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Abstract 

Based on European regulation 91/492/EC, Morocco, very early on, 

established legislation with conditions for producing and marketing live 

bivalve mollusks. In applying this legislation, the National Institute of 

Fisheries Research (INRH)1  has set up a system for sanitary monitoring of the 

marine environment, through which several harvesting areas have been 

classified while others are in progress. In January 2020, the Oualidia and Sidi 

Moussa lagoons were categorized respectively in classes B and C, with 

 
1 Institut National de Recherche Halieutique. 
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52.77% of the results falling between 230 and 4600 MPN E. coli/100 g of flesh 

and intravalvular liquid (FIL) and 11.11% of the results falling between 4600 

and 46000 MPN E. coli/100 g FIL. Sidi Moussa Lagoon has been classified as 

a category C since 2006. Consequently, oyster farming activity has been 

suspended in this area. This incident serves as a warning sign of the significant 

weakness of these ecosystems in addressing multiple social and economic 

challenges. On the other hand, INRH has sufficient data and tools to progress 

toward better optimization of the marine environment and sanitary monitoring 

program management.

 
Keywords: Shellfish, oyster farming, sanitary monitoring, Oualidia and Sidi 

Moussa lagoons, Morocco 

 

Introduction 

It is well known that shellfish contamination occurs because bivalve 

mollusks are filter-feeding animals that selectively filter and accumulate small 

particles of phytoplankton, zooplankton, viruses, bacteria, and inorganic 

matter from the environment (Carella et al., 2010; Leoni et al., 2017). This 

highlights the role of shellfish as a vehicle for several hazards that could result 

in products that are unsuitable to guarantee the safety of consumers, 

particularly if live bivalve mollusks are consumed raw or undercooked 

(Iwamoto et al., 2010; Rubini et al., 2018; Sferlazzo et al., 2018). The adoption 

of regulations that specify acceptable levels of bacterial enteric pathogens in 

shellfish-growing water (United States National Shellfish Sanitation Program) 

or shellfish tissues (European regulation 91/492/EC, Moroccan regulation) has 

significantly decreased the impact of bacteria as causes of shellfish-associated 

disease outbreaks (Butt et al., 2004). In these two later regulations, shellfish 

harvesting areas are classified based on the microbiological (Escherichia coli) 

and chemical (mercury, cadmium, and lead) levels, as categories A, B, and C. 

Bivalves in category A, which contain less than 230 MPN E. coli/100 g FIL 

for at least 80% of the samples without the level of contamination exceeding 

700 MPN E. coli/100 g FIL for the remaining 20%, can be marketed without 

any preventive treatment. Bivalves collected from category B areas (at least 

90% of samples are < 4600 MPN E. coli/100 g FIL and the remaining 10% are 

< 46000 MPN E. coli/100 g FIL) can only be destined for human consumption 

after a depuration process to meet category A requirements or cooked by an 

approved method. Bivalves found in category C areas (< 46000 MPN E. 

coli/100 g FIL) must relayed for at least 2 months in category A areas or 

cooked by an approved method (Council Directive 91/492/EEC, 1991 and 

Moroccan regulation Arrêté n° 1950-17). Chemical contamination must 
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remain at the levels required for category A. The RSSMM network22 was 

created in 1996 by the INRH to carry out sanitary monitoring of areas 

classified A, B, and C under the conditions provided for by national food 

regulations. This network is implemented by six laboratories (LSSMM) 

housed in six regional centers of the INRH, based at Dakhla, Laayoune, 

Agadir, Oualidia, Tangier, and Nador. In 2021, the RSSMM conducted 

sanitary monitoring at 68 representative sampling points in 27 harvesting 

areas.  

In 2006, a new Moroccan regulation established the concept of 

"sanitary classes A, B, C, and D" based on the level of chemical and 

microbiological contamination. Consequently, the Oualidia lagoon has been 

classified into category B, with 19% of the microbiological results superior to 

230 MPN E. coli/100g FIL without contamination exceeding 4600 MPN E. 

coli/100g FIL. At the same time, the Sidi Moussa lagoon was classified in 

category C with around 31% of the results, which ranged between 4600 and 

46000 MPN E. coli/100g FIL (Arrêté ministériel, 2006; Khbaya et al., 2011). 

As a result, oyster farming has been prohibited in this lagoon. The sanitary 

monitoring of this lagoon has since been carried out on the Ruditapes 

decussatus species, which constitutes the main part of the natural deposit of 

this lagoon. In comparison, the Oualidia lagoon has maintained its breeding of 

C. gigas species, provided that the product be purified in the purification 

facilities annexed to the harvesting area.  

