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The isolation of viruses from treated drinking water has

raised concerns that water treatment methods may not always adequately

insure the removal of viruses from water designated for human

consumption. The isolation of enteroviruses and rotavIruses from

treated drinking water in a distribution system and at a water

treatment plant has been previously reported. Isolation of viruses

from drinking water that met recommended levels of coliform bacteria,

chlorine and turbidity. The question is raised as to whether or not

current drinking water standards ensure safe drinking water. The

isolation of enteroviruses and rotaviruses from treated drinking water

In a distribution system and at a water treatment plant. This study

reports the results of a more extensive investigation on the removal

of naturally occurring viruses by water treatment processes including

prechlorination/clarification, filtration, and chlorination at a full-

scale water treatment plant.

The removal of enteroviruses and rotaviruses was studied at a

full scale 205 mgd water treatment plant involving chemical

clarification, sand filtration and chlorination. Enteric viruses, as

well as coliphages, indicator bacteria, physical and chemical

variables were measured in water samples taken at each stage of the

drinking water treatment facility. Linear intercorrel ations were

analyzed for all the variables.

The numbers of standard plate count bacteria and coliphage

were positively correlated to the presence of enteroviruses in the raw

X
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water while coliphage counts were positively correlated to the

presence of rotaviruses in the finished water.

Samples were taken during the dry and rainy seasons. During

the dry season, it was found that reduction of enteroviruses and

rotaviruses averaged 81% and 93%, respectively, for the complete

treatment process and were the least efficiently removed as compared

to the other microorganisms. The greatest reduction of enterovIruses

occurred during pre-chlorination/flocculation and filtration, while a

significant reduction of rotav I ru ses occurred during pre-

chlorination/flocculation and final chlorination. Enteroviruses or

rotaviruses occurred in 24% of the finished water samples containing

chlorine levels of >0.2 mg/L, and meeting coliform bacteria (1/100 ml)

and turbidity (1 NTU) standards. During the rainy season removals

were found to be far less efficient for all the variables and

rotaviruses were isolated from all finished water samples. The

results of this study indicate that finished water having measurable

levels of free residual chlorine and meeting standards for col iform

bacteria, and turbidity cannot be assumed to be virus free.



INTRODUCTION

The enteric viruses have, in the last decade, gained more

prominence in the scientific community as one of the major microbial

pollutants in the water environment. These pathogenic agents are able

to exist outside their hosts and many may survive conventional

treatments for wastewater and drinking water. Waterborne transmission

has been well documented for viral hepatitis and has been recently

shown with other enteric viruses. Thus, with improved methodology for

the isolation and detection of these pathogens more intensive

investigations have been initiated in order to determine the

significance of enteric viruses in the aquatic environment. The

presence of any of these viruses in drinking water may be considered a

major health concern and the accumulation of information thus far

suggests that the extent of the contamination may have been

underestimated.

Characteristica of Enteric Virusea

More than 110 types of human enter lc viruses have been

identified (Table 1) including the enterov !ruses, hepatitis A virus

(HAY), Norwalk virus, reovirus, rotavirus and adenovIrus. These

obligate intracellular parasites are made up of a core of nucleic acid

(RNA or DNA) surrounded by a protein coat. Although they cannot

1
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Table 1. Enteric Virus Characteristics

Virus Group
Number
of Types

Size
(nm)

Type of
Nucleic
Acid

Some
Diseases
Caused

Enterovirus
1. Poliovirus 3 20-30 RNA Paralysis

Aseptic meningitis

2. Coxsackievirus
A 24 20-30 RNA Herpangia

Aseptic meningitis
Respiratory	 illness
Paralysis
Fever

6 20-30 RNA Pleurodynia
Aseptic meningitis
Per
Myocarditis
Congenital	 heart
anomalies
Nephritis

3.	 Echovirus 34 20-30 RNA Respiratory	 infection
Aseptic meningitis
Diarrhea
Per
Myocarditis
Fever, rash

Reovirus 3 75-80 RNA Respiratory disease
Gastroenteritis

Adenovirus 41 68-85 DNA Acute conjunctivitis
Diarrhea
respiratory	 illness
Eye	 infection

Hepatitis A Virus 1 27 RNA Infectious hepatitis

Rotavirus 2 70 RNA Infantile
gastroenteritis

Norwalk agent 1 27 DNA? Nonbacterial
gastroenteritis



3

reproduce without the host cell, they can survive in the environment

for extended periods of time. The enteric viruses are small ranging

in size from 20 nm to 85 nm. Because of their size and the

requirement of a hostsystem to grow, special techniques are used to

detect and enumerate these organisms.

Enteroviruses were first isolated from the environment more

than 40 years ago (Paul and Trask, 1941)and have been the most

extensively studied. These include polioviruses, coxsackieviruses,

and echoviruses and may cause diseases such as paralysis, meningitis,

respiratory illness and diarrhea. The adenoviruses can cause eye

infections and respiratory disease. The reovirus can cause diarrhea

as well as respiratory infections. Many of the viruses discussed thus

far are easily cultivated and studied in the laboratory using tissue

culture techniques (Melnick et al., 1980), thus, the methodologies for

isolation of enteric viruses from the environment were originally

developed using the enteroviruses, polioviruses in particular.

However, these techniques with some modification have also been useful

for isolation of other enteric viruses such as rotavirus and HAV

(Smith and Gerba, 1982; Hejkal et al., 1982)..

The rotavirus closely associated to the reovirus was first

discovered in man in 1973 (Bishop et al., 1973), and appears to be a

major cause of infantile gastroenteritis. This can be a particularly

devastating disease in children under two years of age and causes 50

percent of the hospitalized cases of diarrheal illness in temperate

climates (Black low and Cukor, 1981). Rotavirus may also infect the

adult population and apparently is one of the primary agents of
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traveler's diarrhea (Bolivar et al., 1978; Sheridan et al., 1981).

Electron microscopy, enzyme-linked immunosorbent assay (ELISA) and

immunof I uorescent techniques have been used for the detection of

rotaviruses directly from environmental samples (WHO, 1981; Steinmann,

1981; Smith and Gerba, 1982). Growth in tissue culture has proven

more difficult than with the enteroviruses and requires specialized

techniques, such as the incorporation of trypsin into the culture

media (Babiok, 1977).

HAV has been classified as enterovirus 72 (Melnick, 1982) and

like the enteroviruses demonstrates acid stability, resistance to

ether and possesses similar physical features. Infections with HAV

cause liver degeneration and are characterized by jaundice, thus,

through the centuries viral hepatitis has been easily recognized.

Only since 1979 have techniques been developed for the propagation of

HAV in laboratory and isolation from environmental samples (Provost

and Hilleman, 1979; Hejkal et al., 1982). However, based on it's

epidemiology, hepatitis is one of the most prevalent waterborne virus

diseases. In 1980, a non-A, non-B hepatitis virus which was

responsible for a massive waterborne outbreak was discovered in India

(Wong, 1980). Although other similar epidemics of hepatitis have been

reported (Purcell, 1982) there is little available information

concerning the characterization of this agent(s) (Pavri, 1982).

The Norwalk virus was discovered in an outbreak of

gastroenteritis in 1968 and causes diarrhea and vomiting (Adler and

Zickl, 1969). A major cause of waterborne disease in the United

States (Kaplan et al., 1982), the Norwalk virus has yet to be
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propagated in the laboratory but appears to be related to the

parvovirus or cal icivirus group (Gerba et al., 1984) and has been

partly characterized and identified using immune electron microscopy

(Kapikian et al., 1982). This agent appears to be a major cause of

adult gastroenteritis with little association to diarrhea in infants

(Blacklow and Cukor, 1981).

A major characteristic of enteric viruses is their ability to

multiply in the gastro-intestinal tract and subsequently be excreted

In high numbers in the feces. The significance of this in

relationship to the fact that the enteric viruses are able to survive

in the environment, is that viral disease can be transmitted through

contaminated water.

Waterborne Transmission. of Enteric Virusea

During the 1940/s the enteroviruses were first isolated from

sewage (Paul and Trask, 1941) and It is now apparent that all enteric

viruses may be found in wastewater. Through septic tanks, effluent

discharges and landfills, these viral pathogens contaminate the

aquatic environment, which may subsequently be used as a source for

drinking water.

Waterborne outbreaks of poliomyolitis have been acknowledged

(Mosley, 1967), however, the documented evidence supporting this mode

of transmission is tenuous and person-to-person contact is still

considered the major route for spread of the disease. The other

enteroviruses as well as adenovirus and reovirus have not been shown
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to be waterborne.

HAV was the first virus proven to be transmitted by the water

route and outbreaks involving contaminated drinking water have been

well documented (Goldfield, 1976). In the United States from 1971 to

1980 HAY was involved in 16 waterborne outbreaks (Craun, 1981). In

some instances, the drinking water was reportedly fully treated

including chlorination, although many outbreaks were a result of

massive sewage contamination and/or a breakdown in the treatment

processes. While most waterborne outbreaks have been based on

epidemiological evidence, in 1980 HAY was recovered from well water

involved in an outbreak (Hejkal et al, 1982).

It has been estimated that viruses are responsible for 50% of

the gastrointestinal illnesses. Yet in the United States only three

percent of the gastrointestinal waterborne outbreaks were shown to be

viral from 1971 to 1980 (Craun, 1981). Fifty-five percent had an

unknown etiology and many of these outbreaks may have been caused by

viruses but went undetected as appropriate testing was not performed.

Norwalk virus and Norwalk-like agents as well as rotavirus have been

documented in waterborne outbreaks of nonbacterial gastroenteritis.

Kapikian et al. (1982) found a high incidence (42%) of Norwalk virus

associated with non-bacterial gastrointestinal outbreaks between 1976

and 1980. Rotavirus has also been isolated from eight outbreaks in

the last ten years (Berg, 1984).

Both Norwalk virus and rotavirus are relatively newly

recognized waterborne pathogens, and there appears to be a rising

incidence of these microorganisms associated with reported outbreaks.
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From 1975 to 1979 two outbreaks of rotavirus and six outbreaks of

Norwalk virus were documented while from 1980 to 1984 the outbreaks

associated with rotavirus tripled and the reported outbreaks of

Norwalk virus almost doubled (Figure 1). An increased awareness and

the development of new methods for the detection of these viruses will

more than likely continue to contribute to the rising trend of Norwalk

and rotavirus-induced waterborne outbreaks.

It is evident that waterborne transmission of viral agents

does occur, but many of the methods used to investigate the incidence

of enteric viruses in the aquatic environment have only recently been

developed. The significance of virus isolation is unknown. The

presence of viruses in treated drinking water, however, may present a

significant health problem which has yet to be fully recognized.

Reported Enteric Virus Isolation from Drinking Water 

Coin (1966) was the first to isolate viruses from drinking

water in the early 1960s in Paris, France. Other early reported

isolations came from Romania (Nestor and Costin, 1976) and Russia

(Rabyskko, 1974). Viral contamination of drinking water was

subsequently reported from the United States, Italy, South Africa,

Costa Rica, Canada, United Kingdom, India, Israel, Mexico, Spain,

Australia, People's Republic of China, and Germany. (Table 2).

The first report of enteric viruses in drinking water was

attributed to inadequate treatment. In Coin's study the treatment

applied to the source water consisted of settling and marginal
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1975-1979
	

1980-1984
YEARS

Ill' ROTAVIRUS
	

M NORWALK VIRUS

Figure 1. Waterborne Outbreaks of Norwalk and Rotavirus Associated
with Drinking Water (1975-1984)



9

Table 2. Enteric Virus Isolation from Treated Drinking Water

No. Samples
Positive/

Virus Type	 No. Samples	 Water
Recovered	 Collected	 Treatment	 Location and Date	 Reference

Polio,	 other
enter ics

43/553 disinfection France 1960-62 Coin 21 „al.,
1966

Reo, entero 2/25 completeb France 1961-63 Fol iguet 
1976

Coxsackie A 2/65 complete Romania 1962-71 Nestor and Costin,
1976

Coxsackie A and 9/64 complete Russia 1968-71 Rabyshko,	 1974
B,	 Echo,	 polio

Nonpolio, NR completee Italy	 (NR) Petrilli g± Li.,	 1974

Reo, echo,
polio

7/64 complete Massachusetts
1969-71

Fri and McDermott,
1972

Polio 1/1 Untreated Michigan 1970 Mack e± ai., 1972

Reo, entero 2/NRc completed South Africa
1971

Nupen and Stander,
1973

Polio 1/7 complete Massachusetts Clarke et
1972-73 1975

NR 5/100 complete South Africa,
1974

Nupen,	 1976

Polio 2/33 complete Costa Rica
1974-75

Herrero and Fuentes,
1978

Polio,
coxsackie A,
untyped strains

8/220 complete Romania
1982-77

Nestor g± Li., 1978

Reo? 1/464 complete	 " South Africa
(NR)

Grabow and	 Isaacson,
1978

Polio 3/? complete Southern Metcalf,	 1978
State,	 197?

Echo 1/10 disinfection Florida 1975 Wellings _et ai.,	 1975
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Table 2. Continued

Virus Type
Recovered

No.	 Samples
Positive/
No. Samples
Collected

Water
Treatment Location and Date Reference

Polio 4/12 complete Virginia	 1975 Hoehn gt Li.,	 1977

Polio (6.7%) disinfection Canada,	 1975-76 Sekla 	tAi.,	 1980

Polio 1/42 complete Virginia	 1976 Berry and Shaffer,	 1978

NR 19/74 disinfection India	 1978 Rao Af Ai., 1978

Polio, echo 12/18 disinfection Israel	 1978 Marzouk	 Ai.,	 1980

Coxsackie B,
rotavirus

13/31 complete Mexico 1978 Deetz g± Ai., 1984

Polio 31/31 complete Canada 1978-79 Payment,	 1981

Reo 3/10 untreated Spain,	 1980 Pares g± zi.,
1980

Adeno, rota
and small	 round
viruses

6/32 untreated Australia,
1979-1980

Murphy 2±
1983

Coxsackie B,
adeno

7/7 NR People's
Republic of

Zhang,	 1984

China,	 1982

Polio,
coxsackie B,
echo

90/553 mostly disin-
fection

United Kingdom
1979-82

Tyler,	 1983

Coxsackie 1/1 filtered California
1980

Riggs	 Spath,
1983

Hepatitis A,
coxsackie B

3/6 disinfection Texas 1980 Hejkal 	tLi.,
1982

Polio, 11/155 complete Canada 1983 Payment,	 1984

Enterovirus
rotavirus

19/23 complete Mexico 1982 Keswick ei Li.,	 1984

NR 1/4 disinfection Germany 1982 Walters e± Ai.,	 1984

NR 3/111 untreated Israel Guttman-Bass and
1980-81 Fattal,	 1985
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Table 2. Continued

No. Samples
Positive/

Virus Type
	

No. Samples	 Water
Recovered
	

Collected	 Treatment
	

Location and Date
	

Reference

Polio
	

6/17
	

disinfection
	

United Kingdom	 Slade, 1985
1983-84

Hepatitis A	 4/6
	

untreated
	

Maryland 1981	 Sobsey, 1984

aAdapted from: American Water Works Association Committee on Viruses in Drinking
Water, 1979; Melnick and Gerba, 1982; Berg, 1984; Akin, 1984)

bComplete treatment in general was coagulation-sedimentation, rapid filtration, and
disinfection.

cNR = Not Reported

dFurther chlorination received before distribution; no viruses recovered after final
treatment.

eAn experimental plant that used complete treatment of a heavily polluted source
water; finished product was not consumed.

,
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chlorination. Although other investigators did isolate viruses from

water receiving complete treatment, (coagulation-sedimentation,

filtration and disinfection), the initial reports from the United

States were suspect due to possible laboratory contamination of the

samples (Akin, 1984). It is now apparent that viruses can be

recovered from treated drinking water as approximately 53% of the

reported viral isolations came from drinking water which had undergone

complete treatment, while 26% came from water which was only

disinfected and 15% from untreated water.

A few extensive surveys of virus contamination of drinking

waters have been conducted in Canada, England, Israel, Netherlands,

Romania and the United States (Table 3). In the Netherlands and

United States studies, no virses were detected in the finished water,

however, in four other investigations viruses were recovered from ten

to 71% of the sources or facilities tested. In most cases large

volumes of water were filtered (20L to 1900L) and low numbers of

viruses were recovered (0.0005 pfu to 0.87 pfu/L) with a small

percentage of the samples positive (4-71%). Yet it is still

disturbing that at some point many facilities are distributing

drinking water containing viral pathogens.

