


Qualitative study of sugar factory effluents (Sucrivoire)



Abstract
Sugar cane effluents, liquid waste from sugar production, require a qualitative study to ensure optimum energy recovery. The aim of this research is to determine the physicochemical (pH and Brix level) and biochemical (total sugars, reducing sugars, sucrose, glucose, trace metals and minerals) parameters of these effluents. Four types of effluent were sampled: rich sewage (effluent Ar), poor sewage (effluent Ap), molasses and washing water (effluent C). The effluents were also mixed, designated as mixed effluent (Ar + Ap + C). The pH and Brix values obtained for each of the effluents were as follows: Ar effluent: 6.75 and 65%; Ap effluent: 6.65 and 57%; C effluent: 7.13 and 2%; Ap + Ar + C effluent: 6.79 and 42%; and molasses: 6.65 and 72.5%. Total sugar, reducing sugar, sucrose and glucose in each sample are respectively: 25%, 0.08 g/L, 1.46 g/L, 0.026 g/L for Ap; 14%, 0.046, 0.83 g/L, 0.023 g/L for Ar; 2%, 0. 02 g/L, 0.10 g/L, 0.013 g/L for C; 21%, 0.04 g/L, 1.236 g/L, 0.03 g/L for molasses and 38%, 0.15g/L, 2.246 g/L, 0.053 g/L for Ar + Ap + C. Minerals present included potassium (K) and magnesium (Mg) at varying levels, with no heavy metals detected. These results indicate a significant potential for energy recovery from the effluent analysed.
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1. INTRODUCTION
In Côte d'Ivoire, sugar cane is a major agro-industrial crop, occupying a cultivated area of 25,400 hectares out of a total land area of 61,400 hectares exploited by sugar production units (Chatellier, 2023; Jaoriziky, 2009; D. K. Kouame et al 2010). However, the sugar processing process generates significant solid and liquid waste. Liquid effluents, characterised by their high organic load (Colin et al., 2007; Ubalua, 2007) and nutrient concentration (Asiedu, 1991; Ihedioha, 2002; Baker et al., 2018), represent a significant source of pollution for industrial ecosystems and riparian communities. Indeed, these discharges cause multifactorial environmental degradation: alteration of the living environment, persistent odours, proliferation of pathogens and health risks for human and animal populations (Marache, 2001, Dupont et al., 2020). Furthermore, the lease agreement between the Ivorian government and the Water Distribution in Ivory Coast (SODECI), which is responsible for the sanitation system, does not provide for any mechanism to manage pollution generated by artisanal agri-food activities, whether diffuse or sporadic. As a result, natural treatment and detoxification of sugar mill effluents has become essential. In order to understand the composition and treatment potential of these effluents for possible recovery and to protect the environment, certain physicochemical and biochemical parameters have been identified, such as chemical oxygen demand (COD), biological oxygen demand (BOD), and nutrient concentrations (nitrogen and phosphorus). These indicators, recognized as key markers of industrial discharge quality (Nguyen et al., 2020, Lefebvre et al, 2019), will enable the development of recovery strategies with dual economic and ecological objectives.
The present work aims to characterize sugar cane effluents with a view to proposing management and recovery solutions adapted to this specific context of the local economy.












2. MATERIALS
2.1. Biological materials
The biological material in our study comprises four (04) types of effluent from the sugar production process, namely: residual molasses, which is the final by-product of sucrose crystallization; rich vinasse, the primary effluent with a high organic load, and poor vinasse, which is the secondary effluent, both generated during the first centrifugation cycle A; and process water, a residual flow combining cane washing and industrial equipment maintenance..
3. Methods
3.1.  Sampling methods
Sampling was carried out at sucrivoire. Using a long sump and 5 L black buckets, rich and poor sewage was collected in 2 m3 bins and spilled into 25 L drums. Molasses, the final residue after sugar production, previously stored in 25 L drums, was spilled into 5 L drums. As for the effluent, which is all the water used to wash the canes and machines, it was collected in the unfermented outlet channels 1. After collecting the effluent, we mixed the rich sewage, poor sewage and washing water in equitable quantities. This mixture will constitute an additional sample for our study. Once completed, the various effluents were poured into 250 mL containers and sampled as follows: rich sewage (Ar); poor sewage (Ap); wash water (C); mixed effluent (Ap + Ar + C) and molasses, then transported to the laboratory in a cooler.
3.2.   Physicochemical and biochemical parameters
pH and Brix were measured in situ during sampling. Total sugars were determined according to the method of Dubois et al (1956), using phenol and sulfuric acid. Reducing sugars were determined according to Bernfeld (1955) using 3, 5-dinitro-salicyclic acid (DNS). The sucrose content is determined using this equation: Sucrose content in % = (DST - DSR) * 0.95. Glucose was determined using the DNS method. Analysis of mineral and heavy metal content was carried out using inductively coupled plasma mass spectrometry (ICP-MS) (Coulibaly et al., 2023). For minerals, Agilent 5800 ICP OES air-argon flame atomic absorption was used.
4. RESULTS 
4.1. pH and brix degrees
The table below shows the pH and Brix degree results obtained for the various effluents. For all effluents, pH ranged from 6.7 to 6.80 for rich sewage, with a Brix degree of 64 to 66%; from 6.50 to 6.60 for poor sewage, with a Brix degree of 55 to 60%; from 6.60 to .70 for molasses; and from 6.75 to 6.80 for blending effluent, with a Brix degree of 70 to 75%. As for the washing water, it varies from 7.10 to 7.17 with a low brix degree of 1 to 2%.
Table 1: pH and brix values in effluents
	Effluent
	pH
	Brix degree (%)

