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Abstract 
 

Thousands of tons of animal and human wastes are produced every day across the globe. Their continuous use as fertilizers or 

soil amendments on agricultural lands has raised severe health and environmental concerns. Incorporating bio-wastes into the 

soil is one of the best management strategies to control the run-off of nutrients from the soil surface and, in turn, protect 

freshwater. However, exposing bio-waste to sunlight in the field is considered to be one of the most cost-effective methods to 

control pathogens. Considering the differences among different bio-waste management strategies, there is a need for a review 

of the current knowledge on the practice of spreading bio-wastes onto the soil surface. Specifically, this information would 

help us to better understand the fate of pathogens upon their exposure to the open environment, how the presence of bio-waste 

on the soil surface can threaten humans and the environment, and the costs and benefits of surface-applied bio-wastes. Current 

review of the literature revealed a lack of understanding of the factors responsible for killing pathogens on the soil surface. 

More than 150 pathogens (including different viruses, bacteria, protozoan and helminth) have been reported to be present in 

different bio-wastes, but the majority of studies have focused on a few common pathogens. Similarly, over the last decade, 

each year at least 1 new pathogen is being reported which can threat public health but there is a paucity of knowledge 

concerning the fate of pathogens under field conditions. Similarly, the techniques used for the detection of pathogens were 

found to be variable and inconclusive, making it difficult to compare the results of different studies. Therefore, given that the 

tools for the evaluation of pathogens have serious limitations and the survival characteristics of many (old and emerging) 

pathogens are yet to be discovered, the spreading of bio-wastes (treated or untreated) onto the soil surface (i.e., 

unincorporated) may not only further increase the threat for human health but also further aggravate the environment. © 2015 

Friends Science Publishers 
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Introduction 
 

Summing the annual amounts of municipal solid waste (2 

Billion Metric Ton; BMT), sewage sludge (0.7 BMT), 

construction and demolition waste (1.42 BMT), industrial 

waste (1.42 BMT), and the 3 different types of 

agricultural/forestry wastes (i.e. animal, plant, and forestry 

residues) (30.51 BMT) results in 35.5 BMT of global waste 

per year (Marxsen, 2001). One recent global estimate also 

showed that only municipal waste and industrial waste 

generation is mounting between 3.4 and 4 billion tones and 

predicted to increase further in future (Chalmin and 

Gaillochet, 2009). Although most of the waste is recycled, 

incinerated, used as fuel (in developing countries), or 

deposited in landfill sites, a significant amount of 

agricultural wastes and bio-solids make their way onto 

agricultural lands as fertilizers or soil amendments. 

Sheldrick et al. (2003) estimated that globally about 34 

million tones of nitrogen and 8.8 million tones of 

phosphorus nutrients could be recovered as manure applied 

on agricultural lands. 

Application of bio-wastes to soil has raised severe 

concerns about environmental pollution globally. It has been 

estimated that manures application causes the addition of 
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8.3 million tones of nitrogen and 1.5 million tones of 

phosphorus into freshwater bodies globally each year (FAO, 

2006). Only about half of the applied fertilizer is actually 

taken up by crops (Bøckman et al., 1990), and there is 

marked economic losses and environmental implications. 

Spread of microorganisms is one of the problems, which 

might cause diseases to humans and animals. Pathogens 

may persist in all form of bio-wastes collected on farms, in 

addition to human wastes. Bio-waste is present in different 

forms such as solids, semi-solids (slurry), or liquids (waste 

water) and is incorporated into soil, spread onto soil, 

sprayed onto the soil surface, or injected into the soil (US 

EPA, 2011). Currently in the UK, it is a common practice to 

leave the manure on the soil unincorporated for a period of 

at least 1 week before incorporation (Hutchison et al., 

2004), while the slurries are either spread on the soil surface 

or injected into the soil (Nicholson et al., 2005). According 

to Nicholson et al. (2004), in the UK more than 90% of 

slurry is spread over the land and about 50% of fresh 

manure is directly applied to the lands. In the case of 

pastureland, incorporation of manures and slurries is a 

difficult task, therefore, they are applied to the soil surface 

(NRC, 2002). While there is no trend of incorporation of 

bio-wastes in forests (US EPA, 2011). From an agronomic 

point of view, bio-wastes are also left on the surface 

unincorporated for the sake of zero tillage (Mkhabela et al., 

2008). These practices are preferred because of their ease in 

terms of handling, they are economic ways of disposal, or 

because of a lack of available storage space on the farm. 

