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Abstract: Beverage companies produce a large amount of wastewater in the cleaning step of returnable 

glass bottles. This study aimed to investigate combined processes (coagulation/flocculation, adsorption, 

and membrane separation) to treat the effluent from the washing machine of returnable soft drink 

bottles. Tests were conducted with aluminum sulfate, ferric chloride, and tannins (TANFLOC®) powder 

as coagulants/flocculants in different concentrations. After choosing the best coagulant, new tests were 

repeated by adding activated carbon. Based on the coagulant's best condition and activated carbon mass, 

the treated samples were subjected to a separation step with the ultrafiltration membrane (UF). The best 

treatment condition was the combined methods (TANFLOC + activated carbon + UF membrane), which 

showed a removal efficiency of 63.64, 54.92, and 64.98% for Chemical Oxygen Demand (COD),  Total 

Organic Carbon (TOC), and Biochemical Oxygen Demand (BOD), respectively. The BOD values are 

due to the presence of sugars in the effluent since its characteristics, such as high polarity and size less 

than 1 kDa, are unfavorable for the coagulation and UF processes, respectively. However, BOD removal 

efficiency was approximately 5% higher than the minimum required by legislation, which requires at 

least a 60% decrease in the raw effluent. 
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1. Introduction 

In recent years, the non-alcoholic beverage industry has shown a scenario of great 

expansion, being widely portrayed as one of the largest markets in the world [1]. In 2013, the 

commercial market in this sector generated approximately 531.3 billion dollars worldwide [2]. 

In this context, the field of soft drink production is identified as one of the most promising, 

with production exceeding 465 billion liters and a high potential for advancement [3]. 

Considering the soft drink industry, specifically, this sector is one of the most important 

and productive, with a large increase in consumption in recent years [4]. It is estimated that, in 

2020, the global revenue from the soft drink trade has already surpassed the mark of 667,384 

million dollars, with growth forecasts of 6.5% in the next five years [5]. Also, in countries with 

a large population, such as Brazil, the per capita consumption of soft drinks (74.5 L/hab) is 

considerably higher than that of other non-alcoholic beverages, such as water (39.5 L/hab), and 
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juices (0.6-0.8 L/hab) [6]. However, this promising scenario has shown serious adversities, 

mainly related to the inappropriate use of resources for the production and manufacturing 

processes. Several studies have recently directed attention to alternative strategies adopted to 

obtain a final product exclusively focused on human health and reduce harmful compounds [7-

11]. Some studies have shown interest in treating residues from soft drink industries and 

applying an environmentally friendly approach [12-14]. However, there has been a large gap 

in knowledge about sustainable processes involving post-production and commercialization 

dynamics and the elements necessary for the production dynamics performance. 

It is estimated that, for the production of 1 L of soft drink, 2 L of water are needed, 

which shows the large consumption of this element destined for the large production of billions 

of liters of soft drinks annually worldwide [15]. The use of large amounts of water for this 

process results in an accentuated flow of waste and liquid effluents in the environment, 

potentially reusable [16]. Among the main contributors to this scenario, most technical factors 

are highlighted, such as cleaning machines and equipment and washing bottles for reuse [17]. 

Several factors influence the efficiency of the hygiene and reuse stages of soft drink 

packaging. The use of energy for the regulation of the washing temperature, the application of 

chemicals as aseptic methods, and the use of large amounts of water to satisfy the high 

pressures required for cleaning jets are fundamental components to meet the specificities 

required for the washing and cleaning process of these products [18]. However, high costs, 

space requirements, and highly qualified and technical labor are serious setbacks the soft drinks 

beverage industries face for correct wastewater treatment for reuse [19].  

The wastewater from these industries has high concentrations of biodegradable organic 

and inorganic substances, as well as wastes and remains of soft drinks, water from washing 

bottles, cans, and machinery, chemicals used for cleaning and washing, and remnants of 

lubricating materials used to maintain the functioning of production machines [20]. Thus, it is 

evident the necessity for alternative methods that consider the reuse and treatment of basic 

resources, such as water, to reuse industrial procedures and applications to maximize the 

economic and sustainable advantages. 

