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1. INTRODUCTION
The conventional microbial decontamination technologies using thermal and chemical agents have
been widely applied for inactivation of biohazards under various scenarios. These agents have
served a useful purpose under certain conditions but also exhibit considerable limitations.
Radiation technology has emerged as an effective tool for decontamination of biohazards. It has
been instrumental in improving the quality of human life through its proven effectiveness in
sterilization of medical and healthcare products, and also for improving food safety. Over the years
this technology has been primarily based on using gamma radiation sources like Co-60 as the
radiation source. However, the emerging concerns regarding the safety and security of radioactive
sources coupled with issues related to shipping such materials through normal supply chain process
have encouraged industry to look for machine based electron beam radiation sources in future. To
bring out the full potential of electron beams in these areas related to treatment of biohazards, it is
important to establish a number of factors that include the kinetics of inactivation which is
complicated on account of the variety of radiation sources, their dose rates, and energies as well
as because of differences in the nature of microbes and their environment. It is therefore important
to understand the fundamentals of microbial inactivation with different radiation sources under
varied conditions. Another very important aspect of that needs to be established is appropriate
dosimetry procedures for the process control. It is therefore desired to initiate a Coordinated
Research Project (CRP) related to establishing the kinetics of inactivation of microbes at high dose
rates so as to use electron beam technology for inactivation of biohazards under a variety of
different scenarios such as sterilization of medical products, food irradiation, decontaminating
sewage sludge, sterilization of allografts and also establish appropriate dosimetry control
procedures for such applications.

2. BACKGROUND SITUATION ANALYSIS
Biohazards are living organisms, or substances produced by them, that pose health risks to human,
animal or plant health by causing intoxication and/or disease or discomfort. Some of the
environmental reservoirs of biohazards are municipal sewage sludge, and solid domestic waste,
clinical waste from hospitals, indiscriminate disposal or burial of infected carcasses of animals and
human bodies could serve another major reservoir of biohazards. Extremely hazardous nature of
some of the microbes necessitates development of control strategies using appropriate technology.
These biohazardous can interact with humans through different routes such as water, food, air or
use of contaminated devices or materials needed for healthcare. A number of techniques have been
employed for inactivation of biohazard agents. These include well known technologies such as
thermal agents like heating, fumigation and chlorination namely ethylene oxide, and oxidizing
chemicals like chlorine. Among the non-thermal technologies agents, ionizing radiation has
emerged as a powerful tool for inactivation of microbes. In the past four decades radiation
technology has emerged as an effective tool for decontamination of biohazards. Large scale
sterilization of medical devices, healthcare products, and tissue allografts using radiation
technology has already been successfully demonstrated and commercially exploited around the
world. Similarly, microbial decontamination of spices and dry ingredients is being practiced for
more than three decades. It is also being used for ensuring food safety, improving shelf-life and
preparation of safe ambient stable ready-to-eat meals as well as for overcoming quarantine barriers
to international trade and gaining market access in fresh produce and getting market access.
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Radiation technology has also proven to be an effective tool for safe disposal of sewage sludge
treatment. This technology was ultimately the only technology available to effectively
decontaminate postal mail that was deliberately contaminated by a large scale bioterrorist attack.
World over, 250+ gamma irradiation facilities with over 400 million curies of Cobalt-60 are
currently being used to sterilize more than 14 million cubic meters (400 million cubic feet) of
product annually. However, the emerging concerns regarding the safety and security of radioactive
sources coupled with issues related to shipping such materials through normal supply chain process
have encouraged industry to look for machine based electron beam radiation sources in future.
Application of electron beam irradiation has led to significant advances in material processing,
and is already being used for wide range of technologies in industry, agriculture, and research.
Electron beam technology has been adopted in industries like cable production, thermosshrinkable materials, foam sheets, coating and curing. In recent years, the technology has started
attracting industry for sterilization of medical products, food preservation, and environmental
protection.
The main difference between gamma and electron beam irradiation is the extremely high dose rate
that can be delivered through the latter. Irradiation under such high dose rates is akin to irradiating
the substrate under oxygen free conditions and this can result in potentially different effects. Most
of the data available in literature is based on inactivation of biohazards at low dose rates using
gamma irradiation and there is a paucity of data in the literature regarding the use of EB radiation
to inactivate such biohazards. Thus, there exists a need to re-evaluate the radiation sensitivity data
of many pathogenic microorganisms in view of the high radiation dose rates that are now available
with the advanced electron beam accelerators. In view of the varying nature of the substrates and
locations in which these microorganisms may be present, the development of suitable irradiation
systems as well as specific validation procedures is also crucial. It is therefore important to
understand the fundamentals of microbial inactivation with high dose rate radiation sources under
varied conditions to bring out the full potential of technology. It is therefore desired to initiate a
Coordinated Research Project (CRP) related to establishing the kinetics of inactivation of microbes
at high dose rates so as to use electron beam technology for inactivation of biohazards under a
variety of different scenarios such as sterilization of medical products, food irradiation,
decontaminating sewage sludge and sterilization of allografts. The data generated and the
experience gained will serve as a guide to the scientific community and policy makers on microbial
biohazards and their control using electron beam technology.

3. CRP OVERALL OBJECTIVES
Formulate guidelines to enhance and strengthen use of electron beam accelerators for treatment of
biohazards of concern under changing conditions such as at high dose rates, different ambient
conditions, and varying substrates in applications such as radiation sterilization, hygienization of
bio-solids, sanitizing infectious hospital waste or toxic effluents and eliminating deliberate
biohazards.

3.1. SPECIFIC RESEARCH OBJECTIVES
1. Provide reliable data about radiation inactivation of pathogenic microorganisms and other
bio contaminants under varying physical conditions.
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2. Dose setting procedures appropriate to specific bio contaminants.
3. Develop appropriate methodologies for treatment of biohazards using electron beam
accelerators
4. Develop validation procedures for the processes of treating biohazards at high dose rates
5. Develop guidelines for treatment of biohazards using electron beam accelerators
6. Demonstrate treatment of biohazards using electron accelerators.

3.2. OUTCOMES
The CRP is expected to enhance the capability of MS for management of advertent and inadvertent
biohazards using linear accelerators.

3.3. EXPECTED RESEARCH OUTPUTS
The CRP is expected to produce a comprehensive document providing reliable data about radiation
inactivation of pathogenic microorganisms and other bio contaminants under varying physical
conditions, appropriate methodologies for treatment of biohazards with necessary validation
procedures for management of various biohazards using electron beam accelerators.

4. CURRENT STATUS OF R&D WORK IN INDIVIDUAL
INSTITUTIONS AND WORK PLAN
4.1. PARTICIPATING MEMBER STATES
Argentina, Brazil, Canada, Egypt, Hungary, Germany, Kuwait, Malaysia, Portugal, Poland,
Republic
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Argentina
Radiation technology has emerged as an effective tool for decontamination of biohazards, mainly
regarding to human pathogens. In this proposed research it is also included the inactivation of
zoonotic microorganisms by irradiation, which sources can be the waste from animal rear facilities
(small animals) and livestock activities. In the case of animal facilities, human and animal
pathogens are inoculated into animals for research and development purposes. The livestock
activities produce a big amount of organic compounds that can include antibiotics applied to
animals, and also a high contamination level of enteric bacteria among others.
The main Objective of this proposal will be the feasibility to implement the irradiation technology
for decontaminating biohazard waste from animal origin. The matrix to analysed will involved:
Residues from animal laboratory facilities (solid waste) and Residues from the livestock
production (liquid and solid effluents).
At present, this biohazard animal waste is incinerated, what is costly and non-ecofriendly.
Irradiation may be a cost-effective technology to replace incineration, and in the case of e-beam
technology, one of the advantages is that the treatment requires less time, and allows reaching high
doses at short time, as it is required for viral inactivation. This research will be conducted in a
simulated irradiation process to evaluate efficacy as it would be applied in an e-beam facility. The
research will be carried out in agreement with an Animal Facility, where healthy and infected
animal are reared for research and production purposes.
In the case of livestock activities, there is a centralized activity in a metropolitan area that has to
be moved to another area, but first, they have to demonstrate that the enteric burden and organic
compounds are reduced to accepted levels. An agreement is under evaluation in order to study the
feasibility to use irradiation as a mitigation treatment to inactivate pathogen microorganism but
also degrade organic compounds
Work plan
Animal laboratory waste:
•
•
•
•
•

Establish a collaborative agreement with an Animal Facility to conduct the studies
Characterization of the waste produced
Identification of the potential pathogens and selection of the microorganisms that can be
used as model
Evaluation of the effectiveness of the radiation treatment on simulated samples
Evaluation of other intervention to improve effectiveness

Livestock production waste
•
•
•
•
•

Establish a collaborative agreement with an end-users to conduct the studies
Characterization of the effluent
Identification of the pathogens and selection of the microorganisms that can be used as
model
Evaluation of the effectiveness of the radiation treatment on samples
Evaluation of effectiveness on the degradation of organic compounds
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Brazil
During the CRP emphasis will be given to the disinfection of solids residues by electron beam
and/or gamma irradiation. Paper and sludge were the two matrices to be first irradiated for the
reduction of fungi and bacteria counting. Reactive dyes and textile effluents were also studied and
AMES assays will be conducted for irradiated and no-irradiated samples, among other bioassays.
The degradation of reactive dyes and pharmaceuticals have been studied using real samples. Most
of the experiments are performed at 1.4 MeV fixed energy at a Dynamitron electron beam
accelerator. Master and Ph degree are in progress for these subjects.
Work plan
•
•
•
•

To conclude studies for textile effluents, including AMES assays (Salmonella
microssome) at SENAI effluents – cotton dyeing plant);
To determine D-10 values for Aspergillus sp in buffer solution and paper at 1.4 MeV EB.
To identify the fungi species into the papers segregated for recycling, before irradiation
for disinfection;
To irradiate sewage sludge after total counting of bacteria (at three solids content).

Publications
1. BORRELY, S. I.1; FAVARO, D. I. T.2 & GARCIA, V. S. G.1. Metals, trace elements
and ecotoxicity at sediments of Cubatão River, Brazil. Brazilian Journal of
Ecotoxicology (in press).
2. OGIHARA-SILVA, V. TEIXEIRA, AC, BORRELY, S.I. Degradation of the Antidepressant
Fluoxetine (Prozac®) in Aqueous Systems and Acute Toxicity Removal by Electron Beam
Irradiation. Environm. Science and Pollution Research.2016.

3. SILVA, MP, BATISTA, AP, BORRELY, SI, OGIHARA-SILVA, V. TEIXEIRA, AC.
Photolysis of atrazine in aqueous solution: role of process variables
and
reactive oxygen species. Environmental Science and Pollution Research
International. V.21, p.12135 – 12142, 2014.

Canada
Essential oils (EOs) can act as potential bio-pesticides but also as antimicrobials against wide
varieties of microorganism due to their phytochemical diversity. The aim of this project is to
evaluate biological activity of eight individual essential oils (basil, cinnamon, eucalyptus,
mandarin, oregano, peppermint, tea tree, and thyme) against the rice weevil, Sitophilus oryzae.
These EOs will also be used to evaluate their ability to inhibit the growth of four mold species
Aspergillus niger, Aspergillus flavus, Aspergillus parasiticus and Penicillium chrysogenum and
two bacteria Bacillus cereus and Paenibacillus amylolyticus. The LC50 (µl/ml) and the LC95 will
be evaluated against the Sitophilus oryzae weevils in presence of the individual Eos and the
potential synergy between the Eos will be evaluated.
The antifungal activity of these EOs will be assessed by the determination of the minimal
inhibitory concentration (MIC) using 96-well microplate analysis. The interactions between
7
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different Eos in combinations will be done by the checkerboard technique. The formulation who
will give the highest antifungal activity will be determined. A formulation based on Eos in
combination who will show synergistic or additive effect, will be developed and tested in
combination with irradiation in order to evaluate the possible synergistic effect. It is proposed to
compare x-ray (12.667 or 3.15 Gy/min) with gamma ray (0.08 kG/hre Gamma cell 220 vs 4.45
kGy/hre UC-15B and vs 10.46 kGy/hre UC-15 A). The radioresistance and the radiosensitisation
will be measured by the calculation of the D10 values, the dose required to achieve 90% reduction
of the population on the D10 of one insect (S. oryzae), four molds and selected bacteria (B. cereus
and P. amylolyticus) who are important food contaminant.
Work plan
•
•
•
•

•

We propose in this study to evaluate the efficiency of using irradiation in combination with
the use of essential oil to eliminate molds, bacteria and insects by evaluating the
radiosensitisation.
It is also proposed to compare the efficiency of x-ray and gamma ray in combined
treatments to inactivate insects (S. oryzae), molds (Aspergillus niger) and bacteria (ex: E.
coli, Salmonella, B. cereus, L. monocytogenes).
The radioresistance and the radiosensitisation will be measured by the calculation of the
D10 values, the dose required to achieve 90% reduction of the population.
It is proposed to compare x-ray (0.76 kGy/hr) with gamma ray (0.08 kG/hre Gamma cell
220 vs 4.58 kGy/hre UC-15B and vs 10.46 kGy/hre UC-15 A) on the D10 of one insect (S.
oryzae), one mold (A. niger) and selected bacteria (ex: E. coli, Salmonella, L.
monocytogenes, B.cereus) who are important food contaminant.
An increase of the radiosensitization (reduction of D10 values (kGy)) can permit to reduce
the dose necessary to assure the safety and the cost of the treatment while preserving better
quality of the product.

Egypt
Comparative effects of Gamma-rays and Electron beam on viability of some microorganisms as
Bacillus sp injected with a population of 2x102 /0.1 ml onto sterile medical dressing products was
investigated. Gamma and E-beam irradiation effectively reduced the population of Bacillus sp.
Irradiation with gamma and E-beam at dose of 4 kGy reduced Bacillus counts to less than 10 cfu
/sample, with reduction of 98.60 % and 95.70 %, respectively. No viable counts were detected for
the samples exposure to gamma or Electron beam at 6 kGy. Local isolate of Bacillus sp. strain was
tested for radiation resistance D10 values. One ml aliquots of bacterial suspension (4 x106 cfu/ml)
were assayed for viability after exposure to different doses (2-10 kGy) of gamma irradiation or
electron beam irradiation. The D10-value for the tested Bacillus sp isolate using E- beam
irradiation was higher than that obtained by using γ-irradiation, which means that, gamma irradiation was more effective than electron beam irradiation in reducing viability of the test
pathogen. The D10- values were calculated to be 2 and 2.6 kGy for γ- and E-beam irradiation,
respectively. Establishment of the Sterilization dose and determination of the verification dose
(VDmax25) for commercialized health care products was studied. The verification dose for the
product was estimated to be 9.0 kGy according to ISO 11737-2. Ten samples were irradiated to a
target dose of 9.0 kGy in a gamma cell and other ten samples were irradiated by 3 MeV E-beam
accelerator at the same dose. After 14 days, all ten samples that irradiated with gamma rays were
8
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sterilised and the growth of microorganisms was negative (no contamination). Meanwhile, one
of the electron beam irradiated samples showed positive microbial growth (one sample is not
sterile). According to the verification dose of 9.0 kGy was accepted for both samples exposed to
Gamma rays or electron beam irradiation.
.
Work plan
•

Study the effect of radiation parameters such as dose rates, and energies on the kinetics of
inactivation of microorganisms under different conditions.

•

Develop dose setting procedures appropriate to specific bio-contaminants.

•

Compare the doses required for sterilization process of some products using gamma and electron
beam irradiation as well as material changes.

•

Develop validation procedures and guidelines for the processes of treating bio-hazards at high dose
rates of electron beam accelerators.

Hungary
In this project, we are looking for answers to the following question: Is it possible to reduce or
eliminate the impact of antibiotics on the microorganisms in wastewater using radiolylsis methods,
in order to prevent antibiotic resistance development?
We have introduced a microbiological assay, to assess the applicability of an AOP for eliminating
the subinhibitory effects of antibiotics on selected resistant bacteria.
The test is based on the population dynamics of a resistant and sensitive mixed bacterial culture in
response to the presence of antibiotics in a concentration range well below the minimum inhibitory
concentration (MIC) in a synthetic wastewater matrix. We added sensitive and resistant subtypes
of Staphylococcus aureus in a 1:1 ratio to the test medium, and we determined the fraction of
resistant mutants after incubation for 24 hours by simple colony counting.
Using this method, we plan two series of experiments, in one of them wastewater matrix with
antibiotics will be used, in the other wastewater-matrix with bacterium. In this case, we will add
bacteria to the samples prior to irradiation. The comparison will be based on samples with
irradiated wastewater matrix without antibiotic and wastewater matrix with both antibiotic and
bacterium.
So the aim of the proposed research is developing scientific and technical background to provide
reliable data about irradiation inactivation of pathogenic microorganisms (mainly in treated
wastewater) under varying physical conditions.
Elaborating methods for measuring the concentration of the bacteria in the wastewater effluent,
and for measuring both the concentration and the antimicrobial activity of the antibiotics. Establish
the dose required to eliminate specific bio-contaminants and develop appropriate methodologies
for treatment of bio-hazards in irradiated wastewater using electron beam accelerators.
Work plan
•

Antibiotic in the wastewater matrix – irradiation with various doses (between 4 and
200kGy)
9
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•
•
•

Wastewater matrix without antibiotic – irradiation (between 4 and 200kGy)
Wastewater matrix without antibiotic + bacteria (sensitiv : resistant; 1:1 ration) - irradiaton
Wastewater matrix with antibiotic + bacteria

Germany
Fraunhofer FEP is one of more than 70 institutes of Fraunhofer-Gesellschaft, the largest
organization of applied research in Europe. One of its core competencies is electron beam
technology. Based on its long-term experience in low-energy electron applications, sterilization
and inactivation is an important field of research and development.
The goal of this proposed research project is the study of the use of electron beam in the energy
range of 150 - 300 keV for inactivation of biohazards. Electrons accelerated with such a low
voltage have a low penetration in matter. However, this voltage range requires low facility
shielding only, making possible an easy integration in labs and GMP production as well as
assembling to a mobile inactivation facility.
In this proposed research project, two kinds of microbes (RNA virus and bacteria e.g. E.Coli) will
be studied. During the project an experimental setup will be developed. Based on this, the killing
curves and the D10 values for these pathogens will be studied. At the end of the project, the
inactivation kinetics of the selected pathogens will be investigate.
The previous work was the investigations about the electron beam based inactivation of infectious
agents for the production of highly active vaccines. This technology achieves a much better antigen
conservation in comparison with commercial formaldehyde inactivation. It could be shown, that
the developed technology can be used to inactivate different pathogens in liquid solutions. One
single-stranded RNA viruses (influenza A (H3N8)), and a double-stranded DNA virus (EHV-1)
were completely inactivated. Upon irradiation, antigenic structures were almost indistinguishable
from those of the active pathogens. The data suggest that electron beam based inactivation is less
damaging to native antibody binding sites than chemical inactivation with e.g. formaldehyde.
For the actually project the objectives are:
Better understanding of the inactivation kinetics using very low energy electron beams (150 - 300
keV) for bacteria and viruses in liquid suspensions and at the same time, opening new application
fields for this technology.
Work plan
•
•
•

Determination of the D10 value and killing curve for one type of RNA virus and E.Coli
in dependence to dose rate.
Research concerning the influence of microbe environment (e.g. type of liquid,
suspension additives, density and viscosity of suspensions) to inactivation kinetics
Determination of the inactivation kinetics by measuring the RNA fragmentation in case
of virus in dependence to dose rate
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Kuwait
The main goal of this project is to determine the optimum electron beam irradiation dose needed
to eliminate estrogens and other bio-chemical hazards from tertiary effluents of Kuwait's municipal
wastewater treatment plants. A recent study conducted by the Kuwait Institute for Scientific
Research has indicated that endocrine disrupting chemicals exist in high concentrations in
Kuwait’s wastewaters and are not removed adequately at the municipal treatment plants. Further,
the treatment efficiency of these municipal plants during winter seasons become very poor due to
severe filamentous sludge bulking and foaming. The project will determine experimentally the
elimination rates of estrogens and other bio-chemical hazards from tertiary treated wastewater in
Kuwait at different doses of electron beam irradiation (0.2, 0.5, 1.5, 3.0, 5.0, 8.0 and 10.0 kGy).
The following four main tasks are proposed for achieving the main goal of the project: Task 1:
Mobilization; Task 2: Sampling, Irradiation and Lab Analysis; Task 3: Results Analysis and
Interpretation and Task 4: Reporting.
Work Plan:
•
•
•

To investigate the elimination of estrogenic activity and inactivation of indicator
microorganisms from tertiary effluents of Kuwait’s municipal wastewater treatment
plants, using electron beam irradiation.
To study the effect of the season, filamentous bacteria and pollution loading rate on the
irradiation efficiency.
To determine the optimal irradiation doses for polishing tertiary effluents of Kuwait's
municipal wastewater treatment plants.

Malaysia
National Sewerage Company (NSC) is centralized in Malaysia which develops and maintains a
modern and efficient sewerage system for West Malaysia. NSC generates about 5.3 million m3
sewage sludge per year based on perspective sludge production factor (SPF). The common route
used for the disposal of sludge in Malaysia is landfilling. Merely, well dewatered sludge is suitable
for landfilling and it’s also should possesses good level of biological stability in order to avoid
emission of bad odors. Two major concerns arises on landfilling of sludge is environmental issues
and land availability. NSC acknowledges the bio-solids produce from their STP’s sludge by
anaerobic digestion and dewatering process are suitable for non-food crop fertilizer. Prior to
anaerobic digestion, the sludge was subjected to disinfection process which requires combination
of few techniques such as UV irradiation, membrane filtration and chlorination. Besides that, the
minimum acclamation time needed for anaerobic process is about 40 hours per feed. Therefore,
the entire process is time consuming and requires conditioning monitoring around the clock.
Furthermore, recently concern was arises on the regrowth of molds after disinfection with
prolonged storage. NSC is still finding for most promising technique which can assure the quality
of their sludge which is very efficient, effective and time saving. Thus, implementation of most
sophisticated and centralized sludge disposal technique which is also environmental friendly is
still required.
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Radiation technology is one the most promising technique for sludge sewage hygienization process
which being used widely at large scale all over the world. Numerous advantages found on radiation
treatment of sewage sludge. It can reduce pathogens to a safer level efficiently and also capable to
oxidize toxic and hazardous organic pollutants. Electron beam accelerators are favored for the
targeted application as it is more safer and simple form of radiation technique to be applied on
sludge hygienization.
Work Plan
•
•
•
•
•

Identification of the Rotavirus, Protozoa and Salmonella in the sewage sludge by
metagenomic or 16s rRNA techniques and morphology characteristic.
Quantification of the Rotavirus, Protozoa and Salmonella in sewage sludge before and
after irradiation treatment.
Determine the decimal reduction dose (D10) values and radiation sensitivities of targeted
pathogens in sewage sludge.
Simulates the kinetics of biohazard inactivation against process parameters under
different irradiation dose and dose rate conditions.
Evaluate the suitability of the irradiated sewage sludge as non-food crop fertilizer and
fish food feed by performing the physical and chemical analysis which is National
Standard requirement.

