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Abstract 

Silver Nanoparticles (AgNPs) are excessively used in consumer products due to their antimicrobial 

properties. However, there is growing concern on the impact of silver nanotechnology on aquatic 

ecosystems. The AgNPs move from sewage water to waterbodies and have adverse effects on aquatic 

ecosystems when they bioaccumulate up the food chain, causing reduced plant biomass (up to 32 

percent). There are currently no government regulations on the use and disposal of AgNPs. Hence, to 

prevent damage to the aquatic ecosystem, disposal of AgNPs into the environment must be controlled. 

Our research focused on removing AgNPs from water systems through adsorption onto organic materials. 

We hypothesized that a combination of eggshell membrane and naturally occurring pumice will reduce 

AgNP concentrations significantly. During experimentation, silver nitrate was reduced to AgNPs through 

green synthesis to form the control specimen. The effectiveness of eggshell membrane and pumice as 

adsorbents was tested by placing each material in a solution of AgNPs for a predetermined amount of 

time. A UV-vis spectrophotometer was then used to test the relative absorbance of each sample in 

comparison to the control AgNP solution. Overall, eggshell membrane appears the best in reducing AgNP 

concentrations, as relative absorption reduced 70% in comparison to the control. The pumice also reduced 

the concentration of silver nanoparticles by a smaller amount (~32%). Although the eggshell membrane 

exhibited better adsorption properties, a combination of pumice and eggshell membrane will be the most 

effective in operationalizing AgNP removal in wastewater treatment plants. 
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Background Research:  

Silver, a common antimicrobial agent, attaches to the sulphur bonds on the enzymes of 

microorganisms leading to the death of the microorganism. Due to this property, silver has been 

used since Roman times as an antibacterial agent to kill bacteria and viruses. For larger 

organisms, like humans, the stomach acids stop 90% of the ingested silver, thereby decreasing 

the harm. One of the recent developments is the use of silver as an antimicrobial agent, which 

has occurred with the development of nanotechnology.  Silver nanoparticles (AgNP) have a 

higher surface area compared to traditional silver molecules, increasing their effectiveness in 

killing bacteria. As a result, silver nanoparticles are used frequently in commercial products due 

to their antimicrobial activity. They are between 1 and 100 nanometers in size, and are released 

into the environment through industrial processes. Silver nanoparticles release silver ions that 

interfere with biological processes, frequently killing bacteria due to their antimicrobial activity. 

They have formed about 56% of nanoparticles globally (Govarthanan et al., 2016).  However, 

recent research suggests that these nanoparticles pose a health risk to aquatic systems, so the 

research conducted focused on using easily accessible, low cost materials to adsorb nanoparticles 

to reduce their detrimental aquatic effects.  

The number of engineered nanomaterials in products is increasing greatly, especially in 

industrial fields which release a large quantity of AgNPs (Balaz, 2015).  As a result, large 

amounts of unused AgNPs enters our wastewater systems. Wastewater treatment facilities in 

counties employ various filtration techniques such as (screening, coagulation, ….) to purify 

water before it reenters ecosystems. These mechanisms are not geared towards removal of 
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AgNPs or other metal nanoparticles. Keller et. al has estimated that 260,000-309,000 metric tons 

of nanomaterials are produced globally, and about 0.4-7% enter water bodies. Silver is the most 

used materials to construct these nanostructures due to its versatile ability to form varied shapes 

and sizes. Silver materials usually release silver ions, which attach to specific thiol groups in 

bacteria that allow these nanostructures to be antimicrobial (Fabrega et al., 2011). Overall, 

almost 63 tons of nanosilver enters water bodies worldwide (Balaz, 2015), posing significant 

aquatic health risks.  A study conducted at Hoseo University concluded that AgNPs were toxic to 

freshwater organisms, including fresh water fleas, and algae (Balaz, 2015). Another study 

concluded that concentrations of AgNPs below or at the current predicted environmental 

concentrations negatively affect prokaryotes, invertebrates, and fish and risk the environment, so 

a suitable method of to mitigate the adverse effects is needed (Huang et al., 2009).  Tlili et al. 

concluded that AgNP interfere with bacterial and microbial growth, and have the potential of 

devastating ecosystem functions. The acute toxicity of silver, although seen as beneficial for 

antimicrobial use, can severely disrupt the natural processes due to the widespread use of these 

nanoparticles (Sohn et al., 2015).  

