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Abstract
The molecular detection of Norovirus GI and Norovirus GII in the Tunisian industrial wastewater treatment plant of Char-
guia I was conducted to test the effectiveness of secondary biological treatment using the activated sludge procedure and the 
UV-C254 tertiary treatment radiation using a UV disinfection prototype to upgrade the quality of the purified wastewater. A 
total of 140 sewage samples were collected from the two lines of sewage treatment procedures. Norovirus GI and Norovirus 
GII have been found and quantified using Real-Time Reverse Transcription Polymerase Chain Reaction (qRT-PCR) in 66.4 
and 86.4% of the collected wastewater samples. The Norovirus GI and GII mean concentration values got in the treated 
effluents showed a significant decrease of Norovirus viral content rates detected from upstream to downstream of activated 
sludge procedures and at the output of UV-C254 treatment. These findings characterise and denote for the first time the effec-
tiveness of biological and UV-C254 treatment for Norovirus GI and Norovirus GII removal in Tunis City, northern Tunisia. 
Also, these data underlined the fact that purified sewage makes up a route of gastroenteritis virus transmission and a cause 
of viral gastroenteritis associated with water-borne and food-borne outbreaks.

Keywords Norovirus · Industrial activated sludge procedures · UV-C254 disinfection · Real-time RT-PCR · Wastewater 
quality

Introduction

Wastewater carrying various microorganisms and chemical 
pollutants requires depollution and purification steps using 
different physical, physico-chemical and biological treat-
ments (Sano et al. 2016). The purification or the depollution 
process should allow, at least the removal of a significant 
part of solid, dissolved and non-dissolved pollution (Sano 
et al. 2016; Dai et al. 2016). Based on pollution removal 
and the processes implemented, three major steps of treat-
ments are defined in all wastewater treatment plants world-
wide, the preliminary, the secondary and tertiary stages (Dai 
et al. 2016; Mir-Tutusaus et al. 2018; Turki et al. 2017). 
Sometimes tertiary treatments of disinfection (chlorination, 
ultraviolet radiation, ozonation) are necessary for wastewa-
ter treatment plants for effective pathogenic microorganism 
removal (Sano et al. 2016; Turki et al. 2017; Lizasoain et al. 
2018). Among microorganisms likely to be found in waste-
water, enteric viruses are at the top of the list for their high 
diversity and pathogenicity. Thus, in recent years, the enteric 
viruses were detected at high frequencies in the treated 
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effluents in all Tunisian wastewater treatment plants. These 
findings showed high resistance of these viruses to differ-
ent biological purification procedures (Sdiri-Loulizi et al. 
2010; Ibrahim et al. 2015, 2016, 2017a, b, 2018, 2019). Low 
virological quality of the Tunisian purified sewage intended 
for reuse in agriculture, recycling and releases into natural 
receiving environments was described. This constitutes a 
major problem for public health, in the paediatric popula-
tion. Therefore, the absence of a Tunisian national monitor-
ing programme for the enteric virus circulation in wastewa-
ter increases the frequency of viral gastroenteritis related 
to water-borne and food-borne diseases (Sdiri-Loulizi et al. 
2010; Ibrahim et al. 2015, 2016, 2017a, b, 2018, 2019).

Norovirus (NoV) genus was classified in the Caliciviridae 
family (https ://www.ictvo nline .org/virus Taxon omy.asp). In 
various regions of the world, NoV was detected with high 
frequencies in wastewater sampled in different purification 
plants. The surveillance of wastewater treatment plant estab-
lishes an appropriate strategy for the study of enteric virus 
circulation in their respective service zones, which support 
better understanding and knowledge of the molecular epi-
demiology of these viruses in the paediatric populations 
(Fioretti et al. 2016; Mabasa et al. 2018). The environmental 
studies, which revealed the high persistence of NoV GI and 
NoV GII in treated wastewater and their significant resist-
ance to secondary biological and tertiary treatments, are 
very rare in Africa, including Tunisia, and only restricted to 
some countries of the world, such as Italy, Brazil, the United 
States, England and Uruguay (Lizasoain et al. 2018; La Rosa 
et al. 2010; Kitajima et al. 2014; Campos et al. 2016).

The main aim of this study was to improve the knowl-
edge on NoV GI and NoV GII detection rates and contents 
in some Tunisian wastewater samples and to assess the 
effectiveness of wastewater biological treatment (activated 
sludge) and tertiary treatment (UV-C254) procedures at the 
scale of an urban industrial wastewater treatment plant.

