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MONITORING AND MANAGEMENT OF WATER POLLUTION IN 

AN IMPROVISED LABORATORY 

ABSTRACT 

The present work concerns water quality testing during the period of Covid-19 

lockdown in India, using either easily available electronics or constructing 

measurement devices, as the situation demanded. It also describes the development 

of a biochar for water purification and an assessment of its powers, all without any 

laboratory equipment. Measurements of filter efficiency were found to be so 

encouraging that the filtered water was used for synthesizing hand-sanitizer for free 

distribution during the Covid crisis. 
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INTRODUCTION 

The environment surrounds everyone, but information about its quality sometimes can be as 

difficult to obtain as an unpolluted environment. This information is generated mostly in 

laboratories fitted with sophisticated equipment and disseminated in academic circles. However, 

knowledge that concerns everyone should not be restricted to laboratories. This necessity 

manifested especially strongly when a “Lockdown” was slapped on India on 25th March 2020 

and environmental monitoring remained locked in the laboratories. The situation provided an 

opportunity to this researcher to improvise water quality monitoring and management solutions 

during April-June 2020. 

Water quality can be assessed by various parameters. Color which can be seen with the naked 

eye is a general indicator,1 but a spectroscopic analysis provides great insight into the properties 

of a solution, as interaction of a solution with different wavelengths of light electromagnetic 

radiation depends on the composition of the solution. Spectroscopy has traditionally been a 

domain of experts (the author has, in various points in his life, heard from a multitude of seniors 

that he cannot go near the spectrophotometer alone). Scheeline et al.2 described the development 

of a simple camera-based spectrophotometer that would not only be good enough to teach the 

principles of spectrophotometry to American children, but also for detection of chemicals in 

laboratories in Vietnam. Nandiyanto et al.3 in Indonesia developed their own version of a 

spectrometer, and used it extensively in their research. A lot of progress has been made in 

making inexpensive spectrophotometers, and establishing that they work well4,5,6,7,8,9.  Fonseca et 

al.10,11 reported the construction and evaluation of LED based spectrophotometers. Some have 

used CDs to diffract light12, others have used cameras to analyze intensity of various 

wavelengths13. The Fe3+ and Fe2+ content in several river waters were analyzed using an LED by 

Yasutada14. Murray et al.15 took this a step further, into the UV region and worked on NO3
-
 and 

NO2
- estimation. The NIR region has also been used as a fingerprint16,17 for comparing the 

spectral profile of various water samples. Hussain et al.18 have demonstrated the applicability of 

these instruments in India. Prairie et al.19 formed an international team and tested out their 

version of a LED spectrophotometer in various waters of the world. Various species of 

substances like (Hg2+),20 (Cr6+),21 (K+),22 (Cl-) and (NO3
-
),

23 (Fe3+ and Fe2+),24 (F-),25 (PO4
3-)26 

have been successfully detected and quantified using these instruments. Recent developments 

understandably focus on using smartphones27,28.  

The present work uses a Spectrophotometer cum turbidity meter built using an RGB and Amber 

LED as a light source, and a Photoresistor as the receiver, coupled to a multimeter to measure the 

resistance which decreases inversely with incident light intensity. Along with this, a Sparkfun 

Spectral Triad sensor29 (used with impressive results in Hobbs’ work on Mars Rover 

development30,31) coupled to an Arduino UNO32,33 is also used to capture the reflectance spectra 

of water samples. These instruments are driven by open source software34,35, so, the monitoring 

scheme described in this work can be replicated by anyone who wishes to do so. The sensors 

developed here can easily be adapted to work in sensor networks as explored in Malawi,36 

India,37,38 China,39 Australia,40 and various parts of the world.41,42 This approach requires the 

components to be inexpensive yet reliable. 
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Measurement leads to a more anthropocentric problem: water may be polluted, and just knowing 

how polluted it is does not alleviate anyone’s problems, unless it can be treated too. A very 

popular tool for this is biochar. Biochar is an ancient idea originating in the Amazon.43 Biochars 

can be made from pyrolyzing a host of biogenic materials, ranging from human manure,44 

through plastic wastes,45 to agricultural byproducts46 and wastes47. Various biochars have been 

characterized extensively,48,49 their effectiveness as a sorbent for water treatment has been 

explored in depth.50 They can be used to remove color,51 various metal ions,52 anions,53 and 

organics.54 Their modifications like magnetization55 also form a major part of current research in 

the field.  

