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Abstract.  In Morocco, periods of drought and the combined impact of climate change and 
human activities have had varying degrees of impact on the habitats of freshwater species. 
The study compares the physico-chemical parameters of water in two artificial sites, Sidi 
Mimoune Lake and Ras Elma crayfish farm station (Astaculture station) to determine the 
most favorable environment for raising crayfish (Astacus astacus). The study determined 
key physico-chemical parameters including temperature, T; potential Hydrogen, pH; 
dissolved oxygen, DO and Electrical conductivity, EC which were (T°: 13.2°C and 13.22°C; 
pH: 8.1 and 7.99; DO: 9.13 mg/l and 9.18 mg/l and EC: 675.47µs and 671.9µs) at Sidi 
Mimoune lake and Ras Elma Astaculture Station, respectively. Regarding organic nutrients 
(ammonium, NH+4; nitrites, NO2-; nitrates, NO3- and orthophosphates, H3PO42

-), the 
average concentrations were (NH+4: 0.14 mg/l and 0.15; mg/l; NO2-: 0.1 mg/l and 0.24 mg/l; 
NO3-: 1.87 mg/l and 1.2 mg/l; H3PO42

-: 0.62 mg/l and 0.65 mg/l). Concerning water 
hardness, the average values were (total hardness: 39.29 °F and 39.98°F; calcium 
hardness: 9.49°F and 8.46°F; magnesium hardness: 4.15°F and 4.39°F). The determination 
of the physico-chemical parameters in the two sites and the assessment of the 
environmental conditions favorable to crayfish farming are vital for the conservation of 
Astacus. astacus and also for maintaining biodiversity and the ecological balance of freshwater ecosystems in Morocco. 
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Introduction 

The freshwater crayfish Astacus astacus, also known as the 

red-clawed crayfish.is a native European freshwater species (1, 

2). This species has been introduced outside of Europe, as is the 

case in Morocco on several occasions during the years 1931, 

1932, and 1940 (3) for acclimatization purposes. 

Crayfish habitats varies depending on the species and 

geographical region. They can be found in a variety of aquatic 

environments (rivers, streams, lakes, etc…). Freshwater crayfish 

species prefer clear and well-oxygenated waters with rocky 

bottoms or aquatic vegetation. These habitats provide shelter, 

hiding places as well as sources of food such as algae, plants, 

and aquatic invertebrates. According to (4, 5, 6 ), A. astacus 

prefers depths ranging from 1.5m to 2m and nearly stagnant or 

low-flow waters, not too cold, with temperatures that can rise in 

summer to 22°C (7). The combined effect of human activities and 

climate change leads to habitat degradation and, consequently 
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the decline of populations of this noble species within its original 

distribution range (2, 8) as well as in Morocco (3). In order to 

preserve this species and promote its survival, captive breeding 

can play an important role by providing a controlled environment 

and conditions suitable for the reproduction and growth of 

crayfish. 

To support indigenous populations of A. Astacus, reintroductions 

and breeding programs have been carried out in some European 

countries such as Austria, Italy, England, Estonia, Ireland, Czech 

Rep., Croatia, France, and Portugal (9). In order to rehabilitate 

this species in the Middle Atlas waters of Morocco, a study 

characterizing the water quality of an artificial lake (Sidi 

Mimoune) and at the crayfish farming station (Ras Elma 

Astaculture Station) was carried out for 12 months (November 

2021 - November 2022). The results of this study will enable 

managers to make decisions regarding the quality of the habitat 
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and, consequently, the restocking of Lake Sidi Mimoune with A. 

astacus juveniles produced at the crayfish farming station. 

This research is not only vital for the conservation of Astacus. 

astacus but also for maintaining biodiversity and the ecological 

balance of freshwater ecosystems in Morocco. Understanding 

the specific habitat requirements and the effects of 

environmental changes will guide effective management 

strategies. Additionally, this study aims to foster community 

engagement and awareness about the importance of preserving 

local aquatic species, ultimately contributing to the sustainable 

use of natural resources in the region. 

