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xecuti u a 

The methods used to determine the fate of human enteroviruses in 
biological household waste scrutinized the circumstances and movement of these 
agents from households using on site septic disposal systems (OSDS). These were 

conventional septic systems utilizing subsurface ground infiltration. 

Initially soil specimens frDm four (4) study households were collected from 

the infiltration area beneath the drainfields at the initiation of the study. No 

enteroviruses were detected in these specimen soil cores which penetrated the 

unsaturated zone to a depth offour (4) feet in one community and two (2) feet in 

the other. These findings are of limited value due to a lack of prior knowledge of 

virus in either the feces of the household residents or in the effluent exiting the 
OSDS1s of these households. Since soils aren't homogeneous, geography. climate, 

pH. soil type and moisture as well as ionic changes influence viral adsorption and 

elution in a drainfield differently. Even though the incidence of human enteroviral 

infection is year round in the study areas, a single specimen collection may have 

missed encountering any soil adsorbed virus due to factors which promoted rapid, 

en mass. elution through the soil infiltration area sampled. 

Ground water, lS12liters (400 gallons) per specimen, was collected from 

each of four (4) monitoring wells in the community, established downgradient of a 
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segment of the community's OSDSs. This effort was pursued monthly for fifteen 

(15) months. Even though contaminants usually associated with septic tank 

effluent were present in some wells, no entero"itlruses were detected in 120 

specimens examined. During this time enteroviral infections were noted in 

community householder's and the same "iral serotypes detected exiting their 

OSDSs. However, this finding isn't necessarily indicative that ground water 

transport of enteroviruses can be ruled out. Instead. since previous study of 

ground water movement calculated only a velocity of3.65-7.3 feet per year in one 

community and 0.03-0.05 feet per day at the other, there exists an extremely 

narrow prospect of viral plumes from a community's OSDS would reach the 

monitoring wells during the study period. Thus, an appreciable part of the 

subdivisionls septic tank effluent that reached groundwater went unmonitored due 

·to its sluggish movement down gradient toward the monitoring wells. 

The large number, 106.1010, of infective viral particles shed per gram of 

feces over at least several days are not all inactivated during transit through an 

OSDS. Monthly examination of householder's feces and their septic tank effluent 

yielded identical viral serotypes on numerous occasions. Quantification of the 

agents in the septic tank effluent revealed that a most probable number of 

infectious units that varied from 0.07 to greater than 58.57 per ]iter. As might be 

expected, the number of infectious units increased or declined with the length of 

time after infection was determined through fecal examination. A range of at least 

thirty (30) days for Coxsack1evirus B2 to at least 137 for a reovirus was noted for 

for the detectable presence of these agents in septic tank effiuent. 

On an occasion Coxsackievirus A9 was detected in both a householder's 

feces and the septic tank effluent. Additional monitoring disclosed the presence of 

the same viral serotype in the effluent for at least fifty-seven (57) days, and at least 

twenty (20) days in a nearby newly placed monitoring weD whose water level was 

four (4) feet nine (9) inches below the ground surface. An additional monitoring 

well at least ten (10) feet down gradient failed to yield the virus. This would infer 

that virus reached ground water but due to the ground water velocity, 0.05 feet per 

day, the viral plume intercepted well #1 but failed fo reach the monitor well further 

down gradient Thus; while low numbers of a most probable number of infectious 

units, 0.0024 and 0.00041 per liter, were detected in the ground water their 

transport was relatively limited under the conditions existing in the community. 
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Intensive efforts were also aimed at encountering viral adsorption to soil 

foHov.ing detection of a coxsackievirus in a householder1s feces and the septic tank 

effluent. Two (2) soil cores were collected adjacent to the drainfield measuring 

forty-four (44) and 30.5 inches below the gravel infiltration area thirty-eight (38) 

days after detection of the agent in specimens. Virus quantitated at 0.14 and 0.15 

most probable number ofinfectious units per gram of soil was isolated only from 

the first four (4) inches of the core nearest to the infiltration area. This 

demonstrated adsorbed virus which, under the proper conditions, could eIute and 

eventually migrate into ground water. 

The data accrued show that human enteroviruses are present in OSDS 

effluent, adsorb to soil. can percolate through soil and reach ground water under 

the geographic, soil and climate conditions encountered in Florida. Due to many 

variables associated with monitoring under Ureal life conditions'\ data regarding 

the fate of viruses in the environment are difficult to obtain. Frequency of 

sampling is the most important aspect since viruses move rapidly and billions of 

.."irions can pass an area and be easily missed. Thus, it is difficult to speculate the 

length of time viruses remain viable in either soils or ground water. 

A prospective cohort design approach was used in the epidemiological 

investigation of risk of enteric virus infection in children exposed to groundwater. 

The two communities which had previously been selected to participate in a study 

of the potentially polluting effects of septic tanks on the groundwater in their 

vicinity participated. This project ran concurrently with the environmental study, 

One community (exposed) had a high water table and private wells in addition to 

septic tanks on third acre lots; the other (control) had a low water table, septic. 

tanks on quarter acre lots, and a chlorinated community water supply. Community 

demographics and family structures were very similar. Children less then 13 years 

of age, the group most susceptible to enteric virus infection, were enrolled in both 

communities to provide fecal specimens which were assayed for the presence of 

enteric viruses. In the control community 49 children provided 623 specimens for 

analysis over the three year study period. In the exposed community 31 children 

provided 466 specimens. 
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The null h}'Pothesis was that exposure to groundwater from unchlorinated 

weUs on lots with septic tanks does not increase risk of enteric ,drus infection. 

Both cumulative incidence and incidence density of enteric virus infections were 

determined for each community. Risk and rate ratios calculated from the data 

were such as to deny the null hypothesis. The study was hampered by small 

sample size in numbers of children participating. leading to risk ratios which were 

close to. but did not achieve, statistical significance (RR=L346. p=O.068, all age 

groups combined). Nevertheless, there were significant differences found in the 

shorter time to first incident infection after enrollment (2.48 months, exposed, 

versus 5.57 months, controls. p= 0.031) as well as a higher incidence density ratio 

(rate ratio::: 1.5079, p=O.0417) for the children less than 5 years of age in the 

exposed community. Regression analysis demonstrated that the community was a 

significant predictor of numbers of enteroviral infections experienced by young 

children, both in univariate and multivariate testing. Thus, the alternative to the 

null hypothesis. that there is a risk associated with exposure to groundwater from 

wells located on small lots (1/3 acre or less) with onsite sewage disposal systems. 

should be accepted. 

Overall, the OSDS Virology project has demonstrated that enteric viruses 

excreted by family members enter the family septjc tank: systems. and were 

detected entering the OSOS drainfield for extended periods oftirne. These viruses 

were detected in the soil and water near the drainfield, although none were 

detected in groundwater monitoring wells situated some distance from the septic 

tank drainfields. Nevertheless, there was an increased risk for enteric virus 

infection in children from the community with private wells onsite along with 

septic tank systems as demonstrated in the epidemiological analysis. Hence. 

prudence dictates the need for caution when planning small lot use of septic tank 

systems. 
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Intr ucti n 

Study Aims 

Groundwater is the source of 87% ofFlorida's public drinking water 
supplies and 94% of its private rural supply. Approximately 27% of the housing in 

Florida is being served by onsite sewage disposal systems (septic tanks). Many of 

these are located in high density developments which are beyond the service areas 

of municipal sewers. (Ayres & Associates, 1987) Because of the inability of1ocal 

governments to meet the demand for appropriate sewage treatment .systems for 

Florida's rapidly growing population, many more septic tank systems will be 

installed. Florida has unique hydrogeological and soil conditions. Concerns have 

been raised about the potential polluting effects of discharges from septic tank 
systems on our groundwater. 

A major study concerning the impact of onsite disposal systems on 

groundwater was performed under the direction of the State of Florida 

Department of Health and Rehabilitative Services (HRS) Environmental Health 

Program Office. The hydrogeological component of this study of Florida soil 

types and groundwater was perfonned by the contracted Engineering firms, Ayres 

& Associates. and Kirkner & Associates. The investigation into potential virus 

pollution from septic tank effluents was conducted by the Epidemiology Research 

Center, ERS Office of Laboratory SeI"ltices. This portion of the study included the 

collection of samples of groundwater from monitoring wells placed in the vicinity 
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of high density developments served by septic tanks, as well as samples from the 

septic tanks and their drainfields for virus detenninations. 

So that the groundwater analysis be meaningful, we must assure that 

viruses are entering the septic tanks during the study, Enteroviruses are the 

primary virus types assayed for in environmental monitoring for septic 

contamination. As will be discussed more fully in the literature review, these 

enteroviruses are most common in young. often asymptomatic children, who shed 

the viruses in their feces. It was therefore necessary that we study a population of 

small children in the communities where the groundwater monitoring is occurring, 

attempting to isolate enteroviruses from stools on a routine basis. These viruses 

may be transmitted via the fecal-oral route, as wen as via the vehicle of 

contaminated water. \Vhen it was learned that one of the two communities to be 

sampled had a high water table with private onsite wells, whereas the other was 

serviced by an off site community system, it was felt that a high potential for 

environmental exposure to potentially contaminated groundwater existed at the 

first site. Hence, an epidemiologic investigation to compare the two cornmunities 

was conceived and added to the environmental investigations .. 

Literature Review 

The Enteric Viruses: Virology 

There are more than 100 different types of viruses in the enteric virus 

groups. These are viruses that enter the alimentary tract, reproduce in the tissue 

linings of the throat and intestine, and are excreted with the feces. This group 

includes the Picomavirdae, more commonly refarrred to as the Enteroviruses, the 

Reoviridae. and the Adenoviridae. The Enterovirus family includes Echo, 

Coxsackie. Polio, Hepatitis A. and others. These viruses contain a single stranded 

RNA genome in a protein capsid of24 to 30 nrn in size. The Reoviridae includes 

Reovirus (originally classified as Echovirus 10, when first isolated) and Rotavirus. 

The RNA of these viruses is double stranded. and the capsid size is 60 to 80 TIm. 

Adenoviruses contain double stranded DNA. and are 70 to 90 nm in size. 

(Melnick, 1985) All of these viruses may be detected in water, as well as in the 

feces of infected individuals and in wastewaters (Nestor$ 1984). 
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These viruses produce a broad array of symptomology in susceptible hosts: 

undifferentiated febrile illness, pharyngitis, upper respiratory infeC}ions. 

conjunctivitis, coryza, exanthems, pancreatitis, pleurodynia, myocarditis, orchitis, 

pneumonia, diarrhea, paralysis. aseptic meninigitis, hepatitis. and encephalitis. 

Severe clinical illness is more frequently noted in neonates and young children, 

(Lennette & Schmidt, 1979) Possible causative links between Coxsackie B virus 

infection and juvenile-onset diabet~s mellit~s have been reported. (Gamble & 

Coleman, 1976) Wections are frequently asymptomatic or mild. The incubation 

period ranges from 1 day to 3 weeks. A short viremia may occur and lead to the 

involvement of organs such as the spinal cord or heart. 

Presently. (58 distinct serotypes ofEnteroviruses are recognized. 

(M:enegus, 1985) There are no common group antigens. Isolation of virus from 

the feces or throat of a symptomatic individual does not confirm etiology, but 

when no other reasonable etiology can be ascertained, and the clinical and 

epidemiologic features are compatible, the isolate may be deemed probable cause 

(CDC, 1983). Shedding ofenteroviruses in the throatis of much shorter duration 

then in the feces (1 to 2 weeks versus 4 to 6 weeks) and so isolation from a throat 

swab provides stronger temporal association with clinical illness (Chemesk"Y. Ray 

& Smith, 1982). Current Estimates from the National Health Interview Survey 

(Vital & Health Statistics. 1985) record for syndromes which may be caused by 

enteric viruses 111.3 (all ages) and 206.9 (under 5 years) acute conditions per 100 

persons per year, which resulted in 353.1 and 516.2, respectively. days restricted 

activity per year per 100 persons. Of course, not all the conditions are necessarily 

due to enteric viruses, but even if only 20% are. the amount of morbidity due to 

these agents is extensive. 

The enteric viruses are shed in the stools of infected individuals, often in 

membrane associated "viral packetsll (Williams, 1985). Virus concentrations may 

be greater then 1,000,000 infectious units per gram offeces (Nestor, 1984). 

Rotavirus. which may be shed in even higher concentrations, 1 billion particles per 

gram offeces (Farrah et al., 1978), is the most important cause of diarrhea 

requiring hospitalization of children under three years of age (Senturia, 1986). 

Adenoviruses have been related to both gastroenteritis (Isaacs et al., 1986) and 

respiratory syndromes (Cooney et aI., 1972). Viral isolation in cell culture is the 

diagnostic method of choice for both Enteroviruses and Reoviruses (Menegus, 
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1985). AdenQ'l,riruses may be detected by electron microscopy (Isaacs et al.; 1986) 

or by cell culture (Cooney, 1985). Rotavirus may be detected by electron 

microscopy (Senturia, 1986) or by a variety of new commercial enzyme 

immunoassay kits for rapid diagnosis (Brandt et aI .• 1987). 

The Centers for disease control Enterovirus Surveillance Program is Ha 

voluntary laboratory-based reporting system based on enterovirus isolations. U 

(1981) Because these notifications are not required. and because virus stUdies are 

expensive and have a usually long time period to reporting, virologic studies are 

often not ordered. h100re et aI. (1984) suggest that this results in a distortion of 

the distribution of clinical features associated with these agents. as specimens from 

only the most severely ill patients are submitted. This also results in a bias as to 

type prevalence, since only those virus serotypes which are capable of causing 

severe illness will thus be found. An ltisolationlt bias also exists, since the ease of 

isolation under the usual laboratory culture conditions varies among the different 

serotypes (Strikas, Anderson & Parker, 1986). 

The Enteric Viruses: Epidemiology 

Most reports ofEntem,,1rus isolations are based on clinically ill 

populations. The Centers for Disease Control Surveillance (1981) reported a total 

of 17,130 enteroviral agents isolated from 16.978 patients during the 10 year 

period of 1970-1979. However, there were an average ofoDly 26 states 

submitting reports each year. A strong seasonal pattern was seen: transmission 

during June to October was 6.5 times higher than for the rest of the year. Most 

isolates were from small children, 64% under 10 years of age. 29% under 1 year. 