In 2008, INRH conducted a comparative study of the microbiological 

contamination level in the oyster farmed (C. gigas) and in two burrowing 

species present in the natural deposit, R. decussatus and Ensis ensis. The 

results of this study show: i. the homogeneous nature of the E. coli 

contamination levels in the lagoon; and ii. the differences in the contamination 

levels between the burrowing bivalve mollusks group and species C. gigas 

(Cherkaoui et al., 2010). Failures in the lagoon ecosystem management were 

highlighted, which prompted the public authorities to set up an integrated 

development project in April 2010. The public administration has carried out 

several works in Oualidia and its lagoon to improve the quality of aquaculture 

water, such as constructing a liquid sewerage network. 

The purpose of this study is to assess the quality of the harvesting areas 

known as the Oualidia and Sidi Moussa lagoons based on microbiological and 

chemical monitoring results for the three calendar years 2017–2019. This 

assessment is based on computer processing following the regulatory food 

safety criteria. This report thus provides the necessary information to revise, 

if required, the monitoring strategy and/or classifications of harvesting areas. 

 

 
2 Réseau de Suivi de la Salubrité du Milieu Marin. 
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2.  Material and methods 

a)  Characteristics of the study area 

The Sidi Moussa-Oualidia complex lagoon is located on the Atlantic 

coast of Morocco, approximately 35 kilometers south of the city of El Jadida. 

Recognized as a Site of Biological and Ecological Interest, this complex is 

renowned as a crucial stopover site for migratory coastal birds and has been 

designated as a wetland of international importance under the RAMSAR 

classification since 2005. The complex encompasses two lagoons (Oualidia 

and Sidi Moussa) separated by an area of 40 km, interspersed with four 

marshes, and salt marshes separated from the sea by a dune ridge. At the same 

time, the two lagoons are the subject of potent activity in collecting shells such 

as R. decussatus, Cerastoderma edule, and E. ensis. Human activities in and 

around the lagoons, such as agriculture and tourism, exert multiple pressures 

on these ecosystems, leading to changes in the environment and the quality of 

aquaculture water. 

 

b) Sampling and Analysis 

Enumeration of β-glucuronidase-positive E. coli in shellfish. 
Table 1: Characteristics of sampling points 

 

Area names 

and code 
Areas limits 

Sampling 

point 

codes 

Geographical 

coordinates 

of sampling points 

Class 
Exploited 

seashell 

Oualidia lagoon 

(10-03) 

32°45’26 N/09°00’52 

W 

32°44’57 N/09°01’31 

W 

100302 

100303 

32°44'47.1"N 

9°01'25.0"W 

32°45'13.9"N 

9°00'44.3"W 

B C. gigas 

Sidi Moussa 

lagoon (10-01) 

32°59’86 N-08°43’72 

W 

32°58’53 N-08°45’54 

W 

100102 

100103 

32°58'48.6"N 

8°44'38.6"W 

32°58'59.2"N 

8°44'33.1"W 

C 
V. 

decussatus 

 

INRH officers conducted sampling according to the collecting points 

listed in Table n°1. The samples were shipped refrigerated to the laboratory 

and were analyzed within 24 hours of harvesting. Depending on the size of the 

C. gigas or R. decussatus, 15 to 30 bivalves of each sample were randomly 

selected for microbiological analysis. Samples were processed for 

microbiological detection, enumeration, and graduated dilutions according to 

the ISO 6887-3 method (NM ISO 6887-3, 2017).  

All the bivalve samples were examined using the five-tube Most 

Probable Number (MPN) method in accordance with the EU reference method 

ISO 16649-3 (NM ISO 16649-3, 2015). In brief, 75-100 g of flesh and 

intervalvular liquid were added to 2 parts of tryptone-sel (Biokar Diagnostics, 

France) and homogenized using a blender for 2 min. Ten ml of the liquid part 
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of the 1+2 suspension was added to a flask containing 90 ml of tryptone-sel 

(Biokar Diagnostics, France), resulting in a final 1+9 dilution. An aliquot of 

10 ml of the initial suspension (1+2) was transferred to each of the five tubes 

of double-strength Mineral Modified Glutamate Medium (MMGB) (Biokar 

Diagnostics, France). An aliquot of 1.0 ml of the 1+9 dilution was transferred 

to each of the five tubes of single-strength MMGB. Further dilutions were 

prepared in the same way. All the double- and single-strength MMGB were 

incubated aerobically at 37±1°C for 24±2h. Subcultures from positive MMGB 

tubes that changed color from purple to yellow were plated on chromogenic 

Tryptone Bile Glucuronide Agar (TBX) plates (Biokar Diagnostics, France) 

and incubated aerobically at 44±1°C for 21±3h. At the end of incubation, the 

number of positive double- or single-strength MMGB tubes was counted in 

order to estimate the level of E. coli/100g using the MPN table generated with 

the MPN calculator referenced in NM ISO 7218 (NM ISO 7218, 2014). 

