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ABSTRACT 

In the context of the current policy of sustainable management of water resources, the forecasting of pollution 

risks and the protection of these resources are of paramount importance. For this purpose, the quality of these 

resources must be safeguarded in the medium and long term. Industrial development in Morocco has made this 

situation worrying for all socio-economic actors. In recent years, this economic growth has been marked by the 

establishment of slaughterhouses that discharge their liquid waste into watercourses or sewage networks. These 

discharges are likely to destabilize the environmental balance in the years to come, hence the need to take 

responsibility for treating all sources of pollution. The clean-up of these discharges requires several steps from 

the identification of the various pollutants to their treatment. This is why this initial work was carried out to 

characterize the wastewater from the Al-Hoceima slaughterhouse and to assess the performance of the treatment 

plant at this slaughterhouse. The results of the physicochemical analyses showed that the wastewater generated 

by this slaughterhouse is characterized by a neutral pH of 7.47, a high organic load of 1280 mg O2 L-1 COD, and 

a remarkable suspended solids content of 259 mL-1. Regarding the performance of the wastewater treatment plant 

connected to this slaughterhouse; The results show that this plant operates very efficiently, eliminating 65% of 

the COD, 70.6% of the BOD5 and 65.44% of the TSS, thus eliminating the organic matter, which is 67.82%. For 

the microbiological charge of these wastewater, the results showed that at the entrance the concentrations of fecal 

coliforms are 1×106 UFC mL-1, 15×107 UCF mL-1 fecal streptococci and 15×105 for yeast. The effluents 

discharged by the treatment plant comply with Moroccan standards. 
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INTRODUCTION 

The red meat sector in Morocco has 39 million head (2/3 of which are sheep) distributed among cattle (3.2 

million), sheep (19.2 million), goats (6.2 million), camels 200,000 head in 2017.  And as the population increases, 

so does the amount. This increases water pollution due to inadequate discharge of wastewater from 

slaughterhouses, particularly in developing countries (Gopala et al. 2009). This is why the treatment of waste 

water from slaughterhouses has become a necessity for the development of countries, on the one hand, and on the 

other hand to meet the increasingly strict standards for waste water discharge and then to ensure environmental 

sustainability (Boukhari et al. 2011) .The animal slaughter industry is known for its environmental impacts due 

to its wastewater discharges that are highly loaded with organic matter, such as the destabilization of ecosystems 

and microbiological and toxicological risk (Peiffer 2002; Chatoui et al. 2017; Naderi et al. 2017; Zaribafan et al. 

2017). The concentration of organic matter (Kitane et al. 2020) in slaughterhouse effluents is generally high and 

the residues are moderately solubilized, resulting in a polluting effect due to high levels of organic matter 
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(Bustillo-Lecompte & Mehrvar 2015). Such a release into the natural environment is a threat to public health. It 

has the potential to destabilize the nitrogen cycle of the ecosystem and lead to eutrophication, resulting in nitrite 

dominance (Benkaddour et al. 2020) and release of toxins from cyanobacteria (Anderson et al. 2019), which can 

be found in wastewater; the discharges are harmful to human health (Anie et al. 2020) such as Staphylococcus 

spp, Escherichia coli, Salmonella typhi and Giardia lamblidia (ElOuali et al. 2014, Amazzal et al. 2018). Over-

consumption of water in this sector is also a major challenge. 

The aim of this work is to evaluate the efficiency of wastewater treatment at the Al-Hoceima slaughterhouse and 

to characterize these effluents from a physicochemical point of view. 

 

MATERIALS AND METHODS 

Presentation of the study site 

The study site is a part of the Al Hoceima region, located in the north-east of Morocco on the Mediterranean 

coast (D’Acremont et al. 2014), with a surface area of 3550 km². It is bordered to the west by Chefchaouen and 

Taounate, to the east by Nador, to the south by Taza and by 120 km of Mediterranean coastline to the north. It 

has a unitary APPN sanitation network (Laghzal et al. 2014). 

 
Fig. 1. Location of Al-Hoceima slaughterhouse. 

