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Electron Inactivation 
of Pathogens in Sewage 
Sludge & Compost: 
A Comparative Analysis 

Pathogen reduction and sludge 
stabilization in the treatment of 
sewage sludge prior to land 
application may be best 
achieved by using a process 
sequence of mesophilic 
composting or anaerobic 
digestion followed by electron 
treatment. 

SAMUEL R. MALOOF 

THE USE of raw municipal sludge on 
American farmlands dates back to as 
early as 1881 in Pullman, Illinois. 

Sewage farming, or "broad irrigation" as it was 
referred to then, was practiced mainly in the 
midwest and New England. By the turn of the 
century, this method of sewage disposal lost 
favor as increased urban development, the 
rising cost of suitable land close to cities and the 

growing potential threat of disease transmis
sion to humans via the consumption of raw 
vegetables forced sanitary engineers to develop 
more technology-intensive systems for the 
treatment and disposal of sewage.1 

In recent years, there has been renewed inter
est in the use of anaerobically digested sludge 
and composted sludge for soil amendment, 
crop production, land reclamation and horticul
tural applications.2

'
3 Both products are the 

result of the microbial decomposition of the or
ganic matter in sewage sludge. However, 
whereas the process of anaerobic digestion is 
carried out in the absence of air, mesophilic 
composting (mesophilic bacteria grow in a 
temperature range of 10 to 40°C, with an op
timum of 37°C) is carried out under controlled 
conditions of temperature, moisture and 
oxygen resulting in a more stable, odor-free 
humus-like substance. 

Neither process produces an end product 
that is free of all disease-producing organisms 
(pathogens). Consequently, even composted 
sludge, which has a lower level of residual 
pathogens, should be further disinfected before 
the product can be safely used in the growth of 
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root crops and leafy vegetables that are des
tined to be eaten raw.4 

Complete elimination of all pathogens in 
anaerobically d1gested sludge and composted 
sludge can be accomplished in a safe and 
economical manner by the technology of 
electron beam (EB) trea tment.5'6 A dosage of 400 
kilorads is adequate for anaerobically digested 
sludge, while a higher dose level (0.4 to 1 
megarad) is needed for primary raw sludge and 
composted sludge. 

Present regulations of the U.S. Environmen
tal Protection Agency (EPA) for land applica
tion of sewage sludge for beneficial reuse re
quire that the sludge first be treated by a process 
to significantly reduce pathogens (PSRP) or a 
process which further reduces pathogens (PFRP).7 
The PSRP processes listed in Section A of Ap
pendix II of the EPA regulations include aerobic 
and anaerobic digestion (less than 55°C), 
mesophilic composting (40°C) and lime 
stabilization which, on their own, do not yield 
a pathogen-free product. Therefore, crops for 
direct human consumption must be planted 18 
months following the land application, or in
corporation, of sewage sludge treated by such 
processes. If crops for direct human consump
tion are grown prior to the 18-month waiting 
period, then the sludge must be treated prior to 
its application by one of the following PFRPs: 

• high temperature composting (at least 
ss 0c), 

• heat drying (80°C), 
• heat treatment (180°C), or 
• thermophilic aerobic digestion (ther

mophilic bacteria have a range of ap
proximately 45 to 75°C, with an optimum 
near 55°C). 

More recently, the EPA has proposed a new 
set of regulations (unpublished: 40CFR, Part 
503) in which the emphasis is placed on a 
process sequence to achieve specific pathogen 
reductions. For example, the reduction of 
pathogens to below detectable limits and the 
reduction in the attraction of disease vectors are 
accomplished by a process sequence to eliminate 
pathogens (PSEP) rather than by a single process 
as required of a PFRP in the present regulations. 
The process sequence must include a process that 
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eliminates pathogens (PEP) to a level that is 
similar to that produced by the PFRPs in the 
present regulations with the exception that the 
PEP is not required to reduce the attraction of 
disease vectors. The EB process qualifies as a 
PEP; and if it follows a process such as 
mesophilic anaerobic digestion or composting, 
the combination can satisfy all the proposed 
specific requirements of a PSEP namely, the 
reduction of pathogens below detectable limits, 
the reduction of the attraction of disease vectors 
and the reduction of the potential for the 
regrowth of bacteria. 

