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ABSTRACT 

8 

Disposable diapers are a possible source of infectious 

enteric viruses that are disposed of in landfills. A total of 

210 disposable diapers were collected from seven sites and ten 

depths at three landfills. Of this total, 110 diapers were 

processed with a 1.5% beef-extract-elution organic-

flocculation-concentration method to recover viruses. The 

concentrated samples were assayed on BGM cell cultures for the 

detection of enteroviruses and with cDNA probes specific for 

poliovirus, hepatitis A virus and rotavirus. Enteroviruses 

were not detected in any sample assayed using cell culture 

techniques. Three samples were positive using nucleic acid 

probes for poliovirus. These results suggest that poliovirus 

RNA was present in some diapers but that the viruses were not 

viable after two years or longer in a landfill. 
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INTRODUCTION 

More than 250 million tons of municipal refuse are produced 

yearly in the United States (Glenn, 1990). Municipal refuse 

refers to solid waste material resulting from normal community 

activities. Sanitary landfills provide a method of disposal 

in which solid waste is dumped on land, compacted and covered. 

Approximately 84% (210 million tons) of all municipal solid 

waste generated in the United States goes into landfills; 9% 

is incinerated; 7% is recycled (Glenn, 1990). The physical 

composition of landfills is very heterogenous and varies from 

city to city. The composition of landfills by weight and by 

volume is shown in Table 1. 

Table 1. Composition of municipal landfills by weight and by 
volume. 

Category 
Composition 
by weight* 

(%) 

Composition 
by volume** 

(%) 

Paper products 
Yard waste 
Metals 
Glass 
Rubber, textiles, wood 
Food waste 
Plastics 
Disposable diapers 
Miscellaneous 

41 
18 
9 
8 
8 
8 
4 
2 
2 

50 
5 
6 
1 
7 
1 
10 
2 
18 

* Franklin Associates, Ltd., 1988 
** Rathje et al., 1988 and 1991 
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Because of the heterogenous composition of landfills there 

is a diverse population of microorganisms, including viruses, 

associated with municipal solid waste. Viruses especially may 

be found in fecal material disposed of in landfills. There 

are many sources of fecal material in landfills, including pet 

feces, sewage sludge, septic tank waste and disposable diapers 

(Sobsey, 1982). 

Disposable diapers are one of the largest sources of fecal 

material in landfills. Each year in the U.S., approximately 

16 billion disposable diapers, weighing 1.5 million tons, 

enter the solid waste stream (Rathje, 1991). Disposable 

diapers make up only 1 to 2% by weight and l to 3% by volume 

of landfills but are a source of fecal material that may 

contain pathogenic microorganisms because infants and toddlers 

excrete high numbers of enteric viruses in their feces when 

infected. 

In spite of the popularity of landfills as a means of waste 

disposal, it is not known how well they actually function 

because of variations in landfill design that depend on when 

the landfill was constructed, the site-specific conditions and 

local regulations. Once the diapers are placed in a landfill, 

water moving through the landfill can come in contact with the 

feces and, in an unlined or poorly constructed landfill, 

transport the viruses outside the landfill where they could 

potentially contaminate underlying groundwater or nearby 
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surface water. Viruses have been isolated from groundwater 

under a sanitary landfill in New York from a depth of 22.8 

meters after traveling 408 meters downstream of the landfill 

(Vaughn, 1978). Low numbers of enteric viruses in landfill 

leachate may become a public health risk because enteric 

viruses are transmitted by the fecal-oral route and thus can 

be transmitted by fecally-contaminated water (Keswick and 

Gerba, 1980), enteric viruses can remain stable in the 

environment for months and they have a low infectious dose. 

Usually 1-10 infectious particles can cause an infection (Ward 

and Akin, 1984; Gerba and Haas, 1988). Any disposal method 

for domestic sewage that presents a risk of microbial 

contamination of water supplies should be carefully monitored. 

It is known that viable enteric viruses can be recovered 

from disposable diapers in municipal solid waste (Peterson, 

1974) but whether or not these organisms remain viable for 

prolonged periods of time in landfills is unknown. 

Viruses in Disposable Diapers: 

To determine the public health risk associated with enteric 

viruses in disposable diapers in landfills, it is important to 

know how many enteric viruses are shed in the feces contained 

within the diapers. However, this is hard to determine for a 

number of reasons. One reason is that these viruses are often 

shed in the feces of apparently healthy people, especially 
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children under 15 years of age. Also, the number of viruses 

shed in feces changes according to the season of the year 

(Grabow, 1968), and the incidence of infection changes 

according to the health and age distribution of the community 

(Slade, 1980). Some reports indicate that, on the average, 

about 10% of all children shed viruses at any given time 

(Honig et al., 1956; Gelfand et al., 1957). 

Enteric Viruses in Sewage: 

There are over 120 enteric viruses that are human pathogens 

(Hurst, 1989), including the enteroviruses, rotaviruses, 

hepatitis A virus, caliciviruses, adenoviruses and Norwalk 

virus. An enteric virus infects cells of the gastrointestinal 

tract and is shed in the feces. In the United States, the 

average concentration of enteroviruses in sewage is about 100 

PFU per liter of sewage (Melnick, 1990) but enteric viruses 

can reach concentrations as high as 103 to 105 per liter of raw 

municipal sewage (Melnick et al., 1978) and 101° PFU per gram 

of feces of infected individuals (Melnick and Gerba, 1981). 

The occurrence of the enteroviruses, particularily 

poliovirus, in diapers was studied because these viruses are 

often present in the feces of infants and children in very 

high numbers even when there is no evidence of disease, due to 

the widespread use of the oral polio vaccine. Therefore, 

poliovirus would be the easiest to detect in disposable 
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diapers. In this study, tissue culture assays were done using 

Buffalo Green Monkey (BGM) kidney cells to isolate 

enteroviruses because of the widespread occurence of 

enterovirus infections and the well established methods for 

their isolation (Melnick et al., 1979). Using cDNA gene 

probes, samples were also examined for rotavirus because it is 

the most common cause of gastroenteritis in children under two 

years of age (Estes et al., 1983) and hepatitis A virus 

because it is resistant to inactivation at high temperatures 

and is known to survive for prolonged periods in the 

environment (Siegl, 1984; Mbithi et al., 1991). 

Health Risks Associated with Enteric Viruses: 

Poliovirus and hepatitis A virus are members of the 

Picornaviridae family of viruses. Poliovirus belongs to the 

genus enterovirus which also includes echoviruses and 

coxsackie A and B viruses. Hepatitis A virus belongs in its 

own genus. The enteroviruses and hepatitis A virus have a 

nonenveloped, icosahedral protein capsid ranging in size from 

29-30 nm and containing a single-stranded RNA genome. 

The enteroviruses can cause meningitis, severe and 

permanent paralysis, fever, rash, myocarditis, and 

gastroenteritis. However, for poliovirus, subclinical 

infection is far more common than clinically manifest disease. 

People of all ages can be infected with enteroviruses but the 
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majority of infected people are children and young adults. 

Poliovirus infects the cells in the intestine, but its 

primary target organ and the site of most of the symptoms it 

causes, is the central nervous system. Poliovirus does not 

cause diarrhea but it is still shed in the feces of children, 

especially those who have been vaccinated with the oral polio 

vaccine. The vaccine strains of poliovirus are commonly shed 

in the feces of vaccinated children for up to two months after 

vaccination (Horstmann et al., 1973). Enteroviruses, 

including wild strains of poliovirus, are shed in the late 

summer and early fall. However, the vaccine strains of 

poliovirus are shed year round (Horstmann et al., 1973). 

Hepatitis A virus causes subclinical liver disease, acute 

hepatitis, and diarrhea. Viral replication occurs in the 

liver. The virus travels to the intestine via the bile ducts 

and is excreted in the feces. Hepatitis A virus is usually 

s h e d  i n  t h e  f e c e s  d u r i n g  t h e  i n c u b a t i o n  p e r i o d  a n d  f o r  7 - 1 0  

days after the onset of clinical symptoms at a concentration 

of 108 - 109 virus particles/gram of feces (Favero, 1984). 

Rotavirus is a genus within the Reoviridae family. It has 

a nonenveloped, double-layer capsid that is 70 nm in diameter. 

Its genome consists of eleven segments of double-stranded RNA 

(Kapikian and Chanock, 1990). Rotaviruses primarily cause 

severe diarrheal illness among infants and children between 6 

months and 2 years of age, but they also can cause illness in 
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adults. Rotaviruses can cause mild to severe diarrhea, 

dehydration, and death (Kapikian and Chanock, 1985). 

Rotavirus causes 35 to 50% of hospitalized cases of acute 

diarrheal disease in children under two years of age (Blacklow 

and Cukor, 1981; Estes et al., 1983). Human rotavirus 

infections in hospitalized children usually last eight days 

and the virus is excreted in the fecas from the third to the 

eighth day of illness. Infected individuals excrete 109-101° 

rotavirus particles per gram of feces (Kapikian and Chanock, 

1990). 

Circulating antibodies to rotavirus have been detected in 

90 to 100% of individuals by the age of three (Elias, 1977; 

Yolken et al., 1978), suggesting widespread exposure to 

infection at an early age. In a six-year study of the 

incidence of enteric illness in a Michigan community, it was 

found that the annual rate of rotavirus infection was 10.4% in 

children under two years of age (Monto, 1980). Another study 

found that 16% of non-hospitalized children with diarrhea were 

shedding rotavirus while 32% of children hospitalized for 

diarrhea were shedding rotavirus (Koopman et al., 1984). 

Survival of Viruses in the Environment: 

Viruses consist of an RNA or DNA genome surrounded by a 

protein layer called a capsid. The RNA or DNA contains genes 

needed for replication, for attachment to a host cell, and for 
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synthesis of new viral particles. The protein shell protects 

the genome from environmental conditions and aids in 

attachment. 

Viruses are obligate intracellular parasites that must 

infect specific host cells to replicate. After viral progeny 

are synthesized, the cell is usually lysed and the virus freed 

into the environment. Once outside the host cell, the virus 

acts as a colloidal particle and is exposed to environmental 

factors that may damage either its protein layer or its 

nucleic acid, or both. If either of these is damaged, the 

chances of a virus infecting new cells or being transmitted to 

new cells is greatly reduced. The most important factors that 

affect virus survival in the environment include temperature, 

pH, and the amount of water present (Gerba et al., 1975). 

Viruses survive or die within defined ranges of these factors 

and the range of each factor can differ greatly from one viral 

type to another (Slade, 1980). 

Temperature probably has the greatest effect on enteric 

virus survival in landfills (Yates and Gerba, 1984; Kutz and 

Gerba, 1988). Virus survival increases at lower temperatures 

and decreases at higher temperatures. Most viruses are 

inactivated in less than one hour at temperatures ranging from 

55 to 60° C (Bitton, 1980) . 

Of all the enteroviruses, hepatitis A virus may be the most 

resistant to thermal inactivation (Peterson et al., 1978). 
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Hepatitis A virus has been shown to survive for long periods 

of time in sewage effluents and soils, longer than poliovirus 

and echovirus (Sobsey et al., 1986). Flehmig et al. (1985) 

exposed HAV to temperatures ranging from 37°C to 70°C for one 

hour and found a four log reduction in virus titer at 60°C and 

complete inactivation in 30 minutes at 70°C. Exposure to high 

temperatures may damage both the protein layer and the nucleic 

acid. High temperatures cause denaturation of the protein 

capsid and denaturation of proteins involved in virus 

adsorption and replication (Bitton, 1980). 

Estes et al. (1979) found that simian rotavirus, SA-11, was 

still infectious after one hour at 37°C and after 24 hours at 

25°C, but 80% and 99% of its infectivity was lost after five 

minutes and thirty minutes, respectively, after incubation at 

50°C. Moe and Shirley (1982) found rotavirus in feces was 

stable for more than 45 days at 4°C and 93% relative humidity 

while it was inactivated in 12 days at 37°C and 93% relative 

humidity. 