However, for real life applications, easy manufacturability of an effective biochar is essential, 

and performance of char synthesized in laboratory conditions would not be applicable to local 

concoctions. Surprisingly, all work in this field describes chars developed in laboratories (except 

for some gardening enthusiasts on YouTube who have posted videos of lighting biomass on fire 

and mixing it with soil). Here, a char is synthesized in a kitchen, and its performance is evaluated 

using easily available electronics. 

The biochars synthesis and its performance evaluation system described here is easily replicable, 

even by the layman. methods developed in this work are based on low cost electronics that are 

available everywhere. Easily available and dependable environmental monitoring and 

management pave the way for citizen participation,56 which can result in major improvements.57 
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MATERIALS AND METHODS 

To analyze the spectral characteristics, a spectrophotometer cum turbidity meter was built (in the 

author’s home in Kolkata) as described next (Figure 1). The light sources are two LEDs, one 

RGB and one amber. An Arduino UNO was used to control the color (only the red, green and 

blue colors are used, as the led cannot produce any other frequency), a laptop always plugged to 

a wall outlet was used as a power source to maintain a stable current to avoid light intensity 

fluctuations. Light intensity was measured with a photoresistor. Only one color was used at a 

time, as photoresistors are not tuned to any particular wavelength. Their sensitivity varies across 

the spectrum, but this variation is accounted for in this report, as a color-specific scale is adopted 

for comparisons. Some error is expected to come from wavelength changes from light-particle 

interactions. Measurement of light intensity at 0° gives the Absorbance/ transmittance, 

measurements at 35°, 90°, and 135° gives the scatter. From these values a scatter profile is 

determined to draw inferences about particle sizes in solution. Scattering thus measured is also 

used to determine turbidity. 

   
(a) (b) (c) 

Figure 1: Spectrophotometer-cum-turbidity meter: (a) Top view, configuration (b) Side view, 

configuration  

(c) Working condition with black painted polystyrene shroud to block external light 

A Sparkfun Spectral Triad sensor (AS7265x) driven by an Arduino UNO was used to obtain 

reflection spectra of samples (Figure 2). These spectra are compared to draw conclusions about 

water quality. 

   
(a) (b) (c) 

Figure 2: The spectral triad: (a) Set-up (b) Working conditions (c) The sensor 

 

 

A pH meter also based on Arduino (DFrobot 

SEN0161) was used to measure the pH of all 

samples, after calibration against standard 

buffers. (Figure 3) 

 

Figure 3: PH meter set-up  
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All experiments were conducted at 25°c, as the work of Sukmafitri et al.58 indicated errors are 

lesser at lower temperature for similar sensors. 

To check the performance of the spectrophotometer and the Spectral Triad, solutions of various 

concentrations were prepared by serial dilution for red, yellow, blue and green watercolor 

(pigment composition could not be obtained from the manufacturer, but this is inconsequential, 

as the ultimate goal here is to check the performance of the instruments, not to detect or quantify 

presence of watercolors in water). The serial dilution technique offers the great advantage that as 

long as the solute can be quantified accurately once, we can keep measuring the solution for the 

rest of the procedure without introducing significant error. Small quantities are difficult to 

measure without sophisticated equipment, so the entire volume of paint (3ml) was dissolved in 

an accurately graduated 600 ml cylinder (5000ppm), and further dilutions were produced in 

sufficiently large quantities to avoid error. The water color set used in this experiment cost 20 

rupees, for 12 colors. 

The water samples were collected from various ghats (Figure 4) of the river Hooghly in Kolkata 

on 8th May, towards the end of the lockdown. The locations were Ahiritola Ghat, Jagannath 

Ghat, Babughat and Princep Ghat.  People living in ghats were extremely cooperative, and 

showed the author the way around various locked gates. 

