90 2.50
120 3.78 © 3,91 3.45 2.30
144 _ 3.61 3.59 3.28 2.00
168 3.54 3.58 3.40 2.08
x . 5.30% 3.81%% 4505w 7. 325%%
s 4.93 3.46 4.51 3.81
TOTAL MLX= 4.61
inobulumlog'aa Calculated influent = 109'49- = 105‘-79 pfu/ml
5000
recovery from influent = 32.36%
EFF ., _ , - ML _ . MLS, L
Ty = 10.47%, % = 20.427, e = 15.85%

MLS regression coefficients
from 6- 94 hours + 65
from 96-168 hours = - 45

ale aladts

% Ffomvzerovtime to 94 hours,‘ % from 6'hpurs to'94,hours,v
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Table 4.22, Titres (loglopfu/ml)'during continuous inoculation
experiment with f2 coliphage at 4000 ppm MLSS, 15°¢C
and 5.4 hrs. flow through time (also represented in

. Figure 4.13). |

~ TITRES ~
Time INF ML MLS EFF -
- 24 : 3.44 - 2.45 2.32 o . 2,80
-1 3.41 - 3.02 . -2.68 .- 2.83
0 . : ©6.28 - 2.90 ' . 2.36 ' 2.65
2 6.24 . , “h.24 3.70 4,32
7 6.07 o 5.00 - 4.50 o 4.80
20 "~ 5.90 5.30 . 4.80 5.13
24 (prelnoc. 3.72) o ’
24 6.21, 5.41 4.71 5.19
29 ‘ 6.04 5.65 4.90 5.41
46 6.01 , 5.78 4.76 5.48
48 (preinoc. 3.38) : 4
48 5.95 5.27 . 4.50 5.77
53 . 5.74 5.61 4.72 5.55
72 .- - 5.80 - . 5.26 4.70 - 5.41
(preinoc. 3.27) -
73 - 5.84 o S
77 ' . 5.86 5.54 - 4,70 5.07
94 5.90 5.21 , 4.63 5.36
98 (preinoc. 3.52) . '
- . 5.85 v
118 - 5.74 . 5,28 4.90 5,32
INOCULATION STOPPED T ' ' f
. 140 3.50 B - 3.70 4.69 3.34
149 3.56 4.25 4.53 - 2.60
166 Lo - 3,50 , - 4,08 4,71 . 2.91
173 , 3.34 : 3.41 4.52 . : 2.00
188 . 3.24 ‘ 3.7 4.59 --2.00
X L 6.01% ' 5.45%% 4,73%% 5.38%%
s . 5.65 5.18 4.20 ~5.16
' ‘ Total MLx= 5.53
~inoculum 109'87, expected titre = 109'87 = 6.17 log, . pfu/ml
, o . : 10 :
: : 5000 -
S .. 6,01 .
f2 recovery from Inf. A 10 = 69.18%. -
: : _ l06 17
EFF , _ o ML . aoage - MLS o o o
INF % = 23.44%, I 4 = 32.794, . A 15.85%

MLS'regréSSion'céeffitieﬁts:~‘from 7-118 hours,b + 113.
S ' : ’ from'140-188 hours, - 126

% "from zero time to 118 hours. . %% from 7-118 hours.
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.and the total efficiency of the model plant in removing. the
virus was 76.56 per cent. The mixed liquor average titre
represented 32.79 per cent of the average influent titre,

~and the MLS represented 15.85 per cent of the total ML average.

 Further observations ﬁere made on the rapid attainment
of plateeux titres by the‘mixed liquor solid and liquid
fraotions and_effluent;'as Wellvasbthe rapid decline ofvthe
same titres after inoculation stoppage except the MLS titres
which remained nearly constant. Regre331on coeff101ents of MLS

titres from 7-118 hours was +113, and from 140-188 was -126

In further experiments, presented.in figufe_4.15 and
table 4.23, the effect of increased temperature of the aeration -
tank to 25°C'While'1eaving MLSS'at 4000 ppm and the flow through
time at 10 hours was investigateo. In this-experiment'the :
4influent-averaged 5.35 loglopfn/ml whieh represented an overall
recovery of‘54.95'per cent from the inflnent‘to-the calculated
influent titres. The overall capac1ty of the plant to remove
f2 coliphage under the condltlons mentloned was 84.15 per cent,

" while the,total titres of the mlxedrllquor represented 87.10
per cent ‘of the influent. The MLSvtittes, at plateaux levels,
were 23.99 per cent that'oftthe totai Mthitres..pContraty to.
'most other experimente,:the everege effluent:titres»ﬁerevless
than the MLS titres. The‘decline in effluent tittes after

1noculat10n stoppage (as seen 1n flgure 4 13), was less pronounced
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than its declinevin'othef experiments. The régfession '
coefficient of plateaux values of MLS was +253, and after

inoculation stoppage to the end of the experiment it was -622.

The study of the effectAof temperature on the -performance
of the model plant was further extended by an experiment
performed at SOQ, 4000 ppm MLSSvand_IO hours flbw througﬁ ;imé
as representéd in figure'4.16 and taﬁle 4.24, In this experiment?
£2 coliphage recovery from the influént was 45.71 per cent of the
capacity of the plant to remove f2 coliphage was 87.41 per cent..
Thg total ML titres, compared to the effluent, averaged 12.77
per cent.;‘ana the MLS titres when compared to total ML titres
were as low as 7.94 per cent - being among the lowest recorded
MLS/ML per cent ratio in all ekperiments. ThélrééreSsion
coefficient for MtS titres from‘6-96 hours-was +21, and that
from 102-168 hours was -14. These values for regression

coefficients mark the lowest absolute values for all experiments with £2.

Further information on the model plant's capacity to
Temove f2 was sought in a dual-level inoculation experiment. The
" plant was continuously inoculated af_a_méderate level for
‘tw0'days aftef which inoculation was continued at a ﬁqch_higher
level (about»l70.timés)-fo;'tﬁo additionél»daYs;‘“The‘distribption
of f2 éoliphége throughout this duai-level.inocu}at16n5e#periment_‘:
is represented in figﬁfe 4.17, ana the titres:bbéérVéd;;fe1liSted

in table 4.25.



