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CHAPTER 1
| NTRODUCTI ON
1. PERSPECTI VES | N ENVI RONMENTAL VI ROLOGY

The ability to nmultiply, to direct processes in the cells they
infect, and the ability to nutate are the only characteristics

of life that the virus is capable of manifesting. In essence,
the virus is alive only when it infects. Qutside of living
cells, the virus is inert. |Its essential viability in the
hostil e environnment outside the cell is time-mrked. Yet,

anong those viruses excreted by infected people into sewage

di scharged into rivers, streans, and | akes, many often survive
to reach the water intakes and recreational areas of downstream
communities. |If that sewage or its treated effluents or

sl udges are discharged to the | and instead, sufficient nunbers
of viruses may survive to contam nate crops or ground waters in
the aquifers below. [If the discharge is to the oceans, viruses
may contam nate recreational beach waters or approved shellfish
harvest waters. Over the years, cases of such contam nation
have been docunented repeatedly even in the apparent absence of
i ndi cat or bacteri a.

The smal | est nunbers of viruses detectable in cell cultures,

t he nost sensitive hosts for many viruses, may be sufficient to
i nfect susceptible individuals who consune them Thus, any
nunmber of viruses that reaches a water intake or that is
consuned by a recreationalist is a potential hazard. To detect
such smal |l nunbers of viruses in water requires concentrating
viruses fromlarge vol unmes of water



In the past several years, a grow ng awareness of the
wat er borne virus probl em has devel oped within the scientific
community. This awareness has resulted in the devel opnment of a
nunmber of techniques for recovering viruses from waters of
various qualities. These waters range from sewage to tap
water. The techni ques that have been devel oped include filter
adsorption-elution, glass powder adsorption-elution,
ultrafiltration, polyelectrolyte adsorption, alum num hydroxide
adsorption, protam ne precipitation, hydroextraction, two-phase
separation, organic floccul ation, and al gi nate nenbrane
filtration. Sonme of these nethods are nodestly efficient in
l[imted circunstances. None of them has universal potential at
present. There is endl ess change in the chemi cal quality of
wast e and receiving waters, and the unpredictable effects of
such change on the efficiencies of the nmethods for
quantitatively concentrating viruses fromwaters is a problem
that may | ong be with us. Thus, nmethods may al ways require
selection and flexibility to meet the needs of changing
situations. Guidance for such selection and flexibility is

gi ven herein.

2. THE VI RUSES | N ENVI RONMENTAL WATERS

Ent erovi ruses (polioviruses, coxsackieviruses [groups A and B],
echoviruses, and hepatitis A virus), rotaviruses and other
reoviruses (Reoviridae), adenoviruses, and Norwal k-type agents
-- atotal of nore than 100 different serological types --
constitute the major enteric virus conplenent of human origin.
Most of these viruses have been detected in sewage and in
receiving waters over the years. Menbers of other virus groups
have been recovered from human feces and urine, but none has
been reported with great frequency or in large nunbers in
sewage or in receiving waters. Viruses of non-human sources
abound in environmental waters. Sonme of these viruses, such as
reoviruses, may infect man; the significance of certain other
viruses from non-human sources is as yet undeterm ned.

The nunbers of viruses detected per liter of sewage range from
| ess than 100 infective units to nore than 100, 000 infective
units. In tenperate climtes, the nunbers generally increase
in the warner nonths and decrease in the col der nonths,
reflecting overall infection and excretion patterns in the
community. In the tropics, the nunbers of viruses in sewage
are highest during the rainy season. Since viruses do not
mul ti ply outside of susceptible living cells, dilution in
hostile receiving waters and the toll of time eventually reduce
the nunbers of viruses to |levels often barely detectable by the
best techni ques avail able, even when 1,000-L quantities of
water are tested. In receiving streans, however, such nunbers
of viruses, in ternms of the daily water intake requirenents of



even small comunities, are not small.

When one considers the low efficiencies of the nmethods that we
have for concentrating these viruses, that the cell culture
systens used for detecting viruses are usually sensitive to

| ess than half of the virus types excreted by man, that the

pl aque procedure usually used for detecting and quantifying
viruses is itself relatively inefficient, and that there are
undoubt edly viruses in sewage that have not yet been detected
and identified, it seens reasonable to surm se that the nunbers
of viruses we now detect in environnental waters are probably
an order of magnitude or nore below the quantities actually
present there. The nunbers of viruses that reach recreational
wat ers and i ntakes downstream of outfalls may thus be very

| arge i ndeed.