Materials and Methods

The Industrial Urban Wastewater Treatment Plant 
and UV‑C pilot reactor

Wastewater Treatment Plant (WWTP) The study has been 
conducted in an urban industrial wastewater treatment plant 
(WWTP) in the residential area of Charguia I, in the north-
east suburbs of Tunis City, Tunisia. The flow of wastewater 
to be treated in this plant was around of 6 × 104 m3/day. The 
plant of Charguia I was drained by mixed industrial, urban, 
domestic, hospital and rainwater coming from different 
zones of the great Tunis.

UV-C reactors: In this study, tertiary treatment is 
conducted using a classic UV-C monolamp cylindrical 

disinfection system, described earlier by Hassen et  al. 
(2000). This photoreactor comprises only one low-pressure 
germicidal lamp with a length of 60 cm, a diameter of 2 cm, 
a wavelength of 253.7 nm and a power of 55 W. Finally, 
the recycling circuit is used for a second one passage of the 
wastewater through the irradiation chamber. The schematic 
design of the WWTP Charguia I and the UV-C disinfection 
monolamp reactor are shown in Fig. 1.

Sampling and Analysis Methods

The study has been carried out for 10 months of the present 
work, from June 2018 to April 2019, and 140 wastewater 
samples were collected at the arrival of WWTP Charguia 
(raw wastewater) and the output of each step of treatment. 
At least 7 wastewater samples were collected each month as 
follows: one sample at the input of WWTP or raw sewage 
(RS), one at the exit of primary decantation (PDE), one at 
the exit of activated sludge procedures (ASE), one at the exit 
of secondary decantation (SDE), sample at returned sludge 
 (RtS), and two samples after the first and the second pas-
sage in UV-C pilot system  (UVP1,  UVP2), respectively. The 
physico-chemical analyses such as hydrogen potential (pH), 
temperature (Temp), electrical conductivity (EC), salinity 
(S), suspended solids (SS), chloride content (Cl), chemi-
cal oxygen demand (COD) and biological oxygen demand 
 (BOD5) were determined for all the sewage samples col-
lected at the input (RS) and the output (SDE) of the WWTP 
Charguia I according to the NF standard methods (AFNOR 
1992). The bacteriological analyses applied to all wastewa-
ter samples (DPE, ASE, SDE,  RtS,  UVP1 and  UVP2) were 
achieved by the enumeration of total coliforms (TC), faecal 
coliforms (FC), Escherichia coli (EC) and faecal strepto-
cocci (FS) by the most probable number technique (MPN) 
as recommended by Rodier (1978).

Virus isolation from wastewater: Viruses were isolated 
from 1 L of sewage, according to the US Environmental 
Protection Agency Protocol by using the beef extract and 
 AlCl3 improved method (EPA 1992). NoV RNA extraction 
and the real-time RT-PCR were conducted as reported by 
Ibrahim et al. (2015). The NoVs GI and GII were detected 
and quantified using the QNIF2d4, COG2R4, JJV1NF1, 
JJV1R2/1 primers and QNIFS4, JJV1P2/1 and RING-1b1/3 
probes. These primers and probes amplify the gene fragment 
coding for NoVs GI and GII capsid as recommended by 
Kageyama et al. (2004); Jothikumar et al. (2005); Da Silva 
et al. (2007) and Layman et al. (2009). NoVs GI and GII 
real-time RT-PCRs comprised the retro transcription step 
at 50 °C for 5 min and the polymerase activation step at 
95 °C for 20 s, followed by 40 cycles of DNA amplification, 
which each cycle includes a DNA denaturation at 95 °C for 
3 s, hybridisation, an elongation and an optical FAM read-
ing of the primers at 60 °C for 30 s. The NoVs GI and GII 

https://www.ictvonline.org/virusTaxonomy.asp
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concentrations were achieved using a standard ten dilution 
series  (100 to  1010). Quantification efficiency using Real-
Time Reverse Transcription Polymerase Chain Reaction 
(RT-PCR) of all samples negative and positive controls, was 
about 98% in each reaction. All NoV result contents were 
expressed as genome copies per µL (gc/µL).

Statistical Analysis

Main statistical analysis was performed based on the One-
way ANOVA test using SPSS software (SPSS for Windows, 
version 22, Chicago, IL, USA). The NoV GI and GII mean 
content values were compared by the least significant differ-
ence, according to the Student–Newman–Keuls test.