The protein layer of viruses contains charged carboxyl and 

amino groups whose ionization is determined by the pH of the 

environment. The pH at which a virus does not have a net 

charge is called the isoelectric point. Viruses are 

negatively charged at pHs above their isoelectric point and 

positively charged at pHs below their isoelectric point. This 

influences the method used to detect and recover them from the 
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environment. The pH can affect the stability of some viruses, 

but the enteric viruses are stable between pH 3 to 9. This is 

probably related to the fact that they have to pass through 

the acidic stomach to reach their host cells in the intestinal 

tract. Rotaviruses are more sensitive to pH than the 

enteroviruses. Palmer et al. (1977) found that SA-11 remains 

infectious at pH 3.5 and pH 10 but there is some loss of 

titer, while below pH 3 and above pH 10 the outer layer of 

the capsid is destroyed. 

The moisture content of the environment affects virus 

survival. The moisture content of a landfill would be 

greatest in areas that receive a lot of rainfall or in 

landfills that are near bodies of water. Solid waste placed 

in landfills is covered at the end of each day so moisture 

losses are likely to be minimal. Most disposable diapers are 

tightly folded and remain so after placement in the landfill 

making it difficult for water to get in and for viruses to 

leach out. Hepatitis A virus remains stable at lower relative 

humidities and for longer time periods than poliovirus 

(Sattar, 1991). Rotavirus in feces is more stable at low and 

high relative humidities but rapidly loses infectivity at 

medium ranges of relative humidity (Moe and Shirley, 1982). 

Aggregation of viral particles and the presence of organic 

material also affects virus survival in the environment. 

Virus particles form aggregates when they are released from a 
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cell and when they are free in the environment. Aggregated 

viruses are more resistant to inactivation by environmental 

factors (Bitton, 1980). The adsorption or association of 

viruses with sewage particulate matter or organic material 

will increase the survival time of enteric viruses (Hurst et 

al., 1980). 

An unknown element that may have a detrimental effect on 

virus survival in landfills is the presence of toxic 

substances that has been legally or illegally disposed of in 

landfills. The New York Public Interest Group (Reinganum and 

Hang, 1983) has reported the presence of cyanide, heavy 

metals, lead, and organics in the Fresh Kills, New York 

landfill. These chemicals can be part of the leachate in a 

landfill and thus come into contact with viruses in the 

diapers. 

Viruses in Landfills and Landfill Leachates: 

Diapers are a potential source of viruses in sanitary 

landfills but few studies have been undertaken to determine 

the occurrence of viruses and their survival in disposable 

diapers in landfills and landfill leachate. Peterson (1974) 

found that 33% of disposable diapers recovered from municipal 

solid waste were fecally-soiled. She isolated poliovirus 3 

and echovirus 2 from 10% of the soiled diapers and found the 

average poliovirus 3 density was 390 PFU/ gram of feces. This 
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study showed that enteroviruses enter landfills in disposable 

diapers. 

Several studies were also undertaken to determine if 

viruses were transported through landfills in leachate. 

Sobsey et al. (1974) developed a method to detect viruses in 

landfill leachates. Leachate was treated with EDTA and an 

anion-exchange resin to remove interfering substances and then 

viruses were concentrated by adsorption to an epoxy-fiberglass 

filter and eluted from the filter in a small volume of buffer. 

As a result of this processing, leachate samples were 

concentrated 100-fold and 37% of added poliovirus was 

recovered. Using this method, Sobsey et al. (1975) could not 

detect either poliovirus type 1 or echovirus type 7 in the 

leachate or the lysimeter contents from laboratory solid waste 

lysimeters seeded with high concentrations of virus and 

operated over a four-month period. Engelbrecht et al. (1974) 

also constructed a field-scale lysimeter, added poliovirus 

type 1 and collected leachate samples. Viruses were not 

detected in leachate samples collected after 36, 47, and 76 

days of lysimeter operation using a direct plating method. 

The results of these two studies suggest that the viruses were 

adsorbed to the contents of the lysimeter and were 

inactivated. 

Cooper et al. (1974) detected low levels of enteric viruses 

in leachates from a series of pilot-scale municipal solid 
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waste lysimeters seeded with poliovirus type 1. The occurence 

of viruses in leachate was found to be influenced by the rate 

the lysimeters were brought to field capacity. Viruses were 

detected only in lysimeters, and controls, that were brought 

to field capacity faster than would occur in a landfill. 

In a field study of leachate samples from 21 different 

landfills, Sobsey (1978) detected enteric viruses in only one 

of 22 samples. Poliovirus types 1 and 3 were found in an 

11.8-liter leachate sample from an improperly sealed pile of 

landfilled solid waste. These studies suggest that viruses 

would not be a public health risk in properly constructed 

landfills. 

Several studies have determined the rate of virus 

inactivation in landfill leachate. Engelbrecht et al. (1974) 

found that at 22°C, pH 7, 30-50% of poliovirus type 1 that had 

been added to leachate was inactivated within 100 hours; at 

22°C, pH 5.3, 95% was inactivated within 100 hours; no virus 

was detected at 55°C at time zero. Sobsey et al. (1975) found 

that 84% of poliovirus added to leachate generated from a 

lysimeter was inactivated after 27 days at 4°C, 95% of 

poliovirus added to leachate was inactivated after two weeks 

at 20°C, and 99% of poliovirus added to leachate was 

inactivated after six days at 37°C. These results show that 

virus inactivation in leachates is increased as temperature 

increases. 
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Methods to Recover Viruses from Diapers: 

A variation of a method used to recover viruses from 

sludge (Glass et al., 1978) was used to recover viruses from 

diapers. Viruses were eluted from the diapers using a small 

volume of beef extract. Organic flocculation, or adsorption 

to particulate solids, was then used to concentrate viruses 

from the beef extract. In this method, the pH of the eluate 

is lowered to 3.5 causing the proteins in the beef extract to 

form floes and the viruses to adsorb to the floe. The eluate 

is then centrifuged and the sedimented proteins with adsorbed 

viruses are resuspended in 0.15 M Na2HPOA, pH 9.0 (Katzenelson 

et al., 1976). 

There are some problems associated with the use of 

flocculation to concentrate viruses. The first is that the 

recovery efficiency of organic flocculation using beef extract 

varies for different viruses. Morris and Waite (1980) showed 

that the efficiency of concentration using this method was 9% 

for coxsackievirus B4, 7% for echovirus 1, 98% for 

coxsackievirus B3, and 40% for poliovirus 1. When 

concentrating viruses from environmental samples, only a small 

percentage is normally detected even by the most sensitive 

assays. A second problem is that toxic materials in the 

eluate will be concentrated with the viruses and may cause 

cell toxicity when the sample is assayed on cell cultures 

(Smith and Gerba, 1982) or may cause nonspecific binding to 
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cDNA probes when the sample is assayed using cDNA probes 

(Metcalf et al., 1988; Sayler and Layton, 1990). Toxic 

material can be diluted to non-toxic concentrations by 

diluting the sample or it can be removed from the samples 

before they are assayed by using organic chemicals such as 

freon, ether and phenol:chloroform, or by passage through 

columns of Sephadex which removes material based on size-

exclusion. 

Detection of Viruses by Cell Culture 

Viruses are detected in environmental samples by standard 

cell culture techniques (Melnick, 1979). Viruses are grown in 

monolayers of cells at 37°C and usually cause a characteristic 

cytopathic effect (CPE). Dahling and Wright (1986) found that 

the BGM cell line is the most sensitive when recovering 

enteroviruses from environmental samples. 

Cell culture assays provide a sensitive method to recover 

and quantitate viable viruses from environmental samples. 

However, there are some problems associated with cell culture 

assays. It takes several days to weeks before the results of 

cell culture assays are known and they are expensive to 

perform. There is not one cell line that all viruses grow on, 

not all viruses produce CPE in cell culture, and there are 

some viruses that cannot be grown in cell culture. Cell 

culture assays identify viable and, therefore, infectious 
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viruses but they do not identify non-infectious viruses. 

Detection of Viruses by Nucleic Acid Hybridization 

An alternative assay for identifying specific viruses is by 

using nucleic acid probes. Assays using nucleic acid probes 

are simple to use, rapid, and more cost-efficient than cell 

culture assays. By using recombinant DNA techniques, cloned 

nucleic acid probes have been developed for the detection of 

enterovirus, hepatitis A virus, and rotavirus isolates in cell 

culture and are being used for the direct detection of viral 

genomes in clinical and environmental samples (Kulski and 

Norval, 1985; Gerba et al., 1989; Metcalf et al., 1988). 

Nucleic acid probes are based on the principle of nucleic 

acid hybridization, or annealing, which is the formation of 

double-stranded nucleic acid from single-standed nucleic acid 

by the formation of covalent bonds between complementary 

strands of DNA or RNA. Target nucleic acids that are specific 

for a certain virus in an environmental sample are bound by 

heat or UV cross-linking to a membrane and then detected by a 

radioactively-labeled nucleic acid sequence, or cDNA probe, 

that is complementary to the bound nucleic acid. 

Specific nucleic acid probes have been developed for most 

of the enteroviruses, including poliovirus (Racaniello and 

Baltimore, 1981) and hepatitis A virus (Ticehurst et al., 1983 

and 1987) as well as for the enteroviruses as a whole (Hyypia 
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et al., 1984; Rotbart et al., 1984 and 1988; Chapman et al., 

1990). Nucleic acid probes have also been developed for the 

rotaviruses (Dimitrov et al., 1985). 

It is feasible that gene probes could be used to detect a 

wide range of organisms present in environmental samples. 

However, there are two problems involved with the use of gene 

probes in environmental samples (Sayler and Layton, 1990). 

Nucleic acid hybridization has a detection limit of 

approximately 0.1 pg of target DNA. The sensitivity of the 

probes must be increased to detect the low number of viruses 

that are usually present in environmental samples. Also, the 

samples must be treated to remove contaminating compounds that 

interfere with the detection of the nucleic acids. 

Nucleic acid probes have been used for the detection of 

enteroviruses and rotaviruses in environmental samples 

including water samples (Margolin et al., 1989; De Leon, 1989; 

DeLeon and Gerba, 1991; Shieh et al., 1991), estuarine samples 

(Jiang et al, 1986), and in shellfish (Estes, et al., 1991). 

However, the sensitivity of these gene probes was 100-fold 

less than the desired range of 1-10 infectious particles. 

The purpose of this research was to study the occurrence of 

poliovirus, hepatitis A virus, and rotavirus in disposable 

diapers that had been buried in a landfill for at least two 

years. Cell culture assays were used to detect viable 

enteroviruses and nucleic acid hybridization assays were used 



26 

to detect enterovirus, hepatitis A virus, and rotavirus 

genomes. It is important to know if enteric viruses survive 

over time under the conditions in an actual landfill in order 

to determine how long disposable diapers potentially serve as 

a source of infectious virus. 



MATERIALS AND METHODS 
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Disposable baby/medical/adult diaper samples were 

collected from three landfills: the Fresh Kills landfill in 

Staten Island New York; the Los Reales landfill in Tucson, 

Arizona; and the landfill in Naples Florida. The samples were 

processed using a procedure developed to recover viruses from 

the fecal material within the diaper. Each sample concentrate 

was assayed using cell culture methods and gene probe assays. 

Sample Collection: 

Diapers were collected from several different sites and 

depths in each landfill. A bucket auger was used to dig into 

each landfill site and bring a garbage sample to the surface 

were it was sifted through for disposable diapers. Each 

sample was placed in a Ziploc bag and labeled with the site 

number and depth, placed on ice and shipped to the University 

of Arizona laboratory. 

Diapers were collected from sites older than two years. 

The year the sample was placed in the landfill was determined 

from the dates on newsprint found in the garbage sample the 

diaper was taken from. Upon arrival at the University of 

Arizona, the samples were stored at 4°C until processed. The 

number of diapers that contained fecal material was determined 

by opening and visually inspecting each diaper. All of the 
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diapers that contained fecal material were processed. 