	Rich sewage (Ar )
	6,70-6,80
	64-66

	Poor sewage (Ap )
	6,50-6,60
	55-60

	Wash water (C )
	7,10-7,17
	1-2

	Molasses
	6,60-6,70
	70-75

	Mixing effluent (Ap, Ar, C )
	6,75-6,80
	41-43



4.2. Total sugar assay results
Analyses revealed a high level of total sugar (38%) in the effluent comprising rich (Ar), poor (Ap) and cane and machine-washing water (C). These results show a significant variability in total sugar concentrations according to the different effluent sources. The Ap sewage and Ar sewage have total sugar levels of 25% and 14% respectively. In comparison, molasses has a content of 21%, while cane and machine-washing effluent shows a low value of 2% total sugars.


Figure 1: Total sugar results
4.3. Determination of reducing sugar
The results show a reducing sugar content of 0.15 g/L in the blending effluents (Ar + Ap + C). Comparatively, molasses contains 0.04 g/L, Ap sewage 0.08 g/L, and Ar sewage 0.046 g/L, while C effluent shows 0.02 g/L.

Figure 2: Reducing sugar dosage
4.4. Sucrose determination

The results reveal a variation in sucrose concentration in the different effluents. We observed a low sucrose concentration of 0.10 g/L in the mixed effluent. On the other hand, the rich, poor and molasses sewers show concentrations of 0.83 g/L, 1.46 g/L and 1.236 g/L respectively. As for the blending effluent, the results reveal a high sucrose content of 2.246 g/L.

   
Figure 3: sucrose concentration
4.5. Glucose determination
The results show that glucose is present in all effluents. Ar, Ap and molasses have glucose levels of 0.023 g/L, 0.026 g/L and 0.03 g/L respectively. On the other hand, the washing effluent revealed a low glucose level of 0.013 g/L. As for the wash effluent, the result of the glucose assay was a high level of 0.053 g/L.
 



Figure 4: Glucose concentration in samples
4.6 Results for minerals and trace metals (ICP)
4.6.1. Trace metal     
The trace metals analyzed were: arsenic (As), barium (Ba), beryllium (Be), cobalt (Co), chromium (Cr), copper (Cu), molybdenum (Mo), strontium (Sr), copper (Cu), iron (Fe), zinc (Zn), nickel (Ni), mercury (Hg) and manganese (Mn). The analysis reveals the neutrality of all heavy metals except iron, manganese and zinc. The graph shows a high iron content in molasses, with a value of 0.13 mg/L; in the poor sewage and washing effluent, the iron content is 0.1 mg/L respectively. Manganese and zinc are found in average quantities in the various effluents.

Figure 5: Trace metals
		4.6.2. Other minerals

The minerals obtained from ICP analysis are calcium (Ca), magnesium (Mg), phosphorus (P), potassium (K), sodium (Na) and silicon (Si). In both poor and rich sewage, the mineral content is very low, with a neutral sodium content. In molasses, all minerals are present, but in small quantities. Mixing effluent, on the other hand, has a high potatium and magnesium content. The washing effluent has a very high mineral content, especially calcium.
  