Similarly, when considering pathogens, it has been 

recommended to delay the incorporation of wastes such that 

the pathogen numbers are reduced due to exposure to UV 

rays and/or increased temperatures from sunlight (NRC, 

2002; Hutchison et al., 2004; Forslund et al., 2011). 

From an environmental point of view, immediate 

incorporation of bio-waste into the soil surface is one of the 

best waste management practices (Webb et al., 2010). 

Studies have shown that leaving the wastes on the soil 

surface will rather enhance the chance of nutrient, as well as 

pathogen, escaping from the soil surface (Heinonen-Tanski 

and Uusi-Kämppä, 2001; Daverede et al., 2004; Ramosa et 

al., 2006; Uusi-Kämppä and Heinonen-Tanskib, 2008; 

Venglovsky, 2009). Quinton et al. (2003) reported that the 

surface application of bio-waste may enhance the transport 

of pathogens from the soil, and they observed a significantly 

higher transport of pathogens (fecal coliforms) from plots in 

which slurry was applied to surface when compared with 

plots in which slurry was mixed into the soil. Study of 

Bradford and Schijven (2002) concluded that the manure 

present on the soil surface may act as a long-term source of 

pathogen contamination. According to Heinonen-Tanski 

and Uusi-Kämppä (2001) spreading of slurry increases the 

microbial levels in runoff waters which can be protected if 

slurry is injected into soil. Uusi-Kämppä and Heinonen-

Tanski (2008) also reported a higher runoff of nutrients and 

microorganisms following the surface application of slurry.  

Since different bio-waste application strategies 

(immediate incorporation or delayed incorporation in soil) 

have different implications in terms of human health and 

nutrient run-off from the soil, one waste management 

practice can contradict another. In the greater interest of 

human health and sustainable agriculture, the question of 

whether spreading different bio-wastes onto the soil surface 

unincorporated is a sustainable practice, is gaining immense 

importance as a result of increasing reports of food-/water-

borne disease outbreaks and the rapidly changing 

environment. Therefore, in the light of the available 

knowledge, there was a need to re-evaluate the practices that 

involve the spreading of bio-wastes onto the soil surface 

such that new guidelines can be produced for the safe 

disposal of bio-wastes in the broader context of human 

health and the environment.  

 

Risks Associated with the Spreading of Bio-wastes onto 

the Soil Surface 

 

Both the environment (with respect to nutrient pollution and 

the emission of greenhouse gasses from bio-wastes) and 

pathogens ultimately pose risk to human health. The risk of 

nitrogen loss in the air and water pollution by chemicals are 

indirect and gradual and, in most cases, the effects are not 

seen over a short period of time. However, the risks posed 

by pathogens present in different bio-wastes on human 

health have relatively quicker and obvious effects in most 

cases. In this scenario, the judgment seems largely true that 

waste management guidelines are mainly focused to control 

chemical pollution from wastes, which overshadow the risk 

of the dissemination of bacterial pathogens from these 

pollutants (Hutchison et al., 2004). 

Bio-wastes, including human and animal wastes, 

contain a huge number of microorganisms that may act as 

pathogens. Most of the major pathogens present in human 

and animal wastes are common between different types of 

waste but there may be differences at the level of the strain. 

According to a British survey, a sample of livestock waste 

may contain Campylobacter, Giardia, Salmonella, Listeria, 

Cryptosporidium parvum or Escherichia coli O157 at mean 

levels of up to 106 g per waste (Hutchison et al., 2002 

reported by Hutchison et al., 2004). Therefore, just after 

bio-waste is spread onto agricultural land and before the 

surface environment is able to have any effect of reducing 

the numbers of pathogens, bio-waste-associated pathogens 

applied to orchards or agricultural fields may enter the food 

chain. Though the number of viable cells necessary to cause 

disease varies considerably between the species, however, 

bacterial presence in large numbers is not a prerequisite for 

illness. Some strains of pathogens (for example, S. 

typhimurium) are very infectious, event ingestion of fewer 

than ten cells may cause sickness in susceptible person 

(Kothary and Babu, 2001). Therefore, surface-applied bio-

wastes have been reported to cause serious consequences for 

the vege like sprouts which are ready to eat (Guan and 
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Holley, 2003). 

Similarly, juice or cider made from windfall apples 

might have been contaminated by manure of either cattle or 

deer, both carriers of E. coli O157:H7 (Smith, 2010). Since 

1992, several vege-associated outbreaks were found to have 

been related to the growing of produce in soil layered with 

manure (Kudva et al., 1998; Vernozy-Rozand and Roze, 

2003). Leafy vegetables (alfalfa and sprouts) and root crops 

(radishes and carrots) which directly touch the soil, also 

poses sever threat to human health (Breuer et al., 2001).  