Results

Physico‑Chemical and Microbiological Analysis

The results of physical and chemical parameters showed a 
substantial average decrease of the mean values of the SS, 
the COD and the  BOD5 from upstream to downstream of the 
activated sludge procedure (Table 1).

The obtained average value of the different bacterio-
logical parameters in the wastewater and sludge samples 
collected from the different basins of activated sludge 

procedures and after two-successive passages by tertiary 
treatment using UV-C254 during the sampling period and 
analysed are presented in Table 1. These results showed a 
substantial reduction in the faecal bacteria concentrations, 
such as the TC, FS, FC and EC from the first to the last 
basins of the biological wastewater treatment procedure 
(Table 1). However, the obtained data showed a significant 
decrease in the numbers of these faecal bacteria at the out-
put of two-successive passages through UV-C254. Abatement 
rates of these bacteria between the two steps of the purified 
sewage using biological and tertiary treatment are similar; 
they were about 99.9% or 3 log units (Table 1).

Virological Results

Norovirus GI and Norovirus GII Detection Rates

The results of the NoV GI and NoV GII detection showed 
that 66.4 and 86.4% of wastewater sampled at the indus-
trial WWTP Charguia I and after the two-successive ter-
tiary treatment passages by UV-C254 are positive for the 
NoV GI (93/140) and NoV GII (121/140), respectively. 
The NoV GI distribution in the five successive different 
basins of the activated sludge procedure (RS to SDE) is 
used to determine the frequencies of these viruses in each 
type of pond: 85% (n = 17/20) in RS, 90% (n = 18/20) in 
PDE, 60% (n = 12/20) in ASE, 55% (n = 11/20) in  RtS 

Fig. 1  The schematic plan of the industrial wastewater treatment plant of Charguia I and the schematic disinfection UV-C254 monolamp reactor
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and 70% (n = 14/20) in SDE (Fig. 2). The NoV GII fre-
quencies are distributed as follows: 100% (n = 20/20), 
95% (n = 19/20), 95% (n = 19/20), 80% (n = 16/20), 90% 
(n = 18/20) at the output of every basin type of RS, PDE, 
ASE, Rets and SDE (Fig. 2). At the output of the first 
passage (UVP1) of UV-C254 treatment, 55 (n = 11/20) 
and 80% (n = 16/20) of the collected wastewater sam-
ples are contaminated by NoV GI and NoV GII (Fig. 2). 
At the output of the second passage of UV-C254 treat-
ment (UVP2), NoV GI and NoV GII are detected in 50 
(n = 10/20) and 65% (n = 13/20) of the collected sewage 
samples, respectively (Fig. 2).

Norovirus GI and Norovirus GII Abatement

The concentration of the NoV GI and NoV GII is determined 
in all wastewater samples positive for these viruses by the 
real-time RT-PCR technique. The results showed that the 
mean values of the concentration of the NoV GI and NoV 
GII (genome copies/μL or gc/µL) in the first two basins (RS 
and PDE) are much higher than those recorded in the last 
three basins (ASE,  RtS and SDE) at the scale of the acti-
vated sludge treatment procedure (Tables 2 and 3). NoV GI 
and NoV GII are detected in both the basins RS and PDE 
with high frequencies (85% of NoV GI and 100% of NoV 
GII in RS, 90% of NoV GI and 95% of NoV GII in PDE) 
and with important mean values of concentration (917 gc/
µL of NoV GI and 74 gc/µL of NoV GII in RS; 483 gc/µL 

Table 1  The main physico-chemical and bacteriological wastewater characteristics recorded during the different steps of the activated sludge 
procedures and the UV-C254 irradiations 

RS raw sewage, PDE primary decantation exit, SDE secondary decantation exit, UVP1 first passage by UV-C254, UVP2 second passage by 
UV-C254, P1 performance of treatment between RS—SDE, P2 performance of treatment between SDE—UVP1, P3 performance of treatment 
between SDE—UVP2, Temp Temperature, EC electrical conductivity, S salinity, SS suspended solids, Cl chlorides rate, COD chemical oxygen 
demand, BOD5 biological oxygen demand, TC total coliforms, FC faecal coliforms, EC Escherichia coli, FS faecal streptococci, ± standard 
deviation, ND not determined

Parameter/treatment Line of activated sludge procedures Standards Treatment by UV-C 254 irradiation

RS PDE SDE P1 (%) NT 106–02 UVP1 P2 (%) UVP2 P3 (%)