Table 4.23., Titres (loglopfu/ml) during continuous inoculation
experiment with £2 coliphage at 4000 ppm MLSS, 10 hrs,'
flow through time and 25°C (also répresented in Figure 4.15).

- -TITRES
Time - INF - MLS MLL EFE
- 24 3.11  3.51 : 2.79 2.38
0 (prelnoc 2.80)5.03 : 3.40 2.77 2.30
1 5.00 . 3.67 . 4.73 ~ 3,00
-3 ~ o 5.49 - 3,94 5.21 - 3.84
6 4.99° . 3.74 - 5.14 .- ‘4,41
22 . 4.56 5,21 - 4.25
25 (preinoc.3.34) S ‘ :
30 5.65 4.88 - 5.17 4.84
46 (preinoc.2.90) ‘ = ' - ©4.30
48 o 5.40 ' 4.81 5.22 4.59
55 5.10 4.73 5.12 4.50
70 ' ~ 5.01 : . : .
72 (prelnoc 3.20)5.59 4.60 5.02 4.49
80 - _ 5.40 - 4,70 -5.30 4,72
94 . 5.13 E -
96 (preinoc.3.40)5.60 4,71 5.10 4.49
" INOCULATION STOPPED : . : L
98 3.30 4.71 5.01 : 4.11
120 3.81 4.60 4.04 3.56
128 : 3.90 4.39 -3.00 2.40
140 ' 3.59 4,40 3.20 2.69
168 - 3.70 3.8 2.11 - 1.60
x 5.35% 4, 67“* 5,17%% 4, 55%%
s 5.12 4.32 4,46 4,21
- Total ML X'=-5,29

.0 L L
inoculum 109 £ calculated inf titre 5.61 loglopfu/ml.

Recovery from influent 54.959%

EFF o) - o & o — o) R ‘ MLS o — : 7
INF %o = 15.85%. INF 4 = 875104, N b = 23f99A
MLS regreséion coefficients: "~ from 6- 96 hours - + 253

from 98-168 hours = - 622

. % from zero time to 96 hours **.1from‘6-96ih9ufs; -
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Table 4.24. Titres (ldglopfu/ml) during continuous inoculation
experiment with £2 coliphage at 4000 ppm MLSS, 10. hours

f_loiv through time and 5°¢ (also represented in Figure 4.16).

TITRES
Time AINE MLS MLL EFF
- 24 3.52 - 2,08 2.51 2,20
: 0 (preinoc.3.20)5.46 ) - 2,11 2.86 2.08
1 - 5,46 2,92 L 4,61 . 3.16
3 : 5.92 . 3:33 4.94 L 4,49
6 5.92 13,63 4.72 4,69
22 o ‘ £ 3.63 4,50 4.89
24 (preinoc.2.78)4.94 . ' -
31 5.52 3.57 4.63 5.10
46 ' - S 3,69 . 4.60° ' 4.76
48 (preinoc.3.36)5.80 3.70 4.81 - 4,71
54 - 5.50 . 3.61 4.80 4.60
72 (preinoc.3.66)5.62 ° 3.76 4,91 4.49
78 5.10 3.81  4.80 4.61
95 (preinoc.3.53) A : :
96 5.20 S 03,71 - 4,71 4.61
INOCULATION STOPPED '
98 ; 3.40 -
102 - 3.69 3.48 4.10 4.29
128 3.49 3.11 - 3.11 ~ 3.00
144 3.00 3.28 2.95 2.95
168 © 3440 3.29 , 2.28 2.10
X T 5.67% T 3.68%% G4, 4w 4.7 7%
s 5.44 2.94 4,18 4,46
, Total MLX = 4.78
inoculum 109'41, calculated influent titre = 109'41 = 6.01 "Log-lo',"pfp/ml.
_ : .~ 2500 o . :
virus recovery from influent = 45.71
EFF ., _ y ML, _ o CMLS o | 9 gz
nF ~ = 12.5%, k= 12.77437 A o = .7’94A

o MLS  regression coefficien_ts fi:_om 6= 96 _hdurS-. + '21
' ' from 102-168 " = - 14

* from zero time to 96 hours, - . ** from 6-96 hours.
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- 1/4 -

As observed in other eXperiments, a fractron.of the
inoculated f2Acoliphage was detected in the influent and.in
this case it was 8.71 per cent. The plant could,rhowever,
remove 86.51 per cent of the detected f2 coliphage. The
total mixed liquor titres represented 30.90 per cent of the
total influent and the MLS titres represented 12.02 per cent

of the total ML titres.

The same general pattern of distribution of f£2 coliphage
was maintained, except for being at higher titres, in all
- the model plant fluids and their fractions. Plateaux titres,
as in the case of lower level inoculation period of this same
experimeut, were achieved rapidly after inoculation began
-Within.erght hourslfor'the regular inoculation 1eveliand withiu

eighteen hours for the higher inoculation level.

The.efficiency of the model plant in'removing £2 coliphage
was observed to be reduced to 69, 80 per cent, yet ‘the recovery
of f2 colrphage from the influent was 47. 86 per cent. The proportion of
the detected influent'fz coliphage in total mixed liquor titres B
was reduced to 19.70 per cent'aud thebproportioufof virus on
the MLS was 15.7d'pertcent that of the total ML titres, being

only slightly higher than during regular level inoculation.

The regre881on coeff1c1ents of MLS tltres durlng regular 1noculat10n i
(8-46 hours) was +42, and that durlng high level 1nocu1at10n

(70 94 hours) was +73417 whlle that after 1nocu1at10n stoppage
was--37369 These regre381on coeff1c1ents 1ndlcate hlgh and much
much hlgher uptake of £2 coliphage by the SOlldS, and comparatively

moderate decllne after 1nocu1at10n stoppage.



4. Recovery of poliovirus from sewage, effluent, mixed

liquor and sludge

‘Results of experiments on the behaviour of poliovirus in
sewage,activated sludge and the activated slﬁdge sewage'treat-
' ment process are presented below. ;Although the assay procedure
iﬁvolﬁed direct inoculation of_sewage, effluent andirgsuspended>
élﬁdge solids onto tissue cuiture; no adverse éffectsrwere_
observed on the assay or on the plaque formation; size or shapé.
Contamination was largely absent, és if occurred only in about
2-3.per cent of the assays set up, in which case the sample

concerned was assayed again.