 

This study specifically concerns the Al Hoceima intercommunal slaughterhouse (Fig.1), which opened its doors 

in June 2013, designed on 10,000 m2 of surface area at a total cost of 25 million dirhams. The new slaughterhouse, 

which complies with the Moroccan standards of the Moroccan National Office for Food Safety (ONSSA) in terms 

of equipment and hygiene, has slaughter (cattle, sheep and goats) and storage rooms, cold rooms, a stabling area, 

a quarantine area, an incinerator, as well as a wastewater treatment plant, which was the subject of this 

environmental impact study in view of the large daily slaughter production capacity of 100 cattle and 150 sheep 

and goats. The latter is equipped with a clarification tank and screening devices that are essential for the pre-

treatment phase (Robertson et al. 2000). 

 

Production potential 

Following several visits to the Al-Hoceima slaughterhouse, we have determined that the number of animals 

slaughtered in 2019 is 16,452 animals. The following figure 2 illustrates the number of slaughterhouses by type. 

The Al-Hoceima slaughterhouse more to the main production which produces meat, it generates two by-products, 

solid waste and liquid waste are the ones we studied in this study. 
 

Sampling 

Regarding the sampling component, the physicochemical parameters (Elabdouni et al. 2020) are determined from 

bi-monthly samples (between February and June 2019) taken at the municipal slaughterhouse of Al-Hoceima. All 

representative samples for chemical analysis were extracted during peak morning and/or early afternoon hours. 

Raw sewage was collected, as an entry point, after screening, since this sample did not include washing water (Ort 

et al. 2010). The second sample was taken from the settling pond, containing the washing liquid effluent. The last 
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sample was taken after primary treatment, at the outlet of the treatment plant. The samples were carefully stored 

according to the criteria specified in the general guide for the storage and handling of samples according to ISO 

5667/3 (Dimane et al. 2016). 

Physicochemical Parameters 

In order to achieve the objectives attributed to this study, the methodology adopted was based on the monitoring 

of several physical and chemical parameters characterizing the wastewater from the Al Hoceima inter-municipal 

slaughterhouse; The parameters determined in situ were pH, temperature and electrical conductivity, while the 

overall quality parameters analyzed in the laboratory were Chemical Oxygen Demand (COD), Biological Oxygen 

Demand (BOD5) (Merimi et al. 2017), Suspended Solids (SS) and chloride content. 

 

 
Fig. 2. Production of Al-Hoceima slaughterhouse in 2019. 

 

    
                      Fig.3. Sampling point.                                                                       Fig. 4. Coliform test. 

 

Microbiological analyzes 

The sampling was carried out under strict aseptic conditions to avoid accidental contamination during handling. 

It was carried out in sterile vials which are carefully labeled, kept in a cooler kept at temperature (4 °C) and 

transported to the laboratory in the same day for testing analyses of the Alhoceima slaughterhouse examined the 

counts of total and fecal coliforms (CT and CF) and yeast (L). A series of cascading dilution in sterile distilled 

water was performed from 10-1 to 10-9 dilution. The dilutions were obtained in test tubes from 1 mL of solution 

and 9 mL of sterile distilled solution. One mL of each dilution was deposited in three tubes containing 10 mL-1  
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sterilized culture medium. All tests were repeated three times low (Kharrati et al. 2001). Figs. 3 and 4 depict the 

sampling point and coliform analyses. 

 

RESULTS AND DISCUSSION 

Physicochemical characteristics 

The Physicochemical characteristics of slaughterhouse wastewater are presented in Table 1. 

Table 1. Physicochemical parameters of wastewater from the Al-Hoceima slaughterhouse. 

