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Abstract

Agro-industrial wastewaters have high quantity of recalcitrant compounds which blocks
biological treatment. With the objective of optimization of these processes the impact of
ionizing radiation on swine and dairy wastewater was undertaken. The irradiations were
performed in a semi industrial Co-60 source at a dose rate of 0.5 kGy/h using absorbed
doses from 5 up to 30 kGy. For these studies, the main wastewater quality parameters,
such as Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total
Suspended Solids (TSS), were determined. Conventional microbiological techniques
were used to assess microbial gamma radiation inactivation. After irradiation, the swine
wastewater analysis has shown a decrease of the TSS values. In the opposite an increase
of the COD is presented. In the case of the dairy wastewater the same phenomena is
observed. However, for the dairy wastewater there is a decrease of BOD with dose
which could lead to a better water quality. Results on the microorganisms’ response to
gamma radiation were analyzed in terms of the D-value. For the swine wastewater the
D-value was 1.4 kGy, and for the dairy wastewater the D-value was 2.7 kGy. The overall
results point out to the advantages on the use of ionizing radiation being a useful tool
as complement of conventional treatment.
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Introduction

In the last few years, research on the
application of new technologies for advanced
wastewater treatment has been widely
developed [1]-[4]. For the toxic organic
matter removal which is frequently present
in wastewater, like those generated in
different types of agro-industrial plants,
biological treatment (e.g. bioreactors,
anaerobic/aerobic lagoons) seems to be
a less costly alternative [5], [6]. However,
some disadvantages are found in this
kind of wastewater due to the presence
of biorecalcitrant compounds that blocks
the biological processes [7]. Therefore,
it is crucial to understand how those
biorecalcitrant compounds can be eliminated

or transformed in order to turn biological
processes feasible. Chemical treatment is
also often carried out for the elimination
of hazardous organic pollutants, by means
of precipitation agents and flocculation [8].
However, the addition of chemicals induces
the increase of pollutants in the wastewater.
Advanced oxidation processes (AOP) have
been studied with the objective to reduce
the concentration of wastewater pollutants
[9], [10], [11]. Oxidation of organic matter ,
namely by ionising radiation, leads to the
decrease of wastewater quality parameters,
such as Chemical Oxygen Demand (COD)
and Biochemical Oxygen Demand (BOD)
[12], [13]. In this study, the application of
gamma radiation as AOP in dairy and swine
wastewater was studied. Dairy wastewater
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have high concentration of proteins and
whey due to the milk and derivatives
production and the swine wastewater is
characterized by high concentration of
phosphates and nitrates which blocks the
biological treatment by eutrophication of the
system [14]. Therefore, the effects of gamma
irradiation on the main wastewater quality
parameters were analysed in order to predict
the implementation of such technologies to
upgrade the wastewater treatment yields in
industry.

Materials and Methods

Irradiation

The effluent used for the study was
untreated wastewater from dairy and
swine industry which were submitted to
mechanical pre-treatment screening only.
Samples in a 0.5 L beaker were irradiated at
gamma radiation and the local dose rate was
previously determined by reference Fricke
dosimeter [15]. The irradiation doses were
established from 5 up to 35 kGy at dose rate
0.5 kGy h' and were measured by routine
dosimeters (Harwell Red Perspex, Batch
HA Type 4034; and Gammachrome YR),
with nominal uncertainty limits of about
5% [16].

Analytical methods

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 [17]. COD was
measured after filtration with membrane
pore size 1.2 pm. All values are the average
of 3 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 [17]. 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 °C for 14 days. Colony forming units
(cfu) were counted after 24, 48 and 72 h after
7 and 14 days. The inactivation response of
natural wastewater microbiota was assessed
by the D-values parameter determined
based on the survival curves. Inactivation
efficiency was calculated according to the
equation Efficiency (%)=[N0-Nd)/N0]*100.
Where Nd, is the number of survivors
after irradiation at several doses and NO
the initial count (non-irradiated sample).
Survivor isolates were morphologically
characterized (macroscopic, microscopic and
biochemically).

Results

The effect of gamma radiation on COD
and TSS values is different for the two
kinds of wastewater. The COD and the TSS
were measured in the irradiated and non
irradiated wastewater after filtration with a
1.2 pm filters (Fig. 1 and 2). The COD-values
are the average of 3 replicates (a = 0.05).