A. Recovery of inoculated poliovirus from sewage and

.éffluent

Recovery of inoculéted poliovirus from natural and auto-
élaved sewage and sewage’gffluent coliected from the Gﬁildford,.
seﬁage treatment plant is summafiiedlinntable 4,26, The
maximum recovery recérded was 32.36_per cent and it appears.
from the figures that'recovery»from'autoclaved sewage and,efflueﬁt
was somewhat greéter‘than thét from the natural (ﬁot~autocla§ed)
samples. There also appears tq bera general decline in titfes
in the later samples aftér a Slight increase, 1In géheral, récovery'
from autoclaved sewagé and efflﬁént'appeared to_bé gfegterifﬁan

recoveries from natural sewage or effluent. - -
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Another experiment, represented in table 4.27 , shows
recoveryrof poliovirus from autoclaved sewage. The same
trend as above was apparent in the recovery values with a
méximum recovery after initial sampling and a decline towards
the last samble. Results from.both tables 4.26 and 4.27 stress
vthe low‘and variablévreéoverability of poliovirus from sewage

aﬁd efflﬁent.

B. . Recovery of poliovirus from mixed liquor and sludge

The recovery of poliovirus from mixed liquor samples was
investigated by resuspending the solids fraction in calf serum
in PBS and treating the reSuspended-solids ultrasonically.
Results of én experimeqt-investigating the effect of serum
“concentratién and‘thé~duratioﬁ;Of*ultrasonic #¥eatment is

presented in table 4,28,

The recorded percenfage ;ecoveries in table 4,28 are of
replicate samples at zero-time aftér ihocuiating the mixed
1iquoryw1£h poliovirus and thorough mixing. The percentage
recovery‘obtaiﬁed-by resuspending the solids in lokper cent
calf serum in PBS:With one minute‘ulﬁrasonic treatment'showed
the maximum‘recovery rate of 75.85 per cent. When éoupled With
the average titre of the mixgd 1iqpof fraction.it amounted,tpri
81.58:per:Cent total febovefy.'wln génerai,'théAtablé Shoﬁea
‘that theveff¢ct of‘ultraéonic tfeé#mentvihdreasedt&itus recbvgry
at 1-5 minutes buf longer timés reduced it,;»Similaiiy.thé;
effect_bf serum again giving a peak recOVery.;t éBout 10 per cent

- concentration.:
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The 10 per cent serum and one minutevultrasonic treatment
gave a solids to‘liquid titres ratio of approximately 14:1.
This distribution of poliovirus between the solids and liquid
fractiops‘of mixed liquor seemedto take ﬁlace very quickly as
the samples were - foi préctical purposes - considered to be

.zero-~time samples.

5. Behaviour of poliovirus in the model plant

Initially, the model plaﬁt was run on distilled water at
pH 7~and inocﬁlated with poliovirus at a final calculated titre
of 4.32 loglopfu/ﬁl. The poliovirus was monitored over 200vhoursr
and results are summarized in table 4.29 and figure 4.18. The
average recovery f?om1the "iﬁflﬁent rééefvoif"lwa$‘42.66 per cent
bf the calculated inflﬁént values. Tiﬁrés reached p1ateaux values .
at-around 24 hours and maintained them until inoculation stoppage
when the titres declined to non-detectable after 100 hours in a
smooth manner. All samples from the aera;ion'tank and "effluent"

were very close in their pattern of variation-and in titre values.

The beha&idur of.p&liovifﬁg in thé model piant Tun on
activated élﬁdge'and autoclaved influeﬁt sewage Qas studied by
inoculating the aeration tank with a single inoculation and
monitoripg poliovirus tit;es in influent, mixed 1iquorvand efflﬁent.
Results of this experiment are presented in~table 4.30 énd figuré
4.19. It may be observed from thesev?esuité_thét}mi*ed"iiqgor -
5and éffluent tifres'beakedvét 20 mihﬁteslaﬁdVZ hbﬁfé‘ie5§ectiveiy.
- Titres fhen quickly began tg_decline with'ﬁhe‘MLS assuming a

higher titre than that of MLL and .effluent. The calculated total ML



Table 4.29. Titres (loglopfu/ml) during continuous inoculation
of the model plant (run on distilled water) with
poliovirus I at 15°C, 10 hours flow through time

(also represented in figure 4.18).

Titres
Time (et (ML) (EFF)
zero 3,90 . . -
- 30 min. - T 2030 -
2 hrs. | ©3.00 2.30
22 | - 400 4.23
24 O 3.79 3.68 3.76
45 4.09 397 4.12
72 419 : 4,08
77 3.98 4.11 3.95
93 3.93 3,89 3.75
95 o 4.00 3.9
INOCULATION STOPPED | |
100 406 3.90
116 3.78 | 3.45
124 . _ | 3.70 3,24
150 - , - 2.70 2.48
200 2.00 2.00
X% - 3.95 4. 00% 4.01%
s 3.35 3.5 3.61

% from 22-95 hours

+ calculated influent titre 4.32.
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Table 4.30. Titres (log, TCID;,/ml) during single inoculation ‘
' of the model plant with poliovirus I at 15°C,
10 hours flow through time and 2000 ppm MLSS

(also represented in figure 4.19).

Titres : .
© O-time - 4.72 4.40 -
10 min. - 450 - 3.35 3.79
20 4.73 4.27 3.63
40  4.53 3.80° 4.05
1 hr. 440 419 4.05
2 hrs. 3.76 3.85 4.21
4 hrs. 3.10 3.60 3.30
9 hrs. 2.87 3.03 2.73
23 hrs. . 2.80 2,95 2.50
48 hrs. - 1.96 . 2.88 -
Expected titre in ML . 108'31 o= 105'31
' 102 '
Recovery 10472 4+ 10%%0° - 108 - . 38,023
o511 N
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s cande 3L s .
Fltre, 10 TClDSO/ml’ and atpeak recovery value was 38.02

per cent. The virus distribution betﬁeen the MLL and MLS
fractions was about equal within the first hourvof the

experimept bgt by -the 4th hour after'inocuiation, the greeter
bulk of the virus, 75.97 per cent, was associated with the

MLS fraction. This state of distribution of éoliovirus»persisteq

until the other titres become non-detectable and maybe longer.

