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INTRODUCTION 

 

Population growth is one of the leading causes of increasing water use and also the quantity of domestic wastewater due to 

human activity [1]. According to the sixth sustainable development goal of the United Nations, more than 80% of wastewater in 

the world goes into rivers and sea without any treatment, which means a severe problem. Furthermore, it is estimated that more 

than 2 million people die every year from diarrheal diseases worldwide caused by inadequate sanitation and unsafe water, which 

together are responsible for almost 90% of these deaths [2] [3]. 

 

This project focuses on domestic wastewater or sewage, whose effluent comes from residential and commercial areas. This 

kind of wastewater represents a great danger and latent risk for human health and the environment.  It contains biological 

pollutants like pathogenic microorganisms, and their presence is associated with fecal contamination. For this type of 

contamination, there are indicator microorganisms such as fecal coliforms (FC) and thermotolerant bacteria, especially 

Escherichia Coli (E. Coli) [4]. 

 

There are different ways to eliminate pathogenic bacteria and other microorganisms. The most commonly used disinfection 

methods are chlorination, ozonation, ultraviolet light, and photocatalytic disinfection [5]. However, there have been several 

studies of metallic elements that are capable of inactivating or eliminating pathogenic microorganisms such as copper [6]. 

 

The antimicrobial property of copper has been explored for centuries. One of the oldest Egyptian medical texts describes 

the use of copper in the sterilization of wounds and the disinfection of drinking water. Also, Greek, Roman and Aztec 
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civilizations used copper to treat specific ailments such as burns, infections, headaches and also for hygiene in general [7]. In 

some parts of the world, such as the United Kingdom, the United States, Germany, Greece and others, laboratory tests have been 

developed to check the antimicrobial action of copper. These tests have been performed, simulating typical conditions of indoor 

environments. The E. Coli O157: H7 bacteria was used to experiment on different contact surfaces such as copper, stainless 

steel, silver and plastic coating. After 2 hours of exposure, copper eliminated 99.9% of E. Coli O157: H7, while the other surface 

types did not show any antimicrobial action after 6 hours of exposure [8]. 

 

Thus, on 29 February 2008, the EPA registered copper and its alloys, including brass and bronze, as bactericidal materials 

for use on solid surfaces with health applications. It has been determined that the pathogenic bacteria to be eliminated are: 

Methicillin-resistant Staphylococcus aureus (MRSA), E. Coli O157: H7, Pseudomonas aeruginosa, Klebsiella aerogenes, 

Listeria monocytogenes, Salmonella enterica, Campylobacter jejuni, Legionella pneumophila, Clostridioides difficile and 

Mycobacterium tuberculosis [9] [10]. Thereafter, the research of copper antimicrobial property increases considerably to 

evaluate its use in different applications such as water treatment, use in disinfectants, pipe materials, among others [11]. 

 

In this regard, the antimicrobial action of copper is due to an interaction with the bacterial membrane [12], causing damage 

through protein degradation and subsequent bacterial inactivation [13]. Also, copper is one of the few materials that does not 

degrade or lose its physical or chemical properties when it is recycled [14]. It means that the copper scrap can be used for 

sewage treatment. Using this property of materials for wastewater treatment, specifically for the disinfection process, is a useful, 

innovative, cost-effective and environmentally friendly alternative. Recycling metals such as copper, brass and bronze is 

important to take care of the environment since recycling involves protecting natural resources, decreasing the amount of solid 

waste, energy saving used in the production of raw material, reduction of production costs, less pollution of water, air and soil 

[15]. 

 

The contribution of this project is to develop a new alternative for wastewater disinfection process, better than conventional 

methods used in wastewater treatment plants, which are more expensive and sometimes could generate by-products such as 

organochlorine compounds, chloramines and trihalomethanes that are harmful for human, health and the environment [16]. So, 

the objective is to evaluate the antimicrobial properties of recycled copper, brass and bronze shavings in two types of 

wastewater; synthetic water (inoculated with Escherichia coli) and domestic wastewater from a river in Quito-Ecuador, through 

simulation batch reactors. 

