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INTRODUCTION

Water resource management is undoubtedly 
one of the paramount challenges in the Mediter-
ranean basin, particularly the southern countries 
with arid and semi-arid climates (Burak and 

Margat, 2016; Cramer et al., 2018), including 
Morocco (MdEnv, 2016), where per capita water 
availability is expected to decrease by half by 2050 
(The World Bank, 2007), falling significantly be-
low the global water poverty limit outlined by the 
World Health Organization (Meddi and Eslamian, 
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ABSTRACT
During the olive oil extraction season, a huge amount of olive mill wastewater (OMW) is produced in a short period. 
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For treated effluent, the CCME-WQI values were 55.66 (marginal quality) before, 33.61 (poor quality) during, and 
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WA-WQI ranged from 91.58 before, 93.47 during, and 88.30 after OHS, consistently indicating bad quality across 
all three periods. The findings of this research indicate significant seasonal variations during OHS, marked by in-
creased BOD5, COD, and TSS, along with decreased pH, DO, and biodegradability, with a considerable persistence 
of OMW pollutants after OHS compared to their levels before OHS, as confirmed by the WWQI classification. This 
study shows that the CCME-WQI and WA-WQI methods are effective tools for evaluating the long-term effects of 
OMW disposal on the WWTP-NL and providing useful information to optimize wastewater management.
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2021). Furthermore, the increase in demand for 
agricultural water withdrawal by up to 87% in 
2020 (FAO, 2016), combined with the substantial 
decrease in annual average precipitation ranging 
from 10% to 35% by 2030 according to the World 
Bank (The World Bank, 2018) puts significant 
strain on natural water bodies. Additionally, it is 
crucial to consider the deterioration of water re-
source quality due to untreated wastewater dis-
charges, i.e. domestic and industrial wastewater 
(Dahan, 2017). In this context, and to ensure the 
sustainability of the limited hydraulic potential, 
the Moroccan authorities specifically the Nation-
al Office of Water and Electricity (ONEE) and the 
regional water agencies (Alhamed et al., 2018; 
MdEnv, 2016), are supporting the implementa-
tion of a stronger policy for managing non-con-
ventional water resources, particularly the reuse 
of treated wastewater (Dahan, 2017; Meddi and 
Eslamian, 2021). One of the crucial measures 
implemented is the National Shared Liquid Sani-
tation Program (PNAM), which aims to achieve 
the target of reusing 573 million m3 of wastewa-
ter annually by 2040, with a significant focus on 
rural regions (Mateo-Sagasta et al., 2022; ONEE, 
2022). Among the measures performed are con-
structing several wastewater treatment plants by 
natural lagoons (WWTPs-NL) in rural communi-
ties and reusing treated wastewater, particularly 
for irrigating landscapes and green spaces (Ma-
teo-Sagasta et al., 2022). 

For over a decade, Morocco has opted for the 
lagooning system as the optimum natural solution 
and cost-effective method for treating domestic 
wastewater (Fernandez-Cassi et al., 2016), in small 
and medium towns (Benaddi et al., 2023; Osmane 
et al., 2023), taking into account the spatial char-
acteristics and climatic conditions of these areas. 
Despite the progress achieved by the (PNAM), 
several factors affect the purification performance 
of the WWTPs, and subsequently the quality of 
the treated wastewater. In central Morocco, the 
main factor that can affect the WWTPs-NL is the 
intrusion of parasitic water, i.e. extraneous waters 
generated by agro-industrial activities, specifical-
ly olive oil extraction (Hassen et al., 2023) as the 
predominant industrial practice in these regions, 
where huge quantities of untreated olive mill 
wastewater (OMW) are discharged seasonally 
into the sewage network in a short-lasting period, 
i.e. October to January (Hassen et al., 2023). This 
liquid by-product is the main harmful effluent of 
the olive oil industry, with annual production of 

OMW in Morocco exceeding 250.000 m³, partic-
ularly from the traditional milling processes, due 
to its high toxicity related to the predominance 
of non-biodegradable fractions, particularly phe-
nolic compounds (Rharrabti and Yamani, 2019; 
Benaddi et al., 2023; Hassen et al., 2023). 

Several studies have highlighted the pollut-
ant potential of OMW and its harmful effect on 
soil, air, and water ecosystems (Comegna et al., 
2022; Hassen et al., 2023), due to its unstable 
and heterogeneous composition, rich in organic 
compounds and nutrients which are major con-
tributors to water bodies eutrophication (Souilem 
et al., 2017; Fleyfel et al., 2022). Consequently, 
the impact of 1 m3 of OMW is equivalent to a 
range of 100 to 200 m3 of domestic wastewater 
(Hassen et al., 2023). Moreover, the biochemical 
oxygen demand (BOD) and chemical oxygen de-
mand (COD) concentrations range from 12.000 
to 100.000 mg/L and 80.000 to 200.000 mg/L 
respectively, explaining its high pollution index 
(Souilem et al., 2017). These alterations signifi-
cantly impact the microbial communities in con-
ventional treatment systems, reducing the overall 
efficiency of urban wastewater plants (Souilem 
et al., 2017; Fleyfel et al., 2022). In the Mediter-
ranean Basin, conventional physicochemical and 
biological treatments are often ineffective (Ma-
nama and Albahnasavi, 2024). To address these 
limitations, advanced chemical remediation strat-
egies, such as ozonation, photocatalysis, Fenton’s 
reagent, electrochemical, and solar-driven pro-
cesses (Ochando-Pulido et al., 2017), provide 
more effective pollutant degradation and reduc-
tion of toxicity.