3. CONCLUSI ONS AND RECOMMENDATI ONS OF THE WORLD HEALTH

ORGANI ZATI ON (WHO) SCI ENTI FI C GROUP ON HUMAN VI RUSES | N WATER
WASTEWATER AND SO L (from Human Viruses in Water, WAstewater
and Soil, Report of a WHO Scientific G oup, Technical Report
Series 639. World Health Organi zation, Geneva, Switzerl and,
1979. 50 pp)

In 1979, the Wirld Health Organi zati on (WHO) published the
report of a WHO Scientific Group on Human Viruses in Water,

Wast ewater and Soil. The Group included USEPA participation.
The Concl usi ons and Recommendati ons of the Group follow and are
quoted directly:

3.1 [ Concl usi ons]

Wil e bacterial contam nation of water and soils and the

associ ated health risks have been thoroughly studied, attention
is now increasingly being focused on the hazards associ at ed
with virus contam nation of water. The Scientific G oup
reviewed the current state of know edge on the subject and
concluded that the contam nation of water and soil by

wast ewat er and human faeces containing enteric viruses nmay pose
real public health problens. This is also applicable to areas
of the world in which the major waterborne bacterial diseases
have been brought under control.

There are over 100 different types of enteric viruses, al
consi dered pathogenic to man. Their concentration in

wast ewat er may reach 10, 000-100,000/L, and they have the
ability to survive for nonths in water and in soil. In sone
i nstances, the ingestion of a single infectious unit can |ead
to infection in a certain proportion of susceptible humans.

On nunerous occasions viral hepatitis A epidem cs have been



wat er borne. Many out breaks of viral hepatitis A have resulted
fromeating shellfish grown in sewage-contam nated estuarine and
coastal waters. It is also probable that a significant
proportion of the reported waterborne gastroenteritis outbreaks
of nonbacterial etiology have been associated with waterborne
viruses (e.g., rotaviruses).

While the Scientific Group recogni zed that nassive waterborne
out breaks of virus-associ ated di seases have been detected only
on limted occasions, it concluded that the constant exposure
of | arge popul ation groups to even relatively small nunbers of
enteric viruses in |arge volunes of water can lead to an
endem c state of virus dissem nation in the conmmunity, which
can and shoul d be prevented.

Bacteria used as conventional indicators to evaluate the safety
of potable water supplies have been shown to be significantly

| ess resistant than viruses to environnmental factors and to

wat er and wastewater treatnent processes. As a result, enteric
viruses may be present in water that manifests little or no
sign of bacterial pollution.

Where surveys have been carried out, viruses have been detected
in the drinking-water supply system of a nunmber of cities,
despite the fact that these supplies have received conventi onal
water treatment, including filtration and disinfection, which
are consi dered adequate for protection against bacterial

pat hogens. Plans for the recycling of wastewater for donestic
consunption are being considered in some cities, while many
others are drawing their water supply from contam nated surface
sources carrying a significant proportion of wastewater. In
both situations the risk of viruses penetrating the supply
system nust be carefully evaluated so that adequate nonitoring
and treatnent can be provided.

Met hods for the concentration and enuneration of viruses in
| arge vol unmes of water have been devel oped but are not yet
st andardi zed. Through the use of such nmethods | arge water
sanpl es can be nonitored for viruses on a routine basis.

Wat er treatment methods capabl e of acconplishing effective
virus renoval and inactivation are now avail able, so that
conventional water treatnent plants can be suitably nodified to
deal with this problem The formation of carcinogenic
conpounds when water containing organic material is chlorinated
may give rise to a potential health problem However, in
situations in which there is a risk of waterborne conmmuni cabl e
di sease there should be no hesitation in continuing current

wat er disinfection with chlorine until alternate techniques for
effective virus inactivation are devel oped.



Viruses present in wastewater and sludge applied to |and for
irrigation, fertilization or disposal purposes can survive in
soil for periods of weeks or even nonths. Edible crops,

contam nated either by contact with virus-1laden soil or by

wast ewat er sprinkler-irrigation, can harbour viruses for
sufficient periods of tinme to survive harvesting and marketing,
and thus their eventual consunption constitutes a potenti al
health risk

Only limted data are available on the health risks resulting
fromthe dispersion of viruses in aerosols created by sewage
treatment and | and di sposal systenms. However, a potenti al
hazard does exist and steps to reduce it may be warranted.

Di sinfection of effluent prior to |land disposal, particularly
in the case of sprinkler-irrigation in the vicinity of

i nhabi ted areas, could be an effective preventive neasure.

3.2 [ Recommendat i ons]

(1) \Wherever possible, drinking-water should be free from human
enteric viruses. To ensure that this goal is being achieved, a
100-L to 1,000-L sanple should be tested by the nobst sensitive
met hod available. 1In all cases of intentional direct

wast ewat er reuse for donmestic consunption, this procedure
shoul d be consi dered essential and should be applied at | east
in |large urban areas in which potable supplies are derived from
virus-pol luted sources, such as surface water containing a
significant proportion of wastewater either untreated or
insufficiently treated to inactivate viruses. Further

consi derati on should be given to the establishnent of
recommended virus concentration limts for water for

recreati onal purposes, and wastewater effluent and sludge for
agricul tural use.