 

Figure 4: Sampling locations 

Water was also collected post lockdown, on 5th June, from Alambazar Ghat. Another Sample 

was taken one day after cyclone Amphan ravaged Kolkata. This sample was taken from 
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Baranagar Kutighat on 20th June. All samples were taken during the ebb, so the upstream and 

downstream descriptions of direction are valid. 

To prepare biochar, sugarcane bagasse was collected from a street-side sugarcane juice seller 

(Figure 5). The reason for selecting bagasse is twofold – they are known to be effective for 

removing both organics59 and inorganics such as chromium,60 Arsenic,61 Cadmium and Zinc,62 

and they are freely available. All of these are known to be in concentrations of concern in 

Ganges water.63,64,65,66,67 

  
Figure 5: Street-side sugarcane juice seller, 

from whom bagasse was collected 

Figure 6: Filtering set-up 

 

 

The bagasse was heated for various time periods, in a closed vessel, on a gas stove. The gas 

burner was calculated to have a power of 656.3 watts (from time required to boil water from 

room temperature). Temperature achieved by the biomass cannot be calculated easily,68 and there 

was no adequate thermometer that could be stuck inside the vessel. Therefore, no attempt is 

made in this work to report the production temperature of the chars. While chars produced in this 

way cannot have an oxygen free environment, most of the oxygen present in the vessel is used up 

in turning the outer layers of the biomass to ash. This leaves the rest of the biomass with the low 

oxygen environment required for char formation. Another important consideration is that some 

little vent needs to be kept in the configuration, to let VOCs escape (can be seen as a brownish 

smoke during production, which condenses into a black goo on the sides of the vessel). The fact 

that air is indeed forced to escape the vessel and leaves an oxygen deprived environment behind 

is reflected in the fact that once the burner is turned off and the vessel covered securely, leaving 

no vents, after some time it takes some effort to pull off the lid.  

Six chars were prepared: by heating biomass for 10, 20, 30, 40, 50 and 60 minutes. The 60-

minutes char has been dropped from subsequent analysis as the vessel had been stuffed by huge 

pieces for preparing that char, which resulted in a disaster: some pieces were left totally 

uncharred. It did however teach one valuable lesson: best results are obtained when the bagasse 

is torn up in small pieces. 

The char obtained was stuffed in cut up plastic bottles to construct filters. 5 g char was put as 

filter in each bottle, 1 liter of polluted water was passed. Water taken from the Hooghly (post 

lockdown) was filtered. 

All electronics were purchased from Robu.in,69 all sampling was done on a cycle to avoid 

unnecessary attention from enforcers who severely violate social distancing to implement 

lockdown. 
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RESULTS AND DISCUSSION 

PERFORMANCE OF THE TURBIDITY METER 

The performance of the spectrophotometer needs to be checked. To do this, a series of solutions 

of various concentrations were prepared, for the red, yellow, green and blue dyes. These four 

colors were selected as these correspond to the colors of the four LEDs used in the set-up, and 

linearity of absorbance with concentration needs to be checked for all the wavelengths the 

instrument works in. Absorbance (measurements at 0° point in the turbidity-meter set-up) and 

concentration relationships are shown in the charts below (Table 1). The log scale used in the 

horizontal axis of Table 1 is required to capture the entire range of concentrations used for 

verification of the instrument’s capabilities. 

  
  

  
Chart 1 

  

  

 

 

Not only does the instrument show great sensitivity, it does so over a remarkable range of 

concentrations. The observations here testify that the instrument can indeed reflect the linear 

change of concentrations as a linear change in absorbance count. Count is an arbitrary unit in any 

spectrophotometer, in the present case the count is the resistance of the photoresistor. The lowest 
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resistance is obtained for drinking water (more transparent for a given frequency of light than 

solutions of color corresponding to that frequency). As the concentration increases, lesser and 

lesser light reaches the photoresistor, and its resistance increases. 

Scattering of light at various angles, as a function of concentration is examined next (Chart 2). 