To the best of our knowledge, there is hardly 
any literature reporting or evaluating the impact 
of uncontrolled OMW disposal on the WWTP-
NL, particularly the fluctuation in the wastewa-
ter quality indicators on a large scale. However, 
a recent study by (Manama and Albahnasavi, 
2024) explored the impact of uncontrolled OMW 
disposal on WWTPs using activated sludge. The 
study showed a significant increase in influent 
pollutant levels, with the highest recorded levels 
of BOD, COD, and TSS. Several studies in cen-
tral Morocco have investigated, on a laboratory 
scale, the physicochemical characteristics of a 
mixture of OMW and urban wastewater collected 
from a WWTP by activated sludge (Ahmali et al., 
2020; El Ghadraoui et al., 2021). Also, a study 
by (TURAN, 2004) in Zeytinli, Turkey, evalu-
ated the effects of OMW on municipal WWTP by 
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activated sludge, and tested pretreatment methods 
like acid cracking and Fenton oxidation. 

This highlights the importance of assessing 
the impact of OMW on wastewater treatment pro-
cesses. In the field of WWTP management, fre-
quent laboratory analysis of its influent and efflu-
ent are important tools to maintain treatment effi-
ciency (Abbas et al., 2022; Redha et al., 2024) and 
ensure conformity with environmental standards. 
Although all the analysis data are collected, man-
agers still face challenges in extracting informa-
tion and making decisions that accurately reflect 
the complex relationships between all the parame-
ters (Jamshidzadeh and Barzi, 2020; Arabzadeh et 
al., 2023; Redha et al., 2024). To facilitate the in-
terpretation of complex data, the wastewater qual-
ity indices (WWQI) could be the most appropriate 
approach to summarize a large set of wastewater 
quality data and to express the seasonal varia-
tions in the effluent quality into a single numerical 
value, which could be beneficial for and environ-
mental specialists (Dinu et al., 2020; Ayoub and 
El-morsy, 2021; Arabzadeh et al., 2023). 

This approach is based on the WQI, which 
was initially developed by Horton in the United 
States in 1965 (Horton, 1965; Tasneem and Ab-
basi, 2012). The most commonly utilized WQIs 
in wastewater quality assessment are the Cana-
dian Council of Ministers of the Environment 
water quality index (CCME-WQI) as the most 
applied and trusted method for assessing waste-
water quality (Abbas et al., 2022; Aboulfotoh and 
Heikal, 2022), and the weighted arithmetic water 
quality index (WA-WQI), based on selecting key 
wastewater quality parameters, i.e. COD, BOD, 
TSS, and DO, and comparing them with the 
standards for effluent discharge into water bod-
ies (Khudair et al., 2018; Rahmat et al., 2022). 
Additionally, this approach is widely applied to 
evaluate the quality of industrial wastewater. Ac-
cording to the study conducted by (Ramya and 
Vasudevan, 2019), the CCME-WQI has some 
limitations when applied to industrial wastewater 
due to its sensitivity to parameter selection and 
exclusion criteria. In the study, only 14 param-
eters were used for the influent and 8 for the efflu-
ent, due to the low concentration or non-detection 
of certain parameters like cyanide, heavy metals, 
and pesticides. This can lead to an incomplete 
assessment and underestimation of risks from 
undetected or low-concentration contaminants. 
Furthermore, (Chidiac et al., 2023) notes that a 
single outlier value in the WA-WQI can distort 

the overall water quality evaluation, emphasizing 
the need for careful parameter selection.

To achieve this, the current study aims to in-
vestigate the long-term effect of OMW disposal 
on the physicochemical parameters of raw and 
treated wastewater at Zaouiat Cheikh WWTP-NL. 
The focus on this urban area, a major olive-grow-
ing region in central Morocco with distinct envi-
ronmental challenges, enhances the study’s speci-
ficity and significance. To numerically express 
this significant effect, a comparative study was 
performed between two WWQIs, namely the CC-
ME-WQI and WA-WQI based on larger historical 
datasets, of key wastewater quality indicators over 
eight consecutive years. The findings were then 
compared to the Moroccan standards for domestic 
wastewater discharge into aquatic environments.

MATERIALS AND METHODS

Study area and wastewater treatment plant 
description

Zaouiat Cheikh is located 80 km northeast of 
Beni-Mellal city in central Morocco, character-
ized by mountainous relief, limited by the Oum 
Er-Rbia River and the Middle Atlas Mountains 
under a semi-arid climate, with an average yearly 
rainfall of approximately 477 mm and a mean 
annual temperature of 13.8 °C. This region rep-
resents one of the most significant olive-growing 
regions in central Morocco, with around 36 tra-
ditional units using a continuous (three-phase) 
extraction system, with crushing capacity ranging 
from 0.8 to 10 tons/unit/day. This intensive olive 
processing activity produces a significant amount 
of OMW, estimated at 2552.7 m³/year.