(2) Where virological facilities can be provided, it is
desirable to nonitor wastewater effluents, raw water sources
and drinking-water for the presence of viruses. This wll
provi de baseline data to evaluate the health risk faced by the
popul ati on.

(3) In the light of the greater resistance of many enteric
viruses to disinfection and other treatnent processes conpared
to that of bacteria utilized as pollution indicators,

dri nki ng-water derived from virus-contam nated sources shoul d
be treated by methods of proved high efficiency for renoving or
i nactivating viruses and not only bacteria. Particular
enphasi s should be given in such cases to ensure the effective
di sinfection of drinking-water with, for exanple, free
avai l abl e chlorine residuals of 0.5 ng/L nmaintained for a
contact time of 30-60 m nutes or an ozone residual of 0.2-0.4



ng/ L mai ntai ned for 4 m nutes.

(4) Because of the ability of viruses to survive for |ong
periods in seawater, it is recomended that coastal bathing and
shel | fish growi ng areas should be protected from contam nation
by wastewater and sludge. Virus nmonitoring of these areas is a
desi rabl e neasure.

(5) Control procedures should be instituted in all situations
in which wastewater or sludge is used for irrigation or
fertilization, to prevent the contam nation of vegetables and
fruits which are to be eaten raw. (Moreover--even though they
may eventually be cooked--contam nated raw vegetabl es are
liable to pollute other food in the kitchen.) \Where it is
nevert hel ess planned to irrigate such crops or where
sprinkler-irrigation is to be used near popul ated areas, the
effluent should be treated so that it reaches a high

m crobi ol ogi cal quality approaching that of drinking-water.

(6) Since the factors that influence the novenent of viruses in
soil are still not fully understood, and since effluent and
soil conditions vary so greatly, caution should be exercised if
wast ewater irrigation or |and disposal takes place in the
vicinity of wells supplying drinking-water. Careful study of

| ocal conditions is required and the cautious siting of such
wel s and routine virological nonitoring of the water are

advi sed as safety neasures.

(7) Further research is necessary into the health risks
associated with viruses in water and soil. These studies
shoul d i nclude the devel opnment and eval uati on of nethods of
detecting viruses and alternative indicators of virus pollution
(e.g., phages) and the inprovenent of treatnment methods for the
i nactivation and renoval of viruses from water and wastewater.
The dissem nation and survival of viruses in the natural

envi ronnent should al so be investigated.

(8) A standard nethod should be devel oped for the concentration
and detection of viruses in |arge volunmes of drinking-water
(e.g., 100-1,000 L) based on a full evaluation in different

| aborat ories of present techniques. Such an attenpt woul d
facilitate the devel opnent of virus-nonitoring programmes and
woul d ensure a maxi num degree of conparability of results. A

| aboratory quality-control system should be devel oped to enable
participating | aboratories to standardize their procedures.

3.3 Summary

Al t hough not a direct response to the efforts of the WHO
Scientific Goup, this manual should make possible the



noni tori ng operations envi sioned by that group.
4. HI STORY OF METHODS SELECTI ON

I n 1965, a synposium on Transm ssion of Viruses by the Water
Route included a nmpj or segnment on nethods for recovering
viruses fromthe water environment. The focus on nethods,
within the context of the water transm ssion problem resulted
in a growing interest in methods research over the years that
fol | owed.

In 1975, a WHO Working Group on Bacteriol ogi cal and Virol ogi cal
Exam nation of Water (see: Report of a Wbrking Group on
Bacteri ol ogi cal and Virol ogi cal Exam nation of Water - World
Heal th Organization in collaboration with the Federal Republic
of Germany, Mainz, Germany, April 21-25, 1975. Water Research,
10:177-178, 1976. also see: Lund, E. 1982. Virol ogical

Exam nation, 3:462-509. In Suess, M J., ed., Exam nation of
Water for Pollution Control, Perganmon Press, New York.) nmet in
Germany to recomrend the promul gati on of nethods for recovering
bacteria and viruses fromvarious environnmental waters and

sl udges. The USEPA participated. Although nethods for
recovering bacteria are well-advanced, nmethods for recovering
viruses are not. Nonetheless, the Sub-group on Virol ogical
Exam nation, with sone reservations, selected several nethods
for promul gation which it believed were the best nethods
currently avail able. (The mandate of the sub-group did not
include tap and ocean waters, but sonme of the nmethods descri bed
herein are directly applicable to such waters.) The Anmerican
Public Health Association, The American Water Works Associ ation
and the Water Pollution Control Federation, through their
jointly published STANDARD METHODS, and the Anerican Society
for Testing Materials have al so recommended met hods for
recovering viruses fromthe water environment. The nethods
descri bed in this USEPA manual have seen the benefit of the
research and experience of the years that have passed since
1965. Nonet hel ess, the current state-of-the-art requires that
the follow ng caveats are considered:

Changes in the quality of waters sanpled may affect markedly
the efficiency of each method descri bed. Few studies are
avai l abl e that conpare the efficiency of one method wth
anot her under the same conditions.