Another single inoculationﬂexperiment done on the model
plant at‘15oC, 2000 ppm MLSS and 10 hours flow through time is
'_represeﬁted in figure 4.20 and table 4.31. As seen also in
thelprevious experiment, the titres of poliovirus in the -MLL,
~MLS and effluent reached peak values very qu1ckly, and were
very close to one another during . the flrst two hours.» By the
fourth hour, the bulk of the virus, 91.82 per cent,f was |
associated with the MLS fractien and‘persisted there‘unﬁil
decline began at 24 hours. Solids titres became non-detectable'
between 48 and 72 hours; The total recevered virﬁe~in this
experiment was 20.57 per cent at 10 minutes and 36.62 per cent

at 20 minutes.

A 31ng1e 1noculat10n exﬁerlment eone at 12.5 hours-flow

: 4through time, 15°¢ and 2000 ppm MLSS is represented in table 4. 32
| and figure 4.21. An add1t10na1 feature of this experiment 1s

the sampling end assay of return sludge in both ;ts fractlons,A

" solids and liquid. Both MLS and RSS-titres were;similar‘but

peaked at different times. Other features‘WereesSentiélly



Table 4.31. Poliovirus titres (l°g10TCID50/ml) monitored
' during single inoculation experiment in model
plant at 2000 ppm MLSS, 15°C and 10 hours

flow through time (also represented in figure 4.20).

Titres

pfe—inoc. : - - -
10 min. 4,21 © 4.80 3.4l
20 4.92 4.63 4.30
40 - 4.39 4.63 . 4.06
1 hr. 4.77 4.30 3.93
4.03 3.96 3.80
4.35 3.30 ~ 3.30

422 3.51 -

24 ’ 4.17 . 3,30 -

48 2.88 T -

72 | - . R

Calculated titre‘ = 5.60

Recovery of virus at'lO.min._104'91‘%' = 20.57% -
: .105p60
. o 5.16 . ..
Recovery of virus at 20 nin. 10 o = 31.61%

75,60
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similar to other experiments_with'poliovirus and these includedi
early disappearance of effluent‘titres, persistence'of.solids
Eitres and céncentration-of the virus on the solids fraction
(93.93% associated with MLS at 2 hours). Similar . concentration
" of poliovirus was observed on"fhe RSS and amounted to 89.707per

cent. at 2 hours.

The objecﬁive of the next gxperiment was to.sfuay the
removal of‘poliovirus by the model plant at 6000 ppm MLSS, 10 hours
flow through time and 25°C (figure 4.22 and table 4.33). The
pattern of distribution and behaviour of poliovifus i were
essentially the same as the.previous experiment exceﬁt for the
initial recovery from mixed liquor which amountgd here -to 5.40
per cent :of the calculated £itie. ‘The distfibﬁfion éf'poliovirusl
between the MLL énd MLS*MS also affected ﬁith 48.85 per ceﬁt of
the total virus in the MLS at 2 hours. This proportion of the

virus persists on the solids long after the virus disappears from

the effluent.

The next experiment was giﬁed at studjihg the performance of
the model plant undervprdlpnged COntinuqus'inoculation at 2000
~ ppm MLSS, 15°C and 10 hours flow through time '(Figure 4.23 and
téble 4.34). During the,fifst few hours the virus titres steadily
increased to plateaux values at about eight hours when itAbg;ame '
appafent that the bulk of the virus (about 85%);._wa-s |
associated with the MLS. Effluent titres‘fepfesehted on1yFa émail

fraction, 0.4 per cent, of the total mixed.liquor titres.



mo.moH

W ET. = o 500 .maﬂwho«un_mqmvoomm
4 g0l R
00T = gigOl = 21373 po3eTmdTeD
- L6°€ 0€°¢ 0T°€ - "1y g6
- 09°¢ 67°7 69°¢€ - L1y gy,
- 00°% 01°¢ 19°¢ 0£°2 ‘ay o
- c0°y 1T €2y 05°2 ‘ay 67
L£°T 09°¥ 1€ 0E*H 68°C 1y 07
05°z 0z°y 05°¢ 01°¥% A ‘ay g
€1°7 A 86°¢ <7y 90°¢ g g
05°2 90 e'e 'y 1€ cxy 1
G9°¢ 0z - 074 €L°€ "utw g
- - - €1°Y £€9°% 013z
- - - - . .ooﬁwruua
i SS9 IS4 ST TIR BT
| S333TL |

*(12°'% @2an313 ur peojussaxdax OMHmv awIl y3noayyz MOTJI Sinoy G*7J pue D T ‘g9 wdd

0007 38

jueTd jepow 8yj jyo uorjeINOOUT ST3urs Juranp vmnouwcoe AHE\omQHUH OHonv S813T1 SNITAOTIOd °Zg'h 9a1qel



*(S°I131T3 v——vV JJ3° pue 0—0 T ¢ 0—o0 154 ¢ 0—@ ST ‘v~--v 5sy) swrl ySnoayl MOTF °SIy G'ZT
ue ssTH wdd 0007 ‘D, 6T 3® Iueld Tepow uf juswriadxe UOTIBTNOOUT BT3urs BUTINp SniTAofTod JOUOTINQTIISTIQ *Tz*h *STd

*(*say) aury,

0s  gv oy - s . o8 9 0z 61 or ¢ - o

1 1 1 1 1 i 1 1 i 1 1 11

L. ~

-

7o)

17104

(Imlog(IID.I. OIsoi) 91313 shi‘,mo



o1

LG = % mﬂ.qoﬂoo+wwm.wﬁoﬂ "uw GT 3 £194009y
. - 09°¢%T _
LS = , 00-70T T ooey01 PUFA=0 3v £ads000y
- o o
09°c®T = g-g0L TH UT 21373 paermored ¢ o, 0T wninoour
- 0L°1 - - - I
- - - 00°T - Ay
- Con°T - 01°1 - ©oootay /g
- 0T°T | - 08" T 00°T cay gy
- S o0gtT L°0 0e°T €1 Ay gg
- R 80 1272 - LR
- sz°T 0Tl LE°T - 1y 6
961 B 90°¢ LT - e
L§°2 €z'e I8¢ 0€°€E € rag
e ss'¢ w0ty Tge 89'¢ . Ay T
0£°2 - 86°¢ PR 50°Y Cgotw  umm gg
- 85°€ g9t 1'% S6°€ ©rumw gl
28°1 0.7 0£°7 90° 00'%  ®Pwi3-g
- ) - - - - .ooaﬁwmuu
T . 55 T8 g T™ . W