A novel function to deposit Ag nanoparticles onto the surface of eggshell-membrane was 

researched. The functional groups on egg-shell membrane fibers served as suitable anchors for 

AgNPs, and the research provided an introduction to using natural membranes for the fabrication 

of functional AgNPs (Kalbassi et al., 2011). Another study prepared antibacterial 

polycaprolactone electrospun fiber mats by coelectrospinning PCL with soluble eggshell 

membrane protein, which adsorbed AgNPs (Keller et al., 2013). The entangled egg-shell 
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membrane fibers have been used by scientists as a platform for the growth of nanostructures, and 

the surface provide a novel bio-nanocomposite (White et al., 2012). The focus of the previous 

studies was to find a suitable material to adsorb silver nanoparticles for distributive synthesis and 

use of silver nanoparticles. This topic of finding natural membranes for fabrication of metal 

nanoparticles is an ongoing study, and future research would aid in this research study as well. 

However, our research used the same mechanisms to adsorb AgNPs for removal from aquatic 

water bodies. The use of eggshell membrane as an organic bio template for the synthesis of a 

wide range of nanoparticles displays that the scope of this research extends beyond just silver 

nanoparticles, and includes other metal nanoparticles as well.  

Another material, pumice, was also investigated as a suitable adsorbent of silver 

nanoparticles. Pumice is a porous volcanic rock with a high silica content. The immobilization of 

silver nanoparticles on silica microspheres through adsorption (Liang et al., 2013) fueled the 

search for a rock high in silica content. The silica microspheres acted as the core materials, and 

AgNPs were immobilized onto these coatings to understand the mechanism of self-assembly and 

adsorption behaviour (Liang et al., 2013).  The deposition of AgNPs on silica, which functioned 

as an adsorbent, corroborated that pumice could act as a bio-adsorbent to effectively reduce the 

AgNP content in water systems.  

AgNPs are known to be synthesized using easily available products, so a green-synthesis 

method was sought out in order to effectively reduce silver ions into acceptable AgNPs. A 

low-cost and eco-friendly synthesis of silver nanoparticles using Neem extract was studied. The 

study proposed an inexpensive methods to synthesize silver nanoparticles that were mostly 
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circular with an average size of 10-70 nm (Liu et al., 2016). Another study detailed the synthesis 

of stable AgNPs from garlic extract (Allium Sativum extract), as the extract serves as a reducing 

agent (Murphy et al., 2015). The study indicated that the carbohydrates in the garlic extract most 

likely stabilized the nanoparticles. Thus, both the methods using Neem extract and garlic extract 

were used to synthesize nanoparticles in this research study.  

In order to identify the presence of  silver nanoparticles in solution, two methods were 

used: a vis spectrophotometer approach, NaCl reaction method, dynamic light scattering, and 

transmission electron microscopy. Since the silver nanoparticle solution is a brown-red color, the 

adsorption onto the materials would reduce the intensity of this color. Thus, a vis 

spectrophotometer was used to quantify this reduction in color. Also, the addition of sodium 

chloride is known to cause silver nanoparticle aggregation. NaCl was used as a visual indicator 

of silver nanoparticles in this research study.  

In order to further corroborate our results, two more methods were sought out. Dynamic 

light scattering in order to find both the intensity and diameter of the silver nanoparticles. It was 

expected that after adsorption onto the organic bio-adsorbents the intensity of the sample would 

be smaller when plotted; however, the same shape of the curve was expected. To analyze the 

silver nanoparticle solution before and after adsorption, a transmission electron microscope was 

used. The size, shape, and characteristics of the silver nanoparticles were found using this 

method, and by finding the density of the silver nanoparticle solution before and after adsorption, 

the concentration of the samples was extrapolated.  
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Silver nanoparticle use is expanding due to their various antimicrobial applications. 

However, in this process, the larger, detrimental effect of them on aquatic systems are 

overlooked. In final analysis, eggshell membrane and pumice will serve as suitable adsorbents of 

silver nanoparticles to reduce their toxic levels in aquatic systems. The low-cost and abundance 

of both pumice and eggshell membrane shows promise that a combination of both will display a 

viable mechanism to mitigate the effects of silver nanoparticles.  
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Question:  

Can eggshell membrane and pumice be used as bio-adsorbents to reduce the concentration of 

AgNPs in aquatic water bodies?  