Electron disinfection of anaerobically 
digested sludge, if followed by wide-area ocean 
dispersal, should be a viable disposal option for 
coastal cities like Boston. Carried out under 
controlled conditions, it would be environmen
tally safe and could represent a valuable source 
of nutrition for the planktonic life essential for 
fish production. Moreover, it appears to be a 
more practical and economical solution with 
fewer potential disadvantages than the tech
nologies of composting or the incineration of 
sludge. Table 1 briefly compares the estimated 
general costs of these sludge disposal alterna
tives in 1985 dollars. 

Early Studies 
Research began in May 1974 with a grant from 
the National Science Foundation (NSF) for 
small scale studies on the ability of electrons 
(energized by acceleration in a machine ac
celerator and injected into a moving layer of the 
liquid material) to destroy pathogenic bacteria, 
viruses and parasites in raw and digested 
municipal sludges. Biological and chemical ef
fects were measured on sewage materials 
treated over a wide dosage range with a three
million-volt Van de Graaf£ electron accelerator 
at the High Voltage Research Laboratory, 
Department of Electrical Engineering and 
Computer Science at the Massachusetts In
stitute of Technology (MIT). 

These initial bacteriological studies on the ef
fects of electron irradiation demonstrated that 
the inactivation of a variety of pathogenic bac
teria and viruses in liquid sludges was effected 
at moderate electron dosages. Liquid digested 
sludges were effectively disinfected by an 
ionization dose of 400 kilorads. At this dosage, 



Table 1 

Cost Comparison of Sludge Disposal Alternatives 

Sludge Disposal 
Alternative 

Incineration 
Pyrolysis 
Landfill 
Composting & 
Land Application 
Electron Disinfection 
& Ocean Dispersal 

Capital Cost 
Million ($) • 

56 
57 
25 

38 

22 

Total Annual Unit Cost 
Cost, Millions ($) $/Dry Ton 

.. 
10.5 240 
10.5 240 
9.6 218 

8.6 197 

4.2 96 

• Capital costs for land disposal alternatives taken from Environmental Research Technology, Inc. (1978). Capital costs 
for electron disinfection and ocean dispersal taken from High Voltage Engineering Corp. (1979). All costs are adjusted 
to ENR 4120 (1985). 

" Based on 120 dry tons per day from 720,000 gal Ions per day of 4 percent liquid digested primary sludge. 

the total bacterial count is reduced by about 
four logs (orders of magnitude) and total 
coliforms, salmonellae and shigellae are 
reduced to non-detectable levels. Poliovirus 
and coxsackie virus are reduced by one or two 
logs - adequate safe levels for anaerobically 
digested sludge, but marginal for raw sludge at 
the late summer peak of virus input. However, 
increasing the dose to 1 megarad can reduce the 
virus content by 3 to 5 logs, which is more than 
adequate to inactivate the virus content in raw 
sludge (102 to 103 per ml).8 

The use of higher electron dosages to inac
tivate all pathogens in raw sludge is not recom
mended. In the absence of digestion, sludge 
stabilization will not occur and the potential for 
regrowth of contaminating bacteria will be in
creased due to a reduction in the number of the 
more resistant gram-positive sporulating bac
teria that can serve as competitive organisms to 
minimize regrowth. Rather, the use of a process 
sequence such as anaerobic digestion followed 
by EB treatment at a dose of 400 kilorads is 
preferred to meet the proposed EPA require
ments for a PSEP. 

These initial studies also showed that the ef
fective control of pathogenic microorganisms in 
wastewater residuals could be achieved at 
economic dosages with efficient in-line 
modular electron disinfection equipment. 
Together, these studies provided the basis for 

proceeding with the engineering and construc
tion of a scaled-up in-line electron treatment 
facility. 

