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Pathogen Removal from Sludge 
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Introduction 

 Pathogenic organisms in sludge are of concern in 

sludge processing and final disposal. 

 The degree of sludge pathogenicity can be substantially 

reduced through stabilisation processes, such as aerobic 

or anaerobic digestion. 

 However, many intestinal parasites, and mainly their 

eggs, are scarcely affected by conventional stabilisation 

processes, needing a complementary stage or even 

further stabilisation to achieve complete inactivation 

 These processes are known as PFRP (Processes to 

Further Reduce Pathogens) 
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Objectives of Pathogen reduction in sludge: 

 It is important to point out that what is meant is not a 

complete disinfection process.  

 The aim is to reduce the pathogenicity of the sludge to 

levels that will not cause health risks to the population 

and to the workers that handle the sludge, and also to 

reduce negative environmental impacts when applied to 

the soil, according to the requirements for each sludge 

use. 

 For example: Sludge application in parks, gardens, and 

agriculture has a higher level of sanitary requirements than 

other disposal alternatives, such as landfilling or beneficial us 

in concrete molds.  
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Importance of Pathogen reduction in sludge: 

 Several disease-causing organisms, including bacteria, 

viruses, protozoans and helminths, tend to concentrate 

in the sludge during the treatment process. 

 They represent a threat to human and animal health, as 

they can be transmitted through food, surface water, 

run-off water, and vectors (insects, rodents, birds).  

 To minimize health hazards, biosolids must be 

submitted to pathogen removal processes to reduce 

pathogen and indicator densities to values compatible 

with the applicable legislation and the intended use. 

 The adopted pathogen removal process affects biosolids 

management, handling and application. 
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Exposure and Contamination Hazards 

 Human exposure to the infective agent may occur 

through direct or indirect contact (Fig. 6.1 and 6.2). 

 Usually, the diseases are contracted only when human 

beings or animals are exposed to levels of pathogenic 

organisms that are sufficient to initiate the infection. 

 The infective dose depends on each organism and on 

each individual resistance capacity. 
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…Exposure and Contamination Hazards 

 When sludge is applied onto the soil, environmental 

conditions significantly affect the survival of 

pathogenic organisms.  

 For example: A number of organisms promptly die when in 

contact with hot and dry soils, but they are able to survive for 

long periods in wet and cold soils. 

 Sunshine exposure also contribute to inactivation of these 

organisms. 
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What should we use as public health protection 

indicators? 

 Bacteria and protozoans are not suitable as public health 

protection indicators because they are rapidly 

inactivated by environmental conditions, such as 

temperature and pH. 

 As helminth eggs have long survivability, they may be 

considered to be the most important indicator regarding 

sanitary conditions of the sludge. 

 Note: Viruses, helminths and protozoans are unable to 

reproduce themselves out of their specific host and do not re-

grow once inactivated. However, some bacteria can re-grow 

when suitable environmental conditions are restored, 

demanding extra care in any pathogen removal system. 
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Common ways of Protection against sludge 

pathogenic organisms 

 Reduction in sludge pathogenic organisms concentration 

through stabilization or processes to further reduce 

pathogens. 

 Reduction of sludge pathogenic organisms transportation 

by vectors such as insects, rodents, birds etc., through the 

decrease of the sludge attractiveness to those  carriers. 

 Public access restriction to areas where sludge has been 

applied, for the period of time required for its natural 

inactivation. 
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Requirements in Different Countries for 

Farming Route: 

 Farming recycling is one of the most important and 

promising sludge disposal routes in most countries.  

 However, this alternative requires extra sanitary care, 

which is dealt with in many countries through use 

restrictions and/or sanitary requirements. 

 If farming is the proposed route, we need to reduce 

pathogenic organisms concentrations down to values 

that allow the unrestricted farming use of the sludge. 

 These limiting values adopted by many countries are very 

similar, with differences in the approach for use restrictions. 

 Next three slides show the limiting values in several countries. 

 Table 6.1: pathogen concentration limits in various countries 
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European Community Criteria 

 The European Community criteria (86/278/EEC) 

require sludge treatment by any biological, chemical, 

thermal or storage process that significantly reduces the 

health risks resulting from sludge application to land 

 However, they allow each state member to specify its 

own limits to reach this general goal.  

 This principle seems not to have worked satisfactorily, 

leading to a review by the European Commission, 

introducing clearer criteria for the state members to 

adopt, at least, a minimum common limiting value 

(Hall, 1998). 
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United States Criteria 
 Subpart D of Part 503 rule covers alternatives for reducing 

pathogens in biosolids, as well as options for reducing the 

potenial for biosolids to attract vectors 

 Two classes of sludge have been specified (based on 

microbiological quality). Thes classifications indicate the 

density (numbers/unit mass) of pathogens in biosolids 

where applicable. 