Pathogens from the soil may escape through vertical or 

horizontal transport (Venglovsky et al., 2009) well before 

any interactions with the soil surface environment occur. 

There are a number of factors which may affect the 

transport of the microorganisms (e.g. soil properties, 

pathogen type, land cover, and weather). However, the form 

in which the waste material is applied to the soil surface (i.e. 

solid, slurry, or waste water) can certainly have important 

implications in terms of both horizontal (surface or sub-

surface runoff) and vertical movement. For example, some 

time application of dry bio-solids on soil surface may 

produce higher bioaerosol emissions compared to the liquid 

bio-solids (Paez-Rubio et al., 2007). 

Pathogens present in surface-applied bio-solids may 

get transferred to the surface of water bodies via rain or 

irrigation water. In contrast with chemical contaminants, 

microorganisms are suspended, rather than dissolved in 

water therefore, the mode by which they are transported 

vertically will be slightly different than that for chemicals. 

Organic compounds present in different types of waste are 

able to compete with viruses for adsorptive sites on soil 

colloids. Considering the capacity of microorganisms to 

bind to organic substances, the transport of pathogens 

applied onto the soil surface might be more associated with 

organic matter than with soil sediments (Ramosa et al., 

2006). Attachment of pathogenic to negatively charged 

soil/sediments/rocks is not facilitated because most of the 

microorganisms have a low net negative surface charge over 

a wide range of soil pH. However, presence of positively 

charged inorganic surfaces in soil encourages 

microorganisms and protozoa oocysts through peculiar 

chemical interactions (Pachepsky et al., 2006). For instance, 

glycoproteins are present in the outer walls of C. parvum 

oocysts which help oocysts to adhere with inorganic 

surfaces in soil (Kuczynska et al., 2005). Similarly, bacteria 

frequently secrete extracellular polymeric materials which 

help them to keep them attached with particle surface. 

However, the application of manure to the soil surface 

might slow the adsorption of viruses (Shelton et al., 2003), 

which would ultimately affect their mobility.  

The size of the individual pathogen or its floc may also 

play an important role in its vertical movement from the top 

soil to the underground water or the sub-surface runoff. The 

size of soil pores and soil biota varies greatly, as shown in 

Fig. 1, which may facilitate or hinder the movement of 

microorganisms. Size of virus is in the range of nanometers, 

bacteria in micrometers, while protozoa is in the range of 

micrometers to hundreds of micrometers (Buchan and 

Flury, 2004). Pathogens may form large cluster due to 

the bacteria clumping or by formating virus aggregates. 

Their transport will be influenced by the size of the other 

members of the population, which will be limited by the 

size of pore spaces. Movement of pathogens is facilitate by 

the presence of pores which provides preferential water flow 

and hinders if the soil is compact (Artz et al., 2005). 

Microbes can even move quicker through the soil pores than 

the mean pore-water velocity (Buchan and Flury, 2004). 

Salmonella has been detected from a depth of 2 m in pasture 

and 8 m from the soil contaminated with pig slurry. 

Similarly, Pachepsky et al. (2006) reported that bacteria 

may move through surface/subsurface water flow and 

ultimately reach fresh water resources. 

The degree of water saturation is a major factor 

controlling microbial activity in the soil and the transport of 

microorganisms through the soil. Bacteria are transported 

over much greater distances in saturated soils, and the 

general lack of movement and limited survival of pathogens 

in the soil is associated with unsaturated conditions (Bitton 

and Harvey, 1992). Some microorganisms (bacteria) have 

special patterns of cell motility, for example, the ability to 

move using the viscous drag in water in search of more 

favorable conditions (Berg, 2000). The main transport 

mechanism is passive convection with the local flow of the 

soil solution. However, Buchan and Flury (2004) also 

observed active movement in some microbe, for example 

via chemotaxis i.e. a movement along a chemical gradient 

such as toward a food substrate. The ability of pathogens to 
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Fig. 1: Size ranges of soil particles and pores, and of 

microorganisms. The vertical broken lines represent the 

equivalent diameters of pores, which empty at permanent 

wilting point (PWP), and at the transition between 

micropores and macropores (Source: Buchan and Flury, 

2004) 
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move in search of food and water may help them move 

from the soil surface into the soil. In terms of vertical 

movement, the dissolution of solid wastes on the soil 

surface is very important to release the pathogens and 

nutrients present. The mechanism by which pathogens are 

released from wastes applied onto the soil surface is poorly 

documented in literature. The majority of studies on the 

transport of pathogenic bacteria in soils used bacterial cells 

that were suspended in solution and then applied to the soil 

surface or mixed with the influent solution. The results of 

those studies are only partially applicable to microbial 

leaching from either land-applied or naturally deposited 

solid manures, since microorganisms must first be released 

from the solid manure matrix before they can infiltrate into, 

and leach through, the soil profile (Shelton et al., 2003).  