The limitations of the methods used in environmental virology

lend ambiguous significance to the intermittent isolation of low

concentrations of viruses from drinking water. Currently, the

adsorption/elution technique using electronegative or electropositive

filters for concentrating viruses from water samples is the method of

choice (APHA, 1980). This method depends on the use of an adsorbant



Table 3. Major Surveys of Drinking Water for Viral Contamination

Number of
Facilities or

Country	 Communities Surveyed

Number of
facilities or
communities

where viruses
were isolated Reference

Canada 7 treatment
plants

5 Payment gt
1985

England 229 Sources 89 Tyler,	 1983

Israel 20 settlements 3 Guttman-Bass and
Fattal,	 1985

Netherlands 8 treatment
plants

none Van Olphen At
1984

United States 54 communities none Akin,	 1984

Romania 8 towns 4 Nestor,	 1978

13
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material and subsequent de-adsorption (or elution) of the viruses by a

small volume of a proteinaceous liquid such as beef extract. This

technique allows viruses to be concentrated from large volumes of

water. Many types of adsorbant materials have been used (Gerba, 1983;

Gerba and Goyal, 1982). Early attempts at virus isolation from

drinking water involved the use of gauze pads as a virus adsorbent,

(Coin, 1966) although this technique was not quantitative or very

reproducible. By the 1970s, cellulose nitrate membrane filters were

being used to recover viruses from water. Furthermore, it was found

that the addition of divalent and trivalent cations and acidification

of the water sample would enhance the virus recovery. In 1976, and

1978, respectively, the filterite system and electropositive filters

were introduced. Laboratory studies have shown recovery efficiencies

of 50% using these filters but it is unlikely that this is achieved

under field conditions as a variety of water constitutents can

decrease the recovery of viruses (Sobsey, 1976; Guttman-Bass et al.,

1984).

The development of field concentration methods was a major

factor in the increased isolation of enteric viruses from drinking

water, but laboratory innovations in the propagation and enumeration

of viruses such as rotavirus and HAV have also contributed

significantly more sensitivity to virus detection. Both have

influenced the number of reports of virus isolation from drinking

water as well, which has been increasing in the last 20 years (Figure

2). From 1965 to 1970 only one report on the isolation of viruses

from drinking water was published, but by the 1980s (1981 to 1985) 14
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Figure 2. Incidence of Reported Virus Isolation from Drinking
Water (1965-1984)
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recoveries were documented which included the first isolations of

rotavirus and HAV from drinking water (Hejkal et al., 1982; Keswick et

al., 1984; Sobsey et al., 1984). Although new and improved techniques

may explain the increasing incidence of enteric viruses in drinking

waters, an increased interest has also undoubtly contributed to this

rise. It may be surmised that as methods are developed for detection

of the Norwalk Virus and others and as more individuals become aware

of these viruses, more enteric viral contamination of drinking water

will be reported.

Reduction 2i Enteric Viruses 14 Drinking Water Treatment Facilities 

The dramatic drop in waterborne bacterial disease was

accredited to the initiation of treatment and adherence to water

quality standards (col iform counts, turbidity and maintenance of

chlorine levels), yet, the effect on viral illnesses was not so

obvious. The incidence of HAV in a population in Libya decreased

after the installation of a drinking water treatment plant (Ghannoum

et al., 1981) but this type of documentation is rare.

Information on the reduction of viruses by treatment processes

under field conditions is scarce; however, as demonstrated in

laboratory studies, the majority of processes used to treat sources

for potable water are capable of reducing virus numbers, many

achieving greater than a 99% reduction (Leong, 1983). Yet

extrapolation of the results from laboratory bench studies to large

scale field operations is questionable as exemplified by Graeserts
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work (1973). He reported a 90 to 99% reduction of poliovirus and

bacteriophage in a beaker-size lime coagulation study but only a 45%

reduction in a seeded 1-mgd pilot plant. It has been recognized that

naturally occurring viruses may be more resistant to chlorination than

prototype laboratory strains (Shaffer, 1978). Furthermore, the

enteric viruses have been found to be more resistant to removal and

inactivation by conventional treatment processes than the bacterial

Indicators. Thus it is uncertain what plant operational conditions

would achieve optimal reduction of enteric viruses and what types of

design and operational deficiencies might be most critical in allowing

the passage of viruses through the system.

The few investigations on the reduction of indigenous viruses

under field conditions have reported a wide range of results (Table

4). Coagulation and sedimentation were reported to reduce viruses

from 61% to greater than 88%, while the reduction by rapid sand

filtration ranged from 30% to 74%. The one study on reductions by

slow sand filtration was found to give the highest reduction of 98.7%.

Pre- chlorination (0.3-0.8; 0.3-1.5 mg/L free chlorine, respectively),

apparently had little effect on the virus content of the water as an

18% reduction and a 55% reduction (in combination with coagulation-

clarification) have been reported. Ozonation was also shown to reduce

viruses slightly (36%) but when used in combination with storage a 89%

reduction was achieved. Storage may be an efficient means of reducing

the virus load although Van Olphen et al. (1984) isolated viruses from

water after five months of storage. it must be pointed out that in

all but two of these studies, the cumulative effect of the various
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Table 4. Indigenous Enterovirus Reduction After Various
Treatment Processes In-situ 

Percent
Treatment
	

Reduction
	 Reference

Slow sand filtration	 98.7	 Slade 1978

floculation/sedimentation 	 >88a	 Guy & McIver 1977

coagulation/sedimentation	 61	 Stetler 2± Ai. 1984

rapid sand filtration (RSF)	 41	 Stetler e± Al.,
1984

pre-chlorination; coagulation/
clarification

ozonation/storage

55 *

89

Rose 2± Ai. 1985

Agbalika 2± Li.,
1985

coagulation flocculation/	 41
	

Agbalika	 Li.,
settling	 1985

RSF	 55	 Agbalika 21 Ai.,
1985

coagulation/clarification;	 20*	 Van Olphen et Ai.,
RSF	 1985

coagulation/sedimentation;	 60*	 Van Olphen e± Al.,
chlorination; RSF	 1985

pre-chlorination	 18*	 Payment 2± Li., 1985

coagulation/sedimentation 	 69*	 Payment g± Li., 1985

RSF	 30*	 Payment It Ai., 1985

ozonat ion 	36*	 Payment 2± Li., 1985

a low numbers of indigenous viruses

reduction of percentage of positive samples
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treatments resulted in a finished product with no detectable viruses.

Viruses were detected in 7% (11/155 samples) of the finished drinking

water in an extensive study of seven treatment plants (Payment et al.,

1985) and in 9% (5 154) of the finished water samples in a study by

Rose et al. (1984). It was speculated that these isolations were due

to protection from disinfection by colloidal matter in the first case

(although turbidities were below one NTU) and major deficiencies in

the design and operation of the treatment plant in the second case.

It appears that in the field, the coagulation and

sedimentation process was slightly superior to rapid sand filtration

in the removal of viruses. Although viruses were recovered post

filtration in many of these studies, few viruses were then detected

after final disinfection. This implies that the last disinfection

step is a major barrier to virus breakthrough, and that if contact

time and disinfectant concentration are sufficient, the finished water

should contain no detectable viruses.

Possible Significance Di Enteric Viruses la Drinking Water 

Only in a few cases were virus isolations from drinking water

linked to disease in the exposed population. This fact alone may seem

to infer that viral contamination of drinking water supplies is not a

significant problem and does not warrant major concern. This

dangerous supposition could place a major burden of illness on the

population.

Viruses were responsible for 12% of the waterborne outbreaks
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from 1946 to 1980 in the United States (Lippy and Waltrip, 1984), yet

recovery of the viral agent from the contaminated water supply has not

been routinely documented. This may be due to a lack of methods and

facilities capable of performing such analyses or because the

investigating offices simply did not request virus analysis. Finally,

it must be kept in mind that, by conservative estimations, only a

small percentage of the waterborne outbreaks are ever detected or

reported. Thus there is probably significantly more illness in the

population due to viral contamination of drinking water than is

recognized.

As mentioned previously, extensive studies of viruses in

drinking water have reported no viruses or low levels of viruses.

Thus, viruses may be present in numbers below the detection limits of

the methods. The significance of low levels of viral contamination

may be important because of the low infectious dose of viruses. In

laboratory studies using Poliovirus, it has been shown that one

infectious unit in a tissue culture system is capable of causing

Infection in man (Plotkin and Katz, 1967). In a human infectivity

study using Echo 12, (Schiff et al, 1984) the results suggested that

one plaque forming unit may infect one percent of a susceptible

healthy adult population. Therefore, low levels of viruses once

ingested may be capable of causing disease. It has also been

suggested that constant exposure to low numbers of viruses are

responsible for low levels of endemic infections in the population

(Berg, 1966).

A major problem is simply the lack of information. Very
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little data regarding the survival and inactivation of many of the

enteric viruses are available. Different types of viruses can display

a wide range of survival characteristics. Harakeh and Butler (1984)

have demonstrated that the human rotavirus was the least sensitive to

inactivation by chlorine, chlorine dioxide and ozone, when compared to

some of the other enteroviruses, and the SA11 calf rotavirus, which

has often been used as a model for the human rotavirus, was the most

sensitive. It has also been suggested by results in a field study

that the rotaviruses are not as efficiently removed by sand filtration

as are the enteroviruses (Rose et al., 1985). Thus much of the data

generated for poliovirus behavior in the environment may not

correspond to viruses such as rotavirus, Norwalk virus and HAV.

The contamination of drinking water in many instances may have

been due to defects or malfunctions in the treatment processes as was

evident by the presence of coliform bacteria. During investigations

of treatment systems after documented waterborne outbreaks it was

found that 39% were attributed to inadequate or interrupted treatment

of water sources (Craun, 1984). Therefore, it may be reasonable to

assume that the detection of enteric viruses in treated drinking water

Is a result of treatment deficiencies. This indicates a problem with

maintaining adequate treatment needed to meet drinking water standards

rather than a problem with the standards themselves. As early as

1960, however, there was concern that the bacterial indicator system

used to detect domestic pollution was not adequate in regard to

viruses (Clarke et al., 1964). It has been shown that viruses are

more resistant to inactivation and removal by treatment processes than
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the bacteria and can survive for longer periods of time in the

environment than the bacteria. There have now been reported

Isolations of viruses from drinking water meeting U.S. bacteriological

standards (<1 coliform/100 mi), turbidity standards (<1 NTU) and

containing recommended levels of free chlorine (0.5 mg/L) (Deetz et

al., 1984; Payment et al., 1984; Rose et al., 1985; Tyler, 1984).

Slade (1985) has reported the isolation of viruses from a chalk well

with an excellent bacteriological and organoleptic quality where

viruses survived one mg/L of free chlorine after a 15 minute contact

time. These reports have initiated concerns in regards to the

adequacy of the standards and guidelines governing the hygienic

quality of potable waters. Water which was presumed to be safe based

on the bacteriological quality can no longer be assumed to be free of

viruses.

At present, a number of major issues need further

investigation. Improved methods with increased sensitivity for the

detection of viruses from water should be developed. A new indicator

system for the presence of enteric viruses, whereby contamination

could be detected rapidly and inexpensively, would be advantageous. A

monitoring program may better define the incidence and significance of

these viral pathogens in the acquatic environment. Treatment

processes and deficiencies which influence virus removal and

inactivation should be fully characterized.
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Although much has been learned in the last decade concerning

the survival of enteric viruses in water, further research will be

necessary to ensure that all drinking water will be safe and free from

viral pathogens.

Importance slf, the Problem

During the last decade there has been increasing attention

paid to the contamination of water and soil by human enteric viruses.

As noted in a recent report by a World Health Organization Study Group

on the problem of viruses in water (WHO, 1979), the problem is not

fully appreciated by the medical and public health profession. Since

the turn of the century, it has been well known that there is a

significant risk of contracting infectious disease from the ingestion

of sewage-contaminated water and food. The spread of enteric

bacterial disease by this route has been well controlled by the

widespread application of bacterial standards and modern treatment

processes for drinking water and sewage. Enteric viruses have been

shown to be less effectively removed or inactivated than indicator

bacteria by many treatment processes, principally in laboratory

studies. This fact had often raised serious questions about the

adequacy of bacterial standards in Judging the sanitary quality of

water as related to its potential for the transmission of viral

disease. These questions led the World Health Organization (WHO,

1979), among others (Sproul, 1983), to recommend under certain

circumstances the monitoring of and the adoption of viral standards



24

for drinking and other types of water.

Enteric viruses have been isolated from treated drinking water

supplies (Melnick and Gerba, 1982; Payment, 1981; Sekla et al., 1980),

but few of these studies were designed to quantitatively evaluate the

treatment processes. Often little information is contained in the

literature on the various aspects of the water treatment process

involved and the bacterial and chemical water quality. Without such

Information, it is difficult to determine the adequacy of the water

treatment. A number of factors which should be considered when

examining data from previous studies include recognition of the

following facts: (1) Most of the earlier studies were not

quantitative and some were limited to the sampling of relatively small

volumes of water. (2) None of the methods used to concentrate viruses

from water were 100% efficient in recovering all of the viruses

present. In laboratory studies, many of the methods will achieve

efficiencies of 50% or more, but since concentration methodology is

greatly affected by water quality, such efficiencies are probably not

achieved under field conditions. (3) Methods used for concentration

of viruses were usually optimized for enteroviruses, which constitute

only one genus among the enteric viruses. Methods were not available

In earlier studies for the detection of rotaviruses, Norwalk virus,

adenoviruses, etc. (4) Most of the investigators used tissue culture

techniques that limited isolation primarily to the enteroviruses.

The majority of processes used to treat sources for potable

water are capable of reducing virus numbers. However, much of the

available information on the removal of enteric viruses by water
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treatment processes is based on laboratory studies with members of the

enterovirus group (particularly, poliovirus type 1) and a few selected

col iphages.

Few studies have been done on the removal of naturally-

occurring enteroviruses by drinking water treatment plants under field

conditions. Such information is very important since not all enteric

viruses are likely to be removed with equal and high efficiency by a

given water treatment process. For example, laboratory studies have

shown poliovirus is more effectively removed from water by alum

flocculation and from sewage by adsorption to sludge flocs than

rotavirus (Farrah et al., 1978). Likewise, under field conditions at

an activated sludge sewage treatment plant, enteroviruses appeared to

be more effectively removed than were rotaviruses (Smith and Gerba,

1982). It is also recognized that naturally occurring viruses may be

more resistant to chlorination than prototype laboratory strains

(Shaffer, 1978).

The isolation of viruses from treated drinking water

(Committee 1979; Payment, 1981; Melnick and Gerba, 1982; Sekla et al,

1984; Payment and Trudel, 1984) has now raised concerns that water

treatment methods may not always adequately ensure the removal of

viruses from water designated for human consumption. Viruses have

been isolated from drinking water that met recommended levels of

coliform bacteria, chlorine and turbidity (Deetz et al., 1984; Payment

and Trudel, 1984). The question is raised as to whether or not

current drinking water standards ensure safe drinking water. In a

previous report Deetz et al. (1984) described the isolation of
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enteroviruses and rotaviruses from treated drinking water in a

distribution system and at a water treatment plant. This study

reports the results of a more extensive investigation at the same site

on the removal of naturally occurring viruses by water treatment

processes including prechlorination/clarification, filtration, and

chlorination at a full-scale water treatment plant located at

Guadalajara, Mexico.



MATERIALS AND METHODS

Water Treatment Plant

The site in this study was a 205 mgd water treatment plant in

Guadalajara, Mexico. The raw water came from a river and was conveyed

approximately 17 km by canal via two pumping stations. Untreated

wastewater is discharged into a shallow lake and feeds the river from

which the source water is taken. This river is located in a watershed

with a human population of four to eight million. The treatment

facility consists of five separate plants constructed over a 20-year

period (1955-1975). Each plant has a treatment sequence consisting of

chemical addition (liquid alum, 31 mg/L and Catfloc 0.6 mg/L or

Superfloc) followed by hydraulic mixing, flocculation, clarification

with pre- and post-chlorination, filtration through rapid sand filters

or automatic valveless sand filters and final chlorination. Pump

rates were reported at 2378 gallons/second. Samples collected

included raw or intake water, water post-clarification, water post-

filtration, and finished water from three of the five plants (Figure

3). This treatment plant was selected for study based on previous

results which indicated that the raw water source contained enteric

viruses (Deetz et al., 1984). Four visits to the plant were made over

a two-year period with 20 to 40 samples collected during each visit.

27
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Three visits were made during the dry season (March, 1982; January,

1983; and April, 1983) and one was made during the rainy season (July,

1982).

Engineer Evaluation

On November 16-19, 1981, and April 7 and 8, 1983, engineering

evaluations of the Guadalajara Water Treatment Plant were conducted.

