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ABSTRACT
Industrial wastewater is a growing environmental challenge due to its high concentrations of organics
and its limited biological degradability. Up to date, however, no published work discussed industrial
wastewater characterization, which is the focus of this study. Moreover, the effect of hydrothermal
treatment on the chemical oxygen demand (COD) removal and the soluble chemical oxygen demand
(SCOD) release was investigated in this work. Wastewater samples were collected from different industrial sites and characterized in order to determine their initial properties. It was summarized that the
salinity of wastewater estimated by EC was relatively low, and its pH values were in the acceptable range.
On the other hand, however, high values of sodium absorption ratio (SAR) were obtained in all samples
post to hydrothermal treatment. Nonetheless, our results revealed higher SCOD release post to hydrothermal treatment suggesting better efficiency of COD removal obtained by this treatment
technique.
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INTRODUCTION
Increasing amount of industrial wastewater is discharged every year as a result of human
activities. Since the 1980s, an approximate of 10,000 new chemical compounds are being
introduced to the industrial sector annually. Hence, the characteristics of the discharged
industrial effluents vary depending on season and collection point. Moreover, industrial effluents vary in their composition depending on the type of the industry and materials used. In
general, the composition of effluents includes a range of constituents such as biodegradable and
non-biodegradable organics, inorganics and inhibitory substances. Therefore, the industrial
effluents may be nutrient deficient and contain high concentrations of heavy metals (Mhlanga &
Brouckaert, 2012). In summary, the ﬂow pattern of industrial efﬂuent streams is mainly
inﬂuenced by the nature of operations and it differs by season and location, therefore, a
comprehensive understanding of its characterization is essential.
The discharged wastewater contains significant amounts of biomass consisting of proteins,
carbohydrates and lipids. As mentioned above, the specific characteristics of the discharged
wastewater vary depending on the methods of operation and hence, the relative proportions of
fats, proteins and carbohydrates differ constantly (Al Ramahi et al., 2020). Some of these
compounds result in biodegradability difﬁculties caused by sludge ﬂotation, which is attributed
to the presence of fats (Perle et al., 1995). Moreover, the high rate of fat adsorption may limit the
transport of soluble substrates and consequently cause the conversion rate in the substrates to
decrease (Atallah et al., 2020).
Anaerobic digestion (AD) has long been recognized as an effective treatment technique for
municipal and industrial wastewater. The process is meant to break down sludge gel networks
and reduce water affinity of sludge. The series of biological processes in AD are: hydrolysis,
acidogenesis, acetogenesis, and methanogenesis (Al Ramahi et al., 2020). Hydrolysis is the ﬁrst
step of AD and it is agreed upon to be the rate limiting step for the entire process (Jin et al.,
2019). During hydrolysis (the wet disintegration) of the complex compounds, complex
macromolecular structures such as EPS are converted into simple soluble organics. Pre-treatment techniques are suggested to facilitate the hydrolysis step in order to achieve faster disintegration and higher degradation efﬁciency. Speciﬁcally, hydrothermal treatment has been
proven to be one of the most effective aid which is expected to decrease polymerization and
crystallinity of the cellulose, and therefore, improve the enzymatic degradation of the organics
within the discharged wastewater (Gao et al., 2018).
The two common parameters that are used to investigate the composition of wastewater are
the biochemical oxygen demand (BOD5) and chemical oxygen demand (COD) (Yap et al.,
2017). BOD5 is a measure of the amount of the dissolved oxygen consumed by bacteria in a 5day period at 20 8C. While regulations for BOD values vary in different locations, the typical
acceptable range must not exceed 300 mg/L in most places (Yap et al., 2017). On the other hand,
COD is measured chemically by digestion with acids and is used to determine the amount of
total organics (including non-biodegradable organics) within the wastewater (Peterson et al.,
2008). COD/BOD5 ratio has been commonly used as an indicator for the biodegradation
assessment of wastewater. Usually, their value does not exceed 2.5 for domestic wastewaters and
10 for industrial wastewaters (Zhen et al., 2017).
A remarkable technological development in the field of wastewater treatment has taken place
in Hungary to meet the high international quality standards since the EU accession. For
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example, between the year of 2011 and 2015, an equivalent of EUR 2.4 billion was assigned to
develop more than 500 operating wastewater treatment plants in the country; more than 50% of
their capacity was designed to treat wastewater with high organic contents produced by the
industrial sector (Hungarian Central Statistical Office, 2014). Specifically, the food industry
produces the highest organic concentrated wastewaters of all sectors (Gallipoli et al., 2014). Up
to date, however, no published work discussed the characterization and biodegradability of
industrial wastewater in Hungary, neither the effect of hydrothermal treatment on its characteristics and biodegradability, which is the focus of this study. Wastewater samples were
collected and analyzed from three different sites, including meat processing wastewater and
dairy wastewater collected from local factories in Szeged. On the other hand, the municipal
wastewater was collected from the wastewater treatment plant in Kiskunhalas city. Post to
analysis, hydrothermal treatment experiments were carried out to investigate the effect of hydrothermal treatment on the discharged wastewater as detailed below.