Materials and Methods 

Study area 

The Sidi Mimoune Lake is located (coordinates: 

32°39.6500’N, 5°31.5240’W) in the heart of the village of Sidi 

Mimoune in the National Park of Ifrane at an altitude of 1460 m 

and 30 km from Ifrane city and (Figure 1). The site under study 

is a fenced artificial lake used for sport fishing for rainbow trout. 

Excess water from the artificial lake flows directly into a 

watercourse called Oued Sidi Mimoune, characterized by low 

banks of no more than 0.5 m and a substrate with clay-limestone 

substrate. On a 200 m stretch of this watercourse, just 

downstream of the lake, the banks of the watercourse have been 

landscaped by piling up dry stones. The purpose of these 

installations and landscaping is to provide shelter for crayfish 

spat discharged into the lake and the watercourse for monitoring 

the dynamics of this species.  Ras Elma station is located in the 

Middle Atlas geographical zone, between latitudes north 32°55' 

and 34°, and longitude 5°05'05"E, at an altitude of 1650 m from 

Azrou city (9 km) on the road (NR8) connecting Azrou to Ifrane 

(Figure 2). 

 

Figure 1: Geographical location of Sidi Mimoune and Ras Elma 

Astaculture Station. 

 

Figure 2: Geographical location of Sidi Mimoune. 

Sampling and Collection Conditions 

This study was conducted for 12 months, to examine the 

nocturnal activity of crayfish. Water samples were collected at 

two distinct sites. First, we collected water at multiple points in 

the small Sidi Mimoune Lake. However, the results obtained 

were very similar from one point to another. To simplify the 

analysis, we decided to focus on a single sampling point located 

downstream of Sidi Mimoune Lake. This choice also allowed us 

to use data regarding water quality in the section of the river that 

serves as a refuge for young crayfish, located 200 meters 

downstream of the lake. The second sampling site was the Ras 

Elma Astaculture station. At each of these stations, a one-liter 

water sample was collected from approximately 50 centimeters 

below the surface using a polyethylene bottle. 

Immediately after conducting in-situ analyses (potential 

hydrogen, temperature, electrical conductivity, and dissolved 

oxygen) using a multiparameter instrument (HI 9829 HANNA), 

the bottles were stored in a cooler at 4°C and transported to the 

laboratory of the National Center for Hydrobiology and 

pisciculture in Azrou,where additional analyses (Total hardness, 

TH, calcium hardness, magnesium hardness, ammonium, 

nitrites, nitrates, and orthophosphates) were performed within 24 

hours after sampling. This methodology, inspired by the work of 

(10), ensures the quality and reliability of the collected samples. 

Nitrate Measurement 

For nitrate measurement, 10 ml of the sample to be analyzed 

is placed in a 60 ml capsule, followed by 1 ml of sodium salicylate 

solution. The mixture is then evaporated in an oven set between 

75 °C and 80 °C and allowed to cool. The residue is dissolved in 

2 ml of concentrated sulfuric acid and allowed to rest for 10 

minutes. Then, 15 ml of distilled water and 15 ml of sodium 

hydroxide and sodium potassium tartrate solution are added, 

developing a yellow color in the presence of nitrates. A control is 

prepared with 10 ml of distilled water. Measurements are then 

taken using a spectrometer at a wavelength of 415 nm, with the 

yellow color being proportional to the nitrate concentration. 
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Nitrite Measurement 

For nitrite measurement, 50 ml of the sample is placed in a 

volumetric flask. 1 ml of diazotation reagent is added, and the 

mixture is homogenized. After a waiting time of 10 minutes to 

stabilize the reaction, readings are taken using a 

spectrophotometer set to 537 nm. 