 

Interaction of the Soil Surface with Pathogenic 

Communities  

 

Leaving bio-wastes on surface unincorporated is considered 

as a mean to expose pathogens to adverse environmental 

factors that are lethal for their growth and survival (NRC, 

2002; Hutchison et al., 2004; Forslund et al., 2011). The 

environmental factors that interact with pathogens on the 

soil surface are sunlight (UV light), drying, freezing and 

thawing cycles, high temperatures, exposure to oxygen, and 

ammonia. The direct thermal inactivation of microbus by 

solarization process is important process under which soil 

temperature is raised to a level which is lethal for most of 

the microorganisms. The amount of soil moisture is also an 

important variable but the inactivation of pathogens also 

depends on the soil and air temperatures. The soil 

temperature during solarization itself depends on factors like 

air temperature, soil structure, soil color, and day length (i.e. 

time of exposure to sunlight) (DeVay and Katan, 1991). 

Determining the relationship between the soil temperature 

during solarization and the rate at which the process kills a 

given pathogen is a complicated task. The time course and 

pattern of heating during soil solarization is very different 

from that usually established based on heat mortality curves 

generated under controlled laboratory conditions (Streck et 

al., 1996). It has been reported that more than 150 microbial 

pathogens from animals can be transmitted to humans 

through different routes (USDA, 1992; US EPA, 1998) and 

they greatly vary in terms of their resistance to temperature 

under different environmental conditions. For any group of 

organisms, only a few species are able to survive close to 

the upper temperature limit for the group; most organisms in 

the group live only at lower temperatures. For example, the 

upper limit for vascular plants is about 45
°
C, fungi 60

°
C, 

and bacteria 70 to >100
°
C. Giardia cysts were reported to be 

non-infective after 7 d at -4
°
C in soil, while 

Cryptosporidium survive for more than 12 weeks (Olson et 

al., 1999). After one week Giardia cysts were inactivated in 

soil while Cryptosporidium oocysts survived at 25
°
C. In 

cold soil (4–6
°
C), most of the pathogens survived for at least 

30 days and Helminths were the most persistent of the 

enteric pathogens. According to Varadyova et al. (2001) 

Ascaris eggs are viable for many years in soil, extreme 

weather i.e. very dry or wet weather effects the viability. 

Among all the pathogens, the greatest survival was observed 

for E. coli O157:H7 and Salmonella in warm (20-30
°
C) soil 

and Cryptosporidium in frozen soil. Most of the bacterial 

pathogens could not survive in the temperatures higher than 

60
°
C (Rosen, 2000). However, bacteria which produces 

resistant endospores or have thick-walled cells, are more 

resistant to temperature well near to 100
°
C (Kelly, 1978). 

The exposure of bio-wastes on the soil surface to 

achieve the thermal reduction of pathogens may reduce 

some of the pathogens, but the risks to human health may 

still persist. For instance, Hutchison et al. (2005) observed 

that C. parvum took about 8‒31 days for a 1 log reduction 

when left unincorporated on the top of the pasture, and 

protozoans were significantly hardier as compare to the 

bacteria. 

Solar irradiation is another factor that interacts with 

different pathogenic communities on the soil surface. It has 

been identified that UV-B (290‒320 nm), UV-A (320‒400 

nm), and blue to green visible light (400‒550 nm) of the 

solar spectrum are responsible for inactivating indicator 

microorganisms, but the UV-B portion of the solar spectrum 

is the dominating bactericide causing direct 

(photobiological) DNA damage (Yukselen et al., 2003; 

Alonso1 et al., 2005). There is general agreement that DNA 

is a principal target of UV rays. However, main mechanism 

of inactivation of microorganisms is not crystal clear. For 

instance, in case of coliforms, photochemical mechanisms 

become more important at wavelengths above 329 nm, 

where it acts through photosensitizers to damage the cell 

membrane (Sinton et al., 1999). The execution of 

solarization appears to be a simple process but its overall 

mechanism is very complicated which involves a number 

interrelated reactions and processes (Stapleton, 2000). 