 Class-A sludges: see next slide 

 Class-B sludges: see next slide 
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…United States Criteria 

 Class-A sludges:  have unrestricted use, being produced through 

processes that assure a concentration of organisms below 

detection limits, that is, sludges that underwent specific 

pathogen removal stages.  

 Class-B sludges:  sludges from conventional stabilisation 

processes and must comply with some constraints and 

recommendations prior to land application. To meet Class B 

requirements, biosolids must be treated by a process that reduces 

but does not eliminate pathogens (PSRP processes), or that must 

be tested to meet fecal coliform limits of less than 2.0 x 106 

MPN/g TS or less than 2.0 x 106 CFU/g TS. 
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 Bulk biosolids applied to lawns and home gardens or sold or 

given away in bags or other containers must meet the Class A 

criteria for pathogen reduction (table 6.1, USA column) and 

one of several Vector Attraction Reduction (VAR) 

processing (table 14-10 in Metcalf & Eddy). 

 Class B pathogen requirements are the minimum level of 

pathogen reduction for land application and surface disposal. 

 The only exception to achieving at least Class B level occurs when the 

solids are placed in a surface disposal facility that is covered daily. 

 Biosolids that don’t not qualify as Class B cannot be land 

applied. 
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More on Class A and Class B: 
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Table 6.1 
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Mechanisms to Reduce Pathogens 

It is required to reduce bacteria, enteroviruses, and viable 

helminth eggs to safe levels for unrestricted use of the 

biosolids through the use of the following mechanisms: 

1) Thermal 

2) Chemical 

3) Biological 

4) Radiation 
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1) Thermal Treatment 

 Pathogenic organism reduction by thermal route 

combines two variables: 

 Sludge detention time 

 Temperature 

 USEPA proposes four different time temperature 

regimes (Table 6.2) 

 Each regime is based on the percent solids of the 

sewage sludge and on operating parameters of the 

treatment process. 

 Experimental evidence demonstrates that these four 

time-temperature regimes reduce the pathogenic 

organisms to below detectable levels. 
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Table 6.2 
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Table 6.2 
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…1) Thermal Treatment 

 The four time-temperature regimes shown in table 4-1 

(table 6.2) involve two different time-temperature 

equations. 

 The equation used in regimes A through C results in 

requirements that are more stringent than the 

requirement obtained using the equation in regime D. 

 For any given time, the temperature calculated for the 

regime D equation will be 3 celsius degrees lower than 

the temperature calculated for the regimes A through C 

equation. 
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…1) Thermal Treatment 
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2) Chemical Treatment 

 Use chemicals to raise the sludge pH, hence creating an 

inhospitable environment for pathogenic organisms. 

 To further improve the effectiveness of pathogenic 

organisms inactivation, pH increase can be done 

simultaneously with temperature rise. This mechanism 

follows the following steps: 

 Raise the sludge pH to values higher than 12 for at least 72 

hours. 

 Maintain the sludge temperature higher than 52 ◦C for at least 12 

hours, while pH is higher than 12 

 Allow open air drying until reaching 50% solids  concentration, 

after the pH-rising period 

 In addition, all the requirements in table 5-2 must be met 
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3) Biological Treatment 

 It still requires further experimentation. 

 Vermiculture is one of the biological alternatives. The 

process is summarized as: 

 Organic wastes are ingested by a variety of earthworms 

and then excreted.  

 While ingesting OM, earthworms also ingest pathogenic 

organism. 

 The result is a humus of great agronomic value that is 

easily assimilated by plants. 

 The presence of gases like ammonia, hydrogen sulphide, 

and carbon dioxide renders the sludge toxic for 

earthworms. 
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4) Radiation Treatment 

 Beta, gamma, or solar radiation can be used 

 Beta radiation cannot penetrate deep through sludge, 

and hence should be applied through a thin layer of 

liquid sludge. 

 

 Gamma rays easily penetrate the sludge, and hence can 

be used in piped sludge liquid, or even dewatered 

sludge cakes while being transported by belt conveyors. 

 The organic matter presnet in the sludge is not affected 

by radiation. 

→ so re-growth of pathogenic organisms may occur. 
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Processes to Further Reduce Pathogens 
 Some specific processes reduce pathogenic organisms 

to levels lower than detection thresholds and are 

designated by USEPA as PFRP (Processes to Further 

Reduce Pathogens. 