The conventional methods based on chemical substances and their effects in treating 

wastewater from various industrial fields are widely investigated, mainly due to its 

physicochemical properties and adsorptive potential. Chemical elements such as aluminum 

sulfate, ferric chloride, and activated carbon showed outstanding performance in the treatment 

process, mainly due to the physicochemical characteristics, adsorption mechanism, and high 

commercial availability [21–23]. However, these methods have some disadvantages, especially 

according to the economic point of view and the degradation process [24]. In this context, 

applying alternative strategies that minimize these adversities has been explored in recent 

years. A good example is the application of tannin from plant species as a flocculating agent 

(Tanfloc). Industrially, this technology has been investigated due to its successful application 

for several purposes and a biodegradable product and advantageous from a sustainable 

perspective [24]. However, the use of membranes has shown great potential and advantages 

for treating wastewater in recent years. 

The wastewater recovery process through the use of membranes has been reported with 

highly promising perspectives. With the possibility of using more compact equipment, reduced 

energy demand, and low costs, this strategy has been adopted in the beverage and food-related 

industries [25]. The expansion according to the use of these technologies results from adapting 

the product to the markets and industries' demands, aiming at benefits in operational processes 
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[26]. Some studies related to the beverage industries have shown that membrane treatment 

processes, mainly microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), reverse 

osmosis (RO), and in processes involving activated sludge to remove organic pollutants, 

presented satisfactory results in removing microorganisms and unwanted substances [27]. 

Thus, this method for obtaining and reusing purified water and reusable elements was pointed 

out as an excellent alternative to treating water in these industries. It presents high prospects 

for further studies of exploiting this technology in beverage and food-related industries. 

In this context, this study investigates the combined processes (physicochemical and 

membrane separation processes) to treat wastewater from soft drinks industries, resulting from 

the washing processes of glass bottles. The returnable glasswasher's monthly water 

consumption in the present study is around 8,300 m³, which justifies the treatment of this 

effluent and the reuse of treated water in other industrial processes. 

2. Materials and Methods 

2.1. Effluent. 

The effluent used in the present study was collected from a glass bottle washer of a soft 

drink company located in the Rio Grande do Sul (Brazil). As the glass bottle is reusable, this 

cleaning must have maximum efficiency in removing contaminating materials and dirt that 

may be present inside and outside the bottles. 200 liters of effluents were collected and stored 

in 25-liter drums. Subsequently, the effluent was frozen to maintain its original qualities during 

the analysis. 

2.2. Experimental apparatus. 

A hollow fiber type ultrafiltration polymeric membrane (UF)  supplied by the company 

PAM Membranas Seletivas Ltda., composed of a mixture of poly (sulfone ether)/poly (vinyl 

pyrrolidone) (PES/PVP), with a cut of 50 kDa and a permeation area of 0.027m², was used. 

The hydraulic system assembled to carry out the experiments consisted of flexible PVC 

(polyvinyl chloride) hoses with a "1/4" nominal diameter. To control the temperature, a 

thermostatic bath (model MA 083, Marconi) was used with an accuracy of ± 0.1 °C. In the 

filtration system with the UF membrane, a gear pump (model Micropump 72211-15, Cole-

Parmer) was used. The pressure control was performed through a needle valve (model SS, 

Nupro Co.) in the line of the retained, posterior to a pressure gauge (Standart, Salvi model). 

The flux was monitored using a frequency inverter coupled to the pump. The system also had 

a rotameter (model 440, Conaut). 

The raw effluent was filtered on filter paper before proceeding to the membrane 

process. With the assay using the UF membrane (25 °C, 1 bar, and flow rate of 1L.min-1), the 

first 50 mL of permeate was discarded to guarantee the sample's uniformity. Then, the sample's 

permeate flux was measured every 10 minutes, recomposing both the permeate and the retained 

one to maintain its homogeneity. After measuring the permeate flux for 60 minutes, a 14 mL 

aliquot of permeate was removed. The respective retained one was removed from the system 

to avoid concentration in the feed. This sample volume represents the quantity needed for 

analytical determinations. 

The permeate and retained aliquots were stored refrigerated at 4 °C for approximately 

18 hours until the analytical determinations were performed. The same procedure was 

performed for all treated effluent samples. 
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2.3. Membrane cleaning. 

The cleaning protocol adopted for the UF membrane followed the following steps: 

washing with 5 L of distilled water, removing water from the system, and immersing the 

membrane in a commercial descaling solution (5 g.L-1) for 3 hours. The commercial solution 

used was composed of sodium percarbonate (<55%), sodium carbonate (<45%), ethoxylated 

alcohol (<3%), sodium alkyl sulfonate (<3%), tetra acetyl ethylene diamine with carboxyethyl 

cellulose of sodium (<0.6%), sodium xylene sulfonate (0.5%), linear sodium dodecylbenzene 

sulfonate 80% (<3%), alpha-amylase enzyme (<0.2%), protease enzyme (<0.3%), inert 

ingredients (100% qsp). Afterward, cleaning was performed with distilled water, first washing 

the membrane with 5 L of distilled water without pressurizing the system and another 2 L under 

the pressure of 3 bar. During all cleaning, it was kept at room temperature (25 °C). 