The intensity at each angle (shown in horizontal axis) is reported as a percentage (shown in 

vertical axis) of the intensity at 0° (transmission signal). Only the intensity at 30°, 90° and 135° 

are reported, so that a relative scale can be adopted. Experimentally this offers the advantage that 

a turbidity standard is not required. This representation offers a great tool for visualization: 

solutions of low concentration are of low turbidity, light intensity at all angles are close to the 

transmission signal intensity, resulting in a slightly convex curve; as turbidity increases, the 

curve turns more convex, reaching a transition point where it appears linear; this is followed by 

concave curves, where the solution is so turbid that incident light is scattered more than it is 

transmitted (the greater than 100% values in chart 2). Apart from this, higher values on the 

vertical axis can simply be interpreted as higher light intensity at a scattering angle.  The yellow 

LED is not used in this section as its intensity is low to begin with. The Yellow signal can only 

be picked up at 35° at high concentrations, and at 90°, and 135° at concentrations high enough 

for the transmission signal to disappear below detectable limits. 

   
Chart 2 

 

For all frequencies we see that the scattering increases at all angles. At extremely high 

concentrations, the 90°, and 135° signal dominates, as the solution becomes almost opaque. 

Next the light intensities at each angle, as a function of concentration were considered, shown in 

the charts below (Chart 3,4 and 5). 
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Chart 3 

Chart 3 establishes that with respect to red light, the scattering is proportional to concentration of 

solution (and therefore turbidity). 

Next we consider scattering of green light, and present similar charts. 

  
Chart 4 

This proves that green light is also scattered proportionally to turbidity and concentration. 

Finally, turning to blue light, we obtain similar results. 
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Chart 5 

The above figures imply that blue light scattering is also proportional to concentration (and 

turbidity). 

Similar tests were done for yellow 

light (chart 6). Unfortunately, using 

the present set up, scatter data is 

unobtainable for solutions that are not 

of extremely high concentration with 

the yellow light, as the transmission 

signal drops below detectable limits. 

 

 
Chart 6 

 

We can conclude from the curves presented above, that the instrument prepared is adept at 

measuring scattering, as a linear function of concentration and turbidity, and that the scattering at 

90° is the best measure of turbidity, for all wavelengths. 
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ASESSING THE REFLECTION SPECTRA SENSOR (SPECTRAL TRIAD) 

The reflection spectra of the red, yellow, green and blue solutions were recorded, in the red, 

yellow, green and blue regions respectively. 

  
  

  
Chart 7 

All the spectra look counter intuitive. Reflection count appears to be higher for pure water, and 

goes down for solutions of higher concentrations. This apparent paradox bewildered the author 

until realization hit, the Spectral Triad was meant to measure reflections of solid objects. The 

strategy of using it to take spectra of liquids results in some light traveling all the way through 

the solution and being reflected from the bottom of the cell, which essentially behaves as a 

virtual light source. The signal picked up by the sensor is predominantly this, a signal that is 

attenuated by travelling through the solution twice. The color we see is of a solution we see is the 

wavelength it most effectively reflects and scatters. Thus, a better insight into concentration can 

be achieved by taking reciprocal of the count. The explanation is further justified by the fact that 

the reflection count at the sensor actually starts increasing with concentration at extremely high 

concentrations, when the solution behaves almost as if it were opaque. Plots of wavelength vs 

this transformed count (reciprocal of the reflection count) for various concentrations are 

presented next, along with plots of transformed count at the inflexion point as a function of 

concentration (Chart 8). 
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Chart 8 
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As it turned out, the yellow solution turned opaque at lower concentrations than the other colors. 

Two Calibration curves could be obtained, one for the translucent, and one for the reflecting 

regime of concentration (Chart 9). 

 
 

  
Chart 9 
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in this work, it should be kept in mind that a higher count indicates more clear water). 
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LOCKDOWN AND THE HOOGHLY: A COMPARISON 

Samples of river water were obtained from four Ghats: Ahritola, Jagannathghat, Babughat, 

Princep Ghat. 

The pH values of the samples of Hooghly water are given in Table 1. The water turns out to be 

basic (for natural water), but the pH reduces as one moves (South) towards the center of the city 

of Kolkata. 