The purpose of the evaluations was to provide supporting information

on, the nature of the operation of the plant during the study period

and to identify any important operational and design deficiencies that

might relate to the microbiological findings.

Virus Sample Collection 

Samples of 9.8 to 756 liters were collected using 1 MDS

Virosorb filters EAMF CUNO, Meriden, CT] (see Appendix A). An

electric, one horsepower centrifugal pump was used to collect samples

that could not be collected directly from taps. Where necessary, in-

line injectors EDEMA, St. Louis, MO] were used to inject sodium

thiosulfate into water to neutralize the chlorine before passage

through the virus-adsorbing filters (Payment and Trudel, 1981).

Samples were collected from the canal at the plant intake and in the

plant at points after clarification, after filtration and after final

chlorination. On each day that samples were collected, finished water

samples were collected first and intake water samples last, in order
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to minimize the possibility of contamination of the finished water

samples. Separate filter housings and hoses were used for each

sampling location. The filter housings were disinfected by soaking

for 30 minutes in buckets filled with water containing more than 5

mg/L of free chlorine. Hoses and pumps were disinfected by pumping

water containing greater than 5 mg/L of free chlorine through them for

30 minutes. Concurrently, 1-L grab samples were collected for

analysis of bacteria, bacteriophage and turbidity.

On the last day of each sampling trip, poliovirus type 1 (LSc-

2ab) was seeded into 200 L of dechlorinated finished tapwater; the

water was then processed in the same manner as the other samples.

This last sample, kept separate from other samples during shipment and

handling, served as a positive control.

A negative control was prepared from Tucson tapwater that had

been exposed to 5 mg/L of residual chlorine for 30 minutes. Other

negative controls were prepared from 1-L volumes of autoclaved 3% beef

extract.

Virus Elution Procedures 

Adsorbed viruses were eluted by passage of 1-L of 3% beef

extract pH 9.5 [Scott Laboratories, Fiskeville, RI], into the filter

housing, in the same direction as the water flow. The pH of the

eluting solution was adjusted just before use by adding 1 N NaOH.

Once the housing was filled, the beef extract solution was allowed to

remain in the housing for two to five minutes, then forced out of the
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housing with air. The pH of the eluate was immediately adjusted to

7.0 to 7.5 by adding 1 N HCI. Samples were packed in crushed ice for

shipment to the laboratory at the University of Arizona for one to six

days prior to being frozen (-20°C) for preservation before final

processing (see Appendix B). Before freezing samples were taken from

each eluent for col iphage assay.

Virus Reconcentration Procedure

Primary filter eluates were thawed and reconcentrated from a

volume of 1 L to approximately 36 ml by an organic flocculation method

described by Katzenel son et al. (1976). This consisted of dropping

the pH of the eluate to 3.5 with 2 N HC1, mixing for 30 minutes and

centrifuging at 10,000 RPMs for ten minutes. The resulting pellet was

resuspended in 0.1 M sodium phosphate buffer (dibasic) at a pH of 9.5

and mixed for ten minutes. The final volume was then neutralized to a

pH between 7.0 and 7.4 and filter sterilized through a membrane filter

with a pore size of 0.2 um pretreated with 3% beef extract to prevent

virus adsorbtion. The final concentrate was divided Into three

volumes: 10 ml were examined for enteroviruses, 10 ml were examined

for rotaviruses and the remaining volume was stored at -20°C for

future use.
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Enterovirus Detection 

Buffalo Green Monkey Kidney (BGM) cells, a continuous cell

line, were used for the detection of enteroviruses. The cells were

grown to a confluent monolayer in sterile 16 ounce glass prescription

bottles using modified Eagle minimal essential medium with Earle's

salts (Flow Laboratories, MeLean, Virginia) supplemented with 5% fetal

bovine serum (Hyclone, Logan, Utah, see Appendix C for complete media

composition), in a 37°C incubator. The medium was removed and the

cells were then inoculated with two ml of sample. Five replicates

were assayed for a total of 10 ml. Adsorption periods of two hours at

37 0C were used with rocking every 15 minutes to ensure dispersal of

the inoculum. After adsorption, maintenance media (20 ml) with 2%

fetal bovine serum was added to the cells. The monolayers were

examined, using an inverted light microscope, for cytopathic effects

(CPE, destruction of the monolayer in this case) for a period of 21

days.

All samples were processed under code so that their identity

was not known to laboratory personnel conducting the analyses.

Samples that did not produce CPE were passed an additional two times

on monolayers of BGM cells and observed for 14 days for CPE on each

passage.

Those samples positive for ŒE were inoculated a second time

into the BGM cell line and examined for CPE. Then the sample was

plagued as a final confirmation of the presence of virus using an agar

overlay method (Meinick et al, 1979).
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The liquid containing the destroyed monolayer was diluted out

to 10-3 and inoculated onto the BGM monolayer as previously described

in Nunclon six well plates (Gibco Laboratories, Santa Clara,

California). After adsorption in a CO2 incubator (37°C with 4% CO2),

the cells were overlayed with MEM and 1% agar (see Appendix C). The

viable cells were stained with the neutral red in the media and

plaques (or clear areas) developed where virus infection had taken

place.

All isolates that produced CPE on a BGM monolayer, initially,

were then confirmed by production of CPE by a second passage on BGM

cells. The isolates were then plagued for additional virus confirmation

using an agar overlay method. If the isolates did not produce plaques

and did not yield CPE by a third passage on BGM cells, they were

examined using transmission electron microscopy (TEM). Volumes of

approximately 0.1 ml from each sample (second passage) were fixed in

paraformaldehyde and were negatively stained using phosphotungstic acid

and viewed under TEM for virus particles.

Enterovirus Identification 

Virus isolates were identified by serum neutralization tests

using the Lim-Melnick enterovirus antibody serum pools (Melnick et a,

1973). Dried Lim-Pools were rehydrated with five ml of sterile

distilled water in the original vial. The antibody (Ab) pools were

diluted 1/50 and heated in a waterbath to 56°C for 30 min to

inactivate the sera. All Ab pools were then stored at -50°C. Al - the
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time of assay, 0.1 ml of each Ab pool was added separately, to each

unknown virus suspension (0.1 ml containing 30 to 60 plaques when

using 9.6 cm 2 well or 50 to 100 plaques when using 25 cm 2 flasks).

The mixture was vortexted for approximately one minute and incubated

In a 37°C water bath for two hours. Negative controls (Ab pools

alone) and positive controls (virus, alone) were also assayed

simultaneously.

After the incubation period the mixture (0.2 ml) was adsorbed

onto a monolayer of BGM cells, overlayed using neutral red for plaque

detection as previously described.

Tissue culture plates were observed daily from day two up to

day seven and scored positive or negative for plaque production.

Where no plaques developed, neutralization of the virus by the

particular Ab-pool was noted. The results of the neutralizations were

then checked against the scheme for identification (Identification

Table, Appendix E).

Rotavirus Detection

Rotaviruses were detected using the immunofluorescent

technique described by Smith and Gerba (1982). MA-104 monkey kidney

cells (Microbiological Associates, Bethesda, MD) were grown in Eagle

minimal essential medium supplemented with 10% fetal bovine serum, 5%

tryptose phosphate broth (TPB), 2% basal Eagle medium vitamins, 0.25%

glucose, 0.03% glutamine, 0.075% sodium bicarbonate, 100 U of

penicillin per ml, 100 ug of streptomycin perml, and 25 ug of
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gentamicin per ml. Cells were routinely subcultured with 0.2% trypsin

(1:250 tissue culture grade; Difco Laboratories. Detroit, Mich.) in

phosphate-buffered saline (PBS) containing 0.025% EDTA.

MA104 cells were grown to confluence ( 5 x 104 cells/chamber)
in eight-chamber tissue culture slides (Lab-Tek Products, Naperville,

Ill.). Fifty microliters of sample were inoculated per chamber, the

slides were incubated at 37°C for 15 min. and 0.2 ml of maintenance

medium was placed on the monolayer. The inoculated slides were taped

to a test tube carrier for an IEC 269 rotor (Damon/ IEC, Needham

Heights, Mass.) and centrifuged at 25°C for 90 min at 1,200 x g). The

inoculated slides were then incubated for 24 h at 37 °C in a 5% CO2
Incubator.

At the end of the infection period, the medium was decanted,

and the monolayers were washed three times with 0.85% saline and then

air dried. Next, the cells were fixed in methanol at -4°C for 5 min

and air dried. Fixed slides were rehydrated for 5 min in PBS before

staining. Each chamber or well was treated with 25 ul of pre immune or

hyperimmune guinea pig serum specific for SA11 and diluted 1:60 with

PBS. The slides were washed and stained with goat anti-guinea pig

immunoglobulin G (1:20) conjugated to fluorescein isothiocyanate. The

fluorescenisothiocyanate-stained cells were then washed and dried, and

the cover slips were mounted in a solution of 8% Elvanol (grade 51-05;

E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.), 0.15 M NaCI,

0.01 M KH2PO4-Na2GPO412H20, and 16% (vol/vol) glycerol.

Slides were examined under code with a Zeiss microscope fitted

for epifiuorescence, using a filter and beam splitter combination for
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blue-green excitation (wavelength, 450 to 490 nm; filter pack no.

487709). Primary guinea pig or rabbit antisera directed against human

rotavirus were obtained from the NIAID Reference Reagents Laboratory

(Bethesda, MD), and from DAKO (Accurate Chemical and Scientific,

Westbury, NY). Secondary antisera conjugated with FITC was obtained

from Miles Laboratories (Elkhart, IN).

Grab Samples 

One-L grab samples and virus samples were taken

simultaneously. The procedure for the grab sample collections as

recommended in "Standard Methods for the Examination of Water and

Wastewater" (APHA, 1980) included the use of sterile bottles

containing sodium thiosulfate (0.5%, w/v) to neutralize residual

chlorine.

Coliphage and bacterial densities, as well as the physical-

chemical properties of the water were determined from each grab

sample. A portion of each sample was transported on ice to the

University of Arizona for analyses for turbidity and coliphage.

Depending on the day each sample was collected, transport time ranged

from one to six days prior to analysis.

Col iphage Assays 

Bacteriophage concentrations were determined in the grab

samples as well as in each 1 MDS filter eluate, before freezing, using
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Escher ichia coil Hfr (ATCC 15597) as the host bacterium. Ten ml of

each sample were assayed by the plaque technique using a soft-agar

overlay method (Adams, 1959). Penicillin G (300 mg/L) was added

before assay to samples containing high concentrations of bacteria.

One-ml of a 24 h (stationary phase) culture of L. coil ATCC 15597 was

inoculated into a flask containing 100 ml of 3% trypticase soy broth

(TSB) (Gibco Laboratories, Madison, Wisconsin). The flask was

agitated in a 37 °C water bath for 2.5 to 3 h, after which time the
culture is in the logarithmic phase. Two-ml of sample and one-ml of

L. colt were added to a tube containing 3 ml TSB with 2% Bactoagar

(Gifco Laboratories, Detroit, Michigan). Five replicates were

inoculated for a total of 10 ml for each sample. This overlay was

poured onto a layer of trypticase soy agar (Gibco Laboratories,

Madison, Wisconsin) in a petri dish (Fischer Scientific Company,

Pittsburgh, Pennsylvania). The plate was swirled to evenly disperse

the overlay and to allow adherence to the sides of the petri plate.

After the overlay had solidified, the plates were inverted and

incubated at 37°C. After 24 h, the plaques were enumerated.

Bacterial Assays 

Bacterial analyses were performed immediately from the grab

samples for standard plate count bacteria, total and fecal col iform

bacteria, and fecal streptococci bacteria. The membrane filtration

method was used to enumerate the bacteria, with appropriate

temperatures and incubation times (APHA, 1980). Nalge Nutrient Pad
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Kits (Rochester, NY) were used for consistency and ease of handling.

The use of Nalge Kits is not approved by Standard Methods and a

comparative evaluation was not undertaken in this project. All media

expiration dates were adhered to and freshly prepared endo medium was

used during the April, 1983 sampling trip for total col iforms.

Appropriate dilutions were made and 10 ml, 50 ml, 100 ml and for some

samples 200 ml volumes were filtered. Enterococci were also

enumerated in 30 samples using a MF method developed by Levin et al.

(1975). Media and filters were tested with Escherchia coil or

Streptococcus faecal is prior to use in the study.

Positive colonies isolated on the membrane filters for total

and fecal coliforms from finished drinking water were transferred to

nutrient agar slants. The coliform isolates were submitted to

presumptive and confirmative tests. A percentage of presumed non-

col iform colonies isolated from the membrane filters were also tested

In the same manner in order to detect false negatives.

Positive fecal col iform isolates were confirmed by passage

into EC broth, incubation at 44.5°C for 48 hours with gas production

constituting a positive test.

Selected colonies of fecal streptococci were confirmed by

their growth on KF fecal streptococcus medium and subsequent

development of the typical pink to red colonies.
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Physical-Chemical Measurements of Water Quality 

Total and free chlorine levels were determined by the DPD

color- imetric method using a Hach Chemical Chlorine Kit (model CN-

70). The pH was determined using a Hach Digital pH Meter (Model

18800, Hach Chemical, Loveland, Co.); this was standardized several

times daily with pH 4, 7 and 10 buffers. The pH probe was disinfected

between samples by placing it in a solution of 1 N HCI for 10 minutes.

Samples for turbidity testing were packed in ice and transported (post

one to six days) to the University of Arizona where turbidities were

determined using a Hach Turbid !meter (Model 2100A, reported as

nephelometric turbidity units, NTU).

Quality Assurance

Water quality data obtained during the course of the study was

compared to results obtained by the treatment plant personnel. Plant

records were obtained for each sampling trip to compare the data

obtained by the most probable number method for col iforms and to

compare other water quality criteria (i.e., turbidity). Gross

differences in results could then be noted.

Stool specimens or fecal swabs were collected from each of the

laboratory personnel coming in contact with the virus samples during

collection, and assayed for enteroviruses. All personnel wore

disposable gloves when handling filters or samples throughout the

course of analysis. The specimens were processed and inoculated onto
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cell cultures in designated areas physically separated from areas

where laboratory strains of viruses were in use. All samples

Including positive and negative controls were coded with numbers and

laboratory personnel were not aware of the source of the sample until

completion of all assays and confirmatory tests.

Statistical Analysis 

Prior to analysis, the biological data (plate counts, plaque

counts, fluorescence foci counts) were transformed appropriately

(log i o(Y 1.0)). Presence or absence of enteroviruses and

rotaviruses was entered as a dichotomous variable (1.0 or 0.0).

Samples with indeterminate data (i.e. '1 >" values) or non-determined

data (KA) were excluded from the analysis. Out of 50 raw, clarified

and filtered water samples, 14 were excluded from the analysis, with

six and eight samples positive for enteroviruses and rotaviruses,

respectively. Out of 63 finished water samples, 22 were excluded from

the analysis with two of the samples positive for enteroviruses. All

of the rainy season data was excluded as many bacterial counts were

Indeterminable or not obtained, including eight samples, all which

were positive for rotavirus. Fifteen variables including volume, pH,

total chlorine, free chlorine, turbidity, total plate count bacteria,

total coliforms, fecal col iforms, fecal streptococci, col iphage (by

the direct method), collphage (in the concentrate), enteroviruses

(presence-Vabsence-), rotavirus counts, rotaviruses (+/-), and total

enteric viruses (+/-, either enterovirus or rotavirus) were analyzed
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for linear intercorrelation by calculating Pearson/s product-moment

correlation coefficient (r) and multiple regression correlation

coefficients (R) using the Cyber 175 and DEC-10 computers at the

University of Arizona Computer Center with the Regran Program

(Veldman, 1967).

For associations among the 15 variables, Pearson's correlation

coefficients were computed using the data obtained from the 36 samples

of raw, clarified and filtered water, and computed separately using

data from the 41 samples of finished water.



RESULTS

Sample Collection 

Four sampling trips were made over a 2-year period to the

water treatment plant under study. In 1982, samples were collected

during the dry season in March and during the rainy season in July.

In 1983, collections were taken during the dry season in January and

April. Physical-chemical, bacterial, and viral analyses were

performed on each sample; these results are shown for raw water (Table

5), clarified water (Table 6), filtered water (Table 7) and finished

water (Table 8).