“(zT°y 2an3T3y ur peojussaadax ose) 0,67 pue mEﬂu_awnonsu MOTF sanoy QT ‘ssiW wdd oooo

3e jued Tepow 8yl jo uorjerndour a78urs Surinp vmuouﬂcoE,AHE\:mmonoHv S9I13T1 SNITAOTI[Od °*€¢°'H 9IqelL



" (591373 v——V 144 PU® 0—0 TTH ‘m——nmIsy ‘@ ® STH ¢ v——v s5¥) D _GT pu® 3w} :w:ouﬁ MOTF -
g 01 ‘SSIH Ema 0009 2® jueld Hmvoe ut uﬁmsﬂummxm ﬁoaumHsooGH 913utrs 3utanp mzua>0HHoa moGOHuanHumam A q *3T13

: i g : *(*siy) suwry -
ooH Om om om oo om oq om . ou oH

1 1 1 L. 1 1 1 [ 1 1
I -

O

L e
-~

S mAm_\e. "

-G

*(Tu/n3zd OI%OI)>91i11'Sn1;AOIIO&‘




As soon as inoculation was stopped, effluent titres fell
sharply to non-detectable values. Mixed liquor liquid and
soiids fractions fell steadily but less sharply than the éffluent.
| The regression coefficiept of MLS titres between 8 hours and 16
days was ;8.39, while that after inoculation stoppage was -25.48
indicating that fhe virus was released at a greater rate than it

was -taken up.

The behaviour of polidvirus and f2 coliphage under the various
operating and loading condifions of thé model plant is summarized
in table 4.35. It can be seen from the table that the efficiency
of the model plant_in removing £2 coliphage ranged from 65.52 -
95.53 per cent over the range ofkopefafing’conditions, with the
removal during high virus>loéding'near the lower end of that'fange
aﬁ 69.80 per cent. The removal of poliovirus was, in generél;.much_
higher at 99.73 per cent. The distribution of f2 in the MLS and MLL
fractions of mixed liquor rénged between 4;79:95;21 én& | ‘
‘26.92ﬁ73.05 . s while the distribution:of:péliqvirus I
rexhibifedva revérsediﬁrend beihg‘84;86:15:14 in the MLS and
MLL respectiveiy. | | |
The decline of £2 coliphagé'after inoculation stoppage in most
experiments showed leséef_decline than uptakg bvaiS,kexcept iﬁ the
case of the eXperiment'invfigﬁfe,A.IS (at 25°C) which éhéwed an
appreciable increase in the‘raﬁe of deéline as évideﬁcedfby!the

‘regression coefficient values.



Table 4.34. Poliovirus titres (loglO pfu/ml) monitored during prélonged,
continuous inoculation experiment in the model plant
at 2000 ppm MLSS; 150C, 10 hours flow thfough time,

(also represented in figure 4.23).

Titres
Time INE ML MWL EEE
~ pre-inoc. = - - : C - -
zero - 4,70 _ - - -
5 min. ) - . 1.78 -
10 0.90 2.30 -
20 A '1.90 2.26 -
40 : 1.94 2.75 -
1 hr. -~ 3,05 2.45 1.59
2 : . 2.65 3.00 1.70
5 3.20 3.39 . 2.45
8 3.46 3.26 1.91
23 4.76 3.46 2.28 1.90
33 4.04 3.41 2.78 1.91
48 4.04 3,60 . 2.66 . 1.91
72 : 3.46 C o 2.48 }
96 4.20 ‘ ' 2.00
120 4.68 3.45 3.12
129 4.40 3.78 3.34 2.00
144 4.30 3.50 2.48 2.03
145 4.82 ~
153 4.70 3.96 2.58 - .2.00
168 4.45 S e
177 4.30 1.91 1.65
192 4.07 3.51 2.80 1.72
193 4.87 3.44 2.42 2.48
215 4.55 3.16 - 2.75 ~2.30
216 4.60 , . -
223 4,50 3.72 3,17 . 2.07
239 E 4.07 2.74 '
240 4,87 . o
263 . - 3.64 ©3.23 - 1.79
264 4.70 ' o o
287 4.00 3.66 2.30 1,60
288 - 4.86 . Lo T
296 : 4.19 4,10 - 2.35 - - - 2.00
311 : 4.14 3.83 3.00  -2.00
312 4.86 S e
335 4.12 3.47 2,91 - . 1.20° -
336 - 4.62 . o S PR
359 4.12 © 3.44 2.88 . 2.00
360 4.81 » ' .
383 4.20

INOCULATION STOPPED




Table 4.34. (continued)

Time INF MLS MLL EFF
384 - ’ 3.60 3.19 -
407 o 3,10 . . 2.07 -
408 - - -
432 ’ 2.70 2.00 -
456 - _ 2.00 -
480 : - . -
504 o - 2,30 1.30 -
X* - 4.56%% 3.67 2.88 2.00
s 4,36 3.46 2.78 1.79
Total: ML RX= 3.74
Calculated daily titre in Inf
8.63 , _
10 5.23 .
5500 = _10 recovery frqm INF. 21.38%
EFF , _ ) ML, .. MLS ., 4
N k= 0.27% aEpk = 15.14 o 85.11

* from 8 hrs. to 16 days

aleats
Y

from 0 time to 16 days.
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Shortly after inoculation was stopped, effluent titres.fell-
sharply to non-detectable values. Mixed liquor liquid and
solids fractions fell steadily but less sharply than the
effluent. The regreésion coefficienf of.MLS titres between
8 hours and 16 days was + 8.39, while that after inoculation
stoppage was - 25.48 indiqating that the virus was released>or

lost at~a'greater rate than it was taken up.

The behaviour of poliovirus and £2 coliphage under the various
operating and loading conditions of the model plant is summarized
in table 4.35. It can be seen from the table that the effiéiency
of the model plant in removing f2 coliphage ranged from
65.52 - 95.53 per cent over the range of operafing conditions,
with the removal during higﬁbvirus loading néar ﬁheGiower end
of that fange‘at 69;80 per cent. The removal of poliovirus was,
in géneral, much highér at 99.73:per cenf. The distribution of
£2 in the MLS and MLL fractioﬁs of mixedlliquor ranged bet&eén-
4.79:95.21 and 26.92:73.08, while the distribution of polio-
virus I exhibitedva %eversed tfend being 84.86:15.14 in the MLS

and MLL respectively.