Portugal
Preliminary studies have been carried out to investigate the inactivation by gamma radiation of
murine norovirus type 1 (MNV-1), as a NoV surrogate, and human adenovirus type 5 (HAdV-5)
in six different aqueous substrates and two types of fresh berry fruits. The objective of the work
was to assess the inactivation kinetics and estimate the D10 values of the target virus in different
conditions to identify radiosensitizing and radioprotective factors, ranging from simple substrates
to more complex ones, namely Phosphate Saline Buffer (PBS), deionized filtered water, drinking
water, wastewater, Fetal Bovine Serum (FBS; simulate an high-organic loaded substrate),
raspberries and strawberries (reported outbreak vehicles). The tested enteric virus point out to be
significantly more sensitive suspended in water solutions (radiosensitizing substrate) than in
organic solutions (radioprotective substrate. On wastewater the sensitivity of the viral suspensions
to gamma radiation indicated to be between water and high organic-content solution. For fresh
fruits, no substrate effect on virus radioresistance was detected since similar D10 values were
obtained for the virus in both fruits. Moreover, the co-presence of other virus indicated no
influence on D10 values for the tested substrates. Ongoing studies are being performed to
characterize the mechanistic insights of the virucidal action of gamma radiation based on
molecular biology methods, namely SDS-PAGE to give an overview of total viral capsid proteins
and its abundance/degradation trend with irradiation doses; Western blotting which signals can be
used to estimate which specific proteins are degraded from the ionizing radiation treatments;
ELISA techniques to determine whether remaining proteins from the ionizing radiation treatments
remain antigenic; and long-range PCR methods to assess viral genome degradation. This
methodology applied to Human Adenovirus suspensions in PBS indicated the degradation of
proteins of HAdV-5 capsid only for the gamma radiation doses of 15 kGy and 25 kGy, but the
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degradation of viral genome was verified at lower doses (1.5 kGy), which corroborates with the
decrease of infectivity detected by plaque assay.
Work plan
• Study the inactivation kinetics of Human Adenovirus by e-beam irradiation in aqueous
substrates and identify radioprotective and radiosensitizing factors.
• Analyse the abundance/ degradation trend of the capsid proteins of Human Adenovirus with ebeam treatment.
• Estimate by PCR methods the DNA damage of Human Adenovirus by e-beam irradiation.

Publications
I. Pimenta, D. Guerreiro, J. Madureira, F.M.A. Margaça, S. Cabo Verde. Tracking human
adenovirus inactivation by gamma radiation under different environmental conditions. Applied
and Environmental Microbiology (2016) 82:5166-5173.

Poland
The increased awareness of the environmental pollution and more stringent regulations cause
significant development of sewage treatment technologies. Larger volumes of sewage sludge are
produced as a result and new places for their disposal are needed. Sludge from municipal sewage
treatment plants are good soil fertilizer but they are not allowed to be used in agriculture without
further disinfection because of presence of pathogenic microorganisms, parasites and parasite
eggs. Effective methods of disinfection arc needed which can change burdensome sludge waste
into sanitize safe valuable soil fertilizer. That is the reason why a method for higienization of
sewage sludge based on electron application is taken under consideration.
Work plan
•
•
•
•
•

Analyze the state of the art and legal acts concerning the management of excess sludge
Physicochemical and microbiological characteristics of excess sediment before and
after the methane fermentation process
Effect of radiation treatment of sludge (biomass) on fermentation efficiency
Hygienization of excess sludge and digestate using an electron beam
Research on the fertilizing properties of the examined radiation-hygienized ones;
excess sludge and digestate

Korea, Republic of
Recently, it was reported that many kinds of antibiotics were included in the stream in Korea due
to use of antibiotics in the livestock industry, hospitals and so on. South Korea is one of the
countries that use antibiotics. Large amounts of antibiotics present in rivers eventually cause
disturbance of the ecosystem and cause various environmental problems, including the generation
of antibiotic resistant microorganisms. Therefore, in this study, we performed to develop the new
technique to remove bio-hazardous materials such as antibiotics using E-beam, and determine the
13

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

mechanisms of which the effects of E-beam on the degradation of stable anti-biotics such as
ampicillin and tetracycline. Previous studies performed that the degradation of highly stable
substances by gamma irradiation showing the substances were completely degraded at the dose
below 10kGy depend on the substances. However, as E-beam irradiation has been approved much
later than gamma irradiation, the amount of scientific data on chemical degradation obtained by
E-beam is much smaller than those by gamma ray. Therefore, as a part of expanding the
applicability of machine generated irradiation technology using E-beam, KAERI is going to
propose 1) development and optimization of the method for degrading chemical substance using
E-beam, and 2) kinetic study about the effects of E-beam on the inactivation of chemical substance
such as anti-biotics and demonstrate their mechanism.
Work plan
•
•

Establishment of the method for analyzing chemical substances (ampicillin and
tetracycline) using analytical devices and for optimizing the degradation condition of
chemical substances using E-beam, and
Kinetic study about the effects of E-beam on the inactivation of chemical substance such
as antibiotics and demonstrate their mechanism

Tunisia,
Each year in Tunisia, around 20,000 tons of wastes are generated by health activities, of which
40% are high risk for health and the environment. Healthcare wastes are contaminated by the most
virulent germs. Disinfection treatment of hospital and healthcare wastes in Tunisia is currently
done by incineration. Increased interest in recent years has focused in alternative disinfectants. In
fact, irradiation treatment with ionizing radiation has proven to be a powerful tool in inactivating
human pathogenic microorganisms in water, wastewater, sludge, food and medical products.
Previous work was performed dealing with the effect of gamma irradiation on phages and bacteria
isolated from water, wastewater and sludge. Naturally occurring somatic coliphages, F-specific
coliphages and E. coli were examined in raw sewage and sewage sludge. As well, the effects of
radiation on bacteriophages ΦX174 and MS2, and E. coli all grown in the laboratory and seeded
in distilled water, autoclaved raw sewage and a 1% peptone solution were evaluated. The
inactivation of E. coli was fairly similar in all matrices. In contrast, inactivation of bacteriophages
was significantly greater in distilled water than in the other matrices. These results showed the
great influence of the matrix characteristics on virus inactivation. Somatic coliphages in raw
sewage and sewage sludge and ΦX174 in autoclaved sewage were inactivated similarly and were
far more resistant than F-specific coliphages, MS2 and E. coli. As well, F-specific RNA
bacteriophages in raw sewage and sewage sludge and MS2 in autoclaved sewage were inactivated
similarly and were more resistant than E. coli. In contrast, MS2 was more susceptible to γ-radiation
than E. coli in distilled water. Results showed that ΦX174 is a suitable indicator for estimating
virus inactivation by γ-irradiation and corroborate the use of somatic coliphages to survey the viral
quality of treated water and sludges. A study focusing on the effect of gamma radiation on fungal
biofilm saccharomyces cerevisae and bacterial biofilm staphylococcus aureus is pending.
Work plan
• To evaluate microbial and viral contamination of healthcare wastes
14
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• To irradiate healthcare wastes at different doses with different conditions as temperature,
pH, chemicals.
• To establish a correlation between biohazards, physical, chemicals and the kinetics of
inactivation according dose rates, and energies
• To study the combined effect of irradiation and biological compounds on viral inactivation
• To compare results of the effect of electron beam irradiation on fungal and bacterial
biofilms and viruses with those previously performed using gamma radiation
Publications
S. Jebri, F. Hmaied, J. Jofre, M.Yahya, J. Mendez, I.Barkallah and M. Hamdi. Effect of gamma
irradiation on bacteriophages used as viral indicators. Water Research 2013, 47:3673-3678.

United States of America
One of the challenges of utilizing commercial high throughput, high energy eBeam processing
configurations is the fact that the machine parameters, such as energy, beam current, pulse
repetition rates, etc. have to be specifically altered. Alternatively, attenuators, such as plywood or
high density polyethylene (HDPE), can also be employed to reduce the delivered dose.
Attenuation is used to lower the energy of the incident electrons to achieve a lower dose on the
product, without extensive engineering modifications. Attenuation is achieved by placing the
attenuator between the incident eBeam and the product to be irradiated, thereby allowing the
attenuator to absorb a portion of the incident electrons which results in a lower absorbed dose of
the product. Since attenuation leads to a change in beam energy delivered to the product, it can be
hypothesized that the microbial inactivation kinetics could also vary since the dose is the same but
the incident electron energy is different. On-going research in our laboratory has shown that even
though high energy electron beam (eBeam) radiation prevents the replication of bacterial cells, the
transcriptomic and metabolomic activities in these inactivated cells do not cease. Thus, eBeaminactivated cells are converted into what we describe as Metabolically Active, yet Non-culturable
(MAyNC). The overall goal of this project is to understand the inactivation kinetics of a selected
number of key food, environmental, and hospital infection associated bacterial pathogens as a
function of eBeam energy and doses. The target pathogens will be toxigenic E.coli strains,
Salmonella spp., Listeria spp., Bacillus spores and Bacillus vegetative cells and Acinetobacter spp)
Work plan
•
•
•

Determine if the D-10 values of these target pathogens vary significantly as a function of
eBeam energy (10 MeV, 8.5 MeV, 2.0 MeV, and < 1 MeV), bacterial strain, suspending
matrix and metabolic state (starved vs non-starved) of these cells.
Understand the differences in the metabolomic profiles of these bacterial pathogens as a
function of eBeam dose (lethal doses) and eBeam energies (10 MeV, 8.5 MeV, 2.0 MeV, and
< 1 MeV).
Determine whether eBeam irradiation results in predictable molecular fingerprints in the
irradiated cells.

Publications
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1.

2.

Hieke, A-S, C. and S.D. Pillai (2015) Attenuation of 10 MeV electron beam energy to
achieve low doses does not impact Salmonella spp. Inactivation kinetics. Radiation Physics
and Chemistry 110: 38-41
Urgiles, E., J. Wilcox, O. Montes, S. Osman, K. Venkateswaran, M. Cepeda, J. Maxim, L.
Braby and S.D. Pillai (2007) Electron beam irradiation for microbial reduction on spacecraft
components. Proceedings of the IEEE Aerospace Conference

5. CONCLUSIONS
5.1. There is a growing commercial interest to exploit different electron beam
energies and dose rates particularly in the wastewater effluent, sewage
sludges, vaccine development, hospital waste decontamination, cultural
heritage, and food industries.
5.2. It must be noted that in addition to microbial biohazards, public health and
environmental quality are impacted by emerging chemical contaminants such
as antimicrobial residues, toxins, endocrine disruptors, etc. The CRP has
therefore been expanded to include chemical hazards in addition to microbial
hazards. There is also a need to evaluate the efficacy of prions inactivation
by low and high energy in combination with other inactivating agents.
5.3. The focous of this CRP is on the target bio-hazards rather than the effects of
irradiation doses on the underlying matrices and their functionality.
5.4. The electron and photons energies being utilized in this project range between
150 keV to 10 MeV with dose rates up to 5000 Gy/sec. There needs to be a
deeper understanding of how microorganisms and other biohazards respond
to such high dose rates and gamma radiation.
5.5. There is a lack of low energy dosimetry for 3D objects and flowing liquids.
There are Monte Carlo simulation approaches for low energy dosimetry,
however, there are still lingering questions related to “energy spread” ,
machine parameters etc. Detailed information about these parameters are
needed to accurately transfer dosimetry information from one laboratory to
another and make the results transferrable.
5.6. One can envision scenarios where there is a need on an emergency basis to
remediate animal wastes, hospital wastes etc. These wastes have unique
matrices and therefore data on the destruction of hazards within these
16
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matrices are needed. There are case reports where eBeam technology has
been used in such specialized situations.
5.7. This CRP brings together scientists with varying expertise, access to different
radiation sources, energies, dose rates, matrices, and target biohazards
(bacteria, viruses, fungi, protozoa, storage grain pests, and emerging
chemical pollutants. The participants acknowledged the limited amount of
information of irradiation technology and efficacy against toxin, prions and
microplastics.
5.8. A variety of analytical methods such as conventional microbiology,
molecular biology, analytical chemistry, ecotoxicity, biophysics,
microscopy, are being harnessed in this project.
5.9. The research from this CRP will contribute to improved public and
environmental health as well as potentially increasing agricultural
productivity. Improvements in food safety, food quality, water quality,
animal and human health, reduction of food wastes are also envisioned.
5.10.
There are opportunities for multiple bilateral and multilateral
collaborations among the CRP members. These collaborations will definitely
synergize the producitivity of the CRP and the outputs of this initiative. The
datasets will also accelerate the commercialization of the research findings.
5.11.
Given the diversity of the projects under this CRP, the outcomes will
include new information on microbial pathogens of concern; fundamental
information on how ionizing radiation affects virucidal action; deeper
understanding of radiosensitization and radioresistance; response of
microbial DNA and metabolism to ionizing radiation; response of
antimicrobial resistance (eg. erythromycin and piperacillin) in bacteria to
ionizing radiation; response of antimicrobial compounds (ampicillin and
tetracycline) to ionizing radiation; response of natural antimicrobial
compounds (e.g. thyme extract, oregano extract, camomile extract) to ionzing
radiation; reponse of pathogens in human tissues; novel low energy dosimetry
systems for liquids.
5.12.
The results from this CRP will complement the activities of other CRPs
such as DEXAFI and cultural heritage CRP.

17

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

6. WAY FORWARD
6.1. An interlaboratory dose validation exercise is a useful activity for this CRP.
6.2. The CRP participants agreed to provide dose ranges and measured doses
whenever possible.
6.3. When D-10 estimations are performed especially with eBeam, attention to be
paid to the Dose Uniformity Ratio (DUR) of the sample. The sample DUR
should be as close to 1.0 as possible.
6.4. Participants will circulate their Standard Operating Protocols for D-10
estimations amongst each other to harmonize protocols for the key D-10
value.
6.5. Participants were encouraged to seek out collaborations amongst CRP
members.
6.6. Scientific exchanges were also encouraged to enhance the productivity of this
CRP.
6.7. Participants were encouraged to maintain active exchange of ideas and plans
using any of the modern communication tools.
6.8. There is a need for studies on toxins, prions and microplastics and how they
respond to varying dose rates and energies. CRP members were encouraged
to recruit researchers from their home institutions or elsewhere who are
working on toxins, prions and microplastics to apply to join the CRP.
6.9. The CRP members have agreed to participate in the writing of a critical
review article that focuses on use of ionizing radiation for improving One
Health. Hungary, Portugal, Tunisia and Malaysia to take the lead on this
initiative.
6.10.
The availability of ebeam/X-ray irradiation sources at Seibersdorf and
at IAEA collaborating centers will be a benefit to all members of IAEA and
members of this CRP.
6.11.
A summer school focusing on inactivation of bio-hazards will
complement the activities of this CRP. Another strategy would be to bring
together the pharmaceutical and medical devices industries and tissue
banking for a Technical Meeting to identify high priority research needs.
6.12.
All activities related to this CRP should be uploaded to CLP4NET
platform.
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TABLE 1. ESTABLISHED AND FUTURE COLLABORATION MATRIX
FC

Argentina Brazil

Canada Egypt Germany Hungary Korea Kuwait Malaysia Poland Portugal Tunisia USA

EC
Argentina
Brazil
Canada
Egypt
Germany
Hungary
Korea
Kuwait
Malaysia
Poland
Portugal
Tunisia
USA

EC – Established collaborations;
FC – Future collaborations;

– on-going collaboration
– proposed collaborations
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TABLE 2. SUMMARY OF MATRICES TO BE ANALYSED
Liquid matrices
Wastewater

Chemic
al
Biohaz
ards

Bacteri
a

Fungi

Virus

Endocrine disrupters
(estrogenic compounds;
Antibiotics
(ampicillin,
erythromycin,
piperacillin, and
tetracycline)
E. coli; S. aureus,
Pseudomonas,
Salmonella, filamentous
bacteria

--

Phages (as enteric virus
indicator: somatic
coliphagesPhiX 174, FRNA coliphage: MS2)
E.coli; enterc virus

Livestock effluents

Solid matrices

Water/pharmace
utical waste

Buffer and aqueous
substrates

Vaccine
solution

- Antibiotics
(ampicillin,
erythromycin,
piperacillin, and
tetracycline)

--

Total Coliforms,
Salmonella

--

Toxigenic E. coli,
Salmonella,
vegetative and
spore Bacillus,
Listeria,
Acinotebacter

--

Saccharomyces
cerevisiae

--

Phages (as
enteric virus
indicator:
somatic
coliphagesPhiX
174, F-RNA
coliphage: MS2)
E.coli; enteric
virus

Antibiotics

Human
Tissue
Grants

Sewage Sludge

Animal waste

Hospital waste Medical device/ Food surface and
papers
dry food

--

--

--

--

--

E. coli

Salmonella, E.
coli,
Enteroccocus
spp.

Salmonella, S.
aureus, E.coli

Bioburden
reduction

B cereus
Paenibacilus,
Bacillus sp. E.
coli, Salmonella

Bacillus sp
E. coli,
Salmonella

--

--

--

--

--

Human Adenovirus
and Hepatitis A;
other RNA virus

RNA virus

Rotavirus

Parvovirus,
Herpesvirus

Hepatitis A,
Hepatitis C

Protozo
a

Protozoa
(adults
and
eggs)
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A. niger, A.
flavus, A.
Fungal pathogen
parasiticus, O.
chrysogenum

--

--
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COUNTRY REPORTS

21

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

Argentina
DECONTAMINATION BY IRRADIATION OF BIOHAZARD WASTE FROM ANIMAL
ORIGIN
C. I. HORAK1, M.C. ANESSI1, M.V VOGT1, J.A. PACHADO1, L. PARODI2
1

Radiation Science and Applied Technology Management
2
Animal Laboratory Facility

Abstract
Radiation technology has emerged as an effective tool for decontamination and even degradation in some cases of biohazards,
mainly regarding to human pathogens. In this proposed research it is also included the inactivation of zoonotic microorganisms by
irradiation, which sources can be the waste from animal rear facilities (small animals) and livestock activities. In the case of animal
facilities, human and animal pathogens are inoculated into animals for research and development purposes. The livestock activities
produce a big amount of organic compounds that can include antibiotics applied to animals, and also a high contamination level of
enteric bacteria among others. At present, these biohazard animal wastes are incinerated, what is costly and non-eco-friendly. As
irradiation can be a cost-effective technology to replace incineration, the main Objective of this proposal will be the feasibility of
implementing the irradiation technology for decontaminating biohazard waste from animal origin.

1. OBJECTIVE OF THE RESEARCH
The main objective of this proposal will be the feasibility of implementing the irradiation
technology for decontaminating biohazard waste from animal origin. The matrix to analyse will
involve: Residues from animal laboratory facilities (solid waste) and Residues from the livestock
production (liquid and solid effluents). Previous results have showed a good degradation rate of
some toxics effluents, that is why it will also be include the possibility to degrade these effluents

2. INTRODUCTION
Biohazard waste in Argentina involved mainly hospital waste, sewage sludge, animal-origin waste
(animal rear facility and livestock activities), among others.
Animal-origin and hospital waste in the Buenos Aires Region reach to 100 Tn/day, and 40 % of
these wastes cannot be treated, because there is not enough capability from the public-private
sector, and they have to be landfill disposed.
About 60 Tn per day of Sewage sludge are produced in each of the three Wastewater treatment
facilities around Buenos Aires Region. This sludge is no treated and only can be landfill disposed.
These big amounts of hazard waste produced in Buenos Aires city and surroundings (animalorigin, hospital and livestock production wastes) that only can be disposed in landfill, have the
problem that in next future, the landfill area allowed for these purposes, will be fill in 5 years, and
alternative areas or treatments have to be found.
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Radiation technology has emerged as an effective tool for decontamination of biohazards, mainly
regarding to human pathogens. In this proposed research it is also included the inactivation of
zoonotic microorganisms by irradiation, which sources can be the animal-origin waste from animal
rear facilities (small animals) and livestock activities
In the case of animal facilities, human and animal pathogens are inoculated into animals for
research and development purposes. The livestock activities produce a big amount of organic
compounds that can include antibiotics applied to animals, and also a high contamination level of
enteric bacteria among others.
At present, these biohazard animal wastes are incinerated, what is costly and non-ecofriendly.
Irradiation may be a cost-effective technology to replace incineration, as it is required for viral
inactivation.
This research will be carried out in agreement with an Animal Facility, where healthy and infected
animal are reared for research and production purposes.
In the case of livestock activities, there is a centralized activity in a metropolitan area that has to
be moved to another area, but first, they have to demonstrate that the enteric burden and organic
compounds are reduced to accepted levels. An agreement is under evaluation in order to study the
feasibility to use irradiation as a mitigation treatment to inactivate pathogen microorganism but
also degrade organic compounds
3. MATERIALS AND METHODS
3.1.Materials
The samples will include Residues from Animal laboratory (solid waste): sawdust beds (solid and
liquid waste), food remains, carcasses or tissue of animals, etc;
3.2.Irradiation
Irradiation will be carried out in a Irradiation Facility Category IV, Source: Cobalt 60, 840 kCy.
Dose rate range is: 0,3 to 0,5 kGy/min.