Sunrays might be lethal for many microorganisms, but some 

forms of pathogens are resistant to even extreme artificial 

UV irradiation, for example, Giardia cysts owing to their 

thick outer layer. Some mechanisms are direct, for example, 

the heat inactivation of cellular processes, while others are 

indirect, involving weakening of cells and increasing their 

sensitivity to antagonistic microorganisms as well as to 

pesticides and other abiotic stresses present in the soil 

environment. The mechanisms are complex, and the 

interactions of different factors are not fully understood 

(DeVay and Katan, 1991). Field studies that have reported 

the reduction of pathogens on the surface (Hutchison et al., 

2004; Hutchison et al., 2005; Nicholson et al., 2005) have 

some serious limitations. Most importantly, while counting 

the number of pathogens on the soil surface, pathogens that 

might have been transferred from outside the system with 

leaching or runoff water as a result of rainfall events were 

not considered. In contrast, some reports have shown that 

pathogens may survive better if bio-wastes are applied on 
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the surface rather than injected into the soil. Avery et al. 

(2004) reported that in the surface application of waste (both 

slurry and solid), E. coli O157:H7 was detected until 4 

weeks after the application, suggesting that the risk of 

pathogen could be reduced by sub-surface injection of 

biowastes. They also observed that after the grass was cut at 

42 days, number of pathogen cells increased slightly under 

all treatment combinations. Similarly, the data of Nicholson 

et al. (2005) shows that pathogens survive better in wastes 

applied to the surface of a grassland soil than in wastes 

mixed into the top of an arable soil. Pathogens may survive 

for months, even for years, in pastures where they can 

escape from UV radiation (Jones, 1986). Solar radiation, 

alone or in combination with other methods, has been used 

successfully for the disinfection of greenhouse soils or seed 

beds from weeds, plant pathogens, or insects under 

controlled conditions (Ioannou, 2000; Lira-Saldivar et al., 

2004). Sunlight has also been used in field conditions but 

under plastic mulches (Miyasaka et al., 2001). Such 

protected practices might be more useful for controlling 

pathogens under field conditions.  

The form in which bio-waste is applied (solid, semi-

solid, or liquid) may also influence the survival of pathogens 

on the soil surface. How shift of solid waste management 

system to liquid waste management system will affect the 

survival of pathogens is still not clear (Hutchison et al., 

2005), but generally, it is assumed that pathogens survive 

better in slurry or wastewater than in dry bio-wastes. In the 

field of animal husbandry, during the last 3 decades, solid 

waste management system is slowly replaced by slurry-

based management systems (Strauch and Ballarini, 1994), 

implying that the likelihood of pathogen survival and spread 

would further increase. Contrary to the situation for dry bio-

solids, liquid manures (slurry or wastewater) applied to the 

surface have different consequences with respect to the 

survival of pathogens in soil. Pathogens present in semi-

solids/slurry may escape the soil surface to a s subsurface 

environment through leaching. According to Niewolak 

(1994) microorganisms (Escherichia and Salmonella) from 

pig slurry can penetrate 160‒180 cm into soil. Henry et al. 

(1995) isolated Salmonella from a depth of 2 m in pasture 

and 8 m in soil after the application of contaminated pig 

slurry. Hutchison et al. (2005) inoculated different waste 

types (including solids, slurry, and waste water) with L. 

Monocytogenes, Salmonella, E. coli O157, C. jejuni, and C. 

parvum oocysts and observed that the levels of most of the 

pathogens decreased to below the detection limit after 64 

days, while L. monocytogenes took 128 days to decline. 

Bolton et al. (1999) observed that the number of E. coli 

decanted onto grassland decreased by 4.0‒5.0 log10 colony 

forming units (CFU) per gram in 50 days, but cells were still 

detec in the surrounding soil even after 99 days. Therefore, 

the longer survival of pathogens in the grassy environment 

increases the chances that other animals, birds, or humans 

might be infected or re-infected during grazing or after 

harvesting and ensiling. 

Overall, a number of factors affect different pathogens, 

and these are so complex that it is quite difficult to predict 

the exact environmental conditions that may favor or limit 

the survival of these organisms on the soil surface.  