Counting E. coli in bivalve mollusks using the MPN technique is limited to 

the detection of less than 18 E. coli/100g FIL.  

 

Heavy metal analysis 

After sampling, the shellfish C. gigas and R. decussatus were kept in 

seawater collected at the sampling location for about 24 hours to remove the 

digestive contents so as not to interfere with the content of trace metals in the 

shellfish tissue. Soft tissue was removed and mixed for good homogeneity.  

All precautions are taken to avoid contamination during the steps of 

preparation and measurement. Ultrapure water and acid of high purity, cleaned 

by sub-boiling distillation, are used. The digestion procedure is carried out 

according to a method for the pressure digestion of foodstuffs, NM EN 13805 

(2015). Determinations of Cd and Pb are performed by inductively coupled 

plasma mass spectrometry (ICP-MS) for direct analysis of liquid samples 

(iCAP-Q series mass spectrometry, Thermo Fisher Scientific), according to 

NM EN 15763 (2012).  

The total mercury content is determined directly on fresh sample 

aliquots by DMA according to the methods of the U.S. Environmental 

Protection Agency (2007), EPA 7473, and the user manual (MILESTONE 

DMA 80). The samples' expected values of trace metals are expressed in 

mg/kg of fresh weight (F.W.). 

Precision was estimated through replicated samples (every 10th 

sample was a replica) and was better than 10% in all cases. In addition, a 

quality control program was performed to ensure both the precision and 

accuracy of the sample results. It includes treatment and analysis of standard 

reference material (the SRM was Nist 2976) and blanks with the samples. 

 

 

http://www.eujournal.org/


European Scientific Journal, ESJ                                ISSN: 1857-7881 (Print) e - ISSN 1857-7431 

May 2024 edition Vol.20, No.15 

www.eujournal.org    228 

c)  Assessment of the quality of an area 

The estimation of the sanitary class was determined for each harvest 

area based on microbiological and chemical monitoring results. Harvest areas 

that have exceeded the maximum content of at least one of the chemical 

contaminants or that have a microbiological quality less than the regulatory 

criteria of class C are considered "of very poor quality”. Nevertheless, the class 

A, B, or C estimation is determined according to the distribution of the 

frequencies of the microbiological monitoring results under the legislative 

limits. 

 

d)  Annual update of sampling frequencies for microbiological  

monitoring 

A statistical procedure determined the stability of microbiological 

contamination levels. This procedure calculates the geometric mean of the E. 

coli concentrations obtained over the last three calendar years. For the 

geometric mean calculation, the value of results below the detection limit is 

set at 10 (Meteigner, 2017; Piquet, 2018). 

This geometric mean is compared to predefined limits (Table 2). The 

sampling frequency that can be applied (bimonthly or monthly) is thus 

determined as a function of the geometric mean (XG). 

 
 

e)  Trend in the microbiological quality of an area 

Trend analysis of microbiological parameters considers ten years of 

acquired data and is based on the nonparametric Mann-Kendall (MK) test 

(Mann 1945, Kendall 1975, Gilbert 1987). The purpose of the MK test 

(Gilbert, 1987) is to statistically assess if there is a monotonic upward or 

downward trend of the variable of interest over time. A monotonic upward 

(downward) trend means that the variable consistently increases or decreases 

through time, but the trend may or may not be linear.  

 

3.  Results and discussion 

A total of 72 microbiological and 18 chemical element analysis results 

were obtained during the period 2017–2019 for both Oualidia and Sidi Moussa 

lagoons, and no alerts were reported concerning these two criteria. Table 3 

shows the chemical contamination levels obtained for the two lagoons during 
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2017–2019. The maximum levels reached for mercury and lead during this 

period remained below the food regulatory limits. Indeed, these contents 

remained at least 13 and 7 times lower than the limit set for mercury, 

respectively, for Oualidia and Sidi Moussa lagoons. The lead’s maximum 

content was at least 9 and 3 times inferior to the limit set of 1.5 mg/kg F.W. 

for Oualidia and Sidi Moussa lagoons, respectively. As a result, the maximum 

cadmium levels obtained during the chemical monitoring were 1.4 mg/kg 

F.W. and 0.85 mg/kg F.W. for Oualidia and Sidi Moussa lagoons, 

respectively. 