3.3.D10 value determination
Bacteria: S. Enteritidis, E. coli, S aureus:
- Preparation of the bacteria inoculums: briefly, a single colony will be inoculated into 100
mL brain heart infusion broth and incubate it for 18h/32°C. A final cell density of 108
cells/mL.
- Inoculation of homogeneous samples with each of the selected pathogen surrogates
- Irradiation of each set of inoculated samples with incremental doses:0; 0,4; 0,8; 1,2; 1,6
kGy.
- Total counts of the survivors will be conducted using triptic soy agar for bacteria
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- Experiments will be run for each bacteria inoculums, and the data will be statistically
analyzed (99% confidence limits)
Virus: ssDNA non-enveloped virus (Parvoviridae) and dsDNA enveloped (Herpes viridae)
-

-

-

Preparation of the viral solution: Prepare viral Inoculums and serial dilutions. Seed onto
confluent monolayers of host cells (Vero cells). Cover with an immobilizing overlay
medium (CMC-solid or Avicel-liquid)
Inoculation with the viral inoculum and irradiation: Viral populations of approximately
1,000 to 10,000 PFU/ml will be suspended in modified Eagle's MEM and spread onto the
simulated samples
Irradiation of each set of inoculated samples with incremental doses: minimum 5 doses
between 0 and 25 kGy, samples by triplicate
Evaluate plaque forming unit (PFU)/ml, zone of cell death (2 – 14 days) stained with crystal
violet or MTT for each replicate, dilution and dose
Experiments will be run for each viral population, and the data will be statistically analyzed
(99% confidence limits)

3.4.Evaluation of the irradiation dose to inactivate biohazard on the residues from animalorigin: The inactivation dose will be evaluated on the bases of the D10 values results, and
applying so many log reductions as it would be required to reach safety levels. A risk
assessment will be conducted.
3.5.Evaluation of other intervention to improve effectiveness (steam and other conditions will
be evaluated, depending of the results obtained)
3.6.Further studies on the feasibility of re-using this disinfected waste will be conducted. Reuses could involve for example be used as fertilizer or soil improvement.
4. OUTCOMES
It was already established an agreement with the Small Animal Laboratory of CNEA, that
provides animal for public or private companies, for research or development purposes.
Characterization of the residues a simulated samples will be defined.
Irradiation dose will be established and implemented on real samples to verify treatment
efficacy.
5. FUTURE WORK
Livestock production waste
1. Establish a collaborative agreement with an end-users to conduct the studies
2. Characterization of the effluent
3. Identification of the pathogens and selection of the microorganisms that can be used as
model
4. Evaluation of the effectiveness of the radiation treatment on samples
5. Evaluation of effectiveness on the degradation of organic compounds

24

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

6. REFERENCES
OSHA – GHS page: https://www.osha.gov/dsg/hazcom/global.html
GHS Classification & Labelling of Chemicals:
http://www.epa.gov/oppfead1/international/globalharmon.htm
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Brazil
ELECTRON BEAM IRRADIATION AS A TECHNOLOGY FOR REDUCING
BIOLOGICAL HAZARDS RISKS IN BRAZIL
S.I. BORRELY1, W.A. CALVO1, M.C.C. PEREIRA1, BENEDITO CORREA2
1

Instituto de Pesquisas Energeticas e Nucleares, IPEN-CNEN/SP, Sao Paulo, Brazil
2

Instituto de Ciências Biomédicas da Uiversidade Sao Paulo, ICB/US
São Paulo, Brasil

Abstract
The increasing amount of solid residues is a very important issue today and different technologies may contribute to a suitable
management of solid residues, mainly in regions affected by arbovirus outbreaks. Recycling solid items is part of the solution.
Similar are the needs for the solids generated after sewage treatment stations, which contain important amount of microorganisms.
Electron beam irradiation has been applied for reducing microbial contamination in different matrix regarded with sanitation in
São Paulo, Brazil. Considering that biohazards may be related to many types of residues the data selected for this report included
some numbers of yellow fever cases and distribution into southeast. Regarding sanitation and its importance for avoiding pathogens
circulation into the cities, the number of fungi in recycling material varied from 116 up to 751 per m3 of filtered air. For domestic
sewage and sewage sludge irradiated by EB 4 to 7 log cycle reduction was obtained by 3kGy and 10kGy (16% of solids),
respectively. Despite radiation arbovirus and diseases in Brazil were also demonstrated. The increasing needs for a suitable
management of residues reinforce radiation as a possibility for solids residues decontamination.

1. OBJECTIVE OF THE RESEARCH
The project aims to conduct a wide survey (environmental and health) for the identification of the
most indicators genera of pathogenic microorganisms occurring in different environments that are
important in São Paulo State. The selected microbes will be studied for their radio-sensitivity using
a 1.5 MeV electron beam accelerator (EBA) under different environmental conditions in order to
obtain their D-10 values and to focus onto the radiation applications for biohazards decreasing.
2. INTRODUCTION
There are many bacteria and virus that can cause severe to fatal disease in humans, and they can
be reported as biohazards. Among them some may be highlighted: antrax, West Nile virus,
Venezuelan equine encephalitis, SARS virus, tuberculosis, typhus, Rift Valley fever, yellow fever
and malaria. Biohazards may be defined also as infectious agents that are capable of causing
diseases and can be classified according to size, properties and morphological characteristics (e.g.
viruses, rickettsia, bacteria, fungi, protozoa and helminths), (Aw and Harrison (1998). The
microorganisms have an astounding range of metabolic and energy-yielding abilities and many of
them can survive under conditions that are lethal to other life forms. The proportion among
microbial groups is: 6% helminths, 9% fungi, 11% protozoa, 30% bacteria and rickettsia and 44%
virus (Taylor, Latham & Woolhouse, 2001).
Exposure to biohazards are mainly associated to occupational safety and there is an emerging
concern for construction workers in sewer lines and wastewater treatment plants. Nonetheless
health-care workers are the main group related to biohazards and occupational diseases. Last
global livestock antrax report was published in 1994, and antrax contamination of bones or infected
animals has emerged this dangerous genera for five different regions of the globe. Textile and
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animal skins productions are among the activities associated to antrax risks, (Professional Safety
Magazine, 50(8), 2631; (HSE, 1997).
The diversity of biohazards is related to species distribution and to the environmental and social
characteristics of specific geographic locations. During last decade Brazil faces a huge battle due
to mosquito and disease transmission, as it will be shown in the results section. Environmental
issues are related to many factors such as climate, poverty, sanitation, sewerage and water quality
and suitable water distribution for the population. Brazil vaccines production and application is
very good but not enough due to the extension and social differences along the country. We also
fail in terms of sanitation that is inexpressive in north region of the country.
Considering arboviral diseases, from 2015 to 2017 dengue was prevalent: 2,800.000 is the
problabe number (64% of total notification in american continente. Meanwhile, two new viruses,
zika (204 thousand cases) and chikungunya (near 292 thousand notifications). After being extinct
for decades, yellow fever resurged with – 3,190 cases (Dec/2016 – May/2017).
Sanitation is also an important area/ fate to be included in the studies related to biohazards. After
sewage treatment there is the solid residues, as sewage sludge, to is discharged. The solids residues
management, landfill deposition and related public programs and services are essential for public
health and many arthropods may be controlled by suitable environmental management. As an
example we point out the increasing number of cooperatives of recycling residues in Sao Paulo
State. Few data will be discussed in terms of total fungi counting in areas where the materials are
separated (Ferreira de Souza, 2015). On the other hand, Aspergillus spp was the prevalent fungi
identified during an assessment of microorganisms carried out in three cooperatives of recyclable
materials.
Several factors are related to the born-diseases and microorganisms in the world: forest
destruction, excessive usage of natural resources, solids residues management, changing climate
among others. Brazil faces an increasing number of arbovirus-borne diseases related to mosquitos
(dengue, chikungunha, yellow fever, etc). From this brief introduction, we may see many possible
scenarios where the control of microbes may be needed. Part of them may be inactivated through
the use of ionizing radiation. All the knowledge obtained from experience on the use of radiation
for radiosterilization and disinfection give us conditions to understand the importance of
irradiation to be used in the case of given microbial outbreak or even intentional biological
weapons attacks. At Figure 1 we tried to correlate some few examples of activities related to
possible dispersion of mosquito and the presence of living organisms able to introduce biohazards
in touch with the population in different cities.
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FIG. 1 Initiatives of solid residues discharge: a) inappropriate soil deposition; b) small collecting
system for cooperatives and recycling of solid residues; c) feeding dengue mosquito.
3. MATERIALS AND METHODS
Literature was used for determining possible targets (environmental matrices) to be searched
during the project period. Few data considered the main regions affected by arbovirus in Brazil.
Solids residues results were based on irradiation applied for sewage and sewage sludge disinfection
and finally the survey of fungi detected at three cooperatives of recycling material was carried out.
Sewage sludge samples, collected at São Paulo (Barueri wastewater treatment station) were
submitted to total bacteria counting and irradiations during six months. Sewage samples were also
irradiated. Both type of samples were irradiated at electron beam accelerator, at 1.4 MeV. All
sampling and counting procedures were carried out according to APHA Standard Methodology
(1985). Irradiations and microbial counting were carried out at IPEN.
The irradiation sources to be used for the experiments proposed during this Cooperative Research
Project were listed at Table 1.

TABLE 1 Main characteristics of irradiators available for researches, CTR/IPEN
Type of Irradiator

Activity / Energy
(May-June/2018)
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G a m m a S o u r c e ( 60Co )
Panoramic wet source storage irradiator

Installed activity – 400kCi;

Category IV (IAEA –SSG-8)

Max dose rate – 20 kGy/h
(approx)
Average dose rate – 5-6 kGy/h

Panoramic (FIS 60-04 N) - Yoshizawa Kiko
Co, Ltd.

145kCi;
Average dose rate – 0.1147 kGy/h
–
at 5cm from the source
791.4kCi;

Gammacell – 220 N – AEC Ltd (Canadian)

Average dose rate – 0.670 kGy/h

E l e c t r o n B e a m A c c e l e r a t o r (max Energy)

RDI – Dynamitron Accelerator

1.5 MeV and 37.5kW

JOB - 188
RDI – Dynamitron Accelerator

1.5 MeV and 97.5kW

JOB - 307

4. RESULTS AND DISCUSSION
At this report, most of the results were based on data interpretation from other authors, as the
surveys proposed and carried out during the project conception and June/2018. Figure 2 represents
the regional incidence of yellow fever, in eight Brazilian States in the map (red marks). After
decades yellow fever was reintroduced in Brazil and São Paulo State together with Minas Gerais
and Rio de Janeiro.
At table 2 the cycle log reduction of bacteria was showed at domestic sewage and sewage sludge.
Table 3 resumes the fungi detected at an office where recycling material was handled and
separated, according to Souza, 2015.
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FIG. 2 Brazilian states where yellow fever risks are potential

Mosquito as vector of arboviroses, Aedes aegypti, propagueted dengue, chikungunya, zika and
yellow fever virus with peaks of dengue in 2015 and yellow fever in 2017-2018.
TABLE 2 Inactivation of microorganisms in environmental matrixes
Log reduction by EB irradiation

Matrix

04 with 3 kGy ( 1.3 x 106 initial
counting )

Domestic sewage

Sewage sludge, 10.0 kGy 100 ppm

Sewage sludge (16% solids)
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Salmonella sp – 0.25 up to 1 kGy

Distilled water

TABLE 3 Working place fungi contamination and health related problems tanek from a
recycling working station (Souza, 2015)
Sample from

Filtered air

Office

Trademill

(CFU/m3)

(CFU/m3)

116

751

Fungi prevalence: Aspergillus spp (24%); Penicillium spp (23%); Fusarium spp (21%); Cladosporium
spp (19%); Rhizoplus spp (11%); Nigrospora spp (2 %); Mucor spp (0.2%) and non-sporulating fungi
(0.1%).
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Abstract
Essential oils (EOs) can act as potential bio-pesticides but also as antimicrobials against wide varieties of microorganism due to
their phytochemical diversity. The aim of this project is to evaluate biological activity of eight individual essential oils (basil,
cinnamon, eucalyptus, mandarin, oregano, peppermint, tea tree, and thyme) against the rice weevil, Sitophilus oryzae. These EOs
will also be used to evaluate their ability to inhibit the growth of four mold species Aspergillus niger, Aspergillus flavus, Aspergillus
parasiticus and Penicillium chrysogenum and two bacteria Bacillus cereus and Paenibacillus amylolyticus. The LC50 (µl/ml) and
the LC95 will be evaluated against the Sitophilus oryzae weevils in presence of the individual Eos and the potential synergy between
the Eos will be evaluated.
The antifungal activity of these EOs will be assessed by the determination of the minimal inhibitory concentration (MIC) using 96well microplate analysis. The interactions between different Eos in combinations will be done by the checkerboard technique. The
formulation who will give the highest antifungal activity will be determined. A formulation based on Eos in combination who will
show synergistic or additive effect, will be developed and tested in combination with irradiation in order to evaluate the possible
synergistic effect. It is proposed to compare x-ray (12.667 or 3.15 Gy/min) with gamma ray (0.08 kG/hre Gamma cell 220 vs 4.45
kGy/hre UC-15B and vs 10.46 kGy/hre UC-15 A). The radioresistance and the radiosensitisation will be measured by the
calculation of the D10 values, the dose required to achieve 90% reduction of the population on the D10 of one insect (S. oryzae),
four molds and selected bacteria (B. cereus and P. amylolyticus) who are important food contaminant.

1.

INTRODUCTION

Postharvest loss is a complex problem and its scale varies with several factors such as varieties
of crops, practices, climatic conditions, and country economics. Most of the harvested grains
are susceptible to insect infestation and mold growth during storage (1). The rice weevil,
Sitophilus oryzae (L.), is an important pest of stored cereals worldwide. Infestation by this species
causes severe quantitative and qualitative losses on grain products, alter nutritional and aesthetic
value and contaminate food commodities with insect bodies, excrements and most importantly by
mycotoxins, as a result of insect-promoted fungal growth during storage (2,3). Moreover, stored
food can be contaminated in store houses by bacteria, and under favorable conditions, they
germinate, proliferate and sometimes produce enterotoxins. Rice is an important potential source
of Bacillus associated food poisoning (4). Increasing consumer concern has driven research into
development of novel methods to eliminate food-borne pathogens in conjunction with the existing
ones for controlling stored product pests. Concerns about the safety of synthetic compounds have
promoted research in plant resources and naturally-derived essential oil metabolites (5). An
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exhaustive number of studies have uncovered the antifungal, insecticidal and antimicrobial
properties of a broad spectrum of EOs (6). The aim of the present will be to i) study the fumigant
toxicities of eight EOs namely basil, cinnamon, eucalyptus, mandarin, oregano, peppermint, tea
tree and thyme against S. oryzae, ii) evaluate the inhibition activity of eight EOs against four fungal
species A. niger, A. flavus, A. parasiticus and P. chrysogenum two bacterial species Bacillus cereus
and Paenibacillus amylolyticus by determining (i) the minimum inhibitory concentration (MIC)
of the EOs and (ii) the possible synergistic effects between EO combinations and with different
sources of irradiation.
2. MATERIALS AND METHOD
2.1 PREPARATION OF ESSENTIAL OIL EMULSION
Basil, cinnamon, eucalyptus, mandarin, oregano, peppermint, tea tree and thyme EOs obtained
from Robert & Fils (Ghislenghien, Belgium) and stored at 4 ˚C will be used. Each EO will be
prepared as a microemulsion containing 2.5% (v/v) of EO and 2.5% (v/v) of Tween 20
(Laboratoire Mat, QC, Canada). The mixtures will be homogenized for 5 min with an Ultra-Turrax
homogenizator (model TP18/1059, Germany) at 20,000 rpm to obtain a micro-colloidal
suspension. Then, the emulsions will be aseptically filtered using a 0.45 um pore size sterile filter.
The mixtures will be then stored at 4 ˚C.
2.2 FUNGAL INOCULA AND ASSAY MEDIA
Aspergillus niger (ATCC 1015), Aspergillus flavus (ATCC 9643), Aspergillus parasiticus (ATCC
16869), and Penicillium chrysogenum (ATCC 10106) and bacterial species Bacillus cereus and
Paenibacillus amylolyticus will be used for the assays. Each fungal and bacteria species will grow
and maintained respectively in potato dextrose broth (PDB, Difco, Becton Dickinson) and tryptic
soy broth (TSA) containing glycerol (10% v/v).
2.3. DOSE-RESPONSE TESTS WITH INDIVIDUAL EOS
The fumigation toxicity of the EOs will be examined using dose-response tests. Based on
preliminary tests, an aliquot of 10,20,40,80 and 120 µl of basil, cinnamon, eucalyptus, mandarin,
oregano, peppermint, tea tree, thyme and combination of oregano and thyme will be applied to a
small sponge (10 x 10 x 8 mm) and will be placed in a 10 ml cup wrapped with muslin screen. The
screened cups with the EOs will be placed in Petri-dishes (95 x 15 mm) containing 10 g of rice
and 25 individual S. oryzae adults (1-3 weeks old), and sealed with Parafilm. The petri dishes will
be incubated at 28± 2˚C at 65% RH. The method will be similar to the one described by Hossain
et al. (7). Percent mortality will be calculated for each EO as below
Percent mortality = (Number of dead insect/ Number of total insect) x 100 (eq. 1)
2.4. DETERMINATION OF THE MINIMUM INHIBITORY CONCENTRATIONS (MIC)
USING BROTH DILUTION METHOD
The method for determination of MIC will be adopted from Turgis et al. (8) with slight
modification. All EOs will be diluted in Potato Dextrose Broth (PDB) medium for antifungal
bioassay and mueller hinton medium for antibacterial bioassay to obtain serial concentrations of
10000-10 ppm. A sample of 100 µl of the serially diluted EOs will be pipetted into 96 wells
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microplate (Sarstedt, QC, Canada). Each sample well will be inoculated with 100 μl of fungi and
bacteria at a concentration of 105 CFU/mL in order to obtain 1 x 104 CFU/mL of final
concentration. The microplate will be incubated aerobically for 36 h at 28 °C for fungi and 24 hr
at 30°C for bacteria. After incubation, the absorbance will be measured at 590 nm using an Ultra
Microplate Reader (Biotek instruments, VT, USA). Sterile PDB medium will be incubated under
the same condition and used as a negative control blank. PDB medium incubated with a specific
fungal or bacteria species (without EO) will be used as a positive control of growth.
2.5. ASSESSING INTERACTION BETWEEN EO MIXTURES BY THE CHECKERBOARD
METHOD
Combination assays were evaluated based on a checkerboard procedure described by Turgis et al.
(8). The checkerboard method will be performed to obtain the fractional inhibitory concentration
(FIC) index of mixtures of EO combinations against each mold and bacterial species. The index
will be calculated by adding the FIC values of EO (a) denoted by FICa and (b) denoted by FICb.
The FICa and FICb values represented the fraction of the lowest concentrations of EOs and
mixtures of EOs, respectively, that caused inhibition of fungal growth in the combination tests.
The calculations will be performed using the following equations
𝐹𝐼𝐶𝑎 = 𝑀𝐼𝐶𝑎,𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 ⁄𝑀𝐼𝐶𝑎,𝑎𝑙𝑜𝑛𝑒
(2)
𝐹𝐼𝐶𝑏 = 𝑀𝐼𝐶𝑏,𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 ⁄𝑀𝐼𝐶𝑏,𝑎𝑙𝑜𝑛𝑒
(3)
𝐹𝐼𝐶 = 𝐹𝐼𝐶𝑎 + 𝐹𝐼𝐶𝑏
(4)
Based on the above, the FIC of an EO could be equated to the concentration which caused
deactivation of the fungal species when used in combination with another EO divided by the
concentration that had the same effect when used alone (9, 10). An FIC ≤ 0.5 was interpreted as a
synergistic effect, 0.5 ≤ FIC ≤ 1 represented as an additive effect, FIC ≤ 4 represented as no
interactive effect and FIC > 4 indicated an antagonistic effect between two tested EOs (9, 11).
4. FUTURE PLAN OF RESEARCH
➢ We propose in this study to evaluate the efficiency of using irradiation in combination with
the use of essential oil to eliminate molds, bacteria and insects by evaluating the
radiosensitisation.
➢ It is also proposed to compare the efficiency of x-ray and gamma ray in combined
treatments to inactivate insects (S. oryzae), molds (Aspergillus niger) and bacteria (ex: E.
coli, Salmonella, B. cereus, L. monocytogenes).
➢ The radioresistance and the radiosensitisation will be measured by the calculation of the
D10 values, the dose required to achieve 90% reduction of the population.
➢ It is proposed to compare x-ray (0.76 kGy/hr) with gamma ray (0.08 kG/hre Gamma cell
220 vs 4.58 kGy/hre UC-15B and vs 10.46 kGy/hre UC-15 A) on the D10 of one insect (S.
oryzae), one mold (A. niger) and selected bacteria (ex: E. coli, Salmonella, L.
monocytogenes, B.cereus) who are important food contaminant.
➢ An increase of the radiosensitization (reduction of D10 values (kGy)) can permit to reduce
the dose necessary to assure the safety and the cost of the treatment while preserving better
quality of the product.
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5. CONCLUSIONS
The present research will be able to highlights the potential antifungal effects of EOs, against rice
weevil, four molds and two types of bacteria. Based on MIC assays, the EOs will be broadly
grouped as having high, moderate and low effective groups. Checkerboard analyses will be able
to show if some EO combinations display synergistic or additive effects. Further this research will
permit to evaluate the potential synergistic effect when done in combination with different source
of irradiation having different level of dose rate. Finally, the possible radiosentisation or
radioresistance will be determined in function of dose rate and irradiation source.
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Abstract
Comparative effects of Gamma-rays and Electron beam on viability of some microorganisms as Bacillus sp injected with a
population of 2x102 /0.1 ml onto sterile medical dressing products was investigated. Gamma and E-beam irradiation effectively
reduced the population of Bacillus sp. Irradiation with gamma and E-beam at dose of 4 kGy reduced Bacillus counts to less than
10 cfu /sample, with reduction of 98.60 % and 95.70 %, respectively. No viable counts were detected for the samples exposure to
gamma or Electron beam at 6 kGy. Local isolate of Bacillus sp. strain was tested for radiation resistance D10 values. One ml aliquots
of bacterial suspension (4 x106 cfu/ml) were assayed for viability after exposure to different doses (2-10 kGy) of gamma irradiation
or electron beam irradiation. The D10-value for the tested Bacillus sp isolate obtained by E- beam irradiation was higher than that
obtained by using γ-irradiation source, which means that, gamma irradiation was more effective than electron beam irradiation in
reducing viability of the test pathogen. The D10- values were calculated to be 2 and 2.6 kGy for γ- and E-beam irradiation,
respectively. Establishment of the Sterilization dose and determination of the verification dose (VDmax25) for commercialized health
care products was studied. The verification dose for the product was estimated to be 9.0 kGy according to ISO 11737-2. Ten
samples were irradiated to a target dose of 9.0 kGy in a gamma cell and other ten samples were irradiated by 3 MeV E-beam
Accelerator with 5 mA beam at the same dose. After 14 days, all ten samples that irradiated with gamma rays were sterilised and
the growth of microorganisms were all negative (no contamination). Meanwhile, one of the electron beam irradiated samples
showed positive microbial growth (one sample is not sterile). According to the verification dose of 9.0 kGy was accepted for both
sample exposed to Gamma rays or electron beam irradiation.