The male to female ratio was 1.5: 1 overall. but in the 20-29 year age group 

females predominated significantly, It is suggested that this was due to a greater 

exposure offemales of that age group to young children. Moore et al. (1984) 

reports a 10 year hospital based study in Nassau County, New York, where 

specimens were collected from anyone suspected of having a viral illness. They 

found a similar seasonality, Vvith major outbreaks occuning from June through 

September, and age distribution, with 92% of the isolations made from children 

under age 14. Both throat and rectal swabs were collected. but the positivity rate 

for rectal swabs was significantly higher. Most infections were asymptomatic or 

produced only mild clinical illness. 
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In Canada, Neumann (1986) reports Enteroviruses being associated with 6 

to 8% of gastrointestinal illnesses examined, Rota-viruses with 50 to 55%,. For 

cases of meningitis, however, 59% were associated with Echovirus isolations. 

Percentages due to specific virus types changed from year to year. Brandt et al. 

(1979) detected Rotavirus shedding in 39% of children hospitalized for 

gastroenteritis; highest 'Ir;rus presence was during January, when it was found in 

71% of the patients. Their age prevalence study indicated that virtually all the 

children in the metropolitan area studied had been infected with Rota-virus by t\vo 

years of age. 

A temporal variation was also observed by Strikas et at (1986) in their 

analysis of the CDC Enterovirus Surveillance data, 1970-1983. They consider the 

variation to partly be due to variation in virus activity. differences in associated 

clinical symptoms which would affect the likelihood of an isolation study being 

attempted, and differences in the ease of isolation of the various serotypes. There 

was also geographic variation in the temporal pattern, with more early (J\1arch to 

May) isolates being made in the South Atlantic, West South Central, Mountain and 

Pacific regions than in other parts of the country. 

A twelve year study of Coxsackie B infections in Scotland (Bell & 

McCartney. 1984) reports most isolations were made from children with 

respiratory illness. Serological studies showed diagnostically significant titers in 

33% of adult patients with myo-pericarditis. Antibody surveys of the nonnal 

population over a five year period demonstrated that 14% had had recent 

infections with one or more group B Coxsackie viruses (static titers of256 were 

considered presumptive and >=512 indicative of recent infection). Serology was 

also used in a study of Echovirus 30 infections in Japan (Matsumoto. Kobayashi. 

& Kimura, 1986). Sera collected before and after an epidemic were examined for 

neutralizing antibody to Echo 30. Five years prior to the epidemic no children 

under 15 years old had antibody, but two years later; 15% of children under 9 

ye,ars had high antibody titers. During and after the epidemic, seropositi ... tity in the 

children was high (50%). Based on antibody titers it was felt that infection 

occurred mainly in the young, as compared with adults. 
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An investigation into aseptic meningitis outbreaks occurring in high school 

football teams (M:oore et al, 1983) also showed an August to October pattern. 

Attack rates in one outbreak were as high as 59% for players in contrast to 10% in 

the rest of the schooL In at least two outbreaks, shared water cups were 

implicated as a possible transmission vehicle. The outbreaks were unrelated and 

associated with various enterovirus serotypes. .r-.1i.xed serotype epidemics may 

occur where an outbreak of clinically simil~ illnesses was caused by multiple 

Enterovirus serotypes (Wenner et aL. 1981). 

A prospective study of neonates over their first month postpartum in 

Rochester. New York found the incidence of Enterovirus infection to be 12.8%, as 

determined by virus isolation from 75 out of586 infants. The prevalence of virus 

excretion was 5.3% (116 positive out of2178 cultures), Of those v\tith positive 

cultures, 79% were asymptomatic. (Jerusta, Po;w-ell, & Menegus. 1984) Modlin 

(1986), reports, however, that Enteroviruses are capable of causing severe disease 

and death when infection occurs within the first two weeks oflife. and a later onset 

ofinfection may result in less severe disease and lowered mortality. He also found 

a seasonality ofinfection, with most infections occurring from June to November, 

and cyclic annual changes in the predominant strains circulating. 

The occurrence of acute respiratory infections in children is frequently due 

to Enteroviruses. The incidence of these illnesses was found to be highest in 

infants in group day care situations, but declines as they age in the same setting 

(from about 10 down to 4 infections per year by age 5). The incidence is lower in 

home care situations only if the number of children involved is fewer then four to 

six. (Denny, Collier, & Henderson, 1986) In a study comparing a nursery where 

the children were permanent residents with a day care facility in Roumania, Zavate 

et aL (1986) isolated enteroviruses from the 13.5% of the babies in the "closed" 

community of the nursery, and 28.5% of those in the "open" day care community. 

The variety of serotypes isolated was also lower in the nursery. A seasonal 

variation in success of isolation was also seen, with more positives during the 

wanner months 

There have been a number of"virus watch" surveillance studies, where 

Entero"irus isolations were attempted #Tom generally healthy populations. 
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Investigators from Tulane University perfonned serologic and stool examinations 

during th~ 1950ls in Louisiana for Enterovirus analysis. Gelfand (1959) isolated 

613 enteric viruses from 115 children over a three year period (1.8 per person per 

year). A consistent seasonal periodicity was observed; during sununer and autumn 

over one third of the healthy children studied were excreting virus at any given 

time. Prevalence of serum antibody varied greatly with the virus type and Vvith 

age. For example by age 9; 82% had antibody to Coxsackie A9. 36% to 

Coxsackie B, 6% to Echo 1, and 66% to Echo 7. More then 20% of the isolates 

made were not identifiable at the time of the study. thus those seroprevalence rates 

were not determined. 

Henigst et al. {l961) in a continuation of this study also observed a 

multiplicity of agents infecting the community at any given time. In examining the 

incidence of Echo 7 infections over a three year period, virus isolation was made 

from less then 1% of the families being followed the first year, 12% the second, 

and 35% the third year. The mean duration of virus excretion by the. children was 

3 weeks. Vll1lS titers were higher earlier in the infection than later. Clemmer et aI. 

(1966) using isolation and serology found 51 incident infections with Coxsackie 

B3 virus in a population of 124 children (41%) over a 72 day (June through 

August, 1959) period of observation. 

The Seattle Virus Watch was carned out from November. 1965 to 

September, 1969 (Hall, Cooney, & Fo~ 1970: Fox et al., 1972; Cooney, Hall, & 

Fox, 1972). During an outbreak of aseptic meningitis associated with Echovirus 

30,24% of the total study population was infected. Within the 18 families 

experiencing infection, out of the total 64 families observed, 80% of the family 

members were positive. The study popUlation consisted of middle class families 

with newborn infants. Out of655 virus infections, 229 (35%) were due to Echo or 

Coxsackie viruses. For the nonpolio enteroviruses. isolation rates from fecal 

specimens ranged from 1 to 2.5% for children. The number of infections per 

person-year in index children of the study families averaged 0.50. Isolation 

attempts made in various cell culture types demonstrated differences in isolation 

sensitivity for some serotypes, which might have influenced isolation results. 
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A similar study was carried out in New York City from August, 1961 

through ~1arch. 1965 (Spigland et aI., 1966; Elveback et at, 1966; Kogon et aI., 

1969). This virus watch surveillance followed 178 families in metropolitan New 

York for over 10000 person-months. Seasonality of virus excretion was strong, 

the Echo and Coxsackie viruses being virtually absent from January th.tU July. 

Nineteen different non-polio Entero"l;iruses were isolated during the study, but only 

4 to 6 were prevalent in any given period. ~or children 0 to 5 years of age, the 

Enterovirus isolation rate was only 2.4% overall. The authors compare this with 

Gelfand's Louisiana study (1959) where 10 to 12 viruses were often prevalent and 

an overall isolation rate of 14% was found. In the New York communities being 

monitored, the most commonly observed viruses were present at about the same 

times, even though the areas were far apart. A comparison of illness with viral 

excretion gave an estimate of overall enterovirus pathogenicity of20.2%. Most 

infections were observed in young children (88% of the Coxsackie isolates were 

from those under 9 years of age), although adult family members were included in 

the study. 

The Tecumseh, ~1ichigan study of illness was carried out from 1965 

through 1972 and 1976 through 1981 (Monto & Koopman, 1980; Monto, 

Koopman & Bryan, 1986). Common enteric illness usually lasted only two to 

three days, whereas more severe illnesses were found to last seven to ten days. 

Enteric illnesses were more severe when there were also respiratory symptoms 

present. Although these studies were aimed at respiratory agents,. enteroviruses 

were iso!ated~ 84% of the isolates were not associated with enteric symptoms. 

Healthy children in each of six United States cities (Atlanta, GA, Miami. 
FL, 11inneapolis, ]>YiN, Buffalo, :N'Y. Seattle, W A, and San Francisco, CA) were 

the subjects of cross-sectional surveys carried out in 1960 to 1963 (Gelfand & 

Holguin; 1962; Gelfand et aI., 1963; Froeschle, Fearino. & Gelfand, 1966). One 

hundred rectal swabs were collected in each city each month; different children 

participated in each sampling. The percentage of positive specimens decreased 

with increasing age. Because only one laboratory host system was used for viral 

isolation the authors suggest that the true rate of infection is actually higher than 

observed. Although the winter Jow, summer high seasonality was observed in 

isolations, the southern cities differed from the northern ones: some isolations were 

made aU through the year and the seasonal rise began earlier in the south. During 
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the seasonal peaks, isolation rates reached 15 to 20% in the south. 10 to 15% in 

the north. Only a few Reoviruses were isolated, 63% in October to December. 

Overall. the isolation rate was 4.9% per year; for Atlanta, 7.2%.lvfiarni, 7.6%, 

lviinneopoIis, 4.5%, Buffalo, 3.3~/o. Seattle, 3.7%, and San Franciso. 2.1%. 

Serological studies of enterovirus antibody prevalence show positivity to 

vary with the serotype being tested. In a study of 34 adults, neutralizing antibody 

to the Coxsackie B viruses varied from 17.6% for CB6 to 82.4% for CB4, and 

titers ranged from 10 to 1280 (Torfson, Reimer, & Keyserling, 1987). Because 

there are so many virus serotypes that could be tested for, most studies which 

include serology look for antibody to only a few of the prevalent ones. No group 

antigen is present to allow for screening of "Enterovirus antibody*!; serum 

neutralization testing is type specific (1\1enegus, 1985) but Elisa tests do not 

corre.late with neutralization assays using present technology (Torfson,op. cit.). 

Studies of antibody prevalence to seven "classical" enteroviruses in Israel 

(Morag et aI., 1984; Margalith et aI., 1986) utlilized virus neutralization assays. 

Residents of agricultural kibbutzim were tested. At hvo to four years of age. 

prevalence of antibodies to Coxsackie and Echo viruses was 40 to 69%; at age 5 

to 17 years, 85% had antibodies to 5 or more of the 7 enteroviruses assayed for. 

Volunteers, aged 18 to 34, from western Europe and North America, who came to 

one kibbutz for a two month stay were compared with residents. The visitors had 

2.1 antibodies per person versus 4.7 for the residents when mean antibody 

prevalence to the seven Coxsackie and Echo viruses was measured. After the two 

month period, tests demonstrated 9.4% of the visitors had developed antibodies to 

at least one of the viruses studied. It is suggested that even though the kibbutzim 

are of a high socioeconomic level, efl'llironmental exposures, such as through 

common dining and nursery facilities, as well as the use of wastewater for sprinkler 

irrigation. may be of considerable significance. 

Occurrence of Viruses in Water and Wastewater 

Human enteric viruses can be detected in sewage effluents (wastewater), 

their occurrence reflecting those types which are circulating within the community. 

Thus, enterovirus numbers peak in summer and autumn (Krikelis et aI., 1985). 

These viruses have been shown to survive sewage treatment processes which 

Fiorida OSDS Research Project Introduction • 1 S 



included chlorination, and to enter natural waterways v.ith the discharged effluent 

Fujioka and Loh (1978), in Hawaii, isolated human enteroviruses from a shallow 

flov.ing stream three miles from the sewage discharge point. Nevertheless, public 

(community) sewage treatment has been recognized as an improvement over most 

on-site disposal systems. Anderman and Maritim (1986), reported a significant 

reduction in bacterial surface water contamination and health hazards in se\vered 

versus unsewered areas in Oregon 

Onsite-disposal systems, septic tanks, are simply underground chambers 

which allow the separation of sludges and floatable materials from wastewater. 

Some anaerobic decomposition of the sludge occurs, reducing its volume. The 

average retention time for single family tanks is 24 hours. The partially clarified 

liquid then flows to the drainfield. These septic tank effluents contain pathogenic 
viruses and bacteria. The bacteria are usually filtered out by the soil, but the 

viruses are not. Viruses are instead adsorbed to the soil particles due to colloidal 

charge interactions. Organic matter in the effluent may reduce the adsorptive 

capacity of the soiL (Canter & Knox, 1985~ Rain & O'Brien, 1979) Those soils 

which perform best in drainfield percolation tests, loose sandy soils. also permit 

rapid passage of virus containing waters. For maximum virus adsorption, a slow 

percolation through a clay soil is best. This may, however, lead to lateral water 

flow and runoff of the effluent (WeI lings, 1982). The density of septic tank 

placements may be such that it is greater than the natural capacity of the 

subsurface soil to receive the system effiuents and allow for viral adsorption 

(Canter & Knox, 1985). Yates et al. (1986) using a highly simplified model, state 

that the probablility of viruses reaching groundwater is quite small if the septic 

tank soil adsorption system is properly designed, installed, and maintained. They 

do, however, recognize that the appropriate requirements are more often not met, 

and report outbreaks of gastroenteritis related to septic tank effluents which had 

contaminated groundwater. 

Septic tank leach fields were shown to be the source of viruses detected at 

dOVrl1-gradient distan~es of67.05m and from an aquifer depth of ISm (Vaughn, 

Landry, & Thomas. 1983). Viable enteric viruses have been isolated from properly 

functioning septic tanks and their drainfields, as well as groundwater influenced by 

septic tank effluent Adsorption of virus to solids appears to increase its survival 

time. Subsequent elution by rain or floodwaters may carry the virus into the 

-.---.-"".~ .. -. -.------------
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groundw·ater. (Hain & O'Brien, 1979) AIha.ijar et al. (1987) found that virus 

could spread into groundwater from properly functioning septic tanks. In their 

study using stools containing poliovirus introduced into the system via the 

household toilet, virus could be recovered in the tank effluents for over 109 days. 

The virus was also found in groundwater monitoring wells 6m from the drainfield. 