Hypothesis:  

If eggshell membrane and pumice are used as adsorbents to reduce the concentration of AgNPs 

in a concentrated solution, then the AgNP concentration will reduce to minimally negligible 

levels due to the chemical attractions between components of eggshell membrane or pumice and 

AgNPs.  

Purpose of the Study:  

The purpose of this study was to find an effective mechanism to reduce the concentration of 

silver nanoparticles in aquatic ecosystem through adsorption onto readily available, organic 

materials. 

Rationale:  

Silver nanoparticles are used in millions of consumer products worldwide as they are effective 

antimicrobial agents and are able to prevent body odor. However, their effects on the aquatic 

system have recently shown to be deleterious. A recent study has shown that common exposure 

to silver nanoparticles caused reduced plant biomass (by 32 percent) and microbial stress 

(Coleman et al., 2013). The results portrayed that silver nanoparticles at expected concentrations 

caused detrimental ecosystem-level impacts, including “nitrous oxide fluxes, changes in 
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microbial community composition, biomass, and extracellular enzyme activity” (Coleman et al., 

2013). Our research focuses on finding an effective way to remove silver-nanoparticles in water 

systems. 

Independent Variable:  

The type of bio-adsorbent (eggshell membrane and pumice) 

Dependent Variable:  

The visually determined concentration of AgNP after adsorption 

Experimental group:  

Each sample of concentrated AgNP will be exposed to a sample of eggshell membrane or 

pumice 

Control group:  

The control group will be left untreated with any material 

Control variables:  

● Solution of AgNP for the experimental and control groups are made at the same time and 

under the same conditions 

● Temperature and sunlight conditions of each sample is kept constant  

● Amount of AgNP solution in each sample 
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● The grams/ amount of eggshell membrane and pumice in each sample 

Procedures: 

Materials: 

● .1698731g AgNO3 

● 1000 mL deionized water 

● 1000 mL beaker  

Preparation of AgNO3 solution 

1. Dissolve .1698731 grams of AgNO3 in 1000 mL of deionized water using a 1000 mL 

beaker 

 

Making Silver nanoparticles: 

Garlic Extract Method: 

Materials: 

● 1 mMol AgNO3 solution 

● 1 tsp granulated garlic 

● Hotplate 

● Beaker 
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● 50 mL beaker 

● Fine filter paper 

Procedures: 

1. Pour 1 tsp of granulated garlic into 100 mL of deionized water 

2. Boil the mixture for 5 minutes 

3. Filter the mixture through fine filter paper (espresso filter) 

4. Pour 5 mL of the extract into 50 mL of AgNO3 solution 

5. Leave the solution in bright sunlight for 3-4 hours, until the solution is visibly red (refer 

to figure for comparison) 

 

 

Neem Extract method: 

Materials: 

● 1mMol AgNO3 solution  

● 10 mL of Neem Extract 

● Beaker 

Procedures: 

1. Pour 10mL of Neem extract into 100 mL of 1mMol AgNO3 solution in a beaker 
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2. Heat the Solution for 10 minutes 

3. Leave the solution in direct sunlight for 3-4 hours, until the solution is visibly red (the 

color should also match figure 1) 

Preparation of Eggshell membrane: 

Materials: 

● 1 egg  

● 1 pair of tweezers 

● Deionized water 

● A blowdryer  

● Stirring rod 

Procedures: 

1. Break open the egg, storing the eggshell 

2. Using tweezers, peel off the membrane, storing it in a secluded area 

3. Wash the eggshell membrane using deionized water, stirring it with a stirring rod 

4. Then, drain the water and blow dry the membrane for 2 minutes, ensuring all the water 

has left the eggshell membrane 

Preparation of Pumice: 

Materials: 
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● 10 grams of Pumice 

● Mortar  

● Pestle  

● Deionized water 

● Blowdryer  

 

Procedures: 

1. Pour the pumice into the mortar, and use the pestle to grind the pumice into finer grains, 

approximately 2.5 cm in diameter 

2. Wash the pumice with deionized water 

3. Blow dry the pumice until it is dry 

 