After each membrane cleaning process, hydraulic permeability with distilled water was 

rechecked. If a permeability close to that obtained before the experiment was not reached, the 

cleaning step was repeated until reaching the level before filtration with the sample. 

2.4. Physico-chemical process by coagulation/flocculation and adsorption with activated 

carbon. 

Tests were carried out with aluminum sulfate (10% solution), ferric chloride (1% 

solution), and tannins (TANFLOC®) powder as coagulants/flocculants. Firstly, tests were 

carried out with aluminum sulfate Al2(SO4)3, with concentrations of 2.0 to 5.0 mL.L-1. For 

ferric chloride (FeCl3) and TANFLOC, concentrations between 10 to 50 and 30 and 80 mg.L-1 

were tested. For aluminum sulfate and ferric chloride, the pH was previously adjusted to 6.0 ± 

0.5, with a 0.1 M NaOH solution. For TANFLOC, the pH was previously adjusted to 8.0 ± 0.5 

with 0.1 M NaOH solution. 

After a homogenization step for all tests using a coagulant, the solution was left to stand 

for 25 minutes for decanting to occur. Subsequently, the liquid phase was filtered on filter paper 

and analyzed for COD and TOC values to determine the best coagulant concentration to be 

used. 

After choosing the best coagulant for the effluent, new tests were repeated with the 

previously treated effluent by adding activated carbon (density 0.41 g/cm3 with an area of 600-

800 m2/g), in concentrations of 0.5 to 0.8 gL-1 to assess the adsorption potential. Based on the 

coagulant's best condition and activated carbon mass, the previously treated samples (coagulant 

+ activated carbon) were subjected to a separation step with the ultrafiltration membrane (UF). 

2.5. Analytical determinations. 

Analytical determinations were performed with the effluent before and after the 

treatment procedures. The apparent color was measured according to the spectrophotometric 

method, using a colorimeter (Hach DR870), at a wavelength of 455 nm. The results were 

expressed in "Hazen unit" or "uH", which corresponds to the color increase caused by the 

addition of 1 mg.L-1 of Pt as a chloroplatinate ion [28]. Turbidity was measured by the 

absorptiometric method by direct reading on a digital colorimeter (Hach, DR870), calibrated 

with standard formazine suspensions. 

This study's standard method for Chemical Oxygen Demand (COD) was the microscale 

colorimetric method. Biochemical Oxygen Demand (BOD) was determined by dilution and 

incubation at 20 °C for 5 days [29]. Both results were expressed in mg.L-1. 
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Total Organic Carbon (TOC) and Total Nitrogen (Ntotal) analyzer equipment 

(Shimadzu, TOC-5000A) was used. The sample was prepared from a 1 mL aliquot of the 

effluent, previously filtered through a membrane (0.45 μm), and diluted to 25 ml with distilled 

water. The determinations were carried out by catalytic oxidation at high temperature (680 °C 

for TOC and 720 °C for Ntotal). For TOC, the content was determined by the difference between 

total carbon and inorganic carbon concentrations. Results were expressed in mg.L-1. 

The pH readings were carried out at room temperature (25 °C), in a digital bench pH 

meter (pH LAB 827, Metrohm), previously calibrated with suitable standards. 

The sedimentable solids' readings were carried out at room temperature (25 °C) in an 

Imhoff cone up to the volume of 1000 mL, leaving the liquid to rest for 45 minutes. After the 

solid residues were deposited on the walls, they were gently moved with a glass rod towards 

the bottom of the cone and left for another 15 minutes to completely decant the solid material. 

Finally, the solid material was read in milliliters. 

The analyzes of Total Phosphorus (Ptotal) were performed by the colorimetric method. 

For this, a concentrated solution of hydrochloric acid and sulfuric acid is added to an aliquot 

of the sample, followed by a solution of hydrochloric acid and ammonium molybdate diluted 

in distilled water and a small measure of ascorbic acid for staining the sample. The absorbance 

was determined at 660 nm in a spectrophotometer (Pro-Analysis, UV-1600, Brazil). Qualitative 

determination of sucrose was performed using Fehling's reagent [30]. 