The selected plant, constructed in 2013, is 
located approximately 2.25 km to the north-
west of the city at an altitude of 780 m above 
mean sea level and 300 meters from the Oum 
Er-Rbia River (Fig. 1). The plant is designed to 
treat domestic wastewater using a natural lagoon 
as an extensive process, with a 28.000 popula-
tion equivalents capacity and a treatment flow 
of 1354 m3/day. The wastewater treatment pro-
cess uses a natural system of a series of ponds 
where wastewater flows successively from one 
to the next by gravity. The WWTP includes grit 
removal and screening units designed for pre-
treatment. The subsequent phases consist of 
three anaerobic ponds for preliminary treatment 
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with a retention time of 4.4 days, followed by 
three facultative ponds for secondary treatment 
with a retention time of 17.38 days, and three 
maturation ponds for tertiary treatment with a 
retention time of 6.4 days. All these ponds are 
systematically arranged and operated in series 
for 28 days of treatment. The treated wastewa-
ter is reused for irrigation (green spaces) or dis-
charged into the Oum Er-Rbia River.

Data sources

The basic data used in this study was obtained 
directly from the WWTP operator (ONEP) through 
monthly reports of the wastewater quality investi-
gation within an eight-year monitoring period from 
March 2015 to June 2022. The reported data of the 
raw influent (RI) and treated effluent (TE), are mea-
sured monthly on an average sample of 24 hours. 
The selection of parameters was typically based 
on data availability and accessibility, expert judg-
ment, and environmental importance. The WQI 
approach was applied to the RI data by monitoring 
six physicochemical parameters: Daily flow, wa-
ter temperature, pH, biochemical oxygen demand 
(BOD5), COD, and total suspended solids (TSS). 
To provide a more comprehensive assessment, two 
ratios were calculated: the biodegradability index 
R1 = (COD/BOD5) and the production index of 
excess sludge R2 = (TSS/BOD5). Additionally, for 

TE six physicochemical parameters were treated: 
temperature, pH, TSS, BOD5, COD, and dissolved 
oxygen (DO). The parameter selection is based 
on the research objectives and the environmental 
characteristics of the WWTP-NL. These param-
eters which characterize the overall wastewater 
quality are also the key monitoring indicators that 
align with the main criteria outlined in Morocco’s 
specific limits for domestic discharge, which are 
mentioned in the official bulletin N°. 5448 of 17 
August 2006 (Water Quality Division, 2014). It is 
crucial to consider the missing data due to the CO-
VID-19 pandemic, as well as the fluctuations in 
physicochemical parameters, due to anthropic fac-
tors and natural phenomena such as atmospheric, 
climatic, and hydrological influences.

Data treatment and statistical analysis 

To evaluate the impact of OMW disposal on 
WWTP-NL, the raw data were systematically fil-
tered, digitized, and categorized into three distinct 
four-month periods: before the olive harvesting 
season “BOHS” (June, July, August, September), 
during the olive harvesting season “DOHS” (Oc-
tober, November, December, January), and after 
the olive harvesting season “AOHS” (February, 
March, April, May). This temporal segmentation 
provides a comprehensive assessment of the sea-
sonal fluctuations in wastewater quality, focusing 

Figure 1. Study area location in Morocco and general view of the Zaouiat Cheikh WWTP-NL
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Figure 2. Dataset of raw influent and treated effluent parameters before, during, 
and after the olive harvesting season
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Figure 3. Comparative box plots of the raw influent and treated effluent parameters before, during, 
and after the olive harvesting season
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on the impact of the olive harvesting season on the 
WWTP’s treatment efficiency. Descriptive statis-
tics for the eight physicochemical parameters of 
the RI and the TE were analyzed using GraphPad 
Prism (version 8.3.0). Figures 2 and 3 illustrate 
these statistics for the WWTP-NL under study be-
fore, during, and after the olive harvesting season.

Application of the wastewater quality indices 
(WWQI)

WWQI is an effective and flexible approach 
used recently by decision-makers to evaluate the 
pollution levels generated by human activities 
and the treatment effectiveness of WWTPs (Vi-
jayan et al., 2016; Pirvu et al., 2019; Bessedik et 
al., 2021; Rahmat et al., 2022;). Based on math-
ematical expression, the WWQI summarizes a 
huge water quality dataset into a single number 
by rating wastewater quality on a scale of 0 to 100 
(Arabzadeh et al., 2023; Shrivastava and Matega-
onkar, 2024). Thus, The WWQI can be identified 
as a flexible method for various combinations of 
specific parameters, excluding the importance of 
the critical factor of sampling frequency (Aljana-
bi et al., 2021; Restrepo et al., 2022). The higher 
values indicate the treated effluent’s compliance 
with design objectives and efficient performance 
of the WWTP, whereas raw influent often has low 
WWQI values (Ebrahimi et al., 2017). This study 
used two WWQI methods to verify if the WWTP-
NL is impacted by the OMW disposal, based on 
the physicochemical characteristics compared 
with the Moroccan standards for domestic dis-
charge to the water stream.