Parameters 

 

Sample 1 

Input measured 

values 

Sample 2 

Measured values to the 

decantation Basin 

Sample 3 

Values measured at 

the outlet 

Station 

performance 

Temperature (°C) 19.8 20.7 21.1 - 

pH 7.47 7.32 6.97 - 

Electrical conductivity 

(mS-1 cm) 
4.69 3.1 1.2 40% 

COD (mg O2 L
-1) 1280 1008 448 65% 

BOD5 (mg O2  L
-1) 740 460 220 70.2% 

TSM (mg L-1) 259 201 89 .5 65.4% 

Chloride (mg L-1) 124.09 142 .8 124.04 - 

 

The results of the physicochemical analyses show that the sample studied has an electrical conductivity of about 

4.69 mS cm-1 and has a neutral pH equal to 7.47. Indeed, the blood present in this type of effluent contains mainly 

complexes concerning the organic matter expressed in terms of BOD5 and COD. The analyses indicated that the 

effluents at the inlet are rich in organic matter. Thus, according to Table 1, the values obtained can reach 740 mg 

O2 L-1 (BOD5) and 1280 mg O2 L-1 (COD), exhibiting that the high oxygen demand for the complete oxidation of 

the organic matter contained in these effluents which reflects their very high polluting powers. Although the SM 

content is of the order of 259 mg L-1 which indicates that the majority of the polluting matter fractions of these 

effluents is in soluble form, however, the chloride content of this sample taken at the inlet is of the order of 124.09 

mg L-1, similar to those presented in the literature (Khennoussi et al. 2013). The temperature plays a very important 

role in all chemical reactions. The temperature recorded at the outlet which was about 21.1°C, was in accordance 

with the Moroccan standards. It is lower than the limit value for direct discharges into the receiving environment 

set at 30 °C (Ministère 2013).  

In the case of pH, which influences the growth of microorganisms (Mazhari & Ferguson 2018) and indicates the 

alkalinity of the wastewater, the value obtained at the outlet indicates a relatively neutral sample 6.97. This value 

is within the range proposed by the literature (5.5 - 9.5; ONEP & GTZ 1998) and it does not go out beyond the 6-

9 limit. Electrical conductivity is used to estimate the level of effluent mineralization and is considered one of the 

essential parameters for wastewater quality control. At the outlet point, we obtained an electrical conductivity of 

about 1.2 mS cm-1 which is close to that found by Gauri (2006). Comparison of the electrical conductivity values 

at the level of the wastewater (Mohammadi & Fataei 2019) analyzed with the limit value for direct discharge into 

the receiving environment of 2.7 mS cm-1 allows us to deduce that this wastewater is within the standards. 

Suspended solids are all the solid, organic or mineral matter contained in wastewater. They allow a good 

evaluation of the degree of pollution of a water. Most of the pathogenic microorganisms contained in wastewater 

are associated with TSM. The SM concentration measured at the outlet is about 89.5 mg L-1, this value does not 

exceed the limit value for indirect discharge which is 600 mg L-1 (ONEP & GTZ 1998). The BOD5 and COD 

values of the outlet samples are in the order of 220 mg O2 L-1 and 448 mg O2 L-1 respectively. These values are 

lower than the limit values for indirect discharges, which can reach 500 mg L-1 for BOD5 and 1000 mg L-1 for 

COD. The following Fig. 5 shows the variation in organic matter and TSM for the three sampling points. Analyses 

show that the wastewater treatment plant at the Al-Hoceima slaughterhouse is remarkably efficient, since it 

removes 65% of COD, 70.6% of BOD5 and 65.44% of TSM; that is to say, 67.82% of organic matter is removed. 

For a better appreciation of the origin of the pollution of the studied effluents, the COD/BOD5, BOD5 /COD and 

MES/BOD5 ratios must be determined. The values obtained as well as the estimate of the Oxidizable Matter (OM) 

are presented in Table 2. 
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Table 2. Al-Hoceima slaughterhouse wastewater ratios. 

Ratios To the entrance At the decanting basin At the outlet 

OM (mg L-1) 920 642.6 296 

COD/BOD5 1.72 2 .19 2.03 

BOD5 / COD 0.57 0.45 0.49 

TSM/ BOD5 0. 35 0 .43 0.40 

 

 

To characterize industrial pollution, the BOD5/COD ratio (Cossu et al. 2017) is often considered, which gives 

very interesting indications on the origin of wastewater pollution and the appropriate methods for its treatment.  

 

Based on the following rule: 

BOD5 / COD: The report indicating the biodegradability of an effluent. 

BOD5 / COD > 0. 6: the effluent is biodegradable. 