Procedures for Experimentation:  

Materials: 

● 3 test tubes 

● 20 mL Reduced Garlic AgNP solution 

● 20 mL Reduced Neem Extract AgNP solution 

● 20 mL MesoSilver AgNP solution 

● 1 gram eggshell membrane 
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● 5 grams fine pumice  

● Funnel 

● Cuvettes  

1. Separate 6 test-tubes for testing 

2. Pour 20 mL of garlic extract reduced silver nanoparticle solution in two of the test tubes. 

Label and set aside 

3. Pour 20 mL of Neem extract reduced silver nanoparticle solution in two of the test tubes. 

Label and set aside 

4. Pour 20 mL of store bought MesoSilver silver nanoparticle solution in two of the test tubes. 

Label and set aside 

5. In the test tubes that contain the garlic extract reduced silver nanoparticles, place 1 gram of 

eggshell membrane in one test tube, and 5 grams pumice in another tube.  

6. In the test tubes that contain the Neem extract reduced silver nanoparticles, place 1 gram of 

eggshell membrane in one test tube and 5 grams pumice in another tube.  

7. In the test tubes that contain the MesoSilver silver nanoparticles, place 1 gram of eggshell 

membrane in one test tube and 5 grams pumice in another tube. (refer to Figure 2 for each test 

tube contents) 

8. Leave the test-tubes horizontally for 8 hours 
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8. Pour 10mL of each solution from each test-tube into separate cuvettes (which has fit 

dimensions for spectrophotometric analysis), and fill another cuvette with pure distilled water. 

Label each cuvette. 
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Procedures for Spectrophotometric analysis:  

Materials: 

● Experimental Cuvettes 

● Spectrophotometer 

● Optical lense wipes  

Procedures: 

1. Set the spectrometer to 315 nm as the wavelength, and place the cuvette with pure distilled 

water (to calibrate the measurements) into the slot in the spectrometer.  

2. Adjust the absorbance until it is at 0.000. Then, place each cuvette into the spectrometer and 

record each of their absorbances. 

3. Repeat step 10 for the wavelength interval 315-850 nm, going by 50nm intervals 

Procedures for Qualitative analysis: 

Materials: 

● 1 g NaCl 

● Experimental test tubes  

Procedures: 
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1. Put 1 g of NaCl into each of the 3 experimental test tubes 

2. After 1 hour, check for agglomeration of silver nanoparticles. The silver nanoparticles, 

when agglomerated, should be black in color, and settle to the bottom with time. 

(Example of agglomeration seen in Figure 3 
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Data Tables: 

Absorbance Readings for Garlic Extract Reduced AgNP Solution after Adsorption onto 

Eggshell Membrane, and Solution after Adsorption onto Pumice: 

Wavelength Garlic Extract 
Reduced AgNP 
Solution 

Solution after AgNP 
Adsorption onto 
Eggshell Membrane 

Solution after AgNP 
Adsorption onto Pumice 

315 0.724 0.143 0.243 

350 0.574 0.102 0.194 

400 0.522 0.097 0.186 

450 0.484 0.091 0.164 

500 0.434 0.078 0.158 

550 0.391 0.044 0.141 

600 0.356 0.036 0.134 

650 0.296 0.031 0.124 

700 0.336 0.064 0.130 

725 0.42 0.108 0.147 

750 0.486 0.119 0.173 

775 0.468 0.101 0.164 

800 0.47 0.097 0.161 

825 0.438 0.09 0.153 

850 0.416 0.088 0.149 
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T- Test Statistics for Garlic Extract reduced AgNP Solution vs. Solution after AgNP 

Adsorption onto EggShell Membrane: 

T value: 5.98 

Sdev 0.477 

Degrees of Freedom 30  

The probability of this results, assuming the 
null hypothesis: 

Less than .0003 

 

T- Test Statistics for Garlic Extract reduced AgNP Solution vs. Solution after AgNP 

Adsorption onto Pumice: 

T value: 4.04 

Sdev 0.520 

Degrees of Freedom 30  

The probability of this results, assuming the 
null hypothesis: 

Less than .0001 
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Absorbance Readings for Neem Extract Reduced AgNP, Solution after Adsorption onto 

Eggshell Membrane, and Solution after Adsorption onto Pumice: 