They suggest the long survival time and distances travelled ~ere due to repeated 

adsorption to the aquifer sediments, foUow~d by desorption under conditions of 

decreasing ionic strength. 

In addition to ionic strength of the adsorbing milieu, soil pH, chemical 

composition, and the rate of infiltration influence "iral movement through soil 

(Vaughn et aI., 1978). Virus survival is also influenced by their occurrence as 

aggregates, or embedded in fecal solids of varying sizes, which protects them from 

environmental degredation and from chlorination during sewage treatment. Even 

though survival is longer with lower temperatures, the enteric viruses are reported 

to be quite heat stable. Virus movement through soil is greater during periods of 

saturated flow due to rapid infiltration~ movement can easily occur through large 

pores in the soil (Lance & Gerba, 1984). 

Sun-ival times of enteric viruses in natural waters have been reported as 

high as 188 days /)t1elnick & Gerba, 1980). Laboratory studies by Mahnel, Ottis, 

& Herlyll (1977) demonstrated survival times of greater then 200 "days for some 

enteric viruses in freshwater. In the soil. virus persistence varied from greater than 

11 days in summer to 96 days in ""inter (Yeager & O'Brien, 1979). Temperature 

has been shown to be the most important factor in determining the rate of virus 

persistence in water (Yates, Gerba, & Kelley, 1985). The authors also found, 

however, that even at the same temperature, virus lasted longer in well water 

samples than in surface waters. 

Enteric viruses have been isolated from both untreated river water and the 

treated tap water produced from it (Nestor & Costin, 1976; Payment, 1981). 

Vaughn et aL (1979) isolated enteroviruses from lake waters. creek waters, and 

marine embayments off Long Island, New York, and implicated seepage from 

septktank systems as the likely source of pollution. Enteric viruses have been 

isolated from groundwater monitoring wells where sewage was used for cropland 
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i.rrigation (Goyal, Keswick, & Gerba, 1984). ""nen treated sewage was held in a 

recharge basin 10.6m above the aquifer. viruses penetrated to the groundwater and 
travelled horizontally a distance of 45. 7m (Vaughn et ai., 1978). WeIIings, Lewis, 

& 1\.10untain (1974) detected virus in groundwater wells down-gradient from a 

sewage recharge site after heavy summer rains. Enteroviruses have been isolated 

from chlorinated drinking water produced from. a 35 to 40 foot deep well which 

was located in an area served by septic ta~s- (\Vellings, 1982). 

_ These studies, and others, have demonstrated that enterO'l,iruses applied to 

the land, either as incompletely treated sewage from public systems or as septic 

tank: effluents can penetrate to the groundwater and travel long distances, 

remaining viable for extended periods of time. These viruses may be detected in 

both raw and chlorinated surface and groundwaters. Contaminations may be 

intermittent; a satisfactory monitoring approach which would justifY a standard 

containment level is lacking (Geldreich, 1986). There is a concomittant need to 
examine large volumes of groundwaters in order to detect the presence oflow 

numbers of viruses present. Thus, negative findings are often suspect and simply 

the result of not using the most sensitive techniques (Keswick & Gerba, 1980). 

Additionally. the high cost of virus assay mitigates against extensive sampling, 

producing false negatives. 

Health Risks and Water .. borne Outbreaks 

Detennining the etiologic agent causing an outbreak of waterborne illness 

is difficult. S}mptoms are often not striking at first, so that some time passes 

before an outbreak is even recognized. By then it is often too late to isolate and 

identifY the agent. During 1971 ~ 1978 an etiology was determined for only 45% of 

recognized waterborne disease outbreaks. The Hklihood of an outbreak: coming to 

the attention of public health authorities, and being investigat~ varies from 

community to community. Types of investigations made often depend upon the 

interests of those individuals in charge, and the facilities available. Disease has 

been traced to both treated and untreated, community and private, water sources. 

A temporal distribution difference is seen when the different water sources are 

compared. Outbreaks related to untreated groundwater peaked during early 

summer; those related to untreated surface water peaked in late summer; those due 

to contaminated municipal systems did not show much variation through the year. 
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These latter outbreaks were primarily due to cross comtamination and back 

siphonage in the distribution lines. Sewage, mainly from septic tanks, was held 

responsible for 41 % of the outbreaks and 66% of the illnesses caused by 

contaminated untreated groundwater in the United States, 1971~1978. (CDC, 

1983~ Craun, 1981) 

Although 65% of the 550 reported waterborne disease outbreaks from 

1946 through 1977 can be attributed to probable viral etiology, Keswick and 

Gerba (1980), maintain that because of the difficulties of virus detection. this is 

only a fraction of the actual number of true viral etiology waterborne iIInessess. 

Inadequately treated groundwater from an area contaminated by septic tanks was 

associated \vith an outbreak of viral gastroenteritis in South Dakota, as was 

surface water in a New Mexico outbreak, but no etiological agent was proven 

(Epidemiologic Notes, 1988). The need for an improved specific laboratory 

approach to identifY responsible agents was recognized, and it has been suggested 

that new diagnostic technologies should reduce the number of future undiagnosed 

outbreaks. 

Enteric viruses have been isolated from chlorinated potable water, which 

was free of coIifonn bacteria, during a community wide outbreak of gastroenteritis 

and Hepatitis A (Hejkal et al., 1982) The authors suggested that contamination 

from septic tanks a few miles upgradient of the wells occurred via underground 

fault channels in the limestone aquifer. The well contamination was sporadic, and 

associated with heavy rainfall, making appropriate environmental viral assay 

difficult. 

In Israel, where 'i;lItastewater is extensively reused for irrigation purposes, 

health risks from this practice have been extensively investigated (Katzenelson, 

Buium, & Shuval. 1976; Fattal et aI., 1986, 1987). A strong difference in 

morbidity was seen between those settlements that use partially treated sewage 

effluents for irrigation and those that do not; enteric disease incidence was two to 

four times higher in the exposed communities. A log-linear model was used to 

compare enteric disease rates with rates of non-enteric dieseases, irrigation type, 

community, age grouP. etc. Stratified analysis separately by age and irrigation 

type confinned the findings of twofold excess enteric disease rates in the summer 
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irrigation period for the 0 to 4 year age group exposed to effluent. When antibody 

to various enteroviruses was measured in similar communities, a significant excess 

to Echovirus 4 was found in the 0 to 5 year age group which was exposed to 

aerosols from sprinkler irrigation with partially treated wastewater from a nearby 

town. An epidemic of aseptic meningitis associated with EchO\.rirus 4 had occurred 

in the town just prior to the study inception, and the pathogen was apparently 

transmitted to the kibbutz children via the ~astewater used for irrigation. In each 

study the authors conclude that to miniwJze health risks. it would be a prudent 

public health policy to prOvide more effective wastewater treatment. 

Low numbers of enteric viruses have been detected with increasing 

frequency in drinking waters. Payment and Trudel (1985), reporting on their work 

in Canada, feel the problem to be minimal. At the time of their isolations from 

finished water, there were no reported epidemics, although there was an increased 

incidence of gastrointestinal illness, They conclude that. since most enteroviruses 

are of low virulence (Le .• only a small percentage of those infected develop overt 

disease), even though highly infectious (a minimum infectious dose ofless then 10 

Tissue Culture Infectious Doses). there is no measurable health risk from exposure 

to the low viral concentrations they found in drinking water. Gerba and Haas 

(1986) also assessed the probability of infection, illness, and mortality for 

individuals who consume potable water containing various concentrations of 

enteric viruses. They suggest that there does exist a significant risk for both illness 

and mortality from exposure to low levels of enteric viruses. One viral Tissue 

Culture Infectious Dose per 1000 liters of water consumed was detennined to 

result in a significant risk for enterovirus infection on an annual and lifetime basis; 

risk of disease and mortality were also considered significant This risk is actually 

heJd to be an underestimate, since secondary and tertiary spread of the agent from 

the exposed individual is extensive. 

Even when the virus penetrates the community by a common water source, 

most of those initially infected from the contaminated water do not develop 

disease. Nevertheless, these individuals serve as the sources for person to person 

spread. When virus is 'Widely dispersed in the soil and "rater. many small foci of 

infection are initiated. Secondary spread from these foci magnifies the problem of 

source identification. As long as the virus concentration is Jow. cases of disease. 

especially if severe, will be sporadic, and thus difficult to trace back to the primary 
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infection. (Nestor, 1984) Thus, detennination of the risks associated with the 

pre~ence of enteric viruses in potable waters is difficult. The variety of syndromes 

presented by the large number of potential etiological agents, the high proportion 

of infection without observed illness, and the high rate of person to person 

secondary transmission all complicate an epidemiological approach to this 

prob,lem. However. the technology to reduce the enteric virus load dumped into 

the environment with wastewater is readilY,available, and thus it would seem most 

prudent to maximize health potential by elimination of as much viral contamination 

as possible. 
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nVlr n ental tu y 

Introduction 

Wa~er quality is a principle concern of Florida's planning and regulatory 

agencies. Sufficient data are at hand to indicate that human enteroviruses do 

percolate through soil and move with groundwater (Vaughn 1983; Wellings 1974). 

Man's biological wastes have always been discharged onto and into the 

ground with little regard to the effect on the groundwater. Now that population 

density has increased the distance between discharges and public access has 

diminished, this dilemma presents skepticism that the past decreasing trend of 

enteric disease of viral etiology will continue (Craum 1986, 1988) 

Individuals residing in the United States experience an enteroviral infection 

with greater than annual frequency (Sobsey 1983). The viral load per gram of 

discharged feces from infected indi·viduals can be 106 - 1010 viral particles with 

shedding being up to thirty (30) days (Tyrrel and Kapilcian 1982). Over one 

hundred (100) human enteric viruses have been identified, thus indicating a high 

potential for viral contamina~ion of septic tank effluent discharged to a drainfield. 

These agents include adenovirusest enteroviruses (coxsackie, polio and ECHO), 

hepatitis A virus, Norwalk virus, Norwalk-like agents. reoviruses and rotaviruses 

(Chitty and Davis 1972; Geldreich 1972; Hejkall983; Kowal 1985; Payment 
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1982). Hepatitis A. Norwalk 'ilirus, enteroviruses and reo·viruses are known or 

suspected of being water transmissible. 

In view of the previous studies it appears unfeasible that a drainfield \"iII be 

sufficient to remove all enteric viruses exiting the septic tank, entirely inactivating 

them in the soil column.before reaching ground water. Even so, it has been shown 

that slow removal of viruses mthin the drainfield doesnft insure permanent 

entrapment or inactivation (Fuhs and Taylor 1982; WeIlings 19i4~ Melnick and 

. Gerba 1980; Sobsey 1980). 

This study addresses the issue of whether, under Florida climate and soil 

conditions, septic tank treatment of household biological wastes pro,,;des for 

adequate, safe treatment in close proximity to human habitation without 

constituting a public health problem related to human enteric viruses in the ground 

water being used. 

Materials and Methods 

Subdivision Groundwater Monitoring 

Two (2) subdivisions were selected for this study. Lost Lake Subdh,;sion is 

located in Polk county. The underlying soils are very well drained, fine and sandy 

with depths to groundwater being at least ten (l0) feet. Mandarin Meadows 

Subdivision is located in St Johns county. The underlying soils are moderately to 

poorly drained, fine and sandy with depths to groundwater being less than three (3) 

to six (6) feet. 

Water table elevations were detennined for both subdivisions to ascertain 

the direction of groundwater flow. The monitoring wells were established 

downgradient of the flow. 

Prior to specimen collection, at least 378 liters (1 00 gallons) was purged 

from the well. Specimens were pumped into a mobile laboratory, placed on-site. 
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to process 1512 liters ( 400 gallons) from each welL This effort was designed to 

capture virus through adsorption to a mixed esters of ceUulose micro porous media 

(APHA 1989). 

Within the mobile laboratory, chemical proportioning pumps continuously 

adjusted the incoming groundwater to a 0.05~M-MgC12Ievel. Additionally, the 

groundwater was adjusted to pH 3.5 through an inter connection between a pH 

controller and chemical feed pump injecting hydrochloric acid. The preconditioned 

specimen was subsequently passed through the filter media, pore size 450 

micrometers secured in a 293 mm diameter filter holder. at a flow rate not 

exceeding 3.78 (1 gat Ion) per minute. The filter media was changed after each 378 

liter aliquot to ensure adsorbing sites would be available. Elution of adsorbed 

virus was achieved on-site by forcing 500 mL. of 1 % beef extract, pH 9.4, through 

the membrane. The eluant was held at 4°C until delivered within 24-48 hours to 

the base laboratory for additional concentration of the eluant. The method of 

Katznelson (Katznelson et al 1976) was used to further concentrate the eluant for 

subsequent inoculation onto susceptible cell culture. 

Soil Sampling 

Soil cores were collected directly below the infiltration system of two (2) 

homes in each subdivision. Specimens were collected at two (2) depths, the waste 

water infiltration surface. directly below the gravel, and two feet beneath it. They 

were immediately placed on wet ice and delivered to the laboratory within 24 

hours of collection. 

Additional processing involved suspending fifty (50) grams of the soil in 

fifty (50) mL. of 10% buffered. pH 7.0, beef extract and stirring the suspension for 

thirty (30) minutes. The soil was allowed to settle by gravity and the supernatant 

aspirated and subjected to sonication for three (3) minutes at 100 watts in an ice 

bath. The remaining particulates were removed by centrifugation and the specimen 

sterilized through a membrane filter, 450 micrometers average pore siz~. prior to 

being inoculated onto cell culture. Observation for a specific cytopathic effect 

extended over a fourteen day period. 
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Fecal enteroviral isolation attempts 

Fecal specimens were obtained from children (0-13 years of age) of both 

subdivisions. not onlyduring illness, but also, on a voluntary monthly basis. 

Collected feces, in a 1 ounce screw-capped bottle, were held by the householder in 

the freezer portion of a household refiigerator less than thirty (30) days until 

transported in the frozen state to the laboratory. 

Processing in the laboratory involved preparing a 10% suspension of the 

feces in phosphate buffered saline using. a mortar and pestle. The homogenate was 

subjected to two (2) separate centrifugations, 1200 and JOOOxG to remove 

particulates and microorganisms. The resultant supernatant was treated with 

antibiotics and stored at -70°C until inoculated into two host systems, cen culture 

and newborn mice. 