0. 6 > BOD5 / COD > 0. 3: the effluent is partially biodegradable (Ministère 2013). 
 

For our samples, the ratio is 0.57. This is the general case for discharges loaded with organic matter. This organic 

load makes the wastewater quite unstable, that is to say that they evolve quickly into forms "digested" forms with 

the risk of odors. 

For the COD/BOD5 ratio, it is possible to deduce whether the wastewater discharged has characteristics of 

domestic wastewater (COD/BOD5 ratio less than 2.5) and gives an assessment of the biodegradability of its 

wastewater. Wastewater from the Al-Hoceima slaughterhouse has an average rate of 1.72 at the inlet and 2.03 at 

the outlet. It can be concluded that the wastewater from these discharges has a domestic character, with a high 

organic load and is easily biodegradable, the results of this report are an indication of the importance of pollutants 

that are not or cannot be biodegraded. 

The usual TSM/BOD5 ratio values are between 1.2 and 1.5. This ratio explains the percentage of sedimentation 

of suspended solids in relation to the organic load (ONEP 1998). 

The values obtained from the MES/DBO5 ratio are low in comparison with those of the usual ratio. They are of 

the order of 0.35 at the station inlet, 0.43 at the settling basin and 0.40 at the outlet; the low concentrations are due 

to the rapid sedimentation of the SM. 

For oxidizable matter, the values obtained are as follows: 920 mg/l at the inlet, 642.6 at the settling pond and 296 

at the outlet. 

 

Microbiological characteristics 

This study was devoted to the enumeration of the microbial load of liquid waste from the Al-Hoceima 

slaughterhouses. The effluents show a load of microorganisms as indicators of fecal pollution with average values 

of 1×106 CFU L-1, 15×107 CFU L-1 and 15×105 for fecal coliforms, fecal streptococci and yeasts. Despite the 

existence of these microorganisms, there is no danger of contamination of the population or animals, since the 

effluent treated by the slaughterhouse filter treatment plant are collected in the sewage system.  

 

CONCLUSION 

Slaughterhouses are places where water consumption is very important because of the many uses to which it is 

put. Wastewater from these industries has an impact on the environment. For example, the present study made it 

possible to measure the physicochemical characterization of the effluents of the Al Hoceima inter-municipal 

slaughterhouse in the raw state and after treatment in order to monitor the performance of the treatment plant. The 

results of the physicochemical analyses showed that the wastewater generated by this slaughterhouse is 

characterized by a neutral pH, a high organic load and a remarkable content of suspended matter. In the majority 

of treated effluent samples, the purification performance was 70.6% for BOD5 and 65% for COD. The removal 

of suspended solids in the treated effluent was also successful, with average effluent concentrations at the outlet 

not exceeding 89.5 mg L-1, with a 65.44% efficiency. We have concluded that the effluents discharged by the 

treatment plant do not exceed the values required by Moroccan standards. So that, the quality of these effluents at 

the outlet and the satisfactory yield make it possible to accept the future throughput of the slaughterhouse while 

maintaining a safety margin. The interventions necessary to maintain or achieve a good level of performance. 
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Although microorganisms are present, there is no risk of contamination of the population or animals, since the 

effluents are treated by the slaughterhouses. In addition, the quality at the exit is very satisfactory and the water 

is reused by the slaughterhouse for cleaning. We have concluded that the effluents discharged by the treatment 

plant do not exceed the values required by Moroccan standards, so that the quality of these effluents at the outlet 

and the satisfactory yield make it possible to accept the future throughput of the slaughterhouse while maintaining 

a safety margin. The interventions necessary to maintain or achieve a good level of performance. In addition, the 

quality at the exit is very satisfactory and the water is reused by the slaughterhouse for cleaning. 

ACKNOWLEDGEMENTS 

We would like to thank in particular, Mr. El Arabi Mohemed, and Mr. Chatri Abdelhakim. We  also want to 

thank all the employers of the slaughterhouse for their help and contribution, as well as all those who have given 

close or far-reaching support to the completion of this work. 