Wavelength Neem Extract Reduced 
AgNP 

Solution after AgNP 
Adsorption onto 
Eggshell Membrane 

Solution after AgNP Adsorption 
onto Pumice 

315 1.999 0.305 1.21 

350 1.999 0.211 0.744 

400 1.999 0.199 0.699 

425 1.77 0.304 0.602 

450 1.36 0.174 0.474 

500 0.806 0.166 0.308 

550 0.552 0.097 0.199 

600 0.312 0.089 0.106 

650 0.203 0.080 0.0987 

700 0.301 0.089 0.0998 

725 0.8 0.154 0.324 

750 1.48 0.190 0.495 

800 1.999 0.316 0.72 

850 1.72 0.308 0.635 

900 1.08 0.174 0.282 

950 0.82 0.197 0.336 
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T- Test Statistics for Garlic Extract reduced AgNP Solution vs. Solution after AgNP 

Adsorption onto EggShell Membrane: 

T value: 13.2 

Sdev .0764 

Degrees of Freedom 28 

The probability of this results, assuming the 
null hypothesis: 

Less than .0001 

 

T- Test Statistics for Garlic Extract reduced AgNP Solution vs. Solution after AgNP 

Adsorption onto Pumice: 

T value: 10.5 

Sdev 0.0762 

Degrees of Freedom 328 

The probability of this results, assuming the 
null hypothesis: 

Less than .0001 
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Agglomeration Results: 

Solution Agglomeration 

Garlic Extract reduced AgNP with Eggshell 
Membrane 

No agglomeration noticed 

Garlic Extract reduced AgNP with Pumice No agglomeration noticed 

Neem Extract reduced AgNP with Eggshell 
Membrane 

No agglomeration noticed 

Neem Extract reduced AgNP with Pumice 9-11 dark specks of the same diamter counted 
in water floating 

MesoSilver AgNP with Eggshell Membrane No agglomeration noticed 

MesoSilver AgNP with Pumice  No agglomeration noticed 

Pure Garlic Reduced AgNP solution Abundance of dark black settlement at the 
bottom of test tube 

Pure Neem Reduced AgNP solution Abundance of dark black settlement at the 
bottom of test tube along with dark green 
solution color after settlement.  

MesoSilver AgNP solution Light dark-colored specks; No settlement at 
bottom 

 

 

 

 

 



Toxicity Reduction of AgNPs in Aquatic Systems Via Bioadsorption  

23 

ICP-MS Results:  

ICP-MS Solutions PPM 

MesoSilver Solution 3.846 

MesoSilver after adsorption onto ESM 0.232 

MesoSilver after adsorption onto Pumice 1.372 

Garlic reduced AgNP solution 6.118 

Garlic reduced AgNP solution after adsorption onto 

ESM 

1.163 

Garlic reduced AgNP solution after adsorption onto 

Pumice 

2.133 

Neem reduced AgNP solution 2.012 

Neem reduced AgNP solution after adsorption onto 

ESM 

0.205 

Neem reduced AgNP solution after adsorption onto 

Pumice 

0.732 

 

 
 



Toxicity Reduction of AgNPs in Aquatic Systems Via Bioadsorption  

24 

Zeta-Sizer Measurements (Size of nanoparticles in reduced Solutions) 
 

Solution PDI Diam(nm) pH 

Neem Reduced 
AgNP (Egg) 

0.298 7.63 7-8 

Neem Reduced 
AgNP (pumice) 

0.374 331.5 7 

Garlic Reduced 
AgNP (Egg) 

0.153 104.2 6-7 

Garlic Reduced 
AgNP (Pumice) 

0.152 210.9 6-7 

MesoSilver Solution 
(Egg) 

0.383 7.04 7-8 

MesoSilver Solution 
(Pumice) 

0.359 214.8 7-8 

Neem Reduce AgNP 
(control) 

0.224 6.16 5-6 

Garlic Reduce AgNP 
(control) 

0.245 105.57 4-5 

MesoSilver (control) 1 5.861 5 
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Graphs: 

Results from Garlic Extract Reduced AgNPS: 
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Results from Neem Extract reduced AgNPs: 
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ICM- MS Graph: 

 

Zetasizer Graph: 
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Discussion: 

To test the effectiveness of organic materials, such as eggshell-membrane and 

pumice, as adsorbents of silver nanoparticles (AgNPs), we calculated the absorbance of 

three different solutions: AgNP solution reduced from AgNO3 using Garlic extract, the 

solution after AgNP absorption onto eggshell membrane, and the solution after AgNP 

absorption onto pumice. At the wavelength of maximum absorption, the solution after 

AgNP absorption onto eggshell membrane had an absorption 80.2% lower than the Garlic 

extract reduced AgNP solution. The solution after AgNP absorption onto pumice had an 

absorption that was 66.4% lower than the Garlic extract reduced AgNP solution.  

