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Introduction

Arsenic contamination of drinking water is a health issue for people around the world. In water, arsenic is usually found in its speciations of either arsenite (As(III)) or arsenate (As(V)) which are both highly toxic (Amen et. al 2020). It has also been known to infiltrate rice crops in South and Southeast Asia that are grown in contaminated water (Zhang et al. 2016). It is a confirmed carcinogen, and exposure can cause short-term and long-term health issues such as skin lesions, cirrhosis, and other chronic diseases (WHO, 2021 and Amen et. Al 2020). The World Health Organization (WHO) estimates that over 140 million people in 50 countries are exposed to arsenic contaminated drinking water above the recommended limit of 10 μg/L. 

Because of the severity of arsenic contamination, many different remediation techniques have been developed. They range from physical, chemical, and biological, including nano-filtration, lime softening, and chemical precipitation, among others (Amen et. al, 2020). These techniques do have significant drawbacks, mainly that they are very expensive and require a lot of technical maintenance. Adsorption via treated biochar has been a recent field of interest, since it is cost-efficient and relatively simple, although more thorough research is needed to refine the techniques. 

Biochar preparation and methods usually consist of crushing the substance and drying at a relatively low temperature (about 80°C). It then undergoes pyrolysis, which is heating between 550-750 °C with little to no oxygen present (Yakout et al. 2019, Amen et al. 2020, Wang et al. 2019). Biochar alone has some adsorption properties but is not capable of removing enough arsenate to meet desired levels. The biochar must be treated with another compound to improve the adsorption efficiency, although exact compounds differ between studies (Amen et al. 2020). Examples of treatment include nickel and manganese oxyhydroxides, iron impregnated biochar, and CaCO3 treatment among others (Amen et al, 2020).

A study by Priyadarshni et al. examines risk husk biochar treated with stabilized iron and copper oxide nanoparticles for arsenic remediation and found that pH, contact time, and interfering ions would affect adsorption efficiency (Priyadarshni et al. 2020). A recent critical review of studies using biochar for arsenic remediation listed arsenic species, pyrolysis temperature, surface area, pH of the solution, and porosity of biochar as factors that would affect adsorption (Amen et al. 2020). It also emphasizes finding the correct dose of biochar for optimal adsorption, as too much could reduce the efficiency. 

The purpose of this study was to continue testing the adsorptive properties of biochar in an attempt to develop a method that could be used in simple column filtration systems. It also aims to address the issue of poor indoor air quality resulting from inadequate ventilation when burning an open flame. The WHO estimates that 3 billion people around the world are exposed to dangerous indoor air quality, which can cause health issues such as pneumonia, stroke, COPD, and lung cancer (WHO 2018). This study uses cookstoves for pyrolysis that burn cleanly, so the solution can be two-fold. With the combination of cookstoves and the resulting biochar and remediation, this method aims to serve two purposes in which both indoor air quality is improved, and arsenate is removed from drinking water

Methods

Aspen flakes were used as the base material for the biochar. Pyrolysis was conducted in a high temperature (500°C to 600°C) TLUD cookstove until aspen chips were entirely charred (fig. 1).
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Figure 1. The TLUD cookstove (left) is used in the pyrolysis process to create biochar (right).

Once the biochar was created, it was soaked in a MgCl solution so that it would become activated and be better able to adsorb the arsenate. Once it was soaked and left in the sun to dry, it was then crushed using a mortar and pestle. The biochar was passed through 50mm, 20mm and 10mm sieves until it met the granular activated carbon (GAC) requirements set by the American Water Works association (Robinson & Hansen, 1974). 

The adsorption efficiency was first tested in a column system to simulate field conditions. The column system from top to bottom was layered with 1/4” pea gravel, a layer of enhanced biochar, a steel mesh sheet, and a ceramic candle filter. Water that had been mixed with arsenate was poured through the column and filtered into a bucket. It was then sent for ICP-MS testing.

Results from the column tests were promising enough so that the method continued in the laboratory, where the adsorption of the activated biochar was tested in a range of quantities. The arsenate solution was prepared using a 1-L volumetric flask with 2-ml of the arsenate solution and filled with 1-L of DI water at pH 7.0. The amount of added biochar ranged from 1/8 teaspoon to 1.5 teaspoon, with three samples at each different amount. The weight of each sample was recorded. The approximately 40-ml of the arsenate solution was added to the test tube. The exact amount of solution was recorded as well.