The decline of f2 coliphage after inoculation,étoppage’in S
most experiménts éhowed lééser decline than uptake by:MLS,_exéépti,
in the case of the experiment in figure 4;15'(atv25°C) whi@ﬁ" |
showed an appfeciable‘incréase in the.rate‘of decline as’evidenCéd

by the regression coefficient values.



Poliovirus also showed the same trend in greater decline
after inoculatipn stoppage, although the difference between
;he regression coefficienté of MLS titres during inoculation
and after inoculation stoppage was small. The removal of
béliovifus across the plant, however, registered the highest

values when compared to rates of removal of f2 across the plant.

The persistence éf péliovirus in tﬁg'model piant affer »
single inoculation experiments wasvprolénged as long és
monitoring was carried out (table 4.36). Persistence was
observed in these experiments for aéilong'as 72 hours but not
shorter than 48 hours after inoculation (figures 4.19, 4.20,
4.21 and 4.22). The ratios of MLS:MLLAtitrgs varied from 61.31:38:69

at 25°C to 93.93 : 6.07  at 15°C,



V.  DISCUSSION

- The behaviour of f2 coliphagé and poliovirus in the model
plant confirmed the general observation that sewage treatment
by activated sludge reduces virus titres (Bgrg, 1973a; 1973b;
AGrabow,~1968;~Kollins,~l966;chhWartzbrpd;gE;gl.,~l973), *Hoﬁevér
it is_clear that such rémoval of viruses by the-aétivated sludge
process.is complex and reflects on the nature of each of the
viruses concerned and on the ﬁature of the activated sludge

floc surfaces.

Activated sludge floc surfaces are covered with slimes of
VpolyestersAand polysaccharides which are essentially neutral
except for one éomponeht of fhe'poiysaccharides; giucuronicracid,
which is the méin ionogenié moeity (Forster, 1971; Steiner,
McLaren and Forster, 1976; Wéllen énd Dévis, 1972). Viruses in
general, have a nucleic acid éoré with a ﬁiofein coat ‘and somé ‘
are enveloped, thus the first encounter between a viruskparticle
and activated sludge is likely to be.bétween the virus coat or
envelope with the pélysaccharide ﬁucilage. Poliovirus and £2
- coliphage, which are both picornavirusés,are similar enougﬁ tévqﬁe N
another in’maqy respects (Table 5;1) eﬁCept fpr:the cdm§iete,1a;kj
of histidine from £2 ;Qrotein (Olivieri gt_g_l_, 19'75; zinder, 1965).
~ The charge on such viruses at pH‘aréund_neﬁgral is negativgif:
.(Grabow, 1968; Tehney and Stﬁ@m, 1965), 5ut>of_c§urse,'thére‘are

degrees of negativity depending on the particular configuratibnal

- 201 -
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~ presentation of tﬁeAcharged residues in the protein moeity of

the virus. Thus it may be argued, that the behayiour of virus

iﬁ the activated sludge process especially with fespec£ to the
association with activated sludge solids would be‘dictated by

the nature of the protein coat, its iso-electric point, its
strﬁcture, its configuration as well as the abundancies or

raritiés of neutral, acidic, basic, hydrthilic_or<hydrophobic
amipo.acids in it. ~Furtherﬁore,‘since the ovérall-character of

the virus could well be influencedvby the structure and con-
figuration of the nucleic acid and its interaction with the protein
coat, it is possible, tﬁen, that no two viruses woﬁld behave alike
in activated sludgé.‘ Such differences in the behaviour, were,

indeed clear from the results. Forinstance,the association of
poliovirus with the mixed liquor splids wasfimmediate.ahd reached
about 85 per cent, whereas, a much lowef per ceﬁtages-about 18 percent

of fZasséciated with the solids. A cdrollary'ofithe increased

'_assdciatidn of poliovirus with sblidé wasftﬁe high removal of virus

-at leaét 99 per cent- across the plant becéuse the solids were
retaiﬁed ip-thejpiant as dictatéd bY-the prbcess design. The’

- gradual and.loﬁér’degree:of asso@iation_béﬁﬁeén f2 coliphage gndf
,ﬁixéd iiquor solids manifested itself in lower rates of rémoval,

~ about 84 per cent, Which,incideptally agfees with the rates ieporéed
.by Safferman aqd'Morris\ (1976), contradicting those gi#en by-

- Naparstek et al. (1976) who reported only'll.l per centfremoval; bqt'

‘the duﬁious vaiidity of thé l;ttet aﬁtﬁorsf results ﬁas raised in the

review of the literature towards the beginning of this thesis.



The distributiqn Qf f2 coliphage and poliovirus between
the mixed 1iqu§r solids and liquid fractions had interesting
implications. Qn average, the ratip for expériments with medium
- virus loading f2 coliphage was about 16:84 With a range from about
5-27 per cent for the solids, and fqr therliquid fraction con-
sequgntly 95-73‘per cent. For boliovirus, the distrifution dpring
continuous inoculation was.in_the ratio of about 85:15 for.

the solids and liquid fractions respectively.