To further validate our results, we used the same process but reduced the AgNO3 

solution with Neem extract instead of Garlic extract. At the wavelength of maximum 

absorption, the solution after AgNP absorption onto eggshell membrane had an 

absorption 89.3% lower than the Neem extract reduced AgNP solution. However, the 

AgNP solution had a maximum absorption that was beyond the range of the 

spectrophotometer, so the value outputted was 1.9999. The solution after AgNP 

absorption onto pumice had an absorption that was 62.6% lower than the Neem extract 

reduced AgNP solution. However, the same problem arose in that the absorption value 

for the AgNP solution was beyond the range of the spectrophotometer. Looking at next 

wavelength of maximum absorption that had a value within the range of the 
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spectrophotometer (425 nm), the solution after AgNP absorption onto eggshell membrane 

had an absorption 82.8% lower than the Neem extract reduced AgNP solution. The 

solution after AgNP absorption onto pumice had an absorption that was 66.0% lower than 

the Neem extract reduced AgNP solution at 425 nm as well.  

Agglomeration results for qualitative analysis did not show the presence of AgNPs 

for after adsorption onto eggshell membrane. However, a few specks of black particulate 

matter was noticed for the solution after adsorption onto pumice for both the garlic 

reduced and neem extract reduced AgNPs. The agglomeration of MesoSilver (store 

bought colloidal silver) was noticeably lower than the other AgNP solutions, presumably 

because of the size of the nanoparticles in solution. For the MesoSilver solution, the 

nanoparticles were claimed to be 0.664 nm in diameter, and so agglomeration would still 

yield only a small amount. The agglomeration of all the AgNP solutions with NaCl 

corroborates the presence of AgNPs in each of the solutions.  

     For the results from ICP-MS analysis, both eggshell membrane and pumice 

showed significant reduction of AgNP concentrations. For the MesoSilver solution, the 

reduction in concentration of AgNPs after adsorption onto eggshell membrane was 

93.9%, and 64.3% after adsorption onto pumice. For the Garlic-reduced AgNP solution, 

the reduction in concentration after adsorption onto eggshell membrane was 81.0% and 

65.13% after adsorption onto pumice. Similarly, for the Neem-reduced AgNP solution, 
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the reduction in concentration after adsorption onto eggshell membrane was 89.8%, and 

63.61 % after adsorption onto pumice.  

The results directly aligned with what was expected. Both pumice and egg-shell 

membrane reduced the concentration of AgNP through effective bio-adsorption. The 

Zetasizer measurements display that eggshell membrane and pumice serve as suitable bio 

adsorbents of various sizes of AgNPs, ranging from 6 nm to over 100 nm. 

New questions that were raised by the experiment was how to find the precise 

concentration of AgNP in each solution. This could be carried out using an mass 

spectrometer, as concentration would be exactly known instead of extrapolated.  

If the project is redesigned, we would use the same mechanisms to try and analyze 

whether eggshell membrane and pumice could be used as adsorbents for metal ions. This 

would extend the scope of our project beyond simply nanomaterials.  

 Visiting the Johns Creek Environmental Campus showed that the filtration would 

be most effective if implemented between Nitrogen Removal and Membrane Filtration.  
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Further Findings: 

 In order to expand the scope of this project, the efficacy of eggshell membrane to 

adsorb chemical dyes was also explored. The results of this exploration corroborated that 

eggshell membrane seems to be a suitable bio adsorbent for chemical dyes as well, as 

qualitative observations display that the fabric dye used fully adsorbed onto the eggshell 

membrane. This method did not leave any intermediate by-products, like in the process 

for dye-removal followed today.  