MATERIALS AND METHODS
Hydrothermal treatment experiments were performed by placing 250 mL of wastewater in a
microwave oven (2,450 MHz frequency) at different treatment times, ranging from 0 to 6 min.
Experiments were carried in polytetrafluoroethylene (PTFE) vessels for effective microwave
dissipation in samples. A cover was employed to avoid evaporation and hot spots formation, as
well as any volatile loss during the treatment.
Prior and post to treatment, samples were stored in 20 mm bottles and characterized based on the
following physicochemical parameters: pH, total solids (TSs), volatile solids (VSs), and ash. TS, VS, and
ash were determined following the American Public Health Association (APHA) method. pH and
electrical conductivity (EC) were measured using special electrodes and pH meter (CONSORT C535).
All analyses were duplicated and results were reported as mean value with standard errors.
BOD5 was measured by standard methods 5210B using BOD-System OxiDirect (Lovibond),
the initial dissolved oxygen content was measured and then samples were incubated for 5 days at
20 8C to determine BOD5 measurements. COD was measured using medium range tubes in
accordance with EPA 410.4 and ISO 15705:2002 standards. For COD analysis, samples were
diluted with Double Distilled Water (DDW) at 1:10 ratio prior to thermos digestion (150 8C for
2 h). Statistical analysis was performed to determine if differences between the characteristics
were signiﬁcant. One-way ANOVA (single factor) was performed in Microsoft Excel 2016 at
95% conﬁdence level and when a signiﬁcant difference was detected, post hoc pairwise multiple
comparisons were calculated.

RESULTS AND DISCUSSION
Wastewater characterization
All collected samples were characterized and evaluated in order to determine the initial properties and potential digestibility (Table 1). The organic fraction (volatile solids) values ranged
between 53% and 60% with no signiﬁcant difference (P > 0.05). Total dissolved solids (TDSs)
average was between 788 and 715 mg/L for both meat processing and municipal wastewater,
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Table 1. Wastewater characterization
Parameter

Dairy wastewater

TS (g/L)
VS (%) of TS
TDS (mg/L)
pH
EC (mS/cm)

Meat processing wastewater

a

a

3.0a
(1.1)
54a
(4)
715b
(81)
7.08c
(0.01)
1.26b
(0.19)

2.5
(0.4)
53a
(7)
788b
(72)
6.05b
(0.01)
1.25b
(0.01)

4.0
(0.3)
60a
(1)
153a
(2)
5.35a
(0.10)
2.15a
(0.25)

Municipal wastewater*

*Samples were taken from the wastewater plant located in Kiskunhalas city, Hungary.
Standard error is shown in parentheses. Statistical differences are indicated by different superscript letters.