A total of 113 samples was collected during the course of the

study. Twenty-one samples were collected from raw water at the

Intake, 16 samples from water after pre-chlorination/clarification, 13

samples from water after filtration and 63 samples from finished water

after post-chlorination. The volume of water filtered for enteric

virus analysis averaged 89 L, 82 L, 280 L, and 439 L for the raw,

clarified, filtered and finished water, respectively. The high

turbidities in the raw water in some cases influenced the volume that

could be passed through the filter. Other variables such as organic

content, alum addition, and floc formation may have caused premature

clogging during collection of samples within the plant.
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TABLE 5. PHYSICAL-CHEMICAL, BACTERIAL AND VIRAL QUALITY OF RAW WATER SAMPLES

FROM A DRINKING WATER TREATMENT FACILITY

Sample
No. Date

Vol.
(L) pH

Total
Chlorine
mg/L

Free
Chlorine

mg/L
Turb.
NTU

Total
Plate
Count/ml

Bacteria 100 ml Viruses

Total	 Fecal
Coliforns Coliforns

Fecal
Strep

Entero-
cocci

Coliphage/a
1 L

(Direct) 	(Concentrate)

	

Coliphage/	 Enterovirus
1 L	 CPE

1I+// Tested

Rota-
virus/
100 L

5 3/02/82 76 7.6 0 0 ND 340 240 140 3,400 NDb 1400 158 1/3 268
6 3/02/82 67 7.6 0 0 ND 340 240 140 3,400 ND ND ND 3/5 1,202
11 3/03/82 65 8.0 0 0 6.1 170 1,500 140 1,820 ND 0 323 3/3 1,163
12 3/03/82 111 8.0 0 0 6.1 170 1,500 140 1,820 ND ND 156 0/4 324
19 3/04/82 77 ND 0 0 7.1 ND ND 940 ND ND 2100 3,801 3/3 94

26 7/19/82 15 7.6 0 0 23.0 6,200 73,000 9,000 132,000 ND 7600 11,533 1/9 3,491
31 7/20/82 10 7.2 0 0 29.0 1,020 20,000 0 89,000 ND 1800 11,000 0 15 0

57 1/25/83 7 8.0 ND ND 3.3 580 2,400 0 18,100 1,400 1300 1,071 2/8 0
58 1/25/83 19 7.7 ND ND 3.6 780 1 0 6,900 1,300 2000 1,042 1/5 0
69 1/26/83 98 7.9 ND ND 4.1 690 15 50 7,000 870 6000 1,500 5/5 0
70 1/26/83 126 7.9 ND ND ND ND ND ND ND ND 6000 1,167 0/5 0
82 1/28/83 130 8.0 0 0 2.6 390 100 0 9,500 ND 4400 969 0/5 0
86 1/28/83 113 7.9 ND ND ND 4,000 460 150 97,000 ND ND 1,040 0/5 0

99 4/07/83 148 8.1 0 0 8.3 520 900 100 4,000 ND 1200 426 2/5 0
100 4/08/83 100 8.2 0 0 8.9 263 420 390 300 ND 2200 2,800 0/5 0
101 4/08/83 82 8.1 0 0 6.3 273 480 280 800 ND 1800 1,085 0/5 0
102 4/08/83 67 8.2 0 0 11.0 480 460 180 1,300 ND 2000 821 0/5 203
103 4/08/83 82 8.1 0 0 25.0 420 420 140 3,500 ND 1800 1,256 0/5 0
104 4/08/83 84 8.2 0 0 11.0 660 210 60 9,100 ND 1800 464 1/4 166
105 4/08/83 81 8.2 0 0 10.0 560 80 80 12,000 ND 2000 259 0/5 592
106 4/08/83 311 8.3 0 0 6.3 510 40 170 7,200 ND 1200 103 0/5 97

aWater sample plated directly on E. Coli Hfr host bacteria
bND = Not determined
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TABLE 6, .PHYSICAL-CHEMICAL, BACTERIAL AND VIRAL QUALITY OF CLARIFIED WATER SAMPLES

FROM A DRINKING WATER TREATMENT FACILITY

Sample
No. Date

Vol.
(L) pH

Total
Chlorine
mg/L

Free
Chlorine
mg/L

Turb.
NTU

Total
Plate
Count/ml

Bacteria/100 ml Viruses

Total	 Fecal
Goliforus Coliforns

Fecal
Strep

Entero-
cocci

Coliphage/a	 Coliphage/ Enterovirus
1 L	 1 L	 CPE

(Direct)	 (Concentrate) 14 1 1/ Tested

Rota-
virus/
100 L

3 3/02/82 128 7.8 1.4 0.3 5.5 530 0 0 120 NDb 200 197 4/4 148
4 3/02/82 111 7.8 1.5 0.4 6.1 1,200 0 1 27 ND 300 0 1/5 36
9 3/03/82 90 7.9 1.7 1.4 6.7 63 0 0 0 ND 1700 0 3/3 0

10 3/03/82 116 7.9 1.7 1.5 6.7 63 0 0 0 ND 0 3 0/4 586
18 3/04/82 87 7.9 1.9 1.1 3.3 ND 0 ND ND ND 0 0 0/7 0

25 7/19/82 64 6.6 5.0 0.1 17.0 69 200 0 300 ND 100 0 0/4 930
30 7/20/82 37 6.4 0 0.1 3.4 82 1,280 0 720 ND 3100 0 2/3 5,904

55 1/25/83 12 7.6 0.6 0.4 5.5 100 12 0 2,100 3 0 0 0/5 0
56 1/25/83 48 7.6 0.6 0.4 5.5 100 12 0 2,100 3 0 2 0/5 0
66 1/26/83 127 8.0 0.8 0.6 4.4 138 2 0 > 300 30 0 0.8 0/5 0
67 1/26/83 48 7.6 0.7 0.5 3.2 83 9 0 450 16 0 0 0/5 0
68 1/26/83 93 7.7 0.8 0.7 4.0 120 9 0 960 19 0 0 5/5 0
78 1/27/83 92 8.0 0.6 0.5 2.8 51 0 0 > 300 ND 0 0 0/5 0
79 1/27/83 91 8.0 0.6 0.5 2.8 51 0 0 > 300 ND 0 1.0 0/5 482
80 1/27/83 76 7.7 0.6 0.1 3.2 110 0 0 670 11,000 400 4 0/5 95
85 1/28/83 85 7.6 0.5 0.2 3.0 140 12 0 1,550 ND 0 0 0/5 0

a
Water sample plated directly on E. Coli Hfr host bacteria

bND = Not determined
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TABLE 7. PHYSICAL-CHEMICAL, BACTERIAL AND VIRAL QUALITY OF FILTERED WATER SAMPLES
FROM A DRINKING WATER TREATMENT FACILITY

Sample
No. Date

Vol.
(L) pH

Total
Chlorine
mg/L

Free
Chlorine

mg/L
Turb.
NTU

Total
Plate

Count/m1

Bacteria/100 ml Viruses

Total	 Fecal
Coliforns Coliforns

Fecal
Strep

Entero-
cocci_

Coliphage/ 
a

Coliphage/ Enterovirus
1 L	 1 L	 CPE

(Direct)	 (Concentrate) 14/1/ Tested

Rota-
virUs/
100L

29 7/20/82 378 8.5 8.5 0.8 8.6 170 250 64 2,800 NDb 800 0.3 0/5 171
34 7/21/82 378 6.4 >10.0 0.1 1.5 100 3,000 0 2,000 ND 100 0 0/3 585
35 7/21/82 359 6.9 >10.0 0.1 10.0 43 300 0 10 ND 600 2 1/5 404
36 7/21/82 340 6.6 >10.0 1.0 6.5 620 46 0 160 ND 100 0 2/3 463
37 7/21/82 340 6.5 >10.0 0.6 7.8 43 42 0 30 ND 300 6 0/4 88

47 1/24/83 176 7.7 2.4 1.6 0.45 1 0 0 17 2 0 0 0/5 182
52 1/25/83 310 7.4 1.0 0.7 1.4 20 0 0 92 3 100 0 0/5 0
53 1/25/83 286 7.9 0.9 0.6 0.7 15 0 0 118 3 0 0 0/5 0
54 1/25/83 557 7.7 0.9 0.7 1.4 14 0 0 72 1 0 0.2 0/4 535
64 1/26/83 250 7.9 1.6 1.3 0.72 10 0 0 31 1 300 0 0/5 0
65 1/26/83 217 7.9 1.7 1.4 0.85 9 0 0 24 3 0 0 0/5 3,706
81 1/27/83 59 ND 1.8 1.0 1.1 8 0 0 40 ND 100 10 0/5 0
84 1/28/83 336 7.6 2.5 1.1 0.66 16 1 0 66 ND 0 0 0/5 0

aWater sample plated directly on E. Coli Hfr host bacteria
b
ND = Not determined
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TABLE 8. PHYSICAL-CHEMICAL, BACTERIAL AND VIRAL QUALITY OF FINISHED WATER SAMPLES

FROM A DRINKING WATER TREATMENT FACILITY 

Bacteria/100 mis	Viruses

	Total	 Free	 Total	 Coliphage/ a Coliphage/ Enterovirus Rota-

Sample	 Vol.	 Chlorine Chlorine Turb. Plate	 Total	 Fecal	 Fecal Entero-	 1 L	 1 L	 CPE	 virus/

No.	 Date	 (L)	 pH	 mg/L	 mg/L	 NTU Count/ml Coliforns Coliforns 	 StreP	 cocci	 (Direct) (Concentrate)#+I# Tested	 100L

1

2

3/02/82
3/02/82

525
756

6.8
6.8

7.5
6.5

1.0
1.0 0 784	 210.	 1

0
0

0
0

1
27

NDb
ND

0
0

0
0.1

5/5
0/5

233
0

7 3/03/82 416 7.8 ND 0.75 0.64	 16 0 0 16 ND 0 0 3/3 0

8 3/03/82 416 7.8 ND 0.75 0.64	 16 0 0 16 ND 0 0 0/5 126

13 3/03/82 513 8.1 2.7 2.2 2.9	 1 0 0 3 ND 0 0 3/3 0

14 3/03/82 549 8.1 2.7 2.0 2.9	 ND 0 ND ND ND ND 0 0/4 0

15 3/04/82 756 7.7 1.9 0.5 101% 0 0 3 ND 0 0 0/5 0

16 3/04/82 626 7.9 2.6 2.5
g:9565

0 ND ND ND 0 0 4/4 0

17 3/04/82 691 7.9 2.5 2.1 0.65	 ND 0 ND ND ND ND 0 0/5 0

22 7/19/82 375 6.0 >10.0 1.1 8.6 > 200 > 2,000 0 640 ND 400 0 1/4 243

23 7/19/82 246 6.2 >10.0 1.2 15	 > 20 > 2,000 0 1,152 ND 400 1 0/4 332

24 7/19/82 412 6.9 >10.0 0.5

0 	5036:0
70 10 540 ND 900 31 0/4 10,448 

27 7/20/82 247 6.7 >10.0 0.8 15.0 > 200 > 2,000 ND > 200 ND 600 0 0/5 57

28 7/20/82 268 6.8 >10.0 0.6 8.5	 240 > 2,000 5 > 2,000 ND 400 0.4 0/3 248

32 7/21/82 378 6.7 >10.0 1.4 7.2	 1,230 15,300 0 16,100 ND 0 0/4 157

33 7/21/82 467 6.7 8.0 0.7 4.5	 1,340 5,000 0 200 ND
1024F0

0 0/3 459

38 7/22/82 378 6.8 6.5 0 13.0	 ND ND ND ND ND 130 0/5 69

39 7/22/82 376 6.7 >10.0 0.4 8.9	 ND ND ND ND ND 300 133 0/5 106

41 1/24/83 379 ND 3.0 1.5 1.0	 34 0 0 30 0 0 0 0/5 0

42 1/24/83 870 ND 2.6 1.8 0.84	 22 0 0 132 2 0 0 0/5 0

43 1/24/83 396 7.4 2.4 1.6 0.47	 13 0 0 172 0 0 0 0/5 0

44 1/24/83 337 ND 2.5 1.5 ND	 31 0 0 126 0 0 0 0/5 0

45 1/24/83 480 6.5 2.4 1.9 0.48	 5 0 0 21 0 0 0 0/5 0

46 1/24/83 616 7.6 3.0 1.5 0.48	 18 0 0 12 0 100 0.2 0/5 0

48 1/25/83 310 7.3 2.5 1.7 0.79	 8 0 0 98 15 0 0 0/5 78

49 1/25/83 377 7.3 2.4 1.6 0.65	 12 0 0 15 ND 0 0 0/3 0

50 1/25/83 708 7.3 2.6 1.6 0.68	 13 0 0 34 1 0 0 1/5 0

51 1/25/83 378 7.6 2.2 2.0 0.56	 15 0 0 45 2 100 0 0/5 0

59
60

1/26/83
1/26/83

167
221

6.9
7.0

2.4
1.9

1.7
1.6

	

0.66	 4

	

0.45	
6 0

0

0
0

33
210

1
108

0
0

0
0

0/5
0/5

0
0

61 1/26/83 374 6.9 2.3 1.7
6 	;I

0 0 610 1 0 0 0/5 0

62 1/26/83 763 7.7 2.6 2.0 00.94 0 0 40 2 0 0.5 0/5 0

63 1/26/83 380 7.9 2.9 2.4 1.2	 14 0 0 43 2 0 0 0/2 0
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4Water sample plated directly on F. Coli Hfr host bacteria
Ni) = Not determinen

continued



TABLE 8. (CONTINUED)

Bacteria/100 mis 	Viruses

	Total	 Free	 Total	 Coliphage/ a Coliphage/ Enterovirus Rota-
Semple	 Vol.	 Chlorine Chlorine Turb. Plate	 Total	 Fecal	 Fecal Entero-	 1 L	 1 L	 CPE	 virus/

No.	 Date	 (L)	 pH	 mg/L	 mg/L	 NTU Count/ml Coliforns Coliforms 	 Stren	 cocci	 (Direct) (Concentrate)I/+/II Tested	 100 L

71 1/27/83 383 7.6 2.5 1.7 0 0 210 3 0 0 0/5 0

72 1/27/83 375 7.5 1.8 1.6 01.966 423 5 0 > 300 ND 0 0 0/5 0

73
74
75

1/27/83
1/27/83
1/27/83

380
212
313

7.6
8.0
7.8

2.5
1.8
2.4

1.5
1.3
1.5

0.8
0.85
0.77

76
34
8

0
0
1

0
0
0

188
180
139

ND
ND
780

0
0
0

0
0
0

0/4
0/5
0/5

0
60
0

76 1/27/83 528 7.8 2.4 1.5 0.77 8 1 0 139 780 0 0 0/5 0

77
83

1/27/83
1/28/83

358
123

7.8
7.7

2.4
1.5

1.5
1.0

0.77
0.99

8
2

1
*c0

0*
0

139
2

780
ND

0
0

0.6
0

0/5
0/5

0
0

90 4/07/83 453 8.2 9.0 1.7 0.89 8 0 0 9 ND 0 0.4 0/5 0

91 4/07/83 503 8.0 9.0 1.5 1.3 2 3 ND 0 ND 0 0 0/5 0

92 4/07/83 462 8.2 9.5 1.7 1.4 2 0 ND 0 ND 0 0 0/5 0

93 4/07/83 488 8.2 3.0 1.7 0.64 72 4 0 11 ND 0 0 0/5 0

94 4/07/83 467 8.2 2.0 1.7 1.5 2 0 0 0 ND 0 0 0/5 0

95 4/07/83 378 8.2 2.5 1.5 1.3 2 6 0 0 ND 0 0 0/5 0

96 4/07/83 472 8.2 2.0 1.6 0.83 4 0 0 0 ND 0 0 0/5 0

97 4/07/83 451 8.2 2.0 1.4 1.0 2 1 0 0 ND 0 0 0/5 45

98 4/07/83 484 8.5 2.5 1.5 1.0 1 0 0 6 ND 0 0 0/5 0

107 4/08/83 409 8.0 2.5 1.3 1.0 5 1
* 0* 19* ND 0 0 0/5 0

108 4/08/83 643 7.9 2.5 1.4 1.7 1 1* 0* 2* ND 0 0 0/5 0

109 4/08/83 527 7.8 2.0 1.5 0.73 9 2* 1* 6* ND 0 0 0/5 0

110 4/08/83 453 8.2 2.0 1.6 1.0 11 12* 1* 128* ND 0 0 0/5 0

111 4/08/83 413 8.4 2.0 1.5 1.0 9 3* 0* 156* ND 0 0 0/4 0

112 4/08/83 534 7.9 2.0 1.6 0.94 7 6* 0* 91* ND 100 0 0/5 0

113 4/08/83 347 8.3 2.0 1.6 0.95 13 3 0* 40 ND 100 0 0/5 33

114 4/09/83 632 8.0 2.5 1.5 1.1 13 17* ND 830 ND 0 0 0/5 0

115 4/09/83 490 NDb 2.0 1.5 ND ND ND ND ND ND 0 0 0/2 7

116
117

4/09/83
4/09/83

607
535

7.9
8.3

2.3
2.0

1.7
1.5

.6 521.