Sample Processing: 

The length and width of each diaper was measured and then 

each diaper was placed into two one-gallon Ziploc bags, one 

inside the other, with the diaper lining facing outward. One 

liter of sterile 1.5% beef extract (Beef Extract V, BBL; 

Benton Dickenson and Co., Cockeysville, MD) , pH 9.5, was added 

to the bag and the diaper and beef extract were kneaded for 

five minutes. The eluent was poured into a sterile one liter 

plastic beaker and the pH adjusted to 7.2 using 1 N HC1. The 

eluent was placed in sterile plastic 250 ml centrifuge bottles 

and centrifuged at 6000 x g for ten minutes. 

After centrifugation, the supernatant was removed with a 

pipette and its pH adjusted to 3.5 using 1 N HC1. The 

supernatant was stirred for 10 minutes and centrifuged at 

16000 x g for 10 minutes at 4°C. After centrifugation, the 

supernatant was discarded and the pellets were resuspended in 

0.15 M sodium phosphate buffer (15-20 ml). The concentrate 

was placed in a sterile plastic 100 ml beaker with an equal 

volume of freon (1,1,2-trichlorotrifluoroethane, HPLC-grade, 

Aldrich, Milwaukee, WI) and stirred for 30 minutes. The 

mixture was centrifuged at 16000 x g for 10 minutes and then 

the aqueous layer was removed with a pipette. 

A 12.5 ml aliquot of each freon-extracted sample was 
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layered onto a 23 ml Sephadex G-50 (Pharmacia, LKB, 

Piscataway, N.J.) column in a 60 cc Monoject syringe (Sherwood 

Medical, St. Louis, MO). The first 5 ml fraction from the 

column was discarded. The next 17.5 ml fraction was collected 

and 0.5 ml each of Kanamycin, Gentamycin, Mycostatin and 

Penicillin/Streptimycin was added. All antibiotics were 

obtained from United States Biochemicals Corporation, 

Cleveland, OH. The sample was incubated for 30 minutes in a 

37°C water bath and then frozen at -20°C. An outline of the 

processing procedure is shown in Figure 1. 

Assay for Enumeration of Enteroviruses: 

Cell Culture: 

The buffalo green monkey (BGM) kidney cell line was used to 

assay the diaper samples for enteroviruses. The cells were 

grown in 75 cm2 plastic tissue culture flasks (Corning Glass 

Works, Corning, NY) with growth media containing 5% fetal 

bovine serum. The growth media was prepared by mixing 400 ml 

of Eagle's Minimum Essential Media (MEM) with 4 ml of 7.5% 

sodium bicarbonate (Mallinckrodt Inc., Paris, KY), 12 ml of 1 

M Hepes buffer (Research Organics, Cleveland, OH), 4 ml of 200 

mM glutamine (Fischer Scientific Company, Fair Lawn, NJ), 1 ml 

of Penicillin/Streptomycin ( final concentration of 100 IU and 

100 ug respectively per 1 ml of media), 1 ml of Kanamycin, 1 

ml of Mycostatin (final concentration of 104 units per 400 ml 
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of media), and 25 ml of fetal bovine serum (Gibco 

laboratories, Grand Island, NY). The cells were incubated at 

37°C until a confluent monolayer was formed, usually within 

five days. 

Enterovirus Assay: 

After a confluent monolayer was formed, the growth media 

was poured off and the cells were washed twice with Tris 

(Sigma Chemical Co., St. Louis, MO) buffered saline solution. 

Five to seven aliquots (2-3 ml) of the concentrated sample 

were inoculated using 75 cm2 tissue culture flasks. The 

flasks were incubated for 60 minutes at 37°C and rotated every 

15 minutes to allow virus adsorption to the cells. Twenty ml 

of 2% MEM media was added to each flask. The 2% media was the 

same as the growth medium except that it contained 2% fetal 

bovine serum and 1 ml of Gentamycin (final concentration of 50 

ug per milliliter of media). The flasks were incubated at 

37°C for 14 days and checked for changes in cell morphology. 

The media of the cells was changed on the seventh day of 

incubation. If greater than 90% of the monolayer was lost 

before the 14th day of incubation, the flasks were frozen at 

minus 20°C and thawed at 37°C three times. One ml from each 

thawed sample was inoculated onto new BGM cells as described 

above and monitored for 7 days for any changes in the cell 

morphology. 



Add 1 liter of 1.5% beef extract, pH 9.5, to a diaper and 
knead for 5 minutes to elute viruses 
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Lower pH to 7.2 and centrifuge at 1,380 x g 
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Lower pH of the supernatant to 3.5 to precipitate 
proteins with adsorbed viruses 

centrifuce at 16,000 x g 
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Resuspend pellet in 15 to 20 ml of buffer 
adjust pH to 7.2 
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i 
i 
V 

Pass 12.5 ml of sample through a column of 
sephadex G-50 
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Add antibiotics and incubate 
at 37°C for 30 minutes 

i 
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Inoculate BGM cells and monitor for 14 days 

FIGURE 1. Method for the recovery of enteroviruses from 
disposable diapers. 
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The remaining 5 ml of freon-extracted sample was stored at 

-20°C until it was assayed for the presence of poliovirus, 

rotavirus and hepatitis A virus using a specific gene-probe 

for each virus. 

Nucleic Acid Hybridization Assays: 

Probe Production and Labeling: 

A poliovirus cDNA clone (PV104), consisting of base-pairs 

115-7440 inserted into the Pst 1 site of the plasmid pBR322, 

was generously provided by Drs. Rancaniello and Baltimore, 

Massachusetts Institute of Technology, Boston, MA (Racaniello 

and Baltimore, 1981). The hepatitis A virus cDNA clone (HAV-

I), consisting of 1380 base pairs from the 3 prime end of the 

genome and inserted into the Pst 1 site of the plasmid pBR322, 

was generously provided by Dr. C. Wheeler, Center for Disease 

Control, Atlanta, GA (Ticehurst et al., 1983 and 1987). The 

rotavirus probe was a clone of segment 4 (2500 bp) of human 

rotavirus Wa strain inserted into pUC13 from Dr. J. Flores, 

NIH, Bethesda, Maryland (Dimitrov et al., 1985). All three 

plasmids were grown in transformed Escherichia coli HB101 

cells. Plasmid purification was done by cesium chloride 

centrifugation, phenol-chloroform extraction and ethanol 

precipitation (Sambrook et al., 1989) 

Each vector and cDNA insert was labeled with both 32P-dATP 

and 32P-dCTP (both with a specific activity of 3000 Ci/mmol 
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[New England Nuclear, Boston, MA]) using nick translation 

(Rigby, et al., 1977) with DNA polymerase I and DNase (both 

from Pharmacia, Piscataway, NJ) . The average specific 

activity of the probe was 5.0 x 10® cpm/^g of cDNA. The 

radiolabelled cDNA was separated from free radionucleotides by 

chromatography through a Sephadex G-50 (Pharmacia, Piscataway, 

NJ) column and denatured by heating for 10 minutes in a 

boiling water bath. 

Method to Release Viral Nucleic Acid: 

Five-fold dilutions of each sample were made (0.2 ml of 

sample to 0.8 ml of HPLC-grade water). One ml of the original 

sample was diluted to 1:15,625. Proteinase-K (Sigma, St. 

Louis, MO) was added to the original sample and to each 

dilution at a final concentration of 100 iiq/TDl in the original 

sample and 50 ng/vxl in each dilution tube. Proteinase-K 

degrades the viral capsid and releases viral nucleic acids. 

Each tube was incubated for 30 minutes at 65°C in a water bath 

(Richardson et al, 1988). After incubation, the samples were 

placed on ice and then centrifuged in a microfuge (DuPont, 

Wilmington, DE). The original sample was centrifuged for 2 

minutes and the dilutions were centrifuged for 1 minute and 

then spotted under vacuum onto a nylon membrane (Gene Screen 

Plus, DuPont, Boston, MA) using a dot-blot apparatus 

(MilliBlot-D, Millipore). The membrane was air-dried and 
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baked in an oven (Napco, Portland, OR) for 2 hours at 80°C. 

The cDNA fragment within the vector (10 ng, 1 ng, O.lng) 

was used as a positive control on each membrane. HPLC-grade 

water (1ml, 100 ul, 10 ul) was used as the negative control. 

Each membrane also had at least one sample that was negative 

by tissue culture as a second negative control. A one-ml 

volume of all solutions used during the processing of the 

samples (distilled water, Tris buffer, 1.5% beef extract, 0.15 

M Na2HP04, freon) was tested for possible non-specific binding 

with each cDNA probe. 

Hybridization Procedures: 

Each membrane was placed in a seal-a-meal bag (Dazey Corp., 

Industrial Park, KS) for prehybridization, which was done at 

42°C with constant agitation for 4-6 hours. Prehybridization 

was done in a solution of 50% deionized formamide, 1% sodium 

dodecyl sulfate (SDS), 5% dextran sulfate, 5X SSPE buffer 

(0.75 M NaCl, 0.05 M NaH2P04, 5 mM ethylenediamine tetra acetic 

acid [EDTA]) and 45 ng/ml of sheared, denatured salmon sperm 

DNA (all from Sigma, St. Louis, MO), with a final pH of 7.4. 

The hybridization solution was the same as the 

prehybridization solution except that the concentration of 

deionized formamide was lowered to 45% and the salmon sperm 

concentration was lowered to 2 ng/ml. Between 10-20 ng of 32P-

labeled probe was added to the sealable bag and hybridized for 
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Washing and Autoradiography: 

After hybridization, the membrane was washed in 200 ml of 

buffer as follows: 2X SSC (standard saline-citrate, 0.15 M 

NaCl, 0.015 M Na citrate pH 7.0) at room temperature for 5 

minutes with constant agitation, 2X SSC and 1.0% SDS at 50°C 

for 30 minutes with constant agitation, and 0.1X SSC at room 

temperature for 30 minutes with constant agitation 

(recommended washing procedure, Gene Screen Plus, Dupont, 

Boston, MA). The membrane was air-dried and put on Kodak XAR-

5 X-ray film (Eastman Kodak Co., Rochester, NY) with a DuPont 

Lightening-Plus (Wilmington, DE) intensifying screen for an 

exposure period of 48 hours. An outline of the cell culture 

and nucleic acid hybridization assays is shown in Figure 2. 

RNase and DNase Reactions: 

When a positive signal was seen after hybridization, one ml 

of the original sample was serially diluted (1:5) in dHzO and 

50 fil of Proteinase-K (2ng/nl) was added to each dilution 

tube. The sample was incubated for 30 minutes in a 65°C water 

bath and then placed on ice. Each sample was boiled for 5 

minutes to denature the proteinase-K before adding the RNase 

A (Sigma, St. Louis, MO) . Ten nl of RNase A (lOmg/ml) was 

added to each tube to a final concentration of 100 fig/ml and 
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Processed diaper sample 
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Proteinase-K digest to remove 
viral capsid 
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membrane 
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i 
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Prehybridization 
(2-4 hours) 

i 
i 
V 

Hybridization 
(18-36 hours) 

i 
V 

Wash membranes to remove unincorporated 
probe 

i 
V 

Autoradiography 
(48 hours) 

FIGURE 2. Method for the gene probe hybridization assay. 
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incubated for 30 minutes in a 37°C water bath. The samples 

were then spotted onto a membrane, hybridized and put on x-ray 

film as previously described. Five-fold dilutions of 

poliovirus (LSc 1) stock and poliovirus cDNA (1 ng/ul) were 

also treated with proteinase-K and Rnase A as positive and 

negative controls. 

If a positive signal was seen after the RNase-treated 

sample was hybridized with a cDNA probe, the sample was 

treated with RQ1 DNAase (Promega, Madison, WI). DNase digests 

were done in 100 ul volumes consisiting of 50 mM Tris, pH 7.5, 

10 mM MgCl2, 20 ul sample, 50 ug/ml BSA and 1 ul DNase 1. The 

samples were incubated for 30 minutes in a 37°C water bath. 

The reaction was stopped by adding 5 ul of 0.5 M EDTA. 