Canadian Council of Ministers of the Environ-
ment water quality index method (CCME-WQI)

In light of the objectives mentioned above, 
the WWQI was applied to the physicochemical 
parameters of the RI and the TE, based on WQI 

analytics methods developed by the Canadian 
Council of Ministers of the Environment that can 
be applied to various water in accordance with 
specific guidelines of each country (Tyagi et al., 
2013; CCME, 2017). The CCME-WQI is a flex-
ible method adaptable to specific sites and treat-
ment conditions. Its low sensitivity to missing 
data makes it suitable for evaluating water quality 
in areas affected by persistent pollution sources.
(Akhtar et al., 2021; Rahmat et al., 2022; Restre-
po et al., 2022). Moreover, it focuses on assess-
ing the monitoring data based on the combination 
of three factors (F1, F2, F3) using the calculation 
formulas (1) to (7):
	• F1 (scope): measures the percentage of vari-

ables that fail to meet wastewater quality guide-
lines. At least once during the monitored period.

	 𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (1)

	• F2 (frequency): measures the percentage 
of tests that fail to meet wastewater quality 
guidelines.

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (2)

	• F3 (Amplitude): measures the amount by 
which failed tests do not meet their guidelines. 
F3 is calculated in three steps:

1)	The number of times an individual concentra-
tion exceeds or falls below the guideline, the 
objective is termed an “excursion”.

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (3)

2)	When the test value must not exceed the 
guideline.

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (4)

3)	The normalized sum of excursions (nse) quan-
tifies the collective amount by which individu-
al tests are out of compliance.

Table 1. Wastewater quality scale and categories based on CCME-WQI (CCME, 2017)
Quality categories Range of values Water quality description

Excellent 95–100 Virtually natural or pristine, all measurements consistently reach the 
recommended guidelines

Good 80–94 Protected with minimal threat, conditions usually deviate from normal levels

Fair 65–79 Normally preserved but is occasionally threatened or impaired, with conditions 
sometimes deviating from natural or desirable levels

Marginal 45–64 Regularly threatened or impaired, with conditions often deviating from natural or 
desirable levels

Poor 0–44 Consistently threatened or impaired, conditions usually deviate from desirable 
levels



141

Journal of Ecological Engineering 2025, 26(6) 134–149

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (5)

The F3 is then calculated by an asymptotic 
function that scales the normalized sum of excur-
sions (nse) from 0 to 100.

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (6)

The CCME-WQI is calculated by summing the 
squares of the three factors, with a divisor of 1.732 
used to normalize the index scale (CCME, 2017).

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 
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1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (7)

Once the CCME-WQI is determined, the 
wastewater quality is classified into five catego-
ries based on the index score as shown in Table 1.

Weighted arithmetic water quality index 
method (WA-WQI)

Based on Brown’s model (Brown et al., 
1972), the WA-WQI is one of the common rating 
methods used for converting complex wastewater 
quality data into comprehensible value (Ibrahim, 
2019; Ayoub and El-morsy, 2021; Abualhaija, 
2023). On the same dataset, the WA-WQI is com-
puted using the following formulas (8) to (11), 
with a scale ranging from 0 (excellent wastewater 
quality) to 100 (worst wastewater quality), as de-
scribed in Table 2.
Quality rating scale (Qn): 

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (8)

where:	Vn – estimated concentration of the nth 
parameter, Sn – the recommended stan-
dard value of the nth parameter, V0 – ideal 
value of the nth parameter in pure water, 
V0 = 0 (i.e., the ideal value for pH =7 and 
DO = 14 mg/l).

Unit weight (Wn):

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (9)

where:

	

𝐹𝐹1 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 × 100   (1) 

 
 
 

𝐹𝐹2 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 × 100  (2) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
− 1   (3) 

 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 =   𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖
− 1  (4) 

. 
𝑛𝑛𝑛𝑛𝑛𝑛 =  ∑ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖

𝑛𝑛
𝑖𝑖=1

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗
  (5) 

 
𝐹𝐹3 =  𝑛𝑛𝑛𝑛𝑛𝑛

0.01𝑛𝑛𝑛𝑛𝑛𝑛+0.01   (6) 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  100 − √𝐹𝐹12+𝐹𝐹22+𝐹𝐹32

1.732   (7) 
 

𝑄𝑄𝑛𝑛 =  100(𝑉𝑉𝑛𝑛 − 𝑉𝑉0|𝑆𝑆𝑛𝑛 − 𝑉𝑉0)  (8) 
 

𝑊𝑊𝑛𝑛 =  𝐾𝐾 𝑆𝑆𝑛𝑛⁄   (9) 
 

𝐾𝐾 = 1
∑(1 𝑆𝑆𝑛𝑛⁄ )  (10) 

 
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = ∑ 𝑄𝑄𝑛𝑛𝑊𝑊𝑛𝑛 ∑ 𝑊𝑊𝑛𝑛⁄   (11) 

 

	 (10)

where:	Sn – standard value for nth parameter, K – 
constant for proportionality.