 

Risk of Pathogen Spread from Pretreated Bio-wastes 

 

Bio-wastes are either applied onto the soil surface as 

collected (fresh) or after some degree of pretreatment. In 

United States sewage sludge has to be treated with processes 

that enable a significant reduction (Class A), or further 

reduction (Class B), of pathogens before it is applied to land 

as bio-solids (40 CFR, Part 503). Application of Class B 

treated sludge is also associated with access, grazing, and/or 

crop harvesting restrictions and a vector-attraction reduction 

process. Class A materials are assumed to be essentially 

pathogen free and its land application is not subjected to any 

access, grazing, or harvesting restrictions. Although the US 

Environmental Protection Agency (1993) gave some 

additional guidelines for the use of bio-solids to restrict the 

possible health hazards of pathogens, health risks associated 

with the surface application (unincorporation) of bio-solids 

were not taken into account; rather federal rules allow the 

application of sludge onto the surface without being 

incorporating into the soil (Harrison and Oakes, 2002). In an 

investigation, Harrison and Oakes (2002) observed that the 

main source of illnesses in the area was the surface 

application (un-incorporation) of Class B bio-solids. This 

report suggested that the use of Class B sludge on 

agricultural land should be eliminated. According to one 

estimate about there is one human pathogenic bacterium per 

1000 coliform bacteria in sludge and one human enteric 

virus in Class B sludge per 1000 coliphage (Tanner et al., 

2005). On the other hand, Class A bio-solids, which are 

supposed to contain pathogen levels within certain limits or 

below the detection level may also pose a threat to human 

health. These safety criteria are not related to the potential of 

microorganisms in bio-solids to re-grow (Zaleski, 2005a; 

Alkan and Topaç, 2007). Re-growth of pathogens has been 

reported in both Class A and Class B bio-solids under the 

field and storage conditions (Zaleski, 2005a; Alkan and 

Topaç, 2007). Zaleski et al. (2005b) discussed in detail the 

survival, growth, and re-growth of pathogens present in bio-

wastes.  

Fecal coliform is an important indicating to declare the 

bio-solids of Class A, while under specific temperature 

conditions, enteric viruses, Salmonella spp. and helminth 

ova are not required to monitor. However, absence of one, 

two or three indicator does not ensure that bio-solid is free 

of pathogens (Sidhu and Toze, 2009). Recently, Arthurson 

(2008) reviewed the existing waste treatment procedures, 

and identified flaws in the standard procedures in 

eliminating pathogens from sewage sludge. Some 

researchers have suggested that current division of bio-

solids into different classes like Class A & B should be 

replaced with only one best standard class (Gattie and 
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Lewis, 2004). In addition to variation in the treatment 

method, the composition of sludge generated from different 

geographical locations and individual treatment facilities 

also varies appreciably. The differences in bacterial 

communities are due to both spatial and temporal factors 

such as seasonal variation (Placha, 2001). Consequently, 

sludge from a single specific wastewater treatment work 

cannot be approved for arable land application based on the 

microbial quality assessment on isolated occasions 

(Arthurson, 2008).  

Unlike the case of bio-solids, pathogens count in 

manures is not as strictly regulated as in sewage sludge. 

Manures are even greater sources of pathogens than human 

wastes because masses of manure applied are greater than 

the sewage sludge (Moss et al., 2002). Most of the farmers 

spread manure directly onto their land, either because of 

lack of storage space or for greater convenience (Smith et 

al., 2000; Smith et al., 2001). Application of fresh manure 

onto agricultural land significantly increases the risk of 

microorganisms transfer to food chain, because temporary 

storage may help to decrease the number of pathogens 

(Nicholson et al., 2005). According to USEPA (United State 

Environmental Protection Agency), for static manure piles, 

a minimum temperature of 55
o
C should be maintained for 3 

days, while temperatures greater than 55
o
C should be 

maintained for at least 15 days in case of windrows (US 

EPA, 1999). However, observation of these composting 

guidelines does not guaranty the complete elimination of 

pathogens. Similar to those used for sewage sludge, 

treatment processes used for manure have been questioned 

for their ability to reduce pathogen numbers (Haapapuro et 

al., 1997; Kudva et al., 1998; Nicholson et al., 2005). For 

example, it has been reported that deep stacking is unable to 

eliminate some pathogens due to the low temperature 

attained during the treatment (Haapapuro et al., 1997). 