1. INTRODUCTION
Radiation technology has emerged as an effective tool for the decontamination of biohazards. It has been instrumental in improving the quality of human life through its effective
sterilization of medical and healthcare products and its improvement of food safety. Over the years,
this technology has been primarily based on using gamma radiation sources like Cobalt-60.While
most commercial radiation sterilization are conducted with gamma-rays from Co-60, electron
beams generated by electron accelerators are increasingly being utilized for treating foods and
medical products. This is because technology that based on using gamma radiation sources like
Co-60 as the radiation source has many concerns regarding the safety and security of radioactive
sources. Industry should be encouraged to look for machine based electron beam radiation source.
The dose rates of electron beams are 103 to 106 times higher than those of gamma-rays. It is
necessary to clarify the difference in biological and chemical effects between gamma-rays and
electron beams. Most of the studies on food irradiation have been done with gamma-rays, and the
data obtained with gamma-rays should be extrapolated to electron irradiation in order to evaluate
the efficacy of electron irradiation and the safety of electron-irradiated products. It would be worth
trying to compare the effects of gamma-rays and those of electron beams on medical and healthcare
products as well as food matrix for both the deterioration of irradiated materials and the
inactivation of living cells caused by irradiation. To bring out the full potential of electron beams
in the areas related to treatment of biohazards, it is important to establish factors that include the
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kinetics of inactivation which is complicated on account of the variety of radiation sources, their
dose rates, and energies as well as because of differences in the nature of microbes and their
environment. Establishing the kinetics of inactivation of microbes at high dose rates so as to use
electron beam technology for inactivation of biohazards should be taken in consideration [1-4].
2. METHODOLOGY
2.1 RADIATION EFFECT ON VIABILITY OF LOCAL BACILLUS sp. ISOLATE
INOCULATED ON MEDICAL DRESSING PRODUCT
One hundred microlitres of spore suspension of Bacillus sp with a population of 2x102 /0.1 ml
was pipette on to the surface of sterile medical dressing samples (Pharmacoll, hydrocolloid
dressing, 5x5 cm2) and left to dry for 60 min under sterile condition in Laminar air flow (LAF).
The inoculated samples were exposure to different doses (2-6 kGy) of gamma irradiation or
electron beam irradiation. Irradiation was carried out at the National Center for Radiation Research
and Technology (NCRRT), using 60CO gamma irradiation source of Indian Facility with a dose
rate (1.25 kGy/h) and 3 MeV E-beam Accelerator with 2 - 5 mA beams at different speed.
Bioburden was determined for irradiated and non-irradiated samples separately through removal
technique (extraction and filtration) by Millipore membrane filter method (Millipore cellulose
nitrate membrane, 0.45 µm) using sterile membrane filter holder system. The membrane filter was
settled onto the surface of sterile Tryptone Soya Agar (TSA) plate (Oxoid medium, CM0131). The
plates were incubated at 30 ± 1oC for 2 days, and inspected daily for any microbial growth. The
bioburden was estimated for each sample and the percent reduction of bacterial count was
calculated.
Bioburden reduction count = Count of non-irradiated samples - Count of irradiated samples
Count of non-irradiated samples
2.2. DETERMINATION OF D10 VALUE
Local isolate of Bacillus sp. strain was tested for radiation D10 values. One ml aliquots of
bacterial suspension (4 x106 cfu/ml) were assayed for viability after exposure to different doses
(2-10 kGy) of gamma irradiation or electron beam irradiation. Irradiation was carried out at the
National Center for Radiation Research and Technology (NCRRT), using 60CO gamma irradiation
source of Indian Facility with a dose rate (1.25 kGy/h) at the time of experiments and 3 MeV Ebeam Accelerator with 2 - 5 mA beam at different speed. Bacterial colonies were counted and
survival curves (log N/No) for the bacteria isolate at different doses of gamma and electron beam
irradiation were plotted.
Survival curve = Log N/No
Where N and No are the number of viable cells after and before irradiation, respectively. The
radiation D10 value was calculated by taking the negative reciprocal of the survivor curve slope.
2.3. ESTABLISHMENT OF THE STERILIZATION DOSE
As per clause 8.2.2.b of ISO 11137- Pharmaplast Co. has selected 25 kGy as the sterilization
dose of Pharmacoll to achieve a sterility assurance level (SAL) of 10-6. The 25 kGy dose will be
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substantiated according to clause 9.2 of ISO 11137-2 (method VDmax25 for multiple production
batches).
2.4. DETERMINATION OF THE VERIFICATION DOSE (VDmax25)
From the bioburden results, it can be seen that none of the individual batch average bioburden
is twice or more times greater than the overall average bioburden of 64.0. Accordingly, the
verification dose “VDmax25” is calculated from the overall average bioburden for the three batches
(>1.5). Using Table 9 (ISO 11137-2), the verification dose for the product is estimated to be 9.0
kGy.
2.5. VERIFICATION DOSE EXPERIMENT
Twenty product units are selected from one of the batches used in the bioburden test for the
verification dose experiment. Ten samples were irradiated to a target dose of 9.0 kGy in a research
gamma cell and the remaining 10 samples were irradiated by 3 MeV E-beam Accelerator at the
same dose.
3. RESULTS AND DISSCUSSION
Gamma radiation sterilization and E-beam sterilization are mainly used for the sterilization of
pharmaceuticals. Gamma radiation delivers a certain dose that can take time for a period of time
from minutes to hours depending on the thickness and the volume of the product. E-beam
irradiation can give the same dose in a few seconds but it can only give it to small products.
Depending on their different mechanism of actions, these sterilization methods affect the
pharmaceutical formulations in different ways. Thus, the sterilization method chosen must be
compatible with the item to be sterilized to avoid damage.
3.1. VIABILITY OF LOCAL BACILLUS sp. ISOLATE INOCULATED ON MEDICAL
DRESSING PRODUCT
Viability of local Bacillus sp. isolate inoculated on medical dressing product against Gamma
and Electron beam irradiation was investigated. Gamma and E-beam irradiation effectively
reduced the population of Bacillus sp. Irradiation with gamma or E-beam at dose of 4 kGy reduced
Bacillus counts to less than 10 cfu /sample, with reduction 98.60 % and 95.70 %, respectively. No
viable counts were detected for the samples exposure to gamma or E-beam at 6 kGy (Table 1 and
Figure1).
Table 1. Effect of different doses of Gamma and E-Beam irradiation on viability of local Bacillus
sp. isolate inoculated on, hydrocolloid dressing product.
Gamma

E-Beam

Dose/kGy

Average count/sample

0.0

215

2.0

24

88.84

37

82.21

4.0

3

98.60

9

95.70

6.0

ND*

-----

ND*

-----

Reduction
%

Average count/sample

Reduction
%

208

39

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

* ND= Not detected

FIG.1. Microbial growth in Millipore membrane
3.2. COMPARISON (D10 VALUE) OF GAMMA AND E-BEAM IRRADIATION ON
RESISTANCE OF LOCAL BACILLUS sp. ISOLATE
The radiation resistance of a microorganism is measured by the decimal reduction dose (D10
value), which is defined as the radiation dose (kGy) required to reduce the number of that
microorganism by 10-fold (one log cycle) or required to kill 90% of the total number.
The D10-value for the tested Bacillus sp isolate using E- beam irradiation and Gmma rays was
determined. Bacterial suspensions (4 x106 cfu/ml) were assayed for viability after exposure to
different doses (2-10 kGy) of gamma irradiation or electron beam irradiation. Bacterial colonies
were counted and survival curves (log N/No) for the bacteria isolate at different doses of gamma
and electron beam irradiation were plotted in Table 2 and Figure 2. The bacterial counts after
treated with gamma is much less than that treated with electron beam Figure3.
The D10- values of the E-beam treated Bacillus sp isolate is higher than that using γ-irradiation,
which means that, gamma irradiation was more effective than electron beam irradiation in reducing
viability of the test pathogen. The D10- values were 2 and 2.6 kGy for γ- and E-beam irradiation.
40

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

TABLE 2. EFFECT OF DIFFERENT DOSES OF GAMMA AND E-BEAM IRRADIATION ON
VIABILITY OF LOCAL BACILLUS SP.
Dose/kGy

Gamma

E-Beam

Average count/ml

Log N/N0

Average count/ml

Log N/N0

0.0

4 x 10-6

4 x 10-6

2.0

7 x 10-5

-

0.76

1 x 10-6

-

0.60

4.0

4 x 10-4

-

2.0

3 x 10-5

-

1.12

6.0

2 x 10-3

-

3.30

5 x 10-4

-

1.90

8.0

1 x 10-2

-

4.60

2 x 10-3

-

3.30

10.0

30

-

5.12

2 x 10-2

-

4.30

Fig.2. Survival curve of Bacillus sp. isolate exposure to different doses of gamma and E-beam
irradiation
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FIG.3 effect of gamma rays and electron bean on the bacterial counts and radiation resistance D10
3.3. COMPARISON OF VERIFICATION DOSE OF GAMMA AND E-BEAM IRRADIATION ON
THE STERILITY OF MEDICAL DRESSING PRODUCT.
Sterilization dose can be defined as the absorbed energy per unit mass ([J.kg-1] = [Gy]). Survival
fraction of the microorganisms is reversely proportional with the absorbed dose. Doses for
sterilization should be chosen according to the initial bioburden, sterility assurance level (SAL)
and the radiosensitivity of microorganisms. A sterility assurance level (SAL) is derived
mathematically and it defines the probability of a viable microorganism being present on an
individual product unit after sterilization. SAL is normally expressed as 10−n. The process of
determining the sterilization dose is intended to establish the minimum dose necessary to achieve
the required or desired SAL. Sterilization dose depends on: i. level of viable microorganisms on
the product before the sterilization process (natural bioburden); ii. relative mix of various
microorganisms with different D10 values; iii. degree of sterility, i.e. sterility assurance level
(SAL), required for that product. Because of this reason, the optimum sterilization dose is 25 kGy
at the above level of bioburden.
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FIG.4 Pharmaceutical Dressing product
.
The irradiated 20 samples Fig.4 at a verification dose of 9.0 kGy were tested individually for
sterility according to ISO 11737-2 by NCRRT microbiologists (Sterility Lab.). Irradiated product
units were tested for sterility using Thioglycollate Medium U.S.P and incubated at 302 ºC for 14
days. None of the ten product units (irradiated by gamma) tested were found non-sterile, indicating
acceptance of verification dose. On the other hand, one of the ten product units (irradiated by Ebeam) tested was found non-sterile, indicating acceptance of verification dose also for E- beam
irradiation.
4. CONCLUSION
•

•

The D10-values for the tested Bacillus sp isolate treated with of gamma ray and E- beam irradiation
were determined. The D10-value for Bacillus sp treated by E-beam is higher than that of γ- ray
irradiation, which means that, gamma irradiation was more effective than electron beam irradiation
in reducing viability of the test pathogen.
Comparison of verification dose of Gamma and E-Beam irradiation required for the sterility of
medical dressing product was investigated to find out that calculated verification dose according
to ISO 11137- is accepted for the product sterilized by gamma or electron beam irradiation.
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Abstract
We are looking for answers to the following question: Is it possible to reduce or eliminate the impact of antibiotics on the
microorganisms in wastewater, in order to prevent antibiotic resistance development?
You can find in this report our experimental facilities, the applied methods, the main results of previous studies and the further
plans.

1. INTRODUCTION
Water is one of the most valuable materials on earth. There is no life without water. However,
drinking water and soil are contaminated, due to the rapid growth of the population, and the largescale development in agriculture and industry.
In the last decades, medical science has developed a lot. Therefore, the production of
pharmaceuticals, antibiotics has increased enormously. Unfortunately, we often use them also in
cases when it would not be necessary [1].
The basis of the traditional wastewater purification is the biological step in which different
microorganisms degrade the organic content of water. These microorganisms are adapted to
decomposing natural compounds, however, they degrade the artificially produced molecules, such
as pharmaceuticals, surfactants, personal care products etc. with low efficiency.
Microorganisms, during their development, have recognized the antibiotics we used against them,
and they have encoded resistant genes. As a result, resistant or even multi-resistant microorganisms
have been created.
Microbes are able to pass these resistant genes to related or even non-related species by horizontal
gene-transfer. This enables the quick spread of resistance [2].
Therefore, the antibiotics become less and less efficient to treat bacterial infections, at the same
time this process leads to the development of multi-resistant bacteria. The degradation of
antibiotics in the surface waters is very slow, sometimes needs years. Therefore, development of
resistant bacteria takes place also in natural waters.
Contamination of surface water and groundwater with pathogenic microorganisms (from
municipal wastewater), among them bacteria resistant to antibiotics is a serious problem in many
countries. Due to the excessive application of antibiotics, they not only cause harm by entering
into the human body through drinking water, but they also pose microbiological risks.
The treatment of wastewater effluent by high-energy accelerated electrons (EB) is a proper method
to solve this problem. During this process the bacteria are inactivated, in addition to the
degradation of antibiotics.
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We introduced a microbiological assay, to assess the applicability of an AOP for eliminating the
subinhibitory effects of antibiotics on selected resistant bacteria.
The test is based on the population dynamics of a mixed bacterial culture in response to the
presence of antibiotics in a concentration range well below the minimum inhibitory concentration
(MIC) in a synthetic wastewater matrix. We added sensitive and resistant subtypes of
Staphylococcus aureus in a 1:1 ratio to the test medium, and we determined the fraction of resistant
mutants after incubation for 24 hours by simple colony counting.
2. EXPERIMENTAL
2.1 COMPOUNDS INVESTIGATED
Erythromycin (CAS Registry No. 114-07-8), piperacillin sodium salt (CAS Registry No. 5970384-3), and humic acid (CAS Registry No. 1415-93-6) were obtained from Sigma-Aldrich (St.
Louis, MO). Inorganic constituents of the assay medium such as NaHCO3, K2HPO4, MgSO4,
and (NH4)2SO4 were purchased from Reanal (Budapest, Hungary). Purified water was prepared
with an Adrona B30 system (Adrona, Riga, Latvia).
In the microbiological experiments, sodium chloride (catalog no. 1.06404.1000), peptone (catalog
no. 1.11931.1000), and bacteriological agar (catalog no. 1.01615.1000) were from Merck
(Darmstadt, Germany). Trypto-casein soy broth (CASO, product BK046HA) was purchased from
Biokar Diagnostics (Solabia Group, Pantin, France).
For the irradiation, we prepared a solution that contained an antibiotic concentration 500x
compared to a real sample, the other constituents were also concentrated 500x to keep the kinetics
of the free radical system similar to a real scenario. This was necessary to work in a convenient
dose range.
2.2.EXPERIMENTAL METHODS
For the irradiation, we used a vertically mounted Tesla Linac LPR-4 type linear electron
accelerator, which delivers short pulses of electrons with 4 MeV energy, 800 ns duration and 50
Hz repetition frequency. We applied a wide range of treatment times to provide an increasing
absorbed dose. The residual antibiotic concentration after the EB treatment was determined by
HPLC-DAD analysis.
2.3.MICROBIOLOGICAL ASSAY
Staphylococcus aureus was chosen us as the test microorganism. This Gram-positive bacterium
can take part in several types of horizontal gene transfer events (transduction, transformation and
conjugation process) [3], so it is a good candidate for screening the development of resistance in a
mixed bacterial population. Therefore, we thought that this species provides an appropriate
approach reflecting a worst case scenario according to which an advanced oxidation process should
be optimized.
(It is important to mention that these strains need a Biosafety Level 2 laboratory according to the
U.S. Public Health Service Guidelines, and it is the responsibility of the users to adhere to the
biosafety regulations being enforced in their own country. The laboratory of Department of
Microbiology and Biotechnology, Szent István University fully comply with these requirements.)
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To monitor the change in antibacterial activity in our previous work [4], we selected sensitive and
resistant S. aureus isolates and also determined their resistance profile. We determined the MIC
values with the broth microdilution method [4].
2.4.TEST MEDIUM
When the medium for the assay was considered, we decided not to follow conventional
antimicrobial testing methods in which nutrient broth is used to facilitate bacterial growth, because
this would presumably lead to appreciable distortion from real wastewater samples where limited
sources are available for bacteria. In particular, enhanced bacterial growth is expected to intensify
the development of resistance by increasing the probability of de novo gene mutation events and
exchange of genetic information at a rate not expected to occur in the environment. The culture
medium was, therefore, rather a reflection of a real wastewater sample.
Humic acid was used to represent the dissolved organic carbon content (DOC) of a real wastewater
matrix [5, 6]. We also applied the natural alkalinity condition by adding the corresponding amount
of NaHCO3 into the medium. Furthermore, the following inorganic constituents were also applied:
7.1 ppm (0.05 mM) (NH4)2SO4, 7 ppm (0.04 mM) K2HPO4, and 0.71 ppm (2.88 μM) MgSO4·7H2O
[7].
The untreated antibiotic sample was added to the medium. Positive controls were prepared by
adding sterile water instead of the antibiotic sample.
2.5.CELL COUNTING
Colony counting was performed by preparing dilution series of the assay medium and measuring
equal amount (100 μL) from each member of the dilution series on trypto-casein soy broth (CASO)
agar plates. After the sample had been evenly spread on the surface, we incubated the plates at 37
°C for 24 h. To determine the colony count for the resistant bacteria, molten agar was spiked with
erythromycin and piperacillin. To prevent thermal degradation of the antibiotic before spiking of
the antibiotic solution, the molten agar was cooled to 40 °C and after homogenization it was poured
on the plates immediately. Only resistant cells grow on the surface of the agar plates containing
the antibiotic at a concentration above the MIC. The total colony count (sensitive + resistant) was
determined on agar plates containing no antibiotics.
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FIG 1 A schematic representation for the preparation of the medium results.
We were looking for the absorbed dose that could eliminate the effect of antibiotic on
microorganisms in a model wastewater, so that we could reduce the resistance to the given
antibiotic in the given matrix.
In the first step, after an appropriate incubation period, the number of colonies were counted on
Petri dishes. The yellow colonies were the resistant subtype, while the white colonies belonged to
the sensitive subtype. This color difference allowed the two types of strains to be clearly
distinguishable with the naked eyes when counting
As part of the experiment the number of resistant cells on the antibiotic-containing plate and the
total number of cells on the control plate without antibiotic were counted, then the average was
calculated and the fraction of resistant strains was determined compared to all the colonies with
both antibiotics (erythromycin and piperacillin) and their associated controls.

48

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

FIG. 2 The number of colonies on petri dishes.
The total amount of •OH introduced into the sample within a certain time period expressed in
concentration unit is shown in this Figure. The concentration of erythromycin and piperacillin
continuously decreases as the amount of •OH increases. It can be seen that while removal of
erythromycin is more efficient when the stoichiometric ratio is low, it remains more persistent
against an excess of •OH than piperacillin does. This phenomenon can be attributed to the
scavenging capacity of the forming transformation products (TPs) eventually “protecting” the
residual intact antibiotic molecules.
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FIG. 3 Total amount of •oh introduced into the system and the changing antibiotic concentration
as a function of absorbed dose [4].
2.6.EFFECTS OF TREATMENT ON THE SELECTION OS RESISTANT BACTERIA
Bearing in mind that natural selection is occurring in any bacterial population, we evaluated the
experiments in light of control samples in which the antibiotic is replaced with sterile water.
The aim of the advanced oxidation treatment should be the elimination of selective pressure on the
bacterial population favoring the predominance of resistant mutants. This is achieved when the
fraction of resistant bacteria within a statistically insignificant deviation is the same as in the
control sample. In other words, the difference between the control sample and the sample
containing the antibiotic is no longer significant. The fraction of resistant bacteria in the samples
after incubation for 24 h is shown in this Figure. In the case of erythromycin, a 0.4 kGy dose
practically does not have any impact on the elimination of the selective pressure (Figure 2a). At
1.2 kGy, the difference between the control sample and the sample containing the antibiotic is still
significant. With 1.6 kGy as a starting point, there is no significant change from the control sample,
and it can be stated that the selective pressure has eventually been eliminated.
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FIG. 4 Fraction of resistant s. Aureus in the bacterial population after incubation for 24 h in
samples spiked with treated samples of (a) erythromycin and (b) piperacillin. Corresponding
patterned columns show the control sample (no antibiotic added). Error bars show the standard
deviation of three independent experiments [4].
3. FUTURE PLANS
We have developed a microbiological assay to assess the effects of transformation products of
electron beam treatment on the population dynamics of a resistant and sensitive mixed bacterial
population. Using this method we plan two series of experiments, in one of them wastewater matrix
with antibiotic will be used, in the other wastewater-matrix with bacterium. In this case, we will
add bacteria to the samples prior to irradiation. The comparison would be based on samples
with irradiated wastewater matrix without antibiotic and wastewater matrix with antibiotic but
without bacterium.
So the aim of the proposed research is developing scientific and technical background to provide
reliable data about irradiation inactivation of pathogenic microorganisms (mainly in treated
wastewater) under varying physical conditions. Methods will be elaborated for measuring the
concentration of the bacteria in the wastewater effluent, and for measuring both the concentration
and the antimicrobial activity of the antibiotics. The dose required to eliminate specific biocontaminants will be established and appropriate methodologies will be developed for the
treatment of bio-hazards in irradiated wastewater using electron beam accelerators.
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Germany
VERY LOW ENERGY ELECTRON BEAM INACTIVATION OF RNA VIRUS AND
BACTERIA IN LIQUID SUSPENSIONS
F.-H. ROEGNER, J. PORTILLO
Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP
Dresden, Germany
Abstract:
The goal of this proposed research project is the study of the use of Electron Beam in the energy range of 150 - 300 keV for
inactivation of biohazards. Electrons accelerated with such a low voltage have a low penetration in matter (around 100 - 300 µm
in water). However, this voltage range requires low facility shielding, making possible an easy integration in labs and GMP
production as well as assembling to a mobile inactivation facility.
In this proposed research project, two kinds of microbes will be studied: one type of RNA virus and bacteria (e.g. Escherichia Coli).
During the project an experimental setup will be developed. Afterwards, by using this experimental setup, the killing curves and
the D10 values for each pathogen will be studied and presented. At the end of the project, the inactivation kinetics of each pathogen
will be studied and presented.

1. BACKGROUND
The content of the previous work was the development of the electron beam based inactivation of
infectious agents for the production of highly active vaccines. The focus of the research was the
preservation of antigens at a much higher level than commercial available and the development of
an industrial applicable technology for vaccine production. The aim of the work is the total
inactivation of the pathogens as well as the reproducible antigen preservation of at least 80%. The
inactivated vaccines should be thereby more effective and show more protective immune
responses than previously by chemical inactivated vaccines.
In order to demonstrate the potential of low energy (up to 300 keV) electron beam-based
inactivation, the development of automation and the associated scalability of the technology was
inevitable and planed. Part of this project is setting the requirements of a vaccine production with
regard to process volumes, process reliability and cost structure, to explore the potential of electron
beam-based inactivation for vaccine development and production over conventional methods.
Peculiarities observed
•

Antigen conservation: This technology achieves a much better antigen conservation in
comparison with commercial formaldehyde inactivation.
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FIG. 1. (C) Analysis of the antigen structure after inactivation by ELISA influenza A (H3N8) was
inactivated by LEEI (Low Energy Electron Inactivation; 30 kGy) or by adding formaldehyde either to a
final concentration of 0.1% and incubation at 4°C for 16 h (FA short), or to a final concentration of
0.05% followed by incubation at 37 °C for seven days (FA long).