Typical Hooghly water 7.69 

Ahritola Ghat 7.45 

Jagannath Ghat 7.58 

Babughat 7.36 

Princep Ghat 7.07 

Table 1 

 

The scatter characteristics of the samples are given below (chart 10). 

   
Chart 10: Scatter chractersistics of the samples across the spectrum 

As the scattering profile is independent of wavelength, we can say the particles are 

approximately 1/4th the size of the red blue and wavelengths emitted by the LED. The larger 

front scatter signal indicates the presence of larger particles in the downstream sampling points, 

which is expected due to addition of waste water from the city’s drains.  
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The higher turbidity values at 90° indicate the lockdown did not magically improve water 

quality, at least in terms of turbidity. This might be because a lot of people were staying in the 

ghats and their actions increased the turbidity. 

Reflection spectra signatures are compared below. 

 

Chart 11: Reflection spectra of samples compared with post-lockdown water 

The reflection spectra (Chart 11) confirm the previous finding. No major shifts for any chemical 

is seen. 

  

-500

0

500

1000

1500

2000

2500

400500600700800900

C
o

u
n

t

Wavelength (nm)

Reflection spectra signature of water samples taken in lockdown, compared to an 

unlocked ganga

Jagannath Babughat Princep Alambazar (post-lockdown) Ahritola



  

 

17 

 

BIOCHAR PERFORMANCE ASSESMENT 

The water sample collected from Alamabazar Ghat on 5th June 2020 is regarded as typical 

Ganges (Hooghly) water for the purpose of the present study. The accompanying picture shows 

the, and the results at different degrees of filtration. The sample on the far left is without 

filtration, and the other samples from left to right are arranged in increasing degrees of heat used 

in producing the char for filtering.  

 

Figure7: Water sample, before and after treatment by different chars 

The effect of filtration can be perceived visually. The chemical characteristics are given below. 

Measurements of PH are presented in tables 2, 3, and 4. 

Sample PH  Sample PH  Sample PH 

Typical 

Hooghly 

7.69  

Amphan 
 

7.69 

 Drinking 

water 

7.29 

10 min 

filtrate 

7.41  

Amphan filtrate 7.74 

   

20 min 

filtrate 

7.74  

  

   

30 min 

filtrate 

7.75  

  

   

40 min 

filtrate 

7.76  

  

   

50 min 

filtrate 

7.71  

  

   

Table 2  Table 3  Table 4 

 

All the experiments regarding water treatment have been done in the PH of the water sample 

being treated.  
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Performance of char in removing turbidity is documented in chart 12. Turbidity is represented in 

the fashion described previously 

Chart 12 

It can be seen clearly (chart 12) that the char produced by heating bagasse for 50 minutes in a 

closed vessel performs very well in removing turbidity from river water (scatter profile 

resembles that of water most closely). 

Various materials present in water determine its absorption characteristics. The performance of 

the char in removing color producing material from water is presented in chart 13 

 

Chart 13: percent removal of transmission signal of various wavelengths, as a function of heat supplied 

during char production 
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The reflection spectra of the precursor Hooghly water, filtrates of the chars, and drinking water 

are presented below. 

 

Chart 14: reflection spectra of polluted water and treated samples 

By comparing the reflection spectra signatures, it appears that the char produced by pyrolyzing 

sugarcane bagasse by heating for 50 minutes performs the best. The performance parameters for 

char produced by supplying heat to sugarcane bagasse for 50 minutes in a closed vessel are 

summed up in table 5. 

 Turbidity removal (at 90°) Absorbance removal 

Red region 102.994% 100% 

Yellow region Could not be calculated 92.857% 

Green region 70.9113% 72.973% 

Blue region 80.475% 94.118% 
Table 5 
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A plot of percent removal of absorbance at each wavelength, as a function of heat supplied 

(expressed in minutes of heating) indicates the same (Chart 15). 

 

Chart 15: percent removal of absorbance at each wavelength as a function of heat supplied 

As can be seen, the highest removal, over the broadest range of wavelengths is achieved by the 

50-minute char. 