Since the distribution of virus between the solids and liquid
‘phases of mixed liquor seemed to follow a particular éattefﬁ for
each virus,.it implied a state of equilibrium which presumably
depended upon several factors. These factors included the con-
chntrafionévof the reééfapts (i.e. virus titre and,sqlids céncehtration),
teﬁpérature,vaCtivity of the.reactants, the rate 6f‘diiution énd.the
- nature of the reactant(s). One of the reactions which could take
place between viruses and activated_sludge was adsorption of‘the B
virus onto the sludge sutfaceé‘and such adsorption may be one of
two types ; physical or chemical;- Chemicél’adsorption-probably does
‘not apply to the reiationéhip bétween}virus ahdractivated éludge_‘ 
because this is an‘éssentiallyvirfeQErSiblé.phendménon acqompanied'>
by a changé in thé'ngturé of the reactanté,.which‘could res#ltfﬁitﬁl'
inactivation of the.buik‘of the'virus._ PHYSiéalvaﬁsorptidn;fop’thé’
other hand,is refeféibié,and(notkaccompaniéd.by a:bermaneﬁf cﬂangé:

in the nature of,thevreaétahté (Marshall, 1976);'



Evidence in faQour qf physical adsorption was-fairly good.
Forinstance,. the récoﬁery of increasing amounts of £f2 éoliphage_
gn the repeatedly extraéted samples of activated sludge on the
one hand, and the presence of elevated titres of virus in the
mixed liquor liquid after the inoculation was stopped indicated
the reversibility of adSorption.' Furthermore, the vefy fact thét
~ virus was detectéd in the mixed liquor soiids implied that éhemical
adsorption had‘not oécurred because it would be likely to reéult iﬁ
irfa;tivatioﬁ.of the virus. Physical adsorption would also increase
as the concentration of the reactants increased, and it was shown
that the uptake of f2 coliéhage increased with increased suspended
solids concentration in the plant, also similar striking increases
in adsorptiqn were observed in the so-called dUa1~léve1 inoculation

experiment.

The physical adsorption of virus onto activated sludge isinot'
surprising since‘viruseé presumably have an innaFé_tendency to
adsorb tovsurfaces-thﬁsrreflecting their ﬁeed to parasitise.hoét
.cells. This innate tendency, was apparently overlooked by Clarke
et al. (1961) as .a possible mechanism for the removai of Virus
during activated éludge treatﬁent other&isé they Wduld surely have
ﬁot only monitored the:mixéd liquor iiquid fractioﬂ, But the solids
fraction as ﬁell; Keli&, Sanderson aﬁd>Neidl (i96l)5.aisg didvﬁot
' monitor the mixed liquor solids and, fUrthermore.claiméd:thaﬁ_all |
.the-ﬁmissingﬁ,virus;had beén inactivated. -Maiiné EE_El°T(L974)’;'
Malina.gngl"(l975) and Ranganathan, Malina éﬁd,Sagik (1975)v

considered that all the virus removed across~activated sludge sewage



treatment was 'inactivated, basing their conclusion on the state-
ment that activated-sludge "constantly synthesizes new microbial
films during oxidation of organic substrates" and that "the
biological-solids also exhibit a capacity for permanently in-
ectivating adsorbed rirus.with subsequent release of degraded

viral eeﬁponents;" lt is regretted that their statement was not
baéed on aﬁy observation or experimeﬁtal findingt The conclusions
by these WerkersAthat "sludge" inaetivated virus possibly reflected
their lack of a ;ensitive method for recoverlng infective.rirﬁs
from sludge solids - although it is more likely that they did not

consider it as a likely source of virus.

The hypothes1s that virus is simply removed by adsorption
fits both the behaviour of f2 and’ pollov1rus I 1n the model plant
and the interaction of both viruses with activated sludge, which,
as a process of dynamic equilibrium, was affected by the operatiné
conditions of the plant. Variations in the operatingAconditions
did not seem, on the basis of recovered tltres of virus, to affeet
the performance ofvthe plant, bqt.an analysis ef the uptake of f2
by the regression‘eoeffieient'(elbpe) of the plateauxvtitree of
mixed liquer eolids whlch 0ccurredvduriﬁg tﬁeAeentinubue‘iheeulatlon
experiments showed positive values. Forinetence;~loweriﬁg.the flow
through time from 10 to 5. 4 hours in the plant lowered the regress1on
rcoeff1c1ent from +299 to +65 and from +485 to +ll3 while increases
the mlxed 11quor suspended solids concentratlon from 2000 to 4000
'and 6000 ppm resulted in an almost proportlonatellncrease in the

regression coefflcents from +299 to +485 to +665 Temperature



exerted a noticeable éffect 6n £2 coliphage uptake with an

optimum at 15°¢ (regression coefficient +485) while the ﬁptake

was lower at 5°C and moderate at ZSOC (regresgion coefficients 421 and
}253 respectively). Highly inéreased uptake was observed by

increasing the inoculum resulting in a regression coefficient

of +73417.

ApplyingbtheAsame analysis to mixed 1iquor.solids titres-:
after inoculation had stopped revealed negative fegression
coefficients for all experiments, thus indicating that the trend
for association was reversed. In all experiments but tﬁo ;he
absolute value of the regression coefficient in the decline pﬁase .
was émalier than that of the uptake which clearly indicated
persistence of a prqportion of the solids associated virus. Those
exceptions (higher absolute véiues of the regfessién'ébefficients
of the deéline phase)vmay be due to dilution in one case and to
thermal death coupled with increased "physical and kineticractivity"
of the virus in the othef. - Thermal death could also:héve been
responsible for the decreased uptake at 2500, while lowered physical
activity of the virus:and physiéalyand biological activity of the
activated sludge'at 5% coul&;haVé resﬁitéd with 1bwered absolute
vélue for the fegressionAcoefficient. Thus, the asséciation of f2 -
éoliphage with mixed iiquor;éuspéﬁded solids séem té be fanur¢d 
byAgreater.opportunity:for and longer durqtion of contact Wi£h the .
solids. This ig élear from the inéreased qptake ﬁith ﬁighgr so1ids-

concentrations and lower flow through times. The effect of



temperature seems to function along the same principle in such a
way that.lower temperature decreaSed chances of contact due to
decreased kinetic (and probably electric) activities of the virus
and the mixed liquor solids. The reverse of ‘this effect seemed
to operate at higher temperatures,.with an optimum at 15°C and

decline at 259C-that'may have been due to thermal death.

The previous analysis cf'the ways thet_aSsociation of virus
with solids is achie#ed by a process of dynamic equilibration'
necessitated the introduction of the concept of a constant of
equilibrium. Such a constant, however, could not be calculated
at this stage due to lack of accurate,information about the nature
of activated sludge, the ahsolute~virus titres associated with
solids,-and'the.factors which influence‘decline in virus titres.

including inactivation for the duration of the experiments. .