The WA-WQI – aggregation of the quality rat-
ing with the unit weight.
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RESULTS AND DISCUSSIONS

Seasonal evolution of raw influent and 
treated effluent qualities

Based on monthly average values, the descrip-
tive statistics of the physicochemical parameters 
before, during, and after the olive harvesting sea-
son (OHS) over the eight-year monitoring period, 
as shown in Figures 2 and 3, indicate that all vari-
ables showed a significant seasonal variation dur-
ing the three seasons for both RI and TE. After 
evaluating the seasonal results, the TE showed 
lower water temperatures than the RI across all 
seasons. In contrast, low values (8 °C and 20 °C) 
were recorded during OHS (October, November, 
December, and January), corresponding to the wet 
season. In contrast, higher temperatures ranged 
between 21 °C and 30 °C after OHS and 10 °C 
and 25 °C before OHS respectively, which corre-
sponds to the dry season. This variation could be 
generally  attributed to the atmospheric tempera-
ture, seasonal fluctuations typical of semi-arid cli-
mates,  and differences in retention times within 
the WWTP-NL ponds. These values, however, 
fall within the permissible Moroccan discharge 
standards. The data shows that daily influent is 
the highest and most variable during OHS, rang-
ing from  1060 to 1900 m3/d, due to increased 
OMW disposal and parasitic water (rainy sea-
son). Before OHS, flows fluctuate between 1032 
and 1530 m3/d. After OHS, flows decrease to val-
ues ranging from  915 to 1821 m3/d, partly due 
to increased freshwater consumption during the 
dry season. The pH values of RI are lower than 
those of TE across all seasons. Before OHS the 
pH ranges from 7 to 7.98 for RI and 7.50 to 8.94 
for TE. During OHS it falls to 5.40–8.80 for RI 
and 6.79–8.50 for TE. While after OHS, the pH 
ranges from 7 to 8 for RI and 7.35 to 8.50 for 
TE. The minimum pH values for RI during and 

Table 2. Wastewater quality rating using the WA-WQI 
method

Rating of wastewater quality Range of values

Excellent 0–25

Good 26–50

Poor 51–75

Bad 76–100

Very bad > 100
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after OHS were within the accepted standards 
(5.5–9.5). These lower values can be attributed to 
the OMW disposal into the WWTP-NP. Gener-
ally, the acidic nature of the OMW ranges from 
a pH of 4.8 to 5.7 (Souilem et al., 2017), while 
in the Moroccan traditional system, the pH var-
ies from 4.4 to 4.9 (Fleyfel et al., 2022), due to 
its high load of organic matter and the extended 
storage time (Hassen et al., 2023). Furthermore, 
the pH variation in wastewater is influenced by 
algal activity. The respiration and photosynthet-
ic processes are linked to algae consumption of 
dissolved CO₂, leading to water alkalinization 
(Osmane et al., 2023). However, the disposal of 
OMW, rich in organic acids and phenolic com-
pounds, disrupts this balance by lowering the pH 
and reducing microbial activity. In comparison 
with the study by (Ahmali et al., 2020), which 
observed a pH of 7.26 for a mixture of 1% OMW 
and 99% urban wastewater at a lab scale. It be-
comes clear that low concentrations of OMW do 
not significantly affect the pH levels. Conversely, 
in our case, the significant disposal of OMW de-
creases the wastewater pH to a minimum of 5.4.

The total suspended solid (TSS) values are 
higher during the OHS for both RI (320 to 695 
mg/l) and TE (76 to 670 mg/l), compared to be-
fore OHS (RI: 200 to 540 mg/l; TE: 58 to 220 
mg/l), and after OHS (RI: 200 to 654 mg/l; TE: 
60 to 269 mg/l). A recent study by (Fleyfel et al., 
2022) reported that in the Moroccan traditional 
system, the TSS levels range between 6820 and 
71000 mg/l, reflecting the high organic load in 
OMW. Similarly, (El Ghadraoui et al., 2021) 
observed TSS values of 577.78 mg/l for a mix-
ture of a 90% organic load of OMW and 10% of 
municipal wastewater, aligning with our findings 
and confirming the elevated suspended solids in 
OMW. As a key indicator of biodegradable organ-
ic content during self-purification processes. the 
biological oxygen demand (BOD5) measures the 
oxygen required by microorganisms to decom-
pose organic matter in the effluent. According to 
Fig. 3, the BOD5 values recorded before the OHS 
ranged from 360 to 720 mg/l for RI, and 65 to 
210 mg/l for TE. During the OHS, the BOD5 val-
ues were significantly higher, ranging from 440 
to 1100 mg/l for RI, and 120 to 380 mg/l for TE. 
After the OHS, the values were 180 to 950 mg/l 
for RI and 75 to 340 mg/l for TE. For instance, 
the BOD5 values of OMW vary from 350.00 to 
110.000 mg/l (Hassen et al., 2023), reflecting 
significant fluctuations in organic content that 