    
 

MATERIALS AND METHODS 

 

Recycled copper, brass and bronze materials were obtained from mechanical parts, electrical appliances, electronics objects 

and antiques. These pieces were found mainly in scrap yards and recycling plants. The recycled materials were subjected to a 

chip process for obtaining shavings. The sparkle spectrometry analysis was used to know the composition and concentration of 

elements present in each recycled material (BRUKER brand Equipment and Q2 ION model). 

 

The experimental stage was carried out in two main phases: tests with synthetic water (the strain of E. Coli ATCC 25922) 

and tests with water from a river in Quito-Ecuador with residual effluents. At each phase, treatments with copper, brass, and 

bronze shavings were applied to evaluate the mortality efficiency of FC. The tests were carried out in duplicate, obtaining in this 

way an average of the measurements made. The tests consisted of treating 200 ml of contaminated water with copper, brass and 

bronze shavings in different beakers, simulating batch reactors. Therefore, OVAN brand jar test equipment was used to generate 

agitation in the reactor. The rotation speed was of 250 RPM [17]. In the first phase, the concentration of FC before and after 

treatment was determined at the end of the different contact times (0.5, 1 and 2 hours) and in the reactor with different 

concentrations by weight of copper (1, 3 and 7 g). Subsequently, the best contact time was selected to eliminate the highest 

bacterial load. It was re-tested with the selected time and the different concentrations by weight (1, 3 and 7 g) with the brass and 

bronze shavings. 

 

Based on the results obtained during the first phase, the test proceeded with the second phase, which consisted of validating 

the treatment with water from a river with residual effluents. It was experimented at 2 hours as contact time and with 7 g of 

copper, brass and bronze shavings. The multiple tube technique was used to determine the concentration of FC. This technique 

establishes the Most Probable Number (MPN), which estimates the population densities of coliform microorganisms present in 

water samples per 100 ml [18]. Serial dilutions were made from 10
-1

 to 10
-10

 by the contaminant load present in the water. The 

experimental area was previously disinfected and prepared with all aseptic conditions; Bunsen burners were used to avoid cross-

contamination. 

 

The FC mortality efficiency percentage was calculated using the Eq. (1). 

 

Mortality efficiency (%) = (FCo - FCf) / FCo * 100 (1) 

  

 

Where FCo, is the initial concentration value of Fecal Coliform; FCf is the final concentration value of Fecal Coliform. 
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In addition, parameters such as pH, temperature and concentration of residual copper were measured using a pH Meter and 

Hach DR 2700 Spectrophotometer. These parameters are closely related to the antimicrobial action of the materials. 

 

 

RESULTS AND DISCUSSION 

 

COMPOSITION OF COPPER, BRONZE, AND BRASS  

 

The copper shavings had a purity of 99,81 %. The brass shavings have a composition of 19,17 % of Zinc (Zn) and 72,8 % 

of copper and finally bronze shaving obtain 13,14 % of Tin (Sn) and 83,73 % of copper. The particle size of shavings was 

between (a) 1,03 x 0,34 cm, (b) 0,7 x 0,4 cm and (c) 0,9 x 0,6 cm for each material (Fig. 1).  

 

 
Fig. 1: The particle size of (a)copper, (b)brass and (c)bronze shavings 

 

 

TESTS WITH SYNTHETIC WATER (INOCULATED WITH E. Coli) 

 

FC Concentration and Mortality Efficiency 

With the initial and final concentration values, the FC mortality efficiency percentage could be established at the different 

contact times and different copper shaving weights. These results are detailed in Table 1. 