 

REFERENCES 

Amazzal, A, Ait-talborjt, E, Hermass, J & Hafidi, N 2018, A review of the phytoplankton in Moroccan Atlantic 

waters, Arabian Journal of Chemical and Environmental Research, 05: 52-67 

Andersen, IM, Williamson, TJ, González, MJ, Vanni, MJ 2019, Nitrate, ammonium, and phosphorus drive 

seasonal nutrient limitation of chlorophytes, cyanobacteria, and diatoms in a hyper‐eutrophic reservoir. 

Limnology and Oceanography, 9999: 1-17. 

Anie, EB, Effiong, AA & Sunday, UD 2019, Bioaccumulation and human health risk assessment of trace metals 

in Tympanotonus fuscatus from Cross River Estuary, Niger Delta, Nigeria, Journal of Materials and 

Environmental Science, 11 :1079-1093. 

Boukhari, S, Djebbar, Y, Guedri A, Guebail, A 2011, The impact of actual water pricing in Algeria on the 

environmental dimension of sustainable development. Journal of Materials and Environmental Science, 

2 : 427-432. 

Benkaddour, R, Merimi, I, Szumiata, T, Hammouti, B 2020, Nitrates in the groundwater of the Triffa plain Eastern 

Morocco, Materials Today: Proceedings, 27: 3173-3177. 

Bustillo- Lecompte, CF, Mehrvar, M 2015, Slaughterhouse wastewater characteristics, treatment, and 

management in the meat processing industry: A review on trends and advances. Journal of Environmental 

Management, 161: 287-302. 

Chatoui, M, Lahsaini, S, Aguelmous A 2017, Removal of oil and grease from vegetable oil refinery wastewaters 

by coagulation-flocculation process, Moroccan Journal of Chemistry, 5: 683-690. 

Cossu, R, Fantinato, G, Pivato, A, Sandon A 2017, Further steps in the standardization of BOD5/COD ratio as a 

biological stability index for MSW. Waste Management, 68: 16-23. 

D’Acremont, E, Gutscher, MA,  Rabaute, A, Mercier de Lépinay, B, Lafosse, M, Poort, J, Gorini, C 2014, High- 

          resolution imagery of active faulting offshore Al Hoceima, Northern Morocco. Tectonophysics, 632: 160-

166. 

Dimane, F, Haboubi, Kh, Hanafi, I, El Himri, A 2016, Assessment of the effectiveness of a wastewater and 

treatment by the natural lagoon: Case of the treatment plant of the city Imzouren–MAROC, International 

Journal of Innovation and Applied Studies, 17: 672-681. 

Elabdouni, A, Haboubi, K, Merimi, I, El Youbi, MSM 2020, Olive mill wastewater (OMW) production in the 

province of Al-Hoceima (Morocco) and their physicochemical characterization by mill types. Materials 

Today: Proceedings, 27: 3147-3153. 

El Ouali Lalami, A, Zanibou, A, Bekhti, K, Zerrouq, F, Merzouki, M 2014, Contrôle de la qualité microbiologique 

des eaux usées domestiques et industrielles de la ville de Fès au Maroc. Journal of Materials and 

Environmental Science, 5: 2325-2332.  

Gauri, SM 2006, Treatment of wastewater from abattoirs before land. Review Bioresource Technology, 97: 

1119-1135. 

Gopala Krishna, GVT, Kumar,P, Kumar, P 2009, Treatment of low-strength soluble wastewater using an 

anaerobic    baffled reactor (ABR). Journal of Environmental Management, 90:166-176.  

Kharrati, D N and Yachioui, B E L 2001, Appréciation de la qualité microbiologique des carcasses de bovins 

fraîchement abattus. Annales de Medecine Veterinaire, 145: 270-274 [In French]. 

https://www.sciencedirect.com/science/article/pii/S0956053X17304762#!
https://www.sciencedirect.com/science/article/pii/S0956053X17304762#!
https://www.sciencedirect.com/science/article/pii/S0956053X17304762#!
https://www.sciencedirect.com/science/article/pii/S0956053X17304762#!
https://www.sciencedirect.com/science/journal/09608524


Abdouni et al.                                                                                                                                                                                                   429 
 

Caspian J. Environ. Sci. Vol. 19 No. 3 pp. 423~429                                           Received: March 10. 2021 Accepted: June 28. 2021                   
DOI: 10.22124/CJES.2021.4929                                                                         Article type: Research 

©Copyright by University of Guilan, Printed in I.R. Iran  

 

Khennoussi, A, Chaouch, M, Chahlaoui, A 2013, Treatment of the effluent from a red meat slaughterhouse by 

electrocoagulation flotation with iron electrodes. Journal of Water Science, Revue des sciences de l’eau / 

of Water Science, 26: 35-150. 