31*
5*

ND
1*

10
20

ND
ND

0
0

0
0

0/5
0/5

0
0

118 4/09/83 424 8.1 2.3 1.7 .0.3 10* 8* 10 ND 0 0 0/5 0

119 4/09/83 437 8.1 2.0 1.6 1.5 6 0* 0* 0* ND 0 0.5 0/5 0

47

c
* 200 ml volumes were sampleda

bWater samiple plated directly on E. Coli Hfr host bacteriaND = Not determined
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Water was pre-chlorinated as it entered the plant giving an

average of 0.6 mg/L and 0.8 mg/L of free chlorine in the water post-

clarification and post-filtration, respectively. After final

chlorination, the finished water contained an average of 1.6 mg/L of

free chlorine with only two samples having less than 0.5 mg/L.

Engineering Evaluation

During the evaluations of the drinking water treatment

facility on November 16-19, 1981, and April 7 and 8, 1983, the

following observations were noted.

The coagulant dosage was 31 mg/L alum and 0.6 mg/L catfloc

which resulted in a floc with good settling properties as determined

by the jar test. However, in situ mixing of the chemicals with the

entire volume of water was often poor as proper turbulence for rapid

mix was not provided by hydraulic pumps. As water volume increased,

mixing was probably less effective. Many clarifiers were overloaded

with weirs submerged which resulted in the floc passing over to the

filters and short circuiting. Algal growth was observed in all the

clarifiers.

Filters were subjected to variable rates and surges. Short

filter runs were occurring (15 minutes to one hour) in some cases, and

some filters were being operated every 24 hours prior to backwash

regardless of breakthrough. The filter media also showed clear

evidence of cracking and mudballs. Ineffective backwash was indicated

by mudballs and media grains. Filters not in service were heavily
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coated with floc. During backwash, sand boils appeared indicating

displacement of support bed and shortcircu iting. Sand boils are

indicative of a serious filter problem. Valves for the conventional

filters were operated manually and some of the conventional as well as

the valveless filters were out of service due to plugged underdrains.

Operators reported a chlorine contact time of less than 30

minutes during peak periods, dropping to as low as 15 minutes.

Plant records indicated turbid !ties ranging from 1.0 to 6.0

NTU and chlorine residuals from 0.5 mg/L to 1.5 mg/L in the finished

water for April, 1983.

Overall numerous deficiencies were identified. The plant may

have been operating near or above its design capacity (hydraulically

overloaded), but the extent of the problem could not be determined due

to the lack of metering.

Mean Values for . Turbidities, Bacteria and Viruses

The mean values for turbidities, bacteria and viruses were

calculated for each sampling trip during the dry season (July, 1982;

January and April, 1983) as well as the combined means (weighted by

number of samples per trip) for the data from the raw, clarified,

filtered and finished water samples (Table 9). In general the total

plate count bacteria were found to be the most numerous, ranging from

9/ml in the finished water to 465/m1 in the raw water, followed by the

fecal streptococci (20 to 4452/100 ml), enterococci (6 to 1165/100

ml), total coliforms (1.5 to 216/100 ml) and fecal col iforms (1 to
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66/100 ml). Plant records showed comparable results. False negative

colonies for total and fecal col iforms were not detected in the

finished water. False negative col iform colonies were encountered in

samples of raw water which had high counts of non-col iform bacteria.

Enterococci were enumerated only during the January 1983 collection

trip. Coliphage concentrations, as determined from 1-L grab samples,

ranged from 1 to 17691L from the finished and raw water respectively.

However, the numbers found in the filter eluates never equalled the

numbers found in the direct sample. In some instances coliphage were

detected in the direct grab sample but were not found in the

concentrate.

The water quality decreased during the rainy season (July,

1982 trip) as indicated by relatively high turbidities, bacterial

numbers and col iphage counts in the raw water as well as in the

finished water (Table 10). Enterovirus isolation was not enhanced

during the rainy season; however, the rotavirus counts were elevated

In July for all samples except in the raw water.

Table 11 contrasts turbidities, coliform bacteria, free

chlorine and virus isolation between the dry and rainy seasons for

finished water. Turbidity averaged 1.04 NTU for the samples collected

during the dry season and increased to 9.63 NTU during the rainy

season due to storm runoff. Col iform bacteria averaged 1.76/100 ml

for the dry season and averaged 1750/100 during the rainy season, far

exceeding recommended standards. Free chlorine measured 1.57 mg/L

during the dry season and decreased to 0.74 mg/L during the rainy



Table 10. Water Quality in Samples Collected After Successive
Drinking Water Treatment Processes (Rainy Season)

Bacteria
	

Viruses

Treatment
process

	Total 	 Total	 Fecal
Total	 Free	 plate	 coliforms coliforms

Sample	 Date	 Vol.	 chlorine	 chlorine	 Turbidity count	 (CFU	 (CFU
no.	 (1982) (liters)	 pH (mg/liter) (mg/liter)	 (NTU)	 (CFU/ml) /100 ml) /100 ml)

Fecal	 Coli-
strep-	 Coli-	 phages/

	

tococci phages	 1,000 ml Entero-	 Rota-
(CFU	 /10 ml	 (concen- virus L 	virus

/100 ml) (direct)a trate) cultures° /100 liters

52

None (raw)	 26	 7/19
	

15	 7.6	 0
31	 7/20
	

9.8 7.2	 0

Clarified	 25	 7/19	 65	 6.6	 5.0
30	 7/20	 37.4 6.4	 0

Filtered	 29	 7/20	 378	 6.8	 8.5
36	 7/21	 340	 6.6	 10
37	 7/21	 340	 6.5	 10
34	 7/21	 378	 6.4	 10
35	 7/21	 359	 6.9	 10

Finisheda	 24	 7/19	 412	 6.9	 10
38	 7/22	 378	 6.8	 6.5
39	 7/22	 376	 6.7	 10
22	 7/19	 375	 6.0	 10
23	 7/19	 246	 6.2	 10
27	 7/20	 247	 6.7	 10
28	 7/20	 268	 6.8	 10
32	 7/21	 378	 6.7	 10
33	 7/21	 467	 6.7	 8.0

0	 23	 6,200	 73,000	 9,000	 132,000	 76
8	 29	 1,020	 20,000	 0	 89,000	 18

0.1	 17	 69	 200	 0	 300	 1
0.1	 3.4	 82	 1,280	 0	 720	 31

0.8	 8.6	 170	 250	 640	 2,800	 8
1	 6.5	 620	 120	 0	 160	 1
0.6	 7.8	 43	 42	 0	 30	 3
0.1	 1.5	 100	 30	 0	 2,000	 1
0.1	 10	 43	 300	 0	 10	 6

0.5	 6	 . 53	 70	 10	 540	 9
0	 13	 ND	 ND	 ND	 ND	 4
0.4	 8.9	 ND	 ND	 ND	 ND	 3
1.1	 8.6	 200	 2,000	 0	 640	 4
1.2	 15	 200	 2,000	 0	 1,152	 4
0.8	 15	 200	 2,000	 ND	 200	 6
0.6	 8.5	 240	 2,000	 5	 2,000	 4
1.4	 7.2	 1,230	 15,300	 0	 16,100	 10
0.7	 4.5	 1,340	 50	 0	 200	 2

173,000 1/9 3,491
110,000 0/5 0

0 0/4 930
0 2/3 5,904

100 0/5 171
0 2/3 463

2,000 0/4 88
0 0/3 585

800 1/5 404

13,000 0/4 10,488
49,000 0/5 69
50,000 0/5 106

0 1/4 243
300 0/4 332

0 0/5 57
100 0/3 284

0 0/4 157
0 0/3 459

aFinished water was treated by clarification, sand filtration, and chlorination

a
Water was plated directly for coliphages on E. coli Hfr host bacteria

b Enteroviruses were detected by the production of CPE in monolayer cultures of BGM cells contained in 75-cm2 flasks. Number positive/number tested

c Finished water was treated by clarification, sand filtration, and chlorination

dND, Not done
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season. The increased incidence of col iphage and rotavirus during the

rainy season also reflected the poor water quality during this period.

Enteric Virus Isolation, and Enterovirus identification 

Table 12 summarizes the data on enteric virus isolation from

all samples collected during the dry season.	 Viruses were recovered

from 68% of the raw water samples.	 After p r e-

chlorination/clarification and filtrataion, seven (50%) and three

(37%) of the samples were respectively positive for viruses, and

viruses were detected in 11 (20%) of the finished water samples.

Eight (24%) of the finished water samples which contained >0.2 mg/L

free chlorine residual and met turbidity and bacterial standards were

positive for enteric viruses. In the clarified, filtered, and

finished water, rotaviruses were detected more frequently than

enteroviruses. Both rotaviruses and enteroviruses were found in five

raw water samples, two samples post-clarification, and in one finished

water sample, but not in post-filtration water samples.

During two rainy seasons rotaviruses were isolated from every

sample of finished water, while enteroviruses were isolated from one

sample. None of the finished water samples collected during this trip

met U.S. standards for turbidity or total coliforms.

Enteroviruses were isolated from a total of 23 samples

collected during this study: ten were from raw water samples, five

from samples post-chlorination/clarification, two samples from post-

filtration, and six from finished water samples. These were
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identified on BGM cells using the Lim-Melnick antibody serum pools

(Table 13). Of the 53 isolates, ten were coxsackievirus B5, seven

were echovirus 9, five were poliovirus 1, four were coxsackievirus 86

and two were echovirus 24. Six isolates produced plaques but were not

neutralized using the antibody pools. Identification was not

attempted on the remaining 19 isolates as discussed below.

All Isolates produced OPE initially on a BGM monolayer and

were then confirmed by production of CPE by a second passage on BGM

cells. The isolates were then plagued for additional virus

confirmation using an agar overlay method. Eight of the isolates did

not produce plaques but did yield OPE by a third passage on BGM cells.

The 19 isolates which failed to produce plaques were examined using

transmission electron microscopy (TEM). Volumes of approximately 0.1

ml from each sample (second passage) were fixed in paraformaldehyde

and were negatively stained using phosphotungstic acid and viewed

under TEM for virus particles. Two samples were negative under TEM

perhaps because of an insufficient titer. Seventeen samples were

positive for virus-like particles when examined by TEM and ranged in

size from 22 to 30 nm. Further identification was not attempted.

Treatment Removal Efficiencies 

Average percent reductions based on the raw water for all

water quality variables studied were determined after each step in

the water treatment processes during the dry season (Table 14).

Reductions were calculated for each collection trip and overall for
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TABLE14. AVERAGE PERCENT REDUCTIONS OF TURBIDITY, BACTERIA

AND VIRUSES AFTER SUCCESSIVE DRINKING WATER TREATMENTS

From Raw
to Site	 Date	 Collection

Turb.
NTU

Total
Plate
Count

Bacteria
Coliphage
(Direct)

Coliphage
(Concentrate)

Entera-
virus

CPE
Rota-
virus

Total
Coliforms

Fecal
Coliforms

Fecal
Strep

Entero-
cocci

Prechlorinated/
Clarified	 3/82

1/83

1

3

11

Oa

47.5

89.1

100.0

94.3

99.5

100	 .

99.5

92.6

b
ND

97.3

28.5

97.0

99.0

99.91

25

78

95

0

Grand g c 4 78.9 98.9 97.1 97.2 97.3 90.4 99.7 55 61

Filtered	 1/83 3 73 98.9 98.5 100 99.7 99.8 99.8 99.9 100 0

Finished	 3/82 1 81 91.7 100 100 99.7 ND 100 99.8 45 99

1/83 3 76 98.6 98.6 100 99.5 99.5 99.9 99.9 92 0

4/83 4 90 98.6 98.9 99.3 99.7 ND 99.9 99.8 100 .	 93

Grand Mean -	 87 98.1 99.3 98.5 99.5 99.5 99.9 99.9 81 93

a
= No removal

= not determined

= weighted by number of samples/trip
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the dry season from the means (see Table 6). The samples post-

chlorination/clarification were collected during the 3/82 and 1/83

trips and samples post-filtration were collected during the 1/83

trip. Only these samples were used to determine the reductions after

these treatments. Major reductions in bacteria and coliphage (90% to

99%) came after pre-chlorination/clarification with slight decreases

during the other treatment steps.

The greatest decrease in enterov !ruses occurred during pre-

chlorination/clarification and filtration steps. The reduction of

rotaviruses occurred after pre-chlorination/clarification and

chlorination of the finished water. The enteric viruses had the

lowest percent reduction during the treatment process of all the

microorganisms studied. The greatest reduction in turbidity occurred

after filtration and averaged 87% after complete treatment.

Removals during the rainy season were greatly decreased (Table

15). Removals for the enteric viruses were again less than the other

variables with essential reduction of enteroviruses. Coliphage

reduction was comparable to bacterial removals (80-91%). Turbidity

removal in the final water was also poor, averaging 63.1%.

By comparing the removal efficiencies for the rainy season to

those for the dry season alone, it was found that the removal

efficiencies in the finished water increased from 63% to 87% for

turbidity, from 88.9% to 99.3% for total coliforms, from 91.4% to 99.9%

for col iphage (by the direct method), from 0 to 81% for enteroviruses,

and from 43.3% to 93% for rotavirus.
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was significantly correlated

and phage counts (in the

61

Statistical Analyses 

Pearson's product-moment correlation coefficients were

calculated using 36 samples of raw, clarified and filtered water

(Table 16) and 41 finished water samples (Table 17). The presence or

absence of enteroviruses and rotaviruses were analyzed as dichotomous

variables. The fluorescent foci counts for rotaviruses were included

separately after logio (y + 1.0) transformations. Total enteric

viruses were analyzed by the presence or absence of either

enteroviruses or rotavIruses or both as a dichotomous variable.

In the raw, clarified and filtered water samples (designated as

raw samples; Table 16), significant negative correlations existed

between free chlorine and the bacterial counts and phage counts (-0.41

to -0.55). A significant positive correlation was found between the

bacterial counts and turbidity and phage counts

0.73). The bacterial and phage counts were

correlated (0.48 to 0.70).

The occurrence of enteroviruses

to the total plate count bacteria

and turbidity (0.38 to

also significantly

concentrate) for the raw water samples 0.36 and 0.33, respectively

(Table 16). No significant correlations were found between the

rotaviruses and other variables in these samples.