Temp (°C) 25 ± 15 25 ± 15 25 ± 15 ND
pH at 25 °C 8.2 ± 0.2 8.2 ± 0.2 8.2 ± 0.2 ND 6.5 < pH < 8.5 ND ND ND ND
EC (µS/cm) at 20 °C 3354 ± 220 ND 3173 ± 270 ND 7000 ND ND ND ND
S (g/L) 1.8 ± 0.1 ND 1.6 ± 0.1 ND 2.5 ND ND ND ND
SS (mg/L) 208 ± 98 ND 17 ± 11 92 30 ND ND ND ND
Cl (mg/L) 522 ± 6 ND 540 ± 62 ND 600 ND ND ND ND
COD (mg  O2/L) 576 ± 146 377 ± 8 77 ± 14 87 90 ND ND ND ND
BOD5 (mg  O2/L) 330 ± 80 253 ± 30 18 ± 10 95 30 ND ND ND ND
TC (MPN/100 mL) (3.5 ± 2.2) 10 (57 ± 1)  106 (2.5 ± 0.5)  105 95 ND (11 ± 9)  103 94 (3 ± 1)  10–1 99.9
FC (MPN/100 mL) (8.4 ± 1.4)  106 (36 ± 30)  104 (16 ± 10)  104 98 2  103 (4.5 ± 4.3)  103 97 (3 ± 1)  10–1 99.9
EC (MPN/100 mL) (17.2 ± 1.7) 10 (9 ± 5)  105 (6.7 ± 0.9)  104 96 ND (20 ± 2)  103 97 (3 ± 1)  10–1 99.9
FS (MPN/100 mL) (5 ± 3.7) 10 (4.4 ± 4.3)  106 (6 ± 5)  105 88 103 (3 ± 1)  10–1 99.9 (3 ± 1)  10–1 99.9

Fig. 2  Distribution of the 
Norovirus GI and Norovirus 
GII detection rates in biological 
wastewater treatment by acti-
vated sludge and after tertiary 
treatment by ultraviolet irradia-
tion (UV-C254)
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Table 2  Monthly distribution of the Norovirus GI average contents as genome copies/µL or (gc/µL) registered during the different steps of the 
activated sludge and the UV-C254 irradiation procedures

(a, b, c, d…): The NoV GI mean concentration values within a column and followed by the same letter are not significantly different according to 
the test of Student–Newman–Keuls at P < 0.05
(α, β, …, γ …): The NoV GI mean concentration values within a line and followed by the same symbol are not significantly different according 
to the test of Student–Newman–Keuls at P < 0.05
gc/µL genome copies/µL, ± standard deviation

Months/treat-
ment

Line of activated sludge procedure Tertiary treatment by UV-C254

Raw sewage 
(RS)

Primary decan-
tation (PDE)

Activated 
sludge (AS)

Returned 
sludge  (RtS)

Secondary 
decantation 
exit (SDE)

UV passage 1 
 (UVP1)

UV passage 2 
 (UVP2)

Total

gc/µL
 June 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 2 ± 1
 July 1 ± 0 a; α 2 ± 1 a; α 1 ± 0 a; α 1 ± 1 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 1
 September 37 ± 12 a; β 3 ± 1 a; α 1 ± 0 a; α 1 ± 1 a; α 2 ± 2 a; α 1 ± 1 a; α 1 ± 1 a; α 7 ± 3
 October 51 ± 27 a; β 22 ± 13 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 1 a; α 1 ± 1 a; α 1 ± 1 a; α 11 ± 5
 November 191 ± 50 a; β 73 ± 55 a; α 2 ± 1 a; α 2 ± 1 a; α 9 ± 9 a; α 9 ± 2 a; α 4 ± 5 a; α 41 ± 17
 December 390 ± 123 a; β 187 ± 39 a; α 6 ± 5 a; α 6 ± 9 a; α 11 ± 10 a; α 3 ± 3 a; α 1 ± 0 a; α 96 ± 35
 January 3897 ± 801 c; β 68 ± 54 a; α 123 ± 122 a; α 32 ± 41 a; α 130 ± 106 a; α 43 ± 33 a; α 64 ± 51 a; α 623 ± 330
 February 2820 ± 698 b; β 2297 ± 709 a; β 298 ± 297 a; α 192 ± 293 b; α 398 ± 102 a; α 414 ± 187 b; α 199 ± 153 a; α 990 ± 265
 March 1497 ± 295 a; δ 2017 ± 20.8 b; ɣ 658 ± 63 b; β 701 ± 51 c; β 29 ± 4 a; α 18 ± 8 b; α 0 ± 0 a; α 820 ± 105
 April 287 ± 57 a; γ 157 ± 35 a; β 5 ± 4 a; α 3 ± 3 a; α 9 ± 3 a; α 1 ± 1 a; α 1 ± 1 a; α 661 ± 25
 Total 917 ± 1384 483 ± 887 109 ± 215 94 ± 221 59 ± 125 49 ± 129 27 ± 63