The tubes were placed in a small box and put onto a shaker table at 100 rpm and 25°C for at least four hours. Afterwards, the samples were either left to settle for at least twenty-four hours or put on a centrifuge at speed three for five minutes. Once the samples had been settled, the solution was transferred to sample vials for ICP-MS testing to obtain the final concentrations of arsenate after treatment.

Results

The first set of results were from the initial column experiments run by Dr. Thompson (fig. 2). These show that the untreated biochar does have some soprtive properties but does not remove enough arsenate to meet the MCL of 10 ppb. The enhanced biochar was much more effective, but the final concentration was still at around 20 ppb. This proof of concept then lead to the lab experiments which sought to understand the optimal amount of biochar for adsorption.
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Figure 2: Column tests comparing untreated biochar and enhanced biochar.

In total there were three experiments in the lab with MgCl treated biochar. Figure 3 shows the linear isotherm from the first experiment. The first trial, conducted by Dr. Thompson, found that the MgCl biochar had a Kd value of 36.7 L/kg (fig. 3). 


Figure 3: A linear isotherm for granular enhanced biochar and arsenate indicated a sorption coefficient Kd of 36.7 L/kg.

The following two experiments were conducted in an attempt to verify the Kd value. Experiment two had an adsorption coefficient of 50.1 L/kg (fig. 4). The trials from this experiment were averaged, since there were some outliers that otherwise would have skewed the data. Error bars are presented to show uncertainty with these averages.


Figure 4: Experiment two where the averaged MgCl treated biochar and arsenate linear adsorption isotherm has a Kd value of 50.1 L/kg.








Experiment three did not have any outliers, and the linear adsorption isotherm shows a Kd value of 53.4 L/kg (fig. 5). R values for all experiments indicate that the data is accurate and generally follows the linear trendline.


Figure 5: Experiment three where MgCl treated biochar and arsenate linear adsorption isotherm has a Kd value of 53.4 L/kg

From these three experiments, the average Kd value is 46.7 L/kg. We assume that this adsorption coefficient must be between approximately 36-50 L/kg.

Discussion and Conclusions

Results from the initial column test were able to show the potential for MgCl treated biochar adsorption. That test served as a proof of concept. This is promising since the column method will be what is used in the field for household scale remediation, although further trials with the column method are still needed.

The average Kd value from the three experiments was 46.7 L/kg. When scaling this adsorption coefficient up to a column test, this would mean that roughly one kilogram of biochar could treat up to 500 liters of water, resulting in a cost of $0.25 per liter of water. This cost is estimated from using the MgCl treatment. 

There will be further experiments using MgSO4, or Epsom salts, as the treatment since it is easier to obtain and cheaper than MgCl. In theory, MgSO4 should also be an effective adsorptive enhancement since the positively charged Mg+ ion would still be present. Using the same methods as the MgCl tests, it would be beneficial if an effective Kd value could be found for MgSO4. This would make biochar adsorption even more accessible and easier to use. Further tests will also include more column tests, as well as exploring the use of biochar for fluoride remediation.
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y = 53.4x - 3.2
R² = 0.87

1.64	1.73	1.8	1.53	1.52	1.45	1.1499999999999999	0.95199999999999996	0.83	0.97099999999999997	0.76500000000000001	0.80500000000000005	0.91700000000000004	0.66800000000000004	0.66100000000000003	0.70099999999999996	99.549704837993843	65.005919003115281	73.100000000000009	74.031705141072834	55.743385916409188	49.814114762649986	54.974996643367696	46.373080041222948	37.93727968160438	38.007120258084569	45.996338300045792	30.110092006204361	29.835204887554077	31.204961768935757	Ce, mg/L


r, mg/kg



y = 36.7x + 14.0
R² = 0.87
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r, mg/kg



y = 50.1x - 30.2
R² = 0.81
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r, mg/kg
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Figure 1: Column Test Results, n = 3 for each treatment.

—_—

Control

Untreated Biochar

Enhanced Biochar