Examination of Septic Tank Effluent 

Access to septic tank effiuent (STE) was gained through a small basin 

(approximately 19 liters) which had been installed in the drain line on the effiuent 

side of the septic tank. The STE in the basin was pumped into a stainless steel 

pressure vessel and preliminary processing achieved on-site. Sufficient 

MgC12.6H20 was added to the specimen to render it O.05?vl and the pH adjusted 

to 3.5 with N-HCl. Positive pressure was used to force the specimen through a 

mixed esters of cellulose membrane. average pore size 450 micrometers, which had 

been overlaid with thirty (30) grams of diatomaceous earth. The elevated 

nephlometet turbidity units of the specimen often necessitated the use of several 

membranes to complete filtration of the specimen due to clogging. Adsorbed virus 

was eluted by passing 500 mL, of buffered beef extract, pH 9.4, slowly through the 

membrane. Both the eluant and membranes were returned to the laboratory for 

additional concentration by the method ofKatznelson. 

Virus Isolation and Identification In Cell Culture 

Vrral isolation attempts from prepared specimens were conducted by 

inoculation of Buffalo Green ~Monkey (BGM) kidney cell culture monolayers in 25 

cm2 flasks. The cultures were washed, inoculated. rocked for two hours at 36°C 
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two hours at 36°C to enhance viral adsorption, washed again and overlaid with a 
liquid maintenance medium. Inoculated cultures were incubated at 36°C and 

subjected to microscopic examination for fourteen (14) days post-inoculation. 

Cultures presenting a cytopathic effect were passaged to additional cell culture to 

confinn that the observation was of viral etiology. 

Viral isolates were sera typed using jmmune sera directed against human 

entero'lriruses. Serum neutralization tests using pooled sera and at least thirty- two 

(32) tissue culture infective doses of the unknown 'virus were incubated at 37°C 

for two (2) hours. The serum-virus mixtures were inoculated onto cell culture and 

observed for neutralization of the cytopathic effect of the virus. Each of the 

immune sera was common to one or more pools. Viral identity was determined by 

the neutralization pattern (Lim et al 1960) 

Viral quantification 

Vrruses are intracellular parasites that cannot be directly quantitated in the 

field at the point of specimen collection. Therefore, methods were used to capture 

and concentrate viruses from large specimens taken in the field. Some of the 

knovlln anticipated enteroviruses resist being cultured in vitro. The remainder that 

will replicate and provide visible evidence of their presence relinquish only an 

approximate estimate of their existence. 

A virion in suspension, when inoculated onto susceptible cell 

culture penetrates a host cell, resulting in infection, viral replication, eventual death 

of the cell and subsequent release of infective virions. The newly replicated agent 

continues to infect susceptible cells resulting in a cytopathic effect (CPE) to all 

cells in the culture. 

Measurement of the 'viral concentration in a specimen is usually an 

underestimate of the agents present due to aggregation of virions, the loss of virus 

during specimen manipulation through collection, concentration and isolation 

attempts, and because not all viruses cause a CPE. However, determination of the 

most probable number (MPN) ofinfectious units is, most certain1y. a reliable. 

quantitative and conservative estimate ofvira! presence. 
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When estimating very small numbers of viruses in water, a MPN of 

infectious units can be estimated with undiluted specimens. Upon determining the 

number of positive and negative cultures inoculated with a specimen, an 1viPN can 

be computed from the relatively simple formula: (Chang, Shlh,L. 1967) 

?\'1PN = -2.303 loglO[(number of negative cuItures)/(total cultures inoculated)] 

Results and Discussion 

Initial Drainfield Infiltration Soil Examinations 

Soil sampling was performed at both Lost Lake Subdivision, Polk County, 

households 12 and 13, and Mandarin Meadows Subdivision, S1. Johns County, 

households, 22 and 24 during January. 1988. The effort was designed to detect the 

downward migration of human enteroviruses in the unsaturated sandy soil beneath 

the septic tank effluent (STE) drainfield. 

Two (2) locations at three (3) depths within each drainfield at Lost Lake 

Subdivision were sampled (Figure 1). The presence of high groundwater when 

sampling Mandarin 1vfeadows Subdhision prevented getting an unsaturated 

specimen at the four (4) foot depth (Figure 2). The two (2) foot depth sampled is 

significant as it represents the minimum depth to groundwater for drainfields in 

Florida. Viruses detected at the two (2) and four (4) foot levels could indicate 

agents had reached groundwater. 

One of the two (2) sampling locations along the STE drainfield was within 

five (5) feet and the other at 15-20 feet of the septic tank outlet. The presence of 

effluent at the sampling sites was verified through physical, chemical and biological 

parameters which were indicative of relatively recent exposure of the soil to waste 

water. These septic tank effluent contaminants were detected at the infiltrative 

surface plus two (2) and four (4) feet below in amounts that would be expected to 

occur due to waste water application. No human enteroviruses were detected in 

any of these fifty (50) gram specimens from either subdivision (Tables 1 & 2). 

Also, no virus was detected in control soil samples from each of the household 
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premises (yard), collected at depths corresponding to those at which STE 

drainfield specimens were obtained. 

Vtruses present in the soil at a given depth would be e'ltidence of 

migration. If not detected. the agents might not have migrated due either to 

adsorption or inactivation in the zone between the drainfield surface and the 

sampling area. On the other hand, the agent may no longer have been 'viable or 

had migrated deeper, possibly into the ground water. Detection of a human 

enterovirus at the depths sampled would constitute evidence of migration, however 

.lack of detection wouldn!t necessarily indicate non migration. 
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Figure 1. Schematic of the relative sub infiltration system soil sampling locations 

and site layout for OSDS stations 12 and 13, Lost Lake community.(after Ayres, 

July 1989 Progress Report) 
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Figure 2. Schematic of the relative subinfiltration system soil sampling locations 

and site layout for OSDS stations 22 and 24, Mandarin Meadows community. 

(after Ayres; July 1989 Progress Report) 
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Table 1. Soil virology findings from Lost Lake subdivision, January 12, 13, 1988 

Findings lVfPN-IU*2 

0 

2 yard B 0 

2 yard C 0 

2 drainfield 1 A 0 

2 drainfield 1 B 0 

2 drainfield 1 C 0 

2 drainfield 2 A 0 

2 drainfield 2 B 0 

2 drainfield 2 C 0 

3 A 0 

3 B 0 

3 C 0 

3 drai 1 A 0 

3 drainfield 1 B 0 

3 drainfield 1 C 0 

3 drainfield 2 A 0 

3 drainfield 2 B 0 

3 drainfield 2 C 0 

"'1=50 g specimen 

*2=Most Probable Number ofInfectious units 

*3 A=Immedi.ately below drninfield gravel 

B=2 feet below drainfield gravel 

C=4 feet below drainfield gra;,"'el 
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Table 2. Soil virology findings from Mandarin Meadows subdivision, January 15, 

1988 

4 yard A 0 

4 yard B 0 

4 drainfield 1 A 0 

4 1 B 0 

4 2 A 0 

4 2 B 0 

"'I "'SO g specimen 

"'2"'Most Probable Number of Infectious units 

"'3 A"'Immediately below drainfield gravel 

B=2 feet below drainfield gravel 

Monthly examination of Ground Water from Monitor Wells 

The application of septic tank effluent to soil demands consideration be 

given to viral survival. not only in the soil. but also the subsequent movement of 

the applied agents to groundwater. General considerations concerning viral 

survival in soil include adsorption rates, anaerobic environment. and temperature. 

Soils aren1t homogeneous and attendant geography and climate will influence viral 

movement. Adsorption is reversible and doesn't necessarily involve inactivation of 

virus (Wellings et al1974). Many households use private wells as a water source 

without adequate treatment prior to use. Thus. this water reuse of potentially viral 

contaminated water takes on a high degree of importance in water borne diseases. 

Vaughn (1983) noted ground water entrainment of viruses following 

disposal of treated waste water on Long Island, New York A prior study by 
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Vaughn (1978) indicated that 1\vo (2) of three waste water recharge areas had 

viruses appear in monitoring wells. Both studies indicate that groundwater may be 

mechanism for water transmission of human enteroviruses. The hydrologeoiogical 

similarities between these Long Island studies and those of Florida have particular 

applicability to the study of these two subdh,isions. KisVrlch et al (1980) revie\ved 

viruses isolated from drinking water wells and groundwater involving twenty-four 

(24) investigations. Viral agents identified belonged to the echovirus, 

coxsackievirus, poliovirus and rotavirus groups. The data indicate enteroviruses 

are able to travel through soil and reach groundwater. 

1vfonitor wells were located after evaluation of data from subdivision test 

borings and temporary piezometers. Surveys of conductivity values of ground 

water showed the values decreased with distance from the residential septic 

drainfield systems Therefore, wells were placed down gradient of an area of 

relatively high conductivity. The inferred direction of ground water flow for each 

of the subdivisions is depicted in Figures 3 and 4. Figures 5 and 6 show the 

relationship of those households whose septic tank effluent was monitored 

monthly, to the monitor wells in each subdivision,. 

Monitor well groundwater was examined monthly. fifteen times, February 

1988 thru June 1989 in each of the subdivisions. The 1512 liter specimens failed 

to yield a viral agent on any occasion (Tables 3,4,5,6,7,8,9 and 10). The 

significance of these negative findings lie in the average velocity of groundwater 

flow in each subdivision. At Lost Lake the flow averaged from 0.01 to 0.02 feet 

per day or 3.65~ 7.3 feet per year, while at Mandarin Meadows the range was 0.03-

0.05 feet per day. Even though enteroviruses were detected frequently in 

community fecal specimens and STE of study households, the low velocity of 

subdivision groundwater would preclude their arrival at the monitor wells even 

relatively late. Therefore. the potential for detection of virus in groundwater at the 

monitor wells in these subdivisions was limited to the potential of virus in STE 

from close-by households, less than 100 feet from the monitor wells. 

{Tables 3·10: "1 CMdud.hr;Ij""Ulmohs *2 NTU"Nephl~ Turbidity Units 

*3 Ml'N,W"MOISt Probable NumlJer ofWcaious Units} 
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Table 3. Laboratory findings on 1.512 liter specimens of groundwater from Lost Lake 
subdivision, Monitor Well #2. 

145 o 
172 o 
180 o 
227 o 
200 o 
190 o 
1.58 o 
166 o 
178 o 
163 o 
168 o 
191 o 
213 o 
235 o 

Table 4. Laboratory findings on 1512 liter specimens of grouncm,-ater from Lost Lake 
subdivision, Monitor Well #3. 

95 0 

117 0 

95 0 

127 0 

126 0 

126 0 

82 0 

89 0 

60 0 

62 0 

64 0 

119 0 

1.50 0 

130 0 
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Table 5. Laboratory findings on 1512 liter specimens of groundwater from Lost Lake 
subdivision, Monitor Well #4. 

Apr 1988 120 4.4 0.94 o 
Jun 1988 1.57 4.8 0.65 o 
Aug 1988 178 4,4 0.66 o 
Sep 1988 137 o 
Oct 1988 214 o 

187 o 
135 o 

Jan 1989 126 o 
Feb 1989 117 o 
rviar 1989 4.5 0.40 o 

105 4.8 0.44 o 
Apr 1989 102 o 
May 1989 98 o 

113 o 
Table 6. Laboratory findings on 1.5 12 liter specimens of ground"''3ter from Lost Lake 
subdivision, Monitor Well #5. 

Conductivity" 1 MPN-IU'"3 

58 0 

65 0 

70 0 

75 4.7 0.67 0 

82 4.6 1.88 0 

77 0 

82 0 

66 0 

Ian 1989 65 0 

Feb 1989 67 0 

:tviar 1989 8S 0 

l'v1ar 1989 71 0 

Apr 1989 90 0 

93 0 

69 0 
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Table 7. Laboratory findings on 1512 liter specimens of ground"water from ?l.1andarin Meadows 
subclivision, Monitor Well #3. 

Conductivity *1 NTU*2 1I.1PN~IU*3 

315 0.45 0 

May 1988 294 0.72 0 

Jul 1988 284 4.5 0.49 0 

400 4.8 4.00 0 

395 4.0 0.56 0 

298 0 

346 0 

Jan 1989 325 0 

Feb 1989 302 0 

Feb 1989 305 0 

Mar 1989 274 0 

Apr 1989 286 0 

May 1989 284 0 

Jun 1989 256 0 

Ju11989 247 0 

Table 8. Laboratory findings on 1512 liter specimens of groundwater from Mandarin Meadows 
subdivision, Monitor Wen #4. 

Conductivity '"1 N.ru*3 

663 0 

593 0 

633 0 

775 0 

818 0 

603 0 

525 0 

516 0 

438 0 

533- 0 

485 0 

489 0 

338 0 

JUll 1989 332 0 

Jul1989 302 0 

-
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Table 9. Laboratory findings on 1512 liter specimens of ground\vater from :Mandarin Meado'l'l'S 
subdivisio~ Monitor \Vell #5. 

:May 1988 635 0 

luI 1988 625 0 

r-~ 1988 583 0 
------~------------r_----~~----~~------~ 

Oct 1988 573 4.4 0 

Nov 1988 593 4.5 0 

Dec 1988 481 0 

Jan 1989 365 d 

Feb 1989 317 4.6 0.70 0 

Feb 1989 328 4.2 0.34 0 

298 4.6 0.31 0 

310 0 

277 0 

Jun 1989 270 0 

Jul1989 269 0 

Table 10. Laboratory findings on 1.512 liter specimens of groundwater from Mandarin Meadows 
sul:xlhlisio~ Monitor Well #6. 