Table 3  Monthly distribution of the Norovirus GII average contents as genomic copies/µL or (gc/µL) recorded during the different steps of the 
activated sludge procedures and the UV-C254 irradiation

(a, b, c, d…): The NoV GII mean concentration values within a column means followed by the same letter are not significantly different accord-
ing to the test of Student–Newman–Keuls at P < 0.05
(α, β, ɣ, …): The NoV GII mean concentration values within a line means followed by the same symbol are not significantly different according 
to the test of Student–Newman–Keuls at P < 0.05
gc/µL genomic copies/µL, ± standard deviation

Months/basins Line of activated sludge procedure Tertiary treatment by UV-C254

Raw sewage 
(RS)

Primary decan-
tation exit 
(PDE)

Activated 
sludge (AS)

Returned 
sludge  (RtS)

Secondary 
decantation 
exit (SDE)

UV passage 1 
 (UVP1)

UV passage 2 
 (UVP2)

Total

gc/µL
 June 1 ± 1 a; α 1 ± 1 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α 1 ± 0 a; α  ± 0
 July 21 ± 15 a, b; α 35 ± 20 b; α 2 ± 1 a; α 10 ± 8 a, b; α 2 ± 1 a; α 2 ± 1 a; α 1. ± 0 a; α 10 ± 4
 September 20 ± 10 b; α 3 ± 2 a; α 3 ± 2 a; α 1 ± 1 a; α 2 ± 1 a; α 1 ± 1 a; α 1 ± 1 a; α, β 4 ± 2

  October 53 ± 27 b; α, β 36 ± 21 a, b; α 6 ± 4 a; α 7 ± 5 a; α 2 ± 1 a; α 1 ± 1 a; α 1 ± 0 a; α, β 15 ± 6
 November 34 ± 23 b; α 9 ± 3 a, b; α 1 ± 1 a; α 1 ± 1 a; α 1 ± 1 a; α 1 ± 1 a; α 1 ± 0 a; α, β 7 ± 3
 December 35 ± 16 b; α 19 ± 10 a, b; α 2. ± 1 a; α 1 ± 1 a; α 1 ± 1 a; α 1 ± 1 a; α 15 ± 0 a; α 9 ± 3
 January 67 ± 13 b; α, β 11 ± 2 a; α 2 ± 1 a; α 1 ± 1 a; α 2 ± 1 a; α 1 ± 1 a; α 1 ± 0 a; α 12 ± 5
 February 118 ± 33 b; β, ɣ 110 ± 82 a, b; 

α, β
1 ± 1 a; α 4 ± 2 a; α 9 ± 5 a; β 3 ± 1 a; β 2 ± 1 a; β 35 ± 15

 March 164 ± 54 b; ɣ 189 ± 89 b; β 2 ± 1.2 a; α 2 ± 1 a; α 1 ± 1 a; α 1 ± 1 a; α 1 ± 0 a; α 51 ± 21
 April 229 ± 26 b; ɣ 85 ± 5 a, b; α, β 16 ± 3 a; α 19 ± 3 a; α 19 ± 3 a; β 1 ± 0 a; α 2 ± 1 a; β 53 ± 6
 Total 74 ± 12 50 ± 16 4 ± 0 5 ± 0 5 ± 0 1 ± 0 1 ± 0
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of NoV GI and 50 gc/µL of NoV GII in PDE) (Tables 2 
and 3). Similarly, in the other three basins of the activated 
sludge procedure (ASE,  RtS, SDE) and at the exit of the 
two-tertiary successive passages  (UVP1 and  UVP2), the NoV 
GI and NoV GII are also encountered with high frequencies. 
NoV GI frequencies are of the order of 60; 55; 70; 55 and 
50% in RS, PDE, ASE,  RtS, SDE, and at the exit of tertiary 
treatment UVP1 and  UVP2. The NoV GII frequencies were 
around 95, 80, 90, 80 and 65% in RS, PDE, ASE,  RtS, SDE, 
and at the exit of the tertiary treatment UVP1 and  UVP2. 
However, the NoV GI and NoV GII mean concentration val-
ues got in the last three maturation ponds of the activated 
sludge procedure, ASE,  RtS and SDE, appeared moderate 
to low as compared to those recorded in the first two basins 
(RS and PDE) (Tables 2 and 3). The mean concentration 
values registered at the scale of the activated sludge proce-
dure showed a significant decrease of the NoV GI and NoV 
GII viral contents from the first to the last basins (RS—
SDE) of the five successive and different ponds (P < 0.05) 
(Tables 2 and 3). A substantial reduction in the NoV GI 
and NoV GII average content values are also observed at 
the exit of two-successive UV-C254 passages as compared 
to those recorded at the output of the secondary decantation 
basins (SDE) (Tables 2 and 3). Distribution of the NoV GI 
and the NoV GII average concentration values registered at 
the exit of two-successive UV-C254 passages are reported in 
Tables 2 and 3.