respectively. On the other hand, low values of TDS were reported in dairy wastewater, as low as
150 mg/L. This may be attributed to the high rate of fat adsorption that may limit the transport
of soluble substrates and consequently cause the conversion rate to decrease (Atallah et al.,
2020).
On another note, the salinity of wastewater represented by EC was relatively low (<2.5), and
pH values were within the acceptable range (5–7). However, the potential of the aqueous phase
as a liquid fertilizer depends not only on the salinity, but also on the sodium absorption ratio
(SAR). SAR is a measure of the suitability of water for its use in agricultural irrigation, as
determined by the concentrations of Naþ, relative to those of Caþ2 and Mgþ2. High Sodicity of
wastewater, caused by high sodium concentrations is expected to cause soil swelling and
dispersion, surface crusting and pore plugging leading to reduced inﬁltration and increased
runoff within the soil clays (Oster, 1994). Still, the presence of the divalent ions, namely Caþ2
and Mgþ2, can mitigate the impact of sodicity (Mau et al., 2016). Table 2 shows the concentrations of Naþ, Caþ2, and Mgþ2 for all collected samples, indicating high values of SAR.
Moreover, all measured samples exceeded the allowable discharge levels of COD (300 mg/L),
and BOD5 (50 mg/L) (Table 3). Interestingly, however, the meat processing wastewater has
signiﬁcantly higher concentrations of BOD5 than those obtained in dairy wastewater (P < 0.05).
On the other hand, concentrations of BOD5 for municipal wastewater were slightly higher than
expected (Uma Rani et al., 2014). The relatively high BOD values in the discharged wastewater
may be a result of the elevated concentrations of fats. However, the relatively low COD/BOD5
ratio (<10) suggests a degradable efﬂuent with high concentrations of organics. In summary,
Table 2. Concentrations of key elements
Type
Dairy wastewater
Industrial wastewater
Municipal wastewater

Sodium (Na)

Calcium (Ca)

Magnesium (Mg)

457.00
678.00
397.00

58.10
48.00
39.90

7.45
12.10
6.60

Standard errors are not reported due insufﬁcient sets of data.
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Table 3. COD and BOD values
Parameter
Municipal wastewater*
Dairy wastewater
Meat processing wastewater

BOD5 (g/L)
a

1.9
(0.2)
2.2a
(0.0)
3.0b
(0.0)

COD (g/L)
a

2.0
(0.2)
3.5a
(0.8)
2.9a
(0.4)

COD/BOD5 ratio
1.1
1.6
1.0

*Samples were taken from the wastewater plant located in Kiskunhalas city, Hungary.
Standard error is shown in parentheses. Statistical differences are indicated by different superscript letters.
COD/BOD5 ratio was calculated using the average measurements neglecting the reported standard errors
obtained.

COD, BOD, pH, TS, and the major elements concentrations were all beyond the allowable
discharge limits, and thus, onsite solutions are needed and required.

The effect of thermal treatment on chemical oxygen demand concentrations and
soluble chemical oxygen demand release
Fig. 1 shows the COD solubilization during hydrothermal treatment for all samples. COD
concentrations tended to increase to their maximal concentration at 225 8C. COD values were
about 7,230, 7,340 and 7,800 mg/L for municipal, dairy and meat processing wastewater,
respectively. No increase in COD solubilization was observed beyond that (data not shown)
due to the denaturation and/or transformation into other compounds as a result of high
processing temperature. The increase in soluble chemical oxygen demand (SCOD) concentrations after hydrothermal treatment is attributed to the transfer of organic substances from
non-soluble materials into soluble materials, as well as to the release of the intracellular
organic materials into the medium as a result of cell wall disintegration. Hence, the increase in
SCOD levels was due to the high intensity of the chemical reactions beyond the boiling

Fig. 1. COD solubilization during heat treatment. Error bars represents the standard errors
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temperature, including dehydration and decarboxylation, in which organics are transferred
into the aqueous phase.

CONCLUSION
Different types of wastewater were characterized mainly based on their COD/BOD5 ratio and
their organic matter content. Results suggested a degradable efﬂuent with high organic matter
content, suitable for AD. Still, the extensive observations of COD and BOD measurements show
high variation, probably caused by the seasonal variations in climatic conditions, social customs,
water supply characteristics and water availability. Therefore, the correlation should be periodically reevaluated. SCOD release tended to increase signiﬁcantly during hydrothermal treatment to its maximal concentration at 225 8C (6 min) suggesting that thermal treatment
technique could be an efﬁcient pretreatment technique prior to AD. However, further investigation is needed to evaluate the technological feasibility of this pretreatment on a large scale, as
well as its economic aspect.

LIST OF ABBREVIATIONS
DOC
EPS
TN
COD
SCOD
SAR

dissolved organic carbon;
extracellular polymeric substances;
total nitrogen;
chemical oxygen demand;
soluble chemical oxygen demand;
sodium absorption ratio
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