ARTICLE IN PRESS

Radiation Physics and Chemistry 77 (2008) 98–100
www.elsevier.com/locate/radphyschem

Technical note
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Abstract
A preliminary study using gamma radiation on slaughterhouse wastewater samples was carried out. Chemical oxygen demand (COD),
biochemical oxygen demand (BOD) and total suspended solids (TSS) results were obtained at a dose rate of 0.9 kGy h1. A decrease of
COD, BOD and colour was observed after irradiation at high absorbed doses. The microbiological results, following irradiation in the
same conditions, correlated with the BOD results. The results obtained highlight the potential of this technology for wastewater
treatment.
r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
It was reported that ionizing radiation induces both the
degradation of numerous compounds and the inactivation
of microorganisms depending on the type of energy, dose
rate and absorbed dose (Drzewicz et al., 2005; Casimiro
et al., 2005; Cabo Verde et al., 2004; Becker, 2002; Duarte
et al., 2002; Botelho et al., 1993). As described by Getoff
(1996), powerful oxidizing and reducing species (e.g., OH,
e
aq , H) and molecular products (e.g. H2, H2O2) are
produced due to the interaction between gamma radiation
and water, so these chain reactions lead to the phenomena
described before.
Slaughterhouses generate large wastewater volumes and
are frequently inefﬁcient users of water (Massé and Masse,
2000). Therefore, for slaughterhouses, not only the consequences of wastewater are critical for the environment,
but water is also critically wasted. Furthermore, the
potential for pollution is great due to the high quantity
of waste produced in line production, namely organic
matter such as blood, which degrades with difﬁculty.
Therefore, due to strict legislation and control to protect
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health and the environment, new approaches should be
taken to overcome this situation, including remediation
and the reuse of water.
In this work, the impact of gamma radiation, at a low
dose rate, on slaughterhouse wastewater was undertaken.
Herein, we report preliminary results where the gamma
radiation effect was accessed through the measurement of
some relevant legislated parameters, such as TSS, COD
and BOD. Microbiological results are also presented and
correlated with BOD under the same conditions. From a
practical point of view, the colour parameter was also
considered as an indicator of the concentration of
pollutants, namely blood, in the wastewater.

2. Experimental
2.1. Sample preparation and gamma irradiation
The efﬂuent used for the study was untreated slaughterhouse wastewater, which was submitted to mechanical
pre-treatment screening only. The sampling was punctual,
and during the slaughter period taking into account the
worst case.
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BOD (Method 5210 B, Aqualytic BOD-OxiDirect),
COD (Tritimetric Method 5220 C, Merck Thermoreactor
TR300) and TSS (Method 2540 B) were measured
according to Standard Methods for the Examination of
Water and Wastewater (American Public Health Association, 1998). COD was measured after ﬁltration with
membrane pore size 1.2 mm. All values are the average of
three replicates.
The impact of gamma radiation on the mesophilic
wastewater natural contaminants was determined by
means of total counts before and after irradiation. The
method was based on the Spread Plate Method (9215 C) as
described in the Standard Methods for the Examination of
Water and Wastewater (American Public Health Association, 1998). For each sample, two dilutions were performed
and three replicas of each dilution were plated in Tryptic
Soy Agar (TSA, Oxoid, UK). The growth conditions were
aerobic incubation at 30 1C for 14 days. Colony forming
units (cfu) were counted after 24, 48 and 72 h after 7 and 14
days.
UV–vis–NIR spectrophotometric measurements (Cary
5G Spectrophotometer) were used to access the impact of
gamma radiation on the persistent red colour of the
slaughterhouse wastewater. A standard solution of oxyhemoglobin (Oxoid, UK) with a concentration of about
0.2% was used as reference. All samples were previously
ﬁltrated through a membrane pore size of 1.2 mm.
3. Results and discussion
The COD value at 7 kGy (38607234 mgO2/l) is higher
that the non-irradiated sample (23687221 mgO2/l), whereas
at 10–15 kGy, the COD value reverts to the non-irradiated
value and decreases at 25 kGy (16007222 mgO2/l) which is
comparable to that reported by the slaughterhouse following anaerobic lagoon treatment.
The effectiveness of using ionizing radiation to remove
toxic organic chemicals from aqueous solutions has been
already reported by Kurucz et al. (2002) and Bao et al.
(2002).
Therefore, the COD value increase at 7 kGy could be
explained by the radiation-induced effect on the degradation of molecules that leads to the increase of the number
of low-molecular weight substrates.
However, the hypothesis that gamma radiation is
adequate to reduce the molecular weight of the organic
matter in the efﬂuent, an important goal for the slaughterhouse, is currently under study.
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2.2. Analytical methods