Figure 6: Other minerals

5. Discussions
The results of analysis of sugarcane effluent from Sucrivoire reveal a high level of total sugar (38%) in the blending effluent. This high concentration underlines the potential for valorization of these effluents, notably for the production of biogas or other bioproducts. According to Meyer et al. (2015), sugar-rich effluents can be effectively used in anaerobic fermentation processes, thus turning a waste product into a renewable energy source. Furthermore, the differences in sugar concentration between the sewage (25% for Ap, 21% for molasses, and 14% for Ar) underline the importance of a differentiated treatment approach. These results are consistent with previous studies on the composition of sugar industry effluents (Al-Jassim et al., 2001; Smith et al., 2017; Deshmukh et al., 2014; Moreno et al., 2019). The variability in total sugar concentrations can be attributed to the difference in treatment processes and water sources used. Sewage rich and poor in total sugars may result from specific processing or cleaning stages of canes and machinery. These results underline the importance of effluent management in the sugar industry to minimize environmental impacts, as shown in the study by Al-Jassim et al. (2001), which highlights the benefits of optimizing treatment processes. 
The reducing sugar content of 0.15 g/L in the mixed effluent (Ar + Ap + C) indicates the presence of reducing sugars. Molasses contains 0.04 g/L, Ap sewage 0.08 g/L, and Ar sewage 0.046 g/L, while C effluent shows 0.02 g/L. The presence of reducing sugar in the different effluent sources reflects the complexity of the compounds present and their potential environmental impact (Jones et al., 2013; Patel et al., 2019; Singh et al., 2018; Kaur et al., 2020). Reducing sugar is an important indicator of effluent quality, as it can influence biodegradability and water pollution potential. High reducing sugar concentrations can promote microbial growth and oxygen consumption, as suggested by studies by Jones et al. (2013) and Patel et al. (2019). It is crucial to monitor and manage these levels to prevent negative impacts on aquatic ecosystems.
The high sucrose concentration in the mixing effluent could indicate synergy between rich and poor sewage. Previous studies, such as those by Müller et al. (2019), have shown that mixing different types of effluent can lead to increased concentrations of certain compounds, due to the complementarity of the nutrients and sugars present. Characterizing effluents in terms of sucrose concentration has important implications for valorization. The predominance of sucrose in effluents is significant because it can influence the physical and chemical properties of effluents. High sucrose concentrations can increase the organic load and require specific treatments to avoid water pollution. The work of Zhang et al. (2020) and Kim et al. (2016) shows the importance of monitoring and optimizing treatment processes to effectively manage sucrose concentrations.
The different glucose concentrations in the samples reveal a high concentration in the mixed effluent (Ar + Ap + C) with an average of 0.053 g/L. Nevertheless, low in effluent C with an average of 0.013 g/L glucose. These observations corroborate studies by Nguyen et al. (2018) and Lee et al. (2021) documenting similar variations in industrial samples (Silva et al., 2022; Martinez et al., 2023). Glucose concentration is a key indicator of effluent quality, as it can influence biological decomposition and the formation of potentially harmful by-products. Studies by Nguyen et al. (2018) and Lee et al. (2021) show that high glucose concentrations can increase oxygen demand and affect water quality. It is therefore essential to monitor and manage these concentrations to minimize environmental impacts.
With regard to heavy metals and minerals, the results indicate that heavy metals such as mercury and cadmium are neutral in the samples, which is a positive point. The absence of these contaminants is crucial, as these metals are known for their toxicity and ability to accumulate in food chains, leading to adverse effects on human health and the environment (Baker et al., 2019). Also, the absence of other potentially toxic minerals such as arsenic (As), barium (Ba), beryllium (Be), cobalt (Co), chromium (Cr), copper (Cu) and molybdenum (Mo) in the samples highlights the good quality of the effluents. These results are consistent with the observations of Martin et al. (2016) and Gonzalez et al. (2022). The presence of minerals and metallic trace elements in effluents is crucial for assessing their potential impact on the environment and human health. The studies by Martin et al. (2016) and Gonzalez et al. (2022) underline the importance of continuous monitoring and management of the levels of these elements to prevent contamination and protect aquatic ecosystems. Arsenic, for example, is a known carcinogen, and its accumulation in water can have serious consequences for public health (Smith et al., 2000). As for Potassium and Magnesium, which are essential for plant growth, they are present in very significant quantities in effluents and can be beneficial to agriculture if the effluents are used as fertilizers (Kumar et al. 2017).
6. Conclusion 

This study shows that sugarcane effluents have high concentrations of reducing sugars, total sugars, glucose and sucrose (0.15 g/L, 38%, 0.053 g/L, 2.246 g/L). This high sugar concentration is very useful and favorable for energy recovery. The absence of heavy metals and toxic minerals in the effluent is a positive indicator for the plant's environmental management. However, it is essential to continue monitoring effluent quality to ensure that no contamination occurs over time. Regular monitoring protocols can help detect any variations in the chemical composition of effluents, enabling rapid intervention if necessary. In addition, when effluents are pooled, these sugar concentrations increase more. Furthermore, our results revealed that these effluents are very rich in Potassium and Magnesium, which are very essential for the soil, as well as enhancing it as a biological fertilizer.
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Glucose concentration 	Ar+Ap+C	C	Ar	Ap	Molasses	5.5E-2	1.2999999999999999E-2	2.3E-2	2.5999999999999999E-2	0.03	