 

Before: After: 
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Conclusion: 

The solution after AgNP adsorption onto eggshell membrane and the solution after 

AgNP adsorption onto pumice both had reduced absorption levels than just the AgNP 

solution, which supported the hypothesis. The absorbance for the solution after AgNP 

adsorption onto eggshell membrane was 89.3% lower than the AgNP solution reduced 

from Neem extract at the wavelength of maximum absorption (315 nm). The absorbance 

for the solution after AgNP adsorption onto pumice was slightly higher than the 

absorbance for the solution after AgNP adsorption onto eggshell membrane. However, 

this solution was still 62.6% lower than the AgNP solution reduced from Neem extract at 

the wavelength of maximum absorption.  

After the same experiment was repeated with AgNPs reduced from garlic extract, 

the results were similar. The solution after AgNP adsorption onto eggshell membrane had 

an absorption 80.2% lower than the AgNP solution reduced from garlic extract at 425 

nm. The solution after AgNP adsorption onto pumice had a mean absorbance 66.4% less 

than the AgNP solution reduced from garlic at this same wavelength. The reason that the 

wavelength used was not the maximum wavelength of absorption is because the 

concentration of AgNP reduced from garlic extract was too concentrated, outputting a 

reading outside the range of the spectrophotometer (1.999999). Thus, in the future, it is 

recommended that a more dilute  solution of AgNPs is used. Although the absorption 
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value did not reduce all the way to 100% removal, it is important to note that the 

concentration of AgNP solution used in the trials was much larger than the concentration 

is aquatic water bodies currently.  

The ICP-MS values supported the hypothesis, with reduction in concentrations of 

AgNPs ranging from 81.0% to 93.9% after adsorption onto eggshell membrane, and from 

63.61% to 65.13% after adsorption onto pumice. The reduction in AgNPs is significant 

enough that the adverse effects to the ecosystem can be effectively reduced. The error 

bars for the graph did not overlap when the control solution was compared to the solution 

after eggshell membrane adsorption, supporting that eggshell membrane had an impactful 

effect on the concentrations of AgNPs. The results from the Zetasizer measurements 

show that eggshell membrane and pumice can adsorb various sizes of nanoparticles, 

ranging from 6-150 nm.  

The adsorption of the AgNPs onto the eggshell membrane is presumably due to 

chemical attraction and physical attraction between the fibers and the AgNPs. The fibrous 

structure of the eggshell membrane provides a suitable anchor as a biosorbent, as the 

lattice network of the fibers provide a large surface area for adsorption. Similarly, the 

adsorption of AgNPs onto pumice is due to chemical attraction between them and silica 

present in pumice.  
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The T-test statistical tests rejected the null hypothesis that AgNP solution before 

and after adsorption onto organic bio-adsorbents (such as eggshell membrane and 

pumice) would not results in any statistically significant spectrophotometric absorbance 

readings. The probability of each results, assuming the null hypothesis was true was less 

than 0.0003 (<.03%), which displays that the results were statistically significant. 

Conclusively, the percentage of adsorption of the AgNPs onto the organic materials was 

directly proportional to the time the AgNPs were left in solution and the surface area of 

the bio-adsorbents, and inversely proportional to the size of the nanoparticles.  

Possible errors in this experiment deal with the data analysis methods. For 

example, during spectrophotometric analysis, it is likely that the eggshell membrane or 
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pumice leached color absorbing particles in the solution. Thus, the spectrophotometer 

would be calculating the absorbance of two different color-absorbing particles (one of 

them being different from AgNPs).  

Also, in the future it is recommended in the future that the type of silver 

nanoparticles in the solution could be varied even more by reducing the AgNO3 solution 

through different mechanisms (green, chemical, physical synthesis, etc.), to ensure that 

egg-shell membrane and pumice adsorb silver nanoparticles of different sizes and shapes.  

In order to give real life application to the studied research, a mechanism for use in 

wastewater treatments plants was proposed. The proposed system would be placed 

between the nitrogen removal and membrane filtration portion of the water system. The 

prototype picture (below) shows two tanks, one for the water before filtration and one for 

after, connected by 24 tilted water tanks with valves sealing them from entering the end 

tank. These valves will hold the water with eggshell membrane for 8 hours. Each tank 

will be set so that they release the water in 20 minute intervals so that the water will not 

be held up for an extended period of time. 
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