In the finished water samples (Table 17), no significant

correlations were found between fecal col  iforms and the other

variables while total coliforms were significantly correlated to

turbidity (0.72), total plate count bacteria (006), coliphaged direct



TABLE 16. CORRELATION COEFFICIENTS FOR PHYSIO-CHEMICAL,
BACTERIOLOGICAL AND VIROLOGICAL VARIABLES FROM RAW, CLARIFIED AND FILTERED WATER SAMPLESa

Vol.
(L)	 pH

Total
Chlorine
mg/L

Free
Chlorine
mg/L

Turb.
NTU

Total
Plate
Count

Total	 Fecal
Conforms Conforms

Fecal
Strep

Coliphage/
Direct

Entero-
Coliphage/	 virus
Concentrate 	(+/-)

Rota-
virus
(+/-)

Rota-
virus
(# s)

Vol.	 (L)	 1.00	 -.12 .40 .24 -.40 -.51 -.39 -.22 -.35 -.31 -.37 - 0.34 .17 .14

pH	 1.00 -.71 -.02 -.20 .09 -.01 '	 .35 .00 .31 .42 .17 -.07 -.10

Total Chlorine mg/L 1.00 .24 -.05 -.30 -.16 -.22 -.31 -.28 -.50 -.20 .30 .28

Free Chlorine mg/L 1.00 -.32 -.41 -.49 -.41 -.53 -.46 -.55 -.22 -.07 -.05

Turbidity NTU 1.00 .64 .73 .38 .49 .48 .52 .06- .12 .17

Total Plate Count 1.00 .70 '	 .51 .74 .70 .79 .36 .01 -.02

Total Conforms 1.00 .76 .74 .60 .69 .18 .04 .12

Fecal Conforms 1.00 .55 .64 .66 .30 .14 .18

Fecal Strep 1.00 .56 .65 .17 -.10 -.07

Coliphage/Direct 1.0 0. 82 .32 -.04

Coliphage/Concentrate 1.00 .33 .03 .05

Enterovirus (+1-) 1.00 .05 .04

Rotavirus (+1-) 1.00 .96

a 36 samples with complete data, underlined values significant at .05 level
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TABLE 17. CORRELATION COEFFICIENTS FOR PHYSIO-CHEMICAL, BACTERIOLOGICAL

AND VIROLOGICAL VARIABLES FROM FINISHED WATER SAMPLES a

Vol.
(L) pH

Total
Chlorine
mg/L

Free
Chlorine
_mg/L

Turb.
NTU

Total
Plate
Count

Total
Conforms

Fecal
Conforms

Fecal
Strep

Coliphage/	 Coliphage/
Direct	 Concentrate

Entero-
virus
(+/-)

Rota-
virus
(1-1-)

Rota-
virus
(# s)

Total
Enteric
(+/-

Vol.	 (L)	 1.00 .01 .29 -.01 .07 .18 .05 .19 -.19 .03 .26 .29 -.16 -.12 .01

PH 1.00 -.34 .24 -.01 -.43 -.07 .11 -.26 -.31 .11 -.17 -.13 -.23 -.12

Total Chlorine mg/L 1.00 -.41 .33 .44 .33 -.05 •-.06 .49 .17 .24 .29 .41 .24

Free Chlorine mg/L 1.00 -.22 -.35 -.39 -.02 .04 -.43 .15 .01 -.39 -.46 -.23

Turbidity NTU 1.00 .16 .72 -.07 -.02 .79 -.07 .16 .25 .37 .36

Total Plate Count 1.00 .36 .10 .46 .41 -.07 -.06 .19 .27 .08

Total Conforms 1.00 .12 .22 .85 -.13 -.12 .28 .40 .20

Fecal Coliforms 1.00 -.22 -.04 -.09 -.08 -.12 -.11 -.14

Fecal Strep 1.00 .18 -.01 -.20 -.13 -.11 -.16

Coliphage/Direct 1.00 -.05 -.04 .38 .53 .32

Coliphage/Concentrate 1.00 -.09 -.13 -.12 -.15

Enterovirus 1.00 .15 .19

Rotavirus (+/-) 1.00 .97

Rotavirus (# s) 1 .00

63

a
41 samples with complete data, underlined values significant at .05 level.
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and numbers of rotavirus. Fecal Streptococci were also significantly

correlated with total plate count bacteria. It was interesting that

while the col iphage in the direct sample remained significantly

correlated to turbidity, total plate count bacteria and total

col iforms (0.79,0.41 and 0.85, respectively), the coliphage in the

concentrate was not associated with these variables.

In the finished water samples (Table 17) no significant

correlations were found between the presence of enteroviruses, total

plate count bacteria and phage counts as too few samples contained

virus. Rotavirus counts as well as the occurrence of rotavirus were

found to have a significant negative correlation to free chlorine (-

0.39; -0.46) and a significant positive correlation to coliphage

counts (direct sample)(0.38; 0.53). Rotavirus counts had a positive

significant correlation to total col iforms (0.37), and turbidity

(0.40), while the presence of rotaviruses was not significantly

correlated to these two variables.

The intercorrelations were examined further by multivariate

linear regression analysis. Four model equations using either

enteroviruses or rotaviruses as the criterion variable were evaluated.

The first or "full" model incorporated variabl3s 1 to 11 (identified

in footnote, Table 18). The second model incorporated only the

physical and chemical data (variables 1 to 5). In the third model

equation, only the bacterial data (variables 6 to 9) were considered

and model four was the same but for the addition of the variable

representing col iphage counts. These four model equations were used

to investigate the multiple correlation of the selected variates with
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presence or absence of either enterovlruses or rotaviruses in both raw

and finished water. In addition, these equations using either

rotavirus counts or presence of either of the enteric viruses as

criteria were developed employing only the finished water samples.

The extent of the association of the variables to the chosen criteria

variables is measured by R2 , the square of the multiple correlation

coefficient R. The R2 value is interpreted as the percent of

variation in the criterion variable that is "explained" by the

variation in the other incorporated variables and the statistical

significance can be evaluated by a multivariate F ratio. These R2

values are presented in Table 18 for the model equations evaluated.

Approximately 33% and 39% of the variation in the detection of

enteroviruses was associated with the variation in the 11 variables in

the raw and finished water samples, respectively. By multivariate F

ratios, it was determined that these R 2 values were not statistically

significant. Similar results were obtained for the presence of

rotaviruses and total enteric viruses. In the finished water samples,

approximately 48% of the variation in rotavirus counts was associated

with the variation of all 11 variables, whereas 39% was associated

with the variation in the bacterial and coliphage counts (variables 6—

10). These R2 values, although seemingly unimpressive, were

nevertheless, statistically significant. The addition of col iphage

counts to the bacterial counts (model equation 4 vs. equation 3) did

not significantly increase the R2 value.



DISCUSSION

Iha Water Quality 

A drinking water treatment plant that processed the incoming

water by pre-chlorination/flocculation, sand filtration, and final

chlorination was chosen for the study. This plant produced water of

varying quality, providing an opportunity to study the effectiveness

of virus reduction under a wide range of conditions.

Four sampling periods were chosen, three during the dry season

when the plant was operating optimally and one during the rainy season

when the plant could not produce water meeting minimum col iform and

turbidity standards (EPA, 1975).

As indicated by the engineering evaluations of the plant on

November 16-19, 1981, and April 7 and 8, 1983, the plant was not

operating optimally and several major engineering deficiencies in the

treatment process were noted. During the rainy season the plant was

Incapable of producing water meeting acceptable microbial and

turbidity criteria. Still the plant was capable of producing water

during most of the dry season which would meet col iform and turbidity

standards.

The arithmetic mean for turbidity in the finished water during

the dry season was within current standards (EPA, 1975) of 1 NTU.

Because of the presence of a few samples containing elevated coliform
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counts taken during the last sampling period, the arithmetic average

was 1.76/100 mil for all dry season samples. The higher col iform

numbers seen in samples from the final sampling trip may have been due

in part to the larger volumes tested (i.e., 200 ml). The best

finished water quality occurred during the third sampling trip when

the arithmetic mean for turbidity averaged 0.79 NTU, total coliforms

averaged 0.35/100 ml,  and free chlorine averaged 1.6 mg/I.

Bacteriologically, the best water quality occurred during the first

sampling period when no coliforms were detected in the finished water,

although fewer samples of finished water were taken during this

sampling period.

The low recovery of coliphages in the filter eluates as

compared to the direct assay indicated that they were poorly

concentrated or inactivated by the methods used for enteric virus

concentration. Many factors such as inactivated during concentration,

elution with the high pH beef extract (Goyal et al., 1980), or storage

during transport back to the laboratory. may have contributed to the

lack of phage detection in these samples Perhaps a modified

procedure designed specifically for phage may be more conducive to

their detection in large volumes since the col iphage appear to be more

sensitive than enteric viruses to external conditions such as high pH.

Rotavirus concentrations were greatest in the raw water during

the rainy season and easily penetrated the overloaded treatment

process. The rainy season is associated with a dramatic decrease of

raw water quality because of large amounts of sediment produced by

storm run off. It was evident that application of large amounts of
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chlorine (> 10 mg/L) could not prevent the occurrence of col iform

bacteria and rotavirus in the finished water when the concentration of

suspended matter was high. Surprisingly, only one sample yielded an

enterovirus. Perhaps this is because of lower recovery efficiency of

the enteroviruses caused by the high turbidity interference.

Enteric viruses were isolated from finished water during all

three dry-weather sampling periods. Overall, enteric viruses were

Isolated from 20% of the finished water samples. Enteric viruses were

isolated from 24% of the samples that met standards for coliform

bacteria and turbidity, and where the free chlorine level was greater

than 0.2 mg/L. An interesting note was that only a small percentage

of samples contained both enteroviruses and rotaviruses. Although an

equal number of raw water samples were found to contain either

enteroviruses or rotaviruses, rotaviruses were more commonly isolated

In the clarified, filtered and finished waters (Table 5). Although

enteric viruses were isolated from only a limited number of samples,

the results suggest that rotaviruses may not be removed as efficiently

by sand filtration as are enteroviruses and the major effect at the

clarification step may have been due to the pre-chlorination.

Previous studies by Farrah et al., (1978) and Steinmann and

Havemeister (1982) found that Simian rotavirus SA-11 was removed

noticeably less well than poliovirus type 1 by aluminum hydroxide

flocs. Farrah et al. (1978) also reported that human rotavirus

particles present in dilute stool suspensions were not noticeably

reduced from water by alum flocs. Thus, both laboratory and field

studies would suggest that rotaviruses are less efficiently removed by
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flocculation and filtration than are enteroviruses.

Although rotaviruses occurred much more frequently in all

finished water samples, both rotavirus and enteroviruses were isolated

from an equal number (4 and 5 respectively) of finished water samples

meeting col iform and turbidity standards and having a free chlorine

content of 0.5 mg/L or greater.

The highest concentration of rotavirus in the raw source water

occurred during the rainy season when it reached 232 immunofluorescent

foci(l.f.)/L. Concentrations in the range of 1 to 15 i.f./L were more

common. Concentrations in those samples of finished water from which

it was isolated varied from 7 to 10,448 1.f. /100 L. Concentration

and detection methods are far from 100% efficient and the

concentration of viruses is undoubtedly greater than that observed in

this study. Also, samples were not considered positive for

rotaviruses unless more than one focus was observed in a sample by

two different observers on samples assayed separately. Thus,

detection of very low levels of rotaviruses would be excluded by this

control procedure.

The high fecal streptococcus levels in the raw water indicate

that much of the microbial contamination may have been of animal

origin. Many animals are also known to excrete rotaviruses (Gerba et

al., 1984), and it is possible that the rotaviruses which were

detected were of animal origin. In a previous study at the same water

treatment plant we performed neutralization tests on the rotavirus

Isolates which indicated that most of the rotaviruses were of human

origin (Deetz et al., 1984).
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Finally, it should be realized that only two-thirds of the

volume of the final concentrate of each sample was assayed. Thus the

actual number of samples containing virus could be greater than that

reported. The final one-third of each sample is being saved until

better methods are available for the detection of hepatitis type A

virus (enterovirus type 72).

The tests for determining the chemical, physical and

bacteriological quality of the water are relatively simple and

expedient, thus it was of some interest to evaluate any associations

these groups of variables may have to the virological quality of the

water. Coliphage were also included because it has been suggested

that these bacterial viruses may be more indicative of the presence of

animal viruses. Although some statistically significant correlations

were found based on bivariate (r) coefficients and multiple regression

(R) coefficients, these correlations must be regarded as very

tentative and inconclusive based on the small size of the samples.

Analysis indicated that low, but statistically significant

relationships existed between the total plate count bacteria,

col iphage counts and the presence of enteroviruses in the raw water.

It was found that while a significant correlation existed between the

presence of rotaviruses and coliphage counts in the finished water,

this was not the case in the raw water samples. There may be greater

interference with the isolation and detection of these viruses in

these heavily polluted samples. Failure to find other significant

relationships may in large part be attributed to the limited number of

samples in which virus was isolated and to the limitations of the
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various methods used. For example, better methods for col iphage

concentration and detection may have strengthened the observed

relationships. From this study it was also clear that col iform, fecal

coliform and fecal streptococci bacteria were not good indicators of

the presence of enteric viruses. Too few samples were analyzed for

the presence of enterococci to determine if a relationship exists

between their occurrence and that of enteric viruses.

Reductions of Microorganisms 4 Drinking Water Treatment Processes.

Overall, reduction of enteroviruses was 81% and rotavirus

reduction was 93% (9/47 and 1/15, respectively, samples positive for

virus in finished water/samples positive for virus in raw water)

during the optimal operation of the plant. Of all the groups of

microorganisms studied, enteric viruses were the least effectively

reduced. Greater than 99.9% reduction of the col iphages occurred.

Although enteric viruses were isolated from only a limited

number of samples, the results suggest that rotaviruses may not be

removed as efficiently by sand filtration as are enteroviruses and the

major effect at the clarification step may have been due to the pre-

chlorination. Previous studies by Farrah et al., (1978) and Steinmann

'and Havemeister (1982) found that Simian rotavirus SA-11 was removed

noticeably less well than poliovirus type 1 by aluminum hydroxide

flocs. Farrah et al. (1978) also reported that human rotavirus

particles present in dilute stool suspensions were not noticeably

reduced from water by alum flocs. Thus, both laboratory and field
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studies would suggest that rotaviruses are less efficiently removed by

flocculation and filtration than are enteroviruses.

Other investigators have also examined water treatment for the

removal efficiencies of enteroviruses. Payment and Trudel (1984)

detected enteroviruses in seven percent of the finished water samples

collected at seven drinking water treatment plants and the average

final removal of enteroviruses was 99.98%. The authors also observed

that no significant inactivation of enteroviruses was apparent after

ozonation or final chlorination. In a study conducted by Stetler et

al. (1981) the reduction of viruses was 61% and 90% after

clarification and filtration, respectively. No naturally occurring

viruses were isolated in the finished water, although the average free

chlorine concentration in the finished water was greater than that

reported in this study. Both Payment and Trudel (1984) and Stetler et

al. (1981) found greater removals of turbidity, bacteria and

enteroviruses than this study, yet it was still apparent that the

viruses were the least efficiently removed at each stage of the

treatment process.

It is difficult to compare studies on the relative

efficiencies of treatment processes on microbial reduction because of

differences in treatment sequences. The incoming water at Guadalajara

was pre—chlorinated. Thus, greater reduction of bacterial indicators

was observed after clarification when compared to the results obtained

by Stetler et al. (1981). The percent reduction of microorganisms was

similar at both plants after filtration, but greater reduction of

col iforms, fecal col iforms and fecal streptococci occurred after



74

chlorination at the plant studied by Stetler et al. (1984) (Table 19).

This was probably due to the higher level of free chlorine (2.3 mg/L)

as compared to Guadalajara (1.57 mg/1). It was interesting that a

greater reduction of total plate count bacteria occurred at

Guadalajara than at the plant studied by Stetler et al. (1984).

Enterovirus reduction at Guadalajara after clarification were

comparable to that observed by Stetler et al. (1984), although

filtration was about equally ineffective at both plants. Again, the

higher levels of free chlorine and perhaps greater contact time at the

plant studied by Stetler et al. (1984) may have accounted for the

greater reduction of enteroviruses overall.

Payment and Trudel (1984) have also recently studied the

reduction of enteroviruses at seven drinking water plants in Canada.

The treatment process at the plants varied but most practiced pre-

chlorination, coagulation, filtration and final chlorination. Three

of the plants practiced ozonation before final chlorination. Samples

were obtained at each level of treatment. All plants were capable of

producing water that was free of coliforms, fecal col iforms and fecal

streptococci when one liter samples were tested for these organisms.

Average turbidities for five plants practicing complete treatment was

always less than 1.0 NTU, and average free chlorine was always equal

to or greater than 0.4 mg/I. Payment and Trudel observed that while

total col iform reductions were as great as >99.9999%, viral reductions

did not exceed 99.998% at maximum efficiency. The average virus

reduction for all plants was 99.98%. The authors also observed that

no significant inactivation of enteroviruses occurred after °zonation
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or final chlorination. Enterovirus removal after pre-chlorination/

clarification averaged 78%, as compared to 55% observed in this study.

Filtration resulted in a further reduction of 48% in enteroviruses, as

compared to the 62% observed at Guadalajara.

Guidelines and Standards for Viruses in Drinking Water 

The presence of any pathogenic microorganism in drinking water

has always been considered a potential public health concern. This is

rightly so since obvious sewage contamination of drinking water

supplies are well recognized as responsible factors for waterborne

disease (Lippy and Waltrip, 1984). At what concentration pathogens in

the drinking water represent a significant risk to the population is

more difficult to establish. It has generally been accepted that, to

be acceptable, drinking-water should be free from any viruses

infectious for man (WHO, 1984). In 1979 the World Health Organization

convened a group of experts to review the question of viruses in water

and concurred that to ensure this goal "a 100 L to 1000 L sample

should be tested by the most sensitive method available. In all cases

of intentional direct wastewater reuse for domestic consumption, this

procedure should be considered essential and should be applied at

least in urban areas in which potable supplies are derived from virus-

polluted sources, such as surface water containing a significant

proportion of wastewater either untreated or insufficiently treated to

Inactivate viruses. These guidelines were based on availability of
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current technology to detect enteric viruses in the suggested

volumes."

In its forthcoming Guidelines for Drinking water Quality

(WHO, 1984), the World Health Organization again suggests that

"...drinking water should be free from any viruses infectious for

man..." but argue that "Adequacy of treatment cannot be assessed in an

absolute sense because neither monitoring technique nor

epidemiological evaluation is sufficiently sensitive -to ensure the

absence of viruses or the freedom from endemic occurrences of

waterborne infections.-".