Sludge Dynamic Studies 
With the cooperation of the Sewage Division of 
the greater Boston area Metropolitan District 
Commission (MDC), predecessor to the Mas
sachusetts Water Resources Authority 
(MWRA), the Division of Water Pollution Con
trol of the Massachusetts Department of En
vironmental Quality Engineering and a firm 
specializing in electron beam technology, a full 
scale modular electron research facility was as
sembled during the second year of support by 
the National Science Foundation at the MDC's 
primary wastewater treatment plant at Deer Is
land, Boston.9 This facility, which was rated at 
50 kilowatts (kW) and designed to deliver a dis
infecting dosage of 400,000 rads to 100,000 gal
lons of municipal sludge per day, was brought 
into operation in April 1976. 

In 1980, the firm specializing in electron 
beam technology undertook a complete 
restructuring and expansion of the facility with 
the approval of the MDC. The new EB treatment 
system was rated at 1.5 megavolts (MeV), 50 
milliamps (mA) and 75 kW. Its sludge treatment 
capacity was increased to 170,000 gallons per 
day (gpd) and it became operational in early 
1981. 
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Table 2 

The Number of Bacteria in Deer Island Wastewater Residuals 

Raw 
Bacterial Primary Sludge 

Total Bacteria 2 x 108/ml 
Total Coliforms 7 x 107/ml 
Fecal Coliforms 2 x 106/ml 
Gram-Negative 
Bacteria 1 x 108/ml 
Salmonella 1 x 104/ml 
Fecal 
Streptococci 5 x 104/ml 
Gram-Positive 
Bacteria 1 x 108/ml 

At the plant, the liquid sludge was first 
ground to a slurry and then pumped at the rate 
of 120 gallons per minute into a weir, from 
which it flowed in free fall as a thin, smooth 
sheet 1.25 meters wide. A beam of electrons 
energized at full power was injected horizontal
ly into the falling sludge sheet in the region 
below the weir where its velocity was about 2 
meters per second. Disinfection took place in 
the fiftieth of a second that the sludge took to 
fall through the rapidly scanning electron 
beam. A modular sludge treatment unit with 
100 kW of electron beam power could treat 
about 240,000 gpd at 4 percent solids (40 dry 
tons per day) to a dose of 400,000 rads. Four 
such modular units in parallel, on 0.5 acre of 
land, would be sufficient to disinfect the 
MWRA-projected 1995 sludge output of 
720,000 gpd (120 dry tons per day) for the Bos
ton area. 

Studies performed at the Deer Island plant 
proved to be an excellent testing ground for the 
electron disinfection process. Despite wide fluc
tuations in the solids content of the primary 
digested sludge over the range of 1 to 8 percent, 
these studies demonstrated that such sludges 
could be reliably disinfected. 

A similar facility was purchased and in
stalled in 1983 by the Miami-Dade Water and 
Sewer Authority at Virginia Key in Miami, 
Florida, and became fully operational in 1984. 
This facility has proven successful for the com-
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Anaerobically 400 Kilorad 
Digested Sludge Electron Dose 

4 x 106/ml 102 to 103/ml 
8 x 105/ml Not detectable 
1 x 105/ml Not detectable 

1 x 106/ml Not detectable 
4 x 101/ml Not detectable 

5 x 103/ml 10 

2 x 106/ml 102 to l 03/ml 

plete disinfection of about 25 percent of the total 
daily output of liquid digested sludge at Vir
ginia Key at the recommended dose of 400 
kilorads. Nevertheless, it has been used only in
frequently since 1985. However, the facility will 
be reactivated this year under a National 
Science Foundation grant to evaluate its effec
tiveness for the destruction of pathogens and 
toxins in domestic wastewaters. A second work 
phase will be devoted to evaluating the ability 
of high energy electrons to reduce natural 
aquatic organic compounds in groundwaters 
that are used as sources of drinking water. 