can impact the microbial degradation process. 
The chemical oxygen demand (COD) measures 
the oxygen demand to oxidize all organic and in-
organic substances in the effluent. the obtained 
COD values during OHS were higher compared 
to the other seasons, ranging from 1100 to 2700 
mg/l for RI, and from 190 to 960 mg/l for TE, 
compared to before OHS (RI: 590 to 1400 mg/l; 
TE: 140 to 450 mg/l), and after OHS (RI: 520 to 
1900 mg/l; TE: 150 to 870 mg/l),  respectively. 
Although, the OMW is characterized by its high 
COD content, ranging from 40.000 to 220.000 
mg/l (Hassen et al., 2023). these results are simi-
lar to those of (Ahmali et al., 2020; El Ghadraoui 
et al., 2020) who reported that the COD of a mix-
ture of OMW and urban wastewater (1–99%) is 
around 6100 mg/l. This increase is attributed to 
dissolved salts in the OMW, which contribute to 
higher soluble COD levels (Lazrak et al., 2018). 
As a result, the COD and BOD values in OMW 
are 200 to 400 times higher than those found in 
domestic wastewater (Souilem et al., 2017), re-
flecting the heavy organic load compared to stan-
dard domestic limits.

The biodegradability index (BI=R1), deter-
mined by the COD/BOD₅ ratio, is a crucial in-
dicator of biological treatment efficiency, reflect-
ing the presence of poorly or non-biodegradable 
compounds. BI below 3 indicates an easily bio-
degradable effluent, while a BI between 3 and 5 
suggests partial biodegradability. In contrast, a BI 
greater than 5 indicates a hardly biodegradable ef-
fluent, generally associated with toxic industrial 
substances that inhibit biological activity (Ro-
dier et al., 2009). In this study, the obtained val-
ues of R1 ranged from 1.64 to 2.29 before OHS, 
from 1.81 to 3.48 during OHS, and from 1.41 to 
3.28 after OHS. In general, OMW is known for its 
poor biodegradability (Souilem et al., 2017) ex-
pressed by a high BI ranging from 2 to 5 (Khdair 
and Abu-Rumman, 2020) in contrast to the BI of 
domestic wastewater, which falls between 1.25 
and 2.5 (Karef et al., 2017). Similarly, (Hassen et 
al., 2023) reported a BI value of 4.31 for OMW 
from a traditional system. In our case, the BI dur-
ing OHS is between 3 and 5 which is partially 
biodegradable. Thus, while OMW has a high 
organic load, it becomes partially biodegradable 
when diluted with domestic wastewater.

The excess sludge production index (R2=TSS/
BOD5), reflects sludge generation from the TSS 
naturally present in the raw wastewater. How-
ever, the observed values of R2 for the RI ranged 
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from 0.50 to 1.11 before OHS, 0.52 to 1.29 during 
OHS, and from 0.48 to 1.40 after OHS. Accord-
ing to (Bessedik et al., 2021; Karef et al., 2017), 
the R2 value for domestic wastewater is typically 
between 0.8 and 1.2. Also (Allaoui et al., 2019) 
reported an R2 value below 0.9 during the wet 
season in a WWTP by a natural lagoon. By com-
paring our results with those in the literature, it is 
evident that the higher value (1.29) recorded dur-
ing OHS correlates with the high organic load and 
suspended solids present in OMW (Hassen et al., 
2023), leading to increased sludge generation and 
accumulation in the treatment system. 

DO is essential for natural auto-purification 
in lagoon basins. The observed values for the RI 
ranged from 2 to 6.60 mg/l before OHS, 0.10 to 
5.30 mg/l during OHS, and 2.30 to 6.90 mg/l af-
ter OHS. However, the lower DO levels during 
OHS were due to the reduced DO concentrations 
in the OMW (Souilem et al., 2017). DO is cru-
cial for the aerobic degradation of organic matter, 
and a decrease in oxygen levels can destabilize 
the biological balance in the system. Additionally, 
the previously cited study by (El Ghadraoui et al., 
2020) showed that DO is around 1.18 mg/l which 
falls within the range of our observed values. 

According to the study by (Manama and Al-
bahnasavi, 2024), the Khan Younis WWTP which 
uses activated sludge systems and receives direct 
discharges from 11 olive mills, recorded maxi-
mum COD, BOD, and TSS concentrations of 
2200 mg/L, 680 mg/L, and 1825 mg/L, respec-
tively. The same study reported that the Central 
Gaza WWTP, also using activated sludge and 
receiving OMW discharges from 17 olive mills, 
recorded peak COD, BOD, and TSS levels of 
3040 mg/L, 1382 mg/L, and 1810 mg/L, respec-
tively. In comparison, our findings on the Zaouiat 
Cheikh WWTP, which operates with a natural la-
goon system and receives OMW discharges from 
36 olive mills, show maximum COD, BOD, and 
TSS levels of 2700 mg/L, 1100 mg/L, and 695 
mg/L, respectively. Our results show lower COD 
and BOD levels than those recorded at the Central 
Gaza WWTP but higher than those at the Khan 
Younis WWTP, while TSS concentrations are sig-
nificantly lower in Zaouiat Cheikh than in both 
plants. This reduction in pollutant levels can be 
attributed to rainwater intrusion during the OHS, 
which partially dilutes the raw wastewater.