Ammonium Measurement 

For ammonium measurement, 20 ml of the sample is placed 

in a 100 ml conical flask. 1 ml of sodium nitroprusside and phenol 

solution is added, followed by 1 ml of chlorinated solution. After 

mixing, the mixture is kept in the dark for at least 6 hours. A 

control is prepared with 20 ml of distilled water. Readings are 

taken using a spectrometer at a wavelength of 630 nm. 

Orthophosphate Measurement 

For orthophosphate, 20 ml of the sample is placed in a 25 ml 

volumetric flask. 1 ml of ascorbic acid is added, and the mixture 

is stirred and allowed to rest for 30 minutes to develop a blue 

color. A control is prepared in the same way with 20 ml of distilled 

water. Readings are taken using a spectrophotometer at a 

wavelength of 700 or 880 nm. 

Hardness Measurement 

The measurement of calcium and magnesium 

concentrations is performed by titration with an EDTA solution. 

The titration is carried out until an equivalence point is reached, 

where all calcium and magnesium ions are complexed by the 

EDTA. The use of an indicator, such as Eriochrome T black or 

Calcon indicator, allows for the visualization of this point through 

a color change. 

The concentration of calcium and magnesium ions is calculated 

based on the volume of EDTA used: 

For a 100 ml sample: 

[Ca2+]=V×2in °F 

 [Ca2+]=V×8in mg/L 

 [Ca2+]=V×0.4meq/L 

Where V represents the volume of EDTA added. 

The total concentration of calcium and magnesium is expressed 

in milliequivalents per liter: 

TH=1000V2×(C×V1) in meq/L 

TH=1000V2×(C×V1) ×5in °F 

Where V1 is the volume in ml of the EDTA solution with 

concentration C in meq/L and V2 is the volume of the water 

sample to be analyzed. 

We selected these parameters because they are crucial for 

ensuring the well-being of crayfish and other species (11, 12, 13) 

in their aquatic environment. Each parameter plays a specific 

role in their health and development (3, 14).  

Descriptive statistics (means, standard deviations) were 

obtained and plotted using Excel.   

Results and Discussion 

The data presented in this study are from two areas (Sidi 

Mimoune and the Ras Elma Astaculture Station). To study the 

changes of physicochemical parameters, these samples were 

collected monthly over the course of a year. Table 1 shows the 

values of different physicochemical parameters (Min, Max and 

Average) obtained over 12 months at different stations.  

 

Temperature     

   Water temperature is an ecological factor that has 

significant ecological repercussions (13, 15). It can influence 

viscosity, density, gas solubility in water, dissociation of 

dissolved salts, as well as chemical and biochemical reactions, 

and the development and growth of organisms living in water, 

particularly microorganisms (16). Understanding water 

temperature is crucial because it is an important ecological factor 

(17). 

 

Figure 3: Spatiotemporal variation in temperature Values at 

Sidi Mimoune Lake and Ras Elma Astaculture Station 

The results obtained during this experiment in the studied 

areas (Sidi Mimoune and the Ras Elma Astaculture Station) 

(Figure 3) show that the water temperature falls within the 

standards for astaculture waters (18). The maximum 

temperature measured at Sidi Mimoune is 21.3 °C, which was 

also observed at the Ras Elma Astaculture Station in August. In 

contrast, the minimum temperature is 4 °C at Sidi Mimoune and 

5.4 °C at the Ras Elma Astaculture Station. Consequently, these 

temperatures pose no risk to astaculture. 

Potential Hydrogen  

The water pH measures the concentration of H+ protons in 

the water. It reflects the stability of the equilibrium established 

between different forms of carbonic acid and is linked to the 

buffer system developed by carbonates and bicarbonates (19). 

The average pH recorded during this study is 8.03 at Sidi 

Mimoune and 7.98 at the Ras Elma Astaculture Station (Figure 
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4). These values indicate that the water in the studied stations is 

slightly alkaline, falling within the standards for cold waters. 