Experimental Data 
The bacterial counts determined in Deer Island 
wastewater residuals are presented in Table 2. 
They are characteristic of levels reported else
where from an extensive review of domestic 
and foreign data covering the period 1940 to 
1980.10 Primary raw sludge usually contains 
over 108 bacteria per ml. The total bacterial 
count is about evenly divided between the 
electron sensitive gram-negative bacteria such 
as salmonella and shigella and the more resis
tant gram-positive sporulating bacteria. After 
an electron dose of 400 kilorads, the bacterial 
counts for anaerobically digested sludge are es
sentially reduced to non-detectable levels. 

Figure 1 shows the survival curves for total 
bacteria, total coliforms and salmonella in raw 
primary sludge as a function of the electron 
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FIGURE 1. Electron inactivation of bacteria in primary raw sludge. 

dose. A plot of the logarithm of the percent sur
vival (N/No x 100) versus the electron dose 
should be a straight line if a single 
homogeneous organism is present, where No is 
the original number of bacteria or viruses and 
N is number surviving after electron treatment. 
For N equal to No, the logarithm of N/No x 100 

equals 2 (origin). The survival curves for total 
salmonella and total coliforms are nearly linear; 
their initial counts are reduced by about 8 or
ders of magnitude (logs) at a dose of about 200 
kilorads. However, the survival curve for total 
bacteria is linear only at small dosages. Once the 
electron sensitive gram-negative bacteria have 
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Table 3 

D10 (90 Percent) Inactivation Electron Dose for Various Bacterial Groups in Sludge* 

Bacterial Group 

Total bacteria in raw primary sludge 
Total bacteria in anaerobically digested sludge 
Total coliforms in raw primary sludge 
Total coliforms in anaerobically digested sludge 
Fecal coliforms in raw primary sludge 
Fecal coliforms in anaerobically digested sludge 
Fecal streptococci in raw primary sludge 
Fecal streptococci in anaerobically digested sludge 
Clostridia in raw primary sludge 
Clostridia in anaerobically digested sludge 
Salmonellae in raw primary sludge 

Poliovirus type 2 in anaerobically digested sludge 
Coxsackievirus type B3 in anaerobically digested sludge 
Echovirus type 7 in anaerobically digested sludge 
Reovirus type 1 in anaerobically digested sludge 
Adenovirus type 5 in anaerobically digested sludge 

D10Dose 
(kilorads) 

103 
133 
25 
28 
28 
29 

157 
110 
600 
500 
26 

365 
400 
335 
330 
300 

Calculated Log10 Reduction 
for 400 Kilorad Electron Dose*** 

3.9 
3.0 

16.0 
14.0 
14.0 
14.0 
2.5 
3.6 
0.6 
0.8 

15.0 

1.1 
1.0 
1.2 
1.2 
1.3 

Ova of the roundworm Ascaris lumbricoides in air-dried sludge" 30 13.0 

• )ohh G. Trump et al., "High Energy Electron Radiation of Wastewater Liquid Residuals," Report to the U.S. National Science Founda
tion, NSF Grant ENV 74-13016, December 31, 1977. 

•· Determined at Sandia Research Laboratories, Albuquerque, New Mexico, by J.R. Brandon and S.L. Langley. 12 

•·· A 1 log Reduction (D10 dose) represents the reduction of one order of magnitude (10-fold reduction) or 90 percent in surviving or
ganisms. 

been destroyed, the more resistant gram-posi
ti ve sporulating bacteria (mostly non
pathogenic) cause the survival curve to fall less 
rapidly with increasing dosage. 

The D10 values for various microorganisms 
in raw and anaerobically digested primary 
sludge are presented in Table 3. These values 
represent the electron dose required to reduce 
the initial population by a factor of 10 (90 per
cent), or by one log on a semi-logarithmic plot 
of the logarithm of the surviving fraction (N/No) 
versus electron dose. D10 values for total 
coliforms, fecal coliforms and salmonella are 
among the lowest; whereas the values for 
viruses are higher by a factor of at least 10. 
Viruses are smaller in size and are tougher tar
gets for electrons. Nevertheless, a higher dose 
of 1 megarad is adequate to reduce the levels of 
viruses commonly found in raw sewage to non
detectable levels. 