It is the persistence.of the solids titres for long periods running
into.90 hours after inoculatrcn was stopped that suggested the
formation cf a somewhat stable virus-solids complex. The solids
prcbably protectrthe virus to a certainﬂextentfand of course, keep
it in the model plant because the sludge is contlnuously recycled
Furthermore, 1t is probable that the establlshment of a k1net1c
and dynamic equ111br1um of distribution of v1rusibetweenftheam1xed
liquor liquid and solids would necessarily result in'the'presence of_
virus in the m1xed liquor liquid and effluent after 1noculat10n had
’stopped. It is not 1mprobable that the act1V1ty of actlvated sludge

with the constant renewal and evolutlon of 1ts m1crob1al surfaces



- ‘played an imbortant‘role in the establishment of this equilibrium
and, from another point of view, in the ultimate inactivation of
Ehe residual virus on the mixed liquor solids. It was with
-similar speculative’reasoning that Malina et al. (1974 and 1975)
and Ranganathan gg;gl,’(l975) referred to all the virus removed

"e

‘during'aétivated sludge treatment as 1nact1vated v1ruS° whether.
this was justifiable or not is questionable sinCe sufficient proof
was not provided for or against inactivation. It is for this

reason that the word removal is used,advisably, in this work.

AThe regression coefficients are based on the mixed liquor

solids titres, but these values are only as accurate as the values
,Of the titres themselves and it iskimportant here to note that the
totél recoveries of £f2 coliphagéﬁffom ;heAnewly iﬁoculated mixed
liquor ranged between as little as about 54 per cent to no more
that gbbﬁt 77 per cent. This partial recovery of f2 coliphage from
inoculated mixed liquor, although probably édgquate for the study
of the behaviour énd diétribufion of £2 coliphage in activated
sludge tréatment, implies a certain loss of virus titre due t§

such uhdetermiﬁed factors as'aggregatipn, adsorption to suspended
and colloidél ‘matter, énd iﬁactivafion (Bittbn; 19753 Bitton~and
~“>M1tchell, 19744 Gerba and Schalberger, 1975 Lund, 19713 Lund and

lRonne, 1973) Of these factors, only aggregatlon and adsorptlon
_to SOlldS ‘satisfy the conditions of a dynamlc equlllbrlum, ‘and
thus partly explain the partial loss‘in:titre. _Furthermore; Sincé“
- the mixed liquof solids were assayed by'diréct;inoéul;tion each

'solids particle could have had more than one plaque forming unit



and could be read as one pléque.r The direct inoculation of solids
(Buras, 1974 Lund, 1971), howeVer, coupled with the resuspensién
A of inoculated solids in 10 per cent calf serum during ultrasonic
treatment improved virus recoveries satisfactorily. It is worth
noﬁing that recent reports indicate that fhe highest recoveries of
solids - associated viruse§ §§curfed ﬁheﬁ the solids were resus-
pended in 10 per cent protein (Beef extract or calf-serum) with
ultrasonic treatmént (Sattar and Westwood, 19763 Subrahﬁanyaﬁ, 19773
', Wéllings, Lewis and Mountain, 1976). in fact, the method of re-
suspension in 10 pér cent serum at pH's around 7.2-7.4 was reported
to give maximum recoveries which matched recoveries at élevated:
pH's with lower (3 per cent) serum concentrations (Sattar and
Westwood, 1976;.Subraﬁmanyan, 1977). The removal of fZ_coliphage.
acréss the plant is, therefore, thought té be a’combinati0p of the
factors of édsorption, éggregation; and almost definitely with a

certain degree of inactivation.

rTﬁe vaiidityvof;the removal and'&istributioﬁ results of f2‘
and poliovirus is‘vefified by the standardiéation experiments. The
observation'that £2 aséoéiates‘toré lessér extgﬁt with mixed:liquor
(and sewage) 501ids.supports its highef iniﬁial‘recoveries ffom -
sewage'(67-1i7%) than poliovirus (14-32%). Higher recbveries were
obsér#ed, however,-fér.both viruses a few hours after,ih§¢u1atiéﬁ:.
fhan at zero timé;jand these recoveries were sighifiéantly'ﬁighér
for £2. This temporary loss in titre could be due to an initial |
aggregatidﬁ”of;éveféassééiétion With'theisewage éoiidé’due'tb thé v
sudden exposufevéfjthe.virus_to the sewage environment. 'THe ,‘ |
quilibrium distriﬁgtién;bf virus in the séwage-prdbab1y followed later,

.as evidenced by'the.lack;éf the same effect with filtered sewage.



~The recovery of both viruses from mixed liquor solids was
_also highest with the method (resﬁspension in 10% serum with
uitrasonic treatment)vthan the other procedures tested. The
validity of the comparison of the behaviours of the two viruses
rested in the employment’of the Same method of treatment of samples

prior to assay.

: - The marked differences in the behaviour of £2 coliphage and
poliovirus in'activated sludge treatﬁent suggest that f2 is not a
suitablé indicator for viral pollution of ﬁaters. If £2 does not
behave like polio; it is not likely to behave like, say, the rota-
viruses or hepatitis A agent. Ranganathan et al. (1974) had also
dismissed f2 coliphageAas a suitable index on basis of its different

survival patterns in laboratory scale activated sludge plant.

7 S : o o '
If any generalizations are to be made on the survival patterns

of different viruses and their behaviour in sewage treatment and in
the water environment, they can only be made aftér aaequate under-
sfahding of their many proberties, notAonly biological but, probably
also the‘biochemigal. Forinstance,the nature of the protein coat,
includiﬁg”the distribution and nature of the amino acids and
especially their iﬁteraétion. 'Studies on the femoval or survival'.'
of viruses by extracté or pufe cultufes éf one_or'@oré of_thev
varioﬁs érganisms frpm éétivated sludgé may be very.informgtive..
:fhe intefactioﬁ of different viruées, say f2'and_pqliovifus:indculéted
:_together into ;he plant; could shed mo:eAliéht oﬁ5the'efféct of omne
IVirus;EE the behavipur.of the other whenAboth ﬁduld;be_presenﬁlin

the system. In any case, it seems that there is no alternative at



present but to study the fate 6r behaviour of each virus iqdividually
or in conjunction with othér viruses in activated sludge treatment.
The two most urgent viruses to be studied would be those of infectious
gastroenteritis or rotaviruses and heﬁatitis-A which are excreted

in large numbers in the faeces of cliniéally ill people or animals

and thus may, not surprisingly, be tfénsmitted>invsewage énd other

waters.
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