Trace metals

AP	As (mg/L)	Ba (mg/L)	Be (mg/L)	Cd (mg/L)	Co (mg/L)	Cr (mg/L)	Cu (mg/L)	Fe (mg/L)	Hg (mg/L)	Mn (mg/L)	Mo (mg/L)	Ni (mg/L)	Sr (mg/L)	Zn (mg/L)	0	0	0	1.0000000000000001E-5	0	0	0	0.01	0	0.01	0	0	-2.0000000000000001E-4	0.03	AR	As (mg/L)	Ba (mg/L)	Be (mg/L)	Cd (mg/L)	Co (mg/L)	Cr (mg/L)	Cu (mg/L)	Fe (mg/L)	Hg (mg/L)	Mn (mg/L)	Mo (mg/L)	Ni (mg/L)	Sr (mg/L)	Zn (mg/L)	0	0	0	2.0000000000000002E-5	0	0	0	2E-3	0	0.03	0	0	-1E-3	0.02	AR+A+T+C	As (mg/L)	Ba (mg/L)	Be (mg/L)	Cd (mg/L)	Co (mg/L)	Cr (mg/L)	Cu (mg/L)	Fe (mg/L)	Hg (mg/L)	Mn (mg/L)	Mo (mg/L)	Ni (mg/L)	Sr (mg/L)	Zn (mg/L)	0	0	0	1E-4	0	0	0	1E-3	0	0.02	0	0	-1E-4	0.05	Molasses	As (mg/L)	Ba (mg/L)	Be (mg/L)	Cd (mg/L)	Co (mg/L)	Cr (mg/L)	Cu (mg/L)	Fe (mg/L)	Hg (mg/L)	Mn (mg/L)	Mo (mg/L)	Ni (mg/L)	Sr (mg/L)	Zn (mg/L)	0	0	0	3.0000000000000001E-5	0	0	0	0.13	0	0.01	0	0	-1E-3	0.06	C	As (mg/L)	Ba (mg/L)	Be (mg/L)	Cd (mg/L)	Co (mg/L)	Cr (mg/L)	Cu (mg/L)	Fe (mg/L)	Hg (mg/L)	Mn (mg/L)	Mo (mg/L)	Ni (mg/L)	Sr (mg/L)	Zn (mg/L)	0	0	0	1.0000000000000001E-5	0	0	0	0.01	0	0.05	0	0	0.01	0.02	



Other minerals

AP	Ca (mg/L)	K (mg/L)	Mg (mg/L)	Na (mg/L)	P (mg/L)	Si (mg/L)	0.08	0.62	0.19	0	0	0.09	AR	Ca (mg/L)	K (mg/L)	Mg (mg/L)	Na (mg/L)	P (mg/L)	Si (mg/L)	0.53	0.56000000000000005	0.19	0	0	0.08	AR+A+T+C	Ca (mg/L)	K (mg/L)	Mg (mg/L)	Na (mg/L)	P (mg/L)	Si (mg/L)	0.16	1.26	0.38	0	0	0.21	Molasses	Ca (mg/L)	K (mg/L)	Mg (mg/L)	Na (mg/L)	P (mg/L)	Si (mg/L)	0.22	0.36	0.14000000000000001	0.21	0	7.0000000000000007E-2	C	Ca (mg/L)	K (mg/L)	Mg (mg/L)	Na (mg/L)	P (mg/L)	Si (mg/L)	3.91	1.1299999999999999	0.72	0.24	0	1.1399999999999999	



Total sugars 
Molasses
[POURCENTAGE]





Melasse	Effluent Ap+Ar+C	Effluent C	Effluent Ap	Effluent Ar	1.34666666666667	2.52	0.133333333333333	1.62666666666667	0.913333333333333	
reducing sugar

Molasses	Effluent Ap+Ar+C	Effluent C	Effluent Ap	AR	0.04	0.15	2.3333333333333334E-2	8.3333333333333329E-2	4.6666666666666669E-2	


Sucrose determination

Molasses	1.2366666666666666	Effluent Ap+Ar+C	2.2466666666666666	Effluent C	0.10333333333333333	Effluent Ap	1.4633333333333332	Effluent Ar	0.82666666666666666	
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