The D10 value for ova of the parasitic 
roundworm, Ascaris lumbricoides, is of par-
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ticular interest. The value of 30 kilorads deter
mined on semi-dried sludge using ga:i;nma rays 
at. the Sandia Research Laboratories is of the 
same order of magnitude of those of the more 
electron sensitive bacteria. This low value indi
cates that complete inactivation of Ascaris eggs 
in sewage sludge should be feasible at low 
dosages using either gamma rays or energized 
electrons. If the sludge contained no parasites, 
the required waiting periods before crops for 
direct human consumption could be reduced.11 

Gamma rays have a greater ability to 
penetrate masses than electrons. Therefore, 
gamma rays are more practical for the irradia
tion of thick materials and are competitive 
economically with electrons for the treatment of 
materials where the power requirements are 
low (15 kilowatts or less). For the treatment of 
large volumes of digested sludge or composted 
sludge in thin layers where higher power is re
quired for large throughputs, the use of 
electrons is more economical. Assuming the 



Table 4 

Density Levels of Bacteria & Viruses in Deer Island Raw Primary Sludge & 
Anaerobic Digested Sludge* . 

Density Calculated Log10 Reductions Following Treatment 
Level per ml of Raw Sludge by: 

Anaerobic Electron Treatment Electron Treatment 
Bacterial Strain Raw Sludge Digested Sludge Digestion at 200 Kilorads at 400 Kilorads 

Total Bacteria 2 X 108 4 X 106 1.7 1.9 3.9 
Total Coliforms 7 X 107 8x 105 1.9 8.0 16.0 
Fecal Coliforms 2 X 106 1 X 105 1.3 7.1 14.0 
Fecal Streptococci 5 X 104 5 X 103 1.0 1.3 2.5 
Salmonella 1 X 104 4x 101 

2.4 7.7 15:0 
Enteric Viruses 102 to 103 1 to 10 2.0 0.5 to 1 1 to 2 

• Calculated log reductions following anaerobic digestion versus electron treatment at doses of 200 and 400 kilorads. 

same efficiency of utilization, a million curie 
source of Cobalt-60 would be equivalent to a 15 
kW electron beam power source. Typical 
electron beam machines have rated power out
puts of 50 to 100 kW. 

Comparison With 
Other Technologies 
Table 4 shows the log reductions achievable for 
various bacterial organisms and enteric viruses 
in raw sludge by the processes of electron treat
ment and anaerobic digestion.5 The process of 
electron treatment shows remarkable results in 
its ability to reduce bacterial pathogens. 
Anaerobic digestion reduces the bacterial or
ganisms shown by no more than 1 to 2 logs (1 
to 2 orders of magnitude) with the exception of 
salmonella; whereas with electron treatment, 
even at the low dose of 200 kilorads, reductions 
of 1 to 8 logs were obtained. 

The levels of human enteric viruses in raw 
sludge are fortunately far less abundant than 
bacteria. A reduction of 1 to 2 logs at the dose of 
400 kilorads is adequate for anaerobically 
digested sludge, but somewhat marginal for the 
density levels of 102 to 103 per ml found in raw 
sludge. A log reduction of about 3 is therefore 
indicated for the viral inactivation of the raw 
sludge that can easily be achieved at a dose of 1 
megarad. 