Sephadex Spin Columns: 

If a positive signal was seen after the RNase-treated 

sample was hybridized with a cDNA probe, the sample was 

layered onto a Sephadex G-200 spin column. The bottom of a 3 

cc syringe (Becton Dickinson & Co., Rutherford, NJ) was 

plugged with silicanized glass wool and autoclaved Sephadex G-

200 in Tris buffer was added. The syringe with the Sephadex 

was placed in an eppendorf tube (Fisher Scientific, Pittsburg 

PA) and then both were placed in a polypropylene tube( Falcon 

Plastics, Oxnard, CA). The tube was centrifuged in a desktop 

centrifuge (International Equipment Company, Needham Heights, 
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MA) for 3 minutes at 1600 x g to pack the column. This was 

repeated three times to make a 2 ml column. One ml of each 

freon-extracted sample was layered onto the column and the 

syringe and tubes were centrifuged for 5 minutes at 1600 x g. 

The sample was collected in the eppendorf tube, treated with 

proteinase-K as previously described, spotted onto a nylon 

membrane, hybridized with a cDNA probe and put on X-ray film 

for 48 hours. 

Evaluation of Detection Methods: 

Virus Stock Preparation: 

Poliovirus type 1 (LSc strain) was propagated on Buffalo 

Green Monkey (BGM) kidney cells. The cells were grown and 

maintained in Minimum Essential Medium (MEM, Irvine, CA) 

containing 5% fetal bovine serum (HyClone Laboratories, Logan, 

UT) by previously described methods (Melnick, 1979). The 

viruses were inoculated onto cell monolayers grown in closed 

32 ounce bottles at a multiplicity of infection of 0.1. Virus 

stocks were harvested when >90% of the cell monolayer was 

destroyed. Harvesting consisted of freeze-thawing cells three 

times to liberate viruses from the cells, freon extraction to 

remove lipids and disperse viral aggregates, and removal of 

cell debris by centrifugation in a Beckman (Palo Alto, CA) 

centrifuge at 15300 x g. The virus stocks were then dispensed 

in one-ml aliquots and stored at -20°C until used. 
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Plague Assay for Virus Enumeration: 

The poliovirus stock was titered by the plague overlay 

method (Melnick, 1979). Using this procedure, BGM cells were 

grown to confluency in plastic 6-well culture plates (Corning 

Glass Works, NY) using 2% HEM in a 5% C02 incubator (VWR, 

Model 1810). The growth media was removed from the cells and 

0.1 ml of serially diluted virus stock (0.1 ml virus: 0.9 ml 

HPLC-grade water) was used to infect the cells. The viruses 

were allowed to adsorb to the cells for 45 minutes. After 

adsorption, an overlay of nutrient agar media (Minimum 

Essential Medium, Flow Laboratories) was added to slow virus 

dispersion while the viruses are replicating and forming 

plagues. After two days the agar overlay was removed and the 

cell monolayers were stained with 1.5% crystal violet for 

enumeration of plagues. 

Recovery of Viruses from Diaper Samples: 

Three experiments were conducted to determine the 

efficiency of recovery of poliovirus from the diapers. A new, 

unused diaper, a new diaper with 100 ml of leachate from the 

Fresh Kills landfill added and allowed to adsorb for 30 

minutes at room temperature, and two diapers collected from 

the landfill, one with fecal material and one without were 

assayed. To each of these diapers 5 ml of poliovirus stock 

(LSc strain, 107 PFU/ml) was added and allowed to adsorb for 
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10 minutes at room temperature. 

The seeded samples were then processed as described 

previously. After the elution, reconcentration, freon 

extraction and Sephadex steps, a 0.6 ml sample was recovered 

and 0.1 ml was assayed using the plague overlay method as 

previously described. Seeded samples were processed using 

both 1.5% and 3% beef extract to determine which concentration 

of beef extract allowed better recovery of viruses. As shown 

in Table 18, both concentrations of beef extract gave similar 

results so the 1.5% beef extract was used for processing. 

To determine if the diaper material would be toxic to the 

BGM cells, two new diapers were processed as described 

previously and the concentrate was inoculated onto BGM cells 

and monitored for CPE for 14 days. 

To determine if any of the reagants used to process samples 

was toxic to the BGM cells the protocol was followed without 

a sample and the concentrate was inoculated onto BGM cells and 

monitored for 14 days for CPE. 
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A total of 218 disposable diapers were collected from the 

three landfills. Table 2 lists the number of diapers 

collected and processed from each landfill. Sixty-nine of the 

110 diapers processed were from the Fresh Kills landfill. 

Table 3 lists the year the diapers were placed in the 

landfills and how many diapers were collected from each year. 

The majority of diapers were collected from garbage that had 

been placed in the landfills between 1984 and 1988 with the 

single largest number of diapers collected from 1984. The 

year each diaper was placed in the landfill was determined 

from dates on newsprint found in the garbage sample the diaper 

was collected from. 

Table 4 lists the number of soiled and non-soiled diapers 

collected from the three landfills. Overall, 39% of the 

diapers collected from the three landfills were fecally-

soiled. All of the soiled diapers were processed as well as 

some non-soiled diapers. Non-soiled diapers were processed as 

a control to insure that nothing in the diapers and/or 

processing was producing false positives. All of the samples 

without fecal material that were processed and assayed were 

negative by both cell culture assays and gene probe assays. 

Tables 5, 6, and 7 list the sites and depths each diaper 

was collected from at each of the three landfills. Diapers 
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were collected from seven different sites at the Fresh Kills 

landfill and from two sites at the Florida and Arizona 

landfills. The sampling sites at the Tucson and Arizona 

landfills were randomly chosen but the sites at the Fresh 

Kills landfill were systematically chosen to include sites in 

different sections of the landfill that covered the entire age 

range of the landfill. The temperature of the Fresh Kills 

garbage sample that each diaper was recovered from is also 

listed in Table 5. The average temperature of all the diaper 

samples from Fresh Kills was 29.4°C. The average temperature 

of the samples at the Florida landfill was 34°C and at the 

Tucson landfill, 12°C. 

The efficiency of the method developed to recover viruses 

from diapers was evaluated by inoculating new diapers, and 

diapers collected from a landfill, with high concentrations of 

poliovirus type 1 (LSc strain). The number of plaque-forming 

units (PFUs) of poliovirus added to each diaper was compared 

to the number of PFUs recovered from each diaper after 

processing to determine the percent recovery. Efficiency test 

results are given in Table 8. The efficiency of recovery 

averaged 28% for the diaper samples collected from the 

landfills. 

To determine if any of the reagents or disposable diapers 

used in the recovery protocol were toxic to cell cultures or 

produced non-specific binding with the gene probes, the 
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protocol was followed without added virus and with new unused 

disposable diapers. The concentrated samples were inoculated 

onto BGM cells as well as assayed using each of the three gene 

probes. The cell monolayers remained intact during the 14-day 

monitoring period and the samples did not produce a signal on 

X-ray film when assayed with the gene probes. 

To determine if the protocol would recover viruses from a 

fecally-soiled sample, a diaper from a child who had been 

vaccinated with the oral polio vaccine was processed. The 

diaper was collected the fourth day after vaccination and 

placed in a refrigerator at 4°C for 24 hours before 

processing. Using the plague overlay method, 206 PFU/gram of 

feces were recovered from the diaper. This corresponds closely 

with the 311 PFU/gram of feces that Peterson (1974) isolated 

from fecal material from diapers in municipal solid waste. 

In total, 111 diaper samples were assayed on BGM cells to 

detect enteroviruses. Of the samples processed, none were 

positive for enteroviruses using tissue culture methods. The 

diaper samples were also tested for viruses using cDNA gene 

probes specific for poliovirus, rotavirus and hepatitis A 

virus. 

The specificity of each probe was tested by hybridizing 

serial dilutions of each virus with each probe. Each probe 

was specific for the virus whose genome the probes sequence 

was complementary to, as shown in Table 9. 
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The sensitivity of the poliovirus probe was determined by 

serially diluting poliovirus type 1 (Lsc strain) in distilled 

water and in a concentrated sample that was negative after 

hybridization with each gene probe. The same was done using 

hepatitis A virus and human rotavirus with each of their 

complementary gene probes. The sensitivity of the three 

probes is listed in Tables 10, 11 and 12. The poliovirus and 

hepatitis A probes were able to detect a minimum of 160 PFU/ml 

in a concentrated sample while the rotavirus probe was able to 

detect 4000 PFU/ml in a concentrated sample. The poliovirus 

and hepatitis A gene probes were the most sensitive of the 

three probes. This may be due to the fact that a large 

segment of the genome of these viruses is used as the probe. 

Tables 13, 14, and 15 list the diaper samples from each of 

the three landfills that were positive after hybridization 

with the three cDNA gene-probes. Fourteen samples gave a 

positive signal after being assayed with the poliovirus probe 

and 4 samples were positive with the rotavirus probe (Table 

16). All of the samples were diapers from the Fresh Kills 

landfill. None of the diapers collected from the Florida or 

Arizona landfills were positive by the three hybridization 

assays (Table 16). 

To confirm that the positive signals were from RNA, an 

aliquot of each positive sample was treated with RNase A and 

assayed with the same cDNA probe that produced a positive 
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signal after the initial hybridization. A second aliquot of 

each positive sample was treated with DNase and hybridized 

with the probe that produced the initial signal. A third 

aliquot of each positive sample was laid onto a Sephadex G-200 

spun column, centrifuged, and the fraction that was collected 

was hybridized with the probe that produced the original 

signal. The results of these tests are shown in Tables 17 and 

18. 

Table 17 shows that of 14 possible positives after the 

initial hybridization assay, six of the signals were not seen 

after RNase A treatment and rehybridization. This indicates 

that these six samples may contain viral RNA. If the original 

positive signal had been produced by RNA in the sample, 

treatment with DNase or Sephadex G-200 should not cause the 

signal to disappear. These results were seen in three samples 

from the Fresh Kills landfill using the poliovirus cDNA probe. 

The three positive samples were: number 32, collected from 

site 1 at a depth of 35 feet and a temperature of 39°C; number 

47, which was a medical diaper, collected from site 2 at a 

depth of 5 feet and a temperature of 31°C; number 78 from site 

3 at a depth of 5 feet and a temperature of 24°C. Sample 32 

was placed in the landfill in 1984; sample 47 in 1985; and s 

sample 78 in 1982. All three of the positive samples had been 

in landfills for more than four years. 

Table 18 shows that of four samples initially positive by 
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hybridization assay with the rotavirus cDNA probe, two still 

produced a positive signal after treatment with RNase A and 

one gave a positive signal after treatment with DNase. Three 

of the signals disappeared after treatment with Sephadex G-200 

indicating that it was not the RNA in the sample that produced 

the initial signal but a compound that produced non-specific 

binding with the rotavirus cDNA probe. 

The percent recovery of poliovirus l from diapers using two 

different concentrations of beef extract and the method 

developed in this study were evaluated. There was no 

difference in the recovery efficiency using the two 

concentrations (Table 19). 
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Table 2. Number of diapers collected and processed from each 
landfill 

Fresh Naples Tucson 
Kills Florida Arizona 

Number of diapers collected 

Diapers processed 
Diapers with fecal 

material processed 

169 22 27 

70 21 19 

54 8 8 



Table 3. Date of disposal of diaper samples from three 
landfills 

Dates Disposed Number of Diaper 
Samples 

1988 28 
1987 22 
1986 29 
1985 25 
1984 43 
1983 13 
1982 24 
1981 4 
1980 29 
1965 1 

Note: The year each diaper was placed in the landfill was 
determined from newsprint found in the garbage the 
sample was found. 
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Table 4. Number of fecally-soiled diapers collected from three 
landfills. 

Number of 
Landfill Dates Diapers Collected 

Disposed Soiled Non-Soiled 

Fresh Kills 

Naples 

Tucson 

1965-88 

1987 

1983-86 

60 

9 

10 

109 

13 

17 



Table 5. Diaper samples from the Fresh Kills landfill, Staten 
Island, New York. 