Conductivity -1 MPN_ruo
::; 

538 0 

615 0 

583 0 

Sep 1988 .54.5 5.5 6.98 0 

Oct 1988 593 5.6 2,5.5 0 

545 0 

516 0 

509 0 

531 0 

527 0 

Mar 1989 520 0 

Apr 1989 530 0 
--~----------~~ 526 0 

509 0 

Ju11989 535 0 
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Figure 3. Inferred direction of ground water flow in the surfici!3-1 aquifer beneath 

the Polk County study site (after Ayres, July 1989 Progress Report). 
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Figure 4. Inferred direction of ground water flow in the surficial aquifer beneath 
the St. Johns County study site (after Ayres, July 1989 Progress Report). 
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Figure 5. Map of Lost Lake subdivision showing locations of homes where 
individual OSDSs were monitored. (after Ayres, July 1989 Progress Report) 
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Figure 6. Map of Mandann Meadows subdivision showing locations of homes 
where individual OSDSs were monitored. (after Ayres, July 1989 Progress Report) 
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Enterovirus Detected in Household Septic Tank Effluent 

The effluent from four (4) Lost Lake Subdivision septic tanks was 

examined qualitatively and quantitatively for the presence of human entero\'iruses. 

monthly. The volume in liters examined plus the most probable number of 

infectious units per liter (l\1PN-IU/L) of the viral serotypes detected is shovvn in 

tables 11,12,13 and 14. Household 11 had virus detected in STE on four (4) 

occasions. The five agents exiting household 12 were. not only more numerous, 

but also excreted over a longer time period; ECHOvirus 14 for at least 78 days, 

ECHOvirus 12 for at least 52 days, Coxsackievirus B2 for at least 30 days and 

. reovirus for at least 137 days. Over the study period, seven (7) viruses were 

detected in STE from household 13. Among these Coxsackievirus A9 was noted 

over at least a 45 day period. Coxsackievirus B4, among seven viruses, from 

household 14 was detected in effluent over at least a 70 day period. 

The same series of examinations were conducted on STE at Mandarin 

Meadows Subdivision households. The volume in liters examined plus the :MPN­

IUIL and the viral serotypes detected are shown in tables 15.16,17 and 18. Only a 

single household had detectable virus in STE over the length of the study. Six 

different enteroviral serotypes were detected at household 22; Coxsackievirus B4 

was detected on two successive days following a clean-out of the septic tank, 

Coxsackievirus B5 was found exiting the septic tank over a period of at least 70 

days, CoxsackieVirus B3 was noted in effluent for at least 30 days, and 

Coxsackievirus A9 was isolated from efi1uent for at least 55 days in first 

increasing and then decreasing amounts. A reovirus and ECHOvirus 9 were 

detected in effluent, each on a single occasion. 

Tables 11 - 18: 

* 1 VollL= Volume of Septic tank efluent examined in liters 

*2 l\1PN-IUIL=1vfost probable number ofinfectious units per liter 
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Table 11. Laboratory rLnding!; 00 drainfield septic t..ank diluent at Lo<;;t La.i:;e subdivision, bous.e:hold #. II. 

I Seroi:ype 

1988 

1988 8.0 o 

1988 IS.! o 

15.1 o 

o 
11.3 o 
15.1 o 

IS.1 o 

11,3 o 
3.8 

Apr 19 1989 11.3 

May 24 1989 9.S 

JUl'I 27 1989 1&.9 

Jul 26 

1l.3 

IS.1 

7.6 

22.6 

22.6 

18.9 

7.6 

3.8 o 

3.8 o 
3.8 o 
3.8 

o 

C</:II:iji&l;Ici.::v1tus B 1 

IS.l Poliovirwll 

Hi.9 

IS. I 0 

11.3 0 

11.3 0 

U.l 0.38 ECHOvirus 6 
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Table 12. L.mhorntory rIDdings 00 draWield ~c tank effluent at Los:! Lake $Ilbdivision. hoosehoid it 12. 

MPN-IUIL*2 

1988 30.2 o 

1988 !l.6 o 

1988 15.1 

No'\{ 01 1988 18.9 

18.9 

1$.1 

IS.1 0.21 ECHOvirus 12 

9.S o 
17.0 0.60 ECHOvirus 12 

Apr 19 1989 1.5.1 o 
May 24 1989 o 

Jun 21 1989 11.3 o 
15.1 o 
1$.1 

18.9 

1l.3 

18.9 

37.8 

30.2 

3'1.9 

18.9 

IS.1 

Apr 16 1990 24,3 

1990 26,4 

1990 11.3 

Jun 06 lS.1 

Jul 03 1990 11.3 

18.9 o 
18.9 

1~.1 

15.1 

18.9 

lS.l 

Apr OJ 1991 111.9 

May 15 1991 18.9 
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"1 

1988 45.4 

19S1i 9.7 

1988 11.3 

1.6 ECHOvirus 14,Polio 1&;:2 

15.1 ECHOvirus 14 

7.6 

7.6 ECHOvirus 1.2 

11.2 

3.8 

5.7 

7.6 

IS.l 

7.6 

11,2. 

7.6 

5.7 

12.5 

30.2 

LU 

Jan ZJ 1990 26.S 

Feb 19 1990 1l.2 0 

Mat 05 1990 11.2 0 

Apr 16 1990 1.6 2.9 Co~k.ievirus A9 

Apr 17 0 

Apr 30 0.7 A9 

:Maj' 01 0 

.iun 05 0.60 Co~eviros A9 

Jun 06 0.30 Co~k.ievirus A9 

Jul 03 

Aug 14 

o 
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Table 14. Laboratory Cmdings 00 drainfield :septic t.ank ef!lumt i!1 I..ost we rubd.ivisi<:m, ~Id Ii 14. 

1t.3 

135 

11.3 

ILl 

11.3 

11.3 

11.3 

11.3 

11.3 

n,;! 

11,3 

7.6 

15.1 

15.1 

1Ll 

111.9 

11.1 

37.8 

22.7 

22.1 

3$.0 

14.2 

U.l 

15.1 

ISJ 

1S.1 

lS'] 

11.3 

11.3 

22.0 

U,3 

lS.i 

1$.1 

1$.1 

11.3 

11.3 

11,3 

15.1 

18.9 

Florida OSDS R,esearch Project 

o 

o 

o 

o 

:>5.62 

o 
o 

Q 
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Table 15. i...a.boratory fmdings 00 dnUnfield septic tank effluent lit Mandarin Meadows subdivision, househQld 1# :2 L 

"1 

18.9 

1'.1 

13.1 \} 

18.9 \} 

LS.I o 
18.9 o 

1'.1 \} 

11.3 o 

18.9 o 
o 

May 16 1989 18.9 o 
JWI 06 1989 18.9 

Jul 11 1989 18.9 

A.1Ig 08 1989 18.9 

18.9 

37.8 

41.6 o 
41.6 o 

o 
19.8 o 

18.9 o 
18.9 

18.9 

18.9 o 
18.9 

no ~ available 

15.1 

Oct 10 1990 18.9 

18.9 

11.0 

IS.l \} 

IS.1 o 
o 

IS.1 \} 
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Table 16. LaboratOf)' fmdings on drainfield septic tank diluent at MMdarin Meadows subdhi:!liOl1, household II 22. ---------. 

Set> 14 ]988 IS.l () 

Cot OS 19811 IS.9 () 

Nov 16 1999 18.9 0.23 

Dc:.: 14 19U 15.1 no ClJWicltievirus as 
1m 25 1939 18.9 0.11 eou..::kiC".lirus 85 

Feb 15 19$9 15.1 0 

01 1989 13.2 0 

28 1989 18.9 0 

APfll 1989 18.9 0 

}.!q 16 1989 20.8 0 

JUIl 06 1989 IS.\ 0 

lui II 1989 1*-9 0 

Aug 08 1989 18.9 

Sep 20 1939 37.S 0 

18.9 0 

ll1.9 0 

;;7.S 

18.9 1.11 ClXlY<lidcvirus 83 

lIt.9 

1S.9 

39.7 Co:>r.it<lddcvirus B3 

lU 

9.0 

1$.9 Co:w;:ki~ A9 

11.0 

11.0 

n.9 

1S.9 

30.2 

18.9 

11!.9 

Nov 21 1m 111.9 

Deo!: 10 1900 11.0 0 

1m. 01 1991 l:S.1 0.63 

Feb C4 1991 18.9 () 

1991 z:<.6 0 

18.9 

tS.l 0 

")00 ~ oI>Wn<d ~ • pump cut oflho ..-pci.::1:IrIlo", .. ~ <:<>ndi:i:lcn 

Florida 0505 Research Project Environmental Study ... 49 



15.1 

1988 l!U 

19&8 IS.1 o 

1988 1S.1 o 

1989 IS.1 Q 

15.1 o 
11.3 

18.9 

IS.1 Q 

May 16 1989 20.8 o 
]\111 06 1989 18.9 o 
Jul 11 1989 18.9 o 
Allg 08 1989 o 

37.8 

IS.1 o 

111.9 

o 
1990 37.8 o 
1990 15.1 o 

1990 Sl.O o 

IS.1 o 
o 

18.9 o 
18.9 o 
18.9 o 
26.S 

18.9 o 
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Table 18. !.,.aOOn;tOI'j' fmdings on drainfield:septic i.arJlc effluent ~ M:lIJldarin Meadows subdivision., hous.ehold # 24. 

MPN·IUlL 

o 

11.3 o 

11.3 

18.9 

IS.1 

18.9 o 
1.:5,1 o 

13.2 o 

'"4 

'"4 This residence was lost to the study due to the dralnfleld failwe a.nd the owner's reluctance 10 continue participation. 

Tables 19 and 20 summarize the enteroviral serotypes isolated by date and 

household from the STE within each subdivision. The frequent occurrence of 

polioviruses in households is the result of the immunization of some household 

member with the oral vaccine against poliomyelitis. Vaccinees often shed the 

immunizing agents for several weeks after immunization. The remaining agents 

and their distribution are a further indication that in Florida there is no seasonality 

to enteroviral infections as seen in the more northerly states of the United States. 

Financial constraints pennitted only a portion of the more than 100 enteric viruses 

that may be found in infected human feces to be sought. These viruses include 
adenoviruses, enteroviruses (coxsackieviruses, polioviruses, and echoviruses), 

hepatitis A virus, Norwalk virus, Norwalk~like viruses, reoviruses and rotaviruses. 

All of these are knm.:vn or suspected of possessing a potential for water 

transmission (11etcalf 1978), 
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14 

EI4 

BIoi 

1989 BIoi 

1989 El2 EI2 

1989 E12 

19$9 

Mar 22 1939 E12 

Apr 19 1989 

M.y 24 HIt!! 

Jun 21 1m 

Jul 16 1m 

1m 

1m 

1m 

Oc¢ IS 19119 

Nov:!! 19119 

Doc 13 19119 

JIIl1 23 1m 

1m 

1m 

1m 

1m 
.Iul 03 1m 

A\I.i 14 1m 

Scp 27 1m 
O::t 23 

Nov 15 

~ 12 

1m Hi 

Feb IS 

Reo 
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Table 20 • .Et!i.erovims ~~ isolll1ed from :s.cp6c tank efflumi by collection daLe and MlIl1d.arin Mudov.lI household. 

21 

CBS 
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Household viral infections and presence of the same 
infecting serotypes in septic tank effluent: 

Fecal specimens were solicited from three (3) study households with 

children below 13 years of age in the Lost Lake Subdivision on a monthly basis 

and examined for the presence of enteroviruses, Table 21 indicates the date virus 

was isolated from householder's feces plus the quantity of the same viral serotype 

isolated from STE during a detection period. Three viruses were isoI'ated from 

household 12: ECHOvirus 14, ECHOvirus 12, and Coxsackievirus B2. Each of 

these three (3) agents were also detected in septic tank effluent at levels varying 

from a specific 1vfPN-TIJ/L to a condition wherein infectious units were too 

numerous to estimate. The length of time each viral agent was noted exiting the 

septic tank varied: ECHOvirus 14 at least 80 days, ECHO:virus 12 at least 20 days 

and Coxsackievirus B2 at least 30 days, 

Table 21: Association of household viral excretion 'with duration of detection in septic tank 
efiluent, Lost Lake subdivision household 12. 

MPN.IU/Lin 

o 
o 

>5,03 (E14) 

>3.62 (E14) 

E14 

0.81 (E14) 

>5.68 (El2) 

E12 

(l.21 (E12) 

Ell 

o ° 
o 

o 

C52 

>58.57 (C52) 

>1132 (C82) 

CBl 

CB2 

>1.35 (CE2) 

° 
o 

MPN-lUfLooMOitt Probable Numb« of lnfoc:tious uw per 1W::r Septic T_ Effiua 

El4-ECH()vizu; 14 E12"ECHOvil'Ils 12 CB2-CO~evirus 52 Blank «11"'110 sample f«ihlltdate 

Florida OSDS Research Project Environmental Study • 54 



Another Lost Lake subdivision household, 14, (Table 22) also provided 

frequent fecal specimens. On four (4) occasions the identical enteroviral serotype 

was isolated from the householder's feces and temporally related to the same virus 

isolated from STE. FoUo"ing oral modified live poliovirus immunization within 

the household. various polio'virus serotypes were found in septic tank effluent in 

decreasing amounts. November 21 and 29, 1988. Poliovirus in feces was again 

associated with detection in effluent over at least a thirty (30) day period, .l\1arch 

22 through April 19, 1988. Coxsackievirus B4's presence in both feces and septic 

tank effiuent was noted on February 19. 1990. Initially. an increasing and then 

subsequently a decreasing h1PN-IU/L of Coxsackievirus B4 was detected in 

effluent over at least a sixty (60) day period. Finally, a single polimtJ.rus serotype 

in household feces paralleled the appearance of the same agent in septic tank 

eflluent in greater than 5.62 poliovirus type 3 MPN-lUlL. 

Table 22: Association of household viral e,xcretion ",iib duration of detection in septic tank 
effluent, Lost Lake subdivision household 14. 

10 1988 

1988 >:2.00 (E14) 

1983 PI &?2 

1988 >S.::ZO (PI &. P2) 

2UO (PI &1'2) 

PI &.Pl 

PI &P2 

Pl &'1'2 

(l 

0 

P3 

0.08 (P3) 

PJ 

PJ 

P3 

PI &P3 

0.49 (Pl. Pl." PJ) 

0 

P3 

(I 

Florida OSCS Research Project Environmental Study .. 55 



Table 22: Association of household viral excretion with duration of detection in septic tank 
effiuent., Lost Lake subdivision household 14. (continued) 

0.32 (Cl34) 

0 

0 

P3 

P3 >.5.62 (P3) 

0 

0 

MPN·IUlL"'MosI: Pfobable Number of InfectiOU$ Units per liter septic Tank Efiluem 

El ..... ECHOvirus 14 Pl,Pl. 1'3" Polioviruses 1,2, &3 CB4*'Co=k.icvirus B4 Blank ceU"'l'lO sample for that date 

The close occurrence of the same virus in feces from household 13 and in 

the septic tank effluent was noted on a single occasion (Table 23). 

Table 23. Association of household viral excretion 'l'fith duration of detection in septic tank 
effluent, Lost Lake subdivision household 13. 

