
A Comparison of Hybrid Porous Materials and Oyster 

Shells for the Adsorption of Dyes and Heavy Metals from 

Polluted Water 

Purpose  

Water pollution remains a pressing issue globally. A rise in industrial processes has increased the amount of pollu-

tants such as heavy metals and dyes in waste and storm water. Many wastewater treatment plants have not imple-

mented methods necessary to remove heavy metals wastewater. Those plants with filtration mechanisms to remove 

heavy metals and dyes utilize inefficient and expensive methods. Stormwater on the other hand which contains 

much heavy metals pollution as a result of car oil runoff, lacks any filtration process, and thus polluted water is car-

ried into vital waterways such as the Chesapeake Bay. All of these pollutants have life threatening effects on both 

humans and ecosystems. An environmentally friendly, effective, and inexpensive filter is needed that can address 

both wastewater and stormwater pollution.  

To determine which filter would be most effective at removing dyes and heavy metals, four groups were considered.  

Crushed Oyster Shells  

Oyster-hybrid porous material  

Silica-alginate hybrid porous material  

Control with no filter 

All filters were made from waste materials, which not only prevents trash from ending up in landfills but instead 
puts it to use. This also makes these filters very cost effective. The oyster-hybrid porous material is a novel filter and 
aims to reduce pollution levels without requiring large amounts of one type of waste material like the other pro-
posed filters.  

Hypothesis 

 

If oyster shells, a silica-alginate hybrid material, and an oyster-silica-alginate hybrid material were used to remove 

dyes, and heavy metals from polluted water, then the oyster-silica-alginate hybrid material will adsorb the pollutants 

from the water most effectively.  

Two endpoints were examined:  

Zinc level 

Methylene Blue level  

 

These two endpoints were compared between each treatment group and the control group  

µ1 = mean end point for control filter with no shells  

µ2 = mean end point for oyster shell filter 

µ3 = mean end point for oyster-silica-alginate hybrid material  

µ4 = mean end point for silica-alginate hybrid material  

Variables  

Independent Variable: type of filter 

Eastern Oyster (Crassostrea virginica) shells 

Eastern Oyster-silica-sodium alginate hybrid material  

silica-alginate hybrid material 

No shells (control) 

Dependent Variable: water quality (specifically: zinc, methylene blue, and ibuprofen)  

Control: empty PVC pipe 

Constants: type of pipe, landscaping fabric, coffee filters, quantitative filter paper, water type, amount of water, 

amount of crushing with a sledge hammer, tests done on water.  

Procedure   
 

Zinc  Methylene Blue  

Analysis 

 

A Student’s T-test was used to compared each type of filter to the control. The t-test assumes the data are sampled 

from a normally distributed population, and it allows for a smaller sample size. Type 1 error rate was set for 0.05, 

and the test is two-sided. Consequently, the critical value for 18 degrees of freedom is 2.101.  
 

Zinc  

 

Results from the data show a dramatically significant difference in reducing the amount of zinc between the control 

group and each of the different filter groups (p<0.0001).  Thus, the null hypothesis can be rejected in all cases in re-

gards to zinc. Out of the different filter groups, the oyster-hybrid porous material was the most successful, removing 

99.93% of zinc compared to the control. However, the differences between the filter groups in terms of their zinc re-

moval capacity is negligible. All filters were highly effective, removing at least 99.90% of zinc compared to the 

control.  
 

Methylene Blue  

 

The data demonstrates significant differences in reducing the amount of methylene blue between the control group 

and each of the different filter groups (p<0.0001). Thus, the null hypothesis can be rejected in call cases in regards 

to methylene blue. The oyster shells were the most effective, removing 99.99% of methylene blue.  Larger differ-

ences were seen between the filter groups compared to zinc removal, although all were still highly effective, remov-

ing at least 97.90% of methylene blue.  