Monthly Repartition

The NoV GI and NoV GII are encountered continuously 
throughout the sampling period, from June 2018 to April 
2019, with elevated frequencies during winter, spring, sum-
mer and autumn. NoV GI frequencies were close to 100, 
93 and 86% in September, January and March, respectively 
(Fig. 3). Similarly, NoV GII frequencies were close to 91, 
100, 91 and 86% in July, September, February and April, 

respectively (Fig. 3). However, the high NoV GI and NoV 
GII concentration mean values are detected both in the cold 
seasons of winter and spring. The average NoV-GI-contents 
are in the order of 623, 990 and 820 gc/μL in January, in 
February and in March; respectively (Table 2). Besides, the 
NoV GII average contents are of the order of 35, 51 and 53 
gc/µL in February, March and April, respectively (Table 3).

In the two basins of the activated sludge procedure (RS 
and PDE), NoV GI and NoV GII are found along the period 
of study with important average concentration values and 
a net peak during the winter and spring seasons (Tables 2 
and 3). However, NoV GI and NoV GII are presented in 
the last three basins of the biological treatment procedure 
(AS,  RtS and SDE) with lower mean concentration values 
as compared to those registered in the first two basins (RS 
and PDE) and with a notable peak during the winter and the 
spring (Tables 2 and 3).

At the output of the tertiary treatment, NoV GI and NoV 
GII appeared to exist also during the sampling period with a 
peak during the winter, with lower frequencies and average 
concentration values than those recorded at the exit of the 
last basins of the activated sludge procedure (SDE) (Tables 2 
and 3).

Discussion

The wastewater treatment performed in wastewater treat-
ment plants leads to a significant variable reduction in 
the enteric virus and the faecal bacterial content. Differ-
ent experimental procedures have been adopted in previ-
ous studies to assess the load in enteric viruses in a raw 
effluent and the rate of elimination of these microbes in the 
purification systems (Ibrahim et al. 2015, 2016, 2017a, b, 
2018, 2019). In this study, we focus our research on the 
viral removal effectiveness of NoV, taken as a virus model 
at a scale of the Tunisian industrial WWTP of Charguia 

Fig. 3  The monthly distribution 
of Norovirus GI and Norovirus 
GII detection rates in the waste-
water treatment plant Charguia I 
during the study period



256 Food and Environmental Virology (2020) 12:250–259

1 3

I and by using a monolamp disinfection UV-C254 system. 
Thus, testing the virological quality of the purified waste-
water, which is intended for agricultural reuse, recycling, 
and releases into natural environments represents an impor-
tant hazard, a reason for public health concern. Therefore, 
there is a need to prevent water-borne and related food-
borne viral, gastroenteritis dissemination (Qiu et al. 2015). 
All the average value of the main physico-chemical param-
eters found at the output of the activated sludge procedures 
tested (SDE) appeared lower than those set by the Tuni-
sian Standard of treated wastewater discharges (ST-106 02) 
(COD = 77 ± 14 < to 90 mg  O2/L;  BOD5 = 18 ± 10 < to 30 mg 
 O2/L; SS = 17 ± 11 < 30 mg/L). However, the average content 
of the faecal bacteria at the output of the activated sludge 
procedures (SDE) appeared much higher than those recom-
mended by the Tunisian Standard (ST 106–02), with faecal 
coliforms = (16 ± 10) x 104 > to 2 × 103 MPN/100 mL, and 
faecal Streptococci = (6 ± 5) x 105 > to  103 MPN/100 mL. 
Thus, these results showed an excellent physico-chemical 
and a poor bacteriological wastewater quality of the purified 
effluents by activated sludge procedures. These results were 
comparable to those described in other studies showing the 
effectiveness of activated sludge procedures for the physico-
chemical pollution removal and the low performance of this 
biological treatment for the bacteriological abatement (1.5–2 
U logs) (Qiu et al. 2015; Campos et al. 2016; Dai et al. 2016; 
La Rosa et al. 2010; Sano et al. 2016). Earlier Tunisian envi-
ronmental studies conducted in the same area and using a 
rotating biodisk procedure have reported similar results, and 
opposite results are found in all these previous studies in 
natural oxidising ponds (Ibrahim et al. 2015, 2016, 2017a, 
b, 2018, 2019). Also, all these last studies of Ibrahim et al. 
revealed a bad physico-chemical quality and a good bacte-
riological one of the purified effluents by natural oxidising 
pond procedure. In contrast, in all these last studies done, 
satisfactory physico-chemical purification and a huge defi-
ciency were observed concerning the bacterial abatement of 
a rotating biodisks procedure.