•
•

Fast inactivation: the required doses for the pathogen inactivation are mostly between
10 kGy and 50 kGy. Thus electron beam inactivation needs seconds or minutes only
(depending on the pathogen) instead of hours up to days for chemical inactivation.
Integrable in a GMP Process: due to the energy range of the process (up to 300 keV),
the required footprint and radiation shielding effort for such an equipment makes the
integration of this process in a GMP production line possible.

Actually results
In the previous work could be shown, that the developed technology can be used to inactivate
different pathogens in liquid solutions. One single-stranded RNA viruses (influenza A (H3N8)),
and a double-stranded DNA virus (EHV-1) were completely inactivated. Upon irradiation,
antigenic structures were almost indistinguishable from those of the active pathogens, as measured
by binding of polyclonal antibodies and (for influenza A (H3N8)) by hemagglutination assays.
The data suggest that electron beam based inactivation is less damaging to native antibody binding
sites than chemical inactivation with e.g. formaldehyde.
In accordance with previous data obtained with gamma- or high-energy electron irradiation, lowenergy electron beam treatment of influenza A viruses leads to a dose dependent fragmentation of
viral RNA, which is correlated to the inactivation of the virus. The inactivated influenza A (H3N8)
viruses were used to immunize mice and induced neutralizing antibodies in all animals. The
vaccinated animals showed a significantly reduced viral load in the lungs upon challenge with
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active virus, which indicates, that the immunization with LEEI-treated influenza A viruses
mediates protection and therefore serves as a functional vaccine strategy. These data represent a
proof-of-concept, but more work is required to validate the potential of this approach to replace
existing methods for vaccine manufacturing.
FIG. 2 Antibody response in mice after vaccination (five animals per group).

FIG. 3 Challenge of vaccinated and unvaccinated mice.

In summary, this project represents the proof-of-concept for the usage of electron beam in
pathogen inactivation for vaccine development with a high reproducibility and a higher antigen
conservation and less time inactivation than chemical inactivation incubation. Different viruses
were shown to be sensitive to electron beam and to maintain their antigenic properties, and it is
very likely that an even larger number of pathogens could be efficiently inactivated this way. This
bears the potential to apply this technology for the generation of a whole range of inactivated
vaccines in human and veterinary medicine, provided a solution for generating a precisely thin
liquid film required for effective inactivation. In order to transform electron beam inactivation into
a process for industrial-scale vaccine manufacturing, developments of such solutions for a literscaled, electron beam based inactivation procedure are currently ongoing. However, this
technology could also be very useful for other applications, such as diagnostics, where pathogenic
microorganisms have to inactivate fast and safely while maintaining their antigenic properties. At
the same time, this technology is environmental friendly because the chemical incubation is no
longer needed.
2. PROJECT OBJECTIVES
Better understanding of the inactivation kinetics using very low energy electron beams (150 - 300
keV) for bacteria and viruses in liquid suspensions and at the same time, opening new application
fields for this technology. It contains the following scientific scopes:
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1. Determination of the D10 value and killing curve for one type of RNA virus and E.Coli
in dependence to dose rate.
2. Research concerning the influence of microbe environment (e.g. type of liquid,
suspension additives, density and viscosity of suspansions) to inactivation kinetics
3. Determination of the inactivation kinetics by measuring the RNA fragmentation in case
of virus in dependence to dose rate

2.1.WORKING PLAN FOR YEAR 1
-

-

-

-

Design and construction of experimental setup that provides a homogeneous thin film for
irradiation.
It is actually ongoing considering two directions:
o handling small batches of suspensions within special bags
o quasi-continuous handling of liter-sized batches
Design and construction of a suitable irradiation zone, well adapted to very low electron
energies and useful to handle sterile liquids.
It is actually ongoing, first trials will be done beginning of September 18.
Establishing a well fitted dose measurement procedure for the thin film application
There is actually no solution for precise dose measurement within flowing thin liquid
films to consider different flow rates within the film. First proof-of-concept tests are
under processing.
Investigation the killing curves of E.Coli and the chosen RNA virus and calculation the
related D10 value.

2.2.WORKING PLAN FOR YEAR 2
-

Analyzing the influence of the microbe environment to killing curves (different
suspension bases)
Analyzing the influence of dose rate during irradiation to killing curves (changing ebeam
power)

2.3.WORKING PLAN FOR YEAR 3
-

by characterization of the genoma integrity of the chosen RNA virus using Bioanalyzer
and qPCR the inactivation kinetics will be studied

3. VISION TO FULFILL THE AIM OF THE CRP PROJECT
-

Better understanding of decontamination of biohazards in liquids
Detailed understanding of inactivation kinetics for one type of virus
Determination of the killing curves and D10 values in dependence to dose rate and
environment for E.Coli.
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Kuwait
REMOVAL OF ENDOCRINE DISRUPTING CHEMICALS AND POLISHING OF
EFFLUENTS OF KUWAIT'S MUNICIPAL WASTEWATER TREATMENT PLANTS
BY ELECTRON BEAM IRRADIATION
ABDALLAH ABUSAM AND TALAT SAEED
E-mail: aabusam@kisr.edu.kw
Kuwait Institute for Scientific Research (KISR), KUWAIT
Abstract
Wastewater treatment plants in Kuwait are activated sludge plants, and most of them suffer severe sludge bulking and foaming
problems, particularly during winter seasons. This operational problem often results in poor effluent quality (e.g. high
concentrations of solids, organics and pathogens in the effluents). Further, activated sludge plants are generally known for their
poor removal efficiency of emerging pollutants, such as endocrine disrupting chemicals (EDCs). A recent study conducted by the
Kuwait Institute for Scientific Research (KISR) has indicated that EDCs exist in high concentrations in Kuwait’s wastewaters and
cannot be removed adequately at the plants. Therefore, it is proposed to investigate the application of electron beam irradiation for
polishing and removing emergent pollutants (namely, EDC's) from effluents containing relatively high concentrations of suspended
solids and organics which are usually encountered during sludge bulking and foaming incidences (cases of emergencies). The
proposed research is expected to give better understanding of electron beam irradiation of conventionally treated wastewater during
incidences of activated sludge and foaming. This is particularly of great importance for countries like Kuwait, in which the problems
of sludge bulking and foaming occur so frequently, given that Kuwait depends mainly on treated wastewater for agricultural and
landscape irrigations.
Keywords: Activated sludge, Sludge bulking and foaming, Emerging contaminants, Advance

1. INTRODUCTION
Kuwait is situated in a harsh environment characterized by little rainfalls and very high evaporation
rates. In fact, the country has no natural freshwater resource other than scarce amounts of brackish
groundwater, which are depleting at fast rates. Kuwait, and therefore, it mainly depends on
desalination of seawater to meet almost all its water demands. Since desalination of seawater is
very expensive, Kuwait has to find a way to augment its water resources in order to meet the
increasing demands for water supplies caused by rapid population growth and urbanization. To
maintain sustainable development and lifestyle; Kuwait has lately adopted a vigorous campaign to
reuse treated municipal wastewater in agricultural and greenery landscape irrigations (AlShammari and Shahalam, 2005).
Municipal wastewater is treated in Kuwait at four main treatment plants situated at Kabd, Riqqa
Sulaibiya and Umm-Al-Haiman areas. The plants are all activated sludge plants. They treat to
either tertiary level (sand filtration and chlorination) or advanced level (disk filtration, ultrafiltration, Reverse Osmosis and chlorination). The Sulaibiya plant treats to advanced level,
whereas the other three plants treat to tertiary level. In fact, the Sulaipiya plant is the world’s
largest reverse osmosis (RO) plant. Almost all these plants encounter every winter sludge bulking
and foaming problems, which worldwide common operational problems for activated sludge
systems (MetCalf and Eddy, 2003; Kragelund et al., 2010; Soltysik et al, 2011). If not controlled,
however, excessive sludge bulking and foaming can lead to many serious problems (e.g. violation
of effluent requirements, clogging of tertiary filters, or/and inadequate disinfection) or even to a
complete failure of the entire wastewater treatment process (Soltysik et al, 2011).
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Endocrine disrupting compounds (EDCs) include a wide range of natural and synthetic compounds
that exert adverse effects on the endocrine system of organisms. Common EDCs present in
wastewater streams include natural estrogens, phthalates, alkyl-phenols and other industrial and
pharmaceutical compounds. One of the main sources of EDCs in marine is sewage treated
wastewater (Al-Jandal et al., 2017).It is known, however, that most conventional wastewater
treatment facilities do not remove these compounds completely. In study conducted by KISR, it
had been found that effluents of Kuwait’s wastewater treatment plants contain significant levels
of EDCs (Saeed et al 2017). Upon sludge bulking and foaming incidences the situation can be even
worse.Under such condition, almost all contaminants are not expected to be removed satisfactorily.
The International Atomic Energy Agency (IAEA) has launched a new Coordinated Research
Project (CRP) coded F23033 and entitles “Radiation and Inactivation of Bio-Hazards Using High
Electron Beam Accelerators” (Appendix A). The CRP aims to assess the potential of electron beam
radiation in areas related to the treatment of bio-chemical hazards. Accordingly, this proposal was
submitted to the agency. The proposed study aims to investigate the removal of EDC's, residual
organics and organisms from effluents, particularly during excessive sludge bulking and foaming
episodes. After review by IAEA, this proposal has been selected for implementation within CRP
F23033 and assigned the IAEA Research Contract No. 22538/R0.The proposed research is
expected to give better understanding of electron beam irradiation of conventionally treated
wastewater, particularly during of activated sludge and foaming problems.

2. OBJECTIVES
The specific objectives of the service are the followings:
i.

ii.
iii.

To investigate the elimination of estrogen activity and inactivation of indicator
microorganisms from tertiary effluents of Kuwait’s municipal wastewater treatment plants,
using electron beam irradiation.
To study the effect of the season, filamentous bacteria and pollution loading rate on the
irradiation efficiency.
To determine the optimal irradiation doses for polishing tertiary effluents of Kuwait's
municipal wastewater treatment plants.

3.

DELIVERABLES

The deliverables from the service are the followings:
i.

ii.
iii.

Elimination rates of estrogenic compounds and inactivation of indicator microorganisms
when electron beam irradiation is used for polishing effluents of Kuwait's tertiary treated
municipal wastewater.
Information about the effects of season, filamentous bacteria, and pollution loading rate on
the irradiation dose.
Optimal irradiation doses for polishing of tertiary effluents of Kuwait's municipal
wastewater treatment plants.
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4. METHODOLOGY
The following four tasks are proposed for achieving the objectives of the study.
TASK 1: MOBILIZATION
The work team will be mobilized and the required chemicals, ingredients and consumables will be
procured. Also, personal protective equipments for lab and field sampling and analysis will be
acquired. Further, a car will be rented for collecting samples. Furthermore, a permit that allows
collecting samples from the treatment plant (Riqqa plant) will be obtained from concerned
authorities. Finally, International sampling, measuring and analysis protocols of irradiated water
will be obtained.
TASK 2: SAMPLING, IRRADIATION AND LAB ANALYSIS
Riqqa wastewater treatment plant has been selected for this study because it is the plant that suffer
the most from sludge bulking and foaming problems. Samples of raw and tertiary effluents will be
collected monthly from Riqqa wastewater treatment plant for two years, in duplicates. One of the
samples will be used for determination of the effluent quality parameters before irradiation. This
analysis will be done at KISR, and it will include determination of routine wastewater quality
parameters (e.g. EC, pH, TSS, BOD, COD, NH4-N, NO3-N, TN, PO4, TP) and estrogens. The
other sample will shipped to Bhabha Atomic Research Center in India for electron beam irradiation
and determination of the same quality parameters mentioned above, after irradiation at specified
doses (0.2, 0.5, 1.5, 3.0, 5.0, 8.0 and 10.0 kGy). Notice that irradiation might be carried in Kuwait
if a mobile irradiator is received. Further, the following important plant’s performance parameters
data (HRT, OL, SRT, F/M ratio and SVI) will be collected from the management of the plant.
TASK 3: RESULTS ANALYSIS AND INTERPRETATION.
Obtained results (Task 2) will be statistically analyzed using Excel and MATLAB™ software.
Descriptive statistics and trends (seasonal variations) will be determined. Accordingly, the impact
of irradiation on the elimination of estrogen activity and inactivation of indicator microorganisms
will be quantitatively described and correlated to the operating conditions of the plant. Also, the
effect of the seasons will be determined. Finally, the optimal irradiation doses will be established.
TASK 4: REPORTING
The project progress will be reported regularly as six-month (to KISR) and annual reports (to
IAEA). The final report will be submitted on completion of the study to both IAEA and KISR.
This comprehensive report will present the work carried out, data and information collected,
conclusions and recommendations. This study is expected to result in a number of publications in
refereed journals and presentations in international conferences.
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5. SCHEDULE
The study is expected to be completed in 4 years (13 April 2018 to 12 April 2022)
Table 1. Service Schedule
2018-2019
Q1

Q2

1 2 3 4 5 6

Q3
7

Q4

Q1

8 9 10 11 12

1

Q2

2 3 4 5 6

Q3
7

Q4

8 9 10 11 12

T1
T2
T3
PR1

T4

AR1

PR2

Table 1. Service Schedule Cont.
2018-2019
Q1
1

Q2

2 3 4 5 6

Q3
7

Q4

Q1

8 9 10 11 12

1

Q2

2 3 4 5 6

Q3
7

Q4

8 9 10 11 12

T1
T2
T3
T4 AR2

PR3

AR3

PR4

FR

T1: Mobilization, T3: Sampling and Laboratory Analysis, T4: Result Evaluation, T5: Reporting, PR: Progress Report
AR: Annual Report, FR: Final Report.

6. MANPOWER AND ORGANIZATIONAL STRUCTURE
The manpower needed is two researcher, three professional, one technician and one administrative
staff member, as shown in Table 2.
Table 2. Manpower
Name

Category

Duties

Man-month

Dr. A. Abusam (3057)

Researcher

TL 3, 4; TM 1, 2

3.0

Dr. T. Saeed

Researcher

PI; TM2, 3, 4

2.0

Mr. R. Al-Yaseen

Professional

TM 1, 2, 3

2.0

Professional

TL 1, 2, TM 3

2.0

Ms. F. Al-Ajeel
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From ELSRC

Professional

TM 2, 3

2.0

Mr. A. Al-Dhafeeri

Technician

TM 2

2.0

Administration

TM 5

0.5

Ms. Ruby Crasta

The organization chart of the above manpower is presented in Fig. 1.

Dr. A. Al-Haddad, PM/WTRT

Dr. A. Abusam, SL

Task 1
Ms. F. Al-Ajeel
Mr. R. Al-Yaseen
ELSRC (P)
Dr. A. Abusam

Task 2
Ms. F. Al-Ajeel

Dr. T. Saeed, PI

Task 3
Dr. A. Abusam
Dr, T. Saeed
Mr. R. Al-Yaseen
Ms. F. Al-Ajeel

Mr. A. Al-Dhafeeri
Dr. A. Abusam
Dr, T. Saeed
Dr. A. Abusam

Task 4
Dr. A. Abusam
Dr, T. Saeed
Ms. R. Crasta

ELSRC (P)

Fig. 5. Organizational Structure.
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Abstract
Ultimate goal of national sludge management policy in Malaysia is to reduce the amount of sludge generation, produce safe and
hygienic material and reuse the sludge for other applications. Currently, national sewerage company in Malaysia conducts
sanitization process by mix of couple of systems, for example, UV light, film filtration and chlorination which is at last subjected
to anaerobic digestion. The whole procedure is exceptionally tedious and requires conditioning observation around the clock.
Moreover, as of late concern was emerges on the regrowth of sluggish pathogen after disinfection with prolonged storage. Apart
that, common route used for the disposal of sludge in Malaysia is landfilling. The discharge of gases from sewage sludge in landfills
may prompts an unnatural weather change. Landfilling causes long term soil contamination as well. Thus, an alternate route
exceedingly needed for most efficient sludge management. Implementation of most sophisticated and centralized sludge disposal
technique which is also environmental friendly is ultimately required. Radiation technology is one the most encouraging technique
for sewage sludge hygienization process which being utilized generally everywhere in large scale throughout the world. Various
benefits found on radiation treatment of sewage sludge. This study plans to investigate the radiation inactivation of pathogens exists
in sewage sludge by electron beam.

1. OBJECTIVE OF THE STUDY
•

To identify Rotavirus, Protozoa and Salmonella in the sewage sludge by metagenomic or
16s rRNA techniques and morphology characteristic.

•

To quantify the Rotavirus, Protozoa and Salmonella in sewage sludge using q-PCR
technique

•

To determine decimal reduction dose (D10) values and radiation sensitivities of targeted
pathogens in sewage sludge

•

To simulate the kinetics of biohazard inactivation against process parameters under various
irradiation condition via q-PCR technique.

•

To evaluate the suitability of the irradiated sewage sludge as non-food crop fertilizer and
fish food feed.

2. INDRODUCTION
Radiation technology is one the most promising technique for sludge sewage hygienization process
which being used widely at large scale all over the world (Rawat, Sharma, & Rao, 1998). Countries
such as India, China, Mexico, Canada and USA are using radiation technology for sludge
hygienization. Various points of interest found on radiation treatment of sewage sludge. It can
reduce pathogens to a more secure level proficiently and furthermore capable to oxidize harmful
65

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

and hazardous organic pollutants (Shah et al., 2001). Irradiation process even serves to eliminate
odor nuisance from sewage sludge. Irradiation likewise helps to improve the dewatering and
biodegradability properties of the sludge too. Mostly, radiation source such as Cobalt-60 or Cs137 being used for sludge hygienization due to its higher penetration in water or sludge (Shah et
al., 2001). Both sources generates gamma rays for application on sludge processing (Wang &
Wang, 2007). However, some security concerning issues dependably emerges as radioactive
sources utilized for the gamma ray generation. At this scenario, electron beam accelerators are
favored for the targeted application.
High energy electron beam (charged particles) accelerated by electron beam accelerator in single
direction through electric (direct current) or magnetic field (radio frequency) (Borrely, Cruz, Del
Mastro, Sampa, & Somessari, 1998). The electrons can penetrates approximately 3 mm/MeV in
water. In order to ensure the contact with accelerated sludge, thin layer of sludge should pass under
the beam current. This is more secure and straightforward type of radiation method to be applied
on sludge hygienization (Meeroff, 2001). Nonetheless, use of electron beam on sewage sludge
hygienization not been investigated broadly. More detailed examinations are required on sewage
sludge hygienization by electron beam accelerators particularly on radiation impacts onto
microorganisms as sewage sludge which usually contains bacteria, viruses and parasites.
Chemical changes in microorganism upon to radiation exposure are the essential concern and in
the meantime physical and physiological factors too assumes vital role by impose response of
living creatures towards consumed radiation dosage (Borrely et al., 1998). Radiation exposure
impacts onto microorganism can be in two ways either directly or indirectly. Both direct and
indirect impact of radiation onto microorganism prompts harm in hereditary material, for example,
DNA and RNA and the aim of disinfection is achieved by killing the cell. However, indirect effect
is generally considered as more significant than direct effects in terms of sewage sludge
hygienization by ionizing radiation. A few studies led on perceptible proof of ideal measurements
required for the inactivation of microorganism to more secure level (Shah et al., 2001) (Borrely et
al., 1998) (Capizzi, Chevallier, & Schwartzbrod, 1999) Most of the studies agreed that, 2–4 kGy
is sufficient to inactivate the microorganism to safer level.
Microbial inactivation refers to the ability of microorganisms to survive under particular condition.
Microbial inactivation is viable under various types of radiation (FUJIKAWA, 1999), high
hydrostatic pressure, pulsed electric field (Saldaña et al., 2010) and ultrasound with pressure
(Piyasena, Mohareb, & McKellar, 2003). Dynamic of microbial inactivation kinetics relies upon
the rate of inactivation which dependable on the model that precisely portrays it. The model able
to build up appropriate treatment conditions which help to accomplish known levels of microbial
inactivation (Manas & Pagán, 2005). Models should be simple and ideal. It is built on parameters
based on the physiological mechanism of inactivation (Smelt, Hellemons, Wouters, & van
Gerwen, 2002). Prior to microbial inactivation studies, identification and classification of
microorganisms exists on sludge samples need be accomplished. 16s r-RNA identified as most
appropriate technique to identify microorganism present on sludge samples.
16s r-RNA sequencing present nearly in all microorganisms which is conceivable to examine
bacterial phylogeny and scientific classification. This method help to recognize and order all the
bacteria shows in provided samples (Janda & Abbott, 2007). Culture and real-time PCR (qPCR)
are the techniques most utilized for quantitation of microorganisms in various conditions or
situations (Maciel et al., 2011). Both these techniques is appropriate for a wide range of
microorganism particularly for non-culturable microscopic organisms. This procedure is
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particularly efficient in contrast with regular strategy which are tedious and time consuming (Fey
et al., 2004). However, studies on kinetic of microorganism inactivation by electron beam
irradiation are still in infancy stage. Thus, this examination plan to investigate the inactivation
kinetics of microorganism exhibit in sewage sludge by electron beam accelerators at different dose,
energy, nature of organisms with its environment. 16s r-RNA sequencing strategy will be utilized
for the identification of the organism and qPCR technique will utilized with a specific end goal to
compute the pathogens presents on the sludge samples.
3. MATERIALS AND METHODS
3.1 SAMPLE COLLECTION AND STORAGE
Sampling of sewage sludge (slurry form) will be carried out three times per year. The samples will
be collected using sterile sampling bottles from a local sewage treatment plant, after the anaerobic
digestion process. Following that, the samples will be transported immediately to the laboratory
for EB irradiation, bacteria isolation and DNA/RNA extraction for molecular analysis. During the
transportation, the samples will be kept in a Coleman ice-container box at temperature below 4ºC
with proper labeling and triple packaging system. All the samples will be subjected for analyses
before and after the treatment procedure. Whereas, the remaining samples will be subjected for
storage at -20ºC for preservation and future investigation. All laboratory works will be conducted
in biosafety level II (BSL II) laboratory. The collection, transportation, handling, storage and
decontamination procedures of sewage sludge, which may contain hazardous biological agents
will be conducted according to the World Health Organization (WHO) Laboratory biosafety
manual 2004, third edition.
3.2 ELECTRON BEAM IRRADIATION TREATMENT
The sludge samples will be filled in a tray and placed on a trolley which will be transported into
the irradiation chamber. Irradiation of samples will be conducted using Nissin, 3 MeV in a batch
system at Malaysia Nuclear Agency. General technical specifications of EPS 3000 are; accelerator
voltage: 0.5-3.0 MeV, beam current: 1-30 mA, max beam power: 90 kW and conveyor speed: 120 m/min. The sample will be irradiated at different series of irradiation dose and energy. Speed
of conveyor and current (mA) of applied electron beam were adjusted according to irradiation dose
required. The proposed irradiation dose for this study is 2, 3, 6, 8 and 10 kGy. The variations in
current will align with conveyer speed in order to achieve irradiation dose acquired. The proposed
beam energy to be used in this study is 1, 2 and 3 MeV.
3.3 ANALYTICAL APPROACH
Sewage sludge will be subjected to analysis post and pre-irradiation in order observe the effect of
electron beam irradiation onto sludge samples.
•

Physical and chemical characterization of sewage sludge

Analysis as listed below will be carried out:a) Total Suspended Solid (TSS) - Follows Standard Methods (2005), 2540D and EPA (1983)
Method 160.2 (Residue, non-filterable).
b) pH - Method 9040C, pH electromagnetic measurement
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c) TCLP Toxicity Test - W-846 Test Method 1311: Toxicity Characteristic Leaching
Procedure, EPA standard.
d) Nitrogen Nitrate Content – Method 8039, USEPA approved method for wastewater.
e) Ammonium Nitrogen (NH4-N) Content – Method 8038, USEPA approved method for
wastewater and seawater.
f) Phosphorus Content – Method 8114, USEPA method for treated and natural water.
The analysis mentioned above will served as important indicator on potential of treated sewage
sludge by electron beam irradiation to be established as non-food crops fertilizer/fish food feed.
•

Bacteriology analysis

Bacterial culture isolation and 16S rRNA gene sequencing technique will be used to perform
bacterial identification.
3 x 100 ml sludge sample (before and after radiation)
Bacterial Culture Isolation

16s rRNA gene sequencing

Enrichment in Nutrient Broth
(Incubation at 37°C for 24 h)

Filter using 0.2 µm membrane filter

DNA extraction from the filter paper

Bacterial culture and isolation

DNA concentration and quality
analysis using nanodrop
Spectrophotometer

(Incubation at 37°C for 24 h)

Metagenomic sequencing (16s rRNA
analysis)

Bacterial Identification

Data collection and analysis

Preservation at -20 ºC

•

Bacterial & Virus Quantification

The qPCR method is a strategy by which the measure of the PCR product can be resolved,
progressively, and is exceptionally helpful for researching gene expression and quantification. This
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method is successful after presentation of an oligonucleotide test which was intended to hybridize
inside the target sequence. Cleavage of the test amid PCR in light of the 5' nuclease action of Taq
polymerase can be utilized to recognize intensification of the targeted specific gene or
microorganism.
Real time qPCR
DNA/RNA extraction

qPCR amplification by SYBR Green qPCR analysis

Data collection and analysis
•

Kinetic inactivation

Kinetics model used to analyze and report the reduction of a microbial population as a function of
process parameters and include empirical coefficients experimentally determined from microbial
reduction kinetics. The models and kinetic parameters are used to present and compare microbial
inactivation data from different radiation processing conditions. In this study, kinetic data of
targeted microbial inactivation will be interpreted by means of qPCR technique. Plot of straight
microbial survival curve of targeted microbes versus process parameter will be establish as well.