Sample Site Depth Year Temp. Fecal 
Code (ft) (°C) Material 

015 1 35 1984 39 Yes 
018 1 35 1984 39 Yes 
022 1 35 1984 39 Yes 
027 1 35 1984 39 Yes 
028 1 35 1984 39 Yes 
031 1 35 1984 39 Yes 
032 1 35 1984 39 Yes 
035 1 50 1984 38 Yes 
041 2 5 1985 31 Yes 
045 2 5 1985 31 Yes 
047* 2 5 1985 31 Yes 
050 2 5 1985 31 Yes 
052 2 5 1985 31 Yes 
054 2 5 1985 31 Yes 
058* 2 5 1985 31 Yes 
059* 2 5 1985 31 Yes 
061* 2 5 1985 31 Yes 
067A 3 5 1982 24 Yes 
071 3 5 1982 24 Yes 
072 3 5 1982 24 Yes 
074 6 5 1982 27 Yes 
076 3 5 1982 24 Yes 
078 3 5 1982 24 Yes 
080 3 5 1982 24 Yes 
081 3 14 1982 22 Yes 
083 3 14 1982 22 Yes 
087 3 15 1982 22 Yes 
090 3 15 1982 22 Yes 
091 3 22 1982 25 Yes 
093 3 22 1982 25 Yes 
095 3 22 1982 25 Yes 
096 3 22 1980 25 Yes 
097 3 22 1980 25 Yes 
098 3 20 1980 25 No 
099 3 20 1980 25 Yes 
100 3 22 1980 25 No 

(Continued on the next page) 
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Sample Site Depth Year Temp. Fecal 
Code (ft) (°C) Material 

102 3 22 1980 25 Yes 
104 3 22 1980 25 Yes 
105 3 22 1980 25 No 
106 3 22 1980 25 No 
108 3 22 1980 25 Yes 
109* 3 22 1980 25 No 
110A 3 22 1980 25 Yes 
HOB 3 22 1980 25 Yes 
112 3 22 1980 25 Yes 
116 3 30 1980 15 Yes 
120 4 5 1981 18 No 
122 4 5 1981 18 Yes 
128 6 17 1986 25 No 
129 6 17 1986 25 No 
130 6 17 1986 25 No 
132* 6 17 1986 25 No 
133 6 17 1986 25 No 
134 4 22 1986 27 Yes 
135 4 22 1986 27 No 
137 6 22 1986 29 No 
138 6 22 1986 29 Yes 
141* 7 5-7 1986 25 No 
143 6 22 1986 29 Yes 
144 6 22 1986 29 No 
145 7 3-5 1988 25 Yes 
147A 7 3-5 1988 25 Yes 
147B 7 3-5 1988 25 No 
148 7 3-5 1988 25 Yes 
150 7 3-5 1988 25 Yes 
151 7 5 1988 25 Yes 
153 7 5 1988 25 Yes 
154 7 5 1988 25 Yes 
157 7 10 1988 21 Yes 
163* 7 10 1988 21 Yes 

* Adult or medical diaper 
The average temperature of the samples is 27°C (81°F). 
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Table 6. Diaper samples from the Naples, Florida landfill 

Presence of 
Sample Site Depth Year Fecal 
Code (ft) Material 

1-1 1 0-10 1987 No 
l-?-5 1 0-10 1987 Yes 

1-51-2 1 0-10 1987 Yes 
1-52-3 1 0-10 1987 No 
1-53-4 1 0-10 1987 Yes 
1-71-6 1 0-10 1987 No 
1-78-7 1 0-10 1987 No 
1-79-8 1 0-10 1987 No 
2-5-1 2 0-10 1987 No 
2-6-2 2 0-10 1987 No 
2-6-4 2 0-10 1987 No 

2-18-5 2 0-10 1987 No 
2-19-6 2 0-10 1987 No 
2-19-7 2 0-10 1987 Yes 
2-22-8 2 0-10 1987 Yes 
2-22-9 2 0-10 1987 No 
2-22-10 2 0-10 1987 No 
2-22-11 2 0-10 1987 Yes 
2-22-13 2 0-10 1987 No 
2-25-14 2 0-10 1987 Yes 
2-26-15 2 0-10 1987 Yes 
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Table 7. Diaper samples from the Tucson, Arizona landfill 

Sample Site Depth Year Fecal 
Code (ft) Material 

1-1 1 0-10 1983 NO 
1-2 1 0-10 1983 Yes 
1-3 1 0-10 1983 Yes 
1-4 1 0-10 1983 Yes 
1-5 1 0-10 1983 No 
1-6 1 0-10 1983 No 
1-7 1 0-10 1983 No 
1-8 1 0-10 1983 Yes 
1-9 0-10 1983 No 
1-10 1 0-10 1983 No 
1-11 1 0-10 1983 Yes 
1-13 1 0-10 1983 Yes 
2-1 2 0-10 1986 No 
2-2 2 0-10 1986 Yes 
2-3 2 0-10 1986 No 
2-5 2 0-10 1986 No 
2-8 2 0-10 1986 No 
2-9 2 0-10 1986 Yes 
2-13 2 0-10 1986 No 
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Table 8. Efficiency of poliovirus recovery from diapers 

Type of Seeded Diaper Final Concentrate Percent 
Diaper1 (PFU/ml) (PFU/ml) Recovered 

New 
Diaper 3.11 X 107 2.28 X 107 73 

New Diaper 
+ 100 ml 
Leachate 

2.50 X 107 9.15 X 106 37 

Landfill 
Diaper 1.12 X 107 3.18 X 106 28 

1 Each sample was tested in duplicate. 
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Table 9. Specificity of three cDNA gene probes on virus 
stocks. 

cDNA Probe 

Virus Poliovirus Rotavirus Hepatitis A 

Polio + -

Rota - + -

Hepatitis A + 



Table 10. Sensitivity1 of poliovirus cDNA probe 
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HPLC water 

Viral Concentration (PFU1 

5x10s 1x10s 2xl04 4xl03 8X102 1.6X102 3.2x10° 

Poliovirus2 
in HPLC3 
water 

Poliovirus 
in beef 
extract4 

Poliovirus 
in concen
trate5 

Poliovirus 
cDNA6 

+ + 

+ + + + + 

+ + + + 

Beef extract 

1 The probe is able to detect a minimum of 160 PFU/ml. This 
was determined by serially diluting a known concentration 
of virus in water, beef extract and a concentrated sample 
and assaying with the cDNA probe. 

2 Titer = 5 x 105 PFU/ml 
3 High Performance Liquid Chromatography water, pH 7.0 
4 1.5 % beef extract 
5 Sample PG 102 
6 Poliovirus cDNA: 1 ng, 100 pg, 10 pg, 1 pg 
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Table 11. Sensitivity1 of hepatitis A virus cDNA probe 

Viral Concentration (PFm 

lXlO5 2x10* 4X103 8X102 1.6X102 3 2 6 

Hepatitis A2 
in HPLC3 
water 

+ + + + + + 

Hepatitis A 
in beef 
extract4 

+ + + + + + 

Hepatitis A 
in concen
trate5 

+ + + + + +/-

HAV cDNA6 + + + 

cDNA in con
centrate5 

+ +/- -

HPLC water - - -

Beef extract - - -

1 The probe is able to detect a minimum of 160 PFU of 
hepatitis A virus/ml. This was determined by serially 
diluting a known concentration of virus in water, beef 
extract and a concentrated sample and assaying with the 
cDNA probe. 

2 Titer = 1 x 10s PFU/ml 
3 High Performance Liquid Chromatography Water, pH 7.0 
4 1.5% beef extract 
5 Sample PG 108 
6 1 ng, 100 pg, 10 pg, 1 pg of HAV cDNA 
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Table 12. Sensitivity1 of human rotavirus (Wa) cDNA probe. 

Viral Concentration (PFU) 

lxio5 2x10* 4X103 8xl02 1.6xl02 32 6 

Rotavirus2 
in HPLC3 
water 

Rotavirus 
in beef 
extract4 

Rotavirus 
in concen
trate5 

Rotavirus 
cDNA6 

HPLC water 

Beef extract 

1 The probe is able to detect a minimum of 4000 PFU/ml. This 
was determined by serially diluting a known concentration 
of virus in water, beef extract and a concentrated sample 
and assaying with the cDNA probe. 

2 Titer = 1.2 x 105 PFU/ml 
3 High Performance Liquid Chromatography water, pH 7.0 
* 1.5 % beef extract 
5 Sample PG 102. 
6 Rotavirus cDNA: l ng, 100 pg, 10 pg, 1 pg 

+ + + + + 

+ + 

+ + 

+ + + + 



Table 13. Results of hybridization assays using cDNA gene 
probes on the diaper samples from the Fresh Kills landfill. 

Sample Hybridization Assays 
Code Poliovirus Rotavirus Hepatitis A 

015 — — -

018 - - -

022 - - -

027 - - -

028 - - -

031 - - -

032 + - -

035 - - -

041 - - -

045 - - -

047* + - -

050 +/- - -

052 - - -

054 - - -

058* - - -

059* - - -

061* - - -

067A + - -

071 - - -

072 - - -

074 - - -

076 +/~ - -

078 +/- - -

080 - - -

081 - - -

083 - - -

087 - - -

090 - - -

091 +/- - -

093 +/" - -

095 - - — 

096 +/- - -

097 +/" - -

098 - - — 

099 - - -

100 - - — 

102 + 

(Continued on the next page) 
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Sample 
Code 

Hybridization Assays 
Poliovirus Rotavirus Hepatitis A 

104 
105 
106 
108 
109* 
110A 
HOB +/-

+/-
+ 

+ 
+ 

+ 

112 
116 
120 
122 
128 
129 
130 
132* 
133 
134 
135 
137 
0138 
141* 
143 
144 
145 
147A 
147B 
148 
150 
151 
153 +/-
154 
157 
163* 

* Adult / medical diaper 



61 

Table 14. Results of hybridization assays using cDNA gene 
probes on the diaper samples from the Naples, Florida 
landfill. 

Sample Hybridization Assays 
Code Poliovirus Rotavirus Hepatitis A 

1-1 
l-?-5 
1-51-2 
1-52-3 
1-53-4 
1-71-6 
1-78-7 
1-79-8 
2-5-1 
2-6-2 

2-6-4 
2-18-5 
2-19-6 
2-19-7 
2-22-8 

2-22-9 
2-22-10 
2-22-11 
2-22-13 
2-25-14 
2-26-15 
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Table 15. Results of hybridization assays using cDNA gene 
probes on the diaper samples from the Tucson, Arizona 
landfill. 

Sample Hybridization Assays 
Code Poliovirus Rotavirus Hepatitis A 

1-1 
1-2 

1-3 
1-4 
1-5 
1-6 

1-7 
1-8 

1-9 
1-10 
1-11 
1-13 
2-1 

2-2 
2-3 
2-5 
2-8 
2-9 
2-13 
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Table 16. Results of hybridization assays using cDNA gene 
probes on samples from three landfills. 

Landfill 
Number of 

Positive Hybridization Assays 
Poliovirus Rotavirus Hepatitis A 

Fresh Kills 

Naples, Florida 

Tucson, Arizona 

14 

0 

0 

4 

0 

0 

0 

0 

0 
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Table 17. Detection of enteroviruses in diaper samples from 
the Fresh Kills landfill by poliovirus cDNA1 hybridization 
and tissue culture methods. 

Sample Freon RNase DNase Seph- BGM 
adex1 assay3 

32 + — + + — 

47* + - + + -

50 +/" + + - -

67 + + + + -

76 +/" + + - -

78 +/- - + + -

91 +/- + + + -

93 +/" - + - -

96 +/" + + + -

97 +/" - - + -

108 +/- + + - -

109* + + - + -

HOB +/- - + - -

153 +/- + + + -

1 32P labeled cDNA probe 
2 6-200 Sephadex column 
3 Cytopathic effect on BGM cells 
* Adult or medical diaper 
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Table 18. Detection of rotaviruses in diaper samples from the 
Fresh Kills landfill by rotavirus cDNA1 hybridization and cell 
culture assays. 

Sample Freon RNase 
Code Extra Digest 

102 + 

104 + + 

105 + 

109* + + 

DNase Sepha- Cell 
Digest dex2 Assay3 

+ 

+ 

1 32P labeled cDNA probe 
2 G-200 Sephadex column 
3 Cytopathic effect on BGM cells 
* Adult/medical diaper 
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Table 19. Percent recovery of poliovirus1 from landfill 
diapers using two concentrations of beef extract. 

