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Abstract: The problem of environmental pollution brings with it issues that affect the development of all living beings,

including plants, animals, and humans [1]. Water is one of the main natural resources affected by industrial activity, as

many industrial processes depend on it for product manufacturing, or it is used as an essential auxiliary service in unit

operations. Therefore, water treatment procedures must be established to help conserve its natural state and ensure its

preservation for future generations [1]. Concern about environmental pollution has fostered research and development of

sustainable technologies, as well as increasingly stringent regulations to ensure that industrial processes, through the use of

clean technologies, reduce pollutant levels in effluents. Most companies generate wastewater with high concentrations of

pollutants because treatment methods are economically unviable and have low effectiveness. In industry, chromium is used

in: tanning processes, textile pigments, alloys, catalysts, anti-corrosion agents, batteries, fungicides, metal coatings,

electroplating, etc. The objective of this study was to establish a methodology for reducing chromium VI to chromium III

in wastewater, as well as its control to comply with the parameters established in Standard NOM-001-SEMARNAT-1996

[22]. The results obtained after treatment ranged from 0.059 to 0.99 mg/L of chromium III. It is concluded that treatment

with sodium metabisulfite is a good option for chromium reduction. The key finding of this study is that the water can be

reused for irrigating green areas.
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1 Introduction
Environmental pollution by heavy metals is primarily caused by anthropogenic activities, such as those carried out in

the metallurgical, agricultural, and manufacturing industries, as well as by poor waste storage and disposal practices [19].

These industries release just over 5 million tons of arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), mercury (Hg),

nickel (Ni), lead (Pb), selenium (Se), vanadium (V), and zinc (Zn) into the environment each year [3]. These metals tend to

persist indefinitely in the environment and eventually accumulate through the food chain, posing a serious threat to the

health and well-being of living organisms [3]. Removing heavy metals from industrial wastewater is essential to reducing

environmental pollution. Water pollution by heavy metals represents a significant environmental problem due to the toxic

effects it has on human health. The main sources of water pollution by heavy metals come from industrial wastewater, such

as that from metallizing, mining, tanneries, paint manufacturing, radiator production, smelting, and alloy industries, among

others [1], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15]. The maximum permissible discharge for hexavalent

chromium into receiving bodies of water must be less than 0.5 mg/L, according to the regulations establishing the
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provisions for wastewater discharge, Executive Decree No. 21-2017 [2]. Chromium exists in more than one oxidation state,

from Cr(0), the metallic form, to its hexavalent form, Cr(VI). Specifically, chromium in its +6 oxidation state is considered

hazardous even in small concentrations, while Cr in the +3 oxidation state is essential for health under moderate conditions

[4].

Hexavalent chromium can cause adverse short- and long-term effects, with the respiratory tract being the primary

organ affected after exposure. Hexavalent chromium can cause lung cancer, irritation, or damage to the skin, eyes, nose,

and throat. According to OSHA, the permissible exposure limit for hexavalent chromium per day is 5 µg/m³ [5], [1], [12].

Chronic inhalation exposure to hexavalent chromium in humans can cause septal perforation and ulceration, bronchitis,

decreased lung function, pneumonia, asthma, and nasal itching. High levels of hexavalent chromium can also affect the

liver, kidneys, gastrointestinal system, and immune system [6].

Currently, several companies still discharge wastewater without treatment. Hence the importance of this study as a

contribution to the care of our environment.

Water pollution by Cr(VI) is due to untreated industrial effluents generated by the metallurgical industry, chrome

plating, leather tanning, electroplating, wood preservation, the preparation of high-hardness, heat-resistant, anti-corrosive

alloys, mining, and the production of cement, dyes, paints, and photographic materials [7], [8], [9]. Even when heavy

metals are diluted and in undetectable quantities, their recalcitrant nature and persistence in water bodies cause their

concentration to increase to toxic levels through processes such as biomagnification [8], [9], [10].