3.4 PAST RELEVANT RESEARCH
Previously, we had conducted a study on treatment of mix industrial wastewater with combined
technique of electron beam irradiation and biological treatment. The main of objective this study
was to evaluate the efficiency of electron beam irradiation technique and also to identify the
microorganisms present on the wastewater sample which enhance organic matter degradation.
Biological treatment was done by using laboratory scale activated sludge reactor. Sludge samples
from activated reactor was cultured and inoculated on agar plate for further identification of
bacterial colonies. The 16S rRNA gene sequences results shows Shewanella decolorationis,
Aeromonas sp.; Staphylococcus sp., Microbacterium sp.; and Bacillus sp. were identified to be
involved in the degradation of textiles wastewater in biological treatment. The identification of the
isolates was represented in the fig. 1.
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Microbe Identity
Strains
Shewanella decolorationis;

Aeromonas sp.;

Staphylococcus sp.;

Microbacterium sp.;

Bacillus sp.;

3.5 ANTICIPATED RESULT
•

Efficient and effective process for disinfection of sewage sludge in order to claim
disinfection national standards.

•
•

Promote electron beam irradiation into waste management industry in Malaysia.
Green remediation by utilizing waste for another constructive application.
70

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

•

Provide information to the stakeholder to discuss the current landscape and next steps
for improving the quality of life for the green environment.

•

Identification of risks thus prevention measures could be taken in order to increase the
biosafety measures needed for the environment conservation and preservation.
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Abstract
Environmental virology is an essential area of research because of public health concerns. Normally, the viruses exist in the
environment and acquire certain capability to endure conventional treatment processes. Subsequently, they become pollutants in
environmental waters resulting in human exposure through contaminated drinking water and recreational waters, as well as foods.
Therefore, in the last decades, increasing foodborne diseases and environmental generated illnesses became highly challenging
societal issues.
The use of ionizing radiation as a disinfection process for bacteria is well establish. Moreover, it was also reported the added benefit
of irradiation technology in increasing the shelf life of food and the water quality by reducing chemical pollutants. However, there
is still insufficient knowledge about the virucidal action of ionizing radiation, namely by e-beam. Our studies have detailed some
factors on the viral inactivation by gamma radiation, but highlighted the need to understand the mechanisms of viruses’ inactivation,
to better apply the ionizing radiation technologies. The aim of this project is Tracking Enteric Virus Inactivation through the
proposal of the mechanistic insights of the virucidal effect of ionizing radiation. Food- and waterborne viruses, such as Adenovirus
and Hepatitis A virus, will be the target as they are considered public health concern.

1. INTRODUCTION
Viruses do not multiply in foods or water, or in any other environmental sample, but can survive
outside living cells and remain infectious. Enteric viruses are hardy and survive well in the
environment. Human activities particularly associated with food and water processing and
distribution have the capacity to influence the epidemiology of these viruses [1]. Mounting
evidence suggests that viruses can survive long enough and in high numbers to cause human
diseases through direct contact with polluted water or contaminated foods [2-3]. The development
of efficient tools for viruses control in the environment is therefore a current societal challenge.
In this regard, studies have been performed to understand the virucidal potential of gamma
radiation, through the estimation of D10-values and inactivation efficiencies (log10 decimal titer
reduction) of enteric virus under several conditions setups, aiming to contribute for the
development of viruses mitigation strategies using ionizing radiation.
2. RESULTS AND DISCUSSION
Gamma radiation survival curves were constructed for Murine norovirus (a surrogate of human
norovirus) and Human Adenovirus in 9 irradiation substrates, as Phosphate-saline buffer (PBS),
Pure water, Tap water, 100% Fetal Bovine Serum (FBS), 50% FBS, 10% FBS and Wastewater
(WW) (Figure 1), fresh strawberries and raspberries. The objective of this study was to define the
inactivation kinetics of the target virus and identify potential radiosensitizing or radioprotective
factors. The inactivation of the tested viruses to gamma radiation in the different analysed
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substrates appeared to follow exponential inactivation kinetics, although the virucidity point out
to be different between irradiation matrices. The data generated demonstrated that inactivation of
MNV-1 and HAdV-5 strongly depends on the substrate where the viruses are inoculated. The
virucidal effect of gamma rays seems to be impaired by scavengers in highly protein substrates
that could hijack free oxygen radicals.

7

A)

PBS
DI water
Tap water
FBS
50% FBS
10% FBS
WW

Log10 (PFU/ml)

6
5

4
3
2
1
0
0

1

2

3

4

5

6

7

8

9

10

11

12

Dose (kGy)

B)

7

PBS
DI water
Tap water
FBS
50% FBS
10% FBS
WW

Log10 (PFU/ml)

6

5
4
3
2
1
0
0

2

4

6

8

10

12

Dose (kGy)

FIG 1. Survival curves to gamma radiation of the target viruses A) Murine Norovirus (MNV-1) and B) Human
Adenovirus type 5 (HAdV-5) on liquid suspension substrates: Phosphate-buffer Saline (PBS) ; pure water (MilliQ
water); tap water; 100% solution of Fetal Bovine Serum (FBS); 50% solution of FBS in pure water (50% FBS); 10%
solution of FBS in pure water (10% FBS); Wastewater before tertiary treatment from a Municipal Wastewater
treatment Plant (WW).

In order to characterize organisms by their radiation sensitivity, the D10 value is used, which is
defined as the dose required to inactivate 90% of a population or the dose of irradiation needed to
produce a 10-fold reduction in the population and can be calculated by the reciprocal of the slope
of the regression linear model of the survival curve. The calculated D10-values for the norovirus
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surrogate and human adenovirus in the different substrates are presented in Table 1. Considering
that enteric viruses are usually delivered into the environment mixed together as complex
contamination sources, the infectivity of HAdV-5 and MNV-1 were evaluated as part of a pooled
sample for all the tested substrates.
TABLE I. D10-VALUES (KGY) FOR MURINE NOROVIRUS (MNV-1) AND HUMAN ADENOVIRUS
(HADV-5), INDIVIDUALLY OR POOLED, IN DIFFERENT SUBSTRATES.
D10 VALUES ± STANDARD ERROR (kGY)
SUBSTRATE

pH

COD
(mgO
2/L)

MURINE
HUMAN
NOROVIRUS ADENOVIRUS
(MNV-1)*
(HADV-5)*

Phosphate saline buffer (PBS)

7.2

< 50

0.8 ± 0.2a
a

VIRUS POOL
MNV-1*

HADV-5*

0.9± 0.2a

n.d.

n.d.

a

n.d.

n.d.

Deionized water (DI water)

8.0

< 50

0.8 ± 0.2

0.9 ± 0.3

Tap water

7.6

< 50

1.0 ± 0.1a

1.0 ± 0.2a

0.9 ± 0.1a

0.8 ± 0.1a

Wastewater (WW)

5.8

76

1.6 ± 0.2b

1.4 ± 0.3b

1.5 ± 0.6b

1.6 ± 0.4b

FBS (100%)

7.7

60532

3.1 ± 0.8c

2.9 ± 0.2c

2.9 ± 0.2c

2.9 ± 0.5c

50% FBS

n.d.

n.d.

3.1 ± 0.9c

3.6 ± 0.1c

n.d.

n.d.

10% FBS

n.d.

n.d.

3.2 ± 0.9c

3.2 ± 0.3c

n.d.

n.d.

Fresh strawberries

n.d.

n.d.

3.7 ± 0.2A

3.4 ± 0.5B

2.9 ± 0.2A

2.8 ± 0.6B

Fresh raspberries

n.d.

n.d.

3.2 ± 0.1A

3.5 ± 0.6B

2.6 ± 0.6A

3.2 ± 0.3B

n.d. – not determined. * In each column, similar lower case letters don´t differ significantly (P>0.05).

The calculated D10-values ranged between 0.8 kGy (pure water) and 3.2 kGy (10% FBS) for
MNV-1; and between 0.9 kGy (PBS) and 3.6 kGy (50% FBS) for HAdV-5. The performed
statistical analysis of survival curves using the parallelism test, indicated that the D10-values for
MNV-1 and HAdV-5 were not significantly different (P>0.05) from the viral suspension on PBS,
pure water and tap water. However, the obtained D10-values for water viral suspensions differ
significantly (P<0.05) from those estimated on FBS solutions FBS and wastewater viruses
inoculated subtracts. The inactivation response of FBS viral suspension did not differ significantly
between each other except for the HAdV-FBS and HAdV-50% FBS. The D10-values determined
for viral suspensions on wastewater indicated to be significantly different (P<0.05) from the other
obtained D10 values. For fresh fruits, no substrate effect on virus radioresistance was detected.
Moreover, the co-presence of other virus (virus pool) indicated no influence on D10 values for the
tested substrates.
Since part of the effect of ionizing radiation on a microorganism is due to indirect action mediated
through radicals, the nature of the medium in which the microorganisms are suspended could play
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an important role in determining the dose required for a given biocidal effect. The more complex
the medium, the greater is the competition by its components for the radicals formed by irradiation
within the cell, thus “sparing” or “protecting” the microorganisms, since microorganisms and
chemical species are dynamically inter-dependent. The tested enteric virus point out to be
significantly more sensitive suspended in water solutions (radiosensitizing substrate) than in
organic solutions (radioprotective substrate. On wastewater the sensitivity of the viral suspensions
to gamma radiation indicated to be between water and high organic-content solution. This result
can be explained considering the COD of 75.7 mgO2/L for wastewater and 60532 mgO2/L for FBS
solution, rendering the organic content as a protective agent in the inactivation of the tested enteric
viruses by gamma radiation.
A methodologic approach based on molecular biology methods has been implemented to
characterize the mechanistic insights of the virucidal action of ionizing radiation. The applied
methods include: SDS-PAGE (Figure 2) to give an overview of total viral capsid proteins and its
abundance/degradation trend with irradiation doses; Western blotting (Figure 3) which signals can
be used to estimate which specific proteins are degraded from the ionizing radiation treatments;
and ELISA techniques (Figure 4) to determine whether remaining proteins from the ionizing
radiation treatments remain antigenic.
The SDS-PAGE and Western Blot results’ suggested the degradation of proteins of Human
Adenovirus Capsid for the applied gamma radiation doses of 15 kGy and 25 kGy.

FIG 2. SDS-PAGE of Human Adenovirus Type 5 suspension on PBS non-irradiated and gamma irradiated at 1.5 kGy,
3 kGy, 5 kGy, 15 kGy and 25 kGy. M – Molecular mass marker. HAdV capsid proteins: hexon (pII); penton (pIII);
fiber (pIV) and minor proteins (pIIIa, pV, pVI and pVII).
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FIG 3. Western blot of Human Adenovirus Type 5 suspension on PBS non-irradiated and gamma irradiated at 1.5
kGy, 3 kGy, 5 kGy, 15 kGy and 25 kGy with Goat anti Adenovirus Polyclonal IgG as primary antibody and Rabbit
Anti Goat IgG as secondary antibody. Detection was made using a colorimetric detection kit. M – Molecular mass
marker. HAdV capsid proteins: hexon (pII); penton (pIII); fiber (pIV) and minor proteins (pIIIa, pV, pVI and pVII).

Nevertheless, Western Blot (Figure 3) and ELISA (Figure 4) results indicated that Human
Adenovirus suspension with an initial titer of 107 PFU/ml retain a fraction of antigenicity even
after a gamma radiation treatment of 15 kGy and 25 kGy, although no infectivity by plaque assay
was detected at 25 kGy.
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FIG 4. Qualitative detection by ELISA using a monoclonal antibody to the hexon antigen of Human Adenovirus type
5 suspensions on PBS (0 kGy control) and treated with different doses of gamma radiation (5 kGy, 15 kGy, and 25
kGy).

In order to deepen the mechanisms of antiviral effect of gamma radiation, a long-range PCR
method was applied to estimate the genome damage to human adenovirus 5 caused by irradiation.
The effectiveness of PCR to determine DNA damage will depend on the length of DNA that is
analysed, in which a PCR analysing long fragments will have more probability to detect damage
in the DNA than PCR analysing a short fragment [4]. Two sets of primers were designed to analyse
the region between the 17.8 and 27.8 kb of the HAdV 5 genome. The primers sets intended to
amplify fragment sizes of 1.1 kb and 10.1 kb. Suspensions of Human Adenovirus type 5 in PBS
were irradiated with gamma radiation at the doses 1.5 kGy, 3 kGy, 5 kGy, 15 kGy and 25 kGy and
subsequently the DNA was extracted and subjected to the two PCR reactions, each one with a
different set of primers. The obtained results indicated that the amplification of the 10-kb fragment
(Figure 5A) was inhibited at lower doses (> 1.5 kGy) compared with the amplification of 1-kb
fragment (Figure 5B).

A
10 kb

M C- 0 1.5 3 5 15 25 M

M C- 0 1.5 3 5 15 25kGyM

B
1.1 kb

FIG 5. Agarose gel electrophoresis of amplification products by Long Range PCR of non-irradiated and irradiated
HAdV-5 viral samples: (A) 10-kb (B)1.1-kb. Marker – 100 kb DNA ladder; (C-) negative protocol control.

3. CONCLUSION
Our previous results indicated that the substrate in which the virus is present have an impact on its
sensitivity to gamma radiation, highlighting the scavenging of reactive species by organic
materials [5]. Further, we also detected a substrate effect on the antigenicity assessment targeting
the hexon protein of human adenovirus capsid for low gamma radiation doses. Ongoing studies
focus on detailing the virucidal mechanisms of ionizing radiation. So far, the results suggested that
gamma radiation damaged the viral proteins only at doses higher than 15 kGy, but the genome
degradation was verified at lower doses (1.5 kGy) which corroborates with the decrease of
infectivity detected by plaque assay.
This research will generate data on the kinetics of inactivation of enteric virus at high dose rates
and intends to contribute to understand the fundamentals of virus inactivation by e-beam
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technology under various conditions. The acquired knowledge will support the use of electron
beam technology for the inactivation of biohazards in a variety of scenarios.
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Poland
A METHOD FOR HIGIENIZATION OF SEWAGE SLUDGE BASED ON
ELECTRON ACCELERATOR APPLICATION
Z. ZIMEK
Centre for Radiation Research and Technology
Institute of Nuclear Chemistry and Technology
Warsaw, Poland

Abstract
Presented paper includes short description of activity INCT employees with cooperation with other polish institutions performed
in the field of electron beam technology applied for communal waste treatment during the period of last 30 years. The particular
subject of study were devoted to the following stages: preparation the feasibility study related to disinfection of municipal sewage
sludge in installation equipped with electron accelerator for municipal sewage treatment plant in Otwock, polish city with
population 100 000 inhabitants; preparation feasibility study for sewage irradiation plant in Egypt, performed under support of
IAEA, participation in experimental study related to radiation hygienization of slurry and sewage sludge with high energy electrons,
participation in new type of approach directly related to hybrid biogas an electron beam system for electricity and bio-fertilizer
production. Early study supports current activity related to development a method for hygienization of sewage sludge based on
electron accelerator under IAEA Coordinate Research Project on „Radiation Inactivation of Bio-hazards Using High Powered
Electron Beam Accelerators”

1. INTRODUCTION
The increased awareness of the environmental pollution and more stringent regulations in many
countries cause significant development of sewage treatment technologies. Larger volumes of
sewage sludge are produced as a result and new places for their disposal are needed. Sludge from
municipal sewage treatment plants are good soil fertilizer but they are not allowed to be used in
agriculture without further disinfection because of presence of pathogenic microorganisms,
parasites and parasite eggs. Effective methods of disinfection arc needed which can change
burdensome sludge waste into sanitize safe valuable soil fertilizer.
1.1.EARLY ACTIVITY: DISINFECTION OF MUNICIPAL SEWAGE SLUDGE IN
INSTALLATION EQUIPED WITH ELECTRON ACCELERATOR

Team:
A.G. Chmielewski, Z. Zimek, T. Sandalewska, W. Kosmal, INCT
L. Kalisz, M. Kaźmierczuk, Kubera A., Królikowski A., Institute of Environmental Protection
Experiments have been performed on the influence of 10 MeV EB on bacteria, parasites and
parasite eggs content in municipal sewage sludge from different locations in Poland [1-3]. Results
for sludge from Kolo and Otwock sewage treatment plant are shown below in TABLES 1-4.
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TABLE 1. PARASITES AND THEIR EGGS FROM SEDIMENT TANK OFCOMMUNAL WASTE
FACILITY IN OTWOCK (DRY MASS 6,2 %)
Dose
[kGy]
0
5.0
7.5
10.0

Adults
Many
living
0
0
0

Nematodes
Eggs [pcs/kg s.m.]
Ascaris sp.
Trichuris sp.
Toxocara sp.
480
320
320
0
0
0

0
0
0

0
0
0

TABLE 2. BACTERIA CONTENT IN DEWATERED SLUDGE FROM KOLO SEWAGE STATION
(DRY MASS 35 %)
Bacteria
Total bacteria
content in 1 ml
Spore-forming
bacteria in 1 ml
Coliform counts
Clostridium
perfringens counts

Dose [kGy]
0
1.1 109

5.0
2.7 107

6.0
6.5 106

7.0
1.1 105

4.1 106

1.4 105

9.3 104

-

10-5
10-4

10-5
10-4

10-3
10-3

10-2
10-2

TABLE 3. BACTERIA CONTENT IN DEWATERED SLUDGE FROM KOLO SEWAGE STATION
(DRY MASS 35 %)
Bacteria
Total bacteria content
in 1 ml
Spore-forming
bacteria in 1 ml
Coliform counts
Clostridium
perfringens counts

0
1.1 109

Dose [kGy]
5.0
6.0
2.7 107
6.5 106

7.0
1.1 105

4.1 106

1.4 105

9.3 104

-

10-5
10-4

10-5
10-4

10-3
10-3

10-2
10-2

80

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

TABLE 4. BACTERIA CONTENT IN SEDIMENT TANK OF WASTE FACILITY IN OTWOCK
(DRY MASS 6,2 %)

Bacteria content
0
Spore forming bacteria 8.4 104
in 1 ml
Coliform counts
10-7
Clostridium Perfringens 10-6
counts

Dose [kGy]
5.0
7.5
3
2.5 10
2.1 103

10.0
2.0 102

10-5
10-5

10-4
10-1

10-4
10-4

Disinfected sludge can be safely use as good soil fertilizer and conditioner. Preliminary tests on
the effect of EB treated and untreated sludge on the growth and yield of some vegetables in pot
cultures confirmed this statement. Some results of the tests are shown in Table 5.