Household excretion 11PN-IDJt in sm 
o 

Pi 

o 
,PI &P2) 

o 

Ml'N·tutL"Most Probable Numl:Jer of Infectious UniU per liter Septic Tank Effiuent 

E 14"ECHOvirus 14 Pl,"PoIioviru;!: 1 BWlk cell"'110 sample rot" that d.iWI 
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Soil sampling following detection of virus concomitantly in 
feces and septic tank effluent. 

Initially> examination of septic tank drainfield soil cores from households 

12, 13,22, and 24 had failed to detect the presence of virus (Tables 1 and 2). 

However, at the time of those collections, the occurrence of the last virus ' 

discharges to the soil were unknown. Additionally, factors such as pH, soil type. 

soil moisture and ionic changes all influence virus movement and survival in soil. 

Thus, if a discharge had occurred it might have migrated beyond the length of the 

soil core or have already been inactivated over time. 

Coxsackievirus B4 was detected concomitant1y in feces and septic tank 

effluent at household 14 on 2-19-90. Soil cores were collected on 3-28~90 

beneath the septic tank drainfields along the two (2) trenches (Figure 7). A, 

summary of all the sampling results relative to fecal virus and isolations from soil 

cores at various depths below the infiltration area plus the quantity of 

Cosackievirus B4 in septic tank effluent is shown in Table 24. Coxsackievirus B4 

was isolated from both trenches at the four (4) inch depth below the infiltration 

area only. The most probable number of infectious units per gram of soH was 

'determined to be 0.015 for trench 1 and 0.014 for trench 2. At the time of the soil 

core collections the same viral serotype in STE was too high to estimate beyond 

12 MPN-IUIL. 

Coxsackievirus B3 was isolated from feces of household 22 on 12-31-89 

and the same enteroviral serotype aws detected in septic tank effluent on 1-08-90. 

Detection of this agent continued for at least thirty (30) days. Two (2) soil cores 

were collected at the site on 2-26-90 (Figure 8). The results of the soil core 

examinations are outlined in Table 25. No virus was isolated from any ofthe 

segments of either soil core. This failure to detect virus in the soil cores may be 

attributed to a number of factors, including the time span between the last 

detection of virus in STE and collection of the soil core, 21 days later. The sandy 

infiltration area may have a bearing also, in that viral strain and soil properties 

influence viral adsorption. Each soil type and the associated effluent allow 

transmigration at different rates. Sandy soil and organic constituents in soil are 

considered poor constituents for viral adsorption (Sobsey 1980) (Goyal and Gerba 

1979). 
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I 

t~ 

Figure 7. OSDS site plan, station 14, Lost Lake, shovving location of soil cores. 
(after Ayres, July 1989 Progress Report) 
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Table 24. Soil penetration of Coxsackie virus B4 after exiting septic tank 14, Lost 
Lake Subdivision 

#2 

CB4 >7,20 

04/16 1.45 

0.32 

... ll\;1PN·IUJL=Most Probable Number of Infectious Units per liter of Septic Tank Effluent 

"'2 Vl1"" soil weight in grams 

"'3 depth==d1stance belo,,' the drainfield gravel bed. in inches 

*4lV1PN·IU=Most Probable Number of Infectious Units per gram of soil 

Soil Core # 1 = 1 inch diameter soil core from trench 1 taken 10ft. from the tank along the 
drainfield. . 

Soil Core #2= 1 inch diameter soil core from trench 2 taken 6 ft. from the tank along the 
drainfieid. 
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HOME 

Figure 8. OSDS site plan, station 22, lYfandarin Meadows~ showing location of 
soil cores. (after Ayres, July 1989 Progress Report) 
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Table 25. Soil penetration of Coxsackie virus B3 after exiting septic tank 22, 
Mandarin Meadows subdivision. 

Soil Core 

58 6.5 

81 9.8 

17.1 0 

21.3 0 

o 
o 
o 
o 
o 
o 

*1 :MPN-IDIL=Most Probable Number of Infectious Units per liter of Septic Tank Effluent 

*2 wt= soil weight in grams 

"'3 depth=distance below the drninfield gravel bed in inches 

·4 l\1PN·fU=Most Probable Number of Infectious Units per gram of soil 

Soil Core #1=1 inch diameter soil core from trench 1 taken along the drainfield. 

Soil Core #2= 1 inch diameter soil core from trench 2 taken along the d.minfield. 
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Relationship of the presence of an enterovirus in feces, 
septic tank effluent and groundwater. 

An additional study seeking virus in ground water was provided through 

the installation of two (2) wells in close association with household 22's septic tank 

drainfield infiltration area on 2-26-90. The wens were located at locations 

designated WI arid \V2 in Figure 9. Weill is downgradient of the central 

infiltration trench and well 2 was placed approximately ten (10) feet further down 

gradient. Neither of the viral serotypes, Coxsackieviruses B5 and B3, present in 

this STE previously were detected in 600 gallons of well water examined 

immediately following installation of either well (Table 26). 

During March, however. Coxsackievirus A9 was present not only in . 

householder feces, and septic tank effluent at 2.6 :MPN.IU per liter, but also in 600 

gallons of ground water from well 1 at 0.0024 :MPN-IUIL. The depth to water in 

well 1 was 4'9". Twenty days (20) days later increasing amounts of 

Coxsackievirus A9 were present in septic tank effluent, >7.29 :MPN.IU per liter, 

and the same agent was also present in ground water at 0.00047 :MPN-IUIL. 

Overall. this virus was detectable in STE for at least sixty (60) days and in ground 

water for at least twenty (20) of those days. No virus was detectable in well 2, the 

furthest down gradient of the wells. The lack of detectable virus in well 2 can be 

attributed to the observation that the majority of septic tank effluent was diverted 

to the center trench. Thus, the low velocity of ground water flow. 0.03·0.05 feet 

per day. would have forestalled a viral plume being intercepted by well 2 which 

was 10 feet downgradient of well 1. These findings' are similar to those of others 

(Vaughn et at 1983 and \Vellings 1974) who have noted that some enteroviruses 

are able to travel through soil and enter ground water. 
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HOME 

. 

Figure 9. OSDS site pl~ station 22. Mandarin Meadows. shov"ing location of 
test wells, (after Ayres, July 1989 Progress Report) 
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Table 26. Association of household viral excretion with duration of detection in 
septic tank effluent and groundwater, ?-.1andarin 1-1eadows subdivision site 22. 

Date 

Qct05 1988 

Nov OS 1988 

Nov 16 1988 

Dec 07 1988 

Dec 14 1988 

Dec 21 1988 

Jan 30 1990 

Feb OS 1990 

Feb 06 1990 

Feb 28 1990 

Apr 02 1990 

May 03 1990 

Household 
excretion 

o 

CBS 

o 
CBS 

o 

o 

CB3 

o 

o 

CA9 

o 

o 

o 

N-rulL in 
STE"'I 

1.71 (CB3) 

2.60 (CA9) 

(CA9) 

1990 May 09 0.19 (C 
---+----~----------~~--------o 

!v1PN-IU/L in WI 
groundVl'3.ter *2 

o 

0.0024 (CA9) 

0.00047 (CA9) 
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Conclusions 

The data accrued show that human enteroviruses are present in OSDS 

effluent. adsorb to soil. can percolate through soil and reach ground water under 

the geographic, soil and climate conditions encountered in Florida. Due to many 

variables associated with monitoring under "real life conditions". data regarding 

the fate of viruses in the em ironment are di~fficult to obtain. Frequency of 

sampling is the most important aspect since viruses move rapidly and billions of 

virions can pass an area and be easily missed. Thus. it is difficult to speculate the 

length of time viruses remain viable in either soils of ground water. 
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Experimental Design and Methods 

Study Design 

The investigation was a prospective cohort study design, with fecal 
specimens for virus isolation collected from young children residing in either of 
two communities. One of the two has both a high water table and private onsite 
I!potablel! water wells, thus the communities differ in potential for exposure to 

groundwater. Both communities are served by onsite wastewater disposal systems 

(home septic tanks). These communities were monitored concurrently for viruses 

in the environment by examination of selected septic tank effiuentst drainfield soils, 
and groundwater study wells. All households in the communities were contacted, 
with the aim of enrolling all children under age 13 in the study. A questionnaire 

was used to assess exposure to groundwater as well as contact with other children. 
Fecal specimens were to be collected from each child enrolled every month for the 
study period~ beginning in March, 19881 with additional specimens submitted 
whenever the child was ill. Specimens were assayed for enterovirus content upon 

receipt by the laboratory. 

Study Sites and Populations 

Sites for this study were selected by Ayres & Associates, an engineering 

consultant fum chosen to penonn the non-viral portions of a major On Site 
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Disposal System (OSDS) study under the supervision of the Florida Department of 

Health and Rehabilitative Services~ A survey of Florida soil types, and their ability 

to accept septic tank effluent was carried out. Representative areas in the State 

were evaluated for subdivisions that met set criteria. These criteria included: 

communities of 100 to 200 homes; housing density of 2 to 4 units per acre; 

relatively isolated subdivisions v.ith no up-gradient sources of contamination in the 

immediate vicinity; installations under soils representative of the region; water 

table within 20 feet of the land surface and representative of the hydrologic area; 

installations made under the post 1983 code requirements. For the viral studies to 

be meaningful. it was also necessary that there be many small children residing in 

the communities. Thus, full season occupancy and three to five persons per home 

was preferred. In order to determine whether prospective communities met these 

last criteria, letters were sent to the homeowners in the communities; they 

explained the overall study purpose, and included a brief preliminary questionnaire 

concerning the number and ages of household residents and the household septic 

tank. 

The two communities selected were Lost Lake, Polk County, and 

Mandarin Meadows, St. Johns County. The soils in both areas are mostly fine 

outwash sands. The St. Johns County area is approximately 1600 feet from the St. 

Johns River and is poorly drained. It has a high water table, from one to four feet 

below the surface. Homes in this community are served by private water wells and 

septic tanks on quarter to third acre sized lots. The Polk County site has well 

drained soil with the water table about 10 feet below the surface. This community 

is also composed of quarter acre lots with septic tanks, but is served by an offsite 

community water supply, 

Although there are 200 homesites in Mandarin Jo.,1eadows, and 70 in Lost 

Lake. not all sites had been built upon. At the projecfs inception, a listing by plot 

recorded 135 homes in Mandarin Meadows, 55 in Lost Lake. Visits to both sites 

by our investigators confirmed visually that both are similar as to exterior 

appearance of the homes. Of the 37 respondants to the engineers preliminary 

survey in Mandarin Meadows, 16 families reported children under 13 years of age. 

for a total number of23 appropriately aged children. Similarly. in Lost Lake, 15 

families reported a total of25 children under 13 years out of30 families 
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responding. Both communities show similar residence time distribution pattern for 

tJ;te responding families (Table 27) 

Table 27. Mean familv residence years in home. .. "' 

Years in home >10 

4 

16 13 8 

Hence, the preliminary analysis indicated that the two communities appear to differ 

primarily in their groudwater proximity; and thus exposure to viral, agents which 

might be contaminating the groundwater from septic effluents. 

Study Methods 

• Criteria for eligibility and exclusion 

Criteria for inclusion: Any household in the study area that had at least one 

child under 13 years of age, and agreed as follows to the collection and submission 

of stool specimens for virus studies from resident children under 13 years of age: 

A specimen is to be collected at a specific time each month and whenever the child 
has a gastrointestinal or respiratory illness. It is to be frozen until submitted to the 

public health nurse. A Specimen Identification fonn is to accompany the 
specimen. A family illness diary is to be kept. 

Criteria for exclusion: Any household in the study area that did not have at 

least one resident child under age 13. Any household which refused to participate. 

• Selection bias 

There is a potential for selection bias, as only those residents who are 

concerned about health may agree to participate. Both communities had. however, 
been involved in the other, non-virus aspects of the general study for some time 

prior to the start oftrus phase. Thus, the idea of being part of such a project was 

not a completely new concept, and that may have encouraged participation. All 

residences with listed telephone numbers were contacted by telephone to solicit 

participation. The caller attempted to ascertain the contacts· reasons for refusal to 

participate, and recorded them in the telephone log. Records were reviewed to 
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determine if differential response rates occurred bernteen the two communities; this 

did not appear to be a factor. 

Additionally, to resolve the problem of bias due to non-response, telephone 

contacts were attempted repeatedly at differing hours of the day and early evening, 

as well as on weekends. Unlisted phone numbers exist in the study communities, 

and have been plotted on the subdivision map. The telephone caller asked the 

immediate neighbor of a home with an unlisted number whether appropriately 

aged children live nex"! door. When the interviewer was in the neighborhood to 

administer the questionnaire to participating households, she also attempted to 

make contact with those families, and to enroll them in the study. 

Preliminary site visits indicated that both study communities consist of 

middle class, single family dwellings. The communities appeared not to be highly 

mobile, based on lenghth of residence data obtained from the site survey 

questionnaire conducted by Ayres and Associates. Thus. it was anticipated that 
loss to followup due to population instability should not be a major problem. 

• Participant recruitment 

Addresses in each subdivision were obtained from lot maps provided by the 

study Engineering finn. A letter introducing the study was sent to all community 

residents (Figure 10). A follow·up telephone call was made v.ithin two weeks of 

the letter mailing. The purpose of the call was to ascertain whether appropriate 

age children resided in the house, and, if so, to schedule an interview appointment 

Vv1th the parent or guardian. At the interview. our representative fully explained 

the purpose of the study and obtained an informed consent statement from the 

parent or guardian to participate in the study. Our representative (1) provided 

the participant with specimen collection kits and directions, (2) explained how to 

maintain the family illness diary. and its importance, (3) answered any questions by 

the participant, and (4) completed the questionnaire. Periodic contact was to be 

made with the participant families over the course of the study to encourage their 

continued interest and participation. 
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Figure 10. Letter introducing the virus study to community residents. 

STATE OF FLORIDA 
DEPARTME.!'lT OF HEALTH AND REHABIUT.,,\TIVE SERVICES 

J' ... ,1tlAt'y 29,! 1988 

Dear Resident of Lost Like Park: 

Your communIty has been participating in a study of septic tank sys­
tems undertaken by the State of FlorJda. The p~rpose of this ~tudy l~ to 
deter~ine the effects of septic tanks on your groundwater. Most of the 
drinking water in our state co~es fro~ groundwater, often the sole source 
tor individual ho=es. With the rapid growth that Florida is e~periencin9, 
we Dust do all We tan to assure that we do not pollute Gur drinking water 
through improper and unsafe use of septic tanks. This research project 
haYing been fully funded through impatt fees, hopes to determine under what 
conditions are septic lanks proper and safe. 