The most common method for removing metals from industrial effluents is precipitation as hydroxides, using caustic

soda (NaOH) or lime (Ca(OH)2) to achieve an alkaline pH. Ferrous and aluminum sulfates are often added as coagulants.

However, Cr(VI) is soluble and does not precipitate at any pH value; moreover, these methods ultimately result in high

costs due to the large amount of sludge generated, which has poor filtration properties and requires water neutralization

after precipitation [4]-[16], [17], [18].

This research project presents the development of an experimental methodology outlining the steps for reducing

chromium VI to chromium III in wastewater using sodium metabisulfite, as well as its control to comply with the

parameters established in Mexican Standard NOM-001-SEMARNAT-1996 [22]. A coagulation-flocculation system was

used for chromium adsorption. The coagulation-flocculation process is a useful method for separating very fine colloidal

particles that exhibit high stability in water. Coagulation refers to the process of destabilizing and subsequently aggregating

colloidal suspended particles present in water, to enhance the sedimentation or thickening stage in which these particles

must be separated from the water [20], [21]. Destabilization is achieved by neutralizing their electrical charges, thus

eliminating repulsive forces, canceling their zeta potential, and causing the colloids to aggregate due to mass action.

2 Methodology
2.1 The physicochemical treatment of the wastewater was carried out as follows:

(1) The sample was taken from the surface finishing baths of a metalworking company.

a) Neutralization: The water was neutralized with calcium hydroxide to adjust the pH of the water to a range of 7-8

units, thus allowing the coagulant product that is subsequently added to react efficiently.

b) Coagulation: This is a chemical technique whose objective is to destabilize colloidal particles (water contaminants).

It turns out that most of the suspended particles in the wastewater are so small that their removal in the sedimentation tanks

by gravity was not possible. Therefore, coagulation was carried out by adding aluminum sulfate (40 g/L) to destabilize the

water contaminants and break the electrical forces that led to the formation of a chemical precipitate. At this stage, sodium

metabisulfite was added to reduce chromium VI to Cr III, according to the sodium metabisulfite demand.
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c) Flocculation: This is a slow mixing technique that induces the formation of agglomerates of destabilized particles, a

product of the coagulation process in the previous stage. Generally, the formation of agglomerates (clumps of flocs) is

increased by adding a polymeric product to the coagulated water mixture, which also contributes to an increase in the

weight and sedimentation rate of the flocs formed. In this case, an acrylamide polymer was added.

d) Method for determining the sodium metabisulfite demand for the reduction of chromium VI to chromium III.

1) Pipette a 10 ml sample of wastewater, containing hexavalent chromium, into a 250 ml flask and dilute to 100 ml

with distilled water.

2) Add 1 gram of potassium iodide (KI) crystals and stir until dissolved.

3) Add 15 ml of concentrated hydrochloric acid (HCl) to the flask.

4) Titrate with a 0.1N sodium thiosulfate solution, until the red-orange solution turns straw-colored.

5) Add 15 to 20 drops of starch indicator solution, the solution will turn dark purple, continue titrating slowly until the

solution changes to light or pale green.

2.2 Calculations

(1) Calculation to determine the necessary amount of sodium metabisulfite.

a) ml of sodium thiosulfate (Na2S2O3) consumed × 1.45 = lb Cr(VI) / 1000 gal of water.

b) If the result is desired in mg/L, and 1 ml of sodium thiosulfate is consumed, the following conversion is performed:

Parts Per Million (p.p.m.) = (1.45 lb)(1 gal)(0.454 kg)(1000 g)(1000 mg) / (1000 gal)(3.785 L)(1 lb)(1 kg)(1 g) =

173.92 mg/L.

c) The theoretical amount of sodium metabisulfite required to reduce chromium (VI) to chromium (III) is as follows:

To reduce 1 ppm of Cr (VI), 2.81 ppm of metabisulfite (Na2S2O5) are needed; in practice, it was taken as 3 ppm.