3. Results and Discussion 

3.1. Characterization of raw effluent. 

The effluent from the washing machine for returnable glass bottles from the soft drink 

industry was characterized by COD, TOC, total phosphorus, total nitrogen, sedimentable 

solids, color, and turbidity (Table 1). From the results obtained, it was possible to observe that 

the raw effluent has low turbidity and low contents of total phosphorus and total nitrogen. 

However, it has high levels of COD, BOD, and TOC, parameters above those recommended 

for disposal, and even reuse in the unit by current legislation, [31] indicating the need for a 

treatment step before disposal. 

Table 1. Results of the characterization of the raw effluent compared to the CONAMA standards. 
Parameters Raw effluent CONAMA 

Turbidity (NTU) 3.0 <40 

Color (uH) 4.0 not visible 

Sedimentable Solids (mL.L-1 )  2.0 not visible 

COD (mg.L-1)  9,239.9 400 

BOD5days (mg.L-1)  4,375.1 120 

TOC (mg.L-1)  5,207.2 - 

Ntotal (mg.L-1)  5.6 <20.0 

Ptotal (mg.L-1)  <0.1 <5 

Sucrose (Qualitative) Positive - 

When performing preliminary tests using only the UF membrane, turbidity, color, and 

sedimentable solids were zeroed after the separation process. However, the COD and TOC 

parameters did not suffer reductions, presenting values similar to those of the raw effluent, 

indicating that the ultrafiltration membrane process applied directly to the raw effluent did not 

provide changes that would allow the proper disposal of this effluent according to the current 
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legislation. Considering the characteristics of the soft drink industry's effluent, the results 

observed were due to the presence of sugars (sucrose), which is one of the main raw materials 

of this type of product, with a concentration of 6.74 - 12.82 mg/100mL in the soft drink [32]. 

Its particle size, smaller than 1kDa (which was calculated considering that 1 sucrose molecule 

(PM = 342.3 g/mol) corresponds to 5.68 x 10-20 g and 1 kDa is equal to 1.66 x 10-21 g), hinders 

its removal by UF membranes, which are characterized by having pore sizes equal to or greater 

than 50 kDa, justifying the inefficiency observed in the UF process. 

In this context, previous chemical tests were proposed to assist in reducing COD and 

TOC, which can be applied alone or associated with other processes to obtain values that allow 

the disposal of the effluent or even its reuse in the industry. 

3.2. Aluminum sulfate. 

Aluminum sulfate (10%) as a coagulating agent presented adequate coagulation for all 

conditions evaluated. However, the flakes formed showed different trends in the phase 

separation. It can be seen that the concentration that showed the best results (lowest values for 

COD and TOC), with a reduction of 5.42% for COD and 3.95% for TOC in the raw effluent, 

was carried out using 4.5 mL.L-1 of aluminum sulfate (Table 2). Also, this concentration was 

the one that presented the best floc formation in the decantation as a separation step. 

Table 2. COD and TOC results with different concentrations of aluminum sulfate. 

Concentration 

(mg.L-1) 

COD 

(mg.L-1) 

TOC 

(mg.L-1) 

Reduction in relation to the raw effluent (%) 

COD TOC 

2.0  9,129.8 5,198.2 1.19 0.17 

2.5  9,101.3 5,110.2 1.50 1.86 

3.0  9,021.3 5,049.2 2.37 3.03 

3.5  8,923.5 5,005.7 3.42 3.87 

4.0  8,831.9 5,003.7 4.42 3.90 

4.5  8,739.2 5,001.3 5.42 3.95 

5.0  8,741.2 5,007.8 5.40 3.83 

However, it should be noted that the variation observed for COD and TOC fluctuated 

slightly between the concentrations of aluminum sulfate evaluated (maximum of 5.42 and 

3.95% of reduction in relation to the raw effluent, respectively), indicating a tendency of 

stabilization of the results in the studied concentration range, that is, this flocculant is not the 

most indicated for this effluent. 