Table 1: FC mortality efficiency, treatment with copper shavings  
Contact times Weight copper 

(g) 

Fecal coliforms (MPN/100ml) Efficiency    
(%) Initial Final 

T1 - 0,5h Control 2,85 x 10
8
 

 

7,80 x 10
8
 0* 

W1=1 4,60 x 10
8
 0* 

W2=3 6,70 x 10
7
 76,49 

W3=7 1,22 x 10
7
 95,74 

T2 - 1h Control 1,75 x 10
8
 38,60 

W1=1 5,70 x 10
7
 80,00 

W2=3 2,40 x 10
7
 91,58 

W3=7 5,70 x 10
6
 98,00 

T3 - 2h Control 7,80 x 10
7
 72,63 

W1=1 5,70 x 10
6
 98,00 

W2=3 2,35 x 10
6
 99,18 

  W3=7 2,70 x 10
5
 99,91 

*There was bacterial growth, so there were no mortality percentages. 

At the end of the first contact time (T1 = 0.5 h), there was an increase in the final FC concentration of more than 0.20 

logarithmic units with respect to the initial concentration in the control and W1 reactors, indicating a bacterial growth. While for 

the W2 and W3 reactors, a reduction in the coliform bacteria count was shown. This increase in the bacterial count can be 

attributed to three main factors: the availability of nutrients presents in the nutrient medium (peptone water) generates a rapid 

multiplication of bacteria according to their growth curve. As a second point, it may be due to the fact that the antimicrobial 

effect of copper is related to the retention time, so it is likely that at 0.5 h copper has not yet exerted its antimicrobial action [19] 

[20] and finally, at low concentrations (traces), the copper turns out to be an essential nutrient for the metabolism of bacteria, 

which is why biosorption processes and bacterial growth are favored compared to high concentrations, in which copper 

turns out to be toxic and harmful to bacteria [21] [22]. 

 

Regarding the second contact time (T2 = 1 h), it is evident that the final concentration of FC was lower with respect to the 

initial concentration in all reactors. At reactor W1, the final concentration of FC decreased by 0.7 logarithmic units compared to 

the initial value, while for W1 reactor, a reduction of 1.07 logarithmic units was achieved and for W3 reactor, the reduction was 

1.7 logarithmic units.  

 

https://www.collinsdictionary.com/es/diccionario/ingles-espanol/turn
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/out
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/to
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/be_1
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/toxic
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/and
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/harmful
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/to
https://www.collinsdictionary.com/es/diccionario/ingles-espanol/bacteria
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For the last contact time (T3 = 2 h), it is observed that the final FC concentrations decreased in all reactors, mainly detailing 

that for the W3 reactor, there is a reduction of FC by more than 3 logarithmic units.  

 

In this way, at the first contact time (T1 = 0.5 h), the highest FC mortality percentage (95.74%) was obtained in the W3 

reactor, while for one hour of contact (T2 = 1 h) a mortality percentage of 98% was obtained and finally, after two hours of 

contact (T3 = 2 h) a mortality percentage of 99.91% was obtained in the W3 reactor, evidencing an FC reduction in more than 3 

logarithmic units. However, this final concentration (2.70 x 10
5
 MPN/100 ml) does not comply with the maximum permissible 

limits of FC for human consumption according to the water quality criteria of the EPA and WHO, where the stipulated value is 

the absence of microorganisms present per 100 ml of water [23]. 

 

For brass and bronze shavings, the tests were only after 2 hours of contact and at different weights. The concentrations of 

FC and efficiency percentages are shown in Table 2: 

Table 2: FC mortality efficiency, treatment with brass and bronze shavings  

Material Weight 

(g) 

Fecal coliforms 

(MPN/100ml) 

Efficiency    

(%) 

 Initial Final 

Brass Control 7,80 x 10
8
 6,55 x 10

8
 16,03 

W1 = 1 3,05 x 10
8
 60,90 

W2 = 3 1,22 x 10
8
 87,63 

W3 = 7 2,90x 10
7
 98,44 

Bronze Control 1,22 x 10
8
 7,80 x 10

8
 0* 

W1 = 1 1,50 x 10
8
 64,61 

W2 = 3 5,90 x 10
7
 92,35 

W3 = 7 3,05 x 10
6
 99,31 

*There was bacterial growth, so there were no mortality percentages. 