A number of individuals, groups, and organizations have made

recommendations on virus guidelines or standards for drinking water.

These are summarized in Table 20.

Recommendations for Further Research

Drinking water in the United Kingdom has been monitored for

several years, and Tyler (1982) has reported the isolation of

enteroviruses in 24 samples of finished drinking water which contained

no detectable col iforms (per 100 mi) or E, coll. Sixty-seven percent

of the samples contained free chlorine levels equal to or greater than

0.2 mg/L.

From Tyler's (1982) work and others, (Melnick and Gerba, 1982;

Payment, 1981; Payment and Trudel, 1981), it can be concluded that

enteric viruses can occur at detectable levels in finished drinking

water meeting current coliform and turbidity standards and
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Table 20. Recommendations on Virus Guidelines and Standards
for Drinking

Organization or
Individual
	

Recommendation
	

References

G. Berg

J. Melnick

World Health Organization

World Health Organization

H. Shuval

J. Melnick

World Health Organization

Virus Monitoring Workshop-
Environmental Protection
Agency

Microbiology Workshop
Environmental Protection
Agency

European Economic Community

South Africa

Drinking Water should be
free of pathogenic viruses

1 PFU/100 gallons

0 PFU/10 liters

Monitoring of renovated
water for human consumption

0 viruses/100 gallons or
largest volume feasible

1 PFU/1000 gallons

0 viruses/100 to 1000 liter

0 viruses/1000 liters

Monitoring the effectiveness
of treatment when source
water quality exceeds 500
fecal coliforms/100 ml

0/10 liters

Berg, 1971

Melnick, 1971

WHO, 1972

WHO, 1973

Shuval, 1976

Melnick, 1976

WHO, 1979
and 1984

Karaganis
2.1., 1983

Berger and
Argaman, 1983

Sproul, 1983

0/10 liters for direct	 Sproul, 1983
recycled water
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containing a significant level of free chlorine (0.2 mg/L). This

study also supports this conclusion. The isolation of human enteric

viruses in drinking waters is not a condemnation of conventional

drinking water treatment, but an indication that water quality

criteria currently accepted to ensure the production of microbially

safe water do not necessarily ensure the absence of enteric viruses.

The engineering evaluation of the Guadalajara water treatment plant

Indicated numerous major deficiencies in the treatment plant which

could explain the occurrence of enteric viruses in the finished water.

However, these deficiencies did not seem to be consistently reflected

in the quality of the finished water during the dry season in regard

to total col iforms and turbidity. It may be that in marginally

operated water treatment plants or plants with a heavily contaminated

raw water source, measurable levels of enteric viruses are able to

survive the treatment process even when current water quality

standards are achieved.

No previous studies on the occurrence of rotaviruses in

drinking water have been conducted. Since the initiation of this

study, isolation of rotaviruses in treated drinking water at another

plant meeting current bacterial, turbidity and recommended levels of

chlorine has been reported (Gerba et al., 1984). Although it appears

that rotaviruses may not be as effectively removed by filtration as

enterov 1 ruses, chlorine may be highly effective in their

inactivation. Yet human rotaviruses have been shown to be the least

sensitive to inactivation by chlorine, chlorine dioxide, and ozone

when compared to some of the enteroviruses and SA11 rotavirus (Harakeh
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and Butler, 1984). Since rotaviruses have caused documented outbreaks

of waterborne disease (Sutmoller et al., 1982; Zmotin et al., 1981;

Lycke et al., 1978; Tulchinsky et al., 1983; Hopkins et al., 1984)

additional studies are needed to assess their occurrence in raw and

treated drinking waters.

From the results of this study and other similar field studies

it is difficult to define those operational conditions at a treatment

plant under which all measurable levels of virus would be removed. It

is also uncertain if other microbial indicators such as coliphage

would better reflect treatment removal of enteric viruses. Because

enteric viruses were isolated infrequently in the treated drinking

water, it was difficult to establish statistically significant

relationships. Longer term studies should be made of the occurrence

of enteroviruses and rotaviruses in treated drinking water taking

advantage of the continual development of detection methods. This

would allow the development of a larger data base which could be used

to determine if stronger correlations exist between the presence of

coliphage. Further research should be conducted to define treatment

operational conditions which allow viruses to occur in drinking water

while other water quality characteristics are satisfactory. Also,

better indicators of treatment plant efficiency for enteric virus

removal should be sought.

One approach to the development of better criteria might be

the use of small pilot plant studies in which mixtures of sewage are

used as a raw water source. This would allow determination of the

removal of mixtures of naturally occurring enteric viruses as well as
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other microbial indicators by the treatment process. In addition,

operational conditions could be rigidly controlled, varied and

monitored. Use of a pilot plant facility would also greatly reduce

virus collection costs (i.e. travel costs) and a more meaningful

number of virus samples could be collected, thus improving comparisons

between operational water quality indicators and the removal of

enteric viruses.



CONCLUSIONS

1. Both enteroviruses and rotaviruses could be isolated from

finished drinking water containing free chlorine levels of

>0.2 mg/L, and meeting col iform bacteria (1/100 ml) and

turbidity (1 NTU) standards.

2. Both enteroviruses and rotavirus reduction averaged 81% and

93%, respectively, for the complete treatment process

involving flocculation, sand filtration, and chlorination.

3. Reduction of enterov I r u ses was greatest during pre-

chlorination/clarification and sand filtration. The greatest

reduction of rotaviruses occurred during pre-

ch I or i nat ionic I ar i f icat ion and post-chlorination of the

finished water.

4. The complete water treatment process was more effective in the

reduction of turbitity, conform, fecal col iform, fecal

streptococci, standard plate count bacteria, and coliphage

than of enteric viruses.

5. The numbers of standard plate count bacteria and col iphage

were positively correlated to the presence of enteroviruses in

the raw water while col 1 phage counts were positively

correlated to the presence of rotaviruses in the finished

water.

82
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6. Pilot plant studies, as well as field studies, should be

conducted in order to determine the occurrence and

significance of enteric viruses after water treatment

processes; and to evaluate col iphages as an indicator system

for animal viruses, as well as other water quality variables.
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Introduction 

The IMDS positively charged filters were used to concentrate

viruses from the raw and treated water samples at the drinking water

treatment facility. It is not necessary to precondition the water

when using these filters, thus, they are much easier to use in field

testing. Although the 1MDS filters have been compared to the widely

used negatively charged filters in drinking water, these two have not

been compared for their ability to recovery indigenous viruses in

waters of poorer quality.

Various types of microporous filters have been used to recover

viruses from large volumes of water. In the past, electronegative

filters have been employed which require the acidification of the

water and addition of multivalent cations for optimal vius adsorption

(Farrah, et al., 1978; Gerba, et al., 1978; Morris, et al., 1980;

Sobsey, 1976; Sobsey, et al., 1980). Because of the need to condition

the water to achieve good recoveries, the method can be cumbersome and

many viruses, especially bacteriophages, may be sensitive to the low

pH required (Seeley, 1979).

The purpose of this study was to compare electropositive and

electronegative filters in their ability to recover naturally

occurring col iphages and animal viruses from waters of varying

quality.

Electropositive filters have been used for virus concentration.

These filters eliminate the need to condition the water, thus

simplifying the procedure. Sobsey and coworkers (Sobsey, et al.,
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1980; Sobsey, et al., 1979) first evaluated the positively charged

filters  for concentrating seeded pol iovirus from tap water.

Subsequently, the filters were tested for the recovery of

bacteriophage, enteroviruses, influenza virus, and bacteria from a

variety of media (Chang, et al., 1981; Goyal and Gerba, 1980; Goyal et

al., 1980; Goyal et al., 1980a; Hou et al., 1980; and Logan et al.,

1980). Some of the positively charged filters have also been

successfully used for the detection of naturally occurring viruses in

swimming pools, drinking water, and wastewater (Chang, et al, 1981;

Goyal et al., 1980a; Hejkal et al., 1982; Keswick et al., 1981).

Materials and Methods 

Filters. 	The filters were tested in 142-mm flat disk

configurations and were housed in stainless steel holders. The

electronegative or Filterite filters (Filterite Corp., Timonium, Md.)

(Sobsey and Jones, 1979) have nominal pore sizes of 3.0 and 0.45 um.

The electropositive filters were of three types. The first two types

were 50S and 30S Zeta-plus depth filters (series S, Zeta-plus; AMF

Cuno, Meriden, Conn.) (Sobsey and Jones, 1979) with nominal porosities

of 0.75 and 1.0 um, respectively. The third positive filter, the 1-

MDS Virosorb, has a nominal pore size of 0.2 um and was used as a

double layer as previously recommended for maximum virus retention

(Sobsey and Glass, 1980). In some instances, the 30S filter was used

as a prefilter in combination with one sheet of the 1-MDS filter.

Concentration experiments. Primary (collected after passage
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through grit chambers) and secondary sewage (collected before

chlorination) were collected from an activated sludge treatment plant.

The pH and turbidity for the primary sewage were 7.4 and 30

nephelometric turbidity units, respectively, and for the secondary

sewage they were 6.8 and 5.0 nephelometric turbidity units,

respectively, and remained very constant throughout the study. A

volume of up to 100 liters was taken at each collection, and from this

single-grab sample, the sewage was processed through the filters at

random. The sewage was placed in a 20-liter pressure vessel, and the

desired volume was passed through each filter tested with positive

pressure. In the case of the Filterite filter, the sewage was first

adjusted to pH 3.5 with 1 N HCI, and 5 mM AlC1 3 was added before

filtration. The adsorbed viruses were eluted with 50 ml of a 3% beef

extract solution at pH 9.5. A duplicate filtration was run for each

filter and eluted with 50 ml of 0.05 M glycine at pH 11.5. The

eluates were immediately adjusted to a neutral pH and assayed for

col iphages and animal viruses.

Viral assays. Col iphages were assayed in the original water

sample as well as the eluate so that percent recoveries could be

determined. The soft-agar overlay technique was employed with

Escherichia coil ATCC 15597 as the host (Adams, 1959).

Animal viruses were enumerated on buffalo green monkey cells

by an agar-overlay technique for determination of PFU (Melnick et al.,

1980). With cytopathogenic effect production as a positive test, the

five-tube most probable number (MPN) method with 2, 0.2 and 0.02-ml

volumes was also used in enumeration of the viruses.
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Statistical analysis. MPN values were calculated by a program

written by Dr. Lee M. Kelley. Analysis of variance was performed by

the FACTAN program described by Sokal and Rohlf (1981).

Transformation of the data was required to satisfy the necessary

assumptions for valid analysis of variance. Plaque counts were

transformed to logio, or MPN values and low plaque counts that had a

Poisson distribution were transformed to N + 0.5 (Sokal and Rohlf,

1981). The computations were performed with the Cyber 175 and Dec-10

computers at the University of Arizona Computer Center.

Results 

The four filter systems tested in this study showed some

differences in the volumes of sewage which could be passed before

clogging (Table 21). The Filterite filter was able to pass a maximum

volume of 19 L of secondary effluent at a turbidity of 5.5

nephelometric turbidity units. The 1-MDS and 50S filters passed 11 L

whereas the capacity of the 1-MDS filter was increased by four L when

the 30S filter was used as a prefilter.

For evaluation of the ability of the filters to concentrate

col iphages, one L of primary effluent and five and 10 L of secondary

effluent were passed through each filter system. Coliphages were

enumerated in the grab samples from both primary and secondary sewage

before concentration by filtration and in each eluate so that the

percent recovery could be determined. The Filterite filter had the

lowest efficiencies for secondary effluent of all the filters tested
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Table 21. Comparative Capacity of 10-um Disk Filters

Vol (liter)
Filter Nominal	 pore

size (uM)
passed through
filter before
clogging a

Filterite 3.0 + 0.45 19

1-MDS 0.2 11

50S 0.75 11

30S + 1-MDS 1.0 + 0.2 15

a Secondary sewage with a turbidity of 5.5 nephelometric turbidity units
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(Table 22). The filters performed equally in their ability to recover

phage from primary effluent, and the percent recovery was found to be

consistently lower than that in the secondary effluent. Overall,

glycine was a poor eluent compared with beef extract for col iphage

recovery.

A total of six samples of secondary effluent was processed and

assayed for animal viruses by either the PFU or MPN method. A

statistical analysis showed no significant difference in the number of

viruses isolated between the negatively or positively charged filters.

In this case, the 30S was not used as a prefilter for the 1-MDS

filters. The results indicate that glycine is a less efficient eluent

(Table 23). Three samples of primary effluent were processed and

assayed by both the PFU and MPN methods. Again, the results indicate

that glycine, in most cases, is a less efficient eluent (Table 24).

In Figure 4, the three collections of primary effluent are

compared for the numbers of PFU obtained in each indivival assay for

the four filters and two eluents by resulting from analysis of

variance using the square root transformation (Sokal and Rohlf, 1981).

In the first collection, the Filterite and 50S filters did equally

well, whereas the 1-MDS and 30S filters recovered lower numbers of

viruses. In the second collection, the Filterite filter barely

outperformed the 50S filter, which in turn again did better than the

1-MDS and 30S filters. In the third collection, all filters recovered

equally low numbers of viruses. In six of 12 cases, glycine recovered

significantly lower numbers of viruses than did the beef extract,

whereas in only two cases did the beef extract recover fewer viruses.
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Table 22. Recovery of Col iphages from Sewage

% Recovery of col iphages with the following effluents
at the indicated volumes

Filter	 Secondary	 Primary

	5 	 litera
	BEb	 Gc

10
BE

litera
G

(1
BE

liter)

Filterlte 22 12 40 23 17 12

1-MDS 61 36 92 44 14 15

50S 100 62 50 52 14 5

30S + 1-MDS 58 38 46 35 31 6

a Average of two experiments
b Beef extract (pH 9.5)

Glycine (pH 11.5)
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Table 23. Recovery of Animal Viruses from 10 Liters
of Secondary Effluent

No. of Viruses Recovered with the Following Effluents and Filters:

Sample
a	 BEb	 Gcno.

Filterite 1-?VS 	50S	 30S	 Filterfte 	1-CS 	50S	 30S

1 d 	32	 18	 11	 20	 ale	 ND	 ND	 ND

2d 	30	 109	 24	 ND	 ND	 ND	 ND	 ND

3	 325	 5	 <2	 <2	 13	 13	 58	 ND

4	 57	 82	 57	 13	 85	 13	 <2	 43

5	 <2	 600	 ND	 5	 5	 <5	 <2	 <2

6	 28	 <2	 <2	 23	 <2	 <2	 <2	 <2

a

d

100-liter samples
Beef extract (pH 9.5)
Glyciné (pH 11.5)
Enumerated by PFU; the other samples (3 through 6) were enumerated by MPN
ND, Not determined
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Table 24. Comparison of MPN and PFU Methods for Enumerating
Animal Viruses from 4 Liters of Primary Effluent

No. of viruses recovered with following
eiuents by the following methods

Beef Extract	 Glycine
Sample

Filter
	

No.a
	

MPN	 PFU	 MPN	 PFU

Filter ite	 1	 677	 830	 98	 387
2	 58	 60	 58	 19
3	 198	 59	 58	 35

1-MD S
	

1	 123	 130	 123	 110
2	 32	 40	 20	 15
3	 54	 35	 32	 30

50S	 1	 83	 165	 123	 170
2	 58	 40	 19	 30
3	 54	 70	 58	 60

30 $ 	1	 69	 170	 NDb	 IC
2	 58	 45	 11	 10
3	 32	 25	 58	 35

! 50-liter samples
' ND, Not determined
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Filter Type

Figure 4. Evaluation of Beef Extract and Glycine for Elution
of Animal Viruses from Filters from Three Separate
Collections (I, II, and III) of Primary Effluent



95

There have been legitimate concerns when enumerating viruses

by either the MPN or PFU method. The MPN method, a statistical

estimation whose confidence limits may leave a wide range, has been

universally accepted in the determination of col iforms (APHA, 1980).

The PFU method gives an a more precise count but some environmental

viruses may be Inhibited from plaguing due to the stress of the

overlay or could show false plaques, depending on the nature of the

water (Schmidt et al, 1978). An equal number of viruses was obtained

in most cases in primary effluent when assayed by both techniques

(Table 24).

Discussion 

Previously published comparative studies with negatively and

positively charged filters involved the use of laboratory strains of

animal viruses and were concerned with virus concentration from tap

water (Sobsey and Glass, 1980; Sobsey et al., 1981). The goal of the

present study was to compare these filters and two of the most

commonly used filter eluents for recovery of indigenous virus from

waters of poorer quality.