As shown in Fig. 1, there is a decrease
of the TSS values after irradiation. In the
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Fig. 1: COD (n=15; a=0.05) and TSS (n=5;
standard error: 10% ) versus absorbed dose (dose
rate = 0.5 kGy/h) for swine wastewater.
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opposite an increase of the COD values
is presented. These phenomena could be
explained due to the increase of species in
solution (decrease of TSS) that leads to a
higher COD parameter at the same values
of absorbed dose.

In the case of the dairy wastewater the
same phenomena is observed as shown
in Fig. 2, which also could be explained
by radiation-induced scissor effect that
degraded the organic pollutants and there
are an increase of chemical species soluble
in the water. The microbiological population
and the chemical species are dynamically
inter-dependent, thus studies on wastewater
treatment need multidisciplinary analysis
in order to fully understand them. In the
Fig. 3 and Fig. 4 it is presented the relation
between the BOD values and the survival
microorganisms.
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Fig. 2: COD (n=15; a=0.05) and TSS (n=5;
standard error: 10% ) versus absorbed dose (dose
rate = 0.5 kGy/h) for dairy wastewater.

The reduction of BOD is related to the
biodegradation of organic matter [18],
therefore results point out to a better water
quality (the higher the dose absorbed, the
lower the BOD value). As shown in the Fig.
3 there is a decrease of the BOD values and
the number of the total microorganisms
which means there is an increase of the
water quality.
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Fig. 3: BOD (n=5; standard error= 10%) and
survival curve (3 £ n < 9; a = 0.05) versus
absorbed dose in the dairy wastewater sample.
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Fig. 4: BOD (n=5; standard error= 10%) and
survival curve (3 £ n < 9; a = 0.05) versus
absorbed dose in the swine wastewater sample.

In swine wastewater BOD parameter
shows the high level of the organic matter
and is consistent with the results of COD
(Fig. 1). The connection between microbiota
and the parameter BOD could be explained
by different hypotheses namely by the
microorganisms’ radiosensitivity. Although
scissor effect was shown (higher values
of BOD) microbiota data point out to an
inability to use the by-products of scissor
effects.

The effects of gamma radiation on
natural microbiota wastewater samples were
evaluated by means of D-value parameter
and inactivation efficiency for each absorbed
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dose (TABLE 1). D-value was determined
based on the inverse of the slope obtained
by regression analysis of the linear kinetic
inactivation curve (n=15) (Fig. 3 and Fig. 4)

Table 1:Wastewater mesophilic
microbiota D-value and inactivation
efficiency to gamma radiation at 0.5

kGyy/h.
Sample Dose |D- Efficiency
p (kGy) |value |(%)
4.82 99.76
i .00 .96
Dairy 9 27 99.9
Wastewater 15.39 99.59
25.41 99.83
521 99.99
Swine 7.50 >99.99
1.3
Wastewater 20.13 >09.99
31.76 >99.99

Microbiota from swine wastewater
showed the highest sensitivity to ionising
radiation in the studied circumstances
(lowest D-value). This result was in
conformity with the obtained microbial
survivors’ morphological characterization.
The most resistant morphological types
isolated from 30 kGy irradiated samples
were gram negative cocci (42%) and gram
negative rods (50%) from dairy and swine
wastewater, respectively. As recognized [19],
the gram negative rods indicated to be less
radiation resistant comparatively to cocci.
The substrata and the type of contaminants
(natural microbiota) are determinant factors
for the response to the lethal agent as can
be observed in the D-value and efficiencies
obtained for the two types of wastewater.

Conclusions

Based on these results, the combining
ionising radiation with a conventional
treatment process could lead to better

yields in the treatment of the agro-industry
wastewater. Results showed that lower
dose rate (0.5 kGy.h") can lead to better
bioremediation processes in both wastewater
substrates due to the irradiation effect on
its degradation, making molecular forms
easier to be metabolized by microorganisms,
consequently reducing the wastewater
chemical pollution and possibly the residence
time in the lagoons.

In the future, it is intended to implement
a dynamic process that permits to be
step ahead in getting a range of physical
parameters connected with the biological
and chemical responses for a technical and
economical benefits design.
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