To summarize, all these factors make it pos-
sible to assess the significant seasonal variations 
observed during OHS, characterized by increased 

concentrations of BOD5, COD, and TSS, along 
with decreased pH, DO, and biodegradability 
levels, for both raw influent and treated effluent. 
However, these parameters showed a significant 
persistence of residual pollutants from OMW af-
ter OHS compared to the levels recorded before 
OHS. This study provides a better understanding 
of the long-term effects of uncontrolled OMW 
disposal on Zaouiat Cheikh WWTP-NL, an issue 
that has not been widely examined in large-scale 
assessments of this area. As a result, these find-
ings clearly reflect the effects of OMW discharge 
on the natural processes of the lagooning system, 
reducing the treatment efficiency, even though 
the plant receives diluted wastewater, i.e. parasite 
water, during the OHS (rainy season). Further-
more, it is essential to consider the lack of precise 
data on the volume of OMW discharged into the 
WWTP-NP, combined with the significant annual 
variability in olive production. It is also impor-
tant to note that the OMW properties depend on 
the olive cultivar, stage of maturity, storage con-
ditions, production systems, and use of pesticides 
and fertilizers (Khdair and Abu-Rumman, 2020; 
Souilem et al., 2017). 

Wastewater quality assessment using the 
CCME-WQI index

Following the WWQI methodology de-
scribed previously, the CCME-WQI calcula-
tions with the quality range for RI and TE during 
the study period, are presented in Tables 3 and 
4. The CCME-WQI evaluates three key factors: 
the number, frequency, and amount of variables 
whose objectives are not met based on the qual-
ity standards (Ebrahimi et al., 2017). As expected, 
the CCME-WQI during OHS is classified as poor 
quality for RI and TE with values of 30.51 and 
33.61, respectively.

This indicates that most of the physicochemi-
cal parameters were higher during OHS coincid-
ing with the peak of OMW discharge. Before 
and after OHS the CCME-WQI is classified as 
marginal quality with values of 47.49 and 46.24, 
respectively. After treatment, the CCME-WQI is 
classified also as marginal with values of 55.66 
and 55.94, before and after OHS, respectively. 
This aligns with the findings of (Pirvu et al., 
2019), who demonstrated that the WWQI from a 
wastewater treatment plant in a rural area is on 
marginal designation. Also, the RI value after the 
OHS showed a continued decline in wastewater 
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Table 4. CCME-WQI calculations for treated effluent quality before, during, and after the olive harvesting season
Parameter BOHS DOHS AOHS

Number of failed variables 4 5 4

Total number of variables 6 6 6

Total number of tests 114 150 126

Total number of failed tests 41 90 41

F1 66.67 83.33 66.67

F2 35.96 60 32.54

F3 12.64 51.77 17.85

nse 0.14 1.07 0.22

CCME -WQI 55.66 33.61 55.94

Quality range Marginal Poor Marginal

quality, indicating a significant persistence of 
residual pollutants from OMW after OHS com-
pared to the levels recorded before OHS.  In 
contrast, after OHS some parameters for the TE 
are significantly close to exceeding acceptable 
limits. These results are comparable with (Ebra-
himi et al., 2017), who reported that the higher 
WWQI values signify that the WWTP operates 
efficiently and that its effluents conform to design 
objectives. In contrast, raw influents usually have 
lower WWQI values, reflecting their nature as 
untreated wastewater. After treatment, effluents 
should achieve higher WWQI values, confirming 
their safety for discharge into the  water stream 
(Aboulfotoh and Heikal, 2022).

Wastewater quality assessment using 
weighted arithmetic water quality index

The WA-WQI of the present investigation for 
RI and TE before, during, and after OHS was cal-
culated using the standard values, quality rating 
scale, and unit weight for each wastewater quality 

parameter. These formed the basis for the final re-
sults, presented in Tables 5 and 6 for all the sea-
sons. During OHS, all the observed mean for the 
seven parameters used for WA-WQI were within 
permissible limits except the water temperature 
and the pH values which exceeded acceptable 
levels compared to before and after OHS. For the 
raw influent, the WA-WQI values ranged from 
98.13 before OHS (bad quality), to 104.60 dur-
ing OHS (very bad quality), and 98.66 after OHS 
(bad quality). On the other hand, the treated ef-
fluent WA-WQI values ranged from 91.58 before 
OHS, to during OHS 93.47, and 88.30 after OHS, 
representing bad quality across all seasons. Nev-
ertheless, a decrease in the WA-WQI values is de-
tected after treatment indicating the effectiveness 
of the process in reducing pollutants and improv-
ing water quality. 

According to the graphic representations in 
Figure 4, the CCME-WQI quality range (Tables 
3 and 4) varied from marginal to poor for the RI, 
and from fair to poor category for TE. On the other 
hand, the WA-WQI for the same dataset (Tables 

Table 3. CCME-WQI calculations for raw influent quality before, during, and after the olive harvesting season
Parameter BOHS DOHS AOHS

Number of failed variables 4 5 4

Total number of variables 6 6 6

Total number of tests 114 143 109

Total number of failed tests 41 79 41

F1 66.67 83.33 66.67

F2 35.96 55.24 37.61

F3 50.35 66.24 53.02

nse 1.01 2.03 1.13

CCME -WQI 47.49 30.51 46.24

Quality range Marginal Poor Marginal
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Table 5. WA-WQI calculation for raw influent quality before, during, and after the olive harvesting season