These results show a precise increase in levels of cadmium compared 

to lead and mercury but lower than legislative limits for class A harvesting 

areas. However, we observed that these levels showed the same order of 

magnitude as those of previous years, indicating a possible classification of 

the two lagoons in categories A, B, or C according to the microbiological 

contamination levels. Indeed, due to significant physiological differences 

between the monitored species C. gigas (filtering species) and R. decussatus 

(burrowing species), the Oualidia lagoon shows higher levels of Cd 

contamination than the Sidi Moussa lagoon. The reason for these high 

concentrations could also be due to anthropogenic sources (phosphate 

industry) and natural sources (upwelling activities) (Chafik et al., 2001; 

Gaudry et al., 2007). It is well known that the metal bioaccumulation process 

in bivalves can be influenced by biotic and abiotic factors and the structural 

and functional properties of the biological barriers that separate living 

organisms from their environment (Bouthir et al., 2004; Maanan, 2008; 

Mejdoub et al., 2018). 

During the 2017–2019 period, microbiological monitoring results 

obtained in two lagoons are shown in Figure 1, while the frequency 

distribution of results according to different legislation limits is summarized 

in Table 4. For the Oualidia lagoon, 52.77% of the microbiological monitoring 

results were above the legislation limit for class A harvesting areas (230 MPN 

E. coli/100 g FIL). 19.44% of these results were above the limit of 700 MPN 

E. coli/100 g FIL but without exceeding the legislation limit for category B, 

which is 4600 MPN E. coli/100 g FIL. These results are compatible with the 

sanitary classification of Oualidia lagoon in class B. For the Sidi Moussa 

lagoon, 83.33% of results are above the legislation limit of 230 MPN E. 

coli/100 g FIL.   
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Table 3: Heavy metals data from Oualidia and Sidi Moussa lagoons during the surveyed 

periods 2017–2019. 

 

Number of data Metal heavy content* 

Legislation limits Units Oualidia 

lagoon 

Sidi 

moussa 

lagoon 

Oualidia 

lagoon 

Sidi moussa 

lagoon 

Mercury (Hg) 
6 

(100%) 

6 

(100%) 

0.027 ± 

0.0078 

(0.014-0,038) 

0.063  ± 

0.0077 

(0.052-0.070) 

≤ 0.5 
mg/kg 

of 

Fresh 

Weight 

(FW) 

Lead (Pb) 
6 

(100%) 

6 

(100%) 

0.139 ± 0.051 

(0.10-0,16) 

0.176 ± 0.136 

(0.088-0.45) 
≤ 1.5 

Cadmium 

(Cd) 

6 

(100%) 

6 

(100%) 

0.803 ± 0.368 

(0.402-1.44) 

0.707 ± 0.098 

(0.61-0.85) 

≤ 2 for mussels & 

oyster 

≤ 1 Other shellfish 

**Values are in "mean ± standard deviation". (Min – Max) of the results obtained during the 

monitoring period. 

 

Among these results, 11.11% are between the regulatory thresholds of 

4600 E. coli/100 g FIL and 46000 MPN E. coli/100 g FIL. These results are 

compatible with a sanitary classification in category C. Therefore, this 

assessment of the sanitary quality of two lagoons, Oualidia and Sidi Moussa, 

is consistent with the administrative categories (arrêté, 2020). However, taken 

separately, the results of the microbiological monitoring of the Sidi Moussa 

lagoon show that the frequency of values above the legislation limit for class 

B (4600 MPN E. coli/100 g FIL) is only 8.33% for the years 2018 and 2019 

(Fig. 1). These results suggest that the lagoon of Sidi Moussa may be 

categorized in class B, which is not in accordance with the administrative 

classification. Therefore, the preventive measure taken can be explained by: 

• the fact that one of the three sampling points of this lagoon, which is 

also the most susceptible to contamination, is no longer used due to 

depletion of the shellfish stock; and 

• the lack of effective management of domestic waste. The levels of 

chemical contamination in the marine environment are known to 

change slowly and evenly.  

Consequently, a single sampling point per harvesting area with a six-

monthly monitoring frequency is generally sufficient for monitoring this 

parameter. National legislation always assumes a monthly frequency for 

microbiological sampling. However, the determination of the sampling 

frequency is generally based on a statistical approach to the distribution of 

results acquired during the last three years. The statistical method provides a 

reading grid that can be used to determine the frequency of microbiological 

monitoring in a given area based on the geometric mean (XG) of results 

obtained for each sample site over the course of a year. (Meteigner, 2017; 

Piquet, 2018). The frequency is therefore adapted to the classification and the 

http://www.eujournal.org/
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risk of episodic deterioration (alert) of the sanitary quality of the classified 

area.   