There was a greater reduction in the bacterial count at the greater weight of shavings (7 g), for example for brass there was 

an FC reduction of 1.4 logarithmic units with respect to the initial concentration, obtaining an efficiency percentage of 98.44%, 

while for bronze, the final concentration of FC decreased in two logarithmic units obtaining a percentage of 99.31%. 

 

In general, the fact that bacteria have not reduced by the desired percentage indicates that brass and bronze in small 

quantities have not reached their maximum performance, or in turn, the time necessary for them to exert their bactericidal effect 

was short and probably not all bacteria came into contact with metal ions. Additionally, an important aspect to consider is the 

copper composition in the alloy, where the higher percentage of copper, the faster and more efficient the antimicrobial action 

will be [11].   

With respect to the control reactor, the survival of coliform bacteria can be attributed to the availability of nutrients 

provided by the nutrient medium (peptone water), which was initially used to reactivate the E. Coli bacteria, supplying sufficient 

energy to produce a cell division in the medium [24].  

Measurement of pH and Temperature Parameters 
The results obtained of pH and temperature before and after the treatment was applied (2 hours of treatment), both in the 

control reactor and in the reactors with the different weights of copper, brass and bronze shavings (W1, W2 and W3) are detailed 

in Table 3. 

 

Table 3: Initial and final pH and temperature 

Material Weight   (g) pH Temperature       (°C) Efficiency    

(%) Initial Final Initial Final 

Copper Control 7,07 7,21  

20,1 

20,8 72,63 

W1 = 1 7,45 20,9 98,00 

W2 = 3 7,48 20,9 99,18 

W3 = 7 7,50 20,8 99,91 

Brass Control 7,71 7,71 19,5 20,3 16,03 

W1 = 1 7,70 20,3 60,99 

W2 = 3 7,62 20,4 87,63 

W3 = 7 7,52 20,5 98,44 

Bronze Control 7,12 7,25 19,9 21,3 - 

W1 = 1 7,32 21,3 64,61 

W2 = 3 7,38 21,4 92,35 

W3 = 7 7,41 21,4 99,31 
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  For reactors with copper shavings, the pH increase is slightly more significant at a higher weight, as the case of the 

reactor containing 7 g of copper shavings (W3), whose final pH was 7.50, while the temperature increased to 20.8 °C and 20.9 

°C. In the reactors containing brass shavings a decrease occurs, which could be attributed to a reaction of Zn with H
+
 ions [25], 

on the other hand, the temperature increases until reaching a maximum of 20.5 °C in the reactor with W3 of brass shavings. For 

reactors with bronze shavings, pH increases depending on the weight of bronze, while the temperature also increases to 21.3 °C 

and 21.4 °C. 

 

The increase in pH is related to the corrosion products (oxides, hydroxides, etc.) of the materials that are formed when they 

come into contact with water, which in turn increases the concentration of hydroxyl ions according to the Eqs. (2), (3) and (4) 

[26] [19]. 

                     
       (2) 

                             (3) 

                             (4) 

An electrochemical reaction was involving the transfer of electrons from zero-valent metal (Cu
0
) to an external electron 

acceptor. So, it generates to release of the cupric ions (Cu
+2

) into the surrounding medium and, therefore, the deterioration of the 

metal [27]. Due to the processes of agitation and aeration in the reactors, there is an increase of surface contact between water 

and air, which facilitates the exchange of gases, mainly oxygen (O2), which is why a slight increase in pH was obtained in the 

copper and bronze reactors [28] [29]. In addition, by keeping the water in agitation at a rotation speed of 250 RPM, the kinetic 

energy of the molecules is increased, causing a rise in the temperature of all reactors [12].  

 

Residual copper concentration  
The results obtained from residual copper after two hours of contact and 7 g of shavings of each material are detailed in Table 4: 

Table 4: Residual copper concentration  

Material Residual Copper (mg/l) 

Initial Final 

Copper 0,02 2,12 

Brass 0,02 0,72 

Bronze 0,02 2,43 

 

The reactors containing the copper and bronze shavings showed a higher residual copper concentration of 2.12 mg/l and 2.43 

mg/l, respectively, exceeding the maximum limits established by the WHO of 2 mg/l. Residual copper concentration is related to 

the level of ions released from copper, which at the same time, is related to the survival of coliform bacteria [30]. In this way, it 

is verified that as the concentration of copper in the water increases, there is better antimicrobial efficiency. It is important to 

note that these processes can be influenced by the physicochemical characteristics of water (mainly pH and temperature), the 

copper redox potential and the copper composition in the alloy [27]. 