 We have now determined that the char produced at 50 minutes of heating performs best as a 

water filter. 
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At the time this work was being carried out, the cyclone Amphan arrived in Kolkata. The river 

water mixed with water logged drains and flooded conditions of the city. This water was put 

through the char as an acid test of is capabilities. A picture of the turbid water collected from 

Baranagar Kutighat and its filtered version is presented figure 8. 

 

Figure 8: Amphan ravaged water: before and after treatment 

The scattering characteristics of the pre- and post-flitration Amphan water are shown below 

(Chart 16), together with those of drinking water sample and typical Ganges water sample for 

reference. 

   
Chart 16 

Clearly, the appalling scatter characteristics of the post Amphan river water have improved 

substantially after treatment. 
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The reflection signatures also reflect this (Chart 17). 

 

Chart 17 

It may be noted that the impressive results shown here are obtained after passing the Amphan 

struck water through the filter just once. 
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CONCLUSIONS 

The Spectral Triad can be used reliably to generate reflection spectra, the comparison of which 

can serve as a metric of purity/ pollution levels. The low cost and easy operability of the 

instrument can be exploited for application in remote areas. It also offers an advantage over 

conventional spectrophotometry, as a cuvette is not required for its operation, opening up 

possibilities for real time water quality monitoring. 

The spectrophotometer cum turbidity meter developed here is arguably the world’s cheapest 

version of the instrument (19 rupees for the LEDs, 400 rupees for the multi-meter, 425 rupees for 

the Arduino board). Though the instrument described here costs 844 rupees (excluding paint, 

gum and a polystyrene sheet), the price tag can be lowered even more if the Arduino is made to 

measure resistance directly (or the Arduino is dropped altogether, and LEDs are operated 

manually with batteries). 

The scattering tests of river water quality during the Covid-19 lockdown show that the water 

quality was comparable to normal conditions upstream from Kolkata. The slightly higher values 

are likely due to an increased number of people living near the river. The effects of discharges 

from Kolkata on increasing the Hooghly River’s turbidity can also be seen; there are some things 

the lockdown could not cure. 

The reflection spectra display similar trends, and also display that no major chemical change 

took place due to the lockdown. 

The char produced in a kitchen after 40 to 50 minutes of heat supply is found to perform 

exceptionally well, in PHs of natural conditions. (for a comparison, check appendix for an 

orthodox analysis of performance of a conventionally produced energy cane biochar in removing 

Congo Red dye: this char could remove the dye well only at extremely low PHs). The present 

work paves the way for further analysis on determining 

the applicability and limitations of biochar produced in 

natural settings. The experiments conducted here also 

validate the production process and offer a template for 

anyone in need of producing a low cost water filter. 

 When the Covid-19 lockdown started, hand sanitizers 

became the most sought after and the least available item 

on the market. Where it was available, it was being sold 

for at least twice the normal price. Biochar produced in 

the fashion described here was used to filter water for 

synthesizing sanitizers at less than half the usual market 

price (apparatus shown in accompanying picture). More than 3000 bottles of sanitizer were 

distributed for free among people who needed it, driven by a crowdfunding campaign. 

The char described also performed well in filtering polluted water after Kolkata’s encounter with 

cyclone Amphan. The good performance of the char in this scenario opens up possibilities for use 

of biochar synthesized by citizens, especially in emergencies, and quite viably in everyday life. 

 
Figure 9: The biochar filter in action, helping 
fight COVID-19 by purifying water for 

sanitizer synthesis 
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APPENDIX: REPORT OF WORK DONE IN LAB 205, SES, JNU 

Determination of optimum PH for removal of Congo Red dye from water using energy cane 

biochar (produced at 600°c) was carried out. Dosage of the biochar was 1000PPM. Removal 

experiments were done at dye concentration of 25 ppm. 

The calibration curves for Congo Red solutions at various PHs are given in Chart 6. 

 

 
Chart 18: calibration curves at various PHs of congo red solutions 

The best removal of Congo Red by energy cane bagasse produced at 600°c is achieved at PH 2 

(97.234%). Removal of dye as a function of PH is given in chart 19. 

Chart 19: Percent removal as function of PH 
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