1) Composting 

2) Autothermal Thermophilic Aerobic Digestion 

3) Alkaline Stabilisation 

4) Pasteurisation 

5) Thermal Drying 

6) Incineration 

7) Beta Ray Irradiation 

8) Gamma Ray Irradiation 

 Note:  Some of these process were mentioned in chapter 

4 (stabilisation methods). 
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1) Composting 

 Composting is an aerobic decomposition process of 

organic matter achieved through controlled conditions 

of temperature, oxygen, and nutrients. 

 The resulting product from this process has great 

agronomic value as a soil conditioner. 

 The inactivation of pathogenic organisms takes place 

mainly via thermal mechanism, brought about by the 

temperature rise when maximum microorganisms 

activity is occurring. 
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…1) Composting 

 Materials such as woodchips, leaves, green residues, 

rice straw, sawdust or other bulking agents must be 

added to the sludge to improve moisture retention, 

increase porosity and balance the carbon-to-nitrogen 

ratio. 

 A typical composting process flowsheet is shown in 

figure 6.4. 
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…1) Composting 
The process takes place in three basic stages:  

 Initial mesophilic phase: Fast mesophilic organism growth 

takes place, with gradual temperature increase. 

 Thermophilic phase: The percentage of mesophilic 

organisms decreases as temperature rises, leading to 

thermophilic bacteria and fungi growth. These organisms 

have high activity and reproduction capacity, causing a 

further temperature rise, thus inactivating the pathogenic 

organisms. 

 Final mesophilic phase: As organic matter is exhausted, 

the temperature lowers and the thermophilic bacteria 

population decreases, which enables mesophilic bacteria to 

establish themselves again 
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Control Parameters & Environmental Requirements 

Parameter Requirements 

(a)   

C/N ratio 

 Ideal C/N ratio for sludge composting should be in the range 26 – 31  

 Sludge has very low C/N ratios, hence carbon sources should be 

added. 

 Higher C/N ratio means less nitrogen is available form organisms, and 

hence limited growth and a slower process, which will lead to not 

reaching the required temperature. 

 Lower C/N ratio causes the loss of nitrogen due to ammonia stripping, 

hence decreasing the compost quality. 

(b) 

Physical 

structure 

 Since the sludge has a very fine granulometry, little void space is 

available for adequate aeration. 

 Increasing the porosity can be achieved by adding vegetable wastes, 

straw, woodchips, etc.  (chopped in 1-4cm sizes) 

 The bulking material should also lead to satisfactory C/N ratio (as 

mentioned above. 

(c) 

Moisture 

 Must be monitored since it affects the reaction rates 

 Ideal water content should be 50 to 60%. 

 Higher values hinder the passage of free air, leading to anaerobic 

zones. 

 Values lower than 40% inhibit bacterial activity and temperature rise for 

pathogenic organisms inactivation. 
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Control Parameters & Environmental Requirements 

Parameter Requirements 

(d)   

Aeration 

 Adequate oxygen supply is essential for the aerobic organisms. 

 Aeration can be natural aeration or forced aeration. 

 Excessive aeration decreases moisture and reduces pile temperature, 

causing problems to the final product quality. 

 Therefore, forced aeration systems required an accurate estimation of 

the oxygen needed along all process stages. 

 Stoichiometrically, the average oxygen demand is 2 kg O2 per kg of 

volatile solids. 

 12 to 30 m3 air/hour per kg of dry mixture in the beginning of batch 

processes, and increasing along the process. 

 For natural aeration systems, USEPA recommends revolving the 

mixture at least five times during the thermophilic phase. 

(e) 

Temp. 

 It is an-easy-to-follow parameter that indicates the equilibrium of the 

biological process and hence its effectiveness.  

 For example: during the first 3 days, a temperature range between 40 
oC and 60 oC indicates that the process is running adequately. 

Otherwise, some environmental requirement (C/N ratio, moisture, or 

pH) is probably not being satisfied. 

 The ideal temperature for the thermophilic phase is 55 – 65 oC. 

 The temperature control can be accomplished by increasing aeration, 

helping to dissipate the mixture heat released through the reaction. 
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Control Parameters & Environmental Requirements 

Parameter Requirements 

(f) 

pH 

 Improtant parameter for the microbial activity. 

 The best range is 6.5 to 9.0. 

 If the C/N ratio of the mixture is adequate, the pH will not usually be a 

critical factor. 
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Composting methods 

a) Windrow 

b) Aerated static pile 

c) In-vessel system 
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