Another factor that contributes to the dissolution of material with higher copper composition is corrosion due to the release of 

ions, expressing an increase in their concentration [31]. 

TESTS WITH DOMESTIC WASTEWATER 

FC Concentration and Mortality Efficiency 

The results of FC mortality efficiencies using recycled copper, brass and bronze shavings, obtained from the FC initial and final 

concentration after 2 hours of contact time, are shown in Table 5: 

Table 5: FC mortality efficiency, treatment with copper, brass and bronze shavings  

 

Material Weight  (g) Fecal Coliforms  (MPN/100ml) Efficiency   (%) 

Initial Final 

Control - 9,30 x 10
6
 2,90 x 10

6
 68,82 

Copper  W1=7 2,90 x 10
3
 99,99 

Brass W2=7 1,80 x 10
4
 99,81 

Bronze W3=7 1,13 x 10
4
 99,91 
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The FC initial concentration was 9.30 x 10
6
 MPN/100ml for all reactors, and the copper shavings reactor obtained the 

highest FC reduction with more than 3 logarithmic units, followed by a decrease of 0.5; 2.71 and 2.92 logarithmic units for the 

control, brass and bronze reactors, respectively. The results obtained surpass the maximum permissible limit of FC (0 

MPN/100ml), despite the fact that copper presented a high mortality percentage. 

 

It is presumed that the mortality percentage of 68% of FC in the control reactor can be attributed or is related to the 

competition for nutrients and available space that exists among other bacterial species present in the environment. In the batch 

reactors, there is no continuous contribution of organic matter, which is why bacteria compete for the available nutrients, unlike 

wastewater in its natural channel or discharges [32] [33] [34].  

 

In general, it can be observed that brass and bronze have a lower overall inactivation rate in the FC count, which could 

require longer exposure time for the similar antimicrobial effect of copper to be exerted [35]. The variations can be attributed to 

the different copper compositions presented by the alloys. Thus, copper with a composition of 99.81% (Purity) has a higher 

antimicrobial capacity, presenting an FC mortality efficiency of 99.99%, followed by bronze (83.73%) with a 99.91% mortality 

and last brass (72.8%) with 99.81% mortality. These results are related to several studies that evaluated different copper alloys, 

in which no viable cells were detected in those alloys that had the highest copper concentration [36]. 

 

Measurement of pH and Temperature Parameters 

The initial and final values of pH and temperature experienced after 2 hours of contact for both the control reactor and the 

reactors with copper, brass and bronze shavings, are shown in Table 6: 

Table 6. Initial and final pH and temperature 

Material Weight   (g) pH Temperature   (°C) Efficiency (%) 

Initial Final Initial Final 

Control - 6,77 

 

7,45 18,6 18,5 68,82 

Copper W = 7 8,11  18,5 99,99 

Brass W = 7 7,68  18,4 99,81 

Bronze W = 7 8,04  18,5 99,91 

 

The initial pH of the sample of domestic wastewater was 6.77, and once the treatment was applied, an increase was 

observed in both the control and the reactors with the different materials. The values obtained of pH were 7.45 for the control 

reactor, 8.11 for copper, 7.68 for brass and 8.04 for bronze. 

 

In contrast, the temperature decreased slightly by 0.1 units for the control, copper and bronze reactors, while for the brass 

reactor, there was a reduction of 0.2 units. When analyzing these parameters with the FC mortality efficiency, it can be shown 

that as there is an increase in pH, the FC mortality efficiency increases [36]. According to the results, there is no influence of 

temperature on bacterial death, because the variation is minimal and not very representative.  