The results gained by tertiary UV-C254 system disinfec-
tion revealed a significant improvement of the microbio-
logical quality of the treated wastewater, with an average 
microbial residual much lower than the ones fixed by the 
Tunisian wastewater discharge standard (ST-106 02) (fae-
cal coliforms = [3 ± 1] × 10–1 < to 2 × 103 MPN/100 mL and 
faecal Streptococci = [3 ± 1] × 10–1 < to  103 MPN/100 mL). 
Since we registered a good bacteriological quality of the 
treated wastewater after the UV-C254 disinfection system that 
could allow recycling operations, agriculture reuses and safe 
releases into natural aquatic environments.

Also, virological results showed that NoV GI and NoV 
GII are detected in 66.4, 86.4 and 63.6%, respectively, of 
the collected wastewater samples during the ten months of 
study. The first environmental studies conducted by Ibrahim 

et al. (2015, 2019) reported the NoV GI and NoV GII detec-
tion in 1 and 65% of the wastewater sampled at the scale 
of the pilot WWTP El Menzeh I, in the residential area of 
El Menzeh I of the Tunis City. The top detection rate of 
around 66.4% registered for NoV GI could reveal the emer-
gence of gastroenteritis viruses in wastewater that might 
circulate in this area of study.

NoV GI and NoV GII frequencies recorded in this study 
are higher than those recorded in the earlier Tunisian envi-
ronmental and clinical studies in the Monastir region, Sahel 
of Tunisia (Sdiri-Loulizi et al. 2008, 2010; Hassine-Zaafrane 
et al. 2014). Therefore, the top NoV rates confirmed these 
viruses are recognised as emerging pathogenic contaminants 
in several natural environments, and they establish an actual 
public health risk associated with water-borne and food-
borne diseases (Teixeira et al. 2017; Kitajima et al. 2018).

Likewise, acquired significant frequencies of NoV GI 
(66.4%) and NoV GII (86.4%) in this work were analogous 
to those described in several previous and recent environ-
mental studies conducted in polluted sewage sampled from 
various wastewater treatment plants worldwide. NoV is 
detected with high rates in wastewater samples in Venezuela 
(75%), Singapore (100%), in Southern Arizona (75%), in 
France (98%) in China (100%), in Uruguay (72%), in Italy 
(90.2%), in Japan (66.6%) and South Africa (72.2%) (Aw 
and Gin 2010; Prévost et al. 2015; Zhou et al. 2016; Victo-
ria et al. 2016; Kazama et al. 2017; Suffredini et al. 2018; 
Mabasa et al. 2018). But two other environmental reports 
revealed that gastroenteritis viruses were detected with low 
to moderate frequencies in wastewater samples in Greece 
(6.3%), in Norway (26%) and Brazil (33.9%) (Myrmel et al. 
2015; Kitajima et al. 2018).

Gastroenteritis virus frequencies found in this study 
showed that the NoV GII (86.4%) is the most and frequently 
Caliciviruses detected in the Tunisian sewage samples, fol-
lowed by NoV GI (66.4%). These data are under other pre-
vious clinical and Tunisian environmental studies showing 
the dominance of NoV GII than NoV GI (Sdiri-Loulizi et al. 
2010; Ibrahim et al. 2015; Dai et al. 2016). The dominance 
of NoV GII in Tunisian effluent from various wastewater 
treatment plants could be explained by these viruses being 
more prevalent in the Tunisian paediatric population. Simi-
larly, these data follow those recounted in earlier environ-
mental reports describing the NoV GII predominance in 
influents and effluents sampled at the scale of dissimilar 
wastewater treatment plants in different regions in the world, 
such as Venezuela, Norway, France, China and South Africa 
(Aw and Gin 2010; Kokkinos et al. 2011; Sima et al. 2011; 
Prévost et al. 2015; Teixeira et al. 2017; Mabasa et al. 2018).