The TSS value decreases at 7 kGy (604730 mg/l) and is
lower than the value of the non-irradiated sample
(805740 mg/l). At higher dose, the TSS values are, in all
cases inferior to those of the non-irradiated samples (mean
728737 mg/l). As described above, at 7 kGy the COD
value increase, thus in this case solid particles and COD
seem to be related accordingly to the radiation-induced
degradation effect mentioned above. Nieuwenhuijzen et al.
(2001) has reported that the quantity of pollutants
integrated into or adsorbed onto particulate matter are
non-negligible. In some cases, this is a major contribution
to the wastewater COD. Further studies have to be
performed to better understand the relation of the COD
and TSS values.
Fig. 1 shows that BOD value increases at 7 kGy, whereas
at higher doses, it decreases. The increase of BOD value at
7 kGy could be related to the radiation-induced degradation effect and the microorganisms’ survival population’
(approximately 5  103 cfu/ml). Thus, the BOD parameter,
at several doses, was compared with the survival curve of
the wastewater’s natural contaminants. The survival curve
obtained showed a linear inactivation phase (0 up to
10 kGy) followed by a stationary inactivation phase (10 up
to 25 kGy) with a microorganisms’ inactivation higher than
105 (inactivation efﬁciency of 99.999%). This inactivation
curve can be interpreted by the heterogeneity of the
wastewater’s microbial population. A higher proportion
of the less resistant cells are inactivated ﬁrst, the more
resistant cells (low concentration of microorganisms—
cfu/ml) show a tail effect at higher doses which reﬂect in
low constant values of the BOD at 10, 17 and 25 kGy.
Therefore at 7 kGy, the increase of BOD could be related
to a radiation-induced degradation of molecules that leads
to the increase of the number of low-molecular weight
substrates that is easily metabolized by the survived
microorganisms (X103 cfu/ml).
Blood, oil and greases give a red colour to slaughterhouse
wastewater. This parameter is one of the major problems in
this kind of efﬂuents. As shown in Fig. 2, the preliminary
UV–vis–NIR spectrophotometric studies conﬁrm that gamma

BOD (mgO2/l)

Samples in a 0.5 l beaker were irradiated at g-ray, dose
rate 0.9 kGy h1 (January 2004). The irradiation doses
were established from 7 up to 25 kGy and were measured
by routine dosimeters (Harwell Red Perspex, Batch HA
Type 4034; and Gammachrome YR), with nominal
uncertainty limits of about 5% (McLaughlin et al., 1989).
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Fig. 1. BOD (n ¼ 10) and inactivation curve (n ¼ 27, a ¼ 0.05) of
microorganisms versus absorbed dose.
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Fig. 2. Impact of nominal absorbed radiation dose on slaughterhouse
wastewater colour. Legend: LAN, anaerobic lagoon.

radiation induce the degradation of potential pollutants, such
as hemoglobin, turning off the red colour of the wastewater
(see inserted picture) with the increase of absorbed doses, and
is similar to that after anaerobic process. The concentration of
aqueous hemoglobin, compared with non-irradiated wastewater, decreases about 66% and 88% at 7 and 25 kGy,
respectively. These studies stress the advantages of the use of
ionizing radiation for chemical and biological remediation of
slaughterhouse wastewater and could reduce the wastewater
residence time on the lagoons by introducing ionizing
radiation step in slaughterhouses treatment facilities.
Acknowledgments
We are grateful to the slaughterhouse (Centro de Abate
de Suı́nos do Oeste) for allowing us to collect all the
samples necessary for the accomplishment of this work.
This work was supported by a grant from the Institute of
Nuclear Technology (ITN), the Ministry of Science and
Education, Portugal and by a Project (POR/8/010—
Implementation of Wastewater Treatment using Radia-

American Public Health Association, 1998. The Standard Methods for the
Examination of Water and Wastewater, 20th ed. American Public
Health Association, Washington, DC.
Bao, H., Liu, Y., Jia, H., 2002. A study of irradiation in the treatment of
wastewater. Radiat. Phys. Chem. 63, 633–636.
Becker, N., 2002. Sterilization of Bacillus thuringiensis israelensis products
by gamma radiation. J. Am. Mosq. Control. Assoc. 18, 57–62.
Botelho, M.L., Godinho, M.C., Partidário, M., Andrade, M.E., 1993.
Radiation sterilization of pharmaceutical-opthalmic ointments.
Radiat. Phys. Chem. 42 (4–6), 605–609.
Cabo Verde, S., Tenreiro, R., Botelho, M.L., 2004. Sanitation of chicken
eggs by ionizing radiation: HACCP and inactivation studies. Radiat.
Phys. Chem. 71 (1–2), 27–31.
Casimiro, M.H., Leal, J.P., Gil, M.H., Botelho, M.L., 2005. Study on
chemical, UV and gamma radiation induced grafting of 2-hydroxyethyl methacrylate onto chitosan. Radiat. Phys. Chem. 72 (6),
731–735.
Drzewicz, P., Gehringer, P., Bojanowska-Czajka, A., Zona, R., Solar, S.,
Na"e cz-Jawecki, G., Sawicki, J., Trojanowicz, M., 2005. Radiolytic
degradation of the herbicide dicamba for environmental protection.
Arch. Environ. Contam. Toxicol. 48, 311–322.
Duarte, C.L., Sampa, M.H.O., Rela, P.R., Oikawa, H., Silveira, C.G.,
Azevedo, A.L., 2002. Advanced oxidation process by electron-beamirradiation-induced decomposition of pollutants in industrial efﬂuents.
Radiat. Phys. Chem. 63 (3–6), 647–651.
Getoff, N., 1996. Radiation-induced degradation of water pollutants-state
of the art. Radiat. Phys. Chem. 47 (4), 581–593.
Kurucz, C.N., Waite, T.D., Otaño, S.E., Cooper, W., Nickelsen, M.G.,
2002. A comparison of large-scale electron beam and bench-scale 60Co
irradiations of simulated aqueous waste streams. Radiat. Phys. Chem.
65 (4/5), 367–378.
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