TABLE 5. VEGETABLE GROWTH TEST: THE INFLUENCE OF SLUGE ADDITION ON YIELD OF
VEGETABLES IN POT TEST
Yield [g]1

Medium
Radish

Lettuce

Dill

Soil only

61

121

44

Soil + non- irradiated sludge 2

107

189

108

Soil + irradiated sludge
(6 kGy) 2

96

172

95

1 – weight of vegetables grown from the same number of seeds sown in each medium;
2 – 10 t of sludge (as dry matter) per acre

81

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

FIG. 1. Radiation processing unit: A – vertical projection; B – horizontal projection.
1 – electron accelerator; 2 – conveyor; 3 – shielding wall, 4 – dewatered savage sludge feeder
TABLE 6. ACCELERATOR BASED PROPOSAL FOR OTWOCK
RADIATION PROCESSING UNIT
Construction and equipment costs [$]
-

Dewatered sludge warehouse
Centrifugal machine
Building for accelerator and auxiliary equipment
Electron accelerator (10 MeV; 15 kW)
Water cooling system (closed cycle)
Disinfected sludge warehouse
Conveyors
Roads, squares, illumination

400,000
150,000
1,600,000
1,000,000
200,000
150,000
300,000
200,000

Plant parameters
-

752 m2
1150 m2
7000 m3
300 kW
0.3 m3/d

Building area
Usable area
Cubature
Power installed
Water consumption
Manpower

-

One shift operation
Two shifts operation
Facility performance

7 persons
12 persons

-

Capacity of communal wastewater
Capacity of dewatered sewage sludge
Dose
Two shift operations

48,000 m3/d
70 t/d
5 kGy
3840 h/y

82

/F23033/-“Coordinating Meeting”, Vienna, Austria, June, 2018

On the basis of experiments some of which are described above the installation has been designed
for disinfection of dewatered sewage sludge. Vertical projection of the radiation disinfection unit
is shown in the Fig. 1. Capacity of the installation is about 70 tons/day for the doses of 5-6 kGy.
Some other parameters areas follow: building area 750 m2, usable area 1150 m2; power installed
300 kW, water consumption 0.3 m3/day, manpower (two shift operation) 12 persons. Capital costs
of installation are about 4 million US dollars, what mainly depends on the cost of accelerator and
building construction. More details are included in Table 6.
Remarks
• Irradiation is a quick and credible method of disinfestation of municipal sewage sludge
• Sludge disinfected with electron accelerator can be used as soil fertilizer immediately after
treatment and no large land areas are needed to their disposal for a long time
• The heavy metals content in treated sludge must be under the limits acceptable for agriculture
application
• In spite that investment cost of such facility is relatively high, the operating cost is moderate
1.2.PROJECT SUPPORTED BY IAEA: SEWAGE IRRADIATION PLANT IN EGYPT
Team:
Z. Zimek, P. Panta, INCT
A.Kubera, Institute of Environmental Protection
J. Sarna, Design Office „PROATOM”
Ł. Kaczmarek, J. Broś, Municipal sewage treatment plant, Warsaw region
R.A. El-Motaium, Plant Research Department, Nuclear Research Center Atomic Energy
Authority, Egypt
Dose rate applied in radiation disinfection process for sanitizing different forms of wastewaters
[4]. As it can be easily noticed sludge with lower water content requires higher dose rate:
• Effluents
up to 0.5 kGy
• Raw sewage
1.5 kGy
• Raw sludge
3-4 kGy
• Digested sludge
3-4 kGy
• Dewatered sludge
up to 10 kGy.
The right dose level should be selected depends on local conditions regarding the presence of
pathogenic bacteria. The required dose level can be lowered when combined treatment methods
are applied (oxygen bubbling or heating of the sludge during irradiation). Irradiation combined
with drying sludge in sunlight may reduce the dose from 6 to 2 kGy.
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FIG. 2. Process diagram for sewage sludge treatment with the use of electron beam

Sediment storing container is to ensure continuity operation of the technological procedure of
sediment processing. Sediment stored in liquid form (prior to the process of dehydration and
thickening) due to burdensome properties of dehydrated sediment and other potential problems
such as danger of methane explosion. Storing of liquid sediment is technically much simpler a
solution and is definitely more cost effective.
Several wastewater treatment plants devoted to municipal sewage purification were proposed as a
potential places to install radiation facility. The basic irradiation facilities parameters are presented
in Table 7. The radiation installation should be located in close neighborhood of a mechanical
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dehydration station, which will provide sewage sludge for irradiation. The complex of mechanical
dehydration station should be located in the neighborhood of open, secondary chamber and
sediment lagoons, that allows minimize the cost of technological lines.
TABLE 7. THE SUMMARY OF THE PROPOSALS REGARDING RADIATION FACILITY FOR
COMMUNAL WASTE TREATMENT IN EGYPT
Wastewater Treatment Plant
Irradiated waste material
Capacity in tons:
- Per hour [t/h]
- Per day [t/d]
- Per year[t/y]
Accelerator type
Manufacturer
Electron energy [MeV]
Beam power [kW]
Dose [kGy]
Investment cost [$]
Exploitation cost [$]
Unit cost [$/t]

A
Sewage sludge
30% ss
56
1,120
408,800
Rhodotron
TT 300
IBA, Belgium
10
3x150
12
25,500,000
3,662,800
9.0

B
Sewage sludge
35% ss
12.5
250
91,250

C
Wastewater

ILU 10

420
10,000
3,650,000
ELV 12

INP, Russia
5
2x50
12
4,364,000
919,500
10.1

INP, Russia
1
400
2
3,700,000
929,319
0.25

1.3.EXPERIMENTAL RESULTS: RADIATION HYGIENIZATION OF SLURRY AND
SEWAGE SLUDGES WITH HIGH ENERGY ELECTRON BEAM
Team:
Z. Zimek, I. Kałuska, A. Rafalski, INCT
K. Skowron, et al., University, Toruń
Z. Paluszak, et al., University, Bydgoszcz
SLURRY – mixture of faeces and urine of animals with addition of technology water, remains of
feed and animal products (e.g. milk), as well as animal secretions and epithelium cells. SEWAGE
SLUDGE – sludge from digested tanks in sewage treatment plant and from other installations
destined for sewage treatment.
Experimental conditions: raw cattle and swine slurry samples were used as research material.
The samples were collected according to the commonly used procedures (the norm PN-B12098:1997). The slurry of 3 different dry matter content: 1-2% (“thin”), 5-6% (“medium”) and
14-15% (“thick”) was further used for the experiment.
The bacteria used in the research were:
• Salmonella Dublin,
• Salmonella Senftenberg W775 H2S-negative,
• Salmonella Typhimurium,
• Escherichia coli
• Enterococcus spp.
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Slurry samples of 100 cm3 were placed in synthetic bags and each was contaminated with 2.5 cm3
of standardized suspensions of indicator bacteria. The bags with slurry were placed in one layer in
metal cuvettes and underwent accelerator treatment. Both cattle and swine slurry with different
content of dry matter underwent the treatment with quick electrons with energy of 10 MeV with
doses of 1, 3, 5, 7 and 10 kGy. Also the control samples were prepared for hygienization. Part of
results are presented in Table 8 and 9.
TABLE 8. CHANGING OF PERCENTAGE OF INVASIVE EGGS OF Ascaris suum VS DOSE
Dose
[kGy]

Cattle slurry

Swine slury

Thin

Medium

Thick

Thin

Medium

Thick

0

98

98

98

98

98

98

1

33

41

49

24

35

40

3

8

11

18

1

7

10

5

0

0

3

0

0

1

7

0

0

0

0

0

0

10

0

0

0

0

0

0

TABLE 9. CALCULATED LETHAL DOSE DEPOSITED BY ELECTRON BEAM
Slurry
type

Cattle

Swine

Bacteria
Density

S. Senftenberg
S. Typhimurium
W775

S. Dublin E. coli

Enterococcus

Calculated lethal dose [kGy]

Thin

3.99

4.44

3.73

5.39

7.01

Medium

4.22

4.62

3.81

5.60

7.28

Thick

5.14

5.51

4.13

6.06

8.84

Thin

3.86

4.32

3.63

5.10

6.45

Medium

4.08

4.49

3.70

5.31

7.00

Thick

4.86

5.20

4.03

5.65

7.78

Remarks:
• The conducted research proved very high hygienic efficiency of high energy electron beam
against all tested bacteria
• In most cases 7 kGy dose was sufficient for hygienization of the slurry and doses of 2-3 kGy
provide the satisfying effects, comparable to those obtained during several days of anaerobic
digestion or during inter-bubble aeration under mesophilic conditions.
• Dose less than 1 kGy in each combination allowed for 90% inactivation of tested
microorganisms populations.
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• The best indicator organisms were enterococci, with their highest resistance to the electron
beam hygienization.
• The protective effect of the dry matter was observed, which is important while applying
radiation hygienization for practical uses.
• The results proved that the hygienic efficiency of the high energy electron beam for the slurry
was comparable to that for sewage. Therefore, this method may be a great alternative or
supplement for traditional methods used for slurry hygienization.
1.4.NEW APPROACH: HYBRID BIOGAS - AN ELECTRON BEAM SYSTEM FOR
ELECTRICITY AND BIO-FERTILIZER PRODUCTION
Team:
A.G. Chmielewski, Z. Zimek, U. Gryczka, J. Palige, INCT, Warsaw
R. Edgecock, M. Siwek, STFC, Rutherford Appleton Lab. (GB)
Cooperation with BIOPOLINEX Co., Lublin, Poland
Biogas is produced by the biological breakdown of organic matter in the absence of oxygen. It
consist mainly of methane and carbon dioxide and a very small amounts of other substances, but
its composition varies depending upon the origin of used feedstock. It can be used as a low-cost
fuel for heating purpose also in modern waste management facilities to generate electrical power.
The combustion of biogas reduces the emission of sulfur dioxide and nitrogen oxides in
comparison to the combustion of fossil fuels. Biogas production is a versatile biotechnology
capable of converting almost all types of biomass to methane and carbon dioxide under anaerobic
(absence of oxygen) conditions. In biogas production process sewage sludge is pumped into the
anaerobic reactors where digestion takes place, usually at mesophilic temperature (35 – 39 °C).
During a retention time of around 20 days, microorganisms break down part of the organic matter
that is contained in the sludge and they produce biogas, which is composed of methane, carbon
dioxide and trace gases. Biogas is used to feed cogeneration systems in order to simultaneously
produce heat and electricity.
Advantages of anaerobic sludge fermentation process:
• Post-fermentation slurry contains 3 – 5% of dry matter,
• Dry matter content can be increased up to about 35% applying dewatering process,
• The volume of organic matter is reduced by about 50% in comparison to unfermented
substrate,
• Improvement of fertilizer value e.g. a part of the organic nitrogen is converted to ammonium,
which is more easily accessible for plants,
• Reduction of methane emission to the atmosphere in comparison to untreated sludge,
• Odor reduction.
In wastewater treatment plants (WWTPs) sewage sludge is produced as part of the water cleaning
process. The sludge contains the particles removed from the wastewater, which are rich in nutrients
and organic matter, leaving the water clean for its release into nature. Growing population centers
and expanding industry, which are increasingly well served by wastewater treatment facilities,
result in rapid growth of sewage sludge production.
Sludge disinfection:
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• The sludge of municipal wastewater origin is biologically contaminated by viruses, bacteria
and eggs of parasites.
• Anaerobic fermentation can reduce number of pathogenic microorganisms but can’t eliminate
them completely.
• Disinfection process must be applied.
• Under irradiation the decomposition of pollutants and elimination of microorganisms in water
undergo due to reaction of water radiolysis products.
Proposed solution of hybryd biogas - eb system advantage is based on:
• Environmental friendly technology
• Biogas production is disposal of problematic wastes
• Production of renewable power through combined heat and power cogeneration
• Production of microbiologically safe organic fertilizer due to electron beam hygenization
• Technology can be applied in any place with sufficient biomass resources while there is no
need for external electric energy supply
1.5.CURRENT ACTIVITY: A METHOD FOR HIGIENIZATION OF SEWAGE SLUDGE
BASED ON ELECTRON ACCELERATOR APPLICATION; IAEA COORDINATE
RESEARCH PROJECT ON „RADIATION INACTIVATION OF BIO-HAZARDS
USING HIGH POWERED ELECTRON BEAM ACCELERATORS”
Team:
A.G. Chmielewski, Z. Zimek, M. Sudlitz, U. Gryczka, D. Śmietanko, J. Palige, INCT, Warsaw
G. Siebielec, Institute of Soil Science and Plant Cultivation, Puławy
Z. Paluszak, University, Bydgoszcz,
Cooperation with BIOPOLINEX Co., Lublin, Poland
1.5.1. Analyze the state of the art and legal acts concerning the management of excess
sludge from biological sewage treatment plants, 07. 2018 – 11. 2018
• Analyze of the literature and patents obtained in the field of urban wastewater radiation
treatment.
• Analyze of the technical solutions used in the field of urban wastewater radiation treatment.
• Analyze regulation of the Minister of the Environment edited 6 February 2015 and the
existing and planned EU directives in terms of:
- permissible content of heavy metals and parasites,
- indicator bacteria in sewage sludge,
- sludge to be used in agriculture.
1.5.2. Physicochemical and microbiological characteristics of excess sediment before
and after the methane fermentation process, 11.2018 – 05.2019
• Sediment characterization for the content of:
- Heavy metals using the ICP-MS technique,
- TOC and TIC,
- Dry matter and dry organic matter,
- Magnesium, calcium, sodium, potassium, sulphate anions, phosphate anions and
ammonium nitrogen.
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• The pH test before and during fermentation.
• Microbiological tests for the presence of indicator bacteria and parasites (in external
laboratories).
• The tests will be carried out both in terms of the Regulation of the Minister of the
Environment of 6 February 2015 on municipal sewage sludge as well as from the point of
view of obtaining optimal conditions for methane fermentation.
1.5.3. Effect of radiation treatment of sludge (biomass) on fermentation efficiency.
06.2019 - 12.2019
• Sewage sludge digestion and fermentation both before and after irradiation.
- Parameters controlled during the process:
- The pH and temperature.
- The amount of methane released
- The content of volatile fatty acids will be tested.
• Data on the amount of gas released and the content of bacteria and indicator parasites will be
compared for the fermentation of irradiated and non-irradiated sludge.
1.5.4. Effect of radiation treatment of sludge (biomass) on fermentation efficiency.
06.2019 - 12.2019
• Sewage sludge digestion and fermentation both before and after irradiation.
- Parameters controlled during the process:
- The pH and temperature.
- The amount of methane released
- The content of volatile fatty acids will be tested.
• Data on the amount of gas released and the content of bacteria and indicator parasites will be
compared for the fermentation of irradiated and non-irradiated sludge.
1.5.5. Hygienization of excess sludge and digestate using an electron beam, 01.2020 06.2020
• The installation for irradiating flow slurries on a laboratory scale, using the ILU-6 electron
accelerator (beam power up to 20kW, electron energy up to 2 MeV) will be used.
• The optimal dose will be set to reduce the occurrence of pathogens to the set level resulting
from the Regulation of the Minister of the Environment of February 6, 2015 on municipal
sewage sludge.
• Model tests will be carried out using the bacteria and indicator parasites found in the solution
(research on the presence of parasites, their eggs and pathogenic bacteria will be carried out in
external laboratories existing at national universities according activities agreed with
contractors).
1.5.6. Research on the fertilizing properties of the examined radiation-hygienized ones;
excess sludge and digestate, 07.2020 - 06.2021
The appropriate commissioned research by agricultural institutes (the possibility of cooperation
was agreed) regarding development of an innovative microbial-enriched biofertilizer, using a
radiation hygienized sludge and evaluation of its effects in stimulating fertility and soil
productivity.
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Republic of Korea
DEVELOPMENT OF A NEW APPLICATION USING IONIZING RADIATION FOR
DEGRADING ANTIBIOTICS
H. BAI.
Advanced radiation technology institute,
Korea atomic energy research institute Jeongeup-si, Republic of Korea

Abstract
The amount of antibiotics in wastewater as well as drinking water has increased concern about their potential effects on the
environment. Large amounts of antibiotics present in rivers eventually cause disturbance of the ecosystem and cause various
environmental problems, including the generation of antibiotic resistant microorganisms. The conventional wastewater treatment
system did not work properly, since a lot of antibiotics were found in ground waters, stream, and so on. These led us to develop a
new technique for the removal of antibiotics. This study was conducted to find out the possibility for degradation of antibiotics
(panmycin, doxycycline hyclate, rifampicin, gatifloxacin, and sparfloxacin) using gamma irradiation. The result showed that the
all substances, tested, were completely degraded at the dose below 50kGy depend on the substances by gamma irradiation indicating
that ionizing irradiation might be an effective method for the removal of antibiotics.

1. INTRODUCTION
As the increased the demand for meat, the agricultural industry including livestock has turned to
increased antibiotic usage for both prevent to sickness and promote their growth. Recently, it is
estimated that up to 80% of antibiotic usage in the United States is derived from agriculture alone
[1]. The introduction of antibiotics into soil, surface water, and groundwater can cause the serious
problems such as developing mutagenic multi-antibiotic resistant viral, bacterial and fungal strains.
In addition to developing antibiotic resistant pathogens, it can be accumulated in the tissues of
wild animals [2]. Furthermore, the antibiotics also could not be removed naturally once introduced
into the environment, since antibiotics were usually quite stable. For example, sulfonamide can
persist in the environment for long period of time after introduction into the environment [3, 4]. In
order to solve these problems, many studied have been done to develop an advanced degradation
technology. Some methods have been developed [5, 6], however, new concerning was raised that
incomplete process could be led furthermore environmental contamination. In this respect, a new
advanced technology was required to degrade the antibiotics perfectly to make a clean
environment.
Gamma irradiation was a well-developed and frequently used technique for sterilization of several
pharmaceuticals products as well as food [7, 8]. The sample is subjected to high-energy photons
that results in free radical generation and ionization of chemical bonds. This must ensure that there
are no any residues, increased penetration power, and attenuation of high temperature [9]. And
also, several studies reported that gamma irradiation of 25kGy seems to be an appropriate dose for
sterilization purposes and elevated dose more than that exhibited product degradation and release
of free radicals that resulted to product alteration [10, 11]. Although the exact mechanism by which
gamma irradiation degraded the chemical substances was known, it could be a result of gamma
radiolysis of water and ethanol. In brief, water molecules were converted immediately into various
molecules and radicals, such as hydrogen peroxide, hydroxyl ion, superoxide radical anion,
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molecular hydrogen, and so on [12]. These molecules produced might be capable of degradation
of chemical substances.
Gamma radiation technique has been used for sterilization. Despite of previous reports have shown
that sterilization of various microorganism [13-15] as well as other chemicals like ciproflaxin,
thiamphenicol and fluoroquinolones [16-18], less is known about degradation of chemical
substances.
Therefore, the aim of the current study is to investigate the effect of gamma irradiation on the
degradation of the antibiotics.
2. MATERIAL AND METHOD
2.1.REAGENT
Panmycin, doxycycline hyclate, rifampicin, gatifloxacin, and sparfloxacin were purchased from
Sigma-Aldrich (St. Luis, Mo, USA). 1g of substance was dissolved in a liter of methanol to final
concentration of 1g/L.
2.2.GAMMA IRRADIATION
The samples were exposed to gamma rays usinga a gamma irradiator (Cobalt-60, 150 TBq of
capacity; Atomic Energy of Canada Limited, Ontario, Canada) from 10 to 50 kGy in the Korea
Atomic Energy Research Institute (KAERI; Jeongeup, Korea). The irradiated samples were then
stored at 4°C until use.
2.3.HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) ANALYSIS
The HPLC system consisted of an Agilent 1260 series solvent delivery system, and UV-detector
coupled with a C18 column (YMC-Triart C18, 250 × 4.6 mml.D., 250 mm). The samples were
eluted with a linear gradient from 100% solvent A (0.1% formic acid in water) and 0% solvent
B(100% acetonitrile) to 50% solvent A and 50% solvent B over 20 min. The gradient was then
changed to 0% solvent B over a 40min. period at a flow rate of 1ml/min. The fractions were
detected at 220 nm.
3. RESULTS
We have selected antibiotics to test based on the usage in industry and their structures. Panmycin
and doxycycline were belonging to tetracyclin family, and rifampicin also known as rifampin, was
an antibiotic used to treat various bacterial infections, and gatifloxacin and sparfloxacin were an
antibiotic of the fourth-generation fluoroquinolone family. All chemical structures of antibiotics
tested were shown in FIG 1. We have tested whether or not the antibiotics could be degraded by
gamma irradiation up to 50kGy.
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FIG 1. The chemical structures of antibiotics tested

As the result, all antibiotics tested were broken down by gamma irradiation up to 50kGy depend
on their structures (FIG 2). The fourth generation of antibiotics, gatifloxacin and aparfloxacin,
were degraded at the dose of 25kGy with gamma irradiation. Rifampicin was required lowest dose
of gamma irradiation, 10kGy, to be broken down. Dose of 50kGy and 25kGy gamma irradiation
were enough to degrade panmycin and doxychcline hyclate, respectively.
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FIG 2 The HPLC profiles of antibiotics before (left panel) and after (right panel) exposed by gamma
irradiation. Panmycin(A), doxycycline hyclate(B), rifampicin(C), gatifloxacin(D), and sparfloxacin(E)
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4. DISCUSSION
We have used ionizing radiation, especially gamma irradiation, to decompose the antibiotics. In
order to do, an analysis method was established first and the analysis was carried out according to
the method. As a result, we identified differences in the sensitivity of ionized gamma rays to the
seven antibiotics. This means that the strength of the ionized radiation varies depending on the
structure of the antibiotic for the decomposition of antibiotics. Based on these results, it is
considered necessary to test the level of breakdown of the entire line of antibiotics other than
antibiotics that have already been tested. Research is under way where the source of the latest
ionized radiation seeks to move the line from gamma rays to the telegraph. Accordingly, research
on the decomposition of individual antibiotics should be carried out using the electric field in the
future. Through this study, we make a method for effectively disassembling waste water or
antibiotics contained in rivers, which can be used as basic data for environmental cleanup. In
addition, over the years ionizing irradiation technology has been used mainly for several
applications using gamma radiation. However, the concerns were raised regarding the safety and
security of radioactive sources such as Cobalt-60, which led us to use machine based electron beam
radiation sources in the future. To expand the applicability of machine generated irradiation
technology for reducing bio-hazards, fundamental research has to be done to remove biohazardous materials such as anti-biotics using E-beam in near future.
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Abstract
Previous studies were performed on the bacterial and viral inactivation using gamma irradiation. The effect of gamma radiation on
the genome of VHA was studied. Results showed high resistance of viral genome to gamma radiation. In another published study,
naturally occurring somatic coliphages, F-specific coliphages and E. coli were examined in water, raw sewage and sewage sludge.
As well, the effects of radiation on bacteriophages ΦX174 and MS2, and E. coli all grown in the laboratory and seeded in distilled
water, autoclaved raw sewage and a 1% peptone solution were evaluated. The inactivation of E. coli was fairly similar in all
matrices. In contrast, inactivation of bacteriophages was significantly greater in distilled water than in the other matrices. These
results showed the great influence of the matrix characteristics on virus inactivation. Somatic coliphages in raw sewage and sewage
sludge and ΦX174 in autoclaved sewage were inactivated similarly and were far more resistant than F-specific coliphages, MS2
and E. coli. Results showed that ΦX174 is a suitable indicator for estimating virus inactivation by γ-irradiation and have similar
resistance to other viruses and could be used as viral indicator to survey the viral quality of treated water and sludges. A study
focusing on the effect of gamma radiation on fungal biofilm and bacterial biofilm is pending. We aimed at evaluating inactivation
of biohazards isolated from water, wastewater ans healthcare wastes using using high powerd electron beam accelarators and to
copare results with those found by gamma irradiation.