In opposite for the obtained results on NoV GI and 
GII detection rates, the NoV GI and NoV GII quantifica-
tion showed that the NoV GI average content recorded in 
wastewater is greater than the one registered for NoV GII. 
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The NoV GI and NoV GII presented the mean contents of 
9.17 × 102 and 0.74 × 102 gc/µL in influent and 5.9 × 101, 
0.5 × 101 gc/µL in the effluent of the industrial wastewater 
treatment plant of Charguia I. The significant NoV GI mean 
content (9.17 × 102 gc/µL) and the detection rate (66.4%) 
recorded in this study confirmed the increase of water-borne 
epidemic associated with viral gastroenteritis since these 
viruses are more likely to generate and induce water-borne 
outbreaks than NoV GII (Prévost et al. 2015; Matthews et al. 
2012). Therefore, the data achieved in this study determine 
that wastewater surveillance makes up a novel strategy for 
water-borne outbreaks associated with viral gastroenteritis 
prevention in regions that lack NoV outbreak monitoring, 
such as Tunisia.

The achieved virological detection rate and the quanti-
tative results of the present study allowed to mention the 
moderate reduction of the NoV GI and NoV GII in the 
treated effluents by activated sludge and UV-C254. The NoV 
GI and NoV GII abatement rates were on an average of 93 
and 77%; respectively. Based on the average content across 
the steps of recommended biological wastewater treatment 
procedures, the NoV GII removal rate was greater than of 
the NoV GI by the activated sludge process. The NoV GI 
and NoV GII abatement rates of 65% and 55% appeared 
furthermost secured by UV-C254 irradiation than by the 
activated sludge procedure. This result constitutes the first 
Tunisian documentation showing the effectiveness of the 
biological and tertiary wastewater treatment using activated 
sludge procedures and a UV-C254 disinfection reactor for the 
two Caliciviruses NoV GI and NoV GII removal. These last 
results were confirmed earlier in two similar studies car-
ried out on wastewater procedure of natural oxidation ponds 
and rotating biological disks for NoV GII and rotavirus A 
removal (Ibrahim et al. 2015, 2016). However, these results 
are dissimilar to those described in two previous environ-
mental studies, which revealed the failure of activated sludge 
procedure in the NoV GI, NoV GII and RVA removal in two 
wastewater treatment plants in the Monastir region, Sahel 
area of Tunisia by Sdiri-Loulizi et al. (2010) and Hassine-
Zaafrane et al. (2015). Similarly, two previous studies in 
Southern Arizona showed that NoV GII and NoV GI are 
eliminated with important log reduction ranging from 1.7 to 
up 2 logs 10 by activated sludge and trickling filters (Kita-
jima et al. 2014; Schmitz et al. 2016).

The NoV GI and NoV GII distribution during the ten 
months of the study showed a moderate rate detection of 
these Caliciviruses throughout the sampling period in 
all seasons. However, seasonal detection of NoV GI and 
NoV GII in wastewater is well distributed along all the 
months of the study, with a distinct peak during the cold 
and rainy months corresponding to winter and spring sea-
sons in Tunisia. Similarly, these data are in agreement with 
those described in the two earlier studies conducted by 

Sdiri-Loulizi et al. (2010) and Dai et al. (2016) indicating 
the most prevalence of these viruses in winter.

Conclusions

This study confirms the frequent occurrence of NoV Cali-
civiruses in raw and treated wastewater in industrial waste-
water of Charguia I in Tunis City, Tunisia. Also, this study 
confirmed the moderate effectiveness of the activated sludge 
procedure for removing faecal bacteria, NoV GI and NoV 
GII removal, revealing a poor bacteriological and virological 
quality of the treated wastewater. However, excellent bacte-
riological quality and improvement of the virological quality 
of the treated wastewater intended for recycling, agriculture, 
reuse and discharges into natural receiving environments 
were obtained by UV-C254 irradiation. The tertiary treat-
ment by ultraviolet irradiation tested or other comparable 
processes are crucial and appeared necessary in all wastewa-
ter treatment plants to upgrade the microbiological quality 
of the effluents.
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