None of the nethods descri bed has been studied with nore than a
few virus types. Most studies have been | aboratory and not
field studies. None of the nethods is equally efficient for
the recovery of all of the types of viruses frequently found in
envi ronnent al wat ers.



Some of the techniques described are | abor-intensive. Sonme
requi re expensive equipnent. In a nethodology so rapidly
evolving, there is a risk of obsol escence and obvi ous econom c
consequences.

4.1 Recommendati ons of the WHO Worki ng Goup and the WHO
Scientific G oup

Both the aforementi oned WHO Wor ki ng Group on Bacteri ol ogi cal
and Virol ogi cal Exam nation of Water and the WHO Scientific
Group on Human Viruses in Water, Wastewater and Soil suggested
tentatively for concentrating viruses fromO0.2- to 5-L vol unes
of wastewater and other waters a m croporous filter
adsorption-elution techni que, adsorption-precipitation with
various salts, polyethylene glycol hydroextraction, aqueous
pol ymer two-phase separation, and soluble alginate filtration.
These Groups tentatively suggested tangential flow ultra-
filtration and fl owthrough adsorption-elution systens for
concentrating viruses from5- to 400-L volunmes of relatively
cl ean waters.

The WHO Groups al so recommended tentative nethods for
recovering viruses fromsolids in waters and from sl udges.
These net hods were based on elution, with beef extract, serum
or other proteinaceous materials, of viruses fromthe solids.
The tentative nethods recommended by the two WHO Gr oups have
not been presented yet as operational procedures that can be
followed readily in the | aboratory. Several of those nethods
(but not the subsequent viral assays) are intended for use in
bacteri ol ogical | aboratories that are mnimally equi pped and
staffed. Both G oups recomended that the tentative nethods
undergo round-robin (done under identical conditions by several
participating | aboratories to determ ne the effectiveness,
preci sion, and accuracy of a nethod) testing.

4.2 Recommendati ons in STANDARD METHODS (St andard Met hods f or
t he Exam nation of Water and Wastewater, 15th Edition.
American Public Health Association, Anerican Water WorKks
Associ ation, Water Pollution Control Federation, Washington,
D.C., 1981) for Detecting Viruses in Various Waters

The 15th edition of STANDARD METHODS presents a ni croporous
filter adsorption-elution technique, an alum num hydroxi de
adsorption-precipitation technique, and a pol yethyl ene glycol
hydroextracti on technique, all as tentative standard met hods
for recovering viruses fromwaters and wastewaters. The filter
adsorption-elution technique is recommended for concentrating
viruses fromonly a few liters of any water (single-stage
filter adsorption-elution technique) and from |l arge vol unmes of
purer waters (two-stage filter adsorption-elution technique).



The latter technique may be used to concentrate viruses from
volunmes of 1,000 L and nore of finished waters. STANDARD
METHODS recomends the al um num hydroxi de adsorpti on-
precipitation techni que and the pol yethyl ene gl ycol
hydroextracti on technique only for small vol unes of waste
and other relatively highly contam nated waters.

The STANDARD METHODS procedures have not been round-robin
t est ed.

The 15th edition of STANDARD METHODS does not recommend net hods
for recovering viruses fromsolids in water or from sl udges,
but it does describe virus assay procedures.

Al t hough the nmethods in STANDARD METHODS have been written in
a manner intended as procedural, STANDARD METHODS recomrends
that testing with these methods should be done only by
conpetent and specially trained water virologists having
adequate facilities.

4.3 Recommendati ons of the American Society for Testing
Materials (ASTM

Most of the nmethods described in this USEPA manual have been
round-robin tested by the ASTM A formal acceptance of these
met hods as ASTM nmet hods i s pending.

5. THE USEPA MANUAL

The USEPA manual contained herein is state-of-the-art. The
manual conprises the best nethodol ogy avail able today, and it
will be revised frequently so that it remains state-of-the-art.

Each method in this manual has been presented as a

step- by-step procedure that should be easily followed by
technicians trained in bacteriology and famliar with aseptic

t echni ques and safety procedures. Each nmethod has been
subjected to numerous successful |aboratory sinulations by both
experienced and i nexperienced technical personnel. Only the
assays for viruses, which must be done in cell cultures or in
animals, require the skills of trained virologists.

This manual makes it possible for any conpetent water
bacteri ol ogy | aboratory that can arrange for viral assays (and
identifications) by a conpetent virology |aboratory to
concentrate and recover viruses fromwaters and from sl udges
and ot her solids.
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