Although the study did not include any data 
for the electron inactivation of parasites, it 
reported that the D10 dose for the inactivation 

of ova of Ascaris lumbricoides, the most resistant 
of parasitic worms, was approximately 30 
kilorads.12 This value is comparable to that for 
the electron inactivation of total coliforms and 
fecal coliforms (see Table 2). Since the content 
of Ascaris ova in raw sludge is low when com
pared to bacterial content complete inactiva
tion at a dose of 400 kilorads was easily 
achieved.13 On the other hand, the process of 
anaerobic digestion was not particularlt effec
tive for inactivating parasite organisms. 4 

An advantage of the electron treatment 
process is that most of the bacterial pathogens, 
parasites and viruses in anaerobically digested 
sludge and raw sludge can be reduced to non
detectable levels at moderate electron dosages. 
For anaerobically digested sludge, the mini
mum electron dose for disinfection is about 400 
kilorads, and somewhat higher for raw sludge. 
Mi.crobiological studies carried out on the 
regrowth of bacteria seeded into raw and 
digested sludge electron treated at 400 kilorads 
and 1 megarad showed that the growth was far 
less in samples treated at the• lower dosage.5 

This reduction in regrowth was attributed to 
more of the gram-positive sporulating bacteria 
(non-pathogenic) remaining in samples treated 
at the lower dosage that can serve as competi
tive organisms to resist the regrowth of residual 
bacteria or contaminating pathogenic bacteria. 

The data shown in Table 5 were derived from 
several sources.5110112113114 The process of 
electron treatment is more effective for the inac-

CIVIL ENGINEERING PRACTICE FALL 1988 43 



Table 5 

Comparison of the Log Reductions Achieved With Various Disinfection Processes 
for the Inactivation of Bacteria, Parasites & Viruses in Raw Sludge 

Type of Mesophilic Anaerobic lime Electron Treatment 
Organism Composting•• Digestion Stabilization at 400 Kilorads 

Indicator Bacteria• 2 to 4 1 to 2 1 to 7 2.5to16 
Pathogenic Bacteria 1 to 3 1 to 2 1 to 2 13 
Parasitic Ova 
(A. lumbricoides) Not effective Not effective Not effective 13 
Enteric Viruses 3 1 to 2 Not applicable l to 2 

• Of the three indicator bacteria, fecal streptococci are the most resistant to inactivation with the log reductions at the low end of the ran
ges given above for each process. Such bacteria regrow to near-original densities within 24 hours following lime stabilization with a drop 
in the pH below 11.0. Regrowth is also evident after mesophilic composting, suggesting that these processes are not effective in eliminat
ing fecal streptococci. However, the level in raw sewage shown in Table 2 could be completely eliminated by electron treatment at a 
dose calculated as 733 kilorads . 

.. Temperature range of ambient to 40°C; for further details, see Reference 10. 

tivation of bacterial pathogens and parasites in 
raw sludge than PSRP processes. However, the 
process of mesophilic composting is more effec
tive for viral inactivation than electron treat
ment at a dose of 400 kilorads, which suggests 
that the combination of the two processes taken 
in sequence (mesophilic composting followed 
by electron treatment) could result in an end 
product that is not only pathogen-free, but also 
stabilized and resistant to regrowth from con
taminating bacteria. A process sequence of 
anaerobic digestion followed by electron treat
ment at the dose of 400 kilorads is also recom
mended for the treatment of raw sludge prior 
to applying it to land for beneficial use. 

Electron Treatment 
of Composted Sludge 
Research carried out by Finstein et al. at Rutgers 
University has cast doubt on the EPA guidance 
for the composting of sludge with respect to the 
control of the growth and proliferation of 
pathogenic fungi during the composting opera
tion and the regrowth of residual or con
taminating bacteria.15 According to the re
searchers, the EPA's basic approach leads to an 
early peak temperature of 80°C in the bulk of 
the material that not only results in the early 
destruction of pathogens, but also in organisms 
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that are needed in the decomposition (stabiliza
tion) process as well as those that can serve to 
combat the growth of contaminating bacteria. 
Instead, strict adherence to a temperature ceil
ing of 60°C is recommended, which they claim 
will address their objections to the EPA 
guidance policy on composting. However, 
whatever the composting temperature, the fact 
remains that the edge material is relatively cool 
and, therefore, will not be properly disinfected. 
In other words, it is practically impossible to 
achieve all the sanitation objectives desired in a 
single composting operation. 