  

      Null hypothesis       Alternative Hypothesis 

Ho: µ1=µ2           Ha: µ1≠µ2 

Ho: µ1=µ3           Ha: µ1≠µ3 

Ho: µ1=µ4           Ha: µ1≠µ4 

  

µ1 = mean end point for control filter with no shells 

µ2 = mean end point for oyster shell filter 

µ3 = mean end point for oyster-silica-alginate hybrid 

material 

µ4 = mean end point for silica-alginate hybrid mate-

rial 

  

Group Comparisons T-test Statistic d.f. p-value 

(1) Oyster Shells v. Control 167.71 18 <0.0001 

(2) Oyster-Hybrid Porous Material v. Control 167.67 18 <0.0001 

(3) Hybrid Porous Material 167.57 18 <0.0001 

Group Comparisons T-test Statistic d.f. p-value 

(1) Oyster Shells v. Control 51.228 18 <0.0001 

(2) Oyster-Hybrid Porous Material v. Control 49.14792 18 <0.0001 

(3) Hybrid Porous Material 49.8175 18 <0.0001 

Further Research  

• More material characterization of the innovative filter could be conducted to fully understand its potential and 

limitations.  

• Chitosan could be used as a substitute for sodium alginate due to their similar properties. This could potentially 

allow the filter to remove bacteria and viruses from the polluted water in addition to the studied pollutants.  

• Different ratios of oyster shells and silica fume could be used to determine the most effective and efficient ratio 

of materials.  

• More water could be run through the filters and water could be collected at different intervals to see if the metal 

adsorption rate declines over time. 

1 300 oyster and crab 

shells were collected 

from Sea Pearl. The 

shells were aged outside 

for two months. The oys-

ter shells were soaked in 

a bleach solution for a 

week to remove the peri-

ostracum   

2 Oyster shells were 

crushed with a sledge 

hammer to a powder 

like consistency  

3 The silica-

alginate hybrid po-

rous material was 

constructed  

4 The oyster hy-

brid porous materi-

al was constructed  

5 Both hybrid materi-

als were heated at 75° C 

in order to dry the mate-

rial and decompose the 

sodium bicarbonate, cre-

ating pores within the 

material.  

Zinc  Methylene Blue  

All photos were taken by experimenter  

Ho: µ1=µ2           Ha: µ1≠µ2 

Ho: µ1=µ3           Ha: µ1≠µ3 

Ho: µ1=µ4           Ha: µ1≠µ4 

Ho: µ1=µ5           Ha: µ1≠µ5 

Driving Questions  

1. Can oyster shells remove contaminants from polluted water? 

2. Can the silica-alginate hybrid porous material remove contaminants from polluted water? 

3. Can the oyster hybrid material remove any contaminants from polluted water?  

4. Which filter is most effective?  

5. Which filter is most efficient?  

6 Hybrid 

materials 

were crushed 

to a dust like 

consistency  

7 14L of water was polluted 

with 1.4 grams of methylene blue 

and 1.4 grams of zinc sulfate. The 

bottoms of the 12” PVC pipes 

were secured with coffee filters 

and then landscaping fabric  

9 Methylene 

blue was tested 

with a 

DR/4000V spec-

trophotometer  

8 75 grams of shells were 

poured into test tubes. 250 

mL of polluted water was 

then dripped through the 

tubes and collected at the 

bottom in jars.  

Zinc concentra-

tions were deter-

mined using an 

Optima 8300 OES. Metal 

digestion was carried out 

to prepare samples.  

10 

Material analy-

sis was carried 

out with a Hitachi S-

3400N SEM Microscope. 

Filters were also split into 

blue and non-blue filter. 

Masses of both were 

measured to determine 

the amount of filter used, 

and thus efficiency.  

11 

Filter Group Sample Size 
Mean Concentration 

(mg/L) Standard Deviation 

Control 10 45.9649 0.86545 

Oyster Shells 10 0.0328 0.03858 

Oyster-Hybrid Porous Material 10 0.0363 0.06622 

Hybrid Porous Material 10 0.0440 0.10514 

Material Analysis  

Filter Group Sample Size Mean Percent of Filter Used Standard Deviation 

Oyster Shells 10 49.27% 0.118794 
Oyster-Hybrid Porous 

Material 10 12.05% 0.050333 

Hybrid Porous Material 10 11.79% 0.034473 

Material Efficiency  SEM Analysis  

Discussion  
 

In all study endpoints (zinc and methylene blue), all three filters demonstrated high capacities to remove pollu-

tants. In addition, all filters reduced pollution levels to meet EPA drinking water standards. Differences between fil-

ter groups were so small that filters demonstrated comparable abilities to remove the studied pollutants from water. 