Parameter BOHS DOHS AOHS

Designation Sn Vn Qn Wn WnQn Vn Qn Wn WnQn Vn Qn Wn WnQn

Daily flow 1350 1306.10 108.13 0.004 0.41 1459.76 108.13 0.004 0.46 1330.35 98.54 0.004 0.42
Water 

temperature 30 24.56 45.38 0.19 15.91 13.61 45.38 0.19 8.77 16.42 54.74 0.19 10.58

pH 5.5–9.5 7.51 118.40 0.77 83.52 7.59 118.40 0.77 91.56 7.57 109.20 0.77 84.45

TSS 500 385.52 104.47 0.01 0.89 522.34 104.47 0.01 1.21 390.95 78.19 0.01 0.91

BOD5 400 498.58 174.02 0.01 1.81 696.08 174.02 0.01 2.52 475.95 118.99 0.01 1.73

COD 800 1084.13 181.19 0.01 0.98 1449.52 192.71 0.01 1.397 1099 137.38 0.01 1.00

WA-WQI 98.13 104.60 98.66

Quality range Bad Very bad Bad

Note: Sn – standards, Vn – observed mean, Qn – quality rating, Wn – unit weight.

Table 6. WA-WQI calculation for treated effluent quality before, during, and after the olive harvesting season
Parameter BOHS DOHS AOHS

Designation Sn Vn Qn Wn WnQn Vn Qn Wn WnQn Vn Qn Wn WnQn

Water 
temperature 30 29.42 98.06 0.08 7.78 14.34 47.80 0.08 3.79 17.35 57.83 0.08 4.59

pH 5.5–9.5 8.32 74 0.28 20.73 7.82 54.46 0.28 15.26 8,29 66.30 0.28 18.57

TSS 150 135.60 90.40 0.02 1.44 190.68 127.12 0.02 2.02 124.48 79.65 0.02 1.26

BOD5 120 146.10 121.75 0.02 2.42 197.81 164.84 0.02 3.27 178.90 149.08 0.02 2.96

COD 250 336.41 134.56 0.01 1.28 469.29 187.71 0.01 139.18 429.88 171.95 0.01 1.64

DO 4 4.28 97.33 0.60 57.94 2.98 113.13 0.60 67.34 4.08 99.59 0.60 59.28

WA-WQI 91.58 93.47 88.30

Quality range Bad Bad Bad

Note: Sn – standards, Vn – observed mean, Qn – quality rating, Wn – unit weight.

Figure 4. Comparative analysis of CCME-WQI and the WA-WQI according to the wastewater quality scales
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5 and 6) ranges from poor to bad quality for both 
RI and TE. This indicates that while wastewater 
quality improves after treatment, it remains in-
sufficient, showing that more improvements are 
needed to achieve better quality standards. Fur-
thermore, this also shows a strong correlation 
between the raw influent and treated effluent of 
the WWTP-NL. By comparing the WWQI ap-
proaches, it can be noticed that the CCME-WQI 
and the WA-WQI produce similar results across 
all the study seasons according to the wastewater 
quality scale and categories. However, (Besse-
dik et al., 2021) applied both indices in a WWTP  
in northern Algeria and found that the two meth-
odologies generated similar results, showing no 
significant differences between them.

CONCLUSIONS

In this paper, we presented a comprehensive 
approach by studying and analyzing the sea-
sonal variations of seven measured parameters, 
and two calculated ratios for the raw influent 
and treated effluent over an eight-year monitor-
ing period from March 2015 to June 2022. This 
study provides a better understanding of the 
long-term effects of uncontrolled OMW dispos-
al on the physicochemical properties of Zaouiat 
Cheikh WWTP-NL, a largely unexamined issue 
in this area. A statistical analysis was conducted 
to determine the average, minimum, and maxi-
mum values of the physicochemical parameters, 
biodegradability index, and production index of 
excess sludge, as the key monitoring indicators 
that characterize the overall wastewater qual-
ity. On the same dataset, two wastewater quality 
indices were applied to numerically express the 
significant effect of OMW disposal. According 
to the  WWQI scale classification, the CCME-
WQI value during OHS was classified as “poor” 
for both raw influent and treated effluent, which 
means that wastewater quality is consistently 
threatened or impaired, and conditions usually 
deviate from desirable levels, before and after 
OHS, the CCME-WQI values were classified as 
“marginal” for both raw influent and treated ef-
fluent. This indicates that the wastewater quality 
is regularly threatened or impaired, with condi-
tions often deviating from natural or desirable 
levels. Furthermore, the WA-WQI value dur-
ing OHS was categorized as very bad for RI, 
bad for TE, and bad quality for the other study 

seasons, indicating that the effluent is unsuitable 
for any purpose. As a matter of fact, the seasonal 
discharge of the OMW significantly affects the 
WWTP-NL treatment process, leading to persis-
tent effects on the physicochemical properties of 
the effluent during and after the olive production 
season, which complicates the management of re-
ceiving water bodies. These findings highlight the 
need for further research on the long-term impact 
of OMW discharge on the microbial community 
dynamics of WWTP-NL systems, focusing on the 
microbiological parameters, to improve wastewa-
ter management and promote sustainable water 
resource management.
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