Recovery of col iphages from secondary effluent was

significantly better with the positively charged filters than with the

Filterite filter, but there was little difference in overall recovery

from primary sewage. Differences in recovery from the secondary

effluent may be due to the sensitivity caused by the low pH conditions

used for virus concentration with Filterite filters (Goyal et al.,
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1980a; Seeley and Primnose, 1979). The higher turbidities and organic

concentration present in primary sewage probably account for the

generally poor recoveries of col iphages.

In waters such as primary effluent with high turbid ities and

organic matter, high adsorption and recovery efficiencies may be lost

due to viruses associated with solids (Gerba et al., 1978) and

competition for adsorption sites (Sobsey, 1976). Sobsey et al. (1981)

have found that water quality influenced virus adsorption and recovery

from both the Filterite and 1-MDS filters. The Filterite filter had

better recoveries than did the 1-MDS filter with the addition of 5 mM

MgCl2, but it also showed a greater variability. In this study, the

coliphage recoveries in primary effluent were lower for all filters

investigated, and the numbers of animal viruses recovered varied

greatly between different collections, with the Filterite filter

showing the greatest variability and the 1-MDS filter the least.

Overall, the positively charged filters can be used to

concentrate viruses from sewage effluents. Although the 1-MDS and 30S

filters performed as well as the 50S filter in secondary effluent,

they did not do as well with primary effluent. The 1-MDS filter,

however, has an advantage as it is available in cartridge form, thus

with the increased surface area, larger volumes of water could be

processed (Sobsey and Glass, 1980). All the positively charged

filters offer an advantage over the negatively charged filters, as

preconditioning of the water sample is unnecessary, although Chang et

al. (1981) have found improved recovery from seeded sewage samples

with the 30S filter when the effluent was adjusted to a pH below 6.0.
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Positively charged filters thus far have shown great

versati I it y for concentrating bacteria and endotox ins (Hou et al.,

1980) as well as viruses. It is still uncertain as to what conditions

are optimal when using these filters for various types of water or

whether all virus types are efficiently concentrated and further

Investigation is necessary: however, electropositive filters are

indeed part of the answer to a simpler, more reliable means for

detecting viruses in the water environment. Percent recoveries of

col iphages from secondary effluent concur closely with those

determined in a study by Goyal et al. (1980a) in which the Zeta-plus

filters were evaluated. It was not surprising to find that glycine at

pH 11.5 was a poorer eluent than the beef extract for both coliphages

and animal viruses. This has been reported by other investigators,

possibly due to the inactivation of some viruses at the high pH

(Sobsey et al., 1980) and superior performance of a protein solution

for eluting viruses from filters (Farrah and Bitton, 1978; Goya l et

al., 1980a).

The Filterite and 50S filters recovered greater numbers of

viruses from primary effluent than did the 1-MDS and 30S filters in

two of three collections (Table 24). The lower efficiencies observed

with two of the positively charged filters used with primary sewage is

probably due to the increased concentration of organic matter which

competes with virus for adsorption on to the filter. The larger

surface area of the 50S filter  compared with the other positively

charged filters may account for its better performance. No

statistically significant difference was observed in the recovery of
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animal viruses among the filters from secondary effluent (Table 23).

These data demonstrate that no major differences exist between the

ability of negatively and positively charged filters for recovery of

indigenous animal viruses from waters which are comparable to

effluents. The I MDS positively charged filter may then be used

confidently eliminating the need to precondition the water.
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Introduction 

When collecting water samples on site such as at a drinking

water treatment plant, it is common practice to elute the filters

immediately after filtration. It then becomes necessary to transport

the eluates to the laboratory. This transport time may be minutes,

hours or days and can greatly influence the survival of enteric

viruses depending on the preservation conditions.

The survival of Polio 1, Echo 1 and coxsackie B3 viruses has

been examined at 4°C, -20°C and -70°C in a variety of suspending media

(Gerba and Goyal, 1982). It was found that virus infectivity could be

preserved at -20°C and -70°C for up to 300 days with negligible losses

in titer. Poliovirus and coxsackie virus B3 were preserved with only

slight decreases at 4°C for 50 days while echovirus 1 began to decline

on the third day under the same conditions.

During the investigation of virus removal at a drinking water

treatment facility, filters were eluted on site and eluates were

transported on ice to the laboratory. Transportation time ranged from

one to seven days. For some of the eluates it was observed that

bacteria had grown, thus it was obvious that the sample had changed

during transportation. This study was undertaken to investigate: 1)

the survival of viruses in beef extract eivates of secondary sewage

effluents held at 40C; 2) the effect of bacterial growth in eluates on

virus survival; and 3) the effect of bacterial growth on the

efficiency of the reconcentration procedures (Katzennelson et al.,

1976).
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Materials Dud Methods 

Eluate preparation. One hundred gallons of secondary effluent

prior to chlorination was filtered through a 50S positively charged

filter (Series S, Zeta-plus; AMF Cuno, Meriden, Conn.) and a

negatively charged Filterite filter (Filterite Corp., Timonium, MD)

with proper preconditioning of the water where necessary (water must

be adjusted to pH 3.5 and AlC13 added to a concentration of 0.05 M

prior to filtration through filterite filters). The filters were

eluted with one liter (L) of 3% beef extract with 0.05 M glycine at a

pH of 9.5 and then immediately adjusted to a neutral pH.

Eluates were split into 500 mi volumes and each was seeded

with an enterovirus. Controls of sterile 3% beef extract were treated

in the same manner.

An initial sample was taken for virus analysis and standard

plate count bacteria. The eluates were then stored at 4°C and

subsequent samples were taken at one, three, five, seven and 10 days.

Virus detection from eluates Three viruses were used in this

study, poliovirus 1 (LScC strain), echovirus 1 and coxsackievirus B3.

Ten ml samples were taken from each control beef extract (C-BE) set up

for assay. A second 10 ml sample was taken and subjected to

centrifugation for 10 min at 2,500 RPM, treated with antibiotics (1000

IU/1000 mg per ml g Penicillin/streptomycin, 200 ug/ml of gentamycin

and 1000 units/ml of mycostatin) then incubated in a 37°C water bath

for 30 minutes. A third control sample was seeded with a bacterial
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suspension at an approximate concentration of 107 colony forming units

(CFU) an subjected again to centrifugation and antibiotic treatment.

This procedure, used to rid the sample of bacterial contamination

prior to assay on tissue culture, was used for all samples in

secondary effluent eluates (2 °E).

Appropriate dilutions were made of each sample, and 0.1 ml

volumes were inoculated onto monolayers of BGM cells and the agar

overlay procedure was used to detect developing plaques as previously

described (Mel nick et al., 1978; see Material and Methods p. 26). In

lieu of neutral red 0.5% crystal violet in 95% ethanol was used to

stain the cells. After 48 hours the agar was removed and 0.5 ml of the

crystal violet solution was placed on the cells for 30 seconds, then

rinsed with distilled water and plaques were enumerated.

Standard plate count bacteria. Samples for bacterial analysis

were taken simultaneously with the virus samples. These were

enumerated using a 0.5 ml inoculum at various dilutions with standard

plate count agar. The pour plate procedure was used and colonies were

counted after 24 hours of incubation at 37°C.

aeconcentration studies. In a final study eluates were

prepared in the same manner. In addition to the samples taken from

the C-BE and 2°E eluates which have been previously described, a 100

ml sample on each assay day was reconcentrated using the organic

concentration procedure (Katzennelson et al., 1976, see Materials and

Methods p. 30). Reconcentrated volumes of 10 ml were decontaminated

using centrifugation and antibiotic treatment and assayed using the

agar overlay procedure.
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Results 

The survival of poliovirus, echovirus one and coxsackievirus

63 was studied in one L eluates from filters processed with secondary

effluent. The eluates were stored at 4 0C for ten days and the total

aerobic bacterial concentrations increased from 1,047 to 138,038 per

ml during this time (Figure 5). The concentrations of all three

viruses remained constant over this same time period (Figure 5),

apparently unaffected by bacteria growth.

In order to eliminate the bacteria in eluates and in

reconcentrated samples, before assay on tissue culture, low speed

centrifugation and incubation with antibiotics was used. The recovery

of viruses before and after this decontamination of control samples

was examined. Three experiments were run using poliovirus 1,

echovirus 1 and coxsackievirus B3. During the third experiment a

suspension of bacteria was added after the initial sample was taken.

Decreases in virus recovery ranged from zero to 48% after the

decontamination procedure with an average decrease of 33%. Only one

third of the samples had a decrease of greater than 30%. While

approximately two-thirds had a decrease of 25% or less (Table 25).

There was no observable difference in those samples where bacteria had

been added prior to the decontamination procedure.

A portion of the eluates were reconcentrated after storage at

40C on days zero, two, five and seven. Reconcentration efficiencies

(Table 26) ranged from 12 to 100% (average 37.4%) in control eluates

while efficiences ranged from 14 to 106% (average 38.2%) in the
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Numbers of Viruses and Bacteria at 4°C
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Table 25. Effect of Centrifugation and Antibiotics on
Enteroviruses in Beef Extract

Viruses (PFUa X 10 4 )
Polio-1	 Echo-1	 Coxsackie B-3

After	 Before After	 Before After
Before	 Treat-	 dp	 Treat- Treat- %	 Treat- Treat-

Treatment	 ment	 Lost	 ment	 ment Lost	 ment ment Lost

Experiment 1
9.25 5.2 46 1.55 1.2 23 14 7.3 48

Experiment 2
3.75 2.8 25 4.05 2.25 44 1.72 1.8 0

Experiment 3 b
13.5 9.8 27 3.45 2.92 15 3.45 3.35 15

Average
8.82 5.9 33 3.02 2.21 30 6.56 4.15 37

a Plaque forming unit
b Bacteria added prior to treatment



106

Table 26. Reconcentration Efficiencies of Viruses from Sterile Beef
Extract and Secondary Effluent Eluates

(3% beef extract) After Storage

Control

Day	 Polio-1

Beef Extracts
Cox-
sackie

Echo-1	 B-3

Secondary Effluent Eluates
Cox-
sackie

Avga Pol lo-1	 Echo-1	 B-3	 Avga

0 23 25 99 49 14 34 16 21

2 21 14 60 32 88 14 15 39

5 12 16 36 21 24 56 106 62

7 18 24 100 47 35 32 25 31

Average b
18.5 19.7 74 37.3c 40 34 40.5 38.2c

a Average efficiency of all viruses each day
b Average for each virus after 7 days
C Average for all viruses after 7 days
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secondary effluent eivates. No discernible pattern was observed for

the reconcentration of viruses from day zero to day seven or for the

three viruses (Polio-1, echo-1, coxsackie B-3) in secondary effluent.

Discussion 

The transportation conditions of processed filter eluates for

virus analysis are important to ensure maximum recovery of the viruses

In those samples. Eluates processed in the field are transported to

the laboratory either frozen or at 4°C. Bacteria were found to

Increase in beef extract eluates held at 4°C, the concentrations

dependent on the transportation time. Previous investigations have

shown that some bacteria associated with seawater and sewage sludges

have an antagonistic effect against viruses (Toranzo, et al., 1983).

Virus survival also decreased in seawater concentrates as compared to

other suspending media (Gerba and Goyal, 1982). Thus, it was of

Interest to investigate the effect of bacterial growth on the survival

of viruses in eluates from filters processed with secondary effluent.

The results of this study indicate that although bacterial levels do

Increase the survival of poliovirus, echovirus 1 and coxsackie virus

B-3 is unaffected.

The reconcentration of viral eluates by organic flocculation

(Katzennelson, 1978) is based on the adsorption of the viruses to

protein precipitates in the beef extract at an acid pH. Although

viruses may be able to survive in eluates with high bacterial levels,

it was uncertain what effect the growth of bacteria in the beef
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extract would have on the reconcentration procedures. It was found

that the reconcentration efficiency of viruses in eluates with and

without bacteria were similar up to seven days of bacterial growth at

40C. Apparently the growth of bacteria had little effect on the

reconcentration of viruses in beef extract.

Prior to the analysis of any environmental virus samples on

cell culture, it is necessary to eliminate bacterial and fungal

contaminants. Filtration may be one method, which can be used,

however, Kostenbader and Cliver (1983) found that depending on the

filter material viruses may also be adsorbed and partially eliminated.

They have also been reported that viruses do not readily adsorb to

bacteria. Therefore, low speed centrifugation and incubation with

antibiotics was used to decontaminate the viral samples for analysis.

Consistent losses of viruses using this procedure was observed,

although this loss was apparently not attributable to the presence of

bacteria. Yet in recent efficiency studies, the

centrifugation/antibiotics treatment was found to be superior to

filtration for sample preparation (Rose, Personal Communication).

However, more thorough comparisons need to be documented and

improvements in the current procedures are needed.

In the field of environmental virology numerous details may

influence the recovery efficiency of viruses from water samples.

Transportation of filter eluates and contamination with bacteria and

fungi are two areas where procedures may be used to minimize losses of

viruses. Although filters can be eluted in the field and the eluate

transported at 4 °C without appreciable virus inactivation, or loss in
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concentration efficiencies, the growth of bacteria is still

undesirable. Sobsey (Gerba and Goyal, 1982) has found that viruses

adsorbed to the positively charged IMDS filters are able to survive at

4°C for days to weeks and can be recovered from the filter

efficiently. This may be a better alternative when using positively

charged filters to transport the filter on ice and elute the filter in

the laboratory where the eluate can be immediately frozen.
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GrowAt Medium for BGM Cell Line 

Ingredient	 Amount

Eagle (modified) MEM (minimal essential medium)	 400 ml

with Earles salts (Flow Laboratories, Virginia)

Sodium Bicarbonate (7.5%)	 4 ml

Glutamine (200 mM)	 4 ml

(Irvine Scientific, California

Fetal bovine serum	 20 ml

(Hyclone, Utah)

Penicillin/streptomycin (100 IU/100 ug)

Gentamycin (20,000 ug m1 -1 )

HEPES (1 M)

(Research Organics, Ohio)

I mi

4ml

12 ml

Mycostatin (10,000 units m1 -1 )
	

I m l



112

Ar Overlay Medium

Ingredient
	

Amount

2X MEM

Fetal bovine serum

Sodium bicarbonate (7.5%)

Glutamine (200 mM)

Gentamycin (20,000 ug m1 -1 )

Penicillin/streptomycin

(100 1U/100 ug m1 -1 )

Neutral red

Mycostatin (10,000 units m1 -1 )

Agar (2%)

100 m l

4ml

6 ml

2ml

2ml

0.2 ml

1.8 ml

0.5 ml

100 ml
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Evaluation Qi Qggj gxtract am! lycine far glutton QJ Animal

Viruses kgm Filters

Transformed PFU (Vn + 0.5)

Filters	 Collection
	

Eluents

Beef Extract Glycine

Filterite 5.52 4.298

Il 3.9267 3.5064

Ill 1.5655 0.998

IMDS 2.3142 2.1369

Il 1.1925 1.8572

ill 1.2960 1.0177

50S 5.5284 3.465

Il 3.1104 1.673

1.4252 1.2182

30S 4.7042 2.5526

Il 1.2761 1.9408

Ill 1.3975 0.8819
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Effect at $torage Q.f secondary Effluent Fluate Qa

Egmtau 21 yiruses lal Bacteria at 4°C

Days
	

Microorganisms (Log 10)

Total Aerobic	 Pollovirus-0 Echovirus-1b Coxsacklevirus b

Plate Counta

0 3.02 3.49 3.58 3.63

1 3.54 3.48 3.61 3.56

3 3.91 3.38 3.64 3.62

5 4.55 3.17 3.63 3.47

7 4.81 3.27 3.51 3.41

10 5.14 3.27 3.57 2.99

a Log 10 colony forming units

Log 10 plaque forming units
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Lim-Pool Identification Table

Pool	 Virus	 Pool
	

Virus
Neutralization	 Identity	 Neutralization

	
Identity

A
	

El5
	

DF
	

E14
AB
	

CA7
	

DG
	

E16
AC
	

CB1
	

DH
	

P3
AD
	

E33
	

DEH
	

E32
AE
	

CB4
	

Ell
AF
	

E7
	

EF
	

E18
AG
	

E4
	

EG
	

El7
AH
	

El
	

EH
	

E22
ACF
	

E29
	

E27
AEG
	

E5
	

FG
	

E20
E21
	

FH
	

CB6
BC
	

E2
	

G
	

E31
BD
	

CB2
	

GH
	

E23
BE
	

P2
	

H
	

CA16
BF
	

El9
BC(C)
	

CA9
BH
	

E3
BDF
	

E26
BFH
	

E9
E24

CD
	

E6
CE
	

CB5
CF
	

P1
CH
	

El2
CEG
	

E30
D
	

E25
DE
	

El3
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