The engineering and gEological portions of the study have been going 
on for ahout a year. Shallow ~onitcring wells have been placed in your 
neighborhood and are being sampled. Soze residents are actively partici­
pating in the study by having their septic tanks sa~pled, We are new about 
to start the virus studies. You A~y secn see our nobile Laboratory col­
lecting groundwater samples in your area. 

In order to determine whether viruses are draining from septic tanks, 
we haVE to knew the e~tent any are going into the tanks. For this purpose 
we need the help of the residents of the study area subdivisions. The 
kinds of viruses we will be looking for cause upset stoGlchs, vomiting, di­
arrhea, colds, and ·flu·, 1Il0st couonly in children under 1;) years of age. 
These ·enteroviruses· can survive In septic tanks and groundwater. We 
would like your help in deter~inin9 which of these viruses are ~aking your 
children ill through the next year. 

In the next few weeks you will receive a telephone call about this 
study. The callerf a representative of the Florida Department of Health 
and Rehabilitative Services, will ask if there are any children age 13 or 
under living in your household. If there are, we would be lost appreCia­
tive if you would consent to an interview and agree to help us with this 
study •. 

Reaember, this will nct ccst you any money, ncr will it: in anyway af­
fect your present septic tank perlit. Your participation will he of great 
value in obtaining the best possible scientific results frOG this study, 
and will help influence the future of florida's health. 

If you have any questIons please cill or write us, Dr. Arthur Lewis or 
Dr. Lillian Stark it (Bl~) Z72-Z~16. Thank you for your time and 
attention. 

sIn 
Epidemiology Research Center, 4000 West Buffalo AvenuEI, Tampa. Florida 33614 
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• The interview 

A personal inteI"\;ew was conducted with an adult from each consenting 

household recruited via telephone. The objectives of the interview were to: (1) 

explain the reasons for the study, (2) obtain informed consent to participate in the 

study. (3) administer the exposure questionnaire, (4) explain how, and when, stool 

specimens are to be collected, (5) provide the participant \vith specimen collection 

kits. (6) furnish the participant with a confidential demographic form. Figure 11 is 

the questionnaire used by the interviewer. 

Of primary importance in the interview was the exposure questionnaire, 

which was designed to elicit information concerning possible exposures of the 

family members to groundwater. Even when a community water supply is 

available, some homes have private wens. These are primarily for yard irrigation. 

But ifthe tap water is not palatable, as is the case when heavily chlorinated, the 

private well may be used for drinking purposes. Thus, exposure to groudwater . 

may occur within an area served by treated community water supply. Conversely. 

in an area served only by private onsite wells, exposure to raw groundwater may 

be reduced. For example, water softeners or iron filters may treat the well water; 

bottled or boiled water may be used for drinking. The questionnaire allowed us to 

verify actual groundwater contact. 

A portion of the questionnaire was concerned ""ith family structure and 

type of day care experienced by the children, providing an estimate of the number 

of non-family children routinely encountered by the subjects. Since the viruses 

being investigated are highly contagious, a large number and variety of potentially 

infectious contacts is a confounding variable. lnfonnation on day care should thus 

permit statistical control by stratification. A crude assessment of the childrens' 

medical history over the past year was included. If a child experienced many 

recent minor illnesses, he may not be susceptible to the currently circulating virus 

strains. On the other hand, severe illness might result in increased susceptibility. 

Polio vaccine is a live virus vaccine, and the virus may be isolated from an 

immunized childs' feces for an ex1ended period of time, Knowing when 

immunization was performed will aid in the laboratroy analysis of the specimens. 
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SEPTIC TANK STUDY fIELD QUESTIONNAIRE 
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cold? 
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C. What type of serious Binns? I). Whea dit:: it (leeer? Eo ~las a p.hysician consclted? (yINIlH 
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Training sessions were held with the interviewers in order to review the 

purposes of the study and the protocols to be followed during the interview. The 

interviewer was instructed to avoid placing any emphasis on potential relationships 

between water contact and illness, so as not to alert the participant to possible 

behavioral modification of exposure risks. 

.. Specimen collection 

Participant families agreed to provide the laboratory with a stool specimen 

from each child under age 13 years on or about the 5th of each month. 

Additionally, if a child was ill at any time during the month, another specimen was 

to be collected. They were instructed to store the specimen in their freezer until a 

representative of the laboratory collected' them. Our courier picked-up the 

specimens each month, after contacting the participants by telephone. Specimens 

were transported to Tampa in an insulated cooler containing sufficient dry ice to 

prevent warming in transit. At the laboratory each specimen was given a 

sequential accession number by the clerical staff, as are all diagnostic specimens 

submitted to the laboratory. The accompanying form was removed from the 

specimen, and filed with the study records. This effectively blinded the laboratory 

technical staff to the source of the specimen. The specimens were stored at -70°C 

until processed for viral analysis. 

Laboratory Procedures 

" Virus isolation 

Standard Laboratory protocols for the isolation of enteroviruses from stool 

specimens were followed. These procedures are routinely perfonned in our 

laboratory and the technicians involved are licensed. experienced and 

knowledgeable about the protocols. Specimens are only referred to by their 

sequential acession number in the laboratory. 

Specimens were thawed at 36°C immediately prior to processing. A 

portion of the feces, approximately 1 gm if available. was triturated in a mortar and 

pestle with alundum, and suspended in 9 ml of phosphate buffered saline, pH 7.2. 

All reagents, mortars, pestles, glassware and pipets were sterile. To prevent any 

cross~contamination of specimens, separate sterile items are used for each 
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specimen, The 10 ml of stool suspension ws centrifuged in an IEC PR2 centrifuge 

at 1200 X g for 15 minutes. The top 5 ml of the supematent are transferred to a 

high speed centrifuge tube and spun in the IEe PR2 centrifuge for 1 hour at 3150 

X g. The top 3.5 to 4 mI were carefully aspirated and transferred to a sterile test 

tube, containing 0.1 m1 of antibiotic mix'tUre (20,000 units penicillin, 20 mg 

streptomycin) and labeled with the specimen number. The specimen was aliquoted 

into portions for storage at -70°C until inoculation. A 0.2 rn1 portion was 

aliquoted into a tube ofthloglycollate broth'to confirm bacteria free status. 

Processed specimens were assayed for enteroviruses following standard 

procedures; BGM (Buffalo Green Monkey Kidney) cell cultures and suckling mice 

were inoculated. Vie, as well as other laboratories, have isolated Echo, Polio, 

Coxsackie A & B. Adena, and Reo viruses from stools using these host systems. 

For suckling mice inoculation, an 0.03 rn1 aliquot of specimen was inoculated with 

a syringe and needle intraperitoneally into each of 8 mice, 1 to 4 days old. The 

litter was maintained with their dam, and followed for 14 days. At signs of 

paralysis, severe morbidity, or deat~ the mice were harvested. and the musculature 

processed for passage into a second liter. If those mice show signs of illness or 

deat~ the virus containing homogenate was titrated, again using suckling mouse 

litters. A lethal dose of the viral suspension was thus detennined. and the isolate 

then identified using Coxsackie A antiserum pools. 

BGM cells were routinely subcultured each week. A newly confluent 

culture in a 25 cm2 plastic tissue culture flask (Corning) was washed free of 

growth media (H-:MEMfL15, 10% Newborn Calf Serum) with sterile phosphate 

buffered saline and inoculated v/ith a 1 ml aliquot of the specimen. The flask was 

rocked at 36°C for two hours and cell maintenance media (8 ml ofE-lVfEM. 5% 

Fetal Calf Serum) added. The culture was held at 36°C for 14 days, with periodic 

microscopic examination. If no cytopathic effect (CPE) is seen, the culture is 

frozen at -70QC for blind passage onto a fresh BGM culture in roller tubes, If after 

14 days there is still no indication of CPE, the culture is discarded and reported as 

no virus isolated (NVI). If there is any questionable indication ofCPE, another 

passage is made. 
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When sufficient CPE develops the culture is frozen and the virus isolate is 
identified by means of neutralization tests against pooled Entero'lrirus antisera. 

These tests are performed using BGM cell cultures grown. in microtiter plates 

when large numbers of tests are required, or using tube cultures when only a few 

must be run at a given time. Both methods produce equivalent results. Briefly, the 

isolate is diluted to provide 500 to 1000 TCIDSO in 0.2 ml, and is mixed with an 

equal volume of antisera to Echo and Coxs~ckie A and B viruses in a series of 

pools. After a two hour incubation the serum-virus mixtures are inoculated into 

separate tissue cultures. The virus challenge is also titrated to assure a sufficient 

dose is present in the test. Cultures are examined microscopically for the 

occurrence ofneutraIization of the virus' lethal effect on the cells by the specific 

antiserum. Confirmation is made when required with single type antisera in 

another neutralization test. Isolates showing a CPE characteristic of Adenovirus 

were tested by complement fixation (CF) testing against adenogroup antisera. 

• Quality Assurance 

All those involved in participant recruitment and interviewing underwent 

training sessions: the purposes of the study and the protocols for telephone 

solicitation, interviewing, and questionnaire administration were thoroughly 

reviewed; the necessity for not influencing the participant in any way concerning 

water use habits was stressed~ the confidentiality of ail information was reinforced. 

The supervisor checked all records for completeness, legibility, and accuracy. 

Data entry was performed by one individual and independently checked by the 

supervisor. All records were kept in restricted access files. 

Laboratory staff were all experienced in the handling and processing of 

human (diagnostic) specimens,and were licensed by the State of Florida, 

Department of Professional Regulation, fIRS, at the Technician, Technologist, or 

Supervisor level. The Epidemiology Research Center Laboratory is also licensed 

under Medicare Requirements for the anlysis of diagnostic specimens, and has 

been inspected and certified by both the State of Florida, HRS. and the United 

States Department of Health and Human Services. The Laboratory particpates in 

the CAP quality assurance testing program for virus studies. The type of 

specimens to be analyzed in this study, and the laboratory methods involved have 

been routinely performed at ERe: over 1400 diagnostic specimens ofvanous 
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types for virus isolation and identification were handled in the year prior to 

beginning this study. 

When specimens arrived at the laboratory receh·ring department, they were 

logged in, their condition noted. and the accompanying identification fonn 

checked. An accession number was assigned, in normal sequence with aU other 

specimens received for analysis. This numher was the only identifier which the 

specimen had in the laboratory. Thus, the source of the specimen was not known 

to the technicians who processed them, nor to those who performed the 

examinations. 

• Definition of outcomes 

The isolation of Enterovirus, Reovirus, or Adenovirus from a stool 

specimen, and its identification as to serotype, was the primary outcome of the 

laboratory virus study. Each different serotype isolation was considered to be 

from a separate infection. Because of the length of the time between routine 

specimens, it was possible that the same virus might be reisolated on a second 

routine specimen, especially ifit soon followed a specially collected "ill" specimen. 

Enteroviruses may be excreted for a few months by young children, depending on 

the virus type, as well as host factors. In one study, the overall mean duration of 

virus excretion was 0.76 months (Henigst et aI., 1961). But virus titer, and thus 

ease of isolation, was much higher early in infection. Reinfection has been 

reported) but viral excretion in such cases is minimal (Gelfand, 1959). It is 

possible that the reported reinfections were in actuality due to infections by 

separate, but closely related strains of virus which were not recognized at the time 

of those studies. Nevertheless, when the same virus serotype was reisolated within 

a three month period of time it was considered a reinfection, or a continuation of 

the same infection. If, however, the same serotype was isolated on specimens 

taken four or more months apart, it was considered a new infection and as such, a 

separate event. 

The primary outcome in this epidemiologic study was the cumulative 

incidence of enteric virus infection among children exposed and not exposed to 

groundwater contaminated by septic tank effluents. For each participant the 

number of infection events was the outcome of major interest. For each 
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community and family, not only the total number of infection events, but also the 

number of different serotypes occurring was ofinterest. 

The participant families were asked to maintain an illness log, and when 

submitting specimens. record the occurrence of any symptoms. The relationship of 

illness to viral isolations was examined. Recognizing the general unreliability of 

such a record. it was hoped that the gross total level of community illness, i.e., the 

total number of episodes of possible Enterovirus causation among the two 

communities could be compared. Unfortunately. compliance \\lith illness recording 

in the log was essentially nil. thus no such comparison could be made. 

Oata Management & Analysis 

II Sample size and power 

It was recognized that the power of this study to detect a statistically 

significant low increase in relative risk of enteric virus infection due to exposure to 

contaminated groundwater is low. The study sites were predetennined by other 

than epidemiologic constraints, and the numbers of available subjects are small. 

Power is related to the relative risk, incidence in the unexposed, and sample size 

(Schlesselman, 1974). Calculations demonstrated that if the incidence ofinfection 

in the unexposed was 8% or higher, an estimate not extremely different from that 

found in other studies. there was a not unreasonable chance of obtaining 

statistically significant results v..ith the cumulative incidence outcome or with an 

incidence density approach, It would, of course. be of great benefit were the study 

populations larger, bu~ even within the sample size limits imposed. meaningful 

results can be generated. 

II Data management and editing 

All completed questionnaires and coding 'cards were reviewed by the 

supervisor for completeness and consistency. Errors or omissions; were corrected; 

study participants recontacted if necessary, All records. forms, cards. etc., were 

maintained in separate files dedicated to this study. Access to these files was 

restricted. Computer data entry was performed at ERe. using mM AT personal 

computers. 
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• Data analysis 

Data analyis was performed on IDM type personnel computers using the 
following software: Lotus 123, lYficrostat, Epistat, and Kv,rikstat. Outcome 

variables. w'hich include number of infections per individual during the study 

period. and the serotypes of those infections, were tabulated. Preliminary analysis 

involved descriptive statistics for each questionnaire variable, separately and in 

combination. 

Exposure variables were analyzed in 2 X 2 tables with outcome variables, 

The cumulative incidence of infection (# of individuals infected in the study/# of 

individuals in the cohort) and the incidence density (# ofinfections among cohort 

members/total person months) in each population were calculated. Morgenstern, 

Kleinbaum and Kupper (1979) suggest that when eafh subject may develop multiple 

occurrences of the outcome in question, incidence density provides a better estimate 

of risk than does cumulative incidence measurements, Linear regression analysis 

was also employed. 