According to (20), pH stability is crucial in astaculture; the ideal 

pH range for optimal functioning of aquatic organisms is 6, 5 to 

9. Indeed, water pH can play a significant role in the well-being 

and health of crayfish. However, it is worth noting that different 

crayfish species can tolerate and prefer different pH values. In 

general, most freshwater crayfish prefer a pH range between 6.2 

and 8.5 (21, 22, 23). 

 

 

 

Figure 4: Spatiotemporal variation of pH Values at Sidi 

Mimoune Lake and Ras Elma Astaculture Station 

Dissolved Oxygen 

 The concentration of dissolved oxygen in water is a crucial 

factor for living organisms as it contributes to the majority of 

chemical and biological processes. The recorded minimum is 8.8 

mg/l, and the maximum is 10.68 mg/l at Sidi Mimoune, ranging 

from 8.6 mg/l to 10.65 mg/l at the Ras Elma Astaculture Station 

(Figure 5). These values fall within the standards for astaculture 

water. Astacus astacus has a relatively high oxygen demand, 

requiring levels between 5.2 mg/l and 12 mg/l for proper 

development (3). An optimal dissolved oxygen content of 7 mg/L 

is reported (16). According to (24), stress can be induced with 

exposures of several days to levels below 5 mg/L. 

 

Figure 5: Spatiotemporal variation of Dissolved Oxygen Values 

at Sidi Mimoune Lake and Ras Elma Astaculture Station 

Electrical Conductivity (µs/cm) 

Electrical conductivity serves as one of the means to validate 

the physicochemical analysis of water. Indeed, contrasting 

environmental measurements can reveal the existence of 

polluted areas, mixing zones, or infiltration areas (25).The 

conductivity measured in both zones (Sidi Mimoune and Ras 

Elma Astaculture Station) for Sidi Mimoune ranged from 512 to 

783µs/cm, and for the Ras Elma Astaculture Station, it ranged 

from 600 to 783 µs/cm (Figure 6). It is observed that electrical 

conductivity is higher during the dry season compared to the 

rainy season. This could be attributed to a dilution phenomenon 

due to the increase in water volume (26). These values are 

characterized by low natural mineralization, falling within the 

standards and posing no risk to crayfish life as they do not 

exceed the Moroccan standard for surface water (2700 μS/cm). 

 

Figure 6: Spatiotemporal variation of Conductivity Values at 

Sidi Mimoune Lake and and Ras Elma Astaculture Station 

Nitrates 

 Nitrates represent the final stage of nitrogen oxidation and 

constitute the highest oxidation state of nitrogen present in 

water. Their concentrations in natural waters typically range from 

1 to 10 mg/l (27). Nitrates, which provide nitrogen to plants, can 

pose significant problems when present in excess. Indeed, 

excessive nitrate levels can have various negative impacts on 

aquatic species, including delayed maturation and deterioration 

of water quality. In natural environments, nitrates are major 

contributors to the eutrophication of aquatic ecosystems. For Sidi 

Mimoune the maximum nitrate levels were recorded in February 

and April (3.9 mg/l and 7.8 mg/l, respectively). For the Ras Elma 

Astaculture Station, the maximum nitrate content was recorded 

in April at 3.9 mg/l (Figure 7). 

This may be attributed, in part, to the leaching of fertilizers 

used in agriculture, and on the other hand, it may result from the 

decomposition of organic matter through bacterial oxidation of 

nitrites (28). Throughout the experiment, all these values remain 

below 13 mg/l for astaculture water   (29). This indicates that the 

water under study is not subject to a risk of nitrate pollution. 
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Figure 7: Spatiotemporal Variation of Nitrate Values at Sidi 

Mimoune Lake and Ras Elma Astaculture Station 

Nitrites 

Nitrite levels (Figure. 8) are relatively stable at both sites. 