Kudva et al. (1998) reported that E. coli O157:H7 could be 

detected after 47 days in bovine manure, 4 months in 

aerated ovine manure and 21 months in non-aerated ovine 

manure. Even within a given lot, there was a high degree of 

variation in several characteristics. Manures significantly 

differ in their compositions which ultimately affect 

pathogen populations (Ioannou, 2000) and chances of 

pathogen survival is higher in the cooler exterior or drier 

parts of the manure heap (Nicholson et al., 2005). Wichuk 

and McCartney (2007) conducted a detailed review in 

which they discussed the interaction of composting time and 

temperature on pathogen activities. 

Like other wastes, effluents are not exceptional; 

effluents also carry microorganisms to fresh surface water 

resources. Wastewater is either applied to recharge ground 

water or applied to lands as a method of further treatment. 

Generally, pathogens inactivation is slower in manure 

slurries than the manure heaps (Nicholson et al., 2005) 

mainly due to the high temperatures within the manure 

heap. Reports have shown that treated wastewater may carry 

one viable intestinal nematode egg per liter for restricted or 

non-restricted irrigation, and less than thousand fecal 

coliform bacteria per hundred milliliter for unrestricted 

irrigation (Blumenthal et al., 2000). Even tertiary-treated 

reclaimed wastewater has been shown to contain viable 

Cryptosporidium oocysts (Quintero-Betancourt et al., 2003). 

Similarly, some reports indicated that even mineral water 

may be contaminated with Norwalk-like viruses (Beuret et 

al., 2002), thereby raising questions on the technologies 

being used at water treatment plants for detection and 

disinfection.  

Concerns over the ability of available laboratory 

techniques to detect pathogens in waste have been raised by 

many researchers (Mawdsley et al., 1995; Regueiras et al., 

2009; Sidhu and Toze, 2009). According to Sidhu and Toze 

(2009), current analytical techniques are not competent 

enough to detect the pathogen numbers and survival in bio-

solids. Low counts of pathogenic microorganisms in any 

treatment plant may result in the disposal of wastes onto the 

soil surface for one reason or another. Under harsh 

environment, many pathogens are reported to become more 

resistant and transform themselves into a viable but non-

culturable (VBNC) state retaining all their pathogenicity and 

do not grow on conventional growth media (Bjergbaek and 

Rosley, 2005; Colwell, 2009). Microorganisms like 

Campylobacter jejuni, Vibrio cholera, E. coli and 

Salmonella spp. can easily enter into viable but non-

cultureable state under unfavorable environmental 

conditions like surface/ground water, seawater or salted 

food (Mattick et al., 2000; Makino et al., 2000; Khan et al., 

2007). Upon recovery from the starvation survival state, cell 

division starts again (Colwell, 2009). Most of the pathogens 

when are in VBNC state are not detec in conventional 

analytical methods (Rezzonico et al., 2003; Buck and 

Oliver, 2010) and can be easily overlooked in conventional 

techniques of analysis (Panutdaporn et al., 2006). There is 

need of further knowledge and understanding about the 

pathogens survival in bio-wastes and their re-growth pattern 

in treated bio-wastes applied on soil surface (Venglovsky et 

al., 2009). 

A lot of research is being carried out to quantify the 

pathogen population and indicator organisms in bio-wastes 

but due to the lack of standardized methods used for these 

analyses, results are quite difficult to compare (Sidhu and 

Toze, 2009). Variation in the different sampling and testing 

procedures greatly restricts comparisons of the results of the 

different studies (Bolton et al., 1999), which impacts our 

understanding of the growth and survival of pathogens 

under different conditions.  

 

Climate Change and New Emerging Pathogens 

 

A global climate change may directly or indirectly affect the 

transmission of agricultural contaminants into the food 

chain or directly into humans. This change in climate may 

increase the frequency and intensity of rainfall events 

(Boxall et al., 2009); therefore, the transport of pathogens 
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and nutrients from the soil from unincorporated bio-waste 

may increase. The global surface temperature has increased 

by about 0.3‒0.6
o
C during the twentieth century (Zell, 2004). 

As warm air can hold more moisture than cold air, the 

global hydrological cycle has also changed due to the surge 

in global temperature, as has the prevalence of waterborne 

disease vectors (Patz et al., 2000). According to Boxall et al. 

(2009), increase in global temperatures could introduce new 

pathogens, vectors, or hosts which are not know earlier and 

require new management strategies. Boxall et al. (2009) 

reviewed the impacts of global climate change on the 

indirect exposure of humans to pathogens and chemicals 

from agriculture. Change in climate may also lead to 

changes in current farming practices. For example, 

increased temperature will force the housing of animals 

indoors. Studies have shown that this confined animal 

rearing is an important reservoir of pathogens (Gerba and 

Smith, 2005), which may spread horizontally to other 

animals or farm workers (Costantini et al., 2007). Confined 

animal operations also encourage the application of 

antimicrobials, resulting in the evolution of microorganisms 

which are more resistant and may survive in the new 

environment (Cole et al., 2000). 