Complete Rathogen destruction cannot be 
guaranteed.4' 

6 However, further disinfection 
of compost is recommended before the product 
is used in the production of root crops and leafy 
vegetables that are destined to be eaten raw. 
Evidence that composted sludge is not 
pathogen-free is shown in Table 5. Samples 
were taken from a compost pile at Durham, 
New Hampshire, after 31 days at a depth of 
about 15 inches. A portion of the sifted compost 
was taken to the University of New Hampshire 
for microbiological analysis, while a second 
portion was delivered to the firm specializing 
in EB technology for EB treatment. This second 
portion was subjected to a dose of 1 megarad 
and returned to the university for microbiologi-



Table 6 

Microorganism Counts in Composted Municipal Sludge Before & 
After High Energy Electron Treatment 

Organism 
Before Electron 
Treatment 

Number per Gram of Compost 
After 1 Megarad 
Electron Dose 

Total Coliforms 7.0 X 103 2.3 
0.0 
6.0 
0.0 
0.0 
0.0 
0.0 

Fecal Coliforms 3.3 X 103 

Total Streptococci 4.8 X 106 

Fecal Streptococci 
Salmonella 

1.7 X 103 

0 
Aspergillus fumigatus 
Thermophilic actinomycetes 

8.0 X 103 

4.0 X 106 

cal analysis. 
As seen in Table 6, essentially all pathogens 

were destroyed at the dose of 1 megarad. Only 
a few coliforms and streptococci survived, but 
these were not of fecal origin. It is possible that 
a lower dosage would be adequate for the dis
infection of composted sludge. Liquid sludges 
that were electron treated at 400 kilorads and 1 
megarad showed little or no r~rowth in 
samples treated at lower dosage. Since the 
regrowth of bacteria in composted sludge is a 
significant problem of some concern, the 
feasibility of using lower electron dosages for 
the disinfection of sludge composted at 
mesophilic temperatures should be further in
vestigated.11,15 

Electron treatment of compost can be 
economical. Costs are estimated at $20 per dry 
ton or 1 cent per pound. Moreover, its use could 
help remove the uncertainty that presently ex
ists regarding the choice of the optimum 
temperature and level of disinfection needed to 
achieve all the sanitation.objectives desired in 
the composting process.17 

Summary 
The use of electron treatment for the inactiva
tion of pathogenic bacteria, parasites and 
viruses can be more effective for the inactiva
tion of bacterial pathogens, helminth parasitic 
ova (A. lumbricoides) and the indicator or
ganisms than the processes of anaerobic diges
tion, mesophilic composting and lime stabiliza
tion. An electron dose of 400 kilorads can be 

adequate for the reduction of the bacterial, 
parasitic and viral content of anaerobically 
digested sludge. A somewhat higher electron 
dose (0.4 to 1.0 megarad) is indicated for com
plete viral inactivation of raw sewage sludge 
and possibly for the destruction of residual 
pathogenic bacteria and fungi in composted 
sludge (compost). 

Anaerobically digested sludge and com
posted sludge should be treated further by the 
process of electron treatment prior to use on 
agricultural land for the growth of crops for 
direct human consumption and for the use of 
compost in horticultural applications. Treated 
by such a process sequence, the end product can 
be stable and free of pathogens, resistant to 
regrowth from contaminating bacteria and can 
meet all federal requirements to obviate the 
need for any health-related constraints on land 
use. 

An advantage of the electron treatment 
process is that the electron dose can be control
led in order to inactivate all bacterial pathogens, 
parasitic ova, viruses and fungi that may be 
present in raw sludge, anaerobically digested 
sludge or composted sludge. However, the dose 
should be kept to a minimum to retain more of 
the gram-positive (non-pathogenic) organisms 
that have a higher resistance to ionizing radia
tion and that can serve as competitive or
ganisms to minimize the potential for the 
regrowth of pathogenic bacteria. Electron disin
fection costs are estimated at $42 per dry ton ($7 
per 1,000 gallons) for liquid sludge and $20 per 
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dry ton or 1 cent per pound for compost. 
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