Kitane, M, Ihihi, A, Bahloul, A, El Kacemi, K, Benqlilou, C 2020 New Eco-friendly process tanning by 

concentrated recovered from Olive Oil Mill Wastewater. Moroccan Journal of Chemistry,  8: 439-445.  

Laghzal, A & Salmoun, F 2014, Contribution to the bacteriological characterization of some sources in the region 

of Tangier Tetouan (Morocco), Journal of LARHYSS, 20: 1112-3680. 

 Mazhari, M, Ferguson, J 2018, Bacterial responses to environmental herbicide pollutants (glyphosate and 

paraquat). Caspian Journal of Environmental Sciences,16: 37-45. 

Merimi, I, Oudda, H, El Ouadi, Y, El Hajjaji, F, Hammouti, B 2017, Characterization of the quality of the polluting  

load of an industrial zone, Journal of Chemical and Pharmaceutical Research, 9: 165-170. 

Ministère de l’Environnement du Maroc 2002, Normes marocaines, Bulletin officiel du Maroc, N° 5062 du 30 

ramadan 1423. Rabat, 63 p. [In French]. 

Mohammadi, M, Fataei, E 2019, Comparative life cycle assessment of municipal wastewater treatment systems: 

lagoon and activated sludge. Caspian Journal of Environmental Sciences, 17: 327-336. 
Naderi, S, Mirzajani,A, Rajabi Maham, H, Hadipour, E 2017, The mammals of Anzali Wetland, in the Southern 

Caspian Sea, Caspian Journal of Environmental Sciences, 15: 223-235 

ONEP 1998, Approche de la typologie des eaux usées urbaines au Maroc. ONEP ET GTZ. Rabat, 8 p. (In French). 

Ort, C, Lawrence, MG, Reungoat, J, Mueller, JF 2010 Sampling for PPCPs in wastewater systems: Comparison 

of different sampling modes and optimization strategies. Journal of Environmental Science & Technology, 

44: 6289-6296. 

Peiffer, G, 2002 Impact environnemental des effluents d’abattoirs : actualités techniques et règlementaires, Thèse 

de doctorat). Université Paul-Sabatier de Toulouse, Toulouse, France, 70 p. 

Robertson, L J, paton, C A, campbell A T, smith, P G, Jackson, M H, Gilmour, R A, black, S E, Stevenson D A 

and smith, HV 2000, Giardia cysts and cryptosporidium oocysts at sewage treatment works in Scotland, 

UK. Journal of Water Research, 34: 2310-2322. 

Zaribafan, A, Baharlouie Yancheshmeh, M Fathi, T, Ahmadkhani, R, Haghbeen, K 2017, Advanced oxidation 

processes against alkyl phenols in groundwater samples, Caspian Journal of Environmental Sciences, 4: 

343-355. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bibliographic information of this paper for citing: 

Abdouni, A.El, Bouhout, S, Merimi, I, Hammouti, B, Haboubi, K 2021, Physicochemical characterization of wastewater 

from the Al-Hoceima slaughterhouse in Morocco. Caspian Journal of Environmental Sciences, 19: 423-429 

Copyright © 2021 

 

https://revues.imist.ma/index.php?journal=morjchem&page=issue&op=view&path%5B%5D=1275
https://cjes.guilan.ac.ir/?_action=article&au=27324&_au=M++Mazhari
https://cjes.guilan.ac.ir/?_action=article&au=27325&_au=J++Ferguson
https://cjes.guilan.ac.ir/?_action=article&au=37618&_au=M.++Mohammadi
https://cjes.guilan.ac.ir/?_action=article&au=37619&_au=E.++Fataei