(2) The reduction reaction of Cr (VI) to Cr (III) is schematized as follows:

This reaction is instantaneous for pH values below 2.5.

3 Results
After treatment, the chromium content in the wastewater was analyzed by atomic absorption using a Perkin Elmer

atomic absorption spectrometer for three months. Tables 1, 2, and 3 show that the results are within the specification, as the

standard establishes a maximum of 1.5 ppm of chromium in wastewater for agricultural irrigation (see Figures 1, 2, and 3).

Table 1. Chromium III content in wastewater in March 2021

Samples Chromium Content (ppm) pH Observations
1 0.088 9.8 Within specification
2 0.36 9.5 Within specification
3 0.99 9.0 Within specification
4 0.14 8.96 Within specification
5 0.21 8.47 Within specification
6 0.13 8.43 Within specification
7 0.41 7.0 Within specification
8 0.22 6.98 Within specification
9 0.35 9.0 Within specification
10 0.15 7.2 Within specification
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Figure 1.Chromium content in wastewater for the month of March.

Table 2. Chromium content in the month of April

Samples Chromium Content (ppm) pH Observations
1 0.63 7.28 Within specification
2 0.21 9.3 Within specification
3 0.11 8.35 Within specification
4 0.25 8.13 Within specification
5 0.26 7.95 Within specification
6 0.26 8.25 Within specification
7 0.15 8.83 Within specification
8 0.46 7.67 Within specification
9 0.25 8.75 Within specification
10 0.20 8.5 Within specification

Figure 2. Chromium content in wastewater in the month of April.

Table 3. Chromium Content in Wastewater in May 2021

Samples Chromium Content (ppm) pH Observations

1 0.20 8.6 Within specification
2 0.059 9.63 Within specification
3 0.24 7.57 Within specification
4 0.24 8.12 Within specification
5 0.68 7.64 Within specification
6 0.15 7.10 Within specification
7 0.11 10.78 Within specification
8 0.22 7.5 Within specification
9 0.19 8.42 Within specification
10 0.20 8.41 Within specification

Content of Chromium(III) in Wastewater

Chromium in ppm
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Figure 3. Chromium content in wastewater in the month of May.

As can be seen in Figure 1, the chromium III content in the treated wastewater during the month of March ranged

from 0.088 to 0.99 ppm.

In April, the chromium III content in treated wastewater ranged from 0.11 to 0.66 ppm.

In May, the chromium III content of treated wastewater ranged from 0.059 to 0.68 ppm.

The results obtained after treatment were within specification.

It should be noted that before water treatment, the chromium was in oxidation state VI. And all the chromium VI

values were out of specification (greater than 1.5 ppm).

The importance of this study lies in the company's contribution to sustainable development, since the decision was

made not to continue discharging untreated water, but instead, as a socially responsible company, to treat wastewater

before discharging it.

4 Conclusion
The quality of the treated water was improved, as the chromium levels in the three months of study remained within

the specification of the parameter established as maximum (1.5 mg/L), since without treatment all the samples analyzed

were out of specification.

As can be seen, it is of paramount importance to treat wastewater for its subsequent use, since it can be used in toilets,

or used as irrigation water in the green areas of companies where there are surface treatment processes with chromium.

It is recommended to continue treating wastewater, as well as continuing to check the chromium content after

chromium reduction to avoid disposing of off-specification water, since chromium VI is a highly toxic element that can

cause health problems such as cancer, among others.

The importance of this study lay in the reduction of Chromium VI to Chromium III, since at the company where the

study was conducted, water was discharged into the sewer system without treatment, as was the case with other companies

in the industrial sector, thus polluting the environment. Furthermore, the chromium was being discarded in its oxidation

state VI.

This study lays the foundation for subsequent studies to improve water treatment as the beginning of a continuous

improvement of the surface finishing process.
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