The lowest value was recorded at Sidi Mimoune, at 0.001 mg/l, 

and the highest value was recorded at the Ras Elma Astaculture 

Station, at 1.6 mg/l. The increase in nitrite content in January at 

the Ras Elma Astaculture Station may be linked to the bacterial 

oxidation of ammonia (30), or the decomposition of organic 

matter from crayfish in the breeding basins at the Ras Elma 

Astaculture Station. However, the nitrite values obtained during 

the experiment remain below the standard of 0.5 mg/l according 

to the Moroccan standard (Surface water quality standards 

Decree nº 2-97-787 r.No. 2028-03 dated November 5, 2003.). 

This indicates that the water under study is not subject to a risk 

of nitrite pollution. 

 

Figure 8: Spatiotemporal Variation of Nitrite Values at Sidi 

Mimoune Lake and Ras Elma Astaculture Station 

Ammoniacal nitrogen 

Ammoniacal nitrogen is one of the components of the 

complex nitrogen cycle in its primitive state. It is a gas soluble in 

water and exists in small proportions, less than 0.1 mg/l of 

ammoniacal nitrogen in natural waters (27). It serves as a good 

indicator of river pollution from urban effluents. In surface waters, 

it originates from nitrogenous organic matter and gas exchange 

between water and the atmosphere (31). Ammonium is the 

product of the final reduction of nitrogenous organic substances 

and inorganic matter in waters and soils. It also comes from the 

excretion of living organisms and the reduction and 

biodegradation of waste, not to mention contributions from 

domestic, industrial, and agricultural sources. Ammonium ions 

result from the degradation of animal proteins (nitrogen cycle), 

domestic effluents (urea), and urban runoff( 32, 33). Figure 9 

shows  various results obtained in different stations. 

 

Figure 9: Spatiotemporal variation of Ammonium Values at Sidi 

Mimoune Lake and Ras Elma Astaculture Station 

The ammonium levels recorded during this study for the Sidi 

Mimoune station vary between 0.1 mg/l and 0.166 mg/l, and for 

the Ras Elma Astaculture Station, the concentration ranged from 

0.1 mg/l to 0.27 mg/l. This increase can be explained by the 

contact between waste or urine with these water points or may 

be due to leaching. The concentrations obtained do not present 

any risk for the biology of the crayfish since the concentration of 

dissolved oxygen is high, which allows the water to pass into the 

nitrate form. 

Orthophosphates 

 (Figure 10) represents the variation in orthophosphates in 

the water bodies of the two study areas over the course of a year 

(Sidi Mimoun, Ras Elma Astaculture Station). According to the 

results obtained, orthophosphate levels vary almost identically in 

both stations, with concentrations ranging between 0.31 mg/l 

and 0.817 mg/l in Sidi Mimoun and between 0.43 mg/l and 0.9 

mg/l in the Ras Elma Astaculture Station. An increase is 

observed during the dry season. This availability of 

orthophosphates may be related to detergent discharges into 

these waters. 

The concentrations generally recorded remain below the 

Moroccan standard set at 1 mg/L. These values classify these 

waters in the middle-quality class (27). 

 

Figure 10: Spatiotemporal variation of Orthophosphate Values 

at Sidi Mimoune Lake and Ras Elma Astaculture Station 
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Hardness 

Figures 11 and 12 represent the various concentrations 

obtained for calcium and magnesium in all the stations studied. 

These concentrations vary between 15.6 °F recorded in Sidi 

Mimoune in February and 4.5 °F recorded in Ras Elma in 

September for calcium. As for magnesium, the highest 

concentration was recorded at the same station, Ras Elma, at 

8.02 °F, and the lowest value was also recorded in Sidi Mimoune, 

at 1.313 °F in February. These high concentrations indicate the 

intervention of gypsum in enriching the water with calcium and 

magnesium according to the study (34). 

The water bodies of the Ras Elma Astaculture Station are 

characterized by high total hardness (Figure 13), with a value of 

48°F. These high values could be explained by the nature of the 

sedimentary rocks crossed by the water, rich in limestone and 

runoff. The lowest values are recorded in Sidi Mimoune, at 

29.18°F, which could be explained by the consumption of 

calcium and magnesium by living organisms in the water. These 

findings indicate that water bodies are generally hard water. 