3.3. Ferric chloride. 

The COD and TOC values obtained for samples submitted to different concentrations 

of flocculant (FeCl3) are shown in Table 3, which shows that the concentration that presented 

the best results (lowest values for COD and TOC), with a reduction of 5.5% for COD and 3.8% 

for TOC in the raw effluent, was carried out using a concentration of 45 mg.L-1. This result 

may be due to denser flakes' formation, which facilitates their separation from the liquid phase 

[33]. However, it increased the color and turbidity of the treated effluent, which was linked to 

the presence of Fe3+ ions in the solution. 
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Table 3. Results of the characterization of the raw effluent compared to the CONAMA standards. 
Concentration 

(mg.L-1) 

COD 

(mg.L-1) 

TOC 

(mg.L-1) 

Reduction in relation to the raw effluent (%) 

COD TOC 

10  9,145.6  5,132.9  1.02  1.4 

20  9,100.1  5,102.1  1.51  2.0  

30  8,987.2  5,007.2  2.73  3.8  

35  8,434.6  4,879.2  5.72  3.3  

40  8,897.5  5,005.3  3.71  3.9  

45  8,730.9  5,009.3  5.51  3.8  

50  8,723.6  5,014.9  5.59  3.7  

It should be noted that the variation observed for COD and TOC as well as fluctuated 

slightly between the concentrations evaluated, indicating that this flocculant is also not the most 

suitable for this effluent. 

3.4. TANFLOC. 

The results of COD and TOC for the effluent treated with different concentrations of 

TANFLOC are shown in Table 4. The concentration carried out using 60 mg.L-1 presented the 

lowest COD and TOC values, with a reduction of 53.5% for COD and 48.3% for the TOC in 

the raw effluent. This concentration of TANFLOC showed the best floc formation compared 

to the other tested flocculants. 

Table 4. COD and TOC results with different concentrations of TANFLOC. 

Concentration 

(mg.L-1) 

COD 

(mg.L-1) 

TOC 

(mg.L-1) 

Reduction in relation to the raw effluent (%) 

COD TOC 

30  7,349.7  5,099.2  20.5  2.1  

35  6,449.7  5,002.2  30.2  3.9  

40  6,049.7  4,998.0  34.5  4.0  

45  6,039.7  4,059.3  34.6  22.0  

50  5,749.7  3,387.3  37.8  34.9  

55  5,499.7  3,278.9  40.5  37.0  

60  4,299.7  2,690.3  53.5  48.3  

65  4,399.7  2,600.4  52.4  50.1  

70  4,349.7  2,603.5  52.9  50.0  

75  4,449.7  2,805.6  51.8  46.1  

80  4,549.7  2,831.2  50.8  45.6  

Studies that investigated the use of Tanfloc in the biofilm process's wastewater 

treatment process showed excellent results in removing undesirable solids, reducing chemical 

and biochemical oxygen demands, and providing water whitening [34]. Compared with 

conventional coagulants, such as aluminum sulfate and ferric chloride, TANFLOC was 

significantly more successful in terms of chemical oxygen removal, reducing it by up to 

approximately 90% [35]. Finally, the use of tannin-based coagulants and flocculants isolated 

or combined with other elements has been approached as an efficient alternative for high-

performance wastewater treatments and a highly promising strategy for recovering this 

resource. Also, TANFLOC is a natural product, and its sludge can be added to the soil as an 

agricultural reconditioner. 

The low removal observed in the coagulation process can also be related to sugars 

(polyalcohols). Due to their high polarity and solubility in water, they are characterized as 

difficult to remove molecules through coagulation. In this context, the best results observed for 

TANFLOC can be justified by its organic characteristic, which tends to present through 

intermolecular interactions (hydrogen bonds, dipole-dipole interactions) greater affinity for 

sugars, contributing to their aggregation and consequent removal, about aluminum sulfate and 

ferric chloride, with ionic characteristics. However, the COD and TOC reductions did not meet 
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the parameters stipulated by current legislation [30], which indicates the need for the sequential 

application of another type of treatment. 

3.5. Adsorption with activated carbon. 

As a complementary step to chemical flocculation, adsorptive tests were carried out 

using different amounts of activated carbon (between 0.5 and 0.8 g.L-1) in the effluent treated 

with TANFLOC (60 mg.L-1). The percentage amount removed for both COD and TOC 

fluctuated numerically between 7.5 ± 1.8 and 4.3 ± 1.5%, respectively. 

The similarity of the results for the different ranges using the mass of activated carbon 

suggests that the use of 0.5 g/L is sufficient and desirable. Considering the current legislation, 

[30] the treated samples' COD values do not yet satisfy the current legislation, indicating the 

need to apply another type of treatment associated with those already tested. In this context, 

the samples treated chemically (coagulation) and adsorptively (activated carbon) were 

submitted to a new stage using the UF process. 

3.6. UF tests after flocculation and adsorption. 

The sample treated with TANFLOC and activated carbon was filtered through filter 

paper and subjected to the membrane test. The pressure was first set at 1 bar for the membrane 

test with a flux of 1 L.min-1. Fouling was also measured, and after the passage of the effluent, 

cleaning with commercial detergent was carried out. A new flux test was carried out to verify 

the effectiveness of this cleaning (Figure 1). 