PFU of Virus and (Percent Recovery1 

Beef Extract 
Concentration 

(%) 

Elution After 
Concentration 

Freon 
Extraction 

1.5 8.1 x 10" 
(91%) 

1.4 X 10e 
(29%) 

1.1 X 10® 
(22%) 

3.0 9.1 X 10* 
(110%) 

1.7 X 106 
(32%) 

1.4 X 106 
(24%) 

1 Poliovirus type 1 (LSc strain) was used. The titer of the 
virus was 8.5 x 10? PFU poliovirus/ml. 
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DISCUSSION 

This study showed that the presence of enterovirus genomic 

RNA could be detected in disposable diapers that had been in 

landfills for longer than two years even though viable 

enteroviruses could not be detected. Nucleic acid 

hybridization assays were used to determine if enteroviruses 

were present in the diapers and cell culture assays were used 

to determine if enteroviruses remained infectious. 

Previous studies have shown that infectious enteroviruses 

could be recovered from landfill leachate and from disposable 

diapers before they were put into a landfill. Peterson (1974) 

collected 84 diapers from municipal solid waste and found 33% 

of the diapers contained fecal material and 9% of those 

contained poliovirus 1 and 3. Enteroviruses were also detected 

in leachate from an improperly lined landfill, but the source 

of the virus was unknown (Sobsey, 1975). However, this showed 

that enteroviruses can leach from a landfill. 

Lack of information on how to recover viruses from diapers 

necessitated development of a practical method to recover 

enteroviruses from diapers. A modification of the method 

described by Glass et al. (1978) for sewage sludge was 

evaluated. This method required elution of the viruses from 

the diapers using 3% beef extract but 1.5% beef extract was 

also evaluated. Results indicated that the amount of viruses 
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eluted with the two concentrations of beef extract were very 

similar. In the interest of cost efficiency, the 1.5 % beef 

extract was used to elute the viruses from the diapers. After 

elution, the viruses were concentrated using organic 

flocculation and then resusupended in buffer. 

In order to determine the public health risk associated 

with viruses in diapers it is necessary to know the number of 

enteric viruses entering a landfill. This number is difficult 

to determine because not every diaper contains fecal material 

and those that do contain fecal material do not all contain 

enteric viruses. For this reason, the number of enteric 

viruses entering a landfill in disposable diapers has to be 

estimated. 

The number of viruses present in fecal material in diapers 

varies greatly and depends on factors such as the level of 

hygiene of the population, the prevalence of infection in the 

community, the season, climate, and population density. Any 

findings of enteric viruses in diapers recovered from a 

landfill must be interpreted relative to the expected rates of 

infection. 

The incidence of enterovirus infection in children 0-5 

years of age in the U. S. has been reported to range from 2.4% 

to 14% (Melnick, 1990) . It has been reported that 38% of 

children admitted to a hospital with diarrhea where excreting 

rotavirus (Koopman et al., 1984) and in another study, 70% of 
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neonates, 50% of 1 to 6 month olds, and 26% of 7 to 24 month 

olds admitted to a hospital were shedding virus but did not 

have diarrhea (Champsaur, 1984). The average annual rate of 

rotavirus gastroenteritis is 10.4% for children under 2 years 

of age (Nonto et al., 1983; Monto and Koopman, 1980). 

The incidence of clinical hepatitis in the U. S. is 0.01% 

(MWWR, 1990) but it is believed this represents only 15% of 

the actual cases (Koff et al., 1973; Marier, 1977). This 

would make the actual incidence about 0.1%. This may be an 

underestimation of the actual incidence of both rotavirus and 

hepatitis A infections because both are often asymptomatic in 

children (Hollinger and Ticehurst, 1990; Kapikian and Chanock, 

1990). For this study it was assumed that the incidence of 

infection with viruses in children in the U. S. was 10%. 

Cell culture assays using BGM cells were done to test for 

viable enteroviruses because it has been shown that BGM cells 

are the most sensitive for the detection of enteroviruses in 

environmental samples (Dahling et al., 1986). Poliovirus 

would be the virus most commonly found in the feces of infants 

and toddlers due to the fact that most children under two 

years of age are vaccinated with the live polio vaccine three 

times within the first two years of life and shed the vaccine 

strains of poliovirus in their feces for several weeks after 

vaccination (Melnick, 1990; Horstmann et al., 1973). 

Viable enteroviruses were not detected in any of the 110 
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diaper samples using cell culture assays. The absence of 

viable enteroviruses is probably due to the time the diapers 

had been buried in the landfills and the temperatures that 

they had been exposed to in the landfills. 

All of the Fresh Kills diapers had been in the landfill for 

longer than 2 years and the average temperature of the samples 

was 29.4°C (Suflita et al., 1991). Several studies have shown 

a reduction in the numbers of pathogenic viruses over time and 

at temperatures ranging from 4°C to 60°C. Studies by Chang 

(1968) showed a 99% reduction of enteroviruses in water 

requires storage ranging from a few weeks in the warm season 

to a few months in the cold season in temperate regions. A 

shorter time is required in the tropics and subtropics due to 

the higher temperatures. Clarke and Kabler (1964) found that 

it took 17 days for a 99.9% reduction of poliovirus type 1 in 

raw sewage at 28°C and 110 days for the same reduction at 4°C. 

They showed that the rate of virus loss was dependent upon the 

temperature and time of storage. In another study Berg (1966) 

showed that increasing the temperature of sewage by 10°C 

almost doubled the average rate at which viruses were 

destroyed. 

Viable enteroviruses may not have been found in any of the 

diapers because the population may not have been excreting the 

viruses. Using binomial analysis (Conover, 1980) and the 

following formula: 
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jr = l\p [lWa] 

where p is the probability of recovering viruses from a 

diaper, n is the number of diapers processed that contain 

feces and a is 0.05, and assuming only the soiled diapers 

could potentially harbor pathogens, the unknown true 

proportion of diapers potentially contaminated could be as 

high as 11% (P=0.05) (Suflita et al., 1991). This means that 

of the 70 processed diapers that were fecally-soiled, 11%, or 

8 diapers, potentially contained pathogenic viruses and could 

be positive by tissue culture or gene probe assays. 

Theoretically, eight diapers should have been positive by gene 

probe assays but because only a one ml aliquot of the 

concentrated sample was used in the assay fewer diapers would 

be positive and this may explain why only three samples were 

positive. 

Viable enteroviruses may not have been detected due to the 

fact that the method of recovering viruses was not 100% 

efficient. Only 28% of viruses present in the diapers would 

be detectable using this method. This is an acceptable 

recovery efficiency for diapers containing fresh feces with 

viruses, due to the high numbers (103-1010 PFU) of viruses shed 

by infected individuals. Twenty-eight percent of 103-1010 PFU 

would be 102-109 PFU of viruses that could be recovered and the 

cDNA probes are able to detect 160 (poliovirus and HAV probes) 

to 4000 (rotavirus probes) PFU of virus in a diaper 
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concentrate. However, after two years in a landfill the 

number of viable viruses originally present in the diapers 

probably decreased, although the viral nucleic acid may have 

remained intact. In this situation, the recovery efficiency 

may have played a role in detecting viable enteroviruses. 

Nucleic acid hybridization assays were used to test for the 

presence of enteroviruses, hepatitis A virus, and rotavirus 

RNA in the diaper samples, all of which had been buried in 

landfills more than two years. A virus is unable to infect a 

host cell when its protein capsid is partially, or completely, 

degraded because the capsid contains specific receptors for 

the host cell. However, even if the capsid is degraded, the 

viral RNA can persist in the environment and remain 

infectious, although 100 to 10,000 times more nucleic acid is 

required to produce one infectious unit in cell culture 

(Larkin and Fassolitis, 1979). 

After confirmatory tests with RNAase A, DNase, and Sephadex 

G-200 spin columns, three of the 110 diaper samples were found 

to be positive using the poliovirus cDNA probe while none of 

the samples were positive using the rotavirus and or hepatitis 

A virus probes. All three positive samples had been buried 

in a landfill for longer than four years and all three were 

from the Fresh Kills landfill. This is probably due to the 

fact that the largest number of diaper samples were collected 

from this landfill. Only 22 diapers were collected from the 
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Tucson landfill and 27 from the Florida landfill. This was 

probably not enough samples to find viruses and not all of the 

diapers collected from these two landfills contained fecal 

material. Some samples that did not contain fecal material 

were processed as a control to make sure they did not give a 

false positive result. 

The fact that the three diaper samples were positive only 

when the poliovirus cDNA probe was used may be due to the high 

sensitivity and low specificity of the probe. The intensity 

of the signal on X-ray film of a gene probe is related to the 

length of the sequence used as the probe. The complementarity 

between the target nucleic acid sequence and the probe is 

related to the specificity. The poliovirus probe is 

approximately 7300 base pairs long which is almost the entire 

poliovirus genome. Due to its length this probe would be 

expected to be able to detect very low numbers of viruses 

because more radionucleotides can be incorporated into the 

probe during labeling. Thus, the intensity of the signal will 

be increased. 

The results of this study indicate that diapers are not 

sources of infectious viruses after they have been in 

landfills for longer than two years even though the viral 

nucleic acid may be detectable after several years. 

RNA molecules are not as stable in the environment as DNA 

molecules (Rawn, 1989). Both RNA and DNA can be degraded by 
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enzymes, called nucleases, that hydrolyze nucleic acid 

phosphodiester bonds. Nucleases that are specific for DNA are 

called DNases. Nucleases that are specific for RNA are called 

RNases and are produced by Bacillus subtilus and Escherichia 

coli. Bacillus subtilis is commonly found in soil and 

Escherichia coli is found in fecally-contaminated soil. 

RNases are ubiquitous and much more stable in the environment 

than DNases. RNA is also susceptible to cleavage under 

alkaline conditions whereas DNA is stable under these 

conditions (Rawn, 1989). However, the results of this study 

indicate that viral RNA remains intact over time in feces 

within diapers in landfills. 

This study indicates that diapers do not need to be 

processed to inactivate viruses before they are placed in 

landfills. It seems that the physical and chemical processes 

occurring in a landfill are enough to inactivate viruses which 

may be present in the fecal material. The average temperature 

of the Fresh Kills landfill (29.4°C) was probably a major 

factor in the inactivation of the viruses (Kutz and Gerba, 

1988) with time. 

Viruses may adsorb to landfill material and not be available 

for movement through a landfill. Adsorption to landfill 

material is probably pH, moisture, and salt dependent as well 

as strain and type dependent, as it is in soils (Gerba et al., 

1980). Adsorption of viruses to landfill material may explain 
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why several investigators have not recovered viruses from 

landfill leachate (Sobsey, 1978) or from laboratory lysimeters 

seeded with poliovirus (Sobsey, 1975). Also, viruses may be 

transported in leachate but inactivated by toxic compounds in 

the leachate. 

It appears that if a landfill is properly constructed it is 

an acceptable means of disposable for fecal material in 

disposable diapers and the risk of groundwater contamination 

by enteric viruses in the fecal material is low. 

Further studies of landfill leachate and natural waters 

around landfills for the presence of enteric viruses would 

provide additional information on the ability of viruses to be 

transported through a landfill and remain infectious. Other 

detection methods could be evaluated to increase the recovery 

of viruses from diapers. It would be useful to know at what 

point viruses are inactivated in landfills and by what 

mechanism, as well as how long viral nucleic acid remains 

detectable. This could be determined by assaying fecally-

soiled diapers before they are placed in a landfill as well as 

at shorter time intervals after they are placed in landfills. 
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The objective of this research was to determine the 

occurence of enteric viruses in disposable diapers that had 

been in landfills for longer than two years. 

A method was developed to recover viruses from diapers and 

then used to recover viruses from disposable diapers that had 

been in a landfill longer than two years. This method had a 

recovery efficiency of 28% 

Cell culture assays were used to determine if any viable 

viruses were recovered and nucleic acid hybridization assays 

were used to determine if viral RNA was recovered. 

Viable viruses were not detected in any sample. However, 

three samples from the Fresh Kills landfill were positive 

using a poliovirus cDNA gene probe. 