These elements are essential for the development of crayfish, 

especially for the construction of their shells (35). 

 

 

 

 

 

Figure 12: Variation of Magnesium Hardness Values at Sidi 

Mimoune Lake and Ras Elma Astaculture Station 

 

 

Figure 13: Variation of Total Hardness Values at Sidi Mimoune 

Lake and Ras Elma Astaculture Stati 

 

Figure 11: Variation of Calcium Hardness Values at Sidi 

Mimoune Lake and Ras Elma Astaculture Station 

Water quality 

Table (1) presents the average results of the physico-chemical 

parameters measured in Lake Sidi Mimoune and Ras Elma 

Astaculture Station, along with the corresponding Moroccan 

Water Quality Standards to assess the quality of these waters. 

By comparing the results with the Moroccan Standards Decree 

nº 2-97-787 r, we notice that the parameter values in both sites 

are well within the acceptable limits. The water of Lake Sidi 

Mimoune and Ras Elma Astaculture Station is therefore of 

excellent quality. Corresponding to Class 1 according to 

Moroccan Standards Decree nº 2-97-787 r. This reflects a 

healthy aquatic environment that is conducive to the life of 

aquatic organisms in these two sites. 

Throughout the year, water quality can vary considerably due to 

factors such as runoff, erosion, precipitation, and changes in 

stream flow, which have a significant impact. During low-flow 

periods, concentrations of certain substances in water may be 

much higher than during the rest of the year. Conversely, during 

floods, some substances are diluted in a larger volume of water, 

while others, reaching the water source through runoff, are found 

in higher concentrations. Therefore, the concentration of 

naturally occurring insoluble substances due to erosion 

increases with flow, including elements of geological origin (iron, 

aluminum, etc.) and associated substances (such as 

phosphates). Furthermore, concentrations of various pollutants 

regularly discharged into water bodies decrease as runoff 

increases. Hence, a thorough understanding of the hydrological 

regime of the water source is crucial for the accurate 

interpretation of water quality data. 

Discussion 

Water quality is characterized by the various substances it 

contains, their quantities, and their effects on the ecosystem. 

The concentration of these different elements determines water 

quality and indicates its suitability for specific uses (36). 
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Indeed, water quality is a determining factor for the survival of 

crayfish. In our study, the temperatures measured at the two 

sites ranged from a maximum of 21.3 °C to a minimum of 4 °C 

at Sidi Mimoune, and from a maximum of 21.3 °C to a minimum 

of 5.4 °C at the Ras Elma Astaculture Station. Regarding 

dissolved oxygen, the recorded values varied from 8.8 mg/l to 

10.68 mg/l at Sidi Mimoune and from 8.6 mg/l to 10.65 mg/l at 

the Ras Elma Astaculture Station. For average pH, the 

measured values were 8.1 at Sidi Mimoune and 7.99 at the Ras 

Elma Astaculture Station, which are slightly alkaline and fall 

within the ideal range for most crayfish, which prefer a pH 

between 6.2 and 8.5 (21, 22, 23). 

As for dissolved oxygen, the recorded values varied from 8.8 

mg/l to 10.68 mg/l at Sidi Mimoune and from 8.6 mg/l to 10.65 

mg/l at the Ras Elma Astaculture Station. These levels comply 

with the requirements of Astacus astacus, which needs oxygen 

concentrations between 5.2 mg/l and 12 mg/l for optimal 

development (3). This indicates that both sites provide an 

adequate environment for the life of crayfish.  Electrical 

conductivity ranged from 512 to 783 µS/cm at Sidi Mimoune and 

from 600 to 783 µS/cm at the Ras Elma Astaculture Station, 

remaining well below the Moroccan standard for surface waters 

(2700 µS/cm).  