These results not only provide new insights into the potential of established filters but also demonstrates that the ad-

dition of oyster shells to the silica-alginate hybrid material did not obstruct its adsorption capabilities, and thus pro-

vides an alternative filter to be used.  

Because the studied filters had such similar results in terms of their filtration capacities, others means of differ-

entiation were used. When looking at the efficiency of the filters, the two hybrid materials were clearly more effi-

cient than the oyster shells. Interestingly, the addition of the oyster shells to the hybrid material did not create a sig-

nificant impact on the efficiency of the hybrid material. This further supports the suggestion that oyster shells did 

not limit the pore formation in the material or the adsorption capabilities and validifies the claim that a new, effi-

cient, and effective hybrid material was created. However, the efficiency data should only be used as a general guide 

as to which filter was more effective because of human error. Although the hybrid materials are more efficient, they 

also require more steps to make. Because of this, no clear distinction can be drawn as to which filter is more envi-

ronmentally friendly. However, the data does support the conclusion that all filters are effective, and thus provide a 

solution to water pollution issues. Because of this, filters should be utilized based on the resources available in the 

region. The oyster-hybrid material is the most high-

ly recommended filter if resources are available for 

it because it does not require large quantities of a 

particular waste material, making it more sustaina-

ble and pragmatic. To the right is a map, depicting 

the recommended filter based on regional resources. 

This research is beneficial to local authorities 

who could utilize these filters in wastewater treat-

ment plants and major storm drains. Below, pro-

posed models of their implementation is shown. The 

stormwater proposal is based on the implementation 

of oyster shells in the Port of Seattle’s stormwater drains. Their implementation of unconventional filters can be 

used as a model for cities around the world. 

Hybrid-Porous Material 

Oyster Hybrid-Porous Material 

Oyster Shells 

All filters were shown to be porous through the SEM photos, supporting the hypothesis that all three filters used physical 

adsorption to remove pollutants from water. The addition of oyster shells to the hybrid porous material did not appear to 

negatively impact pore formation of the hybrid material. However, the original hybrid-porous material appears to have a 

finer consistency.  

Filter Group Sample Size  Mean Concentration (mg/ Standard Deviation  

Control 10 75.815 4.679 

Oyster Shells 10 0.00765 0.002566 
Oyster-Hybrid Porous 

Material  10 2.046 1.386 

Hybrid Porous Material  10 2.241 1.9101 

Driving Questions Answers  

Can oyster shells remove contaminants from polluted water? 

Yes, oyster shells removed 99.99% of methylene blue and 99.92% of zinc.  

Can the silica-alginate hybrid porous material remove contaminants from polluted water? 

Yes, the silica-alginate hybrid porous material removed 99.90% of zinc and 98.66% of methylene blue.  

Can the oyster hybrid material remove contaminants from polluted water? 

Yes, the oyster hybrid removed 99.30% of zinc and 97.9% of methylene blue. This demonstrates that an effective 

novel hybrid material was created.  

Which filter is most effective?  

All three filters demonstrated comparable filtration capabilities, with no one filter more effective than the other.  

Which filter is most efficient?  

Both hybrid materials were more efficient than the oyster shell filter.  

Group Comparisons  T-test Statistic  d.f. p-value  

(1) Blue Oyster Shells v. Non-Blue Oyster Shells 0.2745 18 0.78689 

(2) Blue Oyster-Hybrid Porous Material v. Non-
Blue Oyster-Hybrid Porous Material  32.8321 18 <0.0001 

(3) Blue Hybrid Porous Material v. Non-Blue Hy-
brid Porous Material  20.9289 18 <0.0001 

Results from the data show significant difference in mass between used and unused filter for both hybrid materials 

(p<0.0001).  The oyster shell filters did not demonstrate a significant difference between the two because about 50% 

of the material was used.  

 

Clare Sparling  