   
Figure 1. Permeate flux of (A) effluent treated with TANFLOC and activated carbon in the ultrafiltration 

membrane, and (B) after cleaning step. 

TANFLOC presented 26% drop in flux, starting at 60 L.m2h-1 and ending at 44 L.m2h-

1 (Figure 1A). The initial flux corresponds to approximately 40% of that observed initially for 

the membrane with distilled water. The lower starting flux and more accentuated fouling were 

 

(A) 

(B) 
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linked to the organic characteristics and molecular weight of TANFLOC, which can increase 

the clogging of the membrane when depositing on its surface, preventing the passage of 

permeate. The proposed cleaning was also efficient to recover the initial flux of the membrane 

(Figure 1B). 

For COD and TOC, removals were 63.64 and 54.92%, respectively, 4.3 and 4.2% 

higher than those observed for TANFLOC + activated carbon (Figure 2). The values for the 

effluent's characterization before and after the associated treatment are shown in Table 5. For 

BOD, the value found was 1,680.0 mg/L. Even though it is above 120 mg/L, according to 

current legislation, as it has a removal efficiency of 64.98%, that is, above 60%, it could be 

discarded to this parameter. 

 
Figure 2. COD and TOC removal coefficient (%) in the processes of coagulation, adsorption, and UF 

membrane. 

Table 5. Characterization of the raw and treated effluent using the associated process TANFLOC, activated 

carbon and UF. 

Parameters Raw effluent Treated effluent CONAMA Reductions (%) 

BOD5days (mg.L-1) 4,798.1 1,680.0 120 64.98 

COD (mg.L-1) 7,920.3 2,879.2 400 63.64 

TOC (mg.L-1) 5,207.0 2,347.3 - 54.92 

Ptotal (mg.L-1) <0.1 <0.1 5  

Ntotal (mg.L-1) 5.6 4.2 >20.0  

Sedimentable solids 

(mg.L-1) 

3 0 Up to 1 in 1 hour  

Color (uH) 3 0 Not visible  

Turbidity (NTU) 3 0 <40  

Sucrose 

(Qualitative) 

Positive Positive -  

The small increase in the COD and TOC removal efficiency observed when using the 

UF membrane combined, as final polishing, would not justify its implementation costs. 

However, this small difference may be the differential to fit the effluent to the BOD parameter, 

whose removal efficiency was approximately 5% higher than the minimum required by 

legislation for this parameter. 

Despite a good removal in both COD and BOD (above 60%), the values obtained in the 

treated effluent are higher than the emission limits required by the legislation. Due to their high 

polarity and solubility in aqueous media, sugars are characterized as difficult to remove 

compounds, being linked to the inefficiency of the process observed for BOD. 
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Considering this study, it was widely discussed that the process for producing and 

obtaining soft drinks in industrial companies generates large amounts of wastewater. With the 

growing concern about the sustainable exploitation of resources, this scenario exposes the 

necessity for reusing water for other procedures incorporated in industries that require this 

element, such as processes for cleaning the location and techniques that do not require 

essentially pure water. Thus, effective treatment and low operating costs make wastewater 

recovery an important alternative for a highly promising and rapidly expanding sector. 

The reuse of effluents produced industries is a highly economically and sustainably 

viable option, especially since some developed operational processes do not require highly pure 

water [35-36]. The necessity to use water for operational processes can be reduced if these 

processes are carried out under closed-circuit conditions, considerably reducing costs and using 

this element in several other procedures [37]. Industrial water treatment is also a critical topic 

since untreated wastewater can pollute water bodies and have many consequences for the 

environment [38]. In conclusion, costs involving waste treatment can be converted into 

environmental gains and contribute to the regional economy [39].  

4. Conclusions 

In conclusion, it can be verified that the applied processes provided important 

information, mainly to the coagulant agent for the treatment of the water in the washing 

machine of returnable soft drink bottles. Among the tested coagulants, TANFLOC showed the 

best results. Its treatment associated with activated carbon and UF membrane showed a 63.64% 

reduction in COD and 54.92% in TOC. BOD removal efficiency was approximately 5% higher 

than the minimum required by legislation. The direct application of the membrane over the raw 

effluent was not efficient since the COD, and TOC analyses' results did not significantly 

change. The results obtained represent a solution to water sustainability, allowing water 

consumption reduction through the partial or total reuse of the treated effluent. 
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