Regarding nutrients, nitrate and nitrite levels remained below 

pollution thresholds, with maximum nitrate concentrations of 7.8 

mg/l at Sidi Mimoune and 3.9 mg/l at the Ras Elma Astaculture 

Station. Nitrite levels, while slightly higher at the Ras Elma 

Astaculture  station with an average concentration of 0.24 mg/l 

compared to 0.1 mg/l at Ras Elma Astaculture Station, also 

remain below the standard of 0.5 mg/l, indicating an absence of 

nitrite pollution risk. 

Ammonium and orthophosphate concentrations are also within 

acceptable limits, with values not exceeding 1 mg/l for 

orthophosphates, classifying these waters as intermediate 

quality (27). Indeed, calcium and magnesium concentrations, 

essential for crayfish development, are adequate at both sites, 

with values indicating generally hard water, favorable for the 

construction of their shells (35). 

The results show that both sites, Sidi Mimoune and the Ras Elma 

Astaculture Station, present physico-chemical conditions 

favorable to the life of red-legged crayfish. The measured 

parameters comply with water quality standards according to 

Moroccan decree no. 2-97-787 r., indicating that there is no risk 

to the rehabilitation and survival of red-legged crayfish (Astacus 

astacus) in these aquatic environments. 

Conclusion 

The reproduction and development of aquatic species depend 

on the quality of the water in which they live. In general, water 

quality is assessed based on quantitative and qualitative 

standards. This study evaluated the physical-chemical quality of 

water in two sites, Sidi Mimoune and the Ras Elma Astaculture 

Station. The analysis of results, including temperature, dissolved 

oxygen, pH, nitrites, nitrates, calcium hardness, magnesium 

hardness, orthophosphates, and ammonium, revealed that the 

waters in the monitored sites fall within the normal range for 

astaculture waters during both campaigns, according Moroccan 

standard (to the Joint Ministerial Decree, Surface water quality 

standards Decree nº 2-97-787 r. No. 2028-03 of November 5, 

2003). The water bodies at Sidi Mimoune and the Ras Elma 

Astaculture Station provide suitable habitats for crayfish survival. 

The study also highlighted the importance of using analyses in 

planning and monitoring water quality in a region for the 

rehabilitation of endangered species. 
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Table 1: Characteristics and quality of water from Sidi Mimoune Lake and the Ras Elma Astaculture Station according to Moroccan 

Quality Standards 

MQS: Moroccan Quality Standards Decree nº 2-97-787 r 

 

                  Stations 

Parameters 
Sidi Mimoune Lake Astaculture station 

MQS 
Water 

Quality 
 Unit Min  Mean Max  

standard 

deviation 
Min  Mean Max  

standard 

deviation 

T°  °C 4 13.2  21,3 5,782 5,4 13.22 21,3 5,634 <20 Class 1 

pH - 6,4 8.1 9,22 0,947 6 7.99 9,2 0,997 6,5-8,5 Class 1 

Dissolved O2 mg/l 8,8 9.13 10,68 0,531 8,6 9.18 10,65 0,546 >7 Class 1 

E-Conductivity µs/cm 512 675.47 783 84,479 600 671.9 783 61,16 <750 Class 1 

Nitrates mg/l 0 1.87 7,8 2,116 0,05 1.2 3,9 0,982 ≤10 Class 1 

Nitrites mg/l 0,001 0.1 0,184 0,06 0,045 0.24 1,6 0,397 ≤1 Class 1 

Ammonium mg/l 0,1 0.14 0,166 0,038 0,1 0.15 0,27 0,052 ≤0,1 Class 1 

Orthophosphates mg/l 0,31 0.62 0,817 0,15 0,43 0.65 0,9 0,169 ≤0,2 Class 3 

Ca Hardness °F 6,64 9,49 15, 6 2,24 4,5 8. 46 13,6 3,15 7,5-20 Class 1 

Mg Hardness °F 1,313 4,15 4,96 1,1 2,48 4,39 8,025 1,629 3,0-15,0 Class 1 

Total Hardness °F 29,18 39.29 50 5,05 33 39.98 48 5,503 ---------- Class 1 