These results suggest that poliovirus RNA had been present 

in some diapers but that the viruses were not viable after two 

years or longer in a landfill. 



77 

REFERENCES 

Benyesh-Melnick, M., J. L. Melnick, W. E. Rawls (1967). 
Studies of the immunogenicity, communicability, and 
genetic stability of oral poliovaccine administered 
during the winter. Am. J. Epidemiol. 86:112-136. 

Berg, G. (1966). Virus transmission by the water vehicle..II. 
Virus removal by sewage treatment procedures. Health 
Lab Science 3:90-100. 

Bitton, G. (1980). Introduction to environmental virology. 
John Wiley and Sons, Inc. New York, NY. 

Blacklow, N. R. and G. Cukor (1981). Viral gastroenteritis. N. 
Engl. J. Med. 304:397-406. 

Champsaur, H., Questiaux, E., Prevot, J. (1984). Rotavirus 
carriage, asymptomatic infection and disease in the 
first two years:virus shedding. J. Infect. Dis. 149:667 
674. 

Chang, S. L. (1968). Waterborne viral infections and their 
prevention. Bull. WHO 38:401-414. 

Chapman, N. M., S. Tracy, C. J. Gauntt, and U. Fortmueller 
(1990). Molecular detection and identification of 
enteroviruses using enzymatic amplification and nucleic 
acid hybridization. J. Clin. Microbiol. 28:843-850. 

Clarke, N. A. and P. W. Kabler (1964). Human enteric viruses 
in sewage. Health Lab Sci. 1:44-49. 

Cohen, J. L., J. R. Ticehurst, R. H. Purcell, A. Buckler-
White, and B. M. Baroudy (1987). Complete nucleotide 
sequence of wild-type hepatitis A virus: Comparison 
with different strains of hepatitis A virus and other 
picornaviruses. J. Virol. 61:50-59. 



78 

Conover, W. J. In: Practical Nonparametric Statistics, 3rd ed. 
1980. John Wiley & Sons, New York, pp. 95-104. 

Cooper, R. C., J. L. Potter,and C. Leong (1974). Virus 
survival in solid waste treatment systems. In: J. F. 
Halina and B. P. Sagik (eds.) Virus Survival in Water 
and Wastewater Systems, Vol. 7. Center for Research in 
Water Resources, The University of Texas at Austin, pp. 
218-232. 

Dahling, D. R. and B. A. Wright (1986). Optimization of the 
BGM cell line culture and viral assay procedures for 
monitoring viruses in the environment. Appl. Environ. 
Microbiol. 51:798-812. 

Dahling, D. R. and B. A. Wright (1984). Processing and 
transport of environmental samples. Appl. Environ. 
Microbiol. 47:1272-1276. 

De Leon, R. (1989). Use of gene probes and an amplification 
method for the detection of rotaviruses in water. Ph.D 
dissertation. University of Arizona, Tucson, AZ. 

De Leon, R. and C. P. Gerba (1991). Detection of rotaviruses 
in water by gene probes. Wat. Sci. Tech. 24:281-284. 

Dimitrov, D. H., D. Y. Graham, and M. K. Estes (1985). 
Detection of rotavirus by nucleic acid hybridization 
with cloned DNA of simian rotavirus SA-11 genes. J. 
Inf. Dis. 152:293-300 

Elias, M. M. (1977). Separation and infectivity of two types 
of human rotavirus. J. Gen. Virol. 37:191-194. 

Engelbrecht, R. S. and P. Amirhor (1976). Disposal of 
municipal solid waste by sanitary landfill. In: L. B. 
Baldwin, J. M. Davidson, and J. F. Gerber (eds.) Virus 
Aspects of Applying Municipal Waste to Land, Symposium 
Proceedings. University of Florida, Institute of Food 
and Agricultural Sciences, Center for Environmental 
Programs, Gainsville, FL. pp. 59-67. 



79 

Engelbrecht, R. S., M. J. Weber, and P. Amirhor (1974). 
Biological properties of sanitary landfill leachate. 
In: J. F. Malina and B. P. Sagik (eds.) Virus Survival 
in Waters and Wastewater Systems, Vol. 7. Center for 
Research in Water Resources, The University of Texas at 
Austin, pp. 201-217. 

Estes, M. K., E. L. Palmer, and J. F. Obijeski (1983). 
Rotaviruses: A review. Curr. Top. Microbiol. Immunol. 
105:123-184. 

Estes, M. K., D. Y. Graham, E. M. Smith, and C. P. Gerba 
(1979). Rotavirus stability and inactivation. J. Gen. 
Virol. 43:403-409. 

Favero, M. S. Control measures for preventing hepatitis 
transmission in hospitals. In: R. J. Gerety 
(ed.) Hepatitis A, Academic Press, Inc., New York, 1984 
pp. 163-184. 

Flehmig, B., A. Billing, A. Vallbracht, and K. Botzenhart. 
(1985). Inactivation of hepatitis A virus by heat and 
formaldehyde. Wat. Sci. Tech. 17:43-45 

Flores, J., R. H. Purcell, I. Perez, R. G. Wyatt, E. Boeggman, 
M. Sereno, L. White, R. M. Chanock, and A.Z Kapikian 
(1983). A dot hybridization assay for detection of 
rotavirus. Lancet ii:555-559. 

Franklin Associates, Ltd. (1988). Characterization of 
municipal solid waste in the United States, 1960 to 
2000. Report prepared for the Office of Solid Waste and 
Emergency Response, U. S. Environmental Protection 
Agency, Washington, D. C. 

Gelfand, M. M., J. P. Fox, and D. R. Leblanc (1957). The 
enteric viral flora of normal children in southern 
Louisiana. Am. J. Trop. Med. 6:521-531. 

Gerba, C. P., A. B. Margolin, and M. J. Hewlett (1989). 
Application of gene probes to virus detection in water. 
Wat. Sci. Tech. 21:147-154. 



80 

Gerba, C. P. (1987). Recovering viruses from sewage, effluents 
and water. In: G. Berg (ed.) Methods for Recovering 
Viruses from the Environment. CRC Press. Boca Raton, 
Florida, pp. 1-23. 

Gerba, C. P. (1984). Applied and theoretical aspects of virus 
adsorption to surfaces. Adv. in Appl. Microbiol. 
30:132-168. 

Gerba, C. P., S. R. Farrah, S. M. Goyal, C. Wallis and J. L. 
Melnick (1978). Concentration of enteroviruses from 
large volumes of tap water, treated sewage, and 
seawater. Appl. Environ. Microbiol. 35:540-548. 

Gerba, C. P., C. H. Stagg, and M. G. Abadie (1978). 
Characterization of sewage solid-associated viruses and 
behavior in natural waters. Water Res. 12:805-812. 

Glass, J. S., R. J. Van Sluis, and W. A. Yanko (1978). 
Practical method for detecting poliovirus in anaerobic 
digestor sludge. Appl. and Environ. Microbiol. 35:983-
985. 

Glenn, J. 1990. The state of garbage in America. Biocycle 
March:48-5. 

Goyal, S. M., S. A. Schaub, F. M. Weilings, D. Berman, J. S. 
Glass, C. J. Hurst, D. A. Brashear, C. A. Sorber, B. E. 
Moore, G. Bitton, P. H. Gibbs and S. R. Farrah (1984). 
Round robin investigation of methods for recovering 
human enteric viruses from sludge. Appl. Environ. 
Microbiol. 48:531-538. 

Grabow, W. O. K. (1968). Review paper. The virology of waste 
water treatment. Wat. Res. 2:675-701. 

Gurwith, M., W. Wenman, D. Hinde, S. Feltham, and H. Greenberg 
(1981). A prospective study of rotavirus infections in 
infants and young children. J. Inf. Dis. 144:218-224. 



81 

Hollinger, F. B. and J. Ticehurst (1990). Hepatitis A virus. 
In: B. N. Fields (ed.) Virology. Raven Press, New 
York, pp. 631-667. 

Honig, E. I., J. L. Melnick, P. Isacson, R. Parr, I. L. Myers, 
and H. Walton (1956). An epidemiological study of 
enteric viruses infections: Poliomyelitis, Coxsackie, 
and orphan (ECHO) viruses isolated from normal children 
in two socioeconomic groups. J. Exp. Med. 103:247-262. 

Horstmann, D. M., J. Emmons, L. Gimpel, T. Subrahmanyan, and 
J. T. Riordan (1973). Enterovirus surveillance 
following a community-wide oral polioo vaccination 
program: A seven-year study. Am. J. Epidemiol. 97:173-
186. 

Hurst, C. (1989). Fate of viruses during wastewater sludge 
treatment processes. CRC Critical Reviews in 
Environmental Control. 18:317-343. 

Hurst, C. J. and C. P. Gerba (1980). Stability of simian 
rotavirus in fresh and estuarine water. 
Appl. Environ. Microbiol. 39:749-755. 

Hyypia, T., P. Stalhandske, R. Vainiopaa, and U. Pettersson 
(1984). Detection of enteroviruses by spot 
hybridization. J. Clin. Microbiol. 19:436-438. 

Jesudoss, E. S., T. J. John, M. Mathan, and L. Spence (1978). 
Prevalence of rotavirus antibody in infants and 
children. Indian J. Med. Res. 68:383-386. 

Jiang, X., M. K. Estes, T. G. Metcalf, and J. L. Melnick 
(1986). Detection of hepatitis A virus in seeded 
estuarine samples by hybridization with cDNA probes. 
Appl. Environ. Microbiol. 52:711-717. 

Kapikian, A. Z. and R. M. Chanock (1990). Rotaviruses. In: 
B. N. Fields (ed.) Virology. Raven Press, New 
York, pp. 1353-1404. 



82 

Katzenelson, E., B. Fattal and T. Hostovesky (1976). Organic 
flocculation: An efficient second-step concentration 
method for the detection of viruses in tap water. Appl. 
Environ. Microbiol. 32:638-639. 

Keswick, B. H., C. P. Gerba, S. L. Secor, and I. Cech. 
(1982). Survival of enteric viruses and indicator 
bacteria in groundwater. J. Environ. Sci. Health. 
A17:903-912. 

Keswick, B. H. and C. P. Gerba (1980). Viruses in groundwater. 
Environ. Sci. Technol. 14:1290-1297. 

Koff, R., T. Chalmers, P. 0. Culhane, F. L. Iber (1973). 
Underreporting of viral hepatitis. Gastroenterology 
64:1194-1195. 

Koopman, J. S., V. J. Turkish, A. S. Monto (1984). Patterns 
and etiology of diarrhea in three clinical settings. 
Am. J. Epidemiol. 119:114-123. 

Kulski, J. K., and M. Norval (1985). Nucleic acid probes in 
diagnosis of viral diseases of man. Rev. Arch. 
Virol. 83:3-15. 

Kutz, S. M. and C. P. Gerba (1988). Comparison of virus 
survival in freshwater sources. Water Sci. Technol. 
20:467-471. 

Landry, E. F., J. M. Vaughn, M. Z. Thomas and T. J. Vicale. 
(1978). Efficiency of beef extract for the recovery of 
poliovirus from wastewater effluents. Appl. Environ. 
Microbiol. 36:544-548. 

Larkin, E. P. and A. C. Fassolitis (1979). Viral heat 
resistance and infectious ribonucleic acid. Appl. 
Environ. Microbiol. 38:650-655. 

Linemeyer, D. L., J. G. Menke, A. Martin-Gallardo, J. V. 
Hughes, A. Young, and S. W. Mitra (1985). Molecular 



83 

cloning and partial sequencing of hepatitis A viral 
cDNA. J. Virol. 54:247-255. 

Margolin, A. B., M. J. Hewlett, and C. P. Gerba (1991). The 
applicationof a poliovirus cDNA probe for the detection 
of enteroviruses in water. Wat. Sci. Tech. 24:277-280. 

Marier, R. (1977). The reporting of communicable diseases. Am. 
J. Epidemiol. 105:587-590. 

Mathews, J. A., and L. J. Kricka (1988). Analytical strategies 
for the use of DNA probes. Analytic. Biochem. 169:1-25. 