In addition to known pathogens, new pathogens are 

discovered every year, and our understanding about their 

survival in different environments and under different 

control strategies is unknown (US EPA, 2011). According 

to the World Health Organization (WHO, 2003), each year 

at least one new pathogen is being discovered which can 

threat human health. Skovgaard (Skovgaard, 2007) 

reviewed the trends in new emerging pathogens in the food 

chain. Discovery of new pathogens is mainly due to the 

refinement in analytical procedures over the last two 

decades (Harrus and Baneth, 2005). As analytical protocols 

are being developed, presence of enteric pathogens in bio-

wastes is judged through the presence of few indicators 

(Sidhu and Toze, 2009). As a result, many questions 

regarding the potential public health risks, from the 

application of bio-wastes to land, remain unanswered 

(Pirchner, 2007 reported in Sidhu and Toze, 2009). Only 

full understandings about the all pathogens will help us to 

device new best management practices that will ensure food 

safety and prevent spreading of pathogenic diseases 

(Venglovsky et al., 2009). Overall, our perception and 

understanding about the potential public health risks of 

different bio-wastes will improve with the invent of new 

effective diagnostic tools.  

 

Conclusion 
 

Health and environmental hazards associated with the 

spreading of different bio-wastes on the soil surface were 

assessed in the light of the available knowledge. Exposing 

the bio-waste to sunlight in the field was considered to be 

one of the most cost-effective methods for controlling 

pathogens. Laboratory studies have shown that pathogens 

are sensitive to temperature, moisture, and UV light, which 

could have the effect of disinfecting the bio-wastes on the 

soil surface. However, there is a severe lack of extensive 

field studies that can confirm the laboratory outcomes. Most 

of the field studies that reported a reduction in pathogens as 

a result of the un-incorporation of wastes into the soil were 

found to have serious flaws, in particular, they did not 

consider pathogens that were dislocated (horizontally or 

vertically) from the experimental setup due to irrigation or 

heavy rainfall. More than 150 pathogens have been reported 

to be present in different bio-wastes, while most studies 

have focused on only a few major pathogens. The current 

knowledge about the effects of environmental exposure on 

many other pathogens is severely lacking (US EPA, 2011).  

A review of the literature revealed that the treatment 

methods used to disinfect bio-wastes are not fully capable of 

removing the pathogens that might create risks for humans 

and animals under field conditions. Techniques used in the 

laboratory to detect the pathogenic agents are still under 

development, which has lead to the discovery of new 

pathogens every year. Un-incorporation or delayed 

incorporation of bio-waste, for one or other reason, may 

cause the spread of pathogens and pose threat to 

environment.  

Pathogen control can be better achieved through 

intensive onsite (waste treatment plants) or on-farm 

treatment before the contaminated wastes reach the soil 

surface and are exposed to the environment. Nutrient control 

cannot be carried out through onsite treatment until the 

wastes reach the field; therefore, filed management practices 

should be focused only on nutrient management. On the 

other hand, as time passes, waste production is increasing, 

technological development is focusing more on the 

economy, and farmers are increasingly tending toward the 

easiest and most effective tools for waste management. The 

use of nature (i.e., light and heat) with minimum additional 

cost will be one of the options to meet the demands of 

producers and users. Natural resources can be utilized by the 

careful adoption of strategies that give full use of natural 

resources (light and heat) without jeopardizing human 

health and the environment. For instance, in Germany, all 

sewage treatment plants have been equipped with UV 

treatment to achieve the required water quality levels 

(Pirchner, 2007 reported by Schultz-Fademrecht et al., 

2008). Alkan and Topaç (2007) also reported that additional 

solar heat helped in inactivating bacteria effectively from a 

covered sludge drying bed than open drying bed, and these 

also offered better protection against the re-growth of 

bacteria. Similarly, storage or waste stabilization ponds can 

be exposed to sunlight for the inactivation of different 

pathogens (Davis-Colley et al., 1999; Craggs et al., 2004), 

and it is well recognized that if the waste stabilization ponds 

are designed for sunlight exposure are more effective than 

those that do not (Mayo, 1995). The use of such integrated 

technologies will be very helpful in protecting human health 

and the environment.  
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