 

In this sense, the effect of pH is more significant in the inactivation of coliform bacteria as it contributes to the increase of 
antimicrobial action of copper, this metal being more productive at pH away from neutrality [37]. There is no influence of 
temperature on mortality bacterial because the variation is minimal and not very representative. 

Residual copper concentration  

 

The results obtained from residual copper for the three materials are shown in Table 7: 

Table 7: Residual copper. 

Material Residual Copper 

(mg/l) 

Initial Final 

Copper 0,11 0,86 

Brass 0,11 0,44 

Bronze 0,11 0,70 

 

The results obtained are in agreement with several studies, where confirm that the residual copper concentration or copper 

ion leaching increases as the copper composition is more significant in the alloy [38] [39]. In this way, copper that has a purity of 

99.81%, presenting more significant leaching, followed by bronze (83.73% in copper composition) and finally brass (72.8% of 

copper present in the alloy).  
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In this way, it is essential to analyze the relationship between residual copper concentration and removal efficiency, 
since the higher the concentration of copper ions released, there is more significant interaction of these with the 
membranes of pathogenic microorganisms resulting in the elimination or mortality bacterial [19] [30] [38].  

 
COMPARATIVE ANALYSIS 

A comparison was made of the microbial mortality efficiency of the three metals both in synthetic water and in domestic 

wastewater, which is represented in Figure 2. 

 

 
Figure 2: Comparison of FC mortality efficiencies in synthetic water and wastewater 

 

 

It is demonstrated that the use of copper shavings presented the best FC mortality, both for synthetic water and for domestic 

wastewater with 99.91% and 99.99% respectively, followed by bronze with 99.31% mortality in synthetic water and 99.91% in 

domestic wastewater, and finally, the shavings with the lowest mortality were those of brass, which showed FC mortality 

efficiencies of 98.44% and 99.81%.  

 

Therefore, there is no treatment to eliminate FC entirely or get a 100% mortality efficiency. This may mean that the contact 

time (two hours) of the materials used was not favorable enough to exert their effect, so it is necessary to evaluate longer 

treatment times [40]. 

 

The FC mortality efficiency in domestic wastewater is higher than in the tests with synthetic water, due to the composition 

of domestic wastewater, which contains organic and inorganic substances mainly from human excreta, urine, food, detergents, 

use of fertilizers, among others [41]. These components favor the inactivation of E. Coli bacteria in less time when in contact 

with copper materials, additionally, some studies evaluated copper containers with synthetic water with bacteria but without 

organic and inorganic components, demonstrating slower inactivation rates [20].  

 

 

CONCLUSION 

  
For the tests with synthetic water, the best bacterial mortality percentage of 99.91% was obtained in the W3 reactor with 

copper shavings (7 g). While in the test with wastewater, the best percentage of mortality was 99.99% in the W3 reactor with 
copper shavings (7 g), both tests experienced after 2 hours of contact. The percentages of bacterial mortality of brass and brass 
shavings were lower compared to copper, experienced under the same conditions. Accordingly, recycled copper was the best 
material to eliminate fecal coliforms, followed by bronze and finally brass. In the same way, to analyzing treatments carried out 
between domestic wastewater and synthetic water, the action of shavings was more effective in domestic wastewater, due to the 
composition of water itself, which contain organic and inorganic substances, these favor the inactivation of bacteria.   

 

Finally, the effect of copper in the inactivation of  E. coli was proportional to the dissolution of the material in the water. There 

better percentages of bacterial removal when there is a higher concentration of copper residual copper in the water and it is due 

to a higher release of copper ions and corrosion effect. Thus, metal ions are the main causes of damage to the cell membrane. In 

this way, it is concluded that the shavings from recycled materials still conserve their antimicrobial properties and could be an 

alternative for disinfection treatments to improve the quality of water. 
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https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/the
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/inactivation
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/of
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/E.
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/coli
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/was
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/proportional
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/to
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/the
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/dissolution
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/of
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/the
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/material
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/in
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/the
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/water
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/corrosion
https://es.pons.com/traducci%C3%B3n/ingl%C3%A9s-espa%C3%B1ol/effect
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