Mbithi, J. N., S. Springthorpe and S. A. Sattar (1991). Effect 
of relative humidity and air temperature on survival of 
hepatitis A virus on environmental surfaces. Appl. 
Environ. Microbiol. 57:1394-1399. 

McCaustland, K. A., W. W. Bond, D. W. Bradley, J. W. Ebert, 
and J. E. Maynard (1982). Survival of hepatitis A virus 
in feces after drying and storage for 1 month. J. Clin. 
Microbiol. 16:957-958. 

Melnick, J. L. (1990). Enteroviruses: Polioviruses, 
coxsackieviruses, echoviruses, and newer enteroviruses. 
In: B. N. Fields (ed.). Virology. Raven Press, New 
York, pp. 549-605. 

Melnick, J. L., H. A. Wenner, and C. A. Phillips. 
Enteroviruses. In: E. H. Lenette and N. J. Schmidt 
(eds.). Diagnostic Procedures for Viral, Rickettsial, 
and Chlamydial Infections, 5th ed. Washington, D.C.: 
American Public Health Association, 1979, pp. 471-534. 

Melnick, J. L. and V. Rennick (1980). Infectivity titers of 
enteroviruses as found in human stools. J. Med. Virol. 
5:205-220. 

Melnick, J. L., C. P. Gerba, C. Wallis (1978). Viruses in 
water. Bull WHO 56:499-508. 



84 

Meng, Z., C. Birch, R. Heath, and I. Gust (1987). 
Physicochemical stability and inactivation of human and 
simian rotaviruses. Appl. Environ. Microbiol. 53:727-
730. 

Hetcalf, T. G., X. Jiang, H. K. Estes, and J. L. Melnick 
(1988). Nucleic acid probes and molecular hybridization 
for detection of viruses in environmental samples. Prog. 
Med. Virol. 35:186-214. 

Moe, K. and J. A. Shirley (1982). The effects of relative 
humidity and temperature on the survival of human 
rotavirus in faeces. Arch. Virol. 72:179-186. 

Monto, A. S. and J. S. Koopman (1980). The Tecumseh study.XI. 
Occurence of acute enteric illness in the community. 
Am. J. Epidemiol. 112:323-333. 

Monto, A. S., Koopman, J. S., Longini, I. M. Issacson, R. E. 
(1983). The Tecumseh study. XII. Enteric agents in the 
community, 1976-1981. J. Infect. Dis. 148:284-291. 

Morris, R. and W. M. Waite (1980). Evaluation of procedures 
for the recovery of viruses from water. Detection 
Systems. Water Research 14:791-798. 

Nomoto, A., T. Omata, H. Toyoda, S. Kuge, H. Horie, Y. 
Kataoka, Y. Genba, Y. Nakano, and N. Imura (1982). 
Complete nucleotide sequence of the attenuated 
poliovirus Sabin 1 strain genome. Proc. Natl. Acad. 
Sci. USA 79:5793-5797. 

Palmer, E. L., M. L. Martin, and F. A. Murphy (1977). 
Morphology and stability of infantile gastroenteritis 
virus: comparison with reovirus and bluetongue virus. 
J. Gen. Virol. 35:403-414. 

Payment, P., R. Ayache, and M. Trudel (1983). A survey of 
enteric viruses in domestic sewage. Can. J. Microbiol. 
29:111-119. 



85 

Peterson, M. L. (1974). Soiled disposable diapers: A potential 
source of viruses. Am. J. Public Health 64:912-914. 

Racaniello, V. R., and D. Baltimore (1981). Molecular cloning 
of poliovirus cDNA and determination of the complete 
nucleotide sequence of the viral genome. Proc. Nat. 
Acad. Sci. U.S.A. 78:4887-4891. 

Rathje, W. L., W. W. Hughes, G. Archer, and D. C. Wilson. 
(1988). Source reduction and landfill myths. ASTSWMO 
National Solid Waste Forum on Integrated Municipal 
Waste Management, July 17-20, Lake Buena Vista, 
Florida. 

Rathje, W. L. (1991). Once and future landfills. Natl. 
Geographic. 179:117-134. 

Rawn, J. D. (1989). Biochemistry. Neil Patterson Publishers, 
North Carolina. 

Reinganum, C. B. and W. L. T. Hang. Toxic Wastelands: 
Environmental and Public Health Implications of Six New 
York City Municipal Landfills. 1983. The New York Public 
Interest Research Group, Inc. N. Y. 

Richardson, K. J., A. B. Margolin, and C. P. Gerba (1988). A 
novel method for liberating viral nucleic acid for 
assay of water samples with cDNA probes. J. Virol. 
Methods 22:13-21. 

Rigby, P. W., M. Dieckmann, C. Rhodes, and P. Berg (1977). 
Labelling deoxyribonucleic acid to high specific 
activity in vitro by nick translation with DNA 
polymerase 1. J. Mol. Biol. 113:237-251. 

Rotbart, H. A., P. S. Eastman, J. L. Ruth, K. K. Hirata, and 
M. J. Levin (1988). Nonisotopic oligomeric probes for 
the human enteroviruses. J. Clin. Microbiol. 26:2669-
2671. 



86 

Rotbart, H. A., M. J. Levin, and L. P Villarreal (1984). Use 
of subgenomic poliovirus DNA hybridization probes to 
detect the major subgroups of enteroviruses. J. Clin. 
Microbiol. 20:1105-1108. 

Salo, R. J. and D. O. Cliver (1976). Effect of acid pH, salts, 
and temperature on the infectivity and physical 
integrity of enteroviruses. 
Arch. Virol. 52:269-282. 

Sambrook, J., E. F. Fritsch, and T. Maniatis. Molecular 
Cloning. 2nd edition. Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY. 

Sayler, G. S. and A. C. Layton (1990). Environmental 
application of nucleic acid hybridization. Ann. Rev. 
Microbiol. 44:625-648. 

Schmidt, N. J., H. H. Ho, J. L. Riggs, and E. H. Lennette 
(1978). Comparative sensitivity of various cell culture 
systems for isolation of viruses from wastewater and 
fecal samples. Appl. Environ. Microbiol. 36: 480-486. 

Senior, E. Microbiology of Landfill Sites. CRC Press, Inc., 
Boca Raton, FL. 1990. 

Y. S., R. S. Baric, M. D. Sobsey, J. Ticehurst, T. A. 
Miele, R. De Leon, and R. Walter (1991). Detection of 
hepatitis A virus and other enteroviruses in water by 
ssRNA probes. J. Virol. Methods 31:119-126. 

G., M. Weitz, and G. Kronauer (1984). Stability of 
hepatitis A virus. Intervirol. 22:218-226. 

J. S. (1980). Viruses in sewage. In: M. Goddard and M. 
Butler (eds.) Viruses and Wastewater Treatment. 
Pergammon Press, NY. pp. 19-25. 

E. M., and C. P. Gerba (1982). Development of a method 
for detection of human rotavirus in water and sewage. 

Shieh, 

Siegl, 

Slade, 

Smith, 



87 

Appl. Environ. Microbiol. 43:1440-1450. 

Smith, E. M. and C. P. Gerba (1982). Laboratory methods for 
the growth and detection of animal viruses. Xn:C. P. 
Gerba and S. M. Goyal eds. Methods in Environmental 
Virology. Marcel Dekker, Inc., New York, pp. 15-47. 

Sobsey, M. D., P. A. Shields, F. H. Hauchman, R. L. Hazard, 
and L. W. Caton, III (1986). Survival and transport of 
hepatitis A virus in soils, groundwater and wastewater. 
Wat. Sci. Tech. 18:97-106. 

Sobsey, M. D.(1982). Detection methods for viruses in solid 
waste landfill leachates. In: C. P. Gerba and S. M. 
Goyal eds. Methods in Environmental Virology. Marcel 
Dekker, Inc., New York. pp. 171-178. 

Sobsey, M. D. (1978). Field survey of enteric viruses in solid 
waste landfill leachates. Am. J. Public Health 68:858-
864. 

Sobsey, M. D. (1976) . Methods for detecting enteric viruses in 
water and wastewater. In: G. Berg ed. Viruses in Water 
pp. 89-127. 

Sobsey, M. D., C. Wallis, and J. L. Melnick (1975). Studies on 
the survival and fate of enteroviruses in an 
experimental model of a municipal solid waste landfill 
and leachate. Appl. Microbiol. 30:565-574. 

Sobsey, M. D., C. Wallis, and J. L. Melnick (1974). 
Development of methods for detecting viruses in solid 
waste landfill leachates. Appl. Microbiol. 28:232-238. 

Steinhoff, M. C. (1980). Rotavirus: the first five years. J. 
Pediatrics 96:611-622. 

Sulfita, J. M., C. P. Gerba, R. K. Ham, A. C. Palmisano, W. J. 
Rathje, J. A. Robinson (1992). The world's largest 
landfill: A multidisciplinary investigation. 



Environ. Sci. Technol. 26:1486-1495. 

88 

Summaries of notifiable diseases in the United States (1990). 
MMWR. 

Thomas, P. S (1980). Hybridization of denatured RNA and small 
DNA fragments transferred to nitrocellulose. Proc. Nat. 
Acad. Sci. U.S.A. 77:5201-5205. 

Ticehurst, J. R., S. M. Feinstone, T. Chestnut, N. J. 
Tassopoulos, H. Popper, R. H. Puree11 (1987). 
Detection of hepatitis A virus by extraction of viral 
RNA and molecular hybridization. J. Clin. Microbiol. 
25:1882-1829. 

Ticehurst, J. R., V. R. Racaniello, B. M. Baroudy, D. 
Baltimore, R. H. Purcell, and S. M. Feinstone (1983). 
Molecular cloning and characterization of hepatitis A 
virus cDNA. Proc. Natl. Acad. Sci. USA 80:5885-5889. 

Toyoda, H., M. Kohara, Y. Kataoka, T. Suganuma, T. Omata, N. 
Imura, and A. Nomoto (1984). Complete nucleotide 
sequences of all three poliovirus serotype genomes. J. 
Mol. Biol. 174:561-585. 

Vaughn, J. M., E. F. Landry, L. J. Baranosky, C. A. Beckwith, 
M. C. Dahl, and N. C. Delihas (1978). Survey of human 
virus occurrence in wastewater-recharged groundwater on 
Long Island. Appl. Environ. Microbiol. 36:47-51. 

Ward, R. L. and E. W. Akin (1984). Minimum infective dose of 
animal viruses. CRC Critical Reviews in Environmental 
Control. 14:297-310. 

Ward, R. L., D. R. Knowlton, and M. J. Pierce (1984). 
Efficiency of human rotavirus propagation in cell 
culture. J. Clin. Microbiol. 19:748-753. 

Ward, R. L., D. I. Bernstein, E. C. Young, J. R. Sherwood, D. 
R. Knowlton, and G. M. Schiff (1986). Human rotavirus 



89 

studies in volunteers: Determination of infectious dose 
and serological response by infection. J. Inf. Dis. 
154:871-880. 

Hard, R. L., C. S. Ashley, and R. H. Moseley (1976). Heat 
inactivation of poliovirus in wastewater sludge. Appl. 
Environ. Microbiol. 32:339-346. 

Wetmur, J. 6. and N. Davidson (1968). Kinetics of 
renaturation. J. Hoi. Biol. 31:349-370. 

Yates, M. V. and C. P. Gerba (1984). Factors controlling the 
survival of viruses in groundwater. Wat. Sci. Tech. 
17:681-687. 

Yolken, R. H., R. G. Wyatt, and G. Zissis (1978). Epidemiology 
of human rotaviruses types 1 and 2 as studied by linked 
immunosorbent assay. New. Engl. J. Hed. 299:1156-1159. 

Youngner, J. S. (1956), Thermal inactivation studies with 
different strains of poliovirus. Appl. Environ. 
Microbiol. 78:282-290. 

Zhou, Y. J., M. K. Estes, X. Jiang, and T. G. Metcalf (1991). 
Concentration and detection of hepatitis A virus and 
rotavirus from shellfish by hybridization tests. Appl. 
Environ. Microbiol. 57:2963-2968. 