 
 

Table 4: Frequencies distribution of the microbiological contamination results according to 

the different legislation limits 
Name of 

area  

Number 

of data 
< 230 

[ 230-

700] 

] 700-

4600] 

] 4600-

46000] 

> 

46000 

Number 

of alerts 

Maximum 

value 

Estimated 

quality 

Geometric 

mean XG* 
Frequency 

Oualidia 

lagoon 

72 

(100%) 

34 

(47,22%) 

24 

(33,33%) 

14 

(19,44%) 
0 0 0 2400 B 

67,3 

95,1 
Bimonthly 

Sidi 

Moussa 

lagoon  

72 

(100%) 

12 

(16,66%) 

12 

(16,66%) 

40 

(55,55%) 

8 

(11,11%) 
0 0 9200 C 

800,4 

936,1 
Bimonthly 

*Geometric mean of the two sampling points of the area based on microbiological monitoring results obtained during the year 2019. 

 

Environmental and socio-economic importance make both lagoons 

considered sensitive harvesting areas by public authorities. Consequently, a 

fortnightly frequency (every 15 days) was applied by the INRH to 

microbiological monitoring until December 2011, even though national food 

regulations set a monthly frequency (Cherkaoui et al., 2010). As part of the 

monitoring strategy revision, we updated frequencies based on geometric 

mean results obtained from 2009 to 2011, assigning a monthly frequency to 

microbiological monitoring of these lagoons (Khbaya, 2011). Categorized B, 

Oualidia lagoon has geometric means results obtained in 2019 for two 

sampling points of 67.3 and 95.1 with no exceeding the legislation limit of 

4600 MPN E. coli/100 g FIL during the last three years. Therefore, a 

bimonthly frequency could be applied during 2020 to monitor this harvesting 

area. This is also the case of the Sidi Moussa lagoon, which is classified as C 

http://www.eujournal.org/
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and has a geometric mean of 800.3 and 936.1 for two sampling points. So, the 

frequency that has been applied during 2020 to this area is bimonthly. Using 

this statistical approach to microbiological monitoring in other areas will lead 

to applying a bimonthly frequency to at least 2 by 4 other shellfish harvesting 

areas monitored in the LSSMM-Oualidia (results not shown). Indeed, areas 

called Cap Beddouza and Oum Tyour-Chouika, classified A, show a 

geometric mean of 12.0 and 12.6, respectively, with no alert recorded during 

the last three years. Applying this statistical approach could contribute to good 

optimization of monitoring program management by the INRH.  

The evolution of the microbiological quality of a classified area for a 

given shellfish group is based on trend analysis. This analysis takes into 

account the data acquired over ten years and is based on the non-parametric 

MK test. Monitoring data obtained from the various sampling points in the 

area over the last ten years is aggregated before treatment. This choice makes 

it possible to avoid the influence of a brief modification due, for example, to 

particular climatic circumstances. Trend analysis of sanitary monitoring 

results for the two lagoons by the MK test does not make it possible to detect 

a significant trend for the two harvesting areas (results not shown). This can 

signify the development in each of these two areas of comparable levels of 

microbiological contamination from year to year. 

Since 2006, sanitary monitoring has always been halted for the Sidi 

Moussa lagoon. However, over the last three years, the Oualidia lagoon has 

continued to benefit from sanitary state B, which allows it to preserve oyster 

farming activity. This is evidenced by the fact that less than 20% of the results 

are between 700 and 4600 MPN E. coli/100 g FIL, and the maximum values 

hardly exceed 2400 MPN E. coli/100 g FIL. In addition to its historical 

significance, the site's continuing operation is crucial since it is the only 

operational oyster-growing location in the region and because, as of the most 

recent census, it produced nearly one-fifth (18%) of all oysters produced in 

the country. Therefore, maintaining and enhancing the Oualidia lagoon's water 

quality is a major challenge that many local stakeholders share, especially in 

light of the potential financial and health consequences associated with 

degradation. As an imperative action, the city of Oualidia has had, since 2012, 

a municipal wastewater collection network with domestic connections as well 

as an out-of-city WWTP. 

 

Conclusion 

Based on national legislation, the main objective of regular sanitary 

monitoring of the marine environment is to ensure the safety of shellfish 

consumers. Chemical and microbiological monitoring confirms the sanitary 

class B for the Oualidia lagoon, which therefore remains suitable for oyster 

farming. On the contrary, this activity continues to be prohibited in the Sidi 
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Moussa lagoon without water quality improvement. This highlights the 

considerable vulnerability of these ecosystems, notwithstanding their 

environmental, social, and economic significance. 
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