" Reporting of results to participants 

Participant households were notified when a virus was isolated and 

identified from a submitted specimen. The letter explained what virus was isolated 

and that these are common viruses, frequently not related to illness. The family 

will also receive, at the completion of the study a brief report providing an 

overview ofthe study results and significance. 

Results and Discussion 

Comparison of study site demographics 

The two sites included in this study were remarkably similar, considering 

that they were not selected specifically for this epidemiology study. Table 28 

presents an comparison of the hydrogeological features and demographics at each 

site. Because of the contagious nature of enteroviruses, possible confounding 

variables in this study included exposure to other children. Thus, multichild 

families and home reared versus day-care were variables of importance. The only 

notable differences between the two sites are the use of private home owner wells 

and shallow depth to groundwater at Mandarin Meadows. 
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Table 28. Comparison of the two study communities. 

Depth to groundwater 

Average lot size 

Average annual rainfall 

Total # of home sites 

Median Residence time (years) 

Ethnicity 

Median education level 

Median family income 

# of families participating 

Drinking water: bottled 1 tap water 

*3 

# children age 5-10 years 

# children age> 1 ° years 

# families with 1 child 

# families with 2 children 

# families with 3 children 

# families with 4 children 

Day care: stay at home 

Day care: private home 

school 

'" 1: community water source 

*2: private wells on site 

*3: ## submitting at least 1 specimen, age at entry 

*4:rlo)=percent oHota! reporting 

Florida OSDS Research Projec:t 

Lost Lake 

Sand 

deep (251
) 

0.26 acre 

5211 

70 

6-10 

White (1 Asian 

some college 

$30-40,000 

28 

6/23*1 

12 (42.9%) 

3 (10.7%) 

3 (5.2%) 

7 (12.1%) 

7(12.1%) 

23 (39.7%) 

35/27 

Mandarin Meadows 

Sand 

shallow (6') 

0.34 acre 

54" 

115 

6·10 

White (lAsian) 

some college 

$30-40,000 

15 

5110*2 

22 (71.0%) 

3 (9,7%) 

4 (26.7%) 

6(40.0%) 

5 (33.3%) 

7 (21.2%) 

4 (12.1%) 

0 

12 (36.4%) 

11/21 
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Partici pation 

Participation was less than hoped for at the start of the study. Not all 

children submitted specimens each month; some submitted multiple specimens 

some manths~ but not every month. Not all children in the family were represented 

at each collection. The families did not maintain the requested illness tog, and the 

submittal sheets accompanying each specimen sometimes neglected to indicate 

whether the child was ilL Using available data, there was no relationship 

demonstrated between infection and illness. This was not surprising since 

enteroviruses are known to frequently cause only very mild illness. Additionally. 

because they are excreted for such long periods of time. the accompanying illness 

may have occurred up to a month prior to specimen collection, and thus have been 

. forgotten. The same virus serotype was repeatedly isolated for up to a 30-35 day 

time span from children submitting specimens. 

A potential for selection bias exists if the numbers of specimens per child 

were not the same for each community. The number of specimens submitted by 

children from whom a vU:us was isolated was significantly greater than the number 

of specimens submitted by children from whom no virus was isolated (NVl). 

Table 29 describes the frequency distribution of numbers of specimens submitted 

by the numbers by children in each community. 

Table 29. Frequency distribution of numbers of specimens submitted per child at 
each study community 

'" 1 Z·test for two proportions from independant groups 

*2 number of children each submitting number of specimens (%)lIII"%of total children 

A t-test comparing the means of the number of specimens per child 
indicated no difference between the two communities (T=-O.8945~ 78 d.f., 
p=(t 1869). Table 30 presents a statistical analysis of the numbers of specimens 
submitted by the two categories of children in each community; the numbers of 
specimens submitted by children with at least one virus isolate do not differ by 
.community. neither do the values for children from whom no virus was isolated. 
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Since there does not appear to be a differential in the selection (submission per 
child) between the communities, there is not a bias in the resulting risk ratio. 

Table 30. Analysis of variance and multiple comparisons summary for the numbers 
of specimens submitted per child Vilth at least one virus isolation (> 1 +) versus no 
virus isolated (NVI) at the two study communities. 

mean standard deviation 

rce 

Total 

Treatment 

Error 

9.545 6.0924 

15.296 

S.S. d.f. 

10047.07 79 

1785.78 3 

8261.29 76 

1 f. 7402 

4.2908 

13,0894 

MS 

595.26 

108.70 

27 

8 

23 

F appx:, p 

5.48 0.002 

Newman-Kreuls Multiple Comparisons Summary: at the 0.05 level the means of 
any two groups underscored by the same line are not significantly different. 

Mandarin Lost Lake Lost Lake Mandarin 

population 1 

population 2 

population 3 

NV1 

Serotypes isolated 

NVl >1+ >1+ 

Twenty one enteric virus serotypes were isolated from 61 children 

infections comprising 46 family infections at the Lost Lake site; at Mandarin 

Meadows 21 serotypes were isolated from 68 children infections comprising 49 

family infections. Table 31 presents the serotypes isolated, the number of children 

and the number offamiHes in each community from which it was isolated. The 

same serotypes were not always isolated at both sites, and when they were, there 

was no temporal relationship. Up to three different serotypes were found to be 

circulating within each community during each month. Some serotypes were 

isolated sporadically over the entire 36 month study period. whereas others were 

only isolated once. Still others seemed to occur in "mini-epidemics"; for example, 
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from September, 1988, through May, 1989, Coxsackie B5 virus was isolated from 

eight children in six families in lYfandarin Meadows. 

Table 31. Serotypes of enteric 'viruses isolated from stool samples submitted by 
children from the OSDS study communities between June 1988 and 1v1ay 1991. 

Serotype 
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Incidence of Infection 

Monthly infection rates varied greatly, most likely due to the small and 

unequal numbers of samples submitted each month. Figures 12 and 13 present the 
monthly incidence of infection (number of new infections divided by the number of 
children or families submitting). Children were included in the denominator, but 

not the numerator, if their specimen for that mpnth provided a virus re-isolation. 
Multiple serotypes could be, and were, isolated from the same specimen, providing 

both a new, incident infection while still presenting virus from an old one. The 

rates indicated for individual children are very similar to those calculated on a per 

family basis. indicating that multiple child families did not have a major impact. It 

should be noted that there is no seasonality to infection, as is found in northern 

states. This implies an increased significance for enteroviruses as agents of disease 

throughout the year in the south, and a need for heightened concern about their 

transmission in such areas. 

Summing each month's incidence rate as the study progressed, and plotting 
the cumulated values provides a clearer picture of viral infection rates in the two 

communities over the study period. (Figures 14 and 15). The smoothing effect of 

the larger numbers clearly indicates a higher incidence rate for Mandarin Meadows 

as compared with Lost Lake 

The cumulative incidence of infection is the number of individuals infected 

during the study period divided by the number of individuals in the cohort. The 

tabulated data indicate the cumulative incidence of infection in the Mandarin 

~1eadows community is higher than that in Lost Lake, and that this differance is 

approaching statistical significance (p<O.05) for the total ofall children, as well as 
that for age groups 1 and 2 only. Because age may be a confounder for enteric 

virus infections. the data were stratified by age, and analyzed separately using 2X2 

tables to calculate the relative risk for infection. When this was done, however, 

the numbers in each strata were too small for valid analysis. This is especially 
noticeable for age group 3, where the numbers of children willing to provide 

specimens was very small, as was, the numbers of specimens each child in this 

group provided. 
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Figure 12. Monthly incident infections for children from the OSDS communities, 
June, 1988, through May, 1991. 
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Figure 13, Monthly incident infections for families from the OSDS communities. 
June, 1988, through ?vfay, 1991. 
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Figure 14. Cumulated monthly incident infections for children from the OSDS 
communities, June, 1988, through 1v1ay, 1991. 
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Figure 15. Cumulated monthly incident infections for families from the OSDS 
communities, June, 1988, through May, 1991. 
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Table 32. Cumulative incidence of enteric virus infection for children from the 
OSDS study communities, June. 1988, through r..,1ay, 1991. 

Age group *1 Community Virus + 
*2 

NV1 *3 C.I. *4 

'" 1 ~ ifOOP 1: < S yeIIfS old; age group 2: .s ·10 years old; age group 3: > 10 yean 

"'2 virus +~ at liItJISt 1 ;mt;::rlc vi.rus isolated "'3 NVI: no virus isolated 

"'4 C.I.: Cumulative Incidence of w;;ction 

"s R.R.: Relative R.f.sk '" CJ, e~ (Ma.ndarin) I C.I. noo-e~ (I.ost Lake) 

"6 p calculated with Fisher's exact test 

RR *5 "'6 P 

The tabulated data indicate a culmulative incidence rate over the three year 

study of 74.2% at Mandarin Meadows and 55.1% at Lost Lake. At Mandarin, the 

average time from enrollment in the study to first virus isolation was 2,48 months, 

with a range from 0 (virus present in first submitted specimen) to 18 months. This 

is significantly lower than the Lost Lake value of 5.57 months from enrollment to 

first isolation (range, 0-24 months) by the t-test (t=-2.22, 46 dt: p=O.031). 

Another measure of infection incidence is incidence density, that is, the 

number of infections among cohort members divided by total person-months in the 

study. ~forgenstem, Kleinbaum and Kupper (1979) suggest that when each 

subject may develop multiple occurrences of the outcome in question, incidence 

density provides a better estimate of risk than does cumulative incidence 

measurements. The incidence density of enteroviral infections (Table 33) was 

determined for each community) all ages combined. and stratified by age category. 

The incidence density ratio (rate ratio) for those exposed (Mandarin) versus those 
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not exposed (Lost Lake) was calculated, and the p~value for each table was 

calculated. 

Table 33. Incidence density of enteric virus infection for children from the OSDS 
study communities, June, 1988, through ~fay, 1991. 

Community 

°1 Age group 1: < ;5 yean old; age group 2: S ·10 years old; age ~ 3: ;> 10 yearn 

°2 # of n.ew non-polio infections during the study period 

·3 the sum of the number of children wbmitting a specimen each month oCthe study period 

·4 Incidence ~ity: I/. ofnew infections I # of sample months 

·5 Incidence~ityratio: iD{MandaM)/ID(I...ostl,.ake) 

"0 p calculated \'lith Fisher's exact test 

IDR *5 

The tabulated data indicate a significant difference in the rate ratio only for 

age group 1. children less than 5 years of age. The numbers for age group 3 are 

too small to be meaningful. For age group 1. the observed rate translates to 2.7 

enteroviral infections per year in the exposed cornmunityt as compared to 1.8 in 

the non-exposed for the youngest age grOUPt and for the 5-10 year old grouP. 1.2 

and 1,4 infections respectively. 

Regression analysis 

Univariate regression analysis was performed with the community (site) as 

the independent variable. The variables considered as the dependent variable were: 

being part of a multichi1d family (multichild)t attending daycare vs. staying at home 

(daycare), total months in the study (totmonth), number of specimens submitted by 
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each child (specnum). total number of'v'irus isolations made per child (totisol). 

number of incident infections per child (infect). age group at enrollment (startage). 

and age group at last submission (endage). Table 34 presents the results of this 

analysis. The number of new infections per child was the only significant one. 

indicating that the community was a valid predictor of the number of enteric virus 

infections. 

Table 34. Univariate regression analysis with the community site as the 
independent variable for children participating in the OSDS epidemiology study, 
June, 1988 through May, 199L 

Dependent Regression Constant Std. T (DF=78) p= r=*1 
Variable Coefficient Error 

Stepwise multivariate regression analysis with the number of infections per 

child as the dependent variable was performed. The independent variables site, 

multichild (being part ofa multichild family). daycare (attending daycare vs. 

staying at home ), specnum (number of specimens submitted by each child), start 

age (age group at enrollment), and endage (age group at last submission) were 

considered as possible predictors of infection rate. The model is presented in 

. Table 35. Total per child virus isolations was not included because the number of 

infections is a subset of that variable. Similarly. total months enrolled in the study 

was not inciude-d because specimen submissions frequently skipped months. and it 

was thus felt that numbers of spe~imens submitted was a better measure of degree 

of participation. In fact, numbers of specimens submitted was a very strong 

predictor ofv1rus isolation. The age at leaving the study was also significant, 

albeit with a negative effect on virus isolation; the older children experienced fewer 
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virus infections. Age at entrance was not significant in this model. Neither was 

being part of a multichild family or attending daycare, as compared to being raised 

at home. Site was again a significant predictor (p=0.0383) of the number of 

infections experienced by the children in this study. 

Table 3$. h1ultivariate model for number 'ofinfections per child participating in the 
OSDS epidemiology study, June, 1988 thro.ugh May. 1991. 

Dependent Regression Std. Error F (1,76) p= partial r2 
Variable Coefficient 

site 7057 

-0.7388 

Constant 1.3938 

Adjusted R2:::: 0.4754 

R2 == 0.4953 

MUltiple R:::: 0.7038 

Analysis of variance table 

0.3347 

-----

159.8552 

Total 316.7500 

Variables not in the equation 

0.0024 

Florida OSDS Research Project 

4.445 0.0383 0.0553 

0.0000 0.3428 

0.0444 0.1016 

tet p= 

0.5088 

0.1882 

0.6697 
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Conclusions 

The null hypothesis in this prospective design epidemiology study was that 

exposure to groundwater from unchlorinated wells on home lots with septic tanks 

does not increase risk of enteric virus infection. Both the cumulative incidence and 

incidence density of enteric virus infections were determined for each community. 

Risk and rate. ratios calculated from the data were such as to deny the nun 

hypothesis. The study was hampered by small sample size in numbers of children 

participating (49 in the non-exposed, 31 exposed), leading to risk ratios which 

were close to, but did not achieve statistical significance (0.068, aU age). 

Nevertheless, there were significant differences found in the shorter time to first 

incident infection after enrollment. as well as a higher incidence density ratio (rate 

ratio) for the children less than 5 years of age in the exposed comunity. 

Regression analysis demonstrated that the community was a significant predictor 

of numbers of enteroviral infections experienced by young children, both in 
univariate and multivariate testing. Thus, the alternative to the null hypothesis, 

that there is a risk associated ",;th exposure to groundwater from wells located on 

small lots (113 acre or less) with on-site sewage disposal systems, should be 

accepted. 
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