1. INTRODUCTION
According to the World Health Organization, every year there are 2.2 million deaths related to
unsafe water, sanitation and hygiene, and millions more suffer multiple episodes of non-fatal
diarrhea [1]. A large amount of pathogens can be released in aquatic environments and viruses can
resist to wastewater treatment process and environmental stressors [2]. Generally, viruses are more
resistant to physical, chemical and biological treatments than bacterial pathogens. The conventional
activated sludge treatment and the chloriantion are not efficient to eliminate enteric viruses from
sewage because some of them adsorbed to clays and organic solids are afforded protection from
inactivation by chlorine [3,4].
Recently, the World Health Organization revealed that of the total amount of waste generated by
health-care activities, about 85% is general, non-hazardous waste comparable to domestic waste.
The remaining 15% is considered hazardous material that may be infectious, chemical or
radioactive [5]. However, health-care waste is often not separated into hazardous or non-hazardous
wastes in low-income countries. In Tunisia, each year around 20,000 tons of wastes are generated
by health activities, of which 40% are high risk for health and the environment [6]. Healthcare
wastes are contaminated by the most virulent germs. Treatment and disposal of healthcare waste
may pose health risks through the release of pathogens, mainly hepatitis B and hepatitis C viruses
and toxic pollutants into the environment [7]. A joint WHO/UNICEF assessment found that just
over half (58%) of sampled facilities from 24 countries had adequate systems in place for the safe
disposal of health care waste [8]. According to the treatment studies of medical wastes, about 59–
60% of medical wasted are treated through incineration, 37–20% by steam sterilization, and 4–5%
by other treatment methods [9]. Disinfection treatment of hospital and healthcare wastes in Tunisia
is currently done by incineration. This process emits toxic air pollutant which constitutes a serious
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human health risk. Increased interest in recent years has focused in alternative disinfectants. In
fact, irradiation treatment with ionizing radiation has proven to be a powerful tool in inactivating
human pathogenic microorganisms in water, wastewater, sludge, food and medical products
[10,11]. Several pathogenic microrganisms and viruses are resistant at high dose rates of gamma
radiation, they would be eradicated repecting health security by using electron beam. Processing
method of sanitization has investigated the effect of Electron Beam irradiation on the destruction
of Bacillus endospores [12].
The present research project aim essentially at assessing the inactivation of microorganisms and
viruses resistant to different treatment processes by using electron beam for sterilizing healthcare
products and also for improving hygiene and safety. Previous works were performed dealing with
the effect of gamma irradiation on viruses and bacteria isolated from shellfish, water, wastewater,
and sludge.
2. MATERIAL AND METHODS
2.1. SAMPLES, SAMPLING AND SAMPLING SITES
Shellfish samples collected from Tunisian shellfish harvesting area and were analysed to evaluate
the contamination by hepatitis A virus (HAV).
Distilled water, autoclaved raw sewage and sewage sludge sampleswere collected from an urban
wastewater treatment plant in Tunis and a 1% peptone solution were the matrices seeded with
bacteriophages ΦX 174 and MS2, and strain WG5 of E. coli.
2.2. DETECTION OF VIRAL GENOME IN SHELLFISH BY PCR
Shellfish samples were seeded with with faeces (8 106 copies/g de selles). After viral
concentration, the RNA of HAV was extracted and deteted using RT-Nested-PCR [13].
2.3. BACTERIOPHAGES AND E. COLI DETECTION AND COUNTING
Naturally occurring somatic coliphages, F-specific coliphages and E. coli were examined in water
raw sewage and sewage sludge. Phages were extracted from sewage and sludge samples using the
beef extract elution technique [14]. They were enumerated directly in raw sewage samples. Double
layer agar technique was used to detect and enumerate bacteriophages. Somatic coliphages and Fspecific RNA coliphages were enumerated according to ISO 10705-2 (ISO, 2000) and according
to ISO 10705-1 (ISO, 1995) standard procedures respectively [14-16]. Positive controls were
ΦX174 and MS2 reference phages. E. coli concentration in natural contaminated samples was
determined directly by series dilution method on Tryptone Bile Agar with X-Glucuronide (TBX
agar) (Biokar Diagnostics, Tunis).

2.4. RADIATION PROCESS
The γ-irradiation source used is a Cobalt 60 Tunis source located in the National Center of Nuclear
Sciences and Technologies. All samples in tubes were irradiated at room temperature (20-25 ºC)
in the dark under the same conditions at 1 to 9 kGrays for water, sewage and sludge samples and
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at 5, 10, 15, 20 and 25 kGrays for shellfish samples. Different γ-doses were obtained by varying
exposure time. Natural samples and artificially contaminated samples were irradiated three times
in three independent experiments. Indicators were counted before irradiation and after every
exposure.

2.5. DATA ANALYSIS
Statgraphics Plus software version 5.1 (Statistical Graphics Corporation, Herndon, VA, USA) was
used for data treatment and statistical analysis. D10 values in kGy, which is the irradiating dose
required to reduce microorganisms by 90%, were calculated from the linear regression model of
the log of the surviving fractions. Statistical data comparisons, for the various microorganisms and
matrices, were made with linear regression comparison tests; data were considered statistically
significant at P-value ≤ 0.05.

3. RESULTS AND DISCUSSION
3.1. EFFECT OF GAMMA IRRADIATION ON VIRAL GENOME OF HAV
Dose-dependent effect of gamma irradiation on the genome of HAV was revealed. The amplified
fragment P1 region of viral RNA disappear at 25 kGy (Fig1).
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FIG.1. Analysis of amplified viral geneme by RT-Nested PCR and gel electrophoresis at 2% (M :
Ladder 100 pb, P : positive test , N1 : negative test of 1st amplification, N2 : negative test of second
amplification, 1 :non irradiated sample, 2 : 5 kGy, 3 : 10 kGy, 4 : 15 kGy , 5 : 20 kGy, 6 : 25 kGy 7 : 30
kGy)

Food irradiation treatment with high doses by using electron beam accelerator should completely
inactivate viruses however quality of foods like shellfish could be affected. Effective combined
treatment responding to consumer attribute requirements, without affecting organoleptic properties of
foods, depends on food origin (vegetal and animal) and food processing (fresh products and canned
foods). Hard efforts should be afforded for optimization and implementation of effective combined
treatments to guarantee both food safety and quality
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3.2. EFFECT OF GAMMA RADIATION ON E. Coli AND PHAGES

The effects of radiation on bacteriophages ΦX174 and MS2, and E. coli all grown in the laboratory
and seeded in distilled water, autoclaved raw sewage and a 1% peptone solution were evaluated
[17]. PhiX 174 is more resistant to gamma rays than MS2 and E. coli in autoclaved wastewater as
shown in figure 2.

0

Log10 (N/N0)

-1
-2

PhiX174

-3

MS2

-4

E. coli

-5
-6
0

1

2

3
4
5
Dose KGrey

6

7

9

FIG.2. Gamma rays inactivation of phages and E. coli seeded in Autoclaved Wastewater.

Results showed that PhiX 174 is more resistant to gamma rays than MS2 and E. coli in distilled
water. MS2 is more sensitive than E.coli in distilled water. This could be due to the fact that DNA
is less sensitive to gamma rays than RNA. D10 values decrease significantly when changing
matrix. Suspended materials seem protect phages from external aggressors as shows figure 3.
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FIG.3. Gamma rays inactivation of phages and E. coli seeded in distilled water.

Naturally occurring F-specific coliphages are more sensitive to gamma rays in influent than those
occurring in sludge. They are more sensitive than somatic coliphages and more resistant than E.coli
(Fig4). But, naturally occurring E. coli in influent and sludge have the same inactivation pattern
as seeded E. coli in autoclaved wastewater (Fig5). So, suspended materials confer a higher
resistance to somatic coliphages and F-RNA specific coliphages. These results showed the great
influence of the matrix characteristics on virus inactivation
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FIG.4. Gamma rays inactivation of naturally occurring MS2 in influent and sludge.
1
0
-1
E. coli
Influent

-2
-3
-4
0

1

2

FIG.5. Gamma rays inactivation of naturally occurring E. coli in influent and sludge

The comparison of gamma radiation inactivation of naturally occurring phages and E. coli in
influent showed that PhiX 174 is more resistant to gamma rays than MS2 and E. coli and
MS2 is more resistant to gamma rays than E. coli (Fig6).
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FIG.6. Comparison of Gamma rays inactivation of naturally occurring phages and E. coli in influent

Results showed that ΦX174 is a suitable indicator for estimating virus inactivation by γ-irradiation
and corroborate the use of somatic coliphages to survey the viral quality of treated water and
sludges.
3.3. EFFECT OF GAMMA RADIATION ON BIOFILM

A study focusing on the effect of gamma radiation on fungal biofilm and bacterial biofilm is
pending.
4. CONCLUSION
Our proposal research work will contribute certainly to achieve the objectives of this CRP on
radiation inactivation of biohazards. The specific research objectives are:
• Evaluation of microbial and viral contamination of healthcare wastes with appropriate
procedures
• Irradiation of healthcare wastes at different doses by electron beam accelerator with
different conditions as temperature, pH, chemicals…
• Establishmt of a correlation between biohazards, physical, chemicals and the kinetics of
inactivation according dose rates, and energies …
• Study of the combined effect of irradiation and biological compounds on viral inactivation
• Comparison between results of the effect of electron beam irradiation on fungal and
bacterial biofilms and viruses with those previously performed using gamma radiation
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Abstract:
The effect of attenuating the energy of a 10 mev electron beam on salmonella inactivation kinetics was investigated. No statistically
significant differences were observed between the d10 values of either salmonella 4, [5],12 :i:- or a salmonella cocktail (s. 4,[5],12:i:,
s. Heidelberg, s. Newport, s. Typhimurium, s. Enteritidis) when irradiated with either a non-attenuated 10 MeV Ebeam or an
attenuated 10 MeV Ebeam (~ 2.9 ± 0.22 mev). The results show that attenuating the energy of a 10 MeV ebeam to achieve low
doses does not affect the inactivation kinetics of salmonella spp when compared to direct 10 MeV ebeam irradiation

3. INTRODUCTION
Low dose (≤ 1 kGy) Phytosanitary treatment at commercial irradiation facilities in the U.S. is
increasing due to growing imports of fresh produce. The volume of agricultural commodities
treated by ionizing radiation imported into the U.S. increased significantly from 195,000 kg in
2007 to 12,853,000 kg in 2013 (Jeffers, 2014). In the U.S., phytosanitary treatment requires a
minimum dose of 400 Gy and a maximum dose of 1000 Gy for imported fruits and vegetables
(Federal-Register, 1986). One of the challenges of utilizing commercial high throughput eBeam
processing configurations (10 MeV, 15 kW linear accelerators) for low dose irradiations is the fact
that the machine parameters, such as energy, beam current, pulse repetition rates, etc. have to be
specifically altered. Alternatively, attenuators, such as plywood or high density polyethylene
(HDPE), can also be employed to reduce the delivered dose. Attenuation is used to lower the
energy of the incident electrons to achieve a lower dose on the product, without extensive
engineering modifications. Attenuation is achieved by placing the attenuator between the incident
eBeam and the product to be irradiated, thereby allowing the attenuator to absorb a portion of the
incident electrons which results in a lower absorbed dose of the product. Since attenuation leads
to a change in beam energy delivered to the product, it can be hypothesized that the microbial
inactivation kinetics could also vary since the dose is the same but the incident electron energy is
different.
To the best of our knowledge, there are no published reports addressing whether microbial
inactivation kinetics vary depending on whether attenuation is employed or not. The underlying
hypothesis of this study was that eBeam processing involving dose attenuation does not result in
altered inactivation kinetics of microbial pathogens. To test this hypothesis the inactivation
kinetics (D10 values) of the major foodborne pathogen, Salmonella spp., were investigated. We
studied the inactivation kinetics of a single Salmonella strain (4,[5],12:i:-) as well as the kinetics
of a cocktail of Salmonella strains (S. 4,[5],12:i:-, S. Heidelberg, S. Newport, S. Typhimurium, S.
Enteritidis) when exposed to varying eBeam doses with and without attenuation.
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4. MATERIALS AND METHODS
2.1. TARGET MICROORGANISMS
Salmonella 4, [5], 12:i:-, Salmonella Heidelberg, Salmonella Newport, and Salmonella Enteritidis,
and Salmonella Typhimurium (ATCC 14028) were employed in these studies.
2.2. PREPARATION OF BACTERIAL CULTURES
The strains were grown overnight in tryptic soy broth (TSB) at 35°C in a shaking water bath and
washed using phosphate buffered saline (PBS) via centrifugation at 4000 x g for 10 min at room
temperature (RT). The pellets were re-suspended in PBS to an OD600 of ca. 1.0 (1x108 CFU/ml).
For the Salmonella cocktail, equal amounts of the individual strains were combined.
2.3. PACKAGING SAMPLES FOR EBEAM IRRADIATION
To comply with the university’s biosafety regulations, the bacterial samples (2ml) were placed in
heat-sealed double-bagged Whirl Pak bags (Nasco, New York, NY) as previously described
(Praveen et al., 2013). Our previous studies showed that irradiating cell suspensions in flat plastic
bags produced high dose uniformity within the sample (unpublished data). Samples were held at
4°C prior to irradiation.
2.4. EBEAM IRRADIATION AND DOSIMETRY
The eBeam irradiation was carried out at the National Center for Electron Beam Research
(NCEBR) at Texas A&M University using a 10 MeV, 15 kW eBeam linear accelerator. All
irradiations were carried out at ambient temperature (ca. 25°C). The target doses were 900 Gy,
1100 Gy, 1200 Gy, 1300Gy, 1400Gy and 1500 Gy. Alanine dosimetry was employed. The
measured absorbed doses were used for data analysis. Non-irradiated samples (0 kGy) were used
as controls. The irradiated and non-irradiated samples were analyzed for microbial survival in
parallel.
2.5. E-BEAM ATTENUATION AND ENERGY ESTIMATION
The attenuated eBeam doses were obtained by placing eight 0.48 cm (3/16 inch) sheets of high
density polyethylene (HDPE) (density: 0.95g/cm3) over the test samples and by varying the
conveyor belt speed. To estimate the beam energy underneath the HDPE attenuators, 3
independent wedge tests (ISO/ASTM 51649, 2005) were performed. Non-attenuated eBeam doses
were obtained by exposing the samples directly to the 10 MeV electron beam (without any
attenuation).
2.6. BACTERIAL ENUMERATION
Ten-fold serial dilutions were made in PBS, and 0.1 ml aliquots were plated onto tryptic soy agar
(TSA) plates and incubated at 35°C for up to 4 days. Colonies were enumerated for up to 4 days
to account for slow growers.
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2.7. DATA ANALYSIS
Three independent irradiation trials (with three replicates each) were performed for each study
involving the single Salmonella strain and the Salmonella cocktail. The log10 of the surviving
Salmonella concentration (CFU/ml) was plotted as a function of absorbed eBeam dose (kGy).
Bacterial inactivation was confirmed to be linear (data not shown) and linear regression analyses
were performed (Miller, 2005; Praveen et al., 2013). The negative reciprocal of the slope was
calculated to be the D10 value. Student’s t-test was performed to determine whether there was any
statistically significant difference (P-value <0.05) between the D10 values of Salmonella exposed
to eBeam irradiation with and without attenuation.
3. RESULTS
3.1 ATTENUATED BEAM ENERGY ESTIMATION
Three independent wedge tests were performed and the most probable electron beam energy (Ep)
under the HDPE attenuation was estimated to be 2.9 ± 0.22 MeV (data not shown). The Ep was
calculated using the ISO/ASTM formula A3.4. The Ep rather than Ea (average beam energy) was
calculated since the wedge tests under attenuation permitted only two measurable dose points.
3.2 INACTIVATION KINETICS OF SALMONELLA 4, [5],12:I:- UNDER ATTENUATED AND
NON-ATTENUATED 10 MeV EBEAM IRRADIATION CONDITIONS
The reduction of Salmonella 4, [5],12:i:- in PBS under non-attenuated and attenuated 10 MeV
eBeam irradiation is shown in Figures 1 and 2 respectively.
Measured doses ranged between 0.9 to 1.7 kGy. The D10 value of Salmonella 4, [5],12:i:- when
exposed to non-attenuated and attenuated eBeam irradiation was calculated to be 0.227 (± 0.051)
kGy and 0.234 (± 0.054) kGy, respectively. There was no statistically significant difference
(P=0.889) between the two D10 values (Table 1).
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FIG. 1. Inactivation of Salmonella 4,[5],12:i:- in PBS under non-attenuated 10 MeV eBeam
irradiation. Each trial represents an independent experiment performed with three replicates.
Error bars represent standard deviation of the 3 replicates.

FIG 2. Inactivation of Salmonella 4, [5],12:i:- in PBS under attenuated 10 MeV eBeam
irradiation. Each trial represents an independent experiment performed with three replicates.
Error bars represent standard deviation of the 3 replicates. Attenuation was achieved by using
eight 0.48 cm HDPE sheets.
3.3 INACTIVATION KINETICS OF A SALMONELLA COCKTAIL UNDER NONATTENUATED AND ATTENUATED EBEAM IRRADIATION CONDITIONS
The reduction of a Salmonella cocktail (S. 4, [5],12:i:-, S. Heidelberg, S. Newport, S.
Typhimurium, S. Enteritidis) in PBS when exposed to non-attenuated and attenuated 10 MeV
eBeam irradiation is shown in Figures 3 and 4 respectively. The D10 values for the Salmonella
cocktail were 0.269 (± 0.050) kGy for non-attenuated eBeam irradiation and 0.293 (± 0.023) kGy
for attenuated eBeam irradiation, respectively. There was no statistically significant difference
(P=0.505) between the D10 values of the Salmonella cocktail when exposed to eBeam irradiation
with and without attenuation (Table 1).
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Fig. 3. Inactivation of Salmonella cocktail (S. 4, [5], 12:i:-, S. Heidelberg, S. Newport, S.
Typhimurium, S. Enteritidis) in PBS under non-attenuated 10 MeV eBeam irradiation conditions.
Each trial represents an independent experiment performed with three replicates. Error bars
represent standard deviation of the 3 replicates.

FIG. 4. Inactivation of Salmonella cocktail (S. 4, [5],12:i:-, S. Heidelberg, S. Newport, S.
Typhimurium, S. Enteritidis) in PBS under attenuated 10 MeV eBeam irradiation conditions.
Each trial represents an independent experiment performed with three replicates. Error bars
represent standard deviation of the 3 replicates. Attenuation was achieved by using eight 0.48
cm HDPE sheets.
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Table 1 D10 VALUES FOR SALMONELLA 4, [5],12:I:- AND A SALMONELLA COCKTAIL (S.
4,[5],12:I:-, S. HEIDELBERG, S. NEWPORT, S. TYPHIMURIUM, S. ENTERITIDIS) WHEN EXPOSED
NON-ATTENUATED AND ATTENUATED 10 MEV EBEAM IRRADIATION.
D10 value (kGy)
Salmonella 4, [5],12:i:-

Salmonella cocktail

Trial 1

Trial 2

Trial 3

Trial 1

Trial 2

Trial 3

Non-Attenuated eBeam

0.170

0.248

0.264

0.212

0.300

0.296

Attenuated eBeam

0.183

0.228

0.290

0.271

0.293

0.316

Non-Attenuated eBeam

a

0.227 ± 0.051*

0.269 ± 0.050* a

Attenuated eBeam

0.234 ± 0.054* a

0.293 ± 0.023* a

*Values are means ± standard deviations
a

no statistically significant difference in D10 value between attenuated and non-attenuated
conditions (P ≥ 0.5)
4. DISCUSSION AND CONCLUSION
Inactivation curves and D10 values are important tools for establishing commercial irradiation
processes. Under high energy (10 MeV) eBeam irradiation conditions, attenuators may have to be
employed to achieve doses below 1 kGy, especially when determining the inactivation kinetics
(D10 values) of target microorganisms (Neal et al., 2008; Schmidt et al., 2006). This study
demonstrates that attenuation of a high energy (10 MeV) eBeam has no effect on the inactivation
kinetics of Salmonella spp. There was no statistically significant difference between the D10 values
of either Salmonella 4,[5],12:i:- or the Salmonella cocktail (S. 4,[5],12:i:-, S. Heidelberg, S.
Newport, S. Typhimurium, S. Enteritidis) when irradiated with either the non-attenuated 10 MeV
eBeam or the attenuated 10 MeV eBeam (Table 1). These results are in agreement with Tallentire
et al. (2010), who compared the inactivation kinetics of Bacillus pumilus under three different
eBeam irradiations (10 MeV, 100 and 80 keV) and found no difference in the survival response.
There were minor differences in the inactivation profiles between the Salmonella cocktail and the
individual serovar. The average D10 values for the Salmonella cocktail were slightly greater than
for Salmonella 4,[5],12:i:- alone, indicating that the cocktail was more resistant to eBeam
irradiation than the Salmonella 4,[5],12:i:- serovar alone (Table 1). This is congruent with other
studies showing strain/serovar variability in terms of ionizing radiation susceptibility (Lucht et al.,
1998). In addition, our results showed there was consistent variation (standard deviations in Table
1) within the three individual trials for both the non-attenuated 10 MeV eBeam irradiations (Figs
1 and 3) as well as the attenuated eBeam irradiations (Figs 2 and 4); highlighting the fact that there
is no added variation due to attenuation. For each trial, the attenuated and non-attenuated eBeam
irradiations for either the individual Salmonella serovar or the cocktail were always performed
together on the same day. The differences between the two D10 values collected on the same day
were rather small, ranging from 7 to 26 Gy, except for one Salmonella cocktail trial, where the
difference was 59 Gy (Table 1). Even though the variability among some of the independent trials
was rather great (SD ranging from 8 to 23%) (Table 1), the fact that the variability was much
smaller for the attenuated and non-attenuated D10 values collected on the same day, supports our
findings that there was no statistically significant difference between the D10 values of either
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Salmonella 4,[5],12:i:- or the Salmonella cocktail when irradiated with either the non-attenuated
or attenuated 10 MeV eBeam. These standard deviations (ranging from 8 to 23%) further highlight
the challenges of delivering low doses (around 1 kGy) with high energy (10 MeV) eBeam systems.
In conclusion, this study shows that using attenuation of a 10 MeV eBeam to achieve low doses
does not affect the inactivation kinetics of Salmonella spp when compared to direct